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Physiologia
BEITRÄGE ZUR CHOLINESTERASE IN VIVO

I. B ESTIM M U N G  D E R  C H O L IN E S T E R A S E A K T IY IT Ä T  IN  VIVO

Von

O. F e h é r  und E . B okri

PHYSIOLOGISCHES IN ST ITU T D E R  M EDIZINISCHEN U NIVERSITÄT, D EBRECEN  

(E ingegangen  am  23. O k to b er 1959)

E s w u rd e  eine M ethode zur B estim m u n g  der C h o lin e s te raseak tiv itä t de» 
G anglion cervicale superius von  K a tzen  a u sg earb e ite t. Die M ethode  b e s teh t d a rin , d aß  
m an  das G anglion  v o n  L ocke-L ösung d u rch strö m en  lä ß t, w elche S u b s tra te  der C holin­
esterase  (A zety lcho lin , A zety l-/3-m ethylcholin , Ä th y lch lo raz e ta t)  u n d  ih re  In h ib ito ren  
(E serin , T E P P , P ro s tig m in ) e n th ä lt  u n d  die D ifferenz zw ischen d e r S u b s tra tk o n z e n tra ­
tio n  des ein- u n d  a u ss trö m en d en  P e rfu sa ts  chem isch  b es tim m t. D iese D ifferenz e rg ib t 
sich aus de r C h o lin e s te rasea k tiv itä t des G anglions.

Ü ber die C h o lin e s te ra seak tiv itä t des G anglion cerv icale superius d er 
K a tze  steh en  m ehrere  A ngaben  zur V erfügung. So w erden  lau t Glick  [1] 
von  der gang lionären  C holinesterase je  S ekunde und  G ram m  0,1 fJLg A ze ty l­
cholin , nach  den  A ngaben  von  N a ch m anso h n  [2] je  S tu n d e  u n d  G ram m  4 0 0 —- 
600 m g A zety lcho lin  ab g eb au t. K o elle  u n d  M ita rb e ite r [4, 5, 6] haben  die 
L okalisa tion  b e ider C ho lineste rasearten  in  den  sy m p a th isch en  G anglien u n te r  
A nw endung einer h istochem ischen  M ethode ziem lich g en au  festgeste llt. D ie 
unspezifische oder pseudo-C holinesterase k o n zen trie rt sich  im  in te rs titie llen  
B indegew ebe u n d  im  G liagew ebe, die spezifische oder A zety lcho linesterase  in  
den  p rägang lionären  E nd igungen  und  in  der M em bran d er G anglienzellen.

Im  H in b lick  darau f, d aß  w ir im  R ahm en  anderer V ersuche [7, 8] die Rolle 
des A zety lcholin-C holinesterasesystem s im  P rozeß  der ganglionären  Im p u ls ­
ü b e rtrag u n g  u n te rsu c h te n , ergab sich die N otw end igkeit, eine A k tiv itä tsm e ß ­
m ethode au szu arb e iten , die uns im  V erlau f d er Im p u lsü b e rtrag u n g , der g a n g ­
lionären  E rregung , ein B ild  der C ho linesterasefunktion  v e rm itte lt. Es m u ß te  
dem nach  eine M ethode geschaffen  w erden, w elche die A k tiv itä t  in  vivo b e s tim m t.

H ierzu  b o ten  sich p rinzip iell zwei M öglichkeiten. 1. In k u b a tio n  des h er- 
au sg esch n itten en  G anglion cervicale superiu s in  S u b stra tlö su n g  bei e n tsp re ­
chender T em p era tu r und  S icherung der Sauerstoff- u n d  N ährsto ffverso rgung .
2. Perfusion  des G anglions m it der S u b stra tlö su n g  u n d  M essung der D ifferenz 
zw ischen der K o n z e n tra tio n  der ein- u n d  au sström enden  S ubstra tlö su n g , d . h . 
der »arterio -venösen«  S ub stra td iffe ren z .

E ine der im  1. P u n k t e rw äh n ten  analogen  M ethode hab en  S c h l ey er  u . 

M itarb . [9] am  elek trischen  O rgan des T orpedo  electricus angew andt, S e id l it z  
[10] hingegen am  Froschm uskel. D ie P erfu sio n sm eth o d e  w urde von  Ma r n a y

1 A cta Physiologica X V III/1 .
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u n d  N a ch m anso h n  [11] am  H u n d em u sk e l, von B ik o w  u n d  P r a w d it sc h - 
N e m in s k a ja  [12] am  sy m p a th isch en  G anglion b e n u tz t.

Im  einzelnen u n te rsu c h te n  w ir fo lgende F ragen ;
1. I s t  die K o n zen tra tio n ssen k u n g , die bei der P e rfu sio n  der A ze ty l­

cholin lösung d u rch  das G anglion e in tr i t t ,  der C h o lin e s te ra seak tiv itä t zu ­
zusch re iben?

2. I s t  der gew onnene A k tiv itä tsw e r t von den P erfusionsbed ingungen  
(S tröm ungsgeschw ind igkeit, D iffusion u n d  K o n z e n tra tio n  des S u b stra ts ) 
abh än g ig ?

3. W ie groß is t  die F ra k tio n  d e r C h o lin e s te ra seak tiv itä t des G anglions, 
die sich bei der P erfu sio n  m essen lä ß t?

Methode

D as G anglion cerv icale  superius von  K a tz e n , die m it 80 m g /k g  Chloralose i. p. n a rk o ­
t is ie r t  w orden  w aren , p e rfu n d ie rte n  w ir n a ch  d e r M ethode von  K ib ja k o w  [3] m it Locke- 
L ösung , w elche die versch ied en en  S u b s tra te  d e r C holinesterase in  u n te rsch ied lich e r M enge 
en th ie lt. D ie S u h s tra tk o n z e tra tio n  der d u rc h  d ie  A rté ria  caro tis  co m m u n is  e in s trö m en d en  
u n d  d u rc h  die Y ena ju g u la r is  in te rn a  a u ss trö m en d e n  Lösung w urde  b io log isch  [13] u n d  n ach  
de r chem ischen  M ethode v o n  H e s t r in  [14] b e s tim m t.

Im  V erlau f de r V ersuche  kam en  fo lgende  S u b s tra te  zu r A nw en d u n g ; A zety lcho lin , 
A zety l-/?-m ethylcholin , Ä th y lch lo raz e ta t. A ls In h ib ito r  b e n u tz te n  w ir E se rin , T e tra ä th y l-  
p y ro p h o sp h a t (T E P P ) u n d  P rostigm in .

In  e in igen V ersu ch en  b es tim m ten  w ir  d ie  C h o lin e s te raseak tiv itä t des G anglion cerv i­
cale superius au ch  in  vitro. D ie M ethode d ieser B estim m u n g  h aben  w ir in  e iner frü h eren  M itte i­
lung  [7] beschrieben .

Ergebnisse

1. Is t die K onzentrationssenkung, die bei der P erfusion  der A zetylcholin­
lösung durch das G anglion eintritt, der Cholinesteraseaktivität zu iuschreiben?

Z ur B ean tw o rtu n g  dieser F rage w a n d te n  wir zw eiM ethoden  an : a)  Im  F alle  
der C holinester re a z e ty lie rte n  w ir zw ecks d er B estim m ung  des C holingehalts das 
au ss trö m en d e  P e rfu sâ t, b)  Z usam m en m it den S u b stra tlö su n g en  fü h rten  w ir 
die spezifischen C ho lineste rase inh ib ito ren  in das G anglion ein.

a)  Als B eispiel d e r ersten  M ethode sei ein V ersuch  d em o n s tr ie rt: das 
G anglion cervicale su p eriu s  w urde m it A zety lcho lin lösung  von  540 /tg /m l 
nom ineller K o n zen tra tio n  p erfu n d ie rt. D er V ersuch ergab  fo lgende R e su lta te ;

Tabelle I

AchBr. /Ltg/ml
a—V Diff. 

Hg/ml
Nach

Reazetylierung 
Ach [U-g/ml

E in s trö m u n g 534 — 598

A usström ung  I 496 38 604

„  И 500 34 588

„  I I I 496 38 592
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W ie aus den A n gaben  in  T abelle I  ersich tlich , is t d e r C holingehalt des 
ein- und  ausström enden  P e rfu sa ts  in n e rh a lb  der F eh le rg ren zen  des R e a z e ty -  
lie rungsverfahrens [15] als k o n s ta n t zu b e tra c h te n , die im  V e rla u f der P erfu sio n  
a u ftre ten d e  a rte rio -venöse  D ifferenz d em n ach  n ich t e in e r im  C holingehalt 
e in g e tre ten en  V erän d eru n g  zuzuschre iben . D a aber bei d e r ÜESTRiNschen 
M ethode die Menge d er C -O -C -B indungen gem essen w ird , lä ß t sich die 
K o n zen tra tio n ssen k u n g  im  au sströ m en d en  P e rfu sâ t a u f  die A zety lcho lin ­
hydro ly se  zu rück füh ren .

b)  H iernach  e rg ib t sich  die F rag e , ob die im  V erlau f d er P erfusion  e in ­
tre te n d e  A zety lcho linhydro lyse  n ich t a u f  e in er von  der C h o lin e s te ra se a k tiv itä t 
unabhäng igen  W irkung  b e ru h t. E s w a r d a h e r nö tig , n eb e n  dem  S u b s tra t  
auch  die spezifischen C h o lineste rase inh ib ito ren  in  das G ang lion  e in zu fü h ren  
u n d  zu un tersuchen , ob diese eine S en k u n g  oder H em m u n g  der H y d ro ly se  
bew irken . E inen  d e ra rtig en  V ersuch zeigen die T abellen  I I  und  I I I .

Tabelle II

Ach
fi-g/ml

Hydrolyse
fig/ml

Locke

E inström ung 504 —
A usström ung 464 40

10=«M  T E P P

E inström ung 478 —
A usström ung I 480 0

A usström ung II 478 0

Tabelle III

Ach
/<g/ml

Hydrolyse
/ig /m l

Lokce

E inström ung 522 —

A usström ung I 464 58

A usström ung II 472 50

1 0 Pr os t i gmi n

A usström ung 522 0

Im  folgenden V ersuch  w urde als S u b s tra t  Ä th y lc h lo ra z e ta t (ÄCA), als 
In h ib ito r  E serin  in  d er K o n zen tra tio n  10—>M  b e n u tz t.

1
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Tabelle IV

K onzentra tion  des einströmenden Perfusats

300 /2g/ml ÄCA 300 /zg/ml ÄCA -f- 
10 —6 Eserin

H ydrolyse I 7,56 //g/m in 3,51 //g /m in

7,56 [Лg/m in 3,51 /ig /m in

Yon E serin  w urde die Ä th y lch lo raze ta th y d ro ly se  a u f  w eniger als die 
H ä lf te  h e rab g ese tz t, ab er n ic h t v o lls tän d ig  gehem m t, w as m it den R e su lta te n  
S c h l e y e r s  [9J am  e lek trisch en  O rgan ü b e re in s tim m t. S e in er A nsich t n ach  
b e ru h t  dies d a rau f, d aß  im  e lek trisch en  O rgan auch eine  an d ere  E s te ra se  
anw esen d  is t, w elche A th y lc h lo ra z e ta t ab zu b au en  verm ag .

A us den u n te r  а)  und  b)  besch riebenen  V ersuchen w u rd e  gefolgert, d aß  die 
K o n zen tra tio n ssen k u n g  d er d u rch  das G anglion cervicale su p eriu s  p e rfu n d ie rten  
A zety lcho lin -L ocke-L ösung  a u f  die C h o lin e s te ra seak tiv itä t des G anglions zu ­
rü c k g e fü h r t w erden m uß.

K oelle u. M itarb . h a b e n  nachgew iesen, daß  beide C h o lin este rasea rten  in  
d e n  sym patischen  G anglien  V orkom m en. D as spezifische S u b s tra t  der pseudo- 
-C holinesterase is t B u ty ry lch o lin , das der A zety lcho linesterase  A zetyl-/?-m ethyl- 
cho lin . Bei der P erfusion  b e id e r S u b s tra te  d u rch  das G ang lion  w ar H y d ro ­
ly se  zu  b eobach ten , w oraus geschlossen w erden  darf, d aß  b eide  F o rm en  der 
C holinesterase auch  im  in ta k te n  G anglion a k tiv  sind.

Als Beispiel fü r  die H y d ro ly se  von  A zetyl-/3-m ethylcholin  sei folgender 
V ersu ch  angefüh rt:

Tabelle V

Ac-/3-methylcholin-
K onzentration

fig/m l

a—V D ifferenz 
(Xg/ml

E inström ung 107,2

A usström ung 104,8 2,4

E inström ung 1308 —
A usström ung 1188 120

E inström ung 12160 —
A usström ung 10800 1360

2. E in flu ß  der physika lischen  Perfusionsbedingungen a u f  das A u sm a ß  der
H ydrolyse

W enn das in  der L ocke-L ösung  s trö m en d e  S u b s tra t au s  den  G efäßen  
a u s t r i t t  u n d  a u f  dem  W ege d er D iffusion die G anglienzellen u n d  p räg an g lio ­
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n ä re n  E n d ig u n g en  oder andere cho lin este raseh altig e  S tru k tu re n  e rre ich t, so 
e rg ib t sich die F rag e , ob die physik a lisch en  B edingungen  d er P erfusion  (D ru ck , 
S tröm ungsgeschw ind igkeit, K o n zen tra tio n ) das A usm aß  d er fe s tg e s te llten  
H ydro lyse beein flu ssen .

Bei dem  M echanism us der S u b s tra tk o n z e n tra tio n sse n k u n g  im  P e r fu s â t 
d ü rfte  es sich d a ru m  handeln , daß  d as  in  den in te rze llu lä ren  R aum , an  die 
O berfläche der Z ellen  gelangte S u b s tra t  v o n  der C ho linesterase h y d ro ly s ie rt 
w ird. Dies z ieh t die K o n zen tra tio n ssen k u n g  des S u b s tra ts  in  der in te rz e llu ­
lären  F lüssigkeit n ach  sich, die d u rch  die D iffusion aus den  G efäßen k o m p e n ­
sie rt w ird. F o lgende G leichung b r in g t  d ie  G eschw ind igkeit der S u b s tr a t­
k o n zen tra tio n ssen k u n g  zum  A u sd ru ck :

~ ^  =  k C 0 (1)
dt

in  der de die K o n z e n tra tio n sv e rän d e ru n g , d t die Z eit, к  die K o n s ta n te  d er 
H ydro lysengeschw ind igkeit und  C0 die A usg an g sk o n zen tra tio n  b e d e u te t .  
D ie S u b s tra tk o n z e n tra tio n  der in te rz e llu lä ren  F lü ssig k e it en tsp rich t d e m ­
gem äß Z eit t dem  B eg inn  der H y d ro ly se  folgend

В  C, =  C0 e -“  (2)

wo Ci die Zeit t n ach  B eginn der H y d ro ly se  gem essene S u b s tra tk o n z e n tra tio n  
bezeichnet. D ie in  d er in te rze llu lä ren  F lü ssig k e it e in tre te n d e  K o n z e n tra tio n s ­
senkung  b e trä g t d em nach  au f G ru n d  d er G leichungen (1) u n d  (2)

d C  =  C0 ( l - e - * ‘) (3)

In  A n b e tra c h t dessen, daß  A ze ty lcho lin  nach den B erechnungen  O gstoins 
[16] über sehr große D iffusionsfäh igkeit v e rfü g t, w e ite rh in  der e x tra -  u n d  
in trav asa le  R a u m  des Ganglions a u f  g roßer F läche m ite in a n d e r im  K o n ta k t  
stehen , können  w ir die S u b s tra tk o n z e n tra tio n  der beiden  R äu m e als id en tisch  
annehm en . D as A usm aß  der H y d ro ly se  h ab en  wir in d e r je  m l a b g e b a u te n  
S u b stra tm en g e  gem essen. Die in der G le ichung  (3) vo rkom m ende Zeit t b eze ich ­
n e t som it —  in  M in u ten  —  d iejen ige Z e itd au er, in  w elcher 1 m l F lü ssig k e it 
d u rch  das G anglion  s trö m t, d. h . m it  d er C holinesterase in  K o n ta k t b le ib t. 
D iese Z e itd au er is t  n a tu rg em äß  v o n  d en  versch iedenen  P erfusionsgeschw ind ig ­
ke iten  abhäng ig . D er fc-Wert lä ß t sich  aus der G leichung (3) e rrechnen , w enn 
w ir sie fo lgenderm aßen  v erän d ern :

k =
1

t
ln

C0- A C
(4)

W enn w ir t m it der zur D u rc h s trö m u n g  von 1 m l erfo rderlichen , in  
M inuten gem essenen Z eit su b s titu ie re n , so gew innen w ir aus den R e su lta te n
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eines V ersuches b e i den  versch iedenen  P erfusionsgeschw ind igkeiten  fo lgende 
k -W erte:

Tabelle VI

Perfusionsgeschw indigkeit 
m l/m in  (V) 0,05 0,24 0,45 0,51 0,60 0,84

Z ur D urchström ung von  
1 m l erforderliche 
Zeit, in  Min. (t) 20 4 2,22 1,95 1,66 1,18

G eschw indigkeitskonstan te
(k) 0,013 0,015 0,017 0,018 0,019 0,022

Die S u b s tra tk o n z e n tra tio n  w ar in  d iesem  V ersuch 572 [Ag/m\. W ie T abe lle  
V I zeigt, is t d er k - W e rt b e i m ittle ren  u n d  h o h en  P erfusionsgeschw ind igkeiten  
n ah ezu  k o n s ta n t, u n d  eine w esentliche A bw eichung  von  d iesem  W ert b e s te h t 
n u r  bei sehr n ied rig e r P erfusionsgeschw ind igkeit. Bei dem  e rw äh n ten  V ersuch  
w ar zwischen der a rte rio -v en ö sen  A zety lcho lind ifferenz, dem  /IC -W ert u n d  der 
P e rfu sio nsgeschw ind igke it folgende K o rre la tio n  F estzu ste llen  (A bb. 1).

W enn w ir n u n m e h r  den W ert к  m it 0,017 annehm en  u n d  den Z usam m en­
h an g  zwischen A C  u n d  d er P erfusionsgeschw ind igkeit au fzeichnen , so sehen

Ach fjg/m!

200■ F

V ml /min

A bb. 1. Die A b h ä n g ig k e it der a rte rio -v en ö sen  A zety lch o lin k o n zen tra tio n sd iffe ren z  
(A C ) u n d  der je  M in u te  h y d ro ly s ie rten  S u b s tra tm e n g e  von der Perfusionsgeschw ind igkeit. 
O rd in a te :  A rterio -venöse  S u b s tra tk o n ze n tra tio n sd iffe ren z  in  /zg/ml; A bszisse: Perfusionsge- 
sch w in d ig k eit m l/m in . K o n tin u ie rlic h e  L inie: V e rsu ch sk u rv e ; g estrichelte  L in ie : n ach  G leichung 
(3) errechnete  K u rve . C0 =  572 /zg/ml. S tr ic h p u n k tie r te  L inie: je  M inu te  h y d ro ly sierte  S u b ­

stra tm enge  in  /zg/m in . D er W ert von к  b e trä g t  fü r  die e rrech n ete  K u rv e  0,017
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w ir, d aß  die V ersuchsergebnisse  und  d ie  e rrech n e te  K u rv e  n u r  b e i sehr n iedriger 
P erfusionsgeschw ind igke it w esen tlich  v o n e in an d e r abw eichen , hingegen bei 
m itt le re r  u n d  hoher P e rfusionsgeschw ind igke it gu t ü b ere in stim m en . Bei n ied ­
rig en  P erfusionsgeschw ind igkeiten  d ü rf te  die A bw eichung d a ra u f  beruhen , 
d aß  in  einem  Teil der K ap illa ren  bei n ied rigem  D ruck  k e in e  S u b stra tlö su n g  
s trö m t, so daß  vom  E n z y m  w eniger S u b s tra t  e rre ich t u n d  infolgedessen das 
R e su lta t  der H y dro lyse  n ied rig er w ird . A us d er Ü b ere in stim m u n g  bei den 
m ittle re n  u n d  hohen P erfusionsgeschw ind igke iten  d a rf  ab e r geschlossen w erden, 
d aß  die G leichung (3) die K in e tik  d er im  V erlau f der P e rfu s io n  v o r sich gehen ­
d en  H ydro lyse  m it a n n ä h e rn d e r G en au ig k e it w id e rg ib t. In  A bb. 1 v e r­
b in d e t die k o n tin u ie rlich e  L inie die im  V ersuch  e rm itte lte n  W erte , die ge­
s tr ich e lte  Linie die e rrech n e ten  W erte .

In  anderen  V ersuchen  s te llten  w ir fo lgende G eschw in d ig k e itsk o n stan ten  
d er A zetylcholin- u n d  A zety l-/?-m ethylcholinhydro lyse fe s t: A zety lcholin  =  
0,016, 0,013, 0,015; A zetyl-/?-m ethylcholin  =  0,0012, 0,0011.

Bei gleicher U n te rsu ch u n g  d er Ä th y lc h lo ra z e ta tsp a ltu iig  ergaben sich 
a u f  G rund  der G leichung (3) fo lgende G esch w in d ig k e itsk o n stan ten : 0,080, 
0,076, 0,051, 0,088.

D ie je  M inute  h y d ro ly s ie rte  S u b s tra tm e n g e  (AC ■ V ) m u ß  nach  der G lei­
ch u n g  (3) p ra k tisc h  k o n s ta n t sein, w as jed o ch  n ich t b e i je d e m  V ersuch der 
F a ll w ar. B ei n ied rigen  P erfu sionsgeschw ind igke iten  w ar die je  M inute h y d ro ly ­
sie rte  S u b stra tm en g e  w iederho lt geringer. W ie bere its  e rw ä h n t, d ü rfte  das 
d a ra u f  zu rü ck zu fü h ren  sein , daß  d er K o n ta k t  zw ischen E n z y m  u n d  S u b s tra t 
d u rch  die b ed eu ten d e  S enkung  des P e rfu sio n sd ru ck s infolge d er V erringerung  
d er d u rch strö m ten  K ap illa ren  b e e in trä c h tig t w ird . Reale H yd ro ly sew erte  tre te n  
d ah e r la u t  A bb. 1 im  G anglion  cervicale superiu s n u r be i e in er 0,25 m l/m in ü b e r­
ste igenden  P erfusionsgeschw ind igkeit in  E rsche inung . D ie V eränderungen  der 
je  M inute h y d ro ly s ie rten  S u b stra tm en g e  g ib t in  Abb. 1 die s tr ic h p u n k tie rte  
L inie w ieder.

Ma r n a y  u n d  N aciimainsohn f l l j  h ab e n  n ach  d er P erfusionsm ethode 
die C h o lin es te raseak tiv itä t des M uskels u n te rsu c h t u n d  in  bezug  au f den Z u­
sam m enhang  zw ischen der P erfusionsgeschw ind igkeit u n d  a rteriovenösen  
K onzen tra tio n sd ifferen z  ein m it u n serem  E rgebn is ü b ere in stim m en d es R esu l­
t a t  festgeste llt. D ie V erän d eru n g  d e r in  d er Z e ite inhe it a b g e b a u te n  S u b s tra t­
m enge im  V erhä ltn is  zu r P erfusionsgeschw ind igkeit t r i t t  b e i ihnen  noch  au s­
g ep räg te r in  E rsch e in u n g , was d a ra u f  h in d e u te t, d aß  d as , was w ir ü b er die 
K ap illa rd u rch strö m u n g  b e i versch iedenen  P erfu s io n sd ru ck w erten  oben gesag t 
h ab en , fü r den  M uskel in  noch  hö h erem  M aße gilt. Ma r n a y  u n d  N a ch m anso h n  
fo lgerten  aus ih ren  R e su lta te n , d aß  der M uskel zwei C holinesterasen  e n th ä lt:  
ein  rasch  h y d ro lysie rendes, in  geringer M enge k o n zen tr ie rte s  u n d  ein langsam  
hydro lysierendes, in  g roßer Menge diffus lokalisiertes E n zy m . Die para lle l zu r 
P erfusionsgeschw ind igkeit zu tage  tre te n d e  H y d ro ly seste ig eru n g  füh ren  sie
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d a ra u f  zurück , daß  b e i ra sc h e r  P erfu sio n  genügend S u b s tra t  m it dem  rasch  
h y d ro lysie renden  E n z y m  in  K o n ta k t  k o m m t und  die a b g e b a u te  S u b stra tm en g e  
g rö ß e r sein w ird, w äh ren d  die vom  langsam  h y d ro ly sie ren d en  E n zy m  abge­
b a u te  Menge wegen se in er d iffusen  L o k alisa tion  von  der P erfusiousgeschw indig- 
k e it  w eniger b ee in flu ß t w ird . D iese E rk lä ru n g  von  Ma r n a y  u n d  N ac h m a n so h n  
s tim m t m it der u n srig en  im  w esen tlichen  überein , obw ohl die g en an n ten  
A u to re n  die q u a n tita tiv e n  Z u sam m enhänge  der H y d ro ly se  u n d  P erfu sio n s­
geschw indigkeit a u f  an d e re  W eise fe stzuste llen  su ch ten .

3. Vergleich der in  vivo und  in  vitro gewonnenen Aktivitätsergebnisse

W ird  die C h o lin e s te ra seak tiv itä t bei der P erfusion  gem essen, so s te llt 
s ich  schließlich die F rag e , w ie groß die F ra k tio n  der g e sam ten  C holinesterase­
a k t iv i tä t  des G anglions is t ,  d ie n ach  d ieser M ethode b e s tim m t w erden k an n . 
Z ug le ich  aber b e s te h t die M öglichkeit, die P e rm eab ilitä tsv e rh ä ltn is se  d er v e r­
sch iedenen  S u b stra te  u n d  In h ib ito re n  zu u n te rsuchen . Z u e rs t u n te rsu ch ten  
w ir die F rage m it dem  g u t d iffund ierenden  Ä th y lc h lo ra z e ta t, das zugleich 
e in  gu tes  S u b stra t d er C ho linesterase  b ild e t. Im  V erlau f d e r V ersuche b e s tim m ­
te n  w ir nach  der P e rfu sio n sm eth o d e  die ire-iuvo-A ktivität des G anglions, 
w o n ach  wir es h om ogen isierten  u n d  auch  die H ydro lyse  in  vitro  fe s ts te llten . 
E in ig e  E rgebnisse d ieser V ersuche sind  in  Tabelle V II  zusam m en g efaß t.

Tabelle VII

ÄCA-Konz.
/ig/ml

H ydrolyse 
in  v itro
jug/min

Hydrolyse 
in  vivo 
/xg/min

In  vivo im Prozentsatz 
von  in  v itro

270 2 6 ,6 18 ,9 71

353 4 0 ,0 33 ,1 83

357 3 2 ,5 15,1 49 *

* Der V ersuch e rfo lg te  m it n ied rig er ausström ender T ro p fen zah l.

In  der G rößenordnung  s tim m t das V erhältn is des A b b au s in  vivo u n d  
in  vitro  m it den A ngaben S c h l e y e r s  [9] übere in , der am  e lek trisch en  O rgan des 
Torpedo electricus e rm itte lte , d aß  von  den  in  der S u b s tra tlö su n g  in k u b ie rten  
S c h n itte n  des e lek trischen  O rgans e tw a 6 0 — 63%  der n ach  H om ogenisierung  
h y d ro ly s ie rte n  Menge a b g e b a u t w orden  w aren . Aus T abelle  V II  geht herv o r, 
d a ß  Ä th y lch lo raze ta t bei in ta k te r  S tru k tu r  n ich t im stan d e  is t , die gesam te, 
es hyd ro ly sie ren d e  E n zy m m en g e  d u rch  D iffusion zu e rre ichen . E s is t m öglich, 
d a ß  d as  Ganglion eine E s te ra se  e n th ä lt, die in  ih rer N a tu r  und  L okalisa tion  
m it d e r  C holinesterase n ic h t id en tisch  is t. A u f diese T a tsa c h e  k an n  aus den 
A n g a b e n  S ch ley er s  [9] ebenso  wie aus unserem  in T abe lle  IV  m itg e te ilten
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V ersuch  geschlossen w erden. Diese E s te ra se  w ird von E se r in  w ahrschein lich  
n ic h t gehem m t.

Im  Z u sam m en h an g  m it A ze ty lcho lin  u n d  A zetyl-/S-m ethylcholin  h a b e n  
w ir das V erh ä ltn is  d e r H ydro lyse in  vivo  u n d  in  vitro g le ich fa lls  u n te rsu c h t. 
D iese F rage w ollen  w ir indessen, d a  sie au ch  zu versch iedenen  anderen  B eo b ­
ach tu n g en  g e fü h rt h a t ,  in  einer sp ä te re n  M itte ilung  b eh an d e ln .

D ie nach  d e r P e rfusionsm ethode  vorgenom m enen  V ersu ch e  erhellen in  ge­
w isser H in sich t a u c h  die P e rm e a b ilitä tsv e rh ä ltn is se  der C h o lin este rase -In h ib i­
to re n . Bei der B esp rech u n g  des 1. P u n k te s  e rw äh n ten  wir b e re its  die H em m u n g s­
w irkung  von E se r in  a u f  die H y d ro ly se  v o n  A th y lc h lo ra z e ta t in  vivo. T ab e lle  
IV  is t  zu en tn eh m en , d aß  E serin  in  vivo  n u r  w enig m ehr als zu  50%  im s ta n d e  
is t, die Ä th y lch lo raze ta th y d ro ly se  zu hem m en . Diese T a tsa c h e  lä ß t den S ch lu ß  
zu , d aß  es n ich t d ie  gesam te A th y lc h lo ra z e ta t h y d ro ly sie ren d e  E n zy m m en g e  
zu  erreichen v e rm a g . Dies is t m öglicherw eise  d a ra u f zu rü ck zu fü h ren , d a ß  
au ch  die sy m p a th isc h e n  G anglien e in  E n z y m  en th a lten , d a s  zum  A bb au  von  
A th y lc h lo ra z e ta t im s ta n d e , aber m it  d e r C holinesterase w eder in  se in e r  
S tru k tu r  noch  L o k a lisa tio n  id en tisch  is t.

A us der T a tsa c h e , daß die A zety lcho lin h y d ro ly se  m it  10 6 M  T E P P  
100% ig  g ehem m t w erden  kan n , z iehen  w ir den  Schluß, d a ß  d ie  P e rm eab ilitä ts - 
v e rh ä ltn isse  v o n  A zety lcho lin  u n d  T E P P  im  großen g an zen  ü b ere in stim m en .
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BEITRÄGE ZUR CHOLINESTERASEKINETIK IN VIVO

I I .  V E R G L E IC H  D E R  A Z E T Y L C H O L IN - U N D  AZETYL-/5- M E T H Y L C H O L IN H Y D R O ­
L Y S E  AM O B E R E N  H A L SG A N G L IO N  D E R  K A T Z E  IN  VIVO U N D  IN  V IT R O

V on

0 .  F e h é r  und E . B o k r j

PHYSIOLOGISCHES IN ST ITU T D E R  M ED IZIN ISCH EN  UNIVERSITÄT, D EB R EC E N  

(E in g eg an g en  am  23. O k to b e r 1959)

Die A zety lcho lin - u n d  A zety l-^-m eth y lch o lin h y d ro ly se  d u rc h  d ie C holinesterase 
des in  vivo p e rfu n d ie rte n  u n d  d a n n  ho m o g en isie rten  G anglion cerv ica le  superius der K a tze  
w urde u n te rsu c h t. A zety lch o lin  ergab  in  vitro  eine g lockenförm ige S u b s tra tk u rv e , 
w oraus h e rv o rg e h t, d aß  das G anglion  h a u p tsäc h lic h  A zety lcho linesterase  e n th ä lt. I n  
vivo  zeig ten  d ie W erte  g roße  S treu u n g en . A zety l-/i-m ethy lcholin  ergab  in  vitro  eine 
glockenförm ige S u b s tra tk u rv e , in  vivo jed o ch  d ie fü r  P seu d o ch o lin este rase  c h a ra k te r i­
stische  S-förm ige S u b s tra tk u rv e . E s d a rf  d a h e r angenom m en w erd en , d aß  die K in e tik  
de r A zety lcho linesterase  u n te r  d iesen  U m stä n d en  m it der in  vivo  fe stg es te llten  K in e ­
t ik  n ich t ü b e re in s tim m t.

N ach d em  w ir in  der v o rig e n  M itte ilu n g  [1] gek lärt h a b e n , welche F a k ­
to re n  die A zety lch o lin h y d ro ly se  im  P erfusionsversuch  in  vivo  regu lieren , u n te r ­
su ch ten  w ir die F rag e , ob b eso n d ere  k in e tische  G ese tzm äß igke iten  zur G eltung 

kom m en , w enn die C ho linesterase ih re  A k tiv itä t  an  die S tru k tu r  gebunden , an  
ih re r  E n ts te h u n g s te lle  a u sü b t. Z u  d iesem  Zw eck u n te rsu c h te n  w ir die A ze ty l­
cholin- u n d  A zety l-/?-m ethy lcho linhydro lyse  in  P erfusionsversuchen  in  vivo 
u n d  su ch ten  diese m it der C h o lin e s te ra se a k tiv itä t von  G ang lionhom ogenaten  
zu  verg leichen . A us den  V ersuchsergebn issen  e rrechneten  w ir au ch  die D issozia­
tio n sk o n s ta n te n  der G ang lioncho lineste rase  n ach  der g rap h isch en  M ethode 
v o n  L in e w e a v e r  u n d  B u r k  [2].

Methode

D ie B estim m u n g  d e r C h o lin e s te ra sea k tiv itä t des G anglions d u rc h  Perfusion  in  vivo 
h a b e n  w ir frü h e r besch rieb en  [3].

D ie A k tiv itä t  de r H o m o g en ate  w urde  n ach  fo lgender M ethode fe s tg es te llt:  Die b e id ­
se itigen  oberen  H a lsg an g lien  v o n  5 m it  0,1 g /kg H e x o b a rb ita l n a rk o tis ie rte n  K a tzen  beiderle i 
G esch lech ts w u rd en  h e rau sg e sc h n itte n , gew ogen u n d  m it L ocke-Lösung im  P orzellanm örser 
hom o g en isie rt. 1 m l H o m o g en at e n th ie lt  10 m g F eu ch tg ew ich t G anglion . D ie In k u b a tio n sg e ­
m ische h a tte n  fo lgende Z u sam m en setzu n g :

H o m o g en at • 0 ,500 m l
V ero n al-H C l-P u ffe r p H  7,2 1,000 ml
A zety lcho lin -H C l (10 m g/m l) 0,543 m l(3 -1 0 -3M )
D estilliertes W asser ad  3,000 m l

V om  In k u b a tio n sg em isch  w u rd e n  in  der 0. M inu te  der In k u b a tio n  0,2— 1,0 m l e n tn o m ­
m en ; d ie H y d ro lyse  w urde  d u rc h  Z ug ab e  v o n  1 m l 10% iger T rich lo ress ig säu re  ab g este llt. 
N a c h  F il tra t io n  b e s tim m te n  w ir d ie  A z e ty lch o lin k o n zen tra tio n  des G em isches n ach  der H e s - 
TRiNschen M ethode [4]. Ä hn lich  g in g en  w ir m it dem  in  de r 30. M inute d e r In k u b a tio n  im W asser- 
b a d  bei 37° C en tn o m m en en  In k u b a t  vor.
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In  anderen  V ersu ch en  w urde die H y d ro ly se  von  A zetyl-yS-m ethylcholinbrom id n a ch  
d iesem  V erfahren  u n te r s u c h t .

W ir ve rw en d e ten  b e i den  V ersuchen  A zetylcholin  H C l (H o ffm a n n -L a  Roche) u n d  
A zetyl-/?-m ethylcholin  H B r  (L ig h t &  Co.).

Ergebnisse

Azetylcholinhydrolyse in  vivo u n d  in  vitro. Die U n te rsu ch u n g  der C holin­
e ste rase  m it der P e rfu sio n sm eth o d e  in  vivo  w ird du rch  d en  U m stan d  erschw ert, 
d a ß  an  einem  G anglion d ie  H ydro lyse  n u r  b e i einer, hö ch sten s  bei zwei K o n z e n tra ­
tio n e n  u n te rsu ch t w erd en  k an n , weil die E n z y m a k tiv itä t  n a c h  einer ge wissen Zeit 
a b n im m t. Da die A k tiv i tä t  der G anglien  ind iv iduell z iem lich  versch ieden  is t, 
zeigen die in  vivo b e i versch iedenen  K o n zen tra tio n en  gew onnenen A ze ty l­
cho linhydro lysew erte  d e r einzelnen G anglien  große S treu u n g en . Z ur F e s ts te l­
lu n g  k inetischer G ese tzm äß ig k e iten  s ind  sie daher w enig  geeignet.

D ie bei der H y d ro ly se  von  A zety lcholin  in  vivo gew onnenen  R e su lta te  
e n th ä lt  Tabelle I.

Tabelle I

D atum
Substratkonzentration 

in  M
H ydrolysiertes Ach 

/íg/g/ЗО m in

2 0 . X I . 1 ,0 4 i o - 3 8 5 ,7

25 . X I . 1 ,04 i o - 3 1 1 7 ,5

9 . I I . 2 ,03 IO"1 2 1 3 6 ,0

2 7 . X I . 2 ,29 I O '2 7 3 ,0

10 . II . 3 ,68 IO"2 7 6 ,0

17. X I I . 3 ,86 IO"2 2 0 2 ,0

30 . I I I . 3 ,9 4 IO-4 7 Д

Aus den A ngaben  d er Tabelle I  k a n n  n ich t au f g en au e  k inetische  G ese tz ­
m äß ig k e iten  geschlossen w erden ; bei d e ra rtig e r  S treu u n g  is t  es n ich t m öglich, 
die D isso z ia tio n sk o n stan ten  festzuste llen . Die in  T abelle I  e n th a lten en  W erte  
s ind  in  A bb. 1 m it K reu zen  bezeichnet.

A bb. 1 zeigt die n a c h  der in  d ieser A rb e it m itg c te ilten  M ethode e rrech n ete  
S u b s tra tk u rv e  in  vitro , w elche den aus d er L ite ra tu r  b e k a n n te n  g lockenförm i­
gen V erlauf aufw eist u n d  auch  die B estim m ung  der D isso z ia tio n sk o n stan ten  
g e s ta tte te . Von 2 P rä p a ra te n  ergaben  diese nach  der M ethode  von  L in e w e a v e r  
u n d  B urk  [2] folgende W erte :

1. K j:  7,70- IO“ 4 M  
K 2: 1 ,4 7 - IO -2 M

2. K x: 1 ,47-10~ 3 M  
K 2: 1 ,3 0 -10~ 2 M
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In  A bb. 1 is t  die m it dem  P rä p a ra t  Nr. 1 aufgenom m ene S u b s tra tk u rv e  d a r ­
g este llt. V on den  beiden  P rä p a ra te n  w erden  am  S u b s tra to p tim u m  s tü n d lic h  
a u f  1 g F eu ch tg ew ich t g erech n e t 280 bzw. 352 m g A zety lcho lin  ab g eb au t. 
N a ch m anso h n  [5] fand  die H ydro lysegesehw ind igkeit am  G anglion cervicale 
superius 18,2 bzw . 21,4 m g in  100 m g frischem  Gewebe b in n e n  60 S ekunden .

D as G anglion  cervicale su periu s der K a tze  e n th ä lt  sow ohl die pseudo- wie 
die spezifische C holinesterase. D ie S u b s tra tk u rv e  in  vitro h a t  dennoch  c h a ra k te ­
ris tisch e  G lockenform  und ze ig t n ich t an , d aß  das H om o g en at auch eine 
E ste ra se  e n th ä lt ,  die m it zu n eh m en d er K o n z e n tra tio n  im m er größere Sub-

pg  Acti

Abb. 1. A zety lch o lin h y d ro ly se  d u rc h  das obere H alsgang lion  de r K a tze  in  vitro u n d  
in  vivo. O rd in a te : In  30 M inuten  h y d ro ly s ie rte  Ach-M enge in  /zg; A bszisse: L ogarithm us de r 
S u b s tra tk o n z e n tra tio n . F o rtlau fen d e  L in ie : S u b s tra tk u rv e  des G anglionhom ogenats. K reuze: 

In  vivo fe stg es te llte  A k tiv itä t  e inzelner G anglien  in  /zg A ch/m g Gewebe/30 m in

s tra tm e n g e n  a b b a u t. W ir fü h ren  dies d a ra u f  zu rück , d aß  die pseudo-C holin- 
esterase , die n ach  K o elle  u n d  M itarbeitern  im  In te rs t i t iu m  des G anglions 
anw esend  is t , verg lichen  m it d er A zety lcho linesterase  geringe A k tiv itä t b e s itz t 
u n d  eine u n te rg eo rd n e te  R olle sp ie lt.

Äzelyl-ß-m cthylcholinhydrolyse in  vivo u n d  in  vitro. In  einer an d eren  
V ersuchsre ihe  u n te rsu c h te n  w ir die A zetvl-/3 -m ethylcholinhydro lyse in  vivo u n d  
in  vitro. D iese S ubstanz  is t b ek an n tlich  als spezifisches S u b s tra t  der A ze ty l­
cho linesterase  zu b e trach ten .

Die V ersuche in  vitro e rgaben  die in  A bb. 2 s ich tb a re  S u b s tra tk u rv e  
(gestrichelte  L inie). Aus der K u rv e  ließ sich die K o n s ta n te  K x b estim m en , 
die 3,21- 10~3 M  au sm ach te , w as in n erh a lb  d er in  der L ite ra tu r  angegeben 
W erte  lieg t. D ie in  vivo m it der P e rfusionsm ethode  gew onnene S u b s tra tk u rv e
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is t  gleichfalls in  A bb. 2 w iedergegeben . Im  G egensatz zu den  V erhä ltn issen  
in  vitro  t r a t  bis zu d er h ö ch sten  u n se rse its  an g ew an d ten  K o n z e n tra tio n  von 
4 ,8 -  10~2 Af keine S u b s tra th e m m u n g  ein , u n d  der V e rlau f der S u b s tra tk u rv e  
e r in n e rt an  die der pseudo-C ho linesterase . Die D isso z ia tio n sk o n stan te  is t 
w esentlich  höher als die in  vitro  fe s tg e s te llte : 3,8- 10~2 M  (A bb. 2).

jjg riech

Abb. 2. A zetyl-jS -m ethylcholinhydrolyse d u rc h  d as obere H alsg an g lio n  de r K a tze  in  vitro 
u n d  in  vivo. O rd ina te : In  30 M inu ten  h y d ro ly s ie rte s  S u b s tra t in  /«g; A bszisse: L o g arith m u s 
d e r  S u b s tra tk o n ze tra tio n . F o rtlau fe n d e  L in ie : A zety l-/j-m ethy lcho linbydro lyse  in  vivo  in  /<g 

M ech/m g Gewebe/30 m in . G estriche lte  L in ie : S u b s tra k tu rv e  des G anglienhom ogenats

Besprechung

V ergleichen wir die im  höh eren  K o n zen tra tio n sb ere ich  festgeste llten  
H ydro lysegeschw 'ind igkeiten  in  vivo u n d  in  vitro, so f in d e n  wir, d aß  in  vitro 
d ie H em m ungsw irkung  des S u b s tra ts  b e re its  s ta rk  zu r G eltung  ko m m t, 
w äh ren d  die H ydro lyse  in  vivo be in ah e  lin e a r  zur K o n zen tra tio n se rh ö h u n g  zu ­
n im m t. U nseres E ra c h te n s  b e ru h t die E rsche inung  d a rau f, daß  sich das S ub­
s tra to p tim u m  der A zety lch o lin este rase  in  vivo s ta rk  zum  höh eren  K o n z e n tra ­
tio n sb ere ich  v ersch ieb t. A u f die D e u tu n g  der E rsch e in u n g  w erden  w ir sp ä te r 
zu rückkom m en .

W enn  wir die in  vivo e rm itte lte n  A zetylcholin- u n d  A zetyl-/3-m ethyl- 
cho linhydro lysew erte  verg leichen , so sehen  w ir, daß  die A ze ty lcho linhydro lyse  
s ta rk e  S treuung  zeig t u n d  ih r k e inerle i G esetzm äß igkeit en tn o m m en  w erden 
k a n n , w ährend  der an  versch iedenen  G anglien  festg este llte  A zetyl-/3-m ethyl- 
cho linabbau  k inetisch  v e rw ertb a re  G esetzm äß igkeiten  aufw eist. D er U n te r­
sch ied  d ü rfte  d a ra u f  zu rü ck zu fü h ren  sein , daß  zw ar der A zety lcho linesterase- 
g eh a lt einzelner G anglien  im  großen  g anzen  k o n s ta n t is t, ab er die pseudo- 
- C h o lin e s te raseak tiv itä t große V erän d eru n g en  zeigt, d ie z u r  In k o n s ta n z  der 
A zety lcho linhydro lyse  fü h ren . F ü r d iese A nnahm e zeug t ferner, daß  die S ub­
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s tra tk u rv e , w enn w ir d ie  aze ty lch o lin sp a lten d e  F äh ig k e it m ehrere r G anglion- 
h o m ogena te  u n te rsu ch en , bei versch iedenen  S u b s tra tk o n z e n tra tio n e n  den 
e rw a rte ten  regelm äßigen  V erlau f au fw eist. D as au f d iese  W eise h e rgeste llte  
P rä p a ra t  h a t  näm lich  e inen  k o n s ta n te n  pseudo-C holinesterasegehalt.

B ei der U n te rsu ch u n g  der A zety lcholin- u n d  A zety l-/J-m ethylcholin- 
hyd ro lyse  in  vivo e rg ib t sich  zu nächst die F rage , ob sich  n ic h t die M essung 
der an u n d  fü r sich v o rh an d en en  A k tiv itä t  durch  die S tru k tu rg e b u n d e n h e it 
der C holinesterase, d u rch  ih re  L ok a lisa tio n  an  der M em branoberfläche  oder 
in n e rh a lb  der M em bran  infolge P e rm eab ilitä tssch w ie rig k eiten  kom pliz ierter 
g e s ta lte t. Z ur K la rs te llu n g  dieser F rag e  haben  w ir die verg leichende 
U n te rsu ch u n g  der H y d ro ly se  dieser b e id en  S u b stra te  in  vivo  u n d  in  vitro  
vo rgenom m en. Sc h l e y e r  [6] h a t g leichfalls v e rsu ch t, diese F rage  zu  
k lä ren , u n d  fe s tg e s te llt, d aß  in  vivo an  in ta k te n  e lek trisch en  Lam ellen, w enn 
Ä th y lch lo raze ta t als S u b s tra t  b e n u tz t w ird , n u r  etw a 2/3  d e r A k tiv itä t in  vitro  
gem essen w erden k a n n .

U nsere V ersuche geben  von d ieser F rage  kein d e ra r t  einheitliches B ild. 
Bei d er U n te rsu ch u n g  d e r A zety lcho linhydro lyse  in  vivo  u n d  in  vitro sahen  
wir, d aß  in  vitro die bezeichnende glockenförm ige S u b s tra tk u rv e  in  E rscheinung  
t r a t ,  w äh ren d  die A ze ty lcho linhydro lyseergebn isse  in  vivo  große S treu u n g  
zeigen.

E in  einheitliches u n d  die B ed ingungen  der k in e tisch en  B ehand lung  
geväh rle istendes B ild  e rg ib t die U n te rsu ch u n g  der A zety l-/?-m ethylcholinhydro- 
lyse. H ie r  lä ß t sich eb en fa lls  b eobach ten , d aß  die K u rv e  in  vitro  den e rw arte ten  
glockenförm igen V e rla u f aufw eist, w äh ren d  die K u rv e  in  vivo  bei n ied rigeren  
K o n z e n tra tio n e n  n a c h  lan g sam er E rh ö h u n g  steil a u fw ä rts  ste ig t u n d  die 
in -vitro-W erte  weit h in te r  sich lä ß t . E ine S u b s tra th e m m u n g  k o n n ten  
w ir im  u n te rsu c h te n  K o n zen tra tio n sb e re ich  n ich t verze ichnen .

E s s te llt sich d ie  F rag e , w orau f d iese un tersch ied liche  H ydro lyse in  vivo 
u n d  in  vitro b e ru h t. W ie e in leitend  e rw ä h n t, sind w ir d e r M einung, d aß  die 
A bw eichung h a u p tsäch lich  au f P e rm eab ilitä tssch w ie rig k e iten  zu rückgefüh rt 
w erden  m uß . Es is t d e n k b a r , daß  das S u b s tra t  infolge d er H em m ungsw irkung  d e r  
M em b ran stru k tu r n ic h t  im stan d e  is t, e in en  Teil der C holinesterase zu erreichen  
oder zu  d ieser in  e iner K o n z e n tra tio n  zu  gelangen, w ie d ies in  einer hom ogenen 
L ösung  m öglich w äre . H ie rm it ließe sich  das V e rh a lten  d er n ied rigen  S u b ­
s tra tk o n z e n tra tio n en  im  Falle be ider S ubstanzen  e rk lä ren . Aus w elchem  
G runde  ko m m t es a b e r  be i der A zet у I-/?-me thy lcho liiihyd ro lysc  in  vivo  zu r 
jä h e n  K n ickung  d er K u rv e  u n d  dazu , d a ß  die H y d ro ly se  in  vivo bei gewissen 
K o n zen tra tio n en  d as  M ehrfache des W erte s  in  vitro a u sm a c h t?  M an k ö n n te  
sich vorste llen , daß info lge P erm eab ilitä tssch w ierig k eiten  in  der P erfusionsflü s­
sigkeit eine w esentlich  höhere  S u b s tra tk o n z e n tra tio n  an g ew en d et w erden m u ß , 
um  an  d er E n zy m o b erfläch e  eine lokale  K o n zen tra tio n  zu  erreichen, die eine 
rasch e  H ydro lyse e rm ö g lich t. Offen b le ib t aber die F ra g e , w o rau f es z u rü c k ­
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g e fü h r t  w erden k an n , d aß  die in  vivo fe s tgeste llten  H yd ro ly sew erte  an  einem  
P u n k t  den W ert der H y d ro ly se  in  vitro auch  im  abso lu ten  W ert überste igen . 
W e n n  lediglich P erm eab ilitä tssch w ie rig k e iten  vorliegen w ü rd en , so k ö n n te n  
d ie se  W erte  höchstens b is zu  m-t>iiro-Niveau steigen.

D ie A ntw ort a u f  d iese F rag e  g ib t in  bezug a u f A zetyl-/3-m ethylcholin  
a u c h  die Form  der in -v ivo -K urve , an  der keine S u b s tra th e m m u n g  festg este llt 
w e rd e n  kann . Die U rsache  d er A bw eichung w ird  dem nach  b e i A zetyl-/5-m ethyl- 
c h o lin  sicher, bei A ze ty lcho lin  m öglicherw eise der U m s ta n d  sein, daß  die 
H y d ro ly se  in  vivo u n d  in  vitro  jew eils eine andere  K in e tik  h a t .  D ie C holinester­
a se  b e fin d e t sich sch e in b a r an  ih re r n a tü rlich en  Stelle, in  d e r Z ellm em bran , 
u n te r  V erhältn issen , die die E n tw ick lu n g  einer S u b s tra th e m m u n g  n ich t b e g ü n ­
s tig e n .

Z eller  [7] s te llt  sich  die S u b stra th em m u n g  so v o r, d a ß  sich zu e iner 
e in z ig e n  hydro lysierenden  C holinesteraseeinheit, an  eine A nion- und  eine 
E s te rg ru p p e , 2 A zety lcho linm olekü le  b in d en  und  die w echselseitige H ydro lyse  
g eg en se itig  v e rh in d ern . N ach  B e r g m a n n s  M odell [8] h ingegen , la u t w elchem  
z u r  B in d u n g  des K a tio n s  am  A zety lcho linm olekü l an  der A zety lcho linesterase- 
o b e rf lä c h e  zwei neg a tiv e  G ru p p en  e rfo rderlich  sind , k an n  m a n  sich  die S u b s tra t­
h e m m u n g  so v o rste llen , d aß  sich an  beide n egative  L ad u n g en  je  ein  
A zety lcho linm ulekü l b in d e t, die w echselseitig  v erh in d ern , d aß  ihr A zyl- 
S a u e rs to f f  in  die N ähe d er E s te rg ru p p e  gelangt.

W elche K onzep tion  w ir au ch  annehm en , das A usbleiben d e r S u b s tra th em ­
m u n g  in  vivo läß t sich n u r  so e rk lä ren , daß  die C holinesterase in  der M em bran  
in  e in e  sieb- oder p o re n a rtig e  S tru k tu r  e ingebau t is t, w elche es infolge d er 
B esch rän k u n g  der P o ren g rö ß e  einfach  unm öglich  m ach t, d a ß  gleichzeitig  zwei 
A zety lch o lin - oder A zety l-/?-m ethylcholinm oleküle in  die N äh e  der re a k tiv e n  
G ru p p e n  gelangen. Bei n ied rig e ren  K o n zen tra tio n en  w ird  die H ydrolyse d u rch  
d ie se n  U m stand  e in g esch rän k t, he i höheren  die E n tw ick lu n g  d er S u b s tra th e m ­
m u n g  unm öglich g em ach t. In  d iesen  F ällen  w ird die H y d ro ly se  ähnlich  vo r sich  
g e h e n  wie die der p seudo-C holinesterase .

E ine  andere b each ten sw erte  T a tsach e , welche die E rk lä ru n g  des Fehlens 
d e r  S u b stra th em m u n g  e rle ich te rn  w ird, is t fo lgende: Sow ohl Me n d e l  u n d  
R ltdney  [9] wie My e r s  [10] h ab e n  festgeste llt, daß  sich das S u b s tra to p tim u m  
d e r  C holinesterase in  A nw esen h e it von  m onovalen ten  A lka lim eta ll-, h a u p t­
sä c h lic h  von K -Ionen  in  h o h en  K o n zen tra tio n en , zu h ö h e re r  K o n zen tra tio n  
v e rsc h ie b t. Bei n ied rigen  K o n z e n tra tio n e n  w ird som it d er H y dro lysew ert 
in  A nw esenheit von  K -Io n en  n iedriger, be i hohen  K o n z e n tra tio n e n  jed o ch  
h ö h e r  sein als ohne K . E s lä ß t  sich denken , daß  w enn die K -Ionen-K onzen- 
t r a t i o n  in  der Zelle u n d  M em bran  das M ehrfache der im  G ang lienhom ogenat 
a u s m a c h t, dadurch  das S u b s tra to p tim u m  der C holinesterase zu höheren K o n ­
z e n tra t io n e n  verschoben w ird , so daß  sich die S u b s tra th e m m u n g  n ich t zu 
m a n ife s tie re n  verm ag.
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D er M echanism us d ieser W irk u n g  der K -Ionen  is t h eu te  noch u n b e k a n n t, 
doch  d a r f  angenom m en w erden , d aß  d ieser E ffek t n ic h t n u r in  vitro, sondern  
au ch  in  vivo  in  E rsch e in u n g  t r i t t .

W ie im m er w ir die oben b esch rieb en en  T a tsach en  auch zu  e rk lä ren  
su ch en , m uß  aus dem  B eispiel der C ho linesterase geschlossen w erden, d aß  die 
U n te rsu c h u n g  der E n zy m e in  H o m o g en a ten  kein v o llständ iges Bild v o n  ih re r 
A k tiv i tä t  in  der n a tü rlic h e n  U m gebung , ja  v ielleich t n ich t einm al von  ih re r 
physio logischen  F u n k tio n  v e rm itte lt.

Schließlich b le ib t noch  die F ra g e , w aru m  die S u b s tra tk u rv e  von  Azetyl-/?- 
m e th y lch o lin  an der G renze der n ied rig en  u n d  m ittle ren  K o n zen tra tio n en  eine 
K n ick u n g  erle idet. N ach  unseren  an  an d ere r Stelle m itg e te ilten  V ersuchs­
ergebn issen  [3] w ird  d u rch  die E rreg u n g , D epo larisa tion  der N ervenelem ente  
die ab g eb au te  S u b stra tm en g e  in  vivo  au sgep räg t e rh ö h t, en tw eder d ad u rch , 
d aß  im  A nschluß an  den Im p u ls  eine größere Z ahl re a k tiv e r  G ru p p en  frei 
w ird , oder indem  d u rch  den  Im pu ls infolge der P e rm eab ilitä tss te ig e ru n g  einfach 
d er K o n ta k t  zw ischen E n zy m  u n d  S u b s tra t  e r le ich te rt w ird. In  bezug  a u f 
die e rw äh n te  K n ick u n g  der S u b s tra tk u rv e  nehm en  w ir an , daß  an  diesem  
P u n k t  die depo larisierende W irk u n g  d e r S u b stra tlö su n g  a u f  die G anglienzellen  
zu r G eltung  k o m m t u n d  die C ho linesterase aus einem  der beiden  oder aus 
b e id en  e rw äh n ten  G ründen  in s ta n d  g ese tz t w ird, die H ydro lysegeschw ind igkeit 
zu  beschleunigen .
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CONNECTION BETWEEN VAGAL AFFERENTATION 
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B y

J .  Mo ln ár , A. T ig y i and K . L is s á k

IN STITU TE OF PHY SIOLOG Y , MEDICAL U N IV ER SITY , PÉCS 

(R eceived J a n u a ry  18, 1960)

T h e  in flu en ce  on th e  h ig h er ne rv o u s a c tiv ity  o f v ag o to m y  perform ed a t v a r io u s  
levels h as been  stu d ied  in  th e  dog. As com pared  to  th e  p re o p e ra tiv e  behaviour, c o n d i­
tioned  re fle x es  a f te r  vago tom y ex h ib ited  q u a n tita tiv e  a n d  q u a lita tiv e  changes; in a c tiv e  
in h ib ito ry  s ta te s  as well as ac tiv e  s ta te s  changed  in  c h a ra c te ris tic  periodicity . In  a d d i ­
tio n  som e o th e r  a lte ra tio n s  such  as re p e titiv e  p a rad o x ica l re ac tio n s  and phasic s ta te s  
also o c cu rre d .

As to  th e  ex p lan atio n  o f th e  phenom ena d escribed , a n  in d ire c t m echanism  h a s  
been  su g g ested  b y  our o b se rv a tio n s: th e  period ical p o stv ag o to m ic  changes in  th e  
co n d itio n ed  re flex  a c tiv ity  w ere n a m e ly  fo und  to  be  closely connected  w ith  changes in  
th e  serum  calc iu m  level. D isap p earan ce  of th e  cond itioned  re flex es was associated w ith  a 
h igh  serum  calc ium  level, an d  even  th e  g rad u a l e x tin c tio n  a n d  re s titu tio n  of th e  re flex  
a c tiv ity  w e n t p a ralle l w ith  th e  change  of th e  serum  calc ium  level.

The c o rtic a l rep re sen ta tio n  of th e  au tonom ic  n e rv o u s  system  h as long  
b een  recognized. H ug h lings  J a c k so n  [1] a lready  s ta te d  t h a t  visceral fu n c ­
tions possessed co rtica l rep re se n ta tio n , as th e y  w ere d is tr ib u te d  in ep ilepsy . 
B e c h te r e w  [2] observed  th a t  a lesion in  th e  n e ig h b o u rh o o d  of th e  c e n tra l  
g y rus was fo llow ed b y  te m p e ra tu re  elevation  in  th e  co n tra la te ra l h a lf  o f  
th e  body.

T he p ro b lem  o f th e  physio logical role an d  sign ificance  o f vegeta tive , a n d , 
in  general, o f v isceral, in te ro cep to rs  has received a decisive  im pulse th ro u g h  
th e  in v es tig a tio n s  o f  B y k o w  a n d  his school [3]. T hese au th o rs  dealing w ith  
th e  cortical an a ly s is  o f th e  in te rn a l o rgans have su p p le m e n te d  and  com ple ted  
P avlo v’s co n cep tio n  on th e  co n d itio n ed  reflexes. B y k o w  n am ely  s ta te d  t h a t  
th e  cerebral c o r te x  is reg u la tin g  th e  beh av io u r o f th e  o rg an ism  b y  te m p o ra ry  
connections, a n d  a lte rs  th e  fu n c tio n a l s ta te  of th e  in te rn a l o rgans b y  th e  sam e  
m echanism . A t th e  sam e tim e  th e re  ex ists  an  inverse con n ec tio n  as the  in te ro ­
cep to rs of th e  in te rn a l  organs a re  capab le  of re a c tin g  on  th e  cen tra l n e rv o u s  
sy s tem  and  o f  a lte r in g  th e re b y  b eh av io u r of th e  an im al.

I t  is re m a rk a b le  th a t  th e  p e rta in in g  w orks of B y k o w , in  th e  firs t line th o se  
dealing  w ith  th e  co rtica l analysis o f in te rn a l o rgan  fu n c tio n s , should h a v e  
ap p ea red  in  1928 [4], a t  a tim e  w h en  th e  m orphology  o f th e  co rtica l re p re se n ta ­
tio n  of v iscera l in te ro cep to rs  w as s till unknow n an d  no  an a to m ica l d a ta  p e r ­
m itte d  to  suppose  d irec t im pulses to  go from  th e  in te ro c e p to rs  to  th e  co rtex .

The f irs t  p ro o f  of th a t  process w as m ade know n as la te  as 1938. B a il e y

2 *
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an d  B r e m e r  [5], in v e s tig a tin g  th e  ce reb ra l co rtex  in th e  c a t w ith  e lectrophy- 
sio log ical m ethods, h av e  observed  local changes in  th e  co rtica l p o te n tia ls  a fte r 
r e p e a te d  stim u la tio n  o f th e  vagal n erv e . T h e  area de te rm in ed  in  th is  m anner 
co rre sp o n d ed  to  th e  low er an d  p o ste rio r p a r ts  of th e  co m p o site  gyrus ly ing 
a t  th e  o rb ita l surface o f th e  fro n ta l lobe.

A m ong  the  m ore re c e n t f in d in g s , tho se  of B o n v a l l e t , D ell  and  
H u g e l in  [6] are of specia l in te re s t. T hese  au th o rs  ex ten d ed  th e  experim en ts 
of B a il e y  and B rem er  to  an  analysis o f th e  subcortical a n d  co rtica l p ro jec­
tio n s  o f  th e  vagal nerve a n d  verified  t h a t  v iscera l vagal p ro jec tio n s  d id  in fac t 
re a c h  th e  co rtex , to  th e  m o st p a r t  a t  th e  u p p e r area of th e  o lfac to ry  cortex . 
B eside  th e  cortical p ro jec tio n s , d irec t su b co rtica l vagal p ro jec tio n s  could be 
d e m o n s tra te d  a t th e  leve l o f th e  te m p o ra l region, localized in  th e  la te ra l and 
b a sa l m agnocellu lar nuc le i o f th e  am y g d a le  com plex.

G e r y a b in  [7] o bserved  a m ark ed  d im in u tio n  in th e  a lim e n ta ry  condi­
tio n ed  re flex  a c tiv ity  a f te r  th e  d e s tru c tio n  o f th e  th a lam us a n d  h y p o th a lam u s, 
w ith  th e  re la tiv e  p rep o n d eran ce  of in h ib ito ry  processes. G r a s t y á n , L issá k  
a n d  K é k e s i  [8] in v e s tig a te d  th e  a lim e n ta ry  conditioned re flex es  as well as th e  
c o n d itio n e d  avoidance b eh av io u r in  th e  a fte r electrical s tim u la tio n  of th e  
h y p o th a la m u s  and  th e  re tic u la r  fo rm a tio n . T hey  concluded th a t  s tim u la tio n  
o f th e s e  areas was fa c il i ta to ry  in  effect a n d  influenced co n d itio n ed  responses 
in d ire c tio n  of an  in h ib itio n . A dam  et al. [14] d e m o n s tra te d  th a t  b ila te ra l 
d e n e rv a tio n  of th e  c a ro tid  sinus a lte red  th e  previously  e la b o ra te d  conditioned 
e x te ro c e p tiv e  m otor re flexes. This a l te ra tio n  m anifested  i ts e lf  w ith  th e  dom i­
n an ce  o f ex c ita to ry  p rocesses over in h ib ito ry  ones.

A ltho u g h  th e  connections b e tw een  v isceral a ffe re n ta tio n  an d  h igher 
n e rv o u s  a c tiv ity  h av e  b een  w idely in v e s tig a te d  w ith b o th  co n d itioned  reflex  
a n d  electrophysio log ica l m ethods, th e  fu n c tio n a l significance o f th e  cortical 
c o n n e c tio n  of vagal a ffe re n ta tio n  i tse lf  h as  hard ly  been s tu d ie d . O ur earlier 
in v e s tig a tio n s  in to  th e  v a g a l a ffe re n ta tio n  an d  vagal e ffe re n ta tio n  [9— 11] led 
us to  e x ten d  our s tu d ies  to  th e  fields o f h ig h er nervous a c tiv ity . T he p resen t 
r e p o r t  deals w ith  th e  effect on co n d itio n ed  reflexes of th e  in te r ru p tio n  of th e  
v a g a l  n erv e , and  th e  re su lts  gained on th re e  anim als will be describ ed  in deta il.

Methods

T h e  experim en ts w ere perfo rm ed  in  a  so u n d -p ro o f P av lov ian  c h am b er. A conditioned 
re fle x  w ith  feeding as u n co n d itio n ed  stim u lu s w as e lab o ra ted  in  th e  dogs acco rd in g  to  th e  s te reo ­
ty p e s  to  be  described. A sa liv a  f is tu la  was p re p a re d  th e  anim als; sa liv a  d ro p s  w ere coun ted  b y  
m ea n s  o f  a  m odified  e lec trica l d ro p -co u n te r. I n  th re e  dogs s te reo ty p es  w ere e lab o ra ted  as 
fo llow s,

D og “ N ero” : sound  stim u lu s  6/2* 
bell
p ro je c te d  lig h t 
so u n d  stim u lu s  6/2* 
d iffe re n tia tin g  sound  s tim u lu s  600/2* 
bell
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D og “ G riff” : bell
sound stim u lus 6/2* 
d iffe re n tia tin g  sound s tim u lu s  60/5* 
so und  stim u lu s 6/2* 
bell

D og “ B ogár” : bell
p ro jec ted  ligh t 
sound  stim u lu s 60/2* 
d iffe re n tia tin g  sound s tim u lu s  600/6* 
sound  stim u lu s 60/5*

T h e  f i r s t  n u m b er re fers to  th e  freq u en cy  o f  th e  sound g en era to r, w hile th e  second n u m b e r
to  th e  in te n s ity .
T h e  e x p erim en ts  w ere m ade  daily  b e tw een  3 to  5 p. m. In te rv a ls  betw een th e  s tim u li  

la s ted  5 m in u te s , w hile th e  con d itio n ed  stim u lu s w as le ft acting  fo r 20 seconds. The p re o p e ra tiv e  
e x p e rim e n ta l period  la s ted  several m o n th s w ith  each  dog. A fter f ix a tio n  of th e  co n d itio n ed  
responses th e  an im als w ere su b jected  to  su b d ia p h rag m a tic  o r th o racocerv ica l v a g o to m y  
(th o rac a l o n  th e  r ig h t side a n d  cervical on th e  le f t) ,  an d  in v es tig a tio n  o f th e  cond itioned  re flex es 
was co n tin u e d .

Results

Dog “ N ero"

T h is  dog was su b jec ted  to  su b d ia p h ra g m a tic  v ag o to m y  follow ing th e  
no rm al p e rio d  o f cond itioned  reflexes. O n th e  effect o f th e  v ag o to m y , th e  
co n d itio n ed  responses u n d erw en t a m a rk e d  change of w hich  th e  m a in  c h a ra c ­
te ris tic s  w ere a g rad u a l decrease in th e  responses so t h a t  th e  an im al a t  th e  
6 th  to  7 th  days failed to  excrete  even one d rop  of sa liva  a fte r  th e  co n d itio n ed  
s tim u lu s ; i t  did no t ta k e  a tte n tio n  to  s tim u li and  d id  n o t eat. D u rin g  th e  
ex p e rim en t la s tin g  30 m inu tes th e  n u m b e r of cond itioned  and  u n co n d itio n ed  
drops fa iled  to  a t ta in  15. In  ad d ition , m a rk e d  som nolence w as observed .

C ond itioned  reflexes changed in  th e  follow ing w ay. D iffe ren tia tio n  becam e 
ab so lu te  as soon as 3 day s following v ag o to m y . On th e  fo u rth  day , th e  lig h t 
s tim u lu s becam e ineffective. On th e  f i f th  d ay , only one bell caused one d ro p  of 
co n d itio n ed  sa liva  to  be excre ted , w hile s tim u lu s  6/2 w as com pletely  in effec tiv e . 
The to ta l  o f th e  cond itioned  saliva d ro p s u n d erw en t a g radual d ecrease .

A fte r  th is  period  d em o n stra tin g  th e  d im inu tion  o f th e  cond itioned  re fle x  
a c tiv ity , a g rad u a l re s titu tio n  occurred  fro m  the 10th to  1 2 th  days. A t th e  10th  
day , th e  an im al p roduced  one drop sa liv a  a fte r th e  f irs t  bell and  8 d ro p s a fte r  
sound 6/2. R eac tio n  to  lig h t re tu rn e d  b y  th e  11th d ay  an d  b y  th e  1 2 th  d ay , 
th is  s tim u lu s  was even m ore effective th a n  sound 6/2.

A t th e  13th to  14th  days, a new  decrease was observed , even th o u g h  to  
lesser e x te n t  th a n  in  th e  prev ious in h ib ito ry  s ta te . C harac te ristic  o f th is  s tag e  
was also a sh ift in  th e  re la tio n  of in d iv id u a l s tim uli, as d em o n stra ted  in  F ig . 1.

F lu c tu a tio n  occurred also on fu r th e r  days, b u t th e  drop  count o f co n d i­
tio n ed  sa liv a  in  th e  in h ib ito ry  period  fa iled  to  reach th e  abscissa. A t th e  tim e  
o f r e s ti tu tio n , cond itioned  salivary  secre tion  was h igher th a n  in  th e  n o rm al 
period . T h e  changes described were d a ily  observed d u rin g  th e  norm al perio d  
la s tin g  1.5 m on ths.
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F ig . 1. Dog N e r o .  Q u a n tita tiv e  changes in  co n d itio n ed  sa liva tion  a n d  serum  calcium  le t el 
b e fo re  a n d  a f te r  su b d ia p h rag m a tic  vag o to m y

F ig . 2. Dog N e r o .  V a ria tio n s  in  to ta l  co n d itio n ed  sa liv a  drop co u n t before and  a fte r
v ag o to m y

Fig. 2 shows th e  f lu c tu a tio n s  in  th e  to ta l  conditioned  d rop  coun t before  
a n d  a fte r  vago tom y .

Dog “G r if f”
T his an im al w as su b jec ted  to  th o raco cerv ica l vago tom y. The find ings 

e ssen tia lly  co rresponded  to  those  described  above. All cond itioned  reflexes 
d isap p ea red  as soon as tw o  days a fte r o p e ra tio n , w ith  th e  excep tion  of d iffe ren ­
t ia t in g  in h ib ition , w hich  gave one d rop  o f  sa liva . T he an im al on th e  th ird  
a n d  fo u rth  d ay  d id  n o t re a c t to  the  s tim u li, d id  no t ea t, cond itioned  m o to r 
re a c tio n s  were ab sen t.

R e s titu tio n  b eg an  On th e  f if th  day , w h en  th e  f irs t bell, th e  firs t sou n d  
6/2 an d  th e  d iffe ren tia tin g  sound stim ulus 60/5 p roduced  cond itioned  sa liv a tio n , 
one drop  each. C ond itioned  responses w ere com pletely  norm alized  b y  th e  
1 0 th  d ay  and , ju s t  as in  th e  case of dog “ N ero ” , th e  cond itioned  saliva d rop
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F ig . 3. Do g  G r i f f .  Q u a n tita tiv e  changes in  co n d itio n ed  sa liv a tio n  an d  serum  calcium  level 
b e fo re  an d  a f te r  th o raco ce rv ica l v a g o to m y

„GRIFF"

, юн

о
N orm al Paradoxical 

p h a se
т В е /1 
e n  S o u n d  
я ** Differentiation

F ig . 4. Dog G r i f f .  T y p ica l fo rm  of p a rad o x ica l reac tio n  20 days a fte r  v ag o to m y

co u n t w as higher th a n  in  th e  n o rm al period . S u b seq u en tly , f lu c tu a tio n s  w ere 
s tro n g e r th a n  in  th e  f i r s t  dog. In  th e  la s t w eek a ch a rac te ris tic  p a rad o x ica l 
re a c tio n  even  occurred . T h e  dog d ied  28 d ays a fte r  th e  v ag o to m y , a tim e  7 to  10 
days longer th a n  th e  u su a l su rv iv a l a f te r  an  in te rv e n tio n  o f th is  ty p e  ( Fig. 3 
and 4 ) .
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Dog “ Bogár”
A fte r  su b d iap h rag m a tic  v ag o to m y , pe rio d ic ity  was observed  also in  

th is  dog , a lthough  less ex trem e  th a n  in  th e  o th e r an im als. E x tin c tio n  and  
r e s t i tu t io n  of th e  re flexes w ere also m ore g rad u a l.

T h is dog was su b seq u en tly  sub jec ted  to  th o raco cerv ica l v ag o to m y . P o s t­
o p e ra tiv e  f lu c tu a tio n s  in  th e  cond itioned  re flexes w ere ex trem e, d iffe ren tia tio n  
m a rk e d ly  d e te rm in a te d , especially  in  th e  second p a r t  of th e  period , w hen  
p a ra d o x ic a l reac tions w ere also re p e a te d ly  n o ted .

A s v ago tom y  w as p erfo rm ed  in  tw o stag es , su rv iv a l tim e  w as considerab ly  
le n g th e n e d . The an im a l was in  p e rfec t co n d itio n  and  h a d  lo st no w eight 
4 m o n th s  a fte r s ta r t in g  th e  ex p erim en ts.

T h en  the  r ig h t cerv ical vagal s tu m p  w as also tra n se c te d . Soon th e re a f te r  
c h a ra c te r is tic  signs o f b ila te ra l cervical v ag o to m y  developed , th e  co n d itio n ed  
re flex es  g radually  d isap p eared  and  th e  an im al d ied  7 days a f te r  th e  la s t 
o p e ra tio n  (Fig. 5).

NormaI Days after vagotomy
F ig . 5. Dog B o g á r .  C hanges in  th e  m ean  p o sitiv e  an d  n eg ativ e  sa liv a  d rop  co u n t 
a t  n o rm a l s ta te , and  a f te r  su b d ia p h rag m atic , th o raco ce rv ica l as well as cerv ica l v ag o to m y .

D iscussion

I n  our ex p erim en ts  v ag o to m y  was follow ed b y  q u a n tita tiv e  an d  q u a lita ­
t iv e  changes in  th e  cond itioned  re flex  reac tio n s. In a c tiv e  in h ib ito ry  s ta te s  
a n d  ac tiv e  s ta te s  a lte rn a te d  w ith  each  o th e r  in  ch a rac te ris tic  perio d ic ity . In  
a d d itio n , o ther m an ifes ta tio n s  w ere observed , such  as re p e titiv e  parad o x ica l 
re a c tio n s  and  phasic  s ta te s .

T hese resu lts  c learly  d em o n stra te  th a t  an  in te r ru p tio n  o f th e  afférén  t  
im p u lse s  m ed ia ted  th ro u g h  th e  v ag a l nerve  b rin g s ab o u t a change in  th  e 
e la b o ra te d  cond itioned  reflexes. The questio n  to  be answ ered  is, o f co u rse ,
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how  th is  effect cam e in to  p lay : w h e th e r the  in te r ru p tio n  of th e  connection  
betw een  vagus an d  cereb ral co rtex , or an o th er in d ire c t m echanism  w as r e ­
sponsible for th e  changes observed .

P rio r to  th e  detailed  analysis  o f th e  role p la y e d  b y  vagal a ffe ren ta tio n , 
an  observa tion  m ad e  in  prev ious ex p erim en ts  shou ld  be  m en tioned . In v e s tig a ­
tions in to  th e  serum  com ponen ts o f  vagotom ized  dogs h ad  nam ely  rev ea led  
m ark ed  changes in  th e  calcium  level. This su rp ris in g  find ing  was th e n  con­
tro lled  during  th e  p re sen t cond itioned  reflex s tu d ie s , and  a close re la tio n sh ip  
w as found  betw een  th e  period ical a lte ra tio n s of th e  cond itioned  re flex  a c tiv ity  
and  th e  calcium  level. D isap p earan ce  of th e  co n d itio n ed  reflexes was assoc ia ted  
w ith  h igh serum  calcium  values an d  even the  g rad u a l e x tin c tio n  and re s ti tu tio n  
o f th e  reflexes was accom pained  b y  corresponding sh if ts  in th e  serum  calcium  
level, as d e m o n s tra te d  in  F igs. 1 a n d  3.

D a ta  in  th e  l i ta ra tu re  concern ing  th e  re la tio n sh ip  betw een  p a ra th y ro id  
g land  an d  h igher n erv o u s a c tiv ity  su p p o rt our o b se rv a tio n . In  th e  ex p erim en ts  
of A n d r e y e v  a n d  P e g sl e y  [12], ad m in is tra tio n  o f  p a ra th y ro id  e x tra c t 
decreased th e  a lim e n ta ry  co n d itio n ed  reflexes, en h an ced  th e  consecu tive  
inh ib itio n , acce lera ted  th e  e x tin c tio n  and  produced  ca ta lep sy : in  o th e r w ords 
a m ark ed  dom inance  of in h ib ito ry  process over e x c ita to ry  ones was b ro u g h t 
ab o u t. This effect on th e  co n d itio n ed  reflexes w as m ed ia ted  th ro u g h  th e  
e leva tion  of th e  se ru m  calcium  level. The au tho rs c ite d  found  a d irec t re la tio n ­
ship betw een  th e  sh ifts  o f th e  serum  calcium  level a n d  th e  fu n c tio n a l s ta te  
of th e  cerebral co rtex .

T he in fluence  o f calcium  a d m in is tra tio n  (in fusion  of CaCl2) on th e  
cond itioned  reflexes w as con tro lled  also in  our ex p e rim en ts . C onditioned re flex  
a c tiv ity  was considerab ly  d im in ished  a t a serum  ca lc ium  level o f 13 m g p er 
100 m l (Table I).

Table I

Dog “G riff"

E ffec t o f calcium  in fu sio n  on cond itioned  reflexes. D iffe ren tia tio n  becam e abso lu te , co n d itio n ed  
sa liv a tio n  decreased  a n d  in h ib itio n  w as ex ten d ed  also to  th e  positive  sound  s tim u lu s

follow ing d ifferen tia tio n

N o r m a l C a l c i u m  i n f u s o n

Stimulus D uration of 
stim ulus 
in  sec.

Count of 
conditioned 
saliva drops

Stim ulus
Duration 

of stimulus 
in sec.

Count of condi­
tioned saliva 

drops

Bell I 2 0 15 Bell I 20 4

Sound 6/2 2 0 5 Sound 6/2 20 7

Sound 60/5 2 0 1 Sound 60/5 20 —

Sound 6/2 2 0 9 Sound 6/2 20 —

Bell I 2 0 11 Bell I 20 13
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T h e find ings ju s t  d iscussed  ra ise  th e  h ith e r to  scarcely  s tu d ie d  problem  
o f th e  re la tionsh ip  b e tw een  v ag u s a n d  p a ra th y ro id , viz. ca lc iu m  household. 

A cco rd in g  to  R o by  a n d  S m ith  [13 ], su b d iap h rag m a tic  v a g o to m y  co u n terac ts  
t h e  te ta n y -in d u c in g  e ffec t o f p a ra th y ro id e c to m y . This o b se rv a tio n  is in  p a rtia l 
acco rd an ce  w ith  o u r ow n ob se rv a tio n s.

T he rem ark ab le  sh ifts  in  th e  serum  calcium  level m ig h t o f  course rep re ­
s e n t on ly  one of th e  fa c to rs  in v o lv ed  in  th e  postvago tom ic  re g u la tio n  of condi­
t io n e d  reflex  a c tiv ity  an d  som e fu r th e r  m echan ism  will m o st p ro b ab ly  be 
re v e a le d  b y  fu tu re  s tu d ies .

A fu rth e r p ro b lem  to  be in v e s tig a te d  in  th a t  th e  a lim e n ta ry  condition  
o f  th e  anim al is also m od ified  by  th e  in te rru p tio n  o f th e  v a g a l nerve. Our 
f u r th e r  in v estiga tions in to  th e  h ig h er n erv o u s a c tiv ity  of vago tom ized  anim als 
a re  th ere fo re  p lan n ed  to  be perfo rm ed  b y  m ak ing  use of o th e r  conditioned 
re f le x e s  too .

I t  is, how ever, to  be  n o te d  th a t  th e  co rre la tion  of co n d itio n ed  and  u n ­
co n d itio n ed  saliva d ro p  co u n ts  re m a in e d  p ra c tic a lly  u nchanged  a f te r  vagotom y. 
A lso  n o tew o rth y  is th e  fin d in g  th a t  th o raco cerv ica l v ag o to m y  fa iled  to  induce 
a  m a rk e d  p o sto p e ra tiv e  change in  th e  a lim en ta tio n  of th e  th e  an im als , when 
th e s e  w ere fed o u ts id e  th e  cham ber.

A lthough  in  our op in ion  th e  m e th o d  em ploying a lim e n ta ry  conditioned 
re f le x e s  w hich is so well s itu a te d  fo r th e  analysis of h igher n e rv o u s  ac tiv ity , 
h a s  p ro v ed  reliab le  in  th e  p re se n t ex p erim en ts , in  our fu tu re  s tu d ie s  we shall 
c o n tro l  and com plete  ou r in v es tig a tio n s  w ith  o th e r m ethods.
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(R eceived F e b ru a ry  6, 1960)

M e n k i n ’s  in fla m m a to ry  leu c o p en ic  fa c to r ad m in iste red  in tra v en o u s ly  to  dogs, 
in h ib i ts  th e  p h ag o cy to s is  of b a c te ria  b y  p o ly m o rp h o n u c lea t g ran u lo cy tes . T he e ffec t is 
p a ra lle l  w ith  th e  changes in  th e  b lo o d  c o u n t, and is o b se rv ab le  also in  vitro, in  th e  
co n ce n tra tio n  ra n g e  o f from  10-4 to  10-6 . Som e clinical a sp ec ts  are  also m en tio n ed .

I t  has re p e a te d ly  been p o in te d  o u t th a t  ex u d a tes , of w h a tev er orig ine, 
s tim u la te  th e  p h ag o c itin g  ac tiv ity  o f  leucocytes. T he effect is m uch  m ore 
m a rk e d  th a n  th a t  o f  b lood  serum  o r tra n su d a te s . W e h a v e  show n th is  ac tio n  
of th e  e x u d a te  to  b e  a com bined r e s u l ta n t  o f several fac to rs  [5, 6.]. W e d em o n ­
s tra te d  th a t  in  a d d itio n  to  h is tam ine , se ro to n in  and nucleic  acids, from  am ong  
M e n k i n ’s in f la m m a to ry  s tim u la to rs leu eo tax in e , exud ine  an d  th e  leucocy tosis 
p ro m o tin g  fac to r s t im u la te  the  p ro cess  [7, 8], wdiile neerosin  in h ib its  i t  [9J. 
T his t im e  we in v e s tig a te d  the e ffec t o f M e n k i n ’s leucopen ic  fac to r [13], a 
p o ly p ep tid e , on th e  phagocytosis o f  b a c te r ia  by  leucocy tes. T he ex p e rim en ts  
wrere m ad e  in  dogs, u n d e r  conditions in  vivo and  in  vitro.

M ethods

T h e  m easure  o f phago cy to sis  was d e te rm in e d  b y  th e  m eth o d  o f P latonow — L u d á n y —  
Va jd a , described  in  d e ta i l  previously . I n  th e  p h ag o cy tic  system  0.1 m l o f b lood , th e n  0.1 m l 
o f th e  b a c te r iu m  susp en sio n  were added to  R in g e r  so lu tion  c o n ta in in g  7 m g per 100 m l o f h e ­
p a r in . T h e  b ac teriu m  suspension  was ly o p h iliz e d  Staphylococcus pyogenes aureus s to re d  in  
am pou les u n d e r re fr ig e ra tio n . The suspension  c o n ta in ed  10 m illion germ s pe r m m 3. T he to ta l  
vo lu m e o f th e  system  w as 1 m l. Siliconized tu b e s  w ere used. A fter 30 m in u te s  in  an  in c u b a to r  
a n d  su b seq u e n t c en trifu g a tio n , sm ears w e re  p re p a re d  and s ta in ed  acco rd ing  to  Gram. W e 
d e te rm in e d  th e  n u m b er o f  m icroorganism  p h a g o c y te d  b y  200 leu cocy tes. T he d ifference fro m  
th e  in i t ia l  v a lu e  was ex p ressed  in  per c e n t. T h e  lim it  of erro r w as ff <  ±  8 p e r cen t.

L eucopenic  fa c to r  w as prepared  a c c o rd in g  to  Me n k in . T he m a te ria l  w as o b ta in e d  fro m  
2— 3 d a y  o ld  ex u d ates  p ro d u c ed  in  big dogs b y  t r e a tm e n t  w ith  te re b e n th in e  oil a n d  f ra c tio n a te d  
p re c ip ita tio n  w ith  am m o n iu m  sulphate. I n  c o n tra s t  to  leucopenine, th e  leucopenic fa c to r  is 
h e a t-s ta b le . In  th e  e x p e rim e n ts  in  vivo w e  d e te rm in e d  th e  n u m b e r o f p o ly m o rp h in u c lear 
g ra n u lo c y te s  and  ly m p h o cy tes . A fter longer p e r io d s  hav e  been allow ed fo r a d a p ta tio n , th e  ex p e ­
rim e n ts  w ere  perfo rm ed  w ith o u t an aesth es ia . T h e  leucopenic fa c to r  w as a d m in is te red  in t r a ­
veno u sly , in  doses o f fro m  2 to  4 m g/kg. B lo o d  sam ples were o b ta in e d  fro m  th e  sap h en a  p a rv a  
vein.

Results and discussion

T h e e x p e rim e n ts  in  vivo a r e  i l lu s tra te d  in  Fig. 1 (four experim en ts). 
One h o u r  follow ing th e  in jection , th e  g ra n u lo c y te  coun t w as d e fin ite ly  decreased .
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A sim ila r change w as n o ted  in  th e  ly m p h o cy te  co un t, a n d  th e  phago cy tin g  
a c t iv i ty  also m a rk e d ly  d im inished. A t 3 an d  4 hours a m o d e ra te  g ranu locy ­
to s is  w ith  a sligh t increase  in  phagocy tosis  w as observed . D u rin g  th a t  p e rio d  
th e re  was no ch an g e  in  th e  body  te m p e ra tu re  of th e  an im als.

The resu lts  in  vitro are sum m arized  in  T able I . In  th e  co n cen tra tio n  
ra n g e  of from  10—4 to  10 18 th e  leucopen ic  fac to r in h ib ite d  th e  phagociting  
a c tiv i ty  of g ran u lo cy tes . T hus, th e  in f la m m a to ry  ag en t has a d irec t ac tion  on 
th e  cell itself. F u r th e r  s tud ies are n eeded  to  d e te rm in e  th e  processes in  th e

F ig . 1. E ffec t o f leu co p en ic  fac to r (L F ) on  th e  c irc u la tin g  leucocy te  c o u n t an d  on th e  p h a g o ­
cy ting  a c tiv ity  o f  g ran u lo cy tes

b ack g ro u n d  of th is ;  surface, an d  cell m etab o lic  effects m ay  be invo lved . 
O therw ise , th e  effect is com parable to  th a t  o b ta in ed  w ith  leucopenine, iso la ted  
fro m  alkaline e x u d a te  [14].

Table 1

Count o f  staphylococci phagocyted a n d  percentage change in phagocytosis

In it ia l value Leucopenic factor

H ep. K inger sol. 10 4 10—6 10-*

1. 396 282 (— 29) 329 (— 17) 388 (— 2)
2. 489 283 (— 42) 367 (— 26) 436 (— 11)

3. 412 276 (— 33) 317 (— 23) 383 (— 7)
4. 564 344 (— 39) 428 (— 24) 513 (— 9)
5. 454 313 (— 31) 386 (— 15) 431 (— 5)
6. 368 217 (— 41)

1ЛXоо

338 (— 8)
M ean : - 3 5 , 8 % —  20 ,0% - 7 , 0 %
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A m ple evidence is availab le  as to  th e  re la tio n  of in fla m m a to ry  processes 
to  leucopen ia  [16, 2, 3, 4, 1, 17, eic.]. U nder ce rta in  cond itions in  in f la m m a to ry  
processes a m ark ed  leucopenia , or even  ag ran u lo cy to sis  m ay  re su lt fro m  th e  
in h ib itio n  o f leucocytopoiesis. Me n k in  h as d e m o n s tra te d  th e  im p o r ta n t ro le  o f 
th e  tw o in f la m m a to ry  ag en ts , leucopenine an d  th e  leucopenic fac to r, p re se n t 
also in  ex u d a te s . O ur in v estig a tio n s h av e  show n th a t  in  a d d itio n  to  th e  ab o v e  
m orphological changes a reduced  fu n c tio n a l v a lue  of th e  leucocytes sh o u ld  
also be ta k e n  in to  acco u n t; th is  is m an ifest in  th e ir  osm otic res is tan ce  [ И ] ,  
and in  th e ir  p h ag o cy tin g  ac tiv ity .

T he au th o rs  are in d ep ted  to  Mrs. I . B o g nár  an d  Mr. J .  D om onkos for 
th e ir  tech n ica l help.
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EFFECT OF HYPOTHERMIA 
ON PHOSPHORYLASE ACTIVITY IN THE LIVER

B y

B. Cs a b a , T .  Sz il á g y i, E .  Szabó  and  G .  В от

IN STITU TE O F PATHOPHYSIOLOGY AND INSTITUTE O F  M EDICAL CHEM ISTRY, MEDICAL U N IV E R S IT Y ,
D E B R E C E N

(R eceived F e b ru a ry  16, 1960)

T he effect o f d eep  hypotherm ia  o n  th e  phosphory lase  a c t iv ity  o f r a t  liv e r h a s  
been  s tu d ied  in  c o n n ec tio n  w ith  in v es tig a tio n s  in to  th e  ro le  p lay ed  b y  ad ren a lin e , a 
h o rm o n e  figuring  in  th e  ac tiv a tio n  o f  l iv e r  phosphory lase . I t  has  been fo und  th a t

1. P hosphory lase  a c tiv ity  decreases in  deep h y p o th e rm ia : th e  deeper a n d  th e  
m ore prolonged th e  h y p o th erm ia , th e  g re a te r  th e  d im in u tio n  in  th e  a c t iv ity  o f th e  
enzym e.

2. The h y p o th erm ic  decrease o f  l iv e r  phosphory lase  a c tiv ity  is n o t irrev e rsib le , 
as rew arm ed  an im als e x h ib it  enzym e a c tiv it ie s  id en tica l w ith  those fo u n d  in  nor- 
m o th e rm ic  ra ts .

3. A drenaline  decrease  p h o sp h o ry lase  a c tiv ity  in  th e  liv e r o f n o rm o th e rm ic  
a n im a ls . As a  consequence of the lo w er in it ia l  a c tiv ity , th e  p ercen tage  increase  is 
even  m ore  m arked  in  h y p o therm ic  th a n  in  n o rm a l ra ts .

4. The enzym e sy stem  w hich a c t iv a te s  liv e r phosphory lase  is n o t d a m a g ed  b y  
h y p o th e rm ia .

5. The hypo th erm ia-in d u ced  d ec re a se  in  liver phosphory lase  a c t iv ity  is n o t  due 
to  a n  im p a irm en t o f  th e  phosphory lase  a c t iv a t in g  enzym e system , h u t  to  th e  la c k  
o f  a d ren a lin e  and , p re su m ab ly , to a  l a c k  o f glucagon.

A lth o u g h  h y p o th e rm ia  was long  ago  recognized to  in fluence  th e  blood 
sugar level, th e  p e rta in in g  d a ta  in  th e  l i te r a tu r e  are n o t unequ ivocal. E lev a tio n  
of blood su g ar level a n d  d im inu tion  o f  liv e r  glycogen co n ten t were observed  
a t  th e  in it ia l  stage of hypo therm ia , w ith  th e  concom itan t appearance of sh iv ­
ering [1]. O n fu rth e r  cooling, the  b lo o d  su g ar level e ith e r  rem ain ed  u n a lte re d  
or decreased , depend ing  on th e  c a rb o h y d ra te  reserve , as well as on th e  
sh ivering  o f th e  an im als , or the  ch ro n ic  or acu te  w ay  o f cooling [2]. In  
o th e r ex p erim en ts  [3], slow  gradua l cooling  induced  hypog lycaem ia . T here 
is, how ever, general ag reem en t th a t  i f  d u rin g  th e  cooling no sh iv e rin g  oc­
curs, in  o th e r  w ords i f  th ere  is n o  defence, th e  b lood  sugar level e ith e r 
rem ains u nchanged  or decreases.

T h e  effect o f h y p o th e rm ia  on  th e  a c tiv ity  o f m uscle phosph o ry lase  
p a r tic ip a tin g  in  th e  c a rb o h y d ra te  m e ta b o lism  w as in v es tig a ted  b y  K r e b s  an d  
F isc h e r  [4 ]. T hey  fo u n d  no s ig n if ic a n t difference b e tv een  n o rm o th erm ic  
and h y p o th e rm ic  ra b b its . Since liver p h o sp h o ry la se , to o , is invo lved  in  ca rb o ­
h y d ra te  m etabo lism  a n d  as i t  d iffers fro m  th e  m uscle enzym e chem ically , 
physio log ica lly  an d  im m unologically  [5 ], i t  seem ed in te re s tin g  to  in v e s tig a te  
th e  effect o f h y p o th e rm ia  on its a c t iv i ty .  In  th is  connection , an  a t te m p t  w as 
m ade to  c larify  during  h y p o th e rm ia  th e  ac tio n  of ad rena line , a ho rm one equ a lly
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fig u rin g  in c a rb o h y d ra te  m etabo lism , in  th e  a c tiv a tio n  of liver p h o sp h o ry lase  
a n d  in the  re g u la tio n  o f blood su g ar level [6].

Methods

A nim als . T h e  ex p erim e n ts  were p e rfo rm ed  on a lb ino  ra ts  ran g in g  in  w eigh t fro m  200 to  
300  g. As know n, r a t s  to le ra te  deep h y p o th e rm ia  v e ry  w ell. In  a d d itio n , th e y  are easily  a n d  
q u ic k ly  cooled, a lm o s t w ith o u t  an y  defence reac tio n . Cooling was m ade  b y  m eans of c rack ed  
ice  in  ny lon b ag , as lo n g  as th e  rec ta l te m p e ra tu re  fe ll to  18 to  20°C. Some of b o th  th e  co n tro l 
a n d  th e  h y p o th erm ic  a n im a ls  were th e n  tre a te d  w ith  10 fig  adrenaline  in tra ca rd ia lly .

Determ ination o f  phosphorylase and glucose-6-phosphatase activity. T he an im als in  h y p o ­
th e rm ia  were bled  a n d  1 g liv e r was excised. T his w as im m e d ia te ly  frozen  in  d ry  ice an d  e x ­
t r a c te d  w ith  a 20fold excess o f 0.1 M  N a F  an d  0.6 M  sod ium  g ly cero lp h o sp h ate  a t  p H  6.0. P h o s­
p h o ry lase  a c tiv ity  w as m easu red  accord ing  to  Gr e e n  a n d  Cori [7], d e te rm in in g  th e  in o rg an ic  
p h o sp h a te  lib e ra te d  fro m  g lu co se-l-p h o sp h a te . G lucose-6-phosphatase  a c tiv ity  was d e te r ­
m in e d  according to  Co r i [8], m easu ring  th e  ino rg an ic  p h o sp h a te  lib e ra te d  from  glucose-6- 
p h o sp h a te . In o rg an ic  p h o sp h a te  was d e te rm in ed  w ith  th e  m eth o d  of T a u ssk y  and  Sh o rr  [9]. 
T h e  resu lts  re fer to  100 m g  w et liver w eight.

Results and discussion

F irs t, th e  liv e r  phosphory lase  a c tiv ity  w as in v es tig a ted  u n d er h y p o ­
th e rm ic  cond itions. A s show n in F ig . 1 th e  a c tiv ity  of th e  enzym e decreased  
in  p ro p o rtio n  w ith  th e  grade an d  d u ra tio n  o f h y p o th e rm ia . T he h e igh t of th e  
co lum ns in  Fig. 1 show s th e  average  p h o sp h o ry lase  a c tiv ity , w hile th e  p o in ts  
co rresp o n d  to  th e  in d iv id u a l va lues. In  ou r opin ion , th e  d im in u tio n  o f th e  
phosphory lase  a c t iv i ty  was n o t due t.o s ta g n a tio n  of liver h lood  induced  b y  
h y p o th e rm ia , as th e  a c tiv ity  o f g lucose-6 -phosphatase , an  enzym e sim ila rly

рдР/ЮОтд/Ю' зв°С  2 2  X  2 2  X 1в°С

Fig. 1. E ffec t o f h y p o th erm ia  on phosp h o ry lase  a c tiv ity  in  r a t  liver
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invo lved  in to  c a rb o h y d ra te  m etab o lism , failed  to  ex h ib it a n y  m arked  change 
(Fig. 2).

W e observed  in te re s tin g  sea so n a l flu c tu a tio n s  o f th e  phosphory lase  
a c tiv ity  in  a u tu m n  a n d  w in ter. As seen  from  F ig . 3, th e  n o rm o th erm ic  va lu es

p g P /100 mg/10'

Fig. 2. E ffec t o f h y p o th erm ia  on  g lu co se-6 -phospha tase  a c t iv ity  in  r a t  liv e r

pg  P/100 mg /Ю1 38 °C

F ig. 3. E ffec t o f  h y p o th erm ia  a n d  sea so n a l influences on  p h o sp hory lase  a c tiv ity
in  r a t  liv e r

w ere low er in  w in te r  th a n  in  a u tu m n . As an  effect o f h y p o th e rm ia , w in te r 
an im als re a c te d  w ith  a sm aller decrease , m eanw hile th e  d ev ia tion  of th e  
in d iv id u a l values from  th e  a r ith m e tic  m ean  was g re a te r  th a n  in  a u tu m n  
an im als.

3 A cta Physiologica X V III/1 .
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To ascerta in  w h e th e r th e  effect o f h y p o th e rm ia  w as reversib le  in  c h a ra c ­
te r ,  som e cooled an im als  were rew arm ed  to  n o rm al bo d y  te m p e ra tu re . F ig . 4 
show s th e  liv er p hosphory lase  a c t iv i ty  in  h y p o th e rm ic  a n d  n o rm o th erm ic

Fig. 4. A c tiv ity  of liv e r p h o sp h o ry la se  a fte r  rew arm in g

18-20 °C 18-20°C
immediately during 15 hour 
rewarmed and then

.  rewarmed

jjg  Р/ЮО m g/10

Fig.  5. E ffect o f a d ren a lin e  on liver p h o sp h o ry la se  a c tiv ity  in  n o rm al a n d  h y p o th er­
m ic ra ts

an im a ls , as im m ed ia te ly  a fte r rew arm in g , a n d  1 x/2 hours la te r . As seen, in  
th e  rew arm ed  an im als  phosphory lase  a c t iv i ty  reached , or ev en  exceeded, th e  
v a lu e s  found  in  n o rm o th erm ic  ra ts .

In  a search  fo r th e  m echanism  o f th e  d im in ished  p h o sp h o ry la se  a c tiv ity  
in  h y p o th e rm ia , th e  effect of ad renaline  fig u rin g  in  th e  a c tiv a tio n  o f th e  enzym e
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>vas in v es tig a ted  u n d e r cond itions in vivo. F ig . 5 shows th e  effect o f a d re n a lin e  
given in tra c a rd ia lly  to  h y p o therm ic  a n d  n o rm o th erm ic  an im als. In  o u r p r e ­
vious ex p erim en ts  [6] in  no rm otherm ic  r a ts  phosphory lase  a c tiv ity  w as i n ­
creased b y  ad ren a lin e . T he ad ren a lin e -in d u ced  a c tiv a tio n  was notv fo u n d  
h igher in  h y p o th e rm ic  th a n  in  n o rm o th e rm ic  an im als: th e  peak  a c tiv i ty  tvas 
iden tica l in  b o th  cases, b u t th e  s ta r tin g  v a lu e  w as low er in  th e  h y p o th e rm ic  ra ts .

F rom  th e  experim ents described above i t  m ay  be seen th a t  th e  h y p o ­
th e rm ia -in d u ced  decrease in  liver p h o sp h o ry la se  a c tiv ity  is n o t due to  an  
im pairm en t o f th e  enzym e system  a c tiv a tin g  phosphory lase, b u t r a th e r  to  
the  lack  of ad renaline  and , p resu m ab ly , o f  g lucagon. T h is s ta te m e n t is in  
accordance w ith  th e  resu lts  of H u m e  et al. [10] according to  w hich h y p o ­
therm ia  o f 26° an d  21°C elicited a te n fo ld  respectively  hundred fo ld  decrease 
in th e  ad ren a lin e  and  noradrenaline  sec re tio n  o f th e  ad ren a l m edu lla .

O ur re su lts  co rrobora te  th e  o b se rv a tio n  th a t  ra p id  cooling w ith o u t 
defence is associa ted  w ith hypog lycaem ia , a fin d in g  easy  to  exp lain  b y  th e  
observed decrease in  liver p hosphory lase  a c tiv ity .
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B y  m ean s of th e  a u th o rs  ow n m e th o d , th e  changes in  th e  free , diffusib le h is ta m in e  
co n te n t o f  th e  b lood  p lasm a d u rin g  th e  in fu s io n  o f 20 /tg /k g /m in . o f ad ren a lin e  w ere 
stu d ied  in  n o rm a l dogs, as w ell as in  dogs w ith  e x p erim en ta l h y p e rten sio n .

(i) I n  th e  n o rm al dogs th e  free  h is ta m in e  level of th e  b lood  p lasm a in creased  to  2 
to  4 fold th e  in it ia l  value  d u rin g  a d ren a lin e  in fusion . A t th e  p e a k  o f h is tam in aem ia  th e  
caro tid  p ressu re  recorded  on th e  L eersu m  loop decreased to  below  th e  in it ia l  lev e l.

(ii) T he free  h istam in e  lev e l w as u n c h an g e d  d u rin g  ad ren a lin e  in fusion  in  dogs 
m ade  h y p e rte n siv e  b y  depresso r a n d  c a ro tid  sinus d e n erv a tio n .

(iii) D u rin g  th e  d ev elo p m en t o f  re n a l h y p e rten sio n  in d u ce d  b y  th e  cello p h an e  
p e rin e p h ritis  m e th o d  th e  free  (d iffusib le) h is tam in e  c o n te n t o f  th e  blood p la sm a  in ­
creased  p a ra lle l w ith  th e  increase  o f  b lood  p re ssu re , rem ain ed  a t  a  m ax im u m  leve l fo r  
6 to  8 m o n th s , su b seq u en tly  to  decrease  to  i ts  p reex p e rim en ta l value .

(iv) I n  th e  f ir s t  m o n th s o f th e  h y p e rte n s iv e  s ta te  in d u ce d  b y  pe riren a l f ib ro s is  
th e  p lasm a  h is tam in e  level in creased  to  2 to  4 fo ld  on  th e  e ffec t o f  ad renaline . D u rin g  
th e  su b seq u en t m o n th s th is  response  to  th e  ad renerg ic  s tim u la tio n  ten d ed  to  d ecrease , 
th e n  ceased a lto g e th e r, in  o th e r  w ords a  s ta te  co rrespond ing  to  th e  c o u n te rreg u la to ry  
b lock im m e d ia te ly  follow ing c a ro tid  sinus a n d  depressor d e n e rv a tio n  developed.

In  recen t y ea rs  we have s tu d ie d  sev era l aspects o f th a t  fo rm  of c irc u la to ry  
reg u la tio n  w h ich  m an ifest itse lf  w ith  a m o b iliza tion  of an tag o n is ts  b y  v aso ac tiv e  
agen ts. In  m am m alian  h e a r t p re p a ra tio n s  we have ex am in ed  th e  rev e rsed , 
ace ty lcholine-like effects in  response  to  ad ren a lin e , as well as to  th e  s tim u la tio n  
o f th e  acce lera to r nerves [1, 2, 3, 4 ]; fu r th e r , we h av e  in v es tig a ted  th e  
cause an d  m ech an ism  of v a so d ila ta tio n  a n d  acety lcho line m obilization  in  r e ­
sponse to  ad ren a lin e  and  s tim u la tio n  o f th e  lum bosacra l sy m p a th e tic  ch a in  [5, 
6, 7, 8], in  th e  a rtific ia lly  p erfu sed  h in d  lim bs of dogs. I n  ad d itio n , we h a v e  
observed  in  a d a p te d  u n a n a e s th e tiz ed  dogs k e p t u n d er physio logical co n d itio n s  
th e  phenom enon  described  earlier b y  o th e r  au th o rs  th a t  d u rin g  th e  in tra v e n o u s  
in fusion  of ad ren a lin e  th e  b lood  h is ta m in e  level increases to  m anifo ld  th e  
in itia l value [9 J.

T he ev idence ob ta ined  in  th e se  ea rlie r ex p erim en ts  has induced  us to  
conclude th a t  th e  m obilization  o f  a n ta g o n is tic  su b stan ces  in  response  to  
cholinergic or ad renerg ic  s tim u la tio n  m ig h t be considered  a co m p en sa to ry  
phenom enon  in  physio logical b lood  p re ssu re  con tro l: in  o th e r  w ords th a t  th e  
a r te r ia l p ressu re  w ould  arise as a re su lt o f  a co m p en sa to ry  equ ilib rium  b e tw een  
th e  pressor an d  th e  depressor n eu ro h o rm o n a l ac tiv ities .
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To check th e  re liab ility  o f th is  h y p o th esis , we in v es tig a ted  in  w h a t 
m easu re  th e  co n tro l m echan ism  p ro v id in g  for an  equ ilib rium  of p resso r an d  
d ep resso r ag en ts  w ould  ta k e  effect in  th e  ex p erim en ta l h y p erten s io n  o f dogs.

Methods

U n a n ae s th e tiz ed  n o rm o ten siv e  an d  h y p e rte n s iv e  dogs a d a p te d  to  e x p e rim e n ta tio n  w ere 
u se d  to  s tu d y  th e  changes in  b lood  p ressu re  a n d  p lasm a  h is tam in e  leve l in  response to  th e  in fu ­
sion  o f ad ren a lin e . B lood p re ssu re  w as reco rd ed  c o n tin u o u sly  from  th e  c a ro tid  a rte ry , b y  m ean s 
o f  a  su itab le  a p p a ra tu s  ap p licab le  to  th e  L eersum -loop . A drenaline  d isso lved  in  physio log ical 
sa lin e  w as in fu sed  in to  th e  sap henous ve in  a n d  b lo o d  was ob ta in ed  fro m  th e  ju g u la r  v e in . T he 
r a te  o f in fusion  was se t a t  20 //g /kg /m in . o f a d ren a lin e , th e  constancy  of th e  ra te  was en su red  by  
m ea n s  of a m o to r-d riv en  syringe. B eside th e  co n tin u o u s  record ing  o f b lo o d  pressure , sam ples 
o f  b lo o d  fo r h is tam in e  assay  w ere o b ta in e d  fro m  th e  ju g u la r  v e in  before , d u rin g  and a f te r  a d re ­
n a lin e  in fusion . I t  w as realized  th a t  th e  h is tam in e  b o u n d  to  p ro te in  an d  form ed elem en ts w as 
p re se n t  in  in ac tiv e  fo rm  an d  fo r th is  reaso n  th e  free , d iffusib le , v a so ac tiv e  h is tam in e  c o n te n t 
o f  th e  b lood  p lasm a  w as d e te rm in ed . T he m eth o d  em ployed  m ay  be o u tlin ed  as follow s.

To p re v e n t b lood  c lo ttin g , c ry s ta llin e  p o ta s s iu m  ox a la te  (30 m g/10 m l of b lood), to  
in h ib i t  p lasm a  h is tam in ase  sem icarbaz ide  (10-3 iVf), w ere used. The p lasm a  w as d ialysed  a g a in s t 
a n  e q u a l vo lum e of physio log ical N aC l so lu tio n  fo r 1 hour, th en  a f te r  a d d in g  to i t  0.1 m l o f  
n o rm a l h y d ro ch lo ric  acid , th e  d ia ly sa te  w as e v a p o ra te d  dry . T he residue  was e x tra c te d  w ith  
3 X l m l o f abso lu te  a e th y l  alcohol and  a f te r  a d d in g  to  i t  0.1 ml of no rm al h y d roch lo ric  acid  th e  ex­
t r a c t  v as e v ap o ra ted  d ry  in  a w a te r  b a th , ta k e n  u p  in  0.4 ml form ic ac id -ace tic  buffer a n d  a d e ­
te rm in e d  am o u n t o f i t  w as ru n  in  a h o rizo n ta l p a p e r  e lec tro p h o re tic  a p p a ra tu s . The b u ffe r  used  
in  th e  e lectrophoresis consisted  of tw ice  d is tilled  g lac ia l acetic  acid : tw ice  d istilled  fo rm ic  acid : 
d is tilled  w a te r  15 : 5 : 80; p H  1.8. M acherey— N agel №  214 p a p e r s tr ip s  m easu rin g  4 b y  40 
cm  each  w ere used . T h e  sam ple  co n ta in in g  h is ta m in e  w as applied n e a r  th e  positive  pole o n to  
th e  s tr ip  w e tte d  w ith  b u ffer. T he sam ple  was ru n  a t  1.5 m A /strip , 0°C, fo r 30 m inutes. To lo ca te  
h is ta m in e , one of th e  e x tra c ts  w as ta k e n  u p  in  0.4 m l fo rm ic  acid -ace tic  acid  buffer co n ta in in g  
100 /^g/ml o f h is tam in e  an d  0.1 m l o f th is  w as a p p lied  to  th e  con tro l p a p e r  s trip . A fter ru n n in g , 
th e  s tr ip s  w ere d ried  in  flow ing  h o t a ir. H is ta m in e  on  th e  contro l s tr ip  w as developed w ith  th e  
d iazo  re ag e n t. T he co n tro l s tr ip  show ed th e  lo ca tio n  of h istam ine  on  th e  te s t  s tr ip ; fro m  th e  
co rre sp o n d in g  a rea  h is tam in e  w as e lu ted  th re e  tim e s , w ith  a to ta l  vo lum e o f 10 m l of 0.01 IVHC1, 
th e n  th e  e lu a te  w as d ried  in  a  w a te r  b a th . T he resid u e  w as tak e n  up in  a g iven  volum e of T y ro d e ’s 
so lu tio n  and  w as te s te d , a f te r  checking th e  p H , fo r h is tam in e  c o n ten t on g u in ea  pig in te s tin e .

C onsidering th a t  th e  dog p lasm a  co n ta in s  l i t t le  h istam in e  an d  t h a t  th e  q u a n tit ie s  o f 
h is ta m in e  e lu ted  fro m  th e  s tr ip s  w ere e x trem e ly  s lig h t, t it ra tio n  on  th e  gu inea  pig in te s tin e  
w a s  done b y  th e  su p erfu sio n  m eth o d  of Ga d d u m  [10], w hich  is 5 to  12 tim es m ore sen sitiv e  
t h a n  th e  b a th  m eth o d . O w ing to  th e  e x trem e  se n s it iv ity  o f th is  m e th o d , i t  w as im p e ra tiv e  t h a t  
th e  o p tim u m  con d itio n s shou ld  be  c rea ted : th e  m ore  sensitive th e  m eth o d , th e  g re a te r  th e  
d e v ia tio n s  caused  b y  changes in  th e  se n sitiv ity  o f  th e  o rgan  used in  b io log ical assay . S ta b il i ty  
o f  se n sitiv ity  was en su red  by  th e  co n stan cy  o f p H , tem p e ra tu re  an d  ion  co n ce n tra tio n , th e  
ex ch an g e  of w ash ing , s ta n d a rd  and  te s t  flu id s a t  eq u a l in te rv a ls , and e q u a l dosage of these .

In  th e  su p erfu sio n  tech n iq u e  th e  iso la ted  o rg a n  is suspended in  a  space un d er c o n s ta n t  
v a p o u r  p ressu re  and  te m p e ra tu re  an d  is k e p t in  a n  o p tim a l m ilieu b y  a flow  of T y ro d e’s so lu ­
tio n  on  its  surface . T he flow  o f physio logical sa lin e  is in te r ru p te d  for a  w hile  and  th e  te s t  so lu ­
t io n  is ap p lied  o n to  th e  surface . T he te s t  so lu tio n  is w ashed  off w ith  T y ro d e ’s so lu tion  an d  a f te r  
a n  in te rv a l  o f th e  sam e d u ra tio n  th e  s ta n d a rd  so lu tio n  is superfused. W e h a d  devised an  a p p a ­
r a tu s  fo r th e  chronolog ical co -o rd in a tio n  of p a rt-p ro cesse s and  for keep ing  te m p e ra tu re  c o n s ta n t;  
th e  d e ta ile d  d esc rip tio n  o f th is  a p p a ra tu s  h a s  b een  pub lish ed  [11].

In  T ab le  I  a re  show n th e  d a ta  fo r th e  h is tam in e  c o n ten t o f th re e  d iffe ren t dog p lasm as 
a n d  fo r th e  p e rce n tu a l reco v ery  of know n  a m o u n ts  o f h istam ine, ad d ed  to  these  p lasm as. 
T h e  d a ta  h av e  p ro v ed  th e  re liab ility  o f ou r m e th o d  because  n early  100 p e r cen t of th e  h is ­
ta m in e  ad ded  w as reco v ered  in  ev ery  case.

H y p e rten sio n  w as in d u ced  in  tw o w ay s: d ep resso r and caro tid  sinus d en erv a tio n , an d  
b y  b rin g in g  ab o u t p e riren a l fib rosis accord ing  to  P a g e  [14] and K au  [15].
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Table I

A dded H /ig/1 estim ated /xg/1 Recovered %

I .  P la sm a

a) 16

b) 16

P la sm a  -j- H. 20 36 100

20 34,5 92

40 53 92,5

40 55 97,5

II. P lasm a

a) 24

Ч 24,5

P lasm a  +  H. 10 33,5 92,5

10 34,5 102,5

30 52 93,3

30 53 97

III . P lasm a

a ) 9,6

b) 10,1

P lasm a  H. 20 29 95

20 30,2 101,7

Results

1. E xperim ents  on normotensive dogs

I n  th e  f i r s t  series the  changes o f p la sm a  h is ta m in e  during  ad ren a lin e  
in fu sio n  were s tu d ie d  in  no rm otensive , u n a n a e s th e tiz e d  dogs. E arlie r e x p e ri­
m e n ts  ( W e n t  a n d  V a r g a  [9]) show ed  th a t  d u ring  th e  infusion o f  20 
jMg/kg/min. of a d re n a lin e  the  to ta l  b lo o d  h is ta m in e  level w as ra ised  by  40 to  42 
p e r  cen t. These ex p erim en ts  h ad  to  b e  rep ro d u ced , because th e  values o b ta in e d  
in c lu d ed  also th o se  fo r the  in ac tiv e  h is ta m in e  b o u n d  to  p ro te in  and  fo rm ed  
e lem ents and  b e cau se  a t  th a t  tim e  th e  m e th o d s  em ployed  w ere no t sen s itiv e  
enough  to  d e te rm in e  th e  low level o f  free , d iffusib le , vaso ac tiv e  h is ta m in e  
in  th e  dog p la sm a . I t  was th e re fo re  d eem ed  desirab le  to  assay th e  free  
h is tam in e  of b lo o d  p lasm a  during a d re n a lin e  in fu sio n  b y  th e  new', sensitive  a n d  
m ore  reliable, m e th o d . The re su lts  o f 4 su ch  ex p erim en ts  are p re sen ted  in  
F ig . 1.
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T he d u ra tio n  o f ad rena line  in fusion  a n d  th e  tim es o f b lood  sam p lin g  are 
show n on th e  abscissa. T he free, d iffu sib le  h istam ine  co n ten t (in  /ug/ml) 
of p la sm a  is show n on th e  o rd inate . T h e  re su lts  p resen ted  w ere o b ta in ed  in  4 
d iffe ren t dogs. T he solid  line ind ica tes th e  changes in  response to  physio logical 
sa line  in fusion , th e  b ro k en , d o tted  a n d  re s u lt  lines in d ica te  tho se  o b ta in e d  
d u rin g  adrenaline  in fusion . The free h is ta m in e  level o f p lasm a increased  
g ra d u a lly  during  ad ren a lin e  in fusion , reach in g  a m ax im u m  in  som e cases 
a f te r  th e  s tnpp ing  o f  infusion. A fte r th e  infusion of ad rena line  h a d  been

100
90-
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60
50
40-
30
20 -

10

o Ï 2  3 4 5 6  7 8910111213K& ëFÎBVX 22 min
adrtnoiine inf-120 gg/kg/min — NaC! inf.: 2m!/min

F ig . 1. E x p erim en ts  in  n o rm o ten siv e  dogs. C h anges o f th e  free h is tam in e  level o f p la sm a  in  
re sp o n se  to  adrenaline  in fu sio n  (20 /tg /kg/m in). A b scissa: tim e in  m in u tes . O rd in a te : h is tam in e  
c o n te n t  in  /ig /litre . Solid l in e : response to  in fu s io n  o f  physiological sa lin e ; b roken , d o tte d  and 

re su lt lines: responses to  ad ren a lin e  in fusion

b ro u g h t to  an  end th e  level decreased, rea c h in g  th e  in itia l v a lue  in  10 to  13 
m in u te s . T he rise of level during  infusion  am o u n ted  to  from  200 to  400 p e r cen t.

In  an aesth e tized  an im als th e  in c rea se  o f th e  h is tam in e  level in  response  
to  ad ren a lin e  m an ifested  itse lf  also in  th e  caro tid  p ressu re  recorded  on th e  
L eersum -loop .

F ig . 2 В shows th a t  in  th e  a n a e s th e tiz ed  anim als b lood  p ressu re  s teep ly  
in c reased  in  response to  adrenaline in fu s io n , th e n  decreased below  th e  in itia l 
level. A com parison  o f F ig . 1 w ith  F ig . 2 В reveals th a t  th is  depression  o f 
c a ro tid  pressure  to o k  p lace  a t a tim e w h en  th e  free h is tam in e  level of p la sm a  
w as n e a r  or a t  th e  peak . T h is reversion o f th e  pressor response during  ad ren a lin e  
in fu sio n  has n o t been  observed  in  u n a n a e s th e tiz e d  an im als, a lthough  in  th e se , 
to o , th e  free h is tam in e  level of p lasm a in c reased  by  200 to  400 per c e n t in  
re sp o n se  to  ad renaline . F u r th e r  ex p e rim en ts  should e lucidate  th e  cause o f  th is  
d ifference  in  response betw een  u n a n a e s th e tiz ed  and  an aes th e tized  a n im a ls .



PRESSOR—D E PR E SSO R  COUNTERREG ULATION 41

I I .  Experim ents  on hypertensive dogs

(Ï) To in d u ce  h y p erten sio n , ca ro tid  sinus an d  depressor d en erv a tio n  
h a d  been  p e rfo rm ed  in  10 no rm o ten siv e  dogs. A fter o p e ra tio n  th e ir  b lood  
p ressu re  rose to  220—250 m m  H g  an d  rem ain ed  p e rm a n e n tly  a t  th a t  level.

F ig . 2. C aro tid  p re ssu re  recorded on L eersum -loop  d u rin g  ad renaline  in fusion . A  : u n a n aesth e
tized , В  : an ae s th e tize d  dogs

W hen th e  p o s to p e ra tiv e  period  w as over, th e  changes in  th e  free, d iffusib le  
h is tam in e  level o f th e  p lasm a o f th e se  h y p e rten s iv e  an im als w as s tu d ied d u rin g  
th e  in fusion  o f 20 /tg /kg/m in. o f ad rena line . T he resu lts  a re  show n in F ig . 3.

30 j 205Hamm 

220hgmm

12 ЗА 5 6 7  8910111213X15 25

2 0
40
30
2 0  
40  ï

30
2 0 *

220 Hgmm
odn inf20 up /kg/min

1 2 3 4 5 6 7 8 9  Ю1112131415 2 5 min

F ig . 3. H y p e rte n s io n  induced  by  c a ro tid  sinus an d  d epresso r d en erv a tio n . Changes in  th e  free  
h is tam in e  level o f p lasm a  during  ad ren a lin e  in fusion  (20 ^g /k g /m in ). A bscissa: tim e in  m in u te s . 

O rd in a te : h is tam in e  co n ce n tra tio n  ^g /litre
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I n  Fig. 3 th e  abscissa  shows th e  tim e  in  m inu tes, an d  th e  o rd in a te  th e  
p la sm a  h istam ine  level in  figjl. I t  can  be seen th a t  as opposed  to  w h a t occurred  
in  th e  no rm al dogs (F ig . 1) th is  tim e  th e re  was p ra c tic a lly  no change in  th e  
p la sm a  h istam ine  level d u rin g  ad ren a lin e  infusion . A sim ilar re su lt h a d  been

Fig. 4. During the developm ent o f hypertension induced hy perirenal fibrosis the free histam ine  
lev e l o f blood plasma increases parallel w ith  the increase of blood pressure. Abscissa: tim e in 

weeks. Ordinate: blood pressure in m m  Hg, histam ine in  /(g/litre

o b ta in e d  in  our earlier ex perim en ts [ I I ] ,  b u t  th a t  tim e  th e  u n certa in  m eth o d  
fo r h is tam in e  assay d id  n o t p erm it to  d raw  conclusions.

(ii) In  a second g ro u p  (5 dogs) h y p e rten s io n  w as in d u ced  by  th e  m odified  
m e th o d  o f R a u  [13] resp . P a g e  [12]. To ind u ce  perirena l fib rosis b o th  k idneys 
w ere p laced  in to  cellophane sacs filled  w ith  acry la te  shav ings. B lood p ressu re  
b eg an  to  increase w ith in  tw o weeks, reach in g  a peak  d u rin g  th e  1 0 th  to  15th  
w eeks. F ro m  th en  on b lood  p ressu re  w as estab lished  a t a level a ro u n d  200 
m m  H g  (F ig. 4).

F ig . 4 shows th a t  d u rin g  th e  d ev e lopm en t of h y p erten s io n  in d u ced  b y  
p e r ire n a l fibrosis th e  free  p lasm a  h is ta m in e  level in creased  para lle l w ith  th e  
in c rease  o f blood p ressu re . A fter h y p e rten s io n  had  reach ed  its  peak , th e  p lasm a 
h is ta m in e  level rem ain ed  a t  a m ax im u m  fo r 6 to  8 m o n th s , decreasing to  n o r­
m al d u rin g  th e  su b seq u en t m o n th s. T hese re su lts  suggest th a t  th e  coun te rregu - 
la to ry  m echanism  com es in to  ac tio n  n o t only in  th e  ad ren a lin e -h is tam in e  
re la tio n , b u t  also in  th e  re la tio n  o f p resso r substances fo rm ed  a s ' a re su lt of 
re n a l lesion and  h is ta m in e . T h u s, th e  re g u la to ry  m echan ism  based  on th e  
m o b iliza tio n  of an ta g o n is ts  s trives to  com pensa te  th e  ac tion  of p resso r agen ts 
of re n a l  origin. H ow ever, w ith  p ro tra c te d  h y p e rten s io n  th e  possib ility  o f  th is  
re g u la tio n  g radua lly  d im in ishes. * *>

I n  th e  dogs re n d e re d  h y p e rten s iv e  b y  pe riren a l fib rosis th e  changes of 
th e  free , d iffusible p la sm a  h is tam in e  level w ere ag a in  s tu d ied  in response  to  
th e  in fu sio n  of 20 ^g /k g /m in . o f ad ren a lin e .
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T h e solid lines in  F ig . 5 rep re sen t th e  results o b ta in e d  3 to  6 m o n th s , 
th e  th in  lines those 9 to  12 m onths, th e  b ro k en  ones th o se  o b ta ined  15 to  18 
m on th s a f te r  opera tio n , D uring the f i r s t  few m onths o f h y p e rten s io n  th e  
co u n te rreg u la to ry  m echan ism  based o n  an tag o n is t m ob iliza tion  w as u n d is ­
tu rb e d ; th e  p lasm a h is tam in e  level in c re a se d  to  2 to  3 fo ld  its  in itia l v a lu e  in  
response to  adrenaline. In  th e  period o f  fro m  9 to  12 m o n th s  th is  m echan ism  
was m a rk e d ly  im p aired : in  spite o f th e  low er in itia l va lues, th e  h is ta m in e

Fig. 5. D ogs rendered hypertensive by perirenal fibrosis. Changes in  the free histam ine leve l o f  
plasm a during adrenaline infusion. Abscissa: t im e  in  minutes. Ordinate: histam ine concentra­
tion T he solid lines represent the results for  the period of from  3 to  6 m onths, the th in  ones 

those for 9 to 12 m onths and the broken lin es  those for 15 to 18 m onths after operation

level w as less increased  b y  th e  ad ren a lin e  infusion th a n  before. F in a lly , a f te r  12 
m o n th s no  co u n te rreg u la tio n  cam e in to  effect. In  th is  la te  phase o f  ren a l 
h y p e rten s io n  there  developed  a c o n d itio n  iden tica l w ith  th a t  im m ed ia te ly  
follow ing ca ro tid  sinus an d  depressor d en erv a tio n . T h is observ a tio n  is in  h a r ­
m ony  w ith  th e  evidence published b y  М сС и ввш , G b e e n  an d  P a g e  [14] th a t  
in  th e  la te  phase of re n a l h y p e rte n s io n  a severe im p a irm e n t of th e  b a ro ­
cep to r m echanism  o f th e  carotid  s in u s  an d  ao rta  can  be d e m o n s tra te d  b y  
e lectrophysio logical m e th o d s.

D iscussion

O u r recen tly  em ployed  m e th o d s  have m ade i t  possible re lia b ly  to  
assay  th e  q u a n tity  o f  free, d iffusib le , vasoactive  h is tam in e  in  th e  b lood 
p la sm a  o f th e  dog. A ccord ing  to  our r e s u lts ,  in  u n an aes th e tized  dogs k e p t  u n d e r
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physio logical co n d itio n s  the  diffusible h is ta m in e  level o f  p lasm a in c rea se s  
b y  200 to  400 p er c e n t in  response to  the  in fu sio n  o f 20 /“g /kg /m in . a d re n a lin e . 
I n  earlie r ex p erim en ts  on th e  a rtific ia lly  p erfu sed  h ind  lim bs of dogs [8] i t  
w as show n th a t  th e  in tra a r te r ia l  a d m in is tra tio n  o f ad rena line  an d  th e  e lec trica l 
s tim u la tio n  of th e  lo w er lu m b ar chain g ives rise  to  a doub le  — c o n s tr ic to r  
a n d  d ila to r —  effec t, a n d  th a t  during  th e  d ila ta to ry  response  considerab le  
q u a n tit ie s  of ace ty lch o lin e  are released fro m  th e  perfused  tissues [5]. T h e  
m ob iliza tion  of h is ta m in e  and  acety lcholine in  response to  adrenerg ic  s t im u la ­
tio n  is considered to  b e  a com pensato ry  m ech an ism  in the serv ice of physio log­
ica l b lood  pressure c o n tro l.

In  the  e x p e rim e n ts  described in  th is  p a p e r  th e  m echan ism  prov id ing  fo r  
an  equ ilib rium  o f p re sso r  an d  depressor in flu en ces  was s tu d ie d  in  h y p e rten s iv e  
dogs. The free, d iffu sib le , vasoactive  h is ta m in e  co n ten t of th e  blood p la sm a  
w as  assayed  before, d u rin g  and  a fte r th e  in tra v e n o u s  in fusion  of ad ren a lin e . 
I t  w as found th a t  in  th e  hyp erten siv e  s ta te  induced  b y  c a ro tid  sinus a n d  
d ep resso r d en erv a tio n  th is  regu la tion  is n o t fu n c tio n in g , as th e  free p lasm a h is ­
ta m in e  level rem ain ed  unch an g ed  during  ad ren a lin e  infusion. D uring  th e  f ir s t  
m o n th s  of h y p e rte n s io n  induced  by  th e  ce llo p h an e-p erin ep h ritis  m ethod  o f  
P a g e  [12] the c o u n te rre g u la to ry  m echanism  b ased  on a n ta g o n is t m obilization  
w as s till un im paired  in  th e  ad ren a lin e -h is tam in e  re la tion  an d  was abolished 
o n ly  a round  the  1 5 th  m o n th , when a co n d itio n  ap p eared  corresponding  to  th e  
co u n te rreg u la to ry  b lo ck ad e  seen im m ed ia te ly  a f te r  caro tid  s inus and  dep resso r 
d en e rv a tio n .

T hus, our e x p e rim e n ts  have confirm ed th e  v iew  th a t  a f te r  a certa in  perio d  
re n a l  hypertension  in te rfe re s  w ith  n eu ra l re g u la tio n . T hey  h a v e  also show n 
t h a t  in  b o th  k inds o f  ex p e rim en ta l h y p e rten s io n  em ployed, viz. in  hy p erten sio n  
fo llow ing  e lim ination  o f  th e  barocep to r m echan ism  and  in  ren a l h y p erten sio n , 
th e  equ ilib ra tio n  o f  v a so a c tiv e  agents an tag o n iz in g  each o th e r  is abo lished . 
I n  o th e r  words, th e  c o u n te rre g u la to ry  co n tro l governed  by  th e  cen tra l nervous 
sy s te m  does no t a n y  m o re  come in to  p lay . I t  is believed th a t  th e  m obilization  
o f  an tag o n is tic  ag en ts  in  response to  ad renerg ic  s tim u la tio n  is a com pensato ry  
p h enom enon  in th e  se rv ice  of physiological b lood  p ressure  contro l, and  i t s  
ab o litio n  leads to  a p rep o n d e ran ce  of n eu ro h o rm o n a l pressor ac tiv ity .
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THE EFFECT OF SH-INHIBITORS ON GANGLIONIC 
TRANSMISSION IN THE SUPERIOR CERVICAL GANGLION

OF THE CAT

B y
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IN ST ITU TE OF PHYSIOLOGY, M E D IC A L  U N IV ERSITY , D EBRECEN  
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The changes in  the electrical a c t iv ity  o f the cat’s superior cervical ganglion in 
response to SH -inhibitors have been stu d ied  in  situ and in isolated ganglia, by  recording 
the action potentials. At lower concentrations the SH -inhibitors blocked transm ission  
reversibly and potentiated  the ganglion  stim ulating action of acetylcholine injected  
into  the blood stream . Higher concentrations inhibited the ganglionic excitation  pro­
duced by acetylcholine and KC1 injected in to  the blood stream. All the above effects o f  
the SH -inhibitors were temporarily susp en ded  by cysteine. The chief conclusions drawn 
from  these results are as follows.

1. The two kinds of acetylcholine receptor system  present in sym pathetic ganglia  
are different in  their sensitivity to SH -inh ib itors.

2. The SH -groups play a sign ifican t role in  the structure of the postsyn aptic  
m embrane and even in that of the a cety lch o lin e  receptors.

T he prob lem  o f m e d ia to r-recep tio n  is one of th e  less know n p ro b lem s 
connected  w ith  th e  tran sm issio n  of im p u lse s . I t  is beyond d o u b t th a t  in  sy m ­
p a th e tic  ganglia ace ty lcho line  acts as a m e d ia to r . R ecen tly , increased  a t te n tio n  
has been  focussed u p o n  th e  analysis o f  th e  n a tu re  of ace ty lcho line  re c e p tio n  
[1, 6 , 11].

W e h av e  u n d e rta k e n  to  e s tab lish  in  w hich of th e  phases of ganglion ic  
tran sm iss io n  have  S H -groups a d irec t ro le , w ith  special reference to  th e  a c e ty l­
choline recep to r fu n c tio n . For this p u rp o se  th e  superior cerv ical ganglion o f th e  
c a t has been  exposed to  th e  action o f  su lp h h y d ril in h ib ito rs  and  changes in 
i ts  fu n c tio n  have  been  recorded.

T he only  p e rta in in g  repo rt we h a v e  found  in  th e  l i te ra tu re  is th a t  by  
S m ir n o v  et al. [10] w ho showed th a t  th e  b locking  of SH -groups b y  m eans of 
CdCl2 resu lts  in  th e  b lock ing  of gang lion ic  tran sm issio n . As in  th e ir  ex p e rim en ts  
th e  in jec ted  ace ty lcho line  con tinued  to  s tim u la te  th e  gang lion  d u rin g  th e  
period  o f in h ib itio n , th e  au thors c o n c lu d ed  th a t  b locking w as due to  a d im i­
n u tio n  o f ace ty lcho line  release from  th e  preganglionic endings, as a re su lt 
o f a para ly sis  o f acety lcho line sy n th e s is .

M ethods

F ifty  cats were used in the experim ents. T he animals were anaesthetized intraperitone- 
ally by 0.10 g/kg chloralose. In  most experim ents th e  superior cervical ganglion w as perfused  
in  vivo b y  the m ethod o f K i b j a k o v  [7], w h ile  in  others the ganglion was excised to  lead off  
action potentials.
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The superior cervical ganglion, the cervical part o f the sym pathetic chain, the v a g u s, 
th e  common carotid artery and the internal jugular v e in  were exposed and the branches o f  
th e  common carotid w ere ligated, except those supplying the ganglion. It was thus ach ieved  
th a t  the perfusate adm inistered through a cannula in  the com mon carotid reached exclu sive ly  
th e  superior cervical ganglion . On the other hand, ligation  of the corresponding branches o f  
th e  internal jugular v e in  m ade it  possible to recover exclusively flu id  th a t passed throu gh  
th e  ganglion. Through th e  cannula in  the com m on carotid Locke’s solution  filtered, oxygen ated , 
and having a pH o f from  7.2 to 7.4 was perfused at 140 m m  H g. The cannula in  the com m on  
carotid  served also for th e  injection o f drugs w ithou t interrupting perfusion.

Ganglionic e x c ita tio n  was tested  by the kym ographic recording of the isotonic contrac­
tio n s  of the n ic tita tin g  m embrane. The ganglion w as stim ulated electrically via the cerv ica l 
sym p athetic , as w ell as b y  giving injections of KC1 and acetylcholine. Stim ulation was done  
w ith  5 У, 200 /isec, 1— 300/sec, for 5 sec, w ith  a rectangular im pulse generator.

F ig. 1. E f f e c t i f  CdCl2 on  ganglionic transm ission. The figures beside the arrows ind icate  th e 
frequency^of stim ulation  in  c/sec. Cd: Onset o f CdCl2 perfusion at a concentration of 5 /xg/m l. 

f :Preganglionic stim ulation at 10/sec frequency, every m inute

F ig. 2. E ffect of m onoiodoacetate perfusion on ganglionic transm ission. Signs as in  Fig. 1

In the second p art o f the experim ents action potentials were led off from the superior 
cerv ica l ganglion. The excised  ganglion com plete w ith  pre- and post-ganglionic fibres w as 
p laced  into a p lexig lass cham ber [5] allowing action potentia ls to be led o ff the ganglion f ix ed  
to  stim ulating and recording electrodes over periods o f several hours. B y  changing the p osition  
o f  th e  chamber the preparation  could be submerged in to  test solutions or in to  Locke’s so lution . 
U sin g  a rectangular im pulse  generator, stim ulation was m ade w ith  5 V , 200 p-sec, am plify ing  
w ith  a battery-fed conventiona l RC am plifier. Recording from  the oscillograph onto a p h oto­
kym ograph took place at a film  speed of 9 cm /sec.

The test com pounds used were acetylcholine brom ide, m onoiodoacetate (MIA), potassium  
chloride, p-chlorom ercuribenzoate (PCMB), zinc su lphate, cadm ium  chloride and cystein e, 
d isso lv ed  in Locke’s so lution , w ith the pH  adjusted to 7.2— 7.4.

Results

In  th e  f ir s t  series th e  effect of p regang lion ic  s tim u la tio n  was ex am in ed  
d u r in g  perfusion w ith  v arious S H -in h ib ito rs . As Fig. 1 an d  Fig. 2 show, th e  
p regang lion ic  s tim u la tio n  th a t  h ad  p rev io u sly  p roduced  norm al effects a t  
e v e ry  frequency  w as g rad u a lly  losing p o te n c y  during  perfusion  w ith  CdCl2
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an d  M IA , respective ly , a n d  fina lly  s tim u la tio n  a t  a freq u en cy  o f 10/sec becam e 
ineffective. A t the  sam e tim e , how ever, th e  b lockade w as suspended  b y  s t im ­
u la tio n  a t  a h igher frequency . In h ib itio n  p ro v ed  to  be reversib le  in  every  case, 
i.e. perfusing  th e  ganglion  w ith  Locke’s so lu tio n  re s to re d  transm ission . T here  
w as no q u a lita tiv e  difference in  th e  e ffec t o f th e  S H -in h ib ito rs  em ployed, th e y  
d iffered on ly  in  th e  effective co n cen tra tio n  in  th e  so lu tio n . T he phenom enon  
show n in  F igs. 1 and  2 could  be elic ited  b y  CdCl2 a t co n cen tra tio n s of 8 to  10 
/tg/m l, M IA  a t 2 to  10 /ig /m l, PCMB a t 2 to  7 fig/m l, an d  Z n S 0 4 a t  co n cen tra tio n s 
of 20 to  50 Цg/m l. T he effect was in v a ria b ly  p ro p o rtio n a te  to  th e  co n cen tra tio n  
o f th e  so lu tion  used, b o th  as regards th e  f in a l g rade o f in h ib itio n  and  th e  r a te  
o f its  developm en t. A t su itab le  co n cen tra tio n s , in h ib itio n  developed im m e d ­
ia te ly  follow ing th e  onset o f perfusion. W ith  th e  sam e co n cen tra tio n  of th e  SH - 
in h ib ito r  an d  s tim u la tio n  w ith  th e  sam e  in te n s ity  th e  m easu re  of in h ib itio n

Fig. 3. P h ase  I and  I I  o f S H -in h ib itio n  in  th e  case o f CdCl2 p e rfu s io n . Cd: O nset o f  CdCl2 
perfusion , 10 ju,g nil. C d ': O n set o f CdCl2 p e rfu s io n , 15 jug/ m l. C d "  : O nset o f CdCl2 p e rfu s io n , 
20 /tg /m l. A : In jec tio n  of 0.4 m l o f 100p.g/ml A c h B r. A t th e  p eak  o f th e  ganglionic e x c ita tio n  
caused  b y  A ch, p reganglion ic  s tim u la tio n  w as  applied.j" : p reg ang lion ic  s tim u la tio n  a t  a

frequency  o f  10/sec

in  a g iven  case will be de te rm ined  b y  th e  freq u en cy  o f  s tim u la tio n . A fte r  
cessation  o f th e  effect o f  p reganglion ic  s tim u la tio n  d ire c t s tim u la tio n  o f th e  
ganglion w ith  th e  sam e p a ram ete rs  p ro v e d  to  be effec tive  in  every  case.

N e x t, i t  was ex am in ed  w hether th e  b lockade b ro u g h t ab o u t b y  th e  SH - 
in h ib ito rs  a t  th e  above co n cen tra tio n s w ould  ex ten d  also to  th e  gang lion ic  
e x c ita to ry  ac tion  of acety lcholine in je c te d  d irec tly  in to  th e  ganglion th ro u g h  
th e  b lood  s tream . As F ig . 3 reveals, w e reco rd ed  f irs t  th e  ganglionic e x c ita tio n  
in  response  to  acety lcho line  during p e rfu s io n  w ith  L ocke’s so lu tion . In  m ost 
cases preganglion ic s tim u la tio n  was em p lo y ed  a t  th e  p e a k  of th e  ganglion ic  
ex c ita tio n  th u s  p roduced , in  order s im u ltan eo u sly  to  observe  th e  tw o  k in d s  
o f ganglionic ex c ita tio n . As a resu lt o f  p e rfu sio n  w ith  10 /ig /m l of CdCl2, th e  
su b seq u en t s tim u la tio n s  were losing p o te n c y  and  f in a lly  transm ission  w as 
b locked . I f  we th e n  app lied  an  id e n tic a l dose o f ace ty lcho line , its  a c tio n  w as 
even enhanced  in  com parison  w ith  th e  fo rm er response . On increasing  th e  
co n cen tra tio n  of CdCl2 to  15 /ig/m l a n d  th e n  to  20 /ig /m l, th e  effect o f th a t

4 Acta Physiologica XVIII/1.



5 0 P . HALÁSZ e t at.

d o se  of acety lcho line w as f irs t red u ced  a n d  th e n  ceased. I n  analogy  to  s t im ­
u la tio n s  a t h igher frequency , h igher doses o f acety lcholine w ere still e ffec tive  
a t  a ce rta in  level o f in h ib itio n , i.e. th e y  so -to -say  b roke th ro u g h  th e  b lo ck . 
T h e  sequence o f ev en ts  in  th e  d ev e lo p m en t o f  th e  SH -blocking  effect in  th e  case  
o f  CdCl2 and  PCM B is illu s tra te d  in  F igs. 3, 4 an d  5. In  th e  f ir s t  phase  o f  th e  
e ffec t th e  response to  preganglion ic  s tim u la tio n  decreased  or ceased w hile  
th e  effect of acety lcho line in jec ted  a t  th e  sam e tim e w as p o te n tia te d . I f  th e  
co n c e n tra tio n  o f th e  S H -in h ib ito r w as low , in h ib itio n  w as n o t in ten s if ied . 
O n  increasing  th e  co n cen tra tio n  a fte r  th e  f ir s t  phase th e  fo rm erly  p o te n tia te d  
acety lch o lin e  effect w as also in h ib ite d . W e called  th is th e  2 n d  phase  o f S H - 
in h ib itio n . T he average  S H -in h ib ito r co n cen tra tio n s  co rrespond ing  to  th e  
tw o  phases w ere as follows.

1st phase CdCl2 
Z n S 0 4 
M IA 
PCM B

2nd  phase CdCl2 
Z n S 0 4 
M IA 
PCM B

8 to  10 |Mg/ml 
20 to  50 41g/ml

2 to  10 /tg/m l 
2 to  7 /tg/m l 

20 to  30 /tg/m l 
45 to  60 /tg/m l 
10 to  15 /tg/m l 

6 to  10 /tg/m l

S u b seq u en tly , we exam ined  th e  effect o f CdCl2 and  of o th e r  S H -in h ib ito rs  
on th e  ganglionic s tim u la tio n  b y K C l. In  th e  1st phase of in h ib itio n  th e  ex c i­
t a to r y  effect of KC1 was u n im p aired , w hile in  th e  2nd ph ase  i t  decreased a n d  
ceased , like th a t  o f acety lcho line. T here  w as no unequ ivocal ev idence in d ic a tin g  
t h a t  th e  action  of KC1 should  have  been  p o te n tia te d  (F igs. 4 and  5). I t  is

Fig. 4. Above: phase I, below: phase II o f  inh ib ition  and reactivation in  the case o f CdC2 
perfusion. Cd': Onset o f 10 p.g/ml CdCl2 perfusion (phase I). Cd": O nset o f 30 jug/ml CdCl 
perfusion (phase II). A: Injection of 0.2 m l o f 200 p.g/ml Ach. K: Injection  o f 0.15 ml of 1 per 
cen t KC1. Cy: Injection of 0.5 ml o f 1 per cent cystein e, f:  Preganglionic stim ulation, 10/sec
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Fig. 5. Above: phase I o f SH inhibition, below: phase II of inhibition and reactivation , using  
p-chlorom ercuribenzoate perfusion, at concentrations o f 4.7 pg/m l and 7.4 pg/m l, respectively . 
(Signs at onset o f perfusion.) L: Onset of perfusion w ith  Locke’s solution. A: 0.2 m l o f 200 p-g/ml 
AchBr injection. K: Injection of 0.1 ml of 1 per cen t KC1. Cy: Injection of 1.0 m l o f 1 per cent 

cysteine, f: Preganglionic stim ulation, 10/sec

n o te w o rth y  th a t  in  th e  2nd phase th e  KC1 effect was b locked  before in h ib itio n  
o f th e  acety lcho line  effect.

In  o u r ex p erim en ts  all the  above p henom ena  could  be su spended  w ith  
cyste ine , an  S H -reac tiv a to r . The 1 p e r c e n t so lu tion  o f cy ste in e  in jec ted  in to  
th e  blood s tre a m  tem p o ra rily  abolished  th e  phenom ena o f inh ib itio n  in  b o th  
th e  1st an d  th e  2nd  phase (Figs. 4, 5 a n d  6). The degree o f re a c tiv a tio n  w as 
d irec tly  p ro p o rtio n a l to  th e  co n cen tra tio n  o f cysteine. (In  th e  2nd p h ase  th e  
re a c tiv a tin g  effect o f cysteine was w eak e r th a n  an tic ip a ted . T he cause o f th is  
is believed  to  be th a t  a t th e  co n cen tra tio n  requ ired  for suspend ing  in h ib itio n

Fig. 6. R eactivation  o f ganglionic transm ission b y  cysteine. Cd: O nset o f 10 pg/m l CdCla 
perfusion. Cy: Injection o f 0.4 ml of 0.1 per cen t cysteine. L: Injection  of 0.4 ml o f  Locke’s 

so lution .j: Preganglionic stim ulation, 10/sec
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in  th e  2nd p h ase , cy ste in e  as an  am ino  ac id  depressed  b y  its e lf  th e  a c tio n  o f 
acety lcholine. T h is  p ro p e r ty  of cysteine a n d  o th e r  am ino ac ids h as  been d esc rib ed  
elsew here [4, 2 ]). T h e  sequence o f e v e n ts  d u rin g  re a c tiv a tio n  was th e  sam e  
as in  the  case o f in h ib it io n :  th e  p regang lion ic  s tim u li becam e active  f irs t  a n d  i t  
w as  only th en  t h a t  th e  responses to  ace ty lch o lin e  an d  KC1 w ere resto red .

In  the second  p a r t  of our ex p erim en ts  th e  effect o f CdCl2 was s tu d ie d  on  
th e  action  p o te n tia ls  o f th e  iso la ted  gang lion . As F ig . 7 reveals, th e  a c tio n  
p o ten tia ls  of th e  in ta c t  ganglion w ere reco rded  f irs t. T h e  trac in g s show  
c learly  the sp ik e  follow ed b y  th e  n e g a tiv e  and  p o s itiv e  a fte r-p o te n tia ls ,

Fig. 7. Effect of 500 /xg ml CdCl2 on the action poten tia l of the iso lated  ganglion. Frequency o f  
stim ulation, 2/sec. M onopolar lead, platinum  electrode. A: control. В : a t 25 m inutes o f  th e  
CdCl2 effect, C: at 35 m in. , D: at 45 m in., E: a t 50 m in., F: at 55 m in., G: a t 60 m in .,

H: at 90 m in. and I: at 120 m inutes

as described b y  E ccles [3] (F ig . 7/^4). In  re sp o n se  to  CdCl2 th e  
am plitude  of th e  sp ik e  began to  decrease, accom pan ied  b y  changes in  th e  
a fte r-p o ten tia ls . T h e  positive a f te r-p o te n tia l, show ing a decreasing ten d en c} ' 
itse lf, occurred w ith  sh o rte r and  sh o rte r  la te n c y  periods, fina lly  to  m erg e  
w ith  the n eg a tiv e  a fte r-p o te n tia l p reced in g  i t  (F ig. 7/JB, C). A fter th e  d is ­
appearance  of th e  sp ik e  a deep p ositive  w av e  ap p eared  in  i ts  place. T hus w ith  
th e  d isappearance  o f  th e  spike th e  reco rd ab le  e lectrical a c t iv i ty  did n o t cease , 
b u t  became re c ip ro c a l (F ig. 7/ F, G, H ,  I ) .  A t th e  sam e tim e  in ta c t a c tio n  
p o ten tia ls  could s ti l l  be o b ta ined  from  th e  p regang lion ic  f ib re s . W e were u n a b le  
to  observe a s e p a ra tio n  o f th e  sy n ap tic  p o te n tia l  [5] in  th e  course of the  d im in u ­
tio n  of the  sp ike  p o te n tia l.
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D iscussion

In  s tud ies on th e  effect o f com pounds used as enzym e-inh ib ito rs i t  is o f  
decisive significance to  de te rm ine  to  w h a t e x te n t th e  effect m igh t he ascribed  
to  specific en zym e-inh ib ition  b y  th e  co m pounds te s ted . In  o u r experim en ts th e  
ganglionic b locking  ac tio n  developed  a t ex trem ely  low co n cen tra tio n s  o f th e  
ac tive  agen ts (in  th e  case of CdCl2 for exam ple  a t 5.4 • 10~5M ) and  w as 
com pletely  reversib le . T his ru les o u t th e  possib ility  th a t  th e  com pounds te s te d  
w ould  have ac ted  as p ro to p lasm  poisons. T h is evidence to g e th e r  w ith  th e  
specific re a c tiv a tio n  of SH  groups (cyste ine  effect), as w ell as th e  id en tica l 
action  of th e  v a rio u s  S H -inh ib ito rs g re a tly  d iffe ren t in  chem ical s tru c tu re  h as  
m ade i t  v e ry  p ro b ab le  th a t  th e re  w as in  fa c t a b ind ing  o f  S H -groups in  th e  
background  of th e  p henom ena exam in ed .

The n ex t q u estio n  is th a t  o f th e  site  o f action  of S H -in h ib ito rs . A t th e  
sam e tim e w hen  i t  b locked  or su b s ta n tia lly  changed the  ac tio n  p o ten tia l o f  
th e  ganglion, CdCl2 h a d  no in fluence  on th e  preganglion ic  action  p o te n tia l. 
A fter th e  d ev e lo p m en t of th e  effect o f S H -inh ib ito rs th e  ganglionic cells 
could still be s tim u la ted  d irec tly . F ro m  th is  we concluded  th a t  th e  s ite  o f 
ac tio n  of CdCl2 a n d  of th e  o th e r S H -in h ib ito rs  was in  th e  synapse , in  th e  
f irs t place. T h e  possib ilities fo r a sy n ap tic  site  o f action  are th e  
following.

1. In h ib itio n  o f acety lcho line sy n th es is .
2. D im inu tion  o f th e  am o u n t o f ace ty lcho line  re leased  from  th e  p resy n ap - 

tic  endings.
3. D im in u tio n  of th e  ex c ita b ility  o f  p o s tsy n a p tic  e lem en ts.
As to  th e  f i r s t  possib ility  acco rd ing  to  P e r r y  [8],  th e  acety lcho line  

depo t in th e  gang lion  suffices for re leasing  effective a m o u n ts  o f acety lcho line 
in  response to  f re q u e n t s tim u la tio n , w ith o u t reso rtin g  to  syn thesis . O n th e  
o th e r h an d , in  o u r ex p erim en ts  th e  b lockade  caused b y  th e  S H -in h ib ito rs  
had  in  m ost cases ex is ted  w hen th e  f ir s t  te s t  s tim u la tio n  w as applied . W e a re  
therefore unab le  to  agree w ith  Sm i r n o v  et al. [10] th a t  an  in h ib itio n  of a c e ty l­
choline syn th esis  w ould  be responsib le  fo r th e  b locking  o f transm ission .

The second p o ssib ility  can n o t be ru led  o u t w ith  ab so lu te  ce rta in ty . H o w ­
ever, th e  fac t t h a t  ac tio n  p o ten tia ls  (even  th o u g h  in  s tro n g ly  a ltered  form ) can  
be recorded  from  th e  ganglion cells a f te r  tran sm issio n  h as  been com ple te ly  
blocked (Fig. 7) in d ica te s  th a t  th e  p re sy n a p tic  im pulses a re  s till acting  u p o n  th e  
ganglion cells. T h e  m ed ia to r is in  a ll p ro b a b ility  released a n d  its  ineffec tiveness 
m ust be due f i r s t  of all to  a change in  th e  cond ition  o f th e  susceptib le  p o s t ­
sy n ap tic  e lem en ts, th e  acety lcho line  recep to rs .

This is su p p o rte d  also b y  th e  p h en o m en a  observed  in  th e  2nd phase  o f  
in h ib ition . A ccord ing  to  P e r r y  [9],  acety lcho line  in je c te d  in to  th e  b lood  
s tream  acts  exclusively  on p o s tsy n a p tic  e lem ents. T h u s, i f  in  th e  2nd p h a se
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o f  inh ib itio n  th e  re sp o n se  to  acety lcho line  is also suspended , th is  is u n d o u b ted ly  
d u e  to  a d im in u tio n  o f  th e  ex c itab ility  o f  p o s tsy n ap tic  e lem en ts, th e  th ird  pos­
s ib ility  for a sy n a p tic  s ite  o f action .

W h at th e n  e x p la in s  th e  d iffe ren t sen s itiv ity  to  S H -inh ib ito rs o f th e  
in je c te d  acety lcho line  an d  pregang lion ic  stim u la tio n , a lth o u g h  in b o th  cases 
th e  cause of gang lion ic  ex c ita tio n  is ace ty lcho line?

In  earlier e x p e rim e n ts , F e h é r  a n d  B o k r i  [6] show ed th a t  th e  effect 
o f  preganglion ic im p u lses  could be b lo ck ed  b y  p en ta - a n d  décam éthon ium , 
w ith o u t causing s u b s ta n tia l  changes in  th e  response to  acety lcholine. H igher 
co n cen tra tio n s  o f p e n ta -  an d  d écam éth o n iu m , how ever, su spended  th e  ac tio n  
o f  acety lcholine. O n th e  basis of th e se  an d  o ther ex p e rim en ts  i t  is assum ed  
t h a t  th e re  are tw o  re c e p to r  system s in  th e  su p erio r cervical ganglion , b o th  o f th em  
cholinerg ic  b u t d iffe rin g  in  sen s itiv ity  to  acety lcholine. O ne of th em  is a so- 
ca lled  “ in n e rv a ted  re c e p to r  system ”  w h ich  is less sen sitiv e  to  acety lcholine, 
is lo ca ted  to  th e  in n e rv a te d  m em brane  areas of th e  ganglion  cells an d  is 
d ire c tly  involved in  tran sm issio n . T h e  o th e r  is th e  so-called  “ free recep to r 
s y s te m ” w hich is m o re  sensitive  to  ace ty lcho line  and  is lo c a te d  m ain ly  in  th e  
m em b ran e  areas free  fro m  preganglion ic  endings. O f th e se  recep to r sy stem s 
th e  one designated  “ fre e ”  reac ts  f ir s t  o f a ll w ith  the  ace ty lcho line  tra n sp o rte d  
th e re  b y  th e  blood s tre a m , while th e  “ in n e rv a te d ” one re a c ts  w ith  th e  a c e ty l­
ch o lin e  released in  th e  course of p regang lion ic  s tim u la tio n . T hese tw o re c e p to r  
sy s te m s  differ in  th e ir  se n s itiv ity  to  th e  v a rio u s biological ag en ts . In  th e  case 
o f  th e  SH -inh ib ito rs in  th e  f irs t phase th e  m ore  vulnerab le  in n e rv a te d  re c e p to r  
fu n c tio n , while in  th e  second phase th e  func tion  of th e  less v u lnerab le  free 
re c e p to rs  seem to  be  p a ra ly sed . On th e  re a c tiv a tio n  o f S H -g ro u p s w ith  cy s te in e  
th e  ph ase  rep re sen tin g  a m ilder grade o f  inh ib itio n  is re a c tiv a te d  earlier an d  
m ore  in tensively , w hile  phase  I I  w hich  develops in  response  to  th e  s tro n g e r 
in h ib itio n , is su sp en d ed  la te r  and  in  a lesser degree. I t  is believed th a t  th e  
d ifference  in the  b e h a v io u r  to  S H -in h ib ito rs  betw een  th e  tw o  assum ed recep to r 
sy s tem s is an o th er p ro o f  ju stify in g  th e ir  sep ara tio n .

O n the  basis o f  all th e  above we assum e th a t  th e  S H -in h ib ito rs  ac t b y  
b in d in g  th e  S H -groups lo ca ted  in som e p o s tsy n ap tic  s tru c tu re . The questio n  
o f course arises how  fa r  th is  s tru c tu re  m ig h t be id en tified  w ith  th e  a c e ty l­
choline receptors. In  su p p o r t of an id e n ti ty  is th e  co m p e titiv e  beh av io u r o f th e  
S H -in h ib ito rs  and  th e  acety lcholine in je c te d  in to  th e  ganglion  or re leased  
p re sy n ap tica lly . I t  a p p e a rs  as if  th e  S H -in h ib ito rs  w ould  occupy th e  p lace 
o f  acety lcholine an d  th e ir  action  w ould be  tem p o ra rily  su sp en d ed  as a re su lt 
o f  an  increased re lease  o f  acety lcholine b ro u g h t abou t b y  m ore  freq u en t s t im ­
u la tio n . I t  is know n, how ever, th a t  th e  classical co m p e titiv e  in h ib ito rs  of 
ace ty lcho line , such as fo r exam ple d -tu b o cu ra rin e , do n o t p re v e n t th e  d ep o la ­
r iz in g  ac tion  of К  Cl. I n  o u r experim en ts, how ever, in  th e  second  phase of th e ir  
a c tio n  th e  S H -in h ib ito rs  p reven ted  also  th e  d epo la risa tion  by  KC1 (F igs.
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4 an d  5). This fa c t suggests th a t  th e  3 H -in h ib ito rs  reduce th e  e x c ita b ility  o f 
p o s tsy n a p tic  e lem ents in  toto. In  a d d itio n , KC1 seem s to  a c t f i r s t  o f all upon  
th e  free recep to rs , as su p p o rted  b y  th e  fa c t th a t  for th e  p re v e n tio n  of g ang li­
onic excitaonpu i uo ijn d  by  KCl su ch  co n cen tra tio n s  of S H -in h ib ito rs  w ere 
need ed  as for b lock ing  th e  free re c e p to rs . T h u s, th e re  is a close p ara lle lism  
b e tw een  th e  effect o f KC1 and  th a t  o f  th e  in je c te d  ace ty lcho line , so th a t  th e  
b lock ing  of ganglionic excita tio n  b y  KC1 w ould  n o t m ean  an  aspec ific  in h ib itio n  
o f  depo la riza tio n , in d ep en d en t o f th e  ace ty lcho line  recep to rs .

A tru e  co m p e titiv e  an tag o n ism  w ould , how ever, be conceivab le  on ly  
if  th e re  were S H -g roups am ong th o se  responsib le  for recep to r fu n c tio n . T here  
is no convincing  evidence suggesting  t h a t  th is  w ould be th e  case, a lth o u g h  ou r 
s tu d ie s  d id  n o t ru le  o u t th a t  p o ss ib ility .

T he p o te n tia tio n  of th e  ace ty lch o lin e  effect in  the  f ir s t  p h ase  aw aits  
ex p lan a tio n . In  our opinion th e  in h ib itio n  o f th e  in n e rv a te d  recep to rs  m igh t 
change th e  se n s itiv ity  of th e  free re c e p to rs  to  acety lcholine. T h is w ould  m ean  
th a t  th e  tw o recep to r system s m u tu a lly  in fluence  each o th e r ’s sen s itiv ity .
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The effec t o f am in o  acids and re la te d  co m pounds on th e  ganglion ic  tran sm iss io n  
has been stu d ied .

The su p erio r cerv ica l ganglion o f th e  c a t was perfused  acco rd in g  to  K ib j a k o v  
and  th e  c o n tra c tio n s  o f th e  n ic tita tin g  m em b ran e  e lic ited  b y  pregang lion ic  s tim u la tio n  
or b y  th e  in tr a a r te r ia l  in jec tion  of ace ty lch o lin e  o r KC1 w ere reco rded . The a lp h a  
am ino acids a d m in is te re d  in  perfusion  b lo ck ed  in  p ro p o rtio n  w ith  th e ir  co n cen tra tio n  
th e  ganglion ex c itin g  a c tio n  of ace ty lcho line  an d  KC1, while th e y  in flu en ced  p regang lion ­
ic im pulse tran sm iss io n  a t  h igh  c o n ce n tra tio n s  only .

As to  th e  m ode o f action , i t  has  b een  show n th a t  th e  am in o  acids are su itab le  
for d iffe ren tia tin g  th e  in n erv a ted  re ce p to rs  from  th e  free ace ty lch o lin e  recep tors d e ­
scribed b y  F e h é r  a n d  B o k r i , and th a t  th e  am ino  a n d  th e  c a rb o x y l groups m u st be 
p re sen t to  e lic it th e  above effects.

Conclusions h a v e  been draw n as to  th e  possible p hysio log ica l role of th e  am ino
acids.

P e r r y  and  R e i n e r t  [1] re p o rte d  th a t  th e  so-called d en erv a tio n  h y p e r­
se n s itiv ity  (increased  sen sitiv ity  to  acety lcholine) [2] decreased  w hen th e  
p rev io u sly  d en e rv a ted  superio r cerv ical ganglion  o f th e  c a t w as perfused w ith  
so d ium  g lu tam a te  d isso lved  in  L ocke’s so lu tion . B e r g m a n n , W il s o n  an d  
N a c h m a n s o h n  [3] s tu d ie d  th e  effect o f  am ino  acids on th e  h ighly  p u rified  
acety lcho line este ra se  iso la ted  from  Electrophorus electricus and  found th a t  
re la tiv e ly  low m olar co ncen tra tions o f  am ino  acids in h ib it  th e  acety lcholine 
este rase . G e r t n e r  a n d  R e i n e r t  [4] in v e s tig a te d  th e  effect o f am ino acids 
a n d  th e  ionic m ilieu  on th e  d en e rv a tio n  h y p e rse n s itiv ity  an d  found ce rta in  
am ino  acids (L -g lu ta m a te  an d  L -a sp a r ta te )  to  reverse  th e  e ffec t of d en erv a tio n  
even  in  th e  absence o f  ex tracellu lar p o ta ss iu m .

We have m en tio n ed  in  our p a p e r  on th e  effect of S H -in h ib ito rs  [5] th a t  
th e  am ino acids cy ste in e  and  a lan ine  d e fin ite ly  in flu en ced  ganglionic t r a n s ­
m ission in  th e  su p erio r cervical gang lion  of th e  ca t. T h is in fluence  m an ifested  
i tse lf  w ith  an  in h ib itio n  o f th e  ganglion ic  e x c ita tio n  p ro d u c e d  b y  th e  in jec tio n  
o f  acety lcholine, w hile transm ission  w as le ft p rac tica lly  un affec ted . A ccording 
to  recen t evidence [6], th e  omega am in o  acids, d epend ing  on th e  len g th  o f 
th e ir  chain, are  se lec tiv e  inh ib ito rs o f th e  ax o d en d ritic  a n d  axosom atic  synapses 
o f  th e  cen tra l n e rv o u s system . W e h av e , accord ingly , s tu d ie d  some a lp h a  
am ino  acids as to  th e ir  action  on th e  su p e rio r cervical gang lion  of th e  ca t, an d  
d raw n  some conclusions as to  the ir m ode  of ac tion .
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M ethods

F if ty  cats a n ae s th e tize d  w ith  0.08 to  0.1 g /kg  of chloralose in tra p e rito n e a lly  w ere u sed . 
T he superio r cervical g an g lio n  was perfused  acco rd in g  to  K ib ja k o v  [7], as described in  d e ta i l  
in  a  p rev ious re p o rt [5].

T he effects o f acety lcho line  b ro m id e , p o tassiu m  chloride, cyste in e , a lan ine, g lycine , 
p h en y la lan in e , lysine, m eth y lam in e , ace tic  ac id , p rop ion ic  acid , c ap ric  acid  an d  te t r a a e th y l-  
p y ro p h o sp h a te  w ere s tu d ied . The te s t  su b s ta n c e s  w ere d issolved in  L ocke’s so lu tio n  a n d  
ad m in is te re d  in  th e  fo rm  o f con tinuous p e rfu s io n  in to  th e  superio r cerv ica l ganglion. R e c e n tly  
p re p a re d  so lu tions w ere u sed  in  every  case, w ith  th e  p H  a d ju s ted  to  7.2— 7.4.

Results

T he L- and  racem ic  v a rian ts  o f  th e  a lp h a  am ino ac ids of th e  s im p les t 
com position  w ere u sed . T he am ino ac ids te s te d  were th e  a lip h a tic  m o n o am in o - 
carbon ic  acids g lycine, a lan ine  and  c y s te in e , th e  d iam in o carb o n ic  acid  ly sin e , 
th e  m on o am in o d icarb o n ic  acid g lu ta m ic  acid, an d  th e  cyclic am ino  ac id  
p h en y la lan in e . T he e ffec t of p e rfu sio n  w ith  p re d e te rm in ed  c o n cen tra tio n s  
o f th e se  am ino acids w as exam ined  on th e  ganglionic e x c ita tio n  e lic ited  b y  
p regang lion ic  sy m p a th e tic  s tim u la tio n , b y  th e  in tra a r te r ia l  in jec tio n  o f a c e ty l­
choline, and  b y  th e  in tra a r te r ia l  in je c tio n  of KC1.

In  th e  ex p e rim en ts  w ith  a lp h a -a la n in e  (F ig. 1) i t  w as fo u n d  th a t  p erfu sio n  
w ith  L ocke’s so lu tio n  con ta in in g  fro m  20 to  100 fig /m l o f  a lan ine , a f te r  a 
la te n c y  period p ro p o rtio n a te  to  th e  co n cen tra tio n  (2 to  8 m inu tes) s tro n g ly  
depressed  or b locked  th e  ganglionic e x c ita tio n  caused b y  20 to  40 ^ig o f A ch  
or 20 m g of KC1, le a v in g  a t th e  sam e tim e  tran sm issio n , i. e. th e  n ic t i ta t in g  
m em b ran e  c o n trac tio n  in  response to  p regang lion ic  sy m p a th e tic  s tim u la tio n  
u n affec ted . The re v e rs ib ility  of th e  e ffec t w as proved  b y  th e  fac t th a t  th e  d e ­
p resso r ac tion  of a la n in e  ceased w ith in  a few  m in u tes  follow ing th e  o n se t 
of perfusion  w ith  L o ck e’s so lu tion  n o t co n ta in in g  alan ine .

F ig. 1. E ffec t of a lan in e  a n d  propionic acid  on  th e  ganglionic e x c ita tio n  caused b y  p re g an g ­
lionic  s tim u la tio n  or b y  th e  in jec tio n  of a c e ty lc h o lin e .j  : p regang lion ic  s tim u la tio n  (10/sec., 
5 sec.). A : acety lcholine  in je c tio n . L: p e rfusion  w ith  Locke’s so lu tio n . P : perfusion  w ith  100 
yUg/ml prop ion ic  acid. A L : perfusion  w ith  100 /«g/ml alanine. Fo llow ing  th a t ,  th e  responses 
to  p reg ang lion ic  s tim u la tio n  a n d  to  th e  in je c tio n  o f acety lcho line  are  v is ib le  du rin g  p e rfu s io n

w ith  L ocke’s so lu tion
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F ig . 2. E ffec t o f  g lycine  and  ace tic  acid  on th e  ganglionic ex c ita tio n  cau sed  b y  p reg an g lio n ic  
s tim u la tio n  or b y  th e  in jec tion  o f ace ty lcho line , j  : p reganglionic s tim u la tio n  (10/sec., 
5 sec.), A : ace ty lch o lin e  in jec tio n  w ith  L ocke’s perfusion, an d  th e  responses to  th e  
sam e durin g  p e rfu s io n  w ith  glycine ( 1 0 0 /rg/m l). Follow ing th a t ,  th e  resp o n ses to  in d e n tic a l 
p reg ang lion ic  s tim u la tio n  and  to  ace ty lch o lin e  in jec tio n  du rin g  p e rfu s io n  w ith  L ocke’s 

so lu tion , th e n  w ith  100 /«g/ml o f acetic  acid

In  th e  co n cen tra tio n  ran g e  of from  10 to  20 ,Mg/ml o f a lp h a  a lan ine  th e  
h u m o ra l effects (in jected  A ch a n d  KC1) w ere only s ligh tly  red u ced  even a f te r  
p ro longed  perfusion , while co n cen tra tio n s  o f 100 ^g /m l or h ig h er depressed  
tran sm issio n , to o  (Fig. 1). O n increasing  th e  co n cen tra tio n  o f acety lcholine 
(to  80 jWg/ml,) th e  drug  was ag a in  causing  ganglionic e x c ita tio n , i t  so-to-say  
b roke th ro u g h  th e  inh ib ition .

P erfusion  w ith  glycine (25 to  100 /tg/m l) had  a s im ila r effect (F ig. 2). 
P erfusion  w ith  25 /tg/ml lysine d im in ished  only sligh tly  th e  ex c ita tio n  caused

F ig . 3. E ffec t o f ly sine  and capric  acid  on  th e  ganglionic ex c ita tio n  cau sed  b y  p reganglion ic  
s tim u la tio n  or b y  th e  in jec tio n  o f ace ty lch o lin e . R esponses to  : j  p regang lion ic  
s tim u la tio n  (10/sec., 5 sec.), A: 0.2 m l o f  200/tg /m l o f ace ty lch o lin e  a n d  to  K : 0.2 ml 
o f  1 pe r cen t KC1 in jec tio n  d u rin g  p e rfusion  w ith  L ocke’s so lu tio n , th e n  du rin g  perfusion  
w ith  100 jxg/m l o f lysine (L y), re p e a te d  pe rfu s io n  w ith  Locke’s so lu tio n , th e n  p e rfusion  w ith

cap ric  acid  (C) (100 jUg/ml)
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b y  acety lcholine, w h ile  perfusion  "with 100 fig/m l caused a m arked  depression 
or to ta l  inh ib ition , le a v in g  tran sm issio n  com plete ly  unaffec ted  (Fig. 3). 
C yste ine  and  g lu tam ic  a c id  (50 to  100 /<g/ml) ac ted  in  th e  sam e w ay as alan ine 
( th e  effect of g lu tam ic  ac id  on th e  K C l-induced  ganglion ic ex cita tion  w as no t

F ig . 4. A ction  of e th y la m in e  a n d  m eth y lam in e  on  th e  ganglionic  e x c ita t io n  caused b y  p reg an g ­
lio n ic  s tim u la tio n  a n d  b y  th e  in jec tio n  o f ace ty lcho line . : j  p reg ang lion ic  s tim u la tio n  
(10/sec., 5 sec.), A: in je c tio n  o f  acety lcho line  (0.2 m l 200 //g /m l), L : perfusion  w ith  
L o ck e ’s so lu tion , A E A : w ith  e th y la m in e  (100 /ig /m l) and  w ith  m e th y la m in e  (MA, 100 //g /m l)

te s te d ) . S im ilarly  to  ly s in e , perfusion  w ith  25 //g/m l o f p h en y la lan ine  m erely  
d im in ished  th e  Ach a n d  KC1 effects, w hile th ese  w ere abo lished  a t  a co n cen tra ­
tio n  o f 100 //g/m l, le a v in g  transm issio n  in ta c t.

F ig . 5. T E P P  has no in f lu e n c e  u p o n  th e  above effects. p reg an g lio n ic  s tim u la tio n  (10/sec., 
5 sec.), A: acety lcholine in je c tio n  (0.2 m l 200 fi  g /m l), L : p e rfusion  w ith  L ocke’s so lu tion , A L : 
perfusion  w ith  alanine (100 //g /m l), T L : p e rfusion  w ith  L ocke’s so lu tio n  con tain ing  10- 6 M

o f T E P P

N e x t,  we s tu d ie d  th e  role of th e  ca rb o x y l an d  am ino  groups, so as to  
g a in  a deeper in s ig h t in to  th e  m echan ism  of action . W e em ployed  f irs t com ­
p o u n d s chem ically co rresp o n d in g  to  am ino acids b u t  n o t con ta in ing  carboxyl 
g ro u p s , th e n  co m pounds lack ing  b o th  ca rb o x y l an d  am ino  groups, viz. acetic  
ac id  (F ig. 2), p rop ion ic  a c id  (F ig . 1) an d  cap ric  acid (F ig . 3). P erfusion  of these  
a g e n ts  in  th e  c o n c e n tra tio n  range o f from  50 to  100 //g /m l h a d  no influence 
ei th e r  on th e  ganglion ic e x c ita tio n  elic ited  b y  Ach or KC1, or on th e  response
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to  preganglion ic  s tim u la tio n . S im ilar re su lts  w ere o b ta in e d  w ith  m eth y lam in e  
and e thy lam ine  (F ig . 4).

B e r g m a n n , W il s o n  and N a c h m a n s o h n  [3] suggested  th a t  the  in h ib itio n  
of choline esterase m ig h t p lay  a role in  th e  above ac tions of am ino acids. To in ­
v e s tig a te  th is  p o ss ib ility  we b locked  th e  a c tiv ity  of ganglion ic  cho linesterase 
w ith  10~6 M  T E P P . T he effect o f  a lan in e  perfusion  (lOOjitg/ml) rem ain ed  
u n ch an g ed  u n d er th e se  conditions, to o  (F ig . 5).

T h u s, p e rfu sio n  w ith  am ino ac ids a t co n cen tra tio n s o f 10--3 to  10“ 4 
unequ ivocally  d ep ressed  or com ple te ly  inh ib ited  th e  ganglionic ex c ita tio n  
caused  b y  Ach (20 to  40 /ig) and  KG1 (20 m g), while th e  n ic tita tin g  m em b ran e  
c o n trac tio n  in re sp o n se  to  p reganglion ic  sy m p a th e tic  s tim u la tio n  was le ft u n ­
changed . T he rev e rs ib ility  of th e  a c tio n  o f am ino acids follows from  th e  fa c t 
th a t  th e  original s ta te  was resto red  b y  perfu sin g  th e  ganglion  w ith  pure  L ocke’s 
so lu tion . G anglionic transm ission  w as m ostly  depressed  a t co n cen tra tio n s 
of 100 /tg/m l b u t in  some cases even  h ig h er co n cen tra tio n s were req u ired  to  
a t ta in  th is .

Discussion

T he fac t t h a t  w ith in  a ce rta in  ran g e  of c o n cen tra tio n  am ino acids are  
capab le  of in h ib itin g  the  g an g lio n -ex c ita to ry  ac tio n  o f acety lcholine w hile 
th e y  leave  th e  re sp o n se  to  p regang lion ic  s tim u la tio n  unaffected , is a n o th e r  
ev idence c o n tr ib u tin g  to  our know ledge of th e  n a tu re  o f acety lcholine recep to rs . 
F e h é r  and B o k r i  [8] showed th a t  th e  superior cerv ical ganglion of th e  ca t 
co n ta in ed  tw o k in d s  of receptor sy s te m , th e  so-called “ free recep to r sy s te m ”  
w hich is m ore sen s itiv e  to  acety lcho line , b u t  is less specific  and  can be read ily  
b locked  w ith  a tro p in e , and th e  so-called  “ in n e rv a ted  recep to r system ”  w hich  
is less sensitive to  acety lcholine, is m ore  specific, an d  can  be selectively b locked  
b y  p e n ta -  and d écam éthon ium . A ccord ing  to  th e  au th o rs , th e  in n e rv a te d  
recep to rs  would be  found u n d er th e  end  p la tes of th e  preganglionic f ib re s , 
w hile th e  free re c e p to rs  occur in  th e  d irec tly  n o t in n e rv a te d  areas o f  th e  
p o s tsy n a p tic  m em b ran e . The above described  selective ac tio n  of am ino acids, 
n o ta b ly  th a t  th e  a lp h a  am ino ac ids ac tin g  on th e  free recep to rs, p re v e n t 
acety lcho line to  com bine  w ith th e se  recep to rs  and  to  e x e rt a biological a c tio n , 
can  be  in te rp re te d  on th e  basis o f  th is  th e o ry  to  th e  v a lid ity  of w hich i t  offers 
a n o th e r proof. O n increasing  th e  co n c e n tra tio n  of am ino  acids th e  in n e rv a te d  
recep to rs  becom e also  paralysed .

O n th e  basis  o f th e  ou tlined  f in d in g s  we have a tte m p te d  to  e luc ida te  th e  
m echan ism  of co m bina tion  w ith  th e  recep to r. As th e  am ino acids used  w ere 
d iffe ren t in chem ical s tru c tu re  an d  y e t  s im ilar in  ac tio n , it  has been concluded  
th a t  w ith  re sp ec t to  th e  effect th e  am ino  acid  p ro p e rty  is o f decisive im p o rtan ce . 
As th e  am ino ac id  p ro p e rty  is b o u n d  to  th e  am ino a n d  carboxyl g roups, th e
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q u e s tio n  arose w h e th e r  one or bo th  о Г th e m  are responsible. T he ex p e rim en ts  
w ith  carbonic acids a n d  am ines in d ic a te d  th a t  the  p resence o f b o th  g roups 
is  e ssen tia l since n e ith e r  carbonic acids, n o r am ines h ad  in h ib ito ry  ac tions 
s im ila r  to  those o f am in o  acids. C onsidering th a t  a sim ila rity  shou ld  be assum ed 
to  e x is t betw een th e  acety lcho line  recep to rs  an d  th e  am ino g roups of choline 
e s te ra se , from  th e  c o m b in a tio n  of am ino  ac ids w ith  choline este rase , s tu d ied  in  
m ore  d e ta il by  B e r g m a n n , W ilson  a n d  N ach m anso h n  [3] conclusions m ay  
be  d raw n  as to  th e  m echan ism  of th e  co m b in a tio n  of am ino acids w ith  th e  
ace ty lcho line  recep to rs . A ccording to  th e se  au th o rs , a t  co n cen tra tio n s tw o  
o rd e rs  of m agn itude  h ig h e r th a n  th o se  em ployed  by  us th e  am ino  acids are  
b lo ck in g  choline e s te ra se  in  th a t  th e  c a rb o x y l group of am ino  acids com bines 
w ith  th e  ester, an d  th e  am ino  group w ith  th e  an ion  group , o f  choline esterase. 
W e there fo re  in v e s tig a te d  w heth er th e  cho line  esterase a c tiv ity  or its  in h ib itio n  
h a d  a n y  role in  th e  am in o  acid effect o bserved  b y  us. P erfusion  w ith  10~  
T E P P ,  i.e. th e  co m p le te  in h ib ition  o f cho line  esterase, h ad  no effect on th e  
a c tio n  of alpha a lan in e . T h is m eans th a t  in  th e  am ino acid  ac tio n  th e  choline 
e s te ra se  played no ro le , i t  was only th e  com bination  w ith  th e  acety lcholine 
re c e p to rs  th a t  p ro v ed  to  be essen tia l. O n th e  o ther han d , th e  s tud ies of th e  
a b o v e  cited  au tho rs concern ing  th e  m ech an ism  of linkage be tw een  am ino acids 
a n d  choline esterase o ffer a su itab le  basis  fo r th e  ex p lan a tio n  o f  th e  ac tion  o f 
a m in o  acids on th e  acety lcho line  recep to rs .

A ccording to  o u r hypo thesis  th e  am ino  acids th a t  have  reach ed  th e  su r­
face o f th e  p o s tsy n a p tic  m em brane com bine physico-chem ically  th ro u g h  th e  
am in o  and  carboxyl g ro u p s w ith  th e  ace ty lcho line  recep to rs, an d  b y  com p eti­
t iv e  in h ib itio n  p re v e n t th e  m ed ia to r from  ex ertin g  its  ac tion . A fte r perfusion  
w ith  th e  am ino acids h a s  been b ro u g h t to  an  end, th e  am m o acid  m olecules 
d isso c ia te  from th e  recep to rs  and  th e  o rig in a l s ta te  is resto red . T he ex perim en ts 
o f  P e r r y  and R e i n e r t  f i t  well in to  th is  v iew ; th ey  found  th a t  in  cats a f te r  
ce rv ica l sy m p a th ico to m y  and  d eg enera tion  th e  response to  in je c te d  acety lcho ­
line decreased  d u ring  th e  perfusion of so d iu m  g lu tam ate  or of L ocke’s so lu tion  
c o n ta in in g  a h igh co n cen tra tio n  of p o ta ss iu m . As we found  th a t  th e  am ino 
ac ids a c t m ainly on th e  free recep to rs, i t  w as concluded th a t  in  th e  experi­
m e n ts  o f P erry  an d  R e i n e r t  [1] th e  d im in u tio n  of th e  d en erv a tio n  h y p ersen ­
s i t iv i ty  caused by  am in o  acids invo lved  an  in h ib itio n  of th e  free recep to rs. 
O n th e  basis of th e  ex p e rim en ts  by  F e h é r  a n d  B okri [8] an d  o f th o se  ou tlined  
a b o v e  i t  is assum ed t h a t  th e  m echanism  o f th e  developm ent o f th e  d en erv a tio n  
h y p e rse n s itiv ity  ta k e s  p lace in th e  follow ing step s: a fte r th e  degenera tion  of 
th e  preganglion ic f ib re  th e  in n erv a ted  recep to rs  also tu rn  in to  free ones w hich 
are  less specific b u t  m u ch  m ore sensitive, a n d  th is  condition  will lead  to  th e  
d ev e lo p m en t of d e n e rv a tio n  h y p e rsen sitiv ity .

In  th e  sam e te s t ,  G e r t n e r  and  R e i n e r t  [4] found th a t  th e  d enerva tion  
h y p e rse n s itiv ity  is d im in ish ed  or p re v e n te d  by  am ino acids; how ever, w ith
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th e  ex trace llu la r К  co n cen tra tio n  decreased , th e  above ac tio n  o f am ino acids 
is n o t un ifo rm . W hile L -a sp a rta te  an d  L -g lu tam ate  w ere effec tive, L -alan ine, 
L -lysine an d  th e  D -am ino  acids w ere l i ttle  or no t effective. T he au tho rs c ited  
reg ard  th e  d en erv a tio n  effect to  be due to  a change in  th e  ionic equ ilib rium : 
an  ou tflow  of in trace llu la r  К  ions (cations) and  am ino acids (m ain ly  g lu tam a te  
and  a sp a rta te )  from  th e  ganglion cells. T hey  in te rp re t th e ir  experim en ts by  
claim ing  th a t  by  rep lac in g  th e  defic iency  th u s  c rea ted  th e  p re -d en erv a tio n  
s ta te , or th e  eq u ilib rium , is res to red . In  o u r experim en ts th e  ganglionic ex c ita ­
tio n  p ro d u ced  b y  KC1 w as b locked b y  th e  am ino acids in  a sim ilar w ay th e y  
b lock  th e  effect of th e  in je c te d  acety lcho line . We th in k  th a t  beside th e  changes 
in  th e  ionic m ilieu changes in  th e  re c e p to r s tru c tu re  also  p la y  a sign ifican t 
role in  th e  dev e lo p m en t o f d en erv a tio n  h y p ersen sitiv ity .

P u r p u r a , G i r a d o , S m it h , Cal u a n  an d  G r u n d f e s t  [6] found  th a t  th e  
om ega am ino acids, d ep en d in g  on th e ir  chain len g th , in h ib ite d  th e  su p e r­
ficial ax o d en d ritic  sy n ap ses  of th e  co rtex , while th e y  d id  n o t in fluence th e  
a c tiv ity  of th e  ax o so m atic  synapses. In  th e ir  ex p erim en ts  th e  alpha am ino 
acids w ere ineffective. T h e y  devo ted  g re a t a tte n tio n  to  g am m a-am in o -b u ty ric  
acid , considering th a t  th is  com pound occurs in th e  c e n tra l  nervous system  
u n d e r physio logical cond itio n s. In  th e  lig h t of the  ev idence  pub lished  b y  th e  
above au th o rs  we see a fu r th e r  in te re s t in  our experim en ts  in  th a t  th e  bio log­
ica lly  ac tiv e  am ino acids em ployed  by  us occur physio log ically  in  th e  b lood , 
ju s t  as th e  om ega am ino  acids, especially  th e  g am m a-am in o -b u ty ric  acid 
s tu d ied  by  P u r p u r a  et al., physio logically  occur in th e  b ra in .

O ur ex p erim en ts , in  a d d itio n  to  som e recent d a ta  in  th e  lite ra tu re  [6] 
th u s  suggest th a t  th e  am ino  acids p la y  th e  role of a re g u la to r  in  nervous 
tran sm issio n .
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AIR IODINE CONTENT AND ENERGY EXCHANGE
OF THE RAT

B y
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No co rre la tio n  could be e s ta b lish e d  be tw een  th e  m etabo lic  r a te  o f  th e  r a t  and  
th e  iodine c o n te n t  o f th e  air a t  a  re la tiv e  h u m id ity  o f 25— 75 per c e n t, w hereas a close 
b u t  com plex co rre la tio n  was fo u n d  b e tw ee n  b asa l m etabo lism  an d  th e  a p p a re n t iod ine 
co n te n t o f a ir  s a tu ra te d  a t  37° C.

More th a n  h u n d re d  years ago  Ch a t in  [1, 2] concluded t h a t  goitre an d  
c re tin ism  were d u e  to  a deficiency o f  iod ine in  a ir and  d rin k in g  w a te r. L a te r  
th e  sm all am o u n ts , ab o u t 0.4 /lg/ т 3, o f  iod ine in  th e  a ir w ere a p r io r i  th o u g h t 
to  b e  ineffective as an  an tig o itro g en ic  fa c to r  [3, 4]. In  a rea s  w ith  th e  a ir 
io d in e  as h igh as 2.0  ^ig/m3 co m p le te  absence of goitre w as observed  even 
u n d e r  goitrogenic conditions (lacks o f  iodine in  d rink ing  w a te r , adverse  social 
c ircum stances , etc.). S im u ltaneously  th e  incidence of Gr a v e s ’ disease  w as found  
to  b e  h igh [5, 6, 7 ] .

G oitre per se does no t p e rm it  an y  conclusions concern ing  th e  fu n c tio n  
o f  th e  th y ro id  g lan d , ne ither does th e  absence o f goitre ex c lu d e  fu n c tio n a l 
d iso rd ers . M oreover, only am o u n ts  o f  a ir  iod ine 6 —10 tim e s  above no rm al 
p ro v e d  to  be an tigo itrogen ic , a n d  th e re fo re  th e  re la tio n  b e tw een  increased  
a ir  iod ine co n ten t a n d  th y ro id  fu n c tio n  is s till a problem .

T he u n ex p la in ed  decrease in  a ir  iodine co n ten t to  one t e n th  in  W estern  
E u ro p e  since 1933 has had  no e ffec t on th e  p o p u la tio n  [8]. O n th e  o th e r h an d , 
th e  ash ing  of sea w eeds in th e  p ro d u c tio n  o f iod ine has g re a tly  been  increasing  
th e  iodine c o n te n t o f th e  air in  B re ta g n e  w ith o u t an y  a p p a re n t dam age to  th e  
p o p u la tio n  [9], a lth o u g h  in h a led  e le m e n ta ry  iodine reaches im m ed ia te ly  th e  
b lo o d  s tream  [10, 11, 12] and th e  p u lm o n a ry  u p ta k e  of 250— 1000 pg  of ele­
m e n ta ry  iodine decreases m in u te  a n d  s tro k e  volum e, and  m ean  a rte ria l p re s ­
su re  for 25— 30 m in u tes  [13].

A ccording to  Curr y  [14], a ir  iod ine p lays a su b o rd in a te  role an d  is 
n o t  responsib le fo r acute e ffec ts  asso c ia ted  w ith  w e a th e r changes. In  h is 
op in ion , th e  in c rease  in  th e  o x id iz in g  substances (aran) in  th e  a ir  induces a 
sh if t from  sy m p a th e tic  to  p a ra s y m p a th e tic  tone . In  o rd e r to  d em o n stra te  
th is  th e  p a tie n ts  w ere q uestioned  a f te r  spend ing  a n ig h t in  iod ine  an d  a ran  
free  air, and  sleeplessness, n e rv o s ity  an d  headache  were a ssu m ed  to  prove an  
in crease  in sy m p a th e tic  tone d u e  to  lack  o f a ran . In  o th e r  ex p erim en ts  a ra n

Э A cta Physiologica X v IT l/l.
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w as added to  th e  a ir  an d  tired n ess , yaw ning  an d  som nolence were ta k e n  to  
in d ic a te  a p rev a len ce  of p a ra sy m p a th e tic  to n e .

A stu d y  o f th e  lite ra tu re  suggests th a t  e ith e r  th e  m ethods em ployed  
w ere  in ad eq u a te  o r  th e  am o u n ts  o f iodine ad d ed  to  th e  air were fa r  from  
physiological.

Methods

O ur experim en ts  w e re  perform ed a t  a n  a m b ien t te m p e ra tu re  o f  28°C u n d e r b a sa l co n d i­
tio n s  on u n a n ae sth e tize d  sleep ing  m ale W is ta r  ra ts  o f ou r ow n  b reed . H e a t p ro d u c tio n  a n d  
h e a t  loss were e s tim a te d  in  a  rap id ly  re sp o n d in g  re sp ira to ry  c a lo rim e te r  w ith  tim e s ta n d a rd s  
o f  3 m in u te s  and one a n d  a  h a lf  m in u te ,'re sp e c tiv e ly  [15]. I n  a ll, 63 sep ara te  read ings o f 02- 
c o n su m p tio n  and C 0 2-p ro d u c tio n , h e a t loss an d  w a ter v a p o u r  loss were recorded  d u rin g  th e  
ex p e rim e n ta l period o f  40 m in u te s  and  th e  av erage  of these  se rv ed  to  calcu la te  h e a t p ro d u c tio n  
a n d  h e a t loss. R ecta l te m p e ra tu re  was m easu red  only befo re  a n d  a f te r  d e te rm in a tio n , since 
p ro lo n g ed  insertion  o f a  th e rm o m e te r  m ad e  th e  an im als re s tle ss . T he calo rim eter p e rm itte d  
c a lcu la tio n  of h ea t s to ra g e  w ith  sa tis fac to ry  a ccu racy . T he re la tiv e  h u m id ity  o f th e  ca lo rim ete r 
v a r ie d  betw een  25 a n d  75 p e r  cen t and  a tm o sp h e ric  p ressu re  b e tw een  667 an d  682 m m  Hg.

A ir iodine was d e te rm in e d  b y  a p ro ced u re  p e rm ittin g  th e  an a ly sis  o f sam ples fro m  sh o rt 
te rm  experim en ts [16]. D u rin g  a  period o f 40 m inu tes 60 litre s  o f  a ir  were collected  fro m  th e  
m ain  tu b e  ju s t  before th is  e n te rs  the  m etab o lic  cham ber. T he w ash in g -tu b e  co n ta in in g  a lk a ­
line  su lp h ite  was su b m erg ed  in to  th e  w a te r -b a th  o f  the  ca lo rim e te r.

Results and discussion

No corre la tion  cou ld  be estab lished  betw een  a ir  iodine con ten t on th e  
one h a n d  and h e a t loss an d  h ea t p ro d u c tio n  on th e  o th e r  (Fig. 1).

6.0 -
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Fig. 1. A bscissa: energy  ex ch a n g e  Cal/24^ /d m 2, o rd in a te : a ir  io d in e  a t a  R H  of 25— 75% . 
H e a t  p ro d u c tio n  =  • -  h e a t  loss = * ,  increase in  body te m p e ra tu re  =  J :, decrease in  bo d y  

te m p e ra tu re  =  ф'. All p o in ts  rep re sen t th e  av erag e  of 63 d e te rm in a tio n s . R a t №  26. 250 g.
E x p e rim en t: 20. S ep t. —  3. Oct. 1957.
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N ext, th e  e ffec t o f vary ing  th e  w a te r v ap o u r c o n te n t on th e  re su lts  
o f  iod ine  d e te rm in a tio n  was in v e s tig a te d . I t  can be seen from  T ab le  I  th a t  a f te r  
s a tu ra t in g  th e  a ir  w ith  w ater v a p o u r  a t  20° C th e  a p p a re n t iodine c o n te n t 
w as found  s ig n ifican tly  lower th a n  b e fo re  [17].

T ab le  I

Iodine content at 20° C, and 35—70% 
relative humidity

Iodine content of 
the air saturated 

with water vapour 
at 20° C

flg/т зfig/m-1

0.47

n  =  187 

t  =  8,40 

P >  0,001

0.30

I t  was obv ious to  inv estig a te  th e  iodine c o n te n t o f th e  a ir s a tu ra te d  
w ith  w a te r vapour a t  37° C, since a t  th e  level o f th e  la ry x  th e  te m p e ra tu re  of 
in h a le d  air is ab o u t 34°C  and its r e la t iv e  h u m id ity  m ore th a n  96%  [18]. T ab le  
I I  dem o n stra tes  t h a t  th e  ap p aren t io d in e  co n ten t o f a ir w ith  a re la tiv e  h u m id ­
i ty  o f 25—85 p er c e n t a t  20°C d im in ish es  b y  as m uch  as 43 p er cen t a f te r  
s a tu ra tio n  a t 37°C.

Therefore, a liq u o t am ounts o f ca lo rim e te r  a ir w ere s a tu ra te d  w ith  w a te r 
v a p o u r  a t 37"C b efo re  iodine d e te rm in a tio n  (Fig. 2).

0.1 02 0.3 0.4 0.5 0.6 fig l2/m 3

F ig . 2 . A bscissa: en ergy  ex change  Cal/24h/d m 2, o rd in a te : iodine a f te r  sa tu ra tin g  th e  a ir  w ith  
w a te r  v a p o u r a t 37°C. H e a t  p roduction  =  e , h e a t  loss =  * increase  in  b o d y  te m p e ra tu re  =  

d ecrease  in  body te m p e ra tu re  =  I, II , I I I ,  IV  see te x t. All fig u res rep re sen t th e  average  o f 
63 d e te rm in a tio n s . R a t №  26. 250 g. E x p erim en t: 20. S ep t. — 3. O ct. 1947.

5
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Table II

Apparent iodine content 
at 20° C and 25—85% 

relative humidity

Apparent iodine 
content of air 

saturated with water 
vapour at 37° C.

I'gl m>/'g/m3

0.44

n  =  504

0.19

t  =  25.3

P  >  0.001

F ig . 2 clearly  d em o n stra te s  t h a t  h e a t  p ro d u c tio n  ap p roaches 8 C al/day / 
d m 2/(0 % ) a t an a ir io d in e  co n ten t o f 0 .00 /ig /m 3. U p to  0 .2— 0.3 iMg/ms th e  increase 
in  a ir  iodine is a sso c ia ted  w ith  a re d u c tio n  in  h e a t p ro d u c tio n . T he slope o f  
th e  cu rv e  is s teeper in  th e  a u tu m n  a n d  in  w in te r (F ig . 2. I) th a n  in  spring  an d  
su m m e r (Fig. 2. I I ) . B asa l m etabo lism  is low est (— 30% ) a t  an  iodine co n ten t 
o f 0.2  /ig/rn3 in  w in te r  an d  a t a b o u t 0.3 /ig /m 3 in  sum m er. A  fu r th e r  rise  in  
a ir  iod ine  is asso c ia ted  w ith  a p rog ressive ly  increasing  B M R  (F ig . 2. I l l  an d  
IV ). H e a t loss ag rees closely w ith  h e a t p ro d u c tio n  —  changes of body  te m ­
p e ra tu re  did n o t exceed  0.1°C d u rin g  th e  ex p erim en ta l perio d  —  excep ting  
ra n g e  I I I  in  w hich d isp a r ity  o f h e a t p ro d u c tio n  an d  h e a t loss m ay  reduce  
b o d y  tem p e ra tu re  b y  as m uch as 1°C.

F igures for 0 2-consum ption  o f  n o rm al ra ts  w ere s ig n ifican tly  low er 
th a n  th o se  o b ta in ed  in  closed c ircu it a p p a ra tu se s  an d  th e  genera lly  accep ted  
v a lu e s  w ere only ap p ro ach ed  in  th e  case o f a m in im al a ir  iodine co n ten t. 
A t p re se n t no e x p la n a tio n  can be g iven  for th is  re su lt;  m ethod ica l erro rs, 
h o w ev er, can be ex c lu d ed  b y  th e  s im u ltan eo u s estim a tio n s o f h e a t loss, since 
th e  la t te r  rests on a d iffe ren t p rinc ip le .

F ac to rs  o th e r th a n  iodine could  also co n tr ib u te  to  th e  re su lts . A ran  can , 
h o w ev er, hard ly  p la y  a role in  th is  re sp ec t. C u r h y  d e m o n s tra te d  clearly  t h a t  
th e  w a te r  v ap o u r c o n te n t of a b a th ro o m  (27— 30°C, 80 p e r cen t re la tiv e  
h u m id ity )  p ro m p tly  d es tro y ed  th e  a ra n  in  th e  air. T his effect has to  be ta k e n  
in to  acco u n t especia lly  a t  th e  te m p e ra tu re  an d  h u m id ity  o f th e  lungs.
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ÉTUDE PHARMACOLOGIQUE DE LA 6-ACETYL- 

MÉTHOBROMIDE DE MORPHINE
P a r

J. R a u s c h , J. S z e g i , K a t a l in  M a g d a , J ú l ia  N a g y , R .  B o g n á r  e t S . S z a b ó

INSTITUT DE PHARMACOLOGIE DE L’UNIVERSITÉ MÉDICALE DE BUDAPEST ET INSTITUT DE CHIMIE 
ORGANIQUE DE L’UNIVERSITÉ DES SCIENCES »KOSSUTH LAJOS« DE DEBRECEN

(R eçu le 22 fé v rie r , 1960)

Nous avons exam iné  l’action d e  la  6 -ace ty l-m éth o b ro m id e  de m o rp h in e  en  la  
co m p aran t avec celle de la m orphine, n o ta m m e n t en ce q u i concerne son effe t a n a l­
gésique e t son in flu en ce  su r le volum e re sp ira to ire . N ous av o n s en  p lus é tu d ié  co m m en t 
ces effets p eu v en t ê tre  influencés p a r  les d érivés N -ally l. N o u s av o n s é tu d ié  leu rs  e ffe ts 
béchiques, gangliop lég iques, leurs e ffe ts  su r les p laques, m o trices  term in ales  e t en fin  
l ’accou tum ance  e t  la  to x ic ité .

La c o n s ta ta tio n  d ’in té rê t th é o r iq u e  selon laq u e lle  la  6 -ace ty l-m éth o b ro m id e  
de  m orphine d é riv é  q u a te rn a ire  de la  m o rp h in e , to u t  en  p o sséd an t u n  in ten se  e ffe t 
analgésique ne p o ssède  pas d ’effet c u ra r is a n t  n i d ’effe t gangliop lég ique p résen te  aussi 
u n  in té rê t p ra tiq u e . E n  effet ce com posé possède, —  chez la  souris, —- u n  effe t a n a l­
gésique 16,7 fois p lu s fo r t  que celui d e  la  m orphine e t d im in u e  le volum e re sp ira to ire  
1,9 fois m oins fo r te m e n t. Son action  c a lm a n te  sur la  to u x  s’est m o n trée  1,8 fois p lu s 
fo rte  que celle de la  codéine. L ’acc o u tu m a n ce  chez la souris se développe m oins ra p id e ­
m e n t q u ’avec la m o rp h in e . La to x ic ité  des deux  p ro d u its  e s t  id en tiq u e .

D ans nos tr a v a u x  an térieu rs [13, 15] nous nous som m es occupés des 
ra p p o r ts  en tre  la s tru c tu re  et les e ffe ts  des dérivés de la  m orph ine . L ’un  des 
b u ts  de nos recherches é ta i t  de nous re n d re  com pte si l ’on  p e u t en m o d if ia n t 
la s tru c tu re , o b ten ir des p rodu its  p o ssé d a n t les q u a lité s  th é ra p e u tiq u e s  su ­
périeu res  aux  m o rp h in iq u es u tilisées ju s q u ’à m a in te n a n t. Le second b u t  que  
nous nous som m es p roposés c’é ta it de sav o ir  si les règ les g én éra lem en t va lab les 
co n ce rn an t les r a p p o r ts  en tre  la s t ru c tu re  e t les effe ts des m orph in iques 
so n t ou  ne sont pas app licab les au x  d ériv és  m orp h in iq u es que nous avons 
exam inés.

D ans ce tr a v a i l  nous rendrons co m p te  des effets de la  6 -ace ty l-m étho - 
b ro m id e  de m orph ine , l ’u n  des com posés m is au  p o in t d an s  l’In s t i tu t  de Chim ie 
O rg an iq u e  de D ebrecen  [1], dérivé q u a te rn a ire  de la  m o rp h in e , effets que  
nous avons com parés à  ceux de la  m o rp h in e . N ous re p ré se n to n s  la  s tru c tu re  
de ce com posé à la f ig u re  (No. 1). D an s les dérivés q u a te rn a ire s  de la  m orph ine  
au  cycle de p ip erid in e  co n ten an t du  N  u n  groupe d ’a lco y l s’a tta c h e  au  n i t ro ­
géné, e t si le com posé de base a d é q u a t ré a g it avec u n  alcoy l-halogén ide il se 
form e u n  sel q u a te rn a ire  d ’am m onium .

O n a mis au p o in t ju sq u ’à ce jo u r  des dérivés q u a te rn a ire s  de n o m b reu x  
a lcalo ides don t on a p ra tiq u é  l’é tu d e  p h arm aco log ique  [17]. N ous savons de 
ces é tu d es  qu ’en g én éra l les com posés c o m p o rta n t de N  q u a te rn a ire  n ’o n t 
pas d ’ac tion  sur le sy s tèm e  nerveux  c e n tra l  ou n ’o n t p as  d ’ac tio n  p lus fa ib le
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q u e  celu i du com posé de base te r tia ire  co rresp o n d an t. P a r  co n tre  p resque to u s 
ces dérivés p a ra ly se n t la  p laque m o trice  te rm in a le  ( F ü h n e r  [6], Me y e r  [10]). 
D a n s  la  l i t té ra tu re  hongroise c’e s t Issek u tz  sen. qu i a p u b lié  des données 
p réc ieu ses  co n cern an t la  pharm aco log ie  des com posés q u a te rn a ire s  de l’am m o­
n iu m  [8].

La règle gén éra le  concernan t les com posés q u a te rn a ires  est égalm ent 
v a la b le  pour les d é riv és  m orph in iques q u a te rn a ire s  com m e cela é ta i t  dém on tré  
p a r  T r e n d e l e n b u r g  [17] en ce qu i concerne la  m éthoch lo ride  de m o rp h in e , 
la  m é th o b ro m id e d ’a p o m o rp h in e ,la  m éthoch lo ride  de codéine, la m éthoch lo ride  
d ’acety lcodeine e t la  m étho ïod ide  de th e b a ïn e  e t p a r B r a e n d e n , E d d y  e t 
H al b a c h  [2] en ce q u i concerne la  N -oxide de m orph ine , la  m éthoch lo ride  
de  m orph ine  e t la  m éthoch lo ride  de codéine.

h

F ig . 1. 6 -ace ty l-m éth o b ro m id e  de m orphine

E n  e x am in an t les dérivés m o rp h in iq u es  nous avons co n s ta té  que la  6- 
a c e ty l-m é th o b ro m id e  de m orph ine— q u i e s t une  m orp h in iq u e  quaternaire-— 
ca lm e  plus fo r te m e n t la  douleur des souris que la m orph ine . P a r ta n t  de c e tte  
c o n s ta ta t io n  nous n o u s  som m es p roposés de faire  une é tu d e  p lus poussée 
des effets de ce com posé.

Méthode

a )  Nous av o n s m esu ré  l ’effet an a lg és iq u e  su r des souris p a r  la  m éthode  W o l f e - 
M a c D o n a l d  [18] m o d ifiée  p a r  P ó r szá sz- H e r r  [12].

b)  N ous avons d é té rm in é  l ’action  exercée  su r le cen tre  re sp ira to ire  su r des lap ins p a r  
la  m é th o d e  de D r e s e r  [4] m odifiée p a r  H e r r - P ó r szá sz  [7].

c) L ’acco u tu m an ce  a été  exam inée su r des souris en a d m in is tra n t à  des lo ts de 25 
so u ris , q u o tid ien n em en t, u n e  dose d é te rm in a n t u n  effet analgésique d ’en v iro n  100% . N ous 
a v o n s  m esuré  l ’acc o u tu m a n ce  en p ré c isa n t la  d im in u tio n  qu o tid ien n e  de l ’e ffe t analgésique.

d)  Nous avons e x am in é  sur des sou ris d an s quelle  m esure  l ’ad m in is tra tio n  de la  N- a lly l- 
n o rm o rp h in e  et de la  d iac e ty l-N -a lly l-n o rm o rp h in e  in flu en cen t l ’effet analgésique  100%  d u  
co m p o sé . De ces deu x  a n ta g o n is te s  de la m o rp h in e  nous avons ad m in istré  p a r  vo ie  sous-cu tanéc  
le q u a r t  de la dose de la  6 -ace ty l-m éth o b ro m id e  de  m orph ine .

e)  Nous avons e x am in é  sur des lo ts de  5 lap in s dans quelle m esure  ces deu x  an tag o n istes  
d e  la  m orphine in f lu e n c e n t l ’effe t re sp ira to ire  d ép ress if de la  6 -ace ty l-m éth o b ro m id e  de m o r­
p h in e . E ffe t dépressif à 50%  est o b ten u  p a r  des doses de 8 m g/kg  p a r  voie so u s-cu tanée . A u cours 
d e  ces expériences n o u s av o n s adm in istré  u n e  dose de 2 m g/kg  de ces a n ta g o n is te s , éga lem en t 
p a r  v o ie  sous-cu tanée a p rè s  la  m esure du  v o lu m e re sp ira to ire  in itia l.

f )  Nous avons m esu ré  l ’ac tiv ité  b éch iq u e  su r des cobayes p a r  la  m é th o d e  de E ic h l e r - 
S m ia t e k  [5] m odifiée p a r  nous-m êm e [16] : n o u s avons d é te rm in é  la  to u x  chez les cobayes
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en  le u r  fa is a n t re sp irer de  l ’a ir  co n te n an t 0 ,6%  de d ioxyde de soufre, p u is  ap rès  a d m in is tra tio n  
so u s -cu ta n ée  d u  com posé, n o u s avons m esu ré  u n e  dem i-heure p lus t a r d  la  d im in u tio n  de la  
to u x  ap rès ad m in is tra tio n  d ’u n  m élange de  gaz id en tiq u e . Nous avons e x am in é  l ’ac tio n  de 
ch aq u e  dose su r des lo ts  de  d ix  cobayes.

g )  N ous avons é tu d ié  l’action  su r les ganglions de n o tre  p ro d u it  su r la  m em brane  
n ic t i ta n te  chez le c h a t an es th ésié  p a r  a d m in is tra tio n  d ’u ré th an e  i.p . à  la  dose  de l ,0 g /k g . 
N ous av o n s excité  la  f ib re  p régan g lio n n a ire  d u  ganglion  cervical su p é rieu r avec  u n  coup de 
c o u ra n t  carré  de 8 Y, 2,5 m ilsec ., e t une  fréq u en ce  d e  4 à  5 au  sec. ad m in is tré  to u te s  les m in u tes  
3 fois de su ite  e t rép é té  à  des in te rv a lles  de 10 m in u te s . N ous avons en reg istré  les co n tra c tu re s  
de  la  m em b ran e  n ic t i ta n te  su r du  p ap ie r fu m é. Les substances à ex am in er o n t  é té  diluées p a r  
de  la  so lu tio n  physio log ique  e t a d m in istrée s  p a r  la  veine  fém orale.

h )  N ous avons ex am in é  l ’action  d u  p ro d u it  su r la  p laq u e  m o trice  te rm in a le  su r des 
c h a ts  anesthésiés p a r  vo ie  i.p . p a r  de l’u ré th a n e  à la  dose de 1,0 g/kg. N ous av o n s excité  le n e rf  
sc ia tiq u e  m is à  nu  dans la  rég io n  fessiaire  p a r  u n  coup de co u ran t carré  de  8 e t  0,1 m ilsec, to u te s  
les 6 secondes. E n  m êm e tem p s  que les c o n tra c tu re s  du  gastrocnem ius n o u s  av o n s en reg istré  
la  p re ss io n  dans l ’a r tè re  caro tid e .

i )  A fin  d ’e x am in er la  to x ic ité  n o u s av o n s ad m in istré  la  su b s tan ce  à  des lo ts  de 15 
souris p a r  voie sous-cu tanée  dans les so lu tio n s de 0,01 m l/g  à des doses c ro issan te s . N ous avons 
calcu lé  la  v a leu r du  L D -50  selon la  m éth o d e  de L it c h f ie l d -W ilco x o n  [9.]

j )  N ous avons in te rp ré té  s ta tis t iq u e m e n t to u s  nos ré su lta ts  [3].
L es procédés tec h n iq u es  des p o in ts  a )  b) e t j )  o n t été  décrits  d an s  u n e  de nos p u b li­

c a t io n s  an té rieu re s  [13].

Résultats

a)  Les ré su lta ts  ob tenus c o n c e rn a n t l ’action  analgésique de la  6 -acety l- 
m é th o b ro m id e  de m o rp h in e  son t re p ré se n té s  sur la Fig. No. 2. S u r c e tte  f ig u re  
nous avons rep résen té  égalem ent l’ac tio n  analgésique de la  m o rp h in e . Sur l ’axe 
X  so n t rep résen tées les doses p a r m g /k g  e t sur l’axe Y  les v a le u rs  en %  de 
l’effe t analgésique. F ig . 2 rep ré sen te  encore en dehors des cou rbes doses-effets 
leu rs  éq u a tio n s , l ’e rre u r  co n stan te  d u  coeffic ien t e t les r é s u lta ts  de l ’ép reuve.

L a dose ana lgésique  à 50%  de la  6 -ace ty l-m éthobrom ide  de m orph ine  
e s t de 0,31 m g/kg, ta n d is  que celle de la  m o rp h in e  est de 5,2 m g /kg . L a  6-acety l- 
m éth o b ro m id e  de m o rp h in e  à donc u n e  ac tion  16,7 fois p lus fo rte  que celle 
de la  m orph ine .

b)  N ous rep ré sen to n s  sur la  F ig  N o. 3 de la m êm e m an iè re  les effets 
o b te n u s  su r le vo lum e re sp ira to ire  des lap in s . I l  re sso rt de l ’é tu d e  de c e tte  
f ig u re  q u ’une dose de 2,7 m g/kg de m o rp h in e  adm in istrée  p a r  vo ie  so u s-cu tanée  
d im in u e  déjà de m o itié  le volum e re sp ira to ire  des lap ins ta n d is  q u ’il fa u t une  
dose de 5,2 m g/kg de la  6 -acety l m é th o b ro m id e  de m o rp h in e  p o u r o b ten ir 
ce t e ffe t. Ce dern ie r p ro d u it possède donc une  action  dép ressive  re sp ira to ire  
de 1,9 m oins fo rte  que celle de la  m o rp h in e .

c) N ous rep résen to n s  sur la  F ig  N° 4 l’accou tum ance des souris à la  6- 
ace ty l-m é th o b ro m id e  de m orph ine e t  à la  m orphine. Sur l’axe X  f ig u re n t les 
jo u rs , ta n d is  que su r l’axe Y  nous v o y o n s l’effet analgésique en  % .

Com m e on p e u t c o n sta te r , en  a d m in is tra n t q u o tid ien n em en t p a r voie 
so u s-cu tan ée  une dose a y a n t u n  effet analgésique à 100% , l’effet de la  m orph ine 
n ’est p lu s que de 33%  au  26-ème jo u r , ta n d is  que la  6 -ace ty l-m éth o b ro m id e  de 
m o rp h in e  possède encore à ce tte  d a te  u n  effet analgésique de 6 8 % .
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Fig. 2. E ffet analgésique de la morphine et de la 6-acetyl-m éthobrom ide de m orphine

effet %

Fig. 3. E ffe t de la m o rp h in e  e t de la  6 -ace ty l-m éth o b ro m id e  de  m o rp h in e  su r la re sp ira tio n
des lap in s
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m orphine 6-ace/yl-m elhobrom ide

M N - a l / y l - ,  Щ Я . ,  d e  morphine
normorphine ■■/V- allyl-nof.morphine

N -a lly I -  
norheroi'ne

I N-a/lyl-norhero'ine

Fig. 5. E ffe t analgésique  de la  6 -ace ty l-m éthobrom ide  de m orphine e t  de  la  m orph ine , 
a d m in is trée  co n jo in tem en t avec les d e u x  N -a lly l-an tagonistes

F ig. 4. A ccoutum ance
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15' 30 ' 120' tem ps

8 mg/kg 6 - acetyt-methobromide 
de morphine

+2 mg/kg N-a/tyt-normorphine

»8 mg/kg 5 -a c e ty l-methobromide 
de morphine

+2 mg/kg N-at/yl- norhéroïne

■жŐmg/kg 6 -a c e ty l-methobromide 
de morphine

Fig. 6. E ffet de la 6-acetyl-m étliobrom ide de m orphine et de ses antagonistes sur le volum e
respiratoire de lapin

Fig. 7. E ffets calm ants sur la tou x  de la m orphine, de la 6-acetyl-m éthobrom ide de m orphine
et de la codéine
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d) N ous re p ré se n to n s  sur la F ig . №  5 l ’effet analgésique  de la  6 -ace ty l- 
m éthobrom ide de m o rp h in e  ad m in is trée  co n jo in tem en t avec la N -a lly l-no r- 
m orph ine  e t la  d iace ty l-N -a lly l-n o rm o rp h in e  ainsi que l’ac tio n  de la m o rp h in e  
ad m in is trée  en m êm e te m p s  que ces a n ta g o n is te s . La colonne claire re p ré se n te  
l’ac tio n  analgésique  100%  de la su b stan ce  adm in is trée  seule, la  colonne so m b re  
l’effet o b ten u  p a r  l’a d m in is tra tio n  co n jo in te  de la N -a lly l-no rm orph ine  e t la  
colonne h ach u rée  l’a d m in is tra tio n  c o n jo in te  de la  d iacé ty l N -a lly l-no rm orph ine .

Fig. 8. E ffe t de la  6 -ace ty l-m éth o b ro m id e  de  m o rp h in e  sur le gang lion  cervical su p é rieu r
d u  c h a t

T an d is  que la  d iace ty l-N -a lly l-n o rm o rp h in e  d im inue de la m êm e m an iè re  
l’ac tio n  de la 6 -acety l-m éth o b ro m id e  de m orph ine  e t de la  m orph ine  (68 ,3%  
e t 68 ,9% ), la  N -a lly l-no rm orph ine  d im in u e  p lus fo rte m e n t les effets de la  
m orph ine  (32,1 c e n tre  44,1% ).

e) N ous re p ré se n to n s  sur la  F ig . №  6 la  d im in u tio n  du  volum e re s p ira ­
to ire  chez les lap in s  o b ten u e  p a r a d m in is tra tio n  isolée de la  6 -ace ty l-m étho - 
brom ide de m o rp h in e  e t  p a r son a d m in is tra tio n  com binée avec la  N -a lly l-  
n o rm orph ine  e t la  d iacé ty l-N -ally l-n o rm o rp h in e .

8 m g/kg  de 6 -ace ty l-m éth o b ro m id e  de m orphine d im inue de 62%  le 
volum e re sp ira to ire  des lap ins. Si n o u s ad m in is tro n s  la  m êm e dose en  m êm e 
tem p s que 2 m g /kg  de d iace ty l-N -ally l-no rm orph ine  ou de 2 m g/kg de N -ally l- 
no rm o rp h in e , la  d im in u tio n  d uvo lum e re sp ira to ire  n ’est que de 34 % , re sp e c ti­
v em en t de 20% . L ’a c tio n  an tag o n is te  de la  deuxièm e su b stan ce  est donc p lu s  
forte  que celle de la  p rem ière .
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f )  Nous re p ré se n to n s  s u r la F ig № 7  l’effe t ca lm an t su r la  to u x  des cobayes* 
<le la  m orph ine, de la  6 -acety l-m éth o b ro m id e  de m orph ine  e t de la codéine, 
{ to u x  déclenchée en  m élan g ean t du d io x y d e  de soufre à 0 ,6%  à l’air insp iré .) 
N o u s  rep résen to n s ég a lem en t l’é q u a tio n  de régression de chaque courbe.

Comme on p e u t  v o ir les courbes re p ré se n ta n t l’effet-dose c a lm an t 
d e  la  to u x  de la  m o rp h in e  e t de la  6 -ace ty l-m éth o b ro m id e  de m orphine so n t 
id en tiq u es . L eu r E D -5 0  est éga lem en t de 2,4 m g/kg ta n d is  que lo rsq u ’on

i l  I I I I I  I I I I I I I I I I ! I I I I I I I I I I I I I  I I I ! I I I I I I I

F ig .  9. E ffe t de la  6 -ace ty l-m éth o b ro m id e  de  m o rp h in e  sur la  p ré p a ra tio n  n e rf sc iatique—
m . gastrocnem ius du  ch a t

e x a m in e  cet effet de la  codéine on tro u v e  que  c e tte  dose est de 4,3 m g/kg, donc 
les su b stan ces exam in ées on t une ac tio n  c a lm an te  sur la  to u x  de 1,8 fois p lu s 
fo r te  que la  codéine.

g )  Sur la  F ig . №  8 on p e u t v o ir l ’ac tio n  de la  6 -ace ty l-m éthobrom ide  
de m o rp h in e  su r le  gang lion  cervical su p é rieu r du  ch a t. L a courbe supérieu re  
re p ré se n te  les c o n tra c tio n s  de la  m em b ran e  n ic ti ta n te  après excita tio n  de la  
f ib re  p régan g lio n n a ire  de la  sy m p a th iq u e  cerv icale, la courbe m oyenne re p ré ­
se n te  la  pression m esu rée  dans l’artè re  ca ro tid e , ta n d is  que la  courbe in férieu re  
re p ré se n te  le te m p s . Com m e on p e u t v o ir l ’a d m in is tra tio n  de 1, de 5 e t m êm e 
de 10 m g/kg  de 6 ace ty l-m éth o b ro m id e  de m orph ine  p a r vo ie  in trav e in eu se  
n ’in flu en ce  pas les co n trac tio n s de la  m em b ran e  n ic tita n te  déterm inées p a r  
l ’e x c ita tio n  é lec triq u e  de la  sy m p a th iq u e  cerv icale. A ces doses ces com posés
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Fig. 10. É tu d e  de la  to x ic i té  de la  m orph ine  e t  de la  6 -ace ty l-m éth o b ro m id e  de m o rp h in e
chez la  souris

n ’on t donc pas d ’effe t ganglioplégique. 10/m g/kg d é te rm in e n t une ch u te  de la 
p ression arté rie lle  d ’en v iro n  20 H gm m . L a pression  a rté rie lle  regagne p ro g res­
sivem en t en  10 m in u te s  environ  sa v a leu r in itia le .

h )  L ’effet de la  6 -ace ty l-m éth o b ro m id e  de m o rp h in e  su r la p ré p a ra tio n  
n e rf  sc ia tique-m . gastro cn em iu s du  c h a t es t re p ré se n té  su r la  F ig . №  9. 
L a courbe supérieu re  rep résen te  les co n trac tio n s  d u  gastrocnem ius o b ten u es
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p a r  l ’ex cita tion  é lec triq u e  du  n e rf  sc ia tiq u e . L a courbe d u  m ilieu  rep ré sen te  
la  p ression  m esurée à l’a rtè re  caro tid e , ta n d is  que la courbe in fé rieu re  rep résen te  
le  te m p s  en m inu tes. L a 6 -ace ty l-m éth o b ro m id e  de m o rp h in e  ne p ara ly se  la  
jo n c tio n  m yo-neurale n i à la  dose de 1 m g /kg , n i à la dose de 10 m g/kg. L a  
dose  de 10 m g/kg d é te rm in e  ici aussi com m e dans l’expérience  rep résen tée  
su r  la  figure p récéd en te  une ch u te  de te n s io n  a y a n t une in te n s ité  e t une év o ­
lu tio n  analogue.

i )  La F ig . №  10 rep ré sen te  les ré s u lta ts  de nos recherches co n cern an t la 
to x ic ité  de no tre  com posé. L a LD -50 p a r  vo ie  sous-cu tanée  chez la  souris de la  
6 -acé ty l-m éth o b ro m id e  de m orph ine  es t de 228 e t celle de la  m orph ine  de 225 
m g /k g . La tox ic ité  des deux  drogues e s t donc p ra tiq u em en t id en tiq u e .

Discussions des résu lta ts

La 6 -acéty l-m éthobrom ide de m o rp h in e  p e u t ê tre  o b ten u e  com m e sous- 
p ro d u it  lors de la p ré p a ra tio n  de la m o rp h in e . E n  effet, lors de la  d em éth y lisa tio n  
p a r  le  CNBr de la  d iacé ty lm o rp h in e , le C H 3B r p ro d u it ré a g it p a r tie lle m e n t avec 
la  d iacé ty lm o rp h in e  q u i n ’a pas encore réag i. N ous séparons la  d iacé ty lm éth o - 
b ro m id e  de m o rp h in e  p ro d u it, de la  d iacé ty l-cy an o -m o rp h in e  considérée 
com m e p ro d u it p rin c ip a l en p o r ta n t  le m élange à éb u llitio n  avec une p e tite  
q u a n t i té  d ’eau: la  d iace ty lm é th o b ro m id e  de m orph ine  so luble  dans l’eau  se 
p ré c ip ite . E n  m êm e te m p s  se p réc ip ite  ég a lem en t la p e ti te  q u a n ti té  su p erflu e  
de C N B r laquelle p a r  hyd ro ly se  donne du  H B r. E n  la issa n t se reposer d an s  
u n e  so lu tion  fa ib lem en t acide, le g roupe 03-ace ty l se d é tach e , e t la  6 -acety l- 
m éth o b ro m id e  de m o rp h in e  se d ilu a n t m a l dans l’eau fro ide  se c rista llise  
lo r s q u ’on l’a laissé au  repos p e n d a n t u n  jo u r  ou deux. O n p e u t  la  p u rifie r en 
re c r is ta llisa n t avec u n  p eu  d’eau b o u illan te . I l  n ’ a pas de p o in t de fusion n e t ,  
à  u n e  tem p éra tu re  au x  env irons de 150 C° elle se p réc ip ite  avec  p e rte  d ’eau  
c ris ta lliq u c , puis se congèle en une  m asse v itre u se  qui se d é fa it avec déve lop ­
p e m e n t de gaz e t de b run issage .

M d =  -  13i ’3“ ±  0,6/e«u ;

N ous avons tro u v é  que la  6 -ace ty l-m éth o b ro m id e  de m o rp h in e  p o ssèd e  
chez la  souris une ac tio n  analgésique de 16,7 fois p lus fo rte  q u e  la  m orph ine . 
C e tte  co n sta ta tio n  ne cad re  pas avec les co rré la tio n s connues ju s q u ’à m a in te n a n t 
e n tre  les effets e t la  s tru c tu re  des dérivés m orph in iques.

Selon S c h a u m a n n  [14] il fa u t q u ’il y  a it dans ch aq u e  analgésique u n  
g ro u p e  iden tique  de m éth y l-p h en y lp ip e rid in e  qui se r a t ta c h e  à  u n  a tom e C 
q u a te rn a ire  cen tra l. I l  appelle  cela «groupe analg iphore» . L a  th é o rie  du  «groupe 
an a lg ip h o re»  n ’est p as  va lab le  p o u r les analgésiques du  g ro u p e  des m é th a - 
d o n es  e t d ith y en y lb u ten y lam in e . D ans ces com posés on ne re tro u v e  pas de 
g ro u p es  m éthy l-p h en y l-p ip erid in e  e t ils son t néanm oins des analgésiques
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p u issan ts . Selon B r a e n d e n , E d d y  e t H albach  [2] c’est la  triv a len ce  d u  N 
com pris dan s le cycle p iperid ine  de la  m olécule de la m orphine a in si que  le 
rad ica l m é th y l r a tta c h é  au  N qui so n t ind ispensab les p o u r l’effet analgésique . 
L ’absence de n ’im p o rte  lequel de ses fac teu rs  d im inue  n o tab lem en t ou fa it 
cesser l’effet analgésique . Avec la q u a te rn a r isa tio n  d u  N te r tia ire  (par exem ple 
N -oxyde de m orph ine , m éthoch lo ride  de m orph ine , m éthoch lo ride  de codéine) 
nous o b tenons des dérivés à effets analgésiques considérab lem en t m oins in ten ses  
q u ’avec les com posés de base co rre sp o n d an ts . S c h a u m a n n  [14] a ég a lem en t 
c o n s ta té  que le dérivé  q u a te rn a ire  de la  p e th id in e  m an q u e  d ’efficacité .

T r e n d e l e n b u r g  [17] exp lique  l ’a c tiv ité  m oins fo rte  sur le sy stèm e  
n e rv eu x  ce n tra l des com posés q u a te rn a ire s  p a r  ra p p o r t au x  com posés te r tia ire s  
co rresp o n d an ts  p a r  leu r so lubilité  lip o ïd iq u e  m oins bonne. C’est p o u r c e tte

ra iso n  q u ’ils ne p o u rra ie n t p én é tre r d an s les cellules nerveuses p lus riches en 
lipo ïdes. E n  d ép it de ces fa its  n o tre  dérivé q u a te rn a ire  s’est avéré ê tre  un  
analgésique  p lus fort que la m orph ine. I l  en résu lte  que la  q u a te rn a risa tio n  ne 
fa it pas cesser dans to u s  les cas l’ac tio n  sur le systèm e nerveux  c e n tra l, c’est 
à dire elle n ’en tra in e  pas o b lig a to irem en t un  effet cu ra risan t. Le com posé m is 
au p o in t p a r la q u a te rn a risa tio n  du  N du  cycle p iperid ine  ne para ly se  p as  ou 
ne p a ra ly se  que trè s  fa ib lem en t la  p laq u e  m o trice  te rm in a le . P ohl [11J a 
co n sta té  que le couple  q u a te rn a ire  de la  p ap av e rin e  n ’a pas d’ac tio n  su r la  
p laque m otrice  te rm in a le . T r e n d e l e n b u r g  [17] a co n s ta té  sur la  g renou ille  
que l’acé tob rom ide  de m orph ine a u n  effet 50.000 fois p lus faible que la  cu ra re .

Me y e r  [10] e t F ü h n e r  [6] e x p liq u e n t l’effet c u ra risa n t des com posés 
q u a te rn a ires  p a r  leu r a lca lin ité . P lus ces dérivés son t a lca lin s plus ils p a ra ly se n t 
la p laq u e  m otrice  te rm in a le . Avec ce rta in es  su b s titu tio n s , ainsi que p a r  fo r­
m ation  in te rn e  de sel les com posés q u a te rn a ire s  p e u v e n t perd re  leu r c a rac tè re  
a lcalin  e t a insi cessen t leu rs effets p a ra ly sa n ts  sur la p laq u e  m otrice te rm in a le . 
Avec n ô tre  com posé ce processus com m ence avec l’é lim in a tio n  du  H B r d ’une 
certa ine  q u a n tité  d ’alcali (Fig. №  11). D ans ce cas l ’ion  ju m eau  form é p e u t

6  Acta Physiologiea XVIII/L
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lu i -m êm e ag ir com m e tam p o n . La cause d u  changem en t de l’ac tio n  p e u t ê tre  
év en tu e llem en t ex p liq u ée  p a r le fa it que l’ion  ju m eau , c’est a d ire  la phenol- 
b e ta ïn e  possède d ’a u tre s  p a rtic u la rité s  pharm aco log iques que le sel d ’am m onium  
q u a te rn a ire , c’est à d ire  son ca tion . I l  n ’e s t pas non plus exclu  que dans l’ion 
ju m e a u , c’est à d ire  d an s  la p h en o l-b e ta ïn e  (fo rm atio n  in te rn e  de sel) la locali­
s a tio n  dans l’espace des su b s titu a n ts  d u  N so n t éven tu e llem en t déform és 
p a r  ra p p o rt à l’ion  de l’am m onium  q u a te rn a ire . L ’alcalin ité  n ’est cep en d an t 
q u e  l’une des co n d itio n s de cet effet. L ’in te n s ité  de l’effet dépend  de la  lib é ra tio n  
p o te n tie lle  des v a len ces secondaires qu i d é te rm in e n t la position  dans l’espace 
des rad icau x  s’y  a t ta c h a n t .

Bien en ten d u  nous n ’avons n u llem en t l’in te n tio n  de m e ttre  en d ou te  — 
n o u s  b a sa n t su r ces ré su lta ts  —  ni les co rré la tio n s  en tre  la  s tru c tu re  e t les 
e ffe ts  des dérivés q u a te rn a ires , n i la th éo rie  du  «groupe analg iphore»  de 
S c h a u m a n n . N ous v o u d rio n s  seu lem en t so u lig n er que nous ne pouvons pas 
d a n s  tous les cas p ré d ire  d ’avance les effe ts possibles d ’un  com posé, m êm e 
en con n a issan t les co rré la tio n s générales de sa  s tru c tu re .

Il fau t en fin  p a r le r  des p ro p rié té s  de n o tre  com posé qu i so n t p lus a v a n ta ­
geuses que celles de la  m orphine. La m o rp h in e  dé te rm ine  chez 60 à 80%  des 
ch ien s des v o m issem en ts  à la  dose de 0 ,5 — 1,0 m g/kg. L a 6 -ace ty l-m étho - 
b ro m id e  de m o rp h in e  ne déterm ine  pas de vom issem ent m êm e à la  dose de 4 
m g /k g . Nous ren d ro n s  com pte  ailleurs de ces expériences ac tu e llem en t en  cours. 
A  ce p o in t de v u e , n o tre  com posé ressem ble  au  dérivé q u a te rn a ire  de l’apo- 
m o rp h in e  qui n ’a p a s  d ’effet v o m itif  m êm e à la  dose de 6 m g /k g  alors que la  
dose v om itive  de l ’ap o m o rp h in e  est de 100 /tg /kg .

U n au tre  a v a n ta g e  de n o tre  com posé c’es t q u ’il p résen te  chez la  souris 
u n  sp ec tre  d ’ac tio n  p lu s  large que celu i de la  m orph ine . 50%  des souris so n t 
tu é s  p a r  43 fois la  E D -50  de la  m o rp h in e , ta n d is  que po u r o b te n ir  le m êm e 
r é s u l ta t  il f a a t  735,4 fois la ED -50 de la  6 -acety l-m éthobrom ide de m o r­
p h in e . Si ce tte  p ro p o rtio n  existe éga lem en t chez l ’hom m e on  p o u rra it u tilise r 
la  6 -ace ty l-m éth o b ro m id e  de m orph ine  avec  m oins de risques que  la  m orph ine
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ACTA PH Y SIO L O G IC A
ТОМ. XVIII. -  ВЫ П. I

Р Е З Ю М Е

ДАННЫЕ К КИНЕТИКЕ ХОЛИНЭСТЕРАЗЫ IN VIVO
I. ИЗМЕРЕНИЕ АКТИВНОСТИ ХОЛИНЭСТЕРАЗЫ В ОПЫТАХ IN VIVO

О. Ф ЕХ Е Р и Э. БОКРИ

Авторы разработали метод для измерения активности холинэстеразы верхнего 
шейного узла у кошки. При этом методе проводится перфузия узла раствором Локка, 
содержащем субстраты (ацетилхолин, ацетил-/3-метилхолин, этилхлорацетат) и ингиби­
торы (эзерин, простигмин) холинэстеразы, и измеряется химическим способом разница 
между концентрацией втекающего и вытекающего перфузатов. Эта разница обусловли­
вается активностью холинэстеразы узла.

Авторы устанавливают, каким образом условия перфузии (концентрация субст­
рата, скорость течения) определяют размер изменения измеренной концентрации субст­
рата.

Сообщаются данные относительно условий пермеабильности отдельных субстра­
тов и ингибиторов.

ДАННЫЕ К КИНЕТИКЕ ХОЛИНЭСТЕРАЗЫ IN VIVO II. СРАВНЕНИЕ ГИДРО­
ЛИЗА АЦЕТИЛХОЛИНА И АЦЕТИЛ-£-МЕТИЛХОЛИНА В ВЕРХНЕМ ШЕЙНОМ 

УЗЛЕ КОШЕК IN VIVO И IN VITRO
О. Ф ЕХ Е Р и Э. БОКРИ

Авторы исследовали гидролиз ацетилхолина и ацетил-/?-метилхолина холинэсте­
разой верхнего шейного узла кошки в случае перфузии in v iv o  и гомогенизации.

В случае ацетилхолина они получили in  v itro  колоколообразную кривую субст­
рата. Это указывает на то, что узел содержит главным образом ацетилхолинэстеразу. 
Полученные in  v ivo  величины показали весьма большое рассеяние.

В случае ацетил-/3-метилхолина они получили in  v itro  колоколообразную кривую 
a in  v ivo  характерную для псевдо-холинэстеразы S-образную кривую субстрата. Ввиду 
этого можно предполагать, что кинетика ацетилхолинэстеразы при таких условиях не 
идентична с наблюдаемой in  v itro  кинетикой.

СВЯЗЬ МЕЖДУ ВАГУСНОЙ АФФЕРЕНТАЦИЕЙ И ВЫСШЕЙ НЕРВНОЙ ДЕЯ ­
ТЕЛЬНОСТЬЮ

Я. МОЛЬНАР, А. Т И Д Ь И  и К. ЛИШ АК

В опытах на собаках исследовалось действие проведенной на различных уровнях 
ваготомии на условные рефлексы. У животных с перерезанным блуждающим нервом 
возникают количественные и качественные изменения в выработанных до операции усло­
вных рефлексах; неактивные тормозные и активные фазы чередуются с характерной пе­
риодичностью. Удалось выявить также прочие проявления, так напр. повторно появля­
ющиеся парадоксальные реакции и фазовые состояния:

Для объяснения возникновения вышеописанного явления авторам удалось опо­
знать в ходе проведенных исследований косвенный механизм: периодическое изменение 
условных рефлексов после ваготомии находится в тесной связи с изменениями содержа­
ния кальция в сыворотке. При исчезновении условных рефлексов наблюдается высокий



уровень кальция в сыворотке, однако, постепенное прекращение и возвращение рефлек­
сов также можно проследить параллельно с изменениями содержания кальция в сыво­
ротке.

ВОСПАЛИТЕЛЬНЫЙ „LEUKOPENIC FACTOR” (МЕНКИН) И ФАГОЦИТОЗ
ЛЕЙКОЦИТОВ

Г. Л У Д А Н Ь, Д. ВАЙДА, А. Д Э К Л ЕН  и И. Ф Е Х Е Р

Воспалительный „ le u k o p e n ic  f a c to r ”  (Менкин), при внутривенном введении со­
бакам, тормозит фагоцитоз бактерий гранулоцитами. Этот эффект развивается парал­
лельно с изменением картины крови. При концентрации 10-*—10-6, эффект наблюдается 
также in  v i t ro .  Приводятся ссылки на клинические наблюдения.

ДЕЙСТВИЕ ГИПОТЕРМИИ НА АКТИВНОСТЬ Ф0СФ0РИЛАЗЫ ПЕЧЕНИ
В. ЧАБА, Т. СИЛАДЬИ, Э. САБО и ДЬ. БОТ

Исследовалась на белых крысах активность фосфорилазы печени при глубокой 
гипотермии, и в связи с этим была выяснена роль адреналина, участвующего в активации 
фосфорилазы печени.

Было установлено, что
при глубокой гипотермии активность фосфорилазы печени снижается. Снижение 

тем значительнее, чем более глубока и длительна гипотермия.
При гипотермии уменьшение активности фосфорилазы печени не представляет из 

себя необратимого изменения, ибо снова подогретые животные показывают такие же вели­
чины ферментативной активности, как и активность фосфорилазы печени нормотерми­
ческих животных.

Адреналин повышает активность фосфорилазы печени нормотермических живот­
ных. У гипотермических крыс активирующее действие адреналина большее ибо он по­
вышает низкие величины фосфорилазы гипотермических животных до почти одинако­
вого с нормотермическими животными уровня.

При гипотермии активирующая фосфорилазу печени ферментативная система спо­
собна к функции.

Наблюдаемое при гипотермии снижение активности фосфорилазы печени обусло­
вливается не поражением активирующей фосфорилазу ферментативной системы, а отсут­
ствием не только участвующего в активации фосфорилазы адреналина, а, предположи­
тельно, и глукагона.

ИССЛЕДОВАНИЕ ПРЕССОРНО-ДЕПРЕССОРНОЙ ПРОТИВОРЕГУЛЯЦИИ ПРИ 
ЭКСПЕРИМЕНТАЛЬНОМ ПОВЫШЕННОМ КРОВЯНОМ ДАВЛЕНИИ, ВЫЗВАН­

НОМ РАЗЛИЧНЫМИ СПОСОБАМИ
А. К Ё В Е Р , ДЬ. БЕРЕГСАСИ. Д Ь . М ОЛЬНАР и И. ВЕН Т

Прежде чем приступить к своим экспериментам, авторы разработали точный и 
надежный метод для определения содержания свободного, способного диффундировать 
гистамина в плазме собак. При помощи этого метода исследовалось, с одной стороны, на 
нормальных собаках, а с другой на таких, у которых экспериментально было вызвано 
повышенное кровяное давление, изменение свободного, способного диффундировать 
содержания гистамина в кровяной плазме во время вливания 20 микрограмм кг/мин. 
адреналина.

1. У нормальных собак содержание свободного гистамина в плазме крови во время 
вливания адреналина повышается до 2—4-кратных значений исходной величины. При 
достижении максимума гистаминемии регистрированное на лоскуте Лерсуме давление в 
сонной артерии падает ниже исходной величины.

2. Содержание свободного гистамина в плазме собак, у которых вызывалось повы­
шенное кровяное давление путем денервации депрессора и пазухи сонной артерии, во 
время вливания адреналина остается неизменным.



3. Во время развития ренальной гипертонии, вызванной методом целофанового 
перинефрита, содержание свободного гистамина в плазме повышается параллельно с 
кровяным давлением, в течение 6—8 месяцев оно остается на достигнутом наивысшем 
уровне, а затем в последующих месяцах падает до прибл. нормальной величины.

4. В первые месяцы состояния повышенного кровяного давления, вызванного пери- 
ренальным фиброзом, содержание гистамина в кровяной плазме во время адреналинового 
вливания повышается до 2—4-кратных значений исходной величины. В последующие 
месяцы этот ответ на адренегрическое раздражение все больше уменьшается и наконец 
совершенно прекращается, т. е. наступает такое состояние, которое соответствует проти- 
ворегуляционной блокаде, состоящейся немедленно после денервации пазухи сонной 
артерии и депрессоров.

ДЕЙСТВИЕ SH-ИНГИБИТОРОВ НА ГАНГЛИОНАРНУЮ ПЕРЕДАЧУ ВОЗБУЖ  
ДЕНИЯ В ВЕРХНЕМ ШЕЙНОМ УЗЛЕ КОШЕК

П. ХАЛАС, Ф. М Е Х Л Е Р, О. Ф Е Х Е Р  и Ш. ДАМЬЯНОВИЧ

Авторы исследовали изменение функции верхнего шейного узла кошек на действие 
SH-ингибиторов в опытах in  s i tu  и на изолированных узлах путем регистрации потен­
циалов действия. При меньшей концентрации SH-ингибиторы обратимо парализи- 
руют передачу возбуждения, и усиливают раздражающее узел действие инъицирован- 
ного через кровяное русло в узел ацетилхолина, а в большей концентрации отражают 
раздражение узла, вызванное внутриартериальным введением ацетилхолина и КС1. 
Вышеуказанный суммарный эффект SH-ингибиторов временно может быть прекращен 
с помощью цистеина. Важнейшие заключения, сделанные из результатов опытов сле­
дующие:

1. Имеющиеся в симпатических узлах рецепторные системы ацетилхолина показы­
вают также в отношении SH-ингибиторов различную чувствительность.

2. SH-группы играют важную роль в построении постсинаптической мембраны, 
да даже в построении ацетилхолиновых реценторов.

ДЕЙСТВИЕ АЛЬФА-АМИНОКИСЛОТ НА ГАНГЛИОНАРНУЮ П Е Р Е Д А Ч У
В О З Б У Ж Д Е Н И Я

Ш. ДАМЬЯНОВИЧ, О. Ф Е Х Е Р , П. ХАЛАС и Ф. М ЕХ Л ЕР

Авторы исследовали действие различных аминокислот и их родственных соедине­
ний на ганглионарную передачу возбуждения.

Они провели перфузию верхнего шейного узла кошек по методу Кибьякова, и реги­
стрировали сокращения мигательной перепонки, вызванные преганглионарным раздра­
жением или же внутриартериальной инъекцией ацетилхолина и КС1. Они установили, 
что растворенные в перфузате альфа-аминокислоты парализуют пропорционально своей 
концентрации раздражающее узел действие ацетилхолина и КС1 в то время как на пере­
дачу преганглионарных импульсов они воздействуют только при большей концентрации.

Исследуя механизм действия авторы выявили, что аминокислоты пригодны для 
дифференциации описанных Фехерем и Бокри свободных и иннервированных ацетилхо­
линовых рецепторов, далее, что для вызывания вышеописанных действий необходимо 
совместное присутствие амино- и карбоксилрадикалов.

На основании литературных данных и своих собственных результатов, авторы 
выдвигают заключения о возможной физиологической роли аминокислот.

СВЯЗЬ МЕЖДУ СОДЕРЖАНИЕМ ИОДА В ВОЗДУХЕ И ЭНЕРГЕТИЧЕСКИМ
ОБМЕНОМ КРЫС

Л . БА Л О Г и А. ПАЛЬФИ

При 25—75%-ой относительной влажности воздуха не удалось выявить связи 
между содержанием иода в воздухе и обменом веществ крыс. В противоположность этому 
наблюдалась тесная, но сложная связь между содержанием иода, выявляемым в насы­
щенном парами воздухе при температуре 37 °С, и основным обменом.



ФАРМАКОЛОГИЧЕСКОЕ ИССЛЕДОВАНИЕ 6-АЦЕТИЛ-МОРФИН-МЕТОБРОМИДА

Я . РАУШ, Ё. СЕГИ, К. МАГДА, Ю. Н А Д Ь, Р. БОГНАР и Ш. САБО

Авторы исследовали и сравнивали с морфином обезболивающее действие 6-ацетил- 
морфин-метобромида, так и его действие на дыхание, возможность повлиять на эти дейст­
вия производными N-аллила, далее его уменьшающее кашель действие, парализирующее 
ганглии действие, действие на двигательные пластинки, как и привыкание к нему и 
токсичность этого препарата.

Из результатов выдвигалось то теоретическое установление, что 6-ацетил-морфин- 
метобромид представляет четвертичное производное морфина, которое при значительном 
болеутоляющем действии не оказывается курареподобного, парализирующего ганглии 
действия. Данное соединение заслуживает внимания также и с точки зрения практики, 
ибо его болеутоляющее действие на мышах в 16,7 раз больше чем то морфина, причем оно 
снижает объем дыхания в 1,9 раз меньше морфина. Смягчающее кашель действие в 1,8 
раз сильнее действия кодеина. У мышей привыкание меньшее, чем в случае морфина, а 
их токсичность одинакова.
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ACTA PHYSI0L0G1CA
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 ÍSÉ R L E T E S ORVOSTUDOM ÁNYI K Ö ZLEM ÉNYEI

SZERKESZTŐSÉG ÉS KIADÓHIVATAL! BUDAPEST V. ALKOTMÁNY UTCA 21.

Az Acta Physiologien ném et, angol, f ra n c ia  és orosz nyelven  közöl értekezéseket a k ísér­
le tes  o rvostudom ányok körébő l.

Az Acta Physiologien változó te rjed e lm ű  füzetekben  je len ik  m eg : tö b b  fü z e t a lk o t egy 
k ö te te t.

A közlésre szán t k é z ira to k  a következő  cím re küldendők :

Acta Physiologien, Budapest 502, Postafiók 24.

Ugyanerre a c ím re küldendő m inden  szerkesztőségi és k iad ó h iv a ta li levelezés.
Az Acln Physiologien előfizetési á ra  k ö te te n k é n t belföldre 80 fo rin t, kü lfö ldre  110 fo rin t. 

M egrendelhető  a belfö ld  szám ára  az A k ad ém ia i K iadónál (B u d ap es t У. A lk o tm án y  u tca  21. 
B ankszám la 05-915-111-46), a  külföld sz á m á ra  pedig

a „ K u l tú r a ”  K önyv  és H ír la p  K ülkereskedelm i V álla latnál

(B u d a p es t I .,  Fő  u tc a  32. B ankszám la 43-790-057-181 sz.), v ag y  a n n ak  kü lfö ld i képvisele­
te in é l, bizom ányosainál.

Die Acta Physiologien veröffentlichen A bhandlungen aus dem  Gebiete d e r experim en­
te llen  m edizinischen W issenschaften  in d eu tsch e r, englischer, französischer u n d  russischer 
S p rach e .

Die Acta Physiologien erscheinen in  H e ften  wechselnden U m fanges. M ehrere H efte  bilden 
einen Band.

Die zur V eröffen tlichung  b es tim m ten  M anuskrip te sind  an  folgende A dresse zu 
senden  :

Acta Physiologien, Budapest 502, Postafiók 24.

An die gleiche A n sch rift ist au ch  je d e  fü r  die R ed ak tio n  u n d  den V erlag b estim m te  
K orrespondenz zu sen den .

A bonnem entspreis p ro  B and : 110 F o r in t .  B estellbar bei dem  B uch- u n d  Zeitungs-A ußen- 
handels-U n ternehm en  » K u ltu ra«  (B u d ap es t I . ,  F ő  u tca  32. B an k k o n to  N r. 43-790-057-181) 
o d e r bei seinen A u slan d sv ertre tu n g en  u n d  K om m issionären.



E R R A T A

I n  t he  A cta  Physio log ica  A cadem iae  S c ien tia ru m  H u n g a ric a e  17, 
465 (1960), a p ap er w as p u b lished  b y  J .  B író , e n ti t le d : A ction  o f  R au- 
w olfia p re p a ra tio n s  on th e  b lad d er m uscle . On page 467 th e  tw o F igu res 
are  in v e r te d  an d  the  te x t  below th e  F ig u re  is m issing.

In  th e  r ig h t o rder, the  low er F ig u re  is F ig . 1. I ts  t e x t  is as 
follows :

F ig . 1.

E x p e rim e n t No 59. C at, w eight 1.80 kg.
A — U p p e r line  : b lad d e r curve. M iddle line  : b lood  pressure cu rve, on th e  le ft m m  Hg. 

L ow er l in e :  G round line w ith  tim e-signal each  30". — 1 : 0.10 m l R au sed y l in tr a ­
venously .

R — M arks as a t  A. The ky m o g ram  illu s tra te s  th e  31 — 38' a f te r  R ausedyl a d m in is tra ­
tio n .

In  th e  r ig h t o rder th e  up p er F ig u re  is F ig . 2. I t s  te x t  is as follows:

F ig . 2.

E x p e rim e n t No 50. C at, w eight 2.60 kg.
A  —  U p p e r l in e : b lad d e r curve. M iddle l in e : b lood pressure curve, on  th e  le ft m m  Hg. 

Low er lin e  : G round line  w ith  tim e-signal each  30". —  J, : L avage of the  b la d d e r  
w ith  physio logical saline o f 38° C. 2 : 0.65 m l R au w o p u r in trav en o u sly .

В  —  M arks as a t  A. The kym ogram  illu s tra te s  th e  25— 32' a f te r  R auw opur a d m in is tra ­
tion .





Biochemia
STUDIES ON THE FUNCTIONAL HOLE 

OF THE MYOFIBRIL-BOUND NUCLEOTIDE
I. P H O S P H O R Y L A T IO N  OF T H E  M Y O F IB R IL -B O U N D  N U C LE O T ID E

B y

N . A. B iró and A . M üh l r a d

D EPA R T M E N T O F B IO C H E M ISTR Y ,IN ST ITU TE OF PH Y LO G EN Y  AND GEN ETICS, L . EÖTVÖS U N IV E R S IT Y ,
B U D A PEST

(R eceived J a n u a ry  22, 1960)

M yofibrils c o n tra c te d  b y  A T P an d  m yo fib rils  m ade to  re la x  b y  v a rio u s e ffec ts 
in  th e  p resence o f A T P  w ere tes ted  fo r to ta l  nucleo tide  a n d  acid-labile  P  c o n te n t. 
W h en  re la x a tio n  was in d u ced  a t  low te m p e ra tu re  w ith  E D T A , th e  acid-labile  P /b o u n d  
n u c leo tid e  ra tio  (P /N  ra tio )  decreased  in  co m p ariso n  w ith  th e  P /N  ra tio  fo r th e  c o n ­
tra c te d  m y o fib ril. No decrease  in  th e  v a lu e  o f  P /N  was o b se rv ed  w hen re la x a tio n  w as 
b ro u g h t ab o u t b y  h igh  ion ic  s tre n g th , u re a  o r  co n cen tra tio n s o f  A T P  above th e  o p tim a l.

E x p erim en ts  pe rfo rm ed  w ith  A T P  w ith  i ts  P  lab e lled  in d ica ted  t h a t  th e  
d ifference in  th e  value  o f P /N  is n o t due to  P  u p ta k e  in  th e  c o n tra c te d  s ta te , b u t  to  
a  d issoc ia tion  of p a r t  o f  th e  b o u n d  n u c leo tid e , f i r s t  o f a ll A T P , in  th e  re lax ed  s ta te .

M uscle converts  chem ical energy in to  m echan ical w ork . This p rocess is 
based  on som e in su ffic ien tly  know n change in  th e  m y o fib ril w hich m ak es to  
sh o rten  th is  com plex of th e  tw o p ro te in s  m yosin  an d  ac tin . The en e rg y  o f  
c o n tra c tio n  is derived  from  th e  b reak d o w n  of m acroerg ic  p h o spha te  co m ­
pounds, ju s t  like in  th e  case o f any  o th e r  cell fu n c tio n . A lthough  th e re  is 
no d irec t p ro o f th is  m acroerg ic  com pound being  A T P, th is  h as  been accep ted  
b y  m ost in v e s tig a to rs  o f m uscle function . T h e  hyp o th esis  is supported  b y  (i) 
th e  id e n ti ty  of m yosin w ith  th e  A T P-ase b o u n d  to  m uscle s tru c tu re  [1]; (ii) 
th e  fa c t th a t  a c tin , th e  o th e r s tru c tu ra l p ro te in  of m uscle , contains p ro te in -  
b o und  A T P , w hich is b ro k en  dow n on th e  p o ly m eriza tio n  of ac tin  [2] ; (iii) 
th e  o b v erv a tio n  th a t  in  ce rta in  in  vitro sy stem s th e  ac tin -b o u n d  n u c leo tid e  
ta k e s  over p h o sp h a te  from  th e  c rea tine  phosp h o ferase-crea tin e  p h o sp h a te  
system  an d  b reak s  i t  dow n [3]; (iv) th e  fa c t  th a t  th e  m echan ical fu n c tio n  
re leased  b y  A T P  of th e  m odel system  com posed of ac tom yosin  closely r e ­
sem bles th e  fu nc tion  of m uscle in  action  [5]; an d , fin a lly , (v) th e  co rre la tio n  
hetwreen th e  fu n c tio n  and  A T P  b reakdow n  of these  m odels [4].

O ne o f th e  fu n d a m e n ta l questions w ith in  th e  fram ew o rk  of th is  th e o ry  
of m uscle  a c tiv ity  is th e  connection  b e tw een  th e  energy  release due to  th e  
ru p tu re  o f  h igh -energy  bonds an d  th e  changes in  p ro te in  s tru c tu re . A ccord ing  
to  our h y p o th e s is  (based on th e  idea sugg ested  b y  Str a u b  [2] w hen d escrib ing  
th e  ac tin -b o u n d  n uc leo tide), th e  p h o sp h o ry la ted  and  deph o sp h o ry la ted  A D P  
(or A T P) b o u n d  to  ac tin , w ould  be th e  v e ry  l in k  betw een  th e  p ro te in  s tru c tu re s  
an d  free m acroerg ic  p h o sp h a tes . In  th e  course o f th e  co n trac tio n  cycle th e  1

1 A cta Physiologica \  V111,2.
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n u c leo tid e  of a c tin  w ou ld  pass th ro u g h  p h o sp h o ry la te d  (A TP) an d  dephospho- 
ry la te d  (A D P) fo rm s a n d  th e  d ifference in  energy  betw een  th e  tw o p h ases  
w o u ld  supp ly  th e  en e rg y  for th e  s t ru c tu ra l  changes ta k in g  p lace w hen  th e  
p ro te in  co n trac ts . T h e  A T P -ac tin  com plex  m a y  be form ed th ro u g h  an  exchange 
o f  th e  nucleo tide  (A D P  rep laces A T P) o r th ro u g h  its  p h o sp h o ry la tio n  (A D P  
is tra n sfo rm e d  in to  A T P  b y  tra n sp h o sp h o ry la tio n ) . To con firm  th is  h y p o th e s is , 
su rv iv in g  m uscles in  th e  re lax ed  and  c o n tra c te d  s ta te  [6] w ere s tu d ie d a n d  i t  w as 
fo u n d  th a t  i t  w ould  be ad v an tag eo u s to  m ak e  ex p erim en ts  w ith  m odel sy s tem s, 
b ecau se  in  th em  i t  cou ld  be achieved m uch  ea s ie r th a t  th e  m uscles an a lysed  be 
in  th e  c o n trac ted  o r re la x e d  s ta te . In  th e  fo llow ing  some ex p erim en ts  of th is  
ty p e  w ill be d escribed .

I n  th e  p re se n t p a p e r  stud ies on th e  s ta te  of p h o sp h o ry la tio n  o f th e  
b o u n d  n ucleo tide  in  m yofib rils , caused to  c o n tra c t w ith  A T P , and  in  m y o ­
f ib r ils  m ade to  re la x  b y  v a rio u s effects ( f ir s t  o f  a ll by  E D T A ), in  th e  p resence  
o f  A T P  are d esc rib ed . T he n e x t p a p e r [7] w ill deal w ith  th e  m etab o lism  in  
vitro  o f th e  b o u n d  n u c leo tid e , as an a ly sed  b y  th e  use of ra d io a c tiv e 32P  iso to p e .

M aterials an d  m ethods

T he m yofibril su sp en sio n  w as p rep ared  b y  th e  m eth o d  of P e r r y  [8] w ith  th e  m o d ifi­
c a t io n  t h a t  hom o g en iza tio n  a n d  w ashing w ere do n e  in  0.02 M  b o ra te  b u ffe r  o f p H  7.1. R a b b it  
p so as  a n d  la tiss im u s d o rs i m uscles were m in ced , th e n  hom ogenized in  a  M SE ho m o g en izato r 
w ith  1 : 10 volum e o f 0.02 M  b o ra te  b u ffer (p H  7.1) fo r  2 m inu tes. T h is a n d  every  su b seq u en t 
p ro c ed u re  were ca rried  o u t  a t  O 0 C. T he h o m o g en a te  w as th en  cen trifu g ed  for 10 m in u te s  
a t  900 g. T he p re c ip ita te  w as resuspended  in  10 v o lu m es o f a 0.02 M  b o ra te  buffer, follow ed 
b y  cen trifu g a tio n  a t  900 g. T h is p rocedure  w as re p e a te d  five tim es.

A fter th e  f in a l  resusp en sio n  in  1 : 4 v o lu m e , w ater-free  g lycero l was ad d ed  to  th e  
su sp en sio n  to  a  f in a l  c o n ce n tra tio n  of 40 p e r  c e n t. T h e  m yofib ril suspension  th u s  p re p a re d  
w as in d efin ite ly  s ta b le  w h en  sto red  a t  — 10° C.

T he M arsh-factor w as p rep ared  b y  th e  m e th o d  of P o rtzehl  [9].
T he A T P  u sed  w as p re p are d  b y  K őbányai Gyógyszerárugyár, B u d a p e s t, an d  c o n ta in ed  

A D P  a n d  AM P as c o n ta m in a n ts .
A T P  contain ing  32P  w as p rep ared  a t  th e  I n s t i tu te  o f M edical C hem istry , M edical 

U n iv e rs ity , B u d a p es t, acco rd ing  to  Ga r zó , M i l e  a n d  M ü h l r a d  [10].
U sually , th e  fo llow ing  m ix tu re  was u sed  in  th e  c o n trac tio n  a n d  re la x a tio n  ex p erim e n ts :
M yofibril su sp en sio n  co rresponding  to  1 g o f  w hole m uscle, 2— 16 /гМ /m l A T P , 5 m M  

M g S 0 4, 0.02 M  b o ra te  b u ffe r  p H  7.1, 0.025 M  KC1, as w ell as th e  o th e r  reag en ts  specified  
w ith  th e  in d iv id u a l ex p erim e n ts . T he f in a l v o lu m e  w as 10 m l. T he e x p erim en ts  w ere ca rried  
o u t  in  a w a te r  b a th  o f  20° C w ith  in cu b a tio n  tim es  fro m  1 to  30 m in u te s . I n  some e x p e rim e n ts  
th e  p rocess was a r re s te d  w ith  e th an o l, ad d ed  to  re a c h  a  f in a l co n ce n tra tio n  o f 20 p e r c en t, w hile  
in  o th e rs , th e  m ix tu re  w as cen trifu g ed  w ith o u t a d d in g  a n y  o th er re a g e n t to  i t .  T he m yo fib rils  
w ere  th e n  re p ea te d ly  w ash ed  to  rem ove free  n u c le o tid e . T he w ashing f lu id  was b o ra te  b u ffe r , 
o r  b o ra te  buffer co n ta in in g  20 p e r cen t e th a n o l;  th e re  were six  c en trifu g a tio n s  a t  900 g , in  
10-fold volum es (to  m uscle  w eigh t). S u b seq u e n tly , th e  bound n u c leo tid e  o f th e  m y o fib ril 
w as e x tra c te d  th ree  t im e s  w ith  2 m l 6 p e r c e n t  p e rch lo ric  acid.

The quantity  o f  nucleotide  in  th e  p e rc h lo ra te  e x tra c t  w as d e te rm in e d  in  a n  U vifo t 
p h o to m e te r , a t  254 m /t .  T he b o u n d  inorganic P  a n d  th e  acid labile P  o f  th e  n u c leo tid e  w ere 
e s tim a te d  b y  th e  s lig h tly -m o d ified  m eth o d  o f B e r e n b l u n  and Ch a in  [11]. P ro te in  w as d e te r ­
m in e d  b y  th e  q u a n ti ta t iv e  b iu re t  te s t.  In  th e  en zy m e  a c t iv ity  assays P  w as de te rm in ed  a cc o rd ­
in g  to  F is k e  an d  S u b b a r o w  [12].
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R esu lts

The ex p erim en ts  now  discussed se rv ed  to  com pare th e  b o u n d  nu c leo tid e  
c o n te n t o f th e  re lax ed  m y o fib rils  w ith  t h a t  o f th e  c o n tra c te d  ones. F ro m  th e  
to ta l  am o u n t o f n u c leo tid e  (“ N ” , exp ressed  in  p M jg m uscle) and  from  th e  
acid-lab ile  P  (“ P ” , (iM/g m uscle) th e  P /N  ra tio  w as com p u ted  an d  was used  to  
assess th e  degree of phosph o ry la tio n  o f  th e  b o u n d  nucleo tide .

C on trac ted  m y ofib rils  w ere p rep a red  by  in c u b a tio n  w ith  A T P  in  su itab le  
m ed ia  for from  1 to  30 m in u tes .

T he m yofib ril p re p a ra tio n s  used  w ere  considered  to b e  re lax ed , a lth o u g h  
in  fa c t th e y  w ere s lig h tly  co n trac ted . T h e  m yofib rils  in c u b a te d  w ith  A T P  
b u t tre a te d  in  v a rio u s  w ays to  in h ib it c o n tra c tio n  were also  considered to  he  
re lax ed . Such re lax in g  tre a tm e n ts  w ere th e  follow ing.

1. The relaxing factor  prepared from  m uscle according to  P ortzehl [9], 
a suspension of subcellular granule fractions o f unknown com position.

T here is n o t su ffic ien t evidence as to  th e  n a tu re  o f th e  re lax ing  fac to r  
f i r s t  described  b y  Ma r sh  [13]. I t  is a c o n s titu e n t o f th e  m uscle cell. A tte m p ts  
h a v e  been  m ade to  id e n tify  i t  w ith  v a rio u s  enzym es o f  m uscle, th a t  can  
p h o sp h o ry la te  A D P  b y  tra n sp h o sp h o ry la tio n  [14, 15, 16]. R ecen t d a ta  seem  
to  in d ica te  th a t  th is  v iew  is n o t te n a b le  [9, 17] and  th a t  ce rta in  g ran u la r  
com ponen ts w ould be responsib le  for th e  re lax in g  ac tion  [9, 17], ev en tu a lly  
to g e th e r  w ith  som e su b stan ce  of n o n -p ro te in  n a tu re  an d  o f unknow n com ­
p o sitio n  [18, 19, 20].

2. E D T A  (e th y len e  d iam ine  te t r a a c e ta te  sodium ). T he re la x a n t ac tio n  
o f E D T A  on th e  g lycero l f ib re  m odel w as f ir s t  described  b y  B ozler [21] an d  
W a t a n a b e  [22].

3. M g-free reaction m ixture. Mg ion s m u s t be p re se n t w hen  m ax im u m  
c o n tra c tio n  of ac to m y o sin  is to  be ach iev ed . T herefo re , in  th e  absence o f Mg 
th e  A T P -tre a te d  m y o fib ril is considered  to  be re lax ed .

4. Incubation at 0° C. I t  is know n t h a t  no c o n trac tio n  ta k e s  p lace, or th e  
c o n tra c te d  m odel re laxes w hen  th e  m ed iu m  elic itin g  m ax im u m  co n trac tio n  a t  
th e  te m p e ra tu re  ran g e  o f from  20 to  30° C is  cooled to  0° C [23, 24].

5. H igh ionic strength. Io n ic  s tre n g th  p ro fo u n d ly  in fluences th e  c o n trac tio n  
o f actom yosin  m odel sy stem s; th e  system  re lax es above 0.2 [x [24, 25].

The m y ofib ril re a c tin g  in  a m ed iu m  w hose ionic s tre n g th  has been  in ­
creased  from  0.025 to  0.20 ц  is considered  to  be re lax ed .

6. Urea w as f ir s t  described  to  cause th e  re la x a tio n  o f th e  g lycerol f ib re  
(a t  a co n cen tra tio n  o f 1.0 M )  b y  B ozler  [26]. T he m y o fib ril reac tin g  w ith  
A T P  in  th e  presence 1 M  u rea  is considered  re lax ed .

7. A T P  concentration beyond the op tim u m . T here  is an  op tim u m  for 
th e  co n trac tio n  o f ac to m y o sin  m odel sy stem s in  in  d ependence  o f A T P  co n ­
c e n tra tio n  [24, 27]. A round  an  A T P  co n c e n tra tio n  of 10 m M , co n trac tio n  does



8 8 N. A. BIRÓ  and A. M ÜHLRAD

n o t ta k e  p lace an y  lo n g er. The m y ofib rils  in cu b a ted  in  m ed ia  w ith  such  h ig h  
co n cen tra tio n s  of A T P  are  considered re lax ed .

T he re lax ed  or c o n tra c te d  s ta te  o f th e  m yofib rils  tre a te d  b y  v a rio u s 
m e th o d s  was checked  f i r s t  o f a ll b y  assay in g  th e  A T P ase  a c tiv ity , considering  
t h a t  th e  c o n trac tio n  o f  th e  v a rious ac tom yosin  system s is associa ted  w ith  
a h ig h  A T Pase a c t iv i ty  (a few decim al f iM  P /m in /m g actom yosin ), w hile 
re la x a tio n  w ith  a low , in h ib ite d  A T P ase  a c tiv ity  (a few  h u n d re d th s  f iM  
P /m in /m g  ac tom yosin ). T h e  re lax in g  tre a tm e n ts  em ployed  reduced  th e  A T P ase  
a c t iv i ty  to  10 to  35 p e r  c en t o f th a t  show n b y  th e  co n tra c te d  m yofib ril. A T P ase  
w as n o t e s tim a ted  in  ev e ry  ex p erim en t, because th e  se ttlin g  d u ring  in c u b a tio n  
offered  d irec t ev idence  o f th e  co n tra c te d  or re laxed  s ta te  o f th e  m y o fib ril.

I n  T ab le  I  a n d  I I  a re  p resen ted  tb e  re su lts  of analy sis  for th e  c o n trac ted  
m y o fib ril an d  for m y o fib rils  caused to  re la x  b y  t re a tm e n t w ith  th e  re lax in g

Table I

Incubation  in  the reaction m ixture specified in  the text 
F in a l  co n cen tra tio n s o f  re la x an ts : re lax ing  fa c to r [9]: 4 m l/10 m l reac tion  m ix tu re ; E D T A : 
0.004 M . D u ra tio n  of in cu b a tio n  2 m inutes. R eac tio n  stopped b y  th e  add itio n  of e th an o l to  a  
f in a l  co n cen tra tio n  of 20 p e r  cen t, followed by  w ash ing  w ith  b o ra te  buffer contain ing  20 p e r c en t

e th an o l

ц М  nucleotide 
g actomyosin 

“ N”

ц М  hydrolysable P  
g actomyosin

“ P ”
P/N

C ontracted 7 .1 5 7 .6 0 1 .0 7

R elaxed (M arsh f.) 6 .4 0 4 .6 5 0 .7 3

R elaxed (ED TA ) 6 .7 5 5 .2 5 0 .7 8

R elaxed (no M g+ + ) 6 .5 5 5 .3 0 0 .8 1

R elaxed  (0° C) 6 .6 3 5 .2 4 0 .7 9

Table II

E xperim en ta l conditions as in  Table I. A t the end o f  incubation centrifugation, followed by washing
with borate buffer

f iM  nucleotide 
g actom yosin

(N)

/цМ hydrolysable P  
g actomyosin

(p)
P/N

C ontracted 8.1 9.0 l . i i

R elaxed (M arsh f.) 7.5 6.3 0.84

R elaxed (E D T A ) 7.2 5.8 0.80

R elaxed (0° C) 7.6 6.4 0.84

R elaxed (no M g+ + ) 7.0 5.7 0.82

fa c to r , E D T A , M g-free m edium  an d  in c u b a tio n  a t 0° C, re spec tive ly . In  th e  
ex p erim en ts  shew n  in  T ab le  I , in c u b a tio n  was te rm in a te d  b y  th e  ad d itio n  o f 
e th an o l and  th e  free  n u c leo tid e  wras w ashed  c u t in  an  e th an o lic  m ed ium . In  th e
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ex p e rim en ts  co n ta in ed  in  T able I I ,  in c u b a tio n  was b ro u g h t to  an  end w ith  
cen trifu g a tio n  a n d  w ashing  w ith  b o ra te  buffer.

B o th  ty p es o f  ex perim en ts in d ic a te d  clearly  th a t  th e  re la x e d  m yofib rils  
c o n ta in  less n u c leo tid e , w hich is also  less p h o sp h o ry la ted .

N ex t, we ex am in ed  in  w hat m easu re  th e  p h o sp h o ry la tio n  o f th e  n u c leo ­
tid e  is influenced  b y  co n trac tio n  or b y  th e  d u ra tio n  of th e  re a c tio n . The d u ra tio n  
o f  co n cen tra tio n  w as 30 m inu tes, i. e. a p e rio d  during  w hich a ll o f th e  added free 
A T P  w as ce rta in ly  b roken  dow n. A cco rd in g  to  th e  enzym e a ssay s, 5 ц М /m l 
A T P  was broken  dow n com pletely  w ith in  5 m in u tes . A fter 30 m in u te s  th e  co n ­
tr a c te d  suspension d id  no t con ta in  h ig h -en e rg y  P  in th e  free  n u c leo tid e , w hile 
th e  re lax ed  one co n ta in ed  a co n siderab le  am o u n t o f h y d ro ly sa b le  P . T he 
re su lts  of these ex p erim en ts  are p re se n te d  in  T ab le  I I I .

Table III

Experim ental conditions as in  Table I ,  except fo r  duration o f  incubation

Duration of 
incubation, 

minutes

/лМ  nucleotide 
g actom yosin 

(N)

/i M  hydrolysable P 
g actom yosin

(p)
P/N

C o n trac ted l 6.8 7.55 1.11

R elaxed  (EDTA) l 6.75 5.25 0.78

C o n trac ted 30 8.5 9.2 1.08

R elax ed  (EDTA) 30 6.95 6.3 0.91

The resu lts  m ake i t  clear th a t  th e  d u ra tio n  of th e  e x p e rim e n t h ad  no sig ­
n if ic a n t in fluence on th e  p h o sp h o ry la tio n  o f th e  bound  n u c leo tid e . T he fa c t 
t h a t  a f te r  30 m in u te s  th e re  was no free  A T P  in  th e  c o n tra c te d  m yofib ril su s ­
p en sio n , while it  w as s ti l l  d e tec tab le  in  th e  re lax ed  one, a n d  y e t  th e  P /N  ra tio  
w as h igher in  th e  c o n tra c te d  su spension , in d ic a te  th a t  an  im p e rfe c t sep ara tio n  
o f  th e  free nucleo tide  from  th e  m y o fib ril c an n o t be held  re sp o n sib le  for th e  
phenom enon .

Table IV

E xperim ental setup as before. A fte r incubation corresponding to the “original state” , the process 
was stopped by centrifugation. Subsequently, the substances specified were added to the single po in ts , 
as well as MgSO± to a fin a l concentration o f  0,005 M  and the usual buffer. The reaction ivas then 

stopped again by centrifugation. W ashing w ith  0,02 M  borate b u ffe r  p H  7

Original s ta te
A fter

centrifugation

I
S tate  afte r  
2nd adding

1

f i M  nucleotide 
g actomyosin

ц М  hydrolysable P 
g actom yosin

P/N

C o n trac ted - f  E D T A J co n trac ted 6.6 6.8 1.05

R elax ed — relaxed 6.15 4.65 0.75

C o n trac ted - fE D T A + A T P l relaxed 6.05 4.8 0.79

R elax ed + A T P co n tracted 6.95 7.2 1.04
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T he d a ta  in  T a b le  IV  revea l th a t  th e  difference in  p h o sp h o ry la tio n  b e ­
tw een  th e  co n tra c te d  a n d  re laxed  m y o fib rils , as w ell as th e  change ta k in g  
p lace  on co n trac tio n  a n d  re lax a tio n  are  reversib le . W h en , n am ely , c o n tra c te d  
m y o fib rils  are caused  to  re la x  or re lax ed  ones to  c o n tra c t, th e  nucleo tide o f  th e  
m y o fib ril w ill in v a r ia b ly  re fle c t th e  la s t  cond ition . I t  is a lso  clear th a t  E D T A  
alone , in  th e  absence o f  A T P , does n o t cause re la x a tio n  (see [21]); th e  co n ­
tra c te d  m yofib ril re su sp en d ed  in  a m ed iu m  con ta in in g  E D T A  ex h ib ited  th e  
P /N  ra tio  a p p a re n tly  c h a ra c te ris tic  o f th e  co n trac ted  m y o fib r il , and  i t  w as on ly  
a f te r  a second re su sp en sio n  in  th e  p resence  of E D T A  a n d  A T P th a t  th e re  
ap p ea red  a P /N  ra t io  c h a ra c te r is tic  o f th e  relaxed  s ta te .

O ther re la x a n t e ffec ts  were also ana lysed . As th e  d a ta  in  Table V show , 
th e  difference in  th e  m easu re  of p h o sp h o ry la tio n  b e tw een  th e  nucleotide b o u n d

1.0

0.9 

1 0 .8

0.7

~ 2  V  J  16

ATP p M  ml
Fig. 1. C hanges in  th e  va lue  of P /N  in  th e  fu n c tio n  o f A T P  con cen tra tio n .

E x p e rim en ta l co n d itio n s as specified in  T ab le  I.
—  • • —  in  th e  presence o f E D T A
-----------------  no  E D T A
X co n tra c tio n  
O re la x a tio n

to  th e  co n trac ted  m y o fib r il and  th a t  b o u n d  to  th e  re la x e d  m yofibril does n o t 
ch a rac te rize  an y  k in d  o f  re lax a tio n . R e lax a tio n  in d u c e d  b y  high KC1 con­
c e n tra tio n  and  th a t  p ro d u ced  b y  ad d in g  u re a  increased  r a th e r  th a n  decreased  
th e  va lu e  of P /N .

T he sam e ap p lie s  to  th e  effect o f an  A T P  c o n c e n tra tio n  above th e  o p ti­
m u m , as i t  is c lear fro m  F ig . 1.

I t  is n o te w o rth y  t h a t  in  th e  above cases th e  P /N  ra t io  decreased a f te r  
th e  a d d itio n  of E D T A  (T able  V an d  F ig . 1).

W h a t m ay  be  resp o n sib le  for th e  decrease of th e  P /N  ra tio  a t re la x a tio n  
o f  c e r ta in  k inds an d  i ts  increase  w ith  co n trac tio n ?  T he h ig h e r  value of th e  P /N  
r a t io  w ith  th e  c o n tra c te d  s ta te  m ay  be  due to  a tra n sfe r  o f  P  from  th e  free A T P  
to  th e  bound  A D P  on co n trac tio n  (or th e  la t te r  is s u b s ti tu te d  b y  A T P ), b u t  
th e  change m ay also  re s u lt  from  a re d u c tio n  in  th e  q u a n t i ty  o f bound n u c leo tid e
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Table V
Incubation and w ashing as specified in  Table I  

E D T A , 0 .0 0 4  M ; KC1, 0 .2  M ; U rea, 1 M

-f EDTA
/iM  nucleotide 
g ac t omyősin 

(N )'

/x M  hydrolysable P  
g actomyosin

(p)
P/N

C ontracted — 6 .4 6 .8 1 .0 6

R elaxed (E D T A ) _
5 .7 5 .1 0 .8 9

R elaxed (KC1) - 7 .4 1 0 .3 1 .3 9

Relaxed (KC1) + 7 .4 7 .2 0 .9 7

R elaxed (urea) — 5 .4 6 6 .2 1 .1 3

R elaxed  (urea) + 4 .9 5 3 .7 5 0 .7 4

a t  w ashing a fte r  in c u b a tio n , due in  th e  re lax ed  s ta te  f ir s t  o f a ll to  an  e lu tion  o f 
A T P . R ad io ac tiv e  iso tope  stud ies seem ed  to  offer th e  b est p o ss ib ility  to  decide 
th is  issue. I f  th e  increase  of th e  P /N  ra t io  in  th e  co n trac ted  s ta te  is due to  an  
increase  of b o u n d  A T P , on c o n trac tio n  in d u ced  b y  labelled  A T P  a considerab le 
p ro p o rtio n  (ab o u t 30 p er cent) of th e  h y d ro ly sab le  P  of th e  b o u n d  n u c leo tid e  
m ig h t be expec ted  to  be su b s titu te d , a n d  ra d io a c tiv ity  w ill a p p e a r in  th e  b o u n d  
nucleo tide . T he ex p erim en t was ca rried  o u t and  th e  re su lts  are show n in  
T ab le  V I.

Table VI
E xperim ental conditions as specified in  Table I  

R e la tiv e  specific a c t iv ity  re la ted  to  specific a c tiv ity  o f th e  hydro lysab le  P  of th e  A T P used

/л М  nucleotide 
g actomyosin

(N)

[xM  hydrolysable P  
g actom yosin

(p)
P/N

R elative specific 
ac tiv ity  X 100

C ontracted 6 .6 5 6 .9 1 .0 6 2 .5 5

C ontracted 6 .4 6 .8 1 .0 4 5 .2 5

R elaxed (E D T A ) 6 .0 5 4 .0 5 0 .6 7 3 .5 5

R elaxed (E D T A ) 5 .6 4 .0 0 .7 2 4 .2

As seen, no s u b s ta n tia l  exchange h as  ta k e n  place in  th e  ex p erim en t 
show n. T hus, th e  d ifference in  th e  co m position  of th e  b o u n d  nucleo tide b e ­
tw e e n  th e  re lax ed  an d  th e  c o n tra c te d  m y o fib ril was n o t due  to  a p h o sp h o ry ­
la tio n  of th e  b o u n d  nucleo tide  on c o n tra c tio n  or to  an exchange of p a r t  o f th e  
A D P  for A T P . T h e  difference m u s t h a v e  b een  due  to  a re lease  o f  som e o f th e  
b o u n d  nucleo tide  b y  th e  re laxed  m y o fib ril d u rin g  in c u b a tio n  or d u ring  th e  
•elution follow ing i t ,  an d  th e  n u c leo tid e  lo st from  th e  re lax ed  m yofib rils w as 
f i r s t  o f all A T P . R e lax a tio n , a t  le a s t w ith  som e of th e  re la x in g  effects, in f lu ­
enced  th e  n a tu re  o f  th e  n u c le itid e -p ro te in  b o n d  and  th is  m u s t have b een  
responsib le  for th e  d ifference observed .
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D iscussion

T he experim en ts described  call a t te n tio n  to  c e r ta in  d ifferences in  th e  
p h o sp h o ry la tio n  of th e  b o u n d  n uc leo tides betw een  th e  m y o fib ril suspensions 
cau sed  to  re lax  by  v a r io u s  m ethods. E v id en ce  has b een  o b ta in ed  to  suggest 
t h a t  re la x a tio n  in d u c e d  b y  th e  M arsh  fa c to r , E D T A , 0 °C or M g++ -d e­
fic ien cy  is d ifferen t fro m  th a t  in d u ced  b y  u rea , h igh  KC1 or h igh A T P  con­
c e n tra tio n s . This is s u p p o r te d  also by  B e n d a l l ’s s ta te m e n t [28] th a t  th e re  are  
tw o  ty p e s  of r e la x a tio n : a “ M arsh fae to r-E D T A ”  ty p e , [20, 31], ta k in g  
p lace  also w hen th e  c o n c e n tra tio n  o f M g++ is in  excess over, and  th e  “ p y ro ­
p h o sp h a te  or h igh A T P  co n c e n tra tio n ”  ty p e , w hich re su lts  w hen th e  concen­
t r a t io n  o f  M g++ is lo w er th a n  of th e  re la x in g  ag en t. B á r á n y  et al. [31, 32] 
h a v e  re c e n tly  found  t h a t  th e  in h ib itio n  o f  b o th  A T P ase  a c tiv ity  an d  c o n tra c ­
t io n  is caused by  su b s ta n c e s  w hich a c t on  m yosin  p ro p e r or in h ib it th e  in te r ­
a c tio n  betw een  m yo sin  a n d  ac tin . As we h a v e  seen on th e  basis o f th e  p h o s­
p h o ry la tio n  of th e  b o u n d  nucleo tide  a lso  tw o  ty p es of re la x a tio n  can be id e n ti­
f ie d . T h e  connections b e tw een  th is  o b se rv a tio n  an d  th o se  m en tioned  above 
re q u ire  fu rth e r in v e s tig a tio n .

T he experim en ts w ith  rad io ac tiv e  A T P  in d ica te  t h a t  th e  d ifference in  
th e  com position  of th e  b o u n d  n u c leo tide  betw een  th e  re la x e d  and  c o n tra c te d  
m y o fib ril is no t due  to  a P -u p tak e  b y  th e  b o und  n u c leo tid e  th ro u g h  t r a n s ­
p h o sp h o ry la tio n . In  re la x a tio n , as in d u c e d  b y  ce rta in  m e th o d s , th e  P /N  ra tio  
is , in v a r ia b ly  asso c ia ted  w ith  a ce rta in  loss o f to ta l  n u c leo tid e  due to  a loss of 
b o u n d  nucleo tide (m a in ly  A TP) b y  th e  re la x e d  m y o fib ril. T h a t th is  is a c tu a lly  
so a n d  th e  d ifference is  n o t  due to  an  im p e rfec t rem o v a l o f free A T P  in  con­
sequence  to  an in c rea sed  d e h y d ra tio n  o f th e  co n trac ted  m y ofib ril (T ab le  I I I ) ,  
is in d ic a te d  by  th e  p e rs is te n c e  of th e  d ifference  a fte r th e  com plete  b reak d o w n  
o f A T P . In  th e  cases w h en  re la x a tio n  is  n o t asso c ia ted  w ith  a decrease o f  
th e  P /N  ra tio , th e re  is  no reason  to  assum e th a t  th e  h y d ra ta tio n  o f th e  
m y o fib ril would be s im ila r  to  th a t  o f th e  co n trac ted  m y o fib ril e ith e r . The 
d ifferences o b ta ined  a re  considered to  be  rea l ones, due  to  d ifferences a p p e a r­
in g  on re lax a tio n  in  th e  p ro te in -n u c leo tid e  bond  and  m an ifested  f i r s t  o f a ll in  
a looser linkage w ith  A T P . The ra d io a c tiv e  iso tope ex p e rim en ts  in te n d e d  to  
e lu c id a te  w hether th e  b o u n d  n u c leo tid e  w ould  tak e  p a r t  in  th e  A T P  b re a k ­
dow n associated  w ith  c o n trac tio n , w ill be  described  in  a n o th e r re p o rt [7].
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The b o u n d  acid  labile f ra c t io n  a n d  th e  b o u n d  in o rg an ic  p h o sp h a te  o f th e  m y o ­
fib ril do n o t b ecom e sign ifican tly  lab e lled  w hen  th e  m y o fib ril b re ak s  dow n A T P  eq u ally  
labelled  in  th e  ß  and  y  p o s itio n s . L ikew ise , th e re  is  no d ecrease  in  th e  specific  
a c tiv ity  o f th e  p h o sp h a te  frac tio n s  o f m y o fib rils  labe lled  in  vivo  w ith  32P  w hen  th e  
iso lated  m y o fib ril is sp littin g  n o n -rad io a c tiv e  A T P .

The r a te  o f neogenesis o f th e  m y o fib ril-b o u n d  P  frac tio n s  is  several o rders o f 
m agn itude  h ig h e r th a n  th a t  o f  th e  a c t in  p ro te in  (Ve l ic k  [5]).

The a b o v e  resu lts  are a n a ly se d  w ith  a  v iew  to  a  h y p o th e tic a l in te rm e d ia ry  ro le  
o f th e  b o u n d  nu c leo tid e  w ith  sp ec ia l re ference to  th e  resu lts  p u b lish ed  b y  Stro h m a n  
[9], P er r y  [10], U lbrecht  a n d  U l b r e c h t  [11].

In  a p rev ious re p o rt [1] i t  h a s  been  concluded th a t  th e  assum ed cyclic  
ch an g e  of th e  b o u n d  nucleo tide  b e tw een  th e  p h o sp h o ry la ted  a n d  dephospho- 
ry la te d  s ta te s  c a n n o t be d e m o n s tra te d  b y  a sim ple analysis  o f th e  b o u n d  n u c ­
le o tid e  in  th e  v a r io u s  s ta te s  o f th e  m uscle. T he cause o f th is  is f ir s t  of a ll 
te c h n ic a l: a lth o u g h  th e re  p e rs is te n tly  occurred  sm all d ifferences in  p h o sp h o ­
ry la t io n  betw een  re lax ed  and  c o n tra c te d  m uscles (P/N ra t io , see T ab les in  
[1]), a t  th e  sam e t im e  the  to ta l  n u c le o tid e  c o n te n t also ch an g ed . T herefo re  i t  
cou ld  n o t be e s ta b lish e d  w hether th e  d ifference w as due a c tu a lly  to  a t r a n s i t  
fro m  th e  re laxed  to  th e  co n trac ted  s ta te  o r i t  w as an  u n im p o r ta n t phenom enon  
re su ltin g  from  th e  w ashings req u ired  for th e  iso la tio n  of th e  b o u n d  n ucleo tide . 
I t  becam e obvious t h a t  th e  p ro b lem  could  ad v an tag eo u sly  b e  in v e s tig a te d  b y  
th e  u se  of rad io a c tiv e  P , because in  th is  case an  ev en tu a l exch an g e  of p h o sp h a te  
frac tio n s  m ay y ie ld  decisive ev id en ce  even  if  th e  n u c leo tid e  exam ined  w ould  
b e  ju s t  a frac tio n  o f  th e  b o u n d  n u c leo tid e  p resu m ab ly  in v o lved  in  th e  
re a c tio n .

W e stu d ied  n o t  only  th e  p h o sp h a te  of th e  b o und  n u c leo tid e , h u t  also th e  
m y o fib ril-b o u n d  p h o sp h a te , i. e. t h a t  freed  b y  perch lo ric  ac id  from  th e  
th o ro u g h ly -w ash ed  m yofib ril. T h e  p e rs is te n t presence o f th is  p h o sp h a te  w as a l­
re a d y  n o ted  in  o u r in i t ia l  s tud ies [2]. As i ts  a m o u n t is n e a r  to  t h a t  o f th e  b o u n d  
n u c leo tid e , and  i t  fo rm s a v e ry  f irm  bo n d  an d  is lin k ed  sp ec ifica lly  to  a c tin  
(as i t  w ill he seen la te r ) , i t  is ju s t  as ju s tif ie d  to  a t t r ib u te  a fu n c tio n a l s ig n if­
ican ce  to  i t  as to  th e  bound n u c le o tid e . E x a c tly  th e  sam e conclusions h a v e  
b e e n  d raw n re c e n tly  b y  H a s s e l b a c h  [3] as regards b o u n d  ino rgan ic  p h o s­
p h a te .
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M aterials a n d  m ethods

T hese have a lre a d y  b e e n  described [1], e x c e p t fo r some d e ta ils  w hich  w ill be  p re sen te d  
w ith  th e  experim ents.

R esu lts

a)  E xperim ents concerning the nature o f  the bound inorganic phosphate

I n  15 d ifferen t m y o fib ril  suspensions, p rep ared  b y  th e  u su a l m e th o d  an d  
w ashed , th e  inorgan ic  P  c o n te n t av erag ed  0.18 p M /g  fre sh  m uscle , an d  th e  a d e ­
n in e  nucleo tide  a v e rag ed  0.25 p M g f  D e ta ile d  stud ies show ed  th is  inorgan ic  P  to  
be b o u n d  to  th e  a c tin  p ro te in  of th e  m y o fib ril. W ashed  m y o fib ril was t r e a te d  
w ith  an  ex trac tin g  f lu id  (H a n so n  an d  H u x l e y  [4]) w hich  e x tra c ts  exclusively  
m y o sin  from  m uscle. T o  6.6 m l of m y o fib ril suspension (co rrespond ing  to  1.1 g 
o f  fre sh  muscle) 55 m l o f  th e  e x tra c tin g  f lu id  w as a d d e d . A fte r s ta n d in g  fo r 
1 h o u r  a t  0° C and  c e n tr ifu g a tio n  for 10 m in u te s  a t  900 g  e x tra c tio n  w as r e ­
p e a te d . A fter an  in te rv a l  of 30 m in u tes  fo llow ed a n o th e r  c e n tr ifu g a tio n  for 10 
m in u te s  a t  900 g.  T h e  vo lu m e was th e n  a d ju s te d  to  11 m l w ith  0.02 M  b o ra te  
b u ffe r  (pH  7), one m l w as rem oved to  b e  te s te d  for non -co llagen  p ro te in , an d  
th e  r e s t  o f th e  su sp en sio n  was te s te d  fo r ino rgan ic  an d  ac id -lab ile  p h o sp h a te , 
as w ell as for n u c leo tid e , as a lread y  d esc rib ed .

T he resu lts a re  p re se n te d  in  T a b le  I .

Table I

Whole
myofibril

After myosin 
extraction

P ro tein  m g 86 56

P, inorgan ic, /rm ole 0.279 0.243

P, h y d ro ly sab le , /unole 0.441 0.387

N ucleotide, /лтпо\е 0.370 0.332

A ccording to  th e  re su lts , th e  e x tra c tio n  of m yosin  w as only  p a r t ia l ,  b u t  
w h ile  th e  p ro te in  loss am o u n ted  to  40 p e r cen t (fa lling  as a w hole on m yosin ), 
th e  loss in  inorganic  P  o r in  adenine n u c leo tid e  was on ly  10 p e r cen t, in d ic a tin g  
t h a t  th e  bound in o rg a n ic  P  is b ound  to  a c tin , like th e  nuc leo tid e .

N ex t i t  was e x a m in e d  to  w hat e x te n t  th e  b ound  in o rg an ic  an d  th e  h y d ro - 
ly sab le  P  m ay be re p la c e d  b y  32P , to  assess th e  s tre n g th  o f th e  bond  b e tw een  
p ro te in  and  p h o sp h a te . M yofibril w as in c u b a te d  fo r v a rio u s  len g th s  o f tim e  
w ith  o rth o p h o sp h a te  co n ta in in g  32P , w ashed  six  tim es  w ith  0.02 M  b o ra te
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b u ffe r ;  f in a lly , th e  b o u n d  frac tio n s w ere e x tra c te d  w ith  6 p e r  c e n t perch lo ric  
a c id  an d  th e  m easu re  of exchange w as assessed on g round  o f th e  specific  
a c t iv i ty .  The re su lts  are illu s tra te d  in  F ig . 1.

T he ex p e rim en t showed th e  b o n d  betw een  th e  inorgan ic  p h o sp h a te  an d  
th e  p ro te in  to  be f irm ; were i t  m ere ly  an  ad so rp tiv e  linkage, an  eq u ilib ra tio n  
b e tw een  th e  free a n d  o rth o p h o sp h a te  w ould have  occurred , co rrespond ing  to  
a 100 p e r cen t exchange . H ow ever, on ly  5 p er cen t of th e  b o u n d  p h o sp h a te  w as 
ex ch an g ed  in  40 h o u rs , a fin d in g  d e fin ite ly  p o in tin g  to  th e  s ta b il i ty  o f th e  bond .

T h is  confirm s th e  ex istence  of a w ell-defined  inorganic  o rth o p h o sp h a te , b o und  
to  a c tin , a fac t m ad e  probab le  b y  H a s s e l b a c h ’s d a ta  [3].

b)  E xperim ents concerning the metabolism o f  the bound phosphate frac tion

O n th e  b asis  o f th e  assum ed in te rm e d ia ry  role of b o u n d  A D P , or bound  
A D P  an d  bound  in o rg an ic  p h o sp h a te , four d ifferen t m echan ism s a re  conceiv­
ab le . R eactions 1 an d  2 w culd  in v o lv e  an  exchange of b o u n d  A D P  for A T P , 
w h ile  reac tions 3 an d  4 a p h o sp h o ry la tio n  of b o und  A D P  b y  free A T P  as th e  
p h o sp h o ru s d o n a to r. In  ad d itio n , i t  is assum ed th a t  in reac tio n s 2 an d  4 in  th e  
course of th e  d ep h o sp h o ry la tio n  o f b o u n d  A T P  th e  p h o sp h a te  sp lit  off is b o und  
to  p ro te in  and  th is  w ould  be th e  p ro te in -b o u n d  p h o sp h a te  m en tio n ed  above. 
([A ] m eans a c tin  p ro te in , and  th e  adenosine ph o sp h a tes  a re  rep re sen ted  by  
A d P P P , etc.). T h e  equations re la te  to  A T P  labe lled  even ly  w ith  iso tope  
in  th e  ß  and  y  p o sitio n s, co rrespond ing  to  th e  la te r-sp ec ified  ex p erim en ta l 
co n d itio n s, d esig n a tin g  th e  iso tope-labe lled  p h o sp h a te  g roups w ith  P*. As th e  
e q u a tio n s  show, in  3 of th e  h y p o th e tic a l m echanism s (1, 2 an d  4) labe llin g  m ust 
ta k e  p lace. In  m echan ism  1 th e  b o u n d  n ucleo tide , in  m echan ism  2 th e  nucleo­
t id e  an d  th e  b o u n d  inorganic p h o sp h a te , and  in  m echan ism  4 th e  b ound  in ­
o rg an ic  p h o sp h a te  m u s t becom e labe lled .
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T h e ex p erim en ts  co rrespond ing  to  th e  above schem es w ere carried  o u t 
u n d e r  various co n d itio n s b u t  s ig n ifican t lab e lling  w as observed  in  none of th e m . 
One rep re sen ta tiv e  e x p e rim e n t is described  below.

R ad io ac tiv e  A T P  w as sp lit w ith  w ash ed  m y o fib ril. T h e  end  co n cen tra tio n , 
of A T P  was 2 (J.M/m l. T h e  reac tio n  w as s to p p ed  a f te r  one m in u te  b y  c e n tr i­
fu g a tio n . B orate  b u ffe r  w as used fo r w ash ing . T h e  b o ra te  w ashing flu id  an d  
th e  perch lo ric  ac id  e x t r a c t  w ere te s te d  for ph o sp h o ru s frac tions an d  th e ir  
ra d io a c tiv ity . Specific a c t iv i ty  w as re la te d  to  th e  specific  a c tiv ity  o f th e  h y d ro ­
ly zab le  resp . inorgan ic  P  o f  th e  p o st-in cu b a tio n  s u p e rn a ta n t  (-(- w ashing  flu id ). 
T he re su lts  are show n in  T ab le  I I .

T a b le  II

Myofibrils
before

incubation
Myofibrils incubated 

with A"P2P

Bound n u c leo tid e , /лМ /g 0,224 0.235

P , bound , in o rg an ic  /лМ/g 0,171 0.176

R elative spec ific  a c tiv ity  X 100 - 3.2

P , bound, h y d ro ly zab le , ft M /g 0.268 0.272

R elative specific  a c tiv ity  X 100 0.5

As seen, no s ig n if ic a n t exchange h a d  ta k e n  p lace  e ith e r  in  th e  nucleo tide  
fra c tio n , or in  th e  in o rg a n ic  p h o sp h a te  frac tio n . T he exchange of inorgan ic  
p h o sp h a te  was of th e  sam e  o rder of m a g n itu d e  as th a t  ach ieved  by  in cu b a tio n  
w ith  labelled  in o rg an ic  p h o sp h a te  on ly . (F ig . 1).
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E sse n tia lly , th e  sam e ex p e rim en ta l p rocedure w as u sed  w hen th e  p h o s­
p h a te  frac tio n s of th e  m y o fib ril w ere la b e lled  b y  th e  in  vivo  a d m in is tra tio n  o f  
rad io ac tiv e  in o rgan ic  p h o sp h a te  an d  th e n  n o n -rad io ac tiv e  A T P  was sp lit w ith  
labelled  m y o fib ril. I n  accordance w ith  th e  above h y p o th e s is  in  th is  case th e  
labelling  of th e  p h o sp h a te  frac tions o f th e  m yofib ril (w ith  re a c tio n  m echanism s 
1, 2 an d  4) ough t to  h a v e  decreased . I n  th e  ex p e rim en ts  w ith  frog m uscle 
n e ith e r  th e  labelling  o f  th e  nucleo tide p h o sp h a te  nor th a t  o f  th e  inorganic  p h o s­
p h a te  decreased  s ig n ifican tly .

T h is experience suggests th a t  i f  th e  nucleo tide h a s  in te rm e d ia ry  role* 
th is  m ay  correspond  exclusively  to  m echan ism  3, i. e. i t  m ay  be a cyclic 
p h o sp h o ry la tio n -d ep h o sp h o ry la tio n . H ow ever, th is  m ech an ism  can n o t be 
p roved  b y  ex p erim en ts  s im ila r to  th o se  described  ab o v e . I t s  d em o n stra tio n  
w ould req u ire  a f ix a tio n  in  some w ay  o f  th e  h y p o th e tic a l in te rm e d ia ry  A T P - 
s ta te  o f th e  b ound  n u c leo tid e , b u t th e  d é n a tu ra tio n  o f  th e  p ro te in  m akes i t  
im possib le  to  sep a ra te  free  A T P  from  b o u n d  A T P.

A ll th e se  ex p e rim en ts  m ake i t  d o u b tfu l w h e th e r th e  b ound  n u c leo tide  
has an y  ro le  d ire c tly  connected  w ith  fu n c tio n . I t  is n a m e ly  conceivable th a t  
th e  b o u n d  nucleo tide  is  s im ply  a s t ru c tu ra l  elem ent o f  a c tin , th a t  is n o t in ­
volved in  an y  specific m etab o lic  process in  th e  course o f  fu n c tio n . I f  th is  is so, 
th e  r a te  o f exchange o f  th e  bound  n u c leo tid e  p h o sp h a te  m u st be com parab le  
in  o rder o f m ag n itu d e  to  th e  ra te  o f a c tin  neogenesis in  vivo. H ow ever, ex p e ri­
m en ta l ev idence has b een  o b ta in ed  to  show  th a t  th e  b o u n d  nucleo tide  w as 
m uch fa s te r  labe lled  in  vivo  th a n  th e  neogenesis of a c tin  p ro te in .

5 mC of 32P  was in je c te d  in tra p e rito n e a lly  in to  a ra b b i t .  T he an im al w as 
sacrified  96 hours la te r , th e  psoas m uscles w ere p rep a red  o u t in  th e  u su a l w ay . 
On iso la tin g  th e  m y o fib ril frac tio n  th e  su p e rn a ta n ts  w ere  pooled  an d  in  th is  
w ay th e  specific  a c t iv i ty  of th e  free  a n d  bound  f ra c tio n s  was d e te rm in ed  
sep ara te ly . T he re su lts  a re  p re sen ted  in  T ab le  IV.

Table IV

Bound fraction Free fraction

P , inorganic, / 'm o le 0.435 11.8»*

P , inorganic, spec act.* 181 184

P , hydro lyzab le , /(mole 0.345 1.0

P , hydro lysab le , specific a c tiv ity 157 175

* Specific a c tiv ity  =  im p/m in/p.M  P.
** T h e  free inorgan ic  phosphate  frac tio n  contains also th e  P  of creatine  p h o sp h a te . 

This, being  ex trem ely  lab ile , w as broken dow n d u rin g  th e  experim ent.
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T he resu lts  show  no d ifference in  specific  a c tiv ity  b e tw een  th e  free an d  
b o u n d  fractions. V e l i c k  [5] found  67 day s for th e  half-life  o f  ac tin  in  ra b b it  
m u sc le . This w ould  m e a n  a neo-genesis o f  ro u n d  3 p er cen t o f  th e  ae tin  p ro te in  
in  fo u r days. T h u s , th e  p o ss ib ility  t h a t  th e  exchange w ou ld  be a resu lt o f 
t h e  neogenesis o f th e  w hole p ro te in  can  be ru led  out.

D iscussion

T  he above e x p e rim e n ts  h av e  fa iled  to  offer d irec t p ro o f  of th e  ac tin - 
b o u n d  nucleotide ta k in g  p a r t  in  t h a t  spec ia l m etabo lism  o f A T P  in  th e  course 
o f  w h ich  th e  en e rg y  o f  th e  m acroerg ic  p h o sp h a te  b o n d  is tran sfo rm ed  in to  
m ech an ica l w ork. A t th e  sam e t im e , th e  h y p o th esis  shou ld  n o t  be given up  
co m p le te ly . The s ta b i l i ty  of th e  b o n d  b e tw een  ac tin  an d  n u c leo tide  [6, 7], 
t h e  s to ich iom etric  p ro p o rtio n s  [6, 8] a n d  th e  un ique  n a tu re  o f  th e  protein-— 
adenosine-—p h o sp h a te  com plex  c h a ra c te r is tic  of m uscle [2] a re  b y  them selves 
su ff ic ie n t to  be c re d ite d  w ith  specia l sign ificance . T his v iew  is  confirm ed b y  
th e  evidence re c e n tly  p u b lish ed  b y  S t r o h m a n n  [9] th a t  (i) o n  th e  reversib le  
d ep o ly m eriza tio n  o f  a c tin  th e  b o u n d  A D P  tak es  over th e  te rm in a l  p h o sp h a te  
o f  A T P  ensuring re v e rs ib ility ; (ii) u n d e r  a p p ro p ria te  co n d itions th e  a c tin —H —  
m erom yosin  com plex  can  ta k e  over P  from  th e  c rea tine  p h o s p h a te —crea tin e  
sy s te m  and can sp li t  th is  p h o sp h a te , w hich  is tra n sp h o sp h o ry la te d  to  p ro te in  
b o u n d  AD P. T hese ex perim en ts in d ic a te  th a t  u n d er su ita b le  conditions th e  
a c tin -b o u n d  n u c le o tid e  is in  fac t c ap ab le  o f being  p h o sp h o ry la ted  and  th a t  th e  
p h o sp h a te  th u s  tra n s fe r re d  is sp lit o ff aga in . T his m eans t h a t  S tr o h m a n n  has 
succeeded  in  d e m o n s tra tin g  th e  ex is ten ce  of th e  m echan ism  w h ich  on th e  basis  
o f  o u r above e x p e rim e n ts  we sugg ested  as th e  only possib le  one (reaction  3). 
W h e th e r  th is  m ech an ism s a c tu a lly  ta k e s  p lace in  th e  m y o fib rils  w hen A T P  is 
b ro k e n  down, i t  re m a in s  an  open  q u e s tio n , th e  m ore so, since P e r r y  [10] 
o b ta in e d  neg a tiv e  re su lts  w ith  m yofibrils, in  a sy s tem  otherw ise com ­
p le te ly  analogous to  tho se  p re p a re d  b y  S t r o h m a n n . W e th e re fo re  feel th a t  
th is  hypothesis, fu n d a m e n ta l from  th e  p o in t of view  o f th e  m echanism  o f 
m u sc le  ac tiv ity , sh o u ld  be fu r th e r  s tu d ie d , i t  being su p p o rte d  also b y  th e  
la b e llin g  ex p erim en ts  in  vivo w h ich  h av e  ru led  ou t th e  possib ility  of th e  
b o u n d  nucleotide b e in g  m erely  of s tru c tu ra l  im portance .

I t  is m ore d if f ic u lt  to  form  an  o p in ion  as to  th e  role of th e  b o u n d  inorgan ic  
p h o sp h a te . The a b o v e  ex p erim en ts  m ak e  i t  un like ly  th a t  th is  p h o sp h a te  w ould  
b e  an  in te rm ed ia ry  o f  A T P  b reak d o w n . I f  th e re  is a p ro te in -p h o sp h a te  in te r ­
m e d ia ry , as i t  h as  re p e a te d ly  been  suggested  (m ore recen tly  b y  U l b r e c h t  an d  
U l b r e c h t  [11]), i t  is n o t th e  f irm ly  b o u n d  p h o sp h a te  fo u n d  in  th e  w ashed  
m y o fib rils , b u t p o ssib ly  some m ore lab ile  bond .

U l b r e c h t  a n d  U l b r e c h t  h a v e  su g g e s te d  th e  e x is te n c e  o f a p ro te in -  
p h o s p h a te  in te r m e d ia r y ,  b ec au se  th e y  fo u n d  t h a t  in  th e  c o u rse  o f  A T P b r e a k ­
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dow n in  th e  p resence  of ra d io a c tiv e  A D P  th e  A T P  becam e lab e lled , p re ­
su m ab ly  as a re su lt  o f a h y p o th e tica l p ro te in — phosphate-com plex  in te rm e d ia ry  
fo rm atio n . T h e ir  ex perim en ts h av e  y ie ld e d  no ev idence as to  th e  n a tu re  of th is  
com plex , so th a t  i f  th e  com plex a c tu a lly  ex ists, i t  m ay  be id e n tic a l w ith  th e  
h y p o th e tic a l A T P  in  our reac tio n  schem e 3.
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N o te  ad d ed  in  proof:
Since th is p a p e r  w as sen t to  th e  re d a c tio n , G e r g e l y  et al. [J . Biol Chem . 235, 1704, 

1707 (I960)] questioned  th e  v a lid ity  o f som e of th e  results o f St r o h m a n  [9], and  —  in  m u ch  
sh o rte r  tim es as in  o u r experim ent —  th e y  d id  n o t found  a labe lling  of th e  b o u n d  m yo- 
fib rills  in  vivo. L ike our experim ents, th e  ex p erim en ts o f G e r g e l y  does n o t  exclude e ith e r 
th e  cyclical p h o sp h o ry la tio n -d ep h o sp h o ry la tio n  m echanism  suggested  here. A  m o st recen t 
w o rk  of Y a g i  a n d  N o d a  [B iochim . B io p h y s . A cta  43, 249 (I960)] b ring  c lea r evidence 
o f  th e  p h o sp h o ry la tio n  o f th e  bound  A D P  b y  c rea tin e -p h o sp h a te  on  th e  case o f  m yofibrills 
p re p are d  of g ly ce ro l-trea ted  m uscle o r t r e a te d  w ith  desoxicholate
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ON THE MODE OF ACTION OF STREPTOMYCIN
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B ac te rio s ta tic  concen tra tions o f  s tre p to m y c in  h a d  no su b s ta n tia l in fluence 
on  th e  o x idation  o f a n y  o f th e  su b s tra te s  te s te d  w ith  th e  s tra in s  E . coli В a n d  E . coli 
055. H igher co n ce n tra tio n s , especially in  m ed ia  o f low  ion ic  s tre n g th , caused a p a r tia l  
in h ib itio n  of o x id a tio n , b u t  th is began o n ly  a f te r  a la te n c y  p eriod  of from  20 to  40 
m in u te s  and  p ro ceed ed  a t  a  slow ra te .

B ac te rio s ta tic  concen tra tions o f s tre p to m y c in  in h ib ited  th e  ad ap tiv e  dev elo p ­
m e n t o f th e  te rm in a l o x idation  system  in  E . coli cells fro m  sem ianaerob ic  cu ltu res . 
T he len g th  of ex p o su re  needed for th e  in h ib itio n  v a ried  acco rd ing  to  th e  p rev ailin g  
co n d itio n s and th e  e ffe c t was influenced b y  th e  e lec tro ly te  co n cen tra tio n  and  p H  of 
th e  en v iro n m en t.

T h ere  is no th e o ry  th a t  would u n eq u iv o ca lly  ex p la in  th e  m ode of ac tio n  
of s trep to m y c in . The a c tio n  of the a n tib io tic  on th e  re sp ira tio n  of suscep tib le  
b ac te ria  h as  been d iscu ssed  in  several re p o r ts  [1— 13], b u t  th e  evidence p u b ­
lished is fa r  from  b e in g  uniform . In h ib itio n  of th e  o x id a tio n  of various su b ­
stra te s  in  certa in  m icroorgan ism s su scep tib le  to  s tre p to m y c in  has been o b ­
served b y  H e n r y  et al. [1, 2, 3], Ge ig e r  [4], U m b r e it  et al. [5— 8], as opposed  
to  th e  in creased  ra te  o f  resp ira tion  fo u n d  b y  B en h a m  [9] an d  W a s s e r m a n n  
[10]. P a in e  and  Cl a r k  [11, 12] found n o  u n eq u iv o ca l co rre la tio n  betw een  th e  
action  on th e  re sp ira tio n  an d  the b a c te r io s ta tic  a c tiv ity .

A ccord ing  to  ou r p re lim in ary  e x p e rim e n ts , b a c te r io s ta tic  con cen tra tio n s 
of s trep to m y c in  h av e  no  su bstan tia l in h ib ito ry  ac tio n  on th e  o x id a tio n  o f 
glucose, p y ru v ic  acid , fu m aric  acid, fo rm ic  acid, g lu tam ic  acid , serine, th re o ­
nine etc. b y  th e  s tra in s  E . coli 055 and  E . coli В. The o x id a tio n  o f ce rta in  su b ­
s tra te s  w as p a rtia lly  in h ib ite d  by h ig h e r  co n cen tra tio n s of th e  an tib io tic , 
especially  w hen te s ted  in  m ed ia  poor in  p h o sp h a te . T he in h ib itio n  of re sp ira tio n  
began a f te r  a la te n c y  o f  from  20 to  40  m in u tes  an d  c o n tin u ed  g ra d u a lly .

I t  w as also found  t h a t  th e  E. coli c e lls  from  sem ianaerob ic  cu ltu res slow ly 
oxidized p y ru v a te . T h e  o x id a tio n  of p y ru v a te  could n o t be increased  c a ta ly ti-  
cally w ith  fu m ara te  or o x a lace ta te ; on th e  o th e r h an d , th e  o x id a tiv e  a c tiv ity  o f 
such cells g rea tly  in c re a se d  in tim e  w hen  a  su itab le  oxygen  ten s io n  w as en su red  
and a com plete m ix tu re  o f  am ino  acids, or a n  am m onia  n itro g en  sour ce and  p y ru v ic  
acid  w ere p resen t. T he in c rease  in the a c t iv i ty  of th e  te rm in a l  o x id a tiv e  sy stem  
is be lieved  to  be an  en zy m atic  a d a p ta t io n , as i t  has a p ro tra c te d  course, 
requ ires th e  presence o f  am ino acids a n d  is in h ib ite d  b y  ch lo ram phen ico l. 
The effect o f s tre p to m y c in  on th is a d a p ta t io n  process w as in v es tig a ted .

2 *
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Methods

The te s t  o rg an ism s w ere E . coli В  a n d  E . coli 055.
The b ac te ria  w ere  g row n in  K n ig h t’s sem isy n th e tic  liq u id  m ed iu m , co n ta in ing  c a se in  

h y d ro ly sa te  com pleted  w ith  t ry p to p h a n , a n d  g lucose in  a sa lt m ix tu re  b u ffered  w ith  p h o s ­
p h a te .  T he p H  of th e  c u ltu re  m ed iu m  w as 7.5. T he m icroorgan ism s w ere  c u ltu red  fo r 6 to  
20 h o u rs  a t  37° C, in  s ta n d in g  cu ltu res  u n d e r  sem ianaerob ic  co n d itio n s. T he b a c te r ia  h a r ­
v e s te d  a t  d ifferen t in te rv a ls  w ere w ashed  w ith  0.9 p e r cen t N aCl so lu tio n  or w ith  d is tilled  
w a te r  and  were su sp en d ed  in  6.7 • 10—2 M ,  p H  7.5 p h o sp h a te  b u ffer. In  som e e x p e rim e n ts  
th e  co n cen tra tio n  o f th e  p h o sp h a te  b u ffe r  w as changed , in  o th ers  th e  p H .

The oxygen u p ta k e  b y  th e  cell suspensions w as m easu red  m an o m e trica lly  in  th e  W a rb u rg  
a p p a ra tu s  (the C 0 2 p ro d u c e d  was ab so rb ed  b y  a  s tr ip  o f f i ltre  p a p e r  so aked  in  20 p e r c e n t  
K O H ). The volum e o f  th e  reac tio n  m ix tu re s  in  th e  W arb u rg  vessels w as 3 m l. A tm o sp h e ric  
a i r  se rved  as th e  gas m ix tu re .

T he su b s tra tes  w ere  used  in  th e  follow ing co n cen tra tio n : p y ru v ic  acid , 15 ц М /m l;  
fu m a r ic  acid, 15 p M /m l;  to g e th e r w ith  p y ru v ic  acid , 1.5 pA f/m l); case in  h y d ro ly sa te  (c o m ­
p le te d  w ith  try p to p h a n ) , 0.0033— 0.066 p e r  c e n t;  d ih y d ro strep to m y cin  su lp h a te , 8— 75 p-g/m l. 
E a c h  su b s tra te  was d isso lv ed  in  th e  p h o sp h a te  b u ffe r  a n d  th e  p H  w as a d ju s te d  to  th e  re q u ire d  
v a lu e .

The d ry  solids o f  th e  cells w ere d e te rm in e d  n ep h elom etrica lly , b y  com parison  w ith  a n  
em p irica lly -p lo tte d  c a lib ra tio n  curve.

T he n itro g en  c o n te n t  o f th e  cells w as e s tim a te d  b y  th e  q u a n ti ta t iv e  K essler re a c tio n  
f ro m  aliquo ts ta k e n  fro m  th e  re ac tio n  m ix tu re s , a f te r  d igestion  w ith  su lp h u ric  acid in  th e  
p re sen c e  of a se len ium  c a ta ly s t ,  b y  th e  p h o to m e tr ic  m ethod .

The resu lts  a re  g iv e n  e ith e r  as th e  Ço2 re la te d  to  cellu lar n itro g e n  | Qo2 (N)] or as th e  
a m o u n t  o f oxygen (in  m ic ro litre )  consum ed in  10 m in u te s  b y  3 m l o f  th e  cell suspension  ( in  
t h is  case th e  d esig n atio n  d 0 2 w ill be  used).

R esu lts

As shown in  F ig . 1 a t th e  b eg in n in g  of th e  e x p e rim en t th e  te rm in a l  
o x id a tio n  of th e  E . coli 055 cells w as slow. T he o x id a tiv e  a c tiv ity  in c rea sed  
im m ed ia te ly  fo llow ing th e  a d d itio n  o f case in  h y d ro ly sa te  a n d  p y ru v ic  acid a n d  
re a c h e d  about 3.5 t im e s  th e  in i t ia l  leve l in  60 m inu tes. I t  is know n from  o th e r  
ex p erim en ts  th a t  th is  increase  in  th e  ra te  of re sp ira tio n  dees n o t ta k e  p lace  in  
th e  absence of a su ita b le  source of n itro g e n . The increased  a c tiv i ty  of o x id a tio n  
c a n n o t he ex p la in ed  b y  an  increase  in  th e  n u m b er of cells, as th e  increase  in  
t h e  cellu lar solids d id  n o t exceed 25 p e r cen t a t  th e  end of th e  ex p erim en t. T h e  
E . coli 055 cells u sed  in  th is  series w ere ta k e n  from  a 18-hour sem ian aero b ic  
c u ltu re .

The ad ap tiv e -lik e  d ev e lo p m en t of th e  ox ida tio n  sy s tem  w as in h ib ite d  b y  
50 ^g /m l of d ih y d ro  s tre p to m y c in . In h ib itio n  was com plete  a fte r  ab o u t 40  
m in u te s .

The d u ra tio n  o f th e  la te n c y  p e rio d  w as sh o rten ed  a n d  th e  in h ib itio n  
c o u ld  be m ade co m p le te , re sp ec tiv e ly , by a lte r in g  th e  p e rm e a b ility  of th e  cells 
b y  rep ea ted  freez in g  an d  th aw in g  p r io r  to  th e  ex p erim en t.

To il lu s tra te  t h a t  u n d e r such  co n d itio n s  i t  was a c tu a lly  a p y ru v ic  a c id  
o x id a tio n  system  t h a t  developed  we p re se n t F ig . 2. Cells from  a 20-hour se m i­
an ae ro b ic  cu ltu re  h a d  been  frozen  an d  th a w e d  3 tim es , th e n  in c u b a te d  a t  
37° C w ith  sh ak in g  fo r 90 m in u tes  in  a m ix tu re  of p H  7.5 c o n ta in in g  p h o sp h a te  
b u f fe r  (6.7 X 10-2 M ), p y ru v a te  (15 /iM /m l), fu m a ra te  (1.5 ^M /m l) a n d



ON T H E  MODE OF ACTION OF STREPTOM YCIN. I 105

dO^fplJ
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Fig. 1. E ffec t o f d ih y d ro s trep to m y c in  on  th e  te rm in a l o x id a tio n  of E . coli 055

0 2 u p tak e  m easu red  b y  th e  m an o m e tric  m eth o d . Cell d e n s ity : 1 m g/m l cellu lar solids
1 : 0.033 per c e n t  casein  h y d ro ly sa te
2 : 0.033 per c e n t  casein  h y d ro ly sa te  + 1 5  pM /m l p y ru v a te
3 : 0.033 pe r c e n t  casein  + 1 5  /хМ/'rnl p y ru v a te  +  50 p.g/m l d ih y d ro strep to m y cin

incubation
Fig. 2. E ffec t o f  d ih y d ro s trep to m y c in  on  th e  te rm in a l o x id a tio n  ra te  o f E . coli 055.

P re tre a tm e n t o f  cells as specified in  te x t .  0 2 u p ta k e  m easu red  by  th e  m an o m etric
m eth o d

R eac tio n  m ix tu re : in  6.7 • 10~2 M  p H  7.5 p h o sp h a te  b u ffer:
15 fxM /m l p y ru v ic  acid , 1.5 /x M /m l fu m aric  acid  (co lum ns 2 , 4, 6)
C olum ns 1, 3, 5: th e  fo rm er + 5 0  /xg/m l d ih y d ro strep to m y c in  
Colum ns 1, 2 : n o n -in cu b a te d  cells
C olum ns 3, 4 : cells p re in cu b a ted  fo r  90 m in u te s  in  th e  p resence  o f d ih y d ro strep to m y cin

(50 fig /m l)
C olum ns 5, 6 : cells p re in cu b a ted  fo r  90 m in u tes  w ith o u t d ih y d ro strep to m y cin
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c ase in  hyd ro ly sa te  (0.033 per c e n t) , w ith  an d  w ith o u t d ih y d ro s trep to m y c in  
(50 /ig/m l). A fter c e n tr ifu g a tio n  a n d  w ash ing , th e  oxygen  u p ta k e  b y  th e  cells 
w as m easured  in  th e  presence o f a m ix tu re  of p y ru v a te  an d  fu m a ra te . A fte r 
d e te rm in in g  th e  n itro g en  c o n te n t o f th e  cells, th e  re su lts  were expressed  in  
Q0 , (N). D uring  th e  90 m in u tes  o f  p re in cu b a tio n  th e  a c t iv i ty  of te rm in a l 
o x id a tio n  in  th e  c o n tro l cells in c rea sed  to  2.5 tim es th e  in i t ia l;  th is  increase 
w a s  alm ost co m p le te ly  in h ib ited  b y  50 /ig/m l of d ih y d ro s trep to m y c in . T he

d 0z QjI]

Fig. 3. E ffec t o f p h o sp h a te  b u ffe r  co n ce n tra tio n  on s tre p to m y c in  in h ib itio n .

O a u p tak e  m ea su re d  b y  th e  m a n o m e tr ic  m ethod  
Cell density : 0.8 m g/m l cellu lar so lids
R eaction  m ix tu re : p H  7.5 p h o sp h a te  b u ffe r, 15 pA i/rnl p y ru v a te , 0.033 per cen t casein 

h y d ro ly sa te  (cu rv e  1)
Curves 2, 3, 4 : th e  fo rm er + 3 3  yug/ml o f  d ih y d ro strep to m y cin  
C oncentration  o f p h o sp h a te  b u ffer: 
i ,  2 : 1.1 • 10- 2M
3 : 2.7 • 1 0 - 2 M
4 : 4.3 • 10 2 M

sa m e  am ount of s tre p to m y c in  h ad  no sig n ifican t in fluence  on  th e  oxygen 
u p ta k e  itself.

T he in h ib itio n  o f th e  e n zy m a tic  a d a p ta tio n  by  s tre p to m y c in  was in ­
f lu e n c e d  by  sev era l fac to rs , in c lu d in g  th e  e lec tro ly te  c o n cen tra tio n  an d  p H  
o f  th e  m edium .

In  the  e x p e rim en t show n in F ig . 3 th e  te rm in a l o x id a tio n  o f cells from  
a 6 -h o u r sem ianaerob ic  cu ltu re  w as m easu red  in  th e  presence o f p y ru v ic  acid 
a n d  case in  h y d ro ly sa te , in  pH  7.5 p h o sp h a te  biiffers of d iffe ren t co n cen tra tio n .
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In  the  m ed ium  c o n ta in in g  1.1 X 10~2 M  p h o sp h a te  b u ffe r , 33 ц g/m l of de- 
h y d ro s trep to m y c in  in h ib ite d  the e n z y m a tic  a d a p ta tio n  a lm o st in s ta n tly  an d  
com plete ly . W ith  in c reas in g  p h o sp h a te  co n cen tra tio n s  com plete  in h ib itio n  
to o k  m ore and  m ore tim e . A t low p h o sp h a te  c o n cen tra tio n s  th e  an tib io tic  
no t on ly  in te rfe red  w ith  ad ap ta tio n , b u t  also dam aged  th e  a lread y  fu n c tio n in g  
o x ida tive  system .

A ccord ing  to  o th e r  experim en ts, i t  is th e  p h o p sp h a te  ions in  th e  f i r s t  
place th a t  an tag o n ize  strep to m y cin . O th e r  e lec tro ly tes  h a v e  a sim ilar ac tio n , 
b u t  a t h ig h er c o n cen tra tio n s  only.

dCbCpl]

20 40 60 min

F ig . 4. A c tion  o f s tre p to m y c in  a t  different p H  v a lu es . 0 2 u p tak e  m easu red  b y  th e  m an o m e tric  
m e th o d . Cell d ensity : 0 .97  m g /m l cellu lar so lid s.

R e ac tio n  m ix tu re :
1, 3 : 2  • 10—2 M  p h o sp h a te  buffer,8 Ц.М/ m l p y ru v a te ,0.606 p e r  c e n t casein  h y d ro ly sa te
2, 4 :  th e  fo rm er -{-8 /xg/ml d ih y d ro s trep to m y c in  
p H  o f th e  m ed iu m :
1, 2  : p H  7.5
3, 4 : p H  6.9

In  th e  e x p e rim e n ts  shown in  F ig . 4 th e  effect o f 8 /tg /m l of d ih y d ro ­
s tre p to m y c in  in  a p H  7.5 phosphate  b u ffe r  (2 x  1 0 "2 M ) w as com pared  w ith  
th a t  in  a p H  6.9 p h o sp h a te  buffer. I n  th e  slig h tly  a lk a lin e  m ed ium  8 /tg /m l 
o f d ih y d ro s tre p to m y c in  fully  in h ib ite d  th e  ad ap tiv e  d ev e lo p m en t of th e  t e r ­
m inal o x id a tio n  sy s te m  afte r a sh o rt la te n c y , w hile a t  p H  6.9 inh ib itio n  was 
o n ly  p a r tia l  an d  d id  n o t  become co m p le te  d u rin g  th e  ex p e rim en t.

T he effect o f s tre p to m y c in  was in flu e n c e d  also b y  th e  tim e a t w hich  it  
h ad  com e in to  c o n ta c t w ith  the cells a f te r  th e  onset of en zy m a tic  a d a p ta tio n . 
T h e  sign ificance of th is  tim e fac to r w as especially  ob v io u s a t  low (bac te rio -
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Fig. 5. In h ib ito ry  ac tio n  of s tre p to m y c in  ad ded  a t  va rio u s p o in ts  o f tim e.
0 2 u p tak e  m ea su re d  b y  th e  m an o m e tr ic  m eth o d  
Cell d ensity : 0.8 m g/m l cellu la r so lids 
R eaction  m ix tu re :
1 : 10-2  M  p H  7.5 p h o sp h a te  b u ffer, 8 f iM jm l p y ru v a te , 0.0033 p e r  cen t casein h y d ro ­

lysate
2, 3, 4, 5 : th e  fo rm er + 8  ju.g/ml d ih y d ro s trep to m y c in  ad d ed  a t  th e  tim es in d ic a te d  

by  the  a rrow s

dCbtpl]

Fig. 6. I n h ib ito ry  ac tio n  of s tre p to m y c in  ad d ed  a t  various p o in ts  o f tim e.

0  g up take  m ea su re d  b y  th e  m an o m e tr ic  m eth o d  
Cell d ensity : 0.5 m g /m l cellu lar solids 
R eaction  m ix tu re :
1 : 10-2  M  p H  7.5 p h o sp h a te  b u ffer, 8 ijlM /m l p y ru v a te , 0.066 p e r  c en t casein h y d ro ­

lysate
2, 3, 4, 5 : th e  fo rm er +  33 p.g/m l d ih y d ro strep to m y c in  ad ded  as in d ica ted  b y  th e  

arrow s



ON T H E  MODE OF A C TIO N  OF STREPTOM YCIN. I 109-

s ta tic )  co n cen tra tio n s . L e t us com pare F ig . 5 w ith  F ig . 6 from  th is  p o in t o f  
v iew . I n  th ese  ex p erim en ts  the in h ib ito ry  action  of 8 /tg /m l (Fig. 5) an d  
33 /ig /m  (Fig. 6) of s trep to m y c in  in  a m ed ium  co n ta in in g  10~2 M  of a p H  
7.5 p h o sp h a te  buffer w as exam ined on th e  ad ap tiv e  sy n th e s is  of th e  te rm in a l 
o x id a tio n  system . T h e  an tib io tic  w as ad d ed  to  th e  re a c tio n  m ix tu re  a t  th e  
p o in ts  o f tim e  in d ic a te d  by  arrow s. E ig h t  /ig/m l o f s tre p to m y c in  caused  
com plete  in h ib itio n  o n ly  w hen added to  th e  cells a t th e  b eg in n in g  of th e  ex ­
p e rim en t, to g e th e r w ith  th e  su b s tra te . W hen  it  was a d d ed  a fte r  a d a p ta tio n  
h ad  been progressing  fo r  som e tim e, in h ib itio n  began  a f te r  a la te n c y  of 30 to  
40 m in u te s . The in c rea se  of a c tiv ity  o b serv ed  u n til  co m p le te  in h ib itio n  se t

d Q g C p I ]
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20 AO 60 min
F ig . 7. E ffec t o f  s trep to m y cin  on  th e  te rm in a l o x id a tio n  of E . coli B j

0 2-u p ta k e  m easu red  b y  th e  m an o m e tric  m eth o d  
Cell d e n sity : 0.5 m g /m l cellular solids
R e ac tio n  m ix tu re : 10—2 M  pH  7.5 p h o sp h a te  buffer co n ta in in g
1 : 10 /Л.М/ m l p y ru v a te
2 : 10 /xM fm l p y ru v a te  + 3 .5  p M /m l fu m a ra te
3 : 10 f iM /m l p y ru v a te  + 3 .5  f j.M/m l fu m a ra te  + 1 7  ju.g/ml s tre p to m y c in
4 : 0.066 pe r cen t case in  hy d ro ly sa te
5 : 0 .066 per cen t case in  h y d ro ly sa te  + 1 0  /<. l//m l p y ru v a te  
6 :  as 5. + 1 7  p-g/ml strep to m y c in

in  dep en d ed  on th e  le n g th  of the tim e  b e tw een  th e  onse t of th e  ex p erim en t and  
th e  ad d in g  of the  a n tib io tic .

H ig h er co n cen tra tio n s  (Fig. 6) in h ib ite d  a d a p ta tio n  com plete ly  in  a v e ry  
sh o rt tim e , irrespec tive  o f th e  po in t o f  tim e  a t w hich s tre p to m y c in  had  been 
added  to  th e  reaction  m ix tu re : a fte r a c e r ta in  tim e 33 /tg /m l of s trep to m y c in  
in  10-2 M  p h o sp h a te  b u ffe r  dam aged  ev en  th e  te rm in a l o x id a tio n .

E ssen tia lly  th e  sam e  resu lts w ere o b ta in ed  for th e  s tr a in  E . coli B, as 
il lu s tra te d  b y  Fig. 7.
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Discussion

Our ex p erim en ts  re fu te  th e  v iew  th a t  s tre p to m y c in  or d ih y d ro s tre p to ­
m y c in  (the tw o a n tib io tic s  a c t in  th e  sam e w ay) w ould e x e rt th e ir  b a c te r io ­
s t a t i c  action by  in h ib itin g  th e  r e s p ira tio n  of suscep tib le  m icroo rgan ism s, since 
b a c te r io s ta tic  co n cen tra tio n s  o f s tre p to m y c in  d id  n o t in h ib it  in  th e  suscep tib le  
c e lls  th e  ox ida tio n  o f an y  of th e  s u b s tra te s  te s te d . H ig h e r co n cen tra tio n s , 
e sp ec ia lly  w hen te s te d  in  a m ed iu m  of low  ionic s tre n g th , caused  a p a r t ia l  
in h ib itio n  of o x id a tio n , b u t o n ly  a f te r  a la ten cy  of from  20 to  40 m in u te s . 
T h is  ind ica tes t h a t  th e  d am age to  th e  o x id a tiv e  enzym e sy s te m  is a seco n d ary  
p ro cess , accom pany ing  th e  d isso c ia tio n  of cell s tru c tu re  or th e  d es tru c tio n  o f 
ce lls .

T he in h ib itio n  of o x id a tio n  shou ld  be sharp ly  d if fe re n tia te d  from  th e  in ­
h ib itio n  of th e  a d a p tiv e  sy n th es is  o f th e  te rm in a l o x id a tio n  system  in E . coli 
ce lls  from  sem ianaerob ic  cu ltu res . T h is  in h ib itio n  is d e m o n s tra b le  even before  
th e  o x ida tive  sy s tem  has been d am ag ed  an d  tak es  p lace  a t  low  s trep to m y c in  
c o n cen tra tio n s  as w ell.

The ex p erim en ts  d id  n o t show  c learly  w hich enzym e or enzym es of th e  
e x tre m e ly  com plex te rm in a l o x id a tiv e  sy s tem  are sy n th es ized  d u rin g  th e  a d a p ­
ta t io n  to  p y ru v a te . T he a c tiv ity  o f te rm in a l o x id a tio n  in  b a c te ria l cells is 
n a m e ly  a m ost com plex  p ro b lem . In  th e  increase of p y ru v a te  o x id a tio n  a 
sy n th e s is  of a specific  “ p erm ease”  m ay  also be invo lved . A n a d a p tiv e  sy n th esis  
o f  su ch  perm eases has been  d esc rib ed  in  connection  w ith  th e  m etabo lism  o f 
th e  K rebs-cycle in te rm e d ia ry  p ro d u c ts  [1 4 ,1 5 ]. A ltho u g h  th is  possib ility  c a n ­
n o t  be ru led  o u t, o u r ex p e rim en ts  te n d  to  in d ica te  th a t  a sy n th e s is  of in tra c e l­
lu la r  enzym e or enzym es is m ore lik e ly  in  th e  a d a p ta tio n  p rocess d iscussed . 
A cco rd in g  to  our co m p u ta tio n s , th e  o x id a tio n  of p y ru v a te  in  cells c u ltu re d  
u n d e r  sem ianaerob ic  co n d itions reach es  only  th e  a c e ta te  s tag e , w hile in  
th e  ac tive ly  o x id iz in g  cells b reak d o w n  is m ore co m p le te , m ost of th e  
s u b s tra te  being b ro k en  dow n to  w a te r  an d  carbon  d iox ide .

The described  in h ib itio n  o f a d a p ta tio n  by s tre p to m y c in  depends in  th e  
sa m e  w ay on th e  e le c tro ly te  c o n c e n tra tio n  an d  pH  of th e  e n v iro n m e n t, as th e  
b a c te r io s ta tic  ac tio n  -does. T h is fa c t  suggests th a t  th e  tw'o phenom ena are  
c lo se ly  in te rre la ted .
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W hen ad d ed  to g e th e r  w ith  th e  in d u ce r to  th e  re a c tio n  m ix tu re , b a c te rio s ta tic  
co n cen tra tio n s o f s tre p to m y c in  co m p le te ly  in h ib it th e  sy n th es is  o f /9-galactosidase 
in  E . coli В cells. W h en  added  la te r , s tre p to m y c in  b locks th e  syn thesis o f  th e  enzym e 
o n ly  a f te r  a la te n c y  p e rio d . The d u ra tio n  o f th e  la te n cy  p reced in g  com plete in h ib itio n  
an d  th e  am o u n t o f  enzym e syn thesized  in  th e  m ean tim e  d e p en d  on  th e  d u ra tio n  o f th e  
in te rv a l betw een  th e  ad d itio n  of th e  in d u c e r  and  th e  a d d it io n  of s trep to m y cin . W h en  
s trep to m y c in  is  ad d ed  40 to  60 m in u tes  a f te r  in d u ctio n , th e  in h ib itio n  is o ften  p receded  
b y  a p a rad o x ica l p h en om enon , a  t r a n s ie n t  increase  in  th e  r a te  o f enzym e sy n th esis.

In  th e  cells in h ib ite d  b y  s tre p to m y c in  to ta l  p ro te in  sy n th esis  continues l in e a rly  
fo r a  w hile a f te r  th e  ad d itio n  of th e  a n tib io tic  and co m p le te  in h ib itio n  resu lts  as la te  
as 40 to  60 m in u te s .

S trep to m y c in  in h ib its  th e  sy n th esis  o f cell p ro te in s  a n d  nucle ic  acids a t  a  p ra c ­
tic a lly  equal ra te . I n  th e  period  of l in e a r  g row th  p reced in g  com plete  in h ib itio n  th e  
ra tio  nucleic a c id /p ro te in  rem ained  c o n s ta n t, a t  th e  lev e l m easu red  w hen add in g  
th e  strep to m y c in , as opposed to  th e  exp o n en tia lly -g ro w in g  co n tro l cells, in  w hich  
th e  th e  ra tio  o f n u c le ic  acid  to  p ro te in  increases d u rin g  th e  log phase .

I n  a previous p a p e r  [1] i t  was re p o rte d  th a t  b a c te r io s ta tic  co n cen tra tions 
of s trep to m y c in  in h ib ite d  th e  a d a p tiv e  syn thesis  o f th e  te rm in a l o x id a tio n  
system  in  th e  cells o f ce rta in  E . coli s tra in s  from  sem ianaerob ic  cu ltu res, 
w ith o u t in te rfe rin g  w ith  cellu lar re sp ira tio n . A d e ta ile d  analysis of th ese  
p h enom ena  is ren d e red  d ifficu lt b y  th e  com plex s t ru c tu re  of th e  syn th esized  
enzym e system . F o r th is  reason  we s tu d ie d  th e  sy n th e s is  of an  in d u c tiv e  
enzym e know n for c e r ta in  to  be b u ilt  u p  de novo of am in o  acids [2, 3] an d  th e  
sy n th es is  of w hich in  E . coli is w ell know n . S tre p to m y c in  has been re p o rte d  
to  in h ib it th e  sy n th es is  of ce rta in  in d u c tiv e  enzym es [4, 9 ]. F itzg erald  an d  
B e r n h e im  [4—7], E r d ő s  an d  T o m c sá n y i [8] s tu d ie d  th e  ac tio n  of S tre p to ­
m ycin  on th e  benzoic a c id  ox idase sy s te m  of various a p a th o g en ic  M ycobacterium  
s tra in s . P eretz  an d  P olgase  [9] re p o rte d  th a t  u n d e r  ce rta in  cond itions 
s tre p to m y c in  in h ib its  th e  syn thesis  o f  /?-galactosidase.

In  th e  p re sen t p a p e r  an  acco u n t is given of th e  in h ib itio n  by  s t r e p to ­
m y c in  o f /З-galac tosidase  sy n th esis  a n d  of th e  effect o f  th e  an tib io tic  on th e  
to ta l  p ro te in  and  nuc le ic  acid  sy n th esis  in  th e  cells.
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Methods

E . coli В w as u sed  as th e  te s t  o rg an ism . T he s tra in s  w ere c u ltu re d  in  A n d erso n ’s 
M 9 m ed ium  [10], w ith  th e  m o d ifica tio n  th a t  glucose was rep laced  b y  th e  sam e w eigh t o f  
g ly ce ro l. C ulturing  to o k  p lace  in  a h o rizo n ta l sh ak e r a t  30° C. Cells fro m  13 to  16 hour c u ltu res , 
a s  w e ll as 3-hour “ re ju v e n a te d ”  cu ltu res  w ere  used .

In d u c tio n  of /З-g a lacto sid ase  w as c a rr ied  o u t w ith  5 ■ 10—3 M  lac to se  in  m edia  c o n ta in ­
in g  10—3 —  5 • 10—3 M  g lycero l, 10—4 M  M g S 0 4, an d  in  som e e x p e rim e n ts  also 5 • 10—2 M  
N a C l as a su p p lem en t. T he m ed iu m  w as a d ju s te d  to  p H  7.5 w ith  2 • 10—2 M  to  6.7 • 10—2 M  
p h o sp h a te  buffer. In c u b a tio n  w as ca rried  o u t  in  a w a te r b a th  o f 30° C, w ith  shaking.

S trep to m y cin  su lp h a te  (P fizer  C orp., B russels, Belgium ) was u sed  in  co n cen tra tio n s 
o f  12 to  30 /xg/ml.

The sam ples ta k e n  from  th e  re a c tio n  m ix tu re  a t  various in te rv a ls  w ere tes ted  tu rb i-  
d im e tr ic a lly  for cellu la r solids an d  th e  cells lysed  w ith  to luo l were te s te d  fo r /S-galactosidase 
a c t iv i ty  by  th e  m eth o d  of L e d e r b e r g  [11]. T h e  q u a n ti ty  o f  th e  enzym e sy n th esized  is g iven  
in  u n i ts  (U). One u n it  is th e  q u a n ti ty  o f enzym e sp littin g  off 1 m p M  o -n itro p h en o l in  one 
m in u te  a t  30° C an d  p H  7.2.

Cellular to ta l  p ro te in  w as e s tim a te d  b y  th e  m ethod  of L o w ry  et al. [12], a fte r  b o ilin g  
fo r  15 m inu tes in  1 N  N aO H  so lu tion .

Cellular nucle ic  acids w ere e s tim a te d  sp ec tro p h o to m etrica lly , o n  th e  b asis  o f ab so rp tio n  
a t  260 m p ,  a f te r  su itab le  e x tra c tio n  w ith  tr ic h lo rac e tic  acid a t  90° C.

T he resu lts  w ere p lo tte d  e ith e r  a g a in s t tim e  or were rep re sen ted  isom etrica lly .

Results

In  the  ex p erim en ts  show n in  F ig . 1 th e  /?-galactosidase sy n th es is  of 3 -h o u r 
“ re ju v e n a te d ”  cells w as s tu d ie d , re c o rd in g  th e  in h ib ito ry  a c tio n  o f 20 /zg/ml o f  
s tre p to m y c in , added  a t  v a rio u s  p o in ts  o f tim e  d u ring  th e  in d u c tio n . The u p p e r  
p a r t  o f Fig. 1, show n th e  am o u n ts  o f  enzym e sy n th esized  in  1 m l reac tio n  
m ix tu re , p lo tted  a g a in s t tim e . T he low er p a r t  o f th e  figu re  show s the g row th  
c u rv e  of th e  cells. T he 20 /zg/ml dose o f s trep to m y c in  caused  an  a lm ost com ­
p le te  inh ib itio n  o f enzym e p ro d u c tio n . A t th e  sam e tim e , th e  cells con tinued  
to  grow  linearly  fo r a w hile and  co m p le te  in h ib itio n  o f g ro w th  resu lted  only  
a f te r  60 m inu tes. T he sam e dose o f an tib io tic , w hen ap p lied  20 m inu tes a f te r  
in d u c tio n  caused com plete  in h ib itio n  on ly  a fte r 40 m in u te s . T h is  in h ib itio n  
w e n t  para lle l w i th  th e  in h ib itio n  o f grow th . W hen s tre p to m y c in  w as added  40 
m in u te s  a fte r in d u c tio n , enzym e sy n th e s is , as com pared  w ith  th a t  o f th e  
c o n tro ls , increased . I t  is know n from  o th e r ex perim en ts th a t  th e  in itia l in ­
c rea se  re su ltin g  from  th e  ad d itio n  of th e  an tib io tic  is tra n s ie n t  an d  is follow ed 
b y  a g rad u a lly -d ev elo p in g  in h ib itio n . I f  s trep to m y c in  is ap p lied  40 to  60 
m in u te s  a fte r in d u c tio n , a t r a n s ie n t  increase  occurs b u t th e re  is no such t r a n ­
s ie n t  increase in  th e  to ta l  p ro te in  c o n te n t or in  th e  g row th  of th e  cells.

In  th e  e x p e rim e n t show n in  F ig . 2, th e  in h ib ito ry  ac tio n  of 25 /zg/m l 
s tre p to m y c in  w as ex am in ed  in  m ed ia  c o n ta in in g  d iffe ren t co n cen tra tio n s  o f  
p h o sp h a te . The in h ib ito ry  ac tio n  o f s tre p to m y c in  added  s im u ltan eo u sly  w ith  
th e  in d u cer was n o t in flu en ced  b y  ra is in g  th e  co n cen tra tio n  o f  th e  p h o sp h a te  
b u f fe r  from  2 • 10 2 M  to  6.7 • 10~2 M . T he in h ib ito ry  ac tio n  o f th e  an tib io tic  
a p p lie d  60 m inu tes a f te r  in d u c tio n  w as again  p receded  b y  an  in itia l increase . 
T h e  la ten cy  period  p reced in g  co m p le te  inh ib itio n  and  th e  q u a n t i ty  of enzym e
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sy n th es ized  u n til in h ib itio n  was co m p le te  depended  on th e  p h o sp h a te  ion 
co n cen tra tio n  of th e  m ed iu m .

T he ex perim en ts p re se n te d  thus f a r  show  th a t  th e  ac tio n  of strep to m y c in  
on th e  syn th esis  o f /?-galactosidase does n o t ru n  p a ra lle l w ith  th e  in h ib ito ry

Fig. 1. In h ib itio n  of /S-galactosidase synthesis b y  s tre p to m y c in  ad d ed  a t  various p o in ts  o f t im e . 
R e ac tio n  m ix tu re :

1 : p H  7.5 p h o sp h a te  b u ffe r  6.7 • 10—2 M ,  M gS 04 10~4 M ,  N aC l 5 • 10“ 2 M ,  lac tose
5 • 10~3 M , g ly ce ro l 5 • 10-3  M , c a s e in  h y d ro ly sa te  0.6 p e r  cen t

2 : th e  fo rm er +  s tre p to m y c in  (20 p g /m l)  a t  0 m in .
3 : th e  sam e as in  1 -f- 20 /rg/'ml s tre p to m y c in  a t  20 m in u te s
4 : th e  sam e as 1 +  20 ju-g/ml s tre p to m y c in  a t  40 m in

action  on grow th . To c la r ify  the  co n d itio n s  an d  re la tio n sh ip s , we have  s tu d ied  
side b y  side the course  o f  enzyme s y n th e s is , to ta l  p ro te in  and  to ta l  nucleic
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a c id  form ation  d u r in g  in d u c tio n , as w ell as th e  ac tion  of s tre p to m y c in  on th e s e  
processes. Such a n  ex p e rim e n t is i l lu s tra te d  in  F ig . 3.

In  th a t  e x p e r im e n t cells from  13-hour cu ltu re  w ere u sed . In h ib itio n  w a s  
e ffec ted  w ith  12 /гg /m l of s tre p to m y c in . In  F ig . 3a th e  q u a n tit ie s  of /F g a lac to - 
s id a se  syn th esized  in  1 m l of th e  re a c tio n  m ix tu re  have b een  p lo tte d  a g a in s t 
th e  tim e e lapsed  fro m  th e  o n se t of in d u c tio n , T he a n tib io tic  ad d ed  s im u lta ­
n eo u sly  w ith  th e  in d u c to r  a lm o st com plete ly -b locked  enzym e fo rm atio n . W h e n  
s trep to m y c in  w as a d d ed  a t  60 m in u te s , th e  g rad u a lly -d ev e lo p in g  in h ib itio n

U /ml

F ig . 2. E ffect of s tre p to m y c in  on th e  sy n th esis  o f /i-galacto-ida-e  a t  v a rio u s  p h o sp h a te  co n
c en tra tio n s

R eaction  m ix tu re :
p H  7.5 p h o sp h a te  buffer, M gS04 10~4 M ,  lac tose  5 • 10~3 M  g lycero l 10~3 M  
In h ib itio n  w ith  25 p-g/ml o f s tre p to m y c in  
P h o sphate  b u ffe r  co n cen tra tio n s:
1, 2, 3 : 6.7 • IO“ 2 M  
4, 5, 6 : 2 • 10 2 M
S trep to m y cin  w as app lied  a t  th e  p o in ts  o f tim e  in d ic a te d  b y  th e  arrow s

w as preceded b y  a n  in i t ia l  increase  in  th e  ra te  of sy n th es is . In  F ig . 3c th e  t o t a l  
p ro te in  co n ten t o f 1 m l of re a c tio n  m ix tu re  (curves 1, 2, 3) an d  th e  q u a n ti t ie s  
o f  nucleic acid in  th e  sam e vo lum e (curves l a ,  2a, 3a) have  b een  p lo tte d  in  th e  
sam e  co-ord inate  sy s tem . I n  th e  cells in h ib ite d  b y  s tre p to m y c in  th e  to ta l  p ro te in  
c o n te n t was in c re a s in g  lin ea rly  fo r a tim e  a fte r  th e  a d d itio n  o f th e  a n tib io tic , 
a t  th e  same ra te  as a t  th e  m o m en t o f in h ib itio n , in d e p e n d e n t o f th e  tim e  a t  
w h ic h  s tre p to m y c in  h ad  been  ad d ed . A t 40 to  60 m in u tes  fo llow ing  th e  a d ­
d it io n  of th e  a n tib io tic  p ro te in  sy n th es is  ceased  in  th e  in h ib ite d  cells.

F ig  36 se rv es  to  fa c ilita te  co m p ariso n  of th e  course o f /S-galactosidase a n d  
to t a l  p ro te in  sy n th e s is . In  th is  fig u re  th e  to ta l  p ro te in  sy n th es ized  in  1 m l o f th e
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Fig. 3c Fig.  3d
Fig. 3. a, b, c. E ffec t o f s tre p to m y c in  on  th e  sy n th esis  o f  /J-galactosidase , to ta l  p ro te in  a n d  nucle ic  acids 

R e ac tio n  m ix tu re :
p H  7.5 p h o sp h a te  b u ffe r  3 • 10~2 M ,  M gS 04 10-4  M ,  lac tose  5 • 10“ 3 M ,  g lycerol 10~s M ,  casein  h y d ro ly sa te  0.5 p e r cen t 
In h ib itio n  w ith  12 iig  ml of s trep to m y c in
1 : control
2 : control +  streptomycin at 0 min.
3 : control +  streptomycin at 60 min
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re a c tio n  m ix tu re  h a s  been  p lo tted  a g a in s t th e  enzym e sy n th es ized  in  th e  sam e 
volum e an d  d u rin g  th e  sam e tim e  (isom etric  re p re se n ta tio n ). A fte r  a sh o rt 
in it ia l  period  a l in e a r  cu rve  was o b ta in e d  fo r th e  c o n tro l cells. S tre p to m y c in  
ad d ed  to g e th e r w ith  the  in d u cer b ro u g h t ab o u t such  an in h ib itio n  th a t  th e  
d iffe ren tia l ra te  o f  enzym e sy n th es is  becam e m uch  lovrer th a n  i t  w as in  th e  
con tro ls . T h u s, s tre p to m y c in  added s im u ltan eo u sly  w ith  th e  inducer in h ib ite d  
th e  sy n th es is  o f /?-galactosidase. W h en  th e  a n tib io tic  w as added  to  th e  cells 
60 m in u te s  a fte r  in d u c tio n , the  in h ib itio n  o f to ta l  p ro te in  sy n th esis  p receded  
th e  in h ib itio n  o f ß- ga lac to sid ase  sy n th es is . T hese re su lts  in d ic a te  th a t  s tre p to ­
m ycin  in h ib its  th e  sy n th es is  of th e  v a rio u s cell p ro te in s  to  a d iffe ren t e x te n t.

T he d a ta  in  F ig . 3c m ake i t  also c lear th a t  nucle ic  acid  sy n th esis  c o n ti­
nues fo r a w hile a f te r  s trep to m y c in  h a s  com e in to  c o n ta c t w ith  th e  cells. 
F ig . 3d show s th e  nuc le ic  ac id /p ro te in  q u o tie n t for th e  id e n tic a l p o in ts . I n  th e  
ex p o n en tia lly -g ro w in g  con tro l cells th e  va lu e  of th is  q u o tie n t increased  w ith  
tim e . U n d e r the  in flu en ce  of s trep to m y c in  th is  sh ift in  th e  value of th e  q u o tie n t 
d id  n o t ta k e  p lace: th e  nucleic ac id /p ro te in  q u o tie n t w as fixed  a t th e  level 
m easu red  w hen a d d in g  th e  an tib io tic . As i t  has a lre a d y  been m en tio n ed , th is  
is accom pan ied  b y  th e  grow th tu rn in g  linear.

Discussion

O n th e  basis o f  our experim en ts we do no t consider s trep to m y c in  to  be 
a d ru g  sp ecifica lly  in h ib itin g  p ro te in  sy n th es is . Fo llow ing  th e  ad d itio n  o f 
s tre p to m y c in  in  b a c te r io s ta tic  co n cen tra tio n s  th e  sy n th es is  of to ta l  p ro te in s  
ceases g rad u a lly . T h e  to ta l  in h ib itio n  o f p ro te in  sy n th es is  is p receded  b y  a 
lin ea r phase. E sse n tia lly  the  sam e app lies to  the  sy n th e s is  o f /S-galactosidase, 
i f  th e  in h ib itio n  s ta r ts  a f te r  syn thesis  has begun.

In  th e  cells exposed  to  s tre p to m y c in  th e  re sy n th es is  of nucleic acids 
con tinues for a tim e  an d  nucleic acid syn th esis  is in h ib ite d  a t ab o u t th e  sam e 
ra te  as th e  sy n th es is  o f  p ro te in . T his o b se rv a tio n  is a t va rian ce  w ith  th a t  m ade 
b y  A n a n d , D a v is  a n d  A rm itage [14] w ho found  t h a t  s trep to m y c in  b locked  
nucleic ac id  sy n th e s is . The d ivergence m ig h t be due to  differences in  th e  co n ­
c e n tra tio n s  o f th e  an tib io tic : th e  a u th o rs  c ited  app lied  s trep to m y c in  a t  a 
c o n cen tra tio n  as h ig h  as 60 /ig/m l.

W e there fo re  consider th e  in h ib itio n  o f p ro te in  an d  nucleic acid sy n th es is  
to  be a secondary  effec t, because, accord ing  to  th e  l i te ra tu re  [14], s trep to m y c in  
is b o u n d  to  th e  su rface  o f susceptib le cells a t  an ex trem e ly  fa s t ra te .

T he in h ib itio n  o f  enzym e in d u c tio n  should  be sep a ra ted  from  th a t  o f 
p ro te in  sy n th esis . T h e  form er process is in h ib ited  b y  a sh o rt exposure to  low  
co n cen tra tio n s of s trep to m y c in . U n fo rtu n a te ly , l i t t le  is know n of th e  p rocess 
of in d u c tio n  an d  as long  as its m echan ism  is n o t c la rified , i t  w ill n o t be possib le  
u nequ ivocally  to  in te rp rè te  th is  v e ry  ea rly  s tre p to m y c in  effect.

3
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The in h ib ito ry  ac tio n s d iscussed  su g g est a rem ark ab le  s im ila r ity  b e tw een  
th e  action  of s tre p to m y c in  an d  th e  e ffec t o f agen ts in te rfe rin g  w ith  th e  m e ta ­
b o lism  of desoxyribonucleic  acids.
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A se m ia u to m a tic  ap p ara tu s h a s  been co n stru c ted  fo r m aking  glass cap illaries 
o f  0.25 to 1.5 fji t ip  d iam eter fro m  g lass  cap illa ries o f d iffe ren t in itia l d iam eters. T he 
m ethod  em p lo y ed  is very  sim ple a n d  m ay  be a d o p te d  b y  any  lab o ra to ry . The p ro ­
cedures of p re p a ra tio n , filling an d  s to rin g  are  d escribed  in  d e ta il.

R ecording th e  electrical a c t iv i ty  of a single cell has becom e increasing ly  
im p o r ta n t in  neu rophysio log ica l re se a rc h , w ith  th e  purpose  of gain ing  in s ig h t 
in to  th e  m echan ism  o f  nervous fu n c tio n s . Such in v estig a tio n s requ ire  th e  u se  
of m icroelectrodes. T h e  tip  of th ese  glass cap illaries varies from  0.5 —1 ц  le s t 
th e y  dam age th e  ce lls . L ing  and G e r a r d  [1] w ere th e  f ir s t  to  use such m icro ­
electrodes and  s ince  th e n  the use o f  glass cap illa ries filled  w ith  a 3 M  ICQ  
so lu tio n  has becom e w idespread.

A t firs t, th e  e lec trodes were p re p a re d  b y  h a n d , as recom m ended  b y  L in g  
an d  Ge r a r d , b u t  th is  required  g re a t  sk ill an d  pa tien ce . To e lim inate  th is  
d ifficu lty , A l e x a n d e r  and  N astuic  [2] c o n s tru c te d  an  au to m a tic  e lec trode  
d raw er. T heir a p p a ra tu s  was ra th e r  co m p lica ted  a n d  un ifo rm  electrodes cou ld  
be p rep ared  ex c lu siv e ly  from  glass cap illa rie s  of id en tica l in itia l size. W e haw e 
th ere fo re  developed  a  m ethod b y  w h ich  e lec trodes w ith  alm ost id en tica l t ip s  
can  be p repared  f ro m  glass cap illaries of v a rious in itia l size.

Description o f the apparatus

B y m eans o f  screw s, a B unsen  tr ip o d  is so a d ju s te d  th a t  its  sh a ft be in  
th e  v e rtica l p o s itio n  (F ig . 1). T hree ho lders are ap p lied  on th e  sh a ft th a t  m a y  
be b ro u g h t in a n y  d esired  position. T h e  u p p e r h o ld e r catches th e  cap illa ry , th e  
one in  th e  m iddle h o ld s  a heatab le  p la tin u m  w ire 1 m m  in  d iam ete r, and  th e  
low er one holds a n  e lectrom agnet (12 000 w ind ings, 2500 ohm , in te rn a l d ia ­
m e te r  16 mm ). T h is  ho lder system  m u s t be so se t th a t  th e  cap illa ry  on th e  
u p p e r  holder (w hich  m ay  swing free ly  in  a n y  d irec tion ) should  pass ex ac tly  in  
th e  cen tre  of th e  p la t in u m  loop a n d  th e  e lec tro m ag n et (F ig . 2).

The p la tin u m  w ire  is hea ted  b y  a tra n sfo rm e r. The e lec trom agnet is fed  
from  an  anode b a t t e r y  converting  AC from  th e  m ains to  stab ilized  DC. T h e  
w iring  d iagram  is show n  in Fig. 3.



toto

Fig. 1. T he a p p a ra tu s  fo r p rep arin g  m icroelectrodes Fig. 2. P ositio n  of th e  glass c ap illa ry  be tw een  p la tin u m  w ire  and  
e lec tro m ag n e t. T he m eta l p la te  b e n t  a t  rec tan g le s  above th e  

p la tin u m  w ire p rev en ts  m eltin g  o f th e  M endelejeff p aste

. PÓ
RSZÁ

SZ uni! F. SZABÓ
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P reparation  o f glass capillaries

A  p y re x  or ra so th e rm  glass cap illa ry , m easu rin g  15 cm  in  len g th  an d
0.8 to  1.5 m m  in  d iam ete r, w ith  a w all ab o u t 0.1 m m  th ic k , is a tta c h e d  to  th e  
u p p e r h o ld e r b y  m eans of sealing-w ax, and  is d irec ted  th ro u g h  th e  cen tre  of 
th e  p la tin u m  w ire loop , and  th a n  an  iro n  cy linder a b o u t 6 cm long an d  w eighing 
9 g is a tta c h e d  to  i ts  end. T he bo re  in  th e  cy linder is  filled  w ith  sealing-w ax 
to  ho ld  th e  cap illa ry . T he iron  cy lin d er hangs a b o u t 1.5 cm  deep in  th e  hole in  
th e  c e n tre  of th e  e lec tro m ag n et. T h e  glass cap illa ry  m u s t n o t d ev ia te  from  its  
v e rtic a l p o sition  even  w hen th e  m ag n e t is sw itched  on. T h is is read ily  achieved 
b y  tu rn in g  th e  p la tin u m  loop or th e  m ag n e t. T hen  th e  m otion less cap illa ry  is 
in d ire c tly  h e a te d  b y  th e  p la tin u m  loop . D uring  h e a tin g  th e  cap illa ry  g rad u a lly  
len g th en s b y  a b o u t 5 to  6 m m . T hen  h ea tin g  is te rm in a te d  an d  th e  elec tro ­
m ag n e t is sw itch ed  on. S u b seq u en tly , th e  p la tin u m  loop is h ea ted  again , th is  
tim e  w ith  a low er v o ltag e . In  a b o u t 30 seconds th e  c ap illa ry  begins to  leng then  
fa s te r  a n d  fa s te r  is response to  th e  pu lling  force, u n ti l  i t  is d raw n  a p a r t  in to  
tw o  p a r ts . T he low er h a lf  drops th ro u g h  th e  cen tre  o f th e  m ag n e t in to  a glass 
tu b e  w hich  is filled  w ith  co tto n  w ool to  p rev en t b re a k in g  o f th e  cap illa ry . The 
c a p illa ry  is se p a ra te d  from  th e  iro n  cy linder b y  m e ltin g  th e  sealing  w ax  and  
is ex am in ed  u n d e r th e  m icroscope. I t  is f i t  for use a n d  has su ffic ien t s tre n g th  
if  th e  o rig inal 1.5 m m  d iam eter is ta p e r in g  off to  0.5 — 1 ц  in  a le n g th  of ab o u t
I  cm  , th in n in g  from  25 [i to  1 ц  w ith in  a len g th  of a b o u t 1 m m . W ith  capillaries 
of d iffe ren t in itia l th ick n ess  i t  is ad v isab le  to  change n o t th e  pu lling  force, b u t  
th e  g rade  of h e a tin g  w hen th e  e lec tro d e  is pu lled . I n  o u r ex p erim en ts  9.5 to
I I  A w as req u ired  to  h e a t th e  p la tin u m  w ire. W ith  l i t t le  p rac tice  3 or 4 su itab le  
glass e lectrodes can  be p rep ared  fro m  a 15 cm  long  cap illa ry . T h ere  is no d if­
ference betw een  ra so th e rm  and  p y re x  capillaries.

F ig. 3. W irin g  d iag ram  o f th e  m icroelectrode m a k e r  a p p a ra tu s
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Filling o f  the capillaries

T he capillaries are  filled  w ith  3 M  KC1 b y  th e  som ew hat m od ified  m ethod  
o f  L in g  and  Gerard  [1]. The 3 to  4 cm  long capilla ries are p laced  close to  one 
a n o th e r  on a h e a t- re s is ta n t glass tu b e  m easu ring  1.5 cm  in  d iam e te r , and  are 
h e ld  in  place w ith  th e ir  tip  dow nw ard  b y  m eans o f  a ru b b e r rin g . T his is fol­
lo w ed  b y  boiling in  a 2.5 M  KC1 so lu tio n . Boiling is co n tin u ed  u n ti l  no bubbles 
le a v e  th e  capillaries a n y  longer. M eanw hile (in  a b o u t 20 to  30 m inu tes) th e  
co n c e n tra tio n  of th e  KC1 so lu tio n  increases to  3 M .  W hen  th e  cap illa ries begin  
to  cool th ey  are filled  u p  w ith  th e  so lu tion . A C hina f iltre  is used  to  m ake 
b o ilin g  even. D uring  bo iling  th e  d ish  shou ld  be covered. W e h a v e  found  th is  
m e th o d  su itab le fo r fillin g  cap illaries w ith  tip s  m easu rin g  0.25 to  2 ц .

Capillaries th ic k e r  th a n  th a t  w ill fill sp o n tan eo u sly  b y  c a p illa r ity . F illing  
ta k e s  p lace especially f a s t  w hen use a tu b e rc u lin  sy ringe  w ith  a N o. 20 cannu la . 
T h is  w ay  th e  filling  b y  c a p illa r ity  is re s tr ic te d  to  le n g th  of ab o u t 3 m m , a n d  is 
co m p le te  in  2 or 3 m in u te s .

Storage o f  electrodes

T h e electrodes a re  s to red  u su a lly  in  th e  d ry  s ta te ;  filled  electrodes are  
s to re d  in  a closed ex s icca to r  c o n ta in in g  3 M  KC1 so lu tion . W e h a v e  devised a 
p lex ig lass  holder for th is  purpose. Tw o plexiglass discs 6 cm in  d iam e te r and  
5 m m  th ic k  each are  h e ld  to g e th e r b y  a 6 cm long sh a ft in  th e  cen tre , a t  a 
d is ta n c e  of about 5 m m . T he low er d isc  is ab so lu te ly  sm ooth , in  th e  u p p er one 
th e re  are  2 mm bores, 3 to  4 m m  from  one a n o th e r, in  co n cen trica l o rder; the  
cap illa rie s  are p laced  in  th e se  bores. T h e  discs are  th e n  subm erged  in  3 M  KC1, 
so t h a t  th e  tip  of th e  cap illa ries shou ld  em erge from  th e  so lu tio n . Before use, 
th e  electrodes are c lean ed  w ith  d is tilled  w a te r o r physio logic saline.
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Tile a d ren a l v en o u s blood o f th e  r a t  con ta ins th e  follow ing corticoids: 6 -a - 
h y d rocortiso l, a ld o s te ro n e , a  n o n -id en tif ied  stero id  show ing  a  positive  sodium  f lu o r­
escence b u t  n o t g iv in g  th e  té traz o liu m  reac tio n , c o rtico s te ro n e , 11-d ehydrocortico ­
ste ro n e , d 4-a d ro s ten e -l l-o[-3,17-dione a n d  / l4-an d ro stene-3 ,17 -d ione. By th e  sensitive  
te traso liu m  re d u c tio n  m eth o d  th e  a u th o rs  de te rm in ed  th e  corticoid  co n ten t o f th e  
a d ren a l venous b lo o d  o b ta in ed  from  e a c h  an im al in  1 2 -m in u te  periods, as w ell as 
th e  a ldosterone sec re tio n  from  th e  po o led  a d ren a l venous b lo o d s ob ta ined  from  severa l 
anim als.

In  recen t years th e  r a t ’s ad ren o co rtica l fu nc tion  h as  been  stud ied  e x te n ­
sively  an d  i t  has becom e clear th a t  in  t h a t  species th e  a d re n a l cortex  secre tes 
m ain ly  corticosterone  [1, 2, 3]. Some a u th o rs  m en tio n ed  th e  presence of h y d ro  - 
cortisone, b u t  these  c la im s could n o t b e  co rro b o ra ted  [4, 3]. M oreover, 11-de- 
hyd roco rticosterone, a p o la r  corticoid  o f  u nknow n  s tru c tu re , as well as a n d ro -  
stened ione  have been  described  to  occu r in  th e  a d re n a l venous blood o f  th e  
r a t  [2 ]. T he presence o f  a ldosterone w as f ir s t  observed  b y  S in g e r  an d  St a c k - 
D u n n e  [4].

I n  th e  p resen t p a p e r  th e  co rtico id  p a tte rn  of th e  r a t ’s adrenal v en o u s  
b lood an d  its  q u a n ti ta t iv e  d e te rm in a tio n  are d escribed .

M ethods

E ig h ty  a lb ino  ra ts  f ro m  th e  sam e stock , o f  e ith e r sex, w e ig h in g  app ro x im ate ly  150 to  
220 g each , w ere used . B lood  from  th e  le f t  a d re n a l  v e in  w as co llec ted  un d er h e x o b a rb ita l  
sodium  an aesth es ia  (10 m g/100  g body  w eigh t in tra p e rito n e a lly ) , b y  m eans of a glass c a n n u la  
connected  w ith  a p o ly e th y len e  tu b e . P rio r to  th e  in se rtio n  o f th e  c a n n u la  5.0 m g/100 g b o d y  
w eigh t h e p a rin  in  1.0 m l physio log ic  saline h a d  b een  in jec ted  in tra v e n o u s ly . D uring  th e  60- 
m in u te  blood collection p e r io d s  th e  te m p e ra tu re  o f th e  an im als  w as m ain ta in ed .

A dren al venous b lo o d  w as ex trac ted  w ith  e th e r  and  e th y l  a c e ta te ,  as a lready  desc rib ed  
[5]. H aem olysis was b ro u g h t a b o u t w ith  d is til le d  w a te r , th e n  a f te r  u n itin g  the  4 : 1 m ix tu re  
o f  e th e r-e th y l ace ta te  o f tw ice  th e  sam e v o lu m e  th e  organic  p h a se  w as washed w ith  JV/10 
N a 2C 0 3 an d  w ith  1/ r> vo lu m e o f  d istilled  w a te r , resp ec tiv e ly . T h e  re s id u e  o b ta ined  in  v a cu u m  
w as p a r ti t io n e d  be tw een  b en zen e  and  70 pe r c e n t  e th an o l, th e n  th e  residue of th e  a lcoholic  
ph ase  w as dissolved in  1.0 m l e th y l a c e ta te .

Paper chromatographic separation. A co m p le te  sep ara tio n  o f  a ll  o f th e  corticoids re q u ire d  
th e  use o f  tw o m ethods. T h e  steroids less p o la r  th a n  h y d ro c o rtiso n e  were sep a ra ted  in  a 
benzene-form am ide sy s tem  [6], w hile those  o f  h ig h er p o la rity  ( in c lu d in g  a ldosterone) w ere 
se p a ra ted  a n d  assayed q u a n ti ta t iv e ly  in  a  m o d ified  B ush  B 5 sy s te m  (b en zene-m ethano l- 
w a te r  14 : 6 : 5). W ith  th e  fo rm am ide-benzene  im p re g n a tio n  m e th o d  th e  specim ens w e re
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r u n  4  hours w ith  no  p rev io u s  ex posure . In  th e  b en zen e-m eth an o l-w ate r sy s te m , a fte r  e q u i­
l ib r a t io n  fo r 8 h ours, th e  ru n n in g  tim e  ch an g ed  acco rd in g  to  th e  a c tu a l p u rp o se . T he q u a n ti ­
t a t i v e  d e te rm in a tio n  o f co rticosterone  re q u ire s  4 h o u rs  o f ru nn ing , w h ile  th e  sep ara tio n  o f  
a ld o s te ro n e , or th e  o b se rv a tio n  o f com p o u n d s m ore  p o la r  th a n  h y d ro co rtiso n e  needs 16 h o u rs  
o f  ru n n in g . In  th is  case th e  so lven t d r ip p in g  o ff a n d  conta in ing  th e  s te ro id s  less p o lar th a n  
c o rtiso n e  was ta k e n  u p  in  ch ina or g lass d ishes o f 10 to  12 m l cap ac ity .

T he pap er u sed  w as Schleicher-Schiill 2043 b , p rev iously  w ash ed  fo r  days in  e th y l-  
a c e ta te  and  e th an o l. W ith  th e  im p re g n a tio n  m e th o d  2 cm  wide, w ith  th e  b en zen e-m eth an o lic  
w a te r  system  4 cm  w ide  an d  52 cm  lo n g  s tr ip s  w ere  used.

T he stero ids d isso lved  in  a  sm all vo lum e w ere  applied  by  th e  u su a l 0.01 m l m icro ­
p ip e t te .  Considering th a t  fo r th e  d e te rm in a tio n  o f a ldosterone, and  fo r th e  d em o n s tra tio n  o f  
s te ro id s  p resen t in  tra c e s  e x tra c ts  fro m  sev e ra l an im a ls  h a d  to be poo led , th e  ste ro id  e x tra c t  
d isso lv ed  in  1— 2 m l o f th e  so lven t (as a  re d u c tio n  o f volum e w ith o u t lo ss is  d ifficu lt)  w as 
a p p lie d  b y  p re ch ro m a to g ra p h y  (B u sh  [7]). T h e  p ro ced u re , as m odified b y  u s , was as follow s. 
E ig h t  cm  from  one en d  o f  th e  4 cm  w ide p a p e r  s tr ip  th e  s ta r t  line  is m a rk e d  an d  0.2 o r 0.3 
o f  th e  te s t  m a te ria l is d ro p p ed  on th a t  a rea , ta k in g  care  les t th e  so lven t re a c h  th e  end of th e  
p a p e r  o r th e  s ta r t  lin e . T he e th y la ce ta te  e v ap o ra te s  rap id ly  on th e  la rg e  su rface ; i ts  ev ap o ­
r a t io n  m ay  be acce le ra ted  b y  a s tre am  o f h o t  a ir . S u b seq u en tly  th e  s ta r t  l in e  ends o f th e  s tr ip s  
a re  d ip p ed  in to  a d ish  co n ta in in g  a 1 to  2 m m  th ic k  la y e r  o f e th y l a c e ta te .  T he cortico ids 
m ig ra te  in  th e  fro n t l in e  o f  th e  ascending  so lv e n t; th is  is continued u n t i l  th e  f ro n t lin e  h a s  
re a c h e d  th e  p rev io u sly  m ark e d  s ta r t  lin e . P rec h ro m a to g ra p h y  e x p e rim e n ts  w ith  s ta n d a rd  
c o rtico id s  show ed t h a t  a ll corticoids w ere  to  b e  fo u n d  in  a few m m  w ide  zone  co rresponding  
to  th e  fro n t line . T h e  p ro ced u re  ta k e s  1 to  I 1/» ho u rs  to  perform .

Q uantita tive  assay o f  aldosterone and  corticosterone

A ldosterone w as d e te rm in ed  b y  ru n n in g  fo r 16 hours in  a b en zen e-m e th an o l-w a te r  
sy s te m . In  th is case th e  a ld o ste ro n e  w as fo u n d  b e tw een  h y d rocortisone  a n d  cortisone 0.5 
R f  C p d  F — E . The d is tan c e  be tw een  h y d ro c o rtiso n e  an d  cortisone v a rie d  fro m  12 to  16 cm .

Fig. 1. D ia g ram m a tic  re p re se n ta tio n  o f  th e  m icro-elu tion  a p p a ra tu s ,  
g u id in g  p ap er s tr ip , 2 : p ap er-c lip , 3 : p a p e r  s tr ip  to  be e lu ted , 4 : ra c k , 5 : W asserm an n ­

tub e , 6 : g lass cover, 7 : ab so lu te  e th a n o l, 8 : glass tu b e , 9 : g lass  d ish

T h e  zone 3 cm u p w a rd  a n d  3 cm  d o w n w ard  fro m  th e  R f corresponding  to  a ld o ste ro n e  w as 
c u t  o u t  an d  assayed  b y  th e  m ic ro te traz o liu m  m eth o d  a fte r m ic ro e lu tio n , as described  
l a t e r .  A sim ilar p ro c ed u re  w as used  fo r th e  q u a n ti ta t iv e  d e te rm in a tio n  o f  co rticosterone , 
a f t e r  4 hours o f ru n n in g . I n  b o th  cases th e  R f  w as d e term ined  on th e  b a s is  o f free a ld o s­
te ro n e  an d  co rtico s tero n e , re sp ec tive ly .

M icroelution o f  corticoids. T he e lu tio n  o f s te ro id s  from  th e  p a p e r  ch ro m a to g ram s b y  
th e  u su a l m ethods re q u ire s  a  considerab le  v o lu m e o f so lven t, is tim e-co n su m in g  an d  causes 
a  lo ss o f  steroids. M oreover, for q u a n ti ta t iv e  assay  w ith  th is  m eth o d  th e  sm all a m o u n t o f
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s te ro id  m u s t be  d isso lv ed  in  a large vo lum e o f  so lven t. On th e  o th e r  h a n d , th e  m ic ro e lu tio n  
m eth o d  m akes i t  p o ss ib le  to  elute th e  s e p a ra te d  stero ids in  0.3 to  0.5 m l o f so lven t.

E lu tio n  is e ffec ted  in  e thanol a tm o sp h e re , in to  re ag e n t tu b e s  m easu ring  1 2 x 0 .5  cm . 
T he a p p a ra tu s  used  is  show n  in  Fig. 1. T he s t r ip  c u t  from  th e  p a p e r  ch ro m a to g ram  is a tta c h e d  
b y  m ean s o f a  p ap er-c lip  to  a  so-called g u id in g  p a p e r  6 to  8 cm  long  a n d  of th e  sam e w id th , 
3 o r 4 cm  o f w hich is  p lac ed  in to  th e  d ish  f i l le d  w ith  e th an o l. L ik e  in  descending c h ro m a to ­
g ra p h y , th e  e th an o l re ac h es  th e  paper s tr ip  u se d  fo r e lu tion , th e n , co n cen tra tin g  th e  ste ro id  
on th e  p a p e r  in  th e  f r o n t  l in e , collects i t  in to  th e  reag en t tu b e . E lu tio n  is com plete  in  th e  f ir s t  
2 o r 3 d ro p s o f e th an o l a lre a d y ; we usu a lly  e n d  th e  ex p erim en t a f te r  0.5 m l o f th e  e lu a te  has 
co llected . T he process o f  e lu tio n  m ay  be fo llo w ed  up  b y  th e  u se  o f a  p ap er s tr ip  on  w hich  
one d ro p  o f 1 pe r c en t S u d a n  II I  solution in  a lcohol has been  p laced . W ith  e th an o lic  e lu tio n  
h y d ro co rtiso n e , co rtiso n e , corticosterone a n d  a ld o ste ro n e  b eh av ed  in  th e  sam e w ay  a n d  0.5 ml 
o f th e  e th an o lic  e lu a te  co n ta in ed  all of th e  ste ro id s . (Fig. 1.) Tétrazolium  blue assay o f  sm all 
quantities o f  corticoid. F o r  th e  tétrazo lium  b lu e  re d u c tio n  m ic ro m eth o d , th e  s ta n d a rd  ste ro ids 
a re  d ilu te d  in  1.5 m l o f  abso lu te  e th an o l, i n  th e  co n cen tra tio n  ra n g e  o f from  0.5 to  5.0 /xg. 
S u b seq u en tly , 2.0 m l CHC13, 0.2 ml of 0.25 p e r  cen t té traz o liu m  b lue  in  e th an o l a n d  0.1 m l 
N aO H  are  ad ded  to  th e  tu b e s . The a lka li r e a g e n t  con ta ins 8 g o f  N aO H  dissolved in  100 ml 
o f d is tilled  w a te r  an d  200 m l o f absolute e th a n o l ,  ad ded  a fte r  d isso lu tio n . The so lu tio n  should  
b e  fre sh ly  p rep ared  e v e ry  fo rtn ig h t. Six m in u te s  a f te r  add in g  th e  a lk a li p h o to m e tric  d e te r ­
m in a tio n  is done a t  520 m p,, in  a 5 cm c u rv e t te .  The ca lib ra tio n  v a lu es re la ted  to  h y d ro c o r­
tisone  are  p resen ted  in  T ab le  I.

Table I

Hydrocortisone 
in jUg/3.8 ml 

solution
Optical density at 520 mЦ

1.0 0.150 0.150 0.160

2.0 0.290 0.300 0.320

3.0 0.460 0.450 0.470

4.0 0.610 0.600 0.620

5.0 0.770 0.760 0.750

R e su lts

Corticoids in  adrenal venous blood. To d em o n stra te  presence o f ste ro id s  
se c re te d  in  traces b y  th e  adrenal c o r te x , ex trac ts  of th e  ad ren a l venous b lood  
co llec ted  o f 60 m in u te s  from  a t le a s t 6 an im als h ad  to  be pooled. T he pooled  
e x tra c ts  were ch ro m ato g rap h ed  p a r t ly  in  fo rm am ide-benzene, p a r tly  in  ben- 
zen e -m eth an o l-w a te r. T he corticoids se p a ra te d  in  th e  tw o  system s w ere de­
m o n s tra te d  b y  té tra z o liu m  blue re d u c tio n , sodium  fluorescence an d  th e  m -di- 
n itro b en zen e  re a c tio n . Id en tific a tio n , ta k in g  in to  co n sid e ra tio n  th e  Ry values 
o f th e  s ta n d a rd  com pounds, was te n ta t iv e .  The pooled  e x tra c ts  o f ad ren a l 
v en o u s b lood  from  a t  least six an im a ls  w ere show n to  co n ta in  th e  follow ing 
s te ro id s :

1. 6 -a-hydroxycortiso l
2. a ld o ste ro n e
3. co m p o u n d  X , no t id e n tif ie d
4. co rticoste rone
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5. 11 -dehydroco rticosterone
6. zl4-an d ro s ten e -ll-o l-3 ,1 7 -d io n e
7. ^l4-and rostene-3 ,17 -d ione

T he ch ro m ato g rap h ic  b eh av io u r of th e  sing le com pounds is show n in  
F ig . 2. 6 -hydrox icortiso l an d  aldosterone  w ere p re se n t in  th e  sm allest q u a n ­
t i t ie s ,  w hile the  m ain  co m pounds w ere com p o u n d  X  an d  co rticoste rone . B o th  
ca n  b e  assayed q u a n ti ta t iv e ly  in  ad ren a l ven o u s b lood  collected  fo r 12 m in u tes .

F ig . 2. D iagram m atic  re p re se n ta tio n  o f th e  co rtico id  p a t te rn  in  th e  r a t ’s ad ren a l venous 
b lood a f te r  sep a ra tio n  b y  p a p e r  ch ro m ato g rap h y .

A :  fo rm am id e—benzene sy s te m , 1 : Cpd X , 2: co rtico s tero n e , 3: 11-dehydrocorticosterone  
4 : zl4-a n d ro s ten e -ll-o l-3 ,1 7 -d io n e , 5 : zl4-androstene-3 ,17-d ione 

В  : ben zen e— m ethanol— w a te r  sys tem , 1: 6 -a -h y d roxy-co rtiso l, 2: s ta n d a rd  h y d ro c o rti­
sone, 3 : a ld o ste ro n e , 4 : s ta n d a rd  cortisone

T étrazolium  b lu e  red u c tio n  an d  sod iu m  fluorescence w ere observed  
s im u ltan eo u sly  on ly  in  th e  case of 6 -hydrox ico rtiso l, a ld o ste ro n e , co rtico ­
s te ro n e  and  1 1 -dehydroco rticosterone . T he u n id e n tif ie d  co m p o u n d  X  did  n o t 
re d u c e  té trazo lium , b u t  gave a positive sod ium  fluorescence te s t .  In  th e  ran g e  
o f  f ro m  10 to  20 /tg , co m p o u n d  X  show ed no m -d in itro b en zen e  reac tio n . T h e  
17-ketostero ids w ere p o s itiv e  b y  b o th  th e  a lk a li fluorescence a n d  m -d in itro ­
b en zen e  te sts .

C om pound X  is a lw ays p re sen t in  a d re n a l venous b lood  a n d  can  com ple­
te ly  b e  separa ted  fro m  co rticoste rone  only  in  th e  fo rm am id e—benzene sy stem . 
I n  th e  benzene—m e th a n o l—w a te r sy s tem  co m p o u n d  X  m oves b u t  sligh tly  slo ­
w er th a n  corticosterone  so th a t  i t  c an n o t be perfec tly  se p a ra te d  from  th e  
l a t t e r  (F ig . 2).

Q uantita tive distribution  o f  corticoids in  adrenal venous blood

A s th e  d a ta  in  T ab le  I I  in d ica te , co rticosterone  an d  com p o u n d  X  w ere 
p re s e n t  in  the  la rg es t q u a n tit ie s , as co m p u ted  for 100 g o f b o d y  w eigh t an d  
p e r  h o u r. The 17 -k e to ste ro id s  an d  11 -dehydroco rticosterone  could  also be 
e v a lu a te d  q u a n tita tiv e ly  for single an im als. To de te rm ine  th e  q u an titie s  o f  
a ld o ste ro n e  and 6 -h y d ro x y co rtiso l ad ren a l venous blood h a d  to  be co llec ted  
fo r  60 m inu tes and  th e  b loods from  several an im als had  to  be p o o led .



ADRENOCORTICAL FU N CTIO N  IN  TH E  R A T 129

Table II

Amount of corticosteroids in adrenal venous blood 
//g/100 g body weight/hour

C orticosterone (25)

Com pound X  (25)

11-dehydrocorticosterone (12) 

d 4-androstene-3,17-dione

z14-an d ro s ten e -11 -ol-3,17-dione

6-u-hydroxy co rtiso l 

A ldosterone (15) /tg /kg/hour

6.1
3.05

1 to 3 jug

on several occasions 
1 to  5 yUg

in  sev era l te s ts  
1 to  5 jug

less th a n  0.5 dg  

0.87

C orticosterone a n d  com pound X  o b ta in ed  from  th e  ad ren a l venous b lood  
o f single anim als w ere determ ined  b y  th e  sodium  fluo rescence  and  té tra z o liu m  
red u c tio n  te s ts  in  th e  follow ing w ay. 0.1 m l of th e  e x t r a c t  dissolved in  1.0 m l 
e th y l ace ta te  was c h ro m a to g rap h ed , p a r t ly  in  fo rm am id e—benzene and  p a r t ly  in  
benzene—m eth an o l—w a te r . In  th e  f i r s t  system  the  so d iu m  fluorescence m e th o d , 
in  th e  o th e r th e  té tra z o liu m  blue re a c tio n  was u sed , th e  la tte r  a fte r m ic ro ­
e lu tio n . R ep ea ted  t r ia ls  showed th e  re su lts  o b ta in ed  w ith  the  tw o so lv en t 
sy stem s and  b y  th e  tw o  m ethods to  b e  in  sa tisfac to ry  agreem ent.

Table III

No.

Corticosterone content of adrenal venous blood 
//g/100 g body weight/hour

Sodium fluorescence Tétrazolium blue
test reaction

l 14.5 12.5
2 13.0 12.5

3 11.8 10.0
4 16.8 15.5

5 13.6 12.5

C onsidering t h a t  aldosterone w as p resen t in  sm all q u an titie s , th e  e x tra c ts  
o f  ad ren a l venous b lo o d  collected fo r  60 m inutes fro m  15 ra ts  were poo led . 
T h e  e x tra c t was c h ro m a to g rap h ed  in  benzene—m e th a n o l—w ater for 16 h o u rs , 
th e n  th e  6 cm a rea  correspond ing  to  th e  place of a ld o ste ro n e  was e lu ted  an d  
th e  aldosterone  w as de te rm ined  b y  th e  té trazo liu m  b lu e  reaction . D u rin g  th e  
16 hours of ch ro m a to g rap h y  th e  corticosterone  a n d  th e  solvent h a d  been  
d r ip p in g  in to  th e  d ish es  under th e  s tr ip s  (2 to  3 m l); a f te r  su itab le  d ilu tio n  w ith  
e th a n o l, th e  co rtico ste ro n e  co n ten t w as determ ined  a f te r  repeated  ru n n in g . 
T ab le  I I  shows th e  secre tion  values fo r  aldosterone, in  jWg/kg body w eig h t/h o u r.
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Discussion

I t  has been fo u n d  th a t  ra ts  u n d e r h ex o b a rb ita l a n a e s th e s ia  secre ted  
d e te rm in a b le  q u a n titie s  of ad ren a l c o rtic a l horm ones even  w h en  blood w as 
co lle c te d  in  10 to  15 m in u te  perio d s. U n like  in  m ost m am m als , th e  ad rena l 
v e n o u s  blood of th e  r a t  does n o t c o n ta in  hyd roco rtisone , b u t  th e  an im al is 
c a p a b le  of secreting  6 -a -h y d ro x y co rtiso l in  m in u te  am o u n ts . A  non-id en tified  
s te ro id  is p resen t in  considerab le  q u a n tit ie s ;  its  co n cen tra tio n  m a y  a tta in  th a t  
o f  co rticosterone .

W e found a ld o ste ro n e  secre tio n  to  be less th a n  th a t  r e p o r te d  by  S i n g e r  

a n d  S t a c k - D u n n e  [4] a n d  we w ere u n ab le  to  f in d  evidence o f  hyd roco rtisone  
se c re tio n . D ifferences b e tw een  th e  s tra in s  o f ra ts  m ay be resp o n sib le  for th is  
d iv e rg en ce  in  resu lts .

As i t  has been o bserved  earlie r [5], less cortico id  is sec re ted  u n d e r general 
a n a e s th e s ia  th an  in  th e  n o rm al s ta te , w ith o u t surgical in te rv e n tio n . S im ilarly , 
th e  co rtico ids in a d re n a l venous b lood  can  be  re la te d  q u a lita tiv e ly  to  th e  resting  
s ta te .  C ertain  specific  s tre sso r effects, th e  ac tio n  of o ther p e r ip h e ra l endocrine 
o rg a n s  on the  p i tu i ta ry —ad ren o co rtica l sy s tem  m ay  a lter th e  c o rtico id  p a tte rn  
a n d  in  th e  adrenal ven o u s b lood  o f th e  r a t  s te ro id s  m ay a p p e a r  w hich do no t 
o c c u r u n d er no rm al co n d itio n s. F o r ex am p le , h y d roco rtisone  secre tion  was 
d e m o n s tra b le  in  ra ts  fo llow ing  th e  a d m in is tra tio n  of calf h y p o p h y sis  ex tra c t, 
b u t  n o t  after t re a tm e n t w ith  p u rif ied  A C T H  p rep ara tio n  [8]. S im ilar obser­
v a t io n s  have been m ad e  in  o th e r  species as w ell, and  the  p h en o m en o n  has been 
su g g e s te d  to involve changes in  th e  enzym e system  of th e  ad ren a l cortex .
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A lbino ra ts  w ere  m ade to  sw im  in  w a te r  o f d ifferen t te m p e ra tu re s  to  s tu d y  th e  
effec t o f  com plete  e x h a u s tio n  on th e  c o rtic o id  p a t te rn  o f th e  a d re n a l venous b lood and  
on th e  ho rm o n e  sy n th e s is  b y  a d ren a l t is su e  in cu b a te d  in  vitro. A t th e  o p tim u m  w a te r  
te m p e ra tu re  sw im m ing  h a d  p rac tica lly  n o  e ffe c t on  th e  c o rtico s te ro n e  co n te n t, w h ile  
sw im m ing in  w a te r  o f  18°C caused i ts  re d u c tio n . On th e  o th e r  h a n d , th e  a ld o ste ro n e  
c o n te n t in creased  m a rk e d ly  on sw im m ing  a t  30°C, 18°C a n d  43°C, and  w as th e  
h ig h est a t  th e  low  en v iro n m en ta l te m p e ra tu re .  C om pound X , in v a ria b ly  p re sen t in  
a d ren a l venous b lo o d , beh av ed  like  co rtico s te ro n e . C o rticosterone  syn thesis in  vitro  
w as in creased  even w h e n  th e  ad ren a l v e n o u s  b lood value d id  n o t  change or d ecreased .

R a ts  in  hypo- o r h y p e rth e rm ia  h a v e  b een  found to  show  m uch poorer 
perfo rm ance th a n  a t  a n  o p tim a l e n v iro n m e n ta l te m p e ra tu re  [1, 2]. T hese o b ­
se rva tions rev ea led  t h a t  over a c e r ta in  c r itic a l te m p e ra tu re  A C TH  w as no 
longer capab le  o f in flu en c in g  p erfo rm an ce, p resu m ab ly  in  consequence o f  an  
insuffic iency  o f a d ren o co rtica l syn th esis .

In  th is  p ap e r ex p erim en ts  are  d e sc rib ed , in  w hich  ra ts  were m ade to  
sw im  in  w a te r  a t  d iffe re n t te m p e ra tu re s , in  o rd er to  d e te rm in e  th e  effect o f 
sw im m ing on cortico id  secretion .

M ethods

A  to ta l  o f  60 a lb ino  r a t s  o f  e ither sex , w eig h in g  150 to  180 g each , in  groups o f 15 each, 
were u sed . T he collection  o f  a d ren a l venous b lo o d , th e  e stim a tio n  o f co rtico id s an d  a ld o ste ro n e  
have  b een  described  in  d e ta i l  [3]. The an im als  w ere  fo rced  to  sw im  in  a 45 cm  deep vessel 
hold ing 50 litre s . T he te m p e ra tu re  o f th e  w a te r  w as 30°, 18° a n d  43°C , resp ec tive ly , w ith  a 
m ax im u m  v a r ia tio n  o f ± 0 .5 ° C . The an im als w e re  su b jec ted  to  s tu d y  w ith in  70 m in u te s  
a f te r  sw im m ing. H e x o b a rb ita l  sodium  (10 m g /1 0 0  g  b o d y  w eigh t) in tra p e rito n e a lly  w as used  
fo r an aesth es ia . B lood c lo tt in g  w as p rev en ted  b y  in je c tin g  h e p arin  (5 m g/100 g b o d y  w e ig h t, 
1 m g 84 U .) in to  th e  sap h en o u s  vein.

A fte r collecting  a d re n a l  venous b lood  fo r  60 m in u te s , th e  a d ren a ls  were rem oved , 
w eighed an d  in cu b a te d  u n d e r  co n stan t o x y g e n a tio n  fo r 120 m in u te s , in  a  m ed ium  co n ta in in g  
for every  100 m g a d ren a l t is su e  6 m l of T y ro d e’s so lu tio n , n ico tin ic  acid  am ide  20 m g, d ex tro se  
6 m g, A T P  2 m g an d  A C T H  ( Organon, Oss, H o lla n d )  4 I .  U . A fter in c u b a tio n  th e  so lu tion  w as 
cen trifuged , th e n  b o th  th e  su p e rn a ta n t  and  th e  tis su e  w ere e x tra c te d  w ith  e th e r-e th y l a c e ta te , 
4 : 1 (using a n  e q u a l v o lu m e w ith  th e  f lu id  a n d  20 vo lum es w ith  th e  tissu e ). The so lven ts 
were pooled  a n d  p re p are d  fo r  corticoid  e x tra c t io n  p a p e r  c h ro m a to g ra p h y  [3].

T he d u ra tio n  of sw im m in g  from  s ta r t  u n t i l  co m p le te  e x h au s tio n , a n d  th e  re c ta l te m ­
p e ra tu re  w ere reco rded .
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R esults

Adrenocortical a c tiv ity  after sw im m ing  at 30°C

The d u ra tio n  o f sw im m ing a t 30°C w as 108 m in u te s ; during  th is  t im e  
re c ta l  tem p era tu re  decreased  to  30.9^0. T here  was no d ifference from  th e  
co n trô le s  in  th e  co rtico ste ro n e  level o f ad ren a l venous b lood , b u t  the  co rtico ­
s te ro n e  synthesis o f  th e  ad ren a l tissue increased  by  405 p er cen t. C om pound X , 
a substance  alw ays p re se n t in  th e  ad ren a l venous blood of r a ts  an d  w hich does 
n o t  give the  té tra z o liu m  b lue  reac tio n  b u t  can  be d e te rm in ed  on th e  b asis  o f  
.sodium  fluorescence [3], d iffered  in  b eh av io u r from  co rtico ste ro n e . I ts  leve l in  
a d re n a l venous b lo o d  decreased  by  40 p e r cen t d u rin g  sw im m ing, b u t  th e  
a d re n a l tissue sy n th es ized  m ore of i t .  I t  is n o tew o rth y  th a t  only tra c e s  o f  
com p o u n d  X  o ccu rred  in  th e  no rm al ra ts  w hich  d id  n o t sw im .

The level o f a ld o ste ro n e  in  ad ren a l venous blood w as slig h tly  in creased  
a f te r  sw im m ing a t  30°C. A t th e  sam e tim e , a ldosterone syn thesis  in  th e  
a d re n a l tissue in c rea sed  b y  44 p er cen t.

These resu lts  a re  p re sen ted  in  T ab le  I .

Table I

Control Swimming 
at 30°C

Percentage
change

N u m b e r of ra ts 15 15 —

B o d y  weight, g 153 146 —4.5

A d re n a l weight, m g/100 g 21.7 23.3 +  7.0

D u ra tio n  of sw im m ing, m inu tes - 108 —

R e c ta l tem perature  a f te r  sw im m ing, °C 37.4 30.9 — 17.0

S te ro id  level of ad ren a l venous blood, /rg/100 g/hour

Corticosterone 6.1 6.38 + 4 .5

Com pound X 3.05 1.82 — 40.3

Aldosterone, /tg /k g /h o u r 0.87 1.05 +  20.7

S te ro id  content o f th e  in cu b a ted  ad renal tissue, /(.g/g

Corticosterone 20.0 101.0 +  405

Com pound X - 195.0 —

Aldosterone 3.6 5.2 +  44
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Adrenocortical activity after sw im m ing  at 18° C

The co rticoste rone  co n ten t of a d re n a l venous b lo o d  decreased  b y  34 p e r 
cen t. A t th e  sam e tim e  co rticosterone  sy n th esis  in c reased  b y  610 per cen t. 
A sig n ifican t decrease to o k  place in  th e  secretion  of co m p o u n d  X , while th e  
a d re n a l tissue  i t  was syn th esized  in considerab le  q u a n titie s . U nlike a fte r sw im ­
m ing  a t  30°C, a ld oste rone  secretion  in c reased  by  360 p e r  c en t, and  a s im ila rly  
sign ifican t increase w as observed  in  a ld oste rone  sy n th es is .

Table II

Controls Swimming 
at 18°C

Percentage
change

N um ber of ra ts 15 15 _
B ody w eight, g 153 149 - 2 . 6
A drenal w eight, m g/100 g 21.7 26.4 +  21.6

D u ra tio n  of swim m ing, m inu tes - 9 -
R ecta l tem p era tu re  a fte r sw im m ing, °C 37.4 21.5 - 4 2 .5

Steroid  level of adrenal venous blood, /rg/100 g /h o u r

C orticosterone 6.1 4.0 - 3 4 .4

Com pound X 3.05 1.34 - 5 6 .0
A ldosterone, /xg/kg/hour 0.87 4.0 +  360.0

S teroid  co n ten t o f in cu b a ted  ad renal tissue, u g /g

Corticosterone 20.0 142.0 +  610.0
Com pound X — 44.0 —
Aldosterone 3.6 4.8 +  33.0

In  ag reem en t w ith  o u r earlie r resu lts  [1, 2] th e  an im als cou ld  swim a t 18°C 
fo r m uch less tim e th a n  a t  th e  o p tim u m  te m p e ra tu re . T h e  re c ta l  te m p e ra tu re  
w as 2I.5°C .

Adrenocortical activity after sw im m ing at 43°C

A fter sw im m ing in  w a te r of 4 3 °C, co rticosterone  secretion  increased  
s lig h tly , while th ere  w as a sign ifican t increase  in  co rtico ste ro n e  synthesis. T he 
secretion  of com pound X  becam e less, w hile  its  syn thesis  b y  ad ren a l tissue, like 
in  th e  contro ls, was n o t observable. A ldosterone  sec re tio n  increased sig n ifi­
can tly , while a ld o ste ro n e  was p ra c tic a lly  unchanged .

4  Acta Physiologica XVIII/2.
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Table III

Controls Swimming 
a t 43°C

Percentage
change

N u m b e r of ra ts 15 15 —

B o d y  weight, g 153 161 + 6

A d re n a l weight, m g/100 g 21.7 25.0 +  15.2

D u ra tio n  of sw im m ing, m inutes — 10.0 -

R e c ta l  tem pera tu re  a f te r  sw im m ing, °C 37.4 41.6 +  11.0

S te ro id  level of adrenal venous blood, /xg/lOO g /h o u r

Corticosterone 6.1 7.43 +  21.8

C om pound X 3.05 1.24 — 56.0

A ldosterone, /xg/kg/hour 0.87 2.77 +  218.0

S te ro id  con ten t of in cu b a ted  ad renal tissue , jttg/g

Corticosterone 20.0 99.0 +  395.0

Com pound X — -

A ldosterone 3.6 3.14 - 1 3 .0

A t4 3 ° €  sw im m ing la s ted  10 m in u te s  as our ea rlie r ex p erim en ts  [1, 2 ]- 
R e c ta l  tem p era tu re  rose to  41.6°C .

The d u ra tio n  o f  sw im m ing a t  th e  d iffe ren t te m p e ra tu re s , th e  d a ta  fo r 
ad ren o co rtica l a c tiv ity  for th e  single g roups an d  th e  v a lu e s  fo r rec ta l te m ­
p e ra tu re  are p resen ted  in  T ab le  IV .

Table IV

Group

Rectal
temperature

after
swimming

at
°C

Duration 
of swim- i 

ming, 
minutes j

Adrenal venous blood 
corticoid level, 
^g/100 g/hour

Steroid content of 
incubated adrenal tissue,

m is

Cpd В Cpd X Aldosterone* Cpd в Cpd X
1

! Aldosterone
1

C on tro l 37.4 ___ 6.1 3.05 0.87 20.0 —
I

3.6

18°C 21.5 9 4.0 1.34 4.0 142.0 44.0 4.8

30°C 30.9 108 6.38 1.82 1.05 101.0 195.0 5.2

43°C 41.6 10 7.43 1.24 2.77 99.0 — 3.14

* In  jtig/kg/hour.

D iscussion

Sw im m ing a t ex trem e te m p e ra tu re s  rep resen ts a g re a t  s tra in  for th e  
o rg an ism . This w as w ell re flec ted  b y  th e  d u ra tio n  of sw im m in g  a t  30 J C. T h e
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m ark ed  red u c tio n  in  th e  d u ra tio n  of sw im m ing  m ay be tra c e d  b ack  to  com plex  
v eg e ta tiv e  an d  m etab o lic  d is tu rb an ces, as suggested  b y  ou r earlier f in d in g  
[2] th a t  sw im m ing a t 18° C and a t 43" C s ig n ifican tly  red u ced  th e  ra te  o f ox i­
d a tiv e  processes. T he p re sen t experim en ts h av e  show n th a t  a fte r sw im m ing  in  
cold w a te r co rticosterone  secretion decreases, a lth o u g h  in  vitro  th e  ad re n a l 
tissu e  syn thesized  m ore corticosterone th a n  d id  th e  ad ren a l tissue from  th e  
con tro l ra ts . The sam e app lied  to  com pound  X , an  u n id e n tif ie d  s te ro id . In  
c o n tra s t w ith  th is , a ldosterone  secretion  d e fin ite ly  increased , in d ica tin g  th a t  
th e  tw o  k inds of co rtico id  are sy n th esized  b y  in d ep en d en t m echanism s, or 
th a t  th e ir  syn thesis  is n o t contro lled  b y  th e  sam e reg u la tio n . The d im in u tio n  
of hyd roco rtisone  an d  corticosterone secretion  in h y p o th e rm ia , w ith o u t 
w ork, was d e m o n s tra te d  long ago, a lth o u g h  those ex p erim en ts  on dogs 
supp lied  no in fo rm atio n  as regards a ldosterone  secre tion  [4]. W h a t m ay  
th e n  exp la in  th e  p a rad o x ica l reac tio n  in  th e  ad ren o co rtica l secre tio n ?  
I t  m ay  be assum ed th a t  in  a cold en v iro n m en t th e  A C T H  secretion  b y  th e  
an te rio r p itu ita ry  does no t becom e a c tiv a te d , while th e  fac to rs in flu en c in g  
a ldosterone  syn th esis  ta k e  effect. In  recen t years d e ta iled  rep o rts  have  been 
p u b lish ed  claim ing th a t  a “ g lom eru lo troph ic  fa c to r” — an d  no t A C TH  — 
p lay ed  a role in  th e  m a in ten an ce  of a ldosterone  syn th esis  an d  secre tion  [5, 6]. 
On th e  o th e r h an d , i t  m ay  be also suggested  th a t  a t low b o d y  te m p e ra tu re  th e  
k in e tic s  of ad rena l enzym es have been so changed  th a t  co rticosterone  sy n th es is  
is in h ib ited , b u t th e  sy n th es is  of a ldosterone  is no t in te rfe red  w ith . T he fa c t 
confirm ed  from  m an y  sides th a t  co rticosterone  is the  d irec t p recu rso r o f a ld o ­
ste rone , seem s, how ever, to  d isc red it th a t  v iew  [5, 7]. V ery  p ro b ab ly , th e  
changes in  co rticosterone  and  a ldosterone  secretion  are  n o t due to  changes 
in  th e  m etabo lism  o f ad ren a l tissue , b u t  r a th e r  to  a d is tu rb an ce  in  its  re g u ­
la tio n . T his, how ever, s till needs co n firm atio n .

A t h igh e n v iro n m en ta l te m p e ra tu re s  a ldosterone  secretion  in c reased , 
w hile th e  secretion  o f corticosterone  rem ain ed  p rac tica lly  unch an g ed , c o n firm ­
ing our earlier o b se rv a tio n  th a t  h y p e rth e rm ia  enhances a ldosterone  sec re tio n  
w ith o u t affecting  corticosterone  secretion  [8]. Once aga in , th is  d u p lic ity  o f 
g lycocorticoid  an d  m inera loco rtico id  secre tion  calls a tte n tio n  to  th e  d u p lic ity  
of th e  con tro l m echan ism  o f ad renocortica l function . I t  is questio n ab le , how  fa r 
th e  sign ifican t differences betw een cortico id  secretion  a n d  cortico id  sy n th es is  
re flec t th e  physio logical s ta te . A t an y  r a te , th e  in c reased  syn thesis  a f te r  
sw im m ing a t  low an d  h igh  tem p era tu res  in d ica te s  th a t  in vitro th e  a c tiv ity  of 
th e  enzym e system  w as stronger th a n  in  th e  contro ls. T he m edium  in w hich 
sy n th esis  took  place p ro v id ed  op tim um  co n d itions in  b o th  th e  contro l an d  th e  
ex h au sted  an im als. T he u ltim ate  increase in  th e  sy n th esis  o f b o th  a ldosterone  
an d  corticosterone suggests th a t  fac to rs a t  p resen t u n k n o w n  seem  to  be in ­
volved  in  th e  con tro l o f ad renocortica l a c tiv ity .

4*
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CONDITIONED AND UNCONDITIONED CEREBRAL 
CORTICAL ACTIVATION TO RENAL PELVIC 

STIMULATION
By

G. Á d Á M  a n d  I. M É S Z Á R O S  

INSTITUTE OF PHYSIOLOGY, MEDICAL UNIVERSITY, BUDAPEST 

(Received June  9, 1960)

In  chronic experim ents in  fem ale dogs w ith im plan ted  cortical electrodes and 
unilateral u reteric  fis tu la  the w eak m echanical stim ulation  of the renal pelvis caused 
cerebral electrical activation  (orienta tion  reaction). This electrical desynchronization 
could be extinguished. A fter lasting  extinction a conditioned interoceptive electrical 
activation  could be elicited by combining the renal stim ulus w ith some (auditory  or 
derm al) exteroceptive stim ulus.

I n  a previous p a p e r  [1] th e  changes in  ce reb ra l e lec trical a c tiv ity  in  
response  to  in te s tin a l s tim u la tio n  h a v e  been an a ly sed . I t  has been show n th a t  
in  ch ron ic  ex p erim en ts  th e  rh y th m ic , physiologic sm all in te s tin a l s tim u lus, as 
ap p lied  for the f i r s t  tim e , a c tiv a te s  th e  restin g  ce reb ra l e lec trical a c tiv ity  in  
th e  dog . This fa s t e lec trica l a c tiv ity  is ex tin g u ish ed  on th e  rep e titio n  o f th e  
in te ro cep tiv e  s tim u la tio n , or ap p ears  in  th e  form  o f a cond itioned  in te s tin a l 
a rousal re flex  w hen assoc ia ted  w ith  som e a u d ito ry  or d e rm al stim u lus w hich  
b y  its e lf  elicits a ro u sa l.

W e now u n d e rto o k  to in v e s tig a te  w hether th e  re s tin g  cerebral e lec trical 
a c tiv ity  w ould be d esynchron ized  b y  a physio logical s tim u la tio n  of th e  re n a l 
pelv is an d  w hether such  a pelv ic s tim u lu s  m ay  he a s ta r tin g  p o in t o f a con­
d itio n ed  e lec trog raph ic  change.

M ethods

Chronic experim ents were perform ed in  female dogs w ith left ureteric fistu la  and 
w ith stainless steel electrodes inserted th rough  the skull to  reach  the dura. The experim ents 
were conducted in sound-proof and electrically screened cham bers. Prior to applying the 
stim uli the animals had  been allowed tim e to  become accustom ed to  the environm ent to  ex tin ­
guish the  environm ental investigatory  reflexes, and were fed before every tria l. In  th is w ay 
resting cerebral electrical ac tiv ity  and com plete m otor in ac tiv ity  set in  soon.

By means of a special device described elsewhere [2], rhy thm ic  pressure was exerted 
on the w all of the left renal pelvis. The duration  of stim ulation  was 10 see.

Various sounds and  w eak electrical stim ulation of th e  skin of the forelimb served as 
the exteroceptive stim uli eliciting cerebral electrical activation .

An 8-channel BOM E E G  apparatus was used and the anim als were kep t under visual 
control as well. The size of the responses was measured on the basis of the duration of desyn­
chronization. A to ta l of 34 experim ents was made in  5 dogs.
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R esu lts

A )  U nconditioned renal pelvic arousal reaction

W hen th e  ren a l pelv is was rh y th m ic a lly  d ila ted  for th e  f ir s t  tim e, th e  
h ig h  am p litu d e , slow E E G  a c tiv ity  changed  in to  a lo w er-am p litu d e , fa s t one 
(F ig . 1, I) . The an im a l som etim es e x h ib ite d  a m o to r reac tio n . T h is arousal 
re a c tio n  gradually  d isap p ea red  on re p e a tin g  th e  s tim u la tio n  (h ab itu a tio n ) 
(F ig . 1, 2), the o r ie n ta tio n  reflex  h ad  becom e ex tingu ished .

B J Conditioned renal pelvic arousal reaction

In  th e  n ex t p h ase  th e  in te ro cep tiv e  s tim u lus was re p e a te d ly  applied 
u n t i l  ex tin c tio n  h ad  becom e p e rm a n e n t. A fter th is  h ad  been ach ieved , no 
c e re b ra l cortical a c tiv a tio n  was e lic ited  b y  th e  f irs t pelvic s tim u la tio n . Then 
w e b eg an  to  e lab o ra te  th e  co n d itio n ed  re flex  in  th is  s ta te  o f p e rm a n e n t ex ­
t in c t io n . The pelv ic s tim u lu s  w as th e re fo re  applied  in  co m b in a tio n  w ith  a 
s tro n g  au d ito ry  or d e rm al s tim u lus w hich  caused by  itse lf  a m ark ed  cortica l de- 
sy n ch ro n iza tio n  (F ig . 1, 3). A fte r 2 or 3 re in fo rcem ents th e  p elv ic  stim ulus 
a lo n e  evoked cerebral e lec trical a c tiv a tio n . C onsidering th a t  th is  reac tio n  was 
e x tin g u ish e d  when th e  in te ro cep tiv e  ren a l stim ulus was ap p lied  rep ea ted ly  
w ith o u t  re in fo rcem ent, th e n  reap p e a re d  again  a fte r rep ea ted  tr ia ls  w ith  re in ­
fo rc e m e n t, it  m ay be accep ted  as b e ing  a reg td a r cond itioned  a ro u sa l reac tion  
(F ig . 1, 4).

T his was p roved  also by  th e  so-called  d isinh ib ition  te s t . I f  before con­
d itio n in g , b u t a fte r th e  p e rm a n e n t e x tin c tio n  of th e  in te ro cep tiv e  arousal we 
a p p ly  the  sound or th e  derm al s tim u lu s  alone and  the  ren a l pelv ic  stim ulus 
a g a in  a fte r  the  re s tin g  a c tiv ity  has se t in , th e re  w ill be tw o possib ilities, viz.
(i) th e  ex tingu ished  in te ro cep tiv e  a ro u sa l has been d isin h ib ited  b y  th e  sound 
s tim u lu s  and  the su b seq u en tly  app lied  pelv ic  stim ulus once again  elicits de- 
sy n ch ro n iza tio n , or (ii) th e  a u d ito ry  s tim u lu s  alone does no t p ro m o te  th e  de- 
sy n ch ro n iza tio n  by  th e  su b seq u en tly  ap p lied  ren a l s tim u lus, b u t  associated  
w ith  th e  renal s tim u lu s  m akes i t  possible th a t  la te r  th e  in te ro cep tiv e  
s tim u lu s  alone be cap ab le  of e lic iting  th e  arousal re flex  on a conditioned  
b a s is . O ur experim en ts have  borne o u t th is  la t te r  assum ption . As seen in  Fig. 
2, A ,  th e  renal s tim u lu s applied  a fte r  th e  a u d ito ry  one d id  n o t arouse the 
a n im a l, b u t when th is  a u d ito ry  s tim u lu s  w as applied  a few tim es in  com bina­
t io n  w ith  the  ren a l one, th e  in te ro c e p tiv e  arousal to o k  p lace on a condi­
tio n e d  basis (Fig. 2, B ).

D iscussion

I n  general, th e  o rie n ta tio n  re flex  is considered  to  be th e  p r im a ry  reaction  
in  th e  conditioned  re fle x  connexion . T he n a tu re  of th is  p rim a ry  response in



M ORZSA 9
1. Ő r i  en t .  R .

fiV 1----- ,
1 s e c

t

2 .  E x t  i n c .

•---------- 1 S f i m . t n tere. ( 6 - d e m )

» в в и в  Stirn. A u d .

F i g .  1 . Dog Morzsa. Procedure to build up a renal pelvic conditioned electrographic reflex.
Right temporo-occipital lead. Explanation in the text w<o

C
O

N
D

ITIO
N

ED
 A

N
D

 U
N

C
O

N
D

ITIO
N

ED
 C

ER
EBR

A
L CO

RTICAL A
C

TIV
A

TIO
N



О

Fig , 2. Schem atic  re p re se n ta tio n  o f a d is in h ib itio n  ( A )  an d  con d itio n ed  re flex  e x p erim en t (B).
E x p la n a tio n  in  th e  tex t
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th e  cond itioned  reac tio n s  of in te ro cep tiv e  origin is w holly  unknow n. In  th e  
form  o f cerebral e lec trica l a c tiv a tio n  we have succeeded in  follow ing up  th is  
e lem en ta ry  response. A ccording to  th e  evidence o b ta in ed , th e  w eak  m echanical 
s tim u la tio n  of th e  re n a l pelvis desynchron izes th e  re s tin g  cereb ral a c tiv ity . 
T his fa c t is re m a rk a b le , i t  being  k n o w n  th a t  under physio log ica l conditions we 
do n o t feel such w eak  m echanical s tim u li in  th e  v iscera , th e y  do no t becom e 
conscious. A t th e  sam e  tim e  i t  is also  know n th a t  s tim u li s im ila r to  those 
em ployed  b y  us m a y  e lic it co nd itioned  a lim en tary  an d  defensive reflexes if  
ap p lied  accord ing  to  th e  P av lo v ian  princip les [3, 4, 5]. T h is co n trad ic tio n  
m erits  fu r th e r  e lu c id a tio n . I t  is possib le  on th e  one h a n d  th e  “ th resh o ld ” 
s tim u li applied  u n d e r ou r ex p erim en ta l conditions do n o t occur physiologi­
cally . On th e  o th e r h a n d , “ unconscious”  cond itioned  connexions m ay also 
ex is t. O ur stud ies in  m a n , in  w hich to  re c ta l s tim u li an  in h ib itio n  of th e  alpha- 
rh y th m  was developed  in d ep en d en t from  consciousness, seem  to  corroborate  
th is  v iew  [6].

T he second conclusion  th a t  m ay  be d raw n is th a t  an ex te ro cep tiv e  orien ­
ta t io n  re flex  m ay be cond itioned  to  an  in te ro cep tiv e  stim u lu s.

E ssen tia lly , we h a v e  com bined  in  our experim en ts tw o s tim u li e lic iting  
o rie n ta tio n  reac tio n . T h is confirm s th e  v iew  th a t  a co n d itio n ed  re flex  in v a ri­
ab ly  arises from  a co m b in a tio n  of tw o  u n co n d itioned  reac tio n s . In  our s tud ies 
we developed  th e  co n d itio n ed  response  by  w eakening one of th e  s tim u li (the 
in te ro cep tiv e  one) so t h a t  th e  o r ie n ta tio n  reaction  to  i t  w as ex tingu ished  by  
ap p ly in g  i t  p rev iously  severa l tim es. T h u s  i t  has becom e a “ n e u tra l” stim ulus;, 
th erefo re  th is  ev idence m ay  be in te rp re te d  also as p ro v in g  th a t  if  we com bine 
tw o uncond itioned  re flex es , the  d irec tio n  of the te m p o ra ry  connexion  form ed 
w ill be from  th e  w eak er to w ard  th e  s tro n g e r. In  o th e r w ords, th e  efferen t b ran ch  
of th e  re flex  w ill be th e  b io logically  s tro n g er effect, i. e. t h a t  e lic ited  b y  th e  
re in fo rc ing  s tim u lus (in  our case th e  a u d ito ry  or d e rm al s tim u lus), as i t  has 
been p ro v ed  by  th e  P av lo v ian  school b y  th e  classic a lim e n ta ry  an d  defensive 
m ethods.
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ON THE ROLE OF THE BRAIN STEM ACTIVATION 
SYSTEM IN THE CONDITIONING TO VISCERAL 

STIMULATION
B y

G. Á d á m , I .  M észáro s , K o r n é l ia  L eh o tzk y , A. N a g y  and A . R a jk

INSTITUTE OF PHYSIOLOGY, MEDICAL UNIVERSITY, BUDAPEST

(R ece iv ed  Ju n e  9, 1960)

In dogs w ith  im planted cortical and m esencephalic electrodes and intestinal 
fistu la  the m echanical stim ulation o f the sm all in testine was associated  w ith  the direct 
electrical stim ulation  of the m esencephalic reticular activation  system . This com bi­
nation of stim uli m ade it  possible to  elicit conditioned cerebral electrical activation  
b y  the interoceptive stim ulus. The evidence obtained indicates th a t the arousal reac­
tion o f m esencephalic character m ay  be conditioned and consequently  the conditioned  
cerebral electrical activation starting from  the visceral receptor area is  probably travell­
ing through the m esencephalic nonspecific reticular system .

In  th e  cond itioned  re f itx  connex ion  th e  fu n d am en ta l m echan ism  is con­
sidered  to  be th e  o rien ta tio n  re flex  described b y  P avlov  [1], in  th e  develop­
m e n t of w hich th e  ac tiv a tio n  sy s tem  of th e  b ra in  stem , describ ed  b y  Moruzzi 
a n d  Ma g o un  [2], is p resum ed  to  p la y  a role.

In  prev ious experim en ts [3, 4] it has been found th a t  th e  o rien ta tio n  
re a c tio n  in  response to  in te ro cep tiv e  s tim u la tio n  was o b jec tiv e ly  dem onstrab le  
in  th e  ac tiv a tio n  o f th e  re stin g  cereb ra l e lectrical a c tiv ity  a n d  th a t  such an 
e lec trica l a c tiv a tio n  induced  b y  v isceral s tim u la tio n  m ay  be cond itioned . 
S ta r t in g  ou t from  th is  observ a tio n , in  th e  p resen t ex p erim en ts  we have  u n d er­
ta k e n  to  de te rm ine  w hether th e  u n co n d itio n ed  and  co n d itio n ed  in te ro cep tiv e  
ce reb ra l e lectrical a c tiv a tio n  w ould  also be connected  th ro u g h  th e  m esencephal­
ic re tic u la r  sy stem . W e have th e re fo re  e lab o ra ted  such a co n d itio n ed  arousal 
re flex  b y  rein fo rcing  v isceral s tim u li w ith  the  d irec t e lec trica l s tim u la tio n  of 
th e  m esencephalic re ticu la r  fo rm atio n .

M ethods

In  11 fem ah dogs a T hiry-V ella  ty p e  sm all in te s tin a l f is tu la  w as p re p a re d , stainless 
s tee l e lectrodes were Im p lan ted  in to  th e  sk u ll and also b ip o la r n ich rom e e lectro d es in to  th e  
m esencephalic  re tic u la r  fo rm atio n , b y  m ean s o f th e  ste reo tax ic  tech n iq u e . T he m ethod  was 
p re v io u s ly  checked in  30 dogs of a b o u t th e  sam e w eigh t, to  d e te rm in e  b y  su b seq u en t m o r­
p h o lo g ica l con tro l th e  size o f v a ria tio n s  re su ltin g  from  differences in  th e  co n fig u ra tio n  of th e  
h ead .

T he experim en ts  were perform ed in  a sound-proof, e lec trica lly  sc reened  conditioned 
re fle x  ch am b er. R h y th m ic  d ila ta tio n  a t  a ra te  o f 30/m in of th e  m ucosa o f th e  iso la ted  in te s t i­
n a l  a re a  w as em ployed  as th e  in te ro ce p tiv e  stim u lus. T he size o f th e  s tre tc h in g  effect w as 
m ea su re d  b y  a m an o m e te r in  th e  s tim u la to r  p n eu m atic  system  and  th e  sm a lle s t pressure  ju s t  
e lic itin g  th e  ex pected  cerebral e lectrica l a c tiv a tio n  (th resh o ld ) w as u sed . T h e  m esencephalic
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re tic u la r  fo rm atio n  w as s tim u la te d  b y  re c ta n g u la r  im pulses (freq u e n c y  300/sec, d u ra tio n  
1 m sec, vo ltage  1.5 to  3 У ). T h e  position  o f th e  deep e lectrodes w as su b seq u en tly  contro lled  
b y  m orpho log ical s tu d y  in  e v e ry  case (F ig . 1).

B efore th e  ex p erim e n ts  th e  an im als w ere allow ed tim e to  g e t accustom ed  to  th e  cham ­
b e r  a n d  w ere fed p rio r to  e v e ry  te s t. T h ere b y  th e  e n v iro n m en ta l o r ien ta tio n  reac tio n  was 
e x tin g u ish ed  and th u s  th e  re s tin g  cereb ral e lec trica l a c tiv ity  re p re se n tin g  th e  s ta r tin g  p o in t 
se t in  easier, as m an ifes ted  in  m o to r in a c tiv ity . T he size o f th e  resp o n se  was assessed on th e

F ig. 1. H isto logical sec tion  fro m  th e  b ra in  s tem  of dog T a rk a . P o s itio n  of deep electrodes 
(a rro w ) in  th e  m esencephalon . In  th e  le ft co rn er th e  p osition  of th e  tip s  o f th e  electrodés as 

fo u n d  in  11 dogs is re p re se n ted  d iag ra m m a tic a lly

basis  o f th e  d u ra tio n  of th e  d esy n ch ro n iza tio n  o f th e  resting  a c tiv ity . A  BOM 8-channel E E G  
a p p a ra tu s  was used. T he n u m b e r  o f ex p erim en ts  to ta lled  68.

R esults

The m ech an ica l in te s tin a l s tim u lu s, ap p lied  in  th e  s ta te  of re s tin g , 
slow  cerebral e lec trical a c tiv ity  e lic ited  a fa s t, lo w -am p litu d e  a c tiv ity , ju s t  as 
in  th e  previous ex p e rim en ts  [3, 4]. T he d u ra tio n  o f th is  d esynch ron iza tion  de­
creased  g radually , th e n  ceased a lto g e th e r (h a b itu a tio n ) a fte r app ly ing  the  
v isce ra l stim ulus 4 to  10 tim es. T he ex tinc tion  p ro ced u re  w as con tinued  in 
sev era l experim ents u n t i l  in  th e  course o f a given ex p e rim en t th e  f irs t in testin a l 
s tim u lu s  h ad  no in flu en ce  on the  re s tin g  cerebral e lec trica l a c tiv ity .
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E ig . 2 . D og “ F a rk a s” . E la b o ra tio n  of c o n d itio n ed  in te s t in a l  e lec tro g rap h ic  re flex  in  fo u r 
step s, i .  (R . o rien t.)  a ro u sa l reac tio n  to in te s t in a l  s tim u lu s. 2. (E x tin c .)  ex tin c tio n  o f re a c tio n  
a f te r  h a v in g  b een  app lied  a  few  tim es. 3. (A ssoc .) association  of in te s t in a l  w ith  d irec t e le c tr i­
cal re tic u la r  s tim u la tio n . 4. (R . cond.) the  in te s t in a l  s tim u lus ap p lied  b y  itse lf  e lic its a c o n d i­

tioned a ro u sa l  re flex
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In  th is  p e rio d  o f la s tin g  e x tin c tio n  th e  in te s tin a l s tim u lu s  la s tin g  10 
seconds was re in fo rced  d u rin g  th e  la s t 2 o r 3 seconds by  a d irec t e le trica l s t i ­
m u la tio n  of th e  re tic u la r  fo rm ation , kn o w n  b y  itse lf  to  cause an  in tense  a ro u sa l 
re a c tio n . W hen ap p lied  a fte r  such a re in fo rcem en t, th e  v isce ra l s tim u lu s b y  
i t s e l f  once again  becam e capab le  to  d esy n ch ro n ize  the re s tin g  e lec trical a c t iv i ty  
(F ig . 2), ju s t  as i t  h a p p e n e d  in  our e x p e rim e n ts  in w hich a u d ito ry  or d e rm a l 
s t im u li  were used  as th e  re in fo rcem en t [3, 4 ]. I t  was re m a rk a b le  th a t  w hile in  
th e s e  our prev ious ex p erim en ts  th e  re in fo rcem en t had  to  be app lied  3 to  4 
t im e s  to  elicit such  an  in te rocep tive  co n d itio n ed  arousal reac tio n , th is  tim e  
a sing le  re in fo rcem en t by  th e  d irec t s t im u la tio n  of th e  re tic u la r  s tru c tu re s  
su fficed  to  enable  th e  in te s tin a l s tim u lu s alone, as a co n d itio n ed  s tim u lu s , 
to  e lic it the  ty p ic a l e lec trical arousal acco rd in g  to  th e  law s of te m p o ra ry  
co n nex ions.

The co n d itio n ed  re flex  n a tu re  of th e  in te s tin a l a rousal reac tio n  dev e lo p ed  
b y  rein fo rcing  th e  m echan ical s tim u la tio n  o f th e  in te s tin e  w ith  th e  d ire c t 
e le c tr ic a l s tim u la tio n  o f th e  re ticu la r cells w as ascerta ined  b y  m eans of th e  
e x tin c tio n  and  d is in h ib itio n  te s ts , as in  o u r p rev ious ex p erim en ts  [4].

D iscussion

T he resu lts  o b ta in e d  have confirm ed  o u r hypo thesis t h a t  th e  co n d itio n ed  
a ro u sa l reflex  is tra v e llin g  th ro u g h  th e  m esencephalic a ffe ren t a c tiv a tio n  
sy s te m . I t  has n am e ly  been  show n th a t  i f  th e  n e u tra l in te ro cep tiv e  s tim u lu s is 
re in fo rced  b y  th e  d ire c t e lectrical s t im u la tio n  o f the  d iffuse nonspecific  r e t i ­
c u la r  system  describ ed  b y  Moruzzi an d  M a g o u n  [2], th e  te m p o ra ry  a ro u sa l 
r e s u lts  ju s t  as i t  does in  response to  s tro n g  ex terocep tive  (au d ito ry , de rm al) 
s t im u la tio n  th a t  causes arousal by  itse lf. T h e  appearance o f  th e  co n d itio n ed  
re a c tio n  a fte r a sing le  re in fo rcem ent of th e  in tes tin a l s tim u lu s  by  re tic u la r  
s tim vdation  in d ica te s  t h a t  in  th e  co n d itio n ed  arousal reac tio n  th e  a d e q u a te  
“ u n c o n d itio n e d ”  re a c tio n  in  th e  P av lo v ian  sense is in v a riab ly  an  ex c ita tio n  o f  
th e  re ticu la r  a c tiv a tio n  system . The d ire c t e lec trical s tim u la tio n  of th is  s t ru c ­
tu r e  is obviously  m ore effective th a n  an  ex te ro cep tiv e  s tim u lu s trav e llin g  th e re  
b y  w ay  of a d is ta n t  a ffe ren ta tio n . In  o th e r  w ords, th e  co rtica l e lectrical a c t i­
v a t io n  of m esencephalic  orig in  m ay be co n d itio n ed , even, as o u r ex p erim en ts  
sh o w , to  in te ro cep tiv e  stim u li.
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BUDAPEST

((R eceived M a rch  12, 1960)

M ydeton  ( l-p ip e rid in o -2 -m eth y l-3 -p -to ly l-p ro p an o n e -3 ), a  com pound a p p a re n tly  
h a v in g  a cen tra l n e rv o u s  s ite  of ac tion , p ro d u c e s  th e  follow ing ch arac te ris tic  e ffec ts : 
changes in  b e h av io u r (w hich  v a ry  fro m  sp ec ies  to  species), s e d a tio n  in  th e  m ouse a n d  
r a t ,  ex trem e  loss o f  m uscle  s tren g th  in  th e  r a b b it ,  clonic convu lsions followed b y  loss 
o f m uscle  to n e  an d  to ta l  in ab ility  to  w a lk  in  th e  ca t. O nly n e a r-to x ic  doses p ro d u c e  
narcosis. M ydeton  p a ra ly se s  m u ltisy n a p tic  sp in a l reflexes, re liev es th e  h y p e rre flex ia  
caused  b y  s try c h n in e  a n d  reduces th e  s try c h n in e  m o rta lity  r a te  in  ra ts . I t  is a c tiv e  
ag a in st th e  convulsions in d u ced  b y  e lectric  sh o ck . In  th is  re sp ec t M y d e to n  is m ore p o te n t  
th a n  D ip h ed an e  o r M ysoline. M ydeton is  a c tiv e  also ag a in st n ico tin e  and  th e  tre m o r  
caused  b y  h a rm in e .

T he d rug  h as  no  a trop ine-like , a n tih is ta m in ic  or ad ren o ly tic  actions. I t s  g a n g ­
lionic  b lock ing  p o te n c y  is  2 or 3 tim es w e a k e r  th a n  th a t  o f  T E A . I t  is ab o u t tw ice  
w eaker th a n  p a p a v e rin e  in  in h ib itin g  sm o o th  m uscle spasm .

T h u s, th e  d ru g  a c ts  f irs t  o f a ll o n  th e  m u ltisy n a p tic  n e u ro n e  system s a n d  m a y  
th e re fo re  be  l is te d  am o n g  th e  so called  in te rn e u ro n e  d ep ressan ts .

U n til recen tly , a tro p in e  and sco p o lam in e  were th e  souveraine d rugs in  
th e  t r e a tm e n t of e x tra p y ra m id a l m o to r  diseases, especia lly  park inson ism . 
H ow ever, th e y  h av e  u n to w a rd  side effec ts  (d ryness of m o u th , d is tu rb an ce  o f 
accom odation , ta c h y c a rd ia )  and th e re fo re  i t  w as desirab le to  produce d ru g s 
w ith  less side effects. T h e  f ir s t  of such  d ru g s  w as P a rp a n it  [1]. As fa r as side  
effects are concerned , th is  was only 13 tim e s  w eaker th a n  a trop ine  a n d  in ­
fluenced  m ain ly  th e  tre m o r . S u b seq u en tly  sev era l new  p re p a ra tio n s  have  been  
recom m ended  for tr e a t in g  th e  sym p to m s o f  p ark in so n ism , such  as T ra sen tin e , 
A rtan e , L y siv an , B en ad ry l, b u t none o f  th e m  gained u n iv e rsa l accep tance .

R ecen tly , on th e  b as is  o f the  o b se rv a tio n  th a t  ch lo rp rom azine  b lo ck ed  
th e  b u lb a r  an d  m esencephalic  fa c ilita to ry  neu ro n e  system  [2], th is  com p o u n d  
has been  used  in  th e  t re a tm e n t of th e  w id e s t v a rie ty  o f m o to r d is tu rb an ces . 
H o w ev er, chronic t r e a tm e n t  w ith  c h lo rp ro m az in e  m ay  b y  itse lf  give rise  to  
changes s im ila r to  th e  sym ptom s of p a rk in so n ism  [3], a p p a re n tly  th ro u g h  
in te rfe rin g  w ith  th e  co p p er m etabo lism  o f  th e  cen tra l n e rv o u s system , because  
these sy m p to m s can be am elio ra ted  by  th e  use  o f B A L (d im ercap to p ro p an o l) [4].

W e show ed in  ea rlie r chem ical a n d  p h arm aco log ica l s tud ies th a t  in  th e  
r a b b it  a n d  th e  ca t som e am inoketones caused  ex trem e  m uscle w eakness

5 Acta Phygiologica XVIII/2.
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a n d  com plete in a b ili ty  to  w alk, w ith o u t m ak ing  the  an im als  to  sleep [5, 6 ]. 
S y stem atic  pharm aco log ical in v es tig a tio n s  showed in  p a rtic u la r  1 -p ipe- 
rid in o -2 -m eth y l-3 -to ly l-p ro p an e-3  (M y d e to n , M ydocalm , o f th e  Richter W o rks , 
B u d ap est)  to  possess such  ph arm aco lo g ica l p roperties an d  to  be esp ec ia lly  
su ita b le  for use th e  tre a tm e n t of e x tra p y ra m id a l m o to r d iso rders. T he c o m ­
p o u n d  is w ate r-so lub le , b u t rap id ly  loses i ts  ac tiv ity  in  th e  dissolved s ta te ;  in  
su b stan ce  i t  is s tab le .

M ethods

A cute  to x ic ity  w as de te rm in ed  in  m ice, b y  th e  m ethod  of B e h r e n s  and K ä r b e r  [7], 
u s in g  5 an im als each  fo r th e  doses increasing  in  s te p s  o f 100 m g/kg. T h e  effects on th e  so m a tic  
n e rv o u s  system  w ere s tu d ied  in  th e  m ouse, r a t ,  r a b b it  and  ca t; e v e n tu a l psychic effects w ere  
a lso  recorded.

The s tu d ies  con cern ed  w ith  th e  in h ib i t io n  o f th e  trem o r p ro d u ced  by  h a rm in e  w ere  
m a d e  as follow s. T he m ice w ere p laced in to  a c losed  w ire cage 15 cm  h ig h  and 8 cm  in  d ia ­
m e te r . E x ac tly  in  th e  cen tre  o f th e  b o tto m  o f th e  cage was an  axle a llow ing  the  cage to  sw ing  
r ig h t  and  left T he cage w as suspended b y  a ru b b e r  b an d  w hich se rv ed  to p re v en t e x tre m e  
sw ing ing . The m o tio n s o f  th e  cage were reco rd ed  k y m ograph ica lly . A few  tria ls in  th e  cage  
su fficed  to  a d a p t th e  an im a l to  i ts  new  e n v iro n m e n t and  to m ake i t  b eh av e  n o rm ally . T h e  
co m p o u n d  w as in je c te d  su b cu tan eo u sly  15 m in u te s  before th e  su b cu tan eo u s  in je c tio n  o f  
20 m g/kg  of h a rm in e . I n  o th e r  experim en ts  th e  in h ib itio n  of th e  tre m o r  w as observed v isu a lly . 
I n  th is  series 5 an im a ls  w ere used to  te s t  each  dose  o f th e  drug. T h e  a c t iv ity  was ex p ressed  
b y  a  q u o tien t, w ith  th e  n u m b er o f an im als sh ow ing  trem o r in  th e  n u m e ra to r  and  w ith  t h a t  
o f  th e  an im als t r e a te d  w ith  M ydeton in  th e  d e n o m in a to r.

The a n ti-n ico tin e  effec t was stu d ied  in  m ice  ag a in st 3 and 6 m g/kg  doses o f n ico tin e  
t a r t a r a te  ad m in iste red  in tra v en o u s ly , by  a m e th o d  a lread y  described [8]. The doses c o rre ­
sp o n d ed  to  th e  seasonal L D 100 of n ico tine  [6].

In h ib itio n  o f e lectro sh o ck  w as s tu d ied  in  th e  follow ing w ay . P rev io u s s tu d ies  in  10 
W is ta r  ra ts  o f ou r ow n b reed  show ed th e  o p tim u m  p a ram e te r of s tim u la tio n  p roducing  s tro n g  
to n ic  convulsions in  a ll fo u r lim bs in  every  a n im a l to  be  100 H z, 5 m sec, 27 V. E le c tro sh o c k  
t r e a tm e n t  w ith  th ese  p a ram e te rs  applied  a t  in te rv a ls  o f 30 m in u te s  e lic ited  ty p ic a l c o n v u l­
s io n s o f id en tica l in te n s i ty  fo r hours. In  e v a lu a tin g  th e  an ticonvu lsive  effect of th e  d ecrease  
in  th e  in te n s ity  an d  th e  d u ra tio n  of convu lsions w ere  recorded. T he in te n s i ty  of co n v u ls io n s 
is  g iv en  in  p o in ts , in  th e  av erage  for 10 an im als  each . The action  on  th e  in te n s ity  o f  m e tra z o l 
co n vu ls ions was e v a lu a te d  in  th e  sam e w ay. A m ore  deta iled  d esc rip tio n  w ill be g iven  in  th e  
a p p ro p ria te  sections.

The action  on  s tr ia te d  m uscle was s tu d ie d  in  th e  m asse ter m uscle  of the r a t ,  b y  th e  
m e th o d  of H oto vy  a n d  E r d n iss  [9]. The c o m p o u n d s were in jec ted  in to  a ta il  v e in . M uscle 
c o n tra c tio n s  were e lic ited  18 to  20 tim es a m in u te .

Of th e  sp in a l re flex es on ly  th e  ip s ila te ra l  f le x o r  and th e  c o n tra la te ra l  ex ten so r o n e s  
w e re  e lic ited , by  s tim u la tin g  th e  c en tra l s tu m p  o f  th e  tib ia lis  p o s te rio r  nerve. T he c o n tra c ­
t io n s  o f th e  co rresp o n d in g  m uscles were reco rd ed  b y  a  M arey capsu le  tran sm iss io n . T h e  r e ­
f le x e s  w ere e lic ited  18 to  20 tim es a m in u te , b y  re c ta n g u la r  im pulses 5 m sec in d u ra tio n .

The actions on  c ircu la tio n , re sp ira tio n  a n d  au tonom ic  g an g lia  w ere stu d ied  in  c a ts  
u n d e r  u re th an e  (300 m g /k g ) -I- chloralose (35 m g /k g ) anaesthesia . B lood pressu re  w as m easu red  
in  th e  le ft fem ora l a r te ry  b y  m eans of a m erc u ry  m an o m ete r, re sp ira tio n  was trac ed  k y m o ­
g ra p h ic a lly  b y  m ean s o f a M arey  capsule a tta c h e d  to  a trach ea l c an n u la . T he cervical p re g a n g ­
lio n ic  fib re  w as s tim u la te d  w ith  re c tan g u la r  im p u lse s  and  th e  c o n tra c tio n s  of th e  n ic t i ta t in g  
m em b ran e  were reco rd ed  b y  an  iso ton ic  lev e r ( tran sm iss io n  1 : 20).

C ardiac a c tio n  w as s tu d ied  in  iso la ted  fro g  h e a r ts  b eatin g  in  1 m l R in g er’s so lu tio n . 
T h e  a c tiv itie s  o f th e  m am m alian  h e a r t w ere reco rd ed  b y  m eans o f a ca rd io m eter, an d  E C G  
t ra c in g s  w ere m ade  to  d e te c t ev en tu a l d iso rders in  th e  fo rm ation  an d  co n d u ctio n  of im p u lses.

The ac tio n  o f th e  com pound on th e  ce re b ra l b ioelectric  p o te n tia ls  w as s tu d ied  in  u n ­
an ae sth e tize d  ca ts , u s in g  an  8-channel K aise r E E G  a p p a ra tu s . The e lec tro d es were f ix ed  in to  
th e  surface  of th e  f ro n ta l  an d  o ccip ita l lobes a n d  th e  ac tiv a tio n  area  o f th e  re ticu la r fo rm a tio n  
o f  th e  b ra in  stem . T he H orsley-C larke co -o rd in a te s  o f th e  la t te r  w ere: a n te r io r  2 m m , la te ra l  
3 to  4 m m , and v e r tic a l 3 to  4 m m . The an im als w ere  ex p erim en ted  on 2 w eeks a fte r  o p e ra tio n .
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R esu lts

Toxic ity  and general effects

M ice. L D 100 800 m g/kg, LD 50 620 m g/kg . The 100 m g/kg  dose p ro d u ced  a 
v e ry  m ild  a ta x ia , th e  200 m g/kg dose e x tre m e  m uscle w eakness w ith  m a rk e d  
a ta x ia . T he rec ta l tem p e ra tu re  d ro p p ed  to  34 to  35 °C. A fte r  a d m in is tra tio n  
o f a 400 m g/kg  dose th e  anim al cou ld  h a rd ly  w alk an d  its  b o d y  te m p e ra tu re  
decreased  to  30 °C. 600 m g/kg p ro d u ced  narcosis  and som e an im als d ied  o f r e ­
sp ira to ry  p ara ly sis .

R ats. Sm aller doses produced  a re m a rk a b ly  s trong  sed a tiv e  effect. T h is 
w as obvious even a fte r a dose as sm a ll as 50 m g/kg su b cu tan eo u sly . T he

Fig. 1. R a b b it .  R esponse to  100 m g/kg of M y d e to n  subcu taneously . T o ta l loss o f m uscle  pow er. 
T he an im a l can n o t s tan d  u p , d ro p s  i ts  h ead , the  lim b s g ive  w ay

fo rm erly  irr ita b le , aggressive an im als becam e  tam e, ro u g h  in te rv e n tio n s  w ere 
to le ra te d  passively . L arger doses a ffe c ted  m o to r fu n c tio n s, f ir s t  causing  in ­
a b ility  to  w alk . N arcosis w as observed  a f te r  near-tox ic  doses only.

Rabbits. In  response to  th e  su b c u ta n e o u s  in jec tion  o f  100 m g/kg  th e  
changes ap p eared  in  th e  following o rd e r. A fte r  five m in u tes  m ild  a ta x ia , a f te r  
15 m in u tes  m ild  m uscle w eakness w ith  m a in ta in e d  p o stu re  co rrec tion  a n d  s lip ­
p ing  o f lim bs, a f te r  30 m inutes in a b il i ty  to  w alk, ex trem e m uscle w eakness 
w ere observed; th e  an im al tried  to  escap e  from  strong  p a in fu l s tim u la tio n , 
b u t  could m ove ju s t  a few steps. T h is c h a ra c te ris tic  p o stu re  is show n in  F ig . 1. 
T he a b ility  to  co rrec t postu re  w as m a in ta in e d  th ro u g h o u t, no sy m p to m  of 
narcosis w as no ted .
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Cats. M uscle w eakness was observab le  in  response to  th e  50 m g/kg dose . 
T h e  100 m g/kg dose w as followed in 10 to  15 m inu tes one or tw o clonic c o n ­
vulsions, a fte r w h ich  th e  an im al becam e in ab le  to  w alk. In  th is  phase th e  a n i­
m als were re sp o n d in g  to  ex te rn a l s tim u li, fe lt no pain  an d  show ed no ev idence  
o f narcosis. T h e  c a ts  w ere m ew ing d esp e ra te ly , b re a th e d  rap id ly  and  sa liv a te d . 
T h e  d u ra tion  o f  th e  ac tion  o f th is  dose was 3 to  4 hours.

A ntin ico tine and  an tiharm ine actions

A ccording to  B ő v e t  an d  L o n g o  [10] th e  com pounds im prov ing  th e  
sym ptom s of h u m a n  p a rk inson ism  in h ib it th e  n ico tine-induced  convulsions in  
th e  ra b b it. Ca h e n  [11] has suggested  th e  in h ib itio n  of th e  n ico tine tre m o r  to  
b e  a va luab le  m e th o d  in  th e  search  for d ru g s ac tiv e  on p a ra ly s is  ag itan s . T h e  
m eth o d  has b een  w idely  accep ted  so th a t  now  th e  n ico tin o ly tic  co m p o u n d s 
h a v e  sep ara te  c h a p te rs  in  th e  tex t-b o o k s [12].

I t  seem ed th e re fo re  in te re s tin g  to  ex am in e  w h e th e r M ydeton possessed  
a n  an tin ico tin ic  ac tio n  and  how  its  p o ten cy  com pared  w ith  th a t  of P a rp a n i t .

Table I

Mydeton
subcutaneously

mg/kg

Nicotine ta rta ra te  
intravenously P arpan it 

subcutaneous! y 
m g/kg

N icotine ta rtarate  
in t ravenously

6 mg/kg 3 mg/kg 6 m g/kg 3 mg/kg

100 3 /1 0 0 /5 1 0 0 0/5

75 0 /5

50 5 /1 0 1 /5 50 1/5 0/5

25 2/5 0/5

25 25 1/5 2/5

12.5 12.5 1 /1 0 3/5

0 5 /5

M ice in  groups o f  5 w ere given th e  te s t d ru g  su b cu tan eo u sly  30 m inu tes b efo re  
th e  le th a l dose o f  n ico tine  ta r ta ra te ,  an d  th e  p o tency  o f an tin ico tine  ac tio n  
w as  judged  on th e  basis  o f th e  n u m b er o f su rv iv o rs . T his was expressed in  th e  
fo rm  of frac tio n , w ith  th e  num ber of su rv iv o rs  in th e  n u m era to r  an d  th e  
an im als tre a te d  w ith  th e  te s t d rug  in th e  d en o m in a to r. T h e  resu lts  are  p re ­
se n te d  in T ab le  I .  I t  can  be seen th a t  th e  a n tin ico tin ic  p o ten cy  of M y d eto n  
is abo u t У2 —*/3 ° f  t h a t  o f P a rp a n it;  25 m g /k g  o f  M ydeton  sav ed  abo u t 50 p e r  
c e n t of th e  an im a ls , w hile of P a rp a n it 12.5 m g /kg  su b cu tan eo u sly  afforded th e  
sam e p ro tec tion . 100 m g/kg  of M ydeton affo rded  75 p er cen t p ro tec tion  a g a in s t 
tw ice  th e  le th a l dose  o f n ico tine , while th e  sam e dose of P a rp a n it  100 p er c en t 
p ro tec tio n .



Fig. 2. M ouse. In h ib itio n  o f trem o r p ro d u ced  b y  h a rm in e . C urve ab o v e: Motor^ a c tiv ity  o f n o rm al an im al, before  
an d  a f te r  h a rm in e  20 m g/kg su b cu tan eo u sly . C urve below : E ffec t o f  M ydeton  50 m g/kg , subcu tan eo u sly , before

an d  a f te r  th e  su b cu tan eo u s in je c tio n  o f 20 m g/kg  of ha rm in e
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A ccord ing  to  Z e t t l e r  [13], th e  in h ib itio n  of th e  h a rm in c  trem o r m ay 
also  be used  in  th e  search  for d rugs a g a in s t park in so n ism . T his ac tio n  of 
M ydeton  w as also s tu d ie d . A n e x p e rim e n t o f  th is  ty p e  is show n in  F ig . 2. The 
cu rv e  above show s th e  m o to r a c tiv ity  o f  a n  u n tre a te d  co n tro l m ouse, th e  one 
below  th a t  fo r a m ouse p re tre a te d  w ith  M y d e to n . The co n tro l an im al resp o n d ed  
to  p lac in g  in to  th e  cage b y  an  in ten se  o r ie n ta tio n  reac tio n , causing  th e  cage 
to  sw ing w ild ly . T h en  follow ing th e  su b cu tan eo u s  in jec tio n  o f 20 m g/kg  
o f  h a rm in e  th e  an im a l becam e q u ie t a n d  developed tre m o r an d  m o to r 
a g ita tio n  for a b o u t 30 to  40 m in u tes . T h e  curve below  show s th e  m o to r 
a c tiv ity  o f a m ouse w hich  h ad  been g iv en  a su b cu tan eo u s in jec tio n  o f 50 
m g /kg  of M ydeton  10 m inu tes b efo re  i t  w as p laced  in  th e  cage. The 
an im a l was ab so lu te ly  calm . The tw o  cu rv es  m ake i t  c lea r t h a t  ju s t  like  in  
th e  r a t ,  M ydeton  has a sed a tiv e  a c tio n  in  th e  m ouse, to o . T he an im al was 
in d iffe re n t to  th e  new  e n v iro n m en t a n d  ex h ib ited  no o r ie n ta tio n  reac tio n . 
A  20 m g/kg su b c u ta n e o u s  dose of h a rm in e  given 20 m in u te s  a fte r  th e  
in je c tio n  of M ydeton  cau sed  m o to r a g ita t io n  fo r a sh o rt tim e , b u t  no tre m o r. 
P a rp a n it  d iffers from  M y d eto n  also in  t h a t  i t  m ay by  itse lf  cause trem o r. 
H a rm in e  m akes th e  P a rp a n it- in d u c e d  m o to r  ag ita tio n  m ore  m ark ed  an d  
th e re fo re  an  e v e n tu a l in h ib itio n  of tre m o r  cou ld  n o t be assessed . M ydeton  in  
a  dose of 25 m g/kg  d id  n o t  p rev en t th e  d ev e lo p m en t o f tre m o r, b u t  co n sid e r­
a b ly  reduced  its  d u ra tio n .

A ctio n  on striated muscle

I t  is c h a ra c te ris tic  o f  P a rp a n it  t h a t  i t  an tagon izes n o t on ly  th e  n ico tine  
convu lsions, b u t  no rm alizes  th e  m uscle a c i t iv i ty  increased  b y  p ro stig m in e . 
A t th e  sam e tim e  i t  has no  influence on  th e  m uscle response to  in d ire c t n e u ra l 
s tim u la tio n . A ccord ing  to  H o to v y  a n d  E r d n is s  [9], th e  in h ib itio n  o f th e  
p ro stig m in e-in c reased  m uscle  a c tiv ity  m a y  be  su itab le  for d e te rm in in g  w h e th e r 
a com pound  is capab le  o f  in flu en c in g  sp a s tic  h y p erten s io n  in  m an ; th e y  suc­
ceeded  b y  th is  m eth o d  in  confirm ing  th e  th e ra p e u tic  ac tio n  o f  B elladon ine a 
co m p o u n d  w hich  h as  no a n tin ico tin ic  a c t iv i ty .  A ty p ic a l e x p e rim en t o f th is

Table I I

Drug
Dose

"ig/kg,
intravenously

P ercen tage  decrease 
o f contraction 

am plitude

N um ber of 
experim ents

M ydeton 5 67.9 4

P a rp a n it 5 57.0 2

M ydeton 2 63.5 2

P a rp a n it 2 27.4 3
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ty p e  is show n in  F ig . 3. The in trav en o u s  in je c tio n  of 2 m g/kg o f  P a rp a n i t  
d im in ished  th e  m uscle a c tiv ity  increased  b y  p ro s tig m in e , and  th is  ac tio n  w as 
fu r th e r  en h an ced  b y  M ydeton . In  th e  e x p e rim en t show n in  F ig . 3, 5 m g /kg  o f 
M ydeton  p ro v ed  to  be m ore p o te n t th a n  th e  sam e dose of P a rp a n it .  T h e  
resu lts  h av e  been  ta b u la te d  (T able II) .

Fig. 3. R a t ,  160 g. M asseter m uscle h y p e rac tiv ity , in d u c e d  b y  th e  in trav en o u s  in je c tio n  of 
p ro stig m in e , 10 u g  an im al. D im in u tio n  of m uscle to n e  in  response to  P a rp a n it  (2 to  5 m g/kg) 

and  M ydeton  (2 to  5 m g/kg, in tra v en o u s ly ).
P a ra m e te rs  o f s tim u la tio n : 100 H z , 15 m sec., 5 to  8  V

A ction on sp in a l reflexes

P a rp a n it  is know n to  block th e  m u ltisy n a p tic  sp inal reflexes, w hile i t  
leaves th e  m o n o sy n ap tic  knee je rk  u n affec ted  [14]. In  our ea rlie r s tu d ies  on  
th e  p h arm aco lo g y  of am inoketones it  was fo u n d  th a t  th e  am inoketones w ith  an
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a n tin ico tin ic  a c tiv ity  possessed su ch  an  ac tion , s im ilar in p o ten cy  to  th a t  o f 
P a rp a n it  and  M yanesin  [6]. S tu d ies  on th e  ac tion  of M ydeton on sp in a l re ­
flexes h av e  been p a r tic u la r ly  ju s tif ie d  b y  B e r g e r ’s observation  [1 5 ] th a t  no 
con n ec tio n  ex isted  betw een  th e  in tran eu ro n e -d ep re ssan t and  flacc id  p a ra ­
ly sis-in d u c in g  effect o f  th e  com pound . T h is applies in  p a rtic u la r  to  P a rp a n it  
an d  M yanesin , b o th  o f  w hich in h ib it th e  flex o r an d  especially  th e  ex ten so r

F ig. 4. C a t, 3500 g. E ffec t o f  a n  in tra v en o u s  dose o f 5 m g/kg o f M ydeton on  sp in a l reflexes. 
T op: ip s ila te ra l f lex o r re flex . C entre : crossed  e x te n so r reflex . B o tto m : blood p re ssu re . T im e

signal: 1 0  sec
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reflex , b u t only  M yanesin  causes a flacc id  para ly sis  s im ilar to  th a t  p roduced  
b y  M ydeton .

F ig . 4 show s th a t  M ydeton  d ep ressed  especially th e  crossed ex ten so r 
re flex , w hile it  h ad  no influence on th e  am p litu d e  of th e  ip sila te ra l flex o r 
reflex . T he re flex  depression  w as no t c o rre la ted  w ith  the  vasodepresso r ac tio n , 
because i t  pers is ted  a f te r  th e  blood p re ssu re  had  becom e no rm al. T he re f le x  
depression caused  b y  th e  in trav en o u s  in je c tio n  o f 5 m g/kg M ydeton  was la s tin g ; 
th e  in itia l a m p litu d e  w as resum ed  only  a f te r  20 to  30 m inu tes.

To e luc ida te  th e  s ite  o f action  o f th is  re flex  depression, th e  effect o f th e  
com pound  on th e  s try ch n in -in d u ced  re flex  fac ilita tio n  w as s tu d ied . G u a l t ie - 
r o t t i [16] show ed th a t  s try ch n in e  b locked  th e  so-called co lla te ra l neurones o f  
R e n s h a w  an d  th e  re flex  irrad ia tio n  w as a re su lt o f th is . As seen in  F ig . 5, 
M ydeton  tvas capab le  o f norm alizing  th e  hyperre flex ia  caused  by  th e  in t r a ­
venous in je c tio n  of 20 /tg /kg  of s try c h n in e . As our in v es tig a tio n s  show ed  
M ydeton  to  h av e  no or v e ry  little  in fluence  on th e  ip sila te ra l flex o r re flex  an d  
on th e  a m p litu d e  o f th e  neu ro d irec t m uscle con trac tio n , th is  reflex  depression  
could  have  been  asc rib ed  to  a d im in ished  a c tiv ity  of th e  m otoneurones in  th e  
an te rio r  h o rn . I f  th is  w ere so, the  increased  ip sila te ra l flexo r re flex  should  h av e  
also been  d im in ished . C onsidering th e  absence  of th is  effect we assum ed th a t  
th e  site  o f ac tio n  o f M y d eto n  was in  som e h ig h e r cerebral fa c ilita to ry  sy s tem s.

M ydeton  is a m ore  p o te n t reflex  d e p re ssa n t th a n  P a rp a n it ,  especially  as 
reg ard s  th e  in h ib itio n  o f s try ch n in e  h y p e rre flex ia . In  m an y  in stances P a rp a n it  
in  a dose o f 5 m g/kg  fa iled  to  in fluence th e  re flex  irra d ia tio n  caused by  s try c h ­
n ine, w hile th e  sam e dose o f M ydeton  d im in ish ed  th e  am p litu d e  of th e  reflexes.

The antagonism  o f  strychnine and metrazol convulsions in  the rat

T he above in v e s tig a tio n s  have m ade i t  clear th a t  M ydeton  is a specific  
in h ib ito r  o f  th e  ce n tra l n ervous m u ltin eu ro n ic  synapses. As i t  was also cap ab le  
o f b lock ing  the  s try ch n in e -h y p e rre flex ia , we in v estig a ted  w h e th e r it  lessened  
th e  to x ic ity  o f s try c h n in e . We found th e  L D 100 of s try ch n in e  to  be 3 m g/kg  (s. c.) 
in  ra ts . T h is dose k illed  th e  an im als in 22.5 i  15.7 m inu tes. The d u ra tio n  o f 
th is  perio d  increased  to  119.5 ^  69 m in u te s  and 3 of 10 an im als  su rv ived  w hen 
100 m g/kg  of M ydeton  h ad  been in jec ted  su b cu ta n e o u s ly  20 m inu tes p rio r  to  
th e  in jec tion  o f s try c h n in e . T hus, M ydeton  has a m arked  a n tis try c h n in e  ac tio n  
an d  th e  reaso n  w hy i t  can  p rev en t d e a th  in  b u t 30 per cen t of the  cases is th e  
p ro tra c te d  ac tio n  of s try c h n in e , and  th e  fa s te r  elim ination  o f M ydeton.

T he in h ib itio n  o f m e trazo l convu lsions w as also s tu d ie d  in  ra ts . T he dose 
w as 70 m g/kg  o f m e trazo l w hile th e  dose o f  M ydeton  tvas 50 m g/kg s u b c u ta ­
neously , 20 m in u tes  before ad m in is te rin g  m etrazol. T he re su lts  have b een  
sum m arized  in  T ab le  I I I ,  w here the  tim e  o f appearance an d  th e  in te n s ity  o f 
convulsions are  also show n. The in te n s ity  o f  convulsions is g iven in  p o in ts ,
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F ig . 5. C at, 3800 g. H y p e rre fle x ia  (flexor a n d  crossed  ex ten so r) in d u ced  by s try ch n in e  (10 
JJ.g /k g  in trav en o u sly ), re liev ed  b y  th e  in tra v e n o u s  in jec tio n  o f  5 m g/kg of M ydeton. T o p : 

flex o r re flex . C entre : e x te n so r re flex . B o tto m : b lood p ressu re . T im e signal: 10 sec
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a n d  because th e re  were sev era l seizures th e  scores h av e  b een  ad d ed  u p . One 
h u n d re d  p o in ts  m ean  a m a x im u m  increase of to n e  in  a ll fo u r  lim bs, 75 p o in ts  
a n  increased  to n e  in  th e  fore  lim bs an d  a clonus in  th e  h in d  ones, 50 p o in ts  
s ta n d  for clonus in  a ll fo u r lim b s an d  25 po in ts  in d ica te  clon ic  m otions in  th e  
fo re  lim bs only . M ydeton  s ig n if ican tly  d im in ish ed  th e  in te n s i ty  o f convulsions,

Table I I I

Inh ib ition  o f  metrazol convulsions in  the rat 

M etrazo l 70 m g/kg subcutaneously

Animal
No.

Weight
g

Time of 
injection Note Points

l 160 14*5 1 4 5 * + + + + 1 0 0

2 180 1446 1 5 0 2 + + 50

3 155 1417 1500+ + 50

4 1 2 0 1448 14s0—j—p 1 5 ° 5 + + + +  1517+ + + + 250

5 160 1450 I 458+ +  15 2 0 4 - + 1 0 0

T otal 500

A fte r  tre a tm e n t w ith  50 m g/kg of M ydeton subcu taneously

Animal
No.

Weight
g

Time of 
injection Note Points

l 175 1555 165° +  succumtued 25

2 130 1556 1725+ 25

3 125 1557 1635+  succum bed 25

4 130 1558 1635+  1640+ +  1 6 3 0 + +  1655+ + 125

5 175 1559 1645+  1647-j—/- succum bed 75

T otal 275

th e  to ta l  score decreased  fro m  500 to  275, b u t  a t  th e  sam e tim e  th e  to x ic ity  of 
m e tra z o l w as s ig n ifican tly  in c reased . T his w as show n b y  th e  fa c t th a t  3 of th e  
5 an im als p re tre a te d  w ith  M y d e to n  died , w hile all o f th e  con tro ls  su rv iv ed .

In h ib itio n  o f  electroshock in  the rat

I t  is kn o w n  [17] th a t  c e r ta in  com pounds no t in flu e n c in g  th e  m e trazo l 
convu lsions considerab ly  in h ib it  the  ap p earan ce  of th e  convu lsions p ro d u ced  
b y  e lec tro shock . C onsidering  i ts  s tro n g  c e n tra l ac tions, M y d e to n  w as exam ined  
also  fo r th is  e ffec t in  co m p ariso n  w ith  P a rp a n it ,  D ip h ed an e  an d  M ysoline, to
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d e te rm in e  to  w hat e x te n t  a n d  for how long th e  te s t  d ru g s  in fluenced  th e  re s ­
ponse  to  electroshock. T h e  resu lts  o b ta in ed  in  groups o f 10 an im als each are  
p re se n te d  in  P ig . 6, sh o w in g  th e  tim e  e lap sed  from  th e  su b cu tan eo u s  in jec tio n  
o f  th e  te s t  com pounds in  30 m in u te  in te rv a ls  on th e  absc issa  an d  th e  in te n s ity  
o f  th e  convulsions in  “ p o in ts ”  on  th e  o rd in a te . T he scores should  be in te r ­
p re ted  as specified above  w ith  m etrazo l. T h is m e th o d  w as th o u g h t m ore re li­
ab le  th a n  th a t  in  w h ich  th e  convulsive th re sh o ld  is d e te rm in e d  by  increasing

F ig. 6. R a t. E lec tro co n v u ls io n . A bscissa: tim e . O rd in a te : in te n s i ty  o f  convu lsion , in  p o in ts  
E a c h  cu rv e  shows th e  m ean  fo r  10 an im als . T he a rro w  m ark s th e  su b c u tan e o u s  in jec tio n  o f th e

te s t  su b stan ce  
1: M ydeton, 50 m g/kg 
2: P a rp a n it ,  50 m g/kg 
3: D ip hedan , 50 m g/kg 
4: M ysolin, 50 m g/kg

th e  v o ltage  or in te n s ity . M ysolin  in jec ted  su b cu tan eo u sly  h a d  th e  w eakest and 
M ydeton  th e  m ost la s tin g  ac tio n ; it  was s till  d em o n strab le  a fte r  150 m in u tes , 
w hile th e  effect o f P a r p a n i t  and  D ip h ed an  w as over in  90 to  120 m in u tes . 
P a rp a n it  showed a re m a rk a b le  an ti-e lec tro sh o ck  ac tion , concern ing  w hich we 
h a v e  been  unable  to  f in d  d a ta  in  th e  lite ra tu re .

The effect o f M ydeton on the cortical and subcortical bioelectric activity in  the cat

I n  these  stud ies la rg e  doses (100 m g/kg) of M ydeton  w ere ad m in is te red , 
to  p roduce  m arked  ch an g es  in  b eh av io u r an d  p o stu re . A ty p ic a l electro- and  
su b co rtig ram  of th is  ty p e  is rep ro d u ced  in  F ig . 7. I n  p a r t  a, show ing th e  basic  
a c t iv i ty  fa s te r and  slow er ac tiv itie s  w ere a lte rn a tin g . T h is  w as p a rtic u la rly  
consp icuous in  th e  o c c ip ita l co rtex . A so u n d  s tim u lu s  o f 200 H z applied  a t th is  
p o in t e lic ited  an  in te n se  a ro u sa l reac tio n . T he a c tiv ity  o f  th e  fro n ta l co rtex  
in c reased  sharp ly  an d  th e  sleep  sp indles, a p p e a rin g  a t a b o u t 4 to  5 sec in te rv a ls , 
d isap p ea red  in th e  o c c ip ita l co rtex . P a r t  b shows th e  b ioe lec tric  a c tiv ity  8
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m in u tes  a fte r  th e  a d m in is tra tio n  o f 100 m g/kg  of M ydeton . T he sleep sp ind les 
are a b se n t, freq u en cy  is increased , th e  cu rve  is s im ila r to  t h a t  of th e  a ro u sa l 
re a c tio n . A sound  s tim u lu s  app lied  a t t h a t  tim e  had  no effec t. S ho rtly  a f te r ­
w ard s, in  p a r t c, th e  p ic tu re  of a ty p ic a l  a tta c k  of clonic convu lsions is v isib le , 
fo llow ed b y  iso e lec tric  silence. P a r t  d  show s th e  electric  a c tiv ity  30 m in u te s  
a fte r  M ydeton  a d m in is tra tio n . T here  is no tra c e  of n arcosis , in s tead  of i t  a 
h ig h -frequency , lo w -am p litu d e  a c tiv i ty  w as reco rded . A  sound  s tim td u s

19 20 
2 5 0  Hz

Fig.  7. E ffec t o f  100 m g/kg o f M ydeton  on th e  corticogram  of th e  ca t 
L e a d s , dow nw ard : b if ro n ta l ,  r ig h t lo n g itu d in a l, le f t lo n g itu d in a l, b io cc ip ita l, r ig h t re tic u la r

fo rm atio n .
P a r t  a : B efore  M ydeton, desy n ch ro n iza tio n  caused  by  sound  (250 Hz)

H
__________ _________________________ i
b

P a r t  b : Seven m in u te s  a f te r  M ydeton . F a s t  a c tiv ity , occasional slow  w aves
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(200 H z) applied  a t t h a t  p o in t had  no  effec t. A t the  sam e tim e , th e  sy m p to m s 
n o te d  were ly ing  o n  th e  side, ta c h y p n o e a , h y p e rsa liv a tio n , m o to r a c tiv ity  
re sem b lin g  ru n n in g , loss o f to n e  in  th e  lim b  m uscles, ab so lu te  in a b ility  to  w alk .

c
P art c : Clonic convulsions at the end o f th e  convulsive period. N ote  onset o f bioelectric

silence

■'"VY

d
Part d  : Thirty minutes after Mydeton. No response to 200 Hz sound

These f in d in g s m ak e  i t  clear t h a t  M ydeton  has a v e ry  p o te n t a c tio n  on 
th e  c e n tra l nervous sy s te m  and , p re su m a b ly  th ro u g h  s tim u la tin g  th e  ro s tá l 
re t ic u la r  fo rm atio n , g iv es  rise  to  a ty p ic a l  a rousal re a c tio n  in  th e  c a t. F u r th e r  
in v es tig a tio n s  are n e ed ed  to  c larify  th e  e x a c t s ite  of ac tio n . Such convu lsions
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o ccu rred  exclusively  in  cats an d  th ere fo re  the  re su lts  can n o t be considered  
v a lid  fo r o th e r species. The ac tio n  o f  m orph ine , to o , is know n to  v a ry  from  
species to  species, for exam ple i t  causes m o to r ex c ita tio n  in  th e  m ouse, a 
c a ta le p tic  s ta te  in  th e  ra t ,  ton ic -c lon ic  convulsions in  th e  c a t, and  in e rtia , 
sleep  in  th e  dog.

A ctio n  on the circulation , respiration and autonomic ganglia in  the cat

A n in tra v e n e o u s  dose of 0.5 m g/kg  M ydeton  caused t r a n s ie n t  fa ll in  
b lo o d  p ressu re . T he in trav en o u s  in je c tio n  of 5 m g /k g  caused a v asodep ression  
o f  80 to  90 m m H g , w hich  M as n o rm a lized  in  a b o u t 1 m inu te  a t  th e  beg inn ing  
o f  th e  ex p erim en t. T h e  v asodepression  in response  to  th e  fo u rth  in jec tio n  was 
m ore  p ro tra c te d , associa ted  w ith  apnoea  la s tin g  10 to  20 sec. T h is  d id  no t 
occur a fte r b ila te ra l vago tom y, w hile  th e  drop in  b lood  pressure  w as u n affec ted . 
T h u s , th e  M ydeton -induced  ap n o ea  is a p p a re n tly  a p u lm o n a ry  chem o- 
re f le x . A pnoea w as o ften  follow ed b y  h yperpneoa . T h is was in d e p e n d e n t of th e  
h y p o te n s io n , because  i t  persisted  a f te r  blood p ressu re  had  becom e no rm alized . 
A ll th e se  effects a re  illu s tra te d  in  F ig . 9. A tro p in e  h ad  no in h ib ito ry  effect 
e ith e r  on th e  vasodepresso r re sponse  or on th e  apnoea .

M ydeton  d id  n o t affect th e  h y p o ten siv e  response  to  ace ty lch o lin e  and  
h is ta m in e  (F ig . 9), i. e. i t  has no a trop ine-like  an d  an ti-h is tam in e  ac tions. I t  
g re a tly  reduced  th e  h y p erten siv e  response  to  choline p h e n y le th e r  (Fig. 9) and  
d ecreased  th e  v aso p resso r ac tio n  o f ad ren a lin e .

T he p ro tra c te d  falls in  b lood  pressure  in  som e cases an d  th e  in h ib itio n  
o f th e  vasop resso r a c tiv ity  of cho line  p h en y le th er h av e  ju s tif ie d  in v es tig a tio n s  
in to  an  ev en tu a l a c tio n  on g ang lia , a lth o u g h  in  ou r earlie r s tu d ie s  th e  am ino- 
k e to n es  w ere fo u n d  to  possess no or v e ry  l i ttle  such  a c tiv ity  [5, 6]. I t  is seen 
in  F ig . 9, th a t  in  response  to  5 m g /k g  of M ydeton  th e  am p litu d es of th e  n ic ti­
t a t in g  m em b ran e  co n trac tio n s e lic ite d  by  e lec trical s tim u la tio n  of th e  cerv ica l 
p reg an g lio n ic  sy m p a th e tic  fib re  a t  30 sec in te rv a ls  Mere decreased  by  ab o u t 
20 to  30 p er cen t. M ore d e ta iled  s tu d ie s  shoMed th e  ganglionic b lock ing  ac tion  
to  be a b o u t 2 or 3 tim e s  w eaker b u t  m ore la s tin g  th a n  th a t  of T E A B .

A ctio n  on the heart

C ardiac a c t iv i ty  in  th e  ca t w as recorded  in  situ  by  a c a rd io m e te r. F ig . 9 
shoM7s th a t  a f te r  open ing  th e  ch es t an d  ap p ly in g  th e  card io m ete r blood p re s ­
su re  se t a t  a ro u n d  50 m m  H g. A n in fusion  of 5 /ig /kg /m in  ad ren a lin e  increased  
d ia s to lic  fillin g  an d  decreased  sy s to lic  volum e, in  o th e r w ords, i t  in c reased  th e  
o u tp u t .  M ydeton  5 m g/kg  in tra v e n o u s ly  caused a v e ry  sh o rt decrease, th e n  an  
in crease  and  f in a lly  a g radua l decrease  of th e  s tro k e  volum e, w h ich  reached  i ts  
m a x im u m  3 to  4 m in u te s  a fte r th e  in jec tio n . To decide w h e th e r th e  d im in u tio n
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F ig . 8. Cat, 3000 g, Chloralose-urethane anaesthesia. Effect of Mydeton on the vascular and 
respiratory actions of choline phenylether and acetylcholine and on the nictitating membrane 

response to the electrical stimulation of the cervical preganglionic fibre.
In downward order: nictitating membrane, respiration, blood pressure.

Time signal on 0 line: 10 sec
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of ca rd iac  o u tp u t  was due to  p e rip h e ra l v a so d ila ta tio n , or to  a Aveakness of 
h e a r t a c tio n  as in d ica ted  by  th e  ca rd io m e te r  trac in g s , th e  bioelectric ativ i ty  of 
th e  h e a r t  w as s tu d ied  by  ECG . T h e  re su lts  are p re se n te d  in Fig. 10. A b o u t 3 
seconds a f te r  th e  a d m in is tra tio n  of M y deton  th e  h e ig h t o f  the  R waves dec reased  
m ark ed ly . T h is la s ted  abou t 3 seconds, th e n  th e  Q R S com plex g ra d u a lly  in ­
creased  in  h e ig h t, reaching  the  in it ia l  size in  ab o u t 2 to  3 m inutes, i. e. a t  a

F ig. 9. Cat, 3600 g. Chloralose-urethane anaesthesia. Effect of Mydeton on stroke volume. 
In downward order: cardiometer, blood pressure, time signal (10 sec).

In cardiometer curve: top: diastole, bottom: systole.
Inf.: onset of adrenaline infusion, 5 pg/kg/min

im e w h en  th e  decrease o f ca rd iac  o u tp u t  was th e  g re a te s t. Thus, th e  fa ll in  
b lood p ressu re  seem s to  be due to  a decrease of p e rip h e ra l resistance a n d  th e  
d im in u tio n  o f th e  stroke volum e m u s t have been a re su lt of th is . T h e  de­
crease o f pe rip h e ra l resistance  m ay  be tra c e d  back  to  a m ild  ganglio/riic b lo ck ing  
ac tion , on  th e  one hand , and , as it  w ill be seen la te r , to  a spasm oly tic  a c tio n , 
on th e  o th e r.

6  Acta Physiologica X V IIÏ/2 .
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P a rp a n it, to o , is k n o w n  to  cause a fa ll  in  blood p re ssu re  an d  for th is  
re a so n  we have ex am in ed  i ts  effect on th e  E C G  of th e  c a t. F ig . 11 shows th a t  
5 m g /k g  of P a rp a n it  in je c te d  in trav en o u sly  caused  a decrease in  th e  h e ig h t an d  
e v e n  sp littin g  o f th e  R  w av es, b u t for a s h o r t  w hile only .

T he card iac  a c tio n s  of M ydeton a n d  P a rp a n it  w ere s tu d ie d  in  frog  
h e a r ts ,  too . In  co n c e n tra tio n s  of from  25 to  100 ^g /m l (depend ing  on th e  h earts),

c

Fig. 10. Cat. Effect o f M ydeton on the ECG. Lead II. 5 mg/kg M ydeton intravenously. Sp lit 
R, negative  T, prolonged PQ  interval. 

a) Before M ydeton. b)  During M ydeton. c) 3 Minutes after M ydeton

M y d e to n  had  a n eg a tiv e  in o tro p ic  action  on  th e  iso la ted  frog h e a r t  an d  d id  n o t 
in te r fe re  w ith  th e  fo rm a tio n  and  co n d u ctio n  o f im pulses. T h e  h e a r t  k e p t on 
b e a tin g  in  th e  o rig in a l rh y th m , and  no d ia s to l ic  a rrest re su lte d  even  a t a co n ­
c e n tra t io n  of 100 ^itg/ml. I n  co n tra s t w ith  th i s ,  sim ilar co n cen tra tio n s  of P a r ­
p a n i t  m ark ed ly  w eaken  th e  h e a r t and p ro d u c e  n o t only a n e g a tiv e  in o tro p ic  
a c tio n  b u t  also a r rh y th m ia  an d  b ra d y c a rd ia .

M ydeton  is e a sy  to  wrash  out from  th e  h e a r t  m uscle, th u s  its  effect is 
re v e rs ib le , as opposed to  P a rp a n it ,  w hich  is  d iff ic u lt to  rem o v e  even by  re ­
p e a te d  w ashing an d  u 'h ic h  a lters  th e  a m p litu d e  for as long as %  to  1 hour.
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Fig. 11. Cat. E ffect o f Parpanit on the ECG. Lead II. 5 m g/kg Parpanit intravenously. 
Split R, isoelectric T, prolonged PG. 

a) Before Parpanit. b) During Parpanit. c) 3 m inutes after Parpanit

Actions on smooth muscle

T he am inoketones have been fo u n d  to  possess a w eak  sp asm o ly tic  effect 
[18]. I t  has th ere fo re  been  th o u g h t n ecessary  to  s tu d y  M ydeton from  th is  
re sp ec t. P a rp a n it a n d  p ap av erin e  w ere used  for com parison . These s tu d ies  w ere 
m ad e  on th e  iso la ted  guinea p ig  ileu m , in  a M agnus d ish  con ta in in g  18 m l of 
T y ro d e ’s so lu tion , u n d e r  co n stan t o x y g en a tio n , a t 38 °C. T he resu lts  a re  p re ­
sen ted  in  T able  IV . M ydeton  was ab o u t 25 to  50 tim es less p o te n t th a n  P a rp a n it  
in  th e  in h ib itio n  of th e  co n trac tio n  in d u ced  by  ace ty lcho line , n ico tin e  and 
h is ta m in e .

T he difference betw een  M ydeton  a n d  P a rp a n it  w as n o t so m ark ed  in  th e  
in h ib itio n  of BaCl2 sp asm . The spasm  cau sed  b y  0.28 m g/m l of BaCl2 w as com ­
p le te ly  in h ib ited  b y  0.05 m g/m l of M y d eto n ; 0,042 m g/m l of P a rp a n it  and 
0,03 m g/m l of p ap av e rin e  were need ed  to  produce th e  sam e effect. S ince te n  
tim es sm aller doses o f M ydeton w ere req u ired  to  in h ib it  th e  ace ty lch o lin e  
spasm , i t  appeared  as if  M ydeton h a d  also an  a tro p in e -lik e  a c tiv ity . T h is , 
how ever, is no t tru e , because id e n tic a l doses of M ydeton  were re q u ire d  to  
re lieve th e  spasm  caused  by  ace ty lch o lin e , n ico tine  an d  h is tam in e , re sp ec tiv e ly . 
P a rp a n it  is m ost p o te n t against ace ty lch o lin e  spasm , i. e. it  has ch iefly  an  
a tro p in e -lik e  a c tio n .

6 *
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Table IV

A ctio n  on smooth muscle in  the guinea p ig  intestine

Compound, /<g/18 ml Spasmolytic action, %
Compound f g/18 mi

Ach Hist 5HT Ni BaCl2 Ach Hist 5HT Ni BaCl2

M y d eto n  1 5 l 60

10 0.1 70

20 l 75

25 0.1 25 30 100 60 80

50 i 25 30 100 100 100

1500 5000 100

4000 5000 100

P a p av erin e  J  50 5000
1

100

P a r p a n it  1 l 30 95 95

2.5 l 100

5 0.1 30 100 100

10 25 100

300 5000 15

750 5000 72

1000 5000 83

A bbrev iations: A ch: acetylcholine,
H is t: h istam ine,
5H T : 5 -h y d ro x y try p tam in e , 

N i: nicotine.

D iscussion

M ydeton  is a c tiv e  on th e  c e n tra l  n e rv o u s  sy stem , in  th e  f i r s t  p lace. T h is 
co n c lu s io n  was d ra tv n  from  th e  fo llow ing f in d in g s :

a )  its  a c tio n  v a rie s  w ith  th e  species o f an im al te s te d ;
b )  i t  in h ib its  m u ltisy n a p tic  sp in a l re flex es;
c) i t  lessens th e  to x ic ity  o f s try c h n in e ;
d )  i t  in h ib its  th e  convulsions in  e lec tric  shock;
e)  i t  has a m a rk e d  an ti-n ito c in e  ac tio n ; and
f )  it  in h ib its  th e  tre m o r caused  b y  h a rm in e .

M ydeton  h as  a v e ry  w eak effect on th e  au tonom ic  n e rv o u s system ; it 
possesses  n e ith e r a tro p in e -lik e , no r a n tih is ta m in e , nor a d ren o ly tic  ac tiv itie s . 
I t s  gang lion ic  b lo ck in g  ac tio n  is ab o u t 2 or 3 tim e s  w eaker th a n  th a t  of T E  A. 
I t  is a less p o te n t sp asm o ly tic  a g en t th a n  p ap av e rin e .

O n the  basis  o f  th e s e  ph arm aco lo g ica l d a ta  M ydeton is recom m ended  for 
u se  in  th e  t re a tm e n t o f such  nervous d iseases in  w hich e x tra p y ra m id a l m o to r
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d is tu rb a n c e s  p red o m in a te . L e h o c z k y  [19] h as  show n M y d eto n  to  be su p e rio r  
to  ch lo rp ro m az in e  in  re liev in g  th e  sym p to m s an d  in  side e ffec ts .

The c e n tra l nervous s ite  o f ac tio n  needs fu r th e r  in v e s tig a tio n . In f o rm a tiv e  
ex p erim en ts  p ro v ed  M ydeton  to  be cap ab le  of re liev in g  th e  d ece reb ra tio n  
r ig id ity  in  th e  c a t. A dose of 5 m g /k g  in trav en o u s ly  caused im m ed ia te  re la x a tio n  
o f  th e  m uscles m a in ta in in g  e x te n so r to n e . O ne of its  m o st im p o r ta n t s ite s  of 
a c tio n  seem s th e re fo re  to  be in  th e  b u lb a r  fa c il i ta to ry  sy s te m . W e believe th is  
a c tio n  to  be o f decisive im p o rtan ce  in  th e  in h ib itio n  of th e  re flex  ir ra d ia tio n  
cau sed  b y  s tr ic h n in e . A t th e  sam e tim e , a n  in h ib ito ry  a c tio n  on th e  sp in a l 
sy n a p se s  c a n n o t be ru led  o u t.

T he in h ib itio n  of e lec tro sh o ck  convu lsions is be liev ed  to  be an im p o r ta n t 
p ro p e r ty  of M y d e to n , w hich  m ak e  its  use benefic ia l in  th e  t r e a tm e n t o f  g ra n d  
m al an d  e v e n tu a lly  of p e t i t  m a l seizures [20]. F u r th e r  research  in to  th e  
m ech an ism  o f th e  in h ib itio n  o f  e lec tro -convu lsions m ay  b rin g  to  lig h t new 
ev idence  h e lp in g  to  e lu c id a te  th e  m ode of ac tio n  of a n tic o n v u lsa n t d ru g s. 
E lec tro p h y sio lo g ica l s tu d ies  h av e  n am ely  show n such  d ru g s  to  have d iffe ren t 
s ite s  of ac tio n . P h é n o b a rb ita l lessens th e  e x c ita b ility  n o t o n ly  o f th e  d ien cep h a ­
lo n , b u t  also o f  th e  A m m on’s h o rn  [21]. P h en u ro n , used  in  te m p o ra l ep ilep sy , 
has no in fluence  on th e  th re sh o ld  of rh in en cep h a lic  a fte r-d isch arg es , b u t  p ro ­
longs th e  slow  com ponen ts o f th e  m u ltisp ik e  a fte r-d isch arg es . T rid ione  does 
n o t  ac t on th e  h ip p o cam p u s, b u t  depresses th e  co rtex  a n d  th e  d ien cep h a lo n . 
D ip h e n y lh y d a n to in e  has no e ffec t on th e  a fte r-d isch arg es  o f  th e  c o rtex  an d  
rh in en cep h a lo n , b u t  co n sid e rab ly  increases th e  d ien cep h a lic  a fte r-d isch arg e  
th re s h o ld  [22].

I t  has b een  m en tioned  an d  il lu s tra te d  b y  E E G  c u rv e s  th a t  M y d eto n  
causes convu lsions in  th e  c a t. T he convu lsions seem to  be su b c o rtic a l in  o rig in . 
A lth o u g h  su ch  an  effect w as n o t observed  in  species o th e r  th a n  th e  c a t ,  and 
th e  re su lts  o b ta in e d  in  ca ts  c a n n o t be ap p lied  w ith o u t re s tr ic tio n s  to  o th e r 
species, i t  m a y  be w o rth  Avhile to  p o in t o u t th a t  fo r ex am p le  acco rd in g  to  
P r e s t o n  [23], ch lo rp ro m azin e  p roduces convu lsive a c t iv i ty  in  th e  h ip p o ­
cam p u s, an d  c lin ica l ev idence  is av a ilab le  to  show  th a t  ch lo rp ro m az in e  can  
p roduce  e p ile p tic  sp ikes in  th e  E E G  [24].

M ydeton  causes narcosis  in  ex trem e ly  la rg e , n e a r-to x ic  doses o n ly . H o w ­
ev er, even v e ry  sm all doses cause  m uscle w eakness, as w ell as a n o rm a liza tio n  
o f  th e  h y p e ra c tiv ity  p ro d u ced  b y  p ro s tig m in e , so its  th e ra p e u tic  ran g e  is v e ry  
w ide. P h arm aco lo g ica l s tu d ie s  show  M ydeton  to  be close ly  s im ila r to  M yane- 
s in , w hich is a se lec tive  p a ra ly se r  o f th e  in te rn eu ro n es  [25], a n d  for th is  reaso n  
M ydeton  m ay  be  lis ted  am o n g  t h e  so-called  in te rn eu ro n e  b lo ck in g  ag en ts .

M ydeton  causes a re la x a tio n  o f th e  n ic t i ta t in g  m e m b ra n e  c o n tra c te d  as 
a re su lt o f p ro longed  p regang lion ic  s tim u la tio n . I t  m ay  th e re fo re  possess a 
ganglion ic b lock ing  ac tion . A s, how ever, th e  b lood  p ressu re  changes in  re sp o n se  
to  M ydeton  a re  d iffe ren t fro m  th o se  seen in  th e  c h a ra c te r is tic  re sponses to
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gang lion ic  blocking a g e n ts , M ydeton m ay  cau se  th e  re la x a tio n  o f th e  n ic tita tin g  
m em b ran e  d irec tly , i. e. p o stg an g lio n arly , th ro u g h  a sp asm o ly tic  action  s im ila r 
to  t h a t  o f  pap av erin e .

T h is m ay ex p la in  a lso  its  h ea rt-w eak en in g  ac tion . In tra v e n o u s ly  in jec ted , 
p a p a v e rin e  is n am ely  k n o w n  to  cause h e a r t  fa ilu re  a n d  a w eakening  of th e  
fu n c tio n  of th e  iso la te d  p ap illa ry  m uscle [26]. T h is ac tio n  of M ydeton  is 
c le a r ly  v isib le in  th e  ca rd io g rap h ie  an d  E C G  tra c in g . H ow 'ever, i t  is also pos­
s ib le  th a t  th e  severe E C G  changes are due to  th e  fall in  b lood  pressure  an d  th e  
co n seq u en tia l m ark ed  re d u c tio n  of th e  0 2-su p p ly  to  th e  h e a r t .

E x p e rim en ts  on  fro g  h ea rts  suggest t h a t  M ydeton  m a y  ac t d irec tly  on 
th e  h e a r t. H ow ever, i t  w eakens the h e a r t m uch  less th a n  p ap av e rin e  or P a r- 
p a n it  do and  its e ffec t is  defin ite ly  rev e rsib le .

T hese p h arm aco lo g ica l p ro p ertie s  m ay  m ake M y d eto n  a va lu ab le  d rug  
for th e  tre a tm e n t o f  e x tra p y ra m id a l m o to r d is tu rb a n c e s  o f  vario u s orig in , as 
i t  is in d ica ted  also b y  p e r ta in in g  c lin ica l o b se rv a tio n  ( L e h o c z k y , B la zsó ).
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Y th  IN T E R N A T IO N A L  C O N G RESS O F  B IO C H E M IS T R Y

M oscow (USSR), A u g u st 10 — 16, 1961 

General In fo rm ation

A ccording to  th e  re so lu tio n  of th e  G eneral A ssem bly  of th e  In te rn a tio n a l  U nion  o f B io ­
ch em is try , th e  Vth In terna tional Congress o f  B iochem istry  will he  h e ld  in d  Moscow, A ugust 
1 0 - 1 6 ,  1961.

T he U SSR  B iochem ical Society  cordially  in v ite s  everyone in te re s te d  in  th e  b ro ad est 
a sp ec ts  o f b io ch em is try  to  p a r tic ip a te  as an  ac tiv e  m em ber. E ac h  ac tiv e  m em ber is allow ed 
to  in tro d u ce  a n y  m em b er o f h is fam ily  as an  a sso c ia te  m em ber.

Those w ho w ould  like  to  p a rtic ip a te  in  th e  w o rk  o f  th e  V th  In te rn a tio n a l  Congress o f 
B io ch em istry  a re  re q u este d  to  fill in  th e  enclosed R e g is tra tio n  F o rm s (in  dup lica te) a n d  to  
send  th e m  to  th e  E x ecu tiv e  C om m ittee  o f th e  C ongress (USSR, M oscov, B — 71, L en in sk y  
P ro sp ek t, 33). T he la te s t  d a te  a t  w hich R e g is tra tio n  F orm s w ill b e  accep ted  is M arch 31, 
1961 a n d  D ecem ber 31, 1960 fo r th e  form s I  and  I I ,  respec tive ly .

M em bers w ho in te n d  to  c o n trib u te  to  one o f th e  sectional m ee tin g s  e ith e r a  co m m u n i­
ca tio n  o r  a d em o n s tra tio n  sh o u ld  send  in  th ree  copies o f th e  su m m ary  o f th e ir  com m unica tion  
(up  to  200 w ords) b y  D ecem ber 31, 1960.

T he re g is tra tio n  fee h a s  b een  fix ed  a t  $ 13 fo r th e  active  m em b ers and  a t  $ 2 fo r th e  
associate  m em bers. P a y m e n t o f  th e  reg is tra tio n  fee is  req u ested  to  th e  acco u n t o f th e  Congress 
N o . 380 083 in  th e  U SSR  V n e sh to rg b an k  b y  M arch 31, 1961. This re g is tra tio n  fee is n o t r e tu rn ­
able.

A ctive  m em b ers w ho re g is te r  before th e  d ead line  will rece iv e , before th e  Congress 
opens, a  second c ircu la r d e ta ile d  in fo rm a tio n  on th e  o rg an izatio n  o f th e  Congress, th e  fin a l 
p ro g ram m e, a  copy  of th e  a b s tra c ts  o f sectional com m u n ica tio n s, a n d  th e  p re p rin ts  o f 2 of 
th e  sym posia  a t  each  m em b er’s choice and , a fte r  th e  Congress, a co p y  o f th e  te x ts  o f  th e  tw o 
lec tu res  given a t  th e  p le n a ry  sessions. The p re p rin ts  o f th e  o th er sy m p o sia  can  be  o b ta in ed  
fo r e x tra  p a y m e n t. R eg is te red  m em bers w ho w ill n o t be able to  a t te n d  th e  Congress will 
receive  th is  d o c u m en ta tio n  b y  m ail.

Scientific  P rogram m e of th e  Congress

In  acco rdance  w ith  th e  reco m m en d a tio n  o f th e  G eneral A ssem b ly  o f th e  In te rn a tio n a l 
U n io n  o f  B io ch em istry , th e  o rg an izers  o f th e  Congress in te n d  to  d ra w  a tte n tio n  to  a re s tr ic te d  
n u m b er o f th e  m o st b u rn in g  prob lem s of co n te m p o ra ry  b io ch em istry , W ith  th is p u rpose  in  
view  th e re  will be  organ ized :

I. L ec tu res g iven  a t  p le n a ry  sessions
I I .  Sym posia

I I I .  S ectional sessions fo r m em bers’ com m u n ica tio n s and  d e m o n s tra tio n s .
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I. Two general lectures ivill be given  at the p lenary  sessions o f  the Congress :

a )  D. G reen (U SA ) — “ Subcellular Structure and E nzym atic  F u n c tio n 1'.
b) Г. Sorm  (C zechoslovakia) — «M icrostructure o f  Protein in  Connection w ith its B io ­

logical Function».

I I .  I t  is p lanned  to organize the fo llow ing sym posia  :

1. B iopolym ers: M olecular S tru c tu re  an d  B iochem ical A c tiv ity .
2. F u n c tio n a l B io ch em istry  o f  Cell S tru c tu re s .
3. E v o lu tio n a ry  B iochem istry .
4. G eneral M echanism s of A c tio n  a n d  Specific In h ib itio n  o f E nzym es.
5. P h o sp h o ry la tin g  a n d  N o n -p h o sp h o ry la tin g  P a th w ay s of O x id a tio n .
6. M echanism  o f P h o to sy n th es is .
7. P rin c ip a l M echanism s a n d  P a th w a y s  of B iosynthesis.
8. B iochem ical P rinc ip les o f F o o d  In d u s try .

I I I .  The fo llow ing  sections w ill be organized :

1. C hem istry  o f  C om pounds o f B iological In te re s t
2. B io ch em istry  o f  P ro te in s  a n d  A m ino  Acids
3. B io ch em istry  o f  N ucleic A cids a n d  N ucleopro teins
4. B io ch em istry  o f  V iruses
5. E nzym ology
6. C o m para tive  B iochem istry
7. B io ch em istry  o f  A n tib io tics
8. In d u s tr ia l B iochem istry
9. Cyto- a n d  H isto ch em istry

10. Muscle B io ch em istry
11. B io ch em istry  o f th e  N evous System
12. V itam in s a n d  N u tr itio n
13. B iochem istry  o f H orm ones
14. B io ch em istry  o f M icroorganism s
15. P lan t B io ch em istry
16. Clinical B iochem istry
17. B io ch em istry  o f C a rb o h y d ra tes
18. B iochem ical P harm aco lo g y
19. B iochem ical G enetics
20. Im m u n o ch em istry
21. B io ch em istry  o f M alignan t T u m o rs
22. B iochem istry  o f P h o to sy n th es is
23. R esp ira tio n  a n d  O x id a tio n
24. R a d ia tio n  E ffec t on B iochem ical Processes
25. B iogeochem istry
26. New A p p a ra tu s  and  M ethods
27. V aria

E ach  C ongress m em b er h as th e  r ig h t to  p re sen t only one co m m u n ica tio n . A p ap er m ay  
b e  re ad  a t  a  section  o n ly  b y  th e  a u th o r  w hose n am e is m en tioned  f irs t .  B esides, each  C ongress 
m em b er m ay  p a r tic ip a te  in  tw o m ore co m m u n ica tio n s as th e  second au th o r. Owing to  th e  
la rg e  n u m b er o f  c o n tr ib u tio n s  a n tic ip a te d , i t  is possible th a t  som e p a p e rs  m ay  hav e  to  be  
re a d  b y  title  only.

A u thors m a y  use  a n y  language  o f th e ir  choice, b u t  to  fac ilita te  th e  exchange o f in fo rm a ­
t io n  au th o rs  are, how ever, req u ested  to  use  R u ssian , E ng lish  o r F ren ch .

T ables an  la n te rn  slides shou ld  be  p re sen te d  in  s ta n d a rd  sizes.



Die von der Medizinischen Kommission der FlR 
(Internationale Föderation der Widerstandskämpfer) 
einberufene

III.  I NTERN ATI O N A LE 
ME DI Z I NI S CHE  KON F E R E NZ

wird vom 17. bis 19. März, 1961 in Lüttich (Belgien) 
zusammentreten. Dabei sollen insbesondere die Be­
handlungsmethoden der progressiven Asthenie und der 
vorzeitigen Vergreisung besprochen werden.

Anfragen und Anmeldungen zur Teilnahme an 
der Tagung sind an die Medizinische Kommission der 
FIR, Wien II, Castellezg. 35, zu richten.
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Equipments for operating rooms

Surgical instruments

Electro-medical apparatus

Diagnostic hand-appliances and mechanical
apparatus

Dentistry chairs, dental apparatus type “Unit”, 
dental material

Veterinary instruments

Various types of iron lungs

Injection needles and syringes

Rocking respirator and other apparatus 
for paralysis treatments

Ampoules, vials, glasses 

Exporte rs:
“ 1И E T K 1 ! I P P \ W Hungarian Trading 111 Б I Itll'll Б it Company for Instruments

Letters: Budapest 62. POB 202. Hungary 
Telegrams: INSTRUMENT BUDAPEST
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Р Е З Ю М Е

ИССЛЕДОВАНИЕ ФУНКЦИОНАЛЬНОГО ЗНАЧЕНИЯ СВЯЗАННЫХ К МИО-
ФИБРИЛЛАМ НУКЛЕОТИДОВ

I. Исследование состояния фосфориляции связанных к миофибриллам нуклеотидов
in vitro

Э. БИРО и А. МЮ ЛРАД

Авторы исследовали общее количество и содержание гидролизируемого фосфора 
нуклеотидов, связанных к миофибриллам, сокращенным аденозинтрифосфатом, и нахо­
дящимся вследствие различных воздействий в присутствии АТФ в расслабленном состо­
янии. В случае релаксации, вызванной расслабляющими факторами, этцлендиаминтет- 
раацетатом, при низкой температуре, количество гидролизируемого фосфора (соотно­
шение <<Р.И» связанных нуклеотидов) уменьшается по сравнению с фосфором в нерасслаб­
ленных миофибриллах, — в случае релаксации, вызванной большой ионной силой, моче­
виной, или же концентрацией АТФ больше оптимальной, не наблюдалось данного умень­
шения содержания фосфора.

Согласно опытам с меченным в фосфоре АТФ разница имеет место не вследствие 
приема фосфора в сокращенном состоянии, а путем диссоциирования в расслабленном 
состоянии одной части связанных нуклеотидов, прежде всего АТФ.

ИССЛЕДОВАНИЕ С ФУНКЦИОНАЛЬНОГО ЗНАЧЕНИЯ СВЯЗАННЫХ 
К МИОФИБРИЛЛАМ НУКЛЕОТИДОВ

II. Исследование обмена веществ связанных фосфорных фракций с помощью меченного
фосфора

Э. БИ РО  и А. МЮЛРАД

Существенного мечения поддающейся гидролизу связанной фракции как и свя­
занного неорганического фосфата миофибрилл не состоится, если миофибриллы в пози­
циях у и В расщепляют равномерно меченный АТФ. Подобным образом не снижается 
радиоактивность фосфорных фракций миофибрилл, меченных введенным in vivo P32, 
если изолированная миофибрилла расщепляет не радиоактивный АТФ.

Скорость новообразования связанных к миофибриллам фосфатных фракций много­
кратно больше, чем, согласно результатам Велика (5), скорость новообразования акти- 
новых белков.

Вышеизложенные результаты обсуждаются с точки зрения предположенной про­
межуточной роли связанных нуклеотидов, в частности сопоставляя их с результатами 
экспериментов Штромана (9), Перри (10) или же Ульбрехта и Ульбрехта (II).

К МЕХАНИЗМУ ДЕЙСТВИЯ СТРЕПТОМИЦИНА

I. Действие стрептомицина на терминальное окисление Е . coli

п .  ЗАБОШ

Стрептомицин в бактериостатической концентрации, при исследованиях на Е . 
coli В  и Е . coli 055, не оказывает значительного действия на окисление применяемых 
автором субстратов. При более высоких концентрациях, особенно, в среде с небольшой 
ионной силой, можно было обнаружить частичное торможение окисления, но оно насту­
пает только после 2 0 -  40 минутного скрытого периода и постепенно прогрессирует.
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Стрептомицин в бактериостатической концентрации в зависимости от условий, 
после более или менее продолжительного воздействия, прекращает адаптивного харак­
тера синтез терминальной окислительной системы в клетках Е. coli, происходящих из 
полуанаэробных культур. На указанное тормозящее действие стрептомицина влияет 
концентрация электролитов и pH окружающей среды.

К МЕХАНИЗМУ ДЕЙСТВИЯ СТРЕПТОМИЦИНА
И. Действие стрептомицина на синтез /3-галактозидазы в клетках штаммов Е. coli В

П. ЗАБОШ

В бактериостатической концентрации стрептомицин совершенно прекращает 
синтез /î-галактозидазы в клетках Е . coli В  в том случае, если его добавляют к реакцион­
ной смеси одновременно с добавлением индуктора. Если же стрептомицин добавляется 
позднее, то он прекращает синтез энзима только по истечении определенного скрытого 
периода. Продолжительность предшествующего полному торможению, скрытого периода, 
и количество синтезированного между тем энзима, зависит от того, сколько времени 
прошло между добавлением индуктора и добавлением стрептомицина. Если добавить 
стрептомицин на 40—60-ой минуте, то всегда наблюдается парадоксальное явление: 
развитию торможения предшествует временное ускорение синтеза энзима.

Синтез общих белков в заторможенных стрептомицином клетках некоторое время 
продолжается дальше, линейно с измеренной при добавлении антибиотика скоростью, 
и лишь по истечении 40—60 минут наступает полное торможение.

При действии стрептомицина синтез клеточных белков и нуклеиновых кислот 
тормозится приблизительно одинаковым образом. В предшествующей полному тормо­
жению линейной фазе роста, отношение нуклеиновая кислота/белок устанавливается на 
величине, измеренной при введении стрептомицина, в то время, как рост контрольных 
клеток идет экспоненциально и относительное количество нуклеиновых кислот в них, 
повышается в логарифмической фазе.

ПОЛУАВТОМАТИЧЕСКИЙ АППАРАТ ДЛЯ ВЫТЯГИВАНИЯ СТЕКЛЯННОГО
МИКРОЭЛЕКТРОДА
Я. ПОРСАС и Ф. САБО

Авторами был разработан полуавтоматический аппарат для вытягивания стек­
лянного электрода, при помощи которого можно из стеклянных капилляров с различ­
ным исходным диаметром изготовить стеклянные капилляры с верхним диаметром от 
0,25 до 1,5 микронов. Метод весьма простой, осуществляемый в любой лаборатории. 
Дается подробное описание метода изготовления стеклянных капилляров, их заполне­
ния и хранения.

ИССЛЕДОВАНИЯ НА КРЫСАХ ФУНКЦИИ КОРЫ НАДПОЧЕЧНИКОВ
Э. ЭН ДРЁЦ И  и Я Н Г Т ЕН -Л А

Кровь надпочечной вены крыс содержит следующие кортикоиды: 6—а-гидрокси- 
кортизол, альдостерон, не идентицифированный стероид с положительной флюорес­
ценцией натрием, но не дающий восстановления тетразолем, кортикостерон, 11-дегидро- 
кортикостерон, Я4-андростерон-11-о1-3,17-дион и /Р-андростерон-З,17-дион. Авторы с 
помощью чувствительного метода восстановления тетразолем определили содержание 
кортикоидов в собранной в течение 12 минут крови надпочечников отдельных животных, 
или же в вытяжке соединенной от нескольких животных крови надпочечной вены сек­
рецию альдостерона.

ДЕЙСТВИЕ РАБОТЫ, СОВЕРШЕННОЙ ПРИ ГИПОТЕРМИИ И ГИПЕРТЕРМИИ 
НА ФУНКЦИЮ ГИПОФИЗ-КОРА НАДПОЧЕЧНИКОВ

Я Н Г  ТЕН -ЛА  и Э. ЭН ДРЁЦ И

Авторы исследовали в опытах по плаванию белых крыс в воде различной темпера­
туры действие полного утомления на состав кортикоидов в крови надпочечной вены и на 
синтез гормонов инкубированной в условиях in vitro надпочечной тканью. Было устано­
влено, что содержание кортикостерона в случае плавания при оптимальной те.мпературе



3

практически не изменяется, в то время как оно при 18 °С начинает снижаться. В проти­
воположность этому содержание альдостерона выраженно повышается в случае плава­
ния как при температуре 30°, так и 18° и 43 °С, причем повышение было больше всего 
в случае низкой температуры среды. Изменение соединения X, наблюденного в веноз­
ной крови надпочечников в качестве постоянного компонента, было подобно изменениям 
величины кортикостерона. Надпочечная ткань показала in vitro повышенный синтез кор- 
тикостерона, даже в тех случаях, когда его величина в крови надпочечной вены не изме­
нялась, или же снижалась.

УСЛОВНАЯ И БЕЗУСЛОВНАЯ ЭЛЕКТРИЧЕСКАЯ АКТИВАЦИЯ КОРЫ 
ГОЛОВНОГО МОЗГА ПРИ РАЗДРАЖЕНИИ ПОЧЕЧНОЙ ЛОХАНКИ

Г. АДАМ и И. МЕСАРОШ

В хронических опытах на собаках-самках, имеющих короковые электроды и свищ 
одного мочеточника, было выявлено, что слабое механическое раздражение почечной 
лоханки обусловливает электрическую активацию мозга (ориентировочную реакцию). 
Эта электрическая десинхронизация может быть погашена. После длительного угашения 
этой реакции, при сочетании раздражения почек с какими либо экстероцептивными (зву­
ковыми или кожными) раздражителями, возникает условная интероцептивная электри­
ческая активация.

О РОЛИ АКТИВИРУЮЩЕЙ СИСТЕМЫ СТВОЛА МОЗГА В ОБРАЗОВАНИИ 
УСЛОВНОГО РЕФЛЕКСА НА ВИСЦЕРАЛЬНОЕ РАЗДРАЖЕНИЕ

Г. АДАМ, И. МЕСАРОШ, К. Л ЕХ О Ц К И , А. НАДЬ и А. РАЙК

У собак с хронически введенными в кору головного мозга и в средний мозг элект­
родами и со свищем тонкой кишки, авторы сочетали механическое раздражение тонкой 
кишки с прямым электрическим раздражением восходящей активирующей системы сред­
него мозга. После такого сочетания раздражений применением интероцептивного раздра­
жения можно вызвать условную электрическую активацию мозга. Из результатов авто­
ров следует, что на основе реакции пробуждения мезенцефалического типа можно выра­
ботать условный рефлекс, и следовательно является вероятным, что исходящая из висце­
ральной рецепторной области условная мозговая электрическая активация включается 
через неспецифическую ретикулярную систему среднего мозга.

ФАРМАКОЛОГИЯ МИДЕТОНА (МИДОКАЛМ, 1-ПИПЕРИДИНО-2-МЕТИЛ-3-р-ТО- 
ЛИЛ-ПРОПАНОН-3), НОВОГО СОЕДИНЕНИЯ, БЛОКИРУЮЩЕГО

ИНТЕРНЕЙРОНЫ
Я. ПОРСАС, К. НАДОР, К  ГИБИСЕР-ПОРСАС и Т. БА РАН КАИ

Наиболее характерное фармакологическое действие Мидетона, 1-пиперидино-2- 
метил-З-р-толил-пропанона-З указывает на то, что его точкой воздействия является цен­
тральная нервная система. Это действие заключается в следующем: влияние Мидетона 
на поведение животных различных видов различное: на мыши и крысы это соединение 
оказывает успокаивающее действие, на кроликах наблюдается значительная мышечная 
слабость, на кошках мышечная слабость, полное расстройство ходьбы наступает лишь 
после появления клинических судорог. Наркоз вызывается только почти токсическими 
дозами. Мидетон тормозит многосинаптические спинальные рефлексы, снижает у крыс 
повышенные стрихнином рефлексы и смертность от стрихнина. Мидетон препятствует 
наступлению электрического шока. В этом отношении его действие сильнее чем действие 
Дифенала или Мизолина. Он обладает выраженным антиникотиновым действием и пре­
пятствует вызванному гармином дрожанию.

Мидетон не имеет атропиноподобного, антигистаминового, адреналитического 
действий. Парализирующее ганглии действие в 2 —3 раза меньше действия TEA. Его 
тормозящее спазм гладкой мышцы свойство проявляется прибл. в 2 раза слабее дей­
ствия папаверина.

Следовательно, данное соединение оказывает выраженное действие, главным об­
разом, на многосинаптические нейронные системы и поэтому его можно причислить к 
так наз. ослабляющим интернейроны препаратам.
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PURIFICATION OF THE RIBONUCLEIC ACID INDUCING 
PENICILLINASE FORMATION IN B. CEREUS CELLS

B y

V. C s a n y i , M. K r a m e r  an d  F .  B . St r a u b

IN ST IT U T E  O F MEDICAL CH EM ISTR Y , M EDICAL U N IV ERSITY , B U D A PEST 

(R eceived J u ly  15, 1960)

Two m e th o d s  fo r th e  p u rif ic a tio n  o f  R N A  ex trac ted  fro m  c o n s titu tiv e ly  p e n ic i '-  
linase -fo rm in g  B . cereus cells h av e  b e en  ap p lied  and  co m p ared . These p u rified  R N A  
p rep ara tio n s  d isp lay e d  essen tia lly  th e  sam e  effect in  g iv ing  r ise  to  penicillinase fo rm a ­
tio n  in  in d u cib le  B . cereus cells, as a  c ru d e  e x tra c t described  e a rlie r .

T he R N A  p rep ara tio n s o b ta in e d  b y  th e  two m eth o d s  as well as th e  c ru d e  
e x tra c t hav e  been  com pared q u a n ti ta t iv e ly  as to  th e ir  e ffec t concern ing  p en ic illin ase  
syn thesis.

I t  has  b e en  show n th a t  th e  s a tu ra tin g  level o f th e  R N A  still h av in g  fu ll 
a c tiv ity  m u st b e  in  th e  order of 102— 10s m olecules R N A  p e r  cell.

T he su p p o sed  ro le of th e  sp ec if ic  R N A  and th a t  o f  th e  RN A se tr e a tm e n t  
h av e  b een  d iscussed .

As described  e a r lie r  [1, 2], a M  N aC l-ex trac t fro m  B . cereus-N R R L - 
B -569/H , a p en ic illin a se -co n stitu tiv e  s tr a in  [3], if  ad d ed  to  ribonuclease- 
p re tre a te d  B . cereus-N R R L -B -569 (pen ic illinase-inducib le ) cells is c ap ab le  
of g iv ing  rise  to  a t r a n s ie n t  p ro d u c tio n  o f  penicillinase in  th e  rec ip ien t cells 
u n d e r su itab le  co n d itio n s . The e ffec t seem s in  m any a sp e c ts  to  be d iffe ren t 
from  th e  n a tu ra l  in d u c tio n , i. e. f ro m  in d u c tio n  w ith  pen ic illin . H ow ever, 
th e  increased  a c t iv i ty  o f th e  enzym e u n d e r  th e  effect o f  th e  added  R N A  is 
due  to  a rea l sy n th e s is  o f enzym e p ro te in  de novo [4].

W e w orked  u n d e r  th e  a ssu m p tio n  t h a t  th e  ac tiv e  p rin c ip le  in  our c ru d e  
e x tra c t was a specific  R N A  and in  o rd e r  to  prove th is  we tr ie d  to  p u rify  th e  
e x tra c t  an d  co llec t q u a lita tiv e  as w ell as q u a n tita tiv e  d a ta  ab o u t its  n a tu re .

Materials and methods

Organisms. T h ro u g h o u t th e  whole series  o f  experim ents we w ere  using  th e  B . cereus 
N R R L -B -569 /H  cells, as sources of th e  a c tiv e  p rin c ip le , and  B . cereus N R R L -B -569  cells, as 
recep to rs . T he f i r s t  one is  a  one-step m u ta n t  o f  th e  second, iso la ted  b y  S n ea th  [3] a n d  h as  
th e  a b ili ty  o f fo rm ing  considerab le  am o u n ts  o f  exopenicillinase  c o n s titu tiv e ly . The 569 s tra in  
is in d u cib le  w ith  p e n ic illin . T he induced  sy n th e s is  o f  pen ic illinase  in  th e  569 cells w as th o ­
ro u g h ly  s tu d ied  b y  P O L L O C K  [5, 6] and  th e  p ro o f  o f  th e  pen ic illinase  fo rm ed  b y  th e  in d u c tiv e  
a n d  c o n stitu tiv e  cells b e in g  iden tica l w as a lso  show n b y  P ollock  et al. [7, 8]. We o b ta in e d  
b o th  s tra in s  from  D r . P ollo ck  and  are v e ry  in d e b te d  to  him  b o th  fo r  t h a t  an d  for his in te re s t  
in  o u r  w ork .

M edium . T he n u tr ie n t  m edium  as w ell as th e  reac tio n  m ix tu re  fo r stu d y in g  p en ic illin ­
ase sy n th esis w as e sse n tia lly  th e  same as u se d  b y  P ollock  and  K r a m e r  [9], th e  on ly  m o d i­
f ica tio n  being th e  re p la c e m e n t o f th e  am ino a c id  m ix tu re  b y  1 per c en t (w /v) casein h y d ro ly sa te .

E nzym es. C ry sta llin e  bovine r ib o n u c léa se  a n d  deoxyribonuclease  were m ade in  o u r  
In s t i tu te ,  acco rd ing  to  K u n it z  [10]. B o th  e n zy m es w ere free o f p ro te o ly tic  ac tiv ity . 1

1 A cta Physiologica X V III/3 .
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F or assaying n u c le ic  acid s we used  a  T y p e  D U  B eckm an S p ec tro p h o to m ete r a t  260 
i t t f i  w avelength . T he a m o u n t  o f  nucleic acids is  a lw ay s expressed  as ad en in e-eq u iv a len t, 
i .  e. jumole adenine/m l.

F o r rapid  d e te rm in a tio n  of penicillinase a c t iv i ty  we used th e  io d in e -m eth o d , d escribed  
b y  P e r r e t  [11] and  m o d if ie d  b y  Cit r i [12]. W e c a lib ra ted  th e  v a lu es o n  th e  basis o f  th e  
m an o m e tric  technique a n d  fo u n d  a good a g ree m e n t be tw een  th e  tw o  d iffe re n t m ethods (in  
th e  o rd e r of ± 5  pe r c en t) . A s we accep ted  o n ly  considerab le  a m o u n ts  a n d  differences a n d  
e m p lo y ed  every con ce iv ab le  co n tro l, —  th e  io d in e -m e th o d  p roved  c o n v en ien t and  re liab le  
i n  o u r  experim ental c irc u m s ta n c e s . —  T he v a lu e s  o f  penicillinase a c t iv i ty  are expressed  in  
p en ic illin ase  units (jam ales p en ic illin  h y d ro ly se d /h o u r, a t  30°C, p H  7.1).

B acteria l d ry  w e ig h t w as m easured  as o p tic a l  d en sity  b y  a  B iró — F edorcsák  ty p e  
p h o to m e te r , based on  a  c a l ib ra t io n  o f d irec t g ra v im e tr ic  assay  of d ried  b a c te r ia l  cells.

Preparation o f  the receptor (569) cells
569 cells were g ro w n  in  E rlenm eyer f la sk s  co n ta in in g  f lu id  to  1/- o f  th e ir  v o lu m e . 

T h e  flask s were shaken  o n  a  ho rizo n ta l sh ak er a t  37°C. A t th e  lo g a r ith m ic  phase (0.3— 0.6 
m g  b .  d. w. /m l) th e  cells w e re  harv ested , re su sp e n d ed  in  0.9 pe r c en t N aC l a n d  shaken  in  th e  
p re sen c e  of 25 p g /m l r ib o n u c léa se  fo r 60 m in . a t  37°C . The cells w ere th e n  collected, w ashed  
tw ic e  w ith  saline an d  re su sp e n d e d  in  fresh  m ed iu m  to  a  co n cen tra tio n  o f  ap p ro x im ate ly  1 m g 
b . d . w ./m l.

Preparation o f  the active  princip le  ( R N A )  fr o m  569/H  cells
569/H cells w ere g ro w n  in  200 m l o f  m ed iu m  w ith  shak ing  a t  37°C  u n til th e  la te  

s ta t io n a ry  phase (ap p r. 15— 16 hours). The cells w ere  h a rv ested , frozen  a t  — 10°C an d  c ru sh ed  
a s  q u ick ly  as possible in  a  m o r ta r  w ith  ad d ed  s ta rc h  (am ylum  solani) ,  u sin g  ab o u t 15 tim es  
a s  m u c h  sta rch  as th e  w e ig h t o f  th e  w et, p ack ed  cells o rig ina lly  p re sen t. E v e ry  piece o f e q u ip ­
m e n t  an d  m ateria l u sed  d u r in g  th is  p rocedure  h a d  been  precooled a t  — 10°C. A fter a b o u t  
4— 5 m inutes of h a rd  c ru sh in g  w ith  a  pestle  th e re  re su lte d  a hom ogeneous yellow ish, s lig h tly  
w e t  m ass w hich was ra p id ly  ta k e n  up  in  a  sm all v o lu m e of saline a n d  cen trifu g ed  a t  1000 g  
fo r  a  few  m inutes. T h e  y e llo w ish  opalescen t su p e rn a ta n t  co n ta ined  a  considerab le  a m o u n t 
o f  nu c le ic  acids, as w ell a s  p ro te in  and  o th e r  so lu b le  cell-com ponents, b u t  n o t in ta c t  cells. 
T h e  nucleic acids w ere e x tr a c te d  from  th is  cell-free  su p e rn a ta n t b y  e ith e r  o f  th e  follow ing 
m e th o d s .

a) Purifications o f  R N A  by the “ chloroform-method”
This procedure w as  a d o p te d  from  th e  m e th o d  described b y  H o t c h k is s  [13] fo r th e  

p u rif ic a tio n  of th e  tra n s fo rm in g  princip le , a n d  s lig h tly  m odified fo r o u r  purposes.
To the  su p e rn a ta n t o b ta in e d  a fte r  c en trifu g in g  th e  crushed  cells a n  equal vo lum e o f 

ch lo ro fo rm  and 2.5%  o f  th e  to ta l  volum e o f iso-am ylalcohol was a d d ed  a t  0°C. A fter 10 m in . 
v ig o ro u s  shaking th e  m ix tu re  w as cen trifuged  to  3 d is tin c t layers. T h e  b o t to m  lay e r consisted  
o f  chloroform , the  to p  la y e r  o f  th e  w ater-p h ase , w h ile  th e  su rfa ce -d e n a tu ra te d , p re c ip ita te d  
p r o te in  took  place in  th e  m id d le . The nucle ic  ac id s w ere p re c ip ita te d  fro m  th e  se p a ra ted  
w a te r-p h a se  w ith  3 v o lu m es o f  ice-cold 96%  e th a n o l. A fte r  c en trifu g a tio n  th e  p rec ip ita te  w as 
red isso lv ed  in  th e  o r ig in a l vo lu m e of saline a n d  in c u b a te d  w ith  10 /rg/'m l deoxyribonuclease  
a t  30° C for 15 m in. in  o rd e r  to  depolym erise a n d  so rem ove DN A. T h e  so lu tio n  w as cooled 
a n d  th e  shaking in  c h lo ro fo rm  an d  th e  p re c ip ita tio n  b y  e th an o l re p e a te d  a t  least tw ice m o re, 
to  rem o v e  proteins ( in c lu d in g  th e  added D N A -ase) as com plete ly  as p o ss ib le . L astly  th e  p re ­
c ip i ta te d  RNA was d isso lv e d  in  a sm all vo lum e o f  0.9 pe r cen t N aC l. T h is  solution h a d  no 
pen ic illin ase  a c tiv ity  w h a te v e r  and  co n ta ined  b u t  trac e s  of p ro te in  o r  D N A , the  b u lk  o f i t  
b e in g  R N A  (C-RNA).

b )  P urification o f  R N A  by the “ phenol-m ethod”
The m ethod h a d  b e e n  described b y  K ir b y  [14] and  ap p lied  l a te r  b y  Gie r e r  a n d  

S chram m  [15] for th e  p re p a ra tio n  of p u re  T M Y -R N A .
The su p e rn a ta n t o f  th e  crushed cells w as sh ak en  v igorously  w ith  a n  equal vo lum e o f  

f re s h ly  distilled and  w a te r - s a tu ra te d  ice-cold p h e n o l, th e n  cen trifuged . T h ere  were 4 ph ases 
d istin g u ish ab le . A t th e  b o t to m  of th e  tu b e  som e p re c ip ita te d  m a te r ia l  w hich  p roved  to  b e  
D N A  and  p a r t  o f th e  p ro te in s ;  these  were p re c ip ita te d  b y  th e  p h e n o l, o n  th e  to p  o f w h ich  
c o u ld  be  seen th e  w a te r-p h a se . B etw een th e  p h e n o l a n d  th e  w a te r-p h a se  th e re  was a n o th e r  
p re c ip ita te  consisting o f  d e n a tu re d  p ro te in . T h e  pheno l-phase  to g e th e r  w ith  th e  p re c ip ita te  
i n  i t  was discarded a n d  th e  w ater-phase  sh a k e n  o u t  a t  least 3 tim e s  w ith  fresh  sam ples o f 
p h e n o l, tak ing  care o f  k e e p in g  th e  te m p e ra tu re  a lw ay s  below  3°C. A f te r  d iscard ing  th e  la s t
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phen o l-p h ase , th e  w a ter-p h ase  w as sh aken  o u t  6 tim es  w ith  a n  eq u al v o lu m e  o f cold p e rox ide- 
free  e th e r , to  rem ove th e  p h e n o l d issolved in  w a te r . F in a lly , th e  e th e r  w as rem o v ed  b y  b u b b lin g  
N 2 gas. T h e  D N A  c o n ta m in a tio n  o f  th is  R N A  (P -R N A ) w as a lw ays b e lo w  0 .5%  as m easu red  
b y  th e  in d o le -m eth o d  [16].

Experiments and results

C-RN A  was p re p a re d  from  s ta tio n a ry -p h a se  cells o f  569 /H . The concen­
t r a t io n  o f th e  R N A  w as 0.0153 p ino le  ad en in e /m l. T he 569 cells w ere grow n 
to  a n  o p tica l d en sity  co rrespond ing  to  0.6 m g /m l b . d. w ., ta k e n  up  in  saline 
a n d  t r e a te d  w ith  rib o n u c léase . A fte r  th o ro u g h  w ash ing  th e  cells w ere re su s­
p en d ed  in  10 m l o f m ed iu m , g iv ing  a c o n cen tra tio n  o f  1.4 m g/m l b . d. w.

Fig. 1. E ffec t o f C -R N A  on  pen ic illinase  sy n th e s is  o f B . cereu s 569 cells

A t zero tim e  1 m l o f R N A  w as ad d ed  a n d  th e  f i r s t  2 m l sam p le  w as im m ed ia te ly  
p ip e tte d  in to  2 m l o f ice-co ld  ch lo ram p h en ico l so lu tion  (50 fig/m l) to  s top  
p ro te in  syn thesis . T he rem ain in g  ce ll-suspension  w as sh ak en  a t  37°C an d  
sam p les  w ere ta k e n  e v e ry  15 m in  fo r a ssay in g  pen ic illinase  a c tiv ity . As can 
be  seen  (F ig . 1) we could  d e te c t a consid erab le  am o u n t o f n ew ly  form ed enzym e 
a f te r  15 m in u tes  —  a p h en o m en o n  n e v e r o ccu rrin g  a fte r  in d u c tio n  w ith  p en ic il­
lin . T h is m eans th a t  th e  in it ia l  lag  so c h a ra c te ris tic  o f in d u ced  penicillinase 
sy n th es is  d isap p ears  o r a t  le a s t becom es to o  sh o rt to  he d e tec tab le .

To estab lish  w h e th e r on ly  th e  R N A  possessed  th e  a b ili ty  o f p roduc ing  
th e  enzym e-form ing  effec t, a f te r  th e  f i r s t  ch loroform  tr e a tm e n t  we h a lv ed  th e  
w a te r  phase  (a t th a t  tim e  s ti l l  co n ta in in g  b o th  R N A  a n d  D N A ) an d  in c u b a te d  
one h a lf  w ith  D N A se (F ra c tio n  R ), th e  o th e r  w ith  R N A se (F rac tio n  D ),

1*
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u s in g  in  b o th  cases 10 /xg/ml o f th e  co rrespond ing  n u c lease  a t  30°C, fo r 15 
m in . S u bsequen tly  b o th  fra c tio n s  w ere again  ha lved . H a lf  o f b o th  fra c tio n s  
w as dep ro te in ized  as u su a l, th e  o th e r h a lf  o f F rac tio n  R  tre a te d  w ith  r ib o ­
n u c léase  (F rac tio n  R RNAse), an d  th a t  o f F ra c tio n  D w ith  d eoxyribonuc lease  
(F ra c tio n  D DNAse), th e n  b o th  w ere d ep ro te in ized . T he fo u r frac tio n s  w ere 
s im u ltan eo u sly  ad d ed  to  4 sam p les  o f R N A se -p re trea ted  cells an d  pen ic illinase  
fo rm a tio n  was follow ed. T ab le  I  show s th e  resu lts  o f su ch  an  ex p e rim e n t.

Table I

Fractions

M inutes
D R RDNase DRNase

Penicillinase units/m l

0 0 0 0 0

30 0 80 0 0

45 0 160 0 0

60 0 160 0 0

* 0 represents a n  enzym ic  a c t iv ity  low er th a n  10 u n its /m l.

As can be seen , o n ly  th e  h ig h ly  po lym erized  R N A  was cap ab le  of 
“ in d u c in g ”  pen icillinase fo rm a tio n , D N A  and  depo lym erized  RNA h a d  no 
effec t.

U p to  th a t  p o in t th e  C -R N A  h a d  se rv ed  qu ite  s a tis fa c to r ily  our p u rp o ses , 
e x c e p t th a t  i t  h ad  to  be p re p a re d  fresh a lm o st every  d ay , since  a considerab le  
loss o f  a c tiv ity  o ccu rred  on s to rag e  a t — 10 C a fte r 24 h o u rs  and  p ra c tic a lly  
no  a c tiv ity  was le f t a f te r  2 d ay s . P r im a rily  fo r th a t  reaso n  we tr ie d  to  p re p a re  
th e  R N A  by  a co m p le te ly  d iffe ren t m eth o d . W e m u st say  a t  once th a t  from  th is  
p o in t  of v iew  we h av e  n o t  h a d  th e  le a s t success, th e  P -R N A  b e ing  even  m ore 
u n s ta b le  th a n  th e  C -R N A . O n th e  o th e r  h a n d , how ever, th e  specific  “ in d u c in g ”  
a c t iv i ty  of th e  P -R N A  w as u su a lly  v e ry  h igh  as co m p ared  w ith  C -R N A .

In  th e  ex p e rim en ts  re p re se n te d  in  F ig . 2 we used 3 d iffe ren t k in d s o f th e  
a c t iv e  p rincip le  p re p a re d  fro m  th e  sam e source. In  every  case th e  nucleic  acid  
c o n te n t  w as d ilu ted  to  th e  sam e co n cen tra tio n . In  th e  f ir s t  series of ex p erim en ts  
(F ig . 2a) th e  f in a l c o n c e n tra tio n  o f th e  ad d ed  nucleic  ac ids in  th e  re a c tio n  
m ix tu re  was 3 • H U 2 ^m o le s /m l ad en in e  eq ., in  th e  second 3 ■ 10“ 4 pm oles/m l 
(F ig . 2b).

A m ong th e  3 p re p a ra tio n s  P -R N A  show ed b y  fa r  th e  h ig h e s t specific  
a c t iv i ty .  A no ther re m a rk a b le  fin d in g  w as th e  lack  o f a s ig n ifican t d ifference 
d u e  to  th e  co n cen tra tio n s  in  th e  ran g e  te s te d . A dd itio n  o f 20 p g /m l ch lo ram ­
p h e n ic o l n a tu ra lly  re s u lte d  in  com p le te  in h ib itio n  o f en zy m e sy n th esis .
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As th e  R N A  c o n c e n tra tio n  used  b e fo re  w as alw ays w ell ab o v e  th e  s a tu r a t ­
ing  level, i t  seem ed abso lu te ly  n ecessa ry  to  d e te rm in e  th e  low est R N A  co n ­
c e n tra tio n  s till e ffec tive  in  producing  p en ic illin a se  syn th esis . T hese  ex p erim en ts  
w ere ca rried  o u t w ith  a P -R N A  (F ig . 3).

In  th is  p a r tic u la r  ex p erim en t, th e  s a tu ra t in g  c o n c e n tra tio n  of R N A  m u s t 
have  been  a p p ro x im a te ly  betw een  3.2 • 10~4 a n d  8 • 10~5 /rm oles/m l ad en in e

F ig .  2 .  Effect of different RNA-s on penicillinase synthesis
a )  C oncentration of RNA-s — 3 • 10 '  fxM  adenine equ/m l
b) C oncentration of RNA-s =  3 • 10 4 u I/ adenine equ/m l

eq . Below  th a t  c o n c e n tra tio n  th e  a c t iv i ty  o f  th e  R N A  seem ed to  ru n  m ore  
or less p a ra lle l w ith  th e  d ilu tion .

T hough in  th is  p a p e r  our m a in  p u rp o se  was to  p re se n t th e  proofs o f  th e  
ac tiv e  p rinc ip le  b e in g  in  fact an  R N A , an d  th a t  i ts  specific a c t iv i ty  
depends to  a g rea t e x te n t upon th e  m e th o d  used fo r o b ta in in g  i t ,  we 
th in k  i t  n ecessary  to  m en tion  th a t  th e  e ffec t seem s to  be an  ex trem e ly  
com plex  one. T here  are  m an y  know n, an d  ev en  m ore as y e t  unknow n , fa c to rs  
in fluencing  th e  success or failure o f th e  g iv en  ex p erim en t. W e canno t d iscu ss  
th e  d e ta ils  o f th e se  a sp ec ts  here. T he o n ly  p o in t we w ish to  ca ll a tte n tio n  to  is  
th e  com position  o f  th e  m edium  in  w h ich  pen ic illinase  sy n th es is  tak es  p lace . 
A su b s ta n tia l d ifference  m ay  be o b se rv ed  b o th  in  k in e tic s  o f  th e  fo rm a tio n  
o f th e  enzym e, an d  o f  th e  am o u n t fo rm ed  d ep en d in g  u p o n  th e  source of p ro te in  
b u ild in g  blocks (i. e. pep to n e , case in  h y d ro ly sa te  or b ro th ) , and  u p o n  th e  
co n cen tra tio n  o f c e r ta in  in g red ien ts , fo r in s ta n c e  c i tra te . I t  needs fu r th e r  
s tu d y  to  ana lyse  th e se  e n v iro n m en ta l e ffec ts , from  th e  v e ry  beg inning  o f  th e
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c u ltiv a tio n  o f b o th  th e  donor an d  th e  re c e p to r  cells u n t i l  th e  co m p o sitio n  o f  
th e  reac tio n  m ix tu re . W e know  v e ry  l i t t l e  ab o u t th e se , b u t  have  o b se rv ed  
th a t  seem ingly  u n im p o r ta n t  e n v iro n m e n ta l changes c a n  cause re m a rk a b le
effects.

log molar cone, o f RNA (adenine equiv.) 
in the incubation m ixture

F i g .  3 .  Effect of P -R N A  in  different concentrations. The penicillinase values were estim ated  
a fte r 40 min. incubation  w ith  the am ount o f R N A /m l represented on the abscissa. —  569 

cell concentration: 0.4 mg/ml b. d. w.

D iscussion

T he ro le o f R N A  in  th e  sy n th es is  o f  p ro te in s  (an d  p a r tic u la r ly  of enzym es) 
h a s  been  one o f  th e  m a in  sub jec ts  o f  b io ch em ica l in v e s tig a tio n  an d  d iscussions 
s ince  th e  classica l d iscoveries of B r a c h e t  [17] an d  Ca s p e r s s o n  [18]. B u t in  
s p ite  o f m a n y  e ffo r ts , of th e  w ide  v a r ie ty  of th e  d iffe re n t sy stem s a n d  
tech n iq u es  u sed  b y  a g re a t n u m b er o f  a u th o rs , th e re  is so fa r  no u n eq u iv o ca l 
co n cep t ab o u t th e  re la tio n sh ip  b e tw een  th e  sy n th esis  o f  th e  tw o b io log ica lly  
m o s t im p o r ta n t p o ly m ers  an d  th e  sp ec ific  p a r t  one o f  th e m  p lays in  th e  
p ro d u c tio n  o f  th e  o th e r . O ur e x p e rim e n ts  do n o t te l l  u s  a n y th in g  a b o u t th e  
m echan ism  in v o lv e d  in  th e  fo rm a tio n  o f  enzym es in  g en era l, or even t h a t  o f  
pen ic illinase  in  p a r t ic u la r . H ow ever, th e y  te l l  us a t  le a s t  one th in g  w h ich  
e a rlie r  has n o t b een  e stab lish ed , t h a t  spec ific  R N A  can  p la y  an  im p o r ta n t , 
in d eed  in d isp en sab le , ro le  in  th e  co u rse  o f  bu ild in g  u p  specific  in d u c ib le  e n ­
zym es. I t  has b een  k n o w n  for long th a t  sp ec ific  RN A -s can  a c t as genetic  fa c to rs  
a n d  so d e te rm in e  a n u m b e r of specific  p ro te in s  —  as th e y  do in  th e  case  o f  
TM V — R N A  [19]. S ti l l ,  in  th a t  case  one  m ay  r ig h tly  assum e m an y  in te r ­
m ed ia ry  su b stan ces a n d  step s  b e tw een  th e  gene tic  fac to rs  i ts e lf  an d  its  p h e n o ­
ty p ic a l  expression , i. e. th e  specific  s e t  o f  v iru s  p ro te in s  fo rm ed  u n d e r  th e  
in flu en ce  of TM V — R N A . In  ou r e x p e rim e n ts  th e  case w as clearly  d iffe re n t. 
T h e  added  specific  R N A  h ad  no g en e tic  in flu en ce , th e  re c e p to r  569 cells re ­
covered  a fte r th e  e x p e rim e n ts  w ere ju s t  as induc ib le  as th e y  h a d  been  b efo re
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a n d  even  th e ir  b a sa l enzym e leve l d id  n o t seem  an y  h ig h er th a n  th a t  o f  n o rm a l, 
u n tre a te d , in d u c ib le  cells. T he R N A  here m u s t ac t som ehow  d irec tly  on th e  
p rocess o f sy n th es is  o f  a t  le a s t one  p a r tic u la r  p ro te in , n a m e ly  pen ic illinase . 
H ow  i t  w orks, we do n o t know  as y e t .  T he m o st p lau sib le  h y p o th e s is  is t h a t  i t  
ta k e s  som e p a r t  in  th e  process as a specific  te m p la te  b y  a rra n g in g  th e  am ino  
ac ids to  th e ir  p ro p e r  place in  th e  p o ly p e p tid e  chain . O n ly  one fa c t is q u ite  
c e r ta in :  th a t  th is  R N A  acts  co m p le te ly  specifica lly , i t  c a n n o t be su b s titu te d  
e ith e r  w ith  D N A  or degraded  R N A  e x tra c te d  from  th e  sam e  o rgan ism , or b y  
n a t iv e  R N A  o b ta in e d  from  th e  o rg an ism s so fa r  te s te d  (u n in d u ced  569, y e a s t, 
E . co li). The o th e r  rem ark ab le  th in g  ab o u t th e  p h en o m en o n  is th a t  th e  a d d ed  
R N A  is capab le  o f ex ertin g  i ts  fu ll effect a t  a n  ex trem ely  low  c o n cen tra tio n . 
C a lcu la ting  on th e  b asis  of th e  e x p e rim e n t re p re se n te d  in  F ig . 3, an d  on  an  
assu m ed  m olecular w eight of one m illio n  for th e  R N A , th e  a m o u n t s till g iv ing  
rise  to  a considerab le  pen ic illinase  fo rm a tio n  m u st be  as low  as a p p ro x im a te ly  
10~3 ^g /m l R N A  =  10~10 M  — 1013 m olecules o f R N A . W e k now  fu rth e rm o re  
from  o th e r ex p e rim en ts  a im ed  a t  fo llow ing  th e  fa te  o f ad d e d  R N A  in  th e  recep ­
to r  cells (the d e ta ile d  resu lts  w ill be  p u b lish ed  la te r) t h a t  th e  cells ta k e  u p  b u t  
a  sm all frac tio n  o f  th e  added  R N A , a p p ro x im a te ly  10_12 M , i. e. 1011 m olecules 
w h en  th e  n u m b er o f  v iab le  ce lls/m l is  ab o u t 108— 109. So th e  n u m b er o f R N A  
m olecules p e r cell m ig h t be in  th e  o rd e r o f 102— 103. T a k in g  in  acco u n t th e  
a m o u n t o f p en ic illin ase  form ed u n d e r  such  con d itio n s we h a v e  to  assum e th a t  
th e  specific  R N A  m u st ac t c a ta ly tic a lly .

As fa r as th e  R N A se t r e a tm e n t  is concerned , we s t i l l  do n o t know  a n y ­
th in g  ab o u t its  fu n c tio n  —  ex c e p t, o f  course, t h a t  i t  is in d isp en sab le . I n  th e  
l ig h t o f th e  “ rep re sso r m odel”  h y p o th e s is  o f in d u c tiv e  en zy m e sy n th esis  [20] 
accord ing  to  w hich  th e  rep resso r p re se n t in  in d u c ib le  ce lls  on ly  is  supposed  
to  be an  R N A  [21] we m igh t p e rh a p s  assum e th a t  th e  R N A se ac ts  b y  d e s tro y ­
in g  th e  rep resso r on  th e  one h a n d , a n d  a n u m b e r o f  o th e r  R N A -s n ecessary  
fo r  p en ic illin ase  sy n th esis  on  th e  o th e r , so t h a t  th e  R N A se effect m ig h t be 
m u ch  m ore im p o r ta n t  and sp ec ific  th a n  we h a d  f i r s t  b e liev ed . E x p e rim en ts  
to  p ro v e  th is  p o ss ib ility  are in  p ro g ress  in  o u r lab o ra to ry .
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Metabolism in  v i t ro  of hydrocortisone in  dog, cat, ra t and guinea pig liver tissue 
has been investigated . I t  has been found th a t  the liver is capable of transform ing 
hydrocortisone in to  less polar free l4-3-ke lo corticosteroids.

The transform ations observed are as follows.
(i) P roduction  of corticosterone th rough  17-a-dehydroxylation.
(ii) A ppearance of R e ic h s t e in ’s S compound through ll-/?-dehydroxylation .
(iii) Conversion of corticosterone in to  11-dehydrocorticosterone. This reaction 

is catalyzed by  ll-/)-dehydrogenase and is lacking in  guinea pig and  ca t livers.
(iv) On the effect of 1 1-/3-dehydrogenase, hydrocortisone is metabolized in to  

cortisone.

N um erous s tu d ie s  in  the  p a s t years  h av e  revealed  th e  liv e r  to  be th e  m a in  
cen tre  o f p e rip h e ra l co rticoste rone  m etab o lism . I t  has b een  s ta te d  th a t ,  w ith  
th e  co n co m itan t d isap p earan ce  of its  b io logical a c tiv ity , h y d roco rtisone  is 
m e tabo lized  in  r a t  [1, 2], gu inea p ig  [3] an d  dog [4, 5] liv e r  in to  (i) di- a n d  
te tra h y d ro c o rtiso l b y  red u c tio n  o f th e  rin g  A; (ii) 1 7 -k e to -deriva tives by  
sp lit t in g  of th e  side chain  a tta c h e d  to  carb o n  a to m  17; a n d  (iii) to  a lesser 
e x te n t, in to  l̂4-p reg n en e-ll,1 7 ,2 0 ,2 1 -te tro le -3 -o n e  (R e ic h s t e in ’s com pound  
E ) b y  red u c tio n  o f th e  keto  group C-20. A t th e  sam e tim e , i t  h as  been d em o n ­
s tra te d  b y  Ma r t in  et al. [6] in  th is  la b o ra to ry  th a t  h y d ro co rtiso n e  is ra p id ly  
tran sfo rm ed  by  th e  liv e r  in to  less p o la r co rtico s te ro n e , b u t  w ith  th e  zl4-3-keto  
s tru c tu re , u n ch an g ed , th u s  w ith  th e  m a in te n a n c e  o f th e  b io log ica l a c t iv i ty .

The p re sen t p a p e r  deals w ith  ex p erim en ts  show ing liv e r  tissue  in  vitro  
to  be  capab le  o f tran sfo rm in g  h y d ro co rtiso n e  in to  less p o la r free zl4-3-keto- 
co rtico ids.

M ethods

Liver tissue freshly removed from ra ts, guinea pigs, cats and dogs of both  sexes w as 
homogenized or cut in to  3 to 5 mm slices. Ten g of such tissue was incubated  a t pH  7.4 in  40 
m l K rebs— R inger-bicarbonate buffer containing 100 mg glucose per 100 ml, 9 • Ю-4 M  
A TP and 1 • 10“ 2 M  n icotinam ide. Hydrocortisone acetate  ( R ic h te r )  was added in an am ount 
of 25 mg per 10 gm tissue and the oxygenated m ixture was incubated  a t 37°C for 180 m inutes. 
A fter the incubation period the proteins were rem oved by  precip itation  w ith  2 volumes of 
acetone. This was th en  evaporated under reduced pressure, followed by extraction  of the 
free corticoids w ith a 2 : 1 m ixture of ether and ethy l acetate. The solvent phase was washed 
w ith  0.1 N  sodium carbonate  and distilled w ater. P a rtitio n  was m ade in  a 1 : 1 m ixture of 
70 per cent ethanol and benzene-petrolether [7]. Separation and iden tification  of free corti-
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coids were performed b y  pap er chrom atography, b o th  according to the procedure of B u r t o n , 
Za ff a r o n i and K e u t m a n n  [8] using benzene-form am ide, and employing th e  system  B6 
o f B u sh  [9]. Iden tifica tion  and quan tita tive  determ ination  were m ade as follows.

(i) Presence of th e  zl4-3-keto group was dem onstrated by  the alkaline fluorescence 
m ethod of B u sh  [9]. T he sam e method, w ith  its  accuracy of 15 per cent and sensitivity  of 0.5 
/ag served for sem i-quan tita tive  determ ination.

(ii) The a-ketol side chain of carbon a tom  17 was dem onstrated  by  the tétrazolium  
blue reduction test.

(iii) Compounds reducing tétrazolium  were microeluted and the degree of reduction 
was quantitatively  determ ined [10].

(iv) The keto group 17 was dem onstrated  by  the m -dinitrobenzene colour reaction.
(v) F inally , th e  R/  values of individual components were compared to  those of the 

crystalline standard preparations.

R esu lts

I n  th e  n a tiv e  s ta te ,  dog and  c a t liv e rs  con ta in  v e ry  l i t t le  h y d roco rtisone  
a n d  corticoste rone . O n th e  c o n tra ry , co rticoste rone  w as d em o n stra ted  to  be

pg/ЮОд tissue pg/WOqtissue

ft ft i
CpdF CpdB

A )

f t ________ft
CpdF 0  CpdB

F i g .  1.  Chrom atographic p a tte rn  of native (A) and  incubated (B) liver in  benzene-formamide
system

Column w ith  horizontal lines =  dog 
Column w ith  oblique lines =  cat 
W hite colum n =  guinea pig 
D ark column =  r a t

p re se n t in  th e  liv e r  o f  th e  r a t ,  a n d  h y d ro co rtiso n e  in  th a t  of th e  gu inea p ig . 
A fte r  in cu b a tio n  fo r 180 m in u tes , th e  q u a lita tiv e  p a t te rn  d id  n o t show  any  
change, b u t  th e  a m o u n ts  of d e m o n s tra b le  com pounds decreased  ow ing to  
th e ir  in a c tiv a tio n  b y  th e  tissue  (F ig . 1).

A fte r in c u b a tio n  of 25 m g h y d ro co rtiso n e  w ith  10 g liv e r tissu e , th e  
b enzene-fo rm am ide sy s tem  rev ea led  6 new  com pounds in  th e  dog an d  ra t ,  
a n d  5 in  th e  c a t a n d  gu inea pig (F ig . 2).
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A m ong th e  co rticostero ids in v e s tig a te d , h y d ro co rtiso n e  w as th e  m o st 
po lar co m p o u n d . T he com ponen t ly in g  ab o v e  h y d ro co rtiso n e  show ed p o sitiv e  
a lkaline  fluo rescence  an d  w as red u c in g  té tra z o liu m , b u t  fa iled  to  give th e  
m -d in itro h en zen e  co lour reac tio n . As ju d g e d  fro m  its  R / v a lu e , th is  co m p o u n d  
was co rtiso n e . T he th ird  com ponen t h a d  a ZI4-3-kcto s tru c tu re  and  re d u c e d  
té tra z o liu m ; i t  w as id en tica l w ith  ll-d e so x y -1 7 -h y d ro x y c o rtico s te ro n e ,

p g / 10g i issue

l oo  0 0 0 ft______
CpdF CpdC Reichs tern S CpdB CpdA x

F ig . 2 . Incubation of 10 g livei with 25 mg hydrocortisone. Chromatographic pattern in
benzene-formamide system.

Thick column with oblique lines shows the ground substrate. For further explanations see Fig. 1

R e ic h s t e in ’s com pound  S. T he fo u rth  co m p o u n d  im m ed ia te ly  above th is  also 
co n ta in ed  th e  d̂4-3-keto , a -k e to l side c h a in ; th is  com pound  w as id e n tic a l w ith  
co rtico ste ro n e . T h e  f if th  com ponen t w as n o t found  b u t  in  th e  dog a n d  r a t ;  
i t  was 1 1 -d eh y d ro co rtico stero n e , show ing  a lk a lin e  p o s itiv ity , reducing  t é t r a ­
zolium  b u t  n o t  re a c tin g  w ith  m -d in itro b en zen e . T he s ix th  com ponent —  so 
fa r u n id e n tif ie d  —  w as fo u n d  in  a ll species in v e s tig a te d . I t  h a d  an  R^ v a lu e  
of 0.56, w as o f  th e  zl4-3-keto  s tru c tu re , fa ile d  to  reduce  té tra z o liu m , an d  gave 
no re a c tio n  w ith  m -d in itro b en zen e.

A n a ly sis  o f th e  q u a lita tiv e  p a t te rn  described  show ed th a t  180 m in u te s  
in c u b a tio n  led  to  com ple te  d eace ty la tio n  o f  th e  h y d ro co rtiso n e  added , as th e  
R^ values o b ta in e d  a f te r  ace ty la tio n  o f  e ith e r  h y d ro co rtiso n e  or o th e r co m p o ­
n en ts  w ere n o t  id e n tic a l w ith  tho se  o b se rv ed  im m ed ia te ly  a fte r in c u b a tio n .
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Q u a n tita tiv e  d e te rm in a tio n s  rev ea led  th e  m ain  co m p o n en t arising  in  th e  
co u rse  of h y d ro co rtiso n e  tra n sfo rm a tio n  in to  less po lar d e riv a tiv e s  to  be c o r t i­
co ste ro n e . T his co m p o u n d  form ed th e  b u lk  o f th e  new  d e riv a tiv e s , am o u n tin g  
to  30.7 per c en t in  th e  dog, 64.1 p e r  c e n t in  th e  ca t, 52.3 per c en t in  th e  
g u in e a  p ig, an d  44.4 p e r  cen t in  th e  r a t .

No q u a lita tiv e  d ifference in  m e tab o liz in g  of th e  ad d e d  h y d ro co rtiso n e

}jg/10g tissue ■ 
3 0 0 0 -  

2 8 0 0 -  

2 6 0 0 -

2 4 0 0 -

P '9
F ig . 3 . Ratio of /l4-3-keto compounds less polar than hydrocortisone to the total amount 

of metabolites produced during incubation.
Dark column le3s polar 1 l-3-ket о-t его i ds : white column =  other metabolites

w as found b e tw een  liv e r  slices and  liv e r  hom ogenates, n o r concern ing  th e  
q u a n t i ta t iv e  a sp ec ts .

A fter s e p a ra tio n  in  th e  sy stem  B 5 of B ush , th e  b io log ically  in a c tiv e  
co m p o n en ts  w ere also  de te rm in ed . C om p arin g  th e  am o u n t o f to ta l  m e ta b o lite s  
fo u n d  to  th e  a m o u n t o f  th e  p a r t  show ing bio logical a c tiv ity , ab o u t 20 p e r  cen t 
o f  th e  to ta l  free m e ta b o lite  co n ten t co n sis ted  of b io logically  ac tiv e  d e riv a tiv e s  
(F ig . 3).
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D iscussion

L iv er tissu e  is c ap ab le  n o t only  o f in a c tiv a tin g  co rtico ste ro id s , as i t  was 
d esc rib ed  in  th e  rev iew  o f Ca s p i  an d  H e c h t e r  [11], b u t also  o f  p roducing  
from  h y d ro co rtiso n e  som e less p o la r A4-3-keto  com pounds, am o n g  w hich  som e 
b io log ica lly  ac tiv e  co m p o n en ts , to o , m ay  occur. A ccording to  o u r stud ies, 
e s se n tia l in  th is  tra n s fo rm a tio n  is th e  11-/3 an d  17 -a-d eh y d ro x y la tio n . S p lit­
t in g  o f  th e  17-a-hydroxy l g roup  of hy d ro co rtiso n e  is show n b y  th e  appearance  
o f  co rtico ste ro n e , th e  ll-/3 -d eh y d ro g en ase-ca ta ly sed  [12] tra n s fo rm a tio n  of

F ig . 4 . Transformation of hydrocortisone into less polar free I'-keto derivatives. The conver­
sion shown with dotted line occurs only in dog and rat liver

w h ich  in to  1 1 -d ehydroco rticosterone  w as d e m o n s tra te d  b y  sev e ra l au th o rs  [135 
14]. I t  is rem ark ab le  t h a t  th is  tra n s fo rm a tio n  is observable  o n ly  in  th e  r a t  
a n d  th e  dog, and  n o t in  th e  ca t or th e  gu inea pig. The ap p e a ra n ce  of 11- 
d eso x y -1 7 -h y d ro x y co rtico ste ro n e , R e ic h s t e in ’s com pound S, is in d ica tiv e  
o f  ! 1 - /3 - d e h y d г о X y 1 a t. i o n . W h e th e r th e se  d eh y d ro x y la tio n s are  d u e  to  specific 
11-/3- a n d  1 7 -a-d eh y d ro x y la tin g  enzym es m u s t be decided b y  fu r th e r  ex p eri­
m e n ts . Q u a n tita tiv e  s tu d ie s  h av e  show n th e  m a in  d irec tion  in  th e  tra n s fo rm a ­
tio n  to  be th e  1 7 -a-d eh y d ro x y la tio n  re su ltin g  in  th e  ap p ea ran ce  o f co rtico ­
s te ro n e . T h is tra n s fo rm a tio n  is especially  m ark ed  in  th e  c a t, w h ere  co rtico ­
s te ro n e  am oun ts u p  to  64.1 p e r cen t of th e  b io log ically  ac tiv e  co rticoste ro ids.

B ased  on th e  ab o v e  e x p e rim en ta l d a ta ,  th e  h ep a tic  tra n s fo rm a tio n  of 
h y d ro co rtiso n e  in to  less p o la r, b io log ically  ac tiv e  co rticostero ids is supposed 
to  b e  ru n n in g  in  th e  w ay  il lu s tra te d  in  F ig . 4.

D e te rm in a tio n  o f th e  free to ta l  m e tab o lite s  ind ica tes  th e  m a in  d irec tion  
o f  liv e r  fu nc tion  to  be th e  b io logical in a c tiv a tio n  [15]. H ow ever, th e  above 
d e m o n s tra te d  m e ta b o lite s , to o , m ay  p la y  a decisive p a r t  in  th e  biological 
a c tio n  o f co rticoste ro ids.



1 8 4 В. BOHUS und E. ENDRŐCZI

LITERATURE

1. Caspi, E., H e c h t e r , О.: Arcb. Biochem. Biophys. 61, 299 (1956).
2. R o b b in s , E. D., B u r t o n , S. D., B y e r s , S. O., F r ie d m a n , M., G e o r g e , S. S., I s h id a , T.

J. clin. Endocr. 17, 111 (1957).
3. B u r n s t e in , S., D o r f m a n , R. I., N a d e l , E. M.: J. biol. Chem. 213, 597 (1955).
4. A x e e r o d , L. R., M i l l e r , L. L.: Arch. Biochem. Biophys. 60, 373 (1956).
5. H e c h t e r , O ., F r a n k , E., Ca s p i, E., F r a n k , H .: Endocrinology 60, 705 (1957).
6. M a r t in , J., B a t a , G ., E n d r ő c z i, E., M o l l , Á .: Acta physiol, hung. 11, 385 (1957).
7. E n d r ő c z i, E., В а т а , G ., M a r t in , J.: Endokrinologie 35, 280 (1958).
8. B u r t o n , R. B., Za f f a r o n i , A., K e u t m a n n , E. H.: J. biol. Chem. 188, 763 (1951).
9. B u s h , I .  E.: Biochem. J. 50, 370 (1952).

10. E n d r ő c z i, E., Y a n g , T. L.: Acta physiol, hung. In press.
11. Ca s p i , E., H e c h t e r , О.: Arch. Biochem. Biophys. 52, 478 (1954).
12. H u r l o c k , B., T a l a l a y , P.: Arch. Biochem. Biophys. 80, 468 (1959).
13. H ü b e n e r , H. J., A m e l u n g , D.: Hoppe-Seyler’s Z. physiol. Chem. 293, 126 (1953).
14. R ic h a r d s o n , E. M., T o u c h s t o n e , J. C., D o h á n , F. C.: Fed. Proc. 13, 118 (1954).
15. H e c h t e r , 0., S o l o m o n , M. M., Ca s p i , E.: Endocrinology 53, 202 (1953).

B é la  B o h u s , E le m é r  E n d r ő c z i .
O rv o stu d o m án y i E g y e tem  É le t ta n i  In té z e te , P écs.



METABOLISM IN VITRO OF CORTISONE ACETATE 
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C ortisone is m etab o lized  in  th e  l iv e r  in  vitro  in to  less  p o la r , b io log ically  a c tiv e  
co rticostero ids.

T h e  tra n s fo rm a tio n s  observed  a re  as follows.
(i) P ro d u c tio n  o f  1 1 -dehydrocorticosterone  th ro u g h  1 7 -a -d eh y d ro x y la tio n .
(ii) A p p earan ce  o f ll-d e so x y -1 7 -h y d ro x y c o rtic o s te ro n e  th ro u g h  sp litt in g  o f  

oxo-group  11. T his conversion  occurs o n ly  in  th e  dog.
(iii) As a n  e ffec t o f 11-hydrogenase , hydrocortisone  is  p ro d u ced , w h ich  m a y  

e n te r  fu r th e r  tran s fo rm a tio n s .

W hen g iven  o ra lly , co rtisone a c e ta te  loses a co n sid e rab le  p a r t  o f  i ts  
effectiveness. T h is th e ra p e u tic  o b se rv a tio n  called a t te n t io n  to  th e  decisive  
p a r t  o f liv e r  tissu e  in  p e rip h e ra l co rtiso n e  m etabo lism . A s s ta te d  by  Ca s p i  a n d  
H e c h t e r  [1 ,2 ] , d e  Co u r c y  et al. [3 ,4 ] a n d  T o m k in s  [5], co rtiso n e  is in a c tiv a te d  
in  th e  liv e r , w ith  th e  co n co m itan t d isap p earan ce  o f  i t s  biological a c tiv ity . 
T he m ain  fea tu re s  in  th is  tra n s fo rm a tio n  a re  (i) s a tu ra t io n  o f  th e  rin g  A ; (ii) 
sp littin g  o f  th e  side c h a in  20— 21 in to  17-keto-group; (iii) h y d ro g en a tio n  o f  
th e  oxo-group  C-20, a ch an g e  re su ltin g  in  A4-p reg n en e-1 7 ,2 0 ,2 1 -trio le -3 ,ll-o n e  
(R e ic h s t e in ’s com pound  U ). A t th e  sam e tim e  i t  w as d e m o n s tra te d  b y  
M a r t in  et al. [6] th a t ,  w ith in  a sh o rt p e r io d  o f tim e , co rtico s te ro n e  —  a less 
p o la r zJ4-3-keto  d e riv a te  —  ap p ears  d u r in g  th e  u ti l iz a tio n  o f  co rtisone. O u r 
ow n s tu d ie s  h av e  show n th a t  liv er tis su e  w as capable o f  tra n sfo rm in g  h y d ro ­
co rtiso n e  in to  less p o la r  / l4-3-keto com pounds.

T he p re se n t p a p e r  d ea ls  w ith  th e  m e tab o lism  in  vitro  o f  co rtisone  a c e ta te  
n  liv er tis su e  o f v a rio u s  an im als .

M ethods

L iver slices an d  hom o g en a tes  from  dog , c a t ,  gu inea pig a n d  r a t  o f b o th  sexes w ere 
in cu b a ted  in  K reb s-R in g er b ica rb o n a te  b u ffe r  (p H  7.4) a t  37°C fo r 180 m in u te s . T he in c u b a ­
tio n  m ed ium  c o n ta in ed  100 m g p e r  cen t glucose, 9 • 10™1 M  A T P a n d  1 • 10~ 2 M  n ico tin am id e . 
C ortisone a c e ta te  (O rganon) se rv ed  as su b s tra te , in  a n  am o u n t o f  25 m g p e r 10 g tis su e . 
E x tra c tio n  a n d  p u rif ic a tio n  o f  free  co rtico s tero id s w as perform ed acco rd in g  to  th e  p ro ced u re  
p rev io u sly  d escribed  [7].

S e p a ra tio n  an d  id e n tif ic a tio n  of co rtico id s w as perform ed b y  m ean s of p ap er c h ro m a ­
to g rap h y . T he b en zene-fo rm am ide  system  o f B u r t o n , Z a f f a r o n i  a n d  K e u t m a n n  [ 8 ]  as w ell 
as th e  sy s tem  B 5 o f B u s h  [9] u sin g  b en zen e-m e th an o l-w ate r w ere em p lo y ed .

Id e n tif ic a tio n  an d  q u a n ti ta t iv e  d e te rm in a tio n s  were m ade as fo llow s.
(i) T he R / values o f  in d iv id u a l co m p o n en ts  w ere com pared  w ith  th o se  of c ry s ta llin e  

s ta n d a rd  p re p a ra tio n s .
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(ii) zlJ-3-keto s t ru c tu re  w as d e m o n s tra ted  b y  th e  a lka line  flu o rescen ce  m ethod of B u s h  
[9 ], in  TJV lig h t o f  254 m /j.. T h is m e th o d  served  also for s e m iq u a n tita tiv e  de te rm in a tio n .

(iii) The a -k e to l side  c h a in  w as d e m o n s tra ted  b y  m eans of te traz o liu m -b lu e  red u ctio n .
(iv) T étrazo lium  re d u c tio n  w as q u a n ti ta t iv e ly  m easured  a f te r  m ic ro e lu tio n  [10] (P u l- 

f r ic h  p h o tom eter, w ave le n g th  520 m/u).
(v ) 17-keto g ro u p  w as d e m o n s tra ted  b y  m ean s o f th e  m -d in itro b en zen e  colour reac tio n .
(vi) A cety la tio n  o f e x tra c ts  an d  s ta n d a rd  co m pounds was m ade in  a m edium  co n ta in ing  

a n h y d ro u s  acetic  ac id  a n d  p y rid in e  (d e C o u r c y  et al. [ 3 ] ) .

R esults

A fter in c u b a tio n  o f  10 g tissu e  w ith  25 m g co rtisone  a c e ta te , four A 1- 
k e to  dérivâtes a p p e a re d  in  th e  gu inea  p ig  liv e r , 5 co m p o n en ts  in  the  r a t  an d  
c a t  liv e r, and  6 co m p o u n d s  in  th e  dog liv e r. In  these  e x p e rim e n ts , th e  benzene-

рд/Ю д tissue

ft ft ft A ft ft_____ L
CpdF CpdE fíeichsteinS CpdB CpdA я

F ig . 1. In cu b atio n  o f 10 g liv e r tissue w ith  25 m g cortisone. C h ro m ato g rap h ic  p a tte rn  in
benzene-form am ide  system  

T h ic k  co lum n w ith  ob liq u e  lin es =  g round  su b s tra te  
C olum n w ith  h o rizo n ta l lin es =  dog 
C olum n w ith  ob lique  lin es =  ca t 
W h ite  colum n =  gu in ea  pig 
D a rk  colum n — ra t

fo rm am id e  sy s tem  w as used  (F ig . 1). T h e  m ost po lar co m p o u n d  was h y d ro ­
co rtiso n e , show ing p o s itiv e  a lkaline  fluorescence and  té tra z o liu m  red u c tio n . 
Im m e d ia te ly  ab o v e  th e  h y d ro co rtiso n e , one sees th e  s u b s tra te  in v es tig a ted ,
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i. e. co rtiso n e . T he th ird  com pound c o n ta in in g  zd4-3-keto  group and  red u c in g  
te tra z o liu m -b lu e  p ro v ed , on th e  b as is  o f  th e  R /v a lu e s , id e n tic a l w ith  11-des- 
o x y -1 7 -h y d ro x y co rtico ste ro n e , th e  R e ic h s t e in ’s com pound  S. T his d e riv a tiv e  
o ccu rred  on ly  in  th e  dog liver. T h e  com ponen t ly in g  above R e ic h s t e in ’s 
com pound  S show ed a lkaline flu o rescen ce  an d  reduced  té trazo liu m ; i t  was 
id e n tic a l w ith  co rticoste rone . T he le a s t  po lar ,d4-3-keto  d e riv a tiv e  o f th is  
scries w as a so fa r un id en tified  co m p o u n d ; i t  failed to  reduce té tra z o liu m  
an d  gave no colour reac tio n  w ith  m -d in itrobenzene. T h is  com pound did  n o t 
occur in  gu inea  p ig  liver.

I n  o rd e r m ore  ex ac tly  to  id e n tify  th e  com pounds d em o n stra ted  in  th e  
fo rm am ide-benzene sy stem , th e  sy stem  B 5 of B ush  was used . I t  was found  th a t ,  
as fa r  as th e  R / v a lues are concerned , th e  above d e riv a tiv e s  b ehaved  e x a c tly  
as th e  s ta n d a rd s .

C ortisone a c e ta te  was co m p le te ly  d eace ty la ted  in  th e  course o f  in c u b a ­
tio n , as show n b y  th e  fin d in g  th a t  i ts  R/  value was d iffe ren t from  tho se  of th e  
a c e ty la te d  s ta n d a rd  p rep a ra tio n s . F o r  con tro l, som e o f ou r e x tra c ts  w ere 
su b je c te d  to  a c e ty la tio n . The R / v a lu e s  of these  a c e ty la ted  deriv a tiv es  w ere 
no t id e n tic a l w ith  th o se  of th e  p u re  c ry s ta llin e  s ta n d a rd s .

As to  th e  q u a n ti ta t iv e  a spec ts , am o n g  th e  less p o la r  com pounds o r ig in a t­
ing  from  co rtiso n e  11-d eh y d ro co rtico stero n e  appeared  in  larg est am o u n ts . 
A n esp ec ia lly  m ark ed  p redom inance  o f  11-dehydrocorticosterone  w as observed  
in  g u in ea  p ig  an d  r a t  livers; in  th e s e  species, th e  com pound  am o u n ted  to  
90.9 an d  66.8 p e r cen t, re sp ec tiv e ly  o f  th e  to ta l  am ount o f less po lar d eri v a tiv es . 
The ra tio  w as 34.7 p e r cen t in  th e  dog. In  th is  an im al, R e ic h s t e in ’s su b stan ce  
S, to o , o ccu rred  in  g rea t am oun ts.

In  th e  c a t 1 1 -d eh y d ro co rtico stero n e  am oun ted  to  32.9 p er cen t, b u t  th e  
b u lk , 56.3 p er c en t, o f th e  co m pounds p resen t, co n sis ted  of com pound  X .

T he a m o u n t o f th e  com pounds p ro d u ced  was p ra c tic a lly  th e  sam e w h e th e r 
tissu e  slices or tis su e  hom ogenates w ere  in cu b a ted  w ith  cortisone. N e ith e r 
q u a n ti ta t iv e  n o r q u a lita tiv e  d ifferences w ere no ted  b e tw een  m ale an d  fem ale 
an im als .

W hen  a ll h ith e r to  know n m e ta b o lite s  of cortisone are  considered , th e  
m e tab o lic  p a th w a y  described  b y  us acco u n ts  for som e 20 p er cen t o f  th e  
to ta l  a m o u n t o f d e riv a tiv e s  (F ig. 2).

D iscussion

As d e m o n s tra te d  in  our s tu d ie s  in  vitro, in  th e  liv e r  o f various an im a l 
species co rtiso n e  undergoes a change re su ltin g  no t only in  biologically  in ac tiv e  
com pounds, b u t  also  in  less po lar A4-3 -ke to  d e riva tives. E n zy m a tic  conversion  
o f co rtiso n e  in to  1 7 -h y d ro x y co rtico ste ro n e  was d em o n stra ted  b y  F ish  an d  
HÜBENER [11, 12]. T h is conversion  ca ta ly zed  by ll-/3 -hydrogenase  calls

2  A cta Physiologica W i l l ' ! .
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a t te n tio n  to  th e  f a c t  t h a t  some o f th e  com pounds ap p ea rin g  in  th e  course o f  
co rtiso n e  m etab o lism  do n o t o rig in a te  im m ed ia te ly  from  cortisone , b u t from  
its  ch ie f m e tab o lite , h y d ro co rtiso n e . '

11 -dehydroco rticosterone  is p ro d u ced  in  m uch g re a te r  am ounts from  
co rtiso n e  th a n  f ro m  h y d ro co rtiso n e . T o g e th e r w ith  o u r ea rlie r find ing  [7] 
t h a t  during  h y d ro co rtiso n e  m etab o lism  1 1 -dehydroco rticosterone  appears on ly

eoo-
75 0 -  
7 0 0 -  
6 5 0 -  
600-  
5 5 0 -  
5 0 0 -  
4 5 0 -  
400 - 
3 5 0 -  
3 0 0 -  
2 5 0 -  
200-  

150- 
1 0 0 -

Il o g  c a t  g u in e a  r a t
pig

F ig .  2 . Ratio of total zH-3-keto corticoid metabolites 
Dark column — free /l4-3-keto compounds 
White column =  free metabolites

in  dog and  r a t  liv e rs , th e  above f in d in g  in d ica te s  th a t  K e n d a l l ’s com pound 
A  can  be p ro d u ced  d irec tly  from  co rtiso n e  th ro u g h  1 7 -a-dehydroxy la tion . 
T h is  is su p p o rted  b y  th e  o bserva tion  th a t  co rticoste rone  p ro d u c tio n  m ark ed ly  
decreases d u ring  co rtiso n e  m etabo lism , a fa c t in d ica tin g  th a t  th e  com pound 
o rig in a te s  p a r tly  fro m  d eh ydroco rtisone  a n d  p a r tly  from  11-dehydrocortico ­
s te ro n e  [12].
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P ro d u c tio n  o f ll-d e so x y -1 7 -h y d ro x y co rtico s te ro n e  (R e ic h s t e in ’s com ­
p o u n d  S) o ccu rred  on ly  in  th e  dog liv er. A ccord ing ly , th is  ty p e  o f m etabo lic  
conversion , i. e. th e  sp littin g  o f th e  11-oxo g ro u p , rep re sen ts  a tra n s fo rm a tio n  
c h a ra c te r is tic  o f  th e  species.

B ased  on  th e  above as w ell as ea rlie r  d a ta  [7, 11, 12], th e  tra n s fo rm a tio n  
o f  co rtisone  in to  less p o la r, b io log ica lly  ac tiv e  A4-3-keto  co rtico id s  m ay  be  
su p p o sed  to  ru n  in  th e  w ay  show n in  F ig . 3.

T he re su lts  o f q u a n tita tiv e  te s ts  show ed no s ig n ifican t d ifference b e ­
tw een  m ale an d  fem ale  an im als. H ow ever, th e  sexual d ifference found  b y

F ig. 3. T ran sfo rm a tio n  of co rtisone in to  less p o la r  / l4-3-keto d e riv a tiv e s  
T h e  conversion  show n w ith  d o tte d  lin e  occurs on ly  in  th e  dog

Y a t e s  et al. in  t h e  g ra d e  o f  in a c t iv a t io n  m a k e s  f u r th e r  s tu d ie s  n e c e s sa ry , in  
o rd e r  to  d ec id e  w h e th e r  o r  n o t  th e  p r o d u c t io n  o f  le ss  p o la r  c o m p o u n d s  d e p e n d s  
on  se x u a l d if fe re n c e s .
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THE PHOSPHORYLATION 
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A D P  p h o sp h o ry la tio n  is n o t d em o n strab le  in  iso lated  b ra in  m ito ch o n d ria  exposed 
to  iso ton ic  in cu b a tio n . O n hyp o to n ic  in c u b a tio n  th e  A D P becom es p h o sp h o ry la ted .

In  th e  p re p a ra tio n s  in  w hich a lack  o f p h o sp h a te  accep to rs  lim its o x id a tio n , 
re sp ira tio n  is in creased  b y  A D P  in  h y p o to n ic  reac tio n  m ix tu re s  o n ly .

T here  is p h o sp h o ry la tio n  also u n d e r  iso to n ic  cond itions w ith  th e  hexokinase- 
glucose tra p . W hen  h ex o k in ase  is used  in  lim itin g  q u an titie s , p h o sp h o ry la tio n  is m ore 
in ten siv e  u n d e r h y p o to n ic  th a n  u n d e r iso to n ic  conditions. T h e  d ifference decreases 
w hen  th e  a m o u n t o f hex o k in ase  is in creased . H exokinase  in creases resp ira tio n  also 
un d er iso ton ic  co nd itions.*

T he iso la ted  m ito ch o n d ria  w hich h av e  re ta in ed  th e ir  o rig inal m o rp h o ­
logical p roperties in  th e  course o f p re p a ra tio n  are in  severa l b iochem ical re a c ­
tio n s in ac tiv e  com pared  to  th o se  th a t  h a v e  undergone a change [1]. M ito ­
ch o n d ria , w hich m orpho log ica lly  are  n o t com pletely  in ta c t ,  w hen iso la ted  
an d  in c u b a te d  in  a p p ro x im a te ly  iso tonic m ed ia  becom e cap ab le  o f perfo rm ing  
ce rta in  enzym e reac tio n s  on ly  a fte r  th e ir  s tru c tu re  has b een  loosened u p . 
T hus, th e y  do n o t oxidize Viith p h o sp h o ry la tio n  th e  D P N H  ad d ed  ex te rn a lly  
[2]; m oreover, even D P N H  ox idation  is red u ced  to  a m in im u m  w hen p re p a r­
a tio n  has been  su ita b ly  ca re fu l [3]. A fte r h y p o to n ic  sw elling o f  th e  m ito ch o n ­
d ria , o x id a tiv e  p h o sp h o ry la tio n  is d em o n strab le  also w ith  ex te rn a l D P N H . 
T his effect is to  a ce rta in  e x te n t analogous w ith  th e  “ open ing  phenom enon”  
observed  in  various m ito ch o n d ria l frag m en ts ; in  th e  p a r tia lly  in ta c t  s tru c tu re  
ce rta in  added  reac tio n  in te rm ed ia rie s  do n o t re a c t u n til  th e  s tru c tu re  has been  
b ro k en  u p  fu rth e r . T he electron transport particle  iso la ted  in  G r e e n ’s la b o ra ­
to ry  th a t  oxidizes su cc in a te  in  th e  presence  o f oxygen does n o t reduce th e  
a d d ed  cy tochrom e c in  th e  p resence o f  su cc in a te , no r does i t  ca ta ly se  ox idation  
of th e  reduced  cy to ch ro m e c. A fter t r e a tm e n t w ith  d eo x y ch o la te  th e  ex trin sic  
cy toch rom e c tak es  p a r t  in  b o th  reac tio n s [4]. The in te rm ed ia rie s  reac tin g  
in  th e  b o u n d  fo rm  do n o t  seem  to  re a c t in  th e  in ta c t s tru c tu re .

*The follow ing ab b rev ia tio n s  are used in  th is  p ap er:
D P N H : reduced  d ip h o sp h o p y rid in e  n u c leo tid e  
D PN  : ox id ized  d ip h o sp h o p y rid in e  nucleo tide  
A T P : adenosine-S ’- tr ip h o sp h a te  
A D P : adenosine-5’-d ip h o sp h a te  
E D T A : e thy lene  d iam in e  te tra a c e ta te  
T ris : tris  (h y d ro x y m eth y l)  am in o m eth an e
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In  th e  o x id a tiv e  p h o sp h o ry la tio n  o f  m ito ch o n d ria  h o u n d  adenine nuc leo ­
t id e s  are ta k in g  p a r t  [5]. A ccord ing  to  our p resen t re su lts , an  effect s im ilar 
to  th e  “ opening  p h en o m en o n ”  is o bservab le  during  th e  p h o sp h o ry la tio n  o f 
exogenous A D P .

M ethods
Prepara tion  of b ra in  m itochondria

Albino ra ts  w ere k illed  b y  d e ca p ita tio n  a n d  th e  cereb ral h em ispheres w ere rem oved  
a n d  cooled to  0° C in  th e  hom ogenizing  m edium . F o u r  b ra in s w ere w o rk ed  u p  a t a tim e. H o m o ­
g e n iz a tio n  was pe rfo rm ed  in  a  plexig lass-g lass P o tte r-E lv eh jem  a p p a ra tu s  for 90 seconds. 
T h e  hom ogenizing m ed iu m  co n sisted  o f 0.25 M  sucrose, 0.001 M  E D T A  an d  0.01 M  T ris, 
w i th  a p H  betw een  7.2 a n d  7.4. T h e  vo lum e o f  th e  hom ogenate  w as a d ju s te d  to  46 m l w ith  
th e  m edium . F ra c tio n a tio n  w as carried  o u t b y  2 p rocedures, in  a  M SE re frig e ra ted  cen trifu g e  
a t  0 to  -j- 2°C (su p ersp eed  head ).

W ith  e ith e r p ro ced u re  cellu la r d e tr im en ts , e ry th ro cy te s , n uc le i a n d  fib res  were rem oved  
b y  cen trifu g a tio n  a t  1150 g fo r  10 m inu tes. T he su p e rn a ta n t w as cen trifu g ed  a t  12 650 g  for 
15 m in u te s , th u s  causing  th e  m ito ch o n d ria  to  se ttle ; th e y  were th e n  frac tio n a ted  b y  th e  follow ­
in g  2 p rocedures.

The sed im en t h om ogen ized  in  a b o u t 16 m l o f p u re  0.25 M  sucrose  was cen trifu g ed  for 
5 m in u te s  a t  16 500 g . I n  th is  case th e  su p e rn a ta n t w as defin ite ly  tu rb id  a n d  co n ta ined  lesioned 
m ito c h o n d ria , as w ell as a  f ra c tio n  now  u n d e r id en tif ic a tio n . T he sed im en t (m ito ch o n d riu m  
f ra c tio n  “ A ” ), w hich w as s till  co n ta m in a te d  w ith  th e  frac tio n  se ttlin g  a t  a  low er ra te , co n ta in ed  
th e  m ito ch o n d ria . T he m ito c h o n d ria  w ere susp en d ed  in  8 to  13 m l o f  a  0.25 M  sucrose so lu tion . 
T h e  suspension co n ta in ed  a b o u t  2 m g o f to ta l  n itro g en  pe r m l.

T he o th e r  p ro ced u re  y ie ld ed  a  p u re r  m ito ch o n d riu m  suspension . T he sed im en t c e n tr i­
fu g ed  a t  12 650 g w as hom ogenized  as described  above in  ab o u t 16 m l o f  0.25 M  sucrose an d  
cen trifu g e d  a t  12 650 g  fo r 10 m in u te s . T he loose u p p e r  lay e r o f th e  sed im en t was w ashed  w ith  
su c ro se  and  decan ted , th e  m ore  co m p ac t low er p o rtio n  was hom ogenized  again  in  sucrose 
a n d  cen trifuged  fo r 10 m in u te s  a t  16 500 g. T he loose u p p e r p a r t  w as w ash ed  again  as described  
a b o v e  an d  th e  co m p act sed im en t (m ito ch o n d riu m  “ B ” ) was su sp en d ed  in  ab o u t 6 m l o f  0.25 
M  sucrose. T he to ta l  n itro g e n  co n cen tra tio n  o f th e  suspension w as a ro u n d  0.6 m g p e r  m l. 
T h e  m ito ch o n d riu m  y ie ld  w as less th a n  w ith  th e  fo rm er m eth o d , b u t  th e  p re p a ra tio n  was 
p u re r .

O x ida tion  w as m ea su re d  b y  th e  u su a l W arb u rg  m ethod , a t  30°C, in a ir a tm o sp h ere , 
a f te r  allow ing 10 m in u te s  th e rm a l e q u ilib ra tio n  p e rio d . T he s ta n d a rd  re ac tio n  m ix tu re  h a d  th e  
fo llow ing  com position : so d iu m  p y ru v a te , 10 m M ; sodium  fu m a ra te , 1 m M ; MgCl2, 5 m M ; 
D P N , 0.2 m M ; N a A T P , 1 m M ; sod ium  p h o sp h a te , 6.6 to  11 m M ; sucrose. 42 to  250 m M . 
T h e  250 m M  sucrose so lu tio n  w as accep ted  as iso ton ic .

W hen m easu ring  p h o sp h o ry la tio n , th e  c o n te n ts  o f th e  W arb u rg  vessels w ere depro- 
te in iz e d  w ith  tr ich lo ro ace tic  ac id  e ith e r a f te r  c o n stan cy  of te m p e ra tu re  h a d  been  a tta in e d  or 
o x id a tio n  h ad  been  m easu red . T h e  in o rg an ic  p h o sp h a te  co n cen tra tio n  o f  th e  f i ltra te  w as e s ti­
m a te d  b y  th e  m eth o d  o f L o h m a n n  and  J e n d r a s s ik . [6 ].

M aterials

P y ru v ic  acid  w as c o n v e rted  to  sod ium  p y ru v a te  a fte r  d is til la tio n  in  vacuo a n d  was 
u se d  a f te r  th ree  re c ry s ta llisa tio n s . F u m a ric  acid  w as conv erted  to  fu m a ra te  a fte r  tw o  re c ry ­
s ta llisa tio n s, im m ed ia te ly  befo re  use. Sucrose o f  a n a ly tic a l p u r i ty  w as u sed  a fte r  re c ry s ta ll i­
sa t io n  from  e th an o l.

T he com m ercial A T P  (Jlichter, B u d ap es t) w as p u rified  b y  m eans o f  A m berlite  IR A  410 
io n  exchanger; i t  w as s to red  p a r t ly  in  th e  fo rm  of i ts  sod ium  sa lt an d  p a r t ly  as B a-sa lt, co n v erted  
to  th e  N a -sa lt p rio r to  use . Im m e d ia te ly  a f te r  p re p a ra tio n  th e  co m p o u n d  p roved  to  be  p u re  
b y  p a p e r  c h ro m a to g rap h y ; a  few  m o n th s la te r  i t  co n ta in ed  a  sm all a m o u n t o f A D P.

T he A D P used  w as p a r t ly  a  p ro d u c t o f  V E B  Feinchemie, B erlin , a n d  p a r tly  a  p re p a ra tio n  
p u r if ie d  on Dow ex 1 io n  e x ch an g er an d  fo u n d  to  b e  p u re  b y  p a p e r  ch ro m ato g rap h y .

D P N  was o b ta in e d  fro m  th e  Reanal Laboratories, B u d ap est, a n d  w as of 70 to  75 per 
c e n t  p u rity .
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T h e  y eas t-h ex o k in ase  w as p re p are d  b y  th e  m e th o d  o f B er g er  el al., slig h tly  m odified  
b y  us. P u rif ic a tio n  w as c o n tin u e d  u n til  frac tio n  3 /a h a d  been  o b ta in ed  [7]. T he m eth o d  o f 
a ssay  w as th a t  desc rib ed  b y  B a il e y  a n d  W e b b  [8]. O ne u n i t  tran sfe rred  1 m g o f p h o sp h a te  
from  A T P  to  glucose in  1 h o u r.

T h e  o th e r chem ica ls u sed  w ere o f com m erc ia l reag en t-g rad e  q u a lity . W e em ployed 
g lass-d istilled  w a te r  th ro u g h o u t o u r experim en ts .

R esults

A ccord ing  to  our ex p erim en ts  a n e t  p h o sp h o ry la tio n  o f  A D P  in  b ra in  
m ito ch o n d ria l p re p a ra tio n s  w as d em o n strab le  in  th e  presence o f fluoride on ly . 
E v e n  u n d e r such  co n d itio n s th e  va lu e  o f P /0  w as low, A T P ase  a c tiv ity  n o t  
being  com plete ly  b locked  b y  fluo ride .

As v isibe  in  T ab le  I ,  th e  m ore h y p o to n ic  th e  reac tion  m ix tu re , th e  la rg e r 
w as th e  q u a n ti ty  p h o sp h o ry la te d  in  th e  p resence  of A D P . P h o sp h o ry la tio n  
decreased  w ith  th e  in crease  o f sucrose co n cen tra tio n . T here  w ere differences 
b e tw een  th e  sing le p re p a ra tio n s ; som e o f th e m  show ed m in im u m  phosp h o ­
ry la tio n  even  in  th e  p resence  o f 250 m M  sucrose, while in  o th e rs  no d isap p ear­
ance o f  p h o sp h a te  w as a n y  longer d em o n strab le  a t  a sucrose co n cen tra tio n  
o f 175 m M . H ow ever, in  ev e ry  ex p erim en t th e  p h o sp h o ry la ted  q u a n tity  w as 
th e  g re a te s t w hen  th e  m ed iu m  co n ta in ed  42 mlVT of sucrose, in  sp ite  o f th e  
fa c t in  th a t  in s ta n c e  th e  A T P ase  a c tiv ity  w as som ew hat h ig h e r th a n  a t  h ig h er 
c o n c e n tra tio n s .

T he b ra in  m ito ch o n d riu m  p re p a ra tio n s  w ere co n tam in a ted  w ith  v a riab le  
am o u n ts  of A T P ase , w hich  could  be a c tiv a te d  b y  Mg+ + . W h en  co n tam in a tio n  
w as h eav y , th e  re sp ira tio n  of f lu o rid e - tre a te d  b ra in  m ito ch o n d ria  only could  
be enhanced  w ith  p h o sp h a te  accep to r. A D P  w as capable to  en h an ce  resp ira tio n  
considerab ly  u n d e r d e fin ite ly  h y p o to n ic  cond itions on ly ; a t  h igher sucrose 
co n cen tra tio n s  th e re  w as p ra c tic a lly  no in crease  (Fig. 1). W h en  co n tam in a tio n  
w ith  A T P ase  w as s lig h t (p re p a ra tio n  “ B ” ), th e  A D P  accep to r effect was dem on­
s tra b le  sim ilarly  even  w ith o u t fluoride* (F ig . 2).

T he m ito ch o n d riu m  p rep a red  an d  in c u b a te d  under iso ton ic  conditions 
is m ore likely  to  a p p ro ach  m orpho log ically  in trace llu la r  m ito ch o n d ria  th a n  th a t  
exposed  to  h y p o to n ic  sw elling. I t  is th e re fo re  conceivable t h a t  th e  ex tram i- 
to ch o n d ria l free A D P  does n o t re a c t on p h o sp h o ry la tio n  w ith in  th e  cell, 
in  vivo. O n sw elling th e  m ito ch o n d riu m  m a y  “ open u p ”  also  fo r th e  e x tra -  
m ito ch o n d ria l A D P .

H exokinase-glucose trap fo r  phosphorylation

T he q u estio n  has arisen  w h e th e r th e  ~  P  generated  in tram ito ch o n d ria lly  
u n d e r th e  above e x p e rim e n ta l cond itions could  be en zy m atica lly  tra n sfe rre d  
e x tram ito ch o n d ria lly , w hen  th e  p h o sp h o ry la tio n  of free A D P  is m ark ed ly  
re s tr ic te d .



Table I

Sucrose 
m M 42 108

Experi­
ment

Without ADP With ADP Without ADP With ADP

No. A 0 A P A O A P A  0 A P A О A  P

l . -  2.78 — -  6.21 -  3.41 — — _ _
2. -  4.68 — 0.07 -  5.76 -  4.43 -  3.85 -  0.16 -  3.70 -  2.61

3. -  3.48 -  0.10 -  5.69 -  4.57 -  3.68 -  0.76 -  3.35 -  2.78

O xidation  and phosphory la tion  o f f lu o rid e -trea ted  m itochondria  
w ith  and  w ith o u t A D P .
А  О: ц А ю т  A  P : fiM o l . 15-m inute m easurem ent.
R eaction  m ix tu re : sodium  p y ru v a te , 10 m M  ; sod ium  fu m ara te , 1 m M  ; 
N a-A T P , 1 m Vi ; D P N , 0.2 m M  ; MgCl2, 5 m M  ; N aF , 40 m M  ; 
N a-phosphate , 6.6 m M . p H : 7.2.
Sucrose: as ind ica ted . V olum e 3.00 ml.
A D P: where in d ica ted , 6.6 m M .

P re p a ra tio n  m itochondrium  “ A ” , 0.50 m l

Without ADP 

Ü PAO

With ADP 

А О

Without ADP

A P A 0 A P ЛО

-  2.37 -  1.38 _ -  1.63
0,60 - — —

-  1.54 —

With ADP 

A P

2.93
2.98

2.44
0.19
0.84

2.71
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Fig. 1. O x id a tio n  o f sod ium  f lu o rid e - tre a te d  b ra in  m ito ch o n d ria  a f te r  add in g  A D P
A bscissa: tim e. O rd in a te : 0 2-co n su m p tio n  / i l : a t  20 m inu tes 20 /nmoles A D P  was ad d ed  

to  th e  m ix tu re  fro m  th e  side vessel. 1, 3, w ith o u t A D P . 2, 4, w ith  A D P . 1, 2, 250 111 1 /; 3, 4 , 42 
m M  sucrose c o n cen tra tio n . Sod ium  flu o rid e ; 40 vaM . M ito ch o n d riu m  p re p a ra tio n  “ A ”

F ig . 2. E ffec t o f  A D P  on  th e  o x id a tio n  o f  b ra in  m ito ch o n d ria  w i th o u t  tre a tm e n t w ith  
sod ium  flu o rid e . A bscissa: tim e . O rd in a te : 0 2-com sum ption  in  /Л; A t  th e  onse t o f m ea su re ­
m en t 15 m  moles A D P  w ere ad d ed  fro m  th e  side vessel to  th e  m ix tu re . 1. 3 , w ith o u t A D P. 2, 4 , 
w ith  A D P ; 1, 2, 250 m M ; 3, 4, 42 m M  sucrose co n ce n tra tio n . M ito ch o n d riu m  p re p a ra tio n  “ B “
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W hen m easu rin g  p h o sp h o ry la tio n  in  th e  p resence  o f  hexok inase  and  
glucose, o x ida tive  p h o sp h o ry la tio n  could  be d em o n stra ted  also under iso ton ic  
cond itions. T he in te n s ity  o f o x id a tio n  a n d  p h o sp h o ry la tio n  depends on tw o 
fa c to rs , viz. th e  o sm otic  co n cen tra tio n  o f  th e  te s t  m ed iu m  an d  th e  q u a n ti ty  
o f  hexokinase em ployed . U nder h y p o to n ic  conditions ev en  0.05 m l (ab o u t 
1 u n it)  of hexok inase  p ro d u ced  m ax im u m  ox ida tio n  a n d  phosp h o ry la tio n . 
T h e  sam e sm all a m o u n t o f hexok inase  en su red  w eaker o x id a tio n  and  p h o sp h o ­
ry la tio n  under iso ton ic  cond itions. As ow ing to  th e  p resence  o f  A T Pase, re sp i­
ra t io n  was n o t co m p le te ly  contro lled , th e  P /О  value w as also  lower.

U nder h y p o to n ic  cond itions, th e  tw o fo ld  or fourfo ld  in crease  of th e  in itia l 
a m o u n t of ab o u t 1 U  o f hexokinase d id  n o t increase e ith e r  o x id a tio n  or p h o s­
p h o ry la tio n . On th e  c o n tra ry , i t  o ften  caused  a decrease, a p p a re n tly  due to  
th e  com plete A T P  d efic iency  p ro d u ced  [9]. W hen  u n d er iso to n ic  conditions th e  
hexok inase  c o n cen tra tio n  w as increased  in  th e  sam e m easu re , b o th  phosp h o ­
ry la tio n  and  o x id a tio n  increased . T he v a lu e  of P /О w as increased  s im u ltan e ­
ously  or, if  i t  h ad  been  h igh , i t  rem ained  un ch an g ed  (T able  I I ) .

D iscussion

The above re su lts  su b s ta n tia te  o u r h y po thesis  t h a t  in  vivo  i t  is n o t th e  
ex tram ito ch o n d ria l nucleo tides th a t  are p h o sp h o ry la ted  in  th e  f irs t  p lace, 
b u t  th e  enzym es fu n c tio n in g  w ith  ~  P  (such  as e .g . hexok inase) reac t w ith  
th e  A T P  genera ted  in  th e  m ito ch o n d ria l c ris tae  and  tra n s fe r  its  te rm in a l p h o s­
p h a te  to  o u ts id e  th e  m ito ch o n d riu m . T h e  h y po thesis  need s fu rth e r  co n fir­
m a tio n .

Swelling of th e  m ito ch o n d ria  b o th  in  th e  iso la ted  s ta te  and in  situ  
m a y  increase th e  y ie ld  o f  ox id a tiv e  p h o sp h o ry la tio n . T h is is due  p a r tly  to  th e  
ex tram ito ch o n d ria l nucleo tides being p h o sp h o ry la ted  d ire c tly  and  p a r tly  to  
th e  cond ition  fav o u rab le  for th e  enzym e ta k in g  p a r t  in  p h o sp h a te  tra n sfe r .

I t  was rem ark ab le  t h a t  th e  hexok inase  ensuring  o p tim a l phosph o ry la tio n  
u n d e r  hypo ton ic  co n d itio n s d id  no t suffice to  cause a tra n s fe r  of th e  a c tu a lly  
p h o sp h o ry la ted  q u a n t i ty  on th e  basis o f  an a ly tica l d a ta .  T he endogenous 
hexok inase  of th e  m ito ch o n d ria  does n o t exp la in  th e  d ifference. A ccording 
to  S ie k e w it z  an d  P o t t e r  [10], owing to  th e  favourab le  s te r ic  and  co n cen tra ­
tio n  re la tions th e  h ex ok inase  adsorbed  o n to  th e  m ito ch o n d ria  is m ore ac tive  
t h a t  th e  freely-dissolved hexokinase. T he presence o f m ito ch o n d riu m -b o u n d  
hexok inase  d e m o n s tra te d  b y  Cra n e  an d  S ols [11] m ig h t h a v e  also been  due 
to  adso rp tion . T his m a y  p lay  a role in  ensuring  m ito ch o n d ria l p h o sp h a te  
tra n s fe r .

A dsorp tion  an d  a loosening-up o f  th e  s tru c tu re  m a k e  i t  possible th a t  
u n d e r  hypo ton ic  co n d itio n s th e  hexok inase  req u irem en t o f  th e  system  is m ini-



Table II

Sucrose 
m M 42 250

hexokinaee ml

Expe­
riment

No. 0.05 0.10 0.20 0.05 0.10 0.20

AO A P P/O AO A P P/O A 0 AV P/O A 0 AV P/O AO A P P/O AO AV P/O

l . 6.40 16.15 2.52 5.90 15.20 2.58 5.66 14.38 2.54 2.25 3.61 1.60 3.32 5.67 1.71 3.73 7.58 2,03

2. 4.29 12.40 2.89 3.44 9.50 2.76 3.56 8.14 2.28 1.44 1.87 1.30 1.93 2.80 1.45 2.24 3.71 1.65

3. 5.73 — - — — — 5.75 — — 1.87 4.13 2.20 3.32 7.22 2.18 3.74 8.10 2.17

O xidation  an d  p hosphory la tion  of m itochondria  in  th e  
presence of hexokinase-glucose system .
A O : ft A tom  "P: fi M ol. 15-m inute m easurem ent.
R eac tio n  m ix tu re : Sodium  p y ru v a te , 10 m f ;  sodium  fu m ara te , 1 m  M  ; N a-A T P , 1 vaM ; 
D P N , 0.2 m M  ; MgCl2, 5 m l  ;
N a F , 40 m M ;  N a-p hosphate , 6.6 to  11 m M ;  glucose, 16 m i f .  
p H  7.2.
Sucrose, hexokinase as ind ica ted .
M itochondrium  p rep ara tio n  “ A ” , 0.50 m l
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m al. The site  o f p h o sp h o ry la tio n  is n o t on ly  th e  ou te r m em b ran e  of th e  m ito - 
ch o n d riu m , b u t also th e  in tra m ito c h o n d ria l c ristae , w hich a re  of th e  sam e 
s tru c tu re . The hex o k in ase  m u st e n te r  th e  m itochondrium , an d  th is  is p ro ­
m o te d  by  th e  h y p o to n ic ity . U nder iso to n ic  conditions th e  hexokinase re ­
q u ire m e n t is h igher. A d so rp tio n  m ig h t be w eaker in  th e  in ta c t  s tru c tu re  a n d  
e n te r in g  of th e  h ex o k in ase  in to  th e  m ito ch o n d riu m  is p ro b a b ly  in te rfe red  w ith . 
A  h igh  hexokinase c o n c e n tra tio n  m ay  m ak e  up  for th e  de fec tiv e  ad so rp tio n  
a n d  m ay a t th e  sam e tim e  c rea te  fav o u rab le  p e rm eab ility  co n d itions.

O ur p re p a ra tio n  possessed some endogenous hexo k in ase  ac tiv ity , b u t  
th is  d id  no t suffice to  ensure  a s ig n ifican t degree of p h o sp h o ry la tio n .

The increase o f  p h o sp h o ry la tio n  caused  by  the  in crease  of hexok inase  
c o n c e n tra tio n  u n d e r iso to n ic  cond itions c an n o t be ex p la in ed  b y  A T P ase  
co m p e titio n  alone. In  th e  la t te r  case re sp ira tio n  would n o t change. As re sp i­
r a t io n  increased w ith  th e  increase of h exok inase , and  in som e ex perim en ts 
a n  increase of o x id a tio n  an d  p h o sp h o ry la tio n  occurred ev en  w hen th e  P /O  
w as unchanged , we feel inc lined  to  a t t r ib u te  a p rim ary  im p o rta n c e  to  th e  effect 
p ro v id in g  for th e  p h o sp h a te  accep to r. A t th e  sam e tim e, in  som e ex perim en ts 
th e  low  and  increasin g  P /0  values w ere suggestive  of som e A T P ase  com pe­
t i t io n .

*
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HEXOKINASE ACTIVITY DURING GLUCOSE 
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E x p e rim e n ts  in  nep h rec to m ized  ra ts  show ed no pa ra lle lism  be tw een  hexokinase
a c tiv ity  and  th e  ab so rb ed  a m o u n t o f  glucose.

T h e m echan ism  o f se lective su g a r a b so rp tio n  is  an  old an d  unsolved  
physio log ica l p ro b lem .

A ccord ing  to  V e r z a r ’s p h o sp h o ry la tio n  th e o ry  th e  ab so rp tio n  ra te  is 
d e te rm in e d  b y  th e  r a te  o f  p h o sp h a te -e s te r  fo rm atio n . T h u s hexok inase  a c tiv ity  
w ould  be an  im p o r ta n t  co n d ition  o f  su g ar a b so rp tio n . T his h y p o th es is  was 
su p p o rte d  b y  th e  e x p e rim e n ts  o f H e l e  [3], Csá k i [2], B iseg g e r  an d  Laszt  [1] 
an d  o f  o th ers  who fo u n d  a p a ra lle lism  betw een  th e  p h o sp h o ry la tio n  ra te  of 
d iffe re n t sugars in  th e  in te s tin a l ep ith e liu m , hom ogen isa te  an d  th e ir  ab so rp ­
tio n  ra te  in  vivo. T h e  increase  of p h o sp h o r esters  in  th e  in te s tin a l ep ith e liu m  
d u rin g  sugar a b so rp tio n  also su p p o rts  th e  p h o sp h o ry la tio n  th e o ry  [4].

S o l s  [6, 7] a n d  o th e rs , using  an  im p ro v ed  m e th o d  o f hexok inase  d e te r ­
m in a tio n  o b ta in ed  o p p o site  re su lts . T h ey  d e m o n s tra te d  th a t  th e  m ost qu ick ly  
ab so rb ed  sugar —  g a lac to se  —  is p h o sp h o ry la te d  ra th e r  slow ly, w hereas th e  
slow ly  absorbed  2 -deoxyglucose is p h o sp h o ry la te d  rap id ly .

I n  th e  course o f  som e p rev io u s  ex am in a tio n s  we found  hexok inase  
a c t iv i ty  in  th e  in te s t in a l  ep ith e liu m  o f n ep h rec to m ized  ra ts  to  v a ry  betw een  
v e ry  w ide ranges. T h erefo re  such an im als  w ere considered  to  be w ell su ited  
for s tu d y in g  in  th e m  th e  re la tio n sh ip  be tw een  hexo k in ase  a c tiv ity  an d  sugar 
ab so rp tio n .

M ethods

M ale a n d  fem ale  r a ts  o f th e  sam e b re ed , w eigh ing  120 to  150 g each , w ere used . F eed ­
in g  w as sto p p ed  24 h o u rs  p r io r  to  o p e ra tio n . N ep h rec to m y  w as perfo rm ed  lu m b a lly  u n d e r 
n e m b u ta l  a n aesth es ia . A f te r  fu r th e r  48 h o u rs ’ fa s tin g  th e  c a rd ia  a n d  th e  coecum  w ere lig a ted  
an d  th e  u p p e r  an d  lo w er e n d s  o f  th e  sm all in te s t in e  w ere c a n n u la te d  an d  w ashed th o ro u g h ly  
w ith  p h y sio log ica l sa lin e  so lu tio n . S u b seq u e n tly  5 m l o f iso to n ic  glucose so lu tion  (275 mg 
o f g lucose) w as in je c te d  in to  th e  g u t. A fte r 30 m in u te s  th e  sugar w as w ashed o u t a n d  th e  am o u n t 
o f re s id u a l sugar was d e te rm in e d . A 10 cm  long  section  of th e  u p p e r  duo d en u m  w as rem oved , 
p laced  im m ed ia te ly  in to  ice-co ld  w a te r, w ash ed , a n d  th e  m ucosa w as scraped  off. H exok inase  
a c t iv ity  w as d e te rm in ed  b y  th e  m eth o d  o f Sols [6]. In  an  ice-cold so lu tion  co n ta in in g  0.26 M  
m an n ito l, 0.005 M  n e u tra liz e d  E D T A  an d  0.002 M  th iog lyco lic  acid , a  10 pe r cen t suspension 
was m ad e  o f th e  m ucosa. 0.2 m l o f th is  w as p u t  in to  0.3 m l o f a  su b s tra te  m ix tu re  co n ta in ing  
3 (jlM  g lucose d issolved in  a  p H  8 veronal b u ffe r  w ith  0.01 M  A T P  an d  25 (jlM  N a F . A fte r 15 
m in u te s ’ in cu b a tio n  a t  25°C th e  reac tio n  w as sto p p ed  by ad d in g  0.5 m l sa tu ra te d  B a(O H )2. 
The a m o u n t o f sugar w as d e te rm in ed  acco rd ing  to  H a g e d o r n  a n d  J e n s e n .
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R esults

T h e  values fo r hexo k in ase  a c tiv ity  a n d  glucose a b so rp tio n  o b ta in e d  
fro m  th e  sam e a n im a l a re  reco rd ed  in  th e  sam e row  (T able  I) .

N o co rre la tio n  ex is ted  b e tw een  hexok inase  a c tiv ity  an d  glucose ab so rp ­
tio n . I n  some an im als  h ex ok inase  a c tiv ity  w as q u ite  w eak  b u t  th e  absorbed  
a m o u n t of glucose w as th e  sam e, or even m ore, th a n  in  an im als  w ith  th e  
h ig h e s t hexok inase  a c tiv ity .

Table I

Hexokinase activ ity  and glucose absorption in nephrectomized rats

Animal
No.

Hexokinase activity 
in fiM glucose

Absorped glucose 
mg/100 g 

body weight

l > 0 .2 44
2 > 0 .2 36
3 > 0 .2 58
4 > 0 .2 69
5 > 0 .2 35
6 0.55 56
7 0.90 55
8 1.30 26
9 1.30 28

10 1.90 100
11 2.30 11
12 2.80 70
13 3.40 57
14 3.40 41
15 3.40 100
16 3.50 89
17 3.70 74
18 4.40 66
19 4.50 35
20 6.60 43
21 8.30 74
22 8.40 75
23 9.10 50
24 12.0 56
25 14.0 10
26 17.4 47



H EX O K IN A SE ACTIVITY 201

O ur d a ta  su p p o rt th e  p e rta in in g  recen t fin d in g s t h a t  no d irec t r e la tio n ­
ship ex ists  be tw een  th e  p h o sp h o ry la tio n  and  a b so rp tio n  o f  sugars.
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ANALYSE DER MIT HYPOPHYSEN HINTERLAPPEN­
EXTRAKT HERBEIGEFÜHRTEN VERÄNDERUNG 

DER INTESTINALEN WASSERRESORPTION BEI MIT 
RINDENHORMONEN VORBEHANDELTEN TIEREN

Von

G. A . D o m b b á d i, F . K r iz s a , T . J a ncsó  und F . O b á l

PHYSIOLOG ISCHES IN STITU T D E R  M ED IZIN ISCH EN  U N IV ERSITÄ T, SZEG ED  

(Eingegangen am 27. Juni 1960)

Mit Hilfe der H o r v á t h —Wixschen Resorptionsmethode wurden die Gesetz­
mäßigkeiten der Wasserresorption aus dem Dünndarm an mit Cortisonazetat und 
Desoxycorticosteronglukosid vorbehandelten Rattenmännchen untersucht. Die Unter­
suchungen erstreckten sich einerseits auf den von den beiden hyaluronidase- bzw. 
antihyaluronidaseartig wirkenden Substanzen auf die intestinale Grundresorption 
ausgeübten Effekt, anderseits auf den Effekt, den dieselben Substanzen auf die was- 
serresorptionssteigernde Wirkung des antidiuretischen Hormons zeigen. Die Ergebnisse 
lassen sich folgendermaßen zusammenfassen:

1. Von Cortisonazetat und Desoxycorticosteronglukosid wird die konstante 
Grundresorption der physiologischen Kochsalzlösung aus dem Dünndarm bei vor­
handener Nebennierenrindenfunktion in der üblichen pharmakologischen Dosis nicht 
verändert.

2. Der intravenös eingespritzte Nervenlappenextrakt führt bei den mit Cortison­
azetat vorbehandelten Tieren nur geringe Resorptionssteigerung herbei. Durch Vor­
behandlung mit Desoxycorticosteronglukosid wird die Resorptionssteigerung nicht 
signifikant beeinflußt.

Auf Grund dieser Resultate kann die Theorie der Hyaluronidase-Mediation 
nicht als eindeutig erwiesen angesehen werden.

M ethoden

Die Untersuchungen wurden nach dem H o r v á t h —Wixschen Perfusionsverfahren [11], 
die Hämoglobinbestimmungen nach der Methode von H a v e m a n n , I s s e k u t z  und J u n g  [10] 
mit dem Havemannschen photoelektrischen Kolorimeter nach dem früher von uns beschrie­
benen Verfahren [6] an 160—220 g schweren Wistar-Ratten vorgenommen, die aus zeitlich 
einander naheliegenden Würfen stammten.

Der Versuch wurde folgendermaßen durchgeführt: Urethannarkose mit 150 mg/100 g, 
Operation, Vorbehandlung mit Kochsalz oder dem entsprechenden Hormonpräparat. 30 
Minuten Ruhe. Einleitung der Perfusion und Abwarten des Erscheinens der Perfusionslösung 
in der Ausführungskanüle. Hiernach untersuchten wir die Resorption 5 x 1 0  Minuten; die 
ersten 2x 1 0  Minuten betrachteten wir als Grundresorption, sodann wurde der Hinterlappen­
extrakt bzw. die Kontrollflüssigkeit in die vorher herauspräparierte V. jugularis infundiert.

Zur Vorbehandlung benutzten wir Adreson ( Organon N . V ., Oss) und Percorten »wasser­
löslich« (Ciha A . G., Basel) intramuskulär in der Dosis von 5 mg/100 g bzw. 1 mg/100 g. 
Als Hinterlappenextrakt kam Piton (Organon N . V., Oss) in der Dosis von 0,5 mE/100 g 
und im Gesamtvolumen von 0,5 ml/100 g zur Anwendung.

Die Resorption untersuchten wir an den auf folgende Weise behandelten Gruppen:*

*In der Arbeit kommen folgende Abkürzungen zur Anwendung:
CA =  Cortisonazetat;
DCG =  Desoxycorticosteronglukosid;
HHL =  Hypophysenhinterlappen;
ADH =  antidiuretisches Hormon.

3 A cta Physiologica X V III/3 .
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V orbehandlung 
i. m .

Eingriff
i .  V .

Zahl der 
Tiere

А Kochsalz HHL 6

В CA Kochsalz 6

С DCG Kochsalz 6

D CA HHL 6

E DCG HHL 6

Die H o r v á t h —Wixsche Originalmethode modifizierten wir insofern, als wir in das 
Perfusionssystem vor der Einfährungskanüle ein zur Messung des hydrostatischen Mittel­
drucks geeignetes Manometer einschalteten. Mit dessen Hilfe konnte der in cm H20  gemessene 
hydrostatische Druck jederzeit abgelesen und die vollständige Verstopfung der Kanüle mit 
Schleimpfropfen vermieden werden.

Nach Abschluß des Versuches wurden die Tiere durch Luftembolie getötet, der Darm­
abschnitt zwischen den beiden Kanülenenden wurde herausgeschnitten, sein Lumen der 
Länge nach geöffnet und in Formalin fixiert. Nach 48stündiger Formalinfixierung bestimmten 
wir den Umfang und rechneten die resorbierte Wassermenge auf die Resorptionsfläche um. 
Auf diese Weise vermochten wir die resorbierte Wassermenge in den Dimensionen ul/cm2/ 10' 
anzugeben.

E rgebnisse

W irkung  der Vorbehandlung a u f  die G rundresorption

D ie G ru n d re so rp tio n  d er m it physio logischer K ochsalzlösung  v o rb eh an ­
d e lten  K o n tro lltie re  b e tru g  1 3 ,5 6 ^ 4 ,0 8  /Л /с т 2/10 ' (D u rch sch n ittsw ert von  12 
V ersuchen), die d e r m it  CA v o rb eh an d e lten  T iere  (D u rc h sc h n itt von  24 W er-

Physiot. 
Kochsalz! CA D C G

3 0 -

o
^ 2 0 -

6 о ч
’S,

10-

12

Abb. 1. Die G röße der basalen Wasserresorption aus dem Dünndarm bei den mit Corticoiden
vorbehandelten Tieren

Die einzelnen Säulen entsprechen den Durchschnittswerten der mit den angegebenen Sub­
stanzen vorbehandelten Tiergruppe mit dem Mittelfehler des Durchschnitts (-f- 1 S. E.). Die 

Anzahl der Tiere ist am Fuß der Säule vermerkt

te n )  1 6 ,2 2 ^ 1 ,5 9 , d ie  d e r  m it DCG v o rb eh an d e lten  1 3 ,7 2 ^ 1 ,1 8  /Д /с т 2/10 ' 
(D u rc h sc h n itt v o n  24 W erten ). D ie R e su lta te  s ind  in  A bb . 1 g rap h isch  dar-
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g este llt. H ie rn ach  w ird  die G ru n d re so rp tio n  v o n  DCG o ffen sich tlich  n ic h t 
b e e in flu ß t, dagegen  d u rc h  die V o rb eh an d lu n g  m it CA o ffen b ar e tw as e rh ö h t. 
D ie E rh ö h u n g  is t  a b e r  d e ra r t  gering , d a ß  es sich  eh er n u r  um  eine suggestive 
u n d  keinesfalls u m  e in e  s ig n ifik an te  E rh ö h u n g  h a n d e lt.

H H L -W irk u n g  a u f  die zur K ontrolle der Vorbehandlung dienenden Tiere. 
B ei den  m it physio lo g isch er K ochsalz lösung  v o rb e h a n d e lte n  T ie ren  b e tru g en  
n ach  P ito n -V erab re ich u n g  die R eso rp tio n s-M eh rw erte  in  den  d re i au fe in an d e r­
fo lgenden  10-M inu ten -P eriodcn  1 2 ,1 7 ^ 1 ,9 7 , 1 0 ,2 1 ^ 1 ,3 8  u n d  3 ,7 2 ^ 1 ,9 3  
/Л /с т 2/1 0 '. N ach  d e r Sum m ierung  d iese r E rgebn isse  k am  u n te r  W irkung  des 
H H L -E x tra k te s  b e i d en  zur K o n tro lle  der V o rb eh an d lu n g  d ien en d en  T ieren

Vorbehandlung-. 
. , CA

Vorbehandlung: Vorbehandlung-. Vorbehandlung-.
DCG

Vorbehandlung-.
Dhusiol.Kochsdlzl

Physiol. Kochsalz 1- 
Wirkung

HHL- W irkung Physio!Kochsalz! 
Wirkung

HHL-Wirkung HHL-W irkung

Abb. 2. D ie  V erän d e ru n g en  de r u n te r  W irk u n g  v o n  H H L -E x tra k t  zu tag e  tre te n d e n  M ehr­
re so rp tio n  aus dem  D ü n n d a rm  bei den  m it  C o rtiso n az e ta t (CA) u n d  D eso x y co rtico stero n - 
g lukosid  (DCG) v o rb e h an d e lle n  u n d  be i d en  zu r K o n tro lle  de r V o rb eh an d lu n g  d ien en d en

T ie ren
D ie e inzelnen S äu len  en tsp rech en  d e n  M eh rreso rp tio n sd u rch sch n ittsw erten , w äh ren d  

10’ d e r a u f  angegebene W eise beh an d e lten  T ie rg ru p p en  m it dem  m ittle re n  F e h le r  d e r M itte lw erte  
( ±  1 S. E .). Die g e s tr ic h e lte n  Säulen zeigen d ie  v o n  N u ll s ig n ifik a n t ab w eichenden  W erte

in  30 ' eine M eh rreso rp tio n  von  26,1 ± 4 ,7 5  /Л/cm 2 z u s ta n d e . D ie  A bw eichung 
vom  О-W ert der e in ze ln en  1 0 -M in u ten -D u rch sch n ittsw erte  is t  m it  A usnahm e 
des M itte lw ertes  d e r  le tz te n  10 -M inu ten -P eriode  s ta rk  s ig n if ik a n t (A bb. 2 
u n d  3).

H H L -W irk u n g  a u f  die m it C A  vorbehandelten Tiere. B e i den  m it CA 
v o rb eh an d e lten  T ie re n  k am  es n a c h  der zu r K o n tro lle  d e r H H L -W irk u n g  
gegebenen  i. v . E in sp ritz u n g  von  p h ysio log ischer K ochsalz lö sung  infolge d e r 
geringen  M in e ra lo co rtico id ak tiv itä t v o n  CA im  V erg leich  zu r G ru n d reso rp tio n  
zu  e in er k o n s ta n te n , ab e r geringen  R eso rp tio n se rh ö h u n g , d e ren  G röße v e r ­
schw indend  n ied rig  u n d  m a th e m a tisc h  n ic h t s ig n if ik a n t w ar. W ird  H H L - 
E x tr a k t  v o rb e h a n d e lte n  T ieren  e in g e sp ritz t, so ä n d e r t  sich  d ie  G röße d e r 
R e so rp tio n se rh ö h u n g  im  V ergleich  zu  den  n ic h t v o rb e h a n d e lte n  T ieren . 
W äh ren d  die R eso rp tio n se rh ö h u n g  u n te r  W irk u n g  von  A D H  be i den  n ich t 
v o rb eh an d e lten  T ie re n  in  30' in sg esam t 2 6 ,1 ^ 4 ,7 5  /Л/cm 2 au sm ach te , b e tru g

3*
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d iese r W ert bei d en  v o rb e h a n d e lte n  n u r  1 5 ,9 7 + 4 ,0 8  pljcvo.2. D ie W erte  der 
e in ze ln en  10-M inu ten-P erioden  m a c h te n  bei den V o rb eh an d e lten  u n te r  W ir­
k u n g  von  N orm alsa lz  +  1 ,3 3 + 2 ,0 8 , — 1,0 +  1,76 u n d  + 1 ,5  +  1,54 /d /cm 2 aus. 
D ie  A bw eichung sä m tlic h e r dre i W e rte  von  N ull is t  n ic h t s ig n ifik an t. A uch 
d e r D urchschnitts-SO 7-W ert —  - |-1,85 + 3 ,6 3  Jul/cm 2/3 0 , —  zeig t keine sign ifi­
k a n te  A bw eichung v o n  N ull. N ach  Z u fu h r von  H H L  b e tru g e n  diese W erte  
5 ,2 9 + 1 ,8 6 , 7,94 +  1,76 u n d  3 ,1 9 + 2 ,1 8  jul/cm 2/1 0 \ D ie A bw eichung von  N ull

Vorbehandlung.■ 
physio! Kochsalz I

Vorbehandlung: Vorbehandlung
DCG

H H L-W irkung H H L  Physiol. 
Kochsalz!

H H L  P hPsloL 
Kochsalz/

A bb . 3. D ie  V erän d eru n g en  de r u n te r  W irk u n g  v o n  H H L -E x tra k t  zu tag e  t re te n d e n  su m ­
m ie r te n  M ehrreso rp tionsm engen  aus dem  D ü n n d a rm  bei den  m it C o rtiso n aze ta t (CA) sowie 
D eso xycorticosterong lukosid  (DCG) v o rb e h an d e lte n  u n d  den zu r K o n tro lle  de r V o rb eh an d lu n g

d ien e n d en  T ieren .
E r lä u te ru n g  wie bei Abb. 2. D ie  einzelnen S äu len  zeigen d ie in  30 ' in sg esam t z u stan d e  gekom ­

m ene M ehrreso rp tio n  an

s t  b e i den  e rs ten  b e id e n  s ig n if ik a n t, b e im  le tz te n  W ert n ic h t. D ie Sum m e 
d ie se r W erte , 1 5 ,9 7 + 4 ,0 8  ,ц1/ст2/3 0 ', w eicht von N u ll s ig n ifik an t ab (A bb. 
2 u n d  3).

H H L -W irk u n g  a u f  die m it DCG vorbehandelten Tiere. D ie B eo b a c h tu n ­
gen  en tsp rech en  u n g e fä h r den  im  v o rig en  A b sch n itt m itg e te ilte n  A ngaben , 
u n d  d ie  A bw eichungen  zw ischen ih n en  s ind  eher n u r  q u a n ti ta t iv e r  N a tu r. 
A u ch  n ach  V o rb eh an d lu n g  m it D CG  k a m  leere  —  ohne H H L -E x tra k t  e r­
fo lg te  —  R eso rp tio n sste ig eru n g  z u s ta n d e , die e tw as g rößer w ar als nach  
A n w en d u n g  von  CA. Ih re  A bw eichung v o n  N ull w ar indessen  m a th e m a tisc h  
n o ch  n ich t s ig n if ik an t.

D ie 10 -M inu ten-W erte  ohne H H L  b e tru g en  der R eihe  nach  + 2 ,7 0  +  1,28, 
+  3,21 +  1,33 bzw. + 3 ,3 9 + 1 ,3 6  /tl/cm 2/1 0 ', sum m iert + 9 ,3 0 + 0 ,0 0  /Л /с т 2/3 0 '. 
D ie  A bw eichung vom  N u ll-W ert is t  n ic h t s ig n ifik an t. U n te r  W irk u n g  des 
H H L -E x tra k te s  s te ig en  die W erte : + 9 ,1 3 + 2 ,0 ,  + 4 ,5 7  +  1,58 u n d  + 6 ,6 3 + 0 ,2 6  
/Л /с т 2/10 ' bzw. + 2 0 ,3 3 + 3 ,8 4  ,ul/cm2/3 0 '. Die gew onnenen  W erte  w eichen 
sä m tlic h  s ig n ifik an t v o n  N ull ab. G egenüber der u n te r  W irk u n g  v o n  H H L -
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E x tr a k t  e in tre te n d e n  192,5% igen R eso rp tio n sste ig e ru n g  b e i den  zur K o n tro lle  
d e r  V o rb eh an d lu n g  d ien en d en  T ie ren  ze ig t diese G ruppe eine 141,6% ige, d . h. 
e tw as n ied rigere  R eso rp tio n ss te ig e ru n g  (A bb. 2 u n d  3). S äm tlich e  gew onnenen 
D u rc h sc h n ittsw e rte  s in d  auch zah len m äß ig  in  T abelle  I  zu sam m en g efaß t

Tabelle I
W irkung isotonischer Salzlösungen a u f  die von H ypophysenh inter lappenextr akt verursachte Resorp- 
i о is steige rung bei den m it Cortisonazetat und Desoxycorticosteronglukosid vorbehandelten Tieren

Mehrresorption (/il/cm2 /t) im Verhältnis zur Grundresorption
Behandlung

0— 10' 10—20' 20—30' 0—30'

K ochsalz  ±  H H L 6 12 ,17±1,97  
P <  0,01

10,21 ± 1 ,3 8  
P  <  0,001

3 ,7 2 ± 1 ,9 3  
n ich t sign.

26 ,1 ± 4 ,7 5  
P  <  0,01

CA ±  K ochsalz 6 1,33 ± 2 ,0 8  
n ich t sign.

-  1 ,0 ± 1 ,7 6  
n ich t sign.

1 ,5 4 ± 1 ,5 4  
n ich t sign.

1,85 ± 3 ,6 3
n ich t sign.

CA +  H H L 6 5 ,29± 1 ,61  
P <  0,02

7.49 ± 1 ,7 6  
P  <  0,001

3 ,1 9 ± 2 ,1 8  
n ich t sign.

15,97 ± 4 ,0 8  
P  <  0,02

DCG +  K ochsalz 6 2 ,7 0 ± 1 ,2 8  
n ich t sign.

3,21 ± 1 ,3 3  
n ich t sign.

3 ,3 9 ± 1 ,3 6  
n ich t sign.

9 ,3 0 ± 3 ,8 3  
n ich t sign.

DCG +  H H L 6 9,13 ± 2 ,0  
P <  0,01

4 ,5 7 ± 1 ,5 8  
0,2 <  P <  0,05

6,63 ± 0 ,2 6  
P <  0,001

2 0 ,3 3 ± 3 ,8 4  
P <  0,01

D ie F es tleg u n g  der gew onnenen  R e su lta te  in  der D im ension  jul/cnü/t 
u n d  d ie R e g is tr ie ru n g  des h y d ro s ta tisc h e n  D rucks e rm ö g lich ten  den  V er. 
g le ich  m it den  in  derse lben  D im en sio n  au sg ed rü ck ten  In -v itro -A ngaben  [18]- 
S m y t h  fan d  be i se inen  V ersuchen  in vitro , daß  der b e o b a c h te te  R e so rp tio n s ' 
w ert bei 20 ' cm H 20  D ruck  26,6 p l/c m 2/1 0 \  bei 45 cm  H 20  D ru ck  35,5 p l/cm 2/10 
au sm ach te . D ies e n tsp r ic h t a n n ä h e rn d  un seren  In -v ivo -E rg eb n issen , wo w ir 
im  S ystem  m it 12— 14 cm H 20  D ru ck  einen  D u rc h sc h n ittsw e rt von 13,56 
/il/cm 2/10 ' fe s ts te llte n . Aus d iesem  V erg leich  sch ließen  w ir a u f  die a n n äh e rn d e  
Ü b e re in s tim m u n g  d er W erte  in  vivo  und  in  vitro.

B esprechung
is»

I n  v o ran g eg an g en en  U n te rsu ch u n g en  h a t te n  w ir nachgew iesen  [6], d a ß  
H H L  eine S te ig e ru n g  d er W asse rreso rp tio n  aus dem  D arm  b ew irk t. D a m it 
b e s tä t ig te n  w ir e ine  e x tra ren a le  W irk u n g  des A D H  m it e in er o b je k tiv e n  
U n te rsu ch u n g sm e th o d e .

Ü ber diese T a tsach e  h in au s  v e rm o ch ten  w ir die A b h än g ig k e it d er 
E rsch e in u n g  von  d er D osis fe s tzu s te llen  u n d  die v o rh e r b e re its  beschriebene 
P o ren h y p o th ese  an  d er H a u t u n d  N iere  zu bew eisen. W ir b eo b a c h te ten  n ä m ­
lich , d aß  im  F a lle  d er P erfusion  des D ü n n d arm s m it physio log ischer K o ch ­
sa lz lösung  das A D H  im stan d e  is t ,  d ie d e fin itio n sa rtig  e in tre te n d e  W asser­
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ab g ab e  zu ste ig e rn , u n d  aus d ieser ex p e rim en te llen  T a tsach e  schlossen w ir, 
d aß  d ie  Ö ffnung d e r P o ren  u n te r  W irk u n g  des A D H  in  jed em  F a ll e in tr i t t ,  
ab e r die W asse rs trö m u n g  n u r in  d e r  d en  osm otischen  E rfo rd ern issen  e n t­
sp rech en d en  R ic h tu n g  erfo lg t.

L a u t G in e s c h in s k i  [9] ü b t d as  a n tid iu re tisc h e  H orm on  seine renale  
W irk u n g  über d ie  H y a lu ro n id ase  au s. I n  der A n tid iu re se , d. h . w enn der 
A D H -Spiegel im  B lu t s te ig t, n im m t d ie  H y a lu ro n id asep ro d u k tio n  der T u b u lu s­
zellen  zu, und dies b e w irk t durch  d ie  D ep o ly m erisa tio n  der in te rze llu lä ren  
B in d eg ew eb sg ru n d su b stan z  die R e so rp tio n  des o sm otisch  fre ien  W assers. 
N ach  anderen  A n g a b e n  w ird  die w asserreso rp tio n sste ig ern d e  W irkung  des 
H H L -E x tra k te s  v o n  H y a lu ro n id ase  an  der A m p h ib ien h au t gehem m t [19].

Vom  G esich tsp u n k t u nserer w e ite re n  U n te rsu ch u n g en  sch ien  die K la r­
s te llu n g  der F rag en  in te re ssa n t, ob e in e rse its  das A D H  auch  im  D arm  n ach  
dem selben  M echanism us w irk t, u n d  ob an d erse its  d er A D H -E ffek t d u rch  das 
v o n  den  im  O rg an ism u s erzeug ten  N eb en n ie ren stero id en  herb e ig efü h rte  
a k tu e lle  endokrine M ilieu  v er ä n d e rt w ird .

Ü ber die e rs te  F ra g e  gaben u n se re  frü h eren  U n te rsu ch u n g en  A u skunft, 
w äh ren d  w ir zur K lä ru n g  der zw eiten F ra g e  bei den  vorliegenden  U n te rsu c h u n ­
gen  d ie W irkung v o n  H y a lu ro n id ase  u n d  A n tih y a lu ro n id ase  a u f m it S tero iden  
v o rb eh an d e lte  T iere  u n te r  V ergleich m it K o n tro lltie ren , die n u r K ochsalz 
e rh ie lten , e rm itte lte n . B ek an n tlich  w ird  d ie  P e rm e a b ilitä t gew isser M em brane 
v o n  DOCA ebenso w ie v o n  H y a lu ro n id ase  b ed eu ten d  g este ig e rt, von  C ortison 
jed o ch  v e rrin g ert [16, 17]. E benso s e tz t  C ortison  d ie  v o n  H y a lu ro n id ase  v e r ­
u rsa c h te  K a p illa rp e rm ea b ilitä tss te ig e ru n g  [7, 8] u n d  das derm ale  S p read ing  
h e ra b  [13, 15, 20].

In  K en n tn is  d ie se r  T a tsach en  u n te rsu c h te n  w ir die e tw aige  diesbezügliche 
B ee in flu ß b ark e it des V erlau fs der A D H -W irk u n g . Z ugleich  d a m it e rh a lten  w ir 
—  in d em  die F rag e  a u f  andere W eise g e s te llt w ird  —  auch  A n tw o rt d a rau f, 
inw iew eit der A D H -E ffe k t von  der A nw esen h e it d er an  d er P e rip h erie  e rre ich ­
b a re n  C orticostero ide a b h ä n g t. N a t z s c h k a  h a tte  b e o b a c h te t, daß  von  P re d n i­
son  d ie Größe der d u rc h  k leinere A D H -G ab en  v e ru rsa c h te n  A n tid iu rese  h e ra b ­
g ese tz t w ird, w äh ren d  A ldosteron  diese n ic h t b e e in flu ß t [14].

W ie die E rg eb n isse  zeigen, w ird  d ie  G röße der G ru n d reso rp tio n  du rch  die 
V o rbehand lung  —  b e i e rh a lten e r N eb en n ie ren rin d en fu n k tio n  —  n ich t b ee in ­
f lu ß t. N ach D e n n is  u n d  anderen  [5] s in d  N eb en n ie re n rin d e n e x tra k te  im stan d e , 
d ie  v e rrin g erte  G ru n d re so rp tio n  von  a n d re n a le k to m ie r te n  H u n d en  w ieder­
h e rzu ste llen . E ine äh n lich e  A ngabe ü b e r  d ie  E rh ö h u n g  d er G ru n d reso rp tio n  
fa n d e n  w ir be i Ca p p e l l i  [3, 4], der n achw ies, daß  die infolge A drenalek tom ie  
von  100%  au f 22%  g esu n k en e  in te s tin a le  W asse rreso rp tio n  von  C o rtex ex trak t 
a u f  44, von  C ortison  a u f  88 u n d  von  DOCA a u f  42 %  e rh ö h t w ird .

N ach  V erg leich  d e r A ngaben v o re rw ä h n te r  A u to ren  m it den  eigenen 
R e su lta te n  m uß d a h e r  fes tg este llt w erd en , daß  die die G ru n d reso rp tio n  er-
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höhende W irkung  d e r  R in d en ste ro id e  b e i a d re n a le k to m ie rte n  T ieren  n u r  
sow eit zu r G eltung  k o m m t, daß  die n o rm a le  G ru n d re so rp tio n  a n n ä h e rn d  e rre ich t 
w ird , so d aß  zw ischen dem  D osiseffek t d er R in d en ste ro id e  u n d  der in tes tin a len  
W asserreso rp tion  k e in  im  engeren S inne v e rs ta n d e n e r  Z u sam m en h an g  b es teh t.

U nsere B eo b ach tu n g en  über d ie  C o rtico id -H H L -In te rfe ren z  zeigen, d aß  
CA eine ziem lich  au sg e p rä g te  S enkung  des H H L -E ffek te s  b e w irk t. D ies s te h t 
im  E in k lan g  m it den  v o rh in  e rw ä h n te n  A ngaben  u n d  m it  d er Theorie d e r 
H yalu ro n id ase-M ed ia tio n  des A D H -E ffek te s , doch m u ß  fe s tg e s te llt w erden , 
d aß  sich  d ie  W irkung  d e r C orticostero ide —  n ach  den  gegenw ärtigen  U n te r­
suchungen  —  offenbar n u r  a u f  einen  gew issen T eil der E rsch e in u n g en  e rs treck t. 
D ie m it DCG gew onnenen  R e su lta te  w ichen  von  den e rw a r te te n  ab , w eil sie 
im  G egensatz zu ih re r  sp read in g ste ig e rn d en  H y a lu ro n id asew irk u n g  die n ich t 
s ig n ifik an te  Senkung d er A D H -W irk u n g  v e ru rsa c h te n , d ie  also u n v e rä n d e rt 
b lieb . A u f G rund  u n se re r  U n te rsu chungsergebn isse  sch e in t es, daß  DCG a u f  
die H H L -W irk u n g  k e in e n  E in flu ß  a u sü b t u n d  d aher, o bschon  es das derm ale 
S p read in g  s te ig e rt, a n  d er D a rm m em b ran  n ic h t w ie H y a lu ro n id ase  w irk t.

Im  E n d erg eb n is  lie fe rte n  d em n ach  u n sere  vo rlieg en d en  U n tersuchungen  
keine R e su lta te , die dem  P rinz ip  d e r  H y a lu ro n id ase -M ed ia tio n  in  jed e r H in ­
s ic h t en tsp rech en . E in e  in d ire k te  C A -W irkung is t  an zu n eh m en , aber die m it 
DCG gew onnenen E rg eb n isse  lassen  sich  in  diese T heorie  n u r  d an n  einfügen, 
w enn w ir in  E rm an g e lu n g  w eite re r A n g ab en  e instw eilen  v o rau sse tzen , daß  der 
M echanism us der h y a lu ro n id a se a r tig en  D eso x y co rtico ste ro n w irk u n g  n u r  im  
F alle  b e s tim m te r p o te n tie lle r  u n d  rä u m lic h e r G egebenheiten  g ilt.
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ADRENOCORTICAL CORTICOID SECRETION 
IN THE GUINEA PIG

B y

Gy . T e l e g d y , E . E n d r ő c z i and K . L is s á k

INSTITUTE OF PHYSIOLOGY, MEDICAL UNIVERSITY. PÉCS 

(R eceived J u ly  4, 1960).

The a d ren a l c o rtex  of the  g u in ea  pig was found  to  c o n ta in  five  co rtico ids: 
(i) 2 -a-hydrocortiso le  o r 6-/i-hydroxyс о r t isole; (ii) h y d ro co rtiso n e ; (iii) cortisone; (iv ) 
tico rcosterone; (v ) 1 1 -dehydrocorticosterone.

H y d ro co rtiso n e  occurred  in  th e  g re a te s t  am o u n t. T he o th e r  corticoids w ere  n o t  
p re sen t in  ev ery  case. A C TH  elicited  a  c h a ra c te ris tic  rise in  to ta l  secretion .

As to  a d ren a l w eigh t, no s ig n ific a n t d ifference was fo u n d  b e tw een  left an d  r ig h t  
o rgan , o r be tw een  m ale  and  female an im a ls . A C TH  tre a tm e n t in c reased  a d ren a l w e ig h t.

T here are few  d a ta  in  the  l i te ra tu re  concern ing  ad ren o co rtica l co rtico id  
secre tion  in  th e  gu inea p ig . Only B u s h  [2] discussed th is  q u estio n , w hile th e  
o th e r d a ta  refer m a in ly  to  periphera l b lo o d  (D o n e , E l y , R o u l e  and  K e l l y , 
[5], Co h e n  an d  K l e in b e r g  [4]), u r in e  (P e r o n  an d  D o r f m a n  [11], N a d e l , 
Y o u n g  and  H il g a r  [1 2 ]), or bile (E i k - N e s , D e m e t r io n , Ma y n e  an d  J o n e s  [6 ] ) .

In  previous ex p erim en ts  we d e m o n s tra te d  th a t  p la c e n ta l  tissue of th e  
gu inea p ig  was capab le  of sy n thesiz ing  cortico ids b o th  in  vivo  an d  in  vitro  
(T e l e g d y , E n d r ő c z i a n d  H uszár  [1 3 ]) .  T hose d a ta  gave  in fo rm a tio n  m a in ly  
concern ing  th e  m e tab o lism  and  tra n s fo rm a tio n  o f co rtico id s , n o t p e rm ittin g , 
how ever, any  f in a l conclusion as to  a d re n a l secretion .

M ethods

A to ta l  o f 80 g u in ea  p igs o f b o th  sexes w eigh ing  250 to  900 g e ach  w as used. A d ren al 
v enous blood was co llected  b y  m eans of a c a n n u la  in se rte d  in to  th e  re n a l  vein . The an im als  
w ere an aesth e tized  w ith  0.01 g/100 g T h ia lb a rb ito n e  a n d  p re tre a te d  w ith  2 I .  U ./100 g h e p a rin .

Q u a lita tiv e  e s tim a tio n s  were m ade in  th e  poo led  blood fro m  10 to  15 an im als.
B lood for q u a n ti ta t iv e  de te rm in a tio n s w as  co llected  from  in d iv id u a l an im als fo r 10 to  

15 m in u tes . A C T H -load ing  w as m ade by  th e  a d m in is tra tio n  o f 5 I .  U . E x a c th in  (R ich ter , 
B u d ap es t)  da ily  for th ree  d ay s . The values a re  expressed  in  /«g co rtico id /k g  body  w e ig h t/  
h our.

Corticoid analysis w as perform ed b y  p a p e r  c h ro m a to g rap h y , u s in g  b o th  th e  b en zen e- 
fo rm am ide  system  of B u r t o n , Za f f a r o n i a n d  K e u t m a n  [1] an d  th e  sy s tem  B u s h  B 5 [3 ] .  
T h e  corticoids w ere e x tra c te d  as described p re v io u s ly  [7, 8, 9]. Id e n tif ic a tio n  o f in d iv id u a l c o r ti­
coids in  b o th  system s w as m ad e  (i) by  co m p ariso n  o f th e  R /  v a lu es w ith  those  of s ta n d a rd  
p re p a ra tio n s  (Organon, O ss), (ii) by  th e  a lk a lin e  fluorescence m eth o d , (iii) b y  th e  té traz o liu m  
re d u c tio n  te s t ,  (iv) b y  th e  a ce ty la tio n  re a c tio n .

T he ad renals w ere w eighed  on torsion  b a la n c e  w ith  an  accu racy  o f  1 m g , a n d  th e  w e ig h ts  
w ere expressed  in  m g/100 g b o d y  weight. C om p ariso n  w as m ade  b e tw een  th e  r ig h t an d  left, 
ad ren a ls , m ale  an d  fem ale  an im a ls , and n o rm a l a n d  A C T H -trea ted  g u in ea  pigs.
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Fig. 1. Schem atic d raw in g  d e m o n s tra tin g  se p a ra tio n  of co n ic o id s  fo u n d  in  th e  venous 
blood o f gu inea p ig  a d re n a l. T  — té tra z o liu m  red u ctio n . TJV =  N a O H  fluorescence.

21 o ' 12 0 ,

F ig . 2. A drenal w e ig h ts  expressed  in  m g/100 g  b o d y  w eigh t. W h ite  co lu m n  =  n o rm al; d a rk  
co lum n — A C T H -trea ted  an im als; R  =  r ig h t  a d ren a l; L  =  le f t  a d re n a l;  £  m ale an im a ls ; 

2  =  fem ale  an im als . F igu res re fe r  to  th e  n u m b er o f th e  an im a ls  used .
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R esu lts

Q u a lita tiv e ly , th e  following co rtico ids were o bserved  to  occur in  th e  
a d re n a l b lood (F ig . 1).

( i )  2 -a -h y d ro x y co rtiso le  or 6-/?-hydroxycortiso le. T hese de riv a tiv es  
ap p ea red  in  th e  b en zen e -m eth an o l-w a te r system  (sy stem  B u s h  B 5) , gave 
U Y  fluorescence w ith  sodium  h y d ro x y d e  an d  red u ced  té trazo liu m . T h e ir 
sm all am o u n t did n o t p e rm it m ore e x a c t id en tifica tio n .

( i i )  H y d ro co rtiso n e . I t  occu rred  in  b o th  sexes, red u ced  té trazo liu m , 
gave fluorescence w ith  N aO H , and  e x h ib ite d  a v a lu e  id en tica l w ith  th a t  
o f th e  s ta n d a rd  hy d ro co rtiso n e  p re p a ra tio n .

( i i i )  Cortisone.
( i v )  C orticosterone.
( V)  11 -dehydrocorticosterone.
T he q u a n tita tiv e  secre tion  p a t te r n  (T able I) rev ea led  th a t  in  all an im als 

hyd ro co rtiso n e  occurred  in  th e  g re a te s t a m o u n t. S ecretion  o f  o th e r com pounds 
w as irreg u la r. The to ta l  ad ren o co rtica l secretion , expressed  in  /ig '/k g '/h , w as 
less in  th e  guinea p ig  th e n  in  o ther species [10].

T able  I

A d ren o co rtica l secretion  in  n o rm a l anim als, exp ressed  in  /tg /kg /h . C pd F  — hy d ro co rtiso n e :
C pd E  =  cortisone; C pd В =  co rtico s tero n e ; Cpd A =  1 1 -dehydrocorticosterone

Cpd F Cpd E Cpd в Cpd A Total
amount:

a 9,8 _ 3,2
■ •

13,0

a 17,0 - 4.0 - 21,0

a 26,0 — 15,0 26,0 67,0

a 30,0 10,0 1,8 — 41,8

a 19,0 4,7 — 57,0 80,7

a 22,0 11,0 — — 33,0

$ 21,0 - — — 21,0

$ 48,0 19,0 — 4,7 71,7

$ 30,0 - — — 30,0

? 69,0 23,0 3,0 — 95,0

? 38,0 19,0 3,0 — 60,0

$ 50,0 10,0 2,4 — 62,4

$ 18,0 9,0 1,8 — 28,8
0 14,0 — 2,8 — 16,8

$ 12,0 - 1,5 — 13,5

? 13,3 — 1,9 15,2

Average 41,9



2 1 4 GY. TE LEG D Y , E. END RŐCZI and K . LISSÁK

Table II
A dren o co rtica l secre tion  a f te r  t r e a tm e n t  o f  th e  an im als w ith  5 I .  U . A C T H  d a ily  fo r th ree  
d ay s . Cpd F  =  h y d ro co rtiso n e ; Cpd E  =  co rtiso n e ; Cpd ß  =  co rtico s te ro n e ; Cpd A =  11-

dehy d ro co rtico ste ro n e .

Cpd F Cpd E
•

Cpd В Cpd A Total
amount:

3 4 2 ,0 — f — 5 4 ,0 9 6 ,0

3 8 2 ,0 — — — 82,0

3 9 9 ,0 19 ,0 4 ,0 — 122,0

? 6 1 ,0 — 10,0 — ’ 7 1 ,0

$ 6 2 ,0 — 10 ,0 73 ,0

? 4 4 ,0 — — 2 3 ,0 67 ,0

? 3 3 ,0 11 ,0 — — 44,0

? 6 3 ,0 — — - 63 ,0

? 6 4 ,0 - — — 64,0

$ 5 4 ,0 — — — 54,0

A verage 73 ,6

A CTH  tre a tm e n t e lic ited  an  increase  in  th e  to ta l  secre tion  (T able I I ) .  
T h is m an ifested  i ts e lf  m a in ly  w ith  an  e leva ted  h y d ro co rtiso n e  secre tion , 
w hile o th e r d e riv a tiv e s  b e h av ed  irreg u la rly .

As to  th e  w eight o f th e  ad ren a ls , th e re  w as no d ifference betw een  r ig h t 
a n d  left o rgans, no r b e tw een  m ale or fem ale an im als (F ig . 4). A C T H  was fo u n d  
to  increase ad ren a l w e ig h t.

D iscussion

U nlike in  o th e r  an im a l species, in  th e  gu inea p ig  th e  ad rena ls are sec re t­
ing  five cortico ids. M ost p o la r o f th ese  com pounds w as 2 -a -hydroco rtiso le  
o r 6-/3-hydroxycortisole. O ccurrence o f th ese  d e riv a tiv e s  in  th e  u rin e  w as 
d em o n stra ted  also b y  P e r o n  an d  D o r f m a n  [12], as w ell as N a d e l , Y o u n g  
an d  H il g a r  [13]. T he su b stan ce  n e x t in  p o la rity  w as h y d ro co rtiso n e , re p re s ­
en tin g  th e  b u lk  o f th e  horm ones secre ted . The p resence  o f co rtisone , c o r ti­
costerone an d  11-d eh y d ro co rtico s te ro n e  in d ica ted  t h a t  th e  ad rena ls a re  
r ich e r in  enzym e sy stem s in  th e  gu inea  p ig  th a n  in  o th e r  species. H ow ever, 
th e  occurrence of th e se  d e riv a tiv e s  w as n o t regu la r, an d  w e know  li ttle  o f th e  
fac to rs  de te rm in in g  th e ir  secre tion  an d  of th e  w ay in  w hich  th e  in te rre la tio n sh ip  
o f  these  fac to rs is in flu en c in g  th e  specific  re a c tiv ity  o f  th e  gu inea p ig.

A CTH  load  in c rea sed  m ain ly  th e  secretion  o f  h y d ro co rtiso n e , w ith  
th e  con co m itan t e lev a tio n  in  th e  to ta l  am o u n t sec re ted . A u g m e n ta tio n  o f
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o th e r d e riv a tiv e s  w as n o t reg u la r. T he 4 to  10-fold increase  in  cortico id  secre­
tio n  found  b y  o th e r  au th o rs  [4, 12] could  n o t be con firm ed  in  th ese  ex p erim en ts . 
T his d isc rep an cy  can  be p ro b a b ly  acco u n ted  for b y  d ifferences b o th  in  th e  
p re p a ra tio n s  u sed  an d  th e  ro u te  o f  a d m in is tra tio n .

As an  e ffec t o f  A CTH  tre a tm e n t ,  th e  ad ren a l w eigh t show ed  some inerease . 
N o side or sex  d ifference occu rred  in  th e  ad ren a l w eigh ts.
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Two h o u rs  a f te r  th e  in tra v e n o u s  a d m in is tra tio n  o f 35S -m eth ion ine  th e  ra d io ­
a c t iv ity  o f th e  l iv e r  an d  b ra in  w as + 3 0  an d  + 4 0  pe r cen t, re sp ec tiv e ly , h igher in  r a ts  
p rev io u sly  k e p t o n  a  m eth io n in e -d efic ien t diet, th a n  in  th e  n o rm a l co n tro ls. T here  w as 
no  difference b e tw een  th e  tw o g ro u p s o f ra ts , in  th e  rad io a c tiv ity ^> f m uscles, k id n ey , 
a n d  serum . T h u s, b in d in g  of m eth io n in e , a  sign of biochem ical re g en e ra tio n , occurred  f i r s t  
in  th e  liv e r  a n d  th e  b ra in .

In  p rev ious ex p e rim en ts  in  ra ts  we d e te rm in ed  th e  sequelae o f th e  
p a th o lo g ic  process in d u ced  b y  m eth io n in e  defic iency  [9, 11, 12, 13]. T h ro u g h  
loss o f  w eigh t, m e th io n in e  d efic iency  led  to  ra p id  an d  severe  d y stro p h y , as 
i t  co u ld  be  expec ted , since i t  h a d  b een  d em o n stra ted  [6, 7, 16, 17] th a t  m e th io ­
n in e  w as an  essen tia l am ino  ac id  th e  defic iency  o f w h ich  w ould  lead  to  a 
b re a k d o w n  of n itro g e n  ba lan ce  in  th e  r a t  an d  in  m an  a like . T h e  b est-k n o w n  
ch an g e  in  th e  p a th o lo g ica l p rocess is th e  liv e r  lesion  [1, 2, 3, 4 , 5, 8], h u t o th e r  
chan g es a re  also o b serv ab le  [9, 11, 12, 13].

A ltho u g h  th e  sequelae  to  m e th io n in e  deficiency h a d  b een  id en tified , i t  
s t i l l  re m a in e d  q u es tio n ab le  w h e th e r or n o t th e  changes p ro d u ced  w ere reversib le . 
To e lu c id a te  th is  p ro b lem , we p e rfo rm ed  ex p erim en ts  w ith  35S lab e lled  m e th io ­
n ine.

M ethods

A  gro u p  of 12 r a ts  w as m a in ta in e d  o n  a sem isynthetic , m eth ion ine-defic ien t diet? 
com posed  o f  g lue, 18 p e r  c en t; d ried  y e a s t,  3 p e r  cen t; fa ts , 10 p e r  c e n t;  n o rm a l sa lt m ix tu re  
(Sós [10]), 4  p e r cen t; cod liv e r  oil, 1 p e r  c e n t;  s ta rch , 64 pe r cen t. T h e  co n tro l g roup  o f 12 
ra ts  w as fed a  sim ilar d ie t  w hich  in s te a d  o f  th e  glue co n ta in ed  a n  e q u a l q u a n ti ty  o f casein .

T h e  ac tiv e  am ino  acid  co n ta in in g  95 p e r cen t m eth io n in e  a n d  5 p e r  c en t su lph ide  
c o n ta m in a tio n , w ith  a specific  a c tiv ity  o f  390 m c/g , was d issolved in  10 m l o f physio logical 
sa line . T he s to ck  so lu tion  th u s  o b ta in ed  h a d  a specific a c tiv ity  o f 820 p c /m l . T his was d ilu ted  
2.5-fo ld , to  o b ta in  a  specific  a c tiv ity  o f 328 p,c/m l. T he single dose w as 0.5 m l, i. e. 164 f ie ,  
co rresp o n d in g  to  0.4 m g o f  m eth io n in e . T h e  5 p e r cen t su lph ide  c o n ta m in a tio n  was ig n o red .

T h e  ex p erim en ts  w ere m ade  21, 28 a n d  31 d ays, respec tive ly , a f te r  s ta r tin g  th e  m eth io ­
n in e -d e fic ien t d ie t. T he r a ts  w ere an aesth es ized  w ith  u re th an e . 0.5 m l o f  th e  labe lled  m eth io ­
n in e  so lu tio n  was in je c te d  in to  th e  fem o ra l v e in  an d  th e  an im als w ere k illed  b y  d eca p ita tio n  
2 h o u rs  la te r .  T he b lood w as cen trifu g ed , a n d  th e  serum  w as p ip e tted  off. T he b ra in  (cerebrum , 
d ien cep h a lo n  an d  m esencephalon , pons a n d  m edu lla  ob long .), th e  liv e r , k id n ey s  an d  a specim en 
o f th e  g a stro cn em iu s m uscle  w ere rem o v ed  fo r s tu d y . T he organs w ere w eighed , th e  a liq u o ts  
o f  th e  l iv e r , k id n ey  an d  b ra in  w ere w eighed on  an a ly tic a l scales. T h e  o rg an s w ere hom ogenized 
w ith  2 m l o f d istilled  w a te r  in  a  P o t te r  hom ogenizer, an d  th e  vo lum e w as a d ju s te d  to  5 m l.
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L ikew ise , th e  0.5 m l sp ec im en s of p lasm a w ere a d ju s te d  to  5.0 m l. O f each  hom ogenate  am o u n ts 
o f  0.5 m l were m easu red  in to  a lu m in iu m  dishes a n d  d ried  care fu lly  so as to  o b ta in  a hom oge­
neo u s p rep ara tio n . T hus th e  specim en  con ta ined  m ore th a n  30 m g /sq u are  cm and  th e  m easu re ­
m e n t w as m ade on th e  b a s is  o f  th e  in fin ite ly  th ic k  lay e r  p rincip le . T h e  im pu lses w ere coun ted  
b y  m ean s of a  GM c o u n te r  w ith  a th in  end w indow .

F ro m  th e  a c tiv ity  a n d  w eigh t o f th e  sam ple  th e  a c tiv ity  ta k e n  u p  b y  1 g and  b y  th e  
w ho le  o rg an  was co m p u te d . F ro m  th e  a c t iv ity  in je c te d  and  from  th e  to ta l  a c tiv ity  ta k e n  up 
b y  th e  organ  th e  p e rce n ta g e  u p tak e  o f m e th io n in e  b y  th e  o rg an s in  2 h o u rs  was com puted .

B ra in , k idney  a n d  l iv e r  w ere w eighed. T he q u a n ti ty  o f m uscle  a n d  p lasm a  w as d e te r ­
m in ed  b y  com puta tion , on  th e  basis o f averages fo r o th e r  d a ta , tak in g  fo r m uscle w eigh t 40 pe r 
c e n t  o f th e  body  w eigh t, a n d  fo r th e  average  c ircu la tin g  p lasm a vo lu m e, 2.6 m l/100 g.

R esu lts

T he m eth io n in e  u p ta k e  values fo r b o th  th e  co n tro ls  an d  for th e  ra ts  
fe d  a  m eth io n in e -d e fic ien t d ie t show ed l i t t le  sc a tte rin g , a fa c t in d ica tin g  th e  
re lia b il i ty  of th e  m e th o d  em ployed.

T here was no d iffe ren ce  in  th e  to ta l  35S -m eth ion ine  c o n te n t o f th e  organs 
b e tw een  the  co n tro l a n d  th e  m eth io n in e-d efic ien t r a ts  (T ab le  I). T he organs

Table I

a6S uptake by organs.
M eans and  deviations fro m  the mean fo r  group o f  12 anim als

Mean activity, 1000 counts/g Percentage uptake from injected activity

Controls j Methionine-deficient : 
animals Controls Methionine-deficient

animals

L iver 31 ± 5 42 ± 6 4 .8 ± 0 .8 6.7 ± 0 .8

B rain 4.5 ± 0 .6 5 .8 ± 0 .7 0.25 ± 0 .0 4 0.34 ± 0 .0 5

K id n ey 5 4 ± 7 45 ± 9 2.1 ± 0 .3 1.8 ± 0 .3

M uscle 2.75 ± 0 .4 2.49 ± 0 .4 4 .4 4 ± 0 .6 3 .5 4 ± 0 .5

Serum 24 ± 4 21 ± 6 2.5 ± 0 .4 2.2 ± 0 .5

T o ta l 116 116 14.2 14.2

o f th e  contro ls c o n ta in e d  a to ta l  c f  14.2 p e r cen t o f th e  am o u n t in jec ted , 
th o se  of th e  m e th io n in e -d e fic ien t ra ts  14.6 p e r cen t. T here  w as no difference 
b e tw een  th e  c o n tro l an d  m eth ion ine-defic ien t r a ts  in  th e  35S-m ethionine 
c o n te n t of m uscle, k id n e y  and  serum  e ith e r , b u t th e re  w as a s ign ifican t d if­
fe rence  in  th e  u p ta k e  b y  liv er an d  b ra in .

The con tro l liv e rs  to o k  up  4.8 p e r cen t, th e  m e th ion ine-defic ien t ones 
6.7 p e r cen t of th e  a c t iv i ty  in jec ted . T he d ifferences are  even  sh a rp e r i f  we 
an a ly se  th e  ac tiv e  m eth io n in e  co n cen tra tio n  of th e  o rgans. T he p e rta in in g  
v a lu e s  were 31 000 coun ts/m in /g  for th e  con tro ls a n d  42 000 counts/m in /g  
fo r th e  m e th io n in e -d e fic ien t ra ts . T he m ean  of 31 000 coun ts/m in /g  was
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exceeded  b y  f iv e  o f th e  co n tro ls  an d  b y  10 of th e  m eth io n in e-d efic ien t r a ts  
(F ig . 1). S ta tis t ic a l  analysis show ed th e  d ifference to  be s ig n ifican t (P  <  0.01).

T he m e th io n in e  u p ta k e  b y  th e  co n tro l b ra in s  w as 0 .25 p e r cen t, as com ­
p ared  w ith  th e  0.34 p er cen t fo r th e  d e fic ien t an im als. T he sign ificance of th is

F ig . 1. 35S-M eth ion ine u p ta k e  b y  th e  liv e r . N  : n o rm a l ra ts . D  : m e th io n in e -d efic ien t ra ts .  
T he f i r s t  tw o co lum ns show th e  u p ta k e  b y  th e  w hole livers, th e  o th e r  tw o  th e  a c tiv ity  p e r 

1 g liv e r  tis su e . T he colum ns re p re se n t th e  m ean s, th e  do ts th e  in d iv id u a l values

Fig. 2. 35S-M eth ion ine u p tak e  b y  th e  b ra in . N  : r a ts  fed  a  no rm al d ie t. D  : r a ts  fed a m e th io ­
n ine-d efic ien t d ie t. T h e  f ir s t  tw o co lum ns show  th e  u p ta k e  p e r w hole  b ra in , th e  second tw o  
th e  a c tiv ity  p e r 1 g b ra in  tissue . T he colum ns re p re se n t th e  m eans, th e  d o ts th e  in d iv id u a l

resu lts

difference w as b e s t show n b y  th e  35S -m eth ion ine  c o n cen tra tio n  of th e  b ra in s . 
T he m ean  specific  a c tiv ity  for th e  con tro ls  w as 4400 co u n ts/m in /g , as com pared  
w ith  th e  5800 co un ts/m in /g  v a lu e  for th e  ex p e rim en ta l g roup . None of th e  
con tro ls  reach ed  a co n cen tra tio n  of 6000 co u n ts/m in /g , w hile 6 of th e  m e th io ­
n ine-defic ien t r a ts  show ed even  h ig h er va lues (F ig . 2). T he d ifference betw een  
th e  groups w as s ta tis tic a lly  s ig n if ican t (P  <  0.01).

Acta Physiologica XVIII/3.
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I t  m ay  be co n c lu d ed  th a t  th e  3äS -m eth ion ine  u p ta k e  b y  th e  b ra in  a n d  
l iv e r  is  increased  b y  a m e th io n in e -d e fic ien t d ie t, a fa c t p o in tin g  to  th e  occu r­
ren ce  o f  b iochem ica l re g e n e ra tio n  as e a r ly  as 2 hours fo llow ing  th e  a d m in is tra ­
t io n  o f  m e th io n in e .

D iscussion

I t  is com m on know ledge th a t  m e th io n in e  d efic iency  lead s to  liv e r  lesion 
a n d  th a t  m e th ion ine  p ro te c ts  th e  liv e r  [1, 2, 3, 4, 5, 8]. I t  could  be a n tic ip a te d  
t h a t  a f te r  feeding a m e th io n in e -d e fic ien t d ie t th e  o rg an ism  w ill ta k e  u p  
m e th io n in e  a t  an  in c re a se d  ra te , in  o rd e r to  com pensate  th e  loss. As seen , a f te r  
a m e th io n in e  d efic ien cy  la s tin g  from  20 to  31 days (a loss o f b o d y  w e ig h t o f  
25 to  35 p er cen t) th e  changes in  th e  liv e r  were possib le  rev e rs ib le , because  
t h a t  o rg an  to o k  u p  in c rea sed  a m o u n ts  o f  m eth io n in e . I t  is possib le  t h a t  th e  
re g e n e ra tio n  of th e  l iv e r  w as follow ed la te r  b y  an  in c rea sed  m eth io n in e  u p ta k e  
b y  th e  m uscles a n d  k id n e y , b u t th is  cou ld  n o t be d e m o n s tra te d  in  our e x p e ri­
m e n ts  w hich la s te d  o n ly  2 hours.

T h e  in creased  35S -m eth ion ine  u p ta k e  b y  th e  b ra in  w as re m a rk a b le  since 
in  o th e r  ex p erim en ts  [14, 15] i t  w as fo u n d  th a t  ce reb ra l c o rtic a l fu n c tio n  d id  
n o t  re g e n e ra te  ev en  w hen  th e  o th e r  o rg an s were h is to lo g ica lly  re s to re d  to  
n o rm a l. In  th e  p re se n t series of e x p e rim e n ts  th e  onset o f b iochem ica l re g e n e ra ­
t io n  w as ev id en t 2 h o u rs  a fte r  th e  a d m in is tra tio n  of m e th io n in e . I t  seem s 
th a t  th e  re s to ra tio n  o f  fu n c tio n  lags fa r  b eh in d  th is .
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A new  p ro o f  o f th e  role p lay ed  b y  m eth io n in e  in  cellu la r a n d  h u m o ra l defence 
is p resen ted . In  a d d itio n  to  th e  d e le te rio u s  o rgan ic  effects o f th e  m eth io n in e -d efic ien t 
d ie t, in h ib itio n  o f  th e  h e te ro h ae m o tro p in  im m u n e  response is also b ro u g h t a b o u t, 
b y  a n  as y e t u n k n o w n  m echanism .

A nim als fed on  low -calorie a n d  lo w -v itam in  d iets a re  know n  to  h av e  
a d im in ish ed  resistance  to  infections. A fte r  th e  an tibod ies h a d  b een  show n to  be 
o f p ro te in  charac ter, increased  a t te n tio n  w as d ev o ted  to  th e  re la tio n  o f p ro te in  
m e tab o lism  to re s is tan ce , n a tu ra l or a c q u ire d . I n  our ea rlie r s tu d ies  th e  in t r a ­
v en o u s ad m in is tra tio n  o f p ro te in  h y d ro ly sa te s  was fo u n d  to  enhance  th e  
p h ag o cy to sis  of b a c te r ia  by  leucocy tes b o th  in  m an  an d  in  ex p e rim en ta l 
an im a ls  [1]. P rep a ra tio n s  con ta in ing  am in o  acids increased  leucocy tic  p h ag o ­
cy to s is  also in  vitro. T h e  am ino acids co n ta in in g  su lfu r p ro v e d  to  be p a r t ic ­
u la r ly  ac tive  [2]. O n th e  o ther h a n d , i t  is also know n th a t  leucocy tic  p h ag o ­
cy to sis  an d  an tib o d y  p rodu c tio n  s ig n if ic a n tly  d im in ish  in  an im als fed on a 
d ie t p o o r in  pro te in  [3 — 15].

I t  has been o bserved  th a t  th e  h u m o ra l defensive m echan ism  is m u ch  
m ore sensitive  to  p ro te in  deficiency th a n  th e  cellu lar one [16]. T here  is u n e ­
q u iv o ca l evidence o f th e  profound  in f lu e n c e  ex e rted  b y  a p ro te in -d e fic ien t d ie t 
on sy s tem ic  defence. In  possession of th e se  d a ta  we exam ined  th e  effect o f a d ie t 
d e fic ie n t in  a single am ino  acid on th e  im m u n e  response of th e  o rgan ism . N um e­
rous ex perim en ts h a v e  called  a t te n tio n  to  th e  deleterious effects o f a defic iency  
in  su lfu r-co n ta in in g  am ino  acids, o f w h ich  m eth ion ine  seem s to  p lay  a role 
o f decisive  im p o rtan ce  [17, 18, 19]. W e h av e  there fo re  m ad e  th e  follow ing 
ex p e rim en ts .

M ethods

R a ts  were fed on  th e  m eth io n in e -d efic ien t d ie t  described  b y  Sós [20] an d  w ere te s te d  
fo r h e te ro h aem o tro p in  p ro d u c tio n  by  th e  in  vivo  m e th o d  described b y  one o f  us [21]. A to ta l  
o f 56 a lb in o  ra ts  o f e ith e r  sex , weighing a b o u t  100 g, were used , in  th ree  g roups.

G roup  1. 18 ra ts  w ere  fed a m e th io n in e -co n ta in in g  d ie t and  w ere in je c te d  1 m l doses 
in tra p e r i to n e a lly  o f w ash ed  sheep e ry th ro c y te s .

G roup  2. 19 ra ts  w ere fed th e  m eth io n in e -d efic ien t d ie t an d  im m u n ized  w ith  sheep e ry th -  
o rc y te s  as above.

G roup  3. 19 ra ts  b efo re  im m u n iza tio n  show ed  th e  sp on taneous p h ag o cy to sis  v a lu es. 
T h ree  w eeks a fte r im m u n isa tio n  each r a t  w as in je c te d  5 ml o f a 5 p e r c en t suspension  of

4 *
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sheep  e ry th ro cy te s  in tra p e r i to n e a lly .  T he co n tro l ra ts  w ere t r e a te d  in  th e  sam e w ay . T h ree  
h o u rs  la te r  sm ears w ere m a d e  o f th e  ab d o m in a l e x u d a te s  and w ere  s ta in ed  acco rd ing  to  M ay- 
G riinw 'ald and Giem sa. F o u r  h u n d re d  leucocy tes w ere co u n ted  in  ev ery  case and  th e  h e te ro -  
h a em o tro p in  va lue  w as ex p ressed  in  te rm s o f th e  p e rcen tag e  o f phagocy tosed  e ry th ro c y te s  
am o n g  th e  ex u d a te  cells.

Table I

H etero-haem otropin in vivo Spontaneous
phagocytosis

No ,

Control rats
M ethionine- 

deficient ra ts

im m unized 
w ith  sheep 
ery throcytes

l . 15.25% 3.75% 0 .2 0 %

2. 16.75% 8.25% 2 .7 5 %

3. 13.75% 6.00% 0.50%

4. 10.25% 3.25% 1.20%

5. 9.50% 12.25% 0.75%
6. 10.25% 2.00% 1.00%
7. 23.50% 4.50% 0.50%
8. 12.75% 5.75% 2.50%

9. 21.25% 7.25% 0.50%
10. 13.00% 2.50% 1.00%
11. 18.00% 6.75% 0.70%
12. 14.00% 6.00% 2.50%
13. 23.00% 1 3 .2 5 % 1.50%
14. 8.50% 6.00% 0.20%
15. 10.50% 4.25% 0.70%
16. 8.25% 3.25% 1.75%
17. 9.00%

•^O 
o

' ■ 
<2>»-4 1.00%

18. 4 .0 0 % 1.50% 0.75%

19. 8.25% 1.50%

M ean 13.41% 5.48% 1.13%

R esults

In  th e  th ird  co lu m n  in  T able I  are  th e  h e te ro h aem o tro p in  values for th e  
r a ts  fed  on th e  m e th ion ine-defic ien t d ie t. T he range  w as 1.5 to  13.25 p er cen t, 
w ith  a m ean of 5.48 p e r  cen t, exceeding s ig n ifican tly  th e  spon taneous p h a g o ­
cy to sis  value of 1.13 p e r  cen t. H ow ever, as com pared  w ith  th e  values for th e  
ra ts  fed on the  co m p le te  d ie t (range 4 to  23.5 p er c en t, m ean  13.41 per cen t) 
th is  w as a sig n ifican t decrease in im m une  response. T hese d a ta  are su p p o rte d
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b y  th e  earlier ex p e rim en ts  of R a u g a m  an d  Ch a n d r a  [22], w ho found  a m a rk e d  
decrease in  co m p lem en t titre  in  g u in ea  pigs fed a d ie t poor in  m eth ion ine  and  
cy stin e . A s im ila r decrease is n o te d  i f  we add  up  th e  va lu es  for th e  phagocy- 
to sed  e ry th ro c y te s  in  our p re sen t ex p erim en ts . I t  w ill be fo u n d  nam ely  th a t  
w hile  th e  leu co cy tes  of the c o n tro l an im als p h ag o cy to sed  a to ta l  o f 2547 
e ry th ro cy te s , th o se  of the m e th io n in e -d e fic ien t ra ts  p h ag o cy to sed  m ere ly  
1065.

F u rth e r  s tu d ie s -a re  req u ired  to  give th e  answ ers to  such  questions as 
fo r exam ple: does a deficiency in  o th e r  su lfu r-co n ta in in g  am ino acids cause  
a  s im ila r defect in  im m une  phag o cy to sis?  W h a t is th e  u n d e rly in g  m echan ism ? 
e tc .
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T he b io log ical ac tions of a new  a n tifu n g a l  an tib io tic  (an tib io tic  T) p re v io u s ly  iso la ted  
fro m  Cephalosporium  sp. have b een  in v e s tig a te d . A s a consequence o f th e  resem blance 
in  chem ical s tru c tu re ,  th e  effects o f a n tib io tic  T  w ere v e ry  sim ilar to  th o se  o f trich o tec in . 
I t s  an tib io tic  a c t iv ity  in  vitro w as re la tiv e ly  low  a n d  fu n g is ta tic  in  c h a ra c te r . I ts  to x i­
c ity  was v e ry  s lig h t, b u t  re liab le  p h a rm aco lo g ica l in v es tig a tio n  w as m ad e  d ifficu lt 
b y  th e  d ru g ’s v e ry  p o o r so lubility  i n  w a te r . A n  effective  blood lev e l a f te r  ad m in is tra ­
tio n  o f an tib io tic  T  could no t be d e m o n s tra te d  e ith e r in  th e  m ouse, o r  in  th e  ra t.  This 
f in d in g  can b e  p a r t ly  accounted  fo r  b y  th e  in a c tiv a tio n  of th e  d ru g  in  th e  blood. 
C andida  in fec tio n  in  m ice could n o t  be  overcom e b y  a n tib io tic  T . W h en  app lied  on 
h u m an  or a n im a l sk in , i t  caused i r r i ta t io n .  T he n u m b er o f y eas t cells p re se n t in  th e  
faeces of m ice fed  w ith  an  O x y te tracycline  co n ta in in g  d ie t was d ecreased  b y  an tib io tic  
T  g iven  orally  in  h ig h  doses. The a lc o h o l p a r t  re su ltin g  from  th e  h y d ro ly sis  o f an tib io tic  
T  show ed p ro p e rtie s  ind ica ting  th a t  th e  p re p a ra tio n  of some d e riv a tiv e s  o f  th is  alcohol 
m a y  lead  to  co m p o u n d s of m ore fa v o u ra b le  an tifu n g a l p roperties .

In  a p rev ious p a p e r  we h a v e  described  a new an tifu n g a l an tib io tic  
iso la te d  from  th e  c u ltu re  of a C ephalosporium  sp . s tra in  [1]. T h e  substance  
is d iffe re n t from  e v e ry  an tifunga l a n tib io tic  know n  u n til  y e t. C hem ically , th e  
c ry s ta llin e  com pound  is an ester c o n ta in in g  on ly  th e  e lem ents C, H  and  O. 
I t s  so lu b ility  is p oo r in  w ater (0.1 m g /m l w ith  boiling), m ed iu m  in  alcohol 
a n d  in  sunflow er o il, good in organ ic  so lv en ts . W hen dissolved in  w a te r, th e  
su b s ta n c e  w ith s ta n d s  boiling a n d  c a n  be s to re d  for 2 m o n th s  a t  37°C 
w ith o u t change in  a c tiv ity . In  oil so lu tio n , a t  room  te m p e ra tu re , i t  is s tab le  
fo r 5 m o n th s , and  in  p ro p y len e  g lycol fo r m ore th a n  th re e  w eeks. C hem ically , 
i t  is c losely  re la ted  to  trich o tec in  f ro m  w hich  i t  can  be se p a ra te d  b y  pap er 
ch ro m a to g rap h y . T h e  s ligh t d ifference  in  th e  in fra red  sp ec tra  o f th e  tw o 
co m pounds po in ts  to  th e  fact t h a t ,  u n lik e  tric h o te c in , th e  new  an tib io tic  
c o n ta in s  no k e to n e  g roup . The ch em ica l s tru c tu re  o f tr ic h o te c in  has been 
c la rif ie d  recen tly  b y  F reem an  [2 ] ,  w ho d e m o n s tra te d  th is  a n tib io tic  to  
c o n sis t of a special alcoholic p a r t  (trich o teco lo n e) an d  o f iso c ro to n ic  acid. 
W e succeeded  in  id e n tify in g  iso c ro to n ic  acid  on th e  p a p e r ch ro m ato g ram  
am o n g  th e  sp littin g  p ro d u c ts  of th e  h y d ro ly z e d  new  an tib io tic  [1], b u t th e  
a lcoho lic  com ponen t o b ta in ed  w as n o t id e n tic a l w ith  trich o teco lo n e  [6]. 
U n til  th e  f in a l e lu c id a tio n  of its  ch em ica l s tru c tu re , th e  su b stan ce  is called 
a n tib io tic  T . The p re se n t paper d e a ls  w ith  th e  ac tions in  vitro  and  in  vivo 
o f  a n tib io tic  T.
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M ethods

A n tifu n g al a c t iv ity  w as in v es tig a te d  b y  m eans o f th e  se ria l ag ar-d ilu tio n  m eth o d . 
T he m ed iu m  used (ag ar P g )  consisted  of 1 p e r c en t p ep to n e , 0.5 p e r  cen t glucose, 0.5 p e r  cent 
sod ium  ch loride, 2 p e r c e n t  ag ar-ag a i, an d  w as a d ju s te d  to  p H  7.0 T he tu b es w ere in cu b a ted  
a t  25° C. A n tib io tic  T  d isso lv ed  in  alcohol w as ad d ed  to  th e  f i r s t  tu b e .

T h e  solu tions c o n ta in in g  a n tib io tic  T  w ere te s te d  a g a in s t Candida albicans. F o r  th is  
pu rp o se  20 m l o f ag ar P g  w as p o ured  in to  a  P e tr i-d ish  a n d  th e  surface  was in o cu la te d  w ith  
a  1 to  100 d ilu tion  of a la b o ra to ry  s tra in  o f  C andida albicans p re v io u s ly  cu ltu red  in  P g  so lu tion  
for 24 h o u rs . 0.1 m l w as p ip e t te d  in to  8 m m  a g a r  holes an d  th e  d ishes were in cu b a te d  a t  37°C 
fo r 18 h o u rs , w hen th e  d ia m e te r  o f th e  in h ib i te d  a rea  was m easu red . T he m arg in  o f th e  in h i ­
b i to ry  r in g  produced b y  a n tib io tic  T  is n o t  sh a rp : indeed , i t  is  a  double  rin g . T he d a ta  to  be 
p re sen te d  refer to  th e  d ia m e te r  o f th e  e n tire  in h ib itio n , th e  e v a lu a tio n  of w hich cou ld  be  m ade 
o n ly  w ith  ap p ro x im ate  a cc u rac y . S en sitiv ity  o f  th e  m eth o d  ch an g ed  w ith  th e  a m o u n t o f th e  
in o cu lu m , th e  tim e o f m ea su rin g , as w ell as w ith  o th e r fa c to rs . U n d er su itab le  con d itio n s, 
th e  lo w er l im it  o f th e  se n s i t iv i ty  was 10 /xg/'ml.

In a c tiv a tio n  b y  b lo o d  o r bile o f th e  a n tib io tic  w as in v e s tig a te d  as follows. T he su b s tan ce  
w as dissolved in  p ro p y len e  glycol and ad d ed  to  th e  m ix tu re  in  an  a m o u n t th a t  th e  f in a l 
so lv en t co n cen tra tio n  sh o u ld  n o t exceed 2 p e r  cen t, in  o rd e r to  avo id  b lood c lo ttin g . T he 
b lood  o r b ile  co n ta in in g  th e  a n tib io tic  w as th e n  in cu b a ted  a t  37°C and  th e  in h ib ito ry  c ap ac ­
i ty  o f  sam ples tak e n  a t  a p p ro p ria te  in te rv a ls  w as m easu red .

T he influence on  th e  y e as t cells p re se n t in  th e  g a s tro in te s tin a l t r a c t  o f m ice w as in v e s ti­
g a te d  as follows. T he a n im a ls  w ere k e p t te n  d ay s p rio r to  a n d  d u rin g  th e  e x p erim en ts  on a 
d ie t  described  by  Sós [3] w i th  th e  m o d ifica tio n  th a t  th e  m e a t m ea l p rescribed  w as su b s titu te d  
w ith  caseine. The food  w as supp lem en ted  w ith  1 m g/g O xy te tracy c lin e  c itra te  an d  th e  da ily  
p o r tio n  (3 to  4 g pe r m o u se) w as knead ed  b y  m ean s o f h o t  w a te r . F re sh  d rin k in g  w a te r  w as 
g iv en  to  th e  anim als d a ily . A fte r  te n  d ay s , th e  y eas t cell c o u n t o f  th e  faeces w as c o u n ted . 
T he su b stan ce  susp en d ed  in  5 p e r cen t gum  a rab ic  w as th e n  a d m in is te red  b y  a s to m ach  tu b e  
in  a  vo lum e of 0.2 m l d a ily  fo r  th ree  days. 24 h o u rs  as Well as 3 to  4 days a f te r  th e  la s t  dose 
th e  y e a s t cells were c o u n te d  again . The c o u n t was expressed  in  te rm s of cells in  m g faeces 
(w et w eigh t): a fresh ly  o b ta in e d  faeces p e lle t w as suspended  in  w a te r, and  a f te r  su itab le  
d ilu tio n , spread w ith  a  g lass  rod  over th e  su rface  of a b ro th -a g a r  o f p H  6.0, co n ta in in g  0.5 
p e r c e n t glucose and  0.1 m g /m l ch loram phen ico l. A fter d ry in g  th e  dishes were k e p t a t  37°C 
fo r th e  f i r s t  24 hours a n d  a t  room  te m p e ra tu re  for a n o th e r 24 h ours. T h ereafte r, th e  colonies 
g ro w n  w ere counted .

In fec tio n  of m ice  w as carried  o u t b y  using  a  la b o ra to ry  s tra in  o f C andida albicans 
iso la te d  from  a  p a tie n t  su ffe rin g  from  sy stem ic  m ycosis. T he s tra in  was c u ltiv a ted  on  Pg a g a r  
s la n ts  fo r 48 hours; a f te r  susp en d in g  u n d e r a sep tic  con d itio n s, th e  cells w ere cen trifu g ed  and  
th e  suspension  was d i lu te d  to  give th e  desired  cell coun t in  a  v o lu m e of 0.2 m l. T his w as in tr a -  
p e rito n ea lly  in jec ted  to  m ice  weighing 18 to  22 g. T rea tm e n t o f  th e  an im als was pe rfo rm ed  by  
th e  subcu taneous ro u te .

T he n y s ta tin  sam p le s  used  for com p ariso n  co n ta in ed  3300 u n its /m g .

Results

T he a n tifu n g a l a c tiv ity  o f a n tib io tic  T is su m m arized  in  T ab le  I . T he 
fu n g is ta tic  ac tion  w as tem p o ra ry  in  c h a ra c te r , i. e. g rad u a lly  decreased  from  
d a y  to  day. W hile som e path o g en ic  fu n g i were in h ib ite d  strong ly , o th e rs  only  
s lig h tly . H ence, th e  ch a rac te ris tic s  o f th e  in h ib itio n  g rea tly  resem bled  those  
o f trich o tec in . A n tib io tic  T p roved  to  be 3 to  4 t im e s  w eaker th a n  tr ic h o te c in  
a g a in s t Candida albicans and  2 to  10 tim es w eak er agains p la n t-p a th o g e n ic  
fu n g i (no t in c lu d ed  in  T able I). As es tab lish ed  a f te r  24 hours on Candida  
albicans, 0.01 p er c e n t  an tib io tic  T  w as of id e n tic a l a c t iv i ty  as 0.0033  p e r cen t 
( = 1 0 0  U/ml) n y s ta t in .  I n  th e  ex p erim en ts  of F r e e m a n  [4] tr ich o tec in  w as also 
m ore  ac tive  th a n  a n tib io tic  T  in  ou r ow n ex p e rim en ts .
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Table I

Inh ib itory  action o f  an tib io tic  T  on various fu n g i

Incubation, days

1 I 2 j 5 J 8 I 14
inhibitory concentration, цg/ml

Cryptococcus neoformans 2.5 10.0 15.5 40.0

Candida albicans 4.0 11.0 45.0 90.0

Saccharomyces cerevisiae 5.0 10.0 20.0 37.0

Aspergillus niger 100.0

Trichophyton mentagrophytes 2.5 40.0 90.0

Epiderm ophyton inguinale 4.0 20.0

M icrosporon A udouin i 1.2 2.5 5.0

T he very  po o r so lu b ility  of a n t ib io t ic  T in  w a te r  re n d e re d  th e  p h a rm a ­
cological in v es tig a tio n s  som ew hat d if f ic u lt . The LD 60, w h ich  could  be d e te r ­
m in ed  on ly  b y  u s in g  a suspension in  10 p e r  cen t gum  a ra b ic , w as 810 m g/kg  
on in tra p e r ito n e a l a d m in is tra tio n  to  m ice , and  over 1000 m g/kg  a f te r  o ra l 
a d m in is tra tio n . D oses low er th a n  th e  L D 50 caused t r a n s ie n t  dysp n o ae , p a ra ­
ly ses, collapse an d , occasionally , co n v u ls io n s , p henom ena h ig h ly  resem bling  
th o se  observed  b y  F r eem an  after tr ic h o te c in  a d m in is tra tio n  [4]. W hen given 
to  m ice su b cu tan eo u sly , an tib io tic  T  su sp en d ed  in  o il w as le th a l  a t  th e  500 
m g/kg  dose; occasional deaths o c c u rre d  a f te r  doses b e tw een  100 a n d  500 
m g/kg . F o r th e  r a t ,  th e  suspension in  o il was m ore to x ic , cau sin g  d e a th  over 
100 m g/kg . A s im ila r difference b e tw e e n  th e  su scep tib ility  o f ra ts  an d  m ice 
w as observed  by  F r e e m a n  in  th e  case o f  tr ich o tec in . A n tib io tic  T  w as adm in is­
te re d  also  in  20 p e r c e n t m ethano l, 250 m g /kg  su b cu tan eo u sly  w as n o t le th a l; 
h ig h er doses could n o t  be given b e c a u se  o f the. to x ic  effec ts  of alcohol. 20 
m g /kg  an tib io tic  T  in  10 per cen t e th a n o l produced  a s lig h t b lood  p ressu re  
fa ll in  th e  cat. T his so lu tio n  was p re p a re d  im m ed ia te ly  b efo re  in jec tio n  and  
co n ta in ed  5 mg a n tib io tic  T in  each m l. H ig h er c o n cen tra tio n s  could  n o t b e  
ad m in is te re d , as a n tib io tic  T was p re c ip ita te d . The dose o f  20 m g/kg given 
3 to  4 tim es  successively  showed an  id e n t ic a l  re s id t. A n tib io tic  T in  c o n c e n tra ­
tio n s  o f  10 4 to  H P 5 M  irrev e rs ib ly  w eak en ed  th e  fu n c tio n  o f th e  iso la ted  
frog h e a r t ,  im p aired  co n d u c tiv ity  a n d  caused  a tr io -v e n tr ic u la r  d issocia tion  
an d  th e  h e a r t f in a lly  stopped .

N e x t, an  a t te m p t  w as m ade to  m easu re  th e  serum  lev e l o f a n tib io tic  
T  in  m ice an d  ra ts  a f te r  su b cu tan eo u s, o ra l , in tra p e r ito n e a l re sp . in trav en o u s  
a d m in is tra tio n . P ro p y le n e  glycol, d i lu te d  m eth an o l, oil o r gum  a rab ic  w ere 
used  as so lven ts. T h e  an im als were k i l le d  betw een  5 m in u te s  an d  24 h o u rs  
a f te r  th e  a d m in is tra tio n  o f 25 to  50 m g /k g  an tib io tic  T , a n d  th e  in h ib ito ry
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e ffec t on Candida o f  th e  blood ta k e n  from  th e  h e a r t (m ouse) or th e  ta il  (ra t) 
w as de te rm in ed . A g re a t  n um ber o f a t te m p ts  to  d e m o n s tra te  a m easurab le  
se ru m  lev e l was u n successfu l, even if  th e  an tib io tic  w as ad m in is te red  in t r a ­
v e n o u s ly  in  doses (0.2 to  0.4 m g p e r  m ouse) enough to  be c e r ta in ly  p resen t 
in  se ru m  if  d is tr ib u te d  in  th e  whole f lu id  space. Iv . in je c tio n  o f 2 to  4 m g p e r 
m o u se  resu lted  in  a se ru m  level te n  tim e s  low er th a n  ex p ec ted . T his, too , 
p e rs is te d  only fo r 10 to  30 m in u tes , a f te r  w hich  perio d  th e re  w as no m ore 
a n tib io tic  d em o n strab le  in  th e  serum . T races  of an tib io tic  T  w ere found  in  th e  
u r in e  o f mice t r e a te d  w ith  200 to  400 m g/kg  in tra v e n o u s ly , b u t  none in  th e  
l iv e r , sp leen or lu n g s , w hich organs w ere hom ogenized  a n d  te s te d  e ith e r  
d ire c t ly  or after e x tra c t io n  w ith  organ ic  so lv en ts  (the  tissu es  w ere hom ogenized 
w ith  m e thano l, or th e  ace tone-d ried  tissu e -p o w d er w ith  b enzene).

W h a t is th e  cau se  of th e  d ru g ’s d isa p p e a ra n ce  is n o t y e t  c lear. D ilu tio n  
w ith  w a te r  of a so lu tio n  o f an tib io tic  T  in  p ro p y len e  glycol re su lte d  in  p rec ip ita ­
t io n  o f  th e  drug . W h e n  d ilu ted  w ith  se ru m , on th e  o th e r  h a n d , an tib io tic  T 
w as k e p t in  so lu tio n  in  am ounts u p  to  sev era l h u n d re d  ц g/m l. E ven  i f  a n t i ­
b io tic  T  is p re c ip ita te d  in  th e  tissu es , th e  am o u n t so lub le  in  w ate r (0 .1  
m g /m l) ought to  h a v e  been d em o n strab le . I t  was th e re fo re  supposed th a t  
a n tib io tic  T u n d e rw e n t in a c tiv a tio n  in  th e  b lood  or tis su e s . This a ssu m p ­
tio n  w as s u b s ta n tia te d  in  the  ex p e rim en ts  to  be re p o rte d  below , b u t even th is  
f a c t  could n o t e x p la in  th e  absence o f  a n y  m easu rab le  se ru m  level 5 to  10 
m in u te s  a fte r th e  in tra v e n o u s  in je c tio n , since in a c tiv a tio n  ta k e s  m ore tim e  
th a n  a few m in u tes .

In a c tiv a tio n  o f  an tib io tic  T  in  b lood  w as in v e s tig a te d  as follows. H u m an  
b lo o d  as well as c a t ,  r a b b it ,  gu inea p ig  a n d  r a t  b lood w ere m ix ed  w ith  c itra te  
o r h ep a rin , and  0.1 m g /m l an tib io tic  T  w as ad d ed . In h ib ito ry  ac tio n  was m eas­
u re d  im m ed ia te ly , as w ell as a fte r  in c u b a tio n  a t 3 7 °C. In  sp ite  of, th a t  th e  
a n tib io tic  a c tiv ity  im m ed ia te ly  a fte r  m ix in g  w as id en tica l w ith  th a t  o f th e  w a te r  
c o n tro l, it decreased  as soon as 2 to  3 h o u rs  a fte r  in c u b a tio n  an d  d isap p eared  
a f te r  24 to  48 h o u rs . (A re p re se n ta tiv e  ex p erim en t is show n in  T able I I .)

Table II

D e c r e a s e  in  a c t iv i ty  o f  a n tib io tic  T  a fte r  in cu b a tio n  w ith  b lood

Solution containing 
0.1 mg/ml antibiotic T

Diameter of Candida-inhibition, mm; incubation time

5 min. 3b 24h bile*

Physiological saline 20 18 18 16

H u m a n  citrated  b lood 19 15 0 -

C at c itra ted  blood 19 15 0 0

* A ddition o f b ile-B  to  blood in cu b a ted  fo r 24 hours.
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T hough  slow er, th is  phenom enon  took p la c e  also  in  h u m an  or m ouse serum . W hen  
a n tib io tic  T  w as m ixed  w ith  blood, th e  in h ib ito ry  ac tiv itie s  in  serum  an d  in  th e  
w hole b lo o d  w ere ro u g h ly  id en tica l, a  f a c t  in d ic a tin g  th a t  an tib io tic  T  h a d  
d iffused  in to  th e  re d  ce lls. No active p r in c ip le  could  be e x tra c te d  w ith  benzene  
from  blood  w hich  h ad  lo s t  its  an tib io tic  p ro p e r ty  a fte r in cu b a tio n  for 48 h o u rs . 
S im ila rly , we w ere u n a b le  to  recover a n tib io tic  T , even  i f  th e  p ro te in  w as 
p re c ip ita te d  e ith e r  b y  h e a tin g  or w ith  a 5-fold vo lum e o f e th an o l, a n d  th e  
resid u e  w as an a ly sed . I t  w as supposed t h a t  p e rh ap s  a n tib io tic  T w as b o u n d  
to  e ry th ro c y te s , a n d  th is  b ind ing  p re v e n te d  d e tec tio n . A n tib io tic  a c t iv i ty  
w as, how ever, ab sen t ev en  a fte r t r e a t in g  th e  24 ho u r in c u b a te  w ith  2 to  3 
d rops/m l o f b ile  p ro d u c in g  haem olysis (T ab le  II) . S ince im m ed ia te ly  a f te r  
m ix ing  a n tib io tic  T w as recovered  fro m  th e  b lood  b o th  w hen  e x tra c te d  w ith  
benzene a n d  a fte r  d ep ro te in iza tio n  w ith  e th a n o l, our fa ilu re  to  d e m o n s tra te  
th e  ac tiv e  p rin c ip le  a f te r  in cu b a tio n  in d ic a te  t h a t  a n tib io tic  T  w as n o t  on ly  
b ound  to , b u t  also in a c tiv a te d  by b lo o d . A n tib io tic  T  being  an  e s te r , an  
es te r-c leav ag e  was su p p o sed . E x p e rim e n ts  w ith  p ro stig m in e  or d iisop ropy l- 
flu o ro p h o sp h a te  used  in  co n cen tra tio n s  b e tw een  10” 3 an d  10” 6 M  fa iled , 
how ever, to  su b s ta n tia te  th e  above a s su m p tio n , a fac t p o in tin g  to  th e  p o ssi­
b il i ty  o f a n o th e r  ty p e  o f  in a c tiv a tio n .

T h e  resem blance  o f  an tib io tic  T  to  tr ic h o te c in  w as fu r th e r  su p p o rte d  
b y  th e  f in d in g  th a t  tr ic h o te c in , too , is in a c t iv a te d  by  b lood , an d  th is  in a c tiv a ­
tio n  is n o t in h ib ite d  b y  p rostigm ine  or d iiso p ro p y lflu o ro p h o sp h a te . T he serum  
level o f tr ic h o te c in  b e h a v e d  also in  a s im ila r  fash ion : a f te r  th e  in tra v e n o u s  
in jec tio n  to  m ice o f 200 m g/kg  tr ic h o te c in , a m easu rab le  serum  level p e rs is te d  
only  fo r 10 m inu tes.

In a c tiv a tio n  o f a n tib io tic  T p ro ceed ed  in  liver suspension  even  m ore 
ra p id ly  th a n  in  serum . R a t  or m ouse l iv e r  w as hom ogenized  an d  d ilu te d  w ith  
an  a n tib io tic  so lu tion  in  physio logical sa lin e  to  give a f in a l vo lum e th re e  
tim es th e  w et w eigh t o f  th e  organ. A n in h ib i to ry  effect on Candida  w as ab se n t 
even  im m e d ia te ly  a f te r  m ix ing . W hen  th e  suspension  w as e x tra c te d  w ith  
benzene th e  ac tiv e  p r in c ip le  was reco v e red  I h o u r a fte r  in cu b a tio n , b u t  n o t 
a f te r  tw o  h o u rs . T he absence  of in h ib ito ry  a c tio n  in  th e  f ir s t  h o u r —  w ith o u t 
e x tra c tio n  — was due to  th e  fac t t h a t  th e  liv e r suspension  h ad  sp lit  th e  
a n tib io tic  before  th is  l a t te r  would h a v e  d iffu sed  in to  th e  agar.

A s no b lood  lev e l w as found in  s m a ll  an im als , a n tib io tic  T  does n o t  
p rom ise  to  be su itab le  fo r tre a tm e n t o f  sy s tem ic  m ycoses. B u t an tim y co tic s  
h av e  tw o  fu r th e r  th e ra p e u tic a l in d ic a tio n s . O ne of th e se  is  th e ir  local a p p lic a ­
tio n  in  in fec tio n s o f th e  sk in , th e  o th e r is  to  in h ib it  th e  m u ltip lica tio n  o f y e a s t 
cells in  th e  g a s tro - in te s tin a l t ra c t  a f te r  t r e a tm e n t  w ith  b ro ad -sp ec tru m  a n t i ­
b io tics.

L ocal a d m in is tra tio n  is only p o ss ib le  i f  th e  su b stan ce  does n o t cause 
p a th o lo g ica l m an ife s ta tio n s  on the  sk in . U n fo rtu n a te ly , th is  is n o t th e  case
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w ith  an tib io tic  T . W h en  a 0.1 to  1 p e r c en t so lu tion  o f th e  an tib io tic  in  o il, 
p ro p y len e  glycol o r 50 p er cen t e th a n o l w as ap p lied  on th e  ep ila ted  sk in  o f  
g u in ea  pigs, on th e  in n e r  surface o f th e  r a b b i t  ea r, or on  th e  vo la r su rface  o f  
th e  h u m an  fo re a rm , i t  caused w ith in  a few  d ays p ru r itic  e ry th em a  or even  
sloughing . In  h u m a n s , th ese  sy m p to m s o ften  occurred  as soon as fo llow ing 
th e  f irs t  p a in tin g . T h e  sym ptom s h ea led  w ith in  1 to  2 w eeks, depend ing  on 
th e i r  ex ten t. T ric h o te c in  also i r r i ta te d  th e  sk in  [4]. W hen  ap p lied  on th e  r a b b i t  
eye  in  0.01 p e r c e n t so lu tion  in  w a te r  or in  a 1 p e r cen t so lu tio n  in  o il, a n t i ­

b io tic  T caused n o  ir r i ta t io n . I ts  0.1 p e r c e n t so lu tion  in  10 p er cent m e th a n o l 
a n d  5 per cen t g lucose  gave rise to  one d ro p  o f  th ic k  d ischarge , b u t no fu r th e r  
change .

Fig. 1 show s th e  effect o f an tib io tic  T  on th e  y e a s t cell cou n t in  th e  faeces 
o f  m ice fed  w ith  a n  O xytetracycline c o n ta in in g  d ie t. As seen, 250 m g/kg  o f  
a n tib io tic  T  d ec rea sed  th e  y eas t-ce ll co u n t b y  95.4 p er cen t. A low er dose 
(50 mg/kg) w as in e ffec tiv e . In  o th e r e x p e rim e n ts  p erfo rm ed  for co m p ariso n , 
99 p e r cen t re d u c tio n  in  th e  yeast-ce ll c o u n t w as p ro d u ced  by  100 m g /k g  
( =  33 000 U/kg) n y s ta t in  and  100 m g/kg tr ic h o te c in , resp . — 250 m g/kg of a n t i ­
b io tic  T is, h ow ever, such  a h igh  dose as m ak in g  im possib le  th e  use of th e  d ru g  
in  h u m an  th e ra p y .

E ven  th o u g h  no  blood level co u n t cou ld  be d e m o n s tra te d  a fte r  th e  a d ­
m in is tra tio n  o f a n tib io tic  T, an  a t te m p t w as m ade to  exam ine its  a c tio n  on  
ex p e rim en ta l C andida  in fec tion , considering  th a t  som e an tib io tic s , a lth o u g h  
fa ilin g  to  show  a b lood  level, are  e ffec tive  a g a in s t in fec tio n s of th e  m ice  
(m ycam ycine , [7]). T ab le  I I I  sum m arizes  th e  re su lts  o b ta in e d  in  one g ro u p



STUDIES ON A N E W  A N TIFU N G A L ANTIBIOTIC 2 3 1

Table III

E ffect o f  antibiotic T  and nystatin  on the experim ental C andida-infection in the mouse

Treatment
No.
of

mice

Exit, hours

Mean 
survival 

time, hours

Growth of Candida alb. from

40 45

I

48 63 266 384
At time 

of
death,
hours

perito­
neum kidney heart

blood

_ 4 l 2 -  1 l 48.2 63 + + +
75 mg/kg

antibiotic T 4 2 — 2 51.4 63 + +
75 mg/kg

n y s ta t in 5 1 1 1 -1 1 - 224.4 40 +  ■

o f  in fec ted  m ice. A n tib io tic  T w as ad m in is te red  d isso lved  in  oil, n y s ta t in  
su spended  in  w a te r. T he con tro l m ice rece iv ed  sunflow er o il, only. A n tib io tic  
T  w as e ith e r  abso rbed  from , or in a c tiv a te d  in situ , as th e  oil a sp ira ted  from  th e  
s ite  o f in jec tio n  24 h ours follow ing t r e a tm e n t  was n o t m ore  effective.

T he an im als  w ere tre a te d  b y  th e  su b cu tan eo u s  ro u te  b o th  im m ed ia te ly  
a f te r  in fec tio n  an d  a t  24 hours in te rv a ls  th e re a fte r . A n tib io tic  T  and  th e  oil 
were g iven  tw ice, w hile  n y s ta tin  6 t im e s . In o cu la tio n  w as m ade by  th e  i n t r a ­
p e rito n e a l in jec tio n  o f  75 m illion  C andida  cells, th e  low est dose w hich caused  
100 p e r cen t m o r ta li ty  in  p re lim in a ry  ex p e rim en ts . T he an im a ls  were observed  
for 16 days fo llow ing in fec tion , as i t  is k n o w n  from  th e  p a p e r  o f B r o w n  an d  
H a z e n  [5] th a t  m ice succom b to  th e  in fe c tio n  in  1 to  2 w eeks. Sam ples ta k e n  
from  th e  organs o f th e  d ied  an im als w ere  in o cu la ted  on P g  s la n t agar c o n ta in ­
in g  ch lo ram phen ico l. T h is was done to  a sce rta in  th e  C andida  in fection . I n  
o th e r  ex p e rim en ts , th e  m ice w ere in fe c te d  w ith  100 m illio n  cells and  tre a te d  
w ith  100 m g/kg a n tib io tic  T. These a n im a ls  died even sooner th a n  d id  th e  
co n tro ls , w hile m ice t re a te d  w ith  th e  sam e am o u n t o f n y s ta t in  su rv iv ed  
longer.

U nlike a n tib io tic  T , th e  a lco h o l-co m p o n en t o b ta in e d  from  i t  a f te r  
hy d ro ly sis  is easily  so lub le  in  w a te r. W h en  app lied  in  a 1 p e r cen t aqueous 
so lu tio n , th e  alcohol d id  n o t cause i r r i ta t io n  on h u m an  sk in , an d  p ro d u ced  
b u t s lig h t i r r i ta t io n  even  w hen d isso lved  in  50 per cen t a lcoho l. T he a n tifu n g a l 
effect o f th e  a lcoho l-com ponen t is n o t  in a c tiv a te d  b y  th e  b lood . H ence, i t  
possesses p ro p e rtie s  m ore  fav o u rab le  th a n  does th e  o rig in a l com pound. U n ­
fo r tu n a te ly , its  a n tifu n g a l effec tiveness is 200 tim es less th a n  th a t  o f a n t i ­
b io tic  T . In  th e  hope to  o b ta in  a n tifu n g a l substances w ith  m ore fav o u rab le  
p ro p e rtie s , a tte m p ts  w ill be m ade to  e s te r ify  th e  alcohol w ith  o th e r acids an d  
also to  p rep a re  som e o th e r  deriv a tiv es .
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UNTERSUCHUNG DER ÄTHEREMPFINDLICHKEIT 
BEI JUNGEN UND VOLLENTWICKELTEN TIEREN

Von

L ív ia  I s se k u t z

PHARMAKOLOGISCHES INSTITUT DER MEDIZINISCHEN UNIVERSITÄT, BUDAPEST 

(Eingegangen am 22. Januar 1960)

1. Die Wirksamkeit des Äthers wurde im Narkosegefäß an kleinen 30—40 g 
schweren sowie an großen 350 g schweren Ratten untersucht und festgestellt, daß 
die kleinen Tiere empfindlicher als die großen sind, denn sie fallen bei einem niedrigeren 
Vol.% des in der Luft bestimmten Äthers in Schlaf als die großen Tiere. Die bis zu 
ihrem Erwachen aus der tiefen Narkose verstrichene Zeit ist gleichfalls länger und 
schließlich ist für die kleinen Tiere bereits ein Äther-Vol.% tödlich, den die großen 
Tiere noch überleben.

2. Die Ursache dieses Unterschiedes in der Ätherempfindlichkeit liegt ver­
mutlich darin, daß der Wassergehalt im Körper der kleinen Tiere größer ist und daher 
der Äther sich vermutlich besser als im Körper der großen Tiere lösen kann. Teilen wir 
die in mg% gemessene Äthermenge des im Körper der Tiere absorbierten Äthers 
durch den mg% des in der Gefäß-Luft verbleibenden Äthers, dann ist der so erhaltene 
Verbrauchskoeffizient bei den kleineren Tieren größer als bei den großen.

3. Der bei tödlicher Ätherkonzentration gemessene Verbrauchskoeffizient ist 
vermutlich deshalb niedrig, weil die Tiere schon eingehen, bevor noch die Lösung 
und gleichmäßige Verteilung des Äthers in ihrem Körper erfolgen konnte.

Im  L aufe  d er U n te rsu ch u n g en  von  d e r n a rk o tisc h e n  u n d  tox ischen  W ir ­
k u n g  d er p e ro x y d h a ltig e n  Ä th e r (w orüber a n  an d e re r S te lle  b e rich te t w ird ) 
m u ß te  die F rag e  e rö r te r t  w erden , inw iefern  das A lte r u n d  das K ö rpergew ich t 
d er T iere ih re  Ä th e rem p fin d lich k e it b e e in f lu ß t. B esondere A k tu a litä t  e rh ie lt 
dieses P ro b lem  d u rch  d ie  überraschende  B e h a u p tu n g  von  J .  Sa jn e r  [1], d a ß  
ju n g e , 6 g schw ere M äuse bzw . 30 g schw ere R a t te n  u n g efäh r fü n fm al w en iger 
em pfind lich  gegenüber Ä th e r s ind  als v o llen tw ick e lte  20 bzw . 150— 400 g 
schw ere T iere .

M ethoden

In meinen Versuchen gebrauchte ich das Präparat Aether ad narcosim Ph. Hung. V. 
mit welchem 24 Stunden hungernde Ratten narkotisiert wurden. Auf dem gut schließenden 
Plexiglasdeckel des 10 Liter Glasgefäßes waren drei Öffnungen. Durch die mittlere Öffnung 
reichte in den Luftraum des Gefäßes die Achse eines Mischmotors, an deren Ende in einer Höhe 
von ungefähr 15 cm vom Boden des Gefäßes eine Filtrierpapierscheibe befestigt war. Durch 
das Drehen dieser Scheibe wurde die gleichmäßige Verteilung des Äthers im Luftraum gesichert. 
Die zweite, mit einem kleinen Korken verschließbare Öffnung diente zum Einspritzen des 
Äthers auf die Filtrierpapierscheibe und zwar so viel, bis die gewünschte Konzentration erreicht 
wurde. Durch die dritte, mit einem Hahn versehene Öffnung des Deckels reichte ein Kapillar­
röhrchen in das Gefäß, bis in den Luftraum unter dem Filtrierpapier. Durch dieses Röhrchen 
wurde am Ende des Experimentes mit Hilfe von zwei 20,00 ml fassenden, mit Quecksilber 
gefüllten Gasbüretten die Luftprobe zwecks der Bestimmung des Äthervolumenprozentes 
entnommen. Die Bestimmungen erfolgten nach der Methode von G. K ä r b e r  [2].
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Zur Untersuchung der Ätlierempfindlichkeit von jungen 30—40 g schweren und von 
beinahe zehnmal schwereren erwachsenen Ratten wurden gleiéhzeitig 2 junge und 2 erwach­
sene Tiere in das Gefäß gelegt. Auf diese Weise wirkte jeweils die gleiche Ätherkonzentration 
auf beide Tiergruppen. Die Experimente begannen mit einer ganz niedrigen Konzentration, 
die danach stufenweise bis zur tödlichen Konzentration erhöht wurde. Nach 30 Minuten 
lang dauernder Narkose erfolgte von zwei entnommenen Luftproben die Bestimmung der 
Ätherkonzentration. Zur Messung der Tiefe der Narkose erwies sich die Bestimmung der bis 
zum Erwachen der Tiere erforderliche Zeit als sehr geeignet, denn offensichtlich ist das der 
im Tierkörper angehäuften Älhermenge proportional, denn je mehr Äther das Tier ausatmen 
muß, um so längere Zeit wird bis zu seinem Erwachen vergehen. Deshalb wurden nach Ab­
schluß des Experimentes die Tiere aus dem Narkosegefäß herausgenommen, und mit Hilfe 
einer Stoppuhr die Zeitspanne gemessen, bis die Tiere an frischer Luft von selbst, oder auf 
schwaches Kneifen, aufstanden.

E rgebn isse

D ie E x p e rim e n te  w urden  der T a b e lle  I  gem äß a u f  G ru n d  der v e rw en d e ten  
Ä th e rk o n z e n tra tio n  in  a ch t K lassen  e in g e te ilt . In n e rh a lb  d er einzelnen K lassen  
w aren  se lb s tv e rs tä n d lic h  die Ä th e rk o n z e n tra tio n e n  n ic h t genau  die g leichen , 
d a h e r s ind  auch  d ie  m itt le re n  und  d ie zw ei G renzw erte angegeben . A us T ab e lle  
I  is t  e rs ich tlich , d aß  d ie  Ä th e rem p fin d lich k e it von k le in en  R a tte n  g rö ß er als 
d ie  E m p fin d lic h k e it der großen T ie re  is t .  Das b ew eist der U m sta n d , daß  
2,84 Y o l.%  Ä th e r be i a llen  14 k le in en  R a t te n  eine N arkose  h ervo rrie f, w äh ren d  
v o n  14 g roßen  R a t te n  n u r  9 e in sch lie fen , 5 b lieben  w ach . D ie Z e it b is  zum  
E rw ach en  w ar b e i d en  k le inen  T ie ren  1 '48 ,4", bei den  großen  U41,7". D em ­
n a c h  k a n n  in  d ieser B eziehung k e in  s ig n if ik a n te r  U n te rsch ied  w ahrgenom m en 
w erd en .

In  d e r  n ach fo lg en d en  K lasse (3,5 Y ol.% ) sch lief von  18 T ieren  b lo ß  eine 
große R a t te  n ic h t e in . D ie Zeit b is zum  E rw ach en  b e tru g  be i den k le in en  T ie ren  
2 ' 28", b e i d en  g roßen  dagegen l '1 3 , l " ,  d er U n tersch ied  is t  dem nach  ziem lich  
b e d e u te n d . I n  d er I I I .  K lasse (5,21 V o l.% ) versch w in d e t jed o ch  d ieser U n te r­
sch ied  w ieder, d enn  b eide  T ie rg ru p p en  e rw ach ten  in  e in e r  Z eit v o n T ^ l ”  bzw. 
7 '2 5 ” .

In  d er fo lgenden  IV . K lasse (6,97 V ol.% ) ging b e re its  41 ,5%  d er k le inen  
R a tte n  e in , w äh ren d  die großen T ie re  se lb s t noch in  d er V. u n d  V I. K lasse 
(8,3 bzw . 9,3 V o l.% ) die N arkose b is  a u f  ein  einziges T ie r  (10% ) ü b e rle b te n , 
obw ohl d iese K o n z e n tra tio n  be i 70%  d er k leinen  T ie re  tö d lich  w ar. In  der 
V II . K lasse g ingen  alle  k leinen  T ie re , von  den g roßen  R a tte n  jed o ch  bloß 
50%  ein .

D em nach  is t  d ie  Ä th e re m p fin d lic h k e it der ju n g e n  T iere g rö ß er als elie 
d e r  v o llen tw ick e lten  ä lte ren  T iere . E in e s  d er U rsachen  h ie rfü r k ö n n te  in  dem  
U m sta n d  lieg en , d aß  w ährend  der N ark o se  der Ä th e r im  K ö rp er d e r ju n g en  
T ie re  e ine höhere  K o n zen tra tio n  e r re ic h t als im  K ö rp e r der ä lte re n  T iere.

D as zu u n te rsu c h e n  habe  ich  e ine  M ethode a u sg e a rb e ite t, m it  deren  
H ilfe  v e rh ä ltn ism ä ß ig  einfach die g e sam te , von den T ie ren  in h a lie rte  Ä ther-
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Tabelle I

Vergleich der Atherempfindlichkeit von kleinen und großen Ratten

Durchschnittsgewicht der Ratten 37 g Durchschnittsgewicht der Ratten 350 g

Klasse Ätherluftgemisch 
Vol. % Zahl Nar- Zeit bis Einge- Zahl Nar- Zeit bis Einge-

der Wach kose zum gangen der Wach kose zum gangen
Tiere Erwachen % Tiere Erwachen %

I. 2,84 14 — 14 1'48,4" 0 14 5 9 141,7" 0
(2,58—3,06) +  11,9" ±14,7"

и. 3,5 9 — 9 2'28" 0 9 1 8 143,1" 0
(3,27—3,61) +  18,8" +  13,5"

in . 5,21 16 — 16 7'31,5" 0 16 — 16 7'25" 0
(4,7—5,69) +  42,3" +  19"

IV. 6,97 12 — 12 12'39" 41,5 12 — 12 14'23" 0
(6,4—7,46) +  1'51" (5 ) +  T22"

V. 8,3 6 — 6 1648" 50 6 — 6 17'30" 0
(8,19—8,48) +  1'38,5" (3) +  57,6"

VI. 9,3 10 — 10 18'20" 70 10 — 10 24'54" 10
(8,73—9,88) +  1'21,4" (7) +  57,2" (1)

VII. 11,1 8 — 8 — 100 8 — 8 26'5" 50

(10,1—11,8) (8) +  2'23" (4)

VIII. 13,6 8 — 8 2440" 87,5
(12,2—14,53) G)

m enge gem essen w orden  k o n n te . D ie in  u n se rem  In s t i tu t  se it m ehreren  J a h r ­
zeh n ten  g e b ra u c h te n  M eß ap p ara te  fü r  G asw echsel erw iesen  sich zu d iesem  
Zw eck als seh r g ee ig n e t. D er A p p a ra t b e s te h t aus e inem  2 1 fassenden lu f t ­
d ich t v ersch lo ß en en  M eta llzy linder, d er m it  einem  W arburg -M anom eter v e r ­
b u n d en  is t . D as vom  V ersu ch stie r e rzeu g te  C 0 2 w ird  v o m  N a tro n k a lk  im  
Z ylinder a b so rb ie r t, w äh ren d  der V e rb rau ch  an  0 2 aus d e r , vom  M anom eter 
gem essenen D ru c k v e rm in d e ru n g  b erech n e t w erden  k an n . In  d er Regel w aren  
zwei A p p a ra te  in  B e tr ie b , deren  B eh ä lte r sich  in  einem  W asse rth e rm o sta t v o n  
30° C b e fan d en . In  d en  e in en  A p p a ra t w u rd en  zw ei k le in e  R a tte n  und  in  d en  
zw eiten  eine große R a t te  u n te rg e b ra c h t, dessen  G ew icht d em  G esam tgew ich t 
der be iden  k le in en  R a t te n  u n g efäh r e n tsp ra c h . N ach IO7 d au ern d er D u rch ­
strö m u n g  der B e h ä lte r  m it 0 2 w urden  d ie  H äh n e  versch lossen , und  in  10 ' 
In te rv a lle n  d er 0 2-V erb rau ch  der T iere  gem essen. Als d e r V erb rau ch  b e re its  
g le ichm äßig  gew orden  w ar, erfo lg te  d u rch  den  M eta llh ah n  des S toffw echsel­
gefäßes aus e in e r zum  K o n u s des le tz te re n  genau  an g e p a ß te n , k a lib rie rten

5 A cta Physiologica X V III/3 .
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T u b e rk u lin sp ritz e  d ie E in sp ritz u n g  d er gew ünsch ten  Ä th erm en g e , w äh ren d  an  
d e n  zu m  M anom eter fü h re n d e n  G u m m isch lau ch  eine P éan sch e  K lem m e an g e ­
le g t  w urde. D ad u rch  gelang  es zu v e rh in d e rn , daß  der d u rc h  die Ä th e rv e r­
d a m p fu n g  h e rv o rg eru fen e  Ü b erd ru ck  d ie  B rodielösung  aus dem  M anom eter 
h e ra u s tre ib t .  D as Ä th e r-L u ftg em isch  im  G efäß  w urde d u rc h  den  M eta llhahn  
m it  H ilfe  einer 20 m l S p ritz e  m ehrm als aufgesogen  und  a u f  d iese  W eise d u rc h ­
g em isch t. In  20— 30 M in u ten  w ar der Ü b e rd ru c k  ausgeg lichen , w eil die T ie r ­
k ö rp e r  einen T eil d e r Ä th e rd äm p fe  au fgenom m en  h a t te n ,  u n d  von  d iesem  
Z e itp u n k t an  k o n n te  d e r  0 2-V erb rauch  d e r  n a rk o tis ie rte n  T ie re  gem essen w e r­
d e n , der sich als n ic h t  w esen tlich  w en iger als der 0 2-V erb rau ch  vo r d er A n ­
w en d u n g  des Ä th ers  erw ies. D as A u fh ö ren  des Oa-V erbrauchs zeigte das E in ­
g eh e n  der T iere so fo rt an . D ie N arkose  w u rd e  w 'ährend 60 M in u ten  a u fre c h t­
e rh a lte n . D anach  fo lg te  d ie  E n tn a h m e  v o n  je  zwei L u ftp ro b e n  aus den  S to ff­
w echselgefäßen , w o ra u f  d ie  T iere aus d em  A p p a ra t h e rau sg en o m m en , a n  d ie  
fr isc h e  L u ft g e b ra c h t, u n d  d ie  Z eit b is  zu  ih rem  E rw ach en  gem essen w urde .

N achdem  zu  d en  E x p e rim e n te n  im m er die gleiche T u b e rk u lin sp ritz e  
v e rw e n d e t w urde , k o n n te  ich  die Ä th e r  m illig ram m -M engen, nach  E ic h u n g , 
a u s  den  m illiliter-M engen  ausrechnen , z. B . 0,5 m l —  im  M itte lw ert d er M es­
su n g e n  400 m g z b l% - In  K o n tro llv e rsu ch en  erfolgte n a c h  E in sp ritz e n  v o n  
0 ,5  m l Ä ther K o n tro lle  d er Ä th erm en g e  in  der L uft des B eh ä lte rs , w obei in  
d ie sem  F all die V e rd am p fu n g  des Ä th e rs  ohne A nw esenheit d er T iere  v o rg e ­
n o m m en  w urde. D ie  T itr ie ru n g  ergab fo lgende R esu lta te , z. B .: 402, 400, 398, 
397 , 393 m g; im  M itte lw e rt 396 ^ 3 ,5  m g  Ä th e r, was e in er B estim m u n g  e in er 
G e n a u ig k e it von  0 ,8 7 %  e n tsp ric h t.

In  T abelle I I  s in d  die an  52 k le in en  40— 65 g schw eren R a tte n , in  T ab e lle  
I I I  je n e  an  34 g rö ß eren , 95— 145 g sch w eren  R a tte n  d u rc h g e fü h rte n  E x p e r i­
m e n te  zu sam m en g efaß t. I n  d ieser Serie w u rd en  die T iere  au ch  der Ä th e rk o n ­
z e n tra t io n  gem äß in  5 bzw . 6 K lassen  e in g e te ilt. Aus d e r B estim m u n g  des 
V o l.%  des Ä thers in  d e r L u ftp ro b e  e rfo lg te  die B erechnung  d er M enge des in 
d e r  L u ft des A p p a ra te s  geb liebenen  g esam ten  Ä thers. N a c h  A bzug d e r e r­
h a lte n e n  Menge aus d e r  m it H ilfe d er g en a u  geeichten T u b e rk u lin sp ritz e  e in ­
g e sp ritz te n  Ä th erm en g e , w urde d ie, d u rc h  d ie T iere v e rb ra u c h te  Ä therm enge  
in  m g  erh a lten , w as in  den  T abellen  a u f  100 g K ö rp erg ew ich t im  M itte lw ert

angegeben  is t. F e rn e r  w urde  die m it H ilfe  d er F orm el

n e te ,  S treuung  d ieses M itte lw ertes sow ie d er P ro b itw e rt d er U n te rsch ied e  
zw ischen  den v e rsch ied en en  T ie rg ru p p en  an g efü h rt (T abe lle  IV ).

In  der K lasse I a  w ar die Ä th e rk o n z e n tra tio n  3,18 V o l.%  =  10,5 m g % . 
D ie  T iere schliefen  alle  e in  u n d  n a c h  e in s tü n d ig e r N ark o se  erw ach ten  sie in  

Im  O rgan ism us d er T iere b e fan d  sich  176,6 m g %  Ä th er, also is t  der 
V erb rau ch sk o effiz ien t d e r Ä th e rk o n z e n tra tio n  im  T ier u n d  in  d er L u ft К  =  16,7. 
D as E rgebnis d e r G ru p p e  I b  der g ro ß en  T iere  w ar äh n lich , doch erfo lg te  das

E (x — x f  
n  ( n  1)

berecli-
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Tabelle II

Klasse
Ätherluftgent. Tiere Zeit bis zum Eingegan- Ätherverbrauch Ver- 

brauchs- 
koeff. K.Vol. % mg % Zahl Gew. Erwachen

%
mg/100 g

I. a. 3 ,1 8

(2— 4 ,0 5 )

10,5 12 57

(5 0 — 65)

2 '5 7 "

± 3 0 , 6 "

0 1 7 6 ,6  

+  1 6 ,42

1 6 ,7

I I . a. 5 ,3 8

(5 — 5 ,7 8 )

17 ,7 6 4 6 ,2

(4 0 — 55)

8 '2 0 "

± 1 ' 1 3 ,2 "

0 283

± 1 7 , 9

1 5 ,9

I I I .  a. 6 ,3 3

(6 — 6 ,5 7 )

2 0 ,9 14 52

(4 4 — 60)

1 5 '2 4 "

± 1 ' 3 0 ,6 "

15 277

± 2 4 , 6

1 3 ,2

IV . a. 7 ,4 8

(7 ,0 3 — 7 ,9 6 )

2 4 ,7 14 4 8 ,8

(4 0 — 65)

1 9 '1 2 "

± 1 ' 0 9 ,6 "

6 4 ,4 223

± 2 5 , 4

9 ,0 3

V. a. 9 ,1 6

(8 ,9 5 — 9 ,6 1 )

3 0 ,2 6 4 7 ,5

(40— 55)

100 126

± 1 5 ,8

4 ,1 7

Tabelle III

Klasse
Ätherluftgem. Tiere Zeit bis zum Einge­

gangen
%

Ätherverbrauch Ver- 
brauchs- 
koeff. K.VoL % ™g % Zahl Gew. Erwachen mg/100 g

I .  b . 3 ,3 2

(2 ,4 — 3 ,9 9 )

1 0 ,9 6 5 112

(9 5 — 120)

6 '3 0 "

± 2 ' 1 0 ,2 "

0 165

± 1 1 , 4

1 5 ,0 5

I I .  b . 5 ,6 5

(5 ,2 3 — 5 ,8 7 )

18 ,6 3 120

(1 0 5 — 140)

14 ' 0 176

± 4 7 , 6

9 ,4

m .  ь . 6 ,4 9

(6 ,2 5 — 6 ,7 8 )

2 1 ,4 8 1 3 5 ,6

(1 2 5 — 140)

2 1 '3 0 "

± 6 '4 9 ,2 "

0 214

± 2 2 ,7

1 0 ,0

IV . b. 7 ,42

(7 ,1 — 7 ,7 3 )

2 4 ,5 5 130

(1 1 5 — 145)

2 0 '4 8 "

± 1 ' 5 9 "

0 161

± 2 4 , 4

6,5

V . b . 8 ,6 4

(8 ,0 3 — 8 ,9 3 )

2 8 ,5 6 118

(1 0 0 — 140)

66 193

± 3 0 ,5

6 ,9

V I. b. 1 0 ,3 3

(9 ,1 6 — 1 1 ,5 )

3 4 ,1 7 131 ,4

(1 0 0 — 140)

100 20 9

± 2 6 ,1

6 ,1 3

E rw ach en  lan g sam er. I n  d er K lasse I I  e rw ach ten  a u f  W irk u n g  von  5,38 bzw . 
5,65 V ol.%  Ä th e r d ie  k le inen  T iere  in  8 '20 ' ',  d ie  g roßen  in  14 ', obw ohl d er 
K ö rp e r d e r le tz te re n  b ed e u te n d  w eniger Ä th e r e n th ie lt .

I n  d en  K lassen  I I I  u n d  IV  g ingen  von  6,33 bzw . 7,42 V ol.%  Ä th e r 15 
bzw . 64 ,4%  d er k le in en  T iere  e in , w äh ren d  alle  g roßen  R a tte n  am  L eben  
b lieben . E s is t  in te re s sa n t, d aß  im  K ö rp e r der k le in en  T iere  in  den  K lassen  I I

5*
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Tabelle IV

Vergleich des in Tab. I I  und I I I  angeführten verbrauchten Äthers in m g/100 g  Ratte m it
Probitberechnung

Tiergruppen t P Freiheitsgrad

I. a.— III. a................................... 3,251 < 0 ,0 0 1 и

III . а,—IV. а ........................................ 1,524 < 0 ,1 12

IV . а,—V. а ......................................... 2,344 < 0 ,0 5 8

I . Ь.— III. 1).......................................... 1,583 < 0 ,1 11

I. а .—I. Ь........................................... 0,556 < 0 ,5 15

I I I .  а .—III. Ь ....................................... 1,88 < 0 ,0 5 13

IV . а. IV. b ....................................... 4,956 < 0 ,0 0 1 10

a n d  I I I  w esentlich  m eh r Ä th e r e rh a lte n  w ar als im  K ö rp e r d e r g ro ß en  T iere . 
D ies i s t  auch  deu tlich  au s dem  U n te rsc h ie d  zw ischen den  V erb rau ch sk o effiz i­
e n te n  ersich tlich . D er le tz te re  is t  b e i d en  k le inen  T ieren  u m  6,5 bzw . 3,2 
g rö ß e r, w oraus h e rv o rg e h t, d aß  d er Ä th e r  sich  in  ih rem  K ö rp e r infolge des 
g rö ß e re n  W assergehaltes besser lö s t a ls im  K ö rp e r der g rö ß eren  T ie re . D ies 
d ü r f te  au ch  die U rsache  d a fü r se in , d a ß  d ie  k le in en  T iere  b e re its  b e i e in e r etw as 
n ie d rig e re n  L u f tä th e rk o n z e n tra tio n  e in g eh en  als die g roßen . O bw ohl w urden  
in  d ie se r  V ersuchsserie k e in e  so s ig n if ik a n te n  U n tersch iede  gefunden  w ie in  
d e r  e rs te n  Serie. W ah rsch e in lich  w ohl au s  dem  G runde, d aß  in  d e r zw eiten  
S erie  n ic h t 350 g schw ere , sondern  b lo ß  120 g schw ere T iere  v e rw en d e t w urden .

E s  w ar b em erk en sw ert, d aß  b e i A nw endung  der tö d lic h e n  Ä th e rk o n ­
z e n tra t io n  der V erb rau ch sk o effiz ien t des Ä th ers  eine s ta rk e  V erm in d eru n g  
ze ig te . V erm utlich  k a n n  das m it dem  U m sta n d  e rk lä r t w erden , d a ß  sich die 
B lu tz irk u la tio n  u n d  d ie A tm u n g  d e r T ie re  v e rsch lech te rt, w o durch  d er Ä th e r 
s ich  n ic h t im  ganzen  K ö rp e r g le ich m äß ig  v e r te il t , u n d  a u f  d iese W eise kein  
v o llk o m m en er A usg leich  s ta t tf in d e t .  In fo lge  der hohen  Ä th e rk o n z e n tra tio n  
s e tz t  d ie  L ähm ung  des zen tra len  N erv en sy stem s be re its  zu  einem  Z e itp u n k t 
e in , wo die übrigen  O rgane noch  n ic h t  in  einem  dem  V erb rau ch sk o effiz ien ten  
e n tsp rech en d en  M aße m it Ä th e r s a tu r ie r t  s ind . D ies g eh t d e u tlic h  aus den 
A n g ab en  der T abelle  I I  h e rv o r, d en n  je  m eh r T iere eing ingen , u m  so geringer 
w a r  d ie  Ä therm enge im  K ö rp er d e r e ingegangenen  T iere. I n  d er K lasse V a 
w a re n  die T iere seh r sch n e ll e ingegangen  u n d  deshalb  k o n n te n  sie d ie, dem  V er­
b rau ch sk o e ffiz ien ten  en tsp rech en d e , Ä th erm en g e  noch  n ic h t au fn eh m en . Die 
g rö ß e re n  T iere w aren  o ffenbar re s is te n te r , g ingen lan g sam er ein , u n d  h a tte n  
d a h e r  Z eit zur A u fn ah m e einer g rö ß eren  Ä therm enge.

I n  dieser V ersuchsserie  d ü n k te  d er Ä th e r to x isch er, d enn  die N arkose 
w ä h r te  60 ', und  d a h e r  s ta n d  zu r A u fn ah m e des Ä th ers  m eh r Z e it zu r V er­
fü g u n g  als in  der e rs te n  Serie, wo d ie  N arkose  b loß 3(У d a u e rte . E in e  ähn liche
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Tabelle V

Toxizität des Aether nd narcosim im  Falle von 30 bzw. 60 Minuten nährend der Narkose bei Ratten
von verschiedenem Körpergewicht

Zahl und % der eingegangenen Tiere

Ätherluftkonzentra­
tion 

Vol. %

in 30 Minuten in 60 Minuten

im Glasgefäß 1 Glasgefäß ! Stoffwechselapparat

Durchschnittsgewicht der Tiere in g

37 192 350 137 52 124

5,3 0

0/16
— — _ 0

0/6
—

6,3 — — 0

0/6

15

2/14
—

7,3 41,5

5,14

— — — 64,4

9/14

0

0/5

8,3 50

3/6

0

0/6

0

0/6

33

2/6

66

0/6

9,2 70

7/10

10

1/10

— 100

6/6

10,0
—

33

0/6 —

100

6/6

100

7/7

11,1 100

8/8

50

4/8

13,6 87

7/8

14,0
•

66

4/6

15,9 100

6/6

T o x iz itä t ze ig te  sich als die N arkose au ch  im  G lasgefäß 60 ' lan g  a u fre c h te r­
h a lte n  w urde.

In  T ab e lle  Y s in d  säm tliche  in  bezu g  au f die A th e r to x iz itä t  durchge- 
f iih r te n  V ersuche zu sam m en g efaß t. D er N en n er der B ru ch zah len  ze ig t die 
A nzahl d e r w äh ren d  30 bzw . 60 M in u ten  eingegangenen  T iere . Es is t  au ch  
e rs ich tlich , d aß  die T o x iz itä t des Ä th e rs  m it der E rh ö h u n g  des K ö rp e rg e ­
w ich ts  der T iere  p a ra lle l ab n im m t.
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B esprechung der E rgebnisse

D ie beiden  V ersu ch sre ih en  bew eisen  e in d eu tig , d aß  d ie Ä th e rem p fin d - 
l ic h k e it von  k le in en , 30— 50 g schw eren T ie re n  g rößer is t  als d ie  E m p fin d lich k e it 
v o n  v o llen tw ick e lten , 120 bzw . 350 g schw eren  T ieren . D ie  U rsache h ie r fü r  
lie g t d a rin , daß  b e i g le ichem  P a r tia ld ru c k  des Ä thers im  K ö rp e r von k le in en  
T ie ren  eine größere Ä th erm en g e  gelöst w ird  als im  K ö rp e r v o n  großen T ie ren , 
d . h . d er V erb rau ch sk o effiz ien t des Ä th e rs , d er in  m g %  an ze ig t, w iev ie lm al 
g rö ß er d ie  Ä th e rk o n z e n tra tio n  im  K ö rp e r des T ieres a ls in  der L uft is t ,  b e i 
d en  k le in en  T ie ren  w esen tlich  höhere W erte  ze ig t. D iese B eobach tung  is t  au ch  
fü r  j ene F ä lle  g ü ltig  in  den en  das T ie r im  L aufe einer 60 M inu ten  w äh ren d en  
N ark o se  n ic h t e in g eh t u n d  daher d er Ä th e r  Z e it h a t  sich  im  ganzen K ö rp e r  
g le ichm äß ig  zu  v e rte ile n , sich vo llkom m en auszugleichen .

Info lge des g rö ß eren  V erb rau ch sk o effiz ien ten  fa llen  d ie  k leineren  T ie re  
b e re its  be i einem  so lchen  P a r tia ld ru c k  des Ä th ers  in  Schlaf, der bei g ro ß en  
T ie ren  noch  keine to ta le  N arkose h e rv o rru f t. E in  a u sg ep räg te r  U n te rsch ied  
k a n n  auch  h in s ich tlich  d e r tö d lich en  Ä th e rk o n z e n tra tio n  festg este llt w erd en .

D iese E rg eb n isse  s te h e n  im  v o llkom m enen  W id ersp ru ch  zu den V ersu ch s­
e rgebn issen  von  J . Sa j n e r  [1]. D ie U rsache  h ie rfü r lieg t m e in e r M einung n a c h  
te ils  d a r in , d aß  d ie  v o n  J .  Sa j n e r  v erw en d e te  M ethode zu r q u a n tita tiv e n  
E rfa ssu n g  der n a rk o tisc h e n  W irkung  des Ä th e rs  kaum  gee igne t is t, u n d  h a u p t ­
säch lich  d a rin , d aß  d ie  v o n  J . Sa j n e r  zu r B erechnung  des »V erb rauchskoef­
f iz ien ten «  »K « g e b ra u c h te  F orm el v o llkom m en  falsch  is t.

J .  Sa j n e r  leg te  se ine  V ersuchstiere  in  e inen  E x s ik k a to r , du rch  d e n  er 
p ro  M inu te  250 m l Ä th er-L u ftg em isch  d u rc h s trö m e n lie ß . M it H ilfe einer k a li­
b r ie r te n  B ü re tte  b e s tim m te  er die M enge des b is zum  B eg inn  der N arkose  v er-

.. Z eit X V erb rau ch
d a m p fte n  Ä th ers . M it d er Form el К  =  — b erechnete  e r den

G ew icht
V erb rau ch sk o effiz ien ten , den er bei k le in en  R a tte n  im  D u rch sch n itt fü n fm a l 
h ö h e r fand  als be i g ro ß en  T ieren .

D iese F o rm el w äre  ab er n u r in  dem  F a lle  a n n eh m b ar, w enn die g e sam te  
M enge des w ährend  des E x p erim en tes  v e rd a m p fte n  Ä th ers  in  den T ie rk ö rp e r 
g e lan g t w äre, genau  so w ie bei p e ro ra le r E in fü h ru n g  oder In jiz ierung . N u r in  
d iesem  F a lle  k a n n  m a n  die Menge des e in g e fü h rten  P h arm ak o n s  d u rch  das 
G ew ich t der T iere  te ile n  u n d  die D osis z. B . p ro  kg K ö rpergew ich t b erech n en . 
In  den V ersuchen  von  J .  Sa j n e r  k an n  je d o c h  h iervon  k eine  Rede sein , denn  
la u t  den  genauen  M essungen von А. C. G u y t o n  [3] m ach t das M in u te n ­
v o lu m en  der A tm u n g  des T ieres in  m l a u sg ed rü ck t %  des K örpergew ich tes aus. 
L a u t  seinen  M essungen a tm e t z. B. e ine 63 g schw ere R a t te  in  der M in u te  
56 m l, eine 171 g schw ere R a tte  102 m l L u ft ein. F o lg lich , w enn J . Sa j n e r  
b e i se inen  E x p e rim e n te n  du rch  das die T ie re  e n th a lte n d e  G efäß pro M in u te  
250 m l Ä th er-L u ftg em isch  d u rch strö m en  ließ , k o n n ten  die k leinen T iere b loß
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1js— 1/10 T eil d ieser L u ft e in a tm e n , die g roßen  dagegen so g ar % — 1 Teil. S o m it 
k o n n te  b loß  Vs 1/io T eil des v e rd a m p fte n  Ä thers in  d en  K ö rp e r der k le in en  
T iere  g e lan g t sein. E s is t also  vö llig  u n m o tiv ie r t, die g e sam te  M enge des v e r ­
d a m p fte n  Ä th ers  d u rch  das K ö rp erg ew ich t d er T iere zu te ile n . J e  geringer das 
K ö rp erg ew ich t des T ieres i s t ,  u m  so g rö ß er w ird  n a tü r lic h  d er W ert des a u f  
d iese W eise b e rech n e ten  » K »  sein . D ies is t  jedoch  z u r  B estim m u n g  d e r 
E f fe k tiv itä t  des Ä thers oder zum  V erg leichen  der Ä th e rem p fin d lich k e it von  
k le inen  u n d  g roßen  T ie ren  u n g ee ig n e t.

B e k an n tlich  is t  die W irk u n g  d er In h a la tio n sn a rk o tik a  v o n  ihrem  P a r t ia l ­
d ru ck  in  der L u ft, d. h. v o n  ih rem  V o l.%  abhäng ig . Z ur V erg leichung  ih re r  
W irk sam k e it w ird  in  der R egel d ie  B estim m u n g  der n a rk o tisc h e n  u n d  tö d lich en  
D osis v e rw en d e t. A ußerdem  k a n n  au ch  das G ew ich tsp rozen t im  B lu t oder im  
g anzen  K ö rp er a ls V erg le ichungsg rund lage  d ienen . W äh ren d  bei einer G egen­
ü b ers te llu n g  aus den  obigen G esich tsp u n k ten  die k leinen T ie re  sich em p fin d li­
cher als d ie  g roßen  erw iesen, k o n n te  bei e inem  V ergleich d e r Ä th e rk o n z e n tra ­
tio n  in  ih rem  K ö rp er d ieser U n te rsch ied  in  der E m p fin d lic h k e it gerade a u f  
dem  G ebiet d er n a rk o tisch  w irk en d en  K o n zen tra tio n  n ic h t erw iesen w erden .
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RECENSIO

К . L is s á k — E . E n d r ő c z i :

Die neuroendokrine Steuerung der Adaptationstätigkeit

i61  pages, 13 tab les , 45 f ig u re s . (The N euroendocrine  C on tro l o f 
A d a p ta tio n .)  T he P u b lish in g  H ouse o f  th e  H u n g a rian  A cadem y  o f Sciences, 
B u d a p e s t, 1960.

T he ax is  o f th e  a d a p ta t iv e  m echan ism  
in  re sp o n se  to  s tim u li d irec tly  or in d ire c tly  
th re a te n in g  life h a d  b een  considered  b y  
Ca n n o n  to  be th e  sy m p a to -ad ren a l system . 
L a te r ,  S e l y e  p laced  tw o  endocrine g lands, 
th e  p i tu i t a r y  an d  th e  a d re n a l co rtex , in  th e  
cen tre  o f  t h a t  m echanism . B o th  theories a re  
v a lu ab le  a n d  have  su p p lied  new  evidence as 
to  th e  phy sio lo g y  of fu n c tio n s  connected  w ith  
a d a p ta t io n , b u t  b o th  ig n o red  th e  role o f  
th e  c e n tra l  ne rv o u s sy s tem  in  th e  m echanism s 
a im ed  a t  m a in ta in in g  or re s to rin g  th e  ba lance  
b e tw een  th e  o rgan ism  a n d  i ts  en v iro n m en t. 
T h is sh o rtco m in g  is p a r tic u la r ly  obvious in  
S e l y e ’s th e o ry  concern ing  th e  so-called  
d iseases o f  a d a p ta t io n , w h ich  he exp lains 
solely b y  a  p e rip h e ra l e v e n t, n o tab ly  b y  th e  
fa ilu re  o f  a n  endocrine  response . H ow ever, 
i t  h a s  b e e n  know n fo r long  from  th e  w ork  
o f I .  P . P a v l o v  a n d  his school t h a t  th e  
s tim u li c au sin g  a  fu n c tio n a l overload ing  
o f th e  c e n tra l  n ervous sy s tem  m ay  becom e 
th e  sou rce  o f such  con d itio n s as have  been  
lis ted  b y  S e l y e  in  th e  c a teg o ry  of diseases 
o f a d a p ta t io n .

As e a r ly  as in  th e  tw e n tie s , H u n g a rian  
a u th o rs  (F . Y e r z á h , A. B e z n á k  an d  th e ir  
co-w orkers) obse rv ed  t h a t  th e  ad ren a l 
c o r te x  in c re a se d  in  size in  response to  
in ten se  p h y s ic a l w o rk  (m uscle  a c tiv ity )  a n d  
to  in te n s iv e  e n v iro n m en ta l s tim u la tio n . 
T hese re s u lts  w ere u n d o u b te d ly  th e  o v e rtu re  
to  th e  “ s tre s s”  th eo ry  o f S e l y e , t h a t  aroused  
g re a t in te re s t  som e 15 y ears  la te r  and  w hich  
is s till  th e  su b je c t o f  ex ten siv e  research  b y  
h u n d re d s  o f  in v estiga to rs .

T he a u th o rs  o f th is  boo k  h a d  been  engaged 
in  s tu d ies  on  th e  neu ro en d o crin e  con tro l o f

a d a p ta t io n  for th e  p a s t  decade; th ese  in v e s ­
tig a tio n s  y ie lded  in te res tin g  re su lts  p la ­
c ing  th e  whole p ro b lem  in  a  new  lig h t. 
L is s á k  and  E n d k ö c z i s ta r te d  from  th e  
v iew  th a t  i t  w as in c o rre c t to  a p ­
p ro a ch  th e  p ro b lem  o f a d a p ta t io n  b y  
p lac in g  th e  a c tiv ity  o f  som e o rg an  o r system  
o f  organs (e. g. th e  p i tu i ta ry  a d ren o co rtica l 
sy s tem ) in to  th e  focus o f re sea rch , ig n o rin g  
th e ir  connections w ith  th e  o th e r endocrine  
organs and  w ith  th e  c en tra l a p p a ra tu s  
co n tro llin g  th e  fu n c tio n  of a ll o rgans. T his 
v iew  is em phasized  th ro u g h o u t th e  book.

T he f i r s t  tw o  c h a p te rs  d eal w ith  th e  
fu n c tio n a l m o rpho logy  o f th e  a n te r io r  p i tu i ­
t a r y  lobe and  th e  a d ren a l co rtex , as w ell 
a s  w ith  co rtica l sec re tio n  du rin g  re s t  an d  
stress . C hap ter 3 d iscusses th e  b io sy n th es is  
o f  corticoids, th e  in d iv id u a l a n d  species 
d ifferences in  h o rm o n e  sec re tio n , th e  in te r-  
g lan d u la r  effects on  c o rtica l a c t iv ity  a n d  on 
th e  effects of th e  tran q u illiz e rs . In  C h ap te r  
4 th e  au th o rs  d iscuss th e  m eth o d s o f  A C TH  
assay , th e  fac to rs  co n tro llin g  ho rm one sec­
re tio n . C hap ter 5 deals w ith  th e  role 
p la y e d  in  th e  re g u la tio n  o f A C T H  secre­
t io n  b y  th e  con n ec tio n s be tw een  th e  h y p o ­
th a la m u s  and a n te r io r  p i tu i ta ry . I n  C h a p ­
t e r  6 th e  changes in  th e  A C TH  sec re tio n  b y  
th e  ad en o hypophysis in  th e  course o f  on to- 
genetica l d ev elo p m en t a re  tre a te d .

T he m ost o rig in a l m ate ria l is to  be 
fo u n d  in  C hapters 7 a n d  8. T hese c h ap ­
te r s  su pp lem en t th e  e a rlie r  “ d e c a p ita te d ”  
th eo rie s  concern ing  th e  m ech an ism  o f 
a d a p ta t io n  to  s tr a in  a n d  s tre ss , an d  
defic iencies of e a r lie r  th eo ries  b y  p lac in g  
th e  ro le o f th e  c e n tra l  ne rv o u s sy s tem  in
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th e  m echanism  of n eu ro en d o c rin e  a d a p ­
ta t io n  in  a  lig h t i t  u n d o u b te d ly  deserves.

T h e  ra th e r  h e te ro g en eo u s , b u t  th ro u g h o u t 
in te re s tin g  C hapter 7 d e a ls  w ith  th e  changes 
in  neu roendocrine  re sp o n se s  follow ing th e  
se v e rin g  of th e  fro n to -o rb ito -h y p o th a la m ic  
co n n ec tio n s and th e  re m o v a l  o f th e  o rb ito - 
f r o n ta l  cortex . I t  is i n  th is  c h ap te r  t h a t  a 
d e sc rip tio n  is g iven  o f  th e  ex p erim en ts  in  
w h ic h  th e  au th o rs  su cceed ed  in  e lic iting  
d if fe re n t  form s of b e h a v io u r  asso c ia ted  w ith  
a  d e p le tio n  of a d re n a l a sco rb ic  acid  b y  th e  
u se  o f  electrodes b u i l t  i n  th e  fro n to -o rb ita l 
c o r te x  o f th e  ra t.  T h e  r e s t  o f  th e  c h a p te r  is 
d e v o te d  to  the  s tre ss  re a c tio n s  e lic ited  b y  
th e  s tim u la tio n  of th e  h y p o th a la m u s , th a ­
la m u s , h ippocam pus a n d  nu c l. am y g d a lae , 
p re p o n d e ra n tly  on th e  b a s is  o f th e  a u th o rs ’ 
o w n  experim ents. S t im u la tio n  of th e  h ip p o ­
c a m p u s  inh ib its  p i tu i ta ry -a d re n a l  a c t iv ity , 
t h a t  o f th e  nucl. a m y g d a la e  causes an  
in c re a se  o f secre tion . T h u s , h ip p o cam p u s 
a n d  am ygdala  c o n s i tu te  a  fu n c tio n al u n i t ,  
c o n n ec te d  w ith  th e  sy s te m  o f  h y p o th a la m ic  
n u c le i  th ro u g h  th e  fo rn ix  a n d  sep tu m . T he 
sy s te m  as a w hole p la y s  a n  im p o r ta n t  ro le  
in  th e  form ing of b e h a v io u r  a n d  in  th e  
in te g ra t io n  of d if fe re n t  au to m a tism s. A 
f u r th e r  evidence d e r iv e d  fro m  th e  s t im u ­
la t io n  experim ents is  t h a t  s tim u la tio n  o f  th e  
lo w e r p a r t  of th e  h y p o th a la m u s  a n d  o f  th e  
te g m e n tu m  gives r ise  to  a  m ere ly  q u a n ti ­
t a t iv e  increase o f  c o r tic a l  ho rm o n e  sec re tio n , 
w h ile  by  th e  s im tu la tio n  o f th e  arch i- 
s t r ia tu m  an d  p y r ifo rm  g y ru s  th e  com posi­
t io n  o f th e  secre tion  is  a lso changed.

I n  C hapter 8 a re  d isc u sse d  th e  psychoses 
re su ltin g  from  th e  a d m in is tra t io n  o f  c o rtica l 
h o rm o n es , th e  c e n tra l  n e rv o u s  h y p e rsen s i­
t iv i t y  resu lting  fro m  tr e a tm e n t  w ith  such  
h o rm o n es , and th e  e n h a n c in g  e ffec t o f  th e  
p i tu ita ry -a d re n o c o rtic a l sy s tem  on  ep ilep tic  
se izu res. The a u th o rs  em p hasize  th e  im p o r­
ta n c e  of a  d ecreased  p i tu i ta ry -a d re n o c o r ti­
c a l sen sitiv ity  in  th e  gen esis  o f  sch izophren ia . 
I n  schizophrenics n a m e ly  th e  h y p o th a lam ic - 
p i tu ita ry -a d re n o c o r tic a l sy s tem  is less re s ­
p o n siv e  to  stresso r e ffe c ts , on  th e  one h a n d ;  
o n  th e  o th er h a n d , th e  in te rv e n tio n s  fa v o u r­

a b ly  in f lu en c in g  th e  d isease  (p refro n ta l loho* 
to m y , in su lin  h y p o g ly caem ia , cardiazol con­
vu lsions) a re  a ll p i tu ita ry -a d re n a l a c tiv a to rs . 
—  Also in  th is  c h a p te r  a re  discussed th e  
e ffec ts  o f  th e  a n te r io r  p i tu i ta r y  and  a d ren o ­
c o rtica l h o rm ones o n  th e  h igher ne rv o u s 
a c t iv i ty  o f an im als . I t  is  a  rem arkab le  o b ­
se rv a tio n  th a t  in  dogs o f  th e  p h leg m a tic  
a n d  m elancho lic  n e u ro ty p e s  ACTH a d m i­
n is tra t io n  s tro n g ly  in te n s if ie s  th e  co n d itio n ed  
d e fensive  a n d  a lim e n ta ry  reflexes, w hile i t  
h a rd ly  a ffec ts th e  co n d itio n ed  re flexes, 
in  dogs of choleric a n d  sanguinic ty p es . 
T he d u ra tio n  o f e x te rn a l in h ib itio n  
cau sed  b y  p a in  goes p a ra lle l w ith  th e  
a m o u n t o f  h y d ro c o rtiso n e  secreted ; th e  
in h ib itio n  la s ts  lo n g er w h en  hy d ro co rtiso n e  
o u tp u t  is in creased . C orresponding ly , th e  
d u ra tio n  of th is  in h ib itio n  o f  th e  co n d itio n ed  
re fle x  m ay  h e  p ro lo n g ed  b y  th e  a d m in is tra ­
tio n  o f h y d ro co rtiso n e . F ro m  th is th e  a u th ­
ors conclude  t h a t  h y d ro co rtiso n e  a c ts  on  a 
sy s tem  in  th e  b ra in  w hich  is involved in  
estab lish ing  tem p o ra ry  connections. I t  is 
also in  th is  c h a p te r  t h a t  th e  au th o rs  describe  
th e ir  o b se rv a tio n  in  r a ts  t h a t  ascorb ic  a c id  
d e p le tio n  in  response  to  stresso r e ffects is 
p ro p o r tio n a te  to  th e  d u ra tio n  of th e  in h ib i­
t io n  of th e  co n d itio n ed  a lim en ta ry  re flex .

I t  is im possib le  to  d iscuss in  d e ta il th e  
w e a lth  o f th e  in te re s tin g , novel d a ta  a n d  
th e ir  o rig in a l in te rp re ta tio n . U ltim a te ly , 
a  new  sy n th esis  is ta k in g  shape  in  th is  b o o k , 
t h a t  e lev a te s  to  a  h ig h er p lane ou r fo rm er 
co n cep tio n  o f th e  neu ro en d o crin e  co n tro l o f  
a d a p ta t io n . One or a n o th e r  of th e  v iew s 
p u t  fo rw ard  b y  th e  a u th o rs , especially  th o se  
in  th e  la s t  c h a p te r , m a y  rem ain  c o n tro ­
v e rs ia l fo r som e tim e , b u t  i t  is u n q u e s tio ­
n a b le  t h a t  th e  e x p e rim e n ts  and  th e  c o n c lu ­
sions co urageously  d e riv e d  from  th e m  a re  
o f fu n d a m e n ta l im p o rta n c e  an d  w ill c e r ­
ta in ly  se rv e  as a  gu id e  in  fu r th e r  re sea rc h  
co n cern ed  w ith  th e  n eu roendocrine  c o n tro l 
o f a d a p ta tio n .

T he q u a li ty  o f th e  b o o k  an d  th e  p r in t ­
in g  p ra ise  th e  p u b lish e r  and th e  p r in te rs  
alike.

I. W e n t
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S. R .  M . R e y iXo l o s , В. W . Z w e i f a c h :

The Microcirculation

(S ym posium  on F a c to rs  In flu en c in g  E x ch an g e  o f S u b stan ces  Across C ap illa ry  
W all). P roceedings o f th e  F ifth  C onference on M icro c ircu la to ry  Physio logy  an d  
P a th o lo g y , B uffalo , A p ril 1958. —  T h e  U n iv e rs ity  o f  I llin o is  P ress, U rb a n a , 
1950 (170 p.).

In  th e  volum e th e  p a p e rs  an d  discussions 
o f th e  C onference are  b rie fly  p resen ted .

D. W . F a w c e t t  discusses th e  e lectro - 
m icroscopic  h isto logy  o f th e  vessels on  th e  
basis o f  d a ta  in  th e  l i te ra tu re  and  p e rso n al 
o b se rv a tio n s. In  c o n tra s t  to  th e  fin d in g s 
w ith  l ig h t  m icroscopy , no  apprec iab le  m o r­
p ho log ica l sign of an  in te rce llu la r  space b e ­
tw een  en d o th e lia l cells occupied  b y  in te r ­
cellu la r c em en t cou ld  be  d e tec ted . -— E . M . 
R e n k i n , concluding fro m  experim en ts  a n d  
ca lcu la tio n s  considers th e  d iam e te r o f  th e  
h y p o th e tic a l c ap illa ry  po res 60— 70 Ä in  
m am m alian  sk e le ta l m usc le . —  A ccording 
to  L . S a p ir s t e i n , p la sm a  volum e ap p ears  
to  b e  d e fin ite ly  h ig h er a f te r  estim a tio n  b y  
lab e lled  p ro te in , co m p ared  w ith  labelled  red  
cells a n d  h a em a to c rit va lues. O bviously , 
c ap illa ry  w all a n d  b a sa l m em brane  m u s t 
b e  p e rm eab le  fo r p la sm a  p ro te in s, a n d  th e  
cap illa rie s th u s  be  su rro u n d e d  b y  b a rrie rs  o f 
p lasm a . —  J .  A r n o l d  discusses th e  p ro ­
p e rtie s  o f  a rtific ia l m em b ran e  corresponding  
to  th e  m odel o f c ap illa ry  w all. The tech n iq u e  
o f p ro d u c tio n  of a p p ro p ria te  m em branes is 
p re sen ted . —  J . D it z e l  sum m arizes th e  
p ro b lem s o f d iab e tic  a n g io p a th y . ■— J .  W . 
I r w i n  a n d  co-w orkers o bserved  du rin g  
p assiv e  an ap h y lax is  “ h y a lin e ”  em boli a n d  
d e fin ite  v a so co n stric tio n  in  th e  p u lm o n a ry  
a rte rie s  o f liv in g  ra b b its . -— T he p a p e r o f  
W . H . K in s l e y  a n d  M . S. M a h a l e y  j r . is 
con cern ed  w ith  th e  p ro b lem  o f  tu m o u r m é ta ­
stasés a n d  m icro c ircu la tio n . —  S. B a e z  
p re sen ts  a  tech n iq u e  d ev elo p ed  for th e  
in  vivo  m icroscopic an a ly sis  o f  th e  in te s tin a l

v ascu la r b ed  in  ra ts . I t  is a  re m a rk a b le  
fin d in g  th a t  su b m u co u s a rte ria l a rca d es  
flow  is tw o -d irec tio n a l blood. D u rin g  h a e ­
m orrhag ic  h y p o te n s io n  th e  m u scu la r c o a t 
m ay  be e n tire ly  excluded  from  th e  c irc u ­
la tio n , w hile m u co sa l a rteries e x h ib it  c o n ­
tin u o u s  b lood flow . -—- A fter in jec tin g  a lb u ­
m in  labe lled  w ith  131I  in to  a c an n u la te d  leg 
ly m p h a tic  d u c t  o f  th e  dog, H . S. M a y e r s o n  
observed th a t  ly m p h a tic  p ro te in s o f  th e  
e x tre m ity  in  q u e s tio n  re tu rn  w ith o u t  loss 
a n d  a p p a re n tly  o n ly  via  th e  th o rac ic  d u c t  
in to  th e  v a sc u la r  sy s tem . M. C. B r o w n  a n d
L. W a r n e r  d esc rib e  th e ir  re flecting  m ic ro ­
scope su p p lied  w ith  a  colour te le v is io n  
sy s tem . T he m e th o d  is su itab le  fo r  th e  
v isu a liza tio n , e. g. o f th e  re tin a l vessels. 
—  B. W . Z w e if a c h  produced  a sp ec ia l 
p re p a ra tio n  o f th e  sk in  o f th e  r a t  to  s tu d y  
th e  cu tan eo u s c irc u la tio n  from  th e  u n d e r ­
surface. H e  d e m o n s tra te d  th e  g re a t se n si­
t iv i ty  o f th e  v en o u s n e tw o rk  to  te m p e ra tu re  
changes; a  fa ll  o f  1— 2°C in creased  th e  
response to  ep in e p h rin e  as m uch  as ten fo ld . 
T he se n s itiv ity  o f  sk in  capillaries to  5 -h y ­
d ro x y  t ry  p tam in e  is  also m arked , p ro d u c in g  
changes a t  c o n c e n tra tio n s  as low  as 10—10 
/tg /m l.

The p re se n ta tio n  o f th e  volum e m u s t  be  
considered  e x ce lle n t, th e  figures a re  t e c h ­
n ica lly  f ir s t  r a te ;  th e  e lectronm icroscopic  p ic ­
tu re s  an d  m ic ro p h o to g ram s are in s t ru c t iv e .

T he book is  w a rm ly  reco m m en d ed  to  
a ll those  co n ce rn ed  w ith  the  p ro b lem s o f  
m ic ro c ircu la tio n  a n d  p e rm eab ility .

P. Gömört
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H e n r i k  L u n d e g a r d h , P e n n in g b y  (Schw eden) : 

Pflanzenphysiologie

V E B  G u stav  F isch er V erlag , Je n a , 1960. 717 S eiten  m it 283 F ig u re n  im  T ex t.

L u n d e g a r d h s  N am e  is t  b e k an n t. B esonders p o p u lä r  is t seineA rbeit » K lim a  und  B oden«. 
D ie »P flanzenphysio log ie«  is t  die g ründ lich  u m g ea rb e ite te  deutsche A usgabe  seines vo r 10 
J a h re n  in  schw edischer S p rach e  erschienenen W erkes L eh rb u ch  des »Pflanzenphysio log ie  und 
P flan zen an a to m ie« . In  d e r g anzen  W elt g ib t es n u r  w enige um fassende pflanzenphysio log ische 
A rb e ite n , u n d  u n te r  d iesen  z ä h lt  L u n d e g a r d h s  B u ch  zu  den besten.

Z u r E rhellung d e r g ru n d leg en d en  L ebensprozesse de r p flanzlichen Z ellen u n d  des p f lan z ­
lichen  O rganism us n im m t V erfasser au f b re ite r  B asis d ie m odernen  b iophysik a lisch en  u n d  b io ­
ch em isch en  K enntn isse  in  A n spruch . Dieses B estreb en  ä u ß e rt sich bisw eilen so s ta rk , daß  die 
spez ie llen  pflanzenphysio log ischen  G esich tspunk te  ein  wenig in den H in te rg ru n d  g edräng t 
w e rd en .

D ie ersten  be id en  K a p ite l des W erkes befassen  sich m it dem  m orpholog ischen  und  
ch em isch en  A ufbau  de r Zelle u n d  in  diesem  R ah m en  u n te r  en tsp rechender B e to n u n g  m it den  
P ro to p la sm a m em b ran e n  sow ie den physikochem ischen  Prozessen, die sich a n  d ie M em brane 
k n ü p fe n . Im  d ritten  K a p ite l  w erden die an a to m isch en  K enntn isse , welche d ie  G rundlagen  der 
physio log ischen  Prozesse  b ild en , in  k n ap p er F o rm  zusam m engefaß t.

E s is t  fü r den  L ese r n ic h t ganz k lar, was den  V erfasser dazu v e ra n la ß t  h a t,  u n te r  den 
g ru n d leg en d en  L ebensprozessen  an  erste r Stelle d ie F rag en  der P h o to sy n th ese  zu  behandeln , 
n o ch  b e v o r er die F ra g e n  des W asserh au sh a lts  u n d  de r M ineralernährung  besp ro ch en  h ä tte . 
D iese E in te ilu n g  lä ß t  sich  a u ch  d a m it n ich t b e g rü n d en , daß  er die en zy m atisch en  Prozesse 
u n d  E n e rg ie tran sp o rte rsch e in u n g en  des O rgan ism us v o rh er darzuste llen  w ü n sch te , weil er 
d iese F ra g e n  im  fo lgenden  K ap ite l »A tm ung u n d  G äru n g . E nzym chem ie« fa s t  als selbständige 
E in h e it  e rö rte rt. In  d iesem  A b sch n itt lernen  w ir d en  m odernsten  S tan d  de r B eziehungen zwi­
sch en  P h o to syn these  u n d  K o h le n h y d ra tb ild u n g  sowie -V erw ertung ken n en . D ie sehr ak tue lle  
P ro b lem e  der p h o to sy n th e tisc h en  P h o sp h o ry la tio n  w erden  hingegen in  d iesen  K ap ite ln  n u r 
k u rz  b e rü h rt.

D as sich m it d em  Stickstoff-S toffw echsel be fassen d e  6. K ap ite l sch ließ t sich dem  v o ra n ­
g eg an g en en  au f der G ru n d lag e  an , daß  die A tm o sp h ä re  die U rquelle a u ch  dieses ausschlag­
g eb en d  w ichtigen o rg an o g en en  E lem en tes b ild e t. D ieser A b sch n itt is t b e so n d ers  abw echslungs­
re ich , u n d  hier t r i t t  d ie  ökophysio logische B e trach tu n g sw eise  des V erfassers am  deu tlich s ten  
z u tag e .

F ü r  die K a p ite l, w elche die M inera lern äh ru n g  u n d  den W asseru m sa tz  behandeln , is t 
w en ig er d ie ausführliche E rö rte ru n g  der T hem en beze ich n en d  als die H inw eise  a u f  die neuesten  
L ite ra tu ran g a b en .

Im  10. K ap ite l w e rd en  die K eim ung, das im  en g eren  Sinne v e rs tan d e n e  W achstum , de r 
M echanism us der P h y to h o rm o n e  sowie die W echselw irkungen  des W ac h stu m s u n d  der U m ­
w eltb ed in g u n g en  a n a ly s ie r t . Sehr g ründlich  a u sg e a rb e ite t ist das le tz te  K a p ite l , das sich m it 
d e n  B ew egungen de r P f la n z e n  befaß t.

E s wäre u n rich tig  zu  verschw eigen, daß  w ir in  der A rbeit einiges verm issen . E in ige 
th e o re tis c h e  und  p ra k tisc h e  F rag en  der m o d ern en  P flanzenphysio log ie  w e rd en  gar n ich t e r­
w ä h n t ,  z. B. die der E n tw ick lungsphysio log ie  sowie d ie  physiologischen B eziehungen  der V er­
n a lisa tio n , der B lü te n b ild u n g , B estau b u n g , B e fru ch tu n g  u n d  F ru c h tb ilu d n g . V ollständ igkeit 
d a r f  m an  auch von e in e r d e ra r t  um fangre ichen  u n d  hohen  A nsprüchen  g e rec h t w erdenden 
A rb e it  n ich t e rw arten , d en n o ch  m einen w ir, d aß  d e r L eser im  In teresse  e in e r ausführlicheren  
B esp rech u n g  der eben  a n g e fü h rten  T hem en au f d ie Z usam m enfassung  de r au s anderen  A rbei­
te n  b e k a n n te n  p f lan zen an a to m isch en , enzym chem ischen , ja  auch der w ied erh o lt an zu treffen ­
d en  re in  o rgan isch -chem ischen  G rundlagen  gern  v e rz ic h te t  h ä tte .

Alles in allem  s te ll t  L u n d e g a r d h s  W erk  n ic h t n u r  fü r die S tu d e n te n , sondern  auch  fü r 
ju n g e  Forscher eine n ü tz lich e  A rbeit zur E in fü h ru n g  in  diesen W issenschaftszw eig  da r. D as 
w e ite re  S tud ium  der P flan zenphysio log ie  w ird d u rc h  m eh r als 2000 b ib liog raph ische  H inw eise 
e r le ic h te r t .  E in  b eso n d e re s  L ob v e rd ien t die schöne  u n d  sorgfältige A u s s ta ttu n g  des B uches.

Á . F a l u d I D á n ie l

A kiadásért felel az Akadémiai Kiadó igazgatója Műszaki szerkesztő : Farkas Sándor
A kézirat nyomdába érkezett : 1960. IX. 5. — Terjedelem : 6,50 (A/5) ív, 22 ábra

1960.52029 —  A kadém iai N yom da, B udapest —  Felelős vezető : B ernât György
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Р Е З Ю М Е

ОЧИСТКА РИБОНУКЛЕИНОВОЙ КИСЛОТЫ, ИНДУКТИРУЮЩЕЙ СИНТЕЗ 
ПЕНИЦИЛЛИНАЗЫ В КЛЕТКАХ В. CEREUS

В. ЧА Н И , М. КРАМ ЕР и Ф. Б . Ш ТРАУБ

Применялись и сопоставлялись два метода очистки рибонуклеиновой кислоты 
(РНК), полученной из образующих пенициллиназу клеток Вас. cereus. Эти очищенные 
препараты рибонуклеиновой кислоты имеют по существу тот же самый, повышающий 
образование пенициллиназы в индуктируемых клетках В ас. cereus эффект, что и описан­
ная раньше неочищенная вытяжка.

Полученные этими двумя методами препараты рибонуклеиновой кислоты, как и 
неочищенная вытяжка, были количественно сравнены в отношении их действия на син­
тез пенициллиназы.

Было установлено, что уровень насыщения рибонуклеиновой кислоты, имеющий 
еще полную активность, должен быть порядка 10-2—10_3 молекул рибонуклеиновой 
кислоты на клетку.

Обсуждается предполагаемая роль специфической рибонуклеиновой кислоты И 
рибонуклеазного воздействия.

ПРЕОБРАЗОВАНИЕ КОРТИЗОН-АЦЕТАТА В ПЕЧЕНОЧНОЙ ТКАНИ 
РАЗЛИЧНЫХ ВИДОВ ЖИВОТНЫХ В ОПЫТАХ Ш VITRO

Б. БОХУШ  и Э. ЭН ДРОЦИ

В ходе метаболизации in vitro, в печеночной ткани кортизон преобразовывается 
в менее полярные биологически активные кортикостероиды.

Наблюдались следующие преобразования:
1. Путем дегидроксилирования 17-а-получается 11-дегидрокортикостерон.
2. Отщеплением 11-ой оксо-группы получается у собак 11-дезокси-17-гидрокор- 

тикостерон.
3. При действии 11-гидрогеназы образуется гидрокортизон, способный к дальней­

шим преобразованиям.

ПРЕОБРАЗОВАНИЕ ГИДРОКОРТИЗОНА В ПЕЧЕНОЧНОЙ ТКАНИ СОБАК, 
КОШЕК, МОРСКИХ СВИНОК И КРЫС В ОПЫТАХ IN VITRO

Б. БОХУШ и Э. ЭНДРОЦИ

В опытах in  v itro  было установлено, что печеночная ткань собак, кошек, морских 
свинок и крыс преобразовывает гидрокортизон в менее полярные свободные 4 —3-кето- 
кортикостероиды.

Наблюдались следующие преобразования :
1. Путем дегидроксилирования 17-а — получается кортикостерон.
2. После дегидроксилирования 11-/? — получается соединение S Рейхенштейна.
3. При действии 1 \-ß-дегидрогеназы, из кортикостерона получается 11-дегидро­

кортикостерон; эта реакция не имеет места в печеночной ткани морской свинки и кошки.
4. При действии /?-дегидрогеназы из гидрокортизона образуется кортизон.
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ИССЛЕДОВАНИЕ ГЕКСОКИНАЗНОЙ АКТИВНОСТИ 
ПРИ ВСАСЫВАНИИ ГЛЮКОЗЫ

И. Ф ЕХ ЕР, И. ДЕШ И  и К. САЛАИ

В  опытах in  v ivo  у крыс с удаленней почкой, не было обнаружено параллельно­
сти между активностью гексоккназы и количеством всасываемой глюкозы.

АНАЛИЗ ИЗМЕНЕНИЯ КИШЕЧНОГО ВСАСЫВАНИЯ ВОДЫ, ВЫЗВАННОГО 
ВЫТЯЖКОЙ ЗАДНЕЙ ДОЛИ ГИПОФИЗА, У ЖИВОТНЫХ, ПРЕДВАРИТЕЛЬНО 

ОБРАБОТАННЫХ КОРКОВЫМИ ГОРМОНАМИ
Г. А. ДО М БРАДИ, Ф. КРИ Ж А , Т . ЯН Ч О  и Ф. ОБАЛ

С помощью методики всасывания по Хорват—Уйксу исследовались закономер­
ности всасывания воды из тонкой кишки у крыс-самцов, предварительно обработанных 
ацетатом кортизона и глюкозидом дезоксикортикостерона. Исследования распространя­
лись на действие двух веществ с гиалуронидазным или же антигиалуронидазным эффек­
том, с одной стороны на кишечное основное всасывание, а с другой, на возможное воз­
действие этими всасывание, а с другой, на возможное воздействие этими же веществами 
на повышающий, всасывание воды, эффект антидиуретического гормона. Полученные 
результаты можно резюмировать следующим образом:

1. В случае применения обычных фармакологических доз, при сохранении функции 
коры надпочечников, ацетат кортизона и глюкозид дезоксикортикостерона не изменяет 
постоянного основного всасывания физиологического раствора поваренной соли из тон­
кой кишки.

2. Внутривенно-введенная вытяжка нервного j оскута вызывает у животных, пред­
варительно обработанных ацетатом кортизона, только незначительное повышение вса­
сывания. Предварительная обработка глюкозидом дезоксикортикостерона сигнифи- 
кантно не изменяет повышения всасывания.

На основе полученных результатов теория о медиации гкалуронидазы не кажется 
доказанной.

СВЯЗЫВАНИЕ МЕТИОНИНА 35S У КРЫС,
СОДЕРЖАННЫХ НА РЕЖИМЕ ПИТАНИЯ С НЕДОСТАТКОМ МЕТИОНИНА

П. КЕРТАИ и Й. ШОШ

У крыс, предварительно содержанных на режиме питания с недостатком метио­
нина, два часа после внутривенного введения метионина WS, радиоактивность печени и 
головного мозга, по сравнению с контрольными животными, значительно повышена 
( +  30% и -f- 44%). Активность мышц, почек и сыворотки была у двух групп крыс оди­
наковой. Среди исследованных органов и тканей связывание метионина, указывающее 
на биохимическую регенерацию, повышается быстрее всего в печени и в головном мозге.

ИССЛЕДОВАНИЕ НОВОГО ПРОТИВОГРИБКОВОГО АНТИБИОТИКА
Е. ГЛАЗ, Е. Ш ЕЙ БЕР и К. ЙАРФАШ

Исследовались биологические действия нового противогрибкового антибиотика 
(антибиотика Т), полученного раньше авторами из культуры C ephalosporium  sp. Было 
установлено, что эти действия — вследствие химической структуры антибиотика Т — 
весьма подобны свойствам трихотецина. Противогрибковое действие in  v itro  сравни­
тельно слабое и имеет фунгистатический характер. Он обладает весьма слабой токсич­
ностью, однако, фармакологическое исследование наталкивалось на большие трудности 
ввиду весьма плохой растворимости этого антибиотика в воде. После его введения мышам
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и крысам не удалось выявить эффективного противогрибкового уровня в крови; причи­
ной этого факта является по всей вероятности наблюдаемая инактивация антибиотика 
в крови. Заражения мышей грибком C a n d id a  этим антибиотиком нельзя отражать. На 
коже животных, как и человека он оказывает раздражаюещее действие. Число дрожже­
вых клеток, присутствующих в испражнении мышей после кормления животных окси- 
тетрациклином, уменьшается на действие введения p e r  os большей дозы антибиотика 
Т. Свойства алкоголя, полученного путем гидролиза антибиотика Т указывают на то, 
что получение производных этого алкоголя может привести к возникновению противо­
грибковых соединений с благоприятными свойствами.

ИССЛЕДОВАНИЕ ЧУВСТВИТЕЛЬНОСТИ К ЭФИРУ 
НА МОЛОДЫХ И ВЗРОСЛЫХ ЖИВОТНЫХ

П. ИШ Ш ЕКУТЦ

1. В сосуде для наркоза была исследована эффективность эфира на молодых кры­
сах весом в 30—40 г, как и на взрослых крысах, весом в 350 г, и было установлено, что 
молодые животные более чувствительны чем взрослые, ибо они засыпают при более низ­
ком, определенном в воздухе объемном проценте эфира, чем взрослые животные. Время 
до просыпания из глубокого наркоза также длиннее у молодых животных, и для них эфир 
уже при таком объемном проценте смертельный, который взрослые животные еще хорошо 
переносят.

2. Причиной этой разницы в чувствительности является, что в организме молодых 
животных содержание воды больше, и, следовательно, эфир предположительно лучше 
растворяется, чем в теле взрослых животных. Если делить количество измеренного в 
мг% эфира, находящегося в организме животных, на количество оставшегося в воздухе 
мг% эфира, то полученный коэффициент всасывания больше у молодых, чем у взрослых 
животных.

3. Измеренный при смертельной концентрации эфира коэффициент поглощения 
низкий, предположительно по той причине, что животные погибают еще до полного рас­
творения и равномерного распределения эфира в их организме.

ФОСФОРИЛИРОЬАНИЕ ПРИ РАЗЛИЧНЫХ ОСМОТИЧЕСКИХ КОНЦЕНТРАЦИЯХ 
АДЕНОЗИН ДИФОСФАТА И ГЛЮКОЗЫ В ИЗОЛИРОВАННЫХ МИТ ОХОНДРИЯХ

ГОЛОВНОГО МОЗГА 
А. Ф ОНЬО и Я . ШОМОДЬИ

Изотонической инкубацией изолированных митохондриев головного мозга не 
удалось выявить фосфорилирования аденозиндифосфата. В случае гипотонической инку­
бации аденозиндифосфат фэсфорилируется.

В тах препаратах, где окисьление лимитируется недостатком акцепторов росфата, 
дыхание повышается аденозиидидисросоратом только в гипотонической среде.

С акцептором гексокиназы-глюкозы фосфорилирование состоится также в изото­
нических условиях. Если применяется гексокиназа в лимитирующем количестве, то 
фосфорилирование в гипотонических условиях больше, чем в изотонических. Если же 
повысить количество гексокиназы, то разница становится меньше. Гексокиназа повы­
шает дыхание также в изотонических условиях.
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ДАННЫ Е К СЕКРЕЦИИ КОРТИКОИДОВ КОРЫ НАДПОЧЕЧНИКОВ МОРСКОЙ
СВИНКИ

Д . Т Е Л Е Г Д И , Э. ЭН ДРОЦИ и К . ЛИШ Ш АК

В выделениях коры надпочечников морских свинок было обнаружено 5 корти- 
коидов: I. 2-а-гидроксикортикол или 6-/?-гидроксикортизол, II. гидрокортизон, III. кор­
тизон, IV. кортикостероч, V. 11-дегидрокортикостерон.

В выделениях коры надпочечников некоторых животных, гидрокортизон обнару­
жен в самом большом количестве, а остальные кортикоиды не удалось обнаружить. 
После обработки адренокортикотропным гормоном (АКТЕ) общее выделение значи­
тельно повышается.

Вес правого и левого надпочечника как и вес надпочечников самца и самки значи­
тельно не отличаются между собой. После введения АКТЕ вес надпочечников повышается.

ДЕЙСТВИЕ НЕДОСТАТКА. МЕТИОНИНА НА ОБРАЗОВАНИЕ ГЕТЕРОГЕМО-
ТРОПИНА

Д . ВАЙДА, И. РИГО и И. ШОШ

Данные авторов служат новым доказательство тог о, что метионин играет важную 
роль в клеточной и гуморальной защите. Кроме описанных до сих пор —ошем и сотруд­
никами вредных действий режима питания с недостатком метионина, необходимо учесть 
также — до сих пор невыясненное — интенсивное нарушение ответной иммунной реакции 
(гетеро-гемотропин).
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A SIMPLE AND SENSITIVE METHOD 

FOR THE ESTIMATION OF INORGANIC PHOSPHORUS
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N. A. B ir ó , A. Mü h l r a d  and P. D o br o n a i

INSTITUTE OF PHYLOGENY AND GENETICS, BIOCHEMISTRY GROUP, L. EÖTVÖS UNIVERSITY, 
BUDAPEST, AND RICHTER PHARMACEUTICAL WORKS, BUDAPEST

(R eceived S ep tem b er 8, I960)

A new m eth o d  o f inorganic p h o sp h o ru s d e te rm in a tio n  has been developed, con­
sisting  of p re c ip ita tin g  th e  phosphorus as th e  stry ch n in e  sa lt o f phosphom olybdic  acid , 
d issolving th e  w ashed  p re c ip ita te  and  m easu rin g  th e  lig h t a b so rp tio n  a t  253 m,ii. T he 
m in im um  am o u n t d e te rm in ed  is 0.05 jUg/ml. A d en o sine-phosphates, Ca+ I, M g++, t r i ­
ch loroacetic  and  p e rch lo ric  acids are n o t d is tu rb in g . A rsen a te  m u s t be ab sen t. A T P 
show s no m easu rab le  hydro lysis, p h o sp h o c rea tin e  a hydro ly sis  am o u n tin g  to  a b o u t 5 
p e r cen t un d er th e  con d itio n s prescribed.

N um erous m e th o d s  for th e  e s tim a tio n  of in o rg an ic  phosphorus are 
know n. T he con tinuous effo rt to  find  th e  m ost con v en ien t p rocedure fo r th e  
m o lybdenum  blue m e th o d  or for m eth o d s e x tra c tin g  th e  phosphom olybd ic  
acid in  organic so lv en ts , shows th a t  in  sp ite  of th e re  being  very  sim ple and  
sensitive  m ethods, we are  still in  w a n t o f  m ore sa tisfy in g  ones. T he m ost 
serious d ifficu lty  lies in  th e  error caused b y  th e  hyd ro lysis  o f labile  phosphorus 
com pounds in  th e  acid  m edium s used [1], a source of erro r m ore or less com m on 
to  all know n m ethods. R ecen tly  M a r s h  [2] has po in ted  o u t th a t  one of th e  
m o st w idely  used e x tra c tio n  m ethods (A l l e n  [3]) is u n sa tis fa c to ry  owing 
to  th e  hydro lysis of A T P , if  one has to  know  ex ac tly  th e  sm all am oun ts of P , 
p resen t in  ATP p re p a ra tio n s . F u rth e rm o re  th e  m ost sensitive  and  re liab le  
e x tra c tio n  m ethods k n o w n  are ted ious to  ca rry  ou t in  g rea t num ber.

W e have w orked  o u t a new m eth o d  som ew hat m ore sensitive th a n  th e  
m ost sensitive of th e  h ith e r to  know n e x tra c tio n  m eth o d s and  tech n ica lly  
m uch m ore sim ple th a n  m ost of th em . T he m ethod  is b ased  on E m b d e n 's [4] 
g rav im etric  s try ch n in e -m o ly b d a te  m e th o d , b y  now  o f a h isto rica l in te re s t  
only. I ts  tu rb id im e tric  m odifica tion  by  B erg old  an d  P is t e r  [5], an idea lly  
sim ple an d  sensitive p ro ced u re  indeed, has been u n sa tis fa c to ry  in our h an d s. 
Owing to  th e  in h e ren t la b ility  of tu rb id im e tr ic  m eth o d s, we could n o t get 
rep roducib le  resu lts , ex c e p t in  th e  case o f p u re  ino rgan ic  phosphorus so lu tions. 
On th e  o th e r hand , we h av e  found th a t  b y  co llecting  th e  strychn ine-phospho- 
m o ly b d a te  p re c ip ita te , followed b y  d isso lu tion  and  m easu rem en t o f lig h t 
a b so rp tio n  in  th e  u ltra v io le t, we can e s tim a te  p h o sphorus in  a sim ple an d  
v e ry  sensitive w ay. 1

1 Acta Physiologica XVIII/4.
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R eagent

To 28 ml w arm  (s lig h tly  fum ing) su lp h u ric  acid (s.g. 1.82) are  g iven  
4 g o f am m onium  m o ly b d a te  in  sm all p o rtio n s. I t  d issolves read ily . W hen 
i t  beg ins to  cool (a s lig h t b lue  colour does n o t d istu rb ) i t  is p o u red  to  450 m l 
s try c h n in e -n itra te  so lu tio n  co n ta in in g  1 g o f th e  a lkalo id , an d  m ade u p  to  
500 m l. I f  th e  s lig h te s t tu rb id i ty  is observed , th e  reag en t is f ilte re d  th ro u g h  
a G4 glass filtre . I t  is s to red  in  a p o ly e th y len e  b o ttle .

P rocedure

The sam ples, i f  n o t n e u tra l (or if  th e y  are  n eu tra l b y  th e  buffering  ac tion  
o f  som e com ponen t b e in g  th e re  in  su b s ta n tia l am ounts) a re  b ro u g h t to  a b o u t 
p H  1.5. One m ay  use  one d rop  of th y m o l b lue  in d ic a to r  so lu tio n : th e  so lu tio n  
w ith  th e  in d ica to r m u s t h av e  an  orange hue .

M inim um  fin a l c o n c e n tra tio n  of Pi m u st be a t  le a s t 0.05 /tg/m l, th e  
m in im u m  to ta l a m o u n t (carry in g  ou t the p re c ip ita tio n  in  one ml to ta l vo lum e),
0.05 fig .1 I t  is ad v isab le  to  m ake th e  p re c ip ita tio n  in  one series of e s tim a tio n s  
in  equal volum es, i.e. to  m ake up every  sam ple to  th e  sam e volum e, g iv ing  
th e  sam e volum e o f re a g e n t to  all o f th em .

The sam ples p re p a re d  accord ing  to  these  specifica tions are cooled to  
0° C and  0.05 m l o f re a g e n t is added  to  every  ml of sam ple . A fter s ta n d in g  
fo r  10 m inutes (in  th e  case of less th a n  1 fig, because of som e delay  in  c ry s ta l­
lisa tio n , 30 m ins) th e  sam ples are f ilte re d  th ro u g h  sm all G4 glass filtre s . 
O ne m ay co n v en ien tly  use a series o f la rge  tu b es , w ith  side tu b es for su c tio n , 
a n d  w ith  p laced-in  te s t  tu b es , for co llecting  th e  f i l tra te . T he suction  o f th e  
f i l tre s  m ay be ca rried  ou t sim u ltan eo u sly  w ith  th e  aid  o f a m u ltib ran ch ed  
v acu u m .

The p rec ip ita te  on th e  filtre  is w ashed w ith  3 ml ice-cold alcohol, c o n ta in ­
in g  3 fig s try ch n in e /m l, added  in th ree  p o rtions, w ith  carefu l rinsing of th e  
f iltre s . The w ashed p re c ip ita te  is d issolved in  3 ml 0.2 p e r cen t am m onia , in  
th re e  portions, th e  f i l t r a te  being  collected  in  a te s t tu b e  b earin g  a m a rk  a t 
5 m l. A fter com pletion  of th e  volum e, th e  ex tin c tio n  is m easu red  a t  254 va.fi 
a g a in s t a b lank  p re p a re d  from  distilled  w a te r and  reag en t an d  carried  w ith  
th e  sam ples th ro u g h  th e  w hole procedure  (including f iltra tio n  and  w ashing  of 
th e  filtre).

The m easu rem en t o f lig h t ab so rp tio n  was carried  o u t w ith  a new  ty p e  
o f  sim ple p h o to m e te r  inc lud ing , be tw een  o th e r u ltra v io le t lines resp . b an d s , 
th e  254 m fi m ercu ry  resonance  line .2 T he use of a sp ec tro p h o to m e te r  allow s

1 The m ax im u m  a m o u n t is n o t ex ac tly  s ta te d . A bove 15 fig P , in  a f in a l m ix tu re  o f 10 m b  
th e  ex tinc tion  of th e  a p p ro p ia te ly  d ilu ted  d issolved p re c ip ita te  ten d s to  decline from  lin e a rity .

2 “ U vifo t” p h o to m e te r  o f MOM (H u n g a ria n  Optical W orks), resp . B F K -P h o to m e te r  o f 
K ip p ,  D elft, H olland .
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even  g rea ter sen s itiv ity  a t a sh o rte r  wave le n g th , such as 230 m /t, as seen from  
th e  abso rp tio n  sp ec tru m  o f th e  dissolved s try ch n in e -m o ly b d a te  p re c ip ita te  
show n in  Fig. 1.

A t 254 m /t, 1 /tg of phosphorus gives w ith  th e  vo lum es given above,
0.197 ex tin c tio n  u n its .3 * *

N eu tra lized  trich lo ro acetic  acid an d  perch loric  acid (up to  a fin a l 
co n cen tra tio n  o f 5 to  6 per cen t) cause no e rro r. AM P, A D P , A TP, and  p y ro ­
p h o spha te  up  to  a co n cen tra tio n  of 20 m M , C a+ + or M g++ up  to  10 m M

F ig. 1. A bsorp tion  sp ec tru m  of d issolved s try ch n in e-p h o sp h o m o ly b d ate . 4.70 /eg P, p re c ip ita te d , 
t re a te d  according to  th e  p rocedure , an d  dissolved in  4 m l (1 cm  c u v e tte , B eckm an M odel D U

spectxophoto m eter)

do n o t d is tu rb  e ith e r. H igher co ncen tra tions w ere n o t te s te d . A rsenate  form s 
a p rec ip ita te  w ith  th e  reag en t like p h o spha te  does, so th a t  its  presence m u st 
be avoided.

Experiments and discussion

The so lub ility  of the  s try ch n in e  salt o f phosphom olybd ic  acid is su rp r is ­
ing ly  sm all u n d e r th e  cond itions of the e stim a tio n  p rocedure  given ab o v e . 
W ith  the  aid  o f 32P -labelled  phosphorus we found th is  so lu b ility  in o rd er o f 
m ag n itu d e  of 10 6 M /l. Some resu lts  are g iven in  T ab le  I. Since th e  c o n c e n tra ­
tio n  of inorganic  phosphorus le f t in  th e  f i l tra te  is v e ry  m uch dependen t on th e  
am o u n t of phosphorus p re c ip ita te d , th e  values o b ta in ed  can n o t be considered 
as those of tru e  solubilities. W e suppose th a t  p a r t  of th e  phosphorus found

3 B y th e  e x ac tly  s ta te d  ex p erim en ta l conditions as p H  and  com position  and ad d ed
a m o u n t of reag en t a  change in th e  com position  of th e  h e te ro p o ly ac id  h as been ru led  o u t, so a
s tr ic t  p ro p o rtio n a lity  can  be assum ed be tw een  p h osphorus co n te n t and  e x tin c tio n  (see T able  I I ) .
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in  th e  f i l t r a te  w as due to  th e  h e te ro d isp e rs ity  of th e  p re c ip ita te , a c o n s tan t 
sm all fra c tio n  passing  th ro u g h  filtre s . F o r tu n a te ly  this u n p re c ip ita te d  am o u n t 
o f  p h o sp h o ru s is p ra c tic a lly  p ro p o rtio n a l to  th e  to ta l  a m o u n t p re c ip ita te d . 
As seen  from  T ab le  I ,  i t  am o u n ts  to  4 p e r  cen t of th e  to ta l ,  in d ep en d en tly  
w h e th e r  2 or 10 [гg are  p re c ip ita ted  from  10 m l volum e.

Table I

Recovery experim ents w ith  32P

T h e  in d ic a te d  am o u n ts  o f P (, co un ting  10 808 impulses/'/ig were p re c ip ita te d  fro m  a to ta l 
v o lu m e o f 10 m l u n d e r  th e  cond itions given u n d e r “ P ro ced u re” . T he ra d io a c tiv ity  o f th e  f i ltra te  
o f  th e  co llected  w ash ings a n d  of th e  dissolved p re c ip ita te  (m ade u p  to  10 m l) was de te rm in ed . 
T h e  P , v a lu es w ere  ca lcu la ted  from  th e  ra d io a c tiv ity  found  in  th e  so lu tions, “ to ta l”  P, being 
th e  sum  of th e  p h o sp h o ru s co n te n t of th e  th ree  so lu tions. All th e  o th e r  values re fer to  10 ml 
to ta l  vo lu m e of th e  resp ec tiv e  solutions.

Total Pf
^g

Filtrate Washings Precipitate dissolved

^g
%of
total /*g

% of
total ^g

% 0f
total

11.39 0.49 4.3 0.60 5.3 10.3 90.4
11.22 0.57 5.1 0.55 4.9 10.1 90.0
11.50 0.45 3.9 0.66 5.7 10.4 90.4

1.802 0.072 4.1 0.110 6.1 1.62 89.8
1.875 0.091 4.9 0.124 6.7 1.66 89.4
1.784 0.104 5.8 1.100 5.6 1.58 88.6

I t  w as d ifficu lt to  find  an a p p ro p ria te  so lu tion  to  w ash th e  p re c ip ita te  
free  fro m  th e  rem ain ing  reag en t, w hich  absorbs m uch lig h t. Cold n itr ic  acid, 
as ap p lied  in  th e  classical g rav im etric  m ethod  of E m b d e n  for mg am oun ts, 
d issolves th e  w hole p re c ip ita te  w hen  w ork ing  in  th e  /tg ran g e . A fte r m any  
tr ia ls  we found  th a t  in  an  alcoholic so lu tio n  of s try ch n in e  n itra te  (3 /tg/ml) 
th e  p rec ip itace  is p rac tica lly  inso luble. A lthough  s try ch n in e  has som e ligh t 
a b so rp tio n  a t  th e  w ave len g th  used, i t  is negligible in  th is  g rea t d ilu tio n , even 
w h en  th e  am o u n t of phosphorus to  be de te rm ined  is as sm all as 0.05 fig.

In  d e te rm in a tio n s  w ith  32P -labe lled  p h o spha te  th e re  w ere sm all b u t 
m e a su ra b le  losses of phosphorus a t w ash ing . As seen in  T ab le  I ,  th e  loss of 
p h o sp h o ru s  as w ashed  ou t ra d io a c tiv ity  am oun ted  to  som e 6 p e r cen t of 
th e  to ta l .

F o rtu n a te ly  these  losses are also p ro p o rtio n a l to  th e  phosphorus p re se n t.1 
A ll th e  d a ta  concern ing  th e  perfec tion  o f p rec ip ita tio n  an d  w ashing (o f w hich 
T a b le  I  show s only a sm all fraction) led  to  th e  resid t th a t  u n d er th e  cond itions 
g iv en  th e  recovery  of phosphorus (i. e. rad io ac tiv ity ) in th e  fin a l f i l t ra te  is

4 T he p ro p o rtio n a lity  of th e  ra d io a c tiv ity  rem ain ing  in so lu tion  resp. w ashed o u t, m ay 
be  ex p la in ed  by  th e  presence of some ra d io ac tiv e  im p u rity . In  fa c t, we found  in  som e cases 
tra c e s  o f p y ro p h o sp h a te  in  our 32P  p rep ara tio n s.
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Table II

Calibration experiments

The given a m o u n ts  o f p h o sp h o ru s (from  a p p ro p ria te  d ilu tions o f a  s to ck  so lu tion  c a re ­
fu lly  p rep ared  by  e x ac t w eighing o f c ry sta llin e  K H 2 P 0 4 of an aly tical p u r i ty )  are p re c ip ita te d  
a n d  tre a te d  as g iven  u n d e r “ P ro ced u re” .

Volume ixg phosphorus 
present

p i cm / n 
E254 m u l^  P

2 ml 0.096 0.208
0.192 0.192
0.384 0.190
0.432 0.200

4 ml 1.150 0.196
1.440 0.194
1.730 0.194
2.020 0.205
2.305 0.194

6 ml 2.59 0.188
3.17 0.192
3.74 0.190
4.32 0.189

8 ml 5.77 0.200
6.72 0.202
7.67 0.205
8.63 0.201

10 ml 9.60 0.198
11.52 0.189
12.48 0.201
13.92 0.205

M ean 0.197 ± 0 .0 0 5

90 p e r cen t, in d ep en d en tly  o f  th e  to ta l  am o u n t of phosphorus p re c ip ita te d . 
In  accordance w ith  th is , th e  c a lib ra tio n  ex p erim en ts  in  T ab le  I I  show  a good 
p ro p o rtio n a lity  be tw een  th e  a m o u n t of phosphorus and  e x tin c tio n , in  a w idely  
v a ried  range o f co n cen tra tio n s .

As m en tio n ed  above, th e  so lu tio n  used  to  w ash th e  p re c ip ita te  free o f  
re a g e n t has some sm all a b so rp tio n  a t  th e  w ave leng th  used. Som e ex tin c tio n  
m ay  re su lt from  th e  in su ffic ien tly  rem oved reag en t. I t  is th e re fo re  adv isab le , 
especia lly  w hen  d e te rm in in g  sm all am o u n ts  o f phosphorus, to  p rep a re  a b la n k  
ca rried  th ro u g h  th e  whole p ro ced u re .

W e perfo rm ed  som e ex p e rim en ts  on th e  hydro lysis of A T P  an d  phospho- 
c rea tin e  b y  m eans o f our p ro ced u re . C onsidering th e  ra te  o f  hydro lysis o f  
th ese  substances [1], one m ay  ex p ec t our procedure  to  be v e ry  fav o u rab le . 
T he f in a l co n cen tra tio n  of m o ly b d a te , w hich enhances th e  r a te  o f hyd ro lysis  
in  m o st cases, is co m p ara tiv e ly  sm all an d  th e  applied  te m p e ra tu re  of 0° C 
also favours th e  suppression  o f  hyd ro lysis .
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Table III

R ate  o f hydrolysis o f  A T P  resp. phosphocrealine under the conditions o f  the procedure

T he am ounts o f su b s ta n c e s  given w ere d is tr ib u te d  in  sev e ra l equal sam ples a n d  th e  
e s tim a tio n  of P, was c a rr ie d  o u t  as described. F i l tra t io n  of th e  p re c ip ita te  was c a rried  o u t 
a f te r  ad d itio n  of reag en t as in d ic a te d . T o ta l vo lum e: 10 ml.

T he ATP was a co m m erc ia l p re p ara tio n  (R eana l, B u d a p es t) , th e  “ p h o sp h o crea tin e”  
w as a  frog m uscle h o m o g en a te  depro te in ized  acco rd ing  to  S o m o g y i [6]. T o ta l a m o u n t o f 
p h o sp h o crea tin e  p h o sp h o ru s : in crem en t o f Р,- a f te r  hydro lysis a t  65° C in  0.1 N  HC1 an d  9 
m in u te s  [7].

Р,- was estim ated  in  th e  A T P ex p erim en t to  0.140 f iM  ( F is k e  and  S u b b a r o w  [8]), in  
th e  phosphocreatine  e x p e rim e n t to  0.016 p M  (B e r e n b l u m  and  Ch a in  [9]).

Time minutes
ATP

2.5/xmoles P10/
Phosphocreatine 
0.201 /tmoles 

phosphocreatine-P

Pi found, /tmoles

5 0.121 0.0036

10 0.123 0.0069

20 0.126 0.0079

30 0.134 0.0090

45 0.126 0.0139

60 0.129 —

As shown in  T a b le  I I I ,  w ith  A T P  we did n o t observe any  m easurab le  
h y d ro ly sis . In  th e  case  of p h o sp h o crea tin e , a t 30 m in u te s , th e  tim e  recom ­
m en d ed  for com plete  p rec ip ita tio n , h y d ro lysis  am o u n ted  to  4.5 p er cen t of 
th e  to ta l ,  an a m o u n t n o t negligible, b u t  concu rring  well w ith  th e  ra te  
o f  phosphocreatine  h y d ro ly sis  usual w ith  m ost o f th e  know n phosphorus 
e stim a tio n s.

The ex p erim en ts  in  T able I I I  show  fu r th e r  th a t  th e  m ethod  w orks well 
in  th e  case of tissu e  e x tra c ts . The d ivergence in  th is  case of th e  re su lts  o f 
th e  classical m e th o d s a n d  ours are a t t r ib u te d  to  d ifferences in  hydro lysis w ith  
th e  d ifferen t m e th o d s.
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In  th e  a d ren a l g land  of th e  ra b b it  th e  11-/ÎOH group o f th e  corticostero ids m ay  be 
fo rm ed  also b y  th e  re d u c tio n  of th e  11-oxo group . T he process req u ires  th e  p resence  of 
m olecu la r oxygen. T he coenzym e tra n s fe rr in g  hydrogen  is n o t  D P N . The p rocess is 
a cce le ra ted  by  th e  ad d itio n  of th e  in te rm ed ia rie s  of th e  S zen tg y ö rg y i — K rebs cycle. T he 
cell s tru c tu re  need n o t be in ta c t.  A ld o ste ro n e  and  cortiso l are  b iosyn thesized  fro m  
11-deoxycorticosterone. C orticosterone is fo rm ed m ain ly  fro m  11-deoxycorticosterone 
b u t  m ay  be fo rm ed also from  11-d eh y drocorticoste rone. T he fo rm er reac tio n  is a b o u t 
tw ice  as in tensive  as th e  la tte r .  In  th e  r a b b it  ad renal, th e  h y d ro x y la tio n  in  p o sitio n  
17 m ay  tak e  p lace  also a f te r  th e  fo rm a tio n  of th e  h y d ro x y l g ro u p  in  p osition  21, b u t  
on ly  w h en  th e  com pound  possesses an  11-oxo group.

T he b iosyn thesis  o f co rticoste ro ids is com posed o f  know n processes, 
b u t  n everthe less, som e aspects  are s till un c lea r. The 11-/Ю Н group o f c o r ti­
costero ids is form ed b y  th e  in tro d u c tio n  o f  a h y d ro x y l g ro u p , u n d er th e  effect 
o f  th e  enzym e ll-/?h y d ro x y lase , describ ed  for th e  f i r s t  tim e  b y  H a y a n o , 
D o r f m a n  an d  P r in s  [9] as occurring  in  slices and  h om ogenates of bov ine  
ad rena ls.

H ow ever, stero ids con ta in ing  an  11-oxo group (e.g. co rtisone , 11-dehydro- 
co n ico ste ro n e) were also iso la ted  from  th e  adrenals a n d  th e ir  venous b lood . 
T he presence of these  com pounds does n o t  f i t  in to  th e  b io sy n th e tic  schem e 
co n s tru c te d  by  H e c h t e r  and  P in c u s  [10].

A ccord ing  to  th e  in v estig a tio n s o f  B u s h  [4], K a s s  [14] P a n k o v  [17] 
and  H o l z b a u e r  [12] th e  ra b b it ad ren a l secretes m ain ly  co rticosterone  an d  
in  trace s  a ldosterone , cortiso l and 1 1 -dehydroco rticosterone . On th e  o th e r 
han d , analysis  o f ad rena l e x tra c ts  show ed th e  cells to  co n ta in  ch iefly  11 -dehydro ­
co rticosterone . Since in  o th e r in v es tig a tio n s  [7] it  could be  observed  th a t  w hen  
co rtica l secre tion  w as increased  th e  a m o u n t of 11 -dehydroco rticosterone  also 
increased  in  th e  r a b b it  ad ren a l, i t  was su rm ised  th a t  t h a t  com pound h a d  an  
im p o r ta n t role to  p lay  in  th e  b io sy n th es is  of th e  sec re ted  stero ids. T his 
p rob lem  w ill be analysed  in  th e  p re se n t paper.

Methods

P reparation and incubation o f  adrenal slices. A drenals from  20 ra b b its  were used . T he 
ra b b its  w eighing from  1500 to  3500 g were k illed  b y  a ir em bolism . T h e  ad renals were rem o v ed  
im m ed ia te ly , p laced  in to  ice-cold K rebs — R in g er p h o sp h a te  so lu tion , w eighed and c u t w ith  a 
razo r b lade  in to  slices a b o u t У2 to  1 m m  th ick n ess. One h a lf  of th e  m a te ria l served fo r co n tro l
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a n d  th e  o th er h a lf  w as in c u b a te d  w ith  th e  m a te ria l to  be  tes ted . T he a d ren a l slices th u s  p re ­
p a re d  were p laced  in to  W a rb u rg  vessels co n ta in in g  5 m l o f K rebs —R in g er ph o sp h a te  so lu tio n , 
p re p a re d  w ith o u t CaCl2, co n ta in in g  200 m g p e r 100 m l o f  glucose an d  h a v in g  a p H  of 7.4. In to  
one vessel we p laced  170 to  220 m g o f ad ren a l slices ad d ed  200 fig  of s te ro id  in  0.05 ml of e th a n o l, 
a n d  in cu b a ted  fo r 3 h o u rs  w ith  con tin u o u s sh ak ing  (90 to  110/m in), a t  37° C, in  0 2, a ir o r N 2 
a tm o sp h ere .

E ach  e x p erim e n t w as m ad e  in  dup lica te . T h e  hom ogenates w ere p rep ared  in  a g lass 
hom ogen izer of th e  P o t te r — E lv e h jem  ty p e .

E x tr a c tio n . A fte r in c u b a tio n , 10 ml o f ace to n e  w as ad ded  to  each  sam ple  and th e  sam ples 
w ere  ex tra c te d  o v e rn ig h t. A fte r  f i lt ra tio n , th e  ace to n e  w as rem oved  b y  ev ap o ra tio n  in  v a c u o .  
T h e  aqueous residue w as e x tra c te d  th ree  tim es w ith  1.5 vol. e th y l a c e ta te , th e  pooled e x tra c ts  
w ere  w ashed tw ice w ith  0.05 vol. o f 0.1 N  K 2C 0 3, th e n  w ith  3 x 0 .0 5  vol. o f d istilled  w a te r an d  
w ere  dried  fin ally  on  d ry  N a 2S 0 4. T he e th y l a c e ta te  w as ev ap o ra ted  in  v acu o , th e  co n ten ts  o f  
th e  f la sk  solved in  a  m ix tu re  o f 10 m l benzene : p e tro le th e r , an d  tra n s fe rre d  to  a  se p a ra to ry  
fu n n e l. The fla sk  w as th e n  w ashed  again  w ith  10 m l o f  70 pe r cen t e th a n o l and th e  m a te ria l 
w as p a rtitio n e d  ag a in s t benzene  : p e tro le th e r and  a f te r  sep a ra tio n  p a r ti t io n e d  again  w ith  10 ml 
o f  70 p e r cen t e th an o l. T h e  poo led  alcoholic f rac tio n s  w ere  e v ap o ra ted  in  vacu o . T he d ry  resid u e  
d isso lved  tw ice in  5 m l e th y l  a c e ta te  was c o n ce n tra ted  in  a  m ic ro -v acu u m  d is tilla to r an d  th e  
re s id u e  dissolved in  0.05 m l o f e th y l ace ta te  w as an a ly sed  b y  p a p e r ch ro m a to g rap h y . All th e  
v a c u u m  d istilla tions w ere done  in  a  w a te r  b a th  a t  45° C. Owing to  th e  h ig h  lipid c o n ten t o f th e  
r a b b i t  adrenals, i t  w as n ecessa ry  to  c a rry  o u t all th ese  processes of p u rif ic a tio n .

P a p e r  c h ro m a to g r a p h y . T he spo ts d ropped  on  th e  c h ro m a to g rap h ic  p ap er w ere co n cen ­
t r a t e d  b y  using a f i ltre  p a p e r  rin g  [15]. A ring  of f i lt re  p a p e r  soaked in  a  2 : 1 m ix tu re  o f e th y l 
a c e ta te  : m ethano l is p laced  ex ac tly  a round  th e  sp o t to  be c o n ce n tra ted . The so lven t th e n  
forces th e  spo t to  m ove in w ard . A fte r th e  so lv en t h a s  reach ed  th e  c en tre , th e  ring is rem oved  
a n d  th e  spo t is d ried  w ith  h o t  a ir (40° C). This p ro ced u re  is rep ea ted  severa l tim es u n til th e  sp o t 
h a s  becom e ro u n d , sm all a n d  even.

The follow ing so lv en t system s w ere used .
1. Benzene 1000 m l, m e th an o l 500 m l, w a te r  500 m l (the  B5 sy s te m  of B u sh ).
2. Benzene 400 m l, p e tro le th e r  600 m l, m e th a n o l 700 m l, w a te r  300 ml (a system  w ith  a 

p o la r i ty  betw een  B u sh  B 3 a n d  B4).
3. Benzene 300 m l, p e tro le th e r  700 m l, m e th a n o l 700 m l, w a te r 300 m l (p o larity  b e tw een  

B u s h  B 2 and  B 3).
The ch ro m ato g ram s w ere ru n  a t  room  te m p e ra tu re . W ith  sy s te m  1, S ch le ich er &  S c h iil l  

2043 Mgl, w ith  system s 2 an d  3, S ch le ich er & S c h iill 2043 b M pap ers  w ere  used. E q u ilib ra tio n  
la s te d  3 hours. S y stem  1 w as used  for th e  se p a ra tio n  o f com plete  e x tra c ts  p rep ared  from  in c u ­
b a te s ;  system  2 to  iso la te  m ore  p o lar ste ro ids a n d  fo r re c h ro m a to g ra p h y ; and  system  3 to  
id e n tify  co rtico s tero n e  a ce ta te .

T he ch ro m ato g ram s w ere stu d ied  by  th e  com bined  té trazo liu m  b lu e  — N aO H  flu o re s ­
cence te s t  [1]. T he ch ro m a to g ram s w ere pu lled  th ro u g h  a  9 : 1 m ix tu re  o f 2 N  N aO H  a n d  0.1 
p e r  cen t té trazo liu m  b lue  a n d  a f te r  gentle  h e a tin g  th e  té traz o liu m  b lue-positive  spots w ere  
m ark e d . T hen th e  c h ro m a to g ra m s w ere dried  a t  90° C in  in frared  lig h t a n d  were exam ined  in  
U V  lig h t. The s te ro id s w ere  e s tim a te d  se m iq u a n tita tiv e ly , by  co m p arin g  th e  in ten sity  o f U V  
fluo rescence  w ith  t h a t  show n b y  s ta n d a rd  q u a n titie s . A cety la tio n  was pe rfo rm ed  b y  th e  m e th o d  
o f  D e  Courcy  [5].

T he D P N  u sed  w as iso la ted  from  y east acco rd ing  to  W il l ia m s o n  [20]. F rom  th e  fo rm ed  
co m pounds, co rtico s tero n e  w as id en tified  on  th e  basis  o f  i ts  H .- va lues (sy s tem s 1 and  2), g ro u p  
re a c tio n  (T étrazo lium  b lue, N aO H ), as well as b y  d e te rm in in g  th e  Rj  v a lu es o f i ts  a c e ty la te d  
p ro d u c t  (system  3). C ortiso l an d  a ldosterone w ere id en tif ie d  on th e  b asis of th e ir  Ry v a lu es 
a f te r  rep ea ted  c h ro m a to g ra p h y  an d  th e ir  group  re ac tio n s  (T étrazo lium  b lu e , N aO H ).

R esults

Biosynthesis o f  11-dehydrocorticosterone. In  th e  ra b b it  ad rena ls  e x tra c te d  
w ith o u t in cu b a tio n , on th e  average 8 /zg/g o f 11-dehydrocorticosterone  a n d
0.4 /zg/g of co rtico ste ro n e  w ere found . T h e  slices of ad ren a l tissue , in c u b a te d  
w ith o u t add ing  s te ro id , syn thesized  an  av erag e  of 32 /zg/g of 1 1 -dehydro ­
corticosterone  a n d  2 /zg/g o f co rticoste rone . W hen th e  ad ren a l slices w ere 
in c u b a te d  w ith  p ro g este ro n e , th e  am o u n t o f 11-dchydroco rticosterone  p ro d u ced
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av erag ed  54 /ug/g. T h u s, the  a d re n a l slices syn thesized  11 -dehydrocorticosterone  
w ith  a high in te n s i ty ;  th e  ra te  o f  syn thesis  w as increased  b y  th e  ad d itio n  o f  
p rogesterone.

Biosynthesis o f  corticosterone. W hen th e  slices of r a b b it  ad ren a l w ere 
in c u b a te d  w ith 1 1 -d eh ydroco rticosterone , co rticosterone  syn th esis  increased 
22-fold , i.e. 45 jugjg was p ro d u ced , as com pared  w ith  th e  2 [Лg/g found  in  th e  
c o n tro l tissue. A ccordingly , th e  r a b b it  ad rena l is capable of co n v ertin g  th e  
11-oxo group to  11-/Ю Н . In  th e  n e x t step  we in v es tig a ted  th e  conditions 
req u ired  for th is  conversion. I t  h as  been found th a t  no co rticosterone  w as 
fo rm ed  from 1 1-dehydroco rticosterone  w hen in c u b a te d  in  N 2 a tm osphere . 
A t th e  same tim e , th e  adrenal slices in cu b a ted  in  0 2 a tm o sp h ere  converted  
th e  11-oxo g roup  to  11-/30H. T h u s, m olecular oxygen an d  cell re sp ira ­
tio n  are  essential fo r th e  above process.

Cell re sp ira tio n  being co n n ec ted  w ith  th e  fu n c tio n  of th e  S zen tgyörgy i — 
K reb s  cycle, i t  h a s  been  assum ed  th a t  th is  cycle w as invo lved  in  th e  above 
p rocess. To prove th is  hypo thesis , ad ren a l slices in cu b a ted  w ith  11 -dehydro­
co rticosterone  in  K reb s — R inger p h o sp h a te  so lu tion  w ere b ro u g h t to g e th e r 
in  th e  presence o f 0.2 ml 10 3 M  A T P w ith  succinic acid (0.2 m l, 10 3 M ), 
th e n  w ith  m alic ac id  (0.4 ml, 10_a M ), so th a t  th e  end  volum e w as 5 m l. The 
ch rom atog ram s show ed  th a t  th e  above com pounds h ad  m ark ed ly  increased  
th e  b iosynthesis o f co rticoste rone , for exam ple m alic acid increased  it  m ore 
th a n  tw ofold (to  110 [Лg/g). S ince th e  process req u ires  th e  o x id a tio n  of th e  
in te rm ed ia rie s  o f th e  S zen tg y ö rg y i— K rebs cycle, th e  specific dehydrogenases 
m a y  be supposed to  tran sfe r th e  h y d rogens sp lit from  th e ir  su b s tra te s  to  th e  
11 -oxo group of th e  ste ro id  m olecule w ith  th e  aid  o f coenzym e, or coenzym es 
a n d  an  unknow n enzym e.

W hen the  slices of adrenal tis su e  were in cu b a ted  in a system  genera tin g  
D P N H  (one co n ta in in g  0.2 ml 10 3iVf D P N  and  0.5 ml 10 2M  m alic ac id ), 
th e  b iosyn thesis o f co rticosterone  d id  n o t increase, as com pared  w ith  th a t  in  
th e  co n tro ls  e ith e r  in  0 2 or in  N 2 a tm o sp h ere . T his has m ade i t  im probab le  
t h a t  in  th is  reac tio n  D P N  should p la y  th e  ro le o f  th e  coenzym e tra n sfe rr in g  
h y d ro g e n .

To study  th e  re la tio n sh ip  b e tw een  th e  in te n s ity  of 11-/3 h y d ro x y la tio n  
a n d  th a t  of the re d u c tio n  of th e  11-oxo group in  th e  ra b b it ad ren a l, slices o f  
a d re n a l tissue w ere in c u b a te d  w ith  11-deoxycorticosterone . A b o u t tw ice th e  
a m o u n t of co rtico ste ro n e  was fo rm ed  in  th e  slices th u s  t r e a te d  th a n  th a t  
p ro d u c e d  in  the  slices incubated  w ith  11-dehydrocorticosterone . S im ilar re su lts  
w ere ob ta in ed  for in c u b a tio n  w ith  p rogesterone .

Biosynthesis o f  aldosterone. In c u b a te d  w ith o u t add ing  s te ro id , th e  slices 
o f  a d re n a l tissue sy n th esized  an  av e rag e  of 9 /ig/g o f a ldosterone. In  response 
to  1 1 -d ehydroco rticosterone  th is  a m o u n t increased  to  22 /ig/g. In  N 2 a tm o sp h e re  
no  a ldosterone  w as syn thesized  fro m  11-dehydroco rticosterone , w hile in cu b a-
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tio n  in  0 2 a tm osphere  in th e  presence o f 0.3 m l 1 0 _3M  succinic acid  and
0.2 m l 10-3  M  A TP in creased  th e  a m o u n t of a ldosterone  by  ab o u t 30 p er cen t. 
I n  response  to  0.5 m l 10“ 2 M  m alic ac id  th e re  was a th reefo ld  increase to  62 
/ig/g. I t  w as m ost re m ark ab le  th a t  in th e  ra b b it ad ren a l no a ldosterone  was 
p roduced  from  11-deox y co rtico ste ro n e  as i t  w as show n by  in cu b a tin g  slices 
o f ad re n a l tissue w ith  11-deoxycorticosterone .

Biosynthesis o f  cortisol. In c u b a te d  w ith o u t s te ro id  th e  slices o f ad renal 
tissue  synthesized  0.5 [Лg/g cortiso l. A fte r add ing  11-dehydroco rticosterone  
th is  am o u n t increased  to  4.5 /tg/g. In  N 2 a tm osphere  no cortiso l was p roduced , 
w hile in  0 2 a tm o sp h ere  in  response to  0.3 m l 10~3M  succinic acid , in  th e  p re ­
sence o f 0.2 ml 10~~3 M  A TP th e  a m o u n t increased  b y  ab o u t 25 p e r c en t, and  
in  resp o n se  to  0.5 m l 10~2 M  m alic  ac id  b y  a b o u t 33 p er cen t, as com pared  
w ith  th e  con tro ls . N o cortisol w as form ed from  11-deoxycorticosterone .

T he ra b b it a d re n a l slices p ro d u ced  from  1 1 -dehydroco rticosterone , as 
a p recu rso r, o th e r com pounds, too . T hese are  show n in  T able I.

T he com pounds N o. 1, 2 an d  3 re a c t w eakly  w ith  té tra z o liu m  b lue , are 
m ore p o la r th a n  co rtiso l and  possess a Zl4-3-oxo group . T hese p roperties 
su g g est th e ir  h av in g  a n  alpha-g lycero l side chain . C om pound N o. 4 has an 
a lp h a -k e to l side ch a in  because i t  re a c ts  well w ith  té trazo liu m  b lu e , h u t  does 
n o t  give th e  N aO H  fluorescence re a c tio n  of B u s h  [3] (N aO H ) specific for 
th e  zl4-3-oxo g roup . T h u s  th is com pound  is a di- or te tra h y d ro  d eriv a tiv e  
s a tu ra te d  in  ring  A . As ju d g ed  from  its  R e v a lu e  i t  seem s to  be a llo te trah y d ro - 
co rtiso l long know n to  be p resen t in  ad ren a l e x tra c ts  [18, 20]. I ts  a m o u n t is

Table I

C o r tic o s te r o id s  s y n th e s iz e d  b y  s lic e s  o f  r a b b it  a d re n a ls  in c u b a te d  w ith  1 1 -d eh yd ro co r tico ste ro n e .
C h ro m a to g ra p h ed  in  sy s te m  N o . 1

No. R/ ВТ NaOH Compound

l 0.09 weak positive +
2 0.14 weak positive +
3 0.21 - f +
4 0.25 — allo te trah y d ro co rtiso l ?

5 0.30 4- 4_ cortiso l

6 0.43 4~ aldosterone

7 0.51 + cortisone?

8 0.57 + +
9 0.61 + +

10 0.73 + +

11 0.81 corticosterone

12 0.88 + 4- 11 -dehydrocorticosterone
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a b o u t 15 yWg/g, w hich  increases to  a b o u t 30 yttg/g in  response to  0.5 m l 10—2M  
m alic acid . C om pound No. 5 a p p e a rs  to  be cortiso l, as ju d g ed  from  its  
v a lu e  an d  group reac tio n s , while co m p o u n d  N o. 6 is a ldoste rone . C om pounds 
No. 7 , 8 , 9 and  10 possess b o th  a n  a -k e to l side chain  an d  a Zl4-3 -oxo  group ; 
th e ir  am o u n t v a rie s  from  0.5 to  3 ytrg/g, w hich  in response to  m alic acid (0 .5  m l, 
10 2 M ) increases 3 to  4-fold. C o m p o u n d  N o. 7 ap p ears  to  be co rtiso n e ; i t  
was fo u n d  in  one case only. C om pound  N o. 11 is co rticoste rone  an d  N o. 12 
is 1 1 -dehydroco rticosterone .

O f th e  com pounds m entioned  N os 3 ,4 ,7 ,  8 and  9 have  never occurred  
in  th e  con tro l ad ren a ls  incuba ted  w ith o u t 11-dehydrocorticosterone . These 
com pounds are fo rm ed  exclusively  w h en  exogenous 11 -dehydroco rticosterone  
is ad d e d  in  excess, th u s  are th e  p ro d u c ts  o f enzym atic  reac tio n s n o rm ally  
in ac tiv e  in  th e  a d re n a l cells and a c tiv e  on ly  w hen th e  su b s tra te  co n cen tra tio n  
is v e ry  h igh . T he o th e r  com pounds a re  p re se n t also in  th e  e x tra c ts  o f ad ren a ls  
in c u b a te d  w ith o u t th e  add ition  o f s te ro id s . The syn thesis  of each com pound  
ta k e s  p lace also in  hom ogenate , th u s  th e  cell s tru c tu re  need  n o t be in ta c t .  
T h e ir  a m o u n t is m ere ly  about 20 p e r  c en t less, p resu m ab ly  due to  m echan ica l 
d am ag e  to  th e  cell partic les.

D iscussion

T h e  above re su lts  m ake clear t h a t  th e  ra b b it  ad ren a l slices are  cap ab le  
o f co n v ertin g  th e  11-oxo group o f th e  s te ro id  m olecule to  a h y d ro x y l g roup . 
T his is p roved  b y  th e  fa c t th a t  c o r tic o s te ro n e , a ldosterone  and  co rtiso l, each 
h av in g  an  11-ß O H  g ro u p , are p ro d u c e d  from  11-dehydroco rticosterone . W e 
th in k  th a t  th is  p rocess involves a re d u c tio n  of th e  11-oxo group . A n o th e r 
p o ss ib ility  w ould  be  t h a t  11-deoxycorticosterone  is fo rm ed  f irs t an d  is th e n  
co n v erted  to  th e  l l - ^ O H  group b y  11-ß  h y d ro x y la tio n . H ow ever, th e re  is 
l i t t le  p ro b a b ility  fo r th e  la tte r  m ech an ism  p a r tly  because we n ev e r found  
11 -deo x y co rtico ste ro n e  in  the  sam ples in c u b a te d  w ith  1 1 -dehydroco rticosterone  
an d  p a r t ly  because th e  adrenal slices in c u b a te d  w ith  the  11-deoxy com pound  
h av e  n ev e r p ro d u ced  e ith e r a ld o ste ro n e  or cortiso l.

T h ere  is am ple  evidence th a t  m o s t o f th e  co rtisone in tro d u c e d  in to  th e  
organ ism  is co n v erted  to  cortisol b y  th e  red u c tio n  of its  11-oxo g roup  [2, 8]. 
This process ta k e s  p lace  in  the  liv e r  a n d  invo lves an  enzym e, n am ed  11-/Ю Н 
dehydrogenase  [2]. A ccording to  H u b e n e r  et al. [13] th e  process does n o t 
re q u ire  th e  p resence  o f m olecular o x y g en , i t  ta k e s  p lace  also in  n itro g en  
a tm o sp h ere  an d  th e  co facto r t ra n s p o r t in g  hydrogen  is u n k n o w n . In  c o n tra s t 
w ith  th is , th e  process described b y  u s  re q u ire s  th e  presence o f m olecu lar oxygen  
an d  i ts  in te n s ity  is g re a tly  increased  b y  th e  a d d itio n  o f th e  in te rm ed ia rie s  of 
th e  S zen tg y ö rg y i— K reb s cycle. W e th e re fo re  th in k  th a t  th e  in te rm ed ia rie s  
o f th e  S zen tg y ö rg y i— K rebs cycle p la y  th e  role o f g en era tin g  th e  red u ced  
coenzym e.
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The slices o f  r a b b it  ad ren a l tissue  w ere found  to  syn thesize  from  11- 
d eh y d ro co rtico ste ro n e  all th e  com pounds p resen t in  th e  venous ad renal blood 
o f  th e  rab b it, i.e. th o se  ac tu a lly  secreted  b y  th e  ad ren a l g land  [17]. F rom  th is  
i t  m a y  be concluded  th a t  the secreted  com pounds are syn thesized  from  11- 
d eh y d ro co rtico ste ro n e , o f w hich large am o u n ts  are  p resen t in  th e  cells. T his, 
how ever, is in  o u r op in ion  only p a rtia lly  tru e  because, as a lread y  m en tioned , 
tw ice  as m uch co rtico ste ro n e  is form ed from  11-deoxycorticosterone  th a n

C H O L E S T E R O L

from  11-dehydrocortieosterone . I t  appears th ere fo re  th a t  th e  b iosynthesis o f  
th is  com pound ta k e s  place b y  11-Д-h y d ro x y la tio n , a lth o u g h  th e  red u c tio n  
o f  th e  11-oxo g ro u p  is also a possible m echan ism . On th e  o th e r h an d , th e  
s itu a tio n  is d iffe ren t w ith  aldosterone  an d  cortiso l, w hich are  n o t syn thesized  
fro m  th e  11-deoxy com pound , only  from  th e  11-dehydroco rticosterone  possess­
in g  a 11-oxo g ro u p .

These re su lts  a re  m ost in te re s tin g  from  th e  p o in t o f view  o f th e  sequence 
o f  h y d ro x y la tio n . H e ch ter  and  P incu s  [10] h av e  n am ely  show n th a t  i f  a 
com pound  possesses a h y d ro x y l group a t p o sitio n  21, i t  c an n o t be h y d ro x y l- 
a te d  a t  position  17. I n  th e  p resen t case, h o w ever, cortisol, a com pound w ith  
a  h y d ro x y l g roup  a t  position  17 was form ed from  11-d eh y d ro co rtico stero n e ,



BIOSYNTHESIS OF CORTICOSTEROIDS IN THE RABBIT ADRENAL 259

a  com pound  w ith  a h y d ro x y l group a t  position  21. A ccording to  H e a r d  et al. [11 ], 
a n d  D orfmaiv et al. [6] th e re  is a lim ited  p o ssib ility  for h y d ro x y la tio n  a t position  
17 also in  th e  case o f 11 -deoxycorticosterone . We fo u n d  th e  sam e fo r 11-

F i g . 2 .  Chromatogram of rabbit adrenal incubates. 1: Site of application, 2 :  cortisol, 3: aldo­
sterone, 4: cortisone, 5: corticosterone, 6: 11-dehydrocorticosterone and 11-deoxycortico­
sterone, resp. 7: solvent front. Row A :  steroids produced by the adrenals incubated with 
11-dehydrocorticosterone. Row C: steroids produced on incubation with 11-deoxycortico- 
sterone. Row B :  standard steroids. Note that no aldosterone and cortisol are formed from 

11-deoxycorticosterone. Run in Bush B6 system, developed with ВТ

d eh y d ro co rtico ste ro n e , while 11-deoxycorticosterone w as n o t  h y d ro x y la ted  
a t  p o sitio n  17 in  our exp erim en ts .

T he fo rm atio n  o f  a ldosterone from  11-dehydrocorticosterone is know n  
[16], b u t  th is  is th e  f irs t  case to  be  observed  th a t  11 -dehydroco rticosterone  
m ay  p lay  th e  role o f a p recu rso r of co rtiso l. On th e  basis o f  th e  in v estiga tions 
o f K ass  et al. [14], in  th e  b io sy n th esis  o f co rtiso l a s ig n ifican t role is a ttr ib u te d  
to  th e  A CTH  secretion  o f th e  p itu ita ry , ow ing to  its  s tim u la tin g  ac tion  on 
1 7 -hydroxy la tion .
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As in d ica ted  b y  o u r re su lts , th e  b io sy n th esis  o f co rtico ste ro id s  in  th e  
r a b b i t  ad ren a l m ay ta k e  place in th e  fo llow ing way:

in  Fig. 1 th e  fo rm atio n  of 11-d eh y d ro co rtico ste ro n e  is doub tfu l. As 
a lre a d y  m en tioned , it  is form ed from  progesterone , b u t  th is  m ay  tak e  place 
in  tw o  d ifferen t w ays, v ia  11-deoxycorticosterone , or v ia  11-oxoprogesterone. 
F u r th e r  s tu d ies  are req u ired  to  solve th e  problem . C ortiso l m ay  be fo rm ed  
exc lusive ly  v ia  co rtisone , w hich we h a v e  succeeded in  d em o n stra tin g  in  
one  case.
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The iodometric method of P e r r e t  is reliable for determining penicillinase, but 
unsuitable for serial tests. Applying sodium tungstate and gelatine as inhibitors, the 
method has been rendered suitable for use in serial work. A few results obtained by the 
modified method have been presented.

P enicillinase a c tiv ity  can be e s tim a ted  reliab ly  an d  ra p id ly  by P e r r e t ’s 
iodom etric  m ethod  [1] based  on th e  reac tio n  betw een penicillo ic acid (re su lt­
ing from  th e  breakdow n of penicillin  ca ta ly sed  by  penicillinase) and  e lem en ta ry  
iodine. In a su itab le  m edium  pen icillinase and penicillin  a re  in cu b a ted ; pen ic il­
loic acid is form ed; th e  reac tio n  is s top p ed  by  ad d in g  an  ace ta te  buffer of 
pH 4 and  iodine to  th e  in cu b a tio n  m ix tu re ; the  pen icillo ic  acid b inds som e 
o f th e  iodine: th e  excess iod ine is t i t r a te d  back  w ith  th io su lp h a te . C onsidering 
th a t  u n d er th e  given cond itions th e  incu b a tio n  of th e  io d in e-resistan t [2] 
penicillinase is no t com plete  (40 p er cen t o f its ac tiv itv  resists) [1], it is im p e ra ­
tive  th a t  the d u ra tio n  o f in cu b a tio n  be ex ac tly  as specified an d  ti tra tio n  follow 
w ith o u t delay . These req u irem en ts  m ean a certa in  d iff ic u lty  when perform ing  
seria l te s ts  and  p resen t a source o f e rro r. To assay th e  exopenicillinase B . cereus 
N R K L  569, a reliab le and  sim ple m eth o d  su itab le  for use in  serial te s tin g  w as 
developed.

The above req u irem en ts  w ere m e t by  adding 0.05 M  sodium  tu n g s ta te  
and  0.05 per cen t ge la tine  (re la ted  to  to ta l volum e o f in cu b a tio n  m ix tu re) 
to  th e  m ix tu re  of a c e ta te  buffer an d  iodine used w ith  P e r r e t 's m ethod . 
This resu lted  in  a 98 to  99 per cen t inh ib itio n  of ih e  penicillinase a c tiv ity . 
By app ly ing  m ore co n cen tra ted  so lu tions of iodine a n d  th io su lp h a te , th e  
m e th o d  allows th e  assay  o f  so lu tions con ta in ing  m ore th a n  20 (b u t n o t m ore 
th a n  150) u n its  of penicillinase. I t  is therefo re  necessary  to  know  th e  gross 
enzym e co n ten t in  advance . 1’ or th is  pu rpose  we use th e  ra p id , sem i q u a n tita tiv e  
m ethod  o f Citri  [2].

I f  th e  am o u n t of enzym e exceeds 20 un its , the follow ing m ethod  is used. 
To 1 ml of th e  te s t  so lu tion  in  a te s t  tu b e  is added  1 ml o f  0.5 per cen t gela tine . 
A fte r h ea ting  for 5 m in u tes  in a w a te r  b a th  of 30° C 2 m l o f  a hea ted  solu tion  
o f penicillin  (penicillin  G 60 mg/mJ, dissolved in  0.2 M  o f  a pH  6.5 sodium



262 V. CSÁNYI

p h o sp h a te  buffer) is a d d ed  and  th e  m ix tu re  is in c u b a te d  for 10 m inutes. 
T h e n  th e  reaction  is a rre s ted  b y  add ing  5.5 m l of 1.5 M  a c e ta te  buffer o f p H  4 
a n d  0.5 m l o f l  M  so d ium  tu n g s ta te  so lu tion . The floccu len t p rec ip ita te  th a t  is 
fo rm ed  does n o t in te rfe re  w ith  th e  fu r th e r  steps in  th e  a ssay . The reaction  
m ix tu re  is th en  w ashed  in to  a titr im e tr ic  fla sk  and  10 m l o f a 0.05 N  iodide 
so lu tio n  are added . T en  m in u tes  la te r  th is  is t i t ra te d  w ith  0.05 N  th io su lp h a te  
in th e  presence of s ta rc h  as th e  in d ica to r . W hen th e  e x p ec tab le  am ount of 
pen ic illinase  is less th a n  20 u n its , 0.01 N  iodine and  0.01 N  th io su lp h a te  solu- 
t ions are used an d  th e  t i t r a t io n  is ca rried  ou t w ith  a m ic ro b u re tte . I f  th e  
ex p ec tab le  am o u n t o f enzym e is less th a n  3 un its , th e  d u ra tio n  of incub a tio n  
is prolonged p ro p o rtio n a te ly .

One u n n  of pen ic illinase  b reak s dow n in one h o u r  one m icrom ole of 
p en ic illin  [1]. U n d er th e  g iven cond itions one m olecule o f  penicilloic acid 
com bines w ith 8.3 a to m s o f iodine [3] an d  correspondingly  1 m l of the  0.05 N  
io d ine  solution equals 6.220, 1 m l o f th e  0.01 N  iodine so lu tio n  equals 1.204 
u n its  of penicillinase.

Com position o f th e  in cu b a tio n  and  inh ib ito r m ix tu re s  m ust be exac tly  
as specified, to  ensu re  m ax im al in h ib itio n  of th e  enzym e. Sodium  tu n g s ta te  
a lone , instead of in h ib itin g , ac tiv a te s  th e  enzym e. In h ib itio n  is w eak w hen 
g e la tin e  is absen t or is p re sen t in  a co n cen tra tio n  d iffe ren t from  th a t  specified 
ab o v e . I t  m ay be su rm ised  th a t  th e  ge la tine  p re c ip ita te d  b y  the  tu n g s ta te  
in  acid m edium  carries w ith  i t  penicillinase and  th is  m a y  be responsible for 
in h ib itio n . S im ilarly  as th e  p h o sp h a te  bu ffe r, the  tu n g s ta te  lessens th e  spon­
tan e o u s  breakdow n o f penicillin .

I t  is no t n ecessary  to  t i t r a te  w ith o u t delay, b u t i t  shou ld  be borne in 
m in d  th a t  iodine co n su m p tio n  b y  th e  reac tio n  m ix tu re  con tin u es som ew hat 
to  increase a fte r in h ib itio n  (Table I I ) . Tw o contro ls shou ld  be  used, one w ithou t 
penicillin  (because th e  ev en tu a lly  p re sen t reducing co m p o n en ts  in th e  te s t-  
so lu tio n  m ay consum e iodine) an d  one w ith o u t enzym e, to  estim ate  sp o n ta ­
neous penicillin b reak d o w n . The am o u n ts  o f iodine used  in  th e  tw o contro l 
te s ts  are added an d  th e ir  sum  is su b tra c te d  from  th e  a c tu a l am o u n t of iodine 
consum ed  a t each t i t r a t io n .

I f  penicillin o f su itab le  q u a lity  is used, the pen icillin ized  contro l m ust 
n o t  consum e m ore th a n  0.2 ml of th e  0.01 N  so lu tion  o f iodine. The n o n ­
specific  iodine co n su m p tio n  of th e  te s t  so lu tion  depends on  th e  m edium  used 
a n d  is highly v a riab le . A so lu tion  n o t consum ing m ore th a n  0.5 ml of 0.01 /V 
io d ine  should be used.

The penicillinase values e s tim a ted  in  th e  s u p e rn a ta n t o f a cu ltu re  of 
B . cereus 569/H, c o n ta in in g  0.12 m g cellu lar d ry  m a te r ia l/m l, are presen ted  in 
T a b le  I.
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Table I

Volume of test 
solution 

ml
Penicillinase

units/ml

1.0 6 4 .3

0 .8 5 1 .3

0 .6 3 8 .6

0 .4 2 5 .6

0 .2 12 .8

T ab le  I I  shows th e  resu lts  o f t i t ra t io n s  m ade a t  vario u s po in ts  of tim e 
in  1 m l sam ples o f th e  sam e su p e rn a ta n t.

Table II

Minutes after Penicillinase
adding iodine units/ml

0 6 4 .3

15 6 4 .6

30 6 4 .9

45 6 5 .3
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T h e  p r e s e n c e  o f  Ca io n s  is  r e q u ir e d  fo r  th e  a c c u m u la t io n  a t  m a x im u m  r a te  o f  
p o ta s s iu m  in  g u in e a  p ig  b r a in  c o r t e x  s l ic e s . In  th e  a b s e n c e  o f  Ca io n s  K -a c c u m u la t io n  
c e a s e s  c o m p le te ly . I n  t h e  c o n c e n tr a t io n s  u se d  th e  Ca io n s  h a v e  n o  in f lu e n c e  w h a te v e r  o n  
t h e  c a r b o h y d r a te  m e ta b o lis m  a n d  e n e r g y  p r o d u c tio n  o f  t h e  t i s s u e .

C a lc iu m  is  b e l ie v e d  to  b e  a n  in te g r a n t  c o m p o n e n t  o f  t h e  carr ier  m e c h a n is m  
r e g u la t in g  c a t io n  t r a n s p o r t .

I t  has been genera lly  accep ted  th a t  the adenosine tr ip h o sp h a te  (A TP) 
p roduced  in  th e  course of c a rb o h y d ra te  m etabo lism  is responsib le  for th e  
m ain ten an ce  of th e  c a tio n  co n cen tra tio n  g rad ien t b e tw een  th e  cells and  th e  
ex trace llu la r flu id . I t  rem ains, how ever, unclear how  th e  energy  genera ted  
by  th e  b reak d o w n  o f A T P is u tiliz e d  fo r m ain ta in ing  th e  ion m ovem ent an d , 
also, th e  question  o f th e  m echan ism  of К -Na tr a n s p o r t  of cells an d  tissues. 
E x p erim en ts  in  w hich th e  ion m ovem en ts are in flu en ced  d irec tly , th u s n o t 
th ro u g h  th e  h igh-energy  p h o sp h a te  sy n th esis , m ay b rin g  us n ea re r  to  a so lu ­
tio n  o f th e se  p rob lem s.

S chatzmann  [21] w as th e  f i r s t  to  inv estig a te  th e  effect of th e  card iac  
glycosides on th e  ion  p e rm e a b ility  o f  e ry th ro cy tes  an d  fo u n d  th ese  su b stan ces 
to  in h ib it th e  ac tiv e  ca tio n  tra n s p o r t  b y  th e  cells, w ith o u t in fluenc ing  glycolysis. 
This fin d in g  po in ted  to  a d irec t ac tio n  on th e  ca rrie r m echan ism . This action  
o f th e  card iac  glycosides is, how ever, n o t re s tr ic te d  to  e ry th ro c y te s ; s im ilar 
effects h av e  been d e m o n s tra te d  w ith  m uscle, skin a n d  b ra in  tissue  slices [19. 
23, 24, 25].

To g a in  ad d itio n a l in fo rm a tio n  a b o u t th e  m echan ism  o f К -N a tra n s p o r t ,  
a p o in t w as sough t a t  w hich  th e  ca rrie r m echanism  could  be in flu en ced  
d irec tly . T h is is w hy we s ta r te d  to  s tu d y  th e  ro le  o f  a lk a lin e  e a r th  m e ta l 
ions. In  earlie r ex p e rim en ts  [6, 7, 8] we observed  th a t  th e  Ca ions h ad  a d irec t 
in fluence  upon  th e  К -tra n sp o r t  o f h u m an  e ry th ro c y te s  an d  th e  ev idence 
o b ta in ed  in d ica ted  th a t  th e  Ca ions h a d  an  im p o rta n t ro le  to  p lay  in  th e  ca rrie r 
m echanism . In  th e  p re se n t p a p e r  we shall analyse th e  fu n c tio n  of a lkaline  
e a r th  m e ta l ions (and  th a t  o f Ca, in  th e  f irs t place) in  a n o th e r  tissu e , n o ta b ly  
in  gu inea p ig  b ra in  c o rtex  slices.

2 *
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W e star.ted fro m  th e  o b se rv a tio n  o f K r e b s  et al. [11, 22] th a t  guinea 
p ig  b ra in  cortex slices w ere ab le o f  in ten s iv e  К -accu m u la tio n  in  th e  presence 
o f  g lucose and L -g lu tam ate . The p re se n t experim en ts su p p lied  fu r th e r  evidence 
as to  th e  m echanism  o f th is  ac tiv e  ion  accsim ulation . Som e o f th e  resid ts  have 
a lre a d y  been pub lished  in a p re lim in a ry  rep o rt [9].

M ethods

Preparation of tissue. G u in e a  p ig s  w e r e  k il le d  b y  d e c a p it a t io n ,  t h e  b r a in  w a s r e m o v e d  
w i t h o u t  d e la y  a n d  p la c e d  o n  Whatman N o .  1 f i lt r e  p a p e r  s l ig h t ly  w e t t e d  w i t h  p h y s io lo g ic a l  
N a C l  s o lu t io n . T h e  s l ic e s  c u t  fro m  t h e  g r e y  m a t t e r  b y  m e a n s  o f  a  ra so r  b la d e  w e r e  w e ig h e d  b y  

a n a l y t i c a l  sca les. S a m p le s  o f  a b o u t  100  m g  w e t  w e ig h t  w ere  in c u b a te d  in  2 m l o f  a s ta n d a rd  
m e d iu m  in  W arb u rg  v e s s e l s  o r  in  s m a ll  E r le n m e y e r  f la s k s , a t  3 7 °  C, fo r  v a r io u s  le n g th s  o f  t im e ,  
m o s t l y  fo r  60  m in u te s , s h a k in g  in  p u re  0 2 o r  in  a ir . T h e  m e d iu m  w a s  c o m p o s e d  o f  0 .1 3 6  M N a C l,
0 .  0 0 6  M К  Cl an d  0 .0 3  M T r is -H C l b u ffe r  ( p H  7 .4 ) . A s  s u b s tr a te s ,  0 .0 2  M g lu c o s e  a n d  0 .0 1  M
1. - g lu t a m a t e  w ere  u se d . A f t e r  in c u b a t io n  t h e  s l ic e s  w e r e  w e ig h e d  a g a in  a n d  t h e  a n a ly t ic a l  d a ta  
w e r e  c o r r e c te d  for th e  t i s s u e  s w e llin g .

Analytical methods. T h e  s lic e s  w e r e  h o m o g e n iz e d  in  tr ic h lo r o a c e t ic  a c id , t h e  p r e c ip ita te  
w a s  c e n tr ifu g e d  an d  in  t h e  s u i t a b ly  d i lu te d  s u p e r n a ta n t  t h e  К  c o n t e n t s  w e r e  d e te r m in e d  b y  
f l a m e  p h o to m e tr y .

0 2 c o n su m p tio n  w a s  d e te r m in e d  b y  t h e  W a rb u rg  m e th o d . T h e  A T P  c o n t e n t  w a s e s t i ­
m a t e d  o n  th e  b a sis  o f  t h e  in o r g a n ic  p h o s p h a t e  ( P D) a n d  a c id -s o lu b le  p h o s p h a t e  ( P 7) d e te r m i­
n a t i o n  a cco rd in g  to  F is k e  a n d  S u b b a r o w  [ 4 ] .  T h e  la c t ic  a c id  c o n t e n t  o f  t i s s u e s  w a s  d e te r m in e d  
b y  t h e  m e th o d  o f  B a r k e r  a n d  Su m m e r s o n  [2 ] .

R esults

I n  the  absence o f  su b s tra te s  th e  b ra in  co rtex  slices lo s t 50 to  70 per cen t 
o f  th e i r  К  conten ts in  5 m in u tes , b u t  in  th e  presence of glucose an d  L-gluta­
m a te  th e y  regained m o st o f th e  К  lo s t .  U n d er such co n d itions th e  slices could 
ac c u m u la te  not m ore th a n  70 p er c en t o f th e  lo s t  K . H ow ever, w hen  10—3 M  
C aC l2 was also ad d ed  to  th e  m ed iu m , th e  to ta l  am o u n t o f th e  lo s t  К  w as 
acc u m u la ted  (Fig. 1). T he accu m u la tio n  of К  was p ro m o ted  also b y  M gS04, 
b u t  on ly  a t h igher c o n cen tra tio n s ; in  th e  presence o f 10—3 M  M gS04 th e  
in c re a se  of accu m u la tio n  was 10 p e r cen t com pared  to  th e  effect of CaCl2 
in  th e  sam e co n cen tra tio n .

W hen the a lk a lin e  e a r th  m e ta l ions w ere to ta lly  rem oved  from  th e  system , 
th e  slices were n o t ab le  to  accu m u la te  К  even in  th e  p resence  o f glucose and  
L -g lu tam ate . For th e  rem o v al of a lka line  e a r th  m e ta l ions, e thy lened iam ine  
te t r a a c e ta te  (ED TA ) or calgon (N a-h ex am etap h o sp h a te ) w ere used. The 
accu m u la tio n  of К  ceased  co m p le te ly  a fte r  tre a tm e n t w ith  10~3 M  ED TA  
o r  1 0~ 3 M  calgon, b u t  i t  s ta r te d  ag a in  in  th e  presence o f 10—3 M  CaCl2 (Fig. 2). 
M g S 0 4 had  to  be u sed  in  a c o n c e n tra tio n  as high as 5 • 10—3 M  to  produce a 
s im ila r  effect.

To prove th a t  E D T A  h ad  a c te d  on th e  К -tra n sp o rt th ro u g h  rem oving 
ih e  a lkaline earth  m e ta ls  (Ca, in  th e  f irs t  place), we p rep a red  th e  Ca-com plex 
o f  E D T A  and s tu d ie d  its  ac tion  on th e  accum ula tion  o f K . T he ED TA -Ca
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Fig. 1. C h a n g es  in  th e  К  c o n te n t  o f  b r a in  
c o r te x  s lic e s  in  th e  p r e s e n c e  o f  CaC l2 

1: S u b s tr a te -fr e e  c o n tr o l ,  2: g lu c o se  a n d  
L -g lu ta m a te , 3: g lu c o s e , L -g lu ta m a te  a n d  
1 0 “ 3 M CaC l2. T h e  s u b s tr a te s  a n d  C aC l2 

w ere  a d d e d  a t  5 m in u te s

Fig. 2. C h a n g es  in  t h e  К  c o n t e n t  o f  b r a in  
c o r te x  s lic e s  in  t h e  p r e s e n c e  o f  E D T A  a n d  
CaCl2. 1: g lu c o s e  a n d  L -g lu ta m a te , 2: g lu ­
c o s e , L -g lu ta m a te  a n d  10 “ 3 M  E D T A ,  
3: g lu c o se , L -g lu ta m a te , 10 “ 3 M E D T A  

a n d  10 “  3 M C aC l2
S u b str a te s , E D T A  a n d  C aC l2 w ere  a d d e d  a t  

5 m in u te s

Fig. 3. T h e  e f fe c t  o f  CaC l2, E D T A  a n d  E D T A -C a  o n  th e  К  c o n t e n t  o f  b ra in  c o r t e x  s lic e s . T h e  
c o lu m n s  s h o w  t h e  К  c o n te n t  o f  t h e  s lic e s  a fter  60  m in u te s  o f  in c u b a t io n  

1: g lu c o s e  a n d  L -g lu ta m a te , 2: g lu c o s e , L -g lu ta m a te  an d  1 0 ~ 3 M C aC l2, 3: g lu c o s e , L -g lu ta -  
m a te  a n d  10~ZM E D T A , 4: g lu c o se , L -g lu ta m a te , 10“ 3 M E D T A  a n d  10 - 3  M CaC l2, 5 ;  

g lu c o se , L -g lu ta m a te  a n d  10“ 3 M  E D T A -C a
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h a d  no influence a t  a ll on К - tra n sp o rt (F ig. 3). T his supp lied  fu r th e r  evidence 
o f  th e  ED TA  h av in g  no  specific ac tio n  an d  o f its  effect b e ing  due exclusively  
to  an  e lim in a tio n  o f  a lka line  e a r th  m e ta l ions. T he sam e w as proved  also b y  
d e m o n s tra tin g  th a t  ca lgon , a n o th e r C a-chela ting  ag en t, h ad  a sim ilar effect.

N ex t, we s tu d ie d  th e  in fluence o f th e  com plex-form ing  agen ts or CaCl2 
u p o n  th e  c a rb o h y d ra te  m etabo lism  o f th e  tissue . The resu lts  are p resen ted  
in  T ab le  I. CaCl2, E D T A  and  calgon, in  th e  co n cen tra tio n s em ployed, had  n o  
e ffec t on the A TP c o n te n t, lactic  acid p ro duc tion  an d  0 2 consum ption  of th e  
b ra in  tissue slices.

Table I

Effect of EDTA and CaCl2 on the metabolism of brain cortex slices

Agents added
JO, lactic acid ATP

H moles/g tissue after 60 minutes incubation at 37° C

G lu c o s e , L-glutam ate 8 1 .0 5 2 .0 0 .9 6

G lu c o s e ,  L -g lu ta m a te , 1 0 — 3 M E D T A 8 3 .0 4 8 .0 0 .95

G lu c o s e , L -g lu ta m a te , K P  3 M E D T A , 1 (P  3 M C aC l2 8 4 .0 5 0 .0 0 .97

Discussion

There is am p le  evidence in  ih e  lite ra tu re  to  show  th e  im p o rtan t p a r t  
o f  Ca in  the  re g u la tio n  of cation  tra n s p o r t .  In  1952 A e b i  [1] rep o rted  th a t  th e  
p resence  of Ca was e ssen tia l in th e  m a in ten an ce  of th e  n o rm al К  concen tra tion  
in  su rv iv ing  gu inea  p ig  liver slices. In  th e  absence of Ca th e  K -co n cen tra tio n  
g ra d ie n t betw een  th e  cells and  m edium  can n o t be m a in ta in ed . In  1955 
G e y e r  et al. [10] show ed  th e  sam e fo r r a t  liv er slices; in  th e ir  experim en ts 
th e  presence of Ca w as essen tia l for th e  re s to ra tio n  and  m ain ten an ce  of th e  
К -concen tration  g ra d ie n t of ra t  liv e r slices. Co nn  an d  W ood [3] dem on­
s t r a te d  in  vivo th a t  calcium  deficiency  increased  th e  К  ou tflow  from  the cells 
in  skele ta l m uscle. R e it e r  [20] described  th e  essen tia l role of Ca in the m ain ­
te n a n c e  of n o rm al К -N a p e rm eab ility  in  h e a r t m uscle. F r a n k e n h a e u s e r  
a n d  H odgkin  [5] p re se n te d  ex p e rim en ta l evidence to  show  th a t  a deficiency 
o f  Ca leads to  an  in c rea sed  N a-p erm eab ility  in  n e rv e  tissu e . Maizels  [16, 17] 
sh o w ed  for to rto ise  e ry th ro cy te s  th a t  in  a Ca-free m ed ium  an  equ ilib ra tion  
o f  К -N a took  p lace  betw een  th e  e ry th ro cy te s  an d  serum . More recen tly , 
M aiz e ls  [18] has re p o r te d  th a t  also in  h u m an  e ry th ro c y te s  th e  presence o f 
C a is essential for th e  m a in ten an ce  o f no rm al ca tio n  p e rm eab ility . In  our own 
ex p e rim en ts  w ith  h u m a n  e ry th ro cy te s  [6, 7, 8] we, too , show ed th a t  in th e  
ab sen ce  of Ca th e  e ry th ro c y te s  show ed an ab n o rm al ca tio n  perm eab ility . 
O u r resu lts  have b een  confirm ed b y  th e  ex perim en ts of P a s so w  et al. [12, 13, 
14, 15].
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In  a d d itio n  to  confirm ing  th e  above d a ta  from  th e  li te ra tu re  our p re se n t 
experim en ts  allow ed fu r th e r  conclusions. S ince Ca has no effect on the en erg y  
p roduction  o f cells, its  ac tion  m u st in all p ro b a b ility  be localized  on th e  cell 
m em brane or in  th e  carrie r m echanism  itse lf. In  th is  re sp ec t th e  ac tion  o f  
Ca is com parab le  to  th a t  of th e  card iac glycosides, w hich have  no effect on 
cell m etabo lism , b u t  ap p ear to  a c t d irec tly  on ion  tra n sp o rt.
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In  e lec tro p h o re tic  analysis o f PG A D s* iso la ted  from  v arious species and  
recry sta llized  four tim es i t  was found  th a t  th e  zone correspond ing  to  p ro te in  
could be in d ica ted  n o t on ly  w ith  am inob lack  or fuchsin , b u t  also w ith  S udan  
deep b lue , a dye ch a rac te ris tic  of lip ids. A ty p ica l ex p e rim en t is illu s tra te d  
in  F ig . 1.

Fig. 1. P a p e r  e le c tr o p h o r e t ic  p a t te r n  o f  P G A D  

4 0 0  V , 15 m A , 0 .1  M b o r a te  b u ffe r , p H  8 .5 , 8 to  10 m g  o f  p r o te in  
A =  s t a in e d  for  p r o te in ;  В =  s ta in e d  fo r  l ip id

T he com ponen t s ta in in g  w ith  S udan  m ay be e x tra c te d  from  th e  p ro te in  
in  th e  follow ing w ay. F o tir tim es rec ry sta llized  PG A D  is d issolved in  a sm all 
volum e of w a te r and  d ia lysed  against d istilled  w a te r o v ern ig h t a t  5° C. T he 
p ro te in  co n cen tra tio n  is a d ju s te d  to  ab o u t 50 m g/m l. F iv e  m l o f th e  so lu tion  
are p laced  in to  a boiling  w a te r b a th  for 10 m inu tes, th e  p re c ip ita te d  p ro te in  
is cen trifuged , and  w ashed  tw ice w ith  d istilled  w ater, tw ice w ith  10 ml ace tone : 
e th e r  (1 : 1), an d  tw ice w ith  10 m l e th e r , a t  room  te m p e ra tu re . The pooled  
organic so lven ts are d istilled  off in  a w a te r  b a th , th e  th in  film  o f th e  residue  
is  w eighed and  em ulsified  in  5 m l of a 0.1 N  glycine b u ffe r, p H  8.5, u n d e r 
con tinuous s tirr in g  w ith  a glass rod .

* T h e  follow ing a b b rev ia tio n s  are  used : A D H  =  alcohol d eh y drogenase . D P N  =  di- 
phosp h o p y rid in e  nucleo tide . P C M B  =  p-ch lo rom ercuribenzoate . P G Á  =  D -glyceraldehyde-3- 
p h o sp h a te . P G A D  =  D -g lyceraldehyde-3-phosphate  dehydrogenase .
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Following e x tra c tio n  th e  p ro te in  was dissolved in  3 ml o f 0.1 N  N aO H . 
T h e  protein  an d  th e  e x tra c t  w ere se p a ra te ly  su b jec ted  to  e lectrophoresis in  
a n  0.1 M  b o ra te  b u ffe r , p H  8.5. T he p ro te in  still m ig ra tes to w ard s  th e  ca thode , 
b u t  i t  does no t a n y  m ore s ta in  w ith  S u d an . T he residue o f th e  organic e x tra c t 
docs not m igrate  a n d  sta in s  w ith  S u d an , b u t does n o t re a c t w ith  n in h y d rin .

Such a lip id  co m p o n en t is d em o n strab le  in  th e  P G A D s from  bovine 
ra b b i t ,  swine [1] a n d  cray fish  m uscle [2], as well as in  PG A D  from  b a k e r’s 
y e a s t [3], in a m o u n ts  o f from  0.5 to  1 p e r cen t o f p ro te in  d ry  w eight.

The lip id  c o m p o n en t is d em o n strab le  also in  th e  p ro te in  recrvsta llized  
in  th e  presence o f  d e te rg e n t ( lau ro y lsu lp h o n a te ), an d  in p ro te in  deprived  
o f  bound D P N  b y  charcoal tre a tm e n t or b y  ad d itio n  o f  15 eq of PCM B. 
E nzym ologic s tu d ie s  show ed th a t  a f te r  rec ry s ta llisa tio n  in  th e  presence of 
lau ro y lsu lp h o n a te  th e  PG A D  still co n ta in s  2.7 m oles D P N  p e r  mole of enzym e, 
th u s  does no t rem o v e  th e  b o u n d  coenzym e.

For fu r th e r  analysis  th e  lip id  co m ponen t was d issolved in 0.5 m l of 
e th y l  acetate a n d  su b jec ted  to  descending  elec trophoresis in  a p y rid ine-acetic  
ac id  buffer p H  5.6 , show ing  a S udan  p ositive  b u t  n o t m ig ra tin g  zone. I t  was 
e lu te d  w ith e th y l a c e ta te  and  shaken  ou t th re e  tim es w ith  equal volum es of 
w a te r. The organ ic  p h ase  was d istilled  to  d ryness and th e  resid u e  w ashydro lysed  
w ith  20 per c en t hyd ro ch lo ric  acid a t 105° C for 16 ho u rs . T he h y d ro ly sa te  
w as e lec tro c liro m ato g rap h ed  accord ing  to  M ik e s  [5].

As show n b y  se m iq u a n tita tiv e  d e te rm in a tio n s , th e  h y d ro ly sa te  con ta in s 
a  large am oun t o f  se rine , a b o u t h a lf  as m uch  o f g lu tam ic  ac id  and  lysine, as 
w ell as a sm all a m o u n t of a lan ine , th reo n in e  an d  leucine. Since before h y d ro ­
lysis the Sudan p o s itiv e  co m ponen t does n o t re a c tw ith  n in h y d rin , i t  is assum ed 
t h a t  a peptide is b o u n d  to  th e  Jipid. A ccord ing  to  th e  in v es tig a tio n s  of T e l e g d i  
a n d  K eleti [6] th e  lip id  co m ponen t co n ta in s  no p h o sp h o ru s, th u s  i t  is n o t a 
phospholip id , in  sp ite  o f its  h igh  serine co n ten t.

N ext th e  e ffec t o f th e  lip id  co m p o n en t on th e  a c tiv ity  o f PG A D  and  A D H  
w as studied, using  W a r b u r g ’s o p tica l te s t  [4, 7].

The lip id  em u lsio n  d ilu ted  to  a f in a l co n cen tra tio n  o f  0.002 to  0.2 m g/nil 
in  the  assay sy s te m  gives a p erfec tly  c lear so lu tion . As a contro l a sim ilarly  
em ulsified  lip id  e x tra c te d  w ith  e th e r  from  th e  aqueous e x tra c t  of sw ine m uscle 
w as used. The l a t t e r  m a te ria l form s a tru e  em ulsion even in th e  above m entioned  
range  of co n cen tra tio n s . I t  is supposed  th a t  th e  w ate r so lu b ility  of th e  PG A D  
lip id  is due to  th e  presence  o f its  p ep tid e  com ponen t.

The lip id  c o m p o n en t of PG A D  in h ib its  th e  o x id a tio n  o f PG A  in a m eas­
u re  p ro p o rtio n a te  to  th e  am o u n ts  em ployed , w hereas th e  con tro l lip id  has 
n o  inh ib ito ry  e ffec t even a t m uch h ig h er co n cen tra tio n s (T able I).
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Table I

The effect of PGAD lipid and swine muscle lipid on enzyme activity of PGAD

Substance tested mg/ml Inhibition 
per cent

L ip id  c o m p o n e n t  o f  sw in e  P G A D 0 .0 0 1 4 13
0 .0 0 2 8 25
0 .0 0 6 0 64
0 .0 1 2 0 93

L ip id  e x t r a c t e d  from  s w in e  m u s c le 0 .1 2 3 0
0 .2 4 6 0
0 .3 6 9 0

T h e  r e a c t io n  m ix t u r e  co n ta in e d  1 t o  3 / tg /m l o f  e n z y m e

T able I I  show s th a t  the  P G A D  lip id  eq u a lly  inh ib its  th e  a c tiv ity  o f  
PG A D s, iso lated  from  different species as well as th a t  of A D H  [8].

Table II

Inhibitory effect of the lipid components of different kinds of PGAD
j Lipid fraction (concentration 0.0028 mg ml) extracted 

from
Enzyme tested bovine PGAD swine PGAD rabbit PGAD

Inhibition per cent

B o v in e  m u s c le  P G A D 10 10 25

S w in e  m u s c le  P G A D 42 30 42

R a b b it  m u s c le  P G A D 28 35 52

C ra y fish  m u s c le  P G A D 36 - —

B a k er ’s y e a s t  P G A D — 4 8 —

B ak er’s y e a s t  A D 1 I — 15 —

E n z y m e  c o n c e n t r a t io n  1 to  3 fig/ml. R e a c t io n  m ix tu r e  a s d e sc r ib e d  in  [4 ] a n d  [7 ] ,  
r e s p e c t iv e ly .

A ccordingly, th e  inh ib ito ry  e ffec t is n o t specific , n e ith e r is i t  a sim ple 
lip id  effect, the  lip id  from  swine m uscle  e x tra c t n o t being in h ib ito ry .

As to  the  n a tu r e  of the in h ib itio n , it  was found  to  be n o t co m p etitiv e  
w ith  th e  su b s tra te , b u t  com petitive w ith  th e  coenzym e. T ypical ex p erim en ts  
o f each  ty p e  are show n  in Fig. 2.

F ro m  the  fa c t t h a t  bo th  A D H  an d  PG A D  req u ire  D P N  as a coenzym e, 
as well as from  th e  observation  th a t  th e  in h ib itio n  is com petitive  w ith  D P N , 
it  has been  concluded  th a t  s tru c tu ra l p a r ts  n ea r th e  coenzym e b in d in g  areas 
m ay  p lay  a role in  b in d in g  the lip id  co m ponen t.
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F ig . 2. L inew eaver-B urk  p lo t of th e  in h ib ito ry  action  of th e  lip id  co m ponen t o f PG A D  

a =  C om petition  w ith  s u b s tra te ;  b =  C o m p etitio n  w ith  coenzym e; =  recip ro ca l o f th e

re a c tio n  ra te  expressed in  =  recip ro ca l o f su b s tra te  and  D P N  co n ce n tra tio n ,
|b|

re sp ec tiv e ly , in moles. 1: w ith o u t in h ib ito r; 2: in  th e  presence o f 0.0033 m g/m l of lip id . E n zy m e 
co n cen tra tio n  in re ac tio n  m ix tu re  2 /«g/ml
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In  d ifferen t m uscle  m odel system s (actom yosin  gel, m yofib rils , g lycerin- 
a te d  m uscle fibres) th e  phenom enon analogous to  m uscle re lax a tio n , i. e. 
th e  in h ib itio n  of A T Pase a c tiv ity , of syneresis, o f ten s io n , is abolished by  th e  
a d d itio n  o f very sm all co n cen tra tio n s o f Ca. This is tru e  fo r th e  in h ib ition  
caused b y  overop tim al su b s tra te  co n cen tra tio n s [1], as w ell as for re lax a tio n  
caused  b y  no t ye t e x a c tly  iden tified  frac tions iso la ted  from  m uscle, the so- 
called re lax in g  fac to rs  [2 — 6]. The s im ila r ch a ra c te r  o f th e  ac tio n  of Ca in  
system s conta in ing  re la x in g  fac to rs an d  in  system s co n ta in in g  th e  con trac tile  
p ro te in s  only , allows th e  assum ption  th a t  th e  effect o f Ca in  th e  tw o kinds of 
system  is based on an  in te ra c tio n  w ith  one and th e  sam e com ponen t. The 
b in d in g  co n stan ts  o f  A T P  w ith  th e  a lk a li e a r th  m e ta ls  in v o lved  are well- 
know n (see e. g. 7), b u t  d a ta  on th e  b in d in g  of Ca to  th e  co n trac tile  p ro te in s 
are  scarce and  n o t a p p licab le  to  th e  p rob lem  envisaged  [8, 9], ow ing to  th e ir  
fa ilu re  to  consider th e  v e ry  sm all co n cen tra tio n s o f  m eta l ions. I t  seem ed 
there fo re  in te restin g  to  in v estig a te  th e  b in d ing  of Ca b y  iso la ted  m yofibrils.

A ccording to  o u r ex p erim en ts , w ashed  ra b b it  m y ofib rils  p rep a red  accord­
ing to  P e r r y  [10] c o n ta in  considerable am oun ts o f Ca. A b o u t h a lf  of th is  is 
easily  rem oved by  wmshing w ith  e th y len e  d iam ine te t r a a c e ta te  (ED TA ), in  
accordance w ith  th e  re su lts  o f H a s s e l b a c h  [11] o b ta in e d  fo r th e  “ insoluble 
m uscle su b stan ce” th e  b u lk  of w hich are  m yofibrils. W e fo u n d  th e  frac tion  of 
Ca rem o v ab le  by  E D T A  to  exchange in s ta n ta n e o u s ly  w ith  ad d ed  Ca labelled  
w ith  4oCa. This p a r t  o f  th e  C a-con ten t, in v es tig a tio n  o f w hich has been the  
aim  o f th e  experim en ts to  be repo rted  below , will be te rm e d  in  th e  following 
“ dissociable Ca” .

W e de te rm ined  th e  association  c o n s ta n t o f th is  d issociab le  Ca by  th e  
follow ing sim ple p ro ced u re . D uplica te  sam ples o f th e  m yofib ril suspension 
w ere in c u b a te d  w ith  lab e lled  Ca given to  th e  sam ples a t  d iffe ren t fin a l con­
c e n tra tio n s . The p ro te in  w as sep ara ted  b y  cen trifu g a tio n  an d  th e  rad io ac tiv ity  
rem a in in g  in  so lu tion  w as m easured. T he experim en ts w ere carried  ou t a t 
0° C, p H  7.0 (0.02 M  b o ra te ) . The co n cen tra tio n  of th e  m y o fib rilla r p ro te in  
w as 7 — 10 m g/m l. T h e  specific  a c tiv ity  o f Ca in  th e  d iffe ren t sam ples was
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ca lcu la ted  by  ad d in g  th e  to ta l  a m o u n t o f dissociable Ca o f th e  m yofibrils to  
th e  am o u n t o f Ca p re sen t. T he c o n s ta n ts  were co m p u ted  on  th e  basis o f th e  
rec ip ro ca l p lo ts [12]. T he d iag ram s an d  calcu la tions show ed c learly  th a t  in  
th e  b ind ing  of Ca tw o  d iffe ren t s ite s  are  involved. O ne g ram  o f m yo fib rilla r 
p ro te in  containd ro u n d  10 to  20 m icrom oles of “ s tro n g ”  b in d in g  places, w ith  
a n  association  c o n s ta n t o f 20000 — 30 000, and  ab o u t 100 m icrom oles o f “ w eak”  
ones w ith a c o n s ta n t o f ab o u t 100 (T able  I). B y m eans o f suppression  o f Ca-

ТаЫе I

A ssocia tion  constants and  number o f  b in d in g  sites fo r  the b inding o f  Ca by m yofibrillar protein

Range of 
concentrations 

of free Ca 
fJ L M /1

Number of points with 
different Ca additions

nl
PSlSmyofibr. protein

K,
1/Af

П2
p M / g

myofibr. protein
K,

1/M

6 0 -  80 7 26 18 000 — ___

6 - 4 0 0 9 15 22 000 79 1300

3 0 -4 0 0 9 25 28 000 107 1350

b in d in g  by  th e  ad d itio n  of Mg we o b ta in ed  some in d ica tio n  o f  th e  sp ec ific ity  
o f  th e  “ strong”  b in d in g  sites fo r Ca as opposed to  Mg. W e fo u n d  th e  a ff in ity  
fo r  Mg to  be v e ry  m uch sm alle r th a n  for Ca.

The Ca assoc ia tion  c o n s ta n t is w ell-know n for sev era l p ro te in s  (see e. g. 
[1 3 ,1 4 ]) and  th e se  co n stan ts  are  a ll in  th e  range of o u r ‘"w eak”  b inding . T h is 
re fe rs  also to  m yosin , m ore p rec ise ly  to  th e  m erom yosins [9]. I t  is th e re fo re  
possib le  th a t  th e  s tro n g  b ind ing  o b se rv ed  b y  us is n o t effected  b y  m yosin  b u t  b y  
som e o ther com ponen t of the  m y o fib ril, e. g. by  ac tin . O r else, as in  th e  ex p eri­
m e n ts  of Na n ninga  [9] w hen chem ica l m ethods w ere u sed  an d  were con­
se q u e n tly  n o t ex ten d ed  to  d e te rm in in g  th e  sm all co n cen tra tio n s  o f Ca, o u r 
s tro n g  b inding  could  n o t be o b served .

The id en tif ic a tio n  of th e  p ro te in  com ponent o f the  m y o fib ril responsib le  
fo r th e  strong  b in d in g  is in  p ro g ress  and  will be re p o rte d  to g e th e r w ith  a 
d e ta ile d  account o f  these  e x p e rim e n ts  on a la te r  occasion.

As regards th e  suppressing  e ffec t o f Ca on th e  in h ib itio n  by  o verop tim al 
A T P  concen tra tio n , th e  fo llow ing can  be concluded. I f  u sin g  th e  n  and  К  
v a lu e s  for th e  m y o fib rilla r p ro te in s  an d  th e  association  c o n s ta n ts  for M gA TP 
o r  CaA TP given by  W alaas [7] we com pute  th e  co n cen tra tio n s  of th e  d iffe ren t 
m o lecu la r species, in  th e  case o f  ad d itio n  of th e  re a c ta n ts  in  co n cen tra tio n s 
causing  m axim um  a c tiv ity , s u b s tra te  in h ib itio n  or ab o litio n  of su b s tra te  
in h ib itio n , we shall fin d  th a t  th e  g re a te s t  p a r t  of th e  b o u n d  Ca is rem oved (b y  
d ilu tio n  and com plex ing  w ith  A T P ) in  th e  f irs t tw o cases. In  th e  th ird  case, 
how ever, th e  a d d itio n  of Ca increases th e  am o u n t o f p ro te in  b ound  Ca ab o u t 
50 tim es. (In  o rd e r to  e lucidate  th e  s itu a tio n , in  T ab le  I I  w'e give th e  resu lts  o f
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Table II

D istribution  o f the d ifferent reactants in  a typical experim ent on the suppression  o f  substrate
inh ib iton  by addition o f  Ca

M yofib rilla r p ro te in  c o n cen tra tio n , 1.4 m g/m l. t  =  20° C. A T Pase a c t iv ity  expressed  as /tg P  
sp lit in  5 m in. A ll co n cen tra tio n s expressed  in  M /l

ATPase activity
Maximum activity Substrate inhibition Inhibition suppressed 

by Ca
70 11 66

|A T P ] to ta l 4 • 1 0 -3 8 • IO“ 3 8  • 10“  3

[Ca] added — — 5 • 10“ 4

! M gATP] 3.5 ■ IO“ 3 О
1 n1О

[CaATP] 1 • 10“ 6 1 ■ IO "5 5 0 -1 0 -5

[Ca] bound to  p ro te in 6 • IO“ 8 2 • 10-» 1 • 10“  6( ! )

[Ca] free 1 • 10“ 7 3 • IO“ 8

C01ОCO

calcu la tio n s in  th e  case of one sp ec ia l experim en t.) I t  is possible th a t  it is th is  
change in  th e  am o u n t o f b o u n d  Ca w hich causes th e  suppression  o f in h ib itio n , 
a lth o u g h  i t  involves th e  so m ew hat p a rad o x ica l a ssu m p tio n  th a t  in th e  absence 
o f free A T P no Ca b ound  <,o th e  m y o fib ril is needed  to  a t ta in  m ax im al a c tiv ity  
w hile i t  is necessary  in  th e  case o f  su b s tra te  in h ib itio n , i. e. in  th e  presence 
o f free A T P. This a ssum ption  has in  p a r t  been su p p o rted  b y  ou r still u n p u b ­
lished  experim en ts in  w hich k in e tic  analysis has d em o n stra ted  th e  su b s tra te  
in h ib itio n  to  be due essen tia lly  to  a com petition  of free A T P w ith  M gATP 
as su b s tra te .

I t  is s till u n ce rta in  w h e th e r th e  view  suggested  here  can be app lied  to  
th e  ac tio n  o f Ca in  th e  case w h en  re lax a tio n  is caused b y  re lax in g  fac to rs. 
T he m in im al co n cen tra tio n  o f free  Ca in h ib itin g  the  effect o f th e  re lax ing  
su b stan ce  has been g iven  by  P a r k e r  and  G e r g e l y  in  a re c e n t p ap er [6] 
as 10“ 6 M /l .  As th e  c o n cen tra tio n  o f free Ca is h igher th a n  th e  co n cen tra tio n  
o f p ro te in -b o u n d  Ca, i. e. w hen Ca is added  in  th e  o rder o f 10 B M /l ,  i t  is con­
ceivab le  th a t  th e  su b s tra te  in h ib itio n  is caused b y  som e re lax in g  substance  
rem ain in g  in  th e  m y o fib rilla r p re p a ra tio n s . I t  is how ever d ifficu lt to  reach  
conclusions before th e  n a tu re  o f  th e  re lax ing  su b stan ce  has been  fu r th e r  
e lu c id a ted .
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Som e o f th e  h istid ine  residues p a r tic ip a tin g  in th e  b ind ing  of th e  p ro ­
sth e tic  g roup  m ay  have an  im p o r ta n t role in  th e  fo rm atio n  o f th e  s tru c tu re  an d  
in  the fu n c tio n a l p roperties o f m yoglobin.

A ccord ing  to  the  in v estig a tio n s o f W eil et al. [1] th e  h istid ine  residues 
o f  p ro te in s can  be oxidized p h o to c a ta ly tic a lly . On th e  basis  o f these d a ta  we 
stud ied  th e  effect of p h o to o x id a tio n  u p o n  th e  s tru c tu re  and  th e  fu n c tio n a l 
p roperties o f  m yoglobin.

F errim yog loh in , iso la ted  accord ing  to  th e  p rocedure  o f B owen [2] an d  
rec ry sta llized  th re e  tim es, w as shaken  in  a W arburg  a p p a ra tu s  in  oxygen  
atm osphere , in  th e  presence o f m ethy lene  b lue. The vessels were ir ra d ia te d  
from  one side w ith  a lig h t b eam  of 0.5 W /cm 2 in te n s ity . I t  was found  th a t  
while th e  0 2 u p ta k e  of th e  haem -free p ro te in  am oun ted  to  9 — 11 moles p er m ole 
o f p ro te in , t h a t  o f th e  ferrim yog loh in  w as o n ly  2 moles. T he tim e  course o f th e  
ox idation  is rep resen ted  in  F ig . 1. I t  can  be seen th a t  u n d e r these cond itions, 
in  th e  case o f  ferrim yogloh in , th e  oxygen u p ta k e  ceased a f te r  having reached  
the  value of 2 m oles 0 2 p e r m ole Mb.

A fter th e  p h o to o x id a tio n , the  h aem  w as rem oved from  the  p ro te in  b y  
tre a tm e n t w ith  ace tone-hydroch lo ric  ac id  — th e  m ethy lene  blue being also 
rem oved in  th is  s tep  — a n d  th e  h istid ine  c o n te n t of th e  photoox id ized  ferri- 
m yoglobin w as de term ined  b y  the  m e th o d  o f Macpherson [3]. In  a para lle l 
exp erim en t th e  ferrim yogloh in  was sh ak en  u n d er the  sam e conditions b u t  in  
th e  absence o f  m ethy lene b lu e . H ere ag a in , th e  h is tid in e  co n ten t was d e te r ­
m ined a fte r rem oval of th e  h aem  group. T he oxidized p ro te in  was found  to  
con ta in  tw o  h is tid in e  residues less th an  th e  con tro l p ro te in  (Table I).

Table I

Myoglobin moles histidine/ 
mole myoglobin

n a tiv e 9.2

pho tooxid ized 6.9

3  Acta Physiologica XVIII/4.
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Fig. 1. T im e course  o f o x idation
R eac tio n  m ix tu re : m yo g lo b in , 0 .6—2.0 iijVI: 0.2 m l o f p h o sp h a te , 0.3 M  pH  8.9; 0.5 m l o f 
m e th y len e  blue, 0.7 m M . T o ta l volum e, 2.3 m l. In  th e  m iddle vessel 0.2 m l o f 20 pe r c en t

K O H . T e m p era tu re , 37.0° C 
a =  haem -free p ro te in ; b  =  ferrim yoglobin

Fig. 2. E ffec t o f p h o to o x id a tio n  on  th e  sp ec tru m  o f m yoglob in
A) Spectra  o f  ph o to o x id ized  and co n tro l ferrim yog lob ins in  th e  S o ré t zone
B) Spectra  o f  ph o to o x id ized  and  con tro l m yog lob ins a fte r red u ctio n  a n d  oxygenetion

a =  photooxid ized  m y og lob in ; b  =  contro l m yoglobin
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A bsorp tion  o f  th e  pho toox id ized  ferrim y o g lo b in  w as su b s ta n tia lly  de­
creased  in  th e  S o ré t zone ch a rac te ris tic  o f th e  haem -g lob in  bond . T he sp ec tru m  
of th e  p ho toox id ized  p ro te in  was m easured  a g a in s t a m ethy lene  blue so lu tion  
of th e  given c o n c e n tra tio n . The pho to o x id ized  and  con tro l ferrim yoglob ins 
w ere f ir s t  reduced  to  ferrom yoglobin , th e n  shaken  w ith  oxygen. In  determ in ing  
th e  sp ec tru m  of th e  photoox id ized  p ro te in  a m e th y len e  b lue solu tion  of th e  
co n cen tra tio n  g iven  w as used as a b lan k . As seen in  F ig . 2b, in  th e  presence o f  
oxigén th e  p h o to o x id ized  m yoglobin  d id  n o t show  th e  ch a rac te ris tic  sp ec tru m  
of oxim yoglobin .

A ttem p ts  w ere m ade to  sep a ra te  th e  p e p tid e  frac tio n  con ta in in g  th e  
pho tooxid ized  h is tid in e . We in tended  to  tra c e  th is  m odified  p ep tide  b y  com ­
parin g  th e  t ry p tic  h y d ro ly sa te s  of n a tiv e  an d  pho toox id ized  m yoglobins. 
E lec tro p h o re tic  in v e s tig a tio n s  revealed  in th e  m ild ly  acid frac tions of th e  h y d ro ­
ly sa te  th e  ap p ea ran ce  o f a new p ep tid e  ab sen t from  th e  id en tica lly -trea ted  
con tro l h y d ro ly sa tes . T h e  iso lation  of th is  p ep tid e  is in  progress.

As th e  o x id a tio n  o f  th e  tw o m oles o f h is tid in e  re su lts  in  th e  w eakening  of 
the h a e m —p ro te in  b o n d  and in the  loss o f a b ility  o f th e  pro te in  to  b ind  oxygen, 
we assum e th a t  th e  new  p ep tid e  seen in  th e  e lec tro p h o ro g ram  is id en tica l w ith  
the  haem o p ep tid e  o f m yoglobin.

A fter these ex p e rim en ts  had  been p erfo rm ed  we learned  ab o u t th e  w ork 
o f N a k a t a n i, dealing  w ith  the p h o to o x id iza tio n  o f cy tochrom e c [4] and  p e r­
oxidase [5] concern ing  th e  connections betw een  th e  o x id a tio n  of h is tid in e  and 
th e  fu n c tiona l p ro p e rtie s  of p ro teins.
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The effect o f in ten siv e  sound stim u lu s  on th e  eosinophil co u n t was in v es tig a te d  
in  ra ts  a fte r  th e  e x tirp a tio n  of d ifferen t endocrine  glands. A udiogenic eosinophilia  d id  
n o t  occur in  ad ren a lec to m ized  ra ts  k e p t a live b y  d ifferen t t re a tm e n ts , in  hypo p h y sec to - 
m ized  ra ts , no r in  th o se  th y ro id ec to m ized  anim als w hich  h a d  audiogenic se izu res, 
w hereas th e  eosinophil co u n t rose in  th o se  th y ro id ec to m ized  ra ts  in  w hich th e  so und  
s tim u lu s did n o t p ro v o k e  seizures. P ro lo n g ed  cortisone tr e a tm e n t  p rev en ted  eosino­
p h ilia  also in  n o rm al an im als . I t  has been  concluded  th a t  aud iogenic  eosinophilia c a n n o t 
develop  unless th e  h o rm o n a l supply  is w ell balanced.

I t  has been observed  th a t  s trong  sound stim uli of sh o rt d u ra tio n  increased  
th e  n u m b e r of c ircu la tin g  eosinophils in  ra ts . The in te n s ity  of th e  sound  
alone sufficed  to  release in  15 to  30 p e r  cen t of th e  an im als an audiogenic  
seizure ch a rac te ris tic  w ith  roden ts. T he seizure was accom pan ied  by  in ten s iv e  
m otor a c tiv ity , b u t th e  eosinophil co u n t increased  w h e th e r or no t th e  a t ta c k  
occurred  [2, 3].

W hile glucocorticoids are know n as th e  p rin c ip a l agen ts inducing  a 
red u c tio n  of the  eosinophil coun t, no specific  agen ts causing  acu te  eosino­
philia  h av e  so far been discovered.

S evera l au tho rs observed  eosinophilia  in ad rena lec tom ized  p a tie n ts  an d  
anim als [e. g. 6, 7, 22, 12, 13, 17, 18], w hereas o thers fa iled  to  do so [e. g. 10, 21, 
26]. A fte r th y ro id ec to m y  th e  eosinophil co u n t w as found  n o rm al [16] and  th e  
éosinopénie effect o f A C TH  w ith in  th e  u su a l lim its  [4 ,1 6 ], a lth o u g h  a d re n a lin  
induced  a sligh t b u t s till sign ifican t decrease in  th e  eosinophil co u n t [4]. 
The sequelae of h y p o p h y sec to m y  m ay  becom e n o tab le  n o t  only by  a d is tu rb ­
ance o f in te rg la n d u la r  re la tio n s b u t also b y  th e  cessation  o f th e  usual tro p h ic  
effect w hich  the  p itu ita ry  body  exerts u p o n  endocrine g lands. A C TH , p ro d u ced  
by  th e  a n te rio r  p i tu i ta ry , governs th e  eosinoph il level th ro u g h  th e  a d re n a l 
co rtex , a n d  i t  will la s tin g ly  rise of th e  h y p o p h y sis  is e x tirp a te d  [17, 18. 23 , 
24, 25]. T here  are, how ever, also a u th o rs  who did  n o t  observed  in c rea sed  
eosinophil co u n t in  such  cases [19].

T he purpose o f th e  ex perim en ts to  be re p o rte d  was to  s tu d y  the  h o rm o n a l 
factors invo lv ed  in  th e  developm ent o f audiogenic  eosinophilia . We in v e s ti­
gated  th e  effect o f sound stim u la tio n  on th e  eosinophil level of a d ren a lec to ­
m ized, th y ro id ec to m ized  and  h ypophysectom ized  an im als.
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Methods

In b red  m ale r a ts  w ere used in  th e  ex p erim en ts . P rev ious tre a tm e n t a t  in te rv a ls  o f 4 to  5 
d a y s  du ring  2 to  3 w eeks served  to  accustom  th e  an im als to  th e  non-specific  conditions o f th e  
e x p e rim e n t (h an d lin g , c u tt in g  of ta il, etc.). T he ad ren a ls  were e x tirp a te d  in  90, th e  th y ro id  w as 
e x ti rp a te d  in  36 a n d  th e  p i tu i ta ry  in 21 ra ts . As a su b s titu tio n  th e ra p y , cortisone in  d a ily  
d o ses o f 0.15 to  0.25 m g p e r  100 g body  w e igh t w as adm in istered  to  p a r t  o f th e  ad ren a lec to - 
m ized  anim als, w hile th e  re s t  of these w ere g iven  to  d rin k  a  1 per c e n t so lu tion  of NaCl ad  
l ib itu m .  The la s t co rtiso n e  in jec tio n  was ad m in is te re d  40 to  50 hours before  th e  experim en t. A 
s e p a ra te  group h a d  n o t  b een  sub jected  to  ad ren a le c to m y  b u t  was n ev erth e less  t re a te d  w ith  
co rtiso n e  qu ite  like th e  adrenalec tom ized  an im a ls ; th e  horm onal su p p ly  was cu t o ff im m e­
d ia te ly  before th e  e x p e rim e n t also in th is  g roup .

T he th y ro id e c to m iz e d  anim als rece ived  no su b s titu tio n .
The h y p o p h y sec to m ized  ra ts  were g iven  5 m g of cortisone im m e d ia te ly  a fte r  th e  o p e ­

r a t io n ;  su b seq u en tly , no  d ru g  was a d m in is te red  fo r 15 to  20 days, w hen  1 — 2 I. U. o f A C TH  
w ere  applied  im m e d ia te ly  a f te r  each  ex p erim en t. W e k e p t these  an im als on  a d ie t enriched  w ith  
c an e  sugar and ed ib le  oil. W e s ta r te d  th e  e x p e rim e n t 6 to  9 days a fte r  rem o v a l of th e  ad ren a ls  
a n d  th e  th y ro id , an d  3 to  4 days a fte r h y p o p h y sec to m y .

N o n -ad ren a lec to m ized  ra ts  received co rtiso n e  a t  least for 12 d ay s  before th e  f i r s t  
e x p erim en t.

The e x p erim e n t w as perform ed as follow s. B lood was d raw n from  th e  ta il  of th e  an im als , 
a n d  each  of th em  w as th e n  p laced in  a se p a ra te  sm all glass-w alled box  in to  w hich an  e lectric  
h e ll  h a d  been m o u n te d . T h e  bell was th e n  ru n g  fo r 2 m inutes. The an im als w hich resp o n d ed  
w ith  audiogenic se izu re  w ill be term ed  p o s itiv e , th o se  w hich rem ained  q u ie t are to  be called  
n e g a tiv e  in th e  fo llow ing. A second blood sam ple  was ta k e n  4 hours a f te r  th e  audiogenic s t im u ­
la tio n . The sam e a n im a ls  w ere em ployed severa l tim es a t  w eekly in te rv a ls . The con tro ls w ere 
n o t  exposed to  so u n d  stim u li.

Blood sam ples w ere sta ined  w ith  a m ix tu re  o f m ethy lene b lue  an d  eosin [1], an d  an  
eosinoph il coun t w as m ade .

S ta tis tica l an a ly se s  were m ade b y  th e  44t ”  te s t  on th e  basis o f th e  d ifferences expressed  
in  p e r cents of th e  in it ia l  values.

Results

1. Adrenalectom y

The in itia l eosinoph il level was 739/m m 3 in the  ad rena lec tom ized  an im als 
tr e a te d  w ith  co rtiso n e , against 473 /m m 3 for the  u n tre a te d  in ta c t an im als

Table I

E osinoph il count in  the various experimental groups

n
Eosinophil
count/m m 3

N orm al* 206 473 ±  21

N o rm a l chronic cortisone tre a tm e n t 230 356 +  17

A d ren a lec to m y  -f~ 1%  N aC l in  d rin k in g  
w a te r 97 1061 +  77

A d ren a lec to m y  -f~ chronic co rtisone 
t r e a tm e n t 185 739 +  40

T h y ro id ec to m y 292 502 ±  24

H y p o p h y sec to m y 220 719 ±  55

n =  n u m b er o f  ex am inations;
* =  inclusive  o f  d a ta  de term ined  in  earlie r experim en ts.
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(Table I). T he change caused b y  rin g in g  th e  bell w as a decrease o f 5.2 p er cen t 
in  th e  p ositive  an d  o f 2.9 p e r c en t in  th e  n eg a tiv e  an im als. This m eans an  
average  decrease o f 3.8 p e r c e n t in  th e  te s t  an im als , as against a decrease 
of 3.0 p er cen t in  th e  co rrespond ing  con tro ls  (Table I I ) .  T his shows th a t  a u d io ­
genic s tim u la tio n  does no t give rise  to  an  increase o f  th e  eosinophil co u n t in  
co rtiso n e -trea ted  adrenalectom izecl ra ts .

T he in itia l eosinophil leve l w as 1061/m m 3 in those  ad rena lec tom ized  
anim als w hich  h a d  d ru n k  th e  s a lt  so lu tio n  before th e  ex perim en t (T able I). 
The change caused b y  th e  aud iogen ic  s tim u la tio n  w as a decrease of 7.0 p er 
cen t in  th e  p o sitive , and  an  in crease  o f  27.0 per cen t in  th e  negative  an im als, 
th u s  an  average  increase  of 20.0 p e r  c e n t as aga in st 20.1 p e r  cen t in  th e  con tro ls  
(Table I I ) .  A d ren a lec to m y  p re v e n te d  audiogenic eosinophilia  also u n d er such  
conditions.

The in itia l eosinophil co u n t am o u n te d  to  356 cm m  in  norm al an im als 
p re tre a ted  w ith  co rtisone  (T able  1). T h e  sound s tim u lu s induced  a rise of 13.8 
p er cen t in  th e  p o sitiv e , an d  one o f  15.9 p e r cen t in  th e  n eg a tiv e  an im als, th u s  
an  average in c rease  o f 15.4 p e r c e n t, as against one o f 32.7 p er cen t in  th e  
co rresponding  co n tro ls . T hus, fo llow ing  chronic tr e a tm e n t  w ith  cortisone th e  
sound  s tim u lu s  p ro d u ced  a n o t s ig n if ic a n t decrease in  th e  n u m b er of c irc u la t­
ing  eosinophils (T able II) .

2. Thyroidectom y

A n audiogenic  s tim u la tio n  o f  2 m in u tes  decreased  th e  eosinophil co u n t 
b y  4.8 p er cen t in  th e  positive a n d  increased  i t  by  30.4 p e r cen t in  th e  n eg a tiv e  
th v ro id ec to m ized  an im als (average, -f- 20.0 p er cen t), as aga in st an  increase 
of 14.6 p e r cen t in  th e  con tro ls. T h e  v a lu es  of th e  n e g a tiv e  g roup  were s ta t is ­
tic a lly  d iffe ren t an d  th e  o th e r tw o  v a lu es  s ta tis tic a lly  n o t d ifferen t from  tho se  
of th e  con tro ls . T his w ould prove th a t  — a t leas t, on th e  evidence of neg a tiv e  
anim als — th e  th y ro id  p lays no s ig n if ic a n t role in  th e  deve lopm en t of au d io ­
genic eosinophilia .

3. H ypophysectom y

The in itia l eosinophil co u n t fo llow ing rem oval o f th e  p i tu i ta ry  was 
719/m m 3, m uch  h ig h er th a n  th a t  fo u n d  in  n o rm al an im als  (473/m m 3) (Table I). 
R inging  th e  bell fo r 2 m inu tes p ro d u c e d  an  increase o f  40.0 p er cen t in  th e  
positive, and  one o f 31.2 per c en t in  th e  n egative  an im als , i.e. an  average 
increase o f 32.7 p e r cen t, as ag a in st one o f  38.8 per cen t in  th e  contro ls. T hese 
values w ere th u s  n o t d ifferen t (T ab le  I I ) .



Table II

E ffect o f  interventions on audiogenic eosinophilia

Positive a Negative b Positive and negative c Controls d Statistical analysis

n difference % n difference % n difference % n difference % t P

a —b 0.51439 70 >  P >  60
N orm al* 69 + 2 9 .2 +  7.6 101 4-25.1 +  4.7 170 +  26.7 +  4.0 41 — 0.2 +  0.7 a —d 2.84926 1 > P > 0 . 1

b - d 2.93791 1 > P > 0 . 1
c —d 3.10341 1 > P  > 0 .1

N orm al -f- chronic cor- a —b 0.14164 90 >  P >  80
tisone trea tm e n t 15 C'-©+COCO• 46 +  15.9 +  7.9 61 +  15.4 +  6.3 43 +32.7 +  8.2 a —d 1.23687 30 >  P >  20

b - d 1.49443 20 > P > 1 0
c —d 1.69406 10 > P >  5

A drenalectom y -f- 1% a —b 1.63305 20 > P > 1 0
NaCl in  d rinking 9 -7 .7  +  19.5 42 +27.0 +  8.9 51 4-20.8 +  8.2 44 +  20.1 +  9.6 a —d 1.20810 30 >  P  >  20
w ater b - d 0.52555 70 >  P  >  60

c —d 0.05567 P >  90

A drenalectom y 4 - a —b 0.20146 90 >  P  >  80
chronic cortisone 37 -5 .2  4- 8.0 60 -2 .9  +  7.6 97 -3 .8  4- 5.5 81 -3 .0  +  4.5 a —d 0.25672 80 >  P >  70
t re a tm e n t b - d 0.01207 P > 9 0

c —d 0.10952 P >  90

a —b 3.27236 1 > P  >  0.1
T hyro idectom y 39 -4 .8  +  8.9 93 +30.4 +  5.9 132 +20.0 +  5.1 104 4-14.6 +  5.4 a —d 1.87848 1 0 > P >  5

b —d 1.98324 5 > P >  2
c —d 0.72288 50 > P  > 4 0

a —b 0.35501 80 >  P  >  70
H ypophysectom y 8 +40.6 +  22.8 41 +31.2 +  8.7 49 +32.7 +  8.3 46 +38.8 +  7.7 a —d 0.05826 P >  90

b - d 0.58133 60 >  P >  50
c — d 0.53994 60 >  P  >  50

a, b , c ,d  =  Sym bols used  in  s ta tis tic a l analyses — * =  B ased  also on earlier re su lts  — n  =  N u m b er o f experim en ts
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Discussion

P a r t  of th e  ad ren a lec to m ized  ra ts  w ere k e p t alive b y  cortisone. A daily  
dose o f  0.15 to  0.25 m g/100 g body w eight w as su ffic ien t n o t only to  ensure 
su rv iv a l b u t also for g ro w th  a t  a d im in ished  ra te . L arge doses o f co rtisone  
give rise to  su p ra ren a l a tro p h y  b y  th e  in h ib itio n  of A C TH  secretion  ( e. g. 
[8, 14, 15, 20]) and, accord ing  to  certa in  au th o rs  [5, 9, 28], th e y  m ay  even 
induce m orphological changes in  th e  h y p o th a lam ic  n uc le i, a lth o u g h  such 
changes were no t obse ived  b y  o th e r au th o rs  [11, 29]. W e th e re fo re  n o t only  
avo ided  to  ap p ly  high doses, b u t  w ith a view  to  e lim in a tin g  th e  éosinopénie 
effect o f th e  g lucocorticoid , ad m in is tra tio n  o f even th e  sm all doses was d iscon­
tin u e d  40 to  50 hours p rio r to  th e  ex p erim en ts . We th o u g h t o f a su b s titu tio n  
t re a tm e n t b y  desoxycorticosterone  to  ensure su rv iv a l w ith o u t (or only  sligh tly ) 
in fluencing  the eosinophil co u n t. Being, how ever, aw are o f  rep o rts  accord ing  
to  w hich  desoxycorticosterone  considerab ly  reduces th e  e x c ita b ility  o f th e  
ce n tra l nervous system , w hile cortisone p roduces th e  opposite  effect [30, 31], we 
decided  in  fav o u r of th e  la t te r .  In  doing so, we were ch iefly  led  b y  th e  consid­
e ra tio n  th a t  th e  e x c ita b ility  of the  nervous system  is genera lly  reduced  in 
an im als w ith  ad ren o co rtica l insuffic iency  (see below ). W e th e n  tr ie d  to  d e te r­
m ine th e  ev en tu a l d is tu rb in g  effect of co rtisone b y  o th e r  ex p erim en ts . — 
I t  is ev id en t from  T ab le  I I  th a t  audigenic s tim u la tio n  does n o t induce an 
increase  in  th e  eosinophil c o u n t in  ad renalectom ized  ra ts  t r e a te d  w ith  cortisone.

Since, how ever, ad rena lec tom ized  an im als were t r e a te d  w ith  cortisone 
as a su b s titu te , th e  e x p e rim e n ta l conditions were no t su ita b le  for fu rn ish ing  
re liab le  in fo rm ation  ab o u t th e  role of th e  ad ren a ls . To in v e s tig a te  th is  po in t 
we p erfo rm ed  tw o k inds o f  experim en ts. T he f irs t consisted  in  su b s titu tin g  
th e  co rtisone tre a tm e n t w ith  1 per cen t sa lt in  th e  d rin k in g  w a te r  in  a g roup  
of th e  adrenalectom ized  an im als; audiogenic eosinophilia  fa iled  to  occur also 
u n d e r such  conditions (T able  I I ) .

T he second k ind  o f ex p erim en t consisted  in  t r e a t in g  in ta c t an im als  
w ith  co rtisone qu ite  like in  th e  case of th e  ad ren a lec to m ized  ra ts . T ab le  I I  
show s th a t  audiogenic s tim u la tio n  ra th e r  reduced  th e  eosinophil level in  these  
an im als.

T hese resu lts ju s tify  th e  conclusion th a t ,  in  th e  absence of th e  ad renals, 
sound  stim u li do n o t p ro v o k e  p ro m p t eosinophilia  even i f  th e  an im als are 
t r e a te d  w ith  cortisone or a re  given sa lt in  th e  d rink ing  w a te r . T he n eg a tiv e  
response of norm al an im als  p re tre a ted  w ith  cortisone seem s to  prove th a t  
audiogenic eosinophilia m ay  be p rev en ted  n o t only  b y  th e  absence of ad ren o ­
co rtica l horm ones b u t also b y  th e  sligh t p rep o n d eran ce  o f g lucocorticoids 
induced  by  th e  p re tre a tm e n t so th a t  a d is tu rb an ce  o f th e  n o rm al horm on  
equ ilib riu m  a lready  suffices to  p rev en t th e  reac tio n . W e assum ed  th a t  th e  
decisive fac to r  teas rea lly  th e  absence or excess of a d ren o co rtica l ho rm ones
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i. e. th a t  th e  d ev e lopm en t o f audiogenic  eosinophilia  dep en d s on th e  presence 
o f  a defin ite  am o u n t o f  co rtico ids.

E osinophil co u n ts  a t  vario u s in te rv a ls , som etim es several m o n th s, 
a f te r  th y ro id ec to m y  gave an  average  o f 502/m m 3 (T able I), a value 
n e a r  to  th a t  of n o rm a l an im als (473/m in3). A ccord ing ly , as reg a rd s  th e  
ch ron ic  regu la tion  of eosinophils, rem oval o f th e  th y ro id  g land  did  n o t in flu ­
ence ou r experim en ts. A lth o u g h  th y ro id ec to m y  u su a lly  does n o t in te rfe re  w ith  
th e  no rm al reg u la tio n  of th e  eosinophil co u n t, aud iogen ic  s tim u la tio n  fails 
to  give rise to  eosinophilia  in  th y ro id ec to m ized  ra ts  (T ab ic  II) . E x p la n a tio n  
o f  th e  difference o bserved  be tw een  th e  n eg a tiv e  an d  p o sitiv e  an im als requ ires 
fu r th e r  in v estiga tions.

R em oval of th e  p i tu i ta ry  also p re v e n te d  th e  dev e lo p m en t of audiogenic 
eosinophilia  in  our ex p erim en ts .

I t  should  be n o te d  th a t  th e  eosinophil coun t fo llow ing h y p o p h y sec to m y  
(719/m m 3) was p ra c tic a lly  th e  sam e as t h a t  observed  in ad rena lectom ized  
an im als  k e p t alive b y  m eans of cortisone (739/m m 3) (T able  I). Considering 
i t  solely on the  ev idence o f th e  eosinophil co u n t, th is  phenom enon  seem s to  
in d ic a te  th a t  in  th e  h y p o p h y sec to m ized  ra ts  th e  ad ren a ls  m u st have secre ted  
a n  am o u n t of co rtico ids w hich  corresponds to  0.15 to  0.25 m g/100 g body  
w eigh t o f cortisone. A udiogenic s tim u la tio n  d id  n o t increase  th e  eosinophil 
co u n t in  e ith e r o f th ese  tw'o groups.

In  our opinion i t  is im p ro b ab le  th a t  th e  absence o f audiogenic eosino­
ph ilia  should be due to  a d e fin ite  k ind  o f sh ift in h o rm o n a l equ ilib rium . A l­
th o u g h  the ring ing  of th e  bell failed  to  increase th e  eosinoph il coun t in  th e  
co rtiso n e -trea ted  ad ren a lec to m ized  as also in  th e  hy p o p h y sec to m ized  an im als, 
an d  although  th e  b asa l eosinophil co u n t w as equal in  b o th  groups, we do 
n o t  th in k  th a t  th e  d is tu rb an ces  of reg u la tio n  (or r a th e r  tho se  of eosinophil 
reg u la tio n ) are th e  sam e in  b o th  groups. I t  seem s m ore p lausib le  t h a t  some 
k in d  of d is tu rb an ce  o f h o rm o n a l eq u ilib riu m  is cap ab le  o f p re v e n tin g  th e  
reac tio n  in general. T h is su p p o sitio n  seem s to  be co rro b o ra ted  b y  th e  fac t 
th a t ,  a lthough  th e  basa l eosinophil co u n t w as id e n tic a l in  th e  in ta c t  an d  
th e  th y ro id ec to m ized  an im als (473 an d  502/m m 3 respec tive ly ) (T able I) , 
audiogenic  s tim u la tio n  w as follow ed b y  eosinophilia  in  th e  f irs t an d  n o t 
follow ed by  eosinophilia  in  th e  second group . T h is ex p erim en t does n o t, 
how ever, reveal w h e th e r changes in  th e  release o f ho rm ones b y  th e  th y ro id  
o r an y  o th e r endocrine g lan d  suffice fo r causing  a d is tu rb an ce  capab le  of 
in h ib itin g  th e  reac tio n  in  questio n  or w h e th e r i t  is a change in  th e  co rtico ids 
w hich  m ust be reg a rd ed  as th e  p rin c ip a l fa c to r  responsib le  for the  in h ib itio n .

Table I I  shows an  increase  of th e  eosinophil co u n t a t  th e  usual 4 hours 
a f te r  the  firs t d raw ing  o f b lood  in  all con tro l g roups. T h is phenom enon  did 
n o t  occur in th e  in ta c t  an im als or those  w hich h ad  been  su b jec ted  to  a d re n a l­
ec to m y  and  su b seq u en t t re a tm e n t. C onsidering th a t  d iu rn a l v a ria tio n s  in  the



eosinophil coun t [9n] d id  n o t re a c h  20 to  30 per cen t w ith in  4 hou rs  and  
th a t  such  v a ria tio n s  were n o t d e m o n s tra b le  in  our ex p e rim en ts , we suggest 
th a t  the  observed  phenom enon  w as n o t  a d irec t re su lt o f  th e  no rm al bio logical 
rh y th m . The increase in  th e  eosinoph il co u n t observed in o p e ra ted  or cortisone- 
tre a te d  an im als w ith o u t acoustic  s t im u la tio n  m ust h av e  been  due to  th e  above- 
m en tio n ed  ho rm onal d is tu rb an ce .

I t  has re p ea ted ly  been  su g g ested  th a t  su sc e p tib ility  to  audiogenic  
seizure m ay  be connected  w ith  gen era l neu ra l e x c ita b ility  [27]. I t  is, th e re ­
fore, q u ite  possible th a t  th e  e x c ita b ili ty  of th e  ce n tra l n erv o u s system  m ig h t 
be co rre la ted  also w ith  the  n u m b e r o f  c ircu la ting  eosinophils. The significance 
o f  th a t  effect m ay  have im p o r ta n t b ea rin g s  on th e  p rob lem s discussed.
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E x p erim en ts  on  ra ts  and  ca ts  h av e  rev ea led  th a t  in tra c e re b ra l ad m in is tra tio n  o f 
10 a n d  50 fig  co rtisone ace ta te  depressed  p itu ita ry -a d ren o c o rtic a l a c tiv ity , w hen  th e  
d rug  w as in tro d u ced  in to  th e  caudal h y p o th a la m u s or m esencephalic  re ticu la r fo rm atio n . 
W hen  in je c te d  in to  o th e r n eu ra l s tru c tu re s , cortisone was ineffective .

A fter in jec tio n  in to  th e  h y p o th a la m u s , cortisone decreased  ACTH secre tion  in  
d irec t p ro p o rtio n  to  th e  dose u sed , m eanw hile  from  th e  m esencephalic  re tic u la r  fo r ­
m a tio n , a  d im in u tio n  on ly  to  th e  n o rm al, re s tin g  level w as e lic ited . T he changes in  th e  
p itu ita ry -a d re n o c o rtic a l a c tiv ity  were ex am ined  by  estab lish in g  th e  corticoid lev e l o f  
a d ren a l venous blood. In  ad d itio n , i t  has  been  observed  in  fu r th e r  ex p erim en ts t h a t  
a ld o ste ro n e  secre tion  w as in h ib ited  b y  h y p e rto n ic  saline in je c te d  in to  th e  re tic u la r  
fo rm a tio n , b u t  n o t b y  cortisone or h y p e rto n ic  dextrose.

T he conclusion  h as  been  d raw n  th a t  an  increase  in  th e  cortico id  c o n ten t o f  th e  
p e rip h e ra l blood is cap ab le  o f in h ib itin g  th e  ACTH secre tion  o f th e  an te rio r p i tu i ta ry .  
T his in h ib ito ry  effec t is m ed ia ted  th ro u g h  th e  c en tra l ne rv o u s sys tem , th e  b ra in  s te m  
in p a rticu la r .

The hyp o th esis  th a t  th e  co rticostero id  co n ten t of th e  periphera l b lood  
plays a reg u la rly  role in th e  a c tiv ity  o f th e  p itu ita ry -a d re n o co rtic a l system  h as 
n o t  y e t been  confirm ed. I n g l e , H iggins  and K e n d a l l  [8, 9] were th e  f ir s t  to  
observe th a t  a d m in is tra tio n  o f ad ren o co rtica l e x tra c ts  led  to  a tro p h y  o f th e  
g land . Som e te n  years  la te r , Sa y e r s  [12, 13] p roved  w ith  functional m e th o d s 
th a t  co rtico id  ad m in is tra tio n  co u n te rac ts  th e  s tress-induced  increase in  th e  
secretion  o f p itu ita ry  ad ren o co rtico tro p h ic  horm one. T hese d a ta  have led  to  
the  conclusion th a t  a d im in u tio n  of th e  b lood  cortico id  co n cen tra tio n  s tim u la te s  
ACTH secretion , w hile an  elevated  b lood  cortico id  level in h ib its  it. T hough  
th is feed-back  p rincip le  doubtlessly  p lays a decisive p a r t  u n d e r certa in  p a th o ­
logical cond itions or a fte r  rem oval of th e  ad renals, i ts  role in  physiological 
even ts is fa r  from  being  clear. The w ell-know n fac t th a t  th e  s tress-induced  
increase o f A CTH  secre tion  s ta r ts  w ith in  a few  seconds excludes th e  possib ility  
of a feed-back  m echanism  of tro p h ic  ho rm one secretion  (L ove  [10]; Gr a y  an d  
Mu n s o n  [7]).

The p re sen t p ap e r rep o rts  on ex p erim en ts  in w hich  th e  effect on th e  
p itu ita ry -a d re n o co rtic a l a c tiv ity  of in trace reb ra lly  ad m in is te red  corticoid an d  
saline has been  in v es tig a ted .
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M ethods

T he experim en ts  w ere p e rfo rm ed  on 86 a lb in o  ra ts  o f th e  sam e b reed  and  of b o th  sexes, 
ra n g in g  in  w eigh t from  150 g to  240 g. In  a d d itio n , 76 ca ts  of b o th  sexes, w eighing 1.8 to  2.5 kg 
each , w ere em ployed. In tra c e re b ra l cortico id  a n d  saline  a d m in is tra tio n s  w ere m ade b y  agar- 
ag ar im p la n ta tio n  in  th e  r a t ,  w hile  in  th e  c a ts  b y  m ean s of a  ch ron ically  in se rted  m icrocannu la .

I n  th e  case o f th e  a g ar-a g ar im p la n ta tio n , a  glass cap illa ry  o f 0.3 m m  in n er d iam e te r  
w as u sed , w hich  had  been f illed  w ith  ag ar-ag ar so lu tio n  of a te m p e ra tu re  o f  55° to  56° C. T he 
im p la n ta te  co n ta ined  10 resp . 50 fig  co rtisone  a c e ta te  in  a volum e n o t exceeding 0.005 ml. 
A fte r  so lid ification  of th e  ag ar-ag ar, th e  im p la n ta te  w as pushed  o u t o f th e  tu b e  b y  m eans o f a 
m e ta l w ire 0.2 m m  in d iam e te r. T he im p la n ta te  w as in se rted  by  m eans of a s te reo tax ic  a p p a ­
ra tu s  a d a p te d  to  ra ts .

In  th e  c a t,  a sta in less h y p o derm ic  c an n u la  0.5 m m  in  d iam ete r, ho ld ing  a volum e of less 
th a n  0.01 m l was in tro d u c ed  in to  th e  b ra in  a n d  f ix ed  to  th e  skull b y  m eans of a  plexig lass 
h o lder. F o r  in tro d u c in g  so lu tio n s an  a p p a ra tu s  a llow ing  in jec tio n  of as l it t le  as 0.001 m l was 
u sed . T he vo lum e of in je c te d  co rtico id  or sa line  so lu tio n  was be tw een  0.01 an  0.05 m l, u su a lly  
0.03 m l. T he reso rp tio n  h a lf  t im e  of 50 fig  co rtiso n e  a c e ta te  in  ag ar-ag ar im p la n ta te  w as found  
to  ran g e  fro m  16 to  18 h ours. I n  th e  case o f in je c tio n  w ith  a syringe, th e  p e n e tra tio n  of th e  f lu id  
in to  th e  b ra in  was co n tro lled  b y  in jec tio n  of In d ia  in k . Gross co n tro l ex am in a tio n s show ed 
t h a t  0.03 m l flu id  had  d iffused  over an  a rea  2 to  3 m m  in  d iam eter.

A fte r ex p erim en ta tio n  th e  b ra in  o f th e  an im a ls  was rem oved , f ix ed  in  form ol an d  em ­
b ed d ed  in  p a raffin . T he sec tions were s ta in ed  w ith  cresy l v io le t an d  th e  loca lization  of im p la n ­
ta te  and  can n u la  was d e te rm in ed .

T he fu n c tio n al a c t iv ity  o f  th e  p itu ita ry -a d re n o c o rtic a l system  w as s tu d ied  b y  analysing  
th e  b lood  of th e  ad ren a l vein . B lood was co llected  u n d e r p e n to b a rb ita l a n aes th es ia  from  h e p a ­
rin ized  ra ts  for 60 m in u tes , a n d  fro m  th e  ca ts  fo r 120 m inu tes. E x tra c t io n  o f th e  corticoids and  
th e ir  se p a ra tio n  b y  p ap er c h ro m a to g ra p h y  w ere p e rfo rm ed  according to  th e  m ethods described 
in  p rev io u s papers ( E n d r ő c z i , B a ta  and M a r t in  [3]; E n d r ő c z i an d  L is s á k  [4]; E n d r ő c z i 
a n d  Y a n g  [5]). Q u a n tita tiv e  d e te rm in a tio n s w ere m ad e  b y  th e  m ic ro te trazo liu m  re d u c tio n  or 
th e  a lka line  fluorescence te s ts  o r in  a B eck m an  D U  sp ec tro p h o to m ete r a t  240 m /i. F o r a ld o ­
ste ro n e  d e te rm in a tio n , th e  blood e x tra c ts  w ere ch ro m a to g rap h ed  f irs t  in  fo rm am ide-benzene, 
th e n  in  b en zen e-m eth an o l-w ate r (14 : 6 : 5) an d  th e  ho rm one was assayed  b y  m ic ro te trazo liu m  
re d u c tio n  and  sp e c tro p h o to m etry , using  e th a n o l as th e  solvent.

R esults

Since substances in jec ted  in to  th e  b ra in  or a d m in is te red  b y  ag ar-ag ar 
im p la n ta tio n  are n o t localized to  one sing le  po in t, th e  effects h ad  to  be con­
sidered  as exerted  over m ore ex ten siv e  a rea s . A no ther p rob lem  in ev a lu a tio n  
w as th a t  o f th e  tim e  fac to r . In  th e  r a t ,  th e  re so rp tio n  of co rtisone  a ce ta te  from  
ag a r-ag ar tak es  place w ith  a h a lf  tim e  o f 16 to  18 hours. As a consequence, th e  
an im als had to  be k illed  24 hours a f te r  im p la n ta tio n . T his sh o rt p o s to p era tiv e  
period  d id  no t p e rm it to  avoid  th e  in flu en ce  on th e  p itu ita ry -a d re n o co rtic a l 
a c t iv i ty  o f th e  o p e ra tio n  itself. F o r th is  reason , an im als im p la n te d  w ith  agar- 
ag a r n o t con ta in in g  th e  ac tiv e  p rin c ip le  se rved  as con tro ls. As ad d itio n a l p ro o f 
o f th e  specific ity  of the  effects observed , ag ar-ag ar co n ta in in g  cortisone w as 
im p la n te d  d irec tly  u n d e r  th e  cerebral c o rtex .

T he resu lts  o f th e  r a t  ex p erim en ts  are  show n in  Fig. 1. T he d iencephalon  
a n d  th e  m esencephalon w ere d iv ided  in to  4 areas in c lu d in g  th e  (i) p reo p tic  
region; (ii) p a ra v e n tr ic u la r  an d  v e n tro m e d ia l nuclei, as well as tu b e r  c inereum ; 
(iii) re tic u la r  fo rm atio n  o f  th e  m esencephalon , ex tend ing  v e n tra lly  to  th e  level 
o f th e  p o ste rio r h y p o th a la m u s; (iv) th a la m u s . This su b d iv ision  shows th a t  th e
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ev a lu a tio n  o f our find ings in  th e se  ex p erim en ts  w as n o t b a sed  on localization  in 
in d iv id u a l nuclei or g roups of nuclei, b u t  ra th e r  on th a t  in  m ore com plex 
an a to m ica l u n its .

F ig . 1 d em o n stra te s  t h a t  th e  co rticoste rone  co n te n t in  th e  b lood  o f th e  
ad ren a l v e in  w as m ark ed ly  e lev a ted  in  th e  con tro l an im als k illed  18 to  24 hours 
a fte r  th e  o p era tio n , as co m p ared  to  no rm al r a ts  n o t su b jec ted  to  o p era tio n  The 
above-m entioned  o p era ted  co n tro l ra ts  w ere im p lan ted  w ith  ag a r-ag ar in to  th e

Fig. 1. E ffec t o f in tra ce re b ra lly  im p la n te d  co rtisone a ce ta te  on th e  co rtico s tero id  co n te n t o f
th e  a d ren a l venous blood 

a =  no rm al, non-o p era ted  an im als ,
b =  ag ar-ag ar im p la n ta te  w ith o u t co rtiso n e  a c e ta te , resp . w ith  50 fig  co rtisone
E ffec t o f  10 an d  50 fig  co rtisone  a c e ta te  im p la n te d  in to  1 a n te rio r h y p o th a la m u s  (10 fig  =  o
50 fig  =  • ), 2 c au d a l h y p o th a la m u s , 3 re ticu la r  fo rm a tio n , 4 th a la m u s

diencephalon  an d  m esencephalon . In  o th e r  con tro l ra ts  a g a r-a g a r con ta in in g  
50/tg co rtisone ace ta te  w as im p la n te d  u n d er th e  cerebral co rtex . T h ro u g h o u t the  
r a t  ex p erim en ts  cortisone a c e ta te  was used  a t  tw o  dose levels, 10 /tg and  50 /tg. 
The d a ta  in  F ig . 1 show  th a t  im p la n ta tio n  in to  th e  v e n tra l  h y p o th a la m u s  
failed  to  decrease ACTH sec re tio n . The v a lu es  in  these  an im als  la y  w ith in  th e  
ranges observed  in  con tro l, sh am -o p era ted  ra ts . The sam e w as tru e  for im p lan ­
ta tio n  in  th e  th a lam u s, even  w ith  50 fi g o f cortisone. O n th e  o th e r h an d , im ­
p la n ta tio n  o f cortisone in  th e  v en tro m ed ia l nucleus, in  th e  p a ra v e n tr icu la r  
nucleus, in  the tu b e r  c inereum  an d  in th e  dorsom edial nucleus resu lted  in  a
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m ark ed  decrease o f th e  co rtico ste ro id  co n ten t of th e  a d re n a l venous b lood. 
T h is  d im inution  w as m odera te  a f te r  im p la n ta tio n  o f 10 fig  cortisone a ce ta te , 
a n d  very  m arked  a f te r  50 fig. A t th e  la t te r  dose level, th e  cortico id  co n te n t 
som etim es fell u n d e r  th e  lim it o f  d e te rm in a tio n . S im ilar, th o u g h  sligh te r in ­
h ib itio n  of ad ren o co rtica l a c t iv i ty  occurred  in  an im als w ith  im p la n ta te  in  th e  
m esencephalon. T h e  effect o f 10 o r 50 fig  cortisone was n o t as s trik in g  as w ith  
im p la n tâ te s  in  th e  cauda l h y p o th a la m u s . A com parison  o f th e  effect o f m esen-

F ig . 2. E ffect o f co rtiso n e  ace ta te  on  th e  co rticostero id  an d  a ld o ste ro n e  c o n te n t of th e  ad ren a l 
v en o u s blood in  th e  c a t.  C orticostero id  va lues are show n b y  co lum ns, a n d  a ldosterone secre tion

by th e  d o tte d  figure  on th e  rig h t
L e ft:  a) norm al an im a ls ; b)  c a n n u la te d  con tro ls t re a te d  w ith  physio log ical saline. C olum ns 
1 to  4 show th e  e ffec t o f  10 resp. 50 /ig  co rtiso n e  ace ta te  ad m in iste red  fo r 7 days. W hite  co lum n 

=  10 /ig; sh a d e d  colum n =  50 /ig . Lines on  le ft co lum ns show  ex trem e  values 
R ig h t:  a ldosterone secre tion . 1 =  c a n n u la te d  con tro l an im als t re a te d  w ith  saline; 2 =  50 /ig 
co rtiso n e  ace ta te  in je c te d  in to  th e  c a u d a l h y p o th a la m u s ; 3 =  50 /ig  co rtisone  ace ta te  in jec ted  
in to  th e  m esencephalic  re ticu la r fo rm a tio n . In  p a ren th es is : n u m b er o f  an im als in  in d iv id u a l

groups

cephalic  w ith  o th e r  im p la n tâ te s  rev ea led  th a t  cortisone a c e ta te  decreased  th e  
o p era tio n -in d u ced  ACTH m o b iliza tio n  to  th e  no rm al level on ly ; a d im in u tio n  
u n d e r  the re s tin g  secretion  w as n o t p roduced  b y  50 fig. T h is o b serva tion , 
to g e th e r  w ith  th e  find ings on c a ts  (see below) ind ica tes th a t  th e  depression of 
A C T H  secretion  from  th e  m esencephalon  an d  from  th e  cau d a l h y p o th a lam u s 
a re  elicited by  d iffe ren t m echanism s.
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In  th e  c a t ex p erim en ts , 10 or 50 /xg cortisone a c e ta te  in  physiological 
sa line  was in jec ted  d a ily  from  th e  2nd  or 3 rd  p o sto p era tiv e  d a y  fo r a period  o f  
7 to  8 days. 2 h o u rs  a f te r  th e  la s t t re a tm e n t th e  b ra in  of th e  c a ts  was w orked up  
as described  u n d e r  “ M ethods” .

Fig. 2 show s th a t ,  irrespective  o f th e  localisation  o f th e  electrodes, th e  
in se rtio n  o f th e  can n u la , its  presence in  th e  cerebral tissue  an d  th e  daily  a d ­
m in is tra tio n  of physio logical saline a lread y  resu lted  in  increased  corticoid  
secre tion . A ccord ingly , all ex p erim en ta l values h ad  to  be co m p ared  w ith  th o se  
fo u n d  in  ca ts  c a n n u la te d  b u t  n o t t re a te d . I t  was observed  th a t  50 /xg of c o r ti­
sone ace ta te  ad m in is te red  in to  th e  th a la m u s  or v en tra l h y p o th a la m u s  was n o t 
capab le  of p ro d u c in g  depression  of ad ren o co rtica l secre tion  even  w hen given 
fo r 7 days. On the  o th e r h an d , in jec tio n  o f only 10 jttg o f co rtisone in to  th e  
tu b e r  cinereum  m ark ed ly  decreased ACTH secretion . A 50 fxg dose of cortisone 
caused  a fu rth e r  d im in u tio n . In je c tio n  o f cortisone in to  th e  m esencephalic 
reg ion  resu lted  in  a b eh av io u r sim ilar to  th a t  observed in  r a ts .  In  these c a ts , 
th e  can n u la  lay  m o stly  in  th e  v e n tra l  re tic u la r  fo rm atio n : in some cases i t  
reach ed  th e  dorsa l m arg in  of th e  p o ste rio r h y p o th a lam u s. In  these an im als 
d a ily  ad m in is tra tio n  o f  10 /xg cortisone a c e ta te  sufficed to  decrease th e  co rtico ­
s te ro id  co n ten t o f  ad ren a l venous b lood  to  or even u n d er th e  level found  in  
n o rm al, n o n -o p era ted  ca ts . A 50 /xg dose of cortisone p ro d u ced , how ever, no 
fu r th e r  decrease. F ig . 2 reveals, fu r th e r , th a t  in  th e  secre tion  o f  aldosterone no 
change was b ro u g h t a b o u t from  those  areas w hich in response to  50 /xg cortisone 
a c e ta te  p roduced  m ark ed  d im in u tio n  o f th e  corticostero id  secre tio n . I t  is to  be 
n o te d  th a t  th e  va lu es  in  Fig. 1 an d  F ig . 2 show  th e  sum m arized  d a ta  of stero ids 
se p a ra te d  b y  p a p e r  ch ro m a to g rap h y . T h u s, in  th e  r a t ,  th e y  correspond  to  th e  
to ta l  am o u n t o f co rtico ste ro n e  and  o f a n o th e r  / l4-3 -ketoco rtico id  so far u n ­
know n  in  s tru c tu re , w hile in  th e  ca t, to  th e  sum  of h y d ro co rtiso n e  and  cortico ­
s te rone . In  view  o f th e  sm all am o u n ts  p re se n t, th e  q u a n tita tiv e  changes in  th e  
1 1 -dehydroco rticosterone  and  zl4-androsterone-3 ,17-d ione c o n te n t were gen­
e ra lly  neglected  in  th e se  experim en ts.

N ex t, th e  in fluence  of h y p e rto n ic  sod ium  chloride on th e  horm one sec­
re tio n  o f th e  ad ren a l co rtex  was in v es tig a ted , w ith  special reference to  th e  
a ld oste rone  o u tp u t. F o r  th is  purpose 0.03 an d  0.05 ml 5 p er c en t saline was in ­
je c te d  in to  various p a r ts  of th e  b ra in , tw ice or, in  some cases, th re e  tim es daily  
fo r a period of 6 to  7 d ay s. No change occurred  in  a ldosterone  secre tion  unless 
th e  h y p erto n ic  sa line  w as in jec ted  in to  th e  m esencephalic re tic u la r  fo rm ation . 
E v en  0.05 m l of h y p e rto n ic  saline, a vo lum e im preg n a tin g  a reg io n  of 3 to  4 m m  
in d iam ete r, w as in e ffec tiv e  w hen in jec ted  in to  th e  d iencephalon . F ig . 3 shows, 
fu r th e r , th a t  12.5 p e r  cen t glucose in jec ted  in to  the m esencephalic  re ticu la r 
fo rm a tio n  was s im ila rly  unab le  to  a lte r  th e  aldosterone  sec re tio n . This find ing  
in d ica tes  th a t  th e  e ffec t o f h y p erto n ic  saline is due only p a r tlv  to  changes in  th e  
o sm otic  s ta te .

Act a Physiologica XVIII/4.
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abc ab a b c

F ig. 3. E ffec t o f h y p e rto n ic  NaCl on  a ldosterone  and  g lucocortico id  secretion  
as well as on  a d ren a l w eight

L eft: a d ren a l w eight, a =  n o rm al an im als t r e a te d  w ith  physio log ica l saline; b =  t re a tm e n t  
w ith  5 p e r cen t N aC l; c =  tre a tm e n t w ith  h y p e rto n ic  dex trose.
M iddle: glucocorticoid  sec re tio n ; a and  b as before .
R ig h t:  a ldosterone sec re tio n , a =  ca ts t r e a te d  w ith  physiological sa lin e ; b =  hy p erto n ic  sa lin e ; 
о =  g lucose; • =  h y p e rto n ic  saline. In  a d d itio n , th e  effect o f  0.05 m l hy p erto n ic  N aC l a d ­
m in is te red  in  various p a r ts  o f th e  d ien cep h a lo n  is shown. In  p a ren th ese s : nu m b er o f an im a ls

In  th e  an im als t r e a te d  w ith  in je c tio n  of h y p erto n ic  saline in to  the  m esen ­
cep h a lo n  th e  ad ren a l w eigh t was in c rea sed  b y  n ea rly  100 p e r  cen t, a rem ark ab le  
e lev a tio n  during  an  ex p erim en ta l p e rio d  of one w eek . O n th e  o th e r h a n d , 
ad ren a l w eight d id  n o t  change if  d e x tro se  had been  in je c te d  in to  th e  m esen­
cephalon , or h y p e rto n ic  saline in to  th e  d iencephalon  or th a la m u s . The m a rk e d  
increase  o f ad ren a l w eig h t was n o t assoc ia ted  w ith  changes in  th e  g lu coco rti­
coid secretion , w hich  w as norm al th ro u g h o u t th e  ex p erim en ts .

D iscussion

T he effects o f  in tra c e reb ra lly  ad m in is te red  co rtiso n e  ace ta te  in  b o th  th e  
c a t an d  th e  r a t  u n eq u iv o ca lly  show ed t h a t  th e  a c tiv ity  o f  th e  p itu ita ry -a d re n o ­
co rtic a l system  can  be  decreased or even  com plete ly  in h ib ite d  from  ce rta in  
p a r ts  o f  th e  c e n tra l n e rv o u s sy stem , n am ely  th e  c a u d a l h y p o th a lam u s an d  th e
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m esencephalic  re tic u la r  fo rm ation . T he reactions e lic ited  from  bo th  n e rv o u s 
s tru c tu re s  ex h ib ited , how ever, m ark ed  differences. C ortisone in jec ted  in to  th e  
cau d a l h y p o th a lam u s in h ib ited  A C TH  secretion  in  d ire c t p ropso rtion  to  th e  
a m o u n t o f th e  d ru g  in tro d u ced , w hile w hen  in jec ted  in to  th e  m esencephalon  i t  
w as n o t  capab le  o f decreasing  th e  co rtico ste ro id  c o n te n t o f  th e  ad ren a l venous 
b lood . T he p resen t in v es tig a tio n s  h av e  fa iled  to  offer an  ex p lan a tio n  as to  th e  
m echan ism  of ac tio n  o f cortisone a c e ta te  in tro d u ced  in to  th e  h y p o th a la m u s . 
T h is s te ro id  p ro b ab ly  decreased th e  secre tion  of A CTH  d irec tly  b y  ac tin g  on 
th e  a n te r io r  p itu ita ry . T he possib ility  o f such an effect is g iven  by  the  a n a to m i­
cal loca lisa tion . On th e  o th e r han d , a d irec t action  on th e  nervous s tru c tu re s  
h a s  to  be supposed  in  th e  case o f the m esencephalic effec t. C ortisone g iven in to  
th is  a rea  no rm alized  o n ly  th e  o p era tio n -in d u ced  a c tiv a tio n  of th e  p i tu i ta ry  
ad ren o co rtica l sy stem , a fac t in d ica tin g  th a t  th is  co rtico id  influences a d re n o ­
co rtic a l a c tiv ity  b y  in te r ru p tio n  of one o f th e  cen tral n e rv o u s  links of th e  s tre ss  
m echan ism . In  our ex p erim en ts  low  doses (10 /tg) a lre a d y  sufficed  to  p ro d u ce  
th is  in h ib ito ry  effect, a n d  no fu r th e r  suppression  occu rred  on raising  th e  dose. 
T h is fa c t co rro b o ra tes  ou r ab ove-m en tioned  assu m p tio n  ab o u t th e  co rtisone  
effec t. W hen, how ever, cortisone w as ad m in iste red  in th e  cau d a l h y p o th a lam u s , 
th e  r e a c tiv ity  o f th e  ad ren a l co rtex  w as depressed in  d ire c t p ro p o rtio n  to  th e  
dose, a fac t p o in tin g  to  a d irec t in h ib itio n  of ACTH secre tion . I t  is n o t c lear 
w h e th e r th is  effect ta k e s  place im m ed ia te ly  th ro u g h  th e  a n te r io r  h y p o th a lam u s, 
o r v ia  th e  n eu h o rm o n a l chain  of th e  h y p o th a la m u s -p itu ita ry  system .

T he cen tra l ro le o f  th e  re tic u la r  fo rm atio n  in  th e  a c tiv a tio n  of th e  p itu i-  
ta ry -a d re n o co riic a l sy s tem  has been p o in ted  ou t in a p rev io u s paper, in  w hich  
we h av e  d e m o n s tra te d  th a t ,  via  th e  th a la m u s  and  th e  p o s te rio r  h y p o th a lam u s , 
th is  s tru c tu re  re p re se n ts  a d irec t n e u ra l ac tiv a tio n  o f  A C T H  secretion . T h e  
la s t  lin k  is th e  n eu ro h o rm o n a l re la y  b e tw een  h y p o th a la m u s  and  a n te r io r  
p i tu i ta ry ,  th e  m orphological su b s tra te  o f w hich is th e  m ed ia l em inen ta . T h e  
p re se n t in v estig a tio n s h av e  show n th a t  th e  re ticu la r fo rm a tio n  in  a d d itio n  to  
rep re sen tin g  the  c e n tra l transm ission  o f  n eu ra l a c tiv a tio n , is sensitive to  h o r ­
m onal fac to rs  in v o lved  in to  regu la tio n . T his s tru c tu re  is k n o w n  to  be electro - 
physio log ica lly  a c tiv a te d  b y  ad ren a lin e , C 0 2 or o th e r  s tre sso r effects, a fa c t 
in d ic a tiv e  o f th e  m ark ed  horm onal se n s itiv ity  of th is  p a r t  o f th e  cen tra l n e rv o u s 
sy stem .

T h e  in v e s tig a tio n s  o f  A n d e r s o n  et al. [1] have p o in te d  to  th e  decisive p a r t  
o f th e  m esencephalon  an d  h y p o th a lam u s in  th e  reg u la tio n  o f a ldosterone  sec­
re tio n . T he ex p erim en ts  o f these  a u th o rs  c learly  d e m o n s tra te d  th a t  th e  m esen ­
cephalon  m ain ta in s  a ld oste rone  secre tion  p rim arily  b y  h o rm o n a l stim u li, t r a n ­
sec tio n  a t  th e  b o u n d a ry  o f  th e  m esencephalon  and  m ed u lla  o b longata  fa iled  to  
a l te r  a ldosterone  sec re tio n , w hile com ple te  d ece reb ra tio n  b ro u g h t a b o u t i ts  
m a rk e d  decrease. T h e  m echan ism  o f th is  reg u la tio n  h as  n o t  been  com plete ly  
e lu c id a te d , even th o u g h  th e  in v es tig a tio n s  o f R au s c h k o l b  an d  F arr el l  [11]

4*
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as  w ell as D á v i d , W e isz  an d  K ovács [2] h a v e  po in ted  to  th e  possib ility  th a t  
a su b stan ce  (g lom eru lo troph ine) re leased  fro m  th e  m esencephalon  or the  b ra in  
s te m  en ters the  b lood  an d  is o f  decisive im p o rtan ce  in th e  m a in ten an ce  of a ldo­
s te ro n e  secretion b y  th e  g lom eru la r zone. T h is assum ption  is su p p o rted  by  th e  
f a c t  th a t  ACTH does n o t p a r tic ip a te  in  th e  reg u la tio n  of a ld o ste ro n e  secretion . 
I n  o u r  p resen t s tu d ie s , in jec tio n  o f h y p e rto n ic  saline in to  th e  m esencephalic 
re t ic u la r  fo rm ation  re su lte d  in  a m ark ed  decrease of a ld o ste ro n e  secretion . No 
su c h  effect occu rred  a f te r  in je c tin g  h y p e rto n ic  dextrose, o r on ad m in is tra tio n  
o f  h y p erto n ic  sa line  in to  o th e r n eu ra l s tru c tu re s . In h ib itio n  of a ldosterone 
se c re tio n  was accom pained  b y  a m ark ed  increase  in  ad ren a l w eigh t. The m echa­
n ism  and  sign ificance o f th is  effect are n o t clear. The o b se rv a tio n  th a t  the in ­
c rea se  in  ad renal w eig h t d id  n o t go p a ra lle l w ith  the  ra te  o f  g lucocorticoid  sec­
re t io n , once m ore calls a tte n tio n  to  th e  fa c t th a t  tis su la r  h y p e rtro p h y  and  
sy n th e s is  of 17,21-h y d ro x y co rtico id s  are reg u la ted  by  tw o in d e p e n d e n t m echan­
ism s , which u n d e r c e r ta in  ex p erim en ta l cond itions show an  opposite  b eh av i­
o u r .  H yperton ic  sa lin e  in jec ted  in to  th e  m esencephalon  d ec reased  aldosterone 
sec re tio n . This o b se rv a tio n  suggests th e  possib ility  th a t  th is  reg u la tio n  m igh t 
h a v e  a role also u n d e r  physio logical cond itions. F u rth e r  s tu d ie s  are, how ever, 
n eed ed  to  decide th e  specific ity  o f th is  phenom enon  for sod ium  chloride and  
fo r th e  osm otic s ta te . I t  should  be rem em bered  th a t  u n d er id en tica l conditions 
in je c tio n  of 2 p er c e n t p o tassiu m  chloride h ad  no effect w h a te v e r  on aldosterone 
sec re tio n .

In  the e v a lu a tio n  of th e  ex p e rim en ta l find ings we are  faced w ith  th e  
q u e s tio n  of the role o f th e  feed -back  effect o f th e  corticoids in  th e  regu la tion  o f 
p itu ita ry -a d re n o c o rtic a l a c tiv ity . In  s tress o f sh o rt d u ra tio n  such  a phenom e­
n o n  is certa in ly  n o t invo lved . T he cortico ids lib e ra ted  a f te r  a stress-increased  
A C T H  secretion  a re  p ro b a b ly  capab le  of de lay ing  resp . decreasing  the ACTH 
o u tf lo w  from  th e  p i tu i ta ry  g land . This can  ta k e  place even  d u rin g  th e  tim e o f 
th e  in te rv en tio n , e ith e r  b y  ac tin g  d irec tly  on th e  an te rio r  h y p o th a lam u s, or 
in d ire c tly , via  th e  n eu ra l s tru c tu re s  o f th e  m esencephalon . T he decreasing 
te n d e n c y  of a d ren o co rtica l reac tio n  a f te r  rep ea ted  stresses, i. e. the  so-called 
re s is tan ce , is p ro b a b ly  b ro u g h t ab o u t b y  th is  sam e m echan ism . The fina l de­
c ision  of the q u es tio n  needs, how ever, fu r th e r  studies.
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In  r a t  e x p e rim e n ts  i t  has b e e n  o bserved  th a t  e lec tro co ag u la tio n  of th e  a n te rio r  
h y p o th a lam ic  a re a , destroy ing  th e  a re a  betw een  th e  p a ra v e n tr ic u la r  nuc leus, op tic  
ch iasm a and in fu n d ib u lu m  and e x te n d in g  in to  th e  p ra e o p tic  region sig n ifican tly  in ­
creased  u terin e  w e ig h t and induced  c o n s ta n t  oestrus. P itu ita ry -a d re n o c o rtic a l a c tiv ity  
w as also in c reased , as shown by  th e  in creased  cortico id  lev e l in  ad ren a l venous blood. 
T he gonadal ch an g es in response to  th e  lesion were m ore m ark ed  in th e  adrenalec to - 
m ized anim als th a n  in  the  contro ls. I t  h a s  also been  o b se rv ed  th a t  th e  ad ren o co rtical 
hypersec re tio n  in  response  to  h y p o th a la m ic  lesion does n o t  ta k e  place in  ovariecto- 
m ized anim als.

I t  has b een  concluded th a t  th e  ad ren o co rtica l re a c tio n  to  th e  h y p o th a lam ic  
lesion  is due to  a  p r im a rily  increased  o v a ria n  a c tiv ity , a n d  th a t  ad renocortical secretion  
v e ry  p robab ly  lessens th e  gonadal c h an g e s  ap p earin g  a f te r  h y p o th a lam ic  lesion.

A n um ber o f  re p o r ts  has been p u b lish ed  in d ic a tin g  th e  d irec t role o f th e  
h y p o th a lam u s in  th e  con tro l of g o n ad o tro p h ic  h o rm o n e  p ro duc tion  b y  th e  
a n te r io r  p itu ita ry , a lth o u g h  the  p ro b lem s of s tru c tu ra l localisa tion  an d  of th e  
u n d erly in g  m echan ism  still rem ain  u n c le a r . D e s tru c tio n  o f th e  area  b e tw een  
th e  p a ra v e n tr ic u la r  nuc leu s, an te rio r  em in en tia  m ed ian a  and  th e  op tic  ch iasm a 
p roduces co n stan t o e s tru s  or p re m a tu re  p u b e rty  ( D e y  et al. [2, 3, 4];  F lerkó  
[12, 13]; D o novan  a n d  W e rff  t e n  B osch  [5, 6, 7 ]; G r e e r  [15, 16]). O n th e  
o th e r h an d , a lesion  lo ca ted  to  th e  m o re  ro s tra l a rea  p roduces a s ta te  o f con­
s ta n t  an o v u la tio n  (G r e e r  [17]) w h ile  s tim u la tio n  o f th e  an te rio r h y p o th a la ­
m us is know n to in crease  g o n ad o tro p h in  secretion , e lic itab le  also from  ex tra - 
h y p o th a la m ic  s tru c tu re s  (Tokazine  a n d  S a w y e r  [20]; G r e e n , Cl e m e n t e  an d  
D e Groot [14]; Crit c h l o w  [1]). I n  oppositio n  to  th e se  d a ta  H e r b e r t  an d  
Z u c k e r m a n  [19] a r r iv e d  a t  the  conclusion  th a t  su rg ica l in te rv en tio n  in  th e  
c e n tra l nervous sy s te m  w ithou t d e f in e d  s tru c tu ra l lo calisa tion  aspecifically  
increases g o n ad o tro p h in  secretion.

In  th is  p ap er a n  account is g iv e n  o f th e  e x p e rim e n ta l changes observed  
in  th e  fu nc tion  o f  th e  p i tu ita ry -o v a ry  and  of th e  ad ren a l co rtex  following 
h y p o th a lam ic  lesion.

M ethods

A  to ta l  of 98 fem a le  ra ts  from  th e  sa m e  sto ck , w eighing 95 to  135 g each, w as used . T he 
h y p o th a la m u s was d e s tro y e d  b y  m eans o f  a  H orsley -C lark  s te re o ta x ic  ap p a ra tu s  a d a p te d  to  
th e  r a t ,  b y  b ila te ra l e lectro co ag u la tio n  w ith  3 m A  fo r 6 sec. T h e  ad ren a ls  or th e  ovaries h ad  
b een  rem oved  4 to  6 d a y s  before e lec tro co ag u la tio n , u n d e r e th e r  anaesthesia .
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G onadal fu n c tio n  w a s  exam ined  b y  co n tro llin g  o estrus cycles in  v a g in a l sm ears, or by  
d e te rm in in g  the  w eight o f  th e  ov ary  and  u te ru s  p o st m ortem .

A drenocortical fu n c tio n  was assay ed  b y  de te rm in in g  th e  co rtico s tero id  level in  th e  
v en o u s  blood of the ad ren a ls . A drenal v enous b lood  from  h e p arin -tre a te d  (100 U /100 g of body 
w e ig h t in travenously ) a n im a ls  anaesthesized  w ith  p h é n o b a rb ita l (5 m g/100 g o f bod y  w eigh t 
in tra p e rito n e a lly )  was co llec ted  over 60 m in u te s , th e n  th e  co rticostero ids w ere e x tra c te d  and 
s e p a ra te d  by  paper c h ro m a to g ra p h y , u sin g  th e  m eth o d s described p rev io u s ly  ( E n d r ő c z i, 
B a t a  a n d  Ma r t in  [8]; E n d r ő c z i and L is s á k  [9]). F o r q u a n tita tiv e  a ssay  th e  m icro te tra- 
zo liu m  red u ctio n  and a lk a lin e  fluorescence te s ts  w ere em ployed  (E n d r ő c z i a n d  Y a n g  [11]).

T h e  anim als w ere w eighed  a t  th e  b eg in n in g  and  a t  th e  end of th e  e x p e rim e n ta l period. 
T h e  s ite  o f  e lec trocoagu lation  was co n tro lled  p o s t m o rtem , in  sections em b ed d ed  in p a raffin  
a n d  s ta in e d  w ith  cresy l v io le t.

R esults

T he anim als w ere  grouped in  th e  follow ing w ay.
1. Control g ro u p . No su rg ica l in te rv e n tio n .
2 . O variectom ized  an im als, te s te d  for ad ren a l co rtical fu n c tio n .
3. A drenalec tom ized  an im als, te s te d  for changes in  g o n ad a l w eight.
4. Animals w ith  lesion to  th e  a n te rio r  h y p o th a lam u s, te s te d  for ad renal 

c o r tic a l horm one sec re tio n  and for gonadal a c tiv ity .
5. Anim als w ith  lesion to  th e  a n te rio r  h y p o th a lam u s, p rev io u sly  ovari­

ec to m ized .
6. Anim als w ith  lesion to  th e  a n te r io r  h y p o th a lam u s, p rev io u sly  ad ren a l­

ec to m ized . This g ro u p  w as k ep t alive by  adm in iste ring  50 ^g  DOCA in oil and 
physio log ica l saline.

T he changes o b serv ed  in  th e  above groups w ere as follows.
G roup 1. T he ad ren a l venous b lood  of th e  contro ls co n ta in ed  tw o com ­

p o u n d s , corticosterone  and  zl4-3 -ketoco rtico id , n o t reducing  té tra z o liu m . The 
tw o  com pounds w ere p resen t in a ra tio  o f ap p ro x im ate ly  3 to  1. N o ind iv idual 
re la tio n sh ip  could be d e m o n s tra te d  betw een  th e  ovaria l an d  u te r in e  w eights 
p e r  100 g of body  w e ig h t and  th e  ad ren a l co rtica l horm one secre tio n  (Fig. 1).

G roup 2. F o u rte e n  days follow ing o variec tom y  there  w as no sign ifican t 
c h an g e  in  the  co riico id  co n ten t o f th e  ad ren a l venous blood, th o u g h  th e  values 
w ere  closely sim ilar to  tho se  rep re sen tin g  th e  low est of th e  co n tro l ones (Fig. 2).

G roup 3. The ad ren a lec to m ized  ra ts  did n o t differ in o v a ria n  and u te rine  
w e ig h t from  the co n tro ls . L ikew ise, th e re  w as no difference or change in  th e  
cou rse  o f the oestra l cycle during  th e  16 days of observation  (F ig . 3).

G roup 4. The lesion  to  th e  a n te r io r  h y p o th a lam u s was ro s tra lly  and ven- 
t r a l ly  from  the p a ra v e n tr ic u la r  nucleus, ex ten d in g  to  the  area  b e tw een  th e  op tic  
c h ia sm a  and in fu n d ib u lu m  and  in  som e cases also the v en tro m ed ia l nucleus. 
A n te r io r ly  the lesion ex ten d ed  to  th e  area  of th e  p reop tic  reg ion , to  th e  level 
o f  th e  an terio r com m issure . Some lesions d estroyed  the  p a ra v e n tr ic u la r  n u c ­
leu s, b u t  no lesion w as dem o n strab le  in th e  area of th e  in fu n d ib u lu m  and 
m e d ia n  em inentia .
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Fig. 1. A drenal v enous co rticostero id  levels, ad ren a l w eight, u te r in e  an d  o v arian  w eigh ts
of 16 n o rm al fem ale  ra ts

Fig. 2. A drenal venous co rticostero id  levels 
14 days a fte r  o v a riec to m y  in  12 ra ts

F ig. 3. C hanges in  u te rin e  and  o v a rian  
w eigh t 16 d ay s a f te r  ad ren a lec to m y  

in  10 ra ts

In  th e  an im als, in  w hich b ila te ra l e lec tro co ag u la tio n  caused a lesion ex ­
ten d in g  from  over th e  op tic  ch iasm a to  th e  p reo p tic  reg ion  an d  eau d a lly  to  th e  
f irs t  level of th e  tu b e r  c inereum , th e  w eigh t of th e  gonads increased  sign ifi­
can tly . A t th e  sam e tim e , these  an im als  developed c o n s ta n t oestrus as ea rly  as 
4 to  7 days a fte r su s ta in in g  th e  lesion. T he cortico id  level o f th e  ad ren a l venous 
blood (as d e te rm in ed  on th e  14 th  to  16 th  p o sto p e ra tiv e  days) show ed no u n ­
equ ivocal changes, a lth o u g h  it  w as above th e  contro l level. A drenal w eight 
increased  s ligh tly  (F ig . 4).
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F ig . 4. A drenal venous co rticos tero id  levels an d  changes in  g onadal w e ig h t tw o weeks a f te r  
e lectro co ag u latio n  of th e  an te rio r  h y p o th a la m ic  area . T he lines con n ec tin g  th e  values show

th e  re ac tio n  of th e  in d iv id u a l ra ts

o v a r ie d o m iz e d
volues

F ig . 5. Changes in  a d re n a l venous b lood  an d  u te rin e  w e igh t tw o w eeks a f te r  an te rio r h y p o ­
th a la m ic  lesion in 15 fem ale  ra ts . E le c tro co ag u la tio n  w as perfo rm ed  4 d ay s  a f te r  ovariectom y. 

T he v a lu es fo r th e  9 o v ariectom ized  con tro ls are also show n

Group 5. T hese an im als h a d  been  o variec tom ized  4 day s before afflic tin g  
th e  lesion to  th e  a n te rio r  h y p o th a la m u s . S u b seq u en tly , th e  an im als s tu d ied  
a t  14 to  16 days w ere te s te d  for ad ren o co rtica l horm one secre tion . As opposed 
to  th e  d a ta  for g roup  4, th e  v alues fo r g roup  5 h a rd ly  d iffered  from  the  con tro l 
ones. The increase o f stero id  secre tio n  ch a rac teriz in g  th e  co n tro ls  w ith  lesion 
to  th e  an terio r h y p o th a la m u s  w as ab sen t. I t  w as n o te w o rth y  in  th is  group th a t
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• persistent 
oestrus

F ig . 6. Changes in  u te r in e  w eight follow ing h y p o th a lam ic  lesion  in  17 adrenalec tom ized
fem ale  ra ts

animats•  c o n t r o l  

о o p e r a t e d

Fig. 7. W eig h t curves fo r th e  o p e ra ted  and  co n tro l ra ts  in  th e  1 6 -day  te s t  period

in  som e anim als th e  u te rin e  w eigh t was defin ite ly  h ig h er th a n  in the  c a s tra te d  
con tro l ra ts  (F ig . 5).

G roup 6. T he an im als of th is  g roup  h a d  undergone ad ren a lec to m y  4 to  6 
days before afflic tin g  lesion o f th e  a n te rio r  h y p o th a lam u s . As show n in  F ig  6, 
th e  u te rin e  w eights increased  m u ch  m ore m arked ly  in  th is  group th a n  in  th e
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co n tro ls  w ith h y p o th a la m ic  lesion. As d e te rm in ed  by  v ag in a l sm ear stud ies, th e  
a n im a ls  were in  c o n s ta n t oestru s b y  th e  6 th  to  7 th  day.

As to  the  s ite  o f th e  lesion, it  is c lear from  the figures t h a t  electroeoagu-О  Г?

la tio n  in the  a n te r io r  h y p o th a lam ic  area  a ffec ted  m ost p ro fo u n d ly  th e  p i tu i­
ta ry -o v a r ia n  fu n c tio n  w hen  i t  invo lved  th e  p reo p tic  reg ion . N o such changes 
re su lte d  from  lesion ing  th e  group  of p a ra v e n tr ic u la r  nuclei o r causing iso la ted  
le s io n  to  the  v e n tro m e d ia l nucleus.

Lesion to  th e  p re o p tic  reg ion  in te rfe re d  w ith  som atic  developm ent. As 
sh o w n  in  Fig. 7, th e  w eig h t gain  of these  an im als during  th e  te s t  period  w as 
m in im al, as com pared  to  th e  w eight cu rves for th e  con tro ls.

D iscussion

The p resen t o b se rv a tio n s  suggest t h a t  ad ren a l co rtica l fu n c tio n  is in te r ­
re la te d  w ith  o v arian  fu n c tio n  an d  th a t  th ese  in te rre la tio n s  a re  s ig n ifican tly  in ­
flu en c in g  the  e x p e rim e n ta l re su lts  follow ing e lec trocoagu la tion  o f th e  an te rio r  
h y p o th a lam ic  a rea . I t  w as rem ark ab le  t h a t  th e  h y p o th a la m ic  lesion elic ited  
n o t  on ly  a co n stan t o estru s , b u t s ig n ifican tly  increased u te r in e  w eight as w ell, 
a f in d in g  no t m en tio n ed  in  p e rta in in g  re p o rts  b y  o ther a u th o rs . For exam ple , 
G r e e r  [17] found no change e ith e r in th e  u te rin e  or in th e  ad re n a l w eight fo l­
low ing  hy p o th a lam ic  lesions, a lth o u g h  th e  an im als show ed c o n s ta n t o estru s .

The increase o f  u te rin e  w eight, a re liab le  in d ica to r o f gonadal a c tiv ity  
is a p p a re n tly  due to  an  increased  oestrogen  o u tp u t, and is in  h a rm o n y  w ith th e  
c o n s ta n t  oestrus.

As to  the  s ite  o f the  lesion, the  b ila te ra l lesions ex te n d in g  from  th e  level 
o f  th e  optic ch iasm a to  th e  p reo p tic  region an te rio rly  and  to  th e  firs t level of 
th e  tu b e r  cinereum  d o rsa lly  an d  cau d a lly , w ere th e  m ost e ffec tiv e . No gonadal 
changes of sim ilar n a tu re  occurred  fo llow ing lesion to  th e  p a ra v e n tr ic u la r  
n u c le i alone or to  th e  v en tro m ed ia l n uc leus alone.

W hile in  th e  c o n tro l ad ren a lec to m ized  and  o variec tom ized  ra ts  th e  in te r ­
a c tio n  betw een th e  tw o  endocrine  system s w as n o t conspicuous, in  the an im als 
w ith  lesion to  th e  a n te r io r  h y p o th a lam u s considerab le changes w ere n o ted . In  
th e  ovariectom ized  r a t  th e  h y p o th a lam ic  lesion does n o t increase  co rtico id  
o u tp u t .  This fac t in d ic a te s  th a t  th e  end o crin e  changes e lic ited  b y  the lesion 
m a y  be traced  b a c k  to  an  increased  g o n ad a l a c tiv ity . The in c rease  of cortico id  
sec re tio n  following th e  a d m in is tra tio n  o f exogenous o estrogens has been con­
f irm e d  also b y  us (Ma r t i n  and  E ndrőczi [21]). I t  has b een  observed  fu r th e r , 
t h a t  th e  w eight o f th e  u te ru s  shows a m ore m ark ed  increase in  ad ren a lec to m ized  
an im a ls  w ith  h y p o th a la m ic  lesion th a n  in  th e  controls. T h is in h ib ito ry  ac tio n  
o f  th e  adrenal c o rte x  h as  been  re p o rte d  p rev iously . T he a d m in is tra tio n  of 
exogenous corlico ids lessens th e  increase o f  u te rin e  w eigh t p roduced  b y  th e



HYPOTHALAMIC CONTROL OF PITUITARY, OVARIAN AND ADRENAL CORTICAL FUNCTION 307

e x o g e n o u s  o e s tro g e n s  a n d  in h ib i ts  th e  fe e d -b a c k  a c tio n  o f  o es tro g e n s  u p o n  
th e  g o n a d o tro p in  se c re tio n  b y  th e  h y p o p h y s is  (M a r t in  a n d  E n d r ő c zi [21 ]).

The m echanism  of the  changes w hich follow th e  lesion to  th e  a n te rio r  
hy p o th a lam u s rem ains unclear. T h e  increased  g o n ad o tro p h in  secretion in re ­
sponse to  the  lesion, th a t  m ay be considered  a p rim ary  phenom enon , seem s to  be 
due to  som e non-specific  tissue  ex c ita tio n . T h is is suggested  also by  th e  in ­
creased  g o n ad o tro p h in  secretion  in  response to  an te rio r  h y p o th a lam ic  s tim u ­
la tio n . On th e  o th e r han d , i t  is d ifficu lt to  in te rp re t th e  view  accord ing  to  
w hich the a n te rio r  h y p o th a lam u s w ould con tro l th e  tro p h ic  horm one secre tion  
b y  th e  an te rio r p itu ita ry  th ro u g h  in h ib ito ry  nervous s tru c tu re s . The gonadal 
a tro p h y  follow ing tra n sa c tio n  o f th e  p itu ita ry  s ta lk  likew ise po in ts  to  a p rim a ry  
ac tiv a tin g  influence  of th e  d iencephalon . T he ex p erim en ts  w ith  tra n sp la n te d  
an te rio r p itu ita ry  lobe y ielded s im ila r conclusions (H a r r is  [18]; G r e e r  [17]).

The p itu ita ry -o v a ria l-ad ren o co rtica l connexions observab le  follow ing th e  
lesion o f th e  a n te r io r  h y p o th a lam u s ap p ear to  p lay  a ro le in  physio logical an d  
pathological p henom ena alike. W e h ad  show n earlier th a t  th e  s tim u la tio n  of 
th e  sep ta l area  causing  an  increased  17-ketostero id  o u tp u t  by  th e  ad ren a l 
co rtex  had no such effect follow ing o variec tom y  ( E n d r ő c z i and  L is s á k  [10]). 
T he p resen t ex perim en ts in d ica te  th a t  ad ren o co rtica l secre tion  is capab le  of 
reducing  th e  increased  release o f  g o n ad o tro p h in  from  th e  a n te rio r p i tu i ta ry  
th a t  resu lts a f te r  in ju rin g  th e  a n te r io r  h y p o th a lam u s. T h is com plex synerg istic  
and  an tag o n is tic  connexion b e tw een  th e  tw o  endocrine system s or a sh ift in  
th e ir  equ ilib rium  m ig h t have  a sig n ifican t ro le in  th e  genesis o f ce rta in  ad reno- 
■ovarian diseases.
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A to ta l  o f 397 te s ts  fo r sa liv a ry  p H  hav e  been  m ade in  52 ch ild ren , living in  
in s titu tio n s  o r w ith  th e ir  p a ren ts . T he sa liv a ry  p H  values fo r th e  ch ild ren  liv ing  fo r 
longer periods in  in s titu tio n s  w ere sig n ifican tly  h igher th a n  th o se  fo r  th e  children liv in g  
w ith  th e ir  p a ren ts . T h e  differences in  sa liv a ry  p H  betw een  th e  single  groups are a t t r ib ­
u te d  to  d ie ta ry  an d  en v iro n m en ta l facto rs.

T he ex tensive  l i te ra tu re  on sa liv a ry  p H  d a te s  back  to  a b o u t 75 years ago. 
T h e  f irs t  re p o rt on th e  su b jec t w as pub lished  b y  Ch it t e n d e n  a n d  E ly  in  1883 
[4], Sza b ó ’s [33] s tu d y  “ Ü ber die chem ische R eak tio n  des M undspeichels” , in  
1900. T he f irs t  e lec tro m etric  sa liv a ry  p H  d e te rm in a tio n  w as m ad e  in  1905 b y  
F o a  [10]. T ests on a la rg e r scale follow ed in  1914 [16, 23].

In  th e  su b seq u en t decades sa liv a ry  p H  has been s tu d ie d  from  m an y  
aspec ts . M ost o f th e  in v es tig a tio n s , p re p o n d e ra n tly  in  vitro, w ere concerned 
w ith  th e  co rre la tio n  b e tw een  to o th  decay  an d  sa livary  p H . D u rin g  the p a s t 20 
y ea rs  th e re  was a te n d e n c y  to  claim  no co rre la tio n  betw een  th e  tw o [2, 6, 15, 
19, 32]. M ost o f th e  te s ts  on w hich  th is  c la im  w as based  h a d  in v o lv ed  su b jec ts  
n o t liv ing  u n d er c o n s ta n t cond itions an d  th e re  w as also a considerab le  d iv e r­
gence betw een  th e  m e th o d s em ployed .

In  our opin ion , th e  re su lts  are sig n ifican tly  influenced b y  certa in  fac to rs , 
su ch  as

1. d iu rn a l v a ria tio n s  in  sa liv a ry  p H ;
2. differences b e tw een  th e  tech n iq u es em ployed;
3. th e  fa ilu re  of clinical m ethods co rrec tly  to  assess th e  grade of caries 

a c tiv ity ;
4. differences in  th e  liv ing  and  d ie ta ry  conditions o f th e  te s t  sub jec ts .

W e have th e re fo re  perfo rm ed  ou r s tu d ies  w ith  especial considera tion  o f  
th e se  p o in ts .

In  p rev ious re p o rts  we have  d iscussed  in  deta il t h a t  th e  den titio n  o f  
ch ild ren  liv ing  for a longer period  and  fed  an  ap p ro x im a te ly  ad eq u a te  d ie t in  
n u rseries was s ig n ifican tly  b e tte r  th a n  th a t  o f ch ildren  liv ing  u n d e r inhom oge­
neous cond itions w ith  th e ir  p a re n ts  [34, 35, 36]. I t  has been su rm ised  th a t  th is
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difference m ay be d e te c te d  no t only  in  th e  condition  o f  th e  te e th , b u t  in the 
b iochem ical reac tio n s o f  th e  saliva as well.

O ur ex p erim en ts  h a d  the  fo llow ing aim s. To d e te rm in e  th e  changes in  
sa liv a ry  pH  due to  d ie ta ry  and en v iro n m en ta l effects; to  fin d  a difference (if 
any ) in  salivary  p H  b e tw een  children liv in g  under c o n s ta n t an d  ch ild ren  u n d er 
v a riab le  conditions; to  analyse th e  co rre la tio n  betw een  th e  d iu rnal v a ria tio n s  
o f  salivary  pH  show n b y  the  d iffe ren t groups.

M ethods

a ) Sam pling o f  sa liva . R esting  sa liva  w as collected by  a llow ing  i t  to  flow  free ly  a t  7.30 
a . m. and  2.30 p. m . F iv e  m l were tak e n  a t  a  tim e , using 2 m l sam p les for p H  d e te rm in a tio n  
a n d  th e  re s t in  o th e r te s ts . T h e  m orning sam p le  w as fasting  sa liv a , th e  afte rnoon  one w as ob ­
ta in e d  30 m inutes a f te r  th e  m id d a y  m eal. T h e  ch ild ren  did n o t b ru sh  th e ir  te e th  o r rinse  th e ir  
m o u th  on th e  d a y  o f sam p le  collection.

T he condition  o f  th e  te e th  was ex am in ed  b y  m irror an d  p ro b e , in  a rtific ia l lig h t. No 
X -ra y s  were used. T he D M F  in d ex  was ap p lied  fo r recording th e  d e n ta l  sta tu s . T he ch ild ren  
h a v in g  no decayed, filled  o r m issing te e th  w ere  lis ted  in th e  g ro u p  “ good te e th ” ; th e  re s t 
be longed  to  th e  group  o f “ b a d  te e th ” , dep en d in g  on  th e  DM F f ig u re .

b) D etermination o f  p H .  The sam ples w ere im m ed ia te ly  te s te d  e lectro m etrica lly , using  
g lass electrodes (U n iv ersa l p H  M eter 22, C openhagen).

c) Statistical ana lys is . B iom etric  e v a lu a tio n  of the  g roup  m ean s was based  on th e  “ t”  
te s t  [17], accepting  a d ifferen ce  w ith  P  <  0.05 to  be sign ifican t.

Number and distribution of tests (Table I)

Salivas from  a to ta l  o f  52 sub jects (m ea n  age 10.57 years) w ere  tes ted . T w en ty  o f th em  
h a d  good te e th  and  32 h a d  b a d  tee th .

E leven  of th e  te s t  su b jec ts  lived in  th e  S ta te  C hildren’s H o m e of Szeged, 28 in  th e  
I n s t i tu te  for D eafm utes a n d  13 were c h ild ren  a tte n d in g  th e  Á rp á d  Square  G eneral School.

The d a ta  for th e  C h ild re n ’s House an d  th e  deafm ute  ch ild ren  h a v e  a lready  been re p o rte d  
[34 , 35, 36]. In  th e  p re se n t  series th e  g ro u p  o f ch ild ren  a tte n d in g  school and  liv ing  u n d e r 
d iffe re n t conditions w as u se d  as th e  con tro l to  th e  earlier tw o g ro ups.

T he groups w ere fo rm ed  in  the  follow ing w ay:

Table I

Num ber and d istribu tion  o f tests

Number of test Number of test
Mean age 

years
subjects fasting afternoon Total

g. t. b. t. total S- b. t. total g- t- b. t. total

S ta te  C hildren’s Hom e 9.27 4 7 и 18 38 56 19 45 64 120

In s t i tu te  for D eafm utes 12.78 10 18 28 35 64 99 21 29 50 149

Á rp á d  Square G eneral 
School 10.15 6 7 13 34 42 76 24 28 52 128

T o ta l 10.57 20 32 52 87 144 231 64 102 166 397

g. t .  =  good te e th ;  b . t .  =  bad  tee th .

G roup 1.: C hild ren  liv in g  for a t lea s t 2.5 y ears in an  in s t i tu t io n , well developed p h y si­
ca lly  and  m en ta lly , fed  on  in s titu te  d ie t, b ru sh in g  tee th  re g u la r ly , u n d e r superv ision  (S ta te  
C h ild ren ’s Hom e).
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G roup 2.: C hild ren  liv in g  in  an  in s titu tio n  fo r  m ore th a n  2.5 y ea rs , hav ing  re s tr ic te d  
c o n ta c ts  w ith  th e  o u te r  w orld . T h ey  are well dev elo p ed  physically  a n d  m en ta lly , and  are  fed  
on  a  d ie t s im ilar to  th a t  in  g ro u p  1. T h ey  b ru sh  th e ir  te e th  regu larly . ( In s t i tu te  for D eafm u tes .)

G roup 3.: C hild ren  liv ing  w ith  th e ir  p a re n ts , fed  on  d ifferen t d ie ts , w ell developed p h y s ­
ically  and m en ta lly . N o t a ll o f th em  b ru sh  th e ir  te e th  reg u la rly  (schoolchildren).

A to ta l  o f 397 te s ts  w as m ade in  th e  52 su b je c ts , including 231 fastin g  te s ts  a n d  166 
a f te r  th e  m idday-m eal. T he av erage  value  of p H  te s ts  in  one child w as 7.6.

R esults

7. Global results

1. T he global m ean  p H  for th e  52 ch ild ren  te s ted  w as: fasting , m orn in g  
saliva, 7.40; a fte rn o o n  sa liva , 7.23.

2. D iv id ing  all th e  te s t  sub jec ts  in to  groups of good and  had  te e th , th e  
follow ing values w ere o b ta ined .

a) In  th e  20 su b jec ts  w ith  good te e th  th e  m orning  sa liv a ry  p H  v a lu e  
averaged  7.48, th e  a fte rn o o n  sa livary  p H  7.29.

b) In  th e  32 ch ild ren  of th e  b ad  te e th  group th e  m orn ing  m ean was p H  
7.33, th e  afte rn o o n  one p H  7.17.

I I .  Results for the ind ividual groups

G roup 1. M ean sa liv a ry  pH  for fa s tin g  sa liva  7.71, for afte rn o o n  saliva 7.46.
The m eans for ch ild ren  w ith  good te e th  were 7.80 an d  7.60, respective ly , 

a n d  for th e  ch ild ren  w ith  b a d  te e th  th e y  w ere 7.62 and  7.33.
G roup 2. M ean m orn ing  sa liv ary  p H  7.50, a fte rn o o n  sa liv a ry  p H  7.29.
T he m eans fo r ch ild ren  w ith  good te e th  w ere 7.47 and  7.32, re spec tive ly , 

an d  for those  w ith  b a d  te e th  7.54 and  7.27, respectively .
G roup 3. M ean m orn ing  sa livary  p H  7.26, a fte rnoon  sa livary  p H  7.03.
T he m eans fo r th e  ch ild ren  w ith  good te e th  were 7.39 and 7.11, re sp ec ­

tiv e ly , an d  for tho se  w ith  b ad  te e th  7.13 a n d  6.95, respective ly .

D iscussion

1. Salivary p H

The p H  of th e  sa liv a  depends on th e  equ ilib rium  betw een  the  buffer sy s­
tem s in  th e  sa liva . O f th ese , i t  is f irs t o f a ll th e  b ica rb o n a te  — carbonic acid  sy s­
tem  th a t  is p rim arily  responsib le  for th e  m a in ten an ce  of th e  ac tu a l sa liv ary  p H  
[20, 21, 3 9 ]. A ccord ing  to  th e  form ula of H e n d e r s o n  an d  H a s s e l b a c h  [30]^

=  6.1 +  log

w hich essen tia lly  m eans th a t  a sh ift in  th e  sa liv a ry  b ic a rb o n a te —carbonic acid  
eq u ilib riu m  n ecessarily  causes a sh ift in  th e  sa livary  p H  an d  vice v e rsa .

[HCO3-]
[H 2C 0 3]

5 Acta Physiologica XVIII/4.
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T he p H  o f th e  m ixed , re s tin g  h u m a n  sa liva  is u su a lly  re p o rte d  to  be a ro u n d  
p H  7.00, w ith  ranges o f from  6.00 to  7.40 [32] and  6.40 to  7.40 [19] in  g ro u p s 
c o n ta in in g  su b jec ts  w ith  good an d  b a d  te e th .

T he m ean  sa liv a ry  p H  in  m ixed  g ro u p s has been  re p o rte d  to  be p H  6.70 
[2, 6, 7, 11], a ro u n d  p H  7.30 [5, 14, 15, 31] an d  a round  p H  7.00 [12, 22, 25, 38].

2. Factors in flu en c in g  the p H  oj saliva

P o ppe r  and  H a f f n e r  [26] in  1925 suggested  th a t  th e  sa livary  p H  w as 
a p p ro x im a te ly  c o n s ta n t a n d  m igh t re m a in  unchanged  fo r long. In  1937, a f te r  
d e ta iled  an d  carefu l s tu d ie s , Gro ssm an  an d  B rickman  [11] s ta te d  t h a t  th e  
sa liv a ry  p H  w as n o t c o n s ta n t, b u t  m ig h t v a ry  w ith in  w ide ranges even  in  
th e  sam e su b jec t. T he observa tions m ad e  on 5 su b jec ts  by  E i s e n b r a n d t  
[6] y ie lded  th e  ev idence th a t  th e  sa liv a ry  p H  w ould  change from  h o u r  to  
h o u r , from  d ay  to  d ay . I n  a la rger m a te r ia l [7] even seasonal v a ria tio n s  w ere 
d em o n strab le , w ith  th e  h ighest va lues occurring  in  a u tu m n  and  th e  low est 
v a lu es  in  the  spring.

T he low est da ily  m ean  value w as o b ta in ed  im m ed ia te ly  on aw aken ing  
[13] an d  th e  h ighest a t  5 o’clock p. m . [6]; th e  la t te r  w as s ig n ifican tly  d iffe ren t 
from  th e  fastin g  values.

K r a s n o w  [18] w as th e  f irs t to  p o in t o u t th e  su b s ta n tia l in fluence up o n  
th e  sa liv a ry  p H  of th e  p a r t  o f th e  d ay , th e  m etabo lic  s ta te  of th e  su b je c t, 
m a s tic a tio n , ab so rp tio n  o f  C 0 2 d u rin g  co llection , and  th e  len g th  of th e  in te rv a l 
b e tw een  sa liva  co llection  an d  p H  te s t .  A ccording to  E is e n b r a n d t  [7 ], th e  
changes in  sa liv ary  p H  are d e te rm in ed  b y  changes in  th e  m etabolism  o f th e  
su b je c t. A n d e r s o n  [1] suggest sa liv a ry  C 0 2 co n cen tra tio n  to  be responsib le  
fo r th e  v a ria tio n s  in  sa liv a ry  p H . R a p p  [27] and  E g c e r s -L u r a  [8] em phasize  
th e  ro le o f carbonic  a n h y d ra se ; th e  re su ltin g  C 0 2 loss w ould  affect th e  p H  of 
th e  sa liva . A co rre la tio n  betw een  th e  d ie t an d  th e  a lka li reserve o f th e  sa liva  
h as  b een  p o in ted  o u t b y  W il l s  an d  F o r b e s  [40], as w ell as b y  E r ic s s o n  [9]. 
S c h m ie d t -N ie l s e n  [28, 29] em phasized  th e  significance of nervous s tim u li, 
w h ich  d irec tly  in fluence  th e  secretion  o f  sa liva  and  th u s  m a y  a lte r sa liv a ry  p H  
as w ell. The h igher m o rn in g  values, to o , m a y  be due to  s tim u la tio n , sam pling  
th e  sa liv a  being th e  f i r s t  an d  n o t neglig ib le stim ulus a f te r  wrakening.

3. D iscussion o f  the results fo r  the single groups

T he values for m o rn in g  and  a f te rn o o n  sa livary  p H  ranged  from  6.40 to
7.50 in  th e  group of th e  ch ild ren  liv ing  w ith  th e ir  p a re n ts  (group 3), essen tia lly  
in  ag reem en t w ith  th e  re su lts  p u b lished  b y  L e ic e s t e r  [19] and  S w e r d l o v e  
[32]. H ow ever, th e  p H  va lu es  for the  ch ild ren  liv ing u n d e r contro lled  cond itions 
(g roup  1 and  group 2) d iffered from  th e  d a ta  in  th e  li te ra tu re . In  g roup  2 th e  
sa liv a ry  p H  values ra n g e d  from  7.10 to  8.05 and  in  g roup  1 th e  ran g e  w as 
7.20 to  8.25.
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Table la

D etails o f  test results

No. Age, years D ental s ta te
Fasting Afternoon

days pH mean days pH mean

i 7 .6 0 l 7 .4 0
2 7 .5 0 2 7 .8 0

l . 9 good te e th 3 8 .2 5 7 .6 5 3 7 .7 5 7 .7 2
4 8 .1 0 4 7 .9 0
5 8 .0 0 5 7 .7 5

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

2 . 8 good te e th 3 7 .6 5 7 .7 8 3 7 .4 5 7 .5 5
4 7 .6 0 4 7 .6 0
5 8 .1 0 5 7 .6 0

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

3 . 9 good te e th 3 7 .9 0 7 .8 4 3 7 .2 0 7 .4 2
4 7 .9 0 4 7 .3 0

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

4 . 8 good te e th 3 7 .6 5 7 .9 3 3 7 .4 5 7 .7 1
4 7 .7 0 4 7 .7 0

1 8 .0 0 1 7 .3 0
2 7 .7 0 2 7 .3 0

bad  tee th
3 8 .0 5 3 7 .2 0

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

8 7 .4 5

1 6 .7 0 1 7 .0 0

6 .
2 7 .2 0 2 7 .7 0

1 0 bad  te e th 3 7 .7 5 7 .3 6 3 7 .5 5 7 .2 2
4 7 .5 0 4 7 .1 0
5 7 .6 5 5 7 .2 0

6 6 .8 0

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

7 . 10 bad  te e th 4 7 .9 0 7 .8 3 4 7 .7 0 7 .4 9
5 7 .8 0 5 7 .5 0
6 7 .9 0 6 7 .5 0

1 7 .8 0 1 7 .0 0

8.
2 7 .4 0 2 7 .2 0

9 bad  te e th 3 7 .8 0 7 .7 0 3 7 .9 0 7 .2 8
4 7 .7 0 4 7 .4 0
5 7 .8 0 5 7 .3 0

6 7 .1 0

5 *
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No. Age, years D enta l state
Fasting Afternoon

days pH mean days pH mean

l 7 .6 0 l 7 .4 0
2 7 .9 0 2 7 .5 0
3 7 .6 0 3 7 .4 5

9 . 9 b ad  te e th 4 7 .5 0 7 .6 5 4 7 .4 0 7 .3 8
5 7 .2 0
6 7 .3 5

1 7 .5 0 1 7 .1 0
2 7 .6 5 2 7 .1 0

1 0 . 10 bad  te e th 3 7 .2 0 7 .4 3 3 6 .8 0 7 .0 5
4 7 .4 0 4 7 .3 0
5 7 .4 0 5 7 .0 0

6 7 .0 0
7 7 .1 0

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

1 1 . 12 bad  te e th 4 7 .3 5 7 .3 3 4 7 .1 0 7 .4 2
5 6 .7 0 5 7 .6 0
6 7 .3 5 6 7 .6 5

1 7 .5 0 1 7 .2 0
2___ 7 .4 0 2 7 .2 0

1 2 . 12 good te e th 3 7 .7 0 7 .5 1 3 7 .2 5 7 .2 1
4 7 .4 5

1 7 .1 0 1 6 .9 0
2 7 .1 0 2 6 .9 0

1 3 . 12 good te e th 3 7 .1 5 7 .1 5 6 .9 0
4 7 .2 5

1 7 .7 5 1 7 .7 0
1 4 . 11 good te e th 2 7 .8 0 7 .6 3 2 7 .4 0 7 .6 6

3 7 .3 0 3 7 .9 0
4 7 .7 0

1 7 .4 0 1 7 .3 0
1 5 . 12 good te e th 2 7 .8 0 7 .6 7 2 7 .7 0 7 .4 6

3 7 .9 5 3 7 .4 0
4 7 .5 5

1 7 .9 0 1 7 .2 5

1 6 . 11 good te e th 2 7 .5 0 7 .5 2 2 7 .2 0 7 .3 1
3 7 .2 0 3 7 .5 0
4 7 .5 0

1 7 .4 5 1 7 .2 0

1 7 . 15 good te e th 2 7 .1 5 7 .3 3 2 7 .2 0 7 .2 0
3 7 .4 0

1 7 .1 0 1 7 .1 0

1 8 . 15 good te e th 2 7 .1 0 7 .1 6 2 7 .0 0 7 .0 5
3 7 .3 0



THE EFFECT OF CONSTANT LIVING CONDITIONS ON THE SALIVARY pH 315

No. Age, years Dental state
Fasting Afternoon

days pH mean days pH mean

l 7.80 l 7.70 7.70
19. 16 good tee th 2 7.40 7.65

3 7.75

1 7.70 l 7.40 7.40
20. 10 good tee th 2 7.95 7.51

3 6.90

1 7.30 l 7.60 7.60
21. 10 good tee th 2 7.50 7.50

3 7.70

1 7.10 l 6.95
22. 14 good tee th 2 7.35 7.21 2 7.40 7.15

3 7.20
4 7.20

1 7.70 1 7.40
23. 22 b ad  tee th 2 7.80 7.57 2 7.50 7.45

3 7.25
4 7.55

1 8.00 1 7.90
24. 13 bad tee th 2 7.70 7.57 2 7.85 7.87

3 7.40
4 7.20

1 7.80 1 7.60 7.40
25. 14 bad tee th 2 7.50 7.72 2 7.20

3 7.55
4 8.05

1 7.40 1 7.30
26. 12 bad tee th 2 7.65 7.67 2 7.50 7.40

3 7.75
4 7.90 •

1 7.40 1 7.30 7.40
27. 10 bad  tee th 2 7.50 7.52 2 7.50

3 7.80
4 7.40

1 7.90 1 7.50
28. 11 bad  tee th 2 7.10 7.60 2 7.25 7.37

3 7.70
4 7.70

1 7.60 1 7.50 7.50
29. 14 bad  tee th 2 7.30 7.53

3 7.85
4 7.50

1 7.80 1 7.25 7.25
30. 9 bad tee th 2 7.40 7.47

3 7.30
4 7.40
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No. Age, years
Fasting Afternoon

days pH mean days pH mean

l 7.50 l 7.10 7.15
31. 10 b a d  te e th 2 7.60 7.47 2 7.20

3 6.90
4 7.60

1 7.10 1 6.80 6.87
32. 9 b ad  te e th 2 7.80 7.43 2 6.95

3 7.40

1 7.90 1 7.45 7.45
33. 10 b a d  te e th 2 7.30 7.53

3 7.40

1 7.35 1 7.10 7.27
34. 12 b ad  te e th 2 7.50 7.50 2 7.45

3 7.65

1 7.80 1 7.60 7.67
35. 14 b a d  te e th 2 7.85 7.65 2 7.75

3 7.30

1 7.20 1 7.45 7.45
36. 16 b ad  te e th 2 7.55 7.50

3 7.75

1 7.40 1 7.20 7.20
37. 17 b ad  te e th 2 7.50 7.43

3 7.40

1 7.20 1 7.85 7.85
38. 13 b ad  te e th 2 8.05 7.71

3 7.90

1 7.90 1 7.20 7.20
39. 14 b a d  te e th 2 7.80 7.73

3 7.50

1 7.55 1 7.40
2 7.50 2 7.50 7.43

40. 10 good te e th 3 7.40 7.48 3 7.35
4 7.55 4 7.50
5 7.40
6 7.50

1 7.20 1 7.00
2 7.00 2 6.70 6.87

41. 10 good te e th 3 7.40 7.34 3 7.00
4 7.40 4 6.80
5 7.55
6 7.50

1 7.40 1 7.40
2 7.55 2 6.95 7.18

42. 10 good te e th 3 7.45 7.40 3 7.40
4 7.35 4 7.00
5 7.15
6 7.55
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No. Age, years Dental state
Fasting Afternoon

days mean pH days mean pH

l 7.50 l 7.45
2 7.40 2 7.00 7.21

43. 10 good tee th 3 7.55 7.42 3 7.40
4 7.40 4 7.00
5 7.50
6 7.20

1 7.00 1 6.80
2 7.40 2 7.00 6.87

44. 10 good tee th 3 7.40 7.37 3 6.70
4 7.55 4 7.00
5 7.50

1 7.40 1 7.00
2 7.55 2 7.45

45. 10 good te e th 3 7.45 7.38 3 7.35 7.18
4 7.35 4 6.95
5 7.15

1 7.15 1 7.00
2 7.05 2 7.00 6.96

46. 10 b ad  te e th 3 7.05 7.11 3 7.05
4 6.95 4 6.80
5 7.05
6 7.45

1 6.90 1 6.70
2 7.10 2 7.00 6.95

47. 11 h ad  te e th 3 7.00 7.14 3 7.00
4 7.40 4 7.10
5 7.45
6 7.00

1 7.00 1 6.90
2 7.50 2 6.95 6.97

48. 11 b ad  te e th 3 7.00 7.02 3 7.00
4 6.80 4 7.05
5 7.10

■ 6 6.75

1 7.30 1 7.15
2 7.20 2 7.05 7.08

49. 10 h a d  te e th 3 7.15 7.15 3 7.15
4 7.15 4 7.00
5 7.05
6 7.05

1 6.95 1 6.80
2 7.05 2 6.90 6.83

50. 10 h a d  tee th 3 7.45 7.08 3 6.95
4 6.90 4 6.70
5 7.10
6 7.05
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No. Age, years Dental state
Fasting Afternoon

days pH mean days pH mean

l 7.40 l 7.00
2 7.45 2 7.05 7.03

51. 10 bad teeth 3 7.00 7.22 3 7.10
4 7.00 4 7.00
5 7.50
6 7.00

1 6.80 1 6.70
2 7.10 2 6.90 6.80

52. 10 bad teeth 3 6.75 7.05 3 6.70
4 7.30 4 6.90
5 7.20
6 7.15

As regards th e  fa s tin g  sa liv a ry  p H  i t  w as ag a in  group 3 w h ich  w as closest 
to  d a ta  in  the  l i te ra tu re  (T able I I ) ,  w ith  a m ean  o f p H  7.26. T h e  m eans w ere

Table II

C h a n g es o f  p H  in  th e m o r n in g  a n d  a fte rn o o n  s a l iv a s

Fasting saliva Afternoon saliva

g. t. b. t.
total

g- b. t.
total

mean range mean range

S ta te  Children’s Home 7.80 7.62 7.71 +  0.36 7.60 7 33 7.46 ± 0 .2 6

In stitu te  for D eafm utes 7.47 7.54 7.50 ± 0 .3 3 7.32 7.27 7.29 ± 1 .0 3

Á rpád Square General School 7.39 7.13 7.26 ± 0 .4 5 7.11 6.95 7.03 ± 0 .1 4

g. t. =  good teeth ; b. t .  =  bad teeth .

h ig h e r  in  group 1 a n d  group 2, p H  7.71 an d  p H  7.50, re sp ec tiv e ly , b o th  sign if­
ic a n t ly  d ifferent from  th e  value for g ro u p  3 (T able I I I ,  T ab le  IV ).

Table III

C o m p a r is o n  o f  th e  r e s u l ts  f o r  g r o u p  1 a n d  3

I Mean Range Degree of freedom | “ l” P

group 1 7.71 ± 0 .3 6 130 8.87 < 0 .0 1
Fasting pH —

group 3 7.26 ± 0 .4 5

group 1 7.46 ± 0 .2 6 114 7.94 < 0 .0 1
Afternoon pH

group 3 7.03 ± 0 .1 4
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Table IV

THE EFFECT OF CONSTANT LIVING CONDITIONS ON THE SALIVARY pH

C o m p a r is o n  o f  the re su lts  f o r  g ro u p  2  a n d  g r o u p  3

Mean Range Degree of freedom “t” P

group  2 7.50 +  0.33 173 5.36 < 0 .0 1

group  3 7.26 +  0.45

group  2 7.29 ± 1 .0 3 100 2.18 < 0 .0 5

group  3 7.03 ± 0 .1 4

The afte rn o o n  sa liv a  show ed in  every  group lo w er p H  values th a n  th o se  
for th e  fa stin g  sa liva  (Table I) . T he on ly  sign ifican t d ifference was t h a t  b e ­
tw een th e  m ean  m orn ing  and  m ean  afte rnoon  sa liv a ry  p H  values in  g roup  1.

T he low est m ean  afte rnoon  sa liv a ry  pH  w as reco rd ed  in group 3 (p H  
7.03), as com pared  w ith  th e  p H  7.46 va lu e  for group 1. H ere , too, the  m ean  p H  
values for th e  ch ild ren  liv ing  in  in s titu tio n s  were s ig n ifican tly  higher th a n  th e  
m ean for th e  ch ildren  liv ing  w ith  th e ir  p a ren ts  (T able I I I ,  T able  IV).

A lthough  group 1 d iffered from  group  2 only in  th a t  th e  ch ild ren  in  th e  
la t te r  h ad  a chance to  tak e  food o th e r  th a n  th a t  rece ived  in the  in s t i tu te  
(pocket m oney, parce ls from  hom e, c o n ta c t w ith  th e  o u te r  w orld), th e y  show ed 
d ifferen t sa liv a ry  p H  values. The fa s tin g  and a f te rn o o n  m eans for g ro u p  1 
were h igher th a n  th o se  for g roup  2, an d  th e  d ifference betw een  the  m o rn in g  
m eans was sig n ifican t. S a livary  p H  va lu es  seem to  show  an  increasing te n d e n c y  
under c o n s tan t cond itions.

4. Degree o f  caries activity and salivary p H

M any d a ta  in d ica te  th a t  no co rre la tion  ex ists  betw een  the  degree o f  
caries a c tiv ity  an d  sa liv a ry  p H  [2, 6, 15, 19, 32].

The degree o f  caries a c tiv ity  or th e  onset of th e  d ev e lopm en t of d isposition  
to  caries can n o t he d e te rm in ed  b y  sim p le  clinical ex am i la tio n  [36]. F o r th is  
reason we have used th e  te rm s good te e th  and  b ad  te e th  in stead  of th e  te rm s  
carie s-res is tan t an d  caries-active . T he m eans for th e  single subgroups w ere 
d ifferen t in  every  case. In  general, th e  ch ild ren  w ith  good te e th  show ed h ig h e r 
sa liv ary  p H  values b o th  in  th e  m orn ing  an d  in  th e  a fte rn o o n , excep t fo r th e  
fasting  values in  g roup  2. In  la t te r  case th e  ch ildren  w ith  b ad  te e th  show ed a 
h igher sa liv a ry  pH  m ean  value.

The h igher m ean  sa liv a ry  p H  v alues of ca rie s-res is tan t persons, as com ­
p ared  w ith  th a t  o f ca ries-active  ones h av e  been p o in ted  o u t b y  K a r s h a n  [15] 
an d  H ű b b e l  [14]. A fter a te s t period  o f 12 m o n th s’ d u ra tio n , B r a w l e y  [3] 
expressed  th e  view  th a t  an  increase o f  th e  caries ind ex  w ould  be accom pan ied
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b y  changes in sa liv a ry  p H , i. e. a h ig h er caries index  is c h a ra c te r is tic  o f a 
lo w er p H  and vice v e rsa .

I n  our su b jec ts , to o , th o se  w ith  good te e th  showed h ig h e r sa liv a ry  p H  
m e a n s  th a n  those w ith  b a d  te e th , b u t th e re  w as a s ign ifican t d ifference ex ­
c lu s iv e ly  w ith the  a f te rn o o n  values for g roup  1 an d  w ith  th e  fa s tin g  values for 
g ro u p  3. H ow ever, no  d e fin ite  conclusions as to  th e  ex cep tab le  sa liv ary  p H  
v a lu e s  o f an in d iv id u a l m a y  be d raw n from  th e  group m ean. S u b jec ts  showing 
low  p H  values o ccu rred  also in  th e  g roups w ith  high m eans a n d  vice versa .

5. D iurnal varia tions o f  salivary p H

E is e n b r a n d t  [6 , 7 ] has called a tte n tio n  to  th e  sign ifican t differences in  
th e  re su lts  of sa liv a ry  p H  te s ts  m ade a t  d iffe ren t tim es d u rin g  th e  day . F o r

pH
8.00

7 .5 0

7 .0 0

1 ~2 3 4 days

F ig . 1. Salivary  pH  chan g es in  th e  th ree  g roups, as d e te rm in ed  in  four co n secu tiv e  m ornings. 
1: S ta te  C hildren’s H o m e ; 2: In s t i tu te  fo r D eafm u tes ; 3: Á rpád  S q u a re  G eneral School

pH

8.00

7 .50

7.00

V  А П А П A

F ig . 2. Salivary  p H  c h an g es  in  th e  good te e th  (1 )  a n d  h ad  tee th  (2 )  ch ild ren  of group 1, as 
determ ined o n  3 consecu tive  days (M: in  th e  m orn ing , A: in  th e  a fte rn o o n )
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th is  reason , sa livary  p H  te s ts  are u su a lly  done in  th e  sam e period  o f th e  day , 
u n d e r id en tica l ex p e rim en ta l cond itio n s. E v en  then th e  re su lts  are  d ifferen t, 
b u t  th e y  are a t le a s t com parable .

W e, too , have m ad e  our te s ts  w ith  regard  to  th e se  considera tions, and 
found differences in  th e  in d iv idua l a n d  g roup  resu lts  a like . T he g rea te s t d iffer­
ences occurred  in th e  g roup  of ch ild ren  liv ing  w ith  th e ir  p a re n ts  an d  th e  sm all­
est in  th e  Children’s H om e. The fa s tin g  values offered  th e  b es t exam ple. 
F ro m  th e  d a ta  in  F ig . 1, i t  is clear t h a t  th e  m eans fo r g roup  1 w ere sligh tly , 
those fo r group 3 m a rk e d ly , d ivergen t in  th e  te s ts  m ade in  th e  m orn ing  o f four 
consecu tive  days.

T he d iurnal s a liv a ry  pH  changes in  th e  good te e th  an d  b ad  te e th  groups 
arc show n in Fig. 2. I n  group 1 th e re  w as a d e fin ite  d ifference in  th e  pH  
cu rve  be tw een  the ch ild ren  w ith  good a n d  those w ith  b ad  te e th , w ith  a range 
o f  0.48 an d  0.10 p H  (m ean , 0.24), b u t  th e  sam e value has n o t been o b ta ined  
tw ice.

6. Salivary p H  a n d  diet

W ills  and F o r b e s  [40], as w ell as E ricsso n  [9] h a v e  show n th a t  su b ­
je c ts  fed  on d ifferen t d ie ts  have d iffe re n t sa livary  a lk a li reserve . Those on 
p ro te in  an d  vegetab le  d ie t showed h ig h e r  values th a n  th o se  on c a rb o h y d ra te  
d ie t. T óth  and  H a t t y a s y  [35] and  O rav ec z  [24] fo u n d  th e  d ie ts  fed a t  th e  
S ta te  C h ildren’s H om e in  H u n g ary  to  be ad eq u a te  b y  p re sen t s tan d a rd s . 
T óth [34] observed a sign ifican t re d u c tio n  in  caries inc idence  am ong children  
fed on th a t  d iet for lo n g e r periods.

T he p resen t in v es tig a tio n s , to o , in d ic a te  a co rre la tio n  b e tw een  th e  d ie t 
a n d  th e  hydrogen  ion co n cen tra tio n  o f  th e  saliva.

Conclusions

N o conclusions o f  general v a lid ity  m ay  be d raw n  fro m  th e  evidence ob­
ta in ed  fo r the  sm all g ro u p s te sted . I t  m a y  s till be s ta te d  th a t  th e  sa liva  of ch il­
d ren  liv in g  in  closed in s titu tio n s  for lo n g e r periods is s ig n if ic a n tly  m ore a lk a ­
line an d  shows sm aller d iu rn a l v a ria tio n s  ( i. e. its  p H  is m ore  co n stan t) th a n  
th e  sa liv a  of children  liv in g  w ith  th e ir  p a re n ts .

T h e  cause of th is  d ifference is su g g ested  to  lie in  d ifferences in  th e  d ie ta ry  
a n d  liv in g  conditions.

T he differences in  sa liv ary  p H  v a lu es  betw een  c h ild ren  w ith  good te e th  
a n d  th o se  w ith  b ad  te e th  were u su a lly  n o t sign ifican t m a th e m a tic a lly . As to  
a n  e v e n tu a l co rre la tio n  betw een  caries a c tiv ity  and  sa liv a ry  p H , no answ er 
can  be g iven  before a re liab le  te s t has b e e n  developed fo r th e  d e te rm in a tio n  of 
th e  degree of caries a c t iv i ty  or of th e  o n se t o f caries d isp osition .



322 I. SZABÓ and К . TÓTH

L IT E R A T U R E

1. A n d e r s o n , D. J . :  J .  d e n t. Res. 28, 72 (1949).
2. B r a w l e y , R. E .: J .  d e n t. Res. 15, 55 (1935).
3. B r a w l e y , R. E .: J .  d e n t. Res. 15, 361 (1935).
4. C h it t e n d e n , R. H ., E l y , J .  S.: A m er. chem . J .  4, 329 (1883).
5. C u p r o v a , N . D. (Ц у п р о в а , H . Д .): Стоматология 2, 12 (1950)
6. E is e n b r a n d t , L. L . :J . d en t. Res. 22, 147 (1943).
7. E is e n b r a n d t , L. L .: J .  d en t. R es. 23, 363 (1944).
8. E g g e r s -L u r a , H .: D ie E nzym e des Speichels u n d  der Z ähne , Car] H au ser, M ünchen .

(1949) . P. 44
9. E r ic s s o n , Y.: A c ta  o d o n t. scand. 17, 131 (1959).

10. F oa , C.: Arch. F isiol. 3 , 369 (1905).
11. G r o ssm a n , L. I . ,  B r ic k m a n , В. M .: J .  d e n t. Res. 16, 409 (1937).
12. H a t t y a s y , D.: Ö st. Z. S to m at. 36, 163 (1938).
13. H e n d e r s o n , M ., M il l e t , J .  A. P .: J .  bioJ. Chem. 75, 559 (1927).
14. H ű b b e l , R. B .: A m er. J .  Physio l. 105, 436 (1933).
15. K a r s h a n , M., K r a s n o w , F ., K r e j c i , L. E .: J .  d en t. Res. 11, 573 (1931).
16. K i r k , E. C., Cr o w e l l , W . S., A p p l e t o n , J .  L. T .: J .  Allied. D e n ta l Soc. 9, 186(1914).
17. KovÁCH, A. ed.: A k ísé rle ti o rv o stu d o m án y  vizsgáló m ódszerei. A k ad ém ia i K iadó , B u d a ­

pest, Vol. 2. (1954). P . 6 6 7 -7 0 2 .
18. K r a s n o w , F .: D e n ta l Cosmos 78, 301 (1936).
19. L e ic e s t e r , H . M. : B iochem istry  o f th e  T ee th . M osby, St. Louis (1949) P . 262.
20. L il ie n t h a l , В .: O ra l Surg. 8, 828 (1955).
21. L il ie n t h a l , В.: J .  d e n t. Res. 34, 516 (1955).
22. L ő r in c z y , E ., N á d o r , К .: Orv. H e til. (B u d ap es t) 89, 567 (1948).
23. M ic h a e l is , L ., P e c h s t e in , H .: B iochem . Z. 59, 77 (1914).
24. O r a v e c z , P.: Fogorv . Szle (B u d ap est) 52, 34 (1959).
25. P o po v a -M il a s e v s k a y a , Y. А. (П о п о в а — М и л а с е в с к а я , В. А.): Стоматология 2, 14

(1950) .
26. P o p p e r , E ., H a f f n e r , F .: D tsch . m ed . W schr. 51, 561 (1925).
27. R a p p , G. W .: J .  A m er. d en t. Ass. 33, 191 (1946).
28. S c h m ie d t -N ie l s e n , B .: A cta  odo n t. scand . 7, Suppl. 2 (1946).
29. S c h m ie d t -N ie l s e n , B .: A cta  physio l, scand . 2, 139 (1946).
30. S t r a u b , F. B .: B iochem ie. U ngarische A kadem ie der W issen sch aften . (B udapest) 1960.

P. 546.
31. S u l l iv a n , J .  L ., St o r v ic k , C. A.: J .  d e n t. R es. 29, 173 (1950).
32. S w e r d l o v e , C. K .: J .  d en t. Res. 21, 73 (1942).
33. S z a b ó , J .: U ngar, m ed. P resse, 5, 653 (1900).
34. T ó t h , К .: Fogorv . Szle (B udapest) 50, 361 (1957).
35. T ó t h , К ., H a t t y a s y , D.: A cta  m ed. hu n g . 14, 141 (1959).
36. T ó t h , К ., Sza b ó , I . : Fogorv . Szle (B u d a p es t)  52, 141 (1959).
37. T ó t h , K . ,T ö r t e l i , Á .: Fogorv . Szle (B u d a p es t)  48, 73 (1955).
38. V e r in g , F.: M edizinische Chemie. M au d rich , W ien, 1950. P . 388.
39. W a h  L e u n g , S.: J .  d e n t. Res. 30, 403 (1951).
40 . W il l s , J . H ., F o r b e s , J .  C.: J .  d e n t. R es. 18, 409 (1939).

Im re Szabó , K áro ly  T ó th ,
O rv o stu d o m án y i E g y e tem  Fog- és Száj beteg  K lin ik á ja , 
Szeged, L enin  k r t  60.



ORGAN BLOOD FLOW IN UNANAESTHESIZED RATS 
ANDIN RATS ANAESTHESIZED WITH PENTO­

BARBITAL, URETHANE AND CHLORALOSE
B y

K .  K Á L L A Y  a n d  L .  T A K Á C S

•with th e  te c h n ic a l  a s s is ta n c e  o f  У. V a jd a , A . T u r c s á n y i, К . A l b e r t

and A . K a r a i

DEPARTMENT OF MEDICINE NO. 2„ MEDICAL UNIVERSITY, BUDAPEST 

(R e c e iv e d  O c to b e r  1 0 , 1 9 6 0 )

I n  r a ts  a n a e s t h e s iz e d  w it h  p e n to b a r b ita l  (40  m g /k g ,  in tr a p e r ito n e a l ly ) ,  u r e t h a n e  
(1 g /k g , in tr a p e r i to n e a l ly )  r e s p . c h lo r a lo se  (0 .1 0  g /k g , i v . )  w e  d e te r m in e d  t h e  c a r d ia c  
o u tp u t ,  b lo o d  p r e s su r e  a n d  b y  t h e  in d ic a to r  f r a c t io n a t io n  m e th o d  o f  Sa p ir s t e in  [1 , 2] 
th e  o r g a n  fr a c t io n s  o f  c a r d ia c  o u tp u t . F r o m  th e s e  d a ta  o r g a n  b lo o d  f lo w  a n d  v a s c u ­
la r  r e s is t a n c e  w e r e  c o m p u t e d .  I n  a g r o u p  o f  u n a n a e s t h e s iz e d  a n im a ls  th e  c a r d ia c  o u t p u t  
f r a c t io n s  a lo n e  w e r e  s tu d ie d .

T h e  r e s u lt s  o b ta in e d  fo r  t h e  a n im a ls  u n d e r  p e n t o b a r b i t a l  a n a e s th e s ia  a g r e e d  
w e ll  w i t h  t h o s e  in  t h e  l i te r a tu r e . A s  r e la te d  to  t h e  r e s u lt s  fo r  t h e  p e n to b a r b ita l  g r o u p ,  
lo w e r  b lo o d  p r e s u r e  a n d  c a r d ia c  r e s is ta n c e  v a lu e s  w e r e  o b ta in e d  in  t h e  u r e th a n e -  
t r e a t e d  g r o u p . T h e  c a r d ia c , c a r c a s s  fr a c t io n s  o f  t h e  c a r d ia c  o u tp u t  w ere  h ig h e r , t h e  
r e n a l a n d  in t e s t in a l  f r a c t io n s  w e r e  lo w e r . C h lo ra lo se  in c r e a s e d  t h e  b lo o d  f lo w  in  t h e  
s k in , c a r c a s s  a n d  r e d u c e d  t h e  r e s is ta n c e  o f  t h e  h e a r t  a n d  t h e  c a r c a s s . T h e  r e n a l f r a c t io n  
o f  c a r d ia c  o u t p u t  w a s  lo w e r , t h e  c a r c a s s  fr a c t io n  h ig h e r . I n  t h e  u n a n a e s th e s iz e d  
g ro u p  t h e  c a r d ia c , r e n a l  a n d  h e p a t ic  f r a c t io n s  o f  t h e  c a r d ia c  o u tp u t  d e c r e a s e d , t h e  
c a r c a s s  fr a c t io n  in c r e a s e d .

O n  t h e  b a s is  o f  t h e  r e s u lt s ,  o f  t h e  th r e e  a n a e s t h e t ic s  t e s t e d  p e n to b a r b ita l  s e e m s  
t o  b e  t h e  m o s t  s u i t a b le  fo r  u s e  in  c ir c u la t io n  e x p e r im e n ts  in  r a t s .

In  c ircu la tio n  s tu d ies  ra ts  are m uch less f re q u e n tly  used th en  th e  b igger 
m am m als . R ecen tly , Sa p ir s t e in  [1, 2] has described th e  m ethod  of “ iso tope- 
in d ica to r-frac tio n a tio n ” , b y  w hich every  im p o rta n t o rg an  frac tion  o f ca rd iac  
o u tp u t (excep t for th e  cerebral one) can be de te rm in ed  in  th e  ra t, using  86R h 
resp . 42K . W hen  card iac  o u tp u t and  blood pressure a re  know n, v isceral blood 
flow  and  v ascu la r res is tan ce  m ay  be com pu ted . T hus, a com bined ap p lica tio n  
o f th e  above m eth o d s m akes it  possible to  s tu d y  in d e ta il th e  circu la tion  o f th e  
r a t ,  and  to  use ra ts  in in v es tig a tio n s  w hich up to  now h a d  to  be m ade on b igger 
anim als.

In  th e  p re se n t ex p erim en ts  th e  c ircu la to ry  effec ts  of p e n to b a rb ita l, 
u re th a n e  an d  chloralose w ere observed  in  th e  ra t ,  to  d e te rm in e  w hich o f th ese  
d rugs is th e  one m ost su ited  for use in  c ircu la tion  s tu d ies . In  order to  assess th e  
n o rm a l va lues, a group o f  u n an aesth esized  an im als w as te s te d  for th e  frac tio n s  
o f card iac o u tp u t.

M ethods

M ale r a t s  w e r e  u s e d . S o d iu m  b a r b ita l  w a s  in je c te d  in tr a p e r i to n e a l ly ,  in  a d o s e  o f  4 0  
m g /k g ,  in  a 1 p e r  c e n t  s o lu t io n . T h e  d o se  o f  u r e th a n e  w a s  1 .0  g /k g ,  in je c te d  in tr a p e r ito n e a l ly  in  
t h e  fo r m  o f  a 20  p e r  c e n t  s o lu t io n . C h lo ra lo se  w a s  a d m in is te r e d  in tr a v e n o u s ly ,  in  a  d o s e  o f  *

*
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0 .1 0  g /k g  in  a o n e  p e r  c e n t  s o lu t io n .  E x p e r im e n t a t io n  b e g a n  20 to  40  m in u t e s  a f te r  t h e  in je c t io n  
o f  t h e  a n a e s th e t ic s . I n  t h e  g r o u p  o f  th e  u n a n a e s t h e s iz e d  r a ts  ( “ a le r t” ) 86R b  h a d  b e e n  a d m in is ­
t e r e d  th r o u g h  a p o ly e t h y le n e  c a n n u la  im p la n t e d  o n e  or tw o  d a y s  b e fo r e  t h e  e x p e r im e n t  in to  
t h e  ju g u la r  v e in  a n d  f i l l e d  w i t h  5 0  m g /m l h e p a r in . O w in g  to  te c h n ic a l  r e a s o n s , o n ly  t h e  f r a c t io n s  
o f  t h e  c a rd ia c  o u t p u t  w e r e  s tu d ie d .

I n  th e  c ir c u la t io n  s t u d ie s  w e  fo l lo w e d  e s s e n t ia l ly  t h e  p ro ced u re  d e s c r ib e d  b y  Sa p ir s t e in  
[ 2 ] .  B lo o d  p ressu re  w a s  m e a s u r e d  in  t h e  c a r o t id  a r te r y , u s in g  a m e m b r a n e  m a n o m e te r  
( t y p e  K á l la y —V o r s a tz .)  T o  p r e v e n t  b lo o d  c lo t t in g ,  h e p a r in  (2 .5  m g  in  0 .2  m l)  w a s  in je c te d  in t o  
t h e  t a i l  v e in  b e fo re  t h e  in s e r t io n  o f  t h e  c a n n u la . C a rd ia c  o u tp u t  w a s  d e te r m in e d  b y  t h e  d y e  
d i lu t io n  m e th o d  [3 ];  0 .3  m l o f  a 1 .5  p e r  c e n t  s o lu t io n  o f  E v a n s  b lu e  w a s  in je c te d  in to  t h e  
f e m o r a l  v e in  a n d  a t  in t e r v a ls  o f  0 .6 6  se c  b lo o d  s a m p le s  w e r e  ta k e n  b y  m e a n s  o f  th e  fr a c t io n a l  
b lo o d  c o lle c to r  ( ty p e  K á l la y —V o r s a tz )  f r o m  t h e  c a r o t id  a r te r y . T h e  c o n c e n t r a t io n  o f  d y e  in  20  /t l  
s a m p le s  o f  b lo o d  w a s  d e te r m in e d  in  a B e c k m a n  В  s p e c tr o p h o to m e te r . C a r d ia c  o u tp u t  a n d  t h e  
f r a c t io n s  o f  c a rd ia c  o u t p u t  w e r e  d e te r m in e d  in  t h e  s a m e  a n im a l, th e  d y e  w a s  in je c te d  50  t o  55  
s e c  a f t e r  th e  in je c t io n  o f  86R b .

T h e  o rg a n  f r a c t io n s  o f  c a r d ia c  o u t p u t  ( e x c e p t  fo r  th e  cere b r a l o n e )  w e r e  d e te r m in e d  b y  
t h e  “ in d ic a to r  f r a c t io n a t io n ”  m e th o d  o f  Sa p ir s t e i n  [1 , 2 ] , u s in g  86R b . 86R b C l, 5 to  10 fiC in  
0 .5  m l  o f  p h y s io lo g ic  N a C l, w a s  in je c te d  in t o  t h e  f e m o r a l v e in . S ix t y - f iv e  t o  70  se c o n d s  la t e r  
t h e  a n im a ls  w ere  k i l le d  b y  in je c t in g  0 .5  m l o f  a s a t u r a t e d  KC1 s o lu t io n  in t o  t h e  t a i l  v e in . T h e  
o r g a n s  w ere  d is s o lv e d  in  a  2 0  p er  c e n t  s o lu t io n  o f  K O H  a n d  th e  sa m p le s  w e r e  t e s t e d  fo r  a c t iv i t y  
b y  m e a n s  o f  a GM  t u b e  w i t h  e n d -w in d o w . E x c e p t  fo r  t h a t  o f  th e  b r a in , t h e  o r g a n  fr a c t io n s  o f  
c a r d ia c  o u tp u t  are g iv e n  a s  t h e  p e r c e n ta g e  o f  t h e  a c t iv i t y  o f  th e  86R b , c o n s id e r in g  t h a t  d u r in g  
t h e  e x p e r im e n t  th e r e  w a s  n o  d iffe r e n c e  in  e x t r a c t io n  b e tw e e n  t h e  o r g a n s  [1 , 2 ] . A c c o r d in g  to  
o u r  u n p u b lis h e d  c o n t r o l  e x p e r im e n ts ,  t h e  12K  o r  86R b  c o n te n t  o f  t h e  t o t a l  c ir c u la t in g  b lo o d  
v o lu m e  d o es  n o t  a m o u n t  t o  m o re  th a n  5 p e r  c e n t  o f  t h e  d o se  o f  is o t o p e  in je c te d .  W e  d id  n o t  
e x t r a p o la te  to  “ 0 v e n o u s  d r a in a g e ” , s in c e  in  6 0  t o  70  se c  th e r e  is  n o  s ig n i f ic a n t  c h a n g e  in  t h e  
c o n c e n t r a t io n  o f  86R b  in  t h e  v is c e r a  [4 ] . T h e  c e r e b r a l fr a c t io n  o f  c a r d ia c  o u t p u t  [5 ] w a s  n o t  
d e te r m in e d .

F ro m  th e  d a ta  fo r  c a r d ia c  o u t p u t ,  t h e  o r g a n  fr a c t io n s  o f  c a r d ia c  o u tp u t  a n d  o r g a n  
w e ig h t  w e  c o m p u te d  fo r  t h e  s in g le  o r g a n s  t h e  b lo o d  f lo w  fo r  100 g  o f  o r g a n  w e ig h t ,  a n d  fr o m  t h e  
d a t a  fo r  b lo o d  p r e s su r e  t h e  v a s c u la r  r e s is ta n c e . T h e  u n it s  o f  m e a s u r e m e n ts  a re  to  b e  fo u n d  a t  
t h e  e n d  o f  T a b le  I .  A s  t h e  w it h in - s a m p le  v a r ia n c e  p r o v e d  to  b e  p r a c t ic a l ly  e q u a l (B a r t l e t t ’s 
t e s t )  t h e  s ta n d a r d  d e v ia t io n s  w e r e  c o m p u t e d  fr o m  t h e  p o o le d  s u m -o f- s q u a r e s . T h e  d a ta  w e r e  
e v a lu a t e d  b y  St u d e n t ’s “ t”  t e s t .  T h e  c h a n g e s  w e r e  r e la te d  to  t h e  p e n to b a r b it a l  g ro u p .

R esults

In  the  g roup  an aesth esized  w ith  p e n to b a rb ita l sod ium  th e  m ean  card iac  
o u tp u t  was 28.6 m l/100 g, b lood p ressu re  120 m m  H g, to ta l  v a sc u la r  res is tan ce  
336 • 103 dyne sec cm “ 5. The card iac  o u tp u t  o f 28.6 m l/100 g w as h igher th a n  
t h a t  rep o rted  fo r r a ts  b y  S a p ir s t e in  et al. [2 ,6 , 7] (20.5 to  23.1 and  23.0 m l/ 
/100  g, respective ly ). T here  was p ra c tic a lly  no difference in  th e  b lood pressure 
v a lu e s . U nder u re th a n e  an aesth esia  th e  m ean  card iac o u tp u t  w as som ew hat 
lo w er, 24.4 m l/100 g (no t sign ifican t), b lood  pressure d e fin ite ly  decreased 
( to  97 m m  Hg) a n d  as reg a rd s  re s is ta n c e  th e re  was no d ifference from  th e  
p e n to b a rb ita l g roup . In  th e  chloralose g roup  blood p ressu re  an d  resis tan ce  
w ere  lower and  ca rd iac  o u tp u t h ig h er th a n  in th e  p e n to b a rb ita l group, b u t th e  
d ifferences were n o t sig n ifican t.

In  pentobarbital an aesth esia  th e  v a lu es  for the  frac tio n s o f  card iac o u tp u t 
w ere  in  good ag reem en t w ith  tho se  re p o r te d  b y  Sa p ir s t e in  et al. [1, 2, 6, 7 ]. 
T h ere  was a m ino r d ifference in  th e  case o f  th e  k idney , in  w h ich  we found  a 
ca rd ia c  o u tp u t f ra c tio n  o f 14.6 p e r c en t, as com pared  w ith  th e  16.1 to  17.8 
a n d  14.9 per cen t described  b y  th e  above a u th o rs .
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Table I
The effect o f  anaesthetics on the circulation o f the rat

Pentobarbital 
40 mg/kg i. p. 

(control)

Urethane Chloralose
“Alert”

Within-sample
standard
deviation1 g/kg »• p- 0.10 g/kg i. V.

N u m b e r  o f  c a se s  (n ) 2 2 - 3 0 11 — 14 1 1 - 1 4 i l

M eans
Total :
C a rd ia c  o u tp u t 2 8 .6 2 4 .4 3 2 .8 — 8 .7
B lo o d  p ressu re 120.0 9 6 .7 - * 1 0 9 .2 — 20.0
R e s is ta n c e 3 3 6 .1 3 4 4 .9 2 8 6 .9 — 110.0

Heart :
B lo o d  f lo w 2 1 1 .3 2 1 9 .9 2 2 5 .0 — 7 5 .5
R e s is ta n c e 5 0 .9 3 4 .7 - 3 8 .8 " — 1 1 .5
F r a c t io n 2.8 3 . 4 - 2.6 1 .9  — 0.6

K idn ey  :
B lo o d  f lo w 4 1 5 .0 3 2 8 .7 4 1 7 .3 — 135 .1
R e s is ta n c e 2 9 .0 2 4 .8 2 2 .9 — 1 2 .4
F r a c tio n 14 .6 10.8 — 1 2 .2 " 9 .8  — 1.8

Lung :
B lo o d  f lo w 9 7 .7 7 5 .3 8 2 .3 — 3 3 .0
R e s is ta n c e 124 .5 1 1 0 .9 1 1 7 .2 — 4 4 .7
F r a c t io n 2 .9 3 .2 2 .4 2 .5 0 .9

Liver:
B lo o d  f lo w 6 7 .2 5 3 .6 7 5 .6 — 2 3 .9
R e s is ta n c e 1 7 0 .4 154 .1 131 .1 — 6 2 .4
F r a c t io n 8.6 8.1 8.2 6 .3 " 1.8

Intestines :
B lo o d  f lo w 7 5 .8 5 8 .6 8 4 .7 — 3 0 .5
R e s is ta n c e 1 3 5 .8 1 2 6 .9 1 1 4 .5 — 5 1 .3
F r a c t io n 1 7 .0 1 4 .0 - 15.1 14 .8 3 .2

Skin  :
B lo o d  f lo w 12.0 10.1 16 .6 - — 5 .7
R e s is ta n c e 9 6 4 .6 8 7 7 .5 6 5 2 .0 — 3 9 4 .0
F r a c t io n 8.8 8.1 10.8- 9 .7 2 .4

Carcass :
B lo o d  f lo w 19 .6 20.2 2 5 .0 - — 7 .1
R e s is ta n c e 5 2 6 .8 4 4 4 .6 3 7 8 .0 - — 155 .1
F r a c t io n 4 5 .8 5 2 . 1 - 4 9 .2 - 5 5 .5 - - 5 .5

Scales

C a rd ia c  o u tp u t  
B lo o d  p r e ssu r e  
R e s is ta n c e  (b o d y )  
B lo o d  f lo w  
R e s is ta n c e  (o rg a n )  
F r a c t io n

m l/m in /1 0 0  g  b o d y  w e ig h t  
m m  H g
103 d y n e  se c  c m -  5/ l 0 0  g  b o d y  w e ig h t
m l/m in /1 0 0  g  o r g a n  w e ig h t
10 s d y n e  se c  c m - 5 /1 0 0  g  o r g a n  w e ig h t
b lo o d  f lo w  o f  t h e  o r g a n  e x p r e s s e d  in  p e r c e n ta g e  o f  c a rd ia c  o u t p u t

* Difference fro m  the controls 
N o  s ig n :  n o t  s ig n i f ic a n t  P  >  0 .0 5

. : s ig n if ic a n t  P  <  0 .0 5
..  : h ig h ly  s ig n if ic a n t  P  <  0 .0 1

. . .  : v e r y  h ig h ly  s ig n if ic a n t  P  <  0 .0 0 1
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From  these d a ta  i t  follows th a t ,  p ro v id ed  th e re  w as no d ifference in  th e  
w eig h t o f o rgans, in  o u r  experim ents w ith  p e n to b a rb ita l th e  values for blood 
flo w  o f organs w ere s lig h tly  higher an d  tho se  for v ascu la r resistance  sligh tly  
low er.

U nder urethane  anaesthesia  th e  m ean  values o f o rgan  blood flow  (except 
fo r tho se  for th e  h e a r t  an d  for th e  sk e le ta l m uscle an d  bone) w ere som ew hat, 
th o u g h  no t s ig n if ican tly , lower th a n  th e  values found  in  th e  p en to b a rb ita l 
g ro u p . V ascular re s is ta n c e  of the  h e a r t w as defin ite ly  an d  s ig n ifican tly  d im in ­
ish ed . There was no  m a rk e d  change in  th e  resis tan ce  of o th e r  organs. D ev iations 
in  th e  visceral f ra c tio n s  o f cardiac o u tp u t  w ere found  a t  som e s ites: th e  card iac 
a n d  carcass (sk e le ta l m uscle, bone, endocrine  organs) frac tions w ere h igher and  
th e  ren a l and  in te s t in a l  fractions low er.

In  the  chloralose group th ere  w as no d ifference from  th e  p e n to b a rb ita l 
g roup  as regards b lo o d  flow  of o rgans; th e  b lood flow  of th e  sk in  increased  
s ig n ifican tly , b y  38 p e r  cen t, and  th a t  o f th e  carcass b y  25 p e r cen t. The m ean  
resis tan ce  was so m e w h a t lower in  every  o rgan  th a n  in  th e  p e n to b a rb ita l group , 
b u t  th e  difference w as n o t s ign ifican t exclusively  in th e  case of th e  h ea rt and  
th e  carcass. As to  th e  organ frac tions o f card iac o u tp u t, th a t  of th e  k idney  
w as low er and  th o se  o f  th e  skin and  carcass were h igher.

In  the  unanaesthesized group  we d e te rm in ed  th e  frac tions o f card iac o u t­
p u t  only. Those o f  th e  h ea rt, k id n ey  an d  liver d im in ished  and th a t  o f th e  
carcass defin ite ly  in creased .

D iscussion

We have u n d e r ta k e n  to  d e te rm in e  w hich of th e  an aes th e tic s  p e n to b a rb i­
t a l ,  u re th an e  an d  ch loralose w ould be b e s t su ited  for c ircu la tion  stud ies in  th e  
r a t ,  rely ing up o n  th e  resu lts o b ta in ed  b y  th e  “ in d ica to r-frac tio n a tio n ” , dye 
d ilu tio n  and b lood  p ressu re  m easu rem en t m ethods. J u s t  one dose ( th a t m ost 
o fte n  em ployed in  th e  lite ra tu re ) o f each  an aes th e tic  w as used. O f course, th e  
“ m ost su itab le”  a n a e s th e tic  w ould be th e  one causing  th e  least change in  th e  
b asa l c ircu lation  o f  th e  “ norm al” , u n an aes th es ized  an im al. T h a t th e  question  
w as ju s tif ied  is c le a r ly  shown b y  T ab le  I  w here n o t less th a n  13 of th e  48 d a ta  
fo r th e  u re th an e  a n d  chloralose g roups d iffered sig n ifican tly  from  th e  co rre­
spond in g  values in  th e  p en to b a rb ita l g roup .

The “ n o rm a l”  values on w hich  a com parison  could be based  being u n ­
k n o w n , it  is d iff ic u lt to  find  an  answ er to  th e  question . F rac tio n s  of card iac 
o u tp u t  were e s tim a te d  also in n o n -an aesth esized  an im als, in  o rder to  determ ine  
th e  “ norm al”  v a lu e s . F o r technical reasons th e  card iac  o u tp u t could n o t be 
m easu red  in  th e  u n an aes th es ized  s ta te  a n d  there fo re  th e  “ n o rm a l” b lood Полу 
a n d  resistance  v a lu e s  for the organs are  n o t com plete . T he values for th e
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frac tio n s of ca rd ia c  o u tp u t in  u n an aes th es ized  an im als, too , should  be  
e v a lu a ted  w ith  c a u tio n : th e  fac t th a t  th e  an im als  m ust have  been excited  b y  
th e  presence o f  th e  in v es tig a to rs , is n o t neglig ib le from  th e  p o in t of view  o f 
c ircu la tion .

A ccording to  our hy p o th esis , th e  card iac  frac tio n  o f ca rd iac  o u tp u t m a y  
su p p ly  one o f th e  d a ta  b y  w hich th e  “ n o rm a l”  s ta te  of c ircu la tio n  m ay be se t 
fa s t. On th e  basis  o f severa l observations [8, 6, 10] i t  m ay  be surm ised  n am e ly  
th a t  in  response to  a d e te rio ra tio n  of c ircu la tio n , to  a decrease in  card iac o u t­
p u t  (e. g. in  shock , haem orrhage, d eh y d ra tio n ) th e  card iac  frac tio n  of ca rd iac  
o u tp u t increases so th a t  th e  h e a r t m ay  keep itse lf  o p e ra tin g . In  cond itions 
assoc ia ted  w ith  an  increased  card iac o u tp u t (e. g .a rte ria l hypox ia), th e  in ­
creased  w ork  o f th e  h e a r t  is s im ilarly  accom pan ied  b y  a h igher ca rd iac  
o u tp u t frac tio n .

As o th e r d a ta , th e  ren a l frac tio n  of ca rd iac  o u tp u t an d  ren a l blood flow  
[see 6, 8 —10] m a y  be ta k e n  in to  co n sidera tion . I t  is nam ely  know n th a t  th e  
d im in u tio n  of ca rd iac  o u tp u t or th e  increase th e re o f  (for exam ple  in  s ta g n a n t 
an d  a rte ria l h y p o x ia  an d  m u scu la r w ork, etc .) is o ften  accom panied  b y  a 
decrease of ren a l b lood  flow  an d  of th e  ren a l fra c tio n  of ca rd iac  o u tp u t.

O f course, u n u su a lly  h igh  or low  card iac  o u tp u t and  b lood  pressure v a lu es  
also in d ica te  t h a t  th e  a n aes th e tic  is u n su itab le  fo r use.

E v a lu a tin g  o u r ex p erim en ts  accord ing  to  th e  above p o in ts , it  w ill be 
seen th a t  th e  a n a e s th e tic s  used  d id  n o t p ro d u ce  m ajo r changes in  ca rd iac  
o u tp u t or b lood  p ressu re . E x cep t for th e  sm all d rop  of b lood  pressure in  th e  
u re th a n e  group , th e  values d id  n o t differ su b s ta n tia lly .

In  th e  p e n to b a rb ita l  and  chloralose g roups th e  card iac frac tio n  of ca rd iac  
o u tp u t show ed closely  sim ilar va lues, id en tica l w ith  those  re p o rte d  b y  Sa p ir - 
S T E iN  et al. [1, 2, 6, 7]. U re th an e  increased  th e  card iac  frac tio n  of card iac o u t ­
p u t .  I t  was m ost re m ark ab le  th a t  th e  card iac  frac tio n  of th e  unan aesth esized  
an im als was m u ch  low er th a n  th a t  o f th e  an im als an aesthesized  w ith  an y  o f 
the  drugs used. A ccord ing  to  Sa p ir s t e in  [11 ], ad renaline  increases the  ca rd iac  
frac tio n , th u s  a sy m p a th ic o to n ia  p resu m ab ly  caused  b y  a g ita tio n  or e x c ita tio n  
c an n o t be held  resp o n sib le  for i t .  W e feel te m p te d  to  suggest th a t  th e  “ n o rm a l”  
ca rd iac  frac tio n  is low er th a n  w h a t we m easure  u n d e r th e  in fluence  of p e n to ­
b a rb ita l , u re th a n e  o r chloralose. A nd if  all th re e  drugs cause changes, th o se  
w ill be th e  ones o f choice w hich produce  th e  sm allest changes (p e n to b a rb ita l, 
chloralose).

R enal b lood  flow  w as sim ilar in  th e  p e n to b a rb ita l an d  chloralose g roups 
an d  sligh tly  (b u t n o t  s ign ifican tly ) low er in  th e  u re th a n e  g roup . As com pared  
w ith  p e n to b a rb ita l, u re th a n e  an d  chloralose sig n ifican tly  reduced  th e  ren a l 
frac tio n  of ca rd iac  o u tp u t . The ren a l frac tio n  w as likew ise low  in  th e  u n a n a e s­
thesized  group , a p p a re n tly  as a re su lt of th e  sy m p a th ico to n ia , ad rena linaem ia  
[11] due to  ex c ita tio n .

6  Acta Physiologica XVIII/4.
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T h e co m p ara tiv e  analysis  of th e  d a ta  for card iac o u tp u t , b lood p re ssu re , 
ca rd iac  an d  renal f ra c tio n  of card iac  o u tp u t ,  and  ren a l b lood flow  suggests 
pentobarbital to be the m ost suitable fo r  use in  circulation experim ents in  rats. 
C hloralose and  u re th a n e  seem  to  be less su itab le  for such  purposes.

T h e  use of u re th a n e  seems to  b e  n o t  su itab le , due to  its  h y p o ten siv e  
effec t, a n d  its  d e te r io ra tiv e  effect on  re n a l b lood flow . Chloralose has the  
d isa d v a n ta g e  of low ering  th e  renal f ra c tio n  and  o f a p p a re n tly  in c reasin g  th e  
b lo o d  flow  in th e  sk in , and  carcass. A t th e  sam e tim e , a n o th e r p o in t in 
fa v o u r  o f p e n to b a rb ita l is its  w id esp read  use in  ex perim en ts of o th e r  k inds. 
E th e r  anaesthesia  seem s to  be d isad v an tag eo u s  because o f its  increasing  th e  
ca rd iac  o u tp u t an d  g re a tly  low ering th e  ren a l fra c tio n  [7].

T h e  carcass f ra c tio n  o f cardiac o u tp u t  was s ig n ifican tly  low er in  th e  a n i­
m als t r e a te d  w ith  p e n to b a rb ita l  th a n  in  th o se  an aesthesized  w ith  u re th a n e  or 
ch lo ra lose  and  in  th e  n o n -an aesth esized  group . The h ig h  frac tio n  o f th e  un- 
an aesth esized  an im als m ay  have been  d u e  to  m uscle a c tiv ity . In  th e  absence 
o f re liab le  “ no rm al”  v a lu es  we could  n o t  decide w h e th e r th e  carcass frac tio n  
w as decreased  b y  p e n to b a rb ita l  o r in c rea se  b y  u re th a n e  an d  ch loralose. E ven  
i f  p e n to b a rb ita l h ad  su ch  an  action , i t  s t i l l  rem ains th e  an aes th e tic  o f choice in  
v iew  o f th e  ad v a n ta g e s  m en tioned  ab o v e .
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R e m o v a l o f  t h e  th o r a c ic  sp in a l c o rd  (T h  I — X I I .)  in  a n a e s t h e s iz e d  d o g s d id  n o t  
a f fe c t  v a s c u la r  t o n e  in  t h e  p u lm o n a r y  c ir c u la t io n .

I n fu s io n  o f  t h e  la r g e  d o se s  o f  n o r -e p in e p h r in e  in c r e a s e d  c a r d ia c  o u tp u t  in  t h e  
in t a c t  a n im a l;  n o  s ig n if ic a n t  v a s o c o n s t r ic t io n  w a s  o b se r v e d  in  t h e  s y s t e m ic  a n d  p u lm o ­
n a r y  c ir c u la t io n s .

A fte r  r e m o v a l  o f  t h e  th o r a c ic  s p in a l  c o r d , in fu s io n  o f  t h e  s a m e  d o se s  o f  n o r ­
e p in e p h r in e  in d u c e d  p e r ip h e r a l v a s o c o n s t r ic t io n .  T h e r e  w a s  n o  s ig n i f ic a n t  e le v a t io n  in  
p u lm o n a r y  a r te r io la r  r e s is ta n c e .

S in g le  in j e c t io n s  o f  e p in e p h r in e  r e sp . n o r -e p in e p h r in e  in c r e a s e d  p u lm o n a r y  p r e s ­
su re . R e m o v a l  o f  t h e  th o r a c ic  p a r t  o f  t h e  sp in a l co r d  in c r e a s e d  t h e  s e n s i t iv i t y  o f  t h e  
p e r ip h e r a l v e s s e ls  o n ly  t o  e p in e p h r in e .

H um oral an d  n e u ra l reg u la tio n  o f th e  p u lm o n ary  c irc u la tio n  is n o t y e t  
c learly  u n d erstood . R eg ard in g  th e  effect o f sy m p a th o m im e tic  d rugs th e re  is 
genera l ag reem ent th a t  b o th  ep in ep h rin e  an d  no r-ep in ep h rin e  in crease  p u lm o ­
n a ry  a rte ria l p ressu re . In  p a r t  of th e  ex p erim en ts  how ever, le f t  au ricu la r re sp . 
p u lm o n ary  cap illa ry  p ressu re  has n o t been  recorded , th e re fo re  th e  causes 
o f  th e  rise  of p u lm o n a ry  pressure can n o t be deduced fro m  these  s tud ies 
[ 1 - 5 ] .

Since several a u th o rs  found  le ft a u ric u la r  resp . p u lm o n a ry  cap illa ry  
p ressu re  to  increase a f te r  th e  a d m in is tra tio n  o f ep inephrine  o r n o r-ep in ep h rin e , 
th e  au g m en ta tio n  o f  p u lm o n a ry  p ressu re  sh o u ld  be considered a passive effect 
[6 — 8 ]. A ccording to  G il b e r t  [9 ], ep in ep h rin e  resp . n o r-ep in ep h rin e , b y  in ­
ducing  spasm  of th e  p u lm o n a ry  venu les, causes p u lm o n ary  h y p e rten s io n . 
B a r t o r e l l i  [10 ], to o , fo u n d  an  increase in  p u lm o n a ry  cap illa ry  p ressu re  d u rin g  
th e  in fusion  of n o r-ep in ep h rin e . H e em phasized , how ever, th a t  th e  increase o f  
p u lm o n ary  artéria^ p ressu re  precedes th e  increase  of p u lm o n a ry  c a p illa ry  
p ressu re , hence — a t  le a s t in  th e  b eg in n in g  — p u lm o n ary  h y p e rte n s io n  is  
b ro u g h t ab o u t m ost p ro b a b ly  b y  p u lm o n a ry  a rte r io la r  sp asm . M ost of th e  
a u th o rs , in  fac t, o bserved  p u lm o n ary  a r te r io la r  vasospasm  a f te r  th e  ad m in is­
t r a t io n  o f ep in ep h rin e  or no r-ep in ep h rin e  [11 — 15].

T he ev a lu a tio n  o f  th e  re su lts  is m ade especia lly  d ifficu lt b y  th e  fac t th a t  
ep in ep h rin e  as w ell as n o r-ep in ep h rin e  d e fin ite ly  affect sy s tem ic  c ircu la tio n  
a n d  th e  h e a r t. Som e a u th o rs  en d eav o u red  to  overcom e th e se  d ifficu lties b y

6 *
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m eans of an iso la ted  lu n g  or by a rtif ic ia l c ircu la tion  [2, 8, 9, 12, 13]. T here  is no 
ag reem en t reg a rd in g  th e  differences betw een  th e  e ffec t o f ep inephrine  and  
no r-cp inephrine  [16, 17].

R ecen tly  N a h a s  [18] found a 45 p er cen t in crease  of th e  p u lm o n a ry  
p ressu re  g rad ien t in  dogs after a d m in is tra tio n  of 1 jtg /kg  nor-ep inephrine , and 
increased  n o r-ep in ep h rin e  sen sitiv ity  o f  the  lesser c ircu la tio n  a fte r severing  
th e  sp inal cord a t  T h  I .  In  th is s ta te  a f te r  th e  a d m in is tra tio n  of nor-ep inephrine  
a 156 p er cen t in c rea se  o f the  pressure g rad ien t was observ ed . The e lev a tio n  of 
pressure a fte r in tra v e n o u s  a d m in is tra tio n  ind ica tes th a t  w ith  th e  nervous 
con tro l in ta c t th e  v a so ac tiv e  agen ts e x e r t th e ir  effect th ro u g h  th e  v aso m o to r 
cen tre  (the effect develops s im u ltaneously  in  th e  sy stem ic  c ircu la tion); a f te r  
d issection  of th e  sp in a l cord, how ever, a d irect e ffect m u s t be assum ed (w ith  
p u lm o n ary  h y p e rte n s io n  preceding th e  increase in  sy stem ic  pressure). These 
re su lts  p o in t to  th e  vaso co n stric to r e ffec t of ep in ep h rin e  and  no r-ep inephrine  
in  p u lm onary  c irc u la tio n ; th is  effect is defin ite ly  in creased  by  severing  th e  
sy m p a th e tic  con n ec tio n s. N evertheless, blood flow  (card iac  o u tp u t) h a s  n o t 
been  de te rm ined  in  th e se  studies and  a lth o u g h  no r-ep in ep h rin e  does n o t gener­
a lly  increase ca rd ia c  o u tp u t (see below ), the  o b serv ed  pu lm o n ary  h y p e r­
ten sio n  has been p a r t ly  a ttr ib u te d  to  increased  ca rd iac  o u tp u t.

A ccordingly , we stud ied  th e  re a c tio n  of th e  p u lm o n a ry  and  system ic  
c ircu la tio n  to  a sing le  dose of ep inephrine  and n o r-ep inephrine , and  to  an  in ­
fusion  of n o r-ep in ep h rin e . L ater these  experim en ts w ere rep ea ted  a fte r  rem oval 
o f th e  thoracic  se g m e n t of the  sp inal co rd . C ardiac o u tp u t  was also reco rd ed , 
fo r ev a lu a tin g  v aso co n str ic to r  or v a so d ila ta to r  effects.

M ethods

12 dogs of b o th  sexes, weighing 9 —18 kg  each were u sed  u n d e r  chloralose an aesth es ia  
(0 .10 g/kg). System ic b lo o d  pressure was reg is te red  from  th e  c a ro tid  a r te ry , p u lm o n ary  p ressu re  
b y  card iac  c a th e te r is a tio n  (pu lm onary  a r t.  p ressu re , p u lm o n a ry  c ap illa ry  pressure) w ith  a fo u r 
ch an n e l m em brane m a n o m e te r  (type V o rsatz  a n d  K állay). C ard iac  o u tp u t was reco rd ed  b y  
th e  d irec t F ick  m e th o d , oxygen  consum ption  b y  K rogh’s a p p a ra tu s  m odified for dogs. T he 
a p p a ra tu s  was co n n ec ted  to  a  trach ea  can n u la  in tro d u ced  a t  th e  h e ig h t o f th e  th y ro id  cartilag e. 
A rteriovenous 0 2 d ifferen ce  was estim ated  b y  a n  o x ym eter (ty p e  A tlas). E p inephrine  (T onogen, 
Richter) and  n o r-ep in ep h rin e  (Hoechst) w ere u sed  a t  a co n ce n tra tio n  of 10 fig /m l in  p h ysio lo ­
g ica l saline so lu tion . In je c tio n s  resp. in fusions w ere perform ed th ro u g h  a cannu la  in se rte d  in to  
th e  fem oral vein.

The spinal c a v ity  w as opened by  m eans o f  lam inectom y a t  th e  I and  X  d orsa l v e rte b rae  
a n d  th e  sp inal cord w as d iv ided  and rem o v ed , corresponding to  th e  I  —X II thorac ic  segm ent.

T he ex p erim en t w as perform ed as follow s. A fter a co n tro l record ing  of card iac  o u tp u t  
a n d  blood pressure , in fu s io n  of nor-ep inephrine  w as s ta rte d  a n d  a f te r  stab iliza tio n  o f system ic  
b lood  pressure  card iac  o u tp u t  and blood p ressu re  were again  d e te rm in ed . A fter cessation  of th e  
in fusion  and  s ta b iliz a tio n  of th e  blood p re ssu re  a single in je c tio n  of epinephrine  resp . n o r­
ep in ep h rin e  was g iven . T h e  procedure w as re p ea te d  afte r re m o v a l o f  th e  sp inal co rd , an d  in  
severa l cases a th ird  t im e , a fte r cu tting  th e  v ag u s nerve b ila te ra lly .

T h e  re su lts  w e re  e v a lu a te d  b y  St u d e n t ’s “ t ”  te s t.
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Results

(i) The effect o f  the extirpation o f  the thoracic sp in a l cord (T h  I —X I I )  on 
system ic and pu lm onary  circulation  (Table I).

A ccording to  o u r observ a tio n s, rem oval o f a m a jo r p a r t  o f th e  sp inal co rd  
is follow ed b y  a s ig n ifican t decrease of ca rd iac  o u tp u t  and  system ic b lood  
pressure. T o ta l p e rip h e ra l res is tan ce  also decreases (the  decrease is n e a r ly  
sign ifican t), p o in tin g  to  th e  w ell-know n role of th e  sy m p a th e tic  nervous sy stem  
in  th e  m a in ten an ce  o f p e rip h era l v ascu la r to n e  u n d e r  physio logical cond itions.

The s itu a tio n  is q u ite  d iffe ren t in  th e  lesser c ircu la tion . A lthough  th e re  
occurred  a sligh t decrease in  th e  m ean  pressure v a lu es  a fte r  rem oval o f th e  sp ina l 
cord , th e  change w as n o t s ign ifican t. The change in  p u lm o n ary  v ascu la r re ­
sistance was n o t s ig n ifican t e ith er.

(ii) The effect o f  nor-epinephrine in fu sion  on system ic and p u lm onary  
circulation  (Tables I I  and  II I ) .

The resu lts  o b ta in ed  a fte r  nor-ep inephrine  in fu sio n  are sum m arized  in  th e  
u p p er line of T ab le  I I I .  T he m ean  ra te  o f th e  n o r-ep inephrine  in fusion  w as 
4.34 /rg/kg/m in. S ystem ic  b lood  pressure w as s tab ilized  on th e  average  4.1 
m inu tes a f te r  th e  in fusion  h a d  been  s ta r te d , b y  w hich  tim e  ap p ro x im a te ly  
20 — 30 m l flu id  h a d  been  in fu sed .

In  c o n tra s t w ith  d a ta  in  th e  l i te ra tu re , a s ig n ifican t increase o f ca rd iac  
o u tp u t was observed  a fte r  nor-ep inephrine  in fusion . S ubsequen tly  th e re  oc­
cu rred  a defin ite  e lev a tio n  o f  system ic  b lood  p re ssu re , b u t  no sig n ifican t 
change in  p e rip h e ra l res is tan ce

Sim ilar re su lts  w ere o b ta in ed  for th e  lesser c ircu la tio n , in  th a t  th e re  w as 
a sign ifican t in crease  in  p u lm o n a ry  a rte ria l p re ssu re , w ith  th e  p u lm o n a ry  
cap illa ry  p ressure  unch an g ed . E lev a tio n  of th e  p re ssu re  g rad ien t o f th e  lesser 
c ircu la tion  th u s  p ro v e d  sig n ifican t. The change o f  p u lm o n a ry  a rte rio ra l re s is t­
ance w as n ea rly  s ig n ifican t.

T he b o tto m  lin e  o f T ab le  I I I  shows th e  re su lts  a f te r  e x tirp a tio n  of th e  
sp inal cord and  v ag o to m y . T he m ean  ra te  o f n o r-ep in ep h rin e  in fusion  was 3.91 
(Mg/kg/min, s ta b iliz a tio n  o f  system ic  b lood p ressu re  w as u sua lly  reached  in  4.5 
m inu tes. The sam e q u a n ti ty  o f physio logical sa line  w as ad m in is te red  as before  
th e  opera tio n .

A fte r rem o v al o f  th e  sp in a l cord th e  n o r-e p in e p h r;ne in fusion  d id  n o t  
induce changes in  ca rd iac  o u tp u t. System ic b lood  p ressure , as expected , in ­
creased m ore d e fin ite ly , th a n  before  o p era tio n . T h e  increase o f p e rip h era l r e ­
sistance was sig n ifican t.

P u lm o n ary  a r te r ia l  p ressu re  increased  s ig n ifican tly , defin ite ly  m ore th a n  
before rem oval o f th e  sp ina l cord . P u lm o n ary  c a p illa ry  pressure rem ained  u n ­
changed, hence th e  increase  of th e  p u lm o n ary  p ressu re  g rad ien t w as also sign if­
ican t. T he u n ch an g ed  card iac  o u tp u t and  th e  a u g m e n te d  p u lm o n ary  g ra d ie n t



Table I

The effect o f  the extirpation o f  the thoracic sp ina l cord (T h  I —X I I )  on systemic and pu lm onary  circulation

CO
1/min

b a

CAR 
mm Hg 

b a

TPR
dynseccm-  2 
]> a

PA
mm Hg 

b a

PC
mm Hg 

b a

GR
mm Hg 

b a

PVR
dyneseccm 5 
b a

Mean 1.57 0.94 144 64 8043 6203 16.9 13.7 9.5 7.1 8.4 7.0 423 676

S ta n d ard  dev ia tion 0.47 0.53 16 27 2890 2484 3.9 3.4 3.6 3.5 3.3 2.1 166 277

11 9 10 9 10 8 8 8

P < 0 .0 1 < 0 .0 0 1 < 0 .0 5 > 0 .0 5 ~ 0 .5 > 0 .1 0 > 0 .0 5

difference pe r cen t - 4 0 - 5 5 + 2 3 - 1 9 - 2 5 - 1 7 + 6 0

b =  before; a =  a fte r.
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Table II
The effect o f  nor-epinephrine in fu s io n  on systemic and pu lm onary  circulation

No. kg
Nor­

epinephrine
w /kg/min

CO
1/min

c n

CAR 
mm Hg 

c n

TPR
dyneseccm 5 

c n

PA
mm Hg 

c n

PC
mm Hg 

c n

GR
mm Hg 

c n

PVR
dyneseccm 6 
c n

I. 11 1.8 2.17 120 4 420 17 10 7 258
4.5 0.76 1.05 50 85 5 260 6 480 10 15 4 4 6 11 633 838

2. 9 4.4 1.94 1.82 165 220 6 800 9 670 14 25 9 13 5 12 206 527
0.70 0.73 40 110 4 570 12 080 19 19 13 10 6 9 686 986

3. 10.5 5.2 0.83 1.49 135 210 13 012 11 280 22 16 6 578

4. 11 5.9 0.91 0.75 145 230 12 700 24 530 12 16 9 9 3 7 243 742
11.0 0.78 30 105 10 770 10 14 10 4 410

8.6 0.96 35 100 8 340 10 14 11 3 250

5. 13 2.7 1.20 1.23 160 170 10 340 10 820 13 15 9 7 4 8 266 520
3.8 0.48 0.76 25 75 4 150 7 890 12 14 7 7 5 7 835 738
5.0 0.87 90 8 280 13 7 6 550

6. 13.5 2.6 1.98 2.37 140 5 700 18 18 8 14 10 4 400 135

7. 14 2.1 1.02 1.91 160 180 12 480 7 510 14 16 10 8 4 8 315 335
2.5 0.74 100 11 050 14

8. 14 2.5 1.20 1.50 160 200 10 600 10 600 19 21 9 10 10 11 660 585
2.1 1.00 1.02 75 150 6 000 11 800
2.5 1.24 0.97 55 130 3 550 10 700 11 23 6 10 5 13 320 1070
2.5 1.22 1.76 50 145 3 270 6 600 16 26 9 9 7 17 462 770

9. 11.5 5.2 2,05 2,87 130 175 5 050 5 450 20 31 6 8 14 23 545 720
4.8 0.92 1.08 65 135 5 650 10 800 16 27 5 5 11 22 1080 1620
2.6 1.22 1.50 30 135 1 970 7 200
5.2 0.85 0.67 35 95 3 300 11 400

10. 12 8.3 1.53 1.85 130 160 6 800 6 900 17 24 7 7 10 17 522 735
3.2 0.92 0.82 70 145 6 100 14 100 13 16 4 7 9 9 782 877

11. 13 3.4 1.15 165 205 14 200 27 28 11 12 16 16 1100
2.3 1.28 100 175 11 200 17 23 13 12 4 11 685
4.7 0.77 0.70 50 90 5 200 10 300 16 20 11 12 5 8 520 915

12. 13 4.7 1.06 1.18 135 210 10 200 14 200 25 24 18 14 7 10 530 680
3.0 0.74 0.69 45 135 4 850 15 700 20 18 9 11 11 7 1190 810

c =  c o n tro l;  n  =  n o r -e p in e p h r in e  in fu s io n . w
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Table III
Statistical analysis o f  Table I I

CO CAR TPR PA PC GR PVR
1/min mm Hg dyneseccm 5 mm Hg mm Hg mm Hg dyneseccm 5

c nor c nor c nor c nor c nor c nor c nor

m ean 1.37 1.70 148 196 9770 11 200 17.9 21.8 9.6 10.2 8.3 11.6 410 556
Before

stan d ard  dev ia tion 0.47 0.61 15 23 2720 5.650 4.9 5.5 3.3 2.8 4.4 2.8 161 236
severing

n 10 10 9 10 10 10 10
spinal

p < 0 .0 5 < 0  001 > 0 .3 < 0 .0 2 > 0 .5 < 0 .0 5 > 0 .0 5

diff. pe r cen t + 2 4 + 3 2 +  15 + 2 2 + 6 + 4 0 + 3 6

m ean 0.93 0.97 55 125 4520 10 420 14.4 19.6 8.3 8.8 6.8 11.7 723 958
A fter

stan d ard  dev ia tion 0.24 0.34 24 29 1220 2.910 3.4 4.7 3.3 2.7 2.2 4.2 283 269
severing

n 12 18 12 15 13 13 9
spinal

p > 0 .2 < 0 .0 0 1 < 0 .0 0 1 < 0 .0 0 1 > 0 .3 < 0 .0 1 < 0 .0 5

difference, per cent + 4 + 1 2 7 +  131 +  35 + 6 + 7 2 + 3 3

c — con tro l; no r =  nor-ep inephrine  infusion.
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Table IV
Single injections o f  ep inephrine , single injections o f  nor-epinephrine

op

No. k g
CAR 

m m  Hg 
b a

PA
mm Hg 

b  a

CAR 
mm Hg 

b a

PA
m m  Hg 

b a

CAR 
mm Hg 

b a

CAR 
m m  Hg 
b a

PA
mm Hg 

b a

PA
mm Hg 

b a

Dose
,“ g

l . 11 4 5 75 1 6 11 1 0 0
4 5 9 5 1 4 2 3 1 0 0

3 . 1 0 .5 1 3 5 2 2 2 2 2 2 4 6 5 2 0 5 18 2 8 1 0 5 2 1 5 2 2 2 4 6 0 1 6 0 2 4 27 1 0 0

4 . 11 1 4 5 1 8 5 12 16 3 0 1 2 0 10 12 1 4 5 2 3 0 11 17 3 5 95 12 15 1 0 0
3 5 85 10 11 4 0 1 2 0 1 4 14 1 0 0
4 0 7 5 13 14 1 0 0

5. 13 1 6 0 2 0 5 13 14 2 5 8 5 12 12 1 6 0 1 9 0 14 16 25 9 0 13 14 1 0 0
25 7 5 12 13 3 0 110 13 14 1 0 0

6 . 1 3 .5 135 2 6 5 1 9 2 0 1 0 0 2 2 5 1 9 18 1 4 5 2 6 5 18 2 4 1 0 0 2 3 0 2 3 2 3 1 0 0

7 . 14 1 6 0 1 8 5 1 4 15 5 0 1 0 5 1 5 5 1 9 0 15 2 0 4 5 9 0 14 1 4 1 0 0
5 5 1 0 0 14 1 7 4 0 1 1 5 11 12 1 0 0
4 5 85 11 13 1 0 0

8 . 1 4 1 6 0 2 2 0 19 2 2 5 5 1 2 0 11 2 2 1 2 0 1 9 0 1 6 2 0 7 0 145 1 9 27 1 0 0
55 1 4 0 15 2 5 6 0 1 85 17 28 1 0 0
35 1 4 5 16 2 5 8 0 1 4 5 2 0 26 1 0 0

9. 1 1 .5 1 3 0 1 9 5 9 3 0 65 1 5 0 8 2 0 1 2 5 2 2 0 12 3 7 7 0 1 8 0 7 2 0 1 0 0
3 0 8 5 9 16 5 0 1 2 5 9 10 1 0 0
35 9 5 8 12 4 5 1 0 5 9 12 1 0 0

1 0 . 12 1 3 0 1 9 5 17 2 6 7 0 1 2 0 13 1 9 1 3 0 1 8 0 14 2 6 6 0 1 4 0 11 17 5 0
5 0 1 2 5 11 1 4 4 5 1 5 0 10 13 5 0

1 1 . 13 1 5 5 2 0 0 2 7 28 8 5 1 6 0 16 21 1 6 0 2 3 5 21 2 6 9 0 1 8 0 16 2 0 5 0
2 5 75 16 18 3 0 8 5 16 18 5 0

1 2 . 13 1 3 5 1 9 0 19 2 4 7 0 1 3 0 15 1 9 1 4 0 1 9 5 1 9 2 6 7 5 1 4 5 15 19 5 0
4 0 1 2 5 16 2 0 6 0 1 2 5 15 19 5 0

b  =  b e fo r e ;  a =  a fter .
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in d ic a te d  an  increase  in  a rte rio la r  re s is tan ce  in  th e  lesser c ircu la tio n . This in ­
c rea se  w as n o t s ig n if ic a n t; p e rcen tu a lly  i t  corresponded  to  th e  values o b ta in ed  
b e fo re  th e  o p era tio n . A ccord ingly , th e  sen s itiv ity  to  n o r-ep inephrine  of th e  
a rte r io le s  of th e  le sse r c ircu la tion  w as n o t augm en ted  b y  th e  rem oval of th e  
th o ra c ic  sp inal cord .

(iii) The effect o f  a single in/ection o f  epinephrine resp. nor-epinephrine on 
p u lm o n a ry  circulation. T ab les IV  a n d V  show  th e  effect o f a single in jec tion  o f

Table V

M ea n  pressure differences after single injections o f

Epinephrine Nor-epinephrine

CAR PA CAR PA

b a b a b a b a

M ean
1

61.5 77.7 5.0 4.3 72.5 82.5 7.4 3.1

s ta n d a rd  deviation 31.0 31.0 6.2 3.9 30.5 21.0 6.8 2.5

n 10 10 10 10
p < 0 .0 2 > 0 .7 > 0 .1 >  0.05

b  =  before; a  =  a fte r.

50 a n d  100 jMg of ep inephrine  resp . n o r-ep inephrine  (6.6 /ig /kg  on th e  average). 
T h e  tab les  d e m o n s tra te  th a t  e x tirp a tio n  o f th e  sp inal co rd  increased  th e  e p i­
n e p h r in e  sen s itiv ity  o f th e  system ic  c ircu la tio n , w hereas th e  lesser c ircu la tion  
w as u n affec ted . T h e  sen s itiv ity  to  no r-ep inephrine  w as u n ch an g ed  a fte r  r e ­
m o v a l of the  sp inal cord b o th  in  th e  system ic  and  th e  lesser c ircu la tion .

D iscussion

Ad (i). N a h a s  [19, 20] d em o n stra ted  an  average decrease o f  5.3 m m  H g in 
p u lm o n a ry  a r te r ia l  p ressu re  a fte r  e x tirp a tio n  of th e  sy m p a th e tic  nervous 
sy s te m  from  T h I  to  T h  V II I . I t  is n o t said  w hether or n o t th e  changes w ere 
s ig n if ican t. We o b serv ed  a m ean  decrease of 3.3 m m  H g in  p u lm o n ary  a r te ria l 
p re ssu re  a fte r rem o v al o f th e  sp ina l cord  from  Th I to  T h  X I I .  The pressure  
g ra d ie n t  in th e  le sse r c ircu la tion  su ffe red  a m ean  decrease o f 1.4 m m  H g. 
N e ith e r  of these  changes w ere s ta tis tic a lly  sign ifican t n o r w as th e re  a sig n ifi­
c a n t  increase in  a r te r io la r  resistance  in  th e  lesser c ircu la tion .

These o b se rv a tio n s , how ever, do n o t y e t deny  th e  role o f th e  sy m p a th e tic  
n e rv o u s  system  in  th e  physio logical reg u la tio n  of p u lm o n a ry  circu lation , as 
d e m o n s tra te d  b y  th e  ex perim en ts o f D a l y  el al. [15]. The e x tirp a tio n  of a la rge  
p a r t  o f th e  sp inal co rd  nam ely  in te r ru p ts  p a r t  of the  sy m p a th e tic  in n e rv a tio n  
o f  th e  system ic vessels an d  th e re  are  num erous in te ra c tio n s  betw een p e r i­
p h e ra l  c ircu la tion  a n d  p u lm o n ary  c ircu la tio n .
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A d (Ü). In  th e  case of in ta c t in n e rv a tio n  th e  large doses of n o r-ep in ep h rin e  
used b y  us d id  n o t e lev a te  a rte rio la r res is tan ce  in th e  p u lm o n ary  c irc u la tio n . 
T he increase  of th e  p u lm o n ary  p ressu re  g rad ien t m u st have been  due  to  an  
increase o f card iac o u tp u t .  A ccording to  several a u th o rs , no r-ep in ep h rin e  does 
n o t change , or even decreases, c a rd iac  o u tp u t  [1, 2 1 —24]. The doses a d m in is ­
te red  b y  these  a u th o rs  w ere, how ever, defin ite ly  sm aller, th a n  ours. T h e y  in ­
fused  0.06 to  1.0 //g/kg/'m in while o u r u su a l ra te  w as 4.0 /tg/kg./min, since we 
aim ed  a t  inducing  a sig n ifican t in crease  in  system ic pressure, one a m o u n tin g  
to  50 m m  H g. This m ig h t have been  th e  cause of th e  d ivergence. F ro m  th is  it  
follows th a t  th is  p a r t  o f our ex p erim en ts  supp lied  no in fo rm ation  concern ing  
th e  v a sc u la r  effect o f  no r-ep inephrine  w hich  w ould have  been p roduced  w ith  no 
change in  th e  flow.

A fte r  e x tirp a tio n  of the  sp in a l cord , infusion o f th e  sam e large dose of 
no r-ep in ep h rin e  fa iled  to  elevate ca rd iac  o u tp u t. T his was due m ost p ro b a b ly  
to  th e  decreased  v en o u s tone.

T h u s, a f te r  rem o v a l of the  sp in a l eord a “ p u re ”  v ascu la r effect w as 
ex e rted  b y  no r-ep in ep h rin e  in  th e  lesser c ircu la tion . The response o f  th e  
vessels w as p re su m ab ly  m odified  b y  no r-ep inephrine  accu m u la ted  in  
th e  h e a r t  m uscle o r in  the  v esse ls’ w all. The increase of a r te r io la r  
res is tan ce  in  th e  lesser c ircu lation  w as n o t sign ifican t, a lthough  th e  p e rc e n tu a l 
increase of th e  p ressu re  g rad ien t o f p u lm o n a ry  c ircu la tion  am o u n ted  to  m ore 
th a n  befo re  e x tirp a tio n  o f th e  sp in a l cord .

A fte r  te rm in a tio n  of our ex p e rim en ts  has been pub lished  th e  s tu d y  o f 
D u k e  an d  St e d e f o r d  [25] d e m o n s tra tin g  a decrease in th e  c a t’s p u lm o n a ry  
v ascu la r  resistance  a f te r  rem oval o f th e  s te lla te  ganglion and  th e  u p p e r  sy m ­
p a th e tic  chain . In fu s io n  of ep inephrine  (ap p r. 1.0 /ig/kg/m in) did n o t in crease  
th e  p u lm o n a ry  res is tan ce  only a f te r  sy m p a th ec to m y . W ith  n o r-ep in ep h rin e , 
only a few  ex p erim en ts  were m ade, an d  no defin ite  conclusions w ere d raw n  
from  th e m .

As in  our ex p erim en ts  the  in fu sio n  of nor-ep inephrine  increased  ea rd iac  
o u tp u t  before  rem o v a l o f the  spinal co rd  while follow ing rem oval of the  cord  
th e  increase  failed  to  ap p ear, th e  changes in  p u lm o n ary  resistance befo re  an d  
a fte r th e  o p era tio n  c a n n o t be com pared . To clarify  th e  problem , we a re  s tu d y ­
ing  th e  effect of th e  u su a l sm all doses o f no r-ep inephrine .

A d (iii). P u lm o n a ry  cap illa ry  p ressu re  was n o t recorded  a fte r  single in ­
jec tio n s of ep in ep h rin e  resp . n o r-ep in ep h rin e . As th e  in fusion  of n o r-e p in e p h ­
rin e  d id  n o t a lte r  p u lm o n a ry  cap illa ry  p ressu re  n e ith e r  before n o r a f te r  e x t i r ­
p a tio n  o f  th e  sp in a l co rd , th e  reco rd ed  changes of p u lm o n ary  p ressu re  w ere 
re liab ly  re p re se n tin g  th e  sh ifts of th e  p u lm o n ary  p ressure  g rad ien t. O ur f in d ­
ings in d ica ted  th a t  e x tirp a tio n  o f th e  sp in a l cord increased  th e  se n s itiv ity  of 
th e  vessels o f th e  sy stem ic  c ircu la tion  only , an d  only  to  ep inephrine. T h e  sen ­
s it iv ity  o f th e  vessels o f  th e  lesser c ircu la tio n  increased  n e ith e r  to  ep in ep h rin e .
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n o r  to  n o r-ep in ep h rin e . I t  m ay  therefo re  be  assu m ed  th a t  th e  a c tu a l s ta te  o f th e  
sy m p a th e tic  n e rv o u s  sy s tem  does n o t a ffec t th e  reac tion  o f th e  p u lm o n ary  
vessels to  ep in ep h rin e  a n d  no r-ep inephrine .

E p in ep h rin e  a n d  n o r-ep inephrine  w ere  ad m in is te red  in  la rge  doses in  
th e se  stud ies, to  p ro d u c e  d efin ite  effects in  th e  system ic  c ircu la tion  an d  to  s tu d y  
th e m  in  connection  w ith  th e  changes in  th e  lesser c ircu la tion . P u lm o n ary  
chan g es d id  n o t a lw ay s  follow th e  changes o f th e  system ic c ircu la tion . T his 
m ean s th a t  th e  re g u la tio n  o f th e  lesser c irc u la tio n  differs from  th a t  of system ic 
c irc u la tio n , in  a g re e m e n t w ith  our earlie r f in d in g s  concerning th e  effect o f  
iso la te d  cerebral h y p o x ia  on th e  lesser c irc u la tio n  [26, 27], an d  th e  effect o f  
d iffe re n t ty p es o f sh o ck  (haem orrhage, in ju ry , d ehydra tion ) on system ic and  
p u lm o n a ry  c ircu la tio n  [28].
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A can n u la  w ith  an  in fla tab le  balloon  on it  w as in tro d u ced  in to  th e  co ro n ary  
sinus. B lood o u tflo w  from  th e  sinus th ro u g h  th e  can n u la  w as n o t in te rfered  w ith  even  
w h en  th e  ba lloon  w as in fla ted .

S tre tch in g  th e  wall of th e  sinus b y  th e  balloon cau sed  blood pressure to  fall. T he 
d epresso r resp o n se  w as abolished b y  v ag o to m y . T he d u ra tio n  of th e  h y p o ten s iv e  r e ­
sponse was v e ry  lo ng , blood pressure rem ain in g  low as long  as th e  balloon w as in f la te d , 
in  c o n tra s t  w ith  th e  caro tid  sinus re flex , in  w hich  b lo o d  pressu re  re tu rn s  soon to  i ts  
in it ia l  level in  sp ite  o f th e  con tinued  p ressu re  ex erted  on  th e  sinus wall. F ro m  th is  i t  
fo llow s th a t  th e  re fle x  p lays a role n o t in  th e  m a in ten an ce  of a given level o f blood 
p ressu re , b u t  in  a  la s tin g  ad ju s tm e n t o f b lood p ressure  to  a  new  level.

T he a d ju s tm e n t of blood p ressu re  to  a new  lev e l is realized  th ro u g h  a sh if t in  
th e  p resso r-d ep resso r balance in  th e  dep resso r d irec tion . D uring  coronary  sinus re fle x  
h y p o ten s io n , th e  ca ro tid  sinus h y p e rten siv e  reflex  c an n o t be  elicited , w hereas th e  ca ro tid  
sinus h y p o ten s iv e  re flex  can.

T he re flex  ex erts  a generalized effec t and  m odifies c ircu la to ry  eq u ilib riu m  as a 
w hole owing to  th e  fa c t th a t  its  a ffe ren t fibers fo rm  connections in  th e  re tic u la r  
fo rm a tio n  w hence in h ib itio n  spreads d iffusely  to  th e  cen te rs  tak in g  p a r t  in  th e  re g u la ­
tio n  of blood p ressu re .

F u n d a m e n ta l know ledge concern ing  th e  re f le x  regu la tion  of b lood  
pressure  is based  p r im a rily  on stud ies o f th e  s tre tc h  recep to rs in  th e  c a ro tid  
sinus. S tim u la tio n  o f  th e se  recep to rs m ay  be carried  o u t d irec tly  w ith o u t c re a t­
ing changes in  th e  system ic  c ircu la tion . The p o ssib ility  o f “ d irec t”  s tim u la tio n  
m ade i t  possible to  o b ta in  detailed  in fo rm atio n  on th e  func tion  of these  recep ­
to rs . S tim u la tio n  o f  th e  o ther s tre tc h  recep to r zones (for in stance  th a t  of th e  
au ricu la r recep to rs) is u sually  carried  o u t b y  p ro duc ing  changes in  th e  sy stem ic  
c ircu la tio n . T hus, w h en  describing th e  responses e lic itab le  from  various areas 
we c an n o t go fu r th e r  th a n  to  s ta te  th a t  th e  response is a depressor or p resso r 
one. O w ing to  th e  m ethod ica l d ifficu lties invo lved  in  gain ing access to  th ese  
areas, i t  has been im possib le to  te ll in  w h a t fu r th e r  re sp ec t these reflexes differ 
from  th e  ca ro tid  sinus reflex . Thus, th e  question  is : i f  tw o reflexes ac t alike in  
th a t  th e y  are b o th  p resso r or depressor in  n a tu re , w ou ld  th is  de term ine  th e ir  
place in  th e  re g u la tio n  of blood p ressu re , or are th e re  fu r th e r  q u a lita tiv e  d if­
ferences th a t  m ay  ju s tify  us to  sp eak  ab o u t d iffe ren t ty p es of reflexes even 
w ith in  th e  p resso r a n d  depressor ca tegories?

In  th e  in v e s tig a tio n s  described below  we have s tu d ie d  th e  co ronary  sinus, 
a re c e p to r a rea  n o t kn o w n  before. Since i t  is possible to  s tim u la te  th e  recep to rs
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in  th is  a rea  w ithou t p ro d u c in g  changes in  system ic  c ircu la tio n , th e  n a tu re  o f  
th e  re fle x  response o r ig in a tin g  here could be read ily  com pared w ith  those  elicited 
fro m  o th e r  zones, n o ta b ly  th e  ca ro tid  s inus. M oreover, we cou ld  s tu d y  th e  
in te ra c tio n  betw een  th e  responses e lic ited  from  th e  tw o recep to r zones w ith o u t 
th e  s tim u lu s  em ployed  hav in g  by  its e lf  a n y  d irec t effect on th e  o th e r  
r e c e p to r  zone.

M ethods

T h irty -fiv e  dogs o f e ith e r  sex were used. T he ex p erim en ts  were carried  o u t  un d er ch lora- 
lose , m orphine-ch loralose, o r ch lo ra lose-u re thane  n arcosis . T he dose of th e  an es th e tic  was in d i­
v id u a liz e d , th e  e lic itab ility  o f th e  response d epend ing  n o t  on th e  dose of th e  a n es th e tic , b u t  on  
th e  d e p th  of narcosis (0.05 g /kg  to  0.1 g/kg o f ch loralose). A nesthetics w ere in jec ted  v e ry  
slow ly  in to  the  saphenous v e in  u n til  th e  an im al w as n a rco tized , b u t  th e  co rnea l re flex  w as 
s till  p re se n t. I t  was fo u n d  th a t  general an es th esia  m u s t be induced w ith  th e  u tm o s t p re c i­
sion , b ecause  in  deeper narco sis , w hen th e  co rn ea l re flex  was d im in ished  o r ab sen t, th e  
re flex  response could n o t be e lic ited .

T h e  chest was o pened  b y  m aking incisions in  th e  fo u rth  costal in te rsp a ce  on b o th  sides 
a n d  tra n se c tin g  th e  s te rn u m . A rtific ia l re sp ira tio n  w as s ta r te d  and a  sm all incision  was th e n  
m ad e  in  th e  pericard ium . A M oraw itz  cannu la  w as in se r te d  in to  th e  co ro n ary  sin u s th ro u g h  th e  
r ig h t  a u ric u la r  appendage. O n th e  t ip  of th e  can n u la  th e re  was an  in fla tab le  ba lloon , by  m eans 
of w h ic h  th e  tension  of th e  sin u s w all could be a lte re d . B lood from  th e  sinus w as re tu rn ed  to  
th e  fem o ra l vein th ro u g h  a  po lye th y len e  tu be. T h u s, sinus blood outflow  w as en su red  even when 
th e  b a llo o n  on the  can n u la  w as in fla ted .

T h e  caro tid  sinus h y p e rte n siv e  reflex  (C .S .H .R .) w as elicited b y  c lam p in g  one or b o th  
co m m o n  carotids. The c a ro tid  sinus depressor re flex  (C .S .D .R .) was e lic ited  in  some cases 
b y  p u llin g  th e  caro tid  b y  m ean s of a th rea d  p rev io u s ly  p laced  un d er one com m on  caro tid ; th e  
th re a d  p assed  over a p u lley  a n d  h ad  a w eight on  i t ,  en su ring  a co n stan t ten s io n  on th e  a rte ry . 
I n  o th e r  cases a caro tid  sac  w as c rea ted  in  w hich  p ressu re  was a lte red  b y  in je c tin g  d iffe ren t 
v o lu m es o f physiologic sa lt  so lu tion . C arotid  sinus p ressu re  was recorded b y  m eans of a  m er­
c u ry  m an o m e te r on k y m o g rap h . B lood pressure  w as reco rd ed  in th e  u sua l w ay  fro m  th e  fem oral 
a r te r y  u sing  a m ercury  m an o m e te r.

In  a  few ex p erim en ts  w e have  s tud ied  th e  e ffec t o f th e  co ronary  sinus re flex  on  th e  
c o rn ea l an d  pate lla  reflexes. S en sitiv ity  of th e  co rnea l re flex  was reg iste red  b y  touch ing  th e  
c o rn ea  a t  one po in t a t  eq u al tim e  in te rv a ls  and  eq u a l p ressure . The m easure  o f th e  e lic itab ility  
o f th e  corneal reflex  w as d e te rm in ed  b y  th e  n u m b er o f touches req u ired  fo r eliciting one 
c o n tra c tio n .

In  study ing  th e  kn ee  je rk  th e  ten d o n  of th e  u n ila te ra l rectu s fem oris m uscle w as p re ­
p a re d  a n d  th e  co n trac tio n s o f th e  m uscle were reco rd ed  on  ky m o g rap h  b y  th e  usua l m eth o d . 
In  su ch  cases we e ither reco rd ed  th e  spon taneous re fle x  a c tiv ity  of the  an im al u n d e r  chloralose,. 
o r a p p lie d  rh y th m ic  s tim u la tio n  w ith  re c tan g u la r  im pu lses to  th e  c en tra l s tu m p  of th e  sc iatic  
n e rv e .

A trop ine  su lp h a te , a n d  o th e r drugs, or b lood w as in jec ted  in to  th e  saphenous vein.
T h e  recep tors of th e  co ro n ary  sinus were d e m o n s tra te d  h isto log ically  b y  th e  silver im ­

p re g n a tio n  m ethod of G r o s -S c h u l t z e  [25].

R esults

Stim ula tion  o f  the coronary sinus receptors and the afferent pathw ay

System ic blood p ressu re  d ropped  in  response  to  p ressu re  ex e rted  on th e  
w all o f  th e  sinus b y  in f la tin g  th e  balloon  in  th e  coronary  s inus (F ig. 1 A ). 
T h e  depressor response w as in fluenced  b y  th e  d e p th  of an esth esia  and  b y  th e  
in i t ia l  b lood pressure lev e l. W hen an es th es ia  w as so deep th a t  th e  form erly  
re sp o n siv e  corneal re flex  becam e d im in ished  or could n o t be elic ited  a t  all,.
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in f la tio n  of the  b a llo o n  caused only  a slig h t, o r no fa ll o f blood p ressu re . 
L ikew ise, w hen th e  in it ia l  blood p ressu re  w as low, in f la tio n  o f th e  ba lloon  
h a rd ly  h ad  any  d ep resso r effect.

T he question  arose  w h e th e r th e  p h enom enon  o b se rv ed  was due to  a 
tru e  re fle x  response o r m erely  to  hem o d y n am ic  changes.

T he m ost co nv inc ing  evidence in d ica tin g  th a t  th is  p h enom enon  is based  
on a pu re ly  re flex  m echan ism  is th e  fa c t th a t  i t  could n o t be elicited a f te r  
v ag o to m y . F igure 1C show s th a t  a f te r  vag o to m y  in f la tin g  th e  balloon  produces

F ig. 1 A )  B lood p re ssu re  response to  in f la tio n  of th e  balloon  in  th e  co ro n ary  sinus
B )  In f la tio n  of the  b a llo n  d u rin g  th e  ca ro tid  sinus h y p e rten siv e  re flex  causes a  fall in  b lood

p re ssu re  s im ilar to  th a t  show n u n d e r A )
C ) In f la tio n  of the  b a llo o n  causes no fa ll in  blood pressu re  a f te r  v a g o to m y . T im e signal: 30 sec.
t  b a llo o n  in fla ted  j  b a llo o n  d e fla ted . J_____ [ c lam ping  of th e  b ila te ra l  com m on ca ro tid s

no dep resso r response in d ica tin g  th a t  th e  p a th w a y  o f th e  re fle x  runs in  th e  
v agus. Since a tro p in iz a tio n  does n o t b lock  th e  re flex , i t  can  be in ferred  th a t  
th e  a fferen t fibers a re  invo lv ed  in  th e  depressor response a n d  n o t th e  efferent 
fib e rs .

N o t only v a g o to m y , b u t  also p a in tin g  th e  en v iro n m en t o f th e  sinus w ith  
cocaine abolished th e  dep resso r response; th is  is a d d itio n a l ev idence in d ica tin g  
th a t  th e  e lic itab ility  o f  th e  re flex  is b o u n d  to  th e  in ta c tn e ss  o f  ce rta in  nervous 
s tru c tu re s .
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Effect o f  coronary s in u s  receptors on respiration

As th e  ex p erim en ts  were c a rr ie d  o u t on dogs w ith  an  open  chest, th e  
re s p ira to ry  response could  he s tu d ie d  on ly  superfic ia lly . A fte r in f la tin g  th e  
b a llo o n  in  th e  sinus, th e  re sp ira to ry  m o vem en ts som etim es seen d u rin g  a rtific ia l 
re s p ira tio n  (chest m ovem en ts, gasp ing) were n o t observed . F ro m  th ese  we 
co n c lu d e  th a t  the  re flex  also has an in h ib ito ry  action on th e  re sp ira to ry  cen ter.

Comparison o f  the coronary s in u s  and carotid stretch receptors

T he coronary  sinus reflex  d iffers in  m any  o u ts ta n d in g  fea tu res  from  th e  
c a ro tid  sinus depressor reflex . T he m o s t obvious d ifference is in  th e  d u ra tio n  
o f  th e  depressor response. In  th e  case o f  th e  coronary  sinus re flex , b lood  pressure 
re m a in s  depressed as long  as th e  b a llo o n  is in fla ted  (F ig . 1 A ,  F ig . 2). In  th e

F ig . 2. T he balloon in  th e  sinus is k e p t in f la te d  fo r six teen  m inutes d u rin g  w hich  blood p ressure  
re m a in s  a t  the  new  low er level. The arrow  w ith  th e  broken sh a ft in d ic a te s  th e  in tra v en o u s  a d ­
m in is tra tio n  of 60 m l b lo o d , w hich caused  o n ly  a short dep resso r response ; in  a b o u t th ree  

m inutes blood p ressu re  is b ack  a g a in  a t  th e  resting  level. Signs as in  F ig u re  1

e x p e rim e n t show n in  F igure  2 th e  b a llo o n  was in fla te d  fo r 16 m in u tes  and , as 
can  be seen, th e  b lood  pressure w as m a in ta in ed  a t  a c o n s ta n t low level fo r th e  
p e r io d  of increased sinus ten sion . I n  m an y  experim en ts th e  balloon  was k e p t 
in f la te d  for one to  tw o  hours d u rin g  w'hich tim e th e  b lood  pressure  rem ained  
a t  th e  new low ered level. This m ay  in d ica te  th a t  th e  recep to rs  invo lved  in  th is  
re f le x  ap p aren tly  a d a p t  very  slow ly or no t a t all. To fac ilita te  com parison,
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we p re se n t th e  response ty p ic a l to  stim u la tio n  of th e  c a ro tid  sinus recep to rs 
(F ig . 3). As can be seen, th e  dep resso r response to  th e  increase o f  pressure in  th e  
c a ro tid  sinus sac is q u ite  d iffe ren t in  n a tu re . The blood p ressu re  re tu rn s  to  
th e  in itia l level in sp ite  o f co n tin u o u s s tre tc h  of th e  w alls. T h u s , th e  decisive 
d ifference betw een th e  tw o re flexes m ay  be o u tlined  as fo llow s: While the 
carotid sinus reflex preserves a given blood pressure equilibrium  fo r  a shorter

Fig. 3. B lood response ch a ra c te ris tic  o f c a ro tid  sinus recep to r fu n c tio n . I n  th e  le ft caro tid  sac 
b lood  p ressu re  rises fro m  70 m m  H g to  150 m m  H g. A lthough  pressu re  in  th e  sac  rem ains h igh , 

b lood  p ressu re  g ra d u a lly  re tu rn s  to  th e  con tro l leve l

or longer period, the long duration o f  the depressor response to the coronary sinus  
reflex suggests that here we are dealing not w ith the preservation o f  any given  
equ ilibrium , but w ith  the ad justm ent and m aintenance o f  a new blood pressure 
level.

E ffect o f the coronary s in u s reflex on the elicitability o f  the C .S .H .R .

A d ju stm en t o f th e  b lood p ressu re  to  a low er level m eans o f  course th a t  
th e  reflexes con tro lling  eq u ilib riu m  are in fluenced . W e m ay  sa y  th a t  th e  reflex  
responsib le  for a d ju s tin g  th e  level in fluences th e  o th e r re flex es  involved in  
th e  m ain ten an ce  o f th a t  level. I n  th e  case of h ypo tensive  s ta b iliz a tio n  of th e  7

7 Acta Physiologica XVIII/4.
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b lood  p ressu re  th is  m ean s a su ppression  of h y p e rte n s iv e  tendencies, as a 
re su lt  o f  w hich b lood  p ressu re  eq u ilib riu m  sh ifts in  th e  depressor d irec tion . 
As F ig u re  4 ind ica tes, th is  is w h a t a c tu a lly  happens, fo r th e  C .S .H .R . can n o t 
be e lic ited  as long as th e  balloon  in  th e  co ronary  s inus is in fla te d . H ow ever, 
w hen  i t  is defla ted , e lic ita b ility  o f  C .S .H .R . re tu rn s  g rad u a lly . M oreover, 
even  in  cases w here th e  in itia l b lood p ressu re  level is low  an d  in fla tio n  of th e  
ballo o n  in  th e  co ro n ary  sinus w ill cause no fall in  b lo o d  p ressu re , C .S .H .R . 
c a n n o t be elicited. T h is  suggests t h a t  th e  in h ib ito ry  ac tio n  of th e  co ronary  
sinus re flex  on th e  p re sso r tend en c ies  can n o t be asc rib ed  to  th e  fall in blood

mmHg

lo o -1

Fig. 4. E ffec t of in fla tio n  o f th e  balloon in  th e  sinus in  an  an im al w ith  low  blood pressure; a f te r  
b leed in g  th e  in itia l blood le v e l is 60 m m  H g. In f la tio n  of th e  b a llo o n  causes no fa ll of blood 
p re ssu re  b u t  i t  p reven ts th e  d ev e lo p m en t o f th e  c a ro tid  sinus h y p e rte n s iv e  reflex . A fter de fla tio n  

o f th e  balloon th e  e lic ita b ility  o f C. S. H . R . re tu rn s  g ra d u a lly . Signs as in  F igure  1

p ressu re , b u t to  an  in h ib ito ry  ac tion  on C .S .H .R . w h ich  occurs in  the  v aso ­
m o to r cen ter. As F ig u re  I B  show s, th e  depressor e ffec t develops even w hen 
C .S .H .R . has been e lic ited  and , even  u n d e r such co n d itio n s , is sim ilar to  th e  
h y p o ten s iv e  response sh o w n  in F ig u re  1 A .

E ffec t o f  the coronary sinus reflex on other pressor tendencies

T h e coronary  s in u s  re flex  b locks n o t only th e  p re sso r response to  c lam p­
ing  th e  com m on c a ro tid s , b u t also th a t  due to  o th e r effec ts  such as th e  in tr a ­
v en o u s a d m in is tra tio n  o f  b lood. As F ig u re  2 shows, as long  as th e  balloon is 
in f la te d  th e  in jec tion  o f  as m uch as 60 m l of blood causes no la s tin g  sh ift from  
th e  new  s ta te  of eq u ilib riu m ; b lood  p ressu re  soon re tu rn s  to  its  stab ilized  new  
level a n d  rises to  th e  in itia l level o n ly  a fte r  th e  b a llo o n  has been de fla ted .
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E ffec t o f  the coronary s inus reflex on the carotid s in u s depressor reflex

I t  is obvious th a t  a la s tin g  s tab iliz a tio n  o f b lood  p ressu re  a t a new  low er 
level is possible on ly  w hen  th e  re flexes involved in  th e  m a in ten an ce  of eq u ilib ­
r iu m  rem ain  in ta c t. W h a t we deal w ith  is m erely  a sh if t in  th e  equ ilib rium  o f  
th e  v aso m o to r cen te r, w here p resso r effects are m ore or less suppressed , w hile  
th e  se n s itiv ity  o f dep resso r re flexes are  m a in ta in ed . I t  is show n in  F igu re  5

Fig. 5. E ffec t of s tim u la tio n  of co ro n ary  sinus recep tors on  th e  d ep resso r response  to  p u lling  
th e  c a ro tid  nerve. T he r ig h t com m on c a ro tid  is pulled by  a  th re a d  passing  over a  p u lley , w ith  a 
w eigh t a t  i ts  end. The m ag n itu d e  of th e  dep resso r response is th e  sam e, irresp ec tiv e  o f th e  b a l­
loon  be ing  in fla ted  o r n o t. I  J p u llin g  th e  r ig h t com m on c a ro tid . O th e r signs as in  F ig u re  1

th a t  as long as th e  balloon  in  in f la te d  th e  dep resso r response to  s tre tc h in g  
th e  c a ro tid  is o f th e  sam e m ag n itu d e  as th a t  re su ltin g  from  s tre tc h in g  alone. 
M oreover, as long as th e  balloon  is in fla te d , th e  dep resso r response la s ts  longer 
th a n  in  th e  case o f  s tre tc h in g  a lone. T hus, s tim u la tio n  o f  th e  co ro n ary  s inus 
recep to rs  seems to  increase  th e  d u ra tio n  of the  dep resso r response to  s tre tc h in g  
th e  c a ro tid .

E ffec t o f  the coronary sinus reflex on the corneal reflex and knee je rk

T he fa c t th a t  th e  re flex  can  sh ift th e  ba lance  o f  c ircu la tio n  as a w hole 
su g g ests  th a t  th e  a ffe ren t im pulse  m ay  ex tend  to  m a n y  c e n tra l sites. W e h av e  
th e re fo re  u n d e rta k e n  to  s tu d y  th e  in fluence  of th e  re flex  on tw o such a n a to m i­
cally  d is tin c t re flex  c e n te rsa s  th o se  o f  th e  corneal re flex  and  knee je rk . As i t  
can  be seen in  F igu re  6, e lic iting  th e  coronary  sinus re fle x  in  th e  an im al u n d e r
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ch lo ra lo se  th e  spon tan eo u s re flex  a c tiv ity  is ex tingu ished  an d  m uscle tonus 
d ec reases  m arkedly . A t th e  sam e tim e , th e  e lic itab ility  o f th e  co rneal reflex  
is  d im in ish ed . Figure 6 В  illu s tra te s  th a t  an  increased  in f la tio n  o f  th e  balloon 
re s u lts  in  a more m ark ed  depressor response and  in  a stro n g er in h ib itio n  o f 
re f le x  cen te rs . Such an  ex ten s iv e  sp read  o f in h ib itio n  suggests th a t  th e  afferen t

F ig . 6. E ffe c t of caro tid  n e rv e  a n d  co ronary  sinus recep to r ex c ita tio n  on  th e  co rnea l re flex  and 
k n e e  j e r k  o f th e  anim al u n d e r  chloralose. A bove: b lood p ressu re , c en ter: sp o n tan eo u s reflex 
a c t iv i ty  tra c e d  from  th e  te n d o n  o f th e  rec tu s fem oris m uscle. F igures on  th e  u p p e r  baseline 
in d ic a te  e lic itab ility  of c o rn ea l re flex . Signs as in  F igu re  1 and  F igure  5. E x p la n a tio n  in te x t

v a g u s  fibers involved in  th e  re flex  have  synapses in  th e  re tic u la r  fo rm ation , 
w h e n c e  inh ib ition  sp read s  all over th e  vaso m o to r cen ter. F rom  th is  i t  follows 
i h a t  th e  coronary sinus re f le x  differs in  m any  fea tu res  from  th e  C .S.D .R .; 
n a m e ly , th a t  the fib e rs  o f  th e  twro ca ro tid  nerves are connected  d irec tly  and 
o n ly  u n ila te ra lly  to  th e  r ig h t or le f t cell groups of th e  v a so m o to r center. 
C orresp o n d in g ly , as i t  is seen  in  F igure 7, th e  depressor response to  th e  s tim u la ­
t io n  o f  th e  u n ila te ra l c a ro tid  nerve can n o t block th e  p ressor response to  
c la m p in g  th e  c o n tra la te ra l com m on ca ro tid . T hus, th e  C .S .H .R . can be
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e lic ited  even in  th e  presence of th e  depressor response to  s tre tc h in g  th e  c o n tra ­
la te ra l  ca ro tid . H ow ever, as i l lu s tra te d  in Figure 4, s tim u la tio n  o f th e  co ronary  
sinus recep to rs  can  in h ib it, even  w ith o u t a fall in  b lood  p ressu re , th e  h y p e r­
ten s iv e  response to  clam ping  th e  b ila te ra l com m on caro tid s . As F igure  6A  
show s, w hile s tim u la tio n  of th e  recep to rs  of the co ronary  sinus stro n g ly  in h ib its  
b o th  th e  corneal an d  p a te lla  re flex es , s tim u la tion  o f th e  ca ro tid  nerve  has no 
in flu en ce  w h a tev e r on th e  tw o  re flex es  even th o u g h  th e re  w as a com parab le

F ig . 7. E ffec t o f p u lling  th e  r ig h t co m m o n  c a ro tid  on th e  h y p e rten siv e  response  to  clam ping  
th e  le f t c a ro tid . B lood pressure  rises e v en  du rin g  pulling. Signs as in  F ig u re  1 an d  F ig u re  5

fa ll o f blood pressure. This in d ic a te s  th a t  the  fibers o f th e  la t te r  nerv e  are not 
so in tim a te ly  connected  w ith  th e  re tic u la r  fo rm ation  as are  th e  a fferen ts o f  
th e  co ro n ary  sinus reflex , in  acco rd an ce  w ith  th e  fa c t th a t  th e  fibers of th e  
c a ro tid  nerv e  are  connected  d ire c tly  to  th e  u n ila te ra l or c o n tra la te ra l cell 
g ro u p s in  th e  vaso m o to r cen te r.

Histological dem onstration o f  the receptors

D eta iled  histological s tu d ie s  o f  the  nerve e lem ents in  th e  co ro n ary  
s inus are  in  progress. H ere we w ish  to  deal w ith  th e m  b rie fly . In  th e  p lan e  
a n d  cross sections o f th e  co ronary  s in u s m any  nerve e lem ents are  d em o n strab le  
b y  th e  silver im preg n a tio n  m e th o d . A m ong m any nerve  e lem en ts, m a jo r nerve  
tru n k s  are also visib le n ear the  co ro n a ry  sinus In  th e  sinus p ro p e r th e  n e rv e



348 M. SZENTIVÄNYI and A. JUHÁSZ-NAGY

e le m e n ts  occur m a in ly  in  th e  a d v e n titia  in th e  form  o f nerve  tru n k s  and  fine  
f ib e rs . Single fibers m a y  be followed th ro u g h  th e ir  ram ifica tio n s u n til th e y  
e n d  as receptors, sh o w in g  brush-like b ranch ing . In  th e  p ho tom icrog raph  
p re s e n te d  in  F igure 8 show s th e  b rush -like  re c e p to r ram ifica tio n s  of a fin e  
n e rv e  fiber.

F ig . 8. A rrow  poin ting  a t  b ru sh -lik e  recep to r ram ifica tio n s in  th e  a d v e n titia  o f th e  coronary  
s in u s. G ros-Schultze silver im p reg n a tio n

Discussion

T he nervous fa c to r s  tak in g  p a r t  in  th e  m a in ten an ce  o f a given level of 
b lo o d  pressure are w ell-know n  from  th e  in v estig a tio n s of Cy o n  [1], H ering  [2, 
3 ], H eym a ns  [4] a n d  o thers. A ty p ic a l exam ple o f these  so-called buffer 
re flex es  is the ca ro tid  s in u s reflex , th e  recep to rs o f w hich  are s tim u la ted  w hen 
b lo o d  pressure rises; as a resu lt of th e ir  ex c ita tio n , b lood  pressure  re tu rn s  to  
i ts  o rig inal level. I n  o th e r  w ords, th e se  reflexes are  ac tive  only  in  the  m ain ­
te n a n c e  of a given lev e l o f  b lood pressure  in  re s to rin g  a sh ift from  an equilibrium , 
b u t  p la y  l i ttle  if  an y  ro le  in  crea ting  a new  s ta te  of equ ilib rium  in a p erm anen t 
a d ju s tm e n t of th e  b lo o d  pressure to  a new  level. I t  is know n th a t  the h y p e r­
te n s io n  following th e  tra n se c tio n  of b o th  ca ro tid  or depressor nerves is no t 
a lw ay s  p e rm an en t [5] an d  m eans on ly  th a t  a n o rm a l fa c to r  h indering  th e  
in c re a se  of the  s y m p a th e tic  tone is a b sen t; w hen sy m p a th e tic  tone  decreases, 
b lo o d  pressure re tu rn s  to  norm al [6]. H ow ever, we h av e  no know ledge ab o u t 
th e  ex istence of such  re c e p to r  zones, th e  role of w hich  w ould be d is tinc t from  
t h a t  o f these b u ffe r re flex es  in  th a t  th e y  wTould  n o t m a in ta in  a given blood
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pressure, b u t w ould  a d ju s t th e  b lood  pressure to  a new  s ta te  of eq u ilib riu m  
a t  a new level. In  a d d itio n  to  th e  ca ro tid  sinus re c e p to r zone th ere  are  m a n y  
o th e r s tre tch  re c e p to r  zones th ro u g h o u t th e  body . T he fu n c tio n  and p h y s io ­
logical role of th e se  are little  know n, p a r tly  because th e y  are  d ifficult to  g a in  
access to , and  p a r t ly  because th e ir  s tim u la tio n  can be effec ted  only by  g en era l 
hem odynam ic changes w hich resu lts  in  th e  sim u ltan eo u s stim u la tio n  o f o th e r  
recep to r zones. All th a t  we know  a b o u t th em  is th a t  th e ir  s tim u la tio n  re su lts  
in  a rise or fall o f system ic blood p ressu re . We can n o t say  w hether th e y  p la y  
a role in  the  m a in ten an ce  o f th e  blood pressure e q u ilib riu m  or in  b rin g in g  
a b o u t a sh ift in  th a t  equ ilib rium .

This app lies f ir s t  of all to  th e  recep to r zones in  th e  system ic a r te r ia l  
areas. V asom otor reflexes can  be e lic ited  in  p ra c tic a lly  a n y  system ic a r te r ia l  
a rea , for exam ple , in  th e  area  of th e  th o rac ic  a o r ta  [7], in  various a b d o m in a l 
vessels [8, 9, 10, 11], h ep a tic  a r te ry  [12], in  th e  ex trem itie s  [13, 14, 15], 
an d  even in  th e  ca ro tid  p ro p er [16]. In  m ost cases we do n o t know  th e  s ite  o f  
th e  recep to r, a n d  in fo rm a tio n  on  th e  im p o rtan ce  o f  th e se  reflexes in  th e  
reg u la tio n  of th e  b lood  pressure  effects is b y  fa r n o t so com plete  as is fo r th e  
ca ro tid  sinus re c e p to r zones; th e y  seem  to  serve local reac tio n s and  are th e re ­
fore n o t capable  of a lte rin g  th e  level o f system ic blood pressure.

Such s tu d ies  on th e  recep to rs  in  th e  auricle and  in  th e  g rea t veins [17, 18] 
a re  a priori im possib le , because th e y  can  be s tim u la te d  exclusively  b y  cau sin g  
ex trem e  changes in  system ic c ircu la tio n . More recen tly , th e  site  of th e  re c e p to rs  
in  those areas h av e  been  carefu lly  ana lyzed  [19]. W e face even g rea te r d iff i­
cu lties in  th e  case o f v e n tr ic u la r  recep to rs , th e  ex istence  a n d  presence o f w h ich  
h av e  only re c e n tly  been  asce rta in ed  [20, 21].

P ressor re c e p to r  zones in  th e  p u lm o n ary  a rte rie s  h av e  been d esc rib ed  
b y  m any  w orkes [22, 23]; th e  fu n c tio n  o f these  seem s to  be id en tica l w ith  
th a t  o f the  ca ro tid  sinus re flex . No such re flex  has th u s  fa r  been  described w h ich  
w ould function  to  a d ju s t b lood p ressu re  to  a new  level. T heo re tically , su ch  a 
re flex  m ight be d e m o n s tra te d  on g rounds of th e  follow ing c rite ria : (1) A d ju s t­
m en t of blood p ressu re  to  a new  leve l m u st be e lic ited  from  th e  recep to rs  o f 
th e  reflex  an d  n o t  b y  a s tim u la tio n  o f afferen t fib e rs , (2) stim u la tio n  o f  th e  
recep to r zone m u s t b y  itse lf  n o t p roduce , or be a sso c ia ted  w ith , changes in  
system ic hem odynam ics, (3) th e  re flex  should  be e lic itab le  s im u ltan eo u sly  
w ith  th e  ca ro tid  sinus re flex  so th a t  th e  differences ex is tin g  betw een th e  le v e l­
ad ju s tin g  and  th e  lev e l-m ain ta in in g  reflexes m ay  becom e m anifest w ith  in  one 
experim en t, a n d  (4) as th e  a d ju s tm e n t to  a level m eans a change in  th e  b a la n c e  
betw een  th e  re flexes invo lved  in  th e  equ ilib rium , th a t  is, a change in  th e  s e n s it­
iv ity  to  th em , i t  is desirab le  to  in v es tig a te  how th e  tw o  k inds of reflexes a c t 
on each o ther. A ll these  c rite ria  are  given in  th e  case of s tim u la tin g  the  c o ro n a ry  
sinus recep to rs. As th e  ex p erim en ts  p rove , s tim u la tio n  of these re c e p to rs  
w ith o u t a lte rin g  th e  ou tflow  of b lood  from  th e  sinus b y  m eans of an in f la ta b le
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balloon  on a can n u la  w ill cause a re flex  decline in b lood  p ressu re  w hich is 
a b se n t a f te r  v ag o to m y .

T he co ronary  s inus reflex  is s im ila r to  th e  caro tid  sinus reflex  in  th a t  
s tim u la tio n  of e ith e r  one resu lts  in  a fa ll o f b lood  p ressure . T here  is, how ever, 
a su b s ta n tia l  d ifference in  th e  d u ra tio n  o f  th e  reaction . In  th e  case of th e  
c a ro tid  sinus re flex , b lo o d  pressure soon re tu rn s  to  its  in it ia l  level a lthough  
s tre tc h in g  of th e  s inus is m a in ta in ed , w h ereas  in  the  case o f th e  co ronary  sinus 
re fle x  th e  depressor response lasts  as lo n g  as s tre tch in g  is m a in ta in ed . In  
m a n y  ex p erim en ts  th e  balloon  was k e p t  in f la te d  several h o u rs  an d  th e  new  
h y p o ten siv e  level w as m ain ta in ed  th ro u g h o u t th a t  period . T h is c ircum stance 
b y  its e lf  ind ica tes t h a t  in  th e  case of th e  co ro n a ry  sinus re flex  we deal n o t w ith  
a b u ffe r  system  in v o lv ed  in  the  m a in te n a n c e  of blood p ressu re  hom eostasis 
a t  a g iven  level, b u t  w ith  a reflex  th a t  p ro v id es  for blood p ressu re  hom eostasis 
a t  a new  level. I t  w o u ld  n o t be a p p ro p ria te  to  consider th is  re fle x  as a depressor 
one, because th is  te rm  is reserved  fo r th e  b u ffe r system s a c tin g  against e leva­
tio n s o f  b lood p ressu re . T he te rm  co ro n ary  sinus s tab iliz a to r  re flex  (C.S.S.R.) 
seem s to  be m ore a p p ro p ria te , because i t  in fe rs  th a t  th e  re fle x  p lay s a role in  
ch an g in g  th e  level o f b lood  pressure an d  in  stab iliz ing  e q u ilib riu m  a t th a t  new  
level. A d ju s tm en t to  an d  stab iliza tio n  o f  th e  new h y p o ten siv e  level of b lood 
p ressu re , o f course, m ean s an a d ju s tm e n t to  a new level o f eq u ilib rium , a sh ift 
o f  th e  pressor — dep resso r balance in  th e  dep resso r d irec tion . T h is is m anifested  
in  an  in h ib itio n  o f p resso r tendenc ies, w hile  depressor tendencies rem ain  
u n a lte re d . In  fac t, ev en  i f  eliciting th e  C .S.S.R . is n o t follow ed by  a d rop  
o f b lood  pressure, th e  C .S .H .R . c an n o t be elicited , w hile th e  C .S .D .R . can.

T he ab ility  o f  th e  re flex  to  cause la s tin g  changes in  b lood  pressure eq u i­
lib r iu m  can n o t be b a se d  on th e  p resence  o f special n o n -a d a p tin g  or slow ly 
a d a p tin g  recep to rs a lone . To achieve a la s tin g  shift in  b a lan ce  to  block th e  
ac tio n  o f buffer re flex es  s triv ing  to  e lim in a te  th e  new ly a d ju s te d  hypo tensive  
level req u ire  special c e n tra l nervous connec tio n s th a t  m ake con tro l of these  
re flexes possible. O u r experim en ts h a v e  d e m o n s tra te d  th e  d iffuse connections 
e x is tin g  betw een  th e se  re flex  p a th w ay s a n d  th e  fo rm ation  re ticu la ris . Connec­
tio n  w ith  th e  r e tic u la r  fo rm ation  is in d ic a te d  by  the  fa c t th a t  eliciting  th e  
C .S .S .R . m ay  b lock  so d is ta n t re flex  cen te rs  as those o f th e  corneal reflex  
an d  knee je rk . O f cou rse , no t only C .S .S .R . b u t also C .S .D .R . has connec­
tio n s  w ith  h igher n e rv o u s  centers, n o ta b ly  w ith  th e  re tic u la r  fo rm ation  [24, 
25]. T h is is u n d e rsa n d a b le , because u lt im a te ly  th e  v aso m o to r cen ter is also 
p a r t  o f th e  re tic u la r  fo rm atio n , a lth o u g h  a specialized  one. H ow ever, these  
connec tions are n o t so ex tensive and  d iffuse  as in  the  case o f C .S.S.R . As 
F ig u re  6 shows, th e  sam e fall in  b lood p ressu re  elicited b y  th e  co ronary  sinus 
recep to rs  is asso c ia ted  w ith  a s trong  in h ib itio n  of th e  knee  je rk  and  corneal 
re flex es , w hereas in  th e  case of C .S .D .R . th e re  is no in h ib itio n . B y increasing 
th e  in te n s ity  of s tim u la tio n , blockade o f th e  above tw o re f le x  cen ters by  th e
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C .S.D .R . can  be achieved . T hus, th e re  is a q u a n tita tiv e  difference b e tw een  
th e  tw o reflexes. T his d ifference m ay  be ex p la in ed  b y  th e  fac t th a t  w hile  
th e  fibers of th e  b ila te ra l  c a ro tid  nerve  are  d ire c tly  co n n ec ted  to  th e  rig h t a n d  
le f t  side cells o f  th e  v aso m o to r cen te r, fro m  w hich  th e y  send  re la tiv e ly  few  
co lla tera ls to  h ig h e r nerve  cen ters or to  o th e r  p a r ts  o f th e  re tic u la r  fo rm atio n , 
th e  afferen ts of th e  C .S.S.R . fo rm  connections directly in  the reticular form ation , 
whence inh ib itions spreads d iffu se ly , flood ing  the vasomotor center as a whole. 
I f  th is  were n o t so, th e  C .S .H .R . could n o t be b locked  b y  th e  coronary  sinus 
reflex . The u n ila te ra l  v aso m o to r cen te r re p re se n ta tio n  o f th e  caro tids is in d i­
ca ted  by  th e  fa c t th a t  th e  effect o f c lam ping  th e  u n ila te ra l ca ro tid  canno t be 
b locked  by  s tim u la tin g  th e  c o n tra la te ra l c a ro tid  nerve.

T hus, th e  c rite r ia  o f h y p o ten siv e  s ta b iliz a tio n  seem  to  be, on th e  one 
h an d , th a t  th e  reflexes have  special, slow ly or n o n -a d a p tin g  receptors a n d  
on th e  o th e r h a n d , th a t  th e  a ffe ren ts  have  special cen tra l n erv o u s connections. 
As a th ird  c rite rio n , i t  m ay  be assum ed th a t  in  th e  reac tio n s  o f th is ty p e  th e  
“ C”  afferen ts o f  specia lly  slow c o n d u c tiv ity  ta k e  p a r t .  D o ug la s  and  R itch ie  [26  
27, 28] have fo u n d  la s tin g  b lood  pressure response to  th e  stim u la tio n  w ith  
h igh  p a ram e te rs  o f th e  vagus an d  depressor nerves. T h is fa c t alone is no p ro o f 
th a t  these  fib ers  are in  fa c t s ta b iliz a to r  ones. M ost o f th e m  are likely to  be  
ones of buffer n a tu re  an d  differ in  th e ir  e ffect from  th a t  o f “ A ”  fibers in  th a t  
th e y  carry  ou t th e  bu ffering  o f slow er, m ore la s tin g  changes. S tim u la tio n  of th e  
recep to rs p e rm its  us to  decide w h e th e r we deal w ith  th is , or w ith  a tru e  a d ju s t­
m en t of level. A t an y  ra te , th ese  in v es tig a tio n s  call a t te n tio n  once again  to  
“ C”  fibers. Such a role of “ C”  fib ers  is suggested  b y  th e  observa tions we h av e  
m ade in  lig h tly  an es th e tized , w ak ing  dogs. W hen  we e lic ited  C.S.S.R. in  
such  dogs, th e  an im als w hich h a d  been e x h ib itin g  increased  reflex  a c tiv ity  
an d  re sp ira to ry  m ovem en ts q u ie ted  dow n. T he fa c t th a t  a sim ilar effect w as 
o b ta in ed  a fte r b ila te ra l v ag o to m y  and  s tim u la tin g  th e  u n ila te ra l cen tra l vagal 
s tu m p  w ith  p a ra m e te rs  correspond ing  to  th e  th resh o ld  o f  “ C”  fibers, also 
m ay  ind ica te  th a t  th e  C .S.S.R . is t r a n s m itte d  b y  “ C”  f ib e rs . W e th in k  th a t  
th e  “ C”  affe ren ts  are n o t necessarily  s ta b iliz a to r  fib ers , th o u g h  it is lik e ly  
th a t  the  s ta b iliz a to r  fibers are  “ C”  fibers. T h e ir role in  th e  reg u la tio n  of b lood  
pressure  is d e te rm in ed  by  th e  recep to rs  be longing  to  th em  an d  by  th e ir  cen tra l 
nervous connections. I t  is p robab le  th a t  v a rio u s in te rm e d ia te  form s ex is t 
betw een  th e  b u ffe r  nerves e lim in a tin g  la s tin g  effects an d  th e  tru e  lev e l­
a d ju s tin g  s ta b iliz a to r  system s. T he la t te r ,  how ever, can  be d istingu ished  
from  th e  buffer nerves o f slow er ac tion , in asm u ch  as th e ir  role is to  a d ju s t  
b lood  pressure to  a new  level, ju s t  b y  con tro llin g  th e  fu n c tio n  of the  fo rm er 
nerves involved  in  th e  m a in ten an ce  of eq u ilib riu m . I f  a buffer nerve h as  
an  ever so lo n g -lastin g  ac tion , th is  ac tion  w ill be re s tr ic te d  to  a m ain ten an ce  
o f  an  equ ilib rium  dete rm in ed  fo r i t  by  th e  p rim a ry , lev e l-ad ju s tin g re flex es .
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T rem orine  h a s  been  show n to  cause u n u su a lly  ra p id  h ab itu a tio n  in  th e  m ouse. 
T olerance com prises a ll o f th e  th re e  m ain  cen tra l e ffec ts  o f th e  d rug , v iz ., trem o r- 
p rod u c in g  a c tio n , analgesic  effect a n d  an aesth es ia -p ro lo n g in g  action . S e n sitiv ity  to  
trem o rin e  r e tu rn s  a f te r  d iscon tinu ing  of d rug  a d m in is tra tio n  for 1 to  2 w eeks. T h e  
p ro p e rty  of tre m o rin e  to  be a d ru g  o f to le ran ce  h as to  be k e p t in  m in d , w hen  u sed  in  
ro u tin e  p h arm aco lo g ica l screening.

T rem orine ( l,4 -d ip y rro lid in o -2 -b u ty n e ) is a d ru g  charac terized  b y  th e  
a b ility  to  produce  in  la b o ra to ry  an im als su s ta in ed  tre m o r  strik in g ly  resem bling  
h u m an  park in so n ism  [1, 2]. The trem o rin e  te s t  h as  been  in tro d u ced  in to  th e  
ro u tin e  screening m e th o d s  o f pharm aco logy  b y  E v e r e t t  et al. [1, 2], an d  is 
now  increasing ly  u se d  in  th e  search  for new  an ti-p a rk in so n ism  su b stan ces, 
since th e  tre m o r in d u c e d  b y  th is  d rug  is se lec tiv e ly  an tagon ized  b y  ag en ts  
effective in  the  t r e a tm e n t  of h u m an  park in so n ism  [1, 3, 4, 5, 6, 7, 8]. A p a rt 
from  th e  trem o r-p ro d u c in g  ac tion , trem o rin e  e x h ib its  m arked  analgesic a n d  
an aesth esia -p ro lo n g in g  effects [7]. T he analgesic a c tio n  has also p ro v ed  usefu l 
in  te s tin g  o f a n ti-p a rk in so n ia n  d rugs [8].

In  ou r m ouse ex p erim en ts  [9], th e  analgesic  a c tiv ity  o f tre m o rin e  
exceeded  th a t  o f m o rp h in e , w hile its  anaesth esia -p ro lo n g in g  effect w as a b o u t 
e q u a l in  s tre n g th  w ith  th a t  o f ch lo rp rom azine. T hese  effects, too , w ere com ­
p le te ly  c o u n te rac ted  b y  a n tip a rk in so n ian  drugs, a fa c t in d ica tin g  th a t  n o t on ly  
th e  trem o r-p ro d u c in g  ac tio n , b u t  also th e  an ta g o n ism  against th e  analgesic  
or an aes th es ia -p ro lo n g in g  effects can  be used fo r te s t in g  new' a n ti-p a rk in so n ia n  
su b stan ces  [9], a p o ss ib ility  expressed  also b y  Ch e n  [8].

I n  th e  course o f  th e  above ex p erim en ts , th e  o b se rv a tio n  has been  m ade 
th a t  th e  effects o f  tre m o rin e  are  g rad u a lly  d im in ish in g  a fte r re p e a te d  t r e a t ­
m e n t w ith  th e  d ru g . T he p resen t p a p e r deals w ith  a m ore de ta iled  analy sis  
o f th is  find ing .

M ethods

W hite  mice w eigh ing  17 — 20 g each  w ere used. Tw o se ts  o f exp erim en t w ere carried  o u t  
as to  th e  add ic tiv e  p ro p e rtie s  o f trem o rin e . F irs t ,  th e  to le ra n c e  to  th e  analgesic a c tio n  w as 
in v es tig a te d . F o r th is  p u rp o se , 40 m ice w ere tre a te d  w ith  6 m g /k g  trem o rin e  su b cu tan eo u sly  a t  
a l te rn a t iv e  days. T his dose  p roduces n e a r ly  com plete  an a lg es ia , w ith o u t causing v isib le  tre m o r



3 5 4 L. DECSI, M. V Á RSZEG I »nd GY. M ÉHES

o r a n y  m ark ed  p ro lo n g atio n  o f an aesthesia . T h e  an im als were tre a te d  fo r 16 d ay s and  th e  
an a lg es ic  action  was c o n tin u o u sly  m easured .

I n  o th e r ex p erim en ts , 50 mice w ere t r e a te d  w ith  18 m g/kg trem o rin e  ad m in iste red  
in tra p e r ito n e a lly  or su b cu tan eo u sly . T rem o rin e  a t  th is  dose level e lic its m ark e d  trem o r, 
co m p le te  analgesia an d  v e ry  m arked  p ro lo n g a tio n  o f e th e r anaesthesia . T re a tm e n ts  w ere p e r­
fo rm ed  a t  tw o-days in te rv a ls  for 10 days. A d m in is tra tio n  of th e  drug  w as th e n  d iscon tinued  
a n d  th e  re tu rn  of se n s itiv ity  checked a fte r  a p e rio d  of 1 to  2 weeks.

T h e  trem o r of th e  an im als was ju d g e d  b y  gross o b servation , co n sid erin g  a m ouse 
“ p o s i t iv e ” , w hen show ing d e fin ite  trem o r also  a t  re s t. In  some cases, q u a n ti ta t iv e  ev a lu a tio n  
o f  th e  tre m o r was carried  o u t  b y  th e  a p p a ra tu s  described  b y  A h m e d  and  T a y l o r  [6].

T h e  e th e r anaesthesia-p ro long ing  e ffec t w as e s tim a ted  in  th e  m an n e r p rev io u sly  de­
sc rib ed  [14].

T h e  analgesic ac tio n  w as de te rm in ed  in  tw o  w ays: (i) b y  m aking use o f  th e  h o t p la te  
m e th o d  described b y  W o l f e  and  M cD o n a l d  [10], as m odified b y  H e r r  a n d  P ó r szá sz  [11]; 
(ii) b y  em ploying th e  p ro ced u re  of H a f f n e r  [13], w ith  th e  m odifications g iv en  b y  B ia n c h i  
a n d  F r a n c e s c h in i  [12].

R esults

T olerance to  th e  analgesic a c tio n  o f  low  doses (6 m g/kg su b cu tan eo u sly ) 
o f  tre m o rin e  is d e m o n s tra te d  in  F ig . 1. As seen, trem orine  a t  th is  dose level

F ig . 1. D ecrease o f th e  analgesic  a c tiv ity  o f  trem o rin e  a f te r  rep ea ted  a d m in is tra tio n  of 6 m g/kg  
in tra p erito n ea lly . f 6 m g/kg trem orine

cau ses  analgesia ab o v e  75 per cen t, w h en  given on th e  f irs t occasion. T here­
a f te r , th e  analgesic a c tiv ity  g ra d u a lly  decreases, com pletely  to  d isap p ear 
a f te r  16 days, in  o th e r  w ords a fte r  8 doses ad m in iste red  a t  tw o -d ay s  in te rv a ls . 
F ig . 1 show s th e  re su lts  ob ta ined  b y  th e  h o t p la te  m ethod : th e  re su lts  yielded 
b y  H a f f n e r ’s m eth o d  w ere in  a g reem en t w ith  these.
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Fig. 2 show s th e  resu lts  o f co n tin u o u s  tre a tm e n t w ith  18 m g/kg trem o rin e . 
A s said  above, th is  dose induced  n o t on ly  analgesia, b u t  also a m ark ed  p ro longa­
tio n  of an aesth esia , in  ad d itio n  to  trem o r, in all an im als. T his w as, how ever, 
tru e  only for th e  f ir s t  and , som etim es, fo r th e  second t re a tm e n t. T h erea fte r, 
se n s itiv ity  to  trem o rin e  rap id ly  d ecreased , and  th e  fo u r th  or f if th  a d m in is tra ­
tion  h ad  no effect w h a tev e r. All o f th e  th ree  effects in v e s tig a te d  w ere equally  
invo lved  in  th e  ad d itio n . A fte r ad m in is te rin g  trem o rin e  on five occasions, 
n e ith e r  trem o r, n o r analgesia w ere in duced , nor was an aesth esia  prolonged.

N ex t, we in v e s tig a te d  th e  d u ra tio n  of h a b itu a tio n . A fte r th e  developm ent 
o f  com plete  to le ran ce , trem o rin e  a d m in is tra tio n  w as d isco n tin u ed . P a r t  o f

F ig . 2. T olerance to  trem o rin e  a fte r  re p e a te d  ad m in is tra tio n  of 18 m g/kg  in tra p erito n ea lly . 
I =  18 m g/kg trem o rin e . 1 : analgesic a c t iv ity , H a f f n e r ’s m eth o d ; 2: analgesic a c tiv ity , 

h o t p la te  m eth o d  3: trem o r-p ro d u cin g  ac tio n  4: p ro lo n g atio n  of e th e r  anaesth es ia

th e  an im als w as th e n  in v e s tig a te d  a f te r  a re s t of 8 days. As seen from  Fig. 2, 
s e n s itiv ity  to  tre m o rin e  th en  b eg an  to  re tu rn : th e  d ru g  w as a b o u t h a lf  as 
effec tive  as in  n o rm al, u n tre a te d  m ice. The re s t o f th e  an im als w as re in v esti­
g a te d  12 days a f te r  d isco n tinu ing  trem o rin e  ad m in is tra tio n . S en sitiv ity  a t  th is  
tim e  was p rac tica lly  id en tica l w ith  th a t  of u n tre a te d  con tro l m ice, a fac t 
in d ica tin g  th a t  th e  to le ran ce  w as a lread y  over.

Discussion

A fter th e  in tro d u c tio n  of th e  use of trem orine  as a te s t  in  th e  search  for 
an tip a rk in sso n ian  d rugs [1, 2] w ere d em o n stra ted  its  analgesic [7, 8, 9] and  
an aesth esia -p ro lo n g in g  effects [7, 9] w hich  have also p ro v ed  su itab le  for th e  
sam e purpose [8, 9]. To these  p ro p e rtie s  of trem o rin e  now  a new  one has 
b e e n  added , n am ely  its  causing to le ran ce  in  an im al ex p erim en ts . The develop­
m en t o f to le rance  is su rp ris in g ly  ra p id . Three or fo u r tre a tm e n ts  a lready
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suffice to  cause co m p le te  in se n s itiv ity  to  th e  d rug , especially  a fte r  ad m in ­
is te rin g  h igh  doses. T h e  deve lopm en t o f  to le ran ce  does n o t depend  on th e  ro u te  
of ad m in is tra tio n  ( in tra p e rito n e a l, re sp . subcu tan eo u s). I t  shou ld  be n o ted , 
how ever, th a t  a b o u t 30 p er cen t o f th e  anim als d id  n o t to le ra te  a 18 m g/kg 
dose o f  trem orine  fo r m ore  th a n  6 to  8 d ay s. The d u ra tio n  o f to le ran ce  is sh o rt. 
T he orig inal se n s itiv ity  was p a r tia lly  re s to red  a fte r  a re s t o f one week and 
w holly  a fte r  an in te rv a l  o f tw o w eeks. T here  w as, how ever, a ten d en cy  for a 
m ore ra p id  re -ad d ic tio n .

T he p ro p e rty  o f  trem o rin e  to  cause  rap id  ad d ic tio n  in  th e  m ouse m ust 
n o t be  le f t  ou t o f co n sid e ra tio n  w hen th e  d ru g  is used in  ro u tin e  pharm acological 
screen ing .
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Recensio

M. G á b o r

“ Die pharmakologische Beeinflussung der Kapillarresistenz 
und ihrer Regulationsm echanism en”

(C ap illary  R esis tan ce : I ts  R esponse  to  D rugs an d  I ts  Control) A kadém iai 
K iad ó  (The P u b lish in g  H ouse o f th e  H u n g arian  A cadem y o f Sciences) B u d ap est,

1960

T h e  m o n o g r a p h  g iv e s  a s u r v e y  o f  th e  
a u t h o r ’s in v e s t ig a t io n s  fo llo w e d  for  a b o u t  10  
y e a r s  p a r t ly  in  c o o p e r a t io n  w ith  o th e r  w o r k ­
e r s  a t  th e  sa m e  U n iv e r s i t y  fr o m  w h e r e  h a d  
o r ig in a te d  th e  r e p o r t s  o n  r u t in , o n  t h e  in ­
h ib i to r y  a c tio n  o f  f l a v o n o id s  o n  p e r m e a b il it y  
( R u s z n y á k , Sz e n t -G y ö r g y i , A r m e n t a n o , 
BÉRES, B e NTSÁTH).

I n  th e  g e n e r a l p a r t  o f  t h e  m o n o g r a p h  
t h e  c o n c e p ts  o f  c a p i l la r y  r e s is ta n c e , c a p il la r y  
p e r m e a b il ity  a n d  c a p i l la r y  fr a g i l ity  a re  c la s s i ­
f i e d  a n d  d i f f e r e n t ia te d . T h e  m e th o d s  fo r  
s t u d y in g  c a p illa r y  r e s is t a n c e ,  t h e  m e c h a n is m  
o f  t h e  fo r m a tio n  o f  p e t e c h ia e ,  t h e  c h a n g e s  in  
c a p i l la r y  r e s is ta n c e  (d iu r n a l ,  s e a s o n a l ,  a g e -  
b o u n d ) ,  an d  it s  n o r m a l v a lu e s  in  m a le s  a n d  
f e m a le s  are d e sc r ib e d . O n  t h e  b a s is  o f  t h e  p e r ­
t a in in g  l ite r a tu r e  a n d  t h e  r e s u lts  o f  e x p e r i ­
m e n t s  o f  h is  o w n , t h e  e f f e c t s  o f  p h y s ic a l  f a c ­
t o r s ,  su c h  as th e r m a l e f f e c t s  a n d  th e  a c t io n s  
o f  u l t r a v io le t  a n d  X - r a y  ir r a d ia t io n  a re  d is ­
c u s s e d . T h e  a u th o r  h a s  su c c e e d e d  in  s h o w in g  
t h a t  f la v o n o id s  a n d  t h e  in d e n o c h r o m e  d e r iv ­
a t iv e s  o ffe r  p r o t e c t io n  a g a in s t  th e  u n to w a r d  
e f f e c t s  o f  r a d ia t io n . T h e  p r o b le m  o f  t h e  c o r ­
r e la t io n  b e tw e e n  c a p i l la r y  r e s is ta n c e  a n d  
b lo o d  c ir c u la t io n  i s  a ls o  to u c h e d  u p o n .

I n  t h e  m a in  p a r t  o f  t h e  m o n o g r a p h  ( c h a p ­
t e r  I I )  th e  e f fe c t  o f  v a r io u s  d ru g s o n  c a p il la r y  
r e s is ta n c e  is  d is c u s s e d . I t  is  p o in te d  o u t  t h a t  
b y  t h e  u se  o f  n e w  m e th o d s  i t  h a s  b e e n  c o n ­
f ir m e d  t h a t  c a lc iu m  in c r e a s e s  c a p il la r y  r e ­
s i s t a n c e  an d  t h a t  c a p i l la r y  r e s is ta n c e  d e ­
c r e a s e s  in  r e s p o n s e  t o  h is ta m in e . S k in  ir r i­
t a n t s  are d im in is h in g  c a p illa r y  r e s is ta n c e  
( i )  r e f le c to r i ly ;  ( ii)  b y  c a u s in g  th e  r e le a s e  o f  
h is t a m in e  a n d  o th e r  H -s u b s ta n c e s ;  a n d  ( i ii)  
t h r o u g h  a d irec t  v a s c u la r  a c t io n . I n  c o n t r a s t  
w it h  th is ,  th e  a n t ih is ta m in e  d ru gs (A n te r g a n ,  
N e o a n t e r g a n , S y n o p e n ,  B e n a d r y l ,  A n t is t in e )  
in c r e a s e  c a p illa r y  r e s is t a n c e .  M u st  a u th o r s  
c la im  t h e  sa m e  for e p in e p h r in e , to o . A  s im ila r  
a c t io n  o f  a sc o rb ic  a c id  h a s  b e e n  d e sc r ib e d  b y  
s o m e  a u th o r s , w h ile  o th e r s  fo u n d  v i t a m in  C 
in e f f e c t iv e  in  th is  r e s p e c t .  C a p illa ry  r e s is ta n c e  
in c r e a s e d  in  r e s p o n s e  t o  t h e  ora l a d m in is ­

t r a t io n  o f  t h ia m in e ,  w h ile  i t  su ffered  a t r a n s i ­
to r y  d e c r e a s e  a f te r  t h e  a d m in is tr a t io n  o f  
n ic o t in ic  a c id . C a p illa r y  r e s is ta n c e  is  i n ­
cr e a se d  a lso  b y  p a r a a m in o b e n z o ic  a c id , v i t a ­
m in  E  a n d  v i t a m in  K .

O f t h e  fa v o n o id s , c i t r in e  re s to r ed  t o  n o r m a l  
th e  p a th o lo g ic a l ly - d im in is h e d  c a p illa r y  re ­
s is ta n c e  in  c a s e s  o f  v a s c u la r  p u rp u ra  a n d  a ls o  
in  e x p e r im e n ts .  S im ila r  o b s e r v a t io n s  h a v e  
b een  m a d e  w i t h  r u t in ,  a n d  i t  is  o n ly  w it h  t h e  
e x p e r im e n ta l  s c u r v y  o f  g u in e a  p ig s  t h a t  c o n ­
f l ic t in g  e v id e n c e  h a s  b e e n  r e p o r te d . T h e  
lo w  c a p il la r y  r e s is t a n c e  w a s  in c r e a s e d  a lso  
b y  h e s p e r id in e , a s  w e l l  a s b y  q u e r c e t in e .  
S o p h o r ic o s id e , i s o la t e d  fr o m  J a p a n e s e  a c a ­
c ia , w a s  fo u n d  t o  b e  e v e n  m ore  p o te n t .

T h e  in d e n o c h r o m e  d e r iv a t iv e s  in h ib i t  t h e  
h is t a m in e - in d u c e d  c h e m o s is  in  t h e  c o n ­
j u n c t iv a  o f  t h e  g u in e a  p ig . H a e m a to x y l in  
a ffo rd s  p r o t e c t io n  a g a in s t  t h e  b r o n c h o sp a s m  
e l ic ite d  b y  h is t a m in e  a n d  r e s to r e s  t h e  c a p i l ­
la r y  r e s is ta n c e  lo w e r e d  b y  th e  S h e r m a n  — 
L a  M er — C a m p b e ll d i e t .  C a p illa ry  r e s is ta n c e  
w a s in c r e a s e d  a lso  b y  h a e m a te in ,  b r a s ilin  a n d  
b r a s ile in e .

A m o n g  t h e  c a t e c h o ls ,  d -e p ic a te c h o l w a s  
t h e  m o s t  e f f e c t iv e  in  in c r e a s in g  c a p illa r y  r e ­
s is ta n c e . O f  t h e  a n th o c y a n id e s ,  le u c o c y a n i-  
d in e  in c r e a s e d  b y  3 0  to  10 0  p er  c e n t  c a p il la r y  
r e s is ta n c e , a n d  a lso  t h e  c u m a r in  d e r iv a t iv e s  
in c r e a s e  i t .

I t  is  s h o w n  t h a t  a n t ic o a g u la n ts  (h e p a r in ,  
g lu ta t h io n e ,  a c e to p u r p u r in , C h ic a g o -b lu e , 
G e r m a n in , L iq u o id , la n th a n u m  c h lo r id e )  r e ­
d u ce  c a p il la r y  r e s is t a n c e ,  ir r e s p e c t iv e  o f  
th e ir  b e in g  n a tu r a l o r  s y n t h e t ic  p r o d u c ts*  
o r g a n ic  o r  in o r g a n ic  s u b s ta n c e s .

T h e  a u th o r  a n d  h is  c o -w o rk ers  h a v e  s u c ­
c e e d e d  in  b lo c k in g  t h e  a c t io n  o f  th e s e  a n t i ­
c o a g u la n t  a n d  c a p i l la r y  r e s is ta n c e -r e d u c in g  
a g e n ts . F o r  e x a m p le ,  t h e  a c t io n  o f  L iq u o id  
co u ld  b e  in h ib it e d  b y  p r e tr e a tm e n t  w i t h  
h a e m a te in  a n d  t h a t  o f  h e p a r in  b y  p r e tr e a t ­
m e n t  w it h  p r o ta m in e  s u lp h a te  or to lu id in e  
b lu e . T h e  sa m e  h a s  b e e n  a c h ie v e d  b y  t r e a t in g  
th e  a n im a ls  w it h  r u t in  fo r  so m e  d a y s  b e fo r e
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a d m in is te r in g  h ep a r in . I n  c o n t r a s t  w it h  t h is ,  
C aC l2, a d m in is te r e d  in tr a p e r i to n e a l ly  in  d o se s  
o f  2 5  m g /1 0 0  g o f  b o d y  w e ig h t ,  d id  n o t  s u f f ic e  
to  b lo c k  t h e  ca p illa r y  r e s is t a n c e  lo w e r in g  
a c t io n  o f  h e p a r in . O n  th e  o th e r  h a n d , a m in o -  
p y r in e  a n d  p h e n y lb u ta z o n e  in h ib i t e d  d e v e l ­
o p m e n t  o f  th e  h e p a r in  e f f e c t .  P h e n y lb u t a ­
z o n e  w a s  in h ib ito r y  o n ly  e x c e p t io n a l ly .  T h e  
r e d u c t io n  o f  c a p illa r y  r e s is ta n c e  b y  G erm a ­
n in  w a s  in h ib it e d  b y  to lu id in e  b lu e .

I n  c h a p te r  III  th e  e f f e c t s  o f  D O C A , A C T H  
a n d  c o r t is o n e  o n  c a p illa r y  r e s is t a n c e  are a n a ­
ly s e d ,  in  c o n n e c t io n  w it h  t h e  r e s e a r c h  d o n e  
b y  E ic h h o l t z , N it s c h , R o b s o n  a n d  D u t h ie , 
K r a m á r  a n d  o th e rs . A ll a u th o r s  a g ree  in  
t h a t  c a p i l la r y  r e s is ta n c e  is  e n h a n c e d  b y  c o r ­
t i s o n e  a n d  th is  a c t io n  m a y  b e  s u s p e n d e d  b y  
t h e  a d m in is tr a t io n  o f  s o m a t o tr o p h ic  h o r ­
m o n e . T h e  a u th o r  a n d  D u x  s h o w e d  th e  p a r t

in  t h e  c o n tr o l o f  c a p il la r y  r e s is ta n c e  o f  th e  
A C T H -h e p a r in  a n d  t h e  c o r t iso n e -h e p a r in  
s y s t e m s .  T h e se  r e s u lt s  a re  in  a g r e e m e n t  w ith  
t h e  v ie w  o f  K r a m á r , a c c o r d in g  to  w h o m  
c o r t is o n e  p la y s  th e  p r in c ip a l  rô le  in  t h e  re g u ­
la t io n  o f  c a p illa r y  r e s is ta n c e . T h e  a u th o r  an d  
h is  a s s o c ia te s  ca n  c la im  fo r  t h e m s e lv e s  th e  
c r e d it  fo r  p r o v in g  t h a t  b e s id e  c o r t is o n e  h e p a ­
r in , to o , p la y s  a s ig n if ic a n t  rô le  in  th e se  
m e c h a n is m s .

W ith  i t s  b ib lio g r a p h y  e m b r a c in g  22 5  re fer ­
e n c e s ,  th e  m o n o g r a p h  is  a  v a lu a b le  a c c o u n t  
o f  a  s y s te m a t ic  r e s e a r c h  r e p r e s e n t in g  th e  
c o n t in u a t io n  a n d  e x p a n s io n  o f  in v e s t ig a t io n s  
in  w h ic h  H u n g a r ia n  w o r k e r s  h a v e  b e e n  th e  
p io n e e r s . T h e  m o n o g r a p h  w il l  b e  u s e fu l  to  
a ll  t h o s e  e n g a g e d  in  s t u d ie s  c o n c e r n in g  c a p il­
la r y  r e s is ta n c e .

E . J e n e y
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ACTA PH Y SIO L O G IO A
ТОМ. XVIII. — ВЫП. 4.

Р Е З Ю М Е

ПРОСТОЙ И ЧУВСТВИТЕЛЬНЫЙ МЕТОД ДЛЯ ОПРЕДЕЛЕНИЯ НЕОРГАНИ­
ЧЕСКОГО ФОСФОРА 

Н. А. БИРО, А. МЮЛРАД и ДОБРОНАИ

Авторы разработали метод определения неорганического фосфора путем осаж­
дения фосфора в виде соли стрихнина фосфорномолибденовой кислоты, растворяя про­
мытое осаждение и измеряя поглощение света при 254 тц. Наименьшее определяемое 
количество составляет 0,05 микрограмм в 1 мл. Аденозинфосфат, кальций, магний, три- 
хлоруксусная кислота и хлорная кислота не препятствуют определению. Соль мышьяко­
вой кислоты должна отсутствовать. АТФ не показывает измеряемого гидролиза, а креа- 
тинфосфорная кислота выявляет в примененных авторами экспериментальных условиях 
до 5%-ого гидролиза.

ФОТООКИСЛЕНИЕ МИОГЛОБИНА 
м .  Ш А Й Г О

БИОСИНТЕЗ КОРТИКОСТЕРОИДОВ В НАДПОЧЕЧНИКАХ КРОЛИКА
Д. А. ФАЗЕКАШ

Образование 11 ß ОН группы кортикостероидов в надпочечниках кроликов воз­
можно также путем восстановления 11-оксогруппы. Для этого процесса необходимо 
присутствие молекулярного кислорода. Передающий водород коэнзим не является ДПН. 
Этот процесс можно стимулировать добавлением промежуточных продуктов цикла Сент- 
Дьёрдьи —Кребса. Неповрежденной клеточной структуры не требуется. Биосинтез альдо- 
стерона и кортизола следует из 11-дегидрокортикостерона. Кортикостерон получается 
главным образом из 11-дезоксикортикостерона, но его можно получить также из 11-де­
гидрокортикостерона. Первая реакция происходит приблизительно в два раза интен­
сивнее, чем последняя. В надпочечниках кроликов 17-гидроксиляция может иметь 
место также после введения 21-гидроксилгруппы, но только в том случае, если соеди­
нение обладает также 11-оксогруппой.

МОДИФИЦИРОВАННОЕ ИОДОМЕТРИЧЕСКОЕ ОПРЕДЕЛЕНИЕ ПЕНИПИЛ-
ЛИНАЗЫ
В. ЧАНЬИ

Для определения пенициллиназы принято пользоваться иодометрическим мето­
дом Перре, дающим точные величины, но непригодным для серийных измерений. Для 
серийных измерений этот метод стал пригодным благодаря применению вольфрамата 
натрия и желатины в качестве ингибитора. Приводятся результаты нескольких опреде­
лений, проведенных по этой модифицированной методике.



РОЛЬ КАЛЬЦИЯ В РЕГУЛИРОВАНИИ НАКОПЛЕНИЯ КАЛИЯ В СРЕЗАХ КОРЫ 
ГОЛОВНОГО МОЗГА МОРСКОЙ СВИНКИ 

д . ГАРДОШ

1. Для накопления калия с максимальной скоростью в срезах коры головного 
мозга морской свинки необходимо присутствие ионов кальция.

2. При отсутствии ионов кальция накопление калия совершенно прекращается.
3. Ионы кальция при примененных в экспериментах автора концентрациях совер­

шенно не влияют на углеводный обмен тканей и производство энергии тканями.
4. По мнению автора кальций является основной составной частью механизма, 

регулирующего транспорт катиона.

ИССЛЕДОВАНИЯ О-ГЛИЦЕРАЛЬДЕГИД-З-ФОСФАТ-ДЕГИДРОГЕНЕЗЫ. XVIII. 
ЛИПИДНЫЙ КОМПОНЕНТ ЭНЗИМА

Т. Д Е В Е Н И , Т. К Е Л ЕТ И , БРО Н И СЛА ВА  СОРЕНИ и М. Ш АЙГО

ДЕЙСТВИЕ УДАЛЕНИЯ ЭНДОКРИННЫХ ЖЕЛЕЗ НА ВЫЗВАННУЮ ЗВУ­
КОВЫМ РАЗДРАЖЕНИЕМ, ЭОЗИНОФИЛИЮ

Я. БИРО, В. СОКОЛАИ и Я. ФАХЕТ

У крыс с удаленными надпочечниками (разными способами сохраненных в жиз­
ни), а также у крыс с удаленной щитовидной железой и с положительной реакцией на 
сильный звук и у крыс с удаленным гипофизом, аудиогенная эозинофилия не имеет места. 
У животных с удаленной щитовидной железой, но с негативной реакцией на сильный звук, 
удалось вызвать аудиогенную эозинофилию. Постоянный прием кортизона препятствовал 
повышению числа эозинофильных клеток также у неповрежденных животных. Данные 
авторов говорят за то, что аудиогенная эозинофилия может развиваться, как правило, 
только в случае хорошо уравновешенного снабжения гормонами.

СВЯЗЫВАНИЕ КАЛЬЦИЯ ИЗОЛИРОВАННЫМИ МИОФИБРИЛЛАМИ 

(Предварительное сообщение)
Н. А. БИ РО  и А. МЮ ЛРАД

В О П Р О С  Г У М О Р А Л Ь Н О Й  « F E E D  B A C K »  Р Е Г У Л Я Ц И И  Ф У Н К Ц И И  Г И П О Ф И З -
К О Р Ы  Н А Д П О Ч Е Ч Н И К А

Э. ЭН ДРЕЦ И , к. ЛИШ Ш АК и М. ТЕКЕРЕШ

В опытах на собаках и кошках было установлено, что интрацеребральное введе­
ние ацетата кортизона в количестве 10 или же 50 мг в каудальную часть гипоталамуса и 
f o r m a t io  re t ic u la r is  среднего мозга, снижает функцию гипофиз-коры надпочечника. 
У других нервных структур этот стероид, в примененной концентрации, не вызывал 
изменений. В  то время как кортизон при введении в область гипоталамуса снижал сек­
рецию А К Т Е  соответственно с введенным количеством, со стороны f o r m a t io  r e t ic u la r is  
среднего мозга удалось вызвать снижение только до величины, достигаемой в покое, что 
авторы определили измерением содержания кортизона в крови надпочечной вены. В  
дальнейших исследованиях наблюдалось, что гипертонический раствор хлористого на­
трия, введенный в f o r m a t io  r e t ic u la r is  снижал выделение альдостерона; этого явле­
ния не наблюдалось ни при введении кортизона, ни при введении гипертонического раст­
вора декстрозы. Результаты опытов указывают, на то, что повышение содержания корти- 
коидов в периферической крови может тормозить выделение гипофизом А К Т Г , посред­
ством центральной нервной системы, и посредством ствола головного мозга.



ВЛИЯНИЕ АДРЕНАЛИНА И НОРАДРЕНАЛИНА НА БОЛЬШОЙ И МАЛЫЙ 
КРУГИ КРОВООБРАЩЕНИЯ СОБАК ДО И ПОСЛЕ УДАЛЕНИЯ ГРУДНОГО

СЕГМЕНТА СПИННОГО МОЗГА
К. КАЛЛАИ, Л . ТАКАЧ и Т. Ф ЕНЬВЕШ И

Удаление грудного сегмента спинного мозга (th 1—XII) у наркотизированных 
собак не влияет на сосудистый тонус легочного кровообращения. Капельное вливание 
больших доз норадреналина повышает минутный объём сердца неповрежденных 
животных, и значительного сосудосуживающего эффекта мы не наблюдали ни в боль­
шом ни в малом кругах кровообращения.

Идентичные дозы норадреналина, после удаления сегмента спинного мозга, вцзвали 
сосудосуживающий еффект на периферии, однако в малом кругу кровообращения 
статистически показателного повыжениа артериоларного сопротивлениа не набюдается.

Однократное введение адреналина или норадреналина повышает легочное арте- 
риалное давление. Удаление грудного сегмента спинного мозга повышает чувствитель­
ность всего лишь периферических сосудов и только к адреналину.

ВАЗОМОТОРНЫЙ РЕФЛЕКС НОВОГО ТИПА, ВЫЗЫВАЕМЫЙ ИЗ ВЕНОЗНОГО
СИНУСА

М. СЕНТИВАНИ и А. ЮХАС-НАДЬ

В венозный синус вводили канюлю, снабженную вздуваемым баллоном. Отток 
крови из синуса через канюлю был обеспечен и в случае вздувания баллона.

Натяжение стенки синуса баллоном привело к падению кровяного давления. Это 
явление удалось прекратить перерезкой блуждающего нерва. Снижение кровяного да­
вления весьма длительно, и продолжается до тех пор, пока баллон содержится во вздутом 
состоянии, в противоположность рефлексу пазухи сонной артерии, при котором, вопреки 
вызванному на стенку давлению, кровяное давление скоро достигает первоначального 
уровня. Из этого можно сделать вывод, что роль рефлекса заключается не в сохранении 
определенного уровня кровяного давления, а в прочной установке кровяного давления 
на новом уровне.

Установка кровяного давления на низком новом уровне осуществляется путем 
смещения прессорно-депрессорного равновесия в направлении депрессора: во время 
рефлекторной гипертензии нельзя вызвать гипертенсивного рефлекса пазухи сонной 
артерии, в отличие от гипотенсивного рефлекса сонной артерии, который можно вызвать.

Рефлекс генерализирован и его модифицирующее действие на равновесие всей 
циркуляции обусловливается тем,что афферентные волокна включаются в ретикулярное 
образование, причем торможение диффузно распространяется оттуда на центры, участ­
вующие в регуляции кровяного давления.

ПРИВЫКАНИЕ К ДЕЙСТВИЮ ТРЕМОРИНА
Л . Д Е Ч И , М. ВАРСЕГИ и Д. МЕХЕШ

У мышей развивается поразительно быстрое привыкание к действию треморина. 
Это привыкание наблюдается в отношении всех трех действий треморина на центральную 
нервную систему: — при вызывающем тремор, при потенцирующем наркоз и при боле­
утоляющем действии его. Через 10—14 дней после прекращения введения треморина, 
чувствительность к нему вновь восстанавливается.



ДАННЫЕ О РЕГУЛЯЦИИ ФУНКЦИИ ГИПОФИЗА, ЯИЧНИКА И КОРЫ НАД­
ПОЧЕЧНИКОВ СО СТОРОНЫ ГИПОТАЛАМУСА 

Э. ЭНДРЕЦИ

В опытах на крысах было установлено, что проведенная в передней части гипо­
таламуса электрокоагуляция, разрушающая область между nucleus paraventricularis, 
chiasma opticol И infundibulum, которая распространилась также на regio preoptica, 
в значительной мере повысила вес матки, и обусловливала постоянное состояние течки. 
Эти повреждения повысили также функцию гипофиз-коры надпочечника, которую авторы 
проверяли определением содержания кортикоидов в крови надпочечной вены. Было 
установлено, что у животных с удаленной корой надпочечников изменения половых 
желез более выражены чем у контрольных животных. Далее было установлено, что у 
животных с удаленными яичниками повышенной секреции гормона надпочечников не 
наблюдается. Из результатов экспериментов можно сделать заключение, что реакция 
коры надпочечника, на повреждение гипоталамуса, является следствием первично повы­
шенной функции яичников. С другой стороны кажется весьма вероятным, что секреция 
коры надпочечников уменьшает наступающие после повреждения гипоталамуса изме­
нения половых желез.

ВЛИЯНИЕ ПОСТОЯННЫХ ЖИЗНЕННЫХ УСЛОВИЙ НА КОНЦЕНТРАЦИЮ 
ВОДОРОДНЫХ ИОНОВ СЛЮНЫ ДЕТЕЙ

И. САБО и. К. ТОТ

Исследовалось pH 397 образцов слюны, взятых от 52 детей, живущих в институте, 
и живущих у своих родителей. Было установлено, что pH слюны детей, живущих продол­
жительное время в институте, сигнификантно выше, по сравнению pH слюны детей, 
живущих у своих родителей. В отдельных группах pH слюны детей с хорошими зубами, 
отличалось от pH слюны детей с плохими зубами, однако, как правило, математически 
несигнификантно. Авторы приписывают различие pH слюны у отдельных групп фак­
торам питания и влиянию среды.

ИССЛЕДОВАНИЕ ОРГАНОВ КРОВООБРАЩЕНИЯ КРЫС ПРИ НАРКОЗЕ ПЕНТО-
БАРБИТАЛОМ, УРЕТАНОМ И ХЛОРА ЛОЗОМ, И В БОДРСТВУЮЩЕМ

СОСТОЯНИИ
К. КАЛЛАИ и Л. ТАКАЧ

У наркотизированных пентобарбиталом (внутрибрюшинно 40 мг/кг), уретаном 
(внутрибрюшинно 1 г/кг) и хлоралозом (внутривенно 0,10 г/кг) крыс, проводилось опре­
деление минутного объема, кровяного давления и методом «indicatorfractionation» 
(Рб86) Сапирштейна (1,2) фракции минутного объема органов. По этим данным можно вы­
числять кровообращение органов и их сопротивление кровообращению. На ненарко- 
тизированной группе крыс исследовались только фракции минутного объема.

Полученные при наркозе пентобарбиталом результаты,, соответствуют литера­
турным данным. В наркозе уретаном кровяное давление и сопротивление циркуляции 
сердца ниже чем при наркозе пентобарбиталом. Сердечная и костно-мышечная фракции 
минутного объема выше, а почечная и кишечная фракции ниже. Хлоралоз повышает ток 
крови в кожно- и костно-мышечной системе, но снижает сопротивление сердца и костно­
мышечной системы. Минутного объема почечная фракция ниже, а костно-мышечная фрак­
ции выше. В ненаркотизированной группе крыс поразительно снижение минутного объе­
ма, сердечной, почечной и печеночной фракций и повышение минутного объема костно­
мышечной фракции.
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