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DETERMINATION OF ELASTASE 
AND ELASTASE INHIBITOR  

BY MEANS OF ORCEIN-ELASTIN
B y

I lo n a  B a n g a

I»‘ INSTITUTE OF PATHOLOCY AND EXPERIMENTAL CANCER RESEARCH, MEDICAL UNIVERSITY,
BUDAPEST

(R ece iv ed  N ovem ber 26, 1962)

A m eth o d  has been  developed  fo r th e  a ssay  o f  e lastasc  and  e lastase  in h ib i to r  
b y  m eans of su itab ly  p re p a re d  o rcein-elastin . T h e  e la s ta se  in h ib ito r  can  be  d e te rm in e d  
in  th e  presence of e lastase , to o , if  i t  is p re sen t in  excess in  th e  system .

T he significance of th e  m eth o d  is th a t  i t  m ak e s  possib le to  de term ine  th e  e la s tase  
in h ib ito r  c o n te n t o f  th e  pan creas . T he p an creas o f  pe rso n s dead  of a rte rio sc le ro sis  
co n ta in s  no e lastase , b y  th e  m eth o d  described th e  excess “ free”  e lastase  in h ib i to r  can  
be  assayed  q u a n tita tiv e ly .

A lth o u g h  elastase  is p ro d u ced  b y  th e  p a n c reas  th e  enzym e could  n o t  be 
d e m o n s tra te d  in  b lood, p re su m ab ly  because o f th e  presence of e lastase  in h ib ito r  
[1, 2, 3 ], w hich co n ta in s  e la s ta se  in  b ound  fo rm . A ny  m ethod  su ita b le  fo r 
assay in g  elastase  a c tiv ity  [4, 5, 6, 7, 8, 9, 10] is th e o re tic a lly  su itab le  fo r th e  
q u a n ti ta t iv e  d e te rm in a tio n  o f th e  e lastase  in h ib ito r . Y et, ex perience  has 
show n th a t  th e  g rav im etric  m e th o d , em ployed  a t  ou r In s ti tu te  b y  B a n g a , 
S c h u l e r  an d  L ászló  [11], is th e  sim plest and  m o s t precise of th e  assay in g  p ro 
cedures. B o th  th e  serum  an d  th e  pan crea tic  e la s ta se  in h ib ito r are su b s ta n c e s  
o f  p ro te in  n a tu re  [3], an d  th ere fo re  th e  m e th o d s  [8, 9, 10] w hich d e te rm in e  
th e  q u a n t i ty  o f d issolved e las tin  in  th e  s u p e rn a ta n t  are com plica ted  a n d  n o t 
precise , as fa r  as th e  assay in g  o f th e  elastase  in h ib ito r  is concerned. E la s tin  
s ta in e d  w ith  orcein has been  used  for e la s ta se  a c tiv ity  assay  b y  Sa c h a r , 
W i n t e r , S ic h e r  an d  F r a n k e l  [8], as well as b y  S c a r s e l l i [8a, 8b ]. I n  th e  
p re se n t s tu d y  we used  e las tin  sta in ed  w ith  o rce in  to  w ork  ou t a m ore prec ise  
q u a n ti ta t iv e  m eth o d  for e s tim a tin g  b o th  se ru m  an d  pan crea tic  e la s ta se  
in h ib ito r .

A t ou r In s t i tu te  we w ere n o t ab le to  p e rfo rm  th e  elastase  a ssay  w ith  
o rce in -e las tin  for y ears . As i t  tu rn e d  o u t la te r , th e  cause of th is  w as t h a t  th e  
o rcein  p re p a ra tio n  m a rk e te d  b y  th e  Light Co. s ta in e d  elastin  v e ry  fa in tly  so 
th a t  la rg e  am o u n ts  o f e las tin  h ad  to  go in to  so lu tio n  to  produce  a co lour 
th a t  cou ld  be co lo rim etrized . T his m ean t a t th e  sam e tim e  th a t  large q u a n tit ie s  
o f  su b s tra te  an d  enzym e w ere requ ired  fo r th e  a c tiv ity  assay, w h ich  w as 
o b v io u sly  a d isad v an tag e . A fte r  hav ing  tr ied  o u t a n u m b er of p re p a ra tio n s ,

1 Acta Phyeiologica XXIV/1.



2 I. BANGA

b y  th e  use o f th e  orcein  p ro d u ced  b y  M erck, D a rm s ta d t  (O rceinum  C28 H 240 7N 2 
7090) w e o b ta in ed  an  o rce in -e las tin  t h a t  p ro v e d  to  be m ost su ita b le  fo r th e  
e la s ta se  a n d  elastase  in h ib ito r  te s ts .

E x p erim en ta l

Preparation o f  orcein-elastin w ith  d ifferen t orcein preparations  

S a c h a r  et al. [8], as w ell as S c a r s e l l i [8a, 8b] d id  n o t spec ify  in  th e i r  
r e p o r t  th e  orcein p re p a ra tio n  th e y  h ad  u sed . T h e  orce in -e lastin  u sed  b y  the  
W orth ington  B iochem ical Corporation  w as p re p a re d  accord ing  to  th e  m eth o d

F ig . 1. A b sorp tion  cu rves o f  e lastin  s ta in ed  w ith  o rcein  p roduced  b y  d iffe ren t f irm s  
1. O rc e in -e la s tin  o b ta in ed  fro m  W orthington Co. 2. O rcein  Light. 3. O rcein Grübler. 4. Orcein-

Gurr. 5. O rcein  M erck
A bscissa: ly sed  orcein -elastin , m g. O rd in a te : ex tin c tio n

o f  S a c h a r  et al [8], an d  we h a v e  com pared  i t  w ith  our own orcein p re p a ra tio n s  
(F ig . 1, cu rv e  1). F o r com p ariso n  we used  o rce in  p rep ara tio n s from  4 firm s,. 
L ig h t, G urr, Grübler an d  M erck. Tn a d d itio n , we used fresh ly  p rep a red  
re so rc in -fu ch sin  for s ta in in g  e lastin  [12]. T h is d y e  served a t  ou r I n s t i tu te  to  
d e te rm in e  th e  elasto lysis in  sections. T he cu rv e  o f th is  is n o t show n in  F ig . 1, 
th e  d a ta  being  id en tica l w ith  those  show n b y  cu rve  3 in  Fig. 1.

T h e  m eth o d  o f s ta in in g  accord ing  to  S a c h a r  et al. [8] is as follows.. 
T w o g o f  e lastin , iso la ted  b y  P a r t r id g e ’s m e th o d  [13] were s ta in e d  fo r 24 
h o u rs  w ith  0.5 g of dye, d isso lved  in  50 m l o f 70 p er cen t alcohol co n ta in in g
0.25  m l c o n cen tra ted  HC1. D u rin g  th e  s ta in in g  period  th e  tu b es w ere s tirred
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fro m  tim e  to  tim e . A fte r c e n tr ifu g a tio n  th e  sta in ed  e la s tin  w as w ashed  7 tim es  
w ith  50 m l alcohol over 7 days a n d  th e  w ashing flu id  w as rem oved b y  c e n tr i
fu g a tio n  in  every  case. A fter th e  la s t  w ashing  w ith  alcohol th e  w ashing  flu id  
w as s till co loured, b u t  la te r  i t  tu rn e d  o u t th a t  a f te r  so m an y  w ash ings no 
co lo u r could  be dissolved ou t fro m  th e  p re p a ra tio n  w ith  w a te r o r b u ffe r.

F ig . 2. S ta in in g  of e la s tin  w ith  d iffe re n t q u a n tit ie s  o f M erck  orcein . E la s tin : o rcein  ra tio . 
1. 10 : 1. 2. 10 : 2 .5. 3. 10 : 3.75. 4. 10 : 5.

A bscissa: lysed o rce in -e la s tin . O rd in a te : e x tin c tio n

T h e  s ta in ed  e lastin  a fte r  th e  7 th  w ash in g  w as w ashed  tw ice w ith  100 m l ace
to n e , d ried  in  a ir  an d  k e p t a t  110° C u n til  c o n s ta n t w eigh t. T he y ie ld  w as 
90 p er cen t.

F ig . 1 shows th e  curves o f th e  5 k inds of s ta in e d  e lastin . K now n a m o u n ts  
o f  each  sam ple w ere dissolved b y  m eans o f e las tase  an d  th e  ex tin c tio n s  w ere 
p lo tte d  ag a in st th e  co n c e n tra tio n  o f  s ta in ed  e lastin . T he curves in d ic a te  t h a t  
th e  M erck  and  Gurr orceins s ta in e d  e lastin  w ith  su itab le  in te n s ity  so th a t  
sm all am o u n ts  (2 to  5 mg) o f d isso lved  e lastin  could  be d e te rm in ed , w hile  
from  th e  W orthington  e lastin  p re p a re d  accord ing  to  S a c h a r  et al. [8 ]  a n d  
s ta in e d  w ith  L igh t an d  Grübler o rce in , large a m o u n ts  o f e lastin  h a d  to  be  
ly sed  o u t to  ge t an  ap p rec iab le  co lo rim etric  e x tin c tio n  value . T h e  e la s tin  
s ta in e d  w ith  M erck  orcein a p p e a re d  to  be th e  m o st su itab le  p re p a ra tio n , so 
th a t  th is  was used  in  ou r su b se q u e n t ex p erim en ts . W hen  s tu d y in g  th e  re la tiv e  
p ro p o rtio n s  of e las tin  and  orce in , th e  m ore of th e  dye  we used  th e  m ore  o f  i t  
becam e b o und  an d  th u s , w ith  th e  lysis o f th e  sam e a m o u n t of e la s tin , e x tin c 
tio n  increased  w ith  th e  increase o f  th e  am o u n t o f th e  dye. H o w ev er, w h e n

1*



4 I. BANGA

m u c h  o f th e  dye is b o u n d , th e  ex tin c tio n  cu rv e  is to o  steep  an d  n o t  p ro p o rtio n 
a te  to  th e  am o u n t o f  e la s tin  lysed (F ig . 2). T h e  b e s t p re p a ra tio n  w as o b ta in ed  
w h e n  we used e la s tin  a n d  dye a t  a ra tio  o f  10 : 1, w ith  th e  sam e volum e an d  
w ith  th e  sam e h y d ro c h lo ric  acid c o n c e n tra tio n ; th is  co rresponds to  cu rve  2 of 
F ig . 2. T hus, th e  o rce in -e las tin  used b y  us h a s  been  p rep a red  in  th e  following

F ig. 3. S ta n d a rd  c u rv e  1. A bscissa: lysed  o rce in -e la s tin . O rd in a ta : ex tin c tio n

w a y : T en  g of e las tin  w ere  suspended  in 100 m l o f 70 per cen t alcohol, in w hich 
1 g o f  M erck  orcein  h a d  been  dissolved a n d  to  w hich  1.4 m l o f c o n cen tra ted  
HC1 h a d  been ad d ed . S ta in in g  an d  w ash ing  to o k  place as described  above.

P lotting  o f  standard curves fo r  elastase assay

In  th e  n ex t s tep  w e d e te rm in ed  th e  o p tim a l cond itions for e lastase  assay  
a n d  p lo tte d  th e  s ta n d a rd  curves on th a t  basis .

T ris  buffer (p H  8 .6 , 0.08 M )  w as u se d ; i t  w as p rep a red  b y  add ing  to  
25 m l o f 0.2 M  tr is  (h y d ro x y m e th y l)  a m in o m e th a n e  12.5 m l o f 0.1 M  HC1 
a n d  a d ju s tin g  th e  v o lu m e  to  62.5 m l w ith  d is tilled  w ater.

T o  p lo t s ta n d a rd  c u rv e  1, 300 m g o rce in -e las tin  were d isso lved  w ith  1 m g 
e la s ta se  in  50 m l p H  8.6 T ris  buffer for 24 h o u rs  a t  38°C. O f th e  p u re  so lu tion , 
c o n ta in in g  6 m g of d isso lv ed  o rcein -elastin  p e r  m l, vo lum es ran g in g  from  0.1 m l 
to  6 m l w ere m easu red  in  a n d  th e  vo lum e w as m ad e  up  to  6 m l w ith  buffer. 
T h e  co lou red  so lu tio n  w as re a d  against w a te r  in  1 cm  c u v e tte s  in  a P ulfrich  
p h o to m e te r , using a S67 f i l te r .  P lo ttin g  th e  e x tin c tio n  values a g a in s t th e  lysed 
e la s tin , we ob ta in ed  s ta n d a rd  curve I ., sh o w n  in  F ig . 3.

W hen  p lo ttin g  s ta n d a rd  curve 2, we h a d  s ta r te d  ou t from  th e  o bserva tion  
t h a t  fo r th e  d e te rm in a tio n  o f  th e  ac tiv itie s  o f  e la s ta se  p re p a ra tio n s  o f d ifferen t 
p u r i ty  w e m u st know  th e  am o u n ts  o f e la s tin  ly sed  b y  an  e la s ta se  o f 100 per
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cen t a c tiv ity . C orrespond ing ly , we accep ted  o u r p u re s t  p re p a ra tio n , c o n ta in in g  
100 e las to ly tic  u n its  p e r m g, as h av in g  100 p e r c e n t a c t iv i ty  and  p lo tte d  w ith  
i t  a c o n c e n tra tio n  cu rv e , rep resen tin g  dissolved o rce in -e las tin  against e la s to 
ly tic  u n its  (E . U .). T h is is s ta n d a rd  curve 2, show n  in  F ig . 4.
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F ig . 4. S ta n d a rd  cu rv e  2

L ysed  o rce in -e la stin  (o rd in a te )  p lo tte d  ag a in st e la s ta se  u n i t  (E .U .) (abscissa)

T he p rocedure  o f  e lastase  assay  an d  th e  c a lc u la tio n  o f E . U. w as as fo l
lows. To each  tu b e  is ad d ed  30 m g o rcein -e lastin , w eighed  on an a ly tica l sca les. 
To th is  are ad d ed  x  m l o f e las tase  and  (6—x) m l o f  th e  p H  8.6 Tris b u ffe r. T h e  
b lan k  is p rep a red  w ith o u t enzym e. T he 0 m in u te  b la n k  p rep ared  w ith  en zy m e 
gives n am ely  no read ab le  colour, ju s t  as th e  one w ith o u t enzym e, b u t  th e  use 
of a se p a ra te  b la n k  fo r each  enzym e c o n cen tra tio n  re ta rd s  th e  assay an d  red u c e s  
th e  re lia b ility  of d e te rm in a tio n . T he tu b es a re  in c u b a te d  for 30 m in u te s  in  
a w a te r  b a th  o f 38° C u n d e r con tinuous s tir r in g , a n d  filte red . The f i l t r a te  is 
co lo rim etrized  a g a in s t th e  c ry sta l-c lear b la n k  in  1 cm  cu v e tte s  in  th e  S tu p h o - 
p h o to m e te r w ith  th e  S57 f ilte r . F rom  s ta n d a rd  c u rv e  1 (F ig . 3) the  v alue  fo r  th e  
e lastin  lysed  b y  th e  g iven a m o u n t o f th e  e lastase  p re p a ra tio n  is read , a n d  from  
s ta n d a rd  cu rve  2  (F ig . 4) th e  E .U . co rrespond ing  to  th e  dissolved e la s tin . T he 
specific enzym e a c tiv ity  expresses th e  n u m b er o f  E .U . con ta ined  in  1 m g  of 
th e  enzym e. C om paring  th e  resu lts  th u s  o b ta in e d  w ith  those y ielded  b y  th e  
o th e r m eth o d s know n  from  th e  lite ra tu re , th e  p ro ced u re  has proved  to  g ive 
th e  b e s t rep ro d u c ib le  d a ta .
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W ith  th e  p re p a ra tio n  of 100 specific  a c tiv ity  (E . U ./m g  =  100) used 
b y  u s , we p lo tte d  b y  th e  above m eth o d  th e  tim e  curve and  th e  s u b s tra te  con
c e n tr a t io n  curve  a n d  co m p ared  th em  w ith  th o se  of th e  hom ogeneous elasto- 
p ro te in a se , o b ta in ed  b y  c h ro m a to g ra p h y  on  a Sephadex c o lu m n , received

F ig . 5. T im e cu rve  o f e la stase  (e la s to p ro te in ase ) p u rif ie d  by  Sephadex  c h ro m a to g ra p h y  
A bscissa: tim e , m in u tes . O rd in a te :  ly sed  o rcein-elastin  

A m o u n t o f enzym e, 0.2 m g in  ev ery  experim ent

F ig . 6. S u b s tra te  c o n ce n tra tio n  cu rv e  of e la s ta se  p u r if ie d  by  S ep h ad ex  c h ro m a to g ra p h y  
A b sc issa : o rce in -e lastin  su b s tra te  (s). O rd in a te : r a t io  o f  su b s tra te  (s) an d  re a c tio n  v e lo c ity  (v)

f ro m  W . A. L o e v e n  [14]. B o th  th e  t im e  c u rv e  (F ig . 5) a n d  th e  su b s tra te  
c o n c e n tra tio n  cu rv e  (F ig . 6) were o f th e  sam e  shape w ith  th e  tw o  enzym es. 
T h e  e la s ta se  p re p a ra tio n  o f L o e v e n  h a d  a  specific  a c tiv ity  o f  fro m  50 to  60, 
as i t  w as p ra c tic a lly  free from  e la s to m u co p ro te in ase , w hile th e  p re p a ra tio n  
u se d  b y  us (213/Fg) c o n ta in e d  80 per cen t e la s ta se  (or e la s to -p ro te in ase) an d  10 
p e r  c e n t o f each e lasto m u co p ro te in ase  a n d  co llagenm ucopro te inase . O n the  
b a s is  o f  th e  su b s tra te  c o n cen tra tio n  cu rv e  K M =  30, w hich m ean s t h a t  in  th e  
case  o f  0.6 p er cen t o rce ine lastin  th e  s u b s tra te  is h a lf  s a tu r a te d  w ith  th e  
en z y m e .
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D eterm ination o f  elastase inh ib itor

T he p rinc ip le  o f th e  assay  is t h a t  e la s ta se  o f  know n a c tiv ity  is in c u b a te d  
w ith  a g iven  a m o u n t o f  serum  or p a n c reas  e la s ta se  in h ib ito r and  th e  m ix tu re  
is assayed  fo r a c tiv ity  ag a in s t o rce in -e las tin . T h e  difference be tw een  th e  tw o  
a c tiv itie s  gives th e  a c tiv ity  of th e  e la s ta se  in h ib ito r  (E . I.). In  th e  case  o f 
se ru m  th is  is u su a lly  re la te d  to  1 m l o f se ru m , a n d  in  th e  case o f  p a n c re a s  
e la s ta se  in h ib ito r  to  1 g o f d ry  w e igh t.

T h u s, th e  assay  o f  serum  elastase  in h ib ito r  (E .I.)  is carried  o u t as fo llow s. 
T h e  p re p a ra tio n  used  fo r th is  p u rpose  is u su a lly  one hav ing  a specific  a c t iv i ty  
o f 60. O f th is  a 2 m g/m l stock  so lu tio n  is m a d e , in  Tris buffer (p H  8 .6 ). T he 
follow ing m ix tu re  is p rep ared ,

0.5 m l e la sta se  (60 e lasto ly tic  u n its  E .U .) ,
0.25 m l se rum ,
0.25 m l T ris b u ffe r p H  8.6.
T he m ix tu re  is allow ed to  s ta n d  for 1 h o u r  a t  20° C. T hen  0 .4  m l o f i t  

(co rresp o n d in g  to  0.1 m l serum ) is m easu red  in . To ascerta in  th e  a c c u ra c y  
o f m easu rem en t, we alw ays set u p  as a c o n tro l th e  elastase so lu tio n  u sed . 
T h e  E .U . o b ta in e d  is su b tra c te d  from  th e  24 E .U . in  0.4 ml, an d  th e n  w e get 
th e  E .I .  in  0.1 m l o f serum . T en  tim e s  th is  g ives th e  specific E .I .  o f  1 m l of 
serum .

R ecen tly , th e  enzym e o f p ro te o ly tic  a c t iv i ty  has been te rm e d  e lasto - 
p ro te in ase  [10], or, a f te r  H a l l  [ 6 ] ,  E 2; th e  one  o f m ucolytic a c t iv i ty  e ith e r  
e la s to m u case  [10] or [6]. W e [15] call th e  la t te r  enzym e e la s to m u co - 
p ro te in ase .

Table I

Elastase inhibitor (E. I.)

per ml per g

H u m an  serum 150 — 160 —
R a b b it  serum 95 — 110 —

R a t  serum 170 — 180 —

P an creas o f arteriosclero tic  
hu m an — 2 5 - 4 4

W ith  th e  assay  fo r p ancreas in h ib ito r  w e use pancreatic  e x t r a c t  in s te a d  
o f  se ru m , m ade from  acetonic p an c reas  p o w d er, w ith  iV/10 p H  4 .7  a c e ta te  
bu ffe r. To 1 g o f pan creas  pow der 5 m l b u ffe r  is added , and  a f te r  m ix in g  for 
15 m in u tes  i t  is cen trifuged . T he s u p e rn a ta n t  is neu tra lized  a n d  f ilte re d . 
O f th is  e x tra c t  1 an d  0.5 m l are ad d e d  to  0.5 m l =  60 E .U . so lu tio n  a n d  th e
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v o lu m e  is a d ju s te d  to  3 m l. One m l of th is  so lu tio n  is used for a ssay in g  a c tiv 
i ty ,  t h a t  shou ld  y ie ld  20 u n its , i f  th e re  is n o  e lastase  in h ib ito r p re se n t. T he 
d iffe ren ce  b e tw een  20 a n d  th e  resu lt g ives th e  am o u n t of e la s ta se  in h ib ito r  
in  th e  p a n c re a tic  e x tra c t  te s te d . This a m o u n t is com pu ted  for 1 g o f  p a n c reas  
a n d  is g iven  as e la s ta se  in h ib ito r/g  p a n c re a s , designated  E .I ./g  p a n c re a s .

T ab le  I  show s th e  e lastase  in h ib ito r  v a lu e s  ob ta ined  b y  th e  orcein- 
e la s t in  m e th o d  in  h u m a n , r a b b it  and  r a t  se ra , as w ell as th e  in h ib ito r  c o n te n t 
o f  h u m a n  a rte rio sc le ro tic  pancreases. In  p a n c re a se s  w hich c o n ta in  d em o n 
s tr a b le  am o u n ts  o f e la s ta se , th e  e lastase  in h ib ito r  canno t be d e te rm in e d .

D iscussion

In  o u r earlie r d e te rm in a tio n s  of se ru m  e la s ta se  in h ib ito r [11] no  co rre 
la t io n  cou ld  be es tab lish ed  betw een  e lastase  u n i ts  an d  elastase in h ib ito r  u n its . 
A ll w e cou ld  estab lish  w ere  th e  re la tive  c h a n g e s  o f serum  elastase  in h ib ito r  
v a lu e s  in  ra b b its  re n d e re d  h y p erch o leste ro laem ic  b y  am m onium  h y d ro x id e  
t r e a tm e n t .  Since th e n , we h av e  succeeded in  p ro d u c in g  a s ta n d a rd  e la s ta se  
p r e p a ra t io n  considered  to  h a v e  a specific a c t iv i ty  of 100 (E .U ./m g  =  100). 
F u r th e rm o re , we h av e  w o rk ed  ou t a m e th o d  m a k in g  it  possible to  ex p ress  in  
u n i ts  th e  a m o u n t o f e la s ta se  in h ib ito r  c o n ta in e d  in  serum . The e lastase  in h ib ito r  
u n i t  (E .I .)  is closely c o rre la ted  w ith  th e  e la s ta se  u n it , insofar as one e la sta se  
in h ib i to r  u n it  is id en tica l w ith  th e  am o u n t o f  in h ib ito r  capable of n e u tra liz in g  
th e  a c t iv i ty  of one u n it  o f  e lastase . This m e th o d  also allows th e  q u a n t i ta t iv e  
d e te rm in a tio n  of th e  a m o u n t of e lastase  in h ib i to r  in  th e  h u m an  p an c reas . 
I n  e a r lie r  ex p erim en ts  [1 6 ], we found th a t  th e  e la sta se  of p an c rea tic  e x tra c ts  
co u ld  be  a c tiv a te d  w ith  ac id , b y  dialysis a n d  b y  am m onium  su lp h a te  p re c ip i
ta t io n .  W e th e n  conc luded  th a t  elastase w as p re s e n t  in  the  p ancreas in  b o u n d  
fo rm , like  try p s in , an d  cou ld  be freed from  t h a t  linkage  by  certa in  p ro ced u re s . 
L a te r ,  G r a n t  an d  R o b b in s  [7] described th e  ex is ten ce  of p ro e las ta se  in  th e  
p ig  p a n c re a s . W e consider th e  proelastase to  b e  e la sta se  bound  by  th e  e la sta se  
in h ib ito r .  I f  no e lastase  a c t iv i ty  is d e m o n s tra b le  in  th e  pancreas a f te r  a c ti
v a t io n , th a t  m eans th a t  th e  in h ib ito r  is p re se n t in  la rg e r  am ounts th a n  is e la s ta se . 
T h u s  fa r , th e re  has been  no  m eth o d  th a t  co u ld  d e m o n s tra te  th is  free o r excess 
in h ib ito r . T he m eth o d  describ ed  above m ak es  i t  possible to  d e m o n s tra te  an d  
ex p re ss  in  u n its  also th is  free  inh ib ito r. T h e  p re sen ce  of free in h ib ito r  is p re 
s u m a b ly  an  im p o r ta n t fa c to r  in  a rte rio sc le ro s is . W e had  nam ely  sh o w n  in  
e a r lie r  w o rk  [17] th a t  th e  pan creas  from  su b je c ts  w ith  severe a rte rio sc le ro s is  
c o n ta in e d  no e lastase , in  c o n tra s t  to  th e  p a n c re a s  o f h ea lth y , y o u n g  persons 
k ille d  in  acc id en ts , th a t  co n ta in ed  an  av e rag e  o f  200 E .U ./g  of e la s ta se . B y 
m e a n s  o f  th is  m e th o d  i t  is n o w  possible to  d e te rm in e  q u a n tita tiv e ly  th e  a m o u n t 
o f  e la s ta se  in h ib ito r  c o n ta in e d  in the  p an c reas  o f  arteriosclero tics, as w ell as
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th a t  in  th e  p an c rea tic  ju ice , in  vivo. S uch  s tu d ies  m ay  ev e n tu a lly  c larify  th e  
co rre la tio n  of th e  e la sta se  an d  e lastase  in h ib ito r  c o n te n ts  o f  th e  pan creas  and  
th e  sev e rity  of a rterio sc lerosis .
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PROTEIN SYNTHESIS IN THE SEMINAL VESICLE
OF THE RAT

1. R A P ID L Y  L A B E L L E D  P R O T E IN  IN  T H E  R N A  FR A C T IO N

B y

S .  M Á N Y A I

INSTITUTE OF MEDICAL CHEMISTRY, MEDICAL UNIVERSITY, BUDAPEST 

(R eceived  D ecem ber 27, 1962)

A considerab le  a m o u n t o f p ro te in -lik e  m a te ria l is e x tra c ta b le  from  th e  H C 104 
p re c ip ita te  o f th e  sem inal vesicles o f th e  r a t  by  bo iling  th e  p re c ip ita te  w ith  10 p e r  c en t 
NaCl so lu tion . Follow ing th e  a d m in is tra tio n  in  vivo  o f g ly c in e -l-14C, o r a  p rev io u s  
in cu b a tio n  of th e  m ince of vesicles in  th e  p resence of labe lled  am ino acid, a p ro te in - lik e  
m a te ria l becom es in ten siv e ly  labe lled .

T he h ig h ly  labelled  su b s ta n c e  has been  fo u n d  to  belong to th e  c o m p o n e n ts  o f 
th e  no n -d ia ly sab le  frac tio n . T h is  f ra c tio n  can  be assay ed  by  th e  b iu re t re a c tio n  or 
w ith  F o lin ’s reag en t, an d  can  be se p a ra te d  co m p le te ly  from  the  R N A  b y  c h ro m a to 
g ra p h y  on a D E A E  cellulose co lu m n . T he HC1 h y d ro ly sa te  o f th is frac tio n  co n sis ts  of 
a m ix tu re  o f am ino  acids in  w h ich  g lycine  an d  serine  p ro v ed  to be ra d io a c tiv e  in  th e  
p resence of labe lled  g lycine, b o th  in  vivo  an d  in  vitro. G lycine was in co rp o ra te d  in to  th e  
p o ly p ep tid e  c h a in  by  pep tid e  linkages.

T he ra p id ly  syn thesized  p ro te in  frac tio n  w hich  is e x tra c te d  to g e th e r  w ith , 
b u t  m ay  be se p a ra ted  from , R N A , is ch a ra c te ris tic  of th e  sem inal vesicles a n d  c an  be 
fo u n d  in  th is  o rg an  of ra ts , m ice a n d  gu inea pigs.

I t  is know n th a t  the  fu n c tio n  o f th e  m ale  accessory  organs o f re p ro d u c 
tio n  is co n tro lled  b y  th e  te s to s te ro n e  p ro d u c tio n  o f th e  testic les. R e m o v a l of 
th e  la t te r  or a defic iency  in  th e ir  fu n c tio n  is fo llow ed b y  an  a tro p h y  o f  th e  
seco n d ary  sex g lands. A n u m b e r o f  s tud ies h a v e  been  d evo ted  to  th e  chan g es 
acco m p an y in g  th e  in v o lu tio n  o f  th e se  o rgans, in  th e ir  gross [42, 1, 6, 27, 66, 
28, 30, 62, 34], m icroscopical [9, 14, 8, 63, 47, 29] an d  h istochem ica l [15, 57, 
49, 17] asp ec ts , a n d  concern ing  th e  p ro fo u n d  a lte ra tio n s  in  chem ical co m p o 
sition  and  m etab o lism  [6 4 ,5 5 ,5 8 , 38, 3, 65, 20, 61, 39, 52, 53, 18, 48 , 22, 11, 
32, 56, 4, 45, 5, 2, 59, 19]. S y m p to m s o f reg ression  m ay  be reversed  b y  te s to 
s te ro n e  ad m in is te red  p a re n te ra lly ; th e  in v o lu te d  p ro s ta te s  and  sem in a l vesicles 
reg a in  th e ir  o rig inal size, m e tab o lism  is n o rm alized , th e  secre to ry  fu n c tio n s  
are  re s to red .

A ccord ing  to  ex p erim en ts  p erfo rm ed  w ith  lab e lled  am ino ac ids in  cas
t r a te d  an im als tre a te d  w ith  te s to s te ro n e , th e  ho rm one  m ark ed ly  e n h an ces  th e  
in c o rp o ra tio n  o f  rad io ac tiv e  am in o  acids in to  th e  p ro te in s  of th e  p ro s ta te , 
sem inal vesicles, an d  th e  p e rin ea l m uscles [35, 10, 51, 12]. T he sam e e ffec t of 
te s to s te ro n e  in  th e  sam e organ  w as d e m o n s tra te d  also in  vitro [36, 37, 6 7 ,2 1 ,4 3 ] .

T he in co rp o ra tio n  of lab e lled  am ino  ac ids in to  th e  p ro te in s o f  th e  acces
so ry  sex organs o f m ale ra ts  a n d  th e  effect o f and ro g en s on th is  p h e n o m en o n  
has been s tu d ie d  in  th e  p re sen t ex p e rim en ts . I t  has been  observed  t h a t  un like
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fro m  o th e r  organs o f  th e  an im al, considerab le  am o u n ts  of a su b s ta n c e  o f p ro 
te in  c h a ra c te r  cou ld  be e x tra c te d  to g e th e r  w ith  th e  R N A  fra c tio n  o f th e  
se m in a l vesicles. I t  could  be d e m o n s tra te d  b y  u sin g  labelled  am ino  acids th a t  
th is  p ro te in -lik e  m a te r ia l w as p roduced  in  a h ig h ly  labelled s ta te  b o th  in  vivo  
a n d  in  vitro. C a s tra tio n  o f th e  anim als s ig n if ic a n tly  depressed th e  in co rp o ra tio n  
o f  a m in o  acids in to  th is  p ro te in  frac tion . A d m in is tra tio n  of te s to s te ro n e  follow 
in g  o rch iec to m y  re s to re d  th e  in co rp o ra tio n  to  i ts  original level. T he sep a ra tio n  
o f th e  ra p id ly  sy n th e s iz e d  p ro te in  f ra c tio n  fro m  th e  R N A  o f th e  sem inal 
vesicles is su m m arized  in  th e  following, th e  e ffec ts  of ca s tra tio n  an d  te s to s te r 
one  t r e a tm e n t  w ill be d iscussed  in  a fu tu re  p a p e r . The p re lim in a ry  re su lts  o f 
th e  ex p e rim en ts  h a v e  been  rep o rted  p rev io u sly  [43, 44].

M ethods

I n  th e  ex p erim e n ts  m ale  ra ts  from  th e  in b re d  s tra in  of th e  In s t i tu te  o f N u tr i t io n ,  
B u d a p e s t,  a n d  th e  N a tio n a l F o d o r  S an a to riu m  w ere u sed . T h ey  were fed  a n o rm al la b o ra 
to ry  d ie t.

T h e  p u r i ty  o f  th e  ap p lied  rad io ac tiv e  g lycine  (g ly c in e - l-L1C hav in g  a  specific  ra d io 
a c t iv i ty  o f 1.125 m e p e r m m ol, p ro d u ced  b y  th e  I n s t i tu te  fo r  Iso topes, B u d a p es t)  w as co n tro lled  
b y  m ea n s  of p a p e r c h ro m a to g ra p h y  a n d  p ap er e lec tro p h o re s is , and  w as fo u n d  to  be  free  o f 
a n y  c o n ta m in a tin g  14C -b y p ro d u c ts . R a d io a c tiv ity  m ea su re m e n ts  of sam ples w ere u su a lly  
c a rr ie d  o u t  in  th e  d ry  s ta te  on a lu m in iu m  p lan ch ets  o f 2.3 cm 2 surface a rea , u sing  a th in  m ica 
en d -w in d o w  G.M. tu b e  (w indow  th ick n ess, 1.8 m g p e r  cm 2) or in  some cases in  a  flo w -co u n te r  
f lu sh e d  w ith  a  m ix tu re  o f a rg o n  a n d  am y l alcohol. V a lu es  co rresponding  fo r 1 p c  u C -ac tiv ity  
w ere  o f  1.7 • 105 co u n ts  p e r m in u te s  (c .p .m .) (end  w in d o w  tu b e) an d  I • 106 c .p .m . (flow- 
c o u n te r) ,  re sp ec tiv e ly . R e su lts  w ere co rrec ted  fo r se lf-ab so rp tio n  in all cases, w hen  th e  d ried  
sam p le s  co n ta in ed  m ore  su b s ta n c e  th a n  1 mg o f d ry  m a te ria l.

T h e  sem inal vesicles lab e lled  in  vivo or in  vitro  w ere  processed  acco rd ing  to  th e  p a r tly  
m o d ifie d  m eth o d  of H o A G L A N D  et al. [31]. T he o rg a n s  w ere  hom ogenized in  w a te r , p ro te in s  
a n d  n u c le ic  acids w ere p re c ip ita te d  su b seq u en tly  w ith  0.5 N  HC104 (fin a l c o n ce n tra tio n ) , 
a t  0° C. T h e  p re c ip ita te s  w ere th o ro u g h ly  w ash ed  a n d  cen trifuged  re p e a te d ly . A t least 
5 v o lu m e s  o f w ash in g -flu id s w ere  used  an d  th e  fo llow ing  w ash ings were ca rried  o u t:

0 .4  JV HCIO.,, 0° C, fiv e  tim es;
96 p e r  cen t e th a n o l, 0° C, once;
e th a n o l-e th e r  (3 : 1) m ix tu re , 65° C, 5 m in ., o n ce ;
e th e r ,  tw ice. T h e  p re c ip ita te  th en  was d ried  b y  m ild  hea t. The e th e r  d ried  pow der 

w as e x tr a c te d  w ith  5 — 10 v o lu m es of a 10 per c en t N aC l so lu tio n  a t  100° C fo r 30 m ins, and  
c en tr ifu g e d  (in  som e cases th e  e x tra c tio n  p ro ced u re  w as re p e a te d  once or tw ice). T h e  su p e r
n a ta n t  o f  th is  saline e x tr a c t  o f th e  orig inal p re c ip ita te  (A P H S E )*  was f ilte red  a n d  a f te r  m ix ing  
w ith  e th a n o l  in  a fin a l c o n c e n tra tio n  of 75 pe r c en t s to re d  o v e rn ig h t a t  —14° C.

T h e  residue  of th e  N aC l e x tra c tio n  was fu r th e r  e x tr a c te d  b y  5 — 10 vo lum es o f a  0.4 N  
H C lO j so lu tio n  a t  90° C fo r  15 m ins, (rep ea ted  in  som e cases); a b b rev ia tio n  A P H P E  refers 
to  th is  e x tra c t .

T h e  resid u e  of th e  HC104 tre a tm e n t w as w a sh e d  w ith  60, re sp ec tiv e ly  96 p e r cen t 
e th a n o l, th e n  w ith  e th e r , a n d  d ried . T he dried  p o w d e r  co n ta in ed  th e  “ re s id u a l p ro te in s” .

Schleicher—Sch iill’s p a p e r  N o. 2043b was u sed  fo r  p a p e r  e lectrophoresis a n d  descend ing  
p a p e r  c h ro m a to g ra p h y . T h e  co m position  of th e  ap p lied  b u ffe r  so lu tions an d  so lv en ts  is described  
in  th e  e x p e rim e n ta l p a r t  o f th is  p ap er.

S e p h a d ex  ge l-co lum ns (P harm acia , U ppsala) G -25, re sp ec tiv e ly  G-50 (m ed ium ), w ere used  
fo r th e  g e l-f iltra tio n  tec h n iq u e . S e p a ra tio n  of p ro te in s  a n d  R N A  was pe rfo rm ed  on  a co lu m n

* T h e  follow ing a b b re v ia tio n s  a re  used  th ro u g h o u t  th e  te x t, 
A P H S E : ac id  p re c ip ita te  — Aot sa lin e  ex tra c t 
A P H P E :  ac id  p re c ip ita te  — h o t  p e rch lo ra te  e x tra c t 
R N A : rib o n u c le ic  acid
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o f D E A E  cellulose (W h a tm a n  I )E  50). Sam ples to  be se p a ra te d  w ere dissolved in  0.01 M  b o ra te  
b u ffer, p H  8.2, a n d  e lu te d  in  th e  sam e b u ffer fro m  th e  co lu m n  w ith  th e  aid  o f a N aCl g ra d ie n t-  
T he volum e of th e  e lu te d  frac tio n s  ranged  from  2.6 to  2.9 m l. P ro te in  c o n ten t was d e te rm in e d  
accord ing  to  L o w r y  et al. [40]; u .v . a b so rp tio n  w as m esu red  sp ec tro p h o to m ctrica lly  (B e c k m a n  
M odel D U ).

R ibose e s tim a tio n s  w ere perform ed accord ing  to  M e j b a u m  [46], th e  a m o u n t o f  R N A  
w as calcu la ted  on th e  basis o f th e  ribose c o n ten t.

T he ra d io a c tiv e  assay  of glycine and  serine  in  th e  iso la ted  p ro te in  was c a rried  o u t  as 
follow s. 7.9 m g o f p ro te in  in  8 ml o f 6 ÍV HC1 w ere h y d ro ly ze d  in  vacuo for 24 h rs., a t  105° C, 
in  sealed tubes. T h e  h y d ro ly sa te  w as ev ap o ra te d  to  d ry n ess  o v e r solid K O H  a t red u ced  p re s 
sure , and , in  o rd e r to  rem o v e  th e  la s t traces o f HC1, w as red isso lved  several tim es a n d  e v a p o 
ra te d  to  d ry n ess ag a in . T h e  h y d ro ly sa te  o b ta in e d  th is  w ay  w as su b jec ted  to  c h ro m a to g ra p h y  
accord ing  to  th e  m e th o d  of M o o r e , S p a c e m a n  and  S t e i n  [50], on A m berlite  IR  120 c a tio n  
exch an g er resin  co lum n. T h e  am ino acid c o n te n t of each  f ra c tio n  of 1.7 ml volum e w as d e te r 
m ined  b y  th e  m e th o d  of S m i t h  an d  A g iz a  [60]. A fte r a ten fo ld  d ilu tio n  w ith  w a te r o f  th e  sam e  
frac tio n s , d ry  sam ples w ere p rep ared  an d  exam in ed  fo r 14C -ac tiv ity  in  th e  f lo w -co u n te r .

E xperim en ta l resu lts

(A) Incorporation  o f  glycine- 1-14C, adm inistered  i n  v i v o , into the 
different pro tein  frac tions o f  the sem inal vesicles o f  the rat.

Six m ale ra ts  o f 230 g average w eigh t w ere in je c te d  100 pc  g ly c in e - l-14C 
per kg b o d y  w eig h t, in tra p e rito n e a lly . T he an im als  w ere killed 2 h o u rs  la te r  
b y  ligh tin g  gas, th e  H C 104-hom ogenates of th e  sem inal vesicles of each  a n im a l 
w as th ree  tim es e x tra c te d  w ith  ho t 10 per cen t N aC l and  th e n  w ith  h o t 0.4 N  
H C104. T he p ro te in  c o n te n t of A P H S E  (p re c ip ita te d  w ith  75 per cen t e th a n o l) , 
an d  A P H P E , fu r th e r  th e  am o u n t of res id u a l p ro te in s  an d  th e  ra d io a c tiv ity  o f 
all th e  frac tions is sum m arized  in  T ab le  I . As seen , th e  e th an o l p re c ip ita te  o f  th e  
f irs t A P H S E  c o n ta in e d  3.2 per cen t o f th e  to ta l  p ro te in s  an d  23.7 per c en t o f  th e

Table I

Incorporation o f  g ly c in e - l- l,C into the d ifferent prote in  fra c tio n s  o f  the sem inal vesicles o f  the rat
i n  v i v o

Total protein 
mg Per cent

Total incorporated 
14C-activity, 

c.p.m.
Per cent

C.p.m.
per mg protein

1. A P H SE 1.36 ±  0.12 3.2 366 ±  37 23.7 279 ±  63

2. A P H SE 0.26 ±  0.06 0.6 70 ±  50 4.4 255 ±  36

3. A P H SE 0.15 ±  0.04 0.3 8 ±  10 0.5

A P H P E 1.26 ±  0.16 2.9 303 ±  99 18.8 242 ±  74

R esidual p ro tein 40.3 ±  3.2 93.0 863 ±  81 52.6 21 ±  4

to ta l  in c o rp o ra te d  ra d io a c tiv ity . The a m o u n t o f  p ro te in s  o b ta in ed  b y  th e  tw o  
su b seq u en t h o t N aC l e x trac tio n s  w as 0.6 an d  0.35 p e r cen t, re sp ec tiv e ly , w ith  
ra d io a c tiv ity  va lu es  o f 4.4 and  0.5 per cen t re sp ec tiv e ly . B y m eans o f  th e  h o t  
H C104 t r e a tm e n t —  follow ing th e  h o t NaCl e x tra c tio n s  —  it becam e possib le  
to  rem ove an  a d d itio n a l p o rtio n  of m a te ria l from  th e  p rec ip ita te  in c lu d in g
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c o m p o n e n ts  th a t  cou ld  be  d e te rm in ed  b o th  w ith  F o lin ’s re a g e n t a n d  th e  
b iu re t  re a c tio n , c o n ta in in g  18.8 p er c en t o f  th e  to ta l  b ound  ra d io a c tiv e  am ino  
a c id . T he rem ain in g  p re c ip ita te , th e  so -ca lled  resid u a l p ro te in  fra c tio n , a m o u n t
in g  to  93 p er c en t o f  th e  to ta l  p ro te in  c o n te n t , included  52.6 p e r  c e n t o f th e  
to ta l  in c o rp o ra te d  co u n ts . A ssum ing on g ro u n d s  of evidence to  be  discussed

Table I I

Incorpora tion  o f  g lyc in e -l- l ,C in to  the different p ro te in  fra c tio n s o f  the sem inal vesicles o f  the rat
i n  v i t r o

Total protein 
mg Per cent

Total
incorporated
l4C-activity,

c.p.m.
Per cent C.p.m.

per mg protein

(A ) 1. A P H S E 1.30 2.19 11430 37.1 8800
2. A P H S E 0.22 0.37 1130 3.7 5130
3. A P H S E 0.04 0.06 118 0.4 3360
1. A P H P E 3.76 6.4 5320 17.3 1414
2. A P H P E 3.00 5.0 2895 9.4 965
R esid u al p ro te in 51.00 86.0 9900 32.1 194

(B ) 1. A P H S E 1.60 1.85 12190 39.4 7610

2. A P H S E 0.23 0.26 419 1.3 1500

1. A P H P E 6.04 6.9 3300 10.7 550

2. A P H P E 4.44 5.1 3820 12.4 860

R esid u a l p ro te in 74.5 85.9 11190 36.2 150

(C) 1. A P H S E 1.17 2.3 7925 35.8 6780

2. A P H S E 0.05 0.13 98 0.5 1500

1. A P H P E 6.40 12.6 2750 12.4 430

2. A P H P E 3.25* 6.4 1760 7.9 541

R esid u al p ro te in 40.0 78.6 9560 43.4 239

la te r  t h a t  a ll th e  ra d io a c tiv ity  fo u n d  in  th e  A P H S E  w as in c o rp o ra te d  in to  
p ro te in , i t  follows th a t  its  specific ra d io a c tiv i ty  w as 12— 13 tim es h ig h e r  th a n  
o f  th e  re s id u a l p ro te in  frac tio n .

(B) Incorporation  i n  v i t r o  o f  g lyc in e -_Z-14C into the d ifferen t frac tions  
o f  the sem ina l vesicles o f  the rat.

T he re su lts  o f th re e  ex p erim en ts  a re  su m m arized  in  T ab le  I I ,  in  w hich 
th e  m ince  o f sem inal vesicles was in c u b a te d  fo r one ho u r in  K reb s-H en se le it- 
p h o s p h a te  so lu tio n , co n ta in in g  glucose, ca se in  h y d ro ly sa te  an d  50 p c  glycine- 
1-14C p e r  one g o f tissu e , a t  37° C, u n d e r  ae ro b ic  conditions. A fte r  in c u b a tio n  
th e  m inces w ere w ash ed  w ith  ice cold 0.15 M  N aC l so lu tion  an d , as described
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in th e  m ethod ica l p a r t  (see above), hom ogenized  a n d  p re c ip ita te d  w ith  H C 104,
an d  assayed .

T he firs t A P H S E  co n ta in ed  2 p er cen t o f  th e  to ta l  p ro te in  c o n te n t, 
an d  37 per cen t o f  th e  to ta l  in c o rp o ra te d  ra d io a c tiv e  g lycine. The specific

F ig . 1. T im e cu rv e  o f  g lycine-1-1 JC in co rp o ra tio n  in to  th e  d iffe re n t p ro te in  frac tio n s o f th e
sem inal vesicles of th e  r a t  in  vitro

M edium : 300 mg o f m in ced  vesicles -f- K reb s-H en se le it’-p h o sp h a te  b u ffer so lu tion , 3.0 m l; 
glucose 0.03 M ; an d  g ly c in e -14C, 4 fic . A erobic  sam ples w ere  f lu sh e d  w ith  a m ix tu re  o f 5 p e r 
c e n t  C 0 2 and 95 p e r  c e n t 0 2, th e  an ae ro b ic  ones w ith  5 p e r c e n t CO, a n d  95 per c e n tN , ,  

a n d  sh ak en  (120 sh ak ings p e r m in u te )  a t  37° C 
1. A P H S E , aerobic; 2. A P H S E , an ae ro b ic ; 3. re s id u a l p ro te in s , aerob ic , 4. re sid u al p ro te in s , 

anaero b ic . F o r  d e ta ils  see: m e th o d ica l c h a p te r

ra d io a c tiv ity  o f th is  p ro te in  fra c tio n  was 28— 51 tim es  h ig h er th a n  th a t  o f  th e  
re sid u a l p ro te ins.

I f  th e  sem inal vesicles w ere in c u b a te d  in  vitro  in  th e  presence o f ra d io 
ac tiv e  glycine, th e  lab e l ap p ea red  in  th e  A P H S E  fra c tio n  only  u n d er ae ro b ic  
cond itio n s. No am in o  acid  in co rp o ra tio n  could  be  observed  an ae ro b ica lly  
(F ig . 1). A erobic am in o  acid in c o rp o ra tio n  in to  th e  ab o v e  m entioned  fra c tio n  
p roceeded  lin ea rly  fo r a b o u t one h o u r; la te r  th e  r a te  d im in ished . A decrease  
in  th e  specific ra d io a c tiv ity  o f th e  p ro te in  o ften  o ccu rred  a fte r  90 or 120 
m in u tes  in cu b a tio n .

(C) C om parison o f  the am ino  acid incorporation into the different organs 
o f  the rat i n  v i t r o .

In  o rder to  decide  th e  organ-specific  n a tu re  o f  th e  in tensive  labelling  in  
th e  A P H S E  of th e  sem inal vesicles o f th e  r a t  in  th e  presence o f ra d io a c tiv e  
am ino  acids, th e  m ince of th e  sem inal vesicles, p ro s ta te , p ancreas an d  liv e r
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o f  th e  sam e an im a l w as in c u b a te d  u n d e r  aerob ic  cond itions in  th e  p resence  of 
g lucose a n d  ra d io a c tiv e  glycine.. As seen  in  F ig . 2, th e  to ta l  a m o u n t o f ra d io 
a c t iv i ty  e x tra c te d  b y  h o t 10 p e r c e n t N aC l from  th e  H C104 h o m o g e n a te  o f th e  
sem in a l vesicles follow ing one h o u r  in c u b a tio n , was 31 tim es m ore  th a n  th e

total radioactivity
found in the APHSE 7370 2 3 6  196 86
(b.pm. p e r  g  tissue)

F ig . 2 . G ly c in e -l-u C in co rp o ra tio n  in to  th e  d if fe re n t p ro te in  frac tio n s o f  th e  sem in a l vesicles, 
p ro s ta te , p a n c re as  a n d  liv e r  o f th e  r a t  in  vitro

P o o led  o rg an s o f 4 r a ts  (245 g each). M ed ium : 600 m g of m inced sem inal vesicles, p ro s ta te , 
p a n c re a s  o r liv e r -j- K re b s— H en se le it’-p h o sp h a te  b u ffe r  so lu tion , 6.0 m l; g lucose, 0.03 M ; 
g ly c in e - l-14C, 8 y c .  G as-phase : 5 pe r c e n t C 0 2 +  95 p e r cen t 0 2. S am ples w ere  sh ak en  (120 

sh ak in g s p e r  m in u te )  a t  37° C fo r  60 m in . F o r  de ta ils  see: m e th o d ica l c h a p te r

sam e  v a lu e  c o u n ted  in  a p ro s ta tic  m in ce  in c u b a te d  w ith  g lycine o f  th e  sam e 
a c tiv i ty .  T he ra d io a c tiv ity  o f A P H S E  o b ta in e d  from  liv er slices in c u b a te d  
u n d e r  th e  sam e co n d itio n s c o n ta in e d  o n ly  s ligh tly  m ore th a n  1/100 of th e  
c o u n ts  p re se n t in  th e  A P H S E  o f th e  sem in a l vesicles.

(D) C om parison o f  the am ino acid  incorporation into various organs o f  
d ifferen t a n im a l species i n  v i t r o .

A m ino  acid  in co rp o ra tio n  in  th e  m ince  o f th e  sem inal vesicles o f o th e r 
ro d e n ts  w as in v e s tig a te d  in  o rder to  e s ta b lish  w h e th e r in  species o th e r  th a n  th e  
r a t  th e  sam e in te n s iv e  labelling  o f th e  A P H S E  frac tio n  o ccu rred . T he resu lts  
o f  c o m p a ra tiv e  ex p e rim en ts  concern ing  m ice an d  guinea pigs are  d e m o n s tra te d  
in  F ig . 3. T he A P H S E  frac tio n  of th e  sem in a l vesicles o f th e se  tw o  species 
w as h ig h ly  labe lled , th e  specific ra d io a c tiv it ie s  were a t  le a s t one o rd er of 
m a g n itu d e  h ig h er th a n  tho se  of th e  o th e r  o rgans.
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F ig . 3. G ly c in e -l-u C in co rp o ra tio n  in to  th e  d iffe re n t p ro te in  frac tio n s  of th e  sem inal vesicles, 
p ro s ta te , p an creas an d  liv e r  o f m ice an d  g u in ea  pigs in  vitro  

P o o led  organs o f 21 m ice (30 g each), an d  3 g u in ea  p igs (640 g each). In c u b a tio n  m ix tu re s  an d
con d itio n s w ere  th e  sam e as in  F ig . 2

(E) On the chemical nature o f  the am ino acid containing substance extracted 
by hot N aC l solution fro m  the НСЮ А homogenate o f  the sem inal vesicles o f  the rat.

O n rem ov ing  all th e  low m o lecu la r, ac id  so luble  com pounds as w ell as 
th e  lip ids from  th e  H C 104- or tr ich lo ro ace tic  ac id  h o m o g en a te , i t  is th e  nucleic  
ac id  (m ain ly  R N A ) c o n te n t o f tissu es  t h a t  is e x tra c ta b le  from  th e  re s id u a l 
e th e r  d ried  pow der b y  boiling  i t  w ith  a 10 p er c e n t N aC l so lu tion  acco rd in g  to  
th e  p rocedures of D a v id s o n  et al. [16], fu r th e r  H o a g l a n d  et al. [31]. O n th e  
o th e r  h an d , th e  R N A  o b ta in ed  b y  th e se  p rocedures is know n to  c o n ta in  p ro 
te in  [41], an d  even  R N A  p re p a ra tio n s  p u rified  sev era l tim es are  n o t  free

2 Acta Physiologien XXIV/1.
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o f  p ro te in  an d /o r p e p tid e  c o n ta m in a tio n  [23, 28a]. T ab le  I I I  show s th a t  in  
a d d i t io n  to  R N A  a co n sid e rab le  a m o u n t o f  p ro te in  (po ly p ep tid es) could  b e  
e x tr a c te d  w ith  bo iling  N aC l from  th e  H C 104 p re c ip ita te  of th e  sem in a l vesicles 
o f  m ice, guinea pigs a n d  ra ts .  T he a m o u n t o f  p ro te in  (po ly p ep tid es) could  b e

Table I I I

P rotein  a n d  R N A  content o f  the A P H S E  o f  d ifferent organs

Protein RNA
Protein/RNA

mg per g wet weight

R A T

sem inal vesicle 2.56 1.93 1.33
( n = l l ) (1 .3 6 -3 .5 6 ) (1 .4 1 -2 .5 9 )

p ro sta te 0.48 1.67 0.29
(n = 3 ) (0 .3 9 -0 .6 4 ) (1 .5 5 -1 .7 3 )

pancreas 0.61 6.08 0.10
(n = 3 ) (0 .4 9 -0 .8 4 ) (5 .2 0 -6 .7 4 )

liver 0.26 2.65 0.098
(n = 3 ) (0 .2 3 -0 .3 0 ) (2 .33—3.15)

M OUSE

sem inal vesicle 8.60 1.60 5.38

pancreas 2.50 7.75 0.33
liver 1.10 2.72 0.41

G U IN E A  PIG

sem inal vesicle 3.54 0.61 5.80

pro sta te 2.15 0.51 4.20

pancreas 1.86 2.84 0.65

liver 0.54 1.34 0.40

(N um bers in  b ra c k e ts  in d ic a te  th e  m ax im al d e v ia tio n s  from  th e  m ean  v a lues)

m e a su re d  by  b o th  th e  F o lin — C ioca lteau -reag en t o r th e  b iu re t reac tio n . T he 
tw o  d e te rm in a tio n s  y ie ld ed  id en tica l re su lts .

T h e  question  arises w h e th e r th e  ra d io a c tiv e  label found  in  th e  A P H S E  
fo llow ing  the  in c u b a tio n  o f  sem inal vesicles in  th e  presence o f labelled  am ino  
a c id s , w as bound  to  R N A  or to  p ro te in , or w as due to  o th e r  com ponen ts 
p o ss ib ly  p resen t in  th e  sam e  frac tion .

T h e  labelled co m p o n e n ts  m ay  be p re c ip ita te d  in  th e  p resence of e th an o l 
(75 p e r  cen t, f in a l c o n c e n tra tio n ). R e p re c ip ita tio n  from  th e  aqueous so lu tion  
o f  th is  p rim ary  p re c ip ita te  m ay  be accom plished  b y  using e th a n o l in  60 per 
c e n t  f in a l co n cen tra tio n . T h e  su p e rn a ta n t o f th e  60 per cen t e th a n o l p re c ip i
t a t e  co n ta in ed  a b o u t 10 p e r cen t of th e  p ro te in  (m a te ria l reac tin g  w ith  F o lin ’s
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re a g e n t) , b u t  a t  th e  sam e tim e  on ly  0.5 p e r c en t o f th e  coun ts co rre sp o n d in g  
to  th e  to ta l  ra d io a c tiv ity  o f th e  p re c ip ita te . T h e  sam e p re c ip ita te  is so lub le  
in  d ilu te  s a lt so lu tions. I f  th e  p ro te in  co n c e n tra tio n  of th e  so lu tio n  exceeded  
th e  v a lu e  o f  1 to  1.5 m g p e r m l, a te m p e ra tu re  o f 37° C was n eeded  to  ach ieve  
co m p le te  d isso lu tion . Cooling o f  th e  so lu tio n  re su lted  in  th e  a p p e a ra n c e  o f an  
o p a le scen t gel u n d er th ese  co n d itio n s. N o free, rad io ac tiv e  g lycine co u ld  be 
d e te c te d  in  th e  solu tion  o f th e  d isso lved  p re c ip ita te . This was ev id en ced  in  tw o  
d iffe re n t w ays.

(i) T h e  p rec ip ita te  o f  A P H S E  p rep a red  from  th e  vesicles lab e lled  in  vitro 
w as re p re c ip ita te d  tw ice w ith  e th a n o l an d  th e n  d isso lved . The p a p e r  c h ro m a to 
g rap h ic  a ssay  in  a b u ta n o l : ace tic  acid  : w a te r  sy stem  [54] d e m o n s tra te d  th a t  
all th e  ra d io a c tiv ity  rem ain ed  a t  th e  s ta r t  line.

(ii) A fte r m o lecu la r siev ing  on a S ep h ad ex  G-25 as w ell as G-50 
gel-co lum n prew ashed  w ith  0.01 M  b o ra te  b u ffe r (pH  8.2), r a d io a c tiv i ty  was 
fo u n d  on ly  in  those frac tio n s  w hich  co n ta in ed  p ro te in  -f- R N A .

G lycine-1-HC in tra c e r  a m o u n ts  w as ad d ed  to  th e  m a te ria l e x tra c te d  from  
n o -rad io ac tiv e  vesicles. I t  could  be p ro v ed  in  th is  w ay  th a t  h ad  la b e lle d  g ly 
cine b een  p resen t in  th e  free s ta te  in  th e  above m entioned  so lu tio n s, i t  w ould  
h av e  been  de tec ted .

D ialysis of th e  A P H S E  p rep a red  from  th e  sem inal vesicles w ith o u t 
e th a n o l p rec ip ita tio n , a g a in s t d istilled  w a te r  o r 0.01 M  b o ra te  b u ffe r  fo r 24 
h o u rs , led to  th e  fo rm atio n  o f a v o lu m in o u s p re c ip ita te , c o n ta in in g  80 to  86 
p e r c en t o f  th e  regained  ra d io a c tiv ity , p ro te in  an d  R N A . T he p re c ip ita te  was 
so lub le  in  0.3 M  NaCl o r a t  p H  va lu es  m ore a lkaline  th a n  8.2, .it cou ld  be 
d isso lved  in  d ilu ted  sa lt so lu tions a t  37° G. T he so lu tion  s tiffened  to  a gel on 
cooling. P a r t  o f the  A P H S E  in  th e  b ag  rem ain ed  soluble d u rin g  d ia ly s is . The 
a m o u n t o f  p ro te in , R N A  an d  ra d io a c tiv ity  am o u n ted  to  14 to  20 p e r  cen t 
o f th e  to ta l  A P H S E  frac tio n , its  specific  ra d io a c tiv ity  referred  to  1 m g  p ro te in  
w as u su a lly  low er th a n  th a t  o f th e  p ro te in  frac tio n  w hich h ad  p re c ip ita te d  in 
th e  course o f dialysis.

(F ) Separation o f  the pro tein  and  R N A  components in  the A P H S E  o f  
the sem ina l vesicles.

As i t  becam e ev id en t th a t  th e  ra d io a c tiv ity  found  in  th e  A P H S E  of 
th e  sem in a l vesicles was n o t due  to  free g lycine co n tam in a tio n  p o ssib ly  p resen t 
in  th is  frac tio n , it  h ad  to  be d e te rm in ed  w h e th e r th e  h igh lab e l w as to  be 
a t t r ib u te d  to  th e  R N A , or w as b o u n d  to  R N A  in  th e  form  of a p e p tid e , or else, 
w as in co rp o ra ted  in to  a ra p id ly  sy n th esized  p ro te in  frac tio n . T h e  fo llow ing 
e x p e rim e n ts  were p erfo rm ed  to  decide th e  issue.

1. T he e th an o l p re c ip ita te  o f th e  A P H S E  p rep ared  from  th e  sem inal 
vesicles in c u b a te d  w ith  labelled  g lycine was hydro lyzed  in  0.4 N  H C 104 a t 
100° C fo r various periods (30, 60, 180 m in.). T he H C104 was re m o v e d  in  the

2*
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fo rm  of K C104 fo llo w in g  n eu tra liza tio n  w ith  К О Н ; th e  h y d ro ly sa te  w as 
su b je c te d  to  p a p e r  e lec tro p h o res is  in  a b a rb ita l- a c e ta te  b u ffe r so lu tion  
(a  =  0.07, pH  8.6) fo r  6 t o  10 hours, th e  a p p lie d  v o ltag e  g rad ien t w as 4 Y 
p e r  cm . In  th is case s p o ts  reac tin g  w ith  n in h y d r in  ap p ea red  on th e  p a p e r  in  
v a ry in g  num bers (4 to  9 ), depend ing  on th e  d u ra t io n  o f hydro lysis . T h e  spo ts 
r e a c tin g  w ith  n in h y d r in  w e re  e lu ted  and  th e n  h y d ro ly z e d  in  6 N  HC1 a t  105° C 
f o r  24 hours. This p ro c e d u re  y ielded a m ix tu re  o f  am ino  acids as rev ea led  b y  
p a p e r  c h ro m a to g rap h y .

2. The e th an o l p re c ip i ta te  was h y d ro ly z e d  in  0.3 N  K O H  a t  37° C for 
20 h o u rs , the h y d ro ly sa te  w a s  sub jected  to  p a p e r  e lec trophoresis  in  a p h o sp h a te  
—  b o ra x  buffer so lu tio n  (fj, =  0.05, pH  8.4) [24], u n d e r  th e  sam e co n d itions 
as described  above. T h e  re su lts  of th is  e x p e r im e n t are  p lo tte d  on F ig . 4. 
T h e  rad io ac tiv ity  w as d e f in i te ly  separa ted  fro m  th e  nucleo tides. P a p e r  e lec tro 
p h o re s is  of the  c o n c e n tra te d  solu tion  of th e  e th a n o l p re c ip ita te  of th e  A P H S E  
w ith o u t  previous h y d ro ly s is  w as also a t te m p te d , th e  to ta l  am o u n t of p ro te in  
a n d  rad io ac tiv ity  w as fo u n d  on th e  s ta r t  line u n d e r  th ese  cond itions as a con
seq u en ce  of the  h ig h  v is c o s ity  of the system .

3. The d is tr ib u tio n  o f  th e  inco rpo ra ted  ra d io a c t iv i ty  follow ing se p a ra tio n  
o f  th e  R N A  from  p ro te in s  b y  m eans of th e  p h en o l e x tra c tio n  p rocedure  [25, 33], 
seem ed  to  be of in te re s t .  I n  o rder to  s tu d y  th is  p ro b lem , th e  A P H S E  of th e  
m in ce  of vesicles in c u b a te d  in  th e  presence o f la b e lled  glycine for one h o u r, 
w as  p rec ip ita ted  b y  e th a n o l ,  th e  p rec ip ita te  w as red isso lved  in  p h o sp h a te —  
b o ra x  buffer so lu tion  a t  p H  8.4 (fi — 0.05). T o  th is  so lu tio n  co n ta in in g  0.3 m g 
o f  p ro te in  per m l w a te r - s a tu ra te d  phenol w as a d d e d  a t  a vo lum e ra tio  1 : 1 ,  
a n d  th e  m ix tu re  w as h o m o g en ized  for 10 m in u te s  a t  room  te m p e ra tu re  (18° C) 
in  a P o tte r— E lv eh jem  ty p e  all-glass ho m o g en ize r. B o th  th e  aqueous an d  
p h e n o l layers as w ell as t h e  p rec ip ita te  a c c u m u la te d  on th e  phase  b o u n d a ry  
w e re  carefully  s e p a ra te d  a n d  assayed for r a d io a c tiv i ty . As d e m o n s tra te d  in  
T a b le  IV , no t m ore th a n  3 .5  p er cent of th e  to ta l  reg a in ed  ra d io a c tiv ity  w ere 
fo u n d  in  the  R N A -c o n ta in in g  aqueous phase , th e  re s t  w as p a r titio n e d  b e tw een  
th e  pheno l phase a n d  th e  p rec ip ita te  f lo a tin g  o n  th e  surface o f th e  la t te r .

4. According to  th e s e  d a ta , the  ra d io a c tiv e  lab e l of th e  A P H S E  o f th e  
s e m in a l vesicles m ost p r o b a b ly  does no t belong  to  th e  R N A , b u t is in c o rp o ra te d  
in to  p ro te ins. N e v e rth e le ss , th e  possible p re se n c e  o f R N A -glycine in  th e  
A P H S E  of the vesicles h a d  to  be excluded. I t  sh o u ld  be n o ted  th a t  an  e x tra c t 
h a s  b een  p repared  b y  W il s o n  [67] essen tia lly  b y  th e  sam e m e th o d  as th e  
A P H S E  charac terized  in  th e  p resen t p ap er, i.e. th e  H C 104 p re c ip ita te  o f th e  
m in c e  o f the  sem inal v e s ic le s  in cuba ted  in  th e  p re sen ce  of 14C -labelled ty ro s in e  
a n d  va lin e , was e x tr a c te d  b y  h o t NaCl. T he ra d io a c tiv e  label of th is  frac tio n  
w a s  considered to  b e  R N A -ty ro s in e , re sp ec tiv e ly  R N A -valine  [67]. T h is c ir
c u m s ta n c e  underlined  th e  necessity  of fu r th e r  in v e s tig a tio n s  concern ing  th e  
c h a ra c te r  of the  lab e lled  su b s ta n c e  in th e  A P H S E  frac tio n .
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F ig. 4. P a p e r  e lectro p h o resis o f th e  0.3 N  K O H  h y d ro ly sa te  o f th e  A P H SE  iso la te d  from  
sem inal vesic les o f th e  r a t  labe lled  w ith  14C-glycine in  vitro . Schleicher—Schiill’ p a p e r  (20436);

p h o sp h a te -b o ra x  b u ffer so lu tio n  ( /i  =  0.05, p H  8 .4); 4 У  per cm  vo ltage  g ra d ie n t  
A  : u . V. p h o to  o f th e  e lec tro p h ero g ram ; В  : r a d io a c tiv e  co u n ts  on th e  e le c tro p h e ro g ram  
(5 X 25 m m  s tr ip s ) ;  C : u . v . a b so rp tio n  a t  260 m  ft o f th e  0.5 N  N aO II e luate  o f th e  sam e  s tr ip s

Гог th is  reason  th e  e th an o l p re c ip ita te  o f  A P H S E  was h y d ro ly z e d  w ith  
0.01 N  N a O H  for 20 m in u tes  a t  room  te m p e ra tu re , n eu tra lized  a n d  re p re c i
p ita te d  b y  e th a n o l (60 per cen t fin a l c o n c e n tra tio n )  a t  0° C. T o ta l r a d io a c tiv i ty , 
p ro te in  a n d  R N A  c o n te n t w ere d e te rm in ed  in  th e  aqueous so lu tio n  o f  th e  
p re c ip ita te . A ccord ing  to  th e  d a ta  o f T ab le  V , th e  labelled su b s ta n c e  in  th e  
A P H S E  o f th e  sem inal vesicles, in  c o n tra s t to  th e  R N A -am ino  acid  co m p lex es, 
is n o t lab ile  in  a lka line  so lu tions. T he ra d io a c tiv e  labe l of th e  A P H S E  o f  th e
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Table IV

T h e  effect o f  the p h eno l separation  technique on the d istrib u tio n  o f  llC -activity in  the ethanol 
prec ip ita te  o f  the A P H S E  o f  sem in a l vesicles

C.p.m.
Regained 

14 C-activity, 
per cent

O riginal, to ta l  14C -activ ity 1410

14C -activ ity  follow ing th e  phenol 
tre a tm e n t in  th e

aqueous p h ase 44 3.5

phenol ph ase 442 36

p re c ip ita te 744 60.5

Table V

T he effect o f  0.01 N  N a O H  hydrolysis on the sp ec ific  radioactivity o f  the A P H S E

Total c.p.m. before (B) 
and after (A) hydrolysis

Per cent

Change of the 
the protein 

content, 
per cent

Change of 
RNA content, 

per cent

C.p.m. per mg protein 
before (B) and after (A) 

hydrolysis Per cent

В A В A

756* 688 — 9.0 - 1 6 .6 — 6.0 4200 4590 +  9.2

708* 648 — 8.5 - 1 4 .3 — 7.0 4860 5400 +  11.0

1060 1112 +  5.0 0 — 20.5 2070 2175 +  5.0

7645 6400 - 1 6 .2 +  4.5 +  4.5 3450 2910 — 15.5

7560 7920

со - 1 5 .5 — 15.5 1420 1578 +  10.8

S am ples w ere in c u b a te d  fo r 20 m inu tes in  0.01 N  N aO H  a t 27° C, a n d  su b se q u e n tly  
p re c ip i ta te d  by  60 p e r  c e n t  e th a n o l a t  0° C. D e te rm in a tio n s  w ere carried  o u t fro m  th e  aqu eo u s 
s o lu tio n  of th e  p re c ip ita te .

Sam ples m ark e d  b y  * w ere  in cu b a ted  in  th e  a q u e o u s  so lu tion  for 20 m in u te s , a n d  re p re 
c ip i ta te d  b y  60 p e r c e n t  e th a n o l  as well.

p ro s ta te ,  pan creas , a n d  liv er, w hich was a n y h o w  considerab ly  low er th a n  th a t  
o f  vesic les, decreased  to  10 p er cen t of th e  o rig in a l values by  a lkaline  tre a tm e n t .  
T h e re  w as no co n sid e rab le  loss of rad io ac tiv e  c o u n ts  observable in  th e  e th an o l 
p re c ip ita te  A P H S E  o f th e  sem inal vesicles ev en  when th e  0.01 N  N aO H  
h y d ro ly s is  h ad  b een  co n tin u ed  for one h o u r  a t  room  te m p e ra tu re . T h e  effect 
o f  p ro lo n g ed  h y d ro ly s is  w as ju s t  th e  o p p o s ite ; th e  p ro te in  c o n te n t o f th e  
p re c ip ita te s  w as s lig h tly  decreasing an d  th e  specific  activ ities re fe rred  to  1 
m g  p ro te in  w ere show ing  a sm all increase . T h e  resu lts  were th e  sam e i f  th e  
ra d io a c tiv itie s  w ere re fe rred  to  R N A  in s te a d  o f  p ro te in .

5. T he fo llow ing ex p e rim en t was ca rried  o u t to  decide w h e th e r th e  labelled  
a m in o  acids in c o rp o ra te d  in to  th e  p ro te in s  o f  th e  A PH SE  o f th e  sem inal
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vesic les, w ere m erely  a tta c h e d  to  th e  ends, o r w ere b u ilt in  in to  th e  m ain  
in te rn a l b u lk , o f th e  p o ly p ep tid e  ch a in .

T h e  e th an o l p re c ip ita te  o f  A P H S E  p re p a re d  from  th e  m ince o f th e  sem inal 
vesicles in c u b a te d  in  th e  p resence o f  14C -labelled  glycine w as d isso lved  in  0.3 M  
N aC l so lu tio n . F ive m g o f N a H C 0 3 a n d  2 m l o f 5 p er cen t d in itro flu o ro b en zen e  
{so lu tion  in  e th an o l) w ere ad d e d  to  th e  so lu tio n  co n ta in in g  1 m g o f p ro te in , 
a n d  th e  m ix tu re  was sh ak en  for 2 h ou rs a t  room  te m p e ra tu re  an d  th e n  ac id ified  
w ith  0.1 m l c o n c e n tra ted  HC1. T he easily  se d im e n ta tin g  p re c ip ita te  w as c e n tr i
fu g ed ; no  ra d io a c tiv ity  w as d e te c ta b le  in  th e  s u p e rn a ta n t, su p p o r tin g  once 
m ore  th e  fac t th a t  i t  d id  n o t c o n ta in  free glycine. The cen tr ifu g ed  D N P - 
p ro te in  w as w ashed  w ith  e th e r  sev era l tim es , th e  to ta l  a m o u n t w as su b je c te d  
to  h y d ro ly s is  in  th e  presence o f 2 m l 6 N  HC1, a t  110° C for 18 h o u rs , in  a sealed  
tu b e . T h e  h y d ro ly sa te  w as d ilu ted  w ith  w a te r  an d  re p ea ted ly  sh a k e n  o u t w ith  
e th e r . T h e  se p a ra te d  aqueous phase  w as w ashed  w ith  e th e r. T o ta l r a d io a c tiv ity  
w as c o u n ted  in  b o th  th e  aqueous ph ase  a n d  th e  com bined  e th e r  e x tra c ts . T he 
to ta l  a c tiv ity  in  th e  e th e r  e x tra c t  a m o u n te d  to  6 c .p .m ., in th e  aq u eo u s  phase  
to  1470 c .p .m . F ro m  th ese  re su lts  i t  seem s m ost likely  th a t  th e  ra d io a c tiv ity  
c o u n te d  in  th e  p ro te in s  o f th e  A P H S E , fo u n d  its  origin in  am ino  ac ids in co rp o 
ra te d  b y  p ep tid e  linkages in  th e  in te rn a l p a r t  o f th e  p o ly p ep tid e  c h a in , especi
a lly  considering  th e  easy  decom p o sitio n  o f  D N P-glycine.

6. I t  w as essen tia l to  fin d  a m ild  p ro ced u re  b y  w hich th e  r a p id ly  labelled  
p ro te in  frac tio n  p re se n t in  th e  A P H S E  o f th e  sem inal vesicles cou ld  be s e p a ra t
ed  from  th e  R N A , to  allow  a d e ta iled  s tu d y  o f th e  p ro p ertie s , th e  m echan ism  
o f  sy n th es is  an d  th e  e v e n tu a l physio log ica l role of th e  p ro te in . C h ro m a to g ra p h y  
o n  D E A E  cellulose co lum ns w as chosen  fo r th is  purpose . In  th e  e x p e rim en t 
p lo tte d  on Fig. 5 th e  p re c ip ita te  ( re p re c ip ita te d  tw ice by  e th a n o l)  o f  th e  
A P H S E  p rep a red  from  vesicles p rev io u sly  labelled  w ith  ra d io a c tiv e  g lycine 
w as ch ro m a to g ra p h ed  in  an  0.01 M  b o ra te  bu ffer so lu tion , a t  p H  8.2, using  
a  N aCl g rad ien t. T he p ro te in s  se p a ra te d  w ell from  R N A . T he c o u n tin g  resu lts  
w h ich  h a d  to  be co rrec ted  fo r se lf-ab so rp tio n  due to  th e  h igh  N aC l c o n c e n tra 
tio n s  in  th e  various frac tio n s , show ed th e  absence of labelled  co m p o n en ts  in  
th e  R N A . A t th e  sam e tim e , th e  m a x im u m  v alue  of rad io ac tiv e  c o u n ts  in  th e  
p ro te in -co n ta in in g  frac tio n s an d  th a t  o f th e  p ro te in  p eak  w ere n o t  co m p le te ly  
o v erlap p in g . T his ph en o m en o n  w as o bserved  co n sis ten tly  in  a n u m b e r of 
e x p e rim e n ts  an d  led to  th e  conclusion  th a t  th e  A P H S E  o f th e  sem in a l vesicles 
co n sis ts  besides its  R N A  c o n te n t o f n o t a single b u t o f severa l p ro te in  frac tio n s 
w h ich  are  syn th esized  a t  d iffe ren t ra te s . S ep ara tio n  of th ese  fra c tio n s  is in 
p rogress.

7. In  o rder to  p rove  th a t  th e  rad io a c tiv e  labe l sep a ra te d  from  R N A  on 
th e  D E A E  cellulose co lum n w as b o u n d  to  p ro te in s  of h igh  m o lecu la r w eight 
a n d  does n o t occur in  an y  o th e r  co m p o u n d  e lu ted  to g h e te r  w ith  th e  p ro te in s , 
th e  follow ing ex p erim en ts  w ere u n d e rta k e n .
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A ll th e  fra c tio n s  o b ta in e d  b y  D E A E  cellu lose co lum n c h ro m a to g ra p h y  
c o n ta in in g  ra d io a c tiv ity  a n d  p ro te in s w ere p o o led , an d

(a) sieved on  S e p h a d e x  G-50 gel-co lum n. T he p ro te in  c o n te n t a n d  
ra d io a c tiv e  co u n ts  in  th e  gel-filtered  fra c tio n s  a re  p re sen ted  in  Fig. 6. T h e  
d is tr ib u tio n  of p ro te in s  a n d  rad io ac tiv e  c o u n ts  w as overlap p in g  in  each  f ra c 
tio n s .

F ig . 5. D E A E  cellulose c o lu m n  ch ro m a to g rap h y  o f th e  A P H S E  iso la ted  from  th e  in  vitro  
14C -gIycine labelled  sem inal vesicles o f th e  r a t  

F o r  ex p erim en ta l d e ta ils : see t e x t

(6) tre a te d  w ith  an  id e n tic a l volum e o f w a te r -s a tu ra te d  phenol, accord ing  
to  th e  p rocedure  describ ed  u n d e r F /3 . T he d is tr ib u tio n  of label betw een  th e  
w a te r  a n d  pheno l p h a se  w as coun ted ; 97 p e r  c e n t o f th e  ra d io a c tiv ity  w as 
fo u n d  in  th e  phenol p h ase .

(c) hyd ro lyzed  w ith  6 N  HC1, a t 110° C, fo r 25 hours. The in d iv id u a l 
a m in o  ac ids were s e p a ra te d  from  th e  h y d ro ly sa te  acco rd in g  to  M o o b e , S p a c e m a n .
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and  S t e i n  [50] on A m berlite  I R  120 ca tio n  ex ch an g er resin . R a d io a c tiv i ty  
w as n o t d e te c ta b le  in  any  o th e r  am ino  acid ex cep t glycine an d  se rin e . The 
ra d io a c tiv ity  o f hum in  fo rm ed  d u rin g  th e  hy d ro ly sis  w as n o t s ig n if ic a n t. 
C om paring  th e  specific ra d io a c tiv itie s  o f g lycine and  serine, th e  r a t io  o f  spe-

Fig. 6. D is tr ib u tio n  of p ro te in  a n d  ra d io a c tiv ity  on re ch ro m ato g ra p h in g  th e  ^'C-Jabelled 
A P H S E  (iso lated  b y  D E Á E  cellulose c o lu m n  ch ro m a to g ra p h y ) on a S ep h ad ex  G -50 colum n

F o r e x p e r im e n ta l d e ta ils : see te x t

cific ra d io a c tiv ity  o f glycine to  th e  specific ra d io a c tiv ity  o f serine w as n e a r ly  2 . 
89.2 p e r cen t o f th e  to ta l  1‘1C -a c tiv ity  in co rp o ra ted  in to  th e  p ro te in  w as p resen t 
in  g lycine, th e  co rrespond ing  v a lu e  for serine w as 5.6 p er cen t.

A ll th is  seem s to  fu rn ish  su ffic ien t ev idence to  e s tab lish  t h a t  th e  rad io 
ac tiv e  label se p a ra te d  from  R N A  on th e  D E A E  cellulose co lum n vvas b o u n d  
to  h igh  m o lecu lar w eight p ro te in s .



2 6 s. mAnyai

Discussion

T h e  sem inal vesic les o f  th e  ra t, m ouse a n d  gu inea  p ig  h av e  been  found 
to  c o n ta in  a p a r tic u la r  p ro te in  fraction  c h a ra c te r iz e d  b y  a h igh  rad io ac tiv e  
la b e l  following th e  la b e lin g  o f  th e  sem inal v esic les  in  th e  presence  o f rad io 
a c t iv e  am ino acids, b o th  in  vivo and in  v itro . T h e  specific rad io ac tiv itie s  
( c o u n ts  per m inu te  p e r  m g  o f  protein) w ere 12 to  13 tim es h ig h er th a n  those 
o f  th e  so-called re s id u a l p ro te in s  consisting m a in ly  o f th e  s tru c tu ra l  p ro te in s  
u n d e r  conditions in  vivo . T h e  sam e ratio  a m o u n te d  to  28— 51 in  ex perim en ts 
in  vitro .

A  fu rth er c h a ra c te r is t ic  feature  of th e  h ig h ly  labelled  p ro te in  frac tio n  
o f  th e  sem inal vesicles h a s  b e e n  revealed by  th e  f a c t  th a t  it  is e x tra c te d  to g h e te r  
w i th  th e  ribonucleic ac id s  o f  th e  cell. E x tra c ts  p re p a re d  w ith  h o t 10 p er cen t 
N aC l solu tion  from  liv e r , p ro s ta te  and p an c reas  h o m o g en a tes  co n ta in , in  ad d i
t io n  to  RN A  m e a su ra b le  q u an titie s  of p ro te in - lik e  su b stan ces (su bstances 
r e a c t in g  w ith F o lin ’s r e a g e n t)  b u t the c o n c e n tra tio n  of th is  p ro te in  is n early  
o n e  o rd e r  of m ag n itu d e  h ig h e r  in  the  sem inal vesic les th a n  in  th e  o th e r  organs.

I t  is a m oot p o in t w h e th e r  it  is ju s tif ie d  to  use th e  te rm  p ro te in  for th e  
h o t  N aC l ex trac t o f th e  tissu e  hom ogenate  p re c ip ita te d  w ith  H C 104. T he 
a n a lo g y  to  consider th e  14C-labelled su b s ta n c e  ap p e a rin g  to g h e te r  w ith  th e  
e x t r a c te d  RNA to  be a n  R N A -am in o  acid co m p le x  [67] is c e rta in ly  te m p tin g , 
n e v e rth e le ss  the  e x p e r im e n ta l resu lts  have c le a rly  c o n tra d ic te d  th is  assu m p tio n , 
s in c e  th e  14C -activ ity  c a n  b e  separa ted  from  th e  R N A  w ith  c e r ta in ty , an d  is 
b o u n d  w ith in  the  p o ly p e p tid e  chain of th e  p ro te in .

T he substance in  q u e s tio n  is m ost p ro b a b ly  a deg rad ed  an d  d e n a tu ra te d  
p r o d u c t ,  b u t u n q u e s tio n a b ly  o f a high m o lecu la r  w eigh t an d  of p o ly p ep tid e  
c h a ra c te r ;  it  is p re c ip ita te d  b y  60 per cen t e th a n o l (final co n cen tra tio n ), or in  
th e  cou rse  of d ialysis; i t  c a n  be  assayed b y  th e  b iu re t  reac tio n  an d  reac ts  w ith  
F o l in —-C iocalteau’s r e a g e n t ;  i ts  hydrolysis in  6 N  HC1 resu lts  in  th e  fo rm atio n  
o f  a n  am ino acid m ix tu re . P ro lin e  and h y d ro x y p ro lin e  are re p re se n te d  in  the 
h y d ro ly s a te  in c o n s id e ra b le  am ounts, p re su m a b ly  as c o n s titu e n ts  of th e  
s im u lta n e o u s ly  e x tra c te d  co llagen .

A ccording to  som e f u r th e r  experim ents, i t  is possib le  to  o b ta in  an  e x tra c t 
f ro m  th e  HC104 p re c ip ita te  o f  th e  secretion o f  th e  sem inal vesicles b y  boiling 
w i th  10 per cent N aCl s o lu tio n . This ex tra c t is r ic h  in  po ly p ep tid es  a n d  resem 
b le s  th e  one o b ta ined  in  a s im ila r way from  th e  g land .

F u rth e r  ex p e rim en ts  a re  in  progress to  c la r ify  th e  possib le physio log ical 
a n d  fu n c tio n a l re la tio n sh ip s  o f  th e  RNA and  p ro te in  e x tra c te d  from  th e  sem inal 
v e s ic le s . The problem  re m a in s  w hether the  p ro te in  in  questio n  is a tru e  nucleo- 
p ro te in ,  which m ay  se rv e  as a precursor in  th e  sy n th e s is  of sec re to ry  p ro te in s , 
o r  i t  becom es a tta c h e d  to  th e  R N A  owing to  th e  specia l chem ical s tru c tu re  of 
s e c re to ry  proteins ju s t  d u r in g  th e  chem ical e x tra c tio n  of th e  cells.
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(R eceived  D ecem b er 29, 1962)

As d e te rm in e d  b y  p -c h lo ro m ercu rib en zo a te  (PC M B ) t i tra tio n , th e  la c ta te  d e h y 
d rogenase  (L D H ) p rep ared  b y  ou r m e th o d  fro m  p ig  sk e le ta l m uscle c o n ta in s  19 to  20 
su lfh y d ry l g roups.

In  th e  n a tiv e  s ta te , in n e u tra l  m ed ium  th e  S H  groups of skeletal L D H  do n o t  
re a c t w ith  PCM B. T h ey  are d e m o n s trab le  on ly  a t  a lk a lin e  reac tio n , o r a f te r  d é n a tu r a 
tio n  of th e  p ro te in  ( tre a tm e n t w ith  u re a , d e te rg en t) . As in d ica ted  b y  v isc o s ity  d a ta ,  
th e  a lka line  m ed iu m  changes th e  te r t ia r y  s tru c tu re  o f  th e  p ro te in .

In  th e  la c ta te -D P N  reac tio n , a t  p H  10.0, th e  b lock ing  of 20 SH  g ro u p s in h ib its  
th e  enzym e a c t iv ity  to  ab o u t 50 p e r  cen t.

T h u s, in  th e  p ig ’s ske le ta l m u sc le  L D H  th e  ro le  o f SH  groups in e n z y m a tic  a c t i 
v i ty  is  q u e stio n a b le , w hereas in  th e  case o f th e  L D H  iso la ted  from  th e  h e a r t  m usc le  
o f th e  pig th e  S H  groups are essen tia l fo r en zy m atic  ac tiv ity .

As reg ard s m o lecu lar form , sev era l k in d s o f  la c ta te  d eh y d ro g en ase  o ccu r 
in  th e  tissues o f  v e r te b ra te s . A ccord ing  to  ea rlie r re p o rts  [1], five isozym es can  
be d e m o n s tra te d  b y  gel e lec trophoresis  in  d iffe re n t tissues (e. g. liv er, p la sm a , 
etc.). T hey  can  be d istingu ished  on  th e  basis o f  m o b ility , a c tiv ity  m e a su re d  
w ith  coenzym e analogues, p y ru v a te  in h ib itio n , e tc . I t  has, h ow ever, been  
show n recen tly  t h a t  only  tw o k in d s o f  L D H * e x is t, h e a r t m uscle an d  sk e le ta l 
m uscle L D H . [2.] O f th e  five isozym es se p a ra te d  b y  gel e lectrophoresis 1 is h e a r t  
m uscle  L D H , a n o th e r  is skeletal m uscle  L D H , w hereas th e  rem a in in g  th re e  
a p p ea r to  be h y b rid  m olecules b u ilt  u p  from  th e  basic  u n its  of th e  tw o  ty p e s .

P ig  h e a r t  m uscle L D H  p re p a re d  in  c ry s ta llin e  form  b y  S t r a u b ’s 
m eth o d  co n ta in s  14 SH  groups co m p u te d  for a m o lecu la r w eight o f 127 000 g. 
F ro m  th e  p o in t o f v iew  of en zy m a tic  a c tiv ity  tw o  SH  groups a re  e sse n tia l, 
because  b lock ing  o f these  tw o w ith  PCM B leads to  a cessation  o f a c t iv i ty  [3].

In  th e  p re se n t wrork wre s tu d ie d  th e  role in  enzym atic  a c t iv i ty  p la y e d  
b y  th e  SH  g roups o f p ig  skeletal m uscle  L D H , a n d  its  re la tio n  to  th e  p ro te in  
s tru c tu re .

* T he a b b rev ia tio n s  used in th is p a p e r  are:
L D H  =  la c ta te  dehydrogenase
D P N H /D P N  - (reduced) d ip h o sp h o p y rid in e  n u c leo tid e  
PCM B =  p -ch lo ro m ercu rib en zo ate  
SDS =  so d iu m  dodecy lsu lphate
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Materials and m ethods

L D H  was p re p a re d  fro m  pig skeletal m uscle  b y  th e  m eth o d  described  e a rlie r  [4] an d  
w a s  u se d  a f te r  th ree  re c ry s ta lliz a tio n s .

D P N H , D P N  w ere  p re p a ra tio n s  of 70 p e r c e n t  p u r i ty  (R eanal, B u d a p es t) .
D L -N a-lacta te  w as p ro d u c e d  by  Riedel de H a en  A .  G.
SD S w as a co m m erc ia l N a-d o d ecy lsu lp h ate  p r e p a ra t io n  used  a fte r  tw o re c ry s ta llisa tio n s  

fro m  alcohol.
PCM B was a  p re p a ra tio n  of 92 per cen t p u r i ty  (L ig h t) .
T h e  o th er su b s ta n c es  u se d  were of reag en t q u a li ty .
T h e  a c tiv ity  a ssa y s  a n d  th e  m easurem ents o f  a b so rp tio n  were carried  o u t b y  m ean s of 

a  H ilg er U vispek  o r U n ica m  S P  — 500 sp e c tro p h o to m e te r .
O p tica l ro ta tio n  w as m ea su re d  a t  20 C° b y  m ea n s  o f a  precision rin g  p o la r im é te r  m a n u 

f a c tu re d  b y  Schm idt a n d  H a en sch , provided b y  a n  u ltra th e rm o s ta t .
In te rn a l  v isco sity  w as m easu red  by  an  O stw a ld  v isco sim eter (w a ter o u tflow  tim e  a b o u t 

100 seconds), a t  20 C°.

Procedures

T h e  c o n cen tra tio n  o f  L D H  was de te rm in ed  sp ec tro p h o to m e tric a lly  [4].
L D H  a c tiv ity  w as a ssa y e d  a t  room  te m p e ra tu re  (20 to  25 C°), in  th e  fo llow ing re ac tio n  

m ix tu re :
D P N H -p y ru v a te  re ac tio n :

1.3 • 1 0 - 1 jUmol D P N H /m l 
0.33 |Umol N a -p y ru v a te /m l
1.48 • 10“ 6 /«mol L D H /m l (com puted  fo r 135 000 g m olecu lar w eight) 
in  0.1 M  p h o sp h a te  b u ffe r  p H  7.5 

D P N -la c ta te  reac tio n :
1.63 • 10“ 1 /«mol D P N /m l 
18.5 (Umol N a - la c ta te /m l
7.4 • 10“ 6 f im /im o l  L D H /m l
in  0.1 M  g lycine b u ffe r , p H  10.0.
T h e  free SH  g ro u p s  o f  th e  p ro te in  were d e te rm in e d  b y  B o yeb’s m eth o d  [5].
E v e ry  va lue  w as c o m p u te d  for a m olecu lar w e ig h t o f 135 000 [6].

Results

A fte r 60 m in u te s  o f  p re incuba tion  -with 6 M urea, th e  ske le ta l m uscle 
L D H  co n ta in s 20 to  22 su lfh y d ry l g roups p e r  m olecule.

W e have d e te rm in e d  th e  num ber o f  re a c tiv e  su lfh y d ry l g roups in  the  
n a t iv e  L D H  a t  p H  7.5 a n d  10.0, a t w h ich  th e  enzym e reac tio n  is s tu d ied . 
T h e  d e te rm in a tio n s  w ere  m ad e  a t  c o n s ta n t PC M B  and  va riab le  p ro te in  con
c e n tra t io n s  (10  to  2 0 0  jMg/ml).

C om bination with P C M B  at p H  7.5

N o S— H g lin k ag e  cou ld  be d e m o n s tra te d  a f te r  in cu b a tio n  a t  ro o m  te m 
p e ra tu re  for 60 m in u te s  in  0.1 M p h o sp h a te  o r  0.1 M tris  bu ffe r (F ig . 1).

E v a lu a tio n  w as re n d e re d  d ifficu lt b y  th e  ap p earan ce  of opalescence in  
th e  in c u b a tio n  m ix tu re  a f te r  several hours o f  in c u b a tio n  w ith  50 to  100 /ig/m l 
p ro te in , and  in 10 to  20 m in u te s  in the  case o f  250 to  300 pg/m l L D H  concen
t r a t io n .
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C om bination w ith  P C M B  at p H  10.0

S— H g fo rm a tio n  cou ld  be d e m o n s tra te d  a t  p H  10.0. In  0.1 M glycine 
b u ffe r, d epend ing  on  th e  d u ra tio n  of in c u b a tio n , th e  S H  groups o f L D H  com 
b ined  w ith  PCM B (F ig . 1).

As show n in  F ig . 1, a t  a lka line  reac tio n  a b o u t 19 SH  groups w ere b o u n d  
in  40 m in u tes . No fu r th e r  S— H g linkages w ere fo rm ed  on p ro longed  in c u b a tio n .

F ig . 1. C o rre la tio n  b e tw een  fo rm atio n  of th e  S— H g lin k ag e  an d  in h ib itio n  
A c tiv ity  w as assayed  in  th e  d irec tio n  of th e  D P N + -j- la c ta te  -*■ D P N H  p y ru v a te  re a c tio n ,

a t  pH  10.0
T h e  n u m b e r o f S— H g  lin k ag es  w as d e te rm in ed  on th e  b asis  o f th e  e x tin c tio n  in c re m e n t

m easu red  a t  250 m ц \

^ ^ 2 5 0 /m o l  LDH ' S H g =  6.5 • Ю3

In  10 m in u tes  e ig h t, in  30 m in u tes  o f in c u b a tio n  a b o u t six teen  S— H g lin k ag es 
w ere fo rm ed , w hile fo r th e  fo rm a tio n  o f th e  fu r th e r  th ree  or fou r S— H g 
linkages fu r th e r  20  m in u te s  o f in c u b a tio n  w ere req u ired .

I t  has been in v e s tig a te d  how  in c u b a tio n  w ith  PCM B influences en zy m atic  
a c tiv ity  a t  a lk a lin e  re a c tio n  (p H  10.0), a t  w hich  th e  SH  groups can  be b o u n d . 
T he effect o f 25 eq  PCM B on th e  en zy m atic  a c t iv i ty  o f  L D H  is show n in F ig . 1. 
In c u b a tio n  to o k  p lace  a t  room  te m p e ra tu re , in  0.1 M  glycine bu ffe r. A t th e  
in d ic a te d  po in ts  o f  tim e  th e  in c u b a tio n  m ix tu re s  w ere d ilu ted  w ith  0.1 M  
g lycine b u ffe r (p H  10.0) for a c tiv ity  assay . L D H  a c tiv i ty  w as m easu red  in  th e  
d irec tio n  o f th e  D P N + -f- la c ta te  —»■ D P N H  -(- p y ru v a te  reac tio n .

B locking o f th e  S H  groups w as a lm o st co m p le te  in  35 to  40 m in u te s , 
b u t  th is  re su lted  in  50 p e r cen t in h ib itio n  only .
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In  F ig . 2 th e  in h ib ito r  effect o f PCM B is p lo tte d  ag a in s t th e  p H . T he 
in c u b a t io n  m ix tu res c o n ta in in g  1.12 • 10~ 3 /im ol/m l L D H  a n d  1.65 • 10~ 2 
jUmol/ml PCM B were in c u b a te d  be tw een  p H  7.5 an d  9.1 in  0.1 M  tr is  buffer, 
b e tw e e n  p H  9.7 an d  10.0 in  0.1 M  g lycine bu ffe r, fo r v a rious len g th s  of tim e .

too- i

80 -

60 
<bо 
<b 4

AO'

§
2 0 - 

o-
7.5 79 6 5  8.8 91 9.7 10.0 pH

F ig . 2. In h ib ito ry  effec t o f PCM B vs. pH
A c t iv i ty  w as assayed in th e  d ire c tio n  of D P N H  fo rm atio n . In c u b a tio n  w as ca rried  o u t  a t  room

te m p e ra tu re

T h e  m ix tu re s  were d ilu ted  w ith  p H  10.0 0.1 M  glycine b u ffe r a n d  en zy m atic  
a c t iv i ty  (D P N  red u c tio n ) w as m easu red .

I n  n e u tra l m ed ium , u p  to  p H  8.5, th e  a c tiv ity  of th e  p re in c u b a te d  p ro te in  
is n o t  d iffe ren t from  th a t  o f  th e  co n tro l p ro te in  so lu tio n  n o t c o n ta in in g  PCM B. 
A t  m o re  alkaline reac tio n s  th e  in h ib itio n  in  response to  th e  PC M B  effect 
in c re a se d  w ith  the  increase  o f  th e  p H . In h ib itio n  w as in fluenced  b y  th e  d u ra tio n  
o f  in c u b a tio n . In  response to  in c u b a tio n  a t  a lka line  reac tio n , in  th e  absence 
o f  PC M B  a c tiv ity  s lig h tly  decreased , b y  a b o u t 20 p e r cen t in  60 m in u te s .

T o  determ ine  w h e th e r  PC M B , w hich  com bined  w ith  L D H  in  a lkaline 
m e d iu m  only , in h ib ited  th e  D P N H  +  p y ru v a te  ,—> D P N + -j- la c ta te  re a c tio n  
m e a s u ra b ly  a t  p H  7.5, we h a d  to  ac id ify  to  p H  7.5 th e  a lkaline  so lu tio n  con
ta in in g  th e  L D H — PCM B com plex . In  m ore c o n cen tra te  so lu tio n  (ab o u t 
200 /ig /m l LD H ) n e u tra liz a tio n  led  to  th e  p re c ip ita tio n  o f L D H  ev en  a t  0°C. 
T h e  sam e  happened  in  th e  absence  of PCM B. F o r th is  reason  n e u tra lis a tio n  
w a s  c a rr ie d  ou t in  a 5 /ig /m l so lu tio n . U n d e r such  cond itions th e  a c t iv i ty  of 
th e  en zy m e  (D P N H  o x id a tio n ) w as id en tica l w ith  th a t  o f th e  c o n tro l co n ta in in g  
n o  P C M B  an d  in cu b a ted  a t  p H  7.5. H ow ever, ow ing to  th e  low  p ro te in  con
c e n tr a t io n  i t  could n o t be d e te rm in e d  in  th is  case w h e th e r th e  H g -co m p o u n d  
w as  s till  linked  to  th e  p ro te in .
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A t th e  ab o v e  m entioned  tw o  pH -s th e  o p tic a l ro ta tio n  values o f  L D H  
w ere m easu red  a f te r  in cu b a tio n  in  th e  p resence  o f 20 eq of PCM B a t  20 C°. 
T he v alues o b ta in e d  were [ a ] ^  =  — 41.3° ^  0.4 in  th e  case of 0 to  25 m in u te  
in cu b a tio n  a t  p H  7.5, and  — 44.9° i  0.2 in  th e  case o f incub a tio n  fo r  0 to  25 
m in u tes  a t  p H  9.8, w hich agreed  w ith in  th e  lim its  o f erro r w ith  th e  o p tic a l 
ro ta tio n  show n b y  u n tre a te d  L D H  (42.6° ±  3 .0). A t the  sam e t im e , th e  
in tr in s ic  v isco sity  o f th e  p ro te in  a t  p H  7.5 w as [??] =  4.8, a t  pH  10.0 [>7] =  11.5.

In  a p rev ious p ap e r [7] d ea lin g  w ith  th e  e ffec t o f N a -d o d ecy lsu lp h a te  on 
L D H  , we h av e  show n th a t  th e  n a tiv e  s tru c tu re  o f th e  enzym e is b ro k e n  u p  in  
th e  presence o f th e  d e te rg en t. W e in v e s tig a te d  w h e th e r in  response to  SDS 
a t  n e u tra l p H  th e  S H  groups o f L D H  could  b e  b o u n d . U nder co n d itio n s  id e n 
tic a l w ith  th o se  o u tlin ed  above, in  60 m in u te s , a t  room  te m p e ra tu re , in  th e  
presence of 200 to  2000 moles o f  SDS per m ole o f  L D H , 17 to  19 m o les o f  
PCM B w ere b o u n d , p rac tica lly  as m an y  as a t  p H  10.0, w ith o u t a n y  o th e r  
p re tre a tm e n t.

Discussion

K a p l a n  a n d  Cio t t i  [8 ] on th e  basis o f  s tu d ies  m ade w ith  co en zy m e  
analogues c lassified  h u m an  L D I l ’s in to  tw o  m ain  g roups; to  group  1 b e lo n g  
th e  L D H ’s iso la ted  from  ske le ta l m uscle, liv e r , sp leen  an d  co nnective  tis su e , 
to  g roup  2 th o se  iso la ted  from  h e a r t  m uscle , k id n e y , pancreas, s tro m a  a n d  
e ry th ro c y te s . T he L D H  iso la ted  fro m  lung  tis su e  is in te rm ed ia te  b e tw e e n  th e  
tw o groups.

O n th e  basis o f  th e  reac tio n  ve lo c ity  m easu red  w ith  coenzym e an a lo g u e s , 
th e  d ifference b e tw een  bovine h e a r t  L D H  a n d  bov ine  skeletal m uscle  L D H  
is g rea te r  th a n  th e  difference b e tw een  ch ick  h e a r t  L D H  and b o v in e  h e a r t  
L D H . A ccord ing  to  our in v es tig a tio n s  th e re  is a s tru c tu ra l difference b e tw e e n  
h e a r t m uscle L D H  an d  skele ta l m uscle L D H  o f th e  pig, m an ifested  in  th e  
re a c tiv ity  o f th e  S H  groups.

Tw o S H  groups of th e  h e a r t  m uscle L D H  arc  essen tia l from  th e  p o in t 
o f view  of a c tiv ity , since b in d in g  o f these  tw o  S H  groups by  PCM B m ak es 
a c tiv ity  to  cease [3]. On the  o th e r  h an d , th e  S H  groups of sk e le ta l m uscle  
L D H  com bine w ith  PCMB a t  a lk a lin e  re a c tio n  only . H ow ever, as in d ic a te d  
b y  th e  d a ta  in  F ig . 1, i f  all th e  S H  groups a re  b o u n d  by  PCMB, e n z m y a tic  
a c tiv ity  is decreased  by  ab o u t 50 p e r cen t o n ly . A t n eu tra l reac tio n  no  fo r
m atio n  of lin k ag e  w ith  PCM В is d em o n strab le  b y  th e  B oyer t i t r a t io n  m e th o d  
an d  th e  p resence o f th e  SH re a g e n t does n o t  in fluence  enzym atic  a c t iv i ty ,  
e ith e r.

I t  is kn o w n  th a t  th e  SH  g ro u p s of th e  d iffe ren t enzym es do n o t  r e a c t 
w ith  th e  sam e speed  w ith specific h eav y  m e ta l reag en ts . In  certa in  cases th e  
SH  groups are  dem o n strab le  o n ly  a f te r  th e  n a tiv e  p ro te in  s tru c tu re  h a s  b een

3 Acta Physiologica XXIV/l.
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d e ra n g e d . “ M asked”  S H  groups have b een  fo u n d  in  urease [9], D -glyceral- 
d e h y d e -3 -p h o sp h a te  d eh y d ro g en ase  [10], p h o sp h o ry la se  [11], a ldo lase [12], etc. 
A cco rd in g  to  Sz a b o l c s i  et al. [13] in  th e  case  o f  aldolase th e  b in d in g  o f  th e  
m a sk e d  SH groups le a d s  to  a d im inu tion  o f  a c t iv i ty ,  y e t th e y  p la y  no  d ire c t 
ro le  in  ca ta ly tic  a c t iv i ty .  O n th e  o ther h a n d , th e y  p lay  an  im p o r ta n t  ro le in  
th e  m a in te n a n c e  o f th e  n a tiv e  pro te in  s t ru c tu re .

A t n e u tra l re a c tio n  th e  SH groups o f  p ig  sk e le ta l m uscle L D H  c a n  be 
co n sid e red  to  be m a sk e d , being  t i tra ta b le  o n ly  a f te r  tre a tm e n t w ith  u re a  o r  
d e te rg e n t.

A t p H  10.0 e v e ry  S H  group of th e  s k e le ta l  m uscle L D H  is re a c tiv e . T h is 
m a y  be  due to  a s t r u c tu r a l  change caused b y  th e  a lkaline  reaction . T h e  a lk a lin e  
m e d iu m  does n o t seem  to  dam age th e  s e c o n d a ry  s tru c tu re  o f th e  p ro te in , 
b e c a u se  no change in  o p tic a l ro ta tio n  is d e m o n s tra b le . In  co n tra s t, th e  in tr in s ic  
v isc o s ity  of th e  p ro te in  is m ore th a n  d o u b le  o f  th a t  m easured  a t  n e u tra l 
re a c tio n . T hus, th e  f a c t  t h a t  the  SH g ro u p s b eco m e reactive  m ay  be d u e  to  
ch an g es  in  th e  t e r t i a r y  s tru c tu re .

A ccording to  d a ta  in  th e  lite ra tu re , p ig  h e a r t  muscle L D H  is a ty p ic a l 
“ su lfh y d ry l” en zy m e [3], w hereas th e  S H  g ro u p s  of pig skele ta l m uscle  L D H  
seem  to  p lay  no ro le  in  th e  ac tiv ity  d e m o n s tra b le  by  PCMB tr e a tm e n t .  T he 
d ec rease  of a c tiv ity  in  re sponse  to  PCMB a t  a lk a lin e  reaction , like t h a t  found  
w ith  aldolase [13], is p re su m ab ly  a se c o n d a ry  effect, a p p a re n tly  a re su lt  o f 
so m e  change ta k in g  p lace  in  the  te r tia ry  s t ru c tu re .
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E xo-pen icillinase  o f B . subtilis  was p u r if ie d  b y  m ean s of c h ro m a to g ra h y  on  
c a rb o x y m c th y l cellulose. T h e  p H  o p tim u m  a n d  re s is ta n c e  to  in ac tiv a tio n  b y  io d in e  
rev ea led  m ore s im ila rity  to  B . cereus exo-pen icillinase  th a n  to B. subtilis c e ll-b o u n d  
pen ic illinase . A n tise ru m  p re p are d  ag a in st th e  e n zy m e  p re c ip ita te d  n o t on ly  th e  sam e 
enzym e b u t  also th e  B . cereus exo-penicillinase. T h e  re su lts  of abso rp tio n  te s ts  sh o w ed  
t h a t  th e  sam e a n tib o d y  re a c te d  w ith  b o th  enzym es.

P en ic illinase  is an  enzym e w idely  d is tr ib u te d  in  m icroorganism s; i t  has 
been  s tu d ie d  in  th e  fie ld  o f enzym ology as w ell as its  app lications [1]. W hile  
pen ic illinase  from  B . cereus w as pu rified  [2 ] a n d  s tu d ie d  ex tensively , o n ly  a 
few  re p o rts  ap p ea red  a b o u t th e  enzym e B . su b tilis . In  th e  p resen t p a p e r  a 
p re p a ra tio n  of B . subtilis  exo-penicillinase is d esc rib ed , th e  specific a c t iv i ty  
o f w hich  is e q u iv a len t to  th a t  of th e  p u re s t p re p a ra tio n  of B . cereus. I t  is 
d iffe re n t from  th e  enzym e p rep ap ered  b y  K u s h n e r  [3] from  a n o th e r  s tr a in  
o f  B . subtilis.

M aterials and m ethods

Culture. B . subtilis  T98, iso la ted  b y  Y. Csá n y i in  th is  la b o ra to ry  was used . T h e  c u ltu re  
m ed iu m  w as s im ilar to  th a t  used  fo r grow ing B . cereus [4], e x c e p t th a t  “ L ac tam in ”  ( P h y la x ia ,  
B u d a p e s t)  w as used  in s tea d  of casam in ic  acid ; 0.25 g o f  y e a s t  e x tra c t (D ifco)  a n d  1.5 g o f 
g lucose w ere ad d ed  fo r 1000 m l o f th e  m edium . A n in o c u la tin g  cu ltu re  was grow n o v e rn ig h t  
a t  37° C, th e n  tran s fe rre d  to  10 vo lum es of th e  sam e m e d iu m , an d  cu ltiv a tio n  w as m ad e  a t  
35° C w ith  ae ra tio n  fo r 24 hours. T h e  m edium  co n ta in ed  2500—5000 u n its /m l o f p en ic illin ase .

Pen icillinase  was m easu red  accord ing  to  Csá n y i [5] a n d  expressed  in  en zy m e u n i ts ;  
1 u n it  o f pen ic illinase  being th e  a m o u n t o f enzym e w h ich  h y d ro ly zes  1 /im ol o f p en ic illin  in  
60 m in . a t  30° C [6]. P ro te in  w as d e te rm in ed  by  th e  m e th o d  o f L o w ry  et al. [7]. T h e  a ssa y  
m eth o d  fo r non-v o la tile  o rg an ic  su b s tan ces was desc rib ed  b y  J o hn son  [8].

E xo-pen icillinase  o f B . cereus w as p a r tia lly  p u rif ied  b y  ch ro m a to g rap h y  on d ia te m a c e o u s  
e a r th  acco rd in g  to  ClTRl [9]. C ell-bound penicillinase w as th e  crude  e x tra c t o b ta in e d  fro m  
B . sub tilis  b y  c rush ing  th e  cells in  a  th ic k  suspension  w ith  sonic v ib ra tio n  (20 k c , 60 W , 
6 m in .).

P reparation  o f  an tiserum . B . subtilis  purified  exo-pen icillinase  p re p ara tio n  (1 .8  • 10 e 
u n its /m g  N ) m ixed  w ith  F r e u n d ’s a d ju v a n t  was in jec ted  in to  th e  subscapu lar region o f  r a b b its  
(a b o u t 400 000 u n its /k g ). A fte r  5 w eeks, 5 in jec tio n s o f 150 000 u n its  o f th e  enzym e a d so rb e d  
on a lu m in iu m  h y d ro x id e  w ere a d m in is te red  to  th e  a n im a ls  successively every  th i r d  d a y . 
T h e  p re p a ra tio n  to  be in jec ted  w as m ade  as follows, 1 m l o f  1 p e r  cen t alum  so lu tion  w as a d d e d  
to  15 m l enzym e so lu tion  (400 000 u n its  in  0.005 M  p h o sp h a te  b u ffer, p H  7.0) a n d  th e  p re c i
p i ta te  w as co llected  b y  c en trifu g a tio n  and  suspended  in  0.85 p e r  cen t sodium  chloride. O n e  w eek  
a f te r  th e  la s t  in jec tio n , th e  ra b b its  w ere sacrificed and  b lo o d  w as collected  in  a vessel c o n ta in in g  
h ep arin . I n  som e cases, if  th e  t i t r e  o f th e  an tib o d y  w as low  a t  th a t  tim e, 5 m ore in je c tio n s  o f
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a lu m -p re c ip ita te d  pen ic illinase  w ere  ad m in istered  b e fo re  sacrificing  th e  an im als . 1 m l p lasm a 
h a d  a n  a c tiv ity  to n eu trilize  40  — 70 000 un its  o f p en ic illin ase .

T h e  p lasm a was d i lu te d  th re e  tim es w ith  w a te r  a n d  th e  p H  a d ju s ted  to  7 .6  b y  add in g  
1 N  HC1. A ntipen ic illinase  w as p re c ip ita te d  w ith  a n  e q u a l vo lum e of e th an o l in  co ld , collected  
b y  c en tr ifu g a tio n , d isso lved  in  0.85 per cent sa lin e  (0 .4  o f th e  original p lasm a  v o lu m e ) and  
th e n  ly o p h iiized . B efore use , th e  lyophilized  a n tip e n ic illin a se  was dissolved in  d is til le d  w a ter, 
th e  v o lu m e  of w hich w as e q u a l to  th e  so lu tion  b e fo re  ly o p h iliza tion .

A n tise ru m  ag ain st B . cereus exo-penicillinase  w as o b ta in ed  from  D r. K r a m e r . The 
ly o p h il iz e d  p rep ara tio n  c o n ta in e d  58 000 n eu tra liz in g  u n its /m l dissolved in  d is tilled  w a te r  of 
a  v o lu m e  corresponding to  th e  o rig ina l serum .

R esu lts  and  d iscussion

P urifica tion  o f  p en ic illin a se . The s u p e rn a ta n t  ob ta ined  b y  c e n tr ifu g a tio n  
o f  a B . subtilis cu ltu re  w as em ployed as a s ta r t in g  m ateria l for p u rif ic a tio n . 
I t  c o n ta in e d  more th a n  90 p e r cen t of th e  a c t iv i ty  of the  w hole c u ltu re . A fter 
a d ju s t in g  th e  pH  of th e  s u p e rn a ta n t  to  5 b y  th e  ad d itio n  of ace tic  a c id , i t  tvas 
p a s se d  th ro u g h  a co lu m n  o f  d ia tom aceous e a r th  (Celite 535), a cco rd in g  to  
C i t r i  [9]. A fter w ash in g  th e  colum n w ith  d is tilled  w ater, th e  e n zy m e  w as 
e lu te d  w ith  1 M  sod iu m  ch lo ride  a t p H  8 .5 . R ecovery  of enzym ic  a c tiv ity  
w as  85— 100 per cen t in  th is  step . The m a in  p a r t  of th e  e fflu en t c o n ta in in g  
p e n ic illin a se  a c tiv ity  o v e r 2 0  000  u n its/m l w as collected  and  d ia ly zed  ag a in s t 
2 0  v o lu m es of 0.001 M  p h o sp h a te  buffer, p H  6 .5 , for 24 hours a t  4° C, w ith  
o n e  ch an g e  of the  e x te rn a l so lu tio n . P h o sp h a te  b u ffe r  was added  to  th e  d ia lyzed  
s o lu t io n  to  ad ju s t th e  p h o sp h a te  c o n c e n tra tio n  to  0.01 M  and  th e  p H  to  5.5. 
T h e  enzym e was ad so rb ed  on a colum n o f c a rb o x y m e th y l cellulose p re tre a te d

Table I

E ffe c ts  o f  iodine on p e n ic illin a se  activity

Conditions of incubation* In absence of iodine
With 

3 min.

iodine 

30 min.

R e a c tio n  condition w ith  pen ic illin* Iodine _
was ad-
ded to-
gether**

E n z y m e  prepara tion Penicillinase found  (u n its )

B . su b tilis  exo-penicillinase 260 220 40 10

B . su b tilis  cell-bound pen ic illin ase 300 10 0 0

B . cereus exo-penicillinase 390 330 60 10

* T he enzym es w ere in c u b a te d  in  4 ml c o n ta in in g  0 .25%  gela tin  w ith  o r w i th o u t  0.0125 
N  io d in e  a t  30° C and th e n  1 m l pen ic illin  so lu tion  w as  ad d ed  and th e  a m o u n t o f io d in e -co n 
s u m in g  su b stan ce  form ed in  10 m in u te s  was d e te rm in e d  acco rd in g  to  Cs á n y i  [5] a n d  expressed  
in  u n i ts  o f penicillinase in  4 m l.

** T he am oun t o f io d in e  ad d ed  was th e  sam e  as in  o th er ex p erim en ts , 50 p. a tom s.
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w ith  0.01 M  p h o sp h a te  buffer, p H  5.5. T he co lum n w as th e n  w ashed  succes
sively  w ith  th e  sam e bu ffe r an d  0.01 M  p h o sp h a te  buffer, p H  7.6. 90 p e r c e n t 
o f  th e  penicillinase was ad so rbed  a n d  re ta in e d  by  th e  co lum n. S odium  ch lo rid e  
g ra d ie n t e lu tion  w as th en  ca rried  o u t. T he m ix ing  ch am b er c o n ta in e d  0.01 M  
p h o sp h a te  buffer, p H  7.6, a t  th e  s ta r t ,  to  w hich  1 M  sod ium  ch lo ride  w as

F ig. 1. C hro m ato g ram  of p en ic illin ase  on c a rb o x y m e th y l cellulose co lum n 
24 000 000 u n its  of pen ic illinase  w ere ad so rb ed  on a c a rb o x y m eth y l cellulose co lu m n , 12 X 1.6 cm . 

T he cap ac ity  o f th e  m ix ing  c h am b er w as 190 ml 
1: A m o u n t o f p ro te in  (m g N /m l); 2: Pen icillinase  a c tiv ity  (u n its /m l)

ad d ed  dropw ise from  a ta n k . O ne ty p ic a l ex p e rim en t is show n in  F ig . 1 
T h o u g h  th e  enzym e as well as th e  p ro te in s  are  e lu ted  as a single p eak , th e  sp e 
cific a c tiv ity  of th e  frac tions c o n s ta n tly  decreases a fte r  th e  m ax im u m . This- 
in d ic a te s  th a t  som e p ro te in  im p u ritie s  h ad  been  e lu ted  b y  th e  h igh  sa lt co n 
c e n tra tio n . T he m ax im u m  specific  a c t iv i ty  w as 2.1 • 10° u n its /m g  N . T he c ry 
s ta llin e  p re p a ra tio n  from  B . cereus has been re p o rte d  b y  P o l l o c k  et al. [2] 
to  h a v e  an  a c tiv ity  of 1.53 • 10(i u n its /m g  N.

Properties o f  the B . suhtilis p en ic illinase . T he  p H  o p tim u m  o f th e  enzym e 
is n o t sh a rp ; m ax im u m  a c tiv ity  w as found  a t  p H  6.5, s im ila rly  to  th e  ex o 
pen ic illin ase  of B . cereus w hich h as  th e  o p tim u m  a t  pH  6.7.

An ex p e rim en t concern ing  th e  effect of iodine (Table I) also show ed  th e  
s im ila r ity  of th e  tw o  enzym es. T h e  exo-pen icillinase o f B . suhtilis  w as m ore  
s ta b le  ag a in s t iod ine th a n  ce ll-b o u n d  penicillinase. A s im ila r d ifference h as  
b e e n  described  betw een  th e  pen ic illinase  an d  th e  ce ll-bound  en zy m e of 
B. cereus [10].
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Im m unological s tu d y . T he an tise ru m  p re c ip ita te d  th e  exo-penicillinase 
a n d  in h ib ited  e n z y m a tic  a c tiv ity . T he deg ree  o f  in h ib itio n , h o w ev er, was 
so m e w h a t d iffe ren t w ith  th e  d ifferen t p re p a ra tio n s . O n th e  o th e r h a n d , th e  
a n tis e ru m  scarcely  in h ib i te d  th e  ce ll-bound  enzym e from  th e  sam e organism  
a n d  form ed no p re c ip ita te  a t  a d ilu tion  o f  1 : 10  w ith  th is  or w ith  th e  cu ltu re  
m e d iu m  from  an  u n in d u c e d  inducib le s t r a in  o f  B . sub tilis  T215, iso la ted  in  
th is  lab o ra to ry . I t  w as sh o w n  by  th e  ag a r d iffu sion  m e th o d  [11] w ith  p a rtia lly  
p u r if ie d  enzym e (d ia ly z e d  e lu a te  from  C elite a d so rap tio n ) th a t  i t  co n tin ed  a t  
le a s t  3 d ifferen t a n tib o d ie s . As th e  p u rif ied  p re p a ra tio n  o f th e  penicillinase

F ig . 2. T itra tio n  cu rv e  o f  B . su b tilis  and  B . cereus p en ic illin ase  w ith  an ti-p en ic illin ase  ag a in st
B . subtilis  pen ic illinase

T h e  enzym e and a n ti-p en ic illin a se  w ere m ixed in  th e  p resence  of 0 .85%  N aC l a n d  0.25%  
g e la t in , and  a fte r 30 m in u te s  in c u b a tio n  th e  p en ic illin ase  a c t iv ity  o f th e  m ix tu re  w as e s tim a te d  

1: B . cereus penicillinase; 2: B . sub tilis  pen ic illinase

g a v e  a p rec ip ita te  w ith  o n ly  one, th e  o th e r  tw o  an tib o d ies  shou ld  be ag a in st 
c o n c o m ita n t p ro te in s  in  th e  p rep ara tio n .

Tests for c o m p ariso n  using  B . cereus exo-pen ic illinase  rev ea led  th a t  it 
w as  also p re c ip ita te d  b y  B . subtilis  p en ic illin ase-an tiseru m . T he t i t r a t io n  curve 
o f  b o th  enzym es is in d ic a te d  in  Fig. 2. T h e  se ru m  n eu tra lized  an  a lm o st equal 
n u m b e r  of un its o f th e m . T h e  resu lts  of th e  p re c ip ita tio n  reac tio n  in d ica te  th a t 
th e  enzym ic a c tiv ity  re m a im e d  in the  s u p e rn a ta n t  w hen  b o th  enzym es were 
p re se n t at th e  sam e tim e , ev en  if  e ith er o f  th e m  alone could  alm ost com plete ly  
b e  p re c ip ita te d  b y  th e  a n tib o d y . These re su lts  suggest th a t  th e  sam e a n tib o d y  
re a c te d  equally  w ith  e i th e r  o f  th e  penicillinases. T he re su lts  of double  d iffusion 
in  a g a r  [12] also show ed  t h a t  th e  pen ic illinase  from  B . cereus an d  th a t  from  
B . sub tilis  are id e n tic a l as an tig en , th ey  fo rm  a c o n tin u o u s  p re c ip ita tio n  ban d , 
a n d  no  crossing lines.

A ntiserum  a g a in s t B . cereus exo-pen icillinase n eu tra lized  also b o th  of 
th e  penicillinases.
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K u s h n e r  [3] s tu d ied  p u rific a tio n  as w ell as th e  im m unological p ro p e rtie s  
o f  pen ic illinase  from  a s tra in  o f B . sub tilis . A ccord ing  to  his re su lts , th e  en zy m e 
w as n o t  ad so rb ed  on glass an d  did  n o t re a c t w ith  th e  an tise ru m  a g a in s t B . cereus 
exo -pen ic illinase  w hile th e  an tise ru m  a g a in s t th e  B . subtilis  d id  n o t  com bine  
w ith  B . cereus exo-penicillinase.

T h e  d isc rep an cy  b e tw een  our re su lts  a n d  th o se  of K u s h n e r  w as p ro b a b ly  
d u e  to  th e  d ifference o f th e  s tra in s . A cco rd ing  to  K u s h n e r , his en zy m e  w as

Table I I

P recip ita tion  o f  pen ic illinase  o f  B . sub tilis and  B . cereus 
by anti-pen icillinase  against B . sub tilis  pen ic illinase

B .  s u b t i l i s  exo-pen icillinase  (1940 u n its )  a n d /o r  B . c e r e u s  ex o -p en ic illin ase  
(2000 u n its )  w ere m ix ed  w ith  an ti-B . su b tilis  exo-pen ic illin ase  (1400 n e u tra liz in g  u n its  in  
a m o u n ts  co rresp o n d in g  to  0.04 m l o f th e  o rig in a l p lasm a).

T h e  p re c ip ita tio n  re ac tio n  w as carried  o u t  a t  0° C in  th e  presence of 0 .45%  g e la tin  
a n d  0 .85%  N aC l in  2 m l. A fte r 2 hours a n y  p re c ip ita te  fo rm ed  w as c en tr ifu g e d  dow n, 
w ash ed  w ith  0.3 m l o f 0.85%  N aC l an d  u sed  fo r th e  d e te rm in a tio n  o f n o n -v o la tile  o rg an ic  
su b s ta n c e s  [8]. T h e  s u p e rn a ta n t  w as used  fo r  d e te rm in a tio n  of penicillinase a c t iv i ty .

B .  s u b t i l i s  
penicillinase

B .  e e r e u s  
penicillinase Antiserum

Penicillinase 
in supernatant 

units

Non-volatile 
organic substance 

in precipitate, 
mg

+ + + 2200 0.106

— + + 180* 0.162

+ — + 60* 0.205

+ + — 4380 —

— + — 1980 -

+ — — 2190 —

— — + — 0.045

* T h e  s u p e rn a ta n ts  d id  n o t n eu tra liz e  e ith e r  th e  pen ic illinase  a c tiv ity  o f  B . su b tilis , 
o r  t h a t  o f  B . cereus.

n o t a n  exo-enzym e an d  th e  s tra in s  w ere in d u c ib le  ones. W e em ployed  a s tra in  
w hich  p ro d u ced  penicillinase c o n s titu tiv e ly  an d  th e  la rg e r p a r t  w as re leased  
in to  th e  e x te rn a l m edium , a lth o u g h  th e  ra t io  o f th e  enzym e in  cell a n d  in  
m ed iu m  ch anged , depend ing  on th e  age o f th e  cells. T here is no rea so n  to  s u p 
pose t h a t  th e  enzym es were in  an y  w ay  id en tica l.

T h e  re su lts  s ta te d  above in d ica te  th e  close s im ila rity  or id e n t i ty  of 
B . su b tilis  an d  B . cereus exo-penicillinases, a t  le a s t as fa r as en zy m ic  an d  
im m un o lo g ica l p ro p ertie s  a re  concerned .
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ENZYMIC FORMATION OF THE 
DISULFIDE BRIDGES OF RIBONUCLEASE

B y

P. V e n e t i a n e r  and F . B . S t r a u b

IN STITU TE OF MEDICAL CH EM ISTRY, M EDICAL U NIV ERSITY , BUDAPEST 
(R ece iv ed  Ju n e  4, 1963)

A n enzym e was fo u n d  in  th e  p an creas o f sev e ra l an im al species w h ich  is ab le  to  
ca ta ly ze  th e  reac tiv a tio n  of red u ced  bovine  p a n c re a tic  ribonuelease.

T h e  enzym e was p a r tia lly  p u rif ied  from  ch ick en  an d  pig pancreas.
A h e a t-s ta b le  fa c to r w as essen tia l to  th e  a c t iv ity  o f th e  enzym e. T h is su b s ta n c e  

could  be  rep laced  by d eh y d ro asco rb ic  acid.
T h e  possib le  significance o f  th ese  re su lts  in  th e  p rob lem  of p ro te in  b io sy n th e s is  

is d iscussed .

Introduction

A n f i n s e n  an d  H a b e r  [1], a n d  W h i t e  [2] described  th e  re v e rs ib il i ty  
of th e  re d u c tio n  o f ribonuelease. T hese a u th o rs  red u ced  th e  d isu lfide  g ro u p s 
o f bovine p a n c re a tic  R N ase*, an d  a f te r  rem o v in g  th e  reducing  ag en t reo x id ized  
th em  w ith  a tm o sp h e ric  oxygen. T h e  reox id ized  enzym e proved  to  be id e n tic a l  
w ith  th e  o rig ina l, b o th  in re sp ec t to  physico -chem ical p roperties, an d  en zy m e  
a c tiv ity . C onsequen tly  the  re fo rm a tio n  o f th e  d isu lfid e  bridges w as a specific  
an d  n o t a ra n d o m  process. Since th e n  analogous re a c tiv a tio n  of sev e ra l o th e r  
reduced  p ro te in s  has been o b serv ed  [3— 8 ].

The sign ificance of these  re su lts  is o b v ious, considering  th e  p ro b a b le  
id e n tity  o f th e  red u ced  p ro te in  a n d  th e  p o ly p e p tid e  chain  w hich is fo rm ed  on 
th e  ribosom es d u rin g  p ro te in  b io sy n th esis . A ccord ing ly  such re o x id a tio n  
ex p erim en ts  m ay  serve as in  vitro  m odells in  s tu d y in g  th e  fina l s tep s  o f  th e  
b io syn thesis  —  i.e. th e  fo rm a tio n  o f th e  p ro p e rly  fo lded p ro te in  m o lecu le . 
In d eed , i t  is g en era lly  believed on th e  basis o f th e se  exp erim en ta l fac ts , t h a t  no  
new  in fo rm a tio n  is needed for th is  f in a l s tep , th e  te r t ia ry  s tru c tu re  b e in g  p e r 
fec tly  d e te rm in ed  b y  th e  p r im a ry , i.e. th e  co rrec t p a irin g  of cyste ine  re s id u e s  
is coded in  th e  am ino  acid sequence  itself. H ow ever, th e  ra te  o f re a c tiv a tio n  
is to o  slow to  acco u n t for th e  in  vivo  observed  b io sy n th es is , even u n d e r o p tim a l 
cond itions. M oreover i t  m u st be  k e p t  in  m in d  th a t  th e  o p tim al c o n d itio n s  
(pH  8.2 24° C) [9] are  no t physio logical.

A t th e  s ta r t  o f th is  w ork we assum ed  th e re fo re , th a t  rib o n u c lease -sy n th e- 
sizing tissues m a y  co n ta in  an  en zy m e, or en zy m e sy stem  w hich c a ta ly z es  th e  
f in a l s tep  o f th e  b iosyn thesis , i.e. th e  re a c tiv a tio n  o f reduced  R N ase. In  th is  
p a p e r we describe  th e  ex istence o f  th is  enzym e in  th e  pancreas, i ts  p a r t ia l

* R N ase : ribonuelease ; tr is : t r ish y d ro x y m e th y la m in o m e th a n e ; D IJA : d e h y d ro 
ascorb ic  ac id ; E D T A : e th y le n ed iam in o te traa ce tic  acid ; G S H , GSSG: reduced  a n d  o x id iz e d  
g lu ta th io n e ; N A D : n ico tin am id e  ad en in ed in u c leo tid c  (D P N ); N A D P  n ico tin an id ea d e n in e  
d in u cleo tid e  p h o sp h a te  (T PN ).
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p u r if ic a t io n , and  som e p ro p e rtie s  of th e  re a c tio n . A p re lim in ary  re p o r t  on th is  
s u b je c t  w as a lread y  p u b lish e d  [10]. R e c e n tly  G o l d b e r g e r  et al. [11] re p o rte d  
a  r a t  liv e r  system  cap ab le  o f  accelera ting  th e  re a c tiv a tio n  of red u ced  r ib o n u c lé 
a se . C onsidering  th e  s im ila ritie s  we believe t h a t  th is  system  an d  th e  p a n c re a tic  
e n z y m e  described b y  us a re  iden tica l.

M aterials and m ethods

‘■‘R ea n a l” bov ine  p a n c re a t ic  R N ase w as p u r i f ie d  b y  c h ro m a to g ra p h y  o n  IR C  — 50 
c o lu m n . T h e  p ro te in  p e a k  co rresp o n d in g  to  R N a se  A  w as lyophilized , P u rif ied  R N a se  w as 
r e d u c e d  w ith  2 -m erc ap to e th a n o l in  8 M  u rea  a c c o rd in g  to  th e  m eth o d  of Anfinsen a n d  
H aber  [1 ]. T he re ag e n ts  w ere  rem o v ed  b y  m ean s o f  a  S ep h ad ex  G —25 co lum n, w ith  0.1 N  
a c e t ic  a c id  as e luen t. R e d u ce d  R N ase  could be  s to re d  fo r  several weeks in  th e  ac id  so lu tio n  
w i th o u t  considerab le  re a c tiv a tio n . I t  was n e u tra liz ed  im m e d ia te ly  before use.

R N a se  a c tiv ity  w as a ssa y ed  by  th e  m e th o d  o f  Schucher and  Hokin [12] w ith  one 
m o d if ic a t io n . T he in c u b a tio n  tim e  w as 10 m in. in s te a d  o f  30 m in. In  th e  ca lib ra tio n  o f  th e  assay  
m e th o d  th e  c o n cen tra tio n  o f th e  s ta n d a rd  enzym e so lu tio n  w as d e term ined  b y  m easu rin g  th e  
o p t ic a l  d e n s ity  a t  275 m fi. A t  th is  w avelength , th e  m o la r  e x tin c tio n  coefficien t o f th e  n a tiv e  
a s  w e ll as th e  red u ced  R N a se  is  9200 [13].

S H  groups were determined by the method of B oyer [14], protein concentration was 
measured by the method of Lowry et al. [15].

I n  th e  assay  o f th e  re a c tiv a tin g  enzym e th e  fo llow ing procedure w as em p lo y ed . T he 
e n z y m e  p re p a ra tio n  to  be  te s te d ,  w as shaken a t  37° C in  p H  7.5 tris-H C l b u ffe r  w ith  e v en tu a l 
a d d it io n s  as n o ted  in  th e  fig u res . A fte r 5 m in. p re in c u b a tio n , th e  reac tio n  w as s ta r te d  w ith  
th e  a d d it io n  of reduced  R N ase . A t  in te rv a ls  0.1 m l a liq u o ts  were tak e n  o u t  fro m  th e  re ac tio n  
m ix tu r e s  an d  p ip e tte d  in to  1 m l 0.25 N  H 2S 0 4. B efo re  R N ase  assay  th ese  so lu tio n s  w ere 
n e u tr a l iz e d  w ith  1 N  N a O H  a n d  a p p ro p ria te ly  d i lu te d  w ith  0.04 M  p H  7.5 p h o sp h a te  buffer. 
I n  w o rk  w ith  p an crea tic  h o m o g en a te s  or crude e x tr a c ts  th is  sulfuric  acid tr e a tm e n t  w as essen
t ia l  in  o rd e r  to  re lease  th e  p a rtic le -b o u n d  R N ase . W h e n  p u rified  enzym e p re p a ra tio n s  w ere 
t e s te d ,  th e  0.1 m l a liq u o ts  w ere  p ip e tte d  in to  cold  0 .04  M  p h o sp h a te  b u ffer a n d  im m e d ia te ly  
a s s a y e d  fo r  R N ase  a c tiv ity .

D eh y d ro asco rb ic  ac id  w as a lw ays fresh ly  p re p a re d  b y  oxidizing ascorb ic  a c id  in  d ilu te  
s o lu t io n  w ith  b rom ine a n d  rem o v in g  excess b ro m in e  w ith  a cu rren t o f a ir. C ry sta llin e  D H A  
w as p re p a re d  accord ing  to  Kenyon and Munro [16].

Results

1. E xperim en ts ivith p igeon  pancreas

Pigeon  p an c reas  w as hom ogenized in  0 .25 M  sucrose. A fte r rem o v a l of 
ce ll d eb ris  an d  th e  n u c le a r  frac tio n  w ith  c e n tr ifu g a tio n  (1000  g, 10  m in .), th e  
s u p e r n a ta n t  w as in c u b a te d  w ith  reduced  R N a se . As show n on F ig . 1 th e  
h o m o g e n a te  g rea tly  acce le ra tes  th e  re a c tiv a tio n  o f R N ase. This e ffec t d isap 
p e a rs  a f te r  h ea tin g  th e  h o m o g en ate  for 5 m in . a t  100° €.

T h e  e x tra c t o f a n  ace to n e-d ry  p o w d er o f pigeon pan creas  ex h ib ited  
s im ila r  c a ta ly tic  effec t, in d ic a tin g  th a t  th e  a c t iv i ty  was no t n ecessarily  b o u n d  
to  in ta c t  s tru c tu re s .

2. E xperim en ts w ith ch icken  pancreas

O w ing to  th e  fa c t t h a t  pigeon p an c reas  w as n o t availab le  in  su ffic ien tly  
la rg e  q u a n titie s  to  p u rify  th e  ca ta ly tic  fa c to r , w e tr ie d  o th e r species. A tte m p ts  
to  d e m o n s tra te  th e  a c t iv i ty  in  ex trac ts  o f  b e e f  an d  pig p ancreas p o w d er w ere



unsuccessful. H o w ev er, a s ligh t a c tiv ity  w as o b se rv ed  in  chicken p an c reas . 
T h e  a d d itio n  o f  a bo iled  (i.e. in  itse lf  in ac tiv e ) p igeon  pan crea tic  e x tr a c t  
enh an ced  th e  r a te  o f  re a c tiv a tio n  of reduced  R N ase . T he boiled e x tra c t cou ld  
be rep laced  b y  y e a s t  e x tra c t .  These d a ta , su m m arized  in  T ab le  I suggest th a t  
a h e a t-s ta b le  fa c to r  is th e  necessary  co m p o n en t o f  th e  re a c tiv a tio n  sy s tem . 
T h e  c o n cen tra tio n  o f th is  fac to r(s) is ra te  lim itin g  in  ch icken  pancreas.
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F ig . 1. T he effect o f  p igeon  p an creas  hom ogenate  on  th e  re a c tiv a tio n  of reduced  R N ase  
R e ac tio n  m ix tu res: 0.03 M  p H  7.5 tris-H C l; 23 m /rm oles re d u ce d  R N ase; p lus a d d itio n s .

F in a l vo lum e: 3.2 ml
C urve 1 : 0.5 m l 20%  p ig eo n  p a n c re as  hom ogenate . 2 : 0.5 m l b o iled  (5 m in  100° C) h o m o g en a te ,

3 : no a d d itio n  (con tro l)

3. P u rifica tio n  o f  the reactivating enzym e fro m  chicken pancreas

W hen te s tin g  th e  p u rific a tio n  p rocedure , a h e a t-s ta b le  fac to r  (D ifco  
lyophilized  y e a s t e x tra c t)  w as alw ays added  to  th e  assay  m ix tu res. T he u n it  
o f a c tiv ity  w as d e fin ed  a rb itra r ily  as follow s: one u n it  o f enzym e is t h a t  
w hich  re a c tiv a te s  1 m illim icrom ole (13.7 m icrogram ) red u ced  bovine p a n c re a tic  
R N ase  in 1 m in ., based  on th e  in itia l ve locity . T h e  e x a c t q u a n tita tiv e  eva lu -
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a t io n  o f  th e  p u rif ic a tio n  p ro ced u re  w as n o t  possible because th e  cond itions 
w e re  n o t  alw ays o p tim a l, a n d  th e  c ru d e  e x tra c ts  co n ta in ed  in h ib ito ry  sub 
s ta n c e s  (see la te r).

S tep  1. The p an c reas  o f 6 w eeks-old  ch ickens were hom ogen ized  in  W aring  
b le n d o r  in  10 vol. tw ice  d estilled  — 10° C cold  acetone. A fte r c e n tr ifu g a tio n , 
th e  h o m o g en iza tio n  w as re p e a te d , th e  h o m o g en a te  filte red , an d  th e  cake dried  
in  vacuo. T his pow der cou ld  be s to red  fo r sev e ra l m on ths w ith o u t loss o f a c tiv ity .

Table I

T h e  effect o f  the heat-stable fa ctor (s )

In c u b a tio n  m ix tu re : 0.1 M  p H  7.5 tris -H C l; 10 m /i  m oles reduced  R N a se ; +  ad d itio n s 
a s  n o te d  in  th e  tab le . F in a l v o lu m e: 0.5 m l. P a n c re a tic  e x tra c ts : a ce to n e -d ried  p an creas 
p o w d e r  w as e x tra c te d  w ith  10 v o lu m es of b u ffe r  as d escribed  in th e  te x t .

B o iled  e x tra c t:  p igeon  p a n c re a tic  e x tr a c t  w as h e a te d  a t  100° C fo r 5 m in .
Y e a s t  e x tra c t:  2 m g D ifco  p ow dered  y e a s t e x tra c t .

Exp. Additions
Reactivation rate 

m f t  mole 
RNase/min.

/N o  add ition  (con tro l) 0.003
l J 0.1 m l pigeon e x tra c t  -f- 0.05 m l boiled  e x tra c t 0.051

jO .l m l pigeon e x tra c t 0.033
(0.05 ml boiled e x tra c t 0.003

fN o addition 0
2 10.01 ml chicken e x tra c t 0.041

(0.01 m l chicken e x tra c t  -\- 0.05 m l boiled  e x tra c t 0.056

(N o addition 0.002
10.1 m l chicken e x tra c t  -f- 0.05 m l boiled e x tra c t 0.039

3 10.1 m l chicken e x tra c t  -j- 0-05 m l boiled  d ia ly zed  e x trac t 0.011
lO .l m l chicken e x tra c t  -j- 2 mg y e a s t e x tra c t 0.056

S tep  2. The d ry  p o w d er w as e x tra c te d  w ith  0.05 M  p H  7.5 tr is -H C l 
b u f fe r  fo r  30 m in. in  th e  cold  room . T he b u ffe r  co n ta ined  0.1 m g/m l d iisopropyl- 
f lu o ro p h o sp h a te  to  in h ib it  p ro teo ly tic  enzym es. The e x tra c t w as cen trifu g ed  
w ith  20 000 g for 10 m in . an d  th e  in so lu b le  residue was d isca rd ed . A ll su b 
s e q u e n t  opera tions w ere ca rr ied  o u t in  th e  cold.

S tep  3. Solid am m o n iu m  su lfa te  w as a d d e d  slowly to  th e  s u p e rn a ta n t  to  
54 p e r  cen t sa tu ra tio n . I t  w as cen trifu g ed  a fte r  s tan d in g  o v e rn ig h t, th e  p re 
c ip i ta te  w as d iscarded  an d  am m o n iu m  su lfa te  w as added  to  th e  s u p e rn a ta n t  to  
75 p e r  c e n t sa tu ra tio n . A fte r  c en trifu g in g  th e  su p e rn a ta n t was d isca rd ed  an d  th e  
p re c ip i ta te  was d isso lved  in  a m in im al a m o u n t of th e  e x tra c tin g  b u ffe r. This 
so lu tio n  w as d ialyzed  a g a in s t 0.01 M  p H  7.5 tris-H C l buffer.

S tep  4. The d ia ly zed  so lu tion  w as su b m itte d  to  c h ro m a to g ra p h y  on 
D E A E -ce llid o se  w ith  a g ra d ie n t e lu tio n  tech n iq u e . (G rad ien t from  0.01  M  
p H  7.5 tris-H C l to  0.7 M  N aC l.) T he ac tiv e  frac tio n s  were pooled  a n d  d ialyzed
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ag a in s t s a tu r a te d  am m onium  su lfa te . T he p re c ip ita te d  protein  w as c e n tr ifu g e d , 
d issolved in  a m in im al a m o u n t o f tr is  b u ffe r an d  dialyzed.

T he re su lts  of som e p u rif ic a tio n  e x p e rim e n ts  a re  sum m arized  in  T a b le  I I . 
I t  is re m a rk a b le  th a t  in som e cases th e  c rude  e x tra c t  was com plete ly  in a c tiv e , 
a c tiv ity  a p p e a re d  only a fte r  th e  am m o n iu m  su lfa te  frac tio n a tio n . P ro b a b ly  
th e  c ru d e  e x tra c t  co n ta ined  in h ib ito ry  su b s ta n c e s  w hich had to  be  rem o v ed . 
This o b se rv a tio n  led us to  t r y  a sim ilar p u rif ic a tio n  from  pig p an c reas  w hich  
ap p ea red  to  be in ac tiv e  in  ea rlie r ex p e rim en ts .

Table I I

P u rifica tion  o f  the reactivating enzym e fr o m  chicken pancreas

Specific activity: m/imole RN ase/m in./m g protein

Exp.
Crude ex trac t

A fter (N H 4)aS 0 4 
fractionation

A fter DEAE 
chromatography

l 0.009 0.041 0.352
2 0 0.089 0.390
3 0 0.095 0.476

4. P urifica tion  o f  the enzym e fro m  p ig  pancreas

A fte r rem o v al of th e  fa t  a n d  co nnective  tissu e , pig pancreas w as c h o p p e d  
up  w ith  scissors an d  hom ogenized  in  a W arin g  b le n d o r for 2 min. in f iv e  v o lu m es 
of 0.025 M  p H  7.5 p h o sp h a te  b u ffe r w hich c o n ta in e d  ED TA  (0.002 M )  an d  
d iisop ropy l-fluo rophospha te  (0 .1  m g/m l). T h is , a n d  all su b seq u en t o p e ra 
tions w ere ca rr ied  ou t in  th e  cold. T he h o m o g en a te  w as cen trifuged  fo r  30 m in . 
w ith  1000  g, th e  su p e rn a ta n t w as d ecan ted  a n d  filte red  th ro u g h  g lass  w ool 
to  rem ove fa t .  A m m onium  su lfa te  w as ad d ed  slow ly  to  54 per cen t s a tu r a t io n .  
A fter s ta n d in g  overn igh t th e  p re c ip ita te  w as rem o v ed  b y  c e n tr ifu g a tio n . T h e  
clear p in k  su p e rn a ta n t w as a lre a d y  ac tiv e . A m m o n iu m  su lfate  w as a d d e d  
slowly to  70 p er cen t s a tu ra tio n . T he so lu tio n  w as cen trifuged , th e  s u p e r 
n a ta n t  d isca rd ed  and  th e  p re c ip ita te  d isso lved  in  0.01 M  pH  7.2 tr is -H C l 
buffer. T h is so lu tion  was d ia ly zed  ag a in s t th e  sam e buffer o v e rn ig h t. T h e  
w hite  in so lub le  m a te ria l w hich p re c ip ita te d  d u rin g  dialysis was re m o v e d  b y  
cen tr ifu g a tio n . T he a c tiv ity  rem ain ed  in  th e  su p e rn a ta n t . The n e x t s te p  w as 
th e  D E A E  ch ro m a to g rap h y , w ith  a g rad ien t from  0.01 M  pH  7.2 tr is -H C l 
to  0.6 M  N aC l in  th e  sam e b u ffe r. The ac tiv e  frac tio n s  were c o n c e n tra te d  as 
described  ab o v e . The so lu tion  o f  th e  enzym e a t  th is  stage was l ig h t y e llo w , 
and  alw ays co n ta in ed  sligh t a m o u n ts  of nucleic acid  besides p ro te in . T h e  d a ta  
of th e  p u rif ic a tio n  procedure a re  sum m arized  in  T ab le  I I I .
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Table I I I

P u rific a tio n  o f  the reactivating enzym e f r o m  p ig  pancreas

Specific activity: m/tmole R N ase/m in ./m g protein

Exp.
Crude extract A fter (N H t)2S 0 4 

fractionation
A fter DEAE 
chromatography

l 0 0.60 2.28

2 0 0.81 4.35

5. E xp erim en ts  ivith the p a r tia lly  p u r if ie d  enzyme

T h e  re a c tiv a tin g  en zy m e a t  th is s ta g e  o f  p u rifica tio n  a p p e a re d  to  be 
s u ita b le  to  s tu d y  th e  co n d itio n s and re q u ire m e n ts  of the  re a c tio n . F ig . 2 
show s th e  dependence  o f th e  reaction  r a te  on  th e  co n cen tra tion  o f th e  sub-

F ig . 2. E ffec t o f th e  c o n c e n tra t io n  of reduced R N ase  o n  th e  r a te  of reac tiv a tio n . T h e  a m o u n t 
o f R N a se  re a c tiv a te d  in  th e  f i r s t  10 m inutes is p lo t te d  a g a in s t th e  in itia l c o n c e n tra tio n  of

reduced R N a se
In c u b a t io n  m ix tu res: 0.05 M  p H  7.5 tris-H C l; 4 m g  D ifco  y eas t e x tra c t; 1.65 m g pu rified  
c h ic k e n  re a c tiv a tin g  en zy m e; p lu s  va ry in g  a m o u n ts  o f  re d u c e d  R N ase. F in a l v o lu m e : 1 m l

s t r a te ,  i.e. th e  red u ced  R N ase . This in c reased  v e lo c ity  w ith  h ig h er c o n c e n tra 
tio n s  is in  sharp  c o n tra s t  w ith  the  n o n -e n z y m ic  reac tiv a tio n  [9] w here  an  
in v e rse  re la tio n sh ip  w as o bserved  a t s im ila r s u b s tra te  co n cen tra tions.

I n  c o n tra s t to  th e  m a rk e d  pH  d ep en d en ce  o f  th e  non-enzym ic re o x id a 
t io n , th e  enzym e re a c tio n  is only sligh tly  in flu e n c e d  by  a lte ra tio n  o f  th e  p H  
in  th e  ran g e  b e tw een  7— 8.5. This is in  a g re e m e n t w ith  the  re su lts  o f G o l d 

b e r g e r  et al. [11].
T h e  k inetics o f re a c tiv a tio n  were c o m p a re d  a t  25° C an d  37° C. A gain  in  

c o n tr a s t  to  th e  n o n -en zy m ic  reaction  [9], th e  r a te  was higher a t  37° C.
T ab le  IY  su m m arizes  d a ta  on the  effects o f  v a rious ad d itio n a l co m p o u n d s 

on  th e  re a c tiv a tio n . T h e  S H  com pounds te s te d  a re  all s trongly  in h ib ito ry  at
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h ig h er c o n c e n tra tio n , w hereas a t  low er values th e  e ffec t can  be slig h tly  s t im u 
la to ry . U rea  a n d  C u 1 + a re  s tro n g  in h ib ito rs . T h e  m ark ed  a c tiv a tin g  effect 
o f E D T A  or cy an id e  m ig h t be exp la ined  by  a ssu m in g  th a t  these  co m p o u n d s  
a c t b y  rem oving  th e  in h ib ito ry  h ea v y  m etal ions p re se n t in  th e  reag en ts  em p lo y 
ed. T herefo re  in  la te r  e x p e rim e n ts  ED TA  w as a lw ay s added  to  th e  re a c tio n  
m ix tu res .

Table IV

In h ib itio n  and  activation o f  the enzym ic  reactivation

In c u b a tio n  m ix tu re s  in  a ll th e se  experim en ts  c o n ta in e d : 0.1 M  p H  7.5 tris -H C l b u ffe r ;  
8— 14 m ft  m oles red u ced  R N ase ; 2 m g D ifco  y east e x tra c t ;  1— 2 m g p urified  a c tiv a tin g  en zy m e; 
+  ad d itio n s as n o te d  in  th e  tab le . F in a l volum e 0.6 m l. A c tiv itie s  a re  expressed  in  th e  p e r
cen tag e  of th e  co n tro l v a lues.

A dditions A ctivity  %

No ad d itio n  (contro l) 100

5. 10 ~ 3 M  cystein 20

5. IO "3 M  GSH 4

5. 1 0 ~ 3 M  2 -m ercap to e th an o l 20

S £ 107

5. 10 3 M  th ioglycolic acid 3
1 0 - 3  M  C u +  + 0

1.3 M  u rea 21

8. IO“ 4 M  NaCN 120

8. IO“ 3 M  NaCN 147

8. I O - 3 M  ED TA 155

T he re a c tiv a tin g  enzym e could  be s to red  ev en  in  v e ry  d ilu te  so lu tio n s 
in  th e  cold fo r severa l w eeks w ith o u t loss o f a c t iv i ty . I t  is sensitive  to  ac id  
an d  h e a t t r e a tm e n t. 5 m in. h e a tin g  a t  65° C d ecreases  th e  a c tiv ity  b y  43 p e r 
cen t. P re c ip ita tio n  a t  p H  4 .8  re su lts  in  an  irrev e rs ib le  decrease in  a c tiv ity . 
I f  th e  enzym e w as tre a te d  w ith  p -ch lo ro m ercu rib en zo a te , a f te r  rem o v a l o f  
th e  reag en t w ith  S ephadex  G— 25 no decrease o f  a c t iv i ty  was observed . T h is 
re su lt suggests t h a t  SH  g ro u p s do no t p lay  a n y  ro le in  th e  a c tiv ity  o f  th e  
enzym e.

6 . The heat-stable fac tor

O ur ea rlie r ex p erim en ts  w ith  crude p a n c re a tic  e x tra c ts  in d ic a te d  —  in 
ag reem en t w ith  th e  re su lts  o f  G o l d b e r g e r  et al. [11], —  th e t  th e  h e a t-s ta b le  
n o n -p ro te in  fa c to r  req u ired  in  th e  reac tiv a tio n  p rocess can  be rem oved  o n ly
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p a r t ia l ly  b y  dialysis. P a r t ia l ly  p u rified  p re p a ra tio n s  of th e  re a c tiv a tin g  enzym e 
w ere  som etim es co m p le te ly  in a c tiv e  w ith o u t th e  a d d itio n  o f y e a s t  o r  boiled 
p a n c re a tic  e x tra c t; o th e r  p re p a ra tio n s  did n o t req u ire  th e  ad d itio n  o f  th e  heat- 
s ta b le  co facto r. P ro b a b ly  u n co n tro lled  v a r ia tio n s  in  th e  p u rif ic a tio n  p ro ced u re  
r e s u l te d  in  th e  loss o f b o u n d  co fac to r in  th e  fo rm er case.

F ig . 3 shows th e  e ffec t o f co facto r (D ifco  y e a s t e x tra c t)  c o n c e n tra tio n  
o n  th e  re a c tiv a tio n  c a ta ly z e d  b y  a c o fac to r-d ep en d en t enzym e p re p a ra tio n . 
T h e  in i t ia l  velocity  w as p ro p o rtio n a l to  th e  c o n cen tra tio n . H o w ev er, th e

minutes

H g .  3. E ffe c t of th e  c o n c e n tra tio n  of th e  y eas t e x tra c t .  In c u b a tio n  m ix tu re s : 0.1 M  p H  7.5 
tr is -H C l;  5 • 10- 3 M  E D T A ; 50 m /m io les red u ced  R N ase ; 0 .0 5 m g  p u rif ied  p ig  enzym e. 
F in a l  v o lu m e: 1 m l. C urve I  : 20 m g Difco  y e a s t  e x tra c t ,  2 : 6.6 m g D ifco  y e a s t  e x tra c t

m a x im a l e x te n t of r e a c tiv a tio n  w as alw ays h ig h er w ith  lower co fac to r  concen
t r a t io n .  W e tried  to  rep lace  y e a s t e x tra c t w ith  N A D , N A D P, GSSG, b u t  these 
a t te m p ts  were unsuccessfu l. G o l d b e r g e r  et al. [11] te s ted  a n u m b e r of o th e r 
su b s ta n c e s  b u t none o f th e m  p ro v ed  to  be ac tiv e . In  view  of th e  k n o w n  h y d ro 
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gen  accep to r ro le of d eh y d ro asco rb ic  acid in  p la n t sy stem s, we tr ie d  th is  su b 
s ta n c e  as co fac to r. I t  was fo und , t h a t  c rysta lline  D H A  as w ell as D H A  p re
p a re d  b y  th e  b rom ine  o x id a tio n  o f  ascorbic acid could  rep lace  y e a s t  e x tra c t  
in  o u r system . A scorbic acid w as also  ac tiv e  b u t  on ly  a f te r  a lag  p e rio d . T h is is 
n o t  su rp ris in g , ow ing to  th e  easy  o x id izab ility  of ascorb ic  acid  b y  a tm o sp h e ric  
o x y g en  (Fig. 4).

T he k in e tics  o f th e  re a c tiv a tio n  process w ere th e re fo re  s tu d ied  w ith  D H A . 
F in . 5 shows th e  v a ria tio n  of th e  k in e tic s  w ith  d iffe ren t D H A  c o n c e n tra tio n sC5

F ig . 4. R ep lacem en t o f th e  y eas t e x tr a c t  w ith  ascorbic acid  an d  D H A . In c u b a tio n  m ix tu re s : 
0.1 M  p H  7.5 tris -H C l; 3 • 10“ 3 M  E D T A ; 12 nijumoles red u ced  R N ase ; 0.12 m g p u rif ied  pig 
en zy m e. F in a l vo l: 0.8 m l. C urve 1 : 0 .05 m l boiled y eas t e x tra c t ,  2 : 2 ’ 10~ 3 M  D H A ,

3 : 6 -1 0 ” 3 M  ascorbic acid

using  a co fac to r-d ep en d en t en zy m e. T he shapes o f th e  cu rves are  v e ry  sim ilar 
to  those  of F ig . 3, w here y e a s t e x t r a c t  was used as co facto r. In it ia l  v e lo c ity  is 
p ro p o rtio n a l to  th e  D H A  c o n c e n tra tio n , b u t th e  m ax im al e x te n t o f re a c tiv a tio n  
is ach ieved  w ith  low D H A  level. T h e  k inetics are even  m ore co m p lica ted  in  th e  
case o f co fac to r-in d ep en d en t en zy m e p rep a ra tio n s . U sing a c o n c e n tra ted  
en zy m e so lu tio n , th e  effect o f D H A  is sligh tly  in h ib ito ry  even  a t  low  concen
tr a t io n  level. H ow ever, a t  low er en zy m e co n cen tra tio n s D H A  ac ts  as a s tim u l
a n t ,  its  c o n cen tra tio n  being d ire c tly  p ro p o rtio n a l to  th e  in itia l r a te  a n d  in 
v e rse ly  p ro p o rtio n a l to  th e  e x te n t  o f re a c tiv a tio n  (F ig . 6 ).

4  Acta Physiologien XXIV/1.
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Discussion

T h e  experim en ts d e sc rib ed  above, d e m o n s tra te  th e  presence in  th e  
p a n c re a s  of several a n im a l species of an  enzym e w h ich  g re a tly  accelera tes th e  
r e a c t iv a t io n  of red u ced  R N a se . T he enzym ic n a tu re  o f th e  ca ta ly sis  is su p 
p o r te d  b y  th e  facts t h a t :  (i) A c tiv ity  is b o u n d  to  a h ea t- lab ile , non -d ia lyzab le

F ig .  5. E ffe c t o f D H A  c o n c e n tra t io n . R eaction  m ix tu re s : 0.1 M  p H  7.5 tris -H C l; 3-10-3  M  
E D T A ; 18 m /nnoles red u ced  R N a se ;  0.05 m g p u rified  p ig  en zy m e. F in a l vo lum e: 0.7 m l. 
D H A  w a s added  in  th e  fo llow ing  co n cen tra tio n s: C urve 1 : 0 (co n tro l), 2 : 2 .1 -10“ 4 M ,  

3 :  7 .1-10“ 4 M , 4  : 1 .7 -1 0 “ 3 M , 5 : 3.4• 10“ 3 M , 6. 1.7 • 10“ 2 M

f a c to r  w h ich  gives a w e ll-d e fin ed  p ro te in  p e a k  in  D E A E  ch ro m a to g rap h y , 
(ii) T h e  op tim al p H , te m p e ra tu re  and  s u b s tra te  c o n c e n tra tio n  v alues a re  
d if fe re n t  from  th e  o p tim a l co n d itio n s  of th e  sp o n ta n e o u s  re a c tiv a tio n .

U n d e r op tim al c o n d itio n s  m axim al re a c tiv a tio n  m a y  be ach ieved  enzy- 
m ic a lly  w ith in  10 m in ., w h ile  n o  re a c tiv a tio n  occurs in  th e  non-enzym ic  con-
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tro is . O ur b est p rep a ra tio n s  c a ta ly z e d  th e  re a c tiv a tio n  o f R N ase  a t  a ra te  
o f  260 ^g /m in u te /m g  enzym e.

S evera l enzym es are  kn o w n  w h ich  ca ta lyze  th is  ty p e  o f re a c tio n , i.e. th e  
— SH  —► — S— S—  redox  process, how ever m ost o f  th ese , fo r ex am p le  g lu ta 
th io n  red u c ta se  or cystine  re d u c ta se  [18— 20] are  specific  fo r th e  low  m olec-

F ig. 6. E ffec t o f D H A  co n ce n tra tio n . R e ac tio n  m ix tu res: 0.1 M  p H  7.5 tris -H C l; ЗЛО- 3  M  
E D T A ; 12 m /tm oles reduced  R N ase : 0.14 m g purified  pig enzym e. F in a l vo lum e 0.7 m l. D H A  
w as ad d ed  in  th e  follow ing co n ce n tra tio n s : C urve 1 : 0 (co n tro l), 2 : 5 Л 0 -4  M , 3 : 10*3 M ,

4 : 4 -1 0 * 3 M

u la r  w eigh t su b stra te s . R e c e n tly  som e enzym es h av e  been  d esc rib ed  in  
y e a s t [2 1 ], or in p lan t seeds [2 2 ], w h ich  specifically  red u ce  p ro te in  d isu lfides. 
T o m iz a w a  [23] purified  an  enzym e w hich specifically  ca ta ly zes  th e  re d u c tio n  
o f in su lin  w ith  GSH. K a t z e n  e t  al. [24] d e m o n s tra te d  th e  rev e rs ib ility  o f th e  
tra n sh y d ro g e n a tio n  ca ta ly zed  b y  th is  enzym e. T h ey  d iscussed  th e  possib le  
sign ificance  of th is fac t in  p ro te in  b io syn thesis . T he R N ase  re c tiv a tin g  enzym e 
ap p e a rs  to  be sim ilar in  fu n c tio n  to  th is  enzym e. H ow ever in  ou r case D H A  
serves as hyd rogen  accep to r in  th e  tran sh y d ro g e n a tio n  w hereas GSSG is 
in a c tiv e . T he questio n  w h e th e r D H A  is th e  physio logical h y d ro g en  accep to r,

4 *
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or o n ly  replaces th e  u n k n o w n  cofactor, c a n n o t be  reso lved  as y e t. A  su itab le  
p ro o f  w ould be th e  d e m o n s tra tio n  of p ro te in -b o u n d  D H A  in  p u rified  enzym e 
p re p a ra tio n s  w hich  do  n o t  req u ire  ad d ed  co fac to r. A tte m p ts  to  do th is , have  
b e e n  as y e t unsuccessfu l.

To draw  conclusions concern ing  th e  m ech an ism  o f th e  c a ta ly zed  reac tio n  
fro m  th e  k inetic  d a ta ,  w o u ld  be p re m a tu re  a t  th is  s tag e  o f th e  w ork. T he assay  
m e th o d  em ployed —  th e  d e te rm in a tio n  o f R N ase  a c tiv ity  —  can  m easure  
o n ly  th e  en d -p ro d u c t o f  a com plex process. T he q u estio n  arises: w hich of th e  
fo u r  disulfide bon d s is o r a re  form ed en zy m ica lly . O n th e  basis of th e  k inetics 
o f  th e  non-enzym ic re a c tiv a tio n , A n f i n s e n  et al. [13] assum e th a t  in  th e  f irs t 
s ta g e  o f th e  reac tio n  d isu lfid e  bonds are fo rm ed  ra n d o m ly  an d  th e  re su m p tio n  
o f  th e  correct „ n a t iv e ”  s tru c tu re  tak es  p lace  b y  w ay  o f in te rch an g e  reactions. 
O n th e  basis of th e  k in e tic s  of enzym ic re a c tiv a tio n  re p o rte d  here , we have  
a t te m p te d  to  fo rm u la te  a w ork ing  h y p o th e s is , co m p a tib le  w ith  th e  facts. 
A ccord ing  to  th is  h y p o th e s is  th e  role o f th e  enzym e w ould  be to  connect tw o 
specified  cyste in  re s id u es  o f  th e  reduced  R N ase  ch a in  an d  oxidize th em  w ith  
th e  aid  of D H A . T h e  n ew  bond fac ilita te s  th e  correct p a irin g  of th e  o th e r 
s ix  su lfh y d ry ls  w h ich  ta k e s  place rap id ly  a n d  no n -en zy m ica lly  in  th e  presence 
o f  D H A . W ith o u t e n zy m e , o r in  the  p resence o f excess D H A , a ra p id  aspeeific 
o x id a tio n  occurs, m e a su re d  b y  the  d isap p ea ran ce  of SH  groups, b u t  th is  p ro 
cess is n o t accom pan ied  b y  reac tiv a tio n  b ecau se  th e  in co rrec t ran d o m ly  ox i
d ized  s tru c tu re  is fo rm ed . C onversely, in  th e  p resence  o f enzym e a t  low D H A  
lev e l th e  correct s t ru c tu re  is form ed im m e d ia te ly , w ith o u t in te rch an g e .

F in a lly  one m a y  a sk  w h a t th e  sign ificance  o f th ese  re su lts  w ith  respect 
to  th e  problem  o f p ro te in  b io syn thesis  m ay  be. I f  th e  bio logical fu n c tio n  of th e  
en zy m e is really  to  c a ta ly z e  th e  specific fo rm a tio n  of d isu lfide  bridges as th e  
f in a l  s tep  of th e  b io sy n th e s is , th en  in  c o n tra s t  to  th e  genera l sp ecu la tion , th e  
fo rm a tio n  of th e  t e r t ia r y  s tru c tu re  does re q u ire  a d d itio n a l in fo rm atio n . This 
in fo rm a tio n  is n o t e n co d ed  d irec tly  in  n u c leo tid e  tr ip le ts  b u t  in  a specific 
en zy m e p ro te in  w h ich  ca ta ly zes  th e  fo rm a tio n  of one of severa l possible 
isom ers.
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T h e  responses g iv en  b y  th e  poste rio r a d d u c to r  m uscle  co n sis tin g  o f  sm o o th  
m uscle  fib res  in  th e  c lam  ( A n o d o n ta cyg n ea L .)  to  th e  e lectrica l s tim u la tio n  o f th e  nerve  
(cereb rov isceral co n n ec tiv u m ) ru n n in g  to  i t  an d  th e  ac tio n  p o ten tia ls  o b ta in a b le  
fro m  th e  iso la ted  cereb ro -v isce ra l co n n ec tiv u m  in  resp o n se  to  single im p u lse s  h av e  
b een  in v es tig a ted .

O n changing  th e  s tim u la tio n  p a ram ete rs  (v o ltag e , freq u en cy , d u ra tio n  o f  im pu lse , 
tim e  of s tim u la tio n ) s ig n ific a n t changes w ere o b se rv ed  in  th e  m uscle  responses. 
W ith  th e  o th e r p a ra m e te rs  u n ch an g ed , low  vo ltag e  (u n d e r  1 o r 2 V) ev o k ed  o n ly  con
tra c tio n , h igher v o ltag e  (o v e r 2 to  5 V) evoked  c o n tra c tio n  follow ing b y  s ig n ifican t 
re la x a tio n  or caused  re la x a tio n  o f th e  a d d u c to r m uscle in  th e  s ta te  o f p e rm a n e n t  to n ic  
co n tra c tio n . Too low  a n d  to o  h ig h  frequencies (u n d e r 3 to  5/sec. a n d  o v er 20 to  60/sec.), 
to o  sh o rt an d  too long  im p u lse  w id th s (u n d e r 3 m sec a n d  over 80 m sec), a n d  sh o rt 
s tim u la tio n  (one la s tin g  less th a n  2 to  4 sec) p ro d u ced  th e  sam e effect as low  v o ltag e . 
E ffec ts  sim ilar to  th a t  p ro d u c ed  b y  h igh  vo ltag e  w ere b ro u g h t a b o u t b y  s tim u la tio n s  
w ith  5 to  20/sec, series o f 4 to  100 m sec im pulses a n d  s tim u la tio n  la s tin g  lo n g er th a n  
20 sec.

T he action  p o te n tia l  reco rd ed  from  th e  iso la ted  cereb ro -v isceral c o n n ec tiv u m  in  
response  to  s tim u la tio n  w ith  single im pulses h as sev era l, c learly  d is tin c t co m p o n e n ts , 
o f  these  th e  tw o p rin c ip a l ones cou ld  be se p a ra ted  b y  ch an g in g  th e  p a ra m e te rs  o f s t i
m u la tio n .

I t  is assum ed th a t  th e  a d d u c to r  m uscle has a  d o u b le , a n ta g o n is tic  in n e rv a tio n , 
specia l in n erv a tio n  se rv in g  n o t  on ly  for co n trac tio n , b u t  also fo r th e  re la x a tio n  of th e  
m uscle in  th e  ton ic  s ta te .  C orresponding ly , re la x a tio n  o f th e  m uscle in  th e  to n ic  s ta te  is 
n o t  a  passive  process, b u t  a p p ea rs  to  re su lt from  a n  a c tiv e  n e rvous effec t.

In  low er species, in c lu d in g  th e  m olluscs, an  im p o r ta n t  fu n c tio n a l ro le  is 
p la y e d  b y  th e  sm ooth  m uscles, w h ich  are capab le  o f  long -lastin g  to n ic  c o n tra c 
tio n  w ith  v e ry  low  energy  co n su m p tio n . In  clam s th e  to n ic  c o n tra c tio n  o f  th e  
a d d u c to r  m uscles ensures t h a t  th e  shells he closed t ig h tly  for ho u rs . H ow ever, 
th e  a d d u c to r  m uscles o f th e  clam  can  m a in ta in  n o t on ly  to n ic  c o n tra c tio n , 
b u t  are  also capable  o f p e rfo rm in g  fast, phasic  c o n tra c tio n , fo llow ed im m e
d ia te ly  b y  slow re lax a tio n . M any  aspects o f th e  re g u la tio n  of to n e  a re  u n c lear, 
a n d  th ere fo re  th e  views co n cern in g  these  tw o  k inds o f  a c tiv ity  are  n o t  un ifo rm .

T he f irs t  observ a tio n s on  th e  con tro l of to n e  o f th e  a d d u c to r  m uscle 
in  clam  w ere m ade b y  P avl o v  [6], w ho fo u n d  th a t  in  response 
to  th e  s tim u la tio n  of th e  cereb rov iscera l co n n ec tiv u m  (CVC) or th e  p o stg an g lio 
n ic nerves supp ly ing  th e  p o s te rio r  ad d u c to r m uscle, c o n tra tio n , th e n  re lax 
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a t io n  of the  a d d u c to r  m u sc le  resu lted . H e o b se rv ed  th a t  th e  effect o f CVC 
s tim u la tio n  depended  g re a t ly  on th e  p a ra m e te rs  o f s tim u la tio n , concluding 
t h a t  special in h ib ito ry  f ib re s  w ould be re sp o n sib le  for th e  decrease of th e  
a d d u c to r  muscle to n e . A cco rd in g  to  P a v l o v , th e se  in h ib ito ry  fib res  are diffe
r e n t  from  th e  to n e -in c re a s in g  fibres, th u s  th e  a d d u c to r  m uscles w ould have  
a  d o u b le  in n erv a tio n . F l e t c h e r  [1] found  t h a t  d irec t c u rre n t caused  m erely  
c o n tra c tio n  and a m in im a l re lax a tio n , a lte rn a tin g  c u rre n t excessive re lax a tio n  
in  th e  case of d irect s t im u la tio n  o f th e  re tra c to r  m uscle  o f M ytilu s . L o w y  [4, 5] re 
c o rd e d  action  p o te n tia ls  f ro m  th e  ad d u c to r m uscle  o f M ytilu s  edulis  an d  Pecten 
m a x im u s  and  found  t h a t  re la x a tio n  w as acco m p an ied  b y  e lec trica l a c tiv ity . 
T h is  suggests th a t  r e la x a t io n  is an  ac tive  p rocess, an d  confirm s P a v l o v ’s 
v iew .

Z h ü k o v  et al. [10] as w ell as Z h i r m u n s k a y a  [9] disagree w ith  P a v l o v  
a n d  claim  th a t  th e  ca u se  o f  th e  difference in  response  to  CVC s tim u la tio n  
( re la x a tio n , th en  c o n tra c tio n )  is no t a d ifference in  th e  fu n c tio n a l ch a rac te r 
a n d  beh av io u r of th e  n e rv e  elem ents, b u t  a ch an g e  in  th e  co n d itio n  of the  
a d d u c to r  muscle. T h ey  th in k  th a t  an  in h ib ito ry  m echan ism  o f th e  Y edensky 
ty p e  m ay  be in v o lv ed , i.e . th e  d ifferent s ta te  o f th e  sam e n eu ro m u scu la r 
s t ru c tu re s  would be re sp o n s ib le  for th e  d ifference in  th e  response, so th a t  th e re  
w a s  n o  need to  assum e th e  presence of a d o u b le  in n e rv a tio n  (tone-increasing  
a n d  tone-low ering).

T he aim  of our in v e s tig a tio n s  was to  s tu d y  th e  dependence  o f th e  m uscle 
re sp o n se s  to  CYC s tim u la tio n  w ith  d ifferen t p a ra m e te rs  rep ro d u c in g  an d  p a r tly  
su p p le m e n tin g  by  u p - to -d a te  m ethods th e  P a v lo v ia n  ex p e rim en ts , an d  to  
o b ta in  in fo rm ation  as to  th e  fib re  com position  o f CVC b y  electrophysio log ica l 
te c h n iq u e s . On th e  basis  o f  th e  re su lts  o b ta in e d  we h av e  en d eav o u red  to  clear 
th e  p rob lem  of a d d u c to r  to n e  regu lation  a n d  to  e s tab lish  w h e th e r th e y  su p 
p o r t  th e  view  p u t fo rw a rd  b y  P a v lov  or t h a t  sugg ested  b y  Z h u k o v .

Methods

A d u lt specim ens o f A n o d o n la  cygnea L ., k e p t  fo r  sev era l days in  ru n n in g  ta p  w a te r  
p r io r  to  th e  ex p erim en t, w e re  u sed . T he m iddle  p a r t  o f  th e  v a lv e  w as rem oved , th e  
c o n n e c tin g  ligam ent w as c u t  in  th e  m idline, and  th u s  th e  m o v em en ts  o f th e  p o ste rio r  h a lf  o f  
th e  she ll w ere sep ara ted  fro m  th o s e  o f th e  an te rio r ha lf. B y  c u ttin g  th e  m an tle , th e  2 to  3 cm  
lo n g  p a r t  of th e  CVC ly in g  b e tw e e n  th e  cerebral g an g lia  a n d  th e  re tra c to r  p ed is m uscle, w as 
e x p o se d . I n  some cases th e  c o n n e x io n  betw een th e  CVC a n d  cereb ra l gang lia  w as in te r ru p te d , 
to  e lim in a te  even tual in te rfe re n c e s  b y  th e  la tte r . T he in ta c t  v a lv e  was fix ed  in  a groove, and  
th e  she ll th a t  rem ained  free  w a s  a t ta c h e d  to a w ritin g  lev e r. T h e  m o v em en ts  o f  th e  p o ste rio r 
h a lf  o f  th e  shell were reco rd ed  k y m o g rap h ica lly . T he lev e r  m o v ed  u p w a rd  in  th e  case o f cont- 
t a c t io n  (F ig . 1). The tim e sig n a l w a s  p resen ted  every  m in u te . A sq u are  w ave im p u lse  g en era to r 
w a s  u se d  fo r stim u la tion . T h e  p a ra m e te r s  exam ined ch an g ed  b e tw een  0 a n d  20 V, 0.2 an d  120 
m se c , 0.5 an d  200 im p u lses/sec , d u ra tio n  of s tim u la tio n  fro m  1 an d  64 sec. T h e  s tim u la tin g  
e le c tro d e s  were b en t silver w ire s  250 /i in  d iam eter, a t  a  d is tan c e  of 2 m m  fro m  each o th e r , 
t h a t  s t im u la te d  b o th  b u n d les  o f  th e  CVC. To avoid  e x s icca tio n  of th e  ne rv e , n on-hygroscop ic  
p a r a f f in  oil was layered  o ver, th e  CVC w as pulled in to  th a t .  T h e  e lectrodes w ere p laced  be tw een
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th e  a n te r io r  a d d u c to r a n d  th e  re tra c to r  p ed is  m uscles, a b o u t 5 m m  from  th e  la tte r .  T he s tu d ies  
beg an  15 to  20 m in u tes  a f te r  hav in g  m ad e  th e  necessary  p re p a ra tio n s . T he d u ra tio n  of an  e x a 
m in a tio n  varied  from  1 1/2 to  2 hours. A t one tim e on ly  one p a ra m e te r  was changed .

F ig. 1 .1 . P osterio r a d d u c to r  m uscle. 2. C ereb rov iscera l c o n n ec tiv u m . 3. R e tra c to r  ped is m uscle. 
4. A d d u c to r an te rio r m uscle. 5. V isceral gang lion . 6. C erebral g an g lion . 7. S tim u la tin g  e lectrodes

T he e lectrophysio log ical s tud ies w ere  m ade on iso la ted  CVC. I t  w as p re p are d  o u t in 
its  e n tire  leng th , th e  g an g lia  were rem o v ed , th en  th e  nerve  w as p laced  in to  th e  special e lectrode  
h o ld e r a p p a ra tu s , u n d e r a lay e r of p a ra ff in . Single pulses fro m  th e  sq u a re  w ave g e n e ra to r w ere 
ap p lied  an d  the  ac tio n  p o ten tia ls  w ere led  off un ipo larly .

T he stud ied  p ro p e rtie s  of th e  m uscle  response w ere, a )  size o f c o n tra c tio n ; b) t im e  o f 
o n se t, chronological course  an d  size o f re la x a tio n ; c) th e  re la tio n  o f c o n tra c tio n  an d  re la x a tio n . 
T hese  p roperties a re  show n  d iag ra m m a tic a lly  in F ig . 2, w here  tQ is th e  in itia l tone  level, c th e  
size o f co n trac tio n  in m m , T  th e  tim e b e tw een  onse t o f s t im u la tio n  an d  th e  m ea su re m e n t of 
th e  size o f re lax a tio n  ( th is  w as usua lly  m ad e  a t  m ax im al re la x a tio n , an d  rT th e  size o f re la x 
a tio n  in  m m  a t 7 \T h e  re la tiv e  sizes o f c o n tra c tio n  an d  re la x a tio n  are  in d ica ted  by  th e  q u o tie n t 
c/rT . M axim um  re la x a tio n  is signified b y  th e  le tte r  r.

In  the  case o f th e  ac tio n  p o te n tia ls  th e ir  shape  an d  size w ere  analysed , 
in  every  series th e  n u m b er of ex p erim e n ts  was m ore th a n  15. T h e  resu lts  o b ta in e d  w ere 

in all cases en tire ly  co rresponding .

R esults

A fter p re p a ra tio n , th e  p o ste rio r  a d d u c to r m uscle  was in th e  s ta te  o f p e rm a 
n e n t co n trac tio n  in  m ost cases. T he m uscle in  th a t  s ta te  could  be in d u ced  to  re lax

F ig. 2. E x p la n a tio n  in  te x t
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b y  th e  rep ea ted  a p p lic a tio n  o f  10 to  20 У, 4 m sec, 8 /sec s tim u li fo r  20 to  60 sec. 
L a te r ,  th e se  values w ere co n sid ered  to  be th e  basic  ones, w hen  we w ere changing 
o n e  o r  a n o th e r of th e  p a ra m e te rs . T he re lax ed  m uscle could  be in d u ced  to  
c o n t r a c t  b y  a m echan ica l s tim u la tio n  o f th e  m an tle . In  o rd e r to  be ab le to  
s tu d y  th e  changes in  c o n tra c tio n  an d  re la x a tio n , th e  m uscle h a d  to  be b ro u g h t 
in to  th e  condition  o f m o d e ra te  re la x a tio n , a t ta in e d  b y  th e  ap p lic a tio n  of the  
r e la x in g  stim ulus, o r b y  m ech an ica lly  s tim u la tin g  th e  m an tle .

T h e  m uscle responses to  th e  e lec trical s tim u la tio n  o f th e  CVC did  no t 
d if fe r  fro m  one a n o th e r , ir re sp e c tiv e  of th e  fa c t w h e th e r or n o t th e  CYC was 
c o n n e c te d  w ith  th e  ce reb ra l ganglia.

T h e  m uscle resp o n ses  to  CVC s tim u la tio n  d iffered  in  d ep en d en ce  on th e  
p a ra m e te rs .  The response  w as u su a lly  com posed o f c o n tra c tio n  an d  re lax a tio n . 
D e p e n d in g  on th e  p a ra m e te rs  of s tim u la tio n , th e  sizes o f c o n tra c tio n  and  
r e la x a t io n  changed in  b o th  ab so lu te  an d  re la tiv e  values.

W h e n  certa in  p a ra m e te rs  w ere ap p lied , on ly  c o n tra c tio n  could  be ob
se rv e d , w ith o u t su b se q u e n t re lax a tio n .

A ) Dependence o f  m uscle responses on the voltage o f s tim u la tio n

W h en  the  CVC w as s tim u la te d  a t  d iffe ren t vo ltages, w ith  th e  o th e r  p a ra 
m e te rs  unchanged , th e  c o n tra c tio n s  d iffered  in  size. T he re su lts  o f  such  an 
e x p e r im e n t can be seen in  F ig . 3. V oltage w as changed  from  1 to  12 V, w ith  
th e  o th e r  p aram eters  4 m sec , 8 /sec, an d  th e  d u ra tio n  of s t im u la tio n  60 sec. 
W ith  increasin g  v o ltage  th e  size o f co n trac tio n s  increased  a t  f ir s t ,  reach ing  
a m a x im u m  a t  12 V. A fu r th e r  increase  o f v o ltag e  d id  n o t in crease  th e  size of 
th e  c o n tra c tio n s . H ow ever, th e  m ax im u m  c o n tra c tio n  o b ta in e d  d id  n o t m ean  
t h a t  th e  m uscle w as a b so lu te ly  c o n tra c te d ; g rea te r  c o n tra c tio n s  could  be 
in d u c e d  b y  th e  m echan ica l s tim u la tio n  of th e  m an tle  (F ig. 3, m ).

A naly sis  of th e  re la x a tio n s  follow ing co n trac tio n s  show ed th a t  a t  low 
v o lta g e  s tim u la tio n  c o n tra c tio n  d o m in a ted  an d  th is  was fo llow ed b y  sligh t or 
no  re la x a tio n . On in c rea s in g  th e  v o ltag e , re la x a tio n  becam e m ore  an d  m ore 
m a rk e d  an d  its  v e lo c ity , to o , increased . I n  th e  case i l lu s tra te d , re lax a tio n  
re a c h e d  th e  size of th e  c o n tra c tio n  b e tw een  4 an d  10 V, a t  a tim e  th e  m uscle 
r e tu r n e d  to  th e  p re -s tim u la tio n  to n e  level. W hen  vo ltag e  w as fu r th e r  increased , 
th e  size o f  re laxa tion  ex ceed ed  th a t  o f c o n tra c tio n  an d  th e  m uscle  becam e set 
a t  a to n e  level lower th a n  th e  in itia l. I t  is n o te w o rth y  th a t  a t  12 V co n trac tio n  
re a c h e d  a m ax im um  th a t  co u ld  n o t be increased  b y  increasing  v o lta g e , w hereas 
th e  su b se q u e n t re lax a tio n s  co n tin u ed  to  increase , reach ing  th e  m ax im u m  a t 
20 V  (F ig . 7/A).

W h e n  we exam ine t h a t  p o in t o f  tim e  a t  w hich  re la x a tio n  beg ins, we find  
t h a t  i t  is n o t in  co rre la tio n  w ith  th e  cessa tion  o f s tim u la tio n . I f  ad eq u a te
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v o ltag e  an d  o th e r p a ra m e te rs  are  used , re la x a tio n  beg ins even w hen s tim u l
a tio n  is n o t s to p p ed  a t  60 sec. H ow ever, on a p p ly in g  low vo ltage  ag a in , o r  s ti
m u la tin g  th e  m an tle  m ech an ica lly , m uscle to n e  is increased  an d  th e  m uscle 
rem ain s in  la s tin g  c o n tra c tio n  (F ig . 3, m).

T hus, th e re  is a v o ltag e  u n d e r  w ich c o n tra c tio n  is n o t follow ed b y  re la x 
a tio n , p rov ided  th e  o th e r  p a ra m e te rs  are a d e q u a te . I f  w ith  u n ch an g ed  o th e r

F ig . 3. P o s te rio r  a d d u c to r m uscle  response , vs. vo ltage , m : m ech an ica l s tim u la tio n  o f p o s te rio r
m arg in  of th e  m an tle

C o n s ta n t p a ram e te rs : 4 m sec, 8 /sec, 60 sec

p a ra m e te rs  th e  v o ltag e  is in c reased , th e  to n e-lo w erin g  effect o f th e  s tim u lu s  
com es to  th e  fore. W h en  v o ltag e  is increased , a t  f r is t no re la x a tio n  follows 
c o n trac tio n , la te r  re la x a tio n  also occurs, a lth o u g h  w eak er th a n  th e  c o n tra c tio n , 
a n d , f in a lly , w hen v o ltag e  is fu r th e r  increased , th e  size of re la x a tio n  exceeds 
th a t  of co n trac tio n . T h e  dependence  of c/r on v o ltag e  is show n in  F ig . 7/A , 
d raw n  from  a ty p ic a l e x p e rim en t.

In  our ex p erim en ts  th e  low est vo ltage  re leasin g  a m uscle response , v a rie d  
from  0.5 to  2 V, d ep en d in g  on  th e  o ther p a ra m e te rs . T he v o ltag e  n o t  y e t 
follow ed b y  a decrease o f  to n e  also v aried  from  case to  case, averag in g  1 to  3 V. 
T h e  m in im um  v o ltag e  p ro d u c in g  re lax a tio n  w as 3 to  5 У . T he ab so lu te  
size o f th ese  lim itin g  va lu es  was va riab le , b u t  c learly  d e fin eab le  in  
every  case.

As to  th e  co rre la tio n  b e tw een  th e  course o f  c o n trac tio n  a n d  v o ltag e , 
i t  has been  found  th a t  in  th e  case of h ig h  v o ltages th e  tim e  of 
onse t o f th e  p eak  fell n e a r  to  th e  tim e  of b eg in n in g  s tim u la tio n . T h e re  w as a 
d e fin ite  co rre la tion  b e tw een  th e  velocity  of re la x a tio n  an d  th e  v o lta g e . The 
h ig h er th e  v o ltage , th e  s te e p e r th e  re lax a tio n , a n d , co rrespond ing ly , th e  sh o rte r  
th e  tim e  d u ring  w hich in  th e  course of re la x a tio n  th e  m uscle re tu rn s  to  th e  
in itia l to n e  level.

T h u s, w ith  h igh  v o ltag e  th e  conditions fo r th e  dev e lo p m en t o f p e rm a n e n t 
to n ic  co n trac tio n  are  less fav o u rab le  and  th e  to n ic  c o n tra c tio n  is sh o rt.
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В) Dependence o f  m uscle  responses on the frequency o f  s tim u la tio n

T h e effect o f d if fe re n t frequencies h as  b een  s tu d ied  a t  th e  p a ram e te rs  
o f  20 V , 4 msec, 60 sec. T h e  frequencies te s te d  v a ried  from  0.5 to  200 im pul- 
ses/sec . W e have fo u n d  t h a t  like a t d iffe ren t v o ltag es , a t  d iffe ren t frequencies, 
to o , co n trac tio n s  an d  re la x a tio n s  of d iffe ren t m ag n itu d e  could  be  produced . 
S u c h  a series is show n in  F ig . 4. The g re a te s t  c o n tra c tio n  re su lte d  from  stim -

2/sec в /sec 25/sec 100/sec 200/sec
60 sec

F ig . 4 . M uscle response, vs. freq u en cy  
C o n s ta n t  p a ram ete rs : 20 V , 4 m sec, 60 sec

u la t io n  a t  8 /sec. F req u en c ie s  h igher or low er th a n  th a t  p roduced  co n trac tio n s  
o f  sm a lle r  size. The size o f  re la x a tio n  follow ing c o n tra c tio n  was also  th e  g rea test 
w ith  a frequency  of s tim u la tio n  of 8/sec. T h e n  th e  m uscle re lax ed  below  th e  
in i t ia l  to n e  level. W ith  th e  in c rease  of freq u en cy  th e  co n trac tio n s  o f  decreasing 
size w ere  followed b y  re la x a tio n s  of sm aller a n d  sm aller size, a n d  fin a lly  th e  
l a t t e r  d isappeared  a lm o s t co m p le te ly . T hus, h ig h e r  frequencies a re  less fav o u r
a b le  fo r  th e  decrease o f  to n e  following c o n tra c tio n , th an  for c o n tra c tio n  itself. 
T h e  re la x a tio n s  follow ing s tim u la tio n  a t 2/sec suggested  th a t  low er frequencies 
a re  a g a in  less fav o u rab le  f ro m  th e  p o in t o f  v iew  of to n e  decrease. As i t  is 
v is ib le  in  Fig. 7/B, th e  re la t io n  betw een re la x a tio n  an d  c o n tra c tio n  showed 
a n  excessive value in  th e  ca se  o f s tim u la tio n  a t  7/sec, in  fav o u r o f re lax a tio n . 
I n  t h a t  experim en t th e  d ep en d en ce  of th e  c /r  ra t io  on frequency  w as exam ined  
w ith  th e  p aram eters  o f  10 V , 4 msec and  20 sec.

T h u s , th ere  e x is ts  a n  op tim um  fre q u e n c y  for b o th  c o n tra c tio n  and  
lo w e rin g  of tone. D e v ia tin g  from  th e  o p tim u m  frequency  is, h ow ever, m ore 
d e tr im e n ta l  for r e la x a tio n  th a n  for c o n tra c tio n . F o r th is  re a so n  u n d e r or 
o v e r  a t  ce rta in  fre q u e n c y  th e  c/r ra tio  increases  to  above 1 (F ig . 7 /B ).

4

C) Dependence o f  m uscle  response on the duration  o f  the im pulses

In  th is  series th e  c o n s ta n t  p a ram ete rs  w ere 20 У, 8 /sec a n d  20 sec. The 
im p u lse  la s ted  from  0.2 to  120 m sec. The m uscle  responses o b ta in e d  a re  shown 
in  F ig . 5. The size o f th e  c o n tra c tio n , th e  v e lo c ity  an d  size o f re la x a tio n  were 
c o r re la te d  w ith  th e  d u ra t io n  o f th e  im pu lses. N o tab ly , th e  in c rease  of the
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la t te r  w as follow ed by  an  increase  in  th e  size o f  c o n tra c tio n . W hen th e  d u ra tio n  
o f th e  im pulses was increased  to  a b o u t 10 m sec, re la x a tio n  becam e fa s te r  an d  
fa s te r, to  reach  a high v a lu e  w ith in  th e  sam e le n g th  of tim e, and  th e  in te rv a l  
be tw een  its  on se t and  th e  onse t o f s tim u la tio n  becam e shorter.

As to  th e  b eh av io u r o f  th e  c /r ra tio , c o n tra c tio n  was found to  d o m in a te  
w ith  th e  im pulses o f sh o rt d u ra tio n , i.e. c /r w as h ig h er th a n  1; a t  3 a n d  4 m sec

Fig. 5. M uscle response , vs. d u ra tio n  o f im pulses 
C o n stan t p a ra m e te rs : 20 V, 8/sec, 20 sec

c /r w as 1 , th e n  i t  fell below  1 ; th is  w as c o rre la ted  w ith  a sig n ifican t in crease  
o f th e  re la x a tio n . O ver 5 m sec th e  size of re la x a tio n  decreased again  a n d  over 
100 m sec th e  va lu e  of c /r w as again  h igher th a n  1. (F ig  7/C)

T hus, th e re  is a ce rta in  im pulse  w id th  d o m a in  favourab le  fro m  th e  
p o in t o f v iew  of th e  cessa tion  o f to n ic  c o n tra c tio n , i.e. for th e  d o m in an ce  o f 
re la x a tio n , w hereas im pulses sh o rte r  o r longer in  d u ra tio n  p ro d u ce  to n ic  
c o n trac tio n .

D) Dependence o f  the muscle response on the duration  o f stim ula tion

The e ffec t o f  changes in  th e  d u ra tio n  o f s tim u la tio n  were e x a m in e d  a t  
th e  p a ra m e te rs  o f  20 V, 4 m sec a n d  8/sec. T h e  d u ra tio n  of s tim u la tio n  w as 5, 
10 , an d  60 sec.

The re su lts  show n in  F ig . 6 in d ica te  t h a t  w hile th e re  was h a rd ly  a n y  
difference in  th e  size of c o n tra c tio n s , re la x a tio n  w as sig n ifican tly  re d u ced  
w ith  sh o rt s tim u la tio n s , th o u g h  th e  o th e r  p a ra m e te rs  were fa v o u ra b le  for 
re lax a tio n . So w ith  s tim u la tio n  la s tin g  5 sec. th e  to n e  decreased to  a b o u t  th e  
in itia l level, w ith  10 sec s tim u la tio n  i t  fell below  th e  in itia l level, an d  in  re sp o n se  
to  60 sec. s tim u la tio n  excessive re la x a tio n  was o b se rv ed . There were d iffe ren ces 
also in  th e  v e lo c ity  of re la x a tio n . R e lax a tio n  w as q u ick er in  response  to  p ro 
tra c te d  s tim u la tio n . On sh o rt s tim u la tio n  re la x a tio n  s ta r te d  im m e d ia te ly  a f te r  
s tim u la tio n  has been s to p p ed , an d  in  th e  case o f  th e  60 sec. s t im u la tio n  i t  
follow ed b y  35 to  90 sec. th e  onse t o f s tim u la tio n . I f  s tim u la tio n  h a d  la s te d
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lo n g e r  th a n  60 seconds, re la x a tio n  began a t  fro m  35 to  90 sec, i.e. n o t only  
a f te r  s tim u la tio n  h a d  b e e n  d iscon tinued , b u t  ev en  d u rin g  it. W hen  s tim u la tio n  
h a d  b e e n  d isco n tin u ed , th e  speed  of re la x a tio n  increased .

F ig . 7/D show s, on  th e  basis of a ty p ic a l  ex p erim en t, th e  e ffec t o f th e  
d u r a t io n  o f s tim u la tio n  on  th e  c/r ra tio . As i t  is v isib le, w ith  th e  in crease  in  
th e  d u ra tio n  of s t im u la tio n  th e  m uscle re sponse  sh ifted  m ore an d  m ore  in  th e  
d ire c tio n  of re lax a tio n .

F ig . 6. M uscle response, vs. d u ra tio n  o f  s tim u la tio n  
C o n s ta n t param ete rs: 20 V , 4 m sec, 8/sec

E ) Electrophysiological studies on C V C

O n s tim u la tin g  th e  iso la ted  CYC w ith  sin g le  square  im pulses o f d iffe ren t 
p a ra m e te rs ,  th e  a c tio n  p o te n tia ls  changed  d ep en d in g  on th e  p a ra m e te rs  
e m p lo y e d . Changes in  v o lta g e  an d  d u ra tio n  o f  th e  im pulse m an ife s ted  th e m 
se lv es  eq ua lly  in  th e  size a n d  shape of th e  a c tio n  p o ten tia l. In  th e se  ex p eri
m e n ts  we used th e  sam e  v o ltag e  and  m sec ra n g e s  w hich h ad  b een  fo u n d  to  
c a u se  th e  c/r v a lu e  to  fa ll below  1 in  e x p e rim e n ts  in  situ . In  th is  sense we 
e x a m in e d  th e  ac tio n  p o te n tia ls  p roduced  b y  1 to  10 Y and  1 to  4 m sec. T he 
c h a ra c te r is tic  re su lts  a re  i llu s tra te d  in  F ig . 8 , show ing  th e  ac tio n  p o te n tia ls  
in  re sp o n se  to  s tim u la tio n  w ith  single pu lses o f  3 m sec d u ra tio n , a t  2, 4 an d  
10 V . T h e  record ing  e lec tro d e  lay  20 m m  fro m  th e  stim u la tin g  e lec tro d e . W ith  
2 V  s tim u la tio n  th e  a c tio n  p o te n tia l w as ju s t  one  single w ave, in  th e  case o f  
a  4  V  s tim u lu s a n o th e r  w av e  also ap p eared , a n d  in  response to  10 V  th e  la t te r  
b e c a m e  m arked  an d  p a r t ly  m erged  w ith  th e  f i r s t  w ave. The size o f  th e  ac tio n  
p o te n t ia l  increased  w ith  th e  increase of v o lta g e  a n d  fin a lly  reach ed  a b o u t 3 mV. 
I t  is a lso  visible t h a t  th e  f i r s t  w ave of th e  a c tio n  p o te n tia l d id  n o t re m a in  u n i
fo rm  w h en  vo ltage w as in c rea sed , b u t was b ro k e n  u p  in to  a t least 3 co m p o n en ts .
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T he sh ap e  o f  th e  ac tion  p o te n tia l  su g g ested  th a t  th e  fib re  co m p o sitio n  
o f  th e  CVC is n o t  hom ogeneous, b u t  falls in to  a t  le a s t tw o groups fro m  th e  
p o in t o f view  o f  co n d u c tio n  v e lo c ity . T he tw o  f ib re  system s can c le a r ly  be  
d is tin g u ish ed  fro m  th e  p o in t o f v iew  of th e  s tim u la tio n  th resho ld . In  g e n e ra l, 
i t  w as betw een  2 a n d  4 Y th a t  th e  second c o m p o n e n t o f th e  action  p o te n t ia l  
ap p eared  in  o u r ex p e rim en ts . I f  we increased  th e  m sec value , vo ltag e  h a d  to

c

F ig . 7. D ependence o f  th e  c o n tra c tio n /re la x a tio n  ra tio  on  th e  p a ram e te rs  o f s t im u la tio n  
A )  V o ltage  vs c/rT . C o n s ta n t  p a ra m e te rs :  4 m sec, 8 H z, 20 sec. T  =  180 sec. B )  F re q u e n c y  vs. 
c/r. O th e r p a ra m e te rs :  10 V , 4 m sec, 20 sec. C) W id th  o f im p u lse  vs. c/r. O th er p a ra m e te r s :  
20 V , 8 H z, 20 sec. D )  D u ra tio n  of s tim u la tio n  vs. c/r. O th e r  p a ram e te rs : 20 V, 4 m sec, 8 H z

be low ered so t h a t  on ly  th e  f irs t  com ponen t o f  th e  ac tio n  p o te n tia l sh o u ld  
a p p e a r  an d , re v e rse d , th e  decrease in  m sec v a lu e  o f  th e  stim u lus h a d  to  b e  
com p en sa ted  fo r b y  an  increase o f v o ltag e , if  we w a n te d  th e  second co m p o n en  t  
to  ap p ea r.

D iscussion

T he re su lts  o b ta in ed  b y  s tim u la tin g  th e  CYC a t  d ifferen t p a ra m e te rs  
in d ica te  th a t  th e  q u a lity  o f th e  m uscle  response  dep en d s decisively on  th e  
q u a lity  o f s tim u la tio n . Low vo ltage  causes m ere ly  c o n tra c tio n , higher v o lta g e s  
p ro d u ce  re la x a tio n  follow ing th e  c o n trac tio n . S tu d ie s  o f th e  o th e r p a ra m e te rs
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h a v e  rev e a le d  th a t  c e rta in  frequencies, d u ra t io n  o f  im pulses an d  tim e  o f  s tim u l
a t io n  a re  followed b y  c o n tra c tio n  alone, w h ile  o thers are fo llow ed b y  b o th  
c o n tra c t io n  an d  re la x a tio n . B y  chang ing  th e  p a ra m e te rs  th e  m easu re  o f  re la x a 
t io n , to o , could  be in flu en ced : in certa in  cases th e  re lax a tio n  fo llow ing c o n tra c 
t io n  re a c h e d  m erely  th e  in it ia l  to n e  level, in  o th e rs  i t  fell con sid erab ly  below  it.

T h e  fa c t th a t  a c e r ta in  increase of b o th  v o lta g e  and  d u ra tio n  o f  im pulses 
b r o u g h t  a b o u t an  increase  in  th e  size of c o n tra c tio n , m ay be ex p la in ed  b y  an  in 
c rea se  in  th e  n u m b er o f fib res  excited . A nd  th e  fa c t th e  re la x a tio n  re su lts  only 
b e y o n d  c e r ta in  p a ra m e te r  va lu es  induces one  to  th in k  th a t  th e  decrease  o f to n e  is

/ se c
F ig . 8 . A c tio n  p o ten tia l o f th e  CYC in  response to  s t im u la tio n  w ith  single pu lses, a t  2, 4 a n d  10 V 

T h e  im p u lse  las ted  3 m sec  in  ev ery  case

c a u se d  b y  th e  s tim u la tio n  o f som e fib res o f  h ig h e r th resho ld . T h e  in c rea se  in 
th e  size o f re lax a tio n  on increasing  vo ltag e  a n d  th e  d u ra tio n  of th e  im p u lse  can 
b e  e x p la in e d  likew ise b y  a n  increase in  th e  n u m b e r  of excited  to n e -d ec reas in g  
f ib re s . T h e  fac t th a t  sh o rt s tim u la tio n  w ith  p ro tra c te d  high v o ltag e  a n d  high 
d u r a t io n  s tim u li p roduces m ere ly  c o n tra c tio n , w ith o u t re lax a tio n , su g g ests  th a t  
on  s t im u la tin g  th e  fib res  in d u c in g  a decrease  o f  to n e  some re la x a n t su b s ta n c e  is 
l ib e ra te d , th e  release of w hich  in  effective a m o u n ts  requires tim e. T h is co n ten tio n  
is  su p p o r te d  b y  th e  o b se rv a tio n  th a t  u n d e r th e  e ffec t of s tim u la tio n  w ith  su itab le  
p a ra m e te rs  re la x a tio n  beg ins n o t on s to p p in g  th e  s tim u la tio n , b u t  a lread y  
d u r in g  i t ,  an d  m ay  reach  a m ax im u m  in  th e  course of s tim u la tio n , a lth o u g h  
th e  m u sc le  is n o t e x h a u s te d  since i t  can  be  c a u se d  to  co n trac t b y  o th e r  m e th o d s .

T h e  view  concern ing  th e  ex istence  o f  fib res  d ifferen t in  p h ysio log ica l 
fu n c tio n  an d  th resh o ld  is su p p o rted  b y  o u r  e lectrophysio log ical s tu d ie s . The 
a c t io n  p o te n tia ls  reco rded  in  response to  s tim u la tio n  w ith  single pu lses suggested  
th e  p resen ce  of tw o m ain  fib re  groups. T h e  re su lts  o b ta in ed  a f te r  th e  p a ra 
m e te rs  h av e  been changed  in d ica te  th a t  th e r e  u n d o u b ted ly  ex ists  a th resh o ld  
o f  s t im u la tio n  below  w h ich  only th e  f i r s t  g ro u p  of fib res is ex c ited , a n d  th a t  
th re s h o ld  is p rac tica lly  th e  sam e below  w h ic h  we o b ta in ed  solely c o n tra c tio n  
in  th e  ex p erim en ts  in  s itu . At p a ra m e te rs  w h ich  produced  b o th  c o n tra c tio n  
a n d  re la x a tio n  in  th e  ex p e rim en ts  in  s itu , th e  second w ave of th e  a c tio n  p o te n 
t ia l  o f  th e  CVC becam e m ark ed . This sugg ests  a co rre la tion  be tw een  th e  process 
o f  re la x a tio n  an d  th e  second  w ave of th e  a c tio n  po ten tia l. F o r th is  rea so n  we 
th in k  t h a t  i t  is th e  e x c ita tio n  of th e  second  f ib re  group giving th e  seco n d  w ave 
o f  th e  ac tio n  p o te n tia l t h a t  gives rise to  re la x a tio n .
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C o n sequen tly , re la x a tio n  is n o t a passive  p h en o m en o n , b u t  a re su lt o f 
an  ac tiv e  nervous process, p re su m ab ly  causing  th e  release o f a re la x a n t su b 
s tan ce  an d  lead ing  th e re b y  to  th e  re la x a tio n  o f  m uscle  in  ton ic  c o n tra c tio n .

T he fac t th a t  a low ering  o f frequency  below  a ce rta in  lim it is fav o u rab le  
for to n ic  c o n tra c tio n  m a y  be exp la ined  by  assu m in g  th a t  th e  n u m b e r o f pulses 
p e r u n it  of tim e  does n o t  suffice to  cause th e  re lease  o f th e  above m en tio n ed  
re la x a n t in  effec tive  co n cen tra tio n s . T he in d u c tio n  o f ton ic  c o n tra c tio n  b y  a 
s ig n ifican t increase  in  th e  im pulse d u ra tio n  m a y  be  exp la ined  b y  assum ing  
th a t  as a re su lt o f th e  im pu lse  d u ra tio n  th e  single pulses com ing one a fte r  
th e  o th e r fall in to  th e  re fra c to ry  period  an d  c a n n o t su ffic ien tly  ex c ite  th e  re l
a x a n t  fib res o f h ig h er th resh o ld .

T hus, we in te rp re t  ou r resu lts  as su p p o rtin g  th e  P av lo v ian  v iew  o f to n e  
reg u la tio n  an d  we ascrib e  th e  differences in  re sp o n se  to  a double in n e rv a tio n , 
an d  n o t to  an  excessive lab ility  of th e  m uscle f ib re s . T he double in n e rv a tio n , 
as we im agine i t ,  d iffers from  th a t  described  b y  P u m p h r e y  [7] as occurring  
in  M y a  arenaria  w h ere  one system  is g iv ing  fa s t  p o te n tia ls , ensu ring  
phasic  a c tiv ity , th e  o th e r  one show s long  d isch a rg e -d u ra tio n , serv ing  to  
p roduce  to n e . H o y l e  an d  L o w y  [2] in te rp re te d  in  a sim ilar m a n n e r  th e  
doub le  in n e rv a tio n  o f  th e  re tra c to r  pedis m uscle  o f M ytilu s  edulis  byssus. 
O u r in te rp re ta tio n  o f th e  concep t of doub le  in n e rv a tio n  is s im ila r to  th a t  
p u t  fo rw ard  by  W i n t o n  [8] and  F l e t c h e r  [1] w ho described  th e  tone- 
increasing  effect o f  d ire c t c u rre n t an d  th e  to n ic  c o n trac tio n -ab o lish in g  effect 
o f a lte rn a tin g  c u rre n t in  th e  re tra c to r  pedis m uscle  o f th e  c lam . A dding  to  
th is  th e  double  in n e rv a tio n  described  b y  P u m p h r e y  [7], as w ell as H o y l e  
an d  L o w y  [2], we m a y  sp eak  essen tia lly  a b o u t a tr ip le  in n e rv a tio n . In  o th e r 
w ords, th e re  w ould be s e p a ra te  in n erv a tio n s  fo r a)  in d u c in g  phasic  co n tra c tio n , 
b)  for in d uc ing  to n ic  c o n tra c tio n ; an d  c) for in d u c in g  re lax a tio n  ab o lish ing  th e  
to n ic  s ta te .

In  ou r s tu d ies  we, to o , observed  th e  p h en o m en o n  described  b y  Z h i r 
m u n s k a y a  [9] t h a t  th e  m uscles of d iffe ren t specim ens respond  d iffe ren tly  to  
th e  sam e p a ra m e te rs . T h is we th in k  m ay  be e x p la in ed , am ong o th e rs , b y  th e  
decrem ent in  th e  co n d u c tio n  of th e  CYC [3]. D ep en d in g  nam ely on th e  size o f th e  
an im als and  o th e r co n d itio n s th e  s tim u la tin g  e lec trodes are a t  d iffe ren t d is ta n 
ces from  th e  m uscle , w hich  because o f th e  d e c re m e n t conduction  decisively  in 
fluence th e  size o f th e  im pu lse  reach ing  th e  m uscle . T h is explains w h y  even  th e  
sam e an im al m ay give d iffe ren t responses to  s tim u la tio n  w ith  th e  sam e 
p a ram e te rs , i f  th e  d is tan ce  betw een  th e  m uscle  a n d  th e  electrodes is changed . 
W hen th e  e lec trodes are  fa r th e r  aw ay from  th e  m uscle, th e  vo ltage  o f  s tim u la tio n  
m ust be increased . T h is is su p p o rted  also b y  th e  fac t th a t  we g e t id en tica l 
responses to  s tim u la tio n  app lied  a t  th e  sam e p a ra m e te rs  to  th e  sam e site , un d er 
o therw ise  id en tica l co n d itions.

In  th e  course o f  o u r s tud ies o f th e  d ep en d en ce  of th e  m uscle response  on 
th e  p a ra m e te rs  o f  s tim u la tio n  we have fo u n d  th a t  th e re  are  som e fu r th e r  fac-

5  Acta Physiologien XXIV/1.
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to rs  t h a t  in fluence th e  size , v e lo c ity  an d  re la tio n  to  one a n o th e r  o f to n e  
in c re a se  an d  tone decrease . S uch  fac to rs  h av e  p ro v ed  to  be th e  to n e  a t  th e  
o n se t o f  s tim u la tio n , th e  d ire c tio n  of th e  change in  to n e , an d  its  size a t  th e  
m o m e n t s tim u la tio n  is b e g u n , p rev io u s s tim u li a n d  th e  in te rv a l b e tw een  th e m  
a n d  th e  onset of s t im u la tio n , as w ell as th e  a c tu a l s ta te  of th e  a n im a l’s m o to r  
a c t iv i ty .  I t  is m ost d iff ic u lt to  keep  all th ese  fa c to rs  c o n s ta n t a n d  w e cou ld  
n o t  ach iev e  i t  p erfec tly  in  o u r  ex p erim en ts . H ow ever, th e  d ep en d en ce  o f th e  
p ro p e r tie s  of th e  m uscle re sp o n se  on th e  p a ra m e te rs  o f s tim u la tio n  is m ost 
co nsc ipuc ious and  u n e q u iv o ca l, a n d  th e  e lec trophysio log ica l ev idence o b ta in ed  
is a lso  in  close ag reem en t w ith  th e  conclusions d ra w n  from  it. F u r th e r  in v e s ti
g a tio n s  a re  in  progress to  e lu c id a te  th e  m ode b y  w hich re la x a tio n  develops 
a n d  to  o b ta in  in fo rm a tio n  as to  th e  q u a lity  o f th e  supposed  re la x a n t  fa c to r  
p la y in g  a role in  th a t  p rocess.
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In  c a ts  w ith  ch ro n ic  im p la n te d  deep e le c tro d e s  d iffe ren t s tru c tu re s  o f th e  
d iencephalon  a n d  m esen cep h a lo n  have  been s tim u la te d  a n d  th e  co rtico s tero id  c o n te n t  
o f a d ren a l v enous b lood  h as been  stu d ied . I t  h a s  b een  fo u n d  th a t  s t im u la tio n  o f th e  
b asa l sep tu m , a n te ro - la te ra l  h y p o th a la m u s an d  la te ra l  h y p o th a la m u s in h ib its  a d re n o 
co rtica l secretion . N o s ig n ifican t change re su lted  fro m  th e  s tim u la tio n  of th e  su p ra o p tic  
an d  p a ra v e n tr ic u la r  nuc le i. S ecretion  increased  m a rk e d ly  in  response to  th e  s t im u la tio n  
of th e  p osterio r tu b e r ,  p rem am illa ry  region, m esen cep h a lic  re ticu la r fo rm a tio n , a n d  
v e n tra l  teg m e n tu m . S tim u la tio n  of th e  dorsal te g m e n tu m  a t  th e  level o f th e  su p e rio r  
colliculus caused  in h ib itio n . T h e  s tru c tu ra l con n ex io n s in v o lv ed  in the  c en tra l n e rv o u s  
co n tro l o f p itu ita ry -a d re n o c o rtic a l fu n c tio n  are  d iscussed .

In  recen t y ea rs  n u m ero u s  d a ta  have b een  p u b lish ed  in d ica tin g  t h a t  th e  
d iencepha lon , m esen cep h a lo n  an d  rh in en cep h a lo n  p lay  a role in  th e  co n tro l 
o f p itu ita ry -a d re n o c o rtic a l fu n c tio n . In  e lec tro co ag u la tio n  and  a b la tio n  
ex p e rim en ts  i t  has b een  d e m o n s tra te d  th a t  th e  absence  of ce rta in  s tru c tu re s  
s ig n ifican tly  increases A C TH  secre tion , while s tim u la tio n  w ith  ch ron ic  im p la n 
te d  deep electrodes su p p lied  ev idence in d ica tin g  t h a t  ce rta in  c e n tra l n e rv o u s  
s tru c tu re s  m ay  n o t o n ly  a c tiv a te , b u t  also in h ib it  th e  A C T H -ad ren o co rtica l 
a c t iv i ty  [1, 2, 3, 4, 5, 6 ]. I t  is n o t y e t know n th ro u g h  w hich s tru c tu re s  th e  
c e n tra l nervous sy s tem  a c tiv a te s  or in h ib its  p itu ita ry -a d re n o c o rtic a l fu n c tio n . 
In  th e  p re sen t w ork  w e h av e  u n d e rta k e n  to  an a ly ze  th e  role played b y  d iffe re n t 
d iencepha lic  an d  m esencepha lic  s tru c tu re s  in  th e  reg u la tion  o f p i tu i ta ry -  
a d ren o co rtica l a c tiv ity , b y  m eans of s tim u la tio n  w ith  chronic im p la n te d  deep  
e lec trodes.

Methods

A to ta l  of 56 ca ts  o f e ith e r  sex, w eighing 1.6 to  2.3 kg , were used. T he c h ro n ic  d eep  
e lectro d es were im p la n te d  u n d e r p e n to b a rb ita l a n aes th es ia  (30 m g per Kg body  w e ig h t, in tra -  
p e rito n ea lly ). B ipo lar en am el in su la te d  n icke l-chrom ium  e lectro d es, 0.2 m m  in d ia m e te r  w ere 
im p la n te d  [7]. T he e lec tro d es w ere held  in place w ith  slow ly  polym erizing  a c ry la te  (P ro te n it ,  
M agyar K ém ia i M űvek, B u d a p es t) , th e  ou tgo ing  e lec tro d es w ere soldered to  a m ic ro -v a lv e  
socket. A sq u are  pulse g e n e ra to r  w ith  ad ju s tab le  in te n s i ty , d u ra tio n  and freq u en cy  o f  s t im u 
la tio n , w as used. S tim u la tio n  w as begun  2 weeks a f te r  th e  e lectrodes had been im p la n te d , to  
allow  tim e  fo r th e  w o unds to  heal com plete ly . T he c o n tro ls  w ere anim als w ith  im p la n te d  
e lec tro d es; th ey  were n o t  s t im u la te d .

P itu ita ry -a d re n o c o rtic a l fu n c tio n  w as e s tim a te d  b y  de term in ing  th e  co rtico s te ro id  
c o n te n t o f ad ren a l v enous b lood . A t 45 m inu tes follow ing s tim u la tio n  th e  anim als w'ere a n a e s th e 
tiz e d  w ith  in tra p c rito n e a lly  ad m in iste red  p e n to b a rb ita l,  a  g lass-tipped  p o ly v in y l c a n n u la

5*
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w a s  in s e r te d  in to  th e  le f t lu m b o a d re n a l vein , a n d  a f te r  g iv ing  400 u n its /k g  b o d y  w eigh t o f 
h e p a r in  in tra v en o u s ly , a d re n a l v en o u s blood w as co llec ted  fo r 60 m in u tes , th e n  th e  ad renals 
w e re  re m o v e d  and w eighed  w ith  m g accuracy  on  to rs io n  scales. The b ra in  w as th e n  perfused  
th r o u g h  th e  caro tid  w ith  40 p e r  cen t fo rm alin  (40 to  50 m l), th en  rem o v ed  fo r  h isto log ical 
e x a m in a tio n . The lo ca liza tio n  o f  th e  e lectrodes w as d e te rm in ed  in  serial f ro ze n  sections.

T h e  m ethods of e x tra c t in g  corticostero ids f ro m  a d ren a l venous b lood , se p a ra tio n  b y  
p a p e r  c h ro m a to g rap h y , a n d  p h o to m e tr ic  d e te rm in a tio n  w ith  té trazo liu m  b lu e  h a v e  been  
d e sc r ib e d  prev iously  [8].

Results

E ffec t o f  sep tum , p reo p tic  region 
and antero-lateral hypo tha lam us stim ulation

T h ere  were 14 e x p e rim e n ta l an im als a n d  4 contro ls in  th is  g ro u p . S tim 
u la t io n  la s ted  15 m in u te s  in  every  case, fo llow ed 45 m in u tes  la te r  b y  th e  
c o lle c tio n  of ad renal v e n o u s  b lood. The p a ra m e te rs  of s tim u la tio n  w ere 0.75

Table I

E ffec t o f  stim ulation  o f  sep tu m , preoptic region, and  antero-lateral hypo tha lam us

Corticosteroids, //g/kg/hour

Cpd F В Total
Site o f electrodes

C o n tro l g roup

1 27.0 21.0 48.0 B asal se p tu m

2 24.5 17.0 41.5 B asal se p tu m

3 24.0 18.5 42.5 P reo p tic  reg io n

4 22.0 22.0 44.0 P reo p tic  reg ion

E x p e r im e n ta l  group
44.0 ±  3.1

1 12.0 12.5 24.5 B asal se p tu m

2 9.5 14.0 23.5 B asal se p tu m

3 14.0 11.0 25.0 B asal se p tu m

4 11.5 9.0 20.5 B asal se p tu m

5 15.5 12.0 27.5 P reo p tic  reg ion

6 8.5 12,0 20.5 P reo p tic  reg ion

7 10.0 8.5 18.5 L atera l h y p o th a la m u s

8 18.0 11.0 29.0 L atera l h y p o th a la m u s

9 14.5 12.0 26.5 L atera l h y p o th a la m u s

10 15.0 12.5 27.5 L atera l h y p o th a la m u s

11 13.0 13.0 26.0 L a te ra l h y p o th a la m u s

24.5 ±  3.5

12 26.0 23.0 49.0 D escending fornices

13 32.0 27.0 59.0 D escending forn ices

14 29.0 21.0 50.0 D escending forn ices

52.0 ±  5.5
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to  1.5 Y , 0.5 m sec an d  30 c/sec. D u rin g  s tim u la tio n  th e  an im als show ed  o rien 
ta tio n  re a c tio n  an d  increased a tte n tio n  to  en v iro n m en ta l effects. N o em o tio n a l 
reac tio n  (rage, escape, its  v e g e ta tiv e  signs), or in co o rd in a ted  m o to r a c tiv ity  
could be  observed .

P itu ita ry -a d re n o c o rtic a l a c t iv i ty  w as d im in ished  b y  th e  s tim u la tio n  of 
th e  se p tu m , p reo p tic  region an d  a n te ro - la te ra l h y p o th a la m u s  a like . T he

hypothalamus

Fig. 1. S tim u la tio n  of sep tu m  an d  a n te r io r  h y p o th a la m u s  and  co rtico s tero id  sec re tio n . The 
lim it b e tw een  th e  b roken  lines show s th e  n o rm a l range. W hite  co lum n: to ta l  co rtico s tero id  
c o n te n t. D o tte d  colum n: hy d ro co rtiso n e  sec re tio n . Shaded  colum n: co rtico s tero n e  secre tion . 
T he f ig u res  above  th e  colum ns show  th e  n u m b e r o f cases, th e  b lack  lay e r show s th e  range

decrease w as m ost m arked  fo llow ing s tim u la tio n  of th e  b asa l s e p tu m  and  
la te ra l  p reo p tic  region. S tim u la tio n  o f  th e  area  of th e  do rsa l se p tu m , th u s  th a t  
of th e  descend ing  fornix , caused  a sm all decrease o f co rtico ste ro id  secre tion , 
an d  in  2 cases a defin ite  increase  w as observed . In  these  ex p e rim en ts  th e  a n te 
rio r com m issure  w as n o t s tim u la te d  b y  itse lf, b u t  s tim u la tio n  w ith  th e  elec
tro d e s  in  th e  im m ed ia te  v ic in ity  o f th a t  s tru c tu re  caused a m a rk e d  decrease 
s im ila r to  th a t  observable in  response  to  stim u la tio n  o f th e  b a sa l sep tu m , 
(T able I , F ig . 1).

Effect o f  m edial hypothalam ic stim ulation

T his g roup  con ta ined  8 e x p e rim e n ta l and  5 con tro l an im als. A n a to m ica lly , 
th e  e lec trodes w ere p laced from  th e  p la n e  of th e  op tic  ch iasm a to  t h a t  o f  th e  
p rem a in illa ry  region. The p a ra m e te rs  o f  s tim u la tio n  w ere 0.75 to  2.0  V, 0.5 msec
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a n d  30 c/sec. No s ig n if ic a n t change in  co rtico s te ro id  secre tion  could be observed  
fo llow ing  s tim u la tio n  fo r 15 m inu tes of th e  su p ra o p tic  nucleus, th e  v e n tra l 
p a ra v e n tr ic u la r  n u c leu s  o r th e  v en tro m ed ia l nuc leu s. A m ark ed  a c tiv a tio n  
fo llow ed  th e  s tim u la tio n  o f  th e  poste rio r tu b e r  c inereum , m edial em inence 
a n d  p rem am m illa ry  reg io n . S tim u la tio n  o f th e  la te ra l  h y p o th a lam u s w as

Table I I

E ffec t o f  s tim u la tion  o f  medial p a rt o f  hypothalam us

Corticosteroids, /tg/kg/hour
Site of electrodes

Cpd F В Total

C o ntro l group

1 28.0 22.0 50.0 S upraop tic  nucleus

2 24.5 21.0 45.5 S upraop tic  nucleus

3 ' 23.0 22.0 45.0 P a rav en tricu la r nucleus

4 23.0 23.0 46.0 P a rav en tricu la r nucleus

5 21.0 23.0 44.0 P osterio r tu b er

E x p e rim e n ta l group
46.0 ±  2.4

I 26.5 23.0 49.5 S upraop tic  nucleus

2 24.0 22.0 46.0 S upraop tic  nucleus

3 31.0 26.0 56.0 P a rav en tricu la r  nucleus

4 25.0 22.0 47.0 P a rav en tricu la r  nucleus

49.5 ±  4.6

5 47.0 36.0 83.0 P osterio r tu b er

6 54.0 44.0 98.0 M edian em inence

7 22.0 24.0 46.0 V entrom edia l nucleus

8 19.0 14.0 33.0 L a te ra l h y p o thalam us

fo llo w ed  by  a m o d e ra te  decrease in  co rtico s te ro id  secre tio n . T h e  an im als’ 
b e h a v io u r  v aried  d u r in g  s tim u la tio n . In  m ost cases th e  p a tte rn  w as c h a ra c te r
ized  b y  em otional re a c tio n s , such as rage, v o c a liz a tio n  an d  escape. S a liva tion  
a n d  u r in a tio n  w ere o f te n  observed . I t  was in  th is  g roup  th a t  in co o rd in a ted  
m o to r  a c tiv ity  c h a ra c te riz e d  b y  c o n tra la te ra l h ead -b e n d in g  or w alk ing  occurred  
m o s t o ften . S a liv a tio n  a n d  u r in a tio n  also o ccu rred . T hese changes in  b eh av io u r 
n o rm a liz e d  w ith in  a few  seconds a fte r  s tim u la tio n  h a d  ceased. In  an  an im al 
w ith  th e  electrode in  th e  p a ra v e n tr ic u la r  n u c leu s, ep ilep tic  seizure developed 
d u r in g  s tim u la tio n . T h is  an im a l show ed a so m ew h at h ig h er co rticoste ro id  level 
th a n  th e  contro l v a lu e  (T ab le  I I ,  F ig. 2).
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Effeet o f  s tim ula tion  o f  the posterior hypothalam us  
and  mesencephalic reticular fo rm a tio n

T his group c o n ta in e d  23 ex p e rim en ta l an im a ls  an d  4 contro ls. T h e  con
d itio n s  o f s tim u la tio n  w ere  th e  sam e as in  th e  fo rm e r groups. A d ren o co rtica l 
a c tiv ity  w as u n eq u iv o ca lly  increased  b y  th e  s tim u la tio n  of the  p o ste rio r h y p o 
th a la m u s  and m am m illa ry  bod y ; a sim ilar re sp o n se  w as observed on s tim u la tio n

raven tri- and post, ris
cularis, tuber
n. ventro- 
mediahs

F ig . 2. A d renocortica l h o rm o n e  p ro d u c tio n  u n d e r  s t im u la tio n  of su p raop tic  n u c leu s, p a ra 
v e n tricu la r  n u c le u s , tu b e r  and p re m a m m illa ry  reg io n . Signs as in  F ig . 1

o f th e  te g m e n to -m a m m ilia ry  tra c ts . S tim u la tio n  o f  th e  la te ra l p o s te rio r  h y p o 
th a la m u s  produced  no  su b s ta n tia l ch an g e  in  A C T H  secretion . C o rtico ste ro id  
secre tion  defin ite ly  in c rea sed  in response to  th e  s tim u la tio n  of th e  m esen cep h a
lic re tic u la r  fo rm a tio n , a t  th e  level of th e  su p e rio r  colliculus, as well as ro s tra lly  
a n d  v e n tra lly  from  t h a t  p lane . S tim u la tio n  o f th e  d o rsa l te g m en tu m  re su lted  
in  a decrease of a d re n o c o rtica l secre tion . W h ereas  th e  ACTH sec re tio n  w as 
m o st increased  on s tim u la tio n  of th e  v e n tra l  te g m e n tu m , s tim u la tio n  w ith  th e  
e lec tro d es in  th e  p re te c ta l  area  in h ib ited  co rtic o s te ro id  secretion . T h e  change
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Table I I I

E ffect o f  stim u la tion  o f  posterior hypothalam us, mesencephalic reticular fo rm a tio n

Corticosteroids, /fg/kg/hour
Site o f electrodes

Cpd F В Total

C o n tro l group

1 2 8 .0 2 8 .0 5 6 .0 M am m illary  b o d y

2 3 4 .0 2 4 .0 5 8 .0 S u b th a lam ic  reg ion

3 2 7 .0 2 9 .0 5 6 .0 R eticu la r fo rm a tio n

4 2 5 .0 2 3 .0 4 8 .0 R eticu la r fo rm a tio n

E x p e r im e n ta l group
5 4 .0  ±  3 .6

5 4 3 .0 3 6 .0 7 9 .0 S u b th a lam ic  region

6 5 2 .0 3 6 .0 8 8 .0 S u b th a lam ic  reg io n

7 5 4 .0 3 6 .0 9 2 .0 P rem am m illa ry  reg ion

8 5 8 .0 3 8 .0 9 6 .0 M am m illary  bo d y

9 6 2 .0 3 3 .0 9 5 .0 In te rp e d u n cu la r  t r a c t

1 0 6 2 .0 4 3 .0 1 0 5 .0 T eg m en to m am m illa ry
tra c t

11 5 4 .0 4 2 .0 9 6 .0 R eticu la r fo rm a tio n

12 4 7 .0 4 0 .0 8 7 .0 R eticu la r fo rm atio n

1 3 5 8 .0 3 4 .0 9 2 .0 R eticu la r fo rm a tio n

1 4 6 7 .0 2 0 .0 8 7 .0 R eticu la r fo rm a tio n

1 5 5 7 .0 2 3 .0 8 0 .0 R eticu la r fo rm a tio n

1 6 4 8 .0 4 2 .0 9 0 .0 C entral g ra y  m a tte r

17 5 2 .0 2 6 .0 7 8 .0 C entral g ra y  m a tte r

9 0 .0  ±  8 .0

18 5 4 .0 3 2 .0 8 6 .0 V en tra l teg m en tu m *

19 5 6 .0 2 8 .0 8 4 .0 V en tra l te g m e n tu m

2 0 4 4 .0 3 6 .0 8 0 .0 V en tra l teg m e n tu m
2 1 6 5 .0 2 6 .0 9 1 .0 V en tra l te g m e n tu m

8 5 .0  ±  4 .6

2 2 2 6 .0 1 1 .0 3 7 .0 P re tec ta l a rea

2 3 2 3 .0 1 5 .0 3 8 .0 P re tec ta l a re a

2 4 1 9 .0 1 7 .0 3 6 .0 D orsal teg m e n tu m

2 5 2 5 .0 1 0 .0 3 5 .0 D orsal te g m e n tu m

2 6 1 7 .0 1 4 .0 3 1 .0 D orsal teg m e n tu m

2 7 2 4 .0 1 1 .0 3 3 .0

3 5 .0  ±  2 .6

D orsal te g m e n tu m

A t th e  level o f th e  su p e rio r  colliculus.



in  b eh av io u r evoked  by  th e  s tim u la tio n  of th e  p o ste rio r h y p o th a la m u s  was 
ch a rac te rized  by  an  escape re a c tio n , accom pan ied  in  som e cases by  v e g e ta tiv e  
signs, such as in c reased  re sp ira tio n , d ila ta tio n  o f th e  p u p ils . S tim u la tio n  o f 
th e  te g m e n tu m  w ith  th e  specified  p a ra m e te rs  gave rise  to  an  increased  o rien 
ta t io n  reac tio n , accom pan ied  by  v o ca liza tio n  in  single cases (T able I I I ,  F ig . 3, 
F ig . 4).
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control mus S mesenc. mesenceph. 
forma tio 
reficolaris

F ig . 3. A drenocortica l horm one p ro d u c tio n  u n d e r s tim u la tio n  of p o ste rio r h y p o th a la m u s , 
m esencephalic  re tic u la r  fo rm atio n  a n d  d o rsa l teg m e n tu m . Signs as in F ig . 1 a n d  F ig . 2

D iscussion

The role o f  fo reb ra in  s tru c tu re s  in  th e  in h ib itio n  o f p itu ita ry -a d re n o c o r
tic a l a c tiv ity  has been  observed p rev io u sly  [1, 2, 4, 6 ]. In  earlie r in v es tig a tio n s  
we found  th a t  s tim u la tio n  of th e  a rch ico rtex  in h ib ite d  th e  increase  o f  ACTH 
secre tion  in  response  to  stress, w ith o u t know ing  a n y th in g  d e fin ite  a b o u t th e  
effe ren t m echan ism  o f in h ib itio n  [3]. T he p re sen t d a ta  in d ica te  t h a t  th e  sep
tu m , a n te ro -la te ra l h y p o th a la m u s  an d  the  dorsa l te g m e n tu m  fo rm  a hom o
geneous s tru c tu ra l m echanism  in  th e  in h ib itio n  o f p itu ita ry -a d re n o c o rtic a l
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a c t iv i ty .  N europh y sio lo g ica l a n d  m orphological d a ta  suggest t h a t  m o st of th e  
c o n n ex io n s  betw een  th e  rh in e n c e p h a lo n  an d  b ra in  s tem  go th ro u g h  th e  sep tum , 
a n d  th a t  some of th e  p r in c ip a l afferen t an d  e ffe ren t p a th w a y s  ru n  across th e  
h y p o th a la m u s . Such a c o n n ex io n  is form ed f i r s t  o f all b y  th e  m ed ia l fo reb ra in  
b u n d le  which, as we h a v e  re p o rte d  recen tly , p lay s  an  in h ib ito ry  ro le in  the

F ig . 4. D irection  of c o r tic o s te ro id  secre tion  in  response  to  s tim u la tio n  of th e  d iencephalon  
a n d  m esencephalon . L o ca tio n  o f  th e  e lectrodes. T he w h ite  a rro w  p o in tin g  u p w a rd  in d ica tes  
a n  in c re a se , the  dow nw ard  p o in tin g  b lack  one a d ecrease  o f co rtico s tero id  p ro d u c tio n . B lack 

d o t:  no  ch an g e  in  co rticostero id  p ro d u c tio n
a : se c tio n  a t  the  leve l o f  th e  se p tu m ; b : a t  th e  o p tic  ch iasm a, c : a t  m ed ia l em inence, 

d : a t  m a m m illa ry  b o d y , e : a t  in te rp e d u n c u la r  t r a c t ,  f  : a t  su p e rio r co llid e

c o n tro l  of p itu ita ry -a d re n o c o r tic a l ac tiv ity , as w ell as in  th e  o rg an iza tio n  of 
b e h a v io u ra l processes a n d  in  th e  fo rm atio n  o f  “ in s tin c tiv e ,,- “ m o tiv a tio n ”  
a c tiv it ie s .

T he presen t in v e s tig a tio n s  d id  no t e lu c id a te  th e  orig in  o f th e  in h ib ito ry  
s tru c tu re s  of the se p tu m  a n d  la te ra l  h y p o th a la m u s . C onsidering  th a t  in h ib itio n  
w a s  m o st in tensive i f  e v o k e d  from  the  basa l se p tu m  an d  a n te ro la te ra l  h y p o th a 
la m u s , while s tim u la tio n  o f  th e  forn ix  fib res  ru n n in g  u n d e r  th e  sp lén ium  
c o rp o ris  callosi e lic ited  a s lig h t response, an d  ev en  an  increase  of th e  cortico- 
s tre o id  level could be o b se rv e d , one m igh t conclude  th a t  in  th is  p h enom enon  
c e r ta in  forebrain  s tru c tu re s  in d ep en d en t of th e  a rh ic o rte x  m ay  p la y  an  in h i
b i to r y  role. The m ed ia l fo re b ra in  bundle  arises fro m  th e  m ed ia l g roups o f  nuclei 
o f  th e  subcallosal g y ru s , b u t  m an y  fib res jo in  i t  in  th e  p reo p tic  an d  basal 
s e p ta l  areas from  th e  te rm in a l  s tria , fo rn ix , th e n , m ore cau d a lly , from  the  
te g m e n to -su b th a la m ic  a n d  p e riv e n tr ic u la r  p a th w a y s . T he m ed ia l fo reb ra in
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b u n d le  estab lishes a m u tu a l connex ion  betw een  basal se p tu m  anil te g m e n tu m , 
w ith  som e fibres fo rm in g  ju n c tio n s  in  th e  m u ltip o la r  cells o f th e  p o ste rio r 
h y p o th a la m ic  nucleus. O th e r fib res te rm in a te  in  th e  nucle i o f th e  te g m e n tu m  
a n d  c rea te  connexions w ith  th e  fo reb ra in  s tru c tu re s  cau d a lly , to  th e  p lan e  
o f th e  pons [9, 10, 11, 12].

S tim u la tio n  o f  th e  m edial h y p o th a la m u s  gave rise  to  ex tre m e  b eh av io u ra l 
changes, b u t the  p itu ita ry -a d re n o c o rtic a l system  show ed a c tiv a tio n  exclusively  
in  response  to  th e  s tim u la tio n  of th e  tu b e ra l and  p rem am m illa ry  reg ions. T he 
in creased  ACTH secre tion  observed  follow ing th e  s tim u la tio n  o f th e  tu b e r  
c in ereu m , m edial em inence  and  p rem am m illa ry  a rea  co n firm ed  our earlie r 
o b se rv a tio n s  in  th is  re sp ec t [3, 22]. S tim u la tio n  of th e  su p ra o p tic  nucleus h a d  
no  effect on secretion , in d ica tin g  t h a t  d irec t s tim u la tio n  o f th e  n eu ro sec re to ry  
m ech an ism  does n o t re su lt in such a n eu ro h o rm o n a l change in  consequence  o f 
w h ich  A CTH  secretion  w ould  increase . This is a t  v a rian ce  w ith  th e  h y p o th es is  
p u t  fo rw ard  in th e  l i te ra tu re  th a t  th e  n eu ro secre to ry  sy s tem  m ig h t p la y  a ro le 
in  th e  secretion  o f som e specific A C T H -relasing  fac to r, th o u g h  in  th e  ap p ra isa l 
o f  th e  problem  an  e lec trica l n o n -s tim u la b ility  o f th e  cells o f such  ty p e  m ay  be 
su g g ested  [13, 14, 15, 16]. The n e g a tiv e  evidence o b ta in e d  in  co nnex ion  w ith  
th e  stim u la tio n  o f th e  n eu ro sec re to ry  system  is in  ag reem en t w ith  sim ilar 
d a ta  o b ta in ed  ea rlie r b y  us and  o th e rs  [3, 6 , 17, 18].

T he em o tio n a l changes o bserved  in  response to  s tim u la tio n  o f th e  m ed ia l 
h y p o th a la m u s  Mere n o t accom pan ied  by  sign ifican t changes in  p itu ita ry -  
ad ren o co rtica l a c tiv ity . A lthough  in  re c e n t years ev idence h as  been  a c c u m u la t
in g  to  suggest th a t  em o tio n a l b e h a v io u r  and  stress m ig h t be o rgan ized  th ro u g h  
th e  sam e cen tra l n e rv o u s s tru c tu re s , th e  p resen t d a ta  te n d  to  in d ica te  th a t  
th e re  m ay  be a d isc ree t cen tra l n e rv o u s  con tro l o f p itu ita ry -a d re n o c o r tic a l 
a c t iv i ty . S tim u la tio n  o f  th e  m ed ia l a reas of th e  h y p o th a la m u s  is know n to  
cause  endogenous ad ren a lin  and  n o ra d re n a lin  h y p e rsec re tio n  w hich  in  co n 
n ex io n  w ith  th e  p re se n t o b se rv a tio n s  ind ica tes t h a t  endogenous ad ren a lin  
secre tio n  p lays no s ig n ifican t role in  th e  ac tiv a tio n  o f p itu ita ry -a d re n o c o rtic a l 
fu n c tio n  [19, 20]. T h e  resu lts  o f ex p e rim en ts  w ith  m ed ia l h y p o th a la m ic  s t i 
m u la tio n  have show n th a t  th e  tu b e r  cinereum  an d  th e  p rem am m illa ry  a rea  
c o n ta in  num erous e lem en ts p lay ing  a role in A CTH  secre tion . A t th e  sam e tim e , 
befo re  say ing  th a t  o th e r  s tru c tu re s  m a y  be in ac tiv e  from  th is  p o in t o f v iew , 
i t  is to  be suggested  th a t  w hen th e  p a ra v e n tr icu la r , v e n tra l-o r  do rsom ed ia l 
g roups of nuclei are  b e ing  s tim u la te d , s tru c tu re s  b o th  a c tiv a tin g  an d  in h ib itin g  
A C T H  secretion  a re  ex c ited . S tim u la tio n  of such a n a tu re  m ay , o f course, h av e  
no  endocrinological e ffec t; th is  is su p p o rted  b y  th e  fac t th a t  th e  a c tiv a tin g  
p a th w a y s  ru n n in g  in th e  m edial a n d  cauda l h y p o th a lam ic  a rea  from  th e  fo re
b ra in  to  th e  te g m e n tu m , and  th o se  com ing from  th e  te g m e n tu m  to  th e  h y p o 
th a la m u s , are in te rw o v en  and  c a n n o t be d isting u ish ed  b y  e lec trica l s tim u l
a tio n .
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S tim u la tio n  o f th e  p o s te rio r  h y p o th a la m u s , co rpus m am m illa re  an d  th e  
te g m e n to -m a m m illa ry  t r a c t  causes a s ig n if ican t increase  in  th e  co rticostero id  
le v e l o f ad ren a l v en o u s b lo o d . R ecen t in v es tig a tio n s  h a v e  suggested  an  ev en tu a l 
ro le  o f th e  te g m e n to -m a m m illa ry  t r a c t  in  th e  co n tro l o f ad en o h y p o p h y sea l 
h o rm o n e  p ro d u c tio n  a n d  secre tio n ; d e s tru c tio n  of th ese  fib res  w as observed 
to  in h ib it  o v u la tio n  a n d  re f le x  horm one secre tio n  b y  th e  te s tis  [21, 22]. The 
p re s e n t observa tions in d ic a te  th a t  th e  s tru c tu re  p lay s an  im p o r ta n t p a r t  in  
th e  co n tro l of A C TH  sec re tio n .

S tim u la tio n  o f th e  m esencephalic  ro s tra l  re tic u la r  fo rm a tio n , v e n tra l  
te g m e n tu m  and  h a b e n u lo -p e d u n c u la r  t r a c t  increases ad ren o co rtica l secretion . 
I n  response  to  s tim u la tio n  o f th e  p re te c ta l a rea  an d  d o rsa l te g m e n tu m , ACTH 
se c re tio n  decreased. I t  w as  rep o rted  earlie r t h a t  th e  m esencephalic  re ticu la r  
fo rm a tio n  h ad  a ro le in  th e  ac tiv a tio n  o f th e  p itu ita ry -a d re n o c o rtic a l system , 
w h e reas  ex p erim en ta l le sions in d ica ted  th a t  n o t only  a c tiv a tin g , b u t  also in h i
b i to ry  re p re sen ta tio n  co u ld  be found  in  th e  m esencephalic  a rea  [3 ].T h e  effect 
o f  th e  in h ib ito ry  zone ru n n in g  in  th e  area o f th e  d o rsa l te g m e n tu m  is less m arked  
t h a n  w h a t could be o b se rv e d  on s tim u la tin g  fo reb ra in  a n d  a rch ico rtica l s tru c 
tu r e s  [3]. The q u es tio n  em erges w h e th e r th ese  s tru c tu re s  a re  invo lved  in  b rin g 
in g  a b o u t of th e  in h ib ito ry  effect evoked  from  th e  te g m e n tu m . D egenera tion  
e x p e rim e n ts  h av e  show n  t h a t  th e  p ro jec tio n  com ing  from  th e  d o rsa l teg m en ta l 
n u c le u s  gives off m a n y  f ib re s  to  th e  la te ra l h y p o th a la m ic  zone an d  th e  a n te ro 
la te r a l  p reop tic  reg ion , b u t  supplies no d irec t connex ions to  th e  m edial and 
c a u d a l h y p o th a lam ic  n u c le i [10]. T hese m orpho log ica l d a ta  suggest th a t  
in h ib itio n  elicited fro m  th e  a re a  of th e  te g m e n tu m  is th e  re su lt o f a m u ltin eu ro n a l, 
e v e n tu a lly  com plex fe e d -b a ck  m echanism , invo lv ing  an  a c tiv a tio n  of fo rebrain  
s tru c tu re s .
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I t  has been show n t h a t  th e  p erfo rm ance  of th e  co n d itio n ed  avoid ing  re flex  in  
in d iv id u a l ra ts  is m ore in te n siv e  in  th e  an im als show ing h ig h er re s tin g  c o rtico s te ro n e  
sec re tio n , th a n  in  th e  ra ts  w ith  low  corticosterone secre tion .

T here  is am ple ev idence in  th e  lite ra tu re  o f th e  ro le of h um ora l fa c to rs  
in  th e  co n tro l of h igher n erv o u s a c tiv ity . The p itu ita ry -a d re n o c o rtic a l sy s te m , 
as one o f  th e  cen tra l re g u la to r  o f th e  processes o f  gen era l a d a p ta tio n , h as  a 
p a r tic u la r ly  im p o r ta n t p a r t  to  p lay . T he ex p erim en ta l d a ta  p u b lished  b y  L i d d e l  
a n d  A n d e r s o n  [1, 2],  an d  p a r tic u la r ly  those re p o r te d  b y  W o o d b u r y  [3]  
h a v e  fu rn ish ed  p ro o f of th e  in flu en ce  of co rticoste ro ids on h igher n e rv o u s ac 
t iv i ty ,  f ir s t  o f all th e  po la r d e riv a tiv e s . These d a ta  h av e  been  am ply  c o n firm ed  
b y  o b se rv a tio n s m ade in  h u m a n  p a th o lo g y  [4, 5].

A t th e  sam e tim e , o u r ow n observa tions m ad e  in  s tu d ies  concern ing  th e  
a lim e n ta ry  cond itioned  re flex , as w ell as th e  sp o n tan eo u s  g o a l-d irec ted  b e h a 
v io u r  h av e  likew ise disclosed severa l co rre la tions b e tw een  h igher n e rv o u s  
fu n c tio n  an d  p itu ita ry -a d re n o c o rtic a l fu nc tion  [6 , 7, 8 ].

T h e  p re sen t p ap e r deals w ith  th e  co rre la tions fo u n d  in  th e  r a t  in  s tu d ie s  
concerned  w ith  avo id ing  co n d itio n ed  reflex  a c tiv i ty  an d  adreno- c o rtic a l 
secretion .

M ethods

A lbino ra ts  o f e ith e r sex , w eig h in g  120 to  180 g, w ere used . T h e  an im als w ere fed  on a 
s ta n d a r d  d ie t and  were allow ed w a te r  ad libitum .

M ethod o f  studying  the avoiding conditioned reflex

T h e  avoid ing  co n d itio n ed  re flex  w as e lab o ra ted  in  th e  b o x  show n in  F ig . 1. T h e  co n 
d itio n ed  s tim u lu s  was th e  ring ing  o f a hell, th e  unco n d itio n ed  one a 50 Y e lectric  shock, de liv e red  
b y  m eta l screen  serv ing  as th e  f lo o r o f th e  condition ing  a p p a ra tu s . T h e  an im al can  escape  from  
shock  b y  ju m p in g  o n to  an  a b o u t 20 cm  h igh  bench.

T h e  re flex  w as e lab o ra ted  as follow s. T he d u ra tio n  of th e  a u d ito ry  stim u lu s w as 10 sec; 
th e  e lectric  shock w as delivered  d u rin g  th e  la s t tw o seconds of th e  a u d ito ry  s tim u la tio n , in  th e  
fo rm  o t tw o  stimuli^O.S sec in d u ra tio n  each . T he in te rv a l b e tw een  th e  single assoc ia tio n s w as 
1 m in u te . T en  such  tra in in g s  w ere c a rried  o u t  daily  w ith  ev ery  an im al. T he co n d itio n ed  reflex  
p e rfo rm an ce , th e  in te rsig n a l re ac tio n s  w ere recorded k y m o g rap h ica lly , an d  th e  d u ra tio n  o f th e  
a te n c y  p e r io d  w as m easu red .
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E very  an im al w as su b je c te d  to  150 assoc ia tio n s, an d  th ro u g h o u t th e  ex p erim en t th e  
re f le x  was reinforced b y  th e  u n co n d itio n ed  stim u lu s , if  th e  an im al fa iled  to  escape to  th e  
b e n c h  spontaneously  on  p re se n tin g  th e  co n d itio n ed  stim u lus.

M ethod  o f  s tu d y in g  p ituitary-adrenocortical fu n c tio n

A fter the  co n d itio n ed  re f le x  stud ies h ad  been  co m p le ted , th e  an im a ls  w ere anaesth e tized  
w i th  5 m g/100 g b o d y  w e ig h t o f  in tra p e rito n ea lly  in je c te d  p e n to b a rb ita l,  g iv en  h ep arin  in tra -

F ig . 1. Schem atic re p re s e n ta t io n  o f th e  box used  fo r e stab lish in g  av o id in g  co n d itio n ed  reflex  
1. B e ll for au d ito ry  s t im u la tio n . 2. F loor of w ire m esh , from  w hich  th e  an im a l is shocked.

3. B ench for escap in g

v e n o u s ly ,  and th e  b lood f lo w in g  fro m  th e  left a d ren a l w as collected  fo r 60 m in u te s  b y  m eans 
o f  a  g lass cannula.

Corticosteroids w ere  e x tr a c te d  w ith  e th e r: e th y la c e ta te  (4 : 1), p a r ti t io n e d  b y  p ap er 
c h ro m a to g ra p h y  and  a ssa y ed  b y  p h o to m e tric  an a ly sis  o f th e  te trazo liu m -p o sitiv e  a reas by  m e
th o d s  described p rev io u s ly  [9, 10].

Results

Positive a v o id in g  co n d itio n ed  re flex  w as estab lish ed  a f te r  5 to  15 
t ra in in g s . M eanw hile, i t  co u ld  be observed  t h a t  para lle l w ith  th e  advance  o f 
t r a in in g  the sp o n tan eo u s  in te rs ig n a l a c t iv i ty , as well as th e  o rien tin g  an d  
w a sh in g  au to m atism s d im in ish ed .

A fter the  re flex  h a d  been  estab lished , d u rin g  su b se q u e n t tra in in g  th e  
a v o id in g  conditioned  re f le x  perfo rm ance, i.e. th e  n u m b er o f p o sitiv e  responses 
to  th e  conditioned so u n d  s tim u lu s , v aried  fro m  r a t  to  ra t .  E v a lu a tio n  of con
d it io n e d  reflex a c tiv ity , i.e. de te rm in in g  of th e  p e rcen tag e  o f th e  to ta l  n u m b er 
o f  tra in in g s  w hen th e  a n im a l perfo rm ed  th e  re flex  w ith o u t re in fo rcem en t, 
y ie ld e d  from  62 to  97 p e r  c e n t. A t th e  sam e tim e  in  th e  course of tra in in g  the  
a n im a ls  always escap ed  to  th e  bench in  re sponse  to  re in fo rcem en t a f te r  th e  
r e f le x  h ad  been e s ta b lish e d , i.e. no ab so lu te ly  n eg a tiv e  re sponse  occurred .

A n analysis o f  th e  d u ra tio n  of la te n c y  show ed th a t  ev e ry  an im al began 
th e  avo id ing  m o to r r e a c tio n  in  less th a n  1 sec a fte r  th e  p re se n ta tio n  of th e  
so u n d  stim ulus, w hile th e  re flex  was p e rfo rm ed  com pletely  in  from  1 to  4
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seconds, d ep en d in g  on th e  m o to r a c t iv i ty  o f th e  an im al and  on th e  d is ta n c e  
from  th e  bench .

A ccord ing  to  th e  re su lts  o f a d re n a l v en o u s b lood  analysis m a d e  a f te r  
co m p le tio n  o f th e  co n d itioned  re flex  s tu d ie s , th e  re s tin g  v alues o f  c o r tic o 
s te ro n e  secre tion  ranged  from  8 to  30 /tg/100 g b o d y  w eigh t/hour, a v e ra g in g  16 
/tg/g b o d y  w e igh t/hou r.

Fig. 2. C o rre la tio n  be tw een  av o id ing  co n d itio n ed  re flex  a c t iv ity  and  a d ren o co rtica l sec re tio n  
W h ite  co lum ns: A d renocortica l secre tion . B lack  co lum ns: A voiding co n d itio n ed

re flex  a c t iv ity

In d iv id u a l ev a lu a tio n  o f th e  re su lts  o f  th e  cond itioned  re flex  s tu d ie s  
an d  th o se  o f th e  p itu ita ry -a d re n o co rtic a l fu n c tio n  te s ts  showed a c o rre la tio n  
to  e x is t b e tw een  re flex  a c tiv ity  an d  co rtico s te ro n e  secretion . In  th e  an im a ls  
show ing  low er reflex  perfo rm ance, i.e. th o se  n eed ing  re in fo rcem en t w ith  th e  
u n c o n d itio n e d  stim u lu s in  th e  m a jo r p a r t  o f th e  tra in in g , th e  re s tin g  sec re tio n , 
to o , w as low, w hereas th e  an im als d isp lay in g  a h igh  reflex  a c tiv ity  h a d  h igh 
sec re tio n  va lues. T hese co rre la tio n s are  i l lu s tra te d  in  Fig. 2, show ing th e  com 
b in ed  sec re to ry  values o f th e  an im als w ith  re flex  a c tiv ity  d ifferences w ith in  
5 p e r c en t.

A nalysis  of ad ren a l w eigh t h as  show n th a t  no sign ifican t c o rre la tio n  
ex is ts  b e tw een  th e  ad ren a l w eights found  in  th e  in d iv id u a l an im als a n d  th e ir  
re flex  a c tiv ity .

Discussion

E m o tio n a l fac to rs  are know n to  be cap ab le  o f ac tiv a tin g  th e  a d re n a l 
c o r te x , as i t  can  be d e m o n s tra te d  b y  th e  in c rease  o f 17— OHCS in  p e r ip h e ra l 
b lood  o r o f th e  u rin a ry  ex c re tio n  o f co rtico ste ro id s  [11, 12, 13, 14]. M a s o n  [15] 
fo u n d  in  th e  m onkey  an  increased  17— O H CS c o n te n t of p e r ip h e ra l b lood

6  Acta Physiologica XXIV/1.
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d u r in g  co n d itio n ed  a n x ie ty  or defensive b e h a v io u r . L ikew ise, th e  p la sm a  
17— OCHS level w as sh o w n  to  be increased  in  th e  dog during  th e  co n d itio n ed  
re f le x  to  pain fu l s t im u la tio n  [16].

I n  th e  p re se n t s tu d y  we have show n t h a t  a f te r  th e  defensive co n d itio n ed  
re f le x  ex p erim en ts  th e  av e rag e  resting  c o rtic o s te ro n e  secretion  v a lu e  w as 16 
/ig /100 g body  w e ig h t/h o u r  (from 8 to  30 /tg /g  b o d y  w eigh t/hour). T hese values 
w ere  n o t d iffe ren t fro m  th o se  found in n o rm a l an im a ls . A t in d iv id u a l e v a lu a tio n , 
h o w ev er, th e  an im als  show in g  corticostero id  sec re tio n  values in  th e  h ig h e r p a r t  
o f  th e  range h ad  a h ig h  re f le x  ac tiv ity , w h ereas  th e  an im als show ing low er re flex  
a c t iv i ty  h ad  low er se c re tio n  values. T his m ig h t suggest th a t  in  th e  an im als  
show in g  a h igh  se c re tio n  em otional m o tiv a tio n  w as increased , a n d  th is  w ould  
go to g e th e r  w ith  a h ig h  av o id in g  co n d itio n ed  re flex  ac tiv ity . T he o b se rv a tio n  
t h a t  th e  an im als sh o w in g  increased e m o tio n a l re a c tio n  requ ire  less re in fo rce 
m e n t for th e  e s ta b lish m e n t of the  co n d itio n ed  re flex , seems to  co n firm  th is  
h y p o th e s is  [17].

A t th e  sam e t im e , o u r  own in v es tig a tio n s  a n d  th e  d a ta  p u b lish ed  in  th e  
l i te r a tu r e  are in d ic a tiv e  o f  th e  p itu ita ry -a d re n o c o rtic a l system  h a v in g  a role 
in  th e  con tro l o f h ig h e r  n e rv o u s function . W o o d b u r y  observed th a t  th e  p o la r  
co rtico ste ro id s , th u s  h y d ro co rtiso n e  an d  c o rtiso n e , increase th e  e x c ita b ility  
o f  th e  cen tra l n e rv o u s  sy s tem , w hereas c o r tic o s te ro n e  is ineffec tive, or even  
decreases th e  effect o f  p o la r  derivatives [3]. A p p l e z w e i g  and  B a u d r y  re p o r te d  
t h a t  th e  e s tab lish m en t o f  th e  avoiding re flex  is in h ib ite d  in  h y p o p h y sec to m ized  
an im a ls  [18]. W e h a v e  sh o w n  in the  dog th a t  th e  ra tio  o f h y d ro co rtiso n e : c o r ti
co s te ro n e  is h igher in  th e  an im als w ith  m ore  in te n s iv e  in te rn a l in h ib itio n ; in  
th e  an im als w ith  w e a k e r  in h ib itio n  h y d ro c o rtiso n e  w as found  to  in c rease  th e  
d u ra tio n  of in te rn a l in h ib itio n  [6]. A t th e  sa m e  tim e , h y d ro co rtiso n e  in 
creases agg ressiv ity  d u rin g  la c ta tio n  in fem ale  r a t s  [7]. The above in v e s tig a 
tio n s , as well as a l im e n ta ry  reflex  stud ies in  th e  c a t ind ica te  th a t  th e  a c t iv a 
t io n  o f th e  p itu ita ry -a d re n o c o rtic a l system  in flu en ces  higher nervous fu n c tio n  
th ro u g h  th e  po la r c o rtico s te ro id s , firs t o f  a ll b y  p ro m o tin g  th e  p rocesses o f  
in te rn a l  in h ib itio n  [8].

T he e s ta b lish m e n t, o r th e  s tab ility  a f te r  lea rn ing , of th e  con d itio n ed  
re fle x  processes is a s ig n if ic a n t function  o f d isc r im in a to ry  in te rn a l in h ib itio n . 
T h e  d ifferences in  re flex  a c tiv i ty  found in  o u r ex p e rim en ts  m ay be ascribed  in  
p a r t  to  d ifferences in  th e  processes of d is c r im in a to ry  in te rn a l in h ib itio n . 
A cco rd in g  to  th is , h ig h  sec re tio n  values w ill be  fo u n d  in  th e  an im als w ith  m ore  
in te n s iv e  in te rn a l in h ib itio n , as i t  has been  sh o w n  in  our earlier in v e s tig a tio n s . 
H o w ev er, a tte n tio n  is to  b e  called to  th e  fa c t  t h a t  th e  earlier s ta te m e n ts  h a d  
r e la te d  to  h igher an im a l species, in  w hich h y d ro c o rtiso n e  secre tion  w as held  
re sp o n sib le  for th e  ab o v e  phenom ena. In  c o n tr a s t  to  th is , th e  ad re n a l c o r te x  
o f  th e  r a t  produces ex c lu s iv e ly  co rticosterone. I n  th e  lack  of ex p e rim en ta l d a ta  
w e c a n  m erely  su g g est t h a t  in  th is species co rtico s te ro n e  w ould h av e  a ro le
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d iffe ren t from  th a t  in  h ig h er species, o r th a t  th e  m ore  p o la r deriv a tiv es  e x c re te d  
in  sm all q u a n titie s  an d  a ldo ste ro n e , secre ted  in  la rg e  am o u n ts  du ring  a n x ie ty  in  
h ig h er species [19, 20], m ay  also p lay  a role in  th e  genesis o f in te rn a l in h ib ito ry  
processes.
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In  r a ts  aged 27 to 29 d a y s  a n d  37 to 39 d ay s th e re  is  no  d ifference in  th e  m easu re  
o f co m p en sa to ry  ad ren o co rtica l h y p e rtro p h y  be tw een  th e  m ale  a n d  th e  fem ale  an im a ls , 
w hereas in  r a ts  aged  52 to  56 d a y s  th e  m easure o f c o m p e n sa to ry  h y p e r tro p h y  is  m u ch  
g rea te r in  th e  fem ale.

C orticosterone  p ro d u c tio n  in  vitro by  th e  h y p e r tro p h ic  ad renals in c reases  w ith  
th e  ad v an ce  o f age; a t  th e  age  o f  52 to  56 days fem ales p ro d u ce  m ore c o rtico s te ro n e  
th a n  m ales.

In  response  to  p re p u b e r ta l  c as tra tio n  th e  c o m p e n sa to ry  ad ren a l h y p e r tro p h y  
follow ing c o n tra la te ra l  a d re n a le c to m y  on the  100th p o s tn a ta l  d a y  s ig n ifican tly  d ecreased  
in  107 d a y s  o ld  fem ale  ra ts , w h e rea s  i t  was u n ch an g ed  in  m ale  ra ts , as c o m p a re d  w ith  
sh am -o p era ted  contro ls.

O estrone  tre a tm e n t g iv en  p r io r  to  p u b e rty  in creases th e  m easure  o f c o m p e n sa to ry  
h y p e rtro p h y  in  th e  a d u lt m ale  r a t ,  while i t  leaves h y p e r tro p h y  unch an g ed  in  th e  a d u lt 
fem ale. P re p u b e rta l  a d m in is tra tio n  of tes to s te ro n e  p ro d u c es  no effect in  e ith e r  sex.

In  resp o n se  to  oestrogen  a d m in is tra tio n  before  se x u a l m a tu ra tio n , c o rtico s te ro n e  
secretion  b y  th e  co m p en sa to ry  h y p e rtro p h ied  le ft a d re n a l increases in  a d u lt  m a le s  and  
fem ales a lik e , w hereas i t  d ec reases  in  a d u lt an im als  o v ariec to m ized  b e tw een  th e  22nd 
an d  25 th  d a y  o f th e ir  lives.

T h e  re su lts  in d ica te  t h a t  th e  m arked  co m p e n sa to ry  h y p e rtro p h y  o b se rv ed  in  th e  
a d u lt fem ale  r a t  develops in  th e  p e rio d  of sexual m a tu ra t io n , in  response to  o estro g en s .

In  p rev ious in v es tig a tio n  w e h av e  show n t h a t  th e  co m p en sa to ry  a d re n a l 
h y p e rto p h y  develop ing  a f te r  c o n tra la te ra l a d re n a le c to m y  w as s ig n if ic a n tly  
m ore m arked  in  th e  a d u lt fem ale  r a t  th an  in  th e  m a le . W e have fo u n d  t h a t  in 
th e  a d u lt an im al th e  difference in  h y p e rtro p h y  c a n n o t be in fluenced  e i th e r  by  
g o nadec tom y , or b y  oestrogen  o r and rogen  t r e a tm e n t  [1]. On th e  basis  o f  these  
find ings, as w ell as on g rounds o f  th e  evidence p u b lish e d  b y  o th e r  a u th o rs , 
f ir s t  o f all b y  Y a t e s  et al. [2 ], K itay  [3], Za r r o w  an d  D e n i s o n  [4] and  
H r u z a  [5], we h av e  suggested  th e  possib ility  t h a t  th e  period  of se x u a l m a tu 
ra tio n  is o f sign ificance in th e  d ev e lo p m en t of th e  sex  d ifference in  th e  p i tu i ta ry -  
ad re n a l system  o f ra ts .

T he p re se n t p ap er d ea ls  w ith  p re -p u b c rta l co m p en sa to ry  h y p e r tro p h y  
a n d  th e  effect o f p re -p u b e rta l c a s tra tio n  and  se x u a l horm one t r e a tm e n t  on 
th e  m easure o f  co m p en sa to ry  h y p e r tro p h y  in  th e  a d u l t  an im al.

Materials and methods
Male an d  fem ale  albino ra ts  o f th e  In s t i tu te ’s s to ck  w ere  u sed . U n til th e  2 8 th  p o s tn a ta l  

d a y  th e  anim als h a d  been  k e p t to g e th e r  w ith  th e ir  m o th e r. A fte r  w eaning th e  a n im a ls  were 
fed  on  a s ta n d a rd  d ie t, on m ilk fo r a  s h o r t  while, th e n  w a te r  w as allow ed ad lib itu m .
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T h e  experim ents w ere  c o n d u c te d  in  th e  fo llow ing  groups.
1. R ig h t ad ren a le c to m y  th ro u g h  lu m b ar in c is io n  w as perfo rm ed  a t  th e  age of 20 to  

22 , 30 to  32 and  45 to  49 d a y s , a n d  7 days la te r  th e  m e a su re  o f th e  c o n tra la te ra l  ad ren a l h y p e r
t r o p h y ,  as well as c o r tic s te ro n e  p ro d u c tio n  in  vitro w ere  d e te rm in ed , so t h a t  th e  ad ren a ls  from  
e v e ry  m a le  and fem ale r a t  f ro m  th e  sam e l it te r  w ere  in c u b a te d  to g e th e r, s e p a ra te d  accord
in g  to  sex .

2. T he testes o r o v a rie s  w e re  rem oved a t  th e  age  o f 22 to  25 d ay s. A n im als  from  the  
sa m e  l i t t e r  served as th e  c o n tro ls ;  these  were su b je c te d  to  sham  o p e ra tio n . O n th e  100th 
p o s tn a ta l  d ay  th e  r ig h t a d re n a l  w as  rem oved, th e n  7 d a y s  la te r  th e  c o m p e n sa to r ily  h y p e r
t ro p h ie d  ad ren a l was a ssa y ed  fo r  ad renocortical se c re tio n  an d  th e  m easu re  o f h y p e rtro p h y  
w a s  d e te rm in e d  by w eigh ing  w ith  0.1 mg precision.

3. One group of 2 0 -d ay s  o ld  anim als was t r e a te d  w ith  oestrone b e n z o a te  (G landubolin , 
R ic h te r ) ,  5 /tg daily , a n o th e r  g ro u p  was tre a te d  w ith  te s to s te ro n e  p ro p io n a te  (A ndro fo rt, 
R ic h te r ) ,  50 Цg daily. T h e  p re p a ra tio n s  were d ilu te d  in  sunflow er seed oil. I n  b o th  groups 
t r e a tm e n t  was con tinued  u n t i l  th e  v ag in a  of th e  fem a le s  h a d  opened. A n im als  f ro m  th e  sam e 
l i t t e r  se rv ed  as th e  c o n tro ls ; th e s e  w ere trea te d  w ith  su n flo w er seed oil a lone . I n  th is  group, 
to o , r ig h t  ad renalec tom y w as p e rfo rm e d  on th e  10 0 th  p o s tn a ta l  day  an d  th e  m easu re  of com 
p e n s a to r y  h y p e rtro p h y  a n d  co rtico s te ro n e  o u tp u t w ere  d e te rm in ed  7 d ay s la te r .

T h e  experim en tal m e th o d s  em ployed were as fo llow s.
T h e  r ig h t adrenal w as re m o v e d  th ro u g h  lu m b a r  in c is io n  an d  w as w e ig h ed  w ith  0.1 mg 

p re c is io n . Likewise, o v a rie c to m y  w as carried  o u t th ro u g h  lu m b a r in cision . T h e  operations 
w e re  p e rfo rm ed  under h e x o b a rb i ta l  anaesthesia .

T h e  anim als of G roup  1 w ere  d ecap ita ted  7 d a y s  a f te r  r ig h t a d re n a le c to m y , th e  h y p e r
t r o p h ic  le f t  adrenals w ere re m o v e d  w ith o u t delay, fre e d  fro m  connective  tis su e , w eighed , th en  
k e p t  in  ice  in  a sm all d ish  s l ig h tly  w e tte d  w ith  K rebs — R in g e r’s b ica rb o n a te  b u ffe r  u n til  in cu 
b a t io n .  In c u b a tio n  took  p lace  in  W arb u rg  vessels. T h e  ad ren a ls  were c u t u p  in to  fin e  slices 
w i th  a n  ophthalm ological sca lp e l, th e  slices were p laced  in to  2 ml pH  7.4 K re b s  — R in g er b ica r
b o n a te  b u ffe r  contain ing  200 m g  glucose per 100 m l, f u r th e r  A T P and  n ico ticac id am id e , and 
w e re  in c u b a te d  for 90 m in u te s  in  95 per cen t 0 2 a n d  5 p e r cen t C 0 2 a tm o sp h e re  a t  37° C, 
u n d e r  co n tin u o u s shaking.

A f te r  incubation  th e  in c u b a t io n  flu id  was d e c a n te d , th e  ad ren a l tis su e  slices in  th e  
W a r b u r g  vessels were w ash ed  w ith  2 ml K rebs —R in g e r  b ica rb o n a te  b u ffe r . T h e  in cu b a tio n  
a n d  w a sh in g  fluids were p o o led  a n d  th e  corticostero ids w ere  e x tra c te d  w ith  25 m l e th e r-e th y l- 
a c e ta te ,  4 to  1. A fter se p a ra tio n  b y  c h ro m a to g rap h y  [6], th e  corticosterone  c o n te n t  w as m easured  
as d e sc rib e d  previously [7].

I n  G roup 2 and  G ro u p  3 th e  an im als were a n ae s th es iz e d  w ith  5 m g/100  g b o d y  w eight 
o f  p e n to b a rb ita l  7 days a f te r  r ig h t  ad renalec tom y, th e n ,  a f te r  th e  in tra v e n o u s  in jec tio n  of 
h e p a r in ,  th e  left adrenal v en o u s  b lo o d  was collected fo r 60 m in u te s  b y  m eans o f  a  g lass cannu la . 
T h e  co rtico s tero n e  w as e x tr a c te d  a n d  assayed as d e sc rib ed  [1].

T h e  resu lts were e v a lu a te d  s ta tis tic a lly  by  S t u d e n t ’s tes t.

Results

Compensatory adrenal hypertrophy in  y o u n g  fem ale and  m ale rats

I n  th e  ra ts  aged 20 to  22 days th ere  w as no  difference in  th e  w eigh t of 
th e  r ig h t  adrenal b e tw e e n  th e  tw o sexes (fem ales: 5.0 ^  1.1 m g ; m ales: 
5.3  ^  1.4 mg). Seven d a y s  a f te r  rig h t a d re n a le c to m y  th e  le f t a d re n a l was 
h y p e r tro p h ie d  in b o th  se x e s ; no  difference in  th e  m easure  of h y p e r tro p h y  could 
be  o b se rv e d  betw een  th e  m a le  and  fem ale an im a ls .

S im ila r resu lts h a v e  b e e n  ob tained  in  30 to  32 days old r a ts .  T h e re  was 
n o  d iffe ren ce  betw een  m a le s  a n d  fem ales of t h a t  age e ith e r in  th e  r ig h t  ad renal 
w e ig h ts , or in th e  w e ig h t o f  th e  h y p e rtro p h ie d  le ft adrenals (F ig . 1).

Follow ing  th e  o p en in g  o f  th e  vag ina w h ich  in  our e x p e rim e n ta l groups 
to o k  p la c e  around th e  3 6 th  to  42nd p o s tn a ta l d ay s , in  fem ale r a ts  aged  45 to
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49  days th e  r ig h t ad ren a l w eighed  10.2 ^  1.4 m g, w hereas in  th e  m ales o f  th e  
sam e age i t  w eighed 7.6 ^  1.4 m g; th e  d ifference w as s ta tis tic a lly  s ig n if ic a n t 
(p  <  0 .01). Seven days a f te r  rem o v al o f th e  r ig h t ad ren a l th e  c o m p e n sa to ry  
h y p e r tro p h y  o f th e  left a d re n a l w as s ig n ifican tly  m ore  m arked  in  th e  fem ales 
(13.9 ^  2 .0  m g), th a n  in  th e  m ales (9.7 ^  1.4 m g); th e  difference w as s ig n ifi
c a n t (p  <  0.001).

age o f r a ts  in the tim e  o f age o f  ra ts  in the tim e
rem oval o f right adrenals o f adrenal incubation in days

F ig. 1. C o m p en sa to ry  a d ren a l h y p e r tro p h y  an d  in  v itro  co rtico id  p ro d u c tio n  b y  th e  h y p e r 
tro p h ic  ad ren a ls  in  young  an im als

B lack  co lu m n s: fem ale ra ts . W h ite  colum ns: m ale ra ts . R  : r ig h t ad ren a l w e ig h t. L  : w e ig h t 
of th e  le f t  ad ren a l w ith  c o m p en sa to ry  h y p e rtro p h y

In  vitro corticosterone production  
by the hypertrophic adrenals o f  yo u n g  anim als

T h e  co rticosterone  p ro d u c tio n  in  vitro  by  th e  h y p ertro p h ic  a d re n a ls  in 
creased  p a ra lle l w ith  th e  ad v an ce  o f age. W hile in  th e  anim als aged  27 to  29 
d ay s, co rtico s te ro id  p ro d u c tio n  averaged  50 p er c e n t o f th e  a d u lt v a lu e , in  th e  
an im als  52 to  56 days o f  age p ro d u c tio n  w as co m p arab le  to  th a t  fo u n d  b y  us 
ea rlie r in  a d u lt  ra ts  (1.8 to  3.0 fig/10  m g a d re n a l tissue/hour). In  th e  g roups 
s tu d ie d  no  difference in  p ro d u c tio n  w as d em o n strab le  betw een  th e  tw o  sexes 
u n til  th e  3 7 th — 39th  p o s tn a ta l  days, w hile a t  th e  age of 52 to  56 d a y s  th e  
fem ales p ro d u ced  m ore co rtico ste ro n e  th a n  th e  m ales (Fig. 1).

E ffec t o f  prepubertal castration  
on com pensatory adrenal hypertrophy in  adult anim als

As d e te rm in ed  on th e  100th  d ay , in  fem ale ra ts  ovariec to m ized  a t  th e  
age o f  22 to  25 days th e  w e ig h t o f th e  r ig h t a d re n a l was no t d iffe ren t fro m  th a t  
o f th e  co n tro ls  from  th e  sam e l i t te r . Seven day s a f te r  r ig h t a d re n a le c to m y  th e  
h y p e r tro p h ic  left ad ren a l w eighed 18.8 ^  2.6 m g/100 g body w e ig h t in  th e
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o v ariec to m ized  fem ales , w hile in  th e  c o n tro l fem ales i t  w eighed 23.6 ^  3.2 
m g/100 g b o d y  w e ig h t; th e  difference w as sig n ifican t (p  <  0.001 F ig . 2).

M ale ra ts  aged  22 to  25 days w ere c a s tr a te d ;  a t  th a t  tim e  th e  te s ts  h ad  
a lre a d y  descended  in  90 p e r cen t o f th e  a n im a ls . R igh t ad ren a lec to m y  w as 
p e rfo rm e d  on th e  10 0 th  p o s tn a ta l  day , b o th  in  th e  ca s tra te d  a n d  th e  sham -

F ig . 2 . E ffec t o f p re p u b e r ta l  c a s tra tio n  on c o m p e n sa to ry  a d re n a l  h y p e rtro p h y  in  th e  a d u lt  r a t .  
R  : w e ig h t o f r ig h t a d ren a l. L  : w eigh t of h y p e r tro p h ic  le f t  ad renal. B lack co lu m n s: sham - 

o p e ra te d  co n tro ls . W hite  co lum ns: c a s tr a te d  anim als

o p e ra te d  con tro l g roups. T h ere  was no s ig n if ic a n t d ifference in  re la tiv e  ad ren a l 
w e ig h t b e tw een  th e  tw o  groups, nor in  c o m p e n sa to ry  ad ren a l h y p e r tro p h y  
e s tim a te d  7 days la te r  (F ig . 2), w hen th e  c a s tra te d  an im als w eighed  sign ifi
c a n tly  m ore th a n  th e  co n tro ls .

E ffect o f  prepuberta l oestrogen and  androgen treatment 
on com pensatory adrenal hypertrophy in  adu lt male and fem a le  rats

F em ale  ra ts  w ere tr e a te d  w ith  50 pg  o f  te s to s te ro n e  p ro p io n a te  da ily  
fro m  th e  2 0 th  p o s tn a ta l  d a y  till  th e  opening  o f  th e  v ag in a . In  response  to  th is  
t r e a m e n t  th e  v ag in a  o p en ed  on th e  30th  to  31st d a y , while in  th e  co n tro ls  from  
th e  sam e l i t te r  i t  o p en ed  o n ly  a fte r 37 to  40 d a y s . T here wras no sig n ifican t 
d ifference  in  re la tiv e  a d re n a l w eight b e tw een  th e  tre a te d  an im als an d  th e  
co n tro ls , as d e te rm in ed  b y  r ig h t a d ren a lec to m y  perfo rm ed  on th e  lOOtli d ay . 
L ikew ise, th e  le ft a d ren a ls  rem o v ed  7 days la te r  sh ow ed  no sign ifican t d ifference 
in  w eig h t (F ig . 3).

Follow ing t r e a tm e n t  w ith  5 pg  of o e s tro g en  d a ily  th e  vag in a  opened  on 
th e  2 9 th — 3 0 th  d ay . N o d ifference in  r ig h t o r le f t  ad ren a l w eight w as dem on-
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s tra h le  be tw een  th e  tre a te d  an im a ls  an d  th e  co n tro ls  a t  100 an d  107 d ay s , 
re sp ec tiv e ly  (F ig . 3).

M ale an im als h ad  been tr e a te d  w ith  o estro g en  or te s to s te ro n e  u n ti l  the  
v a g in a  o f th e  fem ales from  th e  sam e  l i t te r  h a d  opened.

co<\j

R L R L R L  R L

f emal es  ^  * males

Fig.  3.  E ffec t o f p re p u b e r ta l  oestrogen  a n d  an d ro g en  tr e a tm e n t  on c o m p e n sa to ry  ad ren a l 
h y p e rtro p h y  in  a d u lt  m ale  an d  fem ale  ra ts

I{ : w e ig h t of r ig h t ad ren a l. L  : w eigh t o f le ft, h y p e rtro p h ic  ad renal. B lack co lu m n s: co n tro l 
ra ts .  W h ite  co lum ns: t re a te d  ra ts . F em ale s: 1. T es to s te ro n e  p ro p io n ate  tre a tm e n t,  2.  O estron  

b e n zo a te  t re a tm e n t.  M ales: 1. O estro n  b e n zo a te  t r e a tm e n t,  2.  T es toste rone  t r e a tm e n t

In  th e  o es tro g en -trea ted  an im a ls  th e  r ig h t ad ren a l did no t w eigh  sign ifi
c a n tly  m ore on th e  100 th  p o s tn a ta l  d ay  th a n  in  th e  contro l (p  <  0 .1). Seven 
d ay s la te r , how ever, a s ign ifican t d ifference in  le f t ad renal w eigh t w as found  
b e tw een  th e  o es tro g en -trea ted  m ale  ra ts  an d  th e  con tro l m ales (p  <  0 .0 0 1 ), 
w ith  values for th e  tre a te d  an im als  19.9 i  3.0 m g/100 g body  w e ig h t, a n d  for 
th e  con tro ls , 14.8 i  2.2 m g. A t th e  sam e tim e , no difference w as fo u n d  in  
te s tic u la r  w eigh t be tw een  th e  tw o  groups.

N o difference in  ad rena l w e ig h t b e tw een  th e  m ales tre a te d  w ith  50 p g 
o f  te s to s te ro n e  d a ily  and  th e  c o n tro l ra ts  w as d e tec ted  e ither on th e  100 th , 
o r on th e  107th p o s tn a ta l d ay  ( r ig h t a d re n a le c to m y  and  left a d re n a le c to m y , 
re sp ec tiv e ly ) (F ig . 3).

Corticosterone secretion by the hypertrophied adrenals o f  adult male a n d  fem ale  
rats castrated, or treated w ith  sexual hormone, prior to puber ty

In  c a s tra te d  ra ts , as well as in  ra ts  t r e a te d  w ith  oestrogen o r androgen» 
co rtico ste ro n e  secre tion  of th e  le f t, h y p e rtro p h ic  ad ren a l was ex am in ed  7 days 
a f te r  r ig h t ad ren a lec to m y , i.e. on  th e  107 th  p o s tn a ta l  day , by  a n a ly z in g  th e
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le f t a d re n a l venous b lo o d . A s the  contro ls, a n im a ls  from  th e  sam e l i t te r  w ere 
u sed . A nalysis of all th e  c o n tro l anim als show ed  t h a t  th e  secretion  v a lu es  w ere 
id e n tic a l  in  th e  m ale  a n d  fem ale sh a m -o p e ra ted  a n d  c o n tro l- tre a ted  ra ts ,  so 
t h a t ,  w h en  com paring  th e  re su lts  w ith  th o se  fo r  th e  ca s tra ted , oestrogen - or 
a n d ro g e n -tre a te d  r a ts ,  i t  w as  possible to  g ro u p  th e  contro ls acco rd ing  to  sex.

females males

Fig.  4. C orticosterone sec re tio n  b y  th e  h y p e rtro p h ied  a d re n a ls  o f  a d u lt ra ts  c a s tra te d  or sexual 
h o rm o n e - tre a te d  before sex u a l m a tu ra t io n

F em ale s : 1 . C ontrols, 2.  O v a riec to m ize d  ra ts , 3. T e s to s te ro n e - tre a te d  ra ts , 4. O estro n  tre a te d  
r a ts .  M ales: 1. C ontrols, 2.  C a s tra te d  anim als, 3. O e s tro n  tre a te d  anim als, 4. T es to s te ro n e

trea te d  an im als

C orticosterone se c re tio n  was 24.0 ^  5.5 fig/100  g body w e ig h t/h o u r w ith  
th e  c o n tro l fem ales, a n d  24 .7  i  4.1 fig/100 g b o d y  w eig h t/h o u r w ith  th e  co n tro l 
m ales (F ig . 4).

A fte r  o v ariec to m y  p erfo rm ed  before s e x u a l m a tu ra tio n  co rtico ste ro n e  
se c re tio n  was 16.5 ^  3.5  ,ug/100 g body w e ig h t/h o u r , less th a n  in  th e  n o rm al 
fem ale  r a t .  The d ifference  w as sign ifican t s ta t is t ic a l ly  (p  <  0 .001 ).

Follow ing p re p u b e r ta l  tes to ste ro n e  p ro p io n a te  tre a tm e n t th e  le f t h y p e r
tro p h ic  ad ren a l sec re ted  19.1 ^  3.9 fig/100 g b o d y  w eigh t/hou r co rtico ste ro n e  
a t  th e  age of 107 d ay s  in  th e  fem ale ra ts . T h is  v a lu e  was n o t s ig n if ic a n tly  
d iffe re n t from  th e  24.0  ^  5.5 ,«g/100 g b o d y  w e ig h t/h o u r re su lt o b ta in e d  for 
th e  c o n tro l fem ale r a ts  (p  >  0 .01).

T h e  a d u lt fem ale r a t s  tre a te d  w ith  5 fig  o f  oestro n e  benzoate  d a ily  from  
th e  2 0 th  till th e  2 9 th — 3 0 th  p o stn a ta l d a y s , co rticosterone  secre tio n  w as
31 .0  3.7 jUg/100 g b o d y  w e igh t/hou r, s ig n if ic a n tly  h igher (p  <  0.001) th a n
t h a t  show n  b y  th e  c o n tro ls  (F ig. 4).

I n  m ale ra ts  c a s t r a te d  in  th e  22nd to  2 5 th  day s of life, co rtico ste ro n e  
se c re tio n  increased in  a d u l t  age. In  th is g roup  th e  secre tion  ra te  w as 30.7 ^  3.5
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/ig/100 g b o d y  w e ig h t/h o u r, as com pared  w ith  th e  2 4 .7 ^  4.1 p g/100 g b o d y  
w e ig h t/h o u r v alue  for th e  con tro l m ales. T he d ifference  betw een  th e  tw o  v a lu es  
w as s ig n ifican t (p  <  0 .0 0 1 ).

L ikew ise, p re p u b e rta l oestrone  t re a tm e n t re su lte d  in  a s ig n ifican t in c rease  
of secre tion  (p  <  0.001). In  th e  o es tro n e -trea ted  m ales th e  value w as 32.2 ^  4.2 
/zg/100 g b o d y  w e ig h t/h o u r, as com pared  w ith  th e  con tro l value o f 24.7 ^  4.1 
/ig /1 0 0  g b o d y  w e ig h t/hou r.

T he a d u lt  m ales t re a te d  w ith  te s to s te ro n e  d u rin g  th e  sam e p re p u b e r ta l  
perio d  secre ted  23.5 ^  4.8 pg/lOO g bo d y  w e ig h t/h o u r, an  am o u n t n o t d iffe re n t 
from  th a t  secre ted  b y  th e  con tro ls.

Discussion

W e h av e  show n p rev io u sly  [1] th a t  beside  th e  sex differences in  th e  m o r
p ho logy  an d  fu n c tio n  o f th e  p itu ita ry -a d re n a l sy s tem , th u s  th e  h ig h e r a d re n a l 
w e ig h t [8 ], th e  h ig h er co rticoste rone  level [9, 11] an d  ЛСТН c o n te n t  [10] 
in  p e rip h e ra l b lood , th e  m ore m ark ed  increase  o f  th e  co rticoste rone  leve l in  
re sponse  to  exogenous A C TH  an d  stress [9], th e  co m p en sa to ry  a d re n a l h y p e r 
t ro p h y  follow ing u n ila te ra l ad ren a lec to m y  w as also s ig n ifican tly  g re a te r  
in  th e  fem ale r a t .  S tud ies o f th e  sexual fa c t o rsresponsib le  for th e  sex  d iffe r
ences h av e  show n th a t  in  th e  a d u lt r a t  th e  d ifference  in  ad renal h y p e r tro p h y  
be tw een  m ales an d  fem ales is n o t in fluenced  b y  gonadectom y, o e s tro g en  or 
an d ro g en  tre a tm e n t. O n th e  basis o f th e  e x p e rim e n ta l evidence o b ta in e d , an d  
on g rou n d s o f th e  d a ta  re p o rte d  b y  Y ates  et al. [2], K it a y  [3], Za r r o w  an d  
D e n is o n  [4] an d  H ruza  [5] we h av e  sugg ested  th e  possib ility  t h a t  th e  sex  
d ifferences in  p itu ita ry -a d re n a l a c tiv ity , th u s  also in  co m p en sa to ry  h y p e r
tro p h y , w ould  develop  d u rin g  th e  period  o f sex u a l m a tu ra tio n .

T he p re sen t re su lts  h av e  confirm ed th e  v a lid ity  of th a t  h y p o th es is , since 
th e re  w as no d ifference in  th e  m easure  o f c o m p e n sa to ry  ad rena l h y p e r tro p h y  
be tw een  th e  tw o sexes a t  th e  age of 27 to  29, as w ell as 37 to  39 d ay s , w hereas 
sex  d ifferences ap p ea red  a t  52 to  56 days o f  age. No sex difference in  b a sa l 
ad re n a l w eig h t w as o bservab le  before 45 to  47 d ay s, in  ag reem en t w ith  th e  
o b se rv a tio n  b y  Y a t e s  et al. th a t  a sex d ifference  in  ad rena l w eig h t ap p e a rs  
on ly  a f te r  th e  4 0 th  d ay , to  becom e m ore a n d  m ore  m arked  su b se q u e n tly  [2].

A s regards corticosteron e p rod uction  in  vitro, th e  increase o f  secretio n  
w as id en tica l in  th e  m ales and fem ales u n til th e  age o f  37 to  39 d a y s , w hile  
fem ales aged  52 to  56 d ays show ed  already h igh er  secretion  th a n  th e  m a les  o f  
th e  sam e age. K it a y  [3] w ho foun d  p rod u ction  in  vitro to  be h igher in  fem a les , 
ascrib ed  th e  d ifferen ce to  oestrogen  secretion  sta rtin g  at th e tim e  o f  se x u a l  
m a tu ra tio n , b ecau se corticosteron e p rod u ction  in  vitro b y  th e  ad ren a l tissu e  
from  a d u lt fem ale  an im als can n ot be in creased  b y  17 ^ -oestrad iol tr e a tm e n t,  
w hereas su ch  trea tm en t en h ances p rod u ction  fo llow in g  p rep u berta l o v a r i
ec to m y .
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O u r c a s tra tio n  e x p e rim en ts , as w ell as th o se  invo lv ing  o estro g en  or 
a n d ro g e n  tre a tm e n t, a p p a re n tly  con firm ed  th e  ro le o f oestrogens, as th e  fac to r 
re sp o n s ib le  fo r th e  d ifference  in  th e  m easu re  o f  h y p e rtro p y . W hile in  th e  fem al 
o v a r ie c to m y  p erfo rm ed  on th e  2 0 th  to  2 5 th  p o s tn a ta l  d ay  s ig n ifican tly  d ec reas
ed  th e  m easu re  o f c o m p e n sa to ry  h y p e r tro p h y , in  th e  m ale o rch id ec to m y  
p e rfo rm e d  a t  th e  sam e tim e  h a d  no in flu en ce  on  it. In  th e  m ale a n im a l p re 
p u b e r ta l  oestrogen  t r e a tm e n t  enhanced  th e  h y p e r tro p h y  as e s tim a te d  a t  th e  
age  o f  107 d ay s, w hile te s to s te ro n e  t r e a tm e n t  w as ineffective in  e ith e r  sex.

T h e  o b se rv a tio n  th a t  no  sim ilar d ifference w as d em onstrab le  in  th e  w eigh t 
o f  th e  r ig h t ad ren a ls  rem o v ed  on th e  100 th  p o s tn a ta l  day , in  o th e r  w ords 
th e  f a c t  th a t  basa l a d re n a l w eig h t h ad  n o t c h an g ed  u n d er th e  effect o f  o v a ri
e c to m y , or in  m ales b y  o estro g en  tre a tm e n t ra ises  a fu r th e r  prob lem  w h ich  be
co m es especia lly  consp icuous i f  th e  resu lts  fo r  secre tion  are an a ly zed .

A ccord ing  to  o u r o b se rv a tio n s , th e  co rtico s te ro n e  level o f th e  venous 
b lo o d  com ing  from  th e  co m p en sa to rily  h y p e r tro p h ie d  left ad ren a l is s ign ifi
c a n t ly  in c reased  i f  th e  a n im a l h ad  been t r e a te d  w ith  oestrogen b efo re  sexual 
m a tu ra t io n ,  w hereas fo llow ing  o v ariec to m y  a s ig n ifican t decrease in  secre tion  
o ccu rs  in  th e  a d u lt an im a l. These re su lts  in d ic a te  th a t  th e  sex u a l-h o rm o n a l 
s t im u l i  reach in g  th e  p itu ita ry -a d re n a l sy s tem  a t  th e  tim e of sexual m a tu ra t io n  
s ig n if ic a n tly  in fluence  sec re tio n  in  th e  a d u lt  an im a l, in  th e  presence o f  com pen
s a to r y  h y p e rtro p h y .

A c tiv a tio n  o f p itu ita ry -a d re n a l fu n c tio n  b y  oestrogens has b een  d em o n 
s t r a te d  b y  Gem zell  [12] on  th e  basis o f  a n  in creased  p lasm a A C T H  level, 
b y  B r o u n  an d  H e l l m a n n  w ith  th y m u s  in v o lu tio n , w ihch  does no t 
t a k e  p lace  a f te r  a d re n a le c to m y  [13]. T he sam e  h as  been show n fo r m a n  b y  
D ö r n e r  et al. [14], P e t e r s o n  et al. [15], W a llace  et al. [16, 17], am ong  
o th e r s . A t th e  sam e tim e , V ogt an d  H o l z b a u e r  [18, 19] rep o rted  a decreased  
a d re n a l  venous co rtico s te ro n e  level in  th e  fem ale  r a t  a f te r  t r e a tm e n t  w ith  
s y n th e t ic  oestrogens a n d  17-/S-oestradiol; th is  has been co n firm ed  b y  
T e l e GDY et al. [6 ], w ho ad m in is te red  oestro n e-b en zo ate .

O u r o b se rv a tio n  o f a n  increased  o u tp u t  b y  th e  h y p e rtro p h ic  ad ren a ls  
u n d e r  th e  effect o f oestrogen  t re a tm e n t befo re  sex u a l m a tu ra tio n  in d ic a te s  th a t  
th e  m o d e  of ac tio n  is no id e n tic a l w ith  th a t  o f th e  secre to ry  changes re su ltin g  in  
th e  n o rm a l fem ale  r a t  from  d irec t oestrogen  a d m in is tra tio n , p a r tly  b ecau se  in 
th e  p re s e n t case a la te  ch an g e  w as observed  fo llow ing  oestrogen a d m in is tra tio n  
in  y o u n g  age, an d  p a r t ly  b ecau se  in  our p re v io u s  stud ies invo lv ing  a d u lt  m ale  
a n d  fem ale  r a ts  th e re  w as no change in  th e  m easu re  of h y p e r tro p h y , y e t  
a d re n a l  secre tion  w as in c rea sed  in  response to  oestrogen  tre a tm e n t.

T h e d ev e lo p m en t o f  co m p en sa to ry  ad ren a l h yp ertrop h y , b e in g  a feed 
b a c k  m ech a n ism , d ep en d s on  th e  in ta c tn ess  o f  certa in  central n erv o u s stru c
tu r e s , n o ta b ly  on th a t o f  th e  m ed ia l em in en ce , as it  has been show n in  th e  dog  
b y  G a n o n g  and H um e  [2 0 ], as w ell as in  th e  ra t b y  B achrach  and  K o rdo n
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[21], M cCa n n  et al. [22], S melik  et al. [23]. In  th e  lig h t o f these  d a ta  i t  m ay  
be suggested  th a t  th e  en h an cem en t o f th is  feed -b ack  effect by  o estrogen  
t r e a tm e n t  would be d u e  to  an ac tio n  o f  th e  oestro g en s on th e  cen tra l n e rv o u s  
sites govern ing  th e  feed -back  m each an ism , th u s , on th e  m ed ia l em inence , 
tu b e r  c inercum  or on th e  m esencephalic  re tic u la r  fo rm atio n  [24]. To len d  
su p p o rt to  th is h y p o th e s is , we m a y  re fer to  th e  ev idence  rep o rted  b y  B au- 
RACLOUGH [25] th a t  a single dose o f  te s to s te ro n e  p ro p io n a te  ad m in is te red  on 
th e  2nd  to  5 th  p o s tn a ta l  d ay  p ro d u ced  s te rility  in  th e  fem ale ra t ,  b y  an  ac tio n  
on h y p o th a lam ic  cen tre s .

T he d ivergences in  th e  re su lts  fo r th e  m easu re  o f co m p en sa to ry  h y p e r 
tro p h y  an d  for th e  co rtico ste ro n e  o u tp u t  b y  th e  h y p e rtro p h ic  a d ren a ls , for 
exam ple  th e  fin d in g  th a t  in  o e s tro g en -trea ted  fem ales th e re  occurred  no ch an g e  
in  th e  m easure o f co m p en sa to ry  h y p e r tro p h y  an d  a t  th e  sam e tim e  sec re tio n  
w as increased , m ay  be exp la ined  b y  o u r earlie r o b se rv a tio n s , n o ta b ly  t h a t  th e  
changes in  secretion  a re  no t a lw ays follow ed b y  id e n tic a l changes in  a d re n a l 
w eigh t [26].
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In  ag reem en t w ith  th e  o p in io n  of V. M. S v e t u k h i n a  [12], in  c a t th e  b o rd erlin e  
be tw een  th e  a rea  o f th e  m o to r  a n d  th e  sensory c o r te x  in  th e  region o f th e  p o ste rio r  
sigm oid g y ru s  h as been fo u n d  to  b e  form ed by  th e  p o s tc ru c ia te  sulcus. F ro m  th e  re su lts  
o b ta in ed  i t  has  been  con clu d ed  t h a t  th e  d ifferen t c y to a rch itec to n ic a l reg ions o f th e  
p o ste rio r sigm oid  gy rus co rre sp o n d  to  th e  evoked p o te n tia ls  w ith  d iffe ren t la ten c ies  o f 
th e  p o sitiv e  phases. W e fo u n d  t h a t  during  s tim u la tio n  o f th e  cu tan eo u s an d  m uscle 
b ran ch es o f th e  rad ia l n e rv e , in  th e  a rea  betw een  th e  c ru c ia te  sulcus a n d  th e  p o st- 
c ru c ia te  su lcus th e  la ten cy  o f th e  p o sitiv e  phase is c o n s id e ra b ly  longer th a n  in  th e  region 
w hich  is s i tu a te d  o ccip ita lly  to  th e  p o stcrucia te  su lcus. I n  som e of th e  p re p a ra tio n s  
a special fo rm  of evoked p o te n tia l  w as observed a t  th e  s ite  o f th e  p o stc ru c ia te  su lcus.

In  th e  elec trophysio log ica l a n d  n eu ro an a to m ica l l i te ra tu re  th e re  is no 
un ifo rm  op in ion  regard ing  th e  o cc ip ita l borderline  o f  th e  m o to r co rtex  in  th e  
c a t. In  som e o f th e  e lec trophysio log ica l stud ies i t  h as  been  p o in ted  o u t th a t  
th e  m o to r zone is rep resen ted  b y  th e  gyrus sigm oideus a n te r io r  an d  th e  d e p th  
o f th e  sulcus c ru c ia tu s  [11, 5]. O n th e  o ther h a n d , som e m orpho log ical s tu d ies  
in d ica te  th a t  n o t only  th e  a rea  a n te r io r  to  th e  su lcus c ru c ia tu s  an d  th e  d e p th  
o f th is  n o tch  b u t  also a co n sid e rab le  p a rt o f th e  g y ru s  sigm oideus p o s te rio r  
are  invo lved  [4, 1, 12]. These a n a to m ic a l in v es tig a tio n s  are  in  co n fo rm ity  w ith  
th e  e lectrophysio log ical s tu d ies  o f  J .  P . Mu r p h y  a n d  E . Ge l l h o r n  [10], 
an d  J . M. R . D elg a d o  [2], w ho  s tu d ied  b y  e lec trica l s tim u la tio n  th e  e x te n t  
o f th e  co rtica l reg ion  in  w hich  th e  m ovem ents o f  th e  in d iv id u a l p a r ts  o f th e  
b o d y  are  evoked .

On th e  basis  o f  c y to a rc h ite c to n ic a l s tu d ies , Y . M. S v e t u k h in a  [12] is 
o f  th e  op in ion  th a t  in  th e  g y ru s sigm oideus p o s te rio r  o f  carn ivo res, th e  su lcus 
p o s tc ru c ia tu s  corresponds to  th e  c e n tra l no tch  o f  th e  p rim a te s . O n v e rify in g  
th e  c y to a rch itec to n ica l s tru c tu re  o f  th e  gyrus sigm oideus p o ste rio r, we h a v e  
fo u n d  th e  d iffe ren t c y to a rc h ite c to n ic a l areas to  a c c o u n t fo r evoked p o te n tia ls  
o f various n a tu re .

M ethods

T he e x p erim en ts  were p e rfo rm ed  on 15 a d u lt c a ts  u n d e r  in tra v en o u s  ch loralose  (50 
m g/kg) a n aesth es ia . A fte r u n ila te ra l c ran iec to m y , in tra tra c h e a l  a n d  in tra v en o u s  c an n u la s  
w ere in tro d u ced , a n d  th e  exposed c u ta n e o u s  and m uscle b ra n c h e s  o f th e  rad ia l n e rv e  o f th e  
c o n tra la te ra l lim b  w ere p laced in  sp ec ia l a c tiv a tin g  e lec tro d es p re v en tin g  th e  p re p a ra tio n  
from  d ry in g  a n d  cooling during  th e  ex p erim e n t. Shortly  b e fo re  th e  record ings w ere ta k e n ,
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b
Fi g .  l a ,  l b.  F irs t line p o s te r io r  to  su lcus c rucia tus —  reg io n  of g ian t an d  la rg e  p y ra m id a l cells 
(o c c ip ita lly , only ex ce p tio n a lly , s ing le  Bee’s cells. Second line p o ste rio r to  su lcu s c ru c ia tu s  — 
b o u n d a r y  line of the  c o rte x , f ro n ta l ly  in  th e  f if th  la y e r  larg e  p y ram id s; o c c ip ita lly , th e  f ifth  
la y e r  w ith o u t any p y ra m id a l cells . T h ird  line p o ste rio r  to  sulcus c ru c ia tu s  —  a n  o u tlin e  of th e  
p o s te r io r  b o u ndary  of th e  p y ra m id - f re e  lay er and th e  b eg in n in g  of th e  f i f th  la y e r  w ith  pyram ids

p resen t

d u re c to m y  was carried  o u t. A r t if ic ia l  v en tila tio n  w as p ro v id ed  an d  th e  a n im a l w as im m obilized 
b y  in tra v e n o u s  G allam ine t r ie th io d id e .  T he te m p e ra tu re  o f th e  p re p a ra tio n  w as k e p t  co n stan t.

T h e  stim uli were in d u c e d  b y  m eans of re c ta n g u la r  oscilla tions o f 0.3 to  0.9 msec. The 
in te n s i ty  o f the  s tim u la tin g  c u r re n t  v a ried  from  0.02 to  0.5 m A . T he s tim u li w ere app lied  v ia  
a n  e a r th e d  transfo rm er u n i t .
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Fig.  2a,  2b.  On th e  r ig h t side o f th e  m ic ro p h o to g rap h  th e  u p p e r lip  o f th e  sulcus c ru c ia tu s  is 
to  be  seen . T h e  con cav ity  in  th e  c e n tra l  p a r t  rep re sen ts  th e  su lcus p o s tc ru c ia tu s  (F ig . 2a). 
On th e  low er p a r t  o f the  figu re  th e re  is a sec to r o f th e  m ic ro p h o to g rap h  su rro u n d in g  th e  sulcus

p o s tc ru c ia tu s  (F ig . 26)

R eco rd in g  of cortical e lectrica l a c t iv ity  w as carried  o u t w ith  th e  a id  o f  silver e lectrodes. 
T he ev o k ed  p o ten tia ls  were reg is te red  p h o to g rap h ica lly  fro m  th e  screen o f a 5 -ch an n e l Kr i z i k  
oscilloscope.

S p o n tan eo u s a c tiv ity  w as fo llow ed up  co n tin u o u sly  w ith  a 15-channel A lv a r E E G  
a p p a ra tu s .

D u rin g  th e  experim en t, th e  c o rte x  w as k e p t m oist w ith  w arm  R in g er’s so lu tion .
T h e  cy to a rch itec to n ica l s tu d ies  w ere carried  o u t on 5 ca ts . T he b ra in  tissu e  w as fix ed  

in tra v ita lly  w ith  100 per cen t fo rm alin  w hich  killed th e  an im als  d u rin g  th e  e x p e rim e n t. T h e  
slices w ere s ta in ed  w ith  cresyl v io le t.

7  Acta Physiologica XXIV/1.
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Results

T h e n c u ro an a to m ica l find ings have  show n th a t ,  in  th e  reg ion  o f th e  g y ru s  
s ig m oideus, th e  su lcus p o s tc ru c ia tu s  is a c tu a lly  s itu a te d  a long  th e  reg io n a l 
b o rd e rlin e  betw een  th e  m o to r  an d  th e  sensory  c o rte x  in  th e  ca t. T h e  enclosed 
m ic ro p h o to g ra p h  (F ig . 2) show s th a t  th e  c o rte x  w h ich  is s i tu a te d  be tw een  th e  
su lcu s crucia tu s a n d  th e  su lcus p o s tc ru c ia tu s  ab o u n d s  in  g ia n t an d  large 
p y ra m id a l cells w h ereas  in  th e  f if th  lay e r o f th e  c o rte x  w hich  is s itu a te d  p o ste 
r io r  to  th e  sulcus p o s tc ru c ia tu s  th e  cells a re  p ra c tic a lly  m issing.

I t  is n o te w o rth y  t h a t  from  these  c y to a rc h ite c to n ic a lly  d iffe ren t regions 
o f  th e  p o stcen tra l g y ru s , i t  w as possible to  reco rd  evoked  p o te n tia ls  of d if
f e re n t  la te n c y  an d  fo rm  d u rin g  electrical s t im u la tio n  o f th e  b ran ch es  of th e  
r a d ia l  nerv e  (Fig. 3). T h e  p o sitiv e  phases o f th e  p r im a ry  evoked  p o te n tia l in  
th e  a re a  betw een  th e  su lcus c ruc ia tu s an d  th e  su lcus p o stc ru c ia tu s . In  som e 
o f  th e  p rep a ra tio n s  th e  ev o k ed  p o ten tia ls  w h ich  w ere reco rded  d ire c tly  from  
th e  reg io n  of th e  su lcus p o s tc ru c ia tu s  d isp lay ed  tw o  po sitiv e  phases  of low 
v o lta g e  in  w hich th e  d iffe ren ce  of th e  la te n c y  w as a b o u t 5 m sec. (F ig . 3, second 
ch an n e l) . The la t te r  p h en o m en o n  was o b served  on ly  on s tim u la tin g  th e  c u ta 
n eo u s  b ra n c h  of th e  n e rv e . I n  o th e r respects  th e re  d id  n o t ex ist a n y  differences 
b e tw e e n  th e  m uscle a n d  th e  cu taneous b ra n c h .

D iscussion

T h e  evoked p o te n tia ls  o f th e  so-called m o to r  a n d  sensory  reg ions h av e  
b e e n  s tu d ied  in  d e ta il b y  L . I . Ma l is , K . H . P r ib r a m  an d  L. K r u g e r  [9] in  
th e  m o n k ey , E . O s w a l d o -C ruz  an d  S. T s o u l a d z e  [11] in  th e  c a t, and  b y  
S. L ib o u b a n  [8 ] in  th e  r a t .  Ma lis  et al. [9] d e m o n s tra te d  th a t  th e  positive  
p h a se  o f th e  evoked p o te n tia l  in  th e  region o f th e  p re c e n tra l gyrus h as  a la ten cy  
o f  a p p ro x im a te ly  18 m sec, w hereas in  th e  p o s tc e n tra l  gyrus one o f 13 m sec, 
d u r in g  th e  s tim u la tio n  o f b o th  th e  cu tan eo u s a n d  th e  m uscle b ran ch es  of th e  
isc h ia d ic  nerve. T hese f in d in g s  w ere confirm ed  in  c a ts  u n d e r  chloralose a n e s th e 
sia  b y  O sw a l d o -Cruz  a n d  T so u la dze  [11 ]. T hese  a u th o rs  s ta r te d  from  th e  
su p p o s itio n  th a t  th e  a n te r io r  sigm oid gy ru s in  th e  c a t co rresponds to  th e  
m o to r  region and  th e  p o s te rio r  sigm oid g y rus to  th e  senzory  zone. D uring  
e lec tr ica l s tim u la tio n  o f  th e  superfic ia l ra d ia l n e rv e  th e  p ositive  p h ase  of th e  
e v o k e d  p o ten tia l in  th e  a n te r io r  sigm oid gyrus h a d  a la te n c y  perio d  of ap p ro x i
m a te ly  10 msec an d  th e  p o sitiv e  phase of th e  evoked  p o ten tia l in  th e  p o ste rio r 
sigm o id  gyrus one o f  a p p ro x im a te ly  5 m sec. S. L ib o u b a n  [8 ] observed  a sim ilar 
r a te  o f  la tencies in  r a ts  u n d e r  chloralose or p e n to th a l  an aes th es ia  d u rin g  e lec tri
ca l s tim u la tio n  o f th e  lim b s. H e also found  th a t ,  in  th e  m o to r region, th e  
la te n c y  o f the  p o sitive  p h a se  of th e  evoked  p o te n tia l  is m ark ed ly  longer th a n  
n  th e  som atosenso ry  reg io n .
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A ccording to  d a ta  in th e  l i te ra tu re ,  in  m onkeys, c a ts  an d  ra ts ,  d u rin g  
s tim u la tio n  of th e  p e rip h e ra l n e rv es  th e  positive phase  o f o f th e  evoked  p o te n 
t ia l  in  th e  m o to r reg ion  is m a rk e d ly  longer th a n  in  th e  sensory  reg ion . W e 
reco rd ed  such p o te n tia ls  o f lo n g er d u ra tio n  also from  th e  area  b e tw een  th e  
c ru c ia te  and  p o s tc ru c ia te  sulci. C onsidering  th e  c y to a rc h ite c to n y , in  c a t th is

Fig.  3.  E voked  p o te n tia ls  from  c y to a rch itec to n ic a lly  d iffe ren t c o rtica l a reas d u rin g  s tim u la tio n  
o f  th e  n. rad iá lis superfic ia lis . To th e  le f t ,  th e  d iffe ren t la ten c ies  o f th e  po sitiv e  p h a se  of evoked  

p o ten tia ls  (co m p are  th e  f ir s t  and  fo u rth  channels)
I n  th e  r ig h t, p o in ts N os. 1, 2, 3 and  4 in d ic a te  th e  p osition  of th e  reco rd ing  e lectro d es. A b b rev .: 

Cr =  su lcus c ru c ia tu s, PC r =  su lcu s p o stc ru c ia tu s , An =  su lcus a n sa tu s

a re a  ac tu a lly  p e r ta in s  to  th e  m o to r  region. C onsequen tly , th e  b o u n d a rie s  o f 
th e  m o to r and  senso ry  co rtex  c a n n o t  be p laced  in  th e  c ru c ia te  su lcus b u t  are  
ly in g  m ore o cc ip ita lly , in  th e  reg io n  o f th e  p o ste rio r sigm oid  gy ru s, in  th e  line 
w h ich  is a p p ro x im a te ly  defined  b y  th e  p o stc ru c ia te  su lcus.

There are  tw o  m ore q u es tio n s  to  be answ ered , 1. how  to  ex p la in  th e  
d ifferences in  th e  la tencies, a n d  2 . w hy  th e  sam e d isloca tion  o f th e  evoked  
p o te n tia ls  is o b served  du ring  s tim u la tio n  o f th e  cu tan eo u s  an d  th e  m uscle  
b ra n c h .

L ib o UBAN [8 ] fin d s th e  a n sw er to  th e  f irs t q u es tio n  in  th e  d iffe rin g  th a 
lam ic  re lay . W e, how ever, assu m e th a t  th e  d irec t co rtico -co rtica l co n n ec tio n  
h a s  also to  be ta k e n  in to  a cco u n t [3].

The second questio n  arises fro m  th e  com parison  o f ou r re su lts  w ith  tho se  
o b ta in e d  by  J . H r b e k  [6 ] and  J .  H r b e k  et al. [7]. T hese a u th o rs  d e m o n s tra te d  
on  cu rarized  u n aesthesized  p re p a ra tio n s  essen tia l differences in  th e  c o rtic a l 
p ro jec tio n  of th e  m uscu lar and  c u tan eo u s  volleys. A ccord ing  to  th e ir  f in d in g s ,

7 *
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th e  p rop rio cep tio n , c o n tra r i ly  to  th e  e x te ro c e p tio n  (th e  sk in  sensa tio n ), is 
p ro je c te d  m uch m ore o c c ip ita lly . This d isp ro p o rtio n  m ig h t be ex p la in ed  b y  th e  
o b se rv a tio n  of J .  H r b e k  [6 ] an d  J .  H r b e k  et al. [7] th a t  th e  p ro p rio cep tiv e  
a n a ly z e r , being th e  m o s t sensitive  a n a to m ic a l a n d  fu n c tio n a l s tru c tu re , is 
d e e p ly  affected  b y  a n a e s th e s ia . F u rth e rm o re  th e  a u th o rs  are  o f th e  opinion 
t h a t  M ountcastle  e t a l. d id  n o t  succeed to  p ro v e  th e  co rtica l p ro jec tio n  o f th e  
l a  a n d  lb  system s in to  th e  c o rtex  because th e y  s tu d ie d  an aesth esized  p re p a ra 
t io n s , in  w hich we see th e  co rtica l p ro jec tio n  o n ly  on th e  second  an d  th ird  
g ro u p  o f the  fib res o f  th e  a ffe ren t m uscle. N a tu ra lly , th is  p ro jec tio n  m ay 
d iffe r from  th a t  o f th e  l a  a n d  th e  lb  g roup  o f th e  m uscle a ffe ren ts .
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A cute  experim en ts  ha%e been pe rfo rm ed  in  16 dogs and  27 ca ts  (c u ra re  o r  ch lo ra - 
lose an ae sth es ia ) , to  s tu d y  th e  ten s io n a l p h en o m en a  occurring  in  s im u lta n eo u s  a c t iv a 
tio n  o f th e  c en tra l v eg e ta tiv e  p ro jec tio n s w hich  p la y  a role in  th e  co n tro l o f a r te r ia l  
b lood  p ressu re . T h u s, besides som e ten s io n a l changes w hich  tak e  place a t  s im u lta n e o u s  
a c t iv a t io n  of th e  cortical a n d  h y p o th a la m ic  v a so m o to r p ro jec tio n s th e  re la tio n s  b e tw ee n  
h y p o th a la m u s  an d  m id b ra in  re ticu la r  fo rm a tio n  h a v e  been in v es tig a ted , u s in g  as in d i
c a to r  th e  phasic  changes o f  a rte ria l blood p ressu re  b ro u g h t ab o u t by  e lec tric  s t im u la tio n  
o f th o se  tw o n ervous cen tres . L ikew ise, in v es tig a tio n s  w ere carried  o u t  c o n ce rn in g  th e  
e ffec t o f  h y p o th a la m u s a n d  m id b ra in  re tic u la r  fo rm a tio n  s tim u la tio n  on  th e  sino- 
c a ro tic  p resso r re flex  in d u ced  b y  b ila te ra l occlusion  o f th e  com m on c a ro tid  a r te r ie s .

T h e  re su lts  o b ta in ed  show ed th a t  s im u lta n eo u s  s tim u la tio n  of th e  p re sso r  p o in ts  
o f th e  m o to r co rtex  an d  th e  h y p o th a la m u s  a n d  a n te r io r  rh in encephalon  in  dogs a n d  c a ts  
in d u ces  genera lly  a p h enom enon  of sp a tia l su m m atio n  a n d  ra re ly  an  e ffec t o f  th e  occlu 
sive ty p e . W hen  induced  b y  ten s io n a l e ffec ts o f v a rio u s  values, th e  su m m a tio n  p h e n o 
m en o n  h a d  a lin ea r c h a ra c te r, its  co rre la tio n  co effic ien t being ca lcu la te d  in  te rm s  of 
th e  ne rv o u s a reas exp lored . S im u ltan eo u s s tim u la tio n  o f th e  h y p o th a la m u s  a n d  m esen 
cep h a lic  re tic u la r  fo rm atio n  usu a lly  b rin g s a b o u t ten s io n a l effects o f  s u m m a tio n  a n d  
o ccasionally  occlusive or in d ep e n d en t e ffects. S tim u la tio n  of these  a reas u s u a l ly  fa c ili
ta te s  th e  sinocaro tic  p resso r re flex , an d , in  ra re  cases, h in d ers  o r does n o t  in f lu e n c e  i t .

T h e  c e n tra l nervous reg u la tio n  o f v a so m o tr ic ity  is subserved  b y  a series 
o f  su p e rp o sed  n ervous cen tres , s ta r tin g  w ith  th e  b u lb a r  cen tres, p assin g  th ro u g h  
th e  m eso-d iencephalic  ones, an d  end ing  w ith  th e  cereb ra l co rtex . T h e  m a n n e r  
in  w h ich  th e se  cen tres in fluence  one a n o th e r  is n o t  su ffic ien tly  k n o w n . T h u s, 
a lth o u g h  i t  is genera lly  a d m itte d  th a t  in  m an  a n d  m am m als  2 o r 3 zones 
th e  c o rte x  a c t d irec tly  —  from  th e  fu n c tio n a l p o in t o f view  —  on th e  n e rv o u s  
v e g e ta tiv e  sy stem , th e  e x a c t n a tu re  o f th is  re la tio n sh ip  is n o t fu lly  e lu c id a t
ed  [17]. F u rth e rm o re , th e  in te ra c tio n  b e tw een  th e  co rtica l v e g e ta tiv e  p ro 
je c tio n s  concern ing  ten sio n a l effects has n o t been  s tu d ied . On th e  o th e r  h a n d , 
a lth o u g h  i t  is g enera lly  accep ted  th a t  th e  a c tio n  o f th e  h y p o th a la m u s  a n d  th e  
m id b ra in  re tic u la r  fo rm a tio n  u p o n  b lood  p re ssu re  is o f tw o k in d s  —  ph asic  
a n d  to n ic  [15, 16, 18, 25, 26] —  n e ith e r  th e  connec tions betw een  th e se  areas 
n o r  th e ir  fu n c tio n a l re la tio n sh ip s  a re  co m p le te ly  know n. On a c c o u n t o f  th e  
c a u d a l-ro s tra l h ie ra rch y  o f th e  so m atic  fu n c tio n s  w hich underlies th e  s tru c 
tu re  o f  th e  c e n tra l nervous sy stem , som e a u th o rs  believe th a t  th e  v e g e ta tiv e  
e ffec ts  caused  b y  co rtica l s tim u la tio n  a re  th e  exp ression  of a co rre sp o n d in g  
s tru c tu re  in  th e  nervous v e g e ta tiv e  sy s tem . A ccord ing  to  B e n e t a t o  [2], th e  
m o rpho log ica l an d  fu n c tio n a l d iscrepancies be tw een  th e  m echanism s o f som ato -
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v isce ra l con tro l —  v e ry  conspicuous a t  th e  leve l o f th e  m edulla —  d im in ish  
p ro g ressiv e ly  th e  n e a re r  w e app roach  th e  c e re b ra l co rtex , b len d in g  in  th e  
c o r te x  in to  a u n ita ry  sy s te m  of co o rd in a tio n  a n d  a d a p ta tio n  of a ll fu n c tio n s .

In  reg ard  to  th e  co rtico -h y p o th a lam ic  in flu en ces  i t  was s ta te d  th a t  b ila 
te ra l  a b la tio n  of th e  f ro n ta l  cerebral pole a lte rs  a r te r ia l  blood p ressu re , re sp i
r a t io n  an d  gastric  m o til i ty , an d  rev e rts  th e  effec ts  o f h y p o th a lam ic  e x c ita tio n . 
L ikew ise , fro n ta l lo b o to m y  induces in  p a t ie n ts  w ith  essen tia l h y p e rte n s io n  
a c o n s ta n t fall o f a r te r ia l  p ressu re . O n th e  o th e r  h a n d , h ea tin g  of th e  h y p o th a la 
m u s a c ts  —  v ia  re la y  s ta t io n s  —  u p o n  th e  a c t iv i ty  o f sp inal gam m a m otoneu- 
ro n es as well as on ce re b ra l a c tiv ity  [13]. T h u s , i t  seem s th a t  th e  th e rm o c e p tiv e  
s tru c tu re  of th e  h y p o th a la m u s  are p ro jec ted , as m o st of th e  p e rip h e ra l recep 
to rs , on th e  a c tiv a tin g  re la y  s ta tio n s  s ite d  in  th e  b ra in  stem . O ne know s, 
likew ise, th a t  th e  m a in te n a n c e  of th e rm a l h o m eo stas is  has also considerab le  
v a so to m o to r  im p lica tio n s  w h ich  are  solved b y  th e  in te g ra tiv e  a c t iv i ty  o f th e  
h y p o th a la m u s . T he b u lbo -m esencephalic  re t ic u la r  system  is in v o lv ed  in  th e  
m a in te n a n c e  of th e  te n s io n a l hom eostasis b y  p ro jec tio n s  from  th e  sino caro tic  
b a ro re c ep to rs  an d  b y  th e  d ire c t in fluence e x e r te d  b y  adrenaline  [8 , 11].

F ro m  th e  ab o v e  d a ta  i t  seem s th a t  no in v e s tig a tio n s  have  been  m ade of 
th e  ten s io n a l p h en o m en a  occu rring  in  s im u lta n e o u s  ac tiv a tio n  of th e  c e n tra l 
v e g e ta tiv e  p ro jec tio n s  w h ich  p lay  a role in  th e  c o n tro l of a r te ria l b lood  p ressu re .

In  th e  p re se n t s tu d y  som e of the  te n s io n a l changes w hich ta k e  p lace in  
s im u ltan eo u s  a c tiv a tio n  o f th e  co rtical an d  h y p o th a la m ic  v aso m o to r p ro jec 
tio n s , an d  on th e  o th e r  h a n d  th e  relations b e tw een  h y p o th a lam u s an d  m id b ra in  
r e t ic u la r  fo rm atio n  h a v e  b een  in v es tig a ted  u s in g  as in d ic a to r  th e  ph asic  changes 
o f  a r te r ia l  b lood p re ssu re  b ro u g h t ab o u t b y  e lec tr ic  s tim u la tio n  o f th e  n erv o u s 
cen tre s .

T he fu n c tio n a l sign ificance of tensiona l chan g es induced  by  s im u ltan eo u s 
s tim u la tio n  of th e  h y p o th a la m u s  and  m esencepha lic  re ticu la r  fo rm a tio n  
c a n n o t be u n d e rs to o d  w ith o u t exp lo ra tion  o f th e  b u lb a r  m echanism , th a t  fin a l 
co m m o n  w ay b y  w h ich  a ll su p ra ja c e n t a c tiv a tio n s  a re  ac ting . This is w h y  in v es
t ig a tio n s  w ere c a rr ie d  o u t in  an o th e r series o f  ex p erim en ts  concern ing  th e  
e ffec t o f h y p o th a la m u s  a n d  m id b ra in  re tic u la r  fo rm a tio n  s tim u la tio n  on th e  
s in o ca ro tic  re flex  in d u c e d  b y  b ila te ra l occlusion o f  th e  com m on c a ro tid  [19]. 
I n  ex p erim en ts  ca rr ied  o u t in  dogs w ith  iso la te d  h ead , B e n e ta to  e t al. [4] 
d e m o n s tra te d  th a t  a d re n a lin e  ac tiv a tio n  o f th e  re tic u la r  fo rm atio n  increases 
b o th  th e  sinocaro tic  re fle x  in d u ced  by  c lam p in g  o f  th e  com m on c a ro tid  a r te ry , 
a n d  th e  ten sio n a l effects in d u ced  by  s tim u la tio n  o f  th e  cen tra l end o f th e  v agus 
o r th e  sciatic  nerves.

M ethod

A cu te  e x p erim en ts  w ere  p e rfo rm ed  in  16 dogs a n d  27 ca ts . C urare ( 1 - 3  m g /k g  b o d y  
w e ig h t in  f rac tio n a ted  doses) w as g iven  to  th e  an im als  in  w h ich  th e  tensional e ffec t o f co rtica l 
s t im u la tio n  was s tu d ied . A rtif ic ia l  b rea th in g  w as p e rfo rm e d  an d  in  m ost in s tan c es  cerv ica l
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Fi g.  1.  C ortical p o in ts  s tim u la te d  in  dog ( A )  an d  c a t ( В )
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Fig.  2.  C at (ch lo ra lo se  +  d -tu b o cu ra rin e ). C =  s t im u la tio n  o f a p o in t in th e  le f t  sigm oid  
co rte x , w ith  50 I lz m  3 У, sinuso idal c u rre n t;  E  =  s t im u la tio n  of a p o in t w ith in  th e  r ig h t 
m am m illa ry  b o d y , w ith  50 Hz, 2 V sin uso ida l c u rre n t;  C -j- E  =  sim ultaneous s t im u la tio n

of b o th  p o in ts
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Fig.  3. C at (C h lo ralose  +  d -tu b o cu ra rin e ). E  =  s t im u la tio n  o f a p o in t in th e  p a ra in fu n d ib u la r  
region w ith  150 H z, 0.75 V re c ta n g u la r  c u rre n t; pu lse  d u ra tio n :  0.5 mese. C =  s t im u la tio n  of 
a  p o in t in th e  le f t  sigm oid c o rte x  w ith  50 Hz, 1 V , s in u so id a l electric  c u rre n t. E  -f- C =  

=  s im u ltan eo u s  s tim u la tio n  o f b o th  p o in ts
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b i la te r a l  v a g o to m y ; occasio n ally  chloralose was a d d e d  (0.04 g/kg body  w e ig h t) in  o rd e r  to  
p r e v e n t  T ra u b e  — H ering  w av es , w hich  m ay  read ily  o c c u r  in  curarized  a n d  v a g o to m ize d  dogs. 
C h lo ra lo se  an aesth es ia  (0.08 g /k g  bod y  w eigh t in tra v e n o u s ly )  was used  in  a n im a ls  in  w hich 
th e  e f fe c t  o f s tim u la tio n  o f th e  h y p o th a lam u s a n d  m esencephalic  re ticu la r  fo rm a tio n  w as 
s tu d ie d . Som e an im als w ere cu ra rize d  in  o rder to  p r e v e n t  m oto r effects w h ich  c o u ld  derive 
f ro m  th e  s tim u la tio n  of th o se  s tru c tu re s . In  som e a n im a ls  b ila tera l cerv ical v a g o to m y  w as 
p e r fo rm e d . A rte ria l b lood  p re ssu re  w as recorded fro m  th e  fem o ra l a rte ry  b y  m ean s o f  a  L udw ig 
m a n o m e te r .  F o r deep s tru c tu re s  o f  th e  b ra in , silv er e le c tro d e s  0.2 —0.4 m m  in  d ia m e te r  were 
u se d , in s u la te d  w ith  ep ox id ic  v a rn is h  excep ting  th e  la s t  1 m m . The e lectrodes w ere  im p la n te d  
s te re o ta x ic a l ly ,  using  fo r c a ts  J a s p e b , A j m o n e  a n d  M a h s a n ’s A tlas [24] an d  fo r d o g s o u r ow n 
m e th o d  [5, 32]. S tim u la tio n  of th e  cerebral co rtex  w as m a d e  b y  electrodes co v ered  w ith  a  th in  
la y e r  o f  c o tto n  wool so aked  in  n o rm a l saline, th e  m o is tu re  o f th e  cerebral c o rte x  b e in g  m ain 
ta in e d  b y  d rops of w arm  (38° C) saline.

M ono- an d  b ip o la r (1 m m  d is tan ce  betw een  e le c tro d e s)  s tim u la tions w ere p e rfo rm e d  w ith  
e le c tr ic  m o n o p h as ic  re c ta n g u la r  im pu lses o f 30 — 300 H z , 0.05 — 0.4 mA, las tin g  0.01 — 0.1 т е з е  
o r  w i th  a  50 H z., 1 — 6 V sin u so id a l electric c u rre n t. T h e  electric  s tim u la tio n  w a s  de livered  
d u r in g  1 5 —20 sec in  o rd er to  o b ta in  clear ten s io n a l e ffe c ts  w ith o u t th e ir  w earing  o u t.

I n  th e  f irs t  series o f  e x p e rim e n ts , th e  h y p o th a la m ic  a n d  cortical p o in ts  w ere  se p a ra te ly  
s t im u la te d ,  th en  b o th  a rea s  sim u ltan eo u sly . In  a  seco n d  series of tria ls , th e  h y p o th a la m u s  
a n d  th e  re tic u la r  fo rm atio n  w ere  f i r s t  s tim u la ted  s e p a ra te ly ,  th en  sim u ltan eo u sly . I n  a th ird  
se ries  o f  ex p erim en ts , in v e s tig a tio n s  were m ade o f  th e  e ffec t of lim inar a n d  su p ra lim in a r  
s t im u la t io n  of th e  h y p o th a la m u s  a n d  re ticu la r fo rm a tio n  u p o n  the  sinocaro tic  p re sso r  re flex  
in d u c e d  b y  b ila te ra l occlusion  o f  th e  com m on c a ro tid s  o v e r  a 15 — 20 sec period .

A f te r  each  e x p erim e n t th e  nervous tissue su rro u n d in g  the  tip  of th e  e le c tro d e  w as 
e le c tro c o a g u la te d  (1 — 2 m A , 1 — 2 m in) and  th e  b ra in  f ix e d  in  form alin. In  all th e  cases gross 
a n d  m ic ro sco p ic  ex am in a tio n  o f th e  m ate ria l w as p e rfo rm e d  (haem atox ilin -eosine  a n d  Nissl 
s ta in in g s ) ,  u sing  th e  J a s p e b , A j m o n e  and  M a b s a n ’s A tla s  [24] for ca ts  a n d  th e  a tla se s  of 
A d r i a n o v  a n d  M e r i n g  [1] a n d  L i m , L i u  and  M o f f i t t  [28] fo r dogs.

R esults

A )  In  th e  f irs t  series o f ex p erim en ts , 92 po in ts  were ex p lo red  in  th e  
d e p th  o f  th e  b ra in  an d  23 co rtica l po in ts in  th e  sygm oid gyrus (F ig . 1). O f th e  
a c t iv e  su b co rtica l p o in ts , 7 w ere exp lo red  in  each  of th e  fo llow ing reg ions, 
a n te r io r  rh in en cep h a lo n , p o s te rio r  and  in te rm e d ia ry  h y p o th a lam u s, a n d  6 in  
th e  a n te r io r  h y p o th a la m u s ; th e ir  s t im u la tio n  h a d  a h y p e rte n s iv e  effect.

T h e  sim u ltan eo u s s tim u la tio n  of a c o r tic a l p o in t w hich causes a n  a r te r ia l  
p re s so r  effect an d  of a p o in t s ited  in  th e  d e p th  o f  th e  b ra in  w hich  also  causes 
h y p e r te n s io n , b rings a b o u t in  m ost cases a  te n s io n a l effect la rg e r th a n  th a t  
o f  e a c h  se p a ra te  effect, b u t  sm aller th a n  th e  su m  o f th e  effects o b ta in e d  b y  
in d iv id u a l  s tim u la tio n  o f  th e  tw o po in ts (F ig . 2). O ccasionally, s im u lta n e o u s  
s t im u la t io n  p roduced  a g re a te r  effect th a n  th e  a lgebra ic  sum  of th e  tw o  com 
p o n e n ts  (F ig . 3), or an  e ffec t sm aller th a n  th e  v a lu e  of one of th e  e ffec ts  ob
ta in e d  b y  sep a ra te  s tim u la tio n  (Fig. 4).

I n  o rd e r to  a sc e rta in  w h e th e r th e re  is a re la tio n sh ip  b e tw een  th e  rise  o f 
th e  a r te r ia l  p ressu re  (S) w h en  app ly ing  th e  tw o  stim uli s im u ltan eo u s ly  an d  
th e  r is e  o f  p ressu re  a f te r  deep  cerebral (E )  a n d  cortical (C) s tim u la tio n , th e  
l in e a r  co rre la tio n  e q u a tio n  w ith  3 v a r ia n ts  w a s  app lied :

S  =  a  • F  +  b • C +  n

T h is  fo rm ula  d isclosed  a lin ear co rre la tio n  b e tw een  the  ten s io n a l p h e n o m 
e n a  o b ta in e d . This c o rre la tio n , expressed b y  th e  co rrelation  co e ffic ien t (R )
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Fig. 4. Dog (ch loralose  +  d -tu b o cu ra rin e ). E  —  s tim u la tio n  of a p o in t in  th e  le ft m am m illa ry  
b o d y  w ith  50 H z, 1 Y s in u so id a l e lectric  c u rre n t. E  -f- C =  s im u ltan eo u s  s tim u la tio n  of b o th

p o in ts

F ig . 5. C orre la tion  b e tw een  th e  su m m ated  effect fo u n d  e x p e rim e n ta lly  (abscissa) a n d  th e  
su m m ated  e ffe c t c a lcu la te d  accord ing  to  th e  reg ress io n  e q u a tio n  (o rd in a te )

F ig . 6. C at (ch lo ra lose). B ip o la r e lectrodes. A  =  s tim u la tio n  o f le f t  an te rio r  h y p o th a la m u s , 
30 H z, 0.05 m sec, 0 .08 m A , 20 sec. В  —  s tim u la tio n  of le f t m esencephalic  re tic u la r  fo rm atio n , 
50 H z, 0.15 m sec, 0.1 m A , 20 sec. C =  s im u ltan eo u s s tim u la tio n  of b o th  p o in ts , w ith  id en tica l

p a ram ete rs
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d e p e n d s  up o n  th e  v a rio u s  a n a to m ic a l reg ions; i t  is closer in  th e  h y p o th a la m u s-  
c o r te x  co rre la tions (R  =  0 .67) th a n  in  th e  rh in en cep h a lo n -co rtex  ones (R  =  
=  0 .49). In  regard  to  th e  h y p o th a la m ic  a reas , th e  co rre la tion  coeffic ien t (R) 
h a d  th e  following v a lu es:

a n te r io r  h y p o th a la m u s : R  =  0.92,
in te rm e d ia ry  h y p o th a la m u s : R  =  0 .82,
p o ste rio r  h y p o th a la m u s : R  =  0.35.

B y  app ly ing  th e  c o rre la tio n  ca lcu la tio n  to  th e  ten sio n a l rise  in d u ced  b y  
s im u lta n e o u s  delivery  o f b o th  co rtica l a n d  deep  s tim u li, one can  e s tab lish  —  
a c c o rd in g  to  th e  size o f th e  co e ffic ien t (E ) or (C), — th e  im p o rtan ce  o f  each  fac to r  
in  th e  genesis of th e  s u m m a te d  p h en o m en o n . I t  is supposed  th a t  th e  fig u re  (n) 
f ro m  fo rm u la  (1) expresses th e  su p e rp o sitio n  o f  th e  ex c ita tio n  p h en o m en a  in  
a  c o m m o n  su b jacen t a rea  (re tic u la r  fo rm a tio n , b u lb a r  v aso m o to r c e n te rs , e tc .).

T h e  values of s u m m a te d  a r te r ia l p ressu re  o b ta in ed  in  all ex p lo red  po in ts  
w e re  d iv id ed  in to  2 classes because th e  co rre la tio n  betw een  th e  ten s io n a l 
p h e n o m e n a  is less in ten se  in  som e areas, a n d  because  th e  sum  (S ) co rresp o n d s 
in  th e s e  areas to  p h en o m en a  w hich  m a y  h av e  a d iffe ren t p h y sio log ica l sign i
f ic a n c e , ex h ib iting  h ig h er, o r  on th e  c o n tra ry , low er values th a n  th o se  of th e  
c o m p o n e n t E  and  C e le m e n ts : 1. (S) h ig h er th a n  (C ) an d  h ig h e r th a n  (E ) 
(F ig . 5, A ); 2. (S) w ith  e q u a l va lu es  to  (C) a n d  (E ) or w ith  in te rm e d ia ry  values 
b e tw e e n  (C) and  (E ) (F ig . 5, B).

B )  In  a second series o f  ex p e rim en ts , in v es tig a tio n s  w ere ca rried  o u t 
c o n c e rn in g  th e  effects o f s im u ltan eo u s  s tim u la tio n  of th e  m esencephalic  re tic 
u la r  fo rm a tio n  an d  th e  h y p o th a la m u s  —  b y  s tib lim inar, lim in a r a n d  supra- 
l im in a r  in ten sitie s  —  on th e  a r te r ia l  b lood  p ressu re . S everal ty p e s  o f  ten s io n a l 
re sp o n se s  w ere found .

1. S im ultaneous s tim u la tio n  of th e  h y p o th a la m u s  an d  re tic u la r  fo rm a
tio n  w ith  sub lim inar in te n s it ie s  —  w hich  a f te r  se p a ra te  s tim u la tio n  o f  th e  tw o 
s t r u c tu r e s  induces no a lte ra tio n s  of th e  a r te r ia l  b lood  p ressu re  —  re su lts  in  
a  c o n s ta n t  rise of th e  p re ssu re  (F ig . 6 , 7).

W h e n  h y p o th a lam u s  a n d  re tic u la r  fo rm a tio n  are s tim u la te d  w ith  various 
su p ra lim in a r  in ten sitie s , th e  ten s io n a l re sponse  to  th e ir  s im u ltan eo u s s tim u la 
t io n  te n d s  to  be inverse ly  p ro p o rtio n a l w ith  th e  ten sio n a l effects in d u ced  b y  
s e p a r a te  stim u la tio n  o f b o th  n erv o u s s tru c tu re s , i.e. th e  sm alle r ten s io n a l 
e ffe c ts  a re  induced  b y  s e p a ra te  s tim u la tio n  of th e  h y p o th a la m u s  a n d  re tic u la r  
fo rm a tio n , p ro p o rtio n a lly  th e  g rea te r  is th e  ten s io n a l rise b ro u g h t a b o u t b y  
th e i r  s im u ltan eo u s s tim u la tio n , an d  vice versa (F ig . 8 ).

W h en  sep ara te  s tim u la tio n  o f th e  h y p o th a la m u s  and  re tic u la r  fo rm a tio n  
in d u c e s  a hyp erten siv e  e ffec t an d  a h y p o ten siv e  effect, re sp ec tiv e ly , s im u l
ta n e o u s  s tim u la tio n  re su lts  in  th e  a lgebra ic  su m m atio n  of b o th  effec ts, one 
o f  th e m  being  m ore p ro m in e n t (F ig . 9).
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Fig.  7. Dog (ch loralose  -(- ga llam ine  tr ie th io d id e ). M o n o p o la r e lectrodes. A  =  s t im u la tio n  
o f  r ig h t m esencephalic  re tic u la r  fo rm atio n , 50 H z, 0.1 m sec, 0.1 m A , 15 sec. В  =  s tim u la tio n  
o f  r ig h t in te rm e d ia ry  h y p o th a la m u s , 100 H z , 0.1 m sec, 0.1 m A , 15 sec. C =  s im u lta n e o u s  

s tim u la tio n  of b o th  p o in ts  w ith  th e  sam e  p a ram ete rs

11  -

A Вn __г
T= Ws

С
Л ________

Fig.  8.  C at (ch loralose  d -tu b o cu ra rin e ). M onopolar e lec tro d es. A  =  s tim u la tio n  o f r ig h t  
in te rm e d ia ry  h y p o th a la m u s , 100 H z, 0.7 m sec, 0.25 m A , 15 sec. В  s tim u la tio n  o f  r ig h t  
m esencephalic  re tic u la r  fo rm atio n . 300 H z, 0.15 m sec, 0.1 m A , 15 sec. C =  s im u lta n e o u s  

s tim u la tio n  of b o th  p o in ts  w ith  th e  sam e  p a ram e te rs
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Fig.  9. C at (ch loralose  d -tu b o cu ra rin e ). M onopolar e lec tro d es. A  =  s tim u la tio n  o f r ig h t  
in te rm e d ia ry  h y p o th a la m u s . 100 H z, 0.7 m sec, 0.25 m A , 15 sec. В  =  s tim u la tio n  o f  r ig h t 
m esencephalic  re tic u la r  fo rm atio n , 300 H z, 0.03 m sec, 0.1 in A, 15 sec. C =  s im u lta n eo u s  

s tim u la tio n  of b o th  p o in ts  w ith  th e  sam e p a ram ete rs
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In  som e cases, su m m a tio n  of re t ic u la r  fo rm atio n  an d  h y p o th a la m ic  
s t im u la tio n  ex h ib its  p a r t ic u la r  fea tu res. F o r  in s ta n c e , s tim u la tio n  o f  th e  h y p o 
th a la m u s  occasionally  in d u c e d  a sligh t rise  o f  a r te r ia l blood p ressu re , w hereas 
s t im u la tio n  o f th e  re tic u la r  fo rm atio n  in d u c e d  a co n sis ten t rise o f a r te r ia l  b lood 
p re s su re  follow ed b y  a h y p o ten siv e  effec t. T h e  s im ultaneous s tim u la tio n  of 
b o th  n e rv o u s  s tru c tu re s  b ro u g h t ab o u t a te n s io n a l rise equal to  t h a t  in d u ced  
b y  in d iv id u a l s tim u la tio n  o f  th e  re ticu la r  fo rm a tio n , b u t th is  w as n o t  follow ed 
b y  a  h y p o ten siv e  effect. L ikew ise, in  som e in s tan ces , s tim u la tio n  o f  th e  re tic 
u la r  fo rm a tio n  h ad  a h y p o ten siv e  effec t, a n d  th a t  o f th e  h y p o th a la m u s  a 
h y p e r te n s iv e  one; d u rin g  s im u ltaneous s t im u la tio n  one could w ell n o te  th e  
p e rs is te n c e  of b o th  effects w ith o u t an y  a l te ra t io n .

2. A s im u ltan eo u s s tim u la tio n  o f th e  h y p o th a la m u s  an d  m id b ra in  re tic 
u la r  fo rm a tio n , occlusive p henom ena m a y  also  ta k e  place. T h u s, som etim es 
th e  h y p e rte n s iv e  effect cau sed  by  s tim u la tio n  o f th e  re ticu la r fo rm a tio n  ceased 
c o m p le te ly  d u rin g  th e  s im u ltan eo u s s t im u la tio n  of th e  h y p o th a la m u s  w ith  
l im in a r  in te n s ity  (F ig . 10).

In  o th e r ex p e rim en ts , th e  h y p o th a la m ic  h y p erten siv e  effect d isa p p e a re d  
d u r in g  sim u ltan eo u s s tim u la tio n  of a re t ic u la r  p o in t w hich in d u ced  a h y p o 
te n s iv e  effect w hen  s tim u la te d  sep a ra te ly .

In  o th e r tr ia ls , s im u ltan eo u s s tim u la tio n  of b o th  nervous a rea s  re su lted  
in  a n  occlusive effect ch a rac te rized  b y  te n s io n a l responses a p p ro x im a te ly  
e q u a l in  m ag n itu d e  w ith  th e  responses to  th e ir  sep a ra te  s tim u la tio n .

C ) In  a th ird  series o f  exp erim en ts , w e s tu d ied  th e  in fluence  o f lim in ar 
a n d  su p ra lim in a r  h y p o th a la m ic  an d  re t ic u la r  s tim u la tio n  on th e  s in o ca ro tic  
p re sso r  reflex .

In  m ost cases, c o n c o m ita n t lim in ar o r su p ra lim in ar e lec tric  s t im u la tio n  
o f  th e  h y p o th a la m u s  or re tic u la r  fo rm a tio n  an d  b ila te ra l occlusion  o f th e  
c o m m o n  caro tid  a rte rie s , b ro u g h t ab o u t a n  in crease  of th e  s in o ca ro tic  p resso r 
r e f le x  (F igs. 11, 12 , 13, 14).

In  ra re  in s tan ces , e lec tric  s tim u la tio n  o f  th e  h y p o th a lam u s o r th e  re tic 
u la r  fo rm a tio n  causing  no  lim inar p resso r effec ts , h ad  no in fluence  u p o n  th e  
s in o c a ro tic  p resso r re flex  o r m erely  d ec reased  its  am plitude .

I t  ap p ears  th a t  s im u ltan eo u s s tim u la tio n  o f th e  h y p o th a la m u s  an d  re tic 
u la r  fo rm a tio n  m ay  b rin g  a b o u t a su m m a tio n  o f th e ir  ten siona l effec ts. W hen 
in v e s tig a tin g  th e  in flu en ce  o f  com bined h y p o th a la m ic  and  re tic u la r  s tim u la tio n  
o n  th e  sin o caro tid  p resso r reflex , th is  u su a lly  increased . S u m m atio n  of te n 
s io n a l effects in d u ced  b y  co n co m itan t s t im u la tio n  of th e  h y p o th a la m u s  an d  
r e t ic u la r  fo rm atio n  does n o t, how ever, a lw ay s  im plica te  th e  in crease  o f sino
c a ro tic  p resso r re flex  b y  se p a ra te  s tim u la tio n  o f these  cen tres, th e  ph en o m en o n  
d e p e n d in g  on th e  s tim u la tio n  p a ram ete rs . I t  m u s t be m en tioned  th a t  b y  con
c o m ita n t  s tim u la tio n  o f th e  h y p o th a lam u s a n d  re tic u la r  fo rm atio n  d u r in g  th e  si
n o c a ro tic  pressor re flex , a su m m atio n  of b o th  ten s io n a l effects u su a lly  ta k e s  place.
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Fig.  10.  C at (ch loralose  +  d -tu b o cu ra rin e ). M onopolar e lec tro d es. A  =  s tim u la tio n  o f le ft 
in te rm e d ia ry  h y p o th a la m u s . 100 H z, 1 msec, 0.5 inA, 15 sec. В  =  s tim u la tio n  of th e  le f t 
m esencephalic  re tic u la r  fo rm atio n . 300 H z, 0.3 m ese., 0.3 m A , 15 sec. C =  s im u ltan eo u s  

s tim u la tio n  of b o th  p o in ts w ith  th e  sam e p a ram ete rs
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Fig. 11. Dog (ch loralose). M onopolar electrodes. A  =  occlusion  of com m on ca ro tid  a rte r ie s , 
30 sec. В  =  s tim u la tio n  of r ig h t  in te rm ed ia ry  h y p o th a la m u s . 100 H z, 0.1 m sec, 0.1 m A , 
15 sec. C =  se p a ra te  s tim u la tio n  of r ig h t in te rm ed ia ry  h y p o th a la m u s  (as in  B ), 15 sec, th e n  
to g e th e r  w ith  occlusion o f th e  com m on c a ro tid  a r te r ie s  30 sec. D  =  s tim u la tio n  of r ig h t 
m esencephalic  re tic u la r  fo rm atio n , 60 H z, 0.1 m A, 0.1 m sec, 15 sec. E  =  sep a ra te  s tim u la tio n  
of r ig h t m esencephalic  re tic u la r  fo rm atio n  (as in  D ) 15 sec, th e n  to g e th e r  w ith  occlusion  of th e

com m on caro tid  a rte rie s , 30 sec

I
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Fig. 12. C at (chloralose). B ip o la r e lectrodes. A  =  occlusion  o f com m on caro tid  a rte rie s  20 sec. 
В  = s tim u la tio n  of le ft in te rm e d ia ry  h y p o th a lam u s . 100 H z , 0.03 m sec, 0.27 m A , 20 sec. 
C =  s tim u la tio n  of left in te rm e d ia ry  h y p o th a lam u s (as in B ), to g e th e r  w ith  occlusion of com m on

c aro tid  a rte rie s  20 sec
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F ig . 13. C at (chloralose -f- d - tu b o c u ra r in e ) . B ip o la r e lectrodes. A  =  s t im u la tio n  of r ig h t 
m esen c ep h a lic  re ticu la r  fo rm a tio n , 300 H z, 0.3 m sec, 0.3 m A , 20 sec. В  =  occlusion  o f com m on 
c a r o t id  a rte rie s , 20 sec. C =  s tim u la tio n  of r ig h t m esencephalic  re ticu la r  fo rm a tio n  (as in  A )  

to g e th e r  w ith  occlusion  of com m on  c a ro tid  a rte rie s , 20 sec

^ 7

4

T= 10s

F ig . 14. C at (chloralose +  d -tu b o cu ra r in e ) . B ip o la r  e lectrodes. A  =  occlusion  o f com m on 
c a r o t id  a rte rie s , 30 sec. В  =  s tim u la tio n  of r ig h t  m esencephalic  re ticu la r  fo rm a tio n , 70 H z , 
0 .03  m sec, 0.1 mA, 30 sec. C =  s tim u la tio n  of r ig h t  m esencephalic  re ticu la r  fo rm a tio n  (as in  B ),  

to g e th e r w ith  occlusion  of co m m o n  c a ro tid  a rte rie s , 30 sec

G ross and  m icroscop ic  e x a m in a tio n  o f th e  m a te ria l show ed th a t  th e  
p o in ts  explored  in  th e  second  an d  th ird  series o f experim en ts  w ere g rouped  in  
th e  in te rm e d ia ry  a n d  a n te r io r  h y p o th a la m u s  an d  in  th e  n u c leus re tic u la r is  
p o n tis  oralis, in th e  m id b ra in .

D iscussion

I n  th e  te rm in o lo g y  a d o p te d  by  S h e rrin g to n  for sp inal reflexes, th e  ab o v e  
p h e n o m e n a  m ay  be d esc rib ed  as su m m a tio n  or occlusive p h en o m en a . D ue to  
th e  co m p lex ity  o f th e  s tru c tu re s  s tim u la te d  in  th e  p resen t e x p e rim e n ts , o f  
w h ic h  we ignore th e  e le m e n ta ry  fu n c tio n a l p rinc ip les, th e  use o f t h a t  te rm in o l- 
o g y  y ie ld s  no in fo rm a tio n  as to  th e  fu n d a m e n ta l m echanism s o f th e  p h en o m 
e n o n . H ow ever, th e  in v e s tig a tio n s  re p o rte d  here  h av e  show n th a t  s im u ltan eo u s
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s tim u la tio n  o f th e  ce n tra l v a so m o to r p ro jec tio n s leads to  a reciprocal in flu e n c e  
o f th e  co rresp o n d in g  areas; a t  th e  sam e tim e , follow ing s tim u la tio n  o f th e  u p p e r  
s tru c tu re s  in  th e  n eu ra l axis a ra d ia tio n  of th e  e x c ita tio n  tow ards th e  s u b ja c e n t  
s tru c tu re s  ta k e s  p lace. T he in te rp re ta t io n  o f th ese  p henom ena is d iff ic u lt an d  
i t  is a ta s k  o f th e  fu tu re  to  d e m o n s tra te  w h e th e r th e y  have a physio lo g ica l 
sign ificance .

T he ten s io n a l p h enom ena  o b ta in ed  are  in d ic a tiv e  of com plex re la tio n s  
b e tw een  th e  s tim u la te d  areas an d  ra ise  th e  p ro b lem  o f th e  n a tu re  o f th e  p h y 
siological m echan ism s b ro u g h t a b o u t b y  s tim u la tio n  of th e  n e rv o u s a re a s  
u n d e r co n sid e ra tio n .

a)  A tte n tio n  m u st be focussed  f irs t  on th e  ev idence th a t  v a so p re sso r 
p o in ts  a re  s ited  th ro u g h o u t th e  e n tire  h y p o th a la m u s . This find ing  is c o n s is te n t 
w ith  th e  v iew  o f o th e r  a u th o rs  th a t  th e  h y p o th a la m u s  as a sy m p a th e tic  s ta t io n  
has fu n c tio n s  w hich  seem  to  conceal its  p a ra sy m p a th e tic  a c tiv ity . I t  m a y  w ell 
be th a t  th e  s tru c tu re s  responsib le  fo r d iffe ren t re a c tio n a l fea tu res  w h ich  a c t i 
v a te  th e  sy m p a th e tic  v a so co n stric tiv e  fib res  w ould  be d issem ina ted  th ro u g h o u t 
th e  h y p o th a la m u s , th e  specific  a c tiv ity  d ep en d in g  n o t on th e  in d iv id u a l 
neu rons b u t  on th e  n eu ra l n e tw o rk s. T herefo re  m o st h y p o th a la m ic  n u c le i 
shou ld  n o t be considered  as cen tre s  o f  specific  fu n c tio n , th e  d iv e rs ity  o f  fu n c 
tio n s  seem ing  to  be re le v a n t in  th e  d iffe ren t com b in a tio n s of firing  n e u ro n s . 
T he m u ltip lic ity  of fu nc tions does n o t necessarily  depend  on th e  a n a to m ic a l 
d iv ision ; th e re  m ay  be c o m p a ra tiv e ly  few areas , b u t  th e y  have  co m p lex  a n d  
close in te rco n n ec tio n s  [27].

b) T h e  occurrence  of a p resso r ten sio n a l effect a f te r  su b lim in a r s im u l
tan eo u s  s t im u la tio n  of some p o in ts  o f  th e  h y p o th a la m u s  an d  m id b ra in  re t ic u la r  
fo rm a tio n  rep re sen ts  a very  c lear case o f  sp a tia  lsu m m atio n . The b u lb a r  m e c h a n 
ism  b y  w h ich  th e  s tim u la tio n  o f th e  m en tio n ed  n erv o u s areas ac ts w as s tu d ie d  
b y  s im u ltan eo u s  e x p lo ra tio n  o f th e  sinocaro tic  p resso r reflex . U n d e r  o u r 
e x p e rim e n ta l co n d itions, s tim u la tio n  o f  th e  su p ra ja c e n t nervous levels u su a lly  
fac ilita te s  th e  p resso r re flex  o f  th e  low er effec to r s ta tio n . I t  m ay  w ell be t h a t  
th e  h y p o th a la m ic  s tim u la tio n  w hich  fac ilita te s  th e  sinocaro tic  b u lb a r  re flex  
ac ts  via  th e  m esencephalic  re tic u la r  fo rm a tio n , a lth o u g h  th e  p o ss ib ility  o f  a 
d irec t a c tio n  o f b u lb a r  level c a n n o t be  excluded . B r o n k , P it t s , L a r k a b é e  [10] 
h av e  d e m o n s tra te d  th a t  h y p o th a la m ic  a c tiv ity  m a y  e ith e r  increase or d ec rea se  
th e  effic iency  o f  th e  a ffe ren t im pulses in  th e  fram ew o rk  of th e  reflex  re g u la tio n  
o f th e  c a rd io v a sc u la r  sy s tem ; th e  w orks o f G e l l h o r n  [14] also s u p p o r t  th is  
v iew . E n g e l k i n g  an d  W i l l i n g  [12] c la im ed  th a t  th e  s ta te  o f th e  c e n tra l  
sy m p a th e tic  a c tiv ity  is d ep en d en t on th e  level o f a r te r ia l  blood p re ssu re  a n d  
th a t  th e  p resso -recep tive  afferences p lay  a v e ry  im p o r ta n t role. L ikew ise , 
W i l s o n  et al. [37] s ta te  th a t  th e  effect o f h y p o th a la m ic  s tim u la tio n  is in flu en ced  
by  th e  h y p o te n s iv e  sinocaro tic  re flex  induced  a t  th e  sam e tim e ; th e  d ep re ss iv e  
s in o ca ro tic  re flex  abolishes th e  h y p e rten s iv e  effect o f d iencephalic s tim u la tio n .
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O u r p re se n t o b se rv a tio n s  h av e  d e m o n s tra te d  t h a t  h y p o th a lam ic  s tim u la tio n  
a l te rs  th e  fu n c tio n a l s ta te  o f  th e  b u lb a r level.

c)  As seen a b o v e , th e  tensional p re sso r e ffec t b ro u g h t a b o u t b y  s im u l
ta n e o u s  s tim u la tio n  o f  b o th  nervous areas h a s  th e  ten d en cy  of be in g  inverse ly  
p ro p o r tio n a l w ith  th e  in d iv id u a l tensiona l e ffec ts  p roduced  b y  th e  s tim u la tio n  
o f  e a c h  a rea . T his f a c t  suggests a m ore a c c u ra te  superposition  o f  th e  b u lb a r  
a re a s  a c tiv a te d  b y  th e  tw o  su p ra jacen t leve ls , as th e  in te n s ity  o f s tim u la tio n  
in c rea se s .

T h u s , as a g re a te r  n u m b e r of d escen d en t fib re s  is a c tiv a te d , th e ir  re la tiv e  
c o n v e rg en ce  to w ard s  th e  effec to r neurons in c reases .

d )  A p a rt from  th e  su m m atio n  p h e n o m e n o n , occasional occlusive p h e
n o m e n a  w ere o b se rv ed , th e  in d iv idua l p re sso r effects b ro u g h t a b o u t b y  s ti
m u la tio n  of th e  h y p o th a la m u s  and  m esen cep h a lic  re ticu la r fo rm a tio n  being  
su p p re sse d  by  s im u lta n e o u s  stim u la tio n  o f  th e  tw o  areas. The occlusive p h e 
n o m e n o n  suggests t h a t  th e  b u lb a r area re a c h e d  b y  th e  a c tiv a te d  fib res  does 
n o t  m ere ly  re p re se n t a reg ion  of a n a to m ic a l convergence, th e  m essages of 
h y p o th a la m ic  an d  m esencepha lic  p ro jec tio n s  being  sub jec ted  here  to  an  
in te g ra t iv e  con tro l. O n th e  o th e r han d , som e p o in ts  of the  h y p o th a la m u s  and  
m id b ra in  re tic u la r  fo rm a tio n  m ay ac t as in h ib ito rs  a t  th e  b u lb a r  level, decreas
in g  th e  a m p litu d e  o f  th e  sinocaro tic  p resso r re flex .

e)  In  th e  h y p o th a la m u s  and  m esencepha lic  re ticu la r fo rm a tio n , po in ts  
w ere  fo u n d , th e  p re sso r effects of w hich do n o t  in fluence one a n o th e r , w hen  
s im u lta n e o u se ly  s tim u la te d . Likewise, th e re  a re  po in ts  in  b o th  areas w hich 
d o  n o t  in fluence th e  s in o ca ro tic  pressor re flex .

f )  These fin d in g s  suggest a d iffe ren tia l a c tiv a tio n  o f b u lb a r  areas an d  
p ro v e  th e  ex istence  o f  subd iv isions w ith  p rec ise  fu n c tio n a l sign ificance of the  
b u lb o -m esen cep h a lic  a n d  b u lb o -h y p o th a lam ic  p ro jec tions.

T h e  s tu d y  o f  th e  physio logical resp o n ses  in d u ced  in  th e  m esencephalic  
r e t ic u la r  fo rm atio n  show s, in  ag reem ent w ith  H u g e l in  an d  B o n v a l l e t ’s 
f in d in g s  [2 0 ], th a t  th e  re tic u la r  fo rm atio n  does n o t increase th e  fu n c tio n a l 
s ta te  a t  all th e  in te g ra t iv e  levels. The re t ic u la r  fo rm atio n  is o rgan ized  fu n c 
t io n a lly  an d  does n o t  seem  to  ac t w ith o u t d isc rim in a tio n  [33].

T h e  various effec ts  o b ta in ed  in b o th  a re a s  could  im p lica te , a p a r t  from  
th e  ex is ten ce  of fu n c tio n a l subdivisions, t h a t  o f  positive and  n eg a tiv e  feed
b a c k  effects, w hich a re  f ire d  by  s tim u la tio n  a n d  w hich  have th e  ro le o f re e s ta b 
lish in g  th e  in itia l leve l o f a c tiv ity .

g )  T he phasic  effec ts  ob ta ined  b y  a r tif ic ia l  s tim u la tio n  h a v e  a g rea t 
p h y sio lo g ica l im p o rta n c e , as show n by  th e  d a ta  d em o n stra tin g  a to n ic  v aso 
m o to r  a c tiv ity  a t  th e se  in te g ra tiv e  levels.

T h u s , S h e r r e r  [35 ] h as show n th a t  th e  s tim u la tio n  of th e  h y p o th a la m u s  
m a y  in d u ce  a p h asic  p re sso r response la s tin g  longer th a n  th e  s tim u lu s , an d  
G e l l h o r n  [14] c la im ed  th e  existence of a to n ic  a c tiv ity  of th e  h y p o th a la m u s .
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T his is also supp lied  by  th e  g re a t ten sio n a l f lu c tu a tio n s  o f th a la m ic  an im a ls  
as w ell as b y  th e  c o n s ta n t h y p o ten sio n  occu rring  a fte r  d e s tru c tio n  o f  th e  
h y p o th a la m u s  or ab o lish m en t o f ex p e rim en ta l ren a l h y p e rten s io n  b y  h y p o th a 
la m ic  d am ag e  [26, 34]. T he to n ic  effect o f th e  m esencephalic  re tic u la r  fo rm a tio n  
u p o n  th e  vaso m o to r nerves is w ell es tab lish ed  [30]. As early  as 1935, J a e g h e r

?:Ü4 — л .
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F ig . 15. C at (chloralose +  d -tu b o cu ra r in e ) . A  =  200 /ug A ch are  in je c te d  in  th e  r ig h t  in te r 
m ed ia ry  h y p o th a la m u s . В  =  s t im u la tio n  of th e  sam e p o in t as in  A  w ith  200 H z , 2 m sec,

0.7 m A , 20 sec

a n d  v a n  B o g á é r t  [21, 22, 23] h a d  show n th a t  th e  electric  s t im u la tio n  o f th e  
ce reb ra l penducle  induces a r te r ia l  h y p e rten s io n  even  a fte r  re m o v a l o f  th e  
h y p o th a la m u s . In  view  o f th e  ex istence  of v aso m o to r fib res w hich le a d  d ire c tly  
to  th e  sp in a l cord , L i n d g r e e n  [29] regards th e  m esencephalic r e tic u la r  fo rm a 
tio n  as th e  m ost cau d a l in te g ra tiv e  v aso m o to r re lay  s ta tio n . L ikew ise, i t  w as 
show n th a t  tran sec tio n  o f  th e  b ra in  stem  a t  th e  m esencephalic lev e l in d u ces 
a rise  o f  a r te ria l b lood p ressu re  [31].

A prob lem  th a t  has n o t been  solved ex p e rim en ta lly  b y  e lec tric  s t im u la 
tio n  o f  a nervous cen tre  an d  especially  a re tic u la r  a rea  [9], is w h e th e r  th e  
effect o b ta in ed  is due to  th e  s tim u la tio n  of th e  n eu rons of th e  re sp e c tiv e  a rea , 
o r to  t h a t  o f by-passing  fib res .

As regards th e  h y p o th a la m u s , v a n  B o g á é r t  an d  J a e g h e r  [6, 7] a t t e m p t 
ed  to  dism iss th is  ob jec tio n  b y  chem ical s tim u la tio n  ac tin g  on ly  th e  n e u ro n s . 
T h ey  in jec ted  am m onia , fo rm aline  an d  silver n i tr a te  an d  o b ta in ed  h y p e r te n 
sive effects from  th e  p o ste rio r  h y p o th a la m u s . B e n e t a t o  an d  M u n t e a n u  [3] 
show ed th a t  th e  electric  s tim u la tio n  of som e h y p o th a lam ic  nucle i re leases  an  
ace ty lcho line-like  su b stan ce  w hich  is p resen t in  cereb ral venous b lo o d  an d , 
th e re fo re , a t  least in  som e p a r ts  of th a t  a rea , th e  sy n ap tic  tra n sm iss io n  is 
cho linerg ic . L ikew ise, th e  h y p o th a la m u s  is know n  to  h av e  a h igh  ch o lin ace ty l- 
ase a n d  cho linesterase c o n te n t.

A cety lcholine does n o t a c tiv a te  th e  b y -p assin g  fib res o f th e  reg io n  in  
w hich  i t  is in jec ted . T h u s, an  e v e n tu a l suppressive  effect in d u ced  b y  an ti-

H Acta Physiologica XXIV/1.
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d ro m ic  im pulses m a y  a lso  b e  avoided [36]. O n th e  o th e r h a n d , v e ry  sm all doses 
o f  ace ty lcho line  p re v e n t  th e  p ropagation  o f  th e  s tim u la tio n  w hich c a n n o t be 
in h ib ite d  b y  electric  s t im u la tio n .

In  spite  of th e se  a d v a n ta g e s , s tim u la tio n  o f  th e  nervous cen tres b y  local 
in je c tio n s  of ace ty lch o lin e  can n o t p rev en t a c e r ta in  degree of in ju ry  to  th e  
n e rv o u s  m a tte r ; fu r th e rm o re , only large q u a n ti t ie s  of ace ty lcho line  are  effec
t iv e  in  th is  respect a n d  th e  flu id  m ay p ro p a g a te  a long  th e  needle in  th e  su r
ro u n d in g  areas.

H ow ever, w h en  ace ty lch o lin e  in jec tio n  in d u ces  a physio logical effect 
s im ila r  to  th a t  p ro d u c e d  b y  electric s t im u la tio n , i t  is und en iab le  th a t  th e  
re sp e c tiv e  area m ay  b e  ch a rac te rized  as a n e rv o u s  cen tre .

In  th e  p resen t in v e s tig a tio n s , id en tica l te n s io n a l effects w ere induced  
b y  e lec tric  s tim u la tio n  o f  th e  h y p o th a lam u s a n d  th e  m esencephalic re tic u la r  
fo rm a tio n s  as well as b y  th e i r  chem ical s t im u la tio n  w ith  acety lcho line  (F ig . 15).

Conclusions

1. S im ultaneous s tim u la tio n  of some p re sso r  po in ts  of th e  m o to r co rtex  
a n d  th e  h y p o th a lam u s o r a n te rio r  rh in en cep h a lo n , in  dogs an d  ca ts , induces 
u s u a lly  a phenom enon  o f  s p a tia l  sum m ation  a n d  ra re ly  an  effect o f th e  occlu
s iv e  ty p e .

2. W hen th e  s u m m a tio n  phenom enon is in d u c e d  by  ten sio n a l effects of 
v a r io u s  in ten sity , i t  h a d  a  lin ear ch a rac te r , i ts  co rre la tio n  coeffic ien t being 
c a lc u la te d  in  te rm s o f  th e  nervous areas e x p lo red .

3. S im ultaneous s tim u la tio n  of th e  h y p o th a la m u s  an d  m esencephalic 
r e t ic id a r  fo rm ation  u s u a lly  brings about te n s io n a l effects o f su m m atio n , and  
o ccasio n a lly  occlusive o r in d ep en d en t effects.

4. S tim u la tio n  o f  th e s e  areas u sua lly  fa c il i ta te s  th e  sinocaro tic  pressor 
re f le x  an d , in ra re  cases, h in d e rs  or even fails to  in fluence  it.
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Recensio

M ethods in  E x p erim en tal M edicine

E d ito r , A. G. B. K o v a c h . V olum e VI

P u b lish in g  H ouse of th e  H u n g a ria n  A cadem y of Sciences, B u d ap est 1962 
1099 pages, 339 illu s tra tio n s , m an y  in  co lou r, 5 appendices

T he ra p id  adv an ce  of e x p erim en ta l m edicine  an d  th e  d iv e rs ity  of the  m e th o d s  em p lo y ed  
h av e  m ade  i t  necessary  to  pub lish  a series o f vo lum es com p ris in g  in easily re a d a b le  fo rm  th e  
m o st im p o r ta n t  m eth o d s of ex am in a tio n  ap p lied  in  phy sio lo g y , b iochem istry , p a th o p h y s io lo g y  
a n d  p h a rm aco lo g y . T he au th o rs  o f th e  single c h a p te rs  h a v e  been  using  the  p e r ta in in g  m e th o d s  
fo r m an y  y ears , an d  so could ad d  to  th e  o rig ina l d e sc rip tio n  th e ir  own experience.

V olum e V I, now published , begins w ith  a  c h a p te r  w r i t te n  by  J .  K n o l l , on th e  m e th o d e  
of s tu d y in g  pharm acolog ical e ffects on th e  n e rv o u s sy s tem . T h e  effects of local a n a e s th e tic s , 
th e  d ru g s a c tin g  on th e  n eu ro n m u scu la r ju n c tio n , ob long  m edu lla , au tonom ic g a n g lia , th e  
p a ra sy m p a th e tic  a n d  sy m p a th e tic  s t im u la n ts  a n d  d e p re ssan ts , th e  spasm ogenics a n d  sp a sm o ly 
tic s, as well as th e  analgesics, a re  d escribed  in  d e ta il. T he c h a p te r  ends w ith  a d iscu ssio n  on  th e  
m eth o d s  u sed  in  psychopharm aco logy .

T h e  n e x t  c h a p te r  is th e  m o st ex ten siv e  a n d  im p o r ta n t  one in  th is vo lum e (p a g es  269 
to  965). In  i t  J .  S z e n t á g o t h a i  an d  O. K o r e f  deal w ith  th e  m eth o d s of ex p e rim e n ta l e n d o c ri
nology. A fte r  an  in tro d u c to ry  p a r t  on ex p e rim e n ta l an im a l s tra in s , feeding an d  m ic ro c lim a tic  
co n d itio n s, th e y  discuss in d e ta il th e  a n a to m y  of th e  h y p o th a la m ic -p itu ita ry  sy s te m , th e  
su rg ical m e th o d s  used , th e  m eth o d s of m orpho log ical ev a lu a tio n , as well as th e  q u a n t i ta t iv e  
e s tim a tio n  of th e  horm ones of th e  a n te r io r  an d  in te rm e d ia te  lobes o f the  p i tu i ta ry ,  a n d  th e  
p ro ced u res ap p lied  fo r stu d y in g  th e  n eu ro h y p o p h y sis  an d  h y p o th a lam u s . T he m e th o d s , b o th  
b io log ical a n d  b iochem ical, em ployed  in  s tu d ie s  on th e  th y ro id  ( T a k á c s  — M e s s ) ,  a d re n a ls  
( A n t a l  E n d r ő c z i  — E r d é l y i  H a l á s z  — K o v a c h  — M o n o s ) ,  islets of L an g erh an s ( K o r e f  —  
M e s s ) ,  th e  m ale  ( M e s s )  and  fem ale g onads an d  ad n ex a  ( F l e r k ó ) are discussed in  c o n s id e ra b le  
d e ta il. T he m e th o d s  of s tudy ing  ep ip h y sea l, p a ra th y ro id  a n d  th y m ic  a c tiv ity  are  a lso  d esc rib e d  
in  th is  c h a p te r . T he lis t of p e rta in in g  references is p re sen te d  a f te r  every  section . H a v in g  re ad  
th is  c h a p te r , th e  rev iew er feels th a t  i t  o u g h t to  be tra n s la te d  to  som e world lan g u a g e  as an  
in d e p e n d e n t m o n o g rap h ; i t  w ould be w elcom e b y  ev ery  endocrinological la b o ra to ry .

C h a p te r  3, w ritte n  by  G. I n k e  an d  М. P a l k o v i t s , d eals w ith  the  a n a to m y  o f  th e  c ir
c u la to ry  sy s tem  o f ex p erim en tal an im als . T he w e ll-co n stru c ted  d iagram s and  n ice ly  e x e c u te d  
d raw in g s will be  m o st in s tru c tiv e  fo r re sea rch  w orkers.

S .  M Á N Y A I
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A C TA  P H Y S IO L O G IC A

т о м и в  XXIV — вып. I. 

Р Е З Ю М Е

О П Р Е Д Е Л Е Н И Е  Э Л А С Т А З Ы  И  Э Л А С Т А З Н 0 Г 0  И Н Г И Б И Т О Р А  П Р И  П О М О Щ И
О Р Ц Е И Н -Э Л А С Т И Н А  

И. ВАНГА

А в то р о м  р а зр а б о т а н а  м е т о д и к а  о п р е д е л е н и я  э л а с т а зы  и э л а с т а з н о г о  и н ги б и т о р а  
п р и  п ом ощ и  п р е п а р и р о в а н н о г о  о р ц е и н -э л а с т и н а . Э л а с т а зн ы й  и н г и б и т о р  м о ж н о  о п ре
д е л и т ь  т а к ж е  в  п р и с у т с т в и и  э л а с т а з ы , п о с к о л ь к у  и н ги б и т о р  п р е о б л а д а е т  в  си стем е  по 
о тн о ш ен и ю  к  э л а с т а з е .

М етод  а в т о р а  им еет  б о л ь ш о е  з н а ч е н и е  п о  т о й  п р и ч и н е , что  о н  п р е д о с т а в л я е т  во з
м о ж н о с т ь  д л я  и зм е р е н и я  с о д е р ж а н и я  э л а с т а з н о г о  и н ги б и т о р а  в  п о д ж е л у д о ч н о й  ж е л е зе  
ч е л о в е к а . П о д ж е л у д о ч н а я  ж е л е з а  л ю д е й , у м е р ш и х  о т  а р т е р и о с к л е р о з а , н е  с о д е р ж и т  эл ас -  
т а з у .  П р и  п о м о щ и  о п и сан н о го  м е т о д а  с т а н о в и т с я  в о зм о ж н ы м  к о л и ч е с т в е н н о е  о п р ед ел ен и е  
и зб ы т о ч н о го  «свободного» э л а с т а з н о г о  и н ги б и т о р а .

С И Н Т Е З  Б Е Л К О В  В С Е М Е Н Н О М  П У З Ы Р Ь К Е  К Р Ы С
I. Б Ы С Т Р О  М Е Ч А Ю Щ И Е С Я  Б Е Л К И  В  Ф Р А К Ц И И  Р И Б О Н У К Л Е И Н О В Ы Х

К И С Л О Т

Ш. МАНЬАИ

И з  Н С 1 0 4-о го  п р е ц и п и т а т а  с е м е н н о го  п у з ы р ь к а  к р ы с  п р и  к и п я ч е н и и  в  10% -н ом  
р а с т в о р е  п о в а р е н н о й  соли  вм есте  с  р и б о н у к л е и н о в ы м и  к и с л о т а м и  м о ж н о  э к с т р а г и р о в а т ь  
т а к ж е  з н а ч и т е л ь н о е  к о л и ч е с т в о  в е щ е с т в а  б е л к о в о й  п р и р о д ы , к о т о р о е  к а к  in vivo т а к  и 
in vitro и н т е н с и в н о  м ети тся  р а д и о а к т и в н ы м и  а м и н о к и с л о т а м и . А в т о р  д о к а з а л ,  что  б о л ь
ш а я  а к т и в н о с т ь  läC н а б л ю д а е т с я  в о  ф р а к ц и и  с б о л ь ш и м  м о л е к у л я р н ы м  в е с о м , к о т о р а я  
н е  д и а л и з и р у е т , д а е т  п о л о ж и т е л ь н у ю  б и у р е т о в у ю  р е а к ц и ю  и  р е а г и р у е т  с  р е а к ти в о м  
Ф о л и н а .  Э ту  ф р а к ц и ю  м о ж н о  о т д е л и т ь  о т  р и б о н у к л е и н о в о й  к и с л о т ы  п р и  п о м о щ и  м етода 
х р о м а т о г р а ф и ч е с к о й  а д с о р б ц и и  н а  к о л о н к е  D E A E -ц е л л ю л о зы . Х л о р и с т о в о д о р о д н ы й  
г и д р о л и з а т  э т о й  ф р а к ц и и  д а е т  с м е с ь  а м и н о к и с л о т , в  к о т о р о й  г л и ц и н  и  с е р и н  с о д е р ж а т  
а т о м  14С. Р а д и о а к т и в н ы й  г л и ц и н  н а х о д и т с я  в н у т р и  п о л и п еп ти д н о й  ц е п и  э т о г о  б е л к а  в 
п о л и п е п т и д н о й  с в я зи .

Э к с т р а г и р о в а н н а я  вм есте  с р и б о н у к л е и н о в о й  к и с л о т о й , б ы стр о  с и н т е т и з и р у ю щ а я с я  
б е л к о в а я  ф р а к ц и я  х а р а к т е р н а я  д л я  с ем ен н о го  п у з ы р ь к а , р а в н ы м  о б р а з о м  о б н а р у ж и 
в а е т с я  в сем ен н о м  п у зы р ь к е  к р ы с , м ы ш е й  и  м о р с к и х  св и н о к .

И С С Л Е Д О В А Н И Е  С У Л Ь Ф Г И Д Р И Л Ь Н Ы Х  Г Р У П П  Д Е Г И Д Р О Г Е Н А З Ы  М О Л О Ч 
Н О Й  К И С Л О Т Ы  С К Е Л Е Т Н Ы Х  М Ы Ш Ц

ДЬ. ЙЕЧАИ и П. ЭЛЁДИ

А в то р ы  и з о л и р о в а л и  р а з р а б о т а н н ы м  им и  м ето д о м  д е г и д р о г е н а зу  м о л о ч н о й  к и сл о ты  
и з  с к е л е т н о й  м ы ш ц ы  сви н ей , с о д е р ж а щ у ю  по  р е з у л ь т а т а м  т и т р о в а н и я  с  п -х л о р м е р к у р и -  
б е н з о а т о м  19— 2 0  с у л ь ф г и д р и л ь н ы х  г р у п п .

В  н а т и в н о м  со сто я н и и , в  н е й т р а л ь н о й  ср е д е , S H -гр у п п ы  д е г и д р о г е н а з ы  м о ло ч н о й  
к и с л о т ы  с к е л е т н о й  м ы ш ц ы  не я в л я ю т с я  р е а к т и в н ы м и , о н и  не р е а г и р у ю т  с п -х л о р м е р к у р и -  
б е н з о а т о м . С у л ь ф г и д р и л ь н ы е  г р у п п ы  у д а л о с ь  в ы я в и т ь  т о л ь к о  в щ е л о ч н о й  с р е д е , и л и  п осле



д е н а т у р а ц и и  б е л к о в  (м о ч е в и н а , д е й с т в и е  д етер ген та). П о  в е л и ч и н а м  в я з к о с т и  щ е л о ч н а я  
с р е д а  и з м е н я е т  тр е т и ч н у ю  с т р у к т у р у  б ел к о в .

В  р е а к ц и и  л а к т а т -д и ф о с ф о п и р и д и н н у к л е о т и д , п р и  p H  =  10,0 , б л о к и р о в а н и е  
2 0  S H - г р у п п  з а д е р ж и в а е т  ф е р м е н т а т и в н у ю  а к т и в н о с т ь  т о л ь к о  п р и б л . н а  5 0 % .

С л е д о в а т е л ь н о , по  р е з у л ь т а т а м  и с сл ед о в ан и й  р о л ь  с у л ь ф г и д р и л ь н ы х  г р у п п  в  
ф е р м е н т а т и в н о й  а к т и в н о с т и  д е г и д р о г е н а з ы  м олоч н ой  к и с л о т ы , и зо л и р о в а н н о й  и з  скелет
ной мышцы с в и н е й , ещ е не д о к а з а н а ,  в  п р о т и в о п о л о ж н о с т ь  д е г и д р о г е н а з е  м о ло ч н о й  к и с л о 
ты , и з о л и р о в а н н о й  и з сердечной мышцы свиней , г д е  д л я  ф е р м е н т а т и в н о й  а к т и в н о с т и  
н е о б х о д и м о  п р и с у т с т в и е  S H - r p y n n .

О Ч И С Т К А  И С В О Й С ТВ А  Э К З О П Е Н И Ц И Л Л И Н А З Ы  B acillus subtilis

МАКОТО и ш и м о т о

О ч и с т к а  э к з о п е н и ц и л л и н а з ы  B acillu s  subtilis п р о в о д и л а с ь  м етодом  х р о м а т о г р а ф и и  
н а  к а р б о к с и м е т и л -ц е л л ю л о з е . О п т и м а л ь н ы й  p H  и с о п р о т и в л е н и е  п р о т и в  и н а к т и в а ц и и  
й о д о м  п о к а з а л и  б о л ьш е с х о д с т в а  с э к з о п е н и ц и л л и н а з о й  B a c illu s  cereus, чем с п е н и ц и л -  
л и н а з о й , с в я з а н н о й  с к л е т к а м и  B a c illu s  subtilis. П р о т и в о с ы в о р о т к а , и з г о т о в л е н н а я  с 
п о м о щ ь ю  э к з о п е н и ц и л л и н а з ы  B a c illu s  subtilis в ы з ы в а л а  о с а ж д е н и е  к а к  это го  э н з и м а ,  
т а к  и  э к з о п е н и ц и л л и н а з ы  B a c illu s  cereus. Р е зу л ь т а т ы  п р о б  п о  в сас ы в ан и ю  п о к а з а л и  
что  о д н о  и  то  ж е  а н т и т е л о  д е й с т в о в а л о  н а  оба эн зи м а .

Э Н З И М А Т И Ч Е С К О Е  Ф О Р М И Р О В А Н И Е  Д И С У Л Ь Ф И Д Н Ы Х  
М О С Т И К О В  Р И Б О Н У К Л Е А З Ы

П. ВЕНЕЦИАНЕР, и Ф. Б. ШТРАУБ

А в т о р ы  п о к а з а л и , ч т о  в  п о д ж е л у д о ч н о й  ж е л е з е  р а з л и ч н ы х  ви д о в  ж и в о т н ы х  
п р и с у т с т в у е т  эн зи м , к о т о р ы й  с п о с о б е н  к а т а л и з и р о в а т ь  р е а к т и в и р о в а н и е  в о с с т а н о в л е н 
н о й  р и б о н у к л е а з ы  п а н к р е а с а  к р у п н о г о  р о га т о го  с к о т а .

П р о и з в е д е н о  ч а с т и ч н о е  о ч и щ е н и е  д ан н о го  э н з и м а  и з  п о д ж е л у д о ч н о й  ж е л е з ы  
ц ы п л я т  и  с в и н ь и .

Д л я  а к т и в н о с т и  э н з и м а  н е о б х о д и м о  и  п р и с у т с т в и е  т е р м о с т а б и л ь н о г о  ф а к т о р а .  
П о с л е д н е е  в е щ е с т в о  о к а з а л о с ь  з а м е н и м ы м  д е г и д р о а с к о р б и н о в о й  к и с л о т о й .

В  д и с к у с с и и  о б с у ж д е н о  в о з м о ж н о е  зн ач ен и е  п о л у ч е н н ы х  р е з у л ь т а т о в  в  о б л а с т и  
с и н т е з а  б е л к о в .

И С С Л Е Д О В А Н И Е  Д В О Й Н О Й  И Н Н Е Р В А Ц И И  В  Р Е Г У Л И Р О В А Н И И  Т О Н У С А
С Ф И Н К Т Е Р А  У  П Р У Д О В О Й  Б Е З З У Б К И  (A N O D O N T A  C Y G N E A  L .)

Я. ШАЛАНКИ и Э. ЛАБОШ

А в т о р ы  и с с л е д о в а л и  о т в е т н ы е  р е а к ц и и  за д н е го  с ф и н к т е р а ,  со сто я щ его  и з  в о л о к о н  
г л а д к и х  м ы ш ц , у  п р у д о в о й  б е з з у б к и  (A n o d o n ta  cygnea L .) ,  п р и  э л е к т р и ч е с к о м  р а з д р а ж е н и  
п р и в о д я щ е г о  н е р в а  (c o n n e c tiv u m  cerebro-visceralis). Д а л е е  о н и  и с с л е д о в а л и  а к ц и о н -  
н ы е п о т е н ц и а л ы , п о л у ч а е м ы е  о т  и зо л и р о в а н н о г о  c o n n e c tiv u m  cerebro-visceralis, п р п  
п р и м е н е н и и  о т д е л ь н ы х  и м п у л ь с о в .

П р и  и зм е н е н и и  п а р а м е т р о в  р а з д р а ж е н и я  (н а п р я ж е н и е ,  ч а с т о т а , ам п л и т у д а  и м п у л ь 
со в , п р о д о л ж и т е л ь н о с т ь  р а з д р а ж е н и я )  в ответн ы х  р е а к ц и я х  м ы ш ц ы  о тм еч ал и сь  з н а ч и 
т е л ь н ы е  о т к л о н е н и я . В  с л у ч а е  н е и з м е н н ы х  п ро ч и х  п а р а м е т р о в  н и зк о е  н а п р я ж е н и е  (н и ж е
1—  2  в )  в ы з ы в а л о  т о л ь к о  с о к р а щ е н и е .  Б о л е е  вы со к о е  н а п р я ж е н и е  (вы ш е 2— 5 в) в ы зы 
в а л о  т а к ж е  зн а ч и т е л ь н о е  р а с с л а б л е н и е  п о сл е  н а ч а л ь н о г о  с о к р а щ е н и я , и л и  р а с с л а б л е н и е  
с ф и н к т е р а , н а х о д я щ е г о с я  в  с о с т о я н и и  д л и тел ь н о го  т о н и ч е с к о г о  с о к р а щ е н и я . О д и н а к о в ы й  
с д е й с т в и е м  н и зк о г о  н а п р я ж е н и я  э ф ф е к т  в ы зы в ал а  с л и ш к о м  н и з к а я  и ч р езм ер н о  в ы с о к а я  
(н и ж е  3 — 5 /с е к  и л и  вы ш е 2 0 — 6 0 /с е к )  ч асто та , сл и ш к о м  к о р о т к и е  и л и  сл и ш к о м  д л и н н ы е  
(н и ж е  3  м с е к  и вы ш е 8 0  м с е к )  и м п у л ь с ы , д ал ее  п р и м е н е н и е  к о р о т к о г о  в р ем ен и  (н и ж е
2 —  4  с е к )  р а з д р а ж е н и я . П о д о б н о е  э ф ф е к т у  вы со к о го  н а п р я ж е н и я  д ей стви е  и м ел о  р а з 



д р а ж е н и е  с ч а сто то й  5— 2 0  и м п у л ь с о в  в сек , д а л е е  с е р и я  и м п у л ь с о в  в 4 — 100 м с е к , и  п р и 
м е н е н и е  в р е м е н и  р а з д р а ж е н и я  вы ш е 2 0  сек .

А к ц и о н н ы й  п о т е н ц и а л , о тв ед ен н ы й  о т  и з о л и р о в а н н о г о  c o n n ec tiv u m  cerebro- 
v iscera lis , п р и  р а з д р а ж е н и и  о тд е л ь н ы м и  и м п у л ь с а м и , со стои т и з  н е с к о л ь к и х , х о р о ш о  
д и ф ф е р е н ц и р у е м ы х  к о м п о н е н т о в , д в а  о с н о в н ы х  к о м п о н е н т о в  к о т о р ы х  м о ж н о  я с н о  обосо
б л я т ь  д р у г  от  д р у г а  п у т е м  и з м е н е н и я  п а р а м е т р о в .

Н а  о сн о в ан и и  п р о в е д е н н ы х  оп ы то в  а в т о р ы  п р и д е р ж и в а ю т с я  т о г о  м н е н и я , что 
с ф и н к т е р  о б л а д а е т  д в о й н о й , а н т а г о н и с т и ч е с к о й  и н н е р в а ц и е й , п ри чем  к а к  д л я  с о к р а щ е 
н и я  с ф и н к т е р а  т а к  и д л я  р а с с л а б л е н и я  н а х о д я щ е й с я  в  тон и ч еско м  с о с т о я н и и  м ы ш ц ы  
и м е е т с я  с п е ц и а л ь н а я  и н н е р в а ц и я .  В  со о тв е тств и и  с  э т и м  р а с с л а б л е н и е  с ф и н к т е р а , н а х о 
д я щ е г о с я  в  то н и ч е ск о м  с о с т о я н и и , не п р е д с т а в л я е т  со б о й  п асси вн ы й  п р о ц е с с , а  в о з н и к а е т  
в  р е з у л ь т а т е  а к т и в н о г о  н е в р а л ь н о г о  в о зд е й с т в и я .

Д Е Й С Т В И Е  Р А З Д Р А Ж Е Н И Я  Р А З Л И Ч Н Ы Х  С Т Р У К Т У Р  Г И П О Т А Л А М У С А  И 
С Т В О Л А  М О ЗГ А  Н А  Ф У Н К Ц И Ю  С И С Т Е М Ы  Г И П О Ф И З -К О Р А  Н А Д П О Ч Е Ч 

Н И К О В

Э. ЭНДРЁЦИ и К. ЛИШШАК

В  о п ы т а х  на к о ш к а х  п о с л е  р а з д р а ж е н и я , п р и  п ом ощ и  х р о н и ч е с к и  в п р а в л е н н ы х  
э л е к т р о д о в , р а зл и ч н ы х  с т р у к т у р  п р о м е ж у т о ч н о г о  и  ср е д н е го  м о зга , и с с л е д о в а л о с ь  со
д е р ж а н и е  к о р т и к о и д о в  в  в е н о зн о й  к р о в и  н а д п о ч е ч н и к о в . У ста н о в л е н о , ч то  р а з д р а ж е н и е  
se p tu m  b asa lis , а н т е р о -л а т е р а л ь н о г о  г и п о т а л а м у с а  и  л а т е р а л ь н о г о  г и п о т а л а м у с а  з а д е р 
ж и в а е т  се к р е т о р н у ю  ф у н к ц и ю  к о р ы  н а д п о ч е ч н и к о в . П р и  р а з д р а ж е н и и  n u c le u s  supra- 
op ticu s и n. p a rav e n tr ic u la r is  не о тм еч ал о сь  с у щ е с т в е н н о г о  и зм ен ен и я . В ы р а ж е н н о е -  
п о в ы ш е н и е  с е к р е ц и и  н а б л ю д а л о с ь  п р и  р а з д р а ж е н и и  po ste rio r tu b e r, reg io  p rem am il- 
la ris , с е т ч а т о г о  о б р а з о в а н и я  с р е д н е го  м о зг а  и te g m e n tu m  ven tra lis . Т о р м о ж е н и е  н а б л ю 
д а л о с ь  п р и  р а з д р а ж е н и и  te g m e n tu m  dorsalis , п р о в е д е н н о м  на у р о в н е  co llicu lu s su
p erio r. Д а е т с я  к р а т к о е  о б с у ж д е н и е  с т р у к т у р н ы х  с в я з е й , у ч а с т в у ю щ и х  в  ц е н т р а л ь н о й  
р е г у л я ц и и  си стем ы  г и п о ф и з -к о р а  Н ад п о ч еч н и ко в .

И С С Л Е Д О В А Н И Е  С В Я З И  М Е Ж Д У  А К Т И В Н О С Т Ь Ю  У С Л О В Н О Г О  О Б О Р Н О И -  
Т Е Л Ь Н О Г О  Р Е Ф Л Е К С А  И  Ф У Н К Ц И Е Й  С И С Т Е М Ы  Г И П О Ф И З -К О Р А  Н А Д 

П О Ч Е Ч Н И К О В

Б. БОХУШ, Э. ЭНДРЁЦИ и К. ЛИШШАК

П р и  и н д и в и д у а л ь н о м  и с с л е д о в а н и и  у с л о в н о г о  о б о р о н и те л ь н о го  р е ф л е к с а  и  ф у н к 
ц и и  к о р ы  н ад п о ч е ч н и к о в  у  к р ы с , м о ж н о  н а б л ю д а т ь , ч то  а к т и в н о с т ь  у с л о в н о г о  о б о р о н и 
т е л ь н о г о  р е ф л е к с а  п о в ы ш е н а  у  ж и в о т н ы х  с б о л е е  в ы с о к о й  а к т и в н о с т ь ю  с е к р е т о р н о й  
ф у н к ц и и  к о р т и к о с т е р о и д о в  и п о н и ж е н а  у  ж и в о т н ы х  с н и зк о й  а к т и в н о с т ь ю  с е к р е т о р н о й  
ф у н к ц и и  к о р т и к о с т е р о и д о в .

Д А Л Ь Н Е Й Ш И Е  Д А Н Н Ы Е  К  П О Л О В Ы М  Р А З Л И Ч И Я М  С И С Т Е М Ы  Г И П С Ф Г З  
К О Р А  Н А Д П О Ч Е Ч Н И К О В  У  К Р Ы С  

Б. БОХУШ, Э. ЭНДРЁЦИ и К. ЛИШШАК

С т е п е н ь  к о м п е н с а т о р н о й  г и п е р т р о ф и и  у  2 7 — 29 д н е в н ы х  и у  3 7 — 3 9  д н е в н ы х  к р ы с  
с а м ц о в  и  с а м о к  о д и н а к о в а я , в  то  в р е м я  к а к  у  5 2 — 5 6  д н е в н ы х  ж и в о т н ы х  с т е п е н ь  к о м п е н 
с а т о р н о й  ги п е р т р о ф и и  с а м о к  з н а ч и т е л ь н о  б о л ь ш е .

С и н т е з  к о р т и к о и д о в  in  v itro  г и п е р т р о ф и р о в а н н ы м и  н а д п о ч еч н и к ам и  п о с т е п е н н о  п о 
в ы ш а е т с я  с во зр а сто м , у  52-— 5 6  д н е в н ы х  с а м о к  п р о д у к ц и я  у ж е  б о л ь ш е  ч ем  у  сам ц о в .

П о с л е  к а с т р а ц и и , п р о в е д е н н о й  д о  п у б е р т а т н о г о  в о зр а с т а , у  107 д н е в н ы х  к р ы с



с а м о к  с т е п е н ь  к о м п е н с а т о р н о й  ги п е р т р о ф и и  н а д п о ч е ч н и к о в , н а с т у п а ю щ е й  п о с л е  у д а л е н и я  
к о н т р а л а т е р а л ь н о г о  н а д п о ч е ч н и к а  н а  100. д ен ь  п о с л е  р о ж д е н и я ,  зн а ч и т е л ь н о  с н и ж а е т с я ,  
в  то  в р е м я  к а к  у  сам ц о в  о с т а е т с я  н е и зм ен н о й  по  с р а в н е н и ю  с к о н т р о л ь н ы м и  ж и в о т н ы м и , 
у  к о т о р ы х  п р о в о д и л а с ь  л о ж н а я  о п е р а ц и я .

Д а ч а  э с т р о н -б е н з о а т а  д о  н а с т у п л е н и я  п о л о в о й  з р е л о с т и  в ы зы в а е т  у  в з р о с л ы х  с а м 
ц о в  п о в ы ш е н и е  к о м п е н с а т о р н о й  ги п е р т р о ф и и , в то  в р е м я  к а к  у  с а м о к  не н а б л ю д а е т с я  
и з м е н е н и я . В в е д ен и е  т е с т о с т е р о н а  д о  п у б ер та тн о го  в о з р а с т а  о с т а е т с я  без э ф ф е к т а  у  о б о и х  
п о л о в .

П о д  в л и я н и е м  д а ч и  э с т р о г е н а  до  н а с т у п л е н и я  п о л о в о й  зр е л о с т и  с е к р е ц и я  к о р т и -  
к о с т е р о н а  к о м п е н с а т о р н о  г и п е р т р о ф и р о в а н н ы м и  л е в ы м и  н а д п о ч е ч н и к а м и  у  в з р о с л ы х  
ж и в о т н ы х  п о в ы ш а е т с я  к а к  у  с а м о к , т а к  и у  с а м ц о в , в  т о  в р е м я  к а к  п о сл е  у д а л е н и я  я и ч 
н и к о в , п р о в е д е н н о г о  н а  2 2 — 2 5 . д е н ь  п о сл е  р о ж д е н и я , у  в з р о с л ы х  ж и в о т н ы х  о н а  у м е н ь 
ш а е т с я .

Н а  о с н о в а н и и  р е з у л ь т а т о в  и с с л е д о в а н и й , н а б л ю д а е м а я  у  сам о к  з р е л ы х  к р ы с  б о л ь 
ш а я  к о м п е н с а т о р н а я  г и п е р т р о ф и я  н а с т у п а е т  в  п е р и о д  п о л о в о г о  с о зр е в а н и я  п о д  в л и я н и е м  
э с т р о г е н а .

Р А З Г Р А Н И Ч Е Н И Е  М О Т О Р Н О Й  К О Р Ы  Г О Л О В Н О Г О  М О З Г А  К О Ш К И  В О Б Л А С Т И
G Y R U S  SIG M O ID EU S P O S T E R IO R

В. ГОЛДА, Ю. ПЕТРЕК, П. ЛИСОНЕК

В р а б о т е  п о т в е р ж д а ю т  а в т о р ы  м н ен и е  В. М. С в е т у х и н ы , что  п р ед ел о м  м е ж д у  м о т о р 
н ой  и  с е н с о р н о й  к о р о й  г о л о в н о г о  м о з г а  к о ш к и  в  о б л а с т и  g. sigmoideus posterior я в л я 
е т с я  sulcus postcruciatus. С в е р х  т о г о  у с т а н а в л и в а ю т , ч т о  р а зн ы м  ц и т о а р х и т е к т о н и ч е с к и м  
о б л а с т я м  в  g. sigmoideus posterior со о тветству ю т в ы з в а н н ы е  п о тен ц и ал ы  с р а з л и ч н ы м  
с к р ы т ы м  п е р и о д о м  п о л о ж и т е л ь н о й  ф азы . Э та п о л о ж и т е л ь н а я  ф а з а  в ы зв а н н о го  п о т е н ц и а л а  
и м еет  п р и  с т и м у л я ц и и  к о ж н о й  и  м ы ш ечн ой  в етв ей  с к р ы т ы й  п ер и о д  в о б л а с т и  м е ж д у  
s. cruciatus и s. postcruciatus зн а ч и т е л ь н о  д л и н н е е  ч е м  в  о б л а с т и , к о т о р а я  н а х о д и т с я  
о к ц и п и т а л ь н о  з а  s. postcruciatus. У н е к о т о р ы х  п р е п а р а т о в  а в т о р ы  р е г и с т р и р о в а л и  в 
м есте  s. postcruciatus о с о б у ю  ф о р м у  в ы зв ан н о го  п о т е н ц и а л а .

Я В Л Е Н И Е  С У М М И Р О В А Н И Я  Д Е Й С Т В И Я  В А В Т О Н О М Н О Й  Н Е Р В Н О Й  С И С Т Е М Е

Э. БИТТМАН и Н. РАЙЧУЛЕСКУ

П р о в о д и л и с ь  о стр ы е  э к с п е р и м е н т ы  н а  16 с о б а к а х  и  2 7  к о ш к а х  (а н е с т е з и я  к у р а р -  
и л и  х л о р а л о з о м )  в  ц е л я х  и с с л е д о в а н и я  к р о в я н о г о  д а в л е н и я ,  н аб л ю д аем о го  п р и  о д н о в р е 
м е н н о й  а к т и в а ц и и  ц е н т р а л ь н ы х  в е г е т а т и в н ы х  о т р о с т к о в , у ч а с т в у ю щ и х  в  р е г у л я ц и и  а р т е 
р и а л ь н о г о  к р о в я н о г о  д а в л е н и я .  Т а к и м  образом , к р о м е  и с с л е д о в а н и я  н е к о т о р ы х  и зм е н е н и й , 
и м е ю щ и х  м е с то  п р и  о д н о в р е м е н н о й  а к т и в а ц и и  к о р к о в ы х  и  ги п о т а л а м и ч е с к и х  в а з о м о т о р 
н ы х  о т р о с т к о в , и з у ч а л а с ь  т а к ж е  с в я з ь  м е ж д у  г и п о т а л а м у с о м  и  сетч аты м  о б р а з о в а н и е м  
с р е д н е г о  м о з г а . В  к а ч е с т в е  и н д и к а т о р а  и с п о л ь зо в а л и с ь  ф а з о в ы е  и зм ен ен и я  а р т е р и а л ь н о г о  
к р о в я н о г о  д а в л е н и я , в ы з в а н н ы е  э л е к т р и ч е с к и м  р а з д р а ж е н и е м  у к а з а н н ы х  д в у х  н е р в н ы х  
ц е н т р о в . И с с л е д о в а л с я  т а к ж е  э ф ф е к т  с т и м у л и р о в а н и я  г и п о т а л а м у с а  и  се т ч а т о г о  о б р а з о 
в а н и я  с р е д н е г о  м о зга  н а  с и н о к а р о т и д н ы е  п р е с с о р е ц е п т о р н ы е  р еф л ек сы , в ы зв а н н ы е  б и л а 
т е р а л ь н о й  о к к л ю з и е й  о б щ ей  с о н н о й  ар тер и и .

Р е з у л ь т а т ы  о п ы то в  п о к а з а л и ,  что о д н о в р е м е н н о е  с т и м у л и р о в а н и е  о п р е д е л е н н ы х  
п р е с с о р н ы х  т о ч е к  д в и г а т е л ь н о й  к о р ы , г и п о т а л а м у с а  и л и  п е р е д н е г о  о б о н я т е л ь н о го  м о з г а  
у  с о б а к  и  к о ш е к  в ы зы в ает , к а к  п р а в и л о , я в л е н и е  п р о с т р а н с т в е н н о й  су м м ац и и , и  т о л ь к о  
в  р е д к и х  с л у ч а я х  эф ф ек т  о к к л ю з и о н н о г о  ти п а . Е с л и  я в л е н и е  су м м ац и и  в ы з ы в а л о с ь  д е й 
с т в и я м и  р а з л и ч н о й  в е л и ч и н ы , т о  о н о  и м ело  л и н е й н ы й  х а р а к т е р ,  т а к  к а к  к о э ф ф и ц и е н т  
к о р р е л я ц и и  б ы л  и с ч и с л е н  в  о тн о ш е н и и  и с с л е д о в а н н ы х  н е р в н ы х  ц ен тр о в . О д н о в р е м е н н о е  
р а з д р а ж е н и е  г и п о т а л а м у с а  и  с е т ч а т о й  ф о р м ац и и  с р е д н е г о  м о з г а  к а к  п р а в и л о  в ы з ы в а е т  
с у м м и р о в а н н о е  действие* н а  к р о в я н о е  д ав л ен и е , и  т о л ь к о  и з р е д к а  эф ф екты  о к л ю з и о н н о г о  
и л и  с а м о с т о я т е л ь н о г о  т и п а . В  о б щ ем , с ти м у л и р о в а н и е  э т и х  о б л аст ей  им еет  с м я г ч а ю щ е е  
д е й с т в и е  н а  с и н о к а р о т и д н ы й  п р е с с о р н ы й  р еф л ек с , н о  в  р е д к и х  с л у ч а я х , оно  т о р м о з и т  
и л и  н е  и з м е н я е т  его.
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MOBILIZATION OF FLUIDS IN BIOLOGICAL OBJECTS 
BY MEANS OF TEMPERATURE GRADIENT

By

F . V ető
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T em p era tu re  g ra d ie n ts  o f 0.2 — 3 .0 °C /m m  h av e  given rise to  s ig n if ic a n t d iffe r
ences in th e  w a ter c o n te n t o f d iffe ren t v eg e tab le  tissues (apple, p o ta to , etc.), so th a t ,  
a f te r  th e  lapse of %  to  95 h o u rs , th e  a m o u n t o f  w a te r  co n ta in ed  in th e  coo ler p a r t  o f  th e  
tissu es w as a few per cen ts  h ig h er th an  t h a t  in  th e  w arm er p o rtion . I t  fo llow s th a t  
-  as in th erm o-osm otic  m odel ex p erim en ts  — a h ig h er te m p e ra tu re  is c ap a b le  o f  

d riv in g  w a te r to spaces o f low er te m p e ra tu re  in  biological system s. T h e rm a l ac tio n  
m ay  th ere fo re  be invo lved  in  th e  m ob iliza tion  o f cellu la r flu ids, a p ro b lem  o f  b io log ical 
sign ificance for the  in te rp re ta tio n  of “ ac tiv e ”  d isch arg e  of w ater by  cells.

Introduction

T h e  possib ility  th a t  h e a t  in to  w hich  p a r t  o f th e  energy  in h e re n t in  th e  
in g es ted  food is co n v erted , need  n o t be re g a rd e d  as a vaste  p ro d u c t useless 
for th e  o rg an ism  (as is s till s ta te d  in  te x tb o o k s  o f  physio logy  [1]) b u t  u n d e r  a d 
e q u a te  c ircu m stan ces an d  in  a d e q u a te  s tru c tu re s  i t  is able to  p e rfo rm  w o rk , as 
it  h ad  been  suggested  b y  E r n s t  [2, 3] in  1929 a lread y . E x p e rim e n ts  in i t ia te d  
b y  K o h n st a m m  in  1911 [4] a n d  e la b o ra te d  b y  E r n s t  and  his asso c ia tes  [5— 14] 
have  show n  th a t ,  if  th e  te m p e ra tu re  g ra d ie n t w as su ffic ien t, w a rm er a n d  m ore 
c o n c e n tra te d  so lu tions (i.e. th o se  w ith  h ig h er v a p o u r  p ressure) w ere lo sin g  w a te r  
th ro u g h  sem i-perm eab le  m em b ran es to  coo le r a n d  m ore d ilu te  so lu tio n s , i.e. 
tho se  w ith  low er v ap o u r p ressu re .

H e a t  m ay  fac ilita te  c o n c e n tra tio n  w o rk  also b y  w ay of th e rm o d iffu s io n , 
an d  c a p illa ry  th e rm o d iffu sio n  [15], an  a sp e c t o f th e  prob lem  th a t  is o u ts id e  
th e  scope o f th e  p resen t s tu d y .

C o nd itions fav o u rin g  th erm o -o sm o sis  a re  g iven  in  th e  liv in g  o rgan ism , 
sem i-p e rm eab le  m em branes as well as te m p e ra tu re  g rad ien ts  ex is t b o th  in tra -  
and  in te rce llu la rly . A n u m b e r o f  h ith e r to  in co m p reh en sib le  b io logical p h en o m 
ena  becom e clear if  in te rp re te d  in  te rm s  o f  therm o-osm osis. I t  e x p la in s  w hy  
cells a re  ab le  to  m obilize w a te r  ag a in st a d ro p  o f c o n cen tra tio n , e.g. w h en  p u l
sa tin g  v acuo les are filled  [16— 19]; how  ro o t p ressu re  arises [20]; how  th e  
sa liv a ry  g lan d  is able to  p ro d u ce  h y p o to n ic  secre tio n  w hen p re ssu re  in  th e  
e ffe ren t d u c t is h igher th a n  in  th e  a r te ry  [2 1 ] ; how  is re g u la te d  osm osis in  
fre sh -w a te r  an im als [22 ] ;  th ro u g h  w h a t m ech an ism  the  cells a re  cap a b le  of 
“ a c tiv e ”  w a te r  d ischarge  [23]. All th ese  p ro b lem s are  c learly  d e fin ed  in  th e

1 Acta Physiologien XXIV/2.
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w o rk s  o f  D o n h o f f e r  [24] a n d  N e t t e r  [25]. T h e  concep t of th e rm o -o sm o sis  
fa c i l i ta te s  th e ir  so lu tio n .

W e have fa iled  to  f in d  d a ta  in  th e  av a ila b le  l i te ra tu re  co n ce rn in g  th e  
q u e s tio n  w h e th e r w a te r  in  bio logical tissu es  c a n  be m obilized b y  te m p e ra tu re  
g ra d ie n ts  on th e  a n a lo g y  o f  m odel ex p e rim en ts . I t  w as only  in  G l a s s e r ’s w o rk  
[26] t h a t  —  a t a tim e  w h e n  o u r ex p erim en ts  w ere  in  progress —  w e fo u n d  som e 
re fe re n c e  to  th e rm o -o sm o sis  h av in g  been  o b se rv e d  in  ce rta in  v e g e ta b le  su b 
s ta n c e s . As reg a rd s th e  th e o re tic a l p a r t  o f  th e  p ro b lem , th e  th e rm o d y n a m ic s  
o f  irre v e rs ib le  processes, th e  w orks of D e n b i g h  [27], D e  Groot [28] an d  P r ig o - 
GINE [29] su p p ly  in fo rm a tio n  on th e  e n e rg e tis tic  in tric ac ie s  of su ch  p rocesses.

M aterial and m ethod

E as ily  p ro cu rab le  s to r in g  o rg an s o f p lan ts  w ere u sed . V egetab le  was p re fe rred  to  a n im a l 
t is su e  becau se  biological c o n d itio n s  a re  sim pler in  p la n ts ;  osm otica lly , th e  cells o f p la n ts  a re  
n e a re r  to  th e  m odel th a n  th o se  o f  an im als . W e carried  o u t  th re e  groups of ex p erim e n ts

1. on  slices o f  p la n t  tis su e ,
2. on  m odels (co n tro ls),
3. on  u n im p a ired  o rg an s  o f  p lan ts.
ad 1. T he slices w ere coo led  on  one and  h e a te d  o n  th e  o th e r  side. T his done , c h an g e s  in  

w a te r  c o n te n t  were m easu red . D isk s m easuring  fro m  1 to  3 cm  in  th ickness w ere c u t  fro m  
sp e c im en s of d ifferen t f ru its  (a p p le , p o ta to , c a rro t, k o h lrab i, p u m p k in , cucu m b er an d  on ion).

F ig . 1. F o r  ex p lan a tio n  see t e x t

A fte r  m easu rin g  th e ir  w e ig h t, we p laced  th e  d isks b e tw een  tw o  n icke l-p la ted  co p p er vesse ls 
w ith  sm o o th ly  polished su rface , b e in g  careful n o t to  leav e  a ir  be tw een  th e  cu t su rface  a n d  th e  
v esse l w all. T he disks w ere th e n  sealed  h e rm etically  b y  m ea n s  of g lazier’s p u t ty .  Seeing t h a t  
f lu id  w a s  accum ula ting  b e tw een  th e  p la n t and  th e  vessel on  th e  cooled side, w e m o u n te d  in  
la te r  e x p e rim e n ts  a sm all g lass fu n n e l on th is  side likew ise  b y  m eans of p u t ty  (F ig . 1). T ap  
w a te r  (15 to  20° C) w as th e n  cau sed  to  flow  th ro u g h  one o f  th e  vessels by  w ay  of cooling , 
w h ile  a n  e lectric  h e a te r  w as p lac ed  in  th e  w a ter co n ta in ed  in  th e  second vessel, so t h a t  i ts  
te m p e ra tu re  rose to  a p p ro x im a te ly  40° C. T he f lu id  tr ic k lin g  fro m  th e  cool side w as so co l
le c te d  a s  to  avoid  ev ap o ra tio n  a s  fa r  as possible. A fte r  a n  in te rv a l  th a t  v aried  fro m  %  t0  95 
h o u rs , th e  w hole device w as d ism o u n te d  and  th e  d isks w ere c u t  in  tw o, along a p lan e  p a ra lle l 
to  th e  o rig in a l section. T h ey  w ere  th e n  w eighed, m inced , d ried  a t  110° C u n til c o n s ta n t w e ig h t
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a n d  th e n  th e  p e rce n tu a l w a te r  c o n te n t of b o th  th e  cooled  a n d  th e  h e a ted  po rtio n  w a s  d e te r 
m ined , th e  q u a n ti ty  a n d  th e  freez ing -po in t d ep ression  o f th e  escaped  flu id  were d e te rm in e d . 
T h e  orig ina l w a te r  c o n te n t  o f th e  tissue  w as m easu red  in  a n o th e r , u n tre a te d  slice.

ad 2. T he m odel e x p e rim e n ts  w ere done in  a s im ilar w ay . 2 to  8 pe r cen t aqueous so lu tio n  
o f ag ar-ag ar gel o r a g a r-a g a r  gel m ade w ith  a 3.5 p e r  c e n t so lu tion  of cane sugar w as used  
in s tea d  of p lan t. T h e  w arm  sol w as p oured  in to  m eta l o r  p lex ig lass rings, left to  so lid ify , a n d  
th e  co n triv an ce  w as m o u n te d  in th e  u sua l w ay . A t th e  en d  o f th e  experim en t th e  d isk s  w ere  
c u t  in  tw o, and  th e  w a te r  c o n te n t  w as de te rm in ed  on b o th  th e  cooled and  the  h e a te d  side . 
In  a n o th e r  group of e x p e rim e n ts  each  of th e  p lexig lass rin g s w as filled  w ith  th ree  su p e rp o se d  
d isks o f  sy n th e tic  sponge s a tu ra te d  w ith  3.5 per c en t sacch aro se  so lu tion . A t th e  end o f  th e  
e x p e rim e n t, th e  so lu tio n  w as squeezed  o u t o f th e  d isk s, a n d  th e  co n cen tra tio n  ch an g e  w as 
d e te rm in ed  by  m ean s o f a re fra c to m e te r.

ad 3. U n im p ared  w hole tu b e rs  of p o ta to  w ere u se d  in  these  experim en ts. W e w ra p p e d  
th em  in  th in  ru b b e r  p o u ch es so as to  p rev en t u p ta k e  o f  w a te r , a n d  p laced th e  tu b e rs  o n  a

p lex ig lass p la te  p ro v id ed  w ith  a d eq u a te  apertu res . A fte r  f ix in g  th e  tu b ers  w ith  p u t ty ,  th e  
p la te  w as so p laced  in  a g lass c o n ta in e r as to  d iv ide th e  la t t e r  in to  tw o c o m p a rtm e n ts  (F ig . 2). 
T h e  p la te  w as f ix e d  in th e  co n ta in e r likewise b y  m ean s o f p u t ty ,  w h erea fte r one side o f  th e  
tu b e rs  w as h e a ted , th e  o th e r  cooled by  flow ing w a te r  (40°C  an d  17°C, re sp ec tiv e ly ). S ix  
tu b e rs  o f p o ta to  w ere  u sed  in  each  experim en t. T he m ean  w a te r  c o n te n t of th e  w a rm e s t  a n d  
t h a t  o f th e  coolest p a r ts  w as d e term ined  a t  in te rv a ls  ra n g in g  from  4 to  95 hours.

T he resu lts  w ere e v a lu a te d  s ta tis tica lly  b y  m eans o f  th e  “t” t e s t ;  d ifferences w ere re g a rd e d  
s ig n ifican t if  p  <  0.05.

R esults

lo ^  A lto g e th e r 67 ex p e rim en ts  w ere m ad e  w ith  slices of app le . T h e  d e 
ta ile d  resu lts  are show n  in T a b le  I .T h e  q u a n t i ty  o f  w a te r  w as in v a ria b ly  m o re  in  
th e  cooled p a r ts . T h e  d ifference in  th e  w a te r  c o n te n t  o f th e  tw o p a r ts  ra n g e d  
fro m  0.2 to  20.9 p e r  c e n t, w ith  a m ean of 4.7 p e r c e n t. T h e  w a te r  th a t  in v a r ia b ly  
escaped  on th e  coo ler side h as  been neg lec ted  in  th e se  fig u res . T he a m o u n t o f  
th e  escaped  w a te r  v a r ie d  from  0.1 to  8.0 m l, w ith  a m ean  value o f 1.9  m l.  
T h e  v a lu es  o f th e  freez in g -p o in t depression of th is  f lu id  w ere s ig n ifican tly  d iffe r
e n t accord ing  to  th e  d irec tio n  in  w hich th e  slices h a d  been  cu t. T he v a lu e  w as 
0.72° C for ju ice  tr ic k lin g  o u t o f slices sec tio n ed  in  a p lan e  para lle l, an d  0 .38° C 
fo r th a t  from  slices sec tio n ed  in  a p lane  p e rp e n d ic u la r , to  th a t  o f th e  a p p le  
co re , an d  1.54° C fo r t h a t  o b ta in ed  b y  squeezing  th e  app le .

W e fu r th e rm o re  asce rta in ed  w h e th e r th e re  e x is ted  a co rre la tion  b e tw e e n  
th e  te m p e ra tu re  g ra d ie n t and  th e  d iffe ren ce  in  w a te r c o n te n ts .

1*

F ig . 2 . F o r e x p la n a tio n  see te x t
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Table I

No.

Duration
of

experiment,
hrs,

Temp.
grad.

C°/mm

A. mount 
of fluid 
escaped, 

ml

Percentage of water 
content on cooled side

w ithout 1 with*

Water 
content 

on heated 
side

Percentage 
difference 
in water 
contents

escaped fluid

l . 2 2 3 .0 2 .8 8 9 .0 9 1 .4 8 1 .5 7 .5

2 2 3 1 .0 0 .1 9 0 .8 9 0 .9 8 6 .9 3 .9

3 . 17 1 .0 0 .1 9 1 .0 9 1 .1 8 5 .2 5 .8

4 . 5 3 .0 1 .0 9 2 .2 9 2 .8 8 8 .8 3 .4

5 . 21 1 .5 9 9 2 .5 9 8 5 .8 6 .7

6 . 2 4 1 .0 9 9 1 .8 9 8 4 .6 7 .2

7 . 16 0 .7 3 .2 8 8 .7 9 0 .5 8 4 .0 4 .7

8 . 16 2 .0 1 .0 9 0 .5 9 1 .0 8 5 .4 5 .1

9 . 16 2 .0 3 .0 9 1 .8 9 2 .6 8 4 .0 7 .8

1 0 . 18 2 .0 8 .0 9 0 .5 9 4 .3 8 4 .3 6 .2

1 1 . 18 1 .0 0 .1 9 1 .5 9 1 .6 8 7 .0 4 .5

1 2 . 18 1 .0 5 .0 9 1 .5 9 2 .9 8 7 .5 4 .0

1 3 . 18 2 .0 2 .5 8 9 .6 9 0 .9 8 5 .7 3 .9

1 4 . 18 1 .0 2 .5 9 0 .6 9 1 .7 8 9 .2 1 .4

1 5 . 18 1 .0 1 .0 9 1 .0 9 1 .5 8 8 .6 2 .4

1 6 . 21 1 .0 1 .6 9 1 .1 9 4 .0 8 7 .4 3 .7

1 7 . 21 1 .0 0 .6 9 2 .4 9 2 .7 8 8 .5 3 .9

1 8 . 22 1 .0 6 .5 8 9 .0 9 1 .2 8 0 .4 8 .6

1 9 . 22 1 .0 2.1 8 9 .6 9 1 .3 8 4 .3 5 .3

2 0 . 2 2 0 .5 2 .8 9 0 .3 9 1 .2 8 9 .0 1 .3

2 1 . 2 3 1 .0 1.1 9 2 .2 9 2 .4 8 7 .2 5 .0

2 2 . 2 3 1 .0 1 .2 9 2 .6 9 2 .8 9 0 .3 2 .3

2 3 . 2 3 1 .0 3 .6 8 9 .7 9 1 .7 8 8 .7 1 .0

2 4 . 19 1 .0 2 .0 9 2 .0 9 2 .6 8 8 .7 3 .3

2 5 . 19 1 .0 1 .8 9 1 .2 9 1 .7 8 7 .7 3 .5

2 6 . 19 0 .9 1 .6 9 0 .3 9 0 .9 8 3 .7 6 .6

2 7 . 2 2 0 .8 1 .8 9 0 .7 9 1 .0 8 8 .7 2 .0

2 8 . 2 2 0 .6 1 .6 9 2 .8 9 2 .9 9 0 .0 2 .8

2 9 . 2 2 0 .6 0 .6 9 0 .8 9 1 .1 8 8 .3 2 .5

3 0 . 2 6 1 .0 3 .5 9 0 .4 9 2 .0 8 8 .2 2 .2

3 1 . 2 6 0 .9 5 .5 9 0 .8 9 2 .6 8 7 .8 3 .0

3 2 . 2 6 0 .8 1.1 9 2 .0 9 4 .6 8 9 .4 2 .6

3 3 . 2 2 1 .0 1 .8 9 3 .8 9 4 .4 9 0 .0 3 .8

3 4 . 2 2 0 .7 2 .0 9 1 .5 9 2 .1 8 8 .0 3 .5

3 5 . 2 2 0 .7 0 .4 9 2 .1 9 2 .2 9 1 .9 0 .2

3 6 . 21 1 .0 0 .8 9 2 .3 9 2 .5 8 8 .9 3 .4
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No.

Duration
of

experiment,
hr*.

Temp.
grad.

C°/mm

Amount 
of fluid 
escaped 

ml

Percentage o f water 
content on cooled side

without ! with* 

escaped fluid

Water 
content 

on heated
side

Percentage 
difference 
in water 
contents

3 7 . 21 0 .8 i . i 9 2 .0 9 2 .3 8 7 .8 4 .2

3 8 . 21 0 .8 0 .8 9 2 .6 9 2 .7 9 0 .0 2 .6

3 9 . 18 1 .0 3 .7 9 1 .9 9 2 .7
1Лcc 2 .4

4 0 . 18 0 .7 0 .8 9 1 .3 9 1 .4 8 7 .3 4 .0

4 1 . 18 0 .7 2 .1 9 2 .7 9 3 .1 8 9 .0 3 .7

4 2 . 19 1 .0 0 .8 9 1 .7 9 1 .9 8 9 .6 2 .1

4 3 . 19 0 .7 0 .6 9 2 .0 9 2 .1 9 0 .2 1 .8

4 4 . 19 0 .6 0 .3 9 2 .0 9 2 .2 9 0 .4 1 .6

4 5 . 2 3 0 .8 4 .2 9 1 .0 9 2 .2 8 8 .0 3 .0

4 6 . 2 3 0 .8 2 .0 9 2 .6 9 3 .4 8 8 .4 4 .2

4 7 . 2 3 0 .7 1 .4 9 2 .6 9 2 .8 8 8 .7 3 .9

4 8 . 2 3 1 .0 1 .2 9 1 .6 9 2 .0 8 5 .7 5 .9

4 9 . 2 3 0 .9 3 .8 9 0 .6 9 2 .6 8 7 .9 2 .7

5 0 . 2 3 0 .9 0 .2 9 0 .6 9 0 .8 8 8 .6 2 .0

5 1 . 2 2 1 .3 4 .1 9 1 .4 9 2 .5 8 7 .1 4 . 3

5 2 . 22 0 .9 1 .8 9 0 .0 9 0 .6 8 5 .0 5 .0

5 3 . 22 0 .8 1 .4 9 2 .2 9 2 .5 8 8 .6 3 .6

5 4 . 6 9 0 .2 0 .6 8 9 .3 8 9 .7 8 1 .2 8 .1

5 5 . 6 9 0 .2 2 .8 8 6 .9 8 9 .0 7 9 .3 7 .6

5 6 . 6 9 0 .2 0 .4 9 0 .5 9 1 .0 8 2 .7 7 .8

5 7 . 4 3 0 .2 3 .7 8 7 .4 9 1 .5 7 7 .9 9 .5

5 8 . 4 3 0 .3 3 .4 8 6 .1 8 8 .2 8 0 .1 6 .0

5 9 . 4 3 0 .3 1 .4 9 5 .0 9 5 .5 7 4 .1 2 0 .9

6 0 . 4 7 0 .2 0 .1 9 1 .9 9 1 .9 7 9 .3 1 2 .6

6 1 . 4 7 0 .3 1 .4 9 0 .3 9 1 .2 8 3 .6 6 .7

6 2 . 41 0 .3 1 .9 8 7 .7 8 9 .1 8 4 .5 3 .2

6 3 . 41 0 .2 1 .3 9 1 .7 9 2 .4 8 4 .9 6 .8

6 4 . 41 0 .3 0 .5 8 8 .7 8 8 .9 8 4 .5 4 .2

6 5 . 4 3 0 .3 0 .5 8 9 .5 8 9 .7 8 3 .7 5 .8

6 6 . 4 3 0 .2 0 .4 8 9 .6 8 9 .8 8 6 .8 2 .8

6 7 . 4 3 0 .3 0 .8 9 0 .0 9 0 .4 8 5 .1 4 .9

* i.e. th e  escaped  flu id  regarded  as w a ter to  be  ad d ed  to  th e  w a ter co n ten ts  o f th e  
cooled side.

O f course, we to o k  on ly  th o se  e x p e rim e n ts  in to  accoun t in  w h ich  all 
th e  p a ra m e te rs  b u t  th e  te m p e ra tu re  g rad ien t w ere  id en tica l. I f  th e  a m o u n t o f 
escaped  w a te r is n o t neg lec ted  (a fu lly  ju s tif ie d  p ro ced u re ), th e  coeffic ien t o f 
co rre la tio n  a m o u n ts  to  -j-0.58 ^  0.14.
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Table II

No.
Duration of 
experiment 

hrs.

T emperature 
gradients 
C°/mm

Amount of 
fluid escaped 

ml

Percentage of 
water content 

on cooled 
side with 

escaped fluid*

Water 
content 

on heated 
side

Percentage 
difference 
in water 
contents

l . 16 3 .0 0 7 1 .5 7 0 .4 + 1 . 1

2 . 9 1.0 0 7 0 .8 7 0 .9 —  0.1
3 . 0 .5 1.0 0 7 4 .2 7 4 .2 0
4 . 1 1.0 0 7 4 .2 7 4 .5 —  0 .3

5 . 21 3 .0 2 .5 6 9 .0 6 5 .0 + 4 . 0

6 . 2 3 .0 0 7 5 .0 7 4 .1 + 0 . 9

7 . 2 3 .0 0 6 8 .5 7 0 .2 - 1 . 7

8 . 0 .2 5 3 .0 0 7 1 .0 7 1 .4 - 0 . 4

9 . 3 .5 3 .0 1 d r o p 7 3 .0 7 1 .4 +  1 .6

10 . 18 1 .5 0 7 1 .6 6 9 .8 + 1 . 8

1 1 . 2 6 1.0 0 7 7 .4 7 7 .2 + 0 . 2

1 2 . 2 3 1.0 0 7 5 .2 7 1 .0 + 4 . 2

1 3 . 7 .5 2 .0 0 7 5 .4 7 4 .4 +  1.0

1 4 . 17 2 .0 0 7 3 .3 6 8 .5 + 4 . 8

1 5 . 22 3 .0 0 6 7 .5 6 7 .0 + 0 . 5

1 6 . 22 1.0 0 7 0 .7 6 9 .0 +  1 .7

1 7 . 22 1.0 0 7 3 .5 7 1 .8 +  1 .7

1 8 . 2 3 1 .5 0 7 3 .8 7 0 .6 + 3 . 2

1 9 . 2 3 1.0 2 .2 7 1 .2 7 0 .5 + 0 . 7

2 0 . 2 2 2 .0 0 7 3 .3 6 9 .5 + 3 . 8

2 1 . 4 4 1.0 0 7 7 .0 7 5 .7 +  1 .3

2 2 . 4 4 0 .8 0 .3 7 8 .9 7 7 .5 +  1 .4

2 3 . 6 4 0 .8 0 7 5 .5 7 5 .7 - 0 . 2

2 4 . 3 9 1.0 0 7 9 .4 7 9 .1 + 0 . 3

2 5 . 3 9 0 .9 0 7 9 .4 7 8 .5 + 0 . 9

2 6 . 4 7 1.0 0 7 7 .7 7 8 .9 - 1 . 2

2 7 . 4 7 1.0 0 .2 7 8 .8 7 8 .3 + 0 . 5

2 8 . 4 7 1.0 0 .2 7 6 .6 7 6 .5 + 0 . 1

2 9 . 4 2 0 .8 0 7 8 .9 7 7 .7 +  1 .2

3 0 . 4 2 1.0 0 .6 7 9 .0 7 9 .2 — 0 .2

3 1 . 4 2 0 .6 1 .5 8 0 .8 8 0 .5 + 0 . 3

3 2 . 4 2 0 .6 1.0 7 7 .8 7 8 .5 - 0 . 7

3 3 . 91 0 .6 0 7 4 .7 7 2 .6 + 2 . 1

3 4 . 91 0 .6 0 7 4 .6 7 4 .6 0

3 5 . 91 0 .8 0 7 6 .1 7 2 .5 + 3 . 6

* i . e .  t h e  e s c a p e d  f l u i d  r e g a r d e d  a s  w a t e r  t o  b e  a d d e d  to  t h e  w a t e r  c o n t e n t s  o f  t h e
c o o le d  s id e .
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T h e  e ffec t v a ried  also acco rd in g  to  v a r ie ty . T h e  d iffe rence  b e tw een  th e  
cool an d  w arm  side a m o u n te d  to  5.4 p er cen t in  one (J o n a th a n ) , to  3.1 p e r  cen t 
in  a n o th e r  (R ozm aring ) v a r ie ty  o f ap p le .

lb )  A to ta lo f  35 e x p e rim e n ts  w as m ade w ith  slices o f p o ta to  (T ab le  I I ) .  
T h e  cooler side c o n ta in e d  m ore w a te r  (inc lud ing  w a te r  t h a t  h a d  tr ic k le d  o u t) 
in  25 cases, th e re  w as no ch an g e  in  2 cases, a n d  th e  w arm er side c o n ta in e d  m ore

Table II I

No.
Duration 

of experiment 
hr».

Temperature
gradients
C°/mm

Amount of 
fluid escaped 

ml

Percentage of 
water content 

on cooled 
side with 

escaped fluid*

Water content 
on heated 

side

Percentage 
difference 
in water 
contents

l . 71 0 .5 0 .6 9 0 .2 8 9 .8 + 0 . 4

2 . 71 0 .5 2 .6 9 0 .9 8 9 .8 +  1 .1

3 . 71 0 .5 0 .4 9 0 .5 9 0 .4 + 0 . 1

4 . 2 3 0 .8 0 .0 8 9 .5 8 7 .6 +  1 .9

5 . 2 3 1 .0 1 .0 9 0 .0 9 0 .2 - 0 . 2

6 . 2 3 0 .8 0 .6 8 8 .9 8 8 .1 + 0 . 8

7 . 4 5 0 .9 2 .0 8 8 .8 8 8 .4 + 0 . 4

8 . 4 5 0 .9 0 .8 8 9 .4 8 4 .7 + 4 . 7

9 . 4 5 1 .2 0 .9 8 9 .6 8 7 .8 +  1 .8

1 0 . 7 2 0 .7 1 .0 8 7 .2 8 6 .8 + 0 . 4

1 1 . 7 2 0 .9 0 .2 8 9 .8 8 3 .7 + 6 . 1

1 2 . 7 2 0 .8 0 .2 8 5 .4 8 0 .9 + 4 . 5

1 3 . 4 3 0 .8 1 .8 9 1 .7 9 0 .4 +  1 .3

1 4 . 4 3 1 .0 2 .2 9 1 .7 9 1 .3 + 0 . 4

1 5 . 4 3 0 .9 3 .6 9 1 .6 9 0 .8 + 0 . 8

1 6 . 4 4 0 .7 0 .1 9 0 .9 9 1 .5 - 0 . 6

1 7 . 4 4 0 .9 0 .2 9 1 .7 8 8 .7 + 3 . 0

1 8 . 4 4 0 .9 0 .1 9 2 .0 9 1 .4 + 0 . 6

1 9 . 2 8 0 .8 0 .0 8 9 .5 9 0 .2 - 0 . 7

2 0 . 2 8 1 .0 0 .0 9 0 .0 8 9 .9 + 0 . 1

2 1 . 2 8 1 .0 0 .0 8 9 .9 8 9 .5 + 0 . 4

2 2 . 9 4 0 .6 2 .0 9 0 .0 9 2 .9 —  2 .9

2 3 . 9 4 0 .8 0 .2 9 0 .5 9 0 .7 - 0 . 2

2 4 . 9 4 0 .8 1 .0 8 9 .2 9 1 .4 - 2 . 2

2 5 . 5 6 0 .7 0 .5 8 5 .5 8 3 .8 +  1 .7

2 6 . 5 6 0 .6 0 .3 8 5 .0 8 3 .7 +  1 .3

2 7 . 5 6 0 .8 0 .5 8 7 .2 8 7 .2 0 .0

* i.e .  t h e  e s c a p e d  f lu i d  r e g a r d e d  a s  w a t e r  to  b e  a d d e d  to  t h e  w a t e r  c o n t e n t s  o f  t h e
c o o le d  s id e .
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w a te r  in  8 cases. O n th e  av e rag e , th e  cool side c o n ta in e d  1.1 p er cen t m ore 
w a te r  th a n  th e  w a rm  s id e . W a te r  escaped  o n ly  in  9 cases, w ith  a m ax im u m  
o f  2 .5  ml.

l c )  T w en ty -sev en  e x p e rim e n ts  were m ad e  w ith  slices o f ca rro t ( T a b le l l l ) .  
T h e  cooler side c o n ta in e d  m ore  w a te r (in c lu d in g  w a te r  th a t  h a d  tr ic k le d  out) 
in  2 0  cases, th e re  w as n o  ch an g e  in  one case, an d  th e  w a rm e r side co n ta in ed  
m o re  w a te r  in  6 cases. O n  th e  average, th e  cool side c o n ta in e d  0.9 p er cen t 
m o re  w a te r  th a n  th e  w a rm  side. F lu id  escap ed  in  all h u t  4 cases. T h e  m a x i
m u m  w as 3.6 m l, w ith  a m e a n  value of 0.8 m l. T h e  freez in g -p o in t depression  
a m o u n te d  to  0.20° C.

ld )  A to ta l  o f  9 e x p e rim e n ts  w as m ad e  w ith  slices of p u m p k in . T here  
w a s  m ore w ate r in  th e  co o led  p a rts  in all cases; m in im u m , 0.4 per c e n t; m ax i
m u m , 2.6 per c e n t; m e a n  1.7 per cen t. F lu id  (0.1 to  4.2 m l) escaped  in  all 
c a se s .

le,) Six e x p e rim e n ts , e ach , w ere m ade w ith  k o h lrab i, cu cu m b er an d  onion . 
I t  w a s  p rac tica lly  a lw a y s  th e  cool side w h ich  c o n ta in e d  m ore w a te r . T he n u m 
b e r  o f  experim en ts w as to o  low  to  ad m it o f s ta t is t ic a l  e v a lu a tio n .

2 . A ltogether 14 e x p e rim e n ts  w ere m ad e  w ith  a g a r-a g a r gel. W e ob 
s e rv e d  no difference in  th e  w a te r  co n ten ts  o f th e  tw o  sides, n o r d id  w a te r  escape 
in  a n y  case. S y n th e tic  sp o n g e  w as used in  7 e x p e rim e n ts . A ccord ing  to  th e  re- 
f ra c to m e te r , th e  su g ar s o lu tio n  w as s ig n ifican tly  m ore d ilu te d  on th e  cool side.

3. A ltogether 32 e x p e r im e n ts  were m ad e  w ith  in ta c t  p o ta to  tu b e rs  (T ab 
le  IV ) .  T he cooled p a r t  c o n ta in e d  m ore w a te r  in  22 cases, th e re  w as no  change 
in  3 cases, and  th e  h e a te d  p a r t  con ta ined  m ore  w a te r  in  7 cases. T he m ean  va lu e  
o f  su rp lu s  w ate r on th e  coo l side am o u n ted  to  0 .8  p e r cen t.

D iscussion

O ur ex p erim en ts  w ith  sections of p la n t  tissu e  an d  in ta c t  p o ta to  tu b e rs  
h a v e  clearly  d e m o n s tra te d  t h a t  th e  te m p e ra tu re  g ra d ie n t changes th e  w a te r  
c o n c e n tra tio n  in  th e  t is su e s  b y  driv ing  th e  f lu id  from  th e  w arm er to  th e  cooler 
p a r t s .  T he fact th a t  d iffe ren ces  in  te m p e ra tu re  m obilize  th e  w a te r  o f liv ing  
p la n t  tissues m eans t h a t  h e a t  is capable  of p e rfo rm in g  w o rk  in  biological s tru c 
tu r e s .  T he effect is p re s u m a b ly  p ro p o rtio n a l to  th e  g ra d ie n t. H ow ever, a p a r t 
f ro m  th e  te m p e ra tu re  d iffe ren ce , th e  v e ry  s t ru c tu re  o f  th e  tissu e , to o , in f lu 
en c e s  th e  resu lt, as p ro v e d  b y  v a ria tio n s  t h a t  d ep en d ed  on th e  d irec tio n  of th e  
s e c tio n  an d  th e  v a r ie ty  o f  f r u i t  em ployed. Ig n o ra n c e  o f all fa c to rs  in v o lved  p re 
v e n ts  us from  e s ta b lish in g  q u a n ti ta t iv e  re la tio n sh ip s  in  th is  resp ec t.

A s regards th e  m e c h a n ism  of th e  p h en o m en o n , we ascribe  th e  observed  
e ffe c t to  therm o-osm osis d u e  to  d ifferences i.e. v a p o u r  p re ssu re . “ Therm ic h u m id 
i t y  c o n d u c tan ce”  (L ik o v  [30]) and  d is tilla tio n  th ro u g h  v a p o u r  space, as indi-
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Table IV

No. Heating °C Cooling °C
Time of 

experiment 
hr*.

Water contents Percentage 
difference 
in  water 
contentswarm cold

l . 4 0 18 4 7 9 .0 7 9 .4 —f- 0 .4

2 . 4 0 17 6 7 9 .4 7 8 .7 — 0 .7

3 . 4 0 1 6 6 7 7 .7 7 8 .3 + 0 . 6

4 . 4 0 1 6 12 7 8 .3 7 7 .3 —  1 .0

5 . 4 0 2 0 4 5 7 3 .5 7 3 .5 0

6 . 38 1 4 2 6 7 5 .2 7 3 .0 —  2 .2

7 . 41 16 6 4 7 3 .8 7 4 .6 + 0 . 8

8 . 4 0 17 6 9 7 4 .7 7 5 .0 +  0 .3

9 . 38 16 8 9 7 3 .4 7 4 .3 + 0 . 9

10 . 41 18 6 6 7 6 .2 7 5 .9 — 0 .3

1 1 . 3 9 17 65 7 9 .8 8 1 .7 +  1 .9

12 . 38 18 8 9 8 0 .3 8 0 .0 - 0 . 3

13 . 3 9 16 71 7 5 .5 7 7 .6 +  2 .1

14. 4 0 18 6 6 7 8 .4 7 9 .5 +  1 .1

1 5 . 35 17 6 6 7 4 .5 7 9 .2 + 4 . 7

16 . 4 0 17 6 4 7 9 .2 8 0 .8 : 1 .6

17 . 4 3 17 72 7 4 .8 7 6 .3 +  1 .5

18 . 3 8 1 6 7 2 7 6 .0 7 7 .0 +  1 .0

19. 3 7 15 71 7 4 .7 7 4 .2 0 .5

2 0 . 3 9 15 6 6 7 6 .9 7 8 .3 +  1 .4

2 1 . 3 7 16 4 5 7 7 .8 7 8 .3 + 0 . 5

2 2 . 3 8 17 9 2 7 5 .0 7 5 .5 + 0 . 5

2 3 . 3 9 16 6 9 7 2 .7 7 5 .5

00c4

2 4 . 3 9 16 7 0 7 5 .0 7 5 .6 + 0 . 6

2 5 . 4 0 16 7 5 7 7 .2 7 9 .3 + 2 . 1

2 6 . 4 0 17 9 0 7 8 .5 8 0 .0 +  1 .5

2 7 . 4 0 18 6 6 7 9 .4 7 9 .8 + 0 . 4

2 8 . 3 9 17 74 7 8 .7 8 1 .9 + 3 . 2

2 9 . 4 0 19 6 7 7 8 .8 7 7 .6 —  1 .2

3 0 . 4 0 2 0 72 7 9 .6 7 9 .6 0

3 1 . 4 0 19 9 5 7 6 .6 7 6 .6 0

3 2 . 4 3 19 71 7 4 .5 7 4 .7 + 0 . 2

ca ted  b y  th e  b eh av io u r of th e  sy n th e tic  sponges a n d  th e  in te rce llu la r p resen ce  
o f a ir in  th e  p la n ts , m ay  p la y  a c e r ta in  role in  th e  m echan ism  in  q u e s tio n .

T he p ro b lem s u n d e r rev iew  m ig h t be easie r i f  we could m easu re  th e  
am o u n t an d  c o n c e n tra tio n  o f in tra -  an d  ex tra c e llu la r  flu id s , fu r th e r  th e  te m p e ra -
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tű r e  o f  th e  cells or o f th e i r  co m p o n en ts  b y  m e a n s  o f m ic ro -th e rm o e lem en ts  or 
b y  m e a n s  of th e ir  r a d ia te d  (in fra red ) h ea t. E x p e r im e n ts  in  th is  d ire c tio n  an d  
th e i r  ex ten s io n  to  an im a l tis su e s  are p lan n ed .

A cknow ledgem ent

T h e  a u th o r w ishes to  e x p re ss  his in d eb ted n ess  to  p rof. E r n s t  o n  w hose in it ia tiv e  
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T he effect of 15 MeV b e ta tro n  /J-rays on th e  iso lated  frog h e a r t  h a s  b een  in v e s t i 
g a te d . R egu lar co n trac tio n  w as o b se rv ed  du rin g  irrad ia tio n  in 12 p e r c e n t  o f  th e  e x 
p e rim en ts . H ow ever, b o th  a m p litu d e  an d  freq u en cy  were considerab ly  lo w e r th a n  th e  
o rig ina l ones.

D uring  irrad ia tio n  a decrease  o f th e  th resh o ld  stim u lus o f th e  v e n tr ic le s  iso la ted  
b y  S ta n n iu s ’ lig a tu re  w as d em o n s trab le  in  th e  m a jo rity  of cases.

T he ex p erim en ts p ro v id ed  d a ta  to  th e  re la tio n  betw een ra d ia tio n  e ffe c t a n d  
e x c ita tio n , and ren d er th e  assu m p tio n s  of th e  sem iconductor th eo ry  m o re  p lau s ib le .

T h e  effect o f th e  ra d ia tio n  o f ra d io a c tiv e  iso topes on th e  iso la te d  frog  
h e a r t  w as in v es tig a ted  in  ou r in s t i tu te  m an y  y ea rs  ago [1, 2, 3]. W e do  n o t w ish 
to  m e n tio n  in  th is  con n ec tio n  th e  d e b a te  a b o u t th e  ea rly  e x p e r im e n ts  of 
Z w a a r d e m a k e r  [4] because in  th o se  th e  a m o u n t o f ra d io a c tiv ity  w as  a t  le a s t 
th re e  m ag n itu d es  sm aller th a n  in  o u r ex p e rim en ts . E x p e rim e n ts  in  w h ich  th e  
m a g n itu d e  o f ra d io a c tiv ity  used  w as a p p ro x im a te ly  equal to  ours h a v e  been  
m ad e  also  in  o th e r in s ti tu te s  in  th e  la s t  te n  y ea rs  [5, 6 ].

A ll th ese  ex p erim en ts  c o n ta in  m a n y  u n c e rta in tie s . N obody  h a s  succeeded  
in  d e te rm in in g  th e  necessary  co fac to rs , th e  presence o f w hich , to g e th e r  w ith  
th e  su ffic ien t in te n s ity  o f ra d ia tio n , cause th e  positive  effect. I n  o u r  o p in ion  
—  as ex p la in ed  in  ou r p ap e r —  th e  ex p e rim en ts  m ade w ith  th e  a id  o f  a n  e x 
te rn a l  source  o f ra d ia tio n  g re a tly  h e lp  to  c la rify  th e  p ro b lem , since

1 . th e  possib ility  o f b rin g in g  a n y  k in d  o f tra c e  e lem ent or c o m p o u n d  as 
im p u r it ie s  in to  th e  h e a r t is c e r ta in ly  excluded ;

2 . as to  th e  ac tion  m ech an ism  o f ir ra d ia tio n , th ese  e x p e rim e n ts  could  
give an  answ er to  th e  q u estio n  w h e th e r  i t  is th e  corpuscles or q u a n ts  th e m se lv e s  
or th e  reco il ion isa tion  o f th e  n u c leu s , causing  a v e ry  g rea t specific  io n isa tio n , 
w h ich  is effective;

3. i f  th e  ex te rn a l source is a p a rtic le  acce le ra to r in  w hich  th e  e n e rg y  of 
p a rtic le s  is va riab le  w ith in  a w ide ran g e , th e re  is a possib ility  o f s tu d y in g  th e  
en e rg y  d ependence  o f th e  effect.

I n  th e  p resen t s tu d y  we w ish ed  to  c la rify  th e  question  w h e th e r  e x te rn a l 
/? -rad ia tio n  h ad  an  effect on th e  iso la te d  frog  h e a rt.
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T h e support o f th e  IA E A  offering us fa c ilitie s  fo r u sing  in  our ex p erim en ts  
th e  b e ta tro n  of th e  R a d io lo g ic a l In s titu te  o f th e  U n iv e rs ity  of R om e, gave us 
a n  o p p o rtu n ity  to  c a r ry  o u t  th is  plan.

M ethods

S tra u b ’s h e a r t p r e p a r a t io n  o f th e  frog R a n a  e sc u le n ta  w as used  in  these  e x p erim en ts ; 
i r ra d ia t io n  was perform ed a f te r  s to p p in g  th e  h earts  w ith  К -rich  so lu tion . T he s to pp ing  solu tion  
c o n ta in e d  0.17 g NaCl, 0 .30 g K C l, 0.30 g CaCL, 0.02 g N H C 0 3 in  100 g w a ter, as described  
in  a  p rev ious paper [1].

In  th e  second p a r t  o f  th e  ex p erim en ts card iac  a r re s t  w as ach ieved  by  lig a tu re  o f th e  
a tr io v e n tr ic u la r  bo rder (S ta n n iu s ’ 2nd ligature) an d  a f te r  th is  th e  th resh o ld  s tim u lus vo ltag e  
o f  th e  a rre sted  h e a r t v e n tr ic le s  w a s  exam ined w ith  single  co n d en ser discharges. T he cap ac ity  
o f  th e  condenser w as 0.1 ,uF a n d  th e  charging v o lta g e  co u ld  be  v a rie d  w ith  an  accu racy  of 
0.05 V.

T he rad ia tio n  sou rce  w a s  a  Siem ens b e ta tro n . T h e  a p p a ra tu s  was used  w ith  a  ra d ia tio n 
c o n d u c tin g  tube  of 3 cm  d ia m e te r .  The effective dose w as check ed  w ith  a B aldw in dosim eter. 
T h e  h e a r ts  were p laced  in  th e  c e n tre  o f the  d istal e n d  o f th e  rad ia tio n -co n d u c tin g  tu b e . A fter 
sw itc h in g  on th e  a p p a ra tu s , th e  dose  ra te  was in d ica ted  b y  a d o sim ete r  b u ilt in to  th e  a p p a ra tu s . 
T h e  m ax im al dose ra te  w as 500 ra d /m in . The energy o f jS-rays w as v a riab le  be tw een  3 — 16 MeV.

Results

O ur firs t q u e s tio n  w a s , w h a t reac tio n s  th e  a r re s te d  h e a r t p re p a ra tio n s  
sh o w  u n d e r c ircu m stan ces  e x a c tly  iden tica l w ith  th o se  app lied  in  our p rev ious 
s tu d y ,  w ith  th e  d iffe ren ce  t h a t  in  the  p re se n t e x p e rim e n ts  th e y  w ere exposed

Table I

positive negative summarized

N um ber of p re p a ra tio n s 8 58 6 6

N um ber of e x p erim en ts 14 234 248

to  th e  /5-radiation o f th e  b e ta tro n  w hereas fo rm e r ly  to  t h a t  of rad io iso to p es. 
A f te r  p rep a ra tio n , th e  h e a r t s  were active w ith  n o rm a l R inger so lu tion  fo r 30 
to  60 m inu tes; a f te r  th is  th e  norm al R in g er so lu tio n  in  th e  S tra u b -c a n n u la  
w as  rep laced  by  a К -r ic h  so lu tio n , the  ac tion  o f  th e  h e a r t  being  reg is te red  c o n ti
n u o u s ly . Full a rre s t e n s u e d  a f te r  3 to  5 sy s to le s ; su b se q u e n tly  a fte r  a p au se  o f 
60 ^  5 sec. th e  /З- r a d ia t io n  was sw itched on , th e n  ag a in  a pause of 60 5
sec . follow ed, and  a f te r  t h a t  th e  exchange o f  th e  К -rich  so lu tion  for n o rm al 
R in g e r ’s so lution. A f te r  3 — 5 sim ilar exchanges th e  ex p e rim en ts  w ere re p e a te d  
4 to  5 tim es. 250 i r r a d ia t io n  experim ents w ere  m ad e  w ith  66  p re p a ra tio n s  in  
th e  sam e w ay. The r e s u l ts  a re  show n in T ab le  I .

As an  exam ple , F ig . 1 show s (a) one o f  th e  b e s t a n d  (b) one of th e  w orst 
p o s itiv e  experim en ts.
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1. T o ta l r e s ti tu tio n  o f  h e a r t ac tion  w as n o t observ ab le  in  a n y  o f  th e  
e x p e rim e n ts . T he a m p litu d e  Was, a t  th e  m o st, h a lf, th e  frequency  a b o u t 1/&, o f 
th e  o rig inal values.

2. A fte r  th e  beg in n in g  o f ir ra d ia tio n  th e  a r re s te d  h e a r t re a c ts  w ith  a 
la te n c y  perio d  o f a few  seconds, m oreover a f te r  th e  cessa tion  o f ir ra d ia tio n  
1— 2 sy sto les could  be o b served  in  a few  cases.

T h e  m a jo rity  (88  p e r cen t) of th e  frog  h e a r ts  a rre s te d  w ith  th is  m e th o d  
d id  n o t v is ib ly  re a c t to  e x te rn a l /З-ir ra d ia tio n  o f  such  energy  an d  in te n s ity . 
T h e  d o u b tle ss ly  p o sitive  ex p e rim en ts  do n o t allow  th e  s ta te m e n t t h a t  e x 
te rn a l /З- ra d ia tio n  does n o t a ffec t th e  ac tio n  of th e  h e a r t .

Fig. 1. T he effec t o f 15 MeV e lec tro n -ray s on th e  a rre s te d  frog h ea rt. 
a )  One of the  b e s t experim en ts , b) One of th e  w orst po sitiv e  ex p erim en ts

T h e p ositive  ex p e rim en ts  w ere in v a ria b ly  o b serv ed  w ith  16 MeV i r r a d ia 
tio n  b u t  —  in  know ledge o f th e  a p p a ra tu s  —  th is  does n o t m ean  th a t  i r r a d ia 
tio n  w ith  h ig h er en erg y  is m ore effective th a n  w ith  sm alle r energy , b ecau se  
th e  possib le  m ax im al dose ra te  a t  15 MeV is 500 ra d /m in , an d  a t 3 M eV a b o u t 
1/10 o f th a t .  T h u s , it  is n o t possible to  d raw  conclusions as to  energy  d e p e n d 
ence.

In  th e  second g ro u p  o f ex p erim en ts  th e  q u es tio n  w as ra ised , w h e th e r  
som e o th e r  change in  th e  p ro p e rtie s  of th e  iso la ted  frog  h e a r t could  be o b 
served  in  response  to  ir ra d ia tio n . In  o th e r  e x p e rim e n ts  m ade in  our in s t i tu te  we 
found  [7] th a t  th e  e x c ita b ility  o f sk e le ta l m uscles i r r a d ia te d  by  /З-ra d ia tio n  of 
80S r— 90Y  changes s ig n if ican tly  a fte r  re la tiv e ly  l i t t le  doses, th ere fo re  w e in v e s 
tig a te d  how  b e ta tro n  ir ra d ia tio n  in fluenced  th e  e x c ita b ility  of th e  h e a r t  v e n tr i 
cle. T h e  e lec trica l e x c ita b ility  o f  th e  h e a r ts  a rre s ted  w ith  К -rich  so lu tion  is v e ry  
low , th e y  are  n o t ex c itab le  w ith  an  electric  im pulse  u n d e r  100 V, th e re fo re  c a r 
d iac a rre s t  w as p ro d u ced  w ith  S ta n n iu s’ 2 n d  lig a tu re . I t  is know n t h a t  th e  
a u to m a c y  o f th e  v en tric le s  s to p p ed  in  such  a w ay  re su lts  in  sp o n ta n e o u s  
c o n tra c tio n s . In  our ex p e rim en ts  w hich la s ted , a t  th e  m o st, 40 m in u te s  a f te r
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th e  l ig a tu re , we cou ld  n o t  observ e  sp o n ta n e o u s  c o n trac tio n s . T h e  th re sh o ld  
s t im u lu s  vo ltage  w as d e te rm in e d  in  th e  fo llow ing  w ay . S ta r tin g  w ith  a v o ltag e  
u n d o u b te d ly  above th e  th re s h o ld , single co n d en se r d ischarge  im p u lses  w ere 
g iv e n  e v e ry  5 seconds. A f te r  ev e ry  3rd  s tim u lu s  th e  v o ltage  w as d ecreased  b y
0.1 Y  as in  th e  fo llo w in g  vo ltage  series: 1.2— 1.2— 1.2, 1.1— 1.1— 1.1.
1 .0— 1.0— 1.0, 0.9— 0.9— 0 .9 , etc.

T h e  exp erim en t w as p e rfo rm ed  in  th e  fo llow ing  m an n er. F ir s t  th e  con
s ta n c y  o f  th e  th re sh o ld  s tim u lu s  vo ltage  w as checked  in  a series o f  th re e  2 - 
m in u te  periods, and  w h en  i t  h a d  p roved  c o n s ta n t  (th e  sam e n u m b e r o f  c o n tra c 
t io n  w as  show n in  all th r e e  periods; see F ig . 2) we began  to  in v e s tig a te  th e

F ig . 2. T h e  effect of 15 MeV e le c tro n -ra y s  on the  e x c ita b ili ty  o f th e  iso la ted  frog  h e a r t  v e n tric le . 
A b o v e : th re e  stim u la tio n  p e rio d s  w ith o u t irrad ia tio n . B elow : th ree  s tim u la tio n  periods, d u rin g  

th e  second  one  ir ra d ia tio n  w ith  an  in te n s i ty  o f 500 rad /m in

e ffe c t o f  irrad ia tio n . S im ila r  s tim u la tio n  series o f  3 tim es 2 m in u te s  w ere m ade 
as b e fo re , b u t d u rin g  th e  second  m in u te  perio d  th e  h e a r t w as ir ra d ia te d  w ith  
15 M eV 500 rad /m in  o f  /5 -rad iation .

F ig . 2 show s a ty p ic a l  ex p erim en t as a n  ex am p le  of th e  20 ex p e rim en ts  
m a d e  w ith  such a m e th o d . A n  equal n u m b e r o f co n trac tio n s  can  be  seen in  all 
th r e e  2 -m inu te  periods in  th e  u p p e r p a r t o f F ig . 2, th u s  th e  th re sh o ld  s tim u lu s  
is c o n s ta n t . In  th e  lo w er p a r t ,  th e  f ir s t  series show s a th re sh o ld  s tim u lu s  
e q u a l to  th e  above. T h e  second  series w as reco rd ed  d u rin g  ir ra d ia tio n , and  
th e  decrease  of th re s h o ld  s tim u lu s  is c le a rly  visib le ( + 3  c o n tra c tio n s) . In  
th e  th i r d  series —  also w ith o u t ir ra d ia tio n  —  th is  decrease in  e x c ita b ility  
c o n tin u e d .

A  considerab le  d ec rea se  of th resh o ld  s tim u lu s  w as o b served  in  14 of th e  
2 0  ex p e rim en ts , e ith e r  im m e d ia te ly  d u rin g  o r w ith in  2 m in u te s  a f te r  i r ra d ia 
t io n .  S e t ou t in  d e ta il, o f 14 positive e x p e rim e n ts  a decrease o f th e  th resh o ld  
s tim u lu s  could be d e m o n s tra te d  in  8 cases d u rin g  ir ra d ia tio n  a n d  in  6 cases 
d u r in g  th e  n ex t 2 -m in u te  period  of s t im u la tio n . No effect o f ir ra d ia t io n  was 
n o te d  in  th e  o th e r 6 e x p e rim e n ts .
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Discussion

I r ra d ia tio n  w ith  15 MeV /З-ray s o f h e a r ts  in h ib ite d  w ith  a К -rich  solu tion  
show ed th a t  no a c tiv a tin g  effect could  be o bserved  in  th e  m a jo r i ty  o f th e  ex
p e rim en ts , b u t in  a sm all p e rcen tag e  (12  p e r cen t o f th e  p re p a ra tio n s , and  6 
p e r c en t o f th e  ex p e rim en ts)  an  a c tiv a tin g  effect w as d o u b tle ss ly  p resen t. 
T h e  q u estio n  is, w h a t acco u n ted  for th is  sm all p e rcen tag e  o f p o s itiv e  experi
m en ts . As an  e x p la n a tio n , in  th e  f irs t p lace, th e  fo llow ing tw o  h y p o th ese s  are 
a d v an ced .

1. T he m ax im u m  in te n s ity  o f ra d ia tio n  w as ju s t  a t  th e  lo w est lim it of 
th e  m in im al effec tive  v a lu e . O n th e  o th e r h a n d , th e  th re sh o ld  stim ulus 
v o ltag es  of th e  h e a r ts  a re  know n to  show  a g re a t in d iv id u a l d isp ers io n . T hus 
i t  is possible th a t  in  th e  case of th e  po sitiv e  ex p erim en ts  (12  p e r  cen t) th e  
th re sh o ld  of th e  ra d ia t io n  s tim u lu s w as eq u a l to , or a l i ttle  lo w er th a n , th e  
m ax im u m  in te n s ity  w h ich  cou ld  be de livered  b y  th e  a p p a ra tu s . W ith  th e  o th e r 
h e a r ts  (negative  ex p e rim en ts) th e  th re sh o ld  w as h ig h er th a n  t h a t  in te n s ity . 
T h is is also in d ic a te d  b y  th e  o b se rv a tio n  th a t  in  4 of th e  8 p o s itiv e  cases th e  
effects w ere o b served  tw ice , an d  in  one case even  3 tim es.

T hough  in  th e  s tu d y  o f th e  ac tio n -m ech an ism  o f ra d ia tio n  ta k in g  in to  
acco u n t th e  energy  ab so rb ed  b y  a w hole o rg an  can  o ften  be m islead ing , it 
m ay  s till offer som e in fo rm a tio n . In  th e  p re sen t ex p e rim en ts  th e  a b so rb ed  dose 
w as d e te rm in ed  acco rd in g  to  th e  follow ing co n sid e ra tio n . T h e  m ass ab so rp tio n  
coeffic ien t of th e  15 M eV -electron ray s is 0.7 g/cm 2 [8 J. A frog  h e a r t ,  which 
w eighs ab o u t 100  m g, m ay  be reg a rd ed  as an  ab so rp tio n -la y e r w ith  a surface 
o f 1 cm 2 and  w ith  a su rface -d en sity  of 0.1 g/cm 2. T h u s  th e  a b so rb ed  dose:

I ) =  T __T _  T __T *—o.7 0.i t ( i _____ Ï—_ I _  0 07 I
—  Ao 1 —  Ao —  x o 1 1 0 7 /  —  U'W‘ l u ’

w hich  is ab o u t 7 per c e n t o f th e  to ta l  dose. Since in  th e  f irs t p a r t  o f  o u r  experi
m en ts th e  h ea rts  w ere ir ra d ia te d  w ith  a d o se -ra te  o f 500 rad /m in  fo r one  m in u te , 
we can  es tim a te  th e  a b so rb ed  dose to  be a b o u t 35 ra d .

I f  we com pare  th is  en erg y  a b so rp tio n  w ith  an  effective e lec trica l s tim u lu s, 
e.g. w hen  a 0.1 /tF  co n d en se r charged  to  1 V olt is d isch arg ed , i t  w ill cause a 
c o n tra c tio n . The ch an g e  o f  th e  e lec trical en e rg y  in  th is  case is

E  =  1I2Q • U =  1I210~7 Coul. 1 V olt =  0.5 • 10~ 7 V Coul =  0.5 erg ,w h ich  is 
7000 tim es  less th a n  th e  change in  ra d ia tio n  en erg y  (see E r n s t , [9 ]) .

In  th is  en e rg e tis tic a l concep tion  we m u st ta k e  in to  c o n s id e ra tio n  th a t  
th e  ra d ia tio n  gained  fro m  th e  b e ta tro n  is n o t c o n s ta n t, b u t re p re se n ts  ra d ia 
tio n  im pulses of a d u ra tio n  sh o rte r  th a n  10-s  sec, w ith  a freq u en cy  o f  50 cycles. 
I t  is know n  th a t  in  th e  case o f th e  e lec trical im pu lses of such  e x tre m e ly  sho rt 
d u ra tio n  th e  th re sh o ld -s tim u lu s  vo ltage  is m u ch  h ig h er th a n  w ith  lo n g er im 
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p u lse s  (low  frequency). So th e  a b o v e  deta iled  e n e rg e tis tic a l view s can  su p p ly  
o n ly  a  ro u g h  in fo rm ation  a b o u t  th e  com parison o f  th e  ra d ia tio n  energy  w ith  
th e  e le c tr ic a l  energy n e c e ssa ry  fo r  s tim u la tio n . In  a n y  case, it  w ould  be in te re s t
in g  to  p e rfo rm  these e x p e r im e n ts  w ith  a c o n s ta n t /З-ra d ia tio n  source, so t h a t  a 
r e a l  c o m p a riso n  could be m a d e  concern ing  th e  s t im u la to ry  effect o f ir ra d ia tio n .

2 . R ad ia tio n  itse lf  is n o t  a b le  to  cause an  a c tiv a tin g  effect on th e  h e a r t , 
o n ly  to g e th e r  w ith  th e  s e n s it iz in g  fac to r  w hich is c o n ta in e d  in  th e  h e a r t . As it  
h a s  b e e n  show n, th is s e n s itiz in g  fa c to r  can  also be  a tra c e  e lem en t [10]. I f  such  
a s e n s it iz in g  factor is a s su m e d  th e  p resen t e x p e rim e n ts  show  th a t  i t  m u s t be 
s e a rc h e d  fo r am ong th e  c o m p o n e n ts  ex isting  o rig in a lly  in  th e  h e a r t  (it m ig h t 
be  t a k e n  u p  in  the  a lim e n ta ry  w a y ) , since in  th e  p re se n t ex p e rim en ts  in v a ria b ly  
th e  s a m e  chem icals w ere u se d . A t  th is  m om ent w e h a v e  no  concre te  d a ta  on th e  
e x a c t  p ro p e rtie s  of th is  s e n s it iz in g  fac to r.

T h e  positive e x p e rim e n ts  g av e  an  answ er to  o u r  fo rm e rp ro b le m , e s ta b lish 
in g  t h a t  in  th e  experim en ts m a d e  w ith  rad io ac tiv e  iso to p es  i t  w as n o t th e  recoil 
io n is a t io n  th a t  caused th e  e f fe c t,  b u t  th e  e m itte d  co rpusc les an d  q u a n ts  th e m 
se lv es . T h e  rad ia tion  of th e  a r t if ic ia l  ra d io a c tiv ity  g en e ra ted  b y  th e  15 MeV 
b e t a t r o n  /З-rad iation  is —  a c c o rd in g  to  our ca lcu la tio n s  an d  m easu rem en ts  -— 
m a n y  m ag n itu d es below  th e  e ffec tiv e  in ten s ity , th e re fo re  i t  is neg lig ib le .

T h e  second p a rt o f  th e  e x p e rim e n ts  show s t h a t  th e  change o f th e  e x c ita 
b i l i ty  o f  th e  ventricles s e p a r a te d  b y  S tan n iu s’ 2 n d  lig a tu re  is re a lly  m ore 
s e n s i t iv e ,  a lthough less m a rk e d  te s t  th a n  th e  a c tiv a tio n  o f p o ta ss iu m -in h ib ited  
h e a r ts .  I f  i t  is considered t h a t  th e  th resho ld  s tim u lu s  v o ltag e  o f th e  h e a r ts  
a r r e s te d  w ith  a К -rich  so lu tio n  is v e ry  h igh , th is  f a c t  w ill be m ore conv incing . 
I n  a n y  case  the  fact th a t  i r r a d ia t io n  for tw o m in u te s  (cca. 70 ra d ;  see L e b e 
d i n s k y  [11 ]), causes a w e ll-d e fin e d  d im inu tion  o f  th e  th re sh o ld  s tim u lu s  in  
tw o - th i r d s  of the  e x p e rim e n ts , len d s sup p o rt to  th e  v iew  th a t  th e re  are  such 
io n ic  o r  electron ic processes in  th e  ra d ia tio n  effect as a re  in  conn ec tio n  w ith  th e  
p ro c e sse s  o f ex cita tion  (see E k n s t  [12]).

T h e  decrease of e x c i ta b i l i ty  caused b y  th e  r a d ia tio n  effect c an  give 
c e r ta in  in fo rm atio n  a b o u t t h e  re a c tiv a tio n  m ech an ism  o f th e  h e a r t .  R e s ta r tin g  
o f  t h e  a rre s te d  h eart a c tio n  w ill ta k e  p lace w h en , in  response  to  ir ra d ia tio n , 
th e  th re s h o ld  stim ulus has d e c re a se d  so m uch th a t  th e  im pu lse  g en e ra ted  in  th e  
s in u s  o r  in  th e  a trium  is a b le  to  e lic it a systole.

I n  th e  fu tu re , f ir s t  o f  a ll ,  th e  following e x p e rim e n ts  seem  to  be n ecessary :
1. Perform ance o f th e s e  sam e  experim en ts w ith  a /З-ra d ia tio n  source of 

h ig h e r  in te n s ity  (dose ra te ) .
2 . D ete rm in a tio n  o f t h e  en erg y  dependence  o f th e  effect.
3 . T h e  app lication  o f  a  c o n s ta n t, n o t im p u lse -lik e , source of ra d ia tio n  

p o s s ib ly  w ith  low fre q u e n c y  (10— 50) m o d u la tio n .
4 . Search for fu r th e r  m o re  sensitive p a ra m e te rs  o f h e a r t-a c tio n , w hich  

w o u ld  m ak e  it possible to  s tu d y  sim ilar physio log ica l effects o f ra d ia tio n .
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T issues co n ta in in g  collagen (A chilles ten d o n , ten d o n  of r a t  ta il) , if  e x is tin g  in  th e  
fo rm  of fib res , c an n o t be d e n a tu ra te d  b y  d e h y d ra tio n  w ith  alcohol, a c e to n e  a n d  e th e r  
o r b y  tre a tm e n t w ith  d ry  h e a t  a t  110° C, as to  re n d e r  th em  d igestib le  b y  p ro te o ly tic  
enzym es. C ollagenm ucopro te inase  (C M Pase) is ab le  to  dissolve th e  p ro te in s  o f  th e  
collagen on ly  if  th e  tissu es a re  g round  a n d  p u lv erized . G rinding a n d  p u lv e r iz a t io n  are , 
how ever, n o t e q u iv a len t to  d é n a tu ra tio n . A th e o ry  is given for th e  e x p la n a tio n  o f th is  
phenom enon.

T ests m ade  w ith  10 d iffe ren t t ry p s in  p re p a ra tio n s  have p roved  t h a t  th e  a c t iv ity  
o f try p s in  on  one o f i ts  specific  su b s tra te s , N -b en zo y l-D L -arg in ine-/? -naph thy lam ide  
(B A N À ), is n o t th e  sam e as i ts  a c t iv ity  on  th e  pu lv erized  A ch ille s-ten d o n . I t  follow s 
t h a t  th e  a c tiv ity  o f t ry p s in  is d iffe ren t fro m  th a t  o f CM Pase, w hile m o s t t ry p s in  p re 
p a ra tio n s  co n ta in  a  c e r ta in  a m o u n t o f  th is  enzym e.

CM Pase a c ts  d iffe re n tly  on  n a tiv e  collagen  a n d  m etacollagen w h ic h  l a t t e r  m a y  
be reg ard ed  as a p a r tia lly  d e n a tu re d  collagen. T he exam ined  try p s in  p re p a ra tio n s  
d isp layed , a p a r t  fro m  CM Pase a c tiv ity , d iffe re n t degrees of m etaco llag en ase  a c t iv i ty .

T he existence an d  th e  m echan ism  of C M Pase are s tud ied  an d  a n a ly z e d  on  th e  
ev idence of ex p erim en ta l re su lts  an d  l ite ra ry  d a ta .

Introduction

I t  w as rep o rted  in  ea rlie r p u b lica tio n s  [1, 2, 3, 4, 5] th a t  an  en z y m e  c a p a 
b le  o f d igestin g  n a tiv e  collagen  can  be iso la ted  fro m  h u m a n  an d  a n im a l p a n c re a s . 
E x p o sed  to  th e  ac tio n  o f th is  enzym e, n a m e ly  th e  co llag en m u co p ro te in ase  
(C M Pase), iso la ted  r a t  ta i l  te n d o n  fib re s  d is in te g ra te  in to  f i la m e n ts  a n d  a re  
to r n  u p  in  th e  course o f chem ical c o n tra c tio n -re la x a tio n  [2]. A n o th e r  e ffec t o f 
th e  enzym e is th a t  en h an c in g  th e  sw elling o f  th e  fib res  in  acetic  ac id , a n d  th a t  
i t  is im possib le  to  reco v er fib res  fro m  th e  ace tic -ac id  gel b y  th e  a d d it io n  of 
N aC l o r alcohol. W hile on ly  5 to  10 p e r  c en t o f  th e  p ro te in  of n a tiv e  co llagen  
fib res  are  lyzed  b y  th e  enzym e, 30 to  35 p er c en t o f th e  p ro te in  is d isso lv ed  o u t 
o f th e  pu lv erized  A chilles te n d o n . C e rta in  a u th o rs  [22, 23] a t t r ib u te  th is  
p h en o m en o n  to  th e  fa c t th a t  d e h y d ra tio n  (a lcoho l, acetone) or p u lv e r iz a tio n  
a n d  g rin d in g  m ay  cause a d é n a tu ra tio n  o f th e  collagen p ro te in . S in ce  g ro u n d  
a n d  p u lv e rized  A chilles te n d o n  is d igested  b y  v a rio u s  try p s in  p re p a ra t io n s  as 
w ell, th e  sa id  au th o rs  a re  n o t conv inced  o f th e  ex istence  of CM Pase as a se p a 
ra te ,  specific  enzym e b u t  a t t r ib u te  th e  o bserved  p rocess to  th e  ac tio n  o f  t ry p s in .

2*
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—  T h e  p resen t s tu d y  w as, th e re fo re , u n d e r ta k e n  w ith  a view  to  so lv in g  tw o  
p ro b le m s . 1. Does th e  h e a t  en g en d ered  by  g r in d in g  a n d  p u lv e riza tio n , a n d  does 
th e  p reced in g  p rocess o f  d ry in g  b y  acetone or a lco h o l-e th e r so d e n a tu re  th e  
f ib re s  as to  m ake th e m  d ig e s tib le  b y  en zy m es?  2 . D oes CM Pase re a lly  ex is t, 
in  o th e r  w ords is th e re  a n  en zy m e specific fo r  co llag en , or, else, is t ry p s in  able 
to  sp lit  off a p o ly p e p tid e  f ro m  pulverized  co llag en o u s tissues th a t  h as  to  be 
c o n s id e red  collagen on  a c c o u n t of its  h igh  h y d ro x y p ro lin e  co n ten ts?

H odg e  et al. [6 ], in  th e i r  electron m ic ro sco p ic  stud ies have  fo u n d  th a t ,  
a f te r  tre a tm e n t of tro p o c o lla g e n  solutions w ith  t ry p s in ,  th e  action  o f A T P  failed  
to  p ro d u ce  the  ty p ic a l seg m en t-lo n g -sp ac in g  (SLS) fib rils , and  th a t ,  in s te a d , th e  
m o n o m ers  of th e  in d iv id u a l  segm ents a p p e a re d  in  th e  so lu tion . T h ey  ex p la in ed  
th e  p h enom enon  b y  a ssu m in g  th a t  th e  try p s in  d isso lves ou t a ty ro s in e -c o n ta in 
in g  p o ly p ep tid e  w h ich  k eep s  th e  collagen m o lecu les to g e th e r  in  a lo n g itu d in a l 
d ire c tio n , an d  sp lit t in g  o ff o f  th is  p o ly p ep tid e  in h ib its  th e  norm al d ev e lo p m en t 
o f  f ib rils . The q u es tio n  is w h e th e r th is  p h e n o m e n o n  is due to  try p s in  or to  
C M P ase , i.e. a specific  e n zy m e .

Methods and results

Conditions under which C M P ase digests collagenous tissues

W e stu d ied  d ig es tio n  b y  collagen on  tw o  k in d s  of su b s tra te s : bovine 
A ch illes ten d o n  an d  co llag en o u s fib res iso la te d  fro m  ra t  ta il  te n d o n . O n th e  
b a s is  o f th e ir  h y p ro  c o n te n ts , some 92 to  96 p e r  c en t of b o th  k in d s o f  tissue  
co n sis t o f collagen p ro te in . B o th  su b s tra te s  w e re  u se d  in  th e  n a tiv e  s ta te ,  i.e 
th e  tissu es  w ere m in ced  a n d  th e n  hom ogenized  w ith  w a te r  or a b u ffe r in  a w a r
in g  b len d o r. T his p ro c e d u re  failed  to  y ie ld  th e  d esired  resu lt in  re sp e c t o f th e  
A ch illes ten d o n : th e  f ib re s  d id  n o t sep a ra te , so t h a t  in c u b a tio n  w ith  th e  enzym e 
d id  n o t give a u n ifo rm ly  fin e  suspension, th e  fib re s  rem ained  c lu s te re d . I t  
w a s , on th e  o th e r h a n d , possib le to  o b ta in  f ro m  th e  r a t  ta il  te n d o n  fib res 
m e a su rin g  betw een  0.06 a n d  0.12 m m  in  d ia m e te r . These were a c c e p ted  as 
n a t iv e  collagen f ib re s .

T he hom ogen ized  b u n d le s  of fib res w ere  d e h y d ra te d  w ith  a lcohol, ace tone  
a n d  e th e r , and  d ried  a t  100° to  110° C fo r 16 to  24 h o u rs . T hen  b o th  th e  n a tiv e  
a n d  th e  d en a tu re d  d rie d  f ib re s  were g ro u n d  to  f in e  pow der in  a h a m m e r m ill. 
A ll p re p a ra tio n s  w ere  in c u b a te d  w ith  0.02 m g /m l o f CM Pase iso la ted  b y  us; 
b u ffe r  was p rep a red  o f  a m ix tu re  of 25 m l o f 0.2  M T ris (h y d ro x y m eth y l-am i- 
n o m e th an e ) an d  40 m l o f  0.1  N  HC1, of p H  7.4 , a t  25° C and  37° C. D isso lu tion  
o f  th e  collagen w as d e te rm in e d  as described  e a r lie r  [3].

T ab le  I show s th e  re s u lts  for the  A chilles te n d o n . T he d isso lu tion  o f  d iffe r
e n tly  p re tre a te d  sp ec im en s  was stu d ied . R e su lts  o b ta in ed  in  b u ffe r w ith o u t 
C M Pase served as c o n tro ls , those o b ta in ed  a f te r  th e  add itio n  o f th e  enzym e
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Table I

Digestion o f  d ifferen tly  pretreated A chilles tendon  
by collagenmucoproteinase (C M P a se )

Pretreatment

Percentage dissolution of Achilles 
tendon after 30 min. incubation

iV/10 pH 7.4 
Tris buffer

0.02 mg/ml 
CMPase in 

pH  7.4 buffer

1. D isin teg ra ted  in b lendor, w eighed in th e  hum id s ta te 5 5
2. D isin teg ra ted  in blendor, ace tone-dried 10 10
3. D isin teg ra ted  in blendor, alcohol-dried 10 10
4.. D isin teg ra ted  in blendor, tre a te d  w ith  acetone and d ried  a t  

110° C 10 10
5. As u n d e r (2), ground in ham m er mill 10 3 0 - 3 5
6. As u n d e r (3), ground in ham m er mill 10 3 0 - 3 5
7. As u n d e r (4), ground in h am m er m ill 10 3 0 - 3 5

Table II

Digestion o f  rat tail tendon by collagenmucoproteinase (C M P a se f*

Percentage dissolution a t 25* C 
after incubation of 30 minutes

Pretreatment
In veronal- 

acetate huifer; 
pH 7.4

In 0.02 mg/ml 
CMPase 
solution

1. Iso la ted  bundles of n a tive  collagen fib res 5 6
2. As u n d e r (1), ground in ham m er mill 15 50 — 60

in d ic a te d  th e  a c tiv ity  o f th e  la t te r .  N e ith e r d is in te g ra tio n  in  th e  b le n d o r , no r 
d e h y d ra tio n  w ith  acetone  or a lcohol, no r h ea t t r e a tm e n t  a t  110° C su ffic e d  to  
m ake th e  fib res  d igestib le  b y  C M Pase, w hereas a g rin d in g  of th e  d e h y d ra te d  
fib res  in  a h am m er mill (w ith  or w ith o u t p rev ious h ea tin g ) m ade th e m  d ig e s tib le  
b y  th e  enzym e a t  th e  r a te  o b se rv ed  earlie r [3].

T h e  re su lts  for r a t  ta il  te n d o n  fib res are lis te d  in  T ab le  I I .  T h e y  m a d e  i t  
even  m ore  obvious th a t  th e  su sc e p tib ility  o f  th e  f ib re s  to  en zy m atic  a c tio n  is  
n o t due  to  d é n a tu ra tio n  by  ace to n e , alcohol or h e a t ,  b u t to  th e ir  p u lv e r iz e d  
c o n d itio n . W e te s te d  th e  co llagen  fib res  as th e y  w ere rem oved  fro m  th e  r a t  
ta i l  te n d o n  w ith o u t an y  p re tre a tm e n t, and  fo u n d  t h a t  th e y  w ere r e s is ta n t  to. 
e n z y m a tic  ac tio n  b o th  in  a fre sh  an d  in  a d ried  co n d itio n . T h e ir d is so lu tio n  
b eg an  o n ly  a fte r  th e ir  h a v in g  been  pu lverized . A p ro te in  (for d is t r ib u t io n  
see T ab le  I I )  w as d em o n strab le  in  th e  s u p e rn a ta n t;  i t  con ta ined  14 to  16 p e r 
c en t o f  h y p ro .
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S p e c ific  activity o f  va rio u s tryp sin  prepara tions on N-benzoyl-DL,-arginine-ß- 

naph thylam ide  ( B A N A ) ,  a n d  their C M P ase a c tiv ity  on A chilles-tendon powder

W e acqu ired  in  th e  w o rld  m arket 10 d iffe re n t h igh ly  p u r if ie d  try p s in  
p re p a ra tio n s : (1) W orth ing ton  try p s in , tw ice c ry s ta ll iz e d , sa lt-free ; (2) W orthing
to n , tw ice  c ry sta llized  +  5 0 %  M gS04; (3) A r m o u r  Tryp tar;  (4) T ry p u re  Novo 
( 3 x 2 8 ) ;  (5) Choay t r y p s in  d ialyzed  and  ly o p h iliz e d ; (6) M erck  t ry p s in ;  (7) 
L ig h t  try p s in ; (8) R ich ter  t r y p s in ;  (9) try p s in  re c e iv e d  from  D r. J .  A. N o r t h r o p ;

T ryp u re  Novo  
( 3 X 2 8 )

T  ryptar  
(  A rm our)

T  ryp sin  
(C hoay)

T  rypsin  
(L ig h t)

T ryp sin
(M erck )

b

F ig . l a ,  lb .  P ap er e le c tro p h o re tic  p a tte rn s  of various t ry p s in  p rep ara tio n s. D ose: 2 m g . V eronal 
b u f fe r ;  p H  8.6; p  =  0 .1 ; 110 V ; 20h. Acid fuchsin  s ta in .  A ll p rep ara tio n s m ig ra te d  to w ard s

the  negative po le

(10) Boehringer t ry p s in .  W e determ ined  th e i r  h o m o g en e ity  b y  m ean s o f  p ap er 
e lec tro p h o res is  a t  b o th  p H  6.5 and p H  8 .6 . W e  o b ta in ed  c lea rly  d is tin c t se
p a r a te  p ro te in  sp o ts  a t  b o th  values, and  fa ile d  to  observe an y  ch an g e  in  th e  
e n z y m e  a t  th e  a lk a lin e  p H .  T h is seems to  b e  in  c o n tra d ic tio n  to  th e  f in d in g  of 
L e w is  et al. [7] w ho d id  n o t  a p p ly  an a lk a lin e  p H  a t  th e  e lec tro p h o re tic  se p a ra 
t io n  o f  e lastase , t r y p s in  a n d  ch y m o try p sin , b ecau se  try p s in , acco rd in g  to  
th e m , is labile  a t  p H -v a lu e s  over 7.0. F ig s  l /а  a n d  1/b p re se n t th e  e lec tro 
p h o re tic  p a tte rn s  o f th e  e x a m in e d  p re p a ra tio n s , a ll o f w hich h a d  b een  re c ry s ta l
l iz e d  tw ice . H o m o g en eo u s elastase  sé rved  th e  p u rp o se  of co m p ariso n . R u n  
u n d e r  iden tica l e x p e r im e n ta l  conditions, th e  m a jo r  p a r t  o f th e  d iffe ren t pre-
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p a ra tio n s  m ig ra te d  to w a rd  th e  ca th o d e ; th e ir  m o b ility  w as, h o w ev er, n o t 
id e n tic a l an d  som e o f th e  p re p a ra tio n s  w ere, m o reo v er, n o t hom ogeneous, th o se  
in  p a r tic u la r  w h ich  c o n ta in e d  s a lt  (M g S 0 4). T h e  sa lt-free  W orthington  try p s in , 
as also th e  Choay try p s in  c o n ta in e d  —  as d id  th e  sa lt-c o n ta in in g  p re p a ra tio n s  —  
a n o n -m o v in g  c o m p o n en t. T h e  c ry sta llin e  t r y p s in  (co n ta in in g  50 p e r c e n t of 
M g S 0 4) we h a d  rece iv ed  fro m  D r. N o rth r o p  h a d  likew ise a n o n -m ov ing  p ro te in

4 ----------1----------1----------1----------1----------1----------1----------1----------1---------1----------1----------1----------1----------1----------1----------1----------1----------г-

0 2  4 6 а 10 12 14 IS 18 20 22 24 26 28 30 32 34
pg trypsin

F ig . 2. A c tiv ity  o f v a rio u s try p s in  p re p a ra tio n s  on B A N A  as su b s tra te . O rd in a te : e x tin c tio n  
m easu red  w ith  th e  m eth o d  of Blackwood et al. [9] A bscissa: try p s in  p ro te in  in / tg

co m p o n en t. A n a m o u n t o f 2 m g o f th e  Light a n d  th e  M erck  try p s in s  y ie ld ed  
no  s ta in a b le  p ro te in  c o m p o n en t an d  chem ical an a ly s is  rev ea led  in  th e m  90 
p er c en t o f in o rgan ic  im p u ritie s  an d  on ly  10 p e r  c e n t o f  p ro te in , a  fa c t t h a t  
ex p la in s  o u r fa ilu re  to  d e m o n s tra te  th e ir  p ro te in  e lec tro p h o re tica lly . T he 
m o b ility  a n d  th e  p ro te in  sp o t o f  hom ogeneous e la s ta se  p ro v ed  to  be d iffe ren t 
fro m  th o se  o f th e  try p s in  p re p a ra tio n s , a lth o u g h  —  acco rd ing  to  l i te r a tu r e  —• 
i ts  isoelec tric  p o in t is a b o u t 9 .5  [7 ,8]. I t  follows t h a t  c ry s ta llin e  try p s in  p re p a ra 
tio n s  co n sis t, in  th e  m a in , ó f a p ro te in  w hose iso e lec tric  p o in t is h ig h e r  th a n  
th a t  o f  e la s ta se . O ur p rev io u s e lec tro p h o re tic  s tu d ie s  [2, 3] show ed th e  m o b ility  
o f  C M Pase to  be g re a te r  th a n  th a t  o f e lastase , a p ro p e r ty  w hich  m ade i t  possib le  
to  se p a ra te  i t  from  e la s ta se . I t  w ould  seem  t h a t  m ost t ry p s in  p re p a ra tio n s  
c o n ta in  a p ro te in  fra c tio n  possessing CM Pase a c tiv i ty .
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O u r n e x t group o f e x p e rim e n ts  w as desig n ed  to  fin d  ou t w h e th e r  th e re  
e x is ts  a c o rre la tio n  b e tw een  th e  a c tiv ity  o f  try p s in  as observed  on i ts  specific  
s u b s t r a te ,  i.e . B A N A , an d  i t s  a c t iv i ty  as o b se rv ed  on p u lverized  A chilles te n 
d o n . T h e  f i r s t  s tep  w as to  p lo t th e  cu rve  o f e n z y m a tic  a c tiv ity  for each  try p s in  
p r e p a r a t io n  a t id en tica l B A N A -c o n c e n tra tio n  a n d  u n d e r equal e x p e rim en ta l 
c o n d itio n s . T h e  m eth o d  o f B la c k w o o d  a n d  Ma n d l  [9] w as u sed  fo r th e  de
te r m in a t io n  of try p tic  a c t iv i ty .  F ig . 2 p re se n ts  th e  c o n c e n tra tio n  cu rv e  of 7 
t r y p s in  p re p a ra tio n s . T h e  L ig h t  a n d  M erck  try p s in s  show ed no m easu rab le  
a c t iv i ty  in  th e  co n cen tra tio n s  ap p lied ; th e  p re p a ra tio n  of Boehringer h a d  th e

Table III

A ctiv ity  o f  elastase preparations on B A N A  as substrate

Preparations
Examined
fjuantity

«ë

Ext. 
550 /ini

590530 no n -c ry s ta llin e 20 0.34

2 1 3 /F 3 c ry s ta llin e 20 0.25

X X /1 3 2 , e lectrophore tica lly  hom ogeneous elastase 20 0.01

X X /1 3 2 , e lectrophore tica lly  hom ogeneous elastase 50 0.10

X X /1 3 2 , e lectrophoretically  hom ogeneous elastase 100 0.25

E le c tro p h o re tic a lly  hom ogeneous e lasto m u co p ro te in ase 50 0.08

E le c tro p h o re tic a lly  hom ogeneous e lasto m u co p ro te in ase 100 0.22

T ryp u re  N ovo  3 x 2 8  (contro l try p s in ) 20 0.61

sam e  a c t iv i ty  as th a t  o f th e  Choay t ry p s in , so t h a t  th ese  p re p a ra tio n s  a re  no t 
r e p re s e n te d  in  th e  cu rve . T h e  em ployed  20 p  g a m o u n t o f e las tase , irre sp e c tiv e  
o f w h e th e r  i t  h ad  been o b ta in e d  w ith  th e  m e th o d  of H all  an d  Cz e r k a w sk i 
[10], b y  m eans of s ta rc h  gel e lec tro p h o res is  [11], or b y  m eans o f S ep h ad ex  
c h ro m a to g ra p h y  as ap p lied  b y  L o e v e n , fa iled  to  d isp lay  a c tiv i ty  aga in st 
B A N A . T a b le  I I I  show s th e  a c t iv i ty  on B A N A  o f  v a rio u s e lastase  p re p a ra tio n s  
as c o m p a re d  w ith  th a t  o f th e  m o st ac tiv e  try p s in  p re p a ra tio n  (T r y p u r e  Nova  
3 x 2 8 ) .  P u re  e lastase  a n d  e la s to m u co p ro te in ase  p re p a ra tio n s  rev ea led  a 
m in im u m  a c tiv ity  even a t a c o n c e n tra tio n  o f 100 pg . T his m eth o d  is e m in e n tly  
s u ita b le  fo r  th e  d iffe re n tia tio n  o f e las tase  a n d  try p s in  a c tiv ity .

F ig . 3 and  T ab le  IV  show  th a t ,  te s te d  on pu lv erized  A chilles te n d o n , 
n e a r ly  a ll t ry p s in  p re p a ra tio n s  possessed d iffe re n t degrees o f co llag en -d ig estin g  
c a p a c i ty .  Q u an titie s  o f 10, 20, 40 an d  100 pg  w ere co m p ared ; g rav im e tric  
m e a su re m e n ts  w ere m ade w h e n e v e r d isso lu tio n  reach ed  a h igh  degree w ith in  
30 m in u te s . T he degree o f d isso lu tio n  w as d e te rm in e d  w ith  ou r ow n m eth o d  
[3] e x c e p t  in  th e  case o f low  c o n c e n tra tio n s  (10, 20 pg) w here th e  a m o u n t o f  
d isso lv e d  p ro te in  in  th e  s u p e rn a ta n t  w as e s tim a te d  w ith  F o lin ’s re a g e n t b y
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th e  m e th o d  o f L o w r y  et al. [1 2 ], a g a in s t a s ta n d a rd  cu rv e  for w hich  th e  m eas
u red  p ro te in  c o n ten ts  w ere checked  w ith  m ic ro -K je ld ah l. I t  is o n ly  w ith in  a 
c o m p a ra tiv e ly  narrow  ran g e  o f c o n c e n tra tio n s  t h a t  t ry p s in  p re p a ra tio n s  are  
in  a lin e a r  re la tio n  to  th e  deg ree  o f  collagen  d ig estio n  (see curve N o. 1 in  F ig . 
3), a n d  so a c tiv itie s  h ad  to  be co m p u te d  from  th e  v a lu es  w ith in  th e  sa id  ra n g e . 
W e re g a rd e d  as zero v alue  th e  p o in t a t  w hich  th e  c o n tin u a tio n  of th e  s tr a ig h t

0 10 20 30 iO 50 60 70 80 90 100 pg

Fig. 3. C ollagenm ucoprote inase  a c t iv ity  o f  d iffe ren t t ry p s in  p rep ara tio n s  on  p u lv e rize d  
Achilles ten d o n . 1 — Trypure N ovo  3 X 2 8 ; 2 =  A rm o u r T ryp tar; 3 =  IL orihm gton-saltless;

4 =  Choay

p a r t  o f  th e  cu rv e  in te rsec ted  th e  o rd in a te , an d  d e d u c te d  th e  v alue  c o rre sp o n d 
ing  to  th e  d is tan ce  betw een  th e  p o in t o f in te rse c tio n  an d  th e  tru e  О-p o in t of 
th e  c o o rd in a te s . F ig . 3 p re se n ts  th e  a c tiv ity  o f fo u r try p s in  p re p a ra t io n s  a t 
25° C on  A ch illes-tendon  po w d er as s u b s tra te . T ab le  IV  illu s tra te s  th e  a c t iv i ty  
of 9 try p s in  p re p a ra tio n s  in  C M Pase u n its , a t  37° C an d  25° C. Som e p re p a ra 
tio n s  (T ry p u re  Novo, A rm o u r T ryp ta r  an d  W orth ington) d isp lay ed  d iffe re n t 
a c tiv itie s  a t  th e  d iffe ren t te m p e ra tu re s , b u t  no d ifferences w ere o b se rv e d  in 
6 p re p a ra tio n s . T hese re su lts  a re , th u s , in  c o n tra d ic tio n  to  th e  g en era l n o tio n  
th a t  co llagen  p ro te in  is d e n a tu re d  a t  37° C an d , th e re fo re , h igh ly  su sc e p tib le  
to  p ro te o ly tic  enzym es.
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Table IV

Collagenmucoproteinase ( CMPase) activity o f  different trypsin preparations
at 37° C and 25° C

G rav im etric  m e th o d :  a  co n cen tra tio n  cu rv e  w as p lo tte d  for each  p re p a ra tio n ; 
th e  p o in ts  w hich  la y  in  th e  sam e s tra ig h t line , w ere  e x tra p o la ted  to  zero  enzym e 

c o n c e n tra t io n  as show n  in  F ig . 3; th e  u n it of C M Pase p e r  1 m g of enzym e p ro te in  w as th e n  
c o m p u te d  a fte r deduction  o f  th e  zero  value

Preparations
CMPase unit/m g

a t  3 7 * C a t 2 3 °C

T ry p u re  N o v o  (3 X 28) 108 155
A rm our T r y p ta r 220 75

W o rth in g to n  (saltless) 265 185

N o rth ro p 110 105

Choay 65 77

R ich te r 120 110

Merck 16 15

L ight 10 10

B oehringer 75 78

Table V

Relative activity o f different trypsin  preparations on B A N  A and Achilles-tendon powder as
substrates

(F o r  m eth o d  and c o m p u ta tio n  see tex t)

Preparations

Relative
(25

activity
°C )

BANA Achilles
tendon

T ry p u re  N o v o  (3 X  28) 1 0 0 88

A rm our T r y p ta r 63 40

W o rth in g to n  (sa ltless) 58 1 0 0

N o rth ro p 46 40

Choay 34 42

R ich te r 41 54

M ere! 0 13

Light 0 5

CMPase 30 1 0 0

T ab le  V show s th e  co rre la tio n  be tw een  th e  re la tiv e  B A N A  a c tiv i ty  of 
th e  try p s in  p re p a ra tio n s  a n d  th e ir  re la tiv e  C M P ase  a c tiv ity  as d e te rm in e d  on 
p u lv e riz e d  A chilles te n d o n .  T he observed  h ig h e s t a c tiv ity  w as ac c e p ted  as 
h a v in g  a value of 100  in  re sp ec t of b o th  s u b s tra te s ,  and  all o th e r  ac tiv itie s
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■were re fe rred  to  th is  s ta n d a rd . I f  th e  re la tiv e  a c tiv itie s  coincide, i t  m ean s in  
o u r o p in ion  th a t  th e  co llagen -d igesting  c a p a c ity  o f  th e  try p s in  p re p a ra tio n s  
is id e n tic a l w ith  th e  p ro te o ly tic  a c tiv ity  o f th e  specific  enzym e (on  B A N A ), 
a n d  th a t ,  co n seq u en tly , b o th  m u st op era te  th ro u g h  th e  sam e m ech an ism . I t  is, 
how ever, c lea r fro m  T a b le  V th a t  th e  re la tiv e  a c tiv itie s  w ere d iffe re n t on  th e  
tw o  su b s tra te s . T ryp u re  Novo  ( 3 x 2 8 ) ,  show ed th e  h ig h est a c t iv i ty  (100) on 
B A N A  as su b s tra te ;  W orthington  (saltless) t ry p s in  show ed  th e  h ig h e s t a c tiv ity  
on  A chilles te n d o n , w hile  i ts  a c t iv i ty  on B A N A  w as 58 on ly . C M Pase, iso la ted  
b y  us, ex h ib ited  an  a c tiv i ty  o f  30 on B A N A , a n d  one o f  100 on A chilles te n d o n . 
I t  w ould  follow from  th e se  fig u res  th a t  th e  a c t iv i ty  o f  try p s in , as o b se rv ed  on 
B A N A , a n d  th e  C M Pase a c tiv i ty  o f th e  ex am in ed  p re p a ra tio n s  a re  d iffe ren t 
en z y m a tic  m an ife s ta tio n s , re g u la te d  b y  d iffe ren t m echan ism s.

C om parisons between the collagenmucoproteinase and  metacollagenase activ ity  
o f  d ifferen t tryp sin  prepara tions

M etacollagen  m ean s a k in d  of collagen we o b ta in e d  fro m  co llagenous 
tissu es  e ith e r  b y  2 to  10 m in . t re a tm e n t a t  67 to  70° C or b y  m ean s  o f  th e  
c o n tra c tio n -re la x a tio n  p h en o m en o n  p ro d u ced  in  a 40 p er c en t so lu tio n  of 
p o ta ss iu m  iodide a t  20° C [13, 14, 15]. M etaco llagen , d eriv ed  fro m  th e  fib res  
o f  r a t  ta i l  te n d o n  b y  w a y  o f chem ical re la x a tio n , does n o t lose i t s  f ib rilla r  
s tru c tu re , w hereas g e la tin  h as  no s tru c tu re  a n d  fo rm s a gel in  w a te r . W e re 
g a rd  m etaco llagen  as p a r t ia l ly  d e n a tu re d  co llag en  w hose p h ysico -chem ical 
p ro p e rtie s  d iffer from  th o se  o f th e  n a tiv e  p ro d u c t. W e co m p ared  p u lv e rized  
m etaco llagen , deriv ed  fro m  A chilles ten d o n , w ith  p o w d er o b ta in ed  b y  g rin d in g

Table VI

Collagenmucoproteincise(CMPase) and metacollagenase activity o f different trypsin preparations 

(F o r  m eth o d  an d  co m p u ta tio n  see te x t)

Preparations
Specific enzym atic ac tiv ity

CMPase
Meta

collagenase

T ry p u re  N ovo (3 X 28) 110 1150

A rm our T ry p ta r 220 600

W o rth in g to n  (saltless) 270 750

N o rth ro p 110 460

Choay 70 750

R ich te r 170 1100

M erck 10 200

L igh t 5 50

C ollagenm ucoproteinase 270 1400
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u n t r e a te d  Achilles te n d o n , o n  th e  basis th a t ,  if  a p u lv e riz a tio n  o f  th e  A chilles 
te n d o n  is eq u iv a len t to  i ts  d é n a tu ra tio n , t ry p s in  p re p a ra tio n s  m u s t digest 
A ch ille s  te n d o n  pow der a n d  pu lv erized  m etaco llag en  in  th e  sam e  m an n e r. 
T a b le  V I  m akes i t  c lear t h a t  th is  w as n o t th e  case . T h e  sam e try p s in  p re p a ra 
t io n  d isp la y e d  a m e taco llag en ase  a c tiv ity  3 to  10 tim es h igher th a n  its  CMP- 
ase a c t iv i ty  as m easu red  o n  pu lv e rized  co llagen . Specific  en z y m a tic  a c tiv ity  
is e x p re s se d  as th e  a m o u n t (g) o f  collagen d ig es ted  w ith  ou r e a rlie r  described  
m e th o d  [3] b y  1 m g o f e n z y m e  p ro te in  w ith in  30 m in u tes . C M Pase a c tiv ity , 
as re g is te re d  in  T able  V I , is re fe r re d  to  th e  p u lv e riz e d  Achilles te n d o n  o f y oung  
c a t t le  as su b s tra te , w hile  m etaco llagen  o b ta in e d  from  th e  sam e  pow der 
s e rv e d  as su b s tra te  for th e  m e a su re m e n t of m e taco llag en ase  a c tiv ity . T h e  m e ta 
c o lla g e n  in  question  w as p ro d u c e d  as follows. T e n  g o f A ch illes-tendon  pow der 
w as su sp e n d e d  in  150 m l o f  d is tille d  w a te r a t  75° C, a n d  th e n  k e p t a t  a  te m p e ra 
tu r e  o f  70° C for 10 m in u te s . I t  w as th e n  ra p id ly  cooled , f ilte re d , w ash ed  w ith  
100 m l o f  cold d istilled  w a te r ,  d e h y d ra te d  w ith  ace to n e  an d  d ry e d  a t  110° C. 
W e o b se rv e d  th e  h ighest m e taco llag en ase  a c t iv i ty  w ith  th e  C M Pase p re p a ra tio n  
w e h a d  iso la ted  b y  m ean s o f  s ta rc h  e lec tro p h o res is . I ts  va lu e  w as 1400 as 
a g a in s t  a n  a c tiv ity  of 270 d e te rm in e d  on A ch ille s-ten d o n  pow der. T h is w ould  
m e a n  t h a t  th e  p ro teo ly tic  a c t iv i ty  of CM Pase is m ore  th a n  4 tim es  as h igh  on 
m e ta c o lla g e n  as on co llagen . T h e  various try p s in  p re p a ra tio n s  e x h ib ite d  d iffe r
e n t  a c t iv it ie s  against b o th  A chilles ten d o n  p o w d er an d  m etaco llag en . I f  th e  
r e la t iv e  a c tiv itie s  o f th e  in d iv id u a l  try p s in  p re p a ra tio n s  are  c o m p ared  (T able 
V I ) ,  th e y  show  no a g re e m e n t; th e  a c tiv ity  o f th e  p re p a ra tio n s  d iffe red  acco rd 
in g  to  w h e th e r  collagen or m e taco llag en  w as th e  s u b s tra te . C M Pase a lone  d is
p la y e d  m ax im u m  a c tiv ity  o n  b o th  su b s tra te s . T h e  CM Pase a c tiv ity  o f  W oithing- 
ton  s a lt le s s  try p s in  w as e q u a l to  th e  a c tiv ity  o f  th e  CM Pase iso la te d  b y  us, 
w h ile  i t s  a c tiv ity  on m e ta c o lla g e n  am o u n ted  to  54 p e r cen t o n ly , as ag a in st 
th e  100 p e r  cen t a c tiv ity  o f  o u r  CM Pase. O f th e  e x a m in e d  try p s in  p re p a ra tio n s , 
i t  w a s  T ryp u re  Novo w h ich  m o st ap p ro ach ed  th e  m etaco llag en ase  a c tiv ity  
o f  C M P ase ; its  a c tiv ity  w as co n sid erab le  on A chilles ten d o n  an d  B A N A  su b 
s t r a te  a lik e . T he resu lts  re c o rd e d  in  T ab le  V I I  allow' th e  conclusion  th a t  CM Pase 
a c t iv i ty  a n d  m etaco llagenase  a c t iv i ty  are no t id e n tic a l. I t  follows th a t  p u lv e r
ized  A ch ille s  ten d o n  a n d  m e ta c o lla g e n  derived  f ro m  i t  are n o t ju s t  d e n a tu re d  
c o lla g e n  p ro te in s  b u t in  c e r ta in  resp ec ts  d iffe ren t su b stan ces .

D iscussion

T h e  f irs t  question  w as w h e th e r  th e  h u m a n  a n d  an im al p an c reas  sy n th e - 
t iz e d  a n  enzym e capab le  o f  d ig es tin g , sp littin g  o r a tta c k in g  n a tiv e  co llagen . 
T h e  a n sw e r  to  th is  q u e s tio n  h a s  in  fac t been  su p p lie d  in  an  ea rlie r p a p e r  [2] 
in  w h ic h  we d e m o n s tra te d  t h a t  n a tiv e , i.e. f re sh ly  iso la ted  an d  u n tre a te d ,
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co llagen  fib res , if  exposed  to  th e  ac tio n  of C M Pase o b ta in ed  from  th e  p a n c re a s , 
u n d e rg o  changes th a t  can  be d e te rm in ed  b y  th e  m e th o d  of chem ical c o n tra c 
tio n -re la x a tio n . T he en z y m a tic  a c t iv i ty  m a n ife s te d  itse lf  fu r th e rm o re  w ith  a 
ch an g e  in  th e  fib res’ c a p a c ity  o f sw elling. W h y  is i t  th e n  th a t  th e  e n z y m e  lyses 
o n ly  a m in im u m  am o u n t o f  collagen  p ro te in  i f  th e  f ib re s  are in th e  n a t iv e  s ta te , 
w h ereas  as m uch  as 30 to  35 p er cen t o f i t  w ith in  h a lf  an  hour if  th e  f ib re s  are

Table VII

Com parative data regarding the relative collagenm ucopro teinasefC M I’ase) and metacollagenase  
activities o f  d ifferent tryp sin  preparations

Preparations
Relative

СМРаэе

activity

M eta
collagenase

T rypure  Novo (3 x 2 8 ) 8 8 82

A rm our T ry p ta r 40 43

W orth ing ton  (saltless) 100 54

N orthrop 40 33

Choay 42 54

R ich ter 54 79

MercV 13 20

L ight 5 5

CMPase 100 100

p u lv e rized  (ground) before  bein g  tre a te d  w ith  th e  enzym e? ( K ü h n  et al. [16], 
using  acid -inso lub le  co llagen  an d  a h ig h ly  c o n c e n tra te d  try p s in , d e m o n s tr a t
ed 79 p e r cen t d igestion  in  24 h rs.) W e su g g est th a t  CM Pase p ro d u c e s  th e  
sam e effec t on fib res an d  on pu lverized  co llagen . T h ere  ex ists a b a r r ie r  w hich  
p re v e n ts  th e  sp lit-o ff e lem en t —  te rm ed  b y  us [17] m ucoid2 —  to  e scap e  from  
th e  in te r io r  o f th e  fib res as long  as th e  la t t e r  a re  in ta c t. T he b a r r ie r  w ill be 
b ro k en  dow n in th e  process o f g rin d in g  a n d  p u lv e riza tio n , so t h a t  m u co id 2 
gains free  access to  th e  so lu tio n . T h e  a p p e a ra n ce  o f  dissolved co llag en  in  th e  
s u p e rn a ta n t  does n o t, th e re fo re , depend  on  th e  fib res  being d e n a tu re d ;  i t  is 
ju s t  a m a t te r  o f d iffusion . T h e  b a rr ie r  in  q u e s tio n  m ay  consist o f o r ie n te d  in- 
te r f ib r il la r  m u copo lysaccharides [18], b u t  m a y  likew ise consist o f  ce rta in  
p e rif ib rilla r  m em branes.

T h e  second p rob lem  w as w h e th e r th e  p an c reas  syn thesized  a s e p a ra te  
en zy m e , n am ely  co llag en m u co p ro te in ase , or w h e th e r  try p s in  i ts e lf  a c te d  on 
co llagen  in  th e  observed  m an n e r. T he e x p e rim e n ts  have  m ade it  c le a r  t h a t  th e  
ac tio n  o f th e  try p s in  p re p a ra tio n s  on th e  В A N A , i.e. a specific sy n th e tic  p e p tid e , 
is n o t id e n tic a l w ith  th e ir  a c tio n  on co llagen . T h e  d ifferen t t ry p s in  p re p a ra 
tions e ith e r  co n ta in  d iffe ren t am o u n ts  of C M Pase b y  w ay of im p u r ity  o r, else,
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th e  m olecules of t r y p s in  h a v e  tw o active g ro u p s ; one  th a t  is resp o n sib le  fo r th e  
s p l i t t in g  o f В ANA, a n d  a n o th e r  th a t  sp lits  o ff a p e p tid e  m olecule fro m  th e  co lla
g en . R a m a c h a n d r a n  a n d  K art h a  [19] f u r th e r  R ich  and  Crick  [20] v isua lize  
th e  s t ru c tu re  of th e  tro p o c o lla g e n  m olecule as a  he lica l helix com posed  o f th re e  
p o ly p e p tid e  chains. H o d g e  et al. [6 ] su g g est t h a t  pep tid e  ch a in  ap p en d ag es  
w ith  h ig h  ty ro sin e  c o n te n ts  e x ten d  from  th e s e  m olecules w hich en su re  a lo n g i
tu d in a l  connection  o f  th e  m olecules in  th e  co u rse  o f  fibrillogenesis. T h e  ac tio n  
o f  t r y p s in  w ould, a c c o rd in g  to  th is  th e o ry , c o n s is t in  sp littin g  o ff th e se  a p p e n 
d a g e s , so th a t  no s t r u c tu r e  like th e  n a tiv e  f ib r i ls  can  be fo rm ed . A lth o u g h  
K ü h n  et al. [16] re fu se  th i s  ex p lan a tio n  o f  t r y p t i c  ac tion , th e y  a d m it n e v e r
th e le ss  th a t  th e  co llag en  rem a in in g  a fte r  a  t r e a tm e n t  w ith  try p s in  c o n ta in s  
c o n s id e ra b ly  less h ex o se  a n d  hexosam ine t h a n  u n tre a te d  collagen. W e th in k  
t h a t  en zy m a tic  a c t iv i ty ,  as  observed in  th e  e x p e rim e n ts  of H o d g e  et al. [6 ] 
a n d  K ü h n  et al. [16], w as  re a lly  th e  a c tiv ity  o f  C M Pase, an  enzym e c o n ta in e d  
in  a ll t ry p s in  p re p a ra tio n s . M ucoid2, sp lit o ff  th e  pu lv erized  A chilles te n d o n  b y  
C M P ase , m ay  be r e g a rd e d  as a p o ly p e p tid e  w ith  h igh h y p ro -c o n te n ts , 
c h a ra c te r is tic  o f co llag en . I t  con ta in s m o reo v er a n e u tra l  h e te ro p o ly sacch a rid e  
c o m p o n e n t w hich is in  co v a len ce  w ith  th e  p o ly p e p tid e  frac tio n . T h e  p e p tid e  
c h a in  appendages m a y  b e  id e n tic a l w ith  m u c o id 2, an d  th is  th e  m ore  so as f ib 
r ils  fa ile d  to  develop in  o u r  experim en ts  if  th e y  h a d  been exposed to  th e  ac tio n  
o f  C M P ase [1, 21]. R e ly in g  on th e  v a rio u s  l i te r a ry  d a ta  we feel, th e re fo re , 
ju s t i f ie d  in  sugg estin g  t h a t  an  enzym e d isp la y in g  collagenase a c t iv i ty  is 
sy n th e s iz e d  b y  th e  p a n c re a s , while th e  o b se rv e d  m echan ism  of i ts  a c tio n  a d 
m its  o f  th e  conclusion t h a t  th e  properties o f  th is  enzym e are th e  sam e  as th o se  
o f  C M P ase as describ ed  in  sev e ra l earlier p a p e rs  [1 , 2, 3, 4 , 17, 21] .
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EFFECT OF INHIBITORS ON THE ACTIVITY 
OF TRYPSIN AND COLLAGENMUCOPROTEINASE

B y

I lona  B a n g a  and J o l a n d a  Ma y l á t h -P alágyi

F IR S T  DEPARTM ENT O F PATHO LO G Y  AND EX PE R IM E N T A L  CANCER RESEA RCH , 
M ED ICAL U NIV ERSITY , BU D A PEST

(R ece iv ed  F e b ru a ry  11, 1963)

T he effect o f th re e  t ry p s in  in h ib ito rs  on  th e  en zy m atic  a c tiv ity  o f tw o  try p s in  
p re p a ra tio n s  has b e en  s tu d ie d . T he specific a c t iv ity  o f try p sin  was d e te rm in e d  on 
N -b en zo y l-D L -a rg in in e-^ -n ap h th y lam id e  (B A N A ), t h a t  o f co llag cn m u co p ro te in ase  
(C M P ase) on  A chilles te n d o n  pow der.

T h e  B A N A -a c tiv ity  a n d  th e  CM Pase a c t iv ity  o f  th e  sam e try p s in  p r e p a ra t io n  
w ere  d iffe ren tly  a ffe c te d  b y  th e  in h ib ito rs , w hich  ju s tif ie s  th e  a ssu m p tio n  t h a t  th e  
tw o  a c tiv itie s  are d iffe re n t.

I t  is ev id en t f ro m  th e  re su lts  th a t  p u re , tw ice  c rystallized  try p sin  p re p a ra tio n s  
are  n o t  hom ogeneous.

In tro d u c tio n

M ost o f  th e  c u rren t t r y p s in  p re p a ra tio n s  d isp la y  also co llag en m u co p ro - 
te in ase  (C M Pase) or so-called  co llagenase a c t iv i ty  [1 ]. T he earlie r o b se rv a tio n  
th a t  th e  a c t iv i ty  o f th e se  p re p a ra tio n s  on  B A N A  (N -benzoyl-D L -arginine- 
/З-n a p h th y la m id e ) , th e  specific  s u b s tra te  o f try p s in  is d iffe ren t from  th e ir  C M Pase 
a c tiv ity  as d e te rm in ed  on p u lv e rized  A chilles te n d o n  (collagen), ju s t i f ie s  th e  
conclusion  [1] th a t  try p s in  p re p a ra tio n s  a re  c o n ta m in a te d  w ith  C M P ase  or, 
else, th a t  t ry p s in  con ta in s tw o  ac tiv e  g roups, one o f  th e m  responsib le  fo r  B A N A  
a c tiv ity , th e  o th e r  for co llagenase  a c tiv ity .

T h e  p ro b lem  w h e th e r a c t iv i ty  on B A N A  is id en tica l w ith  or d if fe re n t 
from  th a t  on  A chilles te n d o n  can , am ong  o th e rs , be d e te rm in ed  b y  o b se rv in g  
th e  effect o f  try p s in  in h ib ito rs . If , u n d e r  id e n tic a l cond itions, in h ib ito rs  p ro 
duce th e  sam e  in h ib ito ry  e ffec t on  b o th  a c tiv itie s , th e  ac tiv e  p rin c ip le  a n d  th e  
m echan ism  m u st be th e  sam e in  b o th  cases, w h e reas , i f  th e  sam e in h ib ito r  p ro 
duces d iffe re n t effects on th e  tw o  a c tiv itie s , th e y  m u st be due to  d iffe re n t 
ac tiv e  g ro u p s  an d  have  d iffe re n t m echan ism s.

M ateria l

T h ree  try p s in  inh ib ito rs,*  m ad e  by  th e  W orthington  Co. were used in th e  p re se n t 
e x p e rim e n ts : 1. h ighly  purified  ovo m u co id ; 2. c rysta llized  soybean  in h ib ito r; 3. n o n -c ry s ta lliz e d  
soybean  in h ib ito r . T he try p sin  p re p a ra tio n s  w ere 1. W orthington’s try p sin  (tw ice c ry s ta ll iz e d , 
sa ltless), a  p re p a ra tio n  w hich show ed a  100 pe r cen t C M Pase a c tiv ity  in earlier e x p e r im e n ts ;  
2. T rypure  N ovo  (3 X 2 8 ) w hich p ro v ed  to  hav e  th e  h ig h es t B A N A  activ ity .

* W e a re  in d eb ted  for th e  in h ib ito rs  an d  th e  try p s in  p re p a ra tio n s  to Dr. M a n d l , C o lu m 
bia U n iv e rs ity , New Y ork.

3  A cta Physiologies XXIV /2.
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Method and resu lts

T h e  B A N A  a c t iv i ty  o f  b o th  try p s in  p re p a ra tio n s  could be w ell defined  
w ith  th e  m e th o d  o f B l a c k w o o d  and  Ma n d l  [2]. O f th e  te n  d iffe ren t t ry p s in  
p re p a ra tio n s  te s te d  in  a p rev io u s e x p e rim en t [1] i t  w as T rypure  N ovo  (3 X  28) 
w h ich  d isp lay ed  th e  h ig h e s t a c tiv ity  on B A N A  as su b s tra te . T h e  dose o f  th e

Table I

In h ib itio n  o f  a c tiv ity  o f  W orthington's try p s in  on  B A N A  in  M c llva in e 's  bu ffer

Enzyme (20 fig)
Ratio of 

enzyme and 
inhibitor

Inhibitor and percentage inhibition

Ovomucoid Soybean
cryst.

Soybean
non-cryst.

W orthington ’s l 0 .2 2 8 35 2 7

t r y p s in l 0 .4 5 6 4 7 3 3

l 0 .6 7 0 59 5 2

l 0 .8 7 8 6 7 7 5

l 1 8 4 75 7 9

Table II

Inh ib itio n  o f  a c tiv ity  o f  Trypure Novo on B A N A ,  in  M cllva in e 's  bu ffer

Enzyme (20 fxg)
Ratio of enzyme

Inhibitor and percentage inhibition

and inhibitor
Ovomucoid Soybean

cryst.
Soybean
non-cr.

Trypure Novo 1 : 0 .2 2 8 21 1 9

1 : 0 .4 4 0 52 3 6

1 : 0 .6 6 7 72 4 8

1 : 0 .8 7 7 8 0 6 5

1 : 1 8 0 9 0 7 8

t r y p s in  p re p a ra tio n s  w as co n stan t (20  fig) th ro u g h o u t, while th e  a m o u n ts  o f 
th e  in h ib ito rs  w ere  so chosen  as to  give d if fe re n t co n cen tra tio n s , th e  h ig h est 
b e in g  a try p s in r in h ib ito r  ra tio  of 1 : 1. T h e  e ffec t of d ifferen t c o n c e n tra tio n s  
o f  th e  th ree  in h ib ito rs  on  th e  BA N A  a c t iv i ty  o f  th e  tw o  try p s in  p re p a ra tio n s  
is l is te d  in  T ab les  I  a n d  I I .  I t  can  be seen  t h a t  i t  w as only  th e  c ry s ta lliz ed  
so y b e a n  in h ib ito r  w h ich  p roduced  d iffe re n t effects on th e  tw o  p re p a ra tio n s , 
w h ile  th e re  w as no  e sse n tia l d ifference b e tw e e n  th e  in h ib itio n  v a lu es  in  th e  
o th e r  tw o cases. F ig s . 1, 2 an d  3 p resen t in  a d ia g ra m m a tic  form  th e  in h ib itio n  
v a lu e s  for b o th  t ry p s in  p rep ara tio n s.
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F ig. 1. E ffec t of ovom uco id  on  th e  a c tiv ity  
on  B A N A  of T rypure  N ovo  an d  W orthing
ton’s try p s in . I =  20 /tig o f T ryp u re  Novo ; 
2 =  20 fig  o f W orthington’s try p s in . A bscissa: 

in h ib ito r  (fig)', o rd in a te : in h ib itio n  (% )

F ig. 2. E ffe c t o f  c ry sta llized  soybean  in h ib i
to r  on th e  a c t iv ity  on B A N A  o f T  rypure  
N ovo  a n d  W orthington’s try p sin . 1 — 20 fig  
o f T ryp u re  Novo ; 2 =  20 fig  o f W orthington’s 
try p s in . A b scissa: in h ib ito r  (fig); o rd in a te :  

in h ib itio n  (% )

Fig. 3. E ffec t o f non-c ry s ta llized  soybean  in h ib ito r  on  th e  a c t iv ity  on  B A N A  of T ryp u re  N ovo  
an d  W orthington’s try p s in . 1 =  20 fig  o f Trypure Novo ; 2  =  20 fig  o f W orthington’s t r y p s in .  

A bscissa: in h ib ito r  (ftg); o rd in a te : in h ib itio n  (% )

T he v a lu e  o f C M Pase a c tiv ity  w ere d e te rm in e d  on p u lverized  A chilles' 
te n d o n  w ith  th e  te c h n iq u e  o f  B a n g a  et al. [3] u n d e r  th e  ex p e rim en ta l co n d i
tio n s described  p rev io u sly  [1 ]. T he m ax im u m  in h ib ito r  ra t io  w as 1 : 1. I n  v iew  
o f th e  g rav im etric  m e th o d  used , th e  am o u n t o f  en zy m e w as 100  pg , in  a to ta l  
vo lum e o f 2.5 m l. T h e  re su lts  a re  lis ted  in  T ab le  I I I .

3*
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Table I I I

Inhib ition  o f  C M P a se  activ ity  o f  W orthington's trypsin  on pu lverized  
A chilles-tendon in  M c llv a in e ’s buffer

Enzym e
Ratio of enzyme 

and inhibitor

Inhib itor and percentage 
inhibition

Ovomucoid Soybean

W orthington4 S 1 : 0.1 0 0

try p sin 1 : 0.2 0 0

1 : 0.4 0 0

1 : 0.8 10 10

1 : 1 15 15

A s regards o v o m u co id , th e re  w as a co n siderab le  d ifference b e tw een  its  
in h ib i to ry  effect on B A N A  a c tiv i ty  an d  on  C M Pase a c tiv ity . W hile  th e  values 
fo r  B A N A  a c tiv ity  w ere b e tw een  28 a n d  56 p er cen t w ith  e n z y m e -in h ib ito r  
r a t io s  o f  1 : 0.2 a n d  1 : 0.4 (T ables I ,  I I ) ,  su ch  co n cen tra tio n s  h a d  no  effect

F ig . 4. E ffec t of so y b ean  in h ib ito r  on  th e  spec ific  a c t iv ity  of W orthington’s t r y p s in  on  B A N A  
re s p e c tiv e ly  on pu lv erized  A chilles ten d o n . 1 =  B A N A , 2  =  Achilles ten d o n . A bscissa: ra tio  

o f  en zy m e an d  in h ib ito r ; o rd in a te :  in h ib itio n  (% )

o n  C M P-ase a c tiv ity  (T ab le  I I I ) .  A t c o n c e n tra tio n s  of 1 : 0.8 a n d  1 : 1, in h ib i
t io n  o f  B A N A  a c tiv i ty  w as 77 an d  84 p e r  cen t, re sp ec tiv e ly  (T ab les  I ,  I I ) ,  
w h ile  th a t  of C M Pase a c t iv i ty  w as 10 to  15 p er c e n t,re sp e c tiv e ly  (T ab le  I I I ) .

A s to  th e  so y b ean  in h ib ito r , a t  co n c e n tra tio n s  o f 1 : 0.2 a n d  1 : 0.4, 
in h ib i t io n  of B A N A  a c t iv i ty  w as 19 a n d  52 p e r cen t, re sp ec tiv e ly  (T ab les I ,  I I ) ,
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w h ereas  in h ib itio n  of C M Pase a c tiv i ty  w as nil (T ab le  I I I ) .  W ith  a n  en zy m e: 
in h ib ito r  ra tio  o f 1 : 1, in h ib itio n  o f B A N A  a c tiv i ty  w as betw een  75 a n d  90  
p e r  cen t (T ables I ,  I I ) ,  w h ereas  th a t  o f C M Pase a c tiv ity , 15 per c e n t (T ab le  
I I I ) .

I t  is, th u s , obvious t h a t  try p s in  a c tiv ity  on B A N A  w as c o n s id e ra b ly  
c o u n te ra c te d  a t  c o m p a ra tiv e ly  low  co n cen tra tio n s  o f th e  in h ib ito rs , w hile 
th e y  p ro d u ced  no effect on C M Pase a c tiv ity . F ig . IV  p re sen ts  an  i l lu s tr a t io n  of 
th is  d ifference. W ith  an  e n z y m e /in liib ito r ra tio  o f 1 : 1, in h ib itio n  o f  a c t iv i ty

Table IV

Inh ib ito ry  effect o f  ovomucoid a n d  soybean on C M P ase activ ity  in different bu ffers

Inhibitor and percentage inhibition

Enzyme
Ratio of enzyme 

and inhib itor
Tris buffer 

pH 7.4
N a2C 0 3-HCl

buffer
pH  7.4

McTlvaine’s
buffer

pH 7.2

0 s О i S О s

W orthington's l : 0.1 0 0 0 0 0 0

try p s in l : 0 2 и 0 0 0 0 0

l : 0 .4 15 7 12 0 0 0

l : 0.8 43 14 50 46 10 10

l : 1 58 22 60 69 15 15

on  B A N A  reach ed  a v alue  o f  80 p e r cen t ag a in s t o n ly  22 p er cen t in  re sp e c t 
o f  C M Pase a c tiv ity .

Since, accord ing  to  th e  m e th o d  of B l a c k w o o d  an d  Ma n d l  [2] t ry p s in  
a c t iv i ty  on B A N A  has to  be e s tim a te d  in  M c llv a in e ’s p h o sp h a te  b u ffe r , we 
em p lo y ed  th e  sam e b u ffe r fo r th e  d e te rm in a tio n  o f  CM Pase a c tiv i ty  so as to  
fa c ilita te  a com parison  o f th e  re su lts .

In  a n o th e r  g roup  o f e x p e rim e n ts  we ex am in ed  in  tw o  o th e r  b u ffe rs , 
T ris  a n d  N a2C 0 3— HC1, th e  e ffec t o f tw o in h ib ito rs  on  th e  CM Pase a c t iv i ty  of 
\Vorthington,s try p s in , m easu red  on  pu lverized  A chilles te n d o n  as s u b s tra te .  
R esu lts  a re  assem bled in  T ab le  IV . I t  can  be seen th a t  ovom ucoid  h a d  a p p ro x i
m a te ly  th e  sam e in h ib ito ry  e ffec t in  th e  tw o b u ffe rs , an d  th a t  i t  h a d  p r a c t i 
ca lly  no effect in  M cllvaine’s b u ffe r . S oybean in h ib ito r  p roduced  no  m a rk e d  
in h ib itio n  e ith e r  in T ris or in  M c llv a in e ’s buffer, n o t even  a t h igher c o n c e n tra 
tio n s . I t  w as on ly  in  th e  b u ffe r N a 2C 0 3— HC1 th a t ,  a t  c o n cen tra tio n s  o f  I : 0.8  
a n d  1 : 1, th a t  in h ib itio n  reach ed  46 an d  69 per cen t, re sp ec tiv e ly .
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Discussion

O f th ree  try p sin  in h ib i to r s  used, it  w as th e  c ry s ta lliz ed  so y b ean  in h ib ito r  
th e  e ffe c t of w hich on th e  a c t iv i ty  of try p s in  on  B A N A  w as d iffe ren t acco rd 
in g ly  to  w hether T ry p u re  N o vo  (3 X 28) o r W orthington 's  tw ice  c ry sta llized  
s a l t le s s  try p s in  was e m p lo y e d . T h is ind ica tes a  q u a n t i ta t iv e  d ifference betw een  
th e  a c t iv e  groups o f th e  tw o  p rep ara tio n s , a n d  c o n s titu te s  a d d itio n a l p ro o f of 
t h e  f a c t  th a t  the  d iffe re n t t r y p s in  p re p a ra tio n s  a re  n o t hom ogeneous.

T h e  fac t th a t  th e  a c t i v i t y  of try p s in  on  B A N A  w as d iffe ren tly  in h ib ite d  
t h a n  th e  CMPase a c tiv i ty  h a s  confirm ed o u r e a r lie r  ex p erim en ts  w h ich  show ed 
t h a t  th e  tw o activ ities w e re  d u e  to  d ifferen t a c tiv e  p rincip les a n d  w ere gov
e rn e d  b y  different m e c h a n ism s . O vom ucoid a n d  so y b ean  in h ib ito r  a ffec ted  CM P
ase  a c t iv i ty  very  s lig h tly , b u t  considerab ly  in h ib ite d  th e  effect on  B A N A  of 
th e  sa m e  try p sin  p r e p a ra t io n .

I t  follows th a t ,  as h a s  a lread y  been su g g e s te d  [1], th e  specific  a c tiv ity  
o f  t r y p s in  p rep a ra tio n s  is  n o t  iden tica l w ith  th e ir  CM Pase a c t iv i ty ;  each 
o f  th e  tw o  activ ities is b o u n d  to  a d ifferen t p ro te in  com ponen t o f  th e  enzym e, 
o r  th e r e  are tw o d iffe re n t a c tiv e  groups in  t ry p s in .  H ad  th e re  b een  no d iffer
e n c e  b e tw een  the  tw o , b o th  w ould have b e e n  e q u a lly  in h ib ite d  a t  id en tica l 
e o n c e n tra t io n s  of th e  s a m e  in h ib ito r . W e fee l ju s t if ie d  in  sug g estin g  th a t  th e  
p a n c re a s  of hum ans a n d  a n im a ls  sy n th e tizes  a n  enzym e w hich  is c ap ab le  of 
d ig e s t in g  native  co llagen , a n  enzym e w hich  is in  close a ff in ity  w ith , b u t  no t 
t h e  sa m e  as, try p sin .
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C o m p ara tiv e  s tu d ie s  hav e  show n  t h a t  m uscle  cholinesterases d iffe r  in  th e ir  
h y d ro ly tic  activ ities . O n decreasing  th e  p H  of th e  in cu b a tio n  m ix tu re  fro m  8.0 to  5.5 
th e  h y d ro ly sis  o f d im e th y la m in o e th y l a c e ta te , exp ressed  in p e rcen tag e  o f  a c e ty l
ch o lin e  b reakdow n, in creased  a b o u t sevenfold  b y  using  of tru e  ch o lin e stera se , and  
d o u b led  b y  ap p ly ing  o f m yosin ch o lin es te rase . A t id en tica l conditions th e  h y d ro ly sis  
o f  d im e th y la m in o p ro p y l a c e ta te  ex p ressed  in  p e rce n ta g e  of ace ty lcho line  b re ak d o w n  
te n d e d  to  decrease s lig h tly  in th e  case  o f t ru e  cho linesterase , w hereas i t  in creased  
e ig h t-  to  ninefold in t h a t  o f m y o sincho linesterase .

D écam éth o n iu m  p ro v ed  to  be a m ore  p o te n t  in h ib ito r  of b o th  ch o lin e s te ra se s  
th a n  p e n ta m é th o n iu m , b u t  no s ig n ifican t d ifferences could be d e m o n s tra ted  b e tw een  
th e  tw o  enzym es as reg ard s th e  inh ib ition .

O n th e  basis o f th e  orig inal te rm in o lo g y  p u t  fo rw ard  b y  M e n d e l  an d  
R u d n e y  [ 1 ]  th e  cho lineste rases iso la ted  fro m  d iffe re n t tissues m ay  b e  d iv id ed  
in to  tw o  la rg e  groups, t r u e  cho lineste rases a n d  p seu d o  cho lin este rases . O th e r 
te rm s  h a v e  also been  su g g ested  to  fa c ilita te  d iffe re n tia tio n  [2, 3, 4 , 5, 6 ]. 
T h e  cho lineste rases b e long ing  to  b o th  g roups ca ta ly z e  essen tia lly  th e  sam e 
re a c tio n  [7]. In  th e  h y d ro ly tic  a c tiv ity  ac tiv e  an io n ic  an d  e s te ra tic  s ite s  p la y  
an  im p o r ta n t  role [8 , 9]. T h e  d ifferences b e tw een  th e  tru e  and  th e  p se u d o  cho
lin e s te ra se s , th a t  m an ifest th em selv es  a p a r t  f ro m  su b s tra te  sp ec ific ity  in  su b 
s t r a te  in h ib itio n  an d  a f f in ity  to  specific  in h ib ito rs , m a y  p ro b ab ly  be  a t t r ib u te d  
to  d ifferences in  th e  s tru c tu re  o f ac tiv e  c e n tre s , or in  th e ir  in tra m o le c u la r  
a rra n g e m e n t. On th is  basis  th e y  m ay  be su rm ise d  to  p lay  d iffe ren t p h y s io lo g 
ica l ro les.

I n  th e  s tr ia te d  m uscle  of r a b b it  th e  d iffe ren ce  in  th e  p h y sio lo g ica l ro le 
p lay ed  b y  m yosin  possessing  cho lineste rase  a c t iv i ty ,  an d  b y  th e  t r u e  c h o lin 
e s te ra se  t h a t  can  be iso la te d  an d  p u rif ied  f ro m  th e  sa rcop lasm ic  p ro te in  
fra c tio n , is suggested  also b y  th e  d ifference o b se rv e d  in  th e ir  lo c a liz a tio n  [1 0 ]. 
T o  o b ta in  som e d a ta  usefu l in  ex p e rim en ts  in  vivo  i t  seem ed n ecessary  to  s tu d y  
th e  specific  p ro p e rtie s  o f th e  tw o  enzym es in  v itro , i.e. th e  p ro p e rtie s  o f  th e  
a c tiv e  c en tre s  in v o lved  in  th e  h y d ro ly tic  a c t iv i ty  and  th e ir  in tra m o le c u la r  
d is tr ib u tio n .

T h e  p re sen t p a p e r re p o r ts  on s tu d ies  c o n ce rn in g  th e  p ro p e rtie s  o f  th e  
a c tiv e  an ion ic  sites in v o lv ed  in  en zy m atic  a c t iv i ty .
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M ateria ls  and  m eth o d s

A s s a y  o f  enzym e activ ity . A s m y o s in  h ad  to be u sed  a t  h ig h  concen tra tio n s , in  th e  case  o f a 
m a n o m e tr ic  m e th o d  th e  e rro r  d u e  to  adso rp tion  h ad  to  be  ta k e n  in to  accoun t [11]. I n  th e  case 
o f  th e  e le c tro m e tr ic  m e th o d  [12, 13] th e  buffer c a p a c ity  o f  th e  h igh p ro te in  c o n c e n tra tio n  
m ak e s  u n re liab le  th e  re s u lts  b a se d  on  shifts in  p H . F o r  th is  reaso n  th e  p h o to m e tric  m e th o d  
seem ed  to  be th e  m o st su ita b le  fo r  assay in g  enzym e a c t iv ity . I n  o u r investiga tions th e  p rin c ip le  
o f e n z y m e  assay  has b een  b a se d  o n  th e  d e te rm in a tio n  o f th e  su b s tra te  co n ce n tra tio n  befo re  
a n d  a f te r  in cu b a tio n . F o r  th is ,  H e s t r i n ’s m ethod  [14] w as u se d  de term in ing  th e  e s te r  lin k ag es . 
T h is  p ro c e d u re  w as m ore a d v a n ta g e o u s  th a n  th e  o th e r  p h o to m e tr ic  procedures d e sc rib e d  in  
th e  l i te r a tu re ,  because i t  c an  b e  u se d  extensively . In  c a lc u la tin g  th e  resu lts  we took  in to  a c c o u n t 
th e  s u b s tr a te  b reakdow n, a u to h y d ro ly s is  m easured  w ith o u t  enzym e, un d er id e n tic a l  c o n 
d itio n s . I t  w as m in im al u n d e r  p H  7.4 and increased  o v er p H  7.4. In  th e  in cu b a tio n  m ix tu re s  
th e  s u b s tr a te  co n cen tra tio n  w as 1.10 • 10~3 M . T he co lo u r in te n sitie s  co rrespond ing  to  th e  
c o n c e n tra t io n  of th e  su b s tra te s  w e re  estim a ted  in  a  H a v e m a n n  p h o to m eter, a t  530 m // . In  th e  
ra n g e  o f  p H  5.5 to  7.0 a 0.01 M  p h o sp h a te  buffer, in  th e  p H  7.4 to  8.0 range a 0.01 M  v e ro n a l-  
N a — HC1 b u ffe r  (final c o n c e n tra tio n s )  served to  ensu re  th e  p ro p e r  reaction . T he e x p e r im e n ts  
w ere  c a r r ie d  o u t  a t  37* C, th e  d u ra tio n  of in cu b a tio n  w as 1 h o u r. The specific a c t iv i ty  w as 
e x p re ssed  as fig  Ach/m g p ro te in  N /h o u r. N itrogen w as d e te rm in e d  b y  m ic ro -K je ld ah l m e th o d . 
T h e  p H  o f  th e  in cu b a tio n  m ix tu re  w as contro lled  b e fo re  a n d  a f te r  incu b a tio n  b y  m ea n s  o f 
g lass e lec tro d es. No sh ift in  p H  w as observed.

Substrates, inhibitors. T h e  su b s tra te s  and  in h ib ito rs  u se d  in  th e  ex p erim en ts  w ere  d is
so lv ed  in  d istilled  w a ter im m e d ia te ly  p rio r to  use. A cety lch o lin e  chloride was o b ta in e d  fro m  
H o f fm a n n —L a  Roche L td . B ase l. P en tam é th o n iu m  a n d  d écam é th o n iu m  p re p a ra tio n s  m a d e  
b y  L ig h t  Co. were used . D im e th y lam in o e th y l a c e ta te  h y d ro ch lo rid e  and  d im e th y la m in o -  
p ro p y l a c e ta te  h y d roch lo ride  w ere  p rep ared  in  our la b o ra to ry  [15].

E n zym es. The m y o sin  p re p a ra tio n s  were o b ta in e d  fro m  s tr ia te d  m uscles o f r a b b i t  a c 
co rd in g  to  G u b a — S t r a u b  m e th o d  [17], as m odified  b y  W e b e r  [16]. P rio r to th e  e x tra c t io n  
o f m y o s in  th e  m uscle h o m o g en a te  w as w ashed w ith  ch illed  d is tilled  w ater th en  w ith  0.05 M  
KC1, a cc o rd in g  to  S z e n t - G y Ö r g y i  [18]. Before e s tim a tin g  en zy m e  a c tiv ity , th e  p u rif ie d  m yosin  
p r e p a ra t io n  w as d ilu ted  to  120 to  140 mg N  per 100 m l. T ru e  cholinesterase  w as p u rif ie d  fro m  
th e  sa rco p la sm a tic  e x tra c t  o b ta in e d  a t  p H  7.3 w ith  0.05 M  KC1 solution. T rue ch o lin e s te ra se  
F r . I I  w as used  in  a  so lu tio n  c o n ta in in g  25 to  30 m g N  p e r  100 m l [19].

R esults

D im e th y la m in o e th y l a c e ta te  a t th e  o p tim a l p H  of cho linesterases is a 
n e u tr a l  m olecule, w h ich  g a in s  a positive c h a rg e  on  decreasing th e  p H  [20]. 
T h u s , th e  Coulom b fo rce  a ris in g  betw een  th e  d im e th y la m in o e th y l a c e ta te  
a n d  th e  ac tiv e  an ion  g ro u p s  o f  th e  enzym e m a y  be  increased  b y  low erin g  th e  
p H . T h e  m easure of th e  in c re a se  depends also on  th e  n u m b er and  d is tr ib u tio n  
o f  th e  a c tiv e  an ion  g ro u p s  o f  th e  enzym e. A s a r e s u lt  o f th is  p h en o m en o n  th e  
c h o lin e s te ra se s  h y d ro ly se  less d im e th y la m in o e th y l a c e ta te  (as e x p re ssed  in  
p e r  c e n t o f ace ty lcho line  b reak d o w n ) n ear th e  o p tim a l p H  value th a n  a t  a low er 
p H . I n  su ch  cases th e  e le c tro s ta tic  pidl d ev e lo p in g  b e tw een  th e  s u b s tra te  (w hich 
tu r n s  p o sitiv e  in  c h a ra c te r)  a n d  th e  active a n io n  g ro u p s  prom otes th e  fo rm a tio n  
o f th e  e n z y m e -su b s tra te  co m p lex  and  th e  o r ie n ta t io n  o f th e  su b s tra te  m olecule  
on  th e  su rface  of th e  en z y m e . Since th e  p o sitiv e  c h a rg e  of th e  q u a te rn a ry  am ine  
ra d ic a l  is in d ep en d en t o f  th e  p H , th e  p H -d e p e n d e n t hydro lysis of th e  te r t ia r y  
a m in e  e s te r  has been e x p re sse d  as re la ted  to  th e  ace ty lch o lin e  b reak d o w n  m eas
u re d  u n d e r  th e  sam e c o n d itio n s . As a re su lt, th e  h y d ro ly s is  of th e  te r t ia r y  am ine  
e s te r  d ep en d s only  on th e  change in  th e  p o s itiv e  c h a ra c te r  of th e  s u b s tra te
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an d  on th e  n u m b e r o f th e  a c tiv e  an ion  g roups o f  th e  enzym e, or on th e ir  r e la 
tiv e  positions, as well as e v e n tu a lly  on th e  re la t iv e  sp a tia l a rra n g e m en t o f  th e  
an ion  g roups an d  th e  e s te r -sp lit t in g  ones fu n c tio n in g  a t  th e  given p H .
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Fig. 1. C o m para tive  en zy m atic  h y d ro ly sis  of d im e th y la m in o e th y l a ce ta te  a t  d iffe re n t p H ’s. 
T he p e rcen tag e  va lues show n on  th e  o rd in a te  have  been  c o m p u te d  on th e  basis o f th e  h y d r o 

lysis o f th e  tw o su b s tra te s , acety lcho line  a n d  d im e th y la m in o e th y l a ce ta te

Fig. 2. In h ib itio n  of m y o sin ch o lin es te rase  and  tru e  ch o lin esterase  a c tiv ity  by  p e n ta m é th o n iu m , 
a t  p H  8.0. D u ra tio n  o f p re in cu b a tio n  w ith  in h ib ito r , 30 m inutes

Fig. 1 show s th e  h y d ro ly s is  o f d im e th y la m in o e th y l ace ta te , e x p re ssed  
in  p ercen tag e  o f ace ty lch o lin e  b reak d o w n  b y  t ru e  a n d  m yosin ch o lin este rase , 
a t d iffe ren t p H  values.

W hen  th e  p H  w as d ec reased  from  8.0 to  5 .5 , th e  b reakdow n  o f d im e th y la 
m in o e th y l a c e ta te  b y  tru e  cho lin este rase  in creased  fro m  10 per cen t to  75 p e r  
cen t, w hile in  th e  case o f  m y o sin  th e  increase o f  a c t iv i ty  w as h a rd ly  tw o fo ld .
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T h e  d a t a  o b ta in ed  in  th is  e x p e rim e n t suggest t h a t  th e  difference in  th e  in crease  
o f  h y d ro ly t ic  a c tiv ity  b e tw e e n  th e  tw o  en zy m es m a y  be a t t r ib u te d  to  a d iffe r
en ce  in  th e i r  active an io n ic  s tru c tu re .

O n  g rounds o f th e  ev id en ce  p re se n te d  b y  B e r g m a n n  an d  S e g a l  [2 1 ]  

w e s tu d ie d  th e  role p la y e d  b y  th e  ac tive  a n io n  g roups. W e p re in c u b a te d  th e  
e n z y m e s  w ith  p ositive ly  c h a rg e d  te rm in a l b is q u a te rn a ry  am ine in h ib ito rs  of 
d if f e r e n t  c h a in  leng ths a n d  ex am in ed  th e ir  e ffec ts  on th e  h y d ro ly tic  a c tiv ity .

F ig . 2 illu s tra te s  one o f  o u r  ex p e rim en ts  c a rr ie d  ou t w ith  p e n ta m é th o n iu m  
a t  in h ib i to r  co n cen tra tio n s  on  th e  abscissa . T h e  p ercen tage  in h ib itio n  is pre-

F ig . 3 . In h ib it io n  of m y o sin ch o lin es te rase  an d  tru e  c h o lin e s te ra se  by  d écam éth o n iu m , a t  p H  8.0.
P re in c u b a tio n  w ith  in h ib ito r , 30 m inu tes

s e n te d  o n  th e  o rd in a te . A ce ty lch o lin e  se rv ed  as su b s tra te . In  th e  case  o f  b o th  
e n z y m e s  th e  in h ib ito r c o n c e n tra tio n s  cau sin g  50 p er cen t in h ib itio n  a re  also 
s h o w n . A ccord ing  to  th e  re su lts  th e  low er p e n ta m é th o n iu m  c o n c e n tra tio n  
in h ib i te d  in  a lesser m easu re , an d  th e  h ig h e r one in  a m ore m a rk e d  m easure  
th e  a c t iv i ty  of tru e  ch o lin e s te ra se  th a n  t h a t  o f  m y o sincho lineste rase . T h e  I50 
v a lu e  o f  tru e  cho lineste rase  w as a t  1.66  • 10~2M  p e n ta m é th o n iu m  c o n c e n tra 
t io n ,  w h ile  th a t  of m yo sin ch o lin este rase  a t  1.15 • 10- 2M . T he d iffe ren ce  was 
n o t  co n s id e re d  s ig n ifican t.

T h e  decrease of th e  p H  from  8.0 to  6.0 o f th e  in cu b a tio n  m ix tu re  h a d  no 
s u b s ta n t i a l  influence on  th e  in h ib ito ry  a c tio n  o f  p e n ta m é th o n iu m .

D écam é th o n iu m  in h ib ite d  th e  a c t iv i ty  o f  b o th  enzym es a t  m u c h  low er 
c o n c e n tra t io n s  (F ig. 3). 5 .0  • 10~6M  d é c a m é th o n iu m  produced  a 50 p e r cen t 
in h ib i t io n  o f tru e  ch o lin e s te ra se  a c tiv ity , w h ile  th e  I 50 value for m y o sin ch o lin 
e s te r a s e  w as a t 7.5 • 10~ 6M .

A cco rd in g  to  th e se  ex p e rim en ts , in h ib it io n  increases w ith  le n g th e n in g  
th e  c a rb o n  chain . D é c a m é th o n iu m  in h ib ite d  b o th  enzym es a t m u ch  low er con
c e n t r a t io n s  th a n  p e n ta m é th o n iu m , b u t no s ig n if ic a n t difference in  th e  m easu re
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o f  in h ib itio n  betw een  th e  tw o  enzym es could  be o b se rv ed  w ith  e ith e r  o f  th e  
in h ib ito rs .

To s tu d y  th e  a r ra n g e m e n t of th e  ac tive  an io n  a n d  e s te r-sp littin g  groups, 
th e  ex p erim en ts  w ith  d im e th y la m in o e th y l a c e ta te  w ere re p e a te d  a t  p H  8.0, 
a n d  5.5 w ith  d im e th y la m in o p ro p y l ace ta te  too .

F ig . 4 shows th e  h y d ro ly s is  o f d im e th y la m in o p ro p y l a c e ta te , expressed  
in  p e rcen tag e  ace ty lch o lin e  b reak d o w n , b y  t ru e  a n d  m yosin ch o lin este rase .
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F ig . 4. E n zy m atic  h y d ro lysis o f d im eth y lam in o p ro p y l a c e ta te  a t  p H  5.5 an d  p H  8.0 . T he 
p e rcen tag e  va lues show n on  th e  o rd in a te  have been co m p u ted  on th e  basis o f th e  h y d ro ly sis  

o f th e  two su b s tra te s , acety lcho line  and d im e th y la m in o p ro p y l a c e ta te

T h e  pH -dependence  o f th e  en zy m a tic  h y d ro lysis  o f  th e  te r t ia ry  am in e  este r 
w as s ig n ifican tly  d iffe ren t fro m  th a t  of d im e th y la m in o e th y l a c e ta te . O n de
c reasin g  th e  pH  from  8.0 to  5.5 m yosincho linesterase  sp lit 8 to  9 t im e s  th e  
o rig in a l am o u n t of d im e th y la m in o p ro p y l a c e ta te , a t  id e n tic a l co n d itio n s  th e  
a c t iv i ty  of th e  tru e  ch o lin e s te ra se  ten d ed  slig h tly  to  decrease.

D iscussion

As to  th e  s u b s tra te  sp ec ific ity  of m y o sin ch o lin este rase , K ö v é r  and  
K o v á c s  [ 2 2 ]  show ed th a t  m yosincho linesterase  p re p a re d  from  s tr ia te d  r a b b it  
m uscle broke dow n a c e ty l-b e ta -m e th y lch o lin e  like ace ty l-ch o lin e , th e  h y d ro ly 
sis o f  b u ty rilcho line  in c re a se d  w ith  th e  increase o f  s u b s tra te  c o n c e n tra tio n , 
a n d  a t  th e  h ighest c o n c e n tra tio n  em ployed  (10~2M ) th e  m easu re  o f h y d ro ly s is  
w as ap p ro x im a te ly  th e  sam e  as a t  th e  op tim al a ce ty lch o lin e  c o n c e n tra tio n  and
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o th e rw ise  u n d er th e  s im ila r  co n d itio n s . On th e  basis  o f th ese  p ro p e rtie s , to o , 
m y o sin ch o lin e s te ra se  is d if fe re n t from  th e  p u rif ie d , t ru e  cho lin este rase .

T h e se  earlier e x p e r im e n ts , to o , suggested  th e  im p o r ta n t  ro le  o f  th e  p ro 
te in  s t r u c tu r e  of ch o lin e s te ra se , as fa r as ty p in g  is concerned . T h is w as in d ica ted  
a lso  b y  th e  o b se rv a tio n  t h a t  th e  m yosin ch o lin este rase  p re p a re d  fro m  h e a rt 
m u sc le  w as d ifferen t in  su b s tra te -sp e c if ic ity  from  th e  m y o sin ch o lin este rase  
o f  s t r i a t e d  muscle.

T h e  p resen t f in d in g s a g re e d  well w ith  th o se  ju s t  d iscussed , a lth o u g h  in  
a n o th e r  re la tio n . On th e  b a s is  o f  th e  resu lts  now  o b ta in ed  we th in k  th a t  one 
o f  th e  sig n ifican t d ifferences b e tw een  th e  tw o  k in d s  o f m uscle cho lin este rases  
is to  b e  sough t in  th e  s p a t ia l  a rran g em en t o f th e  n eg a tiv e  ch a rg es  a d jacen t 
to  t h e  e s te r-sp littin g  g ro u p s . A s to  th e  re la tio n  b e tw een  th e  ac tiv e  an io n  and 
e s te r - s p li t t in g  groups we a c c e p t th e  view  120, 23] acco rd ing  to  w h ich  th e  Cou
lo m b  fo rce  arising b e tw een  th e  ac tiv e  an ion  g ro u p  o f th e  enzym e a n d  th e  ca 
tio n ic  h e a d  of th e  s u b s tra te  p ro m o te s  th e  a c t iv i ty  o f th e  e s te r -sp lit t in g  group . 
I n  t h e  case  of th e  tw o  e n z y m e s  used , th e  d iffe ren t h y d ro lysis  o f d im e th y la m i- 
n o e th y l  a c e ta te  an d  d im e th y la m in o p ro p y l a c e ta te  show n a t  d iffe ren t p H ’s 
su g g e s ts  th a t  th e  d is tan ce  b e tw e e n  th e  ca tio n ic  h e a d  an d  th e  e s te ra tic  bond 
c re a te s  o p tim a l co n d itio n s fo r  th e  ac tive  c en tre s  o f tru e  ch o lin e s te ra se  using 
d im e th y la m in o e th y l a c e ta te ,  a n d  for those  o f m y o sin ch o lin este rase  ap p ly in g  
d im e th y la m in o p ro p y l a c e ta te .

I n  o u r ex perim en ts th e  d is tan ce  b e tw een  th e  ac tiv e  an io n  g ro u p s p roved  
to  b e  th e  sam e in  th e  case  o f  b o th  enzym es. A ccord ing  to  B e r g m a n n  et al. 
[21, 2 4 ] , th e  b isq u a te rn a ry  a m in e  in h ib ito rs  c a n  a d a p t  th em se lv es  to  th e  an ion  
g ro u p s  o n  th e  surface o f th e  cho lin este rase  m olecule. O w ing to  th e  close sp a tia l 
p r o x im ity  of th e  an ion  g ro u p s , how ever, th e  in h ib ito r  m olecule m u s t b en d  for 
b e in g  a d a p te d . B end ing  b eco m es m uch  easie r as th e  le n g th  o f th e  c h a in  in 
c re a se s , because in  th e  case  o f  a sh o rt ch a in  th e  d ev ia tio n  from  th e  angle of 
n o rm a l co m b in a tio n  is n e c e ssa r ily  g rea te r. T h is m a y  ex p la in  w h y  d é c a m é th o 
n iu m  is a m ore p o ten t in h ib i to r  th a n  p e n ta m é th o n iu m .
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In  th e  course o f c o m p ara tiv e  s tu d ie s  o f m uscle cholinesterases, th e  h y d ro ly s is  o f  
a lcohol o r acyl hom ologue a lip h a tic  e s te rs  has been su b jected  to in v e s tig a tio n . T he 
h y d ro ly sis  o f  th ese  esters b y  tru e - a n d  m yosincho linesterase  increased  in  p ro p o r tio n  
w ith  th e  size o f th e  su b s tra te  m olecules.

T ru e  cho linesterase  h y d ro lyzed  th e  e th y l ch lo ro ace ta te  ab o u t f if ty  tim es m ore  ra p id ly  
th a n  e th y l a c e ta te , while m yosin ch o lin es te rase  hyd ro ly zed  b o th  su b s tra te s  a t  th e  
sam e a c tiv ity .

T h e in te ra c tio n  betw een  ch o lin este rases  an d  th e  sim ple a lip h a tic -  o r th e  
ch o lin este r s u b s tra te s  has been s tu d ie d  b y  W il so n  [1, 2 , 3],  w ho co u ld  show  
th a t  th e  m ost im p o r ta n t fac to r  in  th e  in te ra c tio n  is th e  C oulom b fo rce  ac tiv e  
b e tw een  th e  n e g a tiv e ly  charged  g roups o f th e  enzym e and  th e  p o sitiv e ly  c h a rg ed  
g roups o f th e  su b s tra te  [1].  T h e co m b in a tio n  o f cho linesterases w ith  u n 
ch arg ed , e.g. sim ple a lip h a tic  e s te r  m olecules can  be ascribed  to  th e  m u ch  
w eaker d ispersive , v a n  der W aals force [2 ] .  In  th e  fo rm atio n  o f th e  enzym e- 
su b s tra te  com plex , a m ino r role is p la y e d  b y  th e  e s te ra tic  s ite  o f  en zy m e, 
w hich  ca ta ly se s  f irs t  o f all th e  sp lit t in g  o f  th e  e s te r  linkage [3].

In  th e  p re se n t ex p erim en ts  we h a v e  s tu d ie d  th e  effects on th e  e n z y m a tic  
hy d ro ly sis  o f sim ple , a lip h a tic  e s te rs  w ith  d iffe ren t len g th  of th e  c a rb o n  c h a in  
in  th e  e s te r  a lcohol or acy l co m p o n en ts . F u r th e r  we have  in v e s tig a te d  th e  
change o f th e  en zy m atic  hy d ro ly sis  in c rea s in g  th e  e lectrophilic  c h a ra c te r  o f 
ca rb o n y l g roup  in  th e  sim ple, a lip h a tic  e s te r , b y  bu ild ing -in  a ch lo r a to m  in to  
th e  m e th y l g ro u p  o f th e  a c e ta te .

M aterials an d  m ethods

E n zym e  assay. In  accordance w ith  earlie r ex p erien ce  [5] and  in view  o f th e  h ig h  co n 
c e n tra tio n  of m yosin  necessarily  p resen t, we u sed  a p h o to m e tric  m ethod  for a ssay in g  en zy m e  
a c tiv ity . S u b s tra te  co n cen tra tio n  w as d e te rm in e d  before  a n d  a f te r  in cu b a tio n  acco rd in g  to  
H f .s t r i n  [6]. In  th e  in cu b a tio n  m ix tu res  th e  co n ce n tra tio n  of th e  su b s tra te s  w as 1.1 X 10-3  M . 
T he co lour in te n s ity  co rresponding  to  th e  su b s tra te  co n cen tra tio n  was m easu red  in  a H a v e m a n n  
p h o to m e te r, a t  530 m /i. T he ex p erim en ts  w ere c a rr ied  o u t a t  37.8° C, in cu b a tio n  la s te d  1 h o u r. 
A t a ro u n d  th e  o p tim a l p H  o f  th e  cho linesterases, th e  n o n -en zy m atic  h y d ro lysis o f th e  sim ple  
a lip h a tic  e ste rs  is re la tiv e ly  high. T his m akes i t  r a th e r  d ifficu lt, even if  su itab le  c o n tro l te s ts  
a re  m ade , to  e v a lu a te  th e  re la tiv e ly  slig h t e n zy m a tic  hydro lysis. A u to h y d ro ly s is  cou ld  
d im in ished  by  assay ing  a c tiv ity  a t  p H  7.4, a t  a  low er th a n  th e  o p tim al one. T h is  w ay  we
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o b ta in e d  rep ro d u c ib le  re su lts ,  a lth o u g h  th e  m easu re  o f en zy m atic  h y d ro lysis decreased . T he 
p H  w a s en su red  b y  v e ro n a l  N a — HC1 b u ffer o f 0.01 M  a t  a  fin a l co n cen tra tio n . T he m easu re  
o f  h y d ro ly s is  w as e x p re ssed  as th e  q u a n tity  o f su b s tra te  h y d ro ly ze d  in  1 h o u r b y  1 m g of enzym e 
p ro te in  N . T h e  p H  o f th e  in cu b a tio n  m ix tu re  w as co n tro lled  w ith  glass e lectrode before  an d  
a f te r  in cu b a tio n . N o sh if t  in  p H  was n o ted .

Substrates. T h e  sim p le  a lip h a tic  este rs  h a v e  b een  p re p a re d  from  th e  su itab le  a lco h o l 
a n d  ac id , o r a cid -ch lo rid e  co m p onen ts, a t  ou r la b o ra to ry . P u r i ty  was con tro lled  on  th e  b a s is  
o f th e  b o iling  p o in t. E th y l  ch lo ro ace ta te  w as p re p a re d  fro m  m onochlorace tic  acid  a n d  e th a n o l, 
b y  b o iling  in  th e  p re sen ce  o f co n ce n tra ted  su lp h u ric  acid . T h e  p u re  p re p ara tio n  w as o b ta in e d  
b y  d is tilla tio n  a t  142° C. T h e  sim ple a lip h a tic  e ste rs  d isso lve  poorly  in  w a ter a n d  th e re fo re  we 
ap p lie d  a sm all q u a n t i ty  o f  sod ium  dodecyl su lp h a te , to  increase  th e  so lub ility .

E nzym es. M yosin  w as p rep ared  from  s tr ia te d  m uscles o f ra b b it  accord ing  to  G u b a  —  
S t r a u b  m eth o d  [8], a s  m o d ified  b y  W e b e r  [7]. P r io r  to  th e  e x tra c tio n  of m yosin  th e  m uscle  
h o m o g en a te  h a d  b een  w ash ed  w ith  chilled d is tilled  w a te r , th e n  w ith  0.05 M  KC1 so lu tio n . 
B efore  assay ing  en zy m e a c tiv ity , th e  pu rified  m y o sin  p re p a ra tio n  h a d  been  d ilu te d  to  120 to  
140 m g N  p e r 100 m l. T ru e  cho linesterase  w as p re p a re d  fro m  sa rco p lasm atic  e x tr a c t  o b ta in e d  
w ith  0.05 M  К  Cl so lu tio n  a t  p H  7.3 [4]. T he p u rif ied  t ru e  cho linesterase , F r. I I ,  w as u sed  in 
so lu tio n  co n ta in in g  25 to  30 m g N  per 100 ml.

Experim ental

W ith  th e  tw o  ty p e s  o f m uscle c h o lin e s te ra se , we s tu d ied  th e  en z y m a tic  
h y d ro ly s is  o f s im p le  a lip h a tic  es te rs  f ir s t  b y  u s in g  esters  c o n ta in in g  th e  sam e 
ac id  c o m p o n en t a n d  alcoholic co m p o n en ts  o f  d iffe ren t chain  len g th s . T h e  re 
su lts  a re  p re se n te d  in  F ig . 1.

myosin ChE 
true ChE

ethyl acetate 
n propyl acetate 
n butyl acetate  
n amul acetate

F ig . 1. E n z y m a tic  h y d ro ly s is  o f alcohol h o m ologue  e ste rs . T he o rd in a te  show s th e  r a te  of 
b re a k d o w n , in  su b s tra te /m g  p ro te in  N /h o u r u n i ts .  T he abscissa  shows th e  n u m b er 

o f — C H 2-groups of th e  alcohol c o m p o n e n ts  o f  th e  su b s tra te

T h e  d a ta  in  F ig . 1 in d ic a te  t h a t  th e  a lco h o l hom ologue esters  w ith  a long  
c a rb o n  cha in , h ig h  m o lecu la r w eigh t a n d  la rg e  size w ere h y d ro ly zed  sev era l 
t im e s  b e t te r  th a n  th o se  w ith  a sh o rt c a rb o n  c h a in  an d  sm all size. T h ere  w as,
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how ever, no d ifference  b e tw een  th e  tw o  m uscle  cho lineste rases as reg a rd s  
th e  increase  in  h y d ro ly sis  d ep en d in g  on m o lecu lar size.

On th e  basis o f  l i te ra ry  d a ta  it  m ay  be su p p o sed  th a t  th e  ch an g es  in  th e  
size of th e  alcohol co m p o n en ts  o f  th e  sim ple a lip h a tic  es te rs  w ere c a u s in g  th e  
above m en tio n ed  p h en o m en o n  n o t th ro u g h  th e  a c t iv i ty  of e s te ra tic  s ite , b u t 
th ro u g h  th e  d ifference in  th e  d ispersion  forces a c tiv e  betw een  s u b s tra te  an d  
enzym e.

H ow ever, th e  chan g es in d u ced  in  th e  size a n d  p ro p ertie s  o f  th e  acyl 
g roups o f th e  sim ple  a lip h a tic  esters  m ay  d ire c tly  in fluence  th e  h y d ro ly tic

EC

1 EE=ethyt formate 
I ] trueChE  ■? = ethyl acetate

2  ECA-ethyl chloroacetate
3  EP -  ethyl n propionate

I
Fig. 2. E n zy m atic  hydro ly sis  o f  acy l hom ologue esters a n d  e th y lc h lo ro a ce ta te . O rd in a te :  
hydro lysis in su b s tra te /m g  p ro te in  N /h o u r un its . A bscissa: n u m b er o f c a rb o n  a to m s

in  th e  acy l com ponen ts o f th e  su b s tra te s

a c tiv ity  of th e  e s te ra tic  g ro u p s. F ig . 2 show s th e  re su lts  o f th e  e x p e rim e n ts  
w ith  acy l hom ologue e s te rs , as w ell as w ith  e th y l ch lo ro ace ta te .

T he re su lts  in  F ig . 2 in d ic a te  th a t  th e  h y d ro ly s is  of th e  acy l hom ologues 
increased  p ro p o rtio n a te ly  to  th e  increase  in  th e ir  c a rb o n  a to m  n u m b e r. T h is 
w as som ew hat m ore m ark ed  in  th e  case of tru e  ch o lin este rase  th a n  in  t h a t  of 
m yosincho linesterase . T h e  d ifference w as no t s ig n if ic a n t s ta tis tic a lly . H o w 
ev er, th e  su b s ti tu tio n  o f th e  m e th y l rad ica l o f th e  acy l g roup  o f e th y la c e ta te  
w ith  ch lo rine re su lte d  in  a h ig h ly  sign ifican t in c rea se  o f tru e  ch o lin es te rase  
a c tiv ity , w hile u n d e r su ch  co n d itio n s  th e re  w as a decrease  in  th e  a c t iv i ty  of 
m yosincho linesterase . T he p h en o m en o n  observed  c a n n o t be ex p la in ed  b y  th e  
d ifference in  m olecu lar w e ig h t b e tw een  e th y la c e ta te  an d  e th y lc h lo ro a c e ta te ; 
i t  m ay  be p ro b a b ly  due  to  th e  s tru c tu ra l d ifferences in  th e  e s te ra tic  g ro u p s 
o f  th e  tw o  enzym es. ,

4 Acta Physiologica XXIV/2.
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D iscussion

T h e  hydro lysis o f  s im p le  a lipha tic  e s te rs  is p ro m o ted  b y  th e  v a n  d er 
W a a ls  force, a rising  b e tw e e n  th e  enzym e a n d  su b s tra te  m olecules close-set 
t o  e a c h  o th e r [2]. T h e  fo rc e  ex e rts  its  a c tio n  so t h a t  a sh ift is re su lte d  in  th e  
e le c tro n ic  s tru c tu re  o f  th e  su b s tra te s  n e a r  th e  enzym e, w h ich  lead s  to  th e  
d e v e lo p m e n t of a te m p o ra ry  d ipole. This “ m o m e n ta ry  e lec trica l f ie ld ”  suffices 
to  e v o k e  an  in d u c tiv e  e ffe c t in  th e  closely ly in g  m olecules. T h e re b y  th e  sim ple 
a l ip h a t ic  esters b e h a v in g  e le c tro n e u tra lly , a n d  cho linesterases b ecom e cap ab le

F ig . 3. M echanism  o f th e  hy d ro ly tic  re ac tio n  c a ta ly z ed  by  th e  ch o linesterases

o f  u n it in g  to  form  e n z y m e -su b s tra te  com plexes. As a re su lt, th e  cho lin este rases  
c a n  h y d ro ly ze  to  a sm a ll e x te n t ,  also th e  s im p le  a lip h a tic  e s te rs . T h e  v a n  der 
W a a ls  force is sev era l t im e s  w eaker in  o rd e r o f  m ag n itu d e  th a n  th e  C oulom b 
fo rc e . T his explains w h y  th e  e le c tro n e u tra l m olecules are  h y d ro ly z e d  a t  a 
m u c h  slower ra te  t h a n  th o s e  o f ca tion ic  c h a ra c te r . T he size o f th e  m olecules 
is  n o t  ind iffe ren t, e i th e r .  T h e  large s u b s tra te  m olecules are  lin k e d  firm ly  to 
t h e  su rface  of th e  e n z y m e  an d , as a re su lt o f  th is ,  th e y  are  h y d ro ly z e d  in  an  
in c re a se d  ra te . T he c h a n g e s  in  th e  d ispersive  forces ac tin g  b e tw een  th e  sim ple 
e s te r  m olecules o f d if fe re n t size and  th e  ch o lin este rases  p ro d u ce  no  s ign ifican t 
d iffe ren ces in  th e  sp ec ific , h y d ro ly tic  a c t iv i ty  o f  th e  m uscle cho lin este rases .

T h e  carbony l g ro u p s  o f  th e  ester m olecu les t h a t  m ay  be u se d  as su b s tra te  
a re  d e fin ite ly  po lar in  c h a ra c te r . I t  has b een  show n  th a t  a c o v a le n t bo n d  m ay  
b e  fo rm e d  betw een th e  c a rb o n  a to m  of th e  e lec tro p h ilic  c a rb o n y l g roup  in  th e  
s u b s t r a te  and th e  b a s ic  ra d ic a l  of th e  e s te ra tic  s ite  o f th e  en zy m e [9, 10]. T he 
c a rb o n -b o u n d  g roups a re  in flu en c in g  th e  e lec tro p h ilic  c h a ra c te r  o f  th e  su b s tra te  
m o lecu le , w hich is r e f le c te d  also in  th e  ch a rg e  o f th e  ca rb o n y l oxygen . I f  th e
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e lec troph ilic  c h a ra c te r  o f th e  carb o n  is in c re a se d  b y  a group , th e  e le c tro n s  o f  
th e  oxygen  are  a t t r a c te d  to  an  increased  e x te n t ,  as a re su lt o f w hich th e  ch a rg e  
o f th e  oxygen  d ecreases . T his change w eak en s th e  n e g a tiv ity  o f th e  o x y g en  
a to m , red u c in g  th e  s tre n g th  of th e  connex ion  b e tw een  th e  ca rb o n y l g ro u p  o f  
th e  su b s tra te  an d  th e  po sitiv e  rad ica l of th e  e s te ra t ic  g roup  of th e  en zy m e.

T he m echan ism  o f en zy m atic  hy d ro ly sis  is  show n in F ig . 3 [12].
T he e s te ra tic  s ite  is sym bolized  b y  th e  H — G sign. The d issoc iab le  H  

d esigna tes th e  ac id , G th e  basic group . T he s t ru c tu re  designated  G is su p p o se d  
to  be cap ab le  o f e le c tro n -tra n sp o rt [10 , 11 ], w h ich  is p roved  also b y  th e  fa c t 
th a t  i f  th e  co v a len t b o n d  betw een  th is  g roup  a n d  th e  su b s tra te  is b ro k e n  u p , 
th e  e lec trons becom e rea rra n g ed . In  th e  f i r s t  s te p  o f th e  h y d ro ly tic  re a c tio n  
a connex ion  is fo rm ed  b e tw een  th e  ca rb o n y l g ro u p  o f th e  su b s tra te  a n d  th e  
e s te ra tic  g roup  o f  th e  enzym e (A), th e n  th e  e s te r  m olecule becom es so r e - a r 
ran g ed  th a t  w ith  th e  fo rm a tio n  of acy l-enzym e (B ) th e  alcohol co m p o n en t is sp lit  
off. T h e  re a c tio n  en d s w ith  w a te r u p ta k e , w h en  th e  enzym e gets b ack  i ts  h y d ro 
gen an d  th e  acy l g ro u p  is sp lit off from  th e  co m p lex  in  th e  form  o f ac id  (C).

O n th e  basis  o f  o u r ex p erim en ts  w ith  e th y l  ch lo ro ace ta te  we a ssu m e  t h a t  
th e  s u b s ti tu tio n  w ith  a ch lo rine a to m  can  e n h a n c e  th e  h y d ro ly tic  a c t iv i ty  o f 
t he enzym es a c tin g  as e lec tro n  donors. In  th e  case  o f  tru e  cho linesterase  (am o n g  
th e  m uscle cho lin este rases) th is  req u irem en t is  p ro v id e d  for. T his m a y  b e  th e  
ex p la n a tio n  o f th e  fa c t th a t  e th y lc h lo ro a c e ta te  is hyd ro lyzed  in  a d if fe re n t 
m easu re  b y  th e  tw o  m uscle cholinesterases.
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T he resu lts  o f th e  q u a n tita tiv e  p re c ip ita tio n  analysis of ch rom e-labe lled  o v a l
b u m in  [11] are p re sen ted . I t  is p o in ted  ou t th a t  lab e llin g  w ith  chrom e in  15 a n d  25 mol 
p ro p o rtio n s has no su b s ta n tia l  in fluence  on th e  an tig e n ic ity  and  r e a c tiv i ty  o f th e  
p ro te in  molecule.

T h e chem ical lab e llin g  o f som e p ro te in  is u su a lly  accom pan ied  b y  ch a n g 
es, q u a lita tiv e  or q u a n t i ta t iv e ,  in  its  im m uno log ica l p ro p ertie s . F r a n c is  et al. 
[1] io d in a te d  a n tio v a lb u m in  an tib o d ie s  and  fo u n d  th a t  4 a tom s I /m o l a n tib o d y  
d id  n o t change th e  re a c tin g  a n tib o d y  co n te n t, w h ereas  m ore in ten se  io d in a tio n  
g ra d u a lly  d im in ished  th e  a m o u n t of an tib o d ies  p re c ip ita te d  b y  th e  n a tiv e  
an tig e n . P r e s sm a n  et al. [2] h av e  show n in co n n ex io n  w ith  th e  io d in a tio n  of 
a n tise ru m  an d  ce rta in  g am m a g lobulin  frac tio n s  t h a t  over 9 a to m s I /m o l a n t i 
b o d y  th e  an tib o d ies  w ere se riously  d am aged , d u e  p a r t ly  to  th e  in c o rp o ra tio n  
o f  iod ine  an d  p a r tly  to  its  o x id a tiv e  action .

Io d in a tio n  of th e  a n tig e n  over th e  v a lu e  o f  5 to  10 a tom s I /m o l a n tig e n  
likew ise d im in ishes th e  fo rm a tio n  o f linkages b e tw e e n  th e  orig inal a n tib o d y  and  
th e  io d in a te d  an tig en  [3]. T h e  d iiodo ty rosine  fo rm ed  ac ts  as a new  chem ospeci- 
fic  d e te rm in a n t g roup  a n d  possesses specific a n tib o d y -b in d in g  pow er [4].

I t  has been kn o w n  fo r long  from  th e  in v e s tig a tio n s  o f L a n d s t e i n e r  
[5, 6 ] a n d  P a u l in g  [7] t h a t  chem ical co m p o u n d s lin k ed  to  n a tiv e  p ro te in s , 
b y  fo rm in g  special an d  e x tre m e ly  specific d e te rm in a n t g roups, a lte r  th e  o rig inal 
a n tig e n ic ity  o f th e  p ro te in .

O n th e  basis o f a ll th e se  th e  question  arose  w h e th e r c h ro m a tiz a tio n  o f  
o v a lb u m in  will change th e  co m b in in g  pow er o f th e  p ro d u c t, w ill th e re  be new  
specific  d e te rm in a n t g ro u p s, o r som e o th e r chan g es in  an tig en ic ity . T o  f in d  th e  
answ ers, we h av e  m ade q u a n t i ta t iv e  p re c ip ita tio n  te s ts  w ith  n a tiv e  a n d  chrom e- 
lab e lled  o v a lb u m in , as w ell as w ith  a n tio v a lb u m in  an d  an tich ro m eo v a l- 
b u m in  p ro d u ced  in  re sp o n se  to  th e  p a re n te ra l a d m in is tra tio n  of th e  former- 
m a te ria l.

M ateria ls and  m ethods

A ntigen . T his was p re p a re d  by Cole’s m ethod  [8], recry sta llized  4 tim es (re fe rred  to  in 
th e  follow ing as N-OA). I t  co n sis ted  o f one single frac tio n  e lec tro p h o re tica lly . As d e te rm in e d  
b y  Oudin’s [9] linear, sim ple, tu b e  gel d iffusion  an tigen  an a ly sis , th e  m ain  c o m p o n en t o f  o v a l
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b u m in  m o b ility  co n ta ined  1 to  2 p e r  cen t of two c o n ta m in a tin g  com ponents, show ing  con- 
a lb u m in  a n d  ovom ucoid  m o b ili ty  a t  im m une-elec trophoresis [10].

O v a lb u m in , labelled w ith  c h ro m e  in  various w ays, in  a lk a lin e  m edia , p re p a re d  acco rd ing  
to  K á v a i  a n d  K e s z t y ű s  [11]. L ab e llin g  w as carried  o u t w ith  15, 25, 50 an d  75 a to m  Cr3+ per 
o v a lb u m in  molecule. C o rresp o n d in g ly , in  th e  follow ing th ese  w ill be re ferred  to  as 15 Cr-OA, 
25 C r-O A . 50 Cr-OA and  75 C r-O A .

A n tise ru m . Sera from  r a b b its  im m u n ized  w ith  N -O A  a n d  15 Cr-OA (in  th e  follow ing. 
N -O A -IS , 15 Cr-OA-IS).

Q uantitative precip ita tion  w as c a rried  ou t by  th e  te c h n iq u e  of K a b a t  a n d  M a y e k  [12]. 
0.5 m l o f  an tise ru m  was u sed , th e  p ro te in  co n ten t o f  th e  p re c ip ita te  fo rm ed  w as d e te rm in e d  
a t  280 a n d  210 m/i [13] in  a n  U n ica m  sp ec tro p h o to m eter. T h e  m eth o d  is su itab le  fo r m easu rin g  
m ix e d  p ro te in s , since i t  gives th e  p ro te in  c o n ten t no t on th e  b asis  o f a b so rp tio n  b y  cy c lic  am ino  
ac id s, w h ich  occur in  d iffe ren t p ro p o r tio n s  in  a lbum in  a n d  g lobulin , b u t  on g ro u n d s  o f a b 
so rp tio n  b y  pep tide  linkages. T h e  d isa d v a n ta g e  is th a t  th e  m e th o d  is h igh ly  sen sitiv e , so th a t  
d ilu te  sy s te m s have  to  be used  to  o b ta in  a m easu rab le  ex tin c tio n . The s u p e rn a ta n ts  were 
s u b je c te d  to  th e  usual p re c ip ita tio n  te s ts  an d  were an a ly zed  also by  O u d i n ’s [9 ]  gel diffusion  
m e th o d . I n  th e  la tte r  case th e  p ro c ed u re  w as as follows. T h e  su p e rn a ta n ts  w ere d iv id e d  in to  
tw o  p a r ts ,  one p a r t  was m ixed  w ith  ag a r, analyzed  fo r a n tib o d y  c o n ten t, and  a n tig e n  su ffic ien t 
to  fo rm  a  m in im al p re c ip ita te  w as lay e red  over it ,  w hile  th e  o th e r  p a r t  o f  th e  su p e rn a ta n ts  
w as a n a ly z e d  for an tigen  c o n te n t, a n d  th ere fo re  i t  w as lay e red  over a n tib o d y  m ixed  w ith  agar.

Isotope analysis o f  q u a n tita tive  precipitation. In  th e  case  of an tig en  labe lled  w ith  Cr61, 
th e  p re c ip ita te  form ed was te s te d  fo r  a c tiv ity . The p re c ip ita te  w as w ashed b y  th e  u su a l m ethod . 
T h e  w a sh in g  flu ids were pooled , a n d  th e  p rec ip ita te  w as d isso lved  in  no rm al sod ium  h y d ro x id e . 
B y  a  m o d ific a tio n  of th e  m eth o d  o f  M a u r e r  and T a l m a g e  [14] th e  ac tiv ities  o f  th e  w ashings, 
s u p e r n a ta n t  and p rec ip ita te  w ere d e te rm in e d  in tu b es s im ila r in  size an d  co n ta in in g  th e  sam e 
v o lu m e  o f  N a l crystals, b y  m ean s o f  a  sc in tilla tion  d e te c to r. A fte r assaying i ts  a c t iv ity , the  
p re c ip i ta te  w as tested  fo r p ro te in  c o n te n t.

Results

F ig . 1 shows th e  q u a n t i ta t iv e  p re c ip ita tio n  o f  one o f th e  n a tiv e  a n tio v a l
b u m in  ra b b i t  sera  w ith  a n tig e n s  N-O A , 15 Cr-O A , 25 Cr-OA an d  15 51Cr-OA.

T h e  th ree  curves a re  s im ila r  in  shape in  th e  zone of excess a n tib o d y . 
C u rv es  2 and  3 ru n  u n d e r  c u rv e  1. Curves 2 an d  3 reach  th e  p eak  on  ad d in g  
h ig h e r  an tig en -N  an d  show  m o re  o f an tib o d y . I n  8 N -O A -IS we d e m o n s tra te d  
1 to  3 p e r  cen t m ore a n t ib o d y  w ith  25 Cr-OA th a n  w ith  N -OA. I n  th e  excess 
a n t ig e n  zone th e  cu rv es o b ta in e d  w ith  Cr-O A  d e v ia te  m ore m a rk e d ly  from  
c u rv e  1, w ith  these  a n tig e n s  m ore  p re c ip ita te  w as fo rm ed  an d  i t  w as no t 
c o m p le te ly  dissolved.

Iso to p e  analysis o f  th e  changes in  th e  a m o u n t of an tig en  c o n ta in e d  in 
th e  p re c ip ita te  shows (b ro k e n  cu rv e  No. 2) t h a t  u n t i l  th e  m ax im u m  h as been 
re a c h e d  th e  to ta l  51Cr-O A  is d em o n strab le  in  th e  p re c ip ita te . A fte r  th e  m ax i
m u m  h a s  been reach ed , m o re  a n d  m ore of i t  passes  over in to  th e  su p e rn a ta n t , 
b u t  th e  an tig en  co n te n t o f  t h e  p re c ip ita te  c o n tin u e s  to  increase a n d  decreases 
o n ly  in  th e  case of e x tre m e  a n tig e n  excess.

F ig . 2 shows th e  d ep en d en ce  o f th e  a n tib o d y -a n tig e n  ra tio  (m ol ra tio )  on 
th e  a m o u n t of an tig en .

T h e  d a ta  in  F ig . 2 in d ic a te  th a t  w ith  th e  in c rease  in  th e  a m o u n t o f a n ti
g en  th e  a n tib o d y -N -a n tig e n -N  co n ten t o f th e  p re c ip ita te  d ecreases . I f  th e  
c o rre sp o n d in g  po in ts  a re  c o n n e c te d , a s tra ig h t lin e  re su lts . A cco rd ing  to  th e
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Fig. 1. Q u a n tita tiv e  p rec ip ita tio n s o f N -O A -IS  N-OA an d  d ifferen t Cr-OA p re p a ra tio n s .  
C urve 1: p re c ip ita tio n  w ith  N -O A . C urve 2: p re c ip ita tio n  w ith  15 Cr-OA. C urve  3: p re 
c ip ita tio n  w ith  25 Cr-OA. B roken-line  cu rv e  No. 2: an tig en -N  in p re c ip ita te  o b ta in e d  w ith  

15 61Cr-OA, as d e te rm in e d  b y  iso tope analysis

F ig . 2. A n tib o d y -an tig en  ra tio s  o f q u a n ti ta t iv e  p rec ip ita tio n s  o f N-O A-IS +  N -O A  an d  
d iffe re n t Cr-OA p rep ara tio n s, p lo tte d  a g a in s t an tig en  c o n cen tra tio n . S tra ig h t lines 1, 2  a n d  3 
show  th e  m ol ra tio s  vs. an tigen  co n cen tra tio n  in  th e  case o f p rec ip ita tio n  o b ta in e d  w ith  o v a l
b u m in , a n d  ch rom e-ovalbum in  p re p a ra tio n s , respec tive ly . T h e  g raph ically  o b ta in e d  e q u a tio n s

of each  cu rv e  are  also show n
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g e n e ra l eq u a tio n  fo r th e  s t r a ig h t  line, y  =  a -b x . I n  ou r case y  =  an tib o d y -N : 
a n tig e n -N  ra tio  in  th e  p re c ip ita te ;  x = a n t ig e n - N  c o n te n t in  th e  p re c ip ita te ; 
“ a ”  a n d  “ b ”  are c o n s ta n ts ,  o f  w hich “ a”  m ean s th e  p o in t a t  w hich  th e  s tra ig h t 
lin e  m ee ts  th e  “ y ”  ax is  a n d  “ b ”  m eans th e  slope  o f  th e  s tra ig h t line. C onstan ts  
“ a ”  a n d  “ b ”  are th e  c h a ra c te r is tic s  of th e  a n tig e n -a n tib o d y  system . T h e  value

F ig . 3. Q u an tita tiv e  p re c ip ita tio n  of 15 Cr-OA-IS w ith  N -O A  an d  w ith  d iffe re n t Cr-OA
antigens

o f “ a ”  shows in  w h a t p ro p o r tio n s  the  an tig e n  a n d  a n tib o d y  te s te d  can  com bine 
w ith  each  o ther. T h e  h ig h e r  th e  com bining p o w er, th e  h igher th e  v a lu e  of con
s t a n t  “ a ”  in  th e  c o rre sp o n d in g  equation . T h e  v a lu e  of “ b ”  is in flu en ced  b y  th e  
a n t ib o d y  co n ten t o f s e ru m . T he re la tio n sh ip  b e tw e e n  th e m  is rev e rsed ; th e  h ig h 
e r th e  an tib o d y  c o n te n t  o f  serum , th e  low er th e  “ b ”  va lue . On th e  basis o f 
th e s e  co n stan ts  tw o  d if fe re n t  an tigens an d  se ra , re sp ec tiv e ly , can  be co m p ared .

T he eq u a tio n  o f  th e  s tra ig h t line can  be  o b ta in e d  from  th e  d a ta  a t ou r 
d isp o sa l b y  co m p u tin g  th e  regression co e ffic ien t m a th e m a tic a lly  [15] or g ra-
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Table I

Tubes No. l 2 3 4 5 6 7 8 9 10 11 12

15 51Cr-OA fig N 20.5 41 82 164 328 656 20.5 41 82 164 328 656

15 51Cr-OA ml 0.1 0.2 0.4 0.8 0.16 0.32 0.1 0.2 0.4 0.8 0.16 0.32

15 5,Cr-OA Im p/m in 610 1,220 2,440 4,880 9,760 19,520 610 1,220 2,440 4,880 9,760 19,520

0.9%  NaCl ml 1.4 1.3 1.1 0.7 1.34 1.18 1.4 1.3 1.1 0.7 1.34 1.18

Serum  ml 0.5 ml an tiovalbum in  ra b b it serum 0.5 ml norm al ra b b it serum

A ctiv ity  of p recip ita te , 
c. p. m. 65Э 1,260 2,415 4,541 5,869 3,686 _ _ _ _

A ctiv ity  of su p e rn a tan t, 
c. p. m. _ _ _ 310 3,935 15,663 661 1,114 2,495 4,920 9,630 19,121

A ctiv ity  of washing fluid, 
c. p. m. _ _ _ _ 27 229 82 75 87 119 275 750

Ag / i g N  in  p recip ita te 21.7 42.4 81 153 192 121 - - - - - -
T o ta l f.igN in p recip ita te 470 767 865 635 295 190 - - - - — -
A t f i g  N 450 726 783 482 103 66 — - — - — —
Mol ra tio 6.6 5.3 2.8 — — — — — — — — —
Sup. +  Ag + + — — - - - - — — — —
Sup. -f- Serum — — — + + + — — — — — —
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p h ic a lly . In  th e  case o f  a sm a lle r  num ber of e x p e r im e n ta l d a ta  th e  la t te r  m e th o d  
is th e  one m ore su ita b le .

C om parison  o f th e  c o n s ta n ts  of e q u a tio n s  1, 2 and  3 reveals  t h a t  in  2 
a n d  3 th e  v alue  of “ a ”  is low er. This m ean s t h a t  chrom e t r e a tm e n t  red u ces  
th e  co m b in in g  pow er o f  th e  p ro te in . On th e  o th e r  h an d , th e  decrease  in  th e  
“ b ”  v a lu e  m eans t h a t  w ith  th e  ch rom e-labelled  p ro te in  m ore a n tib o d y  c a n  be 
re c o v e re d  from  th e  sam e  serum .

F ig . 4. A n tig en -an tib o d y  ra tio s  o f  p recip ita tions w ith  15 Cr-OA-IS +  N -O A , as w ell as 
d ifferen t C r-O A  an tig en s , p lo tted  ag a in s t a n tig e n  con cen tra tio n

In  T ab le  I are sh o w n  th e  num erical d a ta  fo r  th e  q u a n tita tiv e  p re c ip ita tio n  
re a c t io n  invo lv ing  th e  use  o f an tigen  51C r-O A  a n d  serum  N -O A -IS.

T h e  d a ta  in  T a b le  I  in d ic a te  th a t  15 51C r-O A  does no t p re c ip ita te  w ith  
n o rm a l r a b b it  se rum , th e  a c t iv i ty  observed  in  th e  su p e rn a ta n t -]- w ash in g  flu id  
is e q u iv a le n t w ith  th e  a c t iv i ty  of th e  a n tig e n  a d d e d  to  th e  serum . T he a c t iv i ty  
o f  th e  p re c ip ita te  in  th e  15 51Cr-OA +  N -O A -IS  sy stem  in d ica tes  t h a t  in  th e  
p re sen ce  o f excess a n t ib o d y  th e  to ta l  a m o u n t o f  an tigen  is c o n ta in e d  in  th e  
p re c ip ita te , and  no a c t iv i ty  is dem o n strab le  in  th e  su p e rn a ta n t. H o w ev er, in  
th e  p resen ce  of excess a n tig e n  also th e  a c t iv i ty  o f th e  su p e rn a ta n t suggests  
t h a t  a n tig e n  is p re se n t in  i t .  In  th e  s u p e rn a ta n t  th e  tw o c o n ta m in a tin g  co m 
p o n e n ts  o f th e  a n tig e n , d e m o n s tra te d  b y  O u d i n ’s m ethod , do n o t in te rfe re
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w ith  th e  analysis m ade b y  th e  usual te c h n iq u e , ow ing to  th e ir  low  c o n c e n tra 
tio n s ; p re c ip ita tio n  occurs on ly  in  th e  p o sitiv e  tu b e s . W ith  O u d i n ’s  m ethod  
s im ila r  re su lts  are  o b ta in e d  concern ing  th e  OA frac tio n s  of th e  n a tiv e  an d  la 
b elled  O A -p rep ara tio n s in  th e  su p e rn a ta n t a n d  a d d ed  to  i t .  W hile th e  presence 
o f  c o n ta m in a n ts  could  n o t be estab lish ed  in  a n y  o f th e  s u p e rn a ta n ts , th e  a n t i 
bodies p roduced  a g a in s t th e m  w ere d em o n strab le  in  ev e ry  one o f  th e m . This 
in d ica te s  th a t  th e  a n tig en ic  co n tam in a tio n s , i f  re p re se n tin g  1 to  2 p e r  cen t of 
th e  em ployed  a m o u n t o f a n tig e n , do n o t se p a ra te  th e  a n tib o d y  p ro d u c e d  ag a in st 
th em .

W e have m ade s im ila r s tud ies w ith  a n tic h ro m e o v a lb u m in  im m u n e  se
ru m . T h e  resu lts a re  p re se n te d  in  F ig . 3 an d  F ig . 4.

T he d a ta  in  F ig . 3 show  th e  p re c ip ita tio n  re a c tio n  b e tw een  15 Cr-O A -IS 
an d  th e  n a tiv e , as w ell as d iffe ren tly  ch rom e-labelled  o v a lb u m in  p re p a ra tio n s . 
T h e  p rec ip ita tio n s  o b ta in e d  w ith  n a tiv e  o v a lb u m in , 15 Cr-OA an d  25 Cr-OA 
are  q u a n tita tiv e ly  co m p arab le . In  th e  case o f m ore in ten se  ch rom e t r e a tm e n t  
(see curves 4 an d  5) th e  p re c ip ita tio n  is d iffe ren t in  c h a ra c te r . In  F ig . 4 th e  
m ol ra tio  values are p lo tte d  ag a in st th e  an tig en  c o n cen tra tio n s . I t  c a n  be seen 
th a t  th e  s tra ig h t lines o f  th e  mol ra tio s  for th e  p re c ip ita tio n s  o b ta in e d  w ith  
n a tiv e  o va lbum in  a n d  w ith  th e  tw o , less in te n se ly  c h ro m e -tre a te d , p re p a ra tio n s  
Cr-OA [1, 2, 3], a re  n e a r ly  id en tica l. T he va lu e  o f c o n s ta n t “ a ”  is h ig h e s t w ith  
th e  hom ologous —  15 Cr-O A  —  an tig en . W hen  p re c ip ita tio n  is c a rr ie d  o u t w ith  
N -O A , th e  value o f c o n s ta n t “ a ”  is low er, a n d  in  th e  case of 25 C r-O A  still 
low er.

D iscussion

A com parison  o f th e  an tig en ic  ac tiv itie s  o f n a tiv e  an d  ch rom e-labelled  
o v a lb u m in  revea led  t h a t  ch rom e tre a tm e n t a t  a lka line  re a c tio n  a t  15 a n d  25 
mol ra tio s  h ad  b u t  a s lig h t in fluence  on th e  o rig inal a n tig e n ic ity  o f o v a lb u m in . 
T h e  d ifference o b served  m a y  m an ifest its e lf  in  th e  follow ing w ay. I n  th e  case 
of native antiovalbum in  th e  re su lts  o f th e  q u a n ti ta t iv e  p re c ip ita tio n  te s ts  in d i
c a te d  a red u c tio n  o f th e  co m b in in g  pow er o f th e  c h ro m e -tre a te d  a lb u m in . The 
sam e q u a n ti ty  o f a n tig e n  re a c te d  w ith  less a n tib o d y . T his p h en o m en o n  m ay 
be ex p la in ed  by  assu m m in g  th a t  som e d e te rm in a n t g roup  w as p a r t ia l ly  d a m 
aged , o r th a t  ch rom e tr e a tm e n t  a lte red  th e  d is tr ib u tio n  o f charges on  th e  su r
face o f th e  p ro te in  m olecule. I t  c an n o t be c la im ed  th a t  a d e te rm in a n t g roup  
has fa llen  o u t, because th e  sam e am o u n t o f a n tib o d y  can  be d e m o n s tra te d  w ith  
ch ro m e-o v a lb u m in , as in  th e  hom ologous sy s tem , a lth o u g h  o n ly  a f te r  large 
a m o u n ts  o f an tig en  h a v e  been  added . 15 Cr-OA an d  25 Cr-OA y ie ld ed  0 to  3 
per cen t m ore a n tib o d y ; th is  m ay  have been due  to  aspecific  g lobu lin  linkages, 
in asm u ch  as th e  p h en o m en o n  exceeds th e  lim its  o f e rro r o f th e  m e th o d .

T h e  resu lts  o b ta in e d  w ith  th e  antichrom e-ovalbum in im m une  serum  sug 
gest th a t  in  th e  course o f ch rom e tre a tm e n t no new  specific d e te rm in a n t group
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h as d ev e lo p ed , because th e  sam e  am o u n ts  o f a n tig e n  could  be d e m o n s tra te d  
w ith  th e  n a tiv e  an d  th e  c h ro m e -tre a te d  an tig en s. M ore in ten se  tr e a tm e n t  w ith  
c h ro m e  caused  a m ark ed  d ec rea se  in  re a c tiv ity  a n d  an  increase  of th e  aspecific  
r e a c t io n . A ccording to  P r e s s m a n  [16] in  th e  case o f  chem ically  m od ified  p ro 
te in s  th e  change in  th e  a n tig e n -a n tib o d y  reac tio n s  sh o u ld  be soug h t in  a change 
o f  th e  p ro te in -p ro te in  in te ra c tio n . P re ssm a n  w as th e  f irs t  to  describe t h a t  in  
h o m o h a p te n  h e te ro p ro te in  p re c ip ita tio n , io d in a tio n  of th e  a n tib o d y  increased  
th e  d e m o n s tra b le  a n tib o d y  c o n te n t .

F in a lly , by  m easu rin g  th e  a c tiv ity  of 51C r-o v a lb u m in  we could  follow  up  
th e  f a te  o f  th e  p re c ip ita tin g  a n tig e n . O u rre su lts  a n d  th o se  p u b lish ed  b y  W or- 
MALL [4] an d  F arr  [17], o b ta in e d  w ith  131I - la b e lle d  a n tig en , show ed a m eas
u ra b le  a c t iv i ty  in  th e  s u p e r n a ta n t  in  th e  a n tib o d y  excess zone, to o . W ith  a n 
tig e n  lab e lled  w ith  51Cr, no a c t iv i ty  in d ica tiv e  o f  th e  presence o f an tig e n  was 
d e m o n s tra b le  in  th e  s u p e rn a ta n t ,  e ith er in  th e  zone of a n tib o d y  excess or in  
th e  zo n e  o f equivalence.
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A m eth o d  has been d escribed  for reach ing  th e  left a tr iu m  from  th e  tra c h e a  w ith  
a cerv ica l opening. A cannu la  w ith  a  m an d rin  is in tro d u c e d  in to  th e  tra c h e a  a n d  gu ided  
th ro u g h  th e  le ft v en tra l end  of th e  carina  in  s lig h tly  v en tro -cau d a l d irec tio n . B y 
em p lo y in g  a su itab le  in s tru m e n t i t  is th u s  possible to  d e te rm in e  th e  p ressu res in  th e  left 
h e a r t .

S h o rtly  a fte r  th e  c a th e te r iz a tio n  of th e  r ig h t  h a lf  o f th e  h e a r t h a d  gain ed  
g ro u n d  in  th e  w ake of Co u r n a n d ’s [1] p ioneer w ork , in v e s tig a to rs  b eg a n  to  
sea rch  fo r m eans o f gain ing  access to  th e  c h am b ers  of th e  le ft h e a r t .  V arious 
m e th o d s  w ere tr ie d . Zim m e r m a n n  et al. [2] a t te m p te d  to  reach  th e m  re tro -  
g rad e ly  from  th e  a o r ta ;  P o n s d o m e n e c h  an d  N u n e z  [3] e x p e rim en ted  w ith  th e  
p u n c tu re  o f th e  le ft v en tric le ; B jö r k  et al. [4] p u n c tu re d  th e  left a tr iu m  p ercu - 
ta n e o u s ly  from  b eh in d ; R a d n e r  [5] reach ed  th e  le f t h e a r t  from  s u p ra s te rn a l 
a p p ro a c h ; R oss [6 ] and  m an y  w o rk ers  a fte r  h im  reach ed  th e  left h e a r t  from  
th e  r ig h t  a tr iu m  th ro u g h  th e  se p tu m .

T h e  v e ry  m u ltitu d e  o f th e se  p ro ced u res  rev ea ls  th e  t r u th  t h a t  n o n e  o f 
th e m  is fu lly  sa tis fa c to ry ; u n d e r  g iven  e x p e rim e n ta l co n d itio n s, th e  one is 
im p ra c tic a b le , th e  o th e r c o u n te rin d ic a ted , th e  th i rd  in co n v en ien t, e tc .

I t  occu rred  in  th e  course o f s tu d y in g  th e  p a th o g en esis  o f p u lm o n a ry  o ed e
m a th a t  we w ere faced w ith  th e  necessity  o f a sc e r ta in in g  p ressu re  in  th e  le ft 
a tr iu m . T h e  re tro g ra d e  p ro ced u re  an d  r ig h t-s id e  tra n s se p ta l  c a th e te r iz a tio n  
seem ed  to  be in ex p ed ien t because o f th e  r isk  o f  ch an g in g  th e  h aem o d y n am ic  
co n d itio n s , while all p e rcu tan eo u s  m ethods in v o lv ed  th e  risk  of in ju r in g  th e  
p u lm o n a ry  tissues. Besides, all th e se  p rocedures req u ire  rad io log ica l c o n tro l. 
T h e  b ronchoscop ie  tra n sb ro n c h ia l m eth o d , as ap p lied  b y  F ac q u et  et al. [7 ], 
p resu p p o ses  long experience a n d  c a n n o t be used  in  th e  case o f crossed  c irc u la 
tio n . I t  w as a f te r  such  an te c e d en ts  th a t  th e  id ea  o f a d irec t p u n c tu re  th ro u g h  
th e  tra c h e a l s tu m p  had  em erged .
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Experimental

M ediastina l to p o g ra p h y  is fav o u rab le  fo r tra n sb ro n c h ia l d irec t p u n c tu re . 
T h e  m a jo r a r te r ia l t r u n k s  a re  con tiguous to  th e  le ft a tr iu m  a n te r io r ly , th e  
d ia p h ra g m  an d  th e  le f t  v e n tr ic le  from  below , th e  le f t p rim a ry  b ro n c h u s  u n d e r 
th e  a o rtic  a rch  a n d  p a r t ly  th e  ram ify in g  p u lm o n a ry  a r te ry  from  ab o v e . T h a t 
p o r tio n  of th e  le f t p r im a ry  b ronchus w h ich  lies n e x t to  th e  Carina tra c h e a e  
a b u ts  on th e  le ft a t r iu m  fro m  above an d  b e h in d . I t  follow s th a t  i f  a s lig h tly  
v e n tro -c a u d a lly  d ire c te d  p u n c tu re  is m ad e  th ro u g h  th e  Carina, im m e d ia te ly

to  th e  left o f its  v e n tra l  e n d , th e  can n u la  w ill p e n e tra te  th a t  w all o f  th e  left 
a tr iu m  w hich is b e tw e e n  th e  p u lm o n ary  v e in s . (The needle m ay  p ie rce  one o f 
th e se  veins.) (F igs 1, 2).

A Y -sh ap ed  tro c a r ,  p ro v id ed  w ith  a m a n d rin , w as used  in  th e  p resen t 
s tu d y , b u t  la rg e -d ia m e te r  needles for lu m b a r  p u n c tu re  can  likew ise be  em ployed . 
A f te r  th e  tro c a r  h a s  re a c h e d  th e  le ft a tr iu m  (th e  to o l can  be p u sh e d  fo rw ard  
ea s ily  an d  w ith o u t re s is ta n c e  in  th is  case), th e  m a n d rin  has to  he  w ith d ra w n . 
B lood  o f v iv id  red  co lo u r a t  its  tip  show s t h a t  th e  end  of th e  tro c a r  is in  a cav ity  
filled  w ith  s a tu ra te d  b lo o d . This c a v ity  m u s t be th e  le ft a tr iu m  or one of th e  
p u lm o n a ry  veins. S h o u ld  th e  tro c a r  h av e  a d v a n c e d  as fa r  as th e  le f t v en tric le , 
th e  p ressu re  w ill te ll  i t ,  a n d  a careful w ith d raw  al o f th e  in s tru m e n t w ill suffice 
to  co rrec t its  p o s itio n . A fte r  rem ov ing  th e  m a n d rin , th e  tro c a r  h a s  to  be  filled  
w ith  hep arin ized  ph y sio lo g ica l saline a n d , th is  done, closed b y  a ru b b e r  cork. 
T h e  le ft b ra n c h  is c o n n e c te d  to  a m a n o m e te r  w h ich  in d ica te s  chan g es in  in tra -  
a t r ia l  p ressu re . A n  L -sh a p e d  can n u la , in se r te d  in  th e  s tu m p  o f th e  t r a c h e a , en
su res  re sp ira tio n  a n d , b y  pressing  i t  a g a in s t th e  w all, keeps th e  tro c a r  fixed .
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W e used 16 m ongrel dogs o f  8  to  12 kg  bo d y  w eight fo r th e se  ex p e ri
m en ts . T he p o sition  o f  th e  tro c a r  w as verified  p ost m o rtem  in  e v e ry  case.

T he tip  o f  th e  tro c a r  was s i tu a te d  in  th e  left a tr iu m  in  all cases b u t  one 
w h en  i t  tja s  in  th e  le f t u p p e r p u lm o n a ry  ve in . N e ith e r h a e m o p e ric a rd iu m  nor 
h a e m o th o ra x  w as o b serv ed  in  an y  case. A s ligh t h aem a to m a  (a b o u t 6 to  8 ml) 
w as en co u n tered  in  tw o  dogs b e tw een  th e  lam ellae  of th e  b ro n c h o p e ric a rd ia l 
m em b ran e . P ressu res  w ere easy  to  re g is te r  in  every  case (H ^O -m an o m ete r -f- 
K y m o g rap h ).

T ran sb ro n ch ia l p u n c tu re  o f th e  a tr iu m  in  itse lf  d id  n o t g ive rise  to  p u l
m o n a ry  oedem a in  th e  con tro l e x p e rim e n ts . W e in s ti tu te d  also e x p e rim e n ts  
in  w hich  rig h t-s id e  c a th e te r iz a tio n  w as com bined  w ith  th e  ab o v e-d esc rib ed  
p ro ced u re ; p .c. (w edge) pressu re  y ie ld ed  th e  sam e values as th o se  o b ta in e d  by 
th e  d irec t p u n c tu re  o f  th e  left a tr iu m .

I t  seem s, in  co n sid e ra tio n  o f th e se  re su lts , ju s tified  to  co n c lu d e  th a t  th e  
m e th o d  un d er rev iew  is re liab le  a n d  can  be em ployed  w h en ev er th e  cerv ical 
p a r t  of th e  tra c h e a  h as  to  be la id  o p en . I t  is in  th ese  cases m u ch  s im p le r  th a n  
o th e r  cu rren t m e th o d s  since rad io lo g y , c a th e te r iz a to n  an d  b ro n c h o sc o p y  can 
be  d ispensed  w ith .
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THE EFFECT OF LARGE DOSES OF HISTAMINE 
ON THE PULMONARY CIRCULATION IN THE DOG
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(R ece iv ed  M arch 11, 1963)

T he c ircu la to ry  effec ts o f  h is ta m in e , adm in istered  in tra v en o u s ly  in  doses o f  15 
a n d  50 /tg /kg , w ere s tu d ied  in  a n a e s th e tis e d  and a rtific ia lly  v e n tila te d  dogs. H is ta m in e  
w as show n to  elic it a b ip h as ic  re sp o n se  of p u lm o n ary  b lood vessels. T he f i r s t  phase  
a p p e a re d  sh o rtly  a fte r  th e  in je c tio n  o f th e  am ine an d  consisted  o f a  rise  in  p u lm o n a ry  
a r te r ia l  p ressure  an d  an  in crease  o f  p u lm o n a ry  venous blood flow . C alcu la ted  p u lm o n a ry  
v a sc u la r  resis tan ce  rem a in ed  e i th e r  u n ch an g ed  or decreased  s lig h tly , in  th e  m a jo r i ty  
o f  ex p erim en ts . These changes c o in c id ed  w ith  th e  ra p id  fall o f sy s tem ic  a r te r ia l  p ressu re  
a n d  w ere usua lly  accom pan ied  b y  a  s lig h t acceleration  of th e  h e a r t  r a te  an d  a tra n s ie n t  
in crease  o f v en tricu la r  c o n tra c tile  fo rce . A d is tin c t rise  o f sy s tem ic  v enous p re ssu re  as 
well as o f fem oral venous b lood  flo w  ap p eared  a t  th e  sam e tim e . A fte r  30 sec. to  2 m in . 
a  second phase  follow ed, co n sis tin g  o f  a sligh t decrease o f p u lm o n a ry  a r te r ia l  p ressu re , 
s tro n g  red u ctio n  of p u lm o n a ry  v e n o u s  flow  and  a considerab le  a n d  c o n sis ten t increase  
o f  ca lcu la ted  p u lm o n a ry  v a sc u la r  re s is ta n c e . The above changes w ere  acco m p an ied  by  
a  m ark e d  red u ctio n  of th e  v e n tr ic u la r  co n trac tile  force, seco n d ary  low ering  o f sy s tem ic  
ven o u s p ressure  and  a  co n sid e rab le  re d u c tio n  of fem oral v en o u s flow . In  c o n tra s t  to 
th e  im m ed ia te  effects o f  h is ta m in e , th e  secondary  phase  is p ro tra c te d  a n d  th e  re tu rn  
o f p u lm o n a ry  pressure , flow  a n d  re s is ta n c e  to w ards th e  co n tro l levels p a ra lle ls  th e  
reco v ery  of system ic a r te r ia l  p ressu re .

A lth o u g h  ex tensive  e x p e rim e n ta l evidence has b een  a c c u m u la ted  co n 
ce rn in g  th e  ac tio n  of h is ta m in e  on  th e  p u lm o n ary  vessels, th e  n a tu re  o f  th is  
a c tio n  is n o t fu lly  e lu c id a ted .

T h e re  can  be little  d o u b t t h a t  h is ta m in e  p roduces a rise  in  p u lm o n a ry  a r 
te r ia l  p ressu re , follow ed f re q u e n tly  b y  a secondary  fall. T h is w as re p e a te d ly  
d e m o n s tra te d  in  dogs [6 , 7 , 11, 14, 18], ra b b its  [6 ], c a ts  [3, 6 , 8 ] a n d  gu in ea  
pigs [9]. T hese find ings seem ed  to  in d ic a te  a v a so co n str ic to r  ac tio n  o f  h is ta 
m ine on  th e  p u lm o n ary  vessels. T h e  assu m p tio n  w as fu r th e r  su p p o rte d  b y  th e  
re su lts  o f  perfusion  ex p e rim en ts  w h ich  offered d irec t ev idence  o f a local v a so 
c o n s tr ic to r  effect of h is ta m in e  in  th e  lu n g s of dogs [1, 5, 12], c a ts  [12, 15], r a ts  
[10 ] a n d  m onkeys [4].

O n  th e  other h an d , S t o r n s t e in , Cudk o w icz  and  A t tw o o d  [16] d e 
m o n stra ted  th a t  th e  ca lcu la ted  p u lm o n a ry  arteria l re s is ta n ce  fo llo w ed  th e  
ch a n g es in  cardiac o u tp u t ev o k e d  b y  h ista m in e , in  o ther w ord s th a t  no a c t iv e  
v a so c o n str ic tio n  en su ed  from  th e  a d m in istra tio n  o f  h ista m in e .

In  v iew  of these  co n flic tin g  re su lts  th e  need for fu r th e r  in v e s tig a tio n s  
arose . T h e  ex p erim en ts  to  be re p o r te d  in  th is  p ap er h a d  th e  p u rp o se  o f e s ta b lish 
in g  th e  v aso m o to r effects o f  la rge  doses o f h is tam in e  on th e  p u lm o n a ry  vessels

5  A cta Physiologica XXIV/2.
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o f  a rtif ic ia lly  v e n t i la te d  dogs. A m u ltic h a n n e l reco rd in g  sy s te m  w as em ployed  
p ro v id in g  for s im u lta n e o u s  a n d  co n tin u o u s m e a su re m e n t o f th e  system ic  an d  
p u lm o n a ry  c irc u la to ry  p a ra m e te rs .

Methods

T he e x p erim en ts  w ere  pe rfo rm ed  on m o n g rel dogs w eighing 14 to  17 kg. M orph ine  
su lp h a te  (2 m g/kg, su b c u ta n e o u s ly )  and ch loraiose  (70 m g/kg , in tra v en o u s ly )  w ere used as 
a n ae s th e tic s . The ch est w as o p en ed  in the  le ft f i f th  in te rc o s ta l  space a n d  th e  lungs were v e n ti
la te d  b y  m eans of a S ta r lin g  Id e a l Pum p. In  th e  b as ic  series o f ex p erim e n ts  th e  follow ing 
m easu rem en ts  were re c o rd e d  on  a fo u r-channe l S a n b o rn  Polyv iso  a p p a ra tu s :  a)  aortic  blood 
p re ssu re  by  a S ta th a m  tr a n s d u c e r  from  a c a th e te r  in se r te d  th ro u g h  one c a ro tid  a r te ry ; b) 
p u lm o n a ry  a rte ria l b lo o d  p re ssu re  by  a second tra n s d u c e r  from  a c a th e te r , in se rted  th ro u g h  
th e  le f t  u p p e r lo b ar a r te r y ;  c) v e n tr icu la r  c o n tra c tile  fo rce  by  m ean s of a W alto n  s tra in  gauge 
a rc h  su tu re d  to  th e  su rfa ce  o f th e  r ig h t ven tric le ; a n d  d) p u lm o n a ry  v enous blood flow by th e  
m e th o d  described b y  A v ia d o  a n d  Schm idt [2]. T h e  ou tflow ing  b lood  from  th e  vein  of th e  
le f t  low er lobe w as co lle c ted  in  a collapsible ru b b e r  reserv o ir an d  re tu rn e d  in s tan ta n eo u s ly  
to  th e  fem oral vein  b y  m e a n s  o f a D a le—S ch u ste r p u m p . T he ac tio n  o f th e  p u m p  w as a d ju s te d  
in  su ch  a w ay as to  sec u re  co n tin u o u s em p ty in g  of th e  reserv o ir. A S h ip le y —W ilson ro ta 
m e te r  w as in serted  in to  th e  tu b in g  connecting  th e  o u tflo w  side o f th e  p u m p  to  th e  fem oral 
v e in . V ascu lar re s is tan ce  o f  th e  le ft lower lobe w as c a lcu la ted  b y  d iv id in g  m ean  p u lm onary  
a r te r ia l  pressure by  b lo o d  flow . P u lm o n ary  v enous p re ssu re  o f th e  left low er lobe was ignored 
in  th e se  calcu la tions since  th is  p ressu re  was u n c h an g e d  u n d e r  th e  in flu en ce  of h istam ine.

In  o th er e x p e r im e n ts  th e  following m ea su re m e n ts  w ere re co rd e d  to g e th e r w ith  th e  
m ea su re m e n ts  o f sy s te m ic  a r te r ia l  blood pressu re  a n d  v e n tr ic u la r  c o n tra c tile  force: a) left 
a t r ia l  pressure  by  a S ta th a m  tra n sd u c e r  from  a c a th e te r  in se rted  th ro u g h  th e  le ft up p er lo b ar 
v e in ; b) inferior ven a  c a v a  p re ssu re  b y  a n o th e r S ta th a m  tra n s d u c e r  from  a ca th e te r  in se rted  
th ro u g h  the  fem oral v e in ; a n d  c)  fem oral venous b lo o d  flow  b y  m ean s o f a m eth o d  sim ilar to  
t h a t  app lied  for m ea su rin g  p u lm o n a ry  blood flow .

In  all e x p e rim e n ts  m a n u ro n a te  10 m g/kg or h e p a rin  400 I. U ./k g  in trav en o u s ly  w as 
u se d  as an  a n tic o a g u la n t. H is ta m in e  was a d m in is te re d  in tra v en o u s ly  in  doses o f 15 and 50 
/ jg /k g . T hese  doses re g u la r ly  p ro d u ced  a p ro fo u n d  an d  p ro longed  system ic  hypotension .

Results

System ic arteria l p re ssu re . T he changes in  sy stem ic  a r te r ia l  p ressure w ere 
u n ifo rm . Follow ing th e  in jec tio n  o f h is ta m in e  an  a b ru p t  fa ll in pressure a p 
p e a re d , am o u n tin g  to  a m ean  decrease o f m ore  th a n  30 p e r cen t a f te r  15 sec. 
W ith  h istam ine  doses o f  15 /лg/kg, m ax im al low ering  o f p ressu re  occurred  a fte r 
a p p ro x im a te ly  1 m in , th e  pressure  being  dec reased  b y  46 p e r cen t on th e  av e r
age . W ith  h is ta m in e  doses of 50 ^ig/kg, m a x im a l low ering  o f p ressu re  was o b 
se rv e d  a fte r 1 to  3 m in , a n d  it  am o u n ted  to  a m ean  decrease  of 50 per cen t o f 
th e  p re in jec tio n  lev e l. L a te r  th e  p ressu re  w as o b served  to  re tv irn  g rad u a lly  to  
th e  in itia l level.

T he responses o f  sy s tem ic  a r te ria l p re ssu re  to  h is ta m in e  are sum m arized  
in  T ab le  I.

P ulm onary a rteria l pressure. H is ta m in e  p ro d u ced  u su a lly  a b iphasic  re 
sp o n se  of p u lm o n a ry  a r te r ia l  blood p ressu re . Im m e d ia te ly  a f te r  th e  in jec tio n  
o f  h is tam in e , a m a rk e d  rise  of pressure a p p e a re d  a tta in in g  th e  m ax im um  a fte r  
a p p ro x im a te ly  15 sec. A t th is  tim e  i t  a m o u n te d  to  a m ean  increase  of 10 p er
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Table I

Summary of responses to histamine

Control. Mean +  S. E. (Range) % Д 15 — 30 sec. after histamine. Mean +  S E. (Range) % Д 1-3 nin. after histam ine. Mean +  S. E. (Range)

histamine
<ig/kg

experi
m ents SABP 

mm Hg
PABP 

mm Hg
PB F

m!/miq.
SABP PABP PB F PVR SABP PABP PB P PVR

15 5 102 ± 1 1  
(60 to  120)

1 8 ± 3 .8  
(12 to  30)

1 2 1 ± 5 .6  
(108 to 

136)

— 3 6 ± 4 .4 ± 1 0 ± 2 .5 ± 1 3 ± 4 .1 0 ± 4 .5 — 4 6 ± 5 - 9 ± 5 - 4 8  ± 7 .9 ± 6 4 ± 1 3

50 5 1 0 8 ± 1 2  
(80 to  

150)

20 ± 2 .4  
(14 to 

25)

1 1 0 ± 4 .2  
(96 to 

120)

— 3 4 ± 2 .6 + 1 0 ± 4 .5 ± 1 5 ± 2 .5 — 6 ±  1.9 — S 0 ± 4 .4 — 3 ± 4 .1 —6 5 ± 8 .2 -f-2o8 -[- 50

SA B P —  System ic A rte ria l B lood P ressure  
P A B P —  P u lm o n ary  A rte ria l B lood Pressure  
P B F  —  P u lm o n ary  V enous B lood Flow  (O ne Lobe) 
P V R  —  P u lm o n ary  V ascu lar R esistance
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c e n t  o f  th e  in itia l level. T h e  rise  in  p ressu re  la s te d  a b o u t 1 m in . a n d  w as fo llow 
e d , in  m o st ex p e rim e n ts , b y  a s ligh t b u t  p ro lo n g ed  seco n d ary  fa ll. O ne to  3 
m in . a f te r  th e  in jec tio n  o f h is ta m in e , p u lm o n a ry  a r te r ia l p ressu re  w as red u ced  
b y  9 o r 3 p er cen t, on th e  av e ra g e , d ep en d in g  u p o n  th e  dose o f  h is ta m in e  a d 
m in is te re d . T he re tu rn  o f p u lm o n a ry  a r te r ia l  p ressu re  to  th e  in it ia l  level 
p a ra l le le d  th e  reco v ery  o f  sy s tem ic  a r te r ia l  p ressu re .

Q.
CO

histamine 2 min
50pg/kg iv *25 kg dog

F ig. 1. E ffec t o f a large dose o f h is ta m in e  on p u lm o n a ry  a r te r ia l  blood p ressu re  a n d  v e n tr ic u la r
c o n tra c tile  force

T h e  responses o f p u lm o n a ry  a r te r ia l p ressu re  to  h is ta m in e  are  su m m arized  
in  T a b le  I.

F igs 1 an d  2 p re se n t reco rd in g s in  w h ich  th e  b iphasic  re sp o n se  o f p u l 
m o n a ry  a r te ria l p re ssu re  to  h is ta m in e  is c lea rly  d e m o n s tra te d .

L e ft atrial pressure. A  s lig h t low ering  o f  th is  p ressu re  w as o b se rv ed  c o n 
c u r r e n t  w ith  th e  fall o f  sy s te m ic  a r te r ia l  p ressu re . I t  u su a lly  re m a in e d  red u ced  
d u r in g  th e  en tire  p e rio d  o f  seco n d ary  p u lm o n a ry  h y p o te n s io n  e lic ited  b y  
h is ta m in e . T he re tu rn  o f  le f t  a tr ia l  p re ssu re  to  th e  in itia l level p a ra lle led  th e  
re c o v e ry  of p u lm o n a ry  a r te r ia l  p ressu re .
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A ty p ica l re sp o n se  o f left a tr ia l  p ressu re  to  h is ta m in e  is show n in  F ig . 1.
P ulm onary venous flo w . A c o n s is te n t b ip h a s ic  response  of p u lm o n a ry  

v en o u s flow  w as o b se rv ed  a fte r th e  in je c tio n  o f h is ta m in e .
T he im m e d ia te  effect of h is ta m in e  co n sis ted  o f  a m arked  increase  o f  

b lood  flow  la s tin g  a p p ro x im a te ly  1 m in . T h is in c re a se  o f flow  concurred  w ith  
th e  ra p id  fall o f sy s tem ic  a rte ria l p ressu re  and  th e  p r im a ry  rise of p u lm o n a ry

Q.
QD
.o

1о

150- 
& Ю 0-

5 0 -
33

u_
eоCj
-tcOj

Fig. 2. E ffec t o f a large dose of h is tam in e  on p u lm o n a ry  v enous blood flow

a r te r ia l  p ressu re. F if te e n  sec. a f te r  th e  in jec tio n  o f  h is ta m in e , p u lm o n a ry  b lo o d  
flow  increased  b y  13 or 15 per cen t o f  th e  in itia l lev e l, on th e  average, d e p en d in g  
u p o n  th e  dose o f  h is ta m in e  ad m in is te red . A t th e  sam e  tim e , system ic a r te r ia l  
p ressu re  was on th e  average  re d u ced  b y  36 a n d  34 p e r  c en t, re sp ec tiv e ly , 
w hereas p u lm o n a ry  a r te r ia l p ressu re  w as in c rea sed  b y  10 p e r cen t o f th e  p re 
in je c tio n  level.

T he p r im a ry  in c rease  of p u lm o n a ry  b lood flo w  w as follow ed by  an  in te n se  
a n d  p ro longed  re d u c tio n  of flow'. T h e  m in im um  a p p e a re d  1 to  3 m in. a f te r  th e  
in je c tio n  of h is ta m in e . A t th is  t im e , p u lm o n a ry  v en o u s  flow  w as on th e  a v e r 
age reduced  b y  48 an d  65 per c e n t, re sp e c tiv e ly , d ep en d in g  on th e  dose o f
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h is ta m in e . The se c o n d a ry  fa ll o f p u lm o n a ry  venous flow  co in c id ed  w ith  th e  
m a x im u m  of sy stem ic  h y p o te n s io n  a n d  th e  seco n d ary  low ering  o f  p u lm o n a ry  
a r te r ia l  p ressu re. T h e  r e tu r n  o f p u lm o n a ry  flow  to  th e  p re in je c tio n  level ra n  
p a ra l le l  to  th e  re c o v e ry  o f  b o th  p u lm o n a ry  a n d  system ic  a r te r ia l  p re ssu re .

T h e  effects o f h is ta m in e  on p u lm o n a ry  venous flow  are  su m m a riz e d  in  
T a b le  I .

F ig . 2 show s a ty p ic a l  reco rd  d e m o n s tra tin g  th e  b ip h as ic  re sp o n se  of 
p u lm o n a ry  venous flo w  to  th e  in je c tio n  o f  h is tam in e .

Calculated p u lm o n a ry  vascular resistance. In co n sis ten t ch an g es o f  p u lm o 
n a r y  v a sc u la r  re s is ta n c e  w ere  o b serv ed  in  th e  period  of en h a n c e d  p u lm o n a ry  
flo w  . S m aller doses o f h is ta m in e  p ro d u c e d  o n ly  in sig n ifican t ch an g es  o f re s is t
a n c e . I n  some in s ta n c e s , a m o d e ra te  in c re a se  of res is tan ce  w as n o te d , an d  i t  
w a s  s lig h tly  low ered  in  o th e rs . L a rg e r doses o f h is tam in e  cau sed  m o re  u n ifo rm  
c h a n g e s  of re s is tan ce . I t  w as m o d e ra te ly  decreased  in  all e x p e r im e n ts  im m e
d ia te ly  follow ing th e  in je c tio n  of h is ta m in e , th e  m ean  decrease b e in g  6 p e r cen t 
o f  th e  p re in jec tio n  level.

O n th e  o th e r h a n d , in  th e  perio d  o f  seco n d ary  re d u c tio n  o f  p u lm o n a ry  
flow% p u lm o n a ry  v a sc u la r  re s is tan ce  in c re a se d  considerab ly  a n d  c o n s is te n tly , 
a f t e r  b o th  dose levels o f  h is ta m in e . T h e  m a x im u m  increase  in  re s is ta n c e  w as 
n o te d  1 to  3 m in. a f te r  th e  a d m in is tra tio n  o f  h is tam in e . A t th is  t im e  p u lm o 
n a r y  res is tan ce  w as in c re a se d  b y  64 p e r c e n t on th e  average a n d  e v e n  as m uch  
a s  258 p er cen t, d e p e n d in g  u p o n  th e  dose o f  h is tam in e  ap p lied . A fte rw ard s , 
p u lm o n a ry  resis tan ce  wras o b serv ed  to  r e tu r n  g rad u a lly  to  th e  in i t ia l  level, th is  
c o in c id in g  w ith  g ra d u a l re c o v e ry  of p u lm o n a ry  venous flow  as w ell as p u lm o 
n a r y  a n d  system ic a r te r ia l  p ressu re . T h e  ch an g es in  re s is tan ce  w ere  d e te rm in e d  
m a in ly  b y  th e  changes in  p u lm o n a ry  b lo o d  flow .

E x p e rim e n ta l d a ta  concern ing  th e  effects o f h is tam in e  on  p u lm o n a ry  
v a s c u la r  res is tan ce  a re  su m m arized  in  T a b le  I .

Ventricular contractile force. H is ta m in e  u su a lly  e lic ited  a b ip h a s ic  change 
o f  v e n tr ic u la r  c o n tra c tile  force. Im m e d ia te ly  a fte r  th e  in je c tio n , a tra n s ie n t 
in c re a s e  ap p eared  in  th e  m a jo r ity  o f e x p e rim e n ts , assoc ia ted  w ith  som e acce
le r a t io n  o f card iac rh y th m . T h e  p o sitiv e  in o tro p ic  effect of h is ta m in e  co n cu rred  
w i th  a ra p id  fall o f sy s te m ic  a r te r ia l p re ssu re , p rim ary  a u g m e n ta tio n  of p u l
m o n a ry  flow  an d  th e  rise  o f p u lm o n a ry  a r te r ia l  p ressu re . In  th e  e x p e rim e n ts  
in  w h ich  no po sitiv e  in o tro p ic  ac tio n  w as observed , v e n tr ic u la r  c o n tra c tile  
fo rc e  w as p ra c tic a lly  u n a lte re d  or d ec rea sed  sligh tly .

A fte r  30 sec. to  1 m in ., a se c o n d a ry  decrease of v e n tr ic u la r  c o n tra c tile  
fo rc e  follow ed. T he d ec rea se  w as u su a lly  m o st m ark ed  3 m in . a f te r  th e  in jec 
t io n  o f h is tam in e . A t th is  tim e , th e  a m p litu d e  of v e n tr ic u la r  c o n tra c tio n s  w as 
re d u c e d  b y  30 to  60 p e r  c e n t o f  th e  c o n tro l. T h e  reco v ery  of v e n tr ic u la r  c o n tra c 
t i le  fo rce  w as g ra d u a l a n d  p a ra lle led  th e  reco v ery  of b o th  sy s te m ic  a rte ria l 
p re s su re  an d  p u lm o n a ry  b lo o d  flow .
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T he effect o f h is ta m in e  on v e n tr ic u la r  force is show n in  F igs. 1, 2 an d  3. 
System ic  venous p ressure and  flo w . T he  effec ts  o f h is tam in e  on  system ic  

venous p ressu re  w ere a lw ays b ip h asic . A s lig h t rise  o f p ressu re , la s tin g  a b o u t 
1 m in ., ap p ea red  in  th e  in fe rio r  v en a  cava  im m e d ia te ly  a fte r  th e  in je c tio n  of

50 pg/'kg i.v
2min

И--------4
2 kg dog

Fig. 3. C hanges in  system ic v en o u s p ressu re  and  fem oral v en o u s b lood flow e lic ited  b y  a large
dose of h istam ine

h is tam in e . T h is w as fo llow ed b y  a p ro longed , th o u g h  m o d era te , seco n d a ry  
decrease, w hich  p a ra lle led  sy s tem ic  h y p o ten sio n .

T he response  to  h is ta m in e  o f  fem oral ven o u s b lood  flow  w as also  con
s is te n tly  b ip h asic . A m a rk e d  in c rease  o f flow  o c cu rred  sh o rtly  a f te r  th e  in 
je c tio n  of h is tam in e , c o n cu rrin g  w ith  a ra p id  fall o f sy stem ic  a r te r ia l p ressu re . 
A fte r 1 to  2 m in ., a p ro n o u n ced  re d u c tio n  o f b lo o d  flow  ap p ea red , to  p ers is t 
d u rin g  th e  en tire  period  o f  sy s tem ic  h y p o ten sio n . T h e  re tu rn  o f flow  to  th e  
p re in je c tio n  level follow ed th e  reco v ery  o f sy s tem ic  a r te r ia l p ressu re .

F ig . 3 p resen ts  a ty p ic a l  re sponse  to  h is ta m in e  o f  system ic  v en o u s  p res
su re  an d  blood  flow .
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D iscussion

T h e  exp er im en ta l e v id e n c e  p resen ted  p ro v es  th a t  tw o  p h a ses  m a y  he  
d is t in g u ish e d  in th e  re sp o n se  o f  p u lm on ary  c ircu la tio n  to  large d o ses  o f  h is
ta m in e .

T h e  f irs t phase a p p e a rs  im m e d ia te ly  a f te r  th e  in jec tio n  o f h is ta m in e  an d  
c o in c id es  w ith  a ra p id  fa ll o f  sy s tem ic  a r te r ia l p ressu re . I t  consists  o f a rise  in  
p u lm o n a ry  a rte ria l p re s su re , low ering  of le f t a t r ia l  p ressu re  a n d  a n  in crease  
o f  p u lm o n a ry  venous b lo o d  flow . C alcu la ted  p u lm o n a ry  v a sc u la r  re s is ta n c e  
is  e i th e r  u n a lte red  or d ec rea ses  s lig h tly  d u rin g  th is  phase . T hese  ch an g es are  
m o s tly  accom pan ied  b y  a m o d e ra te  increase  o f  v e n tr ic u la r  c o n tra c ti le  force 
a n d  acce le ra tio n  of c a rd ia c  rh y th m . S ystem ic  ven o u s p ressu re  a n d  fem oral 
v e n o u s  b lood  flow are  b o th  e le v a te d . The d u ra tio n  of th e  p r im a ry  p h ase  la s ts  
u s u a l ly  fo r from  30 sec. to  2 m in .

T h e  second p h ase  co n s is ts  o f a sligh t se c o n d a ry  low ering o f  p u lm o n a ry  
a r te r ia l  p ressu re , a p ro n o u n c e d  red u c tio n  of p u lm o n a ry  venous b lo o d  flow  and 
a  co n sid e rab le  increase  o f  ca lc u la ted  p u lm o n a ry  v ascu la r re s is ta n c è . Left 
a t r ia l  p ressu re  rem ain s s lig h tly  low ered  th ro u g h o u t th is  ph ase . V e n tr ic u la r  
c o n tra c t i le  force as w ell as sy s tem ic  venous p re ssu re  and fem oral v en o u s  blood 
flo w  d ecrease  m ark ed ly . I t  sh o u ld  he ad d ed  th a t  th e  m ax im u m  o f th e  above 
e ffec ts  coincides w ith  th e  m a x im u m  of sy stem ic  h y p o ten sio n . In  c o n tra s t  to  
th e  im m e d ia te  effects o f  h is ta m in e , th e  se c o n d a ry  phase is p ro tra c te d  and  
th e  r e tu r n  of all p a ra m e te rs  to  th e  in itia l levels p a ra lle ls  e v id e n tly  th e  reco v e ry  
o f  sy s te m ic  a rte ria l p re ssu re .

T h e  above f in d in g s s u p p o r t  in  p rinc ip le  th e  re su lts  o f ea rlie r in v e s tig a 
t io n s  in  w hich th e  b ip h a s ic  effect o f h is ta m in e  on  p u lm o n a ry  b lo o d  vessels 
w as o rig in a lly  d e m o n s tra te d  [6 ].

H ow ever, th e  m a in  a d v a n ta g e  of th e  e x p e rim e n ta l te c h n iq u e  ap p lied  
in  th e  p re se n t s tu d y  lies in  t h a t  i t  allows an  a d e q u a te  e v a lu a tio n  o f  th e  re 
la t iv e  im p o rtan ce  of th e  v a r io u s  h aem o d y n am ic  fa c to rs  in v o lved  in  th e  ac tion  
o f  h is ta m in e  on p u lm o n a ry  c ircu la tio n .

O n  th e  basis o f  o u r  f in d in g s  th e  im m e d ia te  effect o f h is ta m in e  on  p u l
m o n a ry  blood flow  a n d  v a s c u la r  re s is tan ce  m a y  be  in te rp re te d  as re su ltin g  
f ro m  a n  increase of c a rd ia c  o u tp u t ,  in d ica ted  b y  th e  a u g m e n ta tio n  o f p u lm o 
n a r y  v en o u s  flow. T h e  in c re a se  of card iac  o u tp u t  is m ost p ro b a b ly  due  to  th e  
e n h a n c e d  venous r e tu rn  as w ell as th e  p o sitiv e  in o tro p ic  effect o f h is tam in e . 
T h e  in c rea se  of venous r e tu r n  m a y  be conc luded  to  from  th e  d is tin c t rise  of 
sy s te m ic  venous p ressu re  a n d  th e  m ark ed  a u g m e n ta tio n  of fem o ra l venous 
flo w . T h e  increase o f c a rd ia c  o u tp u t  an d  p u lm o n a ry  blood flow  is m o st like ly  
th e  c a u se  of th e  rise in  p u lm o n a ry  a rte ria l p re ssu re . T here  is no c o n s is te n t ev i
d e n ce  o f  pu lm o n ary  v a so c o n s tr ic tio n  in  th is  p e rio d  since p u lm o n a ry  v ascu la r 
re s is ta n c e  was m ostly  u n c h a n g e d  or even s lig h tly  low ered.



T h e m echan ism  o f th e  seco n d a ry  effect o f h is tam in e  on th e  p u lm o n a ry  
vessels is a com plex  one. S eco n d ary  low ering  o f sy stem ic  venous p re ssu re  a p 
p ea rs , p a ra lle led  b y  a m ark ed  re d u c tio n  o f fem o ra l venous flow . T h is in d ic a te s  
poo ling  o f b lood  in  th e  p e r ip h e ry  a n d  a d im in ished  v e n tr ic u la r  fillin g  re su ltin g  
in  d ec reased  card iac  o u tp u t . A t th e  sam e tim e , a considerab le  d ecrease  o f  v e n 
tr ic u la r  c o n tra c tile  force occurs. T h is  m a y  be due  to : 1. th e  d im in ish ed  v e n tr i 
c u la r  fillin g , an d /o r 2 . a se c o n d a ry  im p a irm e n t o f ca rd iac  fu n c tio n  c o n se q u e n t 
u p o n  th e  red u ced  system ic  a r te r ia l  p ressu re  an d  d im in ished  c o ro n a ry  b lood  
flow . T h e  decrease of v e n tr ic u la r  c o n tra c tile  force m ay  c o n tr ib u te  to  th e  r e 
d u c tio n  o f  ca rd iac  o u tp u t. I t  sh o u ld  be ad d ed  th a t  such  a re d u c tio n  is p ro v e d  
b y  th e  d ra m a tic  fall in  p u lm o n a ry  b lood  flow .

H ow ever, p u lm o n a ry  a r te r ia l  p ressu re  is m a in ta in e d  a t  a lev e l o n ly  
s lig h tly  below  no rm al th ro u g h o u t th is  phase . T h is leads to  a tre m e n d o u s  rise  
in  p u lm o n a ry  v ascu la r re s is tan ce . As a m a tte r  o f  fa c t, i t  can  be d o u b le d  or 
ev en  tr ip le d  in  th e  period  of m in im u m  system ic  p ressu re .

T h e  rise  in  res is tan ce  seem s to  ju s t ify  th e  a ssu m p tio n  th a t  la rg e  doses o f 
h is ta m in e  a re  causing  p u lm o n a ry  v a so c o n s tr ic tio n . S uch  an  a ssu m p tio n  w o u ld  
be in  ag reem en t w ith  th e  re su lts  o f  p erfu sio n  ex p e rim en ts  in  w h ich  h is ta m in e  
w as d e m o n s tra te d  to  ex e rt a local v a so c o n s tr ic to r  effect on p u lm o n a ry  vessels.

O n th e  o th e r h a n d , W il l ia m s  [17] a n d  Ga l l e t t i, S a l is b u r y  a n d  
R ie b e n  [13], h av e  show n th a t  p u lm o n a ry  a r te r ia l  p ressu re  an d  re s is ta n c e  
d ep en d  u p o n  th e  inflow  in to  th e  p u lm o n a ry  a r te ry , th e  resis tan ce  d ec rea s in g  
w ith  th e  a u g m e n ta tio n  o f in flow  a n d  v ice v e rsa . In  view  o f th e se  f in d in g s , th e  
re su lts  o f  th e  p resen t e x p e rim e n ts  m a y  be ex p la in ed  w ith o u t p o s tu la t in g  an  
ac tiv e  v aso co n stric tio n  in  th e  p u lm o n a ry  a rea . In  fa c t, th e  co n sid e rab le  rise  in  
p u lm o n a ry  v ascu la r re s is tan ce  in d u c e d  b y  h is ta m in e  w as show n to  b e  d e te r 
m in ed  m a in ly  b y  th e  decrease in  p u lm o n a ry  b lood  flow , th e  changes in  p u l
m o n a ry  a r te r ia l p ressu re  b e ing  o f m in o r im p o rta n c e . T herefo re , th e  a s s u m p 
tio n  seem s to  be ju s tif ie d  th a t  th e  in crease  of p u lm o n a ry  resis tan ce  is  m a in ly  
se c o n d a ry  to  th e  system ic  c irc u la to ry  ev en ts  re su ltin g  in  a decrease o f  b lo o d  
in flo w  in to  th e  p u lm o n a ry  a r te ry . S uch  an  in te rp re ta t io n , how ever, does n o t 
ru le  o u t th e  p o ssib ility  t h a t  th e  e v e n tu a l v a so c o n s tr ic to r  ac tio n  o f h is ta m in e  
m ay  p la y  a c o n tr ib u to ry  ro le in  e lic itin g  th e  rise  o f p u lm o n a ry  v a sc u la r  
re s is tan ce .
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A void ing  cond itioned  reflex  h a s  been e s tab lish e d  and  ex tinguished  in w h ite  ra ts . 
M otor processes w ere p ro m p tly  co o rd in a te d  in th e  course of learning.

E n u c le a tio n  of th e  eyes an d  rem o v a l o f  th e  v ibrissae provoked a t e m p o r a r y  
d is tu rb an ce  of m o vem en ts , follow ed b y  a g ra d u a l im p ro v em en t o f sp a tia l o r ie n ta t io n .  
R em oval o f  th e  said  analyzers t ra n s ito r ily  in h ib ited  th e  acqu ired  m oto r p rocess w i th o u t  
d estroy ing  it.

E x tin c tio n  of th e  co n d itio n ed  re flex  show ed th a t  in te rn a l in h ib itio n  w as m ost 
v igorous in  b lin d  an im a ls  deprived  o f v ib rissae ; a lso b lind  an im als w ith  in ta c t  v ib ris sa e  
d isp layed  s tro n g e r in te rn a l in h ib itio n  th a n  th e  con tro ls.

No essen tia l change in th e  so m a to m o to r  p rocess was observed a fte r  th e  a v o id in g  
conditioned  re flex  had been resto red .

T he sen so ry  an a ly zers  th ro u g h  w hich  te m p o ra ry  connections a re  e s ta b 
lished v a ry  a cco rd in g  to  th e  p h y lo g en e tic  g ra d e  o f th e  an im al sp ec ies. T h e  
e s tab lish m en t o f  te m p o ra ry  connec tio n s on w h ich  th e  m echanism  o f le a rn in g  
r(dies is closely c o rre la ted  w ith  sp a tia l an d  te m p o ra l o rien ta tio n . T h e  v a r io u s  
ana ly zers  of th e  o rg an ism  p lay  d iffe re n t ro les in  th ese  processes, b u t  a re  c a 
p ab le  of rep lac in g  one a n o th e r. S m a l l  [1], re ly in g  on th e  ev idence o f  m aze 
e x p e rim e n ts  w ith  w h ite  ra ts , was o f  th e  o p in io n  t h a t  th e  m echan ism  o f  s p a tia l  
o r ie n ta tio n  d ep en d ed  on ta c tile  s tim u li. T h is th e o ry  w as based  on th e  o b s e rv a 
tio n  th a t  b lin d  ra ts ,  d ep riv ed  of th e ir  o lfa c to ry  a re a , do n o t lose th e  a c q u ire d  
sp a tia l o r ie n ta tio n  [2 , 3, 4 ]. T he v ib rissae  o f  r a t s  m ay  p lay  a c e r ta in  ro le  in  
o rie n ta tio n , a lth o u g h  —  accord ing  to  th e  ev id en ce  o f V i n c e n t ’s e x p e r im e n ts  
[5] —  th is  ro le is in s ig n ifican t. B o g a r d u s  a n d  H e n k e  [6] suggest t h a t  th e  
m o vem en ts of th e  h e a d  an d  th e  re su ltin g  ta c t i le  s tim u li are  of im p o r ta n c e  in  
th e  in c ip ien t p h ase  o f lea rn in g  an d  a re  no lo n g e r req u ired  once th e  a c q u ire d  
m ovem ents h a v e  becom e au to m a tic .

T he p re se n t ex p e rim en ts  w ere designed  to  s tu d y  th e  effect o f th e  e lim 
in a tio n  of th e  v isu a l an a ly zer and  c e r ta in  ta c t i le  recep to rs  in co n n ec tio n  w ith  
th e  avo id ing  c o n d itio n e d  reflex .

M ateria l an d  m eth o d

T h ir ty  w h ite  m ale  ra ts  from  our ow n s tra in , ra n g in g  in w eight from  120 to  150 g , w ere 
used. C ond itioned  re flex  was estab lished  in  th e  follow ing m an n er. T he an im als w ere  p lac ed  
in a box w ith  a floor su rface  of 27 X 35 cm  an d  a h e ig h t o f  50 cm . One side o f  th e  b o x  w as
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m a d e  o f  p lex ig lass. T he floo r consisted  of u n iso la ted , h a rd w a re  rods 3 m m  in d ia m e te r , p laced  
a t  0 .5  cm  in te rv a ls . R ece iv ing  an  electric shock on  th e ir  paw , conducted  by  th e  g rid  f lo o r, 
th e  a n im a ls  to o k  refuge on a  she lf w hich, w ith  a su rfa c e  of 7 X 8 cm , was a tta c h e d  to  th e  
c e n tre  o f  th e  27 cm  long in n er side o f th e  box. T he h e ig h t  o f th e  shelf was 15 cm  in  th e  p re se n t 
e x p e rim e n ts .

A s a n  u n co n d itio n ed  s tim u lu s, d irec t-c u rren t e le c tr ic  shock (80 V) p a ired  w ith  a  be ll 
s ig n a l w a s  app lied . F irs t ,  th e  an im als  received on  a  sh o ck  every  second u n til  th e y  fo u n d  th e  
m e a n s  o f  escape b y  ju m p in g  u p o n  th e  shelf. T h is  h a p p e n e d , as a ru le , w ith in  20 to  30 sec. 
A sso c ia tio n  of th e  e lectric  shock  w ith  the  hell s igna l w as th e n  begun. A bell w as p re se n te d  fo r 
10 sec. a t  o n e-m in u te  in te rv a ls , a n d  an  a d d itio n a l e le c tr ic  shock was ad m in iste red  d u rin g  each  
o f th e  la s t  2 seconds. T h e  an im als  were allow ed to  re m a in  on  th e  shelf 20 seconds a f te r  th e  
te rm in a t io n  of th e  la s t  bell signal a n d  were th e n  re p la c e d  to  th e  floor o f th e  box . I t  to o k  5 t o  
10 t r ia ls  fo r  th e  re flex  to  develop , while th e  p e rio d  o f  la te n c y  dim inished to  b e tw een  1 and  3 
se co n d s . A s soon as th is  h a d  been  achieved, th e  tim e  o f  th e  electric  shock was b ro u g h t fo rw ard , 
w i th  th e  be ll signal still la s tin g  10 seconds. W e w ere  th u s  able to  perform  20 tr ia ls  p e r  d a y  
p e r  a n im a l, i.e. a to ta l  o f 100, before  th e  b eg in n in g  o f  th e  essential p a r t  o f th e  e x p e r im e n t. 
O n  th e  a v erag e , every  th ird  assoc ia tion  was re in fo rced . T h en  th e  ra ts  were d iv id ed  a t  ra n d o m  
in to  th r e e  e q u a lly  p o p u la te d  groups (A , B , C). T h e  ey es o f th e  m em bers o f g ro u p s  A  an d  В  
w e re  e n u c le a te d , th e  an im als  o f group  В  w ere m o reo v e r deprived  of v ib rissae, w h ile  th e  r a ts  
o f  g ro u p  C served  as con tro ls.

R esu lts

S ince one edge o f th e  she lf w as a t ta c h e d  to  th e  in n e r side o f  th e  b o x , 
th e  a n im a ls  h ad  th re e  a lte rn a tiv e s  of how  to  ju m p  on th e  shelf. D u r in g  th e  
f i r s t  asso c ia tio n s , i.e. w hen  th e  anim als s till le a p e d  on th e  she lf u n d e r  th e  effect 
o f  th e  e lec tric  shock , n one  o f th e  th ree  a v a ila b le  sides of th e  sh e lf w as p re fe rred . 
A f te r  a b o u t 10 to  15 tr ia ls  th e  ra ts  a lw ays ch o se  th e  sam e side fo r th e  ju m p , 
u s u a lly  t h a t  on w hich  th e  f ir s t  co n d itio n ed  ju m p s  h ad  been m ad e  o r, else, 
t h a t  w h ich  en ab led  th e m  to  reach  th e  sh e lf  in  th e  sh o rtes t tim e . I t  sh o u ld  be 
n o te d  t h a t  b o th  th e  b o x  a n d  th e  shelf w ere  p e rfe c tly  reg u la r g eo m e trica l p a t 
te rn s ,  so t h a t  th e  an im als  cou ld  ju m p  u p o n  th e  she lf a t a n y  of its  sides w ith  
e q u a l ease. W e lif te d  th e  an im als from  th e  sh e lf  an d  p laced  th e m  a t  ra n d o m  
an y w 'h ere  on th e  flo o r on th e  second an d  th i r d  e x p e rim e n ta l d ay . T h e n  d ia g ra m 
m a tic  reco rd s  w ere d ra w n  ab o u t th e  e sc a p in g  ro u te s  ta k e n  b y  th e  an im a ls  
f ro m  th e ir  p lace on th e  flo o r to  th e  p o in t f ro m  w hich  th e y  ju m p e d  o n to  th e  
sh e lf. I t  w as o b serv ed  t h a t ,  from  w h e re v e r th e y  s ta r te d , th e y  a lw ay s  chose 
th e  sam e  side o f th e  sh e lf  a n d  th e  sh o rte s t p a th  lead ing  to  i t .

T h e  v ib rissae  o f  a h a lf  o f th e  m em b ers  o f  g roup  В w ere re m o v ed  in  th e  
in te r t r ia l  in te rv a l on th e  d a y  p reced ing  th e  o p e ra tio n  (group B l). I t  e lic ited  a 
s h o r t  o rie n tin g  an d  sea rch in g  reac tio n  w h ic h  la s te d  1 to  2 m in u tes . T h e  m o v e
m e n ts  o f  th e se  an im als  becam e ex trem ely  r a p id ,  b u t  th e  tim e  re q u ire d  fo r th e  
p e rfo rm a n c e  o f th e  c o n d itio n e d  avo id ing  re f le x  becam e co n sid e rab ly  lo n g er in  
a ll a n im a ls  b u t  one, a n d  th e y  w ere r a th e r  u n c e r ta in  w hen  m ak in g  th e  f ir s t  
ju m p s  (for in s ta n c e , som e fell back  from  th e  sh e lf, o thers m issed i t ,  etc.). H ow 
e v e r , a ll su ch  in it ia l  d is tu rb a n c e s  ceased a f te r  8  to  10 associa tions.

T h is  w as fo llow ed b y  th e  e n u c lea tio n  o f  b o th  eyes o f th e  m em b ers  in  
g ro u p s  A , B l  an d  B 2, and  i t  was a t th is  t im e  th a t  th e  v ib rissae  in  g ro u p  B2 
w ere  c u t  off.
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M em bers o f g ro u p  A rem ain ed  p ra c tic a lly  u n ch an g ed  in  re sp ec t o f  b o th  
sp a tia l  o r ie n ta tio n  a n d  co n d itio n ed  re flex . A n im als  o f g roup  B2, on th e  o th e r  
h a n d , d isp lay ed  d im in ish ed  o rien tin g  re a c tio n  w h en  p laced on th e  box  on  th e  
d a y  a f te r  o p e ra tio n ; an d  d id  no t show  co n d itio n ed  reflex  re a c tio n . H o w ev er, 
th e  d ifference be tw een  m em bers o f g roup  A a n d  th o se  of g roup  В g ra d u a lly  
d isa p p e a re d . T he d ifference betw een  th e  tw o  g ro u p s  w as th a t  th e  s te re o ty p e  
o f  g ro u p  В h ad  to  be ch an g ed  d u rin g  su b se q u e n t day s o f th e  e x p e rim e n t, an d  
th e  f ir s t  an d  second co n d itio n ed  s tim u li h a d  a lw ay s  to  be p a ired  w ith  e lec tric  
sh o c k  fo r th e  an im als to  re sp o n d . B u t, b ey o n d  th is , n e ith e r  a ch an g e  in  th e

60  trials

F ig . 1. E s tab lish m en t an d  e x tin c tio n  of cond itioned  re flex  in  a ra t,  each, of ex p erim en ta l 
g ro u p s A , В  and  C (F o r d e ta ils  see tex t)

s i tu a tio n  of th e  bell n o r o u r h av in g  tu rn e d  th e  an im als  by  th e ir  ta i l  a n d  le t 
th e m  d ro p  to  th e  floo r o f th e  box  im m ed ia te ly  b efo re  th e  sound  o f th e  he ll w as 
p re se n te d , occasioned  a n y  essen tia l d is tu rb a n c e  in  resp ec t of sp a tia l  o r ie n ta 
tio n . T h e  an im als p e rfo rm ed  th e  re flex  as u su a l. W e reco rded  also  in  th is  
case th e  ro u te  from  th e  ra n d o m  s ta r tin g  p o in t to  th e  p o in t of ju m p ;  th e  d ia 
g ram s so o b ta in ed  w ere s im ila r to  th o se  m ad e  p r io r  to  o p e ra tio n . O n ly  tw o  
an im a ls , one of g roup  B1 a n d  one o f  g roup  B 2 , w ere ex cep tio n s; th e se  had  
becom e co m p le te ly  d iso rien ted .

In  a t te m p t  to  s tu d y  th e  ta c tile  d isc rim in a tiv e  c a p ac ity  o f e n u c le a ted  
an im a ls  d u rin g  th e  in te r t r ia l  period  th e  g rid  f lo o r of th e  box  w as covered  
w ith  a p a s te b o a rd  fo r th e  d u ra tio n  o f 8 a sso c ia tio n s . W hile an im a ls  o f  th e  
c o n tro l g roup  co n tin u ed  to  p erfo rm  th e  c o n d itio n e d  re flex  as befo re , m em b ers  
o f  g ro u p  A an d  В fa iled  to  show  an y  co n d itio n ed  re flex  p erfo rm an ce, b u t  th e y  
p e rfo rm ed  th e  re flex  ag a in  as soon as we rem o v ed  th e  p as teb o a rd .

As reg a rd s e x tin c tio n , i t  to o k  in  th e  c o n tro l g roup  som e 60 to  80 non- 
re in fo rced  tr ia ls  fo r th e  in h ib itio n  o f th e  c o n d itio n e d  reflex  to  b eg in , and 
co m p le te  e x tin c tio n  w as ach ieved  a fte r  100 to  140 tr ia ls , while in te rn a l  in h ib i
t io n  deve loped  a f te r  5 to  13 non-re in fo rced  tr ia ls  in  g roup  A. I t  has b een  n o ted
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in  t h e  fo rego ing  th a t  th e  s te re o ty p e  of g ro u p  В w as changed  in  th e  p o s to p e ra 
t iv e  p e r io d  inasm uch  as th e  f i r s t  an d  second  aco u stic  s tim u li h a d  to  be re in 
fo rc e d  b y  electric shock  in  o rd e r  to  m ake th e  an im als  perfo rm  th e  av o id in g

F i g .  2 .  Spatial orientation of and routes taken by a rat, each, of the three experimental groups 
in a situation governed by the avoiding conditioned reflex. Arrows point to three random 

spots from which the animals started in performing the conditioned reflex action

c o n d itio n e d  reflex . I t  is, th u s ,  u n d e rs ta n d a b le  t h a t  m em bers o f g ro u p  В failed  
to  le a p  in  th e  e x tin c tio n  e x p e rim e n ts  (F ig . 1).

A s th e  nex t s tep , th e  m em b ers  of g ro u p s A  a n d  В w ere h a b i tu a te d  w ith 
o u t  t h e  a d m in is tra tio n  o f  co n d itio n ed  s tim u lu s  d u rin g  20  m in u te s  on  each  
o f  4 o r  5 consecutive d a y s . T h e  tim e  of th e  o r ie n tin g , search ing  a c t iv i ty  an d  
w a s h in g  au to m atism s b e c a m e  longer, an d  th e  b e h a v io u r  of th e  a n im a ls , w hich 
c o n ta in e d  co m p ara tiv e ly  few  m o to r e lem en ts , g ra d u a lly  ch an g ed  in to  th e  
n o rm a l b eh av io u r of cag ed  r a ts .

E x tin c tio n  w as fo llo w ed  b y  th e  re s to ra t io n  o f th e  co n d itio n ed  re flex . 
I t  to o k  4 to  14 asso c ia tio n s fo r  th e  m em bers o f  g roups A an d  B r , a n d  1 to  3 
fo r  th e  con tro ls . D iag ram s, p re p a re d  a fte r  th e  re -e s ta b lish m e n t o f th e  c o n d itio n 
ed  re f le x  an d  show ing th e  e scap in g  ro u tes  p e rfo rm e d  b y  th e  an im als fro m  th e ir
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ra n d o m  place on th e  flo o r to  th e  p o in t o f ju m p , d id  in  no w ay d iffer fro m  th e  
tw o  p rev ious d iag ram s. O n ly  th e  a fo re -m en tio n ed  tw o ra ts  in  g ro u p  В w ere  
ex cep tio n s  in  th is  re sp ec t, th e y  co n tin u ed  to  he co m p le te ly  d iso rien ted  (F ig . 
2 ) .

D iscussion

T h e  sp a tia l o r ie n ta tio n  a n d  th e  m o to r p a t te r n  acco m p an y in g  w ith  th e  
av o id in g  co n d itio n ed  re flex  a c tiv i ty  in  ra ts  has a ru le  in  its  d ev e lo p m en t w h ich  
is n o t o n ly  c h a ra c te ris tic  to  th e  co n d itio n ed  re flex  perfo rm ance d ev e lo p ed  
a c tu a lly  b u t in  th e  rec o n d itio n e d  s itu a tio n , to o . T h e  escap ing  ro u te s  a n d  th e  
p laces o f  ju m p in g  on to  th e  sh e lf  resem ble  well in  th e  f irs t , as well as, in  th e  
second  co n d itio n ed  re flex  a c tiv i ty . I t  w ould follow  th a t  no t th e  so m a to m o to r  
p a t te rn  i tse lf  b u t th e  te m p o ra ry  connec tion  b e tw een  it  and  th e  c o n d itio n e d  
a u d ito ry  stim u lu s w as in h ib ite d , so th a t  th e  so m a to m o to r p a tte rn  re m a in e d  
in ta c t  d u rin g  th e  period  o f e x tin c tio n . T he fa c t t h a t  th e  co n d itio n ed  re a c tio n  
su b sid ed  m ore p ro m p tly  in  g ro u p s A and  В th a n  in  th e  con tro ls  p o in ts  to  a 
p rocess o f m ore in ten s iv e  in h ib itio n .

O u r resu lts  in  re sp ec t o f g roups A and  В a re  in  h a rm o n y  w ith  th o se  o f  
B e r it o f f  [7] and  A y r a p e t y a n s  [8 ], and  ju s t ify  th e  conclusion  th a t  th e  e lim 
in a tio n  o f th e  v isual and  c e r ta in  ta c tile  an a ly zers  d is tu rb s  sp a tia l o r ie n ta tio n  
fo r a sh o rt tim e  on ly  an d  does n o t essen tia lly  a ffec t th e  m echan ism  o f le a rn in g  
b ased  on sp a tia l o r ie n ta tio n . O n th e  o th e r h a n d , L a sh le y  an d  B all  [9] d e 
m o n s tra te d  th a t  a rem o v al o f th e  v isual and  o lfac to ry  co rtex  led to  g ra v e  d is 
o rders in  th is  resp ec t. T h e re  o ccu rred , how ever, no d iso rd e r a fte r  th e  a sc e n d in g  
sp in a l t ra c ts  had  been d iv ided  [10]. All these  f in d in g s  fav o u red  th e  co n c lu sio n  
th a t  th e  m echan ism  o f ac q u irin g  sp a tia l o rie n ta tio n  re lied  on cereb ra l p ro cesses . 
H u n t e r  [11] claim ed th a t  sen so ry  ana ly zers  c o n s titu te d  e q u ip o te n tia l fa c to rs  
in  th e  m echan ism  o f sp a tia l o r ie n ta tio n , an d  th a t ,  a f te r  th e  rem o v al o f  a p e r i
p h e ra l a ffe ren t ch an n e l, th e  re m a in in g  channels w ere capab le  of c o m p le te ly  
re p la c in g  it ,  a process o f  co m p en sa tio n  w hich ta k e s  p lace in  th e  ce re b ra l c o r
te x . T h e  ex p erim en ts  o f B e r it o f f  et al. [12 ,13 , 14] h av e  show n th a t  in  th e  dog  
th e  la b y rin th in e  recep to rs  a re  in v o lv ed  in  sp a tia l o rie n ta tio n , an d  h a v e  fu r th e r  
p ro v ed  th a t  by  in n u m e ra b le  s tep s  of chain like co n d itio n ed  re flex  re a c tio n s  —  
th e  d iffe ren t sensory  an a ly ze rs  cap ab le  of s u b s ti tu t in g  one anot h er a re  g o v e rn 
ing  th e  m echan ism  o f sp a tia l  o rie n ta tio n .

As reg ard s now  th e  q u e s tio n  o f th e  fac to rs responsib le  for th e  in te n s if ie d  
in te rn a l in h ib itio n  in  an im als  d e p riv e d  o f sensory  an a ly ze rs , W atso n  [2 ] n e a rly  
60 y ea rs  ago suggested  th a t  a decrease  in  m o tiv a tio n  p lay ed  a s ig n if ican t ro le  
in  su ch  cases. I t  follow s th a t  th e  in ten s if ica tio n  o f in te rn a l in h ib itio n  re g a rd in g  
co n d itio n ed  reflexes is n o t due to  th e  lack  of senso ry  ana lyzers in  th e se  a n im a ls  
b u t  to  a decrease in  m o tiv a tio n , c o rre la ted  w ith  th e ir  em otiona l b e h a v io u r .
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P resen t know ledge is s till deficient in  th is  fie ld , an d  it  is d ifficu lt to  te ll 
h o w  th e  e lim in a tio n  o f  se n so ry  analyzers a ffec ts  th e  processes o f m o tiv a tio n  
a n d , th ro u g h  th e  la t t e r ,  th e  tre n d  of f a c i l i ta to ry  an d  in h ib ito ry  processes in 
v o lv e d  in  th e  e s ta b lis h m e n t of te m p o ra ry  co n n ec tio n s .
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In  c a ts  u n d e r u re th a n e  an aesth es ia  i t  has  b een  o bserved  th a t  cho linerg ic  ag en ts  
(eserine a n d  carb am in o y lch o lin e) in jec ted  in to  th e  a re a  o f th e  ro s tra l th a la m u s  increase  
th e  sy n ch ro n izin g  a c tiv ity  o f  th e  n eocortex  a n d  fa c ili ta te  th e  fo rm atio n  o f  b a rb itu ra te  
spindles. C holinergic su b s ta n c es  in jec ted  in to  th e  re tic u la r  fo rm atio n  o f  th e  ro s tra l  
m esencephalon  caused  n eo co rtica l d e sy n ch ro n iza tio n  a n d  in h ib ited  th e  fo rm a tio n  of 
b a rb itu ra te  sp ind les. C arbam inoylcholine  a n d  eserine  in jec ted  in to  th e  v e n tro la te ra l  
re ticu la r  fo rm a tio n  gave rise  to  te m p o ra ry  th e ta  a c t iv ity  in  th e  dorsal h ip p o cam p u s. 
I f  in jec ted  in to  th e  b ra in  s tem  and  p o ste rio r h y p o th a la m u s , or ad m in is te re d  i n t r a 
venously , ad ren a lin e  and  n o r-ad ren a lin e  e n h an ced  b o th  th e  syn ch ro n iza tio n  a n d  th e  
d esy n ch ro n iza tio n  caused by  cholinergic d rugs, th o u g h  n o t  co n sequen tly  so in  e v e ry  case. 
C arbam inoy lcho line  an d  eserine  in jec ted  u n ila te ra lly  in to  th e  sep tu m  ev o k ed  h ip p o 
cam pal th e ta  a c tiv ity  on th e  h o m o la tera l side. T h e  in tra h ip p o ca m p a l in je c tio n  of 
ace ty lcho line  lead s to  d e sy n ch ro n iza tio n , b u t  its  b ila te ra l  in jec tion  resu lts  in  a te m p o ra ry  
generalized se izure  a c tiv ity .

T u b o cu ra rin e  in jec ted  in to  th e  h ip p o cam p u s ev o k ed  spike a c tiv ity . In  response  
to  th e  u n ila te ra l in jec tio n  of th e  d rug , spike a c t iv ity  a p p ea red  sooner in th e  n eo co rtex  
th an  on th e  c o n tra la te ra l  side in  th e  dorsal h ip p o cam p u s. Spike a c tiv ity  w as in h ib ited  
by  th e  in tra h ip p o ca m p a l o r  in tra se p ta l  in jec tio n  o f ace ty lcho line . A sim ilar e ffec t has 
been o bserved  follow ing th e  in jec tio n  of a 2 pe r c en t KC1 solu tion .

D uring  th e  p a s t decade  num ero u s in v e s tig a tio n s  have  show n th a t  th e  
in trav en o u s  in je c tio n  of cho linerg ic  drugs re s u lte d  in  E E G  d e sy n ch ro n iza tio n , 
w hile th e  a d m in is tra tio n  o f a tro p in e  gave rise  to  h ig h -am p litu d e  slow a c tiv ity . 
I t  w as also o b serv ed  th a t  an tich o lin e rg ic  d ru g s  cau sed  a d issocia tion  o f  th e  
b eh av io u ra l s ta te  an d  th e  e lec trophysio log ica l p a t te r n  [1, 2, 3, 4 ]. T h e  a d m in 
is tra tio n  o f ad ren e rg ic  d ru g s evokes an  E E G  a ro u sa l reac tio n  th ro u g h  th e  
re tic u la r  fo rm a tio n  sy stem  o f th e  b ra in  s te m . T h is  does no t occur a f te r  th e  
re tic u la r  fo rm a tio n  o f th e  ro s tra l  m esencepha lon  h as  been severed  [5, 6 , 7]. 
O pinions d iverge  as to  th e  m echan ism  b y  w h ich  cholinergic an d  ad ren erg ic  
drugs in fluence  th e  fu n c tio n  o f th e  b ra in  s te m  a n d  as to  w h e th e r a chem ical 
m ed ia tio n  w o u ld  p la y  a ro le in  th e  tra n sm iss io n  o f  im pulses in  t h a t  s tru c tu re
[1, 2, 5, 6 ].

In  th e  p re se n t e x p e rim e n ts  in  ca ts  an a e s th e s iz ed  w ith  u re th a n e  we h av e  
s tu d ie d  th e  e ffec t on th e  e lec trica l a c tiv ity  o f cho lin erg ic  and  ad ren erg ic  d rugs 
in jec ted  th ro u g h  a can n u la  in to  th e  a rch ico rtex .

6  A cta Physiologica X XIV /2.
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M ate ria ls  an d  m eth o d s

C a ts  o f e ith e r sex, w e ig h in g  2.0 kg  o n  th e  av erag e , anaesthesized  w ith  1.0 g /k g  u re th a n  
in tra p e r i to n e a lly ,  w ere u sed . T h e  e lec trica l a c t iv ity  o f  th e  n eocortex  w as re co rd e d  b y  m ea n s  
o f  s i lv e r-b a ll  e lectrodes, w h ile  su b c o r tic a l e lec trica l a c t iv ity  b y  m eans of s ta in le ss-s tee l enam el 
in s u la te d  b ip o la r e lectrodes h a v in g  à  d is tan c e  b e tw een  th e  tip s  1 m m ; th e  free  e lec tro d e  t ip  
w as m e a su re d  ab o u t 0.5 m m . In  som e cases com b in ed  glass cannu la  an d  e lec tro d e  u n its  w ere 
u se d . F o r  th is  purpose  a  g lass c a p il la ry ,  a b o u t  0.1 to  0.15 m m  th ick  was in se r te d  in to  a  s ta in 
le s s-s te e l tu b e  of 0.2 m m  lu m e n , c o a te d  w ith  en am el fo r in su la tio n , ex cep t fo r th e  la s t  0.5 m m  
o n  th e  t ip .  Chem ical s t im u la tio n  w as p e rfo rm ed  th r o u g h  th e  glass can n u la , w h ile  th e  steel 
e le c tro d e  served  for reco rd in g s o f e lec trica l a c tiv ity . In  o th e r  experim en ts  a  g lass c ap illa ry  
p la c e d  b e tw ee n  b ipo lar m e ta l e lec tro d es w as u se d  fo r th e  p u rp o se  of in fusion . T b e  g lass cap il
la r y  w as  a tta c h e d  to  a  p o ly e th y len e  tu b e  f illed  b e fo re h a n d  w ith  th e  a d e q u a te  f lu id . T h e  doses 
w ere  a d m in is te re d  by  m ean s o f a  m ic ro in je c to r a n d  v a r ie d  u su a lly  from  5 to  10 f i\  in  vo lu m e. 
T o  a v o id  o v erp ressu re , th e  u p p e r  e n d  of th e  p o ly e th y len e  tu b e  was left p a te n t  th ro u g h  w hich  
a n y  f lu id  in  excess could  flo w  b a ck . T he chem ical s t im u la n ts  w ere ace ty lcho line , c a rb am in o y l-  
ch o lin e , eserine  su lp h a te , d - tu b o c u ra r in e , ad ren a lin e  — HC1, n o r-ad renaline  — HC1, 2 p e r cen t 
KC1, in je c te d  in to  th e  co rre sp o n d in g  a rea  a t  n e u tra l  p H .

T h e  e lectrodes a n d  c a n n u la s  w ere p laced  su b c o rtic a lly  u n d e r s te reo tac tic  c o n tro l. A fte r  
h a v in g  co m p le ted  th e  e x p e rim e n t, th e  b ra in  of th e  a n im a l w as p e rfused  w ith  40- p e r cen t 
fo rm a lin  a n d  th e  loca tio n  of th e  e lec tro d es or th e  c an n u la  w as d e te rm in ed  in  h isto lo g ical 
se c tio n s  [8].

R esu lts

E ffec ts  o f  acetylcholine, carbam inoylcholine and  eserine su lphate

I n  c a ts  an aes th es ized  w ith  u re th a n e  th e  e lec trica l a c tiv ity  o f  th e  n eo co r
te x  is d esy n ch ro n ized  a n d  n e ith e r  h ig h -a m p litu d e  slow a c tiv i ty  n o r  sp ind le  
fo rm a tio n  is o bservab le  [9]. C a rb am in o y lch o lin e  or ace ty lcho line  (2 to  5 p g, 
in  5 to  10 /Л volum e) in je c te d  in to  th e  a n te r io r  g roup  of th a la m ic  n u c le i gave 
r ise  to  8 to  12 c/sec. sp in d le  a c t iv i ty  o f  an  a v e rag e  d u ra tio n  of 5 to  15 m in u te s . 
I n je c t io n  o f 10 fig  eserine  su lp h a te  p ro d u c e d  a s im ila r effect. B a r b i tu r a te  doses 
n o t  g iv in g  rise to  m a rk e d  sp in d le  fo rm a tio n  p ro d u ced  lo n g -las tin g  h y p e rs y n 
c h ro n iz a tio n  w hen in je c te d  in tra v e n o u s ly  a f te r  eserine or ca rb am in o y lch o lin e  
h a d  b e e n  in jec ted  in to  th e  a n te r io r  th a la m u s . I n  th e se  ex p e rim en ts , 0.5  to  1.0 
m g /k g  b o d y  w eigh t so d iu m  h e x o b a rb ita l  w as in jec ted  in tra v e n o u s ly ; th is  
dose d id  n o t give rise  to  sp in d le  fo rm a tio n  in  th e  c a ts  u n d e r u re th a n e  a n a e s th e 
s ia . T h e  in tra th a la m ic  in je c tio n  o f cho linerg ic  d ru g s p receded  th e  in tra v e n o u s  
a d m in is tr a t io n  of th e  b a rb i tu r a te  b y  fro m  0.5 to  1.0 m in u te . T h e  co n tro l 
e x p e r im e n ts  p roved  t h a t  th e re  w as no  su m m a tio n  o f th e  effects i f  th e  in te rv a l 
b e tw e e n  th e  tw o in tra v e n o u s in je c tio n s  o f th re sh o ld  b a rb itu ra te  doses exceeded  
15 m in u te s . I f  in je c te d  in to  th e  in tra la m in a r  g ro u p  of th a lam ic  n u c le i, eserine 
o r c a rb am in o y lch o lin e  a lone  in  sev era l cases cau sed  d e sy n ch ro n iza tio n , b u t  
s ig n if ic a n tly  enh an ced  a t  th e  sam e tim e  th e  sp ind le-fo rm ing  a c t iv i ty  o f  h ex o 
b a r b i ta l .

In je c t io n  of cho linerg ic  d rugs in to  th e  re tic u la r  fo rm a tio n  o f  th e  b ra in  
s te m  re su lte d  in  n eo co rtica l d e sy n c h ro n iz a tio n . T h e  effect of th e  cho linerg ic  
s u b s ta n c e s  in jec ted  in to  d iffe re n t m esencepha lic  areas an d  in to  th e  a re a  o f th e  
d o rsa l o r  v e n tra l te g m e n tu m  dev e lo p ed  w ith in  a m a tte r  of seconds a n d  la s te d
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in  th e  case o f ca rb am in o y lc lio lin e  25 to  30 m in u te s , an d  in  th a t  o f  eserine  15 
to  20 m in u tes . D u rin g  t h a t  perio d  so d iu m  h e x o b a rb ita l cau sed  no sp in d le -fo r
m a tio n , in  sp ite  o f its  h av in g  been  in je c te d  in tra v e n o u s ly  in  in c rea s in g  doses o f 
2 0 / tg to  5 m g/kg. T he ca rb am in o y l-ch o lin e  in je c te d  in to  low er b ra in  s te m  areas

sec

F ig . 1. A pp earan ce  of sp ind les in  co rtica l reco rds follow ing in jec tio n  of 5 /ig  c a rb am in o y l-  
cho line  in to  th e  ro s tra l  th a la m ic  nucle i

f  ешрап-No 
4 тд/кд 100pV 

sec
F ig . 2. In h ib itio n  of b a rb itu ra te  sp indle  fo rm atio n  b y  10 ft g o f eserine in je c te d  in to  th e  ro s tra l  

m esencephalic  re tic u la r  fo rm atio n  b ila te ra lly

re su lte d  in  a co rtica l h y p e rsy n c h ro n iz a tio n  follow ed w ith in  30 seconds b y  
d esy n ch ro n iza tio n . In  th e se  cases chem ical s tim u la tio n  w as a p p lie d  to  th e  
la te ra l  p a r t  o f th e  re tic u la r  fo rm a tio n  a t  th e  level of th e  p o n to -m esen cep h a lic  
ju n c tio n  (F igs. 1 a n d  2).

E ffects o f  adrenaline and nor-adrenaline

N o change in  th e  E E G  a c tiv i ty  o f th e  ca ts  u n d e r u re th a n e  an a e s th e s ia  
re su lte d  from  ad ren erg ic  d rugs in je c te d  in to  th e  re tic u la r  fo rm a tio n  o f  the  
b ra in  s tem  in  doses o f 2 to  10 ц g. In  c o n tra s t  to  th is , th e  in tra v e n o u s  adm in is-

6*
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t r a t i o n  of 10 ,tíg o f a d re n a lin e  defin ite ly  in c rea sed  th e  sp in d le  fo rm a tio n  evoked  
b y  th e  cholinergic ch e m ic a l s tim u la tio n  o f  th e  ro s tra l  th a la m u s , as reg a rd s  
b o th  am p litu d e  an d  d u ra t io n .  On th e  o th e r  h a n d , th e  in tra v e n o u s  a d m in is tra 
t io n  o f  such an  a d re n a lin e  dose s ig n ifican tly  in c rea sed  th e  d u ra tio n  o f th e  de- 
sy n c h ro n iz a tio n  ev o k ed  b y  th e  cholinergic s tim u la tio n  o f th e  m esencephalic  
r e t ic u la r  fo rm ation . In  so m e  cases 2 g  g o f a d re n a lin e  in je c te d  d ire c tly  in to  th e  
p o s te r io r  h y p o th a lam ic  a re a  increased  th e  sp in d le  fo rm a tio n  evoked  from  th e  
r o s t r a l  th a lam u s, b u t  th is  w as  d em o n strab le  o n ly  in  2 cases ou t o f 7. N o sig
n if ic a n t  difference co u ld  be  n o te d  betw een  th e  a d ren a lin e  an d  n o r-ad ren a lin e  
e ffe c ts  as regards in tra v e n o u s  a d m in is tra tio n  (F ig . 3).

Effect o f cholinergic drugs on archicortical electrical activity

T he electrical a c t iv i ty  o f  th e  dorsal h ip p o c a m p u s  in  th e  ca t u n d e r u re th a n e  
a n a e s th e s ia  is c h a ra c te r iz e d  b y  slow, 1 to  2 sec w aves, w ith  low am p litu d e  
a n d  fa s t  a c tiv ity  [10]. F o llo w in g  th e  in je c tio n  o f  5 to  10 /ig of eserine or car- 
b am in o y lch o lin e  in to  th e  v e n tro la te ra l  r e tic u la r  fo rm a tio n  o f th e  m esen cep h a
lo n , m ark ed  th e ta  a c t iv i ty ,  5 to  10 m inu tes in  d u ra tio n  an d  5 c/sec in  av erag e  
f re q u e n c y , could be o b se rv e d . In jec tio n  o f th e se  d rugs in to  o th e r b ra in  s tem  
■structures produced  no  s ig n if ic a n t changes in  d o rsa l h ip p o cam p a l a c tiv ity . 
I n  c o n tra s t  to  th is , m a rk e d  th e ta  a c tiv ity  w as evoked  b y  th e  d rugs i f  th e y  w ere 
in je c te d  in to  th e  m ed ia l s e p tu m . The in je c tio n  o f 5 /tg o f  carb am in o y lch o lin e  
in to  th e  u n ila te ra l s e p tu m  caused  h o m o la te ra l th e ta  a c tiv ity , w hereas th e  
c o n tr a la te ra l  side show ed  d esynchron ized  e lec trica l a c tiv ity .

I f  in jec ted  d ire c tly  in to  th e  dorsal h ip p o c a m p u s  (areas CAj an d  CA2),
2 to  5 fig doses o f a c e ty lc h o lin e  caused a tr a n s ie n t  d esynch ron ized  a c tiv ity ,
3 to  5 m inu tes in d u ra tio n . N o  spike d ischarges or slow a c tiv ity  could be n o ted . 
T h e  e lec trical a c tiv ity  o f th e  c o n tra la te ra l side w as s im ila rly  desynchron ized . 
N eo co rtica l e lec trical a c t iv i ty  rem ained  u n c h a n g e d , or show ed a tra n s ie n t 
d e sy n ch ro n iza tio n .

G eneralized sp ik e  a c t iv i ty  developed  i f  th e  tw o consecu tive  in jec tio n s 
o f  ace ty lcho line  h ad  b e e n  g iv en  b ila te ra lly , a t  a 1 -m in u te  in te rv a l. T w e n ty  to  
30 seconds following th e  in je c tio n  in to  th e  c o n tra la te ra l  side exclusively  th a t  
s id e  show ed m arked  se izu re  a c tiv ity , la s tin g  fo r a b o u t 1 to  1 %  m inu tes.

E ffect o f tubocurarine on archicortical electrical activity

As in jec ted  in  10 to  20 f.ig doses in to  th e  d o rsa l h ip p o cam p a l areas CAX 
a n d  CA2, tu b o c u ra rin e  g a v e  rise to  rh y th m ic  sp ik e  a c t iv i ty  a fte r  a la te n c y  
p e r io d  o f 2 to  3 m in u te s . T h e  discharges o ccu rred  w ith  a d e lay  of a few seconds 
b o th  in  th e  neocortex  a n d  re tic u la r  fo rm atio n , b u t  th e  d e lay  in  th e  c o n tra la t
e ra l h ippocam pus w as s ig n if ic a n t, being sev era l m in u te s  in  d u ra tio n  in  m ost
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Fig. 3. Show ing com b in ed  effects o f eserine (10 /fg) a n d  n o r-ad ren a lin e  (5 /ig) on b a rb itu ra te
spindles

a  : con tro l, b : 3 m in u te s  a f te r  th e  in trav en o u s a d m in is tra tio n  of 1.5 m g/kg so d ium hexo- 
b a rb ita l. c : sam e as 6, b u t  30 m in. la te r, following in jec tio n  of 10 fig  o f eserine in to  the  ro s tra l  
th a lam u s , d : p ro lo n g atio n  of slow w aves by  n o r-ad ren a lin e  in jec ted  in to  th e  p o ste rio r

hypothalamus
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cases . T h e  c o n tra la te ra l  h ip p o c a m p a l sp ikes ap p ea red  la te r  th a n  th e  n eoco rti- 
c a l o n es , a n d  w ere also sm alle r in  a m p litu d e  th a n  th o se  on  th e  in je c te d  side.

A s in je c te d  in to  th e  u n ila te ra l  d o rsa l h ip p o cam p u s, 10 p g  o f  tu b o c u ra r in e  
c a u se d  lo ca lly  d e sy n c h ro n iz a tio n , fo llow ed  b y  th e  a p p ea ran ce  o f  rh y th m ic  
sp ik e  a c t iv i ty .  In  th is  e a rly  p h ase  th e  tu b o c u ra r in e  in je c te d  in to  th e  c o n tr a la t
e ra l  s id e  p ro d u ced  no  effec t, a lth o u g h  b y  th e n  th e  sp ike a c t iv i ty  co u ld  also 
be  o b se rv e d  in  th e  n eo co rtex . T he in h ib itio n  o f th e  convu lsive te n d e n c y  o f th e

F ig . 4 . H ip p o c am p al th e ta  a c t iv ity  2 m in u te s  a f te r  th e  in jec tio n  of 5 [ig o f  c arb a m in o y l-  
ch o lin e  in to  th e  r ig h t sep tu m . T h e  th ird  re co rd  co rresp o n d s to  th e  in te rh em isp h e ric a l h ip p o 

cam p al lead

lOOpV
sec

F ig . 5 . R ig h t  h ip p o cam p al th e ta  a c t iv ity  fo llow ing in jec tio n  of 10 /fg o f e serine  in to  th e  r ig h t
se p tu m

c o n tr a la te ra l  h ip p o cam p u s w as t r a n s ie n t  la s tin g  5 to  10 m in u te s  in  m o st cases. 
S u b s e q u e n tly  th e  rh y th m ic  sp ike  a c t iv i ty  ap p e a re d  also on t h a t  side , b u t  its  
a p p e a ra n c e  an d  in te n s i ty  d e p e n d e d  on  th e  degree o f an aes th es ia .

T h u s , th e  tu b o c u ra r in e - in d u c e d  se izu re  a c t iv i ty  w as in h ib ite d  b y  5 ^g  
o f  a c e ty lc h o lin e  in je c te d  in to  th e  sam e side , b u t  even  m ore so b y  t h a t  in je c te d  
in to  th e  c o n tra la te ra l  side. T h is  p h en o m e n o n  m an ifested  i ts e lf  p a r t ly  w ith  a 
d e c re a se d  a m p litu d e  o f sp ikes or w ith  a co m p le te  d isap p earan ce  o f  sp ik e  a c tiv 
i ty ,  as w ell as b y  d esy n c h ro n iz a tio n . S im ila r re su lts  w ere o b ta in e d  b y  th e  use 
o f  10 ftl o f  a 2 p e r c en t KC1 so lu tio n . In h ib itio n  o f th e  se izu re  a c t iv i ty  w as 
c h a ra c te r iz e d  b y  t h a t  i t  la s te d  h a lf  to  one m in u te  an d  could  b e s t be  o bserved  
in  th e  in i t ia l  phase o f th e  tu b o c u ra r in e - in d u c e d  seizure a c tiv ity . A  s im ila r in-
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F ig . 6. H ippocam pal seizure a c tiv 
i ty  in  response to  b ila te ra l ace 
ty lch o lin e  in jec tion  (3 fig  doses). 
A rrow  L  in d ica tes  th a t  th e  in je c 
tio n  w as given in to  th e  left, R  in 
d ica te s  th a t  i t  was given in to  th e  
r ig h t  h ip p o cam p u s. P a r t  a  is 
se p a ra te d  from  p a r t  6 b y  1 m in u te
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h ib i to r y  effect w as b ro u g h t a b o u t by  5 /.ig o f  ace ty lch o lin e  in je c te d  u n ila te ra lly  
in to  th e  sep tum . T h e  re sp o n se s  to  re p e a te d  in tra liip p o c a m p a l ace ty lcho line  
a n d  KC1 in jec tions d im in ish e d  g rad u a lly  an d  seizu re  a c t iv i ty  in c reased  a fte r  
th e  in h ib ito ry  effect h a d  su b s id e d . This so m etim es  w as so m ark ed  th a t  in h ib i
t io n  w as followed b y  a te m p o ra ry  genera lized  se izu re  a c tiv ity .

A s in jec ted  d ire c tly  in to  th e  dorsa l h ip p o cam p u s  in  doses o f from  2 to  
10 /rg , n e ith e r  ad ren a lin e  n o r  n o r-ad ren a lin e  h a d  an  effect on th e  tu b o c u ra rin c -  
in d u c e d  seizure a c tiv ity .

Physio logical sa lin e  so lu tio n  in je c te d  in to  th e  b ra in  s te m  or in to  th e  
h ip p o c a m p u s  in  10 to  20 (i 1 doses, d id  n o t a l te r  th e  e lec trical a c t iv i ty  of th e  
c e re b ra l areas in  q u e s tio n  (F ig . 7).

D iscussion

T h e  n eu ro p h y sio lo g ica l evidence o b ta in e d  d u rin g  th e  p a s t decade  in d i
c a te s  t h a t  th e  b ra in  s te m  c o n ta in s  tw o sy s te m s , d iffe ren t from  each  o th e r in 
fu n c tio n , b u t deep ly  in te rw o v e n  s tru c tu ra lly . T h e  ac tio n  of one is iden tica l 
w i th  t h a t  of th e  n o n -sp ec ific  diffuse a c t iv a to r  sy s tem , an d  causes E E G  d esy n 
c h ro n iz a tio n  [11], w hile th e  o th e r, becom ing  o rgan ized  a t a low er b ra in  stem  
le v e l, synchronizes n e o c o r tic a l electrical a c t iv i ty  [12, 13, 14]. T he l a t te r  system  
a p p a re n t ly  has co n n ex io n s  w ith  th e  a n te r io r  an d  m id line th a la m ic  nuclei, low 
f re q u e n c y  s tim u la tio n  o f  w h ic h  gives rise  to  re c ru itin g  responses th ro u g h  th e  
th a la m o -c o rtic a l co n n ex io n s  [15]. The resp o n ses  to  cholinerg ic  d rugs in jec ted  
in to  d iffe ren t areas o f th e  b r a in  stem  and  th a la rm is  in d ic a te  th a t  b o th  system s 
po ssess  cholinergic r e c e p to rs . W hile cho linerg ic  d rugs in je c te d  in to  th e  area 
o f  th e  ro s tra l th a la m u s  re s u lte d  in  a sy n c h ro n iz a tio n  and  in c rea sed  th e  fo rm a
t io n  o f  b a rb itu ra te  sp in d le s , ca rb am in o y lch o lin e  or eserine in je c te d  in to  th e  
a re a  o f  th e  re ticu la r fo rm a tio n  in h ib ited  th e  sp in d le -fo rm in g  a c tiv i ty  of b a r 
b i tu r a te s  and  caused  E E G  d e sy n ch ro n iza tio n . A t low er b ra in  s te m  levels th e  
ch o lin e rg ic  drugs ev o k ed  d esy n ch ro n iza tio n  a f te r  h av in g  caused  an  in itia l 
sy n c h ro n iz a tio n ; th is  su g g e s te d  s tim u la tio n  o f a fu n c tio n a lly  m ixed  s tru c tu re . 
T h is  assu m p tio n  is in  h a rm o n y  w ith  those  d a ta ,  acco rd ing  to  w hich  s tim u la tio n  
o f  th e  re tic u la r  fo rm a tio n  a t  th e  pon to m esen cep h a lic  ju n c tio n  re su lts  in  sy n 
c h ro n iz a tio n  [12, 13]. I t  is  lik e ly  th a t  th e  ro s tra l  an d  in tra la m in a r  “ n ucle i” , 
th e  th a la m u s  and  th e  low  b ra in  stem  re tic u la r  fo rm a tio n  c o n s titu te  a cho liner
gic sy nch ron iz ing  s y s te m  o v erlapped  to p o g ra p h ic a lly  b y  th e  non-specific  
d iffu se  a c tiv a to r  sy s tem , so th a t  it  w ould be e x tre m e ly  d ifficu lt to  sep a ra te  
th e  tw o  fu n c tiona lly . As in je c te d  in to  th e  v e n tra l  te g m e n tu m , ca rb am in o y l
ch o lin e  an d  eserine e v o k e d  h ip pocam pal th e ta  a c tiv ity , w hich , accord ing  to  
e lec tro p h y sio lo g ica l o b se rv a tio n s , is fa c ilita te d  th ro u g h  th e  a ffe ren t p a th w a y s  
ru n n in g  across th e  s e p tu m  [16, 17]. This is in d ic a te d  also b y  th e  fa c t th a t  cho
lin e rg ic  drugs in jec ted  in to  th e  sep tu m  re su lt a s im ila r effect, con firm ing  th e re b y
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Fig. 7. Seizure a c t iv ity  induced  by in tra h ip p o c a m p a l in jec tio n  of tu b o cu ra rin e  ( le ft side). 
N o te  early  ap p ea ran ce  of spikes in h o m o la te ra l h ip p o ca m p al records and neo co rtica l leads. 
Spike a c tiv ity  a p p ea rs  a f te r  a delay in th e  c o n tra la te ra l  h ip p o cam p al records, and  th e  in je c tio n  
of acety lcholine  (S /ug) in to  th e  c o n tra la te ra l h ip p o cam p u s su p pressed  th e  com ing sp ike a c tiv ity . 

P a r ts  a , fe, c and d are  s e p a ra te d  by  in te rv a ls  of 2 m inutes

also our earlier p e r t in e n t  o b se rv a tio n s  [18, 19]. 1 he fact th a t  ace ty lch o lin e  
in je c te d  in to  th e  d o rsa l h ippo cam p u s evokes n e ith e r  th e ta , nor sp ike  a c t iv i ty , 
calls a tte n tio n  to  tw o  co n sid era tio n s: 1. T h e  o rg an isa tio n  o f th e ta  a c t iv i ty
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d e p e n d s  on  th e  se p ta l a f fe re n t sy stem , as i t  h as  been  in d ic a te d  re c e n tly  b y  
m ic ro e le c tro d e  an d  to p o sc o p ic  ex p erim en ts  [2 0 , 2 1 ]. 2 . Spike a c t iv i ty  c a n n o t 
b e  c o n s id e red  to  be b a se d  ex c lu siv e ly  on  ch o lin erg ic  recep to rs .

S tu d ie s  of th e  n e u ro n a l connex ions o f th e  a rc h ic o rtex  b y  m ean s o f  in tra -  
a n d  e x tra c e llu la r  m ic ro e lec tro d e  leads in d ic a te  t h a t  a t  le a s t tw o  d iffe ren t 
m e c h a n ism s  m ust be a s su m e d  to  ex ist in  th e  in te g ra tio n  of h ip p o c a m p a l in 
h ib i t io n . O ne m echan ism  m a y  be  due to  a lo n g -la s tin g  d ep o la riza tio n  d ev e lo p in g  
o n  th e  b a sa l d en d rite  n e tw o rk  o f p y ra m id a l cells, th a t  is e ssen tia lly  a ca te- 
le c tro to n ic  in h ib itio n  [23]. O th e r  au th o rs  a sc rib e  in a c tiv a tio n  to  an  in te rn e u ro n 
a l in h ib i to ry  m ech an ism  [24, 25 , 26]. T he a f fe re n ta tio n  o f th e  la t te r  is fa c i l i ta t 
ed  th ro u g h  th e  sy s te m  o f  th e  fo rn ix  a n d  is  c o rre la ted  w ith  th e ta  a c tiv ity . 
I n  o u r  p re se n t e x p e rim e n ts  ace ty lch o lin e  te m p o ra r i ly  in h ib ite d  th e  tu b o c u ra -  
r in e -re le a se d  seizures acc o m p a n ied  b y  d e sy n c h ro n iz a tio n . C onsidering  t h a t  th e  
t h e t a  w av es  are a s u m m a tio n  in  tim e  a n d  space  o f p o s t-sy n a p tic  p o te n tia ls  
(w a v e le ts ) , th e  d e sy n c h ro n iz a tio n  b ro u g h t a b o u t b y  cholinergic d ru g s  m ig h t 
b e  a  d e s in te g ra tin g  fu n c tio n  o f  such  an  o rg a n iz a tio n . T here  is no d e f in ite  a n 
sw e r y e t  to  th e  q u es tio n  as to  w h e th e r th e  in h ib it io n  is b ased  on th e  m ech an ism  
o f  p ro lo n g e d  d e sy n c h ro n iz a tio n , or is e ffec ted  th ro u g h  th e  co lla te ra ls . T he 
l a t t e r  p o ss ib ility  seem s to  b e  co rro b o ra te d  b y  th e  fa c t th a t  th e  re sp o n se  to  a 
c h o lin e rg ic  s tim u la tio n  o f  th e  se p tu m  is s im ila r  to  th e  response to  a ce ty lch o lin e  
in je c te d  in to  th e  h ip p o c a m p u s .

T h e  p ro longed  d e sy n c h ro n iz a tio n  ta k in g  effect in  th e  p y ra m id a l cells 
p la y s  p re su m a b ly  a s u b s ta n t ia l  ro le in  th e  rh y th m ic  spike d isch arg es, w hich  
a p p e a r  w ith  g rea t re g u la r i ty  a t  3 to  8 sec. in te rv a ls , depend ing  on  th e  q u a lity  
o f  t h e  ex p e rim en ta l p re p a ra t io n . In  e x tra c e llu la r  m icroelec trode  le a d s  th is  
a u to - re g u la tiv e  sp ike  a c t iv i ty  re g u la tio n  d ev e lo p s w ith  la ten c ies  o f  100  to  
300 m sec ; here  a la s tin g  d e p o la riz a tio n  o n  th e  b o d y  o f th e  p y ra m id a l cells 
is  h e ld  responsib le  fo r th e  lo n g  re fra c to ry  p e r io d  [23]. U n d er our e x p e rim e n ta l 
c o n d itio n s  th is  rh y th m ic  sp ik e  a c tiv ity  co u ld  be  o b serv ed  also d u rin g  u re th a n e  
a n a e s th e s ia , and  in  a n  u re th a n e  a n a e s th e s ia  i t  n e v e r tu rn e d  in to  g en era lized  
se iz u re  a c tiv ity .

T h e  in h ib ito ry  n a tu re  o f  th e  in te rh e m isp h e ra l h ip p o cam p a l co n n ex io n s 
is in d ic a te d  by  ou r o b se rv a tio n , th a t  i t  w as o n ly  a f te r  a long la te n c y , a f te r  
th e  u n ila te ra l  in je c tio n  o f  tu b o c u ra r in e  th e  sp ik e  a c tiv ity  a p p e a re d  on th e  
c o n tr a la te ra l  side, a lth o u g h  i t  could  be o b se rv e d  a t  th e  n eoco rtica l a n d  re t ic u 
la r  fo rm a tio n  levels. A t th e  sam e tim e , c o n tra la te ra l ly  a d m in is te re d  a c e ty l
ch o lin e  d u rin g  th e  p h a se  o f  d e sy n ch ro n iza tio n  evoked  locally  a genera lized  
se iz u re  a c tiv ity . T h is seem s to  in d ica te  t h a t  th e  sim u ltan eo u s a p p e a ra n c e  o f 
th e  d e p o la riz a tio n  in d u c e d  lo ca lly  b y  ace ty lch o lin e  an d  th a t  re leased  re flec to ri-  
ly  f ro m  th e  c o n tra la te ra l  s id e , fac ilita te s  sp ik e  fo rm a tio n .

I n  v iew  of th e  fa c t  t h a t  th e  a ffe ren ts  b e tw e e n  th e  b ila te ra l h ip p o c a m p i 
a re  c o n n e c te d  in  th e  f i r s t  p lace  w ith  th e  p y ra m id a l an d  g ran u la r  cells o f th e
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C A 4 a rea , w h ich  have on th e  one h a n d  th e  low est te n d e n c y  to  seizure a c tiv ity , 
an d , on th e  o th e r, w hich a re  th e  s ites from  w here  th e  p re su m a b ly  in h ib ito ry  
in te rn e u ro n e s  (m ossy f ib re s , co lla te ra ls  o f Schaffer) ru n  to  th e  p y ra m id a l 
cells o f th e  a reas  CA4, CA2 a n d  CA3, th e n  we m ig h t c la im  th a t  th e  ph en o m en o n  
o f  in te rh ip p o c a m p a l in h ib itio n  o b serv ed  by  us h as , to  som e e x te n t , a s tru c 
tu ra l  s u b s tra te  [25, 26, 27]. T h e  co rre la tio n  b e tw een  cho linerg ic  in h ib itio n  an d  
th e ta  a c t iv i ty  is re m ark ab le  in so fa r  as th e  sam e a ffe ren ts  b rin g in g  a b o u t th e ta  
a c t iv i ty  p ro d u ce  a t th e  sam e  tim e  a n  in h ib itio n  o f th e  tu b o c u ra r in e  sp ikes.
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The changes in  p itu ita ry -a d ren o c o rtic a l a c t iv ity  evoked by  ch o lin e rg ic  and  
ad renerg ic  d ru g s in jec ted  in to  v a rio u s  a reas o f the  d iencephalon  and  th e  b ra in  stem  
h av e  been in v es tig a te d  under ch ro n ic  e x p erim en ta l co n d itions in cats. C a rb a  in inoy l- 
choline  and  eserine  in jec ted  in to  th e  sep tu m , p re o p tic  region, a n te ro la te ra l  h y p o 
th a la m u s  or in to  th e  dorsal te g m e n ta l a rea , were fo u n d  to  inh ib it p i tu i ta ry -a d re n a l  
a c tiv ity . C holinergic chem ical s tim u la tio n  of th e  m edia l an d  caudal h y p o th a la m u s , as 
well as of th e  p o ste rio r  h y p o th a la m u s an d  v e n tra l teg m e n tu m  resu lted  in  a n  in crease  
o f ACTH secre tion . A drenaline, n o r-ad re n a lin e  an d  ep h ed rin e  in creased  A C T H  sec
re tio n  only w hen  in jec ted  in to  th e  a re a  o f th e  p o ste rio r  h y p o th a la m u s  a n d  v e n tr a l  
teg m en tu m .

The sup p ress io n  of ad ren o co rtica l a c tiv ity  in  response to the  ch o lin e rg ic  s t im u 
la tio n  of th e  in h ib ito ry  stru c tu res  o f th e  fo reb ra in  cou ld  be blocked by th e  a d re n e rg ic  
s tim u la tio n  of th e  posterio r h y p o th a la m u s .

No close paralle lism  could b e  d e m o n s tra te d  b e tw een  th e  b e h av io u ra l re ac tio n s  
evoked  by  chem ical s tim u la tion  and  p i tu ita ry -a d re n a l fu n c tio n . T his w ould in d ic a te  th a t  
chem ica l s tim u la tio n  of the  d ien cep h a lo n  and  the  b ra in  s tem  a rea  m ak es i t  possible 
to  sep ara te  en d o crin e  regu la tory  p ro cesses from  th e  com plex  b e h av io u ra l a n d  em o 
tio n a l reactions.

M any o b se rv a tio n s  m ade in  r e c e n t  y ears  h a v e  in d ica ted  th a t  th e  su b 
c o rtic a l s tru c tu re s  can  b o th  fa c il i ta te  an d  in h ib it  p itu ita ry -a d re n o c o r tic a l 
a c t iv i ty  [1, 2, 3, 4 ]. W hile the  e le c tr ic a l s tim u la tio n  o f th e  fo reb ra in  rh in - 
en cep h a lic  s tru c tu re s , e .g . h ip p o cam p u s, se p tu m , a n te r io r  and  la te r a l  h y p o 
th a la m u s , in h ib its  ad ren o co rtica l h o rm o n e  sec re tio n , th a t  of th e  b a sa l h y p o 
th a la m u s , p o ste rio r su b th a lam u s a n d  ro s tra l m esencephalon  in c reases  A CTH  
sec re tio n . T he m ode o f  ac tion  and  th e  in te rn a l s tru c tu ra l  co rre la tio n s  o f th e  
a c t iv a to r  and  in h ib ito ry  effects o f th e  b ra in  s tem , d iencephalon  a n d  rh in en - 
c ep h a lo n  are la rg e ly  unknow n. In  th e  p re sen t p a p e r  we shall re p o r t  on som e 
e x p e rim e n ta l re su lts  concern ing  p i tu i ta ry -a d re n a l  a c tiv ity  in th e  cou rse  of 
s tim u la tio n s  w ith  in tra c e reb ra lly  in je c te d  cholinerg ic  an d  ad ren erg ic  ag en ts .

M aterials and methods

C ats of e ith e r sex , 65 in num ber and  w eigh ing  1.6 to 3.0 kg, were used. T o a p p ly  c h em i
cal s tim u la tio n , glass c an n u las  a ttach ed  to  a  po lyv iny l tu b e  were im p lan ted  in to  d iffe re n t 
p a r ts  o f th e  b ra in , b y  m ean s of a s te reo tac tic  a p p a ra tu s . T he o u te r  d iam e te r  o f  th e  c a p illa ry

P re sen t ad d ress : D ep artm en t of N eu ro lo g y , M edical U n iversity  No. 1, M oscow , USSR
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w a s  0 .4  m m , th e  in te rn a l o n e  v a r ie d  from  0.1 to  0.12 m m . T h e  d iam ete rs  o f th e  p o ly v in y l tu b e  
a t ta c h e d  to  i t  w ere s im ila r  a n d  th e  tip  o f th e  tu b e  w as sealed  w ith  ra p id ly  h a rd e n in g  w ax  
a t  th e  e n d  of th e  e x p e r im e n t. T h e  can n u la  was he ld  in  p lace  b y  m eans of a c ry la te , th e  1 cm  
lo n g  e n d  of th e  p o ly v in y l tu b e  w as pu lled  th ro u g h  th e  c losed  w ound surface a n d  fix ed  to  th e  
s u tu re .  I n  m ost cases one  c a n n u la , in  o th ers  fo u r c a n n u la s  w ere im p la n te d  in  one an im al. 
T h e  in te rn a l  c ap ac ity  o f  th e  c a n n u la , con tro lled  p rio r  to  im p la n ta tio n , v a ried  fro m  5 to  8 //1.

T h e  chem ical s t im u la n ts  u se d  were eserine su lp h a te , acety lcho line  a n d  carb am in o y l- 
ch o lin e  h y d roch lo ride , a d re n a lin e , no r-ad renaline  h y d ro c h lo rid e  and  ephedrine . Physio log ica l 
sa lin e , a d ju s te d  to p H  7.3 — 7.4 w ith  a b ica rb o n ate  so lu tio n , w as used  as th e  so lv en t. T he a c tiv e  
a g e n ts  w ere ad m in iste red  in  10 p \  volum es, by  m ean s o f a  m icrosyringe. A ccord ing  to  th e  
c o n tro l  ex am in a tio n s  w ith  d y e  o r C hina in k , th e  v o lu m e d iffu sio n  of 10 ц \  of f lu id  co rresponds 
to  a n  a re a  ab o u t 3 m m  in  d ia m e te r  [5].

C hem ical s t im u la tio n  w as app lied  5 to  7 d ay s  a f te r  o p era tio n . T he cho linerg ic  ag en ts  
w ere  in je c te d  a t  1 5 -m inu te , th e  ad renerg ic  agen ts a t  3 co n secu tiv e  15-m inute  in te rv a ls . T he 
c h an g e s  in  beh av io u r w ere  re c o rd e d , th en  45 to  60 m in u te s  a f te r  th e  las t in je c tio n  th e  ca ts  w ere 
a n ae s th es iz e d  w ith  in tra p e r i to n e a lly  in jec ted  p e n to b a rb ita l.  T h is was follow ed b y  th e  e x am i
n a tio n  o f p itu ita ry -a d re n a l fu n c tio n . As described in  d e ta il  earlie r, co rtico s tero id s w ere d e te r 
m in e d  b y  a  p h y sico -chem ical m e th o d  a fte r  h av in g  co llec ted  ad renal v enous b lood fo r 60 
m in u te s  [6, 7]. C annulas w ere  im p la n te d  in  th e  b ra in  o f  th e  con tro l an im als, to o , b u t  th e y  
re ce iv e d  20 [Л of a phy sio lo g ica l sa line  so lu tion  p rio r to  s tu d y . In  these an im als  th e  can n u las  
w ere  lo ca ted  in  th e  sam e w a y  as in  th e  ex p erim en ta l an im als .

A t th e  end of th e  e x p e r im e n t th e  b ra in  w as p e rfu sed  w ith  40 per cen t fo rm alin , th e n  
th e  lo ca tio n  of th e  c an n u la s  w as d e te rm in ed  in  frozen  sec tio n s [8].

Results

C onsidering t h a t  th e  vo lum e and  d iffu sio n  o f  th e  flu id  em p lo y ed  w ith  
ch em ica l s tim u la tio n  m a k e  no po in t-like  s t r u c tu r a l  loca liza tio n  possib le , th e  
r e s u lts  are  d iscussed  a c c o rd in g  to  reg ional a n a to m ic a l u n its . E v a lu a tio n  w as 
m a d e  b y  com paring  th e  d a ta  w ith  th e  a d re n o c o rtic a l secre tion  v a lu es  fo r th e  
c o n tro l ca ts  t r e a te d  w ith  physio logic saline so lu tio n . In  view  o f th e  fa c t th a t  
th e  co rtico ste ro id  c o n te n t  o f  ad ren a l venous b lo o d  ran g ed  from  43 to  54 /tg /kg 
b o d y  w e ig h t/h o u r in  th e  11 con tro l ca ts , v a lu e s  u n d e r  40 /tg or over 60 pg  
w ere  considered  to  re p re s e n t  sign ifican t ch an g es. W e h ad  to  a d o p t th is  m ethod  
o f  e v a lu a tio n , because  u n d e r  th e  e x p e rim e n ta l co n d itio n s  describ ed  no g roup  
s ta t is t ic a l  e v a lu a tio n  wras possib le.

C hanges in  p itu itary-adrenocortica l activity and  in  behaviour in  response to the 

in jec tio n  o f  cholinergic drugs

As in jec ted  in to  th e  se p tu m  an d  in  th e  a re a  o f th e  a n te ro - la te ra l  h y p o 
th a la m u s , 5 pg  o f ca rb am in o y lch o lin e  an d  10 pg  o f eserine su lp h a te , resp ec
t iv e ly ,  evoked  in  4 to  5 m in u te s  a m ark ed  b e h a v io u ra l reac tio n , ch a ra c te riz e d  
b y  m en ac in g  sn a rlin g , sp o n ta n e o u s  rage re a c tio n  a n d  a tta c k s  a g a in s t an im als  
a n d  m an . The m o to r re a c tio n  m anifested  i ts e lf  f i r s t  of all in  m o v em en ts  in  th e  
c o n tra la te ra l  d irec tio n . W h ile  th e  con tro ls  sh o w ed  no b eh av io u ra l re a c tio n  or 
a n y  d ev ia tio n  from  c a ts  t r e a te d  in  o th e r b ra in  a re a s  as reg a rd s  ad ren o co rtica l 
h o rm o n e  secre tion , th e  in je c tio n  o f cholinerg ic  d ru g s  caused a s ig n if ic a n t d e 
c rea se  o f co rtico s te ro id  sec re tio n  (T able I I ) .
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Table I

The effect o f  physiological saline injection into d ifferen t mesencephalic and
diencephalic areas

No.
Total

corticosteroids 
ug/kg b.w./hour

Location*

l 48.0 BS

2 54.0 P O R

3 52.0 SO

4 52.0 PA

5 47.0 TC

6 53.0 MB

7 43.0 MB

8 52.0 PI1

9 44.0 R F

10 50.0 R F

11 54.0 V T

:i BS 
P O R  =  

SO =  
PA  =  
TC =

b asa l se p ta l area  
p reo p tic  region 
su p ra o p tic  nucleus 
p a ra v e n tr ic u la r  a rea  
tu b e r  c inereum

MB =  m am m illa ry  bodies 
P H  =  p o s te r io r  h y p o th a lam u s 
R F  =  re tic u la r  fo rm atio n  
VT =  v e n tra l  teg m e n ta l area

Table I I

The effect o f  carbaminoylcholine and eserine injected into the septal area, 
preoptic  region and anterolateral hypotha lam us

No.
Total

corticosteroids 
|txg/kg b.w./hour

Drugs* Locution**

1 8.4 CCh (5 ,,g ) BD B

2 15.2 CCh (5 fig) BD B

3 18.8 CCh (5 ,,g ) BS

4 22.0 CCh (5 fig) BS

5 22.0 CCh (5 fig) MS

6 20.0 E s (10 fig) MS

7 28.0 E s (10 fig) P O R

8 32.0 E s (10 fig) PO R

9 27.0 CCh (5 f,g) M FB

10 37.0 CCh (5 ,ig) M FB

11 35.0 CCh (5 ,ig) M FB

*CCh =  carb am in o y lch o lin e  
E s =  eserine su lp h a te  

**B D B  =  B roca’s d iagonal b an d  
BS =  b asa l sep ta l area

MS =  m ed ia l sep ta l area a t th e  leve l 
o f  a n te r io r  com m issure 

P O R  =  p re o p tic  region 
M FB =  m ed ia l fo reb ra in  bundle
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T h e  m ost in te n se  a n d  diffuse b e h a v io u ra l reac tions w ere e v o k e d  b y  th e  
in je c tio n s  o f c a rb am in o y lch o lin e  and  eserin e  in to  th e  m edial an d  c a u d a l group 
o f  h y p o th a la m ic  nuc le i. A fte r  an  in itia l p h a se  o f restlessness th e s e  c a ts  w ere 
r u n n in g  a ro u n d  in  c irc les, obv iously  a g i ta te d , w ildely m ew ing a n d  try in g  to  
r u n  aw ay  w hen  to u c h e d . As to  th e  v e g e ta tiv e  signs, d ila ta tio n  o f th e  pup ils ,

F ig . 1. L o ca tio n  of in jec tio n s  in  d iffe ren t a reas o f th e  b ra in . W hite arrow s in d ic a te  suppression  
o r  in c re ase  o f p itu ita ry -a d re n o c o rtic a l a c tiv ity  in  re sp o n se  to  cholinergic d ru g s. B id irec tio n al 
a rro w s  in d ica te  t h a t  th e  in tra ce re b ra l in jec tio n s o f  cholinergic d rugs p ro d u ced  in sig n ifican t 
e ffe c ts . E m p ty  circ les: n eg ativ e  re su lts  from  in je c tio n s  of adrenergic d ru g s. B lack  circles: 

en h anced  p itu ita ry -a d ren o c o rtic a l a c t iv ity  follow ing adrenergic s tim u la tio n

u r in a t io n  an d  in c rea sed  re sp ira tio n  w ere  o b se rv ed . A bou t 15 to  20 m in u tes  
a f te r  in je c tio n  in  m o st o f th e  ca ts  b e h a v io u r  w as ch a rac te rized  b y  a n  escape 
re a c tio n , and  d u rin g  th a t  period  n u m ero u s  reac tio n s  of “ h a llu c in a tiv e ”  c h a r
a c te r  w ere also o b se rv ab le . T he an im a l s ta r e d  m otionless a t  som e p o in t in  
s p a c e , th e n  ju m p in g  su d d e n ly  aside, e scap ed  fro m  th a t  a rea . I n  som e cases th e  
e sc a p e  re a c tio n  tu rn e d  in to  m arked  c a ta to n y , w ith  u n u su a lly  in te n se  re sp ira 
to r y  a c tiv ity . In  sp ite  o f th e se  in ten se  c h a n g e s  o f b eh av io u r, in  som e ca ts  no
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c h a ra c te r is tic  a lte ra tio n s  in  p itu ita ry -a d re n o c o r tic a l a c tiv ity  co u ld  be de
m o n s tra te d . T h u s , no in c rease  o f co rtico ste ro id  secre tion  re su lte d  fro m  in 
je c t in g  th e  cholinergic d ru g s in to  th e  a rea  of th e  su p rao p tic  or p a ra v e n tr ic u la r  
n uc le i, a lth o u g h  th e  b e h a v io u ra l re a c tio n  o f th e se  an im als w as m a rk e d . A m o
d e ra te  or d e fin ite  increase  w as observed  w hen  th e  d rugs w ere in je c te d  in to

F ig . 2. R eco n s tru c tio n  of h y p o th a la m ic  an d  m id b ra in  s tru c tu re s , show ing th e  p o in ts  a n d  
effec ts  o f cholinergic and  ad ren erg ic  chem ical s tim u la tio n s. T he a b b rev ia tio n s  u sed  a re  as

follow s:
A =  a rc u a te  nucleus; A H  =  a n te r io r  h y p o th a la m u s ; AMT =  a n te r io r  m ed ia l th a la m ic  
n u c le i; B D B  =  B roca’s d iagonal b a n d ;  CA =  an te rio r  com m issure; CC =  co rp u s  callo su m ; 
CGM =  cen tra l g ray  m a tte r ;  C P =  cereb ra l ped u n cle ; DM =  d o rsom ed ia l h y p o th a la m ic  
n u c leu s; D T D  =  dorsal teg m e n ta l decu ssa tio n ; DMT =  dorsal m edial th a la m ic  n u c le i; F  =  
fo rn ix ; H P  =  poste rio r h y p o th a la m ic  a re a ; I P  =  in te rp ed u n c u la r  a rea ; М В т  =  m ed ia l group  
o f  m am m illa ry  bo d y ; M Bp =  p o ste rio r  g roup  of m am m illa ry  b o d y ; MT =  m am m illo -th a lam ic  
t r a c t ;  M L F =  m edial lo n g itu d in a l fascic le ; M L =  m ed ia  lem niscus; P A  =  p a ra v e n tr ic u la r  
n u c leu s; ОТ =  op tic  t r a c t ;  P O R  =  p reo p tic  region; R N  =  nucleus ru b e r;  S n  =  sp lén iu m ; 
VM  =  v en tro m ed ia l h y p o th a la m ic  nucle i; Y TD  =  v e n tra l  teg m en ta l d e cu ssa tio n . The 

arrow s in d ica te  th e  response to  cholinergic, th e  circles t h a t  to adrenerg ic] s t im u la tio n

th e  a rea  of th e  tu b e r  c in e reu m , p rem am m illa ry  a rea  or p o ste rio r h y p o th a la m ic  
a re a . T h e  b eh av io u ra l re a c tio n  to  th e  chem ical s tim u la tio n  o f th e  p o ste rio r 
h y p o th a la m u s  w as c h a ra c te r iz e d  b y  co o rd in a ted  fear an d  escape  re a c tio n s , 
w hile  in  response to  th e  s tim u la tio n  o f th e  m ore ro s tra l and  th e  a n te r io r  g roups 
o f  n ucle i th is  reac tio n  w as acco m p an ied  by  m a n y  n o n -co o rd in a ted  m o to r  re 
a c tio n s  an d  v eg e ta tiv e  signs (sa liv a tio n , u rin a tio n ) (T able I I I ) .

T he cholinergic d ru g s in je c te d  in to  th e  m esencephalic  a rea  cau se d  op p o 
s ite  changes in  em o tio n a l b e h a v io u r  an d  in  p itu ita ry -a d re n o c o r tic a l a c tiv ity , 
i f  we ana ly ze  th e  above p h en o m en a  accord ing  to  dorsa l and  v e n tra l  a re a s . W hile

7 Acta Physiologica XXIV/2.
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in je c t io n  in to  th e  a rea  o f  t h e  v e n tro la te ra l r e t ic u la r  fo rm a tio n  an d  v e n tra l  
te g m e n tu m  m arked ly  in c re a s e d  ad renocortica l sec re tio n  a n d  caused  c o o rd in a t
e d  f e a r  or escape re a c tio n s , s tim u la tio n  of th e  c e n tra l  g ra y  m a tte r  an d  dorsal 
te g m e n tu m  resu lted  in  c o o rd in a te d  rage re a c tio n  a n d  pu rp o sefu l ag g ressiv ity .

Table I I I

T h e  effect o f  carbam inoylcholine and eserine injected in to  the medial and posterior
hypothalamic areas

No.
Total

corticosteroids 
/ig/kg b.w./hour

Drugs Location

l 47.0 CCh (5 pg) PA

2 54.0 CCh (5 ,,g ) PA

3 56.0 CCh (5 /<g) SO

4 55.0 Es (10 f lg) SO

5 67.0 CCh (5 p S) TC

6 65.0 Es (5 pg) TC

7 75.0 Es (10 pg) PM

8 82.0 CCh (5 /tg) PM

9 76.0 CCh (5 pg) MB

10 84.0 CCh (5 pg) MB

11 67.0 CCh (5 pg) P H

12 72.0 CCh (5 pg ) P H

13 77.0 CCh (5 pg) P H

CCh =  carbam inoy lcho line  
E s  =  eserine su lp h a te  

P A  =  p a rav en tricu la r  a r e a  
SO =  supraoptic  n u c leu s
TC =  tubera l region in c lu d in g  ven trom edial nuc leus 
PM  =  p rem am m illa ry  re g io n  including a rcu a te  n u c leu s 
M B — m am m illary  b o d ies  
P H  =  posterior h y p o th a la m u s

n  =  no significant d iffe re n ce  from  contro l v a lu es

S tim u la tio n  of the  l a t t e r  a r e a  led to  a decrease  o f  ad ren o co rtica l ho rm one 
s e c re tio n , s tim u la tio n  o f  th e  a re a  of the  v e n tra l  te g m e n tu m  evoked  a m ark ed  
s t a r t l e  reac tion , o ften  fo llo w ed  by  escaping  a sso c ia te d  w ith  fear reac tio n . 
I n  s u c h  a period th e  a n im a l w a s  run n in g  to  an d  fro  in  th e  o b se rv a tio n  ro o m  and  
t r ie d  to  hide under som e fu rn itu re . W hen s t im u la tio n  w as app lied  n e a r th e  
d o rs a l  teg m en ta l a rea , th e  a n im a l sa t q u ie tly  in  i ts  p lace , b u t  a tta c k e d  im m e
d ia te ly  an y  anim al or m a n  go ing  near to  i t .  B e h a v io u r  w as ch a rac te rized  b y  
c o n tin u o u s  angry  sn a rlin g .
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Table IV

The effect o f  carbaminoylcholine and eserine injected into the mesencephalon

No.
Total

corticosteroids 
ag/kg b.w ./hour

Drugs Location

l 64.0 CCh (5 pg) R F

2 68.0 CCh (5 pg) R F

3 85.0 CCh (5 pg) R F

4 73.0 Es (10 pg) R F

5 59.0 Es (10 //g) R F

6 78.0 CCh (5 pg) V T

7 85.0 CCh (5 pg) V T

8 76.0 CCh (5 pg) VT

9 79.0 CCh (5 pg) VT

10 34.0 CCh (5 pg) D T

11 32.0 CCh (5 pg) C.GM

12 29.0 CCh (5 pg) CGM

13 36.0 E s (10 pg) DT

14 30.5 Es (10 pg) D T

CCh carb am inoy lcho line  
E s =  e se rin e  su lp h a te  

R F  =  re tic u la r  fo rm atio n  
V T =  v e n tra l  teg m en ta l a rea  
DT =  d orsa l teg m e n ta l a rea  

CGM — cen tra l g ray  m a tte r

Changes in  p itu itary-adrenocortica l activity  and in  behaviour in  response to 

stim ula tion  w ith adrenergic drugs

T he chan g es in  p itu ita ry -a d re n o c o rtic a l a c t iv i ty  observed  a f te r  th e  in 
je c tio n  o f a d re n a lin e , n o r-a d re n a lin e  an d  ep h ed rin e  a re  sum m ed up  in  T a b le  
V. T he f irs t 9 an im als  show ed no sig n ifican t ch an g e  in  response  to  ad re n e rg ic  
d rugs in jec ted  in to  th e  a n te r io r  an d  m edial h y p o th a la m ic  areas. T he se c o n d  
g roup  of 13 an im a ls  show ed excessively  h igh se c re to ry  va lu es  w hen  th e  p o s te 
rio r h y p o th a la m ic  an d  v e n tra l  te g m e n ta l areas h a d  been  s tim u la te d , b u t  no. 
su b s ta n tia l ch an g e  re su lted  w hen  th e  drugs h ad  b e e n  in je c te d  in to  th e  c e n tra l  
g ray  m a tte r  o f  th e  m esencepha lon  or in to  th e  r e t ic u la r  fo rm atio n  a t  th e  lev e l 
of nucleus ru b e r .

F o r ad ren e rg ic  chem ical s tim u la tio n  3 tim es  2 p g  doses h ad  been in je c te d , 
b u t in  th e  case o f  n o r-ad ren a lin e  even  0.5 pg  p ro v e d  to  be effective. O n  th e  
o th e r h an d , 0.5 p g  o f a d ren a lin e  or ephed rine , in je c te d  in to  th e  p o ste rio r  h y 
p o th a lam ic  a rea , p ro d u ced  no changes.

7*
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Table V

T h e  effect o f  adrenaline, nor-adrenaline and ephedrine injected into d ifferent hypothalam ic
and mesencephalic areas

No.
Total

corticosteroids 
fxg/kg b.w./hour

D rugs Location

l 48.0* A dr. (2 fig) s o

2 51.5* A dr. (2 fig) PA

3 49.5* N o rad r. (2 pg) PA

4 52.0 N o rad r. (2 pg) DT

5 54.5* A dr. (2 fig) R F

6 50.0* N o rad r. (2 fig) R F

7 53.0* N o rad r. (2 fig) VT

8 54.0* A dr. (2 fig) VT

9 49.0* E p h . VT

10 98.0 A dr. (2 fig) P H

11 105.0 N o rad r. (2 pg PH

12 91.0 E ph . PH

13 116.0 N o rad r. (2 fig) MR

14 89.0 N o rad r. (0.5 fig) PH

15 132.0 N o rad r. (2 fig) VT

16 96.5 E ph. VT

17 82.0 A dr. (2 fig) VT

18 89.5 N o rad r. (2 fig) VT

19 51.0* A dr. (0.5 fig) P H

20 54.0* A dr. (0.5 fig) P H

21 48.0* E p h . (0.5 fig) P H

22 76.0 N o rad r. (0.5 pg) P H

Adr. =  ad ren a lin e  
N oradr. =  n o r-ad re n a lin e  
E ph. =  ep h ed rin e  
SO =  su p ra o p tic  nucleus 
PA =  p a ra v e n tr ic u la r  area 
DT =  dorsal te g m e n ta l  area 
R F  =  re ticu la r  fo rm a tio n  
VT =  v e n tra l te g m e n ta l  area 
P H  =  poste rio r h y p o th a la m u s  
M B =  m am m illa ry  bodies

* =  no s ig n if ic a n t difference from  c o n tro l values

A s little  as 2 fig  o f  n o r-ad ren a lin e  su fficed  to  evoke a b e h a v io u ra l re 
a c t io n  ch a rac te rized  b y  c o o rd in a te d , p u rp o se fu l ( ta rg e t-m o tiv a te d )  aggressive 
re a c t io n , on in jec tion  in to  th e  po ste rio r h y p o th a la m ic  a rea . S im ila r  doses of 
a d re n a lin e  or ep h ed rin e  p ro d u c e d  no su ch  resp o n se . U nlike cho lin erg ic  stim u-
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la tio n , n o r-ad ren a lin e  evoked  no v e g e ta tiv e  re a c tio n ; w hen left a lo n e , th e  
an im als  w ere s it t in g  q u ie tly , b u t  im m e d ia te ly  a tta c k e d , sn a rlin g  a n g rily , 
a n y  an im al or m an  try in g  to  go n ea r th e m .

Suspension  o f  the effect o f  forebra in  inh ib itory structures by adrenergic s tim u la tio n  

o f  the brain stem

In  th e se  ex p e rim en ts  tw o  cannu las each  h a d  been im p lan ted  b ila te ra lly  
in to  th e  b a sa l se p ta l, p o s te rio r h y p o th a la m ic  a n d  v e n tra l te g m e n ta l a re a s . 
T h ro u g h  th e  fo reb ra in  can n u las  5 fig  o f  c a rb am in o y lch o lin e , th ro u g h  th e  
b ra in  s tem  can n u las  10 to  15 m inu tes la te r  2 fig  o f  no r-ad ren a lin e  w ere  in je c t 
ed. A d m in is tra tio n  o f th e  la t te r  d ru g  w as re p e a te d  tw ice a t 1 5 -m in u te  in te r 
va ls . T he b e h a v io u ra l reac tio n s  evoked  b y  carb am in o y lch o lin e  w ere a lle v ia te d  
b y  th e  n o r-ad ren a lin e  m ark ed ly  in  som e a n im a ls , an d  sligh tly  in  o th e rs . T h is 
ap p lied  f ir s t  o f all to  th e  restlessness an d  sp o n ta n e o u s  rage re a c tio n s , w hile  
th e  ta rg e t-m o tiv a te d  (purposefu l) aggressive re a c tio n  persisted  in  th e s e  a n i
m als. In  response  to  th e  com bined  t r e a tm e n t ,  th e  co rticostero id  c o n te n t  of 
ad ren a l v en o u s b lood  increased  in  a v a ria b le  m easu re , b u t never d ec rea sed , 
as i t  w as th e  case w hen  cholinerg ic  d rugs alone h a d  been applied  to  th e  b a sa l 
se p ta l a rea .

Table VI

The blocking action of posterior hypothalamic injections o f adrenergic drugs upon the inhibitory 
effect o f carbaminoylcholine injected into the septal area and anlero-laleral hypothalamus

No.
Total

corticosteroids 
ug/kg b.w./hour

Drugs Location

I 87.0 CCh (5 fig) BS

Adr (2 / 'g) PH

2 79.0 CCh (5 fig) BS

N oradr (2 fig) PH

3 96.0 CCh. (5 fig) BS

N oradr. (2 fig) PH

4 112.0 CCh. (5 i“ g) BS

N oradr. (2 fig) P H

5 68.5 CCh. (5 fig) BS

N oradr. (2 pg) PH

CCh =  carbam inoylcholine  
A dr =  ad renaline  
N o rad r. =  no r-ad ren a lin e  
BS =  b asa l sep ta l a rea  
P H =  p o ste rio r h y p o th a la m u s
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D iscussion

T h e  chan g es in  p i tu ita ry -a d re n o c o r tic a l a c tiv ity  observed  fo llow ing 
ch o lin e rg ic  s tim u la tio n  ag reed  well w ith  o u r  e a r lie r  d a ta  ach ieved  w ith  e le c tr i
ca l s t im u la tio n  [1, 4 ]. W hile  th e  chem ical a n d  e lec trical s t im u la tio n  o f  th e  
s e p tu m , B ro c a ’s d iag o n a l b a n d , p reo p tic  re g io n , a n te ro la te ra l h y p o th a la m u s  
[1 ] su p p re sse d  p itu ita ry -a d re n o c o rtic a l a c t iv i ty ,  th e  chem ical or e lec trica l 
s t im u la tio n  o f  th e  p o ste rio r  h y p o th a la m u s , th e  b a sa l and  cauda l h y p o th a la m ic  
n u c le i a n d  th e  v e n tra l  a rea s  of th e  ro s tra l  m esencephalon  b ro u g h t a b o u t a 
m a rk e d  in c rea se  in  A C TH  secretion . In  o u r  co n d itio n ed  re flex  e x p e rim e n ts  
[1 ] w e h a v e  a lre a d y  p o in te d  to  th e  s ig n if ic a n t ro le  p layed  b y  th e  fo re b ra in  
in h ib i to ry  s tru c tu re s  in  th e  o rg an iza tio n  o f d isc r im in a to ry  in h ib itio n , a n d  our 
re c e n t in v e s tig a tio n s  h av e  in d ic a te d  th a t  s t im u la tio n  of th ese  s tru c tu re s  e n 
h a n c e s  h a b itu a tio n , w hile a f te r  th e ir  d e s tru c tio n  th e  defensive c o n d itio n e d  
re f le x  as  a w hole is d am ag ed  [10]. All th e se  p h en o m en a  have  been  il lu m in a t
e d  b y  th e  p re se n t e x p e rim e n ts  from  a n o th e r  an g le  and  it  seem s th a t  fo reb ra in  
in h ib it io n  e x te n d s  also to  p i tu ita ry -a d re n o c o r tic a l a c tiv ity , th e  fu n c tio n  h a v in g  
th e  le a d in g  ro le in  th e  o rg an iza tio n  of g en era l sy s tem ic  a d a p ta tio n .

T h e  d a ta  fo r cho linerg ic  s tim u la tio n  su g g e s te d  th e  presence o f  c h o lin 
erg ic  re c e p to rs  in  th e  in h ib ito ry  an d  a c tiv a tin g  m echan ism s of th e  d ien cep h a lo n  
a n d  b ra in  s te m , th o u g h  th e y  supp lied  no f in a l  an sw er to  th e  n a tu re  o f  im p u lse  
tra n sm is s io n . W hile cholinerg ic  s tim u la tio n  o f  th e  posterio r h y p o th a la m u s  an d  
v e n tr a l  te g m e n tu m  caused  a d efin ite  in c rease  in  ad ren o co rtica l h o rm o n e  secre 
t io n , i t  w as fro m  th ese  sam e areas th a t  a d re n e rg ic  s tim u la tio n  e v o k e d  th e  
g re a te s t  in c rea se  o f A C T H  p ro d u c tio n . T h u s  th is  nervous s tru c tu re  m ig h t 
c o n ta in  in  a com plex  fash io n  th e  cho linerg ic  a n d  adrenerg ic re c e p to rs , an d  
s t im u la tio n  o f e ith e r  of th e m  resu lts  in  re sp o n se s  of a sim ilar n a tu re .

A s p o in te d  o u t in  o u r p rev ious s tu d ie s  co n cern in g  n e u ro a n a to m ic a l co r
re la tio n s  [1 ], th e  in h ib ito ry  sy stem  of th e  fo re b ra in  blocks th ro u g h  th e  m ed ia l 
fo re b ra in  b u n d le  th e  a c tiv a tin g  influence  o f  th e  b ra in  stem ; th is  h a s  b een  o b 
se rv e d  in  b o th  elec trophysio log ica l [11, 9] a n d  B ehavioural s tu d ie s . I n  th e  
a f fe re n ta t io n  o f th e  fo re b ra in  in h ib itio n , a ro le  o f  fu n d am en ta l im p o r ta n c e  is 
p la y e d  b y  th e  o rb ito -fro n ta l co rtex , th e  rh in e n c e p h a lo n  and , th ro u g h  its  r e 
c ip ro c a l co n n ex io n s, b y  th e  re tic u la r  fo rm a tio n  o f th e  b ra in  s tem . E lec tro - 
p h y sio lo g ica l o b se rv a tio n s  in d ica te  th a t  th e  a ffe re n ts  com ing from  th e  arch i- 
c o r te x  a n d  am y g d a lo id  n u c leu s  p lay  a less s ig n if ic a n t role th a n  th e  rec ip ro ca l 
b ra in  s te m  connex ions o f th e  basa l fo re b ra in  s tru c tu re s , th o u g h  th e  p ro b lem  
re q u ire s  fu r th e r  in v e s tig a tio n  [11 ].

A d ren erg ic  s tim u la tio n  of th e  p o s te rio r  h y p o th a la m u s  an d  v e n tr a l  te g 
m e n tu m  re su lte d  in  excessive A CTH  se c re tio n , b u t  such s tim u la tio n  o f  th e  
m esen cep h a lic  re tic u la r  fo rm a tio n  in d u ced  no  such  secre to ry  c h an g e . T h is 
c o n firm s  th e  ea rlie r o b se rv a tio n  th a t  th e  su b th a la m ic  and  po ste rio r h y p o th a la 
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m ic a reas  c o n ta in  ad renerg ic  re c e p to rs  [12, 13], a n d  th a t  tr i tiu m -la b e lle d  n o r
a d re n a lin e  is accu m u la ted  ex c lu siv e ly  in  these  neu ro n es. No an sw er can  be 
g iven  to  th e  questio n  concern ing  th e  role p lay ed  b y  th e  d iencephalic  ad ren erg ic  
m ech an ism  in  th e  reg u la tio n  o f A C TH  secre tion  b y  th e  a n te r io r  p i tu i ta ry .  
N ev erth e less , i t  seem s u n lik e ly  th a t  a chem ical m e d ia to r  of such  n a tu re  w ould 
be th e  f in a l lin k  in  th e  h y p o th a la m o -p itu ita ry  n eu ro h u m o ra l co n n ex io n  
[14, 15, 18]. I t  m ay be assu m ed  th a t  ad renerg ic  chem ical s t im u la tio n  p a r tic i
p a te s , via  in tc rn e u ro n a l co n n ex io n s or e v e n tu a lly  b y  d irec t s t im u la tio n , in 
th e  re lease  o f  th e  c o rtico tro p in  re leasin g  fac to r , w hose ex istence  seem s to  be 
co n firm ed  b y  recen t ev idence. I t  w as re m ark ab le  th a t ,  like e lec trical s t im u la tio n  
chem ica l s tim u la tio n  of th e  h y p o th a la m o -p itu ita ry  n eu ro sec re to ry  sy stem  
p ro d u ced  no sign ifican t change in  A C TH  secre tio n  [1]. T his is a n o th e r  o b se r
v a tio n  a t  v a ria n c e  w ith  th e  h y p o th e s is  th a t  v aso p ressin  or o x y to c in  w o u ld  p lay  
a  s ig n if ic a n t role in  th e  c o n tro l o f  p itu ita ry -a d re n o c o rtic a l a c t iv i ty  [4, 15].

T h e  changes in  b eh av io u r a n d  th e  em o tio n a l changes evoked  b y  chem ical 
s t im u la tio n  d id  n o t u n ifo rm ly  p ro d u ce  an  increase  o f A CTH  sec re tio n . O n th e  
c o n tra ry , in  som e cases ju s t  th e  o p p o site  occu rred . T h is suggests t h a t  b y  m eans 
o f  cho linerg ic  an d  ad renerg ic  s tim u la tio n  i t  m ay  becom e possible to  s tu d y  th e  
en d o crin e  o rg an iza tio n  in  i ts e lf  w ith in  th e  m an y -sid ed  in te g ra tiv e  h y p o th a la 
m ic a c tiv ity . A t th e  sam e tim e , th e se  o b se rv a tio n s  also in d ic a te  t h a t  th e  
em o tio n a l re a c tio n  develop ing  u n d e r  n a tu ra l co n d itio n s  and  to g e th e r  w ith  it  
th e  s tre ss  reac tio n  req u ire  th e  o rgan ized , u n ifo rm  fu n c tio n  n o t o n ly  o f th e  
d ien cep h a lic , b u t also of th e  e x tra h y p o th a la m ic  s tru c tu re s .
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G am m a a m in o b u ty ric  acid  (GABA) p ro d u ces th e  sam e effect in Lamellibranchiata 
as in o ther an im als . Low  co n cen tra tio n s  (10-6  w eigh t pe r cen t), ap p lied  to  th e  visceral 
ganglion, in h ib it th e  to n e  of th e  poste rio r ad d u c to r. A pplied  to  th e  c e reb ra l ganglion , 
GABA in h ib its  i ts  a c t iv ity  an d  so increases th e  tone  of th e  p o ste rio r ad d u c to r.

Low c o n ce n tra tio n s  o f  GABA (10-0  w eigh t pe r cen t) hav e  a d ip h asic  effec t on 
th e  ganglia, b ioelectric  a c t iv ity  is f i r s t  s tim u la ted  an d  th e n  in h ib ited . H ig h  concen
tra tio n s  (10-3 w e igh t p e r  cen t) p ro m p tly  in h ib it  th e  b ioelectric  p o ten tia ls .

P ic ro tox in  is an  a n ta g o n is t o f GÁBA.

In  earlier re p o rts  [9] we h av e  d ea lt w ith  th e  cho linerg ic , ca tech o lam in er- 
gic a n d  5 -h y d ro x y try p ta m in e rg ic  m echan ism  of th e  to n e  o f th e  p o s te rio r  ad d u c 
to r  in  Lam ellibranchiata, a n d  th e  effects of c u ra riz a tio n  an d  n ic o tin iz a tio n  of 
th e  m u scu la r an d  n eu ra l a p p a ra tu s  as also th e ir  t r e a tm e n t  w ith  m onoiodoacetic  
ac id  an d  2,4 d in itro p h en o l. T h e  p re sen t in v es tig a tio n s  w ere designed  to  ob
serv e  th e  effect o f y -a m in o b u ty ric  acid  (G A BA ).

T h e  presence a n d  p ro p e rtie s  of “ F a c to r  I ”  an d  G A B A  in  an im a l o rg an 
ism s h av e  scarcely  been  s tu d ie d . K o sh t o y a n t s  [7] claim s th a t  G A B A  p ro 
duces, via  th e  ce reb ra l gang lion , a m ark ed  effect on th e  period ic  m o to r  a c tiv 
i ty  o f m ussels. I ts  p resence  m u st be assum ed  since i ts  specific  a c tio n  can  be 
t r a c e d  th ro u g h  th e  w hole an im a l k ingdom ,from  th e  p ro to zo an s  to  th e  m am m als. 
T h is  assu m p tio n  h as  b een  b o rn e  ou t b y  ou r o b se rv a tio n s .

K o sh t o y a n t s  an d  K o k in a  [6 ] d e m o n s tra te d  th a t  G A B A  an d  /3-alanine 
in h ib ite d  th e  rh y th m ic  a c t iv i ty  o f P aram ecium  caudatum , an  an im a l w ith o u t 
n e rv o u s system . V e r e s h t c h a g i n  an d  S u t i n s k y  [12] show ed th a t  G A B A  and  
/З-a lan in e  in h ib ited  th e  m o to r a c tiv ity  o f in sec ts , an d  su p p ressed  th e  b ioelec tric  
a c t iv i ty  in  th e  n e rv o u s sy s te m  o f th ese  an im als. F l o r e y  [3] sugg ests  th a t ,  in 
c ru s tacean s , “ F a c to r  I ”  in h ib its  th e  claw -open ing  re flex  a t  th e  level o f n eu ro 
m u scu la r m ed ia tio n , a n d  also in h ib its  ca rd iac  an d  in te s tin a l co n tra c tio n . 
B r o ck m a nn  el ál. [2] d e m o n s tra te d  th a t  e x tra c ts  o f m am m alian  b ra in  decreased  
th e  to n ic ity  o f th e  claw  m uscles in  th e  c rab . V e r e s h t c h a g i n  et al. [13] 
fo u n d  th a t  GABA in h ib ite d  b ioelec tric  a c tiv ity  in  th e  n e rv o u s sy s tem  o f c a te r
p illa rs .
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M ethods

T h e  tone of the  p o ste rio r  a d d u c to r  of Lamellibranchiata as also th e  m echanism  of its  
in h ib i t io n  are regu la ted  by  th e  c e re b ra l an d  the  v isceral ganglia . M yog rap h y  has been applied  
in  th e  p re sen t s tu d y  of th e  ro le  p lay e d  by  th e  in d iv id u a l e lem en ts, w hile a  s im u ltan eo u s 
r e g is tr a t io n  of the  b ioelectric  a c t iv it ie s  o f th e  cerebral a n d  v iscera l gan g lia  served to  an aly ze  
th e  a c t iv i ty  of neural e lem en ts.

M yogram s were m ade  b y  a tta c h in g  th e  p o ste rio r v a lv e  (se p a ra ted  from  th e  an te rio r  
a d d u c to r )  to  the  pen arm  of a k y m o g ra p h  w hich reco rded  th e  processes o ccurring  in  th e  p os
te r io r  ad d u c to r. For e lec tro p h y sio lo g ica l analysis, th e  a c tio n  p o ten tia ls  o f  th e  cereb ral and 
v isc e ra l ganglia  were reco rd ed  sy n c h ro n o u sly  by  m eans o f b ip o la r silver e lectrodes an d  an  
in k -w r i tin g  oscillograph. T he a c t io n  p o ten tia ls  of th e  c e reb ra l ganglion  w ere led  off from  the  
c e re b ro v isce ra l connective, th o se  o f th e  visceral ganglion  from  th e  m o to r fib res  ru n n in g  from  
th e  v isc e ra l ganglion to  th e  m uscle .

I t  m ay  be argued th a t  th e  a c tio n  of agents app lied  to  th e  cereb ral ganglion  is d is tu rb ed  
i f  im p u lse s  are passing th ro u g h  th e  connective  from  th e  v iscera l to  th e  cereb ra l ganglion , and 
t h a t ,  sim ila rly , the  action  of a g e n ts  ap p lied  to  th e  v iscera l ganglion  is im p a ired  b y  th e  fac t 
t h a t  th e  nerves runn ing  to  th e  m u sc le  co n ta in  also f ib res  w hich  pass to  th e  p o ste rio r a d d u c to r 
w i th o u t  in te rru p tio n . W e hav e  to  re m e m b e r th a t  we are  here  concerned  w ith  d ev ia tio n s from  
n o rm a l  e lectrogram s, fu r th e r , t h a t  one has to reckon  w ith  th e  sa id  d is tu rb in g  fac to rs  also in  
th e  case  o f a ganglionic lead.

T h e  am plifying freq u en cy  v a r ie d  from  0.2 to  75 H z in o u r ex p erim en ts . T h e  ac tive  
c h e m ic a l agen ts were app lied  in  doses o f 0.1 ml 10“ 6 or 10~3 w eigh t p e r cen t co n cen tra tio n s 
p e r  g o f  b o d y  weight, b y  th e  a id  o f soaked  m inu te  c o tto n  sw abs p laced  on th e  v iscera l or 
th e  c e re b ra l ganglion.

T h e  c ircula tion  of th e  a n im a ls  w as norm al th ro u g h o u t. T he v iscera l ganglion  an d  th e  
p o s te r io r  a d d u c to r being n e x t to  e ac h  o th e r, the  sw ab p laced  on th e  fo rm er p ro d u ced  an  effect 
on  th e  la t te r  too. For re flex  s tim u la tio n  of th e  m uscle a slide in d u c to r  (4 V) w as used . T he 
s t im u la t in g  electrodes were a p p lie d  to  th e  posterio r m arg in  o f th e  m an tle  w h ich  is rich  in nerve 
e n d in g s .

T h e  m yographic re su lts  w ere  e v a lu a te d  by  com parisons w ith  co n tro l curves as also on 
th e  b a s is  o f the  tim e c h a ra c te ris tic s  o f m uscu lar changes.

R esults

M yographic observations in  connection ivith  G A B A .  G A B A  w as used  a t 
c o n c e n tra tio n s  of 10-3  a n d  10 -6  w/w. A pp lied  to  th e  v isce ra l gang lion , h igh 
a n d  low  co n cen tra tio n s p ro d u c e d  opposite  effec ts.

A s expected , low  c o n c e n tra tio n s  decreased  th e  to n ic ity  o f th e  po ste rio r 
a d d u c to r .  A fter 20 sec. s t im u la tio n , re la x a tio n  b eg an  152 p e r  cen t, an d  t e r 
m in a te d  76 per cen t, so o n er. T h e  decrease in  to n ic i ty  a m o u n te d  to  121 per cen t 
a f t e r  th e  division of th e  c o n n e c tiv e , i.e. th e  ra t io , tim e  re q u ire d  for th e  d evel
o p m e n t  o f tone  an d  to n e  in te n s i ty  w as 21 p e r c en t m ore in  th e  te s t  an im als 
t h a n  th e  correspond ing  v a lu e  in  th e  con tro ls. T h e  c o n tra c tio n s  consisted  alm ost 
e x c lu s iv e ly  of te ta n ic  c o m p o n e n ts , ton ic  co m p o n en ts  w ere neglig ib le, th e  pes- 
s im u m  phenom enon , i.e. t h e  g ra d u a l change o f  th e  c o n trac tio n -en h an c in g  
e f fe c t o f  th e  cu rren t in to  in h ib it io n  causing  re la x a tio n  w as observ ab le . T he 
te ta n ic  com ponen ts w ere, th u s ,  m ark ed ly  p h as ic . R e la x a tio n s  w ere ra p id  and  
o f  th e  phasic  ty p e .

H ig h  co n cen tra tio n s o f  G A B A  (10-3  w /w ) p ro d u ced  th e  oppo site  effect. 
T h e  to n e  persisting  u su a lly  fo r  an  average of 14 m in u te s  rem a in ed  u n ch an g ed  
fo r  s e v e ra l hours a fte r  th e  a p p lic a tio n  of G A B A  a t  a c o n c e n tra tio n  of 10-3 .
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T h is  phenom enon  w as su p p o sed  to  be due to  th a t  c o n c e n tra ted  G A B A  acts 
as a m etabo lic  poison.

G A BA  app lied  to  th e  ce reb ra l ganglion  seem ed  to  in h ib it its  a c t iv i ty  as 
fa r  as could  be ju d g e d  fro m  th e  e lev a ted  to n e  o f th e  p o ste rio r a d d u c to r . T h is 
e ffec t m an ifested  i ts e lf  w ith  a decreased  te ta n ic i ty  o f th e  m usc le , a lw ays 
su p p o sin g  th a t  decreased  a c tiv i ty  o f th e  ce reb ra l ganglion  leads to  in creased

a

±

b

c

Fig. 1. B iopo ten tia ls o f th e  cerebrov isceral connective  follow ing ap p lica tio n  to  th e  cereb ra  1 
g an g lio n  o f GABA a t  a co n cen tra tio n  of 1 0 "  

a  == co n tro l; 6 =  a t  1 m in .; c =  a t  3 min.

to n ic i ty  in  th e  p o ste rio r  a d d u c to r . T he in te n s i ty  o f th is  effect seem ed  to  be in  
d ire c t re la tio n  to  th e  c o n c e n tra tio n  of G A BA .

In crease  in  to n ic i ty  a f te r  s tim u la tio n  fo r 20 sec. a m o u n te d  to  98 per 
c e n t a t  h igh , and  to  56 p e r  cen t a t  low, c o n c e n tra tio n s  (10 -5  a n d  10 -8  w/w, 
re sp ec tiv e ly ). T he e ffec t o f  a p reced ing  e lim in a tio n  o f th e  ce re b ra l ganglion  
w as s till fe lt a f te r  a tra n s e c tio n  o f th e  con n ec tiv e . In  th is  case th e  to n e  w as 82 
p e r c en t m ore in ten se  th a n  u n d e r  physio log ical cond itions.

Electrophysiological observations in  connection with G A B A  and  picro- 
lo x in . G A BA  is kn o w n  [4, 8 , 10] to  in h ib it rh y th m ic  b ioelec tric  a c t iv i ty  no t 
o n ly  in  v e r te b ra te s  a n d  in v e r te b ra te s  b u t also in  organ ism s dev o id  o f  n erv o u s 
a p p a ra tu s . D a ta  in  th is  re sp e c t a re  lack ing  in  re g a rd  to  m olluscs.

W e app lied  G A B A  to  th e  cereb ral gang lion  a t  low an d  h ig h  c o n c e n tra 
tio n s  (10~e and  10-3  w /w ). Low  c o n cen tra tio n s  s tre n g th e n e d  th e  b ioe lec tric  
a c t iv i ty  of the  nerve  in  th e  f ir s t  phase  (F ig. 1/b), b u t  a c tiv ity  b eg an  to  decrease 
in  th e  second m in u te  an d  soon  d isap p eared  a lto g e th e r. F ig . 1/c show s connec-
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b

F ig . 2 . B iopo ten tia ls o f th e  cereb ro v isce ra l connective  fo llow ing  ap p lica tio n  to  th e  cerebral 
g an g lio n  o f  GABA a t a c o n ce n tra tio n  of 10-3 

a =  co n tro l; b =  a f te r  t r e a tm e n t

c

F ig . 3. C erebral (above) a n d  v isc e ra l (below) b io p o ten tia ls  follow ing ap p lica tio n  of p ic ro to x in
a n d  G A B A  to  the  cereb ral g ang lion

a — contro l; 6 =  p ic ro to x in  (concen tra tion , 0.05 M ); c =  GA BA (c o n cen tra tio n  10-3 )

t iv a l  a c t iv i ty  a t 3 m in u te s . L o w  co n cen tra tio n s  o f  th e  su b stan ce  h a v e , th u s , a 
d ip h a s ic  effect. No su ch  e ffe c t w as observed a f te r  th e  ap p lica tio n  o f h ig h  co n 
c e n tra t io n s  (F ig. 2 /b). C o n n e c tiv a l a c tiv ity  b e g a n  to  d im in ish  im m ed ia te ly  
a f te r  t r e a tm e n t  w ith  G A B A , a sign of its  p ro m p t in h ib ito ry  ac tio n . A p p lica 
tio n  to  th e  visceral g an g lio n  g av e  th e  sam e re su lts , w ith  th e  difference t h a t  th e  
f i r s t  (s tim u la tiv e ) ph ase  la s te d  som ew hat lo n g er.
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T he ex is ten ce  o f an  an tag o n ism  b e tw een  G A B A  an d  p icro tox in  h as  been  
p o in ted  o u t by  sev era l a u th o rs  [1, 3, 5]. T he e ffec t o f  GABA has h a rd ly  b een  
s tu d ie d  in  co n n ec tio n  w ith  m olluscs, an d  th e  sam e  applies to  p ic ro to x in . 
R i c h a r d s  [11] c la im s th a t  i t  does no t affect th e  p ed a l ganglion.

P ic ro to x in  ap p lied  to  th e  cereb ra l gang lion  a t  a co n cen tra tio n  o f  0.05 
M  w as fo u n d  to  s tre n g th e n e d  co n n ec tiv a l b io p o te n tia ls  (Fig. 3/b). S p in d le - 
sh ap ed  b u n d le s  o f im pu lses, in d ica tiv e  of in c rea sed  a c tiv ity , w ere o f te n  ob-

a

5 0  p V

c

Fig. 4. B io p o ten tia ls  o f th e  v isceroeffcren t nerve follow ing a p p lic a tio n  of p icro tox in  a n d  G A B A
to  th e  v isceral ganglion

a =  co n tro l; 6 a f te r  t r e a tm e n t w ith  p icro tox in  (0.05 M );  c =  a f te r  trea tm e n t w ith  G A B A
(IO-») ' _

served . T h is show s th a t  p ic ro to x in  is a pow erfu l s t im u la n t  in m olluscs as w ell. 
R ecords o f  th e  im pulses c o n d u c ted  b y  th e  n e rv e  ru n n in g  from  th e  v isc e ra l 
ganglion  to  th e  p o ste rio r a d d u c to r  (v isceroefferen t n erve) show ed a s im u lta 
neous s tre n g th e n in g  o f th e  b io p o ten tia ls  an d  a sy n ch ro n o u s  ap p earan ce  o f  th e  
im pulse b u n d les  o f  th e  con n ec tiv e . GA BA , a p p lie d  to  th e  ganglion a f te r  th e  
im pulses h a d  been  in ten s ified  b y  p ic ro to x in , c au se d  a considerab le d ec rease  
o f a c tiv ity , th u s  show ing  th a t  th e  an tag o n ism  b e tw e e n  th e  tw o su b s ta n c e s  is 
q u ite  as m ark ed  in  Lam ellibranchiata  as in  o th e r  an im a ls  (F ig. 3/c).

C erta in  d ifferences w ere observab le  n ev e rth e le ss . T he effect o f  G A B A , 
as describ ed  in  th e  foregoing  p a ra g ra p h , la s ted  in  o u r experim en ts n o t lo n g e r 
th a n  60 to  90 seconds a f te r  w hich b ioelec tric  a c t iv i ty  once m ore a t ta in e d
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th e  h ig h  level reach ed  u n d e r  th e  effect o f p ic ro to x in . A p p lica tio n  o f  p ic ro to x in  
to  th e  v iscera l gang lion  g av e  sim ilar re su lts  (F ig s  4 /a, 4/b, 4/c) w ith  th e  d if
fe re n c e  t h a t  th e  c o u n te ra c tio n  of G A BA  w as w eak er in  th is  case.

D iscussion

I t  is clear from  th e  fo rego ing  th a t  G A B A  causes inh ib itio n  fro m  b o th  th e  
b io e le c tr ic  an d  th e  m y o g ra p h ic  angle. A f low  co n cen tra tio n s , i ts  in h ib ito ry  
e ffe c t m an ifested  i ts e lf  in  th e  second p h a se . T h is  m y o g rap h ica lly  o b serv ed  
e ffe c t is  p re su m ab ly  b ila te ra l :  G A BA  in h ib i ts  th e  n eu ro m u scu la r sy n ap ses  
(o r p e rh a p s  th e  v e ry  m uscle  fib res), an d , b y  in h ib itin g  th e  a c t iv i ty  o f  th e  v is
c e ra l gang lion , e x tin g u ish es  th e  im pulses w h ich  keep  up to n ic ity .

A lth o u g h  h igh  c o n c e n tra tio n s  of G A B A  suppress th e  a c t iv i ty  o f th e  
v is c e ra l ganglion p ro m p tly  a n d  a lm ost c o m p le te ly , th e  to n e  still re m a in s  s tro n g 
e r t h a n  norm al. W e e x p la in  th is  p h e n o m en o n  b y  asstim ing a non -specific  
to x ic  e ffec t of G A BA  on  th e  m uscle e lem en ts , re su ltin g  in  m u scu la r p a rab io s is . 
I t  fo llo w s th a t  G A B A  h a s  th e  sam e effec t on  m olluscs as on o th e r  an im als. 
L o w  c o n c e n tra tio n s , a p p lie d  to  th e  v isce ra l gang lion , in h ib it th e  to n e  o f th e  
p o s te r io r  ad d u c to r. T h e  in h ib ito ry  effect o f  G A B A  on th e  cen tra l g an g lia  has 
b e e n  co n firm ed  b y  th e  e lec tro p h y sio lo g ica l fin d in g s .

A n  analysis o f th e  e ffec ts  ex e rted  a t  d iffe re n t co n cen tra tio n s  o f  G A BA  
sh o w s t h a t  th e  s tro n g e r  th e  in h ib itio n  o f th e  ce re b ra l ganglion, th e  m o re  s tr ik 
in g  th e  to n ic  p ro p e rtie s  o f  th e  poste rio r a d d u c to r  w ill becom e.

*

T h e  experim en ts desc rib ed  above were c o n d u c ted  a t  th e  Physiological I n s t i tu te  o f th e  
Z h d a n o v  U niv ersity , L en in g rad .

L IT E R A T U R E

1. B a z e m o r e , A. K .: N a tu re  (L o n d .) 176, 1052 (1956).
2. B h o c k m a n n , J .  A ., B u r s o n , S. S.: P roc. Soc. exp . B iol. (N . Y .) 94, 450 (1957).
3. F l o r e y , E .: A rch. in t.  P h y s io l. 62, 33 (1954).
4. V a n  d e r  K l o o t , V. G .: E x p e r ie n tia  (B asel) 15 , 35 (1959).
5. V a n  d e r  K loot, V. G .: C onference on In h ib itio n  o f th e  N ervous S ystem  a n d  th e  GA BA.

L os Angeles, 1959.
6. K o sh to y a n ts , K h . S., K o k in a , N. M. ( К о ш т о яа нц , X .  С., К окина, H . H . ) :  Д о к л а д ы

А к а д . Н а у к  С С С Р . 12 7 , 721  (1959).
7. K o sh to y a n ts , K h . S., S m ir n o v a , N. A., P o pk o v a , R . S.: (К ош т оянц , X .  С ., С м ирнова,

H .  А .,  Попкова, P . С .)  : Ф и з. Ж . 45, 1236 (1 9 5 9 ).
8. K u f f l e r , S. V ., E d w a r d s , С.: J .  N europhysio l. 21 , 579 (1958).
9. P u p p i ,  A .: A cta physio l, h u n g . In  press.

10. P u r p u r a , D. D ., Cir a d o , M .: Proc. Soc. exp . B io l. (N . Y .) 95, 791 (1957).
11. R ic h a r d s , O.: B iol. B u ll. 56 , 48 (1929).
12. V e r e s h t c h a g in  S. M ., Su t in s k y  I. A. P e rso n a l com m unica tions.
13. V e r e sh t c h a g in  S. M. P e rso n a l co m m u n ica tio n s

A n d rá s  P u p p i
O rv o s tu d o m á n y i E g y e te m  É le t ta n i  In té z e te , P écs.



THE EFFECT OF COMBINED HYDROCORTISONE 
AND REPEATED FORMALIN STRESS ON ADRENAL  

CORTICOSTERONE AND ALDOSTERONE PRODUCTION

By

P . V e c s e i -W e i s z , K .  F a r k a s , V e r o n i k a  K e m é n y  and D . T a n k a
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(R eceived  D ecem ber 30, 1962)

A drenocortical ho rm one p ro d u c tio n  has been  e s tim a te d  by  d e te rm in in g  th e  
ho rm o n e  co n te n t from  th e  in cu b a tio n  flu id  o f su rv iv in g  ad ren a l slices. In  r a t  e x p e r i
m en ts  i t  has been found  th a t ,  follow ing tre a tm e n t w ith  large  doses of h y d ro co rtiso n e , 
beside th e  decrease o f co rtico s tero n e  p ro d u c tio n  th e  p ro d u c tio n  of a ldosterone w as also 
m ark e d ly  decreased. W hen hy d ro co rtiso n e  tre a tm e n t w as com bined w ith  re p e a te d  
fo rm alin  stress, co rticostero id  p ro d u c tio n  was m o stly  th e  sam e as following fo rm a lin  
in jec tio n s  alone; a ldosterone  an d  in  a  sm aller m easu re  also corticosterone, p ro d u c tio n  
w ere h ig h er th a n  in  th e  an im als  tre a te d  w ith  h y d ro co rtiso n e  alone. A tro p h y  o f  th e  
ad ren a ls  w as n o t sig n ifican tly  in fluenced  by sim u ltan eo u s fo rm alin  and h y d ro co rtiso n e  
t re a tm e n t. In  th e  ra ts  t r e a te d  w ith  h y d rocortisone  a n d  fo rm alin  th e  g lom eru lar zone  
w as b ro a d er and  th e  su d an o p h o b ic  zone n arrow er th a n  in  th e  ra ts  trea te d  w ith  h y d ro 
co rtisone  alone.

A fearsom e, th o u g h  fo r tu n a te ly  ra re  co m p lica tio n  o f  chronic c o r tic o s te 
ro id  th e ra p y  is th e  decrease o f  endogenous s te ro id  p ro d u c tio n , ad ren a l in s u f f i
ciency . T h is  becom es m an ifest m o stly  a fte r  th e  w ith d ra w a l o f exogenous s te 
ro ids a n d  in  severe cases m ay  k ill th e  p a tie n t. A lth o u g h  th is  ad ren a l in s u f f i
c iency fo llow ing ste ro id  w ith d ra w a l w as described  s h o r tly  a fte r  s te ro id  th e r a p y  
h ad  gain ed  w ide-sp read  accep tan ce  [1, 2, 3, 4 ], th e  m echan ism  of its  d e v e lo p 
m en t is s till unc lear. F o r ex am p le , i t  is unclear w h a t  changes ta k e  p lace  in  th e  
p ro d u c tio n  o f a ldosterone  beside  th e  u sua lly  em p h asized  an d  in v e s tig a te d  g ly- 
coco rtico id  insuffic iency . T h e  p e r ta in in g  ev idence p u b lish ed  th u s  fa r is r a th e r  
c o n tra d ic to ry . W hile F a r r e l  [5] (1956) found  no decrease  in  th e  a ld o ste ro n e  le 
vel of a d re n a l venous b lood  in  dogs follow ing ch ro n ic  co rtiso n e  a d m in is tra tio n , 
som e c lin ica l observers [6 , 7] n o te d  a m arked  decrease  o f a ldosterone  e x c re tio n  
in  th e  course  o f  s te ro id  t r e a tm e n t .  O ne of us ( F a r k a s  [8])  found  a t  a u to p s y  
o f p a tie n ts  d ied  a fte r  s te ro id  w ith d ra w a l a m o stly  a tro p h ie d  fasc icu la r zo n e  
beside a n o rm a l g lom eru lar zone; in  one case th e  l a t t e r  zone was also a tro p h ie d . 
T he c o n tra d ic to ry  d a ta  in d u ced  us to  su b jec t th e  q u e s tio n  to  an  e x p e rim e n ta l 
s tu d y . W e w ished to  in v e s tig a te  in  a d d itio n , in  th e  sea rch  for th e ra p e u tic  
m e th o d s , th e  p rob lem  as to  how  a n  ev en tu a l h y p o p ro d u c tio n  of a ld o s te ro n e  
w ould  be  in flu en ced  b y  s im u lta n e o u s  stress re leased  b y  in jec tio n s of fo rm a lin . 
In  ea rlie r ex p e rim en ts  [9, 10, 11] wTe show ed n am ely  th a t  follow ing th e  re p e a te d  
a d m in is tra tio n  o f fo rm alin  a d re n a l a ld o ste ro n e  p ro d u c tio n  increased . R e c e n tly , 
th is  o b se rv a tio n  has been c o rro b o ra te d  b y  F a c h e t  el al. [12].
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M ethods

M ale albino ra ts  fro m  th e  sam e  stock, w eig h in g  80 to  120 g, w ere used . O ne group  was 
t r e a te d  fo r 5 or 8 days w ith  h y d ro co rtiso n e  a c e ta te  ( R ichter , B u d ap est) su b cu tan eo u sly , a 
se c o n d  g ro u p  received in  a d d itio n  b u t  a t  d ifferen t p o in ts  o f tim e 0.5 m l o f a  2 p e r c e n t form alin  
so lu t io n . F o rm alin  tre a tm e n t la s te d  5 days in  ev ery  c ase ; i.e. th e  anim als t re a te d  w ith  h y d ro 
c o rtiso n e  fo r 5 days received  fo rm a lin  from  th e  b e g in n in g , those  tre a te d  w ith  hyd ro co rtiso n e  
fo r  e ig h t  days were g iven  fo rm a lin  a fte r 3 days o f h y d ro co rtiso n e  p re tre a tm e n t. T w en ty -fo u r 
h o u rs  a f te r  th e  com pletion  o f  t re a tm e n t th e  a n im a ls  w ere killed b y  d e c a p ita tio n , the  
a d re n a ls  w ere rem oved  a n d  c lean sed  w ith o u t d e lay , c u t  in to  four p a r ts  an d  te s te d  fo r c o r ti
c o s te ro id , f i r s t  of all a ld o s te ro n e  a n d  corticosterone  p ro d u c tio n  b y  G i r o u d ’s m eth o d  [13]. 
F o r  t h a t  p u rpose  th e  specim ens o f  ad renal tissue w ere  in cu b a ted  a t  38° C in  K re b s  — R inger 
b ic a rb o n a te  so lu tion  co n ta in in g  200 m g glucose p e r  100 m l. A fter th e  f i r s t  30 m in u te s  the  
in c u b a t io n  flu id  was d ecan ted  a n d  th e  stero id  p ro d u c tio n  b y  th e  surv iv ing  ad ren a ls  w as ch arac 
te r iz e d  b y  assaying th e  s te ro id  c o n te n t of th e  n e x t, 2 -h o u r, in cu b a tio n  flu id . E x c e p t fo r a  few 
c ases , a t  le a s t six ad renals fro m  3 an im als were in c u b a te d  to g eth e r and  each  co lu m n  in  Fig. 
1 a n d  F ig . 2 rep resen ts th e  s te ro id  p roduction  b y  th e  ad ren a ls  o f several an im als .

A fte r  in cu b a tio n  th e  in c u b a tio n  flu id  was te s te d  fo r corticostero ids b y  ch ro m a to g ra p h y . 
T h e  in c u b a tio n  flu id  (m o stly  10 m l o f K rebs — R in g e r b ica rb o n a te  so lu tion  th ro u g h  w hich  95 
p e r  c e n t  О» an d  5 per c en t C 0 2 h a d  been flow n) w as a lk a lin ized  w ith  0.5 m l n  N a O H  so lu tion  
a n d  sh a k e n  o u t im m ed ia te ly  w ith  a b o u t 20 ml o f ch lo ro fo rm . E x tra c tio n  w ith  ch lo ro fo rm  was 
r e p e a te d  tw ice and  th e  po o led  chloroform ic e x tra c ts  w ere  v acu u m -d is tilled  u n d e r  50° C, a t 
in d if fe re n t  gas tension . T he e x tr a c ts  were app lied  to  W h a tm a n  No. 1 f i lte r  p a p e r  strip s . A t 
f i r s t  a  “ p u rify in g ” c h ro m a to g ra p h y  was done in  th e  B u s h —A [14] (Ugróin: m e th a n o l : w a te r  
100 : 85 : 15) system , a t  room  te m p e ra tu re , for 12 to  24 h o u rs . As a re su lt o f th is  th e  im p u ritie s  
o f  th e  e x tr a c t  (first o f all lip ids) to g e th e r  w ith  th e  m o b ile  phase  left th e  a b o u t 20 cm  long strip  
u se d  b y  us. T hen ch ro m a to g ra p h y  w as carried  o u t in  th e  B ush  В 5 [14] (benzene : m ethano l 
w a te r  100 : 55 : 45) sy s tem , a t  38° C for 1 hour, a f te r  v a p o u r  sa tu ra tio n  las tin g  fo r У? to  1 hour. 
S u b s e q u e n tly  th e  strip s w ere p u t  b a ck  in to  th e  B u sh  A  sy stem  for “ in te n s if ic a tio n ” . T his, as 
w e h a v e  show n [15, 16] leaves th e  position  of th e  co rtico s tero id s u n ch an g ed , b u t  increases 
s ig n if ic a n tly  th e  te traz o liu m -re d u c in g  power o f th e  s te ro id s  and  th u s  enhances th e  se n sitiv ity  
o f  c o rtico s te ro id  assays. T h is  “ in ten sify in g  re ac tio n ”  w as described f ir s t  b y  B u s h  [17], who 
t ra c e d  i t  back , erroneously , o n ly  to  co n tam in a tio n s in  th e  té trazo liu m  sa lts . T h e  “ in te n s ify in g ” 
c h ro m a to g ra p h y  was c a rried  o u t  a t  room  te m p e ra tu re  fo r 4 to  12 hours. T h en  th e  c h ro m a to 
g ra m s  w ere  developed w ith  a lk a lin e  té trazo liu m  b lu e , th e  coloured  fo rm azan  sp o ts  e lu ted  and  
th e  s te ro id  co n cen tra tio n  w as d e te rm in ed  sp e c tro p h o to m etrica lly . F u r th e r  d e ta ils  are  to  be 
fo u n d  in  o u r previous p a p e r  [18].

F o r  histo logical s tu d y  th e  specim ens of a d re n a l tis su e  were fix ed  in  4 pe r c e n t fo rm alin , 
f ro ze n , a n d  th e  sections c u t w ere sta in ed  w ith  S u d a n  IV  fo r lipids.

R esults

a )  F u n c tio n a l re s u lts .  T he resu lts  fo r  co rtico ste ro n e  are  sh o w n  in  Fig. 
1, th o s e  for a ldosterone  p ro d u c tio n  in  F ig . 2. F ir s t  o f all, a ld o ste ro n e  p ro d u c tio n  
c h a n g e d  m arked ly ; i t  d ec reased  s ig n ifican tly  follow ing h y d ro co rtiso n e  t r e a t 
m e n t ,  to  trace s  in  som e cases . On th e  o th e r  h a n d , th e  ra ts  t r e a te d  w ith  h y d ro 
c o r tiso n e  an d  fo rm alin  sh o w ed  m arked  a ld o s te ro n e  p ro d u c tio n  in  m o st cases. 
S o m e g roups p ro d u ced  m o re  a ldosterone  physio log ica lly , th e y  b e h a v e d  like 
th e  r a t s  tre a te d  w ith  fo rm a lin  alone [9, 10, 11].

T h e  changes in  co rtico s te ro n e  p ro d u c tio n  w ere sim ilar to  th o se  in  al
d o s te ro n e  p ro d u c tio n , b u t  th e  d ifferences w ere  less sig n ifican t. I n  th e  ra ts  
s u b je c te d  to  h y d ro co rtiso n e  tre a tm e n t fo r 5 d ay s , co rtico ste ro n e  p ro d u c tio n  
d e c re a se d  to  lesser e x te n t  th a n  a ld o ste ro n e  p ro d u c tio n  d id .



THE EFFECT OF COMBINED HYDROCORTISONE STRESS 231

F ig . 1. A dren al corticosterone p ro d u c tio n . E ac h  e m p ty  co lum n rep resen ts th e  re su lts  fo r 
g ro u p s  w ith  u su a lly  th ree  ra ts . T h e  n u m b e r o f th e  ra ts  is show n u n d e r  th e  co lu m n . E x c e p t  
fo r  th e  s ix - ra t  g roups, b o th  ad ren a ls  w ere in cu b a ted . T he sh ad ed  colum ns in d ic a te  th e  m ean  
v a lu e s , n : n u m b er of ra ts  in  each  g ro u p . T he va lues for b o th  h y d ro c o rtiso n e -tre a te d  g ro u p s  
s ig n if ic a n tly  d iffer from  th e  con tro ls (p  0.01). S im ilarly  sig n ifican t differences c an  b e  fo u n d  
b e tw ee n  th e  g roups su b jected  to  8 -d ay  h y d ro co rtiso n e , an d  8 -d ay  hy d ro co rtiso n e  +  fo rm a lin  
t r e a tm e n t.  In  th e  case of 5 day  t r e a tm e n t,  th e  difference is on  th e  border of s ig n ific a n ce

F ig . 2. A d ren al a ldosterone p ro d u c tio n . Sym bols and  signs as in  F ig. 1. The v a lu es fo r  h y d r o 
c o rtiso n e  tre a te d  ra ts  are sig n ifican tly  d iffe re n t from  th e  co n tro l va lues and fro m  th e  re su lts  

fo r th e  ra ts  tre a te d  w ith  h y d ro co rtiso n e  an d  fo rm alin  (p  <  0.01)

A fte r  e x tra c tin g  an d  ru n n in g  th e  in c u b a tio n  m ed ia  of th e  su rv iv in g  a d re 
n a ls  fro m  th e  an im als t re a te d  w ith  h y d ro co rtiso n e  a n d  fo rm alin , a sp o t re a c tin g  
w ith  té tra z o liu m  appeared  re g u la r ly . T h is sp o t, w h ich  on ru n n in g  in  th e  B u sh

8  A cta Physiologica XXIV/2.
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B 5 sy s te m  to o k  p lace  b e tw e e n  cortisone a n d  co rtico s te ro n e , n e a r  th e  co rtiso n e  
s p o t .  T h e  in te n s ity  o f  th is  sp o t has no t b e e n  e s tim a te d  q u a n ti ta t iv e ly .

b)  M orphological re su lts . F ig . 3 i l lu s tr a te s  th e  values fo r a d re n a l w e ig h t. 
A d re n a l a tro p h y  w as  s im ila r  to , or even m o re  m ark ed  in  th e  an im als  tre a te d  
w ith  b o th  h y d ro c o rtiso n e  a n d  form alin  th a n  in  th o se  tre a te d  w ith  h y d ro c o rti
so n e  alone.

T h e  ad rena ls f ro m  12 h y d ro c o rtiso n e -tre a te d  and  fro m  11 h y d ro c o rti
so n e  a n d  fo rm a lin - tre a te d  r a ts  (5-day e x p e rim e n ts )  have  been  s tu d ie d  h is to lo 
g ic a lly . T he resu lts  a re  sh o w n  b y  m ic ro p h o to g ra p h s  No. 1 an d  N o. 2. As com -

50 H HF

f  'W
30

20

10-

0
F ig . 3 . A drenal w eigh ts ( le f t  +  r ig h t adrenal). K : c o n tro l an im als. H : h y d ro c o rtiso n e -tre a te d  
r a ts .  H F :  hyd ro co rtiso n e  +  fo rm a lin -tre a ted  ra ts . T h e  re su lts  for th e  la t te r  tw o  groups d iffe r 
s ig n if ic a n tly  from  th e  c o n tro l  v a lues. A drenal w e ig h ts  in  th e  groups tre a te d  fo r 5 d ay s and  8 

days b e h a v e d  in  th e  sam e w ay, an d  a re  th e re fo re  show n to g e th e r

p a re d  w ith  th e  c o n tro ls , no  d e fin ite  d ifferences w ere  found  in  th e  lip id  c o n te n ts  
o f  th e  d ifferen t s t r a ta .  H ow ever, w hereas in  th e  r a ts  tre a te d  w ith  h y d ro c o rti
so n e  alone th e  su d a n o p h o b ic  zone betw een  th e  g lo m eru la r an d  fasc icu la r zones 
w as  m ark ed , or e v e n tu a lly  w idened , in  th e  r a t s  su b jec ted  to  co m b in ed  h y d ro 
c o r tiso n e  and  fo rm a lin  t r e a tm e n t  th a t  zone  w as  excessively  n a rro w ed  as a 
r e s u l t  o f  a w idening  o f  th e  g lom eru lar zone.

D iscussion

I t  was re m a rk a b le  t h a t  following h y d ro c o rtiso n e  tr e a tm e n t th e  decrease 
o f  a ld o ste ro n e  p ro d u c tio n  exceeded th e  d ec rea se  of co rtico s te ro n e  p ro d u c 
t io n ,  w ell-know n fro m  th e  lite ra tu re . This r e s u l t  is a t  va rian ce  w ith  th a t  found  
b y  D a s  G u p t a  [19], w h o  re p o rte d  th a t  a ld o s te ro n e  p ro d u c tio n  d id  n o t decrease 
in  c o r tic o id - tre a te d  r a t s .  T h is  m ay  be a t t r ib u te d  to  th e  fac ts  th a t  D a s  G u p t a  

u se d  sm alle r s te ro id  d o ses  th a n  we did a n d  d e te rm in e d  by  b io logical t i t r a t io n  
th e  a ld o ste rone-like  a c t iv i ty  o f ad ren a l v en o u s  b lo o d  an d  n o t th e  s te ro id  con
t e n t  o f  th e  in c u b a tio n  f lu id  o f su rv iv ing  a d re n a l  tissue . F ro m  o u r re su lts  we
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d raw  th e  conclusion  th a t ,  a t  le a s t in  som e o f th e  h o rm o n e-w ith d raw al s y n 
d rom es, f ir s t  o f  all fo llow ing  s te ro id  t re a tm e n t w ith  large  doses th e  a d re n a l 
in su ffic ien cy  in v o lv es  an  e q u a l d im in u tio n  o f  g ly co co rtico id  an d  a ld o s te ro n e  
p ro d u c tio n , like in  A d d iso n ’s d isease . A ltho u g h  so m e clin ical re p o rts  [2] h a v e  
m en tio n ed  d is tu rb a n c e s  o f e le c tro ly te  m e tab o lism  s im ila r to  th a t  fo u n d  in

i

M icrophotogram  N o . 1. A drenal from  h y d ro c o rtiso n e -tre a te d  ra t

A d d iso n ’s d isease, our e x p e rim e n ta l re su lts  call fo r  f u r th e r  an d  ex ten siv e  c lin i
ca l in v e s tig a tio n s .

I t  is to  be em p h asized  t h a t  in  th e  case o f th e  com bined  h y d ro co rtiso n e  
a n d  fo rm alin  t r e a tm e n t  i t  w as n o t th e  a ld o s te ro n e  p ro d u c tio n  d ec rea s in g  
effect o f  h y d ro co rtiso n e , b u t  th e  opposite  e ffec t o f  fo rm alin  th a t  p re v a ile d . 
F o rm a lin  t r e a tm e n t  a c ts  in  th e  d irec tio n  o f n o rm a liz a tio n  also in  th e  case  o f  
co rtico s te ro n e  p ro d u c tio n . (W e could  n o t ev en  e x p e c t to  get so h ig h  c o r t i 
co ste ro n e  va lu es  as th o se  fo r a ld o ste ro n e  p ro d u c tio n ; co rtico ste ro n e  p ro d u c tio n  
does n o t increase  even  w h en  fo rm alin  a lone  is ad m in is te red  [9, 11].) 
T h is  re su lt is be liev ed  to  be im p o r ta n t because  i t  m a y  show  th e  m ean s  o f 
p re v e n tio n  o f ad re n a l in su ffic ien cy  due to  h o rm o n e  w ith d raw a l. Such  e x p e r i
m en ts  are  in  p rog ress.

As to  th e  m orpho log ica l re su lts , th e  chan g es in  ad re n a l w eight in d ic a te d  
once ag a in  [2 0 , 21 ] th a t  no close re la tio n sh ip  c a n  b e  fo u n d  betw een  th e  m o r
phological an d  th e  fu n c tio n a l te s ts . S im ilar con c lu sio n s m ay  be d raw n  from

8*
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so m e  o th e r  histo logical re s u lts ,  too  th u s , in  th e  r a ts  tre a te d  w ith  h y d ro c o rtiso n e  
a lo n e  th e  lip id  c o n te n ts  o f  th e  g lom eru lar a n d  fasc icu lar zones d id  n o t  decrease 
in  a m easu re  co rresp o n d in g  to  th e  fu n c tio n a l changes. O ur re su lts  fo r  th e  fasci
c u la r  zone are a t v a r ia n c e  w ith  ce rta in  d a ta  in  th e  l ite ra tu re  [22]. T h is  m ay  
b e  d u e  to  th e  fact t h a t  in  o u r  ex p e rim en ts  ad ren a lec to m y  to o k  p la c e  24 hours

M icropho togram  No. 2. A d re n a l fro m  r a t  su b jec ted  to  com bined  h y d ro co rtiso n e  a n d  fo rm alin
tre a tm e n t

a f te r  th e  la s t in jec tio n  o f  h y d ro co rtiso n e . In  h a rm o n y  w ith  th e  fu n c tio n a l 
r e s u l ts  is  our o b se rv a tio n  (m ic ro p h o to s  1 a n d  2 ) th a t  in th e  ra ts  g iv en  com bined  
h y d ro c o rtiso n e  an d  fo rm a lin  t re a tm e n t th e  g lom eru lar zone w as w id en ed  at 
th e  ex p en se  of th e  su d a n o p h o b ic  zone.

T o galley-proof. H o w ev e r, i t  has  been p u b lish e d  recen tly , th a t  a f te r  t r e a tm e n t  w ith  
h y d ro c o rt iso n e  in  dog a ld o s te ro n e  secre tion  d ec reased  [F a rre ll G.: R ec. P ro g r .  H o rm . Res. 
19 , 367 , (1963) in  d iscussion ]. T h is  d a te  agrees w i th  o u r  experiences on ra ts .
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T he e ffec t o f  en d o g en o u s A C TH  h y p e ra c tiv ity  o n  th e  p ro d u c tio n  o f a ld o s te ro n e 
a n d  co rtico s tero n e  in  su rv iv in g  ad ren a l slices o f w h ite  r a t s  has been  exam in ed . T h e 
follow ing re su lts  w e re  o b ta in e d .

C o rticosterone  p ro d u c tio n  w as considerab ly  in c re a sed  b y  a  single in je c tio n  of 
fo rm alin  as also b y  a s p h y x ia ,  while th e  level o f a ld o s te ro n e  show ed no s ig n ifican t change.

C o rtico ste ro n e  p ro d u c tio n  considerab ly  in c re a sed  a n d  th a t  o f a ld o ste ro n e  w as 
u n c h an g e d  in  c o m p e n sa to ry  h y p e rtro p h y , 5 d ay s a f te r  th e  rem o v a l o f th e  o th e r  ad ren a l.

I t  is su g g ested  t h a t  A C TH  secretion  h as  no  re g u la to ry  effect on a ld o ste ro n e  
sy n th es is . T he q u e s tio n  a s  to  w h e th er resu lts  co n ce rn in g  th e  p ro d u c tio n  of a ld o ste ro n e  
in  su rv iv in g  sec tions o f  th e  ad ren a l g land  can  be a cc ep te d  as v a lid  fo r con d itio n s in  vivo 
is answ ered  in  th e  a f f irm a tiv e  on th e  evidence of l i te r a ry  d a ta  an d  th e  re su lts  o f th e  
p re se n t experim ents.

T h e m echan ism  w h ich  reg u la tes  th e  se c re tio n  o f a ld o ste ro n e  is s till 
u n e lu c id a te d . T he k id n e y  [1, 2, 3], th e  p inea l b o d y  a n d  th e  subcom m issu ra l 
o rg a n  [4, 5, 6], som e u n d e fin e d  neu rosecre tions a c c u m u la tin g  in  th e  p o ste rio r 
lobe o f  th e  p i tu i ta ry  [7, 8 ], as also th e  h u m o ra l in flu e n c e  of th e  a n te r io r  p i tu i
t a r y  h a v e , accord ing  to  th e  p re se n t s ta te  o f o u r k n o w led g e , to  be ta k e n  in to  
c o n s id e ra tio n  as re g u la to ry  fa c to rs . As reg a rd s th e  h o rm o n es  p ro d u ced  b y  th e  
a n te r io r  p i tu i ta ry , i t  is —  a p a r t  from  th e  ra th e r  c o n tro v e rs ia l role o f  th e  g ro w th  
h o rm o n e  [9, 10] —  th e  ro le  o f  A CTH  w hich h as  to  he  ta k e n  in to  acco u n t in  
th e  f irs t  p lace. T h e  in v o lv e m e n t of A CTH  in  th e  re g u la tio n  o f a ld o ste ro n e  
sec re tio n  seem s to  be su p p o r te d  b y  th e  co n sid e ra tio n s : a )  som e o f th e  A CTH - 
p re p a ra tio n s  p ro m o te  th e  p ro d u c tio n  of a ld o ste ro n e  in  vivo  an d  in  vitro  [11, 
12, 13, 14]; b) th e  se c re tio n  o f a ldosterone  d im in ish es  a f te r  h y p o p h y sec to m y  
[15, 16]; c)  acu te  s tre s so r  effects (such as su rg ica l in te rv e n tio n s , psychic  
in flu en ces, etc.), b y  e n h a n c in g  th e  p ro d u c tio n  o f A C T H , increase  th e  u r in a ry  
o u tp u t  o f  a ld oste rone  in  h u m a n  sub jec ts  [17, 18, 19, 20]. T here  a re , on th e  
o th e r  h a n d , li te ra ry  d a ta  c o n tra d ic tin g  th is  ro le o f  A C T H , such  as a )  h y p o 
p h y sec to m y  does n o t cau se  a tro p h y  o f th e  zona  g lo m eru lo sa  in  w h ich  a ld o ste 
rone  is p ro d u ced  [21]; b)  s tim u li know n to  p ro m o te  th e  secre tion  o f a ld o ste ro n e  
p ro d u ce  th is  effect in  h y p o p h y sec to m ized  an im als  as w ell [16, 22]; c )  th e  a ld o 
s te ro n e  se c re tio n -p ro m o tin g  h u m o ra l p rinc ip le  w h ic h  can  be tra n s fe r re d  b y  
m eans o f  crossed c irc u la tio n  h as  no sign ifican t A C T H -like  effect, i.e. i t  does 
n o t p e rc e p tib ly  in crease  th e  secre tion  of g ly co co rtico id s  [23].
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I n  v iew  of these  c o n tra d ic to ry  re p o rts , we h av e  a t te m p te d  to  shed  fresh 
l ig h t  o n  th e  p roblem  u n d e r  new  e x p e rim e n ta l co n d itio n s in  th e  r a t .

S in ce  according to  d a ta  in  th e  l i te ra tu re  an d  our earlie r e x p e rim e n ts  th e  
d if fe re n t  A CTH  p re p a ra tio n s  d iffe r w idely  in  th e ir  a ld o s te ro n o tro p ic  effect 
[11, 1 2 ], an d  hav ing  no s y n th e t ic  m a te r ia l [24] a t  our d isposal, i t  w as n o t by 
m e a n s  o f  ad m in is te rin g  A C T H  th a t  we s tu d ie d  th e  ac tio n  of th is  a g e n t, b u t  by  
c r e a t in g  exp erim en ta l c o n d itio n s  u n d e r w hich  an  increased  p ro d u c tio n  of 
e n d o g e n o u s  ACTH cou ld  be  e x p e c te d .

1. W e observed th e  e ffec t o f  v a rious a c u te  stresses. A lth o u g h  i t  was 
c le a r  t h a t  acu te  stresses in c re a se d  th e  ex c re tio n  o f a ld o ste ro n e  [18, 19, 20], 
w e w a n te d  to  a sce rta in  w h e th e r  in c reased  u r in a ry  o u tp u t w as d u e  to  an  in 
c re a se  in  a ldosterone  se c re tio n  or a decrease o f i ts  m etabo lism .

2 . W e exam ined  th e  p ro d u c tio n  of a ld o ste ro n e  u n d e r c o n d itio n s  of com 
p e n s a to r y  ad renal h y p e r tro p h y .

M a te ria l and  m ethod

W h ite  m ale ra ts  o f th e  sam e  s to ck , w eighing be tw een  80 and  120 g, w ere used .

1. A cu te  stress

a )  S tress was induced  b y  a sing le  in tra m u sc u la r  in jec tio n  of 0.5 ml o f 2 p e r  c en t fo rm alin . 
A d re n o c o r t ic a l  function  w as te s te d  a t  10, 30 and  90 m in u te s , 5 and  24 hours.

b )  I n  o rder to  b rin g  a b o u t  a sp h y x ia , a n o th e r k in d  o f stress, we p laced  3 ra ts ,  each , in 
c lo sed  g lass  vessels of a b o u t 1200 m l cap a c ity . T he h y p e rcap n ic  h y p o x ia  d e v e lo p ed  in  the  
c lo sed  sp a c e  induced  p ro n o u n ced  d y sp n o e a  an d  e x c item en t in  th e  an im als. T h ey  la y  su d d en ly  
d o w n  a t  th e  b o tto m  of th e  v esse l a f te r  th e  period  of e x c item en t was o v er a n d  w ou ld  hav e  
p r o m p t ly  d ied  if  th e  vessels h a d  n o t  b een  opened. W e tran s fe rre d  th e  an im a ls , th e re fo re , to 
o p e n  a i r  im m ed ia te ly  a fte r th e  te rm in a t io n  of th e  ph ase  of e x c item en t (w hich  u su a lly  occurred  
20 m in u te s  a f te r  th e  beg inn ing  o f  th e  ex p erim en t).

A d ren o co rtica l fu n c tio n  te s ts  w ere carried  o u t 10, 30, 60 and  120 m in u te s  a f te r  th e  t e r 
m in a t io n  o f th e  ex p erim en t.

c )  B leed ing  as stress  w as likew ise  app lied . Som e of th e  ra ts  w ere a n a e s th e s iz e d  w ith  
in t r a p e r i to n e a l  p e n to b a rb ita l, 5 m g  p e r  100 g b o d y  w eigh t. F iv e  m in u tes  la te r  th e  saphenous 
v e in  w as  p re p a re d , 1000 I. U . o f  h e p a r in  in jec ted  an d  d raw in g  of blood th ro u g h  a cannu la  
in tro d u c e d  in to  th e  fem oral v e in  w as b eg u n  im m ed ia te ly  a n d  con tin u ed  u n til  30 m in u te s  a fte r 
th e  b e g in n in g  of anaesth es ia , w h e n  ad ren o co rtica l fu n c tio n  w as te s ted . T h e  to ta l  am o u n t of 
w i th d r a w n  blood was 3 to  4 m l.

A n o th e r  group of a n im a ls  w a s  anaesth es ized  w ith  e th e r. All o th e r  e x p e r im e n ta l con
d itio n s  w ere  th e  sam e as th o se  in  th e  p reced ing  group . I t  shou ld  be n o ted  t h a t  n e ith e r  the  
c o n d it io n s  o f anaesthesia  n o r th e  q u a n t i ty  of w ith raw n  b lood  could be c o n tro lled  as sa tis fac 
to r i ly  a s  in  th e  p e n to b a rb ita l g ro u p .

H a v in g  prev iously  o b se rv ed  t h a t  in  th e  fo rm alin  a n d  asp h y x ia  g ro u p s th e  effec t of 
a c u te  s tre s s  reaches th e  p eak  in  30 m in u te s , i t  was a t  th is  tim e on ly  t h a t  fu n c tio n  te s ts  were 
p e r fo rm e d  in  th e  e x san g u in a ted  an im als .

2 . Compensatory hypertrophy

T h e  le ft adrenal was re m o v e d  in a g roup  of an im als u n d e r  e th e r a n ae s th es ia , an d  fu n c
t io n  te s t s  w ere carried  o u t on th e  c o n tra la te ra l,  h y p e rtro p h ic  g land  5 d ay s a f te r  th e  a d ren a l
e c to m y .

F u n c tio n  tests

T h e  anim als were d e c a p ita te d  a n d  th e ir  blood was co llected  in  h e p a rin iz e d  cen trifuge 
tu b e s .  E a c h  tu b e  co n ta ined  th e  p o o led  b lood  of th ree  an im als , so th a t  th e  f ig u re s  fo r co rtico 
s te ro n e  leve ls express th e  m ean  v a lu e  o f th e  pooled p lasm as.
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Im m ed ia te ly  a f te r  d e ca p ita tio n , th e  ad ren a l g lan d s w ere rem oved, care fu lly  c le an e d , 
w eighed, sliced and  — in  acco rdance  w ith  G in o u n ’s te c h n iq u e  [25] — in cu b a ted  a t  38 ° C  in 
K reb s — R in g er’s b ic a rb o n a te  so lu tio n  w hich co n ta in ed  200 m g per 100 ml of g lucose a n d  h a d  
been perfused  w ith  a m ix tu re  o f  95 per cen t 0 2 and  5 pe r c e n t C 0 2. T he f irs t phase  o f in cu b a tio n  
lasted  30 m inu tes. T h e  in c u b a tin g  m edium  was th e n  c h an g e d , an d  th e  second ph ase  la s te d  
2 hrs. No ACTH w as ad d ed  to  th e  m edium . V alues fo r c o rtico id  were expressed  in /<g p e r h o u r 
pe r 100 mg of ad ren a l g land . Since a t  least 6 g lands o f 3 an im als were in cu b a ted  to g e th e r, 
th e  figu res express m ean  v a lues.

T h e  d e te rm in a tio n  of th e  a ldosterone  and  co rtico s te ro n e  co n ten ts  o f th e  in c u b a tin g  
so lu tio n  and th e  pooled  blood p lasm a was m ade w ith  th e  m eth o d  described in  e a rlie r  p u b li
ca tio n s  [26, 27]. S t u d e n t ’s “ t ” - te s t was used fo r th e  s ta tis t ic a l  ev a lu a tio n  o f re su lts . D iffer
ences w ith  p  <  0.05 or less w ere accep ted  as s ig n ifican t.

Results

I  a)  V alues o b ta in e d  a t  d iffe ren t t im e s  a f te r  a single in je c tio n  o f fo r
m alin  are i l lu s tra te d  in  F igs, l /а , 1/b an d  3. T h e  level o f co rtico ste ro n e  in  p e r i
p h e ra l b lood as also  th e  p ro d u c tio n  of co rtic o s te ro n e  in  th e  ad ren a l slices w ere

Fig. la ,  lb .  E ffec t o f  a single dose of fo rm alin  on  th e  p ro d u c tio n  of co rtico s tero n e  a n d  a ld o 
ste ro n e  in su rv iv in g  ad ren a l slices. T here  was no s ig n ific a n t increase  in th e  p ro d u c tio n  o f a ld o 

sterone. К  =  co n tro l an im a ls

found  to  h av e  in c rea sed  [28]. A ltho u g h  th e  v a lu e s  show ed g rea t sc a tte r in g , 
th e  increase  w as s ig n if ican t s ta tis tic a lly . A ld o ste ro n e  p ro d u c tio n  rem a in ed  
p rac tica lly  u n ch an g ed .
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F ig . 2. E ffe c t  o f asp h y x ia  on  a ld o s te ro n e  a n d  c o rtico s te ro n e  p ro d u c tio n  in  su rv iv in g  ad ren a ls . 
T h e re  w as no  sign ifican t in c rease  in  th e  p ro d u c tio n  of a ldosterone. К  =  c o n tro l an im als

F ig . 3. C orticosterone  in  p e r ip h e ra l b lood a f te r  th e  in je c tio n  o f fo rm alin  an d  a f te r  a sp h y x ia .
К  =  co n tro l an im als

I  b )  F igs. 2 a n d  3 p re se n t th e  effects o f  a sp h y x ia . R esu lts  in  th is  re 
sp e c t w ere  sim ilar to  th o se  o b se rv ed  in  fo rm a lin  s tre ss , w ith  th e  d ifference  th a t  
th e  v a lu e s  for co rtico s te ro n e  re tu rn e d  to  th e  physio log ica l level m ore  ra p id ly . 
A  m a rk e d  decrease in  a ld o s te ro n e  p ro d u c tio n  o ccu rred  in  120 m in u te s , as show n 
in  F ig . 2.

I  c)  F ig. 4. i l lu s tra te s  re su lts  o b ta in e d  a f te r  b lood  loss u n d e r  p e n to b a r 
b ita l  a n a e s th e s ia . T h ere  w as a considerab le  d ifference  betw een  th e  p ro d u c tio n
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Fig. 4. E ffec t o f p e n to b a rb ita l  anaesth es ia  a n d  b leed ing  on th e  corticosterone an d  a ld o s te ro n e  
p ro d u c tio n  in  su rv iv in g  ad ren a l slices. К  =  co n tro l an im a ls ; N =  p e n to b a rb ita l a n a e s th e s ia , 
N -+■ H  =  p e n to b a rb ita l  anaesth es ia  com bined  w ith  a d m in is tra tio n  of heparin ; N  -(- H  - f  V  =  

p e n to b a rb ita l  +  h ep arin  b leeding. F o r doses and  tim e  facto rs see te x t

Fig. 5. E ffec t o f e th e r  anaesth es ia  and  b leed ing  on a ld o s te ro n e  an d  corticosterone  p ro d u c tio n  
in  a d ren a l slices a n d  on  th e  co rticosterone  level in p e rip h e ra l blood. К  =  c o n tro l an im a ls ; 
E  H  =  e th e r  an aesth es ia  an d  h ep arin  a d m in is tra tio n ; E  -f- H  b V =? e th e r a n a e s th e s ia  -b 
h e p a rin  -b b leed ing . (The s ta tis tic a lly  in s ig n ific an t rise  o f a ldosterone  p ro d u c tio n  in  g ro u p  
E  ‘~b И  w as due p re su m ab ly  to  th a t  som e an aesth es ized  an im als m ay  have  lo s t b lo o d  a f te r

th e  a d m in is tra tio n  of h e p a rin .)

o f co rtico s te ro n e  an d  th a t  of a ld o ste ro n e . T h e  n u m b e r o f d e te rm in a tio n s  co n 
cern in g  th e  leve l o f co rtico ste ro n e  in  p e rip h e ra l b lood  was no t s u f f ic ie n t to  
w a rra n t conclusions. W hile th e  p ro d u c tio n  o f  co rtico ste ro n e  seem ed  to  h av e
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c o n s id e ra b ly  in c rea sed , n o  com parab le  in c rea se  in  th e  p ro d u c tio n  of a ld o ste ro n e  
c o u ld  be  reg is te red . T h e  re lia b ility  of th e se  r e s u l ts  is, how ever, ch a llen g ed  b y  
th e  o b se rv a tio n  th a t  p e n to b a rb ita l  alone re d u c e s  th e  p ro d u c tio n  o f a ld o ste ro n e  
u n d e r  th e  g iven e x p e r im e n ta l conditions. T h is  is w h y  we felt in d u ced  to  s tu d y  
th e  e ffec t o f b leed in g  u n d e r  e th e r  a n a e s th e s ia .

F ig. 6a, 6b. A ldosterone a n d  co rticosterone  p ro d u c tio n  in  th e  rem ain ing  h y p e rtro p h ic  g land  
a f te r  a d re n a le c to m y . T h e  difference in re sp e c t o f  corticosterone  is s ig n ifican t

I  d )  R esu lts  o b ta in e d  in  an im als b le d  u n d e r  e th e r  a n a e s th e s ia  are  
sh o w n  in  F ig . 5. B leed in g  p rom otes th e  p ro d u c tio n  of a ldosterone  u n d e r  th e  
g iv en  e x p e rim e n ta l c o n d itio n s  and  a ld o ste ro n e  p ro d u c tio n  w as n o t s u b s ta n t i 
a lly  a ffec ted  b y  th e  s tre s so r  effect of e th e r  a lo n e , as it  had  n o t been  b y  fo r
m a lin  or a sp h y x ia , e ith e r .

I n  v iew  o f th e  d a ta  in  th e  p e n to b a rb ita l  g ro u p , and  in  c o n s id e ra tio n  of 
l i te r a r y  d a ta  [29] acco rd in g  to  w hich no ch an g e  in  th e  p ro d u c tio n  o f a ld o ste ro n e  
m a n ife s ts  i tse lf  w ith in  h a lf-a n -h o u r a fte r  th e  in je c tio n  of h ep arin , we re fra in e d  
fro m  m ak in g  e x p e rim e n ts  in  w hich e th e r a n a e s th e s ia  w ould h av e  been  ap p lied  
w ith o u t  th e  use o f h e p a r in .

I I .  F ig . 6 p re se n ts  th e  resu lts  o b ta in e d  in  an im als w ith  c o m p e n sa to ry  
a d re n a l  h y p e r tro p h y . I n  ag reem en t w ith  o u r  ea rlie r  o b se rv a tio n s a n d  som e
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li te ra ry  d a ta  [30, 31] th e  a m o u n t o f co rtico s te ro n e  p roduced  by  th e  re m a in in g  
g lan d  show ed  a co n siderab le  increase  5 d ay s  a f te r  th e  rem oval o f  th e  o th e r  
a d re n a l g lan d , a p h en o m en o n  due to  A C TH  h y p e ra c tiv ity . No a n a lo g o u s  in 
crease  w as observed  in  re sp e c t o f a ld o ste ro n e  p ro d u c tio n .

Discussion

L e t us f irs t d iscuss th e  q u estio n  as to  w h e th e r  re su lts  co n c e rn in g  th e  
p ro d u c tio n  o f a ld o ste ro n e , o b se rv ed  in  su rv iv in g  sec tions o f th e  a d re n a l g lan d , 
can  be accep ted  as va lid  fo r co n d itio n s in  vivo. T h a t  such  re su lts  in  vitro  in  
re sp e c t o f  co rtico ste ro n e  can  be app lied  to  c o n d itio n s  in  vivo h as  b e e n  m ade 
c lear b y  V a n  d e r  V ie s  in  1960  [32].  W ith  a v iew  to  p ro m o tin g  a so lu tio n  o f  th e  
p ro b lem , we p resen t in  T ab le  I  l i te ra ry  d a ta  to g e th e r  w ith  th e  re s u lts  o f  our

Table I

Literary data concerning changes in  aldosterone secretion

N ature of treatm en t, 
stress, disease Examined in vivo Adrenal slices, in vitro

1 R educed  up tak e  of sodium Increased level in p e ri
pheral blood. S ecretion  
increase, as d e te rm in ed  
in hum ans w ith  th e  iso
tope d ilu tio n  m ethod  
(42). A ldosterone level 
in the  a d ren a l venous 
blood of ra ts  show s like
wise increase [16]

Increase [43]

2 Increased  u p tak e  of p o ta s 
sium

Increase [51] Increase [44]

3 R en al hypertension Increase (in dogs) [45] Increase [44]

4 A dm in is tra tio n  of angio
tensin

Increase  (in  dogs) [45] Increase [46]

5 A d m in is tra tio n  of heparin Decrease (in h u m an s) [47] Decrease [48]

6 Conn’s syndrom e Increase [42] Increase (su rg ical m a te 
ria l) [49]

7 C hronic trea tm e n t w ith  fo r
m alin

Increase  of a ld o ste ro n e  
level in a d ren a l venous 
blood [50]

Increase [40, 41]

8 B a rb itu ra te  anaesthesia Decrease (in dogs) [38] Decrease (a cco rd in g  to  
d a ta  in the  p re se n t pap er)

9 B leeding Increase [2 5 , 36] Increase (see p re se n t 
paper)
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Table II

S u m m a ry  o f  results obtained in  the presen t experiments

Mobilization o? ACTH by  m eans of Corticosterone
production

A ldosterone production

acu te  form alin s tre ss increased

No significant 
increase

asphyx ia increased

e th e r anaesthesia increased

com pensatory  h y p e r tro p h y increased

bleeding increased increased*

* F u r th e r  in v es tig a tio n s  a re  necessary for d e f in ite  conclusions concerning a ld o s te ro n e  
p ro d u c tio n  (see Fig. 5).

p re s e n t  a n d  earlier in v e s tig a tio n s . I t  will be seen  from  th e  T ab le  t h a t  th e  p ro 
c e d u re  u n d e r  review  is  q u ite  as ju s tif ied  in  r e s p e c t of a ld oste rone  as i t  is in 
t h a t  o f  co rtico ste ro n e . E x a m in a tio n  of su rv iv in g  sections of th e  a d re n a l 
g la n d  h a s  various a d v a n ta g e s . F irs t, p ro m p t d e c a p ita tio n  sh o rten s  th e  tim e  
o f m a n ip u la tin g  th e  a n im a ls ;  second, it  is p o ssib le  to  s tu d y  th e  a ld o s te ro n e  
p ro d u c t io n  of a g re a te r  n u m b e r  of g lands s im u lta n e o u s ly , a fa c ility  in  th e  
d e te rm in a tio n  of s te ro id s .

A lth o u g h  th e  h y p e rp ro d u c tio n  of g ly co co rtico id  (co rtico ste ro n e) in v a 
r ia b ly  p o in te d  to  th e  p re sen ce  o f ACTH a f te r  a c u te  stress, th e re  w as in  general 
no  h y p e rp ro d u c tio n  o f  a ld o ste ro n e  o b se rv ab le  in  our e x p e rim e n ts , wdiich 
a p p e a rs  to  c o n trad ic t th e  o b se rv a tio n s  of a u th o r s  accord ing  to  w hom  th e  u r in 
a r y  o u tp u t  o f a ld o ste ro n e  rise s  a fte r  acu te  s tre s s  [17, 18, 19, 20]. I t  is ob v io u s 
t h a t  th o s e  au th o rs  w ere n o t  dealing  w ith  in c re a se d  secre tion  b u t a d im in ish ed  
m e ta b o lism  of a ld o ste ro n e . T h is  assu m p tio n  is su p p o r te d  b y  li te ra ry  d a ta  [33, 
3 4 ].

I n  c o n tra s t to  th e  o th e r  form s of a c u te  s tre s s , b leed ing  p ro m o te d  th e  
s e c re tio n  of a ld o ste ro n e  in  o u r  ex p erim en ts . T h a t  haem o rrh ag e  h as  a n  effect 
o f  th i s  n a tu re  has re p e a te d ly  been described  [35, 36]. O ur o b se rv a tio n s  are  
in  a g re e m e n t w ith  th e  th e o r y  [37] th a t  it  is n o t  v ia  A CTH  th a t  e x sa n g u in a tio n  
g iv es  r is e  to  an  in c reased  sec re tio n  of a ld o s te ro n e . B leeding  p ro d u ced  no  such  
e ffe c t in  th e  an im als an a e s th e s iz ed  w ith  p e n to b a rb ita l ,  a p h en o m en o n  due 
to  t h e  f a c t  th a t  p e n to b a rb ita l ,  in  itself, in h ib its  th e  p ro d u c tio n  o f a ld o ste ro n e  
a n d , th u s ,  p re su m ab ly  a ffe c ts  th e  re g u la to ry  m ech an ism .

O u r  o b serv a tio n s in  con n ec tio n  w ith  c o m p e n sa to ry  h y p e r tro p h y  w ere 
s u rp r is in g  insofar as n e i th e r  A C TH  (the  in c re a se d  secre tion  of w h ich  w as c lear 
f ro m  th e  enh an ced  p ro d u c tio n  of co rtico s te ro n e) n o r o th e r a ld o s te ro n o tro p ic
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fa c to rs  gave rise to  a c o m p en sa to ry  in c rease  in  th e  p ro d u c tio n  o f a ld o s te ro n e . 
I t  w ould  follow  th a t  th e  m echan ism s w h ich  g o v ern  th e  secre tion  o f  a ld o s te ro n e  
a re  less sen sitiv e  th a n  th o se  responsib le  fo r th e  p ro d u c tio n  o f c o r tic o s te ro n e . 
T h e  p h en o m en o n , as o bserved  b y  us, viz.  t h a t  a c ircum scribed  d e s tru c tio n  o f 
th e  a d re n a l in d u ced  h y p o a ld o ste ro n ism  in  la c k  o f  co m p en sa to ry  m ech an ism , 
is n o te w o rth y  from  a clin ica l p o in t o f v iew . (O f course, a d d itio n a l c lin ica l in 
v es tig a tio n s  w ill h av e  to  be m ade in  o rd e r to  a rriv e  a t  d e fin ite  co n c lusions 
re g a rd in g  th is  q u estion .)

T h e  red u ced  a ld o ste ro n e  secre tio n  d u rin g  p e n to b a rb ita l a n a e s th e s ia , as 
o b se rv ed  b y  us, is in  h a rm o n y  w ith  th e  re p o r t  o f D a v is  [38]. O n th e  o th e r  
h a n d , G l a z  [39] fa iled  to  observe a n y  ch an g e  in  th e  p ro d u c tio n  o f a ld o s te ro n e  
in  r a t  e x p e rim e n ts  m ade w ith  a te c h n iq u e  s im ila r to  ours, w ith  th e  ex cep tio n  
th a t  she a d m in is te red  4 m g p er 100 g o f p e n to b a rb ita l  as a g a in s t o u r  dose o f 
5 m g, a n d  perfo rm ed  th e  te s ts  15 (an d  n o t 30) m in u tes  a fte r  th e  b e g in n in g  of 
th e  an aes th es ia .

W e w a n t i t  to  be c lea rly  u n d e rs to o d  t h a t  o u r above fin d in g s in  co n n ec tio n  
w ith  fo rm alin  in jec tio n s  re fe r to  acu te  t r e a tm e n t  only. We d e m o n s tra te d  in  
1959 [40] th a t  ch ron ic  fo rm alin  tr e a tm e n t  le ad s  to  increased  a ld o s te ro n e  secre 
tio n . I t  is, how ever, c lea r th a t  —  as p ro v ed  b y  th e  failu re  to  ach iev e  in c rea sed  
p ro d u c tio n  of co rtico s te ro n e  —  th e re  is in  su ch  cases no p ro longed  h y p e rp ro 
d u c tio n  o f  A C TH . O ur re su lts  co n cern in g  ch ro n ic  fo rm alin  t r e a tm e n t  h a v e  
re c e n tly  been  co n firm ed  b y  F a c h e t  et al. [41].

I t  seem s to  be obv ious from  b o th  o u r p re se n t and  earlie r e x p e r im e n ts  
th a t ,  fo llow ing acu te  an d  chron ic  tr e a tm e n ts ,  th e re  is freq u en tly  a d isc re p a n c y  
b e tw een  th e  p ro d u c tio n  o f co rtico ste ro n e  a n d  th a t  o f a ldo ste ro n e . I t  h a p p e n s  
th a t  no h y p e rp ro d u c tio n  o f  a ld o ste ro n e  can  be observed  w hen in c re a se d  sec re 
tio n  o f co rtico ste ro n e  p o in ts  to  A CTH  h y p e ra c tiv i ty . T he oppo site  m a y  occu r 
in  cases o f  ch ron ic  t r e a tm e n t w ith  fo rm alin , i.e. h y p e rp ro d u c tio n  o f a ld o s te ro n e  
w ith o u t an  increase  in  co rtico ste ro n e  sec re tio n . I t  w ould follow th a t  th e  re g u 
la tio n  o f  a ld o ste ro n e  secre tio n  is n o t co n n ec ted  w ith  th e  secre tio n  o f  A C T H . 
W e h av e  fo u n d  th a t  th e  a d m in is tra tio n  to  r a ts  o f  la rge  doses o f h y d ro c o rtiso n e  
d ecreases th e  p ro d u c tio n  o f  a ld o ste ro n e  in  th e  su rv iv in g  ad ren a l [27]. T h is 
need  n o t be in te rp re te d  as a p ro o f in  fa v o u r  o f  th e  role p layed  b y  en d o g en o u s  
A C T H . T h e re  a re , a p a r t  fro m  th e  w ell-know n b lockage of A CTH  se c re tio n , tw o  
o th e r  in te rp re ta tio n s  w hich  are  likew ise in  h a rm o n y  w ith  our f in d in g s , viz. (1) 
exogenous h y d ro co rtiso n e  m ay  h av e  a fee d b a c k  effect also on th e  m ech an ism s 
w hich  govern  th e  secre tio n  o f a ld o ste ro n e ; (2 ) th e  m inera loco rtico id  e ffec t o f 
h y d ro co rtiso n e  m ig h t becom e o p e ra tiv e  if  la rg e  doses are  a d m in is te re d , a n d  
i t  is k n o w n  th a t  m inera loco rtico ids (e.g. D OCA) te n d  to  reduce  th e  p ro d u c tio n  
o f a ld o ste ro n e .

All we can  in fe r fro m  o u r re su lts  is t h a t  A C TH  has no a ld o s te ro n o tro p ic  
effec t. O u r ex p e rim en ts  h av e  failed  to  e lu c id a te  th e  prob lem  o f a ld o s te ro n e
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re g u la tio n , an d  we a re  s t i l l  unab le  to  offer a c le a r  in te rp re ta tio n  o f  c e r ta in  
re su lts , for in s tan ce , w h y  p e n to b a rb ita l d ecreases  th e  secre tion  o f a ld o s te ro n e , 
o r w h y  its  p ro d u c tio n  d im in ish es  120 m in u te s  a f te r  asp h y x ia .

L IT E R A T U R E

1. Laragh, J .  H ., Angers, M ., Kelly, W . G ., Lieberman, S.: J .  Amer. med. Ass. 174
234 (1960).

2. G a n o n g , W. F ., M u l r o w , P . J . :  Nature (b o n d )  190 , 1115 (1961).
3. Davis, J. O., Ayers, C. R., Carpenter, C. C., Casper, A.: J. clin. Invest. 40, 1466 (1961).
4. Farrel, G.: E n d o c rin o lo g y  65, 239 (1959).
5. K ovács, К., Dávid, M., W e i s z , P.: Orv. Hetil. 101, 1053 (1960).
6. Földvári, I. P ., Czeizel, E .,  Simon, G., Palkovits, M ., Kertai, P .: A cta  physio l, hung .

22, 43 (1962).
7. Giroud, C. J .  P-, Stachenko, J . ,  Piletta, P .: In te rn a tio n a l  Sym posion on  A ld o ste ro n e ,

G en ev a , 1957. C h u rc h ill, London, 1958.
8. L i c i s , O. J . ,  D y r e n f u r t h , I . ,  Y e n n i n g , E . H .:  C an ad . J .  B iochem . 39, 901 (1961).
9. Beck, J. C., McGarry, E . E .,  Dyrenfdrth, I., Yenning, E . H .: Science 125, 884 (1957).

10. Bartter, F. C., Liddle, G. W ., Duncan, L. E ., Barber, J .  K ., Delea, C.: J .  c lin . In v e s t.
35 , 1306 (1956).

11. M u l l e r , A. F .: H e lv . m ed . A c ta  26, 714 (1959).
12. Hume, D ., Bell, C. C., Bartter, F .: Surgery 52, 174 (1962).
13. Weisz, P., Fekete, Gy .: Unpublished data.
14. D y r e n f u r t h , I .,  V e n n i n g , I .  II .: E ndocrino logy  64^ 648 (1959).
15. Farrel, G. L ., Rauschkolb, E. W ., Royce, P . C.: Amer. J .  Physiol. 182, 269 (1955).
16. Singer, B ., Stack-Dunn e , H . P.: J .  E n d o cr. 12, 130 (1955).
17. Llaurodo, J .  G ., Woodruff, M. F.: Surgery  42 , 313 (1957).
18. L l a u r a d o , J .  G. : J .  A m e r. m ed. Ass. 167, 1229 (1958).
19. L l a u r a d o , J .  G ., W o o d r u f f , M. F .: Surgery  43, 787 (1958).
20. Giardini, F ., Venuti, V . M .: R iv. P a t. Clin. 415, (1959).
21. S w a n n , H . G.: P h y s io l. R ev . 20, 493 (1940).
22. R a u s c h k o l b , E . W ., F a r r e l , G. L .: E n d o crin o lo g y  59 , 526 (1957).
23. Yankopoulos, N. A., Davis, J .  0 . ,  Kliman, В ., Peterson, R. E .: J .  c lin . In v e s t .  38,

1278 (1959).
24. Choh Hao Li, Schnabel, E .,  Chung, D ., Tung-Bin Lo: N a tu re  (L ond.) 189, 143 (1961).
25. Giroud, C. J .  P ., Safran, M ., Schally, A. C., Stachenko, G., Venning, E . H.: Proc.

Soc. exp. B iol. (N . Y .)  92, 855 (1955).
26. Kemény, V., Vecsei (Weisz), P.: Acta physiol, hung. In press.
27. V e c s e i  ( W e i s z ) ,  P ., K e m é n y , V.: A cta  physio l, h u n g . I n  press.
28. S e l y e , H .: S tress . A c ta  In c .  M ontreal (1950).
29. Glá z , E .: A sso c ia tio n  o f  E ndocrino log ists , B u d a p e s t  1962.
30. Weisz, P ., Horváth, L ., Kádas, T ., Köves, P ., R itter, L .: Acta physio l, h u n g ., 15,

259 (1959).
31. B o n u s ,  B ., E n d r ő c z i , E .,  L i s s á k , К .: A c ta  p h y sio l, h u n g . In  press.
32. V an d e r  Vies , J.: Acta endocr. (Kbh.) 33, 59 (1960).
33. C a m p b e l l , D. W .: A n n . S urg . 152, 22 (1960).
34. Coppage, W. S., Island, D . P ., Cooner, A. E .,  Liddle, G. W .: J .  clin. In v e s t.  41, 1672

(1962).
35. Farrel, G. L ., Rosnagle, R. S., Rauschkolb, W . E .:  Circulation 4, 606 (1956).
36. M u l r o w , P. J . ,  G a n o n g , W . F .: J .  clin. In v e s t .  4 0 , 579 (1961).
37. Farrel, G.: R e ce n t P ro g r . H orm one R es. 15, 275 (1959).
38. D a v i s , J .  O., P e c h e t , M. M ., B a l l , W. C., G o o t k i n d , M .: J .  clin. In v e st. 36, 689 (1957).
39. Glá z , E .: T hesis, B u d a p e s t  1963.
40. Weisz, P., Purjesz, I., R itter, L.: Acta morph, hung. 9, Suppl. 31 (1960).
41. Fachet, J . ,  Stark, E .,  Palkovits, M., Vallent, K .:  A c ta  m ed. hung. 18, 461 (1962).
42. P e t e r s o n , R . E .: R e c e n t  P rogr. H orm one R es. 15 , 231 (1959).
43. Einsenstein, A. B .: P ro c . Soc. exp. Biol. (N. Y .) 1 0 1 , 850 (1959).
44. Weisz, P ., Gláz, E .,  Purjesz, L , Ritter, L .: Z. ges. inn. Med. 15, 271 (1960).
45. Carpenter, C. C. J . ,  D avis, J .  O., Avers, C. R .: J .  c lin . Invest. 40, 2026 (1961).



ALDOSTERONOTROPIC EFFECT OF ACTH 24 7

46. G l á z , К ., S u g á r , K .:  J .  E n d o c r .  2 4 , 299 (1962).
47. C e j k a . V .: L an ce t 1, 317 (1960).
48. G l á z  E .:  L ec tu re  on th e  In te rn a tio n a l C ongress o f In te rn a l  M edicine, B asel 1960.
49. A y e r s , P . J . :  In te rn a tio n a l Sym posion on  A ldoste ro n e , G eneva 1957, C hurch ill, L o ndon ,

1958.
50. V e c s e i (W e is z ), P ., K e m é n y , A ., P u r je s z , I . ,  R it t e r , L ., Má r to n , .1., G o sz t o n y i, T .:

O rv . H c til. 93, 1607 (1962).
51. R o s e n f e l d , G.: E nd o crin o lo g y  5 8 , 255 (1956).

P á l V e c s e i  (W eisz), V eron ika  K e m é n y ;

O rszágos R h eu m a és F ü rd ő ü g y i In té z e t,B u d a p e s t

1) Acta Physiologica XXIV/2.





Pathoph ysiologia

EFFECT OF CARDIOPATHOGENIC DIET 
ON THE SERUM LIPOPROTEIN LEVEL IN THE COCK

By

T . T ó t h  an d  J .  Sós

IN STITU TE OF PATHO PHY SIOLOG Y , M EDICAL U N IV ERSITY , BUDAPEST 

(R eceived  D ecem ber 17, 1962)

T he v a lu e  of lip o a lb u m in  lip o p ro te in  a  — 1 in  th e  serum  of n o rm a l cocks of 
d o m estic  fowl is 64.2 p e r cen t, t h a t  o f  th e  /^-fraction  26.5 pe r cen t; th e  q u o t ie n t  o f  the  
tw o  v a lues, 2.42. T h e  co rresp o n d in g  v a lu es in  th e  serum  of b ird s k e p t  on  a  card io - 
p a th o g en ic  d ie t are 31.1 pe r c en t an d  55.4 pe r c en t, w ith  a q u o tie n t o f  0 .55 . Su ch  a d ie t 
ra ises  th e  level o f th e  chy lom icron  frac tio n  co n sid erab ly , while th a t  o f l ip o p ro te in  a 2 
rem a in s unchanged .

A n i t c h k o w  [1 ]  w as th e  f ir s t  to  show  t h a t  excessive closes o f  ch o leste ro l 
in d u ce  a therosc le rosis . G o f m a n  et al. [2 ] p o in te d  to  a change in  se ru m  lip o 
p ro te in s  as a c h a ra c te r is tic  fe a tu re  o f e x p e rim e n ta l an d  m ost cases o f  h u m a n  
a th e ro sc le ro sis . T he p ro p o rtio n  o f  th e  a lp h a  fra c tio n  (consisting  o f  f in e ly  d is
persed  g ia n t lip o p ro te in  m olecules) an d  th e  b e ta  frac tio n  (co n sis tin g  o f  g ian t 
lip o p ro te in  m olecules o f  co arser d isp e rs ity ) und erg o es a change in  f a v o u r  of 
th e  la t te r .  D2 h y p e rv itam in o sis  a n d  sod ium  a re  know n to  p ro m o te  v a sc u la r  
lesions e lic ited  b y  a d ie t r ic h  in  cho leste ro l [3, 4 ] . N eu tra l fa ts  p ro d u c e  a sim i
la r  effec t, w hile —  acco rd in g  to  N i s h i d a  et al. [5] —  a d m in is tra tio n  o f  excessive 
doses o f  p ro te in  in h ib its  th e  d ev e lo p m en t o f  v a sc u la r  changes.

T h e  effect o f a ca rd io p a th o g en ic  d ie t c o n ta in in g  cho lestero l, f a t ,  v ita m in  
D 2 a n d  sa lt as a th ero g en ic  co m p o n en ts , on th e  ca rd iac  an d  v a sc u la r  a p p a ra tu s  
o f v a rio u s  dom estic  an im als  w as in v e s tig a te d  a n d  found  to  in d u c e  serious 
ca rd ia c  a n d  v ascu la r d am ag e  in  r a ts  [7, 8 ], dogs [9] an d  cocks [6 ]. I n  o rd e r  to  
th ro w  lig h t on th e  m echan ism  o f th e se  p h en o m en a , changes, as p ro d u c e d  by  
th e  sa id  d ie t in  th e  se ru m  lip o p ro te in  level o f cocks o f L eghorn  fow l, h a v e  been  
in v e s tig a te d  in  th e  p re sen t s tu d y .

Material and methods
T h e  lip o p ro te in  co n ten ts  o f th e  serum  of 15 te s t  a n d  11 contro l cocks sa c rif ied  a f te r  4 

m o n th s  o f  ca rd io p ath o g en ic  d ie t  w ere e s tim a te d  e lec tro p h o re tica lly : 0.05 m l a n d  0.03 m l of 
se ru m  fro m  each  an im al w ere d ro p p ed  on p ap er (  W ha tm an  1), and  th e  s tr ip s  w ere  s im u l
tan e o u s ly  ru n  in  a v e ro n al b u ffer o f p H  8.6, a t  110 У  a n d  12 to  18 mA d u rin g  20 h o u rs . T he 
p a p ers  w ere th e n  dried  a t  110° C fo r 10 m in u tes  a f te r  w h ich  th e  strip s  w ith  0.05 m l o f  serum  
w ere s ta in e d  w ith  S udan  b lack  —B, an d  those  w ith  0.03 m l w ith  fuchsin . T h e  s tr ip s  d y e d  w ith  
S u d a n  w ere cu t in to  sections o f 5 m m , th e  dye w as e x tra c te d  w ith  m eth an o l c o n ta in in g  20 per 
c e n t ace tic  acid  an d  e s tim a te d  p h o to m e trica lly  a t  a  w av elen g th  of 575 m fi  in  a “ U vifo t” 
a p p a ra tu s .  T he p ro p o rtio n s o f  th e  in d iv id u a l frac tio n s a re  g iven in per cen t.

9*
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Results

I n  th e  fu c h s in -s ta in e d  s tr ip s : a lbum in , a lp h a -1 , a lpha-2 , b e ta  a n d  g am m a 
g lo b u lin  could  be d if fe re n tia te d . In  th e  S u d a n -s ta in e d  s trip s , i t  w as possib le  to  
d is tin g u ish  a lip o p ro te in  f ra c tio n  before th e  a lb u m in  zone, an d  fu r th e rm o re  a 
lip o p ro te in  frac tio n  w h ic h  r a n  parallel to  th e  a lb u m in  an d  a lp h a - 1 g lob u lin , 
th e  l a t t e r  w as th e  p r in c ip a l  com ponen t of l ip o p ro te in s  in  th e  co n tro l a n im a ls . 
I t  w as n o t alw ays p o ss ib le  to  separa te  th e  a lb u m in  an d  a lp h a -1 fra c tio n s

Table I

D istr ib u tio n  o f  lipoprotein fra c tio n s  in  control cocks

No. Prealbumin Aibumin 4- alpha-1 beta globulin

l 3.2 61.2 35.6

2 8.1 77.3 14.6

3 13.2 67.9 18.9

4 15.5 61.5 23.0

5 16.7 58.3 25.0

6 8.0 60.0 32.0

7 7.0 82.9 10.1

8 4.7 67.4 27.9

9 11.2 54.6 34.2

10 1.0 60.1 30.9

11 4.8 55.4 39.8

Mean value: 9 .3 ± 4 .4 6 4 .2 ± 9 2 6 .5 ± 4 .2

w ith in  i t ,  an d  th e y  a re , th e re fo re , e v a lu a ted  to g e th e r .  M easurable a m o u n ts  o f  
l ip o p ro te in  co rresp o n d in g  to  a lpha-2  g lobu lin  w ere  n o t observed . T h e  fra c tio n  
o f b e ta  lip o p ro te in , ru n n in g  p ara lle l to  b e ta  g lo b u lin s , as also th a t  o f ch y lo 
m ic ro n s , w ich re m a in e d  p ra c tic a lly  a t th e  s ta r t in g  line , w ere c lea rly  d is tin 
g u ish ab le .

T h e  am o u n t o f ch y lo m ic ro n s  was n e a r ly  as la rg e  as th a t  of th e  fra c tio n  
a lb u m in  -f- a lp h a -1 g lo b u lin  in  th e  serum  o f  n o rm a l an im als; it  show ed  g rea t 
v a r ia t io n s  n o t on ly  fro m  a n im a l to  an im al b u t  ev e n  w ith in  one a n d  th e  sam e 
cock , fo r th e  m o m e n ta ry  size o f th is  frac tio n  d e p e n d s  on a b so rp tio n  a n d  m o b i
liz a tio n . As a general ru le , i t  can  nev erth e less  be  c la im ed  th a t  th e  m ean  c h y 
lo m ic ro n  level in  th e  s e ru m  o f b irds k e p t on  a ca rd io p a th o g en ic  d ie t w as 3.1 
t im e s  t h a t  o f th e  n o rm a l c o n tro ls . The p e rc e n tu a l in te rp ro p o rtio n  o f lip o p ro 
te in s  w ill be p re sen ted  in  th e  follow ing w ith o u t in c lu d in g  chy lom icrons.

T h e  average  d is t r ib u t io n  of o th e r l ip o p ro te in s  in  th e  co n tro l an im als  
w as, 9.3  p e r  cen t in  th e  p re a lb u m in  fra c tio n  (m in im u m  3.2 m ax im u m  16.7),
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64.2 per c e n t (m in im um  54 .6 , m a x im u m  82.9 p er cen t) ru n n in g  w ith  a lb u m in  
a n d  a lpha-1  g lobulin ; 26.5 p e r  c en t (m in im u m  10.1, m ax im u m  39.8 p e r  cen t) 
b e ta  lip o p ro te in s  m ig ra ting  w ith  b e ta  g lobulins. T he d is tr ib u tio n  o f  lip o p ro te in s  
in  th e  se ru m  o f norm al a n im a ls  is show n in  T ab le  I .

T he se ru m  of te s t a n im a ls  rev ea led  h y p e rlip aem ia . T he d is tr ib u tio n  o f  th e  
lip o p ro te in  frac tio n s  w as, b e fo re  th e  a lb u m in  12.4 p e r cen t (m a x im u m  19 p er 
c en t, no m easu rab le  value in  one  in s ta n c e ); in  th e  fra c tio n  a lb u m in  +  a lp h a -1 
g lobu lin  31.1 p e r cent (m a x im u m  41.7, m in im u m  10.6 p e r ce n t) . B e ta  lip o 
p ro te in s  55.4 p e r cen t (m a x im u m  73.5, m in im um  43.3 p er cen t). T a b le  I I  show s 
th e  d is tr ib u tio n  of lip o p ro te in s  in  th e  se rum  o f an im als  k e p t on th e  card io - 
p a th o g en ic  d ie t.

Table I I

D istribu tion  o f lipoprotein fra c tio n s  in  cocks kept on a cardiopathogenic diet

No. Prealbumin Albumin +  alpha-1 beta globulin

l 1 2 .3 4 1 .7 4 6

2 6 .3 4 0 .3 4 3 .4

3 1 4 .3 3 6 .4 4 9 .3

4 1 1 .3 2 7 .5 6 1 .2

5 1 3 .8 3 9 .5 4 6 .7

6 1 3 .4 3 4 .1 5 2 .5

7 1 9 3 7 4 4

8 - 2 6 .5 7 3 .5

9 1 8 .2 1 0 .6 7 1 .2

10 1 1 .4 4 0 .2 4 8 .4

11 1 3 .6 2 4 .2 6 2 .2

12 1 4 .2 3 4 .7 5 1 .1

1 3 1 0 .8 2 8 .8 6 0 .4

1 4 1 1 .7 1 6 .2 7 2 .1

15 1 6 .2 2 9 .3 5 4 .5

Mean value 1 2 . 4 ± 4 . 5 3 1 .1  zb 8 .6 5 5 . 4 ± 1 0 . 4

D iscussion

F ra c tio n s  con ta in in g  g ia n t  m olecules of lip o p ro te in s  becam e p re d o m in a n t 
in  th e  se ru m  o f anim als k e p t  on a c a rd io p a th o g en ic  d ie t, a p h e n o m en o n  
in  a g reem en t w ith  d a ta  c o n ce rn in g  a th e ro sc le ro tic  p rocesses. T h e  ra t io  
a lb u m in  -f- a lp h a  1

beta----------- was 2.42 fo r  th e  co n tro ls , an d  0.55 b e ta  for th e  te s t  cocks.
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Beside th e  in c re a se  o f th e  b e ta  f ra c tio n , i t  is m a in ly  th e  in crease  in  th e  
a m o u n t  of a lp h a -2 l ip o p ro te in s  th a t  is co n sid e red  c h a ra c te ris tic  o f th e  d evel

o p m e n t  of m y o card ia l in fa rc t io n  [10, 11, 12]. R e c e n tly  sign ificance h as  been 
a sc r ib e d  to  th e  jo in t  in c re a s e  of th e  ch y lo m ic ro n s  a n d  th e  fra c tio n  a lp h a -2 . 
A l b r i n k  [13, 14] a t ta c h e s  g re a te r  im p o rta n c e  to  th e  increase  o f th e se  tr ig ly 
ce rid e -ca rry in g  fra c tio n s  t h a n  to  th a t  of th e  ch o le s te ro l-b in d in g  b e ta  frac tio n , 
a n d  now  th e  tr ig ly c e rid e  c o n te n t  of th e  se ru m  is re g a rd e d  as of an  im p o rtan ce  
a t  le a s t equal to  th e  le v e l o f  b lood cho lestero l. M a g r a s s i  an d  R a i m o n d i  [15] 
o b se rv e d  th e  s im u lta n e o u s  in crease  of th e  fra c tio n s  a lp h a -2 an d  b e ta  in  cases of 
a c u te  exp erim en ta l m y o c a rd ia l  in fa rc tio n .

As regards th e  in c re a s e  in  th e  ch y lo m ic ro n s a n d  th e  b e ta  fra c tio n , th e  
r e s u l ts  of our an im al e x p e r im e n ts  are in  a g re e m e n t w ith  th e  h u m a n  o b se rv a 
t io n s .  W hile we, to o , fo u n d  th e  trig lyceride  c o n te n ts  to  h av e  in c reased , no such 
te n d e n c y  was o b se rv ab le  in  re sp ec t of th e  f ra c tio n  a lp h a-2 . T his m ay , o f course, 
b e  a specific fea tu re  o f  th e  cock , or m ay be d u e  to  th e  co m position  of th e  d ie t, 
a p ro b lem  th a t  re q u ire s  f u r th e r  in v es tig a tio n .
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N eurale  B e lastu n g  h a t  zu r P rogression  de r a u f  a lim en tären  W ege au sg e lö s ten  
H y p e rto n ie  ge fü h rt.

M it m agnesium reicher D iä t k o n n te  sow ohl d ie a lim en tä re  als auch  d ie n e u ro g en e  
H y p e rto n ie  ab g ew eh rt w erden . B ei den  m it k a rd io p a th o g e n e r D iä t g e fü tte r te n  u n d  n e u 
ra le r  B e lastu n g  au sg ese tz ten  T ieren  b le ib t die B lu td ru c k e rh ö h a n g  aus, w enn die k a rd io -  
p a th o g en e  D iä t m it dem  F ü n ffach en  de r n o rm alen  M agnesium m enge a n g ere ich e rt w ird .

Die m it k o m b in ie rte r  a lim en tä re r  u n d  n eu ro g en e r B elastung  h e rb e ig e fü h rte  
B lu td ru c k e rh ö h u n g  lä ß t  sich du rch  D arre ichung  m ag n esiu m reich er D iä t n o rm alis ie ren .

A u f die P rozesse des O rgan ism us w irk t sich  d ie U m w elt te ils d u rc h  R eize 
ü b e r d as  N e rv en sy stem , te ils  d u rch  die im  V e rd a u u n g s tra k t zu r R e so rp tio n  
k o m m en d en  Stoffe aus. B ei d e r E n tw ic k lu n g  d e r H y p e rto n ie  fä llt b e id en  F a k 
to re n  eine w esen tliche  R olle zu . Die W ich tig k e it d e r  U m w eltreize is t a llgem ein  
b e k a n n t. N ach  L a n g  [16] s ind  die sich h äu fig  w iederho lenden  oder p e rm a n e n t 
v o rh a n d e n e n  R eize in  hohem  M aße an  d er E n tw ic k lu n g  d er H y p e r to n ie k ra n k 
h e it b e te ilig t. A us den  A rb e iten  von  M ills [20] w issen  w ir, d aß  die H y p e r to n ie  
d u rch  die S tresso ren  ausgelöst oder v e rsc h lim m e rt w erden  k an n . S ós u n d  
M ita rb e ite r  [11, 28, 29, 34] h ab e n  H y p e rto n ie  bei R a t te n  a u f  neu ro g en em  u n d  
a lim e n tä re m  W ege z u s ta n d e  g eb rach t. D iese lben  A u to re n  b e o b a c h te te n  b e i 
R a t te n  H y p e rto n ie  n ach  k a rd io p a th o g e n e n  D iä t [32, 33]. E in  H a u p tf a k to r  
der k a rd io p a th o g e n e n  D iä t is t die A rm u t an  M agnesium  [29 ,25]. In  d er L i te r a 
tu r  f in d e n  w ir A ngaben  ü b e r die b lu td ru c k se n k e n d e  M agnesium w irkung . W ie 
IIa d d y  [1 1 ] fe s ts te llte , s in k t d er B lu td ru c k  n a c h  in tra v e n ö se r E in s p r itz u n g  
von  10% igem  M agnesium su lfa t. K e l l y , Cross u n d  T u r t o n  [15] b e o b a c h te te n  
g leichfalls B lu td ru c k se n k u n g  bei H y p e rto n ik e rn  n ach  V erab re ich u n g  v o n  
M ag nesium su lfa t. D ieselbe E rsch e in u n g  te il te  A f a n a s s e w a  [1] m it.

V on diesen  B eo b ach tu n g en  ausgehend , u n te rs u c h te n  w ir an  R a t te n  die- 
W irk u n g  d e r m agn esiu m re ich en  D iä t bei den  m it n eu ro g en er u n d  k a rd io p a th o 
gener D iä t (S. 65) z u s ta n d e  g e b ra c h te n  H y p e rto n ie n . W ir su ch ten  die F ra g e  zu  
b e a n tw o rte n , w elchen  S ch u tz  die m ag n esiu m re ich e  D iä t bei den m it n e u ro 
genen u n d  a lim e n tä re n  W irk u n g en  h e rb e ig e fü h rten  H y p e rto n ien  g e w ä h r t. 
W eite rh in  w ü n sch ten  w ir fe s tzu s te llen , wie sich  die m it M agnesium  an g ere ich cr- 
te  D iä t a u f  die b e re its  e n ts ta n d e n e  H y p e rto n ie  a u sw irk t.
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V ersuche

D ie  V ersuche w u rd en  a n  102 A lb in o ra tten m än n c h e n  vorgenom m en, die w ir in  9 G ru p p en  
e in te il te n .  D ie T iere de r e rs ten  v ie r  G ruppen  b e k a m e n  d ie  übliche sem isy n th e tisch e  N o rm a l
n a h ru n g  [31]. D ie T iere de r fo lg en d en  fü n f G ru p p en  e rh ie lte n  die m it S. 65 b eze ich n e te  k a rd io - 
p a th o g e n e  D iä t. Die D iä t de r T ie re  de r I I .,  IV ., V I. u n d  V III . G ruppe sowie n a ch  E n tw ic k lu n g  
d e r  H y p e r to n ie  au ch  die de r IX . G ru p p e  w urde m it  d e m  F ü n ffach en  der n o rm alen  M agnesium 
m en g e  an g ere ich e rt, so d a ß  je d e s  k g  der N a h ru n g  28 g w asserfre ies MgCl2 e n th ie lt .  D ie  T iere  
d e r  e n tsp rec h en d e n  G ruppen  (d e r I I I . ,  IV ., V II. u n d  V III .)  w u rd en  täg lich  zw eim al jew eils  15m in

Tabelle I,

D ie W irkung von M a g n esiu m  a u f  die a lim entäre  und  neurogene H yperton ie
von R atten

G ruppe
Zahl

der Tiere D iät -f- Behandlung
B lutdruck

mmHg

I 10 S em isyn the tische  N o rm ald iä t 1 1 0 ± 5

и 10 S em isy n th e tisch e  N o rm ald iä t -f- Mg 1 1 0 ±  5

u i 12 S em isy n th e tisch e  N o rm ald iä t -|- R eizung 1 6 0 ± 1 0

IV 10 S em isy n th e tisch e  N o rm a ld iä t -)- R eizung  f- Mg 1 1 0 ±  5

V 10 K ard io p ath o g en e  D iät 1 6 5 ±  5

V I 10 K a rd io p a th o g en e  D iä t -{- Mg 1 1 0 ±  5

V II 14 K ard io p ath o g en e  D iä t -f- R e izu n g 1 8 5 ± 1 0

V I I I 10 K a rd io p a th o g en e  D iä t -f- R e izu n g  -}■ Mg 1 1 0 ±  5

I X 16 K ard io p a th o g en e  D iä t -)- R e izu n g , n ach  4 W ochen -f- 
- f  Mg

1 5 0 ±  6 
1 1 0 ±  5

e in e m  L ic h t-  u n d  Schallreiz a u sg e se tz t, den w ir in  In te rv a lle n  von  j  m in  m it e inem  S tro m sto ß  
a s so z iie r te n . Die T iere de r IX . G ru p p e  b ekam en  28 T ag e  lan g  k a rd io p a th o g en e  S. 6 5 -D iä t u n d  
w u rd e n  g leichzeitig  n eu ra le r  B e la s tu n g  au sg esetz t. V o m  28. V ersuchstage  an  e rh ie lte n  d ie  T iere 
d ie  m it  d em  F ü n ffach en  d e r n o rm a len  M agnesium m enge ang ere ich erte  k a rd io p a th o g e n e  S. 65- 
D iä t .

I n  T abelle  I  sind  d ie A n g a b en  über die A n z a h l u n d  B eh an d lu n g  de r e in ze ln en  T ie r
g ru p p e n  zusam m en g efaß t. W asse r k o n n ten  die T ie re  a d  l ib itu m  tr in k en . D en B lu td ru c k  de r 
H a t te n  k o n tro llie rten  w ir w ö ch en tlich  m it der in  u n se re m  I n s t i tu t  geb räu ch lich en  B lu td ru c k 
m e ß a p p a r a tu r  [8].

E rgebn isse

B ei V ersuchsbeg inn  b e tru g  der B lu td ru c k  d er T iere e in h e itlich  110 ^  5 
m m  H g .

U n te r  W irk u n g  d e r n e u ra le n  B e la s tu n g  is t  d er B lu td ru c k  bei d en  R a tte n  
g eg e n  E n d e  d er 7. W oche a u f  160 ±  5 m m  H g  gestiegen . W u rd e  d ie  D iä t  der 
e in e r  R e izu n g  au sg ese tz ten  T iere  m it d em  F ü n ffa c h e n  d er n o rm a le n  M agne
s iu m m e n g e  a n g e re ich ert, so sch w an k te  d e r  B lu td ru c k  u n g e a c h te t d e r  R e izung  
b is  z u le tz t  in n e rh a lb  d e r G renzen  der n o rm a le n  B lu td ru c k w e rte . B e i ke inem  
e in z ig e n  T ie r is t d er B lu td ru c k  ü b er den  W e r t  v o n  115 m m  H g h in au sg eg an g en .
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mmHg
190 \

A bb. 1. D ie W irkung  von neu ro g en er B e lastu n g  -f-MgCl2 a u f  d en  R a tte n b lu td ru c k . D ie  röm ische 
Z ahlen  bezeichnen  die G ru p p en e in te ilu n g  de r Tabelle

Abb. 2. D ie W irkung  von  MgCl™ a u f  die neurogene u n d  a lim en tä re  H y p e rto n ie  d e r  R a tte n . 
D ie röm ischen  Z ahlen  bezeichnen die G ru p p en e in te ilu n g  der T ab e lle
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A us d ie se n  T a tsa c h e n  d a r f  geschlossen  w erden , d a ß  das M agnesium  d er u n te r  
W irk u n g  d e r neu rogenen  B e la s tu n g  zur E n tw ic k lu n g  kom m enden  B lu td ru c k e r 
h ö h u n g  g egenüber eine S c h u tz w irk u n g  au sü b t. D ie  E rgebn isse  v e ra n sc h a u lic h t 
A b b . 1. B e i den m it n o rm a le r , sem isy n th e tisch e r D iä t  g e fü tte r te n  R a t te n  h a t  
die m ag n esiu m re ich e  D iä t k e in e  B lu td ru c k se n k u n g  h erb e ig e fü h rt. D ie B lu t
d ru c k w e r te  der T iere  lag en  zw ischen  105 u n d  110 m m  H g u n d  e n tsp ra c h e n  
d a m it  d e n e n  der K o n tro llt ie re . A b b . 1 zeigt a u c h  d ie  diesbezüglichen R e s u lta te .

Abb. 3. D ie  W irkung  von  MgCl2 a u f  d ie a lim en tär u n d  n e u ro g en  hervorgerufene B lu td r u c k 
erhöhung

I m  w eite ren  u n te r s u c h te n  w ir die W irk u n g  d e r  k a rd io p a th o g en en  S. 65- 
D iä t ,  d ie  zu r H y p e rto n ie  f ü h r te ;  der B lu td ru c k  sc h w a n k te  zw ischen 160 u n d  
170 m m  H g . W urde d ie k a rd io p a th o g e n e  D iä t m it  M agnesium  a n g e re ic h e rt, so 
b lieb  d e r  B lu td ru c k  d e r T ie re  a u f  dem  N o rm a lw e rt (d u rch sch n ittlich e r B lu t
d ru c k w e r t  111 ^  4 m m  H g ).

W e n d e te n  w ir n eb en  d e r  k a rd io p a th o g e n e n  S. 65-D iät auch  eine n e u ra le  
B e la s tu n g  an , so stieg  d er B lu td ru c k  der T iere  b e trä c h tl ic h :  der d u rc h s c h n it t
liche  B lu td ru c k w e r t b e tru g  186 ^  7 m m  H g. D ie se r  W ert ü b e rs te ig t w e se n t
lich  d ie  W e rte  der n u r  m it k a rd io p a th o g e n e r D iä t  g e fü tte rte n  oder d e r  n u r  
e in e r n e u ra le n  B e las tu n g  a u sg e se tz te n  T iere. K a m  n eb e n  der k a rd io p a th o g e n e n  
D iä tb e h a n d lu n g  n eu ra le  B e la s tu n g  zur A n w e n d u n g  u n d  w urde a u ß e rd e m  die 
D iä t d e r  T ie re  m it M agnesium  an g ere ich ert, so t r a t  k e in e  V erän d eru n g  im  B lu t
d ru c k  d e r  R a tte n  ein . Im  V e r la u f  des V ersuches la g  der B lu td ru c k  d e r T iere  
s te ts  zw isch en  105 u n d  115 m m  H g.

W ie  aus den  e x p e rim e n te llen  E rgebn issen  h e rv o rg e h t, w ird  die b lu td ru c k 
e rh ö h e n d e  W irk u n g  d er m it k a rd io p a th o g e n e r D iä t  h e rv o rg eru fen en  a lim e n 
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tä re n  F a k to re n  von M agnesium  ab gew ehrt, das gegen die neben  der D iä t an g e 
w en d e te  n eu ra le  B e la s tu n g  S ch u tz  b ie te t (A bb. 2).

D ie T iere d er IX . G ru p p e  w urden  bis zum  28. T ag e  m it k a rd io p a th o g e n e r 
D iä t g e fü tte r t  u n d  au ch  n e u ra l b e la s te t. D er B lu td ru c k  der T iere b e tru g  im  
D u rc h sc h n itt 155 m m  H g. H ie rn ach  w urde  die k a rd io p a th o g e n e  D iä t m it 
M agnesium  an g ere ich ert. Zw ei W ochen sp ä te r  h a t te  sich  der B lu td ru c k  d ieser 
T iere  v o lls tän d ig  n o rm a lis ie r t:  ih r  B lu td ru c k w e rt w a r  110 ^  5 m m  H g. 
D iese E rgebn isse  zeigen, d a ß  die m agnesium reiche  D iä t  im stan d e  is t ,  au ch  die 
b e re its  en tw ick e lte  H y p e r to n ie  zu  bessern  (A bb. 3).

B esprechung

D iese R e su lta te  u n te r s tü tz e n  die in  u n se rem  I n s t i tu t  frü h e r e rz ie lten  
E rgebn isse , da es ge lungen  is t , bei den V ersu ch stie ren  H y p e rto n ie  sow ohl a u f  
neu rogenem  wie a u f  a lim e n tä re m  W ege z u s ta n d e  zu  b rin g en . W u rd en  die m it 
k a rd io p a th o g e n e r D iä t g e fü tte r te n  T iere e iner n e u ra le n  B e las tu n g  au sg ese tz t, 
so w ar d er B lu td ru c k  d e r T ie re  w esen tlich  h ö h er als be i den  n u r e in er n eu ro g e
n en  oder n u r der a lim e n tä re n  W irk u n g  au sg e se tz te n  T ieren . Die E rg eb n isse  
b e s tä tig e n  die frü h eren  B eo b ach tu n g en  von  GÁTI u n d  Mitarbeitern  [9].  W a h r
schein lich  h a n d e lt es sich  bei d e r P athogenese  d e r H y p e rto n ie  um  d ie  K o m b i
n a tio n  d ieser beiden  F a k to re n . L a u t H a ll  [12] v e rm ö g en  die S tresso ren  allein  
n u r m itte lm äß ig e  H y p e rto n ie  auszulösen. N ach  M i l l s  [20] k an n  die H y p e r
to n ie  d u rch  S tresso ren  au sg e lö st oder v e rsch lim m ert w erden . U nsere v o ra n g e 
gangenen  U n te rsu ch u n g en  h a b e n  gezeigt, d aß  u n te r  W irk u n g  d e r n eu ra len  
B e la s tu n g  neben  der H y p e r to n ie  auch  die H e rz m u sk e lv e rän d e iu n g e n  p rog re- 
d iieren  [27].

N ach  den B eo b a c h tu n g e n  von  A l b e r t  und  Mitarbeitern  [2] is t d er M ag
nesium spiegel im  B lu tse ru m  d e r  H y p e rto n ik e r s ig n if ik a n t n ied riger als im  B lu t
serum  n o rm aler In d iv id u e n . M a d e r  u n d  I s e r i  [19 ]  s te llte n  H y p e rto n ie  bei 
ju g en d lich en  P erso n en  fe s t, be i denen  der M agnesium sp iegel u n te r  dem  N o rm a l
w ert lag . B e c k e r  u n d  H a m a n n  [4] fanden  bei e ssen tie lle r H y p e rto n ie  g le ich 
falls e inen  n ied rigeren  Serum -M agnesium sp iegel. L a u t  H a u r y  u n d  Ca n t a r o w  
[13] s in k t der M agnesium sp iegel im  Serum  bei d en  m it V asospasm en  e in h e rg e 
h en d en  E rk ra n k u n g e n . N ach  d er B eo b ach tu n g  v o n  W a l k e r  [36] is t  d er Se
rum m agnesium sp iegel b e i H y p e rto n ie  norm al oder e h e r u n te r  dem  N o rm a lw ert, 
w äh ren d  dieser W ert in  d e r ren a len  Phase a n s te ig t.

L a u t H a d d y  [11] s in k t d e r B lu td ru ck  im  V e rla u f  einer In fu s io n  von  
10% igcr M agnesiu m su lfa tlö su n g ; den  E ffek t fü h r t  e r a u f  die v a so d ila ta to -  
rische M agnesium w irkung  zu rü c k . N ach F r i e d m a n n  [5] s in k t be i e inem  6 
m g% igen  S erum m agnesium sp iege l der B lu td ru c k  n o rm a le r  T iere. Im  R ah m en  
un se re r V ersuche is t d e r  M agnesium spiegel u n te r  W irk u n g  der D iä t n u r  m äß ig
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g e s tie g e n  [24], w as das A u sb le ib en  d er be i n o rm alen  T ie ren  b eo b a c h te ten  
B lu td ru c k se n k u n g  zu  b e s tä t ig e n  sche in t.

N a c h  K e l l y , Cr o s s  u n d  T u r t o n  [15] n im m t die ren a le  B lu ts trö m u n g  
n a c h  V erab re ich u n g  v o n  M ag n esiu m  zu. L a u t G i l l e n w a t e r  [10] d ila tie ren  
u n te r  W irk u n g  von  lokal a n g ew en d e tem  M agnesium  die N ie ren g efäß e , u n d  die 
N ie re n d u rc h b lu tu n g  s te ig e r t  s ich . E ine S ch u tzw irk u n g  des M agnesium s s te llten  
a u c h  w ir  bei den u n te r  W irk u n g  d er k a rd io p a th o g e n e n  D iä t z u r  E n tw ic k lu n g  
k o m m e n d e n  N ie ren sch äd ig u n g en  fest [26]. F ü r  die W irk u n g  v o n  M agnesium  
a u f  d e n  E le k tro ly th a u sh a lt  s p r ic h t fe rn e rh in  d ie  F e s ts te llu n g  v o n  L u d a n y  
[1 7 ], w o n ach  der S e ru m -K -G e h a lt n ach  iv . E in sp ritz u n g  v o n  M g z u n im m t. 
N a c h  e ig en en  frü h eren  V ersu ch se rg eb n issen  sa n k  d er K a liu m g e h a lt im  H erzen  
d e r  m i t  k a rd io p a th o g en e r D iä t  g e fü tte r te n  T iere  n a c h  D arre ich u n g  m ag n esiu m 
re ic h e r  D iä t n ich t, obw ohl d ie  D iä t k a liu m a rm  w a r [24]. K a liu m  w irk t auch 
n a c h  S ó s  [31] a n tih y p e r te n s iv . B a c h  u n d  Sós [3] h ab en  nach g ew iesen , daß 
d u rc h  d ie  V ersch iebung d es  N a  : K -V erh ä ltn isses  zu g u n sten  v o n  K a liu m  die 
n e u ro g e n e  u n d  renale  H y p e r to n ie  v e rm in d e rt w erd en  k an n .

A u f  Z u sam m en h än g e  zw ischen  dem  M agnesium - u n d  K a liu m sto ff
w e c h se l d e u te n  die U n te rsu c h u n g e n  von M a c i n t y r e  u n d  D a v i d s o n  [18],  die 
a n n e h m e n , daß  der K a liu m m a n g e l eine F o lge d e r  d u rch  den  M ag n esiu m m an 
gel b e e in trä c h tig te n  M ito c h o n d rie n fu n k tio n  sei.

U n se re  V ersuchsergebn isse  g e s ta tte n  die S ch lußfo lgerung , d a ß  d u rc h  die 
V e ra b re ic h u n g  einer e n tsp re c h e n d e n  M agnesium m enge die E n tw ic k lu n g  der 
H y p e r to n ie  v e rh in d e rt b zw . die bere its  e n tw ic k e lte  H y p e rto n ie  z u rü c k e n t
w ic k e lt  w erden  k an n . A u ß e rh a lb  d e r b isher b esp ro ch en en  W irk u n g sm ech an is
m e n  d ü r f te  dem  M agnesium  a u c h  als v e g e ta tiv e m  G an g lienb locker [4] eine 
R o lle  zu fa llen . Sein ch o le s te rin -  [23] u n d  /5 -lipop ro te id senkender [21] E ffek t 
k a n n  s ic h  gleichfalls g ü n s tig  b e i d e r A bw ehr v o n  H y p e rto n ien  a u sw irk en .

U n se re  E rgebn isse  sc h e in e n  zu  b e s tä tig e n , d aß  die v o n  P e v s n e r  [22] 
u n d  v o n  S o k o l o w s k i j  [35] em pfoh lene m ag n esiu m re ich e  N a h ru n g  bei der 
B e h a n d lu n g  der H y p e rto n ie  v o r te ilh a f t sei.
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EFFECT OF />-N-OXYPHENYFGLYCINE 
ON THE INULIN CLEARANCE OF RATS

By

В о к  N a m  L i

IN STITU TE OF PA THO PHY SIOLOG Y , MEDICAL U N IV ERSITY , BU DA PEST 

(R ece iv ed  M arch 22, 1963)

Two in trap erito n ea l in je c tio n s  o f p -N -o x y p h en y lg ly c in e (P O G ), in  doses o f 20 m g per 
100 g, have  been a d m in is te red  to  w h ite  m ale ra ts  o f 100 to  140 g bo d y  w e ig h t in o rd e r to 

s tu d y  th e  effect of th e  co m p o u n d  on  g lom erular a c tiv ity . V alues d e te rm in e d  before  th e  
in jec tio n s  w ere used as th e  co n tro l. T he clearance of inu lin  (0.48 m l/m in u te /1 0 0  cm 2) 
decreased  considerab ly  (to  0.3 m l/m inute/100  cm 2) u n d e r th e  in flu en ce  o f  PO G , th u s  
p ro v in g  th a t  th e  a g en t in q u e s tio n  is noxious to  th e  g lom eruli. PO G  is a n  a n ta g o n is t  
o f ty ro sin e , and  its  a n tim e tab o lic  p roperties p lay  a  decisive role in  p ro d u c in g  th e  o b 
served  effect.

In tro d u c tio n

E a rlie r  in v es tig a tio n s  [1] h a v e  show n th a t  p -N -o x y p h en y lg ly c in e  (PO G ) 
causes g lo m eru la r an d  tu b u la r  lesions p re su m ab ly  b y  a n tag o n iz in g  ty ro s in e . 
T h e  c o n c e n tra tin g  c a p a c ity  o f th e  k id n ey  w as fo u n d  to  h a v e  d im in ish ed  from  
th e  8 th  d a y  on, while d ilu tio n  re m a in e d  essen tia lly  u n ch an g ed . B lood  p ressu re  
o f  th e  r a ts  rose in  p ro p o rtio n  to  th e  d a ily  dose o f P O G ; as a ru le , ch ro n ic  h y 
p e rte n s io n  se t in  as from  th e  1 0 th  d a y  of t r e a tm e n t.

I n  con sid era tio n  o f th e  h is to log ica lly  d e m o n s tra te d  g lo m eru la r lesions 
cau sed  b y  PO G , th e  q u es tio n  aro se  as to  how  th e  a d m in is tra tio n  o f  th e  d ru g  
w ould  a ffec t th e  ra te  o f g lo m eru la r  f iltra tio n .

M a te ria l and m ethod

Seven teen  w hite m ale ra ts  o f a b o d y  w eight betw een  100 and  140 g, from  th e  I n s t i tu te ’s 
ow n stock , were used. The te s t  an im a ls  served  as se lf-contro ls in asm uch  as th e ir  n o rm al inu lin  
c learan ce  values were estab lished  before  the  experim ents.

T he an im als were given an  in tra p e rito n e a l in jec tio n  o f  20 m g/100 g of PO G  on each  of 
tw o consecu tive  days. The dose w as a d m in is te red  in  0.5 m l o f physio logical sa lin e . Since the  
suspension  was strong ly  acid, th e  p H  w as a d ju s ted  to 7.0 by  m eans of 0.1 N  so d iu m  h y d ro x y d e .

O n th e  day  follow ing th e  second  in jec tion  of PO G , th e  ra ts  were tra n s fe r re d  to  a tu b e  
o f w ire -n e ttin g  w hich a d m itte d  of s lig h t m ovem ents w ith o u t en ab ling  th e  a n im a ls  to  ch an g e  
th e ir  p o sition . T he tube  was p ro v id ed  w ith  th ree  ap ertu res  w hich fix ed  th e  h in d  legs a n d  th e  
ta il ,  an d  en su red  th e  collection of u rin e .

An a p p a ra tu s , by m eans of w hich  1.5 ml of flu id  per h o u r could  be a d m in is te re d  b y  th e  
v enous ro u te , was em ployed for th e  in fu sio n  of inulin . F irs t ,  a  m assive dose — 0.3 m l o f 3 per 
c en t in u lin  d issolved in 0.45 per c en t N aC l — was ad m in iste red  in a ta il ve in , in o rd e r to  ensure 
a s tab le  p lasm a level. S ub seq u en tly , in fusion  was s ta r te d  w ith  the  sam e so lu tion .
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T h e  u rin ary  b lad d er w as d ra in e d  an  hour a f te r  th e  b eg in n in g  of th e  in fusion . T h e  u rin e  
w as co llec ted  in  calib ra ted  tu b e s  a n d  0.3 ml sam ples o f b lood  w ere ta k e n  once or sev e ra l tim es 
fro m  a  v e in  o f th e  h ind  leg. C o a g u la tio n  was in h ib ited  b y  m ean s o f heparin .

W e added  1.4 m l o f p h y s io lo g ic a l saline to  each  b lo o d  sam ple  o f 0.3 m l, a n d  o b ta in e d  
th e  n e ce ssa ry  am ount of se ru m  b y  cen trifu g a tio n . T h e  in u lin  c o n te n ts  of th e  se ru m  a n d  th e  
u r in e  w ere  determ ined  acco rd in g  to  S c h r e i n e r  [ 2 ] .

R esults

R e su lts  are lis te d  in  T a b le  I.
T h e  value for n o rm a l c learance , i.e. b efo re  t r e a tm e n t  w ith  P O G , was 

fo u n d  to  be 0.48 ^  0.15 m l/m in ./1 0 0  cm 2, in  a g re e m e n t w ith  th e  d a ta  o f C o t - 

l o v e  [3], B e r g lu n d  [4 ] ,  a n d  G rie b et z  et al. [5]. I t  sh o u ld  be n o te d  th a t  d iffer
en ces  in  th e  am oun t a n d  r a t e  o f  infusion m a y  ch an g e  th e  c learan ce  v a lu e , if  to  
a s l ig h t  e x te n t only.

In u lin  clearance sh o w e d  a considerab le  d ecrease  a f te r  th e  in je c tio n s  of 
P O G . E x c e p t in an im als  N o s  3 an d  8, th e  d iffe rence  w as s ig n ifican t in  every

Table I

No.
Body w eight 

of anim al
(g)

Body surface 
(cm2)

Inulin clearance m l/min/100 cm8

Before After

the administration of POG

l 1 0 5 2 2 8 0 .4 6 0 .3 8

2 1 0 5 2 2 8 0 .3 2 0 .1 8

3 1 2 0 2 4 5 0 .3 7 0 .3 6

4 1 2 0 2 4 5 0 .4 7 0 .3 1

5 1 3 0 2 5 8 0 .5 9 0 .3 1

6 1 3 0 2 5 8 0 .4 1 0 .1 9

7 1 2 0 2 4 5 0 .6 0 0 .2 5

8 1 3 0 2 5 8 0 .3 4 0 .3 9

9 1 3 0 2 5 8 0 .3 2 0 .2 1

10 1 1 5 2 4 0 0 .6 6 0 .3 7

11 1 3 0 2 5 8 0 .6 2 0 .3 7

12 1 4 0 271 0 .3 2 0 .2 4

13 1 3 0 2 5 8 0 .3 5 0 .2 4

14 1 2 0 2 4 5 0 .8 5 0 .3 8

15 1 2 0 2 4 5 0 .5 7 —

16 1 1 0 2 3 4 0 .4 0 0 .3 2

17 1 3 0 2 5 8 0 .6 5 0 .3 8

M ean value 0.48 +  0.15 0 .30  +  0.07
t =  3.566
p  >  0 .0 1
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r a t .  T h e  re su lts  for an im al N o. 15 h a d  to  he d isreg a rd ed  because th e re  o ccu rred  
a se rio u s h aem o rrh ag e  in  th is  r a t  a f te r  th e  a d m in is tra tio n  o f P O G . T h e  d iffe r
ence b e tw een  c learan ce  v a lu es  before  an d  a f te r  t re a tm e n t w as s ig n if ican t 
s ta t is t ic a l ly  (p  >■ 0.01).

D iscussion

H isto log ica l ex a m in a tio n s  rev ea led  solely  g lo m eru la r dam ag e  d u rin g  th e  
f ir s t  d a y s  follow ing tr e a tm e n t  w ith  PO G , a n d  i t  w as only  a f te r  th e  1 0 th  d ay  
th a t  tu b u le s  began  to  d eg en e ra te . I t  has been  show n b y  us [ l ] t h a t  th e  c h a r 
a c te r is tic  fe a tu re  o f th a t  g lo m eru la r d am ag e  co n sis ted  in  e x tra c a p illa ry  e x u 
d a te s , f re q u e n tly  lead ing  to  a com pression  a n d  ev en  d es tru c tio n  o f  th e  g lo m er
u li. S ince i t  is ch ie fly  in  re sp ec t o f  tu b u la r  a c t iv i ty  th a t  c o n c e n tra tio n  and  
d ilu tio n  te s ts  su p p ly  in fo rm a tio n , th e  p re se n t ex p e rim en ts  w ere m ad e  to  c la r
ify  w h e th e r  i t  w as possib le  to  recognize e a rly  g lo m eru la r lesions b y  m ean s of 
fu n c tio n a l te s ts . T he changes in  in u lin  c lea ran ce  h a v e  p roved  t h a t  tw o  doses 
o f  20 m g/100 g of P O G  d im in ish  th e  ra te  o f g lo m eru la r f i l tra tio n  v e ry  consid 
e ra b ly .

P O G  owes its  g lo m eru la r effect to  its  a n tim e ta b o lic  p ro p e rtie s . T h e  th y 
ro id  g la n d  needs m uch  ty ro s in e , a n d  i t  w as d e m o n s tra te d  b y  Sós et al.  [6] th a t  
P O G  in h ib its  th y ro id  a c t iv i ty  b y  an tag o n iz in g  ty ro s in e . T he k id n e y  is s im ila r 
to  th e  th y ro id  g land  in a sm u c h  as i t  needs m u ch  ty ro s in e  for its  n o rm a l fu n c tio n 
in g  [7]. I t  w as th e re fo re  ju s t if ie d  to  ex p ec t t h a t  t r e a tm e n t w ith  P O G  w ould , 
a p a r t  fro m  dam ag in g  th e  th y ro id , lead  to  re n a l in ju ry . T h a t P O G  a c ts  as an  
a n tim e ta b o lite  is fu r th e r  su p p o r te d  b y  e x p e rim e n ts  now in  p ro g ress  in  w hich  
we h a v e  succeeded  in  in h ib itin g  th e  h y p e rte n s io n  b ro u g h t a b o u t b y  P O G  b y  
a d m in is te r in g  a th ree -  to  five-fo ld  dose o f  ty ro s in e .

T h e re  ex ist a d d itio n a l a n tim e ta b o lite s  w h ich  h av e  been fo u n d  to  d am ag e  
th e  k id n e y , e.g. m e th y l- try p to p h a n , a t ry p to p h a n  an ta g o n is t [8], a n d  th e  
am ino n u cleo sid e  6 -d im e th y lam in o p u rin e , 3 -am ino-D -ribose  [9]. A ll th is  
show s t h a t  in h ib itio n  o f  re n a l am ino  acid  or p u rin e  m etab o lism  g ives rise  to  
g rav e  re n a l dam age.

L e t us fin a lly  rem e m b e r t h a t  PO G  is w id e ly  used  in  p h o to g ra p h y . I t  is 
e v id e n t fro m  th e  foregoing  th a t  d ire c t c o n ta c t w ith  P O G , its  a b so rp tio n  th ro u g h  
th e  sk in , m ay  becom e d an g ero u s, a c o n sid e ra tio n  th a t  m igh t ju s t i fy  th e  in tro 
d u c tio n  o f  su itab le  sa fe ty  m easu res.
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ЛСТА  P H Y S IO L O G IC  А

ТОМ XXIV -  ВЫП. 2

Р Е З Ю М Е

В Ы З В А Н Н А Я  Т Е М П Е Р А Т У Р Н Ы М  Г Р А Д И Е Н Т О М  М О Б И Л И З А Ц И Я  Ж И Д К О С Т И  
Н А  Б И О Л О Г И Ч Е С К И Х  О Б Ъ Е К Т А Х

Ф. ВЕТЁ

В  о п ы т а х  н а  р а з л и ч н ы х  р а с т и т е л ь н ы х  т к а н я х  (я б л о к о , к а р т о ф е л ь  и  т . д .)  п ри  
д е й с т в и и  т е м п е р а т у р н о г о  г р а д и е н т а  в  0 ,2 — 3 ,0 °  С , в  т е ч е н и е  */4— 95  ч а с о в  о т м е ч а л с я  з н а 
ч и т е л ь н ы й  с д в и г  с о д е р ж а н и я  во д ы , а  и м ен н о , б о л е е  х о л о д н а я  ч асть  т к а н и  с о д е р ж а л а  на 
н е с к о л ь к о  п р о ц е н т о в  б о л ь ш е  ж и д к о с т и , чем  т е п л а я  ч а сть . И т а к , б о л ее  в ы с о к а я  т е м п е р а 
т у р а  м о ж е т  т а к ж е  в б и о л о г и ч е с к и х  с и с т е м а х  в ы з ы в а т ь  п ер ем ещ ен и е  ж и д к о с т и  н а  м еста  
с б о л е е  н и зк о й  т е м п е р а т у р о й , п о д о б н о  т о м у , к а к  э т о  н а б л ю д а л о с ь  в о п ы т а х  п о  терм о- 
о с м о зу  н а  м о д ел и . П о л у ч е н н ы е  д а н н ы е  п о к а з ы в а ю т , что  т е м п е р а т у р а  п р е д п о л о ж и т е л ь н о  
и г р а е т  р о л ь  в  м о б и л и за ц и и  ж и д к о с т и  в  к л е т к а х  и  т к а н я х .  Э тот в о п р о с  и м е е т  б о л ьш о е  
б и о л о г и ч е с к о е  зн а ч е н и е  в  н а у ч н о м  о б ъ я с н е н и и  « ак ти вн о й »  отдачи  в о д ы  к л е т к а м и .

Д Е Й С Т В И Е  Э Л Е К Т Р О Н Н О Г О  И З Л У Ч Е Н И Я  В  15 М Э В  Н А  Ф У Н К Ц И Ю  И  В О З Б У 
Д И М О С Т Ь  И З О Л И Р О В А Н Н О Г О  С Е Р Д П А  Л Я Г У Ш К И  

Й. т и д и

И с с л е д о в а л о с ь  д е й с т в и е  /1 -и зл у ч ен и я  в  15 М эв  н а  и зо л и р о в а н н о е  с е р д ц е  л я г у ш к и  
и б ы л о  у с т а н о в л е н о , что  в  12 %  с л у ч а е в , к о г д а  п р и о с т а н о в к а  с е р д ц а  в ы з ы в а л а с ь  р а с т 
в о р о м  с б о л ь ш и м  с о д е р ж а н и е м  к а л и я ,  в  т е ч е н и е  о б л у ч е н и я  н а б л ю д а л и с ь  р е г у л я р н ы е  
с о к р а щ е н и я . А м п л и т у д а  и  ч а с т о т а  к о н т р а к ц и й , о д н а к о , зн а ч и т е л ь н о  м е н ь ш е  е сте ств ен 
н ы х  с о к р а щ е н и й .

В  т е ч ен и е  о б л у ч е н и я  у  б о л ь ш и н с т в а  с е р д е ц  м о ж н о  бы ло  в ы я в и т ь  с н и ж е н и е  п о р о га  
в о зб у д и м о с т и  ж е л у д о ч к а , и з о л и р о в а н н о г о  н а л о ж е н и е м  л и г а т у р ы .

Э к с п е р и м е н т ы  п р е д о с т а в и л и  н о вы е д а н н ы е  о в за и м о с в я зи  м е ж д у  д е й с т в и е м  и з л у 
ч е н и я  и  в о зб у ж д е н и е м . О н и  п о д к р е п л я ю т  п о л о ж е н и я  т е о р и и  о п о л у п р о в о д и м о с т и  в о з
б у ж д е н и я .

И С С Л Е Д О В А Н И Е  В З А И М О С В Я З И  М Е Ж Д У  А К Т И В Н О С Т Ь Ю  К О Л Л А Г Е Н М У К О -
П Р О Т Е И Н А З Ы  И  Т Р И П С И Н А  

И. ВАНГА

1. И м ею щ и е в и д  в о л о к о н  т к а н и , с о д е р ж а щ и е  к о л л а г е н  (А х и л л е с о в о  с у х о ж и л и е , 
с у х о ж и л и е  к р ы с и н о го  х в о с т а ) ,  п о с л е  о б е з в о ж и в а н и я  сп и р то м , а ц е т о н о м  и л и  эф и р о м , 
и л и  в  с у х о м  с о с т о я н и и , т е р м о о б р а б о т к о й  п р и  т е м п е р а т у р е  110° С не у д а л о с ь  д е н а т у р и р о 
в а т ь  т а к ,  чтобы  они  с м о гл и  п о д в е р г н у т ь с я  п е р е в а р и в а н и ю  с п о м о щ ью  п р о т е о л и т и ч е 
с к и х  ф е р м е н то в . Т о л ь к о  п о с л е  р а зм о л а  и п у л ь в е р и з а ц и и  у д а л о с ь  в ы я в и т ь ,  ч то  п р и  во з
д е й с т в и и  к о л л а г е н м у к о п р о т е и н а з ы  к о л л а г е н о в ы й  б е л о к  р а с т в о р я е т с я . Э то  д ей ст в и е , 
о д н а к о , н е  п р е д с т а в л я е т  со б о й  д е н а т у р а ц и ю .

2 . И с с л е д о в а н и е  10 р а з л и ч н ы х  т р и п с и н о в ы х  п р е п а р а т о в  п о к а з а л о , ч т о  а к т и в н о с т ь  
т р и п с и н а , и зм е р е н н а я  н а  сп ец и ф и ч еск о м  с у б с т р а т е  В A N A  (У -б е н зо и л -О Б -а р г и н и н -/? -  
н а ф т и л а м и д )  не т о ж е с т в е н н а  с а к т и в н о с т ь ю  т р и п с и н а ,  о п р е д е л е н н о й  н а  п о р о ш к е  А х и л л е 
с о в а  с у х о ж и л и я . З н а ч и т , а к т и в н о с т ь  т р и п с и н а  и  к о л л а г е н м у к о п р о т е и н а з ы  н е  и д ен ти ч н ы ,
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но с д р у г о й  с т о р о н ы , б о л ь ш и н с т в о  т р и п с и н о в ы х  п р е п а р а т о в  с о д е р ж и т  б о л ь ш ее  и л и  м е н ь 
ш ее к о л и ч е с т в о  к о л л а г е н м у к о п р о т е и н а з ы .

3 . А к т и в н о с т ь  к о л л а г е н м у к о п р о т е и н а з ы , п р о я в л е н н а я  п о  отн ош ен и ю  к  н а т и в н о м у  
к о л л а г е н у ,  н е  т о ж е с т в е н н а  с а к т и в н о с т ь ю  м е т а к о л л а г е н а з ы . М е т а к о л л а г е н  м о ж н о  р а с 
с м а т р и в а т ь  к а к  ч а сти ч н о  д е н а т у р и р о в а н н ы й  к о л л а г е н . И с с л е д о в а н н ы е  т р и п с и н о в ы е  п р е п а 
р а т ы  п о к а з а л и  н а р я д у  с к о л л а г е н м у к о п р о т е и н а з н о й  а к т и в н о с т ь ю  т а к ж е  м е т а к о л л а г е -  
н а з н у ю  а к т и в н о с т ь  р а зл и ч н о й  с т е п е н и .

4 . Н а  о с н о в а н и и  п о л у ч е н н ы х  р е зу л ь т а т о в  и  л и т е р а т у р н ы х  д а н н ы х  о б с у ж д а ю т с я  
с у щ е с т в о в а н и е  и  м е х а н и зм  д е й с т в и я  к о л л а г е н м у к о п р о т е и н а з ы .

Д Е Й С Т В И Е  И Н Г И Б И Т О Р О В  Н А  А К Т И В Н О С Т Ь  Т Р И П С И Н А  И  К О Л Л А Г Е Н .
М У К О П Р О Т Е И Н А З Ы

И. БАНГА и Й. МАЙЛАТ-ПАЛАДИ

1. И с с л е д о в а л о с ь  т о р м о з я щ е е  д е й с т в и е  т р е х  р а з л и ч н ы х  и н ги б и т о р о в  т р и п с и н а  н а  
ф е р м е н т а т и в н у ю  а к т и в н о с т ь  д в у х  т р и п с и н о в ы х  п р е п а р а т о в .  С п е ц и ф и ч е с к а я  ф е р м е н т а т и в 
н а я  а к т и в н о с т ь  т р и п с и н а  и з м е р я л а с ь  н а  с и н те ти ч е с к о м  с у б с т р а т е  B A N A  М -б ен зо и л -D L - 
а р г и н и н -ß  н а ф т и л а м и д ), а  а к т и в н о с т ь  к о л л а г е н м у к о п р о т е и н а з ы  н а  А х и л л е с о в о м  с у х о 
ж и л и и .

2 . Р е з у л ь т а т ы  п о к а з а л и , ч то  и с с л е д о в а н н ы е  и н г и б и т о р ы  в  р а зл и ч н о й  с т е п е н и  т о р 
м о з я т  а к т и в н о с т ь  B A N A  и л и  к о л л а г е н м у к о п р о т е и н а з н у ю  а к т и в н о с т ь  о д н о го  и  т о г о  ж е  
т р и п с и н о в о г о  п р е п а р а т а . И з  э т о г о  а в т о р ы  д е л а ю т  в ы в о д , ч то  а к т и в н о с т ь  д в у х  э н з и м о в  
р а з л и ч н а ,  и  д е й с т в у ю щ и е  г р у п п ы  н е  т о ж е с т в е н н ы .

3 . П о л у ч е н н ы е  р е з у л ь т а т ы  д о к а з ы в а ю т , что  ч и с т ы е , д в у к р а т н о  к р и с т а л л и з о в а н 
ны е т р и п с и н о в ы е  п р е п а р а т ы  н е  г о м о ге н н ы .

И С С Л Е Д О В А Н И Е  С П Е Ц И Ф И Ч Н О С Т И  М Ы Ш Е Ч Н Ы Х  Х О Л И Н Э С Т Е Р А З

I. Р о л ь  а к т и в н ы х  а н и о н н ы х  г р у п п

А. СЁР, А. КЁВЕР и Э. ПОХАНКА

1. П р и  с р а в н и т е л ь н о м  и с с л е д о в а н и и  м ы ш е ч н ы х  х о л и н э с т е р а з  ав т о р ы  о б н а р у ж и л и  
р а з н и ц у  в  и х  ги д р о л и т и ч е с к о й  а к т и в н о с т и . Г и д р о л и з  а ц е т а т а  д и м е т и л а м и н о э т и л а , в ы р а 
ж е н н ы й  в  п р о ц е н т а х  р а з л о ж е н и я  а ц е т и л х о л и н а , п р и  с н и ж е н и и  p H  и н к у б а ц и о н н о й  см еси  
с 8 ,0  д о  5 ,5 ,  в  с л у ч а е  и с с л е д о в а н и я  и с т и н н о й  х о л и н э с т е р а з ы  у с к о р и л с я  п р и б л и з и т е л ь н о  
в  с е м ь  р а з  и с х о д н о й  в е л и ч и н ы , а  в  с л у ч а е  м и о з и н х о л и н э с т е р а з ы  —  до д в у к р а т н о й  в е л и 
ч и н ы . П р и  и с п о л ь з о в а н и и  в к а ч е с т в е  с у б с т р а т а  а ц е т а т а  д и м е т и л а м и н о п р о п и л а  г и д р о л и з  
в ы р а ж е н н ы й  в  п р о ц е н т а х  р а з л о ж е н и я  а ц е т и л х о л и н а , в  с л у ч а е  и сти н н о й  х о л и н э с т е р а з ы  
в  н е б о л ь ш о й  с теп е н и  с н и з и л с я , а  в  с л у ч а е  м и о з и н х о л и н э с т е р а з ы  п о в ы си л ся  д о  в о с ь м и 
д е в я т и к р а т н о й  и с х о д н о й  в е л и ч и н ы .

2 . Д е к а м е т о н и й  о к а з а л с я  в  с л у ч а е  и с с л е д о в а н и я  о б о и х  м ы ш е ч н ы х  х о л и н э с т е р а з  
г о р а з д о  б о л е е  эф ф ек ти в н ы м  и н г и б и т о р о м , чем  п е н т а м е т о н и й , н о  в  о тн о ш ен и и  т о р м о ж е н и я  
м е ж д у  д в у м я  э н зи м а м и  з н а ч и т е л ь н о г о  р а з л и ч и я  н е  н а б л ю д а л о с ь .

И С С Л Е Д О В А Н И Е  С П Е Ц И Ф И Ч Н О С Т И  М Ы Ш Е Ч Н Ы Х  Х О Л И Н Э С Т Е Р А З

I I .  Р о л ь  г р у п п ы  э н з и м о в , р а с щ е п л я ю щ и х  с л о ж н ы е  эф и р ы  

А. СЁР, А. КЁВЕР и Т. КОВАЧ

П р и  с р а в н и т е л ь н о м  и с с л е д о в а н и и  м ы ш еч н ы х  х о л и н э с т е р а з  ав т о р ы  и з у ч а л и  г и д р о 
л и з  с п и р т о в ы х  и л и  а ц и л о в ы х  г о м о л о г и ч н ы х  п р о с т ы х  э ф и р о в . Р а с щ е п л е н и е  г о м о л о г и ч н ы х  
п р о с т ы х  э ф и р о в  у с к о р я л о с ь  п р и  п р и м е н е н и и  о б о и х  и с с л е д у е м ы х  эн зи м о в , с о о т в е т с т в е н н о  
в е л и ч и н е  м о л е к у л  с у б с т р а т о в .

Г а л о г е н и з и р о в а н н ы й , з а м е щ е н н ы й  п р о сто й  э ф и р , х л о р а ц е т а т  э т и л а , р а с щ е п л я л с я  
и с т и н н о й  х о л и н э с т е р а з о й  п р и б л . в  5 0 - р а з  б ы стрей , а  м и о з и н о в о й  х о л и н э с т е р а з о й  п р и б л . 
с т а к о й  ж е  с к о р о с т ь ю , к а к  и  с о о т в е т с т в у ю щ и й  п р о с т о й  э ф и р  —• эт и л а ц е т а т .
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С Р А В Н Е Н И Е  А Н Т И Г Е Н Н Ы Х  С В О Й С Т В  Х Р О М О В А Л Ь Б У М И Н А  И  Н А Т И В Н О Г О  
О В А Л Ь Б У М И Н А  Н А  О С Н О В А Н И И  К О Л И Ч Е С Т В Е Н Н О Г О  

О С А Ж Д Е Н И Я

М. КАВАИ и Л. КЕСТЮШ

С о о б щ а ется  р е з у л ь т а т  к о л и ч е с т в е н н о г о  а н а л и з а ,  м етодом  о с а ж д е н и я ,  м еч ен н о го  
х р о м о м  о в а л ь б у м и н а  (11). У с т а н о в л е н о , что  х р о м и р о в а н и е  в со о тн о ш ен и и  15 и  2 5  м олей  
не о к а з а л о  с у щ е с т в е н н о г о  в л и я н и я  на а н т и г е н н о е  с в о й с т в о  и  р е а к т и в н у ю  с п о с о б н о с т ь  бел
к о в о й  м о л е к у л ы .

И З М Е Р Е Н И Е  Д А В Л Е Н И Я  В Л Е В О М  П Р Е Д С Е Р Д И И  С О Б А К  Т Р А Н С Б Р О Н Х И А Л Ь 
Н Ы М  П У Т Е М

А. НАСЛАЛИ

Ч е р е з  т р а х е ю , в с к р ы т у ю  н а  ш ее о к о л о  к о н ц а  C arina v en tra lis  н а  л е в о й  сто р о н е , 
н ем н о го  в  в е н т р а л ь н о -к а у д а л ь н о м  н а п р а в л е н и и , у к о л о м  м о ж н о  п о п а с т ь  в  п о л о с т ь  л е в о г о  
п р е д с е р д и я , и  п р и  п о м о щ и  с о о т в е т с т в у ю щ и е  п у н к ц и о н н о г о  п р и б о р а  м о ж н о  и зм е р и т ь  
д а в л е н и е  в п о л о с т я х  л е в о й  п о л о в и н ы  с е р д ц а .

Д Е Й С Т В И Е  Б О Л Ь Ш И Х  Д О З  Г И С Т А М И Н А  Н А  Л Е Г О Ч Н О Е  К Р О В О О Б Р А Щ Е Н И Е  
. У  С О Б А К

п .  л и т в и н

Н а  а н е с т е з и р о в а н н ы х  с о б а к а х  с и с к у с с т в е н н ы м  д ы х а н и е м  и з у ч а л о с ь  д е й с т в и е  г и с т а 
м и н а  н а  к р о в о о б р а щ е н и е , г и с т а м и н  в в о д и л с я  в н у т р и в е н н о , в д о з а х  15 и  5 0  м и к р о г р а м м  
н а  к г  в е с а  т е л а . Г и с та м и н  в ы зы в а л  д в у х ф а з н ы й  о т в е т  со  сторон ы  л е г о ч н ы х  с о с у д о в . П ер 
в а я  ф а за  н а с т у п и л а  в с к о р е  п о с л е  в в е д е н и я  г и с т а м и н а  и  в ы р а ж а л а с ь  в п о в ы ш е н и и  д а в л е н и я  
в  л е г о ч н ы х  а р т е р и я х  и  у в е л и ч е н и и  к р о в о т о к а  в  л е г о ч н ы х  в ен ах . В б о л ь ш и н с т в е  оп ы тов  
в ы ч и с л е н н о е  с о п р о т и в л е н и е  л е г о ч н ы х  с о с у д о в  о к а з а л о с ь  н еи зм ен ен н ы м , и л и  о н о  слаб о  
с н и з и л о с ь . Э ти  и зм е н е н и я  с о в п а д а л и  с б ы с т р ы м  с н и ж е н и е м  си сте м н о го  а р т е р и а л ь н о г о  
д а в л е н и я  и  обы ч н о с о п р о в о ж д а л и с ь  с л а б ы м  у с к о р е н и е м  сер д еч н о го  р и т м а  и  вр ем ен н ы м  
у с и л е н и е м  с и л ы  с о к р а щ е н и я  ж е л у д о ч к о в . В  э т о  ж е  в р е м я  н а б л ю д а е т с я  в ы р а ж е н н о е  
у в е л и ч е н и е  си сте м н о го  в е н о зн о г о  д а в л е н и я  а  т а к ж е  и  у с к о р е н и е  к р о в о т о к а  в  б е д р е н н ы х  
в е н а х . В т о р а я  ф аза  п о с л е д о в а л а  ч е р е з  3 0  с е к . —  2  м и н ., он а  в ы р а ж а л а с ь  в  с л е д у ю щ е м : 
с л а б о е  с н и ж е н и е  д а в л е н и я  в л е г о ч н ы х  а р т е р и я х ,  с и л ь н о е  у м ен ь ш ен и е  к р о в о т о к а  в  л е г о ч 
н ы х  в е н а х  и  в ы р а ж е н н о е  и  п р о д о л ж и т е л ь н о е  у в е л и ч е н и е  в ы ч и с л ен н о го  л е г о ч н о г о  со су 
д и с т о г о  с о п р о т и в л е н и я . Э ти  и зм е н е н и я  с о п р о в о ж д а л и с ь  зн а ч и т е л ь н ы м  с н и ж е н и е м  силы  
с о к р а щ е н и я  ж е л у д о ч к о в , в т о р и ч н ы м  с н и ж е н и е м  с и с т е м н о го  в ен о зн о го  д а в л е н и я  и  в ы р а 
ж е н н ы м  у м е н ь ш е н и е м  к р о в о т о к а  в б е д р е н н о й  в ен е . В  п р о т и в о п о л о ж н о с т ь  б ы с т р о н а с т у -  
п и в ш е м у  д ей ст в и ю  ги с т а м и н а , в т о р а я  ф а за  я в л я е т с я  п р о д о л ж и т е л ь н о й , в е л и ч и н ы  д а в 
л е н и я ,  к р о в о т о к а  и с о п р о т и в л е н и я  в  л е г о ч н ы х  с о с у д а х  в о зв р а щ а ю т с я  к  и с х о д н о м у  (к о н т 
р о л ь н о м у )  у р о в н ю  п а р а л л е л ь н о  с в о с с т а н о в л е н и е м  с и сте м н о го  а р т е р и а л ь н о г о  д а в л е н и я .

У С Л О В Н Ы Й  О Б О Р О Н И Т Е Л Ь Н Ы Й  Р Е Ф Л Е К С  У  С Л Е П Ы Х  И  Б Е З У С Ы Х
(V IВ  R  ASS AF, L E S S ) К Р Ы С

Л. КОРАНИ, Э. ЭНДРЁЦИ I I  К. ЛИШШАК

У  к р ы с  а л ь б и н о с о в  а в т о р ы  в ы р а б а т ы в а л и  и  у г а ш а л и  у сл о в н ы е  о б о р о н и т е л ь н ы е  
р е ф л е к с ы . В  х о д е  и с с л е д о в а н и я  н а б л ю д а л о с ь  б ы с т р о е  к о о р д и н и р о в а н и е  д в и г а т е л ь н ы х  
п р о ц е с с о в .

П о с л е  в ы л у щ е н и я  г л а з н о г о  я б л о к а  и у д а л е н и я  в о л о с  н ад  гу б ам и  п о я в и л и с ь  т о л ь к о  
в р е м е н н ы е  р а с с т р о й с т в а  и н а б л ю д а л а с ь  п о с т е п е н н о  у л у ч ш а ю щ а я с я  р е а к ц и я  о р и е н т а ц и и
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в  п р о с т р а н с т в е . У д а л е н и е  у к а з а н н ы х  а н а л и за т о р о в  н е  в л и я л о  н а  у ж е  у с в о е н н ы й  д в и г а 
т е л ь н ы й  п р о ц е с с , а  о б у с л о в л и в а л о  т о л ь к о  в р ем ен н о е  т о р м о ж е н и е  его.

В  х о д е  у г а с а н и я  в ы р а б о т а н н о г о  у сл о в н о го  р е ф л е к с а  б ы л о  отм ечено, что  п р о ц е с с  
в н у т р е н н е г о  т о р м о ж е н и я  и н т е н с и в н е е  всего  п р о я в л я е т с я  в  т о й  п о д оп ы тн ой  г р у п п е ,  в  
к о т о р о й  к р о м е  у д а л е н и я  з р и т е л ь н о г о  а н а л и за т о р а  о т р е з а л и  т а к ж е  во л о сы  у с о в . П о  
с р а в н е н и ю  с к о н т р о л ь н ы м и  г р у п п а м и  п овы ш енное в н у т р е н н е е  то р м о ж е н и е  н а б л ю д а е т с я  
т а к ж е  у  ж и в о т н ы х  п о с л е  в ы л у щ е н и я  гл азн о го  я б л о к а .

П р и  в о с с т а н о в л е н и и  п о д в е р г н у т о г о  т о р м о ж е н и ю  о б о р о н и т е л ь н о г о  у с л о в н о г о  р е ф 
л е к с а  б ы л о  о тм еч ен о , что  в о т н о ш е н и и  со м ато м о то р н о го  п р о ц е с с а  не н а с т у п а е т  с у щ е с т 
в е н н о г о  и зм е н е н и я .

Д Е Й С Т В И Е , П Р И М Е Н Я Е М Ы Х  В Н У Т Р И Ц Е Р Е Б Р А Л Ь Н О , Х О Л И Н Е Р Г И Ч Е С К И  
И  А Д Р Е Н Е Р Г И Ч Е С К И  Д Е Й С Т В У Ю Щ И Х  С Р Е Д С Т В , Н А  Э Л Е К Т Р И Ч Е С К У Ю  

А К Т И В Н О С Т Ь  Н О В О Й  К О Р Ы  И  А Р Х И К О Р Т Е К С А  .

Э. ЭНДРЁЦИ, Г. ХАРТМАНН и К. ЛИШШАК

В  э к с п е р и м е н т а х  н а  к о ш к а х  в  у р етан о в о м  н а р к о з е  б ы л о  у с т а н о в л е н о , что  в в е д е н н ы е  
в о б л а с т ь  р о с т р а л ь н о г о  т а л а м у с а  х о л и н е р г и ч е с к и  д е й с т в у ю щ и е  вещ ества  (э зе р и н  и  к а р -  
б а м и л х о л и н )  п о в ы ш аю т  с и н х р о н и з а ц и о н н у ю  д е я т е л ь н о с т ь  н е о к о р т е к с а  и  о б л е г ч а ю т  
о б р а з о в а н и е  б а р б и т у р а т о в о г о  <spindle». В веден н ы е в  р е т и к у л я р н у ю  ф орм ац и ю  р о с т р а л ь 
н о го  с р е д н е г о  м о зг а  х о л и н е р г и ч е с к и е  вещ ества  о б у с л о в л и в а л и  д е с и н х р о н и за ц и ю  н е о к о р 
т е к с а  и  т о р м о ж е н и е  о б р а з о в а н и я  б а р б и т у р а т о в о г о  (spindle». П о с л е  в п р ы с к и в а н и я  к а р б а -  
м и л х о л и н а  и  э з е р и н а  в  в е н т р о л а т е р а л ь н о е  р е т и к у л я р н о е  о б р а з о в а н и е  н а б л ю д а л а с ь  в 
д о р с а л ь н о й  ч а с т и  а м м о н о в а  р о г а  т е т а  а к ти в н о ст ь . В п р ы с к и в а н и е  а д р е н а л и н а  и н о р а д р е 
н а л и н а  в  с т в о л  м о зга  и  в  з а д н и й  г и п о т а л а м у с  и л и  и х  в н у т р и в е н н о е  в вед ен и е  п о в ы ш а л о  
к а к  д е с и н х р о н и з а ц и о н н о е , т а к  и  с и н х р о н и за ц и о н н о е  д е й с т в и е  х о л и н е р г и ч е с к и  д е й с т в у ю 
щ и х  с р е д с т в , х о т я  и х  э ф ф е к т  н е  н а б л ю д а е т с я  во в с е х  с л у ч а я х .

В п р ы с к и в а н и е  к а р б а м и л х о л и н а  и э зе р и н а  в  п е р е г о р о д к у  одн ой  сто р о н ы  в ы з ы в а е т  
н а  г о м о л а т е р а л ь н о й  с т о р о н е  т е т а -а к т и в н о с т ь  г и п п о к а м п а . В н у т р и г и п п о к а м п а л ь н о е  в в е 
д е н и е  а ц е т и л х о л и н а  о б у с л а в л и в а е т  д е с и н х р о н и за ц и ю , н о  в  с л у ч а е  б и л а т е р а л ь н о г о  в в е 
д е н и я , м о ж н о  б ы ло  в ы з в а т ь  в р е м е н н о  г е н е р а л и з о в а н н у ю  с п а зм а т и ч е с к у ю  а к т и в н о с т ь .

В в е д е н и е  т у б о к у р а р и н а  в  а м м о н о в  р о г  в ы з ы в а е т  ( s p i k e e - а к т и в н о с т ь .  П о с л е  в в е д е 
н и я  т у б о к у р а р и н а  в  о д н у  с т о р о н у  г и п п о к а м п а  < в р й с е » - а к т и в н о с т ь  п о я в л я е т с я  в  н е о к о р -  
т е к с е  р а н ь ш е ,  ч е м  н а  к о н т р а л а т е р а л ь н о й  с т о р о н е .  В п р ы с к и в а н и е  а ц е т и л х о л и н а  в  г и п п о 
к а м п  и л и  в  п е р е г о р о д к у  о б у с л а в л и в а е т  т о р м о ж е н и е  «sp ike»-a i< T H B H O C T H . П о д о б н о е  д е й с т в и е  
н а б л ю д а е т с я  т а к ж е  п о с л е  в в е д е н и я  2 % - н о г о  р а с т в о р а  К С 1.

Р О Л Ь  А К Т И В И Р У Ю Щ И Х  И  З А Д Е Р Ж И В А Ю Щ И Х  С Т Р У К Т У Р  Ц Е Н Т Р А Л Ь Н О Й
Н Е Р В Н О Й  С И С Т Е М Ы  В  Р Е Г У Л И Р О В А Н И И  Ф У Н К Ц И И  С И С Т Е М Ы  

Г И П О Ф И З К О Р А  Н А Д П О Ч Е Ч Н И К О В

Э. ЭНДРЁЦИ, Г. ШРЕЙБЕРГ и К. ЛИШШАК

В л и я н и е  в н у т р и м о зг о в о г о  х о л и н е р г и ч е с к и х  и а д р е н е р г и ч е с к и х  х и м и ч е с к и х  р а з д р а ж е н и й

А в т о р ы  и с с л е д о в а л и  н а  к о ш к а х  и зм ен ен и е ф у н к ц и и  си стем ы  г и п о ф и з -к о р а  н а д 
п о ч е ч н и к о в , о б у с л о в л е н н о е  д е й с т в и е м  х о л и н е р г и ч е с к и х  и  а д р е н е р г и ч е с к и х  в е щ е с т в , и н ъ и -  
ц и р о в а н н ы х  в  р а зл и ч н ы е  о б л а с т и  п р о м е ж у т о ч н о го  м о з г а  и  с т в о л а  м е зга . У с т а н о в л е н о , 
ч то  в в е д е н и е  к а р б а м и л х о л и н а  и  э з е р и н а  в  п е р е г о р о д к у , в  reg io  p raeoptica , в  а н т е р о л а -  
т е р а л ь н ы й  г и п о т а л а м у с  и  в  о б л а с т ь  д о р с а л ь н о й  п о к р ы ш к и  (tegm entum ) з а д е р ж и в а е т  
ф у н к ц и ю  си сте м ы  г и п о ф и з -к о р а  н ад п о ч еч н и к о в . Х о л и н е р г и ч е с к о е  х и м и ч е с к о е  р а з д р а 
ж е н и е  м е д и а л ь н о г о  и н и ж н е г о  г и п о т а л а м у с а , а  т а к ж е  о б л а с т и  за д н е го  г и п о т а л а м у с а  и 
в е н т р а л ь н о й  п о к р ы ш к и  ( te g m e n tu m ) о б у с л а в л и в а л о  п о в ы ш е н и е  с е к р е ц и и  А К Т Г . А д р е 
н а л и н , н о р а д р е н а л и н  и  э ф е д р и н  в ы зы в а л и  п о в ы ш е н и е  с е к р е ц и и  А К Т Г  т о л ь к о  в  с л у ч а е  
в в е д е н и я  в  о б л а с т ь  з а д н е г о  г и п о т а л а м у с а  и  в е н т р а л ь н о й  п о к р ы ш к и .

Т о р м о ж е н и е  ф у н к ц и и  к о р ы  н ад п о ч еч н и к о в , в ы з в а н н о е  х о л и н е р г и ч е с к и м  р а з д р а 
ж е н и е м  т о р м о з я щ и х  с т р у к т у р  п е р е д н е г о  м о зга , п р е д о т в р а щ а е т с я  а д р е н е р г и ч е с к и м  р а з 
д р а ж е н и е м  за д н е г о  г и п о т а л а м у с а .
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М е ж д у  р е а к ц и я м и  п о в е д е н и я , в ы зв а н н ы м и  х и м и ч е с к и м и  р а з д р а ж е н и я м и , и ф у н к 
ц и ей  си стем ы  г и п о ф и з -к о р а  н а д п о ч е ч н и к о в , н е  у д а л о с ь  в ы я в и т ь  т о ч н о го  с о о т в е т с т в и я . 
Э то о б с т о я т е л ь с т в о  у к а з ы в а е т  н а  то , что х и м и ч е с к о е  р а з д р а ж е н и е  о б л а с т е й  п р о м е ж у т о ч 
н о го  м о зга  и  с т в о л а  м о з г а  д е л а е т  в о зм о ж н ы м  о т д е л е н и е  эн д о к р и н н ы х  р е г у л и р у ю щ и х  п р о 
ц ессо в  о т  к о м п л е к с н ы х  р е а к ц и й  п о в е д е н и я  и  о т  э м о ц и о н а л ь н ы х  р е а к ц и й .

Э Л Е К Т Р О Ф И З И О Л О Г И Ч Е С К И Й  И Ф А Р М А К О Л О Г И Ч Е С К И Й  А Н А Л И З  Р О Л И  
у -А М И Н О М А С Л Я Н О Й  К И С Л О Т Ы  И П И К Р О Т О К С И Н А  В М Е Х А Н И З М Е  Т О Р М О 

Ж Е Н И Я  Т О Н У С А  З А Д Н Е Г О  С Ф И Н К Т Е Р А  П Л А С Т И Н Ч А Т О Ж А Б Е Р Н Ы Х  
(L A M E L L IB R A N C H IA T A E )

А. ПУППИ

Д е й с т в и е  у -а м и н о м а с л я н о й  к и с л о ты  н а  п л а с т и н ч а т о ж а б е р н ы х  (Lamellibranchiatae), 
с о г л а с н о  п о л у ч е н н ы м  р е з у л ь т а т а м , о д и н а к о в о  с ее  д е й с т в и е м , н а  ж и в о т н ы х  д р у г и х  г р у п п . 
П р и  у м е р е н н о й  к о н ц е н т р а ц и и  (10~6 в е с % ), в с л у ч а е  а п л и к а ц и и  на в и с ц е р а л ь н ы й  у з е л , она 
з а д е р ж и в а е т  т о н у с  з а д н е г о  с ф и н к те р а . З а д е р ж и в а я  а к т и в н о с т ь  ц е р е б р а л ь н о г о  у з л а  
у - а м и н о м а с л я н а я  к и с л о т а  п о в ы ш а е т  т о н у с  з а д н е г о  с ф и н к т е р а .

П р и  н и зк о й  к о н ц е н т р а ц и и  (10~6 в е с % )  в  д е й с т в и и  у -а м и н о м а с л я н о й  к и с л о т ы  
н а б л ю д а ю т с я  д в е  ф азы . В  п е р в о й  ф азе  она с т и м у л и р у е т ,  а  во  вто р о й  —  т о р м о з и т  б и о э л е к 
т р и ч е с к у ю  а к т и в н о с т ь . В  б о л ь ш е й  к о н ц е н т р а ц и и  (1 0 _3 в е с % )  она ( р а з у  ж е  т о р м о з и т  б и о 
э л е к т р и ч е с к и е  п о т е н ц и а л ы .

П и к р о т о к с и н  я в л я е т с я  эф ф ек ти в н ы м  в о з б у ж д а ю щ и м  сред ство м , и с л е д о в а т е л ь н о , 
е г о  м о ж н о  с ч и т а т ь  а н т а г о н и с т о м  у -а м и н о м а с л я н о й  к и с л о т ы .

Д Е Й С Т В И Е  О Д Н О В Р Е М Е Н Н О Г О  П Р И М Е Н Е Н И Я  Г И Д Р О К О Р Т И З О Н А  И  П О В 
Т О Р Н О Г О  «С Т Р Е С С А » (В О З Д Е Й С Т В И Я  Ф О Р М А Л И Н О М ) Н А  О Б Р А З О В А Н И Е  К О Р 

Т И К О С Т Е Р О И Д  И  А Л Ь Д О С Т Е Р О Н А  Н А Д П О Ч Е Ч Н И К А М И

П. ВЕЧЕН (ВЕЙС), К. ФАРКАШ, В. КЕМЕНЬ и Д. ТАНКА

А в то р ы  х а р а к т е р и з о в а л и  п р о д у к ц и ю  г о р м о н о в  н а д п о ч е ч н и к а м и  п у т е м  о п р е д е л е н и я  
с и н т е за  го р м о н о в  и н к у б и р о в а н н ы м и , п е р е ж и в а ю щ и м и  с р езам и  н а д п о ч е ч н и к о в , п р и ч е м , 
д л я  о п р е д е л е н и я  г о р м о н о в  и с п о л ь з о в а л а с ь  и н к у б а ц и о н н а я  ж и д к о с т ь . В о п ы т а х  н а  к р ы 
с а х  а в т о р ы  н а ш л и , что  п о с л е  д а ч и  б о л ь ш и х  д о з  г и д р о к о р т и з о н а , н а р я д у  со  с н и ж е н и е м  
о б р а з о в а н и я  к о р т и к о с т е р о н а , н а б л ю д а е т с я  т а к ж е  в е с ь м а  зн а ч и т е л ь н о е  с н и ж е н и е  с и н 
т е з а  а л ь д о с т е р о н а . Е с л и  о д н о в р е м е н н о  с д а ч е й  г и д р о к о р т и з о н а  п р и м е н я л с я  т а к ж е  п о в 
т о р н ы й  <стресс» (в в е д е н и е  ф о р м а л и н а ) , то  в б о л ь ш и н с т в е  с л у ч а е в  о б р а з о в а н и е  к о р т и к о с т е 
р о и д о в  д о с т и г а л о  т а к и е  ж е  в е л и ч и н ы , к а к  п о с л е  в в е д е н и я  и с к л ю ч и т е л ь н о  т о л ь к о  ф о р м а 
л и н а . С и н те з  а л ь д о с т е р о н а , н о  в  м ен ьш ей  м е р е  т а к ж е  о б р а з о в а н и е  к о р т и к о с т е р о н а  б ы л и  
б о л е е  в ы с о к и м и , чем  у  ж и в о т н ы х , п о л у ч а в ш и х  т о л ь к о  ги д р о к о р т и зо н . Н а  а т р о ф и ю  н а д 
п о ч е ч н и к о в  о д н о в р е м е н н о е  в в е д е н и е  ф о р м а л и н а  и д а ч а  ги д р о к о р т и зо н а  не о к а з ы в а л и  
су щ е с т в е н н о г о  в л и я н и я . П о  д а н н ы м  г и с т о л о г и ч е с к и х  и с с л е д о в а н и й  у  к р ы с , п о л у ч а в ш и х  
о д н о в р ем ен н о  к а к  г и д р о к о р т и з о н , т а к  и ф о р м а л и н , —  п о  с р ав н ен и ю  с ж и в о т н ы м и , п о л у 
ч и вш и м и  т о л ь к о  г и д р о к о р т и з о н  —  н а б л ю д а е т с я  р а с ш и р е н и е  к л у б о ч к о в о й  з о н ы  и  с у ж е н и е  
су д а н о ф о б н о й  зо н ы .

И С С Л Е Д О В А Н И Я  В Л И Я Н И Я  А К Т Г  Н А  С И Н Т Е З  А Л Ь Д О С Т Е Р О Н А

П. ВЕЧЕИ-ВЕЙС и В. КЕМЕНЬ

А в то р ы  и с с л е д о в а л и  в л и я н и е  ч р е зм е р н о й  п р о д у к ц и и  А К Т Г  на с и н т е з  а л ь д о с т е р о н а  
н а д п о ч е ч н и к а м и . О п ы ты  п р о в о д и л и с ь  на б е л ы х  к р ы с а х .  П р и  и зм ер ен и и  п р о д у к ц и и  к о р т и 
к о с т е р о и д о в  с п о м о щ ь ю  с р е з о в  н а д п о ч е ч н и к о в  (а л ь д о с т е р о н а  и к о р т и к о с т е р о н а )  б ы л и  
п о л у ч е н ы  с л е д у ю щ и е  р е з у л ь т а т ы :
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1. О с т р ы й  ф о р м а л и н о в ы й  с т р е с с  и  а с ф и к с и я , к а к  п р е д п о л а г а л о с ь , в  з н а ч и т е л ь н о й  
м ере п о в ы ш а л и  с ек р ец и ю  к о р т и к о с т е р о н а ;  в  п р о т и в о п о л о ж н о с т ь  это м у  п р о д у к ц и я  а л ь -  
д о с т е р о н а  с у щ е с т в е н н о  не п о в ы ш а л о с ь .

2 . П р и  к о м п е н с а ц и о н н о й  г и п е р т р о ф и и  (с п у с т я  5  д н е й  п о с л е  у д а л е н и я  о д н о г о  н а д 
п о ч е ч н и к а )  в ы д е л е н и е  к о р т и к о с т е р о н а  зн а ч и т е л ь н о  п о в ы ш а е т с я , в  то  в р е м я  к а к  в ы д е 
л е н и е  а л ь д о с т е р о н а  о стае тся  н еи зм е н н ы м .

3 . И з  п о л у ч е н н ы х  р е з у л ь т а т о в  а в т о р ы  д е л а ю т  в ы в о д , что  р е г у л и р о в а н и е  с е к р е ц и и  
а л ь д о с т е р о н а  н е  за в и с и м о  о т  э н д о г е н н о г о  с и н т е за  А К Т Г '. О н и  и ссл ед о в ал и  и  д е т а л ь н о  
р а з р а б о т а л и  т а к ж е  во п р о с  о то м , я в л я е т с я  л и  и с с л е д о в а н и е  в ы д е л е н и я  а л ь д о с т е р о н а  с р е 
за м и  н а д п о ч е ч н и к о в  х а р а к т е р н ы м  д л я  п р и ж и з н е н н ы х  у с л о в и й . Н а  о сн о в а н и и  л и т е р а 
т у р н ы х  д а н н ы х  и о п ы тов  (и с с л е д о в а н и е  д е й с т в и я  к р о в о п у с к а н и я )  ав то р ы  п р и х о д я т  к  в ы 
в о д у , ч то  <in v itro»  тест  п р и м е н и м  д л я  и с с л е д о в а н и я  у с л о в и й  in vivo.

Д Е Й С Т В И Е  К А Р Д И О П А Т О Г Е Н Н О Й  Д И Е Т Ы  Н А  С О Д Е Р Ж А Н И Е  Л И П О П Р О Т Е И 
Д О В  В С Ы В О Р О Т К Е  П Е Т У Х О В  

Т. ТОТ и й. шош

В с ы в о р о т к е  зд о р о в ы х  п е т у х о в  с о д е р ж а н и е  а л ь б у м и н  +  а л ь ф а -1 -л и п о п р о т е и д о в  
с о с т а в л я е т  6 4 ,2 % ,  в е л и ч и н а  б е т а -ф р а к ц и и  —  2 6 ,5 % . Ч а с т н о е  обеи х  в е л и ч и н  —  2 ,4 2 . 
У  п е т у х о в ,  п о л у ч и в ш и х  к а р д и о п а т о г е н н у ю  д и е т у , в е л и ч и н а  а л ь б у м и н  +  а л ь ф а -1  л и п о 
п р о т е и д о в  с о с т а в л я е т  3 1 ,1 % , в  то  в р е м я  к а к  с о д е р ж а н и е  б ет а  ф р а к ц и и  р а в н о  5 5 ,4 % ,  а  
ч а с тн о е  о б о и х  з н а ч е н и й  —- 0 ,5 5 . П о д  в л и я н и е м  к а р д и о п а т о г е н н о г о  р е ж и м а  п и т а н и я  н а 
с т у п а е т  з н а ч и т е л ь н о е  п о в ы ш е н и е  х и л о м и к р о н н о й  ф р а к ц и и . П о в ы ш ен и я  к о л и ч е с т в а  
а л ь ф а -2 -л и п о п р о т е и д а  не о т м е ч а л о с ь .

Д Е Й С Т В И Е  М А Г Н И Я  Н А  А Л И М Е Н Т А Р Н У Ю  И  Н Е В Р О Г Е Н Н У Ю  Г И П Е Р Т О Н И Ю
У  К Р Ы С

Й. РИГО и И. СЕЛЕНИ

Н а г р у з к а  н ер в н о й  си с те м ы  о б о с т р я л а  а л и м е н т а р н у ю  ги п ер т о н и ю .
П р и м е н е н и е м  б о г а то й  м а г н и е м  д и эты  у д а л о с ь  п р е д о т в р а т и т ь  к а к  а л и м е н т а р н у ю , 

т а к  и  н е в р о г е н н у ю  ги п е р т о н и ю . У  ж и в о т н ы х , с о д е р ж а в ш и х с я  на к а р д и о п а т о г е н н о м  
р е ж и м е  п и т а н и я ,  к о м б и н и р о в а н н о м  с н е в р а л ь н о й  н а г р у з к о й , п р и  д о б а в л е н и и  п я т и к р а т 
н о го  к о л и ч е с т в а  н о р м а л ь н о й  д о з ы  м а г н и я , п о в ы ш е н и я  к р о в я н о г о  д а в л е н и я  н е  н а б л ю 
д а е т с я .

П о в ы ш е н и е  к р о в я н о г о  д а в л е н и я ,  в ы зв а н н о е  к о м б и н и р о в а н и е м  а л и м е н т а р н о й  и 
н е й р о г е н н о й  н а г р у з к и , м о ж н о  н о р м а л и з и р о в а т ь  с п о м о щ ь ю  б о г а то й  м а гн и е м  д и э т ы .

Д Е Й С Т В И Е  p -N - О К С И Ф Е Н И Л Г Л И Ц И Н А  Н А  И Н У Л И Н О В Ы Й  К Л И Р Е Н С
У  К Р Ы С Ы

БОК НАМ ЛИ

Д е й с т в и е  д в у к р а т н о г о  в в е д е н и я  p -N -о к с и ф е н и л г л и ц и н а  (PO G (20  м г /1 0 0  г  в н у т р и -  
б р ю ш и н н о )  н а  ф у н к ц и ю  к л у б о ч к о в ,  и с с л е д о в а л о с ь  в  а в т о к о н т р о л ь н ы х  о п ы т а х  н а  1 0 0 —  
140 г р а м м о в ы х  б ел ы х  к р ы с а х -с а м ц а х . П р и м е н е н и е м  м е т о д а  и н у л и н о в о го  к л и р е н с а  б ы л о  
у с т а н о в л е н о , что  н о р м а л ь н ы е  в е л и ч и н ы  к л и р е н с а  (0 ,4 8  м л /м и н /1 0 0  см2) в  з н а ч и т е л ь н о й  
м е р е  с н и з и л и с ь  п о сл е  в в е д е н и я  P O G  (0 ,3  м л /м и н /1 0 0  см 2). Э ти м  д о к а з ы в а е т с я  р а з р у ш а ю щ е е  
д е й с т в и е  P O Q  н а  к л у б о ч к и . В  в ы з в а н н о м  эф ф ек те  и г р а е т  р о л ь  т и р о з и н а н т и м е т а б о л и ч е с к о е  
д е й с т в и е  PO G .



T h e  Acta Physiologica p u b lish  p a p ers  o n  e x p e rim e n ta l m ed ic a l science in  E n g lish , F r e n c h ,  
G erm an  or R u ssian .

T h e  Acta Physiologica a p p ea r in p a r t s  o f  v a ry in g  size , m a k in g  u p  volum es.
M an u scrip ts  sh o u ld  be  addressed  to :

A cta  Physiologica, B udapest V I I I . ,  P u sk in  u . 9.

C orrespondence w ith  th e  ed ito rs a n d  p u b lish e rs  sh o u ld  he  se n t to  th e  sam e  a d d re s s . 
T h e  r a te  o f su b s c r ip tio n  to  the  A cta  Physiologica is  110 fo r in ts  a  volum e. O rd e r s  m a y  

he p laced  w ith  “ K u ltú ra ”  F o re ig n  T rad e  C o m p an y  fo r  B o o k s a n d  N ew spapers (B u d a p e s t  I . ,  
F 5  u tc a  32. —  A cco u n t N o . 43-790-057-181) o r w ith  r e p re se n ta t iv e s  abroad.

L es Acta Physiologica p a ra issen t en  f ra n ç a is , an g la is , a lle m a n d  e t russe e t p u b l ie n t  des 
m ém oires d u  d o m aine  d e s  sciences m éd ico -ex p é rim en ta le s .

L es Acta Physiologica so n t p u b lié s  so u s fo rm e  d e  fasc icu les  qu i se ro n t r é u n is  en 
vo lum es.

O n  e s t prié  d ’e n v o y e r  les m an u scrits  d e s tin é s  à  la  ré d a c tio n  à l ’adresse s u iv a n te :

A cta  Physiologica, B udapest V i l i . ,  P u sk in  и. 9.

T o u te  co rre sp o n d an ce  d o it ê tre  e n v o y é e  à  c e tte  m êm e  ad resse .
L e p rix  de l ’a b o n n e m e n t est de 110 f o r in t  p a r  v o lu m e .
O n  p e u t s’a b o n n e r  à  l ’E n trep rise  d u  C om m erce E x té r ie u r  de L ivres e t  J o u r n a u x  

« K u ltú ra»  (B u d a p es t I . ,  F 6  u tc a  32. —  C o m p te -c o u ra n t N o . 43-790-057-181) ou à  l ’é t r a n g e r  
chez  to u s  les r e p ré s e n ta n ts  ou  d ép o sita ires .

«Acta Physiologica» публикуют трактаты из области экспериментальной медицин
ской науки на русском, немецком, английском и французском языках.

« A eta Physiologica» выходят отдельными выпусками разного объема. Несколько 
выпусков составляют один том.

Предназначенные для публикации рукописи следует направлять по адресу:
A cta  Physiologica, Budapest V i l i . ,  P u sk in  и. 9.

По этому же адресу следует направлять всякую корреспонденцию для редакции 
и администрации.

Подписная цена «Acta Physiologica» — ПО форинтов за том. Заказы принимает 
предприятие по внешней торговле книг и газет «K ultúra»  (B u d ap est I .,  F6 u tc a  32. 
Текущий счет № 43-790-057-181) или его заграничные представительства и уполно
моченные.



3 6 ,—  F t

I N D E X

B IO P H Y S IC A

V ető  F .:  M obilization  of F lu id s  in  Biological O b je c ts  b y  M eans of T em p era tu re  G ra d ien t 119 
T ig y i  J . :  T h e  E ffec t o f  15 M eV E lec tro n  B a y s  o n  th e  A c tiv ity  and  E x c i ta b i l i ty  o f th e

Iso la te d  Frog  H e a r t .............................................................................................................................. 129

B IO C H E M IA

B a n g a  I . :  C orre la tion  b e tw ee n  th e  A ctiv ities o f  C ollagenm ucopro te inase  a n d  T ry p s in  137 
B a n g a  I . ,  M aylá th -P a lágyi J . :  E ffec t of In h ib ito r s  on  th e  A c tiv ity  o f  T ry p s in  and

C o llagenm ucopro te inase   ................................................... ............................. .................................  151
Szöőr Л .. K övér A .  an d  P ohánka  Ö.: S tudies o f th e  S p ec ific ity  of M uscle C holinesterases.

I .  T h e  B ole  o f A c tiv e  A n io n ic  S i t e s ..............................................................................................  157
Szöőr Á . ,  K övér A ., K ovács T .:  S tudies of th e  S p e c if ic ity  of M uscle C holinesterases.

I I .  T h e  Bole o f th e  E s te ra t ic  S i t e ............................................ ......................................................  165
K á v a i  M .,  K esztyűs L .: C o m p ariso n  of the  A n tig en ic  P ro p e rtie s  of C hro m eo v a lb u m in  an d

N a tiv e  O valbum in  on  th e  B asis of Q u a n t ita tiv e  P re c ip i ta t io n .......................................  171

P H Y S IO L O G IA

N a sz la d y  A .:  T ra n sb ro n c h ia l D e te rm in a tio n  o f  L e f t  I n t r a a tr ia l  P ressu re  in  D o g s .......... 179
. L i tw in  J . :  T he E ffec t o f L arg e  D oses of H is ta m in e  o n  th e  P u lm onary  C ircu la tio n  in  th e

D o g ................................................................................................................................................................. 183
K o r á n y i  L . ,  Endrőczi E .,  L issá k  К .:  A voiding C o n d itio n e d  B eflex in  B lin d  B a ts  an d

B a ts  D eprived  of V ib rissae  ............................................................................................................  193
E n d rő c z i E .,  H artm ann G., L is sá k  К .:  E ffect o f  In tra c e re b ra l ly  A dm in iste red  C holinergic

a n d  A drenerg ic  D ru g s  on  N eocortical a n d  A rc h ic o rtic a i E lectrica l A c t i v i t y .......... 199
E n d rő c z i E .,  Schreiberg G., L is sá k  К .:  The B ole o f  C e n tra l  N ervous A c tiv a tin g  a n d  I n 

h ib ito ry  S tru c tu re s  in  th e  C ontro l of P itu ita ry -A d ren o c o rtic a l F u n c tio n . E ffec ts
o f  In tra c e re b ra l C holinerg ic  an d  A drenergic S t i m u l a t i o n ................................................... 211

P u p p i  A . :  E lectrophysio log ica l a n d  P harm aco lo g ica l A nalysis of th e  E ffe c t o f  y -am ino- 
b u ty r ic  A cid and P ic ro to x in  on  the  In h ib ito ry  M echan ism  of th e  P o s te r io r  A d d u c to r
in  L a m e ll ib ra n c h ia ta .............................................................................................................................  222

V ecsei- W eisz P ., Farkas К .,  K e m é n y  V., T anka  D .:  T h e  E ffect o f C om bined  H y d ro 
co rtiso n e  and  B e p e a te d  F o rm a lin  Stress on  A d re n a l  C orticosterone a n d  A ld o ste ro n e
P ro d u c tio n  ................................................................................................................................................. 229

V ecse i-W e isz  P ., K em ény  V .: In v estig a tio n s  C o n cern in g  th e  A ld o ste ro n o tro p ic  E ffec t
o f  A C TH  ......................................     237

P A T H O P H Y S IO L O G IA

T ó th  T . ,  Sós J .:  E ffec t o f  C ard iopathogen ic  D ie t o n  th e  Serum  L ip o p ro te in  L ev e l in  th e
C ock ...........................................................................................................................................................   249

R ig ó  J . ,  Szelênyi I .:  D ie W irk u n g  von M agnesium  a u f  die neurogene u n d  a lim en tä re
H y p e rto n ie  bei B a t t e n ........................................................................................................................  253

L i  B o k  N a m :  E ffec t o f p -N -o x y p h en y lg ly c in e  on th e  In u l in  Clearance of B a t s ......................  261

Index: 26.023



ACTA
PHYSIOLOGICA

A C A D E M I A E  S C I E N T I A R U M  
H U N G A R I C A E

A D IU V A N T IB U S

S Z . D O N H O F F E R , E .  E R N S T , B . I S S E K U T Z  s e n ., N . JA N C S Ó , I .  K E S Z T Y Ű S ,
К .  L I S S Á K , I .  W E N T

K E D I G I T

F . B . S T R A U B

T O M U S  X X I V F A S C I C U L U S  3

m iiiiiQ i
I— Щ Л 1— I

A K A D É M IA I  K IA D Ó , B U D A P E S T  
1 9 6 4

ACTA PHYSIO!,. HUNG.



ACTA PHYSIOLOGICA
A M A G Y A R  T U D O M Á N Y O S  A K A D É M I A  
K ÍS É R L E T E S  O R V O S T U D O M Á N Y I K Ö Z L E M É N Y E I

SZERKESZTŐSÉG ÉS KIADÓHIVATAL : BUDAPEST V., ALKOTMÁNY UTCA 21.

A z A cta  Physiologica  n é m e t, angol, f ra n c ia  és orosz n yelven  közöl é rte k ez é sek e t a  k ísé r
le te s  o rv o stu d o m án y o k  k ö réb ő l.

A z A cta  Physiologica  v á lto zó  te r je d e lm ű  fü z e te k b e n  je len ik  m eg: tö b b  fü z e t a lk o t egy 
k ö te te t .

. A közlésre sz á n t k é z ira to k  a k ö v e tk ező  c ím re  k ü ld en d ő k :

A cta  Physiologica, B u d a p est V I I I . ,  P u sk in  u. 9.

U g y an erre  a  c ím re  k ü ld en d ő  m in d en  szerk esz tő ség i és k iad ó h iv a ta li levelezés.
A z A cta  P hysiologica  e lő fizetési á ra  k ö te te n k é n t  belfö ldre  80 fo rin t, k ü lfö ld re  110 fo rin t. 

M eg ren d e lh ető  a belfö ld  sz á m á ra  az A k ad ém ia i K ia d ó n á l (B u d ap es t V ., A lk o tm á n y  u tc a  21. 
B a n k sz ám la  05-915-111-46), a  k ü lfö ld  szám ára  p e d ig  a  „ K u ltú ra ”  K ö n y v  és H ír lap  K ü lk e re s 
k e d e lm i V á lla la tn á l (B u d a p e s t I . ,  Fő u tc a  32. B a n k sz á m la  43-790-057-181 sz.) v a g y  a n n a k  
k ü lfö ld i kép v isele te in é l és b izo m án y o sa in á l.

D ie A cta P hysiologica  v e rö ffen tlich en  A b h a n d lu n g en  aus dem  G ebiete d e r e x p e rim e n 
te l le n  m edizin ischen  W issen sch aften  in  d e u ts c h e r , eng lischer, französischer o d er ru ss isch er 
S p ra c h e .

D ie A cta  Physiologica  e rsche inen  in  H e f te n  w echselnden  U m fanges. M ehrere  H e fte  
b ild e n  e inen  B and .

D ie zu r V e rö ffen tlic h u n g  b e s tim m te n  M a n u sk rip te  sind  an  fo lgende A dresse  zu 
se n d e n  :

A cta  Physiologica, B u d a p est V I I I . ,  P u sk in  и. 9.

A n die gleiche A n sch rif t is t  au ch  jed e  fü r  d ie  R e d ak tio n  u n d  den V erlag  b e s tim m te  
K o rre sp o n d e n z  zu sen d en .

A b o n n em en tsp re is  p ro  B a n d : 110 F o r in t .  B e ste llb a r bei dem  B uch- u n d  Z eitu n g s- 
A u ß e n h an d e ls -U n tc rn eh m en  »K ultúra«  (B u d a p e s t I . ,  F ő  u tc a  32. B a n k k o n to  N r. 
43-790-057-181) oder be i se inen  A u s la n d sv e tre tu n g e n  u n d  K om m issionären .
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T he w hole H u n g a ria n  M edical profession is deep ly  m oved  b y  th e  d ea th  
o f P ro fessor I s tv á n  W en t. The loss is p a rtic u la r ly  g re a t fo r h is d isciples, w hose 
sp ir itu a l leader he has been. H is ex cep tio n a l p e rso n a lity  has been  adm ired  
b y  ev ery b o d y , b u t  i t  w as c e r ta in ly  th e  m ost o u ts ta n d in g  fo r th o se  w ho as 
his co llabo ra to rs belonged  to  his c losest circle.

P rofessor W e n t w as horn  in  1899, in  A rad . H e w en t to  h igh school in 
N agyszeben , A rad  a n d  T em esvár, th e n  for one y e a r  se rved  a t  th e  fro n t in 
W orld  W ar I . H e w as a d m itte d  to  th e  m edical school o f B u d ap est U n iv e rsity  
in  1918. I t  was th e re  w here he to o k  his d o c to r’s degree in  1923. In  th e  fo u rth  
y e a r  of his m ed ical s tu d ies , in  1921 he jo in ed  th e  s ta f f  o f  th e  In s t i tu te  of 
B ac te rio logy  an d  G enera l P a th o lo g y , U n iv e rsity  o f B u d a p e s t, w here he w orked 
fo r 11 years u n d e r  th e  gu idance o f  P ro fesso r H ugo  P re isz . H e  pu b lish ed  his f irs t 
sc ien tific  papers on im m unological p rob lem s as a m ed ical s tu d e n t. In  1930 he b e 
cam e lec tu re r a t  B u d a p e s t U n iv e rs ity , on selected  c h a p te rs  o f pa th o p h y sio lo g y .

In  1926—27 as ho lder o f a H u n g a ria n  S ta te  S cho la rsh ip , he w orked  a t 
th e  In s t i tu te  of P a th o p h y sio lo g y  o f  th e  U n iv e rs ity  o f P a ris , w ith  P ro fessor 
M. L ab h e , in v e s tig a tin g  problem s o f  serum  p ro te in s  a n d  lip id  m e tab o lism . The 
n e x t tw o years, as a scholar o f th e  R ockefeller F o u n d a tio n , he w orked  in  th e  
U n ite d  S ta te s  o f A m erica , a t th e  I n s t i tu te  o f  P hy sio lo g y , H a rv a rd  School of 
P u b lic  H ea lth , u n d e r  P rofessor C. K . D rinker, s tu d y in g  p rob lem s of c ircu la tio n  
an d  resp ira tio n  physio logy . In  1928 he was elected  “ R esea rch  Fellow  in P h y 
sio logy”  a t  H a rv a rd  U n iv e rsity . I n  1930—31 he v is ited  N o rth e rn  E u ro p e  and  
G re a t B rita in , as a R ockefeller sch o la r. F o r h a lf  a y e a r  he s tu d ie d  th e  physico 
chem ical p ro p erties  o f  p ro te in s a t  th e  C arlsberg  L a b o ra to ry  o f K o b en h av en , 
u n d e r  P rofessor Sorensen .

1 Actu Phyeiologtca X X IV /3.
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I n  1932 he w as a p p o in te d  professor a n d  d irec to r  o f th e  I n s t i tu te  o f 
P h y s io lo g y  and  G enera l P a th o lo g y , U n iv e rs ity  o f  Sciences, D ebrecen . He 
re m a in e d  d irector of th is  I n s t i t u t e  w ith o u t in te r ru p tio n  fo r 31 y ears .

T h e  life of I s tv á n  W e n t  w as an epos o f d ev o tio n  to  d u ty  a n d  love of 
w o rk . F o r  decades he re p e a te d ly  to o k  p a r t  in  th e  lead ersh ip  o f  th e  u n iv e rs ity  
a n d  in  th e  w ork of d iffe re n t academ ic  an d  social co m m ittees . I n  1942—43 
h e  w a s  dean ; in  1956—58 sc ie n tif ic  d ep u ty  d ean , th e n  fo r th re e  m ore years 
s c ie n tif ic  vice recto r.

I n  1952 he w as a w a rd e d  th e  t i t le  D o cto r o f th e  M edical Sciences. I n  1954 
he  w a s  elected  co rresp o n d in g  m em b er of th e  H u n g a ria n  A cad em y  o f Sciences. 
F o u r  y e a rs  he took  p a r t  in  th e  leadersh ip  o f th e  M edical D e p a r tm e n t of th e  
A c a d e m y  and  in  th e  w o rk  o f  th e  P hysio logical C om m ittee . H e  w as aw arded  
th e  t i t l e  O u tstan d in g  W o rk e r  o f H igher E d u c a tio n  in  1953, th e  K ossu th  
P r iz e  in  1957 and  th e  O rd e r  o f  W ork  in  1961.

H e  published n e a rly  100 orig inal p apers. O u ts ta n d in g  am o n g  these  are 
h is  in v es tig a tio n s  m ad e  in  1922 — 25, on th e  basis  o f w hich  he  s ta te d  th a t  th e  
im m u n o lo g ica l p h en o m en a  m a n ife s tin g  th em selv es  in  d iffe ren t fo rm s in  vitro 
w e re  p ro d u ced  by the  sam e  k in d  o f p lasm a p ro te in . T he q u a li ty  o f th e  effect 
p ro d u c e d  by the  sam e “ im m u n o p ro te in ”  depends on th e  co n d itio n s p revailing  
in  t h e  reac tio n  m ix tu re . W ith  th is  w ork he w as am ong  th e  f ir s t  a u th o rs  p o stu 
la t in g  th e  U nitarian c o n c e p t o f  im m une su b stan ces . H is v iew s w ere fully  
c o n f irm e d  by  o rth c r in v e s tig a to rs  in  la te r  years.

I n  th e  n ex t y ea rs  he  in v e s tig a te d  th e  m echan ism  o f a n a p h y la c tic  shock 
a n d  m a d e  fu n d am en ta l o b se rv a tio n s  in th is  fie ld , too . H e w as th e  f ir s t  to  po in t 
o u t  t h a t  during  th e  a n a p h y la c tic  reactions o f c e r ta in  v iscera  n o t h is tam in e-lik e , 
b u t  choline-like su b stan ces  w ere  released from  th e  tissues. T h is o b se rv a tio n , 
a t  v a r ia n c e  w ith  th e  th e n  g e n e ra lly  accep ted  h is tam in e  th e o ry  o f  an ap h y lac tic  
m a n ife s ta tio n s , has b een  fu lly  confirm ed .

I n  o ther stud ies, in  co llab o ra tio n  w ith  L. K esz ty ű s , th e n  h is a ss is ta n t, 
W e n t  succeeded in  p ro d u c in g  p ro te in  com pounds o f th y ro x in e , ad ren a lin e  and 
h is ta m in e  and  show ing t h a t  th e se  com plexes a c te d  as chem ospecific  an tigens 
in  im m u n isa tio n  e x p e rim e n ts , in  th e  sense th a t  th e  sp ec ific ity  o f  th e  an tibod ies 
fo rm e d  w as de te rm ined  b y  th e  rad ica l to  th e  p ro te in . H e m ad e  th e  fu n d am en 
t a l ly  im p o r ta n t o b se rv a tio n , s ig n ifican t also in  ex p e rim en ta l th e ra p y , th a t  such 
a n tib o d ie s  reacted  w ith  th e  chem ospecific  an tig en s n o t o n ly  serologically , 
b u t  w ere  capable o f co m b in in g  im m unochem ically  w ith  th e  fa c to r  ac tin g  as 
sp e c if ic  rad ical and  o f  n e u tra liz in g  its  effect. T h e  n e u tra lisa tio n  o f h is tam in e  
b y  th e s e  chem ospecific a n tib o d ie s  form ed in  response  to  th e  s tim u lu s  of th e  
h is ta m in e  p ro tein  com plex , as observed  in  an im a l ex p erim en ts , in d ic a te d  th a t  
th is  com pound  m ig h t be u s e d  as an  a n tih is tam in e . C linical ex p e rim en ts  on 
s e v e ra l  th o u san d  p a tie n ts  sh o w ed  th a t  h is tam in e  azo p ro te in  can  be  used  w ith  
su c c e ss  in  the  t re a tm e n t o f  a lle rg ic  cond itions. T he in tro d u c tio n  o f h is tam in e
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azop ro te in  rep re sen ted  the  f i r s t  exm ap le  o f th e  u se  o f chem ospecific  com plex  
an tig en s as th e ra p e u tic  ag en ts .

In  th e  p a s t te n  years P ro fe sso r W en t, s tu d y in g  th e  so-called ch em ica l 
co u n te rreg u la tio n , po in ted  o u t  a new p rincip le  o f  th e  reg u la tio n  o f  v ita l 
functions. H e p ro v ed  e x p e rim e n ta lly  th a t  b io log ically  ac tiv e  ag en ts  o r m ed ia 
to rs  (h istam ine , ace ty lcho line , ad rena line) caused  a m o b ilisa tion  fro m  th e  
tissues of an tag o n is tic , re g u la to ry  substances t h a t  c o u n te rac ted  th e  e ffec t of 
chem ical s tim u la tio n  on th e  e ffe c to r  cells. H e show ed th a t  th is  co u n te rreg u - 
la to ry  con tro l serv ing  th e  re g u la tio n  of fu n c tio n s w as b o u n d  to  th e  p resence  
o f  in ta c t  nervous s tru c tu re s . T h ese  ex p erim en ts  h av e  p laced  in  a d iffe ren t 
lig h t th e  p rob lem  o f th e  in v erse  effect of m e d ia to r  su b stan ces an d  th e  h y p e r
sen sitiv ity  of d e n e rv a te d  s tru c tu re s .

P ro fessor W e n t re g u la rly  rep o rted  on h is new  ach iev em en ts  a t  th e  
M eetings of th e  H u n g arian  P h y sio log ica l Society , o f  w hich  he w as one o f  th e  
founders, as w ell as a t  v a rio u s  in te rn a tio n a l congresses. So for ex a m p le , he 
a tte n d e d  in  1954 th e  Congress o f  th e  Polish Physio log ica l Society , in  1956 th e  
9 th  In te rn a tio n a l P hysio log ical Congress a t  B russels. In  1955 he v is ite d  th e  
in s titu tio n s  o f th e  R u m an ian  A cad em y  o f Sciences, an d  in  1962 he gave  a 
p a p e r  a t  th e  In te rn a tio n a l P hy sio lo g ica l Congress he ld  in  L eyden .

P rofessor W en t was an  exce llen t, d ev o ted  an d  beloved  te a c h e r . This 
m ay  be one o f  th e  reasons w h y  th e  tex t-b o o k s w r itte n  or ed ited  b y  h im  are 
so o u ts ta n d in g  am ong  H u n g a ria n  m edical te x t-b o o k s , from  th e  p ro fessional 
an d  d id ac tica l p o in ts  o f view  a like .

Is tv á n  W e n t w as a rea l sc ie n tis t. H is m o d est, p u rita n ic  p e rso n a lity , his 
sincere abhorrence  from  o s te n ta tio n , th e  w ise u n d e rs ta n d in g  o f th e  m is tak es  
an d  errors of o th e rs  an d , ab o v e  all, his u n b ro k en  love o f science an d  d ev o tio n  
to  d u ty  aroused  th e  a d m ira tio n  o f  everyone know ing  him  or w ork ing  w ith  him .

W hile he h a d  been w ith  u s , we h ad  been re ly in g  up o n  h im  w ith  tru s t ,  
as on one of th e  chosen in d iv id u a ls , w ho h ad  c o n tr ib u te d  s ig n ifican tly  to  th e  
ad v an ce  o f physio logical re sea rch , one o f tho se  w ho  h ad  la id  th e  fo u n d a tio n s  
o f  m odern  physio logical re sea rch  in  H u n g ary . N ow , t h a t  he is no lo n g e r w ith  
u s, we are fu lly  aw are of th e  g rea tn ess  of our loss.

P ro fesso r W en t has p a ssed  aw ay , b u t  his nob le  p e rso n a lity  w ill n o t be 
fo rg o tten  and  w ill rem ain  an  o u ts ta n d in g  ex am p le  fo r th e  p re sen t g e n e ra tio n  
a n d  for th e  g en era tions to  com e.

1*
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In  a cell-free sy s tem  p re p are d  fro m  p igeon  p an creas he te ro g en eo u s labe lling  
o f th e  cy to p la sm ic  R N A s w as fo u n d  u p o n  in cu b a tio n  w ith  32P -o rtb o p h o sp h a te .

T he p resen ce  of th e  n u c lea r f ra c tio n  w as n o t necessa ry  fo r o b ta in in g  in c o rp o ra tio n  
in to  th e  cy to p la sm ic  R N A  frac tio n s .

T he R N A  iso la ted  fro m  th e  large  g ra n u le  f ra c tio n  show ed a m u ch  h ig h e r  ra d io 
a c t iv ity  th a n  d id  th e  R N A  iso la ted  fro m  th e  m icrosom e frac tion .

In c o rp o ra tio n  in to  R N A  o f lab e lled  p h o sp h a te  could also be  a ch iev e d  w hen 
th e  iso la ted  la rg e  g ranule  frac tio n  w as in c u b a te d  in  th e  absence of a n y  o th e r  cell 
frac tio n .

I t  is a ssu m ed  th a t  th e  large  g ran u les  m ay  p la y  a n  im p o rta n t ro le  in  th e  R N A  
m etab o lism  o f  th e  p an cre a tic  cell.

M etabolic  h e te ro g e n e ity  o f R N A  h as  b een  d e m o n s tra te d  in  d iffe ren t 
an im a l tissues b y  s tu d y in g  th e  in c o rp o ra tio n  o f 32P -o rth o p h o sp h a te  o r o th e r  
p recu rso rs  in to  d iffe ren t R N A  frac tio n s . H e te ro g en eo u s labelling  w as o b served  
in  su ch  ex p e rim en ts  in  R N A  frac tio n s  s e p a ra te d  on  th e  basis o f th e ir  d iffe ren t 
e x tra c ta b il i ty  [1, 2 ], so lu b ility  [2], or c h ro m a to g ra p h ic  p ro p erties  [3]. O n th e  
o th e r  h a n d , d ifferences in  th e  m e tab o lic  a c tiv itie s  w ere also fo u n d  w h en  th e  
in c o rp o ra tio n  o f labe lled  p recu rso rs  in to  th e  R N A s of d iffe ren t cell f rac tio n s  
w ere co m p ared . T h e  h ig h est lab e lling  w as a lw ays observed  in  th e  sR N A  
fra c tio n  [2, 4, 5, 6 , 7, 8 ], b u t  th e  lab e llin g  o f th e  R N A  of m ic ro so m al su b 
frac tio n s  [2, 5, 7, 8 ], a tta c h e d  a n d  free  ribosom es [9], or m ic ro so m al an d  
postm icro so m al frac tio n s  [8 , 10], to o , p ro v e d  to  be  d ifferen t. L itt le  is k n o w n  
a b o u t th e  m e tab o lism  of m ito ch o n d ria l R N A . In  th is  resp ec t th e  la rg e r  c y to 
p lasm ic  g ranu les a re  u su a lly  considered  as a r a th e r  in e r t f ra c tio n  o f  low  
m etab o lic  a c t iv i ty  [10]. H ow ever, u n d e r  a p p ro p ria te  cond itio n s, iso la ted  
m ito ch o n d ria , to o , show  a h igh  ra te  o f in c o rp o ra tio n  o f ra d io p h o sp h a te  in to
R N A  [11, 12].

I n  th e  e x p e rim e n ts  p re se n te d  here  th e  in c o rp o ra tio n  of 32P -o rth o p h o s -  
p h a te  in to  th e  R N A s o f d iffe ren t p a r tic le  frac tio n s  of p igeon  p a n c re a s  
w as s tu d ie d  in  a cell-free sy s tem . W e w ere p a r tic u la r ly  in te re s te d  in  th e  
R N A  m etab o lism  o f th e  so called  “ large  g ran u le  fra c tio n ” , an inhom o g en eo u s 
p re p a ra tio n  o f la rg e r  cy to p lasm ic  p a rtic le s , w h ich , as w as show n in  p rev io u s
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s tu d ie s  [13, 14], d isp la y s  h ig h  R N A  c o n te n t a n d  h as  an  im p o r ta n t ro le in  th e  
p ro te in  syn th esis  o f  p a n c re a tic  cells. This p a r tic le  fra c tio n  consists of a m ix tu re  
o f m ito c h o n d ria  a n d  la rg e  frag m en ts  o f th e  endop lasm ic  re tic u lu m  w ith  
a t ta c h e d  ribosom es, a n d  can  be iso la ted  from  a h o m o g en a te  of p igeon pan creas  
b y  d iffe ren tia l c e n tr ifu g a tio n  betw een  3000 a n d  10,000 g. In  our ex p e rim en ts  
in c o rp o ra tio n  o f lab e lled  o rth o p h o sp h a te  in to  R N A  occurred  to  a m u ch  
h ig h e r e x te n t in  th e  la rg e  g ranu les th a n  in  th e  m icrosom e frac tio n .

Methods

P repara tion  o f  homogenates. T he pigeons w ere k illed  b y  d e cap ita tio n , th e  p a n c re as  
w as re m o v e d  and  used  im m e d ia te ly . T he tissue w as c h o p p ed  an d  hom ogenized in  a P o tte r -  
ty p e  a ll-g lass hom ogen izer w ith  2 volum es of 15 pe r c e n t sucrose co n ta in ing  0.03 M  T R IS  
b u ffe r  o f p H  7.4.

Incubation . To th e  h o m o g en a te , KC1 and  M gS 04 w ere  ad d ed  in  a fin a l c o n ce n tra tio n  
of 0.025 M  an d  0.002 Af, re sp ec tiv e ly . In  several e x p e rim e n ts , nuclei an d  sec re to ry  g ran u les  
w ere rem o v ed  from  th e  h o m o g en a te  before in cu b a tio n  b y  cen trifu g in g  for 10 m in . a t  1000 g 
o r 3000 g  in  a n  MSE re fr ig e ra te d  cen trifuge . W hen in d ic a te d , th e  in cu b a tio n  m ix tu re  co n ta in ed  
also 0.005 M  su cc in a te , 0 .007 M  ribose  and  0.003 M  ad en o s in e -5 ’-phosphate . T he sam e in c u b a 
tio n  m ed iu m  was u sed  in  ex p erim e n ts  w here susp en sio n s o f  th e  iso la ted  cell frac tio n s  w ere 
in c u b a te d  w ith  labe lled  p h o sp h a te .

32P -o rth o p h o sp h a te  w as ad d ed  to  th e  re ac tio n  m ix tu re  a t  0 m in ., in  th e  a m o u n t in d ic a te d  
in th e  te x t .  The m ix tu re  w as in c u b a te d  in  air, a t  37° C fo r  30 m in ., w ith  v igo rous sh ak in g .

A fte r  in cu b a tio n  th e  re a c tio n  m ix tu re  was e ith e r  d ilu te d  w ith  a 15 p e r c en t sucrose 
so lu tio n  co n ta in in g  0.03 M  u n lab e lled  ino rgan ic  p h o sp h a te  an d  d epro te in ized  im m e d ia te ly  
w ith  tr ic h lo ro ac e tic  ac id , o r i t  w as frac tio n a ted  b y  d if fe re n tia l  cen trifu g a tio n  a n d  th e  o b ta in e d  
cell f ra c tio n s  were d e p ro te in iz ed  w ith  trich lo ro ace tic  ac id  in  th e  presence of u n lab e lled  
in o rg an ic  p h o sp h a te .

P reparation  o f  the cell fra c tio n s. T he in cu b a tio n  m ix tu re  was d ilu ted  tw ofo ld  w ith  th e  
hom o g en iz in g  so lu tion . T h e  larg e  g ran u le  frac tio n  w as o b ta in e d  by  cen trifug ing  th e  in c u b a te d  
1000 g  o r  3000 g s u p e rn a ta n t  o f th e  hom ogenate  a t  10,000 g  fo r 10 m in. T he sed im en t w as 
w ash ed  tw ice  w ith  th e  hom o g en iz in g  so lu tion  u n d e r  th e  sam e conditions. T h e  m icrosom e 
f ra c tio n  w as iso lated  fro m  th e  10,000 g s u p e rn a ta n t b y  cen tr ifu g a tio n  for 60 m in . a t  105,000 g 
in  a  S p in co  Model L u ltra c e n tr ifu g e .

I n  som e e x p e rim e n ts  iso la ted  p a rtic le  f ra c tio n s  w ere  used  for in cu b a tio n . In  th ese  
cases, d iffe ren tia l c e n tr ifu g a tio n  w as perform ed e sse n tia lly  in  th e  sam e w a y  before  th e  
e x p e rim e n t. A m ore d ilu te  h o m o g en a te  was p rep ared , th e  ch o p p ed  pancreas being  hom ogenized  
w ith  4 vo lum es of th e  suc ro se -T R IS  so lu tion , th e  la rg e  g ran u le  frac tio n  w as sed im en ted  
b e tw ee n  3000 and  10,000 g, th e  m icrosom e frac tio n  b e tw ee n  10,000 g  an d  105,000 g. T he 
se d im e n ted , w ashed p a r tic le s  w ere suspended  by  g en tle  hom o g en iza tio n  in  th e  hom ogen iz ing  
so lu tio n  or in  th e  105,000 g  s u p e rn a ta n t. In c u b a tio n  w as carried  o u t as desc rib ed  above.

Electron m icrophotographs o f th e  p a rtic les  w ere  ta k e n  w ith  a H itachi H  10 e lec tro n  
m icroscope. To th e  su sp en s io n  o f large  g ranules in  15 p e r  c en t sucrose, fo rm alin  w as a d d ed  
in a  f in a l c o n ce n tra tio n  o f  4 p e r cen t. A fter shak ing  th o ro u g h ly , th e  suspension w as cen trifu g ed  
a n d  th e  sed im en t f ix ed  w ith  O s0 4 fo r 2 hours a t 4° C a t  p H  7.2. A fter f ix a tio n  th e  p re p a ra tio n  
w as w ash ed  tw ice £ n d  f in a l ly  susp en d ed  in  a 2 pe r c e n t a g a r  so lu tion  [15]. (All th e  so lu tio n s 
u sed  c o n ta in ed  15 pe r c e n t sucrose .) The solidified a g a r  w as c u t in to  sm all cubes, d e h y d ra te d  
w ith  e th a n o l and  e m b e d d ed  in to  m eth acry la te . U l t r a th in  slices were p rep ared  w ith  th e  a id  
o f a  N ik lo w itz  m ic ro to m e.

Iso la tion  o f  labelled R N A .  E ssen tia lly  the  m e th o d  o f  D a v i d s o n  a n d  S m e l l i e  [16] w as 
u sed . T h e  e th an o l p re c ip ita te  o f R N A  was w ashed tw ice  w ith  e th an o l and  ab so lu te  e th a n o l, 
d isso lv ed  in  w a te r a n d  r e p re c ip i ta te d  w ith  tw o vo lum es o f e th a n o l in th e  p resence of un lab e lled  
in o rg an ic  p h o sp h a te . A fte r  s ta n d in g  for som e h o u rs  a t  — 12° C, th e  p re c ip ita te  w as w ash ed  
as b e fo re  an d  dissolved in  w a te r . T h e  o p tica l d e n sity  a t  260 т/л was d e te rm in ed  a n d  in  som e 
e x p e rim e n ts  an  a liq u o t o f  th is  so lu tion  w as used  d ire c tly  fo r m easu rem en t o f ra d io a c tiv ity . 
T h is  N aC l e x tra c tio n  m e th o d  y ie lded  a b o u t 60 p e r c e n t  o f  th e  to ta l  R N A  of th e  p a rtic le s . 
N o a t te m p ts  were m ad e  fo r q u a n ti ta t iv e  reco v e ry  o f  R N A . F rom  one e x p e rim e n t to  th e
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o th e r  th e re  was a g re a t v a r ia tio n  in  y ie ld , since d u rin g  in cu b a tio n  th e  R N A  c o n te n t  o f all 
frac tio n s , b u t  especially  t h a t  o f  th e  su p e rn a ta n t, show ed a considerab le  d ec rease , caused 
v e ry  p ro b a b ly  by  th e  a c tiv e  R N ase  p re sen t in  th e  h o m ogenate .

I n  several e x p e rim e n ts , th e  R N A  p re c ip ita te  w as d issolved in  0 .3  N  K O H  and 
h y d ro ly zed  a t  30° C or 37° C fo r  16 hours. T he h y d ro ly za te  w as acid ified  to  p H  1 w ith  1IC10,, 
c en trifu g ed , n eu tra lized  w ith  K O H  an d  th e  so lu tio n , a f te r  rem oval o f th e  K C 104, w as used 
fo r th e  d e te rm in a tio n  o f n u c leo tid e  c o n te n t and  ra d io a c tiv ity .

In  som e ex p erim en ts , f ra c tio n a tio n  on a S ep h ad ex  G 50 co lum n was p e rfo rm e d  as a  final 
s tep  in  th e  p u rific a tio n  of R N A . B y  th is  p rocedure , th e  p u r i ty  of the  R N A  p re p a ra tio n s  could 
be te s te d  and , if  necessary , th e  la s t  traces o f c o n ta m in a tin g  sm all m o lecu lar im p u ritie s  could 
be rem oved . 0.4 —0.7 m l o f th e  so lu tio n , co n ta in in g  ap p ro x im a te ly  1 m g R N A , w as applied

Fig. 1. Sephadex-siev ing  o f iso la te d  labelled  R N A . S tra ig h t line: o p tic a l d e n s i ty  a t  260 m/i. 
D o tte d  lin e : ra d io a c tiv ity  o f  th e  frac tio n s , c .p .m ./m l

to  a 2 .2 x 1 7  cm co lum n, fo llow ed  b y  d istilled  w a te r . T he R N A  w as reco v e red  betw een 
th e  2 0 th  and  25 th  m l o f th e  e lu a te . R a d io a c tiv ity  m easu rem en ts  w ere m ad e  fro m  th e  RNA- 
co n ta in in g  an d  th e  su b se q u e n t frac tio n s ; th e  la t te r  — if p re sen t — c o n ta in e d  th e  small 
m olecu lar com pounds. T h e  c o m p o n en ts  o f a rtif ic ia l m ix tu re s  of un lab e lled  R N A  a n d  labelled 
in o rgan ic  p h ospha te  as w ell as those  o f n o t su ffic ien tly  purified  R N A  p re p a ra tio n s  could 
p e rfec tly  be sep a ra ted  b y  th is  m eth o d .

F ig . 1 shows th e  re s u lt  o f th e  Sephadex  frac tio n a tio n  of a p u rif ie d  lab e lled  RN A  
p re p a ra tio n . The ra d io a c tiv ity  p eak  agreed well w ith  th e  O D 260 cu rve. In  o rd e r  to  p rove  th a t  
th e  ra d io a c tiv ity  m easu red  w as indeed  due to labe lled  R N A  only, th e  p o ss ib ility  o f  th e  presence 
of large  m olecular c o n ta m in a n ts  h ad  also to  be ex cluded . F o r th is  pu rp o se  th e  so lu tio n  of the  
p u rified  labelled R N A  (1 m g in  0.4 m l) was in cu b a ted  w ith  2 ц g of c ry s ta llin e  b o v in e  pancreatic  
R N ase  a t  30° C for 100 m in . B efore an d  a f te r  R N ase  tre a tm e n t th e  R N A  p re p a ra tio n  was 
f rac tio n a ted  on th e  sam e S ep h a d ex  colum n. R N ase  tre a tm e n t re su lted  in a b ro a d en in g  of the  
o p tica l d en sity  p e a k , in  a  decrease  o f th e  m ax im u m  value  and  in a sh if t o f th e  m axim um  
to w a rd s  la te r  frac tio n s  (F ig . 2A). A fter pro longed  tre a tm e n t w ith  R N ase  (16 h ours), two 
f la t  m ax im a  were o b ta in e d , b o th  sh ifted  to w ard s th e  la te r  frac tio n s , th u s  in d ic a tin g  the  
a p p ea ran ce  of d eg rad a tio n  p ro d u c ts  o f d ifferen t m o lecu lar sizes (F ig. 2B). A s co u ld  be expected , 
if  on ly  labelled R N A  w as p re se n t, th e  ra d io a c tiv ity  o f th e  Sephadex  f ra c tio n s  e x a c tly  followed 
th e  changes in  the  o p tic a l d e n s ity  cu rv e ; th e  m ax im u m  value  of ra d io a c tiv ity  decreased  and 
th e  po sitio n  of th e  m ax im a  sh if ted  to w ard s th e  frac tio n s co n ta in in g  th e  sm all m olecular 
d e g rad a tio n  p ro d u c ts .
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F ig . 2 . E f fe c t  of RNase tr e a tm e n t  o n  lab e lled  RN A  p re p a ra tio n . C urves a: re su lt o fS e p h a d ex -  
s ie v in g  b e fo re  R N ase tre a tm e n t. C u rv e s  b : resu lt of S ep h ad ex -siev in g  a f te r  R N ase  tre a tm e n t.  
S t r a ig h t  lin e s : optical d en sity  a t  260  m  ц . D o tted  lin es: r a d io a c tiv ity  of th e  frac tio n s , 
c .p .m ./m l.  R N ase  tre a tm e n t: A  : in c u b a t io n  for 100 m in . w ith  2 c ry sta llin e  R N ase , a t

37° С. В  : in c u b a t io n  fo r 16 hours w ith  6 /tg  R N ase  a t  30° C

Results

L ab ellin g  o f nucleic acids in  a homogenate system . W h en  a w hole ho m o 
g e n a te  o f  p igeon pancreas w as in c u b a te d  w ith  32P -o r th o p h o sp h a te  for 30 m in u te s  
a n d  th e  to ta l  nucleic ac id  o f  th e  hom ogenate  w as iso la te d  a fte r  in c u b a tio n , 
th is  n u c le ic  acid frac tion  sh o w e d  a high specific ra d io a c tiv ity . The lab e lling  
o f  th e  cy to p la sm ic  R N A  w as d e m o n s tra te d  b y  re m o v in g  th e  nu c lear fra c tio n  
fro m  th e  hom ogenate  a f te r  in c u b a tio n , b y  10 m in . c e n tr ifu g a tio n  a t  1000  g , 
a n d  is o la t in g  the  R N A  fro m  th e  1000 g s u p e rn a ta n t .  T he specific ra d io 
a c t iv i ty  o f  th is  cy toplasm ic R N A  frac tio n  was in  som e ex p erim en ts  p ra c tic a lly  
e q u a l to  t h a t  of the  to ta l  n u c le ic  acid frac tio n , in  o th e r  cases a so m ew hat 
lo w er la b e llin g  was found in  th e  cy top lasm ic  R N A  (T ab le  I). Some v a ria tio n s
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in  th e  resu lts  m ay  be  cau sed  b y  an  incom plete  se p a ra tio n  of n u c lea r  an d  
cy to p lasm ic  frac tio n s . I f  a h o m o g en a te  is cen trifu g ed  a t  1000 g  a f te r  h a v in g  
been  in c u b a te d  in  th e  p resence  o f  К  and  Mg ions, p a r t  o f th e  m ito c h o n d ria  
m ay  be  lo st w ith  th e  n u c le a r  sed im en t. T hus, re c o v e ry  o f th e  cy to p la sm ic  
R N A  is n o t a lw ays com ple te .

A s can be seen in  T ab le  I ,  th e  presence of n u c le i d u rin g  in c u b a tio n  w as 
n o t necessary  for o b ta in in g  in co rp o ra tio n  in to  c y to p la sm ic  R N A . A lth o u g h

Table I

Incorporation  o f  radiophosphate in to  cytoplasm ic R N A  in the presence and  in  the absence o f  nuclei

A w hole h o m ogenate , o r  a  1000 g su p e rn a ta n t,  as in d ica ted , w as in c u b a te d  a t  37° C fo r 30 m in , 
in  th e  p resence of 100 ftc  32P -o r th o p h o sp h a te , 10 /unol su c c in a te , in  a  to ta l  vo lum e o f 2.5 m l, 
in  ex p erim e n ts  1 an d  2. In  e x p e rim e n t 3 th e  ra d io a c tiv ity  a d d e d  w as 40 p c ,  su c c in a te  7.5

^m o l, to ta l  volum e 2.0 m l.

Experiment
No. Incubated system Nucleic acid fraction 

isolated
Radioactivity of 

nucleic acid 
c. p. m./mg

l. w hole hom ogenate to ta l nucleic acid 500
w hole hom ogenate cytoplasm ic KÍNA 295
1000 g  su p e rn a ta n t cytoplasm ic R N A 215

2. w hole hom ogenate to ta l nucleic acid 290
w hole hom ogenate cytoplasm ic K N A 229
1000 g su p e rn a ta n t cytoplasm ic R N A 238

3. w hole hom ogenate to ta l nucleic acid 80
w hole hom ogenate cytoplasm ic R N A 93
1000 g su p e rn a ta n t cytoplasm ic R N A 42

th e  cy top lasm ic  R N A  acq u ired  a h igher labelling  i f  th e  w hole h o m o g en a te  
w as in c u b a te d , n ev e rth e le ss , in co rp o ra tio n  of la b e lle d  o r th o p h o sp h a te  in to  
R N A  could  also be ach iev ed  in  a 1000 g  s u p e rn a ta n t , w here no n ucle i w ere 
p re se n t. S im ilar re su lts  w ere o b ta in e d  w ith  a 3000 g  s u p e rn a ta n t  of th e  p-ancreas 
hom o g en ate .

T he ra te  of in c o rp o ra tio n  o f 32P -o rth o p h o sp h a te  in to  R N A  wras a p p ro x i
m a te ly  lin ea r for a b o u t 30 m in u te s , la te r  i t  declined. D u rin g  in cu b a tio n , v ig o rous 
sh ak in g  an d  good a e ra tio n  w ere necessary  in  o rd e r  to  o b ta in  in c o rp o ra tio n , 
in d ic a tin g  th e  n ecess ity  o f  re sp ira tio n  for th e  in c o rp o ra tio n  p rocess. T he 
a d d itio n  o f an  o x id izab le  su b s tra te , how ever, wras n o t  an  ab so lu te  re q u ire m e n t, 
th e  endogeneous re sp ira tio n  seem ed to  be su ffic ien t fo r  th is  process. In h ib itio n  
o f  o x y d a tiv e  p h o sp h o ry la tio n  b y  th e  add itio n  o f  1 0 - 5  M  2 ,4 -d in itro p h en o l 
decreased  th e  lab e llin g  to  som e e x te n t, b u t  did n o t  ab o lish  it  (Table I I ,  ex p . 1).

Labelling o f  the R N A  o f  d ifferen t cell fra c tio n s. I f  a 3000 g s u p e rn a ta n t  
w as fra c tio n a ted  b y  d iffe ren tia l c en trifu g a tio n  a f te r  in c u b a tio n  w ith  lab e lled  
in o rgan ic  p h o sp h a te , an d  th e  R N A s of th e  d iffe ren t cell frac tio n s w ere iso la te d ,
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Table II

Incorporation o f  radiophosphate into the R N A  o f  d ifferent cell fra c tio n s

I n  e x p e rim e n ts  1 an d  2 a  3000 g  su p e rn a ta n t w as in c u b a te d  w ith  30 f.iC o f 32P -o rth o p h o sp h a te  
fo r  30 m in . a t  37° C, in  th e  p re sen ce  of 4 /m io l ad en o sin e -5 ’-p h o sp h a te , 7.5 ^amol D-ribose, 
12.5 /гто 1  succinate . In  e x p e r im e n t 3 th e  r a d io a c t iv ity  ad d ed  was 50 /гС, th e  in cu b a tio n  
m ix tu re  d id  no t c o n ta in  ad en o s in e -5 ’-p h o sp h a te , rib o se  or su cc in a te , a n d  th e  d u ra tio n  of 
in c u b a t io n  was 45 m in . T h e  a m o u n t of th e  3000 g s u p e rn a ta n t  p re se n t in  th e  in cu b a tio n  
m ix tu re  corresponded  to  1 .15 , 1.3 a n d  2.25 g p a n c re as  in  th e  e x p erim en ts  1, 2 a n d  3, re sp ec
t iv e ly .  A fte r in cu b a tio n , cell f ra c tio n s  were se p a ra te d  b y  d ifferen tia l c e n tr ifu g a tio n  and  th e  
R N A  o f  each  frac tio n  w as is o la te d , an d  th e  a m o u n t o f th e  R N A  an d  its  sp ec ific  ra d io a c tiv ity

were m easu red

Experiment
No.

Source of RNA, 
cell fraction

Total amount of RNA 
isolated, mg Specific radio

activity
c. p. m./rng RNAbefore

incubation
after

incubation

l. larg e  granules 2.0 1.4 107 (77)
m icrosom es 1.5 1.5 81 (53)
s u p e rn a ta n t 0.09 0.05 2540 (250)

2. larg e  g ranules 0.70 0.50 309
m icrosom es 2.3 2.3 87
su p e rn a ta n t 0.2 0.09 1180

3. larg e  g ranules 4.3 2.0 56
m icrosom es 3.2 0.33 22
su p e rn a ta n t 0.37 0.25 290

In  experim en t 1, th e  n u m b e rs  in p a ren th eses  show  th e  ra d io a c tiv ity  acq u ired  du ring  
in c u b a t io n  in  the  p resence o f 10-5 M  2 ,4 -d in itro p h en o l.

F ig . 3. E lec tro n  m icrograph  o f a  larg e  granule frac tio n  p re p a re d  b y  d iffe ren tia l cen trifu g a tio n  
be tw een  1000 g and  8000 g. M ag n ificatio n : X 38,800
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Table I I I

Incorporation of radiophosphate into R N A  in the large granule fraction

T h e  la rg e  g ran u le  frac tio n  sed im en ted  be tw een  3000 g a n d  10,000 g and  w ashed  tw ice  w ith  
th e  hom ogen iz ing  so lu tio n , w as su spended  in  th e  hom ogenezing  solu tion . T h is su sp en s io n  
w as in c u b a te d  w ith  32P -o rth o p h o sp h a te  (30 a n d  50 fiC in  ex p erim e n ts  1 and  2, re sp e c tiv e ly ) , 
in  th e  ab sence  a n d  in  th e  p resence o f cell sap . A fte r  in c u b a tio n  th e  large g ra n u le  f ra c tio n  
w as se p a ra te d  b y  cen trifu g in g  a t  10,000 g an d  in  e x p e rim e n t 2, th e  pelle t was a g a in  w ash ed  
w ith  th e  hom ogen iz ing  so lu tio n . T he R N A  of th e  g ra n u le s  w as iso lated  a n d t its  sp ec ific  ra d io 

a c tiv ity  d e te rm in e d

Experiment
No. Incubation

Radioactivity 
of the RNA of 

the particles 
c. p. m./mg

l. in the  absence of cell sap 84
in th e  presence of cell sap 145

2. in the  absence of cell sap 84
in th e  presence of cell sap 240

Fig. 4. E le c tro n  m ic ro g rap h  of a large  g ran u le  f ra c tio n  p re p are d  by  d iffe ren tia l c e n tr ifu g a tio n  
be tw een  3000 g an d  10,000 g M ag n ifica tio n : X 51,000

h ete ro g en eo u s labelling  o f th e  cy to p la sm ic  R N A s could he d e m o n s tra te d . 
As ex p e c te d , th e  frac tio n  show ing th e  h ig h e s t specific  a c tiv ity  w as th e  R N A  
p re p a re d  from  th e  105,000 g  s u p e rn a ta n t . T h ere  was s trik in g  d iffe ren ce  in 
th e  r a d io a c tiv ity  o f th e  R N A  of d iffe re n t p a rtic le  frac tions. T h e  labelling  
o f th e  R N A  iso la ted  from  th e  large g ran u le  fra c tio n  was alw ays m u c h  h igher 
th a n  th a t  o f  th e  R N A  o f th e  m icrosom e f ra c tio n  (Table II) .
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In c o rp o ra tio n  o f  lab e lled  o rth o p h o sp h a te  in to  R N A  o ccu rred  also  w hen  
th e  iso la ted  large g ra n u le  frac tio n  was in c u b a te d  w ith  32P -p h o sp h a te  a lone  or 
in  th e  presence o f  th e  105,000 g  s u p e rn a ta n t . T h e  presence o f th e  cell sap  
in c re a se d  th e  in c o rp o ra tio n  of ra d io p h o sp h a te  in to  th e  R N A  o f th e  p a rtic le s  
(T ab le  I I I ) .  T he re s u lts  w ere sim ilar w h en  th e  large granule f ra c tio n  w as 
p re p a re d  b y  d iffe re n tia l c e n trifu g a tio n  b e tw e e n  1000  g  and  8000 g  o r 1000  g 
a n d  10,000 g, in s te a d  o f  be tw een  3000 g  a n d  10,000 g.

T h e large g ran u le  frac tio n s  were s tu d ie d  b y  e lectron  m icroscopy . F igs 
3 a n d  4 show  e lec tro n  m ic ro p h o to g rap h s  o f  la rg e  g ranu le  frac tions p re p a re d  in  
th e  w a y  described  a b o v e . A s can be seen in  th e  p ic tu re s , all these  fra c tio n s  co n sis t 
m a in ly  o f a m ix tu re  o f  m ito ch o n d ria l p a r tic le s  a n d  large re tic u la r  f ra g m e n ts  
w ith  a tta c h e d  ribosom es. Som e dense bodies can  also  be seen in th e  p re p a ra tio n s .

D iscussion

T h e  large g ra n u le  frac tio n  of th e  p ig eo n  pan creas  ex h ib ited  in  th e se  
e x p e rim e n ts  a v e ry  a c tiv e  in co rp o ra tio n  o f  32P -o rth o p h o sp h a te  in to  R N A . 
A lth o u g h  no a ssu m p tio n s  can  be m ade on th e  b as is  of these  d a ta  co n cern in g  
th e  sy n th es is  of d iffe re n t R N A  frac tio n s, i t  c a n  be  concluded t h a t  th e  h ig h  
la b e llin g  found  in  th is  f ra c tio n  is th e  re su lt  o f  a  h igh m etabo lic  a c t iv i ty  of 
th e  R N A  of th e  la rg e  g ra n u le s . O ther causes o f  th e  high ra d io a c tiv ity  in  t h a t  
f ra c tio n  could  be a c o n ta m in a tio n  w ith  h ig h ly  labelled  sR N A , or a h ig h  
p h o s p h a te  tu rn o v e r  c a u se d  m erely  b y  th e  s t ru c tu ra l  connection  w ith  th e  
o x id a tiv e  p h o sp h o ry la tin g  system . T hese e x p la n a tio n s , how ever, c a n  be 
ex c lu d e d  w ith  g rea t p ro b a b ility .

T h e  to ta l  lab e l in tro d u c e d  by  a po ssib le  co n tam in a tio n  w ith  sR N A  
m a y  o n ly  am o u n t to  a sm all p a r t  o f th e  la b e l fo u n d  in  th e  R N A  o f th e  la rg e  
g ra n u le s . I t  can be seen  in  th e  ex p erim en ts  sh o w n  in Table I I  th a t ,  even  in  
case o f  a c o n ta m in a tio n  o f th e  large g ranu le  f ra c t io n  b y  as m uch as 10  p e r  c en t 
o f th e  su p e rn a ta n t , th e  a m o u n t of th e  c o n ta m in a tin g  sR N A  w ould  be  o n ly  
a b o u t 0.01 m g, an d  th e  to ta l  ra d io a c tiv ity  in tro d u c e d  w ith  th is  R N A  w o u ld  
n o t exceed  th e  v a lu e  o f  20  c .p .m .

O n th e  o th e r h a n d , i t  is v e ry  im p ro b a b le  t h a t  a high A T P  tu rn o v e r  
sh o u ld  be  th e  cause o f  th e  h igh  labelling  o f  la rg e  g ran u la r R N A , as in  th e  
p resen ce  o f 2 ,4 -d in itro p h en o l th e re  was s till a d ifference  betw een  th e  lab e llin g  
o f  th e  R N A  of la rg e  a n d  sm all granules. S im ila r  re su lts  were o b ta in e d  in  an  
e x p e r im e n t w here A T P  la b e lled  w ith  32P  in  th e  tw o  te rm in a l p h o sp h a te  g ro u p s 
w as used  in s tead  of 32P -o rth o p h o sp h a te  fo r th e  lab e lling  of th e  cy to p la sm ic  
R N A .*

* We are indebted to Dr. I. Mile for the preparation of labelled A T P.
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T h u s , i t  can  be assu m ed  th a t  the  la rg e  g ra n u le  frac tion  c o n ta in s  an  
R N A  w hich  is m e tab o lica lly  h igh ly  active. T h is p a r tic le  frac tion  is h e te ro 
geneous, h u t, as w as show n earlie r [13], its  K N A  c o n te n t is too  h ig h  to  he 
ascribed  solely to  th e  p resen ce  o f ribosom es. I t  h a s  been suggested  th a t  
m ito ch o n d ria l p a rtic le s , to o , m ay  con ta in  a m u c h  la rg e r am o u n t o f  R N A  
th a n  do th e  m ito ch o n d ria  o f liv e r or m uscle. A t p re se n t, i t  c an n o t be  d ecided  
w h e th e r th is  m e tab o lica lly  ac tiv e  R N A  o rig in a te s  from  th e  m ito ch o n d ria l 
p a rtic le s  or from  th e  ribosom es a tta c h e d  to  th e  la rg e  re ticu la r f ra g m e n ts  
p re sen t in  th e  large g ran u le  frac tio n . In  th e  la t t e r  case, one ough t to  assum e 
th a t  th e  ribosom es a t ta c h e d  to  these  frag m en ts  a re  m etabo lica lly  d iffe ren t 
from  th o se  found  in  th e  m icrosom e frac tio n . S uch  a m etabo lic  h e te ro g e n e ity  
o f th e  ribosom al p o p u la tio n  m ay  ex ist, if  th e  lip o p ro te in  m em branes e x e rt 
a s tro n g  effect u p o n  th e  fu n c tio n  of th e  a t ta c h e d  ribosom es. (A s im ila r 
in flu en ce  of th e  l ip o p ro te in  m em branes w as su g g ested  by  H e n d l e e  [17] 
w ith  re sp e c t to  th e  p ro te in  sy n thesiz ing  a c tiv i ty  o f  th e  ribosom es.) I t  is also 
possib le  th a t  a s tru c tu ra l  in te g r ity  o f th e  m e m b ra n e s  is requ ired  fo r ac tiv e  
in co rp o ra tio n .

T h e  p o ssib ility  c a n n o t be excluded , e ith e r , t h a t  th e  in c o rp o ra tin g  
a c tiv ity  o f th e  ribosom es a tta c h e d  to  d iffe re n t p a r ts  of th e  endo p lasm ic  
re tic u lu m  is e ssen tia lly  id e n tic a l. In  th a t  case i t  is only  th e  m ito c h o n d ria l 
R N A  w hich  could show  th is  h igh  a c tiv ity  in  th e  in co rp o ra tio n  p rocess. As 
th e  la rg e  g ran u la r  R N A  is a m ix tu re  of th e  R N A s o f m itoch o n d ria  a n d  r ib o 
som es, th e  above a ssu m p tio n  w ould m ean  t h a t  th e  specific a c t iv i ty  v alues 
in  T ab le  I I  are on ly  av e rag es an d  th e  lab e llin g  o f  th e  m ito ch o n d ria l R N A  
w as ev en  h igher. In  fa c t, in  th a t  case it  m u s t be a t  le a s t 10 tim es h ig h e r th a n  
th e  labe llin g  o f th e  rib o so m a l R N A .

T h e  la rg e r cy to p la sm ic  granu les are u su a lly  considered  as b e in g  p ra c t i 
ca lly  in e r t  w ith  re sp ec t to  b o th  p ro te in  a n d  R N A  m etabo lism . T h e  p re se n t 
ex p e rim en ts  h av e , h o w ev er, show n th a t ,  a t  le a s t  in  th e  pigeon p an c reas , 
th e  R N A  of th e  la rg e  g ran u le  frac tio n  possesses a h igh  m etabo lic  a c tiv ity  
an d  th u s , th is  cell f ra c tio n  m a y  p lay  an  im p o r ta n t  p a r t  in  th e  R N A  m e tab o lism  
of th e  w hole cell.
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T h e  changes in  th e  nu c le ic  acid  an d  to ta l  N  c o n te n t o f th e  sa liva  se c re ted  by  
th e  d e n e rv a te d  and th e  c o n tra la te ra l  su b m ax illa ry  g lan d s hav e  been  s tu d ie d  in  th e  
dog. T h e  R N A  c o n ten t show ed  a m ark ed  decrease in  b o th  re la tiv e  an d  a b so lu te  v a lu es 
du rin g  th e  2nd to 3rd w eeks follow ing d en erv a tio n . T he D N A  value c o m p u te d  fo r 100 
m g o f fresh  tissue  in creased , w hile  th e  abso lu te  v a lu e  c a lcu la ted  fo r th e  w ho le  g land  
show ed no  s ig n ifican t change  d u rin g  th e  period o f o b se rv a tio n . No s u b s ta n tia l  change 
in  nucle ic  acid  c o n ten t o ccu rred  a f te r  rem oval o f  th e  su p erio r cervical g a n g lio n . T he 
changes cau sed  b y  sec tio n in g  th e  ch orda  ty m p a n i w ere s ig n ifican tly  e n h a n c e d  by 
su p erio r cerv ica l gan g lio n ec to m y . T he ra te  of sa liva  sec re tio n  in response to  p ilo ca rp in e  
w as re d u ce d  a fte r  d e n e rv a tio n , w hile th e  secreted  to ta l  N / l  g g lan d u la r t is su e  ra tio  
show ed a  ten d e n cy  to  increase .

S ection ing  o f the  ch o rd a  ty m p a n i, the  p rin c ip a l secre to ry  n e rv e  o f th e  
su b m ax illa ry  g lan d , re su lts  in  an  a tro p h y  of th e  g land . T he s tru c tu ra l  changes 
follow ing d e n e rv a tio n  are  w ell-know n from  th e  lig h t m icroscopic s tu d ie s  [1 , 
6 ]. S im ila rly , s ig n ifican t a d v an ces  h av e  been  ach iev ed  in  th e  in te rp re ta t io n  
o f su p e rse n s itiv ity  an d  th e  p h en o m en a  of “ p a ra ly tic  secre tion”  [1 0 , 11 , 12 , 
15, 16, 17, 18]. On th e  o th e r  h a n d , less is kn o w n  o f th e  chem ical changes 
ta k in g  p lace  in  d e n e rv a te d  g lands. M ost p ap ers  deal w ith  th e  ch an g es  of 
d iffe ren t enzym es or enzym e sy stem s [25, 2 6 ,2 8 ,2 9 ] . B u r f o r d  and  H u g g i n s  [5] 
h av e  p u b lish ed  in te re s tin g  d a ta  concern ing  th e  p h o sp h a tid o -p e p tid e  and 
p h ospho lip id  m etab o lism  o f th e  supersensitive  su b m ax illa ry  g land  o f  th e  ca t. 
T he changes in  th e  nucleic  ac id  co n ten t h a v e  been  in v e s tig a te d  b y  R a h i- 
novitch  et al. [27] in  g lands w ith  lig a ted  d u c ts . Som e au th o rs  h a v e  re p o rte d  
th a t  m ucin  o u tp u t  in creased  follow ing d en e rv a tio n  [5, 8 ].

In  th e  f ir s t  s tep  o f th e  p re se n t ex p erim en ts  th e  effect of th e  e lim in a tio n  
of n erv o u s reg u la tio n  on th e  nucleic  acid c o n te n t o f th e  dog’s su b m a x illa ry  
g land , as w ell as on th e  to ta l  n itro g en  c o n te n t o f th e  g lan d u la r se c re tio n  was 
s tu d ied .

M ethods

A d u lt m ale  dogs w ere u sed , d iv id ed  in to  th ree  g roups. I n  group  1 th e  iso lab le  2 to 
3 cm  portion, o f  th e  ch orda  ty m p a n i  w as excised to g e th e r w ith  a  2 to  3 cm  long p o r t io n  of the 
lingual n e rv e . In  g roup  2 th e  su p e rio r  cerv ical ganglion  w as rem o v ed  also. In  g ro u p  3, only 
su p erio r cerv ica l g an g lio n ec to m y  w as perform ed. T h e  o p e ra tio n s  were c a rr ied  o u t  un d er



280 J . MOLNÁR, A. TIGYI and K. LISSÁK

a s e p t ic  conditions, an d  in t r a v e n o u s  h exobarb ita l a n a e s th e s ia . T he left g lan d  w as used  as th e  
c o n tr o l  in  every case. T h e  a n im a ls  were su b jec ted  to  s tu d y  14 to  25 d ay s  a f te r  operation , 
w h e n  th e  ch aracteris tic  p h y sio lo g ic a l reactions h a d  a lre a d y  developed [1, 6].

T he glands w ere re m o v e d  u n d e r h ex o b arb ita l a n ae s th es ia . P a r t  o f th e  rem oved  gland 
s e rv e d  for q u a n tita tiv e  n u c le ic  acid  assay. T he acid -so lu b le  frac tio n s a n d  th e  lip ids were 
r e m o v e d  by the S c h m id t—T h a n n h a u se r  m ethod , as m o d ified  in  our in s t i tu te  [22]. The dried  
a n d  p ow dered  gland w as in c u b a te d  w ith  0.5 IV K O H  a t  37° C fo r 1 h o u r [1 m l 0.5 N  K O H /100 
m g  o f  w et tissue] [19]. A f te r  n e u tra liz a tio n  w ith  70 p e r  cen t ice cold p e rch lo ric  acid  (PCA) 
a c id if ic a tio n  w ith th e  sam e  v o lu m e  of 1 N  PCA a n d  w ash in g  tw ice w ith  1 N  PC A  was p e r
fo rm e d . D eoxyribonucleic a c id  (D N A ) was e x tra c te d  w ith  1 N  PCA, a t  80° C for 25 m inu tes. 
T h e  q u a n ti ty  of nucleic a c id s  w a s  determ ined w ith  th e  a id  o f U . У. sp e c tro p h o to m e te r, a t  tw o 
w a v e  len g h ts  ( Beckm an D  U. S p e c tro p h o to m ete r M odel 2400). R ibonucle ic  acid  (R N A ) was 
m e a su re d  a t 260 and  275 m  fi [19 ], DN A  at 268 a n d  284 m  fi [30], using  R N A  ( F lu ka  A. G.) 
a n d  th y m ic  d eo x y rib o n u c lea te  (L . Light & Co. L td .)  as th e  s ta n d a rd s . T h e  re su lts  were 
e x p re s s e d  in fig R N A  or D N A /1 0 0  m g wet tissue, as w ell as in m g R N A  or D N A /w hole  gland. 
I n  b o th  cases the  p e rce n ta g e  d iffe ren ce  in  nucleic acid  c o n te n t  be tw een  th e  d e n e rv a te d  and  
c o n tr a la te ra l  glands w as a lso  co m p u ted .

Saliva was co llected  u n d e r  general anaesth es ia . T h e  e fferen t d u c ts  o f th e  g lands were 
e x p o s e d , and the sa liva  f lo w in g  o u t  th rough  an  in se r te d  g lass can n u la  fro m  b o th  g lands was 
c o lle c te d  for 1 hour, fo llo w in g  th e  subcutaneous in je c tio n  of 1 m g/kg b o d y  w e ig h t of p ilo 
c a rp in e  HC1. The sam ples th u s  o b ta in e d  were te s ted  fo r to ta l  N  co n te n t b y  th e  K je ld a h l m ethod.

R esults

D uring  th e  2 n d  a n d  3 rd  weeks a fte r  d e n e rv a tio n  th e  fo llow ing changes 
w e re  n o te d  in the  n u c le ic  ac id  values of th e  g lan d s  co m p u ted  fo r 100  mg of 
w e t tis su e . In  group 1 th e  d en e rv a ted  g lands c o n ta in e d  623 ц g R N A /100 m g 
w e t tis su e , in com parison  w ith  th e  774 fig/lOO  m g  va lu e  fo r th e  c o n tra la te ra l 
g la n d s  (p  <  0.001). In  g ro u p  2 the d e n e rv a te d  g lands show ed a v alue  of 
581 jug RNA/100 m g w e t tis su e , in co m p ariso n  w ith  th e  c o n tra la te ra l  value 
o f  8 5 6  ^ttg/100 mg w et t is s u e  (p  <  0.001). I n  g ro u p  3 th e re  w as no  s ign ifican t 
d iffe re n c e  betw een th e  tw o  sides: the d e n e rv a te d  v a lu e  was 623 p g/100 mg 
w e t tis s u e  and th e  c o n tr a la te ra l  was 666 fig  R N A /100  m g w et tissu e  (p  >  0.2). 
T h u s , in  group 1 th e  R N A  co n ten t decreased  b y  19 per cen t, in  g roup  2 by  
m o re  th a n  32 per cen t in  th e  denerva ted  g lan d .

I n  general th e  D N A  co n te n t increased  in  th e  d e n e rv a te d  g lands. In  
g ro u p  1 th e  increase w as n o t  sign ifican t (p  >  0 .05). In  group 2, 318 jMg/100 mg 
w e t  tis s u e  values w ere o b ta in e d  for th e  d e n e rv a te d  g land , in  com parison  
w ith  th e  254 pg/100  m g  fo r the  c o n tra la te ra l  g land  (p  <  0 .01), w hich 
r e p re s e n ts  an increase o f  24 p e r cent. In  g ro u p  3 th e  difference w as n o t  sig
n i f ic a n t  sta tis tica lly .

F ig . 1 shows th e  R N A  an d  DNA c o n te n ts  o f ihe  d e n e rv a te d  an d  the  
c o n tr a la te ra l  glands, in  te r m s  o f fig R N A  o r D N A /100 m g w e t tissu e . The 
c o lu m n s  on the r ig h t sh o w  th e  values for th e  d e n e rv a te d  g lands.

T h e  changes in  th e  R N A /D N A  ra tio  w ere c h a ra c te ris tic . In  g roup  1 we 
fo u n d  a  25 per cent d ec rea se  ( to  2.06 from  2.73) in  com parison  w ith  th e  c o n tra 
la te r a l  g lands (p <  0 .01). I n  group 2 th e  d ec rease  was even m ore m ark ed , 
e x c e e d in g  40 per cen t. B e s id e  th e  decrease in  th e  R N A  c o n te n t of th e  d en er
v a te d  g lands, there  w as a lso  a n  increase o f R N A  in  th e  c o n tra la te ra l  g lands.
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T his is obvious if  we re la te  to  100 m g w et tissu e  th e  va lu e  o f 1.85 for th e  
d e n e rv a te d  glands a n d  th e  v a lu e  o f 3.09 o b ta in e d  fo r th e  c o n tra la te ra l g land 
(p  <  0.001). E m m el in  et al. [13] found  th a t  th e  c o n tra la te ra l  g lands increased  
in  w eig h t. I t  is re m a rk a b le  t h a t  th e  increase o f R N A  c o n te n t su rp assed  th a t  
o f th e  D N A  c o n ten t. T h is  w as in d ica ted  also by  th e  fa c t th a t  in  g roup  3 th e
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R N A /D N A  ra tio  w as 2 .56 on b o th  sides, and  th is  a t  th e  sam e tim e  rep resen ted  
th e  n o rm a l value.

F ig . 2/a show s th e  n u m erica l values fo r th e  R N A /D N A  ra tio  o f th e  
c o n tra la te ra l and  d e n e rv a te d  g lands, and  F ig . 2 /b  th e  p e rcen tag e  d ifference 
in  th e  R N A /D N A  ra t io  o f  th e  d en erv a ted  an d  th e  c o n tra la te ra l g lands.

T h e  m g values fo r  th e  to ta l  nucleic ac id  c o n te n t o f th e  g lands are also 
show n. Owing to  th e  h e te ro g e n e ity  of th e  e x p e rim e n ta l ob jec ts  s tu d ie d  we 
could  use only th e  p e rc e n ta g e  differences b e tw een  th e  tw o  sides. In  group  1, 
th e  R N A  co n ten t o f  th e  d e n e rv a te d  g lands w as 32 p e r cen t less th a n  th a t  
o f th e  c o n tra la te ra l ones. In  g roup  2 the  d ifference  am o u n ted  to  43 p er cen t. 
In  g roup  3, th e  d ifference  w as n o t u nequ ivocal a n d  w as less th a n  10 p e r cen t. 
A lth o u g h  show ing a s lig h t decreasing  te n d e n c y  in  th e  d e n e rv a te d  g lands, 
th e  decrease of th e  D N A  c o n te n t never exceeded  10 per cen t.

F ig . 3 shows th e  p e rcen tag e  differences in  m g R N A  c o n te n t betw een  
th e  d en e rv a ted  an d  th e  c o n tra la te ra l g lands.

W ith  th e  e x c e p tio n  o f g roup  3, th e re  o ccu rred  a decrease in  w eight 
o f th e  d en erv a ted  g lan d s , reach in g  35 p e r c e n t in  som e cases. N o decrease 
in  the  w eight of th e  g lan d  w as found  in  fo u r an im als.

E v en  if  th e  loss in  w eigh t is com pared  in  g roup  1 w ith  th e  decrease 
o f R N A  co n ten t o f  th e  d e n e rv a te d  glands i t  exceeded  th e  m easu re  of w eight

2  Acta Physiologica XX IV /3.
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lo ss  b y  14 to  16 p e r c e n t, a n d  in  group 2, b y  22 to  24 p e r c e n t. T h e  m ost 
u n ifo rm  p ic tu re  and  th e  m in im a l sc a tte rin g  is o b ta in ed  if  th e  re su lts  are 
e v a lu a te d  according to  th o s e  o u tlin ed  above.

I t  w as th e  D N A  c o n te n t  w hich  w as th e  le a s t affec ted  b y  th e  ex p e rim en ta l 
in te rv e n t io n s ;  only w ith  losses exceeding 30 p e r  cen t in  g la n d u la r  w eight 
t h a t  a  decrease ab o u t 10 p e r  c e n t was observed .

Fig. 3

E x c e p t  for group 3 th e  vo lu m e o f sa liva  secre ted  b y  th e  d e n e rv a te d  
g la n d s  decreased  [14] b u t  m o s t m a rk e d ly  in  g roup  2. T he q u a n t i ta t iv e  d a ta  
c o n c e rn in g  th e  secreted  m l-s o f  th e  sa liva  o b ta in e d  b y  fra c tio n a te d  collection  
a n d  th e i r  to ta l N values a re  c h a ra c te ris tic  in  ev e ry  group .

F ig u re  4 shows som e ty p ic a l  exam ples. T h e  abscissa  in d ic a te s  tim e, 
th e  l e f t  o rd in a te  th e  vo lu m e o f  sa liv a  o u tp u t in  m l, th e  r ig h t th e  to ta l  N  co n ten t
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of th e  sam ples in  m g. In  th e  u p p e r p a r t  we f in d  th e  d a ta  fo r th e  c o n tra la te ra l ,  
in  th e  low er tho se  for th e  d e n e rv a te d  g lands. F ig . 4 /a  con ta ins th e  d a ta  fo r 
an  an im a l o f g roup  1, F ig . 4 /b  th o se  fo r one o f g ro u p  2. T he solid line re p re se n ts  
sa liv a , th e  b ro k en  one th e  to ta l  N .

In  ag reem en t w ith  th e  d a ta  p u b lish ed  b y  o th e r  au th o rs  [5, 8 ] i t  w as 
fo u n d  th a t  th e  values for N  co n c e n tra tio n  a n d  to ta l  N /l  g g land tissu e /1  h o u r

F ig . 4ja F ig. 4/b

in c rea sed  in  th e  sa liva  secre ted  b y  ev ery  g la n d  d en e rv a ted  a t  le a s t 3 w eeks 
ea rlie r.

T h e  ta b le s  re p re se n t th e  n u m erica l d a ta  fo r g lan d u la r w e ig h t loss, 
sa liv a  o u tp u t  an d  to ta l  N c o n te n t. T ab le  I  show s th e  d a ta  o f som e an im als  
in  g ro u p  1 an d  T ab le  I I  som e an im als  in  g ro u p  2.

D iscussion

T he decrease of R N A  c o n te n t fo llow ing d en e rv a tio n  w as fo u n d  to  
exceed  b y  fa r  th e  m easure o f g la n d u la r  w e ig h t loss. O n th e  o th e r h a n d , to ta l  
N  o u tp u t  show ed a ten d en cy  to  increase . F ro m  th e  p o in t o f view  o f th e  nucle ic  
ac id -p ro te in  syn th esis  re la tio n , i t  is d ifficu lt to  in te rp re t  th is  in creased  p ro te in  
p ro d u c tio n  associa ted  w ith  an  excessive R N A  decrease [5, 8 ].

I t  has been  genera lly  accep ted  th a t  cells sy n th e tiz in g  p ro te in  a t  a fa s t 
ra te  show  a h igh R N A  c o n te n t. T h is fa c t is co nsidered  to  be one, a n d  a t  th e

2*
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Table I /a

Animal
No. of days 

following 
denervation

G land weight, g Saliva secretion 
during  1 hour, ml

m l saliva/1 g 
gland/1 hour

C D C D C D

a 14 8.88 8.51 64.0 46.5 7.20 5.46

b 21 12.50 8.25 89.0 58.0 7.12 7.03

C 24 6.78 5.93 71.0 46.0 7.75 4.10

d 28 6.23 5.82 54.0 32.0 8.66 5.49

Table I /b

Animal
T otal N 
during 1

secretion 
hou r, mg

Total N, mg per cen t mg to ta l N /l  g 
gland/1 hour

C D C D C D

a 24.43 16.50 38.2 35.5 2.75 1.94

b 34.56 33.99 38.8 58.6 2.76 4.11

C 27.84 28.35 39.2 66.6 4.10 4.77

d 15.66 15.04 29.0 47.0 2.51 2.58

Table I l /a

Animal
No. of days 
following 

denervation

G land w eight, g Saliva secretion 
during 1 hour, ml

ml saliva/1 g 
gland/1 hour

C D C D c D

e 18 8.19 6.97 69.6 35.3 8.49 5.05

f 21 6.58 4.78 49.1 22.6 7.45 4.77

g 24 5.29 3.63 38.2 17.8 7.21 4.90

Table II b

Animal
T otal N 
during 1

secretion 
hour, mg

Total N, mg per cent mg to ta l N /l  g 
gland/1 hour

C D C D C D

e 18.73 14.28 26.9 40.5 2.84 2.05

f 20.14 16.18 41.0 71.6 3.06 3.38

о 7.34 12.12 19.2 68.1 1.38 3.34

D  =  D en erv a ted  su b m a x illa ry  gland 
C =  C o n tra la té ra l su b m a x illa ry  gland
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sam e tim e  th e  o ldest, o f  th e  proofs of th e  fu n c tio n a l re la tio n sh ip  b e tw een  
R N A  an d  p ro te in  sy n th es is  [3, 4, 7]. T he ro le o f  R N A  in  p ro te in  sy n th es is  
h as  been  su b jec ted  to  ex ten s iv e  m orpho log ica l an d  b iochem ical s tu d ie s , b u t  
th e  d a ta  concern ing  th e  sa liv a ry  g lands are  scarce an d  n o t u n e q u iv o ca l. 
T h u s , for exam ple G u b e r n i e v  an d  I l in a  [20] fo u n d  a 400 p er c e n t increase  
o f  32P  in co rp o ra tio n  in  response  to  acu te  p ilocarp ine  t re a tm e n t in  th e  sub- 
m a x illa ry  g land  of th e  r a t .  J u h á s z  et al. [23] observed  an  increase  o f  th e  R N A  
c o n te n t o f th e  r a b b i t ’s la c rim a l g land  follow ing horm one t r e a tm e n t  a n d  the  
increase  w en t p ara lle l w ith  th e  lysozym e p ro d u c tio n  of th e  g lan d . S uch  a 
p a ra lle l syn thesis  of nucleic  acids an d  p ro te in s  w as n o t s tre n g th e n e d  b y  th e  
o b se rv a tio n s  of H o k in  an d  H o k in  [21], w hose s tu d ies  in  vitro  sh o w ed  no 
change in  R N A  c o n te n t o f th e  r a b b i t ’s p a ro tid  g land , e ith e r  in  en z y m e  sy n 
th es is , or in  th e  ph ase  o f sec re tio n . S im ilar re su lts  h av e  been  o b ta in e d  b y  D a l y  
a n d  Mi r s k y  [9] in  th e  m ouse p an creas  in  vivo.

O ur in fo rm a tiv e  ex p e rim en ts  allow  no fa r-reach in g  conclusions excep t 
to  ju s t ify  a fin er q u a n t i ta t iv e  an d  q u a lita tiv e  ana lysis , o f sa liv a ry  p ro te in s , 
o f th e  in trace llu la r  d is tr ib u tio n  o f th e  R N A  c o n te n t, an d  of e le c tro n  m icro 
scopical s tu d ies  o f th e ir  u l t r a s tru c tu ra l  changes.
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Fem ale  a lb ino  r a ts  w ere  forced to  sw im  d a ily  u n til  to ta l e x h au s tio n , o v e r  a 
p e rio d  o f 29 days. T h e  an im a ls  were d iv ided  in to  g ro u p s  and  were exam in ed  a t  3 to  
4 -d a y  in te rv a ls  for changes in  the  hy p o p h y sea l o x y to c ic  and  a n tid iu re tic  a c tiv it ie s . 
T he ox y to c ic  a c t iv ity  o f th e  ra ts  forced to  sw im  sh o w ed  a slight decrease on  th e  6 th  
a n d  8 th  days o f sw im m ing , follow ed b y  a  c o n sid e rab le  increase  on th e  12 th  a n d  1 5 th  
d ay s . T his 4 to  7-fold in crease  (as com pared  w ith  th e  c o n tro l values) reached  th e  m a x i
m u m  on  th e  18 th  d a y , th e n  declined g rad u ally  on th e  22nd  and 29th days, b u t  d id  n o t 
r e tu r n  to  th e  in it ia l  level d u rin g  the  period  o f o b se rv a tio n . P itu ita ry  a n tid iu re t ic  
a c t iv i ty  show ed a n  in c rease  in  th e  an im als fo rced  to  sw im  under th e  a b o v e  e x p e 
r im e n ta l cond itions.

S tu d ies  of th e  p o s te r io r  p itu ita ry  a n d  h y p o th a la m ic  n e u ro sec re tio n  
have  g a in ed  new  im p e tu s  in  recen t years, w hen  a n  increasing  body  o f ev id en ce  
has been  p resen ted  in d ic a tin g  th e  connexion w ith  h y p o th a la m ic  n eu ro sec re tio n  
o f c e r ta in  tro p h ic  ho rm o n es o f th e  a n te rio r  p i tu i ta r y .  I t  is genera lly  k n o w n  
th a t  a c u te , non-specific  s tre sso r effects evoke a h y p erfu n c tio n  o f th e  h y p o 
th a lam ic -h y p o p h y sea l sy s te m  [23, 2 5 ,2 8 ] . I t  is also  know n th a t  e lec trica l 
or chem ical s tim u la tio n  o f  c e r ta in  cen tra l n e rv o u s  a rea s  influences th e  a c t iv i ty  
of th e  p o s te rio r  p i tu i ta ry  [1, 2, 8 , 14]. In  th e  l ig h t  o f th is evidence one  feels 
inclined  to  su rm ise  th a t  th e  change in  p o s te r io r  p itu ita ry  a c t iv i ty  w ould  
a p p ea r as p a r t  o f th e  o rg an ism ’s general a d a p ta t io n .

In  th e  p re sen t e x p e rim e n ts  we w ished to  s tu d y  th e  effect o f n o n -sp ec ific  
stress on th e  h o rm o n e  c o n te n t of the  p o s te rio r  p i tu ita ry . We e m p lo y ed  th e  
m eth o d  o f forcing  th e  an im als  to  swim  in co ld  env iro n m en t, as a g en era l 
s tress a c tin g  u p o n  th e  h y p o th a la m ic -h y p o p h y se a l neu rosecre to ry  sy s te m .

M ethods

S e v e n ty  a d u lt fem ale  a lb in o  ra ts , w eighing 130 to  170 g, were used. T h ir ty -f iv e  a n im a ls  
were fo rced  to sw im  once d a ily , u n til  to ta lly  ex h au s te d . T h e  an im als were su b jec ted  to  ex am i
n a tio n s in  g roups of fiv e  an im a ls  each, on th e  6 th , 8 th ,  12 th , 15th, 18th, 22nd  a n d  29 th  
d ays, s im u ltan eo u s ly  w ith  3 n o rm al contro l an im als . E ig h t  an im als  were h y d ra te d  once  d a ily  
and  in tw o  groups o f fo u r an im a ls  each we s tu d ied  th e m , to g e th e r w ith  3 c o n tro ls  to  each  
g ro u p , on  th e  12th an d  18 th  d a y s  o f h y d ra tio n .
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T ota l exhaustion. T h e  an im a ls  w ere fo rced  to  sw im  u n til to ta lly  e x h a u s te d  once every  
d a y ,  a ll  a t  th e  sam e tim e , b e fo re  feeding, in  a 5 0 -litre , 45 cm  deep co n ta in er f i lle d  w ith  w a te r  
o f  18° C. W hile the  an im a ls  w ere  sw im m ing, th e  te m p e ra tu re  o f the  w a ter d id  n o t  v a ry  m ore 
t h a n  0 .5° C.

H ydration . T he an im a ls  w ere h y d ra te d  d a ily  th ro u g h  gastric  tu b e ,  a d m in is te rin g  
7 m l/1 0 0  g body  w eigh t o f t a p  w a te r. In  th e  c o n tro ls , th e  gastric  tube  w as in tro d u c e d  once 
d a ily ,  b u t  no w ater was g iven . O n  th e  12th an d  1 8 th  d a y s  fo u r anim als, to g e th e r w i th  3 con tro ls, 
w e re  e x a m in e d  for h y p o p h y se a l o x y tocin  c o n te n t.

P itu ita ry  extraction. T h e  an im als were k illed  b y  d ecap ita tio n  2 h o u rs  a f te r  sw im m ing 
a n d  th e  b lood  was co llected  in  h eparin ized  g lass tu b e s . The h y pophysis a n d  endocrine  
o rg a n s  w ere  rem oved a n d  w e ig h ed  w ith  0.5 m g p rec is io n  on to rsion  scales. T h e  h y p o p h y se s  
f ro m  th e  single groups w ere p o o led  and  hom ogenized  in  0.25 per cen t acetic  ac id  ( ta k in g  0.4 m l 
fo r  e a c h  hypophysis) w ith  q u a r tz  d u st. The m a te ria ls  w ere sto red  in a re fr ig e ra to r  a t  -f- 4° C 
o v e rn ig h t ,  th e n  th ey  w ere c en trifu g ed . A fter m a k in g  th e  su itab le  d ilu tio n s, th e  p H  w as 
m e a s u re d , th e n  biological a ssa y s  w ere m ade fo r o x y to c ic  and  an tid u ire tic  a c t iv i ty .

A s s a y  o f  p itu ita ry  oxytocic activity. T he e x tr a c ts  w ere d ilu ted  500-fold a n d  t i t r a te d  
o n  th e  su rv iv in g  r a t  u te ru s , as p re v io u s ly  described  [9, 11], in Sarto rius vessels o f  5 m l  c ap ac ity . 
T h e  la rg e s t  volum e of th e  e x tr a c t  d ilu tions of u n k n o w n  co n cen tra tio n  ad ded  to  th e  T y ro d e ’s 
s o lu t io n  w as 0.1 ml. As th e  s ta n d a r d  for co m p ariso n , s y n th e tic  O xytocin (R ic h te r)  w as used .

A s s a y  o f  blood o x y to c ic  a c tiv ity . The d a ta  p u b lish ed  in  the  l ite ra tu re  r e la t iv e  to  th e  
o x y to c ic  a c t iv ity  of b lood v a ry  o v e r a wide ran g e . B i s s e t  and  W a l k e r  [3] fo u n d  1.7 to  6.8 
m il l iu n its /m l, H a w k e r  et. al. [15] 0.06 m illiun its/m l, a n d  F i t z p a t r i c k  et al. [13] 0 to  1.0 m illi- 
u n i t /m l .  T h e  divergences in  th e  re su lts  are to  be a sc rib e d  to  species and in d iv id u a l d ifferences, 
a s  w e ll a s  to  differences in  th e  m e th o d s  of e x tra c t io n  em ployed . I f  we tak e  in to  a c c o u n t th e  
p h y s io lo g ic a lly  active  levels d e sc rib e d  by  C s a p ó  [5] a n d  F i e l i t z  et al. [12], th e  lo w er va lues 
r e p o r te d  b y  th e  la t te r  a u th o r  seem  to  be a cc ep ta b le . T ak in g  in to  c o n sid e ra tio n  th e  above 
p o in ts  o f  v iew , th e  blood sam p le s  w ere te s te d  b y  tw o  m eth o d s. F irs t, we ad d ed  a  m ax im u m  
v o lu m e  o f  0.3 ml of fresh ly  ta k e n  heparin ized  b lood  w ith o u t  an y  ex trac tio n  to  th e  T y ro d e ’s 
so lu t io n  in  w hich the  u te ru s  w as suspended. T h e  r e s t  o f  th e  blood ob ta in ed  w as e x tra c te d  
a c c o rd in g  to  B i s s e t  an d  W a l k e r  [3] and  th e  e x tr a c t  w as sub jected  to  b io log ical a ssay .

Com parative evaluation o f  antid iuretic  activ ity . M ale dogs, weighing 15 to  20 kg , w ere 
a n a e s th e t iz e d  w ith  0.10 g /k g  b o d y  w eight ch lo ra lose , th e  u re te rs  were ex p o sed , a n d  u rine  
w as c o lle c te d  th rough  in d w ellin g  p o ly ethy lene  c an n u la s  in  a  m etric  flask. T h en  th e  sap h en o u s 
v e in  w a s  c a n n u la te d  an d  0.85 p e r  cen t NaCl so lu tio n  o f 38° C was infused a t  a  c o n s ta n t  ra te  
o f 100 m l/h o u r/1 0  kg b o d y  w e ig h t. D iuresis w as c h eck ed  b y  collecting u rine  e v e ry  5 m in u te s , 
th e n ,  w h e n  i t  was found  to  be  c o n s ta n t  in  4 successive  fiv e-m in u te  periods, w e in je c te d  1 
I. U . o f  p o s te rio r  p i tu i ta ry  e x tr a c t  (P ito n  O rganon) in tra v en o u s ly , to  te s t  th e  a n im a l fo r 
A D H  s e n s itiv ity . A fter d iu res is  h a d  norm alized , th e  su b s tan ces of u n k n o w n  a n tid iu re t ic  
a c t iv i ty ,  a s  well as th e  d ilu tio n s  o f  th e  e x tra c ts , w ere  in je c te d  in trav en o u sly . T h e  e x tra c ts  
w ere  5 0 -fo ld  d ilu ted  w ith  0.85 p e r  c en t NaCl so lu tio n ; th e  single doses v aried  fro m  1 to  3 m l. 
B efo re  in je c tio n , the  p H  o f th e  d ilu tio n s was co n tro lled  in  every  case. T he c h a n g e s  in  d iu 
resis  w e re  rep resen ted  g ra p h ic a lly .

R esults

P itu ita r y  oxytocic a c tiv ity

P i tu i ta r y  oxy tocic  a c t iv i ty  co m p u ted  fo r  100 g body w e ig h t show ed 
a s l ig h t ,  n o t  s ign ifican t d ec rea se  b y  th e  6 th  a n d  8 th  day , re sp ec tiv e ly . O n th e  
o th e r  h a n d ,  th e  an im als fo rced  to  swim fo r 12 d a y s  showed a d e fin ite  in c rease . 
T h is  in c re a se  was even  m o re  m ark ed  in th e  an im a ls  forced to  sw im  15 d ay s, 
a n d  th e  m ax im um  in c re m e n t was observed  on th e  18th day. As co m p ared  
to  t h a t  v a lu e , those o b ta in e d  on the  22nd  a n d  2 9 th  days w ere so m e w h a t 
lo w er, b u t  s till m uch h ig h e r th a n  th e  in itia l level. These changes h a v e  been 
s u m m a r iz e d  in  Fig. 1.
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Oxytocic activ ity  o f  blood

T he b lood  sam ples t i t r a te d  d irec tly , w ith o u t e x trac tio n , show ed  a c tiv ity  
values ra n g in g  from  40 to  250 m icro u n its /m l, th e  e x tra c te d  b lo o d  values 
v a ried  from  1 to  2 m illiu n its /m l. T he b lood  sam p les  from  th e  a n im a ls  forced 
to  sw im  a n d  tho se  from  th e  con tro ls eq u a lly  show ed  high an d  low  v a lu es; 
no u n eq u iv o ca l changes re su lte d  from  th e  fo rced  sw im m ing.
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Fig. 1. B ro k en  line: p i tu i ta ry  ox y to c ic  a c tiv ity  o f c o n tro l ra ts ,  on th e  6 th , 8 th , 1 2 th , 15 th , 
18th, 22nd a n d  2 9 th  d ays. Solid line: p i tu i ta ry  ox y to c ic  a c t iv ity  o f ra ts  forced  to  sw im . O x y 

tocic  a c t iv ity  has been  com p u ted  fo r 100 g of body  w eight

number of days

V 0L/5m in  12 days
2 m l A f  1.5ml B t

rJ

5-
I г I I
L J

J

ru

4-

18 days

1ml A2 I Im l B2

29  days

Fig. 2. A n tid iu re tic  a c t iv ity  o f p i tu i ta ry  e x tra c ts  in  th e  dog. A „ A 2, A3: e x tra c ts  o f con tro l 
(n o t sw im m ing) an im als . B t, B 2, B 3: e x tra c ts  fro m  an im als forced to  sw im
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E ffe c t o f hydration

T h e  anim als h y d ra te d  fo r 12 and 18 d a y s  y ielded  p itu i ta ry  ox y to c ic  
a c t iv i ty  values no t d iffe re n t from  those show n b y  th e  contro ls.

A n tid iu re tic  activity

F ig . 2 shows th e  a n tid iu re t ic  ac tiv ities o f  th e  p i tu i ta ry  e x tra c ts  o b ta in e d  
on th e  1 5 th , 22nd and  2 9 th  d a y s . In  all th re e  in s ta n c e s  th e  e x tra c ts  p re p a re d  
f ro m  th e  anim als forced  to  sw im  caused a m ore  m ark ed  decrease o f  d iu resis 
th a n  th e  ex trac ts  o b ta in ed  fro m  th e  con tro ls. T h e  d ifference in  a c t iv i ty  be tw een  
th e  c o n tro l  ex trac ts  re fle c ts  d ifferences in  A D H  se n s itiv ity  of th e  in d iv id u a l 
d ogs. T h is  has been p ro v ed  a lso  b y  th e  d iffe ren t responses to  th e  1 I. U . p o s te rio r  
p i t u i t a r y  e x tra c t in jec ted  w ith  every  te s t.

D iscussion

T h e re  are no u n e q u iv o c a l d a ta  in  th e  l i te r a tu r e  concerning th e  changes 
in  th e  ho rm one  and  n e u ro se c re tio n  co n ten ts  o f  th e  n eu ro h y p o p h y sis . E i c h - 

m e r  [7 ] , M e l a n d r a  an d  Co r b e t t a  [19] fo u n d  th e  n eu rosecre tion  c o n te n t  to  
d e c re a se  a fte r  a d re n a le c to m y . O n th e  o th e r  h a n d , R e n n e l s  [22] re p o rte d  
th a t  in  th e  r a t  the  sam e o p e ra tio n  caused an  in c rea se  in  th e  p i tu i ta ry  o x y to c in  
a n d  n eu ro sec re tio n  c o n te n ts , w hile  d eh y d ra tio n  a n d  lac ta tio n  cau sed  a d e 
c rea se  in  th e  oxytocin , v a so p re ss in  and n e u ro se c re to ry  su b stan ce  c o n te n ts . 
P a s q u a l i n o  and R a g o n e s e  [21] observed  th e  re lease  of n eu ro sec re tio n  fron t 
th e  r a t ’s hypophysis in  re sp o n se  to  h y d ra tio n . K o vács  et al. [16], to o , describ ed  
th e  A D H  m obilizing effect o f  d e h y d ra tio n  in  th e  r a t .  In  our earlier e x p e rim e n ts  
[9, 1 1 ], c a s tra tio n  an d  o x y to c in  tre a tm e n t d im in ish ed , oestrogen a n d  p ro 
g e s te ro n e  tre a tm e n t in c re a se d  th e  oxytocic  a c t iv i ty  of th e  h y p o p h y s is  in  
th e  r a t .  D e  Groot and H a r t f i e l d  [6] o b serv ed  in  th e  ra t  d u rin g  th e  f irs t 
12 h o u rs  following b ila te ra l  a d ren a lec to m y , sp len ec to m y  (as su rg ica l shock) 
a n d  a d re n a l  d em edu lla tion  a decrease o f n eu ro sec re tio n , th a t  n o rm alized  
r a p id ly ,  o r in  the  case o f  th e  f irs t  tw o o p e ra tio n s  show ed an in c rea se  over 
th e  in i t i a l  value on th e  fo u r th  d ay . In  o u r e x p e rim e n ts  th e  ineffec tiv en ess  
o f h y d r a t io n  has ru led  o u t th e  possib ility  th a t  th e  effects w ould  h a v e  been  
p ro d u c e d  b y  the  ra ts  d r in k in g  w a te r  while sw im m ing . C onsidering th e  in c rea s
in g  p o ss ib il i ty  of s e p a ra tin g  th e  poste rio r p i tu i ta r y  horm ones [18, 27], we 
h a v e  to  s tress th a t  in  o u r ex p e rim en ts  th e  in c rea se  of p i tu i ta ry  ox y to c ic  
a c t iv i ty  w as associated  w ith  a n  increase of a n tid iu re tic  ac tiv ity . B o th  in  th e  
e x p e r im e n ta l  anim als an d  th e  con tro ls  th e  b lood  o x y to c in  values v a r ie d  over 
w ide ra n g e s , ind ica ting  t h a t  i t  is un likely  th a t  an  increased  s to ra g e  in  th e  
n e u ro h y p o p h y s is  w ould he  accom pan ied  b y  a s im u ltan eo u s in h ib itio n  of 
s e c re tio n .
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Considering that earlier we have found chronic hydrocortisone treatm en t  
to increase p itu itary oxytocic  activ ity  in the rat [10], an alteration o f adrenal 
function m ight also p lay a role in the phenom enon investigated. Y ang  [29] 
studied the rat’s adrenal function under the effect o f the same stressors as 
em ployed by us, and found no increase of secretion .

A ccord ing  to  T e l e g d y  [26], ad renal se c re tio n  decreased d u rin g  th e  
f irs t  18 d ays of ch ron ic  sw im m ing  ex p erim en ts  ca rr ied  ou t in 18 °C w a te r . 
T hese d a ta  m ake i t  q u e s tio n a b le  w h e th e r th e  a d ren o co rtica l sy stem  w o u ld  
h av e  a role in  th e  p h en o m en o n  observed b y  us.

T he ex p e rim en ta l re su lts  m ay be in te rp re te d  in several w ays. T h e  18° C 
w a te r, in  w hich the  an im als  w ere sw im m ing, m a y  u n d o u b te d ly  a c t as a cold 
s tre sso r effect. C hanges e ffec ted  th ro u g h  th e  th y ro id -h y p o th a la m ic  sy s te m  
m ay  also p la y  a ro le. T h ere  are  co n trad ic tio n s  in  th e  lite ra tu re  co n cern in g  
th e  T S H  release caused  b y  oxy to c in  [4, 17, 20, 24 ], a lth o u g h  th is  m ech an ism  
to o , m a y  h av e  its  ro le . A t th e  sam e tim e , i t  c a n n o t be ru led  o u t t h a t  th e  
increase  in  th e  a c t iv i ty  o f th e  h y p o th a la m ic -h y p o p h y se a l system  u n d e r  th e  
in fluence  of non-specific  s tre sso r stim uli [23, 25 , 28] w ould in fluence  th e  
secre tion  of o th e r a n te r io r  p itu ita ry  tro p h ic  h o rm o n es and  thu s to  en h a n c e  
th e  o rg an ism ’s genera l a d a p ta tio n .
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The role o f  th e  ren in -an g io ten sin  sy s te m  in  th e  a u g m en ta tio n  o f  a ldosterone  
secre tion  follow ing a c u te  b lood  loss has b een  s tu d ie d . A ldosterone p ro d u c tio n  of the  
ad ren a ls  was d e te rm in e d  in  vivo and  in  vitro, a f te r  b ila te ra l ligation  of th e  re n a l hili 
a n d  n ep h rec to m y , re sp ec tiv e ly . The incerase in a ld o s te ro n e  secretion , follow ing acu te  
h a em o rrh ag e , w as fo u n d  to  tak e  place also in  th e  absence  of th e  ren in -an g io ten sin  
sy s tem .

F ro m  a series o f  s tu d ie s  of th e  fac to rs  re g u la tin g  a ld oste rone  secretion , 
D a v is  et al. [10] co n c lu d ed  to  th e  s ig n ifican t ro le  o f th e  ren in -an g io ten sin  
sy s te m  in  th e  a u g m e n ta tio n  of a ldosterone  sec re tio n . In  hyp o p h y sec to m ized  
dogs th e  increase in  a ld o ste ro n e  p ro d u c tio n  t h a t  o therw ise follow s acu te  
b lood  loss, failed to  o ccu r i f  th e  k idneys h a d  b een  rem oved . O n th e  o ther 
h a n d , th e  increase in  a ld o ste ro n e  secretion  o b se rv ed  follow ing a c u te  h aem o r
rh ag e  [8 , 21], d u rin g  ch ro n ic  sodium  d ep le tion  [16, 17, 22], and  th o ra c ic  caval 
c o n s tr ic tio n  [7, 10] w as fo u n d  to  be acco m p an ied  b y  a rise in  re n in  secretion . 
A lso, th e  ren in  fra c tio n  o f  k id n ey  hom o g en isa tes , an d  sy n th e tic  ang io tensin  
I I  in c reased  th e  r a te  o f  a ld oste rone  secre tio n  [ 1 ,2 ,6 ,1 5 ,1 8 ,1 9 ,  20].

T he p resen t e x p e rim e n ts  were designed  to  te s t  D a v is ’ h y p o th es is . I f  
th e  ren in -an g io ten s in  sy s te m  plays a s ig n if ic a n t role in th e  re g u la tio n  of 
a ld o ste ro n e  secre tion , b ila te ra l n ep h rec to m y  o r liga tion  of th e  ren a l hilus 
m ig h t be expec ted  to  p re v e n t th e  e lev a tio n  o f  a ldosterone  sec re tio n  sub 
se q u e n t to  acu te  b lood  loss.

Methods

E x p erim en ts  w ere p e rfo rm ed  on 106 ra ts  o f b o th  sexes an d  of the  sam e b reed , w eighing 
from  200 to  250 g. T he a n im a ls  h a d  received a norm al d ie t  u n t il  24 hours p rio r to  th e  experim en t, 
w hen th e y  were d ep riv ed  of food. A naesthesia w as in d u ced  by  u re th a n , g iv ing  1 g per kg 
bo d y  w eigh t, in trav en o u s ly .

A )  In  the  f irs t  series o f ex p erim en ts the a ld o s te ro n e  level in the  v enous blood of the 
a d ren a ls  was d e te rm in ed  a f te r  lig a tio n  of the re n a l h ilu s .

T h e  k idneys w ere ex p o sed  th rough  an ab d o m in a l m idline incision, a n d  b o th  renal 
h ili w ere  ligated . A n h o u r  la te r  th e  left a d ren o lu m b a r ve in  was c an n u la te d  and  collection 
of b lood  s ta r te d . B leed ing  w as con tinued  during  a  6 0 -m in u te  period. T he a m o u n t o f blood 
rem o v ed  was n o t rep laced . T h e  sam e procedure w as u n d e r ta k e n  in  the  co n tro l an im als w ith 
th e  ex cep tio n  th a t  th e  re n a l h ili were no t liga ted . A b o u t 4 m l of blood w as o b ta in ed  from  
each  an im al. The sam ples fro m  3 to  4 anim als were poo led  to  o b ta in  suffic ien t m a te ria l for a ldo
s te ro n e  d e te rm in a tio n .
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B )  In  a second series o f  e x p e rim e n ts  a ld o ste ro n e  p ro d u c tio n  of th e  a d re n a ls  was 
e s ta b l i s h e d  in  vitro. T he chan g es in  a ld o ste ro n e  sec re tio n , occurring  in re sp o n se  to  acute 
b lo o d  lo ss , w ere stud ied  in  n e p h re c to m iz e d  and  co n tro l an im als.

T h e  anim als were d iv id ed  in  th re e  groups. I .  In  th e  f irs t  group  b o th  a d re n a l g lands 
w ere  re m o v e d  and  in cu b a ted  im m e d ia te ly  follow ing th e  a b d o m in a l incision. I I .  I n  th e  second 
g ro u p , 30 m in u tes  a fte r th e  in c is io n , b lo o d  am o u n tin g  to  0.5 per cen t o f th e  b o d y  w eight 
w as re m o v e d  from  each a n im a l th ro u g h  th e  fem ora l v e in . S ix ty  m in u te s  a f te r  th e  lap a ro 
to m y  th e  ad renals were re m o v e d  a n d  in cu b a ted . I I I .  I n  th e  th ird  g roup  o f  a n im a ls  the 
p ro c e d u re s  described u n d e r I I  w e re  u n d e rta k e n  an d , in  add itio n , b ila te ra l n ep h rec to m y  
w as c a r r ie d  o u t im m edia te ly  fo llo w in g  lap a ro to m y .

A ld o ste ro n e  p ro d u c tio n  o f th e  ad ren a ls  w as ex am in ed  in  vitro, b y  th e  m e th o d  of 
G ir o u d  e t  al. [14]. The ad ren a ls  w e re  w eighed  an d  th e n  q u a rte re d . In c u b a tio n  w as u n d e r ta k e n  
in  K r e b s  — R inger b ica rb o n ate  m e d iu m  (6 .0  ml pe r 100 m g o f ad ren a l tissue), c o n ta in in g  200 
m g p e r  100 m l of glucose, fo r tw o  h o u rs  a t  38° C. A m ix tu re  o f 95 per cen t o x y g e n  a n d  5 per 
c e n t  c a r b o n  dioxide was b u b b led  th ro u g h  th e  so lu tion . E a c h  tu b e  co n ta in ed  a b o u t  120 mg 
o f a d r e n a l  tissu e  usually  o b ta in e d  fro m  3 anim als.

Q u a n tita tiv e  d e te rm in a tio n  o f  a ld o ste ro n e  w as p e rfo rm ed  by  p ap er c h ro m a to g ra p h y .
A n  e th y l  ace ta te  e x tra c t  o f  th e  v enous b lood (A ) ,  a n d  a chloroform  e x tr a c t  o f the  

in c u b a t io n  m ed ium  (В ) were p re p a re d . T h e  e x tra c ts  w ere w ash ed  w ith  0.2 N  so d iu m  c a rb o n a te  
so lu t io n  a n d  distilled w a ter, th e n  d r ied  o v er sodium  su lp h a te , and  e v a p o ra te d  in  vacu u m . 
T h e  d r y  re s id u e  was d issolved in  d ic h lo ro m e th an e  an d  d ro p p e d  on W h a tm a n ’s p a p e r  No. 1. 
T h e  e x t r a c t  w as f irs t c h ro m a to g ra p h e d  in  a b en zén e-m eth an o l-w ate r sy s tem  ( 1 0 : 8 : 2 )  for 
a b o u t  16 h o u rs  a t  room  te m p e ra tu re  [3], th en  in B u sh ’s B5 system  (b en zen e-m eth an o l- 
w a te r ;  1 0 : 5 : 5 )  for ab o u t 3 h o u rs  a t  37° C [4, 5]. A ld o ste ro n e  was id en tified  a n d  m easu red  
b y  m e a n s  o f  aldosterone s ta n d a rd s  r u n  p a ra lle l w ith  th e  m a te ria l in  question .*  O n  e ach  p ap er 
a m o u n ts  o f  1, 2, 4 and 5 /ig  o f a ld o s te ro n e  were d ro p p ed  a n d  a  ca lib ra tio n  cu rv e  w as p re p are d  
fo r th e  q u a n ti ta t iv e  d e te rm in a tio n  o f  a ld o s te ro n e . T he c h ro m a to g ram s w ere d e v e lo p ed  w ith  
a lk a lin e  té tra z o liu m  blue (2 m g o f té tra z o liu m  blue pe r 1 m l o f d istilled  w a te r , a d d e d  to  an  
e q u a l a m o u n t  of 10 per cen t so d iu m  h y d ro x id e). T h e  fo rm az an  spo ts o b ta in e d  w ere  cu t 
o u t  o f  th e  p a p e r , eluted in  1.5 m l o f  th e  7 : 3 m ix tu re  o f e th y l  ace ta te  a n d  m e th a n o l, and 
p h o to m e tr iz e d  in  an  E L K O  I I I  p h o to m e te r ,  a t  a w a v e le n g th  of 530 m ц .

Results

S e r ie s  A . — E x p e rim e n ts  w ere  carried  o u t in  52 ra ts  a r ra n g e d  in  7 
c o n tro l g ro u p s , and 7 e x p e r im e n ta l groups in  w h ich  h ilar lig a tio n  h a d  been 
u n d e r ta k e n  prior to  th e  e x p e r im e n t. A m oun ts o f  a ldosterone  fo u n d  in  th e  
v en o u s  b lo o d  of th e  ad ren a ls  w ere  c o n v e rted  to  100  g o f bo d y  w e ig h t a n d  one 
h o u r.

M e a n  values for a ld o s te ro n e  secre tion  w ere' 0 .60  ^  0.16 ^itg/100 g b o d y  
w t/h o u r  in  th e  con tro l g ro u p , a n d  0.64 0 .18 /tg/100 g b o d y  w t/h o u r
in  th e  e x p e rim e n ta l g roup , re sp e c tiv e ly . T he d ifference be tw een  th e  tw o  
v a lu es  w a s  n o t s ign ifican t (p  >  0 .5).

D a ta  o b ta ined  in th e  in d iv id u a l ex p erim en ts  a re  sum m arized  in  T ab le  I, 
w hile  F ig .  1 rep resen ts th e  m e a n  va lu es  an d  s ta n d a rd  d ev ia tio n s.

S e r ie s  B . — The a m o u n ts  o f  a ldosterone  p ro d u ced  b y  th e  a d ren a ls  
d u rin g  in c u b a tio n  were c o n v e r te d  to  100 m g of a d re n a l tissue an d  one h o u r.

I n  th e  f irs t  group e x p e rim e n ts  w ere p e rfo rm ed  on 21 an im als in  7 series. 
T he a v e ra g e  o f aldosterone p ro d u c tio n  in  th is  g roup  w as 2.31 ^  0 .67  /tg /100 
ing o f  a d re n a l  tissue/hour.

* T h e  a u th o rs  are in d eb te d  to  Ciba  L td ., B asel, fo r th e  k in d  su p p ly  of a ld o s te ro n e , 
c o r tiso n e , c o r tiso l, and h y d ro co rtiso n e .
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Table I

Aldosterone levels in the venous blood o f  the left adrenal in  rats ivilh intact k id n e ys  ( A ) ,  
and  w ith  the renal h ili ligated (  B )

T he v a lu es are expressed  in fig  a n d  co n v erted  to  100 g o f  b o d y  w eigh t a n d  one  h o u r.

A 1)

0.33 0.29

0.38 0.35

0.52 0.43

0.59 0.58

0.64 0.68

0.71 1.00

1.04 1.19

A verage 0.60 ^  0.16 A verage 0.64 ±  0.18

0.9-

0.6

0.7 

0.6 

л  0.5 

g  0.4 

^  o.o H 

0. 2 -  

0.1 -  

0.0
HL

p>0.5

F ig. 1. M ean a ldosterone  levels a n d  s ta n d a rd  d ev ia tio n s in  th e  venous blood of th e  le f t  ad ren a l 
in  ra ts  w ith  in ta c t  k id n ey s (C), and  w ith  th e  ren a l hili lig a ted  (H L )

T he second g roup  consisted  of 18 an im als  d iv ided  in to  7 se ries. Mean 
a ld o ste ro n e  p ro d u c tio n  a t ta in e d  3.93 ^  1.42 /tg /100 m g of ad ren a l tissu e /h o u r. 
T he difference b e tw een  th e  m eans o b ta in ed  in  g roup  I  an d  g ro u p  I I  was 
sig n ifican t (p  <  0 .0 2 ).

In  th e  th ird  g ro u p , 15 an im als in 6 series w ere stu d ied . T h e  averaged  
v a lu e  o f a ldosterone  p ro d u c tio n  w as 3.82 ^  0 .8 1 /<g/100 m g of a d re n a l tissue 
p er h o u r. T he d ifference be tw een  th e  m eans in  g roup  I I  an d  g ro u p  I I I  was 
n o t s ig n ifican t (p  >  0.5).
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Table I I

A ld o stero n e  production o f  the adrena ls in  vitro, in  norm al rats ( I ) ,  in  rats subjected to acute 
blood loss ( I I ) ,  and  in  nephrectom ized rats subjected to acute blood loss ( I I I )

T h e  v a lu e s  are expressed  in  [ig a n d  co nverted  to  100 m g  o f ad ren a l tis su e  a n d  one hour

I. II. III.

0 . 9 8 2 . 8 3 2 . 2 7

2 . 2 5 2 . 8 8 3 . 6 9

2 . 2 7 3 . 1 2 3 . 9 7

2 . 3 4 3 . 4 6 4 . 1 4

2 . 4 5 3 . 7 9 4 . 2 7

2 . 8 8 4 . 6 6 4 . 5 7

3 . 0 5 6 . 8 2

A v e r a g e :  2 . 3 1  ^  0 . 6 7 3 . 9 3  ±  1 . 4 2 3 . 8 2  ±  0 . 8 1

6

5

8

4 -

3 -

2

t

0 -

T

I------- p <0.02 -------1 !-------- p > 0 .5 --------

—  -  pcO.01

F ig . 2 . M e a n  aldosterone levels a n d  s ta n d a rd  dev ia tio n s in  a d ren a ls  in  vitro, o f n o rm a l ra ts  (I), 
o f  r a t s  su b je c te d  to acu te  b lo o d  lo ss  (II), and  of n e p h rec to m ize d  ra ts  su b jec ted  to  a c u te  blood

loss (III)

T a b le  I I  shows th e  in d iv id u a l values o b ta in e d  in  all th e  th re e  groups- 
M eans a n d  s ta n d a rd  d e v ia tio n s  are  rep re sen ted  o n  F ig . 2 .

Discussion

I n  th e  f irs t series o f  o u r  ex p erim en ts , a b o u t one fo u rth  (4 m l/200 g body  
w e ig h t)  o f  th e  c ircu la tin g  b lo o d  volum e w as re m o v e d . T hus, th e  b lo o d  loss 
su ffe re d  b y  th e  an im als w as d o u b tle ss ly  su ffic ien t to  cause a m ax im a l m o b iliza 
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t io n  o f th e  an im als’ em ergency  m ech an ism s a n d  th u s  to  a c tiv a te  th e  n u 
m erous specific  an d  nonspecific  fac to rs  e n h an c in g  th e  secre tion  of a ld o s te ro n e .

H ence , from  th e  f irs t  p a r t  o f o u r e x p e rim e n ts  i t  can  only  be  c o n c lu d ed  
th a t  th e  ren in -an g io ten s in  sy s tem  is n o t th e  on ly  fa c to r  to  enhance  a ld o s te ro n e  
secre tion .

In  th e  o th e r  p a r t  o f o u r e x p e rim e n ts  th e  in c u b a tio n  m e th o d  a llow ed  
th e  degree o f b lood  loss to  he  free ly  c o n tro lled . I n  th is  group n o t m o re  th a n  
a b o u t 1/16 o f th e  c ircu la tin g  b lood  v o lu m e  w as rem o v ed . T he h y p o v o la e m ia  
th u s  in d u ced  w as su ffic ien t to  s tim u la te  a ld o ste ro n e  secretion .

O n th e  basis  of th e  re su lts  o b ta in e d  in  Series B ,  tw o possible e x p la n a tio n s  
m a y  arise , (i) T h e  ren in -an g io ten s in  sy s te m  p lay s  no p a r t  in  th e  p h y sio lo g ica l 
re g u la tio n  o f a ld o ste ro n e  sec re tio n , (ii) T h e  ren in -an g io ten s in  sy s te m  is n o t 
th e  sole fa c to r  ex e rtin g  an  in flu en ce  u p o n  th e  r a te  o f a ldosterone  p ro d u c tio n ; 
th is  is su p p o rte d  b y  th e  o b se rv a tio n  th a t  th e  in c rease  in  a ld o ste ro n e  sec re tio n  
fo llow ing acu te  h aem o rrh ag e  occurs also a f te r  b lo ck ing  or e lim in a tio n  o f  th e  
ren in -an g io ten s in  system .

S u m m ariz in g  th e  re su lts , i t  w as d e m o n s tra te d  th a t  b ila te ra l n e p h re c to m y  
or lig a tio n  o f th e  ren a l h ilus fails to  p re v e n t th e  a u g m en ta tio n  o f  a ld o s te ro n e  
sec re tio n  in  vivo  an d  in  v itro , t h a t  follow s a c u te  b lood loss in  r a t s .  T hese 
f in d in g s in d ic a te  th a t  th e  ren in -a n g io te n s in  sy s tem  is n o t n ecessa ry  fo r  th e  
s tim u la tio n  o f  a ld o ste ro n e  secre tion .

T h is co n cep t is su p p o rte d  b y  th e  o b se rv a tio n  of G a n n  an d  T r a v i s  [12] 
t h a t  a f te r  th o ra c ic  cav a l co n str ic tio n  an  in c rea se  in  a ld oste rone  sec re tio n  
o ccu rred  also in  n ep h rec to m ized  dogs.

On th e  o th er h an d , th e  o b serv a tio n  o f  D a v is  et al., w hich  le a d  to  th e  
con clu sion  th a t  th e  ren in -a n g io ten sin  sy s te m  c o n st itu te s  th e  p r im ary  m e c h a 
n ism  reg u la tin g  a ld osteron e secretion , h ad  b een  m ade in h y p o p h y se c to m ize d  
d ogs [9, 13 ]; th e  re lia b ility  o f  resu lts o b ta in ed  under such  e x p e r im e n ta l  
co n d itio n s m ig h t be d ou b ted .

M oreover, considerab le  doses o f ren in  a n d  an g io ten sin  I I ,  w h ich  p ro d u c e d  
a s ig n ifican t rise in  b lood  p ressu re , h a d  to  he a d m in is te red  to  cause  a n  a u g 
m e n ta tio n  o f a ld oste rone  secre tion  [6 , 20]. T h is p o in ts  to  a p h a rm aco lo g ica l 
effect o f ren in .

In  v iew  of th e  re su lts  p re sen ted  here  an d  rep o rted  by  o th e r  a u th o rs , 
D a v i s ’ h y p o th es is , accord ing  to  w hich  re n in  is id en tica l w ith  th e  a ld o s te ro n e - 
s tim u la tin g  ho rm one  an d  is reg a rd ed  to  be  th e  p r im a ry  m echan ism  resp o n sib le  
for th e  physio logical reg u la tio n  of a ld o ste ro n e  secre tion , m igh t be  q u e s tio n e d . 
T he ren in -an g io ten s in  sy stem  m igh t a c tu a lly  en h an ce  a ld o ste ro n e  sec re tio n , 
b u t  th e  p ro o f  of its  exclusive role is lack in g .

C onsidering  o u r p re se n t know ledge in  th is  field , it  m ay  be assu m ed  
th a t  ren in  is responsib le  fo r increased  a ld o ste ro n e  secretion  in  re n a l  h y p e r 
ten s io n , h u t  th e  ren in -an g io ten s in  sy s tem  is n o t an  essen tia l m ech an ism

3 Acta Physiologien XXIV/3.
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re g u la t in g  th e  ra te  o f  a ld o ste ro n e  sec re tio n  u n d e r  physio logical co n d itio n s . 
O th e r  fac to rs , e.g. F a r r e l l ’s cerebral t ro p h ic  ho rm one [11], a re  p ro b a b ly  
m o re  concerned  th a n  re n in  in th e  p h y sio lo g ica l reg u la tion  o f a ld o ste ro n e  
se c re tio n .
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CHANGES IN THYROIDAL COLD RESPONSE OF 
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The response  to  co ld  o f  th e  th y ro id  h as b een  s tu d ie d  in  h e a t-a d a p te d  a lb ino  
ra ts  following b ila te ra l  lesions o f th e  h ab en u la r nuc le i. E x p o su re  to sligh t cold  (14° C) 
p roduced  an  e le v a tio n  o f th e  T /S  ra tio  in  in ta c t co n tro ls. T h is  response was e x ag g e ra te d  in  
lesioned ra ts  exposed  to  s lig h t cold. No rise in  T /S  ra tio  occurred  in ra ts  exp o sed  to  
severe cold (0 — 4° C) in  in ta c t  con tro ls or in ra ts  b e a rin g  h a b en u la r  lesions. T h e  ad ren a l 
w eigh ts were h ig h er in  r a ts  exposed to  severe cold. T h e  increase  in  a d ren a l w eigh ts 
w as m ore s ig n ifican t in lesioned  ra ts  exposed to  severe  cold th a n  in  in ta c t  r a t s  u n d e r 
th e  sam e c ircu m stan ces . I t  has  been concluded t h a t  th e  h ab en u la r  n uc le i p la y  an 
im p o r ta n t ro le in  T S H -th y ro id  ac tiv a tio n  p ro v o k ed  b y  exposure  to  cold.

Introduction

N um erous e x p e rim e n ta l observations h a v e  in d ic a te d  th e  im p o r ta n t  
ro le o f th e  h a b e n u la r  n ucle i in  th e  reg u la tio n  o f  th e  T S H -th y ro id  sy stem . 
As sequels of b ila te ra l  lesions o f these  nuclei, in h ib itio n  (i) o f th e  go itrogen ic  
effects o f th io u rac il [6 ]; (ii) o f  spon taneous g o itre  [6 ]; (iii) of th e  in a c tiv a tin g  
effects up o n  T S H  a c tiv i ty  o f  th y ro x in e  a d m in is tra tio n  [8 ]; (iv) o f T S H  release 
follow ing th y ro id e c to m y  [7], h av e  been re g is te re d . T he blood T S H  leve l is 
s lig h tly  e lev a ted  as e a r ly  as 3 — 8 days a fte r  h a b e n u la r  lesion [9]. T h e  goitre- 
b lock ing  effect o f h a b e n u la r  lesions has been  c o n firm ed  b y  B o g d a n o v e  an d  
B o g d a n o v e  [2, 3 ] .  Y a m a d a  [14] observed  no b lo ck in g  effect in  ra ts  h e a r
ing  h a b e n u la r  lesions a n d  fed  w ith  p ro p y lth io u rac il d u rin g  19 d ay s , b u t  th e  
ap p lied  dose o f th io u ra c il w as fo u r tim es la rg e r  th a n  in  our ex p e rim en ts . 
S h o rten in g  th e  p e rio d  o f  tr e a tm e n t  to  9 d ay s re su lte d  in  a s im ila r g o itre 
b locking  effect as o b se rv ed  b y  us. F ro m  o u r  o b se rv a tio n  [6 ] t h a t  if  
th e  da ily  dosage o f th io u ra c il reached  100 m g /k g  b o d y  w eight or m ore , th e  
go itre-b lock ing  e ffec t o f th e  lesion d isap p ea red , p re d ic te d  th e  fin d in g s  of 
Y a m a d a , and  i t  is o n ly  h is in te rp re ta tio n  o f th e  effect w hich is d iffe ren t 
from  ours. — Y a s u m u r a  an d  K n ig g e  [15] fo u n d  a su p ern o rm al e lev a tio n  
o f th e  T/S ra tio  in  th io u ra c il fed ra ts  b earin g  h a b e n u la r  lesion. T he e lev a tio n  
o f th e  T/S ra tio  d iffered  s ig n ifican tly  in th e  th io u ra c il  fed  lesioned g roup  from  
th e  ra tio  in  th io u ra c il t r e a te d  in ta c t an im als. T h e  c ited  au th o rs  conc luded  
from  th e ir  resu lts  th a t  “ a n y  th y ro id  reg u la to ry  ro le  assum ed  b y  th e  h a b e n u la r  
a rea  m a y  op era te  o n ly  d u rin g  periods w hen th e  a n im a l is su b jec ted  to  changes 
w hich  te n d  to  o v e rb u rd e n  th e  p itu ita ry  T S H  re lease  m echan ism .”

3*
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T h e firs t o b se rv a tio n  in  ou r ow n ex p e rim en ts  w as a c h a ra c te ris tic  
d is o rd e r  in  th e rm o re g u la tio n . T here  w as no  change in  th e  rise  o f oxygen 
c o n su m p tio n  in cold e n v iro n m e n t (20° C), b u t  in  w arm  e n v iro n m e n t (35° C) 
o x y g e n  consum ption  d id  n o t  rise  so as i t  does in  in ta c t  an im als  ( D o n h o f f e r  
et a l. [4]). This effect h a s  n o t  been  in v e s tig a te d  fu rth e r . B e a t t i e  and  Ch a m 
b e r s  [1] described t h a t  h e a t  a d a p te d  ra ts  bearin g  h y p o th a la m ic  lesions 
r e s p o n d  to  cold e n v iro n m e n t (17° C) w ith  a s ig n ifican tly  in c rea sed  oxygen 
c o n su m p tio n  and  th y ro id a l  131I u p ta k e . T h e  lesions d e m o n s tra te d  on the  
m ic ro p h o to g ram s o f B e a t t i e  an d  Ch a m b e r s  are  localized so fa r  do rsad  as 
to  b e  considered e p ith a la m ic  ra th e r  th a n  h y p o th a lam ic .

T hese  la t te r  re su lts  m ig h t suggest t h a t  th e  h ab en u la r  n u c le i could  be 
in v o lv e d  in  the  response  to  cold of th e  T S H -th y ro id  system . — H a r r i s  [5] 
fo u n d  th a t  w ith  re la tiv e ly  s lig h t changes in  e n v iro n m en ta l te m p e ra tu re  (not 
c o ld e r  th a n  -)-6.5° C) it  is th e  T S H -th y ro id  sy s tem  th a t  p r im a rily  responds, 
w h e re a s  severe cold (below  -j-2° C) as a s tre sso r ac tiv a te s  th e  A C T H -adreno- 
c o r t ic a l  system  and  c o n se q u e n tly  depresses th e  T S H -th y ro id  sy s te m . In  the 
l ig h t  o f  H a r r i s ’ e x p e rim e n ts  it  ap p ea red  in te re s tin g  to  ex am in e , w h e th e r 
d u r in g  exposure to  cold  th e  h ab e n u la r  nucle i h av e  any  re g u la to ry  effect on 
th y r o id  function , an d , i f  so, w h e th e r  th is  w as th e  case in  a low e n v iro n m e n ta l 
te m p e ra tu re  in genera l o r o n ly  in  re la tiv e ly  m ild  cold.

Methods
E x p erim en ts  w ere p e rfo rm e d  on 81 m ale a lb ino  r a ts  o f 150 to  200 g b o d y  w eigh t in 

tw o  d iffe re n t series. T he an im a ls  w ere k e p t on a s ta n d a rd  d ie t co n ta in ing  2 m g  K l/k g  food. 
T h e  r a t s  o f b o th  series h a d  b e e n  a d a p te d  to  28 ±  1° C en v iro n m en t d u rin g  6 w eeks, then  
b i la te r a l  h ab en u la r lesions w ere p la c e d  in  one h a lf  o f th e  an im als . 8 days a f te r  th e  in te rv en tio n  
th e  a n im a ls  were d iv ided  in to  4 g roups.

G ro u p  A: In ta c t  c o n tro ls  k e p t  a t  28° C te m p e ra tu re ;
G ro u p  B: In ta c t  c o n tro ls  exposed  to  14° C en v iro n m en ta l te m p e ra tu re  in  series I 

a n d  to  a  tem p era tu re  o f 0 — 4° C in  series If ;
G ro u p  C: A nim als b e a r in g  h a b en u la r  lesions, k e p t a t  28° C te m p e ra tu re ;
G ro u p  D: A nim als b e a r in g  h a b e n u la r  lesions, exp o sed  to  14° C in  series I ,  a n d  to  0 — 4 C 

in  se rie s  I I .
T h e  anim als were k e p t  in  th e  cold en v iro n m en t fo r 10 days. On th e  la s t  d a y  of cold 

e x p o s u re  all groups rece iv ed  su b c u ta n e o u s ly  6 m g p ro p y lth io u ra c il an d  one  h o u r  la te r  10 
/tC  131I ,  th e n  an o th er h o u r  la te r  th e  ra ts  were e x sa n g u in a te d  hy  p u n c tu re  o f  th e  ab dom inal 
a o r ta  u n d e r  ligh t e th e r a n a e s th e s ia . One lobe of th e  th y ro id  was p rep ared  a n d  w eighed  w ith
0.2 m g  accu racy . The T /S  ra tio  w as d e te rm in ed  acco rd in g  to  th e  orig inal m e th o d  o f V a n d e r -  
w a n  a n d  G r e e r  [12J. T he o th e r  th y ro id  lobe, th e  h y p o p h y sis , th e  ad ren a ls  a n d  th e  gonads 
w ere  s tu d ie d  h isto logically , as w ell as serial sections o f th e  b ra in  for e x ac t lo c a liz a tio n  of the  
s ite  a n d  ex tension  of th e  lesions.

Results

Series I . R esu lts a re  su m m arized  in  T ab le  I .  T he m ean  T /S  ra t io  in  the  
c o n tro l  ra ts  k ep t a t  28° C e n v iro n m e n ta l te m p e ra tu re  (G roup A) w as 25.18 
( ra n g e :  19.4 — 32.2). T h is co rresp o n d s to  th e  n o rm a l va lues g iven  in  th e  l i te ra 
tu r e .  N o  sign ifican t ch an g e  w as observed  in  th e  anim als b e a rin g  h a b e n u la r
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Table I

T/S ratio and organ weights of normal rats and rats with habenular lesion, exposed to slight
cold (  +  14° C)

Experim ental group Case No. T/S ra tio
Organ weights, mg

Thyroid P itu ita ry

l 21.6 16 14
2 23.6 20 15
3 31.2 16 13
4 19.4 13 10

Group A 5 27.0 13 7
C ontrols a t  28° C 6 32.2 15 11

7 26.7 16 17
8 23.3 15 11
9 20.5 15 14

10 26.4 14 11

M ean 25.18 15.3 12.2

11 27.2 16 13
12 22.2 16 12
13 18.4 17 14

Group В 14 33.9 16 14
C ontrols a t  14° C 15 28.9 16 13

16 48.5 16 14
17 33.0 19 14
18 40.3 15 11
19 37.6 16 14

M ean 32.22 16.3 13.2

20 17.4 16 14
21 20.0 14 14
22 32.9 13 15
23 31.8 16 14
24 35.9 12 14

Group C 25 28.4 14 13
R a ts  w ith  h ab en u la r lesion a t  28° C 26 22.3 16 12

27 28.8 15 12
28 22.6 17 12
29 33.8 12 10
30 18.5 14 13
31 33.6 13 10

M ean 27.33 14.3 12.7

32 45.9 16 16
33 32.5 10 12
34 53.1 12 11
35 73.1 16 10

Group D 36 55.2 14 15
R a ts  w ith  h ab en u la r  lesion a t  14° C 37 30.0 16 14

38 34.0 17 14
39 56.4 16 18
40 43.4 14 12
41 31.4 16 12
42 37.8 12 11

M ean 44.80 14.2 12.8
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Table I I

T /S  ratio and organ w eights o f  norm al rats a n d  rats with habenular lesion , 
exposed to severe cold (0  —  4 0 C)

Experimental group Case No. T/S ratio
Organ w eights, mg

Thyroid P itu itary Adrenals

43 33.9 13.2 10.0 38.2
44 32.5 14.0 11.4 46.7
45 41.0 12.4 10.7 36.2

G roup A 46 38.6 9.6 11.0 46.8
C o n tro ls  a t  28° C 47 30.6 14.0 12.5 44.5

48 22.4 14.4 11.1 35.5
49 29.0 12.6 9.1 36.2
50 25.8 12.2 10.0 28.5

M ean 31.7 12.8 10.7 39.1

51 32.3 20.0 10.9 44.9
52 30.9 14.8 9.0 32.8
53 27.2 15.6 10.0 39.1

G roup В 54 26.0 15.6 9.8 47.4
C o n tro ls  a t  0— 4° C 55 — 18.0 12.0 44.6

56 — 17.2 9.8 52.3
57 — 15.2 9.0 41.3
58 — 14.0 11.2 54.3

M ean 29.1 16.5 10.2 44.6

59 34.7 12.4 7.3 44.7
60 28.6 9.2 9.6 43.5
61 22.2 8.8 8.6 43.3
62 22.2 12.2 9.0 43.4
63 28.3 10.4 8.6 38.2

G roup C 64 32.2 10.6 8.7 46.5
R a ts  w i th  haben u lar lesion a t  28° C 65 30.0 12.4 9.3 40.5

66 20.9 14.0 8.5 36.0
67 19.4 13.0 8.8 37.2
68 22.1 15.2 9.3 49.3
69 22.5 12.0 8.5 36.1
70 23.0 9.6 8.2 35.5

M ean 25.5 11.6 8.7 41.3

71 49.2 14.8 5.5 52.9
72 30.4 21.2 9.3 48.1
73 25.6 15.4 9.2 58.2
74 31.1 12.4 9.4 68.7

G roup D 75 33.5 13.2 9.2 58.0
R a ts  w i th  haben u lar lesion a t  0— 4° C 76 28.4 11.2 8.1 39.2

77 32.7 17.0 7.6 49.2
78 29.6 11.4 7.3 40.8
79 26.1 12.0 8.6 54.7
80 28.0 10.6 5.0 37.5
81 16.8 14.4 7.0 49.0

M ean 30.1 13.9 7.8 50.6
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lesions a t  th e  sam e e n v iro n m en ta l te m p e ra tu re  (T/S ra tio , m ean  2 7 .33 ; ran g e , 
17.4 — 33 .8 ; G roup  C). T he d ifference b e tw een  th e  tw o  groups w as t =  0 .86, 
n o t s ig n if ic a n t s ta tis tic a lly . T he in ta c t  an im als  exposed  to  14° C (G ro u p  B) 
show ed a slig h tly  e lev a ted  T/S ra tio  (m ean , 32.22; range, 18.4 — 48 .5 ). The 
d ifference b e tw een  th e  tw o  in ta c t  g roups (G roup  A and  B) was n e a r  to  s ta t i s 
tic a l s ign ificance  (t =  2.15). R a ts  w ith  b ila te ra l  h ab e n u la r  lesions show ed 
a m a rk e d  increase  of th e  T/S ra tio  fo llow ing exposu re  to  cold (m ean , 44.80; 
ran g e , 30.0 — 73.1). The d ifference b e tw een  th e  tw o  lesioned g ro u p s  (G roup 
C an d  D) w as h igh ly  s ig n ifican t s ta tis t ic a lly  (t =  3.86). T he d iffe ren ce  in 
T /S  ra tio  b e tw een  th e  tw o  g roups exposed  to  cold (G roup В an d  D ) w as sig
n if ic a n t s ta t is t ic a lly  (t — 2.35).

N o s ig n ifican t d ifference w as o b serv ed  in  th y ro id  and  p i tu i ta ry  w eigh ts.
Series I I .  T he  resu lts  o f th is  e x p e rim en t are  sum m arized  in  T a b le  I I .  

N o ch an g e  w as observed  in  th e  T/S ra tio s  b e tw een  th e  tw o  c o n tro l g roups 
(G roup  A  =  31.7; G roup В =  29.1), or b e tw een  th e  tw o le s io n ed  g roups 
(G roup C =  25.5; G roup D =  30.1). T he s ligh t d ifferences w ere n o t  s ig n if ic a n t 
s ta tis tic a lly .

T h e  on ly  ap p rec iab le  change in  o rg an  w eigh ts was an  increase  in  ad ren a l 
w eig h t in  th e  tw o  groups exposed  to  cold. T h e  increase w as m o re  m a rk e d  
in  th e  r a ts  w ith  h ab e n u la r  lesion th a n  in  th e  con tro ls  exposed to  co ld . T he 
d ifference  b e tw een  th e  tw o  co n tro l g roups w as n o t sig n ifican t (t =  1.52), 
w hile t h a t  be tw een  th e  tw o  lesioned  g roups w as s ign ifican t (I =  3 .06).

D iscussion

O u r ex p erim en ts  h av e  co n firm ed  th e  re su lts  of B e a t t ie  an d  Ch a m b e r s  
[1 ], a n d  o f H a r r is  [5]. — O n th e  basis  o f p rev ious ex p e rim en ts  (M e ss  [6, 
7, 8 ]) w e in itia lly  supposed  t h a t  th e  h a b e n u la r  nuclei are d ire c tly  linked  
w ith  th e  p r im a ry  feedback  loop re g u la tin g  th e  a c tiv ity  of T S H -th y ro id  sy stem  
(S z e n t Ág o th ai an d  Me ss  [11])- As no  d irec t ev idence could be  p re sen ted  
in  la te r  ex p e rim en ts  o f th e  ex is ten ce  o f  a re c e p to r system  d ire c tly  sen sitive  
to  th e  th y ro x in e  b lood level [1 0 ], a n d  as th e  h a b e n u la r  m ech an ism  ap p ea rs  
to  w ork  on ly  b e tw een  n a rro w  lim its  o f  th e  th y ro x in e  b lood  level, o u r  earlier 
h y p o th e s is  o f a d irec t h a b e n u la r  feed b ack  m ech an ism  h ad  to  be  a b a n d o n e d . 
R e c e n tly , a new  w ork ing  h y p o th es is  h as  been  developed  [10] acco rd in g  to  
w hich  th e  h a b e n u la r  m echan ism  is n o t a p a r t  o f  th e  p rim ary  th y ro x in e  feed
b a c k  loop b u t  a m ore rem o te  p a r t  o f th e  n erv o u s m echan ism  in te g ra tin g  
h o rm o n a l co n tro l w ith  re q u ire m e n ts  a rising  from  th e  en v iro n m en t. A lth o u g h  
th e se  e x p e rim e n ts  are fa r from  b e ing  su ffic ien t to  e luc ida te  th e  m ech an ism  
b y  w hich  th e rm o re g u la tio n  is coup led  w ith  th e  hum oral fee d b a c k  co n tro l 
in  th e  T S H -th y ro id  circle, th e y  c learly  in d ic a te  th a t  th e  tw o  m ech an ism s
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a re  n o t  sim ply  co n v erg in g  a t  th e  level of th e  a n te r io r  p i tu ita ry . R ecen t ev idence 
[13] suggests th e  b a s ic  feedback -loop  ex is tin g  b e tw e e n  an te rio r  lobe tro p h ic  
fu n c tio n  and  th y ro id  a c t iv i ty  to  be re m a rk a b ly  in d e p e n d e n t from  th e  nervous 
m ech an ism s localized in  th e  h y p o th a lam u s. T h e  fa c t, how ever, t h a t  lesions 
o f  a re s tr ic te d  reg ion  o f  th e  ep itha lam us lead  to  q u ite  specific — a lth o u g h  
am o n g  them selves p a ra d o x ic a lly  co n flic tin g — a lte ra tio n s  o f se n s itiv ity  to  
ch an g es  in  th y ro x in e  b lo o d  level and  a t  once c h a ra c te r is tic  d iso rders o f re 
sp o n se  to  cold, is a c le a r  in d ic a tio n  of a co m p lex  a n d  rem ote  p u re ly  nervous 
m ech an ism  th a t  in te g ra te s  in fo rm atio n s o f re le v a n c e  to  b o th  co n tro l m e c h a 
n ism s. W h eth er th e  d e sc r ip tiv e  te rm  “ sen sitiz in g  device”  used  b y  us [10] 
fo r th e  h ab en u la r n e rv o u s  m echan ism  c o n tro llin g  T S H  responses to  changes 
in  th e  th y ro x in e  b lo o d  le v e l is ad eq u a te  in  th e  l ig h t  o f these  co n sid e ra tio n s, 
re m a in s  to  be te s te d  in  f u r th e r  experim en ts. I t  is re m a rk a b le  th a t  th e  response 
to  co ld  o f th e  T S H  re g u la t io n  m echanism  sh o u ld  so c learly  be “ sw itch ed  o ff” 
be low  a certa in  e n v iro n m e n ta l tem p era tu re . W h e th e r  th is  is caused  p rim a rily  
b y  th e  nervous m ech an ism s them selves or se c o n d a rily  in  consequence of th e  
s tre s s  reac tio n  th a t  d e v e lo p s  d u rin g  exposure to  sev ere  cold, c an n o t be  decided 
on th e  basis of th ese  e x p e rim e n ts . B u t th e re  o b v io u sly  can n o t ex is t a d irec t 
an d  sim ple re la tion  b e tw e e n  th e  d isinh ib ition  o f  T H S  response to  cold  — in 
th e  m ild  range — a n d  d e sen sitiz a tio n  of th e  T H S -th y ro x in e  feed b ack  circle, 
since  b o th  occur a f te r  b i la te ra l  lesions of th e  h a b e n u la r  nuclei.
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(R eceived , 19 Ju n e , 1963)
•

1. In  th e  course o f u n d e rn u tr i t io n  of a d u lt  r a ts  a rap id  in itia l a n d  su b seq u e n t 
slow  decline in  b a sa l 0 2-c o n su m p tio n  w as o b served . Colonic te m p e ra tu re  d id  n o t 
ch an g e  ap p rec iab ly  a t  th e  n e u tra l  th e rm a l en v iro n m en t.

2. T he m etab o lic  response  to  h y p e r th e rm ia  decreased  ro u g h ly  p a ra lle l  to  the  
b a sa l m etabo lic  r a te  w ith  th e  p rogress o f  u n d e rn u tr it io n .

3. In  th e  e a rly  ph ase  of s ta rv a tio n  th e  m etab o lic  response to  20° C w as percen - 
tu a l ly  less th a n  in  th e  co n tro l p eriod . W ith  grow ing loss of w eight, in  a sso c ia tio n  w ith  
an  increasing  fa ll in  colonic te m p e ra tu re , th e  increase  in  h e a t p ro d u c tio n  w as re la tiv e ly  
g re a t.

4. E x p o su re  to  5° — 10° C cau sed  a considerab le  increase in  h e a t  p ro d u c tio n  
a n d  bod y  te m p e ra tu re  w as m a in ta in ed  o r even  increased .

5. I t  is concluded  t h a t  th e  re g u la te d  level o f b o d y  tem p e ra tu re  is re se t in  severe 
u n d e rn u tr i t io n .

Since B e n e d i c t ’s d e ta iled  s tu d ies  th e  p a th ophysio log ica l consequences 
o f  co m p le te  an d  p a r t ia l  s ta rv a tio n  h a v e  been  ex ten siv e ly  in v e s tig a te d  b o th  
in  m a n  an d  in  an im als  [1, 2 ]. As a re su lt  o f th ese  in v estig a tio n s o u r know ledge 
a b o u t th e  effects o f  u n d e rn u tr it io n  u p o n  a n u m b e r of physio logical fu n c tio n s  
a n d  reg u la tio n s  h a s  been  co n sid e rab ly  in c reased . T hus, s im ila rly  to  n itro g en  
a n d  m in e ra l m e tab o lism , th e  re la tio n sh ip  be tw een  body  size, b o d y  co m p o 
s itio n , 0 2-co n su m p tio n  and  b o d y  te m p e ra tu re  o f  s ta rv in g  an im als h a s  been  
e x te n s iv e ly  in v e s tig a te d  [3 — 6 ]. A m ong  o th e rs , su b n o rm al b o d y  te m p e ra tu re  
a n d  lia b ili ty  to  p ro fo u n d  h y p o th e rm ia  are  considered  as th e  m o s t obv ious 
fe a tu re s  o f u n d e rn u tr itio n .

R eg ard in g  th e  re la tio n sh ip  b e tw een  u n d e rn u tr itio n  an d  re g u la tio n  of 
b o d y  te m p e ra tu re , th e  s tu d y  o f M c Ca n c e  an d  M o u n t  on th e  g row ing  pig, 
an d  th e  com prehensive  clin ical o b se rv a tio n s  o f K e r p e l - F r o n i u s  a n d  V a r g a  
on m aln o u rish ed  h u m a n  in fa n ts , in d ic a te  uneq u iv o ca lly  th a t  th e rm a l co n tro l 
is sev ere ly  a ffec ted  in  s ta rv a tio n  [7 — 9]. O f p a r tic u la r  in te re s t is M c Ca n c e  
an d  M o u n t ’s f in d in g  th a t  in  sev ere ly  u n d e rn o u rish ed  grow ing  pigs h e a t  
p ro d u c tio n  sufficed  to  m a in ta in  th e  th e rm a l equ ilib riu m  only  a t  su b n o rm a l 
b o d y  te m p e ra tu re s . T hese o b se rv a tio n s  w ere in te rp re te d  to  su g g est t h a t  th e  
low  b o d y  te m p e ra tu re  is n o t  so m u ch  due  to  an  in ab ility  to  in c rea se  h e a t 
p ro d u c tio n  b u t  r a th e r  th e  re su lt o f th e rm o re g u la to ry  changes. In  an  a t te m p t  
to  an a ly ze  th is  a sp ec t of th e  p ro b lem , th e  p re se n t s tu d y  w as d esig n ed  to  
ex am in e  in  severe ly  u n d erfed  a d u lt  r a ts  th e  re la tio n sh ip  b e tw een  b o d y  te m 
p e ra tu re  and  b asa l m e tab o lic  ra te  on th e  one h a n d , and  m etab o lic  re sp o n se  
to  co ld , on th e  o th e r.
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M ethods

T w elve a d u lt r a ts  w ith  a  b o d y  w eight o f 200 — 300 g hav e  been  used. E a c h  a n im a l 
w as k e p t  sep a ra te ly  in  w ire  cages a t  a  room  te m p e ra tu re  o f 24° — 27° C. T he e x p erim en ts  
w ere  p e rfo rm ed  s im u lta n eo u s ly  o n  tw o or four a n im a ls  a n d  e x ten d ed  over a y ea r. In  th e  
c o n tro l  p eriod , free choice w as offered  o f th ree  foods e ach  co n sistin g  o f one th ird  p a r t  o f a 
s ta n d a r d  m ix tu re  an d  of tw o  th ird s  o f s ta rch  casein  a n d  la rd . Fo o d  co n sum ption  w as m easu red  
d a ily , a n d  caloric in ta k e  th u s  c a lcu la te d . The average  d a ily  in ta k e  am o u n ted  to  a p p ro x im a te ly  
60 — 80 Cal. A t the  b e g in n in g  o f p a r tia l  s ta rv a tio n , food  in ta k e  w as reduced  to  22 Cal. a n d  th e  
p ro te in  c o n te n t o f th e  food  to  2.8 p e r cen t. On th is  reg im en  a t  th e  early  stage of u n d e rn u tr i t io n  
th e  an im a ls  lost w eigh t ra p id ly ,  b u t  la te r  loss o f w e ig h t p roceeded  a t  a m uch  slow er r a te .  
A t th is  s tag e  a fu r th e r  re d u c tio n  o f  caloric and  p ro te in  in ta k e  w as u su a lly  necessary  to  m a in ta in  
a  p ro g ress iv e  loss o f w e ig h t u n t i l  th e  anim als d ied . U n d e r  th ese  conditions su rv iv a l tim e  w as 
60 i  16 d ay s, and  u n til  d e a th  loss o f w eight am o u n te d  to  a b o u t  50 — 55 per cen t o f  th e  in itia l 
b o d y  w e ig h t.

0 2-consum ption  w as m ea su re d  in  an  a ir t ig h t  c h am b er  im m ersed  in  a  w a te r  b a th ,  
a n d  in  a  few  instances b y  a N o y o u s ty p e  d iap h e ro m e te r m o d ified  for sm all an im als  b y  Sz e g - 
v á k i  [10, 11]. B o th  a p p a ra tu s  p e rm it te d  close o b se rv a tio n  o f th e  an im al so t h a t  erro rs due  
to  m o v em e n ts  and  re s tle ssn ess  cou ld  be e lim in a ted . 0 2-co n su m p tio n  w as e s tim a te d  f ir s t  a t  
29° — 30° C (the  n e u tra l  te m p e ra tu re  of the  no rm al r a t ) ,  u su a lly  for th ree  15 m in . periods. 
T h e  r a t s  w ere rem oved  fro m  th e  ch am b er a t  th e  th ird  p e rio d  fo r a few  m in u tes , an d  colonic 
te m p e ra tu re  was reco rd ed  im m e d ia te ly  a fte r  rem oval. T h e  an im a l w as th en  exposed  to  35° C. 
S ince  th e  a ir w ith in  th e  c h a m b e r  was p rac tica lly  s a tu ra te d  w ith  w a te r v ap o u r, ex p o su re  to  
35° C w as associated  w ith  a  s ig n ifican t rise in b o d y  te m p e ra tu re . T he m etab o lic  response  
to  20° C a n d  5 — 10° C w as u su a lly  exam ined  one d a y  a f te r  b asa l m etabolic  r a te  h a d  been 
e s t im a te d . These o b se rv a tio n s  w ere  rep ea ted  w eekly , i. e. 2 — 3 tim es before an d  in  th e  course 
o f  u n d e rn u tr i t io n ,  u su a lly  b e tw e e n  5 and  12 o’clock p .m ., u n t il  th e  d e a th  o f th e  an im al. 
A d d itio n a lly , th e  an im als w ere  f re q u e n tly  exposed to  5° C fo r 1 h o u r, w hen, as a  sim ple te s t  
o f  th e  a b il i ty  to  m a in ta in  b o d y  te m p e ra tu re , colonic te m p e ra tu re  was recorded . T h e  d iap h e ro 
m e te r  p e rm itte d  co n tin u o u s re co rd in g  of 0 2-co n sum ption . U sin g  th is  m ethod , b o d y  te m p e ra tu re  
w as m ea su re d  by  m eans o f  a co p p er-c o n stan ta n  th e rm o co u p le  in se rted  in to  th e  colon.

T h e  changes an d  th e  re la tio n sh ip  betw een  th e  v a r ia b le s  ex am ined  have been  ana ly zed  
a c c o rd in g  to  w eight loss e x p re ssed  as th e  p e rcen tag e  o f th e  b o d y  w eight p rio r  to  u n d e r 
n u t r i t io n .  T hus, th e  p e rio d  o f u n d e rn u tr it io n  has b een  d iv id e d  in to  five stages o f p rogressively  
in c re a s in g  w eight loss. F ig . 1 re p re se n ts  th e  m eans a n d  s ta n d a rd  erro rs in  m l *f , dm - b o d y  
s u r fa c e /  h o u r  for all e s tim a tio n s  ca rried  o u t on tw e lv e  a n im a ls  a t  each  stage of u n d e rn u tr it io n .

3

B o d y  su rface  was c a lcu la te d  acco rd in g  to th e  fo rm u la  10 }/k g 2.

R esults

F ig . 1 re p re se n ts  b a sa l m etabo lism  a n d  colonic te m p e ra tu re . I t  can  
b e  seen , th a t  a 10 — 20  p e r  c e n t loss of w eigh t, w h ich  accord ing  to  o u r ap p ra isa l, 
re p re s e n ts  th e  f irs t s ta g e  o f  u n d e rn u tr itio n , w as a lread y  associa ted  w ith  an  
a p p re c ia b le  fall in  0 2-co n su m p tio n  a t 30° C (p  <  0.001). In  th e  su b seq u en t 
p h a se s  o f w eight loss no  fu r th e r  decline in  b a sa l h e a t p ro d u c tio n  could  be 
o b se rv e d  u n til loss o f w e ig h t h ad  reached  40 p e r  c e n t or m ore of th e  p re fa s tin g  
b o d y  w e igh t. A t th e  te rm in a l  stage  very  low  b a sa l m etab o lism  ra te s  occurred . 
A t a n  en v iro n m en ta l te m p e ra tu re  of 30° C, co lonic  te m p e ra tu re  rem ain ed  
p ra c tic a l ly  u n ch an g ed  th ro u g h o u t th e  w hole perio d  of u n d e rn u tr itio n .

F ig . 2 illu s tra te s  ch an g es in  C F -consum ption  and  rise in  b o d y  te m 
p e ra tu re  a t  35° C. 0 2-c o n su m p tio n  increased  in  h y p e r th e rm ia  and  d isap p eared  
o n ly  a f te r  a w eight loss o f m ore  th a n  50 p e r c e n t. A bso lu te  h e a t p ro d u c tio n  
a t  35° C show ed, s im ila rly  to  th e  basa l m e tab o lic  r a te , a p rogressive decline.
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A tte n tio n  m u st be d raw n  to  th e  fac t th a t  in  th e  m ore a d v an ced  phases  of 
u n d e rn u tr it io n  th e  m e tab o lic  response to  35° C w as sm aller, a lth o u g h  the  
sam e  degree o f h y p e rth e rm ia  w as recorded .

T he responses to  20° C an d  5 — 10° C are  show n b y  F ig . 3. Chem ical 
th e rm o re g u la tio n  was p re se n t in  th e  cold th ro u g h o u t all s tag es  o f  under-

before 10 -2 0  2 0 -3 0  3 0 -4 0  4 0 -5 0  50  <
starvation percentage range o f loss o f weight

F ig . 1. 0 ,-c o n su m p tio n  ■  a n d  colonic tem p e ra tu re  □ a t  th e  n e u tra l  th e rm a l en v iro n m en t 
b e fo re  a n d  du ring  s ta rv a tio n . T he significance te s t  c a lcu la te d  a t  a 5%  lev e l o f  confidence 
in d ic a te s  th a t  th e  b asa l m e ta b o lic  ra te  a t  th e  f irs t  s tag e  o f u n d e rn u tr it io n  is  sig n ifican tly  

low er th a n  th e  con tro l leve l (p  <C 0.001)

starvation percentage range o f loss o f weight

F ig . 2. 0 2-eonsum ption  a t  29° C ■  an d  35° C Q .  Colonic te m p e ra tu re  a t  29° C □  a n d  35° C Fj-

n u tr i t io n ;  a d efin ite  re sp o n se  was observed  even  w hen th e  loss exceeded 
50 p e r cen t o f th e  in it ia l  b o d y  w eight. T he p eak  level a t ta in e d ,  how ever, 
g ra d u a lly  declined w ith  th e  sev e rity  o f th e  n u tr i t io n a l s ta te .

T he re la tiv e  increase  in  h e a t p ro d u c tio n  a t  b o th  a m b ie n t te m p e ra tu re s  
re v e a le d  som e in te re s tin g  find ings reg a rd in g  th e  a b ility  to  re sp o n d  w ith 
in c reased  h e a t p ro d u c tio n  to  cold. Fig. 4 d e m o n s tra te s  th a t  in  th e  beginning 
o f  u n d e rn u tr itio n  th e  p e rc e n tu a l response, in  te rm s  o f b asa l m e ta b o lic  ra te , 
w as d e fin ite ly  less a t  20° C th a n  in  th e  co n tro l period , b u t  l a te r ,  as fasting  
p ro ceed ed , a sligh t g ra d u a l increase could be  observed  (■ )  A t a n  am bien t
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te m p e r a tu r e  of 5 °—10° C, h o w e v e r, the  re la tiv e  in c rease  in  h e a t  p ro d u c tio n  
w as p ra c tic a lly  the sam e a s  in  th e  norm al s ta te  ([ II.

I f  one divides th e  m e ta b o lic  response to  5 ° — 10° C in to  tw o  co m p o n en ts , 
as s h o w n  in Fig. 4, th e  in c re a s e  in  hea t p ro d u c tio n  a t  20° C c o n tr ib u te s  less 
to  t h e  to ta l  response o b ta in e d  a t  5 °—10° C in  th e  s ta rv e d  an im al.

F ig . 3 . 0 2-consum ption  a t  a n  e n v iro n m e n ta l  te m p e ra tu re  o f  29° C 20° С О - О  and
5— 10° C © —©• In  view of th e  fe w  ob se rv atio n s a t  5°— 10° C, th e  s ta n d a rd  e rro r  " 'a s  n o t

calculated

starvation percentage range o f loss 
o f weight

F ig . 4. P e rc e n tile  increase in  0 2-c o n su m p tio n  in term s of b a sa l  m etab o lic  ra te  a t  20° C ■  and 
5— 10° С (Э , b e fo re  a n d  in  the  course o f  u n d e rn u tr i t io n
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T hese o b se rv a tio n s suggested  th a t  in  u n d e rn u tr itio n  n o t so m u c h  th e  
fa ilu re  o f chem ical th e rm o re g u la tio n  b u t  re g u la to ry  changes m u s t  be  ta k e n  
in to  acco u n t. A nalysis o f  th e  colonic te m p e ra tu re s  recorded a t  3 0 ° , 20° and  
5 °— 10° C (F ig. 5) rev ea led  tw o  fe a tu re s : a) a t  an  am bien t te m p e ra tu re  of 
20° C, b o d y  te m p e ra tu re  fell a n d  th is  fa ll in c rea sed  w ith  the  s e v e r ity  o f  u n d e r
n u tr i t io n ;  an d  b)  w hen  th e  an im al h a d  b e e n  tran sfe rred  from  2 0 °  C to  an 
a m b ie n t te m p e ra tu re  o f 5 °— 10° C, no fu r th e r  change or even  a  m o d e ra te  
rise  in  b o d y  te m p e ra tu re  d id  occur. In  th e  l ig h t of these o b se rv a tio n s  th e

before starvation loss o f weight in p e r  cent o f prestarving body weight

F ig . 5. Colonic te m p e ra tu re  a t  th e  en v iro n m en ta l te m p e ra tu re s  of 29° < •  •  20° C O  — O  
a n d  5°— 10° C © -© . Colonic te m p e ra tu re  a t  20° a n d  5— 10° C was found to  b e  sig n ifican tly  
low er th a n  a t  29° C th ro u g h o u t th e  ad v an c ed  stag es o f  u n d e rn u tritio n . A t a  w e ig h t loss of

30— 40 p e r cen t, p  <  0.05

J O r  2 0 V S"C 2 0 Г  30’C

F ig . 6. 0 .,-consum ption  •  •  a n d  colonic te m p e ra tu re  0 ~ 0  of an u n d e rn o u rish e d  r a t  a t 
d iffe re n t a m b ien t te m p e ra tu re s . B ody  w eigh t p rio r  to  s ta rv a tio n , 225 g; a t  th e  tim e  of the 

ex p erim en t, 155 g. W eig h t loss, 31 pe r c e n t  o f th e  in itial b o d y  w e ig h t
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c o n c lu s io n  can be d ra w n  t h a t  in  the course o f u n d e rn u tr it io n  th e rm a l co n tro l, 
th o u g h  a t  a p rogressively  lo w e r  level, is well m a in ta in e d  in  a cold e n v iro n m e n t.

H  ow therm al e q u il ib r iu m  is achieved is d e m o n s tra te d  in F ig . 6  b y  an  
in d iv id u a l  experim en t. I n  t h i s  instance 0 2-c o n su m p tio n  and body te m p e ra tu re  
w e re  co n tinuously  re c o rd e d . E xposure to  20° C cau sed  a slight in c rea se  in  
0 2-co n su m p tio n  and  a s ig n if ic a n t fall in co lon ic  te m p e ra tu re . B u t low ering  
th e  a m b ie n t te m p e ra tu re  to  8 ° €  induced a tre m e n d o u s  rise in h ea t p ro d u c tio n , 
a n d  b o d y  tem p era tu re , in s te a d  of falling f u r th e r ,  rose by 0.7° C a n d  w as 
m a in ta in e d  a t this h ig h e r  le v e l. Colonic te m p e ra tu re  fell again w hen  a m b ie n t 
te m p e ra tu re  had been ra is e d  to  20° C.

Discussion

T h e  conclusions to  b e  d raw n  from th e  p re s e n t  findings ra ise  som e 
in te r e s t in g  problem s re g a rd in g  the reg u la tio n s o f  energy m etab o lism  an d  
b o d y  te m p e ra tu re  in  f a s t in g  anim als. Before d iscu ss in g  any  asp ec ts  o f  th e  
is su e , i t  m ust be e m p h a s iz e d  th a t  our re su lts  a re  in  full ag reem en t w ith  
M c C a n c e  and  M o u n t ’s f in d in g s  in growing p igs.

B a sa l metabolic rate

S ince  in the course o f  u n d e rn u tr itio n  b o d y  size and  body co m p o sitio n  
c h a n g e  considerab ly , d if f ic u ltie s  arise in th e  in te rp re ta t io n  of 0 2-co n su m p tio n . 
H o w e v e r , recen t d a ta  g e n e ra l ly  agree in th a t  b a s a l  0 2-consum ption  decreases 
o u t  o f  p roportion  to  th e  d e c re a se  in body  w e ig h t, surface area, a n d  o th e r  
p a ra m e te rs .  The p re sen t f in d in g s  in  ad u lt r a ts  s u p p o r t  th e  view  t h a t  a rea l 
fa ll in  b a sa l m etabolic r a te  o ccu rs  in the  ea rly  s ta g e  o f  u n d e rn u tr itio n . A s to  
th e  m ech an ism  of th is  e a r ly  fa ll  in  m inim al 0 2-c o n su m p tio n , n e ith er p re v io u s , 
n o r  t h e  p resen t s tu d ies  p ro v id e  definite in fo rm a tio n . Changes in v o lv in g  
v a r io u s  horm onal or n e u ra l re g u la to ry  fu n c tio n s  sh o u ld  be tak en  in to  co n 
s id e ra t io n . Effects on th e  b a s a l  m etabolic r a te  o f  q u a n ti ta t iv e  or q u a li ta t iv e  
c h a n g e s  in  food in tak e  c a n n o t  he excluded e n tire ly . T h a t res tric tio n  o f  food 
in ta k e  m ig h t in itse lf c o n tr ib u te  to  the fall in  b a s a l m etab o lic  ra te  is in d ic a te d  
b y  th e  observation  [12 ] t h a t  th e  low basal m e ta b o lic  ra te  found in  u n d e r 
n o u r is h e d  in fan ts su ffe rin g  f ro m  pyloric sten o sis  reco v ered  very  soon  w hen  
a f te r  o p e ra tiv e  tre a tm e n t fo o d  consum ption  h a d  b e e n  resum ed.

A tte n tio n  m ust be  d r a w n  to  the o b se rv a tio n  t h a t  th e  rap id  in it ia l  an d  
s u b s e q u e n t  slow decline in  b a s a l  0 2-consum ption  w as  accom panied b y  n o rm a l 
co lo n ic  tem p era tu re . T h is  f in d in g  confirm s e a r lie r  observations in d ic a tin g  
t h a t  t h e  b asa l m etabolic r a t e  c a n  be reg u la ted  a t  d if fe re n t levels in d e p e n d e n t 
o f  c h a n g e s  in  body te m p e r a tu r e .

N o  a tte m p t has b e e n  m a d e  to  exam ine a p o ss ib le  sh ift of th e  th e rm a l 
n e u tr a l  env ironm en t. S ince co lon ic  tem p era tu re  d id  n o t differ from  t h a t  o f
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th e  co n tro l period , a n d  0 2-co n su m p tio n  re m a in e d  a t  th e  m in im al level, a 
s ig n ifican t sh ift b e y o n d  30° C could  be excluded .

Metabolic response to 35° C

I t  has been d e m o n s tra te d  b y  D o n h o f f e r  et al. [13] th a t  in  r a ts  th e  
increase  in  0 2-co n su m p tio n  a t  an  am b ien t te m p e ra tu re  o f 35° C is n o t th e  
d irec t consequence o f  th e  rise  in  b o d y  te m p e ra tu re ;  th e  response can  be 
abo lished  by  th y ro id e c to m y , h y p o p h y sec to m y , as w ell as b y  c e r ta in  h y p o 
th a la m ic  an d  e p ith a la m ic  lesions.

T he resu lts  a re  conclusive . W ith  th e  p rog ress o f u n d e rn u tr it io n  th e  
m etabo lic  response to  h y p e r th e rm ia  decreased  ro u g h ly  para lle l to  th e  basa l 
m etabo lic  ra te ; a t  th e  te rm in a l s tage  no response could  be observed . I t  shou ld  
be n o te d  th a t  th e  deg ree  o f h y p e rth e rm ia  a t  a ll s tag es  o f u n d e rn u tr it io n  w as 
id en tica l w ith  th a t  reco rd ed  p rio r  to  u n d e rn u tr itio n . T h is fac t lends su p p o rt 
to  th e  v iew  th a t  th e  in c rea se  in  0 2-consu m p tio n  asso c ia ted  w ith  h y p e r th e rm ia  
can n o t be exp la ined  as th e  d irec t re su lt o f th e  rise  in  bo d y  te m p e ra tu re . 
Since th e  m etabo lic  re sp o n se  to  cold  was fo u n d  to  be  p re sen t a f te r  th e  
h y p e rth e rm ic  increase  in  0 2-consu m p tio n  h a d  d isap p ea red , th e  la c k  o f  th e  
response  to  35° C a t  a loss o f w eigh t su rp assin g  50 p er cen t is n o t  th e  
consequence  of an  o v era ll in a b ili ty  to  increase 0 2-co n su m p tio n .

Metabolic response to cold

T he m ost in te re s tin g  fin d in g  w as th e  effect o f  u n d e rn u tr it io n  on th e  
re g u la tio n  of b o d y  te m p e ra tu re  a t  am b ien t te m p e ra tu re s  below  th e rm a l 
n e u tra li ty . In  th e  e a r ly  p h ase  o f s ta rv a tio n , th e  m e tab o lic  response to  20° C 
was p e rcen tu a lly  d e f in ite ly  less th a n  in  th e  c o n tro l p erio d . In  sp ite  o f th is  
d ifference, how ever, th e  fa ll in  colonic te m p e ra tu re  w as n o t m ore m a rk e d  
th a n  befo re  s ta rv a tio n . T h is show s th a t  n e ith e r  th e  low er level o f to ta l  h e a t  
p ro d u c tio n  nor th e  sm a lle r  re la tiv e  increase  in  0 2-co n su m p tio n  a ffec ted  
th e  c o n tro l of b o d y  te m p e ra tu re . W ith  in c reasin g  loss o f w eigh t, h o w ev er, 
in a ssoc ia tion  w ith  a n  in c rea s in g  fa ll in  colonic te m p e ra tu re  th e  in c rea se  in  
h e a t p ro d u c tio n  w as re la tiv e ly  m ore. A p p a re n tly , th e  g re a te r  fall in  b o d y  
te m p e ra tu re  a u g m e n te d  th e  p e rc e n tu a l increase  in  h e a t  p ro d u c tio n  in  r e 
sponse to  exposure to  20° C. One w ould  be in c lin ed  to  reg a rd  th e  h y p o th e r 
m ia a t  20° C as a m a n ife s ta tio n  o f th e  d e te rio ra tio n  o f th e rm a l co n tro l.

T he fac t th a t  t r a n s fe r  from  an  am b ien t te m p e ra tu re  o f 20° C to  5 —10° C 
w as follow ed by  a co n sid e rab le  increase  in h e a t  p ro d u c tio n , while b o d y  te m 
p e ra tu re , in stead  o f fa llin g  fu r th e r , w as m a in ta in e d  or even  in creased , p ro v ed  
conv inc ing ly  th a t  th e  an im a l is well able to  m a in ta in  its  bo d y  te m p e ra tu re  
in a co nsiderab ly  co lder en v iro n m e n t. O bv iously , th e  reg u la ted  level o f body  
te m p e ra tu re  h ad  b een  re se t as u n d e rn u tr itio n  p roceeded .
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I n  th e  early  s tag e  o f  u n d e rn u tr it io n , w h en  th e  b asa l m e tab o lic  r a te  was 
lo w e r, an d  th e  m etab o lic  re sp o n se  to  20° C w as co n sid e rab ly  less th a n  th a t  
in  th e  Control period , b o d y  te m p e ra tu re  w as fo u n d  to  be w ith in  n o rm a l lim its. 
T h is  o b se rv a tio n  seem s to  in d ic a te  th a t  changes in  th e  c o n tro l o f energy 
m e ta b o lism  and bo d y  te m p e ra tu re  are n o t necessarily  linked  in  u n d e rn u tr itio n . 
A t  m o re  advanced  s ta g e s , w h en  body  te m p e ra tu re  fell to  su b n o rm a l levels, 
th e  re sp o n se  in h e a t  p ro d u c tio n  to  20° C te n d e d  to  a p p ro a c h  th e  contro l 
v a lu e .  C om paring th e  p e rc e n tu a l  increase in  0 .,-co n su m p tio n  observed  at 
20° C a n d  5 °—10° C, w ith  th e  co rrespond ing  va lu e  reco rd ed  p rio r  to  u n d e r
n u t r i t io n ,  shows th a t  a t  5 ° — 10° C, in  c o n tra s t  to  20° C, no d ifference was 
o b se rv e d .
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T he e ffec t o f lesions p laced  in  th e  se p ta l re g io n  of ca ts  has been  in v e s tig a te d  
w ith  sim ple a p p ro ac h  a n d  avo idance  con d itio n a l re fle x  as well as w ith  a  m u ltip le  
choice d e lay ed  re ac tio n  te s t  m ethod .

N o im p a irm e n t o f pe rfo rm an ce  was fo u n d  in  th e  sim ple approach  an d  a v o id a n ce  
s itu a tio n  irresp ec tiv e  o f th e  site  o f th e  lesion. In  co n n ec tio n  w ith  th e  m u ltip le  choice 
d e lay ed  re a c tio n , th e  te s t  an im als could be d iv id e d  in to  tw o groups. One d isp lay e d  
a tra n s ito ry  decline  o f p e rfo rm an ce , th e  o th e r  a p e rm a n e n t defect ( th e  m a x im u m  
d e lay  b y  w h ich  th e  c rite rio n  of 90 pe r cen t co rre c t responses could he reach ed , h a v in g  
b een  on ly  5 seconds). A  serious dam age to th e  fo rn ix  co lum n was found  in  th e  la t te r  
g roup .

T h e  conclusion  h as  been d raw n  th a t  b y  lesion ing  th e  sep tal reg ion  i t  is th e  
im p a irm e n t o f  th e  h ip p o cam p u s-fo rn ix  sys tem , o r th e  sep to -h ip p o cam p al re la y , w h ich  
p lay s a  ro le  in  th e  ensu ing  fu n c tio n a l defects.

S p i e g e l , M il l e r  a n d  O p p e n h e im e r  [8 ] w ere  th e  f irs t to  re p o r t  t h a t  
lesions o f th e  h ip p o cam p u s-fo rn ix  system  a n d  th e  se p ta l region w ere fo llow ed 
h y  m ark ed  o u tb u rs ts  o f rage  reac tio n s. S u b se q u e n tly , s ign ifican t in c rea se  
in  b o th  em o tio n a l r e a c tiv i ty  an d  s ta r tle  m a g n itu d e  w ere found  b y  B r a d y  
an d  N a u t a  [1] a f te r  lesions o f th e  sep ta l reg io n  in  th e  r a t .  T hese im p o r ta n t  
find ings w ould  su g g est an  im p o r ta n t  role o f th e  se p tu m  in th e  tra n sm iss io n  
o f  neura l im p u lses  in v o lv ed  in  d e te rm in in g  a ffec tiv e  b eh av io u r. A possib le  
c o n tr ib u tio n  to  th e  effects o f th e  lesion o f  th e  h ip p o cam p u s-fo rn ix  sy s te m  
could  n o t, h ow ever, be ru le d  o u t in  these  e x p e rim e n ts  b y  fin d in g  t h a t  “ th e  
m ag n itu d e  o f th e  changes in  th e  b eh av io u r o f th e  ex p e rim en ta l se p ta l an im a ls  
ap p ea red  to  be ro u g h ly  co m m en su ra te  w ith  th e  e x te n t  o f in ju ry  to  th e  fo rn ix  
co lum n . . .”  B r a d y  an d  N a u t a ’s o b se rv a tio n s  w ere su p p o rted  in  g en era l 
b y  K i n g  [5], b u t  c o n tra d ic te d  b y  H a r r iso n  a n d  L y o n  [3]. In  a re c e n t s tu d y  
E l l e n  an d  P o w e l l  [2] h a v e  fo u n d  th a t  r a ts  a f te r  sep ta l lesions d isp lay ed  
a h y p e re x c ita b ility  in  a po sitiv e  re in fo rcem en t te s t  (b a r pressing  re in fo rced  
w ith  a fixed  in te rv a l schedule).

T he p u rp o se  o f th e  p re se n t s tu d y  w as to  in v e s tig a te  th e  effect o f  tw o  
d iffe ren t k in d s  o f  se p ta l lesions (invo lv ing  a n d  sp a rin g  th e  fo rn ix  co lu m n ) 
w ith  th e  b e h a v io u ra l m e th o d s  u sed  fo rm erly  in  a s tu d y  of th e  e ffec ts  o f 
h ip p o cam p a l lesions. I t  w as ex p ec ted  th a t  th e  ro le  o f th e  sep ta l reg io n  m ig h t 
he se p a ra te d  in  th is  w ay from  th e  com bined  e ffec ts  of lesions in v o lv in g  b o th  
sep tu m  an d  fo rn ix .

4 Acta Physiologien X X ÏV /3.
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M ethods

14 a d u lt  ca ts  of b o th  sexes w ere used in  th e  e x p e rim e n ts . A sim ple a lim e n ta ry  co n d itio n a l 
re f le x  w a s  estab lish ed  in  3, a  sim p le  avo idance re fle x  in  4 an im als . A m ore co m p lica te d  delayed  
a l im e n ta r y  co n d itional re fle x  w as e lab o ra ted  in  11 c a ts  (includ ing  4 c a ts  u se d  fo r  sim ple 
a v o id a n c e  reflex). T he sim ple  a lim en ta ry  c o n d itio n a l re flex  consisted  in  a  fo o d -g e ttin g  
m a n ip u la t io n  from  a feed in g  dev ice  m o n ito red  fro m  th e  ou tside  b y  th e  e x p e r im e n te r  and 
s ig n a lle d  b y  a co n d itional so u n d  stim u lu s (10 c/s c licks). I n  th e  case o f th e  a v o id a n ce  re flex  
a  p a in fu l  e lectric  shock a d m in is te re d  by  a  m e ta l g rid  f ix ed  to  th e  b o tto m  o f th e  a p p a ra tu s  
w as  u se d  w h ich  could  be  a v o id e d  in  th e  fiv e  seconds fo llow ing th e  cond itio n a l so u n d  stim u lu s 
(1000  c /s  to n e) b y  ju m p in g  o n to  a sm all b ench  f ix e d  to  one of th e  side w alls o f th e  a p p a ra tu s .

T h e  d e layed  co n d itio n a l a lim en ta ry  re fle x  w as e s tab lish ed  in  a n  a p p a ra tu s  co n ta in in g  
tw o  o r  th re e  feeding dev ices p ro v id ed  w ith  se p a ra te  so u n d  and  lig h t sources, a n d  a  sm all 
cag e  f ix e d  to  th e  m ain  a p p a ra tu s  in  an  e q u a l d is ta n c e  from  th e  feeding dev ices , in  w hich 
th e  a n im a l could  be re s tra in e d  fo r  various tim e  p e rio d s  a f te r  th e  de livery  of th e  co n d itio n a l 
s t im u lu s  signalling  th e  feed ing  device to  be a p p ro ac h ed .

D e la y  w as e la b o ra te d  g ra d u a lly  from  0 to  1 m in ., generally  in  5 s tep s (5 , 15, 20, 30 
a n d  60 seconds), th e  c rite rio n  b e in g  each tim e  a  80 p e r  cen t correct p e rfo rm an ce . G enerally , 
20 — 25 t r ia ls  were m ade  in  a  session  daily . D e ta ils  o f th e  condition ing  m e th o d s  h a v e  been 
p u b lis h e d  p rev iously  (K arm os a n d  G HAST VAX [4]).

L esions of th e  se p ta l reg io n  were p ro d u ced  in  th e  case o f th e  de lay ed  re a c tio n  a fte r 
th e  c r ite r io n  of 1 m in. h a d  b een  re ac h ed  and  in  th e  case  o f sim ple reflexes w hen  th e  co n d itional 
re a c t io n s  h a d  becom e a u to m a tic  (c o n stan t la te n c y  tim e).

T h e  lesions w ere p ro d u c ed  e lec tro ly tica lly  in a  s te reo tax ic  in s tru m e n t, w i th  th e  help 
o f  c o -o rd in a te s  of th e  J a s p e r , A j m o n e —Ma rsa n  a tla s .  L esions were p lan n ed  in  a ll th e  cases 
to  b e  sy m m etrica l. T he p a ra m e te rs  used w ere, 4 m A , fo r 30 seconds.

I n  a b o u t h a lf  o f th e  cases a n  a tte m p t w as m a d e  to  confine th e  lesions m ore  a n te rio rly , 
w i th  th e  in te n tio n  to  spare  th e  fo rn ix  colum n, in  th e  o th e r  h a lf  to  th e  m ore p o s te r io r  region 
o f  th e  se p tu m , w ith  th e  in te n t io n  to  involve also th e  fo rn ix . A sham  o p e ra tio n  w as carried  
o u t  in  tw o  ca ts  (e lectrodes in tro d u c e d  up  to  th e  s e p tu m , w ith o u t co ag u la tio n ). T h e  e x te n t 
o f  th e  lesions w as d e te rm in ed  in  N issl s ta in e d  sec tio n s.

R esu lts

S im p le  conditioning. N o sign ifican t c h an g e  in  th e  p e rfo rm an ce  o f sim ple 
a l im e n ta ry  as well as av o id an ce  c o n d itio n in g  could  he e s ta b lish e d  in  th e  
s e p ta l  an im als , irre sp ec tiv e  o f th e  p la c e m e n t of th e  lesions. T h e  co n d itio n a l 
r e a c t io n  ap p eared  u n im p a ire d  im m e d ia te ly  a f te r  recovery . O n sim p le  in 
s p e c tio n  even  th e  im p ressio n  was gain ed  t h a t  som etim es p e rfo rm an ce  of th e  
r e a c tio n s  w as qu icker th a n  in  no rm al a n im a ls . T his could n o t, h o w ev er, be 
s u b s ta n t ia te d  s ta tis tic a lly .

D elayed conditioning  (T able I). In  m a rk e d  c o n tra s t to  the  ab o v e  m en tio n ed  
f in d in g s ,  a serious im p a irm e n t in  th e  d e la y e d  cond itional re flex  s itu a tio n  
w as  fo u n d  in  one g roup  o f th e  sep ta l an im a ls . T h e  m ax im um  d e la y  b y  w hich 
th e  c r ite r io n  could be re a c h e d  was 5 seco n d s. B y  a delay  o f 10 seconds 40 
p e r  c e n t in co rrec t resp o n ses  were o b ta in e d  even  a fte r  9 w eeks o f re tra in in g . 
H is to lo g ic a l e x a m in a tio n  d isclosed in  all th e s e  cases a serious d am ag e  of th e  
fo rn ix  co lum n (F ig. 1).

L esions p laced  m o re  a n te rio rly  w ere  fo llow ed b y  a t r a n s i to ry  decline 
o f  p e rfo rm an ce . A fte r  a re tra in in g  p e rio d  o f  a b o u t 10 days th e  c rite r io n  of 
1 m in u te  delay  could  a g a in  be reach ed  (F ig . 2).
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T h e  p e rfo rm an ce  o f  th e  sh am  o p e ra te d  an im a ls  did n o t d is p la y  a n y  
change (F ig . 3).

General observations. T he d e fin ite  im p ressio n  w as gained th a t  e m o tio n a l 
re a c tio n s  o f  d iffe ren t c h a ra c te r  w ere easier to  e lic it in  sep ta l th a n  in  n o rm a l

A Z 12

lesion

M l Ила
XI.12 13 1617 IS 23 29301  5 7 К 1516 1.3 13 20 11.2 3 4

B Z 12

Fig. 1. C a t Z 12. A : R eco n s tru c tio n  of lesion  a f te r  N iss l-s ta in ed  sections. A b sc issa : days- 
O rd in a te le f t :  p e rc e n t  o f in co rre c t responses. O rd in a te  r ig h t:  tim e  of delay  in  seco n d s. B ro k en  
line  show s th e  a c tu a l d e lay  on th e  co rresp o n d in g  e x p e rim e n ta l d ay . T he e n tire  h e ig h t  o f 
th e  co lu m n s show s th e  to ta l  % o f in co rrec t resp o n ses. P a r t s  o f colum ns (w h ite , b lack , 
sh a d e d ) show  th e  p a r tia l  % o f  in co rre c t responses c o m m itte d  b y  th e  c en tra l (w h ite ) , le f t 
(b lack ), o r  r ig h t  side (sh ad ed ) feed ing  device. A rrow : d a y  o f  operation . B: E ffe c t  o f  se p ta l 
lesion  in v o lv in g  th e  fo rn ix , in  a  tr ip le  choice d e la y ed  re sp o n se  s itu atio n . M ax im u m  d e la y  by  
w h ich  th e  c rite rio n  was reach ed , 5 seconds. 40— 50%  in c o rre c t responses w ith  10 seco n d s  d e lay .

an im a ls . All th e  sep ta l an im als looked  m ore  v iv id  th a n  th e  n o rm a ls , th e y  
o ften  d isp lay ed  a d u la tio n  o f th e  e x p e rim e n te r, b u t  ag ressiv ity  m a n ife s te d  
i ts e lf  ev en  so easily.

S ta r t le  reac tio n s w ere consp icuously  in c rea sed . The “ follow ing re a c t io n ”  
d esc rib ed  b y  B r a d y  a n d  N a u t a  [1 ]  o ccu rred  in  a m ark ed  form  in  o n e  case. 
I t  sh o u ld , how ever, be m en tio n ed  th a t  a n y  o f  th e se  general m a n ife s ta tio n s  
h a d  b e e n  scored  on a q u a n ti ta t iv e  m easu re .

4*
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Table 1

S u m m ary  o f  data ga ined  in  11 lesioned a n d  in  1 sham operated case

D o u b le  lin e  sep ara tes  tw o  g ro u p s  o f anim als acco rd in g  to  th e  an te rio r or p o s te r io r  p lacem en t 
o f  th e  lesions, sp a rin g  a n d  in v o lv in g  th e  fo rn ix , re sp e c itv e ly . Sp: Sep tum , F x :  F o rn ix , Cc: 

C orpus c a llo su m , Cd: N ucleus c a u d a tu s ,  T h ai: T halam us

Before operation Co'Ordinates of lesion and A fter operation

Average 
%  of 10 sees, 

perform.

Tim e 
o f delay

histological control
Average M aximum

delay
Length of

A nim al
Anterior group

% of 10 eess. 
perform.

postop.
observ.

Z 14 83.4 60 sec
F r . 17.5 
N o t evaluated 75 60 sec 2 w eeks

Z 23 82.7 60 sec
F r . 16
Lesion in Sp. F x  o n ly  

p a rtia lly  invo lved
86.9 60 sec 6 weeks

Z К  2 89.5 60 sec
F r . 16.5
Lesion in Sp and Cc. 

Fx . (?)
88.5 60 sec 3 w eeks

Z 25 92.5 60 sec
F r. 16
Lesion in  Sp dors., CC a n d  

Cd. F x  in ta c t
93.7 60 sec 2 weeks

Z 24 98.1 60 sec
F r . 16.5 
N o t evaluated 89.7 60 sec 10 days

Z 24 94.1 60 sec Sham  operation 97.7 60 sec 2 d ay s

Posterior group

Z 8 93.5 60 sec
F r . 14.5
E x tensive  lesion in  F x ,  Sp , 

sm all lesion in  T h a i.
87.6 30 sec 5 w eeks

Z 9 95.7 60 see
F r. 14.5
E x tensive  lesion in  F x , Sp . 

Sm all lesion in  T h a i.
86.0 30 sec 5 w eeks

Z 11 87.8 60 sec
F r. 14.5
L arge lesion in  Sp. Cc a n d  

Cd partia lly  in v o lv ed
50.0 5 sec 6 weeks

Z 12 88.5 60 sec
F r . 14
E x tensive  lesion in  F x  a n d  

Sp. Small lesion in  T h a i, 
medialis

39.7 10 sec 9 weeks

Z 13 95.8 120 sec
F r . 14.5
L arge lesion in F x  a n d  Sp. 55.4 10 sec 6 w eeks

Z 2 S 92.2 60 sec
F r . 14
Lesion in F x  v e n tr .  a n d  Sp . 

m ed. Caud.(?)
69.7 5 sec 6 w eeks
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A Z 25 /

B Z 2 5

Fig. 2. C at Z 25. A: E ffec t o f se p ta l lesion  p ra c tica lly  sp a r in g  th e  fornix  in a d o u b le  choice 
d e lay ed  response  s itu a tio n . T en  d ay s a f te r  o p e ra tio n  9 0 —100%  correct p e rfo rm a n ce  w as 
reco rd ed  w ith  1 m in. de lay . B lack  p a r t  o f colum ns show s m is tak es  com m itted  w ith  th e  le ft, 
w h ite  p a r t  w ith  th e  r ig h t, feeding device. B : R e co n s tru c tio n  o f th e  lesion a f te r  N is s l-s ta in e d

sections

Z24

Fig. 3. C at Z 24. P e rfo rm ance  of a sh am -o p era ted  a n im a l in  a double  choice d e la y ed  resp o n se  
s itu a tio n . No sig n ifican t change in p e rfo rm a n ce  a f te r  operation
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D iscussion

T h e  find ing  t h a t  a lesion  of th e  s e p ta l  reg ion  is n o t fo llow ed  b y  an y  
m a rk e d  changes in  s im p le  cond itiona l re f le x  perfo rm ance w o u ld  seem  to  
s u p p o r t  th e  conclusion  o f L y o n  and  H a r r i s o n  [6 ] th a t  “  . . . g en era liza tio n s 
c o n c e rn in g  th e  role o f  th e se  s tru c tu re s  in  a ffec tiv e  b eh av io u r b e  accep ted  
w i th  c a u tio n .”  T a k in g  in to  co n sid e ra tio n , how ever, th e  ab o v e  described  
f in d in g  accord ing  to  w h ich  a p e rm a n e n t fu n c tio n a l im p a irm e n t is d isclosed 
in  s e p ta l  an im als w ith  a m ore sensitive  b e h a v io u ra l te s tin g  (d e la y e d  con
d itio n in g )  a rec ip rocal o f th e  cited  conclu sio n  seem s also w a rra n te d , nam ely  
t h a t  g en era liza tio n s co n cern in g  th e  c a p a c itie s  o f  sim ple b e h a v io u ra l te s ts  in  
re f le c t in g  com plex fu n c tio n a l im p a irm en ts  sh o u ld  be accep ted  w ith  c au tio n .

B y  th e  s ta te m e n t th a t  lesions o f th e  s e p ta l  region w ere fo llow ed  by  
se r io u s  defects in  a d e la y e d  cond itional re f le x  s itu a tio n , th e  a u th o rs  do no t 
c la im  t h a t  th e  s t ru c tu ra l  orig in  of th e  d is tu rb a n c e  has b een  s e tt le d . The 
h is to lo g ic a l e x a m in a tio n  c learly  show ed t h a t  th e  m ag n itu d e  o f th e  fu n c tio n a l 
im p a irm e n t  was ro u g h ly  co m m en su ra te  w ith  th e  in v o lvem en t o f  th e  fo rn ix  
in to  th e  lesion. T he sam e  k in d  of d is tu rb a n c e  w as found in  a fo rm e r series 
o f  e x p e rim e n ts  a fte r  h ip p o cam p a l lesions. B o th  th ese  fac ts  are  in  ag reem en t 
w ith  th e  conclusion o f  B r a d y  and  N a u t a  [1] a n d  suggest th a t ,  e ssen tia lly , 
th e  so u rce  of th e  b e h a v io ra l changes shou ld  b e  lo o k ed  for in  th e  h ip p o cam p u s- 
fo rn ix  sy stem . T ak in g  in to  accoun t, h o w ev er, t h a t  the  po ste rio r s e p ta l  region 
c o n s t i tu te s  an  im p o r ta n t  re la y  s ta tio n  (P e t s c h e  et al. [7]; S t u m p f  et al. [9]) 
c o n v e y in g  im pulses fro m  low er s tru c tu re s  to  th e  h ippocam pus, i t  c a n n o t be 
e x c lu d e d  th a t  d e s tru c tio n  o f  these  p a r ts  o f  th e  sep tu m  an d  n o t  exc lu siv e ly  
th e  d escen d in g  fo rn ix  is responsib le  for th e  irre v e rs ib le  fu n c tio n a l d e fec ts .

A s fa r  as th e  m e c h a n ism  of th e  changes is concerned , a s im ila r conclusion  
as t h a t  derived  from  o b serv a tio n s b y  h ip p o c a m p a l anim als seem s to  hold 
t r u e  in  th is  case, viz. t h a t  b y  destroy ing  th e  connections of th e  h ip p o cam p u s 
a m e c h a n ism  co n tro llin g  th e  h y p o th a la m u s  a n d  low er b ra in -s tem  d isap p ea rs  
a n d  co n seq u en tly  sev e ra l fu n c tio n s of th e s e  s tru c tu re s  are  re lea sed . This 
a s s u m p tio n  should  also  conform  w ith  th e  g en e ra l beh av io ra l o b se rv a tio n  
t h a t  d iffe re n t k inds o f  a ffec tiv e  m a n ife s ta tio n s  are  equally  easy  to  e lic it in  
s e p ta l  an im als. A cco rd ing  to  our own d ire c t o b se rv a tio n s , a m a rk e d  increase  
o f  th e  o rie n ta tio n  re f le x  w ould  be re sp o n sib le  fo r th e  poor p e rfo rm a n c e  in  
th e  d e la y e d  co n d itio n a l s itu a tio n . This in te rp re ta t io n  seems to  be ap p licab le  
a lso  to  th e  changes (in c reased  ra te  o f b a r  p re ss in g  in  fixed  in te rv a l  re in 
fo rc e m e n t schedule) re c e n tly  described b y  E l l e n  and  P o w ell  [2 ].
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P o te n tia ls  e lic ited  fro m  th e  cerebellum  h av e  been  exam in ed  w ith  a co u s tic  and  
v isu a l stim u li, a n d  w ith  e lec trica l s tim u la tio n  o f th e  senso rim o to r c o r te x  a n d  th e  
h ip p o cam p u s in  12 c a ts  w ith  ch ron ically  im p la n te d  e lectrodes.

(1) T he p ro p e rtie s  o f  th e  p o ten tia ls  e lic ited  b y  n a tu ra l  s tim u li w ere th e  sam e 
as those  seen in  a cu te  e x p e rim e n ts . T heir a m p litu d e , how ever, v a r ie d  g re a t ly  w ith  
th e  a n im a l’s s ta te  o f w ak efu lness.

(2) The essen tia l p ro p e rtie s  o f th e  cerebellar p o ten tia ls  e lic ited  b y  h ip p o ca m p a l 
s tim u la tio n  closely co rresp o n d ed  to  those of th e  responses to  n a tu ra l  s tim u li. T his 
fa c t w as confirm ed  b y  in te ra c t io n  ex am in atio n s .

(3) In  no case cou ld  evoked  p o ten tia ls  be reco rd ed  from  th e  h ip p o c a m p u s  on 
s tim u la tin g  th e  cerebellum  w ith  single im pulses, a lth o u g h  th e  sam e s tim u li  in v a ria b ly  
e lic ited  responses from  th e  senso rim o to r an d  th e  a sso c ia tio n  co rtex . T h is  m ea n s  th a t ,  
in  c o n tra s t  to  th e  h ip p o cam p o -cereb e lla r re la tio n sh ip , no cereb ello -h ip p o cam p al 
re la tio n sh ip  could be d e m o n s tra te d .

(4) S tim u la tio n  o f th e  cerebellum  w ith  seria l s tim u li re su lte d  in  n eo co rtica l 
desy n ch ro n iza tio n . I f  th e  sam e s tim u la tio n  p a ram e te rs  w ere used  d u rin g  h ip p o ca m p al 
seizure, neocortical a c t iv ity  rem ain ed  u n affec ted . In  som e cases i t  w as poss ib le  to 
in h ib it h ip pocam pal se izures w ith  stro n g  s tim u la tio n  asso c ia ted  w ith  m o to r  p h en o m en a.

A considerab le  n u m b e r o f  e lec trophysio log ica l o b se rv a tio n s  on  cereb e llar 
co n n ec tio n s an d  fu n c tio n s  h a v e  been m ad e  in  th e  la s t tw o  d ecad es . The 
m a jo r ity  of th e  s tu d ies  h a v e  invo lved  acu te  p re p a ra tio n s  (a n a e s th e tize d  
an im a ls , or encéphale  iso lé), a n d  notv th e  q u es tio n  m ig h t be ra ise d  how  fa r 
th e se  observa tions are  v a lid  fo r th e  chronic p re p a ra tio n .

O n th e  o th e r h an d , th e  m a jo r ity  of in v es tig a tio n s  h as  d ea lt w ith  p e rip h e ra l 
as well as neocortical effec ts, an d  th e re  are  few  d a ta  on cerebello -arch i- 
c o rtic a l connections an d  fu n c tio n .

M ethods

In  12 a d u lt ca ts  a n a e s th e tiz e d  w ith  sodium  p e n to b a rb ita l,  steel needle e le c tro d e s  were 
im p la n te d  in  the  v e n tra l h ip p o ca m p u s, th e  d e n ta te  nucleus, th e  fastig ia l n u c leu s , a n d  silver 
ba ll e lectro d es on th e  se n so rim o to r a n d  asso c ia tion  co rtex  a n d  th e  cerebellar su rface  (F ig . 1). 
T he deep  e lectrodes w ere in se r te d  acco rd ing  to S n i d e r  a n d  N i e m e r ’s A tlas  [ 2 2 ] .

C oordinates o f th e  h ip p o cam p u s A 7  L  12 V  — 4
C oordinates o f th e  d e n ta te  nucleus P  9 L  7 V  — 1
C oordinates o f th e  fa s tig ia l nucleus P  9 L I  V I

T he experim en ts  w ere b eg u n  a f te r  th e  an im als  h a d  co m ple te ly  reco v e red .
Clicks were em ployed  as aco u s tic  stim uli, a n d  flashes o f lig h t as v isu a l ones. E lec trica l 

s t im u la tio n  was p ro v id ed  b y  a  sq u a re  w ave g en era to r.
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A  D isa oscilloscope (U n iv e rs a l  In d ica to r 51 B 00) a n d  an  8-channel S chw arzer E E G  
w e re  u se d  for recording.

A t  th e  end of th e  e x p e r im e n t  th e  anim als w ere k illed  a n d  th e ir  b ra in s  f ix ed  in  form ol. 
T h e  s lid e s  for histological e x a m in a t io n  were s ta ined  a cc o rd in g  to  Nissl.

F ig . 1. D iag ram  showing th e  lo c i o f  th e  cerebellar su rface  ex am in ed . T he n u m b ers  re fe r to  
th e  in d iv id u a l  ex p erim en ta l a n im a ls

Results

E ffec ts  o f  auditory and v isu a l s tim u li

T h e  general m o rp h o lo g y  of cerebellar e v o k e d  p o ten tia ls  e lic ited  b y  
n a tu r a l  (click, flicker) s t im u li  in  th e  chronic p re p a ra t io n  d id  n o t d iffer essen
t i a l ly  f ro m  th a t  in  th e  a c u te  p rep a ra tio n . In  g en e ra l i t  ap p ea red  in  a poly- 
p h a s ic  fo rm  w ith a d o m in a n t  p rim ary  b ip h a s ic  su rface  p o sitiv e -n eg a tiv e  
s e q u e n c e , th e  first c o m p o n e n t being m ore s ta b le  th a n  th e  second one. T he 
s u r fa c e  negative c o m p o n e n t co n sis ten tly  a p p e a re d  in  th e  case o f clicks, i t  
p ro v e d  m ore u n stab le  in  t h e  case of flickers. T h e  f ir s t  tw o  d o m in a n t com 
p o n e n ts  w ere often fo llow ed  b y  some oscilla tions o f  sm all am p litu d e .

T h e  la tency  tim e  o f th e  click-evoked re sp o n se  w as genera lly  bettveen  
7 a n d  16 msec, th a t  o f th e  flicker-evoked  resp o n se  b e tw een  15 an d  45 m sec. 
B e c a u se  o f the  g rea t v a r ia b i l i ty  of the la te r  c o m p o n en ts , d ep en d in g  on th e  
a le r tn e s s  o f the e x p e rim e n ta l an im al, an an a ly sis  o f  th e  d iffe ren t com p o n en ts  
o f  th e  evoked  p o ten tia l w as  m o re  d ifficult in  th e  ch ron ic  th a n  in  th e  acu te  
p r e p a ra t io n . A m arked  d e c re a se  in  am p litu d e  o r p ra c tic a l d isap p earan ce  of 
th e  p o te n tia ls  were o ften  o b se rv e d  during s tro n g  a t te n tio n . T he m o st stab le  
p o te n t ia ls ,  sim ilar to  th o s e  in  acu te  p re p a ra tio n s , w ere reco rded  d u rin g  
s u p e r f ic ia l  sleep. A d ec rease  o f  am p litu d e  or ev en  th e  d isap p earan ce  o f p o te n 
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tia ls  w as fo u n d  in  deep sleep. P o te n tia ls  e lic ited  b y  flicker p ro v ed  h ig h ly  
u n s ta b le  in  every  resp ec t (F ig . 2).

I n  c o n tra s t  to  th e  acu te  e x p e rim en t [15, 20, 21] in  w hich b o th  a co u stic  
a n d  v isu a l evoked  p o ten tia ls  h ad  been  localized  to  th e  p y ram id , s im p lex ,

F ig . 2. C erebella r responses to  clicks in th e  w ak in g  an im al (A), du ring  sleep (B ), to  v isua l 
fla sh es  d u rin g  lig h t sleep (C) an d  deep sleep (D ). In  cases A  an d  В th e  b ip o la r  lead s  were 
ta k e n  fro m  th e  r ig h t c en tra l lobule, in  cases C an d  D fro m  th e  p y ra m id  and  u v u la . T h e  aco u stic  
a n d  v isu a l s tim u li a re  in d ica ted  by  a d o t over th e  trac in g s . N ote  th a t  a m p litu d e  decreases

w ith  deepen ing  sleep . T im e, 20 m sec

p a ra m e d ia n  lobu le , defin ite  responses cou ld  be reco rded  from  all th e  reg ions 
in v e s tig a te d  in  th e  chronic p re p a ra tio n  (c e n tra l lobule , ansiform  lo b u le , u v u la , 
c e reb e lla r  nuclei).

S tim u la tion  o f  the motor cortex

O n s tim u la tin g  th e  m o to r co rtex  w ith  single im pulses, b ip h as ic  p o te n tia ls  
w ith  a la te n c y  o f 2 —15 m sec ap p eared  in  ev ery  cerebellar p o in t reco rd ed . 
T h e  o n ly  d ifference from  th e  p o te n tia ls  e lic ited  b y  n a tu ra l s tim u li w as a m ore
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F ig . 3. C erebellar p o te n tia ls  e lic ited  by  s tim u la tin g  th e  m o to r  co rtex  a t a freq u en cy  of 1/sec.
B ipolar lead s.

S tim u la tio n  L ead s
(A) r ig h t  m o to r co rtex  —  le f t  d e n ta te  nucleus
(B ) le f t  m o to r  co rtex  —  r ig h t fa s tig ia l  nucleus
(C) r ig h t  m o to r co rtex  —  le f t c e re b e lla r  co rtex
(D ) le f t  m o to r  co rtex  —  le ft c e re b e lla r  co rtex

F o r  th e  cortical leads one o f  th e  poles was p laced  on th e  ansifo rm  lobule, th e  o th e r  on  th e  
p a ra m e d ia n  lobule. N o te  t h a t  th e  am p litu d e  of th e  c o n tra la te ra l  (C) response is h ig h er th a n  

t h a t  o f th e  ip sila tera l (D ). T im e , 20 m sec

s ta b le  am p litu d e . T h e  a m p litu d e s  recorded  fro m  th e  c o n tra la te ra l side w ere  
g e n e ra lly  larger, b u t  ex cep tio n s  also o ccu rred  (F ig . 3).

S tim u la tio n  o f  the h ip p o ca m p u s

A stab le  fu n c tio n a l connection  be tw een  h ip p o cam p u s an d  cerebellum  
co u ld  be  d e m o n s tra te d  w ith  h ippocam pal s tim u la tio n . Single shocks e lic ited  
c h a ra c te r is tic  b ip h as ic  p o te n tia ls  in  th e  ce reb e llu m , w ith  an  e a rly  su rface  
p o s itiv e  and  la te r  n e g a tiv e  phase . The a m p litu d es  o f  these  p o ten tia ls , a lth o u g h  
v a ry in g  w ith  th e  ch an g es  in  aw areness, p ro v e d  m o re  stab le  th a n  an y  o f th e  
p o te n tia ls  described  a b o v e . T he low est th re s h o ld  of e lic ita tion  w as fo u n d  
w ith  a n  im pulse d u ra tio n  o f  0.03 m sec. A n o sc illa tio n  of th e  am p litu d es  o f  
th e  ev o k ed  p o ten tia ls  w as observed  a t  freq u en c ies  h igher th a n  0.5/sec a n d  
3/sec in  th e  w ak ing  a n d  in  th e  sleeping a n im a l, respective ly . T he av e rag e



a m p litu d e  decreased  as th e  freq u en cy  w as in c re a se d  (F ig. 4). H igher freq u en c ies  
o ften  e lic ited  seizures a n d  i t  was re m a rk a b le  t h a t  evoked p o te n tia ls  could 
be reco rded  ev en  in  th e  b a ck g ro u n d  o f th e  h ip p o cam p a l fits .

A ll th e  p o in ts  seen in F ig . 1 resp o n d ed  to  s tim u la tio n  of b o th  h ip p o c a m p i. 
I t  shou ld , h o w ever, be m en tio n ed  th a t  s t im u la tio n  o f the  tw o  s id es  d id  no t
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Fig. 4. C erebella r responses e lic ited  by  e lectrica l s t im u la tio n  w ith  a freq u en cy  o f  1/sec o f the  
le ft h ip p o ca m p u s a n d  reco rd ed  w ith  b ip o la r e lec tro d es fro m  th e  r ig h t fastig ia l n u c le u s  [u p p er 
tra c in g  (D )] th e  le f t d e n ta te  nucleus [lower tra c in g  (D , E )] an d  th e  le ft p y ra m id  [upper 
trac in g  (E )] . S tim u la tio n  o f th e  le ft h ip p o cam p u s w ith  frequencies of 3/sec (A ), 5 /sec (B) 
a n d  8/sec (C). N o te  t h a t  w ith  in creas in g  freq u en cy  th e  a m p litu d e  decreases. (F )  illu s tra te s  
o sc illa tion  o f th e  am p litu d e s  o f th e  p o ten tia ls  e lic ited  b y  h ippocam pal s t im u la tio n . T im e,

20 m sec

have eq u a l effects b u t  in v a ria b ly  show ed d iffe rences in am p litu d e  a n d  la te n c y . 
As to  la te ra l i ty , no  d e fin ite  ru le  could be d e te c te d .

T he la te n c y  tim e  o f th e  evoked  p o te n tia l  elicited b y  h ip p o cam p a l 
s tim u la tio n  n ev er exceeded  15 m sec. T h e  la te n c y  tim e  reco rd ed  fro m  th e  
cereb e llar su b co rtica l nucle i was alw ays 2 — 3 m sec longer th a n  t h a t  o f th e  
cereb e llar co rtica l response.
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Interaction

I t  is w ell-know n fro m  a c u te  ex p erim en ts  [1, 2, 4, 5, 6 , 13, 22] t h a t  te s t  
im p u lse s  are  in fluenced  b y  p reced ing  c o n d itio n in g  im pulses, th e  n a tu r e  of

F ig . 5. T h e  in te rac tio n  of c e reb e lla r p o ten tia ls  recorded  w ith  b ip o la r  electrodes on  th e  p y ra m id . 
C o n d itio n a l s tim u lu s, s tim u la tio n  o f  th e  left h ip p o ca m p u s . T es t stim ulus, s t im u la tio n  of 
th e  r i g h t  h ip p o cam p u s. T im e e la p se d  betw een th e  tw o  s tim u li ,  in  a lph ab etica l o rd e r  o f th e  
p ic tu re s  1, 10, 15, 30, 40, 60, 80, 100, 120 msec an d  re sp o n se  to  te s t stim u lus, a lo n e . T im e,

20 m sec

th e  in f lu e n c e  depend ing  on  th e  tim e elapsed  b e tw e e n  th e  tw o. T h is ch an g e  
is in d e p e n d e n t of w h e th e r th e  im pulses b e lo n g  to  th e  sam e or d iffe re n t 
m o d a lit ie s . This a ssu m p tio n  p ro v ed  valid  fo r th e  chronic e x p e rim en t, to o , 
in c lu d in g  evoked p o te n tia ls  e lic ited  by  s tim u la tio n  o f th e  h ip p o cam p u s.
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In  m ost o f th e  p resen t ex p e rim en ts , h ip p o cam p a l s tim u la tio n  w as th e  
co n d itio n in g  s tim u lu s , and  as te s tin g  s tim u lu s  all th e  o th e r p o ssib ilitie s  
described  above w ere used (F igs 5, 6 , 7, 8 ). S u m m atio n  was fo u n d  in  th e  
case o f an  in te rv a l o f 1 —15 m sec an d  a dep ressio n  of 15 — 80 m sec.

F ig . 6. T h e  in te ra c t io n  of cerebellar p o ten tia ls  reco rd ed  w ith  b ip o la r eletcrodes on  th e  c e n tra l  
lobu le . C on d itio n a l s tim u lu s , s tim u la tio n  o f left h ip p o cam p u s. T est stim u lu s, s t im u la tio n  
o f left m o to r  co rte x . T im e elapsed be tw een  th e  tw o  s tim u li, in  a lp h ab etica l o rd e r  o f  th e  

p ic tu res  30, 40, 70, 80, 120 m sec and  response  to  te s t  s tim u lu s, alone. T im e, 20 m sec

A fa c ilita tio n  m an ifested  i tse lf  if  th e  co n d itio n in g  stim u lu s h a d  been  
ap p lied  to  th e  m o to r co rtex  an d  th e  te s t  s tim u lu s  to  th e  h ip p o cam p u s in  th e  
range  o f  20 — 30 m sec (Fig. 9).

Effect o f  cerebellar s tim ula tion

1. H ippocam pus

In  no case could  p o ten tia ls  be reco rd ed  in  th e  h ippocam pus b y  s tim u la tin g  
th e  cereb e llar c o rte x  or th e  cerebe llar su b c o rtic a l nuclei, a t  an y  p a ra m e te rs  
b e tw een  physio log ical lim its.
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F ig . 7. T h e  in te ra c tio n  o f  cereb ella r p o ten tia ls  re c o rd e d  w ith  b ipo lar e lectrodes on  th e  cen tra l 
lo b u le . C ond itiona l s tim u lu s , s tim u la tio n  of le ft h ip p o ca m p u s. T est s tim u lu s , click. T im e 
e la p se d  be tw een  th e  tw o  stim u li, in  a lp h ab etica l o rd e r  o f th e  p ic tu res , 20, 30, 60, 80, 100, 120

m sec. T im e, 20 m sec

F ig . 8. T h e  in te ra c tio n  o f cereb ella r p o ten tia ls  re c o rd e d  w ith  b ipo lar e lectrodes on  th e  an sifo rm  
a n d  p a ra m e d ia n  lobu les. C on d itio n a l stim u lus, s t im u la tio n  o f r ig h t h ip pocam pus. T e s t s tim u lu s , 
f la s h  o f  lig h t. T im e e lap sed  be tw een  th e  tw o s tim u li ,  in  a lp h ab etica l o rd e r o f th e  p ic tu re s . 

20, 40, 60, 80, 100 m sec an d  response to  te s t  s tim u lu s , alone. T im e, 20 m sec
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Fig. 9. T h e  in te ra c tio n  of cerebellar p o ten tia ls  reco rd ed  w ith  b ipo lar electrodes on  th e  a n s i
fo rm  a n d  p a ra m e d ia n  lobules. C o n d itiona l s tim u lu s , s t im u la tio n  of left m o to r c o r te x .  T est 
s tim u lu s , s tim u la tio n  of rig h t h ip p o cam p u s. T im e elapsed  be tw een  th e  tw o s tim u li, in  a lp h a 
b e tica l o rd e r o f  th e  p ic tu res , 1, 5, 10, 15, 20, 30, 40, 60, 80, 100 msec. In  p ic tu re  (A ) th e

delay  is longer. T im e, 20 m sec

2. M otor cortex

B o th  c o rtex  an d  cerebe llar su b co rtica l nuclei p roduced  d e fin ite  ev o k ed  
p o te n tia ls  in  b o th  sensorim otor reg ions, w ith  th e  c o n tra la te ra l side g e n e ra lly  
show ing  h ig h e r am plitudes. S tim u la tio n  o f  th e  su b co rtica l nuclei p ro v e d  to  
be m ore  e ffec tive  (lower th re sh o ld ) th a n  th a t  o f th e  cortex .

3. A ssocia tion  cortex

E v o k e d  p o ten tia ls  could be p ro d u ced  on th e  co n tra la te ra l su p ra sy lv ia n  
gyrus o n ly  b y  s tim u la tin g  th e  d e n ta te  nucleus. S tim u la tio n  of th e  c e re b e lla r

5  A cta Pliyaiologica XXIV/3.
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F ig . 10. The effect on  th e  senso rim o to r co rtex  o f s t im u la tio n  of the  r ig h t d e n ta te  n u c leu s 
w ith  single im pulses. (A ) u p p e r  trac ing , left m e d ia n  su p ra sy lv ian  gyrus, low er trac in g , left 
p o s te r io r  sygm oid g y ru s. (B )  se ria l p ictu re  of ev o k ed  p o te n tia ls  recorded from  th e  asso c ia tio n  

c o r te x .  N o te  waxing and  w a n in g . T im e , 20 msec

c o r te x  was effective o n ly  in  some cases o f  s tim u la tio n  a t h ig h er in te n s itie s . 
S tim u la tio n  of th e  fa s tig ia l  nucleus p ro v ed  in e ffec tiv e  in m ost cases.

A  defin ite  r e c ru i tm e n t  [11, 12] was fo u n d  o n  th e  c o n tra la te ra l n eo co rtex  
(p r im a rily  associa tion  c o rte x ) w ith s tim u la tio n  o f the  d e n ta te  nucleus w ith  
freq u en c ies  of 6 — 10/sec. (F ig . 10).
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F ig . 11. T h e  effect o f s tim u la tio n  o f th e  cerebellum  (p y ram id ) w ith  serial s tim u li  (10 У , 0.1 
m sec, 100/sec) on th e  h ip p o cam p u s a n d  th e  m o to r co rtex . T h e  d u ra tio n  of s t im u la tio n  is 
in d ic a te d  b y  a  ho rizon tal line. A b b re v ia tio n s , L. H IP P ., le f t  h ip p o cam p u s; L . M O T., le ft 

m o to r c o r te x ; E . MOT., r ig h t m o to r co rtex .

1 2 0 0 p V  

\ lO O p V

R .M O T .
-mpP I lO O p V

F ig. 12. U p p e r trace : S tim u la tio n  o f cerebellum  (p y ram id ; 10 V , 0.1 m sec, 300/sec) fa ils  to  
in flu en ce  h ip p o cam p al seizure e lic ited  b y  s tim u la tio n  o f r ig h t h ip p o cam p u s. L o w er tra c e : 
A h ip p o ca m p al seizure m ay  be in te r ru p te d  by  s tro n g  cereb ella r s tim u la tio n  (o f th e  sam e 
lo cu s; 50 У , 0.1 m sec, 300/sec) a sso c ia ted  w ith  m o to r p h en o m en a. H o rizo n ta l lin e  in d ic a te s  
d u ra tio n  o f  s tim u la tio n . A b b re v ia tio n s , L . H IP P ., le f t h ip p o cam p u s; L. M O T., le f t m o to r 

c o r te x ; R . M O T., r i s h t  m o to r c o rte x

S tim u la tio n  o f  the cerebellum with repetitive s tim u li at rest and h ippocam pa l
seizure

1. A t rest

S tim u la tio n  of th e  ce reb e lla r co rtex  an d  th e  sub co rtica l n u c le i w as 
fo llow ed b y  d esy n ch ro n iza tio n  in  th e  m o to r c o rte x  w ith o u t o v e r t  so m atic  
m a n ife s ta tio n  (F ig. 11).

5*
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2. D u rin g  hippocam pal se izure

a )  S tim u la tion  p a ra m e te rs  p ro duc ing  d esy n ch ro n iza tio n  a t  re s t failed 
to  in flu en ce  n eoco rtica l e le c tr ic a l a c tiv ity  (F ig . 12, u p p e r trace ) .

b)  S trong  s t im u la t io n  producing  so m a tic  m an ife s ta tio n s  som etim es 
s to p p e d  th e  h ip p o cam p a l seizures (Fig. 12, low er trace).

D iscussion

T h ere  used to  b e  a considerable d isc re p a n c y  betw een  th e  d ifferen t 
a u th o r s  concerning th e  d is tr ib u tio n  of c e reb e lla r  evoked  p o te n tia ls . These 
c o n tro v e rs ie s  m ay be t r a c e d  b ack  to  the d iffe re n t an aes th e tic s  or p re p a ra tio n s  
u se d  in  th e  acute s tu d ie s . E v e n  the  physio logical n a tu re  of th e  v isu a l cerebellar 
e v o k e d  po ten tia l w as q u e s tio n e d  by  sev era l a u th o rs  [3, 14, 16, 21]. This 
a s s u m p tio n  was, h o w ev er, d isp ro v ed  by  F a d i g a  et al. [10], b y  d e m o n s tra tin g  
v is u a l evoked  p o te n tia ls  in  d iffe ren t areas o f  th e  cerebellum  (p y ram id , sim plex , 
c ru s  I  an d  II) even in  c u ra r iz e d  anim als.

C onsidering t h a t  th e s e  p o ten tia ls  c an  c o n s is te n tly  be reco rd ed  in  th e  
c h ro n ic  anim al, th e ir  p h y sio lo g ica l n a tu re  seem s to  be v a lid a te d .

T h e  fac t th a t ,  u n lik e  in  the  an aes th e tized  an im a l, in chronic p re p a ra tio n s  
n o  s t r ic t  localization  o f  th e  evoked  p o te n tia ls  cou ld  be found , does n o t seem 
to  b e  u nexcep tiona l, a s im ila r  phenom enon  o ccu rrin g  on th e  m o to r co rtex .

L a ten cy  tim es in  th e  acu te  and  ch ro n ic  p re p a ra tio n s  w ere generally  
fo u n d  to  be iden tica l. I t  is w ell-know n from  a c u te  ex p erim en ts  [21] th a t  the  
a m p litu d e s  of evoked  p o te n t ia ls  decrease w ith  deep en in g  an aes th es ia  w ith o u t 
a c h an g e  in la tency . M o reo v er, v isual p o te n tia ls  were found  to  be m ore 
se n s it iv e  th a n  acoustic  on es [29]. Sim ilar o b se rv a tio n s  h av e  been  m ad e  during  
b e h a v io ra l sleep in  c h ro n ic  experim en ts.

T here  are few d a ta  o n  th e  fu n c tiona l in te rd e p e n d e n ce  of th e  cerebellum  
a n d  th e  arch icortex . Co x e  an d  S n id e r  [7] re co rd ed  evoked  p o te n tia ls  on 
th e  cerebellum  on s t im u la t io n  of th e  c a u d a te  nuc leu s. The cerebe llar evoked 
p o te n t ia l  elicited b y  s tim u la tio n  of th e  h ip p o c a m p u s , as re p o rte d  in  th is  
s tu d y ,  is also suggestive o f  a fu n c tio n a l co n n ec tio n  betw een  these  tw o  system s.

T ak in g  in to  a c c o u n t th a t  in these  in te ra c tio n  stud ies th e  p o ten tia ls  
e lic ite d  b y  s tim u la tin g  th e  h ippocam pus b e h a v e d  in  th e  sam e m an n e r as 
p o te n t ia ls  of o ther m o d a lit ie s , th e  a ssu m p tio n  seem s ju s tified  th a t  th e  sam e 
c e re b e lla r  elem ents a re  in v o lv e d  in  b o th  cases.

I t  should be e m p h a s iz e d  th a t ,  in  c o n tra d is tin c tio n  to  th e  recip rocal 
re la tio n sh ip  betw een  m o to r  co rtex  and  ce reb e llu m  [8 , 9, 17], a d e fin ite  one
w a y  connection  has b e e n  fo u n d  betw een th e  h ip p o cam p u s  and  th e  cerebellum . 
I n  v iew  of the  lim ited  n u m b e r  of d a ta  a t  o u r d isp o sa l it  w ould seem  to o  early  
to  an a ly z e  the  fu n c tio n a l significance of th is  one-w ay  connection .
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I t  has been es tab lish ed  b y  I w at a  an d  S n i d e r  [18] th a t  in  a c u te  con
d itio n s h ip p o cam p a l se izu res can  he s to p p ed  b y  cerebe llar s t im u la tio n . This 
f in d in g  could  n o t d e fin ite ly  be su p p o rte d  in  th e  p re se n t s tu d y . I t  w as only  
in  a few cases th a t  h ip p o cam p a l seizures could be  co n tro lled  w ith  v e ry  s tro n g  
s tim u la tio n s  p ro d u c in g  u n u su a l m o to r acco m p an im en ts .

T he g e n e ra to r w as designed  a n d  c o n s tru c ted  b y  en g ineer L . K e l l é n y i , o f th e  e lectro n ic  
la b o ra to ry  of th e  In s t i tu te .

T he a u th o rs ’ th a n k s  are  due  to  Mrs. I. S a l a m o n , o f th e  I n s t i tu te  o f A n a to m y , for 
p re p a ra tio n  of th e  slides, an d  to  M r. I. V a d á s z , o f th e  In s t i tu te  o f P h y sio lo g y , fo r  h e lp  in  th e  
d o c u m e n ta tio n .
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ELECTROPHYSIOLOGICAL AND PHARMACOLOGICAL 
ANALYSIS OF THE EFFECT OF ADRENALINE AND  

NORADRENALINE ON THE INHIBITORY MECHANISM 
OF THE POSTERIOR ADDUCTOR IN 

LAMELLIBRANCHIATA
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A. P u p p i

INSTITUTE OF PHYSIOLOGY, MEDICAL UNIVERSITY, PÉCS 

(R eceived A pril 8, 1963)

1. A lth o u g h  pharm aco log ica l doses o f a d re n a lin e  red u ce  th e  tone of th e  p o s te r io r  
a d d u c to r  in Lamellibranchiata, th e  presence o f  th is  su b stan ce  in m olluscs h a s  n o t  
been  sa tis fac to rily  p ro v ed , so th a t ,  in  th e  p re se n t s ta te  o f ou r know ledge, th e r e  is no 
ju s tif ic a tio n  fo r th e  s ta te m e n t th a t  ad renaline  a c ts  as in h ib ito r  un d er p h y sio lo g ica l 
cond itions.

H ig h  c o n ce n tra tio n s  (1 m g/m l) of th e  d ru g  in h ib it ,  low co n cen tra tio n s  (0.001 
m g/m l) p e rm a n e n tly  in crease , th e  b ioelectric  a c t iv i ty  o f th e  ganglia.

2. As reg ard s  its  effect, no rad ren a lin e  is q u a li ta t iv e ly  equal and q u a n t i ta t iv e ly  
in ferio r to  ad ren a lin e .

3. D ih y d ro e rg o to x in  c o u n te rac ts  th e  in h ib i to ry  e ffec t of ad renaline  b e fo re , b u t  
fails to  do so a f te r , th e  tran sec tio n  of th e  co n n ec tiv e . I t  is, therefore, p re su m e d  t h a t  
th e  ad ren erg ic  effec t g rad u a lly  d im inishes w h en  th e  connection  be tw een  th e  tw o  
gang lia  is in te r ru p te d .

T h e  fa c t th a t  physio logical c o n ce n tra tio n s  o f  ad renaline  increase b io e le c tr ic  
a c tiv ity , w hile d ih y d ro erg o to x in  decreases i t ,  p o in ts  to  a n  an tagonism  b e tw e e n  th e  
tw o su b stan ces .

W e h av e  re p o rte d  earlie r [9] on e x p e rim e n ts  in  w hich th e  g a n g lia  o f 
m olluscs w ere t r e a te d  w ith  acety lcho line , 5 -h y d ro x y try p ta m in e , c u ra re , 
n ico tine , m o no iodoacetic  acid , an d  2 ,4 -d in itro p h en o l, an d  th e  effect o f  su ch  
tre a tm e n ts  on th e  to n e  o f  th e  poste rio r a d d u c to r  was stud ied . R e s u lts  so 
o b ta in ed  h av e  in d u ced  us to  analyze th e  ca tech o lam in erg ic  m ech an ism .

D a ta  are  scarce reg a rd in g  th e  presence o f  ad ren a lin e  in  m o llu scs , n o r  
do we know  th e  physio log ica l significance o f  a d re n a lin e  on th a t  scale  o f  th e  
ph ilogenetic  la d d e r. S evera l au th o rs  have  re p o r te d  on  th e  presence of a d re n a lin e  
and  em p h asized  its  physio log ical sign ificance [1, 2, 5, 7, 10, 12], a n d  ev en  
th e  p resence o f n o rad ren a lin e  in  Octopus vu lgaris  h a s  been d e m o n s tra te d  [3 ] .

Method

T he to n e  of th e  p o ste rio r  ad d u c to r m uscle a n d  th e  m ech an ism  of its in h ib i t io n  s ta n d  
u n d e r th e  re g u la tio n  of th e  c e reb ra l and  v isceral g ang lia . M y o g rap h y  was used for e s ta b lish in g  
th e  ro le o f th e  in d iv id u a l e lem en ts , while a  s im u ltan eo u s re g is tra tio n  of the  b io e lec tric  a c t iv i ty  
o f th e  cereb ra l a n d  v iscera l ganglia  served  for th e  a n a ly s is  o f neu ra l ac tiv ities.

W e a tta c h e d  th e  p o ste rio r  va lve  (sep ara ted  fro m  th e  a n te rio r  ad d u cto r) to  th e  p en  
arm  o f a k y m o g rap h  w hich  reco rd ed  th e  processes o ccu rrin g  in  th e  posterio r a d d u c to r . B ip o la r  
silver e lectrodes w ere used  fo r record ing  th e  a c tio n  p o te n tia ls  o f th e  cerebral a n d  v isce ra
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g a n g lia  b y  m eans of a n  in k -w ritin g  oscillograph. T h e  a c t iv ity  of the  cereb ra l g a n g lio n  was 
re c o rd e d  from  th e  cereb ro v isce ra l connective, t h a t  o f  th e  visceral ganglion  fro m  th e  m o to r 
f ib re s  ru n n in g  to  th e  p o s te rio r  ad d u c to r. The o b je c tio n  m a y  arise th a t,  w ith  th is  a rra n g e m e n t, 
th e  e f fe c t o f  su bstances a p p lied  to  the  cerebral g a n g lio n  is im paired  b y  e v e n tu a l  im pulses 
c o n d u c te d  b y  th e  c o n n ec tiv e  fro m  th e  visceral to  th e  c e re b ra l ganglion, or t h a t  — if  th e  su b 
s ta n c e  is app lied  to  th e  v isce ra l ganglion — th e  n e rv e s  ru n n in g  to th e  m uscle a lso  c o n ta in  
f ib re s  w h ich  pass to  th e  p o s te r io r  adducto r w i th o u t  in te rru p tio n . I t  shou ld , h o w ev er, be 
re m e m b e re d  th a t  we are  co n ce rn ed  here w ith  d e v ia tio n s  fro m  th e  norm al e lec tro g ram s, fu r th e r , 
t h a t  d is tu rb a n c e s  o f th e  sa id  k in d  are quite  as lik e ly  to  occur in the case o f g an g lio n ic  leads. 
T h e  a m p lify in g  frequencies v a r ie d  from  0.2 to  75 H z.

T h e  chem ically  ac tiv e  a g e n t (0.1 ml of 1 m g /m l, o r  0.001 m g/m lconcn. so lu tio n s  pe r 10 g 
b o d y  w e ig h t) , was ab so rb ed  on  c o tto n  sw abs, a n d  th e s e  w ere placed on th e  c e re b ra l or th e  
v is c e ra l  ganglion . T he c irc u la tio n  o f th e  anim als re m a in e d  no rm al th ro u g h o u t th e  ex p erim e n ts . 
S in ce  th e  v isceral gang lion  is n e a r  to  the p o s te rio r  a d d u c to r , swabs p laced  on  th e  fo rm er 
s t r u c tu r e  ex erted  p ressu re  o n  th e  la tte r.

A  slide in d u c to r (4 Y ) w as em ployed fo r th e  re f le x  stim u la tio n  of th e  m u sc le . T he 
s t im u la t in g  e lectrodes w ere  p lac ed  on the  p o ste rio r m a rg in  of the  m an tle  w h ich  a b o u n d s  in 
n e rv e  en d ings.

T h e  m y o graph ic  tra c in g s  were com pared to  c o n tro l curves, while m u sc u la r  changes 
w ere  e v a lu a te d  on th e  ev id en ce  of tim e c h a ra c te ris tic s .

Results
M yo g ra p h ic  observations

A d rena line . W e a p p lie d  th is d rug  in  a co n cen tra tio n  of 0.001 m g/m l to  
th e  v isc e ra l ganglion (m uscle) in  the  f irs t g ro u p  o f  experim en ts. O n s tim u la tio n , 
th e  a m p litu d e  of c o n tra c tio n s  becam e 19 p e r  c e n t less th a n  in  th e  co n tro ls .

| ii i i i i i i i | i i i i i i in |

F ig . 1. C o n tro l m yogram  o f p o s te r io r  ad d u cto r (p h y sio lo g ica l saline app lied  to  v isc e ra l g an g 
lio n ). T h e  f i r s t  line (in  all fig u res )  ind ica tes s t im u la tio n , th e  second in d ica tes  tim e  (sec). The 
c y lin d e r  w as s topped  a f te r  s t im u la tio n . The a rro w  sh o w s th e  division of th e  c o n n ec tiv e . T he 
c h a r a c te r  “ T ”  m eans th e  f in a l  leve l o f to n ic ity . T h e  c y lin d e r  was re s ta r te d  fo r a s h o r t  tim e

a f te r  spontaneous c o n tra c t io n s
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F ollow ing  s tim u la tio n  for 20 m in ., th e  to n e  began  to  w eaken  n o rm a lly , lin t 
re la x a tio n  te rm in a te d  76 p e r c en t sooner th a n  in  th e  con tro ls . T h e  to n e  w as 
likew ise w eak er a fte r  th e  d iv is io n  o f  th e  con n ec tiv e , in  o th e r  w ords th e  level 
o f to n e  m u ltip lied  w ith  th e  tim e  o f  to n e -d ev e lo p m en t gave a p ro d u c t w hich  
w as h ig h e r th a n  th e  co rrespond ing  v a lu e  in  th e  co n tro ls , in d ica tin g  an  in te n 
sifica tio n  o f  th e  te ta n ic  co m p o n en ts  (F ig . 2). (F ig . 1, con tro l.)

X L
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F ig . 2. M yogram  of posterio r a d d u c to r  a f te r  ap p lica tio n  o f ad ren a lin e  (co n cen tr. 0.001 n ig/m l)
to  th e  v iscera l ganglion

A fte r  tra n se c tio n  a d re n a lin e  in d u ced  th e  ap p e a ra n ce  o f sp o n ta n e o u s  
rh y th m ic ity .

H ig h  co n cen tra tio n s o f  ad re n a lin e  (1 m g/m l) caused  a s till m o re  p ro 
n o u n ced  in h ib itio n . Follow ing s tim u la tio n  for 20 m in ., re la x a tio n  o f  th e  m uscle 
b eg an  51 p e r cen t, and  te rm in a te d  35 p er cen t, sooner th a n  in  th e  co n tro ls .

In h ib itio n  b y  ad ren a lin e  o f  th e  to n ic ity  w as especially  m a rk e d  a fte r  
th e  tra n se c tio n  o f th e  ce reb ro v iscera l connective . T his su p p o rts  th e  th e o ry  
th a t  th e  in h ib ito ry  effect o f  a d re n a lin e  is p ro p o rtio n a l to  th e  in te n s if ic a tio n  
o f to n ic ity . A fte r tra n se c tio n  o f  th e  connective , th e  to n e  w as 370 p e r  cen t 
w eak er th a n  in  th e  u n tre a te d  specim ens, in  o th e r  w ords, th e  lev e l o f  to n e  
in  m m -s m u ltip lied  w ith  th e  tim e  o f to n e -d ev e lo p m en t in  m in u te s  g a v e  such 
a p ro d u c t.

A p p lica tio n  of ad ren a lin e  to  th e  cereb ral ganglion  p ro d u ced  th e  fo llow ing 
changes in  th e  poste rio r a d d u c to r .
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A fte r s tim u la tio n  fo r  20 m inu tes w ith  ad ren a lin e  a t  a c o n c e n tra tio n  
o f  1 m g/m l, re la x a tio n  o f  th e  m uscle b eg a n  103 p er cen t, an d  te rm in a te d  
62 p e r  cent, la te r  th a n  in  th e  contro ls. T h is  te n d e n c y  did  n o t change a fte r  
d iv is io n  of the  c o n n e c tiv e . T on ic ity  was 39 p e r  cen t s tro n g e r th a n  norm al. 
T h e  re su lts  were less u n e q u iv o c a l a t low er c o n c e n tra tio n s  (0.001 m g/m l). In h i 
b i t io n  occurred  in  m o s t cases. Sa l a n k i [ И ]  o b se rv ed  on ly  in h ib itio n  a t  such  
c o n c e n tra tio n s . G e n e ra lly  speak ing , a d re n a lin e  app lied  c e n tra lly  affec ts th e  
p o s te r io r  ad d u c to r less in te n s iv e ly  th a n  i f  i t  is a p p lie d  to  th e  v iscera l ganglion, 
i.e . w h en  it  acts d ire c t ly  u p o n  th e  m uscle.

Noradrenaline. A p p lic a tio n  of th is  a g e n t to  th e  p o ste rio r n eu ro m u scu la r 
a p p a r a tu s  a t a c o n c e n tra t io n  of 0.001  m g /m l fo r  20  m in u te s  decreased  th e  
a m p li tu d e  of c o n c e n tra tio n s  m arked ly , w hile no  su ch  effect w as p ro d u ced  a t  a 
c o n c e n tra tio n  of 1 m g /m l. B o th  co n cen tra tio n s d ecreased  th e  m uscle’s to n ic ity .

R elax a tio n  — a f te r  s tim u la tio n  for 20 m in . a t  a co n cen tra tio n  of 1 m g/m l 
b e g a n  98 per cen t so o n er, a n d  te rm in a ted  36 p e r  c e n t la te r , th a n  in th e  con tro ls. 
T h e  correspond ing  f ig u re s  a t  a co n cen tra tio n  o f  0.001 m g/m l w ere 97 an d  
51 p e r  cen t re sp ec tiv e ly .

I t  was only a t  a c o n c e n tra tio n  of 1 m g /m l th a t  a decrease in  to n ic ity  
c o u ld  be  observed a f te r  th e  division of th e  co n n ec tiv e , b u t  even th is  effect 
w as m u c h  less p ro n o u n ced  th a n  th a t  ex erted  b y  a d ren a lin e . Low co n cen tra tio n s  
(0 .0 0 1  m g/m l) of n o ra d re n a lin e  h ad  no effect a f te r  tra n se c tio n  of th e  connec
t iv e .  T h e  effect o f n o ra d re n a lin e  on th e  m u sc le  e lem ents o f v e r te b ra te s  is 
lik ew ise  w eaker th a n  t h a t  o f  adrenaline.

I f  n o rad renaline  w as ap p lied  to  th e  c e re b ra l ganglia , re la x a tio n  began  
98 p e r  cen t, and  ceased  141 per cen t, la te r  th a n  n o rm ally , a p h enom enon  
in d ic a tiv e  of an  in c rea se  in  to n ic ity  of th e  p o s te r io r  a d d u c to r, an d  p o in tin g  
to  a decrease in  a c t iv i ty  o f  th e  cerebral g an g lia .

T o n ic ity  in c reased  b y  112 per cen t a f te r  tra n se c tio n  of th e  connec tive , 
a p h en o m en o n  w hich  sh o w s th a t  a p re lim in a ry  in h ib itio n  of th e  cerebral 
g a n g lio n  increases th e  r a te  a t  which th e  to n e  is develop ing  in  th e  po ste rio r 
a d d u c to r  after th e  tra n s e c tio n .

D ihydroergotoxin. D ih y d ro e rg o to x in  ( S P O F A ,  P rag u e) was app lied  in  
a s o lu tio n  of 0.1 p e r c e n t , fo r  th e  fu rth e r  a n a ly s is  o f th e  supposed  effect of 
a d re n a lin e  and n o ra d re n a lin e .

A pp lied  to  th e  v is c e ra l ganglion, th e  d ru g  decreased  to n ic ity  in  th e  
p o s te r io r  ad d u c to r b e fo re , a n d  failed to  do so a f te r , tra n se c tio n  o f th e  con
n e c tiv e . R elax a tio n , fo llo w in g  stim u la tio n  fo r  20 m in ., beg an  200 p e r cen t 
(c o u n tin g  from  100 p e r  c e n t) , and  ceased 14 p e r  cen t, sooner th a n  in  th e  
c o n tro ls . R e laxa tion  m o s tly  assum ed th e  fo rm  o f th e  pessim um  reac tio n  
(g ra d u a l change of c o n tra c t iv e  effect in to  in h ib itio n ) , and  th e  second op tim um  
fa ile d  to  appear (ren ew ed  con trac tio n s). A p p lied  to  th e  cereb ra l ganglia, 
d ih y d ro e rg o to x in  p ro d u c e d  no  such m ark ed  ch an g es .
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Bioelectric observations

A drenaline. T here  are  num erous lite ra ry  d a ta  to  show th a t  th e  effect 
o f  ad ren a lin e  in  th e  n eu ra l e lem en ts is d iphasic : i t  s tren g th en s  a c tio n  p o te n 
tia ls  in  th e  f irs t , and  w eakens th e m  in th e  second  phase . These d a ta  refer, 
o f  course, to  an im als o th e r  th a n  Lam ellibranchiata.
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F ig. 3. A ction  p o ten tia ls  in  th e  c e reb ra l ganglion  a f te r  a d ren a lin e  tre a tm e n t:  a =  co n tro l; 
b =  a t  a co n ce n tra tio n  o f  0.001 m g/m l; c =  a t  a co n ce n tra tio n  of 1 m g /m l

A d rena line  a t a c o n c e n tra tio n  of 0.001 m g /m l app lied  to  th e  cereb ral 
ganglion p ro m p tly  in ten s if ied  b ioelectric  a c t iv i ty  in  th e  cereb ro v iscera l con
n ec tiv e  (F ig . 3b, F ig . 3a co n tro l). T he h igh osc illa tions rem ained  u n ch an g ed  
fo r a long tim e.

A ction  p o ten tia ls  becam e  likew ise s tro n g e r in  th e  fib res of th e  viscero- 
e ffe ren t nerve  (viz. th e  n e rv e  ru n n in g  from  th e  v iscera l gang lion  to  th e  
ad d u c to r) synch ro n o u sly  w ith  th e  im pulse b u rs ts  o f th e  co n n ec tiv e , while 
th e re  ap p ea red  th e  slow w aves ch a rac te ris tic  o f th e  v isceral gang lion . T hus, 
low co n cen tra tio n s  o f a d ren a lin e  reinforced  im p u lse  fo rm ation  in  b o th  th e  
cereb ra l ganglion an d  th e  v isceroefferen t nerve .

A p p lica tion  o f ad ren a lin e  a t  low c o n c e n tra tio n s  gave s im ila r re su lts .
H igh  co n cen tra tio n s  (1 m g/m l), w h e th e r ap p lied  to  th e  ce reb ra l o r th e  

v iscera l ganglion, in h ib ite d  b io p o ten tia ls  a lm o s t com pletely  (F ig . 3c). I t
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fo llo w s th a t  in  m olluscs a d re n a lin e  has e ith e r  n o  d iphasic  effect o r, else, th a t  
th e  f i r s t  phase is v e ry  s h o r t  on app ly ing  h ig h  co n cen tra tio n s a n d  is over 
b e fo re  oscillographic re c o rd in g  becom es o p e ra tiv e .

Noradrenaline. T h e  a c tio n  p o ten tia l in  th e  co nnective  show ed  a m ark ed  
r e d u c t io n  after t r e a tm e n t  o f  th e  cerebral g an g lio n  w ith  a c o n c e n tra tio n  of 
1 m g /m l (Fig. 4b, F ig . 4 a  c o n tro l) . This re d u c tio n  w as a p p a re n tly  accom pan ied  
b y  a n  in h ib ition  o f a c tio n  p o te n tia ls  in  th e  v iscero efferen t n e rv e , a lth o u g h
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F ig . 4. A ction  p o ten tia ls  in  c e re b ra l (above) and  v isc e ra l (below ) ganglia  a f te r  t r e a tm e n t  
w i th  n o rad ren a lin e  a t  a c o n c e n tra t io n  of 1 m g/m l: a =  c o n tro l; b —  a p p lied  to  cereb ra l

ganglion

th e  p h en o m en o n  w as r a th e r  w eak . Low c o n c e n tra tio n s  of n o rad ren a lin e  caused  
a  la s t in g  increase o f a c t iv i ty .

Dihydroergotoxin a n d  dihydroergotam ine. O f th e se  substances 0.1 p e r cent 
s o lu tio n s  were app lied . T h e  ap p lica tio n  of d ih y d ro e rg o to x in  to  th e  cereb ra l 
g a n g lio n  lasting ly  d e c rea sed  (w ith  a delay o f  70 to  80 sec.) th e  p o te n tia ls  of 
th e  co n n ec tiv e  in  re sp e c t o f  b o th  frequency  a n d  am p litu d e  (F ig . 5b , F ig . 5a 
c o n tro l) .  The decrease in  th e  a c tiv ity  of th e  ce re b ra l ganglion w as accom pan ied  
b y  a s lig h t decrease in  im p u lse  conduction  in  th e  v isceroefferen t n erv e .

A pplica tion  of d ih y d ro e rg o to x in  to  th e  v isce ra l ganglion gave  sim ilar 
r e s u lts  w ith  the  d ifference  t h a t  th e  delay  w as lo n g e r in  th is  case. I t  would 
follow^ th a t  d ih y d ro e rg o to x in  diffuses in to  th e  n e rv o u s  tissues a t  a slow ra te  
(F ig . 5c).

A p p lica tion  o f d ih y d ro e rg o ta m in e  y ie ld e d  sim ilar, th o u g h  less p ro 
n o u n c e d , results. A n in c re a se  in  th e  action  p o te n tia ls  was observed  in  a few 
e x c e p tio n a l cases.
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T he fac t th a t  low  (physio logical) c o n c e n tra tio n s  o f ad ren a lin e  in ten sify , 
w hile d ih y d ro erg o to x in  red u ces, b ioelectric  a c t iv i ty , p o in ts  to  an  an tag o n ism  
b e tw een  th e  tw o su b stan ces .
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F ig . 5. A ction  p o ten tia ls  in  ce reb ra l (above) an d  v iscera l (below ) ganglia  a f te r  t r e a tm e n t 
w ith  0.1 pe r cen t so lu tio n  o f d ih y d ro erg o to x in : a =  c o n tro l; 6 =  app lied  to  c e reb ra l ganglion:

c =  ap p lied  to  v iscera l g ang lion

Discussion

M yographie an a ly sis  has show n th a t  a d ren a lin e , app lied  to  th e  v isceral 
ganglion , decreases th e  a m p litu d e  of c o n tra c tio n s  as well as to n ic ity  in  th e  
p o ste rio r  ad d u c to r, a n d  th a t  th e  in te n s ity  o f th is  effect is p ro p o rtio n a l to  
th e  c o n cen tra tio n  o f th e  d ru g . This in  our o p in ion  is due to  t h a t  ad rena line  
a t  low  co n cen tra tio n s , i f  ap p lied  to  th e  v iscera l gang lion , decreases to n ic ity  
b y  ac tin g  d irec tly  on th e  m uscle, w hereas th is  e ffec t is c o u n te ra c ted  b y  th e  
increased  a c tiv ity  o f  th e  v iscera l ganglion. T h e  a c tiv i ty  of th e  v isce ra l ganglion 
is in h ib ite d  a t h igh  c o n cen tra tio n s , so th a t  on ly  th e  d irec t in h ib ito ry  effect 
rem ain s in  force.

T he ton ic  co m p o n en t o f th e  c o n tra c tio n s  is well p ro n o u n ced ; th e  
afo re -m en tio n ed  w eakness o f to n ic ity  m an ifests  itse lf  th ro u g h  th e  ra p id ity
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o f  re la x a tio n s  and th e ir  n o n - to n ic  ch a rac te r. T h is w ould  su p p o rt th e  a ssu m p 
t io n  o f  B ülbring  an d  B u r n  [2] th a t  th e  a c tio n  o f ad ren a lin e  consisted  
e s s e n tia l ly  in  re s to rin g  th e  in i t ia l  ionic a sy m m e try . I f  th is  a s su m p tio n  is 
c o r re c t ,  adrenaline is ju s t i f ie d ly  reg a rd ed  as a fa c to r  of to n e  in h ib itio n . T he 
th e o r y  is supported  b y  th e  o b se rv a tio n  of Si n g h  [14] th a t  low  c o n c e n tra tio n s  
o f  a d re n a lin e  suffice to  ca u se  in h ib itio n  i f  th e  m uscle  is c o n tra c te d , w hile 
h ig h e r  co ncen tra tions a re  re q u ire d  to  p ro d u ce  th e  sam e effect i f  th e  m uscle 
is r e la x e d .

R h y th m ic ity  (in crease o f  irr itab ility ) a fter  tran section  o f  th e  co n n ec tiv e  
a n d  in te n s ifica tio n  o f  p h a s ic  p rop erties is p resu m a b ly  due to  th e  sam e b io 
c h e m ic a l processes as are a t  p la y  w hen  ad ren alin e acts on tired  m u sc les  (v ia  
th e  sy m p a th e tic  a p p a ra tu s), a p h en om en on  w h ich  en ab led  G in e t s in s k y  and  
O r b e l i  to  elucidate th e  a d a p tiv e -tr o p h ic  a c t iv ity  o f  th e  a u to n o m ic  n ervou s  
s y s t e m .

Z h u k o v  [15], in  h is w o rk  “ In v estig a tio n s  concern ing  th e  to n ic ity  o f 
s k e le ta l  m uscles” , conc ludes as follow s: “ T he w o rk in g  process, as also neu ro - 
h u m o ra l  ad ap tiv e -tro p h ic  in flu en ces , m ay  p ro d u ce  g rea te r or lesser changes 
in  t h e  c h a ra c te r  of th e  a c t iv i ty  o f th e  a p p a ra tu s . T h e  te ta n ic  a p p a ra tu s  m ay  
a s s u m e  to n ic  p roperties, a n d  th e  m o b ility  o f to n ic  e lem ents m a y  increase . 
I t  s h o u ld  be noted  th a t  su c h  a reo rg an iza tio n  is confined  to  c e r ta in  lim its , 
a n d  t h a t ,  in th is process, th e  d iap aso n  o f th e  te ta n ic  e lem ents d iffers  from  
t h a t  o f  th e  tonic e le m e n ts .”

S im ilar  ton otrop h ic  e f fe c t  o f  ca tech o la m in es w as es ta b lish ed  b y  L e b e - 
DINSKAJA and StRELITSOVA [6 ].

I t  is, of course, u n d e n ia b le  th a t  li te ra ry  d a ta  refe r to  a d re n a lin e  as a 
s u b s ta n c e  affecting to n ic i ty  o n ly  in  resp ec t o f th e  ske le ta l m uscles o f h ig h er 
a n im a ls .  O ur observa tions in  m olluscs w ould  allow  th e  conclusion  t h a t  a d re n 
a lin e  p ro d u ces an o p p o site  e ffec t a t  th is  low  ph y lo g en e tic  level.

A lth o u g h  it  is e v id e n t t h a t  p h arm aco lo g ica l doses of a d ren a lin e  in h ib it 
th e  to n ic i ty  of the  p o s te r io r  a d d u c to r  in  Lam cllibranchia ta , i t  w ou ld  n o t be 
ju s t i f ie d  to  affirm  th a t  th e  d ru g  is responsib le  fo r to n e  in h ib itio n  u n d e r 
p h y s io lo g ic a l conditions, s in ce  its  presence in  m olluscs has n o t b een  p roved  
s a tis fa c to r ily .

A s regards th e  d iffe ren ces  b e tw een  a d ren a lin e  an d  n o ra d re n a lin e , th ese  
s u b s ta n c e s  are sim ilar in  ch em ica l com position  as also in  re sp e c t o f th e ir  
p h y s io lo g ic a l effect. W e h a v e  seen th a t  th e y  in flu en ce  m u scu la r  p rocesses 
in  t h e  Lam ellibranchiata  s im ila r ly  from  a q u a lita tiv e  p o in t o f v iew , a n d  th a t  
th e  a c t io n  of n o rad ren a lin e  is  ju s t  som ew hat w eak er. C atecho lam ines b eh av e , 
th u s ,  id en tica lly  in  L am ellib ranch ia ta  and  in  h ig h e r an im als.

D ih y d ro erg o to x in  c a u se d  a p ronounced  in h ib itio n  of to n ic i ty  as long 
as t h e  connective rem a in ed  in ta c t .  I t  is, on th e  o th e r  h an d , k n o w n  t h a t  c a te 
c h o la m in e s  likewise d ec rea se  to n ic ity , an d  th a t  th e y  do so even  a f te r  th e
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division  of th e  con n ec tiv e . In  c o n trad is tin c tio n  to  d ihy d ro erg o to x in , a d re n a lin e  
ac ts  m ore  v ig o ro u sly  a f te r  th e  tran sec tio n , a p h en o m en o n  p re su m a b ly  due  
to  th a t  ad ren a lin e  affec ts to n ic ity , and  d ih y d ro e rg o to x in  inh ib its  te ta n is m  
in th e  f irs t place.

I t  is n o te w o rth y  th a t  w hen  — a fte r th e  tra n s e c tio n  of the c o n n e c tiv e  — 
th e  te ta n ic  p ro p e rtie s  g ra d u a lly  d isappear, th e  m a rk e d  inh ib ito ry  a c tio n  of 
d ih y d ro e rg o to x in  likew ise d isap p ears . I t  w o u ld  follow  th a t  th e  a d re n e rg ic  
effect g rad u a lly  d im in ishes a f te r  th e  cereb ral a n d  v isceral ganglia h a v e  b een  
d isconnec ted . P ro v id ed  th is  is tru e , th e  to n ic i ty  o f th e  posterio r a d d u c to r  
o bserved  a f te r  d iv ision  o f th e  connective is p a r t ly  due to  a q u a n t i ta t iv e  
d im in u tio n  o f th e  ca tech o lam in es a t  p lay  th e r e .  T h is assum ption  w ill h a v e  
to  be verified  b y  b iochem ica l investig a tio n s n o w  in  progress.

T h e  p re sen t ex p erim e n ts  w ere carried  o u t in th e  P h y s io lo g ica l In s titu te  o f th e  Z h d a n o v  
U n iv e rs ity , L en ingrad .
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THE IMPORTANCE OF CASE SELECTION IN 
CARIES-SALIVA STUDIES
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(R ece iv ed  N o vem ber 19, 1962)

In  1961, th e  a u th o rs  cou ld  d e m o n s tra te  s ig n ifican t differences in  sa liv a ry  p H  
an d  b u ffe r  cap ac ity  b e tw een  se lec ted  young  in d iv id u a ls  free from  caries  a n d  young  
su b je c ts  w ith  m ultip le  caries.

One y ear la te r  b o th  g ro u p s  w ere re -ex am in ed , to g e th e r w ith  th e  e x a m in a tio n  
of a g ro u p  com posed of y o u n g , caries-free fem ales. T h e  te s ts  were m ade  on  th re e  con
secu tiv e  days, a fte r fa s tin g  a n d  a f te r  th e  m id d ay  m eal, for oxygen co n su m p tio n , acid  
p ro d u c tio n , oral p H  a n d  b u ffe r  c ap a c ity  o f th e  sa liv a .

As reg ard s oxygen  co n su m p tio n s, th e  fa s tin g  v a lu es were closely s im ila r  in  th e  
caries-free  and  c a ries -res is tan t g ro u p s, w hereas s ig n ifican tly  h igher v a lu es w ere o b ta in e d  
in  th e  caries-active  g roup . As to  th e  v a lues a fte r  lu n ch  in  th e  caries-free g ro u p  a m o u n te d  
to  th e  h a lf  of th e  fa s tin g  one, in  th e  caries g ro u p  th e y  show ed a  s lig h t decrease  ( th e  
caries-free  fem ales cou ld  n o t  be te s te d  in  th e  a fte rn o o n ).

A cid p ro d u c tio n  a n d  oxy g en  co n su m p tio n  d id  n o t alw ays ru n  p a ra lle l. T he 
p H  o f th e  cu ltu re  m ed iu m  v a rie d  fro m  p H  4.70 to  p H  3.70 in  th e  te s ts . A cid  p ro d u c tio n  
w as as a ru le  h igher in  th e  caries g ro u p  th a n  in  th e  caries-free an d  c a r ie s -re s is ta n t 
g roups.

S a liv a ry  pH . O w ing to  th e  low er p H  v a lu e s  fo r th e  caries-free su b je c ts , th e  
d ifference  betw een  th e  caries-free  an d  caries g ro u p s w as sm all (pH  0.25), th e  va lues 
fo r th e  caries-res is tan t g ro u p s  w ere be tw een  th e  tw o . T he afte rn o o n  v a lu e s  o f  th e  
good a n d  bad  tee th  g ro u p s w ere so m ew hat in creased .

In  a prev ious p a p e r [3] we h av e  re p o rte d  on sign ifican t d ifferences in  
p H  an d  b u ffe r cap ac ity  o f  th e  m orn in g  sa liva  b e tw een  caries-free a n d  caries- 
a c tiv e  y o u n g  m ales. T hese  te s ts  w ere p erfo rm ed  d u ring  th e  la s t  d ay s of 
M ay, 1961.

In  accordance w ith  o u r p lan s, we re -ex am in ed  b o th  g roups d u rin g  th e  
f ir s t  day s o f M arch, 1962.

In  th e  caries-free g ro u p  tw o  m em bers w ho h ad  left th e  a rea  h a d  to  be 
rep laced  from  th e  large g ro u p  we h a d  o rig ina lly  selected  th e  su b je c ts  from . 
In  th is  g roup  No. 14 tu rn e d  caries-ac tiv e  (2 ap p ro x im al caries), th e  te e th  
o f  th e  o th e r  4 sub jec ts  re m a in e d  in ta c t.  In  ad d itio n , we ex am in ed  a g roup  
o f  y o u n g  fem ale sub jec ts  free  o f caries, as co n tro ls  fac ilita tin g  co m p ariso n . 

In  th e  m em bers o f th e  caries g roup , 3 or m ore new  caries w ere  fo und . 
In  th e  ex p erim en ta l g ro u p s th e  saliva s tu d ie s  were done tw ic e  da ily , 

m o stly  on th ree  successive d ay s , before b re a k fa s t, and  a fte r lu n c h . In  th e  
co n tro l (caries re s is tan t) g ro u p  on ly  th e  m orn in g  values could be d e te rm in e d . 

T h e  follow ing te s ts  w ere m ade.
1. O ral sa livary  p H .
2. S a liv a ry  buffer c a p a c ity  in  vitro.
3. S a liv a ry  oxygen co n su m p tio n  (by th e  W arb u rg  te c h n iq u e ).

6  Acta Physiologica XXIV/3.
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4 . Salivary  ac id  p ro d u c tio n  (by S n y d e r ’s m eth o d  an d  p H  d e te rm in a 
tio n ) .

T he m ethods e m p lo y e d  have  been  d esc rib ed  in  deta il [3].

pH

1.0 -

6 .5 -

6 .0 -

5.54

5.0 -

sa liv a

4

Í Î
t

T1

Î

---  ia.pH morning
--------io.pH afiernoon

--- BC morning
..... BC afternoon
® average o f alt values

T
!

Í
4 1

î

<V C2) (31

F ig . 1. R e la tio n  of in tra o ra l ly  d e te rm in ed  sa liv a -p H  a n d  sa liv a  buffering  c a p a c ity  (BC). 
1962 e a r ly  M arch values. (1) A v e rag es of six y o u n g  w o m en  co n tro l cases —  caries free. 
(2) A v erag es o f five se lec ted  c a r ie s  free cases. (3) A v erag es o f f iv e  selected m u ltip le x  caries

cases

R esults

1. T he d a ta  fo r o ra l sa liv ary  pH  an d  b u ffe r  cap ac ity  are  p resen ted  
in  T a b le  I  (a, b and  c), w ith  th e  m eans for each  g roup  show n in F ig . 1. The 
m o rn in g  values w ere s im ila r  in  th e  caries-free a n d  carie s-res is tan t groups, 
T h e  la t te r  y ielded so m e w h a t low er figures.
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Table I /a

Selected caries-free cases 

S aliva  p H  a n d  b u ffer c ap a c ity  (B ) va lues

Case
No.

Age
yrs.

Date
1962.

pH BC

m.° a.+ m. a.

3.12. 6.80 6.70 5.35 5.60
l 14 3.14. 6.75 6.96 5.06 5.10

3.15. 6.90 6.80 4.90 5.10

average 6.81 6.79 5.10 5.27

3. 12. 6.80 6.40 6.35 5.60
2 15 3. 14. 6.85 6.85 6.45 6.25

3. 15. 6.85 7.00 6.20 6.90

average 6.83 6.75 6.33 6.23

3. 14. 6.80 7.05 5.85 6.20
3 10 3. 15. 7.05 7.10 6.45 6.50

3. 19. 6.85 7.00 6.20 6.90

average 6.90 7.05 6.17 6.53

3. 12. 6.85 6.80 6.35 6.20
10 13 3. 14. 7.00 6.90 6.30 6.50

3. 15. 6.95 7.30 6.25 6.80

average 6.93 7.00 6.30 6.50

3. 12. 6.75 6.90 6.30 5.70
3. 14. 6.70 6.90 5.90 6.30

14 15 3. 15. 6.80 7.15 6.00 6.20

average 6.75 6.98 6.06 6.06

all 5 cases average 6.85 6.91 5.99 6.11
all 5 cases m ax . value 7.05 7.30 6.45 6.90
all 5 cases m ax . v a lu e 6.70 6.40 4.90 5.10

A b b r. here a n d  in  fo llow ing tab les:
О  =  m orn ing  (before  b re a k fa s t)
+  =  afte rn o o n  fa fte r  e a rly  d in n er sh o rtly )

T h e values fo r th e  caries-free  group  w ere s ig n ifican tly  d iffe re n t from  
th  ose fo r th e  caries g roup . (See below .)

2. O xygen c o n su m p tio n  a t  10, 30, 60 an d  120 m in u te s  in  th e  th ree  
g roups are  show n in T ab le  I I  (a, b , c).

In  F ig . 3 th e  log changes o f oxygen c o n su m p tio n  are  p lo t te d  aga in st 
tim e . S ign ifican t are  th e  h igh  values found  a t  30 an d  60 m in u te s  in  th e  caries

6*
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Table I /Ь

Selected m ultiplex caries cases 

S a liv a  p H  and  BC v a lu e s

Case Date pH BC
No. yrs. 1962. m. a. m. a.

3. 6 . 6.60 6.80 5.05 5.10
4 14 3. 7. 6.65 6.80 4.60 5.25

3. 8. 6.65 6.70 5.80 6.40

a v e ra g e 6.63 6.76 5.15 5.58

3. 6. 6.50 6.70 6.00 5.06
11 14 3. 7. 6.80 6.75 5.55 5.90

3. 8. 6.70 6.60 6.00 5.35

a v e ra g e 6.66 6.68 5.85 5.43

3. 6. 6.45 6.70 5.86 6.25
15 14 3. 19. 6.40 — — —

3. 20. 6.50 — 5.70 —

a v e ra g e 6.45 6.70 5.78 6.25

3. 6. 6.60 6.95 5.15 6.45
18 14 3. 7. 6.70 6.80 5.80 5.65

3. 8. 6.80 6.50 6.45 5.05

a v e ra g e 6.70 6.75 5.80 5.71

3. 6 . 6.20 6.60 4.35 4.95
19 13 3. 7. 6.75 — 5.15 —

3. 8. 6.50 6.65 5.60 5.52

a v e ra g e 6.48 6.62 5.03 5.23

all 5 cases average 6.58 6.70 5.52 5.58
all 5 cases m ax . v a lu e 6.80 6.95 6.45 6.45
all 5 cases m in . v a lu e 6.20 6.50 4.35 4.95

g ro u p , as well as th e  m a rk e d  decrease of th e  a f te rn o o n  va lu es  in  th e  caries- 
fre e  g ro u p .

I n  th e  c a rie s -re s is tan t g roup , oxygen c o n su m p tio n  w as considerab ly  
la g g in g , like in th e  ca rie s -free  group , w hereas in  th e  m o rn in g  values of th e  
c a r ie s  g roup  the  increase  w a s  faste r.

3 . T he d a ta  fo r ac id  p ro d u c tio n  are p re se n te d  in  T ab le  I I I  (a, b an d  c). 
I n  th e  caries-free g roup , in  a d d itio n  to  th e  co lo rim e tric  (Snyder) v a lu e , the  
a c tu a l  p H  was also d e te rm in e d . As to  th e  co lo rim e tric  S n y d er v a lu es , one 
c ro ss  ( +  , p red o m in an tly  g re e n ) was found  to  co rresp o n d  to  p H  4.3 to  4.6;
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Table I /c

Y oung vomen group , all caries-free

Saliva  p H  an d  BC v a lu e s

Case
No.

Age 
y re.

Date
1962. pH  m. BC m.

2. 23. 6.75 6.30
l 20 2. 26. 6.90 5.75

2. 27. 6.60 5.10

average 6.75 5.71

2. 23. 6.80 5.50
2 24 2. 24. 6.90 5.75

2. 26. 6.60 5.10

average 6.76 5.45

2. 23. 6.75 5.30
3 26 2. 24. 6.75 6.10

2. 26. 6.50 4.90

average 6.66 5.43

2. 23. 6.60 5.90
4 25 2. 24. 6.60 6.25

2. 26. 6.50 6.10

average 6.56 6.08

2. 23. 6.90 6.10
5 33 2. 24. 6.80 6.15

2. 26. 6.90 6.10

average 6.86 6.11

2. 23. 6.90 6.10
6 26 2. 26. 6.90 6.10

2. 27. 6.85 6.30

average 6.88 6.16

all 5 cases average 6.74 5.82
all 5 cases m ax . v a lu e 6.90 6.30
all 5 cases m in . va lue 6.50 5.10

tw o  crosses (—I—|—, yellow , yellow ish-g reen) to  p H  4 .3 —4.1; th r e e  crosses 
( +  +  +  » yellow ish  green) to  p H  3 .9 —3.3; fo u r  crosses ( +  +  +  +  » yellow ) 
to  p H  v a lu es  low er th a n  3.3 (T able IV).
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Table I I /a

Selected caries-free cases

S aliva  o x y g e n  co n sum ption  —  m o rn in g  v a lu es. V alues in  m m :i

Case Age D ate: M inutes
No. y rs

10 30 60 120

l 14 3. 12. 7.4 52.8 89.9 169.7
3. 14. 24.1 65.7 92.7 197.5
3. 15. 20.0 49 .4 91.4 185.0
4. 2. 24.1 70.5 118.7 233.5
4. 3. 27.8 46.4 76.9 190.2

av erage 20.6 56.8 93.9 193.2

2 15 3. 12. 12.6 25.3 57.9 125.0
3. 14. 13.7 22.1 40.0 135.6
3. 15. 12.0 17.6 61.2 174.5
4. 2. 19.0 26.4 40.0 69.4
4. 3. 5.3 22.1 35.8 90.4

average 12.5 22.7 47.0 119.0

3 10 3. 14. 27.2 84.1 145.1 303.5
3. 15. 12.4 20.6 69.2 226.8
3. 19. 15.8 39.9 69.7 177.2
4. 2. 5.0 16.6 24.8 51.2
4. 3. 12.4 23.1 45.3 142.6

av erag e 14.5 36.8 70.8 180.2

10 13 3. 12. 15.7 37.9 75.9 203.7
3. 14. 27.1 87.4 154.6 275.4
3. 15. 10.5 17.5 61.0 191.0
4. 2. 6.2 24.4 41.0 110.6
4. 3. 26.1 36.7 87.3 217.7

av erag e 17.1 40.7 83.9 199.6

14 15 3. 12. 65.4 166.7 274.4 525.1
3. 14. 27.5 94.5 137.1 168.8
3. 15. 28.9 63.4 181.2 361.5
4. 2. 18.0 62.2 109.9 198.8
4. 3. 46.6 59.4 94.5 202.3

av erage 37.2 89.2 159.4 291.3

all 5 cases average 20.4 49 .2 91.0 196.6
all 5 cases m a x . v a lu e 65.4 166.7 274.4 525.1
all 5 cases m in . v a lu e 5.0 16.6 24.8 51.2
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Table I l /b

Selected m u ltip lex  caries cases

S aliva  oxygen c o n su m p tio n  —  m o rn in g  v a lu es. V alues in  m m 3

Сане
No.

Age
yrs.

D ate:
1962.

Minutes

10 30 60 120

4 14 3. 6. 8.3 35.2 68.6 119.6
3. 7. 9.1 37.9 74.2 133.6
3. 8. 19.5 73.3 173.4 261.6

average 12.3 48.8 105.2 171.6

1 1 14 3. 6. 28.4 75.7 147.0 260.0
3. 7. 49.7 168.9 288.5 451.5
3. 8. 22.1 84.6 232.0 331.1

average 33.4 109.7 222.5 347.5

15 14 3. 6. 17.4 53.6 103.1 179.8
3. 19. 18.3 52.2 100.2 143.7
3. 20. 30.6 93.2 186.3 335.9

average 22.1 66.3 129.8 219.8

18 14 3. 7. 45.5 119.6 181.3 287.4
3. 8. 28.9 58.8 272.2 519.5
3. 19. 14.8 41.2 78.3 211.8

average 29.7 73.2 177.2 339.5

19 13 3. 6. 6.8 24.6 40.4 71.7
3. 7. 18.6 46.4 77.9 120.6
3. 8. 14.9 48.0 102.7 160.2

average 13.4 39.7 73.7 117.5

all 5 cases average 22.1 67.5 141.7 239.2
all 5 cases m ax. v a lu e 49.7 168.9 288.5 519.5
all 5 cases m in. v a lu e 6.8 24.6 40.4 71.7

D iscussion

T h e resu lts  ob ta in ed  h a v e  in d ica ted  th a t  ch aracter istic  resu lts ca n  b e  en 
su red  b y  a su itab le  se lec tio n  o f  caries-free and caries-a ffected  su b je c ts  from  a 
large m ater ia l. E stim ation  o f  oral sa liv a ry  p H  seem s to  be m ore r e lia b le  th an  
e x a m in a tio n  o f  th e  sa liva  i n  v i t r o .  O w ing to  th e  se lec tio n  o f  cases, t h e  v a lu es  
w ith in  on e group are c lo se ly  s im ilar , w hereas th e  m ean s o f  th e  tw o  ex p er i
m en ta l groups (caries-free and m u ltip le  caries) d iffer from  o n e  a n o th er  
s ig n if ic a n tly .
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Table П /с

Y o u n g  ivómén group, all caries-free  

Saliva o x y g e n  co n su m p tio n  —  m o rn in g  v a lu e s . V alues in  m m 3

Case
No.

Age
yrs.

D ate :
1962.

M inutes

10 30 60 120

l 20 2. 23. 24.9 41.8 66.2 197.2
2. 26. 19.5 40.8 80.6 223.5
2. 27. 17.5 62.4 108.3 209.7

a v e ra g e 20.6 48.3 85.0 210.1

2 24 2. 23. 30.1 57.0 97.7 221.3
2. 24. 3.2 6.4 16.9 28.4
2. 26. 20.0 31.6 56.8 162.0

a v e ra g e 17.7 31.7 57.1 137.2

3 26 2. 23. 25.6 57.4 101.4 240.1
2. 24. 9.1 23.1 58.6 153.6
2. 26. 28.8 44.5 100.6 231.0

a v e ra g e 21.2 41.7 86.9 208.2

4 25 2. 23. 47.9 138.8 248.9 505.6
2. 24. 11.3 32.2 69.6 165.0
2. 26. 49.6 147.0 249.6 501.0

a v e ra g e 36.2 106.0 189.3 390.5

5 33 2. 23. 11.3 16.4 18.2 41.9
2. 24. 4.8 10.2 32.9 92.4
2. 26. 2.0 10.4 18.0 53.7

a v e ra g e 6.0 12.3 23.0 62.7

6 26 2. 23. 31.8 81.7 153.8 324.7
2. 24. 23.5 50.8 114.8 263.4
2. 27. 14.5 44.2 69.3 164.0

a v e ra g e 23.2 58.9 112.6 250.7

all 6 cases average 20.8 50.8 92.3 209.9
all 6 cases m a x . v a lu e 49.6 147.0 249.6 505.6
all 6 cases m in . v a lu e 2.0 6.4 16.9 28.4

I n  th e  p resen t in v e s tig a tio n s  we h a v e  u n d e r ta k e n  to  rep ro d u ce  o u r  
e a r l ie r  stud ies, on th e  o n e  h a n d , and  to  su p p le m e n t th em  w ith  th e  a fte rn o o n  
v a lu e s , on the  o ther.

W e have also m a d e  c o m p a ra tiv e  s tu d ies  o f  a g roup  com posed o f caries- 
r e s i s ta n t  subjects an d  o f  th e  caries-free g ro u p .
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Table I l/d

Selected caries-free cases

Saliva  oxygen  c o n su m p tio n  —  a fte rn o o n  v a lu es . V alues in  m m 3

Case Age D ate: M inutes
No. yrs. 1962.

10 30 60 120

l 14 3. 12. 21.3 56.6 95.5 166.0
3. 14. 12.0 24.1 42.7 109.5
3. 15. 13.0 18.4 42.6 86.2

av erage 15.4 33.0 60.2 120.5

2 15 3. 12. 6.4 18.0 25.3 55.7
3. 14. 6.8 13.7 26.4 42.1
3. 19. 5.0 10.7 29.8 90.7

average 6.0 14.1 27.1 62.8

3 10 3. 14. 11.5 28.9 65.9 174.8
3. 15. 6.6 16.5 38.8 73.5
3. 19. 7.4 13.0 31.6 77.4

average 8.5 19.4 45.4 108.5

10 13 3. 12. 8.3 16.6 34.7 75.0
3. 14. 13.2 32.3 61.0 139.2
3. 15. 3.5 15.7 34.1 101.2

average 8.3 21.5 43.2 105.1

14 15 3. 12. 7.0 31.4 71.4 112.3
3. 14. 12.4 27.2 56.3 146.8
3. 15. 28.3 64.3 152.8 239.8

av erage 15.9 40.9 93.5 166.3

all 5 cases average 10.8 25.7 54.0 112.6
all 5 cases m ax . va lue 28.3 64.3 152.8 239.8
all 5 cases m in . va lue 3.5 10.7 25.3 42.1

A com parison  o f th e  la s t  y ea r resu lts  w ith  th e  p resen t ones h a s  show n 
v e ry  l i t t le  differences in  th e  p H  an d  b u ffe r  c a p a c ity  values o f  th e  caries- 
free g roup , w hereas in  th e  caries group b u ffe r  cap ac ity  w as s ig n if ic a n tly  
(m ean : 1.54), th e  ora l p H  so m ew hat (m ean : 0 .2 ), h igher.

T h is fin d in g  in d ica te s  t h a t  ea rly  in  M arch o f  th is  y ea r th e  c a r io u s  sa liva  
c o n ta in e d  m ore ino rgan ic  su b stan ces  th a n  la s t  M ay. I t  m ay  he a ssu m e d  th a t  
th e  d ifference was due  to  a seasonal change s im ila r  to  th a t  o b se rv e d  b y  one 
o f us [2] a few y ea rs  ago reg a rd in g  th e  F  c o n te n t  o f saliva. A  co m p ariso n  
o f th e  in d iv id u a l va lues in  th e  caries g roup  o b ta in e d  in  tw o y e a rs  (T ab le  Y I)
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Table П /е

Selected multiplex caries cases

Saliva oxy g en  c o n su m p tio n  —  a fte rn o o n  v a lu e s . V alues in  m m ’

Case Age D ate : M inutes

No. yrs. 1962.
10 30 60 120

4 14 3. 6. 24.1 40.8 86.3 168.8
3. 7. 18.6 25.4 68.4 156.1
3. 8. 17.7 42.3 86.3 178.5

a v e ra g e 20.1 36.1 80.3 167.8

11 14 3. 6. 17.9 24.3 59.1 121.5
3. 7. 23.1 55.3 158.8 402.2
3. 8. 15.8 37.5 83.4 220.6

a v e ra g e 18.9 39.0 100.1 248.1

15 14 3. 6. 31.3 60.2 126.2 203.8
3. 20. 33.9 133.8 207.5 460.5

a v e ra g e 32.6 97.0 166.8 332.1

18 14 3. 6. 25.3 53.2 136.7 278.4
3. 7. 24.3 39.1 92.0 250.1
3. 8. 4.9 10.7 26.4 75.9

a v e ra g e 18.1 34.3 85.0 201.4

19 13 3. 6. 15.8 24.5 68.0 141.6
3. 8. 22.6 58.3 109.6 166.2

a v e ra g e 19.2 41.4 88.8 153.9

all 5 cases average 21.8 49.6 104.2 220.6
all 5 cases m ax . v a lu e 33.9 133.8 207.5 460.5
all 5 cases m in . v a lu e 4.9 10.7 26.4 75.9

re v e a ls  t h a t  all five cases b e h av ed  sim ilarly . T h e  exam ple of case N o. 15 
m a k e s  i t  clear th a t  b u ffe r  c a p ac ity  m ay in c re a se  w ith o u t an in c rease  in 
s a l iv a ry  p H , b u t, like in  th e  caries-free g roup , h ig h e r  buffer c a p a c ity  values 
w ere  m o s tly  associated  w i th  h igher pH  v a lu es . O ne  of th e  5 in d iv id u a ls  o f  
th e  caries-free  group (T ab le  I ,  N o. 14) has d ev e lo p ed  caries. We did  n o t exclude 
h im  f ro m  the  s tu d y , h a v in g  a lread y  had  to  re p la c e  tw o o ther m em b ers  in 
t h a t  g ro u p . This su b je c t l a s t  y e a r  had a so m e w h a t h igher p H  v a lu e  (7.05), 
a n d  a p p ro x im a te ly  th e  sa m e  bu ffer cap ac ity  v a lu e  as th is  year.

L a s t  year, w hen  w e d e te rm in e d  th e  p H  ch an g es  in  vitro, Case N o. 14 
y ie ld e d  th e  g rea test d iffe re n c e  betw een  th e  60 m in u te  values m easu red  o ra lly
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Table III

A cid-production  o f  the saliva

(W ith  th e  m od. S n y d e r-m eth o d ) 
a )  Selected  caries-free g roup  (b o y s)

Case
No. Age yrs.

First determ.
(3. 12. 1962)

Second determ . 
(3. 14. 1962)

Third determ. 
(3. 15. 1962)

24 hrs. 48 hrs. 24 hrs. 48 hrs. 24 hrs. 48 hrs.

l 14 i n .  a) 0 0 0 0 +
b) 0 0 0 -j- 0

a. a) 0 -j- 0 +  + 0 ~b “h
b) 0 -j- 0 +  + 0 + +

2 15 m .  a) 0 + 0 + 0 +
b) 0 0 + 0 +

a. a) 0 + + 0 -I- 0
b) 0 -f* -Г 0 + 0 т

3 1 0  i n .  a) 0 0 0 + 0 0
b) 0 0 0 + 0 0

a. a ) 0 0 0 0 0 0
b) 0 0 0 0 0 0

10 13 m .  a) 0 + + 0 4 ” 0 0
bj 0 +  + 0 + 0 0

a. a) 0 0 0 0 0 +
b) 0 0 0 0 0 +

14 15 m . a ) 0 + 0 + + 0 0
b) 0 -j- 0 + + 0 0

a . a) 0 0 0 + 0 + +
b) 0 0 0 + 0 + +

Average of crosses 0 0.7 0 1.0 0 0 .8

355

a n d  in  vitro  (diff.: 0.60 p H , T ab le  V II). B o th  now  an d  la s t y e a r , th is  su b jec t 
y ie lded  h igh  in itia l o x ygen  consum ption  v a lu es , in d ica tin g  th e  p resence of 
oxygen-consum ing  b a c te r ia , an d  th is  v a lu e  in c reased  s teep ly , reach in g  a 
reco rd  h e ig h t a t  120 m in u te s  (Table I I  a, N o. 14). R e tro sp ec tiv e ly , th e  
phenom enon  seem s to  h a v e  been  a sign o f c a rie s -ac tiv ity .

As to  th e  re la tio n sh ip  b e tw een  pH  and  b u ffe r  c ap ac ity , in  T ab le  I  a, 
b , c an d  Fig. 2, th e  p H  w as p lo tte d  ag a in st b u ffe r  cap ac ity . S ingle p a r ts  o f 
th e  d iffe ren t g roups are  o v erlap p in g , b u t show  a c learly  d iscern ib le  ten d en cy  
in  th e  m eans. T hus fo r ex am p le  th e  m ean m orn in g  values o f th e  c a rie s -res is tan t 
g roup  are  closely s im ila r to  th o se  for th e  caries-free  group  an d  a re  d iffe ren t 
from  th e  afte rnoon  v a lu es  o f  th e  caries group . T h e  changes from  th e  m orn ing  
m eans o f th e  caries g ro u p  (left, below) to  th e  a f te rn o o n  m eans o f  th e  caries-
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Table II I

A cid -p ro d u c tio n  o f  the saliva

(W ith  th e  m od. S n y d er-m eth o d ) 
b)  S e le c te d  m ultip lex -caries-cases (hoys)

Case
No. Age yrs.

F irs t  detenn. 
(3. 6. 1962)

Second determ . 
(3. 7. 1962)

Third determ . 
(3. 8. 1962)

24 h rs . 48 hrs. 24 hrs. 48 hrs. 24 hrs. 48 hrs.

4 14 m. a) 0 + +
. ,

+  +  +
b) 0 + + + + +  +  +

a. a) 0 + + + 0 + + +
b) 0 ~b + + 0 +  +  +

11 14 m. a) 0 + + + +  +  + + + + +
b) 0 + + + +  +  "f + +  +  +

a. a) 0 + + + 0 +  +  + 0 +  +
b) 0 + + + 0 + +  + 0 +  4"

15 14 m. a) 0 + + + « 0 0 +  -f
b) 0 + + + 0 0 0 +  +

a. a) 0 + + + + 0 + + + — —

b) 0 + + + + 0 + + + — —

18 14 m. a) 0 + + 0 + 0 +
b) 0 + + 0 _L 0 +

a. a) 0 + + + 0 + +  + 0 + +
b) 0 + + + 0 + +  + 0 + +

19 13 m. a) 0 + + + + +  +  + 0 +  +
b) 0 + + + + +  +  + 0 +  +

a. a) 0 + + + — — 0 +
b) 0 + + + — — 0 +

Average of crosses 0 2.5 0.4 2.0 0.2 2.1

free  g ro u p  (righ t, above) a re  c o n tin u o u s  an d  th u s  in d ic a tiv e  o f a w ide range 
o f  d iu r n a l  an d  in d iv idua l v a r ia t io n s .

T h is  leads us to  th e  p ro b le m  o f a fte rn o o n  v a lu es , w here  a ten d e n c y  
“ to  b e  m o re  caries-free”  se e m e d  to  ex ist. H ere  th e  va lu es  d ev ia te  to  th e  r ig h t 
a n d  u p w a rd ,  w ith  sm aller v a r ia t io n s  in  th e  caries g ro u p , an d  a w id er ran g e  
o f v a r ia t io n s  in the caries-free  g ro u p . This m eans t h a t  th e  p H  is h ig h e r and  
b u ffe r  c a p a c ity  is g rea te r in  th e  a f te rn o o n  th a n  in  th e  m o rn in g . W e a re  p lan n in g  
to  in v e s t ig a te  th is p rob lem  in  a la rge  selected  m a te r ia l.

T h e  v a ria tio n s of th e  m o rn in g  p H  w ere sm all in  b o th  caries-free  groups 
(T a b le  I  a an d  c), and  g re a te r  in  th e  caries g ro u p . In  all th re e  g ro u p s th e  
b u ffe r  c a p a c ity  varied  o v e r a w ide  range, h u t  th e re  w ere th re e  in d iv id u a ls  
in  th e  ca rie s-res is tan t g ro u p  show in g  closely s im ila r b u ffe r c a p a c ity  values
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Table III

A cid-production o f  the sa liva

(W ith  th e  m od. S n y d e r-m e th o d )  
c) Y oung  w om en group , a ll caries-free  

(only m orn ing  v a lu e s)

Сане
No. Age yrs.

F irst determ . 
(2. 23. 1962)

Second determ . 
(2. 24. 1962)

Third determ. 
(2. 26. 1962)

24 hrs. 48 hrs. 24 hrs. 48 hrs. 24 hrs. 48 hrs.

i 20 a) 0 0 0 0 0 +
b) 0 0 0 0 0 +

2 24 a) 0 0 0 0 0 0
b) 0 0 0 0 0 0

3 26 a) + + + 0 + 0 +
b) + + + 0 + 0 +

4 25 a) 0 0 0 0 0 0
b) 0 0 0 0 0 0

5 33 a) 0 + + 0 + + 0 + +
b) 0 +  +  + 0 + + 0 +  4-

6 26 a) 0 + 0 0 +
b) 0 + 0 + 0 +

A ver, o f crosses 0.1 0.9 0 0.7 0 0.8

p H

7.5-
*.

I------------ 1

7 . 0 -

►------s

6 .5-

w om en C gr. m orning  

c a r ie s- f r e e  gr. m orning  

ca ries  -  fr e e  gr. afternoon  

m ultip lex caries gr. morning  

multiplex caries gr. a fternoon

i

I I « i I I I I I '  I i i I I I ? I : : I

4.5 5.0 5.5 6J0 6.5 7.0 BC

F ig . 2. S a liv a  p H  a n d  bu ffering  cap ac ity  (BC). 1962 e a r ly  M arch values. G ro u p -a v e ra g es  
( • ) an d  m ax im al a n d  m in im a l values
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Table IV

Saliva acid production  

Caries-free g ro u p  (b o y s)

Com parative determination o f  the pH  and colour-change w ith  the  m od. S n y d e r-m e th o d
(only m orning v a lu e s )

Colour pH

Case Age first determ. second determ. first determ. second determ.
(2- 4. 1962) (3. 4. 1962) (2. 4 1962) (3. 4. 1962)

24 hrs. 48 hrs. 24 hrs. 48 hrs. 24 hrs. 48 hr». 24 hrs. 48 hrs.

l 14 a) ~r + + 4.45 4.40 4.40 4.30
b) + + + + + 4.45 4.20 4.45 4.20

2 15 a) -L + +  + + + + 4.60 4.30 4.20 3.90
b) + + + + +  + H—I—h 4.60 3.90 4.10 3.70

3 10 a) 0 0 0 0 4.85 4.80 4.80 4.75
b) 0 0 0 + 4.85 4.85 8.80 4.70

10 13 a) 0 0 0 -j- 4.85 4.80 4.75 4.45
b) 0 + 0 + 4.85 4.50 4.60 4.45

14 15 a) —1— _1_ - f  + 4.45 4.40 4.45 4.20
b) -f +  + + + + 4.45 4.35 4.30 4.25

A v erag e  of 
c ro sses viz. 
p H -v a lu e s 0.6 1.1 0.8 1.6 4.64 4.45 4.48 4.29

Table V

Saliva p H  and  B C  values o f  caries-free a n d  m ultip lex  caries-groups 

C o m p ariso n  betw een 1961 a n d  1962 d a ta . G ro u p  average m o rn ing  v a lu e s .

Caries-free group Multiplex caries group

1961 1962 Diff.
1961-1962 1961 1962 Diff

1961-1962

p H 6.915 6.830 —0.085 6.375 6.580 +  0.205
BC

D iff.

6.075 5.980 —0.095 3.990 5.520 +  1.530

p H — B C — 0.840 — 0.850 —0.010 — 2.385 — 1.060 +  1.325
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Table VI

Selected m u ltip lex  caries group : p H  a n d  BC  data 

C om parison  1961— 1962

No. Sex Age
1961*

pH
1962**

pH
pH  diff. 

1961-1962
1961+

BC
1962++

BC
BC diff. 

1961 -1962

4 d 13— 14 6.55 6.63 +  0.08 3.60 5.15 +  1.55
11 d 13— 14 6.37 6.66 +  0.29 4.38 5.85 +  1.47
15 d 13— 14 6.45 6.45 0.00 4.78 5.78 +  1.00
18 d 13— 14 6.37 6.70 +  0.33 4.02 5.80 +  1.78
19 d 12— 13 6.13 6.48 + 0 .3 5 3.18 5.03 +  1.85

A verag e 6.37 6.58 + 0 .2 1 3.99 5.52 +  1.53

* A verages o f 2 fo llow ing d ay s  in tra o ra l p H -d e te r in in a tio n s  (3 p a ra lle ls ) ; la te  M ay 
1961, m o rn in g  va lues.

** A verages o f 3 fo llow ing d ay s  in tra o ra l p H -d e te r in in a tio n s  (3 p a ra lle ls ) ; e arly  
M arch 1962, m orn ing  va lues.

4* As*, on ly  in v i tro  B C -d e te rm in a tio n s.
-+- +  As**, on ly  in v itro  B C -d e te rm in a tio n s.

on  th re e  consecu tive  m o rn ings (Cases N o. 4, 5 a n d  6 , T ab le  I , c). M echan ism s 
a n d  sign ificance o f th is  p h en o m en o n  are u n c lea r; th e y  m ig h t p e rh a p s  in d ica te  
a re g u la r ity  or s ta b ili ty  o f  sa liv a  secretion .

T h e  6 re s is ta n t fem ale  su b jec ts  selected  a t  ra n d o m  re p re se n te d  tw o  
g roups as reg ard s  sa liv a ry  p H  an d  buffer c a p a c ity . I n  cases 4, 5 a n d  6 th e  
b u ffe r  va lues w ere s im ila r an d  th e  p H  values s lig h tly  low er th a n  th e  a f te r 
noon  va lu es  in  th e  caries-free  group . T he o th e r  3 re s is ta n t su b je c ts  y ie lded  
d iffe ren t re su lts . T h u s, th e  m eans ca lcu la ted  fro m  all th e  6 cases m a y  be 
m islead in g ; for th is  rea so n  do we stress th e  im p o rta n c e  of s e p a ra te  and  
ex ten s iv e  in d iv id u a l s tu d ie s . T here  was a d ifference  in  th e  a fte r- lu n c h  values 
o f th e  p H  and  th e  b u ffe r  c a p a c ity  betw een  th e  caries-free  an d  ca rie s-ac tiv e  
g ro u p s. T he m eans of th e  caries-free g roup  w ere so m ew h at h ig h er (0.1 p H ), 
b u t  th e  values v a ried  o v er a w ider range. A n opp o site  p h en o m en o n  was 
o bserved  in  th e  ca rie s-ac tiv e  g roup , in  w hich th e  m orn in g  values o f  p H  an d  
b u ffe r c a p ac ity  show ed w ider ranges of v a r ia tio n . In  th is  g roup , to o , like in 
th e  caries-free g roup , th e  m ean s w ere so m ew h at h ig h e r (F ig . 2).

S a liv ary  0 2 co n su m p tio n . All th e  d a ta  are  in c lu d ed  in  T ab le  I I ,  a, b, 
c. L a s t y e a r  we a t  f irs t d e te rm in e d  th e  60 -m in u te  va lu es  on ly ; su b se q u e n tly , 
a n d  in  th e  p re se n t s tu d ie s  in  o rd er to  s tu d y  th e  d y n am ism  o f th e  process, 
we d e te rm in ed  th e  10, 30 an d  120-m inute  v a lu es  as well. In  F ig . 3 th e  log 
va lu es  fo r th e  th re e  g roups h av e  been p lo tte d  a g a in s t tim e . T h e  m orn ing  
m ean s o f th e  caries-free g roup  an d  th e  a fte rn o o n  m eans o f th e  caries group  
w ere a t  ab o u t th e  sam e level. T he a fte rn o o n  v a lu es  o f th e  caries-free  group
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w ere  low er a t all fo u r p o in ts  o f tim e, w hile th e  30 an d  6 0 -m in u te  m eans of 
th e  ca rie s  group w ere h ig h e r .

I t  w ould be d iff ic u lt to  in te rp re t th is  p h en o m en o n  a t  th e  p re se n t stage 
o f  o u r  in v estig a tio n s. A m o n g  th e  possible fa c to rs  in fluenc ing  i t  a re  th e  dif-

_-- 1 h omen C group morning values

4 - . caries-free  gr. morning values

3 -  ---- 1 caries-free gr. afternoon

—-- 1 multiplex caries gr. morning values

•....« multiplex caries gr. afternoon values
J

1 l — --------1-----------------------—1 I 1
7 0  30 SO 120 minutes

F ig . 3. S a liv a  oxygen c o n su m p tio n . 1962 early  M arch  v a lu e s . T hree  d a y s’ g ro u p  av erages ( • )
a n d  m ax im al and m in im al v a lu es

fe re n c e s  in  the  n a tu re  o f  b a c te r ia  in  th e  d iffe re n t g roups, d ifferences in  th e ir  
n u m b e r ,  differences in  th e  sa liv a  as a “ c u ltu re  m ed iu m ” , an d  th e  p o te n tia l 
p re se n c e  o f s tim u la to rs  o r  in h ib ito rs  of b a c te r ia l  g row th . F ro m  o u r d a ta  no 
c o n c lu s io n s  can he d ra w n  as to  th e  resp o n sib le  fac to r. M ost lik e ly  is th e  
p re se n c e  o f a fac to r in h ib i t in g  bac te ria l g ro w th , b u t  a d ifference in  th e  0 2 
r e q u ire m e n t  of th e  b a c te r ia  (O CR) m igh t also e x is t (F ig . 4).
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Such fac to rs h a v e  been  described  b y  severa l au th o rs . In  o u r  case it 
m a y  in d irec tly  be su rm ised  th a t  one or sev e ra l fac to rs in h ib itin g  b a c te ria l 
g ro w th  are  p resen t. (T he ra tio  o f  th e  10 ' 0 2 consum ption  v s . th e  3 0 ',  60' 
o r 120 ' va lues (OCR) show s th e  in c re m e n t o f  0 2 con su m p tio n .) A s reg a rd s 
m o rn in g  values, in  th e  caries g ro u p  th e  O C R  w as h igher in  all th r e e  cases,

F ig . 4. C om parison of oxygen  co n su m p tio n  ra te s  o f sa liv as o f d ifferen t g ro u p s . 1962 early  
M arch 3 d a y s  av erage  a n d  m ax im al a n d  m inim al values

th a n  in  th e  caries-free a n d  c a rie s -res is tan t g roups. On th e  o th e r  h a n d , the  
a f te rn o o n  values of th e  caries-free g roup  show ed  a ten d en cy  to  in crease , 
w hile th o se  of th e  caries g roup  te n d e d  to  decrease.

A ten d en cy  to  an  increase  o f th e  O C R  is d e tec tab le  in  th e  a f te rn o o n  
v a lu es  o f  th e  caries-free g roup , to o , b u t  th is  is associa ted  from  th e  b eg in n in g  
w ith  a low  oxygen co n su m p tio n , w hich  m ig h t m ean  a low b a c te r ia l  co u n t. 
I f  we com pare  th e  1961 a n d  1962 O C R  v a lu es  (F ig . 5), th e  ab o v e  m e n tio n e d  
“ in h ib ito ry ”  effect is fo u n d  in  th e  1962 caries-free , th e  c a r ie s - re s is ta n t and

7 Acta Physiologien XXIV/3.
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th e  a fte rn o o n  values o f  th e  caries-active g ro u p s . I t  is n o t clear w hy th is  effect 
w as lack in g  in  th e  m o rn in g  values of th e  1961 caries-free  group.

A s determ ined  b y  S n y d e r ’s m ethod, s a liv a ry  ac id  p roduction  teas h igh 
in  th e  caries group (T a b le  I I I ,  Table IV). T h is , h o w ev er, canno t serve  as a 
re lia b le  caries in d ex  in  in d iv id u a l cases. F o r  e x a m p le , cases No. 1, N o . 2 of

14-

13-

12 -

11 -

0)

c:
o  8 -

.§ 7'

4-

3-

2 -

1 -

0--
0

I--- , women C groop morning

I 1 caries -  free group morning

I--- 1 caries-free group afternoon

I--- * multiplex caries groop morning

*--- 1 multiplex caries group afternoon

© average value

T
I
i
i
i

TI
I

3 0 60 120 minutes

F ig . 5. Saliva oxygen c o n s u m p tio n  average v a lu es. C o m p ariso n  betw een  1961 la te  M ay
a n d  1962 early  M arch  v a lu e s

T a b le  IV , and  No. 3 a n d  N o . 6 of T able I I I  w e re  caries-free an d  p ro d u ced  
m u c h  acid  b u t d id  n o t sh o w  th e  differences in  p H  a n d  buffer cap ac ity  in d ic a te d  
in  T a b le  I and  T ab le  I I .

O n th e  o ther h a n d , th e  caries-active cases N o . 4 an d  No. 15 (T ab le  I I I ,  b) 
y ie ld e d  ex trem ely  low  v a lu e s  in  one or m o re  te s ts .  F o r th is  reaso n  severa l 
d e te rm in a tio n s  shou ld  b e  m ad e  a t d iffe ren t p o in ts  o f tim e. T he in d ic a to r  
co lo u r often  varies; th is  is a n o th e r d ifficu lty  o f  co lo rim etric  e v a lu a tio n . W e 
th e re fo re  suggest th e  u se  o f  a flu id  m ed iu m  a n d  d e te rm in a tio n  o f th e  p H  
p a ra lle l  w ith  the  c o lo r im e tr ic  estim ation  (T ab le  IV ).
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The effect of protamine sulphate having polycationic properties on the trans
mission processes of the cat’s superior cervical ganglion has been investigated. It has 
been observed that — under certain conditions — the compound even by itself inhibits 
synaptic transmission and increases synergetically the effect of other ganglionic blocking 
substances. The effect of the material examined is antagonized by potassium salts. 
Trimethylpolyanthinium iodide, a polypeptide with polycationic character, also behaves 
like protamine sulphate. The fact that the above compounds have different chemical 
structures and only one common characteristic, i.e. their polycationic property, suggests 
that they inhibit — in consequence of their charges rather than because of their con
figuration — the transmission processes as they are deposited at the receptor areas 
in the interneuronal synapses of the superior cervical ganglion.

Introduction

In  th e  course o f ea rlie r in v estig a tio n s co n ce rn in g  sy n ap tic  tra n sm iss io n  
it was o b serv ed  th a t  h ep a rin , a po lyan ion , in flu e n c e d  in  a p a r tic u la r  m a n n e r  
th e  su sc e p tib ility  to  ganglion ic b lock ing  ag en ts  o f  th e  sy n ap tic  s tru c tu re s  [1 2 ]. 
In  ca ts  p re tre a te d  w ith  h e p a rin  a b o u t one h a l f  h o u r  a fte r  a d m in is tra tio n  of 
th e  d ru g , ganglion ic  b lock ing  su b stan ces, ev en  in  la rg e r q u an titie s  t h a n  th e  
u su a l doses, c a n n o t p e rm a n e n tly  p re v e n t s y n a p tic  transm ission , a n d , a f te r  
a b lo ck ad e  la s tin g  n o t m ore th a n  a few m in u te s , th e  synapses show a c o n s ta n tly  
in c reasin g  tran sm iss io n  o f p regang lion ic  s tim u li. A t f ir s t , only th e  size o f  th e  
c o n tra c tio n s  increases an d  la te r  on — w h en  th e i r  am plitude  reach es  th e  
orig inal size — th e ir  d u ra tio n  also begins to  in crease .

T he h e p a rin  m olecule rep resen ts  a co n sid e rab le  negative c h a rg e  a n d  
ex erts  its  c o ag u la tio n -in h ib itin g  effect owing to  th is  charge. I t  w as a s s u m e d  
th a t  if  th e  above described  ganglion ic effect o f h e p a r in  is re la ted  to  th e  n e g a tiv  
charge o f  th e  m olecule th e n  th e  po lycations w ith  th e  opposite  charge  o u g h  t 
to  s u p p o r t th e  effect o f ganglion ic  b lock ing  a g e n ts . In  th e  course o f  t h e  
e x p e rim e n ts  i t  has been fo u n d  th a t  p ro ta m in e  su lp h a te  (PS), w hich h a s  p o ly 
ca tion ic  p ro p e rtie s , on th e  one h a n d  increases synerg e tica lly  th e  e ffe c t o f  
o th e r  gang lion ic  b lock ing  ag en ts  an d , on th e  o th e r , p reven ts even b y  its e lf  
th e  sy n a p tic  fu n c tio n .
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M ethods

T h e  ex p erim en ts w ere  c a rr ie d  o u t on c a ts  a n a e s th e tiz e d  b y  a m ix tu re  o f  ch loralose  
a n d  u r e th a n e . The in v e s tig a te d  su b stan ces w ere a d m in is te re d  th ro u g h  a c a n n u la  in se r te d  
e i th e r  in to  th e  fem oral v e in  o r, fo r  in tra a r te r ia l  a d m in is tra tio n , in to  th e  lin g u a l a r te ry .  A t 
th e  b e g in n in g  of the  e x p e rim e n ts  th e  superior cerv ica l g a n g lio n  and  its  pre- a n d  p o stg an g lio n ic  
f ib re s  w ere  iso lated , c a re fu lly  p re se rv in g  th e  b lood su p p ly  of th e  ganglion, a n d  th e  com m on 
c a ro t id  a r te ry  and  its  s id e -b ran c h es  were lig a ted  a b o v e  th e  ganglion.

F o r  stim u la tio n  sq u a re -w av e  s tim u li 0,5 V o lt a t  a  frequency  of 15/sec w ere  used .
I t  should  be n o te d  th a t  th e  effect o f PS w as a lso  in v es tig a te d  in  situ . A fte r  p re p arin g  

th e  su p e rio r  cervical gang lion  a n d  th e  pre- and  p o stg a n g lio n ic  fib res o f th e  c e rv ica l sym 
p a th e t ic  t ru n k , in to  th e  slit fo rm ed  by  th e  deep m uscles o f th e  neck su rro u n d in g  th e  ganglion  
P S  w a s  ad m in iste red  as an  o rg a n  b a th . Follow ing d e v e lo p m en t of th e  b lock ing  e ffe c t, p a r t  
o f  th e  P S  w as sucked o ff  a n d  th e  slit was w ash ed  w ith  iso ton ic  NaCl so lu tio n .

I n  th e  course o f th e  e x p e rim e n ts , th e  p re - a n d  postganglion ic  f ib res  o f th e  cervical 
s y m p a th e t ic  tru n k  w ere s t im u la te d . The sy n ap tic  fu n c tio n  was ind ica ted  b y  th e  m o v em en ts  
o f  th e  n ic ti ta tin g  m em b ran e ; th e s e  were reco rded  e lec tro n ica lly  by  m eans o f T h u r á n s z k y  
a n d  B a l a s s y ’s a p p a ra tu s  [14]. D uring  th e  e x p e rim e n ts  th e  blood p ressure  o f th e  fem oral 
a r t e r y  w as con tinuously  re co rd e d  by  m eans of a n  e lec tro m an o m ete r.

R esults

A fte r in tra a r te r ia l  a d m in is tra tio n  a 10 m g  dose of PS ( H o f f m a n n —La  
Roche,  Basel), iso to n ized  an d  tvarm ed to  b o d y  te m p e ra tu re , co m p le te ly  
p re v e n te d  tran sm issio n  in  th e  in te rn e u ro n a l sy n ap ses  of th e  su p e rio r  cerv ical

F ig . 1. C o n trac tio n s o f th e  n ic t i ta t in g  m em b ran e  a f te r  PS  a d m in is tra tio n . M ark s: On th e  
b a se  lin e : p reganglionic  s t im u la tio n . Below: in jc e tio n  o f d ru g . Po: p o stgang lion ic  s tim u la tio n .

T im e trac e : 1 m in u te

g a n g lio n . The co n tin u o u s  co n trac tio n  o f th e  n ic tita tin g  m em b ran e  elicited 
b y  e lec trica l s tim u la tio n  o f  th e  pregang lion ic  f ib re s  of the  cerv ical sy m p a th e tic  
t r u n k  ceased para lle l to  th e  in jec tion  o f P S ; a t  th e  sam e tim e , th e  effect of 
p o s tg an g lio n ic  s tim u la tio n  w as u n ch an g ed  (F ig . 1).

T h is phenom enon  co u ld  no t he e lic ited  b y  th e  in trav en o u s a d m in is tra tio n  
o f  a  1 p er cen t so lu tio n  o f  PS.

Since earlier we h a v e  fo u n d  that th e  e ffec t o f  ganglionic b lo ck ing  su b stan ces  
c a n  b e  com pensated  b y  p o tass iu m  sa lts  [8 , 9 ] , now  it w as a t te m p te d  to  p re 
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v e n t th e  P S -in d u ced  ganglionic b lockade b y  p o ta ss iu m . A fter tra n sm iss io n  h ad  
been in h ib ite d  by  in tra a r te r ia l  PS a d m in is tra tio n , in trav en o u s in fu s io n  o f a 
2 per c en t so lu tio n  o f KSCN was s ta r te d  an d  fo llow ing th e  infusion o f  0 .0 4 —0.05 
g/kg p regang lion ic  s tim u la tio n  w as p erfo rm ed  ev ery  tw o m in u tes . T h e  con-

Fig. 2. C o n trac tio n s o f  th e  n ic ti ta tin g  m em b ran e  a f te r  in tra a r te r ia l  PS a d m in is tra tio n  follow ed 
a f te r  23 m in u te s  by  in tra v e n o u s  KSCN infusion . T h e  tran sm iss io n  in h ib ited  b y  PS  is re s to red  

u n d e r  th e  effect o f KSCN. N o ta tio n s  as in Fig. 1

F ig. 3. M ale ca t, 3.30 kg . T ransm ission  tem p o ra rily  b lo ck ed  by 0,003 g of in tra v e n o u s  h e x a 
m éth o n iu m . S u b se q u e n tly  th e  synapses can  be s t im u la te d  period ically  and  p reg an g lio n ic  
s tim u la tio n  re su lts  in  g ra d u a lly  increasing  c o n tra c tio n s  o f  th e  n ic tita tin g  m em b ran e . Fo llow ing  
th e  in tra v en o u s  in je c tio n  of 0.04 g o f PS, th e  size o f  th e  co n tra c tio n s  elicited  b y  p reg an g lio n ic  
s tim u la tio n  decreases, show ing th e  reduced  tran sm iss io n  o f th e  synapses and th e  in c reas in g  

e ffec t o f  th e  ganglionic  b lock ing  a g e n t. N o ta tio n s  as in Fig. 1

tra c tio n s  of th e  n ic ti ta tin g  m em b ran e  w ere s te e p ly  increasing  in  size, p o in tin g  
to  a ra p id  e n h an cem en t o f sy n ap tic  tran sm iss io n  (Fig. 2).

PS in jec ted  in tra v e n o u s ly  en h an ced  th e  effect of o th e r gang lion ic  
b lock ing  su b stan ces , such  as h ex am é th o n iu m , d -tu b o cu ra rin e , tr im e th a p h a n e . 
T his effect w as m a in ly  observed  a fte r  a dose o f  th e  ganglionic b lo ck in g  ag e n ts
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c a u s in g  tra n s itio n a l p a ra ly s is . I f  th e  in je c tio n  o f  PS w as s ta r te d  ju s t  w hen  
th e  e f fe c t o f the  gang lion ic  b lock ing  c o m p o u n d  w as d isap p earin g , a f te r  a 
PS  d o se  o f  0.015 — 0.02 g /k g  th e  n ic ti ta tin g  m e m b ra n e  co n trac tio n s  e lic ited  
b y  p reg an g lio n ic  s tim u la tio n  b egan  to  d im in ish  (F ig . 3).

T h e  com bined  effect o f  ganglion ic  b lo ck in g  ag en ts  and  PS w as s im ila rly  
a n ta g o n iz e d  by  p o ta ss iu m  sa lts .

T h e  ganglionic e ffec t o f  PS was in v e s tig a te d  also in  situ. I f  th e  PS  was 
in je c te d  in to  th e  slit p re p a re d  a round  th e  su p e rio r  cervical gang lion , th e

F ig . 4. E f fe c t  o f PS in  s itu . P O : p o stgang lion ic  s t im u la tio n . W : w ash. F o r th e  e x p e rim e n ta l 
c o n d itio n s, see in  th e  te x t .  N o ta tio n s as in  F ig . 1. T im e trace : 1 m in u te

size o f  th e  n ic tita tin g  m e m b ra n e  c o n tra c tio n s  slow ly  decreased an d  th e n  th e  
c o n tra c t io n s  ceased (F ig . 4). W hen  PS has b een  sucked  off and th e  e n v iro n 
m e n t  o f  th e  ganglion w as re p e a te d ly  w ash ed  w ith  iso tonic  NaCl so lu tio n , 
s y n a p t ic  tran sm issio n  w as resu m ed . R e p e a te d  ap p lica tio n  of PS cau sed  a 
f u r th e r  p a ra ly s is . P reg an g lio n ic  s tim u la tio n  th e n  becam e u neffec tive, w h ereas  
p o s tg a n g lio n ic  s tim u la tio n  re su lted  in  a c o n tra c tio n  of th e  m e m b ra n e ; th is  
e x c lu d e d  th e  possib ility  o f a local a n a e s th e tic  ac tio n . O therw ise, PS  h as  no 
lo ca l a n a e s th e tic  effect, b ecau se  d ro p p ed  in to  th e  guinea p ig ’s eye i t  does 
n o t  p r e v e n t  th e  corneal re fle x . U nder c o n d itio n s  in  s itu , too , th e  sy n erg ism  
b e tw e e n  PS an d  th e  o th e r  ganglion ic  b lo ck in g  ag en ts , e.g. h e x a m é th o n iu m , 
c o u ld  b e  d e m o n s tra ted . C oncern ing  th e  e x p e rim e n ts  in situ, i t  sh o u ld  be 
m e n tio n e d  th a t  th e  b lo ck in g  effect of PS w as n o t so co nsisten t as a f te r  in t r a 
a r te r ia l  a d m in is tra tio n .

T h e  effect of PS on b lo o d  pressure w as m o s t p ronounced . In  th is  re sp e c t, 
h e p a r in  behaves in  a s im ila r  m an n er [17]. T h e re  is, how ever, an  essen tia l 
d if fe re n c e  betw een  th e  e ffec t o f th e  tw o su b s ta n c e s  on b lood  p ressu re . W hile  
o n  th e  a d m in is tra tio n  o f  h e p a r in  th e  fall o f  b lo o d  p ressure  ensues g ra d u a lly  
a n d  a f t e r  a ce rta in  p e rio d , doses of 0.015 g /k g  o f  PS a lread y  cause a su d d en  
a n d  so m etim es  le th a l h y p o te n s io n , p a r tic u la r ly  follow ing p re - tre a tm e n t w ith
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such  a sm all dose (0.001  g /kg) o f h e x a m é th o n iu m  Avhich induces o n ly  a  te m p o 
ra ry  fa ll o f  b lood  p ressu re  (F ig . 5).

E x p e rim e n ts  ca rried  o u t on ra ts  su g g ested  th a t  th e  sy n erg ism  b e tw een  
h e x a m é th o n iu m  and  PS w as concern ing  n o t  o n ly  th e ir  ganglionic e ffe c t h u t 
also th e ir  to x ic ity .

F ig. 5. M ale c a t ,  3.30 kg. E ffec t o f in tra v en o u s  PS  on  b lood  pressure , a fte r  a  sm a ll  dose of 
h e x a m é th o n iu m . In  th e  10th a n d  16 th  m in . fo llow ing th e  in trav en o u s  in je c tio n  o f  0 .003 g 
o f  h e x am é th o n iu m , PS was ad m in is te re d  in  doses o f  0.04 g an d  0.05 g, re sp e c tiv e ly . O n  the  

base line: in je c tio n  o f PS. T im e  tra c e :  30 sec

Fig. 6. C o n trac tio n s o f th e  n ic t i ta t in g  m em b ran e  a f te r  th e  in tra a r te r ia l  in je c tio n  o f  T M P. 
P a ra lle l  to  th e  a d m in is tra tio n  o f T M P, th e  e ffec t o f  p regang lion ic  s tim u la tio n  g ra d u a lly  
d ecreases a n d  th e n  ceases, w hereas po stg an g lio n ic  s t im u la tio n  (PO ) rem ains e ffe c tiv e . A bove: 

a d m in is tra tio n  o f T M P. B elow : e lectrica l s t im u la tio n . T im e trace : 1 m in u te

A p o ly p ep tid e , tr im e th y lp o ly a n th in iu m  iodide (TM P) p re p a re d  by  
K o vács  an d  K ótai [5], also h av in g  p o ly ca tio n ic  p roperties b u t  a chem ical 
s tru c tu re  d iffe ren t from  th a t  o f PS , show ed a s im ila r behav iou r. J a n c s ó  [3, 4] 
h as show n  th a t  T M P, an d  p o ly a n th in iu m  d e riv a tiv e s  in  g en e ra l, possess 
co a g u la tio n  an d  in fla m m a tio n  in h ib itin g  p ro p e rtie s , and  th a t  th e i r  effect 
can  be  an ta g o n iz e d  by  h e p a rin . T h e  m o lecu la r w eig h t o f TM P is a b o u t  15 000. 
A fte r in tr a a r te r ia l  a d m in is tra tio n  T M P p ro d u ces a slow ly developing  gang lio n ic
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e ffec t ch a rac te rized  b y  th e  fa c t th a t  p reg an g lio n ic  stim u la tio n  a t  th e  5 - to 
10-fo ld  o f  th e  o rig inal p o te n t ia l  cannot in d u ce  c o n tra c tio n s  of th e  n ic t i ta t in g  
m e m b ra n e , w hereas p o stg an g lio n ic  s tim u la tio n  is in v a ria b ly  effective (F ig . 6 ). 
T M P  g iven  in tra v e n o u s ly  enhances the e ffec t o f  o th e r ganglionic b lock ing  
a g e n ts .

Discussion

K now ledge co n c e rn in g  th e  ph arm aco lo g ica l b eh av io u r of PS is scarce 
a n d  m o s tly  recen t. I n  a d d it io n  to  its  h e p a rin -a n tag o n iz in g  effect, PS  b y  its e lf  
p re v e n ts  blood c o a g u la tio n  [2, 7], evokes eo s in o p h ilia  in ra ts  [14, 15], an d , 
u n d e r  cond itions in  vitro,  i f  added  to  gu inea  p ig  b ra in  slices, it  in h ib its  th e  
in c re a se  in  th e ir  o x y g en  co n sum ption  in d u c e d  b y  electrical pulses [6 ].

T h e  discussed p o ly c a tio n ic  effects o f PS  a n d  TM P, p a rtic u la r ly  i f  th e y  
are  co n sid ered  in  c o m p a riso n  to  the  b e h a v io u r  o f  th e  po lyan ion ic  h e p a rin , 
c a n n o t be  ev a lu a ted  f ro m  th e  po in t of v iew  o f  p ra c tic a l pharm aco lo g y . T h ey  
o u g h t p rim arily  be s tu d ie d  to  establish th e  f u r th e r  p roperties o f th e  t r a n s 
m issio n  m echanism . T h e ir  reac tions seem to  sho w  th a t  PS an d  T M P gain 
access from  the  c irc u la tio n  to  th e  surface o f  th e  ganglionic cells an d  th e  
s y n a p tic  s tru c tu re s  p la y in g  a role in tra n sm iss io n . F u rth e rm o re , ou r e x p e ri
m e n ts  h av e  show  t h a t  P S  and  TM P possessin g  a positive charge  p ro m o te  
th e  e ffec t of th e  tru e  g an g lio n ic  blocking s u b s ta n c e s  and , ad m in is te red  in t r a 
a r te r ia l ly  by  th em se lv es , a lso  have a tra n sm is s io n  in h ib itin g  c h a ra c te r . C on
s id e rin g  th e  d ifferen t ch e m ic a l s tru c tu re  an d  th e  com m on  po lycation ic  p ro p e r ty  
o f P S  a n d  TM P, th e y  m a y  p roduce  th e ir e ffec t n o t  b y  th e ir  chem ical s tru c tu re  
(e.g. co m p e titio n ), b u t  o w ing  to  th e ir  ch arg e . T a k in g  in to  acco u n t th e  effect 
o f th e  po lyan ion ic  h e p a r in , i t  m ay be su p p o se d  th a t  th e  sy n a p tic  fu n c tio n  
is in flu e n c e d  by  su b s ta n c e s  w hich — ow ing  to  th e ir  considerab le  e lec tric  
c h a rg e  — ex ert an  e le c tro s ta t ic  effect upon th e  b io e lec tric  p henom ena ta k in g  
p lace  on th e  surface o f  th e  sy n ap tic  m em b ran es .

W e have d ea lt w ith  th e  question , w h a t k in d  o f b locking ty p e  can  be p ro 
d u c e d  b y  PS, and  how  i ts  e ffec t develops. In  e a r lie r  in v estig a tio n s it  has been  o b 
se rv e d  th a t  p reg an g lio n ic  e lec trica l s tim u la tio n  o f  th e  superior cerv ical ganglion  
a n d  its  chem ical e x c ita t io n  elicited by th e  in t r a a r te r ia l  in jec tio n  o f d iffe ren t 
d ru g s  do  no t ru n  p a ra lle l a f te r  tre a tm e n t w ith  gang lion ic  b locking  su b stan ces  
[10, 11]. I t  has b een  fo u n d  nam ely  th a t  so m e  ganglionic b lock ing  ag e n ts  
a d m in is te re d  in  doses in h ib it in g  the  effect o f  p reg an g lio n ic  s tim u la tio n  d ec rea s
ed  o n ly  s ligh tly  th e  e ffe c t o f acety lcholine in je c te d  — close to  th e  ganglion  
in t r a a r te r ia l ly  —, a n d  d id  n o t  p reven t, or e v e n  increased , th e  e x c itin g  effect 
o f  p h en y l-c h o lin e -e th e r  b ro m id e . On th e  o th e r  h a n d , ce rta in  doses of o th e r  
ty p e s  o f  ganglionic b lo c k in g  substances d id  n o t  in h ib it  sy n ap tic  tra n sm iss io n , 
a n d  a t  th e  sam e tim e  co m p le te ly  p rev en ted  th e  effect o f ace ty lch o lin e  and
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j)h eny l-cho line-e thcr in jec ted  in to  th e  gang lion ic  c ircu la tion . L arg e  doses of 
th ese  com pounds could  b lock  th e  tra n sm iss io n , as well. To th e  f irs t ty p e  belong  
h e x a m é th o n iu m , te tra e th y la m m o n iu m , d - tu b o c u ra r in e  and a z a m é th o n iu m , 
an d  to  th e  second, su lp h a -m e th y l- th iazo le  [13] an d  2-/?-(2-[4,5,3’,4 ’,- te tra -  
m eth o x y -stilb cn y l]-e th y l)-trim e th y l-am m o n iu m -m eth y l-su lp h a te , th e  co m p o u n d  
sy n th es ized  b y  B r uckner , K ovács a n d  Szász [1]. PS m a y  b e  ran g ed  
in to  th e  second g roup , viz. before i t  in h ib its  sy n a p tic  tran sm issio n , i t  abo lishes 
th e  ex c itin g  effect of p h en y l-ch o lin e -e th e r in je c te d  in  a dose of 10  /zg in to  
th e  ganglion ic  a r te ry . A ccord ing  to  our p rev io u s  suggestions, we a ssu m e  th a t  
th e  PS m olecules are deposited  p rim a rily  on th e  free surfaces of th e  gang lion ic  
cells an d  on ly  w hen  th e ir  c o n c e n tra tio n  h as  increased  th e y  p e n e tra te  
in to  th e  in te rsy n a p tic  space an d , b o u n d  to  th e  recep to r a p p a ra tu s  o f  th e  
sy n a p tic  su rfaces, in h ib it th e  d ep o la riza tio n  processes.
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ANTICOAGULANT AND ANTIPHLOGISTIC PROPERTIES 
OF PHLOGODYM (NEODYMIUM PYROCATECHOL

I .  A. O y v i n ,*  V. P . B a l u d a , S .  M. S h e g e l , O. Y. T o k a r e v ,

E .  A . V e NGLINSKAYA  an d  E .  G .  Y a g o d k i n a

D EPA R T M E N T OF PATHOLOGICAL PHY SIOLOG Y , K U BA N  M EDICAL INSTITUTE, K R A SN O D A R , USSR

1. Phlogodym  (N eo d y m iu m  p y ro c a tec h o l d isu lp h o n ate ) a d m in is te re d  in t r a 
v en o u sly  in  doses o f 35 m g /k g  30 m in u te s  before  th e  influence of p h lo g is tic  i r r i ta n ts  
(xy len e , h e a t)  upo n  th e  r a b b i t ’s ear sk in , co m p le te ly  p rev en ts  th e  d e v e lo p m e n t of 
in fla m m a tio n  (oedem a fo rm atio n , leu co cy tic  em ig ra tio n ).

2. In trav e n o u s  in je c tio n  o f P h lo g o d y m  in  th e  sam e dose causes in  th e  ra b b it  
a d e lay  of blood c lo ttin g  (c lo ttin g  tim e , reca lc ific a tio n  tim e, p ro th ro m b in  tim e , and 
th ro m b in  tim e are  in creased , to le ran ce  to  h e p a r in  d im inished). F ib r in o g e n  concen
t r a t io n  changes in sig n ifican tly , b u t  its  h e a t  re s is tan ce  is low ered, f ib rin o g e n  В ap p ea rs  
a n d  b lood  fib rin o ly tic  a c t iv ity  increases.

3. T he a n tic o a g u la n t p ro p e rtie s  o f  P h lo g o d y m  m ay  be exp la ined  b y  d is tu rb an c es  
o f th ro m b o p la s tin  g e n e ra tio n  lead ing  to  in h ib itio n  o f th ro m b in  fo rm a tio n . P h lo g o d y m  
p ro b a b ly  influences th e  co n v ersio n  o f f ib rin o g en  to  f ib rin . A p p a re n tly , P h lo g o d y m  
h as  a d irec t in fluence on th e  b lood  c lo ttin g  fa c to rs  since i t  d is tu rb s  b lo o d  c lo ttin g  
b o th  in  vitro  an d  in  vivo.

4. T he an tip h lo g is tic  e ffec t o f P h lo g o d y m  is n o t  d irec tly  co n n ec ted  w ith  i ts  a n ti 
co ag u lan t p roperties . I t  m a y  p e rh ap s  be  ex p la in ed  b y  a d irec t in flu en ce  on  th e  blood 
vessels and  blood flow , since a f te r  P h lo g o d y m  a d m in is tra tio n  th e  ear sk in  te m p e ra tu re  
is low ered , the  skin c ap illa ry  d iam e te r d im in ish es an d  th e  tim e o f ra d io p h o sp h a te  
d isap p ea ran ce  from  th e  sk in  is en h an ced .

J ancsÓ has recently  synthesized new ea rth  m etal (lan th an u m , neo
dym ium , praseodym ium , sam arium ) com plexes of pyrocatechol sodium 
d isu lphonate in which th e  m etal a tom  is a ttach ed  to  the oxygen atom s of 
tw o phenolic residues

T hese  com plexes are  to le ra te d  well b y  ra ts  and  ra b b its  a n d  possess 
a n tic o a g u la n t and  an tip h lo g is tic  p ro p e rtie s  [1]. T he m ode o f a c tio n  o f  these  
co m p o u n d s  upon th e  in f la m m a tio n  an d  co ag u la tio n  system  h a s  scarce ly  
b een  in v es tig a ted . I t  seem ed  th e re fo re  in te re s tin g  to  s tu d y  th e  p ro p e rtie s  
o f P h lo g o d y m  (N eodym ium  p y ro ca tech o l d isu lphonate).**

* P re se n t address: D e p a r tm e n t o f P a th o lo g ica l P h y s io lo g y , M edical R a d io lo g y  In s t i tu te ,  
O b n in sk , U SSR .

** S u pp lied  by  th e  Chemical W orks Gedeon R ichter , L td ., B udapest.

DISULPHONATE)
B y

(R eceived  M ay 21, 1963)
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Methods

A lbino  and p ig m e n ted  r a b b i t s  weighing 2.0 to  2.9 k g  w ere used  in  th e  ex p erim e n ts .
In f lam m atio n  w as p ro d u c e d  b y  p a in tin g  th e  r a b b i t ’s e a r  w ith  0.1 m l o f x y len e  or b y  

a p p ly in g  on  i t  for 1 m in u te  a  c o p p er disc, 15 m m  in  d ia m e te r ,  m a in ta in ed  b y  c ircu la tin g  
w a te r  a t  a  tem p e ra tu re  o f  54 ^  0 .05° C.

T h e  developm ent o f in f la m m a to ry  oedem a on  th e  e a r  w as in v es tig a ted  b y  th e  ra d io 
m e tr ic  m e th o d  of J u h l i n  [2]. T h e  in te n s ity  (E ) o f  o ed em a, w h ich  is p ro p o rtio n a l to  th e

N
deg ree  o f b e ta  ra y  a b so rp tio n , w as calcu la ted  b y  th e  e q u a tio n  E  =  lg---- , w here  N c is th e

o b se rv e d  co u n t above th e  n o rm a l ear and N j — th e  c o u n t  above th e  in flam ed  ear. T he 
e x p e r im e n t con tinued  for one  h o u r  during  w hich 6 c o u n ts  o f  5 m in u tes  d u ra tio n  each  were 
m ad e  a t  5 m in u te  in te rv a ls . T h e  d e ta ils  of th e  m e th o d  h a v e  been  published  b y  V e n g l i n s - 
k a y a  [3].

P ieces o f ear sk in  w ere  c u t  o u t  1 hour a f te r  th e  a p p lic a tio n  of xylene a n d  h e a t, an d  
s tu d ie d  h isto log ically  (p a ra f f in  em bedding , h a e m a to x y lin -e o s in  sta in ing). T he in te n s i ty  o f 
le u c o c y tic  em igration  w as in v e s tig a te d  by  co u n tin g  th e  leu co cy te s  in  sections o f sk in  b v  
th e  m e th o d  of V e n g l i n s k a y a  [4].

T h e  ear skin te m p e ra tu re  w as recorded  b y  m ean s o f a  B io th e rm  electric  th e rm o m ete r .
T h e  d iam ete r o f th e  e a r  sk in  blood capillaries w as m ea su re d  by  an  o cu lar m ic ro m ete r 

a t ta c h e d  to  an  a p p a ra tu s  fo r  d ire c t  observation  of th e  c ap illa rie s , a f te r  p a in tin g  w ith  p a ra ff in  
oil th e  e a r  skin.

E a r  sk in  blood flow  w a s s tu d ied  b y  th e  ra d io m e tr ic  m eth o d  [5]. In d ic a to r  doses o f 
N a 2H 32P 0 4 w ere added  to  sa lin e  a n d  0.1 ml of th is  so lu tio n  w as in jec ted  in to  th e  ear sk in . 
R a d io a c tiv ity  was m ea su re d  b y  m ea n s  of a G. M. tu b e  w ith  a  th in  end-w indow  s i tu a te d  2 cm  
a b o v e  th e  w heal fo rm ed b y  th e  ra d io p h o sp h a te  in je c tio n . M easurem en ts w ere ta k e n  d u rin g  
1 m in u te  an d  rep ea ted  a t  1 m in u te  in te rvals over a p e r io d  o f 25 — 90 m inu tes.

N a 2H 32P 0 4 d isa p p e a ra n c e  h a lf  tim e (an  in d ex  o f sk in  b lood  flow) w as ca lcu la te d  on 
th e  b a s is  o f ex p erim en ta l c u rv e s  (w ith  the  n u m b er o f  c o u n ts  p e r m inu te  on th e  o rd in a te  an d  
th e  t im e  in  m inutes on th e  ab sc issa).

B lood  c lo tting  tim e  w as  m easu red  by th e  m e th o d  o f Lee and  W hite.
T h e  o th e r d e te rm in a tio n s  carried  ou t w ere, c a lc iu m  c lo ttin g  tim e [6]; to le ran ce  to  

h e p a r in  [7 ]; p ro th ro m b in  tim e  [8 ]; th ro m b in  g en era tio n  te s t  [9]; fib rin o ly tic  a c t iv ity  [10] 
w ith  3 h o u rs  in cu b a tio n  o f f ib r in  a t  37° C; fib rinogen  [11]; f ib r in o g e n  В [12, 13]; h e a t  re sis tan ce  
o f  f ib rin o g e n  [14].

P h lo g o d y m  was in je c te d  in to  th e  m arg inal e a r  v e in , in  doses o f 35 m g /k g .
S tu d e n t’s t  te s t  w as u se d  fo r  s ta tis tica l an alysis. T h e  d ifferences betw een re su lts  w ere 

co n sid ered  significant w ith  th e  P  <7 0.05.

Results

Changes of ea r th ic k n e s s  a fte r xy lene  a n d  h e a t influence d e te rm in ed  
in n o rm a l rab b its  a n d  th o s e  p re tre a ted  w ith  P h lo g o d y m  are su m m arized  in 
T ab le s  I  and  II .

Table I

E ffe c t o f  P hlogodym  on the developm en t o f  oedem a o f  the rabb it ear p a in te d  w ith  xylen e

Tim e (minutes) after xylene application

0 5 -1 0 1 5 - 2 0 2 5 -3 0  j 3 5 - 4 0 4 5 -5 0 55 — 60

0.00 0.03 ±  0.02

Control group (10)

0 .09 ±  0.02 j 0.14 ±  0.02 0.15 ±  0.02 0.16 ±  0.02 0.18 ±  0.02

0.00 О О о

E xperim en tal group  (10)

0.02 ± 0 .0 1  0.02 ± 0 .0 1  0.02 ± 0 .0 1 0.01 ±  0.01 0.01 ±  0.01
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C ontro l group  a p p lica tio n  of xy lene . E x p e rim e n ta l g ro u p : ap p lica tio n  o f  x y len e  30 
m in u te s  a f te r  th e  in tra v en o u s  in je c tio n  of P h lo g o d y m . V alues: m ean  b e ta -ra y  a b so rp tio n , 
w ith  s ta n d a rd  e rro r o f th e  m ean  a f te r  figu res in p a re n th e s is  show  the  n u m b e r  o f  ra b b its .

Table II

E ffec t o f  P hlogodym  on the developm en t o f  th erm al oedem a o f  the ra b b it ear

Time (minutes) after burn

0 5 - 1 0 1 5 - 20 2 5 -3 0 3 5 -4 0 45 — 50 5 5 - 6 0

C ontrol group  (5)

0.00 0.03 ±  0.01 0.11 0.01 0.18 ±  0.02 0.20 ± 0.01 0.23 ±  0.02 0.23  ±  0.01

E x p erim en ta l group  (5)

00.0 0.04 ±  0.02 0.03 0.02 0.01 ±  0.02 —0.06 ± 0.04 — 0.04 ±  0.07 — 0.01 ±  0.04

C o n tro l g roup : b u rn  o n ly . E x p e rim e n ta l g ro u p : b u rn  30 m inu tes a fte r  th e  in tra v e n o u s  
in je c tio n  o f P h logodym . V alues: as in  T ab le  I.

As seen from  th e  T ab les  I an d  I I ,  a s ta tis t ic a lly  s ig n ifican t in crease  
o f e a r  th ick n ess  was ev id e n t 15 — 20 m in u te s  a f te r  th e  ap p lica tio n  o f  xy len e  
o r h e a t .  T h e  oedem a increased  d u rin g  45 — 60 m in u te s . Ph logodym  co m p le te ly  
p re v e n te d  deve lopm en t o f th e  e x u d a tio n  cau sed  b y  xylene or b u rn . I n  som e 
e x p e rim e n ts  w ith  h ea t in ju ry  th e  th ick n ess  o f  th e  ea r d im in ished , as show n 
b y  th e  m in u s sign before th e  m ean  values o f  b e ta - ra y  ab so rp tio n . T h is  also 
ex p la in s  th e  h igh s ta n d a rd  e rro r  in  th e se  ex p e rim e n ts . H isto lo g ica lly  th e re  
w ere no changes to  be seen in  th e  ea r sk in  tr e a te d  w ith  h ea t or x y le n e  a fte r  
th e  a p p lica tio n  o f P h logodym .

P h lo g o d y m  com plete ly  p re v e n te d  th e  leu co cy tic  em ig ra tion  in to  th e  
sk in  i r r i ta te d  b y  xylene or b u rn . T he av erag e  leucocy te  coun t p e r  cu . m m . 
o f e a r  sk in  1 h o u r a fte r  th e  a p p lica tio n  of x y len e  was 539 i  8 , in  ra b b its  
p re tre a te d  w ith  P h logodym , 125 ^  1, w hile in  n o rm a l ra b b its  129 i  5. One 
h o u r  a f te r  th e  th e rm a l in ju ry  th e  leucocy te  c o u n t in  th e  in flam ed  e a r  sk in  
w as 464 46 p er cu. m m , w hile in  ra b b its  p re tre a te d  w ith  P h lo g o d y m ,
126 6 p e r cu. m m .

T h e  influence  of P h lo g o d y m  upon  blood flow  in  th e  ear skin w as s tu d ie d  
30 m in u te s  a fte r  th e  in tra v e n o u s  a d m in is tra tio n  o f 35 m g/kg o f th e  d ru g  
a n d  th e  r a te  of N a2H 32P 0 4 rem o v a l from  th e  e a r  sk in , th e  sk in  te m p e ra tu re ,  
an d  th e  d ia m e te r  o f th e  ea r skin cap illa ries was d e te rm in ed . The re su lts  o b ta in e d  
in 10 ra b b its  are  show n in  T ab le  I I I .

T h e  d a ta  in  T able I I I  show  an  en h a n c e m en t o f rad io -p h o sp h a te  a b so rp 
tio n , a low ering  o f th e  sk in  te m p e ra tu re  a n d  a d im in u tio n  of th e  c a p illa ry  
d ia m e te r . T hese changes w ere s ig n ifican t s ta tis t ic a lly  w ith  confidence lim its  
su rp a ss in g  99.9 p er cen t.
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Table II I

Phlogodym in flu e n c e  upon the blood f lo w  in  the rabbit ear sk in

Statistical
indexes

H a lf  time 
o f  N a2H P « 0 4 

rem o v al (minutes)
T em peratu re

Diam eter of the 
capillary

Before ad m in istra tio n

M 13.4 30.9 3.28
m ± 1.1 1.0 0.8

A fter admi n is tra tio n

M 35.8 24.1 24.5
m ± 7.3 1.4 0.9
P 0.001 0.001 0.001

T h e  effect o f in tra v e n o u s ly  a d m in is te red  35 m g/kg P h lo g o d y m  upon  
th e  b lo o d  c lo tting  s y s te m  an d  hlood f ib r in o ly tic  a c tiv ity  is su m m arized  in 
T a b le  IV .

S ignifican t ch an g es  in  blood c lo ttin g  a p p e a re d  10 m in u tes  a f te r  th e  
in je c tio n  of P h lo g o d y m . B lo o d  clotting tim e  a n d  calcium  c lo ttin g  tim e  in 
c re a se d  m ore th a n  7 t im e s ;  p ro th ro m b in  tim e , 4 tim e s ; th ro m b in  tim e , to  th e  
d o u b le ; and  to lerance  to  h e p a r in  dim inished 5 tim e s . F ib rinogen  c o n c e n tra tio n  
c h a n g e d  in sign ifican tly  b u t  its  heat re s is tan ce  w as low ered (th e  te m p e ra tu re  
a t  w h ich  p rec ip ita tio n  o c c u rre d  d im in ished , th e  tim e  u n til in c ip ien t p rec ip 
i ta t io n  was reduced). B lo o d  fib rino ly tic  a c t iv i ty  was sligh tly  en h an ced .

T h ir ty  m inu tes a f te r  th e  injection  o f P h lo g o d y m , fib rinogen  В ap p ea red  
in  th e  blood and b lo o d  f ib r in o ly tic  a c tiv ity  in c re a se d  m ore th a n  tw ice . A fte r 
4 — 8  h ou rs all th e  in d e x e s  investiga ted  w ere  s till changed , b u t  th e re  was 
a  te n d e n c y  to  r e tu rn  to  n o rm a l. H ow ever, e v e n  12 hours a fte r  P h lo g o d y m  
a d m in is tra tio n  n o rm a liz a tio n  was not y e t  c o m p le te .

D iscussion

Phlogodym  a d m in is te re d  in trav en o u sly  co m p le te ly  in h ib ited  th e  d ev e lo p 
m e n t  o f the  early  m a n ife s ta tio n s  of in f la m m a tio n  (ex u d a tio n , leucocy tic  
e m ig ra tio n ) caused b y  m o d e ra te  ph log istic  i r r i ta t io n . A t th e  sam e tim e, 
P h lo g o d y m  show ed m a rk e d  an tico ag u lan t p ro p e rtie s , causing  a d e lay  o f  
c lo t t in g , changes o f  f ib r in o g e n  quality , a n d  a n  enhancem en t of f ib rin o ly tic  
a c t iv i ty .

A ccording to  S o u l i e r  and  W i e i l l a n d  [1 5 ] ,  neodym ium , a n d  p a r t ic 
u la r ly  its  3 -su lp h o iso n ico tin ic  salt, is a ffec tin g  th e  p ro th ro m b in , p ro co n v e rtin  
co m p le x  and  S tu a r t ’s f a c to r  in the  hlood a n d  a ll th is  resu lts  in  an  in h ib itio n  
o f  th ro m b o p la s tin  g e n e ra t io n  and thus a d e la y  o f  blood clo tting . N eodym ium  
a d d e d  to  hlood in vitro  n e u tra liz e s  the sam e fa c to rs  whose syn thesis  is in h ib ited
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Table IV

Phlogodym in flu en ce  on blood clotting system  a n d  blood fib r in o ly tic  activ ity

Clotting factors
S tatis

tical
indexes

Time a fte r  Phlogodym  injection

0 J 10 min. 30 min. 4 hours 8 hours 12 hours

C lotting  tim e 
(m inutes)

M
m ±

P

4
0.14

30
0 .0

< 0 .001

30
0 .0

< 0 .0 0 1

21
1.8

< 0 .0 0 1

14
1.3

< 0 .0 0 1

10
0.7

< 0 .0 0 1

Calcium  c lo ttin g  tim e 
(seconds)

M
m ±
P

80
2.4

580
34.4

< 0 .0 0 1

580
24.1

< 0 .0 0 1

420
17.7

< 0 .0 0 1

260
20.1

< 0 .0 0 1

170
11.6

< 0 .0 0 1

T olerance to heparin  
(seconds)

M
m  ±  
P

160
2.5

830
28.3

< 0 .0 0 1

890
6.2

< 0 .0 0 1

590
28.3

< 0 .0 0 1

410
28.3

< 0 .0 0 1

250
13.5

< 0 .0 0 1

P ro th ro m b in  tim e 
(seconds)

M
m ±
P

10
0 .1

42
4.9

< 0 .0 0 1

50
2.8

< 0 .0 0 1

30
2.2

< 0 .0 0 1

22
1.5

< 0 .0 0 1

14
0.8

< 0 .0 0 1

T hro m b in  tim e 
(seconds)

M
m ±
P

20
0 .1

51
2.0

< 0 .0 0 1

52
2.2

< 0 .0 0 1

33
1.4

< 0 .0 0 1

23
1.2

< 0 .0 0 1

22
0.8

< 0 .0 5

F ib rino ly tic  a c tiv ity  
(% )

M
m ±
P

8
0.4

11
0.2

<  0 .0 0 1

20
1.6

< 0 .0 0 1

26
1.6

< 0 .0 0 1

20
1.8

< 0 .0 0 1

17
1.4

< 0 .0 0 1

Fibrinogen
(m g% )

M
m ±
P

420
9.8

470
11.7

< 0 .0 1

470
11.2

< 0 .0 1

490
10.7

< 0 .0 0 1

480
10.6

< 0 .0 0 1

440
9.8

< 0 .2

Fibrinogen В M 0 0 +  +  + +  +  + +  +  + +  +

H eat resistance of 
fibrinogen 
a)  Tem p. (0°) a t 

w hich p rec ip ita 
tion  occurred

M
m ±
P

51.7
0.01

51.0
0.01

< 0 .001

50.7
0.08

< 0 .0 0 1

50.6
0.08

< 0 .0 0 1

50.8
0.09

< 0 .0 0 1

51.3
0.06

< 0 .0 0 1

b) T im e u n til incip i
e n t p recip ita tion  
(seconds)

M
m ±
P

170
2.0

100
6.3

< 0 .0 0 1

70
7.7

< 0 .0 0 1

60
7.6

< 0 .0 0 1

80
9.8

< 0 .001

130
5.7

< 0 .0 0 1

b y  coum arine  an d  its  d e riv a tiv e s  in  vivo. J a n c s Ó [16] fo u n d  th a t  a f te r  th e  
in tra v e n o u s  a d m in is tra tio n  o f 75 m g/kg o f P h lo g o d y m  th e  p ro th ro m b in  tim e  
o f ra b b it  b lood  increased  from  7 to  66 seconds; a f te r  4 hours it  w as s till 
20  seconds.

O ur re su lts  h av e  co n firm ed  th a t  in tra v e n o u s ly  ad m in is te red  P h lo g o d y m  
d is tu rb s  th ro m b o p la s tin  g en e ra tio n , as a re su lt o f w h ich  th ro m b in  fo rm a tio n  
is in h ib ite d . F o r ex am p le , th ro m b in  genera tio n  in  n o rm al r a b b it  p la sm a

8  A cta Phyaiologica X X IV /3.
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ta k e s  3 — 4 m inu tes, w hile  10 m inu tes a f te r  th e  in trav en o u s  a d m in is tra tio n  
o f  35 m g /kg  P h logodym  th e re  is no th ro m b in  fo rm ation .

T h e  experim en ts m a d e  w ith  r a b b i t ’s b lood  in  vitro h a v e  show n th a t
0 .25  m g  per ml of p la sm a  o f P h logodym  d e lay ed  calcium  c lo ttin g  tim e  3 — 4 
t im e s , p ro th ro m b in  tim e  1.5 tim es, th ro m b in  tim e  — m ore th a n  10 fold and  
lo w e re d  th e  to lerance  to  h e p a rin  to  a ha lf. T h ro m b in  gen era tio n  w as m ark ed ly  
d is tu rb e d .

T h e  analogy of th e  d is tu rb an ces  o f b lo o d  c lo ttin g  caused b y  P h logodym  
in  v itro  an d  in  vivo su g g ests  th a t  th e  c o m p o u n d  m ay  act d ire c tly  upon  th e  
c lo t t in g  factors.

A p p a ren tly , P h lo g o d y m  also in flu en ces th e  conversion  o f  fib rinogen  
to  f ib r in ,  since in th e  p resen ce  o f th e  d ru g  th e  p ro p erties  of f ib rin o g e n  undergo  
a c h a n g e  (lowering o f h e a t  s ta b ility , f ib rin o g en  В ap p earan ce) a n d  th e  f ib rin  
c lo t fo rm ed  is friab le  a n d  lack ing  its  u su a l th re a d lik e  s tru c tu re .

In  previous in v e s tig a tio n s  [17, 18, 19], we have show n th a t  th e  early  
s ig n s  o f  in flam m atio n  (d e ran g em en t o f v a sc u la r  p e rm eab ility , e x u d a tio n  and 
le u c o c y tic  em igration) do  n o t depend  on  th e  b lood c lo ttin g  sy s te m . I n t r a 
v a s c u la r  b lood c lo ttin g  a n d  th ro m b o sis  a re  th e  m ost p ro m in e n t lin k s in  th e  
p a th o g e n e s is  of h y p ere rg ic  in fla m m a tio n . T herefo re , th e  a n tip h lo g is tic  in f lu 
en ce  o f  P h logodym  c a n n o t be ex p la in ed  b y  its  a n tic o a g u la n t p ro p erties . 
P e rh a p s  u n d er our e x p e rim e n ta l co n d itio n s th e  d ev e lo p m en t w as in h ib ited  
b y  th e  d irec t in fluence  o f  P h lo g o d y m  u p o n  th e  ear vessels an d  e a r  sk in  blood 
flo w . In  fac t, in tra v e n o u s ly  a d m in is te red  P h logodym  caused  a low ering  of 
th e  e a r  sk in  te m p e ra tu re  a n d  a d im in u tio n  o f th e  skin c a p illa ry  d iam ete r. 
T h e  d e la y  of ra d io p h o sp h a te  rem oval also show ed a re d u c tio n  o f  th e  blood 
flo w . Ph logodym  th u s  m a y  e x e rt a d irec t “ p a c k in g ”  effect on th e  sm all vessel 
w a lls  [16] and  th u s  re d u c e  th e  tissu es’ r e a c tiv i ty  to  ph log istic  i r r i ta n ts .
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A C T A  P H Y S I O L O G I C A
Т О М  X X I V  —  В Ы  П .  3

Р Е З Ю М Е

Г Е Т Е Р О Г Е Н Н А Я  М Е Ч Е Н О С Т Ь  Ц И Т О П Л А З М А Т И Ч Е С К И Х  
Р И Б О Н У К Л Е 1  1 Н О В Ы Х  К И С Л О Т  П О Д Ж Е Л У Д О Ч Н О Й  Ж Е Л Е З Ы  Г О Л У Б Е Й

М. С Е К Е Й ,  Э. Г А Л ,  и Б . Л О В А Ш

В б ес к л е то ч н о й  с и с т е м е , п о л у ч е н н о й  и з  п о д ж е л у д о ч н о й  ж е л е з ы  г о л у б е й , ц ито
п л а зм а т и ч е с к и е  р и б о н у к л е и н о в ы е  к и с л о т ы  г е т е р о г е н н о  м а р к и р о в а л и с ь  п р и  и н к у б а ц и и  
в  п р и с у т с т в и и  о р то ф о сф ата , с о д е р ж а щ е г о  3-’Р .

Н а л и ч и е  я д е р н о й  ф р а к ц и и  не б ы ло  н е о б х о д и м ы м  д л я  то го , ч т о б ы  м е ч е н ы й  фосфор 
в к л ю ч и л с я  во ф р а к ц и и  ц и т о п л а з м а т и ч е с к и х  р и б о н у к л е и н о в ы х  к и с л о т .

У д е л ь н а я  р а д и о а к т и в н о с т ь  р и б о н у к л е и н о в ы х  к и с л о т  к л е т о ч н о й  ф р а к ц и и , содер
ж а щ е й  б о л ьш и е г р а н у л ы , б ы л а  б о л ь ш е , чем  с п е ц и ф и ч е с к а я  а к т и в н о с т ь  р и б о н у к л е и н о в ы х  
к и с л о т , и зо л и р о в а н н ы х  и з  м и к р о с о м .

В к л ю ч ен и е  м е ч е н о г о  ф о сф о р а  в Р Н К  н а б л ю д а л о с ь  и в то м  с л у ч а е ,  е с л и  больш и е 
г р а н у л ы  и н к у б и р о в а л и с ь  б е з о  в с е х  о с т а л ь н ы х  к л е т о ч н ы х  ф р а к ц и й .

Н ад о  п о л а г а т ь , что  б о л ь ш и е  г р а н у л ы  м о г у т  и г р а т ь  з н а ч и т е л ь н у ю  р о л ь  в  обмене 
(в ещ еств ) р и б о н у к л е и н о в ы х  к и с л о т  п а н к р е а т и ч е с к и х  к л е т о к .

И З М Е Н Е Н И Е  С О Д Е Р Ж А Н И Я  Н У К Л Е И Н О В Ы Х  К И С Л О Т  В Д Е Н Е Р В И Р О В А Н Н О Й  
П О Д Ч Е Л Ю С Т Н О Й  Ж Е Л Е З Е  С О Б А К

Й. М О Л Н А Р ,  А.  Т И Д И ,  и к .  Л И Ш Ш А К

А в то р а м и  и з у ч а л о с ь  и зм е н е н и е  с о д е р ж а н и я  н у к л е и н о в ы х  к и с л о т  и  о б щ е г о  к о л и 
ч е с т в а  а зо т а  (N ) в ы д е л е н н о й  с л ю н ы  в д е н е р в и р о в а н н о й  п р а в о й  п о д ч е л ю с т н о й  ж ел езе  
( g la n d u la  su b m a x il la r is )  с о б а к .

В  п ер в у ю  о ч е р е д ь  и з м е н и л о с ь  с о д е р ж а н и е  Р Н К ,  о тн о си тел ь н о е  и  а б с о л ю т н о е  к о л и 
ч е с тв а  к о то р о г о  п о к а з ы в а л и  в ы р а ж е н н о е  с н и ж е н и е  в  теч ен и е  2 — 3 н е д е л ь  п о с л е  д ен ер 
в а ц и и .

О тн о си те льн ы е (п е р е ч и с л е н н ы е  н а  100  г  с в е ж е й  т к а н и )  в е л и ч и н ы  с о д е р ж а н и я  
Д Н К  п о в ы ш ал и сь , но  а б с о л ю т н ы е  зн а ч е н и я  Д Н К - с о д е р ж а н и я  з а  т а к о й  к о р о т к и й  про
м е ж у т о к  врем ен и  о д н о зн а ч н о  н е  м е н я л и с ь .

П о сл е  у д а л е н и я  g a n g lio n  c e rv ic a le  s u p e r iu s  н е  н а б л ю д а л о с ь  с у щ е с т в е н н о е  изм ен ен и е 
в  с о д е р ж а н и и  н у к л е и н о в ы х  к и с л о т .

И зм ен ен и я , в ы зы в а е м ы е  п е р е р е з к о й  c h o r d a  ty m p a n i ,  в  з н а ч и т е л ь н о й  с т е п е н и  у в е л и 
ч и в а л и с ь  у д ал ен и ем  g a n g l io n  c e rv ic a le  su p e r iu s .

К о л и ч еств о  в ы д е л я ю щ е й с я  п о д  д е й с т в и е м  п и л о к а р п и н а  с л ю н ы  с н и ж а л о с ь  после 
д е н е р в а ц и и , но о тн о ш ен и е  в ы д е л я ю щ е г о  о б щ его  к о л и ч е с т в а  а зо т а  н а  1 м г  т к а н и  ж ел езы  
п о к а з ы в а л о  п о в ы ш а ю щ у ю с я  тен д е н ц и ю .

Д Е Й С Т В И Е  Х Р О Н И Ч Е С К О Й  Н А Г Р У З К И  Н А  О К С И Т О Ц И Ч Е С К У Ю  
И  А Н Т И Д И У Р Е Т И Ч Е С К У Ю  А К Т И В Н О С Т И  Г И П О Ф И З А  У  К Р Ы С

К .  Ф Е Н Д Л Е Р ,  Г. Т Е Л Е Г Д И  и 3. Э Н Д Р Э Ц И

Б е л ы е  к р ы с ы -с а м к и  б ы л и  за с т а в л е н ы  п л а в а т ь  д о  п о л н о го  и з н у р е н и я  еж ед н евн о  
в  т е ч е н и е  29 дн ей . П о д о п ы т н ы е  ж и в о т н ы е  б ы л и  р а зд е л е н ы  н а  г р у п п ы  и  п о д в е р г а л и с ь  
в о зд е й с т в и ю  по г р у п п а м  ч е р е з  к а ж д ы е  3 — 4  д н я .  У  ж и в о т н ы х  и с с л е д о в а л о с ь  изм ен ен и е 
о к с и т о ц и ч е с к о й  и а н т и д и у р е т и ч е с к о й  а к т и в н о с т е й  м о зго в о го  п р и д а т к а .



А в т о р ы  у стан о в и л и , ч т о  о к с и т о ц и ч е с к а я  а к т и в н о с т ь  г и п о ф и з а  п о д о п ы тн ы х  к р ы с  
п о к а з ы в а е т  н е  в ы р а ж е н н о е  с н и ж е н и е  н а  6 — 8-й дн и  э к с п е р и м е н т а ,  н о  н а  12-й и  15-й  д н и  
у ж е ,  н а о б о р о т ,  н аб л ю д ал о сь  б о л ь ш о й  степ е н и  п о в ы ш ен и е  у к а з а н н о й  ак ти в н о с т и . М а к с и 
м у м  4 — 7 -к р а т н о г о  п о в ы ш ен и я  о к с и т о ц и ч е с к о й  а к т и в н о с т и  д о с т и г а л с я  н а  18-й д е н ь  о п ы т а , 
а  н а  2 2 — 2 9 -й  д н и  н а б л ю д а л о с ь  п о с т е п е н н о е  сн и ж ен и е  а к т и в н о с т и , но  у р о в е н ь  п о с л е д н е й  
з а  в р е м я  о п ы т а  не с н и ж а л с я , д о  и с х о д н ы х  величин .

П р и  а н а л о г и ч н ы х  э к с п е р и м е н т а л ь н ы х  у с л о в и я х  а в т о р ы  о б н а р у ж и в а л и  п о в ы ш е н и е  
а н т и д и у р е т и ч е с к о й  а к т и в н о с т и  м о з г о в о г о  п р и д атк а  п о д о п ы т н ы х  к р ы с .

И С С Л Е Д О В А Н И Е  З Н А Ч Е Н И Я  С И С Т Е М Ы  Р Е Н И Н -А Н Г И О Т Е Н С И Н А  
В Р Е Г У Л Я Ц И И  П Р О Д У К Ц И И  А Л Ь Д О С Т Е Р О Н А

Я. ШОЙОМ, ж.  КОТРА, А. ШАЛАМОН и И. ШТУРЦ

А в т о р ы  и ссл ед о в ал и  р о л ь  с и с т е м ы  р е н и н -а н г и о т е н с и н а  п р и  п о вы ш ен и и  с и н т е з а  
а л ь д о с т е р о н а  п о сл е  о б е с к р о в л и в а н и я .  О б р азо в ан и е  а л ь д о с т е р о н а  н а д п о ч е ч н и к а м и  и з м е р 
я л о с ь  в  о п ы т а х  in v itro  и in  v iv o  п о с л е  н а л о ж е н и я  л и г а т у р ы  н а  ги л ю с  п о ч ек  и л и  п о с л е  
н е ф р э к т о м и и . Б ы л о  у с т а н о в л е н о , ч т о  повы ш ен и е п р о д у к ц и и  а л ь д о с т е р о н а  п о с л е  к р о в о 
т е ч е н и я  н а б л ю д а е т с я  т а к ж е  и  п р и  о т с у т с т в и и  систем ы  р е н и н -а н г и о т е н с и н а .

И З М Е Н Е Н И Я  О Т В Е Т Н О Й  Р Е А К Ц И И  Щ И Т О В И Д Н О Й  Ж Е Л Е З Ы  П О Д  
В Л И Я Н И Е М  Х О Л О Д А  П О С Л Е  Б И Л А Т Е Р А Л Ь Н О Г О  П О В Р Е Ж Д Е Н И Я  Я Д Е Р  

h a b e n u la e  У  К Р Ы С , П Р Е Д В А Р И Т Е Л Ь Н О  А Д А П Т И Р О В А Н Н Ы Х  К  Т Е П Л О Й  С Р Е Д Е

Б. МЕШШ

А в т о р  и ссл ед о в ал  и з м е н е н и я  о т в е т н о й  р еак ц и и  щ и т о в и д н о й  ж е л е зы , п о я в л я ю щ и е с я  
п о д  в л и я н и е м  х о л о д н о й  о к р у ж а ю щ е й  среды  п осле б и л а т е р а л ь н о г о  п о в р е ж д е н и я  я д е р  
h a b e n u la e  у  б е л ы х  кр ы с, п р е д в а р и т е л ь н о  а д а п т и р о в а н н ы х  к  т е п л о й  среде. У м е р е н н ы й  
х о л о д  ( + 1 4 °  С) в ы зы вал  п о в ы ш е н и е  коэф ф иц и ен та Т /S  У к о н т р о л ь н ы х  ж и в о т н ы х . Э то т  
э ф ф е к т  п о в ы ш а л с я  у  ж и в о т н ы х  с п о в р е ж д е н н ы м и  я д р а м и  h a b e n u la e ,  п о д в е р г н у т ы х  у м е 
р е н н о м у  х о л о д у . О дн ако , п р и  д е й с т в и и  си л ьн о го  х о л о д а  к о э ф ф и ц и е н т  Т /S  не п о в ы ш а л с я  
н и  у  к о н т р о л ь н ы х  ни у  ж и в о т н ы х  с  п о в р е ж д е н н ы м и  я д р а м и .  В е с  н ад п о ч е ч н и к о в  п о в ы 
ш а л с я  у  г р у п п ы , п о д в е р г н у т о й  с и л ь н о м у  х о л о д у . П о в ы ш е н и е  в е с а  н ад п о ч е ч н и к о в  б ы л о  
у  п о д в е р ж е н н ы х  си л ьн о м у  х о л о д у  ж и в о т н ы х , п о в р е ж д е н н ы м и  я д р а м и  з н а ч и т е л ь н е е , 
чем  у  ж и в о т н ы х  и н так тн о й  г р у п п ы  п р и  а н а л о ги ч н ы х  у с л о в и я х .  И з  п о л у ч е н н ы х  р е з у л ь т а 
т о в  а в т о р  п р и х о д и т  к  вы во д у , ч т о  я д р а  h a b e n u la e  и г р а ю т  в а ж н у ю  р о л ь  в  д еле  и а к т и в а ц и и  
с и с т е м ы  T S H -щ и т о в и д н ая  ж е л е з а ,  п о д  вл и я н и ем  х о л о д н о й  т е м п е р а т у р ы  о к р у ж а ю щ е й  
ср ед ы .

Н Е Д О С Т А Т О Ч Н О Е  П И Т А Н И Е  И  Т Е Р М О Р Е Г У Л Я Ц И Я  У  В З Р О С Л Ы Х  К Р Ы С

Т. ХЕИМ и И. МЕШТЪЯН

П р и  части ч н о м  г о л о д а н и и  с н и ж е н и е  п о т р е б л е н и я  к и с л о р о д а  у  в з р о с л ы х  к р ы с  
в н а ч а л е  п р о т е к а л о  бы стрее, а  з а т е м  за м е д л е н н е е . Р е к т а л ь н а я  т е м п е р а т у р а  в н е й т р а л ь н о й  
о к р у ж а ю щ е й  среде с у щ е с т в е н н о  н е  и зм е н и л а с ь . П о  м е р е  п р о д о л ж и т е л ь н о с т и  г о л о д а н и я  
г и п е р т е р м и ч е с к а я  р е а к ц и я  о б м е н а  в е щ е с т в  с н и ж а л а с ь  п р и б л . п а р а л л е л ь н о  о с н о в н о м у  
о б м е н у  в е щ е с т в .

В  р а н н е й  стадии г о л о д а н и я  п р и  т ем п ер ату р е  с р е д ы  в  2 0 °  С п о вы ш ен и е  о б м ен а  
в е щ е с т в  б ы л о  ср а в н и т е л ь н о  м е н ь ш и м , чем  в к о н т р о л ь н о м  п е р и о д е . П о в ы ш ен и е  т е п л о 
п р о д у к ц и и , н аб лю д аем ое в  х о л о д н о й  ср ед е  п а р а л л е л ь н о  с п р о г р е с с и р у ю щ и м  у м е н ь ш е 
н и е м  в е с а  т е л а ,  бы ло с р а в н и т е л ь н о  б о л ь ш и м , чем до  г о л о д а н и я .

П р и  т е м п е р а т у р е  с р е д ы  в  5 — -10° С и зм ер ял о сь  д а л ь н е й ш е е  зн а ч и т е л ь н о е  п о в ы ш е 
н и е  п о т р е б л е н и я  к и с л о р о д а , п р и ч е м  т е м п е р а т у р а  т е л а  н е  б ы л а  м ен ьш е т е м п е р а т у р ы , 
и з м е р я е м о й  п р и  т е м п е р а т у р е  с р е д ы  в  2 0 °  С, и и н о гд а  д а ж е  п р е в ы ш а л а  эти  в е л и ч и н ы .

Н а  о с н о в а н и и  п о л у ч е н н ы х  р е з у л ь т а т о в  ав т о р ы  п р и ш л и  к  за к л ю ч е н и ю , что  п р и  
п р о ц е с с е  г о л о д а н и я  п р о и с х о д я т  и з м е н е н и я  р е г у л я ц и и  т е м п е р а т у р ы  тел а .



И З У Ч Е Н И Е  Д Е Й С Т В И Я  С Е П Т А Л Ь Н О Й  Д Е С Т Р У К Ц И И  У  К О Ш Е К  В  О П Ы Т А Х  
С П Р О С Т Ы М И  У С Л О В Н Ы М И  Р Е Ф Л Е К С А М И  И  С О  С В О Б О Д Н Ы М  В Ы Б О Р О М

О Т В Е Т А

Й. ЦОПФ и Э. ГРАШТЯН

И з у ч а л о с ь  в л и я н и е  д е с т р у к ц и и  с е п т а л ь н о й  о б л а с т и  у  к о ш е к  п р и  п о м о щ и  п росты х  
п и щ е в ы х  и о б о р о н и т е л ь н ы х  у с л о в н ы х  р е ф л е к с о в  и  с п о м о щ ью  с в о б о д н о го  в ы б о р а  ответа.

П р и  п р о с т ы х  у с л о в н о -р е ф л е к т о р н ы х  с и т у а ц и я х , н е за в и с и м о  о т  т о ч н о й  л о к а л и 
з а ц и и  п о р а ж е н и я , не у д а в а л о с ь  о б н а р у ж и т ь  ф у н к ц и о н а л ь н ы х  в ы п а д е н и й . П о  р е зу л ь т а т а м  
о п ы то в  с о т с т а в л е н и е м , ж и в о т н ы х  м о ж н о  р а з д е л и т ь  н а  д в е  г р у п п ы . У  п е р в о й  гр у п п ы  
н а б л ю д а л и с ь  п р о х о д я щ и е , а  у  в т о р о й  —  п о с т о я н н ы е  ф у н к ц и о н а л ь н ы е  в ы п а д е н и я  (при 
м а к с и м а л ь н о м  о т с т а в л е н и и  н а  5  с е к  в с л у ч а е  9 0 % -н о г о  п р а в и л ь н о г о  о т в е т а ) .  У  второй  
г р у п п ы  ги с т о л о г и ч е с к и  у д а л о с ь  в ы я в и т ь  т я ж е л о е  п о р а ж е н и е  св о д а .

Н а  о сн о ве  с в о и х  н а б л ю д е н и й  а в т о р ы  п р и ш л и  к  в ы в о д у , что  з а  ф у н к ц и о н а л ь н ы е  
д еф ек ты , о б р а з у ю щ и е с я  п р и  р а з д р а ж е н и и  с е п т а л ь н о й  о б л а с т и , м о ж н о  с ч и т а т ь  о тв ет ств ен 
н ы м и  п о в р е ж д е н н ы е  г и п о к а м п а л ь н о -ф о р н и к а л ь н у ю , и л и  с е п т о -г и п о к а м п а л ь н у ю  пере- 
к л ю ч и т е л ь н ы е  си стем ы .

Э Л Е К Т Р О Ф И З И О Л О Г И Ч Е С К О Е  И С С Л Е Д О В А Н И Е  С В Я З И  М Е Ж Д У  
М О З Ж Е Ч К О М  И  А М М О Н О В Ы М  Р О Г О М  Н А  К О Ш К Е

В. В. ФАНАРДЖЯН и X. ДОНХОФФЕР

А в то р ы  и с с л е д о в а л и  н а  12 к о ш к а х  с х р о н и ч е с к и  и м п л а н т и р о в а н н ы м и  э л е к т р о д а м и  
м о зж е ч к о в ы е  п о т е н ц и а л ы , в ы зв а н н ы е  с л у х о в ы м и  и  з р и т е л ь н ы м и  р а з д р а ж е н и я м и  и э л е к 
т р и ч е с к и м  р а з д р а ж е н и е м  д в и г а т е л ь н о й  к о р ы  и  г и п п о к а м п а . У с т а н о в л е н о , ч то

1. С в о й с тв а  п о т е н ц и а л о в , в ы з в а н н ы х  есте ств ен н ы м и  р а з д р а ж е н и я м и  т а к и е  ж е  к а к  
п р и  о с т р ы х  э к с п е р и м е н т а л ь н ы х  у с л о в и я х , но и х  а м п л и т у д а  в х р о н и ч е с к о м  п р е п а р а т е  
с и л ь н о  к о л е б а е т с я  в  з а в и с и м о с т и  о т  степ е н и  б о д р о с ти  и  в н и м а н и я .

2. С у щ ест в ен н ы е  с в о й с т в а  м о з ж е ч к о в ы х  п о т е н ц и а л о в , в ы зв а н н ы х  р а з д р а ж е н и е м  
г и п п о к о к а м п а , с о в п а д а ю т  с о твето м , п о л у ч е н н ы м  н а  есте ств ен н ы е  р а з д р а ж е н и я .  Этот 
ф а к т  п о д т в е р ж д а е т с я  т а к ж е  и с с л е д о в а н и я м и  и н т е р а к ц и и .

П р и  р а з д р а ж е н и и  м о з ж е ч к а  н и  в одн ом  с л у ч а е  не у д а л о с ь  з а р е г и с т р и р о в а т ь  п отен 
ц и а л ы , в ы зв а н н ы е  в г и п п о к а м п е , х о т я  в д в и г а т е л ь н о й  и а с с о ц и а ц и о н н о й  о б л а с т я х  
к о р ы  п о л у ч а л с я  о т в е т  н а  к а ж д о е  р а з д р а ж е н и е . Т а к и м  о б р а з о м , в п р о т и в о п о л о ж н о с т ь  
с в я з и  м е ж д у  г и п п о к а м п о м  и  м о з ж е ч к о м , не у д а л о с ь  в ы я в и т ь  о б р а т н о й  с в я з и .

Р а з д р а ж е н и е  м о з ж е ч к а  с е р и й н ы м и  р а з д р а ж е н и я м и  в ы зв а л о  в  к о р е  г о л о в н о г о  
м о з г а  д е с и н х р о н и за ц и ю . П р о в е д е н и е  р а з д р а ж е н и я  в о  в р е м я  г и п п о к а м п а л ь н о г о  п р и с т у п а  
п а р а м е т р а м и , в ы зы в а ю щ и м и  д е с и н х р о н и за ц и ю , не в л и я л о  н а  ф у н к ц и ю  к о р ы . В  о т д е л ь н ы х  
с л у ч а я х  п р и  п ом ощ и  р а з д р а ж е н и я , в ы зы в аю щ его  в е с ь м а  с и л ь н ы е  д в и г а т е л ь н ы е  эф ф екты , 
у д а л о с ь  п р е к р а т и т ь  г и п п о к а м п а л ь н ы й  п р и с ту п .

Э Л Е К Т Р О Ф И З И О Л О Г И Ч Е С К И Й  И  Ф А Р М А К О Л О Г И Ч Е С К И Й  А Н А Л И З  Р О Л И  
А Д Р Е Н А Л И Н А  И  Н О Р А Д Р Е Н А Л И Н А  В М Е Х А Н И З М Е  Т О Р М О Ж Е Н И Я  З А Д Н Е Г О  

А Д Д У К Т О Р А  У  П Л А С Т И Н Ч А Т О Ж А Б Е Р Н Ы Х

(L a m e ll ib r a n c h ia ta e )

А. ПУППИ

Н е в з и р а я  н а  т о , что  а д р е н а л и н  в ф а р м а к о л о г и ч е с к и х  д о з а х  о к а з ы в а е т  в ы р а ж е н н о е  
д е й с т в и е  на н ер в н ы е  и м ы ш е ч н ы е  п р о ц ессы  п л а с т и н ч а т о ж а б е р н ы х  и с н и ж а е т  т о н у с  за д н е го  
а д д у к т о р а  н а  о сн о в а н и и  н ы н е ш н и х  з н а н и й  все  ж е  н е л ь з я  у т в е р ж д а т ь ,  ч то  а д р е н а л и н  
в  ф и зи о л о г и ч е с к и х  у с л о в и я х  и г р а е т  р о л ь  т о р м о зя щ е г о  м е д и а т о р а , т а к  к а к  п о к а  нет 
д о с т о в е р н ы х  д а н н ы х  о н а л и ч и и  а д р е н а л и н а  у  н и х .

А д р е н а л и н  в б о л ь ш о й  к о н ц е н т р а ц и и  (1 м г /м л ) т о р м о зи т , а  в  н и зк о й  к о н ц е н т р а ц и и  
(1 ,001  м г/м л) н а  д л и т е л ь н о е  в р е м я  п о в ы ш а е т  б и о э л е к т р и ч е с к у ю  а к т и в н о с т ь  г а н г л и е в .



Д е й с т в и е  н о р а д р е н а л и н а  к а ч е с т в е н н о  о д и н ак о в о  с д е й с т в и е м  а д р е н а л и н а , и  о к а з ы 
в а е т с я  т о л ь к о  к о л и ч ест в ен н о  м е н е е  эф ф ек ти в н ы м .

О п ы т а м и  бы ло д о к а з а н о , ч т о  д и г и д р о э р г о т о к с и н  д о  п е р е р е з к и  к о н н э к т и в а  в ы к л ю , 
ч а е т  т о р м о з я щ е е  дей стви е а д р е н а л и н а  н а  то н у с  а д д у к т о р а . Т а к  к а к  это  д е й с т в и е  д и г и д р о 
э р г о т о к с и н а  п о с л е  п е р е р е зк и  к о н н э к т и в а  больш е не п р о я в л я е т с я ,  м о ж н о  п р е д п о л а г а т ь -  
что а д р е н е р г и ч е с к и й  эф ф ект п р и  п р е к р а щ е н и и  с в я зи  м е ж д у  д в у м я  г а н г л и я м и  п о степ ен н о  
с н и ж а е т с я .

В в и д у  т о г о , что а д р е н а л и н  в  ф и зи о л о ги ч е с к о й  к о н ц е н т р а ц и и  п о в ы ш а е т  б и о э л е к т р и 
ч е с к у ю  а к т и в н о с т ь ,  а  д и г и д р о э р г о т о к с и н  с н и ж а е т  ее, м о ж н о  п р е д п о л а г а т ь , что  м е ж д у  
д в у м я  в е щ е с т в а м и  с у щ е с т в у е т  а н т а г о н и з м .

И С С Л Е Д О В А Н И Я  С Л Ю Н Ы  З Д О Р О В Ы Х  Л Ю Д Е Й  И  П А Ц И Е Н Т О В  С К А Р И О З О М

Д. ХАТТЯШИ, И. САБО и К. ТОТ

А в т о р ы  и ссл ед о в ал и  p H  с л ю н ы , б уф ерн ую  ё м к о с т ь , п о т р е б л е н и е  к и с л о р о д а  и  п р о 
д у к ц и ю  к и с л о т ы  слю ны  в т е ч е н и е  т р е х  д н е й  у тр о м  п о с л е  о б е д а  у  г р у п п  б о л ь н ы х  к а р и о з о м  
и з д о р о в ы х  в  этом  отн о ш ен и и  л ю д е й . З а  последн ее в р е м я  и с с л е д о в а л а с ь  ( т о л ь к о  по  у т р а м ) 
т а к ж е  к о н т р о л ь н а я  г р у п п а , с о с т о я щ а я  и з  зд о р о в ы х  в  о т н о ш е н и и  к а р и о з а  ж е н щ и н -ц ы г а н о к .

П р и  ср а в н е н и и  р е з у л ь т а т о в  и с с л е д о в а н и й , п р о в о д и в ш и х с я  в т е ч е н и е  д в у х  л е т  
в о т н о ш е н и и  вел и ч и н ы  p H  н а б л ю д а л и с ь  н е зн а ч и т е л ь н ы е  р а с х о ж д е н и я . З н а ч е н и е  б у ф е р 
н о й  е м к о с т и  и зм е н я л а с ь  в  б о л ь ш е й  м ер е . В п о т р е б л е н и и  к и с л о р о д а  ч е р е з  10, 3 0  и  120 
м и н . о б н а р у ж и в а л и с ь  о т к л о н е н и я . Р е зу л ь т а т ы  и с с л е д о в а н и я  г р у п п ы  ц ы г а н о к  бы ли  
в е с ь м а  с х о д н ы  с в ел и ч и н ам и , п о л у ч е н н ы м и  у  г р у п п ы  з д о р о в ы х  в о т н о ш ен и и  к а р и о з а  л и ц . 
П о -в и д и м о м у  су щ еств у ет  ф а к т о р  ( и л и  н е с к о л ь к о  ф а к т о р о в )  з а д е р ж и в а ю щ и й  р о с т  б а к т е р и й . 
Э то т  ф а к т о р  п р о я в л я е т с я  в  р а з л и ч н ы х  г р у п п а х  п о -р а з н о м у . В о з м о ж н о  т а к ж е ,  что  и зм е
н е н и я  н а с т у п а ю т  в за в и с и м о с т и  о т  в р ем ен и  год а, о д н а к о ,  д л я  в ы я с н е н и я  эт о г о  в о п р о с а  
н е о б х о д и м ы  ещ е д а л ь н е й ш и е  и с с л е д о в а н и я .

Б у ф е р н а я  ём ко сть  н е  з а в и с и т  о т  в ел и ч и н ы  p H , и  в  о т д е л ь н ы х  с л у ч а я х  о н а  м о ж е т  
о к а з а т ь с я  в есь м а  п о с т о я н н о й  в е л и ч и н о й .

Д Е Й С Т В И Е  П Р О Т А М И Н С У Л Ь Ф А Т А  Н А  Т Р А Н С М И С С И О Н Н Ы Е  П Р О Ц Е С С Ы  
В П Е Р И Ф Е Р И Ч Е С К И Х  С И М П А Т И Ч Е С К И Х  Г А Н Г Л И Я Х

Э. МИНКЕР и М. КОЛТАИ

А в т о р ы  и зу ч ал и  д е й с т в и е  п р о т а м и н с у л ь ф а т а , о б л а д а ю щ е г о  с в о й с т в а м и  п о л и к а т и о н а , 
н а  п р о ц е с с ы  п ер ед ач и  в о з б у ж д е н и я  в  с и м п а т и ч е с к и х  г а н г л и я х .  Э к с п е р и м е н т ы  п р о в о 
д и л и с ь  н а  g an g lio n  c e rv ic a le  s u p e r i u s  ко ш ек .

В  с в о и х  о п ы тах  а в т о р ы  у с т а н о в и л и , что у к а з а н н о е  с о ед и н ен и е  у ж е  сам о  т о р м о зи т  
с и м п а т и ч е с к у ю  п ер ед а ч у  в о з б у ж д е н и я  п р и  о п р е д е л е н н ы х  у с л о в и я х  и  с и н е р г и ч е с к и  п о в ы 
ш а е т  д е й с т в и е  д р у г и х  г а н г л и о н н ы х  и н ги б и т о р о в . Д е й с т в и е  и с с л е д у е м о г о  в е щ е с т в а , т о р 
м о з я щ е г о  тр ан см и сси ю , а н т а г о н и з и р у ю т с я  с о л я м и  к а л и я .

П о д о б н о  п р о т а м и н с у л ь ф а т у  вед е т  себ я и т р и м е т и л п о л и а н т и н и у м й о д и д  (к о т о р ы й  
т а к ж е  о б л а д а е т  с в о й с т в а м и  п о л и к а т и о н о в ) , п р е д с т а в л я ю щ и й  собой  п о л и п е п т и д  с м о ле
к у л я р н ы м  весом  15 0 0 0 .

Т а к  к а к  н а зв а н н ы е  с о е д и н е н и я  им ею т р а з л и ч н у ю  х и м и ч е с к у ю  с т р у к т у р у  и  общ им и 
м е ж д у  н и м и  я в л я ю т с я  т о л ь к о  и х  п о л и к а т и о н и ч е с к и е  с в о й с т в а , то  а в т о р ы  с ч и т аю т , что эти  
в е щ е с т в а ,  п р и с о е д и н я я с ь  к  р е ц е п т о р н ы м  с т р у к т у р а м , т о р м о з я т  п р о ц е с с ы  п е р е д а ч и  в о з 
б у ж д е н и я  в и н т е р н е й р о н а л ь н ы х  с и н а п с а х  g a n g lio n  c e rv ic a le  su p e r iu s  с к о р е е  б л а г о д а р я  
с в о и м  з а р я д а м , чем св о и м  п р о с т р а н с т в е н н о -с т р у к т у р н ы м и  о со б е н н о ст я м и .



А Н Т И К О А Г У Л Я Н Т Н Ы Е  И  П Р О Т И В О В О С П А Л И Т Е Л Ь Н Ы Е  С В О Й С Т В А
Ф Л О Г О Д И М А

И. А. ОЙВИН, В. П. БАЛУДА, С. М. ШЕГЕЛЬ, О, Ю. ТОКАРЕВ, Е. А. ВЕНГЛИНСКАЯ
и Е. Г. ЯГОДКИНА

Ф л о г о д и м  (N e o d y m iu m  p y ro c a te c h o l d is u lp h o n a te )  п р и  в н у т р и в е н н о м  введ ении  
(35 м г /к г )  к р о л и к а м  з а  3 0  м и н у т  д о  в о зд ей ств и я  н а  к о ж у  ф л о г о г е н н ы х  р а з д р а ж и т е л е й  
(к с и л о л , о ж о г )  п о л н о с т ь ю  п р е д о т в р а щ а е т  р а зв и т и е  в о с п а л е н и я  (о тек , э м и г р а ц и я  л е й к о 
ц и то в ). В н у т р и в е н н о е  в в е д е н и е  ф л о го д и м а  в т о й  ж е  д о з е  р е з к о  у д л и н я е т  в р е м я  св ер т ы 
в а н и я  к р о в и , в р е м я  р г к а л ь ц и ф и к а ц и и , п р о тр о м б и н о в о е  и  тр о м б и н о в о е  в р е м я , у м ен ь ш ае т  
т о л е р а н т н о с т ь  п л а зм ы  к  г е п а р и н у . К о н ц е н т р а ц и я  ф и б р и н о г е н а  в  п л а зм е  м е н я е т с я  н е зн а 
ч и т е л ь н о , н о  у м е н ь ш а е т с я  т е р м о у с т о й ч и в о с т ь  ф и б р и н о г е н а  и п о я в л я е т с я  ф и б р и н о ге н  В ; 
ф и б р и н о л и т и ч е с к а я  а к т и в н о с т ь  к р о в и  в о зр а стает . А н т и к о а г у л я н т н о е  д е й с т в и е  ф л огоди м а 
о б ъ я с н я е т с я  н а р у ш е н и е м  п р о ц е с с а  о б р а з о в а н и я  т р о м б о п л а с т н н а , в е д у щ и м  к  т о р м о ж е н и ю  
о б р а з о в а н и я  т р о м б и н а . П о -в и д и м о м у , ф л огоди м  о к а з ы в а е т  т а к ж е  в л и я н и е  н а  п ро ц есс  
п р е в р а щ е н и я  ф и б р и н о ге н а  в  ф и б р и н . Н а р у ш е н и е  с в е р т ы в а е м о с т и  к р о в и  н а б л ю д а е т с я  
и  п р и  д о б а в л е н и и  ф л о го д и м а  к  к р о в и  вне о р г а н и з м а , что  с в и д е т е л ь с т в у е т  о е го  н еп о ср ед 
с тв е н н о м  д ей ст в и и  н а  ф а к т о р ы  с в е р т ы в а н и я  к р о в и . П р о т и в о в о с п а л и т е л ь н о е  д ей стви е  
ф л о го д и м а  не з а в и с и т  о т  е г о  а н т и к о а г у л я н т н ы х  с в о й с т в  и  о б у с л о в л е н о , п о -в и д и м о м у  
н еп о с р е д с т в е н н ы м  в л и я н и е м  н а  к р о в е н о с н ы е  с о с у д ы , т . к . в  р е з у л ь т а т е  в н у т р и в е н н о г о  
в в е д е н и я  ф л о го д и м а  с н и ж а е т с я  т е м п е р а т у р а  к о ж и  у х а ,  у м е н ь ш а е т с я  д и а м е т р  м а г и с т р а л ь 
н ы х  к а п и л л я р о в  и з а м е д л я е т с я  с к о р о с т ь  у д а л е н и я  в н у т р и к о ж н о в в е д е н н о г о  N a „ 2 9H P :l20 .





T he Acta Physiologica  p u b lish  p a p ers  on  ex p erim en ta l m ed ica l science in E n g lish , F ren ch , 
G erm an  or R u ssian .

The A d a  P hysiologica  a p p e a r  in  p a r ts  o f v a ry in g  size, m ak in g  u p  volum es. 
M anuscrip ts shou ld  h e  ad d ressed  to :

A d a  Physiologica, B udapest V I I I . ,  P u s k in  и. 9.

C orrespondence w ith  th e  e d ito rs  a n d  pub lishers shou ld  be se n t to  th e  sam e address . 
T he ra te  o f su b sc rip tio n  to  th e  A cta  Physiologica  is 110 fo r in ts  a  volum e. O rd ers m ay  

be p laced  w ith  “ K u l tú r a ”  F o re ig n  T rad e  C om pany  for B ooks a n d  N ew spapers (B u d a p e s t I. 
F ő  u tc a  32. —  A cco u n t N o. 43-790-057-181) o r w ith  re p re se n ta tiv e s  ab ro ad .

Les Acta Physiologica  p a ra is s e n t en frança is , anglais, a lle m a n d  e t russe e t p u b lie n t des 
m ém oires du  do m ain e  des sciences m édico-expérim enta les.

Les Acta  Physiologica  so n t pub liés sous form e de fasc icu les  qu i se ro n t réu n is  en 
vo lum es.

On est p rié  d ’en v o y er les m an u sc rits  destinés à la  ré d a c tio n  à  l ’adresse su iv a n te :  

A cta  P hysiologica, B udapest V I I I . ,  P u sk in  и. 9.

T o u te  co rresp o n d an ce  d o it ê tre  envoyée à  ce tte  m êm e ad resse .
Le p rix  de l ’ab o n n em en t e s t de 110 fo rin t p a r  vo lum e.
O n p e u t s’a b o n n e r  à  l ’E n tre p ris e  d u  Com m erce E x té r ie u r  de L ivres e t  J o u rn a u x  

«K ultúra»  (B u d a p es t I . ,  Fő  u tc a  32. —  C om p te -co u ran t N o. 43-790-057-181) ou à  l’é tra n g e r  
chez to u s les re p ré se n ta n ts  ou  d ép o sita ires.

«Acta P hysiologica» п у б л и к у ю т  т р а к т а т ы  и з о б л а с т и  э к с п е р и м е н т а л ь н о й  м е д и ц и н 
с к о й  н а у к и  н а  р у с с к о м , н ем ец к о м , а н г л и й с к о м  и  ф р а н ц у зс к о м  я з ы к а х .

«A cta Physiologica»  в ы х о д я т  о т д е л ь н ы м и  в ы п у с к а м и  р а з н о г о  о б ъ ем а . Н е с к о л ь к о  
в ы п у с к о в  с о с т а в л я ю т  о д и н  то м .

П р е д н а зн а ч е н н ы е  д л я  п у б л и к а ц и и  р у к о п и с и  с л е д у е т  н а п р а в л я т ь  по а д р е с у

A cta  Physiologica, B udapest V I I I . ,  P u sk in  и. 9.

П о  это м у  ж е  а д р е с у  н а п р а в л я т ь  в с я к у ю  к о р р е с п о н д е н ц и ю  д л я  р е д а к ц и и  и  а д м и 
н и с т р а ц и и .

П о д п и с н а я  ц е н а  «A cta  Physio logica» —  П О  ф о р и н т о в  з а  то м . З а к а з ы  п р и н и м а е т  
п р е д п р и я т и е  по  в н е ш н е й  т о р г о в л е  к н и г  и  г а з е т  «K u ltú ra » (B u d a p es t L , F ő  u tc a  32. 
Т е к у щ и й  сч ет  № 4 3 -7 9 0 -0 5 7 -1 8 1 )  и л и  его  з а г р а н и ч н ы е  п р е д с т а в и т е л ь с т в а  и  у п о л н о 
м оч ен н ы е.



3 0 ,—  F t

IN D E X

D r. I s tv á n  W ent (1899— 1 9 6 3 ) ......................................................................................................................... 265

B IO C H E M IA

S zé k e ly  M .,  Gaál Ö., Lovas В . : H e te ro g en eo u s  L abelling  o f th e  C y top lasm ic  R ibonucle ic
A c id s  o f Pigeon P a n c r e a s ..................................................................................................................  269

M o ln á r  J . ,  T ig y i A ., L issá k  К .  : C h anges o f th e  N ucleic  A c id  C on ten t in  th e  D e n e rv a ted
S u b m a x illa ry  G land  o f  th e  D o g  ...................................................................................................  279

P H Y S IO L O G IA

F en d ler  K . ,  Telegdy Gy., E n d rő czi E .  : E ffec t of C hronic S tress  on th e  O x y to c ic  a n d  A n ti
d iu re t ic  A c tiv ity  o f th e  H y p o p h y s is  in  th e  R a t  .................................................................. 287

S ó lyo m  J . ,  K otra S., Sa lam on  A . ,  S tu rcz J .  : A S tu d y  on  th e  Role o f  th e  R en in -A n g io 
te n s in  System  in  th e  C o n tro l o f A ldosterone S e c r e t i o n ............................. ..................... 293

M e ss  B .  : Changes in  T h y ro id a l C old R esponse of H e a t-a d a p te d  R a ts  F o llo w in g  B ila te ra l
L esions of th e  H a b e n u la r  N u c l e i ...................................................................................................  299

H e im  T . ,  M estyán J .  : U n d e rn u tr i t io n  a n d  T em p era tu re  R eg u la tio n  in  A d u lt  R a ts  . . . .  305 
C zo p f J . ,  Grastyán E . : T h e  E f fe c t  o f  S e p ta l Lesions on  S im ple  an d  D e lay e d  C ond ition ing

in  C a t s ........................................................................................................................................................... 313
F a n a r d jia n  V . V., D onhoffer H . : A n  E lec tro p h y sio lo g ica l S tu d y  o f C erebello -IIippo-

c a m p a l R ela tionsh ips in  th e  U n re s tra in e d  C at .......................................................................  321
P u p p i  A .  : E lectrophysio log ica l a n d  P harm aco lo g ica l A n alysis o f th e  E ffe c t o f A drenaline  

a n d  N oradrenaline  on  th e  In h ib ito ry  M echanism  o f th e  P o s te rio r  A d d u c to r  in
L am ellib ran ch ia ta  .................................................................................................................................... 335

H a tty a s y  D ., Szabó I . ,  Tóth К . : T h e  Im p o rta n c e  of Case Selection  in  C aries-S aliva  S tud ies 345

P H A R M A C O L O G IA

M in k e r  E .,  K ollai M . : E ffe c t  o f  P ro ta m in e  S u lp h a te  o n  th e  T ran sm iss io n  P rocesses in
P e rip h e ra l S y m p a th e tic  G a n g lia  ..................................................................................  365

O y v in  I .  A . ,  Baluda V. P ., Shegel S . M ., Tokarev O. Y ., V englinskaya  E . A . ,  Yagodkina  
E . G. : A n tico ag u lan t a n d  A n tip h lo g is tic  P ro p e rtie s  of P h lo g o d y m  (N eo d y m iu m  
P y ro ca tech o l D isu lp h o n a te )  . 1 .................................................................................................... 373

In d e x  : 26.023



ACTA
PHYSIOLOGICA

ACADEMIAE SCIENTIARUM  
H U N G A R I C A E

A D I U V A N T I B U S

SZ . D O N H O F F E R , E . E R N S T ,  B . I S S E K U T Z  s e n ., N . JA N C S Ó , I .  K E S Z T Y Ű S ,
К .  L IS S Á K

R E D I G I T

R  В. S T R A U B

T O M U S  X X I V F A S C I C U L U S  4

II . .ят

ACTA PHYSIOI,.  HUNG.

A K A D É M IA I  K IA D Ó , B U D A P E S T  
1 9 6 4



ACTA PHYSIOLOGICA
A  M A G Y A R  T U D O M Á N Y O S  A K A D É M I A  
K ÍS É R L E T E S  O R V O S T U D O M Á N Y I K Ö Z L E M É N Y E I

SZERKESZTŐSÉG ÉS K IA D Ó H IV A T A L  : B U D A P E S T  V ., ALKOTM ÁNY UTCA 21.

A z A c ta  P hysiologica  n é m e t, angol, fran c ia  és o rosz  nyelven  közöl é rte k ez é sek e t a  k ísér
le te s  o rv o stu d o m án y o k  k ö réb ő l.

A z A c ta  P hysiologica  v á lto z ó  te rjed e lm ű  fü z e te k b e n  je len ik  m eg: tö b b  fü z e t a lk o t egy 
k ö te te t .

A  közlésre szánt k é z ira to k  a  következő  c ím re  kü ld en d ő k :

A c ta  P h y s io lo g ic a , B u d a p es t V I I I . ,  P u sk in  u. 9.

U g y a n e rre  a cím re k ü ld e n d ő  m inden  sze rk esz tő ség i és k iad ó h iv a ta li levelezés.
A z  A c ta  Physio logica  e lő fize tés i á ra  k ö te te n k é n t  belfö ldre  80 fo rin t, k ü lfö ld re  110 fo rin t. 

M e g ren d e lh e tő  a belföld sz á m á ra  az  A kadém iai K ia d ó n á l (B u d ap est V., A lk o tm á n y  u tc a  21. 
B a n k s z á m la  05-915-111-46), a  k ü lfö ld  szám ára  p ed ig  a  „ K u ltú ra ”  K ö n y v  és H ír la p  K ü lk eres
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In se c t f l ig h t m uscle fib rils  o f d iffe ren t s t r ia t io n  p a tte rn s  have b een  in v e s tig a te d  
b y  in te rfe ren ce  m icroscopy . Som e changes o f th e  cross s tria tio n , p a r tic u la r ly  in  th e  
ran g e  o f ex trem e  s tre tc h , could  n o t be e x p la in ed  o n  th e  basis of th e  s lid in g  m odel. 
T h is c o n tra d ic tio n  has been  su p p o rted  b y  p h o to m e tr ic  m easu rem en ts o f  e le c tro n  
m icrographs.

The in sec t f lig h t m uscle fibrils re p re se n t a h ig h ly  su itab le  m a te r ia l  for 
genera l u l tra s tru c tu re  re sea rch  o f th e  s tr ia te d  m uscle , due to  th e ir  la rg e  d ia 
m eters  an d  sarcom ere len g th s , and  allows w ork  u s in g  th e  various k in d s  o f  lig h t 
m icroscope an d  th e  e lec tro n  m icroscope. T he c ro ss-s tria tio n  p a t te r n  o f  th e  
in sec t f lig h t m uscle is, a p a r t  from  som e specific  fea tu res  sim ilar to  t h a t  o f 
v e r te b ra te  m uscle.

O f th e  p e rta in in g  li te ra tu re  we only  re fe r  to  H a n s o n ’s o b se rv a tio n  [1] 
th a t  th e  o rg an iza tio n  o f th e  lo n g itu d in a l s tru c tu re  o f  th e  fligh t m uscle is b a sed  
on th e  slid ing  m echan ism , described  o rig in a lly  fo r th e  ra b b it p soas m uscle  
[2 — 5]. E r n s t  an d  B e n e d e c z k y  [6] and  E r n s t  [7] critic ized  the  s lid in g  m odel 
b y  co m p arin g  th e  schem e assum ed  b y  H u x l e y  a n d  H a n s o n  w ith  th e  q u a n t i 
ta t iv e  va lu es  m easu red  in  th e  figures of H u x l e y ’s p apers.

In  th is  p a p e r  we shall p re sen t some o b se rv a tio n s  on th e  f lig h t m u sc le  o f 
th e  bee. C erta in  po in ts  o f th e  resu lts  seem ed to  be  co n trad ic to ry  to  th e  s lid 
in g  m odel.

Materials and methods

F ib rils  o f th e  in d ire c t f l ig h t m uscle o f th e  bee w ere iso la te d  according to  th e  m e th o d  
used  in  o u r I n s t i tu te  [8], by  d is in te g ra tin g  th e  fib res  b y  n eed les  on a slide, in a d rop  o f P r in g le ’s 
so lu tion . In  th ese  p re p a ra tio n s  f ib rils  of d ifferen t s tr ia t io n  p a tte rn s  are regu larly  p re se n t .

1 . W e used  th e  in te rferen ce  m icroscope of B a k e r  [ 9 ,  1 0 ] .  T he specim en w as i l lu m in a te d  
b y  a  m ercu ry  v a p o u r  lam p , fo r p h o to g rap h y  and  m e a su re m e n ts  we applied  a 5460 Â  g reen  
f i lte r .  A 1 0 0  X double  focus, w a te r  im m ersion  o b jec tiv e  w as used . We chose a rea s  in  th e  
p re p a ra tio n s , in  w hich  th e re  w as o n ly  one f ib ril, th e  g ro u n d  w as free of traces o f sa rco p la sm ic  
co m p o n en ts  a n d , a p a r t  from  m ito ch o n d ria , no th in g  cou ld  ev oke  a d istu rb in g  o p tic a l e ffe c t. 
T h e  o p tica l p a th  difference (o. p . d .)  w as m easured  w ith  B a k e r ’s  ’’half-shade e y ep iece”  [ 9 ] ,  
a c o m p en sa to r o f  ro ta t in g  an a ly zer. F o r th is  purpose th e  f ib r ils  h a d  to  be o rien ted  tra n s v e rs a l ly ,  
in  o rder to  se t a  long p a r t  o f th e  f ib r il on th e  h a lf-shade  l im it  an d  com pensate  th e  s t r ip e s  o f 
as m an y  sarcom eres as possible. T h ree , o r five , read in g s w ere  m ad e  of th e  g ro u n d  a re a  a n d

1 A cta Phydiologica XXIV/4.
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o f e a c h  th e  s trip es of th e  cross s tr ia t io n . The o p tica l p a th  d ifference of th e  single s t ru c tu ra l  
e le m e n ts  w as calcu la ted  acco rd in g  to  th e  e q u a tio n ,

A  -
2 • g> • A

360

w h e re  A  m ean s th e  o. p. d .,  A th e  w aw elength  o f th e  illu m in a tin g  lig h t, <p th e  d iffe ren ce  
b e tw e e n  an a ly zer-v a lu es o f th e  re fe ren ce  a rea  a n d  th e  spec im en , expressed  in  d eg rees (i.e . 
th e  h a l f  o f  th e  phase  r e ta rd a t io n  Ф).

T h e  sarcom ere len g th , th e  d iam e te r an d  le n g th  o f  th e  single b an d s w ere m e a su re d  on 
p h o to m ic ro g ra p h s  a t  a  f in a l m a g n ifica tio n  of 3000.

2. T o g e th e r w ith  th ese  m ea su re m e n ts  we m ade  e le c tro n  m icrographs a t  low  m ag n if ica tio n  
fo r  th e  p u rp o se  of p h o to m e tr ic  e v a lu a tio n . On d ried  sp e c im en s on slides a fo rm v a r  m em b ran e  
a n d  a d d it io n a l ly  a re in fo rc in g  th ic k  collodion m e m b ra n e  w as prepared . T h is m e m b ra n e  was 
f lo a te d  o n  a  w a te r surface  to g e th e r  w ith  th e  sp ec im en  th u s  sep a ra ted  from  th e  slide  w hich  
th e n  w a s  m o u n te d  on a seco n d  s lid e  an d  dried . T h e  g r id s  in  su itab le  areas o f th e  p re p a ra tio n  
w ere  e x a m in e d  u n d e r a  p h a se  c o n tra s t  m icroscope. T h is  w as followed by  a seco n d  f lo a tin g  
a n d  m o u n tin g  on a new  s lid e , rev ersin g  th e  m e m b ra n e . F in a lly , th e  re in fo rc in g  co llodion 
m e m b ra n e  w as rem oved  b y  iso a m y lic  ace ta te .

3. T h e  e lectron  m ic ro g rap h s  m ade a t  a d irec t m a g n if ic a tio n  of 2000 w ere m ea su re d  b y  
a ’’S c h n e llfo to m e te r”  of Zeiss in  s te p s  of 0.1 m m , a n d  in  th is  w ay  the  curve w ith  th e  d iffe ren t 
b a n d s  o n  th e  m icrograph , th e  p a t t e r n  of th e  sa rco m ere  co u ld  be re co n stru c te d  in  th e  fo rm  
o f  a  d ia g ra m .

T h e  p h o to m e tric  c u rv es  w ere  c o n stru c ted  s im ila r ly  o n  th e  basis of in te rfe re n c e  m ic ro s
c o p ic  p ic tu re s .  T he p h o to m e tr ic  reco rd s  of lig h t m ic ro g ra p h s  a re  considered s e m iq u a n tita t iv e , 
s e rv in g  o n ly  to  show  th e  d ire c tio n  of th e  d ifferences in  o p tic a l d ensity . T he d isc rep an cies  
b e tw e e n  th e  values o b ta in e d  b y  p h o to m e try  a n d  b y  m e a su rin g  th e  o. p. d . m ay  b e  ex p la in ed  
b y  th e  f a c t  th a t  th e  s li t-w id th  a n d  th e  size o f th e  co rre sp o n d in g  s tru c tu re  a re  in  th e  sam e 
o rd e r  o f  m ag n itu d e . T h ere fo re , p a r tic u la r ly  s tru c tu re s  o f n a rro w  dim ensions ( e.g. Z -lines, or 
s h o r t  I -b a n d s )  p resen t th em se lv es  a s  op tically  m ore, o r le ss , dense  th a n  m easu red  b y  d e te rm in 
in g  th e i r  ph ase  re ta rd a tio n .

Results

Interference m icroscopy  [11]

I n  th e  exam ined  m a te r ia l  the  av erag e  d ia m e te r  of th e  fib rils  w as a b o u t 
3 p ,  th e  sarcom ere le n g th s  v a ried  from  3 to  a b o u t 9 p. In  th is  ra n g e  we m ay  
d is c e rn  fo u r basic ty p e s  o f  s tr ia tio n  p a t te rn .

T y p e  (i). S arcom ere le n g th , 3 p. Z -lines a n d  А -hands (som etim es M -lines 
in  th e i r  m idd le) p re se n t, b u t  no I-b an d s. T h is  s ta te  is freq u en t in  th e  insect 
f l ig h t  m uscle. W e d e s ig n a te d  i t  as ’’u n s t r e tc h e d ” . I t  is d o u b tfu l, how ever, 
w h e th e r  th is  ty p e  re p re se n ts  th e  c o n tra c te d , o r th e  resting , s ta te  (F ig . l a ,  b).

T h e  values o f  th e  o. p . d. are, Z -line, ~  0.15 A,
А -b a n d , ~  0.1 A.

T y p e  (ii), ’’s t r e tc h e d ” . Sarcom ere le n g th , 3.5 — 5.5 p. The d is tin g u ish ab le  
s t r u c tu r a l  e lem ents a re , Z -line, I-b an d , А -b a n d . A verage len g th  o f  A -b an d , 
3 p  ; i t s  o. p. d ., 0.1 A. W id th  of Z -line, ~  0 .5  p  ; o. p. d ., 0.1 A. T h e  leng th  
o f  th e  I-b a n d  varies w ith  th e  sarcom ere le n g th , i ts  o. p. d. c an n o t be d e te rm in ed  
e x a c t ly ,  because i t  n e a r ly  coincides w ith  th e  a c c u ra c y  of th e  in s tru m e n t (<p — 2 °,
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w hich m eans an  o. p . d . o f  a b o u t 0.01 A). In  c o n tr a s t  to  ty p e  (i), th e  o. p . d. 
o f th e  Z-lines is n o t h ig h e r, th a n  th a t  o f th e  А -b a n d , b u t  equal, o r so m eth ing  
low er (F ig. 2a, b).

Fig. l . a ,  F ib r il o f T ype  (i) in positive  a n d  n e g a tiv e  c o n tra s t. 
In te rfe ren c e  m icroscope, 100 X 10

T he ch a rac te ris tic  fe a tu re s  o f th is  range a re , t h a t  th e  А -band  le n g th  does 
n o t change, th e  А -b an d  seem s to  be en tire ly  h o m o g en eo u s, and  th a t  no H -b an d  
can be de tec ted .

T ype (iii), "h ig h ly  s tre tc h e d ” . This ty p e  is v e ry  ra re . S arcom ere len g th , 
a b o u t 6 —7 /л. The sh a rp  b o rd e rs  betw een th e  A - an d  I-b an d s v a n ish  an d

1

F ie . 1. b, P h o to m e tric  curve of th e  sam e  fib ril
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a th i r d ,  in te rm ed ia te  b a n d  a p p e a rs , w hich we h a v e  te rm ed  E (” E x t r a ” )-band , 
fo llo w in g  th e  n o m encla tu re  o f  R o llett  [12]. No H -b a n d  is visib le (F ig . 3a, b).

T y p e  (iv) ’’ex trem e ly  s t r e tc h e d ” , fre q u e n tly  seen in  ou r p re p a ra tio n s . 
T h e  lo n g e s t sarcom eres h e re  h a v e  a len g th  o f 8 — 9 fi. In  th e  А -b a n d  a zone of

8 0 -

70

60  i

0-1

b

F ig . 2. a, b. F ib ril of T y p e  (ii). See Fig. 1

d e c re a se d  density  ap p ears  b e tw e e n  tw o v e ry  dense lines w hich  is d iv id ed  by 
a d e n se  line . A ltogether 5 s tr ip e s  can  be seen. A sim ilar sp littin g  o f  th e  A -band  
d u e  to  chem ical or m e c h a n ic a l t re a tm e n t h as  been  described  b y  E r n s t , 

B é l e c z k i  and N a g y  [8 ]. I n  th e  p re sen t case, how ever, th e  zone o f  th e  d ecre
a se d  d e n s ity  is due to  s tre tc h in g , an d  it is n o t c e rta in  th a t  th e  m ech an ism  is
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th e  sam e as a f te r  chem ical t re a tm e n t .  A m ong th e  five  lines th e  tw o  dense 
zones can  perh ap s he id en tified  w ith  th e  tw o  halves o f th e  А -b an d  (w h ich  is 
called  S -band  by  Sjö st r a n d  a n d  A n d e r s o n -Ce d e r g r e e n  [13] a n d  ’’o v erlap -

a

80 ! 
70 i

e 0 1 A A

Fig. 3. a, b. F ib ril o f T y p e  (iii). See F ig . 1

zone”  by Carlsen et al. [14]), th e  m idd le  lig h t s tr ip e  w ith  th e  H -b a n d , a n d  th e  
line v isib le  in th e  m iddle o f  th e  H -b an d  w ith  th e  M -line. The E -b a n d s  p e rsist.
O. p . d . a b o u t 0.1 Л, fo r Z -line, M -line an d  А -b a n d ; ab o u t 0.04 Л, fo r E - and  
H -b a n d . T he o. p . d. of th e  I-b a n d s  could  n o t be d e te rm in ed  (F ig . 4 a , b ).
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F ig . 4. a , b. F ib ril of T ype (iv ). See F ig . 1

Electronm icroscopic investiga tions  [15]

T y p e  (i) fibrils cou ld  n o t  be s tud ied , b e in g  u n tra n s p a re n t  in  th e ir  en tire  
le n g th . P ic tu re s  ta k e n  o f  T y p e  (ii) fibrils d id  n o t  show  p a rtic u la r  fea tu res  
(F ig . 5 a , b).

T h e  figures o f T y p e  (iii) fib rils  show  th e  ex istence  o f th e  in te rm e 
d ia te  E -b a n d  m ore c lea rly , th a n  th e  ligh t m icroscop ic  ones an d  show  th e  
la c k  o f  th e  H -b an d  ( lack  o f  decreased  d e n s ity )  in  th e  m iddle o f  th e
sa rco m ere .
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F ibrils of T y p e  (iv) are  s im ila r to  th e ir  lig h t m icroscopic ap p ea ran ce , w ith  
th e  on ly  excep tion  th a t  a sh a rp  lim iting  line p e rh a p s  an  N -line is visib le b e tw een  
th e  I- and  E -b an d s .

H -b an d  an d  M -line inside A -band .

F ig. 5. a , L ow  m ag n ifica tio n  e lec tro n  m ic ro g rap h  o f a n  in ta c t  f ib ril of T y p e  (iii).
M agnification , X 6000.

Discussion*

The slid ing m odel o f m uscle co n trac tio n  b ased  on th e  phase c o n tra s t  and  
elec tronm icroscop ic  s tu d ies  o f  H u x l e y  an d  H a n s o n  w as la te r  su p p o rte d  b y  
th e ir  in te rfe ren ce  m icroscopic find ings [16]. T h e y  ex am in ed  psoas m uscle  in

•The interference microscopical data showing for the I-bands nearly the same "optical 
density” as for the "ground”, will be dealt with in a later paper (by Ernst).

F ig . 5. b. P h o to m e tr ic  cu rv e  o f th e  sam e fib ril a n d  d iag ra m  of a  sarcom ere. See in  te x t
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a c e r t a in  range of sarcom ere  le n g th , i.e. f ib rils  a t  re s tin g  len g th  a n d  m o d e ra te ly  
s t r e tc h e d  fibrils. The cross s tr ia t io n  of th is  ran g e  co rresponds to  th e  s tr ia tio n  
p a t t e r n  designated  as T y p e  (ii) in  th is  p a p e r . O u tsid e  th is  ran g e  th e re  are  tw o 
q u e s t io n s  o f p a rticu la r in te r e s t  an d  accord ing  to  o u r opinion th e y  a re  su b s ta n tia l  
w ith  re s p e c t  to  th e  possib le  s t ru c tu ra l  a r ra n g e m e n t o f th e  sa rcom ere .

a

Z  J  N E  A H  П  H  A E N  J  Z

S  = & 8 p  

b
F ig . 6. a , b. E lec tro n  m ic ro g rap h  a n d  p h o to m e tr ic  cu rv e  of a T ype (iv) fib ril. See F ig . 5. and

te x t

1. O ne of them  is th e  m ech an ism  o f th e  d isap p earan ce  o f th e  I-b a n d s  
w ith  c o n tra c tio n  and  th e  s im u lta n e o u s  fo rm a tio n  o f th e  c o n tra c tio n  b a n d s  
(C j-b a n d s  according to  H o d g e  [17]). T he re su lts  concern ing  th e  T y p e  (i) and  
th e  (ii) f ib r ils  show th e  o p tic a l d e n s ity  o f th e  Z -line to  increase  a b o u t 50 per 
c e n t w h e n  no I-band  is v is ib le . T h is can  be in te rp re te d  as an  u p ta k e  o f  su b 
s ta n c e s  b y  th e  Z-line from  a n o th e r  b a n d , as supposed  in o lder co n cep ts  a n d  m ore 
re c e n t ly  b y  H o dg e  [17, 18]. T h is  a ssu m p tio n  h as  been su p p o rted  b y  a s tu d y
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o f one o f  us (N . G.) [19],* acco rd ing  to  w hich  th e  p rim ary  ( th ic k ) f ila m e n ts  
obviously ' cross th e  Z-line w ith o u t in te r ru p tio n  i f  I-b an d s are a b se n t, m oreover 
th e y  a re  con sid erab ly  m ore th ic k  an d  dense in sid e  the  Z-line th a n  o u ts id e  it.

2. T he second v e ry  a t tra c t iv e  q u estio n  a risen  in  connection  o f  o u r  w ork 
is th e  possib le  o rgan iza tion  o f  th e  lo n g itu d in a l s tru c tu re  in th e  case  o f  s tro n g  
passive  s tre tc h . O ur p ic tu res  show  som e s tru c tu ra l  de ta ils  w hich seem  to  be h a rd 
ly  co m p a tib le  w ith  th e  slid ing-m odel. T he c o n tra d ic tin g  facts a re  as follow s.

a )  T here  are  no H -b an d s  in  T ype (ii) f ib rils . A lthough th e  А -b a n d  leng th  
rem ain s c o n s ta n t in th is  range  an d  th e  le n g th  o f th e  I-b an d  c h a n g e s  (in 
acco rd an ce  w ith  th e  sliding m odel), th e re  is no sign  of a certa in  zo n e , o f  w hich 
th e  seco n d a ry  filam en ts  w ould  h av e  been  w ith d ra w n .

b) In  T ype  (iii) fib rils  no H -b an d s  arc  a p p a re n t, a lth o u g h  th e  w ith 
d raw a l o f  th e  th in  filam en ts  w as com plete  a n d  an  in te rm e d ia te  b a n d  (the 
E -b a n d ) ap p e a re d . The o. p . d . o f th e  E -b a n d  is m uch  higher th a n  t h a t  o f  the  
I-b a n d . T h is m eans th a t  th e  E -b a n d  m a te r ia l c a n n o t orig inate fro m  th e  I ,  b u t 
on ly  o f  th e  А -b an d . I f  th e  I-b a n d  m a te ria l m a y  d raw  out a s u b s ta n c e  denser 
th a n  itse lf , th e re  is a c o n tra d ic tio n  to  th e  su p p o sitio n  th a t  th e  tw o  se ts  of 
f ila m e n ts  w ould  be se p a ra te d  from  each' o th e r  w hen  th e ir  overlap  h a s  ceased, 
an d  th a t  no ten s io n  w ould be ex e rted  b y  th e  th in  filam ents o n  th ic k  ones 
(see E r n s t  a n d  B e n e d e c z k y  [6 ]).

c)  T he  H -b an d  ap p ears  on ly  in  T y p e  (iv) fib rils, w here th e  c o n s ta n t 
p resence o f  th e  E -b an d s  show s th a t  an  o v erlap  can  no longer e x is t. T h erefo re , 
th e  А -b a n d  p ro p e r can h a rd ly  be in te rp re te d  as an  overlap -zone a n d  the  
H -b a n d  as a zone w ith o u t o verlap .

I t  w as u n ex p ec ted  th a t  th e  E -b a n d s  sh o u ld  lie in  th e  sa m e  p o sitio n  
w here B u c h t h a l  et al. [9] described  a gap  b e tw een  th e  p rim ary  a n d  seco n d ary  
f ila m e n ts  a n d  w here m ore re c e n tly  S j ö s t r a n d  [20] described f i la m e n ts  b rid g 
in g  th a t  gap . In  our specim ens no gap , b u t  a m a te r ia l  o f higher d e n s ity  ap p e a re d  
be tw een  th e  A- an d  I-b an d s . W e c a n n o t ex p la in  th is  difference, e x c e p t  t h a t  the  
gap  w as fo u n d  b y  b o th  a u th o rs  in  u l t r a th in  sec tions, w hereas o u r  p ic tu re s  
show ing  dense  in te rm e d ia te  b an d s  were ta k e n  o f  in ta c t  fibrils. T h e  tw o  p h o to 
m etric  cu rv es  p resen tin g  e x trem e ly  s tre tc h e d  sarcom eres, re c o rd e d  from  
a p h o to m ic ro g ra p h  and  an  e lec tro n  m ic ro g rap h  respective ly , show  a  re m a rk 
ab le  s im ila r fo rm . The n a tiv e  s ta te  o f th e  f ib r il  on th e  p h o to m ic ro g ra p h  is 
d o u b tle ss .

T he o bserved  sarcom ere  len g th s  are  o f course  fa r from  th e  ph y sio lo g ica l 
ran g e  o f  th e  in sec t f lig h t m uscle , b u t  changes o f  s tr ia tio n  in th e se  lo n g  sa r
com eres m a y  p e rh ap s  su p p ly  v a lu ab le  in fo rm a tio n  concern ing  th e  p rin c ip a l 
a r ra n g e m e n t o f  th e  sa rcom ere’s lo n g itu d in a l s tru c tu re .

* D one in  th e  L ab o ra to ire  de S y n th èse  A to m iq u e  d u  C N RS, Iv ry -su r-S ein e , F ra n c e  and 
th e  sen ior a u th o r  w ishes to  ex p ress h is th a n k s  fo r th e  possib ilities ren d ered  b y  P ro fesso r 
C. M a g n a n  a n d  Miss N. C a r a s s o .
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P y ru v a te  m etab o lism  h as b een  s tu d ied  in  liv e r m ito ch o n d ria  u n d e r  d iffe re n t 
c o n d itio n s. U n d er aero b ic  co n d itio n s , u tiliz a tio n  of p y ru v a te  in liv e r m ito c h o n d ria  is 
a  ra p id  process. T he acco m p an y in g  oxy g en  c o n su m p tio n  is re la tiv e ly  low  b u t  co n tin u e s  
to  p roceed  a t  a co n sid erab le  ra te  a f te r  th e  p y ru v a te  has been  e x h au s te d . P a r t  o f  th e  
p y ru v a te  is c o n v e rted  in to  a c e to a c e ta te , a g re a te r  p a r t  o f th e  re s t  is o x id ized  to  C 0 2 
a n d  H 20 .  U pon  a d d itio n  of d ica rb o x y lic  acids, th e  p ro d u c tio n  of a c e to a c e ta te  d im in ish es 
a n d  an  increased  a m o u n t o f  ace ty l-C oA  en te rs  th e  c itr ic  acid  cycle v ia  c itra te .  A s long 
as a  considerab le  a m o u n t o f p y ru v a te  is p re sen t in  th e  re ac tio n  m ix tu re , th e  o x y g en  
co n su m p tio n  an d  C 0 2 p ro d u c tio n  is low  as co m p ared  to  th e  u tiliz a tio n  o f p y ru v a te .  
T h is  excess o f  p y ru v a te  u til iz a tio n  is on ly  p a r tly  a cco u n ted  fo r b y  th e  a c c u m u la tio n  of 
a c e to a c e ta te , c it ra te  a n d  a -o x o g lu ta ra te . P E P  a n d  la c ta te  a re  n o t a c c u m u la te d  d u rin g  
th e  u tiliz a tio n  of p y ru v a te . A naero b ic  u til iz a tio n  of p y ru v a te  is neglig ib le . M easu rem en t 
o f th e  oxygen  c o n su m p tio n  led  to  th e  conclusion  th a t ,  even in  th e  p resence  o f 0 .008 M  
m a lo n a te , p y ru v a te  is n o t co m p le te ly  co n v erted  in to  a c e to a c e ta te , b u t  p a r t  o f  i t  co n tin u e s  
to  e n te r  th e  c itric  acid  cycle.

O u r re su lts  su g g est t h a t  in  liv e r  m ito c h o n d ria  a  g re a t p a r t  o f th e  p y ru v a te  is 
f i r s t  co n v erted  in to  d ica rb o x y lic  acid  b y  w ay  o f C 0 2 fix a tio n  a n d  e n te rs  th e  c itr ic  
ac id  cycle in  th is  fo rm . T h e  d iffe re n t m etab o lic  p a th w ay s  of p y ru v a te  a n d  th e  
p ro b a b le  m echan ism  a n d  sig n ificance  of d ica rb o x y lic  acid  sy n th esis  fro m  p y ru v a te  
+  C 0 2 in  m ito ch o n d ria  a re  d iscussed .

A b b re v ia tio n s  u sed : P E P :  p h o sp h o e n o lp y ru v a te , A T P: aden o sin e  tr ip h o s p h a te ,
E D T A : e th y len ed iam in e  te t r a a c e ta te ,  A cety l-C oA : a c e ty l coenzym e A, A T P ase : ad en o s in e  
tr ip h o sp h a ta se , D N P : 2 ,4 -d in itro p h en o l.

T h e re a c tio n  m echan ism s o f th e  c itric  acid  cycle are w ell k n o w n . Less 
in fo rm a tio n  is av a ilab le  a b o u t th e  re g u la to ry  m echan ism s co n tro llin g  th e  
d iffe ren t m etab o lic  p a th w a y s  o f  p y ru v a te  an d  th e  effect o f  its  tra n s fo rm a tio n s  
on th e  fu n c tio n in g  o f th e  c itric  acid  cycle in  d iffe ren t tissues. In  th e  p re se n t 
w ork , th e se  p roblem s w ere s tu d ie d  on liver m ito ch o n d ria . A lth o u g h  e x p e r i
m e n ta l co n d itions in  a h o m o g en a te  are  closer to  physio logical ones th a n  is 
a p re p a ra tio n  of m ito ch o n d ria , th e  la t te r  was p re fe rred  in  v iew  o f th e  a d v a n ta g e s  
p re sen ted  b y  a sim plified  sy stem , such  as th e  low er co n c e n tra tio n  o f e n d o g 
enous s u b s tra te s , low er endogenous re sp ira tio n , an d  th e  absence  o f som e 
co m p lica tin g  fac to rs  p re se n t in  h o m ogena tes (see below).

H e p a tic  p y ru v a te  m a tab o lism  has w idely  been in v e s tig a te d . T hese  
s tu d ies , h ow ever, are n o t u n eq u iv o ca l as th e  d if fe re n t ex p erim en ts  w ere m ad e  
on d iffe ren t tissue  p re p a ra tio n s  an d  u n d e r d iffe re n t cond itio n s. E v a n s  [1],
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K r e b s  an d  E g g l e s t o n  [2] observed  a co n sid e rab le  accu m u la tio n  o f c itric  
ac id  cycle  in te rm e d ia te s  in  m inced  liver. A s in  th e ir  ex p erim en ts  p y ru v a te  
u t i l iz a t io n  was n o t in h ib ite d  b y  m alona te , an  accu m u la tio n  o f succ ina te  to o k  
p lace  a n d  p y ru v a te  u t i l iz a t io n  was increased  b y  b ic a rb o n a te , th e  conclusion 
w as d ra w n  th a t  in  th e  liv e r  d icarboxy lic  ac id s are  sy n th esized  from  p y ru v a te  
b y  w a y  o f C 0 2 f ix a tio n  [2].  H ow ever, L e h n i n g e r  [3] in  w ashed  r a t  liv er sus
p e n s io n s , R e c k n a g e l  a n d  P o t t e r  [4] in  r a t  liv e r h o m o g en a te , Co p e n h a v e r  
a n d  L a r d y  [5] in r a t  liv e r  m ito ch o n d ria , fo u n d  a q u a n ti ta t iv e  conversion  of 
p y ru v a te  in to  a c e to a c e ta te  in  th e  presence o f  m a lo n a te . C itra te  sy n th esis  and  
a d im in ish ed  a c e to a c e ta te  p ro d u c tio n  w as o b se rv ed  u p o n  th e  a d d itio n  of 
d ic a rb o x y lic  acids [3, 4 ] .  In  th e  ex p erim en ts  o f B a n d u r s k i  an d  L i p m a n n  [6] 
w ith  r a t  and  guinea p ig  liv e r  m ito ch o n d ria , c a ta ly tic  am o u n ts  o f  su cc in a te  
in c re a se d  only s lig h tly  th e  oxy g en  con su m p tio n  a n d  P E P  p ro d u c tio n  observed  
in  th e  presence of p y ru v a te . F ro m  th is  th e  a u th o rs  cam e to  th e  conclusion th a t  
th e  m in u te  am o u n t o f  b ic a rb o n a te  p resen t in  th e ir  sy stem  w as su ffic ien t to  
c o n v e r t  p y ru v a te  in to  d ica rb o x y lic  acid. J u d a h  [7] on th e  basis o f th e  oxygen  
c o n su m p tio n  of r a t  liv e r  m ito ch o n d ria  in  th e  p resence  o f d icarboxy lic  acids, 
su g g e s te d  th a t  p y ru v a te  is co m p le te ly  ox id ized  in  th e  c itric  acid cycle, w hereas 
M c Ca n n  [8 ] observed  a c e to a c e ta te  p ro d u c tio n  in  r a t  liv er m ito ch o n d ria  even 
in  th e  presence o f d ic a rb o x y lic  acids. The in te rp re ta t io n  o f th e  re su lts  o b ta in ed  
w ith  d iffe ren t tissu e  p re p a ra tio n s  is co m p lica ted  b y  th e  e x tra m ito c h o n d ria l 
lo c a tio n  o f some c itr ic  ac id  cycle enzym es. T h u s , accord ing  to  L o w e n s t e i n  
[9], th e  e x tra m ito c h o n d ria l enzym es of th e  c itr ic  ac id  cycle can  co n v e rt a con
s id e ra b le  am o u n t o f  ace ty l-C oA  in to  a -o x o g lu ta ra te . M alic dehydrogenase  [10] 
as w ell as L -g lu ta m a te -o x a la c e ta te  tra n sa m in a se  [11] (an  a u x ilia ry  enzym e of 
th e  c itr ic  acid cycle), a lso  e x is t b o th  in  e x tra -  a n d  in tra m ito c h o n d ria l form .

O u r resu lts  su g g est t h a t  in r a t  liver m ito c h o n d ria  — also u n d e r cond itions 
in  vitro  — a sig n ifican t p a r t  o f p y ru v a te  is f ir s t  co n v erted  in to  d icarboxy lic  
ac id  b y  w ay  of C 0 2 f ix a t io n  an d  en ters as su ch  th e  c itric  acid  cycle. Som e of 
th e  re su lts  p resen ted  h e re  h av e  been p u b lish e d  in  an  a b s tra c te d  fo rm  [12 , 
13, 14, 15].

M ateria ls and  m eth o d s

M ale W ista r r a ts  o f  150 — 200 g w eigh t w ere  u sed  in  th e  e x p erim en ts . T he r a ts  w ere 
fed  a  s ta n d a rd  d ie t ad lib itu m . B efore  th e  e x p e rim e n ts  th e  an im als  w ere fa s ted  fo r 12 h o u rs .

A ll chem icals u se d  w ere  o f  an a ly tica l g ra d e . T h e  g lass d is tilled  w a te r  w as boiled 
b e fo re  use.

M itochondria  w ere p re p a re d  according to  th e  m e th o d  of Schneider [16], a ll m an ip u la 
t io n s  b e in g  carried  o u t a t  0°. A fte r  d e cap ita tio n , th e  a n im a ls  w ere e x san g u in a ted , th e  organs 
u se d  in  th e  ex p erim en t w ere  re m o v e d  im m ed ia te ly , ch illed  a n d  hom ogenized  in  a  P o t te r — 
E lv e h je m -ty p e  all glass h o m o g en izer. A 15 per c e n t  h o m o g en a te  in  0.25 M  sucrose so lu tion  
c o n ta in in g  0.002 M  E D T A  w as p re p are d . D iffe ren tia l c e n tr ifu g a tio n  w as carried  o u t in  th e  
su p e rsp e ed  head  of a n  M SE  M ajo r re frig e ra ted  c e n trifu g e . A fte r rem ov ing  th e  nucle i b y  
c e n tr ifu g a tio n  a t  700 g fo r  10 m in , th e  su p e rn a ta n t  w as c en trifu g ed  fo r 15 m in  a t  8500 g. 
T h e  f lu ffy  lay er w as re m o v e d  care fu lly  and  th e  m ito c h o n d ria l sed im en t w as w ash ed  tw ice
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w ith  0.25 M  sucrose (c o n ta in in g  no E D T A ) an d  cen trifu g ed  as above. F in a lly , th e  m ito
c h o n d ria l p re p a ra tio n  w as su sp en d ed  in  iso ton ic  sucrose  so lu tion . T h e  s ta n d a r d  reac tion  
m ix tu re  used  for th e  m etab o lic  s tu d ie s  co n ta in ed  in  3 m l; 30 /«moles o f K -p h o s p h a te  buffer, 
p H  7 .5 , 9 /«moles of MgCl2, 6  /«moles o f A T P , 750 /«moles o f sucrose.

T h e  su b s tra te s  w ere d isso lved  im m ed ia te ly  before  use (in  th e  c o n c e n tra tio n s  given in 
th e  ta b le s )  an d  were ad d ed  fro m  th e  side a rm  of th e  W arb u rg  vessel to  th e  re a c tio n  m ix tu re  
a f te r  a  p re in cu b a tio n  period  of 7 m in . (P y ru v a te  w as used  as th e  N a-, fu m a ra te  as th e  K -sa lt.)  
O x y g en  co n su m p tio n  w as m easu red  b y  th e  W arb u rg  tech n iq u e  a t  37° C, in  a ir  a s  th e  gas 
p h ase  a n d  90 s trokes pe r m in . C 0 2  w as abso rb ed  b y  0.1 m l 20 pe r c en t K O H  in  th e  cen tra l 
well. I n  th e  experim en ts  w here C 0 2  p ro d u c tio n  w as m easu red , th e  d irec t m e th o d  of W a r b u r g  
an d  D i x o n  [17] was ap p lied , a n d  co rrec tions w ere m ad e  for th e  re te n tio n  o f C 0 2. In  the 
an ae ro b ic  ex p erim en ts , th e  W arb u rg  vessels w ere gassed  w ith  n itro g en , th e  s u b s tra te s  were 
ad d ed  to  th e  m ain  c o m p a rtm e n t an d  th e  m ito ch o n d ria l p re p ara tio n  w as p laced  in  th e  side 
a rm . D e te rm in a tio n s  o f th e  m e ta b o lite s  were m ad e  a f te r  d e p ro te in iza tio n  o f  th e  reac tio n  
m ix tu re  w ith  fresh ly  p re p a re d  tr ich lo ro ace tic  acid  (f in a l c o n cen tra tio n , 3 p e r  c e n t)  o r, fo r the 
assay  o f la c ta te , w ith  2  pe r c en t tu n g s ta te .

P y ru v a te  was d e te rm in ed  b y  th e  m eth o d  of F r i e d e m a n n  and  H a u g e n  [18] o r K o e p s e l l  
an d  S h a r p e  [19]. T he m eth o d  of th e  la t te r  a u th o rs  w as em ployed also for th e  d e te rm in a tio n  
of a -o x o g lu ta ra te . P E P  w as h y d ro ly zed  acco rd ing  to  R e y n a r d  et al. [20] a n d  a ssa y ed  as 
p y ru v a te  b y  th e  m ethod  of F r i e d e m a n n  a n d  H a u g e n  [18]. C itra te  w as d e te rm in e d  according 
to  S c h n e i d e r  et al. [21], a c e to a c e ta te  acco rd ing  to  W a l k e r  [22], an d  la c ta te  acco rd in g  to  
H u l l i n  a n d  N a b l e  [23]. N itro g en  c o n te n t w as m easu red  by  th e  m icro  K je ld a h l tech n iq u e .

R esults

T h e  tim e  course o f p y ru v a te  u tiliz a tio n  an d  oxygen c o n su m p tio n  was 
s tu d ie d  in  th e  presence an d  in  th e  absence o f  fu m a ra te .

T h e  resu lts  o f such  an  ex p e rim en t are  show n in T able I .  F o r  co m p ariso n , 
d a ta  o b ta in e d  w ith  k id n ey  m ito ch o n d ria  p rep a red  in  th e  sam e w ay  as th o se  of 
th e  liv e r , are  also inc luded .

In  liv e r m ito ch o n d ria , m etab o lism  o f p y ru v a te  was ra p id , acco m p an ied  
by  a re la tiv e ly  low oxygen  co n su m p tio n . T he O /p y ru v a te  ra tio  in c re a se d  in 
tim e , a n d  considerab le oxygen  co n su m p tio n  could  he observed  ev e n  a f te r  the  
to ta l  e x h au s tio n  o f p y ru v a te  (ab o u t 120 m in). O xygen c o n su m p tio n  was 
so m ew h at increased  b y  fu m a ra te  w hereas th e  u tiliza tio n  o f p y ru v a te  was 
d im in ish ed . The resu lts  w ith  k id n ey  m ito ch o n d ria  were d iffe ren t. H e re  p y ru 
v a te  u tiliz a tio n  was accom pan ied  b y  increased  oxygen  co n su m p tio n  a n d  b o th  
p y ru v a te  u tiliza tio n  an d  oxygen  co n su m p tio n  w ere c a ta ly tic a lly  e n h a n c e d  b y  
fu m a ra te . The increase in  oxygen  con su m p tio n  was g rea te r th a n  t h a t  o f  p y ru 
v a te  u tiliz a tio n . T hus, th e  e n tra n c e  o f  p y ru v a te  in to  th e  c itric  ac id  cycle  was 
e n h an ced  an d  its  o x y d a tio n  in  th e  cycle im p ro v ed . A ccording to  B a r t l e y  

[2 4 a ,2 4 b ] ,in  k idney  p re p a ra tio n s  p y ru v a te  is com plete ly  ox idized o n ly  a t  low 
c o n c e n tra tio n  and  in  th e  p resence o f  a su ffic ien t am o u n t o f d ica rb o x y lic  acid 
or b ic a rb o n a te . O therw ise p y ru v a te  is co n v erted  largely  in to  a c e ta te . T h is has 
been co n firm ed  by  o u r e x p e rim en t, w here th e  O /p y ru v a te  ra tio  w as less th a n
5. In  liv e r  m ito ch o n d ria  th e  O /p y ru v a te  ra tio  — calcu la ted  on th e  b as is  o f  th e  
240 m in  va lu es  — was 3 (or 3.4 if  fu m a ra te  w as also p resen t). I t  m a y  th u s  be 
su p p o sed  th a t  p a r t  o f th e  p y ru v a te  was n o t ox id ized  to  C 0 2 an d  H 20 .  As in 
th e  liv e r , a conversion o f p y ru v a te  to  a c e to a ce ta te  m ay  occur, th e  r a te  of 
a c e to a c e ta te  p ro d u c tio n  w as d e te rm in ed  in o u r system .
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Table I

T im e  course o f  pyruvate u tiliza tio n  a n d  oxygen consum ption  in  liver and  k idney m itochondria

T h e  s u b s tr a te  was p laced in  th e  m a in  co m p artm en t o f th e  W a rb u rg  vessel and  p y ru v a te  u til i
z a t io n  w a s  calculated  a t  d iffe re n t t im e  in tervals as re la te d  to  a 0  m in  v a lu e  o b ta in e d  a f te r  1 0  

m in  p re in c u b a tio n . M easu rem en t o f  oxy g en  consum ption  w as s ta r te d  a f te r  th e  sam e p re in c u 
b a tio n  period

Liver

Substrate P y ru v a te , 25 /xmoles
P y ru v a te , 25 /xmoles 

F u m ara te , 1 /xmole

Time,
min

oxygen u p ta k e  
/xatom

pyruvate
utilization

/xmole
oxygen up tak e  

/X atom

pyruvate
utilization

/xmole

2 0 5.5 4.9 8.3 4.4

40 13.8 1 0 . 1 17.6 10.5

80 31.6 2 1 . 2 35.5 18.4

1 2 0 48.0 24.9 52.0 24.7

160 60.7 — 64.0 —

240 77.0 — 87.0 —

N itrogén c o n te n t  o f  m ito ch o n d ria : 1490 p g  p e r  re ac tio n  vessel.

//a to m  oxygen c o n su m p tio n   ̂ / /a to m  o x y g en  consum ption
//m ole p y ru v a te  u t i l iz a t io n  //m o le  p y ru v a te  u tiliza tio n

Kidney

Substrate P y ru v a te , 25 /xmoles
P y ru v a te , 25 /xmoles +  

F um ara te , 1 /xmole

Time,
min

oxygen u p ta k e  
/xatom

pyruvate
utilization

/xmole
oxygen up take  

/xatom

pyruvate
utilization

/xmole

2 0 5.0 1.7 14.9 4.5

40 1 0 .6 4.5 33.2 1 0 .2

80 2 2 . 6 9.8 68.5 19.5

N itrogen c o n te n t  o f  m itochondria , 1070 fig  p e r  re ac tio n  vessel.

In  the  ex p e rim en t p re se n te d  in T able I I ,  th e  endogenous re sp ira tio n  of 
th e  m itochondria  w as n eg lig ib le . The p ro p o r tio n a lity  o f oxygen con su m p tio n  
a n d  su b s tra te  c o n c e n tra tio n  was the  p ro o f o f  th e  oxygen  consum ed being  in 
f a c t  u tilized  for th e  o x y d a t io n  of p y ru v a te . A s u b s ta n tia l  a m o u n t o f aceto- 
a c e ta te  was also fo rm ed  f ro m  th e  p y ru v a te . I t  w as rem ark ab le  th a t  a t  h igher 
c o n c e n tra tio n s  re la tiv e ly  le ss  p y ru v a te  w as c o n v e r te d  in to  ace to ace ta te . A t th e  
sa m e  tim e  the  O /p y ru v a te  ra tio  was in d e p e n d e n t o f su b s tra te  co n cen tra tio n .
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Table II

Oxydation of pyruvate and production of acetoacetate in liver mitochondria 

T im e o f in cu b a tio n : 240 m in

Substrate

25 jiimoles 18.75 /mmoles 12.5 jumoles

p y r u v a t e

O xygen consum ption  //a tom s 80.5* 60.0* 42.3
A ceto ace ta te  p roduction  //m oles 3.57 3.17 2.65**
//a to m  oxygen  consum ption 
//m ole p y ru v a te  u tiliza tion

3.2 3.2 3.4

. . //a tom  oxygen co n su m p tio n  * * *
co rrec ted  ra tio  --------- ;---------------------- ... .-----

//mole p y ru v a te  u tiliza tio n
4.1 4.3 5.2

* In  th e  presence of 25 a n d  18.75 //m oles o f su b s tra te , a  sligh t o x y g en  c o n su m p tio n  
w as s till o b se rv ed  a fte r 240 m in  o f in cu b a tio n .

** D e te rm in a tio n  of a c e to a c e ta te  w as perfo rm ed  a t  60 m in , p y ru v a te  w as e x h au s te d  
a t  40 m in .

■ '* F o r  ex p lan atio n , see te x t .

C onsidering  th a t  for th e  fo rm a tio n  of one m ole o f a c e to a ce ta te  2 m oles of 
p y ru v a te  a n d  2 atom s o f o x y g en  are  u tilized , th e  co rrec ted  v alue  o f  O /p y ru v a te  
can  be ca lcu la ted , i.e. th e  ra t io  g iv ing  th e  n u m b e r o f О a tom s co n su m ed  per 
m oles o f  p y ru v a te  u tilized  in  reac tio n s  o th e r th a n  a ce to ace ta te  fo rm a tio n . This 
co rre c ted  ra tio  is high in  th e  case o f low p y ru v a te  co n cen tra tio n s  (in  th e  p re 
sence o f  12.5 //moles o f p y ru v a te  i t  rou g h ly  co rresponds to  th e  th e o re tic a l value 
o f  5) an d  low  w hen th e  p y ru v a te  co n cen tra tio n  is h igh . C onsidering t h a t  oxygen 
co n su m p tio n  was d e te c ta b le  ev en  a f te r  240 m in , a f te r  longer in c u b a tio n  th is 
ra tio  m ig h t have  been h ig h e r. T h ere  is, how ever, a possib ility  t h a t  d u rin g  th e  
long  in c u b a tio n  period th e  m ito ch o n d ria  h a d  been  d am aged  an d  lo s t  som e of 
th e ir  coenzym es. I t  is im p ro b a b le  t h a t  p y ru v a te  shou ld  have  been  tra n s fo rm e d  
b y  o th e r  side reactions. T h e  ab o v e  ex p erim en t suggests  th a t  m ost o f  th e  p y ru 
v a te  w hich  h ad  no t been  co n v e rte d  in to  a c e to a ce ta te  w as o x id ized  to  C 02 
an d  H 20 .

F ro m  T ab le  I i t  can  be seen th a t  as long as p y ru v a te  c o n c e n tra tio n  was 
h ig h  in  th e  reac tio n  m ix tu re , th e  O /p y ru v a te  ra tio  w as low. On th e  o th e r  h an d , 
th e  e x p e rim e n t in  T ab le  I I  p ro v es th a t  th e  p y ru v a te  n o t tra n s fo rm e d  in to  
a c e to a c e ta te  is com plete ly  ox id ized . T hus, i t  can  be assum ed t h a t  f ir s t  som e 
in te rm e d ia te s  are being  a c c u m u la ted  w hich u n d erg o  o x id a tio n  in  th e  la te r  
s tag es  o f  in cu b a tio n . In  o rd e r to  check th is  po ssib ility , in  th e  n e x t e x p e rim e n ts  
th e  sy n th es is  of c itra te  a n d  a -o x o g lu ta ra te  w as follow ed, p a ra lle l to  th e  
d e te rm in a tio n  of oxygen co n su m p tio n , p y ru v a te  u tiliz a tio n  an d  a c e to a c e ta te  
p ro d u c tio n . T he resu lts  o f  su ch  an  ex p erim en t a re  show n in T ab le  I I I .
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Table II I

A c c u m u la tio n  o f citrate, a -oxoglu tara te  and acetoacetate fr o m  pyruva te  in  liver mitochondria  
N itro g e n  c o n ten t of m ito c h o n d r ia :  1710 fig  per re ac tio n  v esse l. T im e of in cu b a tio n : 30 m in

P y ru v a te  
25 /nmoles

P yruvate 
25 /nmoles

+
F um arate 
1 /rmole

Oxygen u p tak e  / la to m s 1 2 . 8 14.3

Pyruvate  u t il iz a tio n  //m oles 1 2 . 2 11.4

C itrate acc u m u la tio n  //moles* 0.80 1.71

a-O xoglu tarate  a cc u m u la tio n  //moles* 0.24 0.14

A cetoacetate p ro d u c tio n  //moles 1.59 0.61

//atom  oxygen  u p ta k e
1.0 1.3

//mole p y ru v a te  u t il iz a tio n

“ rest”  oxygen //a to m s* * 8.3 —
“ rest” p y ru v a te  //m oles** 7.0 —
“ rest” oxygen / /a to m s  ** 
“ rest” p y ru v a te  //m o les

1 . 2 —

* 0  m in  values were s u b t r a c te d  from  th e  a m o u n t fo u n d  in  th e  m ed ium  a t  th e  g iven  tim e.
** F o r  exp lanation , see t e x t .

I n  th is  ex p erim en t “ r e s t ”  p y ru v a te  m ean s  t h a t  p a r t  of th e  p y ru v a te  
u t i l iz e d  w hich was n o t a c c o u n te d  for by th e  fo rm a tio n  of ace to a ce ta te , c itra te  
a n d  a -o x o g lu ta ra te . T h e  o x y g e n  consum ption  acco m p an y in g  th e  u tiliz a tio n  of 
th is  “ r e s t”  p y ru v a te  is c a lle d  “ re s t”  0 .  “ R e s t”  O /p y ru v a te  ra tio  m eans th e  
r a t io  o f  “ re s t” oxygen c o n su m p tio n  to  “ r e s t”  p y ru v a te  u tiliz a tio n . T he ca l
c u la tio n s  have been m ad e  o n  th e  basis of th e  s to ich io m etric  e q u a tio n s  re p re 
s e n te d  in  Table IV .

T h e  results in  T a b le  I I I  confirm  th e  fa c t t h a t  oxygen co n su m p tio n  is 
o n ly  s lig h tly  increased b y  fu m a ra te  (see also T ab le  I ) .  F u m a ra te  ex e rts  a slight 
in h ib i t io n  on the u tiliz a tio n  o f  p y ru v a te . T his in h ib itio n  was observed  in  every  
e x p e r im e n t and its  e x te n t  in c reased  w ith  th e  a m o u n t of fu m a ra te  added . 
E x p e r im e n ts  w ith lab e lled  fu m a ra te  w ould be  n ec e ssa ry  to  decide w h e th e r we 
a re  d e a lin g  here w ith  a re a l  in h ib itio n  or r a th e r  w ith  an  a p p a re n t decrease of 
p y r u v a te  d isappearance  c a u se d  b y  a p a r t ia l  conv ersio n  of fu m a ra te  in to  
p y r u v a te .  In  agreem ent w ith  l i te ra ry  d a ta , a c e to a c e ta te  fo rm atio n  is decreased , 
a n d  c i t r a te  synthesis in c re a se d , b y  fu m a ra te  [25]. Some a -o x o g lu ta ra te  is 
a lso  fo rm ed .

A s oxygen co n su m p tio n  is increased an d  p y ru v a te  u tiliz a tio n  is decreased  
b y  fu m a ra te , the O /p y ru v a te  ra tio  is increased . T h e  “ re s t”  O /p y ru v a te  ra tio  
c a n n o t  be  calcu lated  in  th is  w ay , as th e  a m o u n t o f  oxygen u tiliz ed  fo r th e  
o x id a tio n  of fu m ara te  is u n k n o w n . I t  is in te re s tin g  th a t  th e  “ re s t”  p y ru v a te
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Table IV

Amount and ratio of oxygen uptake and CO., production accompanying the formation of different
metabolites from pyruvate

Oxygen CO,
produced

Oxygen atom CO, mole
needed pyruvate mole py ruvate  mole

2  m oles p y ru v a te  ->• 1  mole ace to ace ta te 2 2 l l
2  moles p y ru v a te  -> 1  m ole ^ -h y droxy-
b u ty ra te 1 2 0.5 l

2  m oles p y ru v a te -> 1  mole c itra te 1 0 0.5 —
2  m oles p y ru v a te  —> 1  mole a-oxog lu ta-

ra te 2 1 1 0 .5

2  m oles p y ru v a te  -»■ 1  m ole succinate 3 2 1.5 1

2  m oles py ru v a te  -► 1  m ole fu m ara te  or
1  mole m alate 4 2 2 1 ]

} v ia  c itra te
2  m oles p y ru v a te  -> 1  mole o x a lace ta te 5 2 2.5 1 )

1  m ole p y ru v a te  1  m ole m ala te  or
1  m ole fum ara te — 1 — 1 — Jv ia  CO..

1  mole pyruvate-»- 1  mole o x a lace ta te 0 — 1 — ] fix a tio n

shou ld  h av e  a m o u n ted  to  as m uch  as 60 p e r cen t o f  th e  to ta l  p y ru v a te  u tiliz e d . 
I n  th is  ex p erim en t fo r 1 m ole of ’’r e s t” p y ru v a te  1.2 a tom s o f o x y g en  w ere 
u tiliz ed , even less th a n  th e  oxygen  needed fo r th e  fo rm atio n  of su c c in a te  from  
p y ru v a te . C onsidering th e  d a ta  o f K r e b s ,  th a t  in  liver p re p a ra tio n s  d u rin g  
th e  u tiliz a tio n  of p y ru v a te  th e  c itric  acid cycle in te rm e d ia te s  s u b se q u e n t to  
a -o x o g lu ta ra te  are also accu m u la ted  [2 ], an d  th e  w ell-know n fa c t  t h a t  th e  
m e tab o lism  o f su cc in a te  is v e ry  ra p id , i t  follow s th a t  in  our e x p e rim e n ts  
p a r t  o f th e  p y ru v a te  w as p ro b a b ly  m etabo lized  fu r th e r  th a n  th e  su c c in a te  
s tag e , via  acetyl-C oA . T he low  “ re s t”  O /p y ru v a te  ra tio  o b ta in ed  in  b a lan ce  
ex p e rim en ts  m ay  he ex p la in ed  b y  assum ing  th a t  p a r t  o f th e  “ r e s t”  p y ru v a te  
w as m etabo lized  b y  a n o th e r  p a th w a y , or, else, th a t  p y ru v a te , or a m e ta b o 
lic p ro d u c t o f i t ,  b eh av ed  as a H  accep to r.

O ne possible reac tio n  o f p y ru v a te  is its  conversion  in to  la c ta te . H o w ev e r, 
u n d e r  aerobic cond itions no fo rm a tio n  of la c ta te  w as d e tec ted .

A n o th er p o ssib ility  is th e  conversion  o f  p y ru v a te  in to  /? -h y d ro x y b u ty - 
r a te . K u l k a  et al. [26] an d  K r e b s  et al. [27] rev ea led  th e  c a p a b ility  o f  ace to - 
a c e ta te  to  behave as a H  accep to r. In  th e  e x p e rim en t described  below  i t  w as 
p ro v ed  th a t ,  if  a t  all, on ly  a sm all p a r t  o f th e  p y ru v a te  d isap p earan ce  m ig h t he 
acco u n ted  for b y  /? -h y d ro x y b u ty ra te  fo rm atio n .

P artic le s  of liv er an d  k id n ey  [28, 29] as well as liver m ito c h o n d ria  [6 ] 
a re  know n to  form  P E P  from  c itric  acid  cycle in te rm e d ia te s  and  from  p y ru v a te .

2  Ada Phyaiologica XXIV/4.
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I n  o u r  system , h ow ever, no  P E P  was d e te c te d . F ro m  th is  i t  does n o t follow 
t h a t  no  P E P  h ad  b een  fo rm e d , there  being  a p o ss ib ility  th a t  P E P  h a d  been  
re c o n v e rte d  in to  p y ru v a te  a t  a ra te  equal to  i ts  fo rm a tio n , as a re su lt o f th e  
co m b in ed  ac tion  of th e  p y ru v a te -A D P -tra n sp h o sp h o ry la se  c o n ta m in a tin g  th e  
m ito c h o n d ria l p re p a ra tio n  a n d  of the  m ito c h o n d ria l A T Pase [30]. In  a w hole 
h o m o g e n a te  P E P  can  f u r th e r  he m etabolized  b y  th e  g lycoly tic  enzym es.

A  fu rth e r  p o ss ib ility  is th e  conversion o f  p y ru v a te  in to  d icarboxy lic  
ac id s  b y  w ay of C 0 2 f ix a t io n . W ith  re sp ec t to  th is  m echan ism  an  in d ire c t 
co n c lusion  can be d ra w n  f ro m  th e  e x te n t o f C 0 2 p ro d u c tio n .

In  th e  tw o e x p e r im e n ts  show n in T ab le  Y , p y ru v a te  u tiliz a tio n , oxygen  
c o n su m p tio n  and  C 0 .2 p ro d u c tio n  were m easu red . T he C 0 2 p ro d u c tio n  co rre 
sp o n d in g  to  the  u ti l iz a tio n  o f  1 mole of p y ru v a te  w as 0.7 in  th e  f irs t  ex p e rim en t 
a n d  0.8 in  the  second. T h is  C 0 2 p ro d u c tio n  d id  n o t even acco u n t for th e  
fo rm a tio n  of succ ina te  f ro m  p y ru v a te , a lth o u g h , as a lready  m en tio n ed , p a r t  
o f  th e  p y ru v a te  is v e ry  p ro b a b ly  m etabolized  in  th e  c itric  acid cycle v ia  ace ty l- 
CoA fu r th e r  th a n  th e  su c c in a te  stage. The re su lts  o f  th is  ex p erim en t excluded  
th e  im p o rtan ce  of /S -h y d ro x y b u ty ra te  fo rm a tio n  in  th e  fa s t u tiliz a tio n  of 
p y ru v a te ,  as th e  c o n v e rs io n  of p y ru v a te  to  /З-h y d ro x y b u ty ra te , to o , w ould  
g ive a C 0 2/p y ru v a te  r a t io  o f  1. T hus, th e  m o s t p ro b ab le  a ssu m p tio n  rem ain s 
th e  one proposed ab o v e , i.e . t h a t  a considerab le  p a r t  of th e  p y ru v a te  is co n 
v e r te d  in to  d icarboxy lic  ac id s  b y  w ay of C 0 2 f ix a tio n .

T h is a ssum ption  h a s  b een  confirm ed b y  e x p e rim e n ts  perfo rm ed  in  th e  
p resen ce  of m alona te . M a lo n a te , in  a c o n cen tra tio n  below  0.01 M ,h a s  an  in h ib it
in g  e ffec t on su cc in o d eh y d ro g en ase  [31]. T h u s , i f  th e re  w as no conversion  of 
p y ru v a te  in to  d ic a rb o x y lic  acids, and  th e  sy s te m  did  n o t co n ta in  la rg e r

Table V

C 0 2  production  during p yru va te  u tiliza tion  
E x p e rim e n t 1. N itro g e n  co n ten t o f m ito c h o n d ria :  1670 p g  pe r 

re a c tio n  v esse l. T im e of in c u b a tio n :  40 m in.

Oxygen
consumption

/tatom

c o 2
p roduction

/tm ole

Pyruvate 
disappearance 

urn ole

25 //m oles p y ru v a te 13.9 8 . 8 12.9

25 //m oles p y ru v a te  -j-
1  //m ole fu m a ra te 16.7 1 0 . 0 12.3

E x p e rim en t 2. N itro g e n  con ten t of m ito c h o n d ria :  2300 fig  pe r 
re a c tio n  vesse l. Tim e of in c u b a tio n :  40 m in.

Oxygen c o 2
production

P yruvate
consumption disappearance

/tatom jitmole /tmole

25 /imoles p y ru v a te 22.7 17.7 2 1 . 1
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a m o u n ts  of d ica rb o x y lic  ac id s , in  th e  presence o f  m a lo n a te  a co m p le te  con
v ersio n  o f p y ru v a te  in to  a c e to a c e ta te  shou ld  h a v e  been  ex p e c te d . I t  can  be 
seen in  T able  V I th a t  0 .008 M  m alo n a te  h ad  no  su ch  effect. In  th is  exp erim en t 
endogenous re sp ira tio n  w as com plete ly  b locked  b y  th e  m a lo n a te , p ro v in g  th a t  
th e  m ito ch o n d ria  c o n ta in e d  p rac tica lly  no endog en o u s d ica rb o x y lic  acids.

Table VI

Effect o f  m alonate on pyruva te  oxydation in  liver m itochondria  

T im e  of in cu b a tio n : 240 m in .

25 ^nmoles
25 jixmoles 
pyruvate -f- 12.5 jiimoles

12.5 mmoles 
p v ru v a te+

py ruvate 25 /xmoles pyruvate 25 (umoles
malonate malonate

O xygen consum ption
//a to m s 74.0 * 43.5 * 40.8 * 21.4

* O xygen co n su m p tio n  d e te c ta b le  even a fte r  240 m in  in cu b a tio n .

D ete rm in a tio n s  m ad e  a f te r  th e  cessation  o f oxygen  u p ta k e  show ed th a t  
p y ru v a te  was co m p le te ly  u tiliz ed  b y  th e  m ito c h o n d ria . In  th is  e x p e rim e n t no 
d ire c t d e te rm in a tio n  o f  a c e to a c e ta te  was m ad e  (as th e  m e th o d  o f W alker 
c a n n o t be used in  th e  p resen ce  o f m alona te ), b u t  th e  ra te  o f o x y g en  consum p
tio n  sufficed to  show  th a t  in  th e  presence o f m a lo n a te  th e  co n v ersio n  o f p y ru 
v a te  in to  ace to ace ta te  w as n o t  com plete  and  p a r t  o f  th e  p y ru v a te  w as p a rtia lly  
ox id ized  in  th e  c itric  ac id  cycle, in  good a g re e m e n t w ith  E v a n s ’ d a ta  [1] 
o b ta in e d  in  p igeon liv e r  h o m ogena tes. This o b se rv a tio n  also co n firm s th a t  
p a r t  o f th e  p y ru v a te  h a d  f i r s t  been  con v erted  in to  d ica rb o x y lic  ac id s b y  w ay 
o f  C 0 2 f ix a tio n . T h e  re s u lts  o f L e h n in g e r  [3], R e c k n a g e l  a n d  P o tter  [4], 
Co p e n h a v e r  an d  L a r d y  [5 ],  w hich are a t  v a ria n c e  w ith  o u r a n d  E v a n s ’ 
f in d in g s [1], could p e rh a p s  be exp la ined  b y  th e  difference t h a t  th e  liver 
p re p a ra tio n s  o f th e  fo rm e r a u th o rs  d id  n o t fo rm  d icarb o x y lic  acids from  
p y ru v a te .

A n o th e r m ech an ism  w hich  m igh t ex p la in  th e  re la tiv e ly  low  oxygen 
co n su m p tio n  acco m p an y in g  p y ru v a te  u tiliz a tio n  w ould  be th e  anaerobic  
m etab o lism  of p a r t  o f  th e  p y ru v a te . A ccording to  K r e b s  et al. [27] acetyl-C oA  
is fo rm ed  from  p y ru v a te  ev en  u n d e r anaerob ic  co n d itio n s  in  liver h o m ogena tes. 
T h e ir assu m p tio n  is b a se d  on  th e  observ a tio n  t h a t  u n d e r  an ae ro b ic  conditions 
ß -h y d ro x y b u ty ra te  a n d  a c e to a c e ta te  are still fo rm ed  from  p y ru v a te . W e have 
s tu d ie d  th e  liv er m ito c h o n d ria  as to  th e ir  a b ili ty  to  u tilize  p y ru v a te  under 
an aero b ic  cond itions, b u t  u n d e r  our ex p e rim en ta l co n d itions p y ru v a te  d isap 
p ea ran ce  was v e ry  s lig h t. T h u s , in  liver m ito c h o n d ria , th e  re su lts  o f K rebs  
et al. w ere confirm ed  in  th e  sense th a t  — even  i f  on ly  to  a l i t t le  e x te n t — 
p y ru v a te  can be u tilized  an ae ro b ica lly . The ra te  o f  th is  u tiliz a tio n  is , how ever, 
fa r  less th a n  th a t  o f th e  “ r e s t”  p y ru v a te  o bserved  in  ou r e x p e rim en ts .

2*
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Discussion

O u r  balance ex p e rim en ts  rev ea led  th a t  a b o u t 60 p er cen t o f th e  p y ru v a te  
u t i l iz e d  c a n n o t be acco u n ted  fo r  b y  th e  oxygen co n su m p tio n  an d  b y  th e  accu
m u la t io n  o f  th e  m etabo lites d e te rm in e d  by  us. T he q u estio n  arises, b y  w hich 
in te rm e d ia ry  m etabolic p a th w a y s  th is  so called “ r e s t”  p y ru v a te  is oxidized. 
T h a t  e v e n tu a lly  it is c o m p le te ly  oxidized w as sh o w n  u n eq u iv o ca lly  in  the  
e x p e r im e n t  in  Table I I .  H o w e v e r , th e  “ re s t” O /p y ru v a te  ra tio s  o b ta in e d  and  
th e  C 0 2/p y ru v a te  values o f  le ss  th a n  1 did n o t ev e n  allow  fo r th e  fo rm a tio n  
o f  s u c c in a te  from  p y ru v a te . O n  th e  o ther h an d , th e  ex p erim en ts  o f  K r e b s  

a n d  E g g l e s t o n  [ 2 ]  su g g est t h a t  p a r t  o f th e  p y ru v a te  is m e tab o lized  via  
a c e ty l-C o A  in  th e  citric  ac id  cy c le  to  form  su cc in a te  an d  fu r th e r  m e tab o lite s . 
T h e  re la t iv e ly  low oxygen  c o n su m p tio n  and  C 0 2 p ro d u c tio n  acco m p an y in g  
th e  u t i l iz a t io n  of p y ru v a te  a re  suggestive of a sy n th e s is  o f d ica rb o x y lic  acids. 
S u ch  a  re a c tio n  needs th e  f ix a t io n  o f  1 mole C 0 2 p e r  m ole p y ru v a te  a n d  in  th e  
case  o f  m a la te  fo rm ation  2 H  a to m s  per mole are  also  ta k e n  up . T h u s , b y  th is  
m e c h a n is m  th e  ox idation  o f  a n o th e r  p a r t o f th e  p y ru v a te  via  acety l-C oA  
b e y o n d  th e  succinate s tag e  c o u ld  also be acco u n ted  fo r. O th e r possib le  m ech a
n ism s  w h ic h  would ex p la in  th e  low  oxygen co n su m p tio n  acco m p an y in g  the  
u t i l iz a t io n  o f p y ruva te  w ere e x c lu d e d , i.e. th e  fo rm a tio n  o f /S -hy d ro x y b u ty ra te  
a n d  P E P .  T he p ro b ab ility  o f  d ica rb o x y lic  acid sy n th es is  is su p p o rte d  b y  the  
e x p e r im e n ts  perform ed in  th e  p resence  of m a lo n a te , since in  t h a t  case d u rin g  
th e  u t i l iz a t io n  of p y ru v a te  o x y g e n  consum ption  w as co n sid e rab ly  h ig h e r th a n  
t h a t  n e c e s sa ry  for th e  q u a n t i ta t iv e  conversion o f  p y ru v a te  in to  a c e to a ce ta te . 
A  f u r th e r  in d irec t p roo f o f  th i s  hyp o th esis  is th e  o b se rv a tio n  th a t  uncou p lin g  
c o n c e n tra t io n s  of D N P  in h ib i t  th e  u tiliza tion  o f  p y ru v a te  an d  th e  oxygen 
c o n s u m p tio n , b u t are e n h a n c in g  ace to ace ta te  fo rm a tio n  from  p y ru v a te  [32].

P E P  form ation  can  a lso  b e  excluded, as no  accu m u la tio n  o f P E P  was 
o b s e rv e d  in  our system . I t  is s t i l l  a possib ility  t h a t  t ra n s a m in a tio n  m ig h t p lay  
a p a r t  in  th e  d isappearance o f  p y ru v a te . B y tra n s a m in a tio n  a -o x o d ica rb o x y lic  
ac id s  w o u ld  be form ed in  a n  a m o u n t  eq u iva len t to  th e  d isap p ea red  p y ru v a te . 
T h e  fo llo w in g  observations m a k e  i t ,  how ever, v e ry  im p ro b ab le  t h a t  u n d e r  our 
c o n d itio n s  tran sam in a tio n  sh o u ld  h av e  p layed  an  im p o r ta n t  role in  th e  u tiliz a 
t io n  o f  th e  “ re s t”  p y ru v a te : a )  m ito ch o n d ria  c o n ta in  on ly  a neglig ib le  am o u n t 
o f  a m in o  acids able to  p a r t ic ip a te  in  tra n sa m in a tio n  re a c tio n s ; b) o n ly  a sm all 
a m o u n t  o f  a-ox o g lu ta ra te  a c c u m u la te d  during  th e  e x p e rim e n t; c)  th e  o x y d a tio n  
o f  a -o x o g lu ta ra te  in  th e  c i t r ic  ac id  cycle w ould  h a v e  been  acco m p an ied  b y  
a h ig h e r  oxygen c o n su m p tio n  th a n  th a t  of p y ru v a te  [15].

O n  th e  basis of all th e s e  co nsidera tions, we h a v e  to  in te rp re t  o u r resu lts  
b y  su g g e s tin g  th a t  p a r t  o f  th e  “ r e s t”  p y ru v a te  is f i r s t  tra n sfo rm e d  in to  m a la te  
b y  w a y  o f  C 0 2 f ix a tio n  a n d  re d u c tio n , i.e. i t  e n te rs  th e  c itric  ac id  cycle as 
a d ic a rb o x y lic  acid.
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T he idea  th a t  p y ru v a te  can be m e tab o lized  by  C 02 f ix a tio n  a n d  th a t  
o x a la c e ta te  m ay  a c t as a H  accep to r h a s  b een  m entioned  b y  K r e b s  and 
E g g l e s t o n  [2]. Since th is  f ir s t  o b se rv a tio n  severa l papers w ere d e a lin g  w ith  
th e  process o f d icarboxy lic  acid sy n th es is  from  p y ru v a te  b y  w a y  o f C 0 2 
f ix a tio n  occurring  in  an im al tissues [31]. T h e  question  arises, b y  w h ich  m e ta 
bolic p a th w a y  th e  d icarboxy lic  acid is sy n th es ized  an d  w hat is th e  physio log ica l 
sign ificance o f th is  sy n thesis . F o r a tim e  th e  m alic enzym e w as considered  
responsib le  for th e  syn th esis  o f d icarb o x y lic  ac ids, b u t  i t  was sh o w n  th e n  th a t  
in  th e  liv e r of b ird s  th is  enzym e is localized  exclusively  in  th e  s u p e rn a ta n t  
f ra c tio n  [33, 34, 35, 36]. H ow ever, no  in fo rm a tio n  being a v a ila b le  as to  
th e  loca liza tio n  of th e  m alic enzym e in  m a m m a lia n  liver, th e  p o ss ib ility  can n o t 
be exc luded  o f th is  enzym e tak in g  p a r t  in  th e  d icarboxylic ac id  syn thesis  
occu rrin g  in  m ito ch o n d ria . R ecen tly , U t t e r  an d  K e e c h  [37] h a v e  iso la ted  
fro m  b ird  and  b ee f liv er an  enzym e w h ich  fo rm s oxa lace ta te  f ro m  p y ru v a te  
b y  C 0 2 u p ta k e , u tiliz in g  th e  energy  o f  A T P . T his enzym e is lo c a te d  in  the  
m ito ch o n d ria . T here  a re  several reasons to  suggest th a t  i t  is th is  p a th w a y  
t h a t  leads to  th e  fo rm atio n  o f d icarboxy lic  acid  in  iso lated  liver m ito c h o n d ria , 
viz. a )  th e  location  o f th e  enzym e in m ito c h o n d ria ; b) its  h igh a c t iv i ty  a t  low 
b ic a rb o n a te  co n cen tra tio n s ; c) th e  in h ib ito ry  effect of u n co u p lin g  concen
tra t io n s  o f  D N P  up o n  d icarboxy lic  acid  sy n th es is  [38, 7, 39, 32].

D icarboxy lic  ac id  syn thesis  in m ito c h o n d ria  is supposed to  ta k e  p a r t 
— b y  w ay  o f P E P  fo rm atio n  — in cy to p la sm ic  gluconeogenesis [33, 40, 41]. 
O x a la c e ta te , b y  its  effect upon  succ inodehydrogenase, functions as a  reg u la to r  
o f  th e  c itric  acid cycle [42] an d  i t  also c o n tro ls  th e  u tiliza tio n  o f  acety l-C oA . 
S tu d ies  on th e  in co rp o ra tio n  o f 1'lC -com pounds in to  g lu tam ic ac id  in  vivo  led 
also to  th e  conclusion th a t ,  especially  in  th e  liver, a s ign ifican t p a r t  o f  the 
p y ru v a te  is m e tabo lized  via  o x a lace ta te  [43, 44, 45]. These o b se rv a tio n s , too, 
p o in t to  th e  physio logical significance o f  d icarboxy lic  acid sy n th e s is .

O ur re su lts  suggest th a t  th e  fo rm a tio n  o f  d icarboxylic  ac ids f ro m  p y ru 
v a te  b y  C 0 2 f ix a tio n  occurs to  a co n siderab le  e x te n t also in  is o la te d  m ito 
ch o n d ria . H ow ever, th e  significance o f ex tra m ito c h o n d ria l en zy m es in  d ica r
box y lic  acid sy n th esis  an d  in th e  fu n c tio n in g  o f  th e  citric acid cy c le , a n d  the  
w ay  o f in te ra c tio n  b e tw een  e x tra -  and  in tra m ito c h o n d ria l enzym es in  th e  cell 
a re  p rob lem s s till unso lved .

Note added in  proof. A fter th is  paper h a d  b e en  su b m itte d  for p u b lic a tio n , a n  a rtic le  
o f R . J .  H a s l a m  an d  H . A. K r e b s  app eared  [B io ch em  J .  8 6 , 432 (1963)] p a r t  o f w hich 
w as dealing  w ith  s im ilar aspects o f p y ru v a te  m e ta b o lism  in  ra t-liv er h o m o g e n a te s . Our 
re su lts  on  a  m ito ch o n d ria l system  concern ing  th e  im p o rtan ce  of th e  c a rb o x y la tio n  of 
p y ru v a te  a re  in good ag reem en t w ith  those  fo u n d  in  th e  hom ogenate s y s te m  b y  the 
above  a u th o rs .
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SEROBACTERIOLOGICAL PRODUCTION AND R ESEA R C H  “ H UM AN", BUDAPEST
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The properties o f chrom ium -labelled ovalbum in  and of native ovalbum in  are 
described as determ ined by im m uno-diffusion and im m uno-electrophoretic analysis. 
I t  has been shown th a t labelling w ith  chrom ium  a t alkaline reaction does n o t influence  
the size, antigen icity  and electrophoretic m ob ility  o f the protein m olecules.

L abelling  w ith  n a tu ra l  o r rad io ac tiv e  ch ro m iu m  has been fo u n d  su ita b le  
for fo llow ing-up th e  fa te  o f  an tigens in jec ted  in to  th e  organism . O n ly  m in u te  
q u a n titie s  o f  ch rom ium  n am ely  occur in th e  o rg an ism  [1], while th e  half-life  
o f 51Cr is fav o u rab le  a n d  its  ra d ia tio n  effect is s lig h t [2].

In  p rev ious re p o r ts  i t  has been show n t h a t  as fa r  as e le c tro p h o re tic  
m o b ility  an d  a n tig e n ic ity  (as te s te d  b y  q u a n ti ta t iv e  p rec ip ita tio n ) are  con
cern ed , th e  ch ro m o v a lb u m in  p rep a red  b y  ou r m e th o d  (in th e  follow ing C r— О A) 
h a d  p ro p e rtie s  sim ilar to  tho se  o f n a tiv e  o v a lb u m in  [3, 4]. In  th e  p re se n t p a p e r  
we shall re p o rt on im m u n e  diffusion and  im m u n e  e lec tro p h o re tic  s tu d ie s  from  
th e  re su lts  of w hich i t  h as  been  concluded  t h a t  C r—OA does n o t d iffe r from  
n o rm al ov a lb u m in  (in  th e  follow ing, N —О A) e ith e r  in  th e  c h a ra c te r  o f th e  
an tig en  d e te rm in a n ts , or in  m olecu lar size.

Materials and methods

1. A n tig en s : Solutions of four tim es recrystallized N —OA, hom ogeneous b y  paper 
electrophoresis [5], and o f ovalbum in labelled w ith  chrom ium  at a ratio of 1 : 25 [3] were used.

2. Im m u n e serum  : This was serum from rabbits im m unized w ith native  ovalbum in  
(in the follow ing IS).

3. L in e a r  single  im m u n o -d iffu s io n  m ethod  [6, 7]: The im m une serum dilu ted  1 : 2.8 
w ith  physiological NaCl so lution  and m ixed w ith a 1 per cen t solution of agar in  physio logical 
NaCl was m easured in to  precipitation tubes 3 mm in diam eter. The antigen solutions were 
diluted serially in steps o f 1 : 2 and the single d ilutions were layered in the liqu id  sta te  over 
the m ixture. The tubes were sealed w ith  wax, kept a t 22° C, and the distance o f th e  front of 
the precipitation lines from  the interface was m easured a t intervals of 24 to  48 hours. This 
distance (h ) is directly proportional to the square root o f the tim e (t) between the adding o f the  
antigenic solution and the tim e of reading. The m igration rate o f the front (designated  к ) is 
expressed by the h  ■ t~'l> ratio , the direction tangent o f th e  straight line. If, at a con stan t a n ti
body level, the value к  is p lotted  against the log of antigen  concentration, a stra igh t line  
results, expressed by the equation к  =  m x  -p b, where x  is the log of antigen concentration , 
and m and b are constants characteristic of the reacting system . The value o f m depends 
also on the diffusion coefficien t, and thus also on the size o f the m olecule [8, 9]. T o com pare 
the m values, we determ ined an equation from the data o f  m easurem ents on the basis o f the  
principle o f the least squares [10].
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4. C om para tive  s in g le  im m u n o -d iffu s io n  m ethod : The technique of Ou d in  [11] was 
em p lo y ed . The reagents were m ix ed  w ith  4 per cent m elted  agar, then so placed on a square 
p la te  th a t  the two antigen so lu tion s to be com pared should be in  direct contact w ith  each  
o th er , as w ell as w ith the im m une serum. The m ethod has the advantage over th e  procedures 
o f  sim ilar  purpose that the concentration  relations of th e  reagents at the interface are constant 
a n d  th u s  the reactions in d ica tive  o f identity  or relationsh ip  can reliably be eva lu ated . The 
fro n ts  o f  th e  precipitation lin es m igrate according to  th e  law s of single diffusion, and therefore 
from  th e  site  of the precip itation  lines conclusions m ay  be drawn as to  the concentration  
r e la tio n s.

F ig . 1 . R elationship  betw een the distance of the front o f the precipitate from  th e  interface  
( i ) ,  an d  th e  square root o f the reaction  tim e (i), in  the case o f the antigens o f N —О A  andCr—О A 

The m igration rate o f  the single antigens is expressed by h • t ~ i

5. Q u alita tive  im m u no-elec troph oresis : The m eth od  o f Grabar and W il l ia m s  [12] as 
m o d ified  b y  W u n d e r l y  [13] w as used . Filterpaper w etted  w ith the antigen w as applied to 
th e  agar p late . Veronal buffer o f 0.05 ionic strength and pH  8.2 was used. The im m une serum  
m ix ed  w ith  agar was placed beside th e  strip of agar contain ing the electrophoretically separated  
a n tig e n s .

6. Q u an tita tive  im m u no-elec troph oresis  was carried out according to  B a ck h a u sz  [14]. 
W ith  th is  m ethod the evaluation  o f the results is based on the fact that the antigens separated  
in  agar b y  electrophoresis react w ith  the corresponding antibodies according to  th e  laws of 
sin g le  im m uno-diffusion, and therefore from the rate o f  m igration of the m axim um s of the  
p recip ita tio n  arcs, conclusions can  be drawn as to  the concentration of the single antigens.

7. A b so rp tio n  im m u no-elec troph oresis : The princip le o f B átory’s m ethod [15] is that 
th e  so lu tio n  presum ably conta in ing  a m axim al num ber o f antigens or antigen determ inants 
is  su b jected  to  electrophoresis in  agar gel by the usual m ethod . Between the im m une serum-



COMPARATIVE CEL DIFFUSION ANALYSIS 405

agar m ixture and the electrophoretically  separated antigens is placed the absorbing solution  
presum ably containing a sm aller num ber of antigens or less o f the determ inants, m ixed  with 
agar. Parallel w ith the line of co n tact, precipitation lines appear resulting from  the reaction  
betw een  im m une serum and the antigens of the absorbing layer. I f  there is a lack  o f  antigen  
in  the absorbing solution, as com pared w ith  the electrophoresed solution, sem icircular precipi
ta tes  can be find in suitable positions. I f  the electrophoresed solution contains no determ inants 
different from those contained in  the absorbing solution , no semicircular precip itates w ill be 
form ed. In our experim ents we subjected  the N —OA solution to electrophoresis and used the 
1 : 10 dilution of Cr — OA as the absorbing layer.

F ig . 2 . Correlation between the к values obtained at different antigen concentrations and 
the log values of antigen concentration in the case o f the antigens of N —OA and Cr—OA. The 
direction  tangents o f the straight lines obtained, the m  values are characteristic o f  the mole

cular size o f the corresponding antigens

R esults

B y  th e  single lin ea r  im m uno-d iffusion  m eth o d , 3 an tig en s w ere  d em o n 
s tra b le  in  b o th  th e  N —OA an d  th e  C r—OA so lu tions. The c o m p o n e n t p resen t 
a t  th e  low est co n cen tra tio n  w as observab le  on ly  a t  th e  th ird , 1 2 0 -h o u r read 
in g  (F ig . 1).

I f  we analyze th e  change o f к  values in  th e  fu n c tio n  o f th e  2 -base  loga
r i th m  o f an tigen  c o n c e n tra tio n  (F ig . 2), th e  s tra ig h t lines o f th e  com ponen t 
p re se n t a t  th e  h ighest c o n c e n tra tio n  w ere p rac tica lly  id en tica l in  th e  N —OA 
a n d  th e  C r—OA so lu tions.
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T h e som ew hat d if f e re n t  behaviour of th e  seco n d  com ponen ts was due to  
d iffe ren ces  in the c o n c e n tra t io n  of the  co rresp o n d in g  a n tig en . T he slope o f th e  
s t r a ig h t  line was p ra c tic a l ly  th e  sam e as in  th e  p re v io u s  case. These in v e s tig a 
t io n s  revealed  n o th in g  as  to  th e  th ird  co m p o n en t, because  ow ing to  th e  low 
c o n c e n tra tio n  of th is  p ro te in  i ts  p rec ip ita tion  b a n d  soon d isap p eared  on d ilu t
in g  th e  solution.

T h e  an tigen ic ity  o f  t h e  th ree  com ponents o f  N —OA and  C r—OA was 
th e  sam e  (Fig. 3). No s p u r  fo rm a tio n  ind ica tive  o f  a d ifference in d e te rm in a n ts  
c o u ld  be  observed. T h e  c o n c e n tra tio n s  of co m p o n e n ts  I an d  I I I  p roved  to  be

N-OA 2 5  Cr -  OA

concen tra ted  N-OA im m une serum

F ig .  3 . Sim ple gel diffusion for th e  com parison of the antigens o f N —OA and Cr—OA solutions. 
O n th e  tw o sides of the p la te  are represented Oudin tu b es o f  sim ilar com position (i =  inter
fa c e , th e  line of contact b etw een  A g  and At). The pattern show s the id en tity  of the three com 
p o n en ts . The precipitation zone  in  th e  middle indicates a d ifference in the concentration of the  

corresponding antigen between th e  tw o  solutions

id e n t ic a l .  Com ponent I I  w a s  p re se n t a t a h igher c o n c e n tra tio n  in C r—OA th a n  
in  N  — O A ; the  second p re c ip ita t io n  bands o f th e  tw o  system s d iverge a t  th e  
p o in t  o f  junction .

A s determ ined b y  q u a l i ta t iv e  im m uno-e lec trophoresis  (Fig. 4), th e  com 
p o n e n t  p resen t a t th e  h ig h e s t  concen tra tion  in  b o th  О A an d  C r—О A show ed 
a lb u m in  m otility . T he tw o  m in o r antigen c o m p o n e n ts  m ig ra ted  a t  a low er 
v e lo c ity  th a n  a lbum in ; o w in g  to  th e ir  low c o n c e n tra tio n s , th e ir  p rec ip ita tio n  
a rc s  developed  in th e  a n t ig e n  excess and were th e re fo re  pale . The th re e  com po
n e n ts  o f  N —OA and  C r— O A  show ed the sam e m o tilitie s .

Q u an tita tiv e  im m u n o -e lec tro p h o resis  show ed  th e  q u a n ti ty  o f th e  tw o 
m in o r  an tigens to  a m o u n t to  a b o u t 2 to  3 p e r c e n t o f  th e  to ta l  p ro te in .

T h e  results of th e  a b s o rp tio n  im m uno-e lec trophoresis  have  show n th a t  
t h e  an tig en ic  com ponen ts o f  N — OA and C r—О A  w ere  id en tica l; no c h a ra c te r
is t ic  p rec ip ita tio n  arcs a p p e a re d  in  the  ab so rb in g  la y e r.



COMPARATIVE CEL DIFFUSION ANALYSIS 407

F ig . 4 . Im m uno-electrophoretic patterns of N —OA and Cr—OA (Grabar and W illiam s’ m ethod). 
The tw o  antigens have the sam e electric m otility

D iscussion

T he above re su lts  h av e  fu lly  confirm ed ou r a ssum ption  t h a t ,  if  ca rried  
o u t ad e q u a te ly , lab e lling  w ith  chrom ium  [3] does n o t change th e  o rig inal 
p ro p e rtie s  of th e  p ro te in . T he p rac tica lly  id en tica l slope of th e  s t r a ig h t  lines 
o b ta in e d  b y  single lin ea r  im m uno-d iffusion  p ro v es th a t  t re a tm e n t cau sed  no 
d em o n strab le  changes e ith e r  in  th e  n u m b er o f th e  a n tig e n -a n tib o d y  sy s tem s, 
or in  th e  size o f th e  N — О A m olecule an d  th e  c o n ta m in a tin g  a n tig e n  m olecule 
p re se n t a t  h igher c o n c e n tra tio n . T he id e n tity  o f  th e  slopes in  th e  tw o  sy stem s 
in d ica tes  th a t  no change h as  ta k e n  p lace in  th e  n u m b e r of th e  a n tig e n  d e te rm i
n a n ts  o f  th e  reac tio n , e ith e r .

T he resu lts  o f th e  co m p a ra tiv e  im m uno-d iffu sion  and  th e  a b so rp tio n  
im m u n o -e lec tro p h o re tic  s tu d ie s  show  th a t  ch ro m iu m  tre a tm e n t cau sed  no 
q u a lita tiv e  changes in  th e  an tig en  d e te rm in a n ts .

W hile w ith  free a n d  p a p e r  e lec trophoresis  b o th  N —OA an d  C r— О A w ere 
show n to  consist o f one single co m p o n en t, th e  im m unochem ica l s tu d ie s  d em o n 
s tra te d  3 an tigens o f d iffe re n t m o tility . The m in o r com ponen ts a m o u n t to  
a b o u t 2 to  3 per cen t o f  th e  to ta l  p ro te in  c o n te n t. T h ey  are a p p a re n tly  con- 
a lb u m in  an d  ovom ucoid  c o n ta m in a tio n s  [12], n o t sep a ra ted  from  o v a lb u m in . 
T he co n ta m in a tin g  an tig en s , like th e  p rin c ip a l co m ponen t, o v a lb u m in , u n d e r
w en t no change in  im m u n o ch em ica l p ro p erties  an d  m o tility  follow ing lab e llin g  
w ith  ch rom ium .
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A ntigen icity  o f  ovalbum in solutions at various concentration levels, as well as 
their SH -group content have been investigated  before and after X -ray irradiation. 
W ith the doses used, no qualitative alteration has been found in antigenicity. The quan
tita tiv e  changes observed have been explained by a lterations in the number of SH- 
determ inant groups, a suggestion corroborated by the results o f SH-group determ i
nation. The conclusion has been drawn that, in  irradiation-induced dam ages of the 
protein m olecule, the SH -groups exhibit the greatest sen s it iv ity  from both the biological 
and radiochem ical po in t of view .

In  v iew  o f th e  im p o r ta n t  p a r t  p layed  b y  p ro te in s  in  biological processes 
m a n y  au th o rs  h av e  s tu d ie d  th e  rad ia tio n -in d u ced  a lte ra tio n s  of b o th  n a tiv e  
an d  c ry sta llin e  p ro te in s . T he p roblem  of s tru c tu ra l d e g ra d a tio n , as well as th e  
changes in  th e  an tig en ic  p ro p ertie s , o f ir ra d ia te d  p ro te in s  have been in v e s ti
g a ted  in  d e ta il. L ittle  a tte n tio n  has, how ever, b een  p a id  to  th e  question  o f 
w hen  an  a lte ra tio n  in  th e  p ro te in  s tru c tu re  can  be  considered  b io logically  
sign ifican t.

T he im m unolog ic  a c t iv i ty  o f ir ra d ia tio n -a lte re d  p ro te in s  has been in v e s ti
g a ted  b y  F r i c k e  et al. an d , m ost recen tly , b y  L u z z io . T hese au th o rs  d em o n 
s tra te d  a m ark ed  d im in u tio n  in  th e  serologic a c t iv i ty  o f  irra d ia te d  c ry sta llin e  
o v a lbum in . W ith  a dosage o f 106 r, th is  change to o k  p lace  before an y  a lte ra tio n  
h a d  occurred  in  th e  p h ysica l p roperties o f th e  p ro te in , e.g. in  its  so lu b ility
[1- 5].

Luzzio, m easu rin g  th e  serologic a c tiv ity  o f  in  v itro  irra d ia te d  serum  
y-g lobulin  m ade an  a t te m p t  to  o b ta in  in fo rm atio n  as to  th e  degree o f ra d ia tio n  
in ju ry  in  th e  to ta l-b o d y  ir ra d ia te d  hum an  p a tie n t  [5].

O u r p re se n t ex p e rim en ts  deal w ith  th e  c o rre la tio n  betw een  th e  im m u n o 
chem ical an d  rad io ch em ical dam ages o f o v a lb u m in  ir ra d ia te d  in  vitro.

Methods

Ir ra d ia tio n  : The experim ental specimens were subjected  to irradiation according to  
the m ethod already described [6]. A Siem ens-Stabilivolt apparatus was used w ithout filter  
but w ith  an inherent filtration  by an alum inium  tube 2.5 m m  th ick . The total dose was 50 000 r, 
the dose rate, 1665 r/m in. B oth  volum e and layer th ickness o f  the irradiated solutions were
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k e p t  s t r ic t ly  co n stan t. D osage w as c o n tro lled  b y  m eans of a F ricke-typ e  d o s im e te r  [7]. Since 
d é n a tu r a t io n  of irrad ia ted  p ro te in  is p ro m p t even  a t  a te m p e ra tu re  o f 4° C, a ll e x p erim en ts  
w e re  p e rfo rm e d  w ith  p ro te in  i r r a d ia te d  on  th e  sam e d a y  [8].

A n tig e n  : Four tim es c ry s ta ll iz e d  o v a lb u m in , p rep ared  in  th is  la b o ra to ry  [9], was 
u se d  a t  tw o  co n cen tra tio n  levels, (i) 4.8 p e r c en t u n tre a te d  a n d  ir ra d ia te d  o v a lb u m in  (in th e  
fo llo w in g , n a tiv e  ovalbum in  =  N O A  a n d  ir ra d ia te d  o v a lb u m in  =  R O A ), as w ell as (ii) 0.5 
p e r  c e n t  N O A  and  0.5 pe r cen t R O A . A ll a n tig en  so lu tio n s w ere m ade in  a p h o sp h a te  buffer 
a t  p H  5.4.

A n tib o d y  : A n tio v a lb u m in -a n tib o d ie s  w ere o b ta in e d  from  th e  se ru m  of r a b b its  im m u 
n ize d  w ith  each  of th e  an tig e n s  d esc rib ed  ab ove  (4.8 p e r cen t N O A —IS a n d  R O A —IS, as 
w ell a s  0 .5  pe r cen t N O A —IS a n d  R O A —IS; IS  =  im m une-sera).

Im m u n e  reactions : L in e a r gel d iffu sio n  as well as co m p ara tiv e  lin ea r gel d iffu sio n  were 
m a d e , acco rd in g  to  th e  m eth o d  o f O u d i n  [10, 11]. F o r q u a n ti ta t iv e  p re c ip ita tio n  th e  p ro ced u re  
o f K a b a t  an d  M a y e r  [12] w as u sed . In h ib it io n  of th e  d e te rm in a n t g ro u p s in  th e  an tig en , 
i.e. in a c t iv a t io n  of th e  S H -g ro u p s p re se n t in  NO A  a n d  R O A  an tig en s, w as b ro u g h t a b o u t by  
p -c h lo ro m erc u rib en z o a te  (PC M B ), m o n o io d o acetic  acid  an d  CdCl2*2.5 H 20 ,  re sp ec tiv e ly ; 
m o n o io d o a c e tic  acid p roved  th e  m o s t su itab le  in h ib ito ry  sub stan ce . One m ole  o f ova lb u m in  
w as in c u b a te d  w ith  10 m oles o f m o n o io d o acetic  acid  in  T ris-b u ffe r a t  p H  7.0 fo r  30 m in u tes . 
T h e re a f te r ,  th e  excess of m o n o io d o acetic  acid  w as rem o v ed  b y  d ialysis a g a in s t  physio log ical 
sa lin e . P r io r  to  th e  a n tig e n -a n tib o d y  re a c tio n  th e  p ro te in  c o n te n t of th e  sam ple  w as d e te rm in ed .

D eterm ination  o f  S H -groups : T h e  to ta l  a m o u n t o f SH  groups in  n a tiv e  a n d  ir ra d ia te d  
p ro te in s  w as de term ined  w ith  PC M B , a n d  th e  am o u n t o f th e  so-called su p e rfic ia l S H -groups, 
w i th  n itro p ru s s id e  sodium , b y  th e  sp e c tro p h o to m e tr ic  m eth o d  of B r D c k m a n  a n d  W e r t h e i m e r  
[1 4 .].

Spectrophotometry : UV a b so rp tio n  cu rves b e tw een  240 and  320 rap o f N O A  a n d  R O A  
w ere  m e a su re d  by m eans of a U n ica m  SP -500 sp e c tro p h o to m ete r using  1 cm  q u a r tz  cells an d  
th e  b u f fe r  so lu tion  as b lan k .

R esu lts  and discussion

T h e  f irs t p a r t  o f o u r e x p e rim e n ts  w as d ev o ted  to  th e  s tu d y  o f  th e  
s t r u c tu r a l  changes in  o v a lb u m in  a f te r  ir ra d ia tio n . As w ell-know n, th e  a b so rp 
t io n  c u rv e  betw een  240 a n d  320 т ц  of p ro te in s  show s, a f te r  in d ire c t ir ra d ia tio n  
w ith  104 to  105 r, a d o se -d ep en d in g  e lev a tio n  w hich ru n s  ro u g h ly  p a ra lle l to  
th e  ab sc issa . The h e ig h t o f  th e  e lev a tio n , i.e . th e  degree of ra d ia t io n  in ju ry , is 
in  in v e rse  ra tio  to  th e  c o n c e n tra tio n , p ro v id ed  th a t  d ilu te  so lu tio n s an d  a con
s t a n t  dosage have been  u se d  [6, 7, 17]. T he a b so rp tio n  curve  o f  4 .8  p e r cen t 
p r o te in  solu tions fails to  sho w  a n y  a lte ra tio n , while 0.5 p e r  c e n t so lu tions 
e x h ib i t ,  a f te r  irrad ia tio n , a n  U V  ab so rp tio n  h ig h er th a n  th a t  o f  th e  con tro ls  
(F ig . 1). P rio r to  th e  sp e c tro p h o to m e tr ic  m easu rem en ts  b o th  p ro te in  so lu tions 
w e re  d ilu te d  w ith  b u ffe r to  give a fin a l p ro te in  co n cen tra tio n  o f 0.05 p e r cen t. 
I t  w a s  assum ed, on th e  b a s is  o f  o u r p rev ious find ings, th a t  in  b o th  cases o f th e  
o v a lb u m in  m olecule th e  s t ru c tu ra l  p a r ts  s tab ilized  b y  n o n -c o v a le n t bon d s 
(s e c o n d a ry  and te r t ia ry  s tru c tu re s )  w ere in ju re d . In  ad d itio n  to  a b so rp tio n  
sp e c tro p h o to m e try , th is  a s su m p tio n  h as  been  su b s ta n tia te d  b y  in v e s tig a tio n s  
in to  sed im en ta tio n  an d  e le c tro p h o re tic  ho m o g en e ity  [6].

In v e s tig a tin g  th e  a m in o  acid  com position  o f p ro te in s  ir r a d ia te d  w ith  
h ig h  doses, K u m t a  et a l .  [18] fo u n d  th e  su lp h u r-co n ta in in g  am in o  acids to  be 
t h e  m o s t susceptib le to  ir ra d ia t io n . Since p ro te in  S H -g roups, to o , a re  invo lv ed  
in  th e  fo rm a tio n  o f th e  se c o n d a ry  an d  te r t ia r y  s tru c tu re s , an  a t te m p t  w as
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m ade to  e s tab lish  th e  degree o f rad ia tio n  in ju ry  b y  determ ining  th e  ch an g es  
in  th e  a m o u n t o f  S H -g roups.

T he re su lt o f a S H -g ro u p  d e te rm in a tio n  d ep en d s  on th e  m e th o d  used . 
T he va lu e  fo r th e  so called to ta l  S H -groups is  o b ta in e d  w hen using th e  PC M B  
procedure  o f  B o y e r  [16], while th e  m eth o d  w ith  n itroprusside so d iu m  on ly

Fig. 1. A b so rp tio n  cu rv e  of NO A  (n a tiv e  ov a lb u m in ) a n d  R O A  (irrad ia ted  o v a lb u m in ) b e tw ee n  
240 and  320 m /i. T he changes due to  irrad ia tio n  w ith  50,000 r  depend on th e  c o n c e n tra tio n  
used . T he a b so rp tio n  of 4.8 p e r cen t R O A  differs b u t  s lig h tly  from  the  co n tro l, w h ile  0.5 

pe r c en t R O A  show s m ark ed  p o s t- ra d ia tio n  a lte ra tions

gives th e  a m o u n t o f th e  superfic ia l, so-called  u n m a sk e d  SH -groups. T h e  m ask e d  
S H -groups, n o t b e ing  re a d ily  a tta c k e d  b y  th e  r e a g e n t, are s itu a ted  p re s u m a b ly  
a t  som e s te ric a lly  sh e lte red  sites of th e  m olecu le  o r, else, th ey  form  som e k in d  
o f a w eak  n o n -co v a len t bo n d  [19, 20].

O n th e  basis  o f such  considera tions, d e te rm in a tio n  of S H -g ro u p s  w as 
m ade b y  tw o  d iffe ren t m e th o d s. The e x p e rim e n ts  w ith  PCMB a fte r  i r r a d ia t io n  
w ith  50 ,000  r fa iled  to  show  a change in  th e  a m o u n t of the  S H -g ro u p s  o f  
o v a lb u m in  e ith e r  w ith  a 0.5 p er cen t p ro te in  so lu tio n  or w ith  a te n - tim e s  m ore  
c o n c e n tra ted  one (F igs. 2 an d  3). T able I  show s th e  re su lts  of S H -group  d e te rm i
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n a t io n s  m ad e  w ith  n itro p ru ss id e  sodium  b e fo re  an d  after i r ra d ia tio n  w ith
50 ,000  r. T h e  in te n s ity  o f  th e  n itro p ru ssid e  re a c tio n  given by  a co n tro l so lu tio n  
c o n ta in in g  0.05 per cen t p ro te in  — E°]'°c5m% a t  520 m ^  — was ta k e n  fo r  100 per 
c e n t  a n d  th e  colour d ev e lo p ed  w ith  p ro te in s  i r r a d ia te d  in more d ilu te  o r m ore 
c o n c e n tra te d  so lu tions w as com pared  w ith  t h a t  va lu e . In  th e  case of 4 .8  p er 
c e n t p ro te in  th e  n itro p ru ss id e  te s t  revealed  a 10 to  30 per cen t p o s t- ra d ia tio n

F ig . 2. D e te rm in a tio n  w ith  PC M B  o f SH -groups in  0 .5  p e r  c e n t NOA before an d  a f te r  i r r a d ia 
t io n  w ith  50,000 r. B re ak in g -p o in ts  o f b o th  th e  m id d le  a n d  u p p e r  curves lie a t  a b o u t  id e n tic a l 
P C M B  co n ce n tra tio n s , i.e. i r r a d ia t io n  failed  to  a lte r  th e  n u m b er of SH -groups. A ll p o in ts  
e x c e p t  th o se  in  th e  c a lib ra tio n  c u rv e  (b o tto m  line) r e p re s e n t  th e  average of five  e x p e rim e n ts

in c re a s e  in  th e  am o u n t o f S H -g roups. W hen , h o w ev e r, an 0.5 per c e n t o v a lb u 
m in  so lu tio n  was used , th e  n u m b e r of S H -g ro u p s  failed  to  show a n y  ch an g e  
w h e n  ch eck ed  b y  n itro p ru ss id e  sodium .

Table I

D eterm ination o f  SH -groups w ith n itropruss ide  sodium

Number of 
experiments

0.5 per cen t 
control 

ovalbum in

0.5 per cent 
irradiated 
ovalbumin

4.8 per cent 
control 

ovalbum in

4.8 per cent 
irradiated 
ovalbumin

l . 1 0 0 105 1 0 0 121

2 . 1 0 0 9 8 .2 1 0 0 1 30

3. 1 0 0 102 1 0 0 137

4 . 1 0 0 95 1 0 0 1 10

5. 1 0 0 9 9 1 0 0 1 3 0
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A n a t te m p t  was m ade a t  follow ing th e se  su b tle  s tru c tu ra l a lte ra tio n s  by  
im m unochem ica l m eth o d s. R a b b its  were im m u n ized  w ith  ir rad ia ted  a n d  co n tro l 
p ro te in s , resp ec tiv e ly . T h e  an tibod ies o b ta in e d  afforded a p o ss ib ility  to  
in v e s tig a te  th e  effect o f  irrad ia tio n  on th e  sp ec ific ity  of th e  a n tig e n . T he

F ig . 3. D e te rm in a tio n  w ith  PCM B of th e  n u m b er o f  S H -g ro u p s in  4.8 pe r c en t N O A  before 
a n d  a f te r  ir ra d ia tio n  w ith  50,000 r. No ch an g e  in  th e  n u m b er of SH  g ro u p s

id e n tic a l angles o f in c lin a tio n  o f th e  s tra ig h t lines o b ta in ed  a fte r  sim p le  lin ea r 
gel d iffusion  (tg  <x r o a  =  tg  « n o  v =  0.203) p ro v e  th a t  th e  ir ra d ia tio n  o f  N O A  
in  4.8 p e r cen t so lu tion  failed  to  cause an y  o b se rv ab le  a lte ra tio n  in  th e  n u m b e r 
o f a n tig e n -a n tib o d y  system s or in  th e  size o f  th e  NOA m olecule. S im ila rly ,

NOA-IS SOA-IS
F ig . 4. C om p ara tiv e  gel d iffusion  analysis on g lass-p la te  a f te r  48 hours o f th e  re a c tio n . T he 
low er p a r t  o f th e  p la te  is occupied  b y  4.8 per cen t N O A -IS  a n d  ROA-IS, re sp ec tiv e ly . T he tw o 
an tig en s  to  be  com pared  are  p laced  above th e  im m u n e  se ra , a t  th e  up p er q u a r te r  o f th e  p la te

3  Acta Phyaiologica XXIV/4.
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c o m p a ra tiv e  gel diffusion re v e a le d  no such  q u a li ta t iv e  change in  th e  an tig en  
d e te rm in a n ts ,  w hich could  h a v e  been a t t r ib u te d  to  irrad ia tio n  (F ig . 4).

A f te r  our fa ilu re  in  f in d in g  q u a lita tiv e  d ifferences, th e  in v e s tig a tio n s  
w e re  e x te n d e d  to  th e  q u a n t i ta t iv e  aspects o f  th e  p rob lem . As seen fro m  F ig . 5, 
p re c ip i ta t io n  perfo rm ed  w ith  4.8 p er cen t N O A  in  R O A —IS show ed 8 to  12 
p e r  c e n t  less an tibod ies in  e ig h t o f th e  im m u n e  sera . The c o n s ta n t a in  th e

F ig . 5. Q u a n tita tiv e  p re c ip ita tio n  o f  4.8 pe r cen t R O A -IS  w ith  4.8 per cen t N O A  a n d  R O A , 
as w ell a s  w i th  m onoiodoacetic  a c id - tre a te d  NO A  a n d  R O A  (— ). T he a n tib o d y  c o n te n t  as well 
as th e  m o la r  ra tio  of an tig en  to  a n tib o d y  are ex p ressed  as a  fu n c tio n  of th e  a n tig e n s . T he 
c o rre sp o n d in g  eq uations are also sh o w n . A A t  m eans th e  d ifference  in  a n tib o d y  c o n te n t  ob 
ta in e d  w ith  R O A  an d  NO A, th e  fo rm e r  being  ta k e n  fo r  100 p e r  cen t an d  th e  d ifference  being

e x p re ssed  in  p e rcen tile  te rm s

e q u a t io n  ch a rac teriz in g  th e  a n tig e n -a n tib o d y  re a c tio n  was sm aller th a n  in  th e  
case  o f  p re c ip ita tio n  w ith  hom ologous 4.8 p e r  c e n t R O A . R o th  ir ra d ia te d  and  
n a t iv e  4 .8  p e r cen t a n tig en s  re a c te d  s im ila rly  w ith  R O A —IS (F ig . 6 ), th e  
c o n te n t  in  traceab le  a n tib o d ie s  h av in g  been  th e  sam e. The d ifference fo u n d  
in  c o n s ta n t  a (A a =  0.30) is in d ic a tiv e  of a s lig h t decrease in  th e  c o m b in a to ry  
c a p a c i ty  o f  th e  an tigen  fo llow ing  irra d ia tio n . In  c o n tra s t , 0.5 p e r c e n t RO A  
sh o w e d  a n  an tib o d y  c o n te n t s im ila r to  N O A  b o th  in  R O A —IS (F ig . 7) and  
N O A — IS  (F ig . 8 ). T he o n ly  difference w as in  th e  decreased c o m b in a to ry
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c a p a c ity  o f  R O A  w ith  b o th  im m u n e  sera, as well as in  th e  d im in ished  so lu b ility  
o f  th e  p re c ip ita te  in  th e  a n tig en -p rep o n d eran ce  zone.

Im m uno log ica lly , th e  S H -g roups are d e te rm in a n t g roups as w ell; im m u 
nologic m e th o d s  have  re v e a le d  th a t ,  du ring  th e  a n tig e n -a n tib o d y  re a c tio n , p a r t  
o f  th e  an tib o d ies  p ro d u ced  a g a in s t th e  an tig en ic  p ro te in  becom es a t ta c h e d  to  
S H -g roups [21]. In  th e  l ig h t  o f  our in v estig a tio n s in to  th e  chem ical s tru c tu re , 
an  a t te m p t  was m ade to  e s tab lish  by  m eans o f  c y s te in e -h ap ten  in h ib itio n ,

F ig . 6. Q u a n tita tiv e  p re c ip ita tio n  of 4.8 per cen t N O A -IS w ith  4.8 pe r cen t N O A  a n d  ROA. 
A ntigen ic  fu n c tio n s  o f b o th  th e  a n tib o d y  c o n ten t and  th e  m o la r ra tio  are show n to g e th e r  w ith

th e  corresponding  eq u a tio n s

w h eth er th e  excess a m o u n t o f p rec ip ita te , g iven  b y  4.8 p e r c en t R O A —IS 
w ith  4.8 p e r cen t RO A , a g a in s t th a t  o b ta in ed  w ith  N O A , w as due  to  an  increase 
in  th e  n u m b e r o f R O A —S H  d e te rm in a n t g roups. E v e n  th o u g h  th e  in v e s ti
g a tions o f  K u l y b e r g  [13] as well as our own o b se rv a tio n s  show ed t h a t  cysteine 
d id  n o t cause a d e te r io ra tio n  o f an tibod ies, its  p o te n t  in h ib ito ry  e ffec t on th e  
a n tig e n -a n tib o d y  reac tio n  is n o t en tire ly  due to  h a p te n  in h ib itio n . T h u s , th is  
l a t te r  p ro ced u re  is n o t su ita b le  to  answ er th e  q u es tio n  raised  in  th e  prev ious 
p a ra g ra p h .

A n o th e r p o ssib ility  w as to  fix  th e  d e te rm in a n t g roups. T re a tm e n t of 
a n tig en s  w ith  S H -reag en ts  led  to  th e  d isap p earan ce  o f  th e  d ifference  in  th e

3'
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F ig . 7. Q u a n tita tiv e  p re c ip ita tio n  o f  0.5 per cent R O A -IS  w ith  0.5 pe r c en t N O A  a n d  ROA.
F o r  ex p lan atio n , see F ig . 5

a m o u n ts  of p rec ip ita te  o b ta in e d  w ith  ROA an d  N O A , in  th e ir  re a c tio n  w ith  
R O A - I S  (Fig. 5).

T h e  results of ou r ph y sico ch em ica l and  im m unochem ica l investig a tio n s 
c a n  b e  explained as fo llow s. D epending  on th e  p ro te in  co n cen tra tio n  used, 
i r r a d ia t io n  evokes such c h a n g e s  in  the  seco n d ary  an d  te r t ia ry  s tru c tu re s  o f

F ig . 8 . Q u a n tita tiv e  p re c ip ita tio n  o f  0 .5  per cent NO A-IS w ith  N O A  an d  R O A . F o r  e x p la n a 
tio n , see Fig. 6
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o v a lb u m in  as to  cause th e  lib era tio n  of S H -g ro u p s orig inally  m asked  e ith e r  b y  
s teric  s tru c tu ra l p e c u lia ritie s , or b y  weak b o n d s. A n  in te re s tin g  fin d in g  concern 
ing  th is  m echan ism  is th e  observation  t h a t  a n  ag en t w ith  p re d o m in a n tly  
ox id iz ing  p ro p ertie s , su ch  as irrad ia tio n , can  so a l te r  th e  p ro te in  s tru c tu re  th a t  
th e  red u c in g  pow er o f  4 .8  p er cen t o v a lb u m in  is enhanced . In  m ore  d ilu te  
so lu tio n s, i.e. u n d e r th e  e ffec t o f m ore m ark ed  ra d ia t io n  in ju ries, i t  is th e  ox id iz
in g  e ffec t w hich becom es m an ifest, w ith o u t, h o w ev er, in fluenc ing  e ith e r  th e  
a n tib o d y -d e te rm in a n t p ro p e rtie s  of th e  S H -g ro u p s  or th e ir  d e te rm in a tio n  w ith  
PC M B , in  th e  case o f  u sed  dose and c o n c e n tra tio n . In  so lu tions o f h igher 
c o n c e n tra tio n , th e  m ask e d  groups, w hich are  b io log ically  in te rn a l or la te n t  
d e te rm in a n t g ro up ings, undergo  such p o s t- ir ra d ia tio n  changes t h a t  th e y  gain  
real an tig en  d e te rm in a n t p roperties.
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T he p ap er e lec tro p h o resis  o f th e  sec re tio n  of th e  sem inal vesicles o f ra ts ,  m ice 
a n d  gu inea-p igs in  th e  p resence of u rea  lead s to  th e  sep a ra tio n  of d if fe re n t p ro te in  
com ponen ts. T he p resence  of a  h igh ly  basic  p ro te in  frac tio n  was d e m o n s tra te d  in  the  
case of each  species. C h a rac te ris tic  changes in  th e  p ro te in  p a tte rn  h a v e  b een  found  
follow ing th e  en zym ic  co ag u la tio n  of th e  sec re tio n s b y  th e  vesiculase o f th e  co ag u latin g  
g lands: th e  h ig h ly  b asic  p ro te in  frac tio n  w as p re c ip ita te d . T he sam e c lo tta b le  p ro te in  
o f th e  secre tion  of th e  r a ts  sem inal vesicles h a s  been  iso la ted  b o th  by  D E A E  cellulose 
colum n ch ro m a to g ra p h y , a n d  b y  p re c ip ita tio n  w ith  g lycerol. T he iso la te d  b asic  p ro te in  
w as found  to  be hom ogeneous as ju d g ed  by p a p e r  e lectrophoresis a t  d iffe re n t p H  values.

P ro te in  sy n th esis  in  th e  sem inal vesicles o f th e  r a t  an d  th e  in flu en ce  of 
te s to s te ro n e  t r e a tm e n t  on th is  process w as s tu d ie d  in  prev ious in v es tig a tio n s  
[28, 29, 30]. In  th e  course o f th is  w ork a h ig h ly  labelled  p ro te in  fra c tio n  was 
fo u n d  associated  w ith  th e  nucleic acid fra c tio n s  iso la ted  from  v e s ic u la r  m ince 
in  vitro  in c u b a te d  w ith  rad io ac tiv e  labelled  am ino  acids. T he specific  rad io 
a c tiv i ty  values o f th is  p ro te in  frac tio n  w ere a b o u t 50 tim es h ig h e r  th a n  those 
o f  o th e r  p ro te in s  o f th e  sam e gland . The p o ss ib ility  o f th e  id e n t i ty  o f th is  
p ro te in  frac tio n  an d  th e  p ro te in s  (or th e ir  p recu rso rs) secre ted  b y  th e  gland 
arises. A d e ta iled  s tu d y  o f th e  p ro te in s o f  th e  v esicu la r secre tion  w as th e re 
fore u n d e rta k e n .

As in  th e  case o f  o th e r  ro d en ts  a c o p u la to ry  p lug is fo rm ed  o u t o f the  
secre tion  o f th e  sem in a l vesicles o f th e  r a t  fo llow ing its  d e p le tio n  from  th e  
g lan d : th e  flu id  c lo ts in s ta n ta n e o u s ly  due to  th e  effect o f th e  vesicu lase  p ro 
d uced  b y  th e  c o a g u la to ry  g land  [23, 38, 14, 21, 22, 4, 7, 42, 18, 26, 27, 31]. 
G o t t e r e r  an d  W il l ia m s -A sh m a n  [9, 10] describ ed  in  d e ta il th e  m echan ism  
o f th e  c lo ttin g  effect o f  vesicu lase: an a p p ro x im a te ly  30 fold p u r if ic a tio n  of 
th e  enzym e w as ach ieved  b y  these  au th o rs , a n d  i t  w as e s ta b lish e d  th a t  the  
effect depends on th e  presence  o f b iv a len t c a tio n s , an d  th e  c lo ttin g  m echan ism  
does n o t resem ble th e  m ode o f ac tion  o f th ro m b in .

T he p ro te in  co m p o n en ts  o f th e  sec re tio n  o f th e  sem inal vesicles are 
m uch  less know n. A p ro te in  com ponen t s im ila r to  fib rinogen  a n d  p re se n t in 
th e  secretion  o f  th e  sem in a l vesicles of th e  gu in ea-p ig  is m en tio n ed  b y  L a n d w e h r  
[18]. T he occurrence o f  a h istone-like  p ro te in  in  th e  sam e sec re tio n  o f  th e  ra t  
w as described  b y  W a l k e r  [42]. S ix ty  p e r  c en t o f th e  p ro te in s  o f  h u m an
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v e s ic u la r  secretion consist o f  p ro teo ses , i.e. m a te r ia l  w hich  w ould pass th ro u g h  
a ce llu lo se  m em brane im p e rm e a b le  to  serum  p ro te in s  [16]. Im m u n o e lec tro - 
p h o re tic  p roperties o f th e  se c re te d  pro te ins w ere  s tu d ied  b y  Gr a n t  and  
E y e r a l l  [11] to  e s tab lish  th e  ro le of th e  v a rio u s  accessory  sexual g lan d s in  
th e  p ro d u c tio n  of th e  in d iv id u a l  p ro te in  co m p o n en ts  o f th e  h u m a n  sem inal 
p la s m a . D a ta  concerning th e  e lec tro p h o re tic  m o b ilitie s  o f th e  p ro te in s  o f  th e  
v e s ic u la r  secretion of th e  p ig s  w ere p resen ted  b y  B o u r s n e l l  et a l. [1]. The 
e le c tro p h o re tic  in v es tig a tio n  o f  h u m a n  [17, 15, 36, 37, 32, 13, 41, 35, 25] an d  
m a m m a lia n  sem inal p la sm a  [19, 20, 40, 41, 2, 3] w as th e  su b jec t o f  a series 
o f  co m m u n ica tio n s. A lth o u g h  v a ry in g  from  species to  species th e  m a in  b u lk  
o f  se m in a l p lasm a consists  o f  th e  vesicu lar sec re tio n , th e  secretions o f  th is  
o rg a n  a n d  of the re m a in in g  accessory  g lands a re  m ixed  d u rin g  e jacu la tio n . 
T h is  b e in g  so resu lts g a in ed  b y  th e  in v es tig a tio n  o f  th e  fin a l sem inal p la sm a  
m u s t  n o t  be referred  to  th e  v e s ic u la r  secretion d ire c tly .

T h e  secretion o f th e  se m in a l vesicles o f th e  r a t  and  gu inea-p ig  w as 
f r a c t io n a te d  b y  60 p e r c e n t ace to n e  and d ried  b y  th e  pu re  re a g e n t in  th e  
e x p e r im e n ts  of Go t t e r e r  a n d  co-w orkers [ 9 , 10], th e  0.15 M  N aCl e x tra c t  of 
th e  d ry  pow der ob ta ined  b y  th is  p rocedure  served  as th e  su b s tra te  in  th e  in v e s 
t ig a t io n s  of the  m ode o f a c t io n  o f  the  v esicu lase . T hree  d iffe ren t p ro te in  
f ra c t io n s  w ere found in  th is  e x t r a c t  b y  p ap er e lec tro p h o re tic  sep a ra tio n . T he 
is o la tio n  a n d  the  p ro p ertie s  o f  th e  in d iv id u a l p ro te in s  are n o t m en tio n ed .

T h e  p resen t p a p e r d e sc rib e s  th e  studies on th e  p ro te in s  secre ted  b y  th e  
sem in a l vesicles of ra ts , g u in ea -p ig s  and  m ice. C hanges in  th e  p ro te in  co m p o 
s itio n  fo llow ing th e  c lo ttin g  o f  th e  secretion b y  vesicu lase  w as s tu d ied . T he 
iso la tio n  o f  a highly basic  p ro te in  is described. T h is  p ro te in  clots ra p id ly  in  
th e  p re se n c e  of vesiculase.

Methods

A d u l t  m ale w hite r a ts  o f 180 — 300 g, guinea-pigs o f 600 — 700 g an d  m ice of 18 — 20 g 
b o d y  w e ig h t  were used in  th e  e x p e r im e n ts . The an im als w ere sacrificed  b y  d e c a p ita tio n  a n d  
in  o rd e r  to  o b ta in  the  sec re tio n  o f t h e  sem inal vesicles th e  g lan d s  of lap a ro to m ized  a n im a ls  
w ere  p u n c tu re d  w ith  a th ic k  h y p o d e rm ic  needle. T he h ig h ly  v iscous secre tion  w as d ilu te d  
— i f  n o t  s ta te d  otherw ise — w ith  2 to  3 volum es of a  m ix tu re  co n ta in in g  0.15 M  N aC l +  
+  0.01 M  b o ra te  buffer so lu tio n  (p H  8.07) and w as sp u n  w ith  20,000 X g fo r 20 m in s , in  
a  M SE  “ 17 H ig h  Speed R e fr ig e ra te d ”  cen trifu g e . The s u p e rn a ta n t  o b ta in ed  by  th is  p ro ced u re  
w as a  s l ig h tly  yellowish w a te r  c le a r  l iq u id  and  called  th e  ’’so lub le  f ra c tio n ” . I t  c o n ta in ed  
n e a r ly  60 p e r  cen t of th e  to ta l  p ro te in  c o n te n t of th e  sec re tio n .

P a p e r  electrophoresis o f  th e  so lu b le  frac tio n  a n d  o f  th e  p ro te in s  iso la ted  fro m  th is  
f ra c t io n  w a s  perform ed on S c h le ic h e r—Schuell’s 2043 b or W h a tm a n  3 MM p a p e r, in  a  p h o s 
p h a te - b o r a x  buffer so lu tion  a t  p H  8 .6 , fi =  0.05 [8]. T he b u ffe r  so lu tio n  u su a lly  c o n ta in ed  
4 M  u r e a  (in  some cases 8 M  u re a ,  re sp . none). The e lec tro p h o re s is  w as co n tin u ed  fo r 16 to  
20 h o u rs  a t  6.2 V per cm p o te n t ia l  g ra d ie n t ,  w ith  a  c u rre n t o f  20 to  26 m A . T he p o sitio n  of 
th e  in d iv id u a l  p ro teins on th e  e le c tro p h e ro g ram s was in d ic a te d  w ith  th e  a id  o f b ro m o p h en o l- 
b lu e . T w o  d iffe re n t m ethods w ere  e m p lo y e d  for th e  q u a n ti ta t iv e  ev a lu a tio n  of p a p e r  e le c tro 
p h e ro g ra m s .

a )  T h e  p ap er sta in ed  w ith  b ro m o p h en o lb lu e  w as c u t  tra n sv e rse ly  in  s tr ip s  o f 4 m m , 
th e  b o u n d  d y e  was e lu ted  fro m  th e s e  s tr ip s  w ith  a 0.5 N  N a O H  so lu tio n  co n ta in in g  50 p e r  c en t 
o f e th a n o l  a n d  was estim a ted  p h o to m e tr ic a l ly  in  an U v ifo t p h o to m e te r  a t  578 n m  w ave  len g th .
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b)  T h e  dried  u n sta in e d  p a p e r w as cu t in to  s tr ip s  as d escribed , each piece o f p a p e r  was 
e x tra c te d  ind iv id u a lly  by  rin sing  in 4 ml o f a so lu tion  co n ta in in g  0.02 per cen t K -N a - ta r ta ra te  
a n d  C u S 0 4 and  2 per cen t N a 2C 0 3 d isso lved  in 0.1 N  N aO H  fo r 10 m inu tes. 0.4 m l o f  F o lin ’s 
re ag e n t w as g iven to  th e  tu b e s  w ith o u t cen trifu g in g  th e  p a p e r  s trip s  and  th e  p ro te in  c o n te n t 
w as d e te rm in e d  [24]. U sually  1 to  4 m g o f p ro te in  w as p re sen t on  th e  p ap er e le c tro p h e ro g ram s 
a n d  especia lly  w hen e lectrophoresis w as ru n  in presence of u rea  th is  fac ilita ted  th e  su b seq u e n t 
e lu tio n  of p ro te in s from  th e  p a p e r , i t  w as possible to  reco v er an d  de te rm in e  th is  a m o u n t 
(d is tr ib u te d  on 25 to  30 s tr ip s  o f p a p e r)  w ith  an  e rro r n o t exceed ing  ^  2 pe r c e n t.

T he p e rcen tu a l d is tr ib u tio n  o f th e  p ro te in  com p o n en ts  o f  th e  soluble f ra c tio n  b ased  on 
m e th o d s  a )  an d  b) d id  n o t co incide; 1 m g of th e  h igh ly  basic  p ro te in  frac tio n  (d e te rm in e d  by 
th e  L ow ry  m eth o d ) was able to  b in d  1.6 tim es m ore of th e  dye  com pared  to  th e  o th e r  p ro te in  
c o m p o n en ts . T he Low ry p ro te in  e s tim a tio n  m ethod  w as u sed  in  th e  o v erw helm ing  m a jo r ity  
o f e x p e rim e n ts  (cf. b).

In  o rd er to  sep a ra te  th e  u n d ilu te d  to ta l  secre tion  of th e  sem inal vesicles b y  D E A E  
cellulose co lum n ch ro m a to g rap h y , co lum ns of 0.8 X 32 cm  size p rep ared  from  2 g o f D E A E  
cellulose pow der were a d o p ted . T he cellulose colum ns w ere w ashed  w ith  20 m l of 0.1 N  N aO H , 
fo llow ed b y  w ashings w ith  75 m l o f 0.01 M  b o ra te  b u ffer (p H  8.2). The sam e b u ffe r  so lu tion  
w as used  in  th e  e lu tion  p ro ced u re  as w ell. T he e fflu e n t w as co llected  in f ra c tio n s  o f  2.4 ml 
each . T h e  p ro te in  c o n ten t o f th e  frac tio n s  w as d e te rm in ed  acco rd ing  to  th e  m e th o d  of L o w r y  
et al. [24].

T h e  10,000 X g su p e rn a ta n t  (15 m ins.) p rep ared  b y  0.15 M  NaCl from  th e  10 p e r  cen t 
h o m o g en a te  o f pooled co ag u la to ry  g lan d s of several r a ts  serv ed  as source of v e s icu lase  enzym e 
a c t iv ity . Sam e p re p ara tio n s  w ere o b ta in e d  from  pooled  o rg an s o f mice and  g u in ea -p ig s , resp .

A ll th e  app lied  chem icals (R ea n a l , B u d ap es t)  w ere o f a n a ly tic a l g rade. G ly cero l u sed  
in  th e  iso la tio n  of th e  basic p ro te in  fra c tio n  w as a p ro d u c t o f  M erck, D a rm sta d t. A W h a tm a n  
D E  50 p re p a ra tio n  of D E A E  cellulose pow der was used .

E xperim en ta l resu lts

A) The paper electrophoretic assay o f  the soluble fraction  o f  the secretion 
o f  the sem ina l vesicle

i) E xperim en ts w ith rats

T he secretion  of th e  sem inal vesicles w as d ilu te d  w ith  a 0.15 M  N aC l -f- 
-)- 0.01 M  b o ra te  bu ffer so lu tio n  (p H  8.07) an d  w as cen trifuged  w ith  20 ,000  X  g  

fo r 20 m in u tes . The s u p e rn a ta n t  was used fo r fu r th e r  in v e s tig a tio n s . This 
so luble fra c tio n  w hen su b m itte d  to  p a p e r e lec trophores is  in  a p h o sp h a te -b o ra x  
b u ffe r  so lu tion , w hich co n ta in ed  4 M  o f u rea  (p H  8 .6 ) could be s e p a ra te d  in to  
5 p ro te in  frac tions (Fig. 1). O ne o f  these  frac tio n s con ta in in g  52 to  60 p e r  cen t 
o f  th e  to ta l  p ro te in  (F ra c tio n  N )  rem ained  in  th e  v ic in ity  of th e  s ta r t in g  line 
ju s t  s lig h tly  sh ifted  to w ard s  th e  positive pole. T he presence o f tw o  fu r th e r  
fra c tio n s  (A v  A f)  co n ta in in g  n o t m ore th a n  5 to  10 p e r cen t of th e  t o ta l  p ro te in  
c o n te n t m oved in  th e  sam e d irec tio n . The m ost c h a rac te ris tic  an d  m o s t s tr ik in g  
p ro te in  frac tio n  o f th e  secre tio n  o f th e  sem inal vesicles is n e v e rth e le ss  th e  
h ig h ly  basic  p ro te in  frac tio n  (В ), com prising  35 to  40 p er cen t o f  th e  soluble 
p ro te in  w hich  m ig ra ted  to w a rd s  th e  neg a tiv e  pole u n d e r th e  sam e c o n d itio n s . 
I t  w as observed  in  num ero u s cases th a t  th e  b asic  p ro te in  frac tio n  a p p e a re d  in 
th e  fo rm  o f tw o  a d ja c e n t co m p o n en ts  (B v  B 2) w hich  could be re v e a le d  sep a 
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r a te ly  b o th  by  th e  b ro m o p h en o lb lu e  sta in in g  te c h n iq u e  and  p ro te in  e stim a tio n s  
fo llow ing  direct e lu tio n  o f  th e  paper e lec tro p h ero g ram s.

E ssen tia lly  th e  sa m e  com ponents cou ld  be  d e tec ted , if  p a p e r  e le c tro 
p h o re s is  was carried  o u t  in  p h o sp h a te -b o rax  b u f fe r  solu tions in  th e  absence 
o f  u re a  (Fig. 2). Q u a n t i ta t iv e  evaluation  w as, how ever, m ore d iff ic u lt and  
m o re  u n certa in  in th is  ca se  due to  the c irc u m s ta n c e  th a t  th e  se p a ra tio n  of 
th e  in d iv id u a l p ro te in  co m p o n e n ts  was p o o r, t h e y  w ere found  close to  each  
o th e r , an d  near to  th e  s ta r t in g  line.

a

b

Fig. 1. P ro te in  com ponents in  th e  soluble fraction  o f th e  v e s ic u la r  secretion  o f r a ts  se p a ra ted
b y  paper e lec tro p h o resis

a)  T h e  p a p e r  e lec tro p h ero g ram  o f  th e  soluble frac tio n  in  p h o sp h a te -b o ra x  b u ffer so lu tio n  con
ta in in g  4 M  u rea, pH  8.6, /г =  0 .0 5 , 6.4 Y/cm, 26 m A , 18 h o u rs ,  sta in ed  w ith  b ro m o p h en o lb lu e.
b)  Q u a n tita tiv e  ev a lu a tio n  o f  th e  sam e, b u t u n sta in ed  e lec tro p h e ro g ram  ru n  p a ra lle l w ithcQ .

T he e v a lu a t io n  was based on p ro te in  d e te rm in a tio n s

T h e  percen tual d is tr ib u tio n  of th e  in d iv id u a l p ro teins se p a ra te d  in 
a p h o sp h a te -b o ra x  b u ffe r  so lu tio n  co n ta in in g  4 M  u rea , refers on ly  to  th e  
so lu b le  fraction , and  as m e n tio n e d  earlier, re p re s e n ts  only  60 p er c en t o f  th e  
t o ta l  p ro te in  co n ten t. F o r ty  p e r  cent of th e  p ro te in  w as p re c ip ita te d  on d ilu t
in g  th e  secretion w ith  0 .15  M  NaCl so lu tion . T h e  a m o u n t of th e  p re c ip ita te  
d id  n o t  change if th e  d i lu t in g  m edium  co n ta in ed  1 to  10 m M  of E D T A . O n th e  
o th e r  h a n d  if  the se c re tio n  o f  th e  sem inal v esic les w as collected b y  d ilu tio n  
w ith  4 M  u rea so lu tion , th e  am o u n t of th e  p re c ip ita te d  p ro te in  is low ered  to  
20 p e r  cen t. The basic p ro te in  com ponent a p p e a rs  in  h igher q u a n titie s  on th e  
e lec tro p h ero g ram s o f th e  so luble  fraction  o b ta in e d  b y  th is  p ro ced u re , an
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in d ic a tio n , th a t  th e  so lu b ility  of th e  basic p ro te in  com ponen t is p a r tic u la r ly  
po o r in  0.15 M  NaCl and  is p re c ip ita te d  c o m p a ra tiv e ly  easier th a n  th e  re m a in 
ing  p ro te in s  of th e  sec re tio n . A t th e  sam e tim e  th e  presence of u re a  is p rim arily  
e ssen tia l in keeping th e  b asic  p ro te in  frac tio n  in  so lu tion . A h ig h ly  v iscous,

■ Г ’ п г  O - . r - ' l ' Z l f i - -  г  П '  Г  I___ L T ' T
8 7 6 5 4 - 3 2 1 0 1 2 3 4 5 6 7  8 c m

Fig. 2. T h e  effect of u rea  on th e  e lec tro p h o re tic  m obilities o f th e  p ro te in  c o m p o n e n ts  o f the
sem inal secretion  o f ra ts

C h a rac te ris tic s  of th e  p a p e r  e le c tro p h o re tic  assay: 1. P h o sp h a te -b o rax  b u ffe r  so lu tio n , pH  
8.6, Ц =  0 .05; 2, 4 M  u re a  p lus p h o sp h a te -b o rax  b u ffer so lu tio n , p H  8.6, fi —  0 .05 , 6 .4  V/cm, 

17 m A , 16 h o u rs , s ta ined  w ith  b ro m o pheno lb lue

10 9 8 7 6 5 4 3 2 1  0 1 2 3 4 5 6 7 8  9 cm

Fig. 3. P a p e r e lec tro p h ero g ram s o f th e  vesicu lar secre tion  of ra ts  ta p p e d  b y  8 M  u rea  
C h a rac te ris tic s  of the  p a p e r e le c tro p h o re tic  assay: P h o sp h a te -b o rax  b u ffer so lu tio n  co n ta in in g  

8 M  u re a , p H  8.9, /i =  0 .05, 6 .4  V /cm , 24 mA, 18 h o u rs , s ta in ed  w ith  b ro m o p h en o lb lu e

o p a le scen t so lu tion  w as o b ta in e d  on collecting  th e  secre tion  o f  th e  sem inal 
vesicles w ith  8 M  u rea  in  th e  course of th e  ta p p in g  of th e  g lan d ; no m a te ria l 
cou ld  be sed im ented  from  th is  so lu tion  by  cen trifu g in g  for 1 h o u r a t  2 0 ,0 0 0  X g. 
P a p e r  e lectrophoresis o f th e  sam e solu tion  ca rr ied  o u t in  p h o sp h a te -b o ra x  
b u ffe r  so lu tion  co n ta in in g  8  M  u rea  resu lted  in  th e  ap p earan ce  o f  m o re  th a n  
5 frac tio n s . The q u a n ti ta t iv e  ev a lu a tio n  o f th is  p a t te rn  w as im possib le  as p a rt
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o f  th e  p ro te in  su b jec ted  to  p a p e r  e lectrophoresis (a p p ro x im a te ly  15 p e r cent) 
w as ad so rb ed  in  an  ir re v e rs ib le  w ay a t th e  s ta r t in g  line (F ig . 3). R ed u c tio n  
o f  th e  u re a  co n cen tra tio n  o f  th e  solution caused  th e  fo rm a tio n  o f a p re c ip ita te . 
T h is  w as  dissolved in  8 M  u re a ,  and  th en  s u b m itte d  to  p ap e r e lec trophoresis  
in  a  p h o sp h a te -b o rax  b u f fe r  so lu tion  c o n ta in in g  4 M  u rea . The p re c ip ita te  
a p p e a re d  to  consist m a in ly  o f  th e  basic p ro te in  co m p o n en t.

11 Ю9 a 7  6 5  4  3  2  1 0 12 3 4  5 6 7 8 9  1011121314cm

Fig. 4. T h e  effect of enzym ic  c lo t t in g  on th e  p ro tein  c o m p o n e n ts  o f th e  vesicu lar sec re tio n  of
guinea-pigs

C h a ra c te r is tic s  of th e  p a p e r  e le c tro p h o re tic  assay: P h o s p h a te -b o ra x  b u ffer so lu tio n  con
ta in in g  4 M  u rea, p H  8.6, ц  =  0 .0 5 , 6.4 V/cm, 25 m A , 17 h o u rs , s ta in e d  w ith  b rom ophe-

nolblue.
1. The so luble  f r a c t io n  of th e  vesicular se c re tio n  of gu inea-p igs;

2. T h e  s u p e rn a ta n t  of th e  sam e  f r a c t io n  a fte r c lo ttin g  w ith  hom ologous vesicu lase  a n d  sub
seq u en t c en trifu g a tio n

ii) E xp erim en ts  ivith g u in ea -p ig  and mice

T h e  paper e le c tro p h o re tic  p a tte rn s  of th e  so lub le  frac tio n  o b ta in ed  from  
th e  se c re tio n  of th e  se m in a l vesicles of gu inea-p igs a n d  m ice are p re se n te d  on 
F ig s . 4 an d  5. In  acco rd an ce  w ith  experim en ts w ith  r a ts ,  th e  presence o f  the  
h ig h ly  b asic  p ro te in  f ra c tio n  m ov ing  tow ards th e  ca th o d e  a t  p H  8 .6 , could  be 
d e m o n s tra te d  in  b o th  spec ies . F u rth e rm o re  4 p ro te in  com ponen ts clearly  
s e p a ra te d  from  each o th e r  c o u ld  be revealed  in  a d d itio n  to  th e  b asic  p ro te in , 
b o th  in  th e  secretion o f  th e  sem in a l vesicles o f  gu in ea-p ig s  an d  m ice.
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Fig. 5. T he effect of enzym ic  c lo ttin g  on  th e  p ro te in  co m p o n en ts  of th e  v e s icu la r  secre tion

of mice
C h arac te ris tic s  of th e  p a p e r  e lec tro p h o re tic  assay : P h o sp h a te -b o rax  b u ffer so lu tio n  con
ta in in g  4 M  u rea, p H  8.6, ц =  0.05, 6.4 V /cm , 28 m A , 17.5 hours, s ta in e d  w ith  b roino-

phenolb lue.
1. T he so lub le  f ra c tio n  of th e  v esicu lar secre tion  of m ice;

2. T h e  su p e rn a ta n t of th e  sam e frac tio n  a f te r  c lo ttin g  w ith  hetero logous ( ra t)  v e sicu lase , and
su b seq u en t c en trifu g a tio n ;

3. T h e  su p e rn a ta n t o f th e  sam e frac tio n  (1) a f te r  c lo tt in g  w ith  hom ologous vesicu lase , and
su b seq u en t c en trifu g a tio n

B) The effect o f  the vesiculase enzyme on the protein com ponents o f  the 
soluble fraction  o f  the secretion o f  the sem inal vesicles

T he soluble fra c tio n  o f  th e  secretion  o f  th e  sem inal vesicles o f  rats* 
gu inea-p igs and  m ice is c lo tte d  due to  th e  e ffec t of th e  vesicu lase  enzym e 
p ro d u ced  by  th e  c o a g u la to ry  g land . The c lo ttin g  process is c o n n e c te d  w ith  
th e  fo rm atio n  of a gel a n d  ta k e s  place in th e  course  of 10 to  20  seco n d s even 
a t  room  te m p e ra tu re , p ro v id ed  th a t  th e  p ro te in  c o n cen tra tio n  o f  th e  soluble 
fra c tio n  is h igher th a n  10 m g p er m l. I f  th e  p ro te in  co n ten t w as lo w er th a n  
th is  v a lu e  th e  fo rm a tio n  o f  a p re c ip ita te  co n sis tin g  of large c lo ts  o r a m ilky  
tu rb u le n c e  was only  observ ed . T he gela tinous v esicu la r secre tio n  c lo tte d  by  
vesicu lase is changing  in to  a crude p rec ip ita te  on s ta n d in g  a t  room  te m p e ra tu re  
fo r 10 m inu tes. S tirrin g  w ith  a glass rod  h ad  a s im ila r effect. T he p a p e r  e lectro- 
p h ero g ram  of th e  c lear su p e rn a ta n t  o b ta in ed  a f te r  rem oval th e  c lo t co m p ared  
to  th e  p a tte rn  of th e  o rig in a l n a tiv e  soluble f ra c tio n  is d e m o n s tra te d  on  Fig.
6 . T he  m ost s trik in g  d ifference to  be observed  is th e  absence o f  th e  c h a ra c 
te r is tic  basic p ro te in  in  th e  su p e rn a ta n t o f th e  c lo tte d  secretion  o f  th e  sem inal 
vesicles.

T he pro te in  co m p o n en t ch a rac te rized  b y  its  d isp lacem en t to w a rd s  the  
ca th o d e  a t  p H  8.6  w as eq u a lly  ab sen t from  th e  e lec tro p h o re tic  p a t te rn s  o f  the

109 в  1 6  5  4 3 2 1 0 12  3 4  5  6  7 8 910
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Fig. 6. T h e  effect of en zy m ic  c lo t t in g  on the p ro te in  c o m p o n e n ts  of th e  vesicu lar secretion
of ra ts

C h a ra c te r is tic s  of th e  p a p e r  e le c tro p h o re tic  assay : P h o s p h a te -b o ra x  buffer so lu tio n  con
ta in in g  4 M  u rea , p H  8.6, fx =  0 .0 5 , 6.4 V/cm, 24 m A , 16 hours 15 m ins., s ta in e d  w ith

brom ophenolb lue.
1. T he so lu b le  f r a c t io n  of the  v e s icu la r sec re tio n  of ra ts ;

2. T h e  su p e rn a ta n t o f th e  sam e  f r a c t io n  afte r c lo ttin g  w ith  hom ologous vesicu lase, a n d  su b 
seq u e n t cen trifu g a tio n

v e s ic u la se -trea te d  sec re tio n s  o rig inating  fro m  th e  vesicu lar o rgans o f  ra ts , 
g u in ea -p ig s  and  m ice. I t  w a s  irre lev an t in  th is  re sp e c t w hether th e  soluble 
p ro te in  frac tio n  was c lo t te d  b y  th e  hom ologous vesicu lase  or b y  a he tero logous 
o n e . A ll th is  supports  th e  a ssu m p tio n  th a t  i t  is ju s t  th e  highly  basic  p ro te in  
c o m p o n e n t of th e  sem in a l vesicles of th ese  ro d e n ts  th a t  is c lo tte d  b y  th e  
v es ic u la se  enzym e. In  o rd e r  to  prove th is  fa c t  in  a m ore clear-cu t w a y  th e  
c o m p le te  and  u n d ilu te d  se c re tio n  of the  sem in a l vesicles of th e  r a t  w as su b 
je c te d  to  p rep ara tiv e  c h ro m a to g ra p h y  on a D E A E  cellulose colum n. T h e  basic 
p ro te in  com ponent w as su b se q u e n tly  iso la ted  a n d  its  c lo tting  a b ili ty  was 
e x a m in e d .

C) D E A E  cellulose co lu m n  chromatography o f  the total secretion o f  the 
se m in a l vesicles o f the rat

T h e  sem inal vesicles o f  ra ts  were p u n c tu re d  using  a d ry  sy rin g e , th e  
t o t a l  secre tion  ob ta in ed  b y  th i s  procedure w as ap p lied  to  a D E A E  cellulose 
c o lu m n  (0.8 X 32 cm ). T h e  co lum n  was e lu te d  w ith  0.01 M  b o ra te  bu ffer
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Fig. 7. D E A E  cellulose co lum n ch ro m a to g ra p h y  of th e  to ta l ,  u n d ilu ted  v esicu lar sec re tio n
o f ra ts

T h e  e lu tio n  was carried  o u t w ith  0.01 M  b o ra te  b u ffer so lu tio n  (p H  8.2), th e  la t te r  b e in g  su b 
s t i tu te d  b y  0.1 M  sod ium  c itra te  so lu tio n  (p H  8.3) from  f ra c tio n  76. F rac tio n s o f 2.2 m l v o lu m e 
w ere co llected . C h arac te ris tic s  o f  th e  p ap er e lec tro p h o re tic  a ssa y  of several, in d iv id u a l f ra c 
tio n s : Phosphate-bO rax  b u ffer so lu tio n  co n ta in in g  4 M  u re a , p H  8.6, f i =  0.05, 6.4 V /cm , 21 m A , 

15 ho u rs  20 m in s ., s ta in e d  w ith  b ro m o p h en o lb lu e .
1. F ra c tio n  6 (h ighly  tu rb id , p a r t  o f  th e  p ro te in s w as a d so rb e d  on th e  p ap er a t  th e  s t a r t  lin e );

2. F ra c tio n  40;
3. F rac tio n  86
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so lu tio n  (p H  8.2) follow ed b y  0.1 M  so d iu m  c itra te . T hree m a in  p ro te in  
c o m p o n e n ts  (basic, n e u tra l , an d  acid  co m p o n en ts) were s e p a ra te d  (F ig . 7). 
T h e  D E A E  cellulose co lum n  w as w ashed  b efo re  use f irs t w ith  0.1 N  N aO H , 
th e n  w ith  0.01 M  b o ra te  b u ffe r  so lu tion  a n d  i t  w as found  to  be a p re re q u is ite  
fo r go o d  sep ara tio n  o f th e  p ro te in  co m p o n en ts  to  keep th e  p H  o f th e  e fflu en t 
b e tw e e n  p H  values 8.5 to  9.0  a t th e  m o m e n t w hen  th e  secre tion  w as given 
to  th e  to p  of th e  co lum n. A s ev idenced  on  F ig . 7 th e  basic p ro te in  passes  th e  
c o lu m n  w ith o u t being b o u n d  to  it  u n d e r th e se  cond itions. The e ff lu e n t c o n ta in 
in g  th e  basic  p ro te in s is a m ilk y  an d  tu rb id  one, some tim es it  c o n ta in s  a p re 
c ip i ta te ,  i t  has a h igh v isco sity , th re a d s  are  d raw n  from  its  d ro p le ts  on falling 
d o w n  a t  th e  b o tto m  of th e  c h ro m a to g ra p h ic  co lum n.

T h e  second p ro te in  f ra c tio n  e lu ted  fro m  th e  D E A E  cellulose co lu m n  w ith
0.01 M  b o ra te  bu ffer (p H  8.2) w as a lw ays hom ogeneous in  p a p e r  e lec tro 
p h o re tic  assays carried  o u t in  4 iff u rea  +  p h o sp h a te -b o ra x  b u ffe r  so lu tion  
(p, =  0 .05 , pH  8 .6 ) an d  p ro v ed  to  be id en tica l w ith  th e  n e u tra l p ro te in  com po
n e n t  (N ) fo rm erly  m en tio n ed .

T h e  su bsequen t e lu tio n  of th e  D E A E  cellulose colum n p e rfo rm ed  w ith
0.1 M  so d iu m  c itra te  ra ised  th e  p H  va lu e  o f  th e  effluen t n ea rly  to  10, owing 
to  th e  p a r tic ip a tio n  o f O H - -ions o f D E A E  cellulose w hich w ere e x ch an g ed  in 
th is  p ro cess , th e  acid p ro te in  frac tio n  w as e lu te d  m eanw hile. A v a r ia b le  p a r t  
o f  th e  p ro te in  was d e n a tu ra te d  on th e  su rface  of th e  cellulose a n d  cou ld  be 
e lu te d  o n ly  w ith  0.1 N  N aO H . T herefore  th e  p ro p o rtio n  of th e  d iffe re n t p ro te in  
f ra c t io n s  in  th e  to ta l  sec re tio n  of th e  sem in a l vesicles could n o t be d e te rm in ed  
b y  th is  m e th o d .

A d d itio n  of vesicu lase (1.2 m g p ro te in  p e r ml) to  th e  v a rio u s  frac tio n s  
o b ta in e d  b y  D E A E  cellulose co lum n c h ro m a to g ra p h y  caused th e  im m ed ia te  
fo rm a tio n  o f a p rec ip ita te  in  all frac tio n s c o n ta in in g  th e  basic  p ro te in , these  
m ix tu re s  w ere c lo tted  a f te r  s ta n d in g  for som e m inu tes. The n e u tra l  an d  acid 
p ro te in  frac tio n s d id  n o t re a c t  w ith  th e  c lo ttin g  enzym e.

T h e  basic p ro te in  f ra c tio n  o f  th e  to ta l  v esicu lar secre tion , w h ich  ran  
th ro u g h  th e  colum n w ith o u t be ing  b o u n d  to  i t  w as sub jec ted  to  p a p e r  e lec tro 
p h o re s is  u n d e r  th e  sam e co n d itio n s as u su a l, i.e. in  a p h o sp h a te -b o ra x  b u ffe r 
so lu tio n  co n ta in in g  4 M  u re a  (p  =  0.05, p H  8 .6 ). Tw o p ro te in s m o v in g  to w ard s  
th e  c a th o d e  could be d is tin g u ish ed  n ea r to  each  o th e r on th e  p a t te rn s  in  ev 
e ry  ca se  (F ig . 7).

D ) The isolation o f  the basic pro tein  com ponent o f  the secretion o f  the sem inal 
vesicles o f  the rat

T h e  follow ing p ro ced u re  w as a d o p te d  b o th  for fu r th e r  p u r if ic a tio n  of 
th e  b a s ic  frac tio n  of th e  com plete  secre tion  o f  th e  sem inal vesicles a f te r  D E A E  
ce llu lo se  co lum n c h ro m a to g ra p h y  an d  for th e  iso la tion  of th e  c lo tta b le  p ro te in



of th e  soluble frac tio n  o f th e  v esicu la r secre tio n . The procedure  is b ased  on 
th e  chance  o b serva tion , th a t  th e  basic  p ro te in  com ponen t is p re c ip ita te d  w ith  
20 p e r cen t glycerol (final c o n cen tra tio n ) a t  th e  isoelectric  p o in t, p H  9.7. This 
o b se rv a tio n  served as th e  m ain  princip le  o f th e  iso lation . I t  w as possib le  to  
p u rify  th e  basic frac tio n  from  co n ta m in a tin g  p ro te in s  by  re p e a te d  w ash ings 
w ith  b o ra te  buffer so lu tio n  (p H  9.7) an d  rep rec ip ita tio n s  a t  th e  isoelec tric  
p o in t resp ec tiv e ly . A ccord ing  to  ou r experience  th e  efficiency o f  iso la tion  
d ep en d s on the  isoelectric re p re c ip ita tio n  step . T he course of iso la tio n  is show n 
in th e  follow ing schem e:

Soluble frac tion  o f  th e  secre tion  of th e  sem inal vesicles, or b a s ic  frac tio n  
o b ta in ed  b y  th e  D E A E  cellulose co lum n ch ro m ato g rap h y  
-)- equal vo lum e o f 0.1 M  b o ra te  b u ffe r, p H  9.7 
-f- glycerol, 20  p e r c en t (v /v), f in a l co n cen tra tio n

K e p t a t 0° C for 15 to  60 m in u tes , follow ed by  c e n tr ifu g a tio n

p re c ip ita te  w ashed  tw ice  w ith  0.1 M  b o ra te  bu ffer 
so lu tio n  (pH  9.7), th e n  dissolved w ith  1 m l o f  0.1 N  
N aO H , an d  re p re c ip ita te d  w ith  4 v o lu m es o f  0.1 M  
b o ra te  bu ffer so lu tio n  (pH  9.7).
T he p re c ip ita te  w as w ashed fu r th e r  w ith  various 
so lv en ts  as follows:
0.1 M  b o ra te  bu ffer so lu tion  (pH  9.7), tw ice ,
0.4 N  H C 104, tw ice, 
e th a n o l, tw ice, 
e th e r , tw ice.

T h e  final, w ashed  p re c ip ita te  was d ried  b y  m ild h e a tin g  u n d e r  an  
in fra red  lam p. (In  som e cases w ashings w ith  H C104, e th a n o l, and  
e th e r  were o m itte d  an d  th e  p re c ip ita te  w as no t dried.)

T he basic  p ro te in  iso la ted  e ith e r  in  th e  form  o f an  e th e r d ried  p o w d er, or 
as a p re c ip ita te  was soluble in  8 M  u rea , or 0.5 to  1.0 M  c itr ic  ac id  up  to  
5 to  10 p er cen t p ro te in  c o n te n t. 2 M  u rea  w as a lready  su ffic ien t to  m ake 
a 0.1 to  1 per cen t so lu tion . T he p ro te in  so lu tions appeared  ho m o g en eo u s by  
p a p e r  electrophoresis in  p h o sp h a te -b o ra x  b u ffe r  solu tions ( / /= 0 .0 5 )  c o n ta in 
in g  4 M  u rea  a t p H  8 .6  o r 10.8, resp . (F ig. 8 ). In  th e  form er case th e  p ro te in  
m ig ra te d  tow ards th e  ca th o d e , in  th e  la t te r  case tow ards th e  a n o d e . The 
a m o u n t o f  p ro te in  c o n ta m in a tio n  d id  n o t exceed  1 per cen t o f th e  t o t a l  p ro te in  
c o n te n ts  o f th e  so lu tions.

T he basic p ro te in s iso la ted  from  th e  secre tio n  of th e  sem in a l vesicles of 
th e  r a t  dissolved in u re a -c o n ta in in g  so lu tions (p ro te in  c o n c e n tra tio n : 10  mg
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p e r  m l; u rea  c o n c e n tra tio n : 2 to  4 M ) is c lo t te d  b y  th e  vesiculase enzym e 
(1 .8  m g  pro te in  per m l) w ith in  a few seconds a t  room  te m p e ra tu re . O n th e  
o th e r  h a n d  th e  p ro te in  f r a c t io n  rem aining in  so lu tio n  a fte r  th e  glycerol t r e a t 
m e n t ,  an d  contain ing  all th e  soluble pro te ins o f  th e  vesicu lar secre tion  is n o t 
c lo t ta b le  by  th e  v esicu lase . I t  was estab lished  in  co n tro l ex p erim en ts  th a t  
g ly ce ro l did no t affect th e  a c t iv i ty  of vesicu lase a t  con cen tra tio n s ap p lied  in 
th e s e  experim en ts.

6 5 4 3 2 1 0 1 2 3 4 5 6 7  cm

Fig. 8. P a p e r  e lec tro p h ero g ram  o f  th e  basic p ro te in  c o m p o n e n t iso la ted  from  th e  vesicu lar
secretion of ra ts

C h a ra c te r is tic s  of th e  p a p e r  e le c tro p h o re tic  assay: P h o s p h a te -b o ra x  buffer so lu tio n  con
ta in in g  4 M  u rea, p H  8.6, /t =  0 .05 , 6.4 V/cm, 24 m A , 15.5 h o u rs , s ta in ed  w ith  brom o-

phenolblue.
1. The so lub le  f r a c t io n  of the  v esicu lar se c re tio n  of ra ts ;

2. T h e  b as ic  pro tein  co m p o n en t iso la te d  from  th e  sam e f ra c t io n  an d  dissolved in  8 M  u rea

Discussion

T h e  experim en ts p re s e n te d  in  the p rev ious sec tio n s estab lished  th e  fac t 
t h a t  th e  secretions o f th e  se m in a l vesicles o f th e  r a t ,  m ouse and  gu inea-p ig  
a re  e q u a lly  ch arac terized  b y  th e  presence o f  a h ig h ly  basic p ro te in  frac tio n . 
T h e  sam e  p ro te in  fra c tio n  is c lo tted  by th e  v es icu lase  enzym e p ro d u ced  by  
th e  c o a g u la to ry  g land . T h is  assum ption  w as su p p o r te d  b y  tw o d iffe ren t 
o b se rv a tio n s . F irs t, th e  b a s ic  com ponent m ig ra tin g  to w ard s th e  ca th o d e  a t 
p H  8 .6  w as no t d e te c ta b le  in  a n y  of the p a p e r e le c tro p h o re tic  p a tte rn s , i f  th e  
p a p e r  e lec tro p h o re tic  a ssay  w a s  carried  ou t a f te r  h a v in g  c lo tted  th e  secre tions. 
O n th e  o th e r hand  th e  is o la te d  basic p ro te in  w as c lo tta b le  b y  th e  vesicu lase , 
w h ile  th e  rem ain ing  p a r t  o f  th e  secretion, c o n ta in in g  th e  n eu tra l a n d  acid 
p ro te in  com ponen ts on ly , d id  n o t  reac t w ith  th e  c lo tt in g  enzym e. T his e x p e ri
m e n ta l  fin d in g  is reg a rd ed  as a d irec t evidence fo r th e  role of the  basic p ro te in  
in  th e  c lo ttin g  m echanism .

T h e  secretion  of th e  sem in a l vesicles, th e  p ro te in  co n ten t o f w h ich  is 
a b o u t 27 per cent is an  e x tre m e ly  unstab le  sy s te m . I t  w as described  in  th e
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early  w ork of W a l k e r  [42], th a t  th e  sem inal vesicle secretion  o f th e  gu inea- 
pig w hich is a so lu tion  w ith  low  viscosity  in  th e  liv in g  an im al, s tiffens to  a rig id  
m ass in  th e  g land  w ith in  a few m inu tes post m ortem . A ccording to  o u r own 
observ a tio n s 5 to  10 m in u te s  were necessary  fo r th is  process in  r a ts .  I t  was 
possible to  p u n c tu re  th e  sem inal vesicles o f th e  r a ts ,  using  a d ry  sy rin g e , in  
deep e th e r  narcosis o r im m ed ia te ly  a fte r th e  d e c a p ita tio n  of th e  an im als . 
A h ig h ly  viscous so lu tio n  w ith  yellow ish co lour w as o b ta in e d  b y  th is  p ro ced u re , 
th e  m a te ria l rem ain ed  in  liq u id  s ta te  for 5 to  10 m in u te s  an d  th e n  i t  s tiffened  
to  a gel. S tirrin g  or sh ak in g  o f  th e  secretion  ra ised  th e  ra te  of gel fo rm a tio n .

A  p rec ip ita te  w as fo rm ed  if  th e  secretions o f  th e  sem inal vesicles o f  ra ts  
w ere d ilu ted  w ith  n e u tra l  or s ligh tly  a lkaline so lu tio n s (0.15 to  3.0  M  N aC l, 
sucrose; 0.1 to  1.0 M  so d ium  p h o spha te  b u ffe r so lu tio n , p H  7 .4; g lycerol). 
T his p rec ip ita te  consisted  m ain ly  of the  basic  p ro te in  co m ponen t. D ep en d in g  
on th e  degree of d ilu tio n  o n ly  a slight if  an y  p re c ip ita te  is fo rm ed  i f  d ilu tio n  
is ca rried  ou t w ith  4 to  8 M  u rea  or 0.1 to  1.0 M  c itr ic  acid  so lu tions. S ecre tions 
d ilu te d  th is  w ay  were also h ig h ly  viscous an d  opa lescen t. The iso la ted  c lo ttab le  
p ro te in  could be d isso lved  on ly  in  co n cen tra ted  c itr ic  acid or u rea  so lu tio n .

T he question  em erges: do th e  p ro te in  fra c tio n s  sep a ra ted  b y  p ap e r 
e lec trophoresis in  so lu tio n s con ta in ing  4 M  u re a  re flec t th e  physio log ica l 
co n d itio n s?  The se p a ra tio n  o f  th e  in d iv idua l p ro te in  com ponen ts w as po o r if  
u rea  w as o m itted , its  p resence  im proved  th e  effic iency  of th e  p ro ced u re  in 
d irec t p ropo rtio n  to  its  co n cen tra tio n  (2 to  8 M ). H ow ever, e ssen tia lly  th e  
sam e com ponen ts are  s e p a ra te d  in  absence o f  u re a , th o u g h  th e  s e p a ra tio n  was 
poor. I t  has been described  th a t  u rea  enhances th e  sep a ra tio n  o f  ^ -m a c ro -  
g lobulin  of b lood serum  [3 4 ], and  th e  se p a ra tio n  o f  ß  resp . y  case in  in  an 
e lec tro p h o re tic  assay  on s ta rc h  gel [43, 33, 12]. A cid  induced  tra n s fo rm a tio n  
p ro d u c ts  of insu lin  w ere se p a ra te d  b y  p ap e r e lec tro p h o res is  in  th e  p resence  of 
7 M  u rea  by  S u n d b y  [3 9 ], w hile th e  ch ro m a to g ra p h y  o f insu lin , re sp . g lucagon 
on A m berlite  IR C  50 co lum ns using p h o sp h a te  b u ffe r so lu tions c o n ta in in g  
7 M  u rea  was re p o rte d  b y  Co l e  [5, 6].

In  our ex p e rim en ts , D E A E  cellulose c h ro m a to g ra p h y  of th e  v esicu la r 
secre tion  (in absence o f  u rea ) y ielded  frac tio n s w h ich  could  be id e n tif ie d  w ith  
th o se  o b ta in ed  b y  p a p e r  e lec trophoresis in  u re a -c o n ta in in g  so lu tions. I t  seem s 
likely  th a t  th e  p a t te rn  o f p ro te in  com ponen ts is n o t an  a rte fa c t.
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In  21 H u n d e  versu ch en  w urde  die R eg u la tio n  des K reislaufs in  de r L eb e r u n te r 
su c h t. N ach  A bk lem m ung  der L eb e ra rte rie  h a t  d ie gesam te  L eb e rd u rch b lu tu n g  ab g e
n o m m en , die P fo rta d e r h a t  den  A usfall de r a rte rie llen  D u rch b lu tu n g  n ic h t k o m p en s ie rt.

B ei A b lenkung  des P fo r ta d e rb lu te s  in  die F em o ra lv en e  is t  die a r te r ie lle  D u rc h 
b lu tu n g  de r L eber in  jed e m  F a ll d e u tlich  an g estieg en , m anchm al a u f  d a s  D o p p e lte  
des A usgangsw ertes. D ie E rw e ite ru n g  der L eb e ra r te rie  is t  der w ich tigste  F a k to r  in  der 
R eg u la tio n  des L eberk reislau fs.

Bei d irek te r  D arre ich u n g  in  die L eb e ra rte rie  b ew irk ten  A d ren alin  u n d  A cety l- 
cholin  d ie E rw eite ru n g  de r L eb e ra rte rie , w äh ren d  n a ch  N orad ren a lin  G e fäß v eren g u n g  
erfo lg te.

V ersuche, die re flek to risch e  E rw eite ru n g  d e r L eb erarte rie  bei P fo r ta d e rs h u n t  
d u rc h  A trop in  bzw. D ib en zy lam in  zu v e rh in d e rn , fü h r te n  zu keinem  p o s itiv e n  E rfo lg , 
a u ch  d ie V ersuche d u rc h  P ro ca in  e tw aige B a ro rezep to ren  au sschalten , w a re n  erfolglos.

D as P rob lem  des M echanism us de r R eg u la tio n  des a rte rie llen  K re is lau fs  der 
L eber w ird d isk u tie rt.

Bei p ara lle len  B estim m u n g en  des a rte rie llen  u n d  p o rta len  K re is lau fs  der 
L eber k o n n te n  w ir [1, 2, 3] e inen  d eu tlich en  Z usam m enhang  zw ischen  der 
G röße des arte rie llen  A nteils u n d  d er g esam ten  L e b e rd u rch b lu tu n g  fe s ts te llen ; 
bei A b n ah m e des p o rta len  A nte ils  blieb die arte rie lle  D u rc h b lu tu n g  u n v e r
ä n d e r t  oder e rh ö h te  sich auch  im  ab so lu ten  M aß stab . F e rn e r w urde b e o b a c h te t, 
d aß  sich  bei geringgradiger H ypox ie  d e r a rte rie lle  A nteil e rh ö h t, w äh ren d  
hochgrad ige  H ypoxie eine s ta rk e  A bnahm e d er arte rie llen  D u rc h b lu tu n g  zur 
Folge h a t .  Diese B efunde w eisen d a ra u f  h in , d a ß  der arterie lle  A n te il des 
L eberk re islau fs einer besonderen  R eg u la tio n  u n te rlie g t. Die V ersu ch e , über 
w elche h ie r b e ric h te t w erden soll, verfo lg ten  das Ziel, den  M echanism us dieser 
R eg u la tio n  au fzuk lären .

Methodik
Die V ersuche h ab en  w ir an  21 H u n d en  d u rc h g e fü h rt. Die B estim m ung  d e r  g e sam ten  

L e b e rd u rch b lu tu n g  (E H B F ) erfo lg te  m it H ilfe des B ro m su lfa le inverfah rens n a c h  v o ra u sg e 
gan g en er K a th e te ris ie ru n g  e iner L ebervene  u n te r  R ö n tg en k o n tro lle . Die a rte rie lle  D u rc h b lu 
tu n g  w u rd e  m it H ilfe eines R o tam e te rs  b e s tim m t, das am  E n d e  des V ersuches a n  d em selben  
T ier k a lib r ie r t  w urde. N ähere  E in ze lh e iten  de r M ethode s in d  aus unseren  frü h eren  V erö ffen t
lichungen  [1 — 3] ersich tlich . Die S a u e rs to ffb es tim m u n g  im  B lu t erfolgte m it H ilfe  d es K ip p 
schen »H aem oreflektors« .
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V ersuchsergebnisse

1. D ie Frage der gegenseitigen K om pensierung der Pfortader und der Leberarterie

D ie R eak tio n  des e in en  K reis lau ffak to rs  a u f  die p lötzliche U n te rb in d u n g  
des a n d e re n  F a k to rs  b e d e u te t  zweifellos d en  e x tre m e n  F all der R e g u la tio n s 
au fg ab e  d e r L ebergefäße . A us diesen V ersuchen  e rw a rte ten  w ir die A n tw o rt 
a u f  d ie  F rag e , ob be id e  F a k to re n  des L eb erk re is lau fs  sich gegenseitig  kom pen-
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Abb. 1. Ä n d eru n g  de r g e sa m ten  L eb e rd u rch b lu tu n g  (E H B F ) , de r a rte rie llen  D u rc h b lu tu n g  
der L eber u n d  des B lu td ru c k s  nach A b k le m m u n g  der L eb erarte rie

sie ren  k ö n n en , ob es d a h e r  R eg u la tio n sm ech an ism en  im  D ienste  d e r A u f
re c h te rh a ltu n g  einer ausre ich en d en  L e b e rd u rc h b lu tu n g  g ib t.

a) U nterbindung der Leberarterie. In  4 V ersu ch en  haben  w ir n a c h  ein igen 
V o rp e rio d en  die L e b e ra r te r ie  abgek lem m t u n d  d en  a rte rie llen  K re is lau f fü r  eine 
oder m eh re re  V ersu ch sp erio d en  ausgescha lte t. S o d a n n  w urde die K lem m e e n t 
fe rn t  u n d  die K re is lau fsg rö ß en  nach  W ied erh e rs te llu n g  der a rte rie llen  D u rc h 
b lu tu n g  w eiter b e s tim m t. D ie E rgebnisse d er V ersuche  zeigt A bb. 1 u n d  T ab . I.

W ie aus A bb. 1 u n d  T a b . I  h e rv o rg eh t, is t  n a c h  A bklem m ung d e r L eb e r
a r te r ie  die gesam te LebercT urchblutung in  je d e m  F a ll gesunken, u n g e fä h r u m  
sov ie l, w ie der w eggefallene arterie lle  B e itrag  au sm a c h te . D arau s fo lg t, d aß  
die P fo r ta d e r  den A usfall d e r arterie llen  D u rc h b lu tu n g  n ich t k o m p en sie rt 
h a t ,  es erfo lg te  keine E rh ö h u n g  der p o rta len  D u rc h b lu tu n g .

b ) S h u n t des P fortaderblutes. U m  das V e rh a lte n  der a rte rie llen  D u rc h 
b lu tu n g  d er L eber bei V ersch lu ß  der P fo r ta d e r  zu  p rü fen , haben  w ir 13 V er-
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Tabelle I

H und Nr.
EH BF

ml/Min.
Art.

Durchblutg.
ml/Min.

B lutdruck Eingriff

203 
13 kg 230 60 100

240 42 90 —

210 0 90 L eberarterie  abge-

330 42 90
klem m t

Klem m e gelöst

204
16.5 kg 400 70 135 —

250 0 115 L eberarte rie  abge-

350 0 110
klem m t

L eberarte rie  abge-

290 60 110
klem m t

K lem m e gelöst

205
10 kg 315 42 120 —

360 42 120 —

295 0 110 L eberarterie  abge-

340 42 115
klem m t

Klem m e gelöst
198 0 115 L eberarterie  abgek l.
205 42 115 Klem m e gelöst

206
14 kg 430 128 110 —

490 108 110 —

375 0 110 L eberarterie  abge-

230 108 90
klem m t

Klem m e gelöst

70 I 
60  
50- 
40- 
3 0 -  
20 
10

Art. hep. 
-Durchblutung

150; 

130 —

110-

9 0 —

Blutdruck
mmHg

kontroll- Porfa- Kontroll- Porta- Kontrotl- 
periode fern- période fern, période

shunt shunt

Abb. 2. Ä nderung  der a rte rie llen  D u rch b lu tu n g  de r L eb e r u n d  des B lu td ru c k s  n a c h  porto-
fem oralcm  S h u n t
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Tabelle II

E H B F Art.
H und Nr. mJ/Min. Durchblutung B lu td ruck Eingriff

ml/Min.

209 I 63 100
16 kg

96 105 P fo rtad ersh u n t
73 110 —

96 110 P fo rtad ersh u n t

210
15 kg 115 95 —

135 90 P fo rta d ersh u n t
115 85 —

211
10 kg 210 58 85 —

132 75 115 P fo rtad ersh u n t
136 45 85 —

68 6 6 90 P fo rtad ersh u n t

213
19 kg 33 130 —

59 130 P fo rtad ersh u n t
32 110 —
68 135 P fo rtad ersh u n t
37 125 —

214
17 kg 38 85 P fo rtad ersh u n t

28 75 —
39 80 P fo rta d ersh u n t
26 70 —

216
14.5 kg 78 100 —

93 100 P fo rtad ersh u n t
68 100 —
93 100 P fo rtad ersh u n t
68 100 —
93 100 P fo rtad ersh u n t
68 100 —

su ch e  (lu rchgefüh rt. N ach  L ap a ro to m ie  w urde d ie  P fo r ta d e r  d u rc h tre n n t  und  
in  b e id e  E n d en  eine b re ite  T -K a n ü le  e ingefüh rt. D e r sen k rech te  S chenkel der 
K a n ü le  w urde m it H ilfe e in e s  P o ly ä th y len sch lau ch es m it d er F em o ra lv en e  
v e rb u n d e n . D urch ab w ech se ln d e  A bklem m ung d e r be iden  V erb indungsw ege 
k o n n te  d a n n  en tw eder d ie  n o rm a le  P fo rta d e rd u rc h b lu tu n g  h e rg es te llt, oder 
d a s  P fo r ta d e rb lu t von d e r L e b e r  abgelenkt w erd en . D ie arterie lle  D u rc h b lu tu n g  
w u rd e  w ährend  der g a n zen  V ersuchsdauer m it d em  R o ta m e te r  gem essen. 
D ie E rg eb n isse  dieser V e rsu c h e  fassen Abb. 2 u n d  T a b . I I  zusam m en.

W ie  aus A bb. 2 u n d  T a b . I I  sowie den a n d e re n  sp ä te r  zu b e sp rech en d en  
V e rsu c h e n  hervorgeh t, is t  d ie  a rte rie lle  D u rc h b lu tu n g  bei A b lenkung  des P fo r t-
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ad e rb lu te s  von  d e r L eber in jed em  F a ll d e u tlic h  angestiegen , in  m an ch en  
F ä llen  a u f  das D o p p e lte  des A u sg an g sw ertes . D er A nstieg  b e g a n n  10 — 20 
S ek u n d en  nach  A b len k u n g  des P fo r ta d e rb lu te s  von  der L eber u n d  h ie lt sich 
w äh ren d  d er D au e r des S h u n ts  m eist a u f  d e rse lb en  H öhe, um  n ach  W ie d e rh e r
s te llu n g  des n o rm alen  P fo rtad e rk re is lau fs  in  je d e m  Fall a u f  den A u sg an g sw ert 
z u rü ck zu k eh ren . In  ein igen F ällen  h ab e n  w ir neben  der a rte rie llen  D u rc h 
b lu tu n g  auch  die G e sam td u rch b lu tu n g  d e r L eb e r b estim m t u n d  fa n d e n , d aß  
in  den  P erioden  des P fo rta d e rsh u n ts  die W e rte  s te ts  s ta rk  a b n a h m e n , w enn

130 H
HO'---- r
90-
70- 
50-1

Adre
nalin

__Blutdruck
mmHg

Acetyl-
chohn

Adre- Acetyt- 
nalin chol/n

Abb. 3. Ä nd eru n g  d e r a rte rie llen  D u rc h b lu tu n g  u n d  R esistenz  der L eb e ra rte rie  sow ie des 
B lu td ru c k s  n ach  d irek te r A pp lik a tio n  v o n  A d ren alin  u n d  A cety lcho lin

au ch , wie z. B. in  d er 2. Periode bei H u n d  211, die W erte  im m er n o ch  h ö h er 
w aren , als die a rte rie lle  D u rch b lu tu n g , w as v ie lle ich t d a ra u f  z u rü c k z u fü h ren  
is t , d aß  die L eber n ic h t allein aus der A. h e p a tic a  sondern  auch  au s a n d e ren  
Q uellen (Z w erchfellarterien ) arterie lles B lu t e rh ä lt.

2. Pharmakologische P rü fung  far R egulation der Leberarterie

A us den b isherigen  V ersuchen g eh t e in d e u tig  hervor, d aß  die p o rta le  
D u rc h b lu tu n g  n ach  A bklem m ung  der L e b e ra r te r ie  n ich t e rh ö h t w ird , die 
L eb e ra rte rie  jed o ch  n ach  A blenkung des P fo r ta d e rb lu te s  in je d e m  F a ll m it 
E rh ö h u n g  d er D u rc h b lu tu n g  a n tw o rte t. D ie P fo rta d e rd u rc h b lu tu n g  r ic h te t  sich 
d a h e r  n ich t nach  den  B edürfn issen  d er L eb e r, w ährend  die L e b e ra r te r ie  sich 
o ffen b ar den jew eiligen B edürfnissen  d er L eb e r anzupassen  v erm ag . V om  p h y 
siologischen S ta n d p u n k t aus is t d ah e r d e r  M echanism us d er v e rm e h r te n  
a iterie llen  D u rc h b lu tu n g  von besonderem  In te re sse .
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I n  e in e r frü h eren  M itte ilu n g  [1] h ab en  w ir ü b e r  die W irkung  v o n  in t r a 
venös v e ra b re ic h te m  A d ren a lin , N o rad ren a lin , A cety lcho lin  und  D ib en zy l- 
am in  b e r ic h te t .  N ach  3 0 —80 /ig/M in. A d ren a lin  k a m  es zw ar in allen  F ä lle n  
zu e in e r  d e u tlic h e n  E rh ö h u n g  d e r a rte rie llen  D u rc h b lu tu n g  der L eber, g le ich 
zeitig  w a r  ab e r auch  der B lu td ru c k  e rh ö h t u n d  die berechnete  R esis ten z  d e r 
L e b e ra r te r ie  is t  eh er angestiegen . N ach  V erab re ich u n g  von 30—50 ^g /M in . 
N o ra d re n a lin  w ar die a rte rie lle  D u rc h b lu tu n g  eben fa lls  e rh ö h t, ebenso  au ch  
d e r B lu td ru c k  u n d  die b e rech n e te  R esistenz  d e r L eb era rte rie . N ach In je k tio n  
v o n  6 0 — 120 ^g/M in. A ce ty lcho lin  h a t die a rte rie lle  D u rch b lu tu n g  in  a llen

- 5

Acetyl- nor- Acetyl- Adrenalin 
cholin Adrenalin cholin

Abb. 4. Ä n d e ru n g  de r a rte rie llen  D u rc h b lu tu n g  u n d  R esis ten z  de r L eb erarte rie  sow ie des 
B lu td ru c k s  n a ch  d irek te r  A p p lik a tio n  von Ä cety lch o lin , N o rad ren a lin  u n d  A d re n a lin

F ä lle n  ab g en o m m en , ebenso au ch  d er B lu td ru c k , u n d  die R esistenz d er L e b e r
a r te r ie  is t  angestiegen . A us d iesen  V ersuchen  g ing  d ah er hervor, d a ß  n a c h  
in tra v e n ö s e r  V erab re ichung  d e r v a so a k tiv e n  M itte l in  jedem  Fall eine K o n 
s tr ik t io n  d e r L eb era rte rie  e in tra t  u n d  die e rh ö h te  D u rc h b lu tu n g  nach  A d ren a lin  
bzw . N o ra d re n a lin  lediglich die Folge des e rh ö h te n  B lu td ru ck s w ar.

D ie D e u tu n g  dieser V ersuche d a rf  jed o ch  d ie  v o n  Gr ay so n  [4] b e sc h rie 
bene  A u to re g u la tio n  des L eberk re islau fs a u f  Ä n d e ru n g en  des sy s te m a tisc h e n  
B lu td ru c k s  n ic h t u n b e rü c k s ic h tig t lassen. Ä n d e ru n g en  des B lu td ru ck s fü h re n  
re f le k to r isc h  zu  v aso m o to risch en  Ä n d eru n g en  d e r  L eb erarterie . F a lls  w ir 
d a h e r  d ie  d ire k te  W irk u n g  v a so a k tiv e r  S toffe a u f  die L eb erarterie  u n te rsu c h e n  
w ollen , m ü ssen  w ir S ch w an k u n g en  des sy s tem isch en  B lu td rucks verm eiden . 
Zu d iesem  Zw ecke h ab en  w ir in  w eiteren  V ersu ch en  die W irkstoffe d ire k t  :"n
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Tabelle  III

H und Nr.
Art. hep. 

D urchblutung 
ml/Min.

A rt. hep. 
Resistenz

io -  *
Blutdruck 
mm Hg Eingriff

207
18.5 kg 54 320 130 —

111 87 95 5 /ig/M in A cety lcho lin
50 350 130 ____

35 540 140 3 //g/M in. N o rad ren a lin
50 340 130 ____

111 120 100 7.5 /<g/Min. A c e ty l
cholin

80 210 125 ____

111 170 140 3 /ig/M in. A drenalin

208
18.5 kg 90 166 110 —

155 104 120 6 /ig/M in. A drenalin
90 180 120 ____

180 67 90 10 /ig/M in. A cety l
cholin

90 133 110
135 110 110 6 /ig/M in. A drenalin

90 160 110 ____

180 51 70 10 //g/M in. A cety l
cholin

die  L eb era rte rie , über das R o ta m e te r  v e ra b re ich t. Die E rgebn isse  zeigen  T ab . 
I I I  u n d  A bb. 3 und  4.

W ie aus Tabelle I I I  u n d  A bb . 3 u n d  4 h e rv o rg eh t, k o n n te n  a u f  diese 
W eise größere S chw ankungen  des B lu td ru ck s  v erm ieden  w erd en . A us den 
V ersuchen  geh t e in d eu tig  h e rv o r, d a ß  sow ohl A drena lin  wie auch  A ce ty lcho lin  
be i d ire k te r  In jek tio n  in  die L eb e ra rte rie  Z unahm e des a rte rie llen  B lu ts tro m s , 
A b n ah m e der R esistenz, d a h e r  V aso d ila ta tio n  der L eb erarterie  h e rv o rru fe n  
u n a b h ä n g ig  von den S ch w an k u n g en  des B lu td ru ck s . D agegen h a t  d ie d irek te  
e inm alige  In je k tio n  von  N o rad ren a lin , wie e rw a r te t, v e rr in g e rte  a rte rie lle  
D u rc h b lu tu n g  und  V aso k o n strik tio n  der L eb e ra rte rie  zu r Folge g e h a b t. In  
w e ite re n  4 V ersuchen h a t  A cety lcho lin  die D u rc h b lu tu n g  d er L e b e ra r te r ie  
s te ts  e rh ö rt, w äh ren d  A d ren a lin  in  D osen v o n  2 — 6 jtig/Min. die D u rc h b lu tu n g  
d e r L eb e ra rte rie  in 3 F ä llen  e rh ö h t, in  1 F a ll e rn ied rig t h a t. Ü b er V aso k o n 
s tr ik t io n  der L eb e ra rte rie  n ach  d ire k te r  V erab re ich u n g  von  10 fig  A d ren a lin  
h a b e n  G r e e n  und  M ita rb . (13) b e ric h te t. O ffenbar h ä n g t die W irk u n g  auch  
v o n  d e r ind iv iduellen  E m p fin d lic h k e it der V ersuchstiere  ab.

A us den  b isherigen  U n te rsu ch u n g en  ging h e rv o r, d aß  die w ich tig s te  
R eg u la tio n  des L eberkre islau fs, die E rw eite ru n g  d er L eb e ra rte rie  bzw . die 
E rh ö h u n g  der arte rie llen  D u rc h b lu tu n g , sow ohl d u rch  A cety lcholin  w ie d u rch
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Tabelle IV

Art.
BehandlungHund Nr. Durchblutung mm Hg Kreislauf

ml/Min.

215 30 120 N orm al
12 kg 40 110 Shunt —

25 110 N orm al —

35 110 Shunt —

27 110 Norm al —

35 110 Shunt —

32 110 Norm al 1 m g A trop in  i.v.
35 110 Shunt —

27 110 Norm al —

217 132 100 N orm al __
20 kg 132 110 Shunt —

120 110 Norm al —

132 110 Shunt —

108 105 N orm al —

132 120 Shunt —

87 90 N orm al 100 m g D ibenzylam in i.v .
108 100 Shunt —

87 85 N orm al —
108 90 Shunt —

87 100 N orm al 2 m g A trop in  i.v .
120 100 Shunt —

73 100 N orm al :—

222 60 110 N orm al i__
12 kg 66 120 Shunt •—

60 120 N orm al —
73 115 Shunt —

60 110 N orm al —
73 110 Shunt —
73 105 N orm al 1 m g A trop in  in die L eberarte rie
73 120 Shunt —
60 110 N orm al —
66 120 Shunt —
54 120 Norm al —

223 96 110 Norm al —
14 kg 120 110 Shunt —

90 120 N orm al —
117 120 Shunt —

96 120 N orm al 1 m g A trop in  in die L eberarterie
125 130 Shunt —

84 130 Norm al —
117 120 Shunt —

72 120 N orm al 1 m g A trop in  i.v .
117 110 Shunt —

72 110 Norm al —
84 90 Norm al 5 m g A trop in  i.v .
96 90 Shunt —
84 90 Norm al —-
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A drenalin  b ew irk t w erd en  k an n . Es erhob  sich d a h e r  die F rag e , oh die kom 
pensato rische  E rw e ite ru n g  der L eb erarterie  b e im  p o rto fem ora len  S h u n t au f 
ad renerg ischem  oder a u f  cholinergischem  W ege z u s ta n d e k o m m t. In  A n b e tra c h t 
d er b ek a n n te n  S chw ierigkeiten  in der D e u tu n g  von  D en erv a tio n sv ersu ch en  
h ab en  w ir beschlossen , diese F rage  a u f  ph arm ak o lo g isch em  W ege, m itte ls  
B lockade d er N erven en d ig u n g en  du rch  D ib en zy lam in  bzw . A tro p in  zu p rü fen . 
W ir h ab en  d ah e r die S h u n tv e rsu ch e  (Vgl. T ab . I I )  u n te r  E in w irk u n g  d e r e rw äh n 
te n  M itte l w iederho lt. D ie E rgebnisse geben T a b . IV  u n d  A bb. 5 w ieder.

,__ , ,__ , ,__ , ,__, ‘ ,__ , ,
Shunt shunt shunt shunt shunt shunt

Atropin Atropin Atropin

Art. Durchblutung 
mt/min

Blutdruck
mmHg

Kreistauf

Abb. 5. W irk u n g  v o n  A tro p in  a u f  die E rw eite ru n g  d e r L eb erarte rie  bei S h u n t

W ie aus T ab . IV  ersich tlich , h a t die D a rre ich u n g  selbst ho h er D osen von 
A tro p in  die bei P fo r ta d e rsh u n t e in tre ten d e  E rh ö h u n g  d er a rte rie llen  S trö m u n g  
d er L eber n ich t v e rh in d e r t;  auch  die d irek te  A p p lik a tio n  des A tro p in s  in die 
L eb era rte rie  d u rch  d as  R o ta m e te r  erw ies sich als w irkungslos.

E in d eu tig  w irkungslos zu r U n te rd rü c k u n g  d e r re flek to risch en  E rw e ite 
ru n g  d er L eb era rte rie  erw ies sich auch das D ib en zy lam in  (Tab. IV  u n d  V).

In  V ersuch 221 h ab en  w ir festgeste llt, d a ß  einige P erioden  n ach  V erab 
re ichung  des D iben zy lam in s in trav en ö s  v e ra b re ich te s  A drenalin  den  B lu td ru c k  
n ich t e rh ö h te , die sy m p a th ik o ly tisch e  W irk u n g  des D ibenzy lam ins w ar d ah er 
zw eifellos n achw eisbar.

E s erhob  sich noch  die F rage , ob die re flek to risch e  E rw e ite ru n g  der 
L eb erarterie  d u rch  V e rm ittlu n g  von B aro rezep to ren  erfo lg t, w elche d u rch  die 
D ru ck v erm in d eru n g  im  P fo rtad e rb e re ich  e rreg t w erd en , die infolge des S h u n ts  
e in tr i t t .  In  d er A n n ah m e , d a ß  diese h y p o th e tisc h e n  R ezep to ren  d u rc h  P rocain  
g e läh m t w erden , h ab e n  w ir in den  V ersuchen 218 u n d  221 v e rh ä ltn ism äss ig  
hohe D osen von  P ro c a in  te ils  d u rch  das R o ta m e te r  d ire k t in  die L eb e ra rte rie ,
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Tabelle V

H u n d  N r.
Art.

Durchblutung
ml/Min.

B lu td ruck Kreislauf Behandlung

218
18 k g 100 130 N orm al —

138 135 Shunt —
92 135 N orm al —

138 140 Shun t —
92 120 N orm al 2 m l 2%  Procain  in d ie L eber-

138 130 Shun t
a rte rie

125 130 N orm al —
138 130 Shun t —
112 120 N orm al 100 m g D ibenzylam in i.v .
130 120 Shun t —
112 110 N orm al —

221
13 k g 81 110 N orm al —

106 110 Shun t —
81 110 N orm al —

106 110 Shunt —
87 125 N orm al 100 mg D ibenzylam in i.v .

106 125 Shunt —
81 130 N orm al 2 m l 2 %  P rocain  in  die L eber-

87 120 Shun t
a rte rie

60 130 Norm al —
81 130 Shun t —
6 6 130 N orm al 30 /<g A drenalin  i.v . +  2 m l Pro-

87 130 Shun t
cain  i. po rtal

60 130 N orm al —

te ils  d i r e k t  in  die P fo r ta d e r  in jiz ie r t  u n d  d a n ach  die W irk u n g  a u f  die a rte rie lle  
D u rc h b lu tu n g  der L eber b e i n o rm a le r  Z irk u la tio n  u n d  nach  P fo r ta d e rs h u n t 
u n te r s u c h t  (T ab .Y ). W ie au s  T a b . У  u n d  A bb . 6 ersich tlich , h a t te  d a s  P ro ca in , 
w ie im m e r  auch app liz ie rt, d ie  beim  S h u n t e in tre te n d e  E rw eite ru n g  d e r  L eb er
a r te r ie  n ic h t v erh in d ert.

B esprechung

D ie  R egulation  d e r b e id e n  F a k to re n  des L eberk re islau fs im  S inne  einer 
g e g e n se itig e n  K o m p en sie ru n g  w u rd e  bere its  1932 v o n  S c h w ie g k  [5] an g en o m 
m e n . M it H ilfe der R e in sch en  T h e rm o stro m u h r h a t  e r eine Z unahm e d e r  a r te r ie l
le n  D u rc h b lu tu n g  um  5 0 — 1 0 0 %  bei P fo rtad e rd ro sse lu n g  g e funden . A n d e re r
se its  f a n d  er bei Z unahm e d e r  P fo r ta d e rd u rc h b lu tu n g  infolge V e rd a u u n g sa rb e it 
e in e  A b n ah m e  der a r te r ie lle n  D u rc h b lu tu n g , w äh ren d  die Z u n a h m e  der 
a r te r ie l le n  D u rch b lu tu n g  n a c h  D ehyd ro ch o lsäu re  eine A b n ah m e d e r  P fo r t
a d e rd u rc h b lu tu n g  zur Folge h a t te .  A u f die F eh le rq u e llen  der T h e rm o stro m u h r 
w u rd e  w iederho lt h in g ew iesen . In  einigen U n te rsu ch u n g en  [1] fa n d e n  w ir
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Art. Durchblutung ’ 

ml/min

150-

140-

130----- 1
120- 
110-1

1 shunt shunt I  shunt 
Novokain

u

shunt J shun t 
Dibenamin

BlururucK
mmHg

Kreislauf

Abb. 6. W irkung  von P ro ca in  u n d  D ibenzy lam in  a u f die E rw e ite ru n g  der L eb e rarte rie  bei S h u n t

n ach  D ehydrocho lsäu re  die arte rie lle  D u rc h b lu tu n g  m eist v e rr in g e rt. U nsere 
e ingangs gesch ilderten  V ersuche zeigten, d aß  n a c h  A bklem m ung  d er L eb er
a rte rie  die p o rta le  D u rc h b lu tu n g  n ich t e rh ö h t w ird , die P fo rta d e r v e rm ag  d a h e r 
den  A usfall der a rte rie llen  D u rch b lu tu n g  n ic h t zu  kom pensieren . E s w ar von  
v o rn h ere in  n ich t zu e rw a rte n , d aß  die P fo r ta d e rd u rc h b lu tu n g  sich den  B e d ü rf
n issen  der L eber an zu p assen  verm ag ; w ir h a b e n  [6 ] bere its  f rü h e r d a ra u f  
h ingew iesen, d aß  das p o rta le  B lu t keine b eso n d ere  »Aufgabe« in  d er L eber 
zu erfü llen  h a t.  D ie A n p assu n g  an  die w echse lnden  B edürfnisse d er L eber 
erfo lg t, ebenso wie bei a llen  an d eren  O rganen, m it H ilfe des a rte rie llen  K re is
lau fs , im  gegebenen F a ll m it H ilfe der L e b e ra rte rie . U nsere e ingangs geschil
d e rte  V ersuchsserie bew eist e in deu tig , daß  bei V errin g eru n g  bzw . A bsch luß  
d er p o rta len  D u rc h b lu tu n g  die arterielle  D u rc h b lu tu n g  reflek to risch  e rh ö h t 
w ird . N ach A bsch luß  u n se re r  V ersuche e rsch ien  die A rbeit von  S c h e n k , 
McD o n a l d  und  D r a p a n a s  [7]: Sie b estim m ten  m it H ilfe  eines e le k tro m a g n e ti
schen S tröm ungsm essers die arte rie lle  und p o rta le  D u rc h b lu tu n g  von  9 P a tie n 
te n , bei w elchen eine L ap a ro to m ie  d u rch g e fü h rt w o rd en  w ar; n ach  A b k lem 
m ung  der P fo rta d e r b e o b a c h te te n  sie in jed em  F a ll eine Z unahm e d e r a r te r ie l
len D u rch b lu tu n g  u m  42 — 8 5 % . E s is t b e k a n n t [8 ], d a ß  nach  A nlegung  e iner 
end -to -side  p o rta k a v a le n  F is te l die gesam te L e b e rd u rc h b lu tu n g  e tw a  5 0 %  des 
N orm alw ertes b e trä g t;  d as  b e d e u te t, da es sich ja  aussch ließ lich  um  arte rie lles 
B lu t hande ln  k an n , eine erheb liche  Z unahm e d e r  a rte rie llen  D u rc h b lu tu n g , 
die norm alerw eise  w en iger als 20 %  b e trä g t. In  e in e r  frü h eren  M itte ilu n g  [1] 
haben  w ir bere its  gezeig t, d a ß  die A bnahm e d er p o r ta le n  D u rch b lu tu n g  infolge 
O pera tionsschock  die E rh ö h u n g  des a rterie llen  A n te ils  d e r L e b e rd u rch b lu tu n g  
zur Folge h a t. E s h a n d e lt  sich offenbar u m  eine  au ß ero rd en tlich  w ich tige
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R e g u la tio n , da, wie seit lan g em  b e k a n n t, [9] d as  A ufrich ten  alle in  b e re its  eine 
A b n a h m e  der P fo r ta d e rd u rc h b lu tu n g  um  4 0 %  bew irk t. A uch A rb e its le is tu n g  
f ü h r t  z u  s ta rk en  A b n ah m en  d e r p o rta le n  D u rc h b lu tu n g : so fa n d e n  B i s h o p  

u n d  M ita rb . [10] n ach  A rb e it am  E rg o m e te r  bei liegenden P e rso n e n  eine 
A b n a h m e  au f 4 3 %  des R u h e w e rte s ; W a d e  u n d  M itarb . [11] fa n d e n  nach  
» le ich ten  K örperübungen«  eine  A b n ah m e u m  e tw a  300 m l/M in.

I n  A n b e trach t d e r g ro ß en  E m p fin d lich k e it der L eber a u f  H y p o x ie  [12] 
i s t  d a h e r  die k o m p en sa to risch e  R e g u la tio n  d er arte rie llen  D u rc h b lu tu n g  au f 
d ie  u n te r  physio logischen u n d  patho lo g isch en  B edingungen  e in tre te n d e n  
S c h w a n k u n g e n  der P fo r ta d e rd u rc h b lu tu n g  v o n  v ita le r  B ed eu tu n g . E s w ar 
d a h e r  v o n  großem  In te re sse , d en  n ä h e ren  M echanism us dieser R e g u la tio n  k en 
n e n  zu  lernen . In  e rs te r  R e ihe  m u ß te  die F rag e  g ek lä rt w erden , a u f  w elche 
W eise  K o n s tr ik tio n  u n d  D ila ta tio n  d er L eb e ra rte rie  b ew irk t w erd en .

D ie  W irkung  g e fä ß a rtig e r  S toffe a u f  die L eb er w urde v o n  v e rsch ied en en  
A u to re n , so auch von  u ns [1] u n te rsu c h t. M eist w urde d abei die W irk u n g  
in tra v e n ö s  v e rab re ich te r W irk s to ffe  u n te rsu c h t u n d  in  m anchen  F ä lle n  w ider
sp re c h e n d e  R esu lta te  g efu n d en . D as h a t  — wie bere its  e rw ä h n t — seinen 
G ru n d  w ahrschein lich  d a r in , d a ß  die A u to reg u la tio n  des L eb erk re is lau fs  au f 
Ä n d e ru n g e n  des sy s te m a tisc h e n  B lu td ru ck s  [4] n ich t b e rü c k s ic h tig t w urde. 
E in w a n d fre ie  R esu lta te  e rh ie lte n  w ir d u rch  d irek te  V erab re ich u n g  d e r  W irk 
s to ffe  in  die L eb era rterie , w obei d e r sy s tem atisch e  B lu td ru ck  n ic h t o d e r w enig 
b e e in f lu ß t  w urde. D abei e rg a b  sich, d aß  N o rad ren a lin  die L e b e ra r te r ie  e in 
d e u t ig  v e ren g t, w äh ren d  sow ohl A d ren a lin , wie A cety lcholin  die L e b e ra rte rie  
e rw e ite rn , die arterie lle  D u rc h b lu tu n g  erh ö h en , die R esistenz h e rab se tzen . 
D ie f ü r  die R egu la tion  g ru n d leg en d  w ichtige E rw eite ru n g  d er L e b e ra rte rie  
k a n n  d a h e r  sowohl von  A d ren a lin  wie auch  v o n  A cety lcholin  b e w irk t w erden .

U n sere  V ersuche zu r K lä ru n g  d er re flek to risch en  E rw e ite ru n g  d e r L eb e r
a r te r ie  be i P fo r ta d e rsh u n t h a b e n  ke in  e indeu tiges E rgebnis g e b ra c h t. W eder 
A tro p in ,  noch D ib en zy lam in  h a b e n  die reflek to risch e  G efäß erw eite ru n g  v e r
h in d e r t .  A uch der V ersuch , d u rc h  P ro ca in  etw aige  B aro rezep to ren  zu  läh m en , 
w e lch e  beim  Z u stan d ek o m m en  eines solchen R eflexes eine Rolle sp ie len  k ö n n 
te n ,  i s t  m iß lungen . A u f G ru n d  u n se re r V ersuche k ö nnen  w ir led ig lich  so viel 
m it  B e s tim m th e it au ssag en , d a ß  bei d ire k te r  A pp lika tion  e in  d eu tlich e r 
A n ta g o n ism u s  zw ischen A d ren a lin  u n d  N o rad ren a lin  b e s te h t;  A d ren a lin  
e rw e i te r t ,  N o rad rena lin  v e re n g t die L eb e ra rte rie . E s w äre d u rc h a u s  d en k b a r, 
d a ß  D ib en zy lam in  im  Z e itp u n k t des S h u n ts  die ad ren a lin em p fin d lich en  R ezep 
to r e n  in  der L eb era rte rie  n ic h t  zu läh m en  v e rm o ch te ; in  d iesem  F a ll :jvare 
A d re n a lin  fü r die E rw e ite ru n g  d e r L eb e ra rte rie  v e ra n tw o rtlic h . N ach  der 
j e t z t  g ü ltig en  A uffassung  w ird  die S ek re tion  v o n  A drenalin  u n d  N o rad ren a lin  
d u rc h  h y p o th a lam isch e  Z e n tre n  g e tre n n t re g u lie rt; diese Z e n tre n  w erden 
d u rc h  S enkung  des B lu td ru c k s  e rreg t, doch  is t  es u n b e k a n n t, w elche F a k to re n  
zu  A d ren a lin -, und w elche zu  N o rad ren a lin sek re tio n  führen .
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Von S c h e n k  u n d  M ita rb . [7] w ird  die M öglichkeit d isk u tie rt, d a ß  d ie  
E rh ö h u n g  d er a rte rie llen  D u rch b lu tu n g  bei P fo r ta d e rs h u n t die Folge des W eg- 
fallens d er p o rta le n  D u rch b lu tu n g  sein k ö n n te : E s bestü n d e  v ie lle ich t e in e  
A rt von  K o m p e titio n  zw ischen den  beiden  K re is la u ffa k to ren  um  d en  v e r fü g 
b a re n  G efäß rau m  in n e rh a lb  d er L eber. So e in le u c h te n d  dieser G edanke a u f  d en  
e rs ten  A ugenb lick  au ch  ersch e in t, erw eist e r sich  bei n äh erer P rü fu n g  als 
unw ah rsch e in lich . D er B lu td ru c k  in den  S in u so id en  b e trä g t nach  B a l f o u r  
u n d  M ita rb . [12] u m  4 — 5 m m  H g w eniger als d e r p o rta le  D ruck , a lso  e tw a  
2 — 5 m m  H g. D ie R esistenz  d er S inusoide, in  w e lch en  sich sowohl das a rte r ie lle  
wie das P fo r ta d e rb lu t m ischen , is t d ah er im  V e rh ä ltn is  zu r H öhe des a r te r ie lle n  
D ruckes v e rsch w in d en d  gering und  die geringe D ru ck sen k u n g  n ach  A u sfa ll 
des P fo r ta d e rb lu te s  k a n n  d ah e r den b e trä c h tlic h e n  A nstieg  der a r te r ie lle n  
D u rc h b lu tu n g  k a u m  erk lä ren .
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I t  h a s  been  d e m o n s tra te d  in  chronic c a t  a n d  r a t  ex p erim en ts t h a t  follow ing 
lesions to  th e  b asa l se p tu m , m ed ia l fo reb ra in  b u n d le , a n d  th e  v e n tra l a n d  m ed ia l a reas 
o f th e  g lobus pa llid u s ( th is  lesion  affects th e  in fe rio r th a la m ic  peduncle) b o th  th e  E E G  
a ro u sa l reac tio n s  a n d  th e  p rev io u sly  c o n d itio n ed  av o id a n ce  re flex  a re  u n d e rg o in g  
changes. S tim u la tio n  of th e  b a sa l sep tu m  en h an ces th e  h a b itu a tio n  of th e  E E G  a ro u sa l 
re ac tio n  re su ltin g  from  e n v iro n m en ta l s tim u li a s  w ell a s  from  s tim u la tio n  o f  th e  
m esencephalic  re tic u la r  fo rm a tio n . Some p ro p e rtie s  o f  th e  h a b itu a tio n  o f  th e  E E G  
aro u sa l reac tio n  a n d  th e  d ish a b itu a tio n  cau sed  b y  d iffe re n tia tin g  new  s tim u li  are 
d iscussed .

O n th e  basis o f  th e  n eu ro an a to m ica l c o n n ex io n s  i t  is surm ised th a t  th e  m eso- 
d ien cep h a lic  a c tiv a tin g  sy s tem  ac ts  c ircu itw ise; th ro u g h  i ts  connexions i t  ta k e s  p a r t  
in  th e  m ain ten a n ce  o f rh in en cep h a lic  and c o rtica l a c t iv a t io n , as well a s  in  evoking  
th e  a tte n tio n  reac tio n .

T h e  d is tu rb an c e  in  m eso-d iencephalic  a c t iv a t io n  p rev en ts  th e  deco d in g  o f th e  
in fo rm a tio n  c o n te n t o f  e n v iro n m en ta l s tim u li a n d  th ro u g h  th is  im pairs th e  o rg an iza tio n  
of se lf-p rese rv a tiv e  fu n c tio n s , w hich  is re flected  b y  th e  cessa tio n  of feeding a n d  av o id an ce  
c o n d itio n ed  re flex  a c tiv ity .

T he non-specific  d iffuse a c tiv a tio n  sy stem  o f  th e  b ra in  stem  p la y s  a le a d 
ing ro le in  th e  o rg an iza tio n  o f  th e  b eh av io u ra l re a c tio n  and  th e  E E G  a ro u sa l 
re a c tio n  to  e n v iro n m en ta l s tim u li (MoRuzzi a n d  Ma g o u n  [24], L i n d s l e y , 
B o w d e n  an d  Ma g o u n  [25]) .  T he m esencephalic  re t ic u la r  fo rm atio n , as w ell as 
th e  non-specific  th a la m ic  nucle i co n tr ib u te  to  th e  d ev e lopm en t o f  th e  s ta te s  
o f sleep ing  an d  w akefu lness, in  th e  orien ting  re a c tio n  an d  th e  o rg a n iz a tio n  of 
co n d itioned  reflex  a c tiv ity . T hese phenom ena are  m an ife s ta tio n s  o f th e  com plex  
in te ra c tio n  o f  b ra in  s tem , a n d  fo reb ra in  s tru c tu re s  an d  th e  n eo co rtex . (F o r 
d e ta iled  su rv ey s , see Mo r r e l l  [ 2 6 ,2 7 ] ,  R o it b a k  [3 8 ] ,  L ivan o v  [23],  A n o k h in  
[1], K r e i n d l e r  [19], G a s t a u t  [16].)

T he v iew  accord ing  to  w hich  th e  su b co rtica l s tru c tu re s  w ould re p re se n t 
a m osaic-like o rg an iza tio n  o f ce rta in  so m a tic , v iscera l or n eu ro en d o crin e  
processes is be ing  rep laced  b y  an  ex trem ely  d y n a m ic  concept, p lac in g  th e  
bio logical u n ity  of th e  e n v iro n m e n t and liv ing  o rg an ism s, in th e  fo re . In  s tu 
dies o f  th e  b eh av io u ra l p rocesses i t  has been  reco g n ized  th a t  e lec trical s t im u la 
tio n  o f  th e  m esencephalic  a n d  d iencephalic  a reas  fa c il i ta tin g  th e  c o n d itio n e d  re 
flex  re a c tio n  evokes th e  d o m in a n t cond itioned  re f le x  re a c tio n  in  a g iven  e n v iro n 
m en ta l s itu a tio n  ( E n d r ő c z i , L i s s á k , Y a n g  a n d  M e d g y e s i , 1958, 1959). The
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c o n d itio n e d  reflex  ev o k ed  b y  th e  s tim u la tio n  o f  subco rtica l s tru c tu re s  co rres
p o n d s  to  a fac ilita tin g  a c t iv i ty  ex e rted  on th e  fu n c tio n  of th e  n e o c o rte x , th a t  
in  i t s  fo rm  of ap p e a ra n ce  is s im ila r to  th e  d r iv in g  force p lay in g  a ro le  in  th e  
b e h a v io u ra l processes ta k in g  place u n d er n a tu r a l  conditions. A lth o u g h  b o th  
th e  m o tiv a tio n  an d  its  d r iv in g  force c o m p o n e n t rep resen t a fu n d a m e n ta l 
p ro b le m  of ex p e rim en ta l p sych o lo g y , a t  p re se n t w e have scarce in fo rm a tio n  as 
to  w h ic h  s tru c tu res  a re  in v o lv e d  in  these  p h e n o m e n a  and  w h a t co n n ex io n s  th e y  
h a v e  w ith  o th e r n eu ro p h y sio lo g ica l e v e n ts . I n  prev ious in v e s tig a tio n s  
w e h a v e  show n th a t  th e  sp o n tan eo u s  g o a l-d irec ted  in te rs ig n a l m o to r  a c tiv ity  
o b se rv e d  in  the  early  p h a se  o f  cond itioned  re f le x  a c tiv ity  m ig h t be  considered  
a so m a tic  m an ifes ta tio n  o f  m o tiv a tio n . As th e  co n d itioned  re flex  d ev e lo p s, th e  
sp o n ta n e o u s  in te rs ig n a l m o to r  a c tiv ity  d im in ish es  as th e  re su lt o f  th e  d iscri
m in a t iv e  in te rn a l in h ib itio n , w hich  can be fa c il i ta te d  ju s t  as w ell as i t  can  be 
in h ib i te d  b y  e lec trica l s t im u la tio n  of v a r io u s  po in ts  o f th e  d ien cep h a lo n  
( E n d r ő c z i  and L i s s a k  [10], L i s s á k , 1962). T h e  p resen t p a p e r d ea ls  w ith  the  
ro le  o f  th e  non-specific  m esencepha lic  an d  d iencepha lic  a c tiv a tin g  sy s te m  in 
th e  o rg an iza tio n  of th e  E E G  arousa l re a c tio n  a n d  avoidance c o n d itio n e d  re 
f le x  a c tiv ity , as well as th e  n e u ro a n a to m ic a l s tru c tu re s  serv ing  th e  ab o v e  p h e 
n o m e n a  and  se lf-p re se rv a tio n .

Methods

T h e  observations h a v e  b e en  m ad e  in  37 ca ts  a n d  40 a lb in o  ra ts . In  th e  c a ts  7 to  14 c o rtica l 
o r d e e p  e lectrodes w ere im p la n te d  in to  va rio u s a rea s  o f  th e  b ra in  u n d e r p e n to b a rb ita l  a n 
a e s th e s ia ,  using  a s te reo tax ic  a p p a ra tu s .  T he surg ical te c h n iq u e s  and  the  p e r ta in in g  d e ta ils  have  
b e e n  d esc rib ed  ( E n d r ő c z i  a n d  L i s s á k , 1962, L i s s á k  a n d  E n d r ő c z i , 1962, E n d r ő c z i , L i s s á k  
a n d  H a r t m a n , 1963). E le c tr ic a l  a c t iv i ty  w as re co rd e d  b y  m eans of an  8 -ch an n e l E E G  a p p a 
r a tu s .  D u rin g  th e  o b se rv a tio n  p e r io d  th e  an im als w ere k e p t  in  an  e lectrica lly  in s u la te d  so u n d 
p ro o f  ch am b er. For s t im u la tio n , a  sq u are  pulse g e n e ra to r  was used, m ak in g  i t  possib le  to  
c h a n g e  in d ep en d en tly  th e  fre q u e n c y , d u ra tio n  an d  in te n s i ty  o f th e  im pu lse . S u b c o rtic a l a reas 
w e re  les io n ed  by  an o d al e le c tro c o ag u la tio n  w ith  s te re o ta x ic  a p p a ra tu s , a t  3 m A  fo r 7 sec. 
T w o  b e lls  o f d ifferen t p itc h , b u t  o f  th e  sam e sound  in te n s i ty ,  as well as a n  im p u lse  g en era to r 
c o n n e c te d  w ith  an  am p lifie r a n d  a  loud sp eak er se rv ed  as th e  sources of a u d ito ry  s tim u li.

C onsidering th a t  fo llo w in g  lesion  to  su b co rtica l s tru c tu re s  m ost an im a ls  c ea sed  to  carry  
o u t  se lf-p reserv ing  a c tiv it ie s  (feed in g , w ashing, etc.), in  som e cases su rv iv a l d id  n o t  exceed 
5 to  7 d a y s  a fte r  o p eratio n . T h ese  a n im a ls  w ere su b je c ted  to  s tu d y  3 to  7 d ay s a f te r  th e  o p e ra tio n , 
a n d  th e  re su lts  were c o m p a red  w ith  those  o b ta in ed  in  an im a ls  w ith  im p la n te d  e le c tro d e s , b u t 
w i th o u t  e lectro co ag u latio n , e x p e rim e n te d  on a t  th e  sam e  tim e . This has m ad e  i t  possib le  to 
e lim in a te  th e  influence o f e v e n tu a l  p o st-an aesth es ic  e ffec ts  on  th e  ev a lu a tio n  o f th e  re su lts .

I n  r a ts  avoidance c o n d itio n e d  re flex  was se t u p , as d escribed  in  d e ta il e a r lie r  ( K o r á n y i , 
E n d r ő c z i  an d  L i s s á k , 1964). T h e  an im als  were k e p t  in  a  cage , th e  floor o f w h ich  w as a m eta l 
g r id  30 X 40 cm in  size. A s a n  u n c o n d itio n ed  s tim u lu s , a n  electric  shock  w as ad m in is te re d  
th r o u g h  th e  grid. T his s t im u lu s  w as  p a ired  w ith  th e  so u n d  stim u lus o f a  b e ll p re se n te d  for 
10 se c o n d s . W hen th e  a n im a l p e rfo rm e d  th e  co n d itio n ed  re flex  w ith  100 p e r  c e n t  precision  
a n d  th e  sh o rte s t la ten cy , th e  su b c o r tic a l a rea s were e lec tro co ag u la ted . T he c o n d itio n e d  reac tio n  
w as  th e  ju m p in g  up  on  to  a  b e n c h  10 cm  from  th e  f lo o r  o f  th e  cage. J u s t  as in  th e  case of 
c a ts ,  c e r ta in  d iencephalic  les io n s sh o rte n ed  su rv iv a l, b ecau se  of a loss of se lf-p re se rv in g  a c tiv i
t ie s .  T h e  d a ta  for e x p e rim e n ta l d a y s , su rv iv a l a n d  g e n e ra l beh av io u r a re  sh o w n  in  T ab le  I.

A t th e  end of th e  e x p e r im e n ts  th e  b ra in  o f  th e  a n im a ls  was p e rfused  w ith  40 p e r  cent 
fo rm a lin ,  th e n  th e  e le c tro c o ag u la te d  sites as well as e lec tro d e  p lacem en t w ere  ch ec k ed  h is to 
lo g ic a lly  ( G u z m a n  — F l o r e s  et al . ,  1958).
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Results

E E G  arousal reaction to sound and its hab itua tion  in  norm al cats

In  th e se  ex p erim en ts  sound  o f a bell o r a sou n d  stim ulus o f  700 cps 
w ere p re sen ted  for 5 or 10 seconds, a t  in te rv a ls  o f  2 to  3 m inutes. T h e  E E G  
an d  b eh av io u ra l a rousal re a c tio n  in response to  th e  f irs t sound s tim u lu s  was
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F ig . J . E E G  a ro u sa l re ac tio n  ev o k ed  by  th e  f irs t  rin g in g  o f a  be ll, in  a cat. R eco rd in g s fro m  
th e  fro n ta l ,  te m p o ra l an d  occ ip ita l c o rtex , th e  left an d  r ig h t  se p tu m , and  dorsal h ip p o ca m p u s . 
D esy n ch ro n iza tio n  in  neoco rtex  a n d  sep tu m , ap p ea ran ce  o f  th e ta  a c tiv ity  in h ip p o ca m p u s . 
In  b o th  n eo cortica l an d  se p ta l e lec trica l a c tiv ity , in itia l d esy n ch ro n iza tio n  is fo llow ed b y  h igh - 

a m p litu d e  slow  a c tiv ity , “ sensory  a f te r-d isch a rg e ”

ch a rac te rized  b y  a d esy n ch ro n iza tio n  in  th e  n e o c o rte x , sep tum  an d  re tic u la r  
fo rm a tio n , w hile in  th e  d o rsa l h ippocam pus m a rk e d  5 c/sec th e ta  a c t iv i ty  w as 
observ ab le . A fte r  h av in g  p re sen ted  th e  so u n d  s tim u lu s  6 to  8 t im e s , h ig h  
a m p litu d e  4 to  6 c/sec w aves appeared  f irs t in  th e  sep ta l, th en  in  th e  n eo 
co rtica l e lec trical a c tiv ity . T hese w ere co n sid e red  sensory  a fte r-d isch arg es . 
T he ap p e a ra n ce  o f th e  s I o a v  a c tiv ity  resu lted  a t  th e  sam e tim e  in  a d im in u tio n



%• C hanges in e lectrical a c tiv ity  in th e  course of h a b itu a tio n . R ecordings from  th e  fro n ta l and  tem p o ra l co rtex , tw o b ip o la r leads from  
th e  r ig h t and  left sep tu m . A :  E E G  arousal re ac tio n  in  response to  th e  f irs t  p re sen ta tio n  of th e  sound  stim u lu s. B :  h ig h -am p litu d e  4 c/sec slow 
w aves a p p ea r in  th e  sep tu m  du rin g  in it ia l  h a b itu a tio n . C: follow ing th e  p re sen ta tio n  of th e  d iffe ren tia l sound stim u lu s, th e  o rig inal bell 
sound  again  evokes th e  E E G  arousal reac tio n . D: period  of com plete  h a b itu a tio n  a f te r  th e  8 0 th  p re sen ta tio n  of th e  sound  s tim u lu s; 

tem p o ra ry  increase o f th e  h ig h -am p litu d e  slow a c tiv ity  of sep tu m  and  tem p o ra l co rtex
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o f h ip p o cam p a l th e ta  a c tiv ity . In  m o st an im als, a f te r  th e  2 0 th  to  3 0 th  p re se n 
ta t io n  o f  th e  sound  s tim u lu s , th e  in te rs ig n a l re s tin g  e lec trical a c t iv i ty  was 
c h a ra c te riz e d  b y  a p a tte rn  o f  h ig h -a m p litu d e , 6  to  8 c/sec sp ind le  fo rm a tio n .

H a b itu a tio n  was re la tiv e  in  c h a ra c te r , considering  th a t  th e  p re s e n ta t io n  
o f  som e new , form erly  n o t p re se n te d  d iffe ren tia l sound  stim u lu s e v o k in g  E E G  
a ro u sa l caused  d ish a b itu a tio n  o f  th e  prev ious basic  sound  stim u lu s. T h e  d u ra tio n  
o f  th e  d ish a b itu a tio n  e lic ited  w ith  th e  sam e d iffe ren tia l sound  s tim u lu s  becam e  
g ra d u a lly  sh o rte r, b u t a new  d iffe ren tia l sound  s tim u lu s  again  cau se d  d ish ab i- 
tu a t io n  o f  th e  te s t  sound s tim u lu s . In  th e  ex p e rim en ts  no com plete  h a b i tu a t io n  
could  be a tta in e d  by  p re se n tin g  350 sound  s tim u li over a p e rio d  o f  4 d ay s . 
D ish a b itu a tio n  was o bservab le  in  t h a t  period , to o , in  th e  an im als in te r e s t  was 
a ro u sed  b y  som e u n u su a l sou n d  o f a fo rm erly  n o t app lied  p itch . H o w e v e r , in 
th is  la te  p h ase  o f h a b itu a tio n  s tim u li w ith  a closely  sim ilar p itch  a n d  in te n s i ty  
no lo n g er p roduced  d ish a b itu a tio n , a n d  even th e  effect by  w hich  th e y  ev o k ed  
th e  E E G  a ro u sa l reac tio n  w as m ere ly  te m p o ra ry  a n d  sho rt-lived  (F ig . 1, F ig . 2).

The effect o f  short sou n d  s tim u li ( clicks) on the E E G  arousal reaction

In  response to  th e  p re se n ta tio n  o f clicks a t  2-second in te rv a ls  a f te r  an  
in it ia l  E E G  arousal and  b e h a v io u ra l reac tio n  th e  an im als show ed re s t in g  E E G  
a c tiv ity . T he e lectrical re sponse  to  th e  click could  clearly  be re c o rd e d  fro m  th e  
n eo co rtex , sep tu m , an d  th e  a rea  o f  th e  re tic u la r  fo rm atio n . T he a m p li tu d e  o f  
th e  responses to  clicks p re sen ted  a t  2-second in te rv a ls  over a p e rio d  o f  3 h o u rs  
ch an g ed  m erely  tem p o ra rily , b u t  no  h a b itu a tio n  developed . C o n sid e rin g  th a t  
th e  re s tin g  E E G  a c tiv ity  w'as ch a ra c te riz e d  b y  irre g u la r  w aves o f h ig h  a m p litu d e  
a n d  b y  6 to  8 c/sec sp indle  fo rm a tio n , th e  response  to  th e  click  w as d iff ic u lt 
to  observe . D uring  the  in itia l 15 to  20 seconds o f  th e  E E G  a ro u sa l re a c tio n  to  
th e  rin g in g  o f th e  bell, a t  a tim e  a m ark ed  d esy n ch ro n iza tio n  w as p re s e n t , th e
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Fig.  3. In c re m en t o f th e  e lec trica l re sp o n se  to  clicks p re sen te d  a t  2-second in te rv a ls  d u rin g  
a n d  a f te r  th e  a tte n tio n  re ac tio n  ev o k ed  by  sound . F ro n ta l  an d  tem p o ra l c o r tic a l,  b ila te ra l  
b a sa l se p ta l , b ip o la r posterio r h y p o th a la m ic , a n d  re tic u la r  fo rm atio n  leads. B ro k e n  sig n a l in 
c e n te r  in d ic a te s  p re sen ta tio n  of clicks. I n  th e  in itia l phase  o f  th e  a tte n tio n  re a c tio n  th e  e le c tr i

cal response to  clicks is h a rd ly  visible, la te r  i t  increases g ra d u a lly
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e le c tr ic a l response to  c lick  w as absent, b u t  l a t e r  i t  m an ifested  i ts e lf  w ith  
a  m o re  m arked  a m p litu d e  20  to  25 seconds a f te r  th e  p re se n ta tio n  o f th e  sound  
s tim u lu s  evoking th e  a t t e n t io n  reaction . T h is p h en o m en o n  was also observed  
o n  th e  p resen ta tio n  o f  o th e r  env iro n m en ta l s tim u li evoking th e  a t te n tio n  
re a c tio n . In  our 4 e x p e r im e n ta l  anim als th e  a m p litu d e  o f th e  response to  clicks 
v a r ie d  in  size, w ith  th e  m a x im u m  ranging  fro m  120 to  150 f V .  As fa r  as th e  
sin g le  areas of th e  b r a in  a re  concerned, th e  m o s t m ark ed  responses were 
re c o rd e d  from  th e  s e p tu m , m esencephalic re t ic u la r  fo rm atio n  an d  n eo co rtex , 
w h ile  n o  change in  a c t iv i ty  w as  recorded fro m  th e  p o ste rio r an d  m ed ia l h y p o 
th a la m ic  areas (Fig. 3).

T he effect o f the electrical stim ula tion  o f  sep tu m  and  mesencephalic reticular 
fo rm a tio n  on the h a b itu a tio n  o f the sound-evoked E E G  arousal reaction

F ro m  the  p o in t o f  v ie w  of electrode p la c e m e n t, th e  responses to  th e  
e le c tr ic a l s tim u la tio n  o f  th e  s e p tu m  m ay be d iv id e d  in to  tw o groups. B y  s tim u 
la t in g  th e  ro stra l an d  d o rs a l sep ta l area ab o v e  th e  a n te r io r  com m issure m a in 
ly  th e  fib res of th e  d e sc e n d in g  fornix w ere a ffe c ted . In  th e  b asa l se p tu m , u n 
d e r  th e  an te rio r c o m m issu re , th e  an terio r sp ace  p e rfo ra te d  an d  B ro c a ’s d ia 
g o n a l b u n d le  was s t im u la te d .

T h e  stim u la tio n  o f  th e  b a sa l septum  a t  3 to  12 c/sec, 0.2  to  3.0 V  an d  0.1 
to  1 .0  m sec evoked f i r s t  a n  o rie n tin g  reac tio n  acco m p an ied  b y  an  E E G  arousal 
re a c tio n . I f  s tim u la tio n  w as  c o n tin u ed  for 20 to  60 seconds, th e  desynchron ized  
c e re b ra l cortical a c t iv i ty  w as  rep laced  by  th e  a p p e a ra n c e  of 4 to  6 c/sec slow 
w a v e s . I f  in  a naive a n im a l th e  basal sep tu m  w as s tim u la te d  e lec trica lly  and  
a t  th e  sam e tim e a so u n d  o f  a b e ll was p resen ted , a f te r  th e  E E G  arousa l reac tio n  
to  th e  f ir s t  sound s tim u li r a p id  h a b itu a tio n  d ev e lo p ed . C ortical a c t iv i ty  was 
c h a ra c te r iz e d  b y  slow w a v e s  and  spindle fo rm a tio n . In  th is  perio d  sound 
s tim u li  sim ilar in  in te n s i ty  b u t  d ifferent in  p i tc h  p ro d u ced  a com plete  E E G  
a ro u s a l reaction .

S tim u la tio n  o f th e  r e t ic u la r  fo rm ation  a t  2 .0  V , 25 to  100 c/sec, 0.1 to
1.0 m sec , produced a m a rk e d  E E G  arousal re a c tio n , w hich  was n o t h a b itu a te d  
a f te r  15 to  25 p re se n ta tio n s . I n  th e  period fo llow ing  th e  E E G  arousal reac tio n  
e v o k e d  b y  th e  s tim u la tio n  o f  th e  re ticu la r fo rm a tio n , d ish a b itu a tio n  o f  th e  
fo rm e r ly  h a b itu a te d  so u n d  s tim u lu s  occurred , as o bserved  p rev iously  in  con
n e x io n  w ith  the  d is h a b i tu a t in g  effect of th e  d iffe re n tia l sound stim u lu s.

S tim u la tio n  of th e  s e p tu m  for 2 m in u tes  w ith  25 c/sec, 2.0  У , 0.1 msec, 
fo llow ed  w ith in  5 to  10 seco n d s  by  electrical s t im u la tio n  of th e  re tic u la r  fo r
m a tio n  fo r 15 seconds w ith  2 .0  V , 100 c/sec, 0.1 m sec , enhanced  th e  h a b itu a tio n  
o f  th e  E E G  arousal re a c t io n  evoked  from  th e  b ra in  stem . A fter 6 to  8 p re 
s e n ta t io n s  of the  tw o  c o n secu tiv e  electrical s tim u la tio n s  th e  E E G  arousal 
re a c t io n  elicited b y  th e  r e t ic u la r  form ation  ceased  to  ap p ea r. U nder such  cond i
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tio n s  th e  an im al was ly ing  re lax ed  an d  show ed no b e h av io u ra l a rousa l re a c tio n . 
H a b itu a tio n  of th e  E E G  a ro u sa l reac tio n  on s tim u la tio n  o f  th e  re tic u la r  fo rm a 
tio n  w as re la tiv e  in c h a ra c te r ;  an  increase in in te n s i ty  to  2.5 V, or a ch an g e  in 
freq u en cy  from  100 to  25 c/sec evoked  th e  E E G  a ro u sa l reac tio n . D ish a b itu a -  
tio n  re su lted  w hen an  a t te n tio n  reac tio n  w as evoked  w ith  som e e n v iro n m e n ta l 
s tim u lu s . S u b seq u en tly , th e  p rev io u sly  h a b itu a te d  s tim u la tio n  o f th e  re tic u la r  
fo rm a tio n  becam e te m p o ra r ily  effec tive, d u ring  1 to  3 s tim u la tio n s .
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Fig. 4. C hanges in  the  e lectrica l a c t iv ity  o f f ro n ta l an d  tem p o ra l co rtex  d u rin g  s tim u la tio n  
of b a sa l sep tu m . A : E E G  re ac tio n  to  a n o n -h a b itu a te d  bell. B : h ig h -am p litu d e  slow  a c tiv ity  
in  resp o n se  to  s tim u la tio n  (12 c/sec) o f b asa l sep ta l area. C: A fte r  th re e  con secu tiv e  assoc ia tio n s 
o f th e  n o n -h a b itu a te d  sound  stim u lu s  a n d  e lectrical s t im u la tio n  of th e  b asa l se p tu m , p re se n 
ta tio n  of th e  sound  by  its e lf  causes m ere ly  an  in itia l d e sy n ch ro n iza tio n . T he s tim u li w ere

p re sen te d  be tw een  th e  tw o arrow s

A t low an d  high frequenc ies a like, s tim u la tio n  o f  th e  ro s tra l an d  d o rsa l sep 
tu m  in d u ced  E E G  d esy n ch ro n iza tio n . S tim u la tio n  w ith  low  freq u en cy  a n d  d iffe
re n t  in ten s itie s  co n tin u ed  fo r m in u te s  evoked no h ig h -a m p litu d e  slow a c tiv i ty  in  
th e  n eo co rtex  and  did  n o t in flu en ce  th e  h a b itu a tio n  o f  e n v iro n m e n ta l s tim u li.

L ik e  in  th e  case o f  th e  b a sa l sep tu m , s tim u la tio n  o f th e  p re o p tic  reg ion  
an d  m ed ia l fo rebra in  b u n d le  evoked  E E G  sy n ch ro n iza tio n . T he m ed ia l fo re 
b ra in  b u n d le  w as s tim u la te d  b ila te ra lly  and  b ip o la r ly  a t  th e  level o f  th e  o p tic  
ch iasm a , in  th e  zona incerta  (F ig . 4).
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T he E E G  and behavioural arousal reactions fo llo w in g  destruction o f  the basal 
sep tum , medial fo reb ra in  bundle, and the in ferior thalam ic peduncle

A fte r  extensive d e s tru c tio n  of th e  b a sa l se p tu m  below  a n te r io r  com m is
su re , n eoco rtica l a c t iv i ty  w as  cha rac terized  b y  h ig h -am p litu d e  slow  w aves, 
o f te n  accom pan ied  b y  6 to  8  c/sec spindle a c tiv ity . T he an im als w ere som no len t,
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.Fig. 5 . A bsence of E E G  a ro u sa l re a c tio n  to  sound  or to  th e  p a in fu l s tim u la tio n  of th e  h ind  
lim b  a f te r  lesioning th e  b asa l s e p tu m  (u p p er, A),  an d  th e  in fe rio r th a la m ic  ped u n cle  (below , B), 
re sp e c tiv e ly . In  th e  case o f A  r in g in g  of a  bell, in  th e  case  o f B , p a in fu l s tim u la tio n  w as applied . 

P re sen ta tio n  of s t im u li  o ccu rred  in  th e  p e rio d  b e tw een  th e  tw o  arrow s.

b u t  th e i r  locom otor a c t iv it ie s  were co o rd in a ted . T h ey  d id  n o t feed , n o r did 
th e y  re sp o n d  to  e n v iro n m e n ta l s tim uli (v isu a l, a u d ito ry , ta c tile ) , an d  the  
b e h a v io u ra l and E E G  a ro u s a l reac tions w ere a b se n t. N o E E G  a ro u sa l reac tio n  
r e s u lte d  from  painfu l e le c tr ic a l s tim u la tio n  o f  th e  h ind  lim b . A lth o u g h  th e  
a n im a ls  responded  to  p a in  b y  pulling  aw ay  th e  lim b  an d  a lte r in g  p o stu re , 
th e y  d id  n o t escape a n d  th e r e  was no n eo co rtica l a ro u sa l reac tio n . E lec trica l 
s t im u la tio n  of th e  m esen cep h a lic  re ticu la r fo rm a tio n  a t  2.0 to  4.0 Y, 100 c/sec,
1.0 m sec , fo r 15 to  30 sec ev o k ed  no E E G  a ro u sa l reac tio n , a lth o u g h  d u rin g
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s tim u la tio n  th e  an im als show ed so m a to m o to r re a c tio n , tu rn in g  th e ir  h e a d  and  
tru n k .

D u rin g  th e  3 to  5 day s follow ing d e s tru c tio n  o f th e  m ed ia l fo re b ra in  
b u n d le  th e  an im als w ere so m n o len t; th e ir  b e h a v io u r  was in  some cases th e  sam e 
as t h a t  seen a fte r  lesion to  th e  m esencephalic  re tic u la r  fo rm atio n . N o d e sy n c h ro 
n iz a tio n  in  co rtica l a c tiv ity  re su lted  e ith e r  on en v iro n m en ta l s tim u li, o r on 
s tim u la tio n  o f th e  re tic u la r  fo rm atio n . T he basic  a c t iv i ty  w as c h a ra c te r iz e d  by  
irre g u la r  slow  w aves, w ith  single spikes a p p e a rin g  a t  in te rv a ls . S tim u la tio n  of

/ /f?/T  ̂ ocro ^

A
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Fig. 6. N eo co rtica l e lectrica l a c tiv ity  follow ing lesion  to  m edia l fo reb ra in  b u n d le  ( A )  an d  
th a la m ic  in tra la m in a r  nuclei (B ) .  In  th e  period  in d ic a te d  b y  th e  tw o arrow s th e  h in d  lim b  was

p a in fu lly  s tim u la te d

th e  re tic u la r  fo rm a tio n  re su lted  in  a tu rn in g  o f  h ead  an d  tru n k , b u t  n e ith e r  so 
m a to m o to r  h y p e ra c tiv ity , n o r b eh av io u ra l a ro u sa l reac tio n  could be  o b se rv ed
(F ig . 5, F ig . 6 ).

T he lesion to  th e  in fe rio r th a lam ic  p ed u n c le  affected  also th e  v e n tra l  
an d  m ed ia l p a r ts  o f th e  globus pallidus. T he an im als  con tinued  to  be  so m n o 
le n t for 2 to  3 day s a f te r  th e  o p era tio n , sp o n tan eo u s  locom otor a c t iv i ty  w as 
a b se n t. T he an im als d id  n o t resp o n d  w ith  E E G  an d  b eh av io u ra l a ro u sa l 
re a c tio n  e ith e r  to  p a in  or to  a u d ito ry  s tim u la tio n . In  3 o f th e  7 an im als  te s te d , 
m ark ed  c a ta to n ic  ty p e  o f  locom otor h y p e ra c tiv ity  o f  variab le  in te n s i ty  d ev e l
o ped  on  th e  3rd  d a y  a fte r  o p era tio n . These an im als  w ere w alk ing  a ro u n d  in  th e  
cage c o n tin u a lly  for d ay s, d id  no t t r y  to  avo id  o b stac les , b u t a p p a re n tly  w a n te d
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to  p a s s  th ro u g h  th em . T h e y  p a id  no a tte n tio n  to  th e ir  en v iro n m en t a n d  show ed 
no  fe e d in g  an d  se lf-p reserv ing  reac tions. U n like  in  th e  som nolen t ones, in  th e se  
a n im a ls  c o n s ta n t d esy n ch ro n ized  E E G  a c tiv i ty  co u ld  be observed , re p la c e d  a t  
in te r v a ls  b y  irregu la r slow  w av es. A lthough  in  th e s e  anim als th e  lesions w ere 
p ro b a b ly  d ifferen t from  th o se  in  th e  o th e r fo u r, h is to lo g y  revealed  no in fo rm a 
t io n  t h a t  could  have e x p la in e d  th e  d ifferences. I n  a ll o f th e  an im als th e  sub len - 
t i c u la r  a re a , th e  v e n tro -m e d ia l p a r t  o f th e  g lob u s p a llid u s and  th e  in fe rio r t h a 
la m ic  p ed u n c le  were lesioned  (F ig . 7, F ig. 8 ).

Fig.  7. S ch em a tic  re p re se n ta tio n  o f  th e  b ila te ra l lesions p ro d u c e d in  d ifferen t p a r ts  o f th e  d ien ce
p h a lo n . 1. b a sa l sep tu m ; 2. m ed ia l fo reb ra in  b u n d le ; 3. in fe r io r  th alam ic  p ed u n cle ; 4. in t r a la 
m in a r  th a la m ic  nuclei. A b b re v ia tio n s : A D : an te ro d o rsa l th a la m u s ;  AM: an te ro -m e d ia l th a la 
m u s; A V : a n te ro -v en tra l th a la m ic  n u c le i; B D B : B ro ca ’s d iag o n a l bu n d le; CA: a n te r io r  co m m is
su re ; C I: c ap su la  in te rn a ; F : fo rn ix ;  CM: cen tro m ed ian  g ro u p  of th a lam ic  n u cle i; DM : dorso- 
m e d ia l g ro u p  of th a lam ic  n u c le i; H :  F o re l’s field ; M F B : m e d ia l fo reb ra in  b u n d le ; N C : c a u d a te  
n u c le u s ;  P a :  p a rav e n tr ic u la r  a re a ;  R P O : preop tic  re g io n ; S: sep tu m , SN : su b s ta n tia  n ig ra ; 
V A : v e n t r a l  a n te rio r g roup  of th a la m ic  nuclei; VM: v e n tr a l  m edia l group  of th a la m ic  n u c le i;

Z I: zona in c e r ta

N o  change could  be d e m o n s tra te d  in  th e  E E G  and  b eh av io u ra l a ro u sa l 
r e a c t io n  evoked  by  so u n d  3 to  7 days fo llow ing lesion to  th e  ca u d a te  nuc leu s, 
d o rsa l o r  la te ra l globus p a llid u s , and  p a r tia l d e s tru c tio n  of th e  in te rn a l cap su le . 
T h e  a n im a ls  began  feed ing  tw o  day s a fte r o p e ra tio n , some d isp lay ed  a te m p o 
r a r y  lo c o m o to r h y p e ra c tiv i ty . L ikew ise, no c h a n g e  in  th e  E E G  an d  b e h a v io u ra l 
a ro u s a l  reac tio n  resu lted  fro m  lesioning th e  su p raco m m issu ra l ro s tra l se p tu m . 
T h ese  ex ten s iv e  lesions d e s tro y e d  b ila te ra lly  th e  descending  fo rn ix  a n d  th e  
su b c a llo sa l area. The s ite  o f  th e  lesions an d  th e i r  lo ca tio n s are show n in  F ig . 7.
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Follow ing lesion to  th e  b asa l sep tu m  3 an im als began  to  show  slow 
im p ro v em en t o f th e  E E G  arousa l reac tio n  from  th e  4 th  p o s to p e ra tiv e  day  
onw ard . A t f irs t, d e sy n ch ro n iza tio n  o f n eo co rtica l a c tiv ity  o c c u rre d  d u rin g  
one o r tw o p re sen ta tio n s  o f  th e  a u d ito ry  s tim u lu s. N ex t d ay , b o th  th e  d u ra tio n  
a n d  freq u en cy  o f ap p ea ran ce  o f d esy n ch ro n iza tio n  increased . O n th e  7 th  day  
th e  a u d ito ry  stim u lu s ev o k ed  a m ark ed  o rien tin g  reac tio n , m a n ife s te d  in  an 
E E G  arousa l reac tio n  la s tin g  20 to  60 sec. H isto lo g y  show ed t h a t  in  these  
an im als  th e  m edial su b ca llo sa l a rea  below  th e  a n te r io r  com m issure w as in ta c t,  
e lec tro co ag u la tio n  h ad  a ffec ted  th e  area  o f th e  a n te r io r  p e rfo ra te d  sp ace  only. 
In  th e se  cases sp o n tan eo u s locom oto r a c tiv ity  a n d  feeding, to o , w ere  re s to red  
w hen  th e  E E G  arousa l re a c tio n  h a d  ap p eared .

Fig. 8. D iag ram m atic  re p re se n ta tio n  of th e  m eso-d iencephalic  c ircu it an d  its  rh in e n c e p h a lic 
connex ions w ith  th e  nonspecific  a c tiv a tin g  sy s tem . Solid line: a c tiv a tin g , b ro k e n  lin e : in h ib i

to ry  connexions

E ffec t o f  the destruction o f  basal septal area, m edial forebrain  bundle a n d  thalam o- 
septal connexions on the avoidance conditioned reflex activity in  the rat

B ila te ra l d e s tru c tio n  o f th e  ro s tra l se p tu m , ca u d a te  n u c leu s, v e n tra l  
p o s te rio r  th a la m u s  an d  nucle i o f th e  am y g d a la  h ad  no influence on  th e  p re 
v io u sly  estab lished  av o idance  co nd itioned  re flex  a c tiv ity ;  th e  an im als  c o n tin u e d  
to  pe rfo rm  th e  reflex  on th e  second p o s to p e ra tiv e  d a y  a lread y . T h e  p e r io d  of 
la te n c y  was som ew hat in creased  follow ing lesions to  th e  ro s tra l s e p tu m , b u t  
th e  perio d  norm alized  in  a d a y  or tw o . Follow ing d estru c tio n  o f  th e  b asa l 
se p tu m , m edial fo rebra in  b u n d le  an d  th e  v e n tra l  an d  m edial p a r ts  o f  th e  globus 
pa llid u s, avo idance  re flex  a c tiv ity  ceased in  ev e ry  an im al. T he a n im a ls  d id  
n o t perfo rm  th e  earlie r e s tab lish ed  re flex  in  response  to  e ith e r  th e  co n d itio n ed  
s tim u lu s  or th e  u n co n d itio n ed  pa in fu l s tim u lu s. P a in  sense re m a in e d  un-
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c h a n g e d , considering t h a t  th e  an im als were e scap in g  b y  non-goal-d irec ted  leaps 
w h e n  e lec tric  shock w as a d m in is te re d .

F o o d  up tak e  ceased  a f te r  the  lesions h a d  b e e n  in flic ted . As a re su lt, 
p o s to p e ra tiv e  su rv ival w as  s h o r t .  M arked so m n o len ce  and  ca ta to n ic  p o s tu ra l 
re a c tio n s  could only be o b s e rv e d  following lesion to  th e  m edial fo reb ra in  b u n d le . 
O th e r  lesions caused no  d is tu rb a n c e s  of lo co m o to r coo rd ina tion .

Discussion

Some neuroana tom ica l aspects o f  the observations

T h e  v en tra l p a r t  o f  th e  cen tra l te g m e n ta l g ra y  m a tte r  an d  th e  T sa i’s 
v e n t r a l  teg m en ta l a rea  se n d  d ire c t efferent f ib re s  to  th e  fo reb ra in  s tru c tu re s , 
p a r t ly  th ro u g h  the  m ed ia l fo re b ra in  bundle , p a r t ly  th ro u g h  th e  bu n d le  o f th e  
in fe r io r  tha lam ic  p ed u n c le . T h is  efferent sy s tem  c o n s titu te s  p a r t  o f  th e  d ien 
c e p h a lic  projection  o f th e  m esencephalic  non -specific  diffuse a c tiv a tin g  sy stem , 
c o n s id e rin g  th a t  th e  in t r a la m in a r  thalam ic n u c le i s im ila rly  send e fferen ts to  
th e  b a s a l  forebrain  s t r u c tu r e s  (N a u t a , 1958, V a l e n s t e in  an d  N a u t a , 1959, 
T r e m b l e y  andSuT iN , 1962 , G u il l e r y , 1959, Cr a g g , 1961). Follow ing rem oval 
o f  th e  neocortex , th e  d e g e n e ra tio n  of th e  n o n -sp ec ific  th a lam ic  nucle i is n o t 
c o m p le te . For th is , d iv is io n  o f  th e  v en tra l an d  a n te r io r  b ranches o f th e  in te rn a l 
c a p su le  is needed. T hese  co n n ex io n s, ru n n in g  v e n tra l ly  and  ro s tra lly , do n o t 
r e p re s e n t  cortical p ro je c tio n s ;  th ey  estab lish  connex ions f irs t o f  all w ith  
th e  v a rio u s  fo reb ra in  s t ru c tu re s  and w ith  th e  b a sa l d iencephalic  nuclei 
(O l s z e w s k i , 1954). T h e  r e s u l ts  o f experim en ts o n  f ib re -d eg en era tio n  in d ica te  
t h a t  th e  non-specific g ro u p s  o f  tha lam ic  nuclei c o n s ti tu te  th e  origin o f a d irec t 
s u b c o r tic a l p ro jection  w h ic h  en d s p a rtly  in  th e  s tr io -p a llid a l sy stem  an d  p a r t ly  
in  th e  d ifferen t h y p o th a la m ic  nuclei. The fib res o f  th e  in ferio r th a lam ic  peduncle  
in  th e  sub len ticu lar a re a  s e n d  p ro jections p a r t ly  to  th e  m edial fo reb ra in  bund le  
w h ic h  ta k e s  its  origin in  th e  b a sa l sep tum , a n d  p a r t ly  to  d iffe ren t areas o f th e  
rh in e n c e p h a lo n  (P a p e z , 1 9 5 8 , G loor, 1960).

T h e  an terior p e r fo ra te d  space below th e  a n te r io r  com m issure receives 
a m p le  a ffe ren ta tion  p a r t ly  fro m  the  rh in en cep h a lo n  th ro u g h  th e  descending  
fo rn ix  an d  stria  te rm in á lis , a n d  p a rtly  from  th e  o lfac to ry  and  o rb ito -fro n ta l 
c o r te x . T he role of th e  s e p ta l  nuclei in the  g e n e ra tio n  o f th e  synch ro n ized  th e ta  
a c t iv i ty  of the a rc h ic o rtex  h a s  been show n r e c e n tly  (P etsch e  an d  St u m p f f , 
1960 , 1961). The m ed ia l fo re b ra in  bundle o r ig in a te s  in th e  b asa l se p ta l a rea , 
ru n s  th ro u g h  the a rea  o f  th e  su b stan tia  in n o m in a ta  of th e  la te ra l h y p o th a 
la m ic  area  and e s ta b lis h e s  d irect s e p to - te g m e n ta l connexions (N a u t a , 
1956). T he same fib re  s y s te m  supplies am p le  a ffe ren t connex ions to  th e  
m e d ia l hy p o th a lam ic  n u c le i from  th e  te g m e n tu m . T h e  diffuse la te ra l  h y p o 
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th a la m ic  nuclei em b ed d ed  in  th e  m edial fo reb ra in  b u n d le  m ay  be  considered 
to  be th e  em bedded  g ro u p  o f nuclei o f th is  f ib re  sy s tem  (Nauta , 1956, Pa- 
p e z , 1958).

In  th e  p resen t in v e s tig a tio n s  e lec tro co ag u la tio n s w ere p e rfo rm ed  in th ree  
a reas  h av in g  am ple n e u ro a n a to m ic a l connexions w ith  one a n o th e r . T h e  lesions 
in h ib ite d  th e  E E G  an d  b e h a v io u ra l a rousal re a c tio n  an d  th e  self-preserv ing  
a c tiv itie s  of th e  an im als. T h e  do rsa l connexion o rig in a tes  in  th e  teg m en tu m  
an d  th e  non-specific th a la m ic  nuclei an d  ru n s to  th e  b a sa l fo reb ra in  s tru c tu re s  
(in ferio r th a lam ic  ped u n c le ), th e  second is th e  m ed ia l fo reb ra in  b u n d le  runn ing  
v e n tra lly  and  la te ra lly . T h e  th ird  po in t o f  d e s tru c tio n , th a t  p ro v ed  to  be 
e ffec tive, affected  th e  a re a  in  th e  basa l se p tu m , w hich  co rresp o n d s to  the  
ro s tra lm o s t p o in t o f closure o f  th e  fo rm erly  m en tio n ed  fib re  n e tw o rk s . This 
m esod iencephalic  sy s tem  is c ircu it-like , and  on th e  basis  o f  its  fu n c tio n a l p ro 
p e rtie s , in  th e  f irs t p lace , m a y  be o u tlined  as follow s: te g m e n tu m  -*■ non-specific  
th a la m ic  nuclei —»• su b th a la m ic  connexions ->  m ed ia l fo reb ra in  b u n d le  —> te g 
m e n tu m . W hile th e  b a sa l se p tu m  is th e  m o st ro s tra l  p o in t o f th is  c ircu it, 
m a n y  po ste rio r closures o f  th is  circu it m u st arise a t  th e  su b th a la m ic  and  
p o s te rio r  h y p o th a lam ic  levels . I t  should also be ta k e n  in to  co nsidera tion  
th a t  b o th  the  v e n tra l a n d  th e  do rsa l te g m en ta l-fo reb ra in  p ro jec tio n s  ensure 
rec ip ro cal connexions, th u s , th e  ac tiv a tio n  c a n n o t be considered  un id irec tional-

The E E G  arousal reaction fo llow ing  lesion to the m esodiencephalic activating
system

O n severing th e  su b th a la m ic -se p ta l connex ions, an d  lesion ing  th e  basal 
se p tu m  or th e  m ed ia l fo re b ra in  b u n d le , th e  b eh av io u ra l an d  e lec trophysio log ica l 
a ro u sa l reac tio n s cease. A lth o u g h  m ost o f th e  an im als  show ed no serious im p a ir
m e n t o f  w akefu lness, th e y  w ere som nolen t an d  n e u tra l  to  en v iro n m en ta l 
s tim u li. T hey  s to p p ed  feed in g  an d  th e  absence o f  se lf-p reserv ing  re a c tio n s  led 
to  d e a th . Cats reco v erin g  slow ly  a fte r  th e  d iencepha lic  lesions, as fa r  as th e  
b eh av io u ra l reac tio n s to  e n v iro n m e n ta l s tim u li an d  th e  reac tio n s  o f  self-pre
se rv a tio n  are concerned , show ed  a g rad u a l re tu rn  o f th e  E E G  a ro u sa l reac tion . 
T h e  cessa tion  o f th e  E E G  a ro u sa l reac tion  fo llow ing lesion to  th e  ro stra l 
d iencephalic  s tru c tu re s  in d ic a te s  th a t  th e  a c t iv i ty  o f  th e  non -specific  diffuse 
a c tiv a tin g  system  o f th e  b ra in  stem  described  b y  M a g o ü n  a n d  M o r u z z i  

req u ires  th e  a c tiv a tio n  o f  th e  d iencephalic an d  b a sa l fo reb ra in  s tru c tu re s . 
T h is a c tiv a tio n  ta k e s  p a r t  n o t on ly  in  th e  d ev e lo p m en t o f  th e  E E G  d esy n ch ro n i
za tio n  evoked  b y  th e  s tim u lu s , b u t  also in th e  m a in te n a n c e  o f  th e  electro- 
physio logical m an ife s ta tio n s  o f  th e  a tte n tiv e  re a c tio n  e lic ited  b y  th e  en v iro n 
m e n ta l signal. T he am ple  connex ions o f th e  m eso -d iencephalic  sy s te m  w ith 
th e  rh in en cep h a lo n  im p ly  t h a t  th e  la t te r  s tru c tu re  m ig h t ta k e  p a r t  in  th e  
m a in ten an ce  o f th e  o r ie n ta tio n  and  E E G  a ro u sa l re a c tio n s . D e s tru c tio n  of
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th e  r o s t r a l  sep tum , w h ich  in te r r u p ts  b o th  th e  fo rn ica l a n d  te rm in a l s tria i 
c o n n e x io n s , produced  no c h a n g e  e ith e r  in  th e  E E G  a ro u sa l re a c tio n , or in 
c o n d it io n e d  reflex a c tiv i ty . S im ila r  observ a tio n s h av e  b een  re p o r te d  by  
B e a d y  (1957), B r a d y , S c h r e i n e r , Ge ller  an d  K l in g  (1954), B r a d y  and  
N a u t a  (1953, 1955), a l th o u g h  th e  rem oval o f  lim b ic  s tru c tu re s  re su lts  in 
c h a n g e s  in  th e  em otional b e h a v io u r . T he m eso-d iencephalic  a c tiv a tin g  c ircu it de
sc r ib e d  h e re  is under b o th  f a c i l i ta to ry  and  in h ib ito ry  in fluences from  th e  lim bic 
s t r u c tu r e s  th ro u g h  am ple re c ip ro c a l connexions, a n d  its  e ffect m an ifests  itse lf 
in  th e  m o s t fu n d am en ta l o rg a n iz a tio n  of h igher n e rv o u s  a c tiv ity . O n th e  basis 
o f  th e s e  considera tions, in  i ts  m a in  ch a rac te ris tic  fe a tu re s  th e  m eso-d iencephalic  
a c t iv a t in g  system  can be d is tin g u ish e d  from  th e  b ra in s tem -lim b ic  a c tiv a tin g  cir
c u it  su g g e s te d  by N a u t a . T h e  la t t e r  system  ta k e s  p a r t  in  th e  o rg an iza tio n  of 
th e  d if fe re n tia te d  b e h a v io u ra l a n d  em otiona l re a c tio n s  (N a u t a , 1958).

I n  ea rlie r stud ies, th e  e le c tr ic a l and  chem ical s tim u la tio n  o f th e  basa l 
s e p tu m  a n d  an te ro -la te ra l h y p o th a la m u s  in d ic a te d  an  in h ib itio n  of th e  te g 
m e n ta l  a n d  posterior h y p o th a la m ic  activ ities th ro u g h  th e  m ed ia l fo reb ra in  
b u n d le .  T h is inh ib ition  m a n ife s ts  itse lf in e lec tro p h y sio lo g ica l p h enom ena  
(S t e r m a n  and  Cl e m e n t e , 1962, H e r n a n d e z -P é o n , 1962), in  cond itioned  
b e h a v io u ra l  reaction  (E n d r ő c z i an d  Lis sa k , 1962, L is s a k  a n d  E n dr ő c zi, 
1962), a n d  in  neu roendocrine  re la tio n s  (E ndrőczi a n d  L is s a k , 1963). In  the  
p r e s e n t  ex perim en ts an  a c c e le ra tio n  has been o b serv ed  in  th e  h a b itu a tio n  o f the  
E E G  a ro u sa l reaction  u n d e r  th e  effect of e n v iro n m e n ta l s tim u li a n d  s tim u la 
t io n  o f  th e  re ticu la r fo rm a tio n . I n  th e  h a b itu a te d  e n v iro n m e n t th e  an im als 
sh o w e d  superfic ia l sleep, a p h en o m en o n  ex p la in ed  b y  H e r n a n d e z -P éo n  
(1962) a s  well as St er m a n  a n d  Clem en te  (1962) b y  assu m in g  th e  ex istence  
o f  a s leep  cen tre  in th e  fo re b ra in . T h is ex p lan a tio n  h as  to  be re jec ted  in  view 
o f th e  phenom enon  b e ing  o n e  o f  increased  h a b itu a tio n .

I n  o u r  earlier e x p e r im e n ts  s tim u la tio n  o f th e  b a sa l s e p tu m  an d  m edial 
fo re b ra in  bundle  caused an  in h ib it io n  of th e  sp o n tan eo u s  g o a l-d irec ted  m otor 
a c t iv i ty ,  to g e th e r w ith  an  in c re a se  o f d isc rim in a tiv e  a c tiv ity  (E n dr ő c zi and 
L i s s a k , 1962, Lissa k  a n d  E n r ő c z i, 1962). T his p h en o m en o n  is closely co rre 
la te d  w ith  th e  general s ta te m e n t  t h a t  w ith  th e  d ev e lo p m en t o f th e  cond itioned  
re f le x  th e  driv ing  force o f  m o tiv a t io n  g rad u a lly  d im in ishes ow ing  to  th e  d is
c r im in a t iv e  in te rn a l in h ib itio n  (in  th e  P av lov ian  te rm in o lo g y ). In  th e  p resen t 
e x p e r im e n ts  th e  role o f th e  m eso -d iencephalic  a c tiv a tin g  sy s tem  in  th e  d evel
o p m e n t  o f  th e  E E G  a ro u sa l r e a c tio n  and in  th e  o rg an iza tio n  o f th e  a tte n tio n  
re a c t io n  w as exam ined ; e s se n tia lly , th e  o b se rv a tio n s in c lu d ed  th e  d isc rim in a
t io n  o f  en v iro n m en ta l s t im u li .  T h e  d es tru c tio n  o f  th e  m eso-d iencephalic  
a c t iv a t in g  circuit re su lts  n o t  o n ly  in  an  im p a irm e n t of com plex  v e g e ta tiv e  
p ro c e sse s  an d  of the  s e lf-p re se rv a tio n  reactions a sso c ia ted  w ith  th e m , b u t  an 
in a b i l i ty  o f  th e  anim als to  p e rc e iv e  an d  encode th e  in fo rm a tio n  c o n te n t o f en 
v iro n m e n ta l  stim uli. In  th is  sen se , m eso-d iencephalic  a c tiv a tin g  sy s tem  has a
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decisive role in  th e  m a in ten an ce  o f  th e  c e n tra l  e x c ita to ry  s ta te  ev o k ed  b y  e x te r 
n a l an d  in te rn a l en v iro n m en ta l s tim u li a n d  producing  u n d e r p h y sio lo g ica l 
co n d itio n s th e  E E G  arousal reac tio n  a n d  th e  a tte n tio n  reac tion .

T he h a b itu a tio n  on sound s tim u li o f  th e  E E G  arousal reac tio n  h a s  b een  in 
v e s tig a te d  b y  num erous a u th o rs ; an d  i t  h as  been  po in ted  ou t t h a t  th e  p h e n o 
m enon  w as h ig h ly  frequency  specific an d  in v o lved  a d isc rim in a tiv e  process 
(S h a r p l e ss  an d  J a s p e r , 1956, J o u v e t  a n d  H e r n a n d e z -P é o n , 1957, S e g u n d o , 
R oig  an d  S omm er-S m it h , 1959, etc.). T he  w ax ing  and  w an ing  p e rio d s  ob 
served  in  th e  course o f h a b itu a tio n  are b a sed  m o st p robab ly  on ch an g es  in  the  
e x c ita to ry  s ta te  o f th e  m eso-d iencephalic  a c tiv a tin g  system  in f lu e n c e d  by  
in te rn a l en v iro n m en ta l stim u li, th e  n a tu re  o f  w hich requires f u r th e r  in v e s ti
ga tio n s. I n  th e  course o f th e  re s tr ic te d  n u m b e r  o f re ticu la r fo rm a tio n  s tim u la 
tio n s  ap p lied  b y  us th e  E E G  arousa l re a c tio n  was no t h a b itu a te d . S e g u n d o  
et al. (1956, 1959) on re p e a te d  s tim u la tio n  o f  th e  m esencephalic r e t ic u la r  fo r
m a tio n  observed  a g rad u a l e lev a tio n  o f th e  th re sh o ld  of th e  E E G  a n d  b e h a v i
o u ra l a ro u sa l reac tions b o th  d u rin g  th e  in d iv id u a l experim en ts a n d  th ro u g h o u t 
th e  e n tire  ex p erim en ta l period . As in d ic a te d  b y  ou r o b se rv a tio n s , am ong 
o th e rs , th e  cause o f th e  phenom enon  c a n n o t be sough t in te c h n ic a l c ircu m 
stan ces  (electrode po la riza tio n , tissue  re a c tio n  a ro u n d  th e  tip  o f th e  e lec tro d es). 
T he m esencephalic  re tic u la r  fo rm a tio n  re a c tio n  associated  w ith  s tim u la 
tio n  o f  th e  basa l sep tu m  soon changed  in to  h a b itu a tio n , b u t i t  cou ld  be  evoked  
ag a in  u n d e r th e  sam e ex p erim en ta l co n d itio n s , by  app ly ing  fo rm e r ly  no t 
p re se n te d  en v iro n m en ta l stim uli. T he e x c ita to ry  s ta te  of th e  m eso -d ien cep h a
lic a c tiv a tin g  c ircu it m ay  be in h ib ited  b y  tw o  m echanism s, p a r t ly  b y  th e  in 
h ib ito ry  a c tiv ity  of th e  co rtex  and  th e  ex trad ien cep h a lic  s tru c tu re s , a n d  p a r tly  
b y  th e  se lf-inh ib ition  w ith in  th e  c ircu it. I t  is n o t y e t clear w h ich  o f  th e  tw o 
m ech an ism s is invo lved  in  th e  h a b itu a tio n  an d  th e  in h ib itio n  o f  th e  d iscri
m in a tiv e  a c tiv ity  accom pany ing  th e  a t te n t io n  reac tion . This ro le  o f  th e  corti- 
co fugal connexions has been recognized  b y  som e observers w hile th e  self-inh i
b itio n  o f  th e  m eso-diencephalic a c tiv a tin g  c irc u it is still a h y p o th e s is .

In h ib itio n  o f m eso-diencephalic a c tiv a tio n  b y  a su rg ical in te rv e n tio n  
n o t o n ly  e lim inates th e  effect o f e n v iro n m e n ta l s tim uli, b u t  also in h ib its  th e  
o rg an iza tio n  o f th e  fu n d am en ta l reac tio n s o f  se lf-p reservation . T h e  n eu ro an a - 
to m ica l connexions have  shed lig h t on th e  in te rp re ta tio n  of feed in g , as well as 
th e  E E G  an d  b eh av io u ra l a rousal reac tio n s  to  env iro n m en ta l s t im u li . A lesion 
in  th e  la te ra l h y p o th a lam ic  area  d es tro y s  th e  form erly  claim ed ’’feed in g  cen
t e r ” . T h e  d e ta iled  investig a tio n s o f Mo r g a n e  (1961) have a lre a d y  suggested  
th a t  i t  is n o t th e  diffuse h y p o th a la m ic  nucle i b u t th e  m e d ia l fo reb ra in  
b u n d le  tra v e rs in g  th a t  a rea  w hich re lease  th e  p h en o m en o n . F u r th e r , 
lesions to  th e  v e n tra l and  m edial a rea s  o f th e  globus p a llid u s  in  ra ts  
b rin g  a b o u t th e  sam e syndrom e as lesions o f  th e  la te ra l h y p o th a la m u s :  such 
an im als  cease feeding an d  die w ith in  a few  d ay s . B o th  areas to u c h  essen tia lly
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th e  d o rsa l an d  v e n tra l  p ro jec tio n s , re sp e c tiv e ly , o f  th e  m esod iencephalic  
a c t iv a t in g  system  o u tlin e d  h e re . On the  basis o f  o u r  d a ta  th e  d is tu rb a n c e s  o f  
fe e d in g  developed  a f te r  th e  lesion m ay, h o w e v e r, be in te rp re ted  a t  a m ore  
g e n e ra l level. In  such  an im a ls  ne ither in te rn a l  n o r  ex te rn a l en v iro n m en ta l 
s t im u li  cause a c tiv a tio n ; as a resu lt, th e  o rg a n iz a tio n  of th e  fu n d a m e n ta l 
r e a c tio n  o f  se lf-p re se rv a tio n  suffers. A fter le s io n in g  th e  sam e areas th e  av o i
d a n c e  co n d itioned  re flex  a c t iv i ty  also ceases, sh o w in g  w h a t fu n d a m e n ta l role 
is p la y e d  b y  th e  s tru c tu re s  m en tio n ed  in th e  o rg a n iz a tio n  of th e  se lf-p rese rv atio n  
p ro cesses . The am ple  con n ex io n s w ith  th e  lim b ic  s tru c tu re s  are th e  p ro o f  
t h a t  th e  b ra in  s tem , d ien cep h a lo n  and rh in e n c e p h a lo n  are in te ra c tin g  in  th e  
v i ta l  a n d  d iffe ren tia lly  o rg an ized  processes o f  se lf-p reserv atio n  ( M a c L e a n , 

1954).
N eu ro p a th o lo g ica l o b se rv a tio n s  in  h u m a n s  h a v e  also called a t te n t io n  

to  th e  ro le  of th e  b a sa l fo re b ra in  s tru c tu re s  in  th e  m ain ten an ce  o f conscious 
fu n c tio n s . J e f f e r s o n  (1957), surveying  th e  d is tu rb a n c e s  o f consciousness 
fo llo w in g  lesions to  th e  b a sa l sep tu m  and  th e  s tr io -p a llid a l system , co n c lu d ed  
t h a t ,  in  a d d itio n  to  th e  “ p o ste rio r c ritica l p o in t” , a p o in t lo ca ted  in  th e  
b a sa l se p tu m  and  th e  s tr io -p a llid a l system  also  ta k e s  p a r t  in th e  m a in te n a n c e  
o f  consc ious s ta te : le s io n in g  th is  an terio r a re a  o f te n  produces m ore sev ere  
c h a n g e s  th a n  th a t  o f th e  p o s te r io r  area in th e  b r a in  s tem . A ccording to  S co- 
v i L L E  (1957), a s im ila r loss o f  conscious s ta te  re su lts  if  d u ring  f ro n ta l  
le u c o to m y  th e  b asa l s e p tu m  a n d  th e  pallidal a re a s  h a v e  suffered an  a c c id e n ta l 
les io n .

A ccord ing  to  o u r p re s e n t  resu lts, m eso -d ien cep h alic  a c tiv a tio n  p la y s  
a ro le  o f  fu n d a m e n ta l im p o r ta n c e  in the  fu n c tio n  o f  th e  non-specific d iffuse  
a c t iv a t in g  system  d esc rib ed  b y  M o r u z z i  a n d  M a g o u n  (1949). I ts  e x c ita tio n  
ev o k es  an d  m a in ta in s  th e  a tte n tio n  re a c tio n , a n d  w ith  its  co m p lica ted  
so m a to -m o to r  connex ions fu rn ish es  the basis  fo r  th e  ac tiv a tio n  o f v a rio u s  
c o m p le x  b eh av io u ra l re a c tio n s . I ts  role is to  be  so u g h t in a decoding o f  th e  
in fo rm a tiv e  c o n te n t o f  e n v iro n m e n ta l s tim u li, a n d  on o th e r hand  th e  “ n o n 
sp e c if ic ”  a c tiv a tin g  sy s tem  o f  th is  circuit re p re s e n ts  th e  essence of th e  d riv in g  
fo rce  o f  m o tiv a tio n .
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EFFECT OF ALDOSTERONE ON THE INTESTINAL 
TRANSPORT OF SODIUM AND POTASSIUM IN RATS

B y

A. S p ä t , M a r g i t  S a l i g a , J .  S t u r c z , a n d  J .  S ó l y o m

D EPARTM ENT O F PHY SIOLOG Y , MEDICAL U N IV ERSITY , BU DA PEST 

(R ece iv ed  M ay 13, 1963)

A ldosterone w as fo u n d  to  increase  th e  r a te  o f a b so rp tio n  a n d  e x c re tio n  o f  sodium , 
a n d  to  d im in ish  th e  ra te  o f a b so rp tio n  a n d  e x c re tio n  of p o tassium  in  th e  sm a ll  in testin e  
o f  ra ts .  The n e t re su lt  o f th e se  tw o effects is zero . C onsequently , in  th e  r a t  a ldosterone  
seem s to  ex ert no in flu en ce  on  sod ium  a n d  p o tass iu m  balance  b y  i ts  re g u la tin g  the 
t r a n s p o r t  of ca tio n s across th e  in te s tin a l w all. T h e  effect of a ld o s te ro n e  on  th e  ra te  of 
sod ium  and  p o tass iu m  t r a n s p o r t  ap p ears  to  be m ore expressed  in  th e  p ro x im a l portions 
o f th e  ileum .

A ldosterone reg u la te s  th e  c o n cen tra tio n  o f  sodium  in  th e  in tra v a s c u la r  
f lu id  an d  th e  vo lum e o f b o d y  flu id s n o t so lely  by  m eans o f  c o n tro llin g  the  
re a b so rp tio n  of sod ium  in  th e  ren a l tu b u le s ; i ts  effect is m ore g e n e ra l. Thus, 
fo r in s ta n c e , a ldosterone  is know n to  in flu en ce  th e  d is tr ib u tio n  o f  sodium  
a n d  p o ta ss iu m  b e tw een  th e  ex trace llu la r  a n d  in trace llu la r sp aces , th e  con
c e n tra tio n  o f e lec tro ly tes in  v a rio u s g lan d u la r  secre to ry  p ro d u c ts , e tc . These 
e x tra re n a l effects o f a ld o ste ro n e  are o f v a ria b le  im p o rtan ce ; th e y  m a y , how 
ev er, considerab ly  in fluence  sod ium  and  p o ta ss iu m  c o n cen tra tio n  in  th e  e x tra 
ce llu la r flu id .

T he hom eostasis o f  e lec tro ly tes  is g re a tly  affected  b y  th e  m o v e m e n t of 
sod iu m  an d  po tassiu m  across th e  in te s tin a l w all. T herefore, a s tu d y  w as m ade 
to  ex am in e  th e  effects o f  a ld o ste ro n e  on th e  in te s tin a l t ra n s p o r t  o f  so d iu m  and 
p o ta ss iu m .

M ethods

M ale a lbino ra ts  o f th e  sam e s tra in , w eigh ing  fro m  150 to  200 g, w ere  u se d  in  the 
ex p e rim e n ts . T he an im als h a d  b een  k e p t  on a s ta n d a rd  d ie t  an d  were d ep riv ed  o f fo o d  24 hours 
p rio r  to  th e  exp erim en t. A n aes th es ia  w as in d u ced  b y  u re th a n , 1 g per kg  b o d y  w t .  ad m in iste red  
in to  th e  p e rito n ea l c av ity . B o th  a d ren a ls  were rem o v ed  th ro u g h  an  a b d o m in a l m id lin e  incision. 
T w o sec tions o f th e  sm all in te s tin e , each  12 cm  long , w ere iso la ted  p ro x im a l to  th e  s ite  of the  
ileocoecal v a lv e , by  th e  m eth o d  o f K e r t a i  a n d  L u d á n y  [ 6 ] .  A can n u la  w as in s e r te d  in to  the  
p ro x im a l en d  of each  seg m en t a n d  th e  in te s tin a l lu m e n  w as w ashed w ith  a p p ro x im a te ly  20 
m l o f d is tilled  w a ter o f 38° C. T h e  rem a in in g  f lu id  w as rem oved  b y  a ir in su ff la t io n . Follow ing 
th is  p ro ced u re , th e  ab o ra l te rm in a tio n  of th e  seg m en t w as lig a ted  an d  0.5 m l o f  a  solution 
te m p e re d  a t  38° C w as in tro d u c e d  in to  th e  lum en. In  th e  f ir s t  group  of a n im a ls  th e  so lu tion  
c o n ta in e d  3 o r 5 цС o f 24N a or 42K , resp ec tiv e ly . T h e  to ta l  am o u n ts  o f so d iu m  a n d  po tassium  
w ere 100 m E q  and  15 m E q  p e r  l ite r ,  re sp ec tive ly . I n  th e  o th e r group  of a n im a ls  th e  solution 
c o n ta in ed  no iso tope, b u t  w as o f th e  sam e co n ce n tra tio n  w ith  resp ec t to  so d iu m  a n d  p o tassium . 
A fte r  th e  so lu tions h ad  been  in tro d u c e d , th e  ab d o m in a l incision was te m p o ra r i ly  closed  w ith
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a fo r ce p s. A fter a 15-minute a b so rp tio n  period the in testin a l segm en ts were carefully rem oved, 
an in c is io n  w as made near th e  a b o ra l term ination and th e  lu m en  was rinsed w ith  15 to  20 m l 
o f d is t il le d  water. The sodium  a n d  potassium  contents o f  th e  w ashing flu id  were determ ined  
b y  f la m e  photom etry, and th e  a c t iv i ty  was measured b y  a GM counter. In the experim ental 
group , 15 m inutes prior to  th e  a b so rp tio n  period, 2.5 /<g per 100 g of body w eight o f d-aldo- 
stero n e , dissolved in physio logical sa lin e  containing alcohol, w as adm inistered in travenously . 
T he co n tr o l group received id en tica l am oun ts of physiological sa line containing alcohol, w ithout 
a ld o stero n e .

I 1 control 

У/////Л aldosteron

F i g .  1 .  E ffec t of aldosterone on 2JN a  and 42K absorption in  th e  sm all intestine. Values ex 
pressed in  per cents of the contro l va lu es

Results

A .  E ffect o f  aldosterone on  the absorption o f 2iN a .  — A ldosterone g iven 
15 m in u te s  p rior to  th e  e x p e r im e n t caused a 19 p e r  c e n t increase in  th e  a b 
s o rp t io n  o f  24Na (Fig. 1). A lth o u g h  the values sh o w ed  g rea t in d iv id u a l v a r ia 
t io n s ,  th e  difference b e tw e e n  th e  control an d  e x p e r im e n ta l groups w as sign if
ic a n t  s ta tis tic a lly  (P  <  0 .0 5 ). C areful analysis o f  th e  re su lts  show ed th a t  a b 
s o rp t io n  o f  24Na was e n h a n c e d  b y  aldosterone p a r t ic u la r ly  in th e  p ro x im a l 
s e g m e n ts  o f the ileum . As d e m o n s tra te d  in F ig . 2 , th e  ra te  of ab so rp tio n  w as
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in c rea sed  b y  30 p e r cen t in  th e  p ro x im a l seg m en ts; th e  d ifference w as signif- 
c a n t . A t th e  sam e tim e , in  th e  d is ta l p o rtio n  o f  th e  ileum  th e  in crease  in 

24N a  ab so rp tio n  w as o n ly  7 p e r  c e n t, n o t s ig n ifican t s ta tis tic a lly .
B . E ffect o f  aldosterone on the absorption o f  42K .  — T he a b so rp tio n  o f 

2K  fro m  th e  ileum  w as d ec rea sed  b y  15 p e r cen t (F ig . 1). T he d ifference  b e 
tw e e n  th e  exp erim en ta l a n d  co n tro l groups w as s ig n if ican t (P  <  0 .01). T his 
e ffec t o f a ldosterone  w as ag a in  m ore p ronounced  in  th e  p ro x im a l seg m en t, 
th e  d ifference being 21 p e r  c e n t (P  <  0 .01 ) in  th e  p ro x im a l, a n d  o n ly  9 p e r 
c e n t in  th e  d is ta l seg m en t; th e  l a t te r  difference w as n o t s ig n if ican t (F ig . 3).

] control ( n - K )  
a id . (n  -  H )

F ig .  2. E ffec t o f a ldosterone  on  2,N a  a b so rp 
t io n  in  p ro x im al and  d is ta l seg m en ts  o f th e  ile 
u m . V alues expressed  in  pe r c en ts  o f  th e  c o n 

tro l values

Fig. 3. E ffec t o f a ld o s te ro n e  on 42K  a b so rp 
tio n  in  p ro x im a l a n d  d is ta l seg m en ts  o f th e  
ileum . V alues ex p ressed  in  p e r c en ts  o f th e  

co n tro l va lues

C. E ffect o f  aldosterone on the absorption o f  total sod ium  and  p o ta ss iu m . — 
As d e m o n s tra te d  in  T ab le  I ,  a ld o ste ro n e  failed to  p ro d u ce  an y  ch an g e  in  th e  
to ta l  a m o u n t of sodium  a n d  p o ta ss iu m  in th e  so lu tio n  in tro d u c e d  in to  th e  
in te s tin a l segm ents.

Table I

N um ber of 
cases

Non-isotope rem aining 
in th e  in testine

Nm% к  %

Control 24 10 0 ± 3 1 1 0 0 ± 1 6

Aldosterone 48 1 0 2 ± 2 3 1 0 3 ± n
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D iscussion

I t  w as rep o rted  b y  B e r g e r  and  St e e l e  [1] th a t  in  cases o f secondary  
h y p e ra ld o s te ro n ism , e.g. c o n g estiv e  h e a r t fa ilu re  or in co m p en sa ted  cirrhosis of 
th e  l iv e r , th e  faecal N a /К  r a t io  w as d im in ished . S im ilar re su lts  w ere o b ta ined  
b y  M i l n e , Mu e h r c k e  a n d  A i r d  [7], and  E a l e s  an d  L i n d e r  [3], in  p a tie n ts  
w i th  C onn’s syndrom e. D a v i s , B al l , B a h n  a n d  G o o d k in d  [2] s tim u la ted  
th e  se c re tio n  of a ld o s te ro n e  b y  th o rac ic  c a v a l co n str ic tio n  a n d  observed  a 
d e c re a se  o f th e  N a/К  r a t io  in  th e  faeces. A fte r a d re n a le c to m y  th e  N a /К  ra tio  
r e tu r n e d  to  its  orig inal v a lu e .

T h e  quo ted  a u th o rs  e x a m in e d  th e  e le c tro ly te  c o n s titu e n ts  o f th e  faeces 
o n ly . T h is  te s t does n o t, h o w ev e r, p rov ide  re liab le  in fo rm a tio n  concern ing  
in te s t in a l  absorp tion  a n d  e x c re tio n , since th e  e lec tro ly te  c o n te n t o f th e  faeces 
d e p e n d s  also on o th e r fa c to rs , e.g. th e  ra te  o f e x c re tio n  b y  th e  liv er an d  pancreas.

F ö l d v á r i , Cz e iz e l , K e r e s z t e s  an d  P al k o v it s  [4],  a n d  F ö l d v á r i , 
Cz e i z e l , P alkovits a n d  K e r t a i  [5] show ed t h a t  e x tra c ts  o f th e  subcom m is
s u ra l  o rg an  enhanced  th e  a b so rp tio n  o f 24N a from  th e  sm all in te s tin e . The 
e x t r a c t  w as w ithou t e ffec t w h e n  th e  ad rena ls h a d  been  rem o v ed . O n th e  basis 
o f  th e s e  d a ta  and  th e  c h a n g e s  o f  nuclear vo lu m e in  th e  g lo m eru la r zone, th e y  
c o n c lu d e d  th a t  a ld o ste ro n e  w as responsib le  fo r th e  increased  ab so rp tio n  of 
24N a . H ow ever, Sim o n , S z ű c s , F ö ld vári  an d  Czeizel  [9] fo u n d  th a t  DOC 
a n d  h y d ro co rtiso n e  w ere a lso  au g m en tin g  th e  a b so rp tio n  ra te  o f 24N a. This 
m e a n s  t h a t  i t  is on ly  fro m  th e  ap p lica tio n  o f  exogenic  a ld o ste ro n e  th a t  defi
n i te  conclusions can be e x p e c te d .

I n  th e  firs t p a r t  o f  th e  p re se n t ex p e rim en ts  th e  a b so rp tio n  ra te  o f 24N a 
in  is o la te d  segm ents o f  sm a ll  in te s tin e  w as fo u n d  s ig n if ic a n tly  to  increase 
fo llo w in g  aldosterone a d m in is tra tio n . Since 24N a  has th e  sam e physiological 
c h a ra c te r is tic s  as n o n -ra d io a c tiv e  sodium , in c reased  a b so rp tio n  o f  th e  iso tope 
p o in ts  to  increased a b s o rp tio n  of sodium . H o w ev er, th e  a m o u n t of non-iso- 
to p e  so d iu m  in th e  in te s t 'n a l  lu m en  rem ain ed  u n a lte re d . O n th e  basis o f th is 
f in d in g  i t  m ay  be su p p o se d  t h a t  a ldoste rone , in  ad d itio n  to  its  s tim u la tin g  
e f fe c t o n  sodium  a b so rp tio n , increases th e  r a te  o f  sod ium  tr a n s p o r t  across th e  
in te s t in a l  wall in th e  o p p o s ite  d irec tion . T h ere fo re , th e  a m o u n t o f  sodium  in 
th e  in te s t in a l  flu id  re m a in s  u n affec ted .

T h e  absorp tion  o f 42K  w as decreased b y  a ld o ste ro n e . A t th e  sam e tim e, 
th e  a m o u n t of n o n -iso tope  p o ta ss iu m  in th e  in te s tin a l f lu id  d id  n o t change 
th r o u g h o u t  the  15-m inu te  p e r io d . T hus, th e  m o v em en t o f p o ta ss iu m  in to  th e  
in te s t in a l  lum en is p ro b a b ly  also  d im in ished  b y  a ld o ste ro n e .

T h e  effect o f a ld o s te ro n e  w as m ore m a rk e d  in  th e  p ro x im a l th a n  in  th e  
d is ta l  in te s tin a l segm ents. S im ila r  observ a tio n s h a v e  n o t been  re p o rte d  and  th e  
e x p la n a t io n  for th e  p h e n o m e n o n  is lack ing .



EFFECT OF ALDOSTERONE ON THE INTESTINAL TRANSPORT OF SODIUM 469

A cknow ledgem ent

T h e  a u th o rs  are  in d eb te d  to  Ciba, In c .,  B ase l, fo r supp lies of a ldosterone.

L IT E R A T U R E

1. B e r g e r , E . Y ., S t e e l e , J .  M.: J .  c lin . In v e s t.  31, 451 (1952).
2. D a v i s , J .  C., B a l l , W . C., B a h n , R . C., G o o d k i n d , M. J . :  A m er. J .  Physio l. 196 , 149 (1959).
3. E a l e s , L ., L i n d e r , G. C.: Q u a rt. J .  M ed. 25, 539 (1956).
4. F ö l d v á r i , I .  P ., C z e i z e l , E ., K e r e s z t e s , M., P a l k o v i t s , M.: K íséri. O rv o s tu d . 14, 142

(1962).
5. F ö l d v á r i , P ., C z e i z e l , E ., P a l k o v i t s , M., K e r t a i , P .: M agy. B elorv. A rch . 15 , 198 (1962).
6 .  L u d á n y , G y . :  i n  K o v á c h , A. (ed .): A k ísé rle ti o rv o s tu d o m á n y  vizsgáló m ó d szere i. A k a d é 

m ia i K iad ó , B u d a p es t, 1957. p . 420.
7. M i l n e , M. D ., M u e h r c k e , R . C., A i r d , I .:  Q u a rt . J .  M ed. 26, 317 (1957).
8. P a l k o v i t s , M ., F ö l d v á r i , I. P ., S i m o n , Gy ., Y u k á n , K . S.: O rv. H etik  101, 1825 (1960).
9. S i m o n , Gy ., S z ű c s , J . ,  F ö l d v á r i , I. P ., C z e i z e l , E .:  P e rso n a l com m u n ica tio n .

A n d rás  S p ä t , M argit S a l i g a , Jó z se f  S t u r c z , Ján o s  S ó l y o m , B u d a p e s ti  
O rv o s tu d o m á n y i E g y e tem  É le tta n i In té z e te , B u d a p e s t'



Printed in Hungary

A kiadásért felel az A kadém iai Kiadó igazgatója —  M űszaki szerkesztő: Farkas Sándor 
A kézirat nyom dába érkezett: 1964. IV . 13. —  T erjedelem : 8 (A/5) ív, 50 ábra

64.53733 Budapest, Akadémiai Nyomda —  Felelős vezető: Bernât György



ACTA P H Y S IO L O G IC A

TOM 24 -  ВЫП. 4.

Р Е З Ю М Е

П О П Е Р Е Ч Н А Я  П О Л О С А Т О С Т Ь  Л Е Т А Т Е Л Ь Н О Й  М Ы Ш Ц Ы  Н А С Е К О М Ы Х  
П Р И  Р А З Л И Ч Н О Й  Д Л И Н Е  С А Р К О М Е Р О В

Н. ГАРАМВЕЛЬДИ, Й. КЕРНЕР и М. ЧЕР-ШУЛЫД

О п и с а н ы  о п ы ты , п р о в ед е н н ы е  п р и  п о м о щ и  и н т е р ф е р е н ц и о н н о го  м и к р о с к о п а  на 
ф и б р и л л а х  л е т а т е л ь н о й  м ы ш ц ы  н а с е к о м ы х , о б л а д а ю щ и х  р а зл и ч н о й  п о п е р е ч н о й  п о л о са - 
т о с т ы о . О т д е л ь н ы е  и зм е н е н и я  п о п е р е ч н о й  п о л о с а т о с т и  н е л ь з я  о б ъ я с н и т ь  н а  о сн о в а н и и  
м о д е л и  «slid ing» , в  ч а стн о сти  в  о б л а с т и  к р а й н е г о  у д л и н е н и я . А в то р ы  п о д к р е п л я ю т  свои  
вы в о д ы  т а к ж е  ф о то м е тр и ч еск и м и  и зм е р е н и я м и  э л е к т р о н н о м и к р о с к о п и ч е с к и х  сн и м к о в .

О Б М Е Н  П И Р О В И Н О Г Р А Д Н О Й  К И С Л О Т Ы  В  М И Т О Х О Н Д Р И Я Х  П Е Ч Е Н И

Т. КЁНИГ, И. МАРОШВАРИ и А. ЛИПЧЕИ

А в то р ы  и с с л е д о в а л и  обм ен  п и р о в и н о г р а д н о й  к и с л о т ы  в  м и т о х о н д р и я х  п е ч е н и  п ри  
р а з л и ч н ы х  э к с п е р и м е н т а л ь н ы х  у с л о в и я х . В а э р о б н ы х  у с л о в и я х  п еч е н о ч н ы е  м и т о х о н д р и и  
в е с ь м а  б ы стр о  у т и л и з и р у ю т  п и р о в и н о гр а д н у ю  к и с л о т у . Р а с х о д  к и с л о р о д а  п р и  это м , по 
с р а в н е н и ю  с у т и л и з а ц и е й  п и р о в и н о г р а д н о й  к и с л о т ы , о тст ает , но  он ещ е з н а ч и т е л е н  и 
п о с л е  т о г о , к а к  в  си сте м е  б о л ьш е  н е л ь з я  в ы я в и т ь  п и р о в и н о г р а д н о й  к и с л о т ы . Ч а с т ь  п и р о 
в и н о г р а д н о й  к и с л о т ы  п р е в р а щ а е т с я  в  а ц е т о у к с у с н у ю  к и с л о т у , а  о с т а л ь н а я , б о л е е  з н а ч и 
т е л ь н а я  ч а с т ь  о к и с л я е т с я  в  д в у о к и с ь  у г л е р о д а  и  в  в о д у . П р и  д о б а в л е н и и  д и к а р б о н о в о й  
к и с л о т ы  с н и ж а е т с я  о б р а з о в а н и е  а ц е т о у к с у с н о й  к и с л о т ы  и  п о в ь ш и е т с я  в с т у п л е н и е  ац е - 
т и л -С о А  в  ц и к л  п о с р е д с тв о м  л и м о н н о й  к и с л о т ы . П о к а  в  р е а к ц и о н н о й  см еси  и м е е т с я  з н а 
ч и т е л ь н о е  к о л и ч е с т в о  п и р о в и н о г р а д н о й  к и с л о т ы , р а с х о д  к и с л о р о д а  и о б р а з о в а н и е  д в у 
о к и с и  у г л е р о д а , по  с р а в н е н и ю  с у т и л и з а ц и е й  п и р о в и н о г р а д н о й  к и с л о т ы , н и з к и е . Н а к о 
п л я ю щ и е с я  з а  это  в р е м я  а ц е т о у к с у с н у ю  к и с л о т у , л и м о н н у ю  к и с л о т у  и  а -к е т о г л у т а р о в у ю  
к и с л о т у  т о л ь к о  о т ч а с т и  м о ж н о  с ч и т а т ь  о т в е т с т в е н н ы м и  з а  зн а ч и т е л ь н о  п о в ы ш е н н у ю  
у т и л и з а ц и ю  п и р о в и н о г р а д н о й  к и с л о т ы . В  х о д е  у т и л и з а ц и и  м о л о ч н а я  и ф о с ф о эн о л п и р о -  
в и н о г р а д н а я  к и с л о т ы  не н а к о п л я ю т с я . Н а б л ю д а е м о й  п р и  а н а э р о б н ы х  у с л о в и я х  у т и л и 
з а ц и е й  п и р о в и н о г р а д н о й  к и с л о т ы  м о ж н о  п р е н е б р е ч ь . Н а  о с н о в ан и и  и з м е р е н и я  р а с х о д а  
к и с л о р о д а  м о ж н о  с д е л а т ь  вы вод , что  п и р о в и н о г р а д н а я  к и с л о т а  и в п р и с у т с т в и и  0 ,0 0 8  М 
м а л о н а т а  не п р е в р а щ а е т с я  п о л н о сть ю  в  а ц е т о у к с у с н у ю  к и с л о т у , а  н е к о т о р а я  ч а с т ь  и  при  
т а к и х  у с л о в и я х  в с т у п а е т  в  н и т р а т н ы й  ц и к л .

С р а в н е н и е  п о л у ч е н н ы х  р е з у л ь т а т о в  п о з в о л я е т  с д е л а т ь  вы в о д , ч то  в  м и то 
х о н д р и я х  п еч е н и  з н а ч и т е л ь н а я  ч а с т ь  п и р о в и н о г р а д н о й  к и сл о ты  с п е р в а  п р е в р а щ а е т с я  
п о с р е д с тв о м  с в я з ы в а н и я  С О . в д и к а р б о н о в у ю  к и с л о т у ,  и  в  т а к о м  ви де в с т у п а е т  в  н и т р а т 
н ы й  ц и к л . О б с у ж д а ю т с я  р е зу л ь т а т ы , а  т а к ж е  п р е д п о л о ж и т е л ь н ы й  п у т ь  и  з н а ч е н и е  п р о 
и с х о д я щ е г о  в  п е ч е н о ч н ы х  м и т о х о н д р и я х  с и н т е за  д и к а р б о н о в о й  к и сл о ты  и з  п и р о в и н о г р а д 
н о й  к и с л о т ы  +  С О ..



С Р А В Н И Т Е Л Ь Н Ы Й  Г Е Л Ь Д И Ф Ф У З И О Н Н Ы Й  А Н А Л И З  Н А Т И В Н О Г О  И  
М Е Ч Е Н О Г О  Х Р О М О М  О В А Л Ь Б У М И Н А

М. КАВАИ и Г. БАТОРИ

А в т о р ы  сообщ аю т р е з у л ь т а т  и м м у н о д и ф ф у зи о н н о го  и  и м м у н о э л е к т р о ф о р е зн о г о  
а н а л и з а  п о л у ч е н н о г о  о п и с а н н ы м  и м и  сп о со б о м  и  м е ч е н о г о  х р о м о м  о в а л ь б у м и н а . И м м у н о -  
х и м и ч е с к и м и  м етодам и  б ы л о  у с т а н о в л е н о , что  х р о м о р о в а н и е  в щ ел о ч н о й  с р е д е  д о с т о 
в е р н о  н е  в л и я л о  н а  в ел и ч и н ы , а н т и г е н н о е  сво й ств о  и  э л е к т р о ф о р е т и ч е с к у ю  п о д в и ж н о с т ь  
б е л к о в ы х  м о л е к у л .

И С С Л Е Д О В А Н И Е  А Н Т И Г Е Н Н Ы Х  С В О Й С Т В  И  Х И М И Ч Е С К О Й  С Т Р У К Т У Р Ы
О Б Л У Ч Е Н Н О Г О  Б Е Л К А

Ш. ДАМЬЯНОВИЧ, М. КАВАИ и Л. КЕСТЬЮШ

И с с л е д о в а л и с ь  а н т и г е н н ы е  с в о й с т в а  и  г р у п п ы  S H  р а с т в о р о в  о в а л ь б у м и н а  р а з 
л и ч н о й  к о н ц е н т р а ц и и  до  и  п о с л е  о б л у ч е н и я  р е н т г е н о в ы м и  л у ч а м и . П р и  п р и м е н я е м о й  
а в т о р а м и  д о з е  о б л у ч ен и я  к а ч е с т в е н н ы х  и зм ен ен и й  а н т и г е н н ы х  с в о й ств  не н а б л ю д а л о с ь . 
П о л у ч е н н ы е  к о л и ч ест в ен н ы е  р а з н и ц ы  а в т о р ы  о б ъ я с н я ю т  — в  со о тв е тств и и  с о п р е д е л е 
н и е м  ч и с л а  S H -гр у п п  — и зм е н е н и е м  со о тн о ш ен и я  д е т е р м и н а н т н о й  S H -гр у п п ы . И з  п о л у 
ч е н н ы х  р е з у л ь т а т о в  ав т о р ы  д е л а ю т  в ы во д , что п р и  п о в р е ж д е н и и  б е л к о в  р е н т г е н о в ы м и  
л у ч а м и  к а к  в  б и о л о ги ч еск о м , т а к  и  в  р а д и о х и м и ч е с к о м  о т н о ш е н и я х  сам ы м и  ч у в с т в и т е л ь 
н ы м и  о к а з а л и с ь  S H -гр у п п ы .

И З О Л И Р О В А Н И Е  С В Е Р Т Ы В А Е М О Г О  Б Е Л К А  И З  С Е К Р Е Т А  С Е М Е Н Н О Г О
П У З Ы Р Ь К А  К Р Ы С  

ш .  м а н ь я и

П р и  п о м о щ и  э л е к т р о ф о р е з а  н а  б у м а ге  и с с л е д о в а л с я  с е к р е т  сем ен н о го  п у з ы р ь к а  
г р ы з у н о в ;  в  п р и с у т с т в и и  м о ч е в и н ы  у д а л о с ь  о т д е л и т ь  р а з л и ч н ы е  б ел к о в ы е  к о м п о н е н т ы  
с е к р е т а .  Н а л и ч и е  в  се к р е т е  с и л ь н о й  о сн о в н о й  б е л к о в о й  ф р а к ц и и  бы ло х а р а к т е р н ы м  и 
д л я  к р ы с ,  и  д л я  м ы ш ей, и  д л я  м о р с к и х  св и н о к . П о с л е  э н зи м а т и ч е с к о г о  с в е р т ы в а н и я  с е к 
р е т а  в е з и к у л я з о й  — с е к р е т о м  к о а г у л и р у ю щ и х  ж е л е з  —  в  э л е к т р о ф о р е т и ч е с к о й  к а р т и н е  
б е л к а  н а б л ю д а ю т с я  х а р а к т е р н ы е  и з м е н е н и я : с и л ь н о  о с н о в н а я  б е л к о в а я  ф р а к ц и я  в ы п а л а  
в  о с а д о к  у  в с е х  т р е х  ви д о в  ж и в о т н ы х . И  п у тем  х р о м а т о г р а ф и и  н а  ц ел л ю л о и д н о й  к о л о н к е  
Д Е А Е ,  и  о с а ж д е н и е м  г л и ц е р и н о м  у д а л о с ь  и з о л и р о в а т ь  т о т  ж е  с в е р т ы в а ю щ и й с я  б е л о к  
( с в е р т ы в а е м ы й  бел о к) и з  с е к р е т а  с е м е н н о го  п у з ы р ь к а  к р ы с . И з о л и р о в а н н ы й  о с н о в н о й  
б е л о к  о к а з а л с я  гом о ген н ы м  п о  д а н н ы м  э л е к т р о ф о р е з а  н а  б у м а ге  п р и  р а з л и ч н ы х  з н а 
ч е н и я х  p H .

Р Е Г У Л Я Ц И Я  П Е Ч Е Н О Ч Н О Г О  К Р О В О О Б Р А Щ Е Н И Я

А. ФИШЕР и Л. ТАКАЧ

А в т о р ы  и с с л е д о в а л и  н а  с о б а к а х  р е г у л я ц и ю  к р о в о о б р а щ е н и я  в  п е ч е н о ч н о й  а р т е р и и  
и  в  в о р о т н о й  в ен е . К р о в о о б р а щ е н и е  в  п еч е н о ч н о й  а р т е р и и  и з м е р я л о с ь  р о т а м е т р о м , а  п о л 
н ы й  к р у г о в о р о т  к р о в и  в  п е ч е н и  ( E H B F )  о п р е д е л я л с я  п р и  п ом ощ и  б р о м с у л ь ф а л е и н а .

1. П о с л е  л и г и р о в а н и я  п е ч е н о ч н о й  а р т е р и и  к р о в о о б р а щ е н и е  в  в о р о т н о й  в е н е  не 
и з м е н и л о с ь .

2 . В  с л у ч а е  о тв ед ен и я  к р о в и  в о р о т н о й  вен ы  в  б е д р е н н у ю  в е н у , ц и р к у л я ц и я  в  п е ч е 
н о ч н о й  а р т е р и и  зн а ч и т е л ь н о  у с к о р и л а с ь .  П о  м н ен и ю  а в т о р о в  р а с ш и р е н и е  п е ч е н о ч н о й  
а р т е р и и  я в л я е т с я  в а ж н е й ш и м  ф а к т о р о м  р е г у л я ц и и  п е ч е н о ч н о го  к р о в о о б р а щ е н и я .

3 . В в е д е н н ы е  в п е ч е н о ч н у ю  а р т е р и ю  а д р е н а л и н  и  а ц е т и л х о л и н  р а с ш и р я ю т , а  
н о р а д р е н а л и н  с у ж и в а е т  с и с т е м у  п е ч е н о ч н о й  а р т е р и и .

4 .  Н а б л ю д а е м о е  п о с л е  о т в е д е н и я  к р о в и  в о р о т н о й  в е н ы  р а с ш и р е н и е  п е ч е н о ч н о й  
а р т е р и и  н е  у д а л о с ь  п р е д о т в р а т и т ь  н и  д а ч е й  а т р о п и н а , н и  д и б е н а м и н а .



Р О Л Ь  М Е З О -Д И Э Н Ц Е Ф А Л И Ч Е С К О Й  А К Т И В И Р У Ю Щ Е Й  С И С Т Е М Ы  В  « Р Е А К Ц И И  
П Р О Б У Ж Д Е Н И Я »  Э Э Г  И  В  У С Л О В Н О - Р Е Ф Л Е К Т О Р Н О Й  Д Е Я Т Е Л Ь Н О С Т И

Э. ЭНДРЕЦИ, Л. КОРАНЬИ, К. ЛИШШАК и 
Г. ХАРТМАН

В  о п ы т а х , п р о в е д е н н ы х  н а  к о ш к а х  и  к р ы с а х ,  в  х р о н и ч е с к и х  у с л о в и я х  о п р е д е л и л о с ь , 
что  п о с л е  р а з р у ш е н и я  б а з а л ь н о й  п е р е г о р о д к и , м е д и а л ь н о г о  п р о з э н ц е ф а л и ч е с к о г о  п у ч к а , 
в е н т р а л ь н о й  и  м е д и а л ь н о й  о б л а с т е й  globus pallidus (р а з р у ш а е т с я  н и ж н я я  н о ж к а  з р и 
т е л ь н о г о  б у г р а ) , н а р у ш а ю т с я  к а к  р е а к ц и я  п р о б у ж д е н и я  в Э Э Г, т а к  и  р а н е е  о б р а з о в а н 
н ы й  о б о р о н и т е л ь н ы й  у с л о в н и й  р е ф л е к с . Р а з д р а ж е н и е  б а з а л ь н о й  п е р е г о р о д к и  у с к о р я е т  
г а б и т у а ц и ю  Э Э Г  п р о б у ж д е н и я  к а к  н а  р а з д р а ж е н и я  и з  о к р у ж а ю щ е й  с р е д ы , т а к  и н а  
р а з д р а ж е н и е  м е зэ н ц е ф а л и ч е с к о й  р е т и к у л я р н о й  ф о р м а ц и и . А в то р ы  о б с у ж д а ю т  н е к о т о р ы е  
о с о б е н н о ст и  г а б и т у а ц и и  р е а к ц и и  п р о б у ж д е н и я  Э Э Г  в  ч а стн о сти  д е г а б и т у и р у ю щ е е  св о й 
с тв о  н о в ы х  д и ф ф е р е н ц и р о в о ч н ы х  р а з д р а ж и т е л е й .

Н а  о сн о в е  н е й р о -а н а т о м и ч е с к и х  с в я з е й  а в т о р ы  п р е д п о л а г а ю т , ч т о  м е зо -д и эн ц е- 
ф а л и ч е с к а я  а к т и в и р у ю щ а я  си сте м а  и м еет  х а р а к т е р  к р у г о в о г о  п р о ц е с с а ;  с п о м о щ ью  
с в о и х  с в я зе й  о н а  у ч а с т в у е т  в п о д д е р ж а н и и  а к т и в н о с т и  р и н э н ц е ф а л о н а  и  к о р ы  го л о в н о г о  
м о зг а , а  т а к ж е  в  в ы зы в а н и и  р е а к ц и и  в н и м а н и я .

Н а р у ш е н и е  м е зо -д и эн ц е ф а л и ч е с к о й  а к т и в а ц и и  п р и в о д и т  к  и зм е н е н и ю  д е к о д и р о 
в а н и я  и н ф о р м а ц и й  в н е ш н и х  р а з д р а ж и т е л е й  и  ч е р е з  н его  к  н а р у ш е н и ю  о р г а н и з а ц и и  
ф у н к ц и й  с а м о п о д д е р ж а н и я , что  п р о я в л я е т с я  в  и с ч е зн о в е н и и  в о с п р и я т и я  п и щ и  и  у с л о в н о й  
о б о р о н и т е л ь н о -р е ф л е к т о р н о й  д е я т е л ь н о с т и .

Д Е Й С Т В И Е  А Л Ь Д О С Т Е Р О Н А  Н А  К И Ш Е Н Н Ы Й  Т Р А Н С П О Р Т  Н А Т Р И Я  И
К А Л И Я

А. ШПЕТ, М. ШАЛИГА, Й. ШТУРЦ и Й. ШОЙОМ

П р и  э к с п е р и м е н т а л ь н ы х  у с л о в и я х , п р и м е н я е м ы х  а в т о р а м и , п о с л е  д а ч и  а л ь д о -  
с т е р о н а  в с а с ы в а н и е  и  в ы д е л е н и е  н а т р и я  ч е р е з  т о н к у ю  к и ш к у  у с к о р и л и с ь ,  в  то  в р е м я  
к а к  в с а с ы в а н и е  и  в ы д е л е н и е  к а л и я  с н и ж а л и с ь .  Э ти  д в а  и зм е н е н и я  в ы р а в н и в а л и  д р у г  
д р у г а ,  т а к и м  о б р а з о м  а л ь д о с т е р о н  — у  к р ы с  —  п у т е м  р е г у л и р о в а н и я  т р а н с п о р т и р о в к и  
к а т и о н о в  в т о н к о й  к и ш к е , по  всей  в е р о я т н о с т и , н е  в л и я е т  н а  н а т р и е в ы й  и  к а л и е в ы й  обм ен 
о р г а н и з м а . Э ф ф ек т  а л ь д о с т е р о н а  н а  с к о р о с т ь  т р а н с п о р т и р о в к и  к а т и о н о в  п о к а з а л  в  а б о - 
р а л ь н о м  н а п р а в л е н и и  у м е н ь ш а ю щ у ю с я  т е н д е н ц и ю .
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