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Acta Biol. Hung., 15 (1), 1 — 10 (1964)

STUDIES ON RESPIRATION DURING REGENERATIVE 
CHONDRAL BONE FORMATION 

(FORMATION OF CALLUS)
I. F ö l d e s , É v a  H. O l á h , and L. T a s n á d y

IN ST ITU TE OF ANATOMY, HISTOLOGY AND EM BRY OLOG Y , M EDICAL U NIVERSITY, D E B R E C E N  
(H EA D : ST. K R O M PEC H ER ) AND

SECOND D EPA RTM EN T OF SU RG ERY , M ED ICAL U NIV ERSITY , D EBRECEN 
(H EA D: JÓZSA LA D Á N Y I)

(R eceived  J u ly  1, 1963)

Synopsis

T h e  au th o rs  have  s tu d ied  th e  tissu e  re sp ira tio n  of the  in te rn a l a n d  e x te rn a l 
c allu s in  74 dogs, b y  m ean s of th e  W arb u rg  te c h n iq u e . In  one group of dogs th e  f ra c tu re s  
w ere t r e a te d  b y  m ed u lla ry  nailing  while in  th e  o th e r  no nailing was em p lo y e d . T he 
s tu d ie s  w ere con d u cted  1, 2, 3, 4 a n d  6 w eeks a f te r  frac tu re . In  the  m e d u lla ry  n a iling  
g ro u p  th e  e x te rn a l callu s in it ia lly  show ed in c re a se d  resp ira tio n , th en  a f te r  th e  th ird  
week re sp ira tio n  d im in ished . G rossly  th e  sam e  ap p lies  to th e  in te rn a l c a llu s . In  th e  
n o -n a ilin g  group  the  rise  reaches th e  m ax im u m  a t  3 w eeks, th ere  is a te m p o ra ry  re d u c tio n  
of re sp ira tio n  du rin g  th e  fo u rth  w eek, an d  su b se q u e n tly  resp ira tion  te n d s  to  in crease  
ag a in  d u rin g  th e  s ix th  w eeks. T he in te rn a l ca llu s  show s an excessively h ig h  r a te  o f re s 
p ira tio n  a t  3 w eeks, fo llow ed b y  a m ark ed  d ecrease  du rin g  the  fo u rth , th e n  b y  a n o th e r  
rise  d u rin g  th e  s ix th  w eek. On th e  basis of an  a n a ly s is  o f th e  facto rs p o te n tia lly  in flu e n c 
ing tis su e  re sp ira tio n  th e  a u th o rs  a rrive  a t  th e  conclusion  th a t  the  in c re a sed  r a te  of 
tis su e  re sp ira tio n  is due to  an  im p a irm en t o f  t is su e  m etabo lism  resu lting  fro m  th e  d is 
tu rb a n c e  of v a sc u la risa tio n  follow ing fra c tu re , w hile  a longer persis ten ce , n a tu ra l  or 
a r tif ic ia l ,  o f th e  noxa lead s to  a re d u c tio n  in  re s p ira to ry  ac tiv ity , a m orp h o lo g ica l m a n i
fe s ta tio n  in  th e  ex ten siv e  cartilag e  cell. As o ss if ic a tio n  is gaining p re p o n d e ra n c e , th e  
re sp ira to ry  ra te  show s a p a ra lle l increase. T he ev id en ce  ob tained  ten d s to  in d ic a te  th a t  
in th e  an im a ls  of th e  m e d u lla ry  n a iling  group  th e  d am ag e  is more severe , a s  a re su lt  of 
w hich  cartilag e  fo rm atio n  p e rs is ts  for a lo n g er p eriod .

Introduction

The m etabo lism  of th e  no rm al ossifying carti lage  cell has n o t  b een  s t u 
died ex tens ive ly  and in deta il .  L u t w a k - M a n n  [16], B y w a t e r s  [2, 3, 4], 
H i l l s  [10] found m ore in tense  anaerob ic  glycolysis and very  low  oxygen  
con su m p tio n  in th e  a r t ic u la r  carti lage. O l á h  and  associates [20, 21] s tud ied  
the  re sp ira t io n  of the  regenera t ive  a r t ic u la r  surface  and found t h a t  r e s p i r a 
tion inc reased  in th e  ear ly  phase  of  car t i lage  fo rm ation ,  then it  d e c reased .

H o f f m a n  and  co-workers [11] have  fo u n d  no oxygen c o n s u m p t io n  a t  
all in th e  ep iphyseal carti lage . P i c a r d  a n d  C a r t i e r  [22, 23] fo u n d  a close 
correla tion  be tw een  glycolysis a n d  cellular re sp i ra t io n  or m in e ra l isa t ion ,  re s 
pectively. I t  seemed therefo re  p roper  to  su p p le m e n t  our earlier r e s u l t s  [6, 7, 
8] with d a t a  on m etabo lism , i.e. to  ap p ro ach  th e  prob lem  of re g e n e ra t iv e  c h o n 
dral bone fo rm ation  no t  on ly  from the  m orpho log ica l,  but also f ro m  th e  b io 
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c h em ica l  angle. T herefore  we have u n d e r ta k e n  to  s tu d y  th e  re s p i ra t io n  of 
ca l lus ,  to  ob ta in  ev idence re la t ive  to  th e  m e ta b o l ic  process ta k in g  p lace  in 
th e  d if fe ren t  phases  of  regenera t ive  ch o n d ra l  b o n e  form ation.

M aterial and m eth o d

74 dogs of d iffe ren t b reed  w ere used, d iv id ed  in to  tw o  groups co n ta in in g  37 an im a ls  
each . In  one group  th e  an im a ls  w ere p re tre a te d  w ith  m o rp h in e , anaesthetized  w ith  e th e r ,  th e  
sk in  w as incised  over th e  le f t t ib ia ,  a hole was b o red  in to  th e  m edullary  cav ity  o f th e  b o n e , a 
K ü n ts c h e r  n a il w as in se r te d , th e n  th e  bone was saw n th ro u g h , tak in g  care, to leave  th e  f ib u la  
in ta c t .  T h e  m ed u lla ry  n a il w as p u sh ed  down, k eep in g  th e re b y  th e  frac tu re  ends f ix e d , and 
f in a l ly  th e  sk in  w ound  w as su tu re d .

F ig . 1. D ia g ram m a tic  re p re se n ta tio n  of the  in s itu  to p o g ra p h y  of the  e x te rn a l a n d  in te rn a l  
callus tissu es used for m ea su rin g  resp ira tio n

I n  th e  o th e r g roup  th e  p ro ced u re  was sim ila r, e x c e p t  th a t  no m edu llary  n a ilin g  was 
em p lo y e d . T h e  o p e ra tio n s w ere perfo rm ed  w ith  s t r ic t  a sep sis , sterile bandages w ere p laced  
o v e r  th e  su tu re s , an d  rem o v ed  3 to  4 days la te r. F ro m  one  w eek before o p e ra tio n  on  u n til  
s tu d y  th e  an im als w ere k e p t u n d e r  iden tica l con d itio n s a n d  w ere fed th e  sam e d ie t.

T h e  an im als  of b o th  g ro u p s w ere sacrified  1, 2, 3, 4 a n d  6 weeks a fte r  o p e ra tio n , re sp ec 
t iv e ly ,  b y  h i t t in g  th em  on th e  n a p e  an d  e x san g u in a tio n . A f te r  th a t ,  the  area of th e  f ra c tu re  was 
ex c ised  a b o u t 5 cm  above a n d  5 cm  below th e  line  o f f r a c tu re ,  and the  tissues to  be  s tu d ied  
w ere p re p a re d  o u t as fa s t  as p ossib le . The m uscles a n d  te n d o n s  superior to  th e  s ite  o f f ra c tu re  
w ere  c u t  o ff  w ith  a k n ife , an d  th e  ex te rn a l callus t is su e  w as p rep ared  off. T hen we p e n e tra te d  
th ro u g h  th e  e x te rn a l callus in  b e tw een  th e  ends of th e  f r a c tu re  and excised th e  c e n tra l  ( in te r 
n a l)  c a llu s . In  s itu  to p o g rap h y  of th e  tw o p a rts  is sh o w n  in  F ig . 1. The specim ens re m o v e d  as 
fa s t  a s  possib le  w ere p laced  in to  a  d ish  chilled in ice w a te r ,  m inced  finely by  scissors, a n d  0.2 
to  0 .4  g a m o u n ts  (m easu red  b y  a n a ly tic a l scales) w ere a d d e d  to  th e  W arburg  dish. E v e ry  step  
w as c a r r ie d  o u t ra p id ly  a n d  p o ss ib ly  un d er chilling. T h e  in te rv a l  betw een killing  th e  an im a l 
a n d  th e  o n se t o f s tu d y  v a r ie d  fro m  30 to  45 m in u te s . T h e n  we stud ied  re sp ira tio n  a t  37° C 
ao co rd in g  to  W a rburg  [27]. T o th e  m inced tissu e  we a d d e d  0.5 ml of a 1 per c e n t glucose 
so lu tio n  a n d  su ffic ien t K reb s R in g er phosphate  b u ffe r  to  a d ju s t  the  volum e of 3.2 m l, th e  
v o lu m e  ta k e n  in to  co n sid e ra tio n  w hen  th e  c o n stan ts  o f  th e  vessels were ca lib ra ted , in c lu d in g  
th e  v o lu m e  of th e  specim en  a d d ed  an d  th e  0.2 m l 20 p e r  c e n t  K O H  in th e  cen tre  w ell o f  th e  
W a rb u rg  a p p a ra tu s . W hen  ca lcu la tin g  its  vo lum e, th e  sp ec ific  g rav ity  o f th e  tis su e  s tu d ie d  
w as co n sid e re d  to  be 1. T he m an o m e te rs  of th e  “ L a b o r”  W arb u rg  ap p a ra tu s  w ere sh a k e n  a t 
a r a te  o f 70 /m in ., f i r s t  w ith  th e  stop co ck s open, th e n  w h e n  i t  assum ed the  te m p e ra tu re  o f  the  
w a te r  b a th ,  th e  stopcocks w ere sh u t. T hus, th e  sp ec im en s w ere exposed to  a tm o sp h e ric  a ir.
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A fter 4 hours of re sp ira tio n  th e  W arb u rg  vessels were ta k e n  dow n, th e  c o n te n ts  w ere w ashed 
in to  th e  c ry sta llizer b u lb s , w herein th e y  were d ried  to  c o n s ta n t  weight a n d  w eighed  for dry  
solids. T he re su lts  o b ta in e d  are re la ted  to  th is  d ry  w e ig h t.

M incing th e  spec im ens rep re sen ted  th e  g re a te s t d iff ic u lty  in the p ro ced u re , because  th e  
sm all q u a n tity  of th e  m a te ria l  av a ilab le , an d  m ain ly  th e  fa c t  th a t  i t  w as d iff ic u lt  to  m ince, 
m ade it  im possible to  u se  e ith e r the  P o t te r  h o m o g en a to r, o r L a tap ie ’s g rin d er, or th e  W aring  
b lendor. The only po ss ib le  w ay to  m ince  th e  m a te ria l  w as to  use scissors, a n d  m incing  w as 
co n tin u ed  u n til th e  pieces were so sm all t h a t  th e  sc issors cou ld  n o t ca tch  th em  a n y  m ore.

T he su b je c tiv ity  o f assessing th e  m easure  o f m in c in g  an d  the  fa c t t h a t  th e  m ate ria l 
was w orked in  a ir  a n d  n o t  in  0 2 a tm o sp h e re  exp la in  w h y  we did no t c a lcu la te  th e  Q* 0 2, 
e ith e r. The d a ta  o b ta in e d  can  be used  fo r com paring  th e  re su lts  o b ta ined  for th e  single layers 
of th e  callus and for th e  d e te rm in a tio n  o f th e  d ifferences in  th e  resu lts  m easu red  a t  d iffe ren t 
p o in ts  of tim e a f te r  th e  frac tu re .

The specim ens w ere s tud ied  h is to log ically , to o , in  o rd e r to  de te rm in e  w h e th e r  th e  rege
n e ra tio n  of bone h ad  proceeded  acco rd in g  to the  n o rm al p a tte rn s .

цЮ21д1Ьоиг

F ig. 2. D ia g ram m a tic  re p re se n ta tio n  o f th e  av erage  re sp ira tio n  values o f th e  e x te rn a l and 
in te rn a l  callus in  dogs w ith  a n d  w ith o u t  m edullary  nailing  

■ ex te rn a l a n d  in te rn a l  callus w ith  n a i l i n g ; ------------a n d --------- — contro ls

Results

The resu lts  o f  the  re sp ira t io n  stud ies , as well as on th e  basis o f  th e  average 
values the  re s p i ra to ry  ra tes  o f  th e  e x te rn a l  a n d  in te rna l  calluses o f  the  two 
groups in th e  d ifferen t s tages have been rep resen ted  g raph ica lly  (Fig. 2.) 
The d a ta  reveal t h a t  in the  m edu lla ry  na il ing  group one week a f te r  operation  
th e  ex te rna l callus consumed 360 m icrolitres o f  oxygen in 1 h o u r .  This , as well 
as the  o the r  num erica l  d a ta  express  the  o x ygen  consum ption  b y  1 g d ry  solids 
in 1 hour, in  m icrolitres. D u r in g  the  second week the ex te rna l  callus consumes 
even more o x ygen ,  th en  oxygen  c o n su m p tio n  g radually  decreases  from  the  
th i rd  week on u n t i l  the  s ix th  week, to  329 m icrolitres. Tn th e  m e d u lla ry  nail
ing group th e  oxygen  consum ption  of th e  in te rn a l  callus was 319 microlitres 
d u r ing  the  f i rs t  week, followed by  a slight decrease during  th e  second, and 
a rise during  th e  th i rd ;  f ina l ly ,  the  decrease  con tinued  d u r ing  th e  fo u r th  and 
s ix th  weeks (to  309 microlitres), like in th e  case of the  e x te rn a l  callus. In  the  
no m edulla ry  nailing  group th e  e x te rn a l  callus consum ed 341 m icro litres  of
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o x y g e n  b y  th e  end of th e  f i r s t  week. T hen  o x y g en  consum ption  inc rea sed  up 
to  549 microlitres u n t i l  th e  t h i r d  week, followed b y  a m in im al decrease  d u r ing  
th e  f o u r th ,  th en  a n o th e r  in crease  during  th e  s ix th .  The in te rna l  callus showed 
r a t h e r  i r reg u la r  re sp ira t ion  va lues .  D uring  th e  f i r s t  w eek  th e  oxygen  c o n su m p 
tio n  w as 321 microlitres, followed by  a decrease d u r in g  the  second a n d  a re 
m a r k a b le  increase d u r ing  t h e  th i rd  week, t h e n  d u r in g  the  fou r th  w eek  i t  fell 
s te e p ly  b a c k  to  the  f irs t  w eek  value , and f ina l ly  th e re  came a rise aga in  d u r ing  
th e  s ix th  week.

C om parison  of the  re sp i ra t io n  values of  th e  ex te rn a l  calluses of  th e  tw o 
g ro u p s  revea ls  t h a t  oxygen  co n su m p tio n  is h ig h er  d u r ing  th e  f i rs t  tw o  weeks 
in  t h e  m ed u lla ry  nailing  g ro u p ,  whereas in th e  no-na il ing  group th e  oxygen  
c o n s u m p t io n  is h igher in th e  r e s t  of the  o b se rv a t io n  period. As to  th e  in te rn a l  
ca lluses ,  th e  nailed group sh o w ed  higher oxygen  co n su m p tio n  in th e  f i r s t  tw o 
w eeks , d u r in g  the  th ird  week  oxygen  co nsum ption  w as h igher in th e  n o t  nailed  
g ro u p ,  d u r in g  the  fo u r th  th e  n a i led ,  and  during  th e  s ix th  th e  not na i led  showed 
h ig h er  o x ygen  consum ption  v a lu es ,  i t  is to  be n o te d  th a t  the  levels a t  which 
th e  d ifferences were s ign if ican t  were: 6-week e x te rn a l  calluses 0.02, 3 - a n d  4- 
w eek  c o n tro l  in te rna l  calluses 0.05, 3-week na iled  a n d  control in te rn a l  calluses
0.10, 3- a n d  4-week nailed e x te r n a l  calluses 0.10, 3- a n d  4-week contro l e x te rn a l  
calluses 0.10, and  6-week in te r n a l  calluses 0.116. I n  th e  o the r  stages t h e  d iffe r
ence b e tw e e n  the  re sp i ra to ry  va lues  of the  na iled  a n d  control an im als  was 
n o t  s ig n if ican t .  The significance was ca lcu la ted  b y  th e  Wilcoxon te s t .

Discussion

T h e  resu lts  o b ta ined  in d ic a te  t h a t  in th e  case of  th e  ex te rna l calluses, 
in th e  f i r s t  p lace, the  re sp i r a to ry  values are h igher  in  th e  nailed an im als  d u r in g  
th e  f i r s t  w eek  a lready, and  a f te r  reach ing  a m a x im u m  in th e  tw o-w eek  pe r io d ,  
th e y  c o n t in u e  to  decrease g ra d u a l ly  till th e  end  o f  th e  observa tion  pe r iod .  
As o p p o se d  to  this , in th e  n o n -n a i led  (control) dogs th e  m a x im u m  re sp i ra t io n  
is fo u n d  in  th e  th ird  week, t h e n  com es a decrease la s t in g  a b o u t  1 week, fo llowed 
b y  a r ise  again. In  th e  n a i le d  anim als th e  e x te rn a l  calluses show h ig h e r  
r e s p i r a to r y  ra te s  during  th e  f i r s t  th ree  weeks t h a n  th e  in te rn a l  ones, a f te r  t h a t  
th e  d iffe rences  are levelled o u t .  E x c e p t  for th e  3-w eek values , in th e  n a iled  
an im als  t h e  oxygen c o m su m p t io n  b y  th e  in te rn a l  callus was lower t h a n  t h a t  
b y  th e  e x te rn a l  callus. As to  t h e  nailed a n d  c o n tro l  animals, th e  o x y g en  
c o n s u m p t io n  of the  in te rn a l  ca llus  was s lightly  h ig h e r  in  th e  controls d u r in g  
th e  f i r s t  tw o  weeks and  d u r in g  th e  fo u r th  week.

W h a t  th e n  accounts for t h e  differences and  w h a t  fac to rs  m ay  be in v o lv ed  
in th e  ch an g es  of tissue re sp ira t io n .

1. V ascu la r isa t ion  should  b e  th o u g h t  of, in  th e  f i r s t  place. I t  ap p ea rs  to  
be n a t u r a l  t h a t  the  vascu la r  s u p p ly  to  the  tissues a n d  cells has a s ign if ican t
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role to  p la y  in  their resp ira tion , b ecau se it is b y  w ay  o f  th e b lood  v e s se ls  th a t  
n ou rish m en t and oxygen  are su p p lied  to  th e  tissu es  and cells . In th is  c o n n ex io n  
a tte n tio n  sh ou ld  be d irected  to  our earlier w ork  [15], in  w hich  we h a d  e x a m 
ined th e  vascu lar isa tion  o f  th e  ca llus in  n a iled  and n on-nailed  an im a ls  a t  d iffer
en t in te rv a ls , in jectin g  C hina ink an d  em p lo y in g  th e  S p a lteh o ltz  m e th o d . It  
w as fou n d  th a t  after fractu re cap illarisa tion  b egin s p er io stea lly  d u r in g  th e  
f ir s t  w eek , th ere is no a c t iv i ty  in  th e  en d o steu m , w hile a t th e  sam e t im e  in the  
m ed u llary  n a iled  anim als a m in im u m  a m ou n t o f  cartilage tissu e  is fo u n d  under  
th e  p erio steu m . D uring th e  seco n d  w eek  th e  vascu lar isa tion  from  th e  p er io steu m  
is arrested  for som e reason , corresp on d in g ly  th e  is le t  o f  cartilage in cr ea se s  in 
size; en d o ste a lly , th e b lo o d  v esse ls  co n tin u e  to  he ab sen t. D u r in g  th e  th ird  
w eek  en d o ste a l v a scu la r isa tio n  sta rts; th e  p er io stea l cap illaries to o , sh o w  m ore 
and m ore ram ifica tion s. D u r in g  th e  fou rth  w eek  th e  cap illaries are grow in g  in 
f ir st o f  a ll from  the en d o steu m , th o u g h  som e v ascu lar  buds are v is ib le  in  th e  p eri
o steu m  as w ell, and at th e  sam e tim e th e  is le t  o f  cartilage is st ill v e r y  e x te n s iv e .  
D u rin g  th e  s ix th  w eek  v a sc u la r isa tio n  is in te n se  from  b oth  th e  e n d o ste u m  and  
p erio steu m , and a n astom oses are p rod uced  b etw een  th e tw o n e tw o r k s . H is to lo 
g ica lly , th e  size o f th e is le t  o f  cartilage is redu ced  to  a m in im u m . I f  w e try  to  
esta b lish  a parallellism  b e tw e e n  th e tw o  fin d in g s, Ave en cou n ter d iff ic u lt ie s  right  
a t th e  b eg in n in g . It is n o t k n o w n  n a m e ly  w h a t v a lu e  w ould rep resen t th e  startin g  
p o in t and con seq u en tly  it  is  n o t know n  w h eth er th e  va lu e  o b ta in e d  during  
th e  f ir st Aveek for resp iration  is an in creased  or a reduced  on e. I t  is a h igh  va lu e, 
as com p ared  w ith  the resp ira tion  o f  cartilage, and it is h igh  also w h e n  w e com 
pare it  w ith  th e va lu e o b ta in ed  b y  O láh  and assoc ia tes [20, 2 1 ]  d u rin g  the  
first w eek  o f  regeneration  o f  th e  articu lar su rface. A t an y  ra te , th e  ra th er  high  
rate o f  t issu e  resp iration  seem s to  be in  h arm on y  w ith  th e rath er g o o d  v a scu la 
r isa tion . B u t during th e  secon d  w eek  th e  tissu e  resp iration  o f  th e  extern al 
callus co n tin u es a lth o u g h  th ere is  a rem arkable decrease in  th e  in g ro w th  of 
blood v e sse ls . In th e n a iled  an im als th e  ex tern a l b lood  su p p ly  c o n tin u e s  to  
d eter iora te  during th e  th ird  w eek , th e  resp ira tory  va lu e d ecreases. D u r in g  the  
fourth  an d  th e  six th  w eek s v a scu la r isa tio n  increases, and y e t  o x y g e n  con su m p 
tio n  d ecreases further in  th e  ex tern a l ca llus o f  th e  n ailed  a n im a ls . D u r in g  the  
first tw o  w eeks en d o stea l v a scu la r isa tio n  is stron g ly  reduced  in  th e  m ed ullary  
n ailed  an im als, Avhich th e  ex tern a l tries to  rem ed y  during th e  f ir s t  w eek , w ith  
th e resp ira tion  d im in ish ed , th en  d uring th e  third  w eek  an in crea se  o f  respira
tion  r e su lts  for a AÂ hile, fo llow ed  b y  an oth er decrease, in sp ite  o f  th e  fa c t  that 
from  th e  th ird  w eek on  v a scu la r isa tio n  sta rts  gradually .

T h is com parison , to o , revea ls th a t  resp iration  does n o t fo llo w  stric tly  
p ara lle lly  v a scu la r isa tio n . S im ilar resu lts h ave been  ob ta in ed  b y  O l á h  and 
a sso c ia tes  [20, 21] in  th e  case o f  th e  regen eratin g  articu lar su rfa ce . T hus, in 
th e se v en  d ay  stage w h en  va scu la r isa tio n  is m ost fa v o u ra b le , h isto lo g ica lly  
cartilage-free , you n g  g ra n u la tio n  tissu e  is fou n d , at th e sam e t im e  th e  rate o f
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t is su e  respiration  is th e  low es t ,  as com pared  w i th  th e  resu lts  o b ta in ed  in  la te r  
s tages .  And yet th e  d e v e lo p m e n t  of the re g e n e ra t in g  a r t icu la r  surface is accom 
p an ied  b y  vascu la r  p a u p e r i s a t io n ,  by  a c o n t in u o u s  increase in the  size of  the  
is le t  o f  cartilage, b u t  th e  oxygen  consum ption  decreases . These changes, too, 
in d ic a te  th a t  a l th o u g h  th e r e  is a correlation b e tw e e n  vascu la r isa tion  a n d  t issue 
re sp ira t io n ,  there  is no  para l le l l ism  betw een  th e  tw o.

2. There are d a t a  in  t h e  l i te ra ture  in d ic a t in g  t h a t  the  enzym es invo lved  
in  resp ira tion  do no t  e x h a u s t  the ir  entire c a p a c i ty ,  i.e. un d er  cer ta in  conditions 
cell func tion  can be m a in t a in e d  longer by  in c rea s in g  th e  capac ity .  So for e x a m 
p le  according to  th e  p a p e r s  b y  W arburg  [27, 2 8 ] th e  increase of OH ion con
c e n t ra t io n ,  or m e ch an ica l  in ju ry  to the  ech inus  eggs increases re sp ira t ion .  
S im ila r  evidence has  b e e n  re p o r te d  by o th e r  a u th o r s  [1, 9, 24]. This w ay  it  is 
poss ib le  t h a t  in our e x p e r im e n ts  the  dam age cau sed  b y  th e  decrease of  v a sc u la 
r is a t io n  m ay  be re spons ib le  for the  initial inc rease  in the  ra te  of re sp ira t ion , 
j u s t  as O l á h  and asso c ia te s  [20, 21] have a ssu m ed  i t  to  be th e  case w ith  the  
re g e n e ra t in g  a r t icu la r  su r fa c e .  The ad ap ta t io n  s tu d ie s  of  U s h a k o v  [26] yielded 
s im ila r  evidence. This  a u t h o r  u nders tands  ce llu lar  a d a p ta t io n  to  be an  increase 
o f  res is tance  against n o x a e .  According to his r e su l ts ,  if  not in tin; connective , 
s u p p o r t iv e  tissue, b u t  in  th e  m uscle , too, the re  is a n  ab i l i ty  to  str ive  to  m a in ta in  
th e  original s i tua t ion . T h is  t h e  cells t ry  to  ach ieve  th ro u g h  the  func tion  and 
m e ta b o l ism  of enzym es a n d  pro te ins .  Thus, o b v io u s ly  th e  support ive  tissues, 
too , t r y  to  m ain ta in  n o r m a l  conditions by s ig n if ican t ly  increasing m etabo lism , 
b y  m obilis ing  existing  re se rv e s .  I t  is likely t h a t  th i s  increased, forced a c t iv i ty  
le a d s  to  a tem p o ra ry  o v e rp ro d u c t io n .  Though n o t  exc lus ive ly ,  th e  decrease of 
v a scu la r isa t io n  m ay ,  in o u r  op inion, lead to  d a m a g e  to  the  cells and  the ir  
m e tab o l ism . I t  is to  be n o te d  here th a t  from a m o n g  th e  enzym e sys tem s th e  
g ly co ly tic  one is r a th e r  a c t iv e  [17], but the  su cc in a te  and  citric acid d e h y d ro 
g enase  activities are n o t  s ign if ican t  in cartilage [5]. F ro m  th is  also follows th a t  
t h e  com p en sa to ry  a c t iv i ty  o f  t h e  cells gets e x h a u s te d  and  in case the  dam age  
p e rs is ts ,  the  consequences o f  i t  become d o m in a n t  in  th e  cell, which will be 
m a n ife s t  in a decrease o f  re sp ira t io n .

3. W hen e n u m e ra t in g  th e  factors t h a t  m a y  b e  involved in the  increase 
or dec rease  of re sp ira t ion ,  th e  changes in th e  cell c o u n t  o f  the  g ranu la t ion  
t is su e ,  too , should be t a k e n  in to  consideration. I t  h a s  n a m e ly  been rep o r ted  
b y  W a r b u r g  [27, 28] a n d  N e u h a u s  [18,19] t h a t  t h e  increase  in th e  cell coun t 
o f  a t is sue  goes to g e th e r  w i th  an  increase o f  cell re sp ira t io n .  This m ay ,  o f  
cou rse ,  possess significance, b u t  in  our case i t  is d if f icu lt  to  see how i t  m a y ,  
b e c a u se  different ty p es  o f  cell app ea r  in th e  d i f fe re n t  s tages, as a re su l t  o f  
w h ich  th e  changes in cell c o u n t  can  not be e v a lu a te d .

4. I t  m ay  also be a s s u m e d  th a t  a m e tab o l ism  of exc ita t ion  arises, in 
re sp o n se  to  certain, for e x a m p le  stressor, effects. F r a c tu r e  of  the  bone m a y  be 
con s id e red  in a sense to  be  an  effect of th is  so r t .  T h is ,  too , m a y  expla in  th e
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increased re sp i ra t io n  observed in i t ia l ly ,  m a in ly  in th e  ex te rna l  lay e rs .  Y et ,  
we th in k  t h a t  a s tressor effect m a y  n o t  la s t  tw o  or th ree  weeks, a n d  t h a t  such 
an effect o u g h t  to  exer t  the  sam e influence  b o th  ex te rna lly  and in te rn a l ly .

On th e  bas is  o f  the  above co ns ide ra t ions ,  ou r  results  m ay  be in te rp re te d  
as follows.

Tn the  an im als  w ith  m ed u lla ry  na iling  a f te r  th e  frac tu re  th e  b lo o d  vessels 
are broken, th e  b lood  supply  is im p a ired  a n d  as a resu lt  the  tissues in th e  area 
of  the  ex te rn a l  callus are d am ag ed .  To th is  th e  cells respond by  h y p e r fu n c t io n ,  
forced m e tab o l ism  and resp ira t ion . E v en  the  re su lts  ob ta ined  d u r in g  th e  first 
week ind ica te  t h a t  the  d am age  deve loped  im m ed ia te ly  after  f r a c tu re .  This 
m a y  be im p ro v e d  to  some e x te n t  b y  th e  p e r io s tea l  vascu la r isa t ion , b u t  th is  is 
no t  suffic ient,  and  therefore  oxygen  c o n su m p tio n  will be h igher sti l l  d u r ing  
the second w eek . L a te r ,  how ever, th e  cells e x h a u s te d  and in ju red  b y  th e  def i
ciency of e x te rn a l  and  in te rna l  blood su p p ly  will no longer be able  t o  m e e t  the  
requ irem en ts  o f  th e  changed cond it ions  a n d  re sp ira t ion  as well as m e tab o l ism  
will decrease. These  changes in  th e  co n d it ions  are indicated  b y  th e  ex tens ive  
islet of ca r t i lag e  in the  callus, th e  m orpho log ica l  s t ru c tu re  of a d a p ta t io n  to  the  
a lte ra tion  in  t h e  conditions. T h e  s i tu a t io n  is s im ilar  in the  e x te rn a l  callus ol 
the  not n a i led  anim als. The difference here  is t h a t  the  dam age is n o t  so e x te n 
sive. The in te rn a l  blood su p p ly  is no t  so severe ly  affected, as a re s u l t  o f  which 
the  d am age  to  the  tissues deve lops  a t  a lesser speed. This a c c o u n ts  for the  
fact t h a t  re sp i ra t io n  reaches th e  m a x im u m  d u r in g  the  th ird  w eek , is n o t  so 
g reat in m easu re  as in th e  na iled  an im als ,  a n d  as a resu lt  o f th is  t h e  re d u c t io n  
ceases d u r in g  th e  s ix th  week a lready .  T h e  s i tu a t io n  in the  case o f  t h e  nailed 
in ternal callus is similar to  t h a t  in th e  case of  th e  ex te rna l  one, th e  on ly  d iffer
ence being  t h a t  the  m ax im u m  in c re m e n t  o f  resp ira tion  is fo u n d  d u r in g  th e  
th ird  week. T h e  dam age here  ex e r ts  i ts  effect slowlier, p re su m ab ly  because  of 
the  h a e m a to m a  betw een  th e  f ra c tu re  ends ,  w h ich  m ay  serve as a so r t  o f  depot 
for th e  in te rn a l  callus. The sev e r i ty  o f  th e  d am age  is ind ica ted  b y  th e  fact 
th a t  re sp i ra t io n  is still d im in ished  d u r in g  th e  s ix th  week. W e a re  un ab le  to  
offer an  accep tab le  ex p lan a t io n  for th e  excessive increase of  r e s p i ra t io n  in 
the  in te rn a l  callus of  th e  n o t  nailed  an im als  during  the  th i rd  w eek.

In connex ion  with th e  resu lts  o b ta in e d  th e  following shou ld  be no ted . 
The fac ts  t h a t  th e  frac tu re  can  co m p en sa te  for tw o or th ree  w eeks following 
the  decrease  o f  blood supp ly  b y  an increase  of  m etabolism , or can  o v e rc o m p e n 
sate, a t  t h a t ,  and  th a t  th e  na iled  e x te rn a l  callus is unable  to  c o m p e n sa te  even 
a t  six w eeks, a lthough  the  blood s u p p ly  was im proved  during  th e  fo u r th  week, 
ind ica te  t h a t  in the  chain  o f  causes and  effects  a certa in  la te n c y  per io d  is r e 
quired . I f  we com pare the  d e v e lo p m e n t  o f  callus in the  nailed  a n d  n o t  nailed 
anim als f ro m  th is  respect,  w ith  re g a rd  to  th e  re sp ira to ry  va lues ,  one gets th e  
im pression t h a t  m edu lla ry  nailing  m a k e s  th e  dam age caused b y  th e  frac tu re  
more severe ,  b y  causing a m ore e x te n s iv e  in ju ry  to  the  b lood  vessels. As a
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r e s u l t  m e tabo lism  decreases  to  a g rea te r  e x te n t  a n d  th e  morphological s t ru c tu re  
o f  a d a p ta t io n ,  th e  ca r t i lage  cell, gains p re p o n d e ra n ce .

F in a l ly ,  we shou ld  like to  deal w ith  t h e  g re a t  range of v a r ia t io n  o f  th e  
r e su l ts .  I t  is know n f rom  l i te ra tu re  t h a t  d if fe ren t  species of dogs show  d if fe r 
ences  in m a n y  respec ts ,  w h ich  m a y  b ecom e m an ife s t  in callus fo rm a t io n  as 
well. K r o m p e c h e r  [12 to  14], as well as O l á h  a n d  associates [20, 21] m e n t io n  
th is  in  connexion w i th  th e  w ilder and  t a m e r  an im a ls ,  in th e  f irs t  p lace ,  as a 
f a c to r  in fluencing  reg en e ra t io n .  This applies, o f  course, to  our cases, too . F o r  
th  is re a so n  we have  t r ie d  to  ta k e  in to  a c c o u n t  such  varie ta l  differences w ith  
th e  g roup ing ,  to  ensure  iden tica l  conditions o f  m a in ten an ce ,  an d  to  red u ce  
th e  sources  of error to  a m in im u m  b y  e l im in a t in g  animals which re fu sed  to  
use t h e i r  broken  legs. U n fo r tu n a te ly ,  the  re s p i ra t io n  values ob ta ined  are r e l a 
t iv e  ones. There  is no ab so lu te  zero or any  o th e r  s ta n d a rd  value of  re ference . 
I t  is k n o w n  from l i te ra tu re  t h a t  th e  value of  c a r t i lag e  resp ira tion  is p ra c t ic a l ly  
nil. Y e t ,  as com pared to  t h a t ,  we got v e ry  h ig h  va lues  even in th e  seve res t  
s tag es .  W e  w an ted  to  c o m p are  th e  results  w i th  th o se  ob ta ined  for i n ta c t  bone  
or c a r t i lag e .  B u t th is  w a y  we can n o t  get the  v a lu es  for the resp ira t ion  of  bone , 
b ec a u se  th e  re la tion  to  d ry  solids in th e  case o f  b o n e ,  on account o f its  h igh  ca l 
c iu m  c o n cen tra t io n ,  is a source of  error  which  w o u ld  m ake the  resu lts  a lm o s t  
in e v a lu a b le .  Thus, all we could  do was to  r e la te  th e  values ob ta ined  to  one 
a n o th e r ,  w hich  expresses w h a t  changes in r e sp i ra t io n  ta k e  place in th e  t issue  
o f  t h e  callus a t  various s tages o f  its dev e lo p m en t .
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G E  W E B S R E S P IR A T IO N  W Ä H R E N D  R E G E N E R A T IV E N  C H O N D R A L E N  K N O C H E N 
B IL D U N G  (K A L L U S FO R M A T IO N )

V erfasser u n te rsu c h te n  m it der W arburgschen  T ech n ik  die G ew eb sa tm u n g  im  äußeren  
u n d  in n ere n  K a llu s  von  74 H u n d e n . Bei einem  Teil der T iere  w u rd en  d ie K n o ch en frag m en te  
m itte ls  K n o ch en m ark n ag e lu n g  f ix ie r t ,  bei der zw eiten  G ru p p e  erfo lg te  k e ine  so lche F ix ie
ru n g . D ie U n te rsu ch u n g en  w u rd en  in  der 1., 2., 3., 4 ., u n d  6. W oche n ach  de r F r a k tu r  vorge
nom m en. Bei den H u n d en  de r e rs ten  G ruppe  zeigte de r äu ß ere  K allus an fan g s e in en  R esp ira 
tio n san s tieg , der sp ä te r , b eg in n en d  m it der d r itte n  W oche, v o n  einer A tm u n g sa b n ah m e  abge
lö st w u rde . Beim  in n eren  K a llu s  ließ  sich  im  großen u n d  g anzen  das gleiche b e o b ac h te n . Im  
äu ß eren  K allus de r n ic h t g en ag e lten  H un d e  erre ich te  die A tm u n g sste ig e ru n g  in  der d ritte n  
W oche die m ax im alen  W erte , in  de r v ie rten  W oche ließ  sich  eine v o rü b e rg eh en d e  A bnahm e 
reg is trie ren , u n d  in  de r sech sten  W oche zeigte die R e sp ira tio n  w ieder eine S te ige ru n g sten d en z . 
Im  in n eren  K allus k o n n te  m an  in  de r d r i tte n  W oche a u ß ero rd e n tlich  hohe R e sp ira tio n sw erte  
m essen, in  der v ie rten  W oche e rfo lg te  aber eine s ta rk e  A b n ah m e der A tm u n g , d ie im  sechs
w öchigen S ta d iu m  w ieder an s tie g . A u f G rund  der B esp rech u n g  der die G ew eb sa tm u n g  beein
flu ssen d en  m öglichen F a k to re n  gelangen  die V erfasser zu de r F o lgerung , d a ß  d e r R e sp ira tio n s
an stie g  als E rg eb n is  des p a th o lo g isch en  Stoffw echsels infolge der n ach  der F r a k tu r  au ftre ten d en  
V a sk u la risa tio n ss tö ru n g  e n ts te h t ,  w äh ren d  das längere  F o rtb e s teh e n  u n d  d ie  A u fre ch te rh a l
tu n g  der Schäd igung  zur A b n ah m e  der G ew ebsatm ung fü h r t .  Die großen  K n o rp e lze llen  stellen 
die m orphologische M an ifes ta tio n  d ieser A tm u n g sab n ah m e  d a r. P a ra lle l m it  d e r Ü b erhand- 
nah in e  der O ssifika tion  k ö n n en  e rn e u t höhere  A tm u n g sw erte  gem essen w erd en . A uf G rund 
d ieser A u sfü h ru n g en  sch e in t es, d a ß  bei den  T ieren  n ach  de r K ü n tsch e rsch en  K n o ch em ark n a- 
gelung  eine S chädigung  g rö ß eren  A usm aßes v o rlieg t, u n d  d em en tsp rech en d  w ird  auch  die 
K allu sb ild u n g  längere  Z eit au fre c b te rh a lten .
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ДЫ ХАН ИЕ ТКАНЕЙ ПРИ ВОССТАНОВИТЕЛЬНОЙ ОБРАЗОВАНИИ ХРЯЩЕВОЙ 
КОСТИ (ОБРАЗОВАНИЕ КАЛЛЮСА)

Авторы при помощи Варбургской техники исследовали условия тканевого дыха
ния внешней и внутренней мозолей 74 собаки. У одной части собак отломки соединили при 
помощи штифтов в костном мозге, у другой группы такая фиксация не применилась. 
Исследования проводились на 1., 2., 3., 4. и 6. неделе после перелома. У животных первой 
группы внешняя мозоль в начале показала повышение дыхания, а затем, начиная с тре
тьей недели дыхание снизилось. Во внутренней мозоли в общем и целом наблюдалось 
подобное положение. Собаки второй группы, в которой не проводилось соединения 
отломков при помощи штифтов, во внешней мозоли повышение дыхания достигло 
максимальных величин на третьей неделе, на четвертой неделе оно временно снизилось, 
а на шестой неделе опять отмечалось тенденция к повышению дыхания. Во внутренней 
мозоли на третьей неделе отмечались весьма большие величины дыхания, на четвертой 
неделе респирация сильно снизилась, а затем, на шестой неделе она опять повысилась. 
На основании обсуждения возможных факторов, влияющих на тканевое дыхание, ав
торы приходят к тому заключению, что повышение дыхания создается в результате па
тологического обмена веществ, возникающего после перелома вследствие расстройства 
васкуляризации. Продолжительное существование или сохранение же повреждения 
вызывает снижение дыхания. Морфологическим признаком этого являются объемистые 
хрящевые клетки. Параллельно с продвижением окостенения опять наблюдаються 
более высокие величины дыхания. На основании сказанного кажется, что у живот
ных после соединения отломков штифтами Кюнтшерэ повреждение более значительное 
и в результате этого хрящеобразование также более продолжительное.

I st v á n  F ö ldes 1 
É va  H. Oláh  j 
L ászló Ta sn á d y

D eb recen ,

D eb recen ,

12, A n a tó m ia ,  H u n g a ry  

12, I I .  Sebészet,  H u n g a ry
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DEVELOPMENT OF ACETYLCHOLINESTERASE-ACTIVE 
STRUCTURES IN THE RAT ARCHICEREBELLAR CORTEX

B . C s i l l i k , F. J o ó ,  P .  K á s a , I l o n a  T o m i t y , and  G y . K á l m á n

D EPA R T M E N T OF ANATOMY, M EDICAL U N IV ERSITY , SZECED  (H EA D : A. G EL L É R T ) 

(R ece iv ed  O ctober 11, 1963)

Synopsis

O n to g en etica l d ev e lo p m en t o f th e  ace ty lch o lin esterase  (A C hE ) a c tiv e  s tru c tu re s  
in th e  a rch icerebclla r co rtex  o f r a ts  h a s  been s tu d ied  by  m eans of h is to ch em ica l m e th o d s . 
In  th e  e a rly  phases o f p o s tn a ta l  d ev elo p m en t th e  P u rk in je  cells ga in  a w ell-defined  
A C hE  a c tiv ity , th a t  d ecreases successively  and  d isap p ears  on th e  2 0 -th  p o s tn a ta l  
d ay . F ro m  th e  7-th  p o s tn a ta l  d a y  on , A C hE -active  m ossy  fib res  in v ad e  th e  w h ite  m a tte r  
and  th e  g ra n u la r  layer. I t  ap p ea rs  t h a t  th e  so called  “ c ritica l p e rio d ”  in  th e  dev elo p 
m en t o f cerebellum  ( R obins  a n d  L o w e ) is a sso c ia ted  w ith  im p o r ta n t  a lte ra t io n s  in  the  
d is tr ib u tio n  of A C hE in th e  a rch ice reb e lla r co rtex , th a t  re su lt in  th e  a d u lt  p a t te rn  of 
th is  enzym e.

Introduction

A ccord ing  to  the  genera l ly  a d o p te d  view, in spite  o f  its  fu n c t io n a l  d iffer
e n t ia t io n ,  all p a r ts  of th e  cerebe llar  co r tex  show a re m a rk a b le  s t ru c tu ra l  
u n ifo rm ity ,  b o th  in m orphological [2] and in h is tochem ical [10] sense o f  the 
word. R ecen t  inves t iga t ions  in th is  la b o ra to ry  [3], however, rev ea led  t h a t  the  
arch icerebe lla r  g ranu la r  layer  differs cha rac ter is t ica l ly  from  t h a t  o f  th e  neo- 
cerebellar* areas ,  in t h a t  th e  fo rm er  exhib its  a m ark ed ly  s t ro n g e r  a c e ty l 
cholinesterase  ac t iv i ty .  I t  has  been  show n earlier t h a t  A C hE  a c t iv i ty  in the  
g ran u la r  laye r  is confined to  th e  large p resynap tic  te rm in a ls  o f  m o ssy  fibres. 
A ccordingly , th e  s trong  A C hE  a c t iv i ty  of  th e  arch icerebellar  g ra n u la r  layer 
is due  to  a h igh concen tra t ion  o f  th is  enzym e in the  m ossy fib res .

The p re sen t  paper  deals  w ith  the  on togene tic  d e v e lo p m e n t  of  these  
A C hE -ac tive  archicerebellar  s t ru c tu re s ,  w ith  special regard  to  th e  h is to c h e m i
cal d if fe ren tia t ion  of  m ossy f ibers  and  P u rk in je  cells.

Methods

In v e s tig a tio n s  were pe rfo rm ed  on cercbella  o f a lb ino  ra ts  o f v a rio u s ages. In  a ll, 8 em 
bryos (ran g in g  14 to  21 d ay s), 5 new -b o rn  r a ts ,  24 b ab y  ra ts  (1 to  25 d ay s) as w ell as 12 young 
an d  a d u lt  r a ts  w ere used . T he a n im a ls  w ere sacrified  by  d e ca p ita tio n , th e  cereb ella  exposed 
an d  fix ed  in  ch illed  10% n e u tra l  fo rm alin  a t  4° C for 4 — 6 hours. A fte r  f ix a tio n , p a ram ed ian  
frozen sec tions (20 — 25/r) were c u t, r in se d  in  d is tilled  w a ter for 10 m in u te s  an d  s ta in e d  fo r A ChE

* F o r  th e  sake of sim p lic ity , th e  te rm  “ neo cereb e lla r”  will be  used  to  d esig n ate  
a ll th e  n o n -a rch ice reb e lla r a rea s o f  th e  cerebellum , a lth o u g h  it  sh o u ld  be k e p t  in  m ind 
th a t  large  p a r ts  of these a reas a re  a c tu a lly  “ p a leocerebella r” .
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in  th e  ace ty lth io ch o lin e  m ed iu m , acco rd in g  to th e  Ge r e b t z o f f  m o d ifica tio n  [4] of th e  K oelle  
te c h n iq u e  [7]. In c u b a tio n  h a s  b e e n  carried  ou t a t  p H  5,8 fo r 80 m in u te s  a t  37° C. A fter 
in c u b a tio n , th e  sections w ere r in s e d  in  d istilled  w a te r  a n d  d ev elo p ed  in  a  5%  aqueous so lu tion  
of so d iu m  sulfide, rinsed  a g a in  in  d is tilled  w ater a n d  m o u n te d  in  glue (gum  a rab ic ) w ith o u t 
d e h y d ra t io n . — For d if fe re n tia tio n  betw een AChE a n d  p seu d o ch o lin es tera se  p a ra lle l sec tions 
w ere  p re -in cu b a ted  for 30 m in u te s  a t  room  te m p e ra tu re  in  4 X 10-8 M D F P  or in  10-6M 
M ip afo x  solu tions.

T h e  in cu b a tio n  p a ra m é tra  u se d  in  these in v e s tig a tio n s  re v ea l th e  c o m p ara tiv e ly  s trong  
A C h E  a c tiv ity  of a rch ice reb e lla r  s tru c tu re s  only, n o t  s ta in in g  th e  less active  neocerebellar 
a re a s . I t  h a s  been po in ted  o u t in  p re v io u s  studies t h a t  th e  A C hE  re ac tio n  in  th e  arch icerebellum  
is a t  le a s t  four tim es s tro n g e r t h a n  th a t  in the  n eo cereb e llu m . E x te n d e d  in cu b a tio n  periods 
(e .g . 20 ho u rs  in Sn e l l ’s s tu d ie s  [9 ]) are  able obscure  th e  d ifferences be tw een  th e  reac tiv itie s  
o f a rch i-  a n d  neocerebellar a re a s , a n d  w h a t is m ore ob scu re  also  th e  re a l cy to ch em ica l loca li
z a t io n  o f th e  enzym e. In  o u r o p in io n , overin cu b atio n  a r t i f a c ts  are  resp o n sib le  for th e  “ A ChE 
a c t iv i ty  o f granule  cells”  o r t h a t  o f  s te lla te  neurons, d e sc rib ed  b y  sev e ra l in v es tig a to rs .

Results

In  embryos, n e w -b o rn  r a t s  as well as d u r in g  th e  f i rs t  tw o days of p o s tn a 
ta l  d eve lopm en t,  th e  ce re b e l la r  cortex does n o t  show  a n y  sign of A C hE a c t i 
v i ty ,  a t  least with the  te c h n iq u e  employed. Y e t  th e  ne rve  cells in the  nuclei 
o f  th e  b ra in  stem  show c le a r ly  up  as early  as on th e  18-th in t ra u te r in e  day. 
T h e  f i r s t  cells exh ib it ing  A C h E  activ ity  in th e  cerebe llar  co r tex  ap p ea r  a t  the  
3 rd  p o s tn a ta l  day, close to  th e  vest ibu la r  n u c leus ,  r ig h t  over the  roof of the 
4 th  ven tr ic le .  On th e  4 th  d a y  postna ta l ly ,  a la rg e r  n u m b e r  of A ChE active 
cells o f  th e  same size and  s h a p e  appear in th e  a re a  beh in d  the  poste ro la te ra l  
f is su re .  The enzyme is co n f in ed  to  granules in t h e  cy top lasm s of these  cells, 
w h e re a s  th e  nucleus is d e v o id  of  AChE ac t iv i ty .  (C y tochem ical details  of this 
p rocess  will he described in  a second pub lica t ion ) .

O n  th e  5 th  p o s tn a ta l  d a y ,  similar cells a p p e a r  in th e  nodule , located  a t  
th e  border- line  be tw een  th e  m olecular  layer an d  th e  in te rn a l  (definitive) g ra 
n u la r  lay e r  (Fig. 1). T h e  n u m b e r  of these A C h E -a c t iv e  cells increases rap id ly  
in t h e  course of the  fo llow ing d ay s ,  and on th e  10 th  p o s tn a ta l  d a y  A C hE-active  
cells a re  crowded in th e  a fo rem en tioned  loca liza t ion  th ro u g h o u t  the  nodule 
a n d  th e  lower surface o f  t h e  u v u le  (Fig. 2.). U n t i l  th e  6 th  p o s tn a ta l  d ay ,  these 
cells possess an ovoid sh a p e .  F ro m  the  7 th  d a y  on, how ever,  apical dendrites  
e x h ib i t in g  the  same degree o f  AChE ac tiv i ty  em erge  from  these  cells, oriented 
to w a r d s  th e  surface o f  th e  c o r te x  (Fig. 3). D ue to  th e i r  histo logical fea tures ,  
th e se  cells resemble th e  im m a t u r e  P urk in je  cells descr ibed  b y  Cajal (“ s ta te  of 
d e n d r i t ic  d iso r ien ta t ion” ) t h a t  lack the e lab o ra te  p a t t e r n  of dendri t ic  a rbo ri
z a t io n ,  charac teriz ing  m a t u r e  P u rk in je  cells (Figs. 4 a n d  5). I t  should be poin
te d  o u t ,  fu r therm ore , t h a t  a l th o u g h  the g rea t  m a jo r i ty  of P u rk in je  cells ex 
h ib i te d  a s trong  enzym ic  a c t iv i ty ,  there could  a lw ays  be found  inactive  P u r 
k in je  cells in term ingled w i th  th e  active ones, essen t ia l ly  in  th e  same histologic
al localiza tion , and  of t h e  sam e sizes a n d  sh ap es  as th e i r  AChE-positive  
n e ig h b o u rs .

A da Biol. Hung. 15. 1964



Fig. 1. A ppearence o f th e  f irs t  cells in  th e  nodule  (arrow s) X 120 Fig. 2. N um erical 
g row th  of the  sam e cells in  th e  follow ing days. X 250 - Fig. 3. A C h E -ac tiv e  cells and 
th e ir enzym e ac tive  d e n d rite  processes (a rrow ) X 750 Fig. 4. E n zy m e ac tiv e  P u rk in je

cell an d  its  d en d rite  X 850
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F ig . 5. D en d rite s  of enzym e a c tiv e  P u rk in je  cells in th e  “ s ta te  of d é so rien ta tio n ”  X 55Э — 
F ig . 6. In v a sio n  of th e  m ossy f ib res  in to  th e  a rch icerebella r nodule  (arrow ) X 150 — Fig. 7. 
S p ira l s tru c tu re  of th e  m ossy f ib re s  (a rro w ) under th e  la y e r  o f th e  P u rk in je  cells in  th e  a rea  
o f  th e  d e fin itiv e  g ran u la r lay e r. L ow  pow er. X 300 — F ig . 8. T h e  sam e area , h igh  pow er

(arrow ) X 1000
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S hort ly  a f te r  the  ap p ea ren ce  of A C hE -ac tive  P u rk in je  cells oil th e  7 th  
p o s tn a ta l  t lay , nerve  f ibres ex h ib it ing  a sim ilarly  s t ro n g  enzymic a c t iv i ty  in 
vade  b o th  th e  nodu le  a n d  th e  lower u v u la ,  i.e. th e  sam e te rr i to r ies  w here  
A C hE -positive  P u rk in je  cells h a d  tak en  place a lready  (Fig. 6). The end ings 
o f  these  A C hE -ac tive  nerve  fibers, located  r igh t  b e n e a th  th e  row of P u rk in je  
cells, are u sua lly  helicoidal,  som etim es re sem bling  th e  ap p a ra tu se s  of P e rron -  
cito (F igs. 7 and 8).

The conspicuously  s t ro n g  A C h E -ac t iv i ty  of  th e  arch icerebellar  P u rk in je  
cells persists  un ti l  th e  14th p o s tn a ta l  day . B eg inn ing  w i th  th e  15th d a y ,  h o w 
ever,  th e ir  enzym ic  a c t iv i ty  s ta r t s  to  decrease a n d  d isappears  on the  2 0 th  p o s t 
n a ta l  day . T he  decrease o f  enzym e a c t iv i ty  in  P u rk in je  cells is te m p o ra r i ly  
co rre la ted  w i th  th e  process o f  m a tu ra t io n  t h a t  re su l ts  in  th e  definite  p a t t e r n  
o f  the ir  d en d r i t ic  a rb o r iza t io n .  A c tiv i ty  of th e  m ossy  fibers an d  th e i r  end- 
a p p a ra tu se s ,  how ever, rem a in s  un a l te red  b o th  in th is  and  in la te r  periods of  
dev e lo p m en t .

Discussion

A ccord ing  to  A d d i s o n ’s classical in v es t ig a t io n s  [1], in th e  cerebellar  
co r tex  of  th e  new -born  r a t  four well-defined layers  m a y  be d is tingu ished  :

1. E x te rn a l  (em bryona l)  g ranu la r  layer
2. M olecular layer
3. L a y e r  of  P u rk in je  cells
4. In te rn a l  (defin itive) g ran u la r  layer.
In  th e  course of la te r  deve lopm ent,  th e  e x te rn a l  (em bryonal)  g ran u la r  

laye r  d isappears ,  or, m ore  p roperly ,  i ts  ne rve  cells descend in to  th e  in te rn a l  
g ran u la r  layer ,  whilst th e i r  processes rem a in  in th e  superficial area, em bodied  
la te r  by  th e  m olecular  layer.  This process is v i r tu a l ly  th e  same as t h a t  occurring  
d u r ing  th e  dev e lo p m en t  o f  th e  hu m an  cerebellar  co r tex ,  described orig inally  
b y  Ca ja l  [2] and  la te r ,  in a more detailed  form , b y  J a k o b  [ 5 ] .In  c o n tra s t  to  th e  
r a t ,  how ever, th e  d isappearence  of the  e x te rn a l  g ra n u la r  layer is com ple ted  in 
h u m a n  em bryos  p re n a ta l ly .  Accordingly, th e  p o s tn a ta l  h istochem ical even ts  
observed  in th e  r a t  ce rebellar  cortex  can  be reg a rd ed  as the  equ iv a len t  o f  th e  
p re n a ta l  dev e lo p m en t  in m an .

The m ost s tr ik in g  h is tochem ical p h e n o m e n a  in th e  r a t  cerebellar co r tex  
are the  appearence  a n d  d isappearence  of  A C h E -ac t iv e  mossy fibres in the  sam e 
area .  These d ev e lo p m en ta l  characteris tics  suggest  t h a t  th e  arch icerebe lla r  
region possesses m a rk e d  cholinergic fea tu res  as c o n tra s te d  to  o th e r  areas  of 
th e  cerebellum . A lth o u g h  th e  reason o f  th is  s t r ik in g ly  s trong  A C h E -ac t iv i ty  
o f  the  arch icerebe llum  is u nknow n , th e  e x p la n a t io n  appears  p robab le  t h a t  it  
m a y  be due  to  to p o g rap h ica l  and  func tiona l  re la t ions  of th is  area to  th e  v e s t i 
bulocerebellar  sy s tem , also characterized  b y  a s t ro n g  A C hE -ac tiv i ty .  I n  th is
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r e s p e c t  th e  archicerebellar a re a  ap p ea rs  to  be a sepa ra te  p a r t  o f  th e  cerebellum , 
d if fe r in g  h is tochem ically  f ro m  s t ru c tu ra l ly  iden tica l neocerebellar  regions.

N o  definite  e x p la n a t io n  can  be given for the  consp icuous ap pearence  
a n d  d isappearence  of a rch ice rebe lla r  P u rk in je  cells e ither. T he  fac t  t h a t  s imi
la r  A C h E -ac t iv e  cells could  he p r im a r i ly  found  in areas rem o te  from  th e  cere
b e l la r  co r tex ,  m igh t  suggest  t h a t  these  cells im m ig ra ted  in to  t h e  cerebellum  
f ro m  b r a in  s tem  sources, a n d  se t t led  d ow n  am ongst  o th e r  A C h E -in ac t iv e  
P u r k in j e  cells. On th e  o th e r  h a n d ,  th e  poss ib i l i ty  canno t be exc luded  t h a t  some 
o f  t h e  orig inally  inac tive  P u rk in je  cells gain A C hE  a c t iv i ty  d u r in g  th is  p o s tn a 
t a l  p e r io d .  As a lready  m e n tio n e d ,  th e i r  a c t iv i ty  decreases and  d isap p ea rs  after  
a sh o r t  b loom ing period . I t  ap p ea rs ,  how ever ,  t h a t  the  “ d isa p p e a re n ce ”  of 
th e  e n z y m e  after  th e  b lo o m in g  per iod  is to  be regarded  as a sign of a la te n t  
a c t iv i t y ,  since, un d er  ex p e r im e n ta l  cond it ions  the ir  A C h E -a c t iv i ty  rea p p e a rs  
a g a in ,  as shown by  K Á SA  and  associates in our lab o ra to ry  (unpub lished ) .

T h e  origin of th e  A C h E -a c t iv e  m ossy  fibres invad ing  th e  arch icerebe lla r  
a re a s  p o s tn a ta l ly  is also u n k n o w n  a t  p re sen t .  In  serial sections of  a d u l t  r a t  
ce rebe lla  and  bra in  s tem s th e y  could  be t r a c e d  back  to  th e  v e s t ib u la r  nuclei 
t h a t  su gges t  th a t  th e y  r e p re s e n te d  seco n d a ry  vestibu locerebellar  f ibres.

A ccord ing  to  R o b i n s  a n d  L o w e  [8] “ th e  rap id  ra te  of p ro te in  a n d  lipid 
d ep o s i t io n  from  9 to  14 d ay s ,  th e  p ro fo u n d  histological changes d u r in g  th is  
per io d  a n d  the  first ap p ea ren ce  of  a d u l t  e lec tr ical ac t iv i ty  from  the  cerebellum  
a t  d a y  12, all suggest t h a t  th e  period  of 9 to  14 days p o s tn a ta l ly  m a y  corres
pond  fo r  th e  ra t  cerebellum  th e  critical p e r io d ” . O ur observa tions  suggest th a t  
th is  c r i t ic a l  period is assoc ia ted  w ith  im p o r ta n t  h is tochem ical ev en ts ,  too , 
r e s u l t in g  in th e  ad u lt  p a t t e r n  of  A C h E -d is t r ib u t io n  in the a rch ice rebe lla r  co r
te x .
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E N T W IC K L U N G  V O N  S T R U K T U R E N  M IT A Z E T Y L C IIO L IN E S T E R A S E -A K T IV IT Ä T  
IM  A R C H IC E R E B E L L U M  V O N  R A T T E N

Die o n to g en e tisch e  E n tw ick lu n g  von  a ze ty lc h o lin e s te ra se -ak tiv cn  S tru k tu re n  in  der 
a rch ice reb e lla ren  K le in h irn rin d e  v o n  R a tte n  w u rd e  m it  h istochem ischen  M eth o d en  u n te r 
su ch t. In  de r frü h en  P h ase  de r p o s tn a ta le n  E n tw ic k lu n g  gew innen die P u rk in jeze llen  eine 
au sg ep räg te  A z e ty lch o lin es te rase -A k tiv itä t, d ie stu fen w eise  a b n im m t u n d  am  20. T ag  n a ch  
de r G e b u rt v e rsch w in d e t. B eg in n en d  m it dem  7. T ag  n a c h  d e r G eb u rt d ringen aze ty lch o lin e s- 
te ra se -a k tiv e n  M oosfasern in  d ie w eiße S ub stan z  u n d  in  d ie  K ö rn e rsch ich t ein . E s sc h e in t,  d a ß  
die so g en an n te  » k ritisch e  P erio d e«  in  der E n tw ic k lu n g  des K le inh irns (R obins  u n d  L o w e ) 
m it w ich tig en  Ä n derungen  in  d e r A zety lch o lin es te rase-V crte ilu n g  im  A rch ik o rtex  des K le in 
h irn s e in h e rg eh t, u n d  d aß  infolge  d ieser Ä n d eru n g en  d e r bei E rw achsenen  b e o b a c h te te  V e r
te ilu n g s ty p  dieses E n zy m s e n ts te h t .

РАЗВИТИЕ СТРУКТУР С АЦЕТИЛ ХОЛИНЭСТЕРАЗНОЙ АКТИВНОСТЬЮ 
В ПЕРВИЧНОЙ КОРЕ МОЗЖЕЧКА У КРЫС

Авторы при помощи гистохимических методов исследовали онтогенетическое раз
витие структур с ацетилхолинэстеразной активностью в первичной коре мозжечка у крыс. 
В ранней фазе послеродового развития клетки Пуркинье приобретают хорошо выра
женную ацетилхолинэстерэзную активность, которая постепенно снижается и на 20-й 
день после рождения исчезает. Начиная с 7-го дня после рождения моховидные волокна 
с ацетилхолинэстеразной активностью проникают в белое вещество и зернистый слой. 
Кажется, что так называемый «критический период» развития мозжечка (Робинс и Лоу)  
связан с важными изменениями в распределении ацетилхолинэстеразы в первичной коре 
мозжечка, в результате чего получается взрослый тип распределения этого энзима.

B e r t a l a n  C s i l l i k  

F e r e n c  J o ó  

P é t e r  K Á SA  

I l o n a  T o m i t y  

G y ö r g y  K á l m á n

Szeged, K o s s u th  L. ú t  40. H u n g a ry
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(R eceived  in  rev ised  fo rm  N o v em b er 2, 1963)

Synopsis

A u th o r  lias s tu d ie d  th e  q u a n ti ty  a n d  d is tr ib u tio n  of “ sto red  N ”  in  th e  re p ro d u c 
tiv e  and  v e g e ta tiv e  o rgans o f young r a ts  (in  th e  f i r s t  rep ro d u c tio n  cy cle) a n d  old ones 
(in  th e  th ird  re p ro d u c tio n  cycle) d u rin g  p re g n an c y . The N and  w a te r  c o n te n ts  o f the  
u te ru s , fo e tu ses , lac tife ro u s g land  p a re n c h y m a , lac tife rous g land  te a t s  (lac tife ro u s 
g lands), liv e r, g a stro cn em iu s m uscle, a p re d e te rm in e d  a rea  of ab d o m in a l sk in , sm all 
in te s tin e , fem u r, in  th e  case of th e  an im a ls  in  th e  th ird  re p ro d u c tio n  cycle  also  those 
of th e  h e a r t ,  sp leen  an d  k idneys w ere d e te rm in e d . A m o u n t of N re ta in e d  d u rin g  p reg 
n an cy  b y  th e  m a te rn a l organism  w as d e te rm in e d  in d irec tly , an a ly s in g  th e  b o d y  con
s t i tu e n ts  b o th  o f th e  ex p erim en ta l an d  co n tro l an im als . The re su lts  in d ic a te  t h a t  tw o- 
th ird s  o f  th e  N  re ta in e d  by  th e  o rgan ism  d u rin g  p reg n an cy  are  fo u n d  in  th e  re p ro d u c 
tiv e  o rgans a n d  in  th e  foetuses. T he excess re te n tio n  values for th e  2 1 -d ay  p reg n an cy  
period  are  1207 m g in  th e  case of young  a n im a ls , an d  1575 mg N in  t h a t  o f th e  old ones.

F ro m  am o n g  th e  organs an a ly se d , th e  u te ru s , lac tife rous g land  b o d ies , liv e r  and 
g astro cn em iu s m uscle  of th e  r a ts  in  th e  f i r s t  re p ro d u c tio n  cycle c o n ta in e d  N  to  a sig
n if ic an tly  low er p e rcen tile  co n ce n tra tio n  th a n  th o se  of th e  n o n -p reg n a n t c o n tro ls .

S im ilar re su lts  have  been o b ta in e d , e x c e p t fo r th e  lac tife rous g la n d  bod ies , in 
th e  case o f old g ra v id  ra ts .

In  th e  re p ro d u c tiv e  and  v e g e ta tiv e  o rg an s  o f the  p re g n an t an im a ls  th e  ab so lu te  
N c o n te n t w as in creased  only , as m a n ife s te d  b y  a s ign ifican t su rp lu s in  th e  w eigh t of 
th e  o rgans concerned .

Introduction

The m a te rn a l  organism  is kn o w n  to  re ta in  significant q u a n t i t i e s  of N 
d u r ing  p reg n an cy ,  as i t  can be m e a su re d  a n d  proved  b y  d iffe ren t  N balance 
m etabo lism  s tud ies .

A lth o u g h  th e  m ean  N re ten t io n  v a lu es  o f  certa in  species d u r in g  g rav id i ty  
are know n, con trovers ia l  evidence is fo u n d  in l i te ra tu re  as to  th e  d is t r ib u t io n  
of  th e  re ta in ed  N in th e  body . A cco rd ing  to  W h i p p l e ’s concep tion  th e  m ost 
im p o r ta n t ,  and  p ro b a b ly  exclusive, s i te  o f  th e  incorpora tion  a n d  localisation  
of N would be th e  liver. There  is m uch  a rg u m e n t  as to  the  v a l id i ty  o f  th is  view 
b u t  no  a g re e m e n t  o f  opinion has b een  reach ed  as yet.

P o o , L e w  and  A d d is  [17] fou n d  in  p regn an t rats a sm aller  in crease o f  
N co n ten t in  th e  n on -rep rod u ctive  organ s (th o se  n ot in vo lved  d ir e c t ly  in  repro
d u ctio n ), w h ile  S p r a y  and co llab orators [19] h ave foun d  th a t  th is  increase  
w as m ore con sid erab le . A t th e sam e t im e  B o y n e , Ch alm ers and  Cu t h b e r t s o n  
[7] h ave foun d  no increase o f  N c o n te n t  in the v eg e ta tiv e  organ s an d  tissu es.
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S tu d ie s  b y  H öffstköm  [9] a n d  H u n s c h e r  a n d  co llabora tors  [10, 11, 12] 
in  p r e g n a n t  w omen in d ica te  t h a t  during  p re g n a n c y ,  and p a r t ic u la r ly  in  i ts  
a d v a n c e d  stages, the  N  c o n te n t  increases in th e  n o n - rep roduc tive  (v eg e ta t iv e )  
o rg a n s ,  a l th o u g h  T h o m pso n  [20] has p resen ted  e x p e r im e n ta l  evidence show ing  
t h a t  i t  does n o t  occur.

T h e se  exam ples m ak e  i t  c lear t h a t  th e  op in ions  v a ry  in  the  f i r s t  p lace  
as t o  t h e  q u a n t i ta t iv e  d is t r ib u t io n  of th e  r e ta in e d  N  be tw een  the  re p ro d u c t iv e  
a n d  v e g e ta t iv e  organs.

O n  th e  b a sis  o f  d ir e c t  N  b a la n c e  s tu d ie s ,  P o o  a n d  co -w o rk ers  [17] h a v e  
e s t a b l i s h e d  t h a t  in  th e  d if fe r e n t  o rg a n s o f  p r e g n a n t  r a ts  th e  m ea su re  o f  N  s t o 
r a g e  v a r ie d  w ith  th e  c h a n g e s  in  th e  p r o te in  c o n t e n t  o f  fo o d  a p p lie d . P i k e  [16] 
h a s  a r r iv e d  a t  th e  c o n c lu s io n  t h a t  th e  q u a n t i ty  o f  N r e ta in e d  d e p e n d s  o n  th e  
c a lo r y  in t a k e ,  i f  su f f ic ie n t  p r o te in  is  p r o v id e d  fo r . M o r se  an d  S m it h  [15] 
h a v e  r e p o r te d  th a t  th e  N b a la n c e  o f  a d u lt  r a t s  v a r ie d  fro m  — 1 to  -f- 2 g , i f  
th e  N  c o n t e n t  o f  th e  fo e t u s e s  w a s  a lso  ta k e n  in t o  a c c o u n t .

B e a t o n  and co l lab o ra to rs  [1] called a t t e n t io n  to  th e  opposite  changes  
in  p r o t e in  a n d  fa t  m e tab o l ism  in  ra ts  d u r ing  g e s ta t io n .  T hey  found  n a m e ly ,  
t h a t  u n t i l  th e  15th d ay  o f p re g n a n c y  f a t ty  ac ids  were  accum ula ted  in an  e x 
cessive deg ree  paralle l to  th e  w a te r  re ten t io n ,  w h e reas  th e  re ten t io n  o f  N  was 
c o m p a r a t iv e ly  s lightly  inc reased . A fter  the  1 5 th  d a y  th e  opposite process to o k  
p lace :  f a t  s to rage  was excessively  reduced  a n d  th e  re ten t io n  of N inc reased .  
A t  p r e s e n t ,  the re  is no s a t i s fa c to ry  exp lana tion  for  th is  observation , a l th o u g h  
i t  s eem s to  be doubtless t h a t  t h e  significant r e t e n t io n  o f  N during  th e  second 
a n d  f in a l  th i rd s  of ges ta t ion  is co r re la ted  w ith  th e  h y p e r t ro p h y  and  h y p e rp la s ia  
o f  th e  r e p ro d u c t iv e  and  v e g e ta t iv e  organs, re sp ec t iv e ly .  I t  has been d e m o n s t r a 
ted  l a t e l y  t h a t  the  increase of  N  re te n t io n  d u r in g  th e  second ha lf  of p r e g n a n c y  
was n o t  l inea r .  According to  M o r r iso n  [14] d u r in g  th e  las t  t r im es te r  th e  r a t e  
of in c re a s e  o f  th e  N ba lance  is slowing dow n, in  som e cases even  n e g a t iv e  
v a lu es  m a y  appear ,  to  be fo llow ed again  b y  a n o th e r  m ore intense increase.

A l th o u g h  this analysis  m a y  prove t h a t  d u r in g  p reg n an cy  th e  p ro te in  
sy n th e s is  in  th e  organs and  t is su es  increases, as suggested  b y  th e  s ign if ican t 
r e t e n t io n  o f  N, it  does n o t  su p p ly  basis  for m ak in g  s ta te m e n ts  as to  th e  re la t iv e  
d i s t r ib u t io n  of  the  re ta in ed  N  b e tw een  re p ro d u c t iv e  and  vege ta t ive  o rgans .  
The a u t h o r s  quo ted  above o b ta in e d  the n u m erica l  N  re ten t io n  values b y  tw o  
m e th o d s  in d e p e n d e n t  from  each  o the r ,  by  d irec t  N  b a lance  studies, on th e  one 
h a n d ,  a n d  b y  analysing th e  b o d y  con s t i tu en ts  o f  th e  experim en ta l  an im als ,  
on th e  o th e r ,  th u s  d e te rm in ing  th e  am o u n t  of N  in d i re c t ly  s tored in th e  b o d y  
d u r in g  p re g n a n c y .

I n  t h e  p resen t  in v es t ig a t io n s  we wished to  d e te rm in e  th e  d is t r ib u t io n  
of th e  N  r e ta in e d  in the  liver, re p ro d u c t iv e  organs,  foetuses, vege ta t ive  o rgans  
and  t i s su e s  o f  p reg n an t  y o u n g  r a t s  (those in th e  f i r s t  rep roduc tion  cycle) a n d  
of old o n e s  (in the  th ird  r e p ro d u c t io n  cycle), a n d  com pare  th e  resu lts  w i th
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those  ob ta in ed  in n o n -p re g n a n t  an im als . A secondary  aim  was a lso  t o  assess 
th e  re la t ionsh ip  betw een th e  changes in w eight and  w a te r  c o n te n t  o f  th e  o r
gans showing a l te ra t ions  in th e  rep ro d u c t io n  cycles, concerned.

M ateria l and methods

A to ta l  o f f if ty  a lb ino  r a ts  o f th e  É T I s tra in ; 15 p re g n a n t an d  15 n o n -p re g n a n t ones be
fore th e  f i r s t  rep ro d u c tio n  cycle, as well as 10 p re g n a n t and  10 n o n -p reg n a n t ones before the  
th ird  re p ro d u c tio n  cycle w ere used .

T he w eigh t of th e  an im a ls  v a r ie d  from  178 to  214 g, and  230 to  246 g, re sp ec tiv e ly .
T he an im als were fed  ad  lib itu m  a 15 pe r cen t p ro te in  s ta n d a rd  d ie t. T h e  an im a ls  were 

k illed  24 to  36 hours before p a r tu r i t io n ,  a n ae s th e tise d  w ith  e th e r and  e x sa n g u in a te d  a b d o m i
na lly .

T he liver was w eighed im m e d ia te ly  a f te r  excision , su b seq u en tly  th e  la te ra l  s in is te r  lobe 
w as a n a ly sed  for to ta l  N b y  th e  K je ld ah l m eth o d , th e  m ed ia l, caudal an d  la te ra l  d e x te r  lobes 
w ere  te s te d  to g e th e r for ab so lu te  d ry  m a t te r  c o n te n t, a f te r  3 hours of d ry in g  a t  105° C.

O f th e  rep ro d u c tiv e  o rg an s th e  u te ru s , th e  fo e tu ses an d  o th er p ro d u c ts  o f concep tion , 
th e  lac tife ro u s gland p a ren c h y m a , th e  lac tife ro u s g land  te a ts  (bodies) o f th e  v e g e ta tiv e  organs, 
th e  g a stro cn em iu s m uscle, d u o d en u m , je ju n u m  and ileum , th e  fem ur, a p re d e te rm in e d  area  of 
th e  a b d o m in a l sk in , an d  in  th e  case o f an im als  in  th e  th ird  re p ro d u c tio n  cycle  th e  h ea rt, 
sp leen  an d  k idneys were su b je c ted  also to  s tu d y .

M oisture c o n ten t w as d e te rm in ed  b y  d ry in g  a t  105°C, N c o n ten t b y  th e  K je ld a h l m ethod , 
a n d  f a t  co n te n t by  th e  S o x le th  e x tra c tio n  tech n iq u e .

D u rin g  d issection  th e  fem o ra l bone  w as freed  m echan ically  from  th e  m uscle  a n d  ten d o n  
tis su e s  a d h e re n t to it. T h e  sm all in te s tin e  w as in v a riab ly  c u t up  lo n g itu d in a lly  w ashed  and 
b lo tte d  up  w ith  f ilte r p a p e r. T h e  s to m ach , coecum  a n d  colon were tre a te d  in  th e  sam e w ay, 
e x cep t t h a t  th e y  were ad d ed  to  th e  body  residue  in te n d e d  for h o m o g en a tio n  or d igestion .

T he p re g n an t u te ru s  w as c u t u p , th e  foe tu ses w ere rem oved , w e ig h ed  im m ed ia te ly  
a n d  ex am in ed  as o u tlin ed  above.

T he bod y  residue (w h a t rem a in ed  of th e  b o d y  a f te r  th e  rem o v a l o f th e  a b o v e  m entioned 
re p ro d u c tiv e  an d  v e g e ta tiv e  o rg an s, a n d  in  th e  case o f p re g n an t an im a ls  a lso  t h a t  o f th e  foe
tu se s )  w as exposed to  cold d ig es tio n  w ith  a d e te rm in ed  q u a n ti ty  o f c o n c e n tra te d  su lphuric  
acid , acce le ra ted  by  H 20 2. T he a liq u o t p a r t  p ip e tte d  o u t o f th e  hom ogenous c o n c e n tra te  was 
te s te d  fo r N c o n ten t an d  th u s  th e  N v a lu e  of body  residue  ob ta in ed .

B y com paring  th e  re su lts  o f th e  b o d y  resid u e  ana ly sis  w ith  th o se  o b ta in e d  fo r th e  o r
gans p rep ared  o u t, we o b ta in e d  th e  d is tr ib u tio n  of th e  n u m erica l v a lu e  of N  th ro u g h o u t the 
b o d y . T he excess to ta l  b o d y  N  over th e  co n tro l v a lu es gives th e  q u a n ti ty  o f N re ta in e d  during 
p reg n an cy . T he follow ing a b b re v ia tio n s , concep ts a re  used  in  th e  te x t  a n d  ta b le s .

C arcass (C): T he b o d y  resid u e  rem a in ed  of th e  an im al a fte r  rem o v a l o f  th e  o rgans spe
cified  ab o v e, and  in th e  case o f p re g n a n t an im als also of th e  foe tuses a n d  o th e r  conception 
p ro d u c ts .

O rgans d issected  (O d): T he iso la ted  an d  ex am in ed  organs an d  tis su e s  to g e th e r.
C arcass d issected  (Cd): B ody  resid u e  plus o rgans dissected .
T o ta l carcass d issec ted  (TC d): T he carcass d issected  of p re g n an t an im a l a n d  th e  foetuses 

to g e th e r  (C d + fo e tu se s) .

R esults

We have s tud ied  in th e  y oung  ra ts  th ree  k inds of N r e te n t io n :  one serving 
the  general g row th o f  th e  p re g n a n t  and  non -p reg n an t  an im als  a like ,  one provid
ing for th e  synthesis  o f  th e  foetuses an d  conception  p ro d u c ts  o f  p re g n a n t  rats 
a n d  th ird ly ,  the  su p e r - re te n t io n  of  the  a m o u n t  of N p a r t i a l ly  covering the 
q u a n t i ty  of  the  m ilk  p ro te in s  ap p ea r in g  d u r in g  lac ta t ion .

Table  1 p resen ts  d a t a  ind ica t ing  th e  increase of  w e ig h t  o f  th e  various 
o rgans during  g es ta t ion .  T he  g rea te s t  increase is found in th e  w eigh t of the
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Table 1

Changes in weight o f organs examined of rats in the first

1 2 3 4 5 6

U terus
Lactiferous

parenchyma
Gland
te a t

(gland)
Liver

G astro
cnemius
muscle

Abdominal
skin

p r  e g n a n  t
F i r s t  X 9.3796 6.2159 0.2920 9.3827 0.8523 0.1045
cycle  s ± 1 .7 5 7 8 ± 1 .3 4 4 1 ± 0 .0 7 4 8 ± 0 .9 6 5 6 ± 0 .1 1 2 3 ± 0 .0 2 6 5

T h ird  X 9.7759 7.6284 0.4555 11.6435 1.0589 0.1412
cycle  s ± 1 .2 1 2 2 ± 1 .0 9 2 3 ± 0 .0 5 9 2 ± 1 .3 8 2 9 ± 0 .1 4 0 0 ± 0 .0 4 2 5

N o n - p r e g n a n t

F i r s t  X 0.6926 1.2508 0.2470 7.1332 0.8143 0.0902
cycle  s ± 0 .2 4 6 0 ± 0 .3 0 5 8 ± 0 .0 5 9 2 ± 0 .8 6 4 7 ± 0 .1 0 8 7 ± 0 .0 1 7 5

T h ird  X 0.8527 1.5731 0.3475 7.8041 0.9625 0.1225
cycle  s ± 0 .2 2 7 3 ± 0 .4 4 8 5 ± 0 .0 6 3 2 ± 1 .3 8 7 0 ± 0 .1361 ± 0 .0 3 1 8

r e p ro d u c t iv e  organs, so o f  t h e  u te ru s  (mainly o f  i ts  m y o m etr iu m ) and  in the  
lac t i fe ro u s  g landular  t issues .

I f  t h e  weight of o rg an s ,  tissues  of th e  n o n -p re g n a n t  ra ts  are ta k e n  for 
100 p e r  c e n t ,  the  increases in  t h e  weight of th e  u te ru s ,  lactiferous g landu la r  
p a r e n c h y m a  and lac tiferous g la n d  of ra ts  in th e  f i r s t  rep ro d u c t io n  cycle are 
1354, 497 and  118 per  c e n t ,  respectively .

F r o m  am ong the  v e g e ta t iv e  organs, th e  p re g n a n t  r a t s ’ liver, g a s t ro 
c n e m iu s  m uscle  (the tw o b u n d le s  of muscles to g e th e r ) ,  ab dom ina l  skin area, 
sm a ll  in té s t in e  and fem ora l  b o n e  weighed 32, 5, 16, 13 a n d  1.24 per  cen t was 
m ore  t h a n  th e  corresponding  o rg an s  of the n o n -p re g n a n t  controls  of th e  same 
g roup .

I n  th e  p re g n a n t  r a ts  th e  t o t a l  o f  the  organs p re p a re d  weighed 95 per  cen t 
m ore  t h a n  in  the  controls.

T h e  carcasses of  th e  e x p e r im e n ta l  ra ts  w eighed  a lm o st  5 per  cen t  (in 
a b so lu te  v a lu e  7.957 g) m ore  t h a n  those of th e  n o n -p re g n a n t  controls . This 
d iffe rence  is an  indicative o f  t h e  general increase of  b o d y  w eight ta k in g  place 
d u r in g  p reg n an cy .

As co m p ared  w ith  th e  v a lu e s  ob ta ined  for th e  an im als  in the f irs t  r e p ro 
d u c t iv e  cycle , those o b ta in ed  fo r  th e  ra ts  in th e  t h i r d  re p ro d u c t io n  cycle were 
a b o u t  4 p e r  cen t higher in th e  case  o f  the u te rus ,  23 p e r  cen t  higher in t h a t  of 
the  lac t i fe ro u s  g landular  p a r e n c h y m a  and 6 per  cen t  h ig h er  in the  case of the  
lac t i fe ro u s  g landu la r  bodies. T h e  w e igh t  of the  liver was 24 p e r  cent, t h a t  o f  the 
g a s t ro c n e m iu s  muscles to g e th e r  24 per  cent higher, th e  sk in  a re a ’s 35 per cen t.
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and th ird  reproduction cycle (in grains)

7 8 9 10 ll 12 13 14

Small
intestine Femur H eart Spleen K idney Od c Foetuses

a n i m a l s
7.0580

± 0 .8 5 4 4

1.1350

± 0 .0 9 2 8
— — — 34.4200 175.8822

± 1 2 .6 6 6 8

39.0207

± 9 .3 3 7 2

8.5729

± 1 .1 2 6 5

1.3321

± 0 .1 5 9 1

1.1218

± 0 .2 3 0 6

1.1071

± 0 .1 9 1 5

2.2433

± 0 .2 0 0 0

45.0806 221.3551

± 1 0 .4 3 8 0

43.4016

± 1 1 .2 2 9 0

a n i m a l s

6.2691 1.1211 — — 17.6183 167.9251 —
± 1 .0 1 1 3 ± 0 .1 1 5 8 — — — ± 8 .2 0 4 0 —

7.1648 1.3630 0.9943 0.9676 2.1492 24.3013 202.7448 —

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

the  sm all  in te s t in es’ 21 per  cen t ,  th e  fem ora l  b o n e s ’ 17 per cent, th e  p rep a red  
o rg an s’ 31 p e r  cen t and  th e  carcases , 26 p e r  c e n t  higher. The t o t a l  w e ig h t  of 
th e  foe tuses  was 11 per c e n t  h igher. In  th e  case of  the  n o n p re g n a n t  anim als  
th e  u te ru s  weighed 23 p e r  cen t ,  th e  lac t ife rous  g landu lar  p a r e n c h y m a  26 per 
cent, th e  lactiferous glands 41 p e r  cent m ore . T h e  liver weighed 9 p e r  cen t ,  the 
gas trocnem ius  muscles 18 p e r  cen t ,  the  sk in  a rea  36 per cent, th e  sm all  in te s 
tines 14 p e r  cen t,  the  fem oral bones 22 p e r  c e n t  more. The d is sec ted  organs 
weighed 38 per cent, th e  carcasses  21 per c e n t  m ore than  the  co rresp o n d in g  
ones of  th e  young  ra ts  ( those  in  th e  f irs t  r e p ro d u c t io n  cycle).

As com pared  w ith  th e  controls , th e  increases  in w eight in  th e  grav id  
an im als  were: u te rus  1046 per  cen t,  lac tiferous g landu lar  p a re n c h m y a  385 per 
cen t,  lac tiferous g landu la r  bodies 31 per  ce n t ,  l iver  49 per cent, g a s tro cn em iu s  
muscles 10 p e r  cent, skin a rea  15 p e r  cen t ,  sm all  in tes t ine  20 p e r  c e n t ,  p rep a red  
organs 86 per cent, carcasses 9 per  cent.

T h e  changes in th e  w e igh t  o f  th e  h e a r t ,  spleen and k id n e y s  were  not 
s ign if ican t in the  te s ts  o f  old anim als.

T h e  d a ta  ind ica te  t h a t  in  th e  ra ts  in  e i th e r  o f  the  two re p ro d u c t io n  cycles 
th e  l iver  an d  th e  small in te s t in e  showed th e  g re a te s t  increase of  w e ig h t  am ong 
th e  v e g e ta t iv e  organs, beside th e  excessive increase  in the w eight o f  t h e  organs 
d irec t ly  involved  in rep ro d u c t io n .  (In  th e  f i r s t  experim ent:  P %  <  0.10 and 
P %  <  2.90, in the  second ex p e r im e n t  P  <  0.10 and P  <  0.45.)

I n  T ab le  2 are show n th e  pe rcen tag e  N  c o n te n t  values o f  t h e  in d iv idua l  
re p ro d u c t iv e  and  v e g e ta t iv e  organs.
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Table 2

Percentile N  content o f organs analyzed of rats in the first
1 2 3 4 5 6

U terus
Lacti
ferous

parenchyma

Gland
te a t

(gland)
Liver

Gastrocn
emius

muscle

Abdominal
skin

p r  e g n  a n

F i r s t  X 1.90 2.23 3.85 3.06 2.89 4.94

cycle  s ± 0 .1 3 3 8 ± 0 .1 9 0 5 ± 0 .1 8 0 3 ± 0 .1 1 7 9 ± 0 .1 0 7 3 ± 0 .1 1 6 9

T h ird  X 1.88 2.29 3.92 2.97 2.84 5.02

cycle  s ± 0 .1 1 1 3 ± 0 .1 6 2 5 ± 0 .2 1 1 9 ± 0 .1 7 4 4 ± 0 .1 1 2 7 ± 0 .2 2 1 8

N  о n-p r e g n a n

F ir s t  X 2.29 2.26 4,29 3.18 3.01 5.00

cycle  s ± 0 .2 3 4 3 ± 0 .1 5 1 6 ± 0 .2 0 1 8 ± 0 .0 9 6 9 ± 0 .1 5 0 4 ± 0 .0 9 8 0

T h ird  X 2.12 2.31 3.98 3.15 3.04 5.18

cycle  s ± 0 .2 9 3 8 ± 0 .1 1 8 3 ± 0 .2 9 6 5 ± 0 .1 8 7 6 ± 0 .1 6 5 8  ! ± 0 .2 9 1 7

I t  appears  in b o th  th e  f i rs t  and th ird  re p ro d u c t io n  cycle th e  r e p r o d u c t 
ive a n d  v eg e ta t iv e  o rgans  o f  th e  p regnan t  r a t s  c o n ta in  less percen tile  N  t h a n  
th o se  o f  th e  n o n -p re g n a n t  con tro l  animals. T h e  differences were in  th e  f irs t  
e x p e r im e n t :  u te rus  0.39 g p e r  cen t  (P %  <  o .10), lac tiferous g lan d u la r  p a r e n 
c h y m a  0.03 g per  cen t  ( P %  <  62.0), lac tiferous g lands  0.44 g per  c e n t  ( P %
<  0.10), l iver  0.12 ( P %  <  0.55), gas trocnem ius  m uscles  0.12 g p e r  c e n t  ( P %
<  0.70),  sk in  area 0.06 g p e r  c e n t  (P %  <  14.3), sm a ll  in testine  0.04 g p e r  cen t  
( P %  <  42.8), femurs 0.03 g p e r  cent (P %  <  76.5).

A s th e  values o f  P  in d ic a te ,  the  d ifferences w ere  significant in  t h e  case 
o f  th e  u te ru s ,  lactiferous g lands ,  liver and m usc les  only . The lac tiferous g la n 
d u la r  p a re n c h y m a  c o n ta in e d  app ro x im a te ly  a c o n s ta n t  concen tra t io n  o f  N 
d u r in g  g es ta t io n .  H ow ever ,  i t  is to  he em phasized  t h a t  the  absolute N  c o n te n t  
o f  th e  p a re n c h y m a l  t is sue  w'as m uch  higher t h a n  t h a t  of the  controls, because  
th e  lac t i fe ro u s  g lan d u la r  p a re n c h y m a  increases t o  fivefold and fourfo ld  th e  
or ig ina l  w eigh t  during  g e s ta t io n ,  respectively , a n d  therefore  it  is one o f  th e  
m o s t  i m p o r t a n t  N -s to r ing  t issues  am ong th e  e x t r a h e p a t i c  protein  d e p o ts .

T h e  difference in  t h e  N  g p e r  cent va lues  w as  n o t  s ignificant in  th e  case 
o f  sk in ,  sm all  in testine  a n d  fem ur.

L ikew ise , the re  w as no  significant d ifference be tw een  the  p re g n a n t  a n d  
n o n -p re g n a n t  ra ts  in re sp e c t  o f  the  N co n te n t  r e l a t e d  to  absolute d ry  m a t t e r  
c o n te n t .  T h e  g ram  p e r  c e n t  N  values w ere: u t e r u s  9.78 (9.86), la c t i fe ro u s  
g lands  12.35 (11.59), l iver  10.34 (10.35), g a s tro c n e m iu s  muscles 12.87 (12.71), 
sk in  13.34 (14.60), sm all in te s t in e  9.16 (9.25), fe m u r  4.32 (4.21) g per cen t ,  r e s 
p ec t iv e ly .  (In  pa ren thes is  th e  values o b ta in ed  in th e  controls are show n.)
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and third reproduction cycle (in gram s)

7 8 » 10 11 12 13

Small
intestine Fem ur H eart Spleen K idney C Foetuses

a n i m a l s

1.92

± 1 3 ,3 8
3.31

± 0 ,2 3 5 9 — — —

2.73

± 0 .1 5 5 6

1.55

± 0 .2 0 3 5

2.06 3.18 2.80 3.49 2.97 3.06 1.49
± 0 ,0 8 6 6

a n i m a l s

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

1.96 3.34 — — — 2.72 —

± 0 ,1 4 1 7 ± 0 ,2 0 2 3 — — — ± 0 .1 2 5 3 —

2.07 3.27 2.84 3.55 3.00 3.10 _
± 0 ,1 5 0 7 ± 0 .2 0 1 0 ± 0 .2 8 7 0 ± 0 .2 1 8 1 ± 0 .1 9 0 2 ± 0 .1 0 9 4 _

The re su lts  o b ta in ed  fo r th e  an im als in  th e  th ird  re p ro d u c tio n  cycle 
d iffer only s lig h tly  from  th o se  o b ta in ed  in  th e  g roup  o f an im als in  th e  f ir s t  
rep ro d u c tio n  cycle. The p e rcen tile  d ifferences w ere : u te ru s  0.24 g p e r  cen t 
(P %  <  2.6), lac tife ro u s g la n d u la r  p a re n c h y m a  0.02 g p e r cen t (P %  <  76.6), 
liv er 0.18 g p e r  c e n t (P %  <  4 .0 ), g astro cn em iu s m uscle  0.20 g p e r c en t (P %  <
0.45), ab d o m in a l sk in  0.16 g p e r  cen t (P %  <  17.7), sm all in te s tin e  0.01 g p er 
cen t (P %  <  84 .1), fem ur 0.09 g p er cen t (P %  <  24.5), h e a r t  0.04 g p e r cen t 
(P %  <  76.6), sp leen  0.06 g p e r c e n t (P %  <  69.2), k id n ey s 0.03 p e r c en t (P %  <  
62.2). There w ere on ly  sligh t d ifferences in  th e  g p e r  cen t N values b e tw een  th e  
lac tife rous g lan d s o f th e  p re g n a n t and  n o n p re g n a n t an im als (0.06 g p e r  cen t).

In  th e  second  ex p e rim en t th e  P  va lu es  o f  th e  u te ru s  an d  liv e r  show  a 
sm aller p e rcen tile  d ifference, w h ich  m a y  he asc rib ed  f irs t o f all to  th e  sm aller 
anabo lic  a c t iv i ty  o f  th e  o lder an im als . In  th e  v e g e ta tiv e  o rgans, in  w h ich  p ro 
te in  p ro d u c tio n  is n o t m ark ed , th e  “ t ”  v a lu e  o f  th e  p ercen tile  d ifference w as 
low , and  th e re fo re  th e  d a ta  w ere n o t s ig n ifican t.

The p e rcen tag e  d ifferences b e tw een  th e  ca rcass  va lues w ere 0.01 p e r  cen t 
(P %  <  84.1) in  th e  f irs t re p ro d u c tio n  cycle a n d  0.04 g p e r cen t (P %  <  43.1) 
in th e  case o f  o ld e r anim als.

The fo e tu ses  con ta ined  1.55 and  1.49 g p e r  cen t N , resp ec tiv e ly .
C onsiderab le d ifferences in  ab so lu te  N  c o n te n t  w ere found  f ir s t  o f all in 

th e  case of th e  re p ro d u c tiv e  o rg an s , w hilst th e  liv e r  an d  sm all in te s tin e  c o n ta i
ned less, b u t  s ig n ifican t a m o u n ts  o f N.

The a b so lu te  N co n te n t v a lu es  fo r th e  o rg an s a re  show n in T ab le  3. I t  
ap p ears  th a t  th e  increased  N c o n te n t o f th e  o rg an s , d esp ite  th e  low er p e rcen t-
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Table 3

Absolute N  content o f organs examined o f rats in the first
1 2 3 4 5 «

U terus
L acti
ferous

parenchym a

Gland
te a t

(gland)
Liver

G astroc
nemius
muscle

A bdom i
nal
skin

p r e g n a n t

F ir s t X 0.1780 0.1366 0.0112 0.2868 0.0246 0.0052

cycle s ± 0 .0 3 4 5 ± 0 .0 2 3 1 ± 0 .0 0 8 4
:

± 0 .0 9 4 1 ± 0 .0 0 3 8 ± 0 .0 0 8 4

T h ird X 0.1833 0.1756 0.0178 0.3444 0.0301 0.0072

cycle s ± 0 .0 2 3 6 ± 0 .0 3 0 0 ± 0 .0 0 3 3 ± 0 .0 3 9 2 ± 0 .0 0 4 7 ± 0 .0 0 3 3

N o n - p r e g n a n t

F irs t X 0.0159 0.0283 1 O.0106 0.2271 0.0245 0.0045

cycle s ± 0 .0 0 6 0 ± 0 .0 0 7 6 ± 0 .0 0 8 4 ± 0 .0 9 4 5 ± 0 .0 0 3 8 ± 0 .0 0 8 4

T h ird X 0.0180 0.0366 0.0138 0.2455 0.0291 0.0063

cycle s ± 0 .0 0 5 8 ± 0 .0 1 2 0 ± 0 .0 0 3 3 ± 0 .0 4 2 6 ± 0 .0 0 3 3 ± 0 .0 2 3 8

T able 4

D istribu tion  o f  the surp lus N  retention values o f  rats in  the f ir s t  and th ird  reproduction

F i r s t  r e p r o d u c t i o n  c y c l e

Organs P regnan t anim als Non-pregnant animals
Absolute surpl us 

in  g
Percentile

d istribution

U te ru s  ............................... 0.1780 0.0159 0.1621 13.428

L ac tife ro u s  gland pa ren 
c h y m a  ............................ 0.1366 0.0283 0.1083 8.972

L ac tife ro u s  g la n d ......... 0.0112 0.0106 0.0006 0.050

la v e r  ................................. 0.2868 0.2271 0.0597 4.946

G astro cn em iu s muscle 0.0246 0.0245 0.0001 0.008

A b d o m in a l skin ......... 0.0052 0.0045 0.0007 0.058

Sm all in te s tin e  ............ 0.1350 0.1226 0.0124 1.027

F  em u r ............................ 0.0376 0.0374 0.0002 0.018

F o e tu se s  ............................ 0.6350 — 0.6350 52.605

c ............................. 4.8003 4.5723 0.2280 18.888

T o t a l .................................... — — 1.2071 100.000
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and th ird  reproduction cycles (in  gram s)

7 8 9 10 11 12 13 14

Small
intestine Femur H ea rt Spleen Kidney Od C Foetuses

a n i in a l s

0.1350

± 0 .0 1 3 9

0.0376

± 0 .0038

_
—

0.8150 4.8003

± 0 .3 6 3 8

0.6350

± 0 .1 2 5 8

0.1757 0.0422 0.0314 0.0386 0.0666 1.1129 6.7689 0.6567
± 0 .0 2 3 1

a n i m a l

± 0 .0058 ± 0 .0 0 6 7 ± 0 .0075 ± 0 .0 0 7 5 — ± 0 .4 0 5 3 ± 0 .4 2 6 4

0.1226 0.0374 — — — 0.4738 4.5723 —

± 0 .0 1 8 1 ± 0 .0038 — — ± 0 .4 7 0 9 ± 0 .9 9 1 6 —

0.1488 0.0444 0.0282 0.0343 0.0643 0.6693 6.2945

± 0 .0 0 5 8 ± 0 .0047 ± 0 .0 0 4 7 ± 0 .0 0 4 7 ± 0 .0 0 3 3 ± 0 .4 3 0 9 —

cycle, on the basis o f  the absolute differences m easured in  the organs concerned

T h i r d  r e p r o d u c t i o n  e y e e

Organs P regnan t animals Non pregnant animals
Absolute surplus 

in g
Percentile

d istribution

U te ru s  .............................. 0.1833 0.0180 0.1653 10.497
L actife rous gland paren

chy m a ............................ 0.1756 0.0366 0.1390 8.827
L actiferous g la n d ......... 0.0178 0.0138 0.0040 0.254
L iver ................................ 0.3444 0.2455 0.0989 6.281
G astrocnem ius muscle 0.0301 0.0291 0.0010 0.064
A bdom inal s k i n ............ 0.0072 0.0063 0.0009 0.058
Sm all in testine  ............ 0.1757 0.1488 0.0269 1.708
F em u r .............................. 0.0422 0.0444 — 0.0022 — 0.140
H e a r t ................................ 0.0314 0.0282 0.0032 0.203
S p le e n ................................ 0.0386 0.0343 0.0043 0.273
K id n e y .............................. 0.0666 0.0643 0.0023 0.146
Foetuses ............................ 0.6567 — 0.6567 41.703
c ............................ 6.7689 6.2945 0.4744 30.126

T o t a l ................................... — — 1.5747 100.000
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age  v a lu e s , orig inates fro m  th e  h y p ertro p h ic  ch an g es . B y  add ing  u p  th e  d iffe r
en ces  in  th e  abso lu te  N  c o n te n ts  of th e  d issec ted  o rgans, foe tuses an d  b o d y  
re s id u e s  we o b ta in ed  th e  t o ta l  N  re ten tio n  v a lu e  o f  th e  p re g n a n t o rg an ism ; 
th u s ,  in  the firs t re p ro d u c tio n  cycle th e  to ta l  N re te n tio n  am o u n ts  to  1207 
m g , in  th e  th ird  re p ro d u c tio n  cycle to  1575 m g. W h en  ta k in g  th e  to ta l  re te n tio n  
v a lu e s  fo r 100 per cen t, in  th e  case of the  y o u n g  an im als  th e  follow ing p e rc e n 
ta g e  N  re ten tio n  va lu es  a re  o b ta in e d : carcass 19 p e r  cen t, u te ru s  13 p e r  cen t, 
la c tife ro u s  g landu lar p a re n c h y m a  9 per cen t, liv e r  5 p e r cen t, sm all in te s tin e  
1 p e r  cen t, lactiferous g la n d s  0.05 per cen t a n d  foe tuses 53 p e r cen t. In  th e  
o ld  an im a ls  the  N re te n tio n  v a lu e s  are: carcass 30 p e r cen t, u te ru s  10 p er cen t, 
la c tife ro u s  g landu lar p a re n c h y m a  9 per cen t, liv e r  6 p e r cen t, foe tuses 42 p e r 
c e n t  (see Table 4).

I n  T able 5 th e  p e rc e n ta g e  and  abso lu te  N  c o n te n t  values fo r th e  b o d y  
re s id u e , th e  dissected an d  fo e tu s-h ea rin g  bodies are  p re sen ted . In  b o th  th e  f irs t  
a n d  th i r d  rep ro d u c tio n  cy c le , in  th e  p reg n an t a n d  n o n -p re g n a n t an im als , th e  
b o d y  carcasses co n ta in  s im ila r  percen tages of N . In  th e  case o f th e  d issec ted  
b o d y  th e  difference is m a rk e d , due  to  the  h ig h er m o is tu re  co n te n t o f th e  p re g 
n a n t  o rgan ism  (see la te r) . T h e  m o st m arked  d iffe rence  is found  in  th e  case o f 
th e  p e rcen tile  N co n te n t o f  th e  foetus-hearing  b o d ies.

Table 5

A b so lu te  and percentile N  contents o f  carcasses (C ) and carcasses dissected (C d) o f  rate in  the 
f i r s t  a n d  th ird  reproduction cycle in  gram s

F irst reproduction cycle

Group of animals C Cd TCd

<u
3  N onpregnant .......... 4.5723 5.0432 —
« I

^  Pregnant ................... 4.8003 5.6153 6.2503

Л  I
•3 j N onpregnant .......... 2.72% 2.72% —
О
a> Pregnant ................... 2.73% 2.6 7 % 2.51%

Third reproduction cycle

Group of animals C Cd TCd

N onpregnant .......... 6.2945 6.9638 —

Pregnant ................... 6.7689 7.8818 8.5385

N onpregnant .......... 3.10% 3.0 7 % —

Pregnant ................... 3.06% 2-96% 2.76%
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Table 6

D istribution o f  the N  am ounts il stored” in  the carcasses concerned o f  rats in  the f ir s t  and third reproduction cycle

F irst reproduction cycle _________________________  First reproduction cycle _______________________
Pregnant animals „  . . . . . . .  Non pregnant animals 4 .. ..Percentde distribution Percentile distribution

C” contains g N 4.8003 85.4861 “ C”  contains g N 4.5723 90.6627

Od”  contain  g N 0.8150 14.5139 “ Od”  con ta in  g N 0.4709 9.3373

Cd”  con ta in  g N 5.6153 100.0000 “ Cd”  contains g N 5.0432 100.0000

Third reproduction cycle ___  ________________ __ Third reproduction cycle
Pregnant animals

Percentile distribution
Non pregnant animals Percentile distribution

“ C”  contains g N 6.7689 85.8801 “ C” contains g N 6.2945 90.3889

“ Od”  contain  g N 1.1129 14.1199 “ Od”  co n ta in  g N 0.6693 9.6111

“ Cd” con ta in  g N 7.8818 100.0000 “ Cd” contains g N 6.9638 100.0000
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Table 7

Percentile and  absolute m oisture content o f  the organ

1 2 3 4

U terus Lactiferous
parenchym a

Gland te a t 
(gland)

Liver

P r e g n a n t

Percen tile X 80.58 64.32 68.82 70.42

values s ± 1 .8 4 2 3 ± 4 .3 6 8 0 ± 2 .9 1 0 0 ± 2 .7 3 8 5

A bsolute X 7.5633 3.9724 0.2011 6.6130

values S ± 1 .4 6 8 7 ± 0 .7 7 1 6 ± 0 .0 5 4 1 ± 0 .8 7 0 2

N o n-p r e g n a n t

Percen tile X 76.78 59.85 62.98 69.57

v alues s ! 2.9193 ± 5 .6 6 5 0 ± 2 .3 2 7 6 ± 1 .6 6 9 6

A bsolute X 0.5337 0.7436 0.1553 4.9651

values s ± 1 .1 9 6 7 ± 0 .1 7 2 9 ± 0 .0 3 7 4 ± 0 .6 2 3 9

T he values o f  th e  a b so lu te  N q u a n titie s  fo u n d  in th e  carcasses concerned , 
a n d  in  th e  case o f p re g n a n t an im als in th e  to ta l  carcasses d issec ted  prove th e  
a b so lu te  N “ s to ra g e ”  a n d /o r  re te n tio n  only .

I f  we exam ine th e  ab so lu te  N c o n te n t o f th e  carcasses in th e  in d i
v id u a l  rep ro d u c tio n  cycles, d is tr ib u te d  b e tw een  th e  carcass an d  th e  organs 
d issec ted , we shall n o te  t h a t  in  th e  f irs t e x p e rim e n t 14.51 p e r cen t o f th e  to ta l 
N  o f  th e  carcass te s te d , in  th e  second e x p e rim e n t 14.12 p er cen t, in the  
n o n p re g n a n t ra ts  9 .34 an d  9.61 p er cen t re sp ec tiv e ly , re la te d  to  th e  organs 
a n a ly se d .

A ccordingly , in  th e  p re g n a n t an im als th e  85.49 and  85.88 per cen t, 
a n d  in  th e  contro ls th e  90.66 per cen t and  90.39 p e r cent va lu es  re la te  to  the  
a b so lu te  N co n ten t o f  th e  b o d y  residues, re sp e c tiv e ly  (Table 6).

T he fact th a t  in  th e  p re g n a n t ra ts  a m u ch  h igher p ro p o rtio n  of th e  ab 
so lu te  N con ten t o f th e  ca rcass  d issected  falls to  th e  ab so lu te  N co n ten t o f the 
o rg an s  d issected , th a n  in  th e  con tro ls, in d ica te s  th a t  th e  o rg an s exam ined  are 
d e f in ite ly  capable o f  “ s to r in g ”  N.

T he abso lu te  a n d  p e r  c en t w a te r  c o n te n t v a lu es  for th e  o rgans of ra ts  in 
th e  f ir s t  rep ro d u c tio n  cycle a re  p resen ted  in  T ab le  7.

I t  appears fro m  th e  ta b le  th a t  the  re p ro d u c tiv e  o rgans co n ta in  m uch 
m o re  m o istu re , th a n  th e  co rrespond ing  o rgans o f th e  con tro ls .

T he per cen t d iffe ren ces a re : u te ru s  3.80 g p e r cen t (P  %  <  0.10) lac tife 
ro u s  g lan d u la r p a re n c h y m a  4 .47 g per cen t (P %  <  2.3), lac tife ro u s g lands 5.84 
g p e r  cen t (P %  <  0 .10). T hese p roved  to  be s ig n ifican t. T he d ifferences found  
in  th e  case of th e  liv e r  (0.85 g p er cen t, P %  <  32.4), g a stro cn em iu s m uscle 
(1 .46 g per cen t, P %  <  8 .1), abdom ina l sk in  (1.04 g per c en t, P %  <  48.7),
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exam ined  o f  rats in the f i r s t  reproduction cycle

5 6 7 8 9 10

Gastrocnem ius
muscle

A bdominal
skin

Small
intestine

Fem ur Foetuses Od

a n i m a l s

77.55 65.56 79.04 23.38 85.68 —

± 2 .8 8 7 1 ± 4 .2 1 0 5 ± 4 .2 5 0 0 ± 3 .8 1 1 0 ± 3 .6 0 0 0 —

0.6622 0.0683 5.5857 0.2650 53.2229 24.9310

± 0 .1 0 2 9 ± 0 .0 1 7 3 ± 0 .7 8 2 4 ±  0.0480 ± 6 .9 9 0 0 —

a n i m a l s

76.09 64.52 77.62 22.37 - —

± 0 .8 2 3 1 ± 3 .7 7 8 0 ± 32 .015 ± 3 .8 8 3 0 —

0.6195 0.0578 4.8636 0.2531 — 12.1917

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

sm all in te s tin e  (1.42 g p er cen t, P %  <  32.4) an d  fem ur (1.01 g p e r  c e n t, P %  <  
48.7) w ere no t s ig n ifican t. The average fo e ta l m o istu re  co n ten t w as 85.68 ^  3.60 
g p e r cen t. As in th e  case of the p e rc e n tile  an d  abso lu te  N c o n te n t  v a lu es  of 
th e  o rgans, th e  s ta n d a rd  d ev ia tions show  over num erical v a lu es  s im ila rly , 
in th e  case of the  ab so lu te  w ater c o n te n t ,  th a n  in  the  case o f th e  p e rcen tile  
m o is tu re  c o n ten t. T h is  follows from  th e  re la tiv e ly  low s.d. v a lu es  o f  th e  organs 
concerned .

As regards th e  abso lu te  m o is tu re  c o n te n t of th e  organs e x a m in e d , d is
t r ib u tio n  of th e  a b so lu te  d ifference b e tw een  th e  d issected  o rg an  v a lu es  of 
p re g n a n t and  n o n -p re g n a n t an im als (12.7393 g =  100 per cen t) is as follow s: 
th e  h ig h er w a te r c o n te n t m easured in  th e  p re g n a n t anim als re la te s  from  am ong 
th e  organs ex am in ed  in 55.18 per c e n t to  the  u te ru s , in 25.35 p e r  cen t to  the 
lac tife ro u s g la n d u la r  paren ch y m a a n d  in 0.36 p e r cen t to  the  la c tife ro u s  g lands. 
F ro m  th e  rem a in d e r p roportion  o f th e  liv e r is 12.94 per cen t, o f th e  g a s tro cn e 
m ius m uscle 0.34 p e r  cen t, of th e  a b d o m in a l sk in  0.08 per c e n t, o f th e  sm all 
in te s tin e  5.67 p e r c en t and  of th e  fe m u r  0.08 p er cent.

In  the  firs t rep ro d u c tio n  cycle th e  d issec ted  ra t bodies c o n ta in e d  an av e r
age o f 69.57 g p e r c e n t, in the  th ird  68.93 g per cent o f m o is tu re , as com pared  
w ith  th e  65.77 a n d  65.57 g per c en t v a lu e s  o b ta in ed  for th e  c o n tro ls , as re la ted  
to  th e  orig inal w e ig h t. The ab so lu te  m o is tu re  co n ten t va lu es  w ere 144.80 g 
(f irs t  rep ro d u c tio n  cycle), 141.49 g ( th ird  rep ro d u c tio n  cycle), an d  120.71 g 
a n d /o r  120.57 g (con tro ls). The d iffe ren ce  is s ign ifican t in  b o th  cases (P %  <  2.9 
a n d  P %  <  0.18). T h e  deviations w ere  g re a te r  in th e  case of th e  y o u n g e r an i
m als.
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T he p er cen t v a lu es  fo r fa t-free  w eigh t w ere : 78.41 g (first re p ro d u c tio n  
cycle), 78.46 g ( th ird  re p ro d u c tio n  cycle), an d  74.23 an d /o r 74.47 g p e r c e n t 
(con tro ls).

T he resu lts  p ro v e  th a t  during  p reg n an cy  h y d ra e m ia  ensues.

Table 8

Percentile and absolute body-fat content o f  rats in  the f i r s t  and  th ird  reproduction cycle in  gram s

First
reproduction cycle

Third
reproduction cycle

pregnan t non-pregnant pregnant non-pregnant

a n i m a l s

P ercen tile  x 8.84 8.46 9.53 8.90

v alues s ± 1 .6 2 0 2 ± 1 .8 2 6 5 ± 1 .9 9 1 1 ± 1 .3 7 5 8

A bsolu te  x 18.2972 15.7633 19.7040 16.8820

values s ± 3 .1 8 2 7 ± 3 .0 4 4 3 ± 4 .7 2 7 6 ± 3 .2 2 2 7

T ab le  8 p re sen ts  th e  d a ta  for th e  p e rcen tile  a n d  abso lu te  fa t c o n te n ts  o f 
th e  to ta l  carcasses d issec ted . T he values fo u n d  w ere: 8.84 g p er cen t (p reg n an t 
r a ts  o f th e  f irs t re p ro d u c tio n  cycle), 9.35 g p e r  c en t ( th ird  rep ro d u c tio n  cycle), 
as co m p ared  w ith  th e  c o n tro l values of 8.46 g p e r c en t and  8.90 g p er c en t, 
re sp ec tiv e ly .

T he ab so lu te  v a lu es  w ere: young ra ts  18.30 and  15.76 g, old ones 
19.70 an d  16.88 g, re sp e c tiv e ly .

T he differences b e tw een  th e  e x p e rim e n ta l g ro u p s (first re p ro d u c tio n  
cycle: 0.38 g per c en t, th i rd  rep ro d u c tio n  cycle 0.63 g p e r cen t) were n o t s ig n i
f ic a n t in  th e  case o f e ith e r  th e  young an im als (P %  <  55.4) or th e  old ones
(P %  <  33.0).

D iscussion

T he resu lts  d esc rib ed  m ake it  clear th a t  d u r in g  g esta tio n  th e  o rgan ism  
“ s to re s”  th e  q u a n t i ty  o f  p ro te in , ensuring  th e  physio log ica l co n d itions o f  
re p ro d u c tio n  ex c lu s iv e ly  th ro u g h  tissue  h y p e r tro p h y  and  h y p e rp la s ia .T h e  
in te n s i ty  o f  th e  N an ab o lism  o f th e  bo d y  d ep en d s  on m a n y  fac to rs. One o f th e  
m o st im p o r ta n t  one is th e  p la c e n ta . We shou ld  like to  p o in t ou t th a t  in  th e  
changes o f b o d y  w eigh ts th e  s tim u la tin g  effect o f th e  p la c e n ta  is th e  p r im a ry  
fa c to r . T he in v e s tig a tio n s  o f B o u r d e l  and  J a c q u o t  [4, 5, 6] have  rev ea led  
th a t  th e  p la c e n ta  p lay s  a s ig n ifican t role n o t o n ly  in  th is , b u t  also in th e  re g u la 
tio n  o f  N anabo lism . T hese  a u th o rs  have show n th a t  th e  m ost im p o r ta n t p a r t  
p la y e d  b y  th e  p la c e n ta  is to  m a in ta in  N ba lan ce  d u rin g  gesta tio n , even  w hen  
n u tr i t io n  is defic ien t. In  r a ts ,  from  w hich th e  o v aries  a n d  foetuses were rem oved
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by  o p e ra tio n , an  average o f 91 m g N w as re ta in e d  betw een  th e  15 th  an d  2 0 th  
day s o f p reg n an cy . In  the  sam e period  th e  an im als  w hose p lacen ta  w as re m o v e d , 
re ta in ed  on ly  4 m g N. T he in v e s tig a tio n s  o f B o u r d e l  and J acq uo t  in d ic a te  
th a t  i f  the  feed ing  is defic ien t, th e  re ta in e d  N is tran sfe rred  to  th e  fo e tu se s , in 
the  firs t p lace  an d  th e  h y p e rp la s ia  o f the liver an d  th e  increase o f th e  lac tife ro u s  
g lan d u la r p a re n c h y m a  will be red u ced . I f  th e  foetuses are  rem o v ed , th e  liv e r 
will show  th e  physio logical w e ig h t increase  s im ila rly  of 30 to  40 p e r  c en t a l
re a d y  re fe rred  to  above.

The to ta l  N re ten tio n  v a lu es  o b ta in e d  (1207 m g in th e  f irs t  e x p e rim e n t, 
and  1575 m g in th e  second ex p e rim e n t)  a re  sim ilar to  those  p u b lish ed  b y  
B o y n e , P oo , R ombauts  [7, 17, 18]. B o y n e  an d  cow orkers h av e  fo u n d  th e  N 
re te n tio n  re la te d  to  the  n o n p re g n a n t an im als  o f th e  co n tro l g roup  to  a m o u n t 
to  1666 m g in  p reg n an t ra ts  90 to  110 d ay s o ld. In  y oung  an im als a lso , R om
b a u t s  has m easu red  630 m g N  re te n tio n , in  w hich , how ever, th e  N  c o n te n ts  o f 
th e  u te ru s  a n d  foetuses are  n o t  in c lu d ed . P o o  ex am in ed  100-day old  r a ts  and  
found th e  excess N re te n tio n  to  a m o u n t to  671 m g, as d e te rm in ed  b y  an a ly s in g  
th e  single o rg an s. I t  is to  be n o te d  th a t  in  th e  la s t tr im e s te r  o f p re g n a n c y  th e  
d irec tio n  ta n g e n t of th e  N re te n tio n  cu rv e  c a n n o t be considered  as a c o n s ta n t. 
W e re fer to  th e  resu lts  p u b lish ed  b y  B e a t o n  an d  Mo rriso n  [1, 14]. w ho fo u n d  
th a t from  th e  16th day  on N  re te n tio n  m ay  decrease perio d ica lly . H ow ever, 
th is  is in  an  a p p a re n t c o n tra d ic tio n  w ith  th e  o b se rv a tio n  th a t  th e  s to ra g e  o f 
fa t  observed  in  th e  firs t h a lf  o f  g e s ta tio n  is follow ed b y  an  in c rea sed  s to rag e  
o f p ro te in , we m u st say th a t  in th e  last s tag e  th e  anabo lism  of th e  re p ro d u c tiv e  
organs co n tin u es  to  be h igh , th o u g h  th e  a m o u n ts  o f p ro te in  a c c u m u la te d  by  
th e  v e g e ta tiv e  tissues, d ecrease . I t  shou ld  be n o ted  th a t  in th is  la s t  tr im e s te r  
th e  sy n th es is  o f  the  foetuses a n d  o th e r  con cep tio n  p ro d u c ts  can  be re p re se n te d  
in v a ria b ly  b y  an  ex p o n en tia l cu rve .

T he red u c tio n  of th e  p e r  cen t N c o n te n t of th e  organs is e x p la in e d  by  
the h igh m o is tu re  co n ten t, in  th e  f irs t p lace. M any w orkers have  re p o r te d  th a t  
d u rin g  p re g n a n c y  the  N c o n te n t o f th e  v e g e ta tiv e  organs increases [9, 10, 11, 
12, 17, 19]. As co n tra s t B o y n e  an d  K e n n e d y  [7, 13] trace  b ack  th e  re te n tio n  
values o f [»regnant organism s to  th e  increase  in th e  size of th e  liv e r, exc lusive ly  
re p ro d u c tiv e  organs and to  th e  sy n th es is  o f concep tion  p ro d u c ts .

T he increase  m o istu re  c o n te n t o f th e  rep ro d u c tiv e  organs a n d  foetuses 
is ex p la in ed  b y  the  high ra te  o f  cell m u ltip lic a tio n , by  th e  h ig h e r m o istu re  
c o n te n t accom pany ing  p ro te in  sy n th esis .

T he hy d raem ic  changes o f v e g e ta tiv e  o rgans, an d  th e ir  causes h av e  a l
re a d y  b een  re fe rred  to , b u t  i t  is to  be n o ted  th a t  th e  ev idence in  th e  l i te ra tu re  
concern ing  th e  changes in  th e  w a te r  c o n te n t o f th e  liver d u rin g  p reg n an cy  
is ra th e r  con tro v ersia l. W e q u o te  B o K E L M A N N  an d  S c H E R I N G E R  [2, 3], in  th e  
f irs t p lace , w ho have fo u n d  th a t  beside th e  increase in  th e  w eig h t o f  th e  liv er, 
as re la te d  to  th e  to ta l b o d y  w eig h t, its  d ry  m a tte r  co n te n t is ju s t  as c o n s ta n t
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as i ts  p e r  cen t N  c o n te n t. B e a t o n  and  cow orkers [1] h av e  fo u n d  th a t  th e  m o is
tu r e  c o n te n t of th e  liv e r  w as increased  in  th e  p re g n a n t r a t .  T hus, th e  d ifference 
b e tw e e n  th e  livers o f  p re g n a n t and  non p re g n a n t r a ts  on th e  8 th  day  o f  g e s ta 
t io n  w as 0.3 g p e r c e n t, on th e  12th  d ay , 0.5 g p e r  cen t, on th e  14 th  d a y , 0.1 
p e r  c e n t, on th e  1 6 th  (“ m etab o lic  tu rn in g  p o in t” ), 1.3 g p er cen t (P %  <  2.0), 
on  th e  18 th , 1.3 g p e r  c en t (P %  <  1.0) and  on th e  2 0 th  0.7 g p e r  cen t (P %  <  
5 .0). T h e  d ev ia tio n s show ed  a m uch  sm aller ra n g e  th a n  in  our s tu d ies . B e a t o n  
a n d  cow orkers n o te  t h a t  on th e  5 th  d a y  o f p re g n a n c y  th e  carcasses o f  th e  
e v isc e ra te d  an im als c o n ta in e d  an  average  o f  101.20 g o f w a te r , as co m p ared  
w ith  th e  102.00 g o b ta in e d  fo r th e  carcasses o f th e  n o n -p re g n a n t an im als.

T h e  w a te r u p ta k e  v a lu e s  w ere: 8 th  d a y  o f  p reg n an cy  6.2 g, 1 2 th  d a y  
7.5 g, 14 th  day  11.8 g, 16 th  d ay  7.0 g, 1 8 th  d a y  13.8 g, 2 0 th  d ay  11.9 g and  
im m e d ia te ly  before p a r tu r i t io n  3.4 g, as co m p ared  w ith  th e  con tro l va lu es  
o f  0 .5 , 2.5, 0.5, 0.2, 0 .7 , 3.1 and  0.2 g.

T h e  resu lts  o u tlin e d  ab o v e  show' th a t  w a te r  re te n tio n  increases w ith  th e  
a d v a n c e  o f p reg n an cy . A s we have a lread y  m e n tio n e d , th is  is ex p la in ed  in  th e  
f i r s t  p lace  b y  th e  h ig h t m o is tu re  co n ten t o f th e  co n cep tio n  p ro d u c ts  sy n th esized  
a t  a v e ry  fa s t ra te . A lth o u g h  it  can n o t be d o u b te d  th a t  w ith  th e  ad v an ce  of 
p re g n a n c y  th e  v a rio u s  h aem o d y n am ica l fa c to rs  a n d  th e  chem ism  o f tissu es  
c o n tin u e  to  gain sig n ifican ce , nev erth e less  th e  p ro te in  sy n th esis  th a t  d e te r 
m in es decisively  th e  m a g n itu d e  of th e  h y d ra e m ic  cond itions.

T h e  opinions re la tiv e  to  th e  increase in th e  w a te r  co n ten t of th e  liv e r are 
n o t  u n ifo rm . Beside th e  tissu e  chem ism , possib le  changes in  th e  m o is tu re  
c o n te n t  o f th e  liver m a y  be caused  b y  th e  in c rea se  in  p ro te in  anabo lism .

T h e  stud ies o f th e  changes in th e  w a te r  c o n te n t of tissu es  are closely 
c o rre la te d  w ith  th o se  concerned  w ith  th e  ch an g es in  th e  n e u tra l fa t c o n te n t 
o f  th e  b o d y . B e a t o n  a n d  co llab o ra to rs  [1] h a v e  rep o rted  th a t  in th e  f irs t 
p e r io d  o f  p reg n an cy  th e  tissu es  ta k e  up  in creased  am o u n ts  of fa ts . As we h av e  
m e n tio n e d , th is is in v e rse ly  p ro p o rtio n a l to  th e  ev er increasing  p o sitive  N 
b a la n c e . In  Table 9 wc p re se n t th e  d a ta  p u b lish ed  b y  B eaton  and  co llab o ra 
to rs  to  n u m erica lly  c o rro b o ra te  those  o u tlin ed  ab o v e .

T h e  d a ta  in  T ab le  9 in d ic a te  th a t  u n like  f a t  u p ta k e , it  is on ly  a f te r  th e  
1 6 th  — 1 8 th  days th a t  p ro te in  is localised , an d  also  th a t  in  th e  second h a lf  of 
p re g n a n c y  th e  in ten s iv e  sy n th es is  of con cep tio n  p ro d u c ts  dem ands for its e lf  
th e  m a te r ia ls  re ta in e d  b y  th e  m a te rn a l o rg an ism . As a re su lt, in  th e  fin a l 
s ta g e  o f  p reg n an cy  th e  f a t  a n d  m o istu re , an d  also th e  p ro te in  co n ten ts  o f  th e  
v e g e ta t iv e  body  (m a te rn a l b o d y  dep rived  o f th e  foetuses) do decrease.

P o o  an d  cow orkers [17] re p o rt th a t  d u rin g  p reg n an cy  th e  fa t c o n te n t 
o f  th e  d iffe ren t o rgans in c reases , w ith  th e  e x c e p tio n  of th e  a lim e n ta ry  t r a c t  
(w hose ab so lu te  p ro te in  c o n te n t increases b y  25 p e r  cen t d u ring  p reg n an cy ).

I f  we realize th a t  th e  excess p ro te in  c o n tr ib u te d  to  th e  “ d ep o t p ro te in s”  
d e te rm in e d  in  th e  course  o f  th e  p rev ious N b a la n c e  s tu d ies  does n o t suffice a t

Acta Biol. Hung. 15. 1964



STUDIES ON DISTRIBUTION OF N IN THE RAT DURING PREGNANCY 35

Table 9

Changes in  the components o f  decapita ted  and eviscerated rat carcasses (“ v e g e ta t iv e  carcasses” )

Days of 
pregnancy

Pregnant
Moisture

N onpregnant
Moisture

F a t
g

P rotein
g

content
g F at

g
Protein

g

content
g

Initia l
values 19.8 37.6 101.2 17.8 40.5 102.0

8 th +  2.1 +  1.7 +  6.2 +  1.9 — 2.4 — 0.5

12th +  4.5 +  2.4 +  7.5 +  3.3 +  0.4 +  2.5

14th +  6.5 +  3.2 +  11.8 +  3.5 +  2.7 +  0.5

16th +  5.7 +  2.4 +  7.0 +  1.4 +  1.0 — 0.2

18th +  1.5 +  7.0 +  13.8 +  3.7 — 1.4 + 0 .7

20th +  0.4 -1 4.9 +  11.9 +  1.5 — 0.8 +  3.1

22n<l — 0.5 +  0.1 +  3.4 — 0.3 — 2.2 — 0.2

all to  cover th e  need o f m ilk  p ro te in  p ro d u c tio n , we m u s t seek th e  e x p lan a tio n  
in  th e  changes o f ab so rp tio n  ta k in g  place la te r  in  p reg n an cy  an d  d u rin g  la c ta 
tio n . One o f th e  re su lta n ts  o f  these  m ay  be a d iffe ren ce , m an ifes ted  also in th e  
changes observed , in d iffe re n t p a r ts  of th e  a lim e n ta ry  t r a c t  (in th e  f irs t  ex p eri
m en t in  th e  case of th e  sm a ll in te s tin e  P %  <  2 .9 , in  th e  second ex p erim en t 
P %  <  0.45). The above a n a ly s is  is in p a r t  su p p o r te d  b y  th e  in v es tig a tio n s , 
accord ing  to  w hich also d u r in g  la c ta tio n  th e  size expressed  in  p e r  cen t o f the  
body  w eigh t (abso rp tion  su rface ) and  w eigh t, f i r s t  o f all of th e  sm all in te s tin e , 
to  a lesser e x te n t those o f  th e  s tom ach , coecum  an d  large in te s tin e , surpass 
s ig n ifican tly  those  of th e  n o n -la c ta tin g , co n tro l r a ts .  (P ersonal com m unica tion  
B. F. F ell  an d  R . M. Ca m p b e l l  [1962], an d  in v e s tig a tio n s  of P é n z e s  [1963].)

T he ch a rac te ris tic  f e a tu re s  of th e  changes in  f a t  m etab o lism  d u rin g  p reg 
n an cy  shou ld  be s tu d ied  n o t  in  th e  v iscera , in  th e  carcass d ep riv ed  of th e  
re p ro d u c tiv e  organs o n ly , b u t  in  th e  blood p la sm a , in  th e  f irs t  p lace . A lthough  
th e  increase  o f ke tone  b o d ies  in  serum  in d ic a te s  c learly  th e  changes in  lipid 
m e tab o lism  (expressed in  b e ta -o x y b u tr ic  ac id  v a lu e , th is  co rresponds to  an 
average  o f 30.43 per cen t), b u t  th e  c h a rac te ris tic  v a lu es  a p p ea r in  th e  q u an titie s  
o f n e u tra l  fa t ,  f a t ty  ac ids, to ta l  and free ch o les te ro l an d  p h o sp h o lip id . A ccord
ing to  E f f k e m a n n  [8] th e  increases a re : n e u tra l  fa t  136.91 m g p er cen t, 
f a t ty  acid  115.28 mg p e r c e n t, to ta l  cho lestero l 11.17 m g p er c e n t, free chole
s te ro l 18.52 m g p er cen t a n d  phospho lip id  30.53 m g p er cen t.
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T IC K S T O F F L O K A L IS A T IO N  W Ä H R E N D  D E R  G R A V ID IT Ä T  IM  O R G A N ISM U S VON
R A T T E N

V e rfa s se r  u n tersu ch te  in  d en  re p ro d u k tiv e n  u n d  v e g e ta tiv e n  O rganen  v o n  ju n g e n  (im  
e rs te n  R ep ro d u k tio n szy k lu s  b e f in d lich e n )  u n d  a lten  (in d r i t te n  R e p ro d u k tio n sz y k lu s  b e fin d 
lic h e n ) R a t t e n  die Menge des w ä h re n d  de r G ra v id itä t  im  O rgan ism us »gespeicherten« S tick 
sto ffs  sow ie  dessen  V erteilung. D ie U n te rsu c h u n g e n  e rs trec k te n  sich  au f die A n a ly se  des S tick 
sto ff- u n d  W assergehaltes der G e b ä rm u tte r ,  der F ö ten , des P aren ch y m g ew eb es d e r M ilch
d rü se n , d e r  M ilchdrüsenknospen  (M ilch d rü sen k ö rp e r) bzw. de r L eb er, des M. g a s tro cn e m iu s , 
e ines b e s t im m te n  teils der B a u c h h a u t, des D ü n n d a rm s sowie des Schenkelbeines (im  F a lle  von  
T ie ren  im  d r i t t e n  R ep ro d u k tio n szy k lu s  — des H erzens, der Milz u n d  der N ieren).

Acta Riol. Hung. 15. 1964



STUDIES ON DISTRIBUTION OF N IN THE HAT DURING PREGNANCY 37

Die w ährend  der G ra v id itä t  d u rc h  den M u tte ro rg an ism u s re tin ie r te  S tick s to ffm en g e  
w u rd e  w äh ren d  der A nalyse d e r K ö rp e rzu sam m en se tzu n g  der V ersuchs- u n d  K o n tro lltie re , 
d .h . a u f  in d ire k ten  W ege fe s tg e s te llt .

A us den  E rgebnissen  is t  e rs ich tlic h , d a ß  zwei D rit te l  de r w äh ren d  de r G ra v id itä t  im  
O rg an ism u s re tin ie r ten  S tick s to ffm en g e  in  den re p ro d u k tiv en  O rganen  bzw . in  den F ö te n  
gem essen  w urde. D er R e ten tio n s-M eh rw ert de r 21-tägigen G ra v id itä tsp e rio d e  b e trä g t  im  Falle  
v o n  ju n g e n  T ieren  1207 m g, bei a lte n  T ieren  1575 mg S ticksto ff.

In  den u n te rsu ch ten  O rg an en  w ar de r p ro zen tu a le  S tick s to ffg e h a lt d e r  G e b ä rm u tte r , 
d e r  M ilchdrüsenknospen  (M ilch d rü sen k ö rp er), der L eber und  des M. g as tro cn em iu s  v o n  R a tte n  
des e rs ten  R ep ro d u k tio n szy k lu s s ig n if ik a n t geringer, als bei n ic h t g rav id en  K o n tro l lie r e n .

ЛОКАЛИЗАЦИЯ АЗОТА В ОРГАНИЗМЕ КРЫС ВО ВРЕМЯ БЕРЕМЕННОСТИ

Автор исследовал в воспроизводительных и вегетативных органах молодых (на
ходящихся в нервом воспроизводительном цикле) и старых (находящихся в третьем 
воспроизводительном цикле) крыс количество азота, «накопленного» в организме во время 
беременности, а также его распределение. Проводился и анализ содержания азота и воды 
в матке, плоде, паренхиматозной ткани молочных желез, сосках молочной железы, пе
чени, икроножной мышце, определенной части кожи живота, тонкой кишке, а также бед
ренных костях, в случае животных третьего воспроизводительного цикла — в сердце, 
селезенке и почках. Автор определил количество азота, задержанного во время беремен
ности материнским организмом в ходе анализа состава организма подопытных и контроль
ных животных, то есть косвенным путем. Из результатов явствует, что две трети коли
чества азота, задержанного организмом во время беременности, измеряется в воспроиз
водительных органах или в плодах. Величина излишка задержки в период 21-дневной 
беременности составляет у молодых животных 1207 мг, а у старых животных — 1575 мг. 
Среди исследованных органов процентное содержание азота матки и сосков молочных 
желез, печени и икроножной мышцы было значительно ниже, чем у небеременных конт
рольных животных. За исключением величин содержания азота в сосках молочных желез 
автор получил подобные результаты также в случае старых беременных животных. Как 
в воспроизводительных так и в вегетативных органах у беременных животных получа
лось только абсолютное повышение количества азота, которое проявлялось в значитель
ном увеличении веса отдельных органов.

L ászló P é n z e s , B u d a p e s t,  I L ,  K ita ib e l Pál u. 4, H u n g a ry
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Synopsis

T he m u co p o ly sacch a rid e  c o n te n t was in v e s tig a te d  in  th e  o rgans o f  f resh -w a te r  
m ussel ( A nodon ta  cygnea L .) w ith  b iochem ical a n d  h isto ch e in ica l m e th o d s . I t  w as 
d e m o n s tra ted  b y  h is to ch em ica l tech n iq u es t h a t  th e  PA S-positive  su b s tan ces  in  th e  
d iffe ren t tis su e s  o f  m ussel (ex cep t th e  m uscle tis su e s)  are  n e u tra l  m uco p o ly sacch arid es, 
w hereas in  th e  g lan d s acid  m u co p o lysaccharides w ere d e te c ta b le . A h igh  hex o sam in e  
c o n te n t w as fo u n d  in  th e  tis su e s , several tim es g re a te r  th a n  in th e  tissu es o f  m am m als . 
I t  is a ssum ed  t h a t  th e  rev erse  re la tio n sh ip  be tw een  oxy g en  su p p ly  and  m u co p o ly sacch a 
rid e  c o n te n t o f tissu es as suggested  by  K i i o m p e c h e r  a n d  co-w orkers e x is ts  n o t  on ly  
u n d e r e x p e rim e n ta l a n d  p a th o lo g ica l co n d itio n s, b u t  is d e te c ta b le  also in  th e  re la tiv e ly  
poorly  ox igen ized  tis su es  o f fresh -w a te r m ussel s ta n d in g  a t  a low er level o f  p h y lo g en y .

Introduction

R ecen t in v e s tig a tio n s  b y  K r o m p e c h e r  and  associa tes [1, 4 , 5, 9, 10, 
11, 12, 13, 14, 15) d e m o n s tra te d  th a t  if  th e  b lood  su p p ly  o f tissues is d am ag ed  
b y  effects, e ith e r  physio log ica l (pressure on re g e n e ra tin g  g ra n u la tio n  tissue  
on th e  a r tic u la r  su rface) or p a tho log ica l (tu b e rcu lo u s  tissu e , ca rc in o m a, sili
cosis, ulcus c ru ris , m y x o ed em a, b u rn in g , freezing) a m ore in ten s iv e  m u co p o ly 
saccharide  fo rm a tio n  ta k e s  place a t  a ce rta in  degree o f oxygen defic iency . T his 
m an ifests  itse lf  b y  h is to ch em ica l m eth o d s in  th e  ap p ea ran ce  of a su b s ta n c e , 
w hich is P A S -positive , becom ing  P A S -negative  a f te r  a c e ty la tio n , an d  m a y  be 
ren d ered  again  P A S -positive  su b seq u en tly  b y  sap o n ifica tio n . T h is su b stan ce  
gives no m e tach ro m asia , p roduces m eth y len e  b lue ex tin c tio n  o n ly  a t  high 
p H  values, is in d ig estib le  b y  su b stances, as p ep sin , try p s in , h iase, d ia s ta se  or 
sa liva . As b iochem ica l s tu d ies  show , th is  m u co po lysaccharide  fo rm a tio n  is 
accom pan ied  b y  a s im u ltan eo u s  increase in hexosam ine c o n te n t o f  tissu es . 
A ccord ing  to  K r o m p e c h e r  [12, 13] th is  is p re su m a b ly  due to  th e  a d a p ta t io n  
o f  tissues to  a poo rer oxygen  sup p ly . F o r in v e s tig a tin g  th is  p rob lem  m ore in 
ten siv e ly  it  w as suggested  to  exam ine th e  tissues o f an an im al w hich is liv ing  
c o n s ta n tly  in  h y p o x ib io tic  c ircu m stan ces , all th e  m ore, because G a b e  [3],
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fo r in s ta n c e , succeeded to  d e m o n s tra te  in a w hole series of low er an im als , and  
a m o n g  th e m  also in  th e  m olluscs a su b stan ce  com ply ing  w ith  th e  m a jo r ity  of 
th e  a b o v e  h istochem ical re q u ire m e n ts . On basis  o f these  co n sid e ra tio n s i t  was 
d e c id e d  to  perform  e x p e rim e n ts  on fre sh -w a te r  m ussel, w hich h as  accord ing  to  
S a l á n k i  [19] an oxygen  c o n su m p tio n  o f  0 .6 — 1.6 m g/1 h o u r a t  10— 15° C 
(in  case  o f 14 —16 cm long specim ens).

Material and methods

T h ese  in v estig a tio n s w ere c a rr ie d  o u t be tw een  A p ril a n d  S ep tem b er on 12 — 18 cm  long 
sp e c im en s  of fresh -w ater m u sse l ( A n o d o n ta  cygnea L .)  o rig in a tin g  p a r tly  fro m  th e  H o rto b ág y  
r iv e r  a n d  p a r tly  from  L ak e  B a la to n . F o o t, m an tle , gill, a d d u c to r  m uscle, sy p h o n , h e a r t  and 
k id n e y  o f th e  anim als w ere in v e s tig a te d  h isto ch em ically  a n d  b iochem ically .

H istochem ical methods

T h e  above m en tio n ed  o rg a n s  w ere p u t in to  Susa or G endre f ix a tiv e s  [18] and  a fte r  
w a sh in g  a n d  d e h y d ra tio n  th e y  w ere  em b ed d ed  in to  p a ra f f in  an d  seria l sec tions o f 5 — 7 [i were 
p re p a re d . B esides th e  ro u tin e  s ta in in g s  (H aem a lau n -ch ro m o tro p  2R , A zan , iro n  tr io x y h a em a - 
te in -p ic ro fu c h s in  according to  H a n se n ) th e  follow ing h isto ch em ical re ac tio n s  w ere carried  
o u t:

(1) T h e  reac tion  acco rd in g  to  R it t e r  and Ol e so n  [17] w hich u n ite s  H a le ’s an d  th e  
PA S re a c tio n . The reag en ts  w ere p re p a re d  accord ing  to  th e  o rig inal d e sc rip tio n  b y  R it t e r  
a n d  O l e s o n . PAS reac tio n  w as ch eck ed  for i ts  co rrec tn ess  by  R itte r-O leso n  re ac tio n , o m ittin g  
th e  t r e a tm e n t  w ith  periodic acid .

(2) A fte r  a ce ty la tio n  R itte r-O le so n  reac tio n  [16].
(3) A cety la tio n  +  sa p o n if ic a tio n  -f- R itte r-O leso n  reac tio n .
(4) L ip id  e x trac tio n  acco rd in g  to  th e  m eth o d  em p lo y ed  by K e il ig  [6] p e rfo rm ed  w ith  

c h lo ro fo rm /m e th a n o l, e th e r, a ce to n e  th ro u g h  a period  of 24 hours a t  60° C, w ith  su b seq u en t 
e m b e d d in g  in to  p araffin  a n d  R itte r-O le so n  reac tion .

(5) Pepsin -d igestion  fo r 2 h o u rs  a t  37° C in  0.02 N  HC1 co n ta in in g  2 m g/m l c ry sta llin e  
p e p s in . A  s im ila r in cu b a tio n  in  0.02 N  HC1 served  as co n tro l.

(6 ) T ry p sin -d igestion  fo r 2 h o u rs  a t  37° C in  a p h o sp h a te  b u ffer a t  p H  8.0 co n ta in in g  
1 m g /m l try p s in .

(7 ) H y a lu ro n id ase -d ig estio n  fo r 16 hours a t  37° C in  “ H y a so n ”  (O rganon) so lu tio n  of 
150 u n i t /m l  co n cen tra tio n  p re p a re d  in  i ts  o rig inal so lv en t.

(8) M etach ro m atic  re a c tio n  w ith  to lu id ine  b lue  of 0.02 per cen t c o n ce n tra tio n  [16].
(9 ) M ethylene blue e x tin c tio n  in  W alpole b u ffer a t  1.42; 3.09 an d  4.76 p H  v a lu es [16].
(10) S u lp h a tio n  [7,8] in  H 2S 0 4 of a specific  g ra v ity  o f 1.80 for one m in u te , follow ed 

e ith e r  b y  m etach ro m atic  re a c tio n  w ith  to lu id ine  b lue  of 0.02 per cen t co n ce n tra tio n  or by 
m e th y le n e  b lu e  ex tin c tio n  a t  1.42 p H  value.

(11) G endre fix a tio n  [18] fo llow ed  b y  p a ra ff in  em b ed d in g  w ith  su b seq u en t R itte r-O le 
son  re a c tio n .

(12) Sa livary -d igestion  fo r tw o  hours a t  37° C on m a te ria l fix ed  in  G endre  f ix a tiv e  
fo llow ed  b y  R itte r-O leso n  re a c tio n  [16].

Biochem ical analysis

H ex o sam in e  co n ten ts in  th e  t is su e s  were d e te rm in ed  b y  B oas’s [2] m e th o d . D ry  tissue- 
p o w d e r w a s  p rep ared  of th e  re m o v e d  organs w ith  ace to n e . A n a b o u t 0.03 g p o rtio n  of th is  
tis su e  p o w d e r  w as hydro lized  fo r 4 h o u rs  in  4N  HC1. D is tu rb in g  chrom ogenes w ere rem oved  
w ith  D o w ex  50 X 8, m esh 200 — 400 s y n th e tic  resin  fro m  th e  h y d ro liza te  a d ju s te d  to  0.8 pH  
b y  su i ta b le  d ilu tio n . The h ex o sam in es w ere e lu a ted  from  re sin  in  acid  m ilieu a n d  a f te r  n e u tr a 
liz a tio n  w ere  m easured  b y  E l so n -M o r g a n ’s m ethod  (a t th e  sam e h y drogen  ion c o n ce n tra tio n
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Fig. 1. S uperficial p a r t  o f foot. S u sa-fix a tio n , p a ra f f in  embedding;, R itte r-O le so n  reac tio n . X 200. 
F ig. 2. S uperficial p a r t  o f foot. L ip id -e x tra c tio n  acco rd in g  to  Keilig in  ch lo ro fo rm m e th an o l, p a ra f
fin  em b edd ing . R itte r-O leso n  reac tio n . X 200. F ig . 3. Section of a lim e n ta ry  can a l. F ixation  in 
Susa, p a raffin  em b edd ing . T ry p sin -d ig estio n  -f- R itte r-O leso n  reac tion . X 200. F ig . 4. Superficial 
p a r t  o f foot. F ix a tio n  in Susa, p a ra ffin  em b ed d in g . Pepsin-digestion  +  R itte r-O le so n  reaction . 
X 200. Fig. 5. S uperficial p a r t  o f foot. F ix a tio n  in Susa, paraffin  em b edd ing . M etach ro m asia  w ith 
to lu id in e  blue. M etach rom asia  only in th e  g lan d s . X 200. Fig. 6. L o n g itu d in a l section  of a d 
d u c to r  m uscle. G endre  f ix a tio n , p a ra ffin  em b ed d in g . Salivary-d igestion  -f- R itte r-O leso n  reac 
tio n . PA S-positive  su b s tan ce  rem ain ed  on ly  in th e  connective  tissue b e tw een  m uscle  fibres. X 400.
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as th e  s ta n d a rd s ). G lucosam ine HC1 w as used  as s ta n d a rd . A c e ty la tio n  was p e rfo rm ed  w ith  
a ce ty lace to n e  for 45 m in u te s  on a w a te r -b a th  of 89 — 92° C. D ifferences in in te n s ity  o f colour 
developed  w ith  E h rlich  re ag e n t w ere m easu red  w ith  P u lfr ich  s tep -p h o to m e te r.

R esults

H istochem ical results

In  th e  tissues o f th e  ex am in ed  organs o f fre sh -w a te r  m ussel a diffuse 
po sitiv e  P A S-reaction  w as observed  in  general. P A S -positive  were th e  fo llow ing 
o rgans: connective tissu e , basa l m em b ran e  b e n e a th  th e  ep ith e liu m , p e r in e u ri
um , w all of vessels, m uscles, h e a r t  m uscle, th e  su p erfic ia l p a r t  o f cy lin d rica l 
ep ith e liu m  covering  th e  su rfaces an d  the  g ran u lo u s su b stan ce  in th e  ep ith e liu m  
o f k id n ey . As an  ex am p le  a sec tion  of th e  foo t is p re sen ted  in  F ig . 1.

H ale-positive  w ere th e  follow ing regions: m ucus g land  of foo t, su b m u co sa  
o f in te s tin a l canal in  th e  reg ion  o f typh lo so le , th e  u n ice llu la r en d o ep ith e lia l 
g lands in  th e  ep ith e lia  o f sec re to ry  duc ts  o f sex u a l o rgans, o f oral lobe, m an tle , 
gill and  syphon .

T here is no P A S -positive  reac tio n  w hen th e  period ic  acid  t r e a tm e n t  is 
o m itte d . S im ilarly , th e  PA S re a c tio n  is n o t p o sitiv e  a fte r  a c e ty la tio n , b u t  it 
becom es positive  again  on th e  effect o f sap o n ifica tio n  su b seq u en t to  a c e ty la 
tion .

PA S-positive re a c tio n  rem ain s unch an g ed  in th e  ab o v e-m en tio n ed  re 
gions a fte r  lip id e -e x tra c tio n  perfo rm ed  b y  K e ilig ’s m eth o d  (F ig . 2).

T he resu lts  o b ta in e d  w ere a lm o st equal w hen  c a rry in g  ou t R itte r-O le so n ’s 
re a c tio n  e ith e r on sec tions d igested  w ith  fe rm en ts  an d  on th e ir  co n tro ls  or on 
u nd igested  sections (F ig . 3 and 4).

PA S-positive sec tions d id  n o t p roduce  m etach ro m asia  w ith  to lu id in e  
b lue (F ig. 5) and  m e th y len e  b lue  ex tin c tio n  w as also observed  o n ly  a t  pH  
4.76.

A fter su lp h a tio n  a m ore ex tensive  to lu id in e  b lue m e tach ro m asia  and  a 
s tro n g  m eth y len  b lue e x tin c tio n  a t  p H  1.42 as well were o b ta in e d  in  PAS- 
p ositive  regions.

E q u a l P A S -positive  re a c tio n  was o b ta in e d  in  sections fix e d  in  G endre 
an d  Susa f ix a tiv e s , th e  PA S -positive su b s ta n c e , how ever, d isa p p e a re d  bo th  
from  th e  m uscles o f fo o t an d  from  th e  a d d u c to r  m uscle a fte r  sa liv a ry -d ig estio n
(F ig . 6).

The reac tio n s in  H a le -p o sitiv e  regions d id  n o t change even a f te r  a c e ty la 
tio n . G lycogene w as n o t observ ab le  in  th ese  reg ions an d  th e  re a c tio n  rem ained  
p ositive  even a f te r  lip id -e x tra c tio n . H ale -p o sitiv e  su b stan ce  w as n o t  d igested  
b y  hyase , pepsin , t ry p s in  (F igs. 3 and 4) an d  sa liv a . M etach rom asia  w ith  to lu i
d ine b lue was observed  o n ly  in  H ale-positive  reg ions (F ig. 5), a n d  m eth y len e  
b lue  ex tin c tio n  w as o b ta in e d  in  th e  sam e reg ion  also a t  a 1.42 p H  v a lu e .
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B iochem ical re su lts

T h e  averages a n d  s ta n d a rd  dev ia tio n s o f re su lts  o b ta in ed  b y  hexosam ine 
d e te rm in a tio n s  in th e  o rg an s  o f  Anodonta cygnea  using th e  te c h n iq u e  of B o a s  

a re  as follow s (the fig u res  a f te r  th e  nam e o f o rg an s in d ica te  th e  n u m b e r of 
d e te rm in a tio n s ) .

foot (6) 
k idney  (5)

gill (5)
h e a rt (5) 
m an tle  (6) 
syphon (5) 
a d d u c to r m uscle  (5)

6 7 4 .6 ^ 5 3 .5  m g%  
7 0 0 .8 ± 3 2 .4  m g%  
5 6 3 .5 ^ 3 6 .6  m g%  
7 4 0 .3 ± 3 3 .4  m g%  
6 3 2 .9 ± 8 9 .0  m g %  
6 5 8 .6 ± 2 5 .0  m g%  
3 0 7 .4 ± 3 1 .2  m g%

Discussion

T h e  find ings o b ta in e d  on ace ty la tio n  a n d  su b seq u en t sap o n ifica tio n  
e s ta b lis h  th e  c a rb o h y d ra te  c h a ra c te r  o f P A S -p o sitiv e  su b stan ces p re se n t in 
th e  co n n e c tiv e  tissue, b a sa le  m em b ran es , su p erfic ia l p a r t  of ep ith e liu m  and  in the  
e p id e rm is  cells o f th e  k id n e y . T h is  su bstance  c a n n o t be reg a rd ed  as a p ro te in 
like su b s ta n c e  because i t  is in d ig es tib le  w ith  p ep sin  an d  try p s in , i t  c a n n o t be 
a lip id  e ith e r , due to  th e  in effec tiv en ess  of lip id  e x tra c tio n . I t  is assu m ed , on 
basis  o f  g en era lly  accep ted  c r ite r ia  in  h isto logy , t h a t  th e  PA S p o sitiv e  reac tio n  
o b se rv a b le  in the  above reg io n s  is due to  th e  p resence  of n e u tra l  m u co p o ly 
sa c c h a rid es . This su p p o sitio n  is confirm ed b y  th e  follow ing fin d in g s: ineffec
tiv e n e ss  o f  sa liv a ry  d ig estio n  on  P A S -positive re a c tio n , m ethy lene  b lue e x tin c 
tio n  o n ly  above p H  4, to lu id in e  b lue m e tach ro m as ia  only  a fte r  su lp h a tio n .

T h e  P A S -positive su b s ta n c e  d e tec ted  in  a d d u c to r  m uscle, h e a r t  m uscle, 
a n d  th e  m uscles of the  foo t can  be iden tified  as g lycogen  b y  its  d iffe ren t h isto - 
ch em ica l reac tio n s.

T h e  H a le-positive  su b s ta n c e s  are p re su m a b ly  acid  m u co p o lysaccharides. 
T h is su p p o s itio n  is su p p o rte d  b y  th e  follow ing f in d in g s : beh av io u rs  on a c e ty la 
tio n  a n d  su b seq u en t sa p o n if ic a tio n , resu lts  o f b o th  d igestive  ex p e rim en ts  w ith  
d iffe re n t enzym es and  o f lip id -e x tra c tio n , th e  g a m m a -m e tach ro m as ia  w ith 
to lu id in e  b lue  and  the  m e th y le n e  b lue e x tin c tio n  a t  low  p H  values.

S ince  th e  hexosam ine in v e s tig a tio n s  w ere p e rfo rm ed  w ith  hom ogen ized  
o rg an s, th e  ev a lu a tio n  o f th e  d a ta  o b ta in ed  is n o t  easy , because th e  re la tiv e  
p ro p o r t io n  o f the  single tis su e s  in  th e  organs is u n k n o w n . N ev erth e less  i t  is 
re g a rd e d  as a v a luab le  f in d in g  th a t  th e  b io ch em ica lly  d e tec ted  hexosam ine  
c o n te n t  is p a ra lle l w ith  th e  h is to ch em ica lly  d e te rm in e d  presence of m u co p o ly 
sa c c h a rid es , e.g. if only a m in im u m  q u a n ti ty  o f hex o sam in e  is p re se n t in  the
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a u d u c to r  m uscle , th e  a m o u n t o f h is to ch e in ica lly  d em o n strab le  m u co p o ly 
saccharides is low an d  on th e  c o n tra ry  w hen th e  q u a n t i ty  o f th e  fo rm er is 
h igh , th e n  th e  q u a n ti ty  o f  th e  la t te r  is s im ilarly  h igh . T he hexosam ine  c o n te n t 
m easu red  in  th e  o rgans o f fre sh -w a te r  m ussel is m u ch  h igher th a n  in  th e  case 
o f m am m als ( ra t skin 254.5 m g %  [14], h u m an  sk in  239.7 ing% ).

The reverse  c o rre la tio n  b e tw een  oxygen su p p ly  an d  m u co p o ly sacch a 
rid e  c o n te n t of tissues su g g ested  b y  K r o m p e c h e r  an d  co-w orkers is su p p o r
ted  b y  these  find ings. F u r th e r  d e ta iled  s tu d ies  on m etab o lic  processes are 
needed , how ever, for th e  co rrec t u n d e rs ta n d in g  o f th is  re la tio n sh ip .
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H IS T O C H E M ISC H E  U N D  B IO C H E M IS C H E  U N T E R S U C H U N G E N  Ü B E R  D E N  MUCO- 
P O L Y S A C C H A R ID G E H A L T  D E R  O R G A N E N  D E R  SÜ SSW A SSE R M U SC H E L

(A N O D O N T A  C Y G N E A  L,)

D ie  A utoren  h a b e n  d en  M uco p o ly sacch arid g eh alt d e r  O rgane der S üssw asserm uschel 
m it  h is tochem ischen  u n d  b ich e m isch e n  M ethoden g e p rü ft .  E s  w urde  b e s tä tig t,  d a ss  die in  den 
G e w eb en  befindliche P A S -p o sitiv e  S u b stan z  m it A u sn ah m e  der M uskelgew ebe h istochem isch  
n e u tr a le n  M ucopolysacchariden  e n ts p r ic h t ,  und  dass in  d e n  D rü sen  sau re  M ucopolysacchariden  
n a c h w e isb a r  sind. D er H e x o sa m in g e h a lt  der O rgane i s t  h o ch , v ie lfach  höher a ls in  den  Geweben 
d e r  S ä u g e tie re . Das v e rk e h r te  V e rh ä ltn is  zwischen M u co p o ly sacch arid g eh alt u n d  O xygenver- 
so rg u n g  de r Gewebe, w elches v o n  K r o m p e c h É r  u n d  M ita rb e ite rn  au fg este llt w u rd e , schein t 
n ic h t  n u r  u n te r  e x p erim en te llen  u n d  patho log ischen  B ed in g u n g en  g ü ltig  zu  se in , sondern  
a u c h  im  Falle  der m it O x y g en  sc h lec h t verso rg ten  G ew ebe der a u f  e iner n ied e ren  S tu fe  der 
P h y lo g e n es is  stehenden  M uschel.

Г И С Т О Х И М И Ч Е С К О Е  И  Б И О Х И М И Ч Е С К О Е  И З У Ч Е Н И Е  С О Д Е Р Ж А Н И Я  
М У К О П О Л И С А Х А Р И Д О В  О Р Г А Н О В  Б Е З З У Б К И  (A N O D O N T A  C Y G N E A  L.)

Авторы изучали содержание мукополисахаридов в органах беззубки (Anodonta  
cygnea  L.) при помощи гистохимических и биохимических методов. Было установлено, 
что ПАШ-позитивная субстанция, обнаруженная в тканях беззубки, кроме мышечнай 
ткани, гистохимически соответствует неутральным мукополисахаридам, а в железах 
можно выявить кислые мукополисахариды. Содержание гексозамина в органах беззубяи 
во много раз выше, чем в органах млекопитающих.

Авторам кажется, что теория Кромпехера и его сотрудников, согласно которкй 
снабжение кислорода тканей обратно пропорционально содержанию мукополисахаридхв 
в этих тканях, справедливо не только при экспериментальных и патологических условиях 
но останется в силе и для относительно плохо снабженным кислородом тканей беззубки 
которая находится на низшей ступени филогенетического развития.

I m r e  Z s . -N a g y , T ih a n y , B iológia, H u n g a ry
M á r i a  B. L á s z l ó , D eb recen , 12, A n a tó m ia , H u n g a ry
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STUDIES ON THE INHERITANCE OF A TYPE OF 
FASCIATION IN MAIZE (ZEA MAYS L.) EARS

L. D a n i e l

IN ST ITU TE OF G EN ETIC S, HUNGARIAN ACADEMY O F SCIEN CES, BUDAPEST (HEAD: B . G Y Ő R F FY )

(R eceived D ecem b er 15, 1963)

Synopsis

T he in h e r i ta n c e  of fasc ia tio n  o f th e  m aize  ears  has been in v e s tig a te d  in  dialle  
c rosses (P , F „  F 2, B t, B 2, F3) of th e  fo llow ing lin e s  selfed for 7 — 8 g e n e ra tio n s: a  4-(P4) 
a n d  an  8-(P8) ro w ed  f l in t ,  a 12-(P12) a n d  a 17 .3-row ed (on th e  average; P 1 8 ) d e n t,  and  
a 39-row ed (o n  th e  av erag e; P40) pop  co rn  w ith  fasc ia ted  spheroid  e a rs . In d iv id u a ls  
w ith  fa sc ia ted  e a rs  occurred  in  all g e n era tio n s  o f th e  cross P18 X P40 w ith  a h ig h er fre 
q u e n cy  th a n  5 0 % , w hile in  the  o th e r c o m b in a tio n s  o f P40 there  were no  fa sc ia te d  ears 
in  th e  F , a n d  B ,. H ow ever, th ey  occu rred  w ith  a  frequency  below 50%  in  th e  F 2, B2 
a n d  F 3 g e n e ra tio n s  show ing some re la tio n  w ith  th e  kernel row  n u m b er o f th e  n o n  re 
c u rre n t  p a re n ta l  lin es . A genetic  m odel w as d ev e lo p ed  in a fa irly  good a g re e m e n t w ith  
th e  d a ta  o f th e  e x p e rim e n t. L ine P18 p ro b a b ly  d ev ia tes  from  line P40  in  tw o  fac to rs  
a sso c ia ted  a lso  w ith  suppresso rs; be tw een  lin e s  P18  an d  P12 th ere  m ay  be  a  d ifference 
of on ly  one d o m in a n t  fac to r, while th e  d iffe ren ces  be tw een  the  lines P I 2 a n d  P 8  as well 
as b e tw een  lin e s  P12  a n d  P4 are  co m p lica te d . T h e  d a ta  show d e fin ite ly  t h a t  n o t  only 
th e  h ig h er k e rn e l ro w  num bers are lik e ly  to  b e  b ro u g h t in  re la tio n  w ith  th e  fa sc ia tio n , 
because  even  th e  P8 a n d  P4 lines w ith  low  k e rn e l n u m bers con ta in  in h ib i t in g  d o m in a n t 
alleles. T h e  fa sc ia tio n  an d  th e  b ran ch in g  o f  th e  m aize  ear are in h erited  in d e p e n d e n tly  
o f each  o th e r.

In tro d u c tio n

T he in h e r ita n c e  o f te ra to lo g ica l p h e n o m e n a  has been in v e s t ig a te d  by 
D e V r i e s  [5] as e a r ly  as th e  beg inning  o f  th e  c e n tu ry . He co n c lu d ed  t h a t  th ey  
are due p a r t ly  to  h e re d ity  and  p a r tly  to  e n v iro n m e n ta l fac to rs. A m o n g  o thers 
he has also s tu d ie d  fasc ia tion . The re le v a n t li te ra tu re  has been re c e n tly  su m 
m arized  b y  W h i t e  [20]. The fu n d a m e n ta l cause  of the  a p p e a ra n ce  o f  fasc ia 
tion , observed  so fa r  in  m ore th a n  one h u n d re d  d ifferen t p la n t fa m ilie s , seems 
to  be a d is tu rb a n c e  in  th e  m etabo lism  o f th e  p la n t; as a co n seq u en ce  o f an 
ab u n d an ce  o f n u t r ie n t  supp ly  a c c u m u la tio n  o f  energy resu lts  w h ich  leads to  
the  ab n o rm a l tis su e  fo rm ation . A n a to m ic a l investiga tions in d ic a te  t h a t  the 
ev o lu tio n  of v a r io u s  ty p es  o f fa sc ia tion  in  c o n tra s t  to  earlier a s su m p tio n , m ust 
be a t t r ib u te d  to  ab n o rm a l d ev e lo p m en t o f  th e  grow th region r a th e r  th a n  the  
u n ited  g ro w th  o f  sev e ra l such reg ions.

P rim a rily  on  genetica l g ro u n d s, W h i t e  classifies th e  d if fe re n t fasc ia
tions as follow s:

1. In h e r ite d  fasc ia tion .
2. F a sc ia tio n  due  to  various n a tu r a l  en v iro n m en ta l c au ses , w hich  are 

not in h e rite d .
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3. S pon taneous fa sc ia tio n  of u n k n o w n  orig in  p ropagated  a se x u a lly , 
b u t ,  so fa r  as know n, n o t th ro u g h  seed.

4 . F asc ia tio n  in d u c e d  a rtific ia lly  by  k n o w n  procedures w hich p o ss ib ly  
in so m e  cases have been  a sex u a lly  p ro p a g a te d .

5 . F asc ia tio n  w hich  h a s  n o t been in v e s tig a te d  ex p erim en ta lly  as y e t 
a n d  w h ich  rem ains u n c la ss ified  as to  tra n sm is s ib il i ty .

T h e re  are m any  in c id en ces  of in h e rited  fa sc ia tio n s  and all cases re p o r te d  
a ro se  as m u ta tio n s . T he m o s t com m on is th e  m o nogen ic  recessive in h e r ita n c e , 
b u t  d ih y b r id  and  tr ih y b r id  segregation  as w ell as d o m in an t and in te rm e d ia te  
in h e r i ta n c e  also occur.

F a sc ia tio n  in m aize e a rs  has been in v e s tig a te d  by  m any w o rk ers . T he 
n o rm a l m aize  ear was co n sid e red  as a ty p e  o f  fa sc ia tio n  by Co l l i n s , C u t l e r  
a n d  W e a t h e r w a x ; D e V r i e s  a n d  H u s and  M u r d o c k  range i t  to  th e  e v e rsp o rt-  
ing  c a te g o ry  of m u ta n ts , w h ile  E m e r s o n  a n d  H a y e s  [19], E m e r s o n  an d  
W h i t e  f in d  tru e  b reed ing  ra c e s  in w hich th e  in te n s i ty  of expression  o f  th e  
c h a ra c te r  freq u en tly  f lu c tu a te s .  F asc ia tion  m a y  b eh av e  e ith er as recess iv e , 
or as p a r t ia l ly  d o m in an t, or as d o m in an t c h a ra c te r . In  m ost cases th e  seg re g a 
tio n  is  m onogenic , b u t th e  p o ss ib ility  of d ih y b r id  segregation  is also g iv en . 
In  W e i j e r ’s catalogue o f g e n e tic  m aize ty p es  i t  is reco rded  as “ fs. — C lassifi
c a tio n  a p p a re n tly  fa ir. V ia b ili ty  good. C hrom , u n k n o w n ”  [18].

R e c e n tly  th e  in fluence  o f  g row th  co n d itio n s  on  th e  fo rm ation  o f  o rg an s  
w as in v e s tig a te d  by  J a n USEVIc [8] who s ta te s  t h a t  op tim um  e n v iro n m e n ta l 
c o n d itio n s  m ay  resu lt in th e  fasc ia tio n  of th e  e a rs .

F o rm e r ly , fasc ia tion  w as exclusively  q u a lif ied  as a terato log ica l p h e n o m 
enon a n d  generally  a t t r ib u te d  to  th e  fusion o f  hom ologous organs. S z á sz  
[16] fo r  ex am p le  m en tions i t  in  th e  ch ap te r “ C o h aesio ”  of the  p a rt “ F u sio n  o f 
th e  o rg a n s ”  o f his book on th e  te ra to lo g y  o f p la n ts  pub lished  in 1878. F i l o v

[6] r e c e n tly  s ta te s  th a t  fa sc ia tio n  is in re a lity  no  te ra to lo g ica l p h en o m en o n , 
b u t  th e  n a tu ra l  process o f  p rog ressive  ev o lu tio n  in fluenced  b y  c u ltiv a tio n , 
an d  s e v e ra l p la n ts  species, a m o n g  o thers also m a ize , are  know n only in  fasc ia - 
te d  fo rm s . B u t he a t tr ib u te s  fasc ia tion  s till to  fu s io n  of hom ologous o rg an s
[7 ] . E a r l ie r  d a ta  as well as th e  re c e n t ones o f S h a v a r o v  [13] on cross-sec tions 
of L e u c a n th e m u m  vu lgare  s te m s , and illu s tra tio n s  o f  P isu m  sativum  g row ing  
p o in ts  b y  L e b e d e v a  [9] d e f in ite ly  su p p o rt th e  th e o ry , th a t  no fusion is in 
v o lv ed  in  fasc ia tio n . W e a t h e r w a x  [17] co n c lu d es: “ I t  is u n fo rtu n a te  t h a t  
th e  te r m  fa sc ia tio n  has been  a p p lie d  to  these  (cases, i.e . f la tten in g  of th e  t ip  
of th e  e a r  in  various w ays); i t  ca rries  w ith  i t  th e  l i te ra l  m eaning of a b u n d le  
of s tic k s  . . .  A tru e  fa sc ia tio n , as defined b o ta n ic a lly  is sim ply an e n la rg e d , 
f la t te n e d , a n d  often  b ran ch ed  s tru c tu re , w hich h as  th e  appearence o f se v e ra l 
fused  b ra n c h e s .”

I t  is k n o w n  th a t  the  f a c to r  inducing  the a b n o rm a l grow th of the g row ing  
p o in t re s u lt in g  in  fasc ia tion  in  peas is a t r y p to p h a n  d e riv a te . A lth o u g h  th e
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fa sc ia tio n  is gene tica lly  d e te rm in ed  a lread y  in th e  em b ry o , it  is only  possib le 
to  d e m o n s tra te  a q u a n ti ta t iv e  d ifference  in  th e  au x in  c o n te n t, an d  even th a t  
on ly  a f te r  a c e r ta in  period  o f d ev e lo p m en t [15].

M ateria l and  m ethods

T h e  s tu d y  of th e  in h eritan ce  of k e rn e l row  n u m b er w as th e  aim  of our e x p e rim e n ts  [3], 
ho w ev er, th e  in v es tig a tio n s  were e x te n d ed  to  o th e r  ch ara c te rs , and  am ong th em  to  fasc ia tio n . 
D iailel crosses w ere perfo rm ed  be tw een  fiv e  lines selfed th ro u g h  7 — 8 g en era tio n s: a 4-(P4) 
and  a n  8-(P8) row ed f l in t  corn, a 12-(P12) an d  a 17.3-row ed (on an  av erag e ; P18) d e n t corn , 
and  a lso  an  av erage  39-row ed (P40) pop co rn  w ith  fa sc ia te d , sphero id  ears. T he su itab le  gen e
ra tio n s  (P , F ,, F 2, B ,, B 2, F3) w ere p ro d u ced  an d  co m p ara tiv e  ex p erim e n ts  e s tab lish e d  of two 
y ears  a t  th e  sam e lo ca lity  in a 4 X 4 “ L a tin  re c tan g le ” [12] a rran g em en t. T he n u m b er o f th e  
in v e s tig a te d  in d iv id u a ls  and  those  w ith  fa sc ia te d  ears  are rep o rted  in T ab le  1 an d  T ab le  2 
acco rd in g  to  co m b in a tio n s and g en era tio n s . T he th ird  p rogeny (F 3) w as p ro d u ced  in  th e  f i r s t  
y e a r o f th e  c o m p a ra tiv e  ex p erim en ts  an d  so i t  w as included  only in th e  second  y e a r e x p e ri
m en ts .

T h e  ears  were g rouped  on th e  b asis  o f th e ir  ab n o rm alitie s  f ir s t  in  sev era l g ro u p s, th en  
in  th re e ,  an d  f in a lly  in two classes. C onsidering  th e  g rouping  of SÄv ul escu  an d  Za iia r ia d i  
[14], fa sc ia tio n , b ra n ch in g  a t th e  to p  a n d  fu rc a tio n  of th e  ears were all considered  as fa sc ia 
t io n s , in  acco rdance  w ith  th e  a u th o rs  w ho also  re g ard  th em  to  he re la te d  p h en o m en a; th e  r a 
m ific a tio n s  w hich  arose from  th e  b asa l p a r t  o f th e  ears or developed from  ax illa ry  b u d s  am ong 
th e  h u sk s w ere considered  as b ran ch in g . T o co n tro l w h e th er th e  c la ss ifica tio n  w as co rrec t or 
n o t, th e  in te rd ep en d en ce  of th e  in h e ritan c e  of fa sc ia tio n  and  b ran ch in g  w as te s te d ;  th e  Chi2 
te s t  p ro v ed  s ig n ifican tly  th e  in d e p e n d e n t in h e ritan c e  (T able 3) as i t  w as suggested  a lread y  in 
a p rev io u s  re p o rt [4].

T he d a ta  o f th e  tw o y ears are r a th e r  f lu c tu a tin g , h u t  th e  v a rian ce  a n a ly s is  of th e  va lues 
ex p ressed  in %  an d  tran sfo rm e d  does n o t show  a n y  sig n ifican t d e v ia tio n  (P  =  0.2 —0.3), 
w h ereas v a r ia tio n s  a tt r ib u te d  to  co m b in a tio n s  and  g en era tio n s are  fa ir ly  re liab le  (P  0.001). 
F o r t h a t  reaso n  th e  f lu c tu a tio n  o bserved  be tw een  th e  tw o y ears w as considered  as e rro r and  
th e  fu r th e r  an a ly sis  w as m ade w ith  th e  com bined  d a ta  for th e  tw o y ears.

A g en etic  m odel was e s tab lish ed  a n d  th e  e x p erim en ta l d a ta  w ere co m p ared  w ith  th e  
v a lu es e s tim a te d  on th e  basis o f th e  m odel (T able  4). T he F 3 av erages w ere a sce rta in ed  on th e  
b a s is  o f th e  p rogenies o f re la tiv e ly  few  F 2 p la n ts  (T able 2) and th u s  in s te a d  of th e  Chi2 te s t  
ap p lied  to th e  o th e r  genera tions, th e  follow ing m eth o d  w as em ployed : On th e  basis o f the  
assu m ed  m odel th e  ex pected  classes o f th e  F3 g en era tio n s w ere estab lish ed  w ith  th e  c o rre sp o n d 
ing  freq u en c ie s; th e n  th e  class w as chosen  a t  w hich  th e  w hole F 3 g en era tio n  cou ld  be d iv ided  
in tw o  in such  a w ay , th a t  th e  av erage  of th e  p a r t  reach ing  to  th e  re sp ec tiv e  c lass sh o u ld  be 
low er, an d  th e  av erag e  of th e  p a r t  co n ta in in g  th e  class i ts e lf  h igher th a n  th e  av erage  o b ta in ed  
by  e x p e rim e n ts ; th e  ex p erim en ta l d a ta  co rresp o n d in g  to  th e  tw o lim it v a lu es o f th e  re sp ec tiv e  
class ra ised  to  th e  pow er according to  th e  n u m b er of th e  F 3 fam ilies c o u n ted , gave  th e  lim it 
v a lu es o f p ro b ab ility . (The averages o f th e  e x p erim en ta l d a ta  were in  each  case low er th a n  th e  
th e o re tic a l ones; in  th e  opposite  case th e  o rd e r h a d  to  be in v e rted .)  T he s ta tis t ic a l  analysis 
w as m ade  a f te r  Ma t h e r  [11].

R esu lts

in  all the  F 2, B 2 (F , X P 40), an d  F 3 g en era tions of th e  crosses w ith  th e  
P40  line as re c u rre n t p a re n t, in d iv id u a ls  w ith  fasc ia ted  ears o ccu rred  in  th e  
e n tire  d iallel cross in  q u a n titie s  to  be ascribed  sim ply  to  e n v iro n m e n ta l effects, 
e x c e p t fo r th e  Fj and  g en e ra tio n s  o f th e  P18 X P 40  cross, w here  th ty  
o ccu rred  in  h igh percen tag es. A t f irs t  a m istak e  w as su sp ec ted  b u t  re p e a te d  
crosses p ro d u ced  eq ua lly  an  F , g en e ra tio n  w ith  fa sc ia ted  ears. (F ig . 1 show s 
c h a ra c te r is tic  ears of th e  p a re n ts  anti th e  F j g en era tio n ; F ig . 2 such  o f la te r  
g en era tio n s .)  I t  appears c learly  from  th e  d a ta  o b ta in ed , th a t  th e re  is no sim ple
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Table 1

D istr ib u tio n  o f  the ind iv idua ls w ith  fa scia ted  ears in  the P , F j, F 2, B, ([P j X P 21 X P x and  B 2 
[P i X P 2] X P 2) generations o f  a 5 X  5 diallel cross.

(n  =  n u m b er of in d iv id u a ls  c o u n ted ; fs =  n u m b e r of in d iv id u a ls  w ith  fasc ia ted  ears)

P aren ta l lines P4 P8 P12 P18 P40

Item n fs n n fs n fs n fs

F , 150 — 144 — 149 — 156 _

P4

F ,

P 148 1
296 — 307 — 303 — 311 2 2

B, 194 — 194 — 192 — 205 —

B, 208 — 2 1 1 — 205 5 204 72

F, 151 — 156 — 154 —

f 2 310 — 330 2 305 35
P8 P 153 —

B, 199 — 213 — 2 1 2 —

B, 196 — 2 1 0 — 224 41

F , 153 — 150 1

f 2 308 — 322 55
P12 P 111 —

в , 206 — 205 1

B 2 203 — 209 85

F , 147 141

f 2 314 209
P18 P 158 2

B t 207 112
B 2 2 1 1 156

P40 P 134 134

m o n o h y b rid , or d ih y b rid  seg reg a tio n  an d  even  th e  g en o ty p es o f th e  lines 
em p lo y ed  are  d iffe ren t n o t o n ly  in  th e  k e rn e l row  n u m b e r, b u t in th e  segrega
tio n  ra t io s  o f fa sc ia tio n , too .

S ta r t in g  w ith  th e  line show ing  th e  h ig h es t n u m b e r o f in d iv id u a ls  w ith  
fa sc ia ted  ea rs  in th e  p rogen ies, th e  a p p ro x im a tiv e  g en o ty p e  fo r each line w as 
e s ta b lish e d :

P40 aa Su — A Su - A b b su  — B su —B cc dd  s u — D SU- D ее ff
P18 AA SU— A su - A BB Su — B S u  B cc dd ее ff
P12 AA su — A su - A B B Su — fi S u  B CC dd ее ff
P8 A A su — A su - A BB S u — fi Su —B cc dd Е Е F F
P4 A A su — A su - A BB Su — B Su —B cc D D  S u - D Su - D ее ff
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Table 2

Frequency of individuals with fasciated ears in the F 3 generations of a 5 X 5 dialled cross

Crosses
N um ber of 

families
Individuals

counted
Individuals wit! 

num ber

fasciated cars

%

7 207 0 0
P l X P8 1 34 l 2.94

8 241 l 0.41
9 269 0 0

P4 X P12 1 35 1 2.86
10 304 1 0.33

P4 X P18 10 319 0 0
6 200 0 0
1 34 1 2.94
1 39 5 12.82

P4 X P40 1 28 5 17.85
1 31 15 48.38

10 332 26 7.83
P8 X P I 2 10 333 0 0

9 313 0 0
P8 X P I8 1 40 3 7.50

10 353 3 0.85
6 211 0 0
1 31 2 6.45
1 38 3 7.89

P8 X P40 1 30 3 10.00
1 26 4 15.38

10 336 12 3.57
P12 X P I8 10 337 0 0

2 74 0 0
1 32 1 3.13
1 31 1 3.23
1 36 2

P I 2 X P40 1 28 2 7.14
1 34 3 8.82
1 32 4 12.50
8 267 13 4.87
1 34 0 0
1 34 7 20.58
1 38 15 39.47
l 35 15 42.85
1 34 15 44.11
1 34 19 55.89
1 35 21 60.00
1 34 21 61.76
1 34 22 64.70

P I 8 X P40 1 37 24 64.86
1 36 24 66.67
1 29 20 68.96
1 36 25 69.44
1 27 19 70.37
1 37 27 72.97
1 39 32 82.05
1 32 27 81.37

17 585 333 56.92
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Table 3

R elationship  between fasc ia tion  and branching o f  the corn ears

Cross

N um ber of individuals
Probability of independen t 

inheritance
о//оto ta l fasciated branched

branched
and

fasciated

1958 1959 1958 1959 ! 1958 1 1959 1958 1959 1958 1959 1958 +  59

F ,
P 1 8 X P 4 0 77 70 72 69 52 57 49 56 95— 90 98— 95 90— 80

f 2
P4 X P40 206 105 19 3 22 9 2 — 100—99 70— 50 90— 80

P8 X P40 213 92 25 10 6 1 1 — 80— 70 80— 70 90— 80

P 1 2 X P 4 0 213 109 45 10 57 11 10 2 70— 50 50— 30 95— 90

P 1 8 X P 4 0 207 107 128 81 109 51 63 38 70— 50 90— 80 70— 50

B,
(P 1 8 X  P40)P 18 118 89 60 52 50 58 27 39 80— 70 50— 30 50— 30

B 2

(P 4  X P 4 0)P 40 117 87 26 46 19 6 6  ' 2 50— 30 30— 20 80— 70

(P8  X P 4 0)P 40 137 87 23 18 11 1 2 95— 90 70— 50 90— 80

(P12 X P 4 0)P 40 120 89 48 37 22 18 10 9 70— 50 70— 50 70— 50

(P 1 8 X  P 4 0)P 40 119 92 77 79 58 23 35 22 70— 50 70— 50 70— 50

T o t a l 1527 927 523 405 406 235 205 168 100—99 95— 90 100— 99

In  th e  sy s te m  th e  g en o ty p es aa  and A S u-A — b h  and В Su-B — cc — dd  an d  
L) su -D  su -D  — ее ff  an d  E F  h av e  fasc ia ted  e a rs .

In  sp ite  o f th e  good ag reem en t of th e  v a lu e s  es tim ated  by th e  m odel 
w ith  th o se  o b ta in ed  from  ex p erim en ts  (Table 4), th ese  h y p o th e tica l g e n o ty p e s

Fig. 1. E a r s  o f  th e  tw o p a re n ta l  lines P18 (left) a n d  P40 (r ig h t) , and their F t g e n e ra tio n s
(th e  tw o  ears in the  m idd le)
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Table 4

Com parison o f  experim ental a n d  estim ated  data o f  the crosses o f  a line w ith  fa sc ia ted  ears and 
fo u r  lines w ith  different kernel row numbers

Population G eneration

Number of individuals 
w ith fasciated ears P robability  of 

coincidence
%

experimental estim ated

P4 p 0.68 0 95— 90

P8 P 0 0 100

P12 p 0 0 100

P18 p 1,27 0 95— 90

P40 p 100.00 100.00 100

F t 0 0 100

f 2 7.07 7.22 100— 99

P 4 X P 4 0 b , 0 0 100

в 2 35.29 28.13 5— 1

F 3 7.83 13.42 42— 47

F , 0 0 100

F . 11.47 10.31 50

P 8 X P 4 0 B, 0 0 100

tt.. 18.30 18.75 90— 80

F 3 3.57 11.62 6— 9

Ft 0.67 0 95— 90

F , 17.08 16.50 80— 70

P 1 2 X P 4 0 B, 0.49 0 95— 90

B 3 40.66 37.50 50— 30

F 3 4.87 22.02 1.3— 6.6

F, 95.91 100.00 70— 50

F , 66.56 66.01 90— 80

P 1 8 X P 4 0 B, 54.10 50.00 30— 20

B , 73.93 75.00 80— 70

estim ated  on in d iv i

F 3

iu a l basis

56.92 58.72 2.7— 100

47— 51*

w ith  suppresso rs an d  c o m p le m e n ta ry  fac to rs  are  ra th e r  a r tif ic ia l an d  in order 
to  s tre ss  th is , th e  u su a l sym bo ls “ fs”  or “ fa ”  fo r fasc ia tio n  w ere o m itte d .

A ccord ing  to  th e  m o d e l estab lished  fo r th e  P 1 8  X P 4 0  cross contain ing  
tw o fac to rs  w ith  su p p re sso rs  and  in  w hich  th e  fa sc ia tio n  is recessive, the  
ex p ec ted  d is tr ib u tio n  o f  th e  ind iv iduals w ith  fa sc ia ted  ears fo r th e  generations
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a re : F t =  100% , =  5 0 % , B 2 =  75% , and  F 3 =  5 8 .7 2 % . The d a ta  coincide
w ith  th e  resu lts  ob tained  e x p e r im e n ta lly  and th e  p ro b a b ility  of coincidence 
fo r th e  g en era tio n  show ing th e  g re a te s t  d ifference is be tw een  0.3 an d  0.2. B y 
a d d in g  a n o th e r  dom inan t f a c to r ,  F , and B, will n o t he fa sc ia ted , an d  th e  p e r
c e n ta g e  o f  ind iv iduals w ith  fa s c ia te d  ears will d im in ish  in  th e  F 2 to  a q u a r te r  
a n d  in  th e  B2 to  the half. A f te r  th is  add ition , th e  d a ta  o b ta in e d  do w ell agree

F ig . 2. Som e ch aracteris tic  e a rs  f ro m  la te  g en era tions o f  th e  P18 X P40 cross

w ith  th e  P 12  X P40 cross, e x c e p t  fo r the  F 3 g e n e ra tio n  consisting  on ly  o f 8 
fam ilie s . I f  a fu rth er d o m in a n t f a c to r  w ith  recessive su p p resso r is su p p o sed , 
th e  v a lu e  o f  F 2 decreases to  i t s  7 /16 , while th e  v a lu e  o f  B 2 falls o n ly  to  its  
3/4 ‘ F 2 a n d  F 3 coincide v e ry  w e ll w ith  the  co rresp o n d in g  g en era tio n s o f the  
cross P 4  X P40, while B 2 does n o t ,  h u t  falls b e tw een  th e  va lu es  o f th e  tw o  
y ea rs  (T a b le  3). By supposing  a  co m p lem en ta ry  sy s te m  in s te a d  of th e  d o m i
n a n t  f a c to r  w ith  a recessive su p p re sso r , in  w hich th e  tw o  d o m in a n t fac to rs , 
if  b o th  a re  p resen t, neu tra lize  t h e i r  m u tu a lly  in h ib ito ry  effec ts, th e  d im in u tio n  
in F., w ill be of 10/16, while in  B 2 i t  will be of Y2. T h is is in good ag reem en t 
w ith  th e  cross P8 X P40.

T a k in g  in  consideration  a ll th e  d a ta  o b ta in ed , th e  v a lu es  of th e  F 3 gene
ra tio n s  in  th e  cross P18 X P 4 0  a re  sligh tly  while in  th e  o th ers  r a th e r  low. 
F 2 a n d  B 2 genera tions of line P 4  sh o w  in the tw o y e a rs  a d ivergence  o f  100% , 
th e  d ire c t io n  o f th is  d ivergence is opposite  in these  tw o  g en era tio n s.
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D iscussion anil conclusions

A ccord ing  to  th e  com bined  d a ta  of ou r com parison , w hich in c lu d ed  928 
in d iv id u a ls  w ith  fa sc ia tc d , 641 in d iv id u a ls  w ith  b ran ch ed , and  am o n g  th em  
373 w ith  b o th  fa sc ia te d  and  b ran ch ed  ears, th e  tw o  ch a rac te rs  a re  in h e rited  
in d ep en d en tly  o f each  o th e r  w ith  a p ro b a b ility  o f  99 — 100% . I t  could  he e s ta b 
lished  th a t  th e  fa sc ia tio n  as well as th e  ea r fu rc a tio n , show n in F ig . 32 of 
W e a t h e r w a x  [17] as a non in h e rite d  an o m a ly  o f th e  m aize ea rs , an d  also 
show n in  our F ig . 2, m a y  he classified as fa sc ia te d  ears. I ts  occu rrence  is so 
ra re , th a t  th is  cou ld  n o t cause an y  a lte ra tio n s  o f th e  re su lts  a n d  th u s  th e  
s tu d y  o f its  in h e rita n c e  w as im possib le.

O ur ex p e rim en ts  ex p lic itly  show  th a t  th e  fa sc ia tio n  o f th e  P 4 0  line used  
belongs to  th e  “ in h e rite d  fa sc ia tio n ”  g roup , acco rd ing  to  th e  c lassifica tio n  
o f  W h it e  [20], th o u g h  its  in h e ritan ce  is n o t o f sim ple m o n o h y b rid  o r d ih y b rid  
ty p e , b u t  m ore co m p lica ted , an d  d iffers fro m  cross to  cross acco rd in g  to  th e  
p a re n ts  w ith  d iffe re n t k e rn e l row  n u m b ers . T h e  s tu d y  o f th e  ex p e rim e n ta lly  
b e s t in v es tig a ted  ty p e  o f  fasc ia tio n  in “ P isu m  um bella tum ” (“ M u m m y  p e a ” 
or “ Crown p e a ” ) rev ea led  q u a n tita tiv e  d ifferences in th e  c o n te n t o f four 
au x in s  betw een  th e  fa sc ia te d  and  th e  n o n fa sc ia te d  ty p es, an d  fasc ia tion  
could  be even in d u ced  b y  tw o  aux ins [15]. P e c u lia rly , th e  m ode o f  in h e rita n c e  
w as, n o tw ith s ta n d in g , accord ing  to  m ost d a ta ,  m o n o h y h rid  recessiv e , only 
in com ple te  p e n e tra n c e  an d  v a riab le  ex p re ss iv ity  as well as m o d ifie rs  caused 
som e d ev ia tio n s in  th e  seg regation  ra tio s  [10 ]. A ssum ing  th a t  fa sc ia tio n  is 
p ro d u ced  by au x in  effects also in ou r case, th e  follow ing p h ysio log ica l p ro 
cesses are  to  he ta k e n  in to  co n sid e ra tio n , each  o f  w hich m ay  s ta n d  u n d e r  th e  
con tro l o f  d iffe ren t alleles:

1. P ro d u c tio n  o f  au x in  p recu rso r
2. T ra n sfo rm a tio n  o f  th e  p recu rso r in to  aux in
3. O x id a tio n  o f aux in
4. T ran slo ca tio n  o f  aux in .

I t  is well k n o w n , th a t  th e  no rm al d ev e lo p m en t depends on a ce rta in  
o p tim u m  aux in  leve l as w ell as on th e  q u a lita tiv e  p ro p ertie s  o f  th e  g row th  
fac to rs . A ltho u g h  th e  fa sc ia ted  ears m ay  show  a sim ple m o n o h y h rid  o r d ih y b rid  
seg rega tion , a co m p lica ted  in h eritan ce  is m ore  p ro b ab le .

In  acco rdance  w ith  earlie r d a ta  an d  w ith  ou r recen t in v e s tig a tio n s , th e  
fa sc ia tio n  of m aize ea r has m ore th a n  a single ty p e  and  th e  P40 p a re n ta l  line 
p ro b a b ly  re p re se n ts  an ex trem e  ty p e  on ly . T h is opinion is su p p o rte d  b y  our 
o b se rv a tio n s, t h a t  th e  f irs t  g en era tio n  o f P I 8 X P 40  show s a lm o st com ple te ly  
fasc ia ted  ears, h ow ever, none o u t o f 10 in d iv id u a ls  o f th e  f irs t g e n e ra tio n  o f the  
cross be tw een  P 18  an d  a line o f an  o th e r ty p e  o f  fasc ia tion  has fa sc ia te d  ears. 
A ccord ingly  o f  cou rse , o u r d a ta  are va lid  in  th e  s tr ic t  sense on ly  fo r  th e  fas-
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c i a t i o n  o f  t h e  P40 t y p e  t h a t  i s  p r o b a b ly  t h e  s a m e  as t h e  t y p e  s h o w n  o n  Fig. 
31 o f  W e a t h e r w a x  [17].

T h e re  was a d e fin ite  re la tio n  betw een  th e  percen tages of in d iv id u a ls  
w ith  fa sc ia te d  ears an d  th e  k e rn e l row n u m b e r o f  th e  n o n fasc ia ted  p a re n t in 
th e  h y b r id  genera tions o f o u r m a te ria l (F ig . 3). W hile am ong th e  in v e s tig a te d  
f iv e  p ro g en ies  of th e  cross b e tw e e n  P18 w ith  an  average of 17.3 k e rn e l row  
n u m b e r  a n d  P40 even none o f  th e  backcross g en e ra tio n s  show ed less th a n  50%  
o f in d iv id u a ls  w ith  fa sc ia te d  e a rs , th e  F x a n d  B L g en era tions o f th e  lines w ith  
lo w er k e rn e l row  n u m b e r h a d  no fasc ia ted  ears a n d  th e  average  v a lu e s  o f В

F ig . 3. R e la tio n sh ip  be tw een  th e  a v e ra g e  kernel row  n u m b e r o f th e  p a ren ts  an d  th e  freq u en cy  
o f th e  in d iv id u a ls  w ith  fa sc ia ted  e a rs  (o rd in a te ) in a cross o f 4 (P4), 8 (P8), 12 (P 1 2 ) a n d  17,3 
(P 1 8 ) ro w e d  lines (abscissa) w ith  th e  fa sc ia te d  line P40 fro m  Fig . 1 ( ф  =  e x p e rim e n ta l d a ta :

О  =  estim a ted  d a ta )

(F x X P 40) were all below  5 0 % . T herefore  we m a y  consider th e  P40 line as th e  
f i r s t  s te p , an d  the  P18 line (show ing  a co m p lica ted  in h eritan ce  in  crosses) as 
th e  seco n d  s tep , while th e  P I 2 line w ith  a kerne l row  n u m b er of 12 as th e  th ird  
s te p ; th is  la t te r  differs p ro b a b ly  from  the  P18  line only  by  a d o m in a n t fac to r  
in h ib itin g  th e  fasc ia tion . T he fo u r th  step  is re p re se n te d  b y  b o th  P8 w ith  a k e r 
nel ro w  n u m b e r of 8, an d  P 4  w ith  a kernel row  n u m b e r of 4. In  th e  co m b in a 
tio n s  th e  n u m b er of in d iv id u a ls  w ith  fasc ia ted  ea rs  is fu r th e r  d ecreasing , b u t 
th e  re s u lts  c an n o t be d e riv e d  from  any  o f  th e  fo rm er steps b y  assu m in g  a 
sim p le  m o n o h y b rid  or d ih y b r id  in h eritan ce . B e tw een  lines P8 and  P 4  th e re  is 
a d e f in ite  difference, h o w ever, th e re  are some d ifficu lties  to  e s tab lish  th e  p ro p 
er o rd e r  o f  th e ir  ran k in g . T h e  percen tag e  o f th e  ind iv id u a ls  w ith  fasc ia ted  
ea rs  w ere in b o th  years o f  th e  ex p e rim en t h ig h e r in the  F , g en era tio n  o f th e  
P 8  c ro ss , while in th e  B.2 g e n e ra tio n  it was h ig h e r  in th e  P4 c o m b in a tio n . 
F u r th e rm o re , th e  average  d iffe rence  betw een  th e  co rrespond ing  d a ta  o f  th e  
tw o  y e a rs  o f th e  whole e x p e r im e n t was th e  sm a lle s t in  th e  P8 c o m b in a tio n s ,
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and  the  g re a te s t  in th e  P4  com bina tions .  P4  line  was selfed from th e  “ F lo re n 
t in i”  v a r ie ty  w ith  8 ke rne l  rows and  is n e a r  to  th e  ty p e  w ith  8 k e rn e l  rows, 
b u t  it  is n o t  re la te d  to  line P8. In  spite  o f  i ts  v e ry  low variance  for kerne l  row  
n u m b er ,  th e  ear  o f  P4  w i th  its ab n o rm a l  fo rm  is to  be regarded  as a te ra to log i-  
cal p h enom enon  [3] a n d  its iden tif ica tion  is v e ry  difficult.

The averages  of  th e  F 3 genera tions were a lw ays  lower in each  cross, th a n  
th e  values  ex p ec ted  f ro m  th e  m odel based  on  th e  o th e r  genera tions (F ig . 3). 
U n fo r tu n a te ly ,  th e  d a t a  of  the  one y ea r  e x p e r im e n t  and  of th e  F 3 progenies 
o b ta in ed  from  a sm all  n u m b e r  of F 2 p la n ts  e x c e p t  for the  P18 X P 40  cross, 
a re  n o t  su i ted  for a n y  generalized conclusions. W e can assum e, t h a t  th e  low 
averages of  th e  F 3 re su l te d  from  th e  dec reased  vigor.

The ques t io n  o f ten  arises w h e th e r  th e  m aize  ear  is a fa sc ia ted  fo rm  or 
no t .  In v e s t ig a t in g  th e  hom ology  of th e  ta sse l  a n d  th e  ear, A n d e r s o n  [1] 
s ta te s :  “ The new  ev idence  also suggests q u i te  as clearly  t h a t  fasc ia t ion  is only 
one of severa l forces a n d  t h a t  in N o r th  A m er ican  maize it  ope ra tes  on ly  in 
ears of m ore  t h a n  8 or 10 row s.”  F ilov  [6] s im p ly  m entions t h a t  m aize  is 
on ly  k n o w n  in th e  fa sc ia ted  form. O ur e x p e r im e n ts  defin ite ly  show  t h a t  in d i
v idua ls  w ith  fasc ia ted  ears  were p roduced  even  in  th e  progenies of  th e  crosses 
o f  the  lines P8  or P 4  a n d  th e  used fasc ia ted  line, in  spite  o f  th e ir  to t a l  absence  
in F ,;  c o n seq u en t ly  even  th e  two lines r e p re se n t in g  th e  lowest kerne l  ro w  n u m 
bers know n in h o m ozygous  s ta te ,  co n ta in  d o m in a n t  factors w hich in h ib i t  th e  
m a n ife s ta t io n  o f  th e  ch a ra c te r .  On th e  basis  o f  our experim en ts  we can n o t  
answ er  th e  q ues t ion ,  w h e th e r  the  maize ea r  is a fasc ia ted  form  a n d  th e  form s 
know n genera l ly  as fa sc ia ted  ears are e x t re m e  ty p es ,  or only  th e se  e x t re m e  
ty p es  are fasc ia ted . T h e  eva lu a t io n  of our ex p e r im e n ta l  d a ta  was p e r fo rm ed  on 
th e  lines of  th e  genera l ly  accepted  opinion.
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U N T E R S U C H U N G E N  Ü B E R  D IE  V E R E R B U N G  E IN E S  V E R B Ä N D E R U N G S T Y P E S
B E I M A IS K O L B E N  (Z E A  M A YS L.)

E s  w u rd e  die V ererbung  d e r  V e rb än d e ru n g  des M aisko lbens in  dialleler K re u z u n g  (P , 
F 2, F 3, B , B 2) von e iner 4- (P 4 ) u n d  e iner 8 -re ih igen  (P 8) H a rtm a is - , e iner 12- u n d  e in e r 

d u r c h s c h n i t t l ic h  17.3-reihigen (P 1 8 ) Z ah n m ais -, sow ie e in e r d u rc h sch n ittlich  39 -re ih ig en  (P 40) 
P u ffm a is lin ie  m it v e rb än d e rte n , k u g e lfö rm ig en  K o lb en , u n te rs u c h t. Die F requenz  de r In d iv i
d u e n  m it  v e rb ä n d e r te n  K o lb en  w a r  in  a llen  G e n era tio n en  de r P18 X P40 K reu zu n g  h ö h e r 
a ls 5 0 % , ob g le ich  in  den a n d e re n  K re u zu n g e n  von  P40 d ie  F 3 u n d  B , ü b e rh a u p t ke ine  V e r
b ä n d e ru n g  aufw eisen , u n d  die H ä u f ig k e it  in  der F 2, B 2, u n d  F 3 u n te r  50%  w ar, e inen  gew issen  
Z u sa m m e n h a n g  zeigend m it de r K o rn re ih e n z ah l der E lte rn lin ien . F ü r  die D e m o n stra tio n  des 
Z u sa m m e n h a n g e s  w urde e in , m it  d e n  ex p erim en te llen  D a te n  in  ziem lich gu ten  E in k la n g  s te 
h e n d e s  g e n e tisch e s  Modell a u fg es te llt . E s w ird  an g en o m m en , d ass sich  P18 von  P40 d u rc h  zwei 
A lle lp a a re  u n te rsch e id e t, d enen  sich  je  e in  S u p p resso r a n sc h lie s s t; zw ischen P18 u n d  P12  is t  
e v e n tu e ll  n u r  eine D ifferenz v o n  e in em  d o m in an ten  F a k to rp a a r ;  bisw eilen is t de r U n te rsch ie d  
z w isc h en  P 1 2  u n d  P8 sowie zw isch en  P12 u n d  P4 k o m p liz ie r t. Die R esu lta te  zeigen e in d e u t
lich , d a s s  n ic h t  nu r die höhere  K o rn re ih e n z ah len  au fw eisende  L inien  m it der V e rb än d e ru n g  
in  Z u sa m m e n h a n g  steh en , so n d e rn  a u c h  die L in ien  P8 u n d  P4 m it n iedriger K o rn re ih en zah len  
ü b e r  d ie  V e rb än d e ru n g  v e rh in d e rn d e n  d o m in an ten  A llele ve rfü g en .

D ie  V erb än d e ru n g  u n d  d ie V erzw eigung  des M aisk o lb en s vererb en  sich  v o n e in a n d e r  
u n a b h ä n g ig .

И З У Ч Е Н И Е  Н А С Л Е Д О В А Н И Я  О Д Н О Г О  Т И П А  Ф А С Ц И А Ц И И  П О Ч А Т К А
КУКУРУЗЫ (ZEA MAYS L.)

В диаллильном скрещивании (Р, F1; F2, F3, B t, B2) линий кукурузы 4-х (Р4) и 8-и 
(Р8) рядковой гладкой, 12-ти (Р12) и в среднем 17,3-и (Р 18) рядковой зубовидной, а также 
линии лопающейся кукурузы (Р40), содержащей в среднем 39 рядков в початке и обла
дающей фасциированным шарообразным початком, изучалось наследование фасциации 
початков. Особи с фасциированными початками во всех потомствах скрещивания Р18 х  
Р40 возникали с частотой выше 50%, в то время как в потомствах F, и И, остальных ком
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бинаций линии P40 вообще не встречалось, в потомствах Fz, В, и F3 встречались с частотой 
ниже 50%, показывая при этом определенную связь с числом рядков в початке родителей. 
Для демонстрирования указанных связей построена генетическая модель, довольно 
хорошо совпадающая с экспериментальными данными. Линия Р18 отличается от линии 
Р40 вероятно двумя парами аллельных генов, к которым относятся также и супрессоры, 
а отличия между линиями Р12 и Р8, а также Р12 и Р4 являются тоже сложными, в то 
время как между линиями Р18 и Р12 по-видимому имеется разница только в одном до
минирующем тормозящем факторе. Полученные данные определенно показывают, что 
с фасциацией могут быть связаны не только линии с более высоким числом рядков в по
чатке, так как линии Р8 и Р4 с низким числом рядков тоже содержат доминирующие 
аллели, тормозящие возникновение фасциации. Фасциация и ветвление початков куку
рузы передаются по наследству независимо друг от друга.

La jo s  D a n i e l , B u d a p e s t ,  I I . ,  H e rm a n  О. ú t  15, H u ngary

Acta Biol. Hung. 15. 1964





Acta Biol. H u n g 15 (1), 5 9 -  64 (1964)

THE ANALYSIS OF A STREPTOMYCES CHARTREUSIS
POPULATION

I. S z a b ó  a n d  M á r i a  M a r t o n

IN STITU TE OF SOIL SCIENCE AND AGRICULTURAL CH EM ISTRY, H UNGARIAN ACADEMY O F SCIENCES,
BU DA PEST, (H EA D: I. SZABOLCS)

(R eceived  J a n u a ry  3, 1964)

Synopsis

T he c u ltu ra l  a n d  physio log ica l-m orpho log ical an a ly sis  of a Streptom yces chartreu
sis  ren d s in a -p o p u la tio n , id en tif ie d  sero logically  w ith  IP V  554x ( B a l d a c c i )  a u th e n tic  
c u ltu re , has d e fin ite ly  show n th e  u n s ta b ili ty  o f sev e ra l c h a rac te ris tic  p ro p e rtie s  p rev io u s
ly  re g ard e d  as d e te rm in a n t  from  a d iffe ren tia l-d iag n o s tic  p o in t o f view . W ith in  th e  
sam e p o p u la tio n  of a sing le  eco ty p e , th e  p resen ce  of chrom ogenic a n d  achrom ogen ic  
(m elan in -p o sitiv e  an d  -n eg ativ e ), p ig m en ted  a n d  colourless v a r ia n ts ,  possessing 
d iffe re n t a n tib io tic  sp e c tra  a n d  a c tiv ity , in a c tiv e , m u tu a lly  a n ta g o n is tic , e tc . could 
be  d e m o n s tra ted .

In troduc tion

T he  correct tax o n o m ica l  d e te rm in a t io n  o f  m icrobe-iso la tions resides in 
the  d irec t  b iochem ical and  cu ltu ra l-m orpho log ica l  com parison  w i th  a u th e n t ic ,  
f i rs t  of all w ith  “ ty p e ”  cu ltu res .  By these id en tif ica t ions  th e  th o ro u g h  k n o w 
ledge o f  the  d iagnostic  value  of  th e  ind iv idua l  fea tu re s  is o f  u tm o s t  im p o r ta n c e .  
This l a t te r  can be ach ieved  no t only by  n u m e ro u s  paralle l e x a m in a t io n s  of 
inocula tions from th e  sam e s tra in s  [4, 8], or by  com paring  th e  p ro p e r t ie s  of 
s tra in s  of d ifferen t origin th o u g h  belonging to  the  sam e species [1], b u t  ra th e r  
b y  th e  cha rac te r -ana lys is  [7] o f  p o pu la t ions  p ro p er ly  checked for com m on 
origin, a w ay  u n fo r tu n a te ly  neglected  so fa r ,  especially  w ith  a c t in o m y cè te s .

T he  presen t p a p e r  deals w ith  inves t iga t ions  of  a Str. chartreusis  p o p u 
la tion  isola ted  from  a mull-like fo res t-rendsina  soil, w i th  special re fe rence  to  the 
s tab i l i ty  of  some p ropert ie s  suggested by  d iffe ren t  au tho rs  and l a te ly  — for 
the  descr ip tion  of ac t in o m y cè te s  for p a te n ts  — b y  th e  “ In te rn a t io n a l  C om m ittee  
on Bacterio logical N o m en c la tu re  S u b co m m it tee  on T ax o n o m y  of th e  A cti
n o m y cè te s”  [2].

Methods

T he d ilu ted  suspensions o f  th e  soil sam ples (o b ta in ed  from  a region c o rre sp o n d in g  a p p ro x 
im a te ly  to  a “ pedon” ) w ere sp read  on casein-glucose- a n d  asp arag in e-g lu co se-ag ar, in  ad d itio n  
to  som e o th e r  special c u ltu re  m ed ia . T he p u rif ic a tio n  of s tra in s  w as carried  o u t  b y  rep ea ted  
sp read in g  a n d  iso la tion . T he m edia  used  for d e te rm in in g  c u ltu ra l  p ro p e rtie s  w ere as follow s: 
g lucose-asparag ine a g a r , g lu co se-p ep to n -ag ar, p o ta to -b lo ck  an d  -agar, sy n th e tic  a g a r, oat- 
flak e  ag ar, g lycero l-g lycine  a g a r, s ta rc h  agar, n u tr ie n t  g e la tin e , p e p to n  agar. T h e  sp o ru la tio n  
and  m ycelium  d ev elo p m en t in  m icrofilm  w e t-ch am b er c u ltu res , th e  m o rp h o lo g y  of spore

Acta Biol. Hung. 15. 1964



6 0 I. SZABÓ and MÁRIA MARTON

su rfa c e  in  a n  e le c tro n -o p tica l w a y , w ere stud ied . T he u t il iz a t io n  of C- a n d  N -sources w as de
te rm in e d  in  th e  sy n th e tic  c u ltu re  m ed iu m  of P rid h am  a n d  G o ttlie b , while th e  m elan o id  p ig
m e n t fo rm a tio n  was d e te c te d  on  ty ro s in e -v e as t e x tr a c t  a g a r . In  o rder to  d e m o n s tra te  a n ti 
b io tic  a c t iv i ty  th e  s tra in s  w ere p re -c u ltu re d  on Conn (N a -a s p a r ta te )  agar in  P e tr i  d ishes fo r 5 
d a y s ,  th e n  th e  te s t  o rg an ism  w as lay e red  in  ag ar m ed iu m  o v er th e  colonies ex am in ed . For 
a n tib o d y  p ro d u c tio n  r a b b its  w ere  im m unized  w ith  c ru sh e d  m ycelium -suspension . T he ti te r  
o f se ra  a n d  th e  sero logical re la tio n s h ip  were d e te rm in ed  b y  th e  in d irect h aem ag g lu tin a tio n  
m e th o d  w ith  th e  m o d ifica tio n s  reco m m en d ed  for a c tin o m y c è te s  b y  M ÉSZÁ RO S [ 6 ] .  T h e  a n ti 
gens w ere  disengaged by  h e a t - t r e a tm e n t  th e  d ilu tions o f s e ra  w ere  m ade by  th e  use  o f “ T a k a tsy  
sp ira l- lo o p s”  and  c a lib ra ted  d r ip p in g -a tta c h m e n ts  on  g ro o v e d  p lex ig lass p la te s . T h e  re su lts  
o f in d ir e c t  h aem ag g lu tin a tio n  w ere  con tro lled  also by  th e  d e te rm in a tio n  of th e  in h ib itio n  of 
h a e m a g g lu tin a tio n  carried  o u t  in  a  sy s tem  of 3 h a e m .-u n its .

Results

Severa l  th o u san d  iso la t io n s  were s e p a ra te d  f rom  th e  A H-horizon of the  
r e n d s in a  in question. F ro m  th e se  isolations, 314 s t r a in s  were iden tif ied , on the 
bas is  o f  cu l tu ra l-m orpho log ica l  comparison, w i th  th e  species Str. chartreusis 
(C h a r treu s is  series) or qu a l i f ied  as an ecotype o f  th is  species. One o f th e  s tra ins  
w as re fe r red  to  as th e  “ t y p e ”  of  popula tion  (s tra in -R -1-36) .

T h e  description o f  a “ ren d s in a -eco ty p e”  ty p e  s tra in  o f  species Str. 
chartreusis  Cal h o u n  e t  J o h n s o n  1956. Colour o f  spores: v ene tus  (azureus); 
s u b s t r a t e  m ycelium : co lourless  (f lavus-b runus  g roup);  sporophore :  sp ira; 
h a b i tu s  o f  the  aerial m y c e l iu m :  lan a tu s ;  v e g e ta t iv e  m yce lium  0: 0.6 — l.Oju; 
sp o re  surface: sp iny ;  p o s i t iv e  melanine re a c t io n ;  positive  T resn e r-D an g a  
r e a c t io n ;  acid fo rm ation  on b rom creso l p u rp le -a g a r  in  th e  presence of  lactose, 
m a n n o s e  and m an n ite ;  g ro w th  a t  36ü C +  +  +  , a t  42° C — ; it  pep ton izes  and  
s l ig h t ly  coagulates m ilk ;  in te n s iv e  gelatine l iq u e fa c t io n ;  i t  does n o t  reduce 
n i t r a t e s ;  i t  splits ra p id ly  f a t s ;  poor grow th on  cellulose; it  utilizes paraff in  
p o o r ly ,  while waxes s t ro n g ly ;  it  haemolyses; p o s i t iv e  ty rosine  decom posit ion ;  
v ig o ro u s  d e x tr in -u t i l iz a t io n ;  positive s ta rch  h y d ro ly s is ;  i t  is inac tive  tow ard s
E . coli, В . subtilis, Serra tia  marcescens, R h izob ium  m eliloti and Staphylococcus 
albus ; w eak  an tag o n is t ic  e ffec t  against Sarc in a  lutea, Saccharomyces carls- 
bergiensis  and A sperg illus n iger ; it  inhibits  s t ro n g ly  Trichothecium  roseum ; 
it  does n o t  utilise 1-sorbose, show s slight if  any  g ro w th  in the  presence o f  inulin , 
d -so rb i te ,  dulcite  and N a - o x a la te ;  positive u t i l iz a t io n  of  d-fructose, 1 -arabinose, 
r h a m n o s e ,  d-galactose, suc rose ,  maltose, lactose, cellobiose, raffinose, glycerol, 
d - m a n n i te ,  mesoinosite , sa lic ine ,  dex tr in ,  g lycogen , and N a -c i t ra te  as C- 
sou rces ;  positive u t i l iz a t io n  o f  NH,C1, ( N H 4)2C 0 3, N H 4N 0 3, ( N H 4)2S 0 4, 
u re a ,  glycine, d l-a lan ine , d l-valine, d l-nor-va line ,  dl-serine, d l- th reon ine , 
c y s te in e ,  1-cystine, 1 -a rg in ine , dl-lysine, d l -a sp a r t ic  acid, 1 -asparag ine , 1- 
g lu ta m ic  acid, 1-ty ros ine , d l - t ry p to p h a n ,  1 -h is tid ine , nucleic acid, p ep to n ,  
an d  t r y p t o n  as N-sources; i t  show s poor g row th  in  th e  presence of d l-m eth ion ine .

As a result of c o m p a r in g  w ith  the  a u th e n t i c  cu l tu re -m a te r ia l  o f  our 
co llec t ion ,  the  id en t i ty  of  s t r a in  R - l-36  w ith  s t r a in  IP V  554x of Str. chartreusis,
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Tab!«- 1

The com parison o f  S tr. c h a rtreu s is  stra ins  R -l-3 6  and  IP V  554x

R-l-36 IPV 554x

Colour of spores .................................................... venetus venetus
Habitus of aerial mycelium ............................... lanatus lanatus
Sporophores.............................................................. regular multi-wound 

spirals, spore chains of 
sympodial branching, 
long axon

like strain 
R-l-36

Spore surface .......................................................... spiny spiny
Sclerotia, globular sporangia............................... — —
d-glucose (control pos.) ........................................ +  +  +  + + + + +
Without C-source (control neg.) ....................... — —
Without N-source (control neg.) ....................... — —
Fructose .................................................................... + + + + + + + +
R ham nose................................................................ + + + + + + + +
Raffinose ................................................................ + + + + + + + +
S o rb ite ...................................................................... — —
D ulcite ...................................................................... — —
Mesoinosite .............................................................. + + + + + + + +
(NH4)2C03 .............................................................. + + + + + + + +
NH.NO,  .................................................................. + + + + + + + +
(NH,),SO, ................................................................ + + + + + + + +
Melanine test .......................................................... + + + + + + + +
Tresner-Danga reaction ........................................ + + + + + + + +
Activity against B . subtilis ............................... — —
Activity against E . coli ....................................... — —

o b ta in ed  from Prof.  B aldac ci  (Milano), could  be estab lished . T he  schem atic  
com parison  of th e  tw o  s tra in s  is seen in Tab le  1.

The t i te r  ( + + )  of  im m u n e  serum  p roduced  b y  s t ra in  R - l -3 6 ,  w ith  the 
homologous an tigen :  1536. The sam e va lue  was o b ta in ed  w ith  an t ig en  of s tra in  
I P V  554x. The in h ib i t io n  of  h a e m a g g lu t in a t io n  showed th e  sam e va lue  with 
an tigens  of  bo th  s t ra in s  (24x). T he  R - l-3 6  im m u n e  serum  s tro n g ly  agg lu t in a ted  
also red  blood cells sensitized  w ith  th e  an tigen  of th e  closely re la te d  s tra in  
S tr. viridochromogenss N R R L -B -1 2 2 7  ( t i te r :  96x +  +  +  +  » 384x +  +  , 
768x -f-). Some f u r th e r  t i te r s  w ith  reg a rd  to  th e  know n  a u th e n t ic  s tra ins  of 
o th e r  species: Str. phaeochromogenes ATCC 3338: —, Str. venezuelae IS P  10712: 
— , Str. antibioticus  ATCC 8663: —, Str. olivaceus IN A  N-6: 96x  —(—|—(—, 192x 
-f-, Str. griseolus ATCC 3325: —, Sir. j'lavcolus ATCC 3319: — , Str. albus ATCC 
3005: —, etc.
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A s a to ta l ,  80 ou t of t h e  314 isolated  Str. chartreusis  s tra ins  h ave  been  
s u b m i t t e d  to  fu r the r  d e ta i le d  co m p ara t iv e  s tu d y .  A m o n g  these  s t ra in s  71 
p ro d u c e d  colourless, while 9 d a r k  b row n su b s tra te  m y ce lium . 4 s tra in s  form ed 
g reen , 3 s t ra in s  redd ish -ye llow  soluble  p igm ent, while 73 s tra ins  none. O nly  
one s t r a i n  proved to  be m e la n in e -  and T re sne r-D anga-nega tive .  Beside 66 
in a c t iv e  s t ra in s ,  12 s tra ins  w ere  effective only a g a in s t  G ram -posit ive ,  and  2 
s t r a in s  a g a in s t  both G ra m -p o s i t iv e  and  -negative te s t  organism s. No s tra in  
th e  sco p e  o f  which was r e s t r ic te d  to  G ram -nega tive  te s t-o rgan ism s, could  be 
fo u n d .  T h e  “ type  s t ra in s” , m ore  precisely some o f th e i r  ch a rac ter is t ics ,  o f  
th e  m o s t  im p o r ta n t  v a r ia n ts  a re  show n in Table  2. T he  d a t a  o f  Table  2 as well 
as t h e  e x a m in a t io n  results  o f  t h e  80 s tra ins  in genera l,  ver ify  t h a t  th e  m o rp h o 
logical c r i te r ia  and the  C-source u til iza t ion  s p e c t ru m  va r ied  the  least  w ith in  
a p o p u la t io n .  On the  o the r  h a n d ,  n o t  only the  c h a ra c te r  o f  th e  an tib io t ic  spec
t r u m  c h a n g e d ,  bu t also m u tu a l  an tag o n ism  be tw een  s t ra in s  could be d e tec ted .  
No a l t e r a t i o n  in the  serological b e h a v io u r  of p o p u la t io n -v a r ia n ts  could be ob
se rv ed  (see Table 2).

Discussion

A t r u e  picture of  th e  ecological p lastic ity  [5], b iochem ical cha rac te r ,  
a n d  e v e n  of the  tax o n o m ica l  pos i t io n  of a soil-living v a r i e ty  o f  a species can 
be o b ta in e d  not by s tu d y in g  o n e  single stra in  bu t  on ly  b y  m eans  of its p o p u la 
t io n  a n a ly s is .  Melanine fo rm a t io n  appears  to  be one o f  th e  four m ost reliable 
t a x o n o m ic a l  features c h a ra c te r i s t ic  of species S tr. chartreusis and  Str. viri- 
dochromogenes [3]. F u r th e rm o re ,  th e  d em o n s tra t io n  i tse lf  of th e  m elan ine  
r e a c t io n  belongs to  ch a ra c te r is t ic s  which can m o st  a c c u ra te ly  be d e te rm ined
[4]. A s it  has heen shown, s t r a in  2551/R-1-36 is a ty p ic a l  achrom ogenic  form . 
To r a n g e  th is  s tra in  in to  a n ew  “ infrasubspecific  su b d iv is io n ” , how ever, w ould 
no t  be  reasonab le ,  since it d iffers  only  by  one “ less”  p ro p e r ty  from a typ ica l  
S tr. chartreusis  popula tion .

A n o th e r  charac teris tic ,  l a te ly  qualified as a f irs t-c lass  taxo n o m ica l  m ark ,  
is t h e  a n t ib io t ic  spec trum  a n d  especially  th e  m u tu a l  res is tance  o f  s tra in s  b e 
lo n g in g  to  the  same species or  a t  least  subspecies. I n  fac t ,  A r t am o n o v a  and  
K r a s s i l n i k o v  [1] have  s e p a ra te d  th e  Actinom yces violaceus r ic in u s  subspecies 
f ro m  A c t. violaceus on th e  b as is  o f  th e  an tagon ism  of ty p e  stra ins . The p o p u la 
t io n  s tu d ie d  by us co n ta ined  in a c t iv e  v ar ian ts ,  v a r i a n t s  effective only aga ins t  
G ra m -p o s i t iv e  microbes, a n d  v a r ia n ts  effective a g a in s t  b o th  G ram -positive  
a n d  -n eg a t iv e  organisms. A m o n g  these v a r ia n ts  th e  occurrence o f  forms 
e f fec t iv e  against the  m e m b e rs  of  th e  popu la t ion  has  also been observed , etc.

I n  ou r  opinion, as in  t h e  d iagnostics of s t r e p to m y c e te s  th e  s e t t in g  up  
o f t h e  req u irem en ts  for th e  d i re c t  com parison  w ith  a u th e n t ic  s tra ins  p roved  to 
be a decis ive  step, likewise it  w ou ld  provide fu r th e r  p rogress if th e  real varia-
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Table 2

1, R -l-3 6  (type)

2, R -l-36/2037

3, R -l-36/2040

4, R -l-36/2043

5, R-l-36/2068

6, R -l-36/2355

7, R -l-36/2535

8, R-l-36/2551

Comparative study o f  the characteristic variants o f  a Str. chartreusis population

S m - , L, Vn, Sp, Spi, V. D p - ,  H1536, H h24, E c - ,  S u b - , A p - ,  M + , T-D + , Me+, R af+ , So“ , D u " , R h+ , F r+ , Ac+, An+, Car+ 

Sm", L , Vn, Sp. Spi, V, D p - ,  H1536, H h24, E c+ , Sub+, A p - , M+, T -D +, Me + , R af+ , S o - , D u " , R h+ , F r+ , Ac+, An+, Car+ 

Sra‘ , L, V n, Sp, Spi, V, D p - ,  H1536, H h24, E c~, Sub+, Ap + , M + , T-D + , Me+, R af+ , S o -, D u - ,  R h+ , F r+ , Ac+, An+, Car+ 

S m -, L, V n, Sp, Spi, V, D p - ,  H1536, H h24, E c - ,S u b  + , A p+, M + .T -D  + , Me+, R a f+ ,S o - ,  D u “ , R h+ , F r+ , Ac+, An+, Car+ 

S m -, L, Vn, Sp, Spi, V, D p - ,  H1536, H h24, E c “ , Sub+ , A p - , M+, T-D  + , Me+, R af+ , So“ , D u - ,  R h+, F r+ , A c+, An+, Car+ 

Sm ~, L, Yn, Sp, Spi, V, D p - ,  H1536, H h24, E c - , S u b +, A p +, M + , T -D +, M e+, R a f+, So- , D u - , R h +, F r + , A c+ , An+, Car+ 

S m -, L, V n, Sp, Spi, V, Dp«r, H1536, H h24, E c~ , S u b " , A p - ,  M+, T-D  + , Me+, R af+ , S o " , D u~ , R h+ , F r+ , Ac+, A n+, Car+ 

S m -, L, Yn, Sp, Spi, V, D p - ,  H1536, H h24, E c~ , S u b " , A p~, M~, T -D ~ , Me+, R a f+, So“ , D u~ , R h , F r+ , Ac+, An+, C ar+

Explanation  ; S in -  and Sm 0: su b s tra te  m ycelium  colourless and d a rk  brow n, respectively ; L: th e  hab itu s  of aerial m ycelium  lan a tu s; 
Vn: spore colour v en etu s; Sp: sporophore sp iral; Spi: spore surface spiny; V: the  shape of spores variab le  (electron op t.): D p -  and Dp^r : soluble 
pigm ent absent and green, respectively ; H1536: th e  t ite r  of ind irect haem agg lu tina tion  1536; H h24: inh ib ition  t ite r  of haem agglu tination  24; 
E c + and E c ~ : an tib io tic  a c tiv ity  and in ac tiv ity , respectively , against E. coli; S u b + and S u b - : in h ib ito ry  effect or its lack  tow ards B . subtilis ; 
A p + and A p - : an tagonistic  effect or its  lack on o th er stra in s  of the  popu lation  (no t on all stra ins !); M + and M~: chroinogenic and achrom ogenic, 
respectively ; T -D + and T -D - : T resner-D anga reac tion  positive and negative, resp .; Me: m esoinosite; R af: raffinose; So: sorbite; Du: dulcite, 
Rh: rham nose: F r: fructose; Ac: (rSH ,)2C 0 3: An: N H 4N 0 3; Car: carbam ide. In  case of C- and N-sources -(-means positive u tiliza tion , — m eans 
lack of u tiliza tion . Betw een stra ins R -l-36/2355 and R -l-36/2043 considerable difference existed  in th e  in ten sity  of an tib io tic  ac tiv ity .
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b i l i ty  o f  th e  popu la t ions  o f  species were ta k e n  in to  acco u n t  a t  the  d e t e r m in a 
t io n s  a n d  on th is  basis th e  v a lu e  o f  diagnostic  f e a tu re s  characteris tic  o f  th e  
in d iv id u a l  species were also considered . On th e  o th e r  h an d ,  questions as e.g. 
th e  o ccu rrence  of a n t ib io t ic -p ro d u c in g  soil m ic robes ,  m igh t  be p u t  in a n  e n 
t i r e ly  n e w  light, if  the  a c t iv i ty  o f  popula tions r a th e r  t h a n  th a t  of ce rta in  s t r a in s  
o f  a species were s tud ied .
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U N T E R S U C H U N G E N  Ü B E R  E IN E  B O D E N -P O P U L A T IO N  E IN E S  S T R E PT O M Y C E S
C H A R T R E U S IS  Ö K O T Y PS

D ie  R e su lta te  der k u l tu re l le n  u n d  m orpholog ischen  A n a ly se  einer Str. chartreusis  
R e n d s in a -B o d e n -P o p u la tio n  — d e re n  S täm m e m it dem  S tr. chartreusis IPV  554x a u th e n th i-  
sch en  S ta m m  au ch  m it se ro log ischen  M ethoden  id en tif iz ie rt w u rd e n  — weisen au f die L a b il i
t ä t  g ew isse r w ich tiger u n d  u n te r  dem  G esich tspunk te  d e r sy s tem atisch en  D e te rm in a tio n  
als e n ts c h e id e n d  b e tra c h te te r  E ig e n sc h a fte n  hin . So is t  es u n s  g e lu n g en , aus einer e inzigen  P o 
p u la t io n  e in es Str. chartreusis Ö k o ty p s  chrom ogene u n d  ach ro m o g en e , an tib io tisch  w irk sa m e  
u n d  in a k t iv e ,  gegenseitig  a n ta g o n is t is c h  w irkende usw . S tä m m e  zu  selektieren.

ИЗУЧЕНИЕ ПОЧВЕННОЙ ПОПУЛЯЦИИ ОДНОГО ЭКОТИПА ВИДА 
STREPTOMYCES CHARTREUSIS

Результаты культурального и морфологического анализа изолированной из ренд- 
зинной почвы популяции Str. chartreusis, штаммы которого были идентифицированы 
также и серологическими методами при помощи автентичного штамма IPV 554х S tr. 
chartreusis, указывают на некоторую лабильность в отношении определенных признаков 
являющихся решающими с точки зрения систематического определения. Таким образом 
из одной единственной популяции экотипа Str. chartreusis удалось изолировать хромо
генные и ахромогенные, антибиотически эффективные и инактивные, взаимно антагони
стически действующие и другие штаммы.

I s t v á n  S z a b ó  

M á r i a  M a r t o n
B u d a p e s t ,  II . ,  H erm an  O t tó  ú t  15., H ungary
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Synopsis

The 0 .,-u p tak e  of d e tach ed  b a rle y  leav es  s tead ily  increases. In  sev en  d a y s , a  60 
pe r cen t in crease  o v er th e  con tro ls (leaves o f  in ta c t  p lan ts)  was ex p erien ced . P a ra lle l 
w ith  th e  e n h an c em e n t of 0 2-u p tak e  in d e ta c h e d  leaves th e  increased  re sp ira t io n  becam e 
m ore and  m ore r e s is ta n t  to  m alo n a te  a n d  N a F . S im u ltan eo u sly  w ith  th e  in c re a sed  re s 
p ira to ry  r a te  in d e ta ch e d  leaves th e  a c t iv ity  o f g lucose-6-P  dehydrogenase  a lso  in creased . 
T h e  s tim u la tio n  o f 0 2-u p tak e  u n d  G -6-P  deh y d ro g en ase  a c tiv ity  w as para lle lled  
b y  an  in creased  a cc u m u la tio n  of p h eno lics. T h e  b reakdow n of p ro te in s , w h ich  ta k e s  
p lace in  d e ta ch e d  b a rle y  leaves an d  a m o u n te d  to  35 pe r cen t in  7 d ay s, c o u ld  he  c o u n te r 
a c ted  by  10~5M k in e tin . The p ro te in  c o n te n t  o f th e  k in e tin -tre a te d  leav es w as h igher 
th a n  th a t  o f th e  co n tro ls  ( in ta c t p lan ts) . T h e  s tim u la tio n  of 0 2-u p tak e  due to  d e ta c h m e n t 
w as m ark ed ly  in h ib ite d  by  k in e tin . T he a c t iv i ty  o f  G -6-P deh y d ro g en ase  a n d  th e  level 
o f phenolics w ere a lso  reduced  in  k in e tin - tre a te d  de tach ed  leaves. I t  is co n clu d ed  th a t  
p ro te in  b reak d o w n , in d u ced  by  th e  re m o v a l o f th e  ro o t system , is re sp o n sib le  fo r th e  
“ a c t iv a t io n ”  o f G -6-P  deh y d ro g en ase  in  d e ta c h e d  leaves w hich in tu rn  le a d s  to  a  sh ift 
in  re sp ira to ry  p a th w a y s  in  fav o u r o f th e  h ex o se  m o nophosphate  sh u n t .  T h e  enzym e 
“ a c tiv a tio n ”  is  m o st easily  exp la ined  b y  th e  a ssu m p tio n  of p ro teo ly tic  lib e ra tio n  of 
G -6-P  deh y d ro g en ase  from  an  in ac tiv e  fo rm .

In tro d u c tio n

The rem o v a l  o f  roo t  system  resu lts  in a rap id  b reakdow n  o f  le a f  p ro te ins  
an d  ch lorophyll .  A t the  same tim e , free am in o  acids, am m onia  a n d  am ides 
accu m u la te  [2]. The d e ta c h m e n t  of leaves also leads to a d rif t  in re sp ira to ry  
r a te  [13]. U n d o u b te d ly ,  the  roo t  has a r e g u la to ry  role in leaf  m e tab o l ism . The 
n a tu re  of th is  r e g u la to ry  func tion  and  th e  m echan ism  of the  re sp i r a to ry  in 
crease in d e tach ed  leaves are poorly u n d e rs to o d .  R ecently , i t  has  b een  shown 
t h a t  k ine tin  a n d  some o th e r  com pounds  are  able  to  “ replace”  th e  ro o t  in m a in 
ta in ing  the no rm a l  level of some su b s ta n c e s ,  including p ro te ins  an d  nucleic 
acids, in the  t issues of  de tached  leaves [10, 20, 26, 29, 33]. Also, t h e  increase 
in re sp ira to ry  ra te ,  due  to  senescence, o f  excised p lan t  organs could  be in h ib i t 
ed b y  kinetin -like  com pounds  [4, 5, 20]. H ow ever ,  no sys tem atic  s tu d y  of the  
possible co rre la tion  be tw een  th e  a l te red  p ro te in  and  re sp ira to ry  m e tab o l ism  
of d e tach ed  leaves has  been u n d e r ta k e n .  T h e  aim  of the  p re sen t  w o rk  was to  
th ro w  some l igh t  on th is  problem .

In  p rev ious inves t iga t ions  ev idence  w as p resen ted  t h a t  th e  re m o v a l  of 
th e  ro o t  sys tem  resu lts  in a p ro found  a l te ra t io n  of  enzyme ac t iv i t ie s  in  th e
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le a f  t i s su e s  [8, 15]. A m ong  o the rs ,  the  a c t iv i ty  o f  th e  hexose m o n o p h o sp h a te  
s h u n t  d eh y d ro g en ases  increases  m ark ed ly  in d e ta c h e d  leaves. T here fo re ,  a 
s t u d y  o f  th e  possible re la t io n sh ip  be tw een  a l te re d  enzym e a c t iv i ty  a n d  in 
c reased  re s p i ra to ry  ra te  in d e ta c h e d  leaves a p p e a re d  w arran ted .

To h a v e  a deeper insigh t in to  th e  m e c h a n ism  b y  which the  ro o t  sy s te m  
re g u la te s  th e  ox ida tive  m e ta b o l ism  of th e  over g ro u n d  organs, the  ro o t  was 
“ re p la c e d ”  b y  k ine tin  and  th e  o x ida tive  m e tab o l ism  of k ine t in - t rea ted  d e ta c h e d  
leaves w as inves t iga ted .

M ateria ls  and m ethods

B a rle y  seed lings (H u n g a ria n  v a r ie ty  M FB ), grow n u n d e r  o rd in a ry  greenhouse co n d i
tio n s  w ere  u se d  th ro u g h o u t th e  e x p e rim e n ts . T he p r im a ry  leav es  w ere de tached  in  th e  tw o -le a f  
s ta g e  a n d  p la c e d  w ith  th e ir  bases in  ta p  w a te r  or 10“ 5M k in e t in  dissolved in  ta p  w a te r. T h e  cu t 
su rface  o f th e  le a f  b ases w as ren ew ed  ev ery  d a y , an d  th e  so lu tio n s  were changed  ev ery  second  
d a y . S a m p le s  fo r th e  assays w ere h a rv e s te d  a t  a b o u t 10.00 a .in .

T h e  re s p ira to ry  ra te  ( 0 2-co n su m p tio n ) w as d e te rm in e d  a t  30°C by  using  s ta n d a rd  W a r
b u rg  te c h n iq u e . A p p ro x im ate ly  3 x 3  m m  le a f  p ieces w ere f lo a te d  on 0,05 M p h o sp h a te  b u ffe r  
p H  4 .8 . R e sp ira to ry  in h ib ito rs  (2 10-2 M m alo n a te  o r 10-2 M N aF ) w ere also d isso lv ed  
in p h o sp h a te  b u ffe r, and th e  pH  o f  th e  so lu tions w as a d ju s te d  if  necessary. In  th e  e x 
p e r im e n ts  w i th  re sp ira to ry  in h ib ito rs  th e  lea f pieces w ere  p re in c u b a te d  for one h o u r  b e fo re  
s ta r t in g  th e  m an o m e tric  assay .

S ta n d a rd  sp e c tro p h o to m e tric  te c h n iq u es  [3] an d  a  m e th o d  described b y  Ma r r é  an d  
Se r v e t t à z  [24] w ere used  fo r th e  d e te rm in a tio n  of G -6 -P  dehydrogenase  a c tiv ity . T he 
m eth o d  o f Ma r r é  an d  Serv et tà z  w as m odified : in s te a d  o f tr ip h e n y l té trazo liu m  ch lo rid e , 
2 .6 -d ich lo ro p h en o l in d o p h en o l (D P IP )  w as used  as h y d ro g e n  accep tor. T he lea f  tis su e s  
w ere h o m o g en ized  in  th e  cold in  a ten fo ld  a m o u n t of 0.04 M T ris buffer, p H  7.5. C e n tr i
fuged  e x tr a c ts  w ere used  fo r th e  sp e c tro p h o to m e tric  a ssa y s . T he red u ctio n  of N A D P  
(n ic o tin a m id e  ad en ine  d in u cleo tid e  p h o sp h a te )  w as m ea su re d  a t  340 m /t, or th e  r e d u c 
tio n  of D P I P  w as follow ed e t 600 m /t. T he tw o m e th o d s  gave essen tia lly  id e n tic a l r e 
su lts . T h e  co u p led  reac tio n  (D P IP  red u c tio n ) p ro v ed  to  b e  m ore sensitive. T he re su lts  
o b ta in e d  w ith  th e  m odified  M arrè -S erv e ttàz  m eth o d  a re  re p o rte d  in th e  p re sen t p a p e r . 
T he re a c tio n  m ix tu re  app lied  w as as follow s: G -6-P  2.5 /tm o l, N A D P 0.5 /«mol, M gC l2 5 
/«mol, D P I P  0.25 /«M, enzym e co rresp o n d in g  to  25 m g  fresh  w eigh t of lea f tis su e , T ris  
b u ffe r  p H  7.5. F in a l vo lum e 2.0 m l. L ig h t p a th  0.5 cm . C om position  of th e  check : th e  
e x p e r im e n ta l m ix tu re  m inus G -6-P . I t  w as show n in  se p a ra te  ex p erim en ts th a t  th e  p la n t  
e x tr a c t  c o n ta in e d  enough  endogenous d iap h o ra se  to  s a tu ra te  th e  system .

T o ta l  ph en o lics  w ere d e te rm in e d  co lo rim etrica lly  in  m eth an o lic  e x tra c ts  (80 p e r c e n t)  
w ith  th e  F o lin -C io ca lteu  reag en t [32]. T he re su lts  a re  expressed  in chlorogenic acid  
e q u iv a le n ts .

T o ta l  so lub le  p ro te in s  w ere d e te rm in ed  acco rd in g  to  L o w r y  e t al. [18] in  b u ffe r  
e x tra c ts  (T ris  b u ffe r  p H  7.5). 0 2-u p ta k e , G -6-P d eh y d ro g en ase  a c tiv ity  and  p h en o l c o n 
te n t  w ere  s im u lta n eo u s ly  d e te rm in ed .

T h e  d a ta  p resen ted  in  f ig u res and  tab les  a re  m ean  v a lu es from  4 to  6 co n secu tiv e  
e x p e rim e n ts .

Results

E ffec t o f  detachment 1

1. R esp ira tio n . As shown in Fig. 1, th e  0 2-u p ta k e  of de tached  b a r le y  
leaves s te a d i ly  increases. B y  th e  end of th e  e x p e r im e n t  (7 th  day), the  increase  
over th e  co n tro ls  was ab o u t  60 per  cent.
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To have  some in fo rm a tio n  on the  re la t ive  im p o r ta n c e  o f  a l te rn a t iv e  res
p i ra to ry  p a th w a y s  in th e  en h an ced  resp ira t ion  of  d e tach ed  b a r le y  leaves, 
re sp i ra to ry  inh ib ito rs  (m a lo n a te ,  an in h ib ito r  o f  th e  K rebs-cycle ,  a n d  N aF , 
inh ib i to r  of glycolysis) were applied . I t  m ay  be seen from  Fig. 1 t h a t  th e  Tes

table 1

E ffect o f  detachment on the sen sitiv ity  o f  respiration to f lu o r id e  in  barley leaves (P e r  c e n t inh ib i
t io n  of 0 2-u p tak e  b y  10~2 M N aF )

Day after detachm ent

1 2 3 4 1 5 6 Í  7

C o n tro l ................ 48.0 40.0 55.5 42.9 40.5 52.6 I 42.6

D etached  leaf . . 32.9 32.5 37.8 28.9 1 31.2 27.0 1 26.4

• co n tro l

a co n tro l*  m a lon a te

Fig. 1. E ffec t o f d e ta c h m e n t on m a lo n a te -se n sitiv ity  in  b a r le y  leaves

p ira t io n  of contro l leaves was s trong ly  in h ib ited  b y  m a lo n a te  and  th a t  the 
e x te n t  of in h ib it ion  re m a in e d  p rac tica l ly  u n ch an g ed  d u r in g  th e  experim ent.  
By c o n tra s t ,  d u r in g  d e ta c h m e n t  th e  re sp ira t io n  of  d e ta c h e d  leaves  became 
g rad u a l ly  m ore a n d  m ore  m a lo n a te  re s is ta n t .  The ex p e r im e n ts  w ith  N aF  
showed a sim ilar  te n d e n c y ,  a l though  th e  resu lts  were less c lea r-cu t  (Table 1). 
The d a ta  o b ta in ed  seem to  su p p o r t  th e  idea  t h a t  th e  e x t ra  re sp i ra t io n  of de
ta c h e d  leaves bypasses  th e  no rm al g lycolytic  p a th w a y  a n d  th e  Krebs-cycle . 
A possible ex p lan a t io n  o f  th e  m a lo n a te  and  N a F  resis tance  of  th e  s t im u la ted  
0 2-u p ta k e  of d e ta c h e d  leaves would be t h a t  th e  re la t ive  im p o r ta n c e  of the 
hexose m o n o p h o sp h a te  s h u n t  is increased.

2. A c tiv ity  o f  G -6-P  dehydrogenase. The in it ia l  s tep  of  th e  hexose  m ono
p h o sp h a te  sh u n t  is th e  N A D P  d e p en d en t  o x ida tion  of  G -6-P  dehydrogenase . 
This  s tep  m igh t  l im it th e  o pera t ion  of th e  s h u n t  [7, 22, 23]. T here fo re ,  it  was
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e x a m in e d  w hether or n o t  th e r e  is a re la tionship  b e tw een  the  dev e lo p m en t  of 
m a lo n a te - re s is ta n t  r e s p i ra t io n  a n d  G-6-P d e h y d ro g en ase  a c t iv i ty  in de tached  
le a v e s .  As clearly in d ic a te d  in  Fig. 2, the  a c t iv i ty  o f  G-6-P  dehydrogenase

c:e

1 2  3  4 - 5  6

Days after detachment

F ig . 2 . E ffec t of d e ta ch m e n t on  th e  a c tiv ity  of g lucose-6-P  d eh y d ro g en ase  in  b a rle y  leaves

m a r k e d ly  increased in th e  d e ta c h e d  barley  leaf, a n d  th e  increase paralle lled  
th e  d ev e lo p m e n t  of m a lo n a te - re s is ta n t  re sp ira t ion .  These findings are also 
in l in e  w ith  the  idea t h a t  th e  hexose m o n o p h o sp h a te  sh u n t  is a c t iv a te d  in 
d e t a c h e d  leaves.

1 2  3  4 5  6  7
Days after detachment

F ig . 3. E ffect o f d e ta c h m e n t  on th e  phenol c o n te n t  o f b a rley  leaves

3. Changes in  total ph en o lics . In  view of th e  well k n o w n  connec tion  b e 
tw e e n  t h e  operation of  th e  h e x o se  m onophospha te  s h u n t  and a rom atic  b io sy n 
thes is  [25], the  level of pheno lics  was de term ined  in  d e tach ed  and  con tro l  b a r 
ley  le a v e s .  The results are su m m a r iz e d  in Fig. 3. I t  m a y  be seen t h a t  th e  level 
of t o t a l  phenolics som ew ha t in c re a se d  with the  age of  t h e  ex p er im en ta l  p lan ts .  
T he  in c re a se  was m uch m ore  p ro n o u n ced  in d e ta c h e d  leaves. The percen tage  
s t im u la t io n  of phenol a c c u m u la t io n  in 7 days was a b o u t  70 per  cen t  over the  
co n tro l .
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Table 2

Effect o f  detachment on the activ ity  o f  G -6-P  dehydrogenase, level o f  total phenolics and  respiratory  
rale in  barley leaves (E x p erim e n ta l sam p le /co n tro l ra tio s)

Days after detachment
l 2 3 4 5 6 7

G-6-P dehydrogen
ase ............................ 1.67 2.34 2.15 2.58 2.81 2.65 3.06

T o ta l phenolics . . . 1.25 1.44 1.31 1.58 1.65 1.68 1.68

R esp ira to ry  ra te  . . 1.18 1.11 1.17 1.21 1.36 1.63 2.22

• con tro l 
о  d e ta c h e d  lea l

1 2 0 i  5 6 7 8 9
Days after detachment

F ig . 4. E ffect of d e ta c h m e n t an d  k in e tin  t re a tm e n t  on  th e  level o f buffer-so lub le  p ro te in s  in
barley  leaves

In  Table  2 th e  re la t iv e  au g m e n ta t io n  in d e ta c h e d  leaves o f  re sp ira to ry  
ra te ,  G-6-P d e h y d ro g en ase  ac t iv i ty ,  and  p h en o l  c o n te n t  are show n. The t e n 
dency  of th e  d r i f t  in  these  th ree  processes be ing  similar, a causa l  connection  
m igh t  he p o s tu la te d .

Effect o f  k in e tin

1. Protein level. As th e  norm al b a lance  of  p ro te in  syn thesis  a n d  b re a k 
dow n in d e ta c h e d  leaves can  be m a in ta in e d  b y  k in e t in  t r e a tm e n t  [10, 26,29, 
33], k inetin  a p p e a re d  to  be a useful too l in  th e  e lucidation  of th e  p ro b lem  of 
how far th e  m e tab o l ic  changes discussed above  are causally  co nnec ted  w ith  
th e  excessive p ro te in  hyd ro lys is  which ta k e s  p lace in leaves upon  th e  rem oval  
o f  th e  roo t sy s tem . As show n in Fig. 4, th e  b a r le y  p la n t  is v e ry  su i tab le  for 
investiga tions of  th is  k in d  as its p ro te in  level is m ark ed ly  affec ted  b o th  b y  
d e ta c h m e n t  a n d  k in e t in  t r e a tm e n t .  I t  m a y  be seen t h a t  the  decrease in  p ro te in  
is considerable in th e  d e tach ed  barley  leaves a n d  th e  effect of k in e t in  is also 
s tr ik ing  (Fig. 4).
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I t  is rem arkab le  t h a t  k in e t in  n o t  only  m a in ta in ed  the  p ro te in  c o n c e n t ra 
t io n  a t  th e  level of th e  c o n tro l  h u t  ind u ced  a m ark ed  p ro te in  accu m u la t io n .

2. R espiration. I f  th e  r e s p i r a to ry  rise in d e ta c h e d  leaves is causa lly  con
n e c te d  w ith  protein b re a k d o w n ,  k ine tin  m u s t  d im in ish  the  re sp ira to ry  ra te  in

•  detached leaf
*  detached teat * malonate

1 2 3 i  5 6 t
Days after detachment

F ig . 5. E ffe c t  of k inetin  on th e  m a lo n a te -se n s itiv ity  o f re sp ira tio n  in d e tach ed  b a r le y  leaves

c
’§
SO

c

■a.
tw

a.
a
tw
E

• c o n tr o l  
о d e ta c h e d  lea f  
□ k in e t in  trea tm en t

3 i  5 
D a ys a f te r  d e ta c h m e n t

F ig . 6. E ffe c t of k inetin  on th e  a c t iv i ty  o f glucose-6-P  dehy d ro g en ase  in d e tach ed  b a r le y  leaves

exc ised  t issues.  I t  is c learly  in d ic a te d  in Fig. 5 t h a t  th is  is indeed th e  case. The 
0 2- u p ta k e  of  de tached  b a r le y  leaves  s tead i ly  increases  (as also shown in F ig . 1) 
a n d  k in e t in ,  after a lag-period o f  1 to  2 days,  is able to  reduce th e  s t im u la te d  
r e s p i r a t io n  to  a considerab le  e x te n t .  I t  is in te re s t in g  to  stress t h a t ,  a l th o u g h  
th e  e ffec t  o f  kinetin  on 0 2- u p ta k e  is considerab le , th e  m a lo n a te -sen s i t iv i ty  of  
d e ta c h e d  k in e t in - t rea ted  leaves  is b u t  s ligh tly  affec ted . There is only  a s light 
t e n d e n c y  tow ard s  the  r e s to ra t io n  o f  th e  n o rm a l  (high) m a lo n a te -sen s i t iv i ty  of 
0 2- u p t a k e  un d er  the effect o f  k in e t in  t r e a tm e n t .
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3. The a ctiv ity  o f  G -6-P dehydrogenase. I t  has been te s ted  as to  w h e th e r  
the  k ine tin - in d u ced  red u c t io n  of  r e sp i ra to ry  rise in detached  b a r le y  leaves is 
associated  w ith  a co n co m itan t  decrease  in  G-6-P dehydrogenase  ac t iv i ty .  
As m ay  be seen in Fig. 6, 10~5 M k in e t in  red u ces  th e  ac t iv i ty  o f  G -6 -P  d e h y d ro 
genase in d e ta c h e d  leaves to  the  level o f  t h e  controls.

4. Phenol content. As expec ted , th e re  is a s trong  correla tion  b e tw e e n  the  
k ine tin - induced  lowering of G-6-P d e h y d ro g en ase  ac tiv ity  in d e ta c h e d  leaves 
a n d  th e ir  pheno l level. The results  o f  p h en o l  de te rm ina tions  a re  su m m arized  
in Fig. 7. I t  m a y  be seen th a t  th e  c o n c e n tra t io n  of to ta l  phenolics is decreased 
u n d e r  th e  effect o f  k ine tin  t r e a tm e n t  to  or below the level o f  t h e  contro ls .

1 2 3 4 5 6 7
D a ys a f te r  de tach m en t

Fig. 7. E ffec t o f k in e tin  on th e  p h eno l c o n te n t of de tached  b a r le y  leaves

D iscussion

A lthough  i t  has  been know n for a long tim e  th a t  the  re m o v a l  o f  th e  root 
sy s tem  resu lts  in th e  s t im u la t io n  of  r e s p i ra to ry  ra te  in d e ta c h e d  p l a n t  leaves 
[13], th e  b iochem ica l m echan ism  responsib le  for the  s t im u la te d  resp ira t ion  
rem ain ed  obscure. The d a ta  p resen ted  in th is  pap e r  sup p o r t  th e  v iew  t h a t  the  
ro o t  sy s tem  con tro ls  n o t  only th e  re sp i r a to ry  ra te  of the  leaves,  b u t  th e  re la 
t ive  im p o r ta n c e  of  a l te rn a t iv e  re s p i ra to ry  p a th w ay s  as well. I t  is suggested 
t h a t  in th e  re sp ira t io n  of d e tach ed  leaves  th e  par t ic ipa tion  o f  th e  hexose- 
m o n o p h o sp h a te  sh u n t  increases. This  is in d ica ted  by  the following fac ts :

1. The m a lo n a te -  and  f luo r id e -sen s i t iv i ty  of the re sp ira t io n  o f  de tached  
leaves decreases. This is a suggestive ev idence  for the increased  ro le  of  a non- 
tr ica rboxy lic -ac id  p a th w a y ,  a l th o u g h  i t  does no t co ns ti tu te  a f in a l  proof, as 
th e  applied  in h ib ito rs  were no t  fully specific  [14, 36].

2. The k e y  enzym e of the  hex o se -m o n o p h o sp h a te  sh u n t  (G -6 -P  d e h y d ro 
genase) is a c t iv a te d  s im ultaneously  w ith  th e  resp ira to ry  rise in  d e ta c h e d  leaves. 
I t  is n o te w o r th y  th a t  a fairly s t ro n g  co rre la t ion  was found b e tw e e n  th e  activa-
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l ion  o f  G -6 -P  dehydrogenase  an d  th e  in-vivo  a c t iv a t io n  of the  hexose-m ono- 
p h o s p h a te  sh u n t  in d iseased tissues as well [3, 17, 19, 30, 31, 34]. The sam e  is 
t r u e  fo r  th e  s t im u la te d  re sp ira t io n  of ageing (w ashed)  s torage t issue  slices 
[1, 22, 23, 28]. Such a co rre la t io n  betw een  th e  a c t iv a t io n  of G-6-P d e h y d r o 
genase  a n d  ac t iv a t io n  of  th e  h ex o se -m o n o p h o sp h a te  sh u n t  seems likely in  th e  
case o f  d e ta c h e d  leaves as well.

3. S im u ltaneous ly  w i th  th e  onset o f  in c re a se d  resp ira tion  and  G -6-P  
d e h y d ro g e n a se  ac t iv i ty ,  pheno lics  accum ula te  in  th e  de tached  leaves. K i r á l y  

[16] h a s  also found an  in c reased  phenol level in  d e ta c h e d  w hea t  leaves. The 
a c c u m u la t io n  of phenolics m ig h t  be regarded  as an  ind irec t evidence for  th e  
e n h a n c e d  op era t io n  of th e  h ex o se -m o n o p h o sp h a te  s h u n t ,  as a t least a p a r t  of 
th e  c a rb o n  a tom s of th e  a ro m a t ic  r ing  derive gen e ra l ly  from in te rm ed ia te s  o f  
th e  s h u n t  [25]. The u b iq u i to u s  appearance  of  a ro m a t ic  com pounds in d iseased  
p la n ts  is also regarded  as b e in g  due to  the a c t iv a t io n  of  the  hexose-m onophos
p h a te  p a th w a y  [9].

T h e  ev idence is, the re fo re ,  very  s trong  in f a v o u r  of the  idea t h a t  th e  
im p o r ta n c e  of  the  h ex o se -m onophospha te  s h u n t  is inc reased  in detached  leaves. 
T he  q u e s t io n  arises: w h a t  a re  the  b iochem ical fac to rs  responsible for  th e  
c h a n g e ?  T h e  following m ech an ism s  m ight come in to  consideration: (i) T he  
in crease  in  ac t iv i ty  of  ra te - l im i t in g  enzym es (G -6-P  dehydrogenase, etc .) ,  
(ii) T h e  r a t e  o f  reox ida tion  o f  N A D P H  [7]. A c o m p ar iso n  of the  absolute  va lues  
o f  G -6 -P  ox id a t io n  in cell-free e x t ra c ts  of ba r ley  leav es  an d  the  in-vivo  r e s p i r a 
to ry  r a t e s  ind ica tes  t h a t  G -6-P  dehydrogenase  m ig h t  be a lim iting  fa c to r  of 
h y d ro g e n  t r a n s p o r t  in ba r ley .  T hus  the  a c t iv a t io n  of  G-6-P dehydrogenase  
m ig h t  h a v e  a reg u la to ry  role. P re l im in a ry  in v e s t ig a t io n s  show t h a t  th e  poss i
b i l i ty  o f  reo x id a t io n  of N A D P H  is also g rea te r  in d e ta c h e d  leaves th a n  in the 
con tro ls  [12]. In  th is  respec t ,  th e  speed of N A D P H  o x id a t io n  via the  g lu ta t io n e  
-ascorb ic  ac id  system  [21] a n d  the  opera tion  o f  a N A D P H  —> NAD tra n s -  
h y d ro g e n a se  [11, 27] is be ing  considered.

U n t i l  now  these tw o sy s tem s  have been re g a rd e d  as po ten tia l ly  th e  m o s t  
im p o r t a n t  ones in th e  reo x id a t io n  of N A D P H  in th e  p lan t  cell. H ow ever ,  
re c e n t ly  ev idence  was p re sen ted  for the  d irec t in  vivo- ox idation of N A D P H  
as well w h ich  takes  place w i th o u t  the  in te rv en t io n  o f  t ranshydrogenase  [27].

T h e  accu m u la t io n  of  phenolics  m ight also p la y  a p a r t  in “ pu ll ing”  th e  
s h u n t ,  t h e  b iosynthesis  o f  pheno lics  being also a N A D P H -co n su m in g  process 
[25].

As to  th e  n a tu re  of  th e  ac t iv a t io n  of  G -6-P  dehydrogenase  (and  o th e r  
enzym es)  in  de tach ed  leaves, we have  come to  th e  conclusion th a t  th is  m ig h t  
be c o n n e c te d  w ith  the  s t im u la t io n  of p rotein  b re a k d o w n .  This conclusion is 
based  on  a de ta iled  s tu d y  o f  t h e  behav iour  of 18 enzym es  in de tached  leaves 
[8, 15]. E x c e p t  two (glycolic ac id  oxidase [6] a n d  s ta r c h  phosphorylase) , all 
in v e s t ig a te d  enzym es were fo u n d  to  be a c t iv a te d  u p o n  d e tach m en t  of leaves.

Acta Biol. Hung. 15. 1964



HOLK OF THE HOOT SYSTEM IN THE REGULATION 73

E v id en ce  was p resen ted  t h a t  th e  a c t iv a t io n  was n o t  due to  p ro te in  syn thes is  
[8, 15]. This was p a r t icu la r ly  e v id e n t  w ith  G-6-P dehydrogenase , th e  ac t iv i ty  
o f  which  was d ra m a t ic a l ly  re d u c e d  in d e ta c h e d  leaves upon  k in e t in  t r e a tm e n t  
assoc ia ted  w ith  p ro te in  syn thes is  (Fig. 6). S tud ies  on th e  b e h a v io u r  o f  o the r  
enzym es in k in e t in - t re a te d  d e ta c h e d  leaves are in progress. I t  seems l ike ly  t h a t  
the  excessive p ro te in  b reak d o w n  l ib e ra te s  la te n t  enzym es from  an inac tive  
form . The l ibe ra ted  enzym es a p p a re n t ly  p lay  an active p a r t  in th e  reg u la t io n  
of  o x ida tive  m etabo lism .
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D IE  R O L L E  D E S W U R Z E L S Y S T E M S  IN  D E R  R E G U L IE R U N G  D ES O X Y D A T IV E N  
S T O F F W E C H S E L S  D E R  G E R S T E N B L Ä T T E R

D ie 0 2-A ufnahm e v o n  a b g e tre n n te n  B lä tte rn  d e r G e rsten k e im p flan zen  n im m t s tä n d ig  
zu. N a c h  6 T agen is t  die A tm u n g s in te n s itä t  60%  h ö h e r als bei de r K ontro lle  (B lä tte r  von  
in ta k te n  P flan zen ). P a ra lle l zu d e r  A tm u n g sste ig e ru n g  d e r iso lie rten  B lä tte r  w ird die 0 2- 
A u fn a h m e  gegen M alonsäure  u n d  N a F  a llm ählich  m eh r u n d  m eh r re s is ten t. P a ra lle l zur A t
m u n g sste ig e ru n g  n im m t in  d en  iso lie rten  B lä tte rn  die A k t iv i tä t  de r G lucose-6-P hosphat- 
D eh y d ro g en ase  zu u n d  P h en o lv e rb in d u n g en  häufen  sich  an . N ach  der Iso lierung  se tz t in  den 
B lä t te rn  e in  E iw eissab b au  e in , d e r  am  7. T age eine 3 5 % -ige  E iw eissab n ah m e zur Folge h a t.  
10~5 M K in e tin  h em m t d en  P ro te in a b b a u . Der P ro te in g e h a lt  v o n  m it K in e tin  b e h an d e lten  
B lä t te rn  i s t  grösser als bei den  K o n tro lle n  (in tak te  P fan zen ). D ie d u rc h  die Iso lierung  v e ru r 
sa c h te  A tm u n g sste ig e ru n g  w ird  d u rc h  K in e tin  s ta rk  h e ra b g e se tz t . U n te r  dem  E in fluss der 
K in e tin b e h a n d lu n g  n im m t in  den  a b g e tre n n te n  B lä tte rn  d ie A k t iv i tä t  der G lucose-6-P hosphat- 
D e h y d ro g en ase  ab  u n d  d ie  A n h ä u fu n g  v o n  P h e n o lv e rb in d u n g en  w ird  gehem m t. Aus den 
E rg eb n issen  geh t he rv o r, d a ss  de r n a c h  A b tren n u n g  der B lä t te r  in  G ang gese tz te  P ro te in a b b au  
m it  d e r A k tiv ie ru n g  v o n  G lu co se -6 -P h o sp h a t-D eh y d ro g en ase  v e rk n ü p ft  is t ,  die das re la tiv e  
V e rh ä ltn is  de r a lte rn a tiv e n  A tm ungsw ege  zug u n sten  de r d ire k te n  O x y d a tio n  v e rsch ieb t. Die 
E n z y m a k tiv ie ru n g  is t  w ah rsch e in lich  du rch  die p ro teo ly tisch e  F re ise tzu n g  von G lucose-6- 
P h o sp h a t-D e h y d ro g en a se  au s in a k t iv e r  F orm  zu e rk lä ren .
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РОЛЬ КОРНЕВОЙ СИСТЕМЫ В РЕГУЛИРОВАНИИ ОКИСЛИТЕЛЬНОГО ОБМЕНА
ЛИСТЬЕВ ЯЧМЕНЯ

Поглощение О, листьями проростков ячменя с удаленной корневой системой по
степенно увеличивается. Через шесть дней интенсивность дыхания превышает контроль 
(листья цельных растений) примерно на 60%. Параллельно повышению интенсивности 
дыхания изолированных листьев, поглощение 0 2 становится все более устойчивым в от
ношении малоновой кислоты и NaF. Параллельно повышению интенсивности дыхания в 
изолированных листьях увеличивается активность дегидрогеназы глюкозо-6-фосфата и 
наблюдается накопление фенольных соединений. После изолирования в листьях начи
нается распад белков, в результате чего на седьмой день количество белков снижается 
на 35%. Кинетмн в концентрации 10 5 М препятствует распаду белковых веществ. Содер
жание белка в листьях, обработанных кинетином, превышает контрольные (цельные рас
тения). Кинетин в значительной степени снижает обусловленную изолированием стиму
ляцию дыхания. Под влиянием обработки кинетином в срезанных листьях снижается 
активность дегидрогеназы глюкозо-6-фосфата, а также и степень накопления фенольных 
соединений. Из полученных результатов можно сделать заключение, что распад белков, 
начавшийся после устранения корневой системы, связан с активированием дегидроге
назы глюкозо-6-фосфата, отодвигающей относительно соотношение альтернативных путей 
дыхания в сторону апотомического окисления. Активация фермента обусловлена веро
ятно его протеолитическим освобождением из неактивной формы глюкозо-6-фосфата.

B u d a p e s t ,  V I I I . ,  M úzeum  k r t .  4/а, H u n g a r y
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FUNCTIONAL DIFFERENTIATION OF THE THYROID 
GLAND INVESTIGATED BY I131-AUTORADIOGRAPHY IN 
DECAPITATED CHICK EMBRYOS BEARING HYPOPHY

SEAL HOMOGRAFTS
B. M e s s  and  K . S t r a z n i c k y

D EPARTM ENT O F ANATOMY, HISTOLOGY AND EM BRY OLOG Y , MEDICAL U N IV ER SITY , PÉCS
(H EA D: J .  SZENTÁGOTHA1)

(R eceived J a n u a ry  14, 1964)

Synopsis

O n th e  b a s is  o f au to ra d io g ra p h ic  in v e s tig a tio n s  a u th o rs  fo u n d  a  s ig n ific a n t 
in h ib itio n  o f th y ro id a l I 131 accu m u la tio n  in  ch ick  em b ry o s follow ing d e c a p ita tio n  a t  th e  
m esencephalic  lev e l. S u b cu tan eo u s  h y p o p h y se a l g ra fts  ta k e n  from  n o rm a l donors 
b rin g  th e  I 131 tra p p in g  c a p a c ity  o f th e  th y ro id s  o f d e c a p ita te d  em bryos to  n o rm a l level. 
S im ila r, b u t  less in te n s iv e  effect could  be  d e m o n s tra te d  following TSH  in je c tio n . I t  is 
con clu d ed  t h a t  th e  a n te r io r  p i tu i ta ry  m ay  d iffe re n tia te  an d  p roduce T S H  w ith o u t 
h y p o th a la m ic  co n n ec tio n s a t  lea s t in  b ird s a n d  in  th e  em bryon ic  s tag e . A lth o u g h  no 
I 131 tra p p in g  c a p a c ity  w as p re sen t, th e  h is to lo g ica l d iffe ren tia tio n  a t  th e  l ig h t  m ic ro 
scopical level o f th e  th y ro id s  of d e ca p ita te d  e m b ry o s  show ed only a s lig h t d e lay . T he 
possib le  ro le o f d ifferences in  th e  u l tra s tru c tu re  o f  th y ro id s  is discussed.

Introduction

Prev ious  inves t ig a t io n s  [8] revea led  t h a t  th e  I 131 t ra p p in g  c a p a c i ty  of 
chick em bryos  was h igh ly  in h ib ited  or a lm ost  com ple te ly  ex t in q u ish ed  follow
ing d ec a p i ta t io n  in e a r ly  stages of em bryon ic  d ev e lo p m en t ,  i.e. in s tag es  12 — 13 
accord ing  to  H a m b u r g e r  and  H a m i l t o n  [7].

This c learly  shows t h a t  the  onset of th y ro id a l  I 131 accu m u la t io n  in  chick 
em bryos  depends  on p i tu i t a r y  th y ro t ro p in  (TSH ) secretion. O the r  e x p e r im e n ts  
[11] have  show n fu r th e rm o re  th a t  th y ro id s  o f  n o rm a l  em bryos, before  reach ing  
th e  d ev e lo p m en ta l  s tage  in which T S H  secre t ion  s ta r t s  (-(-37), as well as those  
of  d e c a p i ta ted  ones, are  fa ir ly  sensitive to  exogenous  TSH. As th e  d e c a p i ta te d  
em bryo  has n e i th e r  d iencepha lon , n o r  p i tu i t a r y  g land, th is  seem ed to  be an 
ap p ro p r ia te  e x p e r im e n ta l  model for th e  in v e s t ig a t io n  of fu n c t io n a l  d ev e lo p 
m en t of  th y ro id s  free f ro m  p i tu i ta ry  influence , on one hand , and  for  th e  s tu d y  
o f the  fu nc tiona l  and  m orphological d if fe ren t ia t io n  of the  ad en o h y p o p h y s is  if 
in d e p e n d e n t  from  th e  cen tra l  nervous  sy s tem  on th e  o ther. P a r t ic u la r  in te re s t  
in th is  respec t  has been  ra ised  b y  ex p e r im e n ta l  f ind ings of H a l á s z  a n d  associa
tes  [6] who observed  t h a t  ad en o h y p o p h y sea l  t issue  would m a in ta in  i ts  no rm al 
histological p ic tu re  a n d  its func tiona l  ca p a c i ty  exclusively  following h o m o t r a n s 
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p la n ta t i o n  in the b a s a lv e n t r a l  a rea  of th e  h y p o th a la m u s .  This area w as th e re 
fo re  t e r m e d  by  these a u to r s  as 4h y p o p h y seo tro p h ic  a re a ” . The question  rem ained  
o p e n ,  however, w h e th e r  o r  no t  the  h is to log ica l and func tional d i f fe re n t ia 
t io n  o f  th e  em bryonic  p i t u i t a r y  requires th e  sam e  in t im a te  connection w i th  th e  
d ie n c e p h a lo n  in order to  be  ab le  to  produce  t ro p h ic  hormones, or w h e th e r  th is  
co u ld  b e  achieved also w i th o u t  d iencephalic connections.

Material and methods

O u r ex p erim en ts w ere p e rfo rm e d  on 51 d e c a p ita te d  ch ick  em bryos a t  m id b ra in  level 
a n d  on  7 n o rm al ones. D e c a p ita tio n  w as perform ed on th e  second  day  of in cu b a tio n  i.e . devel
o p m e n ta l  s tag es 12 — 13 (H a m b u r g e r  an d  H am ilton  [7]. T h e  op eratio n  was ca rried  o u t  un d er 
a b in o c u la r  stereom icroscope u n d e r  s te rile  conditions w ith  th e  a id  of th e  e lec tro m ag n e tic  v ib r a t 
in g  n e e d le  o f D ru ry  [3].

E m b ry o s  w hich re ac h ed  th e  6 th  d ay  of in c u b a tio n  w ere sep a ra ted  in to  th e  follow ing 
g ro u p s .

G roup 1. In ta c t  c o n tro ls  (7 em bryos).
G roup 2. D ecap ita ted  c o n tro ls  (14 em bryos).
G roup 3. D ecap ita ted  e m b ry o s  hav in g  rece iv ed  p i tu i ta r y  hom ografts fro m  do n o rs of 

th e  1 1 th  d a y  of in cu b a tio n  a n d  h a v in g  been  sacrificed  a t  s ta g es  35 — 36 (4 em bryos).
G roup 4. D eca p ita ted  e m b ry o s  hav ing  rece ived  p i tu i ta r y  h o m ografts fro m  do n o rs of 

th e  1 1 th  d a y  of in cu b a tio n  a n d  h a v in g  been sacrificed  a t  s ta g e  +  37 (6 em bryos).
G roup 5. D ecap ita ted  e m b ry o s  hav in g  rece ived  p i tu i ta ry  h o m ografts fro m  do n o rs of 

th e  7 th  d a y  of in cu b a tio n  a n d  h a v in g  been  sacrificed  a t  s ta g e  —|— 38 (9 em bryos).
G roup  6. D ecap ita ted  e m b ry o s  hav in g  rece ived  p i tu i ta r y  hom ografts from  d o nors of 

th e  1 2 th  d a y  of in cu b a tio n  a n d  h a v in g  been sacrificed  a t  s ta g e  39 (3 em bryos).
G roup  7. TSH (A m b in o n , O rg an o n ) in jec tio n  in to  th e  chorioa llan to id  sack  o f d ecap i

t a te d  e m b ry o s .
(a )  2 U SP m U on th e  1 1 th  d a y  of in cu b a tio n  (4 em bryos).
(b )  2 U SP m U  da ily  ones b e tw ee n  th e  8 th  a n d  1 1 th  of incu b a tio n  (4 em b ryos).
H y p o p h y se a l h o m o g ra fts  w ere  tra n sp la n te d  u n d e r  th e  abdom inal sk in  b e tw ee n  th e

r ig h t  w in g  a n d  leg on th e  6 th  d a y  o f in cu b a tio n  (Fig. 2e).
10 juC carrier free I 131 w as in je c te d  in to  th e  c h o rio a lla n to id  sack of all em b ry o s of the  

d if fe re n t  g ro u p s 24 hours b efo re  sa c rifica tio n . T h y ro id s  w ere d issected  and  fix ed  fo r a u to ra 
d io g ra p h y  in  a m ix tu re  of 8 p a r ts  o f  96%  alcohol an d  2 p a r ts  o f 40%  form alin . T he h y p o p h y se a l 
g ra f ts  w e re  fix ed  in B ouin so lu tio n  fo r histological in v e s tig a tio n s . The th y ro id s w ere em b ed d ed  
in to  p o ly w a x  and  serially  se c tio n ed  in  tw o paralle l se ries . O ne series was p re s ta in ed  w ith  H ae- 
m a to x y lin -E o s in , th e  o th e r w i th o u t  s ta in in g  covered w ith  K o d a k  A R  10 s tr ip p in g  f ilm . A fter 
7 d a y s  o f  in cu b a tio n  a u to ra d io g ra p h s  w ere developed, f ix e d  a n d  m oun ted  in  th e  a r tif ic ia l  resin  
o f A rb o c o ll H  [12]. U n s ta in ed  a u to g ra p h s  were q u a n ti ta t iv e ly  eva lu a ted  w ith  th e  a id  o f a 
Z eiss fa s t-p h o to m e te r . — H y p o p h y s e a l g ra fts  a f te r  em b e d d in g  in  cello id in -paraffin  a n d  sec
tio n in g  in  5 /л w ere s ta in ed  w ith  h aem ato x y lin -eo sin , a n ilin e  b lue-azocarm in  and  pe rio d ic  acid- 
S c h iff  (P A S ) reagen t.

Experimental results

T h e  a u to rad io g rap h s  o f  th e  thy ro id s  co n f irm ed  our previous d a t a  [8] 
a c c o rd in g  to  which d e c a p i ta t io n  sharp ly  in h ib i ts  th e  I 131 trap p in g  c a p a c i ty  of 
th e  th y r o id s  (Fig. 1 />), as c o m p a re d  w ith  t h a t  o f  u n o p e ra te d  norm al em b ry o s  
(F ig . l a ) .  In  d ecap ita ted  e m b ry o s  bearing h y p o p h y s e a l  hom ografts ,  ta k e n  from 
e m b ry o s  o f  th e  7th d ay  o f  in c u b a t io n ,  the  I 131 a c c u m u la t io n  of the  th y ro id s  was 
as s t r o n g  on the  12th d a y  (F ig .  lc), as in th e  n o rm a l  ones of th e  sam e  age.
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F ig . 1. A u to rad io g rap h s o f th e  th y ro id s  o f chick em b ry o s (P re sta in ed  w ith  H a em a to x y lin -  
E osin . Covered w ith  K od ak  AH 10 s tr ip p in g  film .), a )  in ta c t  con tro l (stage + 3 8 ) .  b) d e c a p ita t
ed , u n tre a te d  (stage 38). r )  d e c a p ita te d  hav ing  received  p i tu i ta ry  h o m o g ra fts  from  7 days 
old donors (stage + 3 7 ) . d )  d e c a p ita te d  h av in g  received p i tu i ta ry  h o m o g ra fts  fro m  11 days 
old donors (stage + 3 7 ) . e) d e c a p ita te d  hav in g  rece ived  p itu i ta ry  h o m ografts from  11 days old 
d o nors (s tage  — 36). f )  d e c a p ita te d  in jec ted  w ith  2 U S P  m U  daily  dosis o f T S H  fro m  the 8th 

to  th e  11 th  d ay  of in cu b a tio n  (stage 39)
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T ak in g  in to  considera t ion  t h a t  according to  ou r  prev ious  work [8] T S H  secre
tion  of  norm al chick e m b ry o s  s ta r ts  a t  the  1 1 th  d a y  of incubation  (- |-37 stage) 
— corresponding  to th e  d a ta  o f  C o r i n - F r e d e r i c  a n d  F r e d e r i c  [2] who found  
the appearence  of  th e  chrom ophil ic  cells a t  th e  9 — 12th  days of in c u b a t io n  
the  ques tion  arose, w h e th e r  on ly  p i tu i ta r ies  t r a n s p la n te d  before th e  t im e  of 
cy to d if fe ren tia t ion  arc able  to  produce TSH in th e  t r a n sp la n te d  site, or w h e th e r  
prev iously  d iffe ren t ia ted  p i tu i ta r ie s  m ight m a in ta in  the ir  cap ac i ty  to  secrete  
TSH  af te r  hav ing  lost th e i r  (lienee phal ic connec tions  in consequence of  th e  
t r a n s p la n ta t io n .  F or  th e  inv es t ig a t io n  of th is  q u es t io n  p i tu i ta r ie s  o f  11 — 12 d a y  
old em bryos were t r a n s p la n te d  in to  6 d ay s  old d ecap i ta ted  ones. In  these  
cases a lready  on th e  9 — 10 th  d a y  of in cuba tion  th e  thy ro id a l  I 131 a c c u m u la t io n  
was equa l  to  th e  11th  d a y  old n o rm a l  em bryos (Fig. le). This resu lt  shows c lear
ly t h a t  an te r io r  p i tu i t a r y  tissue taken  from don o rs  which have  a l re a d y  been 
capab le  of secre ting  T S H , i f  t ra n sp la n te d  b e h a v e  qu ite  similarly  to  h y p o p h y 
seal g rafts  ta k e n  from  7 d ay s  old donors. I f  d e c a p i ta te d  em bryos, b ea r in g  h y p o 
physea l grafts  ta k e n  e i th e r  from  young donors  (before the onse t o f  T S H  
secretion) or from older ones (w ith T SH  secre tion  a lready  s ta r ted )  su rv iv e  the

Table 1

Experim ental
group

Thyroidal I 131 
D cvcl- accumulation 

opmen-
ta l in ab- in 

stage solute H/D
1 values 1 quotient

Mean of thyroidal 
I 131 accum ulation

in  ab- I in 
so lu te j H/D 
values 1 quotient

Significant difference 
between absolute 

values

C ontrols (7)

38 
+  38 
— 38 
+  38 

38 
38 

+  38

519
590
376
630
620
643
571

5.71
6.60
4.13
6.92
6.81
7.06
6.27

564 6.20

against d e ca p ita te d  
(st. +  38)

t  =  12.96
p <  0.01

D ecap ita ted
(14)

-3 6
— 36

u n m easu rab ly  low 
a c tiv ity

— 38
38

— 38
38

86
89
94
73

86

œ
 X

 co
Г+ —

 Г+

91
91
90

91

39
— 39
— 39

152
140
122

138

+  38 
39

573
264

no t p e rfec t
d ecap ita tio n *

*D iencephalon and  hyp o p h y sis  was presen t, on ly  telencephalon  was rem oved .
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(Table 1, c o n t .)

Experim ental
group

D evel
opm en

tal
stage

Thyroidal 1131 
accum ulation

M ean of thyroidal 
I 131 accum ulation S ignificant d iff.rence 

betw een absolu te 
values

in ab 
solute 
values

in
H /D

quo tien t

in ab 
solute 
values

in
H/D

quotient

D e c a p ita te d  
b e a r in g  

h y p o p h y se a l 
h o m o g ra fts  (22)

11 days old 
hypophyses
(4)

11 days old 
hypophyses 
(6)

7 days old 
hypophyses
(9)

12 days old 
hypophyses

(3)

35
— 36
— 36
— 36

245
493
390
550

2.85*
5.73
4.76
6.39

419 4.86

against d e ca p ita te d  
(s t .— 38) 

t  =  7.2
p  <  0.01

+  37 
37 

+  37 
+  37 
+  37 
+  37

403
359
392
504
504
487

4.68
4.17
4.55
5.85
5.85 
5.66

442 5.14

against d e ca p ita te d  
(s t.— 38) 

t  =  10.5
p <  0.01

38 
+  38 
+  38 
+  38 
+  38 
+  38 

38 
38 

+  38

620
783
503
532
629
631
320
641
654

6.81
8.60
5.52
5.86
6.91
6.92 
3.51 
6.94 
7.19

590 6.48

against d e ca p ita te d  
(st. +  38) 
t  =  12.4

p <  0.01
against co n tr. 
t - 0.46 p = 0.62

39
— 39

39

982
935
987

7.11
6.77
7.12

968 7.01
against d e ca p ita te d  

(s t.— 39) t  =  43.2
p <  0.01

+ T S H
D e c a p ita te d  tre a tm e n t lx  

(4)

+ T S H
D e c a p ita te d  tre a tm e n t 4x

(4)

- -39 
+  38 
— 39 

39

260
293
250
265

1.89
2.12
1.82
1.92

267 1.93
against d e ca p ita te d  

(s t .—39) t  =  9.75
p <  0.01 ag a in s t 
co n tr. t  =  6.08
p <  0.01

-  39 
39 

— 39 
— 39

292
266
301
274

2.19
1.91
2.21
1.93

283 2.05
against d e ca p ita te d  

(s t .— 39) t =  11.7 
p <  0.01 ag a in st 
con tr. t  =  5.92
p <  0.01

* H /D  qu o tien t a t  th is  su b g ro u p  is calculated  in s tea d  of th e ir  own d ecap ita te  d cases from  
th e  d a ta  o f d ecap ita ted  group  in  s tag e  — 38.

1 2 th  d a y  of incuba tion  (s tages  + 3 8 ,  —39), th e  I 131 t ra p p in g  c a p a c i ty  of  the 
th y r o id  g land  increases to  t h e  level found in u n o p e ra ted  norm als  (F ig . Id). 
I f  i n s te a d  of hypophysea l  h o m o tra n s p la n ta t io n  T S H  is in jec ted  (2 U S P  m U  

y /e m b ry o ) ,  the  iodide u p ta k e  increases as co m p ared  w ith  th e  u n t r e a te d  
d e c a p i t a t e d  embryos (Fig. I f ) ,  b u t  does n o t  re a c h  th e  degree, seen in  th e  cases 
b e a r in g  hypophysea l  h o m o g ra f ts .

P h o to m e tr ic  e v a lu a t io n  o f  the  u n s ta in ed  th y ro id  au to g rap h s  gives sim i
la r  r e su l ts .  The d a ta  are su m m a r iz e d  in Table  1. T he  figures of the  2nd  a n d  4 th  
c o lu m n s  rep re sen t  th e  ligh t a b so rp t io n  of th e  a u to g ra p h s  in °/00, w hereas  those
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of th e  3 th  and 5 th  co lum ns are th e  so called H /D  quo tien ts .  In  th e se  q u o t ie n ts  
H  ind ica tes  the  degree  of  da rken ing  ( l igh t a b so rp t io n )  in the  d iffe ren t  p i tu i ta ry  
g ra f ted  or T S H - tre a te d  groups, while D th e  degree  of  da rken ing  in d e c a p i ta te d  
c o n tro l  em bryos.

I t  appears  c learly  from Table  1 t h a t  in  cases of  h y p o physea l  h o m o g ra f ts  
ta k e n  from donors before  or after  on se t  o f  TS1I secretion occurring  in th e  — 37 
dev e lo p m en ta l  s tag e  of  H a m b u r g e r  and  H a m i l t o n  [ 7 ] ,  th e  th y r o id a l  I 131 
accum ula tion  is e n h a n c e d  in b o th  g roups  in a s ta t is t ica l ly  h igh ly  sign if ican t 
m an n e r .  No s ign if ican t  difference cou ld  be o b se rved  betw een  th e  iod ide  u p ta k e  
of  no rm a l  u n t re a te d  em bryos and o f  d e c a p i ta te d  ones bearing  p i tu i t a r y  g ra fts .  
This implies t h a t  th e  t ra n sp la n te d  e m b ry o n ic  p i tu i ta ry  has th e  sam e th y ro -  
t ro p h ic  cap ac i ty  as th e  hypophysis  in its  n o rm a l  site and in co nnec tion  w ith  
th e  h y p o th a la m u s .  Exogenous T S H  in jec ted  e i th e r  adm in is te red  once only, 
or da i ly  during  4 d ay s ,  produced a s ig n if ican tly  h igher  thy ro id a l  I 131 a c c u m u la 
t io n  th a n  of u n t r e a te d  d ecap ita ted  e m b ry o s ,  b u t  a significantly  low er a c c u m u 
la t ion  th a n  in d e c a p i ta te d  ones b e a r in g  h y p o p h y sea l  g rafts  or in  u n t r e a te d  
no rm al controls.

The histo logical charac ter  o f  th e  th y ro id s  in  decap i ta ted  e m b ry o s  b e a r 
ing hypophysea l  g ra f ts  is quite s im ila r  to  t h a t  o f  norm al ones. A  s ligh t delay  
in th e  d iffe ren tia t ion  of the th y ro id  g land  is visible in th e  b lan k  d e c a p i ta ted  
groups  aga ins t  u n o p e ra te d  em bryos ,  tvhich has  a lready  been desc r ibed  in 
m ore  de ta il  in a p rev ious  paper [8]. T he  fo rm a tio n  of  thy ro ida l  follicles occurs 
in  d ec a p i ta ted  e m b ry o s  in norm al m a n n e r ,  b u t  no colloid ap p e a rs  in th em , 
w hich  is in good accordance  w ith  th e  im p a i rm e n t  o f  I 131 a ccu m u la t io n .

P i tu i ta ry  g ra f ts  were well v a scu la r ized ,  su rrounded  with  a th in  la y e r  of 
connec tive  t issue (Fig. 2e). The h is to log ica l  c h a ra c te r  and  th e  degree  o f  m o r 
phological d e v e lo p m en t  also corresponds  to  those  in the  in ta c t  con tro ls .  Fig. 
2a  shows а 12 d a y  old norm al p i tu i t a r y ,  w hereas  Fig. 2b a t r a n s p la n te d  p i tu i 
t a r y  exac tly  a t  t h e  sam e age. F ig  2c n o rm a l ,  17 days old a d e n o h y p o p h y s is ,  
while Fig. 2d a hypophysea l  h o m o g ra f t  t r a n s p la n te d  on th e  11th d a y  o f  incu 
b a t io n ,  so t h a t  th e  g ra f t  was 17 d a y  old a t  th e  t im e  of sacrif ication . Th is  gland 
shows a ripe fu lly  developed p ic tu re  o f  a n o rm a l  p i tu i ta ry .  P o s i t iv e  PAS-re- 
ac t ion  is also seen in some cells o f  th e  g ra f ts ,  u n fo r tu n a te ly ,  how ever ,  th e  PAS 
s ta in in g  is too pa le  for p ho tog raph ic  d e m o n s t ra t io n ,  b o th  in th e  g ra f ts  and  in 
th e  p i tu i ta r ie s  o f  th e  in ta c t  contro ls .

Discussion

E x p e r im e n ts  described above  show  t h a t  th e  em bryonic  p i tu i t a r y  tissue, 
a t  leas t  in b irds ,  is able to  achieve a fa ir ly  n o rm a l  level o f  m orpho log ica l  differ
en t ia t io n  and to  p roduce  and m obilise t ro p h ic  horm ones w ith o u t  a n y  co n tac t  
w ith  th e  d iencepha lon . This fu n c t io n a l  c a p a c i ty  of  th e  g rafts  is in d ep en d en t

6 Ada Biol. Hung. IS. 1964
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F ig . 2. H isto lo g ica l app earen ce  of hyp o p h y sea l h o m o g ra fts  (H aem ato x y lin -E o sin ). a )  a d e 
n o h y p o p h y s is  fro m  a n o rm al 13 d ay s  old in  situ  p i tu i ta ry ,  b) adenohypophysis tra n s p la n te d  
in  th e  6 th  d a y , fro m  a 7 d ay s  old don o r, and  sacrificed  on  th e  13th day  of in cu b a tio n , c) 
a d e n o h y p o p h y s is  from  a n o rm al 17 d ay s old in s itu  p i tu i ta ry ,  d )  adenohypophysis t r a n s p la n 
ted  fro m  a  d o n o r on  th e  11 th  d ay  of in cu b a tio n  in to  a d e c a p ita te d  accep to r on th e  6 th  d a y  of 
in c u b a tio n . Sacrificed  w hen th e  a cc ep to r w as 12 days o ld  a n d  th e  g ra ft 17 days old. e) lo ca li
z a tio n  a n d  h isto log ical ap p ea ren ce  o f a g ra ft. -> in d ic a te s  th e  h y p o p h y sea l g ra ft. -A> in d ica te s

th e  co sta l cartilag e

Acta Biol. Hung. 15. 1964



FUNCTIONAL DIFFERENTIATION OF THE THYROID 83

from  th e  t im e  o f  t r a n s p la n ta t io n ,  i.e. w h e th e r  i t  takes  place before  or  a f te r  
appearence  of  th e  chrom ophilic  cells. This  l a t t e r  observa tion  raises a series o f  
new im p o r ta n t  ques t ions .  The f irs t  ques t ion  is: how  long does th e  t r a n s p l a n t 
ed h ypophys is  m a in ta in  its func tion?  O ne poss ib i l i ty  were t h a t  T S H  release 
from  th e  g ra f t  d u r in g  a process of nec rob io tic  ca tabo lism  is responsib le  for a 
t r a n s i to ry  th y ro id  s t im u la t in g  effect. This l a t t e r  assum ption  ap p ea rs  to  be in 
co n trad ic t ion  to  th e  correc t histological a sp e c t  o f  th e  p i tu i ta ry  g ra f ts  (Fig. 
2). P i tu i ta r ie s  t r a n s p la n te d  from donors o f  t h e  7 th  d ay  of in cu b a t io n  h a v e  no 
T S H  secretion  a t  t r a n s p la n ta t io n ,  so t h a t  T S H  p ro duc tion  necessar ily  s ta r t s  
only a f te r  t r a n s p la n ta t io n ,  a fac t speak ing  sh a rp ly  aga ins t  th is  a s su m p t io n .  
No answ er could be given to  the  question  how  long  th e  hypophysea l  t r a n s p la n t s  
can  m a in ta in  th e ir  func tion , as d e c a p i ta te d  em b ry o s  never su rv ive  th e  d a y  of 
ha tch in g .  We shall  t r y ,  therefore , to  a p p ro a c h  th is  p roblem  in a n o th e r  w ay .

F ro m  th e  th e o re t ic a l  po in t o f  v iew th e re  is an  o the r  in te res t in g  p rob lem . 
Is th e re  real e ssen tia l  d iscrepancy  be tw een  th e se  experim ents  and  th e  d a t a  of 
H a l á s z  a n d  associa tes  [6]? The ques t io n  could  be answered n e g a t iv e ly .  
M any au th o rs  [4, 9, 10] s ta ted  t h a t  p i t u i t a r y  of  new born  ra ts  t r a n s p la n te d  
in to  th e  a n te r io r  ocu la r  cham ber  has  a considerab le  T S H  a c t iv i ty .  H a l á s z  

him self  (personal com m unica tion )  found  a fa ir ly  n o rm al T/S ra t io  in  cases of 
p i tu i ta ry  g rafts  t r a n s p la n te d  u n d e r  th e  re n a l  capsule  of  h y p o p h y sec to m ized  
hosts . The o b se rv a t io n  o f  B i r e s s i  and  cow orkers  [1] have  co n f irm ed  these  
resu lts  in  h u m a n  anencephals .  T h ey  were ab le  to  d em ons tra te  T SH  as well as 
A CTH in the ad en o hypophyses  of  an en cep h a ls  having only low er b r a in 
s tem s. F ro m  th ese  d a ta  it  seems to  be p ro b a b le  t h a t  th e  localiza tion  of  th e  
grafts  in the  “ h y p o p h y s io tro p h ic  a re a ”  of  th e  h y p o th a lam u s  m a y  be  necessary  
only  for th e  h isto logical and h is tochem ica l  in te g r i ty  of  th e  g ra f ted  p i tu i t a r y ,  
b u t  n o t  for th e  T S H -sec re t ing  capac ity .  A n o th e r  possible ex p lan a t io n  m ig h t  be 
th e  difference in th e  age of the  h y p o p h y se a l  g ra f ts  a t  th e  t im e  of t r a n s p l a n t a 
tion . W e have  t r a n s p la n te d  em bryon ic  p i tu i t a r y  t issue, while H a l á s z  and  
associates [6] p i tu i ta r ie s  from 30 d a y  old r a t s .  G l y d o n  [5] describes th e  p o r 
ta l  c ircu la tion  of  th e  ra ts  hypophysis  to  deve lop  only around  th e  5 th  d a y  a f te r  
b ir th .  So t r a n s p la n ta t io n  of th e  p i tu i t a r y  g land  m ight have  occu rred  in our 
cases before th e  dev e lo p m en t  o f  th e  p o r ta l  c ircu la tion .

Several ex p la n a t io n s  m igh t  be g iven for th e  find ing  t h a t  p u r i f ie d  T S H  
p re p a ra t io n  (A m binon ,  Organon) p ro d u ced  a m ark ed ly  lower effect t h a n  did 
hy p o p h y sea l  t r a n s p la n ts .  The dosis given m ig h t  h av e  been too low, or  r e so rp 
t ion  m ig h t  n o t  h a v e  been  sufficient in th e  em bryos . F irs t  of all, h o w ev er ,  we 
have to  th in k  of  th e  possibility  t h a t  exogenous  T S H  injected  on ly  d a i ly  could 
n o t  m a in ta in  su ch  a s tead y  T S H  level as d id  endogenous T SH , sec re ted  b y  the  
hy p o p h y sea l  g ra f t .  The c h a rac te r  o f  th e  th y ro id a l  effect, p ro d u ced  b y  T SH  
in jec t ion  being  p r in c ip a l ly  the  sam e as in  cases w ith  p i tu i ta ry  g ra f t  a n d  only  
th e  degree o f  th e  effect being d ifferen t,  t h e  conclusion m igh t  b e  d ra w n  t h a t

6* Acta Biol. Hung. 15. 1964



84 B. MESS and K. STRAZNICKY

th e  T S H  o u tp u t  by  th e  p i t u i t a r y  graft m a y  be a t  considerable  he igh t  a n d  fairly  
c o n s t a n t  level.

O u r  exp er im en ts  show , on the  o th e r  h a n d ,  t h a t  thy ro id  g land  m a y  
re a c h  a cer ta in  degree o f  m orphological d e v e lo p m e n t  w ithou t  being s t im u la te d  
b y  T S H  these  thy ro id s ,  h o w ev er ,  are unab le  to  t r a p  iodide. 24 hours  following 
a s ing le  T S H  in jec tion  th e  func tiona l  c a p a c i ty  o f  thy ro ids  of d e c a p i ta te d  e m 
b ry o s  are  norm alized. As th e  gross a n a to m y  a n d  th e  light m icroscopical p ic 
tu r e  o f  th y ro id s  of d e c a p i ta te d  em bryos  do n o t  show  very  considerab le  d iffe r
ences ag a in s t  those of  n o rm a l  ones, it  is m ore  l ikely  th a t  the  difference m igh t  
be in  th e  fine s t ru c tu re  o f  th e  th y ro id  ep ith e l ia l  cells. This difference in  th e  
f ine  s t r u c tu r e  of th e  secre t ing  a p p a ra tu s  m ig h t  be reorganized or bu il t  u p  v e ry  
r a p id ly  (p robab ly  in  24 hou rs )  under T S H  influence . This last in te re s t in g  
q u e s t io n  rem ains to  be e lu c id a ted  with e lec tronm icroseopical studies o f  s im ilar  
m a te r ia l .
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D IE  F U N K T IO N E L L E  D IF F E R E N T IA T IO N  D E R  S C H IL D D R Ü S E  IN  D E K A P IT IE R T E N  
U N D  M IT  H Y P O P H Y S E N V O R D E R L A P P E N  H O M O T R A N SP L A N T A T E N  V E R 

S E H E N E N  H Ü H N E R E M B R Y O N E N  M IT T EL S I ' 31 A U T O R A D IO G R A P H IE

H ü h n e re m b ry o n e n  in  de r H ö h e  des M esencephalon d e k a p it ie r t,  zeig ten  eine h o ch g rad ig e  
H e ra b s e tz u n g  de r U 31 A u fn ah m e. D ie I 131 A ufnahm e d e k a p it ie r te r  E m b ry o n en  w ird  d u rc h  
v o n  n o rm a le n  E m b ry o n en  s ta m m e n d e n  H y p o p h y sen v o rd e rla p p e n  no rm alis ie rt. Ä hn liche , 
n u r  e tw a s  geringere  E ffek te  s in d  d u rc h  von aussen  e in g e fü h rte s  th y reo tro p h es  H o rm o n  (T SH ) 
h e rb e iz u fü h re n . A us den, v o rg e leg ten  E x p erim en ten  w ird  d ie Schlussfolgerung gezogen, d a ss
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H y p o p h y sen v o rd e rlap p en  w en igstens beim  V o g elem bryo  die F äh ig k eit h a t,  s ic h  a u ch  ohne 
h y p o th a lam isch e  S teu eru n g  zu d ifferenzieren  u n d  T SH  zu produzieren . A n d e re rse its  is t  die 
a llgem eine  lich tm ik ro sk o p isch e  S tru k tu r  der S ch ild d rü se  d e k ap itie rte r  und  n o rm a le r  E m b ry o 
nen  z iem lich  ähn lich , schein t jed o ch  d ie F ä h ig k e it  zu  h a b e n , I 131 zu spe ich ern . D ie  R olle e t
w aiger lich tm ik ro sk o p isch  n ich t s ic h tb a re r  U n te rsch ied e  de r F e in s tru k tu r  w e rd en  k u rz  be
sp rochen .

АВТОРАДИОГРАФИЧЕСКОЕ ИССЛЕДОВАНИЕ ФУНКЦИОНАЛЬНОЙ 
ДИФФЕРЕНЦИАЦИИ ЩИТОВИДНОЙ ЖЕЛЕЗЫ ПРИ ПОМОЩИ ВКЛЮЧЕНИЯ 

I131 У ДЕКАПИТИРОВАННЫХ КУРИННЫХ ЭМБРИОНОВ В СЛУЧАЕ 
ГОМОТРАНСПЛАНТАЦИИ ГИПОФИЗА

Авторадиографическое исследование показало значительное снижение включения 
I131 в щитовидную железу куриного эмбриона после его обезглавливания на уровне межу
точного мозга. Подкожная пересадка гипофиза от нормального животного привела вклю
чение I131 в щитовидную железу декапитированного эмбриона к нормальному уровню. 
Подобный, но менее интенсивный эффект оказала инъекция тиреостимулирующего гор
мона. Сделан вывод, что передняя доля гипофиза может дифференцироваться и продуци
ровать тирео-стимулирующий гормон не имея связи с гипоталамусом в эмбриональном 
возрасте у некоторых птиц. Хотя включение I131 не наблюдалось, тканевая дифферен
циация показала только небольшое изменение при обычном микроскопическом исследо
вании. Дискутируется возможное изменение в ультраструктуре щитовидной железы.

B é l a  M e s s  

K Á R O LY  S t RAZNICKY
Pécs, D isch k a  Gy. u. 5, H u n g a ry
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THE CHROMOSOMES OF CATINELLA VERMETA 
(MOLLUSCA, EUTHYNEURA, SUCCINEIDAE)1

J .  B . B u r c h

MUSEUM AND D EPA RTM EN T O F ZOOLOGY, U N IV ERSITY  OF M ICHIGAN, ANN ARBOR, M ICHIGAN, U.S.A .

(R ece iv ed  M arch 25, 1964)

Synopsis

Catinella vermeta  ( S a y ) is a com m on a n d  w ide sp read  succineid  sn a il o f  N o rth  
A m erica. T he genus to  w hich  C. vermeta belongs is considered  one of th e  m o st p rim itiv e  
o f i ts  fam ily  b ecau se  th e  te rm in a l m ale re p ro d u c tiv e  o rg an s lack  a p en is  sh e a th . T he 
hap lo id  ch ro m osom e n u m b e r o f C. vermeta is 6, th e  d ip lo id  n u m b er is 12. T hese  are 
th e  low est ch rom osom e n u m b ers  so fa r re liab ly  re p o rte d  for a m o llu sk . C hrom osom e 
n u m b ers  re p o rte d  fo r species o f o th er m ore a d v an c ed  genera  o f th e  Succine idae  are 
n 17, 20, 21 a n d  22.

W ith in  i ts  fa m ily , C. vermeta’s low  ch rom osom e n u m b er a n d  p r im itiv e  p o s itio n  
s tre n g th e n s  th e  co n ce p t t h a t  chrom osom e e v o lu tio n  in  th e  E u th y n e u ra  h as  u su a lly  
in v o lv ed  an  in c rease  in  chrom osom es. H ow ever, since  C. vermeta’s chrom osom e n u m b er 
is  lower th a n  t h a t  y e t fo u n d  in  th e  p re su m ab ly  m ore  p rim itiv e  B a so m m ato p h o ra  an d  
“ o p is th o b ran c h ”  o rd e rs , th e  va lue  of chrom osom e n u m b ers  is lessened  in  assessing  th e  
p rim itiv in ess  o r sp ec ia liza tio n  o f h igher tax o n o m ic  groups.

Introduction

H aplo id  ch rom osom e num bers  re p o r te d  for th e  m olluscan subclass 
E u th y n e u ra  range  f rom  12 to  72. This wide ra n g e  of  n u m b ers  is red u ced  to  12 — 
34 by  o m it t in g  th e  obv iously  polyploid n u m b e rs  found  in th e  A ncy lidae  [9] 
and  P lan o rb id ae  [4, 6, 8]. The m ostly  a q u a t ic  E u th y n e u r a  (orders N u d ib ran -  
chia, Soleolifera, C epha lasp idea ,  Sacoglossa, A n asp id ea  and  B a so m m a to p h o ra )  
have  19 pairs  o f  ch rom osom es or less [5] a n d  th e  lan d  species (O rder  S ty lom - 
m a to p h o ra )  h av e  21 or m ore  pairs  [20]. The o n ly  know n excep tion  to  th is  is in 
the  S ty lo m m a to p h o ra n  fam ily  Succineidae.

Chrom osom e s tu d ie s  on m em bers  of  th e  lan d  snail fam ily  Succineidae 
are re s tr ic ted  to  six  p ap e rs  [14, 16, 18, 22, 31, 32]. The chrom osom e n u m b ers  
rep o r ted  in these  p a p e rs  range  from 17 in  th e  th ree  Succinea  species s tud ied  
from  J a p a n ,  to  22 for Succinea p u tr is  in E u ro p e  (Table 1). These n u m b e rs  span 
th e  gap be tw een  th e  low er E u th y n e u ra  a n d  th e  m ore ad vanced  species be long 
ing to  the  S ty lo m m a to p h o ra n  orders O r th u re th ra ,  M esure th ra  and  S ig m u re th ra .  
(The range of  ch rom osom e num bers  re liab ly  re p o r te d  for th e  O r th r u r e th r a  are

1 T his in v e s tig a tio n  w as su p p o rted  (in p a r t)  b y  a P ub lic  H e a lth  Service re sea rch  career 
p ro g ram  aw ard  (n u m b er 1-K 3-A I-19, 451 — 01) a n d  b y  resea rch  g ra n ts  2 T l  A I 4 1 —06A1 
from  th e  N a tio n a l I n s t i tu te  o f A llergy and In fec tio u s D iseases, U.S. P ub lic  H e a lth  Service an d  
GB-787 from  th e  N a tio n a l Science F o u n d a tio n , W ash in g to n , D .C., U .S.A.
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n =  24 — 28 [11]; for the  M e su re th ra  th ey  are n =  24 — 27 [12]; and  for the  
S ig m u r e th r a  th ey  are n =  21 — 34 [20].)

I n  v iew  of the m uch  h ig h e r  chrom osom e n u m b e rs  so far  know n to  occur 
in  e u t h y n e u r a n  snails, i t  was indeed  a surprise  to  f ind  a succineid land  snail 
t h a t  h a d  on ly  6 pairs o f  ch rom osom es .  It is on th is  species, C atinella vermetu  
( S a y ) ,  t h a t  th is  paper  is b a sed .

Table 1

Chromosome num bers reported in  the Succineidae

Species
Chromosome N um ber

Source Reference
n 2n

C atinella

C. verm eta1 ............................................... 6 12 M ichigan, U .S.A. T h is
re p o rt

Succinea

S . h ira se i2 ............................................... 17 34 J a p a n [22]
S . horticola2 ............................................ 17 34 Ja p a n [18]
S. kw a n sa e2 ............................................ 17 34 J a p a n [22]
S. o vá lis3 ............................................... 20 40 N .J . ,  M aine, U .S.A. [14]
S. o lva lis3 ............................................... 21 — V irg in ia , U.S.A [16]

S . p u tr i s 4 .................................................

1 S u b g en u s  M ediappendix.

22 E u ro p e [31, 32]

2 I c a n n o t determ ine from  th e  l i te ra tu re  to  w hich subgenus th e  th ree  Ja p a n ese  species
belong.

3 S u b g en u s  Novisuccinea.
4 S u b g e n u s  Succinea s. s.

Systematics

A c c o rd in g  to  the  c lassif ica tion  of  O d h n e r  [ 3 0 ] ,  th e  genus Catinella  is 
d iv id ed  in to  th ree  subgenera ,  Catinella  s.s. (res tr ic ted  to  the  Pacific  Is lands) ,  
Q uickella  (d is t r ib u ted  on th e  A t la n t ic  and  Channel coasta l  regions of E u rope) ,  
and  M e d ia p p e n d ix  (d is t r ib u ted  in  N o r th  Am erica) . Z i l c h  [40] follows th is  
sam e c lass if ica t ion . Catinella verm eta  (S a y ) belongs to  the la t te r  subgenus , 
which in c lu d es  10 other species, listed in Table  2.

C atine lla  vermeta is th e  f i r s t  species from  N o r th  Am erica n am ed  in th e  
genus as n o w  understood . C. verm eta  also has  th e  w ides t  d is tr ib u t io n ,  rang ing  
from N e w  J e r s e y  west to  M ichigan  in the  n o r th  and from  N o rth  C arolina to  
O k la h o m a  in the  south.

In  p re v io u s  l i te ra tu re  C atinella  vermeta co m m only  has heen k n o w n  also 
as Q uickella  vagans ( P i l s b r y ) [27, 37]. H ow ever,  I  am  following th e  n o m e n c la 
tu re  o f  H u b r i c h t  [15] who fo u n d  th a t  the  ty p e  lo t o f  Succinea cam pestris
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Table 2

Species o f  C atinella  occurring in continental U .S .A . a n d  their presently understood d istribu tion

Species
Original generic 

designation A uthor Type Locality1 D istribution  by sta te

C. gelida Succinea F. C. B a k e r , 
1927 [1] B oone Co., 111. Illinois

C. hubrichti Catinella Gr im m , 1960 
[13]

W orcester Co., 
Md.

M aryland

C. ohlahomarum Quickella W e b b , 1953 
[39]

P u sh m a tah a  Co., 
O kla.

O klahom a

C. oregonensis Succinea L e a , 1841 
[24]

“ O regon” M ont.,
Idah o , W ash ., 
O re., Calif.

C. pinicola Catinella Grim m , 1960 
[13]

W orcester Co., 
Md.

M aryland

C. pugilator Catinella H u b h ic h t , 
1961, [15]

C urrituck  Co.,
N.C.

N. C arolina

C. rehderi Oxyloma P il s b b y ,1948
[37]

L incoln  Co., 
W ash.

W ash ., Ore.

C. stretch iana Succinea B l a n d , 1865 
[3]

W ashoe Co., Nev. W yo., Id a h o , 
U ta h , N ev ., 
Calif.

C. texana Catinella H u b r ic h t , 
1961 [15]

M ilan Co., 
T ex.

T exas

C. vermeta Succinea Sa y , 1824 
[38]

Posey  Co., 
In d .

N. J . ,  M d., 
N. C„ Ohio, 
W. V a ., K y ., 
T en n ., M ich., 
In d ., O kla.

C. wandae Quickella W e b b , 1953 
[39]

W abaunsee  Co., 
K an .

K an ., W yo.

1 C ounty  and s ta te  only are given.

vagans ( P i l s b r y ) [35] con ta ined  a m ix tu re  o f  tw o  species which, on shell c h a r 
ac ters ,  could no t be d istinguished from  S . cam pestris S a y  and  C. vermeta  
(S a y ). The original descr ip tion  of S . vagans w as based on the  shells o f  S . cam - 
pest r is.

Materials and methods
S pecim ens used  in  th is  s tu d y  were o b ta in e d  fro m  2 localities in M ichigan, U .S .A .: R aisin  

R iv e r a b o u t  3 m iles so u th  of T ecum seh , L enaw ee C o u n ty ; an d  R aisin  R iv er, 1 m ile  n o r th  of 
C lin ton , W ash ten aw  C o u n ty . T he tissu es w ere k ille d , f ix ed  and  p reserved  in  N e w c o m e r ’s 
f lu id  [29] an d  s ta in e d  b y  th e  ace tic-orcein  sq u a sh  tec h n iq u e  [23]. O b serv a tio n s  w ere m ade 
w ith  N ikon (N ippon  K o g ak u ) m icroscopes using  100 X (n .a . 1.25) oil im m ersio n  ob jec tives 
a n d  10 X an d  30 X ocu la rs . T he chrom osom es w ere d ra w n  w ith  th e  aid of a cam era  lucida  and  
rep ro d u ced  a t  a tab le  to p  m ag n ifica tio n  of 5700 X . P h o to g ra p h s  were tak en  using  a  10 X ocular 
oil im m ersio n  o b jec tiv e , a K o d ak  W ra tte n  57A (g reen ) f i lte r ,  and K odak  H igh  C o n tra s t  Copy 
film .
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F ig . 1 . S p erm ato g o n ia l m e ta p h ase  chrom osom es (X  4750). A  cam era  lucida  draw ing  o f th ese  
c h ro m o so m e s is show n in  F ig . 6. — F ig . 2. D iak inesis b iv a le n ts  (^ )  ( X 1780) — F ig . 3. 
M e ta p h a se  I b iv a len ts  ( ^ )  ( x  1780). A  cam era  lu c id a  d raw in g  of th ese  chrom osom es is sh o w n  

in Fig. 5. — F ig . 4. T elophase II  m o n ad s  (ej) (x 1780)

Observations

T h e  diploid chrom osom e n u m b e r  of  C atinella  vermeid  is 12. The 6 p a ir s  
o f  ch ro m o so m es  can be d isce rn ed  quite read i ly  in  th e  sperm atogon ia l  cells 
(F igs .  1 a n d  6). At least 1 p a i r  o f  chrom osom es (pe rhaps  2) is su b m e d ia n ly  
c o n s t r ic te d ,  the  others are m e tacen tr ic s .  B o th  th e  largest and sm allest  pa irs  
are  q u i t e  p la in ly  m edian ly  c o n s tr ic te d .  T here  is a seco n d a ry  constr ic t ion  n ea r  
th e  t e r m in a l  end of an a rm  o f  one of the  tw o  la rg e s t  chrom osom es. Th is  m a y  
be th e  n u c leo la r  organizer. T h e  la rges t ch rom osom e m easured  was 5.6 m icra  
long , t h e  sm allest was 3.0 m ic ra  long.

A t  e a r ly  diakinesis th e  chrom osom es a p p e a r  as circles of v a ry in g  sizes 
(F ig .  2). P re su m ab ly  each  o f  th e se  b iva len ts  has  tw o  ch iasinata .  S o m etim es  
one o f  t h e  diakinesis b iv a le n ts  appears  as th o u g h  i t  has only one c h ia sm a ,
i.e., i t  does  n o t  appea r  as a circle. M etaphase  I  b iv a len ts  appea r  as sm a lle r  
m o re  c o m p a c t  circles, and he re  again  one b iv a le n t  often  does not fo rm  a c o m 
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ple te  circle (F igs. 3 a n d  5). M etaphase I b iv a le n ts  m easure 2.3 to  3.0 m icra  
long in g rea test d im en s io n . A t M etaphase I I  th e  d y ad s  ap p ear as “ d u m b  b e lls” , 
or pa ired  “ du m b  b e lls” , m easuring  2.1 to  2 .6  m icra  in len g th .

Discussion

T he ch rom osom e n u m b ers  of C atinella  verm eta  (n =  6, 2n =  12) are  the  
low est num bers re lia b ly  rep o rted  for a m o llu sk . A  haplo id  n u m b e r o f  6 was 
re p o rte d  [26] for th e  a q u a tic  b a so m m a to p h o ra n  Physa g yr in a , b u t  th is  re p o rt

Fig. 5. Camera lu c id a  d r a w in g  o f  M etaphase I b iv a le n ts  (cj). A  p h otograp h  o f  th e se  ch rom o
som es is show n in  F ig . 3 . — Fig. 6. C am era lu c id a  draw ing o f  sp erm a to g o n ia l m e ta 

phase c h r o m o so m es . A  ph otograp h  o f  th e se  ch rom osom es is sh ow n  in  F ig . 1

has been show n to  be in erro r [10]. T he n u m b e r  n =  6 was re p o rte d  fo r th e  
cephalopod  Sep ia  o ffic in a lis  [25], b u t  th is  re p o r t  is also n o t re liab le  [19].

T he low ch ro m o so m e num ber o f  C atinella  vermeta is o f co n sid e rab le  in 
te re s t  in  reg a rd  to  c u r re n t  concepts o f  ch rom osom al evo lu tion  in  m ollusks. 
W hen  chrom osom al ch an g e  in e u th y n e u ra n  sn a ils  follows know n ph y lo g en e tic  
ad v an cem en t i t  seem s n e a rly  alw ays to  do so w ith  an increase in  th e  d irec tio n  
o f  g re a te r  sp ec ia liza tio n  [11, 16, 17, 20]. I f  th is  generally  ho lds t ru e ,  th e n  th is 
increase of ch rom osom e n u m b er w ith  sp ec ia liza tio n , coupled w ith  th e  conser
v a tiv en ess  of ch ro m o so m e num bers t h a t  is u su a lly  observed in  sna ils , can 
shed  lig h t on th e  re la tiv e  degree o f sp e c ia liz a tio n  in groups o f d o u b tfu l p h y lo 
genetic  p lacem en t (p ro v id in g  the groups in  q u e s tio n  ex h ib it d iffe ren t ch ro m o 
som e num bers) [7].

O n m orp h o lo g ica l g rounds (on th e  b as is  o f  the  in te rn a l s t ru c tu re  and 
a rran g em en t o f th e  k id n e y  and  u re te r) th e  s ty lo m m a to p h o ra n  su b o rd e r  H ete r- 
u re th ra , to  w hich  C atinella  and th e  o th e r  succineids belong, is th o u g h t to  be
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s o m e w h a t  in te rm ed ia te  in specia l iza t ion  b e tw een  th e  prim itive  O r th u r e th r a  
an d  M e s u re th ra  on the  one h a n d ,  a n d  the  m ore  h igh ly  advanced  S ig m u re th ra  
on th e  o t h e r  hand  [2, 33, 34].

T h e  ran g es  of ch rom osom e n u m b ers  re l iab ly  re p o r te d  for the s ty lo m m a -  
to p h o r a n  suborders  are as follows: O r th u re th ra ,  n  =  24 — 28; M e su re th ra ,  
n 24 — 27 ; H e te ru re th ra ,  n  =  6 —22; a n d  S igm ure th ra ,  n =  21 — 34.
B ecau se  o f  th e  low ch rom osom e n u m b e rs  of  th e  H e te ru re th ra ,  it  has  been  
su g g e s te d  t h a t  th is  suborder  is p e rh ap s  m ore  p r im i t iv e  th a n  the O r th u r e th r a  
a n d  M e s u r e th r a  [11]. M oreover, because  th e  J a p a n e s e  succineids h ad  a sm alle r  
n u m b e r  o f  chrom osom es t h a n  t h a t  com m only  found  in th e  B a so m m a to p h o ra  
(from  w h ic h  th e  S ty lo m m a to p h o ra  are genera lly  th o u g h t  to  be de r iv ed ) ,  it  
was t h o u g h t  th a t  perhaps th e  H e te r u r e th r a  were n o t  derived from a b a so m m a -  
t o p h o r a n  an ces to r ,  b u t  more d i re c t ly  from an o p is th o b ra n c h  [11]. I t  is in te r e s t 
ing to  n o te  in  th is  regard t h a t  D r.  J o y c e  E . B i g b y  (personal co m m u n ica t io n )  
of Q u e e n  E l iz a b e th  College, L o n d o n ,  considers Succinidae to  he “ o p is tho -  
b r a n c h s ” , r a t h e r  than  s ty lo in m a to p h o ra n s ,  on th e  basis o f  the  func tiona l  m o r 
p h o lo g y  o f  th e i r  a l im en tary  can a ls .  Reliable r e p o r ts  o f  chromosome n u m b e r s  in 
the  v a r io u s  op is thobranch  o rd e rs  are  as follows: N otasp idea ,  n = 12 (1 sp e 
cies); N u d ib ra n c h ia ,  n =  13 (13 species); Soleolifera, n =  16 (1 species); 
C e p h a la sp id e a ,  n = 17 (2 species); Sacoglossa, n =  17 (1 species); A n a sp id e a ,  
n =  17 (2 species) [21, 28].

S ince  th e re  are no e u th y n e u r a n  snails w ith  chrom osom e num bers  n e a r ly  
as low as  t h a t  found in C atinella  vermeta, th e n  i ts  chrom osom e n u m b e r  p er  se 
does n o t  seem  to give an in d ic a t io n  of  its re la t io n sh ip  to  o th e r  groups. Since Ca
tinella  is n o t  considered m ore p r im i t iv e  th a n  th e  o p is thoh ranchs  for w hich  in fo r 
m a t io n  on chrom osom e n u m b e rs  is available , i ts  very7 low chromosome n u m b e r  
would  t e n d  to  suggest t h a t  ch ro m o so m e n u m b e rs  are less reliable c h a ra c te r s  
as in d ic a to r s  o f  relative degree o f  p r im it iveness  or specialization t h a n  p r e v i 
ously t h o u g h t ,  a t  least be tw een  h ig h er  tax o n s .  H ow ever ,  chromosome d a t a  on 
snails a re  sti l l  so f rag m en ta ry  t h a t  i t  is too  ear ly  to  com pletely  d is regard  th e  
ev id en ce  w h ich  supports  the  id e a  t h a t  decrease in chromosome n u m b e rs  in  
the E u t h y n e u r a  is rare, and th a t  ch rom osom al change  (in num ber)  in  th is  
g roup  is u s u a l ly  an increase w h ich  follows spec ia liza tion  or phylogene tic  a d 
v a n c e m e n t .  I n  addition , w ith in  th e  fam ily  Succineidae , i t  is in teresting  to  n o te  
th a t  on d e ta i l s  of a n a to m y  C atinella  is considered m ore  p rim itive  th a n  th e  o th e r  
genera  [30]. In view of this , th e  r e a d e r  is again  rem in d ed  th a t  Catinella h a s  th e  
lower ch ro m o so m e  num ber.
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D IE  C H R O M O SO M EN  Y O N  C A T IN E L L A  V E R M E T A  (M O LLU SC A , E U T H Y N E U R A
SU C C IN E ID A E )

C atinella vermeta (Sa y ) i s t  e ine  gew öhnliche u n d  v e rb re i te te  Succineide von N ord-A m e
r ik a . D ie  C. vermeta e n th a lte n d e  G a ttu n g  is t  als die p r im it iv s te  ih re r  Fam ilie  anzusehen , da 
ke ine  P en issch e id e  in  den  te rm in a le n  m ännlichen  G esch lech tso rg an en  v o rh an d en  is t. Die 
h a p lo id e  C hrom osom enzahl v o n  C. vermeta  i s t  6, die d ip lo ide  12. Sie sin d  die n ied rigsten  Chro- 
m o so m en zah len , die b ish e r s ic h e r fü r  eine M olluske b e r ic h te t  w u rd en . F ü r  A rten  der fo r tg e 
sc h r i t te n e re n  G enera der S u cc in e id en  w u rd en  C hrom osom enzah len  v o n  n  =  17, 20, 21 u n d  22 
m itg e te i l t .  Die niedere C h ro m o so m en zah l u n d  p r im itiv e  S te llu n g  v o n  C. vermeta b e s tä tig t  
in n e rh a lb  d e r Fam ilie  S ucc in e id ae  d ie  A uffassung, d ass eine E rh ö h u n g  der C hrom osom enzahl 
in  d e r chrom osom alen  E v o lu tio n  d e r E u th y n eu re  a llg em ein  m ite in b ezo g en  w urde. D ass ab er 
in  C. verm eta  geringere C h ro m o so m en zah l gefunden  w urde  a ls in  d en  w ahrschein lich  p rim itiv e 
re n  B aso m m a to p h o ra  u n d  “ o p is to b ra n c h e n ”  O rdnungen , d e u te t  d a ra u f  h in , dass die C hrom o
so m e n za h le n  keinen a llzu  g ro ssen  W e rt in  der B eu rte ilu n g  v o n  P r im it iv itä t  oder Spezialisie
ru n g  v o n  h öheren  tax o n o m isc h en  G ru p p en  haben.

Х РО М О С О М Ы  C A T IN E L L A  V E R M E T A  (M O LLU SC A , E U T H Y N E U R A ,
SU C C IN E ID A E )

C atinella vermeta ( S a y )  является обыкновенной и распространенной сукцинеидной 
улиткой Северной Америки. Род содержащий вид С. verm eta  принимается как самый 
первобытный этого семейства, ввиду отсутствия влагалища пениса из терминальных 
мужских половых органов. У  С. vermeta  гаплоидное число хромосом равняется б, дипло
идное же 12. Эти числа являются самыми низкими, достоверно сообщенными о моллю
сках. Число хромосом у более развитых родов Succineidae равняется п =  17, 20, 21 и 22.

Низкое число хромосом и первобытное положение С. vermeta внутри семейства 
Succine idae  подтверждают мнение, что эволюция хромосом у С. vermeta происходит путем 
повышения числа хромосом. Число хромосом у С. vermeta  ниже чем у до сих пор изу
ченных представителей B aso m m a to p h o ra  и опистобранхных отрядов, которые вероятно 
представляют собой более первобытные группы. Это обстоятельство снижает значение 
чисел хромосом в оценке первобытности или специализации высших таксономических 
групп.
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THE “CROSSING OVER” SYNAPSE: AN ELECTRON MIC
ROSCOPE STUDY OF THE MOLECULAR LAYER 

IN THE CEREBELLAR CORTEX

J. H Á M O R I  and J. S z E N T A G O T H A I

D EPA RTM EN T OF ANATOMY, MEDICAL U N IV E R SIT Y , BU DA PEST (HEAD: J .  SZEN TA CO TH AI) 

(R eceived M arch  25, 1964)

Synopsis

T he u ltra s tru c tu re  o f th e  a x o n -sp in e  sy n ap ses in  the  cerebellar c o rte x  m olecu lar 
la y e r  is s tu d ied  from  th e  v iew p o in t o f th e  g en era l p rincip les o f sy n a p tic  a rra n g e m e n t 
b e tw een  n eu ro n s . T he d o m in a n t a x o n -sp in e  sy n ap ses  of th is region are  co n sid ered  as a 
c h a ra c te ris tic  ex am p le  o f sy n a p tic  lin k a g e  by  “ crossing-over” c o n ta c ts , a dev ice  to  
secu re  m ax im u m  d ivergence  an d  co n v erg en ce  w ith  a m inim um  o f c o m p lex ity  (and 
ir re g u la r ity )  in  sp a tia l  a rran g em en t o f th e  ne rv e  e lem ents in v o lv ed . A n a t te m p t  is 
m ad e  to  id en tify  u n d e r  th e  e lectron  m icroscope  th e  sm aller d en d ritic  b ra n ch e s  o f P u r
k in je , b a sk e t-  a n d  o u te r  s ta r  neu rons. T h is  lead s up  to  a b e tte r  in s ig h t in to  th e  p robab le  
c o n d itio n s u n d e r w hich  these  neurons m ig h t be  b ro u g h t to  ac tion , a n d  to  som e u n d e r
s ta n d in g  of th e ir  possib le  role in  th e  tran sm iss io n  a n d  processing o f im p u lse  p a tte rn s  
in  th e  ce re b e lla r  co rtex . P a r tic u la r  a t te n tio n  is p a id  to  th e  u n u su a lly  close re la tio n s 
be tw een  g lia l a n d  n e rvous tissu e  in  th is  reg io n , w ith  som e sp ecu la tions on  th e ir  possible 
sign ificance  a n d  on differences in  a rc h ite c tu re  o f th e  grey m a tte r  in  gen era l.

In tro d u c tio n

Previous e lectron microscope s tu d ie s  b y  G ray  [6] of the  ce rebe llar  cortex  
m olecu la r  layer  h av e  shown th a t  th e  s y n a p t ic  re la tions be tw een  th e  paralle l  
f iber  (granule  axon) sys tem  and P u rk in je  n eu ron  dendrites  is e ssen tia l ly  as 
d ed u ced  on th e  basis  o f  Golgi p re p a ra t io n s .  T h ey  have, m oreover ,  s u b s ta n t i a 
te d  th e  views of F o x  and  B a r n a r d  [3] on th e  dendrit ic  spines as th e  main 
p o s tsy n a p t ic  e lem ents  of P u rk in je  d en d r i te s .  T here  are, how ever ,  some p ro b 
lem s t h a t  need fu r th e r  e lucidation as e.g. (i) th e  question w h e th e r  th e  presyn- 
ap t ic  sites of th e  para lle l  fibers are s h o r t  side branches w ith  b u lb o u s  te rm in a l  
en la rg em en ts  or s im p ly  fusiform th ick en in g s  o f  th e  axons and  (ii) th e  idenlifi-  
c a t ion  o f  the  d en d r i te s  o f  other  — b a sk e t  — , o u te r  s ta r  and G olgi-neurons u n 
d e r  th e  e lec tron  m icroscope. This w ould  be p a r t icu la r ly  rew ard in g  from  the 
v iew p o in t  o f  g e t t in g  some b e t te r  in s ig h t  in to  th e  ana tom ica l possib ilities  of 
s y n a p t ic  s t im u la t io n s  of  these  neurons. T hese  investiga tions h a v e  been  s ta r te d  
a n d  c o n d u c ted  p r im ar i ly  w ith  th is  l a t t e r  (ii) question  in view, as f rom  a series 
o f  re c e n t  inves t iga t ions  in to  th e  n e u ro n a l  connexions of the  cerebe llar  cortex  
[3, 9, 12, 13, 14, 17] th e  mode of n e u ro n  coup ling  in the  cerebellar  co r tex  has 
been  b ro u g h t  once again  in to  the  focus o f  in te re s t  and m ost re c e n t  physio lo 
gical f ind ings [1] h av e  proved  th is  in te r e s t  to  be highly ju s t i f ied .
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M ateria l  and m ethods

T h e  in v e s tig a tio n s  w ere m ad e  on th e  cerebellar c o r te x  o f th e  c a t — m ain ly  u p p e r  v e r 
m is — f ix e d  acco rd ing  to  G r a y  [4] in  bu ffered  osm ic acid , em b ed d ed  in  E pon-resin  a n d  cu t 
in to  u l t r a th in  sec tions on  th e  L K B  u ltro to m e . The sec tio n s w ere  m o u n ted  on grids (300 m esh) 
w ith o u t m em b ran e s  an d  a f te rs ta in e d  w ith  lead  h y d ro x id e . T h ey  w ere in v es tig a te d  w ith  th e  
a id  o f  th e  ta b le  e lec tro n  m icroscope “ T es la”  (B rno, CSSR).

Results

P u r k in je  neuron dendrites and  their synapses

T h e  m ain  dendri tes  o f  th e  P u rk in je  neu ro n s  can  be identif ied  b y  t r a c in g  
th e m  u p w a rd s  from  th e  cell bodies. T hey  are large d en d r i te s  id led  w ith  an  u n u 
sua lly  s t ro n g  tu b u la r  sy s tem  and a s trange  endop lasm ic  m em brane  sy s te m  
cons is t ing  o f  groups of  sacs t ig h t ly  pressed to g e th e r  and  f la t ten ed  to w a rd s  
each o th e r .  T h ey  are a lm os t  com ple te ly  sealed f ro m  th e i r  en v ironm en t b y  an  
enve lope  o f  glial t issue, w h ich  only  occasionally  a d m its  an axon te rm in a l  to  
e s ta b l ish  a sy n ap t ic  c o n ta c t  — generally  of G r a y ’s [5] ty p e  2 — w ith  th e  d e n 
d r i te .  T h e  m ain  dendri tes  a n d  th e i r  synapses , h o w ev er ,  are beyond the  scope 
of th is  p a p e r  and shall be descr ibed  in de ta i l  e lsew here. T hey  have been  u sed  
here o n ly  to  iden t i fy  th e  sm alle r  t e r t ia ry  d en d r i te s  — the  so called “ sp in y  
b ra n c h le t s ”  — th a t  o r ig ina te  from  them . Such “ sp in y  b ran ch le ts”  are sho w n  
in F igs. 1 a n d  2 in lo n g i tu d in a l  and in Figs. 3 an d  4 in t ransversa l  sec tion . 
T hey  h a v e  a cha rac te r is t ic  “ o p a q u e ”  p lasm a s t ru c tu re ,  d a rk  elongated  m i to 
ch o n d r ia  a n d  spheroid  or i r reg u la r  endoplasm ic  sacs loosely s ca t te red  a n d  
c o n n e c te d  occasionally  am o n g  each o ther  b y  re la t iv e ly  wide tu b u l i ,  w h ich  
have no  resem blance  or connex ion  w h a tev e r  w ith  th e  tu b u la r  sy s tem  of th e  
m ain  d e n d r i te s .  Most re m a rk a b le ,  however, are th e i r  short  re la t ive ly  th ic k  
spines v e r y  regu la r ly  spaced  (Figs. 1 and 2) a n d  g iv ing  an  asteroid profile  in 
t r a n s v e rs e  section. The spines are always devo id  o f  m itochondria ,  h av e  th e  
same o p a q u e  s t ru c tu re  as the  t e r t i a r y  dendri tes  a n d  con ta in  one or few tu b u la r  
e lo n g a t io n s  o f  the  endop lasm ic  sacs of th e  d e n d r i te s  which in th e  te r m in a l  
p a r ts  o f  t h e  spines w iden  u p  to  occupy  a large  space  (Figs. 2, 5, 9 a n d  10). 
T hree  im p o r t a n t  questions h a v e  to  be considered in connection w ith  the  P u r 
k in je  d e n d r i te  spines, viz.: (i) the ir  re la tion  to  th e  para l le l  fibers, (ii) th e i r  sec
o n d a ry  b ra n c h e s ,  and (iii) th e i r  re la tion  to  th e  glial tissue.

(i) The parallel fib e r  — P u rk in je  sp ine  synapse  is established in m o s t  
cases b y  sim ple apposition  o f  th e  som ew hat th ic k e r  end of the  spine to a fusi-

Fig. 1. L o n g itu d in a lly  cu t P u rk in je  n eu ro n  d en d ritic  b ra n ch  ( P D )  w ith  c h a rac te ris tic  r e g 
u la r  a r ra n g e m e n t o f sh o rt re la tiv e ly  th ic k  sp ines ( S p )  w h ich  in  th e ir  in itia l p a r t  are su rro u n d e d  
b y  l ig h t  g lia l ( Gl)  p lasm a  a n d  w h ich  estab lish  sy n a p tic  c o n ta c ts  w ith  th e  tran sv e rsa lly  r u n 
n ing  p a ra l le l  fibers . R inged  arrow  p o in ts  to  axon profile  w ith  sy n a p tic  vesicles h av in g  a n  im 
m ed ia te  u n sp ec ific  c o n ta c t w ith  th e  su rface  o f th e  d e n d rite , b u t  specia lized  sy n ap tic  a tta c h m e n t  

o n ly  w ith  reclin ing  spine . I f  n o t  spec ia lly  labelled  scale re p re se n ts  in  all cases 1 m icron
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Fig. 2. Sam e as Fig. 1, n o te  co m p le te  glial (G l) envelope  o f th e  dendrite  and  n o n sy n a p tic  
su rface  o f th e  spines ( S p ) .  Sm all secondary  spine ( S s )  is seen  to  bulge ou t from  le f t  u p p e r  
sp ine . A t  low er left re la tiv e ly  ra re  d irec t sy n ap tic  a t ta c h m e n t  to  dendrite  surface of a x o n a l 

p ro file , co n ta in in g  sy n ap tic  vesicles ( S v )  is seen
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Fig. 3. T ran sv erse  section  of sm all P u rk in je  n eu ro n  d en d rite  ( P D ) ,  w ith  ra d ia l a rran g em en t 
o f spines ( S p )  m o st h av ing  sy n a p tic  a tta c h m e n t to  surface of axonal p rofiles. Spine r ig h t above 
em bed d ed  in to  in v ag in a tio n  of axon . H inged arrow  a t lower left p o in ts  to  in v ag in a te d  spine 
profile, w hich is p ro b a b ly  secondary  p ro tru s io n  of ne ighbouring  spine. N o te  endop lasm ic  sacs 
in u p p e r  left sp ine , resem bling  som ew hat th e  “ sp ine a p p a ra tu s”  in th e  n eo co rtex , an d  “ vesicles” 
in  sp ine a t  low er r ig h t, w hich m igh t be m is tak en  for sy n ap tic  vesicles, b u t  m ore p robab ly  

are tran sv e rsa lly  cu t endop lasm ic  tu b u li  are seen in the  sp ine  on  F ig . 5
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F ig . 4. O b lique  section of sm all P u rk in je  neuron  d en d rite  ( P D ) .  F ro m  up p er spine ( S p ) ,  
h av in g  one sy n a p tic  a tta c h m e n t to  p a ra lle l fib er a t  its r ig h t side , sm aller secondary  spine 
( Ss)  is seen  to  bulge th ro u g h  glial sp ace  (G l)  and  it  is p ro b a b ly  th e  sam e secondary  spine 

p rofile  th a t  is seen  to  a t ta c h  itse lf  to ax o n al p ro file  a t  above left
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form  w iden ing  of the  para lle l  f iber. W h e re v e r  th e  p lane of th e  sec t ion  is f o r tu 
n a te  en o u g h  (Figs. 5 and  7), i t  becom es q u ite  c lear t h a t  the  p re s y n a p t ic  e lem en t 
is in fac t  on ly  a fusiform w idening of th e  g ranu le  cell axon, c o n ta in in g  sy n ap t ic  
vesicles from  where th e  fiber  i tse lf  con t in u es  in b o th  d irections. T h e  p ic tu re  in 
m ost cases looks v e ry  decep tive  so t h a t  one of ten  gains the  im press ion  as i f  the 
p re sy n a p t ic  te rm ina ls  were sho r t  side b ra n c h e s  o f  the paralle l f ib e rs .  W e  do 
n o t  w a n t  to  deny  com plete ly  th e  poss ib i l i ty  o f  such rela tions, b u t  do  n o t  th in k  
it  to  he th e  ty p ica l  ty p e  of synapse . Some o f  th e  p re te rm in a l  a x o n s  t h a t  have 
an en t i re ly  d ifferen t course from  t h a t  o f  th e  paralle l  fibers m ig h t  co rrespond  
e i th e r  to  o u te r  s ta r  cell axons or c lim bing  fibers . W ith  the  c l im b ing  f ibers  we 
shall dea l  in a n o th e r  p a p e r  sep a ra te ly ,  th e  te rm in a l  p a r ts  o f  th e  s te l la te  cell 
axons  could  safely be recognized on ly  on th e  basis of p lastic  r e c o n s t ru c t io n  
a n d  p ro b a b ly  using secondary  deg en e ra t io n  in app ro p r ia te ly  designed  ex p e r i
m en ts .  F ro m  Golgi p ic tu res ,  how ever ,  we h av e  got a lready  earlier t h e  im pression 
[13] t h a t  th e  o u te r  s te lla te  cell axons  m ig h t  p ro b ab ly  estab lish  t h e  re la t ive ly  
few d irec t  synapses on th e  sm aller  P u rk in je  dendrites  (Fig. 2). T h e  P u rk in je  
d e n d r i te  spine, in m os t  cases, is only  s l igh tly  impressed in to  th e  p a ra l le l  f iber 
(Figs. 1, 3 and  4) b u t  m a y  be em b e d d e d  deep ly  in to  an in v a g in a t io n  o f  the 
granu le  axon  surface m e m b ra n e  (Figs. 3 and  5) The deta ils  o f  t h e  sy n ap t ic  
c o n ta c t  co rrespond  ex a c t ly  to  th e  desc r ip to n  b y  G r a y  |5] o f  t h e  1st ty p e  of 
th e  sy n a p t ic  con tac ts .  As a lread y  m e n tio n e d  b y  G r a y  [6] th e re  is no spine 
a p p a r a tu s  in th e  cerebellum  in th e  sense as in  th e  cerebral c o r te x  [4].

(ii) Secondary branches o f  the P u rk in je  dendrite sp ines can  be  observed 
v e ry  reg u la r ly  (Figs. 2, 4, 6, 9 an d  10). T h e y  are b ranch ing  off f ro m  th e  ends 
or sides of  th e  m ain  spines as sm all sphero id  or elongated  bu lges  o f  ex trem ely  
l ig h t  s t ru c tu re  and  are seen alw ays s u r ro u n d e d  by  th e  w a te ry  p la s m a  of glial 
e lem en ts .  T ravers ing  th ro u g h  th e  glial profiles th e y  es tab lish  re g u la r  type  
1 sy n a p t ic  co n tac ts  w i th  para l le l  f ibers ,  m o s t ly  b y  simple a t t a c h m e n t  (Fig. 10) 
or occasionally  b y  p ro t ru d in g  in to  in vag ina tions  (Fig. 3) o f  t h e  axons . The 
division of  dendri t ic  spines or g em m ulae  in to  secondary  b ra n c h e s  can  be seen 
occasionally  also by  th e  ligh t m icroscope in Golgi p rep a ra t io n s  o f  v a r io u s  types 
of  neu ro n s ,  in  the  P u rk in je  n eu ro n  spines i t  appears , however, t h a t  secondary  
b ran ch in g s  of  th e  sho r t  r a th e r  s to u t  sp ines is a regular  s t ru c tu ra l  a r ra n g e m en t  
[see 14]. F ro m  th e  fu n c t io n a l  v iew p o in t  i t  is im p o r ta n t  to  m e n t io n  t h a t  the 
se c o n d a ry  spine b ranches ,  as a ru le ,  e s tab lish  synapses w i th  a n o th e r  axon 
th a n  th e  p r im a ry  spine is h a v in g  c o n ta c t  w ith .  I t  is n o te w o r th y  t h a t  th e  n u m 
b er  o f  secondary  spines appears  to  be e x trem e ly  variab le ,  in one m a te r ia l  they  
m a y  be  ex trem e ly  ra re  and  v e ry  a b u n d a n t  in o thers. I t  m ig h t  the re fo re  be 
rew ard in g  to  inves t iga te  w h e th e r  o r  n o t  th is  would be connec ted  w i th  previous 
func tions .

(iii) The relation o f  the tertiary P u rk in je  dendrites and  their sp in es  to glial 
elem ents is o f  p a r t ic u la r  in te res t .  I t  has  a lread y  been m en tio n ed  t h a t  t h e  main
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F ig . 5. Sp ine  ( S p )  of P u rk in je  d e n d r ite  (P D )  in v ag in a ted  in  fu sifo rm  en largem ent of p a ralle l 
f ib e r [ ( P f )  =  granule  n eu ro n  a x o n ] , w h ich  is seen c learly  to  ru n  fo rw ard  in b o th  d irections. 
A n o th e r  p a ra lle l fiber is seen to  c ro ss th e  ro o t of th e  sp in e , so m e w h a t ou t of section  p lane , 
an d  to  h a v e  sy n ap tic  c o n ta c t ( la rg e ly  o u t of plane) w ith  a n o th e r  sp ine a t  th e  up p er m arg in

of p ictu re
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Fig. 7. P a ra lle l fibers ( P f) ,  c u t lo n g itu d in a lly , h av e  a fusiform  en la rg em en t w ith  accu m u la 
tion  of sy n a p tic  vesicles a t  th e ir  sites o f sy n a p tic  co n tac t w ith  P u rk in je  d e n d rite  spine (S p ) .  
F ig . ft. W ate ry  glial profile envelop ing  ch ara c te ris tic  spine w ith  m esosp ine  ( M s p )  double 
m em b ran e . K inged arrow  p o in ts  to  sy n a p tic  a tta c h m e n t of ch ara c te ris tic  lig h t secondary  
sp ine  to ax o n al profile . A t b o tto m  an  in v ag in a te d  spine synapse  co n ta in in g  ch ara c te ris tic

te rm in a l vacuole of spine

F ig . 6. Spine ( S p )  of P u rk in je  d e n d rite  ( P I ) )  has a sm all secondary  p ro tru s io n  ( S s )  bulging 
in to  ligh t glial profile , w hich  due to ta n g e n tia l  c u ttin g  of th e  m em b ran e  c a n n o t be clearly 
se p a ra ted  from  the  ax o n al profile  to  its  left. T h is secondary  spine will o b v io u sly  hav e  sy n ap tic  
c o n ta c t w ith  axon  a t lower b o rd e r, th e  sy n a p tic  vesicles of w hich beg in  to a p p e a r  som ew hat

o u t o f focus below  th e  le tte rs  Ss

Acta Biol. Hung. 15. 1964



104 J. HÁMORI and J. SZENTÁGOTHAI

Acta Biol. Hung. 15. 1964



THE “ CROSSING OVER" SYNAPSE: AN ELECTRON MICROSCOPE STUDY 105

and  also the  seco n d a ry  dend ri te s  o f  P u rk in je  neurons, as well as th e  upper  
p a r t  o f  th e  P u rk in je  cell bodies [12] are a lm o s t  en tire ly  s u r ro u n d e d  b y  a glial 
envelope. Due to  th e  m a n y  spines a n d  th e i r  sy n a p t ic  co n tac ts  th i s  glial enve
lope is m uch  less re g u la r  a ro u n d  th e  te r t i a r y  dendrites ,  b u t  i t  can  still be re 
cognized as ir reg u la r  w a te ry  cellular profiles su rround ing  m o s t  p a r t  o f  the 
surface of  the  d en d r i te s  and  o f the  in it ia l  p a r t  o f  th e  spines (F igs. 1, 2, 3 and 
4). T he  u n in te r ru p te d  double  layers b o rd e r in g  these  surfaces show  clearly 
t h a t  th e  often seem ingly  e m p ty  o u te r  spaces are in fac t in tra c e l lu la r ,  as ind i
ca ted  also by  th e  occasional m ito ch o n d r ia  and  endoplasm ic  s t ru c tu re s  t h a t  ap 
p ea r  m ostly  in w idened  p a r t s  of these  profiles. T here  is no e x t ra c e l lu la r  space 
w h a te v e r  in th e  m o lecu la r  layer w ith  th e  excep tion  of th e  200 A wide clefts 
be tw een  the  closely pack ed  nerve  a n d  glial e lem ents .  Sm aller sp ines  are often 
com plete ly  su r ro u n d ed  b y  th e  glial e lem ents  an d  un d e r  these  c ircum stances  
th e y  m a y  be connec ted  w ith  the  ex trag lia l  space b y  double  lay e rs  o f  th e  glial 
surface m em b ran e ,  w hich  in ana logy  to  th e  m esaxons of u n m y e l in a te d  nerve 
l ibers  o f  the  p e r ip h e ry  m igh t  be called m eso-spines  (Figs. 8 a n d  10). Occasion
ally also axons are  com ple te ly  em b ed d ed  in to  larger glial p rocesses  and  m ay 
have  m esaxons, i t  even  m a y  occur t h a t  inside such an axon  th e  profile  of an 
in v ag in a ted  spine is seen. The l igh t  secondary  spines, as a l r e a d y  m entioned , 
a lw ays bulge in to  th e  glial spaces, b u t  th e y  do n o t  have, in genera l,  mesospincs. 
T he ir  re la tion  to  th e  glial processes is th u s  b es t  explained by  a ssum ing  th a t  
th e y  secondarily  p e n e t r a te  th ro u g h  th e  glial p la sm a  un ti l  t h e y  reach  the  su r
face of  some axo n a l  e lem ent.

The basket cell dendrites

The b ask e t  cells can well be recognized on th e  basis o f  th e i r  localization 
in th e  deeper s t r a t a  o f  th e  m olecular  layer.  T h e y  are sm aller cells w ith  u n u su 
ally irregular  rugged  surface and  nuclei w ith  deep  invag ina tions  o f  the ir  m em 
brane  th a t  gives th e m  an a lm ost lobu la r  s t ru c tu re .  The cell b o d y  is peppered 
w ith  num erous  axo -som atic  sy n ap t ic  k n o b s  — m ostly  o f  G r a y ’ s  ty p e  2  

deeply  em bedded  in to  th e  depressions of  th e  cell surface. F ro m  considerable 
differences in th e i r  s t ru c tu re  these  axo -som atic  bou tons  m ig h t  be suspected 
as belonging to  d iffe ren t  k inds of  neu rons . Some of th e m  m a y  be contacts  
“ de passage”  of  para l le l  axons, b u t  th is  is difficult to  decide because  of the 
ex trem e  i r reg u la r i ty  of  th e  cell surface. This  question , th e re fo re ,  would need

F ig. 9. H igher m ag n ifica tio n  of P u rk in je  sp ine sy napses. M ost spines ( S p )  co n ta in  term inal 
vacuoles, w hich  co n tin u e  in to  an d  fill up  a lm o st co m ple te ly  th e  seco n d ary  sp in es  ( S s )  bulging 

o u t from  th e  sp ines. In  th e  cen ter in v ag in a te d  sp ine  synapse ( I S P ) .  S ca le  0.5 m icron 
Fig. 10. Sam e as F ig . 9, w ith  pale m esospine ( M s p )  double  m em brane . A lm o st hollow sec
o n d a ry  spine ( S s )  h a s  ty p ic a l G ray ’s 1 ty p e  sy n a p tic  c o n ta c t w ith  a x o n a l p ro file . Spine and 

secondary  sp ine a re  com ple te ly  enveloped  b y  w a te ry  glial process. Scale 0.5 m icron
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a m o re  th o ro u g h  in v es t ig a t io n  b y  ligh t and e lec tron  microscope stvidies co m 
b in ed  w i th  experim enta l  d e g e n e ra t io n .  We can p e rh a p s  re v e r t  to  i t  in  a f o r th 
co m in g  p a p e r  dealing w ith  t h e  synapses of c lim bing  f iber  and re c u r re n t  P u r 
k in je  a x o n  collaterals.

T h e  dendrites  of th e  b a s k e t  cells could be t r a c e d  d irec tly  from  th e  cell 
bodies  so t h a t  they  can be id e n t i f ie d  with fair se c u r i ty .  T h ey  are of cons ide r
a b ly  h  ig h e r  density  t h a n  P u r k in j e  dendrites  of e q u a l  size, contain  n u m ero u s  
d a r k  s t r o n g ly  elongated m i to c h o n d r ia  often v e ry  dense ly  packed along  th e  
axis o f  t h e  dendrite . A n o th e r  cha rac te r is t ic  fe a tu re  are  f la t  endoplasm ic  sacs 
p r e d o m in a n t ly  localized in  t h e  pe r ip h ery  of th e  d e n d r i te s  (Figs. 11 and  13). 
A l th o u g h  th e  larger P u rk in je  d en d r i te s  have s im ila r  s t ru c tu re s ,  th e  sphero id  
sacs o f  t h e i r  spiny b ra n c h le t  v e r y  clearly differ f ro m  th e  f la t  endop lasm ic  
sacs o f  t h e  bask e t  dendri tes .  T h e  spines of these  d e n d r i te s  are m ost c h a r a c te r 
istic, b e in g  unusua lly  long, r a t h e r  slim and of m u c h  denser  s t ru c tu re  th a n  the  
P u r k in je  n eu ron  spines (Figs. 11, 12 and 13). T h e y  are spaced also a t  m u ch  
la rge r  a n d  less regular d is ta n c e s ,  a n d  because of  th e i r  cu rv ed  courses are only 
ra re ly  seen  in  the  same sec t io n  p lane along th e i r  whole length . The b a sk e t  
d e n d r i te  sp ine  establish sy n a p se s  also m ain ly  w i th  para l le l  fibers, in which  
t h e y  a re  o f ten  seen to  he i n v a g in a te d  (Figs. 11 an d  13). The num erous  invagi-  
n a te d  sy n a p se s  seen e v e ry w h ere  in th e  ne ighb o u rh o o d  of th e  basket d en d r i te s  
(Fig. 11) also indicate t h a t  la rg e  p a r t  of the ir  spines h a v e  th is  type  of  synapse , 
w hich  is r a th e r  rare in th e  case  of  th e  P urk in je  sp ines .

Outer stellate cell dendrites

T h e  s te lla te  cells can be well recognized, be ing  th e  only  nerve cell bodies 
s i tu a te d  in  th e  outer p a r t  o f  t h e  molecular layer. T h e  pe r ika rya  are spheric  
w ith  v e r y  sm ooth  outlines a n d  a regular  spheric n uc leus  hav ing  h u t  one or 
two d e e p e r  indentions of its su rface .  The paralle l f ib e rs  cu rve  a round  the cell 
bodies in  im m ed ia te  ap p os it ion  to  th e  cell surface, h a v in g ,  however, no s y n 
ap t ic  c o n ta c t s  a t  all w ith  th e  cell body . There can  be found  occasionally  few 
a x o -so m a t ic  boutons on th e  s te l la te  cell bodies, b u t  th e se  are re la tive ly  large, 
so t h a t  i t  seems im probable  t h a t  t h e y  should be long  to  paralle l  f ibers. In i t ia l  
p a r ts  o f  d e n d r i te s  emerging f ro m  th e  cell bodies cou ld  be t raced  for sh o r t  d is 
tan ces  o n ly ,  p robab ly  in conseq u en ce  of the ir  to r tu o u s  course. Being devoid  
in t h e i r  in i t ia l  parts  of spines a n d  lacking also o th e r  charac ter is t ic  fea tu res ,  
we w ere  u n a b le  to d is t ingu ish  th e i r  profiles from  th o se  of o ther den d r i te s ,  
w hich  in  t h e  ou te r  pa r t  of th e  m o le c u la r  layer g ra d u a l ly  lose th e ir  charac ter is t ic

Fig. 12. S a m e  as Fig. 11 to  show  d en se  pack ing  of m ito c h o n d ria  in  b a sk e t d en d rite  ( B D )  
and  d en se  lo n g itu d in a lly  cu t sp ine  ( S p )  con ta in ing  f la tte n e d  en d o p lasm ic  sacs, t h a t  m ig h t 

resem ble th e  sp in e  ap p a ra tu s  o f n eo co rtica l spines
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Fig. 11. Dense b ask e t neuron  den d rite  ( B D )  w ith  few irregu larly  sp aced  lo n g  th in  spines 
(S p )  w hich are a lm o st in v ariab ly  deeply in v a g in a te d  in to  parallel fiber p rofiles. R in g ed  arrow  
p o in ts  to  tran sv e rsa lly  cu t spine p iercing th ro u g h  th e  glial envelope ( Gl)  o f th e  dendrite
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fea tu res .  In  th e  superficial p a r t  o f  th e  c o r te x  i t  p rac t ica l ly  n e v e r  occurs  th a t  
a n y  d e n d r i te  is cu t  lo n g i tud ina lly  in  suffic ien t leng th  to  give a n y  in fo rm a tio n  
a b o u t  th e  spacing  and  a r ra n g e m en t  o f  th e  spines. T hus one of  th e  m o s t  im p o r 
t a n t  c rite r ia  o f  th e  recognition  of  th e  d en d r i te s  is absen t .  B u t  as t h e  den d r i te s  
o f  th e  s te l la te  cells have , accord ing  to  Golgi p ic tu res  num erous  d e l ic a te  long 
spines, q u ite  sim ilar  to  those o f  th e  b a s k e t  cell dend ri tes ,  and  as t h e  v a s t  m a jo r 
i ty  o f  sy n a p t ic  con tac ts  in th e  o u te r  p a r t  o f  th e  m olecular  lay e r  a re  th o se  of 
sm aller  den d r i te s  or dend ri t ic  spines e s tab l ish ed  w ith  paralle l a x o n s ,  th e re  is 
no d o u b t  t h a t  th e  g rea t  m a jo r i ty  of  synapses  on th e  den d r i te s  o f  s t a r  cells 
are e s tab lished  w ith  th e  g ranule  cell axons.

Golgi cell dendrites

As know n from the  classical descr ip t ions ,  th e  Golgi 11 ty p e  cells o f  the  
cerebellar  co r tex , fairly  regu la r ly  localized in  a row im m ed ia te ly  b e n e a th  the 
P u rk in je  cell bodies, have  tw o k inds  of  den d r i te s .  One group d escends  in to  the  
g ra n u la r  layer,  where the ir  b ran ch es  are invo lved  in  the cerebellar is le ts ,  hav ing  
th u s  sy n a p t ic  co n tac ts  w ith  th e  m ossy  affe ren ts .  The o ther  g roup  o f  dend ri te s  

m ore  n um erous  in general t h a n  th e  fo rm er  ones — run b e tw een  ih e  P u rk in je  
cell bodies in to  the  m olecular laye r  where th e y  ascend a lm ost  to  t h e  p ia i  su r
face in  a cha rac te r is t ic  s tiff  a rb o r iza t io n  p a t t e r n .  The sm aller  d e n d r i te s  have 
few also r a th e r  s tiff  and  re la t iv e ly  long spines. — Since these  Golgi neuron  
d en d r i te s  are th e  only ones t h a t  t rav e rse  th e  ganglionic layer, we looked very  
th o ro u g h ly  for dendrites  in th e  regions be tw een  ne ighbouring  P u r k in je  cell 
bodies. T here  was found one k in d  of d e n d r i te  indeed t h a t  a sc e n d  th ro u g h  
th e  ganglionic layer and  by  th is  cr i te r ion  could  ve ry  well belong to  t h e  a scend 
ing den d r i te s  o f  Golgi I I  ty p e  cells. These d en d r i te s  are of u n u s u a l ly  l igh t  jilas- 
m a  s t ru c tu re ,  have  few m ito ch o n d r ia  o f  ex trem e ly  va ry in g  size a n d  small 
sphero id  endop lasm ic  sacs o f ten  co nnec ted  b y  long itud ina l  f i l a m e n ts  or th in  
tu b u l i  so t h a t  th e y  often a p p e a r  as rows o f  beads  of irregular  size. A lm o st  the 
en tire  surface o f  these dend ri tes ,  b o th  in th e  ganglionic layer a n d  im m ed ia te ly  
b e n e a th  is covered b y  sy n ap t ic  te rm in a ls  in  an  u n in te r ru p te d  row. M ost  o f  these 
sy n a p t ic  te rm ina ls  have  v e ry  few sy n a p t ic  vesicles acc u m u la ted  a t  a small 
region of th e  a t ta c h m e n t  of  th e  end ings to  th e  dendrites  a n d  a th ic k e n in g  of 
th e  p o s tsy n a p t ic  m em b ran e  is found  regu la r ly  opposite  these  accu m u la t io n s .  
U n fo r tu n a te ly  these dend ri te s  are lost from  sight in the  m o lecu la r  layer,  so

F ig. 13. T ran sv ersa lly  cu t b ask e t n eu ro n  d e n d rite  ( B D ) .  N ote  ch ara c te ris tic  den se  s tru c tu re  
a n d  close pack in g  of m ito ch o n d ria , as w ell as f la t te n e d  endoplasm ic sacs n e a r  th e  surface. 
One of th e  long th in  spines ( S p )  is lo n g itu d in a lly  c u t in  its  en tire  len g th  up  to  i ts  en d  w here it 
is in v a g in a te d  in to  an  axonal profile . A n o th e r sp ine  ( S p )  left above has s y n a p tic  a tta c h m e n t 
to  fusifo rm  en la rg em en t of paralle l fib er. T ran sv ersa lly  cu t ro u n d  profiles in  u p p e r  p a r t  o f the 

p h o to g ram  are  ascending g ran u le  n eu ro n  ax o n s before th e ir  “ T ” -sh ap ed  b ra n ch in g .
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t h a t  n o th in g  can be sa id  a t  p resen t  abou t th e i r  s y n a p t ic  con tac ts ,  a l th o u g h  
i t  is h ig h ly  probable  t h a t  t h e y  have synapses also m a in ly  with paralle l  f ibers. 
F ro m  Golgi pictures a t  le a s t  th i s  conclusion em erges  a lm ost  w ith  c e r ta in ty  and  
C a j a l  [2] had  no d o u b t  t h a t  the  main p re s y n a p t ic  sy s tem  of Golgi neu rons  
in  th e  cerebellar co r tex  a re  t h e  granule axons. Th is  ques t ion  has recen tly  been 
d iscu ssed  by  one of us [14] a n d  being largely b e y o n d  th e  scope of th is  p ap e r ,  
due  to  th e  several k in d s  o f  axo-som atic  sy n ap ses  on th e  Golgi cells and  th e  
s t r a n g e  sy nap tic  endings in  t h e  entire  length o f  th e  p ro x im a l  p a r ts  of th e  a scen d 
ing d e n d r i te s ,  the  whole p ro b le m  of the  Golgi cells is b e t t e r  sepa ra ted  from  th is  
m a te r ia l  in  order to  be  d iscussed  in detail on a n o th e r  occasion.

ПО

Discussion

E le c t ro n  m icroscopic obse rv a t io n  th u s  fu lly  su p p o r ts  th e  classical des
c r ip t io n  o f  the  m olecular  l a y e r  as a synaptic  s y s te m  in which th e  axons h ave  
re p e a te d  synap tic  c o n ta c ts  — “ de passage”  — w i th  d en d r i t ic  e lem ents  t h a t  
t h e y  h a p p e n  to  cross a t  close d istance. The spines a p p e a r  to  be simply a device 
to  e ffec t th is  crossing o v e r  c o n ta c t  and to  increase  t h e  d is tance  a t  which a cer
ta in  d e n d r i te  can get in to  c o n ta c t  with axons p a ss in g  by. I t  would ce r ta in ly  
be  in te re s t in g  to m ak e  e x a c t  calculations on th e  f a c to r  by  which th e  spines 
can  inc rease  the n u m b e r  o f  para lle l  fibers th e  a v e ra g e  dend ri te  can es tab lish  
c o n ta c t  w ith  per un i t  l e n g th .  In  the case of  th e  P u r k in je  dendrites  th is  is a t  
leas t  2 i f  th e  secondary  sp ines  are left u n c o n s id e red ,  w ith  secondary  spines 
a n o th e r  fac to r  of a t  leas t  a g a in  2 has to be in t ro d u c e d  so th a t  th e  to ta l  fac to r  
w ould  be 4. I t  were, h o w e v e r ,  an oversim plif ica tion  i f  one would consider th e  
spines on ly  as a device to  increase  o p p o r tun it ie s  o f  co n ta c t .  A considerab le  
p a r t  o f  d en d r i t ic  surface n o t  o n ly  of the  larger, b u t  also o f  th e  te r t ia ry  dend ri te s  
is le f t  unused  for s y n a p t ic  pu rposes  simply by  b e in g  blocked th ro u g h  glial 
t issue . E v e n  if a para l le l  a x o n  happens to be in  im m e d ia te  apposition  to  th e  
d e n d r i te  surface (Fig. 1), no  specialized synap tic  c o n ta c t  is established be tw een  
th e  tw o ,  however, on th e  o u ts id e  of the sam e p a ra l le l  f iber  a reclining spine 
o f  t h e  sam e dendrite  has  a c lea r  synaptic  co n ta c t .  S im ila r ly  the  paralle l  f ibers, 
cu rv in g  a round  the sm o o th  bodies  of the  o u te r  s te l la te  cells, do no t  have  s y n 
a p t ic  co n ta c ts  w ith  th e m ,  b u t  th e  same axon on i ts  oppos ite  side has n um erous  
rea l  c o n ta c ts  with d e n d r i t ic  spines. This suggests  tw o  th ings :  (i) t h a t  nerve  
e lem en ts  m u s t  be e x t re m e ly  selective w ith  re sp e c t  to  Achat kinds and  w h a t  
p a r ts  o f  neurons  th ey  e s ta b l i s h  or avoid to h av e  s y n a p t ic  con tac t  w ith  and  (ii) 
th e re  m u s t  be some im p o r ta n t  cause or consequence, fu n c t io n a l  or o ther,  o f  th e  
fac t  t h a t  certa in  e lem en ts  h a v e  synapses w ith  sp ines  only, o thers  w ith  th e  
d e n d r i te  surface, and ag a in  o th e r s  w ith  cell bodies. T h e re  are  r a th e r  rare  occasions 
t h a t  an  axona l  profile e s tab l ish es  a direct sy n ap se  w i th  a P u rk in je  d en d r i te  
(Fig. 2), b u t  in ne ither  o f  th e se  cases could we conv ince  ourselves t h a t  th is
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Fig. 14. S tereoscopic d iag ra m  of th e  cerebellar c o rte x  m olecular layer to  show  sy n a p tic  re la 
tio n s be tw een  paralle l f ib e rs  (red), P u rk in je  neuron  d en d rite s  (grey), b a sk e t n e u ro n  dendrites 
(b lue) an d  o u ter s te lla te  n eu ro n -ax o n  (yellow). G lial processes su rro u n d in g  th e  d en d rite s  are 
show n in green. W ith  th e  ex cep tion  of th e  o u te r  s te lla te  axon synapses all o th e r  sy n ap tic  
c o n tac ts  are “ crossing -over”  synapses, w ith  d e n d ritic  spines or seco n d ary  sp ines. T he slabs 
se p a ra ted  by dashed lines in d ic a te  te rrito rie s  for th e  b ran ch in g  of P u rk in je  d e n d rite s  (I and 
III)  a n d  for bask e t d e n d rite s  (II), w hich occupy a lte rn a tin g  tran sv erse  discs o f  th e  cerebellar
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was a para lle l  fiber. It a lw ays looks as be long ing  to  a fiber  o f  v e r t ic a l  or irreg
u la r  course. Som etim es these  axonal profiles are rich in n eu ro f i lam en ts ,  which 
could  ind ica te  t h a t  th e y  belong to  c lim bing  fibers.* O thers are p r o b a b ly  ou ter  
s te l la te  cell axon end ings ,  which we h av e  a lread y  on the  basis o f  l igh t  micro
scope studies  on Golgi m a te r ia l  th o u g h t  to  be most likely in d irec t  con tac t  
w ith  th e  dendrit ic  su rface  [13]. The sam e considera tions are valid  for all other 
neurons  hav ing  d en d r i te s  em bedded  in to  th e  m olecular layer. A ccord ing  to 
Golgi p rep a ra t io n s  all o f  th e m  have  ch a rac te r is t ic  spines, a l th o u g h  n o t  in the 
sam e a b u n d an ce  th a n  th e  P u rk in je  d en d r i te s .  The b ask e t  n e u ro n  dendrites  
can clearly be se p a ra te d  from th e  P u rk in je  d end ri te s  by  th e ir  d en se r  s truc tu re  
and  the ir  th in  e longa ted  spines. A ccord ing  to  light m icroscope observa tions  
on Golgi p re p a ra t io n s  th e  sam e m ust hold  t ru e  for s te lla te  cell d en d r i te s  as 
th e y  have  ve ry  s im ilar long and thin spines [14] and  also for u p p e r  (i.e those 
t h a t  e n te r  the  m olecu la r  substance)  d en d r i te s  of the  Golgi n e u ro n s .  Golgi 
p re p a ra t io n s  w ith  s im u ltan eo u s ly  s ta in ed  Golgi neurons and p a ra l le l  fibers 
ve ry  im pressively  suggest t h a t  th e y  h av e  th e  sam e crossing over s y n a p t ic  con
ta c ts  t h a t  have  th e  p a ra l le l  f ibers w ith  all o th e r  dendrites  a rb o r iz in g  in the 
m olecular  layer. The im p o r ta n t  func tiona l  consequences of th is  p r in c ip a l  agree
m en t  in sy nap tic  c o n ta c ts  of all neurons  h a v in g  dendrit ic  a rb o r iz a t io n s  in the 
m olecular  layer h ave  b een  considered in de ta i l  [14] and have led  to  in te res t ing  
conclusions, which could  be tes ted  u p o n  th e i r  va l id i ty  b y  s u i ta b le  electro- 
physiological e x p e r im en ts .  These sy n a p t ic  re la tions are d ia g ra m m a t ic a l ly  
show n in Fig. 14, which tries  to  convey  a p lastic  impression of  th e  f in e r  arch i
te c tu re  of the  m olecu la r  layer.

These considera t ions  o f  the axon-sp ine  synapses of the  ce reb e l la r  cortex 
are essentia lly  valid  also for o th e r  regions of  th e  cen tra l  nerv o u s  sy s tem . The 
u l t r a s t ru c tu re  of th e  axon-sp ine  synapse  has  been  very clearly  desc r ibed  first 
by  G r a y  [4 , 6 ]  and w ith  m ino r  differences these  descrip tions hold t r u e  in almost 
eve ry  p a r t  o f  the  CNS. A xon-sp ine  synapses  ve ry  often belong to  t h e  iiinvaginat- 
ed typ e”  of  s y nap tic  c o n ta c t  [6] a lw ays w ith  th e  invag ina tion  of  th e  dendrit ic  
p a r t  into the  axonal e lem en t.  — In  w h a t  we canno t agree en t i re ly  w ith  the 
earlier  descrip tions is t h a t  th e  p re sy n a p t ic  e lem ent is considered  generally 

w h e th e r  th is  is m e n t io n e d  explic it ly  or no t  — as some te rm in a l  knob  of 
the  axon . F ro m  a careful su rvey  of a v e ry  large n u m b e r  of p r e p a ra t io n s  with 
ap p ro p r ia te  plane of  sec tion ing  it  becom es c lear t h a t  th is  is n o t  so in th e  cere
bellar co rtex . Here — a lth o u g h  it  m igh t  look like t h a t  in m a n y  in s tances ,  in 
consequence  of the  re la t iv e ly  small p ro b a b i l i ty  th a t  th e  fusiform  th ickening  
of the parallel f iber, w hich  has th e  c o n ta c t  w ith  th e  spine, a n d  i ts  th in n er

* W e have som e re aso n  to  believe th a t  c lim b ing  fib ers  are p a r tic u la r ly  r ic h  in  neurofila
m en ts , w hich m igh t be  u sed  u n d e r ce rta in  c ircu m stan ces  as a criterion  fo r th e ir  recognition . 
U n fo rtu n a te ly  th ere  is  a n o th e r  e lem en t even m ore n eu ro fila in en to u s: th e  b a sk e t  n eu ro n  axon. 
T hese  q u estio n s will be d e a l t  w ith  in  fo rth co m in g  p ap ers .
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c o n t in u a t io n s  on bo th  sides a re  in the same p lan e  — the re  can  he no d o u b t  
t h a t  in  t h e  overwhelm ing m a j o r i t y  of axon spine c o n ta c ts  th is  is no te rm in a l  
c o n ta c t  f rom  the v iew poin t  o f  th e  axon bu t  a c o n ta c t  “ de passage” . E lec tro n  
m ic ro sco p ic  investiga tion  t h u s  fu l ly  supports  th e  n o t io n  of th e  “ crossing o v e r”  
s y n a p s e  w hich  was so fo rc ib ly  suggested  by  th e  Golgi p ic tu re ,  so t h a t  C a j a l  

n e v e r  a p p e a re d  to have a n y  d o u b t  in its re a l i ty .  T h e  a r ran g em en t  of  ne rve  
e le m e n ts  is nowhere as r e g u la r  as in the  m o lecu la r  laye r ,  so t h a t  i t  c a n n o t  
he e x p e c te d  th a t ,  w ith o u t  m a k in g  some cu m b erso m e  p las t ic  reco ns truc tions ,  
one w o u ld  clearly recognize s u c h  rela tions in o th e r  p a r t s  o f  th e  CNS. H ow ever ,  
in a n a lo g y  to  the  m olecu la r  l a y e r  o f  the  cerebe llum  i t  is m ost p robab le  f rom  
th e  G olg i p ic ture  of m a n y  o t h ‘ r  regions t h a t  a x o n -sp in e  synapses are in  g e n e r 
al t h e  dev ice  by  which c ro ss in g  over con tac ts  a re  es tab lished .  In  the  cerebra l  
c o r te x ,  especially  of course  in  t h e  zonal laye r ,  th e  s i tu a t io n  betw een  th e  t a n 
g e n t ia l  a x o n a l  plexus a n d  th e  b ranches  of the  ap ica l  den d r i te s  are p r inc ipa lly  
th e  s a m e  as between d e n d r i te s  a n d  parallel f ib e rs  in  th e  cerebellar co r tex .  
A n  e n t i r e ly  similar s i tu a t io n  is p re v a le n t  in m a n y  p a r t s  of th e  h y p o th a la m u s ,  
e sp ec ia l ly  in  the  v e n tro m e d ia l  n uc leus  where th e  d e n d r i te s  h ave  a r ich  sy s tem  
of v e r y  delica te  long spines a n d  where an e x t re m e ly  delica te  te rm in a l  p lexus  
of  a x o n a l  b ranches exists. F r o m  re la tive  r a r i ty  o f  t r u e  axona l  endings in  th e  
Golgi p ic tu re s  and the  r e la t io n s  be tw een  th e  e le m e n ts  of th e  axona l  p lexus  
to  t h e  d en d r i te s  and d e n d r i t ic  spines [16] i t  has  a l r e a d y  been  in ferred  from  
l ig h t  m icroscopical s tud ies  t h a t  th e  m a jo r i ty  of  axon-sp ine  synapses in th e  
h y p o th a l a m u s  m ight be of  th is  “ crossing o v e r”  c o n ta c t  ty p e .  F rom  recen t  
in v e s t ig a t io n s  into the  a r r a n g e m e n t  of neurons in  th e  su b s ta n t ia  gela t inosa  
[15] i t  a p p e a re d  th a t  its s t r u c t u r e  h ighly  resem bles t h a t  of th e  m olecular lay e r  
o f  t h e  cerebellum . I t  has  in  a d d i t io n  to  th e  m o s t ly  rad ia l ly  o r ien ta ted  (i.e. 
p e rp e n d ic u la r  to the dorsa l  b o r d e r  o f  the  S G.) t e r m in a l  arboriza tions  o f  e x t r in 
sic ( p r im a r y  afferent a n d  o th e r )  system s a lo n g i tu d in a l ly  o r ien ta ted  in tr in s ic  
s y s te m  o f  v e ry  delicate u n m y e l in a te d  axons, w hich  accord ing  to  Golgi p r e p a r a 
t io n s  a p p e a re d  to  be in e x a c t ly  t h e  same re la t ion  o f  “ crossing over”  sy n a p t ic  
c o n ta c t s  w i th  the  dend ri te s  a rb o r iz in g  in th is  s u b s ta n c e ,  as th e  paralle l  f ibers  
are  w i th  th e  molecular la y e r  d e n d r i te s .  Most r e c e n t  y e t  unpub lished  o b se rv a 
t io n s  b y  th e  electron m ic ro sco p e  fully  su p p o r t  th e se  views an d  are show ing 
t h a t  c o n ta c t  in this crossing o v e r  synap tic  sy s te m  is also m ain ly  e s tab lished  
b y  d e n d r i t i c  spines e m b e d d e d  in to  invag ina tions  o f  th e  axons.

W e are arriving th u s  a t  t h e  conclusion t h a t  th e  axon-sp ine  synapses can  
be co n s id e re d  as the  m a in  d ev ice  for effecting s y n a p t ic  co n tac t  be tw een  tw o  
n e rv e  e lem en ts  (axon a n d  d e n d r i te )  t h a t  cross e a c h  o th e r  a t  re la t ive ly  sm all 
d i s ta n c e .  I t  is most im press ive  to  th in k  over th is  f ro m  th e  v iew poin t  o f  th e  
e c o n o m y  in  the  a rch i tec tu re  o f  c e n t ra l  grey m a t t e r .  A p a r t  from  the  fac t ,  t h a t  
th e  n u m b e r  of synapses p e r  u n i t  leng th  of th e  d e n d r i te  is increased th ro u g h  
th e  sp in e s  b y  a factor of 2 — 4 t h e  synapse  b y  overc ross ing  assures an  im m ense
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degree o f  s im plic ity  in com parison  w ith  th e  com p lex i ty  of a r r a n g e m e n t  if 
a n y  sy n a p t ic  co n ta c t  w ould  require  an in d iv id u a l  side b ranch ,  t e r m in a t in g  in 
a s e p a ra te  end -knob  o f  th e  p re sy n ap t ic  axon . S im p ly  b y  runn ing  a few  m illi
m eters  in s t ra ig h t  d irec t ion ,  th e  p re te rm in a l  a x o n  b ran ch  can overc ross  th e  
hom ologous dend ri te s  o f  a whole group of n e u ro n s  hav ing  a sy n ap t ic  c o n ta c t  
w ith  all of th e m  or a t  a n y  ra te  w ith  a s ign if ican t  frac t ion  of the  g ro u p ,  w i th 
ou t  th e  necessity  to  give off a single side b ra n c h .  This p a t te rn  of c o n ta c t  th u s  
m ay  secure a h igh degree of “ d ivergence”  w i th  th e  possible m in im u m  of 
axo n a l  b ran ch in g .  On th e  o th e r  h a n d  th is  a r ra n g e m e n t  of neurons c a n  assure  
also a v e ry  high degree of  convergence, if  th e  axons  involved are in d iv id u a l  
processes of  neurons  an d  n o t  b ranches  of a b rush - l ike  arboriza t ion  o f  axons 
in to  n u m ero u s  te rm in a l  f ibers  of paralle l  course. A lthough  th is  l a t t e r  case  m a y  
occur occasionally , m os t  o f  th e  te rm in a l  axons  invo lved  in crossing o v e r  sy 
napses  are in  fac t e i the r  single fibers resu l t in g  f rom  a “ T ” -shaped  a rb o r iz a 
t io n  — as i t  is th e  case w ith  th e  para lle l  fibers in  th e  cerebellum — or t h e  b r a n 
ches of  generally  n o t  too  r ich  arboriza tions.  As i t  emerges from th e  ca lcu la t io n s  
of F o x  and  B a r n a r d  [3 ] ,  th e  n u m b e r  of sp ines  p e r  P u rk in je  n e u ro n  m a y  he 
a ro u n d  60.000, which w i th  th e  secondary  sp ines  m ig h t  bring up  th e  n u m b e r  
of possible co n tac ts  to  120.000 paralle l  f ibers f ro m  th e  roughly  250.000 ca lcu 
la ted  b y  F o x  and  B a r n a r d  to  cross th e  a rb o r iz a t io n  of an ind iv idua l  P u rk in je  
cell. This  would  m ean  add i t io n a l ly  t h a t  the  p a ra l le l  f iber  m ay  have  a sy n a p t ic  
co n ta c t  w ith  eve ry  second of the  P u rk in je  cells, the  dendrit ic  t e r r i t o r y  of 
which i t  crosses. W e will n o t  go in to  th e  fu n c t io n a l  conclusions t h a t  suggest 
them selves  from  these  ca lcu la tions,  as th e y  h a v e  been considered a l r e a d y  in 
de ta i l  in o th e r  papers  [12, 14]. On th e  basis o f  th e se  speculations t h e  h ig h  re 
g u la r i ty  fo the  specific o r ien ta t io n  in space, m a in ly  of dendrites  b u t  to  some 
e x te n t  also of  te rm in a l  axons  becomes v e ry  m ean in g fu l  and it  is b y  no  m eans  
su rp r is ing  i f  th is  r e g u la r i ty  — as well as th e  occurrence  of axon-sp ine  s y n a p 
ses — is m os t  ch a rac te r is t ic  for in teg ra t ive  c e n te rs  (cerebral co r tex , cerebe llar  
co r tex ,  te c tu m ,  h y p o th a la m u s )  in which in fo rm a t io n  is processed b y  m e c h a 
n ism s invo lv ing  v e ry  h igh  degrees of d ivergence  and  convergence in  c o m b in a 
tion . I t  is o f  course in  h igh ly  d ifferent fo rm  t h a t  th is  principle o f  n eu ron  
coupling is being used in  th e  d ifferen t cen ters . I n  th e  cerebellum th e  h ig h e r  un its  
o f  in te g ra t io n  are r ep re sen ted  b y  strips o f  s im u ltaneous ly  ex c ited  m a tr ices  
of P u rk in je  cells o f  a b o u t  3 —4 m m  leng th  — ru n n in g  parallel w i th  t h e  long 
axis o f  th e  folium — a n d  hav in g  tw o side f r inges  of inh ib ited  P u r k in j e  cells 
[12, 14]. These u n i ts ,  how ever ,  are n o t  fixed ana to m ica l ly ,  h u t  are a p a t t e r n  of 
th e  m a in  a fferen t inflow  th ro u g h  the  m ossy  f ibers .  In  the  ce reb ra l  co r tex ,  
especially  in  p r im a ry  sensory  regions, the  h ig h e r  in teg ra t ive  un its  a re  co lum ns 
of cells ru n n in g  rad ia l ly  th ro u g h  th e  en tire  d e p th  o f  the  cortex  [7, 8], p ro b a b ly  
d e te rm in e d  b y  com m on  in p u t  th ro u g h  specific  afferents, h u t  e spec ia l ly  in 
th e  superfic ia l  regions u n i te d  b y  th e  zonal (1st  layer) axonal p le x u s ,  which
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is m a i n l y  fed b y  M a r t in e t t i  t y p e  neurons o f  t h e  5 th  and  6 th  layer  o f  th e  same 
c o lu m n .  The sy nap tic  m e c h a n ism  b y  which th e  a p ica l  dendrites  of a g r e a t  m an y  
o f  s te l la te  py ram id  or p y r a m id  neurons are l in k e d  func tiona lly  are also m ain ly  
o f  th e  crossing-over ty p e  sy n ap se  [11]. This m o d e  o f  synaptic  a r r a n g e m e n t  is 
n o t  re s t r ic te d  to  h ig h e r  in te g ra t iv e  cen te rs ,  as  i t  occurs also in th e  spinal 
co rd .  T h e  su b s ta n t ia  g e la t in o sa  is, as m e n t io n e d ,  essentia lly  a sy n a p t ic  sys tem  
w i th  c rossing  over sy n ap ses  b e tw een  a lo n g i tu d in a l ly  o r ien ta ted  a x o n a l  p lexus 
a n d  p re d o m in a n t ly  r a d ia l ly  o r ien ta ted  d e n d r i te s  [15]. B u t  th is  sy s te m  ev i
d e n t ly  is n o t  a simple dev ice  o f  forwarding in fo rm a t io n  with perhaps som e m inor 
t r a n s fo rm a t io n .  I t  is on th e  c o n tra ry  a n e u ro n  sy s te m  able to  bu ild  u p  g ra d u 
a l ly ,  b y  an  ex trem e w e a l th  of  re v e rb e ra t in g  c ircu its ,  long la s t in g  s ta te s  of 
e x c i t a t io n ,  which in t u r n  can  m odify the  d i r e c t  transm iss ion  of  sen so ry  im 
pu lses  th ro u g h  the d o rsa l  h o rn  by  acting u p o n  th e  dendrites  of la rge  pos te r io r  
h o r n  n e u ro n s  em b ed d ed  in to  th e  s u b s ta n t ia  g e la t inosa  and h a v in g  crossing- 
o v e r  sy n ap ses  w ith  its lo n g i tu d in a l  axonal s y s te m .

A  q u ite  u n e x p e c te d  fe a tu re  in th e  a r c h i te c tu re  of th e  m olecular  la y e r  of 
th e  ce reb e l la r  cortex  is th e  v e ry  close re la t io n  be tw een  the  im m e d ia te  pre- 
a n d  p o s tsy sn a p t ic  n e rv e  e lem en ts  and  the  glia l  t issue . I t  is t ru e  t h a t  th e re  is 
v e r y  l i t t l e  ex trace llu lar  space  in  alm ost all k in d s  o f  CNS grey m a t te r ,  w i th  the  
e x c e p t io n  of the  cleft s y s te m , a b o u t  200 Â w ide ,  sepa ra t ing  th e  c losely a d ja 
c e n t  ce l lu la r  m em branes  of  th e  several t issue e lem en ts .  The glial co m p o n en t ,  
h o w e v e r ,  of the  ce n tra l  n e rv o u s  tissue is r a r e ly  p red o m in an t ,  gen e ra l ly  b e 
cau se  o f  th e  very  close p a c k in g  of the  nerve e le m e n ts ,  only around  b lood  vessels 
a n d  m y e l in  sheaths  are la rg e r  profiles of glial p rocesses  seen in s ign if ican t n u m 
b e r ,  as  well as of course in  t h e  perinuclear reg ions  of  the  glial cells them se lves .  
T h e  m o lecu la r  layer o f  th e  cerebellar co r te x  seem s to  he quite  excep t io n a l  
w i th  re sp e c t  to  the  re la t iv e  large frac tion  o f  cross sectional a rea  occupied  
b y  w a t e r y  profiles t h a t  look  a lm ost  e m p ty  a n d  could  easily be m is ta k e n  for 
e x t r a c e l lu la r  spaces i f  i t  w ere  n o t  for the  c lea r  ce llu la r  m em branes  t h a t  su r
ro u n d  th e m  everyw here.  I t  is r a th e r  excejitional t h a t  one finds m i to c h o n d r ia  
and  o t h e r  p lasm atic  d if fe ren t ia t io n s ,  and g e n e ra l ly  only in the  la rger  ones of 
th e se  w a te r y  profiles, w h ich  clearly  iden tify  t h e m  as glial processes. T h e  glial 
p ro f i le s  are  accu m u la ted  a ro u n d  th e  d e n d r i te s  o f  bo th , P u rk in je  neu ro n s  
a n d  o th e r s ,  th e y  do n o t ,  how ever ,  p e n e t ra te  b e tw e e n  the  groups o f  para l le l  
f ib e rs ,  w hich , if no t in th e  im m e d ia te  n e ig h b o u rh o o d  of a dendri te ,  are  pack ed  
c lose ly  to g e th e r  w i th o u t  a n y  in te rcep tion  o f  foreign cellular m a te r ia l .  The 
d e n d r i t e s ,  on the  c o n tra ry ,  a re  a lm ost in th e i r  e n t i re  surface covered b y  th e  
w a te r y  glial profiles, which  p rac tica l ly  block t h e m  from direct c o n ta c t  w ith  
o th e r  n e rv e  elements. O n ly  once a while is a n e rv e  te rm in a l  a d m it te d  to  have 
im m e d ia te  synap tic  c o n ta c t  w i th  the  d en d r i te  su rface  proper. As m e n tio n e d ,  
th e se  sy n ap ses  are p ro b a b ly  th o se  of climbing f ib e rs  in  the  case of th e  P u rk in je  
d e n d r i t e s  and  of ou te r  s te l la te  axons in P u rk in je  as well as b ask e t  n e u ro n  den-
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d rite s . T he spines of th e  d e n d rite s  pierce th ro u g h  th e  glial envelope u n t i l  th e y  
reach  th e  para lle l fibers o u ts id e . I t  is, th e re fo re , a v e ry  com m on p ic tu re  to  see 
th e  tra n sv e rse  or oblique sec tion  o f a spine an d  even m ore often  o f  seco n d ary  
sp ines com plete ly  su rro u n d ed  b y  th e  w a te ry  glial profile  and  a c lea r double  
cell m em b ran e , one o f th e m  b e ing  th e  m em b ran e  o f the  spine an d  t h a t  o f th e  
glial cell th e  o ther. B u t i t  also occurs q u ite  o ften  th a t  a p a r t  o f a p a ra lle l f i
b e r or d e n d rite  is so co m p le te ly  su rro u n d ed  b y  a glial profile  th a t  i t  is co n n e c t
ed  w ith  th e  o u te r in te rc e llu la r  space on ly  b y  a double  glial ce llu la r m em b ran e , 
m esaxon  or m esodendrite . In  som e cases even  th e  spines can h a v e  sim ilar 
re la tio n s  to  th e  glial cells so t h a t  c lear “ m esosp ines”  can be seen in  ou r p re p a 
ra tio n s . W ith  resp ec t, h ow ever, to  th e  re la tiv e  r a r i ty  of m esosp ines u n d e r 
c ircu m stan ces , w hen one shou ld  ex p ec t to  fin d  m a n y  o f th e m , r a th e r  suggests 
th a t  th e  o u tg ro w th  o f sp ines an d  especially  of secondary  spines m u s t be a 
seco n d ary  process, occu rring  on ly  a fte r  th e  fu n d a m e n ta l sp a tia l a rra n g e m en ts  
b e tw een  d en d rite s , axons a n d  glial e lem ents — i t  is a p p a re n tly  m a in ly  the  
F a n a n a s  glia th a t  is in v o lved  here  — have been  se ttle d , so th a t  th e  sp ines have 
lite ra lly  to  pierce th ro u g h  th e  glial envelope o f th e  d en d rite  in  o rd e r to  get 
in to  c o n ta c t w ith  th e  o u te r  ax ons. W h e th e r or n o t th is  process o f e s tab lish in g  
a d d itio n a l synapses b y  s ic o n d a ry  spines could be a m a tte r  of d y n a m ic  change 
fo r ex am p k  in conseq icnce o f  increased  or decreased  fu n c tio n s , sh o u ld  be 
in v e s tig a te d  u n d er a p p ro p r ia te  cond itions.

T h is ra th e r  e x tra o rd in a ry  re la tio n  to  th e  glial e lem ents cou ld  perh ap s 
ex p la in  th e  d ifficu lties en co u n te red  in  th e  ap p lica tio n  o f d eg en e ra tio n  m ethods 
to  th e  m olecu lar lay e r. I t  h a s  been  n o ticed  in  th is  la b o ra to ry  a lre a d y  m any  
y ea rs  ago [7, 14, 17] t h a t  seco n d a ry  d eg en era tio n  of axons does n o t  show  up 
in th e  m olecu lar layer. T h is d ifficu lty  has for long tim e  im peded  th e  recogn i
tio n  o f th e  origin of c lim bing  fib ers  [17]. I t  m ay  well be th a t  th e  la rg e  am o u n t 
o f glial tissu e  and its  close re la tio n  to  th e  n e rv e  e lem en ts m ay  h a v e  som eth ing  
to  do w ith  th e  d ifficu lties o f  h isto log ica l d e m o n s tra tio n  of ax o n a l d eg en era tio n  
fra g m e n ts . T here is indeed  som e inverse  re la tio n  betw een  th e  a m o u n t o f glial 
e lem en ts  as well as th e  d e n s ity  o f p ack in g  b e tw een  glial and  n e rv o u s  elem ents 
an d  th e  ease or effectiveness w ith  w hich d eg en e ra ted  axo n a l f ra g m e n ts  arc 
s ta in e d  b y  B ielschow sky m od ifica tions or b y  th e  N a u ta -G y g a x  p ro ced u re . 
T he s ta in in g  of d eg en e ra ted  ax o n a l frag m en ts  is m ost easy  in loosely  a rran g ed  
ty p e s  o f  grey m a tte r  of th o se  areas th a t  have  been  called as regions o f  re tic u la te d  
s tru c tu re , w hereas s ta in in g  is a lw ays in co m p le te  or d ifficu lt in  th e  dense 
g e la tin o u s ty p es  o f g rey  m a tte r  (m olecular lay e r, o u te r  p a r ts  o f c e re b ra l co rtex , 
s u b s ta n tia  ge la tinosa , h y p o th a la m u s) . I t  w ould  be in te re s tin g  to  com pare 
th ese  regions w ith  re sp ec t to  glial a rc h ite c tu re , d e n s ity  of p ack in g  o f  e lem ents, 
in te rc e llu la r  spaces e tc ., to  th e  m ore re tic u la te d  and  loosely p a c k e d  ty p e s  of 
g rey  m a tte r , w here as e.g. in  th e  a n te r io r  h o rn  o f th e  sp in a l cord  th e re  seem  to 
occur tru e  in te rce llu la r spaces o f q u ite  considerab le  w id th .

it* Acta Biol. Hung. 15. 1964
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DIE »ÜBERKREUZUNGSSYNAPSE«: EINE ELEKTRON MIK ROSKOPISCHE STUDIE 
DER MOLEKULARSUBSTANZ DER KLEINHIRNRINDE

Die Feinstruktur der Synapsen, insbesondere jener zwischen Dendritendornen und 
Parallelfasern, wird vorwiegend in Hinblick auf die allgemeinen Prinzipien synaptischer Yer- 
schaltung studiert. Die die überwiegende Mehrzahl der Synapsen der Molekularschicht liefern
den Dornensynapsen werden als charakteristisches Beispiel des synaptischen Kontakts durch 
»Überkreuzung« gewertet, eine Anordnung, die geeignet ist, ein Höchstmass an Konvergenz 
und Divergenz der Schaltung mit möglichst geringster Aufzweigung der zuführenden Axonen 
und einer damit verbundenen möglichst einfachen Architektur der grauen Substanz zu ver
binden. Es wird versucht, die kleineren Dendriten von Purkinjezellen, Korbzellen und äusse
ren Sternzellen im elektronenmikroskopischen Bild zu identifizieren, was unerlässlich für ein 
besseres Verständnis der neuronalen Schaltung und Aufarbeitung von Erregungsprozessen in 
der Kleinhirnrinde ist. Besondere Beachtung wird den ungewöhnlich engen Beziehungen zwi
schen gliösen und nervösen Elementen der Molekularschichte gewidmet, und deren mutmass
liche Bedeutung, sowie allgemein auch jene von Unterschieden im feineren Bau des zentral 
nervösen Graus erörtert.

Acta Biol. Hung. 15. 1964
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ПЕРЕКРЕЩЕННЫЙ СИНАПС: ОЧЕРК ПО ЭЛЕКТРОННОМИКРОСКОПНОМУ 
СТРОЕНИЮ МОЛЕКУЛЯРНОГО СЛОЯ КОРЫ МОЗЖЕЧКА

Авторы изучали преобладающие в молекулярном слое коры мозжечка типы синап
сов, т. е. синапсы, сформированные с дендритными щипцами, с точки зрения общих прин
ципов нейронных связей.

Они принимают эти синапсы за характерные примеры «перекрещенных» контактов, 
которые рассматривают как самые простые и упорядоченные типы нейродивергенции, 
совместимые с архитектониен тканей. Авторы постарались электронномикроскопическим 
путем идентифицировать дендриты мелких нейронов Пуркинье, корзиновой и внешних 
звездчатых клеток, имеющие большое значение в понимании процессов связывания в 
коре мозжечка. Авторы уделяют особое внимание необычно тесной связи нейронных 
элементов и глии, разбирают значение этих своеобразных отношений и коротко сравни
вают тонкое строение серого вещества разных центральных образований.

T űzo ltó  и. 58, H u n g a ry
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THE EFFECT OF CHOLINOTROPIC DRUGS ON THE 
RHYTHMIC ACTIVITY OF GLOCHIDIAOF FRESH-WATER 

MUSSEL (ANODONTA CYGNE A L.)
E . L á b o s , J .  Sa l á n k i  and G a l i n a  R. K l it y n a

H 10L0G ICAL RESEARCH IN ST IT U T E  OF TH E  H UNGARIAN ACADEMY OF SCIENCES, T IH A N Y
(H EA D : J . SALÄNKI),

IN STITU TE OF PHYSIOLOGY, M EDICAL U NIV ERSITY , D EB R EC E N  (H EA D : | "ST. W E N T  | 

(R e c e iv e d  Sep tem b er 11, 1963)

Synopsis

T he e ffec t o f  va r io u s  drugs w as in v e stig a ted  on  th e  sp o n ta n eo u s r h y th m ic  m otoric  
a c t iv ity  o f  fresh -w ater  m u sse l’s larvae  (A n o d o n ta  cygnea  L .) and on  th e  in crea sed  and  
la stin g  a c tiv it ie s  p rod u ced  b y  KC1 and tr y p ta m in e . I t  w as fou n d  th a t  th e  g loch id ia  
resp on d ed  to m o st su b sta n c es  te s te d  (a trop in e , h e x a m é th o n iu m , T E A C , n ic o t in e , curare, 
T M A J) n o n -sp ec ifica lly  w ith  au  in itia l increase in a c t iv ity . N on e  o f  th e se  a g e n ts  produced  
to n ic  con traction . A tro p in e , T E A C  and n ico tin e  b lock ed  the  la stin g  a c t iv ity  p rod u ceab le  
b y  KC1. H ex a m é th o n iu m  w as fou n d  to  be less  in h ib ito r y , and curare w a s in e ffec tu a l.  
T h e e ffec t o f  K + w as p o te n tia te d  in  th e  p resence  o f  T M A J. T h e e ffe c t  o f  tr y p ta m in e  
w as in h ib ited  to  a sm all e x te n t  b y  atrop in e , T E A C , T M A J and curare. H ex a m é th o n iu m  
an d  n ico tin e  w ere in e ffec tu a l in  th is  resp ect. T h ese  resu lts su g g est th a t  th e  e ffe c ts  of 
К  Cl and try p ta m in e  are rea lized  b y  w a y  o f tw o  d ifferen t m ech an ism s, a n d  fu rth er  th a t  
th e  sp on tan eou s r h y th m ic  a c t iv ity  is  o f  m y o g en ic  orig in , and is b a sed  o n  th e  nature  
o f  th e  em bryonal a d d u cto r .

In tro d u c tio n

It is know n th a t  th e  la rv a e  (glochidia) o f fresh -w ater m usse l (A nodonta  
cygnea) liv ing in th e  gill o f th e  p a re n t d isp lay  a rh y th m ic  a c tiv i ty ,  w hich is 
co n n ec ted  w ith  th e  fu n c tio n  o f em bryona l a d d u c to r.

In  th e  course of p rev io u s s tu d ies  [2, 3] i t  w as estab lished  t h a t  th e  fre
q u en cy  of rh y th m ic  a c tiv i ty  o f  la rv a l a d d u c to r  can he g re a tly  a n d  lasting ly  
in c reased  b y  KC1 an d  try p ta m in e . A la s tin g  to n ic  c o n tra c tio n  is p roduced  
in  a considerab le  n u m b e r o f  g lochid ia w ith in  few m in u tes  a f te r  th e  add ition  
of h igh co n cen tra tio n s o f KC1 an d  try p ta m in e .

T he p resen t w ork  deals w ith  th e  effect o f v a rious d ru g s. In  th e  course 
of th e se  stud ies it  w as a t te m p te d  to  exam ine th e  m odes an d  deg ree  o f the 
ac tio n  o f these  d rugs on th e  “ sp o n tan eo u s”  rh y th m ic  a c tiv i ty  o f  a d d u c to r 
o f g lochid ia as well as th e  in fluence  of th e  sam e su b stan ces on th e  lasting ly  
in creased  a c tiv ity  p ro d u ced  b y  KC1 and try p ta m in e . T he choice fell on sub
s tan ces  affecting  cho linerg ic  tran sm issio n  processes (a tro p in e , h ex am é th o n iu m , 
n ico tin e , TM A J, T EA C , d -tu b o cu ra rin e ). F ro m  th e  re su lts  i t  w as expected  
to  o b ta in  certa in  in fo rm a tio n  a b o u t th e  effect o f these  agen ts on th e  rh y th m ic  
a c tiv ity  o f m u scu la r e lem en ts  o f g lochidia, all th e  m ore because  th e ir  influence
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on n e rv o u s  and m u scu la r e lem en  ts o f onto- an d  p h y lo g en e tica lly  m ore developed  
a n im a ls  is already k n o w n . I t  w as also aim ed a t  to  f in d  w h e th e r th e  a d d u c to r  
o f  g lo ch id ia  is a c tiv a te d  w ith  o r w ithou t th e  in te rm e d ia tio n  of n ervous s tru c 
tu r e s .  W ith  regard  to  th e  f a c t ,  th a t  some d ru g s  m a y  h av e  a m ore positive 
e ffe c t on nervous s tru c tu re s  th a n  on m uscu lar e lem en ts  an d  converse ly , i t  is 
e x p e c te d  to  find  an  a n sw er to  these  a ssu m p tio n s.

M ateria l and m ethod

The glochidia can be obtained from the lamellae of the gill of the parent from October 
to March. They were released from the mucuous material in which they are imbedded, by 
washing in tap water. Thereafter they were selectively grouped with a pipette of suitable 
dimension into 25 individuals, and the number of their rhythmic contraction, was counted 
under binocular microscope. Control investigations were performed on glochidia placed into 
tap water, and the number of rhythmic contractions was measured five times at intervals of 
one minute. The agents in question were added to the animals after the tap water was drained 
and both the frequency of rhythmic action and the number of tonic contractions i.e. closures 
of glochidia w ere noted in every single minute during 10—30 minutes. The effect of the agents 
were studied on four groups of glochidia each (100 individuals).

Considering the fact that K + - and tryptamine-effects may more or less be quantitatively 
deviating depending on the differences in age and in population of glochidia, the comparative 
results presented in this paper were obtained from investigations performed in one day and on 
glochidia originating from one parent.

The substances used were dissolved in tap water. In case two agents were studied simul
taneously they were added in one solution.

The results are illustrated in a system of coordinates. Abscissa: time (control measure
ments for 5 minutes -|- 10 minutes of examination). Ordinate: number of contractions per 
minute.

The agents used were: atropinum sulfuricum, d-tubocurarine chloratum, hexaméthonium 
bromatum, nicotinum tartaricum, tetraethylammonium chloratum (TEAC), tétraméthyl
ammonium jodatum (TM A J).

Results

T h e  effect o f atropine

A tro p in e  solution o f  100 p g /m l co n cen tra tio n  causes an  in ita l increase  
in  a c t iv i ty .  L a te r th e  n u m b e r  o f  con trac tions d ec rease , b u t  s till rem ains five 
t im e s  g re a te r th a n  th e  c o n tro l (F ig . 1). No la s tin g  to r ic  co n trac tio n , i. e. no 
la s t in g  closure was o b se rv ed  a t  th e  above a tro p in e  co n cen tra tio n . T he high 
la s tin g  a c tiv i ty  tak in g  p lace  a s  a ru le on th e  a p p lic a tio n  of KC.l a lone, is no t 
o b se rv a b le  when using th is  s u b s ta n c e  in 1 mM c o n c e n tra tio n  to g e th e r  w ith  
100 [гg /m l atrop ine . In  th e  p re se n c e  of a trop ine  th e  n u m b e r  of rh y th m ic  co n 
t r a c t io n s  (in a period o f  10 m in u te s )  p roduced  b y  KC1 falls to  3 — 5 % . T he 
a c t iv i ty  observab le  in  th is  case does no t differ co n sid e rab ly  from  th a t  in d u ced  
b y  a tro p in e  alone. I t  is in fe rre d  o n  basis of these  o b se rv a tio n s  th a t  th e  a c tiv ity -  
in c re a s in g  effect of KC1 is in h ib i te d  by  a tro p in e .

T h e  degree of a c t iv i ty  c a u se d  b y  using 100 p g /m l try p ta m in e  a n d  100 
/tg /m l a tro p in e  to g e th e r is 3 0 %  less th a n  th e  a c t iv i ty  p ro d u ced  b y  try p ta m in e
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alone a n d  is con sid erab ly  h igher th a n  th e  a c t iv i ty  o b ta in ed  w hen a d d in g  a t ro 
pine a lone . T hese re su lts  show  th a t  t ry p ta m in e  a t  co n cen tra tio n s  u su a lly  
y ie ld ing  h ig h  and  la s tin g  a c tiv ity  is less e ffe c tu a l in  th e  presence o f  a tro p in e , 
th o u g h  th e  effect in d u ced  b y  try p ta m in e  is n o t  in  th e  least in h ib ite d  to  such  
an  e x te n t  b y  a tro p in e  as th e  effect o f KC1.

Tryptamine
100 p g /m l

Fig. 1

The effect o f  curare

I t  w as found  th a t  d -tu b o cu ra rin e  in  100 //g /m l co n cen tra tio n  does n o t 
p ro d u ce  la s tin g  increased  a c tiv ity . In  th e  1 — 3 m inu tes a fte r its  ap p lic a tio n  
an in c rea sed  a c tiv ity  — ab o u t 30 tim es, la te r  10 tim es g rea te r th a n  th e  co n 
tro l — is o b serv ab le  decreasing  slowly to  th e  level o f contro l (F ig . 2). L a s tin g  
to n ic  c o n tra c tio n  o f g lochid ia  w as n o t fo u n d  e ith e r.

W h en  ad d in g  100 fig /m l cu rare  to  2 m M  KC1 so lu tion , th e  a c t iv i ty  c f  th e  
la t te r  is n o t e ssen tia lly  in h ib ited . This in v o lv es  th a t  KC1 is able o f  p ro d u c in g  h 'g h  
a c t iv i ty  level also w hen  curare  is p re se n t a t  th e  above c o n c e n tra tio n  (F ig . 2). 
T h is a g e n t does n o t in h ib it th e  la s tin g  to n ic  c o n trac tio n  caused b y  KC1 e ith er. 
T he sam e  th in g  ho lds tru e  w hen in c reas in g  a b o u t six  tim es th e  r a t io  be tw een  
th e  c o n c e n tra tio n s  o f cu rare  an d  K Cl (1 m M  K€1 and  1 mM c u ra re ) .

S im ila r p h en o m en a  were no ticed  w h en  using  try p ta m in e  (10 an d  100 
//g/m l) an d  cu ra re  (100 //g/ml) to g e th e r , i.e . th e  a c tiv ity  in c rea s in g  influence  
o f t ry p ta m in e  does n o t decrease co n sid e rab ly  in th e  presence o f  c u ra re  and  
also th e  to n ic  c o n tra c tio n  of a d d u c to r  ta k e s  p lace (Fig. 2).

The effect o f  hexam éthonium

H e x am é th o n iu m  was in v es tig a ted  a t  co n cen tra tio n s  b e tw een  20 fig — 1000 
//g/m l. T h resh o ld  is below  a 20 //g/m l c o n c e n tra tio n . The effect o f  th is  d rug  
is c h a ra c te r iz e d  b y  a re la tiv e ly  high a c t iv i ty  ta k in g  place in  th e  f i r s t  m inute-
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a f te r  its  a d d itio n  follow ed by  a decrease in  th e  f if th  m inu te  to  ab o u t th e  level 
o f  c o n tro l. The sam e app lies  to  all co n c e n tra tio n s  in v estig a ted . L a s tin g  a c t iv 
i t y  a n d  la s tin g  closure w as n o t observab le . T h e  effect of h ex am é th o n iu m  (a t 
c o n c e n tra tio n s  o f 100 an d  200 /ig /m l ) on 1 m M  (F ig . 3) and  2 mM KC1 so lu tio n s  
w as a lso  s tu d ied . In  th is  case K +-effect w as in h ib ite d  and  th e  degree o f  in 
h ib it io n  depended  on th e  ra t io  betw een  th e  co n c e n tra tio n s  o f th e  tw o  a g e n ts . 
T h e  sm a lle r  th e  ra tio  b e tw een  th e  m ol c o n c e n tra tio n s  o f KC1 an d  C6 th e  sm a lle r  
is th e  in h ib itio n .

IKCl 2 т П Curare 
Ю0 pg/ml
KCl 2 mH

5 0 10 5 0 10 5 0 10

T r y p ta m in e  
100 p(j/ml Curare 100pq/fril 

Try pia mine
100 pg/ml

F i g .  2

W h en  using  t ry p ta m in e  so lu tions of 10 a n d  100 pg/m l c o n c e n tra tio n s  
to g e th e r  w ith  100 p g /m l a n d  200 pg/m l h e x a m é th o n iu m  each th e  re su ltin g  
d ec rea se  in  a c tiv ity  is in s ig n if ican t in  co m p ariso n  to  th e  effect p ro d u c e d  b y  
t ry p ta m in e  alone (F ig . 3).

The effect o f  n icotine

N ico tin e  teas used  in  10, 100, 200 an d  500 p g /m l co n cen tra tio n s. A fte r  
a r a p id  rh y th m ic  a c tiv i ty  a t  s ta r t  in  general fo r o n e  m in u te , th e  a c t iv i ty  fa lls 
h a c k  to  th e  level o f co n tro l. N o la s tin g  closure is p ro d u ced . T h resho ld  v a lu es  
a re  o b ta in e d  below  10 /ig /m l co n cen tra tio n .

T h e  effect c h a ra c te r is tic  o f K Cl is n o t  o b se rv a b le  w hen add ing  n ic o tin e  
to  K C l so lu tio n s , in s te a d  a h ig h  a c tiv ity  c h a ra c te r is tic  o f n ico tine w as reco rd ed  
in  th e  f i r s t  m in u te . T hus n ic o tin e  in h ib its  th e  la s t in g  a c tiv ity  p ro d u c e d  b y
K Cl (F ig . 4).

T h e  s tim u la to ry  in flu en ce  o f try p ta m in e  (10 p g /m l and  100 p g /m l co n 
c e n tra tio n s )  is n o t in h ib ite d  b y  n ico tine , an d  a la s t in g  h igh  a c tiv ity  is o b se rv 
ab le  w h en  using  th ese  tw o  ag en ts  to g e th e r. W h e n  add ing  n ico tin e  to  100 
pg /m l try p ta m in e  so lu tions th e  a c tiv ity  occu rring  f ro m  th e  7 th  m inu te  o f  o b se r
v a tio n  is co n sid e rab ly  h ig h er th a n  th a t  in d u ced  in  th e  absence of th is  su b s ta n c e
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(F ig . 4). N everthe less th is  effect c a n n o t he  a t t r ib u te d  w ith  a b so lu te  c e r ta in ty  
to  th e  p resence o f  n ico tin e , because th e  sam e  effect was o b se rv ab le  also in 
m a n y  cases w hen using  try p ta m in e  a lone . T h e  single conclusion t h a t  m a y  he 
d raw n  is, th a t  n ico tin e  does n o t in h ib it th e  e ffec t o f try p ta m in e  u n d e r  th e  con
d itio n s  in v es tig a ted .

le x a m e th o n iu m
îOOjig/fnl

Tryptamine

5  0 10 5 0 10 5 0 10 5 0 10

F ig . 3

5 0 10

I N ic o tin e  1 m h  

KCt ImM

200-

5 0  10 5 0 Ю 5 0 10

H e xa m é th o n iu m  
2 0 0  p t j / m l  
T r y p ta m in e  
100p g /m l

50

10

N ic o tin e  ЮС, g jm  

T r y p ta m in e  
loo jug/tnL

5 0  10

Fig. 4

The effect o f  Т Е  A C

T he a c tiv ity -in c reas in g  effect o f te tra e th y la m m o n iu m  ch lo rid e  (TEAC) 
on  th e  sp o n tan eo u s rh y th m ic  a c tiv ity  m a n ife s te d  itse lf  in a m o re  p o sitive  
a c t iv i ty  in  th e  f irs t 5 —-6 m inu tes o f o b se rv a tio n , decreasing la te r  to  a b o u t th e  
level o f con tro l. T his effect is observab le  a lre a d y  a t  co n cen tra tio n s as low  as 
10~4 M. No la s tin g  c losure was p ro d u ced  b y  th is  agent.
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T h e  effect o f 1шМ K C l so lu tio n  decreases co n sid e rab ly  on th e  a d d itio n  
of T E A C  (1 mM so lu tion). T h e  a c tiv ity  observed  in  th e  presence of th e se  tw o  
ag en ts  is con sid erab ly  low er th a n  in  th e  p resence  o f  KC1 alone, b u t  n o t  less 
th a n  th e  a c t iv i ty  caused  b y  T E A C  alone (F ig. 5). T h u s  in  th is  case th e  a c tiv ity -  
d ec rease  is a t tr ib u ta b le  to  th e  in h ib ito ry  effect o f  T E A C  on K +-effect.

T h e  degree o f a c tiv ity  cau sed  by  100 mM try p ta m in e  so lu tion  decreases 
s im ila r ly  in  th e  presence o f 100 pg /m lT E A C . T h is d ec rea se , how ever, is c o n s id e r
a b ly  sm a lle r  th a n  th a t  ta k in g  p lace w hen in f lu e n c in g  KCl-effect (F ig . 5).

КС I 1 m n

F ig. 5

The effect o f  T M A J

W h e n  using  té tra m é th y la m m o n iu m  io d ide  a lo n e  a t co n cen tra tio n s b e 
tw e e n  10 fig/m l and  500 p g /m l an  in itia l a c tiv ity - in c re a se  lasting  fo r one o r a t  
m o s t tw o  m in u tes  is o b se rv ab le . T h erea fter th e  a c t iv i ty  reaches th e  lev e l o f 
c o n tro l. T h resho ld  c o n c e n tra tio n  is below  10 p g /m l. T h e  num ber of c o n tra c tio n s  
re g is te re d  d u rin g  10 m in u te s  increses w ith  th e  in c re a se  of concen tra tion .

T M A J does n o t in d u ce  la s tin g  closure a n d  th e  glochidia are open  d u rin g  
th e  t im e  o f in v es tig a tio n , c losing  an d  opening  rh y th m ic a lly  th e ir  valves.

W h e n  using KC1 an d  T M A J to g e th e r (2 m M  KC1 w ith  2,5 mM T M A J, 
a n d  1 m M  KC1 w ith  1 mM  T M A J) th e  level o f  th e  rh y th m ic  a c tiv ity  in d u c e d  
is v e ry  h igh .

A s i t  is seen in  th e  F ig . 6, th e  a c tiv ity - in c re a s in g  effect of KC1 is n o t  
im p a ire d , i.e . a level o f a c t iv i ty  several tim es g re a te r  th a n  th e  contro l is re a c h e d  
in  th e  cou rse  of 10 m in u te s  o f  ex am in a tio n , w h ich  ev en  surpasses co n sid e rab ly  
th e  K  + -effec t used as co n tro l. H ence it m ay  he  s ta te d ,  th a t  th e  effect o f  KC1 
is n o t  in h ib ite d  b u t p o te n tia te d  b y  TM A J. T his b ecom es especially e v id e n t w hen  
co n s id e rin g  th e  n u m b e r o f co n trac tio n s  o ccu rrin g  d u rin g  10 m inu tes a f te r  th e  
co m b in e d  ap p lica tio n  o f th e  tw o  agents (T M A J a n d  KC1). N am ely , in  th is
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case, th e  n u m b e r o f  c o n tra c tio n s  is g re a te r  th a n  th e  sum  of c o n tra c tio n s  caused  
se p a ra te ly  b y  TM A J an d  KC1 u n d e r an  e q u a l p e rio d . W ith  reg a rd  to  th e  fac t 
th a t  T M A J is n o t ab le  even  a t h igh c o n c e n tra tio n s  to  produce la s tin g  a c tiv ity , 
i t  is suggested  th a t  th e  p o te n tia tio n  is d u e  to  th e  p o te n tia te d  e ffec t o f  K +. 
T he increase  in  tim e  of th e  n u m b e r o f closed g loch id ia  is th e  sam e in  th e  p re s 
ence o f  KC1 and  T M A J as in  th e  presence o f  KC1 alone. In  b o th  cases ab o u t 
2 0 %  o f th e  g lochid ia  are closed. This invo lv es  t h a t  p o ten tia tio n  is n o t  d u e  to

TMA 1m H  
KCl Im M

“ 1 1 1
Я Р  JSik T ryp tam ine  tm a  1m ti

100 jJCj/ml Tryptamine

J  -
5 0  10

-ШЛИ
5 0 10 5 0  10

F ig . 6

th e  fa c t th a t  th e re  are  in th e  presence o f T M A J m an y  glochidia in  o p en  cond i
tio n  re a d y  fo r p ro d u c in g  rh y th m ic  m o v e m e n t. Besides, sy n erg ism  applies 
on ly  to  effects w hich  are  reg u la tin g  rh y th m ic  a c tiv ity  and  to  th o se  p ro d u c in g  
to n ic  changes.

T he a c tiv ity  increasing  influence o f  100 //g/m l try p ta m in e  so lu tio n  is 
in h ib ite d  to  a sm all e x te n t  b y  1 mM T M A J. The n u m b er o f  c o n tra c tio n s  
p ro d u ced  w hen u sin g  th ese  tw o  agen ts to g e th e r  am o u n ts  to  75 %  o f t h a t  ob
served  w hen using  try p ta m in e  alone.

Discussion

T he resu lts  re p o rte d  here  fu rn ish  v a lu a b le  in fo rm ations in  m a n y  resp ec ts . 
T h e  one im p o r ta n t questio n  to  be answ ered  is in  w hich w ay th e  a g e n ts  th a t  
w ere an d  are s till th e  ob jec ts  o f w ide in v e s tig a tio n s  in p h arm aco lo g y  as regards 
th e ir  effect on s tr ia te d  an d  sm ooth  m uscles o f  m am m als and  on v a r io u s  nervous 
s tru c tu re s , m ay  in fluence  th e  rh y th m ic  a c tiv i ty  of th e  em b ry o n ic  sm ooth  
m uscles o f g lochid ia . I t  is w o rth  m en tio n in g  th a t  according to  H e r b e r s  [1] 
th e  g lochid ial sm o o th  m uscle is in  th a t  s ta te  o f  developm ent, w hen  th e  nervous
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e le m e n ts  are  still in  th e  in i t ia l  stage o f d if fe re n tia tio n  and  th u s i t  is d o u b tfu l 
i f  th e y  a re  in n e rv a te d  o r  n o t .  W hen su rv ey in g  th e  effects o f th e  d ru g s u sed , 
i t  is s tr ik in g  th a t  p o s itiv e  a c tiv ity  increase is observ ab le  only in  th e  f ir s t  
m in u te  a f te r  th e ir  a d d itio n . T his com m on fe a tu re  o f  every  drug in v e s tig a te d  
lead s to  th e  assu m p tio n  t h a t  th e  m olecular re c e p to rs  reacting  to  th e  d ru g s 
are  e i th e r  n o t d if fe re n tia te d  o r th a t th e  effect p ro d u c e d  is no t th e  sy m p to m  
o f sp ec ific  tissue  e x c ita tio n .

W h en  sum m ing u p  th e  re su lts , it  is fo u n d  t h a t  ce rta in  ag en ts  s tu d ie d  
are  c a p a b le  o f in flu en c in g  in  a considerable deg ree  th e  ac tiv ity -in c reas in g  e ffec t 
o f К  Cl a n d  try p ta m in e . A tro p in e , n ico tine, T E A C  a re  m ost effectual in  in h ib i t 
ing  K + -effect. H e x a m é th o n iu m  is less e ffec tu a l a n d  cu rare  has no in flu e n c e . 
In  th e  p resence  of TMA.l th e  p o te n tia tio n  o f К  ‘̂-e ffec t m a y b e  o b se rv ed . T he 
in flu e n c e  on th e  a c tiv ity - in c re a s in g  effect o f t ry p ta m in e  is som ew hat d iffe re n t, 
as th e  in h ib itio n  caused  b y  a tro p in e  and  T E A C  is less positive an d  n ico tin e  
p ro v e d  to  be com ple te ly  in e ffec tu a l. T ry p ta m in e  e ffec t is no t or o n ly  to  a 
sm all deg ree  in fluenced  b y  c u ra re  and  h e x a m é th o n iu m . TM A J, on th e  o th e r  
h a n d , h a s  a sligh tly  in h ib it in g  influence in  c o n tra d ic tio n  to  its  p o te n tia te d  
in fluence  on K Cl-cffect (T ab le  1).

D a ta  are  fu rn ish ed  b y  th e se  stud ies also on th e  excita tio n  p rocesses o f 
la rv a l a d d u c to r . W ith  re g a rd  to  th e  fac t t h a t  a ll d rugs used are a ffec tin g  
cho lin erg ic  m echan ism s, i t  is in fe rred  th a t  th e  e ffec ts  induced  b y  th e m  u n d e r  
th e  co n d itio n s  in v e s tig a te d  m a y  he exp la ined  b y  th is  p ro p e rty  of th e  d ru g s . 
T h is m e a n s , th a t  th e re  a re  a ssu m ed ly  cholinerg ic  m echan ism s invo lved  in  th e  
in c rea sed  a c tiv ity  p ro v o k ed  b y  KC1, because th is  a c t iv i ty  m ay m ost p o s itiv e -

ТаЫе 1

The effect o f  the drugs investigated on the spontaneous g lochidial activity produced  
by KCl and tryptam ine

Drug Effect on spon tane
ous ac tiv ity Influence on K +-effect

Influence on tryp tam ine  
effect

T M A J ........................ O nly in itia l ac tiv ity - 
increase

D efinite
p o ten tia tio n

Ineffectual

TEA C In itia lly  h igh ,
la te r  low  a c tiv ity

Inh ib ition Inh ib ition

H e x am é th o n iu m O nly in itia l 
a c tiv ity -in c rease

In h ib itio n Ineffectual

N icotine Only in itia l
a c tiv ity  increase

D efinite
in h ib ition

Ineffectual or
p o ten tia ted  effec t?

A trop ine In itia lly  h igh , la te r 
low a c tiv ity

D efinite
in h ib itio n

Inhibition

C urare Only in itia l
ac tiv ity -in c rease

Ineffec tua l Inhib ition
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ly  be in h ib ited  by  a tro p in e , n ico tin e  and  T EA C . I t  is re m a rk a b le , th a t  th e  
in h ib itio n  of these su b stan ces  on th e  ac tiv ity -in c rease  p ro d u ced  b y  try p ta m in e  
is n o t so effective. T his m ay  in v o lv e , th a t  p o tassiu m  an d  try p ta m in e  are  ac tin g  
in tw o  d ifferen t w ays. I t  is p ro b a b le  th a t  try p ta m in e -e ffe c t is less d ep en d en t 
on cholinergic m echan ism s th a n  К  '"-effect, i.e. it  is co m p le te ly  in d e p e n d e n t 
from  th e m , and  m ay  th e re fo re  be to  a m uch  lesser e x te n t  in fluenced  b y  cholino- 
tro p ic  drugs. This m ay  be co n n ec ted  w ith  th e  a ssu m p tio n  th a t  th e re  m ay  be 
b o th  cholinergic an d  try p ta m in e rg ic  s tru c tu re s  in v o lv ed  in  th e  reg u la tio n  of 
th e  ac tio n  of em b ry o n a l a d d u c to r  an d  th a t  th e  effect o f p o ta ss iu m  m a y  get 
rea lized  th ro u g h  s tru c tu re s  th a t  m ay  be p ara ly zed  b y  cholinerg ic  d ru g s.

The fac t th a t  p o tass iu m -effec t is p o te n tia te d  b y  T M A J, w hereas t r y p ta 
m ine-effect is in h ib ited  b y  th is  a g en t, m ay  sim ilarly  be ex p la in ed  b y  d iffer
ences ex isting  betw een  th e  m echan ism s of effect o f p o ta ss iu m  an d  try p ta m in e .

No fina l answ er can  be  g iven  on basis of th e se  re su lts  as reg a rd s  th e  
orig in  of rh y th m ic  a c tiv ity . N everth e less , it  is a fa c t, th a t  th e  “ sp o n ta n e o u s’ 
rh y th m ic  a c tiv ity  is n o t e lim in a ted  w hen using  th e  d ru g s in v e s tig a te d  alone, 
w hich  speaks ag a in st in n e rv a tio n  or a t  least a g a in s t its  exclusive cholinergic 
c h a ra c te r .
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D E R  E IN FL U S S V E R S C H IE D E N E R  D R O G E N  A U F D IE  R H Y T H M IS C H E  A K TIV ITÄ T  
D E R  G L O C H ID IE N  D E R  SÜ SSW A SSE R M U SC IIE L  (A N O D O N T A  C Y G N E A  L.)

V erfasser u n te rsu ch ten  die W irk u n g  v ersch iedener D rogen a u f  die sp o n ta n e  rh y th m isch e  
m oto rische  A k tiv itä t der L arv e n  S üßw asserm uschel ( A nodonta cygnea L .) fe rn e r a u f  die du rch  
KCl und T rv p ta m in  p ro d u z ie rten  e rh ö h te n  u n d  d au ern d en  A k tiv itä te n . Die G loch id ien  reag ierten  
a u f  d ie m eisten  u n te rsu c h te n  S u b s ta n z en  (A trop in , H e x am é th o n iu m , T E A C , N ik o tin , C urare, 
T M A J) m it einer n ich t spezifischen  an fän g lich en  A k tiv itä tse rh ö h u n g . K eine d e r u n te rsu ch ten  
A g en tien  h ab en  ton ische Z u sam m en zieh u n g  v e ru rsac h t. A tro p in , T EA C  u n d  N ik o tin  hab en  
d ie d u rc h  KCl gereizte D a u e ra k tiv i tä t  gehem m t. M an fan d  H ex am é th o n iu m  in  geringerem  
M aße hem m end u n d  C urare  w ar w irkungslos. Die W irkung  des K + w ar p o te n z ie r t  in der 
A nw esenheit von  TM A J. D er d u rc h  T ry p ta m in  p ro d u z ie rte  E in f lu ß  w urde  d u rc h  A trop in , 
T E A C , TM A J und  C urare  in  einem  g eringeren  M aße g eh em m t. H e x am é th o n iu m  u n d  N ik o tin  
w a ren  in  d ieser H in sich t w irkungslos. A u f G rund  dieser E rg eb n iß e  is t  zu v e rm u te n , d aß  zwei 
v e rsch iedene  M echanism en bei de r W irk u n g  de r beiden S u b s ta n z en  wie K C l u n d  T ry p ta m in  
tä t ig  sind , u n d  ferner, d aß  d ie sp o n ta n e  rh y th m isch e  A k tiv itä t  v o n  m y ogen ischem  U rsp rung  
is t  u n d  a u f  der N a tu r  des em b ry o n isch en  A d d u k to rs  b e ru h t.
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ВЛИЯНИЕ РАЗЛИЧНЫХ ХОЛИНОТРОПИЧЕСКИХ АГЕНТОВ НА РИТМИ
ЧЕСКУЮ АКТИВНОСТЬ ГЛОХИДИЕВ БЕЗЗУБКИ

Авторы исследовали влияние различных фармакологических веществ на фоновую 
ритмическую активность глохидиев беззубки и изучали эффект этих же агентов на выз
ванную хлористым калием и триптамином длительную ритмическую активность. Было 
установлено, что на большинство используемих фармакологических агентов (атропин, 
никотин, гексаметоний, кураре, ТМА, TEA) глохидии реагируют неспецифически, выра
жающиеся в начальном повышении их активности. Ни одного из изученных веществ 
не вызывало тонического закрывания глохидиев. Атропин, TEA и никотин вызывают 
явно выраженное торможение ритмической активности глохидиев вызванной хлористым 
калием. Менее выраженное торможение вызывал гексаметоний, а кураре оказался не
эффективным. В наличии ТМА эффект хлористого калия был увеличен. Эффект трип- 
тамина блокировался с TEA, ТМА, кураре и атропином. Гескаметоний и никотин явля
лись неэффективными. Исходя из вышесказанных авторы предполагают, что хлористий 
калий и триптамин различным путем вызывают сильную и длительную ритмическую 
активность глохидиев. Предпологается тоже, что фоновая ритмическая активность гло
хидиев имеет миогенную а не нейрогенную природу.
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THE EFFECT OF PREDNISOLONE (DELTA-1-HYDRO- 
CORTISONE) ON THE NEODIFFERENTIAL CARTILAGE

FORMATION
K a t a l i n  K o s t e n s z k y

IN STITU T; OF ANATOMY, HISTOLOGY AND EM BRY OLOG Y , MEDICAL UNIVERSITY, D E B R E C E N
(HEAD: ST. K R O M PEC H ER )

(R eceived N o v em b er 15, 1963)

Synopsis
In  15 dogs se m i-a rth ro p la s ty  acco rd in g  to  K r o m p e c i i e r  and P u k y  w as perfo rm ed  

a n d  th e  an im als were trea te d  per os w ith  p redn iso lone , 0.5 m g/kg b o d y  w e ig h t/d ay , 
over 70 d ays. F ive  dogs were not t r e a te d  a f te r  o p e ra tio n , and served  as c o n tro l. A fter 
t r e a tm e n t,  th e  an im als were killed a n d  th e  c a rtilag e  form ed a t th e  s ite  o f th e  jo in t  
su rface  cartilag e  rem oved  was su b jec ted  to  h isto log ical and ca rh o h y d ra te -liis to ch em ica l 
e x a m in a tio n s . E v en  by  gross in sp ec tio n  it w as obvious th a t  in the  t r e a te d  a n im a ls  th e  
a r tic u la r  surface  layer was th in n e r th a n  in th e  co n tro l. As fu rth e r d iffe ren ces th e  blood 
vessels w ere u su a lly  sm aller in  d iam e te r  a n d  v ascu la riza tio n  was d im in ish e d  by  a b o u t 
30 p e r c en t, as com pared  w ith  the  co n tro l. In  6 an im als of th e  10 t r e a te d  ones th e  a rea  
show ing c a rtilag e  fo rm atio n  was g re a te r  in  size th a n  in  the co n tro ls , b u t  co n ta in ed  
p re p o n d e ra n tly  younger cells (p rec h o n d ro b la s ts ) . T h is ch o n d rifica tio n  to o k  place in 
a fib ro u s  e n v iro n m en t, as opposed to  th e  h y a lin e  ch arac te r found  in  th e  c o n tro ls . The 
fib ro u s  g ro u n d  su b s tan ce  can be asc rib ed  to  th e  presence of younger fo rm s of chon- 
d rogenesis p ro d u c in g  co m p ara tiv e ly  less g ro u n d  sub stan ce . As d e te rm in e d  by  R i t t e r - 
O leson s ta in in g , in th e  trea te d  cases th e  PA S p o sitiv ity  ex p an d ed  a t  th e  expense 
of th e  H ale  p ositive  areas, b u t o th erw ise  no sig n ifican t difference fro m  th e  con tro ls 
w as fo u n d . In  four cases o ligocellu lar, den se  connective  tissue c o n ta in in g  collagen 
f ib re s  w as fo rm ed. T he la t te r  a r tic u la r  su rfaces were even th in n e r  t h a n  th e  average 
fo u n d  in  th e  p red n iso lo n e-trea ted  a n im a ls . T h u s , in response to  p re d n iso lo n e  t r e a t 
m en t, in  m o st cases chondrogenesis in c reased  in size, b u t was in  som e w ay  in h ib ited  
in re g ard  to  th e  process of m a tu ra tio n .

Introduction

In  th e  p a s t decade , m an y  resea rch ers  s tu d ie d  the  problem  o f th e  horm onal 
in flu en ce  upon tissue  reg en era tio n . T h e  e ffec ts  o f th e  p i tu i ta ry  tro p h ic  h o r
m ones, o f  th e  sexual stero ids, and  m o stly  o f  th e  ad rena l co rtica l ho rm o n es on 
th e  p rocesses o f p ro life ra tio n  an d  reg en e ra tio n  have been in v e s tig a te d .

I t  w as found  th a t  m ineralo- an d  g lycocortico ids an tag o n ize  m etabo lic  
an d  re g e n e ra tiv e  processes alike [28]. T h e  glycocorticoids in h ib it  th e  g row th  
o f p ro life ra tio n  tissu e , and  th u s to  th is  m a y  be ascribed , a t  le a s t in  p a r t ,  the  
b enefic ia l e ffect th e y  produce in p ro life ra tiv e  conditions, for e x a m p le  in rh e u 
m a to id  a r th r i t is .  A ccording to  th e  ev id en ce  published  in l i te r a tu r e ,  th e  de
s tru c tio n s  o f ca rtilag e , w hich have  a lre a d y  developed , or w hich a re  developing , 
do n o t im p ro v e , on th e  c o n tra ry , in som e cases a d e te rio ra tio n  is d e m o n s tra b le . 
As it is well know n , th e  g lycocortico ids in h ib it  m u co p o ly sacch arid e  p ro d u c 
tio n  [3].

On th e  basis o f those ou tlin ed  ab o v e  i t  seem s necessary  to  in v es tig a te  
how  th e  g lycoco rtico ids, n o tab ly  p red n iso lo n e , w ould ac t on th e  special p ro 
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life ra tiv e  tissue , w hich is p ro d u c e d  a t th e  s ite  o f  th e  rem oved a r tic u la r  c a r 
tila g e , a n d  w hich fu rn ish es  th e  basis for th e  d ev e lo p m en t of a h y p o x y b io tic  
tis su e  h ig h  in m u co p o ly sacch arid es: th e  a r t ic u la r  ca rtilage .

M ethods

I n  15 dogs se m i-a r th ro p la s ty  w as perform ed by  th e  m e th o d  of K r o m pech er  a n d  P u k y  
116, 17] in  th e  knee jo in t  o f th e  le f t h in d  leg. A fter exposing  th e  knee  jo in t,  th e  fem oral a r tic u la r  
su rface  c a r tila g e  was saw n o ff to g e th e r  w ith  a th in  la y e r  o f spongiosa and  a new  a r tic u la r  
su rface  w as c rea ted , th en  th e  jo in t  w as closed.

T en  dogs were tre a te d  w ith  0.5 m g/kg body  w e ig h t o f p redniso lone da ily , for 70 d a y s  
a f te r  o p e ra tio n . F ive  dogs se rv ed  as con tro l. A fter th e  t r e a tm e n t  h ad  been co m p le ted , th e  
a n im a ls  w ere k illed , a p re d e te rm in e d  p a r t  of th e  re g e n e ra tin g  a r tic u la r  surface of th e  fem u r 
w ith  th e  th in  lay e r of spongiosa u n d e r  i t  was rem oved , f ix e d  in  n e u tra l  form alin  and  Ca fo rm ol 
(1 : 9), th e n  th e  specim ens w ere su b je c te d  to  th e  follow ing tre a tm e n ts .

1. S ta in in g  w ith  azan , s ta in in g  w ith  h aem ato x y lin -eo sin .
2. S ta in in g  accord ing  to  R itte r  — Oleson [24].
3. A ce ty la tio n  -f- s ta in in g  b y  th e  R itte r  — O leson te c h n iq u e  (14, 24).
4. A ce ty la tio n  - f  d é sa c é ty la tio n  -f- R itte r  —O leson s ta in in g , to determ ine th e  c a rb o 

h y d ra te  n a tu re  of th e  PAS p o sitiv e  su b stance.
5. S a liv a ry  d igestion  -f- R i t te r  — Oleson sta in in g , to  e lim in a te  glycogen. D igestion  w as 

c a rr ied  o u t  a t  37 °C for 2 hours.
6. D igestion  w ith  H y ase  (H y a so n , O rganon, 150 U /in l, 16 h ours, a t  37° C) +  R i t te r  — 

O leson s ta in in g .
7. D igestion  w ith  p ep sin  (2 m g /m l of pepsin in  0.02 n  HC1, 37°C, 5 hours) -j- d ig es tio n  

w ith  t ry p s in  (in a p h o sp h a te  b u ffe r  o f p H  8, 1 m g/m l, 37°C, 15 hours) - f  s ta in in g  b y  th e  
R itte r  — O leson m ethod .

8. S ta in in g  w ith  0.1 per c e n t to lu id in e  blue so lu tion .
9. M ethy lene blue e x tin c tio n  s ta in in g  a t  pH  1.42 [21, 22].

10. D igestion  w ith  p ep sin  -f- t ry p s in  -|- m eth y len e  b lu e  ex tin c tio n  a t  p H  1.42.
11. H y ase  d igestion  m e th y len e  blue e x tin c tio n  a t  p H  1.42.
12. B a k e r’s phospholip id  s ta in in g  [14].

Results

I t  w as ev iden t b y  m ere gross inspection  th a t  in m ost of the  tre a te d  a n i
m als th e  a r tic u la r  surface la y e r  w as by  ab o u t 40 p e r  cen t th in n e r th a n  in  th e  
co n tro ls . T he resu lts  o b ta in e d  by  th e  above h is to lo g ica l and h istochem ical 
te c h n iq u e s  m ay  be described  in  b rie f  as follows.

F ig. 1. S a g itta l  section  of th e  new ly  fo rm ed  fem oral a r tic u la r  su rface  70 days a fte r th e  re m o v a l 
of th e  a r tic u la r  cartilage, show ing  th e  histo logical a p p ea ran c e  of th e  fib rous cartilage  w h ich  
has d ev elo p ed  a fte r t re a tm e n t w ith  prednisolone, 0.5 m g /k g  b o d y  w eight /d ay . G roups of 
y o u n g  ch o n d ro cy tes  are v isib le in  b e tw een  th e  collagen f ib re s , a rra n g e d  a t rectang les to  th e

su rface . H . E . sta in ing . X 112
Fig. 2. H igh-pow er view  of th e  u p p e rm o s t lay e r show n in  F ig . 1. A s v isib le , en capsu la ted  y o u n g  

ch o ndrocy tic  fo rm s a re  d e tec tab le  even  in  th is  lay e r. X 310 
F ig. 3. H igh-pow er view of th e  f ib ro u s  chondrogenesis in  a  p re d n iso lo n e -trea ted  an im al a t  th e  

a rticu la r  su rface-spong iosa  ju n c tio n . A zan  s ta in . X 310 
Fig. 4. H isto lo g ica l ap p earan ce  of a  sec tion  from  a co n tro l a n im a l, 70 days a fte r  rem o v a l 
o f th e  a r tic u la r  cartilage. One is le t o f cartilag e  is v isible in  th e  low er one-th ird  of th e  p ic tu re .

H . E . s ta in in g , X 112
F ig. 5. H ig h-pow er view  of th e  u p p e rm o s t layer of F ig. 4 sh ow ing  g ranu locy tic  cells. X 310 

Fig. 6. C o n tro l section , show ing th e  liigh-pow er view of th e  a r tic u la r  su rface -g ran u la tio n  tissu e  
ju n c tio n . A n  is le t of cartilage  is v isib le  in  th e  lower p a r t  o f th e  p ic tu re . H . E . s ta in .

X 310.
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1. In  th e  p re d n iso lo n e -tre a te d  an im als th e  h isto log ica l p a tte rn  o f c h o n d ri
f ic a tio n  d iverged  to  som e e x te n t  from  th e  know n  p a t te rn  of no rm al n e o d iffe ren tia l 
c a r tila g e  fo rm atio n  [9, 16, 17]. In  the  co n tro l sections cartilage  fo rm a tio n  
s ta r ts  in  th e  form  o f is le ts  o f  ca rtilag e  a t  th e  cartilage-spong iosa  ju n c tio n  (F igs. 
4 a n d  6) w hile in  th e  t r e a te d  cases i t  s ta r ts  a t  th e  sam e place (F ig. 3), b u t  th e  
c a r tila g e  fo rm ed  is m ore d iffuse an d  is f ib ro u s  in  c h a ra c te r  (Figs. 1, 2 a n d  3). 
In  b e tw een  th e  collagen fib res  a rran g ed  a t  rec tan g les  to  the  su rface , g ro u p s 
o f  cells com posed m ain ly  o f  p rech o n d ro b la s ts  an d  cho n d ro b lasts  can  he fo u n d .

Fig. 7. C onnective  tissue of f ib ro u s c h a ra c te r, follow ing predn iso lone  tre a tm e n t. H . E . s ta in .
X 112

Fig. 8. H igh-pow er view  of th e  c e n tra l  lay e r of F ig. 7. X 310
Fig. 9. S a g itta l  section  of th e  new ly form ed fem oral a r tic u la r  ca rtilag e , 70 days a f te r  th e  re 
m oval o f th e  a rticu la r  surface , show ing th e  b es t v a scu la rized  g ran u la tio n  tis su e  a rea . 
T he c o rp u scu la r  e lem ents o f blood re a c t  well to  B a k e r’s phosp h o lip id  sta in . C ontrol sec tion .

X 112
Fig. 10. S a g itta l  section  of th e  new ly  fo rm ed  fem oral a r tic u la r  su rface , 70 days a fte r  th e  rem o v a l 
o f th e  a r tic u la r  surface , follow ing t re a tm e n t  w ith  p red n iso lo n e  0.5 m g/kg body  w e ig h t/d a y , 
from  th e  a re a  o f th e  b e s t v a scu la rized  g ra n u la tio n  tissu e . B a k e r’s phospholip id  sta in in g . T h e  

blood vessels a re  d iffuse ly  n a rro w er in d iam e te r. X 112

In  3 cases th is  zone o f ch o n d rifica tio n  m akes up  a h ig h er p rop o rtio n  o f th e  
to ta l  a r t ic u la r  surface lay e r th a n  in  th e  con tro ls , a n d  in  3 o th e r cases i t  m akes 
up th e  l a t t e r  com plete ly . In  th e se  la t te r  3 cases th e  s ta in in g  of th e  g ro u n d  
su b s ta n c e  is p a le r, an d  c a p su la te d , y oung  ca rtilag e  cell form s can be fo u n d  
even in  th e  u p p e rm o st lay e r (F ig . 2), w hile in th e  co n tro ls  th is  layer co n ta in s  
g ra n u la tio n  tissu e  (F igs. 4 an d  5). In  4 dogs th e  a r tic u la r  surface la y e r  w as 
even th in n e r  th a n  th a t ,  an d  u n d e r i t  dense collagen fib re  connective tissu e  
ru n n in g  p a ra lle l w ith  th e  su rface  w as found  (F igs. 7 an d  8).

T h e re  w as also a d ifference  in v a scu la riza tio n  b e tw een  th e  tre a te d  an d  
u n tre a te d  specim ens. I t  is kn o w n  th a t  in th e  case of n o rm al regenera tive  c h o n d ri
fic a tio n  th e  p ro life ra tio n  tissue-spong iosa  ju n c tio n  i.e . th e  a rea  w here chondri-
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f ic a tio n  m an ifests  itse lf  in  th e  form  o f is le ts  o f  ca rtilag e  is th e  p o o re s t in  b lood  
vessels; v a scu la riza tio n  im proves in th e  d irec tio n  o f the  su rface , a n d  th e  
su p erfic ia l g ran u la tio n  tissu e  lay e r is th e  m o st rich ly  cap illa rized  [10, 19]
(F ig . 9).

In  th e  tre a te d  cases th e  b lood  vessels o ccu rred  diffusely in  sm a lle r  n u m 
bers an d  w ere o f sm aller d iam e te r  (F ig . 10).

2. Follow ing s ta in in g  b y  th e  R itte r-O le so n  m ethod , th e re  is a ch an g e  
in th e  p ro p o rtio n s  of th e  H ale  an d  PA S p o sitiv e  areas, as co m p ared  w ith  th e  
co n tro ls .

In  th e  con tro l sections in  th e  area  o f th e  isle ts o f cartilage  n e a r th e  m a tu re  
c a r tila g e  cells th e  g ro u n d  su b stan ce  is s tro n g ly  PAS positive , w h e re a s  th e  
g ro u n d  su b stan ce  of th e  la y e r  c o n ta in in g  ch o n d ro b las ts  and p re c h o n d ro b la s ts  
show s H a le  p o s itiv ity . T h u s , th e  PAS an d  H ale  p o sitive  layers are  a l te rn a t in g , 
p a ra lle l w ith  th e  surface. (As to  th e  d esc rip tio n  an d  problem s o f th e  c a rb o 
h y d ra te  h is to ch em is try  o f n e o d iffe ren tia l chondrogenesis see [11])-

In  th e  four cases show ing no ch o n d rifica tio n  th e  surface s ta in e d  pale , 
b u t  w as a lm o st exclusively  PAS p o sitiv e .

3. A cety la tio n  -j- R i t t e r —O leson. PA S p o s itiv ity  was p ra c tic a lly  a b se n t.
4. L ike in th e  case o f th e  con tro ls , PA S p o s itiv ity  recu rred  in  th e  tr e a te d

cases.
5. Follow ing d igestion  w ith  sa liva , PA S p o s itiv ity  d isap p eared  fro m  th e  

c a r tila g e  cells in b o th  th e  con tro l a n d  th e  tre a te d  cases. The PA S p o s itiv ity  
o f  th e  g ro u n d  su b stan ce  w as u n ch an g ed  fo llow ing digestion w ith  sa liv a .

6. Follow ing d igestion  w ith  h y ase , no difference was d e m o n s tra b le  in 
th e  in te n s ity  o f th e  H ale p o s itiv ity , caused  p re su m ab ly  by  acid p o ly sacch a rid es , 
b y  th e  R itte r-O leson  s ta in in g .

7. Follow ing d igestion  w ith  pepsin  -f- t ry p s in  th e  in te n s ity  a n d  e x te n t  o f 
th e  R i t t e r —Oleson s ta in in g  w ere th e  sam e as in th e  u n d ig ested  c o n tro l and 
in  th e  t re a te d  sections.

8. T he m etach ro m asia  o f th e  g ro u n d  su b stan ce  su rro u n d in g  th e  m a tu re  
c a r tila g e  cells was o f an  in ten s iv e  b e ta  ty p e , w hile th a t  a round  th e  p re c h o n d ro 
b la s ts  a n d  cho n d ro b lasts  show ed g am m a ty p e  m etach rom asia . I n  th e  tre a te d  
cases th e  gam m a ty p e  m etach ro m asia  ap p e a re d  to  m ore ex tensive  in  th e  above 
m en tio n ed  six  cases, w hile in  th e  4 cases show ing  no ch o n d rifica tio n  m erely  
a  m in im al gam m a m e tach ro m asia  w as v isib le . A m ong th e  cells th e  chon
d ro b la s ts  an d  ch o n d ro cy tes  s ta in ed  m e ta c h ro m a tica lly .

9. I t  appears th a t  in  th is  case i t  is exclusively  th e  acid m u c o p o ly sacch a 
rides th a t  possess m e th y len e  b lue e x tin c tio n  a t  p H  1.42. T he lo c a liz a tio n  and 
ty p e  o f  th e  m e tach ro m a tic  areas w ere th e  sam e as in th e  case o f  s ta in in g  w ith  
to lu id in e  b lue.

10. In  b o th  th e  t r e a te d  an d  th e  co n tro l cases a m inim al m e ta c h ro m a tic  
re a c tio n  was d e tec tab le  in  th e  zone o f  m a tu re  chondrocy tes.
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11. In  b o th  th e  c o n tro l  and  tre a te d  cases m e tach ro m a tic  s ta in in g  dis-c?
a p p e a re d  follow ing d ig e s tio n  w ith  hyase.

12. B ak er’s p h o sp h o lip id  s ta in ing  w as em p lo y ed  as a su p p le m e n ta ry  
p ro c e d u re , to  o b ta in  in fo rm a tio n  as to  th e  e x te n t  to  w hich th e  cells w ould  
c o n ta in  phospholip ids. T h e  m a tu re  ch o n d ro cy te  fo rm s show ed m in im al re a c tio n , 
th e  g ro u n d  su b stan ce , lik e  in  th e  con tro ls , re m a in e d  negative . A t th e  sam e 
t im e , th is  m ethod  o f s ta in in g  d em o n stra ted  e x c e lle n tly  th e  d ifferences in  v a s 
c u la r iz a tio n  betw een  th e  c o n tro l and  tr e a te d  specim ens (Figs. 9 an d  10).

Discussion

In  our ex p e rim en ts  i t  has been found  t h a t  in  response to  the  sy s tem ic  
a d m in is tra tio n  of p re d n iso lo n e  th e  a rticu la r  su rfa c e  la y e r  becam e m uch  th in n e r  
t h a n  i t  was in th e  c o n tro ls . T h is is p re su m ab ly  a sc rib ab le  to  an in h ib itio n  o f 
p ro life ra tio n  tissue fo rm a tio n  a t  th e  site  fro m  w h ich  th e  a rtic u la r  ca rtilag e  
h a s  b een  rem oved.

B ack  in 1940, L o e b  [ 2 3 ]  rep o rted  th a t  h o rm o n e s  m igh t increase or reduce  
th e  r a te  of norm al tis su e  m a tu ra tio n . The in h ib i to ry  ac tion  o f co rtisone  upon  
th e  g ro w th  of g ra n u la tio n  tis su e  was s tu d ied  b y  H o w e s  and  co-w orkers [1 3 ] ,  
a n d  o th e rs  [23] .  T hese w o rk e rs  s tu d ied  the tim e  o f d ev e lo p m en t, th e  re g u la r ity  or 
ir re g u la r i ty  and  v a sc u la r iz a tio n  of th e  callus fo llow ing  exp erim en ta l f ra c tu re s , 
its  w eig h t-b earin g  p o te n c y  a n d  found th a t  fo llow ing  tre a tm e n t w ith  c o r ti
sone  th e  callus dev e lo p ed  la te ,  was irregu la r a n d  less w eigh t-bearing  [5, 7].

T h e  action  on g ra n u la t io n  tissues in d u ced  b y  d iffe ren t m ethods has been 
e x te n s iv e ly  in v es tig a ted  [6, 23 , 27, 29]. In  tis su e  c u ltu re s  it  acted  m ost in te n 
s iv e ly  on th e  m eso d erm al e lem en ts , of th e  th re e  p rim ary  germ  lay e rs . In  
f ib ro b la s tic  cu ltu res in h ib it io n  o f grow th a n d  d eg e n e ra tio n  of cells h av e  been 
o b se rv e d  [8]. The d e lay  c a u se d  in  w ound h e a lin g  m ig h t be a t tr ib u te d  to  its  
a n tip h lo g is tic  effect a n d  to  i t s  in h ib ito ry  e ffec t on th e  fo rm atio n  of f ib ro b la s ts . 
T h is  m ig h t be responsib le  a lso  for th e  d is tu rb a n c e  in  collagenogenesis an d  
g ro u n d  su bstance  fo rm a tio n .

In  co rtiso n e -trea ted  c h ick  em bryos R o b e r t s  [25] found an  increase  
in  th e  free h y d ro x y p ro lin e  co n cen tra tio n  o f  th e  liv e r , h e a r t and  b ra in . I t  is 
lik e ly  t h a t  th is am ino a c id  c a n n o t tak e  p a r t  in  collagenogenesis, like i t  can  
u n d e r  no rm al cond itions.

T h e  reduced  ra te  o f  g ro u n d  substance fo rm a tio n  is due p re su m a b ly  to  an 
in h ib itio n  o f m u co p o ly sacch arid e  p roduction  [3].

L a y t o n  [20] h a s  d e m o n s t r a t e d  t h a t  in  r e s p o n s e  t o  co r t i sone  t r e a t m e n t  
t h e  s u l p h a t e  c o n te n t  o f  t h e  l i v e r  inc reases ,  w h i le  t h a t  o f  t h e  h e a r t  a n d  m u sc le  
d e c r e a s e s ,  w h ic h  s u g g e s ts  t h a t  in o rg an ic  s u l p h a t e  is n o t  in c o r p o r a t e d  in to  
c h o n d r o i t i n  su lp h a te ,  a n  i m p o r t a n t  m u c o p o ly s a c c h a r id e  c o m p o n e n t  o f  c o n n e c 
t i v e  t i s s u e ,  a n d  e sp ec ia l ly  o f  t h e  g ro u n d  s u b s t a n c e  o f  ca r t i la g e  [12, 15, 26].
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B o l l e t  [1, 2] has found  a d is tu rb a n c e  o f g ly co sam in e-6 -p h o sp h a te  
sy n th es is  in response to  co rtisone in  th e  r a t ’s liv e r and  in th e  co n n ec tiv e  tissu e  
grow n in po ly v in y l foam , and  a t t r ib u te d  th is  to  a decrease o f tra n sa m in a se  
a c tiv ity . T ran sam in ase  produces g ly cosam ine-6 -phospha te  from  g lu ta m in e  and  
h ex o se-6 -p h o sp h a te , th a t  is an  im p o r ta n t com ponen t of m u co p o ly sacch arid es .

T he fib ro u s chondrifica tion  o b served  in o u r ex perim en ts seem s to  he 
c o rre la ted  w ith  th e  reduced  p ro d u c tio n  o f g ro u n d  sub stan ce , an d  is n o t  e x p la in 
ed b y  an  increased  fibrogenesis. In  th e  fo u r cases a lread y  m en tio n ed , in  w hich 
no chondrogenesis could be d e m o n s tra te d , th e  presence of th e  f ib ro u s  connec
tiv e  tissu e  is likew ise due n o t to  an in creased  fib re  fo rm a tio n , b u t  in the  
f irs t p lace to  a d im in u tio n  o f g ro u n d  su b s ta n c e  fo rm ation  an d  p ro b a b ly  to  
a d iffuse d im in u tio n  of cap illa riza tio n . In  th e se  fou r cases severa l e x p la n a tio n s  
m ay  be p u t  fo rw ard  to  ex p la in  th e  absence  o f chondrogenesis. In  th e  firs t 
p lace, we should  m en tion  a red u c tio n  in , or an  absence of, p re ssu re  on th e  
a r tic u la r  su rface , as a specific s tim u lu s  o f  th e  la t te r ,  b u t th e  age, reg en e ra tiv e  
p o te n c y  an d  in d iv id u a l se n s itiv ity  to  th e  ho rm one of th e  an im als  m ig h t also 
h av e  been invo lved .

K r o m p e c h e r  and  co-w orkers [9, 16, 17] have d e m o n s tra te d  th a t  an 
absence  o f w alk ing , as a p ressu re  s tim u lu s  to  w hich th e  a r tic u la r  su rface  is 
exposed , m ay  influence chondrogenesis in  the  neg a tiv e  d irec tio n . I t s  p rim ary  
im p o rtan ce  is in d ica ted  also b y  th e  fa c t th a t  chon d rifica tio n  ta k e s  p lace in 
th o se  a r tic u la r  surface layers an d  a t  th o se  p o in ts , w hich are ex p o sed  to  the  
h ig h est p ressu re , co rrespond ing  w ith  th e  e n d -p o in ts  of th e  spongiosa trab ecu les  
p ro tru d in g  in to  th e  g ran u la tio n  tissu e .

K r o m p e c h e r  an d  T ó th  [1 9 ] ,  as  w e l l  as H a d h á z y  [9] d e m o n s t r a t e d  in 
m o d e l  e x p e r im e n t s  t h a t  a lso  t h e  o c c lu s io n  o f  b lo o d  v esse ls  a n d  t h e  r e d u c t i o n  o f  
v a s c u l a r iz a t i o n  w ere  t h e  m o s t  m a r k e d  in  t h a t  a r t icu la r  su r fa c e  l a y e r  an d  at 
t h o s e  p o in t s .

I t is also know n from  p re lim in a ry  in v estig a tio n s th a t  in  th e  course of 
re g e n e ra tiv e  chondrogenesis c a p illa r iz a tio n  g rad u a lly  d e te rio ra te s  loca lly , and 
is in  a cause-effect re la tio n sh ip  w ith  chondrogenesis (10].

T he decrease by  ab o u t 30 p e r c en t o f v ascu la riza tio n  o b se rv ed  in the  
p re d n iso lo n e -tre a te d  cases ou g h t to  h av e  led to  a re la tiv e ly  g re a te r  increase  of 
m u co p o lysaccharides, as a re su lt o f th e  increased  hypox ia  o f tis su es  [18], and 
o u g h t to  have  increased  chondrogenesis , b u t  th e  d is tu rb an ces  o f c e llu la r  m e ta 
bo lism  an d  th e  re su lta n t d im in u tio n  o f  g ro u n d  su b stan ce  p ro d u c tio n  p resu m 
a b ly  re ta rd e d  th e  m a tu ra tio n  o f  ca rtilag e .

T a u b e n h a u s  a n d  co -w o r k e r s  [2 9 ]  h a v e  fo u n d  t h a t  c o r t i s o n e  t r e a t m e n t  
r e d u c e d  t h e  n u m b e r  an d  in h ib i t e d  t h e  g r o w th  o f  ca p il la r ie s  in t h e  g r a n u la t io n  
t i s s u e  o f  tu r p e n t in e  a b sc e s s .

In  th e  6 cases show ing c h o n d rif ica tio n  th e  ex ten siv e  PA S p o sitiv ity  
d e m o n s tra te d  by  th e  R itte r-O leso n  s ta in in g  tech n iq u e  m igh t be d u e  to  a su b 
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s ta n c e  o f  m u co p o ly sacch a rid e  n a tu re , an d  m ig h t b e  a re su lt o f an  in c reased  r a te  
o f  m u co p o ly sacch arid e  b reak d o w n . T here h a v e  been  no m ark ed  d iffe ren ces 
in  th e  in te n s ity  o f s ta in in g  betw een  th e  t r e a te d  a n d  th e  co n tro l spec im en s. 
C onsidering , how ever, t h a t  th e  surface was th in n e r ,  i t  m ay  be assum ed  th a t  th e  
a b so lu te  m u co p o ly sacch a rid e  co n ten t has d im in ish e d , an d  to g e th e r  w ith  i t  
th e  a m o u n t o f th e  g ro u n d  su b stan ce  also d ec reased . In v e s tig a tio n s  are  u n d e r  
w ay  to  d e te rm in e  th e  a c tu a l  q u a n tita tiv e  re la tio n sh ip s .
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D IE  W IR K U N G  VO N  P R E D N IS O L O N  (D E L TA -1-H Y D R O  K O R T IS O N )
A U F  D IE  K N O R P E L B IL D U N G

An 15 H u n d e n  w urden  m it der M ethode v o n  K ro m pech er  H albgelenke g e b ild e t. N ach 
dem  E in g riff  w urde  d en  T ie ren  w ährend  70 T ag e  p e r os Prednisolon v e ra b re ic h t (0,5 ing/kg/ 
K ö rp erg ew ich t täg lich ). 5 H u n d e  d ien ten  als K o n tro lle  und  erh ielten  kein  P re d n iso lo n . N ach 
B eendigung  der B eh an d lu n g  w urden  die T iere  g e tö te t  u n d  die an der S te lle  d e r en tfe rn ten  
K n o rp e lfläch en  e n ts ta n d e n e  neue K n o rp e lsch ic h t w urde  m it h is to log ischen  u n d  kohlen- 
h y d ra t-h is to ch e m isch e n  M ethoden u n te rsu c h t. B e re its  bei der m akro sk o p isch en  B esichtigung 
w ar es au ffa llen d , wie d ü n n  die G e len k fläch en sch ich t der beh an d e lten  T iere  im  V erg leich  m it 
den  K o n tro lltie re n  is t .  Bei den b eh an d e lten  T ie ren  sin d  außerdem  die G efäße e n g er, u n d  der 
G efäß re ich tu m  u m  e tw a  30%  geringer als bei den  K o n tro lle n . U n te r den 10 b e h a n d e lte n  T ieren 
w ar d as G eb iet de r K norp e lb ild u n g  in  6 F ä lle n  g rö ß e r als bei den u n b e h a n d e lte n , en th ie lt 
ab er überw iegend  jü n g ere  Zellen (P re ch o n d ro b la s ten ). Die K n o rpelb ildung  g e h t in  diesem 
Fall in  faserigem  M ilieu vor sich, im  G egensatz  zu m  h y a lin en  T yp der K o n tro lle n . D ie faserige 
G ru n d su b s tan z  lä ß t  sich  m it der A nw esenheit d e r  jü n g e re n  K n o rp e lb ild u n g s-F o rm en  erk lären , 
diese b ilden  n ä m lich  v e rh ä ltn ism äß ig  w enig G ru n d su b s ta n z . Bei R itte r  O le so n -F ä rb u n g  is t 
das PA S-positive  G eb iet gegenüber den I la le -p o s it iv e n  G ebieten au sg ed eh n te r, so n s t lä ß t sich 
ab er im  V ergleich zu den K o n tro llen  kein  e rh eb lic h e r U ntersch ied  fe sts te llen . In  v ier Fällen 
e n ts ta n d  ein zella rm es, d ich tes B indegew ebe m it ko llag én én  Fasern . In d iesen  F ä lle n  waren 
die G elenkflächen  no ch  d ü n n e r als im  D u rc h sc h n itt  de r b eh andelten  T iere. N a ch  P red n iso lo n 
b eh an d lu n g  k an n  d em n ach  in de r M ehrzahl de r F ä lle  eine ausgedehntere , doch  in  ih rem  n o rm a
len R eifep rozeß  g leichsam  gehem m te K n o rp e lb ild u n g  fe stg es te llt w erden.

Д Е Й С Т В И Е  П Р Е Д Н И З О Л О Н А  (Д Е Л Ь Т А -1 -Г И Д Р О К О Р Т И З О Н А ) Н А  Н Е О Д И Ф 
Ф Е Р Е Н Ц И А Ц И Ю  х р я щ е й

А вторы  вы звали по м етоду К ром пехера  у  15 собак  образование п о л у су ста в о в , и 
после вм еш ательства, ж ивотны м  вводили в т еч ен и е 7 0  дней  предн изол он  в д о зе  0 ,5  мг на  
кг веса тела в д ен ь . 5  собак  сл у ж и л и  к он тр ол ем  и не получили п р ед н и зо л о н а . П осле  
п р ек ращ ен ия  дачи  пр едн и зол он а ж и вотн ы х у б и л и , и возникш ий на м есте удал ен н ого  
х р я щ а  сустав н ой  п овер хн ости  новы й х р я щ е в о й  сл ой  исследовали ги стол оги ч еск и м и  и 
угл еводн о-ги стохи м и ч еск и м и  методам и. У ж е  п р и  м акроскопическом  о см отр е  п ор аж ает  
тонк ость  сл оя  су ст а в н о го  хр я щ а у  обр абаты в ав ш и хся  ж ивотны х по ср а в н ен и ю  с конт- 
рол ям и. К ром е т о го , у  ж и вотн ы х, п ол уч и в ш и х п р едн и зол он , сосуды  бы ли в общ ем  более  
узк им и и в а ск у л я р и за ц и я  была около на 30 %  м еньш е, чем у  к он трольн ы х с о б а к . Среди 
10 обрабаты вавш и хся  со б а к  в пяти с л у ч а я х  о б л а сть  хр я щ еобр азован и я  бы ла больш его  
р азм ер а , чем у  к он тр ол ей , но она с о д е р ж а л а  преи м ущ ествен но бол ее м ол оды е клетки
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(п р ех о н д р о б л а с т ы ). Х р я щ ео б р а зо в а н и е  п р оисходит в э т и х  с л у ч а я х  в волокнистой с р е д е ,  
в п р о т и в о п о л о ж н о ст ь  ги али н овом у т и п у  у  контрольны х ж и в о т н ы х . В олокнистое о сн о в н о е  
вещ ество  о б ъ я сн я ется  п р и сутств и ем  более м олоды х ф ор м  хря щ еобр азов ан и я , которы е  
о б р а з у ю т  сравни тельно меньш е осн о в н о го  вещ ества. П р и  пом ощ и окраш ивания п о  м е
т о д у  Р и т т е р — О лесона у  обр абаты вавш и хся  ж и в отн ы х н абл ю дается  расп р остр ан ен и е  
Ш И К -п о л о ж и т ел ь н о сти  за  счет Г ел -п ол ож и тел ь н ы х о б л а с т е й ; в остальном  не у д а л о с ь  
вы явить зн ач и тел ьн ой  разницы , п о  сравнению  с к о н т р о л ем . В  четы рех сл у ч а я х  бы ла  
п о л у ч е н а  б е д н а я  клеткам и и п л о тн а я  соедин ительная т к а н ь  с коллагенны м и вол ок н ам и . 
В э т и х  с л у ч а я х  толщ ина су ст а в н о й  поверхн ости  бы ла д а ж е  меньш е средней толщ ины  
х р я щ е в о г о  с л о я  у  ж ивотны х, п о л у ч и в ш и х  п р едн изол он . С ледовательно, после дач и  п р ед -  
н и зо л о н а  в больш инстве сл уч аев  н а б л ю д а ется  более р асп р о ст р а н ен н о е  х р я щ ео б р а зо в а н и е , 
о д н а к о , норм альн ы й пр оц есс со зр е в а н и я , по-ви дим ом у, я в л я ет ся  заторм ож енн ы м .

K a t a l i n  K o s t e n s z k y , D eb recen  12, A n ató m ia , H u n g a ry
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(R eceived N o v em b er 26, 1963)

Synopsis

A u th o r su b m its  his in v es tig a tio n s  on  th e  p u p ae  and im agos o f L y m a n lr ia  dispar 
L . T he re su lts  of s tud ies on age, changes in  w e ig h t, fa t  and w ater c o n te n t  te s tify  on the 
specialized o rgan ism  of th e  gipsy m o th  ( L y m a n lr ia  dispar \ j.) .  This sp e c ia liz a tio n  derives 
from  th e  fa c t th a t  these  insects do n o t  feed  in th e  im aginai s tag e , h en ce  th e ir  food 
an d  energy  supplies a re  covered by  re se rv e  su b stan ces stored  d u rin g  th e  la rv a l stage. 
The reserve  is u tilized  p re p o n d e ra n tly  to  assu re  p ropagation . In  th e  w a n t of food 
u p ta k e , th e y  decom pose th e  su b s tan ces o f th e ir  own bodies during  life a t  a  ra te  w hich 
calls, from  th e  p o in t o f view  of p ro d u c tio n  b io logy, for the  coining o f  a  sp ec ia l term , 
defin ing  these  an im als as se lf-decom posers. (The te rm  is u n d o u b ted ly  a p p lic ab le  to all 
o th e r ho lom etabo lous in sects w hich do  n o t  feed in  the  im aginai s ta g e .)  T h o u g h  th is 
ch a ra c te ris tic  is va lid  for b o th  m ales a n d  fem ales, there  is still a c e r ta in  difference 
concern ing  th e  m an ag em en t o f th e  re se rv e s  be tw een  in d iv iduals o f th e  sexes, ju s t  
as th ey  d iffer also in  m orphological re sp ec ts . S u b seq u en tly  to  the  ceasin g  o f  food up tak e  
by th e  ca te rp illa rs , the  loss o f w eight o f  th e  m ales is so heavy th a t  th e  w e ig h t o f a dying 
m o th  is on ly  6.6 per cen t of the  g re a te s t  w e ig h t o f the  larva . T he d ec rease  o f w eight 
is fu r th e r  a g g rav a te d  by  th e  fa c t t h a t  th e  im ago , a fte r hatch ing  fro m  th e  p u p a , frees 
its e lf  from  all d ispensab le  m ate ria l, so t h a t  i ts  w eight will d im in ish  to  th e  sm allest 
possib le a m o u n t w hich, again , re su lts  in  i ts  being  able to  convert a c o n s id e ra b ly  lesser 
am o u n t o f energy  covering  the  w ork  o f m uscles involved in f l ig h t. T h e  m ales th u s 
u tilize  th e ir  availab le  energy  resources a lm o s t exclusively  for f lig h t in  se a rc h  of m ates. 
T he f a t  c o n te n t of m ale m o th  is v e ry  h ig h , 18.76%  of the  live w eigh t a t  a n  age of 33 
hours. T h is su p p ly  of fa t  will be g ra d u a lly  u tilize d  during  f lig h t, a lth o u g h  a frac tio n  
of i t  will s t i ll  rem ain  u n u sed  a t  th e  tim e  of d e a th  o f the  m oth . T he w a te r  c o n te n t  also 
s tro n g ly  decreases du rin g  th e  h a tc h in g  fro m  th e  pu p a  and in th e  f i r s t  h o u rs  o f th e  life 
o f th e  im ago. T here  is no m ore th a n  56 .5 %  w a te r  found in a 24 h o u r  o ld  m ale m oth. 
H ow ever, th e  re la tiv e  w a te r  c o n te n t w ill d im in ish  b u t sligh tly  or, in  th e  second half 
of th e  period  of f lig h t, n o t a t  all. T h is  is ex p licab le  by  the  fac t th a t  th e  in se c t utilizes 
th e  w a te r  p ro d u ced  in th e  o x y d a tio n  o f f a t t y  su b stan ces . W hile th e  m ale s  use  th e ir  food 
reserves an d  energy  supplies m ain ly  fo r f l ig h t , th e  fem ales co n v ert th e n  th e  p ro d u c tio n  
of eggs. T he p lac id , h a rd ly  m oving fem ales u tilize  fa r less m ate ria l to  c o v e r th e ir  m e ta 
bolic processes th a n  do th e  m ales. I f  no  eggs are  la id , their w eight w ou ld  d ecrease  only 
by  31.7%  d u rin g  th e  im aginai stage. Also th e ir  fa t  supply , re la tiv e ly  m u c h  less th a n  th a t  
of th e  m ales, decreases b u t in sig n ific an tly . An oviposited  fem ale, on th e  o th e r  hand , 
p re sen ts  q u ite  a n o th e r p ic tu re . T he w e ig h t o f such  an insect a t  i ts  d e a th  is generally  
b u t  19.2%  of th a t  a fte r  its  h a tch in g  fro m  th e  p u p a . A considerable p a r t  o f th e  fa tty  
su b s tan ces o f th e  an im al (ab o u t 80%  o f th e  in itia l supply) is also t r a n s m i t te d  in to  the 
eggs. An o v iposited  fem ale has on th e  o th e r  h an d  a higher w a te r  c o n te n t  th a n  the  
eggs; th is  again  p roves th a t  the  in sec t t r a n s m its  th e  substances o f  a h ig h er energy 
c o n te n t in to  th e  eggs.
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In troduction

C oncerning feed ing  a n d  m etabolism , h o lo m e tab o lic  insects occupy  a 
special p lace in  th e  a n im a l k in g d o m . T hey  are  p r im a r i ly  characterized  h y  th e  
su sp en sio n  of food u p ta k e  d u r in g  periods o f m e ta m o rp h o s is . In  the  v e ry  m e ta -  
m o rp h ic  stage  w hich in v o lv e s  ex trem ely  p ro fo u n d  ch an g es in th e ir  o rg an ism s, 
th e y  a re  d ep en d en t so lely  o n  th e ir  reserve food su b s ta n c e s . There is a spec ia l 
g ro u p  o f  th ese  in sec ts: th o se  w h ich  do no t feed ev en  d u r in g  th e ir  im aginai s ta g e . 
T he specia l m etabo lic  s ta g e , ch a rac te ris tic a l o f  th e  p u p ae , ex tends in  th e se  
in se c ts  to  th e  end of th e ir  re m a in in g  life cycle. S u ch  in sects  consum e th e re fo re  
th e ir  la s t  a lim en t w hen  s till  la rv a e , m aking su b s e q u e n tly  p rep ara tio n  to  p u p a e , 
o ften  sp in  cocoons, p u p a te ,  m etam o rp h o se , c o p u la te  and  oviposit as im agos, 
fly  v iv id ly , no t in f re q u e n tly  covering  d istances o f  m a n y  k ilom eters, — all on 
th e ir  re serv e  substances a n d  accum ula ted  en e rg y  s to re s . The su b stan ce  an d  
en erg y  m an ag em en t o f th e s e  in sec ts  is so p e c u lia r , th e i r  life in  th e  ecological 
co m m u n itie s  so s ig n if ican t, t h a t  th e y  in d isp u ta b ly  m e r it  a special and  d e ta iled  
s tu d y .

L ite ra tu re  in fo rm s on a n u m b er of p rob lem s concern ing  th e  m e tab o lism  
an d  th e  chem ical p rocesses occu rrin g  in  th e  o rg a n ism  o f th e  insect species in  
q u e s tio n . H ow ever, i t  is r a th e r  s trik ing  th a t  im ag o s  a re  fa r less know n in th is  
re sp ec t th a n  th e  o th e r  d e v e lo p m e n ta l s tages, a lb e it  th e  special fea tu re  o f  th e  
m e tab o lism  of insects n o t  fe e d in g  in th e  im ag inai s ta g e  are  th e  m ost conspicious 
in ju s t th is  la t te r  p h ase . I t  w as th is  very  c o n s id e ra tio n  w hich induced m e to  
u n d e r ta k e  th e  in v e s tig a tio n s  se t ou t below.

F o r  th e  su b jec t o f  s tu d y ,  I  have selec ted  th e  g ip sy  m o th  (L y m a n tr ia  
d isp a r  L .), excellen t in  m a n y  respects  for e x p e r im e n ta l purposes. I  also p a id  
due  a t te n t io n  to  th e  p ro n o u n c e d  sexual d im o rp h ism  p re v a le n t in th is  genus 
o f m o th s . T he sex u a lly  d im o rp h ic  im agos also e sse n tia lly  differ as to  life 
h a b its .  T he m ales are e x tre m e ly  active an im als f ly in g  for m ost of th e  tim e  
w hereas th e  fem ales are  s e d a te  an d  scarcely m ob ile . T h e  fem ales m ove so l i t t le  
th a t  th e y  lay  th e ir  eggs g e n e ra lly  in the v ic in ity  o f  th e  p upa  from  w hich  th e y  
em erged , an d  th e y  do n o t f ly  a t  all. S c h e d l  [ 3 7 ]  is o f  th e  sam e op in ion , an d  
m en tio n s  a single case, c itin g  F e r n a l d , w hen th e  m o th  m ade a sh o rt f l ig h t 
a f te r  o v iposition . H ence  th e  p rob lem  invo lv ing  th e  d ifference betw een  th e  
m ales a n d  fem ales as to  th e i r  u tiliz a tio n  of th e  re se rv e  substances is e spec ia lly  
in te re s tin g .

In  m y  s tu d y , I e n d e a v o u re d  to  pursue a d o u b le  p ro je c t. On th e  one h a n d , 
I in te n d  to  subm it th e  d e sc rip tio n  and  resu lts  o f  m y  in v estiga tions on th e  
im agos a n d , in  ad d itio n  on som e pupae of th e  species in  question . T he in v e s ti
g a tio n s  b e a r  on th e  d u ra tio n  o f  life of th e  im agos, th e  changes in  th e ir  w eig h t 
as w ell as th e  q u a n ti ta t iv e  fo rm a tio n  of th e ir  w a te r  a n d  fat-lipo id  c o n te n t. 
I c o n te n d , nam ely , th a t  th e  m an n e r of m an a g e m e n t o f  th e  w ate r a n d  f a t ty
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su b s ta n c e s  by  th e  insects is, espec ia lly  in th e ir  non-feeding periods, o f  decisive 
im p o rta n c e . On th e  o th e r  h a n d , 1 h av e  tr ie d  to  co n stru e  a su rv ey  o f  li te ra tu re , 
com pend ious y e t o f a r a th e r  w id er fie ld , on som e problem s o f th e  econom y of 
su b s ta n c e  an d  energy  o f  the  in sec ts ; in  th is  review  m y own e x a m in a tio n s  are, 
as if  im b ed d ed , p resen ted  to  th e  read e r. T h u s, w hile these  la t te r  m ig h t con
tr ib u te  to  th e  form er, l i te ra tu re  w ill, by  y ie ld ing  a basis for co m p ariso n  w ith 
m y  s tu d ies , afford a m ore g en era l in s ig h t in to  ou r p re sen t in fo rm a tio n  gained 
h ith e r to  in th is  field  o f  re sea rch .

M ethod

In v e stig a tio n s  were c o n d u c ted  in  su m m er 1956. T he ex p erim en ta l sp ec im en s cam e 
from  a Q u erce to -P o ten tille tu m  a lb ae  fo res t in th e  B uda  hills. I collected  th e  an im a ls  as pu p ae, 
e x ce p t for som e c a te rp illa rs , an d  p laced  th em  in th e  lab o ra to ry . T he h a tc h e d  fem ales were 
tra n s fe rre d  in to  sm aller, p a r t  o f th e  m ales in to  higger, in sec ta ria  w ith  m eshed  w ire  w alls in 
fram es. Som e of th e  m ales, w hich  w ere designed  to  be k e p t alive for a  longer p e rio d , hav e  been 
se t free , a f te r  m ark in g  th e ir  w ings, in th e  lab o ra to ry , th u s  affo rd ing  th e m  free  m ovem en t 
a p p ro ac h in g  th e ir  n a tu ra l co n d itio n . T h e  an im als have  m oved ra th e r  a t  ease in th e  lab o ra to ry , 
n ev er fly ing  a t  or b ea tin g  ag a in s t th e  w indow s.

T he tem p e ra tu re  o f th e  la b o ra to ry  v a ried  betw een  24 — 27°C d u rin g  th e  p e rio d  of 
in v es tig a tio n s  .

F o r m easu rem en t p u rp o ses, th e  in sec ts  have been p u t  in to  closed re ce p ta c le s . W ater 
c o n te n t  has been estab lished  by  m easu rin g  th e  selected  ex p erim en ta l an im als f i r s t  in th e  living 
s ta te ,  th en  a f te r  a desiccation  for 6 ho u rs  a t  104°C. T h o u g h  the  m ea su re m e n t v a lu e s  re p re sen t 
d e sicca tio n  losses, th e  a m o u n t o f o th e r , easily  v o la tile  co m ponen ts besides w a te r  is ra th e r  
s lig h t. H ence th e  ra te  of the  loss o f w e ig h t occurring  du rin g  d esiccation  w ill, in  th e  follow ings, 
be considered  p u re ly  as a loss o f w a te r . D e te rm in a tio n  of th e  a m o u n t o f f a t t y  a n d  lipoid 
su b s ta n c es  was m ade by th e  S o x h le t e x tra c tio n  m eth o d . P rio r to e x tra c tio n , th e  a n im a ls  were 
hom ogen ized  by JNa^SO.,. P e tro le th e r  w as used  as th e  e x tra c tin g  m ed ium . (T h ere fo re  all fa t 
c o n te n t  va lues in d ica ted  below  re p re se n t th e  to ta l  lipoid c o n te n t o f th e  an im a ls  so lub le  in 
p e tro le th e r .)  T he period  of e x tra c tio n  was 6 — 8 hours.

R esu lts  an d  discussion

W eight conditions durin g  m etamorphosis'

L et us f irs t  consider th e  a lte rca tio n s  occu rring  in  th e  w eigh t o f  g ip sy  m o ths 
a n d  ho lom etabo lic  in sec ts  in  g en era l, su b seq u en t to  th e  d isc o n tin u a n c e  of 
feed ing , th a t  is, a f te r  th e  la rv a  a t ta in s  its  m ax im um  w eigh t. A lre a d y  a t  th e  
b eg in n in g  of th is  d ev e lo p m en ta l s tag e , a ra p id  loss o f w eigh t occurs in  th e  case 
o f  ev e ry  insect. A ccord ing  to  S c h e d l  [37], th e  w eight o f th e  L y m a n tr ia  dispar  
p u p a e  is, a t th e  beg inn ing  o f th e  p u p a l s tage , no m ore th a n  3 5 % o f t h a t  o f th e  
w h o lly  developed  ca te rp illa r. F o r  m y  p a r t ,  I  m ade only  in fo rm a to ry  e x a m in a 
tio n s  in  th is  resp ec t on L y m a n tr ia  dispar, an d  found  a less consid erab le  
loss o f  w eigh t. H ow ever, th e  p ro p o rtio n  betw een  th e  w eights o f  th e  tw o  m eta- 
m o rp h ic  stages was ra th e r  su g g estiv e  o f  th a t  I  observed  in  H y p h a n tr ia  cunea, 
on  a g re a te r  m a te ria l [14]. In  th is  la t te r  in sec t, va lue  in  q u es tio n  w as 52% . 
W ith  th e  re se rv a tio n  th e re fo re  t h a t  fo r th e  fin a l so lu tion  o f th e  p ro b le m  fu r th e r
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in v e s tig a tio n s  are n eed ed , I  a c c e p t th is la t te r  v a lu e  as such  th a t  in d ica tes  th e  
p u p a l  w eigh t of th e  g ip sy  m o th  as re la ted  to  th e  m a x im u m  la rv a l w eight.

D u rin g  m e tam o rp h o s is , an ad d itio n a l d ecrease  in w eight occurs in  th e  
p u p a . As testified  by  l i te r a tu r e  d a ta , the ra te  o f decrease  in  w eight considerab ly  
d iffe rs  p e r species. A cco rd in g  to  R o e d e r  [35], th e  w eig h t o f th e  insects du ring  
th e  p u p a l  stage is a lm o st c o n s ta n t .  In  th is re sp ec t, R o e d e r  refers to  th e  s tu d ies , 
m a d e  on diverse species, o f  V a n e y  and  M a i g n o n , B i a l a s z e w i c z , D r i l h o n , 
e t a l., an d  connects th e  p h en o m en o n  w ith  th e  in s u b s ta n tia l  am o u n t of w a te r  
loss in  th e  pupal s tag e . J a n s k y  [22] arriv ed  a t  o th e r  re su lts  w ith  respect to  
th e  h o u se  fly . He fo u n d  n a m e ly  th a t  the  p u p ae  lose o n e -th ird  o f th e ir  w eigh t, 
d u e  to  th e  very  loss o f w a te r , d u rin g  m etam o rp h o sis . (I sha ll la te r  re v e r t y e t to  
th e  p ro b lem  of w a te r loss.) O ne should, how ever, ta k e  in to  considera tion  th e  
f a c t  t h a t  also th e  d ry  w e ig h t o f th e  pupae o f th e  house  fly  decreases n o t in 
co n sid e rab ly , and, as is w ell k n o w n  for a n u m b e r o f  o th e r  in sects , to  a g rea te r  
d eg ree  in  the  in ita l and  te rm in a l  phases of the  p u p a l  s tag e  th a n  in th e  m ed ium  
one . J a n d a  and  Ma r e k  [ 2 0 ]  fo u n d  a loss o f w e ig h t o f 7 —8 %  in  th e  p u p a l 
s ta g e  o f  Leucoma salicis. J a s i c  an d  M ackó  [2 1 ]  re p o r te d  th a t  th e  sum m er p u p ae  
o f  H yp h a n tr ia  cunea lose w e ig h t in d ifferen t ra te s , d epend ing  on th e  period  
o f  m etam orphosis . If, w ith in  certa in  lim its , th e  te m p e ra tu re  is h igher and  
m e tam o rp h o sis  qu icker, th e  an im als  suffer a s lig h te r  loss of w eight th a n  at 
low er tem p era tu res  and  d u r in g  a longer period o f m e tam o rp h o sis . F o r in stance , 
th e re  teas found a loss o f 18 .18%  for a p u p a l p e rio d  o f 13 days, b u t 23.28 % 
in th e  case of 19 d ay s. E a r l ie r  [14], I have also s tu d ie d  th e  pu p ae  of th e  fall 
w eb w o rm  and  e stab lish ed  t h a t  th e  pupae h a d  lo s t, b y  th e  end  of th e ir  m e ta 
m o rp h o sis , about one fo u r th  o f  th e ir  in itia l w e ig h t. T he p u p a l period  la s ted  
16 d a y s  in  th a t  case. T h e  s lig h t difference a p p e a rin g  in  th e  resu lts  of th e  tw o 
e x p e rim e n ts  m igh t, in  m y  o p in io n , be ex p la in ed  b y  th e  possible d ifference 
in  th e  re la tiv e  h u m id ity  o f  th e  a ir su rro u n d in g  th e  p u p ae . C oncerning th e  
ch an g es  in  weight o f th e  p u p a e  of L ym an tria  d isp a r , I have  b u t one or twro 
m e a su re m e n t d a ta  of m y  o w n , still in need of su p p le m e n ta ry  evidence. A ccord
in g ly , th ese  pupae also su ffe re d  a loss in w eig h t o f  ab o u t 25%  during  m e ta 
m o rp h o sis . I t  shall be on th is  basis th a t  I su b m it, in  th e  follow ings, th e  ra te  
o f  th e  change in th e  p u p a l  w eight.

As to  the  ac tu a l w e ig h t o f  th e  gipsy m o th  p u p a e , 1 o b ta in ed  th e  follow ing 
d a ta :  th e  weight of p u p a e  im m ed ia te ly  prior to  h a tc h in g  w as, on th e  basis 
o f  9 m easu rem en ts p e r 8 — 10 specim ens each , 232.8 m g (m ean v a lu e ; T ab le  3). 
T h e  re le v a n t lite ra tu re  p re se n ts  E c k s t e i n ’s [10] w ork  dealing  also w ith  th e  
w e ig h t o f Lym antria d ispar  p u p a e . L a te r M i t h a t  [30] re p o rte d  im p o r ta n t d a ta . 
H is ex p e rim en ta l p u p ae  h a d  a w eight of 305 — 650 m gs, m uch  h igher th a n  those  
1 h a v e  m easured. This d iffe ren ce  m ight derive fro m  th e  w ell-know n f lu c tu a tio n  
in size o f  the  gipsy m o th . T h e  w eight of th e  fem ale  p u p ae  is, accord ing  to  
M i t h a t  [30], abo u t tw ice  to  th r ic e  g rea ter th a n  th a t  of th e  m ales, am o u n tin g
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to  7 1 0 — 1850 grs. O n th e  o th e r  h a n d , S c h e d l  [3 7 ]  found co n sid e rab ly  sm alle r 
d ifferences b e tw een  th e  p u p ae  of b o th  sexes, th e  m ean w eigh t o f  th e  m ales 
being  1/3 to  1/2 less th a n  th a t  o f th e  fem ales. T he size of th e  p u p a e  depends 
also on te m p e ra tu re : h eav ie r  p upae  a re  a t ta in e d  a t  23 — 28°C th a n  below  23°C.

The life span  o f  imagos

T he g ipsy  m o th s  fresh ly  h a tc h e d  from  th e  p u p ae  are, as all o th e r  lepido- 
p te ro u s  im agos, r a th e r  to rp id  at f irs t. M eanw hile , th e  wings a t ta in  th e ir  n a tu ra l 
ex p an sio n , and  th e  an im als d ischarge all su p erflu o u s decom position  su b stan ces  
o rig in a ted  d u rin g , and  re ta in e d  since, th e  p u p a l stage. My e x p e rim e n ta l m ale 
m o th s h av e  ex c re ted  th e  m a jo r p o rtio n  o f  th e se  flu ids d u ring  th e  f irs t  hours 
o f th e ir  im ag ina i life, b u t  n o t in fre q u e n tly  freed  them selves fro m  sm aller 
p o rtio n s  only  m uch  la te r . T he process u su a lly  te rm in a te d  b y  th e  n in th  hour 
o f th e ir  lives, b u t, e.g ., m ale gipsy m o th  N o. 3 s till excre ted  som e d eco m position  
m ate ria ls  w hen aged 24 hours (tru e , i t  w as n o t  to o  ac tive  u n til  th e n ) .S u b se q u e n t 
to  th e  d ischarge o f th e  useless su b stan ces, f l ig h t began. The in te n s i ty  o f flig h t 
h ad  u su a lly  r a th e r  increased  for a w hile, th e n  seem ingly  ab a te d , b u t  th e  an im als 
flew , w ith  som e in te rv a ls  o f re s t, u n til  th e y  w ere to ta lly  ex h a u s te d .

T ab le  1 p re sen ts  d a ta  on th e  life sp a n  o f som e m ale im agos. I t  appears 
th a t  th e  life sp an  o f co p u la ted  an d  u n c o p u la te d  m oths w as n e a r ly  equal. 
I t  w ould seem  th e re fo re  th a t  copu la tio n  w ill n o t, o r a t least n o t consp icuously ,

Table 1

The life span o f  male L ym a n tr ia  d ispar imagos

Copulated Uncopulated

male imagos

Live weight 
a t  death

(me)

life span 
(hours)

Live weight 
a t  death  

(m g)

Life span 
(hours)

44.2 52 32.8 52

37.4 54 39.2 54

40.4 65 30.1 64

63.0 74 36.9 69

31.3 78 37.6 73

42.5 80 39.8 80

54.6 81 28.0 82

42.9 83 32.4 82

42.6 82

41.1 85

A verage life span: 
71 hours

A verage life span: 
72 hours
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in f lu e n c e  th e  life period  o f  th e  m ale g ipsy  m o th . M i t h a t  [30] m ade s im ila r  
o b s e rv a tio n s . N or is th e re  a n y  a p p a re n t in te rre la tio n sh ip  betw een  w e ig h t an d  
life  s p a n  o f th e  an im als. I n  th e  cond itions o f th e  p re se n t ex p e rim en ts , th e  
a v e ra g e  life span of th e  m a le  im agos was a b o u t 72  h o u rs . A ccording to  E c k 
s t e i n  [ 3 7 ] ,  th e  m ales live 3 — 9  d ay s. M i t h a t  [3 0 ]  su b m its  m ore d e ta iled  d a ta . 
H e  fo u n d  th a t  an in crease  o f  te m p e ra tu re  b e tw een  12 — 37°C sh o rten s  life, 
w h ile  h ig h e r re la tive  ae ria l h u m id ity  len g th en s i t .  T he life span o f th e  m a le s  
is in v a r ia b ly  3 days a t  2 4 °C  a n d  4 9 — 6 0 %  re la tiv e  aeria l h u m id ity , an d  at 
2 7 ° C  a n d  70 — 7 5 %  ae ria l h u m id ity , as in fe rab le  from  his g rap h  in  th is  
r e s p e c t . These d a ta  th e re fo re  ag ree  w ith  m y  ow n ex p e rim en ta l re su lts .

T h e  fem ales live lo n g er th a n  th e  m ales. T his o b se rv a tio n  m ight be  a c c o u n t
ed  fo r  b y  oviposition  ( th e  lo n g  tim e  n ecessary  fo r th e  process of egg -lay ing), 
a n d  th e  a d a p ta tio n  to  th e  p reced in g  long w a it fo r th e  m ales. As will be d is 
c u sse d  la te r , the  d ischarge  o f  th e  decom position  m a te ria ls  re ta in e d  fro m  th e  
p u p a l  s ta g e  takes also lo n g e r in  th e  fem ales th a n  in  th e  m ales. T he life sp an  
d a ta  o f  som e copu la ted  a n d  u n c o p u la te d  fem ales are  p resen ted  in T a b le  2. 
I t  is  in te re s tin g  to  n o te  t h a t  co p u la ted  fem ales live  a p p a re n tly  longer th a n  
th o s e  w h ich  had  no t m a te d . T h is  is rem ark ab le  fo r th e  cause th a t  l i te r a tu r e  
o f te n  ad v an ces  s ta te m e n ts  to  th e  effect th a t  th e  life o f  in sec t im agos is g en era lly  
le n g th e n e d  by  the  w a itin g  fo r  th e  execu tion  o f  th e  rep ro d u c tiv e  fu n c tio n s . 
O n th e  o th e r  hand , B a lá zs  a n d  B urg  [2] h av e  show n th a t ,  in th e  case o f 
G alleria mellonella, c o p u la tio n  does no t a ffec t th e  life sp an  of im agos.

T h e  fem ale gipsy m o th s  d iscussed  here  liv ed , b y  th e  w ay, fo r a s h o r te r  
p e r io d  th a n  those s tu d ie d  b y  E c k s t e i n  [3 7 ] .  T his a u th o r  con tended  n a m e ly  
t h a t  th e  fem ale gipsy m o th s  liv e  for 8 —13 d ay s . T h is d ifference m igh t also  be 
e x p la in e d  b y  the  d ivergence  o f  th e  aerial h u m id ity  c o n te n t and  te m p e ra tu re , 
s in ce  i t  is know n th a t  th e  life sp an  of th e  fem ales is ju s t  as deeply  in flu en ced  
b y  b o th  fac to rs  as th a t  o f th e  m ales. I m ay  ag a in  re fe r to  M it h a t  [30] w ho 
fo u n d  t h a t  th e  fem ales live , fo r  in s ta n c e , for one d a y  a t  37°C and  a t  a h u m id ity  
o f  4 9  — 6 0 % , and  for n e a rly  9 d a y s  a t  12°C an d  a t  th e  sam e h u m id ity  — w h ereas  
a t  th e  sam e  tem p e ra tu re  a n d  a t  a sa tu ra te d  h u m id ity  th e ir  life w ill be le n g th 
en e d  to  17 days.

Table 2

The life span  o f  fem ale  Lym an tria  d isp a r imagos

L ife  sp a n  
(h o u rs) 
o f  fe 
m ales

Copu
lated 100 112 119 125 125 128 130 132 132 138 A v er- age 124

U n 
copu
lated 99 103 106 115 115 117 120 123 129

life
span

i(hours)
114
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The weight o f  imagos

In  o rd e r to  e s tab lish  th e  ch a ra c te ris tic s  o f  th e  changes o ccu rrin g  in th e  
w eight o f th e  m ale im agos d u ring  th e ir  life , I  have  regu la rly  m easu red  th e  
w eigh ts o f four m o th s (T ab le  3). T here is a d e f in ite  s im ila rity  in th e  d e v e lo p 
m en t o f  th e  w eigh t o f th ese  fou r specim ens. T h e ir  w eight very  co n sid e rab ly  
decreased  in  th e  f ir s t  9 ho u rs . This is th e  p e rio d  o f  th e  d ischarge o f d eco m p o si
tio n  su b stan ces . F u r th e r  on, th e  an im als lo st g ra d u a lly  less an d  less, b u t  th e  
ra te  o f  th e  decrease o f th e ir  w eight rem ain ed  la rg e ly  un iform  th ro u g h o u t.

Table 3

The form ation  o f  the live weight o f  some L ym a n tria  dispar male imagos

M oth 1 Moth 2 Moth » M oth 4

Age
(hour)

Live
weight

(mg)

Per cent 
weight of 
imago as 
related to 

weight 
at hat hing

Age
(hour)

Live
weight
(mg)

Per cent 
weight of 
imago as 

related 
to  weight 

at
hatching

Age
(hour)

Live
weight
(mg)

Per cent 
weight 

of imago as 
related 

to weight 
a t hatching

Age
(hour)

Live
weight
(mi0

P er cent 
weight 

of imago 
as related 
to  weight 

a t  hatching

0 139.7 100.0 0 145.2 100.0 0 151.4 100.0 0 155.1 100.0

4 87.2 62.4 4 86.0 59.2 9 77.9 51.5 9 78.6 50.7

9 65.3 46.7 9 69.7 48.0 24 71.3 47.1 24 72.5 46.7

15 63.2 45.2 15 67.1 46.2 34 65.1 43.0 34 64.0 41.3
24 55.3 39.6 24 64.5 44.4 48 61.0 40.3 48 58.5 37.7

38 50.8 36.4 38 53.9 37.1 58 53.8 35.5 58 50.1 32.3

48 43.6 31.2 48 45.5 31.3 72 47.1 31.1 72 45.8 29.5

62 39.4 28.2 62 40.1 27.6 82 42.6 28.1 85 41.1 26.5

69 36.9 26.4 69 38.4 26.4

73 37.6 25.9

T he w eigh t d a ta  o f th e  reg u la rly  m easu red  im agos as well as o th e r  m eas
u re m e n t va lues m ade i t  possible to  c o n s tru c t a g enera l fo rm ula ex p ress in g  th e  
changes in  th e  w eigh t of th e  m ales. In  m y  ca lcu la tio n s , I  re lied  on  th e  m ean  
values of th e  p ro p o rtio n s  for th e  w eights m easu red  a t  d iffe ren t age  phases 
of th e  m o th s  p re sen ted  in T ab le  3. As a s ta r t in g -p o in t , I  e s tab lished  th e  av erag e  
w eigh t o f th e  an im als a t  th e  tim e  of th e ir  d e a th . T his was found  to  be  39.6 
m g on th e  basis o f th e  d a ta  show n in T ab les  1 an d  3, and tho se  o f  th e  m o th s 
used  fo r o b ta in in g  th e  w a te r  an d  fa t  c o n te n ts .

W o rk in g  b ack w ard s  from  th is  p o in t, I  ca lcu la ted  th e  m ean  w e ig h ts , by  
re fe rrin g  to  th e  p ro p o rtio n s  m en tioned  a b o v e , o f  th e  specim ens a t  th e ir  d iffe r
e n t age levels. T he re su lts  o f th e  ca lcu la tio n s, to g e th e r  w ith  th e  av e rag e  p u p a l 
w eight an d  th e  p ro p o rtio n s  o f th e  w eights o f  th e  m o ths a t d iffe ren t age levels 
as re la te d  to  th e ir  w eights a t  h a tch in g , a re  su b m itte d  in T ab le  4 . T h e  d a ta
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o f  T a b le  4 w ere co m p ared  w ith  ce rta in  o th e r  d irec t m easu rem en t v a lu e s , 
a n d  I fo u n d  a close s im ila rity  betw een  th e  tw o . A ccording to  T ab le  4 , th e  
w e ig h t o f  the  m ale m o th s  w as 148.3 m g a t  h a tc h in g , and  th e  m ean  w eigh t 
o f  58 specim ens m easu red  a t  th e  sam e age w as fo u n d  to  he 153.4 m g.

O n th e  basis o f th e  w e ig h t d a ta  полу a t  o u r  d isposal we can e s ta b lish , 
as th e  m o st s trik in g  p h en o m en o n  of all, th a t  th e  loss of w eight of th e  an im als  
is re m a rk a b ly  h igh a fte r  th e  cessation  o f feed ing . This is show n v iv id ly  in 
T a b le  5, w hich  d isp lays th e  ra tio s  of th e  w e ig h t o f  th e  several d ev e lo p m en ta l 
s ta g e s  as re la te d  to  th a t  o f  th e  com plete ly  dev e lo p ed  la rv a . As is to  be  seen, 
th e  w e ig h t o f th e  an im als decreases to  h a lf  i ts  v a lu e  a t  th e  b eg in n in g  o f  the

Table 4

The form at ion o f  the live weight o f  a male L y m a n tr ia  dispar o f  average size

Live weight of pupa 
before hatching of 

imago

Live w eight of m oth

A t hatching 4 hours age 9 hours age
72 hours age 

(at tim e of 
death)

232.8 mg 148.3 mg 

100.0%

90.2 mg 1 

60.8%

73.0 mg 

49.2%

39.6 mg 

26.7%

Table 5

The live weight o f  a L ym a n tria  d ispar male in various developmental stages, as compared to the
m a x im u m  weight o f  the caterpillar

M axim um weight 
of caterpillar P upa a t  pupation

Pupa before 
hatching of 1 

imago

Imago 
a t hatching

Imago a t 
death

100% 52 % 39% 25% 6.6%

p u p a l s ta g e . T he su b seq u en t loss o f weight ( a p a r t  fro m  th e  know n loss o f w a te r  
d u rin g  th e  p u p a l stage) te s tif ie s  on th e  u tiliz a tio n  o f  a high am o u n t o f en e rg y  
in d isp e n sa b le  fo r m e tam o rp h o sis . D uring  th e  h a tc h in g  of th e  m ale m o th , th e re  
w ill o c c u r  a fu r th e r  loss o f w e ig h t, m ore th a n  3 6 % , as re la ted  to  th e  p u p a l 
w e ig h t. T h is  fin d in g  again  su b s ta n tia te s  w h a t w as said  above, n am e ly  th a t  
th e  loss o f  w eigh t arises in th is  phase , besides o f  t h a t  in cu rred  b y  th e  c a s tin g  
aw ay  o f  th e  ex u v iae , from  th e  d ischarge  of th e  d ecom position  substances fo rm ed  
d u rin g  th e  p u p a l s tage . T his process te rm in a te s  in  th e  f irs t few h ours o f  th e  
life o f  th e  m ale  im agos, e ffec ting  a fu r th e r  loss o f  w eig h t (39.2%  in 4 h o u rs  as 
re la te d  to  th e  in itia l w eigh t o f th e  an im al, a n d  5 0 .8 %  in 9 h ou rs; (T ab le  4). 
T he r a te  o f  th e  loss of w e ig h t is fu r th e r  in c rea sed  b y  th e  rem o v a l of
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all d ispensab le  m a te ria ls  from  th e  o rg an ism  o f th e  m oth . I ts  w e ig h t w ill d e 
crease to  th e  sm alle st possible a m o u n t, w h ich  affo rds a highly eco n o m ica l u t i l i 
za tion  o f th e  reserve  energy  su b stan ces d u r in g  flig h t. We m ay  sa fe ly  a sse rt 
th a t ,  w hen  th e  tim e  fo r fly ing a rriv es , th e  o rg an ism  of the m ale  a n im a l has 
a lread y  been  m odified  to  the  ex trem e  fo r th e  exigencies of f lig h t a n d  o f  th e  
re p ro d u c tiv e  ac t. A ny o th e r, largely  u n ifo rm , loss o f weight d u rin g  th e  period  
o f f lig h t derives p ra c tic a lly  from  flig h t a lo n e , caused, besides th e  s lig h t loss 
due to  th e  w earin g  o f th e  e x te rn a l c h itin o u s  cover, by o x id a tio n  p rocesses 
occu rrin g  d u rin g  f l ig h t an d  th e  loss o f w a te r  (see below). U ltim a te ly , i t  is well- 
n igh  a s to u n d in g  to  fin d , w hen considering  th e s e  d a ta , th is  d rastic  loss o f  w eigh t, 
acco rd ing  to  w hich  th e  w eight of an  old m o th  is n o t more th a n  one q u a r te r  of 
th a t  o f  th e  y oung  im ago, and  only  6 .6 %  o f  th a t  o f the  assum ed  m a x im u m  
w eigh t o f  th e  la rv a .

T h e  change o f w eight of th e  fem ale  m o th s  was d e m o n s tra te d , s im ila rly  
to  th a t  o f th e  m ales, by  rep ea ted ly  w eig h in g  som e selected in d iv id u a ls  in  th e  
course o f  th e ir  im ag ina i life. T ab le  6 p re se n ts  th e  weighing d a ta  o f  fo u r u n 
co p u la ted  fem ales. I t  appears, f irs t o f a ll — a fac t also observed  on  a g re a te r  
m a te ria l — th a t  u n co p u la ted  fem ales b eg in  o v ip o sitin g  tow ards th e  e n d  o f  th e ir  
life. T h ey  lay  u su a lly  on ly  a frac tion  o f th e i r  eggs, som etim es a g re a te r  q u o ta . 
This p ile  o f eggs, la id  as if b y  co m pu lsion , d iffers essentially  fro m  th e  reg u la r 
c lu s te r o f eggs p ro d u ced  by  co p u la ted  fem ales . U ncopulated  fem ales  la y  th e ir  
eggs in  an  ir re g u la r  fashion; th e  eggs a re  u su a lly  no t covered b y  ab d o m in a l 
ha irs , a n d  fre q u e n tly  sca tte red  a ro u n d . F e r n a l d  [37] is p e rfe c tly  r ig h t in 
s ta tin g  th a t  th e  tw o kinds o f egg c lu s te rs  can  be easily d is tin g u ish e d  w ith  
som e p rac tice . W ith  respect to  T ab le  6, i t  is to  be n o ted  th a t  th e  w e ig h t o f the  
f irs t eggs w as n o t again  estab lished  a t  th e  tim e  o f the  second w eig h in g  o f  the  
fem ales, if  th e y  failed  to  lay  fresh  eggs in  th e  m ean tim e. In  such  cases th e re fo re  
T ab le  6 show s, w ith  respect to  th e  eggs, th e  preceding m e a su re m e n t va lue . 
A ltho u g h  d u rin g  th is  in te rv en in g  perio d  th e  w eight o f the  eggs, to o , w ill de
crease, I  deem ed  th e  inaccuracies a ris in g  o f  th is  omission as n eg lig ib le  owing 
to  its  v e ry  in sign ificance . The la s t tw o  co lu m n s of Table 6 show  h y p o th e tic a l 
w eigh ts w hich  w ould hold if  th e  an im als  h a d  no t oviposited a t  a ll.

P r io r  to  d iscussing  T able 6 an y  f u r th e r ,  1 have to  call a t te n t io n  to  T able 
7 w hich show s, in  th re e  phases, th e  g en e ra l fo rm atio n  of the  w e ig h ts  o f  u n co p u 
la ted  fem ales an d  th e ir  eggs la id . To e s ta b lish  th e  average w eigh t o f  th e  young 
fem ales, I h av e  u tilized  th e  co rre sp o n d in g  d a ta  of Tables 6 a n d  8, a n d  also 
the  w eigh ts o f  fiv e  o th e r fem ales w eighed  a t  th e ir  h a tch ing  fro m  th e  pupae , 
to  w it: 349.9; 369.6; 398,6; 456.3; 461.1 m g. All o th e r weight d a ta  h av e  been 
re la te d  to  th e  av erag e  w eight o f th e  y o u n g  fem ales, w ith resp ec t to  th e  general 
c h a ra c te r  o f th e  changes in w eight o f  th e  fem ales and th e ir  eggs p resen ted  
in T ab le  6. (The age o f 114 hours d e s ig n a te s , in th e  term s o f T a b le  2, th e  da te  
o f d e a th  o f th e  specim ens.)
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Table 6

T h e  f o r m a t i o n  o f  th e  l i v e  w e ig h t  o f  s o m e  u n c o p u l a t e d  L y m a n t r i a  d i s p a r  
f e m a l e s  a n d  th e i r  e g g - c lu s t e r s

Age
(hours)

Live
weight of 

imago
(n,s)

Per cent live 
weight of imago 

as related  to 
w eight a t ha tch

ing

Per cen t live 
weight (com bined) 
of imago and its 

eggs as re la ted  
to  live w eight 

of imago a t  ha tch ing

0 477.6 100.0

M oth 1

477.6 100.0

24 384.7 80.5 — — 384.7 80.5

48 369.1 77.3 — — 369.1 77.3

71 356.1 74.6 — — 356.1 74.6

103 339.8 71.1 3.2 0.7 343.0 71.8

122 316.7 66.3 13.5 2.8 330.2 69.1

129 311.0 65.1 13.5 2.8 324.5 67.9

0 345.4 100.0

M oth 2

345.4 100.0

24 267.1 77.3 — — 267.1 77.3

48 253.8 73.5 — — 253.8 73.5

71 230.8 66.8 10.4 3.0 241.2 69.8

103 138.7 40.2 81.0 23.4 219.7 63.6

0 358.4 100.0

Motli 3

358.4 100.0

24 294.4 82.1 — — 294.4 82.1

48 281.3 78.5 — — 281.3 78.5

71 274.1 76.5 - — 274.1 76.5

103 260.7 72.7 — — 260.7 72.7

120 247.3 69.0 8.4 2.3 255.7 71.3

0 451.2 100.0

M oth 4

451.2 100.0

24 375.9 83.3 — — 375.9 83.3

48 361.5 80.1 — — 361.5 80.1

71 347.8 77.1 — — 347.8 77.1

103 314.9 69.8 10.7 2.4 325.6 72.2

117 306.9 68.0 10.8 2.4 317.7 70.4

Acta Biol. Hung. 15. 1064

Live
weight of 
oviposited 
eggs (mg)

Per cent live w eight 
of oviposited eggs 
as related  to  live 
weight of im ago 

a t hatching

Combined 
live weight 

of imago and 
its eggs 
(mg)
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T he d a ta  o f T ab les 6 an d  7 im p ly  th e  fo llow ing: the  av e rag e  w eigh t of 
th e  fem ale gipsy m o ths a t  th e  tim e  o f th e ir  h a tc h in g  (402.7 mg) is s lig h tly  m ore 
th a n  2.7 tim es g re a te r  th a n  th e  w eight o f  th e  m ales of the  co rresp o n d in g  age 
( 1 4 8 .3  m g). T his difference in  w eigh t ag rees, e ssen tia lly , w ith  M i t h a t ’s [30 ]  
fin d in g s  concern ing  th e  p upae  of th e  tw o  sexes o f th e  gipsy  m o th .

T he decrease in  w eigh t o f th e  fem ales is m ore in tense  in itia lly  th a n  la te r , 
th e  sam e as w ith  th e  m ales. This is caused  also here  by  th e  d isch arg e  o f  th e  de
com position  m ateria ls  a ccu m u la ted  in  th e  p u p a l s tage . H ow ever, th is  p rocess is 
m ore  p ro tra c e d  in  th e  fem ales, ow ing to  th e ir  longer span  of life, a n d  i t  invo lves, 
acco rd in g  to  m y ob se rv a tio n s, a b o u t 24 h o u rs . On th e  o ther h a n d , th e  decrease 
in  w eight is by  no m eans as considerab le  as in th e  m ales. W hile, n am e ly , th e

T able 7

The form ation  o f  the live weight o f  an uncopulated, non-oviposited fem ale L y m a n tr ia  d ispar
imago, o f  average weight

I mago

1 a t  hatching; 24 hours age 114 hours age

Live w eight of imago 402.7 mg 
100.0%

325.4 mg 
80.8%

247.1 ing 
6 1 .4 %

Live w eight o f ovi
posited eggs — 27.9 m g 

6 .9%

Com bined live weight 402.7 mg j 
100.0%

325.4 mg 
80.8%

275.0 m g
68.3%

w eig h t o f th e  m ales decreases by  a lm o st h a lf  du rin g  th e  firs t 9 h o u rs , th e  fem ales 
lose slig h tly  less th a n  20%  o f th e ir  to ta l  w eig h t in 24 hours. T h e  difference 
m ig h t p ro b ab ly  be ex p la ined  by  th e  assu m p tio n  th a t  th e  fem ale im agos do no t 
free them selves as rad ica lly  o f all su p erflu o u s substances as do  th e  m ales, 
in d eed , since th e  fo rm er do n o t fly , i t  is n o t a t  all im p o rta n t fo r th e m  to  have 
th e  low est w eigh t possible. L a te r , in th e  h y p o th e tic a l case of n e v e r  lay in g  eggs, 
th e y  w ill lose w eigh t to  a la rge ly  u n ifo rm  ra tio  u n til th e ir  d e a th .  H ow ever, 
th e ir  decrease in w eight is m ore m o d e ra te  also a f te r  th e  f irs t 24 h o u rs  th a n  in 
th e  case of th e  m ales. T hese la t te r  w eigh no  m ore a t th e  tim e  o f  th e ir  dea th  
th a n  ab o u t 26 .7%  o f th e ir  w eigh t a t  h a tc h in g , while th e  fo rm e r, p rov ided  
th e y  do n o t ov iposit, decrease b u t  to  6 8 .3 % . O w ing to  th e ir  to rp id i ty  a n d  lim it
ed  m o v em en ts , th e  fem ales th e re fo re  consum e m ueh less en e rg y  (oxidize a 
sm alle r am o u n t o f  su b stances) th a n  do th e  m ales.

T he changes in  th e  w eigh t o f  som e c o p u la te d  fem ales are  show n in Table 
8. T hese specim ens m a te d  in  th e  f irs t  15 — 20 h ours of th e ir  lives. T h e y  differed  
in so fa r from  th e  u n co p u la ted  fem ales th a t ,  f ir s t  of all, th e y  b eg a n  to  ov iposit
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Table 8

The fo rm a tio n  o f the live weight o f  some Lym antria  d isp a r fem ales, o f  average size, and their
egg-clusters

Age
(hours)

Live 
weight 

of imago 
(mg)

Per cent live 
weight of im ago 

£s related to 
weight a t  
hatching

Live
weight of 
oviposited

eggs
(mg)

Per cent live w eight 
of oviposited 

eggs as related  
to live w eight of imago 

a t hatching

Combined 
live weight 

of imago 
and its eggs 

(mg)

P er cent live weight 
(combined) of imago 

and its eggs as 
related  to  live 

weight of imago 
a t hatching

Moth 1

0 351.1 100.0 351.1 100.0

20 283.7 80.8 — 283.7 80.8
77 76.2 21.7 181.3 51.6 257.5 73.3

100 73.3 20.9 181.3 51.6 254.6 72.5

0 431.4 100.0

M oth 2

431.4 100.0
20 340.5 78.9 — — 340.5 78.9
77 114.4 26.5 198.0 45.9 312.4 72.4

100 77.0 17.8 216.4 50.2 293.4 68.0
120 74.3 17.2 216.4 50.2 290.7 67.4
125 73.2 17.0 216.4 50.2 289.6 67.2

0

20

418.3

339.5

100.0

81.2

M oth 3

—  __

418.3

339.5

100.0

81.2
77 127.9 30.6 167.0 39.9 294.9 70.5

100 99.3 23.7 183.1 43.8 282.4 67.5
120 69.4 16.6 199.8 47.8 269.2 64.4
138 66.5 15.9 199.8 47 8 266.3 63.7

0 365.2 100.0

M oth 4

365.2 100.0
20 296.8 81.3 — — 296.8 81.3
77 118.1 32.3 159.0 43.5 277.1 75.8

100 94.4 25.8 170.1 46.6 264.5 72.4
120 72.9 20.0 181.5 49.7 254.4 69.7
132 70.4 19.3 181.5 49.7 251.9 69.0

0 404.3 100.0

Moth  5

404.3 100.0
20 331.8 82.1 — — 331.8 82.1

77 115.8 28.6 177.4 43.9 293.2 72.5

100 92.6 22.9 187.2 46.3 279.8 69.2

120 88.5 21.9 187.2 46.3 275.7 68.2

130 86.9 21.5 187.2 46.3 274.1 67.8
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m uch earlier, w ith in  24 hours  af te r  co pu la t ion .  T h ey  laid th e  eggs regu la r ly  
a n d  com plete ly .  In  th e  course of ov iposition , th e  anim als laid th e  m a jo r  
portion  o f  the ir  eggs on th e  f irs t  day  and  th e  re s t  r a th e r  sluggishly in th e  su c 
ceeding one or tw o days.  I h ave  observed  th is  also in th e  case of  m a n y  o th e r  
females n o t  p resen ted  in T ab le  8, and  S c h e d l  [37] repo r ted  th e  sam e o v ip o s i t 
ing p a t te rn  in th e  species.

Concerning th e  changes in th e  w eight o f  a copu la ted  fem ale  d u r in g  its 
life, and  the  w eight o f  i ts  eggs, we have  to  refe r  to  Tab le  9. The d a ta  of T ab le  9 
have  been co m p u ted  as follows. On th e  basis o f  T ab le  2, I regarded th e  average  
life span  o f  a fem ale  as 124 hours .  Now, th e  end  o f  th e  ovipositing  period occurs, 
accord ing  to  T able  8, genera lly  22 hours before  th e  d ea th  of the  insect.  H o w 
ever, I  h av e  found  accord ing  to  observa tions  m a d e  on 18 o the r  fem ales, t h a t  
a period o f  24 hours  be tw een  the  cessation  o f  ov ipositing  an d  th e  a n im a l ’s 
d e a th  is even m ore f re q u e n t .  So, I  have  used th is  d a tu m  in Table  9. T he  w eigh t  
given for the t im e  o f h a tc h in g  from th e  p u p a  is tak en  as iden tica l w ith  the  
correspond ing  value  of  T ab le  7. I have  ca lcu la ted  th e  w eight o f  a 20 h o u r  old 
an im al — in th e  case o f  th e  m o ths  p resen ted  in T ab le  8 — according to  th e  ra t io  
o f  th e  average  decrease in weight up  to  th is  age. In  establishing th e  w eights

T able 9

The form ation  o f  the live weight o f  a copulated, oviposited fem a le  L ym a n tria  d ispar imago o f  average
size, and its egg-cluster

Imago

at hatching 20 hours age
100 hours age 
(termination 

of oviposition)
124 hours age 

(death of imago)

Live w eigh t of im ago 402.7 mg 325.8 mg 80.9 mg 77.3 m g
(100.0% ) (80.9% ) (20.1% ) (19.2% )

Live w eight of oviposited  eggs 195.8 mg 195.8 mg
(48.6% ) (48.6% )

-ive w eights com bined 402.7 mg 325.8 mg 276.7 mg 273.1 m g
(100.0% ) (80 .9% ) (68.7% ) (67.8% )

of a 100 hours old m o th  an d  its eggs laid, I h a v e  again referred  to  th e  changes 
in w eight of th e  m o th s  appear ing  in Tab le  8, a n d  the  w eight o f  th e i r  eggs. 
Accordingly , th e  ave rage  live weight a t  th e  cessation of  ov iposition  of  the  
five females is 19 .8%  of t h a t  a t  th e  t im e  o f  th e ir  h a tch ing  from  th e  pupae .  
The w eight o f  th e  eggs of  these  sam e an im als  is 49 .1%  of t h a t  o f  th e  female 
m easured  a t  th e  t im e  of its  ha tch ing . I have  also tak en  in to  account th e  co rre 
spond ing  results  o f  th e  weighing of five o th e r  m o th s .  These m easu rem en ts  gave 
the following va lues :  15.8, 19.7, 21.3, 21.9, 2 3 .6 %  for the  imagos, and  45.4, 
46.9, 48.2, 48.7, 51 .2%  for the  eggs. F ina lly ,  I h ave  com pu ted  the  w eight o f  the
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a n im a l a t  th e  tim e of its  d e a th  on th e  hasis o f th e  fac t th a t  th e  av erag e  w eigh t 
o f  th e  m o th s  p resen ted  in  T a b le  8 h ad  fu r th e r  decreased  b y  4 .5%  su b seq u en t 
to  o v ip o s itio n  as re la ted  to  th e  w eigh t a t  th e  end  ov iposition . I  co n sid e r th e  
w e ig h t o f  th e  eggs also in  th is  case as u n ch an g ed  a f te r  th e  te rm in a tio n  o f  ov i
p o s it in g .

A  com parison  of th e  d a ta  o f T ab les 7 an d  9 reveals th a t  th e re  is no  essen
t ia l  d iffe re n c e  in th e  d e v e lo p m e n ts  of th e  to ta l  w eights (m oth  an d  its  eggs) 
o f  th e  c o p id a te d  and  u n c o p u la te d  fem ales. I t  seem s there fo re  th a t  th e  process 
o f  o v ip o s itin g  does no t re q u ire  an y  g re a te r  a m o u n t of energy . T h a t th e  fem ales 
s till  sh o w  signs of u t te r  e x h a u s tio n  a fte r  ov ipositio n  im plies th a t  th e re  is only  
a sm a ll a m o u n t of reserve e n e rg y  co n v ertib le  fo r th e  req u irem en ts  o f th e  an im al 
p ro p e r  (n o t destined  for th e  eggs).

T h e  w eigh t ra tio s  o f th e  ov iposited  fem ales and  th e  eggs la id  b y  them  
a re  w o r th y  o f note. The fac t t h a t  th e  w eight o f th e  eggs is n ea rly  tw o a n d  a h a lf  
t im e s  o f  t h a t  of the  fem ales p ro v es  th a t  th e  en tire  organism  of th e  a n im a l had  
b een  e x te n s iv e ly  ad ap ted  fo r th e  pu rposes o f o v iposition . T he an im al d o u b tle ss  
a c c o m p lish e s  the  m ax im um  p e rfo rm an ce  b y  th e  p ro d u c tio n  of th is  a m o u n t 
o f  eggs.

C hem ical changes during  m etam orphosis and in  the im aginai stage
G lycogen

A s th e  am ount of th e  loss o f w eigh t in cu rred  du ring  th e  p u p a l s ta g e  
can  b e  h ig h ly  d ifferent p e r species o r species-groups, s im ilarly  th e re  are  o b se rv 
a b le  d iffe ren ces  in th e  course o f  m e tam o rp h o sis  also w ith  resp ec t to  th e  u t i l iz a 
tio n  o f  th e  reserve su b stan ces . In  th e  hon ey -b ee , th e  energy  re q u ire m e n ts  
o f  m e ta m o rp h o s is  are p r im a r ily  covered  b y  g lycogen. This is a p p a re n t a lre a d y  
fro m  th e  h igh  glycogen c o n te n t  o f  th e  m a tu re  bee la rv ae . A ccord ing  to  
P f l u g f e l d e r  [33], glycogen m ak es up , in  th is  s tage , one-th ird  o f th e  d ry  
w e ig h t;  w h ile  R o ed er  [35] p u ts  i t  a t  32 .5%  fo r th e  la rv ae  of th e  w o rk ers , an d  
2 5 .5 %  fo r  th o se  of th e  d rones. S t r a u s  [41] also show ed i t  e x p e rim en ta lly  th a t  
it  is g ly co g en  w hich is p r im a rily  u tiliz ed  in th e  p u p ae  of bees, so th a t  th e  g lyco
gen c o n te n t  o f the  pupae  d ec reases  from  th e  in itia l 6 .2%  to  0 .5% , as re la te d  
to  th e  l iv e  w eight. T rue , th e  fa t  c o n te n t w ill also sign ifican tly  decrease  in 
th e  sa m e  p e rio d . S no dg rass  [40] also rem ark s  th a t  th e  bee p upae  e x h a u s t a l
m o st c o m p le te ly  th e ir  g lycogen  reserves u n ti l  th e y  are re a d y  to  h a tc h .

A t  th e  tim e  of m e tam o rp h o sis , G astrophilus also disposes of a co n sid e rab le  
g ly co g en  rese rv e . A ccording to  K e m n it z , th e  m a tu re  la rv ae  co n ta in  3 1 %  
g ly co g en  [25]. U varov  [49] w rite s  ab o u t 14 — 31%  glycogen in  th ese  a n im a ls . 
G ly co g en , as a stored  n u tr i t iv e  m a te r ia l, m ig h t h av e  an im p o r ta n t ro le  also 
in  th e  m e tam o rp h o sis  of C alliphora erythrocephala, since F rew" [13] o b serv ed  
th a t  n o  f a t  is u tilized  in  th e  o rg a n ism  of th e se  in sec ts  in  th e  in itia l p h ases  o f  
th e  p u p a l  s ta g e . I  v en tu re  to  s ta te ,  on th e  c o n tra ry , th a t  th e re  is a f a t  sy n th e s is
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in  th is  period , as w as show n for som e h ig h er flies to  be discussed la te r.
In  th e  la rv e  o f P rodem ia , as rep o rted  b y  B a b e r s  [1], glycogen ap p ears  

a lread y  a t  th e  beg in n in g  o f feed ing; its  im p o rta n c e  d u rin g  m etam orphosis  is 
sa tis fac to rily  p ro v ed  b y  th e  fa c t th a t  th e  p e rc e n ta l p a r tic ip a tio n  o f g lyco
gen a t ta in s  its  m ax im u m  in th e  in itia l phases o f  p u p a tio n , to  decrease in th e  p u p a , 
an d  again  increase in  th e  im ago. R o c k st e in  [3 4 ]  co n ten d s  th a t  several in 
sec ts u tilize  7 3 — 100%  of th e ir  reserve glycogen c o n te n t d u rin g  m etam orphosis .

Glycogen is o f  especial im p o rtan ce  d u rin g  h ib e rn a tio n . U s iia t in sk a y a  
[46] rep o rts  th a t  th e  conversion  o f glycogen is possib le  also a t  a low  te m p e ra tu re  
in in v e rte b ra te s . T he o b se rv a tio n  th a t  su m m er p u p a e  o f  th e  second genera tio n  
of H yphan tria  cunea  u tilizes m ain ly  fa t ty  su b s ta n c e s , a n d  th e  h ib e rn a tin g  one 
p rim arily  glycogen, is p ro b ab ly  referab le  to  th e  ab o v e  s ta te m e n t. A t leas t, 
we m igh t in fer as m uch  from  co n co rd an t o b se rv a tio n s  o f S z a l a y — MarzsÓ [42] 
an d  J asic  e t Mackó  [21] th a t  th e  fa t c o n te n t o f  th e  su m m er p u p ae  is h igher 
th a n  th a t  o f the  w in te rin g  ones.

I t  is also w o rth y  o f n o te  th a t  a n u m b e r o f  in sec ts  show  differences as to  
sex , concern ing  th e  a m o u n t o f  s to red  glycogen, a lread y  in  th e  la rv a l and p u p a l 
s tages. In  such cases, fem ales co n ta in  m ore glycogen th a n  th e  m ales, w hich  
la t te r  have a h ig h er fa t c o n te n t. Prodemia i l lu s tra te s  th is  difference conv inc
ingly [1]. B u t we sh a ll y e t re tu rn  to  th is  p ro b lem  in th e  discussion of the  fa t 
c o n te n t o f insects .

In fo rm atio n s  are  r a th e r  m eagre on th e  g lycogen reserves and  th e ir  u tili
za tio n  in  im agos. T h ere  is no d o u b t, how ever, th a t  glycogen has an im p o r ta n t 
role also in  th is  s tag e  in  th e  m etabo lism  o f in sec ts . M ay I  again  refer to  in 
v estig a tio n s m ade on Prodem ia  [1]. In  th is  a n im a l th e  glycogen co n ten t a f te r  
d im in ish ing  in  th e  p u p a l s tage , increases ag a in  in  th e  im ago . — The d iffe r
ences as to  sexes, m en tio n ed  above w ith  re sp e c t to  th e  fa t  an d  glycogen 
c o n te n t a p p a re n t a lre a d y  in  th e  pupae , also proves t h a t  th e  la t te r  su b 
stan ce  is m ore im p o r ta n t  for th e  fem ales th a n  th e  m ales. I t  is q u ite  ce r
ta in  th a t  th is  p h enom enon  is in te rre la ted  w ith  rep ro d u c tio n  and  oviposi- 
tio n . — In  su p p ly in g  energy  fo r th e  f lig h t o f  th e  vag ile  m ale in sec ts , o f 
especial in te re s t fo r us, glycogen plays b u t  a seco n d ary  role as com pared  to  
th e  f a t ty  su b stan ces. H ow ever, th e re  are ex cep tio n s know n  also in  th is  resp ec t, 
e.g. Drosophila. W i g g l e s w o r t h  [53] k e p t a d u lt  v in e g a r flies w ith o u t food 
a t  25°C , an d  th e y  h ad  w holly  u tilized  also th e ir  glycogen reserves, beside 
th e  f a t ty  su b stan ces, in  th e ir  ac tiv ities  d u rin g  4 8  hours. A ccord ing  to  W i g g l e s 
w o r t h , only  glycogen can be m obilized w ith  th e  ra p id ity  to  cover th e  enorm ous 
energy  req u irem en ts  o f th e  in d irec t fly ing  m uscles o f Drosophila. E n e rg y  
is d irec tly  derived  from  glucose. E n tire ly  e x h a u s te d  D rosophila  flies can  be 
in d u ced  to  flig h t a f te r  feed ing  th em  glucose [5 5 ] .  A ccord ing  to  Ch a d w i c k  
an d  G il m o u r  [7 ] ,  Ch a d w i c k  [6 ] ,  W i l l i a m s , B a r n e s s  an d  S a w y e r  [57%  
D rosphila  u tilizes exclusively  ca rb o h y d ra tes  d u rin g  f lig h t.
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P ro te in

P ro te in s  p lay  an in d u b ita b ly  m in o r role in th e  energy  supp lies d u rin g  th e  
m e ta m o rp h o s is  o f h o lom etabo lic  in sec ts . S till, one ough t to  ta k e  n o te  of 
J a n s k y ’s [2 2 ]  assertion  th a t  th e re  is a ce rta in  am o u n t o f p ro te in  b reak d o w n  
in th is  p e rio d . L ud w ig  [29] re p o r ts  t h a t  th e  lep idop te reous p u p ae  h av e  a 1550  
m g %  p ro te in -n itro g en  c o n te n t (“ E iw eiss — N — G eh a lt” ) w hich  decrease  to  
3 9 0  m g°/0 p rio r  to  the  h a tc h in g  o f  th e  im ago.

F a t  — lip o id  substances

A t o u r p resen t s ta te  o f in fo rm a tio n  it  seem s th a t  th e  m o st im p o r ta n t 
e n e rg y  sou rce  of insect p upae  a re  f a t ty  substances in th e  m a jo r ity  o f  cases. 
F o r e x a m p le , T a n g l  [43 , 4 4 ]  h a d  show n th a t ,  for Ophyra cadaverina , m ore 
th a n  9 0 %  of th e  u tilized  su b s ta n c e s  are  fa ts . R o e d e r  [35 ]  re p o r te d  th a t  
G alleria mellonella  covers its  su g a r  req u irem en ts  exclusively  from  fa ts  and  
p ro te in s , since th is  an im al does n o t s to re  glycogen a t all.

H yp h a n tr ia  cunea ju s t as u n a b le  to  feed as th e  gipsy  m o th , in te n s iv e ly  
s to re s  f a ts  in  th e  la s t la rv a l in s ta r . In  th is  period , its  fa t  c o n te n t increases 
by  4 . 2 %  as re la ted  to  th e  1.3 — 2 . 0 %  o f th e  liv ing  w eight o f th e  p rev io u s in s ta r
[4 ] ;  c o n c u rre n tly , th e  energy  c o n te n t  p e r  g ram  of th e ir  d ry  b o d y  su b stan ces 
fro m  5 2 0 0  — 5 3 0 0  calories to  5 9 0 0  cal [1 6 ] .  F in a lly , th e  fa t  c o n te n t reaches 
8 .8 %  in  th e  fresh  p u p a  [1 4 ] .  I n  dev e lo p ed  B om byx móri la rv ae , F a r k a s  [12]  
fo u n d  7 .1  d ry  w eight %  fa t .  Y a m a f u j i , [5 8 ] ,  N i e m ie r k o , W l o d a u e r  and  
W o jt c z a k  [32]  showed an even  g re a te r  a m o u n t of fa t-su b s tan ces  in  th e  silk 
w orm . I t  seem s th a t ,  on th e  f if th  d a y  o f  the  la s t in s ta r , th e  fa t  c o n te n t o f the  
B om byx m óri larvae  m ay even  a t ta in  1 6 .4 6  dry  w eight % . A ccord ing  to  
P f l u g f e l d e r  [33] ,  th e  fa t  c o n te n t m ig h t increase to  4 5 %  o f th e  d ry  w eight 
in th e  la rv a e  of ce rta in  h o lo m e tab o lic  in sec ts . L a te r , how ever, th e  a m o u n t 
o f f a t  w ill s tro n g ly  decrease in  th e  p u p a e , due to  m e tam o rp h ic  p rocesses. In  
H y p h a n tr ia  p u p ae , ab o u t h a lf  o f  th e  f a t  reserves w ill be u tilized  [1 4 ] .  A ccord ing  
to  th e  re p o r ts  o f W e in l a n d  [ 5 1 ] ,  R u d o l f s  [3 6 ] ,  R e c k er  [5 ] ,  K o zh a n t s h ik o v  
[ 2 3 ] ,  J a n s k y  [22] P f l u g f e l d e r  [ 3 3 ] ,  i t  seem s th a t  a t  le a s t h a lf, b u t  u su 
a lly  m o re  (v a ry in g  p e r species) ( f  th e  o rig in a l fa t  re serv e  is decom posed  
in  th e  p u p a . L ep idop te ra  w ith  n o t-fe e d in g  im agos belong  am o n g  th o se  species 
w h ich  u tiliz e  re la tiv e ly  sm all a m o u n ts  o f  f a t  in  th e  p u p a l s tag e . T he decrease 
o f th e  f a t t y  substances is p re su m a b ly  o f  a like (sm aller) ra tio  in  th e  p u p a e  of 
th e  g ip sy  m o th , th o u g h  I h av e  no  d a ta  in  th is  respec t. I have  a sc e rta in ed , how 
ev er, t h a t  th e  m ale pupae  c o n ta in  3 . 9 8 %  f a t ty  substances (T able 10) before 
h a tc h in g .

T h e  p a ra m o u n t role o f th e  f a t ty  sub stan ces d u rin g  m e tam o rp h o sis  is 
s u b s ta n t ia te d  by  an o th e r o b se rv a tio n , n am ely  th a t  som e in sec ts  a t  le a s t, 
sy n th e s iz e  fa ts  during  th e  p u p a l s ta g e , co n v ertin g  o th e r reserve  su b stan ces  for
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th is  p u rp o se . D it m an  anil W e i l a n d  [9], Y e a g e r  and M u n s o n  [59], M u n s o n  
an d  Y e a g e r  [31] claim  th a t  th e re  is an  observab le  connection  b e tw een  the  
increase  o l 'th e  fa t  co n ten t and  th e  d ec rea se  o f  th e  glycogen rese rv e  in  th e  pupal 
s tag e . In  th e  p u p ae  o f Lucilia  sericata , E v a n s  [11] showed fa t  sy n th e s is . The 
fa t  reserves s to red  du ring  the  la rv a l s ta g e  o f  th is  insect v an ish  b y  th e  end  of 
th e  sam e s tag e , an d  th e  am o u n t o f f a t  n ecessa ry  for m e tam o rp h o sis  is sy n th e 
sized in  th e  in itia l p u p a l phase . L e v e n b o o k  [27] has also show n in  th e  case 
o f  G astrophilus in testina lis  th a t  th e  a n im a l disposes of the  m ax im u m  f a t  co n ten t 
o n ly  som e day s a f te r  p u p a tio n .

T ab le  10

The lip id  content o f  the male Lym antria  dispar

Designation of age
N um ber of 

specimens 
examined

Lipid con ten t 
(per cent 

of live weight)

A m ount of lipid 
in specimen 

of average 
weight (mg)

Pupa before hatching of im ago........................... 10 3.84
Idem ......................................................................... 10 4.12
Mean v a lu e ............................................................. 3.98 9.3

Imago at hatching ................................................ 10 6.84 10.1

Imago 3 hour a g e .................................................. « 13.03

Imago 4 hour age ................................................ 8 11.58
Id em ......................................................................... 10 12.64
Mean va lu e .............................................................. 12.11 10.9

Imago 24 hour a g e ................................................ 8 18.10 11.0

Imago 33 hour a g e ................................................ 15 18.76 10.8

Imago 70—80 hour age (at death)...................... 16 10.91
Idem ......................................................................... 10 9.87
Mean v a lu e .............................................................. 10.39 4.1

T he im p o rtan ce  o f th e  fa ts  in  th e  p e rio d  of m etam orphosis  lies doub tless 
in  th e  fa c t th a t  th e y  have a h igher en e rg y  c o n te n t th an  e ith e r  th e  c a rb o h y d ra te s  
or th e  p ro te in s , hence th e y  can m o re  s u ita b ly  cover th e  en e rg y  req u irem en t 
in  non-feed ing  organism s. I f  th is  be so , i t  is only  to  be ex p e c te d , t h a t  th e  fa t 
c o n te n t o f  in sec ts  will ev en tu a lly  in c rea se  prev iously  to  o th e r  non-feeding 
perio d s, to o . A nd in fac t U s h a t i n s k a y a  found th a t  in  C ydia  pom onella  the  
fa t  c o n te n t increases from  11 to  1 8 %  p rio r  to  th e  d iapause  [33]. D u rin g  its  
d iap au se , L eptinotarsa  decemlineata  d ra w s  m ain ly  on fa ts  a p a r t  c a rb o h y d ra te s , 
as sources o f energy  [48].
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I t  seem s th a t  th e  d ecrease  of f a t ty  su b s ta n c e s  is n o t uniform  d u r in g  
th e  p u p a l  stag e . As, am ong  o th e rs , J a n s k y  [22] h a s  show n  on M usca dom estica, 
a n d  G e r e  [14] on H yp h a n tr ia  cunea, th e  a m o u n t o f  f a t  dim inishes ra p id ly  in  
th e  in i t ia l  an d  te rm in a l p h ases  an d  essen tia lly  s lo w er in  th e  m edian p h ase  o f  
th e  p u p a l  stag e . A ccord ing  to  L e v in s o n  an d  S i l v e r m a n  [28], 400 p g o f th e  
to ta l  lip o id  reserve (1225 pg)  o f  th e  p u p a  of M usca  v ic in a  is u tilized  in th e  e a r ly  
p u p a l s ta g e , an d  a n o th e r  400 p g  p rio r to  th e  h a tc h in g  of th e  im ago. T hese  
f in d in g s  a re  in  com plete  h a rm o n y  w ith  W i g g l e s w o r t h ’s [54] rep o rts . T h e  
c o m b u s tio n  o f fa ts  is a p rocess involv ing  a h ig h  a m o u n t of oxygen, a n d  in  
th e  m e d ia n  phasis o f  th e  p u p a l  s tag e , w hen h y s to ly s is  is th e  m ost p ro n o u n ced , 
th e  o x y g en  supp ly  is red u ced . In  th is  period  th e  n e c e ssa ry  energy is su p p lied  
la rg e ly  b y  glycogen in s te a d  o f  fa ts .

T h e  f a t  c o n te n t o f th e  p u p a e  differs d e p e n d in g  on sex. This is e sp e 
c ia lly  consp icuous in  th e  species w hich cover th e i r  im ag in a i energy re q u ire 
m e n ts  fro m  reserve  su b s ta n c e s  sto red  in th e  la rv a l  s tag e , and  th e  m ore  so 
if  th e  im agos of b o th  sexes h a v e  diverse h a b its  a n d  locom otive a c tiv itie s . 
G ood exam ples in  th is  re sp e c t are  th e  p upae  o f  B o m b yx  móri [50, 58, 32], 
H y p h a n tr ia  cunea [42], an d  L eucom a salicis [20]. T h e  m ale pupae in v a r ia b ly  
excel b y  a h igher fa t c o n te n t, th u s  p rov id ing  fo r  th e  energy req u irem en ts  
o f th e  im ag in a i life. W e sh a ll see la te r  th a t  th e  m a le  m o th s , considerably  m ore  
ac tiv e  th a n  th e  fem ales, h av e  especially  high re q u ire m e n ts  for fa tty  su b stan ces  
rich  in  en erg y . T hese o rg an ism s en d eav o u r to  fu lfil th e i r  claim s to  the u tm o s t  
in th is  re sp ec t. I t  w as show n for exam ple on Leucom a salicis  th a t  in th e  m ale  
p u p a e , besides th e ir  h ig h er fa t  c o n te n t m en tio n ed  ab o v e , the  reserve of f a t ty  
su b s ta n c e s  d im in ish  slow er d u rin g  m etam orphosis  th a n  in  th e  fem ales [20]. 
T he f a t  c o n te n t of th e  fem ales decreased  during  th e  p u p a l stage  from  11 •4%  
to  7 .5 %  w hile  th a t  o f th e  m ales from  15.1%  to  1 2 .6 %  as re la ted  to  th e  in it ia l  
w eigh t o f  th e  pupae .

G re a t th ough  th e  d ifferences he concern ing  th e  q u a lity  and q u a n t i ty  
o f th e  re se rv e  su b stan ces d u rin g  m etam orphosis , th e r e  is a ce rta in  s im ila rity , 
as we h a v e  seen, in  th is  re sp e c t am ong th e  le p id o p te ro u s  species w ith  n o n 
feed ing  im agos. T hey  agree fo r in stan ce , a p a r t  f ro m  th e  s trik ing  d ifference 
d isp lay ed  in  th e  p u p a l f a t  c o n te n t  depending on sex , in  t h a t  th e ir  fa t rese rves 
d im in ish , th o u g h  m o d e ra te ly  y e t  s till d e fin ite ly , d u rin g  m etam orphosis . 
L y m a n tr ia  d ispar  also belongs to  th is  group. In  w h a t m a n n e r  does the  a m o u n t 
o f f a t ty  su b stan ces  change in  th e  m ales of th is  sp ec ies?  T he answ ers to  th is  
p ro b lem  are  p re sen ted  b y  th e  d a ta  of m y in v e s tig a tio n s  show n in T ab le  10. 
T hese d a ta  in d ica te  th a t  th e  p e r  cen t fat co n ten t as r e la te d  to th e  live w e ig h t 
of th e  m o th s  increases e x tra o rd in a r ily  during  th e  h a tc h in g  from  th e  p u p a e  
an d  th e  in i t ia l  phase o f th e  im a g in a i life. The re la tiv e  in c rea se  in  th e  fa t c o n te n t 
co incides w ith  th e  a b ru p t decrease  of th e  w e ig h t o f  th e  anim als. W e h a v e  
th u s  co n c re te  proofs o f th e  a ssu m p tio n  th a t ,  in th is  p erio d , the  m ales free
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them selves o f va lueless, energypoor su b s ta n c e s ; th e y  becom e lig h te r  a n d  th u s  
need  a s lig h tly  sm alle r a m o u n t of energy  to  m ee t th e  req u irem en ts  o f  th e  en o r
m ous m u scu la r w ork  invo lved  in f lig h t. T h e  18.76 live w eight %  o f f a t  con
te n t  an  enorm ous p ro p o rtio n  in th e  33 h o u r  o ld  m ale m o th  im plies th a t  th e  
w hole energy  req u ired  for f lig h t is covered  p ra c tic a lly  by  th e  fa ts  alone.

H ow ever, i t  is n o t on ly  th e  gipsy m o th  m ales w hich dispose o f  a s im ila rly  
h igh fa t  co n te n t. L ite ra tu re  subm its  like reco rd s  concerning o th e r  non-feed ing  
le p id o p te ro u s  im agos. J a n d a  and  Ma r e k  [20] s ta te , w ith  re sp ec t to  Leucom a  
salicis, t h a t  o f th e  severa l d ev e lo p m en ta l s tag es  of th e  m ales an d  fem ales th e  
f a t  c o n te n t is especia lly  h igh  in th e  m ale  im agos. Gilbert  an d  S c h n e i d e r - 
aíann [18] s ta te  re fe rrin g  to  N i e m ie r k o ’s a n d  Y a m a f u j i’s in v e s tig a tio n s  on 
Bom byx m óri, t h a t  th e  young  m ale m o th s  h a v e  th e  g rea test a m o u n t o f fa t. 
B alázs , K ováts  a n d  B urg  [3] re p o rt on  s im ila r observ a tio n s on Galleria 
m ellonella, a species sy s tem a tica lly  d is ta n t  y e t  also w ith  non -feed ing  im agos. 
In  th is  species, th e  fa t  co n ten t of m ales in  th e  in itia l phase of th e ir  im ag ina i 
life is 2 7 .3% , w hereas th a t  o f th e  fem ales is m ere ly  16.5% . (E x p re ssed  in  dry  
w eigh t p e r cen ts , 59.70 , an d  39.60 re sp e c tiv e ly  !) These e x tre m e ly  h ig h  fa t 
c o n te n t d a ta  leave no  d o u b t th a t  th e  m u sc u la r  w ork of f lig h t as b a sed  on th e  
en e rg y  source of fa t  is r a th e r  ex tensive  in  th e  g roup  of insects w ith  non-feed ing  
im agos. A n u m b er o f o th e r  l i te ra tu re  d a ta  a t te s t  th a t  a sim ilar u tiliz a tio n  of 
fa ts  is n o t in fre q u e n t in  o th e r  in sects. W e i s - F ogh  [52] is o f th e  op in ion  th a t  cer
ta in  in sec ts  u tilize  fa t  d irec tly  d u rin g  f lig h t. T hey  have show n th a t  locusts 
s to re  a g rea t a m o u n t o f fa t  p rio r to  th e ir  m ig ra to ry  fligh ts . T h e  re sp ira to ry  
q u o tie n t (R Q ) o f Schistocera  in d ica tes  t h a t  i t  is th is  fa t w hich  th e  an im als 
oxidize on th e  w ing. [24].  A ccording to  W ig glesw or th  [56],  lep id o p te ro u s  
im agos are  u n ab le  to  u tilize  c a rb o h y d ra te s  d u rin g  fligh t, an d  th e y  h av e  to  
c o n v e rt i t  f ir s t  in to  fa ts . Z e b e  [60] m ak es a sim ilar s ta te m e n t. H e claim s 
th a t  if  glucose be in jec ted  in to  th e  ly m p h  o f lep idop te rous im agos, i t  w ill be 
co n v erted  in to  fa t  to  su p p ly  energy  fo r f lig h t.

T he la s t co lum n o f T able 10 p re se n ts  ca lcu la tion  d a ta  on th e  a m o u n t 
o f f a t ty  su b stan ces  found  in m ale g ip sy  m o th s  of d ifferen t ages a n d  average 
w eigh ts. T he m ean  w eigh t d a ta  n ecessary  fo r th e  calcu lations h a v e  b een  read  
from  th e  g rap h  p lo tte d  on th e  basis o f  T a b le  4. These d a ta  show  th a t  th e  fa t 
reserves o f th e  m o th s  do no t decrease t i l l  th e y  are 24 hours o ld , in d eed , the  
a m o u n t slig h tly  increases. One m ig h t c o n te n d  of course, th a t  th is  re su lt is 
co in c id en ta l w ith  an d  derives from  th e  in d iv id u a l flu c tu a tio n  in  th e  w eights 
an d  fa t  c o n ten ts  o f th e  an im als used  in  th e  experim en ts. H o w ev er, G i l b e r t  
an d  S c h n e i d e r m a n n  [18] su b m it an  in te re s tin g  accoun t to  th e  e ffec t th a t  
th e  non-feed ing  im ag ina i m ales o f th e  H yalophora  cecropia-group  also convert 
foreign su b stan ces  in to  fa t . I t  w as d e m o n s tra te d  b y  b io ch em ica l m ethods 
th a t  th is  tra n s fo rm a tio n  tak es  place in  th e  fly ing-m uscles o f th e  an im al. I t  is 
q u ite  possible th a t  th e  sam e process occu rs also in th e  closely re la te d  Lym -
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a n tr ia  d ispar. This a s su m p tio n  is s u b s ta n tia te d  b y  th e  observ a tio n  t h a t  33 
h o u rs  o ld , s till ac tiv e ly  f ly in g  m ales co n ta in  y e t  a h igh  am o u n t o f  fa t .  T h e  
f in a l  s e tt le m e n t of th e  q u e s tio n  req u ires  fu tu re  s tu d y .

D u rin g  th e  f lig h t o f  th e  m ale  gipsy m o th s , th e  f a t ty  reserves decrease  
a p a r t  fro m  th e  in itia l p h ase  m e n tio n e d  above (T ab le  10). The an im als g ra d u a lly  
u ti l iz e  th e i r  reserve su b s ta n c e s . T h is fac t, as w ell as th e  m ark ed  decrease o f  th e  
b o d y  w e ig h t, to g e th e r w ith  th e  considerab le  d ifference  betw een  th e  f a t  c o n te n ts  
o f  th e  tw o  sexes, fu n d a m e n ta lly  delim it th e  g ip sy  m o th  — and  su re ly  all o th e r  
r e la te d  species — from  th e  o th e r  insects w ith  feed ing  im agos. T hese la t t e r  
a n im a ls  n am ely , le t th e y  be  e i th e r  ho lom etabo lic  o r n o t, do n o t lose re g u la r ly  
(a t  le a s t  as fa r  as we know ) n e ith e r  th e ir  fa t  c o n te n ts  no r th e ir  b o d y  w e ig h ts  
in  th e  im ag in a i s tage, n o r is th e re  an y  consp icuous sexual difference as to  fa t 
c o n te n t .  T h e  developm ents o f  th e ir  w eights a n d  f a t  co n ten ts  depend  m u ch  
m o re  on th e  seasons or o th e r  e x te rn a l fac to rs  o f th e  h a b ita t  th a n  on th e ir  
age . T h e  f a t  con ten t of Tenebrio  im agos varies b e tw een  4 and  6%  b o th  in  y o u n g  
a n d  a g e d  specim ens [35]. T h e  f a t  co n te n t o f E urygaster integriceps an d  L ep tin o -  
ta rsa  decem lineata  im agos ch an g es  accord ing  to  th e  season , th a t  is th e  d ia p a u sa s  
c o n n e c te d  w ith  them  [46]. L ep tino tarsa  co n ta in s , in  A ugust, only a b o u t 8 — 9 
d ry  w e ig h t %  fats, ab o u t 38 — 39 in  S ep tem ber, a t  th e  beg inn ing  of th e  d ia p a u sa . 
T h e re  is h a rd ly  any  d ifference  in  th is  resp ec t b e tw een  m ales and  fem ales.

T a b le  10 also show s t h a t  th e  m ale  L ym a n tria  im agos u n d er s tu d y  c o n ta in  
1 0 .3 9  l iv in g  w eight %  fa ts  (4.1 m g), even a t  th e  tim e  o f th e ir  dea th . T his o b se r
v a t io n  obv io u sly  raises th e  q u e s tio n  w h e th e r th e se  m o th s  live by  n a tu re  u n til  
th e i r  re se rv e  substances su ffice , an d  die on ly  w h en  th e y  have co m p le te ly  
e x h a u s te d  th em . There is a p o ss ib ility  th a t  th e  an im als  k e p t un d er la b o ra to ry  
c o n d itio n s , how ever w ell c a re d  for, h ad  an u n n a tu ra l ly  shortened  life sp an  
in c u r r in g  th e  re ten tio n  o f a f ra g m e n t of th e ir  f a t  c o n te n ts . F e r n a l d  considered  
i t  p ro b a b le  th a t  the m ales live  lo n g er in th e  fie ld  th a n  in  th e  la b o ra to ry  [37].  
In  m y  o p in io n  even if  th e re  b e  som e t ru th  in  th is  assu m p tio n , th e  re m a in in g  
f a t  c o n te n t  could largely  be  a c c o u n te d  for b y  its  fo rm ing  an in te g ra l p a r t  
o f th e  im a g in a i tissues, hence  u n co n v ertib le  fo r en e rg y  purposes. L a f o n  [26]  
is o f  th e  sam e view w hen he  s ta te s  th a t  P horm ia  specim ens u tilize  b u t  6 9 %  
o f th e  fa ts  during  th e ir life sp a n  of 4 — 5 days. I t  w o u ld  seem  th erefo re  th a t  
o rg a n ism s  o f  th is  ty p e  live in  fa c t u n til  th e  re se rv e  substances cover th e ir  
e n e rg y  re q u ire m e n ts ; one sh o u ld  ad d , how ever, t h a t  th e y  can n o t u tilize  a c e r ta in  
q u o ta  o f  th e ir  energy rese rv es . B a l á z s , K ovÁts a n d  B urg  [3] discussed  th e  
p ro b le m  o f  th e  d eath  of in sec ts  w ith  non-feeding  im agos. T hey  have in v e s tig a te d  
G alleria mellonella. Of changes o b se rv ed  in th e  im agos (ra te  and dev e lo p m en ts  
of th e  d ec rease  of w eigh t, h ig h  d ry  m a tte r  losses, increase  of re la tiv e  a sh  
c o n te n t , r a te  of decrease o f  t o ta l  lipo ids, e tc .), th e y  in fe rred  th a t  th e  d e a th  
o f th e s e  specim ens was due  n o t  so m uch  to  a gen era l ageing process b u t  to  
h u n g e r . T h is  suggestion ag rees e n tire ly  w ith  th e  ab o v e  considerations.
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T ho u g h  th e re  rem a in ed  some fa t ty  su b s ta n c e s  in th e  ex p e rim en ta l spec i
m ens a t  th e  tim e  o f th e ir  d e a th , th e y  w ere o f  a r a th e r  poor a m o u n t, a n d  u lt i
m a te ly ,i t  was m ore su rp ris in g  th a n  n o t th a t  th e  an im als  h ad  u tilized  th e  m a jo r 
p o rtio n  o f th e ir  o rig inal f a t  reserves. I f  th e  a m o u n t of fa t p resen t in  th e  fresh  
pu p ae  w as tw ice as m uch  as w h a t h ad  been in  th e m  before h a tc h in g , th e n  only  
ab o u t 22%  of th e  fa t  reserves of the  fresh  p u p a e  rem ained  in th e  m ale  im ag es 
by  th e ir  d ea th .

Table 11

The lip id  content o f  the copulated fem ale L y m a n tr ia  dispar imago and its eggs

Designation of age
N um ber of 

specimens 
examined

Lipid content 
(per cent 

of live weight)

Lipid co n ten t in 
sp cim  n 

(and its  « ggs) 
of av rag • sizv

(™g)

Imago at hatching ..................................................
Idem ...........................................................................
Mean va lu e ...............................................................

8
10

4.49
4.63
4.56 18.4

Imago, 20 hour age ................................................ 10 5.50 17.9

Imago, at cessation of oviposition .......................
Idem ...........................................................................
Mean va lu e ...............................................................

15
6

2.09
1.89
1.99 1.6

Idem ...........................................................................
Mean value .............................................................

15
6

7.82
7.26
7.54 14.8

Imago, after oviposition, premortal stage .......... 10 2.26 1.7

T he fa t c o n te n t o f fem ales, a t  th e ir  h a tc h in g  from  th e  p u p a e , is 4.56 
live w eight % ; s lig h tly  low er th a n  th a t  o f  th e  m ales of s im ila r age (Table 
11). H ow ever, b y  th e  fac t th a t  th e ir  w eigh t decreases less th a n  th a t  o f  th e  m ales 
th e ir  re la tiv e  fa t  c o n te n t w ill la te r  increase  also  less. This resu lts  in a co n sid erab le  
d ifference, w ith in  a few  hours, in th e  re la tiv e  f a t  co n ten t of th e  m ale  an d  th e  
fem ale g ipsy  m o th  im agos. I have a lre a d y  m en tio n ed  th a t ,  acco rd in g  to  th e  
av a ilab le  l i te ra tu re , th is  k in d  of sex u a l d iffe rence  is h igh ly  c h a ra c te r is tic a l 
o f non-feed ing  im agos. M oreover, G i l b e r t  a n d  S c h e i d e r m a n n  118 ] believe 
th a t  th e  m ales o f lep id o p te ro u s  species h av e  in  gen era l a h igher fa t c o n te n t  th a n  
th e  fem ales.

The fa t  c o n te n t o f th e  fem ales is, d e sp ite  w h a t was said  above, s ig n if ican t 
in an  abso lu te  sense. T he anim al needs th is  a m o u n t of fa t re se rv e  p rim a rily  
for th e  p ro d u c tio n  o f eggs. This process n a m e ly  requ ires a co n sid e rab le  q u a n 
t i ty  of f a t ty  su b stan ces . This o b se rv a tio n  m u s t obviously  be re la te d  to  th e
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f a c t  t h a t ,  in  c o n tra s t w ith  Lepidoptera, th e  fem ales  o f o th e r insect o rd e rs  h av e  
in  g e n e ra l a h igher fa t c o n te n t [18]. A cco rd ing  to  in v estig a tio n s, th e  m a jo r  
p o r t io n  o f  fa ts  show n in  th e  fem ales of th e  g ip sy  m o th  is t r a n s m itte d  in to  th e  
eggs. T h e  d a ta  of T ab le  11 p ro v e  th a t  a single c lu s te r  o f eggs co n ta in s  ro u g h ly  
n in e  t im e s  as m uch fa t- lip o id  sub stan ces as th e  fem ale w hich la id  th e  eggs. 
I t  goes w ith o u t say ing  th a t  a g rea t a m o u n t o f  energy  is needed  to  m e e t th e  
ex ig en c ie s  of th e  em b ry o n a l d ev e lo p m en t. T h is energy  is p rim arily  a ffo rd ed  
b y  th e  7.54 p er cen t fa t  c o n te n t o f th e  eggs. T h e  im p o rtan ce  of th e  f a t  c o n te n t 
o f  th e  in se c t eggs w as co n firm ed  a lread y  b y  T a n g l  [43, 44]. W i g g l e s w o r t h  
[5 5 ], re fe rr in g  to  th e  s tu d ie s  o f  F a r k a s  an d  T ichojviiroff , rep o rts  t h a t  in  th e  
eggs o f  th e  silkw orm  tw o -th ird s  o f th e  re q u ire d  energy  derives from  fa t ,  an d  
t h a t  th e  f a t  co n ten t decreases from  8 .1%  to  4 .4 %  during  em b ry o n a l d ev e l
o p m e n t .  T h e  rest of th e  e n e rg y  (1/3 p a r t)  is su p p lied  by  glycogen. A cco rd in g  
to  S e i f e r  [38, 39] th e  eggs o f M elanoplus  in it ia lly  contain  17 — 2 2 %  d ry  
w e ig h t  f a t ,  w hich decreases to  h a lf  th is  a m o u n t u n til  h a tch in g . H i l l  [19] 
s t a t e d  t h a t  glycogen is ch iefly  responsib le  in  th e  fo rm atio n  of ch itin .

W ith  respect to  th e  h ig h  fa t co n ten t o f th e  eggs, it is especially  s tr ik in g  
t h a t  th e  fem ales h av e  b u t  a sm all am o u n t o f  f a t ty  substances to  co v er th e ir  
ow n  e n e rg y  req u irem en ts  (T ab le  11). This p ro v es  again th a t  th ese  an im als  
u tiliz e  o n ly  a m eagre a m o u n t o f energy  in m ee tin g  th e  exigencies o f th e ir  
b io tic  p rocesses.

W a te r

I t  is w ell know n th a t  th e  w a te r co n ten t o f  th e  la rv ae  is ra th e r  h igh , b u t  
r a th e r  low  in  th e  p u p ae . H ow ever, th e  m ale p u p a e  o f  L ym an tria  d ispar  co n ta in  
r e la t iv e ly  m uch  w ater. In  th e  period  before h a tc h in g  ! have  found  78 .11%  
w a te r  in  th e m  (Table 12). T h e  p u p a  of H yp h a n tr ia  cunea  con ta ins o n ly  7 0 — 
7 4 %  w a te r  [14]. L u d w i g  an d  L a n d s m a n  [55] fo u n d  also 74%  of w a te r in  th e  p u p a  
o f P o p ill ia  japon ica . T here  is s till less w a te r , as re p o rte d  b y  S u b l k e v  [25], 
in  th e  p u p a e  o f Corymbites tesselatus an d  A griotes linea tus, th e  fo rm er c o n ta in in g  
5 9 .9 8 % , th e  la t te r  58 .7%  w a te r . H ow ever, th is  wra te r  reserve h a rd ly  d im in ish es  
in  g e n e ra l d u rin g  m e tam o rp h o sis , as wras sa tis fa c to r ily  show n for H yp h a n tr ia  
cunea  [14] an d  Leucoma calicis  [20]; indeed , th e  re la tiv e  w a te r  c o n te n t even 
e x h ib i te d  som e increase in  th e  fo rm er case. T h e  e x p la n a tio n  is th a t  o x id a tio n  
p ro cesses  n ecessary  for o b ta in in g  energy  y ie ld  a considerab le  am o u n t o f  w a te r , 
la rg e ly  co v erin g  ev ap o ra tio n  losses in  th e  p u p a . H ow ever, th e re  a re  again  
e x c e p tio n a l cases. T he w eig h t o f th e  p u p a  o f  M usca  domestica d ecreases b y  
o n e - th ird  d u rin g  m etam o rp h o sis  la s tin g  for 6 d a y s  [22], b u t  th e  m a jo r p o rtio n  
o f  d e c re a se  ta k e s  place in  th e  f i r s t  36 hours. T h e  in i t ia l  s tro n g  decrease in  w 'eight 
is m a in ly  d u e  to  th e  loss of wra te r . J a n s k y  e x p la in s  th is  b y  th e  fac t t h a t  th e  
e x te rn a l  w a x y  cover o f th e  p u p a  p re v e n tin g  e v a p o ra tio n  in  la te r  p e rio d s h a d  
n o t  y e t  d ev e lo p ed  a t th a t  tim e .
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Table 12

' m a n t r i a  d i s p a r m a g o

N um ber of Wat 
specimens  ̂ /p 
examined

er content 
r cent)

Wate»- to n ten t 
in specimen 
o f average 

w eight (mg)

10 78.11 181.8

10 74.86 111.0

10 60.67
15 58.77

59.72 53.9

10 56.73
8 56.33

56.53

12 58.15

10 50.62
1 49.59

50.10

10 56.53

3 49.73

1 48.90
10 51.10
I 53.84
1 50.46
1 52.43
1 51.45

51.36 20.3

f  in sec ts , th e n : u su a lly  is , as wa

Designation of age

Pupa before hatching of imago 

Imago at hatching ...................

Imago, 4 hour age
Idem .....................
Mean va lu e ..........

Imago, 24 hour age
Idem .........................
Mean va lu e .............

Imago, 36 hour age

Imago, 51 hour age
Idem .......................
Mean value.............

Imago, 72 hour age 

Imago, 78 hour age

Imago, 52 hour age . . 
Imago, 70—80 hour age 
Imago, 78 hour age . . . .  
Imago, 82 hour age . . . .  
Imago, 82 hour age . . . .  
Imago, 83 hour age . . . 
Mean value...................

on ly  to  be ex p ec ted , a connection  expressib le  as an  inverse ra tio . T h is  h a s  been 
d e m o n s tra te d  a lre a d y  on larvae . T h e o d o r  [45] m en tions th a t  th e  f a t  c o n te n t 
o f th e  ac tiv e  la rv a  o f Phlebotomus p a p a ta s ii  is 5 %  of th e  dry  w e ig h t, w hereas 
th e  w a te r  co n te n t is 65 — 70% . D uring  h ib e rn a tio n , these  values a re  m odified  
to  15, an d  52 — 5 7 %  respec tive ly . U s h a t i n s k a y a  [46, 47] also d iscusses th e  
w a te r  to  fa t  ra tio  s ta t in g  th a t ,  u n d er th e  c o n tin e n ta l  clim ate , in sec ts  feed  m ore 
in ten s iv e ly  p rev io u sly  to  th e  d iapause. A s ig n if ic a n t fa t reserve is b u i l t  u p , w ith  
th e  co n cu rren t decrease  o f th e  w a te r c o n te n t. T he low er w a te r c o n te n t  o f  th e
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p u p a e , as re la ted  to  th a t  o f  th e  la rv ae , is a lso  connected  w ith  th e  fa c t  th a t  
th e  f a t  reserves of th e  an im a ls  generally  in c rea se  du ring  p u p a tio n . T h e  la rv ae  
o f  H y p h a n tr ia  cunea  c o n ta in  1.3 — 2 .0%  fa ts  a n d  lipoids, and  a b o u t 84 — 86%  
w a te r . W hen , how ever, th e ir  f a t  co n ten t in c reases  to  4 .2% , th e  w a te r  leve l de
c reases  to  81 .4%  [4, 15]. T h is  conspicuous p rocess of bu ild ing  up th e  s to re s  of 
e n e rg y  reserves con tinues u n t i l  th e  b eg inn ing  o f  th e  p upa l stage . T h e  8 .87%  
fa t  c o n te n t  o f th e  y oung  H yp h a n tria  p u p a e  coex ists w ith  an a p p ro x im a te  
7 0 %  w a te r  co n ten t.

T h e  w a te r  and  fa t  c o n te n t re la tio n sh ip  is p a rtic u la r ly  s trik in g  in  p u p ae  
w h ich  show  sexual d ifferences as to  th e  a m o u n t o f fa t  reserves. Such re la t io n 
sh ip  is  k n o w n , am ong o th e rs , in  th e  case o f L eucom a salicis, s tu d ied  b y  J ainda  
a n d  M a r e k  [20].

K n o w in g  th e  in v erse  ra t io  o f w a te r a n d  f a t  con ten ts, one sh o u ld  only  
e x p e c t t h a t  th e  w a te r c o n te n t o f  the  m ale L y m a n  tria  dispar  im agos w ill decrease 
in  th e  f i r s t  ho u r of th e ir  lives, co n cu rren tly  w ith  t h a t  increase of th e ir  p e r  cen t 
fa t  c o n te n t .  The d a ta  o f T ab l • 12 indeed  d isp la y  th a t  in th a t  phase , th e  sam e 
s u b s ta n t ia l  decrease in  w a te r  c o n te n t tak es  p lace  in  th e ir  organism s as th e re  
w as a  n o ta b le  increase in  th e i r  re la tiv e  fa t  c o n te n t. In  th is  period , n a m e ly , 
th e  a n im a l gives off all its  d isp en sab le  w a te r  reserv es , w hich again  p ro m o te s  
th e  re d u c tio n  o f th e ir  b o d y  w e ig h t to  its  sm a lle s t possible a m o u n t. T h e re  is 
h a rd ly  m o re  th a n  56 .5%  w a te r  c o n te n t in 24 h o u r  old im agos. In  la te r  p h ases , 
it is re m a rk a b le  th a t  th e  re la tiv e  w a te r  c o n te n t d im in ishes only s lig h tly , an d  
n o t all in th e  second h a lf  o f  th e  period  of f l ig h t. T h is fac t, com bined  w ith  th e  
o b s e rv a tio n  th a t  the im ago s ta r ts  on its f lig h t w ith  a ra th e r  m eagre a m o u n t 
o f w a te r ,  im ply  th a t  th is  species u tilizes w a te r  derived from  th e  v a rio u s  
o x id iz in g  processes ta k in g  p lace  in  its  o rg an ism s. The reserve su b s ta n c e s  
m e e tin g  th e  req u irem en ts  o f th e  f lig h t are th e re fo re  u tilized , as it  w ere, tw ice  
b y  th e  a n im a l: f irs t b y  o b ta in in g  energy  d u rin g  th e  ox id izingprocesses, seco n d ly  
b y  sa t is fy in g  its  w a te r re q u ire m e n ts  by  w a te r  em erg ing  as th e  f in a l p ro d u c t 
o f th e  sam e  processes.

I  h a v e  grouped  in T ab les  13 an d  14 th e  w a te r  co n ten t of u n c o p u la te d  an d  
c o p u la te d  fem ales and  th e ir  eggs. As is to  be seen th e  w a te r co n ten t o f fem ales 
ju s t  h a tc h e d  from  th e  p u p ae  is on ly  75 .42% , sca rce ly  h a lf  p e rc e n t h ig h e r th a n  
th a t  o f  th e  m ales of th e  co rresp o n d in g  age. S u b se q u e n tly , how ever, th e re  evolves 
a c o n s id e ra b le  difference b e tw een  th e  tw o sexes. T h e  w a te r co n ten t o f  th e  fe 
m ales do es n o t decrease b y  fa r  in  th e  sam e deg ree  as th a t  of th e  m ales. T h is 
p h e n o m e n o n  again  show s, on th e  one h an d , t h a t  th e  fem ales have no n e e d  — 
since th e y  do n o t f ly —to fre e th e m se lv e s  of all d isp en sab le  m ateria ls  for th e  sake  
of le sse n in g  th e ir  w eight as do th e  m ales, an d , on th e  o th e r, th a t  th e  in te r r e la 
tio n sh ip  o f  th e  fa t an d  w a te r  c o n te n t holds as d iscussed  above.

T h e  w a te r  co n ten t o f u n c o p u la te d  fem ales (w h ich  lay  only a p a r t  o f  th e ir  
eggs) is, h a rd ly  lower even a t  th e ir  d e a th  th a n  in  th e  f irs t 24 hours o f th e ir
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life (T able 13). T he sligh t loss o f w eigh t and  m o d e ra te  loss o f w a te r  a re  alm ost 
p ro p o rtio n a te  in th is  p h ase  o f th e ir  life.

W ith  reg a rd  to  co p u la ted  a n d  ov ip o sited  fem ales, th e re  are  tw o  o b se rv a 
tio n s w o rth y  of no te . F irs t , th e  w a te r  co n te n t o f th e  eggs is low er th a n  th a t  
o f th e ir  ow n bodies. This also follows from  th e  h igher fa t co n ten t o f th e  eggs and 
th e  low er one o f the  im agos. Secondly , one should  p ay  a t te n tio n  d u e  to  th e

Table 13

The water content o f  the uncopulated female L ym a n tria  d isp a r imago

Designation of agp
N um ber of 
specimens 
examined

W ater content 
(per cent)

W ater content 
in specimen 
of average 
size (mg)

Imago at hatching .................................................. 8 76.50
Idem ........................................................................... 5 74.55
Id em ........................................................................... 10 75.22
Mean v a lu e ............................................................... 75.42 303.7

Imago, 24 hour age ................................................ 10 73.43
Idem ........................................................................... 10 73.58
Mean v a lu e ............................................................... 73.50 239.2

Imago
106 hour age, dying .......................  ..................... 2 73.18
120 hour age, dying ................................................ 1 72.13
98 hour age, dying ................................................ 1 73.45

100 hour age, dving.............................................. 1 71.89
Mean v a lu e ............................................................... 72.66 199.8

fact th a t  th e M ater co n ten t o f  th e  fem ales d ecreases rap id ly  an d  con sp icu o u sly  
after  o v ip o sitio n  u n til th e ir  d ea th . In d eed , th is  process b eg in s a lrea d y  during  
o v ip o sit io n . T hough th e  o v ip o sitio n  o f  th e  eggs co n ta in in g  a r e la t iv e ly  sm al 
a m o u n t o f  M ater sh ould  in crease th e  re la tiv e ly  I o m '  M^ater co n ten t o f  th e  fem ales  
th is  grow th  fails to  occur. D u rin g  th e  la st 24 hours o f  its  life  th e  an im al loses  
a lm o st 4%  o f its  w ater  c o n te n t, th u s  th e  loss o f  w ater ap p ro a ch es th e  rate 
o f  th e  decrease o f  th e  M'hole liv e  w eig h t occurring during th is  p eriod  (T able 9). 
A t th e  sam e tim e , h ow ever , as te s t if ie d  b y  T ab le 11, th e  a m o u n t o f  fa t still 
e x ta n t  in th e  an im al d oes n o t d ecrease. T h is Mould im p ly  th a t  th e  m etab o lism , 
slow  as it  already is, o f  th e  fem ale  decreases to  an ex traord in ary  d egree after  
o v ip o sitio n  and th e an im al n early  dries up at th e  tim e o f  its  d ea th .

T he difference aris in g  from  th e  d iv e rg en t d ev e lo p m en t o f  th e  w ater 
c o n te n ts  o f u n co p u la ted  an d  co p u la ted  fem ales calls a t te n tio n  to  th e  fact
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t h a t  th e se  la tte r  perish  in  o th e r  physiological co n d itio n s  th a n  th e  fo rm er ones. 
T h e  w a te r  con ten t co n d itio n s  o f th e  gipsy m o th  m ales a n d  u n co p u la ted  fem ales 
s u b s ta n t ia te  the  h y p o th e s is , m en tioned  above, o f  B a l á z s , K o v á t s  an d  B u r g

[3] on th e  in an itio n a l a t r o p h y  o f insects w ith  n o n -feed in g  im agos. H ow ever, 
th e  decrease  of th e  w a te r  c o n te n t  raises th e  id e a  w h e th e r  th e  co p u la ted  an d  
o v ip o s ite d  fem ales h av e  n o t  d ied  due to  o th e r  cau ses , possib ly  ow ing to  n a tu ra l  
ag e in g  processes. Such d iffe ren ce  am ong the causes evok ing  d ea th  w ould th e o re t
ic a lly  be  u n d e rs tan d ab le , s in ce  th e  process o f o v ip o sitio n  is u n re p e a ta b le  fo r

Table 14
The water content o f  the copulated female L ym a n lr ia  d ispar imago and its eggs

Designation of age
Number of 

specimens 
examined

Water content 
(per cent)

Water content 
in specimen 

(and its eggs) 
of average) 
size (mg)

Im ag o , a t  cessation of ov iposition  ............................ 2 73.67
I d e m ........................................................................................... 2 72.00
I d e m ........................................................................................... 5 74.92
I d e m ........................................................................................... 8 74.06
M ean v a l u e ............................................................................. 73.66 59.6

K g g -c lu ster 0-48 hour age .............................................. 2 66.76
I d e m ............................................................................................. 2 66.86
I d e m ...............................«.......................................................... 5 68.05
I d e m ..................................................................................... 8 67.35
M ean v a l u e ............................................................................. 67.25 131.7

Im ag o  a f te r  oviposition, p re m o rta l s tag e  .............. 10 69.76
T d e m ................................................................................... 5 69.98
M ean v a l u e ............................................................................. 69.87 54.0

th e  fe m a le  w hich, a f te r  th is  a c t  is over, has ir re v o c a b ly  f in ish ed  w ith  its  re p ro 
d u c tiv e  fu n c tio n , follow ed in  in se c ts  generally  b y  n a tu ra l  d ea th . (F o r all th a t ,  
th is  fo rm  o f dea th  w ould n o t p re c lu d e  th a t  th e  a n im a l sim p ly  u tilizes its  re serv e  
su b s ta n c e s  u n til th a t  tim e .)  I n  th e  case o f u n c o p u la te d  fem ales, w hich  h a d  
th e re fo re  fa iled  to  perfo rm  th e i r  d u ties in th e  p ro p a g a tio n  o f th e  species, th e re  
can  b e  no  question  c f  a s im ila r  en d  to  the  im ag in a i life . T h ey  w ill p re su m ab ly  
live  a n d  w a it for fe rtiliza tio n  u n t i l  th e ir  reserve su b s ta n c e s  ho ld  o u t. T h e m a le s  
re sem b le  th e se  la tte r  in a sm u c h  as being anim als cap a b le  o f rep ea ted  copu la tio n  
th e y  do  n o t a tta in  the  s ta te  o f  h a v in g  com pletely  d isp en sed  w ith  th e ir  fu n c tio n s  
in  p ro p a g a tin g  the  species. A ll th e s e  considerations a re  su p p o rte d  by  th e  o b se rv a 
tio n  t h a t  th e  w ater c o n te n t o f  in sec t species w ith  feed ing  im agos decreases 
in  th e  la s t  phase of th e ir  life , s im ila rly  to  th e  o v ip o sited  g ipsy  m o th . A nd  th e ir
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d e a th  is doub tless  due to  ageing and  n o t to  s ta rv a tio n . For in stan ce , acco rd in g  
to  th e  fin d in g s o f Co o k  an d  S cott  [8 ] ,  th e  w a te r  co n ten t of Term opsis  is 74  — 
8 0 % ,  b u t th is  a m o u n t decreases to  below  6 8 %  soon before its  d ea th . O ne sh o u ld  
n o t fo rg e t, how ever th a t  one can n o t safe ly  re g a rd  th e  decrease o f  w a te r  as 
sy m p to m a tic  o f ageing . A ccording to  B a l á z s , K o v á t s  and  B u r g  [3 ] ,  th e  
change o f th e  n itro g en , a sh  an d  fa t c o n ten ts  is a b e t te r  in d ica to r in  th is  re sp ec t. 
N or shou ld  one overlook  th e  fa c t th a t  th e  life  sp a n  o f u n co p u la ted  fem ales is 
n o t a t all longer b u t  r a th e r  sh o rte r  th a n  th a t  o f  th e  copu la ted  ones. A sa tis fa c 
to ry  so lu tion  of th e  p ro b lem  requires fu r th e r  s tu d y .

The production biological evaluation o f  the research data

I  have  a lread y  re fe rred  in  th e  in tro d u c tio n  to  th e  special p o s itio n  o f  holo- 
m e tab o lic  in sec ts  w ith  non-feeding  im agos w ith in  th e  several co m m u n itie s . 
T h e ir  s ta te  has been e lu c id a ted  from  sev era l sides b y  th e  in v es tig a tio n s  d iscus
sed above. In  how  fa r  is, th e re fo re , th e  p o sitio n  o f th e  anim als in  q u es tio n  
am ong  th e m  th a t  o f  L ym a n tr ia  dispar  — sp ec ia l as m irro red  in  th e  p re se n t re 
search ?  In  answ ering  th is  q uestion , I  th in k  t h a t  we could so rt o u t th re e  in fe r
ences d eriv ab le  from  o u r s tu d y .

F irs t  o f all, th ese  m o th s are c h a ra c te riz e d  b y  a high grade o f  a d a p ta tio n  
a n d  sp ec ia liza tion . T h e ir w hole organic s t ru c tu re  has p ro found ly  specialized  
i tse lf  to  subserve  th e  p ro p ag a tio n  of the species. T hey  do n o th in g , as i t  w ere, 
w hich is n o t co n n ec ted  w ith  th is  ta sk .

S econdly , an d  th is  is closely re la te d  w ith  th e  f irs t p o in t, th e se  an im als 
are  ch a rac te rized  by  an  ex trem e  econom y o f m a te ria ls  and  energy .

T h ird ly , i t  is especia lly  s trik ing  in  how  fa r  and  to  w h a t r a te s  th e y  con
sum e, su b seq u en tly  to  th e  cessation  of feed in g , th e ir  own o rgan ism  a t  th e  end 
o f  th e  la rv a l s tage  an d  d u rin g  th e  p u p a l a n d  im ag in a i stages. S ho u ld  th e  p ro b 
lem  be ap p ro ach ed  e ith e r  as concerns th e  d eve lopm en ts of b o d y  w eig h t or 
from  an  en erg e tica l p o in t o f view , i t  is e q u a lly  a stound ing  how  li t t le  th e re  
rem ains o f th e  an im als  a f te r  rep ro d u c tio n , a t  th e  tim e  of th e ir  d e a th .

T h e  above co n sid era tio n s are n a tu ra l ly  co nnec ted  w ith  th e  fa c t  t h a t  th e  
an im als  cease feed ing  early  and  fin a lly , a n d  th e n  depend  ex c lusive ly  on th e ir  
reserve  su b stan ces , in c lud ing  w ater. T he o b se rv e r sees, on th e  one side o f these  
in te r re la te d  p h en o m en a , th e  successful fu lf illm e n t of th e  task s  o f re p ro d u c tio n , 
an d  on th e  o th e r th e  a lm o st u n be lievab le  decrease  of the  w eigh t o f  th e  m ales 
d u rin g  f lig h t, th e ir  freedom  from  c a rry in g  a n y  excessive b u rd e n s , th e ir  com 
b u stio n  of m a in ly  fa ts  w hich  con ta in  a re la tiv e ly  h igh  am oun t of en e rg y  desp ite  
th e  sm all q u a n titie s , th e ir  u tiliza tio n  of w a te r  derived  during  o x id a tio n , th e ir  
sav ing  of energies b y  avo id ing  all u n n ecessa ry  m ovem en ts, as w ell as th e  d e v o t
ing  b y  th e  fem ales — for all th e ir  m o d est m etabo lism  — of a ll th e ir  forces 
to  th e  d ev e lo p m en t o f  eggs and  to  o v ip o sitio n  — in sho rt, th e  u ti l iz a tio n  by  
th e  an im als o f all av a ilab le  energies an d  m a te ria ls .
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T h e  high am o u n t o f  losses in  energy a n d  m a tte r , observab le  fro m  th e  
tim e  o f  th e  cessation o f feed in g  u n til d e a th , deserves especial a t te n tio n  from  
th e  p o in t of view of p ro d u c tio n  biology. L iv in g  beings — and here  I  h a v e  in 
m in d  h e te ro tro p h ic , t h a t  is , tra n s fè re n t, o rg an ism s [17] — increase , a t  leas t 
in  so m e phase  of th e ir  life, th e  energy  and  m a te r ia l  reserves of th e ir  ow n bodies 
b y  a p a r t  of the  consum ed fo o d , to  w it th e y  a u g m e n t th e  m ateria ls  a n d  energ ies 
s to re d  (as p a rts  or reserves o f  th e  organism ) — in  sh o rt, th e y  “ sto re  a c t iv e ly .” 
T h e  m e tab o lism  of a n u m b e r  o f organism s chan g es in  a given phase o f  th e ir  
life so t h a t  the  am o u n t o f e n e rg y  and  m a te ria ls , consum ed  as food on th e  one 
h a n d  an d  freed and  o x id ized  as energy on th e  o th e r , will in e ssen tia ls  s tr ik e  
a b a la n c e . These an im als do n o t, therefo re , in c rease  th e  energy an d  m a te r ia l 
re se rv e s  o f th e ir  bodies b u t m ere ly  re ta in  th e  e x ta n t  am o u n t, hence th e y  “ sto re  
p a s s iv e ly .”  Also those  o rg an ism s are “ p ass iv e ly  s to rin g ” w hich lose m ore 
m a te r ia ls  an d  energies th a n  w h a t th e y  ta k e  u p  in  th e  food. These red u ce  th e ir  
e x is tin g  m a te ria l and  en erg y  reserves, re ta in in g  o n ly  p a r t  of it. In to  th is  l a t te r  
c a te g o ry  can the  in d iv id u a ls  o f  L ym an tria  d ispar  a n d  sim ilar an im als be re le 
g a te d , su b seq u en t to  th e  cessa tio n  of th e ir  food u p ta k e . H ow ever, th e  ra te  
o f th e  loss of th e  s to red  m a te r ia ls  and  energy  a t ta in  such ex trem es t h a t ,  b y  
th is  v e ry  fac t, th ey  are  w h o lly  d is tin c t from  all o th e r  organism s. T h e  w eigh t 
o f th e  m ale  m oth  at its  d e a th  is no m ore th a n  6 .6 %  of its  m ax im um  w eigh t 
in th e  la rv a l stage, and if  o n e  s ta r ts  from  th e  assu m p tio n  th a t these  an im als  
u tiliz e  a b o u t ha lf of th e ir  f a t t y  substances in th e  p upa l stage, a p p ro x im a te ly  
7 8 %  o f  th is  am oun t w ill be lo s t  a t  th e  end o f  th e ir  life. In  judging  th e  fem ales 
one m ig h t say  th a t th e  m a jo r  p o rtio n  of th e ir  av a ila b le  reserves is t r a n s m it te d  
in to  th e  eggs as living m a te r ia ls  — b u t th e  p ro d u c tio n  of offsprings is a c h a ra c 
te r is t ic  o f  th e  m em bers o f all g ro u p s o f living beings. T hus th e  w eight a n d  en erg y  
ra tio s  o f  th e  fem ales o u g h t to  be  considered in  th is  case regardless o f th e  eggs. 
A n d  acco rd in g ly , th e y  e x h ib it  a loss of w eight g re a te r  even th a n  th a t  o f  th e  
m a le s , w h ile  th e ir  fa t rese rves becom e qu ite  in s ig n if ic a n t a t th e  end of th e ir  life. 
T h ese  an im als  therefo re  decom pose  th e ir  ow n o rg an ism  to  such a r a te  t h a t  
th e re  re m a in s , a fte r th e ir  d e a th ,  b u t  little  o f th e m  for u tiliza tion  b y  o th e r  
o rg a n ism s  feeding on d ead  o rg an ic  m ateria ls . T h e y  e x tra c t, as i t  w ere , th e  
m a te r ia ls  o f  th e ir  body  from  th e  com m unity . T h is is th e  reason w h y  th e ir  p o s i
tio n  is s in g u la r from  th e  p o in t  o f viewr of p ro d u c tio n  biology, an d  th is  is th e  
ju s t i f ic a t io n  for designating  th e m  as a d is tin c t g ro u p  of liv ing beings: p e rh a p s  
as self-decom posing  o rg an ism s.
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U N T E R SU C H U N G  D E R  G E W IC H T S V E R Ä N D E R U N G E N , D E S F E T T - U N D  D ES 
W A S S E R G E H A L T E S B E I L Y M A N T R I A  D I S P A R  L . (M IT B E S O N D E R E R  

B E R Ü C K S IC H T IG U N G  D E R  C H E M IS C H E N  U N D  E N E R G E T IS C H E N  
V E R Ä N D E R U N G E N  W Ä H R E N D  D E R  M E T A M O R PH O SE  S O W IE  IM  L A U F E  

D E S  L E B E N S  D E R  IM A G IN E S VO N  IN S E K T E N )

In der vo rliegenden  A rb e it b e ric h te t der V erfasser ü b er die E rg eb n isse  se iner U n te r
suchungen , die er an  den P u p p en  und  den  Im ag in es von  L ym a n tr ia  d isp a r  v o rn ah m . Die 
R e su lta te  der L eb en sd au er-, F e ttg e h a lts -  und  W asse rg eh a ltsu n te rsu ch u n g en  sp rech en  dafü r, 
daß  die L ym antria  d ispar  In sek ten  e ig en artig  sp ez ia lis ie rte  O rganism en sin d . Ih re  Spezialisie
rung  s te h t d a m it in Z u sam m en h an g , daß  die Im ag ines d ieser In sek ten  keine  N a h ru n g  au fn eh 
men u n d  deshalb  ih ren  B ed arf an  N äh rsto ffen  u n d  E n erg ie  aus den im  L a rv e n s ta d iu m  ange
h äu ften  R eserven  decken . Sie verw enden  diesen V o rra t w eitgehend  zur S ich eru n g  der F o r t
p flanzung . Da sie keine N ah ru n g  au fn eh m en , h auen  sie ih re  eigenen K ö rp e rsu b s ta n ze n  ah . und 
zw ar bis zum  E n d e  ih res L ehens so hochgrad ig , d aß  es vom  p ro d u k tio n sb io lo g isch en  G esichts
p u n k t aus b e rech tig t e rsch e in t, diese T iere m it e inem  besonderen  N am en  als S e lh stv erd au er 
zu bezeichnen. (Zw eifellos k o m m t dieser N am e a u ch  den  an d eren  h o lo m etab o len  In sek ten  zu, 
die im Im ag o s tad iu m  keine N ah ru n g  au fn eh m en .) D ies is t  sow ohl fü r die m än n lich en  als auch 
fü r die w eiblichen Im ag in es  kennzeichnend , in bezug a u f  die V erw ertu n g  de r N äh rsto ffreserv en  
lä ß t sich jed o ch  zw ischen den In d iv id u en  der beiden G esch lech ter, die au ch  in m orphologischer 
B eziehung versch ieden  s in d , ein U n te rsch ied  nachw eisen . N ach B eend igung  de r N ah ru n g s
au fn ah m e der R a u p en  is t  der G ew ich tsv erlu st der M ännchen  derm aß en  g roß , d a ß  das G ew icht 
des im  E ingehen  begriffenen  S ch m ette rlin g s n ich t m eh r als 6 ,6%  des M axim algew ich ts der 
R aupe au sm ach t. D er G ew ich tsv erlu st w ird auch  noch d a d u rch  e rh ö h t, d aß  die Im ag in es beim  
A usschlüpfen  aus der P u p p e  von jedem  ü b e rflü ssig en  S to ff b e fre it w erd en , w odurch  ihr 
G ew icht au f das m ö g lich st geringste  re d u z ie rt w ird , u n d  sie die M u sk ela rb e it des Fluges 
d u rch  v e rh ä ltn ism äß ig  geringen E n erg iev erb rau ch  b ew ältigen  k ö n n en . D er vo rh an d en e  
E n erg iev o rra t w ird fa s t  aussch ließ lich  zum  Fliegen v e rb ra u c h t, das im  D ien ste  de r P aarsuche  
s te h t. — Der F e ttg e h a lt  des m änn lichen  S ch m ette rlin g s is t  sehr hoch  u n d  b e tr ä g t  im  A lter 
von 33 S tu n d en  18,16%  des L ebendgew ich ts. W äh ren d  des F luges w ird  d ieser F e ttv o rra t  
a llm äh lich  v e rb ra u c h t, obw ohl ein geringer Teil noch  beim  E ingehen  des S ch m ette rlin g s  v o r
h an d en  is t. — D er W assergehalt v e rm in d e rt sich w äh ren d  des A ussch lüpfens aus der P uppe 
u n d  in den e rsten  S tu n d e n  des S ch m etterlingslebens e rh eb lich . Im  K ö rp er des 24 S tu n d en  a lten  
m ännlichen  S ch m ette rlin g s lä ß t sich  be re its  kau m  56 ,5%  W asser fe s ts te llen . S p ä te r  n im m t 
a llerd ings der re la tiv e  W asserg eh a lt n u r w enig und  in de r zw eiten  H ä lfte  d e r F lu g z e it ü b e rh au p t 
n ich t m ehr ab. Dies lä ß t  sich  d a m it e rk lä ren , d a ß  das T ier das w äh ren d  de r O x y d a tio n  des 
F e tte s  en ts teh en d e  W asser v e rb ra u c h t. W ährend  d ie M ännchen den  V o rra t an  N ährsto ff- 
E nerg ie  fü r den F lug  v e rb ra u c h en , verw enden ihn  d ie W eibchen w e itgehend  zu r E rzeugung 
der E ier. Die ru h ig en , sich  kau m  fortbew egenden  W eibchen  v e rb rau ch en  fü r  d ie S icherung 
ihres eigenen S toffw echsels w eit weniger N äh rs to ffrese rv en  als die M ännchen . L egen sie keine 
E ier, so n im m t ih r G ew icht w ährend  ihres S ch m ette rlin g sleb en s um  31,7%  ab . A uch  ih r F e t t 
v o rra t ,  der übrigens v e rh ä ltn ism ä ß ig  b ed eu ten d  geringer is t als die F e ttre se rv e  de r M ännchen, 
ä n d e rt  sich wenig. N ach  de r E iab lage  zeigen aber d ie W eibchen ein ganz  an d ere s  B ild. Das 
G ew icht solcher T iere b e trä g t  vor ih rem  E ingehen  e tw a  19,2%  ihres G ew ich ts n ach  der E n t 
p u p p u n g . D as G ew ich t de r gelegten  E ier b e trä g t h ingegen 48,6%  des G ew ich ts der ju ngen  
S ch m etterlinge . E in  e rh eb lich er Teil der F e tts to ffe  (e tw a  80%  des u rsp rü n g lich en  F e ttv o rra ts )  
ge lang t ebenfalls in d ie E ier. N ach  der E iab lage  h a t  dagegen das W eibchen  e inen  höheren 
W assergehalt als seine E ier, ein  Beweis m ehr, d a ß  das T ie r die S u b s ta n z en  m it höherem  
E nerg ieg eh a lt an  d ie E ie r w e ite rg ib t.
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ИССЛЕДОВАНИЕ ИЗМЕНЕНИЙ ВЕСА, СОДЕРЖАНИЯ ЖИРОВ И ВОДЫ У 
НЕПАРНОГО ШЕЛКОПРЯДА ( L Y M A N T R I A  D I S P A R  L .)  (С ОСОБЫМ УЧЕТОМ 

ХИМИЧЕСКИ-ЭНЕРГЕТИЧЕСКИХ ИЗМЕНЕНИЙ, ПРОИСХОДЯЩИХ ВО ВРЕМЯ 
МЕТАМОРФОЗОВ НАСЕКОМЫХ И В ТЕЧЕНИЕ ЖИЗНИ ИМАГО)

В настоящей статье сообщаются результаты исследований, проводившихся на 
куколках и имаго непарного шелкопряда (Lym an tria  d ispar L .)  Исследования продол
жительности жизни, изменений веса, содержания жира и воды указывают на то, что 
непарный шелкопряд (L y m a n tr ia  d isp a r L .) является своеобразно дифференцирован
ным организмом. Специализация состоит в том, что в стадии имаго эти насекомые не при
нимают пищу и, следовательно, они используют для покрытия своих потребностей в 
питательном веществе и энергии резервы, накопившиеся в личиночной стадии. Эти ре
зервы они в значительной мере используют для обеспечения размножения. Ввиду того, 
что они не принимают пищу, непарные шелкопряды до конца своей жизни в такой боль
шой мере расщепляют вещества своего собственного тела, что вполне обоснованно назвать 
этих животных особым названием — самопереварителями. (Несомненно, что остальные 
голометаболические насекомые, не принимающие пищу в стадии имаго, также следует 
назвать этим названием.) Это относится, равным образом как к самкам, так и к самцам, 
однако, в отношении использования резервных питательных веществ между особями 
двух полов наблюдается значительная разница, точно так же, как и в отношении морфо
логии. После окончания питания гусениц, у самцов наблюдается такая значительная 
потеря веса, что вес погибающей бабочки не превышает 6,6% максимального веса гусе
ницы. Потеря веса повышается еще и тем, Что имаго при вылуплении из куколки освобож
даются от всех излишних веществ, причем их вес снижается до минимума, благодаря 
чему они при полете могут обеспечить работу мышц за счет относительно меньшей энер
гии. Имеющиеся резервы энергии они израсходуют почти исключительно для полета в 
целях нахождения самки. — В теле самца содержание жира весьма большое, в 33-часовом 
возрасте оно составляет 18,76% живого веса. Во время полета это депо жира постепенно 
израсходуется, хотя незначительная часть его сохраняется до гибели бабочки. — Содер
жание воды во время вылупления из куколки и в течение первых часов жизни сильно 
убывает. В теле 24-часовоц мужской бабочки содержание воды составляет лишь 56,5%. 
Однако в дальнейшем оно мало изменяется, а во второй половине времени полета отно
сительное содержание воды уже вовсе не снижается. Этот факт объясняется тем, что 
животное использует воду, возникающую в процессе окисления жира. — В то время как 
самцы используют резервы питательных веществ-энергии главным образом для полета, 
то самки израсходуют эти депо прежде всего для продукции яиц. Самки ведут спокойный 
образ жизни, они почти не передвигаются и, следовательно, для обеспечения своего соб
ственного обмена веществ они используют гораздо меньше энергии, чем самцы. Если они 
не кладут яиц, то их вес уменьшается в течение жизни бабочек лишь на 31,7%. Их содер
жание жира — которое, впрочем, гораздо меньше содержания жира в теле самцов — так
же мало снижается. Однако яйценоская самка показывает совершенно иную картину. Вес 
яйценоской бабочки составляет при ее гибели в среднем 19,29 % веса, измеренной после 
ее вылупления из куколки. Вес яиц же равен 48,6% веса молодой бабочки. Значительная 
часть жировых веществ животного (около 80% первоначального резерва жира) также по
падает в яйца. После яйцекладки содержание воды в теле самки больше, чем в яйцах. 
Это является лишним доказательством того, что насекомое передает яйцам вещества с 
более высоким содержанием энергии.

G é z a  G e r e , B u d ap est У Ш . ,  P u s k in  u. 3, H u n g a ry

A cta  R ió i. H u n y . 15. 1964
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Synopsis

In the  course  o f th e  p resen t s tu d y , th e  ad ren a l of the  k en tish  p lo v e r ( Charad- 
rius a lexandrinus a lexandrinus L .), th e  d u n lin  (C alidris alpina  L .), th e  c o m m o n  san d 
piper ( A ctilis  hypoleucos L .), the  lapw ing ( V anellus vanellus L .), the  tre e -sp a rro w  (P a s
ser m onlanus m ontanus  L .) an d  the  pigeon ( C olumba livia  domestica L .) h ad  b een  ex am in 
ed h isto log ically  a n d  h istochem ically . In  th e  a d ren a l of A ctilis hypo eucos, living 
along fresh w a te r b ro o k s and  rivers , th ere  is no  d ifference  as to th e  lip o id s b e tw ee n  th e  
p e rip h eral an d  th e  deeper-ly ing  in te rren a l cells. T he peripheral cells a re  s lig h tly  larger, 
th e ir  nuc lear vo lu m e g re a te r  th a n  th a t  o f th e  d eep er s itu a te d  cells. In  th e  case  of the 
com m on san d p ip er, one could therefore  assu m e  a r a te  of aldosterone p ro d u c tio n  sim ilar 
to  those  b ird s (lapw ing , tree-sparrow , p ig eo n ) w hich  consum e u su a lly  “ f re sh w a te r’1 
only . T he su d a n o p h ily  in  the  ad ren a l o f C haradrius alexandrinus a lexandrinus  in h a b it
ing sodic a reas an d  Calidris alpina  o f th e  sea sh o re  shows a certa in  deg ree  o f zo n ation . 
The nuclear vo lu m e o f th e  peripheral in te r re n a l cells is su b s tan tia lly  sm a lle r  th a n  th a t  
o f th e  deeper-ly ing  in te rren a l cells. T h is f in d in g  p o in ts  to  a ldosterone  p ro d u c tio n  on 
a sm aller scale, w h ich  can  be exp lained  b y  th e  ov erstress in g  of th e  o rg an ism  b y  sodium  
sa lts . The decreased  a ldosterone  secre tion  o f th e  b ird  species consum ing  sa l tw a te r  on 
sodic a reas an d  seashore  is to  be in te rp re te d  a s  th e  biological a d a p ta tio n  o f th e  ad ren a l

Introduction

In  th e  ad ren a l o f b ird s the  co rtica l a n d  m edu llary  su b s ta n c e s  do no t 
se p a ra te . T here is on ly  one excep tion , on th e  basis of in v es tig a tio n s  u p  to  th e  
p re sen t d ay , n am ely  th e  pelican (P elecanus occidentalis L.) in w h o se  ad ren a l 
th e  co rtica l an d  th e  m ed u lla ry  su b stan ces a re  u p  to  a ce rta in  d eg ree  d is tin c t 
from  each o th e r. In  th is  species, th e  in te r re n a l  cells c o n s titu tin g  th e  cortical 
su b stan ce  form  th re e  zones, sim ilarly  to  th e  m am m als [3]. I t  w as estab lish ed  
la te r , also b y  K n o u f f  an d  H a r t m a n n , t h a t  th e  periphera l zone is m o re  easily 
a c tiv a te d  th a n  th e  cells of th e  d eep er-ly in g  zones [1].

S i n h a  a n d  G h o s h  [5] fo u n d  t h a t  t h e  p er ip h era l  and t h e  d e e p e r  ly in g  
in te r r e n a l  cells  o f  t h e  p ig e o n ’s a d r e n a l  a re  h is to c h e m ic a l ly  d i f f e r e n t .

I lo o s ’s [4] in v es tig a tio n s  on th e  p igeon  ( Columba liv ia  dom estica  L .), 
th e  m alla rd  (A n a s  p la tyrhyncha  L.), th e  dom estic  fowl (G allus domesticus 
L .) an d  th e  herin g  gull (L arus occidentalis L .) h ad  shown th a t  th e i r  ad renal 
secretes b o th  a ld o ste ro n e  and g lucoco rtico ids.

A ccord ingly , th e  in te rre n a l cells o f  th e  av ian  adrenal, co n sid e red  earlie r 
as a hom ogeneous o rg an , are  a t least fu n c tio n a lly  d ifferent fro m  each  o th e r.
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T h is  w as  d e m o n s tra te d  also  b y  K o n d i c s ’s in v e s tig a tio n s  [2] show ing t h a t  th e  
in tro d u c tio n  of sa lt caused  th e  a tro p h y  of th e  p e r ip h e ra l p a r t and  th e  h y p e r tro 
p h y  o f  th e  deeper-ly ing  in te r re n a l cells in th e  a d re n a l of th e  p igeon . H ence  
i t  w as in fe rred  th a t  th e  p e rip h e ra l in te rre n a l cells secre te  a ldosterone, w h ereas  
th e  d eep er-ly in g  ones p ro d u c e  g lucocortico ids.

A  logical ou tcom e o f th e  above l i te ra tu re  d a ta  is th e  question  w h e th e r  
an  e x tre m e  a d a p ta tio n  to  specia l ecological co n d itio n s  would in cu r changes 
in  th e  fu n c tio n in g  o f  th e  in te rre n a l cells o f th e  ad ren a l reg u la ting  th e  sa lt-  
m e ta b o lism  of th e  o rg an ism .

T o  answ er th e  q u e s tio n , i t  seem ed p ro p e r  to  exam ine h is to ch em ica lly  
a n d  h is to lo g ica lly  th e  a d re n a l of aq u a tic  b ird  species of “ fre sh w a te r”  an d  
“ s a l tw a te r ”  (sodic) h a b ita ts .

M aterial and m ethod

F iv e  specim ens each  (m ales  an d  fem ales) o f th e  species to  be inv estig a ted  h a d  been  
c o lle c ted  d u rin g  A ugust a n d  S e p tem b er. These were: th e  k e n tis h  p lover (Charadrius a lexa n d ri
n us a lexa n d rin u s  L .), th e  d u n lin  ( C alidris a lpina  L .), th e  co m m o n  sandp iper ( A ctitis hypoleucos 
L .), th e  lap w in g  (V anellus vanellus  L .), th e  tree -sp arro w  ( P asser m onlanus montâmes L .) an d  
th e  p ig eo n  (Columba livia  dom estica  L .). M aterials re fe rrin g  to  th is  la t te r  species h a d  been  
o b ta in e d  b y  th e  co u rtesy  o f L . K o n d ic s .

T h e  a d ren a l o f th e  one side  w as fix ed  in 5%  fo rm alin , t h a t  of the  o th er side in  H a id en - 
h a in ’s “ S u sa ”  so lu tion . O f th e  m a te ria l  fixed  in  fo rm alin  15p  sec tio n s were m ade w ith  freez in g  
m ic ro to m e , a n d  th e  lipoids w ere show n  by  Sudanro t-7B . O f th e  o th e r  ad renal, fix ed  in  “ S u sa ” , 
5 fi se c tio n s  were m ade a f te r  d o u b le  P é terfi-em b ed d in g ; th e  sec tions were th en  s ta in e d  w ith  
h a em a to x y lin e -eo sin e . O f th e  p e r ip h e ra l and  deeper-ly ing  b u n d le s  o f th e  in te rren a l cells, one 
h u n d re d  n ucle i each were m easu red  b y  a 3000 X p ro jec tin g  m ag n ifica tio n , th e ir v o lu m e c a l
c u la te d  b y  th e  F ischer — In k e  n o m o g ram m , based on th e  fo rm u la  V 77/6 A P2. an d  th e  v a lu es 
rece iv ed  p lo tte d  on a c o o rd in a te  sy s tem .

R esults

T h e  “ co n tro l” species w as th e  com m on s a n d p ip e r  ( A ctitis  hypoleucos L .), 
in  w h ic h , as concerns su d a n o p h ily , th ere  w as no o b se rv ab le  difference (F ig . 1) 
b e tw e e n  th e  p e riphera l an d  th e  deeper-ly ing  in te r re n a l  cells. The h is to lo g ica l 
p a t te r n  is ch a rac te rized  b y  re la tiv e ly  few a d re n a l cells em bedded am ong  th e  
in te r re n a l  cells c o n s titu tin g  a g re a t n u m b er o f b u n d le s . As to  size, th e  p e r ip h e ra l 
an d  th e  deeper-ly ing  lay e rs  o f  th e  in te rren a l cells c a n n o t (or hard ly ) he d is 
tin g u ish e d  from  one a n o th e r  (F ig . 2). I t  is o n ly  on  th e  basis of th e  n u c le a r  
v o lu m es th a t  a m in im al d ifference  can be show n b e tw een  the  tw o zones (F ig . 
1 A ) .  T h e  nucle i of th e  p e r ip h e ra l in te rren a l cells a re  nam ely  sligh tly  la rg e r  
th a n  th o se  o f the  in te rre n a l cells ly ing  below th e m . In  th e  s ta in ing  of th e  c y to 
p lasm , th e  p e riphera l a n d  th e  deeper-ly ing  in te r re n a l  cells agree.

I n  o rd e r  to  m ake o u r fin d in g s  m ore genera l th re e  ad d itiona l b ird  species 
h ad  b e e n  in v es tig a ted , w h ich  consum e only “ fre sh w a te r” , th a t  is, in g e s t 
“ s a l tw a te r ”  only  occasionally .
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F i g .  1 . A c t i l i s  h y p o le u c o s  L. F ix a tio n  in 5%  fo rm alin ; 15/< freezing sec tion ; S u d a n ro t 7B
X 150

F ig .  2 . A c t i l i s  h y p o le u c o s  L. F ix a tio n  in H eid en h a in ’s “ S u sa” ; 5// paraffine  sec tio n ; h aem ato x y - 
line-eosine; X 530, —► b o rd e r o f zones

F ig .  3 . C h a r a d r i u s  a l e x a n d r i n u s  L. F ix a tio n  in 5 ° /0  fo rm alin ; 15// freezing sec tion ; S u d a n ro t
7B; X 150

F i g .  4 . C h a r a d r iu s  a l e x a n d r i u s  L. F ix a tio n  in  H e id e n h a in ’s “ Susa” ; 5// p a ra ffin e  «ection; 
haem atoxyline-eosine, X 430, —► b o rd er o f zones
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T h e  sudanoph ily  of th e  in te r re n a l cells o f th e  lapw ing  (V a n e llu s  vanellus  
L .) is ch a rac te rized  b y  th e  f a c t  th a t  th e  p e rip h e ra l p a r t  is p o o rer in  lipoids 
th a n  th e  cells of th e  d eep e r-ly in g  zone. A s tr ik in g  fea tu re  of th e  h isto lo g ica l 
p a t t e r n  is th e  g rea te r size o f  th e  p e rip h e ra l in te r re n a l cells as co m p ared  to  th a t  
o f  th e  deeper-ly ing  zones. T h e ir  n u c le i are  m ore spherical, th e ir  cy to p la sm  
s ta in in g  p a le r w ith  eosine. T h e  deeper-ly ing  in te rre n a l cells are  a rra n g e d  in  
th ic k  b u n d le s ; th e ir  nucle i a re  sm aller an d  also denser, since th e  cy to p la sm ic  
m ass o f  th ese  cells is sm a lle r th a n  th a t  o f th e  p e rip h e ra l cells. On th e  o th e r  
h a n d , th e  ac idophily  o f th e  cy to p la sm  is m ore p ronounced  in  th is  zone.

In  th e  case of th e  tre e -sp a rro w  ( Passer m ontanus  L.), the  lipo id  c o n te n t 
o f  th e  p e rip h e ra l and  of th e  d eeper-ly ing  in te r re n a l cells is a lm o st id e n tic a l. 
T h e  h is to lo g ica l p ic tu re  is c h a ra c te r iz e d  b y  th e  p erip h era l in te r re n a l cells 
b e in g  la rg e r  th a n  those  below  th e m . T h e ir cy to p lasm  sta in s less w ith  eosine, 
th e  n u c le i are la rger an d  m o re  spherica l. T he deeper-ly ing  in te r re n a l cells, 
u s u a lly  a rran g ed  in to  lo n g itu d in a l b u n d les , are sm aller, th e  ac ido p h ily  o f  th e ir  
c y to p la s m  stronger, th e ir  n u c le i sm aller.

T h e  su d anoph ily  o f  th e  p e rip h e ra l an d  deeper-ly ing  in te r re n a l cells o f 
th e  p ig e o n  ( Columba livia  dom estica  L.) d iffers h a rd ly  or n o t a t  all. As concerns 
th e  h is to lo g ica l p a tte rn , th e  p e rip h e ra l an d  th e  deeper-ly ing  in te r re n a l cells 
a re  o f  a lm o s t equal size, t h a t  is , th e  p erip h era l cells m ig h t be s lig h tly  la rg e r. 
T h e  p e r ip h e ra l in te rren a l cells s ta in  p a le r w ith  eosine th a n  those of th e  p ro fo u n d 
e r zone.

O f th e  b irds ingesting  a n  ex trem e  a m o u n t o f sa lt w ith  th e ir  food  and 
w a te r , th e  k en tish  p lover a n d  th e  du n lin , in h a b itin g  th e  sodic in la n d  a reas  
a n d  th e  seashore were ex am in ed .

I n  th e  case of th e  k e n tis h  p lover ( C haradrius a lexandrinus  L .), som e 
p a r ts  o f  th e  periphera l zone a re  p o o rer in  lipoids th a n  th e  deeper-ly ing  zone 
(F ig . 3). I t  is conspicuous in  th e  h isto log ica l p ic tu re  th a t  th e  p e rip h e ra l in te r -  
re n a l cells a re  su b s ta n tia lly  sm a lle r  th a n  tho se  of th e  deeper-ly ing  zone. T h ey  
f re q u e n t ly  form  spherical ce ll-n ests  (zona g lom eru losa?), w hich  are  easily  
d is tin g u ish a b le  from  th e  d eep e r-ly in g  co lum ellar fascicles of cells (F ig . 4). 
T h e ir  c y to p la sm  stains s tro n g e r  w ith  eosine th a n  th e  deeper-ly ing  in te r re n a l 
cells, a n d  th e ir  nuclei are  also sm a lle r , u su a lly  elipso id . The deeper-ly ing  in te r 
re n a l cells seem  to  be h y p e r tro p h y se d  as re la te d  to  th e  p e rip h era l zone; th e ir  
c y to p la sm  is less ac idoph ilous, th e  nuclei considerab ly  larger, m ore sp h e rica l 
(F ig . I B ) .

T h e  lipo id  co n ten t o f th e  p e rip h e ra l in te rre n a l cells o f th e  dun lin  ( C alidris  
a lp in a  L .) is sm aller th a n  t h a t  o f  th e  deeper-ly ing  in te rre n a l cells (F ig . 5). 
T he p e r ip h e ra l and the  d eep er-ly in g  lay e r o f th e  in te rre n a l cells are  w ell reco g 
n izab le  a n d  d istingu ishab le  on th e  h isto log ica l p ic tu re  (F ig . 6). T he p e rip h e ra l 
cells a re  s ig n ifican tly  sm aller th a n  tho se  ly ing  below  th e m ; th e ir  c y to p la sm  
s ta in s  m o re  v iv id ly  w ith  eosine, th e  nuclei are  e lipso id , considerab ly  sm a lle r
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th a n  th o se  o f th e  deeper-ly ing  in te rre n a l cells. T hese la tte r  are u su a lly  a rran g ed  
in to  lo n g itu d in a l co lum ns, an d  also la rg e r th a n  th e  periphera l ones s itu a te d  
above th e m . T h e ir la rger cy top lasm ic  m ass s ta in s  paler w ith  eosine; th e  
nucle i a re  la rge , u su a lly  spherica l (F ig . 7C ).

Fig. 5. C alidris a lp ina  L. F ix a tio n  in  5%  fo rm alin ; 1 S/< freezing section ; S u d a n ro t  7B ; X 150 
Fig. 6. Calidris a lp ina  L. F ix a tio n  in  H e id en h a in ’s “ S u sa” ; 5/« paraffine  sec tio n ; h aem ato x y lin e -

eosine; X 430, —► b o rd e r o f zones

D iscussion

In  th e  course of th is  s tu d y , th e  in te r re n a l cells of th e  a d re n a ls  o f  th ree  
eco types have been com pared . The tw o  m ain  crite ria  in th e  se lec tio n  o f the  
b ird  species have  been th a t  (1) th e y  be closely re la ted  and  o f  s im ila r  h ab its , 
w hile, a t  th e  sam e tim e , (2) th e  sa lt c o n te n t o f  th e  w ate r p re se n t in  th e ir  h ab i
ta ts  d iffer co n sid e rab ly  from  each o th e r  (em phasis  being m ain ly  la id  on sodium  
sa lts).

O f th e  in v es tig a ted  species, A ctitis  hypoleucos belongs to  th e  f i r s t  ecotype. 
I ts  n e s tin g  sites are  along th e  u p p e r an d  m idd le  reaches of b ro o k s  an d  rivers; 
its  m ig ra tio n  follows also m ain lv  th e  course  of rivers. T hus th e  b ird  ob ta ins 
its  food along th e  h an k s o f “ fre sh w a te r” . T he am o u n t of th e  in g e s te d  sodium  
sa lts  is m eagre, an d  it corresponds to  t h a t  o f an y  o ther an im a l d e p e n d e n t on 
“ fre sh w a te r” .
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T h e  in te rre n a l cells o f  th e  ad renal of th is  spec ies fa il to  show an y  s tr ik in g  
fu n c tio n a l or m orpho log ica l zonation . W ith  re fe re n ce  to  th e  nu c lea r v o lu m e , 
th e  p e r ip h e ra lly  s itu a te d  in te r re n a l  cells are s lig h tly  la rg e r, i.e., th e y  seem  to  
he m o re  in ten se ly  fu n c tio n in g  th a n  the d eep er-ly in g  in te rre n a l cells. T he in te r -

■ 7. N u c lea r  volum es of p e r ip h e ra l an d  deeper-lying in te r re n a l  cells. A  — A ctitis hypoleucos
В  —  C haradrius a lexandrinus  L . C —  Calidris a lp ina  L . ----- p e rip h e ra l cells: d eep e r

lying cells

ren a l cells of th e  ad ren a l o f th e  lap w in g , the tre e -sp a rro w  an d  th e  pigeon d isp la y  
a s im ila r  p ic tu re . In all o f th e se  b ird s , the  p e rip h e ra l zone can be ch a ra c te riz e d  
b y  cells la rg e r  th a n  or o f n e a r ly  equal size w ith  th e  cells o f the  deeper-ly ing  
zone. In th e  com m on s a n d p ip e r , th e  lipoid co n te n t o f  th e  p e riphera l an d  th e  
d e e p e r-ly in g  in te rre n a l cells is id e n tic a l. The co rre sp o n d in g  values are th e  sam e  
o r a lm o s t th e  sam e w ith  th e  tree -sp a rro w  and  th e  p igeon .
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I t  seem s th e re fo re , in th e  case o f th e  com m on san d p ip er as w ell as in 
o th e r  b ird  species consum ing  “ fresh w ate r” , th a t  th e  peripheral in te r re n a l  cells 
o f th e  ad ren a l fu n c tio n  m ore in ten se ly  th a n  th e  deeper-ly ing in te r re n a l  cells. 
T h is po in ts  to  ac tiv e  a ldosterone  p ro d u c tio n , in perfect h a rm o n y  w ith  the  
specific h a h it, and  effecting  an increased  re te n tio n  o f the  re la tiv e ly  sm all 
a m o u n t o f sod ium  in tro d u c e d  in to  th e  o rg an ism  o f the  b ird.

In  th e  lapw ing , th e  su d an o p h ily  of th e  p e rip h e ra l p a rt is less as co m p ared  
w ith  th e  deeper-ly ing  cells, even th o u g h  th e  cells of th is  zone show  a h is to lo 
gical p a tte rn  p o in tin g  to  a ra th e r  in tense  fu n c tio n , the  sam e as w ith  th e  “ fresh 
w a te r”  species m en tio n ed  above. T he p h en o m en o n  m ight he e x p la in e d  by 
th e  fa c t th a t  the  b ird s  s tu d ie d  had been co llec ted  in sodic areas o f th e  H u n g a ria n  
P la in . T his b ird  species, occurring  in “ fre sh w a te r”  and  “ sa ltw a te r”  h a b ita ts  
a like, reac ts , in  m y  op in ion , to  th e  acu te  c h an g e  in  h a b ita t  ( in c u rr in g  also a 
change in th e  am o u n t o f sodium  en te rin g  th e  organism ) by an a l te ra t io n  in 
th e  fu n c tio n in g  o f th e  p e riphera l in te rre n a l cells w hich m an ifests  i ts e lf  here 
in th e  decrease o f lipo ids. T he a ssu m p tio n  is su b s ta n tia te d  by K o n d i c s ’s [2] 
in v es tig a tio n s  w hich show ed th a t  s tro n g  lipo id  depletion  ta k e s  p la c e  in the  
p e rip h era l in te rre n a l cells o f pigeons k e p t on a d ie t of high N aC l co n te n t.

T he second eco ty p e  w ould com prise  th e  birds c h a ra c te r is tic a l o f the  
sodic h a b ita ts . As a ty p ica l re p re se n ta tiv e  o f  th is  h a b ita t, th e  k e n tis h  p lover 
(C haradrius a lexandrinus  L.) was ex am in ed . I t s  nesting  and feed in g  a reas  lie 
on ex trem ely  sodic te rr ito rie s , an d  th e  b ird  freq u en ts  these sites a lso  d u ring  
m ig ra tio n . I t  consum es w a te r excessively  r ic h  in sodium  salts.

T he in te rre n a l cells of th e  ad ren a l show  a v e ry  ch a rac te ris tic a l fu n c tio n a l 
zona tion  in th is  species. T he p e riphera l cells a re  considerably  sm a lle r  th a n  the 
deeper-ly ing  in te rre n a l cells. The d iv e rg en t c h a ra c te r  of th e ir  n u c le a r  vo lum e 
is v e ry  s trik in g . On th e  o th e r h an d , no d e f in ite  zonation  as concerns th e  lipoid 
c o n te n t, could be show n in every  e x a m in e d  specim en. D uring  feed in g , the  
k e n tish  p lover in gests  a g rea t am o u n t o f  sodium  salts w hich  n ecess ita te s  
an  increased  ex cre tio n  o f th e  superflu o u s s a lt  co n ten t, — hence th e  level of 
a ld oste rone  p ro d u c tio n  is accord ingly  low . T h e  decreased fu n c tio n  is re flec ted  
b y  th e  fac t th a t  th e  p e riphera l zone (secern ing  aldosterone) is a tro p h ie d  as 
re la te d  to  th e  deeper-ly ing  zone.

T he th ird  eco ty p e  rep resen ts th e  so -ca lled  “ coastal b ird s”  o f th e  h a b ita ts  
o f th e  seashore. A m ong o thers, also th e  d u n lin  ( Calidris a lp in a  L .) belongs 
here. I ts  n estin g  a rea  is th e  arc tic  seasho re , a n d  th e  b ird  u sua lly  fo llow s shore
line d u rin g  m ig ra tio n , b u t will o ccasionally  trav e rse  also th e  m a in la n d . On 
such  in stan ces, th e  b ird  se ttles for sh o rte r  o r longer periods p re fe ra b ly  on the  
sodic fields. B o th  its  food and  th e  w a te r  consum ed  during  feed in g  co n ta in  a 
h igh a m o u n t o f sod ium  sa lts. Since th e  d u n lin s  exam ined  h ad  b een  collected 
d u rin g  m ig ra tio n  on our sodic fields, one shou ld  no t exclude th e  p o ssib ility  
th a t  th e y  to  a ce rta in  degree h ad  a lre a d y  ad a p te d  them selves to  th e  new
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e n v iro n m e n t and  th u s  i t  w ere  h ig h ly  desirab le  to  exam ine  th e  fu n c tio n a l z o n a 
t io n  o f  th e ir  ad rena l also in  th e ir  nesting  h a b i ta t .  U n til these in v e s tig a tio n s  
a re  m a d e , i t  w ere b es t to  co n sid e r th e  b ird s o f  th e  seacoast as a su b ty p e  o f 
th e  so d ic  eco type.

T h e  in te rren a l cells o f  th e  ad ren a l of th e  d u n lin  d isp lay  a fu n c tio n a l z o n a 
tio n  e n t i r e ly  id en tica l w ith  t h a t  of th e  k en tish  p lo v e r. The p e riphera l cells are  
a t ro p h ie d  an d  th e ir  lipo id  c o n te n t  is sm aller t h a n  o f  those  ly ing below  th e m . 
T h e  d iffe ren ce  in  th e  n u c le a r  vo lum e of th e  tw o  zones is ra th e r  con sp icu o u s, 
p o in tin g  to  th e  low in te n s i ty  o f  a ldosterone p ro d u c tio n  in th is b ird  species, 
to  b e  a c c o u n te d  for by  th e  n ecess ity  of e lim in a tin g  th e  high am ount o f so d iu m  
in tro d u c e d  in to  th e  o rg an ism . T he organism  o f b ird s  belonging to  th e  c o a s ta l 
a n d  so d ic  eco types is c o n s ta n tly  overstressed  b y  th e  ingested  sodium . A c c o rd 
in g ly  th e  a ldosterone  p ro d u c tio n  in these b ird s  show s a decreased in te n s i ty , 
in  c o n t r a s t  w ith  those species w hich  consum e “ fre sh w a te r” . The ph en o m en o n  
m u s t  su re ly  be in te rp re te d  as a  special a d a p ta tio n  o f  th e  living o rgan ism . T he 
fa c t t h a t  th e  a d a p ta tio n  o f th e  ad ren a l in b o th  th e  sodic and  coastal e co ty p es  
is o f  th e  sam e ch a rac te r allow s th e  assum ption , in  th e  case of these b ird s , o f 
a c e r ta in  physio logical co rrespondence  w hich  w o u ld  explain  th e  fre q u e n tin g  
o f th e s e  v e ry  sodic areas b y  th e  coasta l b irds d u r in g  th e ir  m igration .
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D IE  A D A P T A T IO N  D E R  N E B E N N IE R E N S T R U K T U R  V E R S C H IE D E N E R  V O G E L 
A R T E N  A N  D IE  SALZ W A SS E R -U M G E B U N G

D ie  N eb en n ie ren  fo lgender V ögel w urden h isto log isch  u n d  histochem isch u n te r s u c h t:  
S e e reg en p fe ife r (Charadrius a lexandrinus a lexandrinus  L .), A lp en stran d läu fe r (C a lid r is  
a lp in a  L .) , W asserläu fer ( A c titis  hypoleucosa  L .), K ieb itz  (  V anellus vanellus L.), F e ld sp e rlin g  
(P a sser m o n la n u s m ontanus L .) u n d  H a u s ta u b e  (Columba liv ia  domestica L.). In  den N e b e n 
n ieren  d e r  W asserläu fer, die B äch en  u n d  F lüssen  en tlan g  s ied e ln , lä ß t  sich in  bezug a u f  d e n  
L ip o id g e h a lt zw ischen den p e rip h e ren  u n d  tiefer liegenden m te rre n a le n  Zellen kein  U n te rsch ie d  
fe s ts te llen . D ie  peripherischen  Z ellen  sin d  aber e tw as g rö ß e r, ih r  K ernvolum en is t h ö h e r  
als d a s  d e r  t ie fe r  liegenden Zellen. B eim  W asserläufer k ö n n e n  w ir also eine in tensive  A ld o s te ro n 
sy n th e se  a n n e h m e n , ähnlich w7ie bei a n d e re n  Vögeln, die w e itg e h en d  n ur »Süßwasser« tr in k e n  
(K ie b itz , F e ld sp a tz , H au stau b e). In  d e n  N ebennieren der so d a h a ltig en  Seen en tlan g  le b e n d en  
S eereg en p fe ife r u n d  der an  M eere sk ü sten  siedelnden A lp e n s tra n d lä u fe r  zeigt die S u d an o p h ilie  
eine gew isse  Z onatio n . Das K e rn v o lu m e n  der p e ripherischen  in te rre n a le n  Zellen ist w esen tlich  
k le in e r, a ls  d a s  de r tiefer liegenden in te rre n a le n  Zellen. D ies w e is t a u f  eine geringe A ld o ste ro n -
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sy n th èse  h in , was m it der ü b erm äß ig en  B e lastu n g  des O rganism us du rch  N a-Salze  z u sa m m en 
h ä n g t. Die h e rab gese tz te  A ld o steronsekre tion  bei »Salzwasser« tr in k en d en  V o g e la rten , die 
d e r M eeresküste en tlan g  u n d  an  so d ah a ltig en  Seen leben , k an n  als biologische A d a p ta t io n  der 
N ebenn iere  g ed eu tet w erden.

ПРИСПОСОБЛЕНИЕ СТРУКТУРЫ НАДПОЧЕЧНИКОВ РАЗЛИЧНЫХ ВИДОВ 
ПТИЦ к СРЕДЕ С ЗАСОЛЕННОЙ ВОДОЙ

Автор исследовал гистологическими и гистохимическими методами надпочечники 
морской Зуйки (C haradrius a lexandrinus a lexandrinus  L.), чернозобика (Calidris 
a lp ina  L.), перевозчика (A clitis  hypoleucos L.), чибиса (V anellus vanellus  L.), поле
вого воробья (Passer m ontanus m onlanus  L.) и голубя (Columba liv ia  dom estica). В над
почечниках перевозчиков, живущих вдоль ручейков и рек, в отношении содержания 
липоидов не отмечается различия между периферическими и более глубоко расположен
ными интерренальными клетками. Периферические клетки несколько больше, объем 
ядер больше, чем в более глубоко залегающих клетках. Следовательно, у перевозчиков 
можно предполагать — подобно как и у других птиц, употребляющих в большинстве 
случаев исключительно только <щресную воду» (чибис, полевой воробей, голубь), — ин
тенсивную выработку альдостерона. В надпочечниках морской зуйки и приморского 
чернозобика живущих в среде с засоленной водой, суданофилия показывает зональность. 
Объем ядер периферических интерренальных клеток значительно меньше, чем у более 
глубоко расположенных интерренальных клеток. Этот факт указывает на незначительную 
выработку альдостерона, что объясняется чрезмерной нагрузкой организма солями на
трия. Снижение секреции альдостерона у видов птиц, живущих в среде с засоленной 
водой и употребляющих «соляную воду», следует рассматривать как биологическое при
способление надпочечников.

P é t e r  PÉCZELY, B u d ap est V III ., P u sk in  u . 3 , H u n g ary .
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EXPERIMENTAL STIMULATION OF VASCULARIZATION 
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Synopsis

Author investigated the stimulating effect of complete adrenal extract on vascu
larization of the brain tissue of chick embryo explanted to chorioallantoic membrane. 
Performing more than 300 explantations a marked ingrowth of capillaries was observed 
if the brain grafts were pretreated with complete adrenal extract. Brain fragments 
from 3 to 21 day-old chick embryos and 1 to 10 day-old chicken were examined for 
normal vascularization. Explanting untreated brain pieces of chick embryos of various 
age to chorioallantoic membrane the degree of capillary ingrowth was investigated. 
Author found that the prosencephalons of 5 to 6 day-old chick embryos either in their 
original sites or explanted to chorioallantoic membrane, displayed a minimal ingrowth 
of capillaries, the planimetrieally determined percentage ratio of the capillary cross- 
sections being below 1 per cent compared to the surface of the whole explant. On the 
other hand, if the brain grafts of 5 to 6 day-old chick embryos were pretreated before 
explantation with complete adrenal extract they exhibited a relatively dense capillary 
network within 4 days, which amounted to 6 to 7 per cent of the area of the explant. 
Pretreatment with complete adrenal extract seems to have a stimulating effect on vascu
lar ingrowth in tissue grafts.

Introduction

T he m orphological a sp ec t o f th e  v a scu la riza tio n  of d iffe re n t organs was 
s tu d ie d  by  num erous a u th o rs  b u t only  a few recen t d a ta  in l i te ra tu re  refer 
to  th e  possib ility  of p ro m p tin g  th e  organ ism  to  s tim u la te  v a sc u la riz a tio n .

C i i a l k l e y , A l g í r é  a n d  M o r r is  [1] m a d e  a t t e m p t s  to  p r o m o t e  th e  p rocess  
o f v a s c u la r  r e p a i r  in  e x p e r im e n t a l  w o u n d s  o f  m ice  by a d m i n i s t r a t i o n  o f  d ie ta r y  
p ro te in s .

In  connexion w ith  v a scu la riza tio n  th e  question  arises w h e th e r  th e  den
s ity  o f  th e  cap illa ry  n e tw o rk  an d  its  s tru c tu re  can he c h an g ed  a n d  w hether 
th e  organ ism  can be p ro m p te d  to  form  capilla ries in a tissu e  w h ich  was u n 
supp lied  by cap illaries up  to  th a t  tim e , in  o th e r  w ords w h e th e r  we are able 
to  induce  cap illa ry  in g ro w th  in a tissue .

A ccording to  th e  ex p e rim en ta l resu lts  o f K iss  an d  K r o m p e c h e r  [4] 
o f th e  num erous su b stan ces  te s te d  by  th e m  th e  com plete  ad re n a l ex tra c t 
[»roved to  he m ost e ffec tive  in s tim u la tin g  vascu la riza tio n .

I f  u n tre a te d  b ra d y tro p h ic  tissues (um bilica l cord, d ev e lo p in g  cartilage) 
w ere ex p lan ted  to  ch o rio a llan to ic  m em b ran e  th e  cap illaries o f  th e  chorioallan
to ic  m em brane  d id  n o t grow' in to  these  tissu es . I f  these  g ra fts  h a d  been p re 
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t r e a t e d  w ith  a so lu tio n  o f  p ro to p o rp h y rin  (300 /ug/ml), a sligh t in g ro w th  
o f  cap illa rie s  was o b se rv ed  in  th e  m arginal a reas  o f  th e  b ra d y tro p h ic  tissue . 
O n  th e  o th e r hand , if  p ieces o f  um bilical cord w ere  p re tre a te d  w ith  com plete  
a d re n a l  e x tra c t the in g ro w th  o f  capillaries from  th e  cho rioa llan to ic  m em b ran e  
w as c o n s is ten t and fa irly  d e m o n s tra b le .

T h e  vascu lar supp ly  o f  c ircu m scrib ed  areas o f th e  g ra fts  was also exam ined . 
T h e  hom ogenous tra n s p la n ts  o f  spongious bone w ere  fo u n d  to  becom e en tire ly  
d e s tro y e d  and rep laced  b y  a new  capillary  n e tw o rk  p roduced  b y  th e  host 
o rg a n ism  w ith in  a few w eek s. I t  is also know n th a t  in  ce rta in  diseases ( tu b e r
c u lo s is , tu m o rs  etc) th e  v a sc u la r iz a tio n  of th e  d am ag ed  tissue becom es poor 
o r e n t i r e ly  d isappears. S om e pa th o lo g ica l cases, e .g . ro sacea , are know n to  be 
a c c o m p a n ie d  by a m a rk e d  in c re a se  of cap illa ries . In  para ly sis  p rogressiva  
th e  cap illa rie s  of the b ra in  w e re  found to  increase  in  n u m b er [3].

M ü l l e r  [7] in his m o n o g ra p h  dealing w ith  th e  h u m a n  cap illa ry  sy stem  
g iv es  a su rv ey  of the  d e v e lo p m e n t o f our know ledge concern ing  th is  q uestion . 
M i ÎLLER po in ts  out th e  g re a t  v a r ie ty  of th e  c a p illa ry  d is tr ib u tio n  depend ing  
on  th e  to p o g rap h ica l c irc u m s ta n c e s  of the  h u m an  b o d y . In  th e  l i te ra tu re  co n 
c e rn in g  th e  developm ent o f  cap illa rie s  th e  w ork o f  M ü l l e r  has an  im p o r ta n t 
p lace  in  describing th e  fu n c tio n a l  a lte ra tio n s o f tis su es  in certa in  diseases 
f ro m  th e  v iew poin t of c a p il la ry  su p p ly . Thus n o t o n ly  th e  s tru c tu re  of ce rta in  
te r r i to r ie s  is described h u t  a lso  th e ir  fu n c tiona l ch an g es.

T h e  object of our p re s e n t  in v estig a tio n s was to  s tu d y  th e  effect o f ad ren a l 
e x t r a c t  [4] on the c a p illa r iz a tio n  o f the  develop ing  b ra in  of chick em bryos 
e x p la n te d  on to  ch o rio a llan to ic  m em brane. T hese s tu d ie s  req u ired  th e  p re li
m in a ry  exam in a tio n  o f th e  sp o n tan eo u s  v a sc u la riz a tio n  of th e  developing  
b ra in  a n d  th a t  of th e  v a sc u la r iz a tio n  of u n tre a te d  b ra in  g ra fts  ex p lan ted  on to  
c h o rio a lla n to ic  m em brane.

M a te ria l and m ethod

The method of explantation on chorioallantoic membrane is well known. In the last 
decades this method has been used by numerous authors for the study of tissue differentiation 
to approach and elucidate hereby certain chemical, biological and embryological problems 
[2, 8, 9]. Our investigations have been carried out in three groups.

(1) First the spontaneous vascularization of the brain of the chick embryo was examin
ed. The brains (and a few spinal cords) of a total of 196 chick embryos (aged 4 to 21 days) and 
chicken (aged 1 to 10 days) were investigated using the common histological methods.The 
specimens were fixed in formol and Susa solution, embedded in paraffin and serially sectioned. 
The sections were stained with haematoxylin-eosin, haem, chroinotrop, Azan, orcein, methyl- 
green orcein and toluidine blue. The sections were projected on scale paper and the cross-sections 
of the ingrown vessels were drawn round. The surfaces of the areas enclosed by these contours 
were calculated in mm2 and their relation to the visual field was expressed in percentage ratio. 
Special attention was directed to the vascularization of the cortex.

(2) In the second group of our experiments the vascularization of the brain of the 
chick embryo was studied in the course of its explantation onto chorioallantoic membrane. 
A total of 94 explantations were carried out under sterile conditions. The expiants were grafted 
on chorioallantoic membranes of hen eggs incubated for 9 to 10 days. The small portions
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of brain and spinal cord were prepared under stereo-microscope, conditions being kept as 
sterile as practicable. They were kept in physiologic saline at 37°C until explantation. The eggs 
incubated for 9 10 days were selected by transillumination. The localization of the embryo
was marked on the shell. After washing the eggs with petrol an area of about 2 —3 cm2 was 
painted with iodine and about 1 cm2 of the shell and its membrane were removed, taking care 
not to injure the chorioallantoic membrane. The prosencephalic or telencephalic piece (some
times a piece of spinal cord) was placed on the chorioallantoic membrane in the vicinity of a 
vessel visible also gross-anatomically. The opening was covered with a sterilized mica slide 
fixed to the shell with paraffin and the egg put back in the incubator (37°C). After various 
intervals (2, 3, 4, 6, 8 days) the eggs were opened and Susa solution dropped on the expiants. 
After a fixation of 5 to 10 minutes the grafts were excised together with the chorioallantoic 
pieces to which they adhered and after fixation in Susa solution they were embedded in paraffin 
and serially sectioned. By previous fixation with Susa solution the material can be more easily 
removed since the chorio-allantoic membrane becomes more rigid by this treatment.

(3) Only after the evaluation of the I. and II. series of experiment could we start to study 
in the III. part of our experiment the effect of the complete adrenal extract on vascularization. 
The adrenal extract was prepared according to the method described by Kiss and K r o m - 
P E C H E R  [4 ]  namely, both adrenal glands of a mature rat (or dog) were homogenized in a Potter 
tube adding 2 ml of physiologic saline. Half an hour later the homogenate was centrifuged 
(3000/min.) and the butter-coloured extract pipetted off and heated to 37°C. The tissue pieces 
which displayed before treatment no vascularization or a very poor one, were soaked for half 
to one hour in this extract. The control pieces were kept in physiological saline until explan- 
talion. A total of 56 cultures were made and the brain fragments pretreated in this way could 
be easily cultured on the chorioallantoic membrane.

R esu lts

Observations on the spontaneous vascularization o f  the brain o f  the chick embryo

No capilla ries were observed  am ong th e  cells o f the  b ra in  vesicle  o f  the  
4 day-o ld  chick em bryo . T he p ro sen cep h a lo n  o f th e  5-day-old ch ick  em bryo  
d isp lay ed  a rap id  d ev e lo p m en t; very  few  or no cap illaries w ere seen in  the 
sections. T he cross-sections of th e  cap illa ries rep re sen t 0.1 — 0.2 p e r  c en t o f the  
area  of th e  section  (Fig. 3). T he p ercen tag e  ra tio  of the  c ross-sec tions o f the  
cap illa ries in  the  prosencephalon  a t  d iffe ren t ages is th e  fo llow ing:

0.27 p er cen t in th e  6 day-o ld  chick em bryo
0.72 per cen t in th e  7 d ay -o ld  chick em bryo
0.95 per cen t in th e  8 d ay -o ld  chick em bryo

In  th e  chick em bryo  o f 8 days th e  d iffe ren tia tio n  betw een  th e  cortical
an d  m ed u lla r layers is a lread y  visib le. S u b seq u en tly , th e  v a sc u la riz a tio n  o f  
th e  co rtex  was m ore th o ro u g h ly  exam in ed .

T he p e rcen tag e  ra tio  o f th e  cross-sections o f th e  cap illaries in  th e  co rtex  
co m p ared  w ith  th e  areas of th e  sec tion  w as th e  following:

1.76 per cen t in th e 9 d ay-o ld chick em bryo
2.86 per cen t in th e 10 d ay-o ld chick em bryo
2.63 per cen t in th e 12 d ay-o ld chick em bryo
2.77 per cen t in the 14 d ay-o ld chick em bryo
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D u rin g  fu r th e r  d e v e lo p m e n t th e  d if fe re n tia tio n  o f th e  cap illa ries com es 
in  th e  fo reground . In  th e  m e d u lla r  lay e r o f th e  b ra in  of th e  10-day-o ld  ch ick  
h ig h ly  developed  a r te rio le s  are  v isib le (F ig . 2). A  few  ex p la n ta tio n s  o f sp inal 
co rd  g ra f ts  were p e rfo rm ed , to o . A ccording to  o u r experience  th e  v ascu la riza tio n  
o f  th e  sp in a l cord p ro v e d  to  be poorer th a n  t h a t  o f th e  b ra in .

Observations on the degree o f  vascularization in  brain grafts o f  chick embryos 
exp la n ted  to chorio-allantoic membrane

I n  th e  follow ing th e  re su lts  o f 4 day cu lturing  a re  given since th e  m ax im u m  
o f v a sc u la r iz a tio n  is re a c h e d  b y  th is  tim e . In  th e  p ro sencepha lon  of th e  5 d iy -  
old ch ick  embryo a s lig h t o r no in g ro w th  o f ch o rio a llan to ic  cap illa ries w as o b 
s e rv e d . T he p e rcen tag e  ra t io  of th e  cross-section  o f  th e  cap illaries in  th e  ex- 
p la n te d  te lcncephalic  f ra g m e n ts  in p ro p o rtio n  to  th e  te r r i to ry  w as th e  fo llow ing :

th e  5 d ay -o ld ch ick  em bryo 0 .2 - 0 .3 p er cen t (Fig. 3)
„  6 11 11 0.73 11
„  7 11 11 1.02 11
„  8 11 11 1.56 11
„  9 11 11 4.31 11
„  10 11 11 6.45 11 (Fig. 4)
„  12 11 11 5.11 11
„ H 11 11 4.62 11

T h u s  th e  ch o rio a llan to ic  cap illaries fo rm  a m ore  dense n e tw o rk  in  th e  
e x p la n te d  te lencephalic  f ra g m e n t th a n  in  th e  sp o n tan eo u sly  v ascu la rized  
a re a s  w ith in  th e  o rgan ism . In  th e  su b seq u en t s tag es  of developm ent th e  p e r
c e n ta g e  ra tio  of v a sc u la r iz a tio n  is r a th e r  c o n s ta n t. T he te lencephalon  o f a 
9 — 10 day-old chick embryo  d isp lay ed  a m ark ed  v ascu la riza tio n  as ea rly  as in  
48 hour-o ld  cultures, th e  c a p illa ry  cross-section  b e in g  2.3 p er cen t of th e  su rface .

E ffec t o f adrenal extract on the vascularization  o f  the developing brain o f  
the ch ick  embryo.

T h e  question  arose w h e th e r  th e  ad ren a l e x t r a c t  can  prom ote  v a sc u la r i
z a tio n  in  th e  p rosencephalon  o f  5 — 6 day-o ld  ch ick  em bryos w hich are  n o t v a s 
c u la rized  or have a v e ry  p o o r  v ascu la r su p p ly . I t  w as found  th a t  as ea rly  as

fig . 1 .  Telencephalon of 10 day-old chick embryo. The cross section of the capillaries occupy 
but a few per cent of the territory. Haematoxylin-eosin, X 200 

fig . 2 .  Brain of 10-day old chick. Marked arteriole and capillary supply. Azan, X 200 
fig . 3 .  Prosencephalon of 5 day-old embryo explanted onto chorioallantoic membrane cultured 
for 4 days. No capillaries are seen on the picture and in the other sections they were also very 
scarce. The cross section of the capillaries does not exceed 0.1—0.2 per cent of the territory.

Azan, X 200
fig . 4. Telencephalon of 10 day-old chick embryo explanted onto chorio-allantoic membrane 
cultured for 4 days. Vigorous capillary ingrowth. Methyl-green orcein, X 200
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a f te r  48 hours of c u ltu r in g  th e  cap illa ry  cross-sec tio n s of th e  p ro sen cep h a lo n  
o f  th e  5 Yo day-old  ch ick  e m b y ro  am oun ted  to  2 .36 p e r  cen t of th e  te r r i to ry ,  due 
to  th e  e ffec t of th e  a d re n a l e x tr a c t  (Fig. 5). In  th e  4 -day-o ld  cu ltu res  th e  p e r
c e n ta g e  ra tio  of th e  c a p illa ry  cross sections w as fo u n d  to  be th e  h ig h es t: 6.15 
p e r  c e n t  (F igs. 6 and  8). In  6 — 8 day-old  c u ltu re s  th e  degree of v a scu la riza tio n

F i g .  5 .  Prosencephalon of 5(4 day-old chick embryo pretreated with adrenal extract before 
explantation to the chorioallantoic membrane, cultured for 48 hours. The ingrowth of capilla
ries from the allantoic membrane is fairly visible in four sites. The winding capillaries have 
penetrated to about 500 microns high into the explant (compare with Fig. 4). Azan, X 200 
F i g .  6 .  Same as in Fig. 7 in a 4-day-old culture. Capillarization reached its maximum. Azan,

X 200

d e c re a se d , th e  cap illa ry  c ross sections being 5 p e r  cen t. I t  is to  be n o te d  th a t  
th e  a m o u n t of cap illa ries o f  th e  cho rio a llan to ic  m em brane of ch ick  em bryos 
o ld e r  th a n  15 days show ed  a  re la tiv e  decrease. I f  th e  te lencephalic  frag m en ts  
— w h ic h  d isp lay  a fa ir ly  good  spon taneous v ascu la riza tio n  — w ere tre a te d  
w ith  a d re n a l e x tra c t, th e  p e rcen tag e  ra tio  o f th e i r  cap illa ry  cross sec tio n  was 
th e  fo llow ing:

i d a y -o ld chick em bryo 6.50 per cent
8 t t t t  t t 6.81 t t

9 t t t t  t t 7.47 t t

10 t t t t  t t 8.25 t t

12 t t t t  t t 7.35 t t

14 t t t t  t t 7.44 t t
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Jn th e  co rtex  o f th e  10-day-old  ch ick  em b ry o  th e  p ercen tage  ra t io  o f  th e  
cap illa ry  cross-sections a m o u n ted  to  m ore th a n  10 per cen t (F ig . 7). In  a few 
cases re so rp tio n  of th e  g ra fts  was o b serv ed  b o th  in  th e  tre a te d  an d  u n tre a te d  
m ate ria l.

D iscussion

A ccord ing  tó  th e  conclusion o f M ü l l e r  th e  developm ent of th e  cap illa ries  
is d ep e n d e n t on h e re d ita ry  cond itions.

Fig. 7. P la n im e trie  g rap h  show ing th e  v a sc u la r iz a tio n  of th e  b ra in  of chick em b ry o . T h e  abscissa  
in d ica te s  th e  age of th e  em bryo  an d  th e  o rd in a te  g ives th e  degree of v a scu la riza tio n  in  p e r cent. 
T he v ascu la riza tio n  reaches its  m ax im u m  in  th e  10 d ay -o ld  u n trea te d  chick e m b ry o  -
s p o n ta n e o u s ; ------------ on ch o rioa llan to is; — . — . —  a fte r  a d m in is tra tio n  of a d re n a l e x tr a c t  (4
day -o ld  e x p lan t). I f  th e  b ra in  pieces were p re tre a te d  w ith  ad ren a l ex tra c t th e  v a sc u la r iz a tio n  
reach ed  its  m ax im u m  as early  as a t th e  age of 5— 6 d ay s. T he cu ltu res w ere all 4 d a y s  old

F ig . 8. P la n im e trie  g rap h  show ing th e  v a sc u la r iz a tio n  o f th e  b ra in  of 5 '/2 d a y -o ld  chick 
e m b ry o  p re tre a te d  w ith  a d ren a l e x tra c t .  A bscissa: d u ra tio n  of c u ltu rin g ; o rd in a te :  th e  
degree of v a scu la riza tio n  in  pe r cen t. T he v a sc u la r iz a tio n  reaches i ts  m a x im u m  a fte r  4

d ay s of c u ltu r in g
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K r o m p e c h e r  a n d  K is s  [ 6 ]  carried  o u t  ex p e rim en ts  to  in v e s tig a te  th e  
ro le o f causal fac to rs o f  v a scu la riza tio n . W i l l i a m s  [11] believes th a t  th e  p ro li
fe ra tio n  o f th e  en d o th e liu m  an d  cap illa ry  d e v e lo p m e n t in  au togenous t r a n s 
p la n ta t io n s  is p ro b a b ly  s tim u la te d  m ain ly  b y  th e  degree and d u ra tio n  o f h y 
p o x ia . I t  is how ever q u e s tio n a b le  how th is  o p in io n  o f W i l l i a m s  can be m ad e  
conform  w ith  th e  a p p e a ra n c e  of m u co p o ly sacch arid es  in  areas w here h y p o x ia  
is p re se n t. T here are  p ro b a b ly  several p ro m o tin g  an d  in h ib itin g  fa c to rs  in  
v a sc u la riz a tio n .

In  o u r ex p e rim en ts  th e  increase of v a sc u la r iz a tio n  m ay be a t t r ib u te d  
to  th e  effect c f  a c o m p le te  organ, i. e. to  t h a t  o f th e  co rtica l an d  m e 
d u lla r  layers of th e  a d re n a l gland. This f in d in g , how ever, does n o t ex c lu d e  
th e  possib le  effect o f  a single chem ical fa c to r  p rom oting  or in h ib itin g  
v a sc u la riz a tio n , e.g. a c e r ta in  cap illary  in g ro w th  w as o b ta in ed  in b ra d y tro p h ic  
tissu es  e x p la n te d  to  ch o rio a llan to ic  m em b ran e  fo llow ing p re tre a tm e n t w ith  
p ro to p o rp h y r in  [6]. C oncern ing  the  p ro m o tin g  fa c to rs  of vasevdarization  th e  
fo llow ing  assum ption  seem s to  be obvious on th e  basis of th e  ex p e rim en ts  
abo v e : th e  horm ones o f  th e  p u re  com plete a d re n a l e x tra c t m ay h av e  a local 
e ffec t on th e  g ra ft a n d  ch o rio a llan to ic  m e m b ra n e  a n d  a general e ffect on th e  
w hole ch ick  em bryo . F ro m  th e  v iew poin t o f  v a scu la riza tio n  th e  p ro p e rtie s  
o f fo llow ing  groups o f  h o rm o n es  seem to  be o f  in te re s t :

1. O f th e  sev era l e ffec ts  of m in era lo co rtico s te ro id s  (desoxycortico ids) 
th e ir  s t im u la tin g  effect on  tissu es  is to  be n o te d  he re .

2. T he g ly co co rtico ste ro id s  (o x y co rtico ste ro id s) have  in ce rta in  re sp ec ts  
a n ta g o n is tic  effects. K r o m p e c h e r  and  K iss  [ 6 ]  o bserved  v ascu la r p a u p e r i
za tio n  in  b ra d y tro p h ic  tis su es  tre a te d  w ith  c o rtiso n e  a fte r  th e ir  e x p la n ta tio n  
to  ch o rio a llan to ic  m e m b ra n e . K o s t e n s z k y  [ 5 ]  fo u n d  a decrease of cap illa ri- 
z a tio n  in  e x p e rim en ta lly  p ro d u c e d  g ran u la tio n  tis su e  in  th e  knee-jo in ts  o f dogs 
in  consequence  of t r e a tm e n t  w ith  predniso lon . F ro m  th e  v iew poin t of v a sc u la r  
in g ro w th  th e  g ly co co rtico ste ro id s  m ay have a d ec rea s in g  effect on glycogenesis.

3. E x p e rim en ts  w ith  androgen ic  and  o es tro g en ic  corticostero ids fa iled  
to  give po sitiv e  re su lts  as re g a rd s  v a scu la riza tio n . N e ith e r  p rogesterone  t r e a t 
m e n t could  induce v a sc u la r iz a tio n  in  b ra d y tro p h ic  tissu es  ex p lan ted  to  ch o rio 
a llan to ic  m em b ran e  [6]. I t  is to  he n o ted  th a t  th e  c o rte x  of the ad ren a l g land  
c o n ta in s  also p ro g este ro n e . H ow ever, th e  e ffec t o f  ad renocortico ids in  v a sc u 
la r iz a tio n  can n o t be e x c lu d ed .

4 . T he su b stan ces  o f  th e  m edu llar lay e r o f  th e  ad ren a l g lands m a y  also 
h av e  a ro le in  th e  com plex  m echan ism  of v a sc u la r iz a tio n . B y th e  c o n tra c tiv e  
effect o f ad ren a lin  an d  n o ra d re n a lin  on th e  vesse ls th e se  horm ones can  in f lu 
ence th e  blood p ressu re  a n d  blood  d is tr ib u tio n  w h ich  m ay  produce a ce rta in  
change o f e n v iro n m en t fo r  th e  endo thelia l cells. A s i t  has been m e n tio n e d  
above, W i l l i a m s  [11] co n sid e rs  hypox ia  to  be  th e  essen tia l stim idus o f  e n d o 
th e lia l p ro life ra tio n  an d  c a p illa ry  developm ent. T h e  su b stan ces of th e  m e d u lla r
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lay er o f th e  a d re n a l g lands cannot be ex c lu d ed  as causal facto rs, on th e  c o n tra ry  
th ey  can he m ade p r im a rily  responsible fo r th e  s ta te  of hypox ia . T h e  p r im a ry  
en d o th e lia l g ro w th  a n d  th e  developm ent o f  a r te r ia l  plexuses are n o t d e p e n d e n t 
on h aem o d y n am ic  fac to rs  [10]. B u t th a t  a s ta te  o f  hy p o x ia  alone is n o t  a su ffi
cien t s tim u lu s to  in d u ce  v ascu la riza tio n  is p ro v e d  by  th e  fact th a t  th e re  are 
several b ra d y tro p h ic  tissues in the  o rgan ism  w hich  are p robab ly  h y p o x y d o tic  
an d  y e t th e  cap illa rie s  do n o t grow in to  th e m .
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T he a u th o r  is g ra te fu l to  Professor St . K r o m p e c i i e r  for his helpful adv ices a n d  v a lu ab le  
criticism .

R E F E R E N C E S

1. Ch a l k l e y , H . W ., A l g í r é . G. H ., Mo r r is , H . P. (1946) E ffect of th e  leve l o f d ie ta ry
p ro te in  on v a sc u la r  re p a ir  in w ounds. ,/. N a t. Cancer In s t ., 6 , 363 — 372.

2. I I ir a iw a , Y . K . (1930) S tu d ies  on g ra fts  of e m b ry o n ic  tissu es of the. r a t  on th e  c h o rio a lla n 
to ic  m em b ran e  of th e  chick. II . D iffe re n tia tio n  of meso — and  en d o d erm al d é riv â te s . 
Fol. anat. ja p ..  8, 157 — 162.

3. H o r á n y i , B. (1962) Personal co m m u n ica tio n .
4. K iss , Л . F . ,  K r o m p e c i i e r , St . (1962) P ro m o tio n  o f v a scu la riza tio n  w ith  a d re n a l  e x tra c ts

on pieces o f u m b ilica l cord  ex p lan ted  to  c h o rio a llan to ic  m em brane. A cta  B io l. H ung. 
S u p p l..  4, 39 -4 0 .

5. K o s t e n s z k y , K . (1963) Personal co m m u n ica tio n .
6. K r o m p e c i i e r . St .. K is s , A. F ., (1962) Die V a sc u la r isa tio n  b ra d y tro p h e r G ew ebe im  C horio

a llan to is  E x p la n ta t .  A n a t. A nz. S u p p l. , 109, 120 —135.
7. Mü l l e r , О. (1937 — 39) Die fe insten  B lu tgefässe  des M enschen. E n k e , S tu t tg a r t .
8. R a dit z , M.. P ó s a la k y , Z., T örő, I., B a r k a , T .  (1957) The nucleic acid  m e ta b o l i sm  of

livers g ra fte d  on chorioa llan to ic  m em b ran e . A cta  M orph. H ung .. 7, 257 — 265.
9. V an  A l t e n , P. J . ,  F e n n e l , R. A. (1959) T he e ffec ts  o f chorioallan to ic  g ra fts  on  th e  d evelop 

ing  ch ick  e m b ry o . ,/. Embryol. exp. M o rp h .. 7, 4 5 9 — 475.
10. W il l ia m s , R . G. (1953) The fa te  o f m in u te  b lood  vessels in  o m en tum  tra n s p la n te d  as

a u to g ra f ts  to th e  r a b b it ’s ear. A n a t. Rec... 116, 495 — 505.
11. W il l ia m s , R . G. (1959) E x p erim en ts on th e  g ro w th  of blood vessels in  th in  tis su es  and

in  sm all a u to g ra f ts . A n a t. Rec., 133. 465 —478.

E X P E R IM E N T E L L E  ST IM U L A T IO N  D E R  V A SCU LA R ISA TIO N  
D E S  G E H IR N G E W E B E S  IN H Ü H N C H E N E M B R Y O N E N

V erfasser u n te rsu c h te  die s tim u lierende  W irk u n g  des k o m p le tten  N e b en n ie ren e x tra k te s  
au f die V a sc u la risa tio n  der au f die C h o rio a llan to ism ern b ran  ex p la n tie rte n  G eh irn s tü ck e  von 
H ü h n e rem b ry o n e n . D as E rgebnis von m ehr a ls 300 E x p la n ta te n  ergab , d a ß  d as  E in w ach sen  
von K ap illa ren  in  die G eh irn ex p lan ta te  d u rc h  e in e  V orb eh an d lu n g  m it N e b en n ie ren g e sa m t
e x tra k t  g e fö rd e rt w erden  k an n . Zum  V ergleich  w u rd e  die norm ale  V asc u la risa tio n  des G ehirnes 
de r H ü h n e rem b ry o n e n  von 3 — 21 T agen  bzw . vom  1 —10. L ebenstag  de r H ü h n c h e n  u n te r 
su ch t. Als K o n tro lle  fü r d ie E x p erim en te  d ien te n  die u n b eh an d e lten  l l i r n e x p la n ta te  der 
H ü h n e rem b ry o n en  a u f  de r C h o rio allan to ism ernbran . V erfasser fand , d aß  d ie K a p illa re n  in  die 
H irn e x p la n ta te  v o n  5 — 6 tägigen I lü h n c h e n e m b ry o n e n  n u r in einem  m in im alen  M aße e in 
w achsen. Ih r  p lan im etrisch  b estim m ter P ro z e n ts a tz  b le ib t im  D u rc h sc h n itt — a u f  d a s  G esam t
te rr ito riu m  des E x p la n ta te s  b e rechnet u n te r  1 % . W enn aber ähnliche H irn e x p la n ta te  (von 
5 —6 T age a lte n  Ilü h n ch en em b ry o n en ) v o r d e r E x p la n ta t io n  m it N e b e n n ie re n g e sa m te x tra k t

A da Ttiol. Hung. 15. 1964



190 F. A. KISS

d u r c h tr ä n k t  w u rd en , so e n tw ick e lte  sich  b innen  4 T ag en  e in  v e rh ä ltn ism äß ig  d ich te s  K a p illa r
n e tz , d a s  im  V erh ältn is  zum  G e sa m te x p la n ta t  te r r i to r ia l  6 — 7%  au sm ach te . E in e  V o rb e h a n d 
lu n g  d e r  H irn e x p la n ta te  m it N e b e n n ie re n g e sa m te x tra k t sch e in t eine, die V asc u la risa tio n  
w e se n tlich  fö rd ern d e  W irk u n g  zu  hab en .

ЭКСПЕРИМЕНТАЛЬНОЕ СТИМУЛИРОВАНИЕ ВАСКУЛЯРИЗАЦИИ ГОЛОВНОГО
МОЗГА ЗАРОДЫШЕЙ ЦЫПЛЯТ

Исследовалось действие общего экстракта надпочечников, способствующее васку
ляризации, на тканевых культурах кусков головного мозга зародышей цыплят, эксплан- 
тированных на хориоаллантоидную оболочку. Проводились свыше 300 эксплантации. 
Если куски головного мозга подверглись предварительной обработке общим экстрактом 
надпочечников, наблюдалась интенсивная васкуляризация. Автор исследовал на кусках 
головного мозга 3 —21-дневных зародышей и 1 — 10-дневных цыплят без предварительной 
обработки нормальную васкуляризацию. Необрабатывавшиеся куски головного мозга, 
взятые из зародышей цыплят различного возраста, эксплантировались на хориоалланто
идную оболочку, и исследовалась степень васкуляризации тканевой культуры. Было 
установлено, что в переднем мозгу 5 —6-днеьных зародышей цыплят, независимо от того 
находятся ли они на первоначальном месте или в тканевой культуре на хориоаллантоид- 
ной оболочке, определенная планиметрическим способом доля поперечных сечений сосу
дов не достигает 1%, по сравнению со всей площадью тканевой культуры. В противопо
ложность этому, если подвергнуть эти куски головного мозга зародышей цыплят пред
варительной обработке общим экстрактом недпочечников, то в пределах 4 дней в них 
проникает относительно более густая сосудистая сеть, охватывающая 6 —7% общей пло
щади. Предварительная обработка общим экстрактом надпочечников, по-видимому, при
годна для стимулирования васкуляризации тканевых культур.

F e r e n c  A. K iss , D ebrecen 12, A natóm ia , H u n g a ry
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Synopsis

N e u tra l red  is s to red  in the  fo rm  of g ran u les  hav ing  a p e rib ilia ry  d is tr ib u tio n  
in  m ouse liv e r cells. T he g ran u les a p p ea r  th e  fa s te r  th e  g rea te r dose o f th e  s ta in  was 
adm in iste red . In  th e  p re sen t ex p erim en ts  th is  tim e  v aried  from  10 to  30 m in . T he n e u tra l  
red  g ranules f i r s t  have s im ilar n u m b er, size an d  in trace llu la r loca lization  as th e  ly so 
som es. In  th e  f ir s t  hour th e re  is an  a lm o st u n ifo rm  d istr ib u tio n  of th e  dye  in  th e  d iffe ren t 
cells of th e  lobule , la te r  a p re d o m in an t a cc u m u la tio n  in th e  cen tro lo b u la r  cells ap p ea rs , 
where th e  size of the  g ranu les g ra d u a lly  increases. The g ranules rem a in  sm alle r and  
th e ir  n u m b er is low in th e  pe rip h eric  cells. CCI, tre a tm e n t p roduces a d iffe re n t lo ca li
zation . T he dye accu m u la tes  in th e  p e rip h e ric  cells and  th e  c en tro lo b u la r  cells rem ain  
e m p ty  or c o n ta in  b u t few  g ranu les. In  th e  second  hour an  R N A  co n ta in in g  su b s tan ce  
(crinom ) accu m u la tes  in the  dye g ran u les. T h is sub stan ce  co n ta in s a PA S po sitiv e  com 
p o n en t. T he pace  of its  ap p ea ran ce  does n o t d epend  on th e  dose a d m in is te re d . Crinom  
fo rm atio n  is m o st in tense  in th e  cen tro lo b u la r  zone un d er n o rm al c o n d itio n s b u t  in 
the  peripheric  cells a f te r  CCI, t r e a tm e n t.  D ye granu les co n ta in in g  th is  su b s ta n c e  are  
m ore re s is ta n t to  acetic  acid  tre a tm e n t th e n  early  g ranules w hich a re  s till free of it. 
Para lle l w ith  th e  ap p earan ce  of n e u tra l  red  granu les th e  acid p h o sp h a ta se  a c tiv ity  
o f lysosom es m ark ed ly  d rops. U n d er n o rm al co n d itions th is  is m o st m ark e d  in the  
cen tro lo b u la r cells, a f te r  CCI, t r e a tm e n t in th e  pe rip h eric  ones. T hese  re su lts  suggest 
a ce rta in  re la tio n sh ip  be tw een  lysosom es and  dye g ranules. E ith e r th e  dye is a cc u m u la ted  
in the  lysosom es or th e  la t te r  fuse w ith  th e  fo rm ing  dye granu les w hile losing  p a r tly  
or com ple te ly  th e ir  acid  p h o sp h a tase  a c tiv ity .

In tro d u c tio n

V ital dyes h av e  been ex ten s iv e ly  u sed  in th e  s tu d y  o f cell m orpho logy  
an d  physio logy since several decades. T h e re  are  some scopes o f p rob lem s w here 
th e y  are  successfully  app lied  even to  d a te . One of these  p rob lem s is th e  fo r
m atio n  of crinom . B asophil su b stan ces , th e  so-called c rinom , are know n to  
accu m u la te  in n e u tra l  red  g ranu les s to re d  in th e  cy top lasm  |3 ] . T he b asoph ily  
o f  th e  crinom  g ranu les is due to  R N A  a n d /o r  D N A  [13, 30, 31, 40]. T h e  m ech a
n ism  of crinom  fo rm atio n  is no t know n as y e t.

V ital s ta in in g  is a useful m e th o d  to  s tu d y  th e  exc ited  an d  re s tin g  s ta te  
o f  th e  cell, fu r th e r  o f ce llu lar dam ages. I t  is know n th a t  the  d is tr ib u tio n  o f th e  
v ita l dyes depends on th e  s ta te  o f th e  cell and  th a t  the  exc ited  p ro to p la sm  has 
a m ark ed ly  increased  d y e-b in d in g  p ro p e rty  [18, 19]. T he s to rag e , possible 
b reak-dow n and  e lim in a tio n  of su b stan ces  e n te rin g  th e  cells can  also be s tu d ied  
using  v ita l dyes.
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T h ese  possib ilities o f th e  v ita l s ta in in g  se rv ed  as s ta r tin g  po in ts  in  o u r 
e x p e r im e n ts  concern ing  th e  e ffec t of n e u tra l red  on m ouse liver cells. T he fo llow 
ing  p ro b lem s w ere s tu d ie d : 1) T he depen d en cy  o f  th e  s ta in in g  of th e  liv e r cells 
on th e  a m o u n t o f s ta in  a d m in is te re d ; th e  d is tr ib u tio n  of th e  dye in con tro ls  
a n d  a f te r  CC14 t r e a tm e n t;  2) T he process of crinom  fo rm atio n  in th e  above 
cases; 3) S ta b ility  o f th e  dye  g ran u les; 4) T he re la tio n sh ip  of n eu tra l red  g ra n 
ules a n d  lysosom es.

M ateria l and m ethod

T h e  ex p erim e n ts  w ere p e rfo rm e d  on 108 m ale  a lb in o  m ice of 22 to  28 g w e ig h t. One 
g ro u p  rece iv ed  n e u tra l  red  (N e u tra l  red  e x tra  B , L ig h t)  in tra p e r ito n e a lly  a t  a dosage r a te  
o f 0 .125 to  1 m g d isso lved  in  1 m l d is tilled  w a ter. T he a n im a ls  w ere k illed  by  d e c a p ita tio n  
5 m in  to  24 h o u rs  a f te r  dye a d m in is tra tio n . Pieces excised  fro m  th e  liv e r were fix ed  in  H e lly ’s or 
C a rn o y  o r in  fo rm ol-sucrose  [9].

I n  c e r ta in  cases tw o  in je c tio n s  w ere re p ea te d  in  24 h o u rs . An o th er group  rece ived  
0.04 m l c a rb o n te tra c h lo r id  ie n tra p e r ito n e a lly  one an d  h a lf  ho u rs  p rio r to  dye a d m in is tra tio n , 
a th i r d  g ro u p  rece ived  c a rb o n te tra c h lo r id e  a f te r  th e  dye. C on tro ls rem ain ed  u n tre a te d  or w ere 
g iv en  1 m l d is tilled  w a te r  in tra p e r i to n e a lly  a t  d iffe ren t tim e s  before  d ecap ita tio n . T he d is t r ib 
u tio n  o f n e u tra l  red  w as a sc e r ta in e d  on frozen  sec tions o f th e  fo rm alin  fix ed  m ate ria l. R N A  
w as d e m o n s tra te d  w ith  0.1 pe r c e n t  to lu id in e  blue a t  p H  3.8. P a ra lle l  sections w ere d ig es ted  
w ith  R N a se  p rio r to  s ta in in g . L ysosom es w ere d e m o n s tra te d  e ith e r  w ith  th e  PAS re ac tio n  
or on  th e  b asis  of th e ir  acid  p h o sp h a ta se  a c tiv ity . F o r th e  la t te r  form ol-sucrose fix ed  frozen  
se c tio n s  w ere  s ta in e d  acco rd ing  to  a m odified  G om o ri-m eth o d  [1]. In c u b a tio n  a t  35° C fo r 
30 m in . In c u b a tio n  m edium  w as a lw ay s  fresh ly  p re p are d  [22]. A zo-dye m ethods were also used  
fo r th e  d e m o n s tra tio n  of acid  p h o sp h a ta se . The h ex azo tised  p a ra ro sa n ilin  m eth o d  of B arka  [1] 
w as t r ie d  b u t  th e  red d ish  b ro w n  re a c tio n  p ro d u c t could n o t  be easily  d istin g u ish ed  fro m  th e  
n e u tr a l  re d  g ran u les. Good re su lts  w ere  o b ta in ed  w ith  a m ed iu m  co n ta in in g  naphto l-A S -B S- 
p h o sp h a te  a n d  fresh ly  d iazo tised  4 -am in o -2 ,5 -d im eto x y b en san ilid e  (E ch tb lau  R R ) a t  p H  5. 
In c u b a t io n  tim e  a t  room  te m p e ra tu re  15 to  30 m in . T h e  b lue  v io le t reac tio n  p ro d u c t g ives 
a c o n tr a s t  w ith  th e  n e u tra l  red  g ra n u le s . N onspecific  e s te ra se  w as d e m o n s tra ted  b y  in c u b a tin g  
th e  se c tio n s  in  an  a lp h a n a p h ty l a c e ta te -E c h tb la u  R R  so lu tio n  a t  p H  7.2 for 1 m in . In  som e 
cases th e  a m o u n t of dye b o u n d  b y  th e  cells w as also d e te rm in e d  b y  e lu tion  of th e  dye w ith  
a c id if ie d  a lco h o l fro m  tissu e  sam p les an d  m easu ring  th e  e x tin c tio n  of th e  e lua tes [7].

R esults

T h e  in jec ted  n e u tra l  red  ap p ea rs  in th e  fo rm  o f g ran u les  in  th e  cy to p lasm  
o f liv e r  cells. The g ranu les a p p e a r  th e  fa s te r  th e  g re a te r  am o u n t of dye w as 
a d m in is te re d . A fter a dose o f  0.125 to  0.25 m g /g it  ta k e s  30 to  40 m in ., a f te r  
doses o f  0.5 to  1 m g/g i t  ta k e s  o n ly  10 to  15 m in . till  th e  p e rib ilia ry  s ta in  g ranu les 
a p p e a r  in  th e  liver cell cy to p la sm . T he g ran u les  re sem b le  in nu m b er, size and  
d is tr ib u tio n  th e  lysosom es and  are  well seen in  m a te r ia l  fix ed  in H elly  or form ol. 
T he n u m b e r  an d  size o f th e  g ran u les  is th e  sam e in  all cells f irs t b u t a lread y  
one h o u r  a f te r  dye a d m in is tra tio n  th e  c e n tro lo b u la r  cells con ta in  g ranu les 
w h ich  a re  g re a te r  th a n  th o se  in  th e  p erip h eric  cells. T h e  difference b e tw een  
th e  tw o  zones increases in  tim e . 4 to  6 hours a f te r  in jec tio n  th e  c e n tro lo b u la r 
cells a re  filled  w ith  large g ran u les  w hereas th e  p e rip h e ric  cells con ta in  b u t  a few 
sm a ll g ran u le s  (F ig. 1). L a te r , in th e  8 th  to  1 6 th  h o u r, a g rad u a l decrease o f
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F ig . 1 N e u tra l red  g ran u les in th e  cen tro lo b u la r  cells 4 ho u rs  a f te r  dye  a d m in is tra tio n
(0.5 ing/g .). Form ol-sucrose , X 150

F ig. 2. CGI, trea te d  m ouse. N e u tra l red  granu les in th e  peripheric  cells 4 h o u rs  a f te r  dye ad m i
n is tra tio n  (0.5 m g/g). Form ol-sucrose  X 150

F ig . 3. C rinom  granules in th e  cen tro lo b u la r  cells 4 hours a f te r  a d m in is tra tio n  o f n e u tra l  red  
(0.5 m g/g). I le lly , to lu id in e  blue, X 400

F ig . 4. L iver o f CCI, tre a te d  m ouse 4 h o u rs  a f te r  the  a d m in is tra tio n  of n e u tra l  red  (0.5 m g/g). 
Crinom  granules in th e  p e rip h e ric  cells. Ile lly , to lu id in e  b lue , X 400
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th e  d y e  co n ten t com m ences. F ro m  the ce n tro lo h u la r  cells th e  dye  d isap p ears  
a p p ro x . 24 hours a fte r  a d m in is tra tio n .

T h e  liver of an im als  t r e a te d  in advance w ith  CC14 b inds th e  sam e to ta l 
a m o u n t  o f  dye in th e  f ir s t  h o u r  o f s ta in ing  as th e  liv e r  o f con tro ls . T here  is, 
h o w e v e r , a m arked  change in  th e  d is trib u tio n  of th e  dye . In  th is  case th e  cen tro - 
lo b u la r  cells usually  c a n n o t s to re  th e  dye in g ra n u la r  form  an d  th e  g rea test 
a m o u n t  o f the  sta in  is fo u n d  in  th e  peripheral cells (F ig . 2).

S om etim es sligh t g ran u le -fo rm atio n  m ay be fo u n d  in th e  c e n tro lo h u la r 
ce lls, b u t  th e  granules h a v e  a  c e n tra l s itu a tio n  n e a r  th e  nucleus in s tead  o f th e  
u s u a l  p e rib ilia r loca liza tio n  seen in  norm al liver.

R ep ea ted  n eu tra l red  in je c tio n s  m ay s im u la te  th e  CCI, e ffe c t.I f  0.125 m g/g 
d y e  w as  given, 24 h o u rs  la te r  all n eu tra l red  is a lre a d y  e lim in a ted  from  th e  
l iv e r  b u t  cells show signs o f  d am ag e  in th e  c e n tra l  zone. I f  dye is rep ea ted ly  
g iv e n , no  granules arc  fo rm e d  in  th e  dam aged cells o f  th e  cen tra l zone although  
in te n s e  granu le  fo rm atio n  is o b se rv ed  in th e  cells o f th e  in te rm e d ia ry  an d  p e ri
p h e r ic  zones.

I n  th e  second h o u r  a f te r  dye a d m in is tra tio n  an  in ten se ly  basoph il 
s u b s ta n c e  appears on th e  su rfa c e  of the  g ranu les (C rinom  o f Ch l o p in  [3 ]) . 
R ib o n u c léa se  digestion ab o lish es  th e  basophily  th u s  show ing  th e  R N A  co n ten t 
o f  th e  crinom . In c o n tra s t  to  th e  speed of th e  n e u tra l  red  g ranu le  fo rm ation  
w h ich  w as found to  be dose d e p e n d e n t, th e  crinom  ap p e a re d  in th e  sam e hour 
in d e p e n d e n t of th e  dose in  th e  range used in th e  p re se n t s tu d y .

T h e  crinom  increases in  size an d  increasing a m o u n t o f R N A  is a c c u m u la t
ed  in  i t  as th e  dye g ran u le s  becom e larger. T h is process is accom pan ied  by  
a d ec rea se  of cy top lasm ic  b aso p h ily . As dye a c c u m u la tio n  is m ost in ten se  
in th e  c e n tra l zone of n o rm a l liv e r  lobules th e  c rin o m  fo rm atio n  is m ost in ten se  
h e re , to o  (Fig. 3). As a c o n tra s t ,  a fte r CC14 t r e a tm e n t  crinom  granules are 
fo rm e d  o n ly  in  peripheric  cells (F ig . 4). S im ilar p ic tu re  is observed  a f te r  rep ea ted  
doses o f  th e  dye.

A ccord ingly  th e  c rin o m  su b stan ce  is form ed on ly  w here  cells are capab le  
to  s to re  th e  n eu tra l red  in  g ra n u la r  form .

In  add ition  to  R N A  th e  crinom  contains a PA S po sitiv e  su b stan ce , too . 
To d e m o n s tra te  th is  s u b s ta n c e , sections of form ol o r H elly  fixed m ate ria l w ere 
k e p t in  glycerol for six  d ay s  a n d  subsequen tly  in  70%  e th a n o l co n ta in in g  2%  
s u lp h u r ic  acid for 1 h o u r. T h e  n e u tra l  red is th u s rem o v ed  from  th e  section  and 
i ts  re d  co lour cannot be co n fu sed  w ith  the  colour o f  th e  PA S sta in in g . Sections 
th u s  t r e a te d  showed PA S p o s itiv e  granules id en tica l in size, shape  and  d is tr i
b u tio n  w ith  the  crinom  g ra n u le s . T he PAS po sitiv e  su b stan ce  is dissolved by  
C a rn o y  w hich  points to  its  p re su m a b ly  lip id  n a tu re .

S ince th e  com position  o f  th e  dye granules changes in tim e  due to  th e  
a p p e a ra n c e  of the crinom , ch an g es  in  th e ir  s ta b il i ty  w ere also assum ed. This 
p o in t w as  te s ted  by  using  tw o  m ethods. In  th e  f i r s t  case livers w ere rem oved
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from  anim als killed a t  d iffe re n t tim es a fte r  dye a d m in is tra tio n . T h in  slices 
w ere c u t som e of w hich w ere im m ed ia te ly  fix ed , o thers w ere k e p t  p rio r to  
f ix a tio n  in R inger or in  R in g e r con ta in in g  0.01 n acetic  acid  fo r 30 min. 
A cetic  acid tre a tm e n t d e s tro y s  th e  n eu tra l red  g ranu les in  liv e r cells o f  anim als 
w h ich  w ere k illed  30 to  60 m in . a f te r  th e  dye a d m in is tra tio n  w h ereas  th e  g ra n 
ules p e rs is ted  in liver tis su e  o f  an im als s ta in ed  fo r 2 to  4 ho u rs . A t th e  sam e 
tim e  acetic  acid p ro d u ced  severe dam ages to  th e  cells.

In  an o th e r e x p e rim e n ta l se t CCI, was g iven th e  an im als a t  d iffe re n t tim es 
a f te r  dye ad m in is tra tio n . O ne h o u r la te r  th e  an im als w ere k illed  a n d  th e  liver 
fix ed . Follow ing a 30 to  60 m in . s ta in in g  th e  d y e  g ranu les do n o t  d isap p ear 
from  th e  cen tra l zone a lth o u g h  th e  c o n cen tra tio n  of th e  dye s to p s  u n d e r  the  
effect o f CCI, and  a p e rip h e ric  dye accu m u la tio n  com m ences in  th e  lobules. 
T h u s  a un iform  d is tr ib u tio n  o f th e  dye g ranu les can be o bserved  in  d ifferen t 
a reas  of th e  lobule. F o llow ing  a 4 ho u r s ta in in g  no changes are  e lic ite d  in  the  
g ran u les  an d  th e ir  d is tr ib u tio n  in  sp ite  of signs o f dam age in th e  c e n tra l  zone.

W ith  G om ori acid p h o sp h a ta se  reaction  th e  lysosom es o f th e  liv e r  cells, 
h av in g  a ch a rac te ris tic  p e r ib ilia ry  localization , are  easily  d e m o n s tra te d  (F ig . 5). 
As m en tio n ed , th e  n e u tra l red  granu les have  in th e  f irs t ho u r of s ta in in g  sim ilar 
size, n u m b e r and lo ca liza tio n . In  a p receding  com m unication  [8] i t  w as rep o rted  
th a t  th e  acid p h o sp h a ta se  a c tiv ity  o f th e  lysosom es decreases u n d e r  th e  effect 
o f  n e u tra l  red. This p o in t w as te s te d  in  d e ta il w ith  tw o  m e th o d s . As early 
as 30 m in. a fte r dye a d m in is tra tio n  a m ark ed  decrease an d  la te r  freq u en tly  
a com ple te  d isap p earan ce  o f  th e  acid p h o sp h a ta se  a c tiv ity  (as show n b y  the 
G om ori m ethod) was o b se rv ed . T he decrease is m ost m ark ed  in  th e  centrolo- 
lm la r cells, i.e. in  cells a c c u m u la tin g  m ost o f th e  dye (F ig . 6). Som e a c tiv ity  
is fre q u e n tly  found in  th e  peripheric  cells even if  it  co m p le te ly  d isap p eared  
from  th e  cen tro lo b u la r cells.

T h e  azo-dye m e th o d  also revealed  th e  c h a ra c te ris tic  p e r ib ilia ry  locali
za tio n  of th e  p h o sp h a ta se  a c tiv ity  b u t  re su lted  in  a m ore d iffuse s ta in in g . This 
m e th o d  did n o t show d ecreased  a c tiv ity  30 to  60 m in. a f te r  dye  a d m in is tra tio n  
a n d  it  even appeared  fre q u e n tly  g rea te r  th a n  in  th e  co n tro l se c tio n s , b u t  la te r 
th is  effect could be d e m o n s tra te d  also w ith  th is  m ethod .

CC14 tre a tm e n t p ro d u ces a m arked  change in  th is  p ic tu re . D ecreased 
a c tiv ity  of acid p h o sp h a ta se  is observed now  in  th e  p e rip h e ric  cells, where 
m o st o f th e  s ta in  is a c c u m u la ted . ly so so m a l a c tiv ity  show s no  o r on ly  slight 
decrease  b u t freq u en t ch an g e  o f localization  in  th e  c e n tro lo b u la r  cells. The 
g ran u les  are seen as p e rin u c le a r  groups (F ig . 7). As m en tio n ed , som etim es the 
d y e  granu les had  s im ila r d is tr ib u tio n  in  th e  c e n tro lo b u la r cells a f te r  CC14 
tre a tm e n t.

T he effect of n e u tra l  red  on esterase  a c tiv ity  w as also te s te d . In  u n tre a te d  
an im als  th is  a c tiv ity  is h ig h e r in  th e  cells o f th e  ce n tra l zone th a n  in  th e  peri
p h eric  cells. Longer (8 to  24 hours) n e u tra l red  t re a tm e n t led  to  som e decrease
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F ig . 5 . L ysosom es in  liver cells o f  a  co n tro l anim al. F o rm o l-su cro se , Gom ori reac tio n , X 400 
F ig . 6. C en tro lo b u lar cells 4 h o u rs  a f te r  th e  ad m in is tra tio n  o f n e u tra l  red  (0.5 m g/g). Form ol- 
su c ro se , G om ori reaction , X 425 F ig .  7. L iver of CCI, t r e a te d  m ouse  2 hours a f te r  th e  ad m i
n i s t r a t io n  o f n eu tra l red (0.5 m g /g ). A cid  phosphatase  a c t iv ity  in  th e  cen tro lo b u la r cells. F o r

m o l-su cro se , Gom ori reac tio n , X 200

o f th i s  a c tiv ity  and to  a f r e q u e n t  d isappearance  o f  d ifferences betw een  cen tra l 
a n d  p e rip h e ric  cells. In  g e n e ra l th e  esterase a c t iv i ty  d id  n o t ex h ib it as clear 
c u t a n d  sh a rp  changes as th e  a c id  phospha tase  a c t iv i ty .  T he use of E -600 [26] 
a n d  N a F  [33] for selective d e m o n s tra tio n  of th e  ly sosom al esterase a c tiv ity  
r e m a in e d  unsuccessful due to  s im u ltan eo u s  b lock in g  o f  b o th  th e  lysosom al and 
c y to p la s m ic  ac tiv ity .
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D iscussion

O u r d a ta  su p p o rt the  earlie r re p o rts  on th e  accum ula tion  o f  n e u tra l  red  
as p e rib ilia ry  g ranu les in  the  cy to p la sm  o f liv er cells [3, 17, 29 , 38]. In  these 
re p o r ts , how ever, no  m en tio n  w as m ade of th e  sh arp  d ifferences in th e  n eu tra l 
red  s ta in a b ili ty  in d iffe ren t zones o f th e  lobu le . The h e te ro g e n e ity  o f th e  cells 
w ith in  a lobule is w ell know n [20, 23]. T h is h e te ro g en e ity  d e m o n s tra te d  also 
in  re sp ec t to  th e  n e u tra l  red  s ta in in g  in an  earlie r rep o rt [8] a n d  in  th e  p resen t 
com m u n ica tio n  can  n o t he d isreg a rd ed  in  s tu d ies  concerning th e  effect of v ital 
s ta in s  on liver cells. T he p re se n t ev idence  d em o n stra te s  t h a t  th e  process of 
accu m u la tio n  of d y e  g ranu les can be co n tro lled  by  certa in  t r e a tm e n ts  p roducing  
e ith e r  a p e ripheric  or a cen tra l d ep o sitio n  o f th e  n e u tra l red .

N o th in g  is know n o f th e  cause o f th e  d ifferences b e tw een  cells in d ifferent 
zones o f th e  lobule . C en tro lo b u la r cells cease to  excrete  s ta in s  (N a-fluoresceine) 
u n d e r  h y p o x ia  [27]. Z e i g e r  an d  W i e d e  [41] found th a t  a c rid in e  orange is 
ex c re ted  v ia  th e  bile cap illa ries if  p re se n t in  sm all c o n c e n tra tio n s . H igher 
c o n cen tra tio n s  in h ib ite d  th e  ex c re tio n . I t  can  he assum ed on th is  basis  th a t  
th e  p erip h eric  cells, being  u n d e r m ore  fav o u rab le  conditions, a re  ab le  to  excrete 
q u ick ly  th e  n e u tra l  red  w hereas th e  ce n tro lo b u la r  cells ex c re te  th e  dye  slower, 
i.e . m ore dye en te rs  th e ir  cy to p lasm  th a n  leaves it, th u s  le a d in g  to  increasing 
accu m u la tio n  o f  n e u tra l red . T he s to re d  dye itse lf  in h ib its  su b se q u e n tly  the  
ex c re to ry  m echan ism  p ro d u c in g  s till g re a te r  accum ula tion . T h is  is how the  
d ifference betw een  th e  ce n tra l an d  p e rip h e ric  zone arises. CClj causes a dam age 
o f  th e  cen tra l cells. As know n, d am ag ed  cells are  unab le  to  a c c u m u la te  v ita l 
s ta in s  in g ra n u la r  form  [18, 19]. I t  can  be assum ed th a t  th e  sam e process 
occurs in  th e  p e rip h eric  cells in  th e  la t te r  case.

Several co m m u n ica tio n s re p o r t  on crinom  fo rm ation  in  liv e r  cells under 
p ro longed  effect o f  n e u tra l red  [3, 17, 30, 38]. T his was co n firm ed  in th e  p resen t 
o b se rv a tio n s , to o . I t  deserves special m en tio n in g  th a t  in  m ouse  liv e r  cells there  
is an  early  com m encem ent o f crinom  fo rm atio n  (in th e  second  h o u r  a fte r the  
d y e  a d m in is tra tio n ) fu r th e r  th a t  th e  c e n tra l an d  peripheric  cells o f th e  lobule 
show  g rea t d ifference also in th is  re sp ec t. T he substance  o f th e  c rin o m  contains 
nuc le ic  acids (R N A  an d / or D N A ) [8, 10, 13, 30, 31, 32, 4 0 ], th e  origin 
o f w hicn is n o t know n. T he P N A  m ig h t o rig inate  from  th e  ergastop lasm  
[32].

E lec tro n  m icroscope s tu d ies  h av e  show n th e  a lte ra tio n s  due  to  n eu tra l 
red  to  occur f irs t  in  th e  e rg asto p lasm  [39]. No unaequ ivocal d a ta  a re  availab le 
concern ing  th e  occurrence  o f o th e r  su b stan ces [8]. T he p re s e n t  w ork has 
show n tw o m ain  com ponen ts to  be p re se n t in  th e  liver cell c rin o m  — R N A  and 
a PA S positive  su b stan ce  p re su m a b ly  o f lip id  n a tu re . T hese  can  b in d  the  dye 
an d  th u s  ex p la in  th e  increased  s ta b il i ty  o f th e  dye g ran u les  a f te r  appearance  
o f  th e  crinom . S i i t u t i n a  [36] an d  S h t e m p e l  and  T r o s i i i n a  [35] s tu d ied  th is
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p ro b le m  w ith  sim ilar m e th o d s  b u t on d iffe ren t o b je c ts . The p re sen t w ork 
c o n firm s  th e ir  o b se rv a tio n s .

T h e  conditions o f th e  c rin o m  fo rm ation  a re  n o t  well know n. Since th e  
c r in o m  con ta in s RNS it c o u ld  he assum ed th a t  c r in o m  would form  easie r in 
s t ro n g ly  basophilic  cells th a n  in  o thers. H ow ever, K e d r o w s k i  [11, 12] dem o n s
t r a t e d  t h a t  no crinom  is fo rm e d  in the h ig h ly  b aso p h ilic  em bryona l cells. 
S c h m i d t  d id  no t find  a n y  c o n n e c tio n  betw een th e  d e v e lo p m en t of e rg asto p lasm  
a n d  th e  in ten s ity  of c rin o m  fo rm atio n  [30]. P re s e n t  observations rev ea led  
t h a t  one  prerequ isite  o f c r in o m  form ation  w as th e  g ra n u la r  sto rage  o f  th e  
d y e  in  th e  cytoplasm  an d  th e  re la tiv e ly  long (in m o u se  liv e r one hour) p e rs is t
en ce  o f  th e  granules.

O n account of th e  p e r ib il ia ry  localization  o f th e  n e u tra l red g ranu les it 
w as a ssu m e d  th a t  th e  s to ra g e  o f  th e  dye occurs in  th e  Golgi a p p a ra tu s  [3, 7, 
17, 29 , 38]. In  view o f th e  r e c e n t  lysosom e co n cep t [4, 5, 21, 22] a possib le  
ro le  o f  th e se  organelles in  th e  fo rm ation  of n e u tra l  red  granules m igh t also 
he a s su m e d . This p o ss ib ility  is m en tioned  also b y  B r a c h e t  [2] and  d e  D u v e

[4 ]. In  e lec tro n  m icroscope s tu d ie s  T a n a k a  [37] fo u n d  t h a t  n e u tra l red  an d  o th e r 
s ta in s  accu m u la ted  in specia l g ran u les , in th e  segresom es. The la t te r  s tru c tu re s  
a re  m o s t p ro p ab ly  id en tica l to  th e  lysosom es. A cco rd in g  to  K o e n ig  [14, 15] 
a n d  O g a w a  and  co-w orkers [24, 25] the  n e u tra l red g ran u les  can he id en tified  
w ith  th e  lysosom es on th e  b a s is  of th e ir  lo ca liza tion , n u m b e r  and  d im ensions. 
P re s e n t  a u th o rs  arrived  to  a s im ila r  conclusion in  an  e a r lie r  s tu d y  [8]. R o s e n 
b a u m  a n d  W i t t n e r  [28] m e n tio n  th e  possible id e n t i ty  o f  th e  n e u tra l red  g ra n 
ules seen  on the  p e rip h ery  o f  s ta rv e d  Param ecium  cauda tum  w ith  lysosom es. 
T h e re  a re  several po in ts w h ich  su p p o rt a ce rta in  ro le  o f  lysosom es in  th e  fo r
m a tio n  o f  n eu tra l red g ra n u le s : 1) In  the  f irs t h o u r  o f  s ta in in g  th e  n u m b er, 
size a n d  d is tr ib u tio n  of th e  n e u t r a l  red  granules is s im ila r  to  those of th e  ly so 
som es ( la te r  th ey  becom e la rg e r) . 2) The crinom  s u b s ta n c e  is PAS p o sitive . 
PA S p o s it iv i ty  is a well k n o w n  p ro p e rty  of lysosom es [14, 15, 16, 21]. T his 
s ta in in g  can  be d em o n stra ted  o n ly  a fte r f ix a tio n  in H e lly  o r form aline in b o th  
s t ru c tu re s .  3) The acid p h o s p h a ta s e  a c tiv ity  o f ly so so m es dim inishes p ara lle l 
w ith  th e  fo rm atio n  of n e u tra l  r e d  g ranu les. The d ecrease  o f  a c tiv ity  is s tro n g est 
w h ere  th e  g ranu le  fo rm atio n  is m o s t in tense. 4) N o g ra n u la r  storage of dye can 
be o b se rv e d  in  general in  th e  c e n tro lo b u la r  cells a f te r  CC14 tre a tm e n t w hich  p ro 
duces a decreased  s ta b ility  o f  lysosom es [6, 34]. T h e  tw o  phenom ena m igh t 
h a v e  a connex ion . In  c e r ta in  cases sligh t g ranu le  fo rm a tio n  is observab le  in 
c e n tro lo b u la r  cells also a f te r  CC14 tre a tm e n t, b u t  p e rin u c lea rily  in s tead  of 
a p e r ib il ia r  localization . U n d e r th e  sam e condition  th e  lysosom es have a sim ilar 
d is tr ib u tio n  (as shown b y  ac id  p h o sp h a ta se  or PA S s ta in in g ) . All these  o b se r
v a tio n s  su g g est th a t e ith e r  th e  d y e  w hich en te red  th e  cell is accu m u la ted  in 
th e  ly so so m es or th a t  th e  ly so so m es fuse w ith  th e  n e u tr a l  red  granules.
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E IN W IR K U N G  V O N  N E U T R A L R O T  A U F  M Ä U S E L E B E R Z E L L E N

N e u tra lro t w ird in  F o rm  v o n  perib iliä ren  G ra n u len  in  d en  L eberzellen  gespeichert. 
D as E rsch ein en  der G ran u len  im  C y top lasm a erfo lg t u m so  schneller, je  g rößer die M enge des 
v e ra b re ic h te n  F a rb sto ffes . E s  e rfo lg te  zw ischen 10 30 M in u ten  u n te r  den  gegebenen B ed in 
g u n g e n . In  der e rsten  S tu n d e  h a b e n  die G ranulen  d ieselbe  A n zah l, G röße u n d  in traze llu lä re  
V e rte ilu n g , wie die L y sosom en . W äh re n d  der e rsten  S tu n d e  w ird  eine g leichm äßige V erte ilung  
des F a rb s to ffe s  in den Zellen des L eb erläp p ch en s b e o b a c h te t,  sp ä te r  w ird  es vorw iegend  in den 
zen tro lo b u lä ren  Zellen g e sp e ic h e rt, wo au ch  die K ö rn ch en  im m er größer w erden. Sie bleiben 
k le in e r  u n d  weniger zah lre ich  in  d en  p e ripheren  Zellen. D ie E in w irk u n g  von  CCI, ru f t  eine 
V e rä n d e ru n g  der F a rb s to f fv e r te ilu n g  h ervor, die N e u tra lro tk ö rn c h e n  erscheinen  in  den p e ri
p h e re n  Z ellen, w ährend  d ie z e n tra le n  Zellen leer b le iben  o d er n u r  wenige G ranulen  e n th a lte n . 
E in e  R N S  en th a lten d e  S u b s ta n z  (K rin o m ) erschein t in  d en  F a rb s to ffg ran u le n  von  der zw eiten 
S tu n d e  an . Sie e n th ä lt  a u ch  e in e  P JS  positive  S u b s ta n z . D ie E rscheinungsgeschw ind igkeit 
des K rin o m s is t u n ab h än g ig  v o n  d e r M enge des v e ra b re ic h te n  F a rb sto ffes . D ie K rin o m b ild u n g  
is t  u n te r  norm alen  B e d in g u n g en  in  den zen tra len , n a ch  CC14 B eh an d lu n g  in  den peripheren  
Z ellen  d ie in ten siv ste . In  d en  m it  K rin o m su b stan z  d u rc h g e trä n k te n  F a rb sto ffg ran u le n  ru ft 
e in e  E ss ig säu reb eh an d lu n g  g e rin g e re  V eränderungen  v o r a ls in  f rü h e n , k rin om fre ien  K örnchen . 
G le ich ze itig  m it dem  E rsc h e in e n  d e r N e u tra lro tg ra n u len  v e rm in d e r t  sich die A k tiv itä t  der 
s a u re n  P h o sp h a ta se  in  d en  L y so so m en  u n d  zw ar u n te r  n o rm a len  B ed ingungen  in  den  zen tra len  
Z ellen  u n d  nach  CCI, B e h a n d lu n g  in  den p e ripherischen  Zellen. D iese B eo b ach tu n g en  deu ten  
a u f  e in e  B eziehung zw ischen  L y so so m en  u n d  F a rb s to ffg ran u le n . D er F a rb s to ff  w ird  en tw ed er 
d i r e k t  in  den Lysosom en g e sp e ic h e rt , oder die L ysosom en versch m elzen  m it den  ausb ildenden  
K ö rn c h e n  u n te r  vo llk o m m en em  o d e r p a rtie llem  V erlu s t ih re r  sa u re n -P h o sp h a ta se a k tiv itä t .

ИЗУЧЕНИЕ ВЛИЯНИЯ НЕЙТРАЛЬНОГО КРАСНОГО НА ПЕЧЕНОЧНЫЕ
КЛЕТКИ БЕЛЫХ МЫШЕЙ

Нейтральный красный отлагается в печеночных клетках мышей в виде гранул» 
сосредоточенных по ходу, желчных капилляров. Гранулы появляются тем быстрее, чем 
больше количество введенного красителя. В наших экспериментальных условиях они 
появились в течении 10—30 мин. Размер, локализация и число этих гранул в первое время 
такое же как у лизосом. В первый час краска распределялся в клетках печеночной дольки
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более-менее равномерно, в дальнейшем однако она накопляется преимущественно в цент
ральных клетках дольки, в которых размеры гранул постепенно увеличиваются. В пери
ферических клетках гранулы остаются мелкими и относительно малочисленными. Под 
влиянием четырехлористого углерода распределение нейтрального красного изменяется, 
краска накопляется преимущественно в периферических клетках, а центральные клетки 
дольки остаются пустыми или содержат только немногочисленные гранулы. Во втором 
часу после введения нейтрального красного в зернах красителя появляется вещество, 
содержащее РНК (так называемый крином Хлонина). Оно кроме РНК, содержит другой 
материал, дающий положительную ШИК реакцию. Быстрота появления кринома не за
висит от количества введенного нейтрального красного. В нормальных условиях образо
вание кринома происходит интенсивнее всего в клетках центральной части дольки, а 
после действия четырехлористого углерода в периферических клетках. Более старые, 
пропитанные веществом кринома зерна красителя разрушаются под действием уксусной 
кислоты труднее, чем молодые, не содержащие крином зерна. Одновременно с появлением 
гранул нейтрального красного, активность кислой фосфатазы в лизосомах значительно 
снижается. В нормальных условиях это снижение сильнее всего выражено в централь
ных клетках дольки, а после действия четырехлористого углерода в периферических 
клетках. На основании наших данных можно предполагать, что между лизосомами и 
зернами красителя существует связь. Краситель накопляется или непосредственно в 
лизосомах, или эти последние сливаются с образующимися гранулами краски и при 
этом частично или полностью теряется активность кислой фосфатазы в них.

B u d ap est V I I I , , P u sk in  u . 3, H ungary
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Synopsis

The fin e  s tru c tu ra l  localization  of th e  lead -reac tiv e  su b s tan ce  h a s  b een  studied  
in  th e  m y o n eu ra l ju n c tio n s  of th e  m ouse in te rc o s ta l  m uscle. I t  h a s  b een  show n th a t  
lead  com bines w ith  th e  p o stsy n ap tic  m em b ran e . I t  is suggested  th a t  th e  p o stsy n ap tic  
m em brane con sis ts  o f  a  m osaic-like p a tte rn  o f th e  ace ty lcho line  re c e p to r , a n d , fu r th e r
m ore, th a t  th e  p o s tsy n a p tic  m em brane  d isp lay s th e  role of a p o s tsy n a p tic  am plifier 
device of th e  a c tio n  o f p re sy n ap tica lly  re leased  ace ty lcho line . T h e  p ecu lia r  micro- 
m orphology of th e  lead -reac tiv e  u n its  o f th e  p o stsy n a p tic  m em b ran e  su p p o rts  th is 
a ssum ption .

In tro d u c tio n

I t  has been show n by  SÁVAY and  Cs il l ik  [1 1 ] th a t  the  m y o n e u ra l jun c tio n  
has, in  add itio n  to  an  ace ty lcho linesterase  a c tiv ity , a consp icuous a ffin ity  
fo r lead  salts. Since th e  m icroscopic p a tte rn s  o b ta in ed  a fte r  le ad  n itr a te  f ix a 
tio n  closely resem ble  th o se  seen in  sections s ta in ed  for ch o lin este rase , it  has 
been assum ed th a t  le ad  com bined w ith  th e  sam e subm icroscop ic  s tru c tu re  
th a t  also co n ta in ed  cho linesterase  a c tiv ity . I t  has been show n, fu rth e rm o re , 
th a t  le a d -tre a te d  sam p les  are su itab le  for a p o la riza tio n  m icroscop ic  analysis 
th a t  rendered  possib le  a com parison of re s tin g  and  ac tive  m em b ran es  in th e  
m o lecu la r-an a to m ica l sense of th e  w ord. I t  could  be show n t h a t  sy n ap tica lly  
re leased  ace ty lch o lin e , b y  v ir tu e  of b in d in g  to  m em brane  p ro te in s , resu lted  
in  subm icroscopic a lte ra tio n s  of th e  lip o p ro te in  fram ew ork  o f  th e  m em brane
[4, 5].

F u rth e r  h is to ch em ica l stud ies rev ea led  th a t  n o t only lead  b u t  also o ther 
b iv a le n t ca tions a re  p re fe ren tia lly  b o u n d  to  th e  p o s tsy n a p tic  m em brane: 
in th is  respec t, esp ec ia lly  calcium  ap p ears  to  be o f m a jo r im p o rta n c e  [12].

Y e t the q u es tio n  w here th is  c a tio n -reac tiv e  su b stan ce  is a c tu a lly  located  
could no t be an sw ered  e ith e r  w ith  h is to ch em ica l or p o la riza tio n  m icroscopic 
in v estiga tions. A lth o u g h  L e h r e r  in som e u n p u b lish ed  m icro g ram s qu ite  
convincingly  show ed  th a t  th e  heav y  e lec tron -dense  dep o sit o f  lead  partic les 
was located  in  th e  p o s tsy n a p tic  m em b ran e  com plex, in  1961 Z a c k s  and

* S up p o rted  b y  a  resea rch  g ran t (N B  00282-11) from  th e  N a tio n a l In s t ,  o f N euro
logical Diseases a n d  B lindness, N IH ., U . S. P u b lic  H e a lth  Service.

** P re sen t a d d re ss : D e p a rtm en t o f A n a to m y , M edical U n iv e rs ity , S zeg ed ,H ungary .
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B l u m b e r g  [13 ] s u g g e s te d  t h a t  le a d  w as d e p o s ite d  n o t  in  th e  m e m b r a n e  h u t  
w it h in  t h e  sa rco p la sm  o f  t h e  f in g e r - lik e  e x p a n s io n s  o f  th e  p o s t s y n a p t ic  m e m 
b r a n e . I n  v ie w  o f  th e  f a c t  t h a t  t h e  a c tu a l su b m ic r o s c o p ic  lo c a liz a t io n  o f  th e  
le a d  d e p o s i t  is  o f  cru c ia l im p o r ta n c e  for  th e  e v a lu a t io n  o f  th e  p o la r iz a t io n  o p 
t i c a l  s t u d ie s ,  i t  w a s  d e c id e d  t o  r e - in v e s t ig a te  th e  e le c tr o n  m ic r o sc o p ic  lo c a l iz a 
t io n  o f  s u p r a v ita l ly  a d m in is t e r e d  le a d  n itr a te  in  t h e  m y o n e u r a l ju n c t io n .

M ethods

T h e  in v es tig a tio n s  w ere p e rfo rm e d  on th e  in te rco s ta l m u sc les  o f a d u lt m ice. T he an im als  
w ere k ille d  b y  d ecap ita tio n , th e  th o r a x  d issec ted  and im m ersed  im m ed ia te ly  in to  a 0 .1%  lead  
n i t r a te  so lu tio n , con ta in ing  10%  fo rm a lin  an d  sodium  n i tr a te  in  su ffic ien t a m o u n t to  ach ieve 
iso to n ic i ty .  T h e  sam ples w ere k e p t  in  th is  so lu tion  for 5, 10, 20 a n d  30 m in u te s; b locks w ere 
c u t f ro m  th e  in te rco s ta l m u sc les , f ix e d  in  osm ic acid , d e h y d ra te d  and  em bedded  in E p o n  
m e d iu m . S ec tio n s were cu t on a  P o r te r -B lu m  m icro tom e; th ic k  sec tio n s a f te r  t r e a tm e n t  w ith  
ye llow  a m m o n iu m  sulfide w ere e x a m in e d  u n d e r a ph ase  c o n tr a s t  m icroscope; th in  sec tions 
w ere e x a m in e d  and  p h o to g rap h ed  in  a  P h ilip s  100 В e lec tro n  m icroscope. T he b e s t re su lts  
w ere o b ta in e d  in  those  sam ples k e p t  in  th e  lead  n i tra te  so lu tio n  fo r 20 m in u tes .

R esults

I n  th ic k  sections (F igs. 1 to  3) the surface m em b ran es  of th e  m uscle  
fib re s  e x h ib ite d  a h eavy  b lack  s ta in in g  in  th e  v ic in ity  o f  th e  en d -p la tes . Surface 
a rea s  m o re  rem ote  from  th e  e n d -p la te s  were u n s ta in e d . T h e  heav iest re a c tio n  
o c c u rre d  in  th e  folded m e m b ra n e -s tru c tu re  of th e  s y n a p tic  g u tte rs  c o n s titu tin g  
th e  s u b n e u ra l  ap p a ra tu s . In  so m e o f th e  sections, n o t  o n ly  th e  sem ic ircu la r 
c ro ss-sec tio n  o f th e  g u tte r  b u t  a lso  th e  in d iv id u a l fo lds w ere d is tin g u ish ab le . 
T h u s  th e re  rem ains little  d o u b t t h a t  in  th e  p o s tsy n a p tic  m em brane , b o th  th e  
a c tu a l su b sy n a p tic  an d  th e  n e ig h b o u rin g  “ p a ra -s y n a p tic ”  areas, are re sp o n 
sible fo r  th e  lead  b inding .

T h e  m em b ran e-lo ca liza tio n  o f  th e  lead -reac tiv e  su b s ta n c e  w as even  m ore 
co n sp icu o u s  in  th in  sections. A s seen in  Figs. 4, 5 a n d  6, th e  h eav y  e lec tron - 
dense le a d  d ep o sit is localized in  th e  surface m em b ran e  o f  th e  m uscle; th e  r e a c 
tio n  is m o re  in ten se  in  th e  su b s y n a p tic  th a n  in  “ p a ra -s y n a p tic ”  areas. E sp e c ia l
ly  in  th e  m em b ran e  areas l in in g  th e  finger-like e x p an sio n s  o f th e  su b n e u ra l 
a p p a ra tu s ,  a pecu liar perio d ic  a rra n g e m en t of th e  le ad -reac tiv e  m em b ran e

F ig . 1. T h ic k  sec tion  of a  le a d - tre a te d  in te rc o s ta l m uscle; p h a se  c o n tra s t .  S N A  — h e av y  
le a d -re a c tio n  in  th e  sy n ap tic  g u tte rs  o f th e  su b n e u ra l a p p a ra tu s . N o te  th e  finger-like  ex p an sio n s 
a t  S N A , .  F ig . 2. T h ick  section  of a le a d - tre a te d  in te rco sta l m uscle ; p h a se  c o n tra s t. S N A — lead  
re a c tio n  in  th e  g u tte rs  of th e  su b n e u ra l a p p a ra tu s .  F N  — fu n d a m e n ta l nucleus. Fig. 3. T h ick  
sec tion  o f  a  le a d -tre a te d  in te rco s ta l m u sc le ; ph ase  c o n tra s t. N u m b e rs  1 — 3 designate  sy n a p tic  
g u tte rs . N o te  th e  fine  s tru c tu ra tio n  o f  th e  reac tio n  a t  No. 3, d u e  to  th e  finger-like  p rocesses

of th e  p o s tsy n a p tic  m em brane
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F ig . 4. L ow -pow er e lectron  m ic ro g ram  of a lea d -tre a te d  in te rc o s ta l  muscle. N  —  cross sec tion  
of te lo d e n d ria l m otor nerve  f ib e r. S N A — sy n ap tic  g u tte rs  o f th e  su bneural a p p a ra tu s . JNote 
th e  h e a v y  lead  reac tion  of th e  a p p a ra tu se s  and  the  m u ch  s lig h te r  a c tiv ity  of “ p a ra sy n a p tic ”  

a reas o f th e  p o stsy n ap tic  m em b ran e
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F ig. 5. E lec tro n  m ic ro g ram  o f a lead -trea ted  m y o n eu ra l ju n c tio n . N — telo dendria l ne rv e
fib er; J  F —ju n c tio n a l folds
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Fig. 6. H ig h -p o w er electron m icrograin  o f a le a d -tre a te d  m y o n eu ra l ju n c tio n . N —te lo d e n d ria i  
ne rv e  f ib e r . N o te  th e  periodicity  of th e  le a d  re ac tio n  in  th e  ju n c tio n a l folds an d  th e  lea d -n eg a tiv e  

cores of the  spherical b o d ies , c o n s titu tin g  th e  p e rio d ic ity  (arrow s)
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m a te r ia l could  be observed . T he p e rio d ic ity  consists  o f rough ly  sp h e ric a l bodies 
m easu rin g  300—400 Â in d iam ete r, iso la te d  from  each o th e r b y  100 — 200 Á 
in te rsp aces . T he period ic  a rra n g e m en t o f  th e  lead -reac tiv e  sp h e ric a l bodies 
suggests th a t  th e  e n tire  m em brane su rface  is m ade up of a m o sa ic -lik e  p a tte rn  
o f lead -reac tiv e  u n its . H ere an d  th e re , i t  also  appears th a t  th e  c e n tra l  p a r ts  
(“ cores” , m easu ring  200 -300 Â) o f th e se  sp h erica l bodies a re  less electron- 
dense th a n  th e ir  p erip h era l “ shells” .

Discussion

As a lread y  a n tic ip a te d  on th e  basis  o f  lig h t m icroscopic a n d  p o la riza tio n  
o p tic a l s tu d ies , th e  lead -reac tiv e  su b s ta n c e  o f th e  m yoneura l ju n c t io n  was 
a c tu a lly  fo u n d  in  th e  p o stsy n ap tic  m e m b ra n e . Therefore, th e  id e a  t h a t  th e  
le a d -re ac tiv e  su b s ta n c e  m igh t be id e n tic a l w ith  th e  acety lcho line  re c e p to r  —- as 
sugg ested  on th e  basis o f th e  su b m icroscop ic  a lte ra tio n s a f te r  e le c tr ic a l and 
chem ical s tim u la tio n  [5] — is b y  no m ean s  in  co n trad ic tio n  w ith  th e  fine 
s t ru c tu ra l  loca liza tio n  of th is  su b s ta n c e . H ow ever, th ere  a re  tw o  p ecu liar 
fea tu re s  o f th is  subm icroscopic  o rg a n iz a tio n , th e  im portance  o f  w h ich  canno t 
be overlooked . F irs t  o f all, i t  ap p ears  t h a t  n o t only  the  “ t ru e ”  p o s tsy n a p tic  
m em b ran e  ( th a t  is, th e  m em brane c o m p a r tm e n t th a t  a c tu a lly  u n d e rlie s  the  
te lo d e n d ria l nerve  fiber) b u t also th e  n e ig h b o u rin g  p a rts  o f th e  m u sc le  surface 
m em b ran e  h av e  a lead -b in d in g  c a p a c ity . T herefo re , if  one a c c e p ts  t h a t  the  
le a d -b in d in g  m em b ran e  c o n s titu e n t is id e n tic a l w ith  the  a c e ty lch o lin e  recep to r 
— an d  we h av e  good reason to  believe t h a t  th is  is tru e  — i t  h as  to  be  assum ed 

th a t  n o t only  th e  a c tu a l p o s tsy n ap tic  m e m b ra n e  b u t also th e  n e ig h b o u rin g  p a rts  
o f th e  m uscle su rface  m em brane  possess th e  p ro p e rty  of an sw erin g  w ith  s tru c 
tu ra l  changes to  th e  effect o f ace ty lch o lin e . In  o th e r w ords, th e  ace ty lcho line- 
sen s itiv e  area  ap p ea rs  to  be s ig n ifican tly  la rg e r th a n  th e  e n d -p la te  a rea  itself. 
N o a p p ro p ria te  m easu rem en ts h av e  b een  p erfo rm ed  so fa r  to  e s ta b lish  th e  
d im ensions o f th e  lead -reac tiv e  m e m b ra n e  areas, b u t, as a ro u g h  e s tim a te , 
i t  ap p ea rs  th a t  i t  surpasses th e  d im en sio n s o f th e  end -p la te  a re a  b y  a t  least 
te n  tim es  or m ore. In  th is  re sp ec t, i t  sh o u ld  be po in ted  o u t t h a t ,  accord ing  
to  M i l e d i ’s d a ta  [10],  th e  ace ty lch o lin e -sen sitiv e  area in th e  r a t  d iap h rag m  
is a b o u t 0.5 m m , w hereas th e  a c tu a l size o f  th e  end -p la te  m easu re s  1 9 —28,u [3].

T h e  lo ca tion  o f th e  le ad -reac tiv e  m a te r ia l  a t th e  d ep th s  o f  th e  ju n c tio n a l 
fo lds also m erits  considera tion . A cco rd in g  to  th e  ca lcu la tio n s p u b lish e d  by 
E c c l e s  an d  J a e g e r  17 ] ,  th e re  is ju s t  en o u g h  tim e  for p re sy n a p tic a lly  lib e ra ted  
acety lcho line-m olecu les to  tra v e rse  th e  sy n a p tic  gap an d  re a c h  th e  dep ths 
o f th e  su b sy n a p tic  folds, o ften  lo c a te d  as fa r  as 0.7ц  from  th e  p re sy n ap tic  
te rm in a l. Y et it  is h a rd  to  believe t h a t  th e  ex tra c e llu la r  space b e tw e e n  th e  folds 
w ould  allow  an y  free diffusion for th e se  ace ty lcho line  m olecules, as p o s tu la te d  
b y  E c c l e s  a n d  J a e g e r , considering  t h a t  i t  is filled  by a g e la tin o u s , electron-
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d en se  m ateria l. F u r th e rm o re , i t  appears q u ite  p ro b ab le  th a t  a c e ty lc h o lin 
e s te ra se , associated  w ith  th e  in n e r  surfaces o f th e  fo ld s  [1 ,9 ,13] w ould h y d ro ly ze  
a ll th e  acety lcholine long  b e fo re  i t  could reach  th e  d e p th s  o f the folds. T here fo re , 
th e  le ad -reac tiv e  m a te r ia l  (or, in  o ther w ords: th e  acety lch o lin e-recep to r), 
lo c a te d  a t  th e  d ep th s  o f  th e  fo lds, could h a rd ly  re sp o n d  w ith  m olecular d is to r 
tio n s  to  p re sy n ap tica lly  l ib e ra te d  acety lcho line m olecules.

To overcom e th e se  d ifficu lties , it  has b een  p ro p o sed  by  one o f us [6] 
t h a t  th e  folded p o s ts y n a p tic  m em brane m ig h t p la y  th e  role of an  a m p lif ie r  
d ev ice , b y  releasing a d d it io n a l  q u an ta  of ac e ty lc h o lin e  in response to  t h a t  
r e la tiv e ly  sm all a m o u n t o f  p re sy n ap tica lly  l ib e ra te d  acety lcholine w hich  h a d  
d iffu sed  across th e  500 Â  sy n a p tic  gap. T he m ain  d iff ic u lty  in accep tin g  th is  
su g g estio n  is th e  a p p a re n t ab sen ce  from  th e  p o s ts y n a p tic  m em brane o f sy n a p tic  
v esic les, rep ea ted ly  id e n tif ie d  w ith  th e  sto rage  s ite s  o f  acety lcholine. In  th is  
re sp e c t, i t  is te m p tin g  to  sp e c u la te  abou t th e  possib le  im portance  of th e  le a d 
n e g a tiv e  “ cores” of th e  sp h e ric a l bodies in th e  m e m b ra n e . A lthough it  is p e rh a p s  
a b o ld  suggestion , th e  fo llow ing  w orking h y p o th es is  ap p ea rs  for us accep tib le : 
th e  sp h e rica l bodies, c o n s ti tu t in g  th e  p o s tsy n ap tic  m em b ran e , are to  be lo o k ed  
u p o n  as sm all reservo irs  o f  acety lcholine. T he e s te r  m ig h t be loca ted  in  th e  
2 0 0 — 300 Á lead -n eg a tiv e  co re  o f th e  body, in  a b o u n d  s ta te . The shell, on th e  
o th e r  h a n d , reac tin g  h e a v ily  w ith  lead, consists o f  th e  ace ty lcho line-recep to r. 
T h e  e n tire  body  is e m b ed d ed  in  a gelatinous m a te r ia l  possessing ace ty lch o lin es
te ra s e  a c tiv ity . Once th e  p re sy n a p tic a lly  lib e ra te d  acety lch o lin e  in itia te d  ion ic  
f lu x e s , th ese  w ould a c tiv a te  th e  neighbouring  sp h e ric a l bodies, se ttin g  a c e ty l
ch o line  free, resu lting  in  a m o lecu la r d isto rsion  o f  th e  recep to r p ro te in -sh e ll 
o f th e  bod ies, th u s  e s ta b lish in g  a g radually  e x p a n d in g  depolarized area .

T h e  idea of a p o s ts y n a p tic  am plifica tion  o f  p re sy n ap tica lly  lib e ra te d  
a c e ty lch o lin e , su p p o rted  b y  th e  heavy  ace ty lch o lin este rase -reac tio n  o f th e  
p o s ts y n a p tic  m em b ran e  as w ell as by  th e  p e c u lia r  m icrom orphology  o f th e  
le a d -re a c tiv e  acety lcho line  re c e p to r, is a c tu a lly  an  a d a p ta tio n  of K o e l l e ’s 
c o n c e p t [8] on th e  gen era l n eu ro h u m o ra l role o f ace ty lch o lin e . A ccording to  
K o e l l e , in  sy m p a th e tic  g an g lia  th ere  occurs a p re s y n a p tic  am plifica tion  o f  
a c e ty lch o lin e , w hereas, in  th e  postgang lion ic  ad ren e rg ic  te rm in a ls , ace ty lch o lin e  
tr ig g e rs  th e  release of n o re p in e p h rin e , in a m a n n e r s im ila r  to  th a t  p rev io u sly  
su g g e s te d  b y  B u r n  a n d  R a n d  [2 ] .  F u rth e r  d e ta ils  on  th e  possible sign ificance  
o f  a p o s tsy n a p tic  a m p lif ic a tio n  in  th e  m yoneura l ju n c t io n , w ith  special re g a rd  
to  th e  patho lo g ic  a lte ra tio n s  o f  th e  ju n c tio n  in  m y a s th e n ia  gravis and  n e rv e  
d e g e n e ra tio n , will be p re s e n te d  elsew here [6].
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ELEKTRONEN MIKROSKOPISCHE LOKALISATION DES »BLEI-REAKTIVEN 
MATERIALS« IN DER MYONEURALEN JUNKTION

M itte ls lich tm ik ro sk o p isch er u n d  e lek tro n en m ik ro sk o p isch er U n te rsu ch u n g e n  w urde 
fe s tg e s te ll t , d a ß  die »B lei-A ffinität«  der m y o n eu ra len  Ju n k tio n  du rch  eine spez ifische  A b la 
g e ru n g  von  B lei-Ionen  in der p o s tsy n a p tisch e n  u n d  p a rasy n a p tisch e n  Z ellm em b ran  der q u e r
g e s tre if te n  M uskelfaser zu stan d e  k o m m t. T opo g rap h isch e  u n d  m ik ro s tru k tu re lle  E ig e n tü m 
lic h k e iten  der B leireak tion  lassen v e rm u ten , d a ß  die p o stsy n ap tisch e  Z ellm em b ran  d ie  W irkung  
des p rä sy n a p tisc h  fre ig ese tz ten  A zety lcho lins zu  am plifiz ie ren  verm ag.

ЭЛЕКТРОННОМИКРОСКОПИЧЕСКАЯ ЛОКАЛИЗАЦИЯ СВИНЦОВО-РЕАКТИВ
НОЙ СУБСТАНЦИИ В НЕЙРОМЫШЕЧНЫХ БЛЯШКАХ

Изучалась ультраструктуральная локализация свинцово-реактивной субстанции 
в нейромышечных бляшках межреберных мышц мышей. Выяснилось, что свинец связы
вается с иостсинаптической мембраной. Оказывается, что постсинаптическая мембрана 
состоит из мозаикоподобно расположенных ацетилхолинных рецепторов, и далее, что 
она играет роль как усилительный прибор в действии нресинаптически освобожденного 
ацетилхолина. Своеобразная микроморфология свинцово-реактивных единиц ностси- 
наптической мембраны подтверждает это предположение.

B e r t a l a n  C s i l l i k ,  Szeged, A n a tó m ia , H u n g a ry
R i c h a r d  D a v i s ,  D ep t. P h a rm aco lo g y , U n iv . P en n sy lv an ia , P h ila d e lp h ia  4, 

P a ., USA.
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Synopsis
S tru c tu ra l changes occurring  in  th e  c h a ra c te ris tic  calyciform  sy n ap ses  o f the  

chick  c iliary  ganglion  d u rin g  th e  f i r s t  few d ay s a f te r  h a tch in g  have  been  s tu d ie d  un d er 
th e  e lectron  m icroscope. In  th e  new ly  h a tc h e d  ch ick  th e  sy n a p tic  te rm in a l  o f the  
preganglion ic  f ib re s  is a solid  ca lyx . Subd iv ision  of th e  calyx  in to  in d iv id u a l axon- 
te rm in a ls  begins im m e d ia te ly  a f te r  h a tc h in g . C leavage of th e  sy n a p tic  cup  is effected 
b y  c le fts c u ttin g  in  seco n d arily  from  th e  c o n ta c t surface  be tw een  cell b o d y  a n d  presy- 
n a p tic  cup. Som e o f th e  c lefts a re  in v ad ed  b y  sm all irreg u la r  processes — so called 
“ p seu d o d en d rite s”  — o f th e  cell ho tly  o f th e  in itia l ax o n al segm en t. D esm osom e type  
co n ta c ts  betw een  p re - a n d  p o s tsy n a p tic  m em b ran es lack ing , how ever, specific  aggre
g a tio n s of p re sy n ap tic  vesicles a re  observed  in  th e  f i r s t  few  days. T ra n s fo rm a tio n  of 
th ese  s tru c tu ra lly  “ n o n -p o la rized ”  c o n ta c ts  in to  tru e  sy n a p tic  a t ta c h m e n ts  w ith  specific 
accu m u la tio n  of sy n a p tic  vesicles, occurs m ain ly  be tw een  th e  5 th  14 th  d a y s  a fte r 
h a tch in g . T his sp ec ia liza tio n  of th e  c o n ta c ts  s ta r ts  fro m  th e  axon  h illock -reg ion  and 
la te r  proceeds to  th e  p e r ip h e ry  o f th e  calyx . T he w hole sy n a p tic  a rra n g e m e n t, includ ing  
th e  p re sy n ap tic  c a ly x  a n d  th e  p o s tsy n a p tic  ne rv e  cell bo d y , is env elo p ed  a n d  iso lated  
from  th e  e n v iro n m en t b y  a “ loose m yelin”  s tru c tu re  fo rm ed  b y  th in  p rocesses of 
th e  Schw ann cells. A  considerab le  e x tra ce llu la r  space be tw een  pre- a n d  p o s tsy n a p tic  
e lem en ts is fo u n d  m ain ly  in th e  y o u n g  gang lia , i ts  a m o u n t being  s ig n if ic a n tly  reduced 
w ith  advancing  age. T he possib le fu n c tio n a l sign ificance of th ese  s t ru c tu ra l  changes in 
th e  developing c ilia ry  gang lion  is d iscussed  in  th e  l ig h t o f re c e n t o b se rv a tio n s  on 
s im u ltan eo u s changes o f im pu lse  tran sm iss io n .

Introduction

T he ju n c tio n  in  th e  c ilia ry  ganglion  in  b ird s  an d  rep tile s  is b o th  h is to lo g 
ica lly  an d  physic lo g ica lly  a rem ark ab le  su b je c t th e  co n ta c ts  b e in g  a rra n g e d  in 
s tr ic t ly  one-to-one p ro p o rtio n  o f p regang lion ic  an d  po stg an g lio n ic  f ib re s , and 
being  effected b y  la rg e  calycifo rm  synapses [8]. T he sy n a p tic  c a ly x  m ight 
cover a b o u t 25%  o f th e  u n ip o la r  ganglion  cell su rface , in c lu d in g  a lw ays the  
axon  hillock an d  an  in it ia l  p a r t  o f th e  axon  [14].

T he synapse described  b y  D e  L o r e n z o  [2] u n d e r th e  e lec tro n  m icroscope 
as a solid calyx  in  th e  ch ick  em bryo  or th e  new ly  h a tc h e d  ch ick , is accord ing  
to  S z e n t Ág o t h a i  [14] in  re a lity  a cup  o f densely  p ack ed  in d iv id u a l p re sy n ap tic  
te rm in a ls  in th e  a d u lt , w h ich  o rig in a te  from  th e  sam e p regan g lio n ic  fib re  in 
b ru sh -lik e  m anner. S tran g e  irre g u la r  processes o f th e  cell b o d y  a n d  o f th e  in itia l 
p a r t  o f th e  axon — called  “ p seu d o -d en d rite s”  b y  S z e n t Ág o t h a i  [14] — invade 
th e  clefts betw een  th e  in d iv id u a l te rm in a l b ran ch es o f th e  cup  a n d  estab lish
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n u m e ro u s  sy n ap tic  c o n ta c ts  everyw here  in th is  in tr ic a te  la b y r in th  of th e  p resy n - 
a p t ic  cup , b rin g in g  a b o u t an  excessive en la rg e m e n t o f th e  to ta l  sy n a p tic  
c o n ta c t  a rea . A pow erful specific  ChE a c tiv ity  o f  th is  synapse  has been rep o rted  
[15] a lread y  m uch ea rlie r. I t  w as therefo re  all th e  m ore su rp ris in g  th a t  recen tly  
M a r t i n  an d  P ila r  [11] re p o r te d  an in itia lly  m ix ed  chem ical an d  electric  
tra n sm iss io n  m echan ism  in  th e  ciliary  gang lion  of new ly  h a tch ed  chicks, 
w h ich  becom es g ra d u a lly  c o n v e rte d  in to  a p u re ly  elec tric  one be tw een  the 
5 th  — 2 8 th  days a f te r  h a tc h in g . W ith  re sp ec t to  th ese  electro -physio log ical 
d a ta  i t  ap p eared  w o rth  w hile  to  t r y  to  co rre la te  th e  fu n c tio n a l changes from  
a n  in it ia lly  p a r tly  chem ical transm issio n  m ech an ism  in to  a p u re ly  electric  
one w ith  d ev e lo p m en ta l changes th a t  m u st be su p p o sed  to  occur d u rin g  th e  
sam e  p e rio d  of life.

M ateria l and m ethods

Ciliary ganglia from chicks aged from 1 to 13 days after hatching and 2 to 3 months 
old ones have been used in these investigations. Ganglia were fixed in buffered and chilled 
I per cent osmic acid for 1 hour, then dehydrated in graded alcohol and embedded to Epon 
[9]. Ultrathin sections were made in an LKB-Ultratome and picked up from water on bare 
grids (300 mesh) without supporting film. Specimens were afterstained with lead citrate [12]. 
Observations were made in a JEM 5 Y electron microscope. Photographs were taken at original 
magnifications of 2000 to 16000.

O bservations

T h e  in d iv id u a l gang lion  ce llu la r com plexes, each  consisting  of a ganglion 
cell, i ts  sy n ap tic  a p p a ra tu s  a n d  a Schw ann ce llu la r envelope are  sep a ra ted  
fro m  each  o th e r by  large  co n n ec tiv e  tissue spaces (CTS), su rro u n d ed  by  w hich 
p re s y n a p tic  as well as p o s tsy n a p tic  fibres m a y  re a c h  or leave th e ir  re sp ec tiv e  
co m p lex es. E ach  ganglion  cell com plex  is en v e lo p ed  by  a capsu le of Schw ann 
cells (F ig . 1). The capsu le  (F ig s . 4 and  6) show s sev era l lay ers  o f double  cell 
m e m b ra n e s , w hich run  fa ir ly  p a ra lle l to  th e  su rface  o f th e  ganglion cell sy n ap tic  
cu p  co m p lex  in regions d ev o id  o f nuclei h u t  becom es h igh ly  irreg u la r in th e  
n e ig h b o u rh o o d  of th e  S ch w an n  cell nuclei. E sp ec ia lly  in  th e  a d u lt th is  layered  
m e m b ra n e  s tru c tu re  s tro n g ly  resem bles som e m y e lin -like  fo rm atio n , p a r t ic u 
la r ly  th e  loose m yelin  d esc rib ed  b y  R o s e n b l u t h  a n d  P a l a y  in th e  V II I - th  
c ra n ia l n e rv e  ganglion o f th e  go ld fish  [13]. A m ech an ism  sim ila r to  th e  th e o ry  
o f  m y e lin  fo rm atio n  [5] w o u ld  he qu ite  a ccep tab le  as an  e x p lan a tio n  o f the  
d e v e lo p m e n t of th is  s tru c tu re  — as also p roposed  b y  R o s e n b l u t h  and P a la y  
[13] fo r  th e  Y II I - th  n e rv e  g an g lia , if  it  w ere n o t fo r th e  lack  o f m esaxons. 
F ro m  a care fu l in v e s tig a tio n  o f  th is  s tru c tu re  in  new ly  h a tc h e d  chicks, w here 
th e  n u m b e r  of double lam ellae  is s till ra th e r  sm all (F ig . 6) i t  em erges th a t  the  
S ch w an n  capsule  in re a li ty  is b u ilt  up of closely  in te rd ig ita tin g  p ara lle l cell 
lam ellae . T hus th is  s t ru c tu re  is r a th e r  sim ilar to  th e  ce llu lar sh ea th s  o f th e
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in v e r te b ra te  tu n ic a te d  p e rip h e ric  n e rv e  fib res as te rm ed  by  E d w a r d s  and  
associa tes [4] and  described  in  d e ta il by  ourselves [7]. D uring  the  la te r  d ev e lo p 
m e n t, m a in ly  from  th e  7 th  d a y  a f te r  h a tc h in g  onw ards th e  cell lam ellae  becom e 
g ra d u a lly  th in n e r  and  m ore densely  p ack ed , so th a t  th e  s t ru c tu re  becom es 
a lm o st co m p le te ly  m yelin -like  (F ig . 18).

T he p reganglion ic  fib re  p e rfo ra te s  th e  S chw ann  capsule a t  th e  s ite  w here 
th e  postgang lion ic  axon leaves. I t  im m ed ia te ly  w idens in to  a s y n a p tic  ca lyx , 
t h a t  envelopes ab o u t 25 %  o f th e  e ssen tia lly  a d e n d ritic  ganglion  cell su rface . 
I t is a lw ays th e  axonal pole o f  th e  gang lion  cell th a t  is covered  b y  th e  calyx  
(F igs. 1 a n d  1 0 )  so th a t  th e  p o stg an g lio n ic  ax o n  has a lw ays to  pass th ro u g h  the  
p re sy n a p tic  cup. In  th is  re sp ec t we have  to  c o n tra d ic t th e  d e sc rip tio n  o f D e 
L o r e n z o  [2], th e  s itu a tio n  h a v in g  been o rig in a lly  co rrec tly  d esc rib ed  by  
L e n h o s s É k  18 ]  on th e  lig h t m icroscope an d  b y  S z e n t a o o t i i a i  [ 1 4 ]  on the  
e lec tro n  m icroscope level. T he p re sy n a p tic  ca ly x , how ever, is a so lid  cup 
on ly  d u rin g  th e  f irs t few d ay s a f te r  h a tc h in g  (F igs. 1 an d  4 ) .  F ro m  th e  f ifth  
d a y  onw ard s th e  o rig inal c a ly x  b reak s  up  g ra d u a lly  in to  a m u lt i tu d e  c f  in d iv i
d u a l b ran ch es of th e  sam e p regan g lio n ic  fib re , w hich , how ever, s till  rem ain  
pack ed  closely to g e th e r in to  a cu p -sh ap ed  a rran g em en t. T his su b d iv is io n  of 
th e  o rig inal calyx  begins w ith  th e  o u tg ro w th  o f b lu n t  processes fro m  th e  cell 
b o d y  a ro u n d  th e  5 th  d ay  a f te r  h a tc h in g  (F ig . 8) w hich begin to  im p ress  th e m 
selves in in v ag in a tio n s  o f th e  p re sy n a p tic  ca lyx . T h is process is a lre a d y  clearly 
a d v an ced  on th e  7 th  d ay  (F igs. 1 2  an d  13) an d  is accom pan ied  b y  th e  deve lop 
m en t o f  ex trace llu la r  space betw een  th e  orig inal co n tac t su rfaces o f  th e  calyx  
(F igs. 1 2  to  1 4 ) ,  ju s t  as b e tw een  axon ic  profiles (F ig . 9). T here  is also  a n o th e r 
process in v o lved  in th e  su b d iv ision  o f th e  p re sy n a p tic  ca lyx . As seen in  Figs. 
1 2  an d  1 4 ,  th e re  are som e profiles com plete ly  su rro u n d ed  by  a d o u b le  m em brane  
an d  c o n ta in in g  sy n a p tic  vesicles. T his p ic tu re  can be in te rp re te d  on ly  by 
assum ing  th a t ,  in d ep en d en tly  o f th e  in tru s io n  of cell processes, th e  p re sy n a p tic  
m em b ran e  begins to  in v a g in a te  in  th e  fo rm  o f double lay e red  cy lin d ers . By 
th e  9 th  d a y  a f te r  h a tc h in g  th e se  tw o  processes h av e  changed  th e  p re sy n a p tic  
cup in to  an  in tr ic a te  la b y r in th  o f closely p ack ed  and  m u tu a lly  in v a g in a te d  
profiles w ith  an occasional cell process in  b e tw een  (F ig. 1 4 ) .  O n th e  1 0 th  and 
13th  d ays th e  d eve lopm en t o f th e  cell processes is a lread y  in  a d v a n c e d  stage 
(F ig . 16), th e ir  s tru c tu re  a n d  re la tio n s  to  th e  p re sy n a p tic  e lem en ts  a re  se ttled , 
h ow ever, in f in a l m a n n e r or ly  in  th e  a d u lt  (F ig . 17). T hese cell p rocesses have 
been described  a lread y  b y  S z e n t a g o t h a i  [ 1 4 ]  an d  have been ca lled  “ pseudo
d e n d rite s” . T his te rm  ap p ea rs  to  be ju s tif ie d  w hen one considers th e ir  la te  
d ev e lo p m en t, th e ir  sh o rt a lb e it som etim es b ra n c h e d  course an d  espec ia lly  the 
com ple te  lack  of any  de fin ite  a rb o riza tio n  p a t te rn ;  a n a lm o s t r ig id ly  de te rm ined  
b ran ch in g  p a tte rn  being  o therw ise  ch a ra c te ris tic  fo r all tru e  d e n d rite s . A d d itio n 
a lly  th e se  p seu d o d en d rite s  o rig in a te  n o t on ly  from  th e  axon  h illock  b u t  also 
v e ry  reg u la rly  from  th e  in it ia l  segm ent o f th e  axon  (F igs. 10 a n d  11).
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F i g .  1 .  Low power magnification of axon hillock region of the ganglion cell with synaptic 
calyx and Schwann cell capsule. Ciliary ganglion of the chick, first day after hatching. 
g o — Golgi apparatus of the ganglion cell; ca  — synaptic calyx; S n  — Schwann cell nucleus; 
l m  — “ loose myelin” ; a o  — axon origin of the ganglion cell; c t s  — connective tissue space. 
— The area marked with ringed arrows is shown also with higher magnification in Fig. 2
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F i g s .  2 .  and 3 .  Part of the calyx with higher magnification, from the newly hatched chick, 
showing only desmosoinoid contacts ( d c )  between surfaces of ganglion cell and synaptic 
calyx. Note the presynaptic vesicles ( s v )  are of various sizes. S p  — Schwann cell process.

7* Acta Biol. Hung. 15. 1964
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F i g s .  4  and 5. F i g .  4  is showing part of the solid synaptic calyx ( c a )  from a 1 day chick. The 
calyx and ganglion cell ( c b )  is isolated from the connective tissue space by a loose myelin-like 
structure ( l m ) .  Initial part of the myelin-sheath of the ganglion cell axon ( g a )  is marked with 
arrows. In F i g .  5  an extracellular cleft ( e s )  is seen in close connection with desmosomoid

contact ( d c )
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F i g s .  6  and 7. Synaptic vesicles ( s v )  are seen to bulge out ( v b )  from the outer membrane of 
some mitochondria. “ Loose myelin” in F i g .  6  is shown also with higher power. It consists 
here of four Schwann cell processes ( s p )  and separates the synaptic calyx from connective 

tissue space ( c t s ) .  First day after hatching
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F i g s .  8  and 9. 5th day after hatching. In F i g .  8  arrows point to synaptic contacts with synaptic 
vesicle ( s v )  accumulation on the presynaptic site, p s  — pseudodendrite. In F i g .  9. extracellular 
matrix may be observed between axonic profiles. Ringed arrows show two limiting unit mem
branes of the neighbouring axonic profiles. That may be interpreted as a result of the subdi
vision of the originally solid calyx. The clefts produced in that way between axonic profiles will 

be completely filled by small cell processes only few days later, s v  — synaptic vesicles
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F i g s .  1 0  and 11 . Synaptic calyx covering the axon hillock region and even the initial part ( a o )  
of the ganglion cell axon. Note that even leaving the Schwann cell capsule the axon is in contact 
with small presynaptic axons (ringed arrow), a t  — axon terminal, p s  — pseudodendrite. Framed 
part of the calyx with pseudodendrite of the initial part of the axon is shown with higher magni
fication in F i g .  11 . It has true synaptic contacts ( s c )  with presynaptic axon branches. 7th

day after hatching
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F i g s .  1 2  and 1 3 .  On the 7th day after hatching the subdivision of the originally solid calyx 
is in an advanced stage with development of pseudodendrites ( p s )  and also axonic self-invagi
nations ( a i ) .  Synaptic membranes (ringed arrows) are more osmiophilic than before and aposy- 
naptic vesicles ( a v )  are observed on the subsynaptic site. Extracellular space ( e s )  between 

pre- and postsynaptic elements in the vicinity of synaptic contacts is also seen
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F i g s .  1 4  and 15 . Pseudodendrites ( p s )  in synaptic contact fscjwith the axon terminal from 
the 9 day chick, a v  — aposynaptic vesicles; a i  - axon invagination; es — extracellular 
space; s v  — synaptic vesicles. F i g .  1 5  from a 10 day chick showing presynaptic ( p m )  and 
postsynaptic ( c m )  membrane thickenings with synaptic vesicle ( s v )  accumulation opposite

to the presynaptic membrane
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F i g .  1 6 .  Figure of the synaptic calyx in the 13 day chick ganglion. See subdivision of the pretey- 
minal axon ( p a )  to several individual axon terminals ( a t )  and compare with the solid calyx 
from the one day chick (Figs. 1 and 4). c t s  — connective tissue space; cb — ganglion cell body
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T h e d ev e lopm en t o f  th e  specific (a c tiv e )  sy n a p tic  co n tac t reg ions is also 
a re m a rk a b le  process. In  th e  new ly h a tc h e d  ch ick  th e re  arc a lready  som e th ic k 
en ed  reg ions of th e  c o n ta c t surfaces b e tw een  solid  calyx  and g an g lio n  cell 
bo d y  (F igs. 2, 3 and  5) show ing  some o sm io p h ilia  in  th e ir  n e ig h b o u rh o o d , c lear 
accu m u la tio n s  of sy n a p tic  vesicles, h o w ev er, a re  u sua lly  lacking. T h u s  th e se  
c o n ta c ts  have  still th e  c h a ra c te r  o f sim p le  desm osom es. A ccum ulation  o f  s y n a p 
tic  vesicles begins a ro u n d  th e  5 th  day  (F ig . 8) especially  opposite th e  reg io n s o f 
th e  o u tg ro w th  of p seu d o d en d ritic  p rocesses. T he p o stsy n ap tic  p lasm a  ap p e a rs  
f irs t  to  be em p ty  a n d  th e  p o s tsy n a p tic  m e m b ra n e  only sligh tly  th ic k e n e d . 
O n th e  7 th  day  th e  sy n a p tic  cleft in  th e  sp ecia lized  regions of sy n a p tic  vesicle 
a c c u m u la tio n  becom es clearly  w idened  (F igs. 12, 13 and  14), th e  p o s ts y n a p tic  
m e m b ra n e  th ick en ed  an d  osm iophilic , a n d  a m o st rem arkab le  a c c u m u la tio n  
o f  re la tiv e ly  large (800-1500 Â d iam .) su b sy n a p tic  vesicles occurs. L a te r  th e  
su b sy n a p tic  p lasm a reg ion  looses so m e w h a t from  its  ch a rac te ris tic  v e s icu la r  
a p p a ra tu s  (Fig. 15). In  th e  ad u lt or n e a r  a d u lt  s tage  th e  m a jo rity  o f th e  sy n ap ses  
b e tw een  th e  p seu d o d en d rite s  and  th e  cu p -sh ap ed  p resy n ap tic  la b y r in th  are 
ty p ic a l polarized sy n ap ses  of G ray ’s [6] 2nd  ty p e . Som e axo-som atic  m e m b ra n e  
th ick en in g s  still occur (F ig . 19), h u t th e y  a p p e a r  to  be sym m etric  a t ta c h m e n ts  
w i th o u t d e fin ite  s tru c tu ra l  po la riza tio n . T h ere fo re  th e y  m ay p ro b a b ly  be  c lassi
fied  as desm osom oid co n tac ts . S im ilar sy n a p tic  co n tac ts  occur also  b e tw een  
a x o n a l profiles (F ig . 19), as a lread y  m en tio n ed  b y  S z e n t á g o t h a i  [14]. As 
th e y  a re  co n tac ts  b e tw een  th e  d iffe re n t b ran ch es  o f th e  sam e p reg an g lio n ic  
f ib re , i t  w ould be d ifficu lt to  a tta c h  to  th e m  an y  significance b ey o n d  p u re ly  
desm osom e n a tu re .

T he n u m b er o f  m ito ch o n d ria  a n d  sy n a p tic  vesicles shows a m a rk e d  in 
crease  w ith  a d v an c in g  age. In  th e  y o u n g e r  ch icks th e  sy n ap tic  v esic les are 
m u ch  less un iform  in  size ( 3 0 0 — 1 0 0 0 Â  d ia m e te r)  th a n  usually  seen in  a d u lts . 
V esicu la r bulges o f th e  o u te r  m em b ran e  o f  m ito ch o n d ria  and  v a r io u s  stages 
o f  th e ir  sep a ra tio n  b y  a lig n m en t (F igs. 6 a n d  7) m ig h t suggest th a t  th e  sy n a p tic  
vesicles m ay  be p ro d u ced  here b y  th e  m ito c h o n d ria  as a lready  m e n tio n e d  by  
D y a c h k O V A  and  assoc ia tes [ 1 ] .

D iscussion

T he early  p o s tn a ta l  d ev e lo p m en t o f th e  c ilia ry  ganglion sy n a p se  show s 
a d ra m a tic  tra n s fo rm a tio n  of th e  ca ly c ifo rm  sy n ap se  in a few d a y s ’ tim e . In  
connex ion  w ith  th is  spec tacu la r ch an g e  a t te n tio n  m ay be fo cussed  on th e  
fo llow ing  th ree  p ro b lem s:

(1) The o bserved  changes are v e ry  q u ick ly  increasing  th e  c o n ta c t  su rface 
b e tw een  p re sy n a p tic  te rm in a l an d  c ilia ry  ganglion  cell by a f a c to r  o f  abou t 
te n , p ro b a b ly  even m uch m ore. I t  is in te re s tin g  to  correlate  th is  ch an g e  w ith
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F i g s .  1 7  and 1 8 .  F i g .  1 7 :  synaptic contacts (ringed arrows) between pseudodendrites ( p s )  and 
axon terminals in the adult ciliary ganglia. In Fig. 18 ‘‘loose-myelin” made of five thin 
Schwann processes ( S p )  is shown from a 10 day chick. The processes are thinner than in the 

young ganglia. (Compare with Figs. 4 and 6)
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F i g .  1 9 .  Three types of specialized contacts from the adult, a c  — axosomatic, desrnosomoid 
contact; a a  — axo-axonic desrnosomoid contact; s c  — synaptic contact between axon terminal 
and pseudodendrite ( p s ) ,  m v  — multivesicular body in the pseudodendrite, cb  — ganglion

cell body
Acta Biol. Hung. 15. 1964
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th e  fu n c tio n a l ch an g e  o bserved  b y  M a r t i n  a n d  P i l a r  [11] o f an  in itia lly  m ixed  
ch em ica l and  e lec tric  tran sm issio n  m ech an ism  in to  a p u re ly  e lec trica l one 
d u rin g  alm ost e x a c tly  th e  sam e period. S ince, acco rd in g  to  E c c l e s  [ 3 ] ,  effective 
ch em ica l tran sm iss io n  req u ires  a low re s is ta n c e  from  th e  sy n a p tic  c le ft in to  
th e  in te rs t i t ia l  sp ace , i t  could  well be im a g in e d  th a t ,  a lth o u g h  th e  sy n a p tic  
c le ft does n o t ch an g e  ap p rec iab ly  in  w id th , th e  trem en d o u s in crease  o f  th e  
c o n ta c t  surface w o u ld  p ro v id e  a s itu a tio n  m o re  favourab le  for e lec tric  t r a n s 
m issio n . I t  could be  a rg u e d , of course, t h a t  b y  th e  cleavage o f th e  sy n a p tic  
c a ly x  in to  a la b y r in th  o f  in d iv id u a l axon  b ra n c h e s  arboriz ing  in  b ru sh -lik e  
m a n n e r  clefts w ould  be  o p en ed  in  su ffic ien t a m o u n t for cu rren ts  to  flow  to w ard s 
th e  o u ts id e , w hich  w o u ld  be m ore fav o u rab le  fo r chem ical tra n sm iss io n . I t  
m u s t, how ever, be k e p t  in  m ind  th a t  on ly  few  o f th e  clefts reach  th e  o u ts id e  
o f  th e  cup and  th a t  even  th e n  th e  whole c le ft sy s tem  is sealed  from  th e  o u te r  
sp ace  b y  th e  s tro n g  loose m yelin  system . A d d itio n a lly  th e  w hole la b y r in th  
o f  th e  sy n ap tic  cup  is n o th in g  else b u t an  e x tre m e ly  ex ten d ed  c o n ta c t b e tw een  
th e  sam e tw o ce llu la r m em b ran es ly ing  a lw ay s  closely p ara lle l each  o th e r. 
T h e  re la tiv e ly  la rg e  e x tra c e llu la r  c isterns t h a t  occur in th e  in it ia l  s tag es  o f 
s y n a p tic  cup tra n s fo rm a tio n  m igh t be fa v o u ra b le  for chem ical tran sm iss io n  
a n d  th e ir  d isap p earan ce  w ith  advancing  age w o u ld  íveli agree w ith  th e  f in d in g s 
o f  M a r t i n  and  P i l a r  [11].

(2) I t  is also in te re s tin g  to  co rre la te  th e  fu n c tio n a l changes w ith  th e  
s t r u c tu r a l  d iffe ren tia tio n s  in  th e  regions of specific  c o n ta c t. In  th e  new ly  h a tc h e d  
ch ick  th e re  are m o s tly  no accu m u la tio n s o f  sy n a p tic  vesicles in  th e  reg ions o f 
a d ja c e n t  th ickened  m em b ran es . T hus th e  th ic k e n e d  regions of th e  sy n a p tic  
m e m b ra n e s  are s t ru c tu ra l ly  non polarized  con n ex io n s of th e  desm osom e tv p e . 
T h e re fo re , accord ing  to  c u r re n t concepts on th e  fu n c tio n a l s ign ificance o f sy n 
a p tic  u l tra s tru c tu ra l  d if fe re n tita tio n s  th e y  sh o u ld  be u n su itab le  fo r chem ical 
tra n sm iss io n . S tr ik in g ly , how ever, th e  sy n ap se  o f th e  new ly h a tc h e d  ch ick  
h a s  an  a t  leas t p a r t ly  chem ica l tran sm issio n  w h ich  seem s to  tu rn  in to  an  elec
tr ic  one ju s t  in  th e  p e r io d  d u rin g  w hich th e  m o s t b eau tifu l sy n a p tic  vesicle 
a c c u m u la tio n s , i.e. th e  g en era lly  acknow ledged  subm icroscop ic  a p p a ra tu s  fo r 
th e  re lease  of a ch em ica l t r a n s m it te r  develop . A lso th e  s tru c tu ra lly  c learly  
p o la riz e d  (asy m m etric ) c h a ra c te r  of th e  sy n ap se , w hich  clearly  increases d u rin g  
th e  c r itic a l period , is d iff ic u lt to  reconcile w ith  th e  grow ing b id ire c tio n a lity  o f  
th e  sy n a p se  as d esc rib ed  b y  M a r t i n  and  P i l a r  [10, 11]. T he low er e ffec
tiv e n e ss  o f th e  b a c k w a rd  tran sm iss io n , on th e  o th e r  h an d , w ould  f i t  q u ite  w ell 
w ith  th e  s tru c tu ra l fa c ts . T h ere  is no an a to m ica l reaso n  for th e  a ssu m p tio n  o f 
f ib re s  passin g  th ro u g h  th e  c ilia ry  ganglion, w h ich , o f course, w ould  ex p la in  all 
th e se  d iscrepancies.

( 3 )  The excessive a m o u n ts  o f ace ty lch o lin e s te ra se  found  b y  S z e n t -  

Á g o t h a i  an d  co-w orkers [15] in  th e  b ird  ciliary  gang lion  and  said  to  be localized  
p re d o m in a n tly  in th e  p re sy n a p tic  endings has a lso  to  be tak en  in to  co n sid e 
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ra tio n . In  th e  new ly h a tc h e d  chick ace ty lc h o lin e s te ra se  a c tiv ity  is so w eak 
th a t  i t  is h a rd ly  d e te c ta b le  w ith  th e  u su a l h is to ch em ica l m ethods. I t  seem s 
v e ry  like ly , th ere fo re , t h a t  it  develops p a ra lle l w ith  th e  ch a rac te ris tic  sy n a p tic  
d iffe ren tia tio n s . T his ag a in  does n o t v e ry  w ell harm o n ize  w ith  th e  genera l 
co n cep ts  o f a p re d o m in a n tly  electric tra n sm iss io n .

T h is analysis is le ad in g  up to  th e  conclusion  th a t  th e  co rre la tion  be tw een  
th e  s tru c tu ra l  changes occu rring  in c ilia ry  gang lion  synapses d u ring  th e  f irs t  
few  w eeks a fte r  h a tc h in g , an d  th e  fu n c tio n a l changes found  du ring  th e  sam e 
perio d  b y  M a r t i n  an d  P i l a r  [ 1 1 ]  is b y  no m ean s sa tis fac to ry . A t least n o t so 
in  th e  fram ew ork  of c u rre n t concepts on th e  fu n c tio n a l significance o f  u ltra -  
s t ru c tu ra l  fea tu res  o f synapses.
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E N T W IC K L U N G S D IF F E R E N Z IE R U N G  D E R  S Y N A P S E N  D ES G A N G L IO N  C IL IA R E  
B E IM  H U H N : E L E K T R O N M IK R O S K O P IS C H E  U N T E R S U C H U N G

D ie in  den  c h a ra k te ris tisch e n  kelch fö rm igen  S y n ap sen  des G anglion c iliare  des H u h n es  
in  d e n  e rs te n  T agen  nach  der A u sb reitu n g  z u stan d e k o m m e n d en  s tru k tu re llen  V e rän d e ru n g e n  
w u rd e n  e lek tro n m ik ro sk o p isch  u n te r s u c h t .  In  dem  frisch  a u sg eb rü te ten  H u h n  is t  die sy n a p 
tis c h e  E n d ig u n g  der p räg an g lio n ä ren  F a se rn  eine so lide  Calyx. Die U n te r te ilu n g  de r C alyx 
in  in d iv id u e lle  A xon-E nd igungen  b e g in n t u n m itte lb a r  n ach  dem  H erau ssch lü p fen  au s  d em  E i. 
D ie  Z e rs p a ltu n g  des sy n ap tisch en  K elches k o m m t d u rc h  die ex trace llu lä ren  S p a lte n  z u s ta n d e , 
d ie  v o n  d e r K o n tak to b e rfläch e  aus se k u n d ä r  zw ischen den Zellkörper u n d  den p rä sy n a p tisc h e n  
K e lc h  d r in g e n . M anche der S p a lte n  s in d  von  k le in en  irreg u lä re n  F o rtsä tzen  — den  so g e n a n n te n  
» P seu d o d e n d rite n «  — des Z ellk ö rp ers  des u rsp rü n g lich e n  axonalen  Segm entes e rfü ll t .  D esm o- 
so m o id e  K o n ta k te  zw ischen den  p rä -  u n d  p o s tsy n a p tisch e n  M em branen — die jed o ch  in  der 
sp e z if isc h en  A nsam m lung  p rä sy n a p tisc h e r  V esikel feh len  — sind  in den e rsten  T ag en  zu b eo 
b a c h te n .  D ie U m w and lung  dieser s t ru k tu re l l  »nicht p o laris ie rten «  K o n ta k te  in e ch te , m it  sp ez i
f is c h e r  A k k u m u la tio n  der sy n a p tis c h e n  V esikeln  e in h ergehende  sy n ap tisch e  V erb in d u n g en  
k o m m t h a u p tsä c h lic h  am 5. —14. T ag  n ach  der A u sb rü tu n g  zu stande . Diese S p ez ia lisa tio n  
d e r  K o n ta k te  g eh t von der A x o n -H ü g el-R eg io n  aus u n d  se tz t  sich  in der P e rip h erie  de r C alyx 
fo r t .  D ie  g anze  sy n ap tisch e  A n o rd n u n g , die p rä sy n a p tisc h e  Calyx u n d  den p o s tsy n a p tis c h e n  
N e rv e n z e llk ö rp e r  inbegriffen , is t  d u rc h  eine von d ü n n e n  F o rtsä tze n  der S ch w an n sch en  Zellen 
g e b ild e te  »lockere M yelin -S truk tu r«  u m h ü llt  u n d  v o n  d e r U m gebung  iso liert. E in e  an seh n lich e  
M enge d e r  zw ischen den prä- u n d  p o stsy n a p tisch e n  E lem en ten  b esteh en d en  e x tra ce llu lä re n  
R ä u m e  i s t  h a u p tsäc h lic h  bei ju n g e n  G anglien zu f in d e n . D ie Q u a n titä t  dieser e x tra ce llu lä re n  
R ä u m e  v e r r in g e r t  sich im fo r tsc h re ite n d e n  A lter in  ch arak te ris tisch e r W eise. Im  L ich te  
v o n  a n  s im u lta n e n  V eränderungen  v o n  Im p u lsü b e rtra g u n g e n  gem ach ten  n eueren  B e o b a c h tu n 
g en  w ird  d ie  m ögliche fu n k tio n e lle  B e d eu tu n g  d ieser in dem  in E n tw ick lung  b egriffenen  G an g 
lio n  c il ia re  zu stan d ek o m m en d en  s tru k tu re l le n  V e rän d e ru n g en  besprochen.

ЭЛЕКТРОННОМИКРОСКОПИЧЕСКОЕ ИЗУЧЕНИЕ ОНТОГЕНЕЗА СИНАПСОВ 
В РЕСНИЧНОМ ГАНГЛИИ ЦЫПЛЕНКА

Изучалась ультраструктура синапсов в ganglion ciliare цыплят, начиная с 1-го по 
13-й день после выклева, а также у взрослых птиц.

Изменения в онтогенезе касались формирования общей контактной поверхности 
преганглионарного волокна и ганглиозной клетки, синаптических контактов, структур
ных элементов пре- и постсинаптических участков и, наконец, оболочек из швановских 
клеток.

Контактная поверхность пре- и постсинаптических элементов в этот период увели
чивается за счет образования «псевдодендрмтов» на поверхности клеточных тел, а также 
выростов на поверхности аксонных окончаний и уменьшения экстрацеллюлярных прост
ранств. Увеличение контактной поверхности сопровождается увеличением числа синап
сов.

В процессе формирования отдельных элементов синапсов в онтогенезе вначале 
происходит уплотнение участков контактирующих мембран, которые на ранних стадиях 
развития имеют вид десмосом. В дальнейшем формируются типичные синаити:еские 
пузырьки, которые скапливаются у пресинапти« еских мембран. В образовании синапти
ческих пузырьков принимают участие метахондрии. Плотность синаптических мембран 
повышается, синаптическая щель расширяете. В постеинаптической цитоплазме появ
ляются характерные для этих участков пузырьки и трубочки. К 12—14 дням развития 
синапсы приобретают типичный поляризованный вид.

Эта специализация синаптических контактов начинается с области аксон-хил- 
лока и позднее переходит на периферию каликса.

Отростки швановских клеток, образующие оболочку вокруг каждой синаптической 
единицы, в процессе развития увеличиваются в числе, истончаются, плотно прилегают 
друг к другу и на поздних стадиях развития они напоминают по внешнему виду истинный 
миэлин. Однако, но характеру своего образования эти оболочки отличаются от миэлина.

Обсуждается возможно функциональное значение структурных элементов синап
сов ganglion ciliare в свете последних электрофизиологических наблюдений.

J ó z s e f  H á m o r i , B u d ap es t  IX .,  T ű zo ltó  u. 58, H u ngary

L u d m i l l a  D y a c h k o v a , L en in sk ij p ro sp ec t 33, M oscow, U .S .S .R .
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UPTAKE OF PHOSPHORUS BY ISOLATED DAUCUS
TISSUE

M . M a r ó t i

IN STITU TE OF PLA N T PHY SIOLOG Y , EÖTVÖS LOR AND U N IV ER SITY , BUDAPEST (HEAD: V. FR E N Y Ó ) 
AND BIOLOGICAL STATION OF TH E EÖTVÖS L O R Ä N D  UNIVERSITY, ALSÓGÖD

(R eceived Ju n e  29. 1964)

Synopsis

T he u p ta k e  o f P ::2 by  tissue c u ltu re s  o f D aucus Carola L. has been in v e s tig a te d  
in  th e  fu n c tio n  o f in cu b a tio n  tim e. I t  lias been  fo u n d  t h a t  a fte r  an in itia l ra p id  (p assiv e ) 
u p ta k e  th e  r a te  o f  p e n e tra tio n  of F :!J becom es s te a d y . T he ra te  of p e n e tra tio n  in to  th e  
in te r io r  of th e  tis su e  d ep ended  on th e  a m o u n t o f to ta l  phosphorus ab so rb ed . D u rin g  
th e  in cu b a tio n  tim e  a b o u t  25%  of th e  labe lled  p h o sp h o ru s  added  to th e  c u ltu re s  p e n e 
t ra te d  th e  tis su es . T h e  r a te  o f u p tak e  cou ld  be en h an c ed  by shaking (increase  in  u p ta k e  
by  6 — 4 0% ). T h e  m eris te m a tic  regions a c c u m u la te d  p h osphorus. P '-  tra n s lo c a tio n  due 
to  ev ap o ra tio n  o f w a te r  from  the  surface  of th e  c u ltu re s  w as no t observed.

Introduction

A n u m b e r o f  a u th o rs  have dealt w ith  th e  u p ta k e  of substances b y  v a rio u s  
p la n t  o rgans p a r t ic u la r ly  since th e  a d v e n t o f  ra d io a c tiv e  iso topes [4, 5, 12, 
14, 15]. C o m p ara tiv e ly  l i t t le  a tte n tio n  w as d e v o te d  to  th e  ion u p ta k e  o f  an d  
tra n s p o r t  in  iso la ted  tissu e  cu ltu res a lth o u g h  tis su e  cu ltu res offer an  ex ce llen t 
m a te ria l for s tu d ie s  o f  th is  k ind  [6, 9, 11].

I t  has been  fo u n d  th a t  P - accu m u la tes  in  th e  m eristem atic  zones and 
in developing  v e g e ta tiv e  cen tres (e.g. th e  s ite  o f ro o t fo rm ation) of th e  o rien ted  
tissue  tobacco  s tem  [13]. The sam e w as fo u n d  to  he tru e  for Seq ioia  tissu es  
[2, 3]. An a c c u m u la tio n  of P aa was o bserved  in  th e  cam bium  of iso la ted  c a rro t 
ro o t segm ents [7]. In  o th e r  ex p erim en ts  th e  tran s lo ca tio n  of p h o sp h o ru s  in 
c a rro t w as also o b se rv ed , how ever no ev id en ce  w as o b ta in ed  as to  w h e th e r  
th e  tran s lo ca tio n  is d u e  to  th e  p o la rity  o f tis su e  (shoot —>■ roo t d ire c tio n ) or 
a sim ple a c c u m u la tio n  o f P 32 in th e  m ain  c e n tre s  o f p ro life ra tio n  is in v o lv ed  
|8 ],

In  view  o f th e  p rob lem  ou tlin ed  ab o v e  concern ing  th e  causes a n d  c ir
cu m stances o f ion  u p ta k e  and tra n s lo c a tio n  in  tissue  cu ltu res e x p e rim e n ts  
w ere s ta r te d  to  o b ta in  a deeper in sig h t in to  th e  k inetics of a b so rp tio n  a n d  th e  
n a tu re  of tra n s p o r t .  A d e ta il of th e  e x p e rim e n t is described  in th e  p resen t p a p e r .

Materials and methods
Iso la ted  tis su e s  o f c a rro t (D aucus carota L .) w ere used  th ro u g h o u t th e  ex p e rim e n ts . 

T he tissue  was k e p t in  c u ltu re  for several y ea rs  a n d  su b je c ted  to su b cu ltu rin g . T h e  m a te ria l  
u sed  for th e  e x p e rim e n ts  w as in a phase of in ten siv e  g ro w th , 3 to  4 weeks a f te r  su b c u ltu r in g .
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T h e  tis su e  can  be re g a rd e d  as a  “ ca llu s”  in  w h ich  th e  e lem en ts  o f v a scu la r t is su e s  s ta r t  to  
a p p e a r  (cells w ith  v a rio u s ty p e s  o f  cell w all th ic k e n in g ).

T h e  iso la ted  tis su e  f ra g m e n ts  were g row n o n  a  so lid  W hite  m edium  [16] co n ta in in g  
s a l ts  a n d  th e  “ A — Z m ic ro -e le m e n ts”  o f H o a g l a n d . I ro n  was ad m in iste red  as fe rr ic itra te . 
T h e  m ed iu m  was su p p le m e n ted  w ith  cysteine  (10 mg/1), th ia m in  (1 mg/1), a n d  /5-indoleacetic 
a c id  (0 .07  mg/1). As a c a rb o n  sou rce  saccharose (30 g/1) w as app lied . The p H  of th e  n u tr ie n t  was 
5 — 5.2 a t  th e  tim e o f iso la tio n .

T he iso la tes w ere g ro w n  in  f la sk s , each  c o n ta in in g  50 m l n u tr ie n t, a t  room  te m p e ra tu re . 
T h e  c u ltu re s  were i llu m in a ted  b y  d iffuse lig h t fo r 12 h o u rs  ev ery  day . The colour o f th e  tis su e  
w as g reen  a t  places in  c o n ta c t  w ith  th e  n u tr ie n t .  O th e r  p a r ts  w ere g reenish-yellow .

C ylinders (11 m m  in  d ia m e te r )  were p u n ch ed  fro m  th e  tissu es w ith  a co rk  b o re r  p e rp e n 
d ic u la r ly  to  th e  surface  o f th e  n u tr ie n t .  The tissu e  c y lin d e rs  w ere cu t in to  d isks o f v a r io u s  th ic k 
n e ss , u s in g  an  in s tru m e n t w ith  p a ra lle l c u ttin g  su rfa ce s . T h e  d isks were p laced  in to  a liq u id  
n u t r ie n t  (50 m l/ f la s k /d is k )  o f  th e  sam e co m position  as desc rib ed  above (ag ar o m itte d )  and  
0,2 /гС/m l K H :P ï20 4 w as a d d e d . T he d isks im m ersed  in to  th e  so lu tion  w ere in c u b a te d  fo r 
v a r io u s  periods a t  room  te m p e ra tu re  in  d iffuse l ig h t. T h e  c u ltu re s  were shaken  w ith  a D u b n o ff  
p re c is io n  sh ak ing  in c u b a to r  a t  a  r a te  of 100 re v o lu tio n s /m in u te .

T h e  tissu es were w ash ed  tw ice  w ith  d is tilled  w a te r  a n d  dried  in  a ir s te a m . T h e  d isks 
w e re  s liced  to  equal th ic k n e ss , p lac ed  on p la tes  a n d  th e i r  r a d io a c tiv ity  was im m e d ia te ly  co u n ted  
b y  a n  end-w indow  GM tu b e  ( th ic k n ess  o f end-w indow : 2.5 m g/cm 2). A fter 24 h o u rs  th e  ra d io 
a c t iv i ty  w as m easu red  a g a in  b o th  in  th e  o rig inal p o s it io n  o f th e  disks and  in re v e rse d  po sitio n . 
T h e  d a ta  p resen ted  are  av erag e  v a lues.

T h e  a u th o r  th a n k s  fo r th e  o rig ina l tis su e  m a te r ia l  w hich  has been o b ta in e d  fro m  
E va  P e t r u , In s t i tu te  o f E x p e r im e n ta l  B o tan y , C zechoslovak  A cadem y of Sciences, P ra h a ^  
T h a n k s  are  also due to  E s t e r  N á d a s sy  for te c h n ica l a ss is tan ce .

R esults

R e su lts  o f in v e s tig a tio n s  on th e  r a te  o f P 32 u p ta k e  as a fu n c tio n  o f 
in c u b a tio n  tim e  are show n in  T ab le  1. 6 in in X  11 m m  0  excised cy lin d ers  w ere 
c u t  a t  th e  end  of th e  in c u b a tio n  period in to  2 m m  th ick  disks. The ra d io a c tiv i ty  
o f  th e  d isks was m easu red . I t  w as assum ed  t h a t  th e  values o b ta in ed  a re  in d i
c a tiv e  o f th e  ra te  o f u p ta k e  a n d  of th e  sp eed  o f  tran s lo ca tio n . T he n u m b e r  o f 
to ta l  im pu lses an d  th e  a m o u n t of p h o sp h o ru s  ca lcu la ted  from  th ese  figures 
a re  g iv en . I t  appears t h a t  th e  u p ta k e  of P 22 b y  c a rro t tissue cy linders d u rin g  
5, 30 o r 60 m inu tes o f in c u b a tio n  co rresponds to  a ra tio  of 1:2.5:4. T h u s , th e  
r a te  o f  p e n e tra tio n  is n o t lin e a r , b u t  a f te r  an  in i t ia l  ra p id  u p tak e  th e  ab so rp tio n  
b eco m es low er. This is c lea rly  in d ica ted  b y  th e  p e rcen tag e  values o f u p ta k e  
(26 .3 ; 58 .6 ; 100% ). T he v a rio u s  2 m m  th ic k  d isks ex h ib it d ifferen t p h o sp h o ru s  
u p ta k e .  T h is is p a r tly  e x p la in e d  b y  th e ir  d iffe re n t position  in the  o rig in a l tissu e  
c y lin d e r . H ow ever, th e  d isks deriv ing  from  th e  tw o  ends of th e  cy lin d e r also 
c o n ta in  d iffe ren t a m o u n t o f  ab so rb ed  P 22. T h is d ifference is p a r tic u la rly  e v id e n t 
w ith  60 m in u tes  in c u b a tio n . Som e of th e  d iffe rences m igh t be ex p la in ed  b y  
th e  m o rpho log ica l changes acco m p an y in g  sec tio n in g . T hus th e  su rface  o f  th e  
tis su e  c y lin d e r is a p p ro x im a te ly  397 m m 2, w h e reas  th a t  o f th e  sing le d isks 
322 m m 2. H ow ever, d iffe rences in  th e  ph y sio lo g ica l s ta te  o f th e  tissu es  a t  th e  
tw o  e n d s  o f th e  cy linder (e. g. m eris tem atic  tis su es  or no t) can also c o n tr ib u te  
to  th e  differences in ion  a b so rp tio n . The p h o sp h o ru s  u p ta k e  of th e  in n e r  d isks 
is m u c h  low er th a n  th a t  o f  th e  o u te r  ones. O n ly  2 2 —24 p er cen t o f to ta l  phos-
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T able 1

1‘hosphorus uptake o f  tissue disks o f  isolated carrot (D aucus carota L .)  tissue

W eight 
o f tissue 

in  mg

Incubation 
time in 
minutes

O rientation
of

th e  disk
Treatm ent

P -uptake
y/d isk

P -uptake
■y/cylinder

P -uptake
%

P-uptake 
of the inner 

disk
in % of 

to ta l 
uptake

519 o u te r 5.99 ± 0 .0 1 4
± 1 1 .6 in n er shaked 4.12 ± 0 .0 2 6 18.72 100 22.0

60
o u te r 8.61 ± 0 .0 5 6

528 o u ter 4.28 ± 0 .0 7 5
± 1 3 .7 inner no t 3.44 ± 0 .0 8 5 13.83 73.8 24.8

o u ter shaked 6.11 ± 0 .1 4 7

519 o u ter 4.41 ± 0 .0 3 3
± 1 1 .6 inner shaked 2.47 ± 0 .0 8 6 10.98 58.6 22.4

30
o u ter 4.10 ± 0 .0 9 8

528 o u ter 3.48 ± 0 .1 0 9
± 1 3 .7 in n er no t 2.59 ± 0 .0 1 7 9.78 52.3 26.4

o u ter shaked 3.71 ± 0 .0 5 4

519 o u ter 1.64 ± 0 .0 4 9
± 1 1 .6 inner shaked 1.04 ± 0 .0 3 3 4.43 23.6 23.4

5
o u ter 1.75 ± 0 .0 2 0

528 o u ter 1.30 ± 0 .0 1 4
± 1 3 .7 in n er no t 0.83 ± 0 .0 2 6 3.14 16.7 26.4

o u ter shaked 1.01 ± 0 .0 3 0

p h o ru s u p ta k e  is reco v ered  in  th e  inner tissu es . T h u s th e  tim e-dependence  
o f  p e n e tra tio n  a n d  th e  phenom enon  of tra n s lo c a tio n  is ev id en t.

T he ra te  o f u p ta k e  dep en d ed  also on th e  t re a tm e n t o f th e  cu ltu res 
(sh ak ed  or n o t). S h ak in g  increased  th e  P £2 u p ta k e  o f tissue  cy linders b y  25%  
as com pared  to  th e  u n sh ak en  co n tro l (in cu b a tio n  fo r 5 or 60 m in u tes). As to  
th e  P £2 u p ta k e  o f th e  in n e r  d isk  shak in g  h ad  no m a rk e d  in fluence . T h e  p e rc e n t
age s tim u la tio n  va lu es  are  as follow s: 60 m in . in c u b a tio n  2 .8%  (22.0 -> 24.8), 
30 m in. in cu b a tio n  4 %  (22.4 —»■ 25.4), 5 m in . in c u b a tio n  3%  (23.4 —>■ 26.4). 
T h is c learly  in d ic a te s  th a t  sh ak in g  h a rd ly  effec ts th e  P 22 u p ta k e  of tissue 
p o rtio n s  no t being  d ire c tly  in  c o n ta c t w ith  th e  m ed ium .

To s tu d y  th e  tra n s p o r t  of p h o sp h o ru s in  iso la te d  tissues th e  follow ing 
ex p erim en t was c a rr ie d  o u t. T he disks o f  315 m g w eigh t an d  322 m m 2 su r
face w ere d irec tly  p laced  in to  th e  liqu id  m ed iu m . T he disks w ere in cu b a ted  
fo r 60 or 30 m in u te s . A fte r  in cu b a tio n  th e  ra d io a c tiv ity  o f th e  d isks was 
m easured . The d isks w ere th e n  p laced  in open  P e tr i  d ishes and  th e  ra d io a c tiv 
i ty  w as m easured  a f te r  24 h ours a t b o th  sides o f  th e  d isks. T hese  experi-
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m e n ts  w ere  aim ed a t th e  e lu c id a tio n  of th e  e ffec t of tra n sp ira tio n  on th e  
t r a n s lo c a t io n  of phosphorus.

T h e  resu lts  su m m arized  in  T ab le  2 in d ic a te  th a t  th e  to ta l  a m o u n t of 
P 32 a b s o rb e d  is in no d irec t r e la t io n  e ith e r w ith  th e  w eigh t o f th e  tissu e  or w ith  
its  su r fa c e . H ow ever, e v id e n tly  th e  surface p lays a m a jo r role in  d e te rm in in g  
th e  r a t e  o f absorp tion . T he e ffec t of in cu b a tio n  tim e  on th e  u p ta k e  o f  P 32 
w as s im ila r  to  th a t  o bserved  in  th e  exp erim en t described  above. A b o u t 31 — 
5 2 %  o f  th e  to ta l p h o sp h o ru s u p ta k e  tak es  place d u rin g  th e  f irs t  30 m in u tes  
in  case  o f  2 m m  th ick  d isks. W ith  6 m m  th ic k  d isks th e  co rresp o n d in g  figures 
arc  52 — 5 8 % . Shaking a ffe c ted  th e  P  2 u p ta k e  o f th e  th in n e r  d isks m ore  th a n  
t h a t  o f  th e  th icker ones. T h e  e ffec t of shak ing  w as m ore p ro n o u n ced  w ith  
lo n g e r  in c u b a tio n  (Table 2). A  2 0 %  increase w as experienced  w ith  30 m in. 
in c u b a t io n  in co n trast to  th e  4 0 %  increase fo u n d  w ith  60 m in . in c u b a tio n .

N o  effect of t ra n s p ira tio n  on th e  m ovem en t o f phosphorus w as observed  
(T ab le  2).

D iscussion

T h e  experim en ts w ere a im e d  a t  th e  e lu c id a tio n  of th e  ra te  anti c ircu m 
s ta n c e s  o f  phosphorus a b so rp tio n  (ev en tu a lly  of P 32 tran s lo ca tio n ) b y  iso la ted  
D a u cu s  carota tissues. U n d e r th e  ex p erim en ta l cond itions ap p lied  an  in itia l 
h ig h  r a t e  o f  absorp tion  w as o b se rv e d  w hich w as fo llow ed b y  a lowrer r a te  of 
P 32 u p ta k e .  I t  is qu ite  p ro b a b le  th a t  the  f irs t  phase  w hich la s ts  fo r a few- 
m in u te s  corresponds to  th e  p a ss iv e  phase of ion u p ta k e  w hereas th e  second 
one is p re su m a b ly  an ac tiv e  (m e tab o lic ) process [10]. A bou t 24%  o f th e  to ta l  
p h o s p h o ru s  u p tak e  tak es  p lace  d u rin g  th e  in itia l period . M ore th a n  th e  h a lf 
o f  t o ta l  a b so rp tio n  (52 — 5 9 % ) is accom plished  d u rin g  th e  second perio d  o f h a lf  
an h o u r . T h e  charac teris tics  o f  th e  u p ta k e  process are  sim ilar w ith  th e  u n sh ak en  
v a r ia n t  (1 7 %  and  53% ) a lth o u g h  th e  abso lu te  va lu es  are so m ew h at low er. 
T he lo w e r ra te  of u p ta k e  b y  u n sh a k e n  disks is ex p la in ed  b y  th e  low er P :2 
c o n c e n tra t io n  a t the  su rface  o f  th e  tissue .

T h e  ra te  of p e n e tra tio n  w as c learly  in d ic a te d  by  th e  d ifferences o f th e  
a m o u n t o f  P ;2 p resen t in  th e  v a r io u s  p a rts  of th e  tissue  cy lin d er in c u b a te d  
w ith  P 32. G enerally , one fo u r th  o f  th e  to ta l  p h o sp h o ru s tak en  up b y  th e  cy linder 
w as fo u n d  in th e  m iddle (in n er) d isk  (22—26% ). T h is figure  was in d e p e n d e n t 
of th e  in c u b a tio n  tim e. I t  fo llow s from  th is  o b se rv a tio n  th a t  th e  ra te  o f p en e 
t r a t io n  is linear. D ifferences b e tw e e n  th e  ra te  of u p ta k e  of th e  tw o o u te r  disks 
m ig h t b e  exp la ined  p a r tly  b y  d iffe rences in w eight an d  surface due to  sam pling  
d iff ic u ltie s . The size of su rface  is p a rtic u la r ly  im p o r ta n t  from  th e  p o in t of 
v iew  o f  io n  absorp tion . H o w ev e r, physio logical d ifferences be tw een  th e  tw o 
ends o f  th e  tissue cy linder sh o u ld  also he ta k e n  in to  accoun t. A sim ila r, p re 
fe re n tia l  accu m u la tio n  o f P '2 w as observed  b y  S c h m it z  [13] in  th e  m eris tcm a tic
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Table 2

Phosphorus uptake o f  isolated tissue disks o f  carrot 
(D a u cu s carota L .)

Weight of 
tissue 

in nig
T reatm ent

Incubation P-uptake P-uptake*

minutes 7  % 7 %

Shaked

60 20.13
± 0 .4 6

100 17.54
± 0 .9 5

83.16

318

30 10.59
± 0 .3 6

52.60 10.21
± 0 .7 7

SO.72

± 3 .3 9

N ot
shaked

60 11.91
± 0 .7 0

59.16 11.95
± 0 .7 4

59.36

30 6.40
± 0 .7 7

31.79 5.93
± 1 .0 9

29.50

* M easurem ent rep ea ted  afte r 24 h o u rs  on reversed  disks.

regions o f tobacco  callus tissue. T h e  ra d io a u to g ra p h ic  in v es tig a tio n s  o f B a ll  
[2, 3] in Sequoia  tissues p o in t in th e  sam e d irec tio n . H e l l e r  [7, 8] also observed  
a m ark ed  ion accu m u la tio n  in th e  cam b ia l reg ion  of c a rro t callus tissu e , and  
a po larized  tra n s p o r t  an d  accu m u la tio n  o f P 32 in  o rien ted  tissu es . H ow ever, 
he was unab le  to  d iffe re n tia te  th e  tra n s lo c a tio n  due to  tru e  p o la r ity  from  th a t  
in d u ced  by  th e  p ro life ra tin g  tissue cen tre s . T h u s i t  m igh t he a ssu m ed  th a t  the  
m ore in ten se  u p ta k e  an d  accu m u la tio n  is e lic ited  by m ore th a n  one fac to r. 
In  o u r m a te ria l th e  differences in u p ta k e  m ig h t also reflec t a com plex  s itu a tio n . 
A lth o u g h  cy to logical in v es tig a tio n s  w ere n o t ca rried  ou t in th e  p re se n t s tu d y , 
p rev ious observ a tio n s in d ica ted  th a t  th e  tw o ends of th e  tissue  cy lin d e r m igh t 
co n ta in  cells o f d iffe ren t physio logical s ta te . In  th e  callus tissu e  m eris tem a tic  
cen tres are easily  fo rm ed  an d  the  tissu e  cy lin d er m igh t he com posed  o f  m eris
te m a tic  and  m ore d iffe re n tia ted  reg ions. T hese m eris tem atic  reg ions a re  d is tr i
b u te d  in  th e  callus tissu e  a t  ran d o m . T h is exp la in s th e  fa ilu re  to  o b ta in  d iffer
ences in P 22 u p tak e  be tw een  the  tw o  ends o f th e  tissue cy linder in  som e cases. 
T herefo re , tru e  p o la r ity  of th e  tissu e  could  n o t he estab lished .

F u r th e r  ex p e rim en ts  were c o n d u c ted  to  th ro w  som e lig h t on th e  cause 
o f P 22 tran s lo ca tio n  w ith in  th e  tis su e  cy linder. A ccording to  th e  w idesp read  
opinion th e  m ain fa c to r  reg u la tin g  P 22 tra n s lo c a tio n  in p la n t o rgans is th e  con
c e n tra tio n  of n u tr ie n ts  an d  tr a n s p ira tio n . T he effect of these  fac to rs  is obvious 
in  case o f co n tac t u p ta k e  as soon as a f te r  5 m in u tes  [1]. In  o u r ex p erim en t 
(T able  2) th e  m o v em en t o f  p h o sp h o ru s due to  tra n sp ira tio n  could  n o t be 
d em o n stra ted .
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P H O S P H O R -A U F N A H M E  Y O N  IS O L IE R T E N  D A U C U S -G E W E B E N

D ie Phosphor-A u fn ah m e v o n  iso lie rten  D aucus carota L . G ew eb eku ltu ren  w u rd e  in 
A b h ä n g ig k e it  von der In k u b a tio n s z e it  m it Hilfe von  P 32 u n te rs u c h t . E s k o n n te  fe s tg es te llt  
w e rd e n , d a ß  nach  einer e in le iten d e n , schnellen  (passiven ) P h a se  die A ufnahm e v o n  P 32 la n g 
sa m e r u n d  gleichm äßig erfo lg t. D ie  G eschw indigkeit d e r  A u fn ah m e  is t  von  der G esam tm enge  
des a b so rb ie r te n  Phosphors a b h ä n g ig . U ngefähr 25%  d e r G esam tau fn ah m e  erfo lg t im  L aufe  
d e r  e in le iten d e n , schnellen  A u fn ah m ep e rio d e . Die P 32-A u fn ah m e k o n n te  d u rch  S c h ü tte ln  
d e r  K u l tu re n  um  6 —40%  e rh ö h t  w erden . E ine P 32-A k k u in u la tio n  d u rch  m eris tem a tisch e  
G ew ebe k o n n te  fe stg es te llt w e rd en . D em  gegenüber h a t  Y erf. eine tra n sp ira tio n sb e d in g te  
E rh ö h u n g  der P 32-A ufnahm e n ic h t  b e o b ach te t.

ПРИЕМ ФОСФОРА ИЗОЛИРОВАННОЙ ТКАНЕЙ DAUCUS CAROTA

Автор при помощи Р32 изучал поглощение фосфора культурой изолированной 
ткани моркови (D aucus c a ro ta  L .) в зависимости от времени инкубации. На основании 
экспериментальных данных установил, что после начального быстрого (пассивного) 
поглощения, поступление фосфора в кусочки ткани становится равномерным. Ритм 
поступления внутрь ткани обнаруживает связь с общим количеством поглощенного фос
фора, примерно 25%-ов от общего количества поступает во время инкубации. Встряхи
вание повыццет поглощение на 6 —40%. Наблюдалось на меристематических областей 
повышенное накопление фосфора, но возникающую вследствие испарения воды тканей 
транслокацию фосфора автор не обнаружил.

M i h á l y  M a r ó t i , B u d a p e s t V I I I . ,  M úzeum  k r t .  4 /a , H u n g a ry
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Synopsis

T he th y ro id s  o f 8-, 11-, a n d  14-day-old  in ta c t  a n d  d e c a p ita te d  ch ick  em bryos 
w ere exam in ed  w ith  th e  e lec tro n  m icroscope. In  in ta c t  em bryos th e  e rg as to p la sm  of the  
th y ro id  cells was found  to  be in c reased  in  q u a n ti ty  a n d  changed  in  q u a lity  fro m  th e  11th 
d ay  while th is  p h en om enon  does n o t  occur a fte r  d e ca p ita tio n  a t  m id b ra in  level. A dding 
TSH  or tra n sp la n tin g  h y p o p h y sis  o f  th e  sam e age to  d e ca p ita te d  em b ry o s  th e  above 
described p h en om enon  could  be e s tab lish ed . T he ea rlie s t effect o f T S H  w as observed  
1 — 1 1/2 h o u r a f te r  a single in je c tio n . T he m echan ism  of fo llicu lar d e v e lo p m en t is also 
d e m o n s tra ted  and  discussed .

Introduction

As the  rad io au to g rap h ic  e x p e r im e n ts  o f  H á m o r i , M e s s  a n d  S z é k e l y  [5] 
carried  ou t in 1960 have  show n, t h e  fe ta l chick th y ro id  begins to  s to re  I 131 
on th e  11th em bryon ic  day . On th e  base  of th is  find ing  au th o rs  s t a t e d  th a t  
the  fe ta l  chick hypophysis  s ta r t s  to  produce T S H  on th e  11th  d a y  a n d  th is  
resu lts  in th e  I 131-storage o f  th e  th y ro id .  H ow ever,  in spite  of th is  fu n d a m e n ta l  
func tiona l  change, only slight p a ra l le l  m orphological a l te ra t io n s  could  be 
observed  on th e  th y ro id  ep ithe lia l  cells, i.e. th e  cells o f  th e  accu m u la t in g  
g land  were l igh t-m icroscopically  n e a r ly  iden tica l  to  the  no t  a c c u m u la t in g  ones. 
This observa tion  and  a fu r th e r  in v es t ig a t io n  of M e s s  and  S t r a z n i c k y  [7] sug
gested  th e  p resen t  work. These a u th o r s  em phasized  th a t  th e  m e n t io n e d  m o r
phological id e n t i ty  is only due to  th e  insuffic ient resolving p ow er  of  the  
l igh t  microscope. Therefore, th is  e lec tron  microscopical s tu d y  w as  p lanned  
to  answ er th e  following ques t io r  : a re  the re  a n y  u l t r a s t ru c tu ra l  changes in 
the  th y ro id  of decap i ta ted  chick  em bryos com pared  to  th e  i n t a c t  ones?

M ateria l  and  m ethod

T he e x p erim en ts  were p e rfo rm ed  on  8-, 11-, an d  14-day-old  ch ick  e m b ry o s . In  th e  f irs t  
ex p erim en ta l g roup  th e  em bryos w ere d e c a p ita te d  a t  m id b ra in  level on  th e  2 n d  d a y  of in cu 
b a tio n  as described  elsew here [10]. T h e  second  group  served  as co n tro l. T S H -p re p a ra tio n  
“ A m binon”  (O rganon) w as ad m in is te re d  to  d e ca p ita te d  em bryos in  2 U S P  m l)  q u a n ti ty  
1 /2 -,1-, 2-, 3-, 6- a n d  12 hours p reced ing  th e  sac rifica tio n  o f th e  em bryos, d ro p p e d  on th e  chorio- 
a lla n to id  m em brane . To an  o th e r  g ro u p  o f  d e ca p ita te d  em bryos h y p o p h y sis  ta k e n  from  7 day 
old em bryos w ere tra n sp la n te d  u n d e r  th e  ab d o m in a l sk in  betw een  th e  r ig h t  w ing a n d  leg 
on  th e  6 th  d ay  of in cu b a tio n , before 8 d a y s  o f sa c rifica tio n , re sp ec tive ly . T h e  th y ro id s  were 
rem o v ed  u n d e r d issec ting  m icroscope, f ix e d  in 1 per c e n t 0 s 0 4 so lu tion  b u ffe re d  a t  p H  7.5 
fo r 1 h our, em bedded  in  A ra ld ite  [6]. U l t r a th in  sections w ere c u t w ith  L K B -U ltro to m e , floated  
on  d istilled  w a te r, p icked u p  on co p p er g rid s  w ith o u t a n y  film  co atin g , s ta in e d  w ith  th e  lead 
n i tr a te  m eth o d  an d  observed  w ith  Zeiss ( J e n a )  EL-M I II . a n d  T esla В 242 e le c tro n  m icroscopes.

Acta Viol. Hung. IS. 1964



2 3 8 F. HAJÓS, K. STRAZNICKY and В. MESS

Results

U l t ra s t ru c tu ra l ly  t h e  th y r o id  of th e  8 -day -o ld  in ta c t  em bryo  (Fig. 1) 
sh o w s  a ra th e r  poor c y to p la s m a t ic  pa t te rn .  C harac te r is t ic  large m itochondr ia  
a n d  Golgi-zones are v is ib le , b u t  th e  endoplasmic re t ic u la r  sys tem  is only  poorly  
d e v e lo p e d .  A few of ro u g h  su r fa c e d  vesicles are scarce ly  d is t r ib u ted  in th e  c y to 
p la s m .  In  some cases b e tw e e n  neighbouring cells cavities w ith  num erous  
m ic ro v i l l i  are formed. T h e s e  cavities correspond  to  th e  early  in te rce llu larly  
d e v e lo p e d  (Fig. 8) follicles in  co n tra s t  to  th o se  w h ich  develop in trace llu la r ly  
as i t  will be described l a t e r .

T h e  thyroids of  t h e  8 -d a y -o ld  decap ita ted  e m b ry o s  do no t  differ from  the  
t h y r o i d s  of in tac t  a n im a ls  o f  th e  same age.

In th e  thyro ids  o f  t h e  i n t a c t  11-day-old e m b ry o s  th e  signif icant change 
c o m p a r e d  to  the  p rev ious  s t a g e  is the  ap p ea ran ce  of  an  increased  lam ellar- 
t y p e  e rgastop lasm  (Fig. 2 a ) .  T h o u g h  in th e  8 -day -o ld  em bryos some rough 
s u r f a c e  vesicles are a l r e a d y  v is ib le ,  they  resem ble  n e i th e r  in  q u a n t i ty  nor in 
q u a l i t y  to  the e rg as to p la sm  o f  th e  11-day-old fe ta l  th y ro id .  M itochondria , 
G o lg i- tubu les  and vesicles, as  well as ran d o m ly  d is t r ib u te d  secre to ry  granules 
a re  a lso  present.

T h e  thyroids o f  1 4 -d a y -o ld  chick em bryos show  an  increase of  th e  above 
m e n t io n e d  structures , e sp e c ia l ly  of the e rg a s to p la sm  (Fig. 3). In trace l lu la r  
co llo id  droplets  are fo rm e d  w h ic h  are in m a n y  cases fusing w ith  each  o ther  
a n d  l a t e r  with the collo id  d ro p le ts  of n e ig b o u r in g  cells, fo rm ing  th is  w ay  
r e g u l a r  follicles (Figs. 7a a n d  b). This represen ts  th e  fo rm erly  m en tioned  in t r a 
c e l lu la r  w ay  of follicular d e v e lo p m e n t .  Capillary  sinusoids w ith  endothelia l  
w a l l  a re  already well d e v e lo p e d  a t  this age.

T h e  effect of d e c a p i t a t io n  is s trik ing i f  e x a m in e d  on th e  11 th  or 14th 
d a y  (F igs .  2b and 4). T h e  e rg a s to p la sm  observed of th e  th y ro id  cells o f  decap i
t a t e d  n o n  t rea ted  em b ry o s  o f  th i s  age is nea r ly  t o t a l l y  absen t ,  and  th e  c y to 
p la s m ic  p a t te rn  is v e ry  s im i la r  to  t h a t  of th e  8 -day -o ld  th y ro id .  H ow ever  there  
is o n e  im p o r ta n t  difference, n a m e ly  the  Golg i-m ateria l  is developed u n d is tu rb e d 
ly  w i t h o u t  any sign o f  d e c a p i t a t io n  effect exper ienced  on th e  e rg a s to 
p la s m .

T S H  - trea tm en t  w as  p e r fo rm e d  on 13-day-o ld  d ec a p i ta ted  em bryos . 
2 4 -h o u rs  a f te r  the a d m in i s t r a t io n  of  Am binon (2 U S P  m i l )  th e  above described  
c h a ra c te r i s t ic  e rgas top lasm  is well developed a n d  follicles th o u g h  in  in itia l 
s t a g e  w ere  found (Fig. 6). F r o m  th e  increased a m o u n t  of  ergas top lasm , however, 
i t  w a s  supposed  th a t  i ts  d e v e lo p m e n t  requires a s h o r te r  period. To de te rm ine  
t h e  t im e  of the earliest m a n i fe s ta t io n  of T S H  effect,  thy ro id s  were fixed 
1/2-, 1-, 2-, 3-, 6- and  12 h o u r s  a f te r  T S H -a d m in is t ra t io n ,  and  it  was found 
t h a t  t h e  process begins a t  a b o u t  the  f irst h o u r  w i th  th e  e longation of the  
o r ig in a l ly  round  rough s u r f a c e d  vesicles. This co n t in u es  u n t i l  th e  e rgas top lasm
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F ig . 1. T h y ro id  of th e  8-day-old  chick  em b ry o . T he cy to p lasm ic  s tru c tu re s  a re  poo rly  developed. 
E n — endoplasm ic re ticu lu m , M— m ito ch o n d ria , N — nucleus, N1 nucleolus, X 21,000
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F ig. 2. a — T h y ro id  of th e  11-d ay -o ld  chick em bryo. T h e  e rg as to p lasm  is a lread y  well developed  
X 18,000. b —  T h y ro id  of th e  11-day-o ld  d e cap ita ted  ch ick  em b ry o . The cy top lasm  is n e a r ly  
e m p ty , o n ly  th e  G o lg i-m aterial is v isib le . X 18000 C— collo id , D b —dense body , E n —e n d o p la s 

m ic re ticu lu m , G— G o lg i-m a teria l, M— m ito ch o n d ria , N — nucleus, E r— erg asto p lasm
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Fig. 3. T hyro id  of th e  14-day-old  chick em b ry o . N o te  th e  increased a m o u n t o f  e rg asto p lasm . 
X 21,000. E r— erg asto p lasm , M— m ito ch o n d ria , N— nucleu s
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rece iv es  its  described l a m e l la r  form  at abou t 6 h o u r s  following a single T S H©  ©

in je c t io n  (Figs. 5a a n d  b) .
A ccording to r a d io a u to g ra p h ic  data  [5] i t  w as  e x p e c te d  th a t  the  e m b ry o n 

ic t h y r o i d  is already r e a c t iv e  fo r  T SH  before th e  1 1 th  d a y  an d  this supposit ion  
w as  p ro v e d  by the  fac t ,  t h a t  ergastoplasmic p ro l i fe ra t io n  could be p ro v o k ed  
a l r e a d y  from the  7 th  d a y  o f  incubation .

T h e  T S H - tre a tm e n t  o f  d ec a p i ta ted  em bryos  w a s  occasionally s u b s t i tu te d  
Avith hypophysis  t r a n s p la n t a t i o n ,  to obtain  c o n t in u o u s  physiological T S H - 
leve l.  T h e  operation w as  p e r fo rm e d  on th e  6 th  d a y  and  the f ix a t io n  o f  
th y r o id s  on the 14th d a y ,  t h e  results were n e a r ly  iden t ica l  to those of  th e  
T S H - t r e a tm e n t .  The o n ly  d ifference  is the  p resence  o f  well developed la rg e  
fo llic les, surrounded b y  n u m e r o u s  cells.

D u r in g  this process , in d e p e n d e n t ly  from  th e  w a y  of the ir  genesis, th e  
c is te rn a e  of the  e rg as to p la sm  a re  filled with a v e ry  f in e ly  granu la ted  m a te r ia l  
s h o w in g  th e  same e lec tro n  d e n s i ty  as the  in t r a c e l lu la r  and  in tra fo ll icu la r  
co llo id  (Fig. 2a).  In  th e  s u r ro u n d in g  of the follicles so m e  vesicles 500— 1000 Â 
in  size a re  visible and th e i r  n u m b e r  is m arkedly  in c re a s in g  by T S H -ad m in is t ra -  
t io n  (F ig .  6).

Discussion

M ost of the a u th o rs  d e a l in g  with the u l t r a s t r u c tu r e  and  u l t r a s t r u c tu r a  
d i f fe re n t ia t io n  of th e  e m b ry o n ic  thyroid  [1, 2, 3, 11] s ta te  th a t  th e  ro u g h  
su r fa c e d  endoplasmic r e t i c u lu m  is rapidly in c re a s in g  from a certain s tag e  
o f  f e t a l  developm ent. T h is  d a y  is in the case of  ch ic k  em bryo  the 11th, w h e n  
a n e w  lam ella r  type  of  t h e  endop lasm ic  re t icu la r  s y s te m  is appearing, t e rm e d  
as e rg as to p lasm . These f in d in g s  are supported  b y  th e  p re se n t  investiga tion  a n d  
th e  T S H -dependence  of  th i s  e rgas top lasm  is p ro v e d  d irec t ly  by  the  d e c a p i ta 
t io n  e ffec t  and T S H - t r e a tm e n t .  Probably  th e  T S H -d e p e n d e n t  e rgas top lasm  
h as  so m e  role in the io d id e - t r a n s p o r t  as well as in  t h e  syn th es is  of the  h o rm one .  
T h is  assu m p tio n  m ight b e  s u p p o r te d  with th e  fa c t ,  t h a t  th e  TSH elicits v e ry  
q u ic k ly  — already 2 — 3 h o u rs  a f te r  a single in je c t io n  — th e  proliferation  of  
a ro u g h  surfaced endop lasm ic  re t icu lum . The vesicles v isib le  in the su rro u n d in g  
of t h e  follicles might be also invo lved  in th e  s e c re to ry  process, evidences in 
th is  re sp e c t  however are  s t i l l  s c a n ty  [4, 8, 12]. T h e  p rec ise  role of the  e rg a s to 
p la s m  in  the io d id e - t ra n sp o r t  an d  the  n a tu re  o f  microvesicles is hoped  to  
he e x p lo re d  by  exp er im en ts  in  progress in th is  l a b o r a to r y  w ith  the  m e th o d  
o f  e le c t ro n  microscopic r a d io a u to g ra p h y  [9].

B eside  the d a ta  b e lo n g in g  to  the  m ain  q u e s t io n  of  this work o th e r  
r e m a r k a b le  phenom ena w ere  obse rved ,  such as th e  in d ep en d en ce  of G olg i-m a
te r i a l  f ro m  the th y ro t ro p h ic  h o rm o n e  and th e  d i f fe re n t  types of fo llicular 
d e v e lo p m e n t .  The la t te r  w as  r e p o r te d  first b y  F u j i t a  a n d  co-workers [3]. In  th e
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Fig. 4. T h y ro id  of the  14-day-old d e c a p ita te d  chick em bryo . N ote th e  ev idence o f p ro life ra tio n  
of th e  G olgi-m aterial and th e  absence of th e  lam ella r-ty p e  e rgasto p lasm . X 21,000. E n — endo

p lasm ic re ticu lum , F - follicle, G— G olg i-m aterial, M- m ito ch o n d ria , Mv— m icrovilli
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F igs . 5 a and  b. T hyro id  of th e  14-day-o ld  d e ca p ita te d  ch ick  em b ry o  1 and  3 hours a fte r  TSH- 
a d in in is tra tio n , re sp ec tive ly . G ra d u a l elongation  of th e  v e sicu la r-ty p e  of e rg asto p lasm  in to  
a tu b u la r  form . X 18,000. E n — endop lasm ic  re ticu lu m , G— G olg i-m ateria l, M—M itochondria , 

E r— erg asto p lasm , N — nucleus, N1— nucleolus
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Fig. 6. T hyro id  of th e  14-day-old d e c a p ita te d  chick em b ry o  24 hours a f te r  T SH  -ad m in is tra tio n . 
T he tu b u la r  form  ergastop lasm ic  vesicles d iffe ren tia ted  in to  a lam e lla r-ty p e  of e rgastop lasm . 
X 21,000. E r— erg asto p lasm . G —G o lg i-m ateria l, M— m ito ch o n d ria , N — nucleus, N1- -nucleolus,

S v — sm all vesicles
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F ig . 7. In trac e llu la r  type of follicle d ev elopm en t, a) The en la rg ed  in tra ce llu la r  colloid d rop lets 
a re  g e tt in g  near to  each o th er, b) T h e  fusion of th e  ne ig h b o u rin g  colloid d ro p le ts  is ind ica ted  
w ith  a rro w s. X 18,000. E n e n d o p la sm ic  re ticu lum , IC —in tra ce llu la r  colloid d ro p le ts , M— m ito 

c h o n d ria , N — nucleus, N1— nucleolus
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Fig. 8. In te rc e llu la r- ty p e  of follicle d ev elo p m en t. C h arac te ris tic  to  th e  th y ro id  o f  younger 
em bryos. X 12,000. F — follicle, G— G olgi-zone, M— m ito ch o n d ria . M v— m icrovilli, N — nucleus,

INI nucleolus
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m a te r ia l  p resented  h e re  t h e  intercellular m ec h a n ism  was found  to  be ch a ra c 
t e r i s t ic  of the  yo u n g er  e m b ry o s ,  while the  follicles s ta r t in g  th e ir  deve lopm ent 
in  t h e  re la tive ly  o lder  th y ro id s  showed m o s t ly  th e  in trace l lu la r  ty p e  of 
g ro w th .
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D IE  W IR K U N G  D E S T S H  A N  F E IN S T R U K T U R  D E R  S C H IL D D R Ü S E  D E R  H Ü H N E R 
E M B R Y O N E N

Schilddrüsen n o rm a le r  u n d  d ek ap itie rte r H ü h n e rem b ry o n e n  w urden  am  8-, 11-, 14. 
T ag e  de r B ebrü tung  e lek tro n e n m ik ro sk o p isch  u n te rs u c h t. D ie S ch ilddrüsen  der norm alen  E m 
b ry o n e n  zeigten vom  11. B e b rü tu n g s ta g  eine d eu tlich e  V erm eh ru n g  des E rg as to p lasm a  m it 
gew issen  q u a lita tiv en  V e rä n d e ru n g e n . Dasselbe k o n n te  im  N iv eau  des M esencephalons d ek ap i
t ie r t e r  E m bryonen  n ic h t b e o b a c h te t  w erden. N ach  T S H  V erab re ich u n g  oder n ach  T ran sp la n 
ta t io n  em bryonaler H y p o p h y sen -V o rd erlap p en  (aus E m b ry o n e n  von gleichem  A lter) k o n n ten  
d ie  b e i norm alen  e m b ry o n a le n  Sch ilddrüsen  g e fu n d en en  V erän d eru n g en  a u ch  fe s tg es te llt 
w e rd en . Die e rsten  d u rc h  d ie T S H -In jek tio n  v e ru rs a c h te n  V erän d eru n g en  ersch ienen  schon 
in  1 — 1 1/2 S tunden  n a c h  d e r V erab re ichung  des H o rm o n s. D er M echanism us der Follikel- 
E n tw ic k lu n g  w ird a u sfü h rlic h  b e h an d e lt.
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В Л И Я Н И Е  Т И Р Е О -С Т И М У Л И Р У Ю Щ Е Г О  Г О Р М О Н А  Н А  У Л Ь Т Р А С Т Р У К Т У Р У  
Щ И Т О В И Д Н Ы Х  Ж Е Л Е З  К У Р И Н О Г О  Э М Б Р И О Н А

И сследовал и сь  щ итовидны е ж елезы  с пом ощ ью  электронного м и к р оск оп а  у  8 -, 
11- и 14-дневны х н ор м альн ы х и дек ап и ти р ов ан н ы х к ур и н ы х эм брионов. Э ргастоплазм а  
начала увелич иваться  в количественном  отн ош ен и и  и изм еняться качественно п осл е 11 
д н ей , этого  я вл ен и я  не набл ю далось  при п ер ер езк е  на уровне п р о м еж у т о ч н о го  м озга. 
П ри пом ощ и введени я  ти р ео-сти м ул и р ую щ его гор м он а  или пересадки ги п оф и за  и з  такого  
ж е  возр аста ж и вотн ы х декапитированны м  особя м  м о ж н о  вызвать выше оп и сан н ое  я в л ен и е. 
Самый ранний эф ф ект ти р ео-сти м ули р ую щ его гор м он а  наблю дается ч ер ез ч ас-п олтор а  
после еди н ствен н ой  ин ъ ек ц и и . Т а к ж е  опи сы вается  и ди ск ути р уется  м ехан и зм  развития  
ф олли кулов .

F e r e n c  H a j ó s  

K Á R O L Y  S t RAZNICKY  

B é l a  M e s s

Pécs, D ischka G yőző  u. 5, H ungary

9* Acta Biol. Hung. 15. 1964





A d a  R i o l .  H a n g . ,  15 (2), 251-256 (1964)

STUDIES OF THE ALKALOID CONTENT IN CERTAIN 
SPECIES AND HYBRIDS OF NICOTIAN A

I. S E P A R A T IO N  A N D  I D E N T IF IC A T IO N  O F TO BA CCO  
A L K A L O ID S  B Y  T H I N - L A Y E R  C H R O M A T O G R A P H Y

O lga  F e j é r - K o s s e y

INSTITUTE OF GENETICS O F TH E  HUNG ARIA N  ACADEMY OF SCIENCES, B U D A PEST 
(H EA D : B. GYÖRFFY)

(Received August 24, 1964)

Synopsis

In the rapid qualitative and semi-quantitative determination of the alkaloid 
content in different tobacco species and their hybrids the thin-layer chromatographic 
method proved to be useful. In our technique the adsorbent layer was, as usual, silicagel 
prepared with 0.5N potassium hydroxide. Subsequently the chromatograms were 
activated at 110° C for 30 minutes. To determine the sensitivity of the method and to 
estimate the value of the developing reagents four different tobacco alkaloid pre
parations (nicotine, nornicotine, anabasine and nicotyrine) were used as standard 
in concentrations from 0.1 to 10.0 /rg. The chloroform-ethanol mixture (90 : 10) gave 
the best separation of the spots. For the detection of spots a spray of 2 per cent aniline 
in ethanol followed by a treatment of BrCN vapour, proved to be very suitable. It was 
possible to demonstrate that the spots of alkaloids developed by the different indica
tor reagents exhibit a characteristic fluorescence in ultraviolet light, and therefore the 
identification of the alkaloids in the various tobacco samples is very easy. The parallel 
use of standard alkaloid preparations in known concentration on the same chromato
gram provides the possibility of an approximative quantitative estimation of alkaloid 
quantities in the various tobacco samples.

In troduc tion

D uring  our in v es t iga t ions  on tobacco  genetics th e  a lka lo id  c o n te n t  of 
severa l species and h y b r id s  has been  de te rm ined . F o r  a rap id  q u a l i ta t iv e  and 
q u a n t i ta t iv e  analysis  th e  th in - la y e r  ch ro m a to g rap h y  was fo u n d  th e  most 
su i tab le  m ethod  which has been  successfully applied  for sep a ra t io n  a n d  detec tion  
of various alkaloids [7, 9]. T es t ing  th e  consti tuen ts  o f  d if fe ren t  narcotics 
a n d  tox ins  in gastric  ju ices an d  ur ine  M a c h a t a  [ 5 ] ,  B ä u m l e r  a n d  R i p p s t e i n  

[ 1 ] ,  C o h i n  and  D a l y  [ 2 ]  se p a ra te d  nicotine, T e i c h e r t  a n d  co-w orkers  [7 ]  

nico tine  and  anabas ine , P a p p  an d  S z a b ó  [ 6 ]  de tec ted  also no rn ico t in e  on thin- 
lay e r  ch rom atogram s.

None of the  above  m en tio n ed  papers  deals w ith  a special a n d  sys tem atic  
inves t iga t ion  of tobacco  alkaloids. The p resen t  p ap e r  gives a b r ie f  su m m ary  
concern ing  our experiences in  connection w ith  th e  de tec tion  of  som e tobacco  
alkaloids, th e ir  sep a ra t io n  in var ious  solvent m ix tu res  a n d  w i th  d ifferent 
id en tif ica t ion  m ethods.
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M ateria l  and m ethod

18 g of silicagel (E . M erck ) w as m ixed w ith  50 m l 0.5 N  K O H  a n d  th e  s lu rry  app lied  
u n ifo rm ly  a t  0.25 m m  w ith  a  c o m m e rc ia l spreading dev ice  (D esag a , H eidelberg). T he co a ted  
p la te s  a re  a ir-d ried  for 15 m in u te s  a t  ro o m  tem p e ra tu re  a n d  th e n  h e a te d  in  a d ry in g  oven for 
30 m in u te s  a t  110° C. A m ong th e  d iffe re n t so lvent m ix tu re s  te s te d  (chloroform  — eth an o l =  
=  90 : 10; ch lo ro fo rm —e th a n o l =  80 : 20; chloroform  —m e th a n o l = 100 : 20; pu re  m eth an o l; 
c h lo ro fo rm  — eth e r =  85 : 15; to lu e n e —m eth a n o l—ch lo ro fo rm  =  90 : 30 : 10; m eth an o l — 
n - b u ta n o l  — ben zen e—w a te r  =  60 : 15 : 10 : 1 5 ;e thano l— a ce tic  acid  — w a te r =  60 : 30 : 10) 
th e  m ix tu re  of chloroform  — e th a n o l  =  90 : 10 was fo u n d  b e s t.  T h e  w alls of th e  glass ta n k  
a re  c o v e re d  w ith  filte r p a p e r  to  m a k e  a n  a tm osphere  s a tu ra te d  w ith  v a p o u r. C hrom atogram s are  
d e v e lo p e d  a t  room  te m p e ra tu re  fo r  30 — 40 m inutes w ith  a scen d in g  tech n iq u e .

A t f i r s t  sen sitiv ity  l im its  w e re  d e te rm in ed  w ith  fo u r a u th e n tic  p re p a ra tio n s  (1. n ico tine, 
M erck , p u ris s .;  2. ( —)-an a b a sin e , F lu k a , p u ru m ; 3. jS-nicotyrine, F lu k a , p u ru m ; 4. nornico- 
t in e )  a s  u su a l and th e  m o st a d e q u a te  re ag e n ts  were chosen  fo r d e te c tio n  of th e  sp o ts. F ro m  th e  
s t a n d a r d  a lka lo ids solved in  c h lo ro fo rm  th e  follow ing q u a n ti t ie s  w ere app lied  on th e  s ta r tin g  
p o in ts :  0 .1 ; 0.25; 0.50; 1.0; 2 .5 ; 5 .0 ; 7 .5 ; and  10.0 цщ (F ig . 1).

F o r  id en tific a tio n  th e  c h ro m a to g ra m s  were te s te d  in  U V -lig h t, th e n  one of th e  follow ing 
re a g e n ts  w ere used: D ra g e n d o rff-re a g e n t, aniline or b en zid in e  a n d  B rC N  v ap o u r, isa tin -rea g e n t.

I n  o u r in v estig a tio n s a lk a lo id s  w ere ex trac ted  w ith  th e  m ix tu re  o f benzene a n d  ch loro
f o r m  (9 : 1) from  g round  a n d  s i f te d  to b acco -d u s t, acco rd in g  to  Cu n d if f  and  Ma rk u n a s  [3] 
a f te r  a d d it io n  of B a(O H )2. W h en  th e  e x tra c t  co n ta in ed  to o  m u c h  p ig m e n t, a g re a t am o u n t 
o f  c h lo ro p h y ll  was e x tra c te d  b y  70 p e r cen t e th an o l a n d  p e tro le u m  e th e r  (1 : 1) m ix tu re . 
A f te r  c o n ce n tra tin g  in  v a c u u m  th e  r e s t  was p u t in  k n o w n  q u a n t i ty  o f chloroform  and  th is  
so lu t io n  w as applied on th e  p la te s .

R esu l ts  anti discussion

O n  our c h ro m a to g ra m s  on ly  n icotyrine spo ts  were fluorescent in UV- 
liglit . E v e n  a low q u a n t i t y  o f  i t  (0.1 pg) can be seen as a nicely limited, fa int 
[»ink f luorescen t  spot. A f te r  t r e a t in g  with benz id ine  and  BrCN nicotine shows 
a  b e a u t i fu l  glow red f luo rescence ,  and nornicotine gives a fa in te r  red f luorescent 
s p o t .  A f te r  the  de tec tion  w i th  aniline and B rC N  n ic o ty r in e  shows an intense 
c i t r in e ,  nicotine a b r ig h t  b lu e  a n d  nornicotine  a fa in t  p in k  f luorescent spot.

I n  some cases t h e  f luo rescence  after d e tec t io n  im plies a v e ry  serious 
he lp  in  identification . F o r  in s ta n c e  by ana lys ing  th e  alkaloid e x tra c t  of a 
to b a c c o  h y b r id  of th e  n o rn ic o t in e  ty p e  ( N .  t a b a c u m X  N .  glut inosa)  we e s ta b 
lished on the basis of e x a m in a t io n  in UV-light a f te r  chem ical t r e a tm e n t  t h a t  
it  does  n o t  contain n ico tine .

B e s t  results were o b ta in e d  by t r e a tm e n t  w i th  aniline and  cyanogen 
b r o m id e .  This way 0.1 /ig o f  t h e  used a u th en t ic  a lka lo id  samples were to  be 
d e te c te d  and  the ir  id e n t i f ic a t io n  facili ta ted  b y  th e  fa c t  t h a t  th e  spo t  colours 
o f  c e r ta in  alkaloids differ v e r y  explic itly  (Table 1).

T h e  detection w i th  1 %  benzidine in m e th a n o l  and  BrCN v a p o u r  is 
sen s i t iv e  enough and  i ts  c h ie f  a d v a n ta g e  is t h a t  th e  colours do no t  fa in t  rap id ly  
a n d  c a n  be readily  e s ta b l ish e d  th o u g h  all th e  spo ts  a re  sh ad ed  reddish .

D ragendorff  re a g e n t ,  m odif ied  by M u n i e r , show s n o t  a t all th e  same 
s e n s ib i l i ty  against th e  d i f fe re n t  tobacco a lkalo ids  (Table 1). I t  is m ost 
sen s i t iv e  to  nicotine; 0.1 p g  o f  n ico tine ,  0.25 /xg of  n ic o ty r in e ,  0.5 /xg of anabas ine
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a n d  1.0 fig of norn ico tine  give well visible red  spots  w ith  it. T he  sensibility  
can be increased b y  sp ray ing  [8] w ith  2N H 2SOj to  such a degree t h a t  th e  0.1 
/ig q u a n t i ty  of  all th e  four a lkaloids becom es visible (on a d a rk -b ro w n  basis 
th e  colour of th e  n ico ty r ine  and nicotine is ca r ro t- red  an d  an a b a s in e  and 
norn ico tine  purp le-red).

Table 1

The slightest quantities o f  tobacco alkaloids shown by various detecting reagents, and colour and Rt
values o f  the spots respectively

Alkaloids

Dragendorff reag. Aniline ; BrCN Benzidine -j- BrCN

R f X 100*
Q uantity

Mg
Spot

colour
Q uantity

Mg
Spot

colour
Q uantity

Mg
Spot

colour

N ornicotine  . . . . 1.0 red 0.5 ochre 0.5 purp le 18

A nabasine ............ 0.5 red 0.25 pink 0.5 carro t 27

N ic o tin e ................ 0.1 red 0.1 c itrine 0.1 orange 59

N icotyrine  ......... 0.25 red 0.1 orange 0.1 cherry 80

* The given R f  values are th e  average values o f 14- 18 ch rom atogram s.

According to  K u h n  [4 ]  th e  specific isa t in  reac tion  was u sed  fo r  th e  iden
t if ica t ion  of norn ico tine .  In  th is  w ay  0.1 fig o f  norn ico tine  gives a well visible 
b lue  spot. P ro p o r t io n a l  w ith  th e  increase of  th e  q u a n t i ty  of  n o rn ico t in e  the 
e x te n t  o f  th e  sp o t  and  th e  d e p th  of  its b lue  colour becom e m ore in ten se .  This 
m ode of iden tif ica t ion  of n o rn ico tine  in th in - la y e r  c h ro m a to g ra p h y  has not 
been pub lished  before as fa r  as we are a c q u a in te d  w ith  th e  l i te ra tu re .  Here 
is i ts  b r ie f  descrip tion . 0.1 g isa t in  (Leigh, p .a.) is d issolved in 20 ml glacial 
acetic  acid and  filled up  w ith  to luene  to  100 ml. I t  is adv isab le  to  p re p a re  the  
reag en t  before use, a l th o u g h  i t  can be s to red  in a re fr ige ra to r  a t  4° C for some 
days. The d ry  c h ro m a to g ra m  is sp ray ed  sm o o th ly  w i th  th e  re a g e n t ,  th e n  it  is 
p u t  in a d ry ing  oven of 100°C for 5 — 10 m in u tes .  T he  in ten se  b lu e  colour 
is sensitive to  n a tu r a l  l igh t a n d  fades in som e days.

R f  values can n o t  be rep roduced  in eve ry  case, th e y  la rge ly  depend  on 
th e  th ickness  of  th e  ad so rb en t  layer, th e  s a tu ra t io n  of th e  t a n k ,  th e  runn ing  
d is tance  and  th e  used q u a n t i ty  o f  sam ples, as well as on th e  con d i t io n  w he the r  
th e  a lkaloids were  app lied  in a m ix tu re  or se p a ra te ly  (Fig. 2).

A fter  d ry ing ,  th e  th ickness  o f  th e  layers  used was a b o u t  0.25 m m , the 
ru n n in g  d is tance  usua lly  15 cm. R f  va lues  were c o u n ted  f rom  th e  spots of
5.0 and  10.0 fig q u an t i t ie s .  F o r  a sure iden t i f ica t io n  i t  is useful to  apply  on 
every  p la te  a kn o w n  c o n cen tra t io n  of a u th e n t ic  a lkaloid  so lu tion .

A fte r  th e  m e thod ica l  p re -exper im en ts  th e  q u a l i ta t iv e  d is t r ib u t io n  of 
a lkaloids were d e te rm in ed  from  t h e  d ry  lea f  sam ples of  var ious  to b acco  hybrids. 
T h e  th in - lay e r  c h ro m a to g ra m  o f  th e  e x t ra c ts  from  seven to b a c c o  samples
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can  b e  seen  in Fig. 3. A  m ix tu re  o f a u th e n tic  a lk a lo id  sam ples w as app lied  
on th e  fo u r th  place of th e  ch ro m a to g ra m  (10 fi g o f  each): a — n o rn ico tin e , b 
— a n a b a s in e , c — n ico tin e , d  — n ico ty rin e . T he e x tra c ts  on p lace 3, 5, 6 an d  7 
w ere  fre e d  from  ch lo rophy ll, th e  re s t  was n o t. I t  can  be  seen well on th e  c h ro m a 
to g ra m  t h a t  for b e tte r  s e p a ra tio n  o f alkalo ids i t  is u sefu l to  rem ove th e  ch lo ro 
p h y ll f ro m  th e  e x tra c t. T h e  e x tra c ts  o f n o rn ico tin e -ty p e  to b acco  h y b rid s  w ere

Fig. 1. T h e  th in- layer  c h ro m a to g ra m  of nornicotine (1), a n ab a s in e  (2), n icotine  (3) and  n ico ty 
rine  (4). (T he  applied q uan ti t ie s  a re  given in the tex t . )  So lven t  sys tem : chloroform e th a 
nol 90 : 10. The time of d e v e lo p m e n t  30 minutes.  Spot  d e tec t io n  w ith  1%  benzidine  in  

ethanol spray  a n d  B rC N  vapour .  S — s ta r t ,  F  —  solvent f ron t

Fig. 2. T h e  th in - layer  c h ro m a to g ra m  o f  tobacco  alkaloids. 1 —  norn ico tine ,  anabasine ,  n ico t ine  
and  n ic o ty r in e  m ixture  (10.0 //g o f  each ) ;  2 nornicotine (5 jug); 3 — anabasine  (5 jug); 4 

n ico t in e  (5 jig); 5 — n ico ty r ine  (5 jug). All o ther condit ions  a re  th e  same as in Fig. 1

A d a  B io l.  H u n g . 15. 1964
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Fig . 3. E x p la n a tio n  in th e  te x t

b y  a u th e n t ic  a lkaloids of  know n concen tra t io n  which are r u n  in identical 
cond itions  i.e. on th e  sam e p la te .  The w ell-known ad v a n ta g e s  o f  th in - laye r  
c h ro m a to g ra p h y  are m ultip lied  by  th e  fac t t h a t  a t  the  s e p a ra t io n  of tobacco  al
kaloids th e  e rro r-possib ili ty  com ing from  v o la t i l i ty  owing to  t h e  sho r t  de
ve lop ing  t im e  is reduced  to  a m in im u m  in re la tion  to  p a p e r  c h ro m a to g ra p h y .

R E F E R E N C E S

1. B X u m l e r , R i p p s t e i n , S. (1961) Die D ü n n sch ich tch ro m a to g rap h ie  a ls S chnellm ethode
zur A nalyse von A rzn e im itte ln . P harm . A cta Helv., 3 6 ,  382 388.

2. C o h i n , .1., D a l y ,  J .  W. (1962). R ap id  id en tif ic a tio n  of analgesic d ru g s in  u rin e  w ith  th in-
lay e r ch ro m a to g rap h y . E xp erien tia , 18, 294 — 295.

3. C u n d i f f , R. H ., M a r k u n a s , P . C. (1955) D e te rm ia tio n  of n ico tine, n o rn ic o tin e  a n d  to ta l
a lka lo ids in to b acco . A n a l. Chem., 47, 1650 — 1654.

4 .  K u h n , H. (1958) T ech n iq u e  p o u r le dosage spécifique de la n o rn ico tin e . Proceedings o f  the
Second In terna t. Scient. Tobacco Congress, Ju n e  1958. B ru xelles, 403 — 406.

5. M a c i i a t a , G. (1960) D ü n n sch ic h tc h ro m a to g rap h ie  in der T oxikologie. M icrochim . A cta ,
7 9 - 8 6 .

Acta Biol. Hung. 15. 1964

ap p l ied  on th e  first th ree  p laces on th e  c h ro m a to g ram  an d  th o se  o f  n icotine- 
ty p e  in th e  5 th  —8 th  places on it. T h e  tobacco  sam ple on th e  f i r s t  p lace does 
n o t  con ta in  n icotine a t  all, besides a g rea t  deal o f  norn ico tine .  T h a t  could be 
decided ly  es tab lished  b y  t r e a tm e n t  o f  th e  ch rom atog ram  w ith  benz id ine  and 
BrCN th en  by  U V-light te s t .

Sum m ariz ing  we can  s ta te  t h a t  th in - la y e r  c h ro m a to g ra p h y  can be 
effec tively  applied  for th e  sep a ra t io n  a n d  iden tif ica t ion  o f  to b a c c o  alkaloids 
a n d  for  a rap id  e s ta b l ish m e n t  of th e i r  q u a l i ta t iv e  d is t r ib u t io n .  T h e  q u a n t i ty  
of a lkaloids in tobacco  sam ples m a y  be a p p ro x im a te ly  e s t im a te d  as well
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U N T E R S U C H U N G E N  Ü B E R  D IE  A L K A L O ID E  V E R S C H IE D E N E R  N IC O TIA N A  A R T E N
U N D  H Y B R ID E N

I .  T r e n n u n g  u n d  I d e n t i f i z i e r u n g  v o n  T a b a  k- A l k a l o i d e n  m i t  
H i l f e  d e r  D ü n n s c h i c h t  c h r o m a t o g r a p h i e

W äh re n d  unserer U n te rsu c h u n g e n  über die V e re rb u n g  d e r T ab ak -A lk alo id en  w urde 
be i d e r  schnellen  q u a li ta t iv e n  u n d  se m iq u a n tita tiv e n  B e s tim m u n g  des A lk a lo idgehaltes 
d e r  v e rsch ied en en  T a b a k -A rte n  u n d  H y b rid en  die M ethode d e r  D ü n n sch ich tch ro m a to g rap h ie  
b e n u tz t .  D ie D ün n sch ich t w u rd e  n a c h  der üblichen W eise au s K ieselgel G (M erck) m it e in e r 
K O H  L ö su n g  von 0,5 N h e rg e s te ll t  u n d  30 M inuten  bei 110° C a k tiv ie r t .  F ü r die B estim m u n g  
d e r E m p fin d lic h k e it der M ethode  u n d  der versch iedenen  E n tw ic k le r , w urde  zu erst aus R e in s to f
fe n  v o n  v ie r  A lkalo iden (N ico tin , N o rn ic o tin , A nabasin  u n d  N ic o ty r in )  h e rgeste llte  V e rd ü n n u n g s
re ih e n  (0,1 — 10,0 //g) c h ro m a to g ra p h ie r t .  Die beste T ren n u n g  g ab  e in  G em isch von  C hloroform - 
E th a n o l  (90 : 10) als F lie ß m itte l.  V o n  den an g ew and ten  E n tw ic k le rn  b ew äh rte  sich am  b e sten  
d a s  A u fsp rü h en  m it e iner L ö su n g  v o n  2%  A nilin in  A lkohol, ge fo lg t v o n  einer B eh an d lu n g  
m it  B rC N  D am pf. Es w urde fe s tg e s te ll t ,  d aß  die F lecken  de r e in ze ln en  A lkaloide an  den m it 
v e rsch ie d en e n  R eagen ten  e n tw ic k e lte n  C hrom atogram m en in  U V -L ich t c h arak te ris tisch e  F lu o 
re sze n z  zeigen, w odurch das Id e n tif iz ie re n  der in den v e rsch ied en en  T a b a k m u s te rn  v o rh an d en en  
A lk a lo id e  s ta rk  e rle ich tert w ird . B e i den  u n te r  id en tisch en  B e d in g u n g en  (au f denselben C hro
m a to g ra m m ) gelaufenen M u ste rn  w u rd e n  m it Hilfe v o n  R e in s to ffe n  m it b ek an n te r K o n zen 
t r a t io n  a u ch  ann äh ern d e  q u a n t i t a t iv e  A nalysen d u rc h g e fü h rt.

И З У Ч Е Н И Е  А Л К А Л О И Д О В  Р А З Л И Ч Н Ы Х  В И Д О В  И  Г И Б Р И Д О В  Т А Б А К А

I . Р а з д е л е н и е  и и д е н т и ф и к а ц и я  а л к а л о и д о в  т а б а к а  п р и  п о м о 
щ и  т о н к о с л о й н о й  х р о м а т о г р а ф и и

В  п р о ц е с с е  и с с л е д о в а н и й  п о  г ен ети к е  т а б а к а  и н а с л е д о в а н и ю  а л к а л о и д о в , д л я  
б ы с т р о г о  к а ч ест в ен н о го  и п о л у  к о л и ч е с т в е н н о г о  о п р е д е л е н и я  а л к а л о и д о в  р а зл и ч н ы х  
в и д о в  и  г и б р и д о в  т а б а к а , п р и м е н я л и  м ето д  т о н к о с л о й н о й  х р о м а т о г р а ф и и . А д с о р б е н т н ы ц  
с л о й  и з г о т о в л я л и  обы чны м  п у т е м  и з  си л и к а г е л я  (М ер к ) н а  0 ,5  н . р а ст в о р е  К О Н , а за т е м  
х р о м а т о г р а м м ы  а к т и в и р о в а л и  в т е ч е н и е  3 0  м и н ут  п р и  1 1 0 ° . С ц е л ь ю  у с т а н о в л е н и я  ч у в с т 
в и т е л ь н о с т и  м ето д а  и р а з л и ч н ы х  п р о я в и т е л е й  с н а ч а л а  х р о м а т о г р а ф и р о в а л и  с м есь  ч ет ы р ех  
с т а н д а р т н ы х  п р еп а р а т о в  а л к а л о и д о в  т а б а к а  (н и к о т и н , н о р н и к о т и н , а н а б а з и н , н и к о т и р и н )  
р а з л и ч н о й  к о н ц ен т р а ц и и  ( 0 , 1 - 1 0 , 0  /иг). Самое л у ч ш е е  р а з д е л е н и е  п о л у ч а л и  в с л у ч а е  
п р и м е н е н и я  р а ст в о р и т ел я  х л о р о ф о р м -э т а н о л  в с о о т н о ш е н и и  9 0 : 1 0  п о  о б ъ е м у . И з  п р и м е 
н я в ш и х с я  п р о я в и т ел ей  са м ы е л у ч ш и е  р езу л ь т а ты  н а б л ю д а л и с ь  п р и  о п р ы ск и в а н и ю  х р о 
м а т о г р а м м  2% -н ы м  сп и р т о в ы м  р а с т в о р о м  а н и л и н а  и п о с л е д у ю щ е й  и х  о б р а б о т к о й  п а р а м и  
B r C N . У с т а н о в и л и , что н а  х р о м а т о г р а м м а х , п р о я в л е н н ы х  р а зл и ч н ы м и  п р о я в и т е л я м и ,  
п я т н а  о т д е л ь н ы х  а л к а л о и д о в  в У Ф -с в е т е  о б н а р у ж и в а ю т  х а р а к т е р н у ю  ф л ю о р е с ц е н ц и ю , 
ч то  в зн а ч и т е л ь н о й  ст е п е н и  о б л е г ч а е т  и ден т и ф и к а ц и ю  в с т р е ч а ю щ и х с я  в т а б а к е  а л к а л о и 
д о в .  П р и  п о м о щ и  с т а н д а р т н ы х  п р е п а р а т о в  а л к а л о и д о в  и з в е с т н о й  к о н ц е н т р а ц и и , х р о м а 
т о г р а ф и р о в а н н ы х  в а н а л о г и ч н ы х  у с л о в и я х ,  т. е . н а  т о й - ж е  х р о м а т о г р а м м е , м о ж н о  п р о 
в е с т и  т а к ж е  и п р и б л и ж е н н у ю  к о л и ч е с т в е н н у ю  о ц е н к у .

O l g a  F e j é r - K o s s e y , B u d a p e s t  IL ,  H erm an  О. ú t  15, H u n g a ry
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EXPERIMENTAL INVESTIGATION OF THE POLLEN OF
OLD TREES

M . B u r g

2ND D EPARTM ENT OF PATHOLOGICAL ANATOMY, M EDICAL U N IV ERSITY  BUDAPEST (H EA D : L. HARA N GH Y )

(R eceived  O cto b er 11, 1963)

Synopsis

O ur c o m p ara tiv e  experim en ts  co n cern in g  th e  biology of pollens, f ro m  th e  s ta n d 
p o in t o f th e  age of th e  in d iv iduals w ere in te n d e d  to  prove th a t  P h a n e ro p h y ta e  o f in 
d e te rm in a te  g ro w th , sim ilarly  to  an im a l species, undergo a d e fin ite  re p ro d u c tio n a l 
in v o lu tio n . In  ou r in v es tig a tio n s , in th e  f irs t  p lace, we endeavoured to  f in d  an  answ er to 
th e  question  in  w h a t degree re p ro d u c tio n a l in v o lu tio n  becomes a p p a re n t  in  th e  case of 
old P h an e ro p h y ta e . C oncluding on th e  degree  o f invo lu tion  our a im  w as physio log ical 
in v es tig a tio n  of the  pollens o f in d iv id u a ls  o f d iffe ren t ages. From  q u a n ti ta t iv e  a n d  q ual
i ta tiv e  d a ta  we could  conclude on  th e  deg ree  of rep ro ductional in v o lu tio n . In  our 
pollen-biological ex p erim en ts  tw o v iew p o in ts  w ere tak en  in to  co n sid e ra tio n : (1) defi
n itio n  of the  tu b e  g e rm in atin g  of th e  pollens o rig in a tin g  from young a n d  o ld  tree s , th e ir 
change w ith  age, an d  (2) in te n s ity  o f g e rm in a tio n  of the pollens o r ig in a tin g  from  in d i
v iduals o f various ages and  th e ir  re la tio n sh ip  to  th e  ind iv idual’s age.

In troduc tion

Inves t iga t ions  perform ed on re p ro d u c t io n  of living beings o f  in d e te rm i
n a te  grow th , th e ir  genera t ive  organs, resp ec t iv e ly ,  in recent t im es  seem  to  prove 
t h a t  species of te lom etr ic  grow th  undergo  a def in ite  reproduc tiona l  in v o lu t io n  in 
th e  course of the ir  lives, s imilarly to  t h a t  o f  o th e r  living beings. T h e  m a jo r i ty  
o f  inves tiga tions  concern ing  th is  qu es t io n  has  been pe rfo rm ed  on animals 
[3, 4, 6, and others]  while d a ta  re la t ing  to  bo tan ica l  subjects on ly  sporad ica lly  
occur [13].

In  our previous inves tiga tions  we es tab lished  th a t  in th e  case o f  P h a n e ro 
p h y ta e  th e  pollens orig inating  f rom  y o u n g  and old in d iv id u a ls  are not 
physiologically eq u iva len t ,  i.e. rep ro d u c t io n a l  involution occurs also in old 
P h a n e ro p h y ta e .  In  ou r  previous in v es t ig a t io n s  we could d raw  no  conclusions 
concern ing  the degree o f  rep ro d u c t io n a l  invo lu tion ,  so we c o n t in u e d  these  in
ves t iga t ions  w ith  a g rea te r  n u m b e r  of  ind iv idua ls  during a n o th e r  y e a r  and 
on basis of d a ta  of  y ea rs  of d ifferent ecological conditions we c o n c lu d ed  on 
th e  degree of involu tion .

M a t e r ia l  a n d  m e t h o d

O ur investig a tio n s w ere perform ed in  th e  y ea rs  1962 and 1963 on th e  w h ite  willow 
(S a lix  alba L. va r. sericea Ga u d .) o rig in a tin g  fro m  th e  B aja  inundation  a re a , 110 120 years
old (2 trees), 80 —100 y . o. (2 trees), 70 — 80 y. o. (4 tree s), as well as 30 y. o. (2 tree s ) , 20 y. o. 
(4 tree s ) , a n d  15 y. o. (2 trees). We e s tab lish ed  th e  age of the  trees by  d rillin g  b y  counting
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th e  a n n u a l rings — t h a t  is, on  b a s is  o f diam eter an d  c ircu m feren ce  according to  e s tim a tio n . 
C h a rac te ris tic s  of the  in v e s tig a tio n  dem and th a t  th e  co lle c ted  m ate ria l should o rig in a te  from  
b io to p e s  o f eq u iv a len t eco log ica l conditions; so th e  e x p e r im e n ta l m ate ria l used cam e fro m  th e  
p o p u la tio n  of Salix  alba L. v a r . sericea Gaud , from  an  a re a  o f  l/ 2 sq. km .

In  b o th  years co llecting  to o k  place a t the  b eg in n in g  o f  b loom ing (Apr. 20.). In  1962 we 
p e rfo rm e d  p re lim in ary  in v e s tig a tio n s  on the pollen of tw o  y o u n g  and  two old tree s ; in  1963 
we re p e a te d  the  in v es tig a tio n s  o n  th e  pollens of eight y o u n g  a n d  e ig h t old trees, su p p le m e n tin g  
th e  m orpholog ical d a ta .

W hile collecting in  1963 we a lso  took  the position  of th e  ca tk in s  in to  considera tion , th e re 
fore  w e to o k  ten  sam ples o ff e a c h  tree  a t the follow ing lev e ls : 2 — 3 m  (3 sam ples) 3 — 5 m  
(3 sam p les), 5 — 7 m  (2 sam p le s), 7 — 10 m  (2 sam ples). F o r  one  sam ple usually  g a th e red  th e  
p o llen  o f 7 —10 catk ins. T he sa m p le s  were taken  fro m  c ro w n s of trees  by  se ttin g  th e  co m p ass 
to  id e n tic a l poin ts (so u th -w est). F o r  tak ing  the  sam ples w e used  te s t tubes o f 1 X 10 cm  
w h ich  we stopped  up  w ith  c o tto n w o o l a fte r having ta k e n  th e  sam ple  and which we p laced  in to  
a CaClo exsiccator on th e  sp o t. T h e  exsiccators were s to re d  in  a  re frig e ra to r a t  -f-1 C°.

G erm ination  w as p e rfo rm e d  on special glass p la te s  in  h ang ing  drops, in  som e cases, 
h o w ev er, we applied  D an ie l’s m e th o d  and stained th e  tu b e s  w ith  haem ato x y lin  a n d  c a rm in . 
G e rm in a tio n  — a fte r  p rev io u s  e x p erim en ts  and ta k in g  th e  cond itions of te m p e ra tu re  an d  
su g a r  co n cen tra tio n  in to  c o n s id e ra tio n  — sim ilarly to  th e  p re lim in a ry  experim ents w as chosen  
so t h a t  beside an  a b u n d a n t  n u m b e r  o f germ ination  th e  d iffe ren ce  betw een the young a n d  old 
age g ro u p s  also appears in  a c h a ra c te r is tic  and defin ite  fo rm . F o r  th is  reason and for b a la n c in g  
th e  m eteoro log ical d ev ia tio n  o f th e  tw o  years in w hich  in v e s tig a tio n s  took  place, we m o d ified  
th e  te m p e ra tu re  used d u rin g  g e rm in a tio n  to 23 C°. G e rm in a tio n , sim ilarly  to  the  e x p e rim e n ts  
in  th e  p rev io u s year, w as p e rfo rm e d  in  a 10 per cen t sacch a ro se  solu tion .

T he num ber of pollens p la c e d  in th e  hanging d ro p  w ere  also tak en  in to  co n sid e ra tio n , 
b ecau se  th is — accord ing  to  l i te r a tu re  as well as o u r o w n  experience  — can in flu en ce  th e  
in te n s i ty  o f tu b e  g row th , i. e. th e  germ ination  of tu b e  g ro w th  decisively. M ost fa v o u ra b le  
re su lts  w ere ob ta ined  in 0.01 m l. b y  800 — 1.000 pollens.

G erm ination  w as in v e s tig a te d  for 1.5 hours a fte r  co llec tin g  an d  rep ea ted  a fte r  fo u r d ay s. 
T he av erag e  of th e  re su lts  o b ta in e d  w as taken . In  e v a lu a tin g  g e rm in a tio n  and in te n sity  we to o k  
th e  av era g e  of ten  sam ples o r ig in a tin g  from  each in d iv id u a l (e ig h t old and eight y o u n g  tre e s )  
f ro m  th e  above m en tioned  c ro w n  levels. We perform ed p a ra l le l  germ ination  in each  case on 
y o u n g  a n d  old trees a t  th e  sam e tim e . In ten s ity  of g e rm in a tio n  w as registered  in th e  1, 2, 4 , 
5 .5, 20 a n d  28 th  hour. F ro m  e ac h  sam ple  the tube  g e rm in a tio n  of th e  m axim ally  g e rm in a tin g  
po llen s w as eva lu a ted , so each  v a lu e  is the  average tu b e  le n g th  of 500 pollens. T ube g e rm in a 
tio n  a b il i ty  was ob ta in ed  fro m  d a ta  o f the  firs t hour.

F o r th e  in ten sity  o f tu b e  g e rm in a tio n  we e la b o ra te d  48,000 pollens, for e stab lish in g  ge r
m in a tin g  ab ility  10,868. F o r m ea su rin g  th e  length of th e  tu b e  a n d  for d e te rm inating  g e rm in a tio n  
w e u sed  a m icroscope of ty p e  Z eiss Nf.

Results

In  our previous in v e s t ig a t io n s  [2] w e e s ta b l ish ed  that a s ign if ican t  
differen ce  is found b e tw e e n  t h e  tub e  g e r m i n a t i n g  a b i l i t y  o f  the pollen o f  y o u n g  
and old sam ples o f  S a l i x  a l b a  L. var. s e r ic e a  G a u d .

In  our inves tiga tions  p e rfo rm ed  this y e a r  we a lso  found th a t  these d iffe r
ences rem ained  valid. T h e  re su l ts  — concerning b o t h  years  of investiga tions 
w ere  sum m arized  in T ab le  1 a n d  Fig. 1, re sp e c t iv e ly .

C om paring resu lts  o f  t h e  tw o  years of in v e s t ig a t io n  on basis of th e  ta b le  
i t  w as  ascerta ined  t h a t  g e rm in a t io n  of the  old t r e e ’s pollens in the y e a r  1962 
y ie ld ed  31 per cent, while  in  1963 it  receeded to  16.26 p e r  cent. Measure o f  th e  
dec rease  — expressed p e rc e n tu a l ly  am ounts  to  52.4 p e r  cent. A similar re lap se  
cou ld  be  observed in th e  case  of pollens of y o u n g  indiv iduals  too; here  th e  
v a lu e  o f  germ ination  d ec reased  from 76.6 per cen t  o f  th e  previous y ea r  to  42.47 
p e r  ce n t ,  th is  decrease a m o u n t s  to  55.6 per cen t .
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No conclusions can  be d raw n  as to  th e  re la t io n sh ip  be tw een  th e  in d iv id u 
a l’s age and  g e rm in a t io n  of  th e  pollen because  of  th e  f lu c tu a t in g  absolute  
va lue  o f  the  y ea r  in q u es t io n ,  wherein the  m eteoro logical cond itions  of th e  re
spective y ea r  are re f lec ted  in th e  f irs t  place. T herefo re ,  to  estab lish  th e  percen- 
tu a l  ra t io  of th e  sterile pollens  in th e  old sam ples o f  th e  S a lix  alba L. v a r .  sericea 
G a u d , we ev a lu a ted  o u r  resu lts  re la tively , so t h a t  th e  difference existing  b e 
tw een  th e  g e rm ina tion  o f  th e  y o u n g  and old age g roups , an d  th e  fac t  o f  s teril i ty  
occurring in old age, respec tive ly ,  can be d isp layed  significantly .

F i g .  1 . A bsolute v a lu es o f th e  g e rm in atio n  per cen t o f y o u n g  a n d  old age g ro u p s du rin g  the 
tw o y ears  o f inv estig a tio n  (Y  —  y o u n g , О —  old)

On this  basis g e rm in a t io n  of the  old age g roup  yielded 40.6 pe r  cent in 
1962 and 38.2 in 1963. A ccord ingly  the  re la t ive  p e rc e n tu a l  differences — b e 
tw een  th e  y o u n g  a n d  old age groups — were 59.4 a n d  61.8 per  cen t .  The re la 
t iv e  p e rcen tua l  d ifferences, i.e. values of th e  pollen germ ina tion  o f  old age 
groups, showed an in s ign if ican t  deviation  d u r in g  th e  tw o te s t  years ,  only 
2.4 per cent.

Table 1

P e r  c e n t  o f  p o l l e n  g e r m i n a t i o n  o f  o ld  a n d  y o u n g  a g e  g r o u p s  d u r i n g  th e  y e a r s  o f  i n v e s t i g a t i o n  o f
1 9 6 2  a n d  1 9 6 3

Y ear of Total number

From the  germ inated 
pollen Per cent of 

tube
investigation group of pollen 

investigated not
germ inating

tubes

germ inating
tubes

germ inated
pollens

Y O U Ilg 1660 1273 387 76.6
I9(>2

Old 1736 538 1198 31.0

Y oung 3842 2606 3236 42.4
1963

Old 5026 820 4206 16.2
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T h e  values of g e rm in a t io n  in the  pollens of  old ind iv iduals  a n d  the ir  
a n n u a l  changes are p re se n te d  in  F ig . 2.

O u r  fu r the r  in v es t ig a t io n s  similarly  to  those  of th e  p rev ious  y ea r  
w ere  e x te n d e d  to  the  in ten s ity  o f  the tube's growth , as well as its changes  during  
g e rm in a t io n .  F u r th e rm o re  we in v es t ig a ted  th e  t im e  dev ia t ion  of  th e  tu b e  leng th  
g ro w th  be tw een  the  pollens o f  d ifferent age g roups, t h a t  is, th e  m easu re  of 
la ten t tim e .

Fig.  2.  R e la tiv e  value of th e  g e rm in a tio n  per cent of old age groups d u rin g  th e  tw o years 
of in v e s tig a tio n . (Y  — young, О —  old)

E x a m in in g  the  in te n s i ty  o f  germ ina tion  of th e  age g roups, we p o in ted  
o u t  t h e  resu lts  ob ta ined  in  t h e  prev ious year,  accord ing  to  w hich  th e re  is a 
d e f in i te  connection ex is ting  b e tw e e n  age of th e  ind iv idua l  and  in te n s i ty  of 
g e rm in a t io n  of its pollens; s im ila r ly  to  germ ina tion  o f  pollens o f  d iffe ren t  age 
g ro u p s .

O u r  results are p re s e n te d  in Tab le  2 from  w h ich  i t  can  be e s tab lished  
t h a t ,  s im ila r ly  to  the  tu b e  g e rm in a t io n  of th e  pollens, in ten s i ty  o f  t u b e  ge rm i
n a t io n  o f  pollens of b o th  age g roups  showed a def in i te  relapse in th e  present 
y e a r  (T ab le  2).

W h ile  in consequence o f  fav o u rab le  ecological conditions of  th e  y ea r  
1962, t h e  ra te  of the  tu b e  g ro w th  o f  th e  pollens d isp layed  a high v a lu e  a lready  
in  t h e  f i r s t  hour (young age g ro u p s  124 p ,  old age groups 68.5 p ) ,  t h e  ra te  of 
g r o w th  in  th e  present y e a r  o n ly  reached  sim ilar  va lues  in th e  4 5 th  hour. 
H o w e v e r ,  in consequence o f  t h e  tu b e s ’ g row th  slowing down, th e  difference 
o f  in t e n s i ty  appearing in t u b e ’s len g th  g row th  o f pollens of b o th  age groups 
was e v e n  more striking (Fig. 3). In th is  y e a r ’s inves t iga t ions  th e  tu b e s  t e r m i 
n a t e d  t h e i r  growth in th e  2 8 th  h o u r  in consequence of  th e  h igh  degree  o f  de
crease  o f  in ten s i ty  in th e  t u b e ’s g row th , w hereas in  th e  prev ious y e a r  th is  oc
c u r re d  a l re a d y  in the  t e n th  h o u r .
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Sim ilarly  to  t h e  previous in v es t ig a t io n s  o f  1962, this y e a r  a te m p o ra l  
d ev ia t ion  can also be observed in th e  in te n s i ty  of  the  tu b e ’s g ro w th  of th e  po l
lens of  y o u n g  a n d  old age groups as r e p re se n te d  in the  Table . I n  th is  y ea r  
th e  len g th  of th e  latent tim e  becam e even  g re a te r ,  since in consequence  of the  
slowing dow n of th e  t u b e ’s g row th i t  lengthened  significantly . As a resu lt  of 
th is ,  th e  difference arising betw een  th e  r a te s  o f  th e  pollen’s t u b e  g ro w th  of

F i g .  3 . In te n s ity  o f th e  tu b e  grow th  of po llens b e lo n g in g  to th e  young a n d  old age group, 
d u rin g  th e  tw o years of in v e s tig a tio n . (Y  —  young, О —  old)

b o th  age groups appears  to  an  ever h ig h e r  degree. I t  is c h a ra c te r is t ic  o f  th e  
degree o f  difference, t h a t  while th e  r a te  o f  th e  tube  length  g ro w th  of pollens 
of old and  y o u n g  age groups in th e  p rev io u s  y e a r  balanced a lread y  in th e  th ird  
hour,  th is  y e a r  th e  difference was c o m p e n sa te d  only in th e  2 0 th  h o u r .

T able  2

I n t e n s i t y  o f  p o l l e n  g e r m i n a t i o n  o f  o ld  a n d  y o u n g  a g e  g r o u p s  d u r in g  th e  y e a r s  o f  i n v e s t i g a t i o n  o f
1 9 6 2  a n d  1 9 6 3

R egistrations in hours

Y ear Age group 1 2 3 4 5.5 20 28

Averag« length of tubes in ц

Y oung 124.0 234.6 280.7 292.0
1962

68.5 130.4 282.1 317.1 — — —Old

1963
Y oung 33.2 67.9 — 185.4 412.4 577.2 1150.0

Old 11.7 29.8 40.9 192.1 576.4 1142.0
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S u b se q u e n t ly  we p e r fo rm e d  morphological inves tiga tions  on th e  po llens  
o f  y o u n g  a n d  old ind iv idua ls .  No significant m orphological dev ia tions could  
be o b s e rv e d  on the pollens o f  y o u n g  and old trees .  Dimension of th e  po llen  is 
15 X 20 fi. At the  t e rm in a t io n  of  g row th  th e  len g th  o f  th e  tu b e  y ielded a v a lue  
o f  1150 /л an  average b y  old as well as y oung  age g roups . In  these cases a sm a ll  
p e r  c e n t  o f  longer tubes  o c c u r re d  too  th e i r  le n g th  approaching  2,200 fi. A t 
t e r m i n a t i o n  of  growth a k n o b - l ik e  widening a p p e a re d  on the  end of t h e  tu b e  
w h ic h  re a c h e d  a dimension o f  15 X 15,н.1п th e  len g th en ed  section g e n e ra t iv e  
cell n u c le i  could be well o b se rv ed .  T he  vege ta t ive  cell nucleus of the tu b e  s ta in e d  
in te n s iv e ly  during g row th  w i t h  carm in, while su b se q u e n t ly  a t th e  w id en in g  
o f  t h e  t u b e  i t  gradually  d isa p p e a re d .  We also o b se rv ed  th e  cellulose d e g e n e ra 
t io n  o f  t h e  growing tu b e s ’ p ro to p la s m  which is descr ibed  by  St r a s b u r g e r . 
O l i v e r , B e n s o n  and o th e rs  [9]. The d e g e n e ra t io n a l  phases are r e p e a te d  
r e g u la r ly  in th e  tubes of th e  pollens of the  y o u n g  as well as old trees. On th e  
tu b e s  w h ich  have t e rm in a te d  th e i r  growth, genera l ly  4 — 5 th ickened  sec tions 
can  b e  n o t ic e d  (degenerated  p h ases) ,  leng th  of  th e  tu b e s  being 15 -18 p e r  ce n t ,  
49 54 p e r  cent, 65 - 70 per  c e n t  and  95 per cen t.

Discussion

C onclud ing  on the  degree  o f  rep roduc tiona l  invo lu tion ,  we took  g e r m in a t 
ing a b i l i ty  of  the  pollens as a m e a su re  of s te r i l i ty .  In  th e  course of the  p rev io u s  
in v e s t ig a t io n s  [2] the  ques t ion  arose w hether  or n o t  difference in g e rm in a t io n  
cou ld  b e  ascribed to  th e  v a r io u s  ecological co n d i t io n s  in the f irs t  p lace  to  
m e teo ro lo g ica l  factors. I t  is well know n th a t  g e rm in a t in g  ability  of th e  pollen- 
g ra in s  as well as in tens i ty  o f  tu b e  germ ina tion , a n d  the ir  absolute v a lu e  r e 
s p e c t iv e ly  change annually  [14] a n d  th a t  the  reason  for  th is  can be sough t for in  
th e  ab o v e -m en tio n ed  fac to rs .

T h e  fac t  th a t  th e  a b so lu te  values  of our in v es t iga t ions  perform ed in th e  
y e a rs  1962 a n d  1963 — c o m p a r in g  th e  equ iva len t  age groups of the two y ears  
show  essen t ia l  deviations, c a n  be ascribed to  t h e  afore said. T h e  e x 
p l a n a t io n  for  th is  is th a t ,  as w e k now  from l i t e r a tu r e  [12 and others], d if fe ren 
t i a t io n  o f  t h e  flower b u d  ta k e s  p lace  in sum m er t im e  (from J u n e  to  S ep tem b er)  
a n d  so t h e  organs in e m b ry o n a l  condition  (blossoms) are  considerably e x p o sed  
to  eco logical factors (frost d a m a g e ,  etc.). On th is  basis  it  seems to  be p ro v e d  
t h a t  t h e  v e ry  cold w inter of 1963 — con tra ry  to  t h e  m ilde r  one of 1962 — s ign if
ic a n t ly  m o d if ied  the  ab so lu te  resu lts .  We p rev io u s ly  expounded  th e  degree  
of  d if fe ren ce  in detail. Wc also described  the  re la t iv e  germ ina tion  values o f  th e  
old age  g ro u p s  during th e  tw o  y e a rs  and  es tab lished  t h a t  th e  difference a p p e a r 
ing — d u r in g  th e  two years o f  inv es t ig a t io n  — d ecreased  to  a m in im um  of 2.4 
per c e n t .  Therefore  it can be t a k e n  for cer ta in  t h a t  in th e  case of S a lix  alba 
L. v a r .  sericea  G a u d , g e rm in a t io n  of  the  pollens decreases  significantly  w ith
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age, i.e. in line w ith  this , th e  n u m b er  of s terile  pollens increases a n d  ecologicai 
effects p revail  only in th e  abso lu te  values of  germ ination .

To p rove  our results  concerning th e  connec tion  be tw een  age a n d  germ i
n a t io n ,  we m u st  refer to  th e  w ork of S a n d s t e n  [13] in which s im ila r  results  
are  re p o r te d  on g e rm in a t io n  of pollens o f  y o u n g  and  old apple-trees .

R eferr ing  to  th e  m echan ism  of g e rm in a t io n ,  onset of tu b e  g ro w th  and 
subs tances  a c t iv a t in g  in te n s i ty  of tu b e  g ro w th ,  d a ta  of  l i te ra tu re  su b s ta n t ia l ly  
differ, a l th o u g h  num erous  works deal w ith  th e  qua l i ta t iv e  and  q u a n t i ta t iv e  
analysis  of these  subs tances  [1, 7, 8, 10, 14 a n d  o thers].

I t  should  be m e n tio n e d  th a t  overall, de ta i led  inves tiga tions  concern ing  
th e  in d iv id u a l ’s age a n d  germ in a t io n  m ech an ism  of th e  pollens are  missing. 
O ur  own inves tiga tions  d ra w  a t te n t io n  to  th e  fac t t h a t  in g e rm in a t io n  m ech a
nism  th e  pollens o r ig ina ting  from in d iv idua ls  of various ages un d erg o  f u n d a 
m e n ta l  changes w ith  age.

I t  is still  too early  to  give e x p lan a t io n s  of  our results  and  n e i th e r  can we 
m ak e  assum ptions  because  as we h ave  a l re a d y  m entioned , d a ta  ta k in g  th e  
age of th e  ind iv idua l  in to  accoun t are n o t  fo u n d  in l i te ra tu re .  In  th e  f i r s t  place 
it  becom es necessary  to  perfo rm  q u a l i ta t iv e  a n d  q u a n t i ta t iv e  inves t iga t ions  
of th e  p ro p e r  substances  enzym es, v i ta m in s ,  etc. — of pollens; as well as 
analysis  of th e  s tigm a-secre tion  su b s tan ce  w hich, as is well know n, g rea t ly  
influences onset and  in te n s i ty  of th e  tu b e  g ro w th  [11 and  o thers] .  O u r  work 
in ten d in g  to  solve these  p roblem s is in  progress.
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V erg le ich en d e  U n te rsu ch u n g en  ü b e r das L eb en sa lte r  zeig ten  au f dem  G ebiet de r P o llen 
p h y sio lo g ie , d a ß  in d e te rm in ie rt w achsende  H olzgew ächse ebenso eine F o rtp flan z u n g s in v o lu 
tio n  d u rc h m a c h e n  wie die T ie ra rte n . Als G rundlage de r A rb e iten  d ien te  die physio log ische 
U n te rsu c h u n g  des Pollens ve rsch ied en  a lte r  In d iv id u e n . A us den q u a lita tiv en  u n d  q u a n t i ta t i 
v e n  B e fu n d e n  w urde  a u f  das M aß d e r F o rtp flan z u n g s in v o lu tio n  geschlossen. Bei den  P o llen 
p h y sio lo g isch en  U n te rsu ch u n g en  b e a c h te te n  w ir: (1) D ie F ä h ig k e it zum  A usw achsen  des 
P o llen s v o n  ve rsch ied en  a lten  B äu m en , bzw . die Ä n d e ru n g  in  der F äh ig k eit des »Keim ens« 
bei v e rsc h ie d e n  a lten  In d iv id u en . (2) D ie In te n s itä t  des A usw achsens von Pollen  v e rsch ied en  
a lte r  In d iv id u e n , bzw . die Ä nderung  de r In te n s itä t  m it dem  zunehm enden  L ebensa lte r.

EXPERIM ENTELLE UNTERSUCHUNG DES POLLENS ALTER BÄUME

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

В  р езул ь тате  ф и зи ол оги ч еск и х исследован ий  пы льцы , произведенны х с учетом  
в о зр а ст а  о со б и , авторы  пол учи ли  д ок азател ьства , что древесны е растения н ео п р ед ел ен 
н ого  р о ст а  — п одобн о ж ивотны м  видам  — т а к ж е  обл адаю т  определенной  ин волю цией  
р а зм н о ж е н и я . И сследован ия  п р оводи л и сь  в первую  о ч ер едь  дл я  вы яснения того, в к ак ой  
и м ен н о  степ ен и  вы р аж ена ин волю ция р азм н ож ен и я  у  стар ы х древесны х растений . В ы 
воды  о степ ен и  инволю ции сделаны  на основани и  качествен ны х и количественны х дан н ы х, 
п о л у ч е н н ы х  в п р оцессе ф изи ологи ческ ого  и ссл едов ан и я  пыльцы особей  различ ного  воз
раста . П р и  ф и зи ол оги ч еск и х и с сл ед о в а н и я х  пыльцы обр ащ ал и  внимание на сл едую щ ее:
(1 ) У с т а н о в л е н и е  способности  п р ор астан и я  пы льцевы х т р у б о к  стары х и м олоды х д ер е 
вьев, и  и зм ен ен и е  этой сп особн ости  в зави си м ости  от возраста; (2) И нтенсивность п р о
р а ст а н и я  т р у б о к  пыльцы особей  р азл и ч н ого  возр аста , и связь интенсивности п р о р а ст а 
ни я с  в озр астом .

M ik l ó s  B u r g , B u d ap es t  I X . ,  Üllői ú t  93, H u n g a ry .
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Synopsis
The a u th o rs  hav e  s tu d ied  by  cy to p h o to m etry  the d ifferences in  D N A  an d  pro

te in  content in th e  p e rip h e ra l e ry th ro cy te s  from  no rm al hens, ch icken  em b ry o s and 
from  chickens in fec ted  w ith  a v ian  e ry th ro b las to s is  v irus. T here  w ere no q u a n tita tiv e  
differences in DN A  c o n te n t h u t as to  p rotein  c o n te n t i t  w as found  th a t  th e  nucle i of the 
e ry th ro cy te s  from  th e  v iru s-in fec ted  anim als co n ta in ed  m uch  m ore p ro te in  th a n  the 
nuclei of the  e ry th ro c y te s  from  n orm al or em b ry o n ic  chickens.

Introduction

In  various cases o f  m yelo id  an d  lym pho id  leucaem ia, leucosis, th e  q u a n 
t i t ie s  of deoxyribonucleic  acid (DNA) and  o f the  basic p ro te in  (histon) 
co n ta in ed  in the  nuclei o f  th e  pathological cellular e lem ents h av e  b een  analyzed 
b y  num erous  au tho rs  [4, 10]. In  av ian  e ry th rob las tos is  v iru s - in fec ted  young 
e ry th ro cy te s  in d ifferen t s tages of  deve lopm ent are d em o n s trab le  b o th  in the  
bone  m arrow  an d  in t h e  pe r iphera l  blood, beside th e  o th e r  haem ato log ica l  
changes [5,6]. The subm icroscop ic  s t ru c tu re  of  th e  v irus-in fec ted  cells has also 
b een  described [2].

The question  to  be  e luc ida ted  is: does th e  v irus-infection  p ro d u ce  any 
q u a n t i ta t iv e  change in  t h e  D N A  an d  protein  co n ten ts  o f  th e  nucle i o f  e ry th ro 
cy tes  ?

Material and method

B lood sm ears o f v iru s-in fec te d , ab o u t 4 -m on th  old L eghorn  ch ickens, n o rm a l ad u lt 
(2,500 g) Leghorn hens a n d  12-day  old Leghorn  chicken em bryos w ere ex am in ed . T o facilitate  
co m p ariso n  w ith th e  c y to p h o to m e tr ic  m easu rem en ts, sm ears w ere p re p a re d  also o f th e  liver 
o f  h e a lth y  hens.

T he sm ears w ere d ried  a t  room  te m p e ra tu re  a n d  s to red  a t  -{-4 C° u n t i l  u se . F ix a tio n  in 
10 per cen t n e u tra l fo rm ol la s te d  10 m in u tes , an d  w as follow ed b y  w ash in g  w ith  ta p  w ater 
fo r 20 m inutes. T he sm ears w ere s ta in ed  w ith  M ay-G riinw ald-G iem sa’s s ta in . Som e sm ears 
w ere te s te d  by  the  Feu lgen  re a c tio n  (d u ra tio n  of h y d ro lysis: 2, 4, 6, 8, 12, 14, 18 a n d  22 m in
u te s )  a n d  by  th e  n in h y d rin -S ch iff  reac tio n .

T he m easu rem en ts w ere m ade w ith  a cy to p h o to m e te r p rep ared  b y  us ( R a p p a y , u n p u b 
lish ed ) a t  560 m /t, m easu rin g  25 nucle i in every  case.
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Results

M ay-G riinw ald-G iem sa s ta in in g

T h e  hen and chicken e m b ry o  blood sm ears  show ed  norm al cellular p a t 
t e r n .  T h e  nuclei of th e  hen  e ry th ro c y te s  appeared  p y k n o t ic .  In  th e  blood smears 
o f  t h e  virus-infected c h ick en  a great num ber  o f  e ry th ro b la s ts  were visible, 
in c lu d in g  m any d ividing ones  (Fig. 1).

F ig .  1. S m ear from  the  p e r ip h e ra l  b lo o d  of v iru s-in fec ted  ch ick en . M ay-G riinw ald-G iem sa
sta in ing , X 400

F eulgen’s reaction

A fte r  12 minutes of h y d ro ly s is  we m easured  d ip lo id  D N A  con ten t  in the  
n u c le i  o f  liver cells, e m b ry o n ic  and  virus-infected  e ry th ro c y te s ;  in th e  nuclei 
o f  t h e  o ld  h e n ’s e ry th ro cy tes ,  o n  th e  contrary , we fo u n d  hypod ip lo id ism  (Fig. 2). 
A f te r  12-m inute  hydro lys is  w ere  found less, a f te r  4 -m inu tes  of hydrolysis  
t h e r e  w ere  more te t r a p lo id  n u c le i  in the  sm ears f rom  th e  v irus- in fec ted  ani
m a ls  (F ig .  3). At the  sam e t im e ,  th e  am ount of th e  b o u n d  s ta in  was h a rd ly  less 
in  t h e  d iploid nuclei t h a n  in  t h e  nuclei of the  sm ears  h y d ro lyzed  for 12 m i
n u te s .

N in h y d r in -S c h iff  reaction

T h e  nuclei of th e  h e n -e ry th ro c y te s  are pa le ,  and  therefo re  th ey  absorb 
l i t t le  l ig h t .  The most in te n se  re a c t io n  was show n b y  th e  nuclei o f  th e  v iru s- in 
f e c te d  anim als. The va lues  o f  t h e  chicken e m b ry o ’s e ry th ro cy te s  nuclei are 
b e tw e e n  these  two ex trem es  (Table  1).
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Fig. 2. D is tr ib u tio n  curves of F e u lg en  m easurem ents 

a —  E ry th ro c y te s  o f old hen
b —  E ry th ro c y te s  o f e ry th ro b las to s is  v irus-in fec ted  chicken 
c — E ry th ro c y te s  of chicken em b ry o  
d —  L iver cells of ad u lt ben

p e rc e n t percent

7' ig. 3. F eu lgen  m easu rem en ts  on e ry th ro cy te s  of e ry th ro b la s to s is  v irus-in fec ted  c h ick en  a f te r  
H C l-hydro lysis for 4 a n d  12 m in u te s  respectively

Table 1

Cytophotometric measurements o f  n in h y d r in -S ch if f  reaction

Object AU

1. O ld hen .............................................................

2. 12-day old chicken em bryo ....................

0 .437±0.013 

0 .607±0.051 

0.775 ± 0 .0 7 0
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Discussion

T h e  results of th e se  experim ents  m a y  be  discussed from  tw o  p o in ts  
o f  v iew . One of th e m  is t h e  q u a n t i ta t iv e  a n d  qua li ta t ive  b e h a v io u r  o f  th e  
D N A  in th e  e ry th ro b la s ts  o f  the  v irus- in fec ted  anim als, com pared  w i th  th e  
n o r m a l  liver cells a n d  e ry th ro c y te s  nuclei o f  d ifferent ages. I t  can  b e  s ta te d  
t h a t  t h e  virus infection p ro d u ced  no m e a su ra b le  change in th e  D N A  con
t e n t  o f  th e  e ry th rob las ts .  T h is  s ta te m e n t  is in ag reem ent w ith  t h e  re su l ts  o f  
th e  a u th o r s  m en tioned  in t h e  in troduc tion  [4, 10], who found th e  s a m e  d a ta  
on d if fe ren t  objects. A ccord ing  to  th is , th e  D N A  con ten t  is a lways n o rm a l  in 
t h e  pa tho log ica l  cellular e lem ents  of the  p a t i e n t s  suffering from m y e lo id  and 
ly m p h o id  leucaemia.

T h o u g h  the q u a n t i t a t i v e  change o f t h e  D N A  was not obse rved  in our 
case, th e  to ta l  deoxyribonuc leop ro te in  c o m p lex  m igh t  be a ltered  b y  a virus 
in fec t io n .  This is in d ica ted  on  th e  one h a n d  b y  th e  behav iour  of th e  hyd ro lys is  
cu rv es  of  th e  e ry th rocy tes  e x am in ed  by  us, on th e  o th e r  hand  by  th e  re su l ts  o f  
t h e  n in h y d r in -S ch if f  te s t .  As far  as th e  fo rm e r  is concerned, th e  i n te n s i ty  of  
co lo u r  o f  th e  v irus-infected  cell nuclei was a lm o s t  th e  same af te r  a s h o r t  (4 
m in u te s )  Feulgen hydro lys is ,  as af te r  12 m in u te s  hydrolysis. T he  s h a p e  of 
th e  h y d ro lys is  curves, especially  of  th e  ascend ing  p a r t ,  is quite d if fe ren t  from 
t h a t  o f  t h e  o the r  nuclei, a l th o u g h  th e  m a x im u m  tim e  required  for  a t t a in in g  
th e  o p t im a l  colour in te n s i ty  is a b o u t  12 m in u te s .  Such  differences in  t h e  h y d r o 
lysis cu rves  have been found  in o the r  cases, too  [8].

W h e n  eva lua ting  th e  results  o b ta in e d  by  th e  n inhydrin -S ch iff  te s ts ,  
th e  f i r s t  th in g  to  clarify is w h e th e r  this m e th o d ,  serving to  d e m o n s t r a te  th e  
free  a lp h a  am ino groups of th e  am ino acids b u i l t  in  the  protein chain , is su i tab le  
or  n o t  fo r  th e  quan t i f ica t io n  o f  th e  nucleopro te ins .  T h e  specificity of  t h e  m e th o d  
is u n q u e s t io n a b le  [1, 3], a n d  u n d e r  rigidly con tro lled  conditions i t  can  b e  used 
fo r  q u a n t i t a t iv e  purposes , to o  [7, 9]. W e m u s t  consider th e  re a c t io n  for  a 
m e th o d  a p t  to  a general d em o n s t ra t io n  of th e  p ro te ins .

As to  th e  results  o f  m e a su re m e n ts  now  o b ta in ed ,  it  is to  be p o in te d  out 
t h a t  t h e  nuclei of th e  e ry th ro c y te s  of th e  a n im a ls  in fected  w ith  t h e  e r y t h r o 
b la s to s is  v irus contain  m u ch  more pro te in  d e m o n s t ra te d  by  th e  n in h y d r in -  
S ch if f  re a c t io n  th a n  those  o f  t h e  norm al a d u l t  or n o rm a l  em bryonic  ch ickens. 
T h is  once  again  harm onizes  w i th  th e  resu lts  o f  Z a m p o r i , P e r u g i n i  a n d  co- 
w o rk e rs ,  (juoted earlier an d  in fo rm ing  us a b o u t  t h e  increase of  th e  q u a n t i t iy  
o f  b a s ic  p ro te ins  in th e i r  ob jec ts .

O n  the  basis of th e  e x p e r im e n ta l  re su lts  o b ta in e d  it  seems in te r e s t in g  to  
c la r ify  w h e th e r  the  v irus  in fec tion  would cause  o th e r  changes d e m o n s t ra b le  
b y  q u a n t i t a t i v e  cy tochem ical  m ethods, in th e  ce llu lar elements in q u es t io n .
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Q U A N T IT A T IV E  U N T E R S U C H U N G E N  Ü B E R  D E N  N U C L E O P R O T E ID -G E H A I /Г D E R  
E R Y T H R O Z Y T E N  V O N  G E SU N D E N  U N D  M IT  V IR E N  IN F IZ IE R T E N  H Ü H N E R N

V erfaßer u n te rsu c h te n  m it der c y to p h o to m e trisch e n  M ethode den DNS- u n d  E iw eiß 
g eh alt de r p e ripheren  ro ten  B lutzellen von n o rm alen  H ü h n e rn , H ü h n e r-E m b ry o n en  u n d  von, 
m it av ian  e ry th ro b la s to s is  V iren in fiz ierten  H ü h n e rn . Im  D N S-G ehalt k o nn te  k e in  U n te rsch ied  
festgeste llt w erden . E in  U n tersch ied  zeigte sich im  E iw eißgehalt; die K erne  de r ro te n  B lu t
zellen von in fiz ierten  T ie ren  en th ie lten  b e d eu ten d  m eh r E iw eiß als die der n o rm alen  u n d  
e m b ry o n a len  H ü h n er.

К О Л И Ч Е С Т В Е Н Н О Е  И З У Ч Е Н И Е  С О Д Е Р Ж А Н И Я  Н У К Л Е О П Р О Т Е И Н О В  В 
Э Р И Т Р О Ц И Т А Х  З Д О Р О В Ы Х  И З А Р А Ж Е Н Н Ы Х  В И РУ С А М И  Ж И В О Т Н Ы Х

Анторы м етодом  цитофотометрии и ссл ед о в а л и  р азн и ц у  в содер ж ан и и  б ел к а  и Д Н К  
в п ери ф ер ич ески х кр асн ы х кровяны х к л ет к а х  зд о р о в ы х  кур  и кур ин ы х эм б р и о н о в , а 
т а к ж е  цы плят за р а ж е н н ы х  вирусом  ав и ан -эр и тр обл астоза . Разницы  в с о д е р ж а н и и  Д Н К  
не н абл ю дал ось , зато  в содер ж ан и и  белка и м еется  количественное различ ие, а им енно: 
в я д р а х  к р овяны х к л еток  ж ивотны х, за р а ж е н н ы х  вир усом  эри тр областоза , и м еется  зн а 
чительно больш е бел к а , чем в я д р а х  кровяны х к л еток  здор овы х стары х или эм б р и о н а л ь 
ны х ж и вотн ы х.

I m r e  T ö r ő , j r ., B u d ap es t  IX ., T ű zo l tó  u. 58, H ungary . 
G y ö r g y  R a p p a y , B udapest V III ., Szigony u. 43, H ungary .
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HISTOCHEMICAL AND ELECTRON MICROSCOPICAL 
STUDY OF THE ADRENAL MEDULLA OF THE 

GRASS SNAKE (NATRIX NATRIX)
I . B e n e d e c z k y * , A. P u p p i  an d  A. T lG Y I

IN ST ITU TE OF PHYSIOLOGY AND BIOLOGY, MEDICAL U NIV ERSITY , PÉCS (H EA D : K. LISSÂK) 

(R eceived  Ja n u a ry  6, 1964)

Synopsis

C oncerning th e  s tru c tu re  o f th e  ad ren a l m edulla  o f th e  g ra ss  snake  no d a ta  can 
he found  in th e  l ite ra tu re  o f  e ith e r o p tica l or of e lectron  m icroscopy . U sing  h istochem ical 
an d  e lectron  m icroscopic  m eth o d s , th e  au th o rs  hav e  d e m o n s tra te d  th ree  cell ty p es in 
th e  ad ren a l m edu lla  o f th e  g rass snak e : (1) n o rad ren a lin e  cells w ith  large  catecho lam ine  
g ran u les, a b o u t 2500 Â  in  d iam e te r, w hich co n ta in  n o ra d re n a lin e ; (2) ad ren a lin e  cells 
ch arac te rized  by  th e  p resence  of th e  so-called “ sm all ca tech o lam in e  g ran u le s” , 1250 A 
in  d iam ete r, w hich  c o n ta in  ad ren a lin e . B oth  cell ty p es  h av e  a l ig h t  cy to p la sm  poor in 
cell com ponents. (3) T h e  so-called “ d a rk  cell ty p e ” , in  w hich , in  a d d itio n  to  b o th  th e  
large  and  th e  sm all ty p e s  o f catecho lam ine  granu les th e  a u th o rs  also  obse rv ed  p recursor 
d opam ine  granu les 0.5 — 1.5 ft in  size, Golgi a p p a ra tu s , m u ltiv e s ic u la r  bodies, a few 
m ito ch o n d ria , several P a lad e  g ranu les, and  v esicu lar e rg as to p lasm .

Introduction

A lthough th e  re su l ts  ob ta in ed  by light and  e lec tron  microscopical 
m e thods  are no t in keep ing  w ith  each o ther  or w ith  t h e  h is tochem ica l  obser
v a tions ,  more a n d  m ore  evidence  is accum ula ting  in fa v o u r  of  th e  theo ry  
t h a t  in th e  adrenal m edu lla  o f  th e  grass snake tw o  cell ty p e s  ex is t  side b y  side. 
Several au th o rs  have  in v e s t ig a te d  various ex p e r im en ta l  an im als ,  w hich  m akes 
th e  eva lua tion  of th e i r  resu lts  difficult. Because of th e i r  close morphological 
connec tion , cortical cells h av e  also been described as m e d u l la ry  cells in m any  
cases. T he  in te res t ing  w orks o f  Y a t e s  and co-workers [1 7 ]  re p re se n t  a n o th e r  
s tep  forw ard . T h ey  were th e  f irs t  workers to  reconcile th e  resu lts  obtained 
by  different m ethods , an d  th e y  described adrena line  and  no rad ren a l in e  cells 
show ing d is t inc t  differences in granu la t ion . On th e  basis o f  th e i r  phase  and 
e lec tron  microscopic f ind ings ,  th e y  established t h a t  th e  zone close to  th e  
co r tex  m ostly  con ta ins  no rad ren a l in e  cells w ith  large g ranu les  (2,000 A), b u t  
in th e  m iddle  o f  th e  g lan d  adrena line-p roduc ing  cells con ta in in g  small g ran 
ules (of 7 0 0  — 1 0 0 0  A size) p redom ina te .

These results of Y a t e s  were confirmed b y  the  f luorescence  microscopical 
inves tiga tions  o f  E r ä n k ö  [5 ] ,  who found  t h a t  in th e  gold h a m s te r  th e  n o rad re 
naline cells were c o n c e n tra te d  in th e  per iphera l region of th e  ad ren a l  medulla. 
T he  experim en ts  o f  H a g e n  and  B a r n e t t  [9] ( f rac t iona tion  of  g ranules with

* P re se n t ad d ress : D e p a r tm e n t o f  P a th o lo g y , P o s tg ra u d a te  M edical School, B u d ap es t.
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th e  u l tracen tr ifuge)  also c o r ro b o ra te  Y a t e s ’ th e o ry .  Those  a u th o rs  found  th a t  
t h e  n o rad rena line  co n ten t  o f  th e  medulla  was c o n c e n t ra te d  in th e  large g ran 
u les ,  a n d  th e  small ones w ere  r ic h  in  adrenaline. As th e re  a re  only  ve ry  few da ta  
a v a i la b le  on this p rob lem  in  th e  lower v e r teb ra tes  [3, 4, 14], we have  carried 
o u t  a series of experim en ts  on  am ph ib ians ,  reptiles  a n d  b ird s ,  in  o rder to  ob
t a i n  som e  new da ta  on th e  phy logene tic  aspects  o f  th e  qu es t io n .  The presen t 
w o r k  deals  with (the a n a ly s is  of) th e  h istochem ical and  subm icroscopic  s t ru c 
t u r e  o f  th e  adrenal m ed u lla  o f  th e  grass snake (N a tr ix  n a tr ix ) ,  w ith  special 
r e g a r d  to  th e  id en tif ica t ion  o f  th e  adrenaline- and  no rad ren a l in e -p ro d u c in g  
cells. O u r  a t ten tion  was d r a w n  to  th is  problem  b y  W a s s e r m a n ’s [14] h is to
ch e m ic a l  s tu d y  of th e  a d r e n a l  m edu lla  of th e  snake  (X en o d o n  M errem ii) ,  in 
w h ic h  he easily d is t in g u ish ed ,  even  ana tom ica lly ,  th e  groups  of  adrenaline- 
a n d  n o rad ren a l in e -p ro d u c in g  cells. He succeeded in do ing  th e  same also by 
h is to c h e m ic a l  and b io ch em ica l  m ethods.

M ateria l  and method

I n  our experim ents we u se d  specim ens of th e  grass snake  ( N a tr ix  na tr ix )  collected  in 
M ay . T h e  an im als were a n a e s th e tiz e d  w ith  e th e r, an d  th e ir  ad ren a ls  rem o v ed  a fte r  d e ca p ita 
t io n . D e te rm in a tio n  of th e  a d re n a lin e  a n d  no rad ren a lin e  co n te n ts  w as p e rfo rm ed  by th e  E tder- 
H a m b e rg  m eth o d  [8] as m o d ified  b y  us [13].

Light  microscopy : F o r th e  h is to ch em ica l d em o n s tra tio n  of ad ren a lin e  an d  no rad renaline  
b h e  a d re n a l  glands were f ix ed  a cc o rd in g  to  K le in  [10] in O rtsch e’s so lu tio n  (9 p a r ts  po tassium  
3 s ic h ro m a te  in  M uller’s so lu tio n  -]- 1 p a r t  40 per cent fo rm ol) for 24 h o u rs , th en  in  M idler’s 
to lu t io n  fo r 48 hours. Follow ing w a sh in g , deh y d ratio n  an d  em b ed d in g  in  p a ra ffin e , sections of 
a b o u t  8 —10 /( th ickness w ere m a d e  of th e  glands. H aem a to x y lin -eo s in  s ta in in g  w as used  for 
g e n e ra l  s tu d y .

Electron microscopy : F o r  e le c tro n  m icroscopic s tu d y  th e  a d re n a l g lan d s were c u t in to  
p iec es  o f  a b o u t 1 m m  in  size a n d  p re fix e d  for 48 hours in  fo rm ol b u ffe red  w ith  p h o sp h a te  to 
p H  7.8 [2]. This was follow ed b y  f ix a tio n  according to  P a la d e  [12] in  O s 0 4 for one hour. 
T h e  m a te r ia l  was d eh y d ra ted  fo r 5 m in u te s  each in 30, 40 a n d  50 pe r cen t a lcoho l; fo r 10 m in 
u te s  e a c h  in  6 0 ,70 ,80  and  90 p e r  c e n t  a lcohol and  for 30 m in . in  a b so lu te  alcohol. E m bedd ing  
in  A ra ld ite .  P o lym erization  o f th e  m a te r ia l  was carried  o u t a t  56° C fo r 48 h ours, an d  cu ttin g  
w ith  g lass knives on an  L K B  U ltro to m e . The sections show ed g ra y  in te rferen ce  colours in 
f lu o re s c e n t  ligh t. They were s ta in e d  w ith  ’’lead ” . An E LM I D 2 (Z eiss-Jena) e lec tro n  m icroscope 
w as used .

Results

Since there  were no d a t a  available  on the  ad rena line  a n d  noradrenaline  
c o n te n t s  o f  the grass sn ak e  a d re n a l ,  first th e y  were d e te rm in e d  chemically  on 
5 t i s s u e  samples. I t  was fo u n d  t h a t  1 g fresh ad ren a l  t issue  co n ta ined  650 /ig 
a d re n a l in e  and 760 /ug n o ra d re n a l in e ,  which corresponds to  a ra t io  of 46/54, 
as  co m p ared  with th e  v a lu e s  know n for m am m als  (e.g. for th e  ra t  80/20); 
th i s  no radrena line  con ten t  is re la t ive ly  high.

H istochem ical studies

T h e  first m icrograph  (F ig . 1) represents  th e  re su lts  o f  th e  h istochem ical 
s tu d ie s .  The cortex (C )  c o n ta in s  a large n u m b er  of  nuclei a n d  th e  cy top lasm
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of these  cells is light because  it  did n o t  reac t  w i th  p o tass ium  b ic h ro m a te .  The 
ch rom aff in  tissue of  th e  ad ren a l  reac ting  w ith  th e  p o tass ium  b ic h ro m a te  a p 
pears da rk .  Some of th e  chrom aff in  cell g roups a re  s ca t te red  in th e  c o r te x  as 
d a rk  islets (A C ) ,  o thers  lie ou ts ide  th e  cor tex  a n d  fo rm  a “ r ib b o n ” . T h e  l a t te r  
co n ta in  ha rd ly  any  co r te x  cells, only light yellow, ro u g h ly  g ran u la ted  n o ra d re 
na line  ( N A c )  cells w ith  nuclei poor in ch ro m a tin  a n d  d a rk  green, f ine ly  g ra 
n u la te d  adrena line  cells (A c )  with nuclei a b u n d a n t  in ch rom atin .

Fig. 1. P h o to m ic ro g rap h  of a  c ross-section  of the a d ren a l o f  th e  grass snake. T he n o ra d re n a 
line cells ( N A c )  a re  lig h t, th e  ad ren a lin e  cells (A c )  d a rk . T he no rad ren a lin e  cells h a v e  ro u g h ly  
g ra n u la te d  cy top lasm , a n d  th e ir  nucle i are poor in c h ro m a tin . T he cy top lasm  of th e  ad ren a lin e  

cells is fin e ly  g ra n u la te d , an d  th e ir nucle i r ic h  in  ch ro m atin .
H isto ch em ica l m e th o d  of K lein. H aem a to x y lin -eo s in , X 250

U ltrastructure o f  the noradrenaline cells

The n o rad rena line  cells m ay  be observed  ly ing  side b y  side (Fig. 2) or 
beside th e  adrena line  ( A c )  or co r tex  cells a n d  are  sep a ra ted  by  a w ide  basal 
m em b ran e  ( bin)  b u t  in som e cases b y  a cell m e m b ra n e  (Fig. 2). T h e i r  c y to 
p lasm  is of th e  “ l igh t  t y p e ”  and ra th e r  poor in  cell organelles. The m ost  s t r ik 
ing com ponen ts  in th e  cy to p lasm  are the  ca tech o lam in e  granules o f  g re a t  den
s i ty  m ost of w hich  are  sphero id  or ellipsoid (Figs. 2, 3). The granules  are  u su 
ally  su rrounded  b y  a m e m b ra n e  a lthough  th e re  a re  som e w ithou t  a m em b ran e .  
In  some cases th e  m e m b ra n e  su rround ing  th e  g ran u le  sticks closely to  i t ,  in 
o thers  a light, e lec tron  pe rm eab le  region can  be found  betw een  th e  granule
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Fig. 2.  E lec tro n  m icrograph  of th e  ad renal m ed u llary  cells o f th e  grass snake. A t th e  to p  on 
th e  le f t  th ere  is an ad ren a lin e  cell ( A c ) .  In the c y to p la sm  m any  sm all g ran u les  (g 3) can  be 
se e n . T h e ir  d iam eters are a b o u t  1,250 Â . I n the  cell th e re  are also large p recu rso r g ranu les 
(g t ) a n d  ex p anded  e rg asto p lasm  ( E r ) .  The n e ighbouring  n o rad ren a lin e  cells ( N A c )  hav e  v ery  
l ig h t  cy to p lasm , which is p o o r in  cy to p lasm ic  organoids, b u t  contains m an y  large ca tech o l

am ine  g ra n u le s  (g2)-  (D iam eter, a b o u t 2,500 Â )

Acta Biol. Hung. 15. 1965



STUDY OF THE ADRENAL MEDULLA 275

a n d  its m em brane . T h e  d is tr ib u t io n  o f  th e  granu les  in the c y to p la s m  is usually 
even , however, l igh t areas  w ith o u t  g ranu les  can sometimes also h e  seen. The 
d ia m e te r  of the ca techo lam ine  granu les  in  th e  noradrenaline  cells is abou t 
1500 3500 A. In  th e  n o rad ren a l in e  cells we failed to  d e m o n s t ra te  m i to c h o n 
d r ia ,  Golgi a p p a ra tu se s  an d  rough  su rfaced  e rgas to p la sm ,h o w ev e r ,  we succeed
ed in observing P a la d e ’s granules and  p recu rso r  granules w h ich  w ere  0.5 - 
1.5 /.i large in size (Fig. 3) in g rea te r  or sm alle r  numbers.

U ltrastructure o f  the adrenaline cells

It is ch a rac te r is t ic  of th e  ad rena line  cells (Figs. 2, 3) t h a t  t h e  d iam ete r  
o f  th e ir  ca techo lam ine  granules is a b o u t  1200 A, which is a b o u t  h a l f  o f  the  
va lu e  for the  granules of  th e  no rad ren a l in e  cells. Beside the  g ran u les  of  average 
size the re  are o thers  in th e  ad rena line  cells which vary  in size f ro m  500 to 
2000 Â. The o th e r  subm icroscopic  cha rac te r is t ic s  of the  a d re n a l in e  cells are 
genera lly  the  sam e as those  of th e  n o ra d re n a l in e  cells, excep t  t h a t  in th e  a d 
renaline  cells th e  vesicu lar  ty p e  of e rg as to p la sm  can often be ob se rv ed .

D ark cell type

Besides th e  tw o  cell ty p es  m e n tio n e d  above the  adrena l  m e d u l la  of the  
grass snake conta ins  also a th ird  ty p e ,  th e  submicroscopic p ro p e r t ie s  o f  which 
show considerable dev ia t ions  from th e  o the rs .  Their most s t r ik in g  fea tu re  is 
th e  d a rk  c h a rac te r  o f  th e  cy to p lasm  (Figs. 4, 5, 6) which m a y  b e  due  to  (1) 
th e  high con ten t  o f  P a la d e ’s granules , (2) th e  large num ber  of  ca tech o lam in e  
granules  (including p recu rso r  granules) , (3) to  th e  presence of  o th e r  cell com po
nen ts  (Golgi a p p a ra tu s ,  m itochondria ,  etc.).

The s t ru c tu re  of  th e  nucleus is nonhom ogeneous. Besides t h e  f ine g ra n u 
la te d  pa r ts  of th e  k a ry o p la sm  rough ly  g ra n u la te d  areas m ay  be o bse rved  and 
o thers  w ith  low e lec tron  density  (Figs. 4, 5). The subm icroscopic  properties 
o f  th e  ca techo lam ine  granules are th e  sam e  as those of th e  cells a l read y  de
scribed above, how ever ,  th e ir  d ia m e te r  v ar ies  between 500 3 ,000  A.

In  addition  to  th e  ty p ica l  c a tech o lam in e  granules, th e re  a re  also granules 
w i th  a d iam ete r  of 0.5 1.5 p , which  are ty p ic a l  com ponents o f  t h e  cells with
d a rk  cytoplasm . On th e  basis o f  th e i r  e lec tron  microscopic s t r u c tu r e ,  these 
granules  could no t be ranged  in to  a un ifo rm  group, therefore  t h e  ones with 
iden tica l properties  were classified in to  one group.

A definite  t y p e  of  these  p recu rso r  g ranules  is s i tu a ted  in  t h e  lum en  of 
th e  e rgastop lasm ic  c is te rnae  (Fig. 5) an d  has  no m em brane  o f  its  ow n. In  the 
lum en  of some of th e  c isternae som etim es  several granules m a y  be found. 
T h e  inner  s t ru c tu re  o f  th e  granules  consists  o f  fine, m ic ro g ra n u la r  elem ents, 
a n d  contains  a s t rong ly  e lec tro n -sca t te r in g  substance. In  som e  cases these
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F ig .  3. E lec tro n  m icrograph  of th e  a d ren a l m edulla of th e  g ra ss  snake . B oth the  ad ren a lin e  
( A c )  a n d  th e  noradrenaline  cells ( N A c )  have fairly  ligh t c y to p la sm , and  besides the c a tec h o l
a m in e  g ran u les (g2. g 3) o n ly  a n u c le u s  ( N ) ,  large p re cu rso r g ran u le s  (gY)  and  vesicu lar er- 

g a sto p la sm  ( E r )  can be seen in th e  cell. X 18,000
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Fig. 4. “ D a rk ” cells fro m  th e  ad ren a l m edulla  o f th e  g ra ss  snake. In  the  cy to p la sm  m an y  
P a lad e  g ranules ( P J ,  catech o lam in e  granules o f v a rio u s  sizes (g2, g 3)  a large p recu rso r g ran u le  
( g i ) ,  m ito ch o n d ria  ( M )  a n d  a well-developed G o lg i-ap p a ra tu s  (G )  can he seen. A m ong th e  

cells th e re  are  cross-sections o f ax o n s  ( A ) .  X 18,000
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Fig. 5. “ D a rk ”  cells w ith  large p recu rso r g ranules v a ry in g  in size betw een 0.5 an d  1.5 /t (gi)> 
T h ey  a re  u su a lly  surrounded  by  th e  m em b ran e  of th e  v esicu lar e rg asto p lasm (-Er), show  v a ry in g  
e le c tro n  d e n s ity , and have a finely  g ra n u la te d  in n er s tru c tu re . N um erous ca tech o lam in e  g ra n 
ules (g2) i  о few m itochondria  ( M )  an d  m an y  P a lad e  g ran u le s  ( P )  m ay be seen in th e  p ic tu re . 
In  th e  lo w er p a r t  of the  p ic tu re , on th e  left, th e re  is p a r t  o f a nucleus ( N )  a n d  close to  it 

num erous catech o lam in e  granu les (g2)  c an  be observed. X 18,000
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granules sca t te r  the  e lec trons com plete ly  so t h a t  th e ir  electron d e n s i ty  rem inds 
of t h a t  of the  ca techo lam ine  granules. In a few of th e  e rg as to p la sm a tic  cister- 
nae th e  precursor an d  th e  ca techo lam ine  granules occur to g e th e r  (Fig. 5), 
which is ind ica t ive  of  the ir  close m orphogene tic  re la tionsh ip . T he  p recu rso r  
granules m ark ed  w ith  g, (Figs. 2, 4) seemed to  be su r ro u n d ed  b y  m e m b ra n e s  of 
th e ir  own. They  u sua lly  have  an irregular  shape , con ta in  a su b s ta n c e  which 
sca t te rs  (absorbs) e lectrones poorly  and  are often  in close m orphological co n 
ta c t  w ith  th e  ca tech o lam in e  granules.

The th i rd  g roup  of th e  p recursor g ranules is fo rm ed by  g ranu les  which 
have regu la r  ellipsoid shape, are b o u n d  by a m em b ran e  a n d  show  v ary ing  
inne r  density . T h ey  m a y  be observed  in isolation near  th e  Golgi a p p a ra tu s  
(Fig. 4) and  in th e  cy top lasm  (Fig. 6).

T he  n u m b e r  o f  m i to ch o n d r ia  is com p ara t iv e ly  low. D e p en d in g  on the  
plane of section, th e i r  cross-section is e longa ted  or oval, and th e y  c o n ta in  few 
cristae.

T he  Golgi a p p a r a tu s  m ay  often  be seen in th is  cell ty p e  (Figs. 4, 6). 
Especially  n o te w o r th y  (Fig. 4) is th e  mass, consisting  of lam ella r  a n d  vesicular 
com ponen ts ,  in w hich  a t  e i ther  pole there  is a small ca techo lam ine  granule  
su r ro u n d ed  by a m e m b ra n e  an d  a light area.

The e rgas top lasm  is generally  of the  vesicu lar  ty p e  a n d  is fa ir ly  rich in 
P a la d e  granules (Fig. 6); its q u a n t i ty  varies on a wide range, p ro b a b ly  de
pend ing  on th e  d ev e lo p m en ta l  s tage  of th e  cell. F o r  exam ple ,  in th e  cells (Fig. 
4) th e  e rgas top lasm  is p rac t ica l ly  absen t ,  while in o thers  (Fig. 6), i t  is well 
developed.

Discussion

The aim of m os t  o f  th e  m orphological and  h is tochem ical inves t iga t ions  
in to  th e  secre tory  a c t iv i ty  of th e  adrena l  m edulla  has been  re liab le  iden tif i
ca tion  of  th e  tw o  cell ty p es  which p roduce adrena line  and  n o ra d re n a l in e ,  re 
spectively . As ear ly  as 1950, a n d  la te r  in 1954 E ul e r  [7] e x p o u n d ed  his theo ry  
t h a t  these  tw o h o rm o n es  are p ro d u ced  in d ifferent conditions, a n d  i t  could 
h a rd ly  be im ag ined  t h a t  b o th  were sy n th e t ized  in one an d  th e  sam e  cell. This 
th eo ry  was e x p e r im en ta l ly  p ro v ed  f irs t  by  B ä n d e r  [1], and  by  E r ä n k ö  [5]. 
W ork ing  with  A l tm a n n ’s s ta in in g  m e thod ,  B ä n d e r  iso lated  on th e  one hand 
p icrinophylic  (light), a n d  on th e  o th e r  h an d  fuchsinophylic  (dark) cell types, 
and  claimed th a t  th e  “ P ”  cells p roduced  adrenaline ,  and  th e  “ F ”  cells n o ra d 
renaline. Fluorescence microscopic inves tiga tions  by  E r ä n k ö  [5] o f  th e  ad re 
nal m edulla  of gold h a m s te r  rep resen ted  a fu r th e r  s tep  to w a rd  th e  id en t i f ica 
tion  of these  tw o  cell ty p es .  Y et ,  on th e  basis o f  his e lec tron  m icroscopic  ob
se rva tions  on th e  r a t ,  L e v e r  [11] only m entions  l igh t and  d a rk  cell ty p e s ,  and 
does no t  ind ica te  th e m  as th e  respective  places of  p ro d u c t io n  o f  ad rena line
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F ig .  6. “ D a rk ” cell, in w h ich  a few  large precursor g ran u le s  can  be observed, b u t  b o th  sm all 
a n d  la rg e  catecholam ine g ra n u le s  (g2 g 3)  occur to g e th e r. T he w ell-developed e rg asto p lasm  
( E r )  is o f th e  vesicular ty p e . T h e  P a lad e  granules ( P )  in  th e  cy to p lasm  are w idely  sca tte red . 
B esid es th e  Golgi a p p a ra tu s  ( G )  th e re  are m itochondria  ( M ) ,  a n d  m ultiv es icu lar bodies (m b)  

in  th e  d a rk  ty p e  of cy top lasm . X 18,000

Acta Biol. Hung. 15. 1965



STUDY OF THE ADRENAL MEDULLA 28!

and  no rad rena line .  W hen  analyzing  th is  q u e s t io n  W e t z s t e in  [15] p u ts  fo r 
w ard  an in te res t in g  th e o ry ,  according to  w hich  th e  “ m ain  cells”  of th e  ad re n a l  
m edu lla  of the  m ouse, ca t  and  guinea pig p ro d u c e  adrenaline, how ever ,  a t  
th e  sam e tim e  he considers th e  p roduc tion  of  n o rad ren a l in e  b y  th e  so-called 
“ N ebenzellen” (accessory cells) d ispu tab le ,  i t  is surprising th a t  in c o n tra s t  
to  his earlier f luorescen t  microscopical f ind ings E r ä n k ö ’s la ter  e lec tron  m ic ro 
scopical s tu d y  of th e  r a t  [6] distinguishes n o t  tw o ,  h u t  th ree  d iffe ren t  cell 
ty p es ;  however, he does n o t  ind ica te  th e  place of  p roduc tion  of n o ra d re n a l in e  
an d  adrenaline . N e i th e r  does he consider it  im possib le  t h a t  th is  t h i r d  cell 
ty p e  be of  cortical origin. S ta r t in g  p a r t ly  from  th e  fluorescence m icroscopical 
f indings of E r ä n k ö , a n d  th e  h is tochemical d a t a  o f  W ood  [16], Y a t e s  an d  
co-workers [17], using  th e  e lectron microscope, also described tw o cell ty p e s  
w ith  d ifferent g ra n u la t io n  in  th e  adrena l  m ed u lla  o f  th e  gold h a m s te r .  On th e  
basis of electron m icroscopical,  phaseco n tra s t  m icroscopical and h is tochem ica l  
observa tions  th e y  re g a rd e d  th e  cells con ta in in g  m ost ly  small g ranules  (700 
1000 Â) as ad ren a l in e -p ro d u c in g  cells an d  th e  p e r ip h era l  cells con ta in in g  la rg 
er granules (1,000 3,500 Â) as n o rad ren a l in e -p ro d u c in g  ones. This o b s e rv a 
tion  is in good ag reem en t  w i th  our ex p e r im en ta l  findings. W ith  th e  h is to c h e m 
ical m e th o d  of K l e i n  [10] we observed so l i ta ry  m edullary  cells in t h e  so- 
called “ m edu lla ry  m a rg in ”  an d  among th e  cor t ica l  cells of the  ad rena l  m edu lla  
of th e  grass snake. On th e  basis of th e ir  s ta in in g  p roperties  th e  d a rk  g reen-co
loured ad ren a l in e -co n ta in in g  cells could easily be  d istinguished  from  th e  l ig h t ,  
yellow-coloured, ro u g h -g ra n u la te d  no rad ren a l in e -co n ta in in g  ones.

In  ag reem ent w ith  th is  h istochem ical p ic tu re ,  th e  electron m icroscope 
also revealed t h a t  th e  adrenaline-  and no rad ren a l in e-co n ta in in g  cells h a d  ligh t 
cy top lasm , and  t h a t  th e i r  granules differed in  size. These cells occurred  e i th e r  
in isolation or in  groups. T he  small granules, w h ich , on th e  basis o f  th e i r  h is to 
chem ical s ta in ing  p ropert ie s  were proved  to  c o n ta in  adrenaline, were of 500
2,000 Â size, and  th e  larger, n o rad ren a l in e -co n ta in in g  granules of 1,500 3,500
Â size.

As a re m a rk a b le  phenom enon ,  th e  la rge  p recu rso r  granules am o n g  th e  
ca techo lam ine  g ranu les  (Fig. 5) should be m e n tio n ed .  These so-called “ p re 
cursor g ranu les”  can  be found  in large n u m b e r  also in th e  adrena l  m ed u lla  of 
th e  frog and  th e  dog (unpub lished  da ta ) .  In  th e se  granules we h av e  o f ten  ob 
served small masses, ve ry  s im ilar to  the  a d re n a l in e  a n d  noradrena line  g ranules ,  
which u n d e r  ce r ta in  conditions — seem ed to  be  ex tru d ed  in to  th e  cy to p lasm . 
These large granules  differ in  size, dens i ty  a n d  s t ru c tu re  from th e  “ spherica l 
b od ies”  described b y  E r ä n k ö  [6] in the  r a t ,  a n d ,  in our opinion, th e y  re p re 
sen t  a phase of ca techo lam ine  synthesis  (d o p am in e? ) .  We have also m e t  these  
“ spherical bodies”  in th e  adrena l  m edulla  o f  several ex per im en ta l  an im als , 
such as th e  frog, grass snake , domestic fowl, r a t ,  mouse, dog, e tc .,  how ever,  
we consider th e m  m ult ives icu la r  bodies.
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Since  be tw een  th e  a d ren a l in e -  and  n o ra d re n a l in e -c o n ta in in g  cells th e re  
is no  o th e r  difference th a n  th e  size of th e  g ranu les  in  th em , th e  q u es t io n  arises 
w h e th e r  th is  is a sa t is fac to ry  basis for th e  iden t i f ica t io n  of a cell ty p e .

Considering  t h a t  s t ru c tu ra l ly  th e  tw o  horm ones  are v e ry  s im ila r ,  and  
t h a t  u p  to  m é th y la t io n  th e i r  syn thes is  p re s u m a b ly  proceeds in  th e  s am e  way, 
th e  p re sen ce  or absence of th e  m e th y la t in g  enzym e m a y  decide w h e th e r  a p a r 
t i c u l a r  cell will p roduce  only  n o rad ren a l in e ,  or b o th  noradrena line  and  a d re 
n a l in e .  O n  th e  o ther  h an d ,  t h e  presence or absence  of an enzyme is n o t  n ecessa r
ily  a s so c ia te d  w ith  s ign if ican t  cell m orpho log ica l  differences.

A ssessm en t of th e  so-called “ d a rk  cells”  co n s ti tu te s  ye t  a n o th e r  p rob lem . 
In  o u r  o p in ion  th e  s im u ltaneous  occurrence  of large and  small g ranu les  in th e  
s a m e  cell m a y  be in te rp re te d  as follows: Som e cells continuously  co n ta in  those  
e n z y m e s  w hich  are needed  for  th e  syn thes is  o f  adrenaline in t h e  course  of 
c a te c h o la m in e  synthesis . In these  cells n o ra d re n a l in e is  only a t r a n s i to r y  pro
d u c t .  D u r in g  ac t iva t ion  of th e  m e th y la t in g  enzym e, the  n o ra d re n a l in e -c o n ta in 
ing g ra n u le s  m ay  g radua lly  t r a n s fo rm  in to  sm all granules con ta in ing  a d re n a l 
ine, w i th  th e  result t h a t  a t  t h e  sam e t im e  b o th  large and small g ran u les  will 
be  p r e s e n t  p roducing  th e  d a r k  cell ty p e  o f  t r a n s i to ry  cha rac te r  (Figs. 4, 5). 
H o w e v e r ,  a f te r  com pletion  of  th e  m e th y la t in g  processes, only th e  ad ren a l in e  
cells, c o n ta in in g  small g ranu les  rem a in  (Fig. 3).

O n  th e  basis of Y a t e s ’ [17] a n d  our ow n observa tions ,  th e  n o ra d ren a l in e -  
p ro d u c in g  capac ity  of th e  so-called “ N ebenze llen”  canno t be accep ted  w i th o u t  
r e s e rv a t io n ,  because when a ho m o g en a te  o f  th e  ad ren a l  medulla o f  th e  dog w as 
s e d im e n te d  w ith  3,000 g/30 m in . ,  i t  was found  t h a t  80%  of th e  to t a l  c a te c h o l
a m in e -c o n te n t  sed im ented  f rom  th e  granu les  was noradrenaline  (u n p u b lish ed  
d a ta ) .  T h u s  th e  no rad rena line  c h a ra c te r  o f  th e  la rge  granules was p ro v e d  b o th  
b y  s e d im e n ta t io n  and  b iochem ica l  m e thods .  A t th e  same t im e  th e  “ osmio- 
ph il ic  b o d ie s ”  in  th e  “ N ebenze llen”  described  b y  W e t z s t e in  differ s u b s ta n t ia l ly  
f rom  t h e  ty p ica l  ca techo lam ine  granules . F o r  sed im en ta t ion  of th e  c a tech o l
am in e -c o n ta in in g  granules H a g e n  and  B a r n e t t  [9] used 24,000 g/30 m in . The 
g r a v i t a t io n a l  power (3,000g/30min.) em p loyed  b y  us was, however, on ly  su ff i
c ien t  fo r  sed im en ta t io n  of t h e  larger  ones of  th e  noradrena line  granu les .

As we have succeeded in es tab lish ing  th e  p lace  of p roduc tion  a n d  s to rage  
o f  a d re n a l in e  and t h a t  of n o rad ren a l in e  also w ith  submicroscopic m e th o d s ,  
th e re  is h o p e  th a t  th e  com plica ted  ques t ion  of th e  selective secre tion  of  a d re 
n a line  a n d  noradrena line  m a y  be ap p ro a c h e d  also from the  po in t  o f  v iew  of 
c o m p a r a t iv e  m orphology.
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111 ST О С Н EM ISC H E U N D  E L E K T R O N E N M IK R O S K O P IS C H E  U N T E R S U C H U N G E N  
AM N E B E N N IE R E N M A R K  D E R  W A SSER SC H L A N G E  ( N A T R I X  N A T R I X )

Ü ber die S tru k tu r  des N eb en n ie ren m ark es der W asserschlange g ib t es w eder in der op
tisch e n , noch in der e lek tro n en m ik ro sk o p isch en  L ite ra tu r  A ngaben . In  der v o rlieg en d en  A rbeit 
h a b e n  die V erfasser m it h is to ch em isch en  und  e lek tro n m ik ro sk o p isch en  M ethoden  iin  N eben
n ie ren m ark  der W assersch lange drei Z elltypen  nachgew iesen. C h a rak te ris tisch  fü r den  1. Typ 
(»N oradrenalinzellen«) sind  d ie »großen K a techo lam inkörner« , m it einem  D urch m esser von 
e tw a 2500 Â, die N o rad ren a lin  e n th a lte n . D er 2. Z elltyp  (»A drenalinzellen«) is t  d u rch  die An
w esenheit der sogen an n ten  »kleinen K atecho lam inkörner«  gekennzeichnet, w elche einen D urch
m esser von etw a 1250 Á h a b en  u n d  A drenalin  e n th a lte n . Beide Z elltypen  b esitzen  helles Zy
to p la sm a , a rm  an Z ellorganellen . Im  3. T y p , in den so g en an n ten  »dunklen Zellen«, sin d  beide 
A rte n  der K a tech o lam in k ö rn e r (»kleine« und »große«) zu finden . A ußerdem  w urd en  in den 
»dunklen  Zellen« 0.5 — 1 .5 // g roße D opam in P recu rso rk ö rn er, G o lg i-A ppara te , m u ltivesicu läre  
K ö rp e r , wenige M itochondrien , viele P a lad e-K ö rn er und  vesiculäres E rg as to p la sm a  b eo b ach te t.
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ГИСТОХИМИЧЕСКОЕ И ЭЛЕКТРОННОМИКРОСКОПИЧЕСКОЕ ИССЛЕДОВАНИЕ 
НАДПОЧЕЧНИКА ВОДЯНОГО УЖА (N A T R IX  N ATRIX)

В оптической и электронномикроскопической литературе о вопросах, связанных со 
структурой мозга надпочечника Natrix natrix нет никаких данных. Настоящая работа, 
использующая гистохимические и электронномикроскопические методы, подтвердила, что 
в мозге надпочечника Natrix natrix можно различать три типа клеток. Для первого типа 
клеток (норадреналиновые клетки) характерно, что в них можно видеть большие катехо- 
ламиновые гранулы диаметром около 2500 Á. Эти клетки содержат норадреналин. Второй 
тип клеток можно определить на основе наличия в них маленьких катехоламиновых 
гранул, диаметр которых около 1250 Â. Эти гранулы содержат адреналин. Оба типа 
клеток имеют светлую цитоплазму и клеточные компоненты в них немногочисленны
N a tr ix  natrix.

Кроме описанных двух типов клеток, есть еще и третий тип, так называемые «тем
ные клетки», в мозге надпочечника Natrix natrix где можно видеть оба типа катехола
миновых гранул (большие и маленькие). Кроме этих гранул в этом типе клеток можно 
найти допаминовые гранулы, содержащие прекурзор (в диаметре 0,5— 1,5 /<), аппараты 
Голджи, мультивезикулярные тельца, небольшое число митохондриев, в большом коли
честве гранулы Паладе, и эргастоплазму везикулярного типа.

I s t v á n  B e n e d e c z k y  

A n d r á s  P u p p i  

A n d r á s  T i g y i

B udapest X I I I . ,  Szabolcs u. 33, H un g ary .  

Pécs, Rákóczi ú t  80, H ungary .
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ELECTRON MICROSCOPIC STUDY OF ADRENALINE 
AND NORADRENALINE SECRETION OF THE ADRENAL

MEDULLA
I .  B e n e d e c z k y * , A . P u p p i , A . T i g y i  and  K .  L lS S Á K
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(R eceived A pril 5, 1964)

Synopsis

We s tu d ied  ad ren a lin e  an d  n o rad ren a lin e  sec re tio n , elicited by  in su lin  load, w ith  
physio logical an d  e lec tro n  m icroscopical m e th o d s  in th e  ad ren a l m edu lla  o f th e  w hite 
la b o ra to ry  r a t  an d  th e  dog. U nder the  effect o f 10 IU /k g  insulin  in jec ted  su b cu tan eo u sly  
in to  th e  r a t  we m easu red  a 93.4%  decrease o f ad ren a lin e  c o n te n t 6 h o u rs  a fte r  a d m in 
is tra tio n  w ith  a s im u ltan eo u s  33%  increase  in n o rad ren a lin e  co n te n t. In  th e  e lectron  
m icroscopic p ic tu re , p a ra lle l w ith  th e  decrease  o f ad ren a lin e , we obse rv ed  a 40%  
decrease  in “ sm all g ran u le s”  (ab o u t 1,000 Â); a t  th e  sam e tim e th e  n u m b e r o f “ large 
g ran u les”  (2,000 A) in creased  to  60% . In tra v e n o u s ly  ad m in iste red  4 IU /k g  insu lin  gave 
a sim ilar resu lt in  th e  dog, b u t  th e  q u a n ti ta t iv e  re su lts  were less d e fin ite . In su lin -tre a te d  
m ed u llary  cells show  ch ara c te ris tic  subm icroscopic  changes as com pared  w ith  th e  n o rm al 
p ic tu re . T h u s th e  cy to p la sm  is o f th e  “ lig h t”  ty p e , h igh ly  vacuolized  a n d  co n ta in s  only 
a sm all n u m b er o f sec re to ry  granules. Golgi a p p a ra tu s e s  are o bservab le  in g rea t nu m b er 
a n d  ex ten siv e  fo rm s a n d  are  in  close connection  w ith  th e  sec re to ry  g ran u le s , m itochon
d ria  and  e rg asto p lasm . In  th e  a d ren a l m ed u lla ry  cells o f th e  n o rm al dog, beside c a te 
cholam ine g ranu les we iden tified  w ith  subm icroscopic  and  chem ical m e th o d s  dopam ine 
g ran u les  o f p recu rso ry  c h a ra c te r  and  0.5 —1 .5 /t in  size.

In troduc tion

Concerning th e  u l tracy to log ica l  analysis  o f  th e  secre to ry  a c t iv i ty  of  th e  
ad rena l  m edu lla ,  few d a ta  of l i te ra tu re  are  k now n . L e v e r  [1 2 ]  was th e  first 
to  exam ine  th e  subm icroscopic  s t ru c tu re  of  th e  ad rena l  m edu lla  in  norm al and  
d e n e rv a te d  ra ts ,  and  ra ts  exposed to  th e  effect o f  cold. Follow ing exposure 
to  cold, L e v e r  noticed  th e  num erica l increase of  light cells a n d  linked this 
phenom enon  w ith  th e  evacu a t io n  of sec re to ry  granules . W e t z s t e i n  [17] per
fo rm ed  e lectron microspic  exam ina tions  on th e  ad rena l  m edu lla  o f  mice, gui
nea pigs and  ca ts  an d  found  th a t ,  co m p ared  w i th  th e  norm al,  th e  e lectron 
abso rp tion  of ca techo lam ine  granules s ign if ican tly  decreases u n d e r  th e  effect 
o f  insulin . He a t t r i b u t e d  th is  fac t to  th e  consequences of ac tive  adrenaline- 
m obilization . W e t z s t e i n  claims th e  m erit  o f  f i rs t  connecting  e lec tron  m icro 
scopic ex am in a t io n  w i th  resu lts  o b ta in ed  b y  h is tochem ical an d  biochemical 
m e thods . This com parison  showed good ag reem en t  w ith  th e  q u a n t i ta t iv e  
changes o f  ad rena line .  These  ex am ina tions  as well as th e  results  in granule-frac- 
t io n iz in g o f  HiLLARP [1 0 ]  h ave  u n d o u b te d ly  p ro v e d  th a t  th e  ad ren a l in e  and  nor-

* P re se n t ad d ress : D e p a r tm e n t o f P a th o lo g y , P o s tg ra d u a te  M edical School, B u d ap es t.
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a d r e n a l i n e  conten t of th e  a d r e n a l  m edulla  is p re sen t  in th e  c y to p la sm  in th e  
g r a n u l a r  form. From  th e  u l t racy to lo g ica l  v iew po in t ,  however, i t  re m a in e d  to  
be  c la r i f ie d  w hether a d e f in i te ly  d is t inguishable  subm icroscopical r e p re s e n ta 
t io n  o f  th e se  two kinds of  h o rm o n e s  ex isted  or n o t .  Y a t e s  [ 1 8 ]  was th e  f irs t  
to  g iv e  a reassuring answ er t o  th is  question . S ta r t in g  from  th e  h is tochem ica l  
d a t a  o f  E r ä n k ö  [ 7 ]  he s e p a r a te d  w ith  a p h a se c o n tra s t  microscopic a n d  elec
t r o n  m icroscopic  m e th o d  a d re n a l in e  cells co n ta in ing  small granules  ( 7 0 0  

1 , 0 0 0  A), an d  noradrenaline  cells p roduc ing  large granu les  ( 1 , 0 0 0  3 , 5 0 0  Â) in
th e  a d r e n a l  medulla of th e  go ld  h a m s te r .  These concep ts  of Y a t e s  were s u p p o r t 
ed b y  s im ila r  results o b ta in e d  b y  W a s s e r m a n n  [ 1 6 ]  in snakes an d  B e n e d e c z k y  

a n d  co-w orkers  [2] in  grass  snakes .  The reliable iden tif ica t ion  o f  these  tw o 
k in d s  o f  granules is essen tia l ly  im p o r ta n t  for u n d e rs ta n d in g  th e  m ech an ism  of 
s e le c t iv e  secretion of ad re n a l in e  an d /o r  n o rad rena line .  K now ing  th e  selective 
a d r e n a l in e  mobilizing effect o f  insulin , insulin  load  was applied to  dogs a n d  
r a t s  t o  id en t i fy  — relying on th e  e lectron m icroscopic analysis of th e  m ob il iza 
t io n  o f  ca techolam ine g ra n u le s  -  adrenaline  resp . no rad rena line  g ranu les  
b y  t h e i r  different size and  e v a c u a t io n .  In  ad d it ion  we endeavoured  to  s tu d y  th e  
e le c t ro n  microscopic s t ru c tu re  of  m edu lla ry  cells, w hose h y p e rac t iv e  s ta te  was 
e l ic i te d  b y  insulin loading a n d  th e  u l t r a s t ru c tu ra l  changes of cell c o m p o n en ts  
(Golgi a p p a ra tu s ,  e rg as to p la sm , m itochondria )  in vo lved  in th e  sec re to ry  p ro 
cesses.

M a te r ia l  and m ethod

I n  o u r  experim ents we u sed  la b o ra to ry  w hite ra ts  an d  dogs. On the  d ay  before in su lin  
lo a d  w as  a p p lied  we rem oved u n ila te ra lly  th e  ad renals of th e  ra ts . A fter w eighing th e  ad ren a ls  
w ere  su sp e n d e d  in 5% tr ic h lo ro ac e tic  acid . A fter filte rin g  th e  e x tra c t  w as sh aken  w ith  a e th e r  
to  re m o v e  trich loroacetic  acid. T h e  q u a n ti ty  of w et-phase  ca tech o lam in e—div id ed  in to  tw o 
e q u a l p a r ts  — was oxidized on p H  4, p H  6 values w ith  iod ine o x id a tio n  in to  ad ren o -, resp . 
n o ra d re n o e h ro m e . The coloured p ro d u c t  h a s  been p h o to m e trized  in  a Pu lfrich  p h o to m e te r  on 
529 mju  [15]. The adrenals o f 22 r a t s  w ere used for pu rposes o f n o rm al con tro l. In su lin  load  
w as a p p lie d  on the first p o s to p e ra tiv e  d a y . 10 IU  insu lin /kg  b o d y  w eigh t was in je c te d  su b cu 
ta n e o u s ly  in to  each anim al. To p r e v e n t  insu lin  shock we gave in tra p e rito n ea lly  1 — 2 m l 5%  
d e x tro s e  p e r  anim al. Six hours a f te r  th e  ad m in is tra tio n  of in su lin  th e  ra ts  were d e c a p ita te d  
a n d  th e ir  ad ren a ls  cut in tw o e q u a l p a r ts .  One h a lf w as used  fo r chem ical d e te rm in a tio n  while 
th e  o th e r  fo r electron m icroscopic em b ed d in g . In  th e  case o f dogs, b ila te ra l ad ren a ls  o f 5 an i
m als  w e re  u sed  for the d e te rm in a tio n  of ad renaline  an d  n o rad ren a lin e  values. In su lin  load  was 
a p p lie d  to  fiv e  anim als and  4 IU  in su lin /k g  body w eigh t g iven  in trav en o u s ly . One a n d  h a lf  
h o u r  a f te r  th e  adm in istra tio n  of in su lin  we killed th e  an im als  by  in tra c a rd ia l  a d m in is tra tio n  
of e th e r .  S im ultaneously  w ith  th e  ch em ica l d e te rm in a tio n , we to o k  sam ples o f th e  ad ren a l 
m e d u lla  o f  each  anim al for e le c tro n  m icroscopic purposes. F o r th e  p re p ara tio n  of e lectron  
m ic ro sc o p ic  m ateria l we p refixed  fo r 48 hours m edu llary  p a r ts  o f 1 m m 3 w ith  a m eth o d  d ev el
o p e d  b y  u s  [1] in 3.5% fo rm alin  (p H  7.6). S ubsequen tly  f ix a tio n  w as carried  o u t for 1 h o u r, 
a c c o rd in g  to  P alade [14]. E m b e d d in g  w as perform ed w ith  M ercer’s [13] m eth o d  in a ra ld ite , 
s e c tio n in g  w ith  LK B U ltro to m e . S ec tio n  th ickness: 300 — 500 Â. C on trasting  w as p e rfo rm ed  
w ith  le a d , according to K a r n o v s k y  [11]. E lectron  m icroscopic p ic tu res  were m ade  w ith  an  
E L M I D 2 (Zeiss, Jena) a p p a ra tu s . T h e  d iam ete rs  of th e  ca techo lam ine  granules w ere m easu red  
on  13 X 18 cm  figures w ith  a 16,000 X m agn ifica tion . W e ra n g ed  th e  granules o f 2 m m  (a b o u t 
1 ,000 Â ) a n d  of smaller d iam ete r in to  th e  group of “ sm all g ran u le s” . Those h av in g  a d iam e te r 
a b o v e  2 m m  (1,500 3,500 Á) fo rm e d  th e  group of “ large g ran u le s” .
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Results

We found  the  m ean  value  of ad ren a l in e  c o n te n t  of the n o rm a l  r a t  a d re 
nal m edu lla  to  be 1034 / /g/g (350 1800 /<g/g), the  no rad ren a l in e  c o n te n t ,  
how ever ,  to  be 480 //g/g (210 1700 //g/g). U n d e r  the  effect of 10 lU / k g  body  
w eigh t  insulin in jected  su b cu tan eo u s ly ,  th e  adrena line  conten t o f  th e  ad rena ls  
decreased  by  93.4% * af te r  6 hours. On th e  o th e r  hand , a 33%  in c rease  was ex
perienced  in the  noradrena line  con ten t**  (Fig. 1).

.Fig. / .T h e  ca techo lam ine  c o n te n t o f the  r a t ’s ad ren a l in  norm al s ta te , an d  6 h o u rs  a f te r  the 
su b c u ta n e o u s  a d m in is tra tio n  of 10 IU /k g  in su lin . 1. T he ad ren a lin e  con ten t o f th e  c o n tra la te ra l  
co n tro l. 2. A dren alin e  c o n ten t 6 hours a f te r  th e  a d m in is tra tio n  of insulin. 3. T h e  n o ra d re n a lin e  
c o n te n t of th e  c o n tra la te ra l co n tro l. 4. N o rad ren a lin e  c o n te n t 6 hours a fte r th e  a d m in is tra t io n

of in su lin

F o r  ev a lua ting  th e  u l t r a s t ru c tu ra l  changes caused by  in su lin -e ffec ted  
ad ren a l in e  m obilization , f irs t  we s tu d ie d  cells o f  th e  normal a d re n a l  m edulla ,  
and  found  t h a t  th e  “ d a rk  t y p e ”  of c y to p la sm  and  its rich p a t t e r n  in  cell or
ganelles is charac ter is t ic  of th e  e lec tron  microscopic s tru c tu re  o f  t h e  norm al 
ad re n a l  m edulla . The m em b ran e  of  th e  p la sm a  shows mostly a d o u b le  a r ra n g e 
m e n t ,  in some places, however, it  is b lu rred .  T he  most conspicuous s t ru c tu re s  
o f  t h e  cy top lasm  are th e  ca techo lam ine  g ranu les  of great density ,  b o rd e re d  by 
a m e m b ra n e ,  or m em braneless , h a v in g  m ost ly  rounded  profiles, xvhich in  th e  
n o rm a l  cells are observable  generally  in  even dis tr ibu tion . The s e c re to ry  g ran 
ules are in some instances in im m e d ia te  c o n ta c t  with the  c y to p la s m ,  whereas 
in  o th e r  cases, th e y  have  a so-called “ ligh t  h a lo ” .

‘ M ean v a lu e : 68 //g /g , ex trem e  v a lu es : 5 0 — 180 //g/g. 
“ M ean v a lue : 6 5 0 //g /g , ex trem e  v a lu es: 5 0 0 - 1800//g/g.
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T h e  e rgas top lasm  a p p e a r s  generally in a “ v es icu la r”  form, th e  lam e lla r  
t y p e  can  be found b u t  r a r e ly .  The m em branes  o f  th e  ergastoplasmic c istern  
c o n ta in  in  m an y  in s ta n c e s  o n ly  very few g ra n u le s  a n d  sometimes seem  to  be 
e n t i r e ly  devoid of t h e m .  I n  so m e  cases so-called “ in trac is te rn a l  ca techo lam ine  
g ra n u le ”  is present in t h e  l ig h t  lumen of th e  c is te rn .  Besides, num erous  m ito 
c h o n d r ia  and  P a lad e  g ra n u le s  of diffuse d i s t r ib u t io n  are found in th e  c y to 
p la sm . The Golgi a p p a r a tu s ,  however, is p re se n t  m o s t ly  bu t  in th e  l ig h t - ty p e  
cells.

T h e  size of t h e  ca tech o lam in e  granules v a r y  on a wide ran g e  even 
w i th in  th e  same cell. B es ide  granules with v e ry  sm a l l  d iam eter , of a b o u t  500 Â, 
g ran u les  of 1,000 Â d o m in a te ,  b u t  those of 2 ,000 Ä are  also represen ted  in sig
n i f ic a n t  num bers .  O f 685 co u n te d  and m e a su re d  granules, 81%  be longed  to  
t h e  g roup  of “ small g r a n u le s ”  and 19% to  t h a t  o f  “ large granules”  (Fig. 2).

As a result of insu lin -e ffec ted  adrenaline m ob il iza t ion ,  significant c h a n g 
es to o k  place in th e  c y to p la s m .  Among these  t h e  m o s t  s trik ing were th e  ’T ig h t” 
p a r t s  o f  th e  cy top lasm , t o t a l l y  free from g ra n u le s ,  th e  em pty  m em b ran es  of 
th e  ev a c u a ted  g ranu les ,  a n d  th e  presence o f  la rge  cytoplasmic vacuoles. 
W h e n  m easuring  th e  d ia m e te r s  of residual g ra n u le s  in  the  m edullary  cells of 
in su l in - t re a te d  an im als ,  w e found th a t ,  bes ides  t h e  relatively s u b s ta n t ia l  
in c rease  of “ large g ra n u le s” , th e  numerical r a t io  o f  th e  so-called “ sm all  g r a n 
u le s”  (500 1,000 Â) was conside rab ly  red uced as com pared  w ith  th e  no rm al.
O f 325 granules, 6 0 %  b e lo n g e d  to  the  large g ra n u le s  and 40%  to  th e  sm all 
ones. C om paring th e  t r e n d  in  th e  change of b io c h e m ic a l  da ta  with th e  change 
in  th e  in trace llu la r  r a t io  o f  granules  of various size, i t  can be asce r ta ined  t h a t  
a para l le l ism  exists b e tw e e n  adrenaline a n d  t h e  num erica l  decrease o f  small 
g ranu les ,  as well as b e tw e e n  noradrenaline  c o n te n t  a n d  th e  num erical increase  
of  th e  large granules (F ig . 3).

Golgi ap p a ra tu se s  c a n  b e  observed in g re a t  n u m b e rs  and ex ten d ed  form s 
in  insu lin  t re a te d  m e d u l la ry  cells. In  the  Golgi a p p a ra tu s  shown in Fig. 3, 
n u m e ro u s  e lectron-dense g ran u le s  may be o b se rv e d  in  addition  to  th e  likewise 
g re a t  n u m b e r  of Golgi vésicu les . The n u m e ro u s ,  h ig h ly  developed lam ellae ,  
v acuo les  and  vesicles, t h e  s ec re to ry  granules g a th e r in g  in the  Golgi-region, an d  
th e  v e ry  close m o rpho log ica l  connection of  G o lg i-m itochondrium -ergas top lasm  
ev idence  th e  effective f u n c t io n  of the Golgi a p p a r a tu s .

D u r in g  our f u r th e r  experim en ts ,  we h a v e  f o u n d  th e  cell ty p e  descr ibed  
in  r a t s  also in th e  n o rm a l  dog. Here the  c y to p la s m  is of the  da rk  ty p e ,  v e ry  
r ich  in Palade  granules  (F ig .  4).

T h e  m a jo r i ty  of c a tech o lam in e  granules is con f in ed  by m em branes ,  som e 
o f  t h e m  have a l igh t ha lo ,  while others h av e  n e i th e r  haloes nor m em b ran es .  
In  t h e  ad rena l  m ed u lla ry  cells of the  norm al dog  t h e  ra t io  of th e  “ large  g ra n 
u le s” , as re la ted  to  th e  r a t ,  is higher and, on th e  a v e rag e ,  reaches 35% . I n  th is  
in s ta n c e  th e  n u m b e r  of  m e a s u re d  granules w as  812. I t  should be n o te d  t h a t
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accord ing  to  l i te ra ry  d a ta  no rad rena line  c o n te n t  in the  dog ad ren a l  reaches  as 
m u ch  as 30 5 0 %  of th e  to ta l  ca tech o lam in e  q u a n t i ty  [5]. D uring  o u r  e x a m 
ina tions  we found th e  adrena line  con ten t  o f  th e  dog adrenal to  be 850 /лg/g, 
as m ean  value . (E x tre m e  values: 500 900 /Lg/g.) The average v a lu e  o f  n o ra d 
rena line  co n ten t  was 430 ц g/g. (E x tre m e  va lu es :  400 600 /tg/g). F o r  fu r th e r
ob se rv a t io n  of  g ranu le  m obilization, we app l ied  insulin load also to  dogs 
(4 IU /kg , i.v.) (Fig. 6).

Beside th e  3 7 %  decrease in ad ren a l in e  (m ean  value 500 /zg/g; ex trem e  
va lues  480 850 y/g/g) th e  no rad rena line  c o n te n t  itself rem ained  essen tia lly
u n c h a n g e d  (m ean  v a lue  410 /<g/g, e x t re m e  va lu es :  400 — 560 /ig/g). C om paring  
th is  va lu e  with t h a t  ob ta in ed  in th e  r a t  (9 3 .4 %  af te r  6 hours) we a sce r ta in ed  
t h a t  d u r ing  one and a ha lf  hour  a r e la t iv e ly  g rea t  q u a n t i ty  of a d re n a l in e  was 
m obilized, on th e  o th e r  h and ,  no increase in noradrena line  was obse rved .

In th e  e lec tron  microscopic p ic tu res  o f  th e  adrenal m ed u lla ry  cells, the  
changes described in th e  ra t  were m an ifes t  only  to  a lesser e x t e n t  (Figs. 5 
a n d  7).

I n  some cases th e  cy top lasm  is o f  t h e  “ l ig h t” ty p e ,  highly v acuo lized  in 
m a n y  places; elsewhere, however, it  r e ta in e d  its “ d a rk ” c h a ra c te r .  In  con
fo rm ity  w ith  th e  37%  decrease in ad re n a l in e  we found ce Ils (Fig. 5) in which 
ad ren a l in e  m obiliza tion  was accom pan ied  b y  a significant n u m erica l  decrease 
o f  th e  granules , b u t  we have observed also cells in which th e  c h a rac te r is t ic  
u l t r a s t r u c tu r a l  changes following e v a c u a t io n  were not s ign if ican t  (Fig. 7, 
“ d a r k ”  cell).

B ased  on th e  d iam etr ic  d e te rm in a t io n  o f  th e  granules, th e  “ large  gran- 
u le”  f rac t ion  was 5 4 %  in 570 ca techo lam ine  granules. The ra t io  o f  t h e  small 
g ranu les  decreased from  65 to  46% . S ince, according to  chem ical d a ta ,  the  
n o rad ren a l in e  co n ten t  showed no s ign if ican t  change under th e  effect of in su 
lin t r e a tm e n t ,  increase in  th e  pe rcen tu a l  v a lu e  of the  large g ranu les  is only a 
re la t iv e  num erica l increase, since due to  ad ren a l in e  secretion, th e  d is t r ib u t io n  
o f  th e  tw o  k inds  of  granules shifted  in  fa v o u r  of th e  non -sec re t in g  large 
g ranu les .

Beside th e  above-described cell t y p e  in th e  adrenals of th e  n o rm a l  dog we 
h av e  observed  also cells in which, a p a r t  f ro m  typ ica l  ca techo lam ine  granules 
m u c h  larger, 0.5 1.5 ц  sized m em b ra n e -b o rd e re d  granules are a lso  present
w hich  h av e  a finely g ran u la ted  in te rn a l  s t ru c tu re  (Fig. 8).

So far, no m ention  has been  m ad e  in  e lectron microscopic l i t e r a tu re  of 
th e  ad rena l  m edulla  of this ty p e  of  g ranu les .  One of the ir  ch a ra c te r is t ic  fea
tu re s  is th e i r  v a ry in g  e lec tron-absorp tion , b u t  th e y  are always l ig h te r  t h a n  the 
ty p ic a l  ca techo lam ine  granules. I t  is f r e q u e n t ly  observable t h a t  in  one  of the ir  
poles a small g ranu le  of great dens i ty  is p re sen t ,  rem inding of ca tech o lam in e  
granules .  W e h av e  also observed in sev e ra l  instances t h a t  c a techo lam ine  
granu les  can be seen ad jacen t  to  th e  loosened  discontinuous m e m b ra n e  of
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Fig .  2.  N o rm a l ad ren a l m ed u lla ry  cell in ra t. The 44d a rk ” - ty p e  cy top lasm  contains n u m ero u s  
se c re to ry  g ran u les  (g2, g 3) in  even  d is tr ib u tio n . E rg as to p lasm  (E r)  is p resen t in  a vesicu lar fo rm . 
In tr a c is te rn a l  granules (icg) are o b se rv ab le  in several [»laces. T he m itochondria  (M) h av e  an  
e lo n g a ted  fo rm , of d ark  c h a ra c te r. A g re a t num ber o f P a lad e  granu les (P) can be seen in th e

cy top lasm . X 18,000
N : n u c le u s  G: Golgi a p p a ra tu s

N e: n u c le a r  m em brane  E r:  e rgastop lasm
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these  granules  giving th e  im pression t h a t  th e y  are  in  the  phase  o f  e x t ru s io n  
from  th e  large granu le  (Fig. 8).

Discussion

T h o u g h  several au tho rs  h ave  s tu d ied  th e  submicroscopic o rg a n iz a t io n  
o f  th e  ad ren a l  m edulla  [2, 4, 8, 12, 16, 17, 18], u n ti l  qu ite  recen tly  no  def in i te  
d a ta  o f  un iversa l v a l id i ty  could be found  reg a rd in g  th e  u l t r a s t ru c tu re  o f  th is  
o rgan. L e v e r  [12] was the  f irs t  to  s tu d y  in 1955 th e  subm icroscopic  s t ru c tu re  
of  th e  no rm a l  and d en e rv a ted  adrena l  m ed u lla  o f  th e  ra t ,  and t h a t  exposed  
to  th e  effect o f  cold, and  in th e  course o f  inves tiga tions  drew se v e ra l  n o te 
w o r th y  conclusions. Those observa tions  w hich  refer to  th e  form, size, d e n s i ty  
and  in te rn a l  s t ru c tu re  of secre to ry  granu les  are  essentially  valid  ev en  to d a y .  
I t  b ecam e  ev iden t  for L e v e r  t h a t  th e  size o f  secre to ry  granules w ith in  t h e  n o r 
m al cells changed  over a wide range. He did  no t  a t ta c h ,  however, p a r t ic u la r  
im p o r tan ce  to  th is  observa tion  an d  ascribed  th is  change in size to  ad ren a l in e  
syn thes is  and  to  th e  m o m e n ta ry  s ta te  o f  secre tion  respectively. O n ly  m uch  
la te r ,  in 1962, did Y a t e s  and  co-workers [18] come to th e  conc lus ion  th a t  
g ra n u la r  size can he principal d e te rm in a n t  o f  a cell-type. W ith  h is to ch em ica l  
an d  e lec tron  microscopical m e th o d s  th e y  iso la ted  in the  gold h a m s te r  two 
cell ty p e s  con ta in ing  granules of  d ifferen t size. T he  periphera l cells, c o n ta in in g  
m a in ly  large granules (on th e  average , 2,000 Â), p roved  to be h is to ch em iea l ly  
n o rad ren a l in e -p ro d u c in g  cell varie ties ,  while in th e  cells con ta in ing  sm a l l  g r a n 
ules (1,000 Á), th e y  succeeded in t ra c in g  ad rena line .  Electron m icroscop ica lly  
a n d  h is tochem ieally  we succeeded in d e m o n s t ra t in g  these two cell- types  and  
tw o  k inds  of granules in th e  grass snake  [2]. All these  observations re p re se n t  
a fu n d a m e n ta l ly  new v iew poin t reg a rd in g  adrena line  and n o ra d re n a l in e  
secre tion  of  th e  ad rena l  m edulla .  N am ely ,  in  th e  following we c a n n o t  s p e a k  of 
ca techo lam ine  granules in general as does W e t z s t e i n  [17], b u t  o f  g ranu les  
con ta in in g  adrena line  and /o r  n o rad ren a l in e  (a t  least  in case of th e  species m e n 
t ioned) .  I t  seems also probab le  t h a t  th e  “ osmiophilic  corpuscles”  o f  th e  “ N e
benze llen”  described by  W e t z s t e i n  are n o t  iden tica l  w ith  th e  n o ra d re n a l in e  
“ ranu les .  N am ely  H a g e n  and B a r n e t t  [9], as well as B e n e d e c z k y  [ 3 ] ,  isolat-

cm : cell m em brane  
M: m ito ch o n d ria  
g,: dop am in e  g ranule  
g2: n o rad ren a lin e  g ranule  
g 3: ad ren a lin e  g ranule

V: vacuole 
P: P a lad e  g ran u le  

bm : basal m em b ran e  
icg: in tra c is te rn a l g ranule

Fig. 3. A dren al m ed u lla ry  cell, in su lin -tre a ted  r a t ,  6 ho u rs  a f te r  th e  a d m in is tra t io n  of in 
su lin . T he cy to p lasm  is o f th e  “ ligh t ty p e ” , its  sm a ll-g ran u le  (g 8) c o n ten t is s ig n ifica tly  red u ced . 
T h e  g re a t m a jo r ity  of g ranules p resen t can  be ra n g ed  in to  th e  large granule (g2) g ro u p . The 
Golgi a p p a ra tu s  (G) is com posed of w ell-developed lam e lla r  and  vesicular c o m p o n en ts . Several 
“ large g ran u le s”  (g2), m ito ch o n d ria  (M) a n d  P a lad e  g ran u les  (P ) are observab le  in  th e  Golgi- 
zone. A sig n ifican t n u m b er of e m p ty  vacuoles (V) can  be fo u n d  in th e  cy to p la sm . X 18,000

3* Acta Biol. Hung. 15. 1965



2 9 2 I. B E N E D E C Z K Y  e t  a l.

Fig. 4. N orm al ad ren a l m e d u lla ry  cell of dog. C a tech o lam in e  granules (g2, g.3) a re  s itu a te d  
in  th e  d a rk -ty p e  c y to p la sm  e ith e r  freely  su rro u n d ed  b y  a m em brane  or in  c is te rns w ith  a 
sm o o th  surface  (icg). T h e  se c re to ry  granules show  a s ig n ific a n t difference in  fo rm  an d  size.

P a la d e  granules (P )  are  p re sen t in g reat q u a n ti t ie s  ra llied  in to  zones. X 15,000 
Fig.  5. P o rtio n  of a d ren a l m ed u lla , dog, 1.5 hours a f te r  in su lin  ad m in istra tio n . T he cy to p la sm  
is l ig h te r  th a n  the  n o rm al a n d  co n ta in s several v acuo les (V). T he num erical decresae of sec re 
to ry  g ran u le s  is especia lly  m a n ife s t  in  case of th e  in tra c is te rn a l  granules (icg). A m ong th e  
ca tech o lam in e  g ranules p re se n t, those  w ith  1,500— 2,000 Â d iam ete r (g2) d o m inate  as a g a in s t

th e  sm all ones (g :{); X 15,000
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ed b y  u l t ra c e n tr i fu g a t io n  tw o  granule f rac t io n s  from  the  hom ogenized  a d re 
nal m edu lla  of th e  cow an d  dog respectively  a n d  found  the  g rea te r  p a r t  o f  the  
first sed im en ta t io n  frac t io n  o f  g rea ter  specific  g ra v i ty  (in dogs a b o u t  70% ) 
to  be no rad rena line .  B ased  on these d a ta ,  f u r th e r  on d iam eter  d e te rm in a t io n s  
of  g ranu les  m ad e  in  th e  r a t ,  dog a n d  sn a k e ,  we are o f  the  op in ion  t h a t  
in case of lower ob jec ts  (frog, snake) tw o  k in d s  of  cells, one p ro d u c in g  a d 
renaline, the  o th e r  no rad rena line ,  func tion  s im u ltaneously .

As opposed to  Y a t e s  [18] and  to  our ear l ie r  results  [2], we did n o t  succeed 
in  observ ing  cells o f  p u re ly  small granules in  r a t s  and  dogs. The ca techo lam ine

Fig. 6. C atecholam ine c o n te n t of th e  dog’s ad ren a l in  th e  n o rm al s ta te  and  o n e -a n d -h a lf  hour 
a f te r  iv . a d m in is tra tio n  of 4 IU /k g  insulin . 1. A d ren a lin e  c o n te n t of th e  con tro l. 2. A d renaline  
c o n te n t o n e -an d -h a lf  h o u r a f te r  in su lin  a d m in is tra tio n . 3. N o rad renaline  co n te n t o f th e  con tro l.

4. N o rad ren a lin e  c o n te n t o ne-and-ha lf h o u r  a f te r  insu lin  a d m in is tra tio n

granules  of no rm a l  m edu lla ry  cells in ra ts  a n d  dogs show great d ifferences in 
size w ith in  each cell. In  th e  ra t ,  e.g. 8 1 %  of all granules have a d ia m e te r  of
1,000 A or less, (so-called “ small g ranules” ), while 19%  are of 1,500 2,000 A
(“ large g ranu les” ). This p roport ion  is in good  agreem ent with th e  chem ically  
de te rm in ed  no rm a l  ad rena line  and/or n o ra d re n a l in e  con ten t (which, accord ing  
to  ou r  resu lts ,  is 1,034 [ig/g adrenaline resp . 480 fig /g no rad rena line)  if  we 
t a k e  in to  considera tion  th a t  th e  “ vo lum e o f  th e  large granu les”  w i th  th e ir  
d iam e te r  a lm ost  tw ice  as large, rep resen ts  a m u c h  g reater  am o u n t  o f  n o ra d re 
naline.

In  dogs an d  ra ts ,  in  which only a d re n a l in e  is mobilized se lec t ive ly  by  
insulin , it  can be s t a t e d  t h a t  in all p ro b ab i l i ty  t h e  rem ain ing  granules  o f  2.000 A 
d ia m e te r  co n ta in  n o rad rena line .  This p r e s u m p t io n  is in full h a r m o n y  w ith  
b iochem ical d a ta ,  accord ing  to  which th e  q u a n t i t y  of ad rena line  decreases 
by  93 .4%  u n d e r  th e  effect of insulin load , bes ide  th e  30%  increase  in  n o ra d 
rena line  con ten t .  In  th e  insu lin - trea ted  m e d u l la ry  cells th e  q u a n t i t a t iv e  ad re 
na line  decrease was followed by  th e  nu m erica l  decrease of th e  “ sm all g ran u le s” . 
W hile  in th e  case of  th e  norm al ra t  8 1 %  o f  t h e  to ta l  granules were  sm all  g ra n 
ules, in  th e  m ed u lla ry  cells of th e  in su l in - t r e a te d  animals th e  sh a re  of  th e
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Fig.  7. S am e  as Fig. 5. Tt is well o b se rv ab le  in  th e  ligh t cell th a t  th e  cy top lasm  is a lm o s t en 
t ir e ly  free  o f  granules, and those  p re se n t belong to  th e  large  g ran u les  (g2). The n e ig h b o u rin g  d a rk  
cell r e ta in e d  its  e lectron -d ispersing  c ap a c ity , a lth o u g h  it  co n ta in s  a t  the  sam e tim e , sev e ra l 

e m p ty  vacuoles (V). Also sm a ll g ranu les (g 3) occu r in  th e  dark  cell. X 18,000

“ s m a l l  g ran u les”  sank  to  4 0 % .  T he  33%  inc rease  in noradrenaline  c o n te n t ,  
fo l low ing  th e  insulin load  w as , on th e  o th e r  h a n d ,  accom panied  b y  a rise to  
6 0 %  in  t h e  num ber  of la rge  g ranules .  Insu lin  load  applied  to  th e  dog as 
d iscu ssed  w hen  su rvey ing  th e  resu lts  has sho w n  a similar effect, b u t  th is
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Fig. 8. N orm al ad ren a l m ed u llary  cells o f dog w ith  0.5— 1.5 ft dopam ine g ran u le s  (g ,) and  
c a tech o lam in e  granu les (g2, g 3). T he h o rdering  m em b ran e , finely  g ra n u la ted  in te rn a l  s tru c tu re  
a n d  th e  g re a t difference in  th e ir  e lec tro n -d isp ersin g  ch arac te r  is well ob se rv ab le  even  w ith in  
th e  sam e cell. W ith in  th e  dopam ine  g ran u le  m ark e d  w ith  a cross (-f-) a s tru c tu re  rem in d in g  
o f th e  catech o lam in e  granu le  is p resen t, while in  th e  place m arked  w ith  an  arrow  (—>) th e  m em 
b ran e  d isc o n tin u ity  is discernib le an d  n e x t to  i t  th e  secre to ry  g ranule  o f g re a t  d e n s ity  and 
c a tech o lam in e  c h a ra c te r, p re su m ab ly  in th e  ph ase  o f shoo ting  ou t, or in th e  p e rio d  im m ed ia te ly

follow ing it.  X 18,000
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change  has  n o t  reached  the  q u a n t i ta t iv e  va lues  m easu red  in ra ts .  This q u a n t i 
t a t i v e  difference is, how ever,  easy to  u n d e rs ta n d  b y  th e  fac t t h a t  th e  load  was 
app lied  for only  on e-an d -h a lf  h o u r  and  the  q u a n t i t y  of th e  insulin in jec ted  was 
con s id e rab ly  sm aller  (4 IU /kg)  th a n  in case of  th e  ra t .  Based u p o n  all th e se  
o b se rv a t io n s  we p resum e t h a t  “ sm all g ran u les”  o f  adrenaline  co n ten t ,  a n d  
“ large  g ra n u le s”  of  n o rad ren a l in e  con ten t  coexist  w ith in  each ind iv idua l  cell 
in th e  ad re n a l  m ed u lla ry  cells of th e  r a t  a n d  dog.

W e find  th e  presence o f  0.5 1.5 /г size granu les  in th e  m edu lla ry  cells
of th e  n o rm a l  dog, an d  th e ir  role in respect to  ca techo lam ine  synthesis , h igh ly  
in te re s t in g .  N one of th e  researchers  engaged in  th e  inves t iga t ion  of th e  a d r e 
na l  h a v e  re p o r te d  on granu les  of such size, fo rm  and  density . E r ä n k ö  [8] 
has, how ever ,  m en tio n ed  so-called “ spherical b o d ie s”  when dealing w ith  one 
ce ll- type  of th e  ra t  ad rena l ,  b u t  has offered no concep t  w hatsoever reg a rd in g  
th e i r  orig in  or role. I t  is su rp r is ing  t h a t  n e i th e r  L e v e r  [12] nor o the r  a u th o rs  
[16, 17, 18] shou ld  h av e  fo u n d  these  s t ru c tu re s  e i th e r  in  norm al or in insu lin  
t r e a t e d  m e d u lla ry  cells of r a ts .  On the  o th e r  h a n d ,  th e  0.5 1.5 fi (large)
g ranu les  observed  by  us in dogs occur in lower or h igher  num bers  also in th e  
ra t .  W e believe it im p o r ta n t  to  no te  th a t  лее d id  n o t  succeed in f inding th e se  
s t ru c tu re s  w hen  using m eth ac ry l ic  em bedding . Fo llow ing  em bedding in a ra ld i te ,  
how ever ,  th e y  could be well recognized and  id en t i f ied  in  great num bers .  Since 
th e  m a jo r i ty  of  works pub lished  on th e  ad rena l  m edu lla  are based on m e th a -  
crvlic e m b ed d in g ,  we infer t h a t  it  is due to  th e  h a rm fu l  effect of th is  e m b e d 
d ing  s u b s ta n c e  t h a t  o th e r  au th o rs  were un ab le  to  d e m o n s tra te  these  specific  
p re c u rso r  granules . T he  fac t  t h a t  w ith in  these  specific  granules very  f re q u e n t ly  
a sm a lle r  g ranu le  (1 ,0 0 0 —2,000 Á) of g rea t  e lec tro n -ab so rp t io n  is p re sen t ,  
leads us to  th e  conclusion t h a t  we are  confron ted  w i th  a p recursor g ranu le  o f  
ad ren a l in e  and /o r  n o rad ren a l in e  which, as a resu lt  o f  our recent e x am in a t io n s  
[3], w as found  chem ically  to  be dopam ine. T h e  d iscon tinu it ies  to  be observed  
on th e  m e m b ra n e s  of these  g ranules ,  which m ig h t  serve as shooting spots  for  
th e  r ipe  sm all g ranule  are h igh ly  th o u g h t-p ro v o k in g .

F ro m  am ong  th e  cell organelles of th e  a d re n a l  m edulla , we know  esp e 
cially l i t t le  ab o u t  th e  Golgi a p p a ra tu s .  W e t z s t e i n  [17] d em o n s tra ted  it  on ly  
in “ N ebenze llen” . D e  R o b e r t i s  [6] on th e  o th e r  h a n d  f inds th e  G olg i-na tu re  
of th is  o rgane llum , described in  th e  “ N ebenze llen”  ques t ionable  and  reg a rd s  
it  as a d eg en e ra ted  m ito ch o n d r ia l  g row th  ob se rv ab le  in th e  zona fasc icu la ta .  
T h o u g h  F e v e r  [12] p u b l ish ed  an i l lu s tra t io n  in  w h ich  th e  Golgi a p p a ra tu s  
is m a rk e d ,  i t  reveals v e ry  l i t t le  of th e  fine s t r u c tu r e  of th e  Golgi a p p a ra tu s .  
We succeeded  in f ind ing  th e  Golgi a p p a ra tu s  [2] in  cells of norm al cond it ion  
in  th e  dog, r a t ,  frog a n d  also in th e  snake, and  acco rd ing  to  the  classical d e f i 
n i t ion  i t  is com posed of tw in  lam ellae , a g rea t  n u m b e r  of vesicles, and  Golgi 
vacuoles . 5 — 6 hours  a f te r  th e  insulin  load w h e n  — according to  b iochem ical 
d a ta  — a considerab le  p a r t  o f  ad rena line  has e v a c u a te d  from  th e  adrenal,  we
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succeeded in observ ing  th e  Golgi a p p a ra tu s  in r a ts  and  dogs in th e  in i t ia l  phase 
of resynthesis  in a ve ry  highly developed fo rm . In  this h y p e rfu n c t io n a l  s ta te  
th e  ac tive  Golgi a p p a r a tu s  is cha rac te r ized  b y  th e  following fea tu re s :

(1) Several, h igh ly  developed tw in  lam ellae  with a g rea t  n u m b e r  of 
Golgi vesicles on tb e i r  ends and m arg ina l  p a r t s .

(2) Many P a la d e  granules w ith in  t h e  Golgi ap p ara tu s ,  several secre to ry  
granules of  g rea t  d e n s i ty  and  vary ing  size, h ig h ly  e lec tron-absorp tive  sh o r te n e d  
m itochondria  are  observable .

(3) In  ce r ta in  spo ts ,  a direct m o rpho log ica l  connection ex is ts  be tw een  
e rgas top lasm , m i to c h o n d r iu m  and Golg i- lam ellae , and also b e tw e e n  Golgi 
vesicles and  sec re to ry  granules.

Based on all th e se  d a ta  we assum e t h a t  also the  Golgi a p p a r a tu s  is d i
rec t ly  involved  in  t h e  fo rm ation  of th e  se c re to ry  granules which c o n ta in  th e  
tw o  horm ones o f  th e  adrena l  medulla.

As to  th e  m ech an ism  of the fo rm a t io n  o f  th is  secretory p ro d u c t ,  a n d  th e  
p a r t ia l  func tion  b y  th e  Golgi a p p a ra tu s  in  th i s  process as a whole, no ex ac t  
answ er  can be g iven  y e t  a t  present.

The role of  th e  lam ellar,  resp. v e s ic u la r  fo rm  of the  e rg as to p la sm  in th e  
p re p a ra to ry ,  syn thes iz ing ,  storing and  e v a c u a t in g  processes o f  t h e  secre to ry  
p ro d u c t  rem ains  an  open  question. A re m a rk a b le  fact is t h a t  in th e  sn ak e  th e  
large [»recursor g ranu les ,  and in th e  dog a lso  t h e  catecholamine g ranu les ,  are 
often  su rrounded  w i th  m em branes of  t h e  e rgas top lasm atic  c is te rn ,  th u s  cer
ta in  “ granu lo -gene tic”  processes ta k e  p lace  in th e  cisterne of th e  e rg as to p la sm .

Our p re sen t  observa tions  are only  o f  in fo rm a tiv e  cha rac te r  a n d  in o rder  
to  ob ta in  fu r th e r  a d e q u a te  in fo rm ation , m an ifo ld  experim ents a n d  th e i r  e v a l 
u a t io n s  are needed .
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E L E K T R O N E N M IK R O S K O P IS C H E  U N T E R S U C H U N G  D E R  A D R E N A L IN - U N D  
N O R A D R E N A L IN S E K R E T IO N  D ES N E B E N N IE R E N M A R K E S

D ie  d u rc h  In su lin b e la s tu n g  ausgelöste  A d ren alin - u n d  N o rad ren a lin sek re tio n  im  N e 
b e n n ie re n m a rk  von w eißen R a tte n  u n d  H u n d en  w urde  physio log isch  und e le k tro n e n m ik ro 
sk o p isc h  u n te r s u c h t .  Bei R a tte n  v e rm in d e rte  sich de r A d ren a lin g eh a lt nach  E in w irk u n g  v o n  
10 I E /K g  su b c u ta n  v e rab re ich ten  In su lin s  n ach  6 S tu n d e n  u m  9 3 ,4% , der N o ra d ren a lin g e h a lt 
n a h m  g le ich ze itig  um  33%  zu. In  d en  e le k tro n en m ik ro sk o p isch en  A ufnahm en b e o b a c h te te n  
w ir e in e  m it  de r A bnahm e des A d re n a lin s  p a ra lle l v e rla u fen d e  40% ige V erm in d e ru n g  de r 
k le in e n  G ra n u la  (cca 1000 A); g le ichze itig  stieg  die Z ahl d e r großen G ranula (cca 2000 Â) 
a u f  6 0 % , en tsp rec h en d  dem  Z uw achs des N o rad ren a lin g eh a lte s . E in  ähnliches R e su lta t  e rg a b e n  
a u ch  b e im  H u n d  in trav en ö s  v e ra b re ic h te  4 IE /K g  In su lin , d o ch  w aren  die q u a n ti ta t iv e n  V e r
ä n d e ru n g e n  m in d e r au sg ep räg t. V erg lichen  m it den n o rm a le n  Zellen, wiesen die m it In su lin  
b e h a n d e lte n  M arkzellen  c h a ra k te r is tisc h e  V erän d eru n g en  a u f; so z.B. das Z y to p la sm a  v o m  
»hellen« T y p , das s ta rk  v acu o lis ie rt is t  u n d  n u r  wenige S ek re tio n sg ran u la  e n th ä lt. D er G olgi- 
A p p a ra t  i s t  in  g roßer Z ahl u n d  w e it a u sg eb re ite te r  F o rm  v o rh a n d e n  und eng v e rb u n d e n  m it 
den  S e k re tio n sg ra n u la , den M ito ch o n d rien  u n d  dem  E rg a s to p la sm a . D urch subm ik ro sk o p isch e  
u n d  ch em isch e  M ethoden w u rd en  in  den N eb en n ie ren m ark ze llen  des no rm alen  H u n d e s , 
n eb en  d e n  K a tec h o la m in g ra n u la , a u ch  D o p am in g ran u la  v o n  0,5 —1,5 fl G röße u n d  P rae - 
c u rso r -N a tu r  id en tifiz ie rt.

Э Л Е К Т Р О Н Н О М И К Р О С К О П И Ч Е С К О Е  И З У Ч Е Н И Е  С Е К Р Е Ц И И  А Д Р Е Н А Л И Н А  
И Н О Р А Д Р Е Н А Л И Н А  Н А Д П О Ч Е Ч Н И К О В

Секреция адреналина и норадреналина, вызванная введением инсулина была изу
чена в надпочечниках белых крыс и собак физиологическими и электронномикроскопи
ческими методами. У крыс, в ответ на подкожно данный инсулин (10 E./kg), после 6 часов 
наблюдалось 93,4-процентное уменьшение адреналина, зато содержание норадреналина 
увеличилось на 83 процента. На электронномикроскопических снимках, параллельно с 
уменьшением адреналина, уменьшилось и число «мельких гранул» на 40% (в среднем 
1000 Â), в то время как число «больших гранул» (2000 Â) увеличивалось на 60 процентов, 
параллельно с увеличением содержания норадреналина. У собак после подкожного вве
дения инсулина (4 E/kg) полученные данные были те же самые качественно, но коли
чественно менее выражены. После введения инсулина, клетки мозгового слоя надпочеч
ника показывали характерные субмикроскопические изменения по сравнению с нор
мальными. Так, например, цитоплазма светлого типа, сильно вакуолизированная, содер
жит в себе мало секреционных гранул. Аппарат Голджи наблюдается в больших коли
чествах, в расширенной форме и находится в тесной связи с секреционными гранулами, 
митохондриями и с эргастоплазмой. В мозговых клетках надпочечника нормальной 
собаки субмикроскопическими и биохимическими методами обнаружены также гранулы 
содержащие допамин, типа прекурзора, диаметром около 0,5—1,5 р.

I s t v á n  B e n e d e c z k y , B u d a p e s t  X I I I . ,  Szabo lcs  u. 33, H u n g a ry .
A n d r á s  P uppi

A n d r á s  T ig yi  Pécs ,  R ákócz i ú t  80, H u n g a ry .
K á l m á n  L issák
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Synopsis

S tud ies w ere perform ed to  in v es tig a te  th e  in fluence of Cb-deficiency on  th e  period
ic a c t iv ity  of Anodonta  cygnea. I t  w as e s tab lish e d  th a t  the  d u ra tio n  o f  co n tinuous 
a c t iv ity  is reduced  and  th e  n u m b er o f i ts  a lte rn a tio n s  w ith periods o f  qu iescence is 
co n sid erab ly  increased  if th e  dissolved О ..-content o f w ater decreases. T h is  e ffec t does 
n o t  occur if  th e  nerves are  cu t th ro u g h  a ro u n d  th e  gill and siphon. O n th e  basis of 
th e  above  re su lts  and  p rev ious fin d in g s d e m o n s tra tin g  the su scep tib ility  o f  periodic 
a c t iv ity  to  su b stan ces in fluencing  tissue  re sp ira tio n  i t  is inferred th a t  in  th e  re g u la tio n  of 
periodic  a c tiv ity  m etabolic  processes o c cu rrin g  in  th e  periphery , fu r th e r  - if  n a tu ra l 
co n d itions are considered - f irs t of a ll th e  oxygen  level of w a ter a n d  aero b e  and 
an aero b e  processes in  th e  tissues being  in  d irec t c o n ta c t w ith w ater are  in v o lv e d . In  the  
course o f s tu d ies  recorded  here, no s ig n ific a n t differences were found  in  th e  la c tic  acid 
c o n te n t of th e  various o rgans of an im a ls  be ing  e ith e r well supplied  w ith  oxygen  or 
liv ing  in  w a ter co n ta in ing  ten  tim es less 0 2, a lth o u g h  th e  am oun t o f co n su m ed  O./lOO g 
liv ing  m ate ria l expressed  in  th e  av erag e  o f 24 ho u rs  was 1.11 m g /h o u r in  th e  case of 
th e  fo rm er and  0.14 m g/hour in th e  case o f th e  la t te r .  T hus, it is in fe rre d  t h a t  in the 
re g u la tio n  of th e  biological rh y th m  o f A nodon ta  th ere  are no p e rio d ica lly  a lte rn a tin g  
e x te rn a l facto rs invo lved , b u t  th a t  i t  is th e  fu n c tio n  o f the  free 0 .,-con ten t o f  th e  su rro u n d 
ing w a te r  an d  of th e  aero be-anaerobe  re sp ira to ry  processes tak in g  p lace  in  th e  tissues 
be ing  in  d irec t co n tac t w ith  the  e n v iro n m en t.

A da Biol. Hung., 15 (3), 299 — 310 (1965)

In tro d u c tio n

Period ic i ty  which is generally  occu rr in g  in living o rgan ism s  m anifests  
i tse lf  in d ifferen t ways in th e  va r ious  species of bivalves. T hese  experim en ts  
were p e rfo rm ed  f irs t  of all on m arine  lam ell ib ranch ia tes .  In  t h e  case  of  these 
an im als  rh y th m ic  ac t iv i ty  was o b se rvab le  in  several physiological processes as 
feed ing  [12, 13], f i l t ra t io n  ac t iv i ty  [3, 14], 0 2-consum ption  [6], m o t i l i ty  [5, 
10] and  p re su m ab ly  in o th e r  processes. I n  th e  case of f re sh -w a te r  mussels it  
was th e  m o v em en t  of th e  valves, i.e. t h e  period ic ity  in th e  a c t iv i t y  o f  th e  ad
duc to rs  w hich  a t t r a c te d  a t te n t io n  [1, 7, 21].

T he  periodic ac t iv i ty  of m ar ine  b iva lves  is regula ted  dec is ive ly  by  the 
d iu rn a l  a l te rn a t io n  of i l lum ina tion  a n d  t°, b y  ebb and  tide a n d  t h e  rh y th m ic  
in te rchanges  of d irect e n v iro n m en ta l  fac to rs ,  i.e. i t  is the  p e r io d ic i ty  of these 
fac to rs  w ith  which ac t iv i ty  changes coincide.

U n d e r  lab o ra to ry  conditions a c e r ta in  degree of d iurnal f lu c tu a t io n  could 
be d e m o n s t ra te d  b o th  in rh y th m ic  a c t iv i ty  a n d  in the  per io d ic i ty  o f  ac tiv ity  
of  f resh -w ater  m ussel (A nodon ta  cygnea  L.) [20]. D iurnal changes  a re ,  however,
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n o t  cha rac te r is t ic ,  th e i r  degree  is no t considerab le  a n d  th e y  may be d e m o n s t r a t 
ed o n ly  b y  c o m p u ta t io n s  o f  averages from  v a lu e s  ob ta ined  on r ich  e x p e r i 
m e n ta l  m ateria l .  The inc rease  in adduc to r  a c t iv i ty  in  th e  morning is d e m o n s t r a 
ble only  b y  s ta t is t ica l  c o m p u ta t io n s ,  otherwise t h e  ton ic  con trac tions la s t in g  
for seve ra l  hours (rest p e r io d )  and  similarly  a c t iv e  condition consis ting  o f  
f r e q u e n t ,  rap id  a d d u c t io n s  a n d  abductions a rc  occurr ing  with considerab le  
r e g u la r i ty  in th e  v a r io u s  periods of t h e  d a y .

T h e  fac t  th a t  th e re  is no  close re la tionsh ip  b e tw e e n  the  rh y th m ic  changes  
of  e n v iro n m e n ta l  fac to rs  a n d  th is  biological r h y t h m  of fresh-water m usse l  
ra ises t h e  question  w h e th e r  o r  no t  the  regu la t ion  o f  periodic ac tiv ity  is fo u n d e d  
on fa c to r s  o ther  th a n  th o se  established in t h e  case o f  the  daily ebb a n d  t id e  
a n d  o th e r  rh y th m s  [4, 9].

Tn th e  course of his s tu d ie s  B arn es  [1] o b se rv e d  th a t  the  periodic a c t iv 
i ty  o f  A nodonta  is n o t  on ly  independen t o f  d iu rn a l  changes, b u t  also of t h e  
food-, a n d  Ch-level of th e  su rro u n d in g  fluid as well as of the  CO., a n d  o th e r  
m e ta b o l ic  p roduc ts  p re se n t .  I n  con tras t  to  th e se  f ind ings  i t  has been  show n  
p re v io u s ly  [7, 15] t h a t  th e  per iod ic  ac tiv ity  o f  A n o d o n ta  m ight be in fluenced  
b y  c e r ta in  chemical su b s ta n c e s ,  especially b y  KC1 and  SH-inhib ito rs . T h e  
n u m b e r  o f  rest  periods o ccu r r in g  periodically w i th in  a u n i t  of t im e  is cons id 
e ra b ly  increased  by  b o th  KC1 and  S H -inh ib ito rs ,  i.e. the  single periods of  
c o n t in u o u s  ac t iv i ty  b ecom e considerab ly  s h o r te r  a n d  the  du ra t ion  of to ta l  
a c t iv i ty  p e r  un i t  of t im e  decreases  considerably . T h ese  results show t h a t  t h e  
pe r iod ic  ac t iv i ty  of A n o d o n ta  is susceptible to  in f lu en ces  produced b y  e x te rn a l  
fac to rs ,  i n  th e  course o f  ea r l ie r  studies it  was e s ta b l ish e d  th a t  it was th e  i n t e r 
ference  o f  th e  receptors  lo c a te d  in th e  per ip h ery  th r o u g h  which these  effects 
m a n ife s te d  them selves [17, 18, 19]. Studies on t h e  possibility  of e l im in a t in g  
th e  e ffec t o f  KC1 and  S H - in h ib i to rs  suggest t h a t  b o t h  dam aged  and  o p t im u m  
ae robe  re sp i ra to ry  cond it ions  m y  play an im p o r t a n t  role in influencing p e r io d 
ic a c t iv i t y  [16].

T h ese  facts, how ever,  n o t  only refute th e  s t a t e m e n t ,  t h a t  periodic a c t iv 
i ty  is in d e p e n d e n t  of C h-supp ly , b u t  even lead  to  t h e  assum ption  t h a t  from  
am o n g  physiological c i rc u m sta n c es  it is 0 2-supp ly  t h a t  is prim arily  im p o r 
t a n t  in  th e  regula tion  o f  per io d ic  activity .

In  t h a t  case, how ever ,  n o t  the  regu la t ing  f a c to r  i.e. the  oscillation of  
0.,-level w ou ld  form th e  b as is  for the regu la t ion  o f  r h y th m ,  h u t  its las t ing , 
c o n s ta n t  va lues  would b y  w a y  o f  an  inner m ec h a n ism  influence periodic a c t iv 
ity .

S tu d ie s  p resen ted  here  w ere  performed to  l e a rn  w h ich  way periodic a c t iv 
ity  of  A nodonta  is in f lu en ced  b y  th e  0 2-level o f  t h e  w a te r  su rround ing  th e  
an im a l  a n d  to  investiga te  th e  changes produced  b y  hypoxygen ic  r e sp i ra to ry  
co n d it ions  in  the  ac t iv i ty  of  ad d u c to rs  and in  t h e  m etabo lic  processes of  th e  
a n im a l  itself.
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M e t h o d

F or the  s tu d ies  12 — 15 cm . long specim ens o f A n o d o n la  cygnea were used, w h ich  were 
k e p t prev iously  in a n  a q u ariu m  for several weeks. T h e  a c tiv itie s  were recorded w ith  a specia l 
slow ac to g rap h  w ritin g  in  ink [21]. This a p p a ra tu s  m ad e  a con tinuous o bservation  o f  sev era l 
d ay s possible. D uring  in v es tig a tio n  the an im als w ere n o t  fed an d  th ey  were k e p t in  se p a ra te  
vessels co n ta in in g  2.5 — 3 litre  w a ter each.

A t eight o’clock every  m orn ing  sam ples were ta k e n  reg u la rly  from  the w a te r  a n d  th e ir 
0 2-co n ten t was d e te rm in e d  by  W inkler’s m ethod . T h e  0 .,-co n ten t of the w ater w as in creased  
by  w a ter-c ircu la tio n  or by  th e  aera tio n  of th e  w a ter. T h e  q u a n ti ty  of dissolved 0 2 w as red u ced  
by  boiling  th e  w a te r , w hich  w as th e rea fte r cooled in  a  h e rm e tica lly  closed b o ttle  a n d  p o u red  
in to  th e  ta n k  co n ta in in g  th e  ex p erim en ta l an im al.

In  c e rta in  ex p erim en ta l ru n s paraffine  oil w as p o u red  on th e  surface of th e  w a te r  to 
p re v en t fu r th e r  oxygen going in to  solution from  th e  su rro u n d in g  air e ither a fte r  th e  a d d itio n  
of boiled w ater o f a f te r  the  consum ption  of d issolved 0 2 by  th e  anim al.
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Fig. 1. T he period ic  a c tiv ity  of th ree  fresh -w ate r m usse ls u n d e r op tim al e n v iro n m e n ta l con
d itions. T im e: 1 h o u r, “ q”  — period of quiescence, “ c”  —  “ change” , “ a ” — period  of a c t iv ity

L ac tic  acid  d e te rm in a tio n s  in the  tissues w ere m ad e  by  th e  p a rao x y d ip h en y l m icro- 
m eth o d  [24]. L ac tic  acid  co n te n t was d e te rm in ed  in  th e  follow ing organs: a d d u c to r  m uscle, 
gill, m an tle  an d  th e  photosensib le  region a ro u n d  th e  sip h o n  of the  m antle . F o r c h e n w a l  a n a 
lyses th e  organs fro m  one side and  only one h a lf  o f th e  m uscles were used. The o rg an s  fro m  the 
o th e r  side an d  th e  o th e r  h a lf  o f the  m uscles se rv ed  for d ry -m a tte r  d e te rm in a tio n s.

R e s u l t s

R ela tionsh ip  between periodic a c tic ity  and O^-content oj water

A nim als  in 12 15°C s tream ing  w a t e r  o f  h igh Oa-level are e x t ra o rd in a r i ly
active .  This implies t h a t  under  such c ircu m stan ces  th e  animals are  in  active, 
open cond it ion  d u r ing  18 22 hours  in a d a y .  The du ra t ion  of t h e  per iods  of
las ting  closures am o u n ts  to  a t  least  2 6 hou rs  w hith in  24 hours .  T h e  a l te r 
na t io n  of  periods of ac t iv i ty  and quiescence (“ change” ) in these a n im a ls  occurs 
a t  least once or twice daily. These resu lts  are  i l lu s tra ted  in Fig. 1. I t  is seen 
t h a t  the  d u ra t io n  o f  active  periods is 23, 22 an d  24 hours, and t h e  n u m b e r  of 
changes is 1 ,3 ,  a n d  0 in animals No. 1, 2 a n d  3 respectively . The O g-consum ption  
o f  th e  ex p e r im en ta l  anim als was co n s id e rab ly  low under  such ex p e r im e n ta l  
conditions (a b o u t  0.6 1.6 mg/100 g w e t w e igh t/hou r  a t  16 —18° C).
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I n  t h e  experim ents  f iv e  anim als were s u b je c te d  under  sim ilar c o n d i t io n s  
t o  p a ra l le l  investiga tion . I n  one ex p e r im en ta l  ru n  th e  conditions were c h an g ed  
in  t h e  sub seq u en t  days as follows:

in  th e  first 24 hou rs  op t im a l  cond it ions  were m a in ta ined  by  ae ra t io n  
a n d  w a t e r  circulation;

d u r in g  th e  second 24 hou rs  th e  ex ch an g e  of w a te r  was still m a in ta in e d  
b u t  a e r a t io n  was d isco n t in u ed ;

day of experiment

Fig .  2.  T h e  fo rm atio n  of pe rio d ic  a c t iv ity  up o n  ch an g es in  O ,-level. E x p la n a tio n  in th e  t e x t  
— д  — Д — a c t iv i ty ;  A  A 0 2-c o n te n t of w a te r; •  •  •  nu m b er of c losures; — O — O —

te m p e ra tu re  of w a te r

d u r in g  the  th ird  24 hou rs  also w a te r -ex ch an g e  was suspended;
t h e  conditions in  th e  fo u r th ,  f i f th  a n d  s ix th  days were th e  sam e  as in 

t h e  3 rd ,  2 n d  and  1st day , respec tive ly .  Since th e  free 0 2-content of w a te r  is i n 
f lu e n c e d  b y  changes in te m p e ra tu re ,  w a te r-  t e m p e ra tu re  was also re c o rd e d  
r e g u la r ly .  T h e  results o b ta in e d  are g raphed  in F ig . 2.

F ig u re s  sum m ariz ing  th e  d a ta  on five a n im a ls  show th a t  the re  is a d e 
crease  in  t h e  du ra t ion  of a c t iv i ty  in th e  s u b se q u e n t  24 hour periods para lle l  w i th  
th e  d e c re a se  in 0 2-conten t o f  w a te r .  A t an 0 2-c o n te n t  of 9.24 m g/litre  t h e  d a i ly  
a v e ra g e  d u ra t io n  of ac t iv i ty  was 19.2 hours ,  w h ich  fell to  8.7 hours  w i th  a 
d ec rease  o f  0 2-content to  5.6 mg/litre .

A f t e r  some tim e  th e  a l te rn a t io n  of pe r iods  of  ac tiv ity  and  q u iscence  
in c re a se d ,  be ing  doubled if e x t re m e  values a re  considered. W ith  th e  rise o f  
0 2-Ievel t h e  reciprocal resu lts  were ob ta ined .

T h e  te m p e ra tu re  of  w a te r  m easured  a t  e ig h t  o’clock h ap p en ed  to  i n 
f luence  th e  changes in 0 . , -co n ten t  during  th e  e x p e r im e n ta l  run most f a v o u ra b ly .  
This, h o w e v e r ,  raises th e  q u es t io n  w h e th e r  p e rh a p s  t°  was th e  single f a c to r  
t h a t  in f lu e n c e d  periodic a c t iv i ty  in d e p e n d e n t  o f  0 2-level. This p rob lem  w a s  
so lved  b y  th e  second e x p e r im e n ta l  ru n ,  in  w h ic h  th e  tem p era tu re  was k e p t  
c o n s ta n t  fo r  several days.
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In  th e  course o f  th e  second experim en ta l  ru n  no t  only th e  ex change  of 
w a te r  and  th e  ae ra t ion  th e re o f  was s to p p ed  a f te r  th e  f irs t  24 hours, b u t  a laye r  
of n e u t ra l  paraff ine  oil was poured  s im u ltan eo u s ly  on th e  surface of  w a te r  to  
p re v e n t  fu r th e r  oxygen  abso rp t io n  of th e  w a te r  for th e  rep lacem en t  of 0 2 
consum ed  b y  the  an im als .

W a te r  sam ples were  ta k e n  during  th re e  su b seq u en t  days a t  24 hour  
in te rv a ls  for ( ^ -d e te rm in a t io n .  The results of th e se  m easurem ents  are  show n

303

1 2  3  4
oil t day of experiment

Fig. 3. T he fo rm atio n  of p e rio d ic  a c tiv ity  u n d e r h y p o x y g en ic  conditions. E x p la n a tio n  in
th e  te x t.

— Д - Д — a c tiv ity ;  Д д  0 2-c o n te n t of w a te r; •  •  n u m b er of c losures; — O — O —
w ater te m p e ra tu re

in Fig. 3. I t  appears  from  th e  figure t h a t  th e  decrease  in ac t iv i ty  observed  in 
th e  f irs t  24 hours is followed by  a s im u ltan eo u s  decrease of  dissolved 0 2- 
c o n te n t ,  and  th e re  is a considerable  increase in th e  n u m b e r  of d iu rn a l  “ ch a n g 
es” . In  th is  e x p e r im e n ta l  run  the  te m p e ra tu re  o f  w a te r  m easured  every  m o r 
n ing  was cons tan t .

In  view of th e  above  results  it  is considered  h ighly  p robab le  t h a t  u n d e r  
th e  given conditions h a rm fu l  m etabolic  p ro d u c ts  accum ula te  inside th e  closed 
liqu id  area and t h a t  th e i r  presence m ight p e rh a p s  be responsible for th e  ch a r 
ac te r is t ic  changes in  periodic ac tiv ity .  In  o rd e r  to  e lucidate  th is  problem  
x/2 1 l i tre  fresh w a te r  r ich  in 0 2 was ad d ed  in to  th e  vessel con ta in in g  th e  an i
m a l.  On a n o th e r  occasion 200 300 cm 3 w a te r  was scooped ou t from  each o f
th e  conta iners  s a tu r a te d  b y  air-bubbling  w ith  0 2 and  replaced th e re a f te r  un d e r  
t h e  oil layer. The re su lts  o b ta ined  were th e  s am e  on each occasion: th e  d u ra 
t io n  of ac t iv i ty  increased  for shorte r  or longer  periods depend ing  on 0 2-level 
(Fig. 4), irrespective  of  th e  fact t h a t  th e  h a rm fu l  m etabolic  p ro d u c ts  were no t 
rem oved  and  no t  d i lu ted  even to  a m in im um  in th e  second case. T he  figures 
p re sen ted  here i l lu s t ra te  experim ents  p e rfo rm ed  in n on -ae ra ted  w a te r  a t  a 
te m p e ra tu re  of 19° C. Th is  explains th e  re la t iv e ly  low in itia l 0 2-value.
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T hese  studies p o in t  t o  a decisive role of  th e  q u a n t i ty  of  d issolved 0 2 in 
t h e  reg u la t io n  of th e  per io d ic  ac t iv i ty  of A nodonta .

Since th e  influences o f  KC1 and  SH-inhil>itors on periodic a c t iv i ty  could 
he e l im in a te d  by  the  d e n e rv a t io n  of siphon and  gill [18, 19] ex p e r im e n ts  were 
l a u n c h e d  to  learn w h e th e r  t h e  earlier effect o f  0 2-deficiency still ex is ts  after  
t h e  in te rsec t io n  of nn . pa llia les post,  maiores and  un . branchia les . I t  was found  
t h a t  in  t h a t  case 0 2-defic iency  did no t induce  changes in period ic  a c t iv i ty  
(F ig .  5).

0.3 7 mg O2/ I  1 2 5  mg 02/ l
pHLj < ‘vTTrTnfK A. f v

0.14 m g O2/ I  3 .32  m g  O2/ I

J ’V
0.12 mg O2/ I

r \ r v

6 0  m m

F ig .  4. T h e  influence of 0 2-d efic ien cy  on periodic a c tiv ity , a n d  its  in fluencing  b y  in creas in g
th e  d isso lv ed  0 2-co n ten t o f w a te r

a —  oil layer
b —  p o u rin g  of 1 litre  fresh  w a te r  u n d e r th e  oil lay e r
c —  rem o v a l of ' / 2 1 w a te r , i ts  ox y g en iza tio n  an d  re p la ce m en t un d er th e  oil lay e r.
T h e  d a ta  above th e  a c to g ra m  in d ic a te  th e  0 2-c o n te n t o f  w a ter

O n th e  basis of f ind ings  o b ta in ed  b y  prev ious  experim ents  such  (a) s im 
ilar effec ts  of the  a p p l ica t io n  o f  SH -inh ib ito rs  as in th e  case of 0>-deficiency 
[15] w h ic h  m ay be re la ted  to  th e  fact t h a t  S H - inh ib ito rs  are p roduc ing  p r a c t i 
ca l ly  an ae ro b e  conditions b y  pa ra ly z in g  th e  enzym es th a t  are im p o r t a n t  in 
t i s s u e  re sp ira t io n  [2] a n d  (b) th e  e l im ination  of t h e  similar in f luence  of KC1 
b y  s u b s ta n c e s  belonging to  t h e  t r ica rbon ic  acid cycle [7], i t  was suggested  
t h a t  t h e  essential changes in t h e  m echan ism  of cen tra l  nervous sy s te m  r e g u la t 
in g  per io d ic  ac tiv ity  are d ue  to  influences p roduced  on tissue re sp ira t io n  an d  
o n  a e ro b e  oxydation  processes. T h u s  th e  a t t e n t io n  was d raw n to  lac t ic  acid, 
w h ic h  upon  th e  evidence  o f  genera lly  kn o w n  b iochem ical d a ta  -  increases  
in  t h e  t issues  under  h y p o x y g e n ic  a n d  anaerobe  conditions.

E x p e r im e n ts  were p e r fo rm e d  to  exam ine th e  changes in lactic ac id  con
t e n t  a t  o p t im a l  0 2-level, a t  h y p o x y g en ic  r e sp i ra to ry  conditions a n d  u p o n  th e

A d a  Biol. Hung. 15. 1965



OXYGEN LEVEL AS A SPECIFIC REGULATOR 305

app lica t ion  of KC1 a n d  S l l  inhibitors . Lac tic  acid d e te rm in a t io n s  were per
fo rm ed  in different o rgans of fresh w a te r  mussels being in v a r io u s  functional 
conditions, fu r th e r  in an im als  m a in ta in ed  u n d e r  0 2-deficient conditions,  or 
t r e a te d  with KC1 or CdCL.

Lactic acid determ inations in  the various organs o f  fresh-w ater m ussel

Lactic acid d e te rm in a t io n s  were carr ied  ou t in th e  following organs:
(1) ad d u c to r  m uscles;  (2) gill; (3) pho tosensi t ive  area r ich  in  cilia of the 

m an tle  around  th e  s iphon; (4) o the r  areas of  th e  m antle .  D if fe ren t ia t io n  of the

m n i i i ' i i m r i n r r i n r T a t r p r w i i i i  w i i i n l h r i i

t
a

t I
b cJ ------------------1-------- 1-------- 1---------1--------- 1-------- 1-------- L il— 1_____ I-------- 1-------- :---------1-------- 1_____ I_____ I______1_____ I_____ I :

60 min
F ig . 5. The effect o f d e n e rv a tio n  on th e  su sce p tib ility  of periodic  a c t iv ity  to  influences by 
0 ,-de fic ien cy , a — oil la y e r ;  b —  oil lay e r in th e  sam e an im al a fte r  d e n e rv a tio n ; c —  change

of w a ter

above  tw o areas of th e  m a n t le  is based  on th e  considera tion  t h a t  th e  a rea  around 
th e  siphon is in d irec t  co n ta c t  w ith  subs tances  dissolved in w a te r  which are 
en te r ing  and leav ing  th e  an im al. This a rea  has  p re su m ab ly  a m ore  im p o r tan t  
role in chem oreception  an d  th u s  its fu nc tiona l  im portance  m a y  differ from  th a t  
o f  th e  o ther areas of  th e  m antle .

D e te rm ina tions  were m ade  in th e  following groups o f  an im als :
(1) animals d isp lay ing  las ting  ac t iv i ty  a t  high 0 2-level, k illed in the 

period  of ac t iv i ty ;
(2) animals m a in ta in e d  a t  mediocre 0 2 level, an d  killed j u s t  a t  th e  t r a n 

sit ion  from las t ing  closure to  th e  period o f  ac t iv i ty ;
(3) animals m a in ta in e d  a t  mediocre O.,-level, a t  the  t r a n s i t io n  from las t

ing ac t iv i ty  to  closure;
(4) animals k e p t  for 48 hours u n d e r  hypoxygenic  (<[ 1 mg O.,/litre) 

conditions;
(5) animals k e p t  in 1 X 10~3 M KC1 solution for 48 hou rs ;
(6) animals k e p t  in 10 m g/litre  CdCl2 solution for 48 hours .
The influence o f  th e  applied  concen tra t ions  of KC1 a n d  CdCL on periodic 

ac t iv i ty  has been  e x am in ed  in  th e  course of previous in v es t ig a t io n s  [7, 15].
The ex p e r im en ta l  resu lts  are su m m arized  in Fig. 6.
As the  f ind ings  show, lactic  acid c o n te n t  (per d ry  m a t te r )  is th e  highest 

in th e  area of th e  m a n t le  a round  th e  s iphon . Lower values  of  lac t ic  acid con-
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t e n t  w e re  found  in the  a d d u c to r s  a n d  in the  o th e r  areas  of  th e  m antle ,  a n d  i t  
w as t h e  low est in every case in  t h e  gill.

N o  m ark ed  differences in  la c t ic  acid con ten t  ex is t ,  even  if  average va lues  
a re  c o n s id e red ,  between d i f fe re n t  groups of an im als .  D ue  to  th e  great d isp e r
sion o f  v a lu es  it is also im p o ss ib le  to  establish a s ign if ican t  difference. T h u s ,  
i t  m a y  b e  s ta ted  th a t  th e  e x p e r im e n ta l  results o b ta in e d  were r a th e r  u n e x 
p e c te d ,  i.e. there were no d if fe ren ces  dem onstrab le  in th e  lactic  acid c o n te n t  
in t h e  t is su es  of animals o f  d i f f e r e n t  functional cond it ions .  F u r th e r ,  no consid-

F i g .  6 .  L ac tic  acid content in certa in  tissues of animals in d ifferent conditions of ac tiv ity , 
or exposed to  different effects

[]— m uscle; |  — gill; |///| area of m a n tle  around the siphon; |=| la teral p art of the m antle . 
The lines a t the colum ns indicate standard  deviation

e rab le  in c rea se  was ob se rv ab le  in  th e  lactic acid c o n te n t  of th e  exam ined  
tissues  e i th e r  under h y p o x y g en ic  conditions or a f te r  a p re t r e a tm e n t  w ith  SH - 
in h ib i to r s  or KC1.

Discussion

T h e  conclusions to  w h ich  th e s e  experim ents le ad  m a y  be su m m arized  
as follow's: T h e  0 9-eontent of w a t e r  is playing an i m p o r t a n t  or perhaps a le a d 
ing ro le  in  th e  regulation of  t h i s  biological r h y th m  o f  fresh-w ater  m ussel.  
B o th  t h e  decrease and increase  in  O,,-content itse lf  is able  to  decisively in f lu 
ence t h e  process of periodic a c t i v i t y .  Changes in per iod ic  a c t iv i ty  in ( ^ - d e f i 
c ient m i l ie u  are connected as a m a t t e r  of fact with a considerab le  decrease in  
th e  a c t iv e  life functions of th e  a n im a l .  The findings o b ta in e d  are v e ry  in te r e s t 
ing a lso  f r o m  th e  biological p o in t  o f  view  and th e ir  im p o r ta n c e  is easily u n d e r 
s tood  w h e n  i t  is considered t h a t  f resh -w ater  m ussel has  to  conform itse lf  to  
th e  e x t r e m e ly  varying 0 2-levels in  t h e  different seasons of  th e  year.
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I t  was also obse rved  t h a t  th e  ex p er im en ta l  an im als  were ac t iv e  in 86%  
o f  th e  d ay  if th e  w a te r  w as re la tive ly  well supp lied  w ith  O.,, n am e ly ,  in th e  24 
hours  before pouring  th e  oil laye r  on th e  surface of  w a te r .  D u r in g  th e  24 hours 
following th is  sealing o f  w a te r  surface, a c t iv i ty  is red u ced  to  4 1 %  of th e  day, 
a n d  th e  average va lu e  of  O., consum ption  of th e  an im als  is 0.98 m g  per  hour 
p e r  100 g wet w eight (body  w eight w ith o u t  valves). B y  a decrease  o f  0 2-level, 
d u ra t io n  of ac t iv i ty  becom es re s tr ic ted  to  3 0 %  of th e  d ay  a n d  th e  am o u n t  of 
0 2 consum ed will be  0.14 m g/hour/100 g bo d y  weight. I f  0.2-consum ption  is 
referred  only to  th e  d u ra t io n  of active periods th e  a m o u n t  o f  consum ed  0., 
w ould  be 1.11 mg a n d  0.24 m g/hour/100 g b o d y  w eight a t  10.4 m g /l i t re  and  1.87 
m g/li tre  concen tra t ions  respectively .  U n d e r  th e  sam e cond itions  t h e  num ber  
o f  “ changes” w ith in  24 hours  was 0.6 an d  5.4 respec tive ly  (averages of five 
anim als).

The results r e p o r te d  here  su p p o r t  th e  view th a t  changes in  periodic ac
t iv i ty  are very  im p o r ta n t  factors in th e  a d a p ta t io n  of the  a n im a l  to  0.,-defi- 
ciency, and th u s  th e y  are  im p o r ta n t  also from  th e  biological or ecological 
po in ts  of view.

The influence of  O-2-level as a fac to r  d e te rm in ing  period ic  a c t iv i ty  of 
A nodonta  m an ifes ts  i tse lf  in  a com plete ly  d if fe ren t  m a n n e r  from  t h a t  usual in 
biological rh y th m s .  T h o u g h  it  is an  ex te rn a l  fac to r ,  still i t  does n o t  display 
periodic changes s im ilar  to  t h a t  observed in th e  case of c o m p o n en ts  de te rm in 
ing rh y th m s  reg u la ted  b y  d iu rna l  changes or ebb a n d  t ide .  T h e  n u m b er  of 
a l te rn a t io n s  be tw een  periods of ac t iv i ty  and  quiescence is increased  only by 
th e  fall in 0 2-con ten t .  T h u s ,  th e  m echanism  itse lf  t h a t  regu la te s  th e  “ changes” 
is no t  ac t iv a ted  b y  th e  rh y th m ic  f lu c tu a t io n  of e n v iro n m e n ta l  conditions, 
b u t  its  scheme of a c t iv i ty  is d e te rm ined  b y  th e  level of an  im p o r t a n t  ex ternal 
fac tor .

I t  is assum able  the re fo re ,  t h a t  th e  regu la t ion  of period ic  a c t iv i ty  takes 
p lace in th e  following w a y :  th e  ac t iv i ty  o f  ad d u c to rs  is r e g u la te d  b y  corre
spond ing  cells in  t h e  ce n tra l  nervous sys tem . These e lem ents  in  th e  central 
nervous  system  d isp lay  such  cyclic m etabolic  an d  ac t iv i ty  p ro p e r t ie s  developed 
in  th e  course of p h y logeny ,  w hich secure th e  periodic occurrence  o f  re laxa tion  
or ton ic  con trac t ion  of  t h e  adduc to rs .  This fu n d a m e n ta l  m ech an ism  is in f lu 
enced by  in fo rm ations  a r r iv ing  from th e  p e r iphery .  T he  effect o f  th e se  infor
m atio n s  m anifests  i tse lf  in  frequency  changes of periodic a l te rn a t io n s  and  in 
t h e  du ra t io n  of th e  single periods respectively.

U pon th e  ev idence  of  denerv a t io n  experim en ts  th e  a l te ra t io n s  ta k in g  
p lace in th e  per ip h ery  a n d  influencing ac t iv i ty  arr ive  in to  th e  c e n tra l  nervous 
sy s tem  th rough  nerv o u s  w ays. The p resen t  experim en ts  also p ro v e  th a t  th e  
s t im ulus  in  th e  p e r ip h e ry  is supplied  b y  th e  level o f  ox id a t iv e  m e tab o l ic  condi
tions .  I f  it  is c o n s ta n t  t h e n  an ap p ro x im a te ly  regu la r  a l te rn a t io n  of  periods 
o f  a c t iv i ty  and  qu iescence ta k e s  place. A t  op t im a l  o x ida tive  m e tabo lic  condi
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t io n s  la s t in g  ac tiv ity  pe r iods  a re  a l te rna ting  w i th  sh o r t  res t  periods, whereas 
u n d e r  hypoxygen ic  co n d it ions  t h e  periodic and  su rp r is ing ly  regu la r  a l te rna tion  
of  s h o r t  a c t iv i ty  and m ore l a s t in g  rest  periods is observable .

O n  basis of da ta  o b ta in e d  so far  it is no t possible to  s ta te  as y e t  in which 
w a y  a n d  b y  which direct ch e m ic a l  or o ther fac to rs  ox id a t iv e  m etabo lic  d i s tu r 
b an ces  a re  producing th e ir  e ffec t.  I t  could be e x p ec ted  t h a t  an increase would 
t a k e  p lace  in the lactic acid  c o n te n t  of the  tissues u p o n  th e  influence of factors 
in h ib i t in g  hypoxygenic  or a e ro b e  respiration . Since these  influences m a y  be 
e l im in a te d  b y  denervation  i t  w as th o u g h t  t h a t  th e  increase  in lactic  acid 
c o n te n t  w ould  influence th e  c e n t ra l  nervous e lem en ts  th ro u g h  th e  nerves. 
N e v e r th e le s s ,  not even in t h e  case of animals k e p t  u n d e r  nea r ly  anoxygenic  
c o n d i t io n s  could accu m u la t io n  of  lactic  acid c o n te n t  be d e tec ted  in  th e  tissues 
e x a m in e d .  N atu ra l ly ,  th is  does  n o t  imply th a t  th e re  are  no im p o r ta n t ,  s t im u 
la t in g  increases in lactic acid  c o n te n t  tak ing  place in  t h e  per ipher ic  e lem ents  of 
th e  n e rv o u s  system.

M ost no tew orthy  are in  th is  respect the  d a t a  o b ta in e d  by  K r o m p e c h e r  
[8] es tab l ish in g  th a t  in  c e r t a in  tissues of low m e tab o l ism  th e  hypoxy-  
d a t iv e  conditions do not m a n ife s t  themselves in th e  accu m u la t io n  of lactic  acid 
b u t  in  t h e  production of a spec ia l  substance, i.e. in  m u co po lysaccharide  fo r
m a t io n ,  b o th  in norm al and  in  pa tho log ica l  conditions.  A considerable  am o u n t  
of  m ucopo lysaccharides  w as d e te c te d  in the  t issues of f re sh -w a te r  mussel by 
Z s . - N a g y  and  L á s z l ó  [ 2 3 ] .  I t  is assum able  on th e  basis of these  find ings th a t  
t h e  f in a l  effect of anae robe  re sp i ra t io n  is not m a n ife s te d  in th e  increase of 
la c t ic  a c id  conten t in th e  t i s su e s ,  o f  fresh-water m ussel,  b u t  r a th e r  — in agree
m e n t  w i th  th e  specific m e ta b o l ic  ty p e  suggested by  K r o m p e c h e r  in th e  
f o r m a t io n  and  accum ula tion  o f  m ucopolysaccharides .  F o r  this reason  it is also 
a s s u m a b le  th a t  the  re g u la t io n  o f  periodic ac t iv i ty  m a v  in a cer ta in  w ay  be 
c o n n e c te d  w ith  this in te re s t in g  phenom enon.

T h e  fac t  th a t  a s im ilar  in f lu en ce  to  t h a t  of CL-dcficit m a y  be produced  
b y  CdCl,, as has been d e m o n s t r a te d  by  previous ex per im en ts  [15], m a y  be 
in t e r p r e t e d  as follows: Cd is in h ib i t in g  anaerobe re sp ira t io n  b y  blocking SH- 
g ro u p s  a n d  th e  produced e ffec t is from  the  point o f  view of m e tabo lism  similar 
to  t h a t  p roduced  by О ..-deficiency.

T h is  explanation  does n o t  ho ld  t ru e  in th e  case of th e  sim ilar  effect 
p r o d u c e d  b y  KCl [7], for u p o n  t h e  evidence of p rev ious  s tud ies  [11] KC1 does 
n o t  e ssen t ia l ly  influence t i s s u e  resp ira t ion . In  th is  case assum ab ly  th e  well 
k n o w n ,  exc iting  resp. d e p o la r iz in g  effect of KCl is involved .
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S A U E R S T O F F V E R S O R G U N G  ALS E IG E N T Ü M L IC H E R  R E G U L A T O R  D E S 
A K TIV 1TÄ TSR H Y T M U S D E R  SÜ SSW A SSE R M U SC H EL  (  A  NO D O N T  A  C Y G N E  A  L . )

U n te rsu ch u n g e n  w u rd en  vo rgenom m en um  fe s tzu s te lle n , ob der S au ersto ffm an g el die 
p e rio d isch e  A k tiv itä t der A nodon la  cygnea b ee in flu ß t. H ie rb e i zeigte sich, daß  die V e rm in d e 
ru n g  des gelösten  0 2 G ehaltes des W assers die D auer der u n u n te rb ro c h en e n  A k tiv itä t  v e rk ü rz t ,  
u n d  d e re n  A bw echslung m it d en  R uheperioden  b e d e u te n d  ste ig e rt. D ieser E ffek t h ö r t  n a ch  
d em  D u rch sch n eid en  de r N e rv en  de r K iem en u n d  S ip h o n reg io n  auf. Diese R e su lta te  sowie 
u n se re  f rü h e re n  A ngaben , d en en  zufolge die period ische A k t iv i tä t  auch m it gew issen a u f  die 
G ew eb ea tm u n g  e in w irk en d en  S u b s ta n z en  beein flu ß t w e rd en  k a n n  [7, 15], weisen d a ra u f  h in , 
d a ß  in  d ieser R egelung die p e rip h e risch en  S to ffw echselvo rgänge, vor allem  u n te r  n o rm alen  
V e rh ä ltn is se n  die S a u e rs to ffv e rso rg u n g  und  die aero b en  u n d  anaeroben  V orgänge d e r m it 
W asse r in  B erü h ru n g  k o m m en d en  Geweben eine Rolle sp ie len .

Im  V erlau f der U n te rsu ch u n g e n  w urde k e in  s ig n if ik a n te r  U n tersch ied  zw ischen dem  
M ilch säu reg eh a lt der v e rsch ied en en  O rgane der in g u te r  S auersto ffversorgung  leb en d en  
u n d  d e r in  zehnm al w eniger fre ies 0 2 e n th a lten d en  W asser lebenden  T ieren fe s tg es te llt , o b 
w o h l d e r a u f  100 g lebendes K ö rp e rg ew ich t be rech n ete  0 2 V e rb rau c h  im  24stünd ingen  D u rc h 
s c h n i t t  bei den erste ren  1.11 m g /S t u n d  bei den le tz te ren  0 .14  m g/S t betrug .

I n  der R egelung d ieses b io log ischen  R h y tm u s de r A n o d o n te n  nehm en also n ich t p e r io 
d isch  w echselnde äußere  F a k to re n  te il, sondern er is t eine F u n k tio n  des freien 0 2 G elulltes des 
u m g eb e n d en  W assers bzw . de r in  den m it der U m gebung  in  d irek te r  V erb indung  s te h en d e n  
G ew eb en  sich absp ie len d en  aero b en  u n d  anaeroben  A tm u n g sv o rg än g en .

СНАБЖЕНИЕ КИСЛОРОДОМ -  СПЕЦИФИЧЕСКИЙ РЕГУЛЯТОР РИТМА 
АКТИВНОСТИ ПРУДОВОЙ БЕЗЗУБКИ (  A N  Ö D Ö N T  A  C Y G N E A  L .)

Изучался вопрос о том, влияет ли недостаток кислорода на периодическую актив
ность беззубки. Установлено, что падение концентрации растворенного в воде кислорода 
вызывает укорочение непрерывной активности и одновременно значительно увеличивает 
частоту смены активных периодов спокойными периодами. После перерезки нервов снаб
жающих сифонную часть мантии и жабрах подобный эффект не наблюдается.

Эти данные а также предыдущие сведения о том, что веществами, влияющими на 
дыхание тканей можно изменять периодическую активность (Коштоянц п Шаланкп 1958, 
Шаланки 1960 а) указывают на то, что в ее регуляции решающую роль играет окисли
тельный обмен веществ периферических областей, а в природных условиях именно снаб
жение кислородом этих, непосредственно соприкасающихся с водой, частей животного.

В течении исследований не была найдена достоверной разницы в содержании молоч
ной кислоты тканей, полученных от животных живущих в воде с хорошим и со снижен
ным содержанием кислорода, несмотря на то, что потребление кислорода было в первом 
случае 1,11 мг/час/100 г, а во втором случае 0,14 мг/час/100 г свежего веса.

Таким образом, в регуляции биологического ритма прудовой беззубки участвуют 
не периодически меняющиеся внешние факторы, а она зависит от окислительных про
цессов периферических органов, которые в физиологических условиях могут ограничи
ваться содержанием растворенного в воде кислорода.

J á n o s  S a l Án k i , T i h a n y ,  B i o l ó g i a ,  H u n g a r y .
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DEPENDING ON FUNCTIONAL CONDITIONS
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BIOLOGICAL RESEARCH INSTITUTE OF T H E  HUNGARIAN ACADEMY OF SCIENCES, T IH A N Y
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Synopsis

In  periods of b o th  re la x a tio n  an d  isom etric  co n trac tio n  th e  a d d u c to r  m uscles of 
Anodonta  cygnea resem ble th e  sm o o th  m uscle, th o u g h  th ey  differ fro m  it in several 
e ssen tia l s tru c tu ra l fea tu res . In  the  s ta te  of iso ton ic  con trac tio n  th e y  p re se n t a p ictu re  
w hich  w as term ed  prev iously  “ sp ira l m uscle” , in  th e  s ta te  o f m ore a d v a n c e d  co n trac 
tio n , how ever, a p eriod ic ity  co n sistin g  of d a rk  Q and  light I  hands is o b se rv ab le , th o u g h  
it m igh t no t be regarded  as ty p ic a l s tr ia tio n . I t  is no t possible to  c lassify  th e  add u cto rs  
e ith e r  as sm ooth  or s tr ia te d  m uscles on basis o f th e ir  p roperties , an d  it  w ould  no t be 
co rrec t e ith e r to  te rm  th em  as “ sp ira l m uscles” . W ith  regard  to s tru c tu ra l  changes de
p end ing  on fu n c tio n al co n d itio n s th e  te rm  “ polym orphous m uscle”  seem s to  be ju s t i
fied .

In troduction

T h e  phenom enon t h a t  th e  a d d u c to rs  of th e  fresh-w a te r  m ussel are capable  
to  perfo rm  a relatively ra p id  phas ic  ac t iv i ty  as w ell as ton ic  c o n tra c t io n  (‘"catch- 
m e c h a n ism ” ) lasting for severa l hou rs  and requ ir ing  only l i t t le  energy  has 
in te re s te d  physiologists for a lm os t  a cen tu ry .  In  th e  course of m usc le  physiolog
ical inves tiga tions  pe rfo rm ed  prev iously  [9] and  recently  [5, 10, 11, 14] the  
a d d u c to rs  of Anodonta  h ave  been  p laced unan im o u s ly  in to  th e  g ro u p  of sm ooth  
muscles. A t th e  same tim e , howrever, l i te ra ry  d a ta  on th e  h is to log ica l s t ru c tu re  
o f  th e  ad d u c to rs  of f re sh -w a te r  mussel show m any  discrepancies . According 
to  M a r g o  [8] the  a d d u c to r  is a t r u e  s t r ia te d  muscle, and  th e  s a m e  s ta te m e n t  
m a y  be found  in the  histo logical m a n u a l  by  S c h a f f e r  [12]. E n g e l m a n n  [4], 
on  th e  o th e r  hand , regarded  it  as a spiral muscle in which th e  m yofib r i ls  are 
lo ca ted  along a spiral. M a r c e a u  [7] and  B r ü c k  [3] refused to  a d m i t  th e  pres
ence of  s t r ia te d  muscles in th e  a d d u c to rs  a n d  charac ter ized  t h e m  as sm ooth  
m uscles. Moreover, recen tly  even  th e  opinion is found in l i t e r a tu re  [1] t h a t  the 
a d d u c to r  contains chiefly sm o o th  muscles m ixed sporad ica lly  w i th  s tr ia ted  
e lem en ts ,  th is  s tr ia tion  h a v in g  a t ra n sv e rsa l  d irection, and a t r a n s i t io n  of sm ooth  
muscle-cells in to  s t r ia ted  e lem en ts  being observable .

In  order to  correc tly  in te r p r e t  physiological inves t ig a t io n s  i t  proved 
necessary  to  f ind  an e x p la n a t io n  for the  discrepancies in h is to log ica l data . 
T h e  p resen t  studies are none th e  less accoun ted  for when ta k in g  in to  consider
a t io n  t h a t  it  is hard ly  p ro b ab le  t h a t  these  co n trad ic to ry  d a ta  o r ig ina te  from 
w ro n g  observations.
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T he exam ina tions  p re s e n te d  here are based  on th e  assum ption  t h a t  these  
d isc repanc ies  m ay be e lu c id a te d  by s t ru c tu ra l  differences occurring in th e  
m usc les  a t  different s tages  o f  con trac tion , a fac t  w h ich  has been d isregarded  by  
o th e r  workers. For th is  s a m e  reason ex per im en ts  were s ta r te d  w ith  th e  aim 
to  e x a m in e  the  histological s t ru c tu re  of th e  a d d u c to r s  o f  A nodonta  a f te r  f ix a 
t io n  a t  different func tiona l  s ta te s .

M ateria l and m ethod

E x am in a tio n s  were ca rried  o u t  on 10 — 16 cm  spec im ens of Anodonta cygnea k e p t in  an  
a q u a r iu m  in stream ing  B a la to n -w a te r  in  the  period from  S e p tem b e r to  Ja n u a ry . T he fu n c tio n 
al s ta te s  o f th e  m uscles w ere  th e  follow ing:

(1) State o f  relaxation.  R e la x a tio n  of the a d d u c to rs  w as achieved by  im m ersing  th e  
a n im a l fo r 5 —10 m inu tes in to  w a te r  a t  45 — 50 C° te m p e ra tu re . T h is m ilieu induced  re lax a tio n  
a n d  th e  va lves open w ide, b u t  th e  v ia b ility  of the an im al is n o t  dam aged  (heat-narcosis). The 
sam e e ffec t was o b ta ined  b y  in je c tin g  2%  ch lo ra lh y d ra te  in to  th e  region of th e  cereb ral and 
v isc e ra l ganglions. A fter re la x a tio n  th e  adducto rs w ere f ix e d  in  situ .

(2) State o f  isometric contraction.  The valves of th e  liv ing  m ussel were trep a n ed  a t  b o th  
en d s a n d  subsequen tly  p u t  in to  f ix a tiv e s . The fix a tiv e  in d u ce d  a com plete co n trac tio n  of the  
a d d u c to rs ,  b u t th is co n tra c tio n  w as lim ited  by  the  v a lv es. T h en  th e  ad d u cto r w as fixed  in  
s itu  in  i ts  physiologically  possib le  sh o r te s t  condition. In  th e  s ta te  o f isom etric  co n trac tio n  th e  
a d d u c to rs  were fixed also a f te r  a n o th e r  trea tm e n t, nam ely  a f te r  p lacing  a 2 — 3 cm. th ic k  piece 
of co rk  be tw een  the  valves. In  th is  p osition  co n traction  w as likew ise isom etric, bu t i t  was lim 
ite d  e v en  m ore th an  u n d e r p h y sio lo g ica l conditions.

(3) State o f  isotonic contraction.  T he adducto rs w ere c u t  w ith  a scalpel from  one of th e  
v a lv es. In  th is  case c o n trac tio n  w as n o t lim ited by  th e  c losing  v a lv e , th u s  th e  m uscle was able 
to c o n tr a c t  iso tonically . T he a d d u c to rs  co n tracted  to  one h a lf  on th e ir  physio logically  m in i
m u m  len g th . A fter tran sec tio n  one p o rtio n  of the  tre a te d  a d d u c to r  w as p u t in to  fix a tiv e  im m e
d ia te ly  w hile th e  o ther p o rtio n  o n ly  a f te r  30 m inutes.

T h e  tissues p rep ared  a cc o rd in g  to  the  m ethod re fe rre d  to  were fixed  in  10%  fo rm ald e
h y d e  so lu tio n  and Susa for 4 a n d  1 d ay s  respectively . S u b seq u e n tly  th e  ad d u cto rs  w ere cu t 
ou t a n d  a f te r  hav ing  been w ash ed  in  a series of alcohols, m eth y lb en z o a te  and  benzene th ey  
w ere e m b e d d ed  into p a ra ffin  a n d  6 ju long itud inal an d  cross sec tions were p rep ared  in  series. 
S ta in in g  of sections was p e rfo rm ed  w ith  th e  following m eth o d s: h aem alau n -ch ro m o tro p  2R , 
V an -G ieson  and  H e id en h a in ’s iro n h ae m a to x y lin  m eth o d .

Results

In n a tive  condition tw o  regions may be d is t ingu ished  in the posterior 
a d d u c to r  of Anodonta cygnea : a darker  “ red ”  p a r t  which  is located v en tra l ly  
a n d  c o n s t i tu te s  the  g rea te r  h a l f  of the  posterior a d d u c to r ,  and a light “ w h ite”  
p a r t  w h ich  is located do rsa l ly .  In the an te r io r  a d d u c to r  there  are similarly 
tw o  reg ions  d is tinguishable ,  a “ r e d ” and a “ w h i te ”  region. Essen tia l  differ 
ences w ere  no t observed b e tw e e n  these two muscles. I t  is clearly seen in th e  
h is to log ica l pic ture  of t r a n s v e r s a l  sections t h a t  th e re  are more connective 
t issues  p resen t  in th e  “ w h i te ”  muscles; the  p e r im y s iu m  in te rn u m  is th ick e r  
while th i s  muscle is m ore p ro p o r t io n a te  th a n  th e  “ r e d ”  one. The closeness of 
m yofib r i ls  could not be d e te rm in e d  with light m icroscope, th u s  it  is difficult 
to  dec ide  w hether  or no t  t h e  macroscopic  differences ex is ting  betw een  th e  tw o 
k inds  o f  muscles m ay be ch a ra c te r iz e d  by th is  fac to r .
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The histochem ical p ic tu re  does no t  show essential differences in th e  pe
riods e ither  of re lax a t io n  or isom etric  con trac t io n .  The sections re sem ble  as a 
whole th e  usual s t ru c tu re  of sm oo th  muscles (Fig. 1). The only  d ifference  is 
t h a t  the  muscle cells are n o t  sp ind le-shaped  b u t  cylindrical to  th e i r  full leng ths ,  
th e y  are no t th in n e r  a t  th e  ends b u t  adhere  w ith  ends lit t le  e n la rg ed  in th e  
h y p o s tra c u m  (Fig. 2). T he  cells ending  inside th e  section could n o t  be observed

Fig. 1. L on g itu d in a l sec tion  of poste rio r a d d u c to r in  isom etric  c o n tra c tio n . S u sa-fix a tio n , 
iro n h aem a to x y lin  sta in in g . X 882. Muscle looks like a sm ooth  one j — co n ica l-sh ap ed  space 

w ith o u t m yofibrils a t  th e  en d  of the  nucleus

a n d  the  visible cell ends are due to  th e  sec tion ing  of cells em erg ing  o u t  of th e  
p lane of the  sections.

The nuclei are longish, ro u n d ed  a t  th e i r  ends and located  in genera l in 
th e  centre of th e  cell (Fig. 1). As it  was no t  possible to  observe  m usc le  cells 
a t  the ir  full leng ths ,  i t  can n o t  be s ta te d  w h e th e r  there  are p e rh a p s  cells w ith  
m ore  th a n  one nucleus.

The p lasm a of th e  cells seems to  be homogeneous in genera l,  in certa in  
regions, however, th e re  are myofibrils observable  which are lo c a te d  in t ig h t  
g roups in long itud ina l  d irection on b o th  sides of the  nucleus le a v in g  a long 
cone-shaped space free a t  b o th  ends. This cone-shaped space s ta in s  v e ry  lit t le  
w ith  ironhaem atoxy line  (Fig. 1). S tr ia t ion  could not be d e tec ted  in t h e  sections 
a n d  cells with “ sp ira l”  p a t te rn  were not found  either.
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F ig .  2. A dhesion of a n te r io r  a d d u c to r  (in lo n g itu d in a l sec tio n s) in isom etric  c o n tra c tio n . 
F ib re s  adh ere  w ith  en la rg ed  en d s in  the  hypostracum . S u sa -fix a tio n , iro n h aem ato x y lin  sta in in g .

X 441

F ig .  3. A n te rio r a d d u c to r in  c ro ss-sec tion  in the  s ta te  o f iso m etric  co n trac tio n . T he g ro u p s 
o f  m y o fib rils  in the  la te ra l reg io n  of cells is observable. S u sa -f ix a tio n , iro n h aem a to x y lin  s ta in 

ing. X 441
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The ad d u c to r  p resen ts  a ve ry  var ied  p ic tu re  in the  s ta te  o f  isom etr ic  
co n trac t io n .  In  th e  g rea te s t  p a r t  of th e  p o s te r io r  adduc to r  th e  m usc le  cells 
a p p e a r  in th e  form  of rings which are  a p p a re n t ly  e m p ty  inside (F ig . 3). The 
d im ension  of th is  a p p a re n t ly  e m p ty  m idd le  p a r t  varies, the  groups o f  m y o f ib 
rils are located  in th e  p e r ip h e ry  in general, ex cep t  for seme cells w h ich  are 
com ple te ly  filled w ith  th e m .  Such r ing -shaped  cross- sections are  re la t iv e ly  
se ldom  observable  in th e  posterior ad d u c to r .

Fig. 4. A n te rio r a d d u c to r in c ross-sections in  isom etric  con trac tio n . H om ogeneous d is tr ib u 
tion  of m yofibrils. S u sa-fix a tio n , iro n h ae m a to x y lin  sta in ing . X 441

T he greatest  p a r t  of th e  posterio r  a d d u c to r  and the  sm aller,  p e r ip h e ra l  
p a r t  of th e  an te r io r  a d d u c to r  con ta ins  cells w hich  show hom ogeneous  d is t r i 
b u t io n  in cross-section (Fig. 4). T he ir  sa rco lem m a is sharp ly  o u t l ined  a n d  th e ir  
d ia m e te r  is considerably  g rea te r  t h a n  t h a t  of f ib res  r ing-shaped in cross-section .

T he  histological p ic tu re  of  th e  lon g i tu d in a l  sections of m uscle  f ixed  in 
th e  s ta te  of isotonic c o n trac t io n  varies dep en d in g  on w hether  th e y  w ere  fixed 
im m ed ia te ly  af te r  t ra n se c t io n  or t h i r ty  m in u te s  thereaf ter .  In  t h e  muscles 
p rep a red  im m edia te ly  th e  so-called “ sp ira l”  s t ru c tu re  d o m in a te s  (Fig. 5), 
in  th in  sections, how ever, i t  has m ore a chess-board  p a t te rn .  Besides  these  
“ sp ira l”  fibres cross-s tr ia t ion  is also observab le  sporadically , an d  is fo u n d  in 
nea r ly  every  fibre in th e  lo n g i tud ina l  sections of  muscle fixed t h i r t y  m in u te s  
a f te r  t ran sec t io n  (Fig. 6). This period ic ity  consis ts  of abou t 2 w ide  d a rk  Q
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Fig.  5. L o n g itu d in a l sec tion  o f p o s te r io r  ad d u cto r in  iso m e tric  co n traction  fixed  im m e d ia te ly  
a f te r  tran sec tio n , f -ch ess-b o ard  p a tte rn .  S u sa-fixa tion , iro n h ae m a to x y lin  sta in in g . X 1,260

Fig. 6. L o n g itu d in a l section  o f a n te r io r  ad d u cto r in  iso to n ic  co n trac tio n  fixed  in  th e  3 0 th  
m in u te  a f te r  tran sec tio n . S tr ia t io n  is accen tu a ted . S u sa -fix a tio n , iro n h aem ato x y lin  sta in in »

X 441
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a n d  a b o u t  3.5 fi w ide 1 bands . The co n tac t  line  betw een  Q and  I b a n d s  is not 
s h a rp ,  b u t  d e n ta te d ,  se rra ted . B ands ana logous  to  o ther  kinds of b a n d s  in th e  
s t r ia te d  muscle of m am m als  are lacking. T h e  position  of the  b an d s  is in general 
p e rp en d icu la r  to  th e  long itud ina l axis o f  th e  f ib re , while some o the rs  are  t r a n s 
versa l.  S tr ia t ion  is observable  in b o th  a d d u c to r s  a n d  no differences were  found 
b e tw een  th e  tw o p a r ts  of th e  adduc to rs .

F ig .  7. C ross-section of poste rio r a d d u c to r in  iso to n ic  co n trac tio n , fixed  in  th e  3 0 th  m in u te  
a f te r  tran sec tio n . G roups of m yofibrils are sh a rp ly  o u tlin ed . S usa-fixation , iro n h ae m a to x y lin

sta in in g . X 441

In  th e  histological p ic ture  of cross-sections th e  transec tions  o f  m yofibrils  
are  well discernible (Fig. 7). The d is t r ib u t io n  of  th e  myofibrils in s id e  th e  cells 
is a p p a re n t ly  hom ogeneous in th e  case of  b o th  adductors .  The cross-sections 
of  cells are not round  b u t  often po lygonal. In  some cases th e  m yofib r i ls  are 
n o t  discernible in th e  cross-sections b u t  in s tead  a homogeneous d a r k  spot is 
visible. The nuclei are located  generally  in t h e  centre. The d ia m e te r  of cells 
is usually  g rea te r  in no rm a l  condition  t h a n  in t h e  s ta te  of isom etric  c o n tra c t io n .

Discussion

These experim en ts  supp ly  an e x p la n a t io n  as to  the  origin o f  d isc rep an 
cies found  in l i te ra tu re  concerning th e  s t ru c tu re  of th e  a d d u c to r s .  I f  th e  
a d d u c to rs  are f ixed  in  th e  s ta te  of e i th e r  re lax a t io n  or isom etric  con trac t io n ,
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t h e n  in  ag reem en t w ith  th e  f ind ings  of M a r c e a u  [7] and  B r ü c k  [3] th e  h is 
to lo g ica l  p ic tu re  o b ta in ed  will be  highly suggest ive  of  sm ooth  muscle. P r e 
s u m a b ly  i t  was the  s t ru c tu re  obse rved  in th e  in i t ia l  s t a t e  of isotonic c o n tra c t io n  
t h a t  in d u c e d  E n g e l m a n n  [4] to  te rm  it as sp ira l  muscle. The assum ptions*  
on t h e  o th e r  hand , t h a t  th e  ad d u c to rs  m igh t  be  cross-s tr ia ted  are o b v ious ly  
o r ig in a t in g  from th e  cross-s t r ia t io n  developed in  a more advanced  s t a t e  o f  
iso to n ic  co n trac t io n  [8]. M oreover  very  p ro b a b ly  th e  p ic tu re  of sections f ixed  
in  t h e  s t a t e  of initial isom etr ic  con trac t ion  was responsible  for th e  idea  t h a t  
th e re  m a y  he b o th  ty p es  m ix e d  in th e  ad d u c to r .

As i t  appears, n e i th e r  t h e  s t ru c tu ra l  p ro p e r t ie s  no r  the ir  changes o c c u r 
r in g  p a ra l le l  w ith  various fu n c t io n a l  stages allow to  classify w ith o u t  r e s e rv a 
t io n  th e  adduc to rs  of A n o d o n ta  cygnea as c ro ss -s t r ia ted  or sm ooth  m usc les .  
T he  a d d u c to r s  canno t he re g a rd e d  either  as m uscles  w ith  spiral s t ru c tu re  on 
basis  o f  th e se  findings, b u t  r a t h e r  as specific p o ly m o rp h o u s  muscles.

I t  is th o u g h t  on basis o f  these  experim en ts  t h a t  each m yofibril  o f  th i s  
m usc le  has  a periodicity , b u t  because  th e  cells do n o t  have  te leophragm a , th e se  
pe r io d ic i t ie s  are located  a t  va r ious  distances from  each  o ther. The ab o u t  1,000 Â 
th ic k n e s s  of  myofibrils d e te rm in e d  w ith  electron m icroscope (own u n p u b l i s h e d  
d a ta )  is sm all  in com parison  to  th e  th ickness of  som e microns of n o rm a l  h is 
to lo g ica l  sections. The period ic it ies  of m yofibrils  a rranged  in m a n y  su b se 
q u e n t  la y e r s  can no t be d e te c te d  w ith  light m icroscope and th u s  th e  a d d u c to r s  
re sem b le  sm oo th  muscles in t h e  s ta te  of isom etric  con trac t ion .  This agrees as a 
whole  w i th  th e  a ssum ption  suggested  by  L o w y  an d  H a n s o n  [6] in co n n ec t io n  
w i th  M y ti lu s  ABRM.

Iso to n ic  con trac t ion  s t a r t s  im m ed ia te ly  a f te r  th e  transec tion  of  t h e  
a d d u c to r .  At the  ou tse t  o f  th is  s ta te  th e  m yofib r i ls  are arranged in groups  in  
wrh ich  1 ig h t  and da rk  e lem en ts  are located at n e a r ly  equal d istances a b o v e  
each o th e r .  This p a t te rn  is visible also un d er  t h e  ligh t microscope, b ecau se  
w h i te  a n d  b lack bands  of  som e th o u sa n d  An g s trö m s  w id th  are o b se rv ab le  
even i f  o n ly  few m yofibrils  ge t  a rranged  in g roups .  T he  periodicities of m y o 
fibrils  a re  still located a t  d if fe ren t  levels w ith in  th e  cell, p roducing  a chess
b o a rd  p a t t e r n  in the  sections. I n  a more ad v an ced  s t a t e  of isotonic c o n tra c t io n  
a c o m p le te  a r ran g em en t  ta k e s  place and  s t r ia t io n  is observable for th e  f i r s t  
t im e .  T h is  cross-stria tion , how ever ,  does no t b ea r  a s t ro n g  resemblance to  t r u e  
c ro ss -s t r ia t io n  and canno t be reg a rd ed  as id en tica l  w i th  it, because i t  a p p e a rs  
ju s t  in  t h e  s ta te  of c o n tra c t io n  and  contains on ly  tw o  elements.

T h e  r ing-shaped  p a t t e r n  observable  in th e  cross-sections in th e  s t a t e  o f  
iso m e tr ic  con trac t ion  is likewise unusua l  in  com par ison  to  the  his to logica l 
s t r u c tu r e  of  bo th  sm oo th  a n d  cross-s tr ia ted  m uscles. On basis of o b se rv a t io n s  
p e r fo rm e d  on céphalopodes B o z l e r  [2] assumes t h a t  muscle cells h a v in g  ring- 
sh a p e d  p a t t e r n  in cross-sections represen t n o n - s t r ia te d  muscle tissues cap ab le  
of t e t a n i c  ac t iv i ty .
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I n  th e  case of  A nodon la  cygnea i t  is no t possib le  to  decide w h e th e r  fibres 
of such p a t te rn  in cross-section are capable  o f  t r u e  physiologically ton ic  or  
te ta n ic  ac t iv i ty ,  an d  it  is believed th a t  th e  r in g -sh ap ed  p a t te rn  visible in th e  
cross-sections rep re sen t  th e  conical regions w i th o u t  myofibrils observab le  in 
th e  long itud inal sections. I t  m u s t  be em phasized , nevertheless , t h a t  th e  ring- 
shaped  p a t te rn  in th e  cross-sections is no t  a c o n s ta n t  s t ru c tu re ,  because i t  
does not occur in muscles fixed in the  s ta te  o f  iso ton ic  con trac t ion .

In  th e  course of cholinesterase-h is tochem ical s tud ies  it  was es tab lished  
th a t  the  sarco lem m a of th e  ad duc to rs  contains specific cholinesterase  in diffuse 
g ran u la ted  d is t r ib u t io n  [13]. This fact also supplies  a basis to  d is t ingu ish  th e  
ad duc to rs  of th e  f re sh -w a te r  mussel from b o th  sm o o th  an d  s t r ia te d  muscles 
and  fu r th e r  suggests th e  denom ina tion  as “ po ly m o rp h ic  muscle”  as a m eans  
of distinction .

F rom  the  above  re su lts  the  following conclusions m ay  be d ra w n :
(1) The a d d u c to rs  o f  A nodonta  cygnea c a n n o t  be classified e i th e r  as t y 

pical sm ooth , or as u su a l  c ross-s tr ia ted  muscles. T h is  s ta te m e n t  has  to  be con
sidered in  muscle physiological,  b iochemical or genera l physiological ex am i
nations.

(2) Para lle l  w ith  func tiona l  changes s t r u c tu r a l  changes also occur w ith in  
the  muscle-cells. This  is d em ons trab le  w ith  l igh t  microscope. This  fact m ay  
serve as a new v iew po in t  in researches on th e  to n ic  a c t iv i ty  of these  muscles.
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VOM  F U N K T IO N E L L E N  Z U ST A N D  A B H Ä N G IG E  S T R U K T U R Ä N D E R U N G E N  DES 
SCH LIESSM U SK ELS D E R  M U SC H EL A N O D O N T A  C Y G N E A  L.

D ie  Schließm uskeln  der A no d o n la  cygnea sind  d ila tie r t  und  in  iso m etrisch er K o n tra k 
tio n  d e r g la tte n  M u sk u la tu r än lich , u n te rsch e id e n  sich ab er a u ch  von ih r in  e in igen w esen tlichen  
M e rk m alen . Zu B eginn der iso to n isch en  K o n tra k tio n  zeigen sie das Bild w elches frü h e r als 
sp ira le r  M uskel bezeichnet w u rd e , bei fo rtg e sch ritte n e r K o n tra k tio n  e rsch e in t eine P erio d i
z itä t  von  du k len  Q u n d  hellen I S tre ifen . D as le tz te re  B ild  en tsp ric h t ab er n ich t e in e r ty p isch en  
Q u e rs tre ifu n g . A uf G rund  der b e sch rieb en en  C h a rak te ris tik a  k a n n  der S ch ließm uskel weder 
zu r g la t te n  no ch  zur q u e rg estre if te n  M u sk u la tu r e in g e te ilt w erden , aber au ch  d e r N am e spi
ra le r  M uskel ist n ich t g e rec h tfe rtig t. E n tsp rec h en d  der vom  fu n k tio n e llen  Z u s tan d  abhäng igen  
S tru k tu rä n d e ru n g e n  schein t de r A u sd ru ck  »polym orpher Muskel« rich tig  zu sein.

СТРУКТУРНЫЕ ИЗМЕНЕНИЯ, ЗАВИСЯЩИЕ ОТ ФУНКЦИОНАЛЬНОГО 
СОСТОЯНИЯ, В ЗАПИРАТЕЛЬНОЙ МЫШЦЕ БЕЗЗУБКИ { A N O D O N T A  C Y G N E A  L.)

Запирательные мышцы баззубки в расслабленном состоянии и в изометрической 
контаракции несколько похожи на гладкую .мышцу, но все же отличаются от последней 
во многих существенных структурных отношениях. В изотонической контракции они 
вначале напоминают картину раньше т. н. спиральной мышцы, а с углублением конт
ракции на них появляются темная (Q) и светлая (I) полосы, которые однако не соответ
ствуют типичной поперечнополосатое™. По своим свойствам заперательная мышца не 
относится ни к гладким, ни к поперечнополосатым мышцам, но и не отправденно и название 
её спиральной мышцей. Принимая во внимание структурные изменения в зависимости от 
функционального состояния, кажется обоснованным употребление названия — поли
морфной мышцы.

I m r e  Z s . -N a g y  
J á n o s  Sa l á n k i

T ih a n y ,  Biológia, H u n g a ry .
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MOLECULAR STRUCTURE AND TUMOROUS GROWTH 
INDUCING EFFECT OF CHLOROSUBSTITUTED 

PHENOXYACETIC ACIDS IN POTATO TISSUE CULTURE
B. F a l u d i , I. G y u r .iá n , A g n e s  F a l u d i  D á n i e l  and Má r i a  P a c s é r y

D EPART M E NT OF PHYLOGENETICS AND G ENETICS, EÖTV ÖS LORÁND UNIVERSITY, B U D A P E S T
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(R eceived Ju n e  1, 1964)

Synopsis

T he s tim u la to ry  influence on  g ro w th  o f pheno x y acetic  acid and  its  d isu b s titu te d  
com pounds in p o ta to  tissue culture h a s  been  s tu d ie d . W hen using th e  a p p lied  com p o u n d s 
a t  c o n ce n tra tio n s  o f 1 0 -7, 10-1 a n d  10 _ 3 M, th e  10~4 M con cen tra tio n  w as fo u n d  to 
hav e  s tim u la te d  th e  g row th  of tissue  c u ltu re s . T h e  tissues trea te d  w ith  2 ,4 -D  e x h ib ited  
th e  g re a te s t m easu re  of tum orous g ro w th  w hile  th e  s tim u la to ry  in fluence  o f 3 ,4-D  was 
som ew hat w eak er an d  2,5-1) had  a c o n s id e ra b ly  low er stim u la to ry  effect. 2 ,3 -D , 2,6-D 
an d  3,5-D a t  a  co n cen tra tio n  of 10 ~4 M fa iled  to  p resen t an y  s tim u la to ry  in flu en ce  on 
g row th . T he d ich lo ro su b s titu ted  p h e n o x y a c e tic  acid s a t a co ncen tra tion  of 10 ~ 7 added 
to  10 -4 M 2,4-D  d id  n o t influence th e  e ffec t o f 2,4-D , whereas a t  a c o n c e n tra tio n  of 
10  ̂ M th e y  tu rn e d  o u t to be slig h tly  in h ib i t iv e ,  a n d  3,5-D was even e x p lic it ly  a n ta g o 
n istic . G ro w th  w as found  to have b e en  c o m p le te ly  in h ib ited  b y  10-3 M c o n ce n tra tio n s  
o f va rio u s d ich lo ro su b s titu ted  isom ers a long  w ith  2,4-D  a t a c o n cen tra tio n  o f 1 0 -4 M. 
M CPA s tim u la te d  grow th  (sim ilarly  to  2 ,4-D ), b u t  CMPA had  no effect w h a te v e r . This 
in d ica tes  t h a t  4 -ch lo ro su b stitu tio n  p lay s  a  m a jo r  role in th e  g row th  in d u c in g  effect. 
An a p p ro p ria te  p a ra lle l can be d raw n  b e tw een  th e  s tim u la to ry  influence o f su b s ti tu te d  
pheno x y acetic  acid  isom ers on th e  g ro w th  o f p o ta to  tissue cu ltu res a n d  th e ir  aux in  
effects o f d iffe re n t ch arac te r, such a s  in flu en ce  on  abscission, herbicide e ffe c t, e tc .

In tro d u c t io n

A uxin  herb ic ides  are sy n th e t ic  p la n t  regu la to rs  th e  biological effect of 
■which is from  v a r io u s  points  of v iew  s im ila r  to  t h a t  of n a tu ra l  h o rm o n e s  [17]. 
T he ir  influence on o rganism  consists p a r t l y  o f  a norm al and p a r t l y  o f  an  ab 
no rm al s t im u la to ry  effect on g ro w th  [5], b u t  no unequivocal hypo th es is  
concerning th e ir  p r im a ry  action has  been  e s tab lished  so far.

A n analysis  o f  th e  re la t ionsh ip  b e tw e e n  biological effec tiveness  and  
chem ical s t ru c tu re  reveals  t h a t  o f  t h e  b io log ica lly  active co m p o u n d s  cer ta in  
m ater ia ls ,  th e  chem ical s truc tu re  o f  w h ich  is en tire ly  different, m a y  exercise 
an a p p a re n t ly  id en t ica l  influence [27]. A t  th e  sam e  tim e, however, t h e  effec tive
ness of  biologically ac tive  com pounds can  be  abolished by  chang ing  a rad ica l 
or an  a to m  [14], or th e re  can be an  essen t ia l  difference in th e  in te n s i ty  o f  reg u 
la to rs  which are o f  a lm ost identical s t r u c tu r e  [22].

F ro m  these  s ta te m e n ts  it m ay  co n c lu d e d  t h a t  the  grow th re g u la t in g  ho r
m ones exercise a t  f i r s t  an aspecific physicochem ica l  effect and  th e  id e a  t h a t  
th is  influence m an ifes ts  itself in t h e  s t r u c tu r a l  change of the  cell m e m b ra n e  
[13], or in t h a t  o f  th e  m itochondrium  m e m b ra n e  [15] is not of re c e n t  origin.
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I t  is well know n t h a t  t h e  s t ru c tu re  of  p la s m a t ic  m em branes in f luences  
t h e  t r a n s p o r t  of exogenous subs tances .  For th is  rea so n  only m ateria ls  h a v in g  
h y d roph il ic - l ipoph il ic  p ro p e r t ie s  [29] are c a p a b le  of perm ea ting  in  an 
id ea l  m a n n e r .  W hen ex a m in in g  th e  influence of  p h e n o x y  derivatives on  g ro w th  
a n d  t h e i r  effect on p la n t  m e tab o l ism , it  appea rs  t h a t  th is  p roperty  is d e p e n d e n t  
on th e  q u a l i ty  of th e  s u b s t i tu e n t s  [24] loca ted  in  th e  benzene ring, on th e i r  
n u m b e r  [6] and  position  [22] a n d  on their  p lace  as re la ted  to  each o th e r  [20].

I t  has  been es tab lished  a t  various s tages  of  p la n t  m etabolism  t h a t  o f  
t h e  s y n th e t i c  p lan t  reg u la to rs  it  is th e  c h lo ro su b s t i tu te d  derivatives o f  phe-  
n o x y a c e t i c  acid, in p a r t ic u la r  2,4-D, t h a t  exerc ise  an  influence similar to ,  b u t  
g e n e ra l ly  m ore explicit t h a n ,  t h a t  of physio log ica l auxins [3]. The m a jo r i ty  
of  t h e  experim en ts  were m a d e  w ith  whole p la n t s  or isolated p lan t  o rg an s  
[2, 8] w i th  an  effect m odified  also by the  co n d i t io n s  of perm eating  th e  cu tic le .

E a r l ie r  we rep o r ted  t h a t  the  growth of p o t a to  tissues can be spec if ica l ly  
s t im u la t e d  by  2,4-D [10]. T here fo re  po ta to  t is sue  cu ltu res  appear to be p a r t i c 
u la r ly  su i tab le  for ex a m in in g  the  physiological effects of c h lo ro su b s t i tu te d  
p h e n o x y a c e t ic  acid d e r iv a t iv e s .

I n  th e  presen t w ork  th e  ac tion  of 2,4-D a u x in  herbicide and its an a lo g u es  
w as s tu d ie d  on the  basis o f  t h e i r  influence on g r o w th  of po ta to  tissue c u l tu re s .

M ateria l  and m ethod

T issu e  cu ltu res w ere p re p a re d  from  tu b ers  of a n  a u x in  herbicide-sensitive v a r ie ty  o f  
S o la n u m  tuberosum  “ Gül B a b a ” . P ieces of 6 X 6 X 0.4 m m  (25 m g fresh w eight) w ere ex c ised  
u n d e r  s te r ile  conditions b y  a p p ly in g  th e  prev iously  d e sc rib e d  m ethod  [9]. The tis su e  p ieces 
w ere p la c e d  on m edia co n ta in in g  a m od ified  basal n u tr ie n t  o f  W h i t e  [18], 0.05%  e n z y m a tic a lly  
p re p a re d  casein  h y d ro ly sa te  („ A m p a ro n ” ), 2%  sucrose , 1 %  w ashed agar-agar a n d  a u x in s  
re sp e c tiv e ly . The auxins w ere d isso lv ed  a t  a te m p e ra tu re  u p  to  50° C, adding sm all a m o u n ts  
o f K H C 0 3 u n d e r con tinuous s tir r in g . T he m edia were a d ju s te d  to  p H  6.4 w ith  K H C 0 3.

T o  co m pare  th e  effect o f  2 ,4 -d ich lo ro p h en o x y ace tic  acid  i ts  ch lo ro su b s titu ted  a n a 
lo g u es in  th e  in d u c tio n  of tu m o ro u s  grow th  of p o ta to  t is su e  cu ltu res , la tin  sq u a re  w a s  
a p p lie d  as ex p erim en ta l design . C o n cen tra tio n s o f  2 ,4 -D  an d  of analogous s u b s ta n c e s  
v a r ie d  b e tw ee n  0 and  10 3 M as p re sen te d  in F ig . 1.

T h e  au x in s te s te d  w ere: 2 ,3 -d ich lo ro p h en o x y ace tic  a c id  (2 ,3-D), 2 ,5 -d ich lo ro p h en o x y - 
a c e tic  a c id  (2,5-D ), 2 ,6 -d ich lo ro p h en o x y ace tic  acid  (2 ,6 -D ), 3 ,4 -d ich lo rophenoxyacetic  a c id  
(3 ,4 -D ), 3 ,5 -d ich lo ro p h en o x y ace tic  a c id  (3,5-D), 2 -m eth y l-4 -ch lo ro p h en o x y ace tic  acid  (M C P A ), 
2 -ch lo ro -4 -m eth y l-p h en o x y a ce tic  a c id  (CMPA), 4 -ch lo ro p h en o x y ace tic  acid (4CPA) a n d  p h e 
n o x y a c e tic  acid  (PA ) re sp ec tiv e ly .

T h e  chem icals w ere o b ta in e d  b y  th e  co u rte sy  o f J .  SÜDi of th e  In s t i tu te  o f P l a n t  
P r o te c t io n ,  B u d ap es t. T heir id e n t i ty  an d  p u r ity  w ere  e x am in ed  b y  c h ro m a to g rap h ica l a n d  
b io lo g ic a l te s ts  [26].

E a c h  of th e  ex p e rim e n ta l v a r ia n ts  i. e. su b d iv is io n s  o f  th e  la tin  square, w ere  re p re 
s e n te d  b y  80 to  100 tissu e  p ieces o rig in a tin g  from  3 to  6 in d ep en d en t series.

T h e  g ro w th  of th e  tis su e  p ieces was m easu red  b y  th e  fresh  w eight o f 14- d a y  o ld  
c u ltu re s .  G ro w th  p a tte rn  o f th e  t is su e  cu ltu res w as p h o to g rap h ica lly  recorded.
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F ig. I .  E x p erim en ta l la y o u t  o f  th e  in v estig a tio n  a n a ly s in g  th e  in te rac tio n  be tw een  2,4-D
and 3,4-1)

R esults

C om paring th e  effec ts  o f p h en o x y ace tic  ac id  a n d  its  d ich lo ro su b s titu te d  
d e riv a tiv e s  on each  o f  th e  com pounds used, i t  w as fo u n d  ch a rac te ris tic  th a t  
ap p lied  a t  a c o n c e n tra tio n  of 1 0 - 7 M th e y  fa iled  to  s tim u la te  th e  g ro w th  of 
tissu e  an d  c o n cen tra tio n s  o f 10 _3 M w ere even  fo u n d  to  h av e  considerab ly  
in h ib ite d  g row th . T h e  co n c e n tra tio n  n ea rest to  o p tim u m  was th a t  o f 10~4 M.

T he p ic tu re  o f tis su e s  grow n on a n u tr ie n t  s u b s tra tu m  co n ta in in g  an  
a m o u n t o f 1 0 - “ M o f p h en o x y ace tic  acid  and  its  d ic h lo ro su b s titu te d  com pounds 
a n d  th e  changes in  th e ir  fresh  w eight are  p re se n te d  in  F ig . 2.

I t  can  be co n c lu d ed  from  Fig. 2 th a t  n e ith e r  p h en o x y ace tic  acid  n o r
2 ,3-D , 2,6-D  an d  3 ,5-D  s tim u la te d  th e  g ro w th  o f tissu es . T he d a rk  b row n  co
lo u r an d  w eight o f th e  1 4 -day  old tissues are  s im ila r to  th o se  of th e  con tro l. 
C u ltu res grow n on n u tr ie n t  m edia co n ta in in g  2 ,4-D  show ed th e  la rg est m eas
u re  o f tu m o ro u s g ro w th . T h ey  are lig h t b ro w n  a n d  tra n s lu c e n t like glass, fo u r 
tim es  h eav ie r th a n  th e  co n tro l tissues o f s im ila r age. In  th e  case of 3,4-D  th e  
s tim u la to ry  effect o f  w h ich  w as som ew hat low er th e  tissues w ere f la t te r  and  
less tra n s lu c e n t. U n d e r th e  in fluence o f 2,5-D  w h ich  in d u ced  th e  low est level 
of g ro w th , th e  edges o f  th e  tissu e  cu ltu res cu rled  u p  in d ic a tin g  a ty p e  o f g ro w th  
d iffe ren t from  th e  p rev io u s  ones.

O n th is  basis i t  m a y  concluded  th a t  one of th e  fac to rs  of th e  effectiveness 
o f th e  app lied  co m p o u n d s on th e  g ro w th  o f tissu es  can  be such  a m o lecu la r 
ch a ra s te ris tic  (e lec tron  d e n s ity , p o la rity , m olecule d iam ete r) w hich is d ep en 
d e n t on th e  positio n  o f th e  ch lo ro su b stitu en ts  o f th e  benzene ring .

In  o rd er to  o b ta in  som e in fo rm atio n  a b o u t th e  m u tu a l re la tio n s  be tw een  
th e  effects o f d iffe ren t d ich lo ro p h en o x y acetic  ac ids, we exam ined  th e  p a t te rn
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o f th e  in fluence  of th e  d ic h lo ro su b s titu te d  isom ers on th e  ac tion  of 2 ,4-D  w hich 
sh o w e d  th e  largest an d  m o st s te a d y  effect.

D iffe ren t co n cen tra tio n s  o f  d ich lo ro p h en o x y acetic  ac id  isom ers were 
c o m b in e d  w ith  2,4-D a t v a r io u s  co n cen tra tio n s . E x a m in a tio n  o f th e  possible

VA

2,3-D

_ 2,6-D

3,5-D

2,5-D

3,4-D

2,4-D

Mg fresh weight W eight gain %

35-b 3.0

3 6 ±  4.6

38 — 3.6

3 5 ±  2.8

8 0 ± 1 8 .5

1 0 1 ± 1 4 .6

l l l i  19.6

0

0

0

0

129

189

218

F ig . 2 . T h e  effect of p h e n o x y ac e tic  ac id  a n d  its  d ich lo ro su b s titu te d  com p o u n d s (10_< M) on 
th e  g ro w th  of p o ta to  tissues. %  w e ig h t ga in  re la te d  to  th e  w eigh t (35 ziz 4.7 m g) o f cu ltu re

co n ta in in g  no au x in

c o m b in a tio n s  revealed  th a t  a n  in te ra c tio n  liab le  to  be e v a lu a te d  cotdd only 
be  o b ta in e d  when a d d itio n  w as m ad e  to  2,4-D  a t 1 0 ” 4 M co n cen tra tio n .

T h is  in te rac tio n  is p re se n te d  in  T ab le  1.
I t  appears from  T ab le  1 t h a t  th e  d ich lo ro su b s titu te d  p h e n o x y a c e tic  

ac id s  g iv en  a t  a co n c e n tra tio n  o f  10 7 M h a d  no effect on th e  s tim u la to ry  in 
f lu e n c e  o f  2,4-D. Isom ers a t  a c o n c e n tra tio n  of 1 0 ^4 M w ere fo u n d  to  have
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Tuble 1

T h e  i n t e r a c t io n  b e tw e e n  1 0  1 M  2 , 4 - D  a n d  d i c h lo r o p h e n o x y a c e l ic  a c id  i s o m e r s  o f  d i f f e r e n t  c o n c e n tr a 
t i o n s  ( m g  f r e s h  w e i g h t )

M aterial
Concentration

0M 10 7 M 10- « M 10 M

2,4-D ±  

4-СРЛ
119 ±  17.1 1 2 7 ± 1 2 .7 1 0 6 i 20.9 9 5 ±  10.8

2,4-D +  

2,3-D
115 ± 1 3 .7 1 2 4 ± 1 3 .4 108 ± 8 .8 3 6 ±  8.5

2.4-D t- 

2,6-D
9 4 ±  6.4 90 ±  11.4 83± 16.0 4 3 ±  5.7

2.4- D +

3.5- D
1 2 4 ± 1 3 .4 1 3 1 ± 1 6 .4 80 ± 4.8 2 5 ±  1.2

2.4- D ±

2.5- D
1 1 3 ± 1 7 .4 109 ± 2 0 .2 101± 24.3 4 3 ±  13.2

2.4- D +

3.4- D
1 1 1 ± 1 9 .6 1 1 9 ±  18.3 96 ± 10.7 37±  5.4

2.4- D +

2.4- D
1 0 6 ± 12 .9 — 82 ± 5.9 —

re d u ced  th e  s tim u la to ry  e ffec t o f 2,4-D  w hich was m ost p ro n o u n c e d  w hen 
ap p ly in g  3,5-D .

D ich lo ro p h en o x y ace tic  ac id  isom ers ad d ed  a t  a c o n c e n tra tio n  o f 10 “ 3 M 
to 2 ,4-D  of 10 ~4 M caused an  in h ib itio n  sim ilar to  th a t  o f 2 ,4-D  w h ich  is ch a r
ac te rized  b y  to x ic  c o n c e n tra tio n . P h en o x y ace tic  acid, how ever, re d u ced  th e  
s t im u la to ry  in fluence  of 2 ,4-D  even  a t th is  co n cen tra tio n  to  a le sse r e x te n t.

Since m ost in ten s iv e  g ro w th  w as o b ta in ed  w ith  2,4-D  a n d  3 ,4-D , the  
q u es tio n  arises to  w h a t e x te n t  th e  s tim u la to ry  in fluence is d e p e n d e n t on the  
c h lo ro su b s titu tio n  of p o s itio n  N o. 4 , an d  w hich w ay th e  second  ch lo rosubsti- 
tu e n t  is invo lved .

In  an a t te m p t  to  ap p ro a c h  th e  p rob lem  th e  effects on th e  g ro w th  of 
p o ta to  tissues of 2 -m eth y l-4 -ch lo ro  (M CPA), 2 -ch lo ro -4 -m ethy l (C M PA )^and 
4-chloro(4-C PA ) p h en o x y ace tic  ac id  w ere com pared  as p re se n te d  in  T ab le  2.

F ro m  T ab le  2 it ap p ea rs  t h a t  M CPA a t th e  co n cen tra tio n s  a p p lie d  shows 
an  effect s im ila r to  th a t  o f 2 ,4-D . In  th e  presence of CMPA, h o w ev e r, th e  tissue 
c u ltu re s  fa iled  to  grow a lto g e th e r . T he b eh av io u r o f these  tw o  su b s titu te d  
p h en o x y ace tic  acids e v id e n tly  in d ic a te s  th e  im p o rtan ce  o f th e  4 -ch lorosub- 
s t i tu t io n . 4 -ch lo ro p h en o x y ace tic  ac id , how ever, s tim u la ted  g ro w th  to  a lesser 
e x te n t  (60% ) th a n  2,4-D  w hich  p o in ts  to  th e  necessity  of fillin g  th e  second 
p o sitio n  in  o rd er to  p ro d u ce  m a x im u m  au x in  effect. This is n o t  necessarily  
re q u ire d  to  be a chlorine a to m .
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Table 2

T h e  s t i m u l a t o r y  e ffe c t o f  m e t h y l -  a n d  c h lo r o s u b s t i tu le d  p h e n o x y a c e t i c  a c id  i s o m e r s  o n  th e  g r o w th  o f
p o ta to  t i s s u e s

Material
Concentration

io -7 M io-* M 10 »M Weight gain*
%

MCPA 3 8 ± 4 .6 100±15.8 3 8 ^ 5 .6 185

CM PA 3 8 ± 5 .7 3 7 ±  5.3 4 2 ± 4 .2 0

4-CPA 4 4 ± 4 .2 7 5 ± 1 4 .2 4 4 ^ 6 .2 114

* %  weight gain as r e la te d  to  th e  weight (.45 ; 4.7 m g) of cu ltu re  con tain ing  no
a u x in .

Discussion

T h e  exam ination  o f  p h e n o x y a c e tic  acid a n d  its  d isu b s titu te d  com pounds 
in  t is s u e  cultures u n d e r  c o n tro lle d  conditions fa c ilita te s  th e  in te rp re ta tio n  
o f  th e i r  role in g row th  o n  th e  m olecular level. O u r ex p erim en ts  in d ica te  th a t  
th e  e x te n t  to  which p h e n o x y a c e tic  acid and  its  d is u b s titu te d  com pounds in- 
f lu e n  ce th e  grow th of p o ta to  tissu es  is d ifferen t. In  th e  in te rp re ta tio n  of d a ta , 
th e  f a c t  th a t  the  v a rio u s  ch lo ro su b stitu tio n s  c h an g e  th e  size of th e  ring , its  
e le c tro n  density , p o la r ity  a n d  lipophilia  [28] m u s t b e  ta k e n  in to  considera tion . 
Tn c o n tra s t  to  d ic h lo ro su b s titu te d  analogues, p h en o x y ace tic  acid failed to  
in d ic a te  a stim u la to ry  in f lu e n c e  on grow th in  an y  o f  th e  co n cen tra tio n s app lied ; 
th is  is in  accordance w ith  d a t a  in lite ra tu re  [25]. I t  is q u ite  obvious th e n  th a t  
c h lo ro su b s titu tio n  is e s se n tia l  fo r effectiveness.

T h e re  is no linear re la t io n s h ip  betw een  th e  n u m e ric a l increase of chloro- 
s u b s t i tu e n ts  and th e  in te n s i ty  of auxin effect [4].

I t  has been d e m o n s tra te d  [16] th a t  of th e  t r is u b s t i tu te d  p h en o x y ace tic  
ac id s  o n ly  the  2,4,5, a n d  o f  th e  te tra s u b s ti tu t io n s  only th e  2,3,4,5 are 
e ff ic ie n t. The o ther isom ers h a v e  no effect w h a te v e r , o r perhaps th e y  are  of 
in h ib it iv e  character. I t  fo llow s th e n  th a t th e  e ffec tiv en ess  is de te rm in ed  by  th e  
p o s it io n  of the  s u b s ti tu tio n . T h e  largest m easu rab le  d ifference in g row th  was 
fo u n d  betw een  th e  p h e n o x y a c e tic  acid and  its  th r e e  d isu b s titu te d  deriv a tiv es ,
2 ,4 -D , 2,5-D  and 3 ,4-D . D a y  [7] concluded t h a t  th e  4 -ch lo rophenoxyacetic  
a c id  is th e  m ost effective o f  th e  m o n o ch lo ro su b s titu ted  p h en o x y ace tic  acids. 
T h e  o th e r  2 -ch lo ro su b stitu tio n s  increase the  m ode o f  ac tio n  in  sp ite  of th e  fact 
t h a t  th e  2 -ch lo ro p h en o x y ace tic  acid  is of no e ffec t w h a te v e r. The 2,4-D  th u s  
fo rm e d  is capable of b r in g in g  ab o u t such a h ig h  m easu re  of s tim u la tio n  of 
g ro w th  th a t  it canno t be  f u r th e r  enhanced e ith e r  b y  a change in  th e  position  
o f  t h e  su b s titu tio n  or b y  th e  n u m erica l increase o f  th e  C l-atom s. A s im ila r p ic
tu r e  h a s  been o b ta in ed  in  o u r  p o ta to  tissue  c u ltu re  ex p erim en t, w ith  2,4-D  
h a v in g  th e  g reatest s t im u la to ry  influence on tu m o ro u s  grow th .
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3,4-D  is ch a rac te rized  by  an  alm ost s im ila r  effectiveness w hile 2 ,5 -D , 
w hich  in tro d u ces on ly  a m inor ch an g e  in th e  s te ric  p ic tu re  of th e  m o lecu le , 
show s a m uch less s tim u la to ry  effec t. 2,6-D  h as no effect w h atev er on  g ro w th . 
In  th e  f irs t a p p ro a c h  th is  phenom enon  seem s to  be in  good ag reem en t w ith  
w h a t is know n as th e  tw o po in t a t ta c h e m e n t th e o ry  [19] accord ing  to  w hich  
th e  COOH group  o f th e  side chain  as well as th e  free “ o rth o ”  p o s itio n  o f  th e  
rin g  are  ind isp en sab le  for adhesion  to  th e  cy to sk e le to n . This co n cep tio n  of 
h is to rica l in te re s t has rep ea ted ly  b een  c ro p p in g  u p  in  recen t p ap ers  [11] in 
sp ite  o f th e  fa c t th a t  it has n o t been  p ro p e rly  su p p o rted  by  e x p e rim e n ta l 
evidence.

The ex p erim en ts  conducted  b y  O s b o r n e  [21] w ith  prop ion ic  ac id  and 
tho se  of P y b u s  [23] w ith  d iffe ren t c h lo ro su b s titu te d  p h en o x y ace tic  acids, 
benzoic acids an d  pheny lace tic  acids re fu te  th e  th e o ry  of tw o p o in t a t ta c h m e n t .  
v a n  O v e r b e e k  [28] suggests t h a t  th e  s u b s ti tu te d  2,6-D  ham pers th e  f i t t in g  
in  a t  an  a p p ro p ria te  d ep th  in  th e  lipo id  la y e r  on accoun t of th e  d ia m e te r  of 
th e  m olecule, an d  fo r th is  reason th e  CO O H  m ay  no t reach a level n ecessary  
for exercising  an  influence.

H a n s c h  a n d  M u i r  [12] assu m e th a t  effic iency  requires a free “ C”  a to m  
opposite  th e  “ o r th o ” position . T h is s ta te m e n t has been verified b y  o u r  ex p e 
rim en ts  because in  add ition  to  2 ,4-D , 3 ,4-D  is also effective. I t  seem s likely  
th a t  in case of 3 ,5-D  th e  en larged  d ia m e te r  o f  th e  m olecule com posed  o f  “ Cl” 
atom s facing each  o th e r m ay co v er tho se  p a r ts  o f th e  lipop ro te id  m e m b ra n e  
w hich could be th e  special area  o f effec tiveness o f  2,4-D .

I t  can  be concluded  from  o u r  ex p e rim en ts  conducted  w ith  v a r io u s  di- 
s u b s ti tu te d  p h en o x y ace tic  acids th a t  th e  4 -ch lo ro su b stitu tio n  has a specific  
s tim u la to ry  in fluence  on g row th . As fa r as th e  ro le of th e  2 -ch lo ro su b s titu tio n  
is concerned  we suppose th a t  i t  fixes th e  m olecule  on th e  a p p ro p r ia te  space 
o f effect.

R E F E R E N C E S

1. Ab e r g , B. (1956) On some effects o f p a ra -su b s ti tu t io n  in  some p lan t g ro w th  re g u la to rs
w ith  p h en y l nucle i. In  W a in , R . L ., W i g h t m a n , F . T he chem istry  an d  m o d e  o f action  
of p la n t g ro w th  substances. B u tte rw o r th s  Sei. P u b l. London, 93 —116.

2. A h l g r e n , G., K l i n g m a n , G., W o l f , D. (1951) P rin c ip les  o f weed co n tro l. J .  W iley  e t
Sons In c ., N ew  Y ork.

3. A u d u s , L. J .  (1960) M etabolism  a n d  m ode of ac tio n . In  R uhlan d , W. H a n d b o o k  of P la n t
P hysio logy , 14 , Springer V erlag , B erlin  — G ö ttin g e n  — H eidelberg , 1055 — 1084.

4. B e h r e n s , R ., Mo rto n , H. L. (1963) Som e fa c to rs  in fluencing  a c tiv ity  o f 12 p h en o x y
acids on  m esq u ite  ro o t in h ib itio n . P l a n t  P h y s i o l .  38, 165 —170.

5. Cr a ft s , A. S. (1961) The ch em istry  an d  m ode of a c tio n  of herbicides. In te r s c i .  P u b l.,
Ne w -Y ork — L ondon.

6. Ch a t t e r j e e , S., L eo p o l d , A. C. (1963) A ux in  s tru c tu re  and  abscission a c t iv i ty .  P l a n t
P h y s i o l . .  38, 2 6 8 -2 7 5 .

7. D a y , B. E ., E r ic k s o n , L. C. (1954) R e la tiv e  e ffec tiv en ess of the  m ono-, d i-, a n d  trich lo ro -
p h en o x y ace tic  acids in p re v en tin g  absc ission  o f lem on leaves. B o t .  G a z . 1 1 5 , 285 288.

8. E n n i s , W. Е ., W illiam son , R . Е .,  D o r s c h n e r , K . P . (1952) S tudies on  sp ra y  re te n tio n
b y  leaves o f d iffe ren t p lan ts . W eeds, 1, 274 — 286.

Ada Biol. Hung. 15. 1965



328 B. FALUDI et al.

9. F a l u d i , B. (1957) D a ta  on th e  physiology of g ro w in g  p o ta to  tissue in v itro . A n n . U n iv  
Sei. B udapestinensis Sect. B io l., 1, 55 — 60.

10. F a l u d i , B., D á n i e l , Á ., G y u r j á n , I. (1961) F a jta k ü lö n b sé g e k  2,4-D h e rb ic id  ta r ta lm ú
tá p ta la jo n  n ev e lt b u rg o n y a szö v e tte n y é sz e tek  növek ed éséb en . (V arie tal d ifferences in 
th e  g row th  of p o ta to  tis su e  cu ltu res grow n on  a m ed ia  con tain ing  2,4-D  h erb ic id e .) 
B io l. Közi. 9, 19 — 24. (In  H u n garian .)

11. G o w i n g , D. P ., L e e p e r . R . W . (1960) Studies on  th e  re la tio n  of chem ical s tru c tu re  to  p la n t
g ro w th -reg u la to r a c t iv ity  in  th e  p ineapple  p la n t .  I .  S u b s titu te d  phenyl a n d  p h e n o x y a l-  
k y lca rb o x y lic  acids. Bot. Gaz. 121, 143—151.

12. H a n s c h , C., M u i r , R . (1950) T he ortho  effect in  p la n t  g row th -regu la to rs . P la n t P hysio l.
25, 389 -3 9 3 .

13. H a n s c h , C., M a l o n e y , P . P ., F u j i t a . T .. Mu i r , R . M. (1962) Correlation of b io log ical a c t i 
v i ty  of p h en o x y ace tic  acid s w ith  H a m m e tt s u b s t i tu e n t  co n stan ts  and  p a r ti t io n  co effi
c ie n ts . N ature. 194, 178 — 180.

14. H u g g i n s , Ch . (1962)  C ancer a n d  necrosis induced  se lec tiv e ly  by  h y drocarbons. In  K a s h a ,
M ., P u l l m a n n , B . H o rizo n s in  b iochem istry , A cad . P ress . New Y ork, 497 — 511.

15. K e y , J .  L., H anson, J .  B., B ils , R. F. (1960) E ffec t of 2.4-dichlorophenoxyacetic acid
a p p lic a tio n  on a c t iv ity  a n d  com position  of m ito c h o n d ria  from  soybeans. P lan t P h ys io l ., 
35 , 1 7 7 -  183.

16. L e a p e r . J . M., B i s h o p . J .  R. (1951) R elation  of h a lo g en  p osition  to  physio log ical p ro p e r
tie s  in  th e  m ono-, d i-, a n d  tr ic h lo ro p h en o x y ace tic  ac id s. Bot. Gaz.. 112, 250 — 258.

17. L e o p o l d , A. C. (1955) A u x in s and  p lan t g ro w th . U n iv . Calif. Press, B erkeley  a n d  Los
A ngeles.

18. M a u n e y , J .  R ., H i l l m a n n , W . S., M i l l e r , C.O ., S k o o g , F. (1952) B ioessay, p u rif ic a tio n
and  properties of a grow th factor from coconut. P h ysio l. P lantarum , 5, 485 — 497.

19. M e R a e , D. H ., B o n n e r , J . (1953) Chemical s t r u c tu r e  a n d  a n tiau x in  a c tiv ity . P hysio l.
P la n ta ru m , 6, 485 — 510.

20. M u i r . R . M., H a n s c h , C. H ., C a l l u p , A. H. (1949) G ro w th  regu la tion  by  o rg an ic  co m 
p o u n d s . Plant P h ys io l ., 24, 359 — 366.

21. O s b o r n e , D. J . ,  B l a c k m a n , G. E ., N ov o a , S., S u d z u k i , F .. P o w e l l , R . G. (1955) T h e
physio log ica l a c t iv ity  o f 2 ,6 -su b stitu ted  p h e n o x y ac e tic  acids. J . E xp . Bot.. 6, 392 — 408.

22. P y b u s , M. B ., W a i n , R . L ., W ig h t m a n , F. (1958) N ew  p la n t g ro w th -su b stan ces w ith
se lec tiv e  herb ic ida l a c t iv ity . N ature , 182, 1094 1095.

23. P y b u s , M. B ., S m i t h , M. S ., W a i n . R. L., W i g h t m a n , F . (1959) S tudies on p la n t  g ro w th 
re g u la tin g  su b s tan ce  X I I I .  A n n . A p p l. B iol.. 47, 1 7 3 — 181.

24. S h a w , X . C., G e n t n e r , W . A. (1957) T he selective h e rb ic id a l p roperties of sev era l v a rio u s ly
s u b s ti tu te d  p h en o x y a lk y lca rb o x y lic  acids. W eeds , 5, 75 — 91.

25. S t e w a r d , F. C., S h a n t z , E . M. (1956) The ch em ica l in d u c tio n  of g row th in p la n t  tis su e
c u ltu re s . In  W a i n , R . L ., W i g h t m a n , F. T he c h e m is try  and  m ode of a c tio n  of p la n t  
g ro w th  su b stan ces , B u tte rw o r th  Sei. P u b l., L o n d o n , 165 —186.

26. S ü d i , J .  (1962) K ló rfen o x iszá rm azék o k  növényi n ö v e k e d é s t  szabályozó a k tiv itá sa . K a n d i
d á tu s i  d isszertáció . (P la n t-g ro w th  regu la ting  a c t iv i ty  of ch lorophenoxy d e r iv a tiv e s .)  
D isse r ta tio n . B u d a p es t.

27. V a n  d e r  K e r k , G. J .  M., V a n  R a a l t e . M. H ., K a a r s  S i j p e s t e i j n , A., V a n  d e r  V e e n , R . L.
(1955) A new  ty p e  of p la n t  g ro w th -regu la ting  su b s ta n c e s . N ature , 176, 308 310.

28. V a n  O v e r b e e k , j .  (1959) A u x in s. Bot. Rev. 25, 271 — 337.
29. V e l d s t r a , H ., B o o i j , H . L . (1949) R esearches on  p la n t  g ro w th  regu la to rs . X V I I .  S tru c tu re

a n d  ac tiv ity . On th e  m ech an ism  of the  action  I I I .  B io ch im . B iophys. A c ta . 3 , 278 — 311.

M O L E K U L A R E  S T R U K T U R  U N D  T U M O R Ä H N L IC H E  W A C H S T U M F Ö R D E R N D E  
W IR K U N G  D E R  P H E N O X Y E S S IG S Ä U R E  U N D  I H R E R  D IC H L O R S U B S T IT U IE R T E N  

V E R B IN D U N G E N  IN  K A R T O F F E L -G E W E B E K U L T U R E N

D ie w ach s tu m fö rd e rn d e  W irk u n g  der P h en o x y ess ig säu re  und  ih rer d ich lo rsu b s titu -  
ie rten  V e rb in d u n g en  in K arto ffe l-G ew eb ek u ltu ren  w urde  u n te r s u c h t .  — Bei D osierung  de r v e r 
w en d e te n  V erb indungen  in  10 ~ 7 u n d  10 ~4 Mol K o n z e n tra tio n  w urde fe stg es te llt, d a ß  d as  
W a c h s tu m  der G ew eb ek u ltu ren  v o n  der 10~4 Mol K o n z e n tra tio n  gefördert w ird . D as g rö ß te  
tu m o rä h n lic h e  W ach stu m  w u rd e  b e i den  m it 2,4-D b e h a n d e lte n  Geweben fe stg es te llt u n d  n e 
ben  d em  e ine  e tw as geringere fö rd e rn d e  W irkung a u sü b e n d e n  3,4-D  zeigt 2,5-D eine ge rin g ere  
W irk u n g . D ie 10 - 4 Mol K o n z e n tra tio n e n  von 2,3-D, 2 ,6 -D  u n d  3,5-D fördern  das W a c h s tu m  
der G ew ebe n ich t. — B etre ffs  der d en  2,4-D E ffek t b ee in flu sse n d en  W irkung der d ich lo rsu b -
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s ta tu ie rten  Isom eren zeig te  sich (Tab. 1), daß  die d em  1 0 _ 4 Mol 2,4-1) zugegebenen  d ich lor- 
su b s ti tu ie r te n  P h en o x y essig säu ren  in einer 1 0 - 3 M ol K o n z en tra tio n  die w ach s tu m fö rd e rn d e  
W irkung  des 2,4-1) n ic h t beeinflussen . K o n z en tra tio n e n  von  10~4 Mol v e rm in d e rn  b e re its  die 
W irkung  von 2,4-D  e in ig e rm aß en , und  3,5-1) ü b t  so g a r eine ausgesprochen an ta g o n is tisch e  
W irk u n g  aus. Von den  e inzelnen  d ich lo rsu b s titu ie rten  Iso m eren  w ird in 10~ 3 M ol K o n z e n tra 
tion  die W irkung  des a u f  das W achstum  o p tim alen  (IO -7 Mol) 2,4-D g eh em m t, d ie P h en o x y - 
essigsäu re  w eist jed o c h  a u ch  in dieser K o n z en tra tio n  n u r  eine geringfügige H em m u n g  auf. 
In  u n se ren  au f die w ach stu m fö rd ern d e  W irkung  d e r  2 u n d  4 c h lo rsu b stitu ie rten  V e rb in d u n 
gen de r P h en o x y essig säu re  bezüglichen U n te rsu ch u n g en  w urde die au f das G ew ebsw achstum  
a u sg eü b te  W irkung von  M CPA, CM PA und  4-C1 P henoxyessigsäure  s tu d ie r t  u n d  fe s t
geste llt, d a ß  M CPA eine, ähn liche  w ach stu m fö rd ern d e  W irkung  au sü b t wie 2 ,4-D , w äh ren d  
('M PA  w irkungslos is t. D ies verw eist d arau f, d aß  in  d e r W ach stu m fö rd eru n g  die 4-C1 S u b s ti
tu tio n  eine b ed eu ten d e  Rolle sp ie lt.

МОЛЕКУЛЯРНАЯ КОНФИГУРАЦИЯ И СТИМУЛИРУЮЩЕЕ ОПУХОЛЕВИДНЫЙ 
РОСТ ДЕЙСТВИЕ ХЛОРЗАМЕЩЕННЫХ ФЕНОКСИУКСУСНЫХ КИСЛОТ В 

КУЛЬТУРЕ ТКАНЕЙ КАРТОФЕЛЯ

Авторы изучали стимулирующее рост действие феноксиуксусной кислоты и ее 
дихлорзамещенных производных на культуре тканей картофеля. Применяя указанные 
соединения в концентрации К)-7, К) 1 и 10'3М обнаружили, что концентрации 10'4 М 
стимулируют рост культуры тканей. Самый большой опухолевидный рост обнаруживают 
ткани, обработанные производным 2,4-D; кроме оказывающего несколько меньшее сти
мулирующее действие 3,4-D, производное 2,5-D оказывает только минимальное действие. 
Концентрации 10-4 производных 2,3-D, 2,6-D и 3,5-D не стимулируют рост тканей. 
Относительно влияющего на акцию 2,4-D действия отдельных дихлорзамещенных изо
меров, авторы нашли (таблица 1), что прибавленные к ICH4 М, 2,4-D дихлорзамещенные 
производные феноксиуксусной кислоты в концентрации 10-7 М, не влияют на стимули
рующее рост действие 2,4-D. Те-же соединения в концентрации К) 4 М уже в небольшой 
степени снижают акцию 2,4-D, а производное 3,5-D уже оказывает даже выраженно 
определенно антагонистическое влияние. Отдельные дихлорзамещенные производные в 
концентрации 10~3 М уже полностью тормозят оптимальное (10-4 М) для роста действие
2.4- D, однако феноксиуксусная кислота и в этой концентрации оказывает только незначи
тельное торможение. В исследованиях, направленных на выяснение эффективности за
мещения хлором во 2-ом и 4-ом положении по отношению стимулирования роста, 
авторы изучали действие МХФК, ХМФК и замещенной хлором в 4-ом положении фенок
сиуксусной кислоты на рост тканей. Обнаружили, что МХФК оказывает похожее на
2.4- Д действие, а ХМФК является неэффективной. Этот факт указывает на то,что в стиму
лировании роста большую роль играет замещение хлором в 4-ом положении.

H é l a  F a l u d i  

I s t v á n  G y u r j á n  

Á g n e s  F .  D á n i e l  

M á r i a  P a c s é r y

B udapest V II I . ,  M úzeum  k rt. 4/a, H u n g a ry .
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STUDY OF THE HEXOSAMINE PRODUCTION OF RAT 
LIVER MINCE UNDER ANAEROBIC AND AEROBIC

CONDITIONS
É v a  I I .  O l á h

IN ST ITU TE OF ANATOMY, HISTOLOGY AND EMBRYOLOGY, M EDICAL U N IV ERSITY , D EBRECEN
(H EA D : ST. K ROM PECH ER)

(R eceived  Ju n e  15, 1964)

S y n o p s i s

A ccording to  n u m ero u s  d a ta  in  lite ra tu re  a co rre la tio n  seems to  ex is t betw een  
th e  poor oxygen  su p p ly  o f th e  tissues a n d  th e ir  h ig h  m ucopo lysaccharide  c o n ten t. In  
e x p erim en ts  p e rfo rm ed  on r a t  liver m ince th e  a u th o r  in v estig a ted  w h e th er a n y  d iffe r
ence could he obse rv ed  in  vitro  in  th e  an aerob ic  a n d  aerob ic  hexosam ine  p rod u c tio n . 
T he liver m ince w as sh ak en  in  K reb s-R in g er b ica rb o n a te  buffer so lu tion  co n ta in in g  
glucose, in  th e  p resence of g lu tam in e , a t  37° C, in  n itro g en  a tm o sp h ere  an d  in a ir 
resp ec tiv e ly . T he d e te rm in a tio n s  of tissue hexosam ine  accord ing  to  B o as’ m eth o d  p e r
form ed at zero tim e a n d  a f te r  3 hours show ed an  increase  o f 16.6 per cen t o f hexosam ine  
c o n te n t u n d e r anaero b ic  co n d itions w hereas on ly  an  increase  of 4.6 per cen t was m eas
u red  u n d e r aerob ic  conditions.

Acta Biol. Hung., 15 (3), 3 3 1 -3 3 6  (1965)

I n t r o d u c t io n

As i t  has been p o in te d  o u t b y  num erous a u th o rs , tissues w ith  h igh m uco 
p o lysaccharide  co n te n t h a v e  a poor oxygen su p p ly  an d  fe rm e n ta tio n  m eta  
ho lism . Such are  th e  tissu e  cu ltu res , excep t fo r th o se  o f m esenchym al origin 
[8, 21] an d  th e  poorly  v ascu la rized  “ b ra d y tro p h ic ”  tissues of th e  a d u lt o rg a 
n ism : cartilag e , te n d o n , v itreo u s  b o d y , cornea [ 6 ] .  Since W a r b u r g  [22, 23] 
th e  tu m o rs  are  know n to  h av e  a g lyco ly tic  m e tab o lism  o f a g enera lly  h igh 
m u co p o ly sacch arid e  level. An excep tion  to  th is  is th e  Je n se n  sarcom a in w hich 
a  h igh  g lyco ly tic  a c tiv ity  w as found  b u t  no m uco p o ly sacch arid e  p ro d u c tio n  

18].
On th e  basis o f e x am in a tio n s  on f ib ro b la s t cu ltu res  G r o s s f e l d  [8 ]  

suggested  th e  possib ility  o f a co rre la tio n  b e tw een  defic ien t re sp ira tio n , a n a e 
robic  m etabo lism  an d  m u co p o ly sacch arid e  p ro d u c tio n . B e r e n c s i  an d  K r o m - 

p e c h e r  [1] d e m o n s tra te d  th a t  severe h y p o x ia  is assoc ia ted  w ith  increased  
m u co p o ly sacch arid e  c o n te n t in  tu b ercu lo sis  o f th e  lu n g  [1] an d  in  C3H  m ouse 
cancer [11]. T he sam e c o rre la tio n  was observed  in varicose u lcer an d  th e rm a l 
in ju ries [10] as well as in  th e  course o f re g en e ra tiv e  cartilag e  fo rm a tio n  [9] 
and  in  sk in  ren d ered  h y p o x y d o tic  by  m echan ical in fluences [19].

T hese h isto log ica l an d  h istochem ical re su lts  o b ta in ed  in an im al ex p e ri
m en ts  an d  clin ical m a te r ia l  p ro m p te d  us to  in v e s tig a te  in  vitro  w h e th e r th e  
ra te  o f m u co p o ly sacch arid e  p ro d u c tio n  m ay  ind eed  be d ep en d en t upon  th e  
oxygen  su p p ly  o f th e  tissu e .
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T h e  f irs t observa tions on  th e  hexosam ine p ro d u c tio n  in  vitro  w ere d e 
sc r ib e d  b y  L e l o ir  and Ca r d i n i  [12] w ith  Neurospora crassa. Ca s t e l l a n i  and  
Z a m b o t t i  [7] using ep ip h y se a l ca rtilag e  h om ogenates to  w hich  g lu tam in e  
a n d  g lucose-6 -phosphate  w ere  ad d ed , found  increased  am o u n ts  o f hexosam ine  
in  th e  s u p e rn a ta n t of th e  h o m o g e n a te . S im ilar re su lts  w ere o b ta in e d  w ith  co sta l 
c a r t i la g e , liv er and  lung , th o u g h  to  a lesser e x te n t. H e a rt, k id n ey , sp leen  an d  
b lo o d  w ere  found to  be in a c tiv e . B o s t r o e m  an d  co-w orkers [5] described  hexos
a m in e  p ro d u c tio n  in th e  c a r tila g e , P o g e l l  [15] P o g e l l  an d  G r y d e r  [17] 
in  t h e  r a t  liver, P o g e l l  a n d  K o e n i g  [16 ,18 ] m easu red  th e  changes o f hexos
a m in e  c o n te n t in th e  w ash ed  co rnea  in  th e  presence of g lu tam in e . H ex o sa
m in e  p ro d u c tio n  was d e m o n s tra te d  b y  W o l f  an d  W a r a n d a n i  [25] in th e  
co lo n , b y  B o lle t  and  S c h u s t e r  [4], S e k h a r a  V a r m a  an d  B a c k h a w a t  [20] 
in  th e  conn ec tiv e  tissue an d  b y  M e  G a r r a h a n  an d  M a l e y  [13 ]  in  th e  liver.

P o g e l l  and  G r y d e r  [17] in  th e ir  ex p erim en ts  on r a t  liver in v e s tig a te d  
th e  h ex o sam in e  p ro d u c tio n  in  th e  presence o f g lu tam in e  and d iffe ren t hexose 
p h o s p h a te s . They em ployed  th e  te rm  “ a m in o tran sfe rase”  for th e  ac tiv e  enzym e 
an d  su p p o sed  a conseq u en t p ro d u c tio n  of h ex o sam in e-6 -p h o sp h a te . Tn th e ir  
e x p e r im e n ts  on cornea P o g e l l  and  K o e n i g  [18] found  th a t  b y  ad d in g  rad io 
a c tiv e  lab e led  glucose also g lu cosam ine  and  g a lac to sam in e  m ay  arise . S im i
la r ly , a n  increase of h ex o sam in e  c o n te n t teas described  in  th e  presence  o f  
A T P  a n d  N H 4 ion (in stead  o f  g lu tam in e) th o u g h  to  a lesser degree [4, 13,15, 
17].

M ethod

F o r  th e  s tu d y  of h ex o sam in e  p ro d u c tio n  th e  m eth o d  of P o g e l l  an d  K o e n i g  [18] w as 
u se d  w ith  a sligh t m odification . T h e  ex p e rim e n ta l m a te ria l w as r a t  liver. T h e  ra ts  w ere killed  
b y  a h i t  on  th e  nape and th e  livers w ere  im m ed ia te ly  rem oved . T he spleen an d  con n ec tiv e  tissue 
w ere  tr im m e d  off and the  livers — k eep in g  th e  d ish  in  iced w a te r  — w ere m inced  th o ro u g h ly  
w ith  a p a ir  o f  fine scissors. F a s t  b len d in g  in  a W arin g  b lendor a n d  h ig h er te m p e ra tu re  should  
be a v o id e d  since the  enzym e beco m es in a c tiv a te d , d isp lay ing  a decrease in  a c t iv ity  even a t  
— 20° C [17]. The h exose-phosphate  tran sam in ase  — accord ing  to  our ex p erim en ts  — w as n o t 
d e m o n s tra b le  in  alcoholic-aether p o w d er.

A n  a m o u n t of 0.6 — 0.9 g o f liv e r  m ince w as p laced  in  each  W arb u rg  flask  to  w hich  0.S 
m l o f 1 p e r  cen t glucose and  0.4 m l o f  0.1 per cen t g lu tam in e  (ab o u t 2.7 m m ol.) w ere ad d ed  
a n d  th e  m ix tu re  was m ade up  to  3.2 m l by  ad d in g  K reb s-R in g er b ica rb o n a te  b u ffer so lu tion  
(p H  7 .4). T h e  flask  a tta ch ed  to  th e  m an o m e te r  was p laced  on th e  w a te r  b a th  o f th e  W arb u rg  
a p p a r a tu s .  F o r  anaerobic e x p e rim e n ts  th e  tu b es  were f lu sh ed  w ith  N 2 co n ta in in g  5 per cen t 
C 0 2. F o r  aero b ic  experim ents th e  tu b e s  w orked  in  a ir. T he w hole series w as sh ak en  sim ul
ta n e o u s ly  fo r 3 hours a t 37° C, th e  sh ak in g  ra te  being  70/m in. T he m easu rem en ts  w ere m ade 
a t  zero  t im e  (controls) and a f te r  3 h o u rs . T he m ate ria l to  be m easu red  — possib ly  th e  whole 
q u a n ti t ie s  — were w ashed in to  th e  tu b e s  supp lied  w ith  glass s to p p e rs  w ith  as m u ch  h y d ro ch lo 
ric  a c id  a s  w as necessary to  o b ta in  a f in a l  c o n cen tra tio n  of 4N . A fter a carefu l fa s ten in g  dow n 
of th e  g lass  stoppers and  h y d ro ly sa tio n  for 4 hours as u su a l, d ilu tio n  to  24 m l (ab o u t 0.3 
N  HC1) a n d  filte rin g  according to  B o a s’ m eth o d , an  a liq u o t from  each  tu b e  w as tran s fe rre d  on 
a c a t io n  ex ch an g e  colum n of D ow ex 50. T he hexosam ine  freed  in th is  w ay from  th e  in te rfe rin g  
c h ro m o g e n s  w as eluated  w ith  5 m l 2 N  hyd ro ch lo ric  acid  o f w hich  a  q u a n ti ty  o f 2 m l w as used  
for th e  d e te rm in a tio n . The m e th o d  o f  B o a s  was here s lig h tly  m odified  as i t  w as to  be  feared  
th a t  i f  s e p a ra te  blanks and s ta n d a rd s  w ou ld  be ru n  w ith  each  m easu rem en t — as r e c o m m e n 
ded  b y  B o a s  — th e  m ethod  w ould  n o t  be  sensitive  enough  to  th e  ex p ec tab le  slig h t d ifferences 
due  to  th e  e rro rs of m easu rem en ts o f  th e  g lucosam ine s ta n d a rd s . T he follow ing p ro ced u re  w as
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a d o p te d : on ly  one s ta n d a rd  an d  one b lank  were ru n  w ith  each  series. The ion c o n c e n tra tio n  
o f th e  s ta n d a rd  an d  b lan k , as well as th a t  of each  tu b e  of th e  series were a d ju s ted  to  th e  h ig h 
e s t 4 N  A aO H  co n su m p tio n , i.e. f irs t we ad d ed  4 14 N a O Il by  drops in  the  p resence  o f phe- 
n o lp h tb a le in  to  estab lish  w hich  tu b e  had th e  h ig h est con su m p tio n . Then th e  sam e n u m b e r  of 
d rops o f 4N N aC l w as ad d ed  to  th e  s ta n d a rd  and  b la n k , using  th e  sam e b u re tte . T h e  ion  con
c e n tra tio n  of th e  o th e r  tu b es  w as also a d ju s te d  to  th e  h ig h est drop  nu m b er b y  a d d it io n  of 
d ro p s o f 4N NaCl. T hen  n eu tra liza tio n  of th e  m a te r ia l  w as perform ed by a d d in g  0.5 N HC1 
u n til th e  p ink  colour o f the  sligh tly  a lkaline  p h e n o lp h th a le in  d isappeared  an d  th e n  d istilled  
w a te r w as ad d ed  to  o b ta in  th e  h ighest n u m b er o f d ro p s . T he same num ber o f d is tilled  w a ter 
d rops w as added  to  th e  s ta n d a rd  and b lan k  alike. In  th is  w ay  we succeeded in  o b ta in in g  the 
sam e ion  c o n cen tra tio n  in  th e  tu b es  con ta in ing  th e  m a te r ia l  to  be m easured , in  th e  s ta n d a rd  
a n d  b lan k . As for th e  la te r  step s we proceeded acco rd in g  to  th e  m ethod  of B o a s : we ad d ed  
a ce ty lace to n e  d issolved in  N  N a 2C 0 3 and k e p t th e  tu b e s  for 45 m inutes a t  89 — 92° C. A fter 
cooling, th e  colour w as developed  by  ad d in g  a h y d ro ch lo ric-a lcoho lic  so lu tion  of p -d iin e th y l 
am in o b en za ld éh y d e  a n d  p h o to m e try  was p e rfo rm ed  a t  530 m illim icrons.

T he hexosam ine  p ro d u c tio n  was stu d ied  in  a n a e ro b ic  and  aerobic m ed iu m  to  w hich  
g lu tam in e  co n ta in in g  b u ffer w as added . In  a few cases we perfo rm ed  also m easu rem en ts  w ith o u t 
a d d itio n  of g lu tam in e . In  such  cases the  com plete  m ea su re m e n t series (w ith  tw o p a ra lle ls  for 
each) w as th e  follow ing: (1) co n tro l w ith  g lu tam in e  a t  zero  tim e , (2) anaerob ic  w ith  g lu tam in e , 
(3) aerob ic  w ith  g lu ta m in e , (4) anaerob ic  w ith o u t g lu ta m in e . The whole series w as sh a k e n  si
m u ltan eo u s ly  a t  c o n s ta n t tem p e ra tu re .

A fter th e  re ac tio n  w as com pleted  th e  w hole re a c tio n  m ix tu re  was an a ly sed , n o  ace tone  
pow der being p re p a re d  fro m  i t ,  i.e. no t on ly  th e  p ro te in -b o u n d  hexosam ine w as d e te rm in e d . 
W e d id  n o t, how ever, m easu re  th e  g lucosam in e-6 -p h o sp h a te  co n ten t of the  m ix tu re  p ro b a b ly  
p ro d u ced  du rin g  th e  re ac tio n  [4, 13, 20] b u t  w ash ed  o ff from  the  Dowex colum n.

R e s u l t s

O ur resu lts  a re  show n in T ab le  1 w h ere  th e  values of 13 m e a su re m e n ts  
are  g iven considering  only  those w ith  g lu ta m in e . These values re p re se n t th e  
hexosam ine c o n te n t o f  fresh  liver exp ressed  in m g per cent.

T he h ex o sam in e  co n te n t of th e  livers ex am in ed  show ing a r a th e r  wide 
range  of v a r ie ty  (46.2 85.1 m g p er cen t) th e  values a t  zero tim e  w ere  ta k e n
as 100 p e r cen t an d  th e  hexosam ine p ro d u c tio n  was calcu la ted  a n d  exp ressed  
in  th e  percen tag e  o f th is  value (T able 2).

As it  is seen from  th e  m easu rem en t o f  13 values, th e  hexosam ine  c o n te n t 
of th e  r a t  liver w hich  was 64.7 m g per cen t a t  zero tim e , increased  to  75.4 mg 
p er cen t in  3 h ou rs u n d e r anaerobic  co n d itio n s , corresponding to  an  increase  
o f 16.6 per cen t. A t th e  sam e tim e  u n d e r  aero b ic  conditions th e  h ex o sam in e  
co n te n t increased  to  67.7 m g p er cen t w h ich  is an  increase o f 4 .6  p e r  cen t.

T he resu lts  o f m easu rem en ts w ith o u t g lu tam in e  (7 cases o f a n o th e r  se
ries) are  illu s tra te d  in  T ab le  2.

As i t  is seen in  T ables 1 and  2, th e  m ean  hexosam ine c o n te n t m easu red  
u n d e r anaerob ic  co n d itions in th e  p resence  o f g lu tam ine  increased  to  81.3 
m g p e r cen t in  3 h ou rs (an  increase of 1 4 .5 % ). U nder aerobic c o n d itio n s  th e  
hexosam ine c o n te n t increased  only to  72.5 m g p er cen t (an in c rea se  of 2.1 
p er cen t).

W ith o u t g lu tam in e  we m easu red  73.1 m g per cen t u n d e r  an ae ro b ic  
cond itions (increase  o f 3 .0% ) and  68.9 m g  p e r  cen t u n d er aerob ic  ones (de
crease of 3.0 p e r cen t).
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Table 1

Changes o f  hexosamine content o f  the rat liver in vitro in  the presence o f glutam ine , at 37° C, after
3 hours

A n a e r o b i C A e r o b i c
A t zero tim e 

m g% Change Change
rag%

in mg% in%
m g%

in mg% in%

85.1 99.0 +  13.9 +  16.4 75.5 - 9 . 6 — 11.2
66.7 70.0 +  3.3 +  5.0 74.7 +  8.0 +  12.0
53.3 78.1 +  24.8 +  46.5 58.6 +  5.3 +  10.0
62.7 68.2 +  5.5 +  8.8 64.5 +  1.8 +  2.8
66.8 69.5 +  2.7 +  4.0 66.2 — 0.6 -  0.9
81.7 92.5 +  10.8 +  13.3 86.0 + 4 .3 +  5 . 3

81.0 92.0 +  11.0 +  13.6 82.4 +  1.4 +  1.7
71.0 81.3 +  10.3 +  14.5 72.6 +  1.6 +  2.2
59.2 67.6 +  8.4 +  14.2 65.2 +  6.0 + 1 0 .0
54.3 59.8 5.5 +  10.0 58.6 + 4 .3 +  7.9
57.2 63.7 +  6.5 +  11.4 61.9 + 4 .7 +  8.2
46.2 64.3 +  18.1 +  39.3 54.8 +  8.6 +  18.6
56.0 74.0 +  18.0 +  32.2 59.5 -{-3.5 +  6.2

A v erag e :
64.7 75.4 +  10.7 +  16.6 67.7 +  3.0 +  4.6

Table 2

Changes o f hexosamine content o f  rat liver, in vitro w ith and without glutam ine , 
at 37° C, after 3 hours ( in  m g % )

W ith glutam ine W ithou t glutamine

At zero
3 hours 3 hours

time
A naerobic Aerobic A naerobic Aerobic

85.1 99.0 75.5 80.0 60.7
66.7 70.0 74.7 71.6 59.8
53.3 78.1 58.6 56.6 65.1
62.7 68.2 64.5 59.3 58.5
66.8 69.5 66.2 67.2 68.6
81.7 92.5 86.0 90.0 86.5
81.0 92.0 82.4 87.0 83.1

A verage:
71.0 81.3 72.5 73.1 68.9
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T hese experim en ts  d em o n stra te  t h a t  th e  r a t  liver m ince is ab le  to  p ro 
duce hexosam ine, p re su m a b ly  s ta r tin g  from  glucose [18] by  m ean s o f  g lu ta 
m ine as NH., donor an d  producing  m ore  hexosam ine u n d er a n a e ro b ic  cond i
tions th a n  u n d er aerob ic  ones. W ith o u t g lu ta m in e  th e  p ro d u c tio n  is low er b u t 
here  to o , th e  am o u n t o f hexosam ine p ro d u ced  u n d e r aerobic co n d itio n s  is m ore 
reduced  th a n  u n d er an ae ro b ic  ones.

O ur results o b ta in e d  u n d er ae ro b ic  c ircum stances w ith o u t g lu tam in e  
w ere no t un iform , w h ich  is in ag reem en t w ith  th e  findings of M cG a r r a h a n  
and  M a l e y  [13]. P ro d u c tio n  and  c o n su m p tio n  (phosphoro lysis?) could  be 
n o te d  in ab o u t equal p ro p o rtio n . A ccord ing  to  d a ta  in  the  l i te ra tu re  th e  degree 
of hexosam ine p ro d u c tio n  in the  r a t  liv e r  in  vitro  is m uch low er th a n  in th e  
livers of o th e r  an im als o r in o ther o rg an s o f  th e  r a t  [17].
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U N T E R S U C H U N G E N  Ü B E R  D IE  H E X O S A M IN P R O D U K T IO N  D ES Z E R K L E IN E R T E N  
L E B E R G E W E B E S  U N T E R  A N A E R O B E N  U N D  A E R O B E N  V E R H Ä L T N IS S E N

Im  E inklang  m it z ah lre ic h en  D a ten  der L ite ra tu r  sc h e in t eine K o rre la tion  zw ischen der 
h e ra b g e se tz te n  S au ersto ffv e rso rg u n g  der Gewebe u n d  ih rem  h o h en  M ucopolysaccharidgehalt 
zu  b e s te h e n . In  V ersuchen des V erfasse rs  w urde es u n te r s u c h t ,  ob in  de r H ex o sam in p ro d u k tio n  
des z e rk le in e rten  Lebergew ebes d ie  H exosam inb ildung  u n te r  ae ro b en  u n d  anaero b en  V e rh ä lt
n isse n  versch ieden  sei. D as z e rk le in e r te  Lebergew ebe w u rd e  in  de r Glucose en th a lte n d en  K reb s- 
R in g e r-B ic a rb o n a t P u ffe rlö su n g  m it H inzufügung von G lu ta m in  au f 37° C, in S tick s to ff-A t
m o sp h ä re , sowie in L u ft-A tm o sp h ä re  g eschü tte lt. Die B e stim m u n g  des H ex osam ingehaltes 
d e r  G ew ebe nach  der M ethode v o n  B o as wurde im  N u ll-Z e itp u n k t u n d  nach  3 S tu n d en  u n te r 
n o m m e n . U n te r aeroben V e rh ä ltn is se n  fan d  V erfasser b loß  eine 4 ,6% ige  S teigerung, w ogegen 
u n te r  an aero b en  V erh ältn issen  d e r  H exosam ingehalt u m  16 ,6%  anw uchs.

ИССЛЕДОВАНИЕ ВЫРАБОТКИ ГЕКСОЗАМИНА ИЗМЕЛЬЧЕННОЙ ПЕЧЕНЬЮ 
КРЫС В АНАЭРОБНЫХ И АЭРОБНЫХ УСЛОВИЯХ

Многочисленные литературные данные указывают, что может иметь место взаи
мозависимость между недостаточным снабжением кислородом и высоким содержанием 
мукополисахаридов тканей. В наших опытах исследовали, имеется ли разница in vitro 
в выработке гексозамина измельченной печенью крыс в анаэробных и аэробных условиях. 
Измелченную печень в присутствии глютамина при 37 градусов инкубировали при по
стоянном встрахивании в буфере бикарбоната Кребса—Рингера в атмосфере азота и воз
духа. Сразу и пустя 3 часа проведенные определения содержания гексозамина в тканях 
по Боас показывают, что в анаэробных условиях содержание гексозамина увеличивается 
на 16,6%, а в аэробных условиях лишь на 4,6%.

É v a  Н . O l á h , D eb recen , A natóm ia , H u n g ary  .
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THE EFFECT OF CONTINUOUS LIGHT OR DARKNESS 
ON THE SUBCOMMISSURAL ORGAN AND GLOMERULAR 

ZONE OF ADRENALS OF THE WHITE RAT
G . Z b o r a y

IN ST ITU TE O F G EN ERA L ZOOLOGY, EÖTVÖS LORÁND U N IV ER SITY , BUDAPEST (H EA D: G. M ÖD LIN G ER)

(R eceived  A u g u st 2, 1964)

Synopsis

On th e  effect o f co n tin u o u s ligh t for one m o n th  in conform ity  w ith  o th e r  a u 
th o rs  — a considerable decrease  o f th e  re la tiv e  w eigh t and  of the  lip id  c o n te n ts  o f the 
o rgan w as estab lished  in th e  ep ip h y s is  of ra ts . C ontinuous darkness, on th e  o th e r  h an d , 
had  no t in fluenced the  re la tiv e  w eight and  c o n te n ts  o f lip ids in th e  ep ip h y sis . T h e  su b 
com m issura l organ (SCO) show ed in  each  of th ree  groups an  id en tica l p ic tu re , th u s  the  
SCO of ra ts  lost its re a c tiv ity  to  ligh t still ex is tin g  in A m phib ia . On th e  o th e r  h a n d , a tro 
phy  in th e  epiphysis p rovoked  by lig h t effect h a d  n o t influenced the g lo m e ru la r  zone 
of a d ren a ls  a n d  therefore  i t  is un like ly  th a t  a close re la tio n sh ip  would ex is t considering  
th e  fu n c tio n  in connection  w ith  ligh t — be tw een  th e  ep iphysis and  p e r ip h e ra l zone of 
ad ren a ls .

It is well know n from  e x p e rim e n ts  o f O k sc h e  th a t  ep iphysis and  SCO o f A m p h i
bia give a rap id  and  well d e fin ed  re ac tio n  to lig h t effects [7, 8].

A ccording to  o th e r a u th o rs  th e  ep iphysis o f m am m als du rin g  p h y to g en y  p re 
served  its  re ac tiv ity  to  ligh t [3 ,4 ,1 1 , 12 |. H ow ever, we can n o t discover a n y  d a ta  in  l ite 
ra tu re  concerning th e  ac tio n  of lig h t on th e  SCO of m am m als. On th e  o th e r  h a n d  the 
ep ip h y sis in  F a rrell’s o p in io n  p roduces ad ren o g lo m eru lo tro p in , a su b s ta n c e  in flu 
encing th e  g lom erular zone of a d ren a l co rtex  |1 |.

H ow ever, according to  th e  e x p erim en ts  o f F ö l d v á r i . P a l k o v i t s  and  co -w o rk ers  the  
a ld o ste ro n o tro p ic  su b s tan ce  can  be d e m o n s tra ted  f irs t  o f all in the  SCO [5, 6, 9, 10].

I t  was the  in te n tio n  o f th e  p resen t s tu d y  essen tia lly  to  answ er two q u e n s tio n s : has 
th e  con tin u o u s light or d a rk n ess  an  effect in  ra t  not only on th e  ep ip h y sis  b u t  also on 
th e  SCO and  w hich w ay do possib le changes o f th e  epiphysis influence th e  a ld o ste ro n e- 
p rod u c in g  zone of the  a d ren a l co rtex ?

M ateria l and  m ethod

In  N ovem ber 1963, 12 w h ite  m ale  ra ts  each w eighing 180 220 g were
p laced  in  a d a rk  and  a c o n tin u o u sly  lig h ted  room  for a m on th . T h e  n u m b e r  of 
co n tro l an im als was sim ila rly  12 a n d  these  w ere ligh ted  for 6 18 h o u rs . The
lig h t w as supp lied  in b o th  room s by  tw o  F -tu b e s  of 40 W an d  tw o  op a l bulbs 
o f 60 W . T he an im als rece iv ed  d u rin g  th e  ex p erim en t a s ta n d a rd  d ie t (grits 
m ix tu re ) and  w a te r “ ad  l ib i tu m ” .

T he ep iphysis, one o f th e  ad ren a ls  an d  th e  p ineal g lands o f  th e  e ther- 
killed an im als were fixed  in 6 %  fo rm alin . T he ad renals of th e  o th e r  side and  
th e  cereb ral po rtions w hich c o n ta in e d  th e  SCO were fixed  in B o u in ’s so lu tion . 
T h e  w eight of th e  fo rm alin -fixed  ep iphysis w as estab lished  by  to rs io n  b a lance . 
T h e  organ  was cu t w ith  freezing  m icro to m e an d  th e  lip id  c o n te n t d e te rm in ed  
w ith  S udan  red  7 B. T he sec tions w hich w ere p rep a red  from  th e  a d re n a ls  fixed  
in  B o u in ’s so lu tion , were s ta in e d  w ith  h aem a to x y lin  and eosin. T h e  SCO was

6 Acta Biol. Hung. 15. 1965
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c u t  in  th e  sag it ta l  p la n e  a n d  s ta ined w i th  G o m o r i’s pa ra ld eh y d e  fuchsin  
m e th o d  and h aem a to x y l in -eo s in .  The vo lum e o f  nuclei in the  g lom eru la r  zone 
o f  t h e  adrenals and  in  t h e  cen tra l  p a r t  of th e  SCO was m easured  b y  th e  n o m o 

g ra m  of F is c h e r  a n d  I n k e  [2] according to  th e  fo rm u la  П-  LB2, w ith  a 3000 X
6

p ro jec t iona l  m agn if ica t ion .  The volume of 100 nucle i was de te rm ined  p e r  an i
m a l  and organ.

R e s u lt s

On the action o f  co n t in u o u s  light th e  r e la t iv e  weight o f  ep iphysis  d e 
c reased  to  a considerab le  e x te n t ,  by 42.5 per cen t on th e  average, in conform ity  
w i th  d a ta  of l i te ra tu re .  O n th e  o ther hand  th e  re la t iv e  weight of th e  anim als 
k e p t  in  continuous d a rk n e s s  showed no d ifference as com pared  with th e  con
t ro ls  (Fig. 1).

On the effect o f  l ig h t  th e  lipid co n te n t  o f  th e  epiphysis considerab ly  
dec reased  (Fig. 2) b u t  d id  n o t  change on th e  ac t io n  of continuous darkness .

Q u an t i ty  and lo c a l iz a t io n  of a ldehyde-fuchs in  positive neurosecre tes  in 
t h e  SCO showed in all t h r e e  groups an id en t ica l  p ic tu re .  The volum e-values 
o f  nuclei presented no ch an g es  as com pared w i th  th e  controls (Fig. 3). Thus 
th e  continuous light o r  d a rk n e ss  was ineffective for  th e  SCO.
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Fig.  1. Mus ra t tu s .  E p ip h y s is ,  c o n tro l .  Frozen 
section. Sudan  red  7 В s ta in ,  X 200

Fig. 2. Mus r a t t u s .  Epiphysis .  The  effect of  con
t inuous  l igh t  on the  lipid co n te n t  of epiphysis .  
F ro zen  sec t ion ,  S udan  red 7 В stain.  X 200
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N e ith e r  lig h t effect nor ligh t defic iency  ch an g ed  su d an o p h ily  in  th e  a d re 
nals, s im ila rly  th e re  w as no change in  th e  co u rse  o f th e  curves i l lu s tra t in g  th e  
vo lu m es o f  th e  nuclei (F ig . 4). T herefore  th e  con tin u o u s ligh t or d a rk n e ss  had  
no ap p rec iab le  in fluence  on th e  a c tiv ity  of th e  g lom eru lar zone.

F ig . 3. T h e  effect of  con tinuous  l ight or d a r k 
ness on the volume of nuclei of the SCO
C ontro l  , con tin u o u s  l i g h t --------- ,

con tin u o u s  da rkness  ............

Discussion

B o th  ep iphysis  an d  SCO u n d e rw en t co n siderab le  m orphological changes 
d u rin g  phy logenesis. W hile th e  ep iphysis o f A m p h ib ia  and R eptiles  co n ta in s 
e lem en ts  suggestive  o f ligh t recep to rs , in  b ird s  and m am m als i t  o b ta in s  a 
g la n d u la r-p a ren c h y m a l s tru c tu re . T he SCO o f th e  A m phib ia  is c o m p a ra tiv e ly  
la rg e r, its  cells are a b u n d a n t in  secrete  g ran u les  in  basal positio n  w hereas in 
m am m als  it  is re la tiv e ly  sm aller an d  c o n ta in s  only a few sec re te  granules 
ch iefly  in  ap ica l position . T hus th e  SCO becom es du ring  th e  phy logenesis  m ore 
an d  m o re  sm aller and  con ta in s ever less G om ori-positive  su b s ta n c e s  [7, 13]. 
A ccord ing  to  th e  in v estig a tio n s of O k s c h e  th e  ribonucleic acid c o n te n t o f th e  
ep iph y sis  o f frogs decreases on th e  in flu en ce  o f  ligh t to  w hich i t  w as exposed 
for som e days and  co n cu rren tly  th e  s to re d  ep en d y m al secretes in  th e  basa l 
p a r ts  o f  SCO considerab ly  decrease [7, 8]. O n th e  effect of d a rk n ess  fo r a few 
days an  opposite  process tak es  p lace in  b o th  o rgans. T hus in th is  case th e re  is 
a close fu n c tio n a l re la tio n sh ip  betw een  th e  tw o  organs.

N o sim ilar fu n c tio n a l re la tio n sh ip  can  be observed acco rd in g  to  our 
e x am in a tio n s  in  ra ts  because th e  a tro p h y  of th e  ep iphysis w h ich  was 
b ro u g h t a b o u t b y  con tinuous lig h t w as in e ffec tiv e  for th e  SCO.

6 * A cta  B io l. H u n g . 15. 1965

Fig. 4. The  effect of con tinuous  light or d a r k 
ness on  th e  volume of nuclei of  th e  g lom eru lar  

zone
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I t  w as im possib le to  conclude  on th e  fu n c tio n  of th e  epiphysis a n d  SCO 
o f A m p h ib ia  from  th e  lig h t- in d u c e d  changes. O k s c h e  could d e m o n s tra te  no 
u n e q u iv o c a l connections b e tw een  these  tw o  o rg an s from  th e  p o in t o f v iew  of 
d e rm a l p ig m e n ta tio n , w a te r-h o u seh o ld  an d  o sm o tic  ba lance  of th e  o rg an ism  

[8].
I t  is s im ila rly  d ifficu lt to  ev a lu a te  c o n tin u o u s  lig h t e ffec t-induced  a t ro 

p h y  in  m am m als  w hich w as e stab lish ed  b y  o th e r  a u th o rs , from  th e  fu n c tio n a l 
p o in t o f  view  because th e  fu n c tio n  o f th e  p ineal g la n d  is no t su ffic ien tly  kn o w n  
so fa r . Should  th e  ep iphysis  rea lly  p roduce  a tro p h o rm o n e  w hich w as able 
to  in f lu e n c e  th e  a c tiv ity  of th e  g lom eru lar zone, th e n  it m igh t be su p p o sed  th a t  
th e  a tro p h y  of th e  p ineal g lan d  induced  b y  c o n tin u o u s  ligh t could h a v e  an 
e ffec t on th e  fu n c tio n  of th e  p e rip h era l zone o f  th e  adrenals.

H o w ev er, we h av e  fo u n d  no m orpho log ica l signs w hich vou ld  p o in t  to  
th e  fu n c tio n a l connections b e tw een  these  tw o  o rg an s. On th e  basis o f th e  p re 
sen t in v e s tig a tio n s  i t  w as im possib le  to  conclude  on  an y  re la tionsh ip  b e tw een  
th e  SCO a n d  th e  g lo m eru la r zone d e m o n s tra te d  b y  som e H u n g arian  a u th o rs  
[5, 6, 9, 10], because th e  SCO of ra ts  show ed no re a c tio n  to  th e  effect o f  c o n ti
n u o u s lig h t or darkness.
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Ü B E R  D IE  W IR K U N G  D A U E R N D E R  B E L IC H T U N G  U N D  D U N K E L S  A U F  D IE  
E P IP H Y S E , DAS O R G A N  SU B C O M M ISSU R A LE U N D  D IE  ZONA G L O M E R U L O SA  

D E R  N E B E N N IE R E  B E I L A B O R A T O R IU M S R A T T E N

E s k o n n te  n a ch  e iner e inm ona tigen  stän d ig en  B e lic h tu n g  - en tsp rech en d  den  B efu n 
den  an d ere r A u to ren  -  ein  R ückgang  des L ip o id g eh alte s  u n d  eine b edeu tende  A b n ah m e  des 
re la tiv en  G ew ichtes d e r E p ip h y se  bei R a tte n  fe s tg e s te llt  w erden. W erden die T iere  s tän d ig  
im  D unkeln  g eh alten  so ä n d e rn  sich der L ip o id g eh alt u n d  das re la tiv e  G ew icht d e r E p ip h y se  
n ich t. D er B efund des subcom m issu ralen  O rgans w ar b e i a llen  drei G ruppen gleich , also h a t 
dieses O rgan die bei d en  A m phib ien  noch v o rh an d en e  R eak tio n sb e re itsch a ft gegen L ic h t v e r
loren. Die du rch  L ich te in w irk u n g  ausgelöste A tro p h ie  d e r E p ip h y se  h a tte  keinen  E in f lu ß  au f 
die Zona glom erulosa de r N ebenn iere . W ahrschein lich  b e s te h t  — in bezug au f d ie L ic h tre a k 
tionen  — kein fu n k tio n e lle r  Z usam m enhang  zw ischen E p ip h y se  u n d  Zona g lom eru losa .

ВЛИЯНИЕ ДЛИТЕЛЬНОГО ОСВЕЩЕНИЯ И ТЕМНОТЫ НА ЭПИФИЗ, 
СУБКОММИССУРАЛЬНЫЙ ОРГАН И НА ГЛОМЕРУЛЯРНУЮ ЗОНУ 

НАДПОЧЕЧНИКОВ У БЕЛЫХ КРЫС

В эпифизе крыс под влиянием месячного постоянного освещения, согласно другим 
авторам, наблюдалось уменьшение содержания липоидов и значительное снижение его 
относительного веса. В то время длительное содержание животных в темноте не оказы
вало такого влияния. Субкоммиссуральный орган во всех исследуемых группах не изме
нялся, таким образом он уже потерял способность реагировать на свет, что хорошо выра- 
женно у земноводных. С другой стороны, атрофия гипофиза, вызванная длительным осве
щением, не оказывает влияния на гломерулярную зону надпочечников, поэтому между 
эпифизом и гломерулярной зоной надпочечников, вероятно, не имеется функциональной 
связи.

Géza Zb o r a y , B u d a p est V III ., P u sk in  u . 3, H ungary.
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Synopsis
DNA and  R N A  c o n te n ts  o f th e  whole bo d y  durin g  im ag inai s tage  of D rosophia  

w ere exam ined , acco rd ing  to  sex. T he period  of m a tu ra tio n -feed in g  a n d  eg g -rip en  irg  
is ch arac te rized  by in creas in g  w et a n d  d ry  w eight, D N A  an d  R N A  c o n te n ts  o f fem a  les 
S y n th esis  o f nucleic acid  p a r tic u la r ly  of DN A  — exceeds th e  sy n th e s is  o f th e  o th  e" 
bod y  com ponents, a n d  th e  R N A /D N A  ra tio  d im in ishes. D N A  c o n te n t o f th e  m ales ro s  er 
to o , b u t  as a c o n tra s t th e  q u a n ti ty  o f R N A  an d  co n seq u en tly  th e  R N A /D N A  ra tio  —’ 
decreased . Ry beg inn ing  o f egg-lay ing  (on th e  6 — 12th  d a y  of im ag in a i d e v e lo p m en t)  w e1 
an d  d ry  w eight, a n d  nucle ic  acid  c o n te n t o f fem ales decreases in  th e  sam e w ay  a n d  su b "  
seq u e n tly  arises to  a c o n s ta n t v a lue . In  m ales, th e  s lig h t decrease  o f w et a n d  d ry  w e ig h t  
an d  R N À  co n ten t co n tin u es, w hile t h a t  o f th e  D N A  rem ain s on a c o n s ta n t  level. R N A  
D N A  ra tio  o f Drosophila  im agoes in  th e  la s t, ageing  period  of life did n o t  v a ry ,  m  e rely  
a sligh t d im inishing of th e  $ R N A  w as found . On th e  g round  of in v es tig a tio n s  i t  b e e  a me 
clear, th a t  while th e  f irs t ,  ripen ing  period  o f im ag in a i life is ch a rac te rized  b y  c o n s id é ra  ble 
q u a n ti ta t iv e  tra n s fo rm a tio n  of th e  in fo rm a tio n  sy s tem , in th e  course o f ageing  i t  c a n  not 
be d em o n s tra ted  b y  th e  m eth o d  app lied . We suppose th e  la t te r  m ay  be e x p la in ed  in  t  wo 
w ays: (a) in th e  course o f ageing  th e  q u a n tita tiv e  re la tio n sh ip s of nuc le ic  acid s a re  о 
su b o rd in a te  im p o rtan ce  c o n tra ry  to  qualitative, s t ru c tu ra l  m o d ifica tio n s , o r (b) th e  in 
fo rm atio n  system  is su b m itte d  to  q u a n tita tiv e  tran s fo rm a tio n s , too , b u t  in  th e  p a re  n 
chym a and  in te rs titiu m , re sp ec tiv e ly  in different directions, an d  so a lte ra t io n s  co m p e  n 
sa te  each  other.

Introduction

In v es tig a tio n s  concern ing  a lte ra tio n s  of th e  cell in fo rm a tio n  sys t<m  de
p e n d in g  on tim e , or m ore e x a c tly  on age of organ ism s are  p e rfo rm ed  a t  p resen t 
in  tw o  d irections.

Q ualitative m o d ifica tio n s (s tru c tu ra l a lte ra tio n s  of coding  n u c  lec tides, 
e s ta b lish m e n t of in tra m o le c u la r  H -bonds, so m atic  or p o in t m u ta t io n s ,  etc.) 
are  kn o w n  recen tly  as describ ed  b y  D a n ie l l i  [7],  H a r m a n  [13],  B jo  r k s t e n

[4], L i n d h  [18], only  a p p ro x im a te ly . N evertheless i t  was d e m o n s tra t  ed  , e.g. 
concern ing  th e rm a l-d e n a tu ra tio n  [12], th a t  D N A  of y o u n g  an im als  differs 
from  th a t  o f th e  old ones. T h is d ifference can serve as basis for d is tu r b  t e c  e s , 

develop ing  in  syn thesis  o f m essenger and cy to p lasm ic  R N A  re sp e c tiv e  ly  and 
tra n s fo rm a tio n  of codes [21].

D a ta  concern ing  quantita tive  re la tio n sh ip s  are h igh ly  c o n tra d i с 1 e ly . 
T h e  a m o u n t of ribo-, desoxyribonuc le ic  acid an d  d esoxyribonuc lease  in  н ш е  
o rgans re sp ec tiv e ly  cell ty p e s  d im inishes, w hile in  o th ers  it  a c c u m u lâ t  es c r
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re m a in s  u n a lte red  w ith  in c rea s in g  age [16, 22, 24, 3, 2]. No a u th e n tic  
d a ta  are  know n co n cern in g  m odifications o f nucle ic  acid co n ten t in th e  w hole 
o rg a n ism  in an im als, s u b je c t to  ageing.

M ateria l and m ethod

I n  experim ents vg s t r a in  o f  th e  fru it fly, D rosophila  melanogaster, b red  a t  25°C, 75 pe r 
c e n t  re l. h u m id ity , in d a rk n e ss , in  th e rm o sta te  w as ap p lied . P o p u la tio n -d e n sity  (10 —15 
p e r  100 ccm  air volum e) w as id e n tic a l;  for n u tritio n  th e  M ain x -m ed iu m  was used . A t th e  h a tc h 
in g  fro m  pupae (0 d ay ) fu r th e rm o re  on the  5, 10, 15, 20 a n d  25 th  d a y  of im ag in a i develop
m e n t  th e  insects were k illed  w ith  e th e r  and  nucleic acid  c o n te n t w as reg is te red  acco rd ing  to 
sex es. Q u a n tita tiv e  d e te rm in a tio n  o f R N A  and D N A  w as p e rfo rm ed  b y  th e  O gur-R osen 
m e th o d , from  th e  UV a b so rp tio n , b y  m eans of U v ip h o t p h o to m e te r . F o r each  m easu rem en t 
w e u se d  2 X 40 cj and  $ D rosophila , re sp .a ll the  given v a lu es a re  th e  averages of d e te rm in a tio n s  
o f  4 successive series. B esides n u c le ic  acids w et w e ig h t a n d  d ry  m a tte r  c o n te n t (105°C, 24 
h o u rs )  o f th e  anim als w ere d e te rm in e d , too, accord ing  to  age groups.

Results

T h e am oun t of n u c le ic  acids of th e  tw o  sexes a lte red  in d iffe ren t w ays 
d u r in g  im aginai life o f D rosophila .

R N A  con ten t o f th e  fem ales at the  h a tc h in g  from  th e  pu p ae  increased  
fro m  0.033 m g b y  th e  5 — 7 th  d ay  to  0.050 0.053 m g, p er in d iv id u u m . S u b 
s e q u e n tly  RN A  c o n te n t d ec rea sed  till th e  en d  o f im ag in a i life (F ig. 1). Conse
q u e n t ly  during  th e  p e rio d  o f  m a tu ra tio n -feed in g  a n d  b y  beg inn ing  of egg-laying 
th e  a m o u n t of R N A  follow s th e  a lte ra tions o f th e  w e t an d  d ry  w eight (Fig. 2). 
L a te r  on , how ever, th e  d ec rea se  of RNA co n tin u es , w hile to ta l  w eight of th e  
b o d y  rem ains u n a lte re d . I n  m a le  specim ens th e  case is d iffe ren t. D u rin g  th e  
f i r s t  te n  days of im ag in a i life  R N A  co n ten t d im in ishes, h u t  la te r , s im ila rly  
to  th e  w'et weight and  d ry  m a t te r  con ten t, i t  rem ain s on a co n stan t level.

T h e  course of th e  fem a le  D N A  curve (F ig . 3) coincides w ith  th a t  o f th e  
R N A  fo r th e  sam e sex, a l th o u g h  th e  increase in  D N A , connected  w ith  m a tu ra 
tio n -fe e d in g  is o f a s lig h tly  h ig h e r  degree. D N A  c o n te n t o f th e  m ales, c o n tra ry  
to  th e  R N A  does n o t e x h ib it  a decrease in  th e  f ir s t  p a r t  of im ag ina i life, b u t  it  
ev en  rises in the  f irs t 5 7 d a y s . H ow ever, in  th e  p h ase  of ageing i t  is u n a l
te r e d , too .

C om paring th e  n u c le ic  ac id  values, g re a te r  a m o u n t of b o th  R N A  and 
D N A  a re  p resen t in th e  $ , th a n  in $  specim ens. T h e  d ifference in ribonucle ic  
a c id  is g rea te r; R N A  c o n te n t  o f  th e  $ is ab o u t th re e fo ld  th a t  of th e  m ales.

P e rc e n tu a l values re fe r re d  to  w et w eigh t w o rk ed  o u t as seen in  F igs 4 
a n d  5 . I t  becam e ev id en t t h a t  increase of th e  w e t w eigh t o f $ Drosophilae, 
re sp e c tiv e ly  a t f irs t d im in ish in g  in  th e  m ales is cau sed  f irs t  of all b y  th e  R N A  
sy n th e s is  of sim ilar d irec tio n  (F ig . 4). The sam e ap p lies  to  th e  D N A  a lte ra tio n s  
e x h ib ite d  by  fem ales (F ig . 5). O n th e  o ther h a n d , p e rc e n tu a l am o u n t of D N A  
in c re a se s  no t only u n til  th e  5 — 7 th , b u t to  th e  10 15 th  d ay , w hich in d ica tes
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F ig . 1. A lte ra tio n  of R N A  c o n ten t of D rosophila  melanogaster during  im a g in a i s tage

F ig. 2. W et w eigh t ( •  A )  and  d ry  m a tte r  c o n te n t (O  A) of th e  body of D rosophila  melanogaster
im agoes, d e p e n d e n t on age
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Fig. 3. M odification  of D N A  c o n te n t in  D rosophila  during  im ag inai life cycle

th a t  re d u c tio n  o f D N A  in th e  m idd le  life p e rio d  of m ales is of m in o r e x te n t, 
th a n  th a t  o f o th e r  com ponen ts of th e  b o d y ; how ever, beg in n in g  from  th e  
1 5 th  d ay  o f im ag in a i life, th e  opposite  case is v a lid .
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F ig. 4. A lte ra tio n s  o f re la tiv e  R N A  c o n te n t

_ 1_
0  5  10 15 2 0  2 5  d a y s

Fig. 5. A lte ra tio n s  o f re la tiv e  D N A  c o n te n t

3.0z

F ig . 6. M odification  o f R N A  to  D N A  ra tio  b y  im ag o es c f  Drosophila melanogaster

R N A /D N A  ra tio , acco rd ing  to  th e  fo rm ers  develops as follow s: in  £  
an d  Ç D rosophilae  th e  p e rio d  of m a tu ra tio n -fe ed in g  an d  egg-ripening is c h a r 
a c te r iz ed  b y  decrease o f  th e  ra tio  (F ig. 6). D im in ish in g  lasts in m ales u n ti l  
th e  1 - 9 th  d ay , b u t  in  fem ales, caused  b y  th e  b eg in n in g  of egg-laying, i t  co m 
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m ences to  rise  on th e  5-—6 th  day . In  th e  la s t , in v o lu tio n a l period  o f  Droso
p h ila  R N A /D N A  ra tio  show s constancy .

D iscussion

As p ro v ed  b y  o u r in v estig a tio n s, th e  in fo rm a tio n  system  of th e  o rgan ism  
is su b m itte d  to  consid erab le  q u a n tita tiv e  tra n s fo rm a tio n  in  th e  f irs t d ay s of 
im ag inai life. A lth o u g h  it  is ag e-d ep en d en t, i t  does no t rep resen t an  ageing- 
a lte ra tio n . T h e  im ag in a i s tag e  of th e  new ly  h a tc h e d  D iptera  nam ely  c a n n o t be 
reg a rd ed  as m a tu re  life period , because la s tin g  som e days, th e  im agoes are  
su b jec ted  to  grow ing  and  ripening  processes. H ow ever it  is p roved  b y  severa l 
d a ta , th a t  d irec tio n  of nucleic acid m e tab o lism  d u rin g  ageing d e v ia te s  as 
experienced  in  th e  course of m a tu ra tio n . D N A  c o n te n t of th e  n u c leu s , e.g. 
in  liv e r o f y o u n g  ra ts , rises in th e  course o f g row th  [15], b u t  e x h ib its  a 
c o n s ta n t level in ageing  o f ad u lt an im als [10]. A ccording to  B ü r g e r  [5] 
D N A /dry  m a tte r  c o n te n t o f th e  b ra in  d im in ishes in  childhood, rem a in s  con
s ta n t  in  ad u lts , a n d  begins to  rise in senescence. K u r n i c k  and  K e r n e n  [16] 
m easu red  ac id  D N -ase  a c tiv ity  in  th y m u s  a n d  sp leen  of <$ m ice: th e y  reg is tra -  
te d  d u rin g  m a tu ra t io n  3 to  6 fold increase  an d  c o n s ta n t level in ageing .

D a ta  p u b lish ed  on th e  to ta l  nucleic  ac id  c o n te n t o f th e  w hole b o d y  are 
also concerned  w ith  em bryon ic  d ev e lo p m en t, g ro w th , b u t  never ageing . D a w - 
b a r n  [8] o bserved  decrease in  R N A  c o n te n t o f  th e  body  in m ice. P a t t e r 
son  [19] d e m o n s tra te d  th a t  R N A /D N A  ra tio  b y  th e  beg inning  of p u p a tio n  of 
Tenebrio  is h igh , th e n  low in  th e  m idd le  p erio d , an d  rises again by  th e  com ple
tio n  o f h istogenesis; th e  periods coincide w ith  in te n s ity  o f p ro te in  sy n th es is .

C oncern ing  ageing, t h a t  is th e  la te s t  life  p e rio d  of Drosophila, in  o u r own 
m easu rem en ts  it  w as s tr ik in g  th a t  n e ith e r  in  a b so lu te  am o u n t of nucle ic  acids, 
no r in  R N A /D N A  ra tio  v a ria tio n s  o f h igh deg ree , s im ilar to  m a tu ra tio n , could 
be observed . T h is doesn ’t  m ean , o f course, th e  u n ch an g ed  c h a ra c te r  o f th e  
am o u n t of in fo rm a tio n  s to rin g  an d  tra n s fo rm in g  m acrom olecules d u rin g  age
ing. P re su m ab ly  som e organs and  ce ll-types m o d ify  in d ifferen t d irec tio n s and  
th e  re su lta n t o f th e se  m odifica tions is re p re se n te d  in  th e  co n stan t R N A /D N A  
ra tio  o f th e  w hole o rgan ism . F rom  th is  s ta n d p o in t  is ra tio n a l to  co m p are  our 
m easu red  va lu es  w ith  d e ta iled  d a ta , o b ta in e d  in  o th e r  anim als.

U n d o u b te d ly , in  th e  organs an d  cells ex am in ed  th e  a m o u n t o f  nucleic 
acids, f irs t o f all o f R N A  decreases in  th e  cou rse  o f  ageing. This w as d em o n 
s tra te d  e.g. b y  B ü r g e r  [ 5 ]  in hum an  b ra in , W u l f f , Q u a s t l e r  and  S h e r m a n  [ 2 3 ]  

in cerebellar P u rk in je -ce lls  of m ice, an d  b y  W u l f f , P i e k i e l n i a k  a n d  W a y - 

NER [ 2 2 ]  in  p y ra m id a l cells o f ra t  fo reb ra in  c o rtex . In  o th e r cases, in v e rse ly , 
m easu rem en ts  p ro v e d  th e  increase o f R N A  ( ra t  liver: D e t w i l e r  a n d  D r a p e r  

[ 9 ] ;  liv er cells an d  dorsa l ro o t cells o f m ice: W u l f f , Q u a s t l e r  an d  S h e r m a n  

[ 2 3 ] ) ,  or c o n s ta n t level in d ep en d en t o f age. A t p re se n t we canno t su p p ly  a s u i t 
able ex p la n a tio n , w hy R N A  co n cen tra tio n  m odifies accord ing  to  in d iv id u a l
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o rg a n s  a n d  cells w ith  increasin g  age in o p p o site  d irec tions. G en era liza tio n  is 
h in d e re d  b y  racial d ev ia tio n s . B a r r o w s , R o e d e r  and  F a l z o n e  [3 ]  o b serv ed  
in  th e  liv e r  of $ w ild ra ts  an  in crease , w hile in  la b o ra to ry  alb ino  ra ts  a co n 
s ta n t  lev e l of R N A  co n ten t. O rig in  o f th ese  geronto logical d ifferences becom es 
m o re  e v id e n t, if  th e  d ev ia tio n s  in n u c leo p ro te id s  o f th e  single species, in d e 
p e n d e n t o f age [20] w ill be know n  in d e ta il.

C ausal u n d e rs tan d in g  o f th e  process b ecam e  easier b y  th e  e x p e rim e n ts  
p e r fo rm e d  w ith  in co rp o ra tio n  o f H 3-labelled  c itid in  in mice of d iffe ren t ages. 
I t  w as p ro v ed , th a t  th e  ra te  o f  in co rp o ra tio n  grow s faste r, or decreases slow er 
in  a g e in g , th a n  R N A  c o n te n t itself. T he tra c e r  u p tak e /R N A  ra tio  co n seq u en tly  
in c re a se s  p ara lle l w ith  age [23]. G eneraliz ing  th e ir  re su lts , au th o rs  w o rk ed  out 
a h y p o th e s is , accord ing  to  w h ich  in  th e  course  o f ageing th e  sites fo r R N A  
s y n th e s is  su s ta in  dam ages, w here  fa u lty  m essenger RN A  will be fo rm ed  and  
th e  l a t t e r  p roduces enzym es, in cap ab le  o f n o rm a l cell functions. In c rea se  of 
R N A  c o n te n t could be ex p la in ed  b y  th e  su p p o sitio n  th a t  a c c u m u la tio n  of 
s u b s t r a te  m olecules causes “ de-rep ressio n ”  o f  R N A  syn thesis . F u r th e rm o re  
d e fe c tiv e  R N A  was p resu m ed  to  be less s ta b le  th a n  th e  no rm al one: th is  leads 
to  r ise  o f  th e  tra c e r  u p ta k e /R N A  ra tio . A t p re se n t th e  th e o ry  consists o f m an y  
d e ta ils  som e of w hich are n o t p ro v e d ; it w ou ld  be h ighly  in te re s tin g  to  know , 
fo r e x a m p le , w hy th e  rep re sso r is a ffec ted  b y  th e  accum ula tion  o f s u b s tra te  
in  o n e  o f  th e  cell ty p es , an d  does no t a lte r  th e  fu n c tio n  in th e  o ther.

A s m ain  cause of fa u lty  R N A  p ro d u c tio n  som atic-, or p o in t m u ta tio n s  
a re  su p p o sed . Q u a n tity  o f desoxy rib o n u c le ic  acid itself does no t decrease. 
In v e rs e ly , its  co n cen tra tio n , ca lcu la ted  on w e t or d ry  w eight often  increases. 
H r a h o v e c  and R o c k s t e i n  [14] observed  th is  in  m uscles and  in  a m in o r degree 
in  r a t  l iv e r  (the  la t te r  re su lt w as co rro b o ra te d  b y  D e t w i l e r  an d  D r a p e r  [9] 
a n d  B ü r g e r  [5] in h u m an  b ra in ) . H ow ever th e  D N A /nucleus va lue , as d em o n 
s t r a te d  b y  F a l z o n e , B a r r o w s  an d  S h o c k  [10] does not m odify  even  in  old 
age. A  c o n tra d ic tio n  arises h e re , because a lth o u g h  po lyp lo idy , increasin g  w ith  
age , c a n  be  m ade p ro b ab le  in  liver, concern ing  o th e r  organs, e.g. b ra in , such  
e x p la n a tio n  is im possible. R ise of D N A  co n c e n tra tio n  in old age is n o t gen era l; 
fo r e x a m p le  in case of acid d eso x y rib o n u c lease  its  a c tiv ity  decreases in  bone 
m a rro w , rem ains on a c o n s ta n t level in th y m u s  an d  spleen; only  in  th e  liv er 
w as a n  ac tiv ity -in c rease  of m in o r degree o b serv ed .

I n  g re a te s t p a r t  of q u a n t i ta t iv e  d a ta  (e.g. b y  analysis of w hole organs) 
n u c le ic  acid  con ten t of th e  p a re n c h y m a  a n d  in te rs titiu m , re sp ec tiv e ly  is n o t 
s e p a ra te d . On th e  o th e r h a n d , b y  m ore m in u te  m e th o d s  (e.g. c y to p h o to m e try )  
e x c lu s iv e ly  p a ren ch y m a to u s  cells w ere ex am in ed . As in  the  course o f ageing 
p a re n c h y m a  and in te rs ti t iu m  b eh av e  in v erse ly  (progress of th e  la t te r  is s t r ik 
ing ), i t  w o u ld  be desirab le  to  k now  th e  age d e p e n d e n t a lte ra tio n s  of th e  nucleic  
ac id  c o n te n t  of connective tissue-ce lls , as w ell. E la b o ra tio n  of an  in fo rm a tio n  
th e o ry  concern ing  ageing of th e  whole organism  can  be im agined only  th is  w ay .
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C o n tra ry  to  o th e r  in sec t species, e.g. Galleria  [1], D rosophila  can  be re 
g a rd ed  w ith o u t d o u b t as an  ageing o rg an ism  [6]. C onstancy  o f R N A /D N A  
ra tio  is p ro b ab ly  a r e s u lta n t  o f m odifica tions o f  opposite  d irec tio n , s im ilar to  
th e  above m en tio n ed . W e in ten d  to  su p erv ise  th is  p o s tu la te  b y  cy to p h o to - 
m e tric  analysis o f p a re n c h y m a l and  in te rs t i t ia l  cells.

The a u th o rs  w ish  to  acknow ledge the  excellent te c h n ica l assistance  of Mrs. E rzsébet  
H o lló si-F a zek a s .
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Ä N D E R U N G E N  DES N U K L E IN S Ä U R E N G E H A L T E S  V O N  D R O S O P H IL A  M E L A N O -  
G A S T E R  IMAGOS IM  V E R L A U F  D ES R E IF E N S  U N D  D ES A L T E R N S

E s  w u rd e  der RNS- hzw . D N S -G eh a lt von  w eiblichen u n d  m änn lichen  D rosophila  me- 
lanogaster  Im agos in  A b h än g ig k e it v o m  L eb en sa lte r u n te rs u c h t . Die R e ifungsperiode  der 
$$ w ird  d u rc h  die Zunahm e des G esam tgew ich tes, T ro ckengew ich tes , DNS u n d  R N S-G e- 
h a lte s  c h a ra k te r is ie r t. Die S y n th e se  d e r N u k le in säu ren  — beso n d ers der D N S — ü b e r tr if f t  
in d ie se r  P e rio d e  die Z unahm e a lle r  a n d e re n  K o m p o n en ten  u n d  der RN S/D N S Q u o tien t n im m t 
ab . D e r  D N S -G ehalt der ejej n im m t eben fa lls  zu, der R N S -G eh alt u n d  d a m it de r R N S /D N S  
Q u o tie n t  w ird  geringer. Zu B eg in n  d e r E iab lage  (6 —12. T ag  des Im ago-L ebens) n im m t das 
G e sa m t-  u n d  T rockengew icht u n d  d e r N u k le in säu ren g eh a lt zu e rs t ab u n d  e rre ic h t sch ließ 
lich  e in e n  k o n s ta n te n  W ert. In  d e r se lben  Periode f in d e t m a n  b e i den c?(? eine geringfüg ige 
A b n a h m e  v o n  Gesam t- u n d  T ro ck en g ew ich t und  des R N S -G ehaltes . D er D N S-Spiegel b le ib t 
a b e r  u n v e rä n d e r t .  Die U n te rsu ch u n g e n  zeigen, d aß  fü r die e rs te , sog. R eifungsperiode  b e d eu 
te n d e  q u a n ti ta t iv e  V e rän d e ru n g en  des genetischen  In fo rm atio n ssy s tem s c h a ra k te r is tis c h  
s in d . I m  A lte rn  sind m it der a n g e w a n d te n  M ethode keine q u a n ti ta t iv e n  Ä n d eru n g en  d e r N u k 
le in sä u re n  nachzuw eisen. Z ur E rk lä ru n g  dieses B efundes h a lte n  w ir zwei H y p o th e se n  fü r  
m ö g lich : a )  Im  A ltern spielen die q u a n ti ta t iv e n  Ä nderungen  de r N u k le in säu ren  n e b en  den 
q u a li ta t iv e n ,  stru k tu re llen  Ä n d e ru n g en  n u r  eine u n te rg e o rd n e te  Rolle oder b) das  In fo rm a 
t io n s s y s te m  ä n d ert sich im  P a re n c h y m  u n d  im  In te rs ti t iu m  im  en tgegegengesetzen  S inne  u n d  
die q u a n ti ta t iv e n  Ä nderungen g le ich en  sich  aus. Zur E n tsch e id u n g  dieser a lte rn a tiv e n  M ög
lic h k e ite n  soll eine cy to p h o to m erisch e  A nalyse  der O rgane v o n  Drosophila  a n g ew a n d t w erden .

ИЗМЕНЕНИЕ СОДЕРЖАНИЯ НУКЛЕИНОВЫХ КИСЛОТ ИМАГ ДРОЗОФИЛ 
(D R O S O P H IL A  M E L A N  OG A S T E R  ) В ПРОЦЕССЕ СОЗРЕВАНИЯ И СТАРЕНИЯ

Исследовали содержание РНК и ДНК имаг у мужских и женских особей дрозо
фил в зависимости от возраста. Период питания в процессе созревания и созревания яйце
клеток характеризуется увеличением сырого веса, веса сухого вещества, содержания 
РНК и ДНК у женских особей. Синтез нуклеиновых кислот, особенно ДНК, в этом пе
риоде превышает синтез других компонентов тела, а соотношение РНК и ДНК снижается. 
У мужских особей также увеличивается содержание ДНК, а содержание РНК и вслед 
за ним и соотношение РНК и ДНК тоже уменьшаются. С наступлением откладки яиц 
(на 6— 12 день имагинального развития) сырой вес, вес сухого вещества и содержание 
нуклеиновых кислот у женских особей уменьшаются в одинаковой степени, а позже 
приобретают постоянную величину. Незначительное снижение сырого веса, веса сухого 
вещества и содержания РНК у мужских особей наблюдаются и в дальнейшем, а содер
жание ДНК остается на постоянном уровне. В последнем периоде, — в периоде старения 
— соотношение РНК и ДНК имаг дрозофил остается без изменения, только лишь незна

чительное снижение содержания РНК наблюдается у женских особей. На основании 
наших исследований видно, что пока первый период, период созревания, характеризуется 
интенсивным количественным изменением информационной системы клеток, то в периоде 
старения количественные изменения нуклеиновых кислот нельзя выявлять с помощью 
применяемых нами методов. По нашим предположениям это можно объяснить двояко: 
(а) в периоде старения количественные изменения нуклеиновых кислот играют подчи
ненную роль по отношению качественных структурных изменений, или (б) информацион
ная система преобразуется и количественно, но паренхима и интерстиции изменяются в 
противоположном направлении и таким образом изменения уравнивают друг друга. 
Для решения этих альтернатив в будущем приходится цитофотометрически проанализи
ровать отдельные органы дрозофил.

A n d r á s  B alázs 
L á s z l ó  H a r a n g h y

B u d a p e s t IX ., Ü llő i  u t  93, H u n g ary .
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PHOTOSYNTHESIS OF THE UNICELLULAR GREEN 
ALGAL STRAIN, SCENEDESMUS OBTUSIUSCULUS CHOD. 

AT VARIOUS pH VALUES
L. J .  M. F e l f ö l d y

BIOLOGICAL RESEARCH IN STITU TE OF T H E  H U N G A RIA N  ACADEMY OF SCIENCES, T IH A N Y
(H EA D : J .  SALÂN K I)

(R eceived S e p tem b e r 3, 1964)

Synopsis
P h o to sy n th e tic  a c tiv ity  o f th e  u n ice llu la r  green  algal s tra in  5618. Scenedesm us  

oblusiusculus  C h o d a t  was m easured  b y  th re e  d iffe ren t m ethods (W in k le r’s 0 2, W a r
b u rg ’s m an o m e tric  and  R u ttn e r’s c o n d u c to m e tr ic  m ethods) in th e  p H  ra n g e  be tw een  
4 — 11. U p p er lim it o f pho to sy n th es is  w as a t  p H  10.8, and  a ra th e r d e fin ite  o p tim u m  w as 
o b se rv ab le  n e a r p H  9.6. A t p H  7 a c t iv ity  fe ll to  th e  h a lf  of its  m ax im u m , a n d  a t  pH  
4.5 p h o to sy n th es is  w as equal to  zero. T he in flu en ce  of th e  lim ited  p h o to sy n th es is  a t low 
p H  v a lu es on g ro w th  and th e  a m m o n iu m  n i tr a te  u tiliza tio n  of th is s tra in  are  also  d iscussed .

Introduction

In  th e  m ass cu ltu rin g  ex p erim en ts  w ith  un ice llu lar green a lg ae  s ta r te d  
in  1959 a t  th e  B iological R esearch  I n s t i tu te  o f th e  H u n g arian  A cad em y  of 
Sciences am m o n iu m  n itra te  was used  as n itro g en  source [13]. T he a lga l s tra in  
5618. Scenedesm us oblusiusculus u sed  in  th e se  stud ies p re fe rred  am m o n iu m  
ions to  n i t r a te  ones.

As i t  is ev idenced  b y  som e p rev ious la b o ra to ry  ex p erim en ts , th is  s tra in  
does n o t u tilize  n i tr a te  ions as long as am m o n iu m  sa lts are p resen t in  its  n u t r i 
e n t m ed ium . I t  was a plausib le a ssu m p tio n  th a t  a fte r the  u p ta k e  o f  co nside
rab le  p ro p o rtio n  o f am m onium  ions th e  liq u id  phase of suspension  tu r n s  acid 
w hich  is p ro m o ted  b y  th e  con tinuous feed in g  o f CO„. Therefore th e  a n tag o n ism  
b e tw een  am m o n iu m  and  hydrogen  ions becom es g radually  sh a rp e n e d , th e  
u p ta k e  o f am m o n iu m  decreases an d  f in a lly  s tops due to  th e  c o m p e titiv e  in 
h ib itio n  of h y d ro g en  ions. P ara lle l w ith  th is , changes favourab le  fo r th e  u p ta k e  
o f n i tr a te  ions m ay  ta k e  place and  th e  ion ic  balance  of the  so lu tio n  becom es 
o p tim a l w ith  su b seq u en t rise in th e  p H  v a lu e .

N ev erth e less , th e  correctness o f  th e  above  assum ption  w as n o t ju s tif ie d  
in p rac tice . B ecause th e  am o u n t of am m o n iu m  n itra te  in th e  n u tr ie n t  so lu tio n  
was ra th e r  h igh , 500 m g per litre , th e  p H  of th e  suspension could n o t be  re s to re d , 
and  n itr a te  u p ta k e  could no t ta k e  p lace . I t  m ig h t be estab lished  b y  all m ean s, 
th a t  th e re  w ere s till am m onium  ions le f t in th e  so lu tion . At th is  a d v a n c e d  s ta te  
o f c u ltiv a tio n  th e  p H  was s ta g n a n t b e tw een  4.3 5.0. I t  was a lso  v e ry  re 
m ark ab le  th a t  th e re  was a considerab le  in c rease  in th e  crude p ro te in  c o n te n t of 
th e  cell m a te r ia l up  to  ab o u t 70 per c en t o f d ry  m a tte r . This in h ib itio n  o f am m o 
nium  u p ta k e  w as p resu m ab ly  due to  th e  la c k  or deficiency o f th e  a m o u n t of
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assim ila te s  i.e. c a rb o h y d ra te  or organic acid re se rv es  in  the  cells re su lte d  b y  
th e  cessa tio n  of p h o to sy n th e s is  u n d e r th ese  acid  c ircum stances [5, 41].

A ccord ing  to  som e la b o ra to ry  ex p erim en ts  w h ich  will be d iscussed else
w here th e  am m o n iu m  u p ta k e  of h ea lth y  algal cells is n o t considerably  in h ib ite d  
a t  p H  as low  as 5.

I t  has been p rev io u sly  recorded  by us t h a t  th e  s tra in s  iso lated  from  th e  
L ak e  B a la to n  an d  from  th e  calcareous soils in  th e  su rround ings of T ih a n y  are 
r a th e r  basoph ilo u s [11, 12]. T he aim  of th e  p re se n t p ap e r is to  discuss in  d e ta il 
th e  e ffec t of h y d ro g en  ion co n cen tra tio n  on th e  p h o to sy n th e tic  a c t iv i ty  in 
5 6 1 8 .  Scenedesm us obtusiusculus  C h o d . over a w ide  range of pH  values.

M aterial and m ethod

T h e  axen ic  a lga l s tra in  used  in these ex p e rim e n ts : 5618. Scenedesmus obtusiusculus 
Ch o d . (iso la ted  in 1959 b y  Zsuzsa F. K alkó from  an  a q u a r iu m  fed w ith B ala ton  lake w a te r)  
is m a in ta in e d  on ag ar s la n ts  of th e  follow ing com position: g lass d istilled  w ater 1000 ml. p o tass iu m  
n i tr a te  1.0 g; m agnesium  su lp h a te  c ry st. 0.1 g; calcium  n i t r a te  0.1 g; d ipo tassium  p h o sp h a te  
0.2 g; fe rr ic  c itra te  0.002 g; c itric  acid 0.002 g; m ic ro e lem en ts  in  th e  solution of A rn o n ’s A4 
1 m l; glucose 5 g; p e p to n e  2 g; y eas t hy d ro ly sa te  2 m l; w ash ed  agar 15 g.

F o r  p re p a ra to ry  cu ltu res  algae were scraped fro m  a g a r  s lan ts  and suspended in to  liq u id  
m ed iu m  h a v in g  th e  follow ing com position: T ih an y  ta p  w a te r  1000 m l; am m onium  n i tra te  
0.3 g; m ag n esiu m  su lp h a te  c ry st. 0.1 g; po tassium  d ih y d ro g en  phosphate  0.25 g; fe rro u s su l
p h a te  c ry s t. 0.025 g; sod ium  e th y len ed iam in  te t ra a c e ta te  (E D T A ) 0.01 g; A rnon’s tra c e  e le 
m e n t so lu tio n  A4 1 m l. B y  b u b b lin g  th ro u g h  th is so lu tio n  w ith  3 per cent carbon  d iox ide  in  
a ir  i t  a rriv e s  a t  eq u ilib riu m  a t p H  6.8 —7.0.

P h o to sy n th e tic  m easu rem en ts  were perfo rm ed  b y  th re e  different m ethods.
T h e  u p p e r p H  lim it of p h o to sy n th es is  was d e te rm in e d  by  R u ttn e r’s [31, 32, 33] con

d u c to m e tr ic  m eth o d . Suspensions con ta in ing  a b o u t 1500 c e lls / /Л [Biirker h em o cy to m e te r] 
w ere p re p a re d  of 2, 3 a n d  4 mM  K H C 0 3 solu tions, a n d  exp o sed  in  glass stoppered  vessels a t  
2 5 ^ 0 .1 °  C in th e rm o s ta te  illu m in a ted  b y  a 300 W in c a n d e sc e n t lam p (c. 6000 lux) cooled w ith  
w a te r  ja c k e t .  D uring  th e  tim e of exposition  th e  sam p les w ere  shaken  up several tim es. T he 
ra te  o f p h o to sy n th es is  is d e te rm in ed  b y  m easuring  th e  ch an g es tak in g  place in th e  p h y sico 
ch em ica l p ro p e rtie s  o f K H C 0 3 solu tions. The m easu rem en ts  o f electric  conductance w ere m ade  
w ith  th e  e lectron ic  in s tru m e n t “ R esistoscope” ty p e  H R E  13 — 58 (H írad ástech n ik a i K TSz. 
B u d a p e s t)  a n d  w ith  a p la tin u m  w ire screen e lectrode o f a c a p a c ity  of C =  0.054. T he ca rb o n  
d iox ide  defic iency  in  p ro p o rtio n  to  th e  to ta l  am o u n t o f C 0 2 p resen t in the  K H C 0 3 so lu tio n  
w as co m p u te d  p a r tly  on th e  b asis of R u ttn e r ’s n o m o g rap h s  [32] and  p a rtly  on b asis o f th e  
re la tio n  ex is tin g  b e tw een  p H  a n d  th e  carbonic acid  c o m p o n en ts  using O sterlind’s fo rm u lae  
[30].

A  g re a t m an y  m easu rem en ts  were carried  o u t b y  th e  u su a l W arburg  m an o m e tric  m e
th o d  [15]. T h e  e x p e rim e n ta l so lu tion  used  on th is  occasio n  was a 3 mM K O li  — K 2C 0 3- 
K H C 0 3 b u ffe r  system  p rep ared  from  aliquo ts of 3 mM  K O H  so lu tion  by  bubb ling  w ash ed  pu l
m o n a ry  a ir  th ro u g h  it.  So lu tions o f know n carbon  d io x id e  c o n te n t i.e. hydrogen ion c o n c e n tra 
tio n  w ere a d ju s te d  b y  co n tin u o u s e lectrical c o n d u c tiv ity -  o r p H -m easu rem en ts. For m an o m e try  
10 m l a lg a l suspensions co n ta in in g  ab o u t 1 mg d ry  m a t te r  w ere used, in f la t  b o tto m  vessels, 
illu m in a ted  by  a 40 W flu o rescen t tu b e  (T ungsram  F2 “ w a rm  w h ite”  c. 7000 lux) b u ilt  in to  
th e  w a te r  b a th ,  a t  a te m p e ra tu re  of 25.0dz0.5 °C a n d  a t  a shaking velocity  of a b o u t  110 
cycles/m in .

T h e  p h o to sy n th e tic  pow er a t low pH -v a lu es w as d e te rm in ed  by  W in k le r’s oxygen  
m e th o d . T h e  e x p e rim e n ta l so lu tio n  used  was ta p  w a te r  en rich ed  w ith  N H 4N 0 3. I t s  p H  w as 
a d ju s te d  b y  ad d in g  su itab le  am o u n ts  o f 0.1 N  n itr ic  acid . B efore p reparing  th e  e x p e rim e n ta l 
susp en sio n  (co n ta in in g  ab o u t 1000 cells/ //1) the  n u t r ie n t  so lu tio n  was ev acu ated  for h a lf  an  
h o u r, th e n  p u re  carb o n  d ioxide w as b ubb led  th ro u g h  i t  a n d  w as allowed to  s ta n d  d u rin g  one 
n ig h t. N e x t  d a y  th e  su ffic ien t a m o u n t of algal cells w ere a d d ed . The suspension w as p o u red  
in to  g lass s to p p e red  M aucha  te s t  tu b es and  exposed on  a ro ta t in g  shaking m achine to  a n  illu 
m in a tio n  of c. 7000 lu x  (p ro d u ced  by  tw o F2 “ w arm  w h ite ”  lum inescence tu b es) for tw o  h o u rs
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O xygen  co n ten t was m easu red  by  th e  u sua l W inkler m eth o d . T itra tio n  w ith  0.005 N  th io su l
p h a te  so lu tion  was n o t  d is tu rb e d  b y  th e  sm all am o u n t o f cells.

T he resu lts  o b ta in e d  b y  th e  th ree  m ethods are  expressed  in te rm s o f /Л 0 2/ l  mg d ry  
m a tte r /h o u r  (W arb u rg ’s m eth o d ), m g O2/109 cells/hour (W in k ler’s m eth o d ), m g C 0 2/litre  
(R u t tn e r ’s cond u cto m etry ). F o r th e  conversions th e  follow ing fac to rs  w ere u sed : 10s cells 
eq u iv a len t to  54 mg d ry  m a t te r ;  l  m g C 0 2 =  0.873 m g 0 2 (P Q  0 2/C 0 2 =  1.2); 1 m g 0 2 =  
700 fA \ 1 mg C 0 2 =  509 //1 a t  N T P .

The pH  m easu rem en ts  w ere m ade w ith  a “ p H -e lec tro m e te r ty p e  2512”  (O rion -B uda- 
p est), an d  la te r w ith  a “ B eck m an  M odel GS”  portab le  p H -m e te r , w ith  glass an d  calom el elec
tro d es . P revious to  ev ery  series o f m easu rem en ts th e  in s tru m e n t w as c a lib ra ted  by  A tk ins- 
P a n tin  [3] and B eckm an  b u ffer so lu tions respectively .

Fig. 1. Carbon d iox ide u p ta k e  b y  S . obtusiusculus cells from  th e  K H C 0 3 so lu tions o f th ree
d iffe ren t co n cen tra tio n s

Results

T he graphs (F ig . 1) i l lu s tra te  th e  p h o to sy n th e tic  ra te s  as changes in  
carb o n  dioxide d efic it (m g/litre) in  th ree  d iffe ren tly  c o n c e n tra ted  K H C 0 3 
so lu tions m easured  c o n d u c to m e trica lly , in th e  fu n c tio n  of tim e  (hours). I t  is 
v isib le  th a t  a t th e  30 3 6 th  ho u r of exposition  to  lig h t th e  decrease  in  th e  
carb o n  dioxide c o n te n t o f th e  so lu tions due  to  th e  p h o to sy n th e tic  a c tiv ity  
o f th e  algal cells s to p s. In  th e  th re e  m edia ex am in ed  p h o to sy n th es is  ceases a t 
d iffe ren t carbon  d iox ide  (H C 0 3 an d  C 0 3) co n cen tra tio n s . T he im p o rtan ce  of 
p H  in  th e  m ilieu is also clearly  evidenced b y  th e  re su lts  p re sen ted  in  T ab le  1. 
P h o to sy n th esis  s to p p ed  a t p H  10.8- 10.9 in  all th re e  m ed ia  in v es tig a ted . 
B ecause a t these  p H  va lu es  th e  inorgan ic  ca rb o n  sources o f th e  so lu tions were 
n o t ex h au sted  ( th e  c o n c e n tra tio n  o f H C 0 3 ions in  2 mM so lu tio n  w as 0.19 mM, 
an d  a t th e  sam e tim e  th e  4 mM m edium  co n ta in ed  0.42 mM  K H C 0 3), th e  
hyd rogen  ion c o n c e n tra tio n  m ay  be reg ard ed  th e  m ain  lim itin g  fa c to r  of p h o 
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to s y n th e s is .  On th e  o th e r  h a n d , th e  p H  v a lu e  b e tw een  p H  10.8 — 10.9 m ay  
be  t a k e n  for th e  u p p e r lim it  o f p h o to sy n th esis  in th e  case o f th is  s tra in .

T a b le  2 sum m arizes t h e  re su lts  o b ta in ed  b y  th e  above th re e  m eth o d s. 
A r a th e r  defin ite  o p tim u m  is observab le  b e tw een  p H  9 10, an d  on ly  abou t
its  h a l f  a t  pH  7. P h o to sy n th e s is  ceases com plete ly  a t p H  4.5.

T h e  resu lts were g ra p h e d  in Fig. 2.
I t  m u st be n o ted  t h a t  th e  resu lts  o b ta in ed  by  R u ttn e r ’s co n d u c to m e try  

(h a lf  f ille d  circles in  F ig . 2) a re  charged  w ith  m a n y  fac to rs  of u n c e r ta in ty  in-
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Fig. 2. P h o to sy n th e s is  in  S . obtusiusculus p lo tte d  ag a in s t pH

h e re n t  in  th e  m ethod  an d  d u e  to  th e  co m plica ted  conversion  o f m g CCF/litre 
u n i t  in to  /Л 0 2/ l  m g d ry  m a t te r .

D iscussion

T h e  basophilous c h a ra c te r  o f  th is  Scenedesm us obtusiusculus  s tra in  has 
b e e n  in c o n te s ta b ly  proved  b y  th e  m easurem ents p resen ted  above. T his alga 
b e lo n g s  to  a group of o u r s tr a in s , th a t  excels b y  ra th e r  s tro n g  resis tan ce  to  
h ig h  p H  values. For th e  sa k e  o f com parison  betwreen th e  u p p er p H  lim its  of

Table 1

P roperties o f three different m edia  at the cessation o f photosynthesis represented in  F ig. 1

Concentration K „  • 10*
C 02-deficiency cHCO-

n.M
cC03
mM pH

m g/litre per cent

2 mM 2.89 54.5 62.0 0.19 0.49 10.8

3 mM 4.08 76.0 57.6 0.28 1.02 10.9

4 mM 5.12 95.0 54.0 0.42 1.46 10.8
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Table 2

Photosynthesis in  Scenedesmus obtusiusculus at different p H  values

p H
[A 0 , / l  m g  
d ry  m a t t e r  

p e r  h o u r
M e th o d

4.5 0.6 W in k le r

5.4 8.7 11
5.5 3.9 11
5.9 11.9 11
6.5 8.6 11
6.5 10.8 W arb u rg

7.0 19.0 „

7.8 19.0 i l

8.0 26.4 i l

9.0 28.1 R u t tn e r  3 mM

9.3 37.8 W arb u rg

9.5 38.0 11
9.6 27.0 R u t tn e r  2 mM

9.6 29.0 ,, 3 mM

9.8 49.0 „  4 mM

10.0 23.8 ,, 3 mM

10.2 17.7 ,, 3 mM

10.3 12.6 ,, 3 mM

10.3 38.9 „  4 mM

10.4 19.4 „  2 mM

10.4 32.0 W arb u rg

10.5 12.6 R u t tn e r  3 mM

10.5 32.3 „  4 mM

10.6 12.6 „  3 mM

10.6 8.8 „  4 mM

10.7 13.8 „  2 mM

10.7 8.8 „  3 mM

10.7 5.6 „  4 mM

10.75 4.9 „  4 mM

10.8 0.0 ,, 2 and  4 mM

(10.9) 0.0
1

„  3 mM
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p h o to s y n th e s i s  in d ifferent s t r a in s  of our co llection  th e  following lis t  is g iven
[9, 10, 12].

7k Chlorella vulgaris  B e y e r

u p p e r  p H  lim it
9.5

4061 Scenedesmus quadricauda  (T u r p . )B r é b . 10.3
5618 S. obtusiusculus C h o d . 10.8

516 Kirchneriella sp . 11.1
198 Scenedesmus quadricauda  (T u r p .) B r é b . 11.2

4069 S .te n u isp in a  Ch o d . 11.2
3153 Chlorocloster terrestris P a s c h e r 11.3
4063 Scenedesmus arm atus  Ch o d .

v a r .  bogláriensis H o r t o b . 11.3
953 Coelastrum m icroporum  N ä g . 11.4
525 Scenedesmus acu m in a tu s  (L a g e r h .)

Ch o d . v a r .  fa lc a tu s  Ch o d . 11.4
636 S . armatus Ch o d . 11.4

4070 S . spinosus Ch o d . 11.5

I t  has  been suggested  [42] t h a t  th e  p H  of soils does no t p lay  an im p o r 
t a n t  ro le  in  th e  p h o to sy n th c t ic  ac t iv i ty  of la n d -p la n ts ;  on th e  o ther  h a n d ,  it  
has  b e e n  d em o n s tra ted  b y  E l b e r t z h ä g e n  a n d  K a n d l e r  [7] th a t  th e  r a t e  of 
th e  p h o to s y n th e t ic  f ixa t io n  o f  carbon-d ioxide  o f  th e  chloroplasts  is pos i t ive ly  
in f lu e n c e d  b y  th e  hydrogen  ion concen tra t ion  w ith in  th e  leaf cells.

T h e  s i tua t ion  is d if fe ren t  in  th e  case o f  su b m erg ed  aqua tic  p la n ts ,  es
p ec ia l ly  o f  unicellu lar algae. T h e  ex per im en ta l  e s tab l ish m en t  of p H -e ffec t  on 
g ro w th  a n d  n u tr i t io n  is n o t  s im ple ,  because th e  h y d ro g e n  ion c o n cen tra t io n  of  
th e  m il ieu  su rround ing  th e  cells m a y  considerab ly  change  in  th e  course o f  cu l
tu r in g ,  a n d  th e  correct in te rp re ta t io n  of th e  re su l ts  is difficult, because  i t  is 
f r e q u e n t ly  impossible to  iso la te  th e  d irect effects o f  hydrogen  ion c o n c e n t r a 
t io n  f r o m  o th e r  c o n tr ib u t in g  fac to rs  (d ifferential  abso rp tion  of var ious  ions, 
e x h a u s t io n  of carbon d iox ide  f rom  carbonic  ac id  system , accu m u la t io n  of 
som e m e ta b o l i te s  in th e  m e d iu m ,  p rec ip i ta t ion  of  som e salts and e lem en ts  a t 
e x t r e m e  p H  values etc.). N ev e r th e le ss ,  m ost physio log ica l works on algae d e a l 
ing  w i th  t h e  effect of p H  are  engaged  in s im ilar  p rob lem s. There are l i te ra ry  
d a t a  em p h a s iz in g  the u n u s u a l ly  high resistance of euglenoid  flagellates a t  acid 
so lu t io n s  [16, 21] b u t  th e  p re fe rence  to  basoph il ic  circum stances of  b lue-  
g reen  a lg a e  has  been p roved  b y  m a n y  cu ltu r ing  ex p e r im e n ts  [44, 14, 26, 43, 46]. 
L ikew ise ,  t h e  alga D unaliella  euchlora  [25] a n d  o th e r  m arine  algae [22, 17, 4] 
d isp la y  a b e t te r  g row th a t  p H  va lues  above 7. On th e  o the r  hand , m os t  f r e s h 
w a te r  a lg ae  exam ined from  th i s  p o in t  of view c a n n o t  to le ra te  high p H  v a lu es ,  
for t h e y  req u ire  free carbon  d iox ide  for th e i r  p h o to sy n th es is  [18, 19, 24, 17, 
27, 45] .
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Q uite  a n u m b e r  of au th o rs  [8, 35, 36, 29, 30, 6, 24, 12] in v e s t ig a te d  the  
re la t ionsh ip  be tw een  th e  p h o to sy n th es is  o f  unicellular f re sh -w a te r  a lgae and 
p H .  T he  ex per im en ta l  d a ta  o b ta in ed  b y  E m e r s o n  and G r e e n  [8] rep resen t  
an  im p o r ta n t  con tr ib u t io n  to  ou r  know ledge  on th e  influence of  p H  on  Chlorella 
p h o tosyn thes is .  I t  was observed  b y  th e se  a u th o rs  t h a t  the  ra te  o f  p h o to sy n th e s is  
is c o n s ta n t  in th e  p H -ran g e  be tw een  4 .6  — 8.9 if  b o th  carbon d io x id e  a n d  light 
were s a tu ra te d .  U n d e r  cer ta in  c ircu m stan ces  a decreasing effect o f  low p H  on 
p h o to sy n th e t ic  a c t iv i ty  in  s a tu ra te d  l ig h t  in  Chlorella m a y  b e  fo u n d  [39]. 
N orm ally ,  however, th e  ra te  o f  p h o to sy n th e s is  in algae t h a t  a re  u n ab le  to  
u tilize  h y d ro c a rb o n a te  ions is in d e p e n d e n t  o f  p H  [38, 40, 34]. A n  ex cep t io n 
a lly  h igh ly  ac id -res is tan t  Chlorella e llipso idea  s tra in  was reco rded  b y  K e s s l e r  

and  K r a m e r  [23]. A l l e n  [1] has fo u n d  a C yanid ium  s tra in ,  ab le  t o  grow in 
n o rm a l  su lphuric  acid so lution [20]. M ost a u th o rs  are of the  o p in ion  t h a t  in the  
life o f  subm erged  aqua tic s  o f  th is  ty p e  p H  m a y  effect pho to sy n th es is  ind irec t ly  
b y  changing  th e  a m o u n t  of availab le  c a rb o n  dioxide [42, 37, e tc . ] .

In  view of th e  results  o b ta ined  b y  experim en ts  with algal s t r a in s  able to  
u tilize  h y d ro ca rb o n a tes  [30, 17, 11, 12] tw o  things m us t  b e  em phasized . 
F irs t ,  upon  th e  evidence of  p revious e x p e r im e n ts  [12] and re su l ts  rep resen ted  
here  n o t  th e  q u a n t i ty  o f  th e  inorgan ic  c a rb o n  form present in  t h e  sy s te m  bu t  
th e  p H  seems to  be th e  m ost s ign if ican t  l im iting  factor o f  h y d ro c a rb o n a te  
a b so rp t io n  in th e  case of p h o to sy n th es is  in  K O H  K 2C 0 3 K H C O ;t buffer 
so lu tions of  various m olar  con cen tra t io n s .  Secondly , it  deserves a t t e n t io n  th a t  
th e re  is a more or less defin ite  p H  o p t im u m  in th e  in tensity  o f  p h o to s y n th e t ic  
a c t iv i ty  in  th is  l a t te r  ty p e  of  un ice l lu la r  algae.

I n  order to  get an  answ er to  t h e  p ro b lem  of am m onium  n i t r a t e  u ti l iza 
t io n  d a ta  in Tab le  2 m u s t  be considered . I t  is seen from th is  t a b l e  t h a t  there  
is a decrease in p h o to sy n th e t ic  a c t iv i ty  t o  th e  half  and to  th e  q u a r t e r  o f  the  
op t im a l  va lue  below p H  7 and a b o u t  p H  6 respectively.

I t  is assum able  therefore ,  t h a t  t h e  adso rp tion  of a m m o n iu m  ions is due 
besides th e  hydrogen-ion  an tag o n ism  deve lop ing  by  the  ac id ify ing  o f  solution 
also to  q u a n t i ta t iv e  o r  q u a l i ta t iv e  [28] changes  in the  co m pos it ion  o f  photo- 
s y n th a te s .  F o r  more de ta iled  know ledge  of th e  effect of p H  in  t h e  u t i l iza t ion  
o f  various n itrogen sources fu r th e r  in v es t ig a t io n s  are needed.

G ra te fu l acknow ledgem en t is m ade to  M rs. Z suzsa  F. K alkÓ fo r h e lp fu l assistance  
d u rin g  th is  w ork , a n d  to  M r. F . L u k a csov ics  fo r h is  valuab le  advices on  som e co m p u ta tio n  
prob lem s.
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U N T E R S U C H U N G E N  Ü B E R  D IE  P H O T O S Y N T H E S E  D E S E IN Z E L L IG E N  G R Ü N - 
A LGEN-STA M M ES S C E N E D E S M U S  O B T U S I U S C U L U S  C H O D . B E I V E R S C H IE D E N E N

p Il-W E R T E N

Die p h o to sy n th e tisc h e  A k tiv itä t  des einzelligen G rü n a lg en -S tam m es 5618. S c e n e d e s m u s  
o b t u s i u s c u l u s  C i i o d a t  w u rd e  im  pH  B ereich 4 —11 m it d re i versch iedenen  M ethoden  
(W inkler’s 0 2, W arb u rg ’s m anom etrische  und R u t tn e r ’s k o n d u k to m e trisch e  M ethode) u n te r 
such t. Die obere G renze der P h o to sy n th ese  w ar bei p H  10,8 u n d  ein ausgesprochenes O p tim u m  
an n äh e rn d  bei pH  9,6 fe s ts te llb a r. Bei p H  7 ging die A k t iv itä t  a u f  die H älfte  ih res M axim um s 
zu rück  und  bei p H  4,5 h ö rte  die P h o to sy n th ese  ganz auf. E s w ird  die B ed eu tu n g  der bei n ie d ri
gen p H -W erten  e in g esch rän k ten  P h o to sy n th ese  au f d as W ac h stu m  u n d  au f die A m m onium - 
n itra t-V erw ertu u g  dieses S tam m es besprochen.

ФОТОСИНТЕЗ ОДНОКЛЕТОЧНОЙ ЗЕЛЕНОЙ ВОДОРОСЛИ S C E N E D E S M U S  
O B T U S IU S C U L U S  CHOD. ПРИ РАЗЛИЧНОМ ЗНАЧЕНИИ pH

Фотосинтетическая деятельность штамма № 5618 одноклеточной зеленой водоросли 
Scenedesmus obtusiusculus  C h ô m â t  изучалась тремя различными методами (метод опре
деления 0 2 по Винклеру, манометрический метод Варбурга и кондуктометрический метод 
Руттнера) в пределах pH = 4 —11. Верхний предел фотосинтеза наблюдался при pH 
=  10,8, а довольно хорошо выраженный оптимум — вблизи pH =  9,6. Активность фото
синтеза при pH =  7 снизилась на половину, а при pH =  4,5 была равна нулю. Влияние 
пониженного при низких значениях pH фотосинтеза на рост и поглощение азотнокислого 
аммония обсуждается также на примере указанного штамма.

L a j o s  F e l f ö l d y , T ih an y ,  Biológia, H u n g a ry .
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Synopsis

Sorghum  w as grow n in  po ts to  assess th e  e ffec ts o f n itro g en  a p p lic a tio n  on  d ry  
m a tte r  and  n itro g e n  y ields o f b o th  Striga herm onthica  and  forage so rg h u m . N itro g en  
ap p lica tio n  s ig n ifican tly  increased  d ry -m a tte r  y ie ld  o f sorghum  irresp ec tiv e  o f Striga  
a t ta c k . T he incidence of S. hermonthica w as, how ever, n o t sig n ifican tly  a ffec ted  by  
fe rtilizer ap p lica tio n . Striga  parasitism  on so rg h u m  re su lted  in an  av erag e  loss o f 63.8%  
in  d ry  w eight o f shoots. T he y ield o f n itro g en  in  sorghum  shoots w as also red u ced  by  
54 .3% . D ry  w eigh t a n d  n itro g en  co n te n t o f ro o ts  were n o t affected  b y  Striga. Striga  
c o n trib u ted  10.5%  o f th e  d ry  m a tte r  p ro d u ced , b u t  i t  recovered  24 .9%  of th e  to ta l  
n itro g en  yield . T he n itro g en  co n cen tra tio n  in  Striga  w as th ree  tim es as m u ch  as th a t  o f  
th e  h o st p la n t a n d  w as n o t sign ifican tly  a ffec ted  b y  n itrogen  ap p licatio n .

Acta Biol. Hung., 15 (3), 3 6 1 -3 6 9  (1965)

Introduction

Striga herm onthica, t h e  com m on w itchw eed ,  parasit izes a w ide  range  of  
t rop ica l crops causing  g rea t  losses in yields. T h e  seeds of th is  sem i-pa ras i te  ger
m in a te  w hen  s t im u la te d  by  roo t exuda tes  f ro m  b o th  host and  no n -h o s t  p lan ts
[2]. T he  n a tu re  of  such  exuda tes  is no t  y e t  id en tif ied ,  a lthough  D -xy lo -ketose  
has been used  to  s t im u la te  a small p e rc e n ta g e  of  Striga  seeds [4]. G e rm in a 
t io n  s t im u lan ts  are syn thes ized  by  ac tive ly  g row ing  cells in th e  cell e longa tion  
zone of hos t  roo ts  a n d  are excre ted  as th e  cells are  com pleting  th e i r  e longation 
[11]. A f te r  ge rm in a t io n ,  Striga  seedlings sen d  o u t  haus to r ia  w h ich  m a k e  con
ta c t  w ith  th e  ste le  o f  th e  host root [12]. W h e n  th is  con tac t  is m ad e ,  green 
aerial shoots  o f  th e  p a ra s i te  m ay  be p ro d u ced .

Sorghum  vulgare  is par t icu la r ly  v u ln e ra b le  to  w itchw eed  a t t a c k  w hen  
grown in clay soils in  N o r th e rn  Sudan . Severe  reduc tion  in so rg h u m  grain  
yields h av e  been  re p o r te d  by  m an y  workers [2, 8, 9, 10, 13]. In  p o t t e d  so rghum , 
A n d r e w s  [3] has found  t h a t  S . hermonthica  a t t a c k  resulted  in h e a v y  reduc tion  
in d ry  m a t te r  of b o th  roots  and  shoots o f  t h e  host.

F er ti l izer  n i trogen  was found to  reduce  S. hermonthica  a t t a c k  a n d  im prove  
gra in  yields of  som e gra in  so rghum  va r ie t ie s  [3, 8]. H ow ever ,  L a st  [8 ], 
has rep o r ted  t h a t  n i t rogenous  fertilizer g iven  to  sorghum  v a r ie ty  Dibekri 
never decreased  th e  a m o u n t  o f  S. herm onthica  s ignif ican tly  an d  o f ten  increased 
it .  D ogget [6, 7] found  t h a t  fewer aerial shoo ts  o f  S. hermonthica  deve loped  on 
th e  so rghum  v a r ie ty  D obbs  th a n  on o th e r  ty p e s .  I t  is obvious, th e re fo re ,  t h a t
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t h e  v a lu e  of fertilizer n i t ro g e n  as a control m easu re  against S. herm onthica  
in fe s ta t io n s  depends on t h e  so rghum  v a r ie ty ,  b u t  th e  m echan ism  in v o lv ed  in 
t h e  c o n tro l  of S. herm onthica  b y  n itrogen  app l ica t io n  is still obscure. I t  has  been  
s h o w n  t h a t  sorghum resis ts  in fes ta t io n  w hen cond it ions  favouring g ro w th  are 
im p r o v e d  byr the add it ion  o f  n itrogenous fertilizer. Such additions of  n i trogen  
also re s t r i c t  developm ent o f  t h e  aerial shoots of th e  paras i te  [8].

I n  th e  Sudan, re sea rch  w ork  on th e  contro l o f  S . hermonthica  was carried  
o u t  w i th  grain sorghum s, w hile  no a t te n t io n  was given to  forage va r ie t ie s .  
R e c e n t ly ,  th e  p roduc tion  o f  fodder  so rghum  is ta k in g  a p ro m in en t  p lace  in 
d a i r y  fa rm in g  in th e  i r r ig a te d  areas of N o r th e rn  S udan .  I t  is th e  o b jec t  o f  th is  
p a p e r  t o  provide in fo rm a tio n  a b o u t  th e  effect o f  n i trogen  app lica tion  on d ry  
m a t t e r  a n d  nitrogen c o n te n t  o f  b o th  S. herm onthica  and forage so rg h u m  when 
g ro w n  in  pots.

M ateria l  and m ethod

T h e  experim ent was c a rr ie d  o u t  in  the  D e m o n stra tio n  F a rm  of the  F a c u lty  o f A gricu l
tu r e ,  S h a m b a t,  during  1961. C lay  p o ts , 25 cm in  d iam e te r co n ta in in g  5 kg  of N ile s i l ty  soils 
w ere u se d . T he experim ent w as la id  dow n as a ra n d o m  b lo ck  w ith  12 rep licates. F o u r  leve ls of 
n i tro g e n  in  th e  form  of am m o n iu m  su lp h a te  (21%  N ), v iz : 0, 40, 80 and  120 lb. N  p e r  fed d an  
w ere  a p p lie d  on area basis to  b o th  in fes ted  and  u n in fes ted  p o ts . In fe s ta tio n  of p o ts  w as m ade 
b y  th o ro u g h ly  m ixing 0.5 g o f S . hermonthica  seeds w ith  th e  soil in  each po t. E ig h t seeds of 
S orghum  vulgare  var. A bu S abein  w ere  sow n in each  p o t in  O c to b er 1961. Soon a fte r g e rm in a tio n  
S o rg h u m  p la n ts  were th in n e d  to  5 p la n ts  per po t.

T w elv e  weeks a fte r sow ing , so rg h u m  shoots w ere c u t a t  soil surfaee and  th e  c o n te n ts  of 
e ac h  p o t  w ere  w ashed ou t. T he p la n t  m a te ria l w as th e n  d ried  in  an  oven a t  70 °C to  a  c o n s ta n t 
d ry  w e ig h t, w hich was reco rd ed .

N itro g e n  analyses w ere m a d e  on th e  o v en -d ry  sam ples u sing  the  co n v en tio n a l K jel- 
d a h l  o x id a tio n  followed b y  M a rk h am  sem i-m icro d is tilla tio n .

Results

Incidence and dry m atter y ie ld  o f Striga herm onthica

N itrogenous  fertilizer h a d  no significant effect on th e  to ta l  n u m b e r  of 
e m e rg e d  Striga  shoots nor o n  th e  flowering of th e se  shoots. The ave rage  to ta l  
n u m b e r s  of  Striga shoots p e r  p o t  were 14.7 a t  N  =  0, 10.0 a t N =  40 lb., 
9.3 a t  N  80 lb. and 12.3 a t  N  =  120 lb. per  feddan .*

T h e  addition  of a m m o n iu m  su lpha te  t e n d e d  to  reduce d ry  m a t t e r  p ro 
d u c e d  b y  S. hermonthica (T ab le  1). This te n d e n c y ,  how ever, did no t r e a c h  sig
n i f ic a n t  levels.

D ry-m atter y ie ld  o f  Sorghum  vulgare 

E f fe c t  of n i trogen  fe rti l ize r

A p p l ie d  nitrogen re s u l te d  in a highly s ign if ican t  increase in sh o o t  d ry  
m a t t e r  irrespective  of S. herm onthica  a t ta c k .  On t h e  o th e r  hand , d ry  m a t t e r

* 1 fe d d an  =  0.42 h e c ta re s .
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p ro d u c t io n  by so rghum  roots show ed  an insignificant rise fo llow ing fertilizer 
app lica t ion .

E ffec t  of S triga  herm onthica  on  Sorghum  vulgare

Fig. 1 shows t h a t  Striga  a t t a c k  re su lted  in  severe s tu n t in g  a n d  inhibition  
o f  th e  g row th  of so rghum  plan ts .

F ig . 1. T he effect of p a ra s it ism  by  Striga herm onthica  on  th e  g row th  of S orghum  vulgare  afte
12 weeks.

N 0, N „  N2, N 3 in d ica te  levels o f n itrogen  e q u iv a le n t to  0.0, 40, 80 an d  120 lb .  N  p e r  feddan , 
re sp ec tive ly . B: in d ic a te s  th e  presence of Striga

In  th e  control po ts  th e  effect was so severe t h a t  d ea th  o f  t h e  h o s t  shoots 
to o k  place 7 weeks a f te r  Striga  em ergence.

T ab le  1 shows t h a t  Striga  a t t a c k  re su lted  in 53 .3%  r e d u c t io n  in  dry 
m a t t e r  p roduced  b y  th e  so rghum  p la n t .  T he  d ry  weight o f  so rg h u m  roots 
m a in ta in e d  a rem a rk a b le  u n i fo rm ity  in b o th  parasit ized  and  u n p a ra s i t iz e d  
p lan ts .  The effect o f  Striga herm onthica  was th u s  m ain ly  re f lec ted  on  sorghum  
shoo ts  whose d ry  m a t t e r  was decreased  by  63 .8% .

I t  m ay  also be  n o te d  th a t  t h e  to ta l  d r y -m a t te r  p ro d u c t io n  p e r  po t  was 
s ign if ican tly  g rea te r  in th e  un in fe s ted  po ts ,  i.e. so rghum  alone, t h a n  in pots 
in fes ted  w ith  th e  p a ras i te .  This o b se rv a t io n  clearly  indicates t h a t  t h e  u n p a ra 
sit ized  host is more efficient in bu i ld in g  up  d ry  m a t te r  th a n  th e  h o s t  a n d  p a ra 
s i te  w hen  grown to g e th e r .
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Table 1

D ry-m atter yields o f Sorghum  a n d  Striga when fertilized  w ith  d ifferent rates o f  nitrogen
( calculated as g dry matter/pot)

D ry-matter yield of
Total

dry-m atter yield 
per pot

Treatment Sorghum
root

Sorghum
shoot

Root&
shoot Striga

N„B0 7.4 32.9 40.3 _ 40.3

N „6, 7.9 8.3 16.2 4.5 20.7
N ,B0 9.7 41.3 51.0 — 51.0

N A 8.5 15.2 23.7 3.0 26.7
n 2b 0 8.7 47.4 56.1 — 56.1

n 2b , 11.1 22.8 33.9 1.9 35.8

N 3B0 10.6 62.2 72.8 — 72.8
n 2b , 8.9 20.0 28.9 2.7 31.6

Effect o f  increasing  level o f supplied fe r tiliz e r  on 
dry-matter yield

N . 7.7 20.6 28.3 4.5 30.5

Nr 9.1 28.3 37.4 3.0 38.9
n 2 9.9 35.1 45.0 1.9 46.0

N 3 9.8 41.1 50.9 2.7 52.2
L. S. D. a t P =  

0.05 7.30 8.83 9.11
0.01 9.76 11.82 12.20

Effect o f  S triga  attack on dry-matter y ie ld

No Striga 9.1 45.9** 55.0** — 55.0**
Striga 9.1 16.6 25.7 3.0 28.7
%  reduction 

in  to ta l d ry  
m atte r 63.8 53.3 47.8

♦ *
N0
N 3
B„

=  Highly sign ifican t
=  no n itrogen ; N j =  40 lb . N  per feddan; N 2 =  80 lb . N per feddan; 
=  120 lb. N per fe d d a n  
=  uninfested; B[ =  in fe s te d

N itrogen content o f  S tr ig a  hermonthica and Sorghum  vulgare

R esu l ts  of th e  n i t ro g e n  ana lyses  are reco rded  in  T ab le  2 and  Fig. 2. T he  
m a i n  p o in ts  are:

(1) Fertilizer a p p l ic a t io n  te n d e d  to  raise t h e  c o n cen tra t io n  of  n i trogen  
in  t h e  pa ras i te  tissues. T h e  a v e ra g e  nitrogen c o n te n t  o f  S. hermonthica  grown 
in p o t s  w as 19.8 mg p e r  g r a m m e  o f  dry  m a tte r ,  a co n c e n tra t io n  which is m ore
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Table 2

Yields o f  nitrogen in Sorghum and Striga when fertilized  ivith different rates o f  nitrogen 
( calculated as mg total N /po t)

Treatm ent Sorghum
root

Nitrogen

Sorghum
Hhoot

content of

Root & 
shoot Striga

Total
yield of 
nitrogen 
per pot

N „B 0 39.7 133.9 173.5 — 173.5

N„B1 52.0 47.7 99.7 63.6 163.3

N ,B y 54.3 189.7 244.0 — 244.0

N iB , 56.0 104.3 160.3 64.3 224.6

N 2B„ 53.0 245.8 299.2 — 299.2

N„B1 75.2 131.6 206.8 36.6 243.4

N 3B„ 68.9 310.7 379.6 — 379.6

N 3B, 62.2 118.6 180.8 49.7 230.5

Effect o f  increasing level o f  applied fertilizer on y ie ld  o f  
nitrogen

N 0 45.8 90.8 136.6 63.6 168.4

N , 55.2 147.0 202.0 64.3 234.3

n 2 64.3 188.7 253.0 36.6 271.3

N 3 65.6 214.7 280.2 49.7 305.1

S. D. a t
P  =  0.05 50.2 63.1 67.5

=  0.01 67.2 84.4 90.4

E ffect o f  Striga attack on y ie ld  o f nitrogen

No Striga 54.1 220.0 274.1** —
Striga 61.4 100.5 161.9 53.6

%  red u ctio n
in to ta l
n itrogen 54.3 40.9

** =  H ighly  significant
N 0 =  no n itrogen ; N j =  40 lb . N per fed d an ; N 2 =  80 lb. 

per feddan
N 3 =  120 lb. N per fed d an . B„ =  n n in fes ted ; Bj infested

t h a n  th re e  t im es  th a t  of th e  hos t  ro o t  or shoot. A lthough  s ta t i s t ic a l  analysis 
o f  th e  n i trogen  con ten t  in S . herm onthica  d id  no t  show s ign if ican t  differences 
b e tw een  differen t n itrogen  t r e a tm e n ts ,  y e t  i t  is clear from  Fig. 2 t h a t  w ith  fer
t i l ize r  a d d i t io n  equ iva len t  to  40 lb. N  per  feddan  th e  n i trogen  co n cen tra t io n  
show ed  an increase of  5 0 %  over th e  unferti l ized  control a n d  r e m a in e d  alm ost 
u n c h a n g e d  w ith  h igher fertilizer app lica t ions .  This o bse rva tion  m a y  suggest a 
c o m p e ti t io n  for n itrogen  in  w hich  th e  host is m ore successful a t  levels  o f  n i t ro 
gen h igher  th a n  40 lb. per  feddan .
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(2) The to ta l  n i t ro g e n  recovered  by  S. herm onthica  ten d ed  to  decrease 
s l ig h t ly  w ith  increased fe r t i l iz e r  application . This is m a in ly  a reflection of the  
o b s e rv e d  decrease in S triga  d r y  m a t te r  accrueing from  n i trogen  application .

(3) Fertilizer a p p l ic a t io n  resu lted  in ins ign if ican t va r ia t ions  in th e  con
c e n t r a t i o n  of n itrogen in  so rg h u m  roots an d  shoo ts .

I< ig. 2. E ffec t of fe rtilizer a p p lic a t io n  on  th e  n itro g en  c o n te n t  (m g N /l  g d ry  w eigh t) of 
infested  an d  n o n - in fe s te d  Sorghum  shoots a n d  ro o ts  a n d  Striga

1 =  u n in fested  Sorghum  sh o o t
2 =  in fes ted  Sorghum  shoo t
3 =  u n in fested  Sorghum  ro o t
4 =  in fes ted  Sorghum  ro o t
5 =  Striga

(4) Infested  so rg h u m  ro o ts  and shoots c o n ta in e d  sign if ican tly  more 
n i t ro g e n  per g ram m e of d ry  m a t t e r  th a n  th e  co rresp o n d in g  p a r ts  of un infested  
s o rg h u m .  Such a c c u m u la t io n  o f  n itrogen  is e x p e c te d  in  view  of th e  s tu n te d  
g r o w th  a n d  reduced h o s t  d r y  m a t t e r  resu lting  f ro m  S. herm onthica  a t ta c k .

(5) The to ta l  n i t ro g e n  reco v e red  b y  th e  so rg h u m  p la n t  as a whole rose 
s ig n i f ic a n t ly  with ferti l izer  a p p l ic a t io n  ir respective  o f  Striga  a t ta ck .  How ever, 
th i s  rise  was m ainly  c e n t r e d  in  so rghum  shoots  w hose  analysis  of variance  
r e v e a le d  a highly s ig n if ican t  difference while th e re  w as only  a slight increase 
in  n i t ro g e n  recovered b y  ro o ts .
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(6) S. herm onthica  a t t a c k  caused  4 0 .9 %  in th e  to ta l  a m o u n t  of  n i trogen  
recovered  in th e  so rghum  p la n t .  I t  m a y  be  n o ted ,  however, t h a t ,  while shoot 
n i trogen  was reduced  b y  54 .3% , th e  to t a l  n i trogen  recovered b y  th e  h o s t  roots 
ac tu a l ly  showed a slight increase as a re su lt  o f  S . hermonthica  p a ra s i t i sm .

A lthough  th e  p a ra s i te  co n s t i tu te d  on ly  10.5%  of th e  to t a l  d ry  m a t t e r  
p roduced  per  po t ,  i t  recovered  2 4 .9 %  of th e  to ta l  n itrogen . W h e n  o n ly  the  
aboveg round  p a r ts  are considered, th e  p a ra s i te  co n tr ib u ted  15 .3%  of t h e  d ry  
m a t t e r  b u t  m ade  u p  34 .8%  of th e  to t a l  n i trogen .

D iscussion

W hen  grown in po ts ,  th e  inc idence  an d  g row th  of Striga herm onthica , 
ju d g e d  b y  n u m b e r  of shoots, d ry  m a t t e r  p ro d u c t io n  an d  n i t ro g en  con ten t ,  
were no t  s ignif ican tly  in fluenced  b y  ad d i t io n  of  n itrogenous ferti l izer . I n  field 
experim ents  S . herm onthica  incidence was found  to  be grea tly  re d u c e d  b y  n i t ro 
genous m an u r in g  [1, 5, 8, 9, 10]. I n  th is  inves t iga t ion , th e  host roo ts  w ere  pot- 
b o u n d  a t  all levels of n i trogen  ap p lica t ion  a n d  th is  m ay  have  g iven  th e  p a r a 
site  s im ilar s u b te r ra n e a n  conditions as a resu lt  of res tr ic ted  roo t g ro w th .  Also 
th e  po ts  were r a th e r  w idely spaced  an d  consequen tly  th e  shad ing  effect o f  th e  
hos t  p lan t  on th e  sem i-parasite  has been  e l im ina ted .

The g row th  of th e  so rghum  p la n ts  was signif ican tly  im p ro v ed  b y  th e  use 
of  n itrogenous fertilizer irrespec tive  o f  S . hermonthica  a t ta ck .  T h e  increase  in 
d r y - m a t te r  p ro d u c t io n  b y  in fested  so rg h u m  w ith  th e  app lica t ion  of  n i trogen  
m a y  be p a r t ly  a t t r ib u te d  to  th e  observed , a l though  no t  s ta t i s t ic a l ly  signifi
ca n t ,  decrease in  th e  incidence of th e  p a ras i te .  These results, w h ich  h a v e  been 
re p o r te d  b y  earlier inves t iga to rs  w ork ing  w ith  irr iga ted  grain so rg h u m  [5, 8, 9, 
10] form  th e  basis o f  th e  c u rren t  use of n itrogenous  fertilizers as a m eans  of 
im pro v in g  yields of Sfriga-infested or u n in fes ted  so rghum  crops.

P ro d u c t io n  of  d ry  m a t te r  b y  th e  so rg h u m  p lan ts  as a whole w as severely  
im pa ired  b y  S . herm onthica  a t ta c k .  This  effect was ve ry  p ro n o u n c e d  in  th e  
shoots  whose d ry  w eight was red u ced  b y  63 .8 %  while th e  ro o ts ’ d ry  w eight 
show ed a rem ark ab le  s im ila rity  in b o th  in fes ted  and  un in fes ted  po ts .  A n d r e w s  
[2] rep o r ted  a red u c t io n  of  67%  in b o th  ro o t  and  leaf w eight as a re su l t  o f  S. 
herm onthica  a t ta c k .  The d isc repancy  in th e  resu lts  of th e  tw o e x p e r im e n ts  m ay  
be  a t t r ib u te d  to  th e  effect o f  th e  d iffe ren t  d u ra t ions  of th e  tw o  exp er im en ts .  
In  A n d r e w s ’ e x p e r im en t  th e  roo ts  were w ashed  ou t 6 weeks a f te r  sowing. 
Striga  seedlings were found  a t ta c h e d  to  so rghum  roots 7 days a f te r  sow ing b u t  
i t  was only in th e  f if th  week a f te r  sowing t h a t  an y  Striga  em erged  ab o v e  soil 
surface. D uring  th is  period  th e  in fe s ta t io n  developed very  qu ick ly  below  soil 
surface. As th e  pa ras i te  a t  th e  u n d e rg ro u n d  stage  was com plete ly  d e p e n d e n t  
on th e  host p lan t ,  th e  so rghum  p la n t  was severely dep le ted  of its  food  m ate r ia l  
a n d  consequently  g row th  of b o th  roo t  a n d  shoot was res tr ic ted . I n  th e  presen t
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in v es t ig a t io n ,  Striga  em erg ed  5 weeks a f te r  sow ing a n d  the  roots  were w ashed  
o u t  7 weeks la ter.  No d ifferences in root d ry  w eig h t  were detec ted  be tw een  th e  
p a ra s i t iz e d  and n o n -p a ra s i t iz e d  sorghum  p la n ts .  I t  m a y ,  therefore , be p o s tu 
la t e d  t h a t  b y  th e  em ergence  of  Striga  aerial shoots  t h e  dependence of th e  pa ra s i te  
on  th e  hos t  was p a r t ia l ly  re leased  to  the  e x te n t  w h ich  did no t affect th e  roo t 
g ro w th .  F u r th e rm o re ,  t h e  so rg h u m  roots in th is  ex p e r im en t  were found  pot-  
b o u n d  u n d e r  all t r e a tm e n t s ,  a condition w hich , u n d o u b te d ly ,  g rea t ly  in f lu 
ences norm al root d e v e lo p m e n t  and thus  o b l i te ra te s  th e  t ru e  p ic tu re  of th e  
d r y  w eig h t  of root.

A lthough  S. herm onthica  caused a r e d u c t io n  of  53 .3%  in so rghum  d ry  
w e ig h t ,  it only co n tr ib u te d  10 .5%  of the  to ta l  d r y - m a t te r  p roduc tion . Consid
e r in g  th e  aboveground  p a r t s  alone, the p a ra s i te  m a d e  up  15.3%  of th e  t o ta l  
d ry  w e ig h t  b u t  it  caused a red u c t io n  of 63 .8 %  in t h e  host-shoot d ry -m a t te r .  
I t  is, there fo re ,  obvious t h a t  th e  parasite  seriously  im pairs  th e  capac ity  of th e  
fo rag e  p la n t  to  bu ild  u p  d ry  m a t te r .  E ven  m ore  serious is th e  effect of in fe s ta 
t io n  on n itrogen  y ield  of  so rg h u m . Striga  a t t a c k  cau sed  a reduc tion  of 54 .3%  
in n i t ro g e n  yield of th e  h o s t  shoots. The to ta l  n i t ro g e n  recovered per  po t  was 
r e d u c e d  b y  21.4% . This  re d u c t io n  in n itrogen  u p ta k e  ind ica tes  t h a t  u n in fes ted  
s o rg h u m  p lan ts  are m ore  e ff ic ien t in n itrogen  u t i l iz a t io n  th a n  infested  so rghum  
a n d  p a ra s i te  when g row n to g e th e r .

S . hermonthica c o n s t i tu te d  only 10.5%  of t h e  d ry  m a t te r  p roduced  per 
p o t ,  b u t  i t  recovered 2 4 .9 %  o f  th e  to ta l  n i trogen . W h e n  only th e  ab o v eg round  
p a r t s  a re  considered t h e  p a ra s i te  m ade  up  15 .3%  of d ry  m a t te r  and  co n tr ib u te d  
3 4 .8 %  o f  th e  to ta l  n i t ro g e n .  This re la tive ly  h igh  co n tr ibu tion  in y ield  of 
n i t ro g e n  com pared  to  d r y - m a t t e r  p roduc tion  is due  to  th e  high co n cen tra t ion  
o f  n i t ro g e n  in the  p a ra s i te  t issues  which av e rag ed  th r e e  t im es th a t  of th e  host 
p la n t .

T h e  results  of th is  in v e s t ig a t io n  clearly show  t h a t  Striga  pa ras i t ism  has 
a m o s t  un favourab le  effect on dry m a t te r  and  n i t ro g en  yields of fodder so r
g h u m . T h e  parasite  not on ly  reduces  the  efficiency of th e  host to use n itrogen  
b u t  i t  also re ta ined  a h ig h  p rop o r t io n  of th e  t o t a l  abso rbed  n itrogen in its t i s 
sues w h ich  are no t read i ly  e a te n  by  farm  an im als .
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Ü B E R  D IE  W IR K U N G  V O N  S T R ÍG A  H E R M O N T H IC A  B E N T H . U N D  ST IC K S T O F F Z U 
F U H R  A U F DAS W A C H STU M  UN D  D E N  S T IC K S T O F F G E H A L T  VON S O R G H U M

V U L G A R E  L U R .

S o rg h um -P flanzen  w u rd en  in B lum entöpfen  g e zü c h te t um  die W irkung von S tick s to ff
zugaben  au f das T rock en g ew ich t u n d  den S tick s to ffg e h a lt sow ohl von Striga herm onthica  als 
auch  von Sorghum  zu u n te rsu ch e n . Die N itro g en z u fu h r e rh ö h te  das T ro ckengew ich t von 
Sorghum  sig n ifik an t, u n a b h än g ig  vom  S triga-B efall. D as V orkom m en  von Striga hermonthica  
w urde vom  S tick sto ffd ü n g er n ic h t s ig n ifik an t b e e in f lu ß t. S tr ig a -P ara s iten  v e ru rsac h ten  eine 
A bnahm e des T ro ckengew ich tes des Sprosses von S o rg h u m  um  d u rch sch n ittlich  63 ,8 % . Auch 
der N itro g en g eh alt des Sorghum -Sprosses w urde u m  54 ,3%  v e rm in d ert. T rock en g ew ich t und 
N itro g en g eh alt de r W urze ln  w urden  vom  P a ra s ite n b e fa ll n ich t b ee in flu ß t. Striga  gab  10,5%  
der ganzen  geb ildeten  T ro ck en su b stan z , v e rb ra u c h te  a b e r 24,9%  der g esam ten  N itro g e n 
m enge. Die N itro g en k o n z en tra tio n  b e tru g  in Striga  d a s  d re ifache der K o n z en tra tio n  in  der 
W irtsp flan ze  u n d  diese K o n zen tra tio n  w urde von de r S tick s to ffd ü n g u n g  n ich t s ig n ifik an t 
b ee in flu ß t.

Э Ф Ф Е К Т  S T R I G A  H E R M O N T H IC A  B E N T H . И А П Л И К А Ц И И  А З О Т А  Н А  
Р А З В И Т И Е  И С О Д Е Р Ж А Н И Е  А З О Т А  В S O R G H U M  V U L G A R E  L U R .

Авторы  вы ращ ивали сор го  в горш ках, чтобы  набл ю дать влияние ап л и к ац и и  азота  
на с у х о е  вещ ество и с о д е р ж а н и е  азота в Striga herm onthica  и кормовом сорго . А п лик а- 
ция азота  значительно повы сила содер ж ан и е с у х о г о  вещ ества сорго, несм отря на вредное  
влияние паразита Striga. Н а наличие паразита Striga  hermonthica  искусственны м  у д о б 
рением  нельзя было эф ф ективно влиять. В р езул ь тате  п ар ази ти зм а Striga  ср едн я я  потеря  
с у х о го  вещ ества стебл я  сор го  бы ла 63 ,8% . С о д ер ж а н и е  азота в стебл я х  сорго  пон изилось  
т а к ж е  на 54 ,3% . Striga  не ок азала  никакого в р ед н о го  влияния на со д ер ж а н и е  с у х о го  
вещ ества и азота в кор к е растен ия. Striga  со ст а в л я е т  10,5%  вры абаты ваем ого с у х о го  
вещ ества, а 24 ,2%  всего  со д ер ж а н и я  азота. К о н ц ен тр а ц и я  азота в паразите Striga  была 
три раза  больш е, чем в растен ии -хозяин е и не бы ла зн ачи тельн о изм енена прим енением  
азота.

A . E l  B a z  Y o u n i s  

К . A . A g a b a w i

D ept,  of Agric. B o ta n y ,  F a c u l ty  o f  A gricu ltu re ,  
U niversity  o f  K h a r to u m ,  P. O. Box 32, K h a r 
to u m  N o rth ,  S u d a n
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RECENSION ES

Problem s in Biology. (Vol. 1)

E d ite d  by  G. A. K erk u t

P erg am o n  P ress , O xford, L o ndon , N ew  Y ork , P a ris (1963) 223 pp ., 42 s.

T he in te rn a tio n a l l ite ra tu re  on co m p ara tiv e  an im al physio logy  is n o t v e ry  r ic h  in  t e x t 
books, m o n o g rap h s or even in u p -to -d a te  review s on th e  a c tu a l problem s of th is  sc ience. T his 
is w hy th e  p re sen ta tio n  of th e  series Problems in Biology  by  th e  Pergam on P ress is a v e ry  u se
fu l and  prom ising  in itia tiv e .

T he f ir s t  volum e of th is  series, ed ited  by  th e  well know n  physio logist G. A. K e r k u t  
deals w ith  tw o m ain  problem s: th e  fu n c tio n  of th e  re sp ira to ry  p igm ents of in v e r te b ra te s  and 
th e  b ioelectric  po ten tia ls .

T he c h ap te r  on th e  re sp ira to ry  p ig m en ts o f in v e rte b ra te s  was w ritte n  b y  J .  D . J ones 
o f  th e  U n iv e rs ity  of Sheffield. I t  p re sen ts  a v e ry  clear and  com prehensive  rev iew  on  th e  d iffe r
e n t re sp ira to ry  b o d y -flu id -p ig m en ts  in  low er an im als beg inn ing  w ith  th e  c h lo ro c ru o rin  and 
th e  h aem o cy an in , and  fin ish ing  w ith  th e  severa l k inds o f haem oglobin . The second  c h a p te r  on 
b ioelectric  p o ten tia ls  w ritten  by  M. A. P. R id g e  and  R. J .  W a lk er  of th e  U n iv e rs ity  o f S o u th 
a m p to n  has tw o p a rts : th e  f ir s t  on  s te ad y  p o ten tia ls , the  second on rap id  chan g es, i.e . ac tion  
p o ten tia ls .

T hese la t te r  tw o artic les  h av e  a p a r tic u la r  value  for th e  physiologists w o rk in g  in o th er 
fields th a n  th a t  discussed in th is  c h ap te r . T he essay  gives a  v e ry  clear acco u n t on  th e  p resen t 
s ta te  o f th e  d iffe ren t theories o f th e  re s tin g  and  action  p o ten tia l. The selective m e th o d  of the 
a u th o rs , th e ir  personal ap p ro ach  ensu res a h igh ly  logic a rg u m e n ta tio n , a v e ry  o b v io u s  p o in t 
o f view.

T he g lossary  ap p ended  to  th e  la s t c h ap te r  ex p la in in g  som e of the  te rm s is u se fu l for 
those  n o t fam ilia r w ith  p h y sical a n d  physico -chem ical term ino logy .

T he care fu lly  go t-up  vo lu m e pra ises th e  exce llen t w ork  of the  P erg am o n  P ress .

György  A dam  (B u d a p es t)

F . D e s s a u e r :

Q uantenbiologie

2nd ed itio n , e d ited  and  co m p le ted  by  K . S o m m er m ey er . Springer-V erlag , B erlin , G ö ttin g e n , 
H eidelberg  (1964), 286 pp ., 39.60 DM.

1922, th e  y ear w hen th e  h i t  th eo ry  of nu c lear biological effects has been  p u b lish ed  by 
D e s s a u e r  fo r th e  f irs t tim e c o n s titu te s  a la n d m a rk  in th e  h is to ry  of n u c lea r g en e tic s  and 
nu c lear b io logy in general. In  th e  period  th a t  follow ed, D e s s a u e r ’s co-w orkers inc lu d in g  
S o m m er m ey er , th e  ed ito r of th e  p re sen t book an d  R a je w s k i , th e  a u th o r o f i ts  in tro d u c to ry  
p a r t,  w orked o u t th e  m a th e m a tic a l fo rm u la tio n  of th is  th eo ry , ex p an d ed  it  to  w h a t  cam e to  be 
te rm ed  as ta rg e t  th eo ry  an d  d ev elo p ed  i t  w ith  th e  in d ire c t h i t  theory .

T he p o litica l changes w h ich  s ta r te d  in  1933 forced D e ssa u e r  to go in to  ex ile  a n d  th is 
m ade it  d ifficu lt for him  to  ta k e  a p e rso n al p a r t  in  th e  im p ro v em en t of his th e o ry . I t  becam e 
on ly  possible for h im  a fte r th e  Second W orld  W ar to  give in  th e  f irs t ed ition  of a b o o k  o f e x tre 
m ely  sh o rt e x te n t a su m m ary  o f th e  th eses of q u a n tu m  biology, th e ir  m u ta t io n a l  genetica l 
consequences an d  some re la ted  new  prob lem s such as th e  q u estion  of th e  in a c tiv a tio n  o f v iruses 
an d  phages, e tc .

A t th e  tim e when the  su m m a ry  w as p u b lished  o u r know ledge of th e  n u c le ic  ac id s was 
m uch  less th a n  to d ay . I t  is an  in d ic a tio n  of D e s s a u e r ’s g rea tn ess  th a t  in sp ite  o f th e  ex ten sio n
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o f  k n o w ledge  his conclusions r e m a in  basically  co rrec t e v en  to d a y . I t  is easy to  u n d e rs ta n d  th a t  
w h e n  D essa u ek  died in  1963 a n d  K . So m m erm ey er , one of h is closest co-w orkers, w as in v ite d  
b y  th e  pub lisher to p re p a re  th e  n e w  edition  for p u b lic a tio n , h e  ad o p ted  th e  m eth o d  of leav in g  
th e  t e x t  of th e  o rig inal w o rk  u n c h an g e d , and a d d in g  a second  p a r t  on th e  p re sen t s ta te  of 
q u a n tu m  biology.

T h e  p a r t  w rit te n  b y  S o m m er m ey er  discusses th re e  m a jo r problem s. T he f ir s t  section  
d e a ls  w ith  th e  general p ro b le m s o f h i t  theo ry , n a m e ly  th e  a n a ly s is  o f dosis effec t cu rves and  
th e  p r im a ry  processes a re  c la r if ie d  on  th is basis. T he a p p b c a tio n  of h it th eo ry  fo r th e  e x p la n a 
t io n  o f th e  in ac tiv a tio n  o f e n zy m es , viruses and b a c te r ia  a n d  fo r th e ir  m u ta tio n a l processes is 
d e sc rib e d  in  th e  second se c tio n , a n d  finally  in w h a t a p p e a rs  to  be an  ap p en d ix  th e  e ffects of 
p e rc e p tib le  ligh t on p h o to sy n th e s is  and  on th e  m ech an ism  o f sig h t are d iscussed.

In  th e  in tro d u c tio n  o f  th e  b o o k , w hich m ay  be c o n s id e re d  an  excellen t piece in  te rm s of 
sc ie n tif ic  b iog raphy , R a je w s k i  p a y s  tr ib u te  to  D e s s a u e r .

T h e  book is h ig h ly  e x c it in g  n o t only because o f i ts  c o n te n t  b u t  also b ecause  of its  r ic h 
n e ss  in  id eas; i t  is v e ry  m o d e rn  a n d  w h a t leaves th e  re a d e r  w ith  som eth ing  to  rem em b er for 
lo n g  is, above all, its  e x tre m e ly  s t r ic t  and logical a rg u m e n ta t io n . As a convenience fo r read ers  
u n fa m ilia r  w ith  b iophysics b o th  D essa u er  and So m m e r m e y e r  use a re la tiv e ly  sm all an d  n o t 
to o  co m p lica ted  m a th e m a tic a l a p p a ra tu s  for ex p o u n d in g  th e i r  ideas.

F in a lly , i t  is c e r ta in  t h a t  fo r  everyone in te re s te d  in  th e  m ethodolog ical fo u n d a tio n s  of 
n a tu r a l  sciences D e s s a u e r ’s s h o r t  essay  on th e  a p p lic a tio n  o f  th o u g h ts  on physics an d  m a th e 
m a t ic a l  form alism s in  b io lo g y , w h ic h  ex tend  to som e te n  p ag es an d  is given as an  ap p en d ix , 
w ill b e  o f p a rticu la r ap p ea l.

T h is book is e q u a lly  u se fu l for biologists, p h y s ic is ts  a n d  chem ists an d  for those  who 
ta k e  a n  in te re s t in th e  h is to ry  o f  sciences and  ep is tem o lo g y .

T h e  trad itio n a l a t t r a c t iv e  ty p o g rap h y  of th e  p u b lish e rs  is a m ajo r asse t w hich  helps 
to  r e a d  th e  book w ith  ease.

T amás Á cs (B u d ap es t)

A . Á b r a h á m :

D ie  m ik rosk op isch e In n e rv a tio n  d es H erzens und der B lu tg e fä sse  von Vertebraten

(M icroscopic  in n erv a tio n  o f th e  h e a r t  and  blood vessels o f  v e r te b ra te s )

A k a d é m ia i K iadó , B u d a p e s t (1964), 458 pp., 222 i l lu s tra tio n s

I n  th e  p resen t m o n o g ra p h  Professor Á bra há m  su m m arizes in v es tig a tio n s  from  his 
sc ie n tif ic  activ ities o f sev e ra l d e ca d es  dealing w ith  c a rd ia l  a n d  v ascu la r in n e rv a tio n . T he f irs t  
s h o r t  c h a p te r  of th e  book  g ives a  d e ta iled  descrip tion  o f  th e  neu roh isto log ica l m e th o d s em 
p lo y e d  w hich  p roved  to  b e  m o s t  adv an tag eo u s, in c lu d in g  h is  m odification  of Bielschow sk y ’s 
m e th o d . T he n e x t and  la rg e s t  c h a p te r  trea ts  th e  in n e rv a tio n  o f th e  h e a rt. T h is h ig h ly  d id ac tic  
p a r t  d iscusses th e  p ro b lem  b o th  in  th e  vertica l a n d  h o r iz o n ta l  aspects. A p h y lo g en e tic  view' 
is th ro u g h o u t m ain ta in ed ; th e  c a rd ia l  innerv a tio n  of f ish es , am p h ib ian s , rep tiles , av ian s and  
m a m m a ls  is described in  se p e ra te  su b -chap ters. A t th e  sam e  tim e  th e  in n erv a tio n  of th e  d iffe r
e n t  p a r ts  of th e  h e a r t  is a lso  d iscussed  in de ta il w ith in  e a c h  group  (sinus v enosus, bu lb u s 
a r te r io s u s ,  ven tricles, a tr ia  a n d  c ru s  of the  a tr io v e n tr ic u la r  b u n d le , and  s tru c tu re  o f th e  car- 
d ia l  g ang lia ). The n ecessa ry  c o m p a ra tiv e  an a to m ica l re la tio n s h ip s  of th e  h e a r t  i ts e lf  are d is
cu ssed  fu lly  in  the  re la te d  c h a p te rs .  D ifferent ty p es  o f  e ffe c to r nerve  term in als  a re  described 
in  d e ta i l .  I t  should be re g a rd e d  a s  a  special m erit t h a t  a p a r t  f ro m  tra d itio n a l n eu roh isto log ica l 
te c h n iq u e s  th e  w ork in fo rm s a lso  o n  exam inations c o n ce rn in g  th e  localization  of ace ty lch o li
n e s te ra se . In  th e  n e x t (3 rd ) c h a p te r  th e  recep tors (e p ic a rd iu m , m yocard ium , en d o ca rd iu m ) of 
th e  h e a r t  are  discussed. A u th o r  e s tab lish ed  w ith  th e  d e g e n e ra tio n  m ethod  th a t  in  th e ir  m a jo r
i t y  th e  a ffe ren t fibers o f th e  h e a r t  a re  of vagus orig in , som e o f th em , how ever, a re  connected  
w ith  th e  f i r s t  tho rac ic  sp in a l g a n g lia .

I n  th e  chap ter on  th e  in n e rv a tio n  of the  b lood  vesse ls  specia l a tte n tio n  is  given to  th e  
in n e rv a tio n  of th e  layers o f th e  v a sc u la r  walls, to  th e  s t ru c tu re  o f  th e  p resso recep to rs, c a ro tid  
s in u s  a n d  th e  in n erv a tio n  o f th e  m ain  arteries. O b se rv a tio n s  m ade on h u m an  p a th o lo g ica l 
m a te r ia l  (ao rta , caro tid  s in u s) a re  o f special in te res t. T h e  la s t  c h a p te r  deals w ith  th e  s tru c tu re  
o f ch em o recep to rs  and d esc rib e s th e  in n erv a tio n  of th e  a r te r ie s  o f  th e  h e a r t, k id n ey  a n d  c en tra l 
n e rv o u s  system .

T h e  book supplies a  g re a t  defic iency, long fe lt  n o t  o n ly  b y  th eo re tica l n eu ro b io log ists 
b u t  w ith  reg ard  to  its  w ide r a n g e  o f  hu m an  ex p e rim e n ta l m a te r ia l  also by  cb n ic ian s who w ill
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fin d  it m ost useful in m edical p ractice . To those , w ho a re  in te res ted  in the u l tr a s t r u c tu r a l  e x 
a m in a tio n  of th e  h e a r t ,  vessels and  in general o f th e  v e g e ta tiv e  nervous sy s te m , il w ill he of 
special im p o rtan ce , serv ing  as a com pass: I t  shou ld  u n d e r  all c ircum stances be b o rn e  in  m ind  
th a t  th e  m ain  p re req u is ite  o f e lectron  m icroscopic, u l tr a s t r u c tu r a l  studies of th e  n e rv o u s  sy s tem  
is th e  p e rfe c t know ledge of th e  m ate ria l on th e  lig h t m icroscopic  level.

T he com p o sitio n  of th e  book, its  m an n e r o f t r e a t in g  th e  sub ject is a d e q u a te .  I t  m igh t 
hav e  been a d v an tag e o u s  — for a m ore co n v en ien t o r ie n ta t io n  — to in sert s h o r t  su m m arie s  
follow ing th e  la rg e r c h ap te rs . An ex tensive  b ib lio g ra p h y  includ ing  479 re fe ren ces co m p le tes  
the  w ork.

T he ta s te fu l  ex ecu tio n  of th e  book an d  its  b e a u tifu l  illu stra tio n s do c re d it  to  th e  p u b 
lishers.

J ózsef H á m o ri (B u d a p e s t)

Sym posia B iologien H u n g ariea  (Vol. 3) R eg en era tio n  and  w ound healing S ym posium  in 
B udapest, N ovem ber 1960

E d ite d  b y  Gy . Szántó

A k ad ém ia i K iad ó , B u d a p es t (1964), 148 pp.

B u lg arian , H u n g a rian , Polish and R u ssian  sc ie n tis ts  (biochem ists, b io lo g is ts , su rgeons 
— e x p e rim e n ta l w orkers an d  clinicians) assisted  a t  th is  Sym posium . Their lec tu re s  d e liv e red  as 
well as th e  re la te d  d iscussions are p resen ted  in  th is  vo lu m e.

M ain su b je c t o f th e  Sym posium  w as a m an y s id e d  d iscussion of the  b io lo g ica l a n d  bio
chem ical m ech an ism s u n d e rly in g  w ound healing ; som e lec tu res, how ever, h a v e  d e a l t  w ith  
genera l p ro b lem s of reg en e ra tio n  and som atic  em b ry o g en es is , connections b e tw ee n  re g e n e ra 
tio n  an d  d ev elo p m en t o f tu m o u rs , etc.

T h e  lec tu re  o f B. P . T o k in  on “ R eg en e ra tio n  a n d  som atic  em bryogenesis”  (p p . 11 —45) 
h as su m m arized , e ssen tia lly , th e  m ain p rob lem s d e a lt  w ith  in his well know n b o o k  (pu b lish ed  
in  R ussian  u n d e r  th e  sam e title ) , th a t  is th e  m o st g e n e ra l problem s concern ing  re g en e ra tio n  
a n d  re la te d  p h en o m en a, f i r s t  of all, th a t  of so m a tic  em bryogenesis. Main p ro b lem s in vo lved  
a re : c lass ifica tio n  of th e  reg en era tio n  processes; d iffe ren ces betw een reg en e ra tio n  a n d  som atic  
em b ryogenesis ; in te rre la tio n s  betw een  in te g ra tio n  leve l a n d  asexual rep ro d u c tio n  a n d  so m atic  
em b ryogenesis ; in te rre la tio n s  betw een  re g en e ra tiv e  c a p a c ity  and som atic  em b ry o g en es is  
w ith in  th e  sy s te m a tica l ca tegories; reg en eratio n  a n d  o n to g en esis ; evolution of so m a tic  e m b ry o 
genesis a n d  reg en e ra tio n .

O th e r lec tu re s  h av e  d ea lt w ith  va rio u s im p o r ta n t  re la te d  problem s in c o n n ec tio n  w ith 
concre te  e x p e rim e n ta l w orks or w ith  clinical in v e s tig a tio n s . T h ey  are en titled  in  th e  vo lu m e as 
follows:

J .  N iv e l in s k i: “ A c tiv ity  of in tra ce llu la r  e n zy m es in  regenerating  new  lim b s”  (pp. 
4 7 - 5 3 ) .

R. T s a n e v : “ Role o f nucleic acids in th e  w o u n d  healing  process”  (pp . 55 — 73).
B. K e l l n e r  an d  J .  S u g á r : “ C o m para tive  s tu d ie s  on th e  dynam ics o f re g e n e ra tio n  in 

th e  course o f w ound  healing  and  grow th  of sk in  c a n c e r”  (pp . 75 — 80).
J .  S ugár  a n d  B. K e l l n e r : “ C o m para tive  s tu d ie s  on th e  tonofibrillar s t ru c tu re  in the 

course o f w ound  h ealin g  an d  skin  carcinogenesis”  (p p . 85 — 91).
I. K r o m p e c h e r  an d  L . Szo d o ra y : “ D a ta  to  th e  h istochem istry  an d  b io c h e m is try  of 

ulcus c ru ris  (varicose  u lce r)”  (pp. 93 — 98).
G. Szántó , О. Sz é k e l y  and  Su sa n na  Sz ő n y i: “ R egional differences (a x ia l  g rad ien ts )  

in w ound h ea lin g ”  (pp . 1 0 1 -1 3 1 ) .
G. P e e r , J .  J u hász  and  J . B á l in t : “ E x p e r im e n ta l  asep tic  necrosis o f th e  b o n e ” (pp. 

1 3 3 -1 3 9 ) .
B. F a l u d i: “ T he effect of p h en o xyacetic  acid  on  th e  grow th  and h e rb ic id e  resis tan ce  

of p lan t tissu es”  (pp . 141 — 148).
All p ap ers  are  well docum en tized  an d  p u b lish ed  in an  excellent form .

L á s z l ó  J .  T ö r ö k  (B u d a p es t)
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"C om p arative  N eu roch em istry” , P roceed in gs o f the  F ifth  In tern a tio n a l N eu roch em ica l S y m p o 
s iu m , S t. W o lfg a n g , A u str ia , 19 6 2

E d ite d  b y  D e r e k  R ic h t e r

P e rg a m o n  P re ss , O xford , L o n d o n , N ew  Y ork, P a ris , (1964), L  5.

T h e  fu n c tio n  of th e  n e rv o u s  sy s tem  (how th e  b ra in  w o rk s) is one of th e  m o st in te re s t in g  
p ro b lem s o f  th e  sc ien tific  re se a rc h  in  our tim e. I t  is a  co n seq u en ce  of technical p ro g re ss  t h a t  
th e  b io lo g ica l p rob lem s of k y b e rn e tic s  aroused  a ra p id  in te r e s t  also in the  nervous m ech an ism s . 
T he u n i ty  a sp e c t o f s tru c tu re  a n d  fu n c tio n  in ev itab ly  s tre s s  to  in v estig a te  th e  ch em ica l m e c h a 
n ism s in  th e  n ervous tissu e . In  th e  tho ro u g h  u n d e rs ta n d in g  o f th e  nervous m ec h an ism s of 
h ig h er a n im a ls  in  chem ical a sp e c t o f s tru c tu re  and  fu n c tio n , th e  com parative  s tu d y  is th e  b e s t 
gu ide  in  th e  ju n g le  of a c c u m u la te d  an a ly tic a l d a ta .

T h e  In te rn a tio n a l  N e u ro ch em ica l Sym posia re p re se n tin g  ad equate  review s in  th e  fie ld  
o f n e u ro c h e m is try . T he sy m p o sia  h e ld  a t  O xford (1954), B iochem istry  of th e  D ev e lo p in g  
N e rv o u s  S y s te m ; A arhus (1956), M etabo lism  of N e rv o u s  S y s te m ; S trasbourg  (1958), C h em ica l 
P a th o lo g y  o f th e  N ervous S y s te m ; Y aren n a  (1960), R e g io n a l N eurochem istry . In  th is  series 
th e  to p ic  o f  C o m p ara tiv e  N e u ro c h e m is try  was r ig h tly  ch o se n  b y  th e  O rganizing C o m m itte e .

T h e  m ain  top ics o f th e  sy m p o siu m  are: I. F u n c tio n a l  o rg an iza tio n  in  d iffe ren t spec ies; 
I I .  L ip id e s , p ro te in s  an d  r ib o n u c le ic  acid, I I I . A m ino a c id s  in  d ifferent species; IY . E n e rg y  
m e ta b o lism  a n d  fu n c tio n ; V. N eu ro se c re to ry  m ech an ism s; V I. T ran sm itte r  su b s tan ces : d is t r i 
b u tio n  a n d  m etab o lism ; V II. C o m p ara tiv e  n e u ro p h arm ac o lo g y .

F i r s t  o f  a ll th e  re sea rc h  w o rk e rs  in te res ted  in  n e u ro c h e m is try  will use th is  b o o k  as an  
im p o r ta n t  re fe ren ce  w ork , b u t  i t  w ill be also in te re s tin g  fo r  w ork ers  in biology, zoo logy , p h y 
sio logy , p h a rm a co lo g y  a n d  b e h a v io u ra l sciences.

K álmán L is s á k  (P écs)

P rin ted  in  H un g a ry
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T h e  A cta  Biologica  pub lish  pap ers  on biological su b je c ts  in  E ng lish , G erm an , F re n c h  
a n d  R u ss ia n .

T h e  A cta  Biologica  ap p ea r in  p a r ts  o f v a ry in g  size, m ak in g  u p  volum es.
M an u sc rip ts  sho u ld  be  addressed  to :

A cta  Biologica, B u dapest I X . ,  Tűzoltó  и . 58.

C orrespondence  w ith  th e  ed ito rs a n d  p u b lish ers  sh o u ld  h e  se n t to  th e  sam e ad d re ss . 
T h e  r a te  o f su b sc rip tio n  to  th e  A cta  Biologica  is 110 fo r in ts  a  volum e. O rd e rs  m ay  

he p laced  w ith  “K u ltú ra "  Foreign  T rad e  C om pany  fo r B ooks a n d  N ew spapers (B u d a p e s t 
I .,  F ő  u tc a  32. A cco u n t N o. 43-790-057-181) o r w ith  re p re se n ta tiv e s  ab road .

L es A cta  B iologica  p a ra issen t en  fran ç a is , a llem an d , an g la is  e t russe  e t p u b lie n t  des 
t r a v a u x  d u  do m ain e  des sciences b io logiques.

L es A cta  Biologica  so n t publiés sous fo rm e  de fascicu les q u i se ro n t réunis en  v o lu m es. 
O n e st p rié  d ’en v o y er les m an u scrits  d e stin é s à la  ré d a c tio n  à l’adresse su iv a n te :

A cta  Biologica, B udapest I X . ,  Tűzoltó  и. 58.

T o u te  co rresp o n d an ce  d o it ê tre  env o y ée  à c e tte  m êm e adresse.
L e p rix  de l’a b o n n em en t est de 110 fo rin ts  p a r  vo lum e.
On p e u t  s’a b o n n e r à  l 'E n tre p rise  p o u r  le Com m erce E x té r ie u r  de L ivres e t  J o u r n a u x  

«K u ltú ra » (B u d a p es t L , Fő u tc a  32. C o m p te -co u ran t N o. 43-790-057-181) ou à l’é tr a n g e r 
chez  to u s  les re p ré se n ta n ts  ou d ép o sita ires.

«Acta B iologica» публикуют трактаты из области биологии на русском, немецком, 
английском и французском языках.

«A cta  Biologica»  выходят отдельными выпусками разного объема. Несколько 
выпусков составляют один том.

Предназначенные для публикации рукописи следует направлять по адресу:

A cta  Biologica, B u d a p est I X . ,  Tűzo ltó  и. 58.

По этому же адресу направлять всякую корреспонденцию для редакции и адми
нистрации.

Подписная цена «A cta B iologica» — 110 форинтов за том. Заказы принимает 
предприятие по внешней торговле книг и газет «K u ltú ra » (B u d ap es t L, Fő u tc a  32. 
Текущий счет 43-790-057-181) или его заграничные представительства и уполномо
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Synopsis

The fa c to r , se lec tive ly  in h ib itin g  th e  D N A -dependen t sy n th esis  o f R N A , 
ac tin o m y cin  D , in h ib its  th e  p ro tein  an d  n u c le ic  acid  synthesis and  th e  g ro w th  o f th e  
o rg an s in  c o m p e n sa to ry  h y p erfunction  o f th e  m y o card iu m , k idney  an d  liv e r. T h is 
enab les us to  a ssu m e  th a t  increase of D N A -d e p en d e n t synthesis o f R N A  c o n s titu te s  
an  in itia l a n d  in d isp en sab le  link in a c t iv a t io n  o f th e  d ifferen tia ted  cells in  co n tin u o u s  
increase  o f th e ir  physio log ical function .

In troduc tion

T h e  re la t ionsh ip  be tw een  the physio log ica l  function and the a c t iv i ty  of 
th e  genetic  a p p a r a tu s  o f  differentiated cells p la y s  a decisive role in th e  rise of 
g row th  and  division o f  these  cells a t  the  t im e  o f  the  increase of th e  in te n s i ty  
o f  the ir  function . I t  has  been shown th a t  h y p e r fu n c t io n  of the  h e a r t  in  e x p e r i 
m en ta l  card iac  d isease [11, 14, 15], of a s ing le  k idney  after n e p h re c to m y  [8, 
20], of th e  hepa tic  lobe  a f te r  partia l h e p a te c to m y  [4, 6 ,16], of the  ad ren a l  co r tex  
in prolonged a d m in is t r a t io n  of ACTH [2] is regu la r ly  followed by  an  a c t iv a 
tion  of R N A , p ro te in  a n d  DNA synthesis  in  th e  cells of these organs. This 
a c t iv a t io n  increases th e  num ber  of ch ro m o so m e  sets, the R N A  and  p ro te in  
c o n te n t  in the  cell a n d  th u s  e ither p repa res  t h e  mitosis or ensures th e  increase  
of cellular size a n d  p lo id y ;  it  establishes ce l lu la r  growth and division an d  is 
th e  base of  c o m p e n s a to ry  h y p er trophy  am i regenera t ion  of the  organs.

P rev ious in v es t ig a t io n s  have shown t h a t  t h e  fac to r  determ in ing  th e  a c t iv 
i ty  of th e  genetic a p p a ra tu s  of d if fe ren t ia ted  cells is not the  func tion  of  th e  
organ as a whole b u t  th e  in tens i ty  of fu n c t io n  o f  i ts  s tructures  — IF S , w hich  is 
equ iv a len t  to th e  q u a n t i t y  of  function rea l ized  b y  a un it  of th e  m ass o f  th e  
organ [11].

In  th e  in it ia l  s tag e  of the process t h e  hyperfunc tion  is b ro u g h t  a b o u t  
by  th e  n o n -h y p e r t ro p h ie d  organ, it  is m a d e  possib le  solely by the  increase  of 
IFS . This  increase in t u r n  causes an a c t iv a t io n  of the genetic a p p a ra tu s .
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S u b s e q u e n t ly  th is  h y p e r t ro p h y  results  in d is t r ib u t io n  of the  increased f u n c t io n  
o f  th e  o rg an  w ith in  the  a u g m e n te d  mass of  its  functioning s t ru c tu re s ,  I F S  
dec reases  to  a norm al or su b n o rm a l  level, th e  ac t iv a t io n  of the cellular g e n e t ic  
a p p a r a t u s  comes to  its  end a n d  th e  h y p e r t ro p h y  is completed.

T h e  conception of IF S ,  as a d e te rm in a n t  o f  a c t iv i ty  of the genetic  a p p a 
r a tu s  o f  th e  d iffe ren tia ted  cell, was the  base  for  th e  s tu d y  of the in t ra c e l lu la r  
m ec h a n ism  by  m eans of  w hich  th e  level o f  ce llu lar  function m ay  e x e r t  an  
in f lu en ce  u p o n  the  a c t iv i ty  o f  th e  genetic a p p a ra tu s .  Available e x p e r im e n ta l  
d a t a  suggest  [7, 13, 19] t h a t  th e re  is a co rrespondence  between th e  deg ree  o f  
in te n s i ty  o f  the  function  of  s t ru c tu re s  and  t h a t  o f  th e  in tensity  of th e i r  w e a r ,  
i.e. t h e  in ten s i ty  of cellular p ro te in  b reak d o w n . T he  products  of th e  p r o te in  
b re a k d o w n ,  “ m etabo li tes  o f  w e a r” , while en te r in g  in to  the  cy top lasm , m a y  
p e r fo rm  a role of fac tors-effec tors  a c t iv a t in g  the  genetic ap p a ra tu s  o f  t h e  
cell b y  elim ination  of repression  of  reg u la to ry  genes described in d e ta i l  b y  
J a c o b  a n d  M o n o d  [9, 21].

F u r th e r  s tu d y  of th e  prob lem  will e luc id a te  th e  significance a n d  su c c e s 
sion o f  shifts developing in  th e  genetic a p p a r a tu s  of  the  d ifferentia ting  cell in 
its  a c t iv a t io n  by  the  increased  IF S .  According to  th e  curren t concept o f  a c t iv i ty  
o f  th e  genetic  a p p a ra tu s ,  i.e. th e  a p p a ra tu s  o f  p ro te in  synthesis in th e  d if fe re n 
t i a t e d  cells, in fo rm ationa l  R N A ’s are sy n th es ized  on the  s truc tu ra l  genes  of  
c h ro m o so m a l  DNA of th e se  cells; a f te rw ards  th e y  en te r  into the c y to p la s m ,  
w here  in th e  ribosomes, consis t ing  of h igh ly  po lym erized  RNA, th e y  se rv e  as 
a m a t r ix  for the  p ro te in  sy n th es is  which is b ro u g h t  abou t with the in d i s p e n 
sab le  a id  of  S — R N A . R e c e n t ly  ob ta in ed  d a ta  suggest t h a t  not only th e  s y n t h e 
sis o f  in fo rm ationa l  R N A  b u t  also t h a t  o f  th e  h igh ly  polymerized and  S — R N A  
is a D N A -d ep en d en t  process  [8]. In  th is  connex ion  i t  m ay  be a ssu m ed  t h a t  
th e  increase  of D N A -d e p e n d e n t  syn thesis  o f  R N A  is an initial and  in d i s p e n 
sab le  l ink  of ac t iva t ion  of th e  genetic a p p a ra tu s  of  the  cell in increase o f  I F S ,  
a necessa ry  link in the  m ech an ism  ensuring  g ro w th  and  division of th e  d i f fe re n 
t i a t e d  cells in h y p e r t ro p h y  o f  th e  organs.

I f  th is  conception is va l id ,  th e n  the  in jec t io n  of actinomycin D, se lec t ive ly  
in h ib i t in g  D N A -dependen t R N A  synthesis  [3, 18, 17], into the an im al o r g a n 
ism w ould  p reven t  th e  ac t iv a t io n  of R N A , p ro te in  and DNA s y n th e s is  in 
c o m p e n sa to ry  h y p e r fu n c t io n  of  the  h e a r t  and  inh ib it  the m ito tic  a c t iv i ty  
a n d  th e  deve lopm ent of h y p e r t ro p h y  of these  organs.

In  the  p resen t w ork  we have  inv es t ig a ted  the  action of a c t in o m y c in  D* 
on th e  protein  synthesis  a n d  the  con ten t  o f  nucleic acids in the m y o c a rd iu m  
in c o m p e n sa to ry  h y p e r fu n c t io n  o f  the  h e a r t  a n d  on the m itotic  a c t iv i t y  of 
th e  h e p a t ic  and renal tissues  in the  h y p e r fu n c t io n  of these organs.

* W e hav e  used  ac tin o m y c in  D m a n u fa c tu re d  in  th e  USSR under th e  n am e o f  c h y rso - 
m alin . T h e  p re p a ra tio n  w as k in d ly  p re sen ted  to  u s  b y  P ro fesso r G. P. Me n s h ik o v  f ro m  th e  
I n s t i tu t e  o f E x p erim en ta l C lin ical O ncology of th e  A cad em y  of Medical Sciences.
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M a t e r ia l  a n d  m e t h o d

T he f irs t series o f ex p erim e n ts , in w hich the  e ffec t o f ac tin o m y cin  1) on th e  d ev elo p m en t 
o f  co m p en sa to ry  h y p e rfu n c tio n  of th e  h e a r t  has been  ex am in ed , was perfo rm ed  on  27 a lb ino  
m ale ra ts  175 — 200 g of w eigh t. T he co m p en sa to ry  h y p e rfu n c tio n  of th e  h e a r t  (C .H .H .) 
was p roduced  by c o n s tr ic tio n  of abdom inal a o r ta , below  th e  d iap h rag m  u n til th e  a o r ta  d iam e
te r  had  been  reduced  to  one th ird  th e  orig inal d ia m e te r , as described earlie r [10] th e  cross- 
section  of a o rta  being  decreased  tw ice. Such e x te n t  o f s ten o sis  is no t follow ed by  p o s t-o p e ra tiv e  
m o rta lity  of an im als.

T he doses o f ac tin o m y c in  ad m in iste red  in  o u r s tu d y  hav e  no t p roduced  an y  changes 
in  w eigh t o r b eh av io u r o f in ta c t  r a ts  b u t in an im als w ith  th e  e x te n t of c o a rc ta tio n  re fe rred  to 
th ey  re su lted  in 27%  of cases in the  dev elo p m en t o f  card iac  in sufficiency  and  d e a th . T he 
m y o card iu m  of th is  g roup  o f ra ts  has no t been used  in  o u r stud ies .

A ctinom ycin  w as in je c te d  in tra p erito n ea lly . T h e  f ir s t  in jec tio n  w as m ade  d u rin g  the 
o p e ra tio n  of a o r ta , th e  second — 48 hours, and  the  th ird  72 hours la te r.

E ach  in jec tio n  co n ta in ed  17.5 y  of a c tin o m y c in  per 100 g of bod y  w e ig h t 4 hours 
before th e  end of th e  e x p e rim e n t — 20 hours a f te r  in je c tio n  of actinom ycin  th e  ra ts  w ere given 
in trav en o u s ly  S3r>-m eth io n in e  in  doses of 5 }’pe r 100 g of bod y  w eight. T he an im a ls  w ere killed 
by  d eca p ita tio n  an d  th e  re la tiv e  w eigh t o f b o th  v e n tr ic le s  of the  h e a r t co rrec ted  acco rd ing  
to  Al e x a n d e r  [1] w as in d ic a te d . F rom  the h o m o g en a te  o f th e  m yocard ium  of th e  le ft v e n tric le  
in every  r a t  the  p ro te in  w as p re c ip ita te d  by  th e  u su a l m eth o d  and  the  in co rp o ra tio n  of S:JS 
m eth io n in e  was d e te rm in e d  by  end-w indow  co u n te r. T h e  co n ce n tra tio n  of D N A  an d  R N A  in 
th e  m yocard ium  of th e  le f t v en tric le  w as ev a lu a ted  by  th e  m eth o d  of Schmidt  an d  T a n h a u s er  
m odified  b y  A. S. Sp i r i n  [21 ]. T he nucleic acid c o n te n t w as d e te rm in ed  in av erag ed  hom oge
n a te s  of m y o card ia l tissu e  in each  group  of ra ts .

T he second series o f e x p erim en ts , in w hich effec t o f  actin o m y cin  D on th e  co m p en sa to ry  
h y p e rfu n c tio n  of th e  k id n ey  has been  stu d ied , was p e rfo rm ed  on 28 a lbino m ale m ice 15 —20 g 
o f w eight. T he c o m p en sa to ry  h y p e rtro p h y  of th e  rig h t k id n ey  was p roduced  by n ep h rec to m y  
o f the  le ft k idney. A c tin o m y cin  was in jec ted  once, im m e d ia te ly  a fte r  o p e ra tio n  in  doses of 
25 y  per 100 g of w e ig h t; th e  an im als were sacrificed  48 h o u rs  a f te r  th e  o n se t of h y p e rfu n c tio n  
o f th e  k idney .

T h e  th ird  series o f e x p erim en ts , in w hich th e  e ffec t o f ac tinom ycin  1) on th e  reg en e ra tio n  
of th e  rem ain ing  p a r t  o f th e  liv e r a f te r  p a rtia l h e p a te c to m y  w as stu d ied , was also pe rfo rm ed  on 
28 a lb ino  m ale m ice 1 5 — 20 g of w eight. H y p e rfu n c tio n  o f th e  h ep atic  p o rtio n  w as p ro d u ced  
by rem oval o f two th ird  of i t  by  th e  m ethod  of H ig gin s  a n d  An d e r s e n  [5]. Im m e d ia te ly  a fte r  
o p e ra tio n  ac tin o m y cin  D w as in jec ted  in doses of 25 y  p e r  100 g of w eigh t an d  48 ho u rs  la te r  
once m ore a t  the  sam e dosage ra te . T he an im als w ere sacrificed  72 hours a f te r  th e  o n se t of 
h y p e rfu n c tio n  of th e  liver. In  an im als of I and  II series sacrificed  a fte r th e  end of th e  e x p eri
m en t the  re la tiv e  w e igh t o f o rg an s was e v a lu a ted , i.e . th e  re la tiv e  w eight of left v en tric les  
o f th e  h e a r t  in ra ts  o f th e  f i r s t  series and th a t  o f th e  sing le  k id n ey  in m ice of th e  second series. 
T he re la tiv e  w eigh t w as e v a lu a te d  as th e  re la tio n  of th e  w e ig h t of the  organ  w ith  blood w ashed 
o u t to th e  body w eigh t o f th e  an im al before sacrifice.

T he organs o f an im a ls  o f all th ree  series, were f ix ed  in form ol and em bedded  in  p a raffin . 
Sections o f 7 /t th ick n ess w ere s ta in ed  w ith  h em a to x y lin -eo s in , the  nu m b er o f m itoses per 
4,000 cells o f th e  co rtica l ren a l lay e r and  in th e  p a r t  o f th e  liv e r n o n -ad jacen t to  th e  w ound  w as 
co u n ted .

T he an im als o f each  of th e  3 series were d iv id ed  in to  4 g roups: in ta c t  an im als  w hich 
w ere no t given ac tin o m y c in  D (I), experim en ta l an im a ls  w ith  co m p en sa to ry  h y p e rfu n c tio n  of 
th e  o rgan  w hich w ere n o t given actinom ycin  D (II), in ta c t  an im als w hich w ere given a c tin o 
m ycin  I) (III) and an im als  w ith  co m p en sa to ry  h y p e rfu n c tio n  w hich were given a c tin o m y c in  
1) (IV). T he work is based  on th e  co rre la tio n  of d a ta  o b ta in e d  in these  4 g roups.

R e s u l t s

The d a ta  show ing  th e  effect of a c t in o m y c in  D on the  c o m p en sa to ry  
h y p e r t ro p h y  of th e  h e a r t  are sum m arized  in T a b le  1.

T he  Table  shows t h a t  tin* hyperfunc tion  o f  the  hear t ,  which was no t 
followed by in jec tion  of  ac t inom ycin  1), resu lted  in increase of c o n cen tra t io n
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of R N A  in  the  m yocard ium  b y  32.6 per cent, o f  th e  in ten s i ty  of p ro te in  s y n th e 
sis b y  43 .6  per cent and  of re la t iv e  w eight o f  ven tr ic les  of the h ea r t  b y  21 per 
ce n t .  T h e  concen tra t ion  of D N A  in the m y o c a rd iu m  has not changed a n d  con
s e q u e n t ly  i ts  to ta l  co n te n t  in  th e  m y o ca rd iu m  au g m e n te d  p ro p o r t io n a l ly  to  
t h e  m a ss  o f  ventricles b y  20 p e r  cent. Thus, u n d e r  th e  influence of h y p e r fu n c 
t io n  a m a rk e d  ac t iva t ion  o f  R N A , p ro te in  a n d  D N A  synthesis  and  an  increase  
o f  th e  m ass  of the  organ  w ere  observed. In  an im als ,  which a t  th e  t im e  of 
h y p e r fu n c t io n  were in jec ted  ac t inom yc in  D, th e  m ass of the  m y o c a rd iu m .

Table 1

E ffec t o f  actinom ycin D on the pro te in  synthesis and nucleic acid content in the m yocardium  o f  the 
left ventricle 4 days after the onset o f  C H H

Animal
groups

indexes

Control Animals with
CHH

II

Animals w ith 
CH H  which 
were given 

actinom ycin D 
III

In ta c t animals 
which were 

given
actinom ycin D

IV

A uthen tic ity  of 
differences

N u m b e r  o f  anim als 5 6 9 7

R e la t iv e  w eigh t of 
v e n tr ic le s  of the 
h e a r t

/W e ig h t o f  v e n tr i- \  
J cles
V B o d y  w eigh t '

0.00270
± 0 .0 0 0 0 5

0.00330
± 0 .0 0 0 1 4

0.00300
± 0 .0 0 0 0 5

0.00300
±0 .0 0 0 1 4

P ,_ n <  0.01 
P i  h i  >  0 .0 1

P ,_ IV >  0 .1

In c o rp o ra tio n  of 
m e th io n in e  
im p  /m in /  mg

38.5
± 4 .5

55.3
± 4 .3

37.0
± 3 .5

37.0
± 1 .9

P ,_ „  <  0.01 
P i- l i l  >  0.05 
P j - i у  >  0.05

D N A  in  y  pe r 1 g 
o f  tis su e 1627 1620 1630 1662 —

R N A  in  y  pe r 1 g 
o f tis su e 3560 4721 3653 —

t h e  c o n te n t  of nucleic acids in  th e  la t te r  a n d  th e  ra te  of p ro te in  sy n th es is  did 
n o t  d if fe r  from the  control.

T h u s  it  follows t h a t  th e  p re p a ra t io n  inh ib i t in g  the  D N A -d e p e n d e n t  
s y n th e s i s  of RNA, e l im in a ted  th e  ac t iv a t io n  of  th e  genetic a p p a ra tu s  o f  m y o 
c a rd ia l  cells caused by  th e  inc rease  of in ten s i ty  o f  func tion  of their  s t ru c tu re s .

T h e  findings concern ing  th e  effect of ac t inom yc in  D on th e  m ito t ic  
a c t i v i t y  a n d  the  weight o f  th e  k id n ey  in  its  hyp e rfu n c t io n  are p re se n te d  in 
T a b le  2.

T h e  tab le  shows th a t  48 hours  after  the  onset o f  h yperfunc tion  th e  n u m b e r  
o f  m ito se s  in the renal t issue  increases m ore th a n  threefold , while th e  m ass 
o f  t h e  single kidney a u g m e n ts  by  42.2 p e r  cent. Inh ib i t io n  ol D N A -d ep en d en t

A d a  Biol. Huvg. 15. 1965



EFFECT OF ACTINOMYCIN I) ON THE COMPENSATORY HYPERFUNCTION 379

Tabló 2

Effect o f  (Klinomycin I) on the mitotic activity o f  renal tissue and the weight o f  k idney  48 hours
after the onset o f  its hyperfunction

Animal
groups

Indexes

Animals with 
In ta c t anim als hyperfunction 

of the kidney

I II

Anim als with 
hyperfunction  
of the  kidney 

which were given 
ac tinom ycin  D

III

Intact animals 
which were given 
actinom ycin D

IV

A uthenticity  of 
distinction

N um ber of anim als 6 6 9 7

N um ber o f m itoses 
per one thousand  
o f се11з(МК% i  m ) 0 .2 5 ± 0 .0 1 6 1.12 +  0.052 0 .2 8 ± 0 .0 1 8 0 .65±0 .017 P |- u  < 0 .1

l’l IN >  0.1

R ela tive  w eight of 
the  rig h t k idney

Í W eight of the \ 
k idney

■ Body w eight

0 .7 1 ± 0 .0 2 0 1 .01±0.042 0 .7 9 ± 0 .0 3 6 0.65 +  0.029 P |_ n  <  0.01 

1*1-11. > 0 .1

synthesis  o f  R N A  b y  ac t inom ycin  fully p re v e n ts  th is  increase o f  m ito t ic  a c t iv 
i ty  and  th e  mass of  th e  organ.

The d a ta  p re sen ted  in Table  3 show t h a t  similar results  are  ob ta ined  
in th e  course of s tu d y  of th e  effect of ac t in o m y c in  D on th e  regenera t ion  of the  
liver.

Table 3

Effect of actinomycin D on the m itotic activity o f  the hepatic tissue 72 hours after partia l hepatectomy

Animal
group

Indexes

In tact animals 

I

Animals with 
hyperfunction 

of part of the 
liver

II

A nim als w ith 
hyperfunction 

of a part which 
were given 

actinom ycin D
III

In tact animals 
which were given 
actinom ycin D

IV

A uthenticity  of 
distinction

N um ber of anim als 5 7 9 7 —

N um ber of m itoses 
per one thousand  

o f cells (M K %  +  m) 0 .1 3 ± 0 .1 5 9 .7± 1 .41 0.07 i  0.42 0 P, „ I I  <  0.001

3 days a f te r  th e  onse t  of hyperfunc tion  o f  th e  rem ain ing  p a r t  o f  the  liver 
th e  m ito tic  ac t iv i ty  o f  th e  hepa tic  tissue increased  60 — 70 times a n d  a t ta in ed  
a ve ry  high level. In jec t io n  of  actinom ycin  D com ple te ly  inh ib ited  th e  m ito tic  
ac t iv i ty  of  the  rem a in in g  p a r t  of the  liver.
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Discussion

T h e  m ain  result of th e  e x p e r im e n t  consists in th e  f ind ing  t h a t  th e  fa c to r  
a c t in o m y c in  D, selectively in h ib i t in g  th e  D N A -d ep en d en t  synthesis  o f  R N A , 
fully  in h ib i ts  the  ac tiva tion  o f  R N A , p ro te in  and  D N A  synthesis  in  th e  m y o 
c a rd iu m  in th e  early stage  o f  c o m p e n sa to ry  h y p erfunc tion  of the  h e a r t  an d  
p re v e n ts  th e  increase of m ito t ic  a c t iv i ty  in the  k id n ey  and the liver in th e  ear ly  
s tag e  o f  com pensa to ry  h y p e r t r o p h y  of these  organs. U nder  co n d it ions  o f  
in h ib i t e d  D N A -dependen t sy n th es is  of R N A  th e  increase of IF S  does no t  
p ro d u c e  a n y  ac t iv i ty  of th e  genetic  a p p a ra tu s  o f  th e  d ifferen tia ted  cells.

I n  eva lu a t in g  th is  fac t one m u s t  b e a r  in m ind  th a t  under  no rm a l  c o n d i
t ions  th e  increase of D N A -d e p e n d e n t  syn thes is  of R N A  is necessa ry  to  
en su re  b o t h  in terre la ted  processes.

F i r s t :  the  D N A -dependen t syn thes is  of R N A  is an  ind ispensable  p re c o n 
d i t io n  fo r  the  synthesis of p ro te in  fe rm en ts  non-specific  for the  given t issue  
en su r in g  th e  form ation of  desoxyr ihos id -5 - tr iphospha tes  and th e n  of new 
D N A  o n  th e  m a tr ix  of th e  o ld  one and  possib ly  s t im u la t in g  th e  a c t iv i ty  o f  
e n e rg y  — producing  s t ru c tu re s  — m itochondr ia  similarly c o n s t i tu te d  in 
d i f fe re n t  ta p e s  of cells. In  th e  in ta c t  cells the  syn thes is  of ferm ents  a n d  in itia l 
p r o d u c t s  necessary  for the  fo rm a t io n  of D N A  precedes th e  in i t ia t ion  o f  sy n th e 
sis o f  D N A  itself; i t  is e f fec tu a ted  in  th e  m ost p ro t ra c te d  period of th e  i n t e r 
ph ase  o f  var iab le  du ra t ion , k n o w n  as the  phase  I t  is clear t h a t  d is tu rb a n c e  
o f  sy n th e s i s  of the  fac tors  n ecessa ry  for th e  fo rm a tio n  of D N A  u n d e r  th e  
in f lu e n c e  of  actinom ycin  D m ak es  impossible th e  synthesis  of D N A  itself. 
T h is  p re v e n t s  the  possibility  o f  t r a n s i t io n  to  mitosis  or of increase of  th e  p lo idy  
o f  th e  cell in increase of its  physiological function .

S econd ly :  ac t iva t ion  o f  D N A -d ep en d en t  syn thes is  of R N A  is an  i n 
d isp e n sa b le  factor ensuring th e  syn thes is  of p ro te in s  specific for th e  given 
cell a n d  p lay ing  an im m e d ia te  role in accom plishem ent of its physiological 
fu n c t io n ,  i.e. of myosin, ac t in ,  hem oglobin  a.s.o. Ceasing of fo rm ation  of  these  
and  o th e r  proteins un d er  co n d it ions  of in h ib ited  D N A -dependen t sy n th es is  
o f  R N A  excludes the  a c t iv a t io n  o f  p ro te in  syn thes is  in th e  d i f fe ren t ia ted  
cells a n d  m akes impossib le  th e i r  g row th  u n d e r  the  influence o f  h y p e r 
fu n c t io n .

I t  is o f  essential im p o r ta n c e  th a t  inh ib it ion  of D N A -d ep en d en t  s y n 
thes is  o f  R N A  m ight not p r e v e n t  the  ac t iv a t io n  of  p ro te in  and D N A  syn thes is  
if th e re  existed considerable  reserves of con tinuously  living in fo rm a tio n a l  
R N A  in th e  d ifferen tia ted  cells o f  the  inves t iga ted  organs. The fac t  th a t  
in h ib i t io n  of ac tiva tion  of  th e  p ro te in  syn thes is  an d  m itotic  a c t iv i ty  was 
c o m p le te  some days a f te r  th e  onse t  of th e  hype rfu n c t io n  of the  o rgans ,  while 
b y  t h a t  t im e  the  mass of the  o rgans  was h u t  inconsiderab ly  au g m en ted ,  enab les  
us to  a s su m e  th a t  d if fe ren tia ted  cells in m am m als  do not conta in  due resources
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of in fo rm ationa l  R N A  suffic ien t for en su r ing  th e i r  growth and  division un d er  
conditions of h y p e rfu n c t io n .

This  requires  fu r th e r  s tudy .
A ctua lly  we a re  re s tr ic ted  to  conc lud ing  th a t  the  increase of  DNA- 

d e p en d en t  syn thes is  o f  R N A  constitu tes  an  in i t ia l  and ind ispensable  link in 
ac t iv a t io n  of th e  genetic  a p p a ra tu s  of  th e  d iffe ren tia ted  cells in  con tinuous  
increase o f  the ir  physiological function.
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D I E  R O L L E  DES A K T IN O M Y Z IN -D  B E I  D E R  K O M PE N S A T O R IS C H E N  
H Y P E R F U N K T I O N  VON M Y OC AR D , N I E R E  U N D  L E B E R

A k t in o m y z in  D — der die D N S-abhäng ige  R N S -Syn these  selektiv  b lock ie rende  F a k 
to r  — h e m m t  die E iw eißsyn these ,  die S yn these  d e r  N u k le in säu ren  u n d  das O rg a n w a c h s tu m ,  
bei k o m p e n s a to r i s c h e r  H y p e r fu n k t io n  des M yokards ,  der  L eber  u n d  der Nieren. Diese  T a t 
sache  l eg t  die V e rm u tu n g  nahe, d a ß  die E rh ö h u n g  der  DN S-abhäng igen  R N S -S y n th ese  ein 
p r im ä r e s  u n d  notwendiges Glied in d e r  A kt iv ie rung  des genetischen  A ppara tes  hei d e r  a n h a l 
t e n d e n  S te ig e ru n g  der physio logischen F u n k t io n  v o n  d if ferenzierten  Zellen ist.

РОЛЬ АКТИНОМИЦИН Д В РАЗВИТИИ КОМПЕНСАТОРНОЙ ФУНКЦИИ 
МИОКАРДА, ПОЧЕК И ПЕЧЕНИ

Фактор, избирательно блокирующий ДНК-зависимый синтез РНК — актино- 
мицин Д  — тормозит синтез белка, нуклеиновых кислот и рост органов, при компенса
торной гиперфункции миокарда, почек и печени. Это дает основание полагать, что уве
личение ДНК-зависимого синтеза РНК составляет первоначальное и необходимое 
звено активации генетического аппарата дифференцированных клеток при длительном 
увеличении их физиологической функции.
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Synopsis

T he  a u th o r s  s tu d ied  experim ental ly  t h e  neurosec re to ry  a c t iv i ty  of the  p raeoptic  
nucleus in the  m u d f ish ,  M isgurnus  fossil is ,  k e p t  in m edia  of different  o sm otic  pressure  
(lake-water,  2 %  NaCl. distil led w ater ,  o u t  of w a te r ,  etc).  The  changes in ac t iv i ty  were 
stud ied  by  h is tological m ethods .  The  two p a r t s  o f  t h e  p raeo p t ic  nucleus, i.e. the  magno- 
and parvoce llu la r  p a r t s  behaved  differently. H y p o to n ic  m ed ium  gave rise to an  increase 
in the  q u a n t i t y  o f  neu rosec re to ry  substance  in  th e  m agnocellu la r  p a r t  an d  loss in the 
same subs tance  in the  pa rvoce llu lar  p a r t  of th e  p ra eo p t ic  nucleus. D e h y d ra t io n  resu lted  
in loss in the  neu ro sec re to ry  substance  in the  p a rv o ce llu la r  p a r t .

Introduction

In  the  d iencepha lon  o f the  Teleosts th e re  a re  two neu rosec re to ry  h y p o th a -  
lam o-hypophysea l  sy s tem s, generally well deve loped , in  all species stud ied  
till now: th e  sys tem  o f  th e  praeoptic  nucleus and  th a t  of th e  la te ra l  nucleus 
of the  tube r .  The m o rpho-func tiona l  connexion  o f  these  nuclei is accom plished 
by  th e  h y p o th a lam o -h y p o p h y sea l  t rac t .

The m orphological phenom ena  of th e  neu ro sec re to ry  a c t iv i ty  of these 
tw o system s have  been  s tud ied  in detail. T he  func tiona l  significance of  these 
system s, however, has  n o t  been elucidated  sa t is fac to r i ly .  On th e  basis o f  obser
va tions  in o the r  v e r te b ra te s  it  is believed t h a t  th e se  neurosecre to ry  sys tem s are 
of im portance  in th e  w a te r  and electro ly te  m etabo lism . In  respective  exper i
m ents  [2, 7, 12, 15] var ious  species of f re sh -w a te r ,  b rack -w a te r  and  m arine  
fishes, were kep t  in hyper-  or hypotonic  so lu tions  for various periods of tim e 
and  subsequen tly ,  th e  neurosecre tory  a c t iv i ty  o f  th e  respective nerve  cells 
was s tud ied . The m a jo r i ty  of th e  au thors  found  a rem ark ab le  loss in neuro- 
secrete in fishes k e p t  u n d e r  hyperton ic  cond itions ,  b u t  o thers  could n o t  confirm  
th is  observation  [15]. U n d e r  hypotonic  cond it ions  cum ula tion  of  th e  neuro- 
secrete was observed  in  ce r ta in  species, w hereas  in o thers  its a m o u n t  decreased. 
In  general, a g rea t  in d iv id u a l  variab ili ty  was obse rved  bo th  under  physiological 
and  experim enta l  conditions.
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I n  t h e  course of inv es t ig a t io n s  on th e  h y p o th a la m ic  system s o f  n e u ro 
sec re t io n  in  C y p r i n i d a e  we found  a seasonal v a r ia t io n  of  neurosecre to ry  a c t iv i ty  
of  th e  p ra e o p t ic  nucleus [14] a n d  considerable  ind iv id u a l  va r ia t ions  w ith in  
th e  spec ies  s tudied . O bviously  th e  neurosecre tion  b y  the d iencepha lon  of 
T e leo s ts  h a s  no t been e lu c id a ted  suffic iently .

I n  th i s  paper  we repo rt  on o u r  experim en ts  concern ing  the  n eu ro sec re to ry  
a c t iv i ty  o f  th e  praeoptic  n uc leus  o f  the  m u d f ish  (M i s g u r n u s  f o s s i l i s  L.). 
T he  m u d f i s h  was chosen for t h e  following reasons: (1) In  th is  species th e  n e u ro 
se c re to ry  sy s tem  has no t b een  s tu d ie d  in deta il ;  (2) “ in tes t ina l  r e sp i ra t io n ” 
m ak es  m u d f is h  able to  live in  w a te rs  of low oxygen  co n cen tra t ion ;  (3) we 
su p p o se d  t h a t  this species eas i ly  to le ra tes  large osm otic  varia tions.

W e  wished to s tu d y  th e  m odif ica t ions  in  th e  neurosecre to ry  a c t iv i ty  of 
th e  n e rv e  cells of the  p ra e o p t ic  nucleus u n d e r  th e  influence of th e  m ed iu m .

M aterial and m ethod

A d u l t  specimens of m u d f ish  ( M isg u rn u s  foss i l is  L.)  were  fished from  the  T r a n s s y lv a 
n ián  P l a in  lak e s  in Novem ber  1963. T h e  specimens were n ea r ly  un ifo rm  in  len g th  a n d  weigh t,  
i.e. 23 c m  a n d  65 — 75 g, re spec t ive ly .  T h i r ty  fishes were d iv ided  in six equal  g roups .  The  
in d iv id u a ls  o f  group I were killed im m e d ia te ly  a f te r  hav ing  cau g h t .  Group II  was k e p t  in 2%  
NaCI s o lu t io n  fo r  two hours. G roup  I I I  was k e p t  in t a p -w a te r  for two hours ;  group  IV  in  d is
til led  w a t e r  fo r  48 hours;  group V w a s  k e p t  o u t  of w a te r  a t  room  te m p e ra tu re  for tw o  hours ,  
g ro u p  V I  in  tap -w a te r  a t  32°C for  72 h o u rs  (Table  1).

T h e  f ishes kep t  in 2 %  NaCI h a rd ly  to le ra ted  th is  h igh  concen tra t ion  a n d  a f te r  two 
h o u rs  w e re  h a r d ly  able to move. T h o se  k e p t  o u t  of  w a te r  did n o t  show a n y  sign of a sp h y x ia .  
T h e  f ish e s  k e p t  in tap -w ate r  and  th o se  k e p t  in distil led w a te r  to le ra te d  the  e x p e r im e n ta l  con
d i t io n s  well  a n d  those  k ep t  in the  i n c u b a t o r  a t  32°C or in  t a p - w a te r  m oved  m ore  v iv id ly  th a n  
n o rm a l  ones .

A t  t h e  end  of the  ex p e r im e n t  all  f ishes were sacrified. T he  brains w i th  th e  b u c ca l  p a r t  
of  t h e  sku l l  w ere  f ixed in B ouin’s f lu id .  A f te r  f ix ing  th e y  were t a k e n  from  th e  r e m n a n ts  of the  
skull  a n d  e m b ed d ed  in pa raf f in .  S ec t ions  5 — 7ft  in th ickness  were s ta ined  b y  G ö m ö r i ’s 
c h ro m e -h a e m a to x y l in  phloxine.

R esults

T h e  p raeop tic  nucleus o f  m u d f ish  (M i s g u r n u s  f o s s i l i s  L.) like t h a t  oi 
all species  o f  Teleosts is com posed  of two d is t in c t  p a r ts ,  v i z .  a dorsal p a r t  called 
p a r s  m a g n o c e l l u l a r i s  (PMC) a n d  a v en tra l  p a r t ,  p a r s  p a r v o c e l l u l a r i s  (PPG). 
T he  p o s i t io n  and p ro p o r t io n a l i ty  of  these  are, in general,  nearly  the  s am e  as in 
o th e r  T e leos ts .  The only d ifference  is t h a t  the  cells of the  PPG are  s i tu a te d  
im m e d ia te ly  under the e p e n d y m a  whereas be tw een  th e  ependym a and  PMG 
th e re  is a laye r  consisting o f  nerv o u s  fibers, glial e lem ents  and d i la ted  cap il
laries.

T h e  ne rve  cells of th e  PM C arc sp read  losely showing large gaps with 
d i la te d  capillaries. There are  on ly  few cells (4 — 5) in the  dorsal region of the  
PM C; th e i r  n u m b er  g radua lly  arises tow ards  th e  v e n tra l  p a r t .  T here  are  differ-
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ences in size of  cells be tw een  th e  dorsal and  th e  ven tra l  p a r ts  o f  the  PMC. 
T h e  formers range from  1 0 x 2 5 / /  to  2 5 x 3 0 / / ,  th e  la t te r s  f rom  1 2 x 1 5  // 
to  1 5 x 1 8 / / .

T he  cells of th e  P P C  are densely  packed  giving l i t t le  space  for nerve 
f ib res  and  blood capillaries.

In  th e  following we describe th e  histologic an d  cytologic cha rac te r is t ic s  
observed  in the  neu rosec re to ry  a c t iv i ty  of  th e  p raeop tic  nucleus in th e  in d iv id 
uals o f  th e  six groups.

(1) In  ind iv iduals  caugh t from  lake-water, i.e. in the  norm al an im als, 
in  th e  praeop tic  nucleus only few cells con ta in  neu rosecre to ry  g ranu les  in  the 
cy top lasm . Most of th e  cells are  d ep r ived  of Gömöri-positive g ranu les  (Fig. 1.). 
T h e  nerve  cells which co n ta in  granu les  have  a spheric nucleus,  5 — 7 // in 
d iam e te r ,  in cen tra l  position . The nucleolus is well-shaped, w eak ly  basophilic , 
a n d  th e  nuclear  ch ro m a tin  is re la t iv e ly  a b u n d a n t .  The c y to p la sm  su rro u n d in g  
th e  nucleus in a th in  laye r  is in tense ly  s ta ined  w ith  ch ro m e-h aem a to x y l in .  
In  th e  in terce llu lar  spaces th e re  are num erous  d ila ted  b lood-capillaries s u r ro u n d 
ed  b y  accum ula ted  neu rosec re to ry  substance .

N uclear  po lym orph ism  charac te r is t ic  of th e  m a jo r i ty  o f  th e  Teleosts 
ex am in ed  canno t be recognized in th e  PMC.

T he  cells of the  P P C  are close to  one o ther .  E ach  has a spherica l,  re la 
t iv e ly  large nucleus, su r ro u n d e d  by  a th in  layer  of cy top lasm .

T he  n u m b er  of  cells show ing neurosecre to ry  granules is h ig h e r  in  the  
P PC  th  an  in the  PMC. In  these  cells th e  per inuc lear  zone of  c y to p la sm  conta ins  
n u m ero u s  neurosecre to ry  granules . In  the  in tercellu lar  spaces, besides of  d ila ted  
cap illaries , nervous f ibers  and  glial e lem ents  are present.

(2) The m udfishes k e p t  in 2 %  solution o f  N aC l ha rd ly  to le ra te d  th is  salt 
c o n c e n tra t io n .  After  1.5 hours  from  th e  beginning  of th e  e x p e r im e n t  the  
m udfishes  moved w eakly  and  by  tw o  hours  one of th em  h a d  died . The four 
su rv ivo rs  were sacrificed.

F o r  th e  general s tasis  in th e  cerebral vessels and  capillaries the re  are 
also in th e  praeoptic  nucleus a g rea t  n u m b e r  of d ila ted  capillaries full o f  blood.

T he  nerve  cells o f  th e  PiVlC are  sm aller  th a n  in n o rm al an im als ,  the ir  
m a x im u m  being 10 X  15 //. In  m os t  cells th e  cy top lasm  shows no n eu ro sec re to ry  
granu les .  Only very  few cells co n ta in  negligible am oun ts  o f  g ranu les  in  the  
p e r in u c lea r  zone (Fig. 2). T he  granules  are large and  very  in te n se ly  s ta ined .

T he  histological p ic tu re  of th e  P PC  of the  p raeop tic  nuc leus  h igh ly  
differs from  th a t  observed  in PMC. The g rea t  q u a n t i ty  of Göm öri-positive  
cy to p lasm ic  granules (Fig. 3) m ak e  these  cells large (cca. 1 5 x 2 0 / / )  w ith  
a large spherical nucleus each. In  th e  nucleus the re  are v e ry  few ch ro m a tin  
granules . Besides these large cells th e re  are small ones (8 — 1 0 //  in d iam eter)  
which con ta in ,  b u t  a small q u a n t i ty  of  neurosecre tory  granu les  in the  per i
nuc lea r  zone. We did n o t  observe ex trace llu la r  neurosecre tory  granu les .
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F ig .  1. P a r s  magnocellularis nu c le i  praeoptic i  in a n o rm a l  m udf ish .  Transverse  section. The 
n e rv e  cells contain  few n e u ro sec re to ry  granules G öm öri’s ch rom e-haem atoxylin -ph lox ine

stain, X 25
Fig.  2. P a r s  magnocellularis nuc le i  praeoptic i  in M isg u rn u s  fo ss i l is  k ep t  in 2 %  NaCl for two 
h o u rs .  T ransverse  section. N e u ro secre te  in the cells is decreased  in  am o u n t .  Only some cells 

c o n ta in  neurosecre tory  g ran u le s .  Gömöri’s ch ro m e-haem atoxy lin -ph lox ine  s ta in ,  X 25
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(3) The control an im als  were k ep t  in t a p -w a te r  for tw o hours  a t  room- 
te m p e ra tu re .  The histological aspects  of th e  tw o pa r ts  of th e  p raeo p t ic  nucleus 
are very  different in these fishes.

T h e  m ajo r i ty  o f  th e  cells in th e  PMC con ta in  num erous neu rosec re to ry  
granu les  no t only in th e  per inuc lear  zone h u t  also in the  pe r iphera l  regions 
of  th e  cy top lasm . The nuclei are  swollen, 10— 14 fi in d iam eter ,  t h e y  are  p e r
fectly  spherical. D ila ted  capillaries are seen, especially in th e  dorsa l region of 
th is  p a r t .

The small cells o f  th e  P P C  con ta in  no neurosecre tory  granu les .  These 
are  show n by  only a ve ry  reduced  n u m b e r  (ab o u t  5% ) of nerve cells, th e  larger 
ones. These cells are d issem ina ted  am ong th e  small ones and  h ave  a re la tive ly  
large, optically  e m p ty  nucleus. Some of th e m  have granules only in  th e  per i
nuclear  zone of the  cy to p lasm ; in o thers  the  whole cy top lasm  is full of neu ro 
secre to ry  granules. N uclear  po lym orph ism  is observable  ne i th e r  in  th e  PMC 
nor in th e  PPC.

(4) The animals k e p t  for 48 hours  in d istilled  water to le ra ted  th is  m ed ium  
v e ry  easily. The cells in th e  PMC are smaller t h a n  those  in n o rm al ind iv iduals .  
M any  cells conta in  neu rosec re to ry  granules a n d  sta in  in tensely  in  com parison  
w ith  cells deprived of granules. The nucleus in the cells c o n ta in in g  granules 
are swollen, 8 —10// in d iam e te r .  T he  granules accum ula te  m a in ly  in  th e  per i
nuc lear  zone. The blood capillaries are g rea t ly  dilated.

In  the  PPC  m ost cells are deprived  of granules. In  these cells th e  re la t ive ly  
large nucleus is su rrounded  b y  a th in  layer o f  cytop lasm . In  th is  p a r t  there  
are  som e cells con ta in ing  cy top lasm ic  neurosecre to ry  granules. T h e  nucleus 
of  these  cells is large and  op tica lly  nearly  e m p ty .  I t  is su r ro u n d ed  b y  a c y to 
p lasm  v e ry  rich in neu rosec re to ry  granules. These are spread  u n ifo rm ly  in the 
whole cytop lasm . We observed  no ex trace llu lar  neurosecre tory  granules .

(5) The mudfishes k e p t  out o f  water m oved  vividly even a f te r  tw o  hours 
a n d  did  no t  show any  sign of asphyx ia .  They  secreted a great q u a n t i ty  o f  m ucus, 
which  form ed a p ro tec t in g  lay e r  a round  them .

I n  these ind iv iduals  th e  tw o pa r ts  of th e  praeoptic  nucleus obviously  
con ta in  different qu an t i t ie s  of neurosecre to ry  substance . T he  d im en s io n  of 
th e  neurosecre tory  cells in th e  PMC vary  from  12 X 15 to  15 X 25 //. i.e. in 
th e  sam e range as in th e  no rm al ones. The nuclei o f  8 —10 // in d ia m e te r  have  
cen tra l  or eccentric position . T he  n um ber  o f  th e  nerve cells c o n ta in in g  c y to 
p lasm ic  granules is m u ch  higher, th a n  in n o rm al individuals . (Fig. 4)

Fig. 3. P a r s  parvocellularis nucle i p raeop t ic i  in M isgurnus  fossi l is  kep t  in 2 %  NaCl.  T ransverse  
section. T he  m ajo r i ty  of cells is full of  Göm öri-positive  granules  Gömöri’s c h ro m e-h aem ato x y lin -

phloxine s ta in ,  X  25
Fig. 4. P a rs  magnocellularis nuclei p raeop t ic i  in M isgurnus  fossi l is  kep t  o u t  of  w a te r .  A c cu m u 
la t io n  o f  neurosecretory  granu les  in some cells. G öm öri’s chrome haem ato x y l in -p h lo x in e  s ta in ,

X  25
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Espec ia lly  the  large n e rv e  cells of th e  dorsa l regions of the  PMC show 
an  accu m u la t io n  of g rea t  a m o u n ts  of cy top lasm ic  neu ro sec re to ry  g ran u la t io n .  
T h e  nuc leus  has an eccen tr ic  position  and th e  n eu ro sec re to ry  granules fill the  
whole  cy top lasm . In  th e  v e n t r a l  regions of  th e  PMC, th e  cells are sm aller  
a n d  c o n ta in  fewer n e u ro se c re to ry  granules. T h e  capillaries are m o d e ra te ly  
d i la ted .

I n  th e  PPC  th e  m a jo r i ty  of  the  nerve cells co n ta in  no G öm öri-positive 
s u b s ta n c e ,  b u t  there  are  also some h igh ly -g ran u la ted  h y p e r tro p h ic  cells. The

Fig.  5. P a r s  magnocellularis n u c le i  praeoptic i  in M isg u rn u s  fo ss i l is  k ep t  a t  32°C. N euro 
s e c re to ry  granules only in a few  cells.  Gömöri’s chrom e haem ato x y l in -p h lo x in e  s ta in ,  X 25

coarse  granules of these  cells being dispersed in th e  whole cy top lasm  sta in  
v e ry  in tensely .

A round  the  d ila ted  capillaries  accum ula tion  o f  neurosecre to ry  substance  
is o f te n  seen. Between th e  g ranu la ted  and u n g ra n u la te d  cells th e  difference 
is v e ry  sharp .

(6) The ind iv iduals  o f  m udfish  kep t  in tap-w ater at 32°C fo r  72 hours 
to le ra te d  this e levated  te m p e ra tu re  very  easily and  th e  low oxygen con ten t  
o f  w a te r  did no t provoke a n y  sign of re sp i ra to ry  p e r tu rb a t io n .

T he  neurosecre tory  su b s ta n c e  is very  red u ced  in b o th  p a r ts  of the  praeop- 
t ic  nucleus. The great m a jo r i ty  of the PMC shows no neurosecre tory  granules. 
In  th e  few g ranu la ted  cells th e  granules (Fig. 5) t a k e  place in a th in  laye r  of 
th e  p er inuc lear  zone. A ro u n d  th e  ex trem ely  d i la te d  capillaries there  is often  
a la y e r  of Göm öri-positive  substance.

T he  nerve cells o f  t h e  P P C  are also dep r iv ed  of granules ex cep t  a few 
la rge  (18 — 22 // in d ia m e te r )  cells (5 — 6 a l to g e th e r) ,  th e  cy top lasm  of which is 
full o f  neurosecrete. Tn th is  regard  the cytologic  aspect of th e  PPC  is very 
s im i la r  to  t h a t  observed  in  an im als  of G roup V.

Acta Biol. Hung. 15. 1965



EX PERIM EN TA L INVESTIGATIONS ON N EU ROSECRETIO N  IN M UDFISH 389

Discussion

The neurosecre to ry  h y p o th a la m o -h y p o p h y se a l  system  o f  th e  m udfish  
(M isgurnus J'ossilis L.) had  no t been  s tu d ie d  e i th e r  from m orpho log ica l  or from 
histological po in t  o f  view. S c h i e b l e r  an d  H a r t m a n n  [1 2 ] ,  who s tu d ie d  four 
specim ens o f  m udfish , found no essentia l  morphological d ifference in the  
neu rosec re to ry  h y p o th a la m o -h y p o p h y se a l  sy s tem  between m u d f ish  a n d  o the r  
Teleost species.

The tw o p a r ts  of the  p raeop tic  nucleus ( the m agnocellu lar a n d  parvo- 
cellu lar pa r ts )  are clearly d is t ingu ishab le  from  each other. The n e rv e  cells of 
th e  PMC are sm aller th a n  the  respec tive  cells o f  o the r  Teleost species. A n o th e r  
cha rac te r is t ic  o f  th is  p a r t  is t h a t  th e  cells are  spread showing w ide  spaces 
be tw een  one o ther.

The cells o f  the  PPG of th e  p raeo p t ic  nucleus are e x trem e ly  sm all  (8 
12// in d iam eter) .  In  these cells th e  re la t iv e ly  large nucleus is s u r ro u n d e d  b y  a 
th in  layer  of cy top lasm . In  the  dorsal region of th e  PPC the re  are  som e larger 
cells as repo r ted  also b y  S c h i e b l e r  a n d  H a r t m a n n  [12].

The q u a n t i ty  of  the  neu rosec re to ry  su bs tance  in these tw o  p a r t s  o f  the 
p raeop tic  nucleus is scarce showing t h a t  th e  m udfish  belongs to  th e  Teleosts 
be ing  poor in neurosecrete.

N uclear  po lym orphism , a p h en o m en o n  characteris tic  o f  th e  neurosecre
to ry  cells of th e  p raeop tic  nucleus o f  Teleosts , was observed n e i th e r  in  th e  PMC, 
no r  in the  P PC . In  this regard  th e  p raeo p t ic  nucleus of the  m u d f ish  is like th a t  
observed  in th e  H u n g a r ian  ba rbe  ( Barbus m eridionalis pe tén y i  H e c k ) [14] .

In  th e  norm al (un trea ted )  an im als  th e  n u m b e r  of cells w i th  neurosecre
to ry  substance  is higher in the PPC  t h a n  in the  PMC.

In  th e  las t  years some a u th o rs  [5, 6, 11] described t h a t  th e  p raeop tic  
nucleus of A m p h ib ia n s  is com posed o f  several distinct fu n c t io n a l  regions. 
Accord ing  to  these  au thors  the  p raeo p t ic  nucleus of the  Batrachia  is com posed 
of a dorsal region and two v en tra l  regions each having  a d iffe ren t  significance 
in th e  osm oregula tion .

The results  o f  our inves t iga t ions  p rove  conclusively t h a t  th e  tw o  p a r ts  
o f  the  p raeo p t ic  nucleus (PMC and  PPC ) give different response  to  osmotic 
s t im uli .  T he  neurosecre to ry  cells o f  th e  PMC in individuals  k e p t  in  a h y p e r to n ic  
m e d iu m  (2%  NaCl) show no apprec iab le  loss o f  neurosecre to ry  g ranu les  in 
c o n t ra s t  to  the  respective cells in n o n t re a te d  individuals, while in  th e  PPC  
a well-defined re ten tion  of the  n eu ro sec re to ry  substance  is recognizab le .

O ur f indings agree w ith  those  o f  T u u r a l a  [15], who k e p t  Gasterosteus 
aculeatus specimens in 2 %  NaCl so lu tion  and  could not d e m o n s t ra te  a n y  signifi
c a n t  change in the  neurosecrete  c o n te n t  o f  th e  p raeop tic  nucleus. O th e r  in v es t ig a 
tors ,  on th e  o th e r  hand , have  p u b lished  t h a t  keeping fresh-w ater  f ishes in 2 %  
NaCl so lu tion  for 1 — 2 hours  p rovoked  a considerable release o f  th e  neuro-
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se c re to ry  substance  from  th e  p raeop tic  nucleus [1]. In  our opinion th e  l a t te r  
p h e n o m e n o n  m ight he considered  as a stress effect on th e  organism, p ro v o k ed  
b y  a nonphysio log ica l,  h a rm fu l  env ironm en ta l  a l te ra t io n .

S ince the  m udfishes su rv ived  only for a s h o r t  t im e, a t  m ost two hours ,  
in 2°/0 NaCl solution th e  l i t t le  difference f rom  th e  norm al s ta te  can n o t  be 
co ns ide red  as evidence of  th e  significance o f  osm oregu la t ion  by  th e  n eu ro se 
c re to ry  cells of the  p ra e o p t ic  nucleus.

T h e  morphological changes in the p raeop tico -hypophysea l  sys tem  of 
m u d f ish es  k ep t  for a longer t im e  in ta p -w a te r  o r  in distilled w ater  are m ore 
conv inc ing . In  all in d iv idua ls  of bo th  groups som e PMC cells con ta ined  an 
excess o f  neu rosecre to ry  g ranu les  and as co m p ared  to  th e  controls s ign if ican tly  
m ore  PM C cells con ta ined  neurosecre to ry  g ranu les  a t  all th a n  in th e  contro l 
in d iv id u a ls .

T h u s ,  a re ten t io n  of  th e  neurosecre tory  su b s ta n c e  is evident in these  
cases. O u r  observa tions  are in  good accord to  th o se  o f  A r v y  and G a b e  [ 2 ]  in 
C allionym us lyra  and  A m m odytes lanceolatus, a n d  w ith  those of T u u k a l a  [ 1 5 ]  

in P h o x in u s  laevis and  Gasterosteus aculeatus on th e  accum ulation  of  n e u ro 
sec re to ry  substance  u n d e r  th e  influence of h y p o to n ic  media.

T h e  p resen t d a ta  d isp rove  the  general v a l id i ty  o f  th e  findings of K o r n  [8] 
a n d  S c h i e b l e r  an d  H a r t m a n n  [12]. These a u th o r s  found reduced  n e u ro 
sec re t io n  in  the  p raeop tic  nucleus in M ugil, Gobius a n d  A nguilla  hav in g  been  
k e p t  in h ypo ton ic  m ed ium .

I t  should  be n o te d  t h a t  th e  nerve cells o f  th e  P P C  in th e  animals o f  g roups 
I I I ,  IV  a n d  V con ta ined  v e ry  m in u te  am ounts  o f  neu rosec re to ry  granules. The 
c y to p la s m  of these cells was generally  dep rived  o f  Gömöri-positive granules 
e x c e p t  a few (2 or 3) la rge r  cells t h a t  con ta ined  n eu ro sec re to ry  granules. T h u s  
k eep in g  in  hvpo ton ic  m e d iu m  led to  the  d isa p p e a ra n ce  of  neurosecrete from  
th e  P P C  cells.

In  m udfishes k e p t  a t  32°C for a longer t im e  only little a m o u n ts  o f  
n eu ro sec re to ry  substance  were  found bo th  in th e  magnocellular a n d  in th e  
p a rv o ce l lu la r  pa r ts  of th e  p raeop tic  nucleus. O nly  som e larger cells of th e  dorsal 
reg ion  o f  th e  P PC  show ed neu rosecre to ry  granules .  I n  th is  case therefore  th e re  
ex is ts  a difference in th e  q u a n t i t y  of neurosecrete  b e tw een  the  two p a r ts  o f  th e  
p ra e o p t ic  nucleus.

I n  every  group th e re  was a considerable difference in the a m o u n t  of 
n e u ro se c re to ry  substance  b e tw een  the  two p a r t s  o f  th e  praeoptic  nucleus. 
W h e n  PMC was rich in th is  substance , P P C  w as a lm ost  free of it  and  vice 
versa. I t  can thus  he concluded  th a t  the  f lu c tu a t io n  of the neurosecre tory  
su b s ta n c e  in the tw o p a r ts  o f  th e  praeoptic  nuc leus  is asynchronous or even  
opposite .

T h e  results  of th e  p re se n t  investiga tions a re  n o t  conclusive concerning 
th e  s ignificance of th e  neu rosec re to ry  ac t iv i ty  o f  th e  praeoptic  nucleus in
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osm oregula tion . We can s ta te  th a t  in  hypo to n ic  m edium , or as a result o f  
d eh y d ra t io n  of  th e  organism , a re ten t io n  or accum ula tion  of the neu rosec re to ry  
su bs tance  takes  place in the PMC of th e  p raeop tic  nucleus.

T he  d ivergen t  m orpho-physiological m anifes ta t ions  of  th e  tw o  p a r ts  
m igh t  be in te rp re te d  differently:

(1) the  tw o p a r ts  m ay have  d if fe ren t  functions;
(2) the  tw o p a r ts  m ay have th e  sam e physiological fu nc tion  b u t  the ir  

func tion  is asynchronous;
(3) the  release of  the  granules ta k e s  place first in the  dorsal p a r t  of the  

p raeo p t ic  nucleus and  gradually  sp reads  to  th e  ven tra l  p a r t ;
(4) th e  re ten t io n  of neu rosecre to ry  su bs tance  m ay  s ta r t  in th e  magno- 

cellular p a r t  and  th e  parvocellu lar  p a r t  m ay  be involved only in a la te r  s tage.
To estab lish  the  va lid ity  of one o f  these  suppositions fu r th e r  ex p e r im en ts  

are necessary.
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E X P E R I M E N T E L L E  U N T E R S U C H U N G E N  Ü B E R  D I E  N E U R O S E K  R E T I O N  
B E I  M I S G U R N U S  F O S S I L I S  L.

E s  w u rd e  die N eu ro sek re t io n  des Nucleus p ra eo p t ic u s  v o n  M isgurnus foss i l is  L. e x p e 
r im e n te l l  u n te r s u c h t .  Die V ersuchst iere  w urd en  ve rsch ied en en  osm otischen V erhä l tn is sen  
d e r  U m w e l t  ausgese tz t  (Seewasser, 2 % ig e  NaCl-Lösung, A q u a  des t . ,  H a l tu n g  am  T ro ck en en  
usw.) . D ie  Ä n derungen  der  N eurosekre t ion  w urden  h is to logisch  u n te rsu ch t .  Es k o n n te  f e s t 
ges te l l t  w e rd en ,  daß  die be iden  Teile  des Nucleus p raeo p t ic u s  die Pa rs  magnocellularis u n d  die 
P a r s  p a rvoce llu la r is  Ä n d e ru n g en  der  osm otischen  V erhä l tn is se  der  U m w elt  versch ieden  b e a n t 
w o r ten .  I n  h y p o to n is ch e r  U m w e l t  n im m t  die Menge des N eurosekre tes  in der  Pa rs  m a g n o 
cel lu la r is  zu.  I n  h y p e r to n isch er  U m w el t  bzw. am T ro ck en en  n im m t  sie in der P a r s  p a rv o ce llu 
lar is  ab .

Э К С П Е Р И М Е Н Т А Л Ь Н О Е  И С С Л Е Д О В А Н И Е  Н Е В Р О С Е К Р Е Ц И И  

M I S G U R N U S  F O S S I L I S  L.

Авторы изучали невросекреторную деятельность преоптического ядра M isg u rn u s  
fo s s i l is  L. при помощи экспериментального метода.

Подопытные животные держались в различных осмотических условиях (озерская 
вода, раствор хлористого натрия 2%, дистиллированная вода, сухая среда). Изменения 
невросекреторной деятельности исследовали гистологическим методом. Установлено, 
что два части преоптического ядра именно крупноклеточная и мелкоклеточная часть 
реагируют в своей невросекреторной деятельности на осмотические изменения среды 
разным образом. Под влиянием гипотонической среды количество невросекрета увели
чивается в крупноклеточной части. Но в гипертонической или сухой средах количество 
невросекрета в мелкоклеточной части преоптического ядра понижается.

ZsiGMOND Szabó  
Hé l a  M ó ln a k

Cluj, S tr .  B u d a i  D eleam i 43, R oum ania .
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Synopsis

Size a n d  p e rcen tage  d is t r ibu t ion  o f  the  renal  glomeruli in the  co r te x  h a v e  been 
exam ined  in 85 a lb ino ra ts  of different  age g ro u p s  an d  of bo th  sexes f rom  b i r th  every  
week dur ing  a span  of 15 weeks, w ith  each  g ro u p  consisting of 5 an im als .  T h e  differ
ences in size b e tw een  th e  glomeruli of  the  co r t ica l  zone and  those of the  ju x ta -m e d u l la ry  
zone have  also been  stud ied .  The g row th  o f  th e  glomeruli  is uneven. A f te r  b i r th  a very  
large n u m b e r  o f  th e  glomeruli,  m uch  sm alle r  in size th a n  the  average  of th is  age, can 
be seen, which, however,  equal in size w i th  th e  o th e rs  a t  the  end of th e  second  week. 
T he  ra te  of g ro w th  is slow until  the  beg inn ing  o f  t h e  second week, th en  th e re  is a period 
of in tensive  g ro w th  from  the  2nd to  th e  7 th  w eek ,  to  slow down again  b y  th e  following 
3 weeks. No essentia l  change in g lom eru lar  size can  be observed a f te r  th e  lo th  week. 
T he  glomeruli  of  the  ju x ta -m ed u l la ry  zone are  a lways larger t h a n  th o se  of the  
cortical zone. T h e  difference be tw een  th e m  is w ides t  im m edia te ly  a f te r  b i r th  (70% ),  
the  lo th  to th e  15 th  w'eek. The pe rcen tag e  d is t r ib u t io n  of the  glomeruli  in  th e  cortex  
d iminishes to a va lu e  o f  3.7% by the  15 th  week  from  the  m ax im u m  level of 10.1% 
a f te r  b i r th .

Introduction

Several d a ta  referr ing  to the  size a n d  n u m b e r  of the  glomeruli a re  a v a i l 
ab le  in l i te ra tu re  [1, 4, 6, 11]. I t  is genera lly  accep ted  th a t  th e  m u lt ip l ica t ion  
of the  g lom eru la r  surface  by the n u m b e r  of  glomeruli is p roport iona l  to  th e  body 
surface. This p ro p o r t io n ,  however, can be d iffe ren t ,  depending on species [10] 
and  on the ir  h a b i t a t  [11]. Usually th e  g ro w th  of th e  glomeruli is in d irect 
ra t io  to  t h a t  o f  th e  body , h u t  th is  re la t ion  is only valid  in general [6].

The size o f  th e  glomeruli within one species changes pr im ari ly  in accord
ance w ith  age. In  ra ts  small glomeruli are  fo u n d  a t  b ir th  and  th e ir  d is t r ib u t io n  
in th e  cor tex  is dense. T hey  begin to  grow ra p id ly  after  a period of  s ta g n a t io n  
during  sucking. F ro m  th e  50th to the  7 0 th  d a y  o f life the ra te  of dev e lo p m en t  
slows down [1]. In  th e  m ean tim e  th e  d e n s i ty  o f  th e  glomerular d is t r ib u t io n  in 
th e  cortex  decreases. According to  A r a t a k i  [ 1 ]  the  percen tage  d is t r ib u t io n  
o f  th e  glomeruli in th e  cortex  a t  b ir th  a m o u n ts  to  12.6%  (11%  $) th e n  by  the  
f if t ie th  day  it  goes dow n to 3 %  (3 .3%  $) a n d  la te r  it  increases s ligh tly  again.

2* Ada Biol. Hung. 15. 1965



3 9 4 В. ZOLNAI and M. PALKOVITS

KiTTELSON [4 ]  s t a te s  th a t  t h e  p e r c e n t a g e  d i s t r ib u t io n  o f  th e  g lo m eru l i  in  t h e  
c o r t e x  o f  a  n e w -h o r n  ra t  is 1 3 % ,  a n d  b y  th e  1 2 th  w e e k  it  decrea ses  to  6 % .

S o m e  dev ia t ion  in the  cu rv e  of th e  g lom eru la r  growth m ay  occur d u r in g  
life in  c e r t a in  species — as in  th e  r a t  — owing to  th e  deve lopm ent o f  new 
g lom eru li  a f te r  b ir th .  This leads to  a decrease in  th e  average size [1, 4 and  9J.

V iew s in  th e  l i te ra tu re  d iffer  to  a considerab le  e x ten t  on th e  q u es t io n  
w h e th e r  t h e r e  is a m easurab le  d ifference, if  any ,  b e tw een  the glomeruli o f  th e  
co r tex  acco rd in g  to  the ir  loca tion . I t  has been genera lly  accepted since B o w 
m a n ’s in v e s t ig a t io n  th a t  th e  pe r ife ra l  glomeruli a re  smaller th en  those  o f  th e  
j u x t a - m e d u l l a r y  zone. A lthough  th e re  are also d a t a  suggesting th a t  in ce r ta in  
species t h e  periferal glomeruli a re  o f  a m a jo rs ize  | 8 ] . M o r i s o n  [5] d is t in g u ish 
es fo u r  ty p e s  of  glomeruli in th e  k idney  of r a t  according to  the ir  pos ition  
an d  th e  a re a  supplied  by th e i r  efferen t vessels. T here  are: th e  su b scap u la r ,  
the  c o r t ic a l  p roper ,  the  co r t ieo m ed u lla ry  and  th e  m edu lla ry  glomeruli. H e g g i e  
[3] t e r m e d  th e  deep-lying g lom eru li  as ju x ta -m e d u l la ry  ones. This t e r m  has  
also b e e n  used  by T r u e t a  and  co-workers [12], w ho  called the  a t te n t io n  to  th e  
m orp h o lo g ica l  and  functional im p o r ta n c e  of  these  glomeruli. The m a in  d iffe r
ence b e tw e e n  the  ju x ta -m e d u l la ry  glomeruli a n d  th e  o ther  cortical g lom eruli  
is, t h a t  t h e  efferent arterioles o f  th e  form er d iv ide  in to  the recta  vessels fo r  the  
m ed u lla ,  w hile  the  la t te r  su p p ly  th e  cortex . T he  cor tica l glomeruli correspond  
to  M o r i s o n ’s [5] first two classes, w hereas th e  ju x ta -m e d u l la ry  ones to  th e  
second tw o  groups. The differences in the  size o f  th e  ju x ta -m e d u lla ry  a n d  co r
tical g lo m eru l i  va ry  according to  th e  species concerned  and th e y  change  in 
acco rd an ce  w ith  age [12].

T h e re  is also a difference in  th e  size of th e  glomeruli between m ales a n d  
fem ales — referred  to  iden tica l body  weight. T h e  glomeruli of the  m ales are 
la rger  in  size [TJ.

T h e  dim ensions of the  g lom eruli  are d e te rm in e d  b y  the following fac to rs  
(listed in th e  order of im p o r tan ce ) :  species, age, position  and sex.

Material and method

A t o t a l  n u m b er  of 85 albino r a t s  of b o th  sexes w ere  used. The animals were  k illed for 
in v e s t ig a t io n  in  groups a t  var ious in te rv a ls ,  i.e. im m e d ia te ly  a f te r  b ir th ,  a t  2, 7 days  o f  age 
a n d  t h e n  a t  1 week  in te rvals  un t i l  15 weeks of age. In  eac h  group  5 ra ts  were tak e n  (T able  1). 
T he  a n im a ls  were  killed w i th  e the r ,  t h e n  th e y  were w eighed .  T he  kidneys were r e m o v e d  a n d  
also w e ig h ed .  T h e  vo lum etr ic  analys is  o f  the  glomeruli  a n d  th e i r  percentage  d is t r ib u t io n  in  th e  
co r tex  w e re  m a d e  according to th e  m e th o d s  of P a lkovits  a n d  Z olnai  [7].

T h e  k id n e y s  were f ixed in 4 %  form al in ,  e m b e d d ed  in pa raff in  wax, c u t  a t  17 /t an d  
s ta in e d  w i t h  h aem a to x y l in  and  eosin. T h e  sections were  p ro jec te d  against an  o p aq u e  glass 
p la te  so t h a t  t h e  field of view o b ta in e d  b y  pro jec t ion  ra n g e d  up  a magnification of 250 t im es .  
Most o f  t h e  g lom eruli  appeared  in e ll ip tical  outlines,  th e re fo re  in o rder to o b ta in  th e i r  v o lu m e s  
there  w ere  t a k e n  ell iptical bodies r o t a t e d  along the ir  long axis .  T he  long and  shor t  d ia m e te r s  
were m e a s u r e d  w i th  a m il l imeter  ru le r  a n d  th e  vo lum e o f  t h e  ellipsoides were co m p u te d .  300 
m e a s u r e m e n t s  were  m ade  in each k id n ey .  T h e  lo g ar i th m  of th e  g lomerular  volume w as  ta k e n  
in o rd e r  t o  allow classification. T h e  classified g lom eru lar  v o lum es  were d e m o n s t r a te d  in  a
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d i s t r ib u t io n  curve,  the  lo g ar i th m ic  classes were p lo t te d  aga ins t  the abscisse a n d  th e  percentage 
o f  the  glomeruli occurred w i th in  the  classes, a g a in s t  th e  ordinate.

F u r th e r ,  on the  sections the  cortical  a n d  th e  ju x ta -m ed u l la ry  zones w e re  se p a ra te d  by 
a  line of China ink drown on the  cover glass u n d e r  a s tereo  microscope. 300 g lom eru li  were 
m easu red  in  each zone a t  every  k idney  in o rde r  to  de te rm in e  the d ifference in  size between 
glom eruli  of  the  two above  zones.

T he  percentage  d is t r ib u t io n  of the  glomeruli  in the cortex  was c a lc u la te d  according 
to  th e  m eth o d  of P alkovits and  ZoLNAi |7 | .  Sections m ade  of each k id n ey  w ere  projected 
o n to  an  opaque  glass p la te  a t  a m agn if ica t ion  of 250 times.  On the o p aque  g lass  p la te  there 
was a grid  of  ten  horizon tal  an d  ten  ve r t ica l  lines. T h e  nu m b er  of glomeruli fa ll ing  w ith in  the 
in te rsec t ions  of the lines was coun ted .  T w e n ty  d ifferen t  fields were cou n ted  in  each  kidney. 
T h e  average  of these n u m b ers  ob ta in ed  was reg ard ed  as a ra t ion  be tw een  g lo m e ru la r  volume 
a n d  to ta l  tissue volume in th e  rena l  cortex .

Results

T he values ob ta in ed  in all an im als  exam ined  are shown in  T a b le  1.
In  newborn an im als  th e  v o lum etr ic  analysis  of the  g lom eru li  shows two 

s t r ik in g  characteristics . T he  f irs t  one is t h a t  the  glomeruli of th e  ju x ta -m e d u l -

Table 1

A gi-
0  =  n e w b o r n  
3 =  d a y s  
1 - 1 5  =

w e e k s

A v e ra g e  o f  g lo m e ru la r  
v o lu m e  m e a s u r e d  in  
t h e  e n t i r e  c o r te x ,  in

A v e ra g e  o f  g lo m e r u la r  
v o lu m e  m e a s u r e d  in  
t h e  c o r t ic a l  z o n e , in

Ma

A v e ra g e  o f  g lo m e ru la r  
v o lu m e  m e a s u r e d  in  
t h e  j u x t a - m e d u l l a r y  

z o n e , in  
/X3

J  u x ta - m e d u l la r y -  
c o r t ic a l  
r a t i o  %

P e r c e n ta g e  
d i s t r i b u t i o n  o f  

g lo m e ru l i  
i n  t h e  c o r te x

0 4 066 3 132 5 355 71,9 10.11

3 4 272 3 065 5 071 68,7 7.19
1 4 914 4 094 5 623 38,2 8.03
2 5 082 4 103 6 374 57.0 6.82

3 6 371 5 263 7 557 46.1 6.14

4 8 788 6 964 10 077 47.1 4.35

5 10 042 8 313 11 150 35.3 4.50

6 11 602 10 133 12 282 22.0 4.51

7 14 484 12 775 15 964 26.4 4.28

8 14 745 12 656 16 800 28.9 3.87

9 16 800 14 307 19 059 34.3 4.44

10 14 615 13 600 16 157 19.3 4.12

11 17 274 15 376 18 654 23.8 3.76

12 16 409 14 983 18 550 25.5 3.89

13 18 850 17 133 22 067 29.6 3.99

14 17 785 16 583 19 420 16.4 3.75

15 17 209 16 424 18 453 31.1 3.77

la ry  zone are much la rger  th a n  those loca ted  n ea r  the  surface. T h e  second one 
is t h a t  th e  cortical glomeruli can also he classified into two g ro u p s  according 
to  th e ir  small and large sizes. On th e  d is t r ib u t io n  curve o b ta in e d ,  tw o peaks
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3 9 6 B. ZOLNAI and M. PALKOVITS

are  seen (Fig. l /а), w h ieh  ind ica te  this co ns ide rab le  difference in size. 
T h e  ave rage  volume o f  t h e  glomeruli co m p u ted  f ro m  the  glomeruli o f  the  
sm all  ty p e  varies be tw een  1,200 — 1,600 p3 as a g a in s t  3,000 — 4 ,000 //3 of th e  large

tog vot tog vol

Fig. 1. D is t r ib u t io n  c u rv e s  of the average v o lu m e  o f  r en a l  glomeruli 
A newborn C 1 week old E  =  3 weeks old
В =  3 days old D  =  2 weeks old F  =  4 weeks old

T h e  logarithms of th e  v o lu m e  categories is p re sen te d  h o r izon ta l ly ;  the  n u m b er  of glo
m eru li  belonging to one c a te g o r y  a n d  expressed in p e rc e n ta g e  is given in the v e r t ica l  line. 

T h e  th ick  curve in d ic a te s  t h e  average of the  g lom eru l i  o f  an im als  of the  same age

one. T h is  value of the ju x ta -m e d u l la ry  g lomeruli ranges  up to  6 ,0 0 0 //3. The 
m a jo r i ty  of  the  glomeruli o f  a small size can be fo u n d  in the  per iphery  of  th e  
c o r te x ,  a lthough  some of t h e m  can be found  in t h e  ju x ta -m e d u lla ry  zone as
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ind ica ted  by  a peak  on th e  d is tr ibu tion  curve  o f  th e  g lom eru lar  volum es a t  
th e  ju x ta -m ed u lla ry  zone on the  left hand  side (Fig. 4/a). The difference in 
size between the  cortica l and  ju x ta -m ed u lla ry  g lom eru li  is 71 .9% . This value 
is th e  highest am ong  th e  an im als  of any  age e x am in ed .  I t  is re m ark ab le  t h a t  
in th e  ju x ta -m e d u l la ry  a rea  glomeruli w ith  a size sim ilar  to  those  of  an  ad u lt  
an im al can be found  even  a t  b ir th .  I t  is also in te re s t in g  th a t  th e  glomeruli of 
this area app ea r  on sections in large num ber ,  th e ir  percen tage  d is tr ib u t io n  in 
th e  cortex  is 10.1%. T h is  v a lue  is almost th ree  t im es  h igher th a n  of th e  ad u lt  
animals. The cortex  a rea  close to  the  surface is p a r t ic u la r ly  densely p o pu la ted  
by glomerules.

In  the  group of th e  3 days old rats , a l though  th e  growths of  th e  glomeruli 
is slight (no more th a n  5 .1% ),  a considerable change  can be observed in the 
area  of the  small g lom eruli  close to the surface. T h e y  show a m ost in tensive 
grow th after  b ir th ,  a n d  th e  peak  corresponding to  th e m  in th e  curve  shifts 
to  the  right with one class by about 30%  — while the  rest of the  cortical 
or the  ju x ta -m e d u l la ry  glomeruli are rep resen ted  in the  same groups as th ey  
are seen in th e  new -born  anim als  (Fig. 1/b). I t  is in te re s t in g  to  no te  t h a t  small 
glomeruli of the ju x ta -m e d u l la ry  zone still occur;  t h a t  is why th e ir  d is t r ib u 
tion  curve shows th re e  p eak s  (Fig. 4/b). The cu rve  is f la t  and  th e  vo lum e of th e  
glomeruli ranges b e tw een  1,000 and 12,000 ,u3. T h e  difference be tw een  the  
average volume of th e  cortica l and ju x ta -m e d u l la ry  glomeruli is 68 .7% . This is 
prac tica lly  iden tica l w i th  t h a t  o f  the  new-born an im als .  This stage of  th e  k id n e y ’s 
deve lopm ent is d o m in a te d  by  the  growth of th e  tu bu les ,  since the  percen tage  
d is tr ibu tion  of the  g lom eruli  in the  cortex  d ro p p e d  from 10 .1%  to  7 .2% .

In  the  group o f  th e  one week old an im als ,  th e  g row th  of th e  glomeruli, 
th e  levelling up of d ifferences between the  g lom eru la r  sizes and  th e  co m p a ra 
t ive ly  faster  g row th  o f  th e  re s t  of the  cortex, con tinues ,  a lthough  th e  ra te  o f  devel
op m en t  is r a th e r  slow a t  th is  stage. The vo lum e o f  th e  glomeruli has grown 
b y  15%, which is chiefly  due to  the  fact t h a t  th e  sm all ty p e  of glomeruli have  
become larger, there fo re  in s tead  of the left peak  of the  curve, only a small 
p la teau  is to  be found  (Fig. 1/c). The small g lom eruli  have  d isappeared  from 
th e  ju x ta -m e d u lla ry  zone as indica ted  b y  F igu re  4/c. The difference in size 
betw een  the  glomeruli o f  th e  two zones, is 3 8 .2 % , it  is m uch less t h a n  in the  
previous groups.

In the group o f  th e  two weeks old an im als  th e  glomeruli o f  small size 
which were seen a t  b i r th  have  completely d isap p ea red ;  the  glomeruli o f  th e  
ju x ta -m ed u lla ry  zone are  uniform in size. T he  cu rve  ob ta ined  are norm al 
Gauss-curves (Fig. 4/d). T he  difference in size be tw een  the  glomeruli o f  th e  
tw o zones is 57% , b u t  a considerable f lu c tu a t io n  o f  values which range from 
22.1 to 99 .1%  can be observed.

In  the  group o f  th e  three weeks old an im als  a p ronounced  g row th  o f the  
glomeruli is de tec tab le .  T h e  grow th during th e  s p a n  of seven days is over 25% .

397
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I n  b o t h  th e  cortical and  ju x ta -m e d u l la ry  zones glomeruli w ith  a size larger 
t h a n  t h e  average can be o b se rv ed  and  a p la te a u  is form ed on th e  r ig h t  h an d  
s ide o f  t h e  curves as in d ica ted  b y  F igure  1/e. The tw o  curves ru n  para l le l ,  th e

log vol log vol

Fig. 2. D is t r ib u tio n  c u rv es  of th e  average  vo lum e of the  rena l  g lom eruli  
A =  5 weeks old C =  7 weeks old E  =  9 weeks old
В - 6 weeks old D =  8 weeks old F  =  10 weeks old

F o r  labelling see Fig. 1

o n ly  difference betw een  th e m  is t h a t  th e  ju x ta -m e d u l la ry  one is sh if ted  to  
th e  r ig h t  with one class, w h ich  accounts  for a difference of 4 6 %  in size (Fig. 
4/e). A lth o u g h  growth o f  t h e  glomeruli is of a v e ry  high level, t h e  tu b u la r  
s y s te m  develops to  an  even  h igher  ra te ,  because  th e  pe rcen tage  d is t r ib u t io n  
o f  t h e  glomeruli in the  co r te x  s tays  a t  6 .14%  only.
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CLOM ERULOMETRICS, II. 399

One of the  five an im a ls  exam ined  in th is  g roup has shown re ta in e d  gener
al developm ent.  T herefore  th e  d is tr ibu tion  curve  o f  th e  g lomeruli is o f  similar 
ty p e  as it  has been found  in th e  previous groups. The curve  is sh if ted  to  the 
left an d  there  are two peaks.

<0-1

301 

20 \

3.05 225 3.45 3.65 3.85 4.05 4.25 4.45 4.65 4.85 
40~\ l0° w l <0H

3.05 3.25 3.45 3.65 3.85 4.05 4.25 4.45 4.65 4.85
tog vol

tog vot

F ig . 3. D is tr ib u tio n  curves  of the  average  vo lum e of the  rena l  g lom eru li  
A l l  weeks old C ■ 13 weeks old E  — 15 weeks old
В =  12 w eeks old D =  14 weeks old

F o r  labelling see Fig. 1

In the  group of th e  fo u r  w e e k s  old an im als the  m ark ed  g lom eru la r  growth 
t h a t  s ta r te d  during th e  second  week becomes even more in tensive . T h is  grow th 
from  the  th ird  till th e  fo u r th  week was found to  be 37 .9% . In  th is  period the 
glomeruli become m ore t h a n  twice as large as th e y  were a t  b ir th .  Para l le l  with
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4 0 0 B. ZOLNAI and M. PALKOVITS

F ig .  4.  D is t r ib u tio n  curves o f  t h e  v o lu m e  of the glomeruli  m e a su re d  in th e  cortical  and  ju x ta -  
m e d u l l a r y  zones and in th e  t o t a l  co r tex .  Each  curve re p re se n t s  the  average  va lue  obtained

f r o m  anim als  of the  sam e age 
T  =  g lo m eru l i  m easured  in th e  t o t a l  cor tex  
C =  g lo m e ru l i  of the  cortical zone 
J  =  g lo m eru l i  of  the  ju x ta -m e d u l la ry  zone 

F o r  labelling see Fig .  1.
A  =  newborn C =  1 week old E  =  3 weeks old
В =  2 days old D =  2 weeks old F  =  4 weeks old

th e  g ro w th ,  the  glomeruli b ecom e  more un iform  in size, as it  is ind ica ted  by 
th e  s te e p  d is tribution cu rv e  (Fig. 1/f). B o th  th e  cortica l and  ju x ta -m e d u l la ry  
c u rv e s  a re  regular Gauss c u rv e s ,  ne ither  a p la te a u  n o r  more th a n  one peak  can 
he fo u n d .  (Fig. 4/f.) As a re s u l t  of the  grow th , th e  curves shift to th e  r igh t .  
T h e  difference of 47 .1 %  b e tw e e n  the glomeruli o f  the  cortical and  ju x ta -
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GLOMERULOMETRICS, II. 401

m edu lla ry  zone is still very  wide. I t  is surpris ing  th a t  a lthough  th e  r a te  o f  the  
g ro w th  in size was the  h ighest d u r ing  these  seven days, it  was th is  w eek  th a t  
saw  th e  sh a rp es t  decline in th e  percen tage  d is tr ibu tion  of th e  g lom eruli in

log vol

401
В

3.05 225 3.45 3.65 3.85 4.05 4.25 4.45 4.65 4.85

log vol

Fig.  5. D is t r ibu tion  curves of the  vo lum e of the  glomeruli  m easured  in the  cor tica l  a n d  ju x ta -  
m e d u l la ry  zones and  in the  to ta l  cor tex .  E a c h  curve rep resen ts  the  average va lu e  o b ta in e d  from

an im als  of the  same age 
T =  glomeruli  m easu red  in the  to ta l  cortex  
C =  glomeruli  of  the  cortical zone 
J =  glomeruli  of  the  ju x ta -m e d u l la ry  zone 

F o r  labelling see Fig. 1

th e  cortex . F ro m  a level o f  6 .1 4 %  of th e  previous week i t  w en t dow n to  4 .3 5 % , 
a v a lue  t h a t  comes fairly  close to  t h a t  of an  a d u l t  an im al and  th e  ra te  of 
decrease  d u r ing  the  period t h a t  followed was m inim al. This ind ica tes  t h a t  in
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th e  f o u r th  week th e  g ro w th  o f the  tuhu les  was v e ry  in tensive, well exceeding 
t h a t  o f  th e  glomeruli w h ich  also increased in  size a t  a high ra te .  The g rea tes t  
ch an g e  in  the g row th  o f  th e  k idney  of ra ts  seems to  take  place during  th e  
f o u r th  week.

I n  th e  group of th e  f i v e  weeks old an im als  th is  g row th  continues b u t  a t  a 
s low er ra te  th a n  before. T h e  glomeruli are u n ifo rm  and the  curves obta ined  
a re  s teep  (Fig. 3/a). T h e  difference be tw een  th e  cortica l and  ju x ta -m e d u l la ry  
g lom eru li  is less m ark ed  as ind ica ted  by Fig. 5/a.

In  th e  group of th e  s ix  weeks old an im als  th e  ra te  of g row th is similar as 
in th e  prev ious group, w i th  th e  volum e of g ro w th  o f  the  glomeruli is 15.5%. 
B y  th is  t im e  the  g lom eruli  h av e  grown a lm o st  th re e  t im es larger  th a n  th e y  
were a t  b ir th ,  and th e i r  percen tage  d is t r ib u t io n  in th e  cortex  has gone down 
to  4 .5 % .  T he  glomeruli a re  evenly  d is t r ib u ted  as in d ica ted  b y  F igure  3/b, th e  
j u x ta - m e d u l la r y  g lom eruli are  22%  larger th a n  th e  cortical ones (Fig. 5/b).

In  th e  group o f th e  seven weeks old an im als  th e  final in tensive  ra te  o f  
g lo m e ru la r  growth can  be observed. As co m p ared  w ith  respective figures in 
th e  p rev ious  week, th e  g lomeruli have  grown by  2 4 .9 % , which is an  average 
g ro w th  o f  3,000 //3. I n  th is  period the  g lomeruli o f  some anim als used have  
re a c h e d  th e ir  m ax im u m  size. After  this period no change can he observed in 
g lo m e ru la r  size in th e  an im a ls  investiga ted . Also th e  percen tage  d is tr ib u t io n  
o f  th e  glomeruli in th e  c o r te x  is similar. D u r in g  th e  period be tw een  th e  7 th  
a n d  1 5 th  weeks tin; d is t r ib u t io n  curves are reg u la r  and  steep (Figs 2 /c—f, 
5/c — f, 3 and 6).

T h e  glomeruli o f  th e  ad u l t  (from 10 weeks o f  age on) ra ts  are four t im es 
l a rg e r  t h a n  those of th e  n ew b o rn  ones. The cor tica l glomeruli are 2 0 %  smaller 
in a v e rag e  th an  the  g lom eru li  of the  ju x ta -m e d u l la ry  zone. (Cortical: 14,000—
15,000 / I 3 ,  ju x ta -m e d u l la ry  : 17,000— 19,000 /.i3; ave rage :  16,000 —18,000 /i3.) The 
p e rc e n ta g e  d is tr ibu tion  o f  th e  glomeruli in the  co r tex  s tands  below 4 %  (3.66 — 
3 .76% ).

Discussion

T h e  principal aim of ou r  g lom erulom etric  analysis  was to  d e m o n s tra te  
th e  process of g row th as well as the  ra te  dev e lo p m en t  of the  glomeruli, and  to  
in v e s t ig a te  the  re la t ionsh ip  betw een  the  growt h o f  th e  glomeruli and the  growth 
of re s t  o f  th e  renal co r tex .

On the  basis o f  these  investiga tions th e  following can be s ta ted :

Changes in glom erular size

T h e  growth of th e  glomeruli is uneven  d u r in g  the  periods of  various 
age g ro u p s  inves t iga ted  in  th e  k idney  of ra ts .  T h e  fac t  t h a t  th e  m os t  in tensive  
g ro w th  tak es  place b e tw e e n  the  2nd and  7th  weeks corresponds to  t h a t  w h a t  
has  b een  detec ted  by  A r a t a k i . D uring th is  per iod  th e  volum e of th e  glomeruli
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205 3.25 245 265 3.85 4.05 4.25 4.45 4.65 4.85
log vol

Fig. 6. D is t r ib u tio n  curves of the  volume of the  g lom eru li  m easured  in the  cortical a n d  j u x ta -  
m ed u l la ry  zones a n d  in the  to ta l  cortex.  E ach  curve  rep re sen ts  the  average  va lue  o b ta in e d

from  animals of the  sam e  age 
T =  glomeruli  m easured  in t h e  to ta l  cortex 
C =  glomeruli  of the cortical  zone 
.1 =  glomeruli  of the ju x ta - m e d u l la r y  zone 

F o r  labelling see Fig.  1
Л  11 weeks old C =  13 weeks old E  =  15 weeks old
В 12 weeks old 1) 14 weeks old

increases th ree  t im es in size. In  the period  of  sucking the ra te  of g row th  is 
slower, b u t  in c o n tra s t  to  A r a t a k i ’s ob se rv a t io n s  we could no t  observe  any  
s ta g n a t io n  in grow th . After th e  te n th  week no essential change or g row th  
occurred  ( Fig. 8). Com paring  the  relation o f  th e  g lom erular size w ith  the  body  
w eight an d  k idney  w eight we have found th e re  paralle l increasing w ith  age
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w ith in  som e minor f lu c tu a t io n s .  There  is a dev ia t ion  from this t r e n d  d u r in g  
th e  7 th  week when the  w eigh t  o f  th e  k idney  increases considerably  h u t  n e i th e r  
t h e  size o f  th e  glomeruli n o r  th e  body  w eigh t  grows p ro p or t iona te ly  (F ig . 9).

A large  num ber  of sm all  glomeruli can  be d e tec ted  in the  new bo rn  group . 
T h e i r  size differ rem ark ab ly  from  those of  th e  m a jo r i ty .  The p o s tn a ta l  period

Fig. 7. D is t r ib u t io n  curves  charac te ris t ic  o f  the  different ages

A  = new born  C =  3 to  4 weeks old a n im a l
В =  up  to second week a f t e r  b i r th  D - a d u l t  animal

C =  g lom eru l i  of the  cor tica l  zone 
J  =  g lom eru l i  of the  j u x ta - m e d u l la r y  zone 
T  =  g lom eru l i  m easu red  in the  to ta l  cortex

is c h a ra c te r iz e d  by  several p e a k s  on the  cu rve  (Fig. 7/a and  7/b). L a te r  th e se  
sm all  g lom eruli  become s im ila r  in size to  th e  larger ones, and the  d is t r ib u t io n  
c u rv e  sh if ts  to  the right and  becom es steep as being the results of g ro w th  and  
u n i fo rm  size of the  glom eruli.  This fea ture  is charac ter is t ic  of th e  k id n e y  of 
th e  g ro w n  uj) rats . The well discernible m arg in  betw een the  steep cu rves  is 
d u e  to  th e  fac t th a t  the  re la t io n s  betw een  th e  ju x ta -m e d u l la ry  and  cortica l 
c u rv e s  a re  different. P ro v id ed  th e  difference b e tw een  th e  two types is reduced ,  
th e n  th e  tw o  regular cu rves com e closer to  each o the r  and , as a re su l t ,  th e  
a v e ra g e  curves become re g u la r  and  fairly steep  Gauss curves (Figs 7/c a n d  7/d).

Acta Biol. Hung. 15. 1965



GLOM К HULOM НТК ICS, II. 405

Fig. 8. Average  of th e  renal  glomeruli  according to age
male ф  female =  averag e

Fig. 9. Changes in the volumes of th e  glomeruli  (............ ), according to k idney  weight
body  weight (--------------- ) a n d  age

(-----------)

The glomeruli o f  the ju x ta -m ed u lla ry  zone

In  each k idney  th e  cortical and  ju x ta -m ed u lla ry  glomeruli were s e p a ra te ly  
exam ined .  A t  th e  various s tage  of  age exam ined  a d is tinc t difference could 
be found ; in each group of an im als  th e  glomeruli of the  ju x ta -m e d u l la ry  zone 
were found  to  be larger.
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T h e  difference in  size be tw een  the g lom eruli o f  the  two zones g rad u a l ly  
d im in ishes as the  an im als  g row  older (Fig. 10). B y  th e  10th to  the  15th  week 
th e  difference g radua lly  d ro p s  to  abou t 2 5 %  f ro m  a m ax im u m  level o f  over 
7 0 %  a t  b ir th .

I t  has  to  be considered  th a t  the  ju x ta -m e d u l la ry  zone includes n o t  only 
th e  so-called ju x ta -m e d u l la ry  glomeruli b u t  co r t ica l  types  also occur th e re  in

Fig. 10. J u x t a - m e d u l la r y  — cortica l  r a t io  in percentage

la rge  num bers .  A ccord ingly , th e  ju x ta -m e d u l la ry  glomeruli p roper are r e m a rk 
a b ly  la rge r  in  size th a n  th e  above given v a lu es .  In fo rm a t io n  a b o u t  th e ir  size 
can  be  ob ta ined  from  an  ana lys is  of their  d i s t r ib u t io n  curve. The curve  of the  
ju x ta -m e d u l la ry  g lom eruli a lw ays  shifts to  t h e  r ig h t  by  1 to  3 classes as com 
p a re d  w ith  th e  cortical c u rv e ;  glomeruli o f  su ch  a size canno t be de tec ted  in 
th e  cortica l zone. T herefo re  i t  is very t e m p t in g  to  suppose th a t  glomeruli of 
such  a v e ry  large size co rrespond  to  the  ju x ta -m e d u l la ry  glomeruli p ro p e r  as 
desc r ibed  b y  T r u e t a  a n d  co-workers [1 2 ] .  T h e  vo lum e of these glomeruli is 
d ep en d in g  on age, th e y  can  be  twice or even tw o  a n d  a ha lf  tim es larger th a n  
those  of  the  cortical g lom eruli.

The percentage d istribu tion  o f  the glom eruli in  the cortex

Fig. 11. P e rc e n ta g e  d is tr ibution of t h e  g lom eru li  in th e  cor tex

T he results o b ta in ed  are  identical w i th  those  found in l i te ra tu re .  The 
ra t io  be tw een  g lom eru la r  vo lum e and to ta l  t is sue  volum e g radually  decreases
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w ith  ageing. The h ighes t value (10.1% ) was found in new -born  r a t ;  d u r ing  the 
f i rs t  weeks a f te r  b i r th  th e  ra t io  decreased  rap id ly  and then  th e  process slowed 
down. The ratio  s tood  a t  3 .7%  in th e  f i f te en th  week a f te r  b i r t h  (Fig. 11). 
I t  follows th a t  how ever fast  the  g lom eru la r  growth is, th e  r e s t  o f  th e  pa ren 
c h y m a  in the  cor tex  grows even faster.
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G L O M E R U L O M E T R IS C H E  U N T E R S U C H U N G E N  II. E IN  B E IT R A G  ZUM 
P R O B LE M  D E S  W ACHSTUMS D E R  G L O M E R U L I BEI D E R  R A T T E

Größe u n d  Anteil  der  Glomeruli an  der  R in d en su b s tan z  wurde an  85 m än n l ich e n  und 
weiblichen weißen L a b o ra to r iu m s ra t t e n  u n te r s u c h t .  Von der G ebur t  bis z u m  A lter  von 
15 W ochen  w urden  die U n te rsu ch u n g e n  w öchent l ich  an  G ruppen von je  5 T ie ren  d u rchgeführ t .  
Dabei  wurde  auch der G rößenun tersch ied  zwischen den corticalen u n d  ju x ta m e d u l lä r e n  
G lomeruli  s tud ier t .  Das W a c h s tu m  der Glomeruli  erfolgt nicht gleichmäßig. N a c h  der  Gehurt 
k ö nnen  viele Glomeruli b eo b ac h te t  w erden  die k leiner sind, als der D u rc h s c h n i t t ,  welche aber 
die A n deren  nach  der zweiten  W oche einholen. D er  W a c h s tu m -R h y th m u s  i s t  b is  zu r  zweiten 
W oche langsam, in der 2 — 7. W oche in tens iv ,  von da  an  bis zur 10. W oche  l a n g s a m  u n d  von 
diesem Z e i tp u n k t  an k a n n  kein n en n en sw er te r  Wechsel beobach te t  werden. Die ju x ta m ed u l lä re n  
Glomeruli  sind im m er größer,  als die co r tica len  Glomeruli .  Gleich nach  d e r  G e b u r t  is t  der 
U n te rsch ied  am größ ten  (70% ),  n im m t  d a n n  schri t tw eise  ah und  b e t r ä g t  in  d e r  10 — 15. 
W oche n u r  noch 25% . Der Anteil  der  Glomeruli  am  Cortex  b e träg t  hei der  G e b u r t  10,1% und 
geh t  bis zur 15. Woche a u f  3 ,7% zurück.

ГЛОМЕРУЛОМЕТРИЧЕСКИЕ ИССЛЕДОВАНИЯ. II. ДАННЫЕ К ВОПРОСУ 
РОСТА МАЛЬПИГИЕВЫХ КЛУБОЧКОВ У КРЫС

Авторы исследовали величины Мальпигиевых клубочков ночек и их соотношения 
в корковой части. Исследование произвели на 85 белых крысах разного возраста и пола, 
от рождения до возраста 15 недель. Опыты были поставлены по неделям над группами,
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состоящимися из 5 крыс. Цель исследования — изучить существует-ли различие в Маль
пигиевых клубочках юкстамедуллярной и кортикальной зоны. Рост Мальпигиевых клу
бочков происходит неравномерно. После рождения можно найти очень много Мальпи
гиевых клубочков меньше среднего размера, которые после двух недель выравниваются 
с другими по размеру. Темп роста до 2-ой недели медленный, между 2—7 неделями ин
тенсивный, между 7—10 неделями замедлен, а после 10 недель существенных изменений не 
обнаруживается. Мальпигиевые клубочки юкстамедуллярной зоны всегда больше по 
величине чем Мальпигиевые клубочки кортикальной зоны. Разница самая большая не
посредственно после рождения (70%), которая постепенно снижается и к 10—15 недели 
составляет лишь 25%. Соотношение Мальпигиевых клубочков в коре при рождении -  
10,1% и к 15 недели снижается до 3,7%.

В. ZOLNAY 
М. P alkovits

B u d a p e s t  I X . ,  Tűzoltó u .  58, H u n g a ry .
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Synopsis

Volumetric analysis of the glomeruli and their percentage distribution within 
the cortex has been examined in 67 men of different age groups and of both sexes in 
order to detect the changes in size and distribution of the glomeruli during the span of 
life. The glomeruli were taken as ellipsoids and their long and short axis was measured 
at a magnification of 250 times in order to compute their volumes. The percentage 
distribution of the glomeruli within the cortex was also determined. The difference in 
size between the glomeruli of the cortical layer and those of the juxta-medullary zone 
has also been examined. The glomeruli have been found to be increasing in size up to 
the age of about 30. This increase is most intensive between the 10th and 20th years 
of age. After 30 years of age the glomeruli become smaller and they are of varying 
sizes. The glomeruli of females are smaller than those of males. The juxta-medullary 
glomeruli are always larger than those of the cortical zone. This difference in size is 
the biggest after birth (50%), then it goes down to 20% during the rest of life. The 
percentage distribution of the glomeruli in the cortex drops to 6% between the 20th 
and 30th year of age comparing them with the postnatal level of 9%, and with the 
5% in advanced age.

In tro d u c t io n

A change in size o f  th e  glomeruli is a fam iliar  sym ptom  in  som e renal 
diseases. This change can he an increase  or decrease in size or b o th  concerninge> о
th e  va r ious  glomeruli w ith in  one k id n ey .

I n  a p revious paper  [13] we h a v e  p u b l ish ed  da ta  referr ing  to  t h e  growth 
o f  th e  glomeruli in ra ts .  On the  sam e pr inc ip les  we exam ined t h e  changes in 
size o f  th e  glomeruli in m an . Since v a r io u s  age groups were e x a m in e d ,  i t  was 
possible to  observe the effect of ag ing  a n d  th e  process of in v o lu t io n  in this 
re la t ion .

A ccording to  the  l i te ra tu re  [1] all g lom eruli  are to be found  in  m a n  a t  the  
t im e  of b i r th  anti they  do no t increase in  n u m b e r  later; T o l d t  [ 1 1 ] ,  however, 
d e te c te d  th e  fo rm ation  o f  new g lom eru li  e igh t  days after  b i r th .  T h e  da ta  
re fe rr ing  to  g row th  are r a th e r  c o n tra d ic to ry .  E c k h a r d t  [1] fo u n d  glomeruli 
fvdly developed in size in a 3 2  year  old m a n  a n d  M o b e r g  [7 ]  a s su m e d  t h a t  th e  
period  of  g row th  comes to  an end b e tw een  35 and  40 years o f  age.
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R esu l ts  ob ta ined  b y  th e  m easurem ent th e  c o r t ica l  and  ju x ta -m e d u l la ry  
g lom eru li  are also c o n t ra d ic to ry .  According to K ü l z  [6] a t  b ir th  the g lom eru li  
ly ing  closer to  the  m edu lla  a r e  m uch  larger t h a n  th o s e  nea r  the surface. T h e  
r a te  o f  g ro w th  of the  l a t t e r  is f a s te r  and from the  age o f  2 b o th  types of g lom eruli 
are  id e n t ic a l  in size. M o r i s o n  [8] found in co rros ion  p repara tions t h a t  th e  
g lom eru li  s i tua ted  closer to  t h e  medulla were la rg e r .  M o b e r g  [7 ]  descr ibed  
a d ifference  in size be tw een  t h e  tw o types of g lom eru li  on ly  in the first m o n th s  
a f te r  b i r th  while this d if fe rence  diminishes af te r  one y e a r  of age. Similar re su l ts  
were  show n  by  T r u e t a  a n d  co-workers [ 1 2 ] .  M ö l l e n d o r f f  [9 ]  referred  t h a t  
th e re  is no difference in size b e tw een  the tw o ty p e s  o f  glomeruli, b u t  G l a d 

s t o n e  [ 2 ]  m ain ta ined  th e  v iew  th a t  a difference in  size as well as in form  could  
be d e te c te d .  According to  H e i d e n h a i n  [4 ]  th e  la rge  ju x ta -m e d u l la ry  g lom eruli  
are to  be considered th e  f i r s t  developing ones a n d  th e y  are the f irst to  com e 
in to  ac t io n ,  while th e  c o r t ica l  glomeruli are in an  em bryon ic  stage at  b i r th .  
H e g g i e  [3] s ta ted  th a t  1 5 %  ou t of the to ta l  n u m b e r  of the glomeruli are  
ju x ta -m e d u l la ry  ones.

W e have  no t found  a n y  d a ta  in the l i t e r a tu re  dea ling  with the in f luence  
of  sex on th e  size of th e  g lom eru li .

In  a new born th e  d e n s i ty  of the g lomeruli in  th e  external co r tex  is 5 
t im es  m ore , and in th e  ju x ta -m e d u l la ry  zone tw ice  m ore  then  th a t  is in an 
a d u l t .  S im ilar  da ta  h ave  b e e n  published by  M o b e r g  [ 7 J .  According to K i t t e l - 

s o n  [5] th e  percen tage  d is t r ib u t io n  of the  g lom eru li  in  the  cortex is 4 .7 6 % , 
w h ereas  G l a d s t o n e  [ 2 ]  s t a t e s  t h a t  it  s tands a t  6 . 6 % .  The percentage d i s t r i 
b u t io n  decreases w ith  ag e in g  [1].

M ateria l and m ethod

Kidneys of 67 men of different age groups and of both sexes were used (Table 1). 
Autopsies were obtained from the Department of Forensic Medicine, Med. Univ. Budapest, 
taken from persons who had died in accidents and in their reports available there were no renal 
diseases and by histologic examinations the kidneys proved to be normal or adequate to age. 
Transverse sections from the kidneys were fixed in formalin (4%) then embedded in paraffin- 
wax, cut at 17 fi and stained with haematoxyline-eosin. Diameters of 300 glomeruli were 
measured at random on sections from each specimen and than on the slices the juxtamedullary 
and cortical zones were separated under a stereo microscope by a line of China ink drawn on 
the glass cover. An additional 300 measurements were made in each separated zone. Measure
ments were made at a magnification of 250 times as described in our previous papers [10, 13]. 
The volume of the glomeruli has been computed in each zone and represented in a distribution 
curve. The average volume of the glomeruli was determined in /<A

The percentage distribution of the glomeruli in the cortical layer was measured by our 
method described in a previous paper [10].
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Results

From  birth to one year o f  age the  size o f  th e  glomeruli is only  a t e n th  of 
t h a t  o f  an adu lt .  T h e i r  size ranges from  12,600 ft3 to  41,600 p 3 accord ing  to 
age; th e  average is 21,000 fi3 (Fig. l /а). W i th in  these  limits various g lom eru la r  
volumes can be observed  in the  entire co r tex .  The d is tribution cu rv e  is f la t  
and  b road  as seen in F igu re  3/a. Several p e a k s  or  p la teaus occur on th e  curve. 
Small glomeruli can  be found in bo th  th e  c o r t ica l  and ju x ta -m e d u l la ry  zones, 
an d  p resum ab ly  t h a t  is w h y  th e  difference in  size betw een  the  ju x ta -m e d u l la ry  
an d  cortical glomeruli is only 36.5%. This  v a lu e  indicates t h a t  a t  th is  age the  
difference in g lom eru la r  size between th e  tw o  zones is not th e  b iggest.  The 
ra tio  o f  the  glomeruli in th e  cortex is also th e  h ighest at this stage w ith  a to ta l  
o f  8 .69% , a level w h ich  lays behind t h a t  o f  t h e  ra t .

From  one to ten years o f  age a 70%  g lo m e ru la r  growth takes  p lace, a figure  
well below of t h a t  w hich  follows during  t h e  deve lopm ent of the  su b seq u en t  
years. Therefore  th e  d is tr ibu tion  curve is sh if te d  to  the right, bu t  it  rem ains 
to  be f la t .

There  is a considerab le  difference, r a n g in g  from 6,000 to  120,000 p 3, 
be tw een  the  vo lum es of  th e  glomeruli. T h e  g row th  of the ju x ta -m e d u l la ry  
glomeruli is m ore in tens ive , th a n  th a t  o f  t h e  cortical ones. T he  difference 
be tw een  the  tw o zones is 51 .7% . The p e rc e n ta g e  d istr ibu tion  of th e  glomeruli 
is 8 .6% , this ind ica tes  t h a t  there  is no e ssen tia l  change in this re la t ion  in this 
age (Figs 1/b and  c, an d  3/b and c).

Between 11 and  20 years  of age the  g lom eru li  increase in size s ign if ican tly ;  
th e ir  g row th  exceeds t h a t  of the  preceding decades  seven tim es; d u r in g  th is  
period th e  glomeruli grow ten  times la rge r  in  size than  they  do in  th e  y ea r  
following the  b ir th .  T h e y  are only 10 to  3 0 %  sm aller  th an  those o f  an  a d u l t  
person. Their ave rage  vo lum e ranges b e tw e e n  140,000 and 200,000 fi3 from 
the  age o f  12 to  15, and  between 230,000 a n d  260,000 fi3 from 15 to  20 years 
o f  age. B y  this t im e  th e  glomeruli have b ecom e even , the  small g lom eruli found 
a f te r  b i r th  are no longer  seen. The d is t r ib u t io n  cu rve  is regular and  s teep  w ith  
one peak. (Fig. 1/d.) T h e  difference be tw een  th e  tw o  zones is still w ide, 39 .2%  
as ind ica ted  in F igu re  3/d. Although th e  g ro w th  of the glomeruli was ve ry  
in tensive , the  r a te  a t  which the rest o f  t h e  co r tex  grew was even  higher;  
as a resu lt  the  p e rcen tag e  d is tr ibu tion  of th e  glomeruli in the co r tex  fell from 
8 .6%  to  6 .4% . I t  still s ta n d s  a t  a higher level t h a n  in adults, which ind ica tes  
t h a t  the  grow th of th e  glomeruli comes to  an  end  earlier than th a t  o f  th e  tubu li .

From  21 to 30 years o f  age a slight g ro w th  can  still be observed  and  the  
average  of the  to ta l  g lom eru la r  volumes is 220,000 ft3. On the  d is t r ib u t io n  
curve of  the  average  g lom eru la r  volumes (F ig . 1/e) a p lateau is seen. This is a 
resu lt  of the  fac t t h a t  a big difference can  be  fo u n d  between th e  va r ious  cases 
and  so th e  peaks o f  th e  various curves do n o t  fall in the same class; i f  th e y  are
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Fig. 1. Distribution curves of the average volume of renal glomeruli 
A =  0—1 year C =  7 years E =  21 — 30 years
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The logarithms of the volume categories are presented horizontally; the number of glomeruli belonging to each category
and expressed in percentage is given in the vertical line 

The thick line represents the average of the glomeruli of individuals of the same age
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Fig. 2. D is tr ib u tio n  curves o f th e  average volum e of th e  ren al g lom eruli 
A =  41 — 50 y ears C =  61 — 70 years E  81 — 90 years
В — 51 — 60 y ears D =  71 — 80 years

Legend see also Fig. 1 ■u
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Table 1

Age group 
in years Age Sex

Average glomerular volume Average glomerular volume 
in cortical zone

Average glom erular volume 
in  juxta-m edullary zone

Difference in 
size between 

cortical and j. m. 
glom . in  %

Percentage 
distribution of 

glomeruli in the 
cortex

m entire

M3

cortex

average of 
group

average of 
group I**

average of 
group

day 2 + 13826 12030 15787
m onth 3 о 12772 11377 14757
m onth 3 о 12647 11032 17220 36.46 8.69
m onth 4 - f 24905 23385 27670

year 1 41650 36840 54150

3 + 21025 17970 25510 57.75 8.60
7 о 48570 37820 61100

12 о 143420 119200 177000
13 о 199550 173500 274400
15 + 181130 168250 236900

1 1 - 2 0 17 + 266900 217120 258600 199119 288200 275600 39.23 6.36
18 + 237300 221300 296700
19 238400 219450 290400
20 + 241550 227900 312800
20 + 228700 204800 330400

21 о 131700 121550 137400
21 213800 207000 222450
22 о 152200 145067 156667

21 — 30 24 о 155700 220518 143760 214503 164450 241490 12.22 6.12
28 + 256450 237850 314500
29 239150 228700 252200
30 349150 330800 390500
30 283800 282700 293750

32 280300 255050 363600
35 -L 196950 188630 220600
35 180130 174030 188550

31 40 36 + 232950 234967 209550 219330 268900 266314 20.58 6.38
36 + 231000 214950 264850
37 292400 279000 315200
37 + 231050 217100 242500
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1 41 -f 139830 130733
42 О 169400 163533

41— 50 43 153200 194096 155830
46 249050 208750
50 259000 247750

52 + 198500 192660
52 о 120233 103525
54 + 150200 141800
54 о 119125 93190

51—60 56 + 146400 150294 129200
56 + 170500 170233
57 -i- 187500 179567
59 + 157900 157600

61 о 131225 124100
62 126967 125900
63 133867 127825
64 + 140066 138433

61 — 70 65 + 153470 140178 135530
66 148100 123325
67 -f 108575 108380
67 + 215650 217100
68 о 115267 114200
69 + 128600 125400

71 о 221850 219450
71 о 186650 177250
74 о 230450 204130
74 о 84060 82420
74 110900 104900

71— 80 76 108525 144945 104000
78 о 133730 114900
78 + 196600 189500
79 о 97350 92050
79 + 76340 67760

81 о 156667 137700
84 о 123125 115075

8 1 - 9 0  86 о 102800 125610 103450
89 *т* 120150 111967

191625

145222

134020

135636

117048

148470
179170
149500
293500
273500

208848 13.96 6.07

208950
147430
151100
139625
148267
177700
189200
1641С0

165796 17.45 5.84

137500
130800
141033
143467
171800
177530
105750
218750
111625
134275

147253 10.24 5.62

228700
195000
255250
102500
129000
114100
162830
215450
109225

85640

159770 19.68 5.05

193050
130650
103850
115325

135718 14.27 5.08
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av eraged ,  a p la teau  can be o b ta in e d .  The curves of  th e  cortical and of the  
j u x ta - m e d u l la r y  glomeruli are  a p p ro x im a te ly  reg u la r  Gauss curves. A nalysis  
of th e  g lom eru la r  volumes revea led  th a t  th e  d ifference between males anti 
fem ales is v e ry  considerable in  th is  relation p a r t ic u la r ly  in this age group. 
The a v e ra g e  volum e of the g lom eru li  in males is 264,750 p3 and th a t  o f  the  
females is 146,500 p3. The differences between the  sexes can  m ostly  be observed 
d u r ing  th e  21 to  50 years pe r io d ,  and  th ey  level up  b y  old age. The difference 
be tw een  th e  glomeruli of th e  ju x ta -m e d u l la ry  and  co r t ica l  zones is less in th is  
age g ro u p  a n d  there  is no essen tia l  change in th e  pe r iod  th a t  follows e ither ,  
h u t  th e  ju x ta -m e d u l la ry  g lom eruli always exceed those  of  the  cortical zone in 
size (F ig .  3/e). The p e rcen tag e  d is tr ibu tion  of  th e  g lom eruli in th e  co r tex  
co n t in u es  to  decrease an d  s t a n d s  a t  6 .12%.

T h e  la rges t  glom erular vo lum es can he found  between 31 and 40 years o f  
age. T h e  ave rage  volum e of th e  glomeruli is 235,000 /i3. In  this age g roup  the  
g lom eruli  a re  th e  m ost even, th e i r  d is tr ibu tion  cu rve  is regular  and s teep  as 
in d ic a te d  in  Figure 1/f. A w ide  m arg in  betw een  th e  tw o  sexes is still to  be 
d e te c te d  a n d  a difference of  2 0 %  can  he observed b e tw een  the  two zones of 
co r tex . T h e re  is no change w h a te v e r  in the p e rcen tage  d is tr ibu tion  of th e  g lom 
eruli. R e ly in g  on this it  is v e ry  likely t h a t  th e  s t ru c tu re  of the k id n e y  is 
s tab il ized  d u r in g  this period a n d  fu r the r  a l te ra t ions  m a y  indicate e ither  ageing 
or som e pa tho logical cond it ions .

T h e  glomeruli to  he found  in the 41 to 50 years o f  age group are sm alle r  
in size t h a n  those of the  p rev ious  group. The ave rage  vo lum e of the glomeruli 
is 194,000 p 3. However, th e re  is still a r e m a rk a b ly  w ide difference be tw een  
the  v a lu es  of  th e  two sexes a n d  between the  in d iv id u a l  cases within one sex, 
b u t  th is  is m uch  g reater  t h a n  in the  preceding age groups (Fig. 8/a). The 
d ifference be tw een  g lom eru la r  vo lum es of th e  tw o  zones or percentage d is t r ib u 
tion  of  t h e  glomeruli in the  c o r te x  is similar to  t h a t  o f  th e  previous g roup  w ith  
a dec lin ing  tendency  in b o th  cases (Fig. 4/a ) .

D u rin g  the period between 51 and 60 years o f  age the  average vo lum e of 
the  g lom eru li  continues to  fall  to  a level of 156,300 p 3. The most im p o r ta n t  
change  here , in con tras t  to  th e  subsequen t  age g roups , is th a t  there  are no 
v e ry  sm all  glomeruli w ith in  th e  range of volum es b u t  the re  seems to  be an 
overa ll  decrease in volum es in all kidneys w ith in  th is  group. Therefore  the  
decrease  of  the average v o lum es  is due to  the  l a t t e r ;  th e y  are 200,000 //3 in 
all cases. W ith in  one k id n e y  th e  glomeruli are still fa ir ly  uniform in size and  
the ir  d is t r ib u t io n  curve co n t in u es  to  be regu la r  h u t  th e re  is a lready  a shift 
to  th e  left as com pared w ith  th e  previous age g roups  (Figs 3/b, and  4/b). In  
th is  g ro u p  th e  percen tage  d is t r ib u t io n  of th e  g lom eru li  in the  cor tex  a t ta in s  
an  a v e rag e  of 5.84%.

F rom  61 to 70 years o f  age th e  volumes of  th e  glomeruli continue  to  d e 
crease a n d  th e  average is 140,200 p 3. In  certa in  cases a small p la teau  can  be oh-
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b ig .3 .  D is tr ib u tio n  cu rves of th e  volum e of th e  g lom eruli m easu red  in th e  co rtica l an d  ju x ta -m e d u lla ry  zones and  in the
to ta l  co rtex

T glom eruli m easu red  in th e  to ta l  co rtex ; Y =  g lom eruli o f th e  ju x ta -m e d u lla ry  zone: C =  glom eruli of th e  co rtica l zone 
^  =  ® 1 y ea r В =  3 years C =  7 years D =  11 — 20 years E  =  21 — 30 y ears F  =  31 — 41 y ears

Legend see also Fig. 1
E ach  curve rep re sen ts  th e  average curves o f persons o f th e  sam e age group
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Fig. 4. D is tr ib u tio n  curves of the  volum e of th e  g lom eruli m easu red  in th e  co rtica l and  ju x ta -m e d u lla ry  zones and in th e
to ta l  co rtex

T glom eruli m easu red  in th e  to ta l  co rtex ; Y = g lo m e ru li  of th e  ju x ta -m e d u lla ry  zone; C = g lo m eru li of th e  co rtica l zone 
A =  41 — 50 y ears В 51 60 years C =  61 — 70 y ears D =  71 — 80 y ears E  =  81 — 90 years
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served  on the  left side o f  the  d is t r ib u t io n  curve , ind ica t ing  the occurrence  o f  small 
and  p re su m ab ly  sclerotic glomeruli (Fig. 3/c). The idea t h a t  th is  is a change 
ch a rac te r is t ic  o f  old age is verified by  th e  fac t  t h a t  in the  subsequen t  age groups 
th is  process becom es more in tensive , sm all glomeruli considerab ly  increase  in 
n u m b e r ,  there fo re  th e  p la teau  is rep laced  b y  a sepa ra te  peak.

From  71 to 8 0 years o f  age curves w ith  tw o  peaks could be o b ta in e d  as re 
ferred earlier, in  b o th  the  cortical a n d  ju x ta -m e d u l la ry  zones (Fig. 4/d). The 
curves are  f la t  an d  a defin ite  shift to  th e  left can be seen, b u t  it is r a th e r  like 
a s t re tc h ,  which m eans th a t  large glomeruli can  still be found in g rea t  n u m b ers ,  
in some cases even more th a n  in th e  p rev ious  groups, which ap p ea rs  to  be 
co m p en sa to ry  for the  small sclerotic g lom eruli (Fig. 3/d). The p e rcen tage  d is t r i 
bu tion  of  the  glomeruli also shows changes because  of the in tensive  process of 
decrease in n u m b e r  of the  glomeruli. Since th e  average  volume of th e  glomeruli 
declines only to  a lesser e x ten t ,  and  an increase  in the  n u m b er  of  th e  tu b u l i  
is out o f  question , it is p resum able  t h a t  a t  th is  stage a degenera t ion  o f  the  
g lomeruli has to  be tak en  in to  account.

From  81 to 90 years o f  «ge the  average  vo lum e of the glomeruli s ta n d s  as 
low as 125,600 /t3. The d is tr ibu tion  curve  shows two peaks. The curves are  f la t  
and  irregu la r ,  ind ica t ing  the presence of a n u m b e r  of  glomeruli o f  different 
sizes (Figs 2/e a n d  4/e). The average  vo lum e of the ju x ta -m e d u l la ry  glomeruli 
is h igher  by  14.2%  t h a n  th a t  of the  cortical ones. The percen tage  d is t r ib u t io n  
of  th e  glomeruli in the  cortex  is 5 .1% .

Discussion

Based  on these  results  th e  following can  be said abou t the  changes in 
the  size of  the  glomeruli in the  h u m a n  k id ney :

Changes in  the volume o f  the glom eruli sections
In  m a n  g row th  of glomeruli can only be observed  un til  30 yea rs  o f  age. 

T he  ra te  o f  g row th  in th e  f irs t  years  is c o m p ara t iv e ly  slow. An in tens ive  dev e l
o p m e n t  is ta k in g  place af te r  the  10th year.  D u r in g  the  period of p u b e r ty  th e  
glomeruli grow six or seven tim es bigger a n d  th e i r  size am oun ts  from 70 to  9 0 %  
those of  an ad u lt .  The ra te  of g row th  slows dow n betw een  20 an d  30, an d  
a g radua l  decrease can be detec ted  a f te r  30. T h e  decline in volum e, how ever,  
is un ev en ,  d ifferen t values are o b ta ined  p a r t ic u la r ly  in advanced  age, and  
besides th e  small sclerotic glomeruli, those  o f  a n o rm al size or even la rge r  ones 
can be found . A fte r  30 years of age th e  vo lum e  curve  shows a descending  t r e n d  
(Fig. 6) which, a p a r t  from some oscillation, can  be followed up to  th e  age 
of  90.

W h en  th e  m a te r ia l  is classified accord ing  to  sexes, we f ind  t h a t  in th e  
y o u th  th e  glomeruli o f  the  m ale’s k idney  are som e 20 to  4 0 %  larger t h a n  those

Acta Biol. Hung. 15. 1965



3.55 3.75 3.95 4.15 4.35 4.55 4.75 4.95 5.15 5.35 5.55 5.75 5.95

log vol

pe
r 

ce
nf

 
pe

r 
ce

nt

log vol
D

log vol

F ig . 5. D is tr ib u tio n  curves ca ra c te ris tic  o f th e  various 
age groups

C =  g lom eruli of th e  co rtica l zone 
Y =  g lom eruli of th e  ju x ta -m e d u lla ry  zone 
T  =  glom eruli m easu red  in  th e  to ta l  co rtex  
A =  1 y ear
В =  3 years 
C =  30 years 
D =  52 years 
E  =  81 years
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o f  th e  k idney of fem ales. In  females th e  m a x im u m  level o f  g ro w th  is reached 
earlier (a t th e  age of  15), and glomeruli p rac t ica l ly  rem ain  to  he of  the  same 
size un ti l  40, b u t  th e y  are smaller t h a n  th o se  o f  males th ro u g h o u t  th e  whole 
period exam ined . T h e  decrease in th e  v o lu m e , so charac ter is t ic  o f  th e  m ale’s 
glomeruli, can h a rd ly  he detec ted  w ith  th o se  o f  the  females.

F i g .  6. The average volume of the glomeruli with respect to age 
+  = male 
•  female

— the average of the glomeruli of kidneys measured 
- - =  the average of the glomeruli of the kidneys of females

The glom eruli o f  the jux ta -m edu lla ry  zone

In  th e  h u m a n  k idney  the  glomeruli found  in the  ju x ta -m e d u l la ry  zone 
are  a lw ays la rger  t h a n  those in the  cortica l zone. The w idest difference can 
be observed d u r ing  th e  pos tn a ta l  period (Fig. 7) when the  ju x ta -m e d u l la ry

F i g .  7. The juxta-medullary — cortical ratio expressed in percentage

glomeruli exceed th e i r  co u n te rp a r ts  in th e  cortica l zone by  a b o u t  50% . In 
th e  course of  g row th  th e  m arg in  gradua lly  n a r ro w s  down to  an average  of 20%  
in a d u l t  age. T he  changes  tak ing  place in th e  vo lum e of th e  g lom eruli in a d 
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v a n c e d  age  effect the g lom eru li  o f  b o th  zones a n d  th is  can be seen from  the  
dou b le  p e a k s  of the d is t r ib u t io n  curves of b o th  zones.

F ig . 8 . The percentage dis tr ibution  of the glomeruli in the cortex

T he  percentage distribution  o f  the glomeruli in  the cortex

T h e  percen tua l p ro p o r t io n  of  the glomeruli in the  cortex g ra d u a l ly  
d ec reases  during  the  span  o f  life. This co rresponds to  d a ta  p u b lished  b y  
E c k h a r d t  [1], K i t t e l s o n  [5] a n d  G l a d s t o n e  [2]. A fte r  b i r th  the  g lom eru li  
a c c o u n t  fo r  alm ost 9 %  of th e  c o r te x .  By th e  per iod  from  15 to  25 y ears  o f  age 
th is  r a t i o  falls to  6%  and f in a l ly  i t  s tan d s  a t  as low as 5 %  in old age as in d ica ted  
in  F ig u r e  8. The p roportion  o f  th e  glomeruli to  th e  p arenchym a declines in 
sp i te  o f  th e  fact th a t  the ir  v o lu m e  continues to  grow and  there  is no change 
w h a te v e r  in  the ir  num ber. T h is  m eans  th a t  th e  ra te  a t  which the re s t  o f  th e  
k id n e y ,  p a r t icu la r ly  the  t u b u l i  grow, well exceeds th e  ra te  of g row th  of the  
g lom eru l i .
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GLOMERULOMETRISCHE UNTERSUCHUNG III. EIN BEITRAG ZUM 
PROBLEM DES WACHSTUMS DER GLOMERULI BEIM MENSCHEN

An 67 verschieden alten Männern und Frauen wurde die Größe der Glomeruli und die 
Änderung ihres prozentuellen Anteiles an der Rindensubstanz während des Lebens untersucht. 
Bei 250facher Projektionsvergrößerung wurden die Durchmesser der Glomeruli gemessen 
und danach ihr Volumen berechnet. Gleichzeitig wurde ihr prozentueller Anteil an der Rinden
substanz bestimmt. Es wurde auch der Größenunterschied zwischen juxtamedullären und 
corticalen Glomeruli untersucht. Die Größenzunahme der Glomeruli dauert bis zum 30. Lebens
jahr und ist zwischen dem 10. und 20. Jahr am intensivsten. Nach dem 30. Jahr werden die 
Glomeruli kleiner und die Größenunterschiede zwischen ihnen deutlich. Glomeruli von Frauen 
sind kleiner als die der Männer. Die juxtamedullären Glomeruli sind immer größer als die 
corticalen. Der Unterschied ist nach der Geburt am größten (50%) und vermindert sich später 
bis auf 20%. Der prozentuelle Anteil der Glomeruli am Cortex beträgt bei der Geburt 9%, 
nimmt zwischen dem 20 — 30. Lebensjahr ab (6%) und erreicht im Alter den Wert von 5%.

Г НОМЕРУ ЛОМЕТРИЧЕСКИЕ ИССЛЕДОВАНИЯ. III. ДАННЫЕ К ВОПРОСУ РОСТА 
МАЛЬПИГИЕВЫХ КЛУБОЧКОВ У ЧЕЛОВЕКА

Авторы исследовали в течение жизни изменение соотношений величин Мальпи
гиевых клубочков в корковой части почки у 67 трупов людей различающихся по возрасту 
и полу. При проекционном увеличении в 250 раз измеряли диаметры Мальпигиевых 
клубочков, из этого выясняли их содержимое в кубических сантиметрах, а также опре
деляли сколько процентов Мальпигиевых клубочков содержит корковая часть почки. 
Цель исследования изучить разницу в величине Мальпигиевых клубочков юкстамедул- 
лярной и кортикальной зон. Рост Мальпигиевых клубочков происходит до возраста 30 
лет. Темп роста наиболее интенсивный между 10—20 годами. После 30 лет Мальпигиевые 
клубочки уменьшаются и различаются по величине. Мальпигиевые клубочки женщин 
меньше мужских. Юкстамедуллярные Мальпигиевые клубочки всегда больше по раз
мерам чем Мальпигиевые клубочки кортикальной зоны. Эта разница самая большая не
посредственно после рождения (50%) и в течение жизни она снижается до 20%. Соотно
шение Мальпигиевых клубочков в коре с 9% (после рождения) снижается к 20—30 году 
жизни до 6% и в дальнейшем до 5%.

M i k l ó s  P a l k o v i t s  
B a l á z s  Z o l n a y

B u d a p e s t  IX . ,  T űzoltó  u. 58, 11 nngary .
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Synopsis

W ith  th e  he lp  o f a new tech n iq u e , developed  by  th e  au th o r, p u re  leech-urine , 
collected d irec tly  from  th e  n e p h rid ia , has been an a ly sed  for th e  f irs t  t im e . Q u a n tita tiv e  
estim ations of am m o n ia  N , u re a  N , no n -p ro te in  N (N P N ), and  to ta l  N in  th e  u rin e  and 
in th e  su p e rn a ta n t flu id  o f th e  cen trifuged  u rine  w ere carried  o u t by  th e  C onw ay’s 
m icrodiffusion tech n iq u e . C erta in  m inor m o d ifications have  been su g g ested  so fa r as 
cleaning of th e  C onw ay u n its  is concerned. A b o u t 32%  of th e  to ta l  N P N  is excre ted  
in th e  form  of am m o n ia  N , an d  14%  as u rea  N. R est of th e  N P N  is e x c re te d  m ostly  
in th e  form  of free am ino  acids. Size and ap p ea ran ce  of th e  n ep h rid ia l b la d d e rs ;  to ta l 
y ield of pure leech -u rin e ; p h y sical p ro p erties , m icroscopic ap p ea ran ce , p H , a n d  w ater 
c o n ten t of the  u rin e  w ere ex am ined . Q u a n tita tiv e  e stim a tio n  of am m o n ia  N, and  urea 
N in the  w ater, co n ta in in g  leeches, was also carried  out for com parison . E ffect o f d rough t 
on the  w ater co n te n t o f th e  leech -u rin e  was also observed .

In troduction

Studies on the  e x c re to ry  system  of H iru d in a ria  granulosa  h ave  been 
con fined  to its s t ru c tu re  and  deve lopm en t [2]. No work has, how ever ,  been 
done  on the  physiology of excre tion  in these anim als. H e i d e r m a n n s  [13] 
collected the urine of  H iru d o  m edicinalis  by keeping  th e  worms in w a te r  and 
ana lysed  the la t te r  for n itrogenous  con ten ts .  However, no a t t e m p t s  have 
h i th e r to  been m ade to  collect, for analysis, the  urine  d irec tly  from  th e  nephrid ia  
of  th e  leeches. The p re sen t  s tud ies  have been u n d e r ta k e n  with a view to  collect, 
and  to  analyse, the  pu re  leech-urine.

M a t e r ia l  a n d  m e t h o d

F o r collection of th e  e x c re ta  tw o m ethods were ad o p ted . Leeches o f a p p ro x im a te ly  
s im ila r w eight were se lec ted , w ashed  an d  k ep t for c e rta in  periods in d is tilled  w a te r  in flasks. 
T h e  w a te r  was a fte rw ard s a n a ly sed  for am m onia  N and  u rea  N. A lte rn a te ly , u rin e  w as collected  
from  th e  nephrid ia  d irec tly . U su ally  leeches are d issected  a f te r  narcosis in d ilu te  a lcohol. Due 
to  excessive wriggling and  to r tu o u s  m o vem en ts du ring  th e  process, th e  n e p h rid ia l b ladders 
b ecam e a lm ost em pty . U se of v a rio u s o th e r  general a n ae sth e tic s  d id  n o t in crease  th e  overall
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y ie ld  o f u rin e  e ither. W hen  th e  a n im a ls  were quickly  k illed  by  using  a so lu tion  of corrosive 
su b lim a te , the  nephrid ia l b la d d e rs  w ere found  t ig h tly  filled  w ith  u rin e  p re su m ab ly  due to 
su d d e n  closure  of the n e p h rid io p o re s , b u t  th is  m ethod  m ad e  th e  an im als d ifficu lt to  dissect. 
I t  w as fo u n d  the  best to  d issec t th e  leeches w ith o u t narco sis . A m id -dorsal incision  w as m ade 
a f te r  q u ick ly  s tre tch in g  th e  leeches. B lood from  th e  c rop  w as w ashed  aw ay  u n d e r th e  tap . 
T h e  te rm in a l vesicles of th e  te s tic u la r  n ep hrid ia  w ere ca re fu lly  exposed and  w ashed  again. 
E x ce ss  o f w a te r was b lo tte d  fro m  th e  surface  of th e  d issec tio n  a n d  vesicu lar flu id  w as tak en  
o u t  b y  m eans of a syringe.

Size and  app earan ce  of th e  n e p h rid ia l b lad d ers; to ta l  y ie ld  o f p u re  leech -u rine ; physical 
p ro p e rt ie s , m icroscopic a p p e a ra n c e , p H  and  w a te r-c o n te n t o f th e  u rin e  w ere ex am ined .

Q u a n tita tiv e  e s tim a tio n s  o f am m o n ia  N, u rea  N , n o n -p ro te in  N  (N P N ) an d  to ta l  N were 
c a r r ie d  o u t by  Conway’s [7] m ic ro d iffu s io n  tech n iq u e . U n it  N o . 1 was m o stly  used . C onw ay’s 
m e th o d  o f cleaning th e  u n its  w as fo llow ed  w ith  m inor a lte ra tio n s . A fte r rem ov ing  th e  excess of 
f ix a t iv e ,  th e  u n its  were k e p t  o v e rn ig h t in  pe tro l, w ash ed  w ith  soap using  a c o tto n  p ledget, 
t r e a te d  w ith  chrom ic acid  (45 m in .) , w ashed  th o ro u g h ly  u n d e r  th e  ta p , rin sed  w ith  double  d is
t il le d  w a te r  to  avoid  in h ib itio n  o f u rease  b y  traces o f  h e a v y  m eta ls , an d  dried  in  an  oven. 
S ev e ra l k in d s  of f ix a tiv es  w ere  t r ie d  fo r sealing the  u n its .  R esealin g  of th e  u n its  w as u n sa tis 
fa c to ry  w ith  the  w ater-so lu b le  f ix a t iv e  a lthough  c lean ing  of th e  u n its  w as v e ry  co n v en ien t. 
I t  a lso  co n ta in ed  a p p rec iab le  q u a n t i ty  of am m onia, w h ich  cou ld  n o t be com ple te ly  rem oved  
b y  p ro lo n g ed  bubling , a n d  w as, th e re fo re , u n su itab le  fo r m ic ro es tim atio n s. G reases of h igh 
m e ltin g  p o in t w orked well.

F o r  estim a tin g  a m m o n ia  N  a t  a c o n cen tra tio n  h ig h e r th a n  ab o u t 15 g /m l, boric  
ac id  w ith  in d ica to r was used  as a n  ab so rb en t in  th e  c e n tra l  ch am b er o f th e  u n it. S a tu ra te d  
so lu tio n  o f po tassium  c a rb o n a te  w as used for lib e ra tin g  am m o n ia  in  th e  o u te r  ch am b er. E x p e 
r im e n ta l  flu id  was de livered  a c c u ra te ly  by  m eans of a sim ple  tu b e  p ip e tte . T he sealed  u n its  
w ere  k e p t on an  oscilla ting  ta b le . A fte r  the com pletion  o f th e  d iffusion  period  th e  c o n te n ts  of 
th e  c e n tra l  cham ber w ere t i t r a te d  a g a in s t a s ta n d ard ize d  HC1 so lu tio n  from  a C onw ay’s m icro 
b u r e t te .  B lanks were a lw ays c a r r ie d  o u t side by  side.

F o r estim a tin g  a m m o n ia  N  a t  a level lower th a n  a b o u t 15 fi g/m l th e  B a (O H )2— HC1 
p ro c e d u re  [7] was ad o p ted . T h e  s t r e n g th  of th e  B a(O H )2 so lu tio n  w as acc u ra te ly  checked  before 
a t i t r a t io n  series, using a C on w ay ’s b u re tte  and an  “ A g la”  m ic ro m eter syringe fo r delivering  
th e  a lk a li and  the acid re sp ec tiv e ly . N eu tra lized  d istilled  w a te r  w as used  for p re p arin g  and  d i
lu tin g  th e  s tan d ard  so lu tions.

F o r estim ating  to ta l  N  a k n o w n  volum e of th e  u r in e  w as d igested  in a m icro -K je ld ah l 
f la sk . Cone. HoS04, K H SO ,, a n d  S e 0 2 were used for d ig es tio n . In c in e ra tio n  was c a rried  o u t for 
3 — 8 h o u rs  on a m ic ro -K je ld ah l d ig es tio n  s tan d . T he cooled  an d  d ilu ted  d igest w as analysed  
b y  C on w ay ’s m icrodiffusion  te c h n iq u e . T o ta l N was also  e s tim a te d  in th e  su p e rn a ta n t flu id  
o f th e  cen trifu g ed  urine. F o r  e s t im a tin g  N P N  in th e  u rin e , e th a n o l w as used  for d ep ro te in iza- 
t io n . T h e  su p e rn a ta n t f lu id  w as d ig es ted  and  an a lysed .

R e s u l t s

S ize  and appearance o f  the nephridial bladders

In  a fully s t re tc h e d  a n d  dissected leech the  nephrid ia l  b ladders  or t e r 
m in a l  vesicles looked like t in y  beans. The vesicles o f  th e  p re - tes t icu la r  nephrid ia  
w ere  0.20 — 0.35 cm long a n d  0.11 — 0.22 cm wide. T h e  vesicles of th e  te s t ic 
u la r  nephrid ia  were 0.35 — 0.65 cm long and  0.20 — 0.40 cm wide.

Total y ie ld  o f  p u re  leech-urine

A bout 15 ml of  u r ine  was collected from  150 leeches of  various sizes. 
E x c ep t io n a l ly ,  however, as m u c h  as 0.4 ml a n d  as l i t t le  as 0.02 ml of urine 
w as collected from a single animal.
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Physical properties, microscopic appearance, p H , and water-content o f  the
urine

The urine was tu rb id  in appearance  d u e  to  rich bac te r ia l  g row th . W hen 
leeches were e x am in ed  un d er  a b inocular microscope, only clear fluid devoid 
of the  w hitish  m a t t e r  was seen coming o u t  o f  th e  nephrid iopores . Bacteria l 
cells were also seen in w a te r  in which th e  an im als  were k e p t  subm erged  for 
some tim e. No m acroscopic  clumps were seen in th e  w ater ,  ind ica t ing  th a t  
these  are re ta in ed  inside the  bladders.

W hen  th e  u r ine  was kep t  in a tu b e  for som e tim e , m ost o f  th e  w hitish  
m a t te r  se t t led  dow n, and  comprised 7 — 2 5 %  of th e  urine b y  volum e. On 
cen tr ifuga tion  (4,000 r .p .m .)  the  su p e rn a ta n t  f lu id  was found to  be clear and  
colourless. The res idua l mass was e ither  w hit ish  or h ad  a fa in t  p ink ish  tinge.

Table 1

Quantitative estim ation o f  am m onia N  and urea N , voided in water by a leech — submerged fo r
different periods

D uration 
in hrs.

Ammonia N 
in fXg 

(Mean)

U rea N 
in Jig 

(Mean)

12 1015.5 205.4

15 1434.8 27.5

21 972.7 334.1

24 1853.3 154.4

36 1223.5 394.4

48 1737.1 132.5

72 1513.8 338.9

144 1958.9 4.5

The urine was usua lly  tasteless, b u t  so m etim es  it was salty .
On th e  ad d i t io n  of  bromocresol pu rp le  (sensitive to  p H  5.2 — 6.8) th e  

urine rem ained  l igh t  purp le .  Addition  of  (B .D .H .)  universa l in d ica to r  p roduced  
a fa in t greenish yellow colour, indica ting  t h a t  its  p H  was be tw een  7.0 and 7.5.

On d ry ing  a t  100°C or desiccating over a n h y d ro u s  CaCl2 a t  room  te m p e r 
a tu re ,  th e  urine  y ie lded  flakes of light b row nish  hue. F lak y  m ass of  similar 
hue b u t  lesser in p ro p o r t io n  was ob ta ined  w h en  th e  s u p e rn a ta n t  f lu id  of th e  
cen tr ifuged  urine  was dried  or desiccated.

The solid m a t t e r  in whole urine was 0.30 3 .99%  and  in th e  s u p e rn a ta n t
fluid of cen tr ifuged  urine  0 .11—0.53% . The difference is accounted  for m ain ly  
b y  bacteria . W h en  th e  leeches were k ep t  u n d e r  d ry  conditions, resu lting  in 
23.30 — 37.38%  loss in body  weight, th e  solid m a t te r  rose to  6.75 — 16.28%
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in d ic a t in g  an  ability to  resorb  w a te r  in times of desiccation. H ow ever ,  th e  
c a p a c i ty  o f  surviving arid  co n d i t io n s  depended  m ain ly  on th e  a m o u n t  of 
b lood s to re d  in the crop of th e se  anim als.

E stim a tion  o f am m onia  N  and  urea N  in water containing a leech

T h e  results  have  been  su m m arized  in Tab le  1. 0.972 — 1.958 m g  of 
a m m o n ia  N and 0.004 — 0.394 m g  of u rea  N was excre ted  b y  each  w orm  
w ith in  a period of 12 — 144 hours .

E stim a tio n  o f am m onia  IV, urea N , N P N , and total N  present in  the urine

T h e  results have  been su m m ar ized  in Table  2. On an average  th e  urine 
c o n ta in e d  35.7 и g am m onia  N /m l, 21.6 pg  urea  N/ml and  484 pg  to t a l  N/ml. 
T h e  s u p e r n a ta n t  fluid of  th e  cen tr i fu g ed  urine con ta ined  on an  average  44.8 pg  
a m m o n ia  N/ml, 13.3 pg  u rea  N /m l, 126.6 pg  N P N /m l,  and 177.6 p g  to ta l  
N /m l.

Table 2

A m m o n ia  N ,  urea N , total N , and N P N ,  (p g /m l) o f  the vesicular f lu id  (u r in e ), collected fro m  
the nephridial bladders o f H irud inaria  granulosa

E x p t.
U rine S upernatan t fluid ol the centrifuged urine

Ammonia N U rea N T otal N Ammonia N Urea N T otal N N PN

l 28.3 17.7 55.6 10.5 165.1 138.1

2 48.1 21.1 30.6 13.6 99.9 116.6

3 34.6 12.9 48.4 15.9 103.2 61.6

4 32.1 34.9 143.0 144.2

5 223.1 192.5

6 266.6 228.7

7 546 261.7 185.4

8 318 119.4 82.5

9 480 131.9 85.5

10 897 276.0 45.8

11 180 164.4 111.7

M ean 35.7 21.6 484 44.8 13.3 177.6 126.6

D iscussion

F ro m  the available l i t e r a tu re  [14] i t  appears  t h a t  s tudies on th e  phy s io l
ogy  o f  excretion  in leeches h av e  been confined to the  u p ta k e  of a m m o n iu m  
c a r m in a te  b y  the bo try o id a l  t issue  and  indigo su lp h a te  b y  th e  vaso-f ib rous  
t is sue  o f  H irudo  [8, 15], m e tab o l ism  of iron in lliru d o  and  G lossiphonia  [3, 4, 5], 
phagocy tos is  by coelomic corpuscles  in Erpobdella  [12], bacteria  p re se n t  in the
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nephrid ia l  b ladders  o f  H irudo  [6 ] .  H ow ever,  H e i d e r m a n n s  [13 ]  a n a ly se d  th e  
w a te r  con ta in ing  H irudo m edicinalis  and  fo u n d  t h a t  72%  of n i trogen  is e x c re t 
ed in th e  form of am m onia ,  while am ino  acids, purines, urea a n d  c rea t in ine  
each accoun t for 5 — 10% . A lthough  keep ing  th e  leeches in w a te r  is a conve
n ien t  m e th o d  for ob ta in ing  th e ir  excre to ry  f lu id ,  th e  w ater is b o u n d  to  con ta in  
m ucopro te in s ,  secreted  by  th e  slime glands p re se n t  in the skin, faeces a n d  the  
subs tances  d ischarged th ro u g h  the  m o u th  in a d d i t io n  to  the  n e p h r id ia l  fluid. 
H e i d e r m a n n s  [1 3 ] ,  therefore , te s ted  n o t  only  th e  nephrid ial f lu id  h u t  also 
th e  m ucus  and  th e  discharges from  th e  tw o  ends of  the  gut. The a u th o r  has, 
for th e  f i rs t  tim e, analysed  pure  leech-urine, collected directly from  th e  nephri-  
dia. A b o u t  3 2 %  of th e  to ta l  N P N  is e x c re ted  b y  the  leeches in  th e  fo rm  of 
a m m o n ia  N, and  14%  as u rea  N. R est o f  th e  N P N  is excreted  m o s t ly  in  the  
form  of unchanged  am ino acids [9, 10, 11] — a significant fea tu re  o f  cer ta in  
in v e r te b ra te s  [1]. The appreciab le  leakage o f  th e  am ino acids a n d  p ro te in s  in 
th e  an im als  p re su m ab ly  prom otes  th e  b ac te r ia l  growth in th e  neph rid ia l  
b ladders  to  the  ex te n t  of a b o u t  8 — 6 9 %  o f  th e  to ta l  N of the u r in e  [11].

R esu lts  of the  analysis  of w ater  c o n ta in in g  leeches are in te re s t in g .  The 
a m o u n t  of am m onia  N and  u rea  N p resen t  in th e  w a te r  was no t a lw ays  p ro p o r
t iona l  to  the  d u ra t io n  of th e  experim ent.  This  m a y  either  reflect “ f lu sh in g  o u t” 
of  nep h r id ia  due to  im m ers ion  in distilled w a te r ,  or may be due to  decom posi
t io n  of  urea  and  ev ap o ra t io n  of am m onia .

Average size of the  te rm ina l  vesicles o f  th e  pre-testicu lar  n e p h r id ia  is 
s ign if ican tly  sm aller as com pared  to  those  of  th e  tes ticu lar  nep h r id ia .
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UNTERSUCHUNGEN ÜBER DIE EXKRETION DES INDISCHEN EGELS 
H I R U D I N A R I A  G R A N U L O S A  (SAVIGNY)

Mit Hilfe einer eigenen Methode untersuchte Autor als Erster reinen, direkt von den 
Nephridien gewonnenen Egel-Harn. Mit Conway’s Mikrodiffusions Technik wurde der Stick
stoff-Gehalt des Harns und des Supernatans von zentrifugiertem Harn entsprechend folgen
den Fraktionen: Ammonia-N, Harnstoff-N, Nicht-Protein-N (NPN), Total-N quantitativ 
bestimmt. Kleinere Modifikationen, so z. B. die Conway-Einheiten betreffend werden vorge
schlagen. Über 32% des NPN wird in Form von Ammonia, und 19% als Harnstoff-N aus
geschieden. Der Rest wird hauptsächlich mit freien Aminosäuren ausgeschieden. Es wurden 
im Weiteren Größe und Form der Nephridialen-Blasen, die Menge des gebildeten Harns, seine 
physikalischen Eigenschaften und das mikroskopische Bild, sein pH und der Wassergehalt 
untersucht. Zum Vergleich wurde auch der Ammonia-N und Harnstoff-N Gehalt des Wassers, 
in dem die Egel gehalten wurden, quantitativ bestimmt. Schliesslich wurde auch der Einfluß 
des Haltens unter trockenen Bedingungen auf den Wassergehalt untersucht.

ИССЛЕДОВАНИЕ ВЫДЕЛЕНИЙ У ПИАВОК 
H I R U D I N A R I A  G R A N U L O S A  (SAVIGNY)

При помощи новой разработанной автором техники впервые проводится анализ 
чистой мочи пиавок (Hi rud ina r i a  granulosa) , взятой непосредственно из почек. Коли
чественное определение азота в аммонии, азомочевины, неазопротеина и общего азота в 
моче и в надосадочной жидкости центрифугированной мочи проводилось при помощи 
техники микродиффузии по Конуэию. Некоторые изменения были предложены для очистки 
единиц Конуэя. Около 32% общего неазопротеина выделяется в виде азота в аммонии и 
14% — в виде азомочевины. Остальная часть выделяется преимущественно в виде сво
бодных аминокислот. Исследовались также размеры и внешний вид почечных пузырь
ков, общее количество чистой моче, физикальные свойства, микроскопические признаки, 
pH мочи и содержание воды в моче. В целях сопоставления проводилась количественная 
оценка азота в аммонии и азомочевины в воде, содержащей пиавки. Кроме того исследо
валось действие жажды на содержание воды в моче животных.

B h o o m i t t r a  D e v , L u c k n o w  (U. P .), B 6/2 N ira la n a g a r ,  India.
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Synopsis

The fine structure of the median eminence in the rat has been examined. In the 
cells of the ependymal layer moderatelly developed Golgi apparatus, mitochondria, 
ergastoplasm and free ribosomes as well as many lipid droplets can be found. Similar 
droplets can also be detected in the processes of the ependymal cells extending to the 
cerebral surface and in the ependymal feet. The layer under the ependyma is rich in 
glial cells. In certain of these cells, dense bodies similar in size to mitochondria can be 
found resembling Gomori-positive granules visible in these cells by light microscopy. 
The fibrous layer is composed of thick (0.5 to 1 //) and thin (0.08 to 0.5 /1 ) nerve fibers. 
The outer zone (palisade zone) is made up of axon endings, containing two types of 
vesicles. The smaller, electron-translucent vesicles, 240 to 400 Á in diameter, are similar 
to synaptic vesicles, whereas the bigger vesicles (450 to 1,250 A) have a dense content 
(dense-core vesicles). The latter resemble both the elementary neurosecretory granules 
and the cathecolamine granules. The capillaries of the portal vessels are fenestrated. 
The pores of the endothelial cells are facing the axon endings of the palisade zone. 
In the area between the surface of the median eminence and the pars tuberalis, un
myelinated nerve fibres can be found, which presumably are vasomotor fibres coming 
from the carotid plexus. The nature of the nerve fibres in the median eminence and 
the release mechanism of the secretory substance is discussed in the text.

In troduc tion

The m edian  eminence is an area  of  the  hypo th a lam u s  p la y in g  an im por
t a n t  role in the  control o f  the  a n te r io r  p i tu i t a r y  [8, 9]. A ccording to  histologi
cal and physiological investiga tions, in fo rm a tiv e  substances fo rm ed  in certa in  
h y p o th a la m ic  cells are t r a n s m i t te d  in th is  a rea  to the p o rta l  vessels of the 
p i tu i ta ry .  The fine s t ru c tu ra l  deta ils  o f  th is  region may grea tly  c o n t r ib u te  to 
th e  u n d e rs ta n d in g  of the  m echanism  of t r a n s p o r t  of these su b s tan ces .  The 
e lec tron  microscopic s t ru c tu re  of the  m ed ian  eminence has been e x a m in e d  by 
B a r r y  a n d  Co t t e  [3] in the guinea pig, K o b a y a s h i  and co-w orkers  [ 11 ] in 
th e  p a ra k e e t ,  O o t a  and K o b a y a s h i  [23, 24] in the  pigeon an d  frog, O o t a  [21, 
22] in th e  m ouse and tu r t le ,  and  B r a d b u r y  and  H a r r i s  [4] in th e  rabb it .  
E a c h  a u th o r  has described a n u m b e r  of  u n m ye lina ted  nerve f ib re s  as well as 
glial and ep en d y m al  feet s i tu a te d  a round  th e  porta l  vessels. Som e o f  the  axon 
end ings  con ta in  sy nap tic  vesicles, while o the rs  neurosecretory vesicles or both .
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T he s t r u c tu r e  of the  m ed ian  em inence is not iden t ica l  in the  various species. 
T here  are  differences in  size and  q u a n t i ty  of th e  vesicles and in the ra t io  of 
nerve  end ings  and glial a n d  ep en d y m al  feet. In  c e r ta in  species, the  capillaries 
of th e  a rea  concerned are fen es tra ted .

Since the  m a jo r i ty  o f  physiological and  ex p e r im en ta l  morphological 
e x a m in a t io n s  on the  hypo th a lam ic -h y p o p h y sea l  sy s te m  have been m a d e  on 
ra ts ,  th e  p re sen t  paper  is in te n d e d  to supply  f u r th e r  d a t a  as to  the fine  s t r u c 
tu re  o f  t h e  m edian  em inence  o f  ra ts .  The paper  b y  K o b a y a s h i  and co-workers 
112] on th e  same su b jec t  w as published a t  a t im e  th e  observations described 
here w ere  m ade . The re su lts  we obtained m ostly  s u p p o r t  K o b a y a s h T s o b se r
v a t io n s  a n d  in p a r t  offer s u p p le m e n ta ry  da ta .

M ateria l and m ethod

Adult albino rats kept under normal laboratory conditions were used.
After decapitating the animal, the base of the cerebrum was exposed and fixative was 

dropped on the hypothalamic region. An interval of 40 seconds passed from the decapitation 
of the animal to the applying of the fixative. Two minutes later, a specimen 2 x 2 x 2  mm in 
size was cut out containing the median eminence which was postfixed in 1 per cent phosphate- 
buffered Os04 solution [16] for 2 hours and then embedded in Vestopal W. The sections cut 
with a Porter-Blum ultramicrotome were stained with plumbite ions according to the method 
suggested by M i l l o n i g  [17], and examined in a JEM 6c electron microscope.

R esults

Light microscopy

T h e  v en tr icu la r  su rface  of  the m edian em inence  is composed of a series 
of e p e n d y m a l  cells u n d e r  w h ich  a wide f ib rous  la y e r  is s i tua ted . T he  u p p e r  
zone o f  th e  f ibrous laye r  is r ich  in cells and m y e l in a te d  nerve fibres (“ hypen- 
d y m a ” ), while in th e  low er p a r t ,  cross sections of  f ib res  containing n e u ro 
sec re to ry  substance  can be seen  (tr. hypothalam o-hypophysealis) .  The o u te r  zone 
(palisade  zone) is s t r ia te d  b ecau se  of the ep e n d y m a l  a n d  glial processes ru n n in g  
a t  r ig h t  angles to  th e  su rface  o f  the  brain and  th e  a x o n  endings leaning ou t to  
the  su rface . The co n ta c t  l a y e r  located betw een  th e  m ed ian  eminence and  the  
p a rs  tu b e ra l is  is m ade  up  o f  f la t te n e d  connective  t is sue  cells (pia m a te r)  and  
a n u m b e r  of capillaries a n d  arterio les (“ M a n te lp le x u s” ). The la t te r  em it cap il
la ry  loops in to  the  inne r  p a r t s  of the neural t issue  of  the  m edian em inence  
(p o r ta l  capillaries, “ S pez ia lgefäße” ).
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Fig. 1. Frontal section of the median eminence of the rat. Light microscopic specimen stained 
whith the chrome-haematoxylin phloxine method. 1: ependymal layer, 2: hypendyma, 
3: fibrous layer, 4: palisade zone, 5: pars tuberalis, c: primary plexus and portal capillary

loops H: Herring-body

Electron m icroscopy  

E p e n d y m a

The form and a r ran g em en t  of the  ep en d y m al  cells is r a th e r  irregu la r  
(Figs 2, 3). The base  of th e  cells is ex ten d ed  in long processes p iercing th e  t e x 
tu re  of th e  m edian  em inence  and ending on th e  surface in the form o f  e p e n d y 
mal feet. The cells con ta in  besides th e  nucleus a m odera te ly  developed  Golgi 
a p p a ra tu s ,  m itochondria ,  e rgastoplasm ic profiles, free ribosomes and  a v a ry ing  
q u a n t i ty  of  70 to  100 Â th ick  f i lam ents  often  a rranged  in bundles. T h e  apical 
p a r ts  o f  th e  cells are  b o u n d  toge the r  b y  m eans  of  desmosomes. T he  s t ru c tu re  
of the  ep endym al cells corresponds in its m a in  fea tu res  to  t h a t  descr ibed  by
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B k i g h t m a n  and P a l a  Y [6 ] ;  th e  only difference lies in th e  fact t h a t  cilia can n o t  
be o b se rv e d  on the  cell surface. In s tead ,  only a few irregular microvilli can  be 
fo u n d .  I n  th is  area the  ep en d y m al  cells h ave  been found to  con ta in  a la rge r  
n u m b e r  o f  lipid droplets  [30, 18]. S imilar lipid d rop le ts  could also be d e te c te d  
in t h e  ep e n d y m a l  processes an d  feet.

H y p en d y  ma

T h e  s t ru c tu re  of glial cells found here resem bles  t h a t  of th e  ep en d y m al  
cells. Besides some fine f i lam en ts ,  m i to ch o n d r ia  a n d  ergastoplasm ic profiles, 
a w ell-deve loped  Golgi a p p a r a tu s  and free r ibosom es can be seen in th e  c y to 
p la sm  (Fig . 3). Dense bodies of  m ito chondr ia l  size can often be observed  
(F ig . 4). T h e ir  irregu la r  p r o tu b e r a n t  ou tlines  a n d  inner s t ru c tu re  suggest 
t h a t  t h e y  are composed of m in o r  g lobular  u n i ts .  T he ir  substance  consists  o f  
f in e  g r a n u la r  m a ter ia l  o f  v a ry in g  density .  In  p laces a l im iting m e m b ra n e  can  
be d e te c te d  on them . The size and s t ru c tu re  of  th e  bodies indicates a s t r ik in g  
s im i la r i ty  to  the  lipofuscin granules as described  in electron m icroscopy . 
A c co rd in g  to  the ir  size and  location, th e y  m a y  be regarded  to  be iden tica l  
w i th  th e  Gom ori-positive g ranu les  observed in these  cells by light m icroscopy .

I n  th e  same area, ty p ic a l  large a s tro cy t ic  processes w ith  w a te ry  c y to 
p la sm  a n d  glial f i lam ents  ru n n in g  in bundles  can  be observed. T hey  fo rm  a 
l a y e r  consis ting  of ch a rac te r is t ic  glial feet (m e m b ra n a  lim itans gliae) a ro u n d  
th e  vessels.

T h e  m a jo r i ty  of ne rve  f ibres in th is  lay e r  are unm y e lin a ted ;  ce r ta in  
f ib re s ,  how ever,  possess a th in  m yelin  sh e a th  (Fig. 5). The m y e lina ted  f ib res  
v a r y  in d iam e te r  from 1 // to  4 //, b u t  a p a r t  from  som e m itochondria  a n d  n e u ro 
f i la m e n ts  in the  axoplasm , we have failed to  d e te c t  granules of neurosecre to ry  
su b s ta n c e  in them . The d ia m e te r  of th e  u n m y e lin a te d  axons is e x trem e ly  
v a r ia b le ;  in some of th em , sy n a p t ic  vesicles are  presen t ,  while in o the rs  l igh t 
a n d  dense  vesicles, similar to  th e  n eu rosec re to ry  e lem en ta ry  vesicles, were to  
be seen  (Fig. 5). In  cer ta in  f ib res  there  was a s t r ik ing ly  large n u m b e r  o f  m i to 
c h o n d r ia ,  some of which show ed  signs of degenera t ion .

The f ib rous layer

T h is  layer is div ided in to  p e rpend icu la r  columns by  the  ep en d y m al  
processes  ru n n in g  from  th e  cerebra l  ven tr ic le  to w a rd s  th e  surface of th e  m ed ian  
em in en ce .  In  the  processes, f i lam en ts  (Fig. 6), elongated  m ito ch o n d r ia  and  
c h a in s  of  th e  endop lasm atic  re t icu lum  are ru n n in g  parallel with th e  d irec t ion  
o f  th e i r  dow nw ard  course. In  some places groups  of  lipid droplets  can  be seen.

T h e  regions lying b e tw een  th e  ep en d y m al  processes are filled w ith  n u m e r 
ous u n m y e l in a te d  fibres. I n  a m inor p a r t  o f  th e m , dense-core vesicles w ith  
a d ia m e te r  of 1,000 — 1,200 Â can be found which resemble the  e le m e n ta ry
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F ig. 2. D etail of th e  ependym al layer. The ependym al cells form  a ra th e r  irreg u lar layer. C entrio les (c), G o lg i-ap p ara tu s (G), 
m itochondria  (m ). lipid d ro p le ts  (1) and free ribosom es can be observed  in th e  cy top lasm
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F ig . 3. A  general view of the  e p e n d y m a  and  h y p en d y m a , th e  f ir s t  tw o layers of th e  m ed ian  
e m in e n ce . T he irregu lar a rra n g e m e n t o f th e  cells of th e  ep en d y m al lay e r (ep) and  a h y p e n d y m a l 
g lia l cell (h y p ) can well be o b se rv ed . N o te  th e  co n tin u ity  o f th e  en d o th e liu m  (no fe n es tra tio n )

on  th e  cap illa ry  (cap)
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F ig. 4. H y p endyrnal cell. M any tu b u les  of the  endop lasm ic  re ticu lu m  are seen to the  m a jo rity  
o f w hich ribosom es are  a tta c h e d . In  ad d itio n , free rib o so m es an d  dense bodies of a size s im ilar 
to  th a t  o f m ito ch o n d ria  can  be observed. The su b s tan ce  o f th e  bodies is com posed of m inor, 

g lo b u la r, dense areas and is finely  g ra n u la te d . N nucleus
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F ig . 5. D e ta il  of th e  h y p en d y m a . B etw een  tw o h y p e n d y m a l glial cells, cross sec tio n s o f  nerve 
f ib re s  c an  be seen. Some of th e  f ib res  h av e  a th in  m yelin  sh e a th  (m y), w hile in  o th e rs  n eu ro 

se c re to ry  vesicles can  be fo u n d  (ns)
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n eurosec re to ry  vesicles. E m p ty  vesicles of th e  same d iam ete r  m a y  jo in  th e m  
in the ir  axons. In th e  m a jo r i ty  of cases, axons most f requen tly  c o n ta in in g  
dense-core (“ n eu rosec re to ry” ) vesicles a re  large in d iam eter  (0.5 to  1 //), 
(fibres of  th e  hypo th a lam o -h y p o p h y sea l  t r a c t? ) .  Most of the  fibres are  ex t re m e ly  
th in ,  w ith  a m e a n  d iam ete r  of 0.3 // (be tw een  0.08 to  0.5 //,). N e u ro tu h u le s  
of a b o u t  200 A in d iam ete r  are often  obse rved  in the  fibres. T hey  co n ta in  m i to 
chondr ia  and  dense-core vesicles. The f ro n ta l  section of the  m ed ian  em inence  
m ost  f req u en t ly  shows the cross-sections o f  th e  fibres; a t  m an y  sites, how ever, 
it is clearly  d iscernible th a t  th e  th in  f ib res  tu r n  downwards paralle l  w ith  the  
ep endym al processes (Fig. 6.). In  these f ibers ,  e m p ty  and  dense-core vesicles 
alike can be found  in larger q uan ti t ies .  O ccasionally , synap tic  vesicles also occur 
in th e  fibres.

Palisade  zone

T he  lowest,  superficial layer of th e  m edian  eminence is th e  palisade  
zone (Fig. 7). In  co n tra s t  to o th e r  regions o f  th e  cen tra l  nervous sy s tem , here 
th e  surface  is m ad e  up  of ten  tho u san d s  o f  axon  term inals  in s tead  of  a co heren t  
layer  of glial a n d  ependym al feet (m e m b ra n e  lim itans gliae ex te rn a ) .

The nerve  te rm ina ls  are irregular, b u lb o u s  swellings of the  axons . T hey  
v a ry  g rea tly  in shape  and  size. Most o f  th e m  v a ry  between 0.5 a n d  1 [i, b u t  
som etim es th e y  a re  as large as 2.5 /j . The free surface of the te rm inals  ta k e s  p a r t  
in th e  fo rm ation  of t h a t  of the  m edian  em inence . The cy toplasm  of th e  axon  
endings is o f  a fa ir ly  com pact s t ru c tu re  as a result of the presence o f  th e  n u 
m erous vesicles i t  con ta ins . On the  basis o f  th e i r  size, the  vesicles can be d iv ided  
in to  tw o  m ain  g roups: 1. small, seem ingly  e m p ty  vesicles, 240 to  400 Â in 
d ia m e te r  an d  2. vesicles from 450 to  1,250 A  in d iam eter  (Fig. 8), m os t  fre
q u e n t ly  w ith  a dense content.

T here  is a s tr ik ing  sim ilarity  b e tw een  th e  form er small, e le c t ro n - t ra n s 
lucent vesicles an d  th e  so-called sy n ap t ic  vesicles which are considered  c h a ra c 
teristic  for the  m a jo r i ty  of synapses. Vesicles o f  th is  type  can be found  in  a lm ost  
eve ry  axon  end ing  of the  m edian em inence , irrespective  of w h e th e r  o r  n o t  it  
con ta ins  th e  o th e r  ty p e  of vesicle. In  som e cases these vesicles are  densely  
packed  an d  form  sm aller or larger g roups, som e of which are s i tu a te d  u n d e r  
the  p lasm a  m e m b ra n e  facing the  piai su rface  and  ap p ea r  to  be closely re la ted  
to it (Figs 9 and  10).

The average  size of the  larger vesicles (from 450 to 1,250 A) is 770 A. 
In  the  in te r io r  o f  m os t  o f  them  a dense c o n te n t  can he observed by  w h ich  th e y  
resem ble th e  “ e lem en ta ry  neurosecre tory  g ra n u le s”  [1 ,2] .  T hey  differ, how ever,  
from  th e  neu rosec re to ry  vesicles in some respec ts :  the ir  con ten t  is n o t  so c o m 
pac t  and hom ogenous, i t  fails to  fill th e  vesicle completely, and  th e  vesicles 
are so m ew h a t  sm aller  th a n  those to  be fo u n d  in th e  neurohypophysis .
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F ig . 6. D e ta il of the  fib ro u s lay e r. The m ass of th e  ne rv e  f ib re s  is d iv ided by th ick  e p en d y m a l 
p ro cesses (ep) in to  colum ns. In  th e  th in  nerve f ib res  vesicles of neu rosecre to ry  or s y n a p tic

c h a ra c te r  can be o b se rv ed
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Fig. 7. G eneral view of th e  p a lisad e  zone. T he su rface  of th e  m edian  em inence is h ig h ly  folded 
b y  th e  cap illa ries of the  p o rta l  vessels. T his layer is com posed of num erous a x o n  endings 
co n ta in in g  vesicles and  of a sm alle r n u m b er of glial an d  ependym al feet. T he s t ru c tu re s  (x) 
u n d e r th e  su rface  of the  m edian  em inence are p re su m ab ly  tan g e n tia l sections o f th e  pa lisade

zone
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F ig . 8. In  th e  axon te rm in a l o f  th e  palisade zone th e re  a re  tw o  ty p es of vesicles to  be found. 
O ne of th em  is a sm all e le c tro n  tra n s lu c e n t (“ sy n a p tic ” ) v e sic le , while th e  o th e r one is larg e r 

a n d  has a dense c o n te n t, bm : basem ent m em b ran e , p : p ia i cells, cap: c ap illa ry

Acta Biol. Hung. 15. 1965



.■Ida Hint. H
uni’. 15. 1965

Fig. 9. Axon endings in th e  palisade zone. T he “ sy n a p tic ”  vesicles freq u en tly  form  groups un d er th e  cell m em brane  (arrow )
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F ig. 10. A xon  endings in  th e  pa lisad e  zone. “ S y n a p tic ”  a n d  dense-core vesicles are eq u ally  
seen. N o te  th e  g roup ing  of th e  sm all (“ sy n ap tic” ) vesicles u n d e r  th e  cell m em brane  (arrow ).

bm: b asem en t m em b ran e

I n  m ost cases th e  cris tae  of the  m i to c h o n d r ia  in th e  axon endings a re  
o r ien ted  long itud ina lly .  In  some endings c ircu la r ,  dense bodies m a y  occur, 
w hich  are m ost l ikely  to  correspond to  d e g e n e ra t in g  m itochondria .

A m ong  th e  ne rve  term inals ,  ep endym al a n d  glial feet are in te rposed  
in  w hich  lipid d rop le ts ,  m itochondria ,  fine f i la m e n ts  and  profiles of th e  endo-
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plasm ic  re ticulum  can  be seen. In th e  m ed ian  line, axon  endings can  be found 
in g rea te s t  num ber ,  w ith  only a few e p e n d y m a l  and  glial feet am o n g  them . 
Dense, spherical or e lo n g a ted  bodies o f  v a ry in g  size with a fine g ra n u la te d  or 
hom ogenous su bs tance  can  frequently  be  observed  in them  (Fig. 11). La te ra l ly ,  
the  n u m b e r  of ep e n d y m a l  and  glial feet g rad u a l ly  increases to  co n s t i tu te  a 
conn t in u o u s  m e m b ra n a  lim itans  g l iae .T he  c y to p la sm  of the  feet in th e  la teral 
regions of  the m edian em inence  is m a rk e d ly  e m p ty ,  a p a r t  from som e  concen tr i
cally  lam ella ted  bodies.

Capillaries

T he  largest n u m b e r  of  capillaries can  be found  on the  c o n ta c t  surface 
be tw een  the  m edian em inence  and th e  pa rs  tubera l is .  The capillaries of the  
p r im a ry  plexus (“ M an te lp lex u s” ), and  th e  p o r ta l  capillary loops (“ Spezial
ge fäße” ) lying in th e  deep  folds of th e  cerebral surface show a cha rac te r is t ic  
s t ru c tu re .  T h a t  side o f  th e  capillary e n d o th e l iu m  which is fac ing  th e  axon 
endings of the  pa lisade  zone is ex trem ely  f la t te n e d  (350 — 400 Â  th ick) ,  and 
it  is p ronounced ly  fe n e s t ra te d  (Figs 7, 8 and  12). The pores are  a b o u t  700 Â 
in d iam ete r ,  with a t h in  d iaphragm  w hich  ap p ea rs  to bridge th e  gap. The 
nucleus and  cell organelles are always to  be found  on the  opposite  side of  the  
cap illary ,  em bedded  in  a w ider cytop lasm ic  lay e r  o f  th e  en do the lium  (Fig. 12). 
The ax o n  endings are  se p a ra te d  from th e  vessel lum en  by the  following layers: 
th e  basem en t  m em b ran e  of  the  cere bra l  surface  (450 — 500 A), a space  vary ing  
in th ickness  and o f ten  conta in ing  connec tive  tissue fibrils or processes of 
connec tive  tissue cells in it, the  b asem en t m e m b ra n e  of the  cap il la ry  and the 
fen es tra ted  endo the lium .

T he  common occurrence  of axon end ings  and  fenes tra ted  en d o th e l iu m  
is par t icu la r ly  d em o n s trab le  if areas in which  th e  axon endings are  missing 
are exam ined . In  th e se  places (the f ro n ta l  region of the  m e d ia n  eminence 
(Fig. 13), the  su b ep en d y m al  vessels (Fig. 3) a n d  th e  la teral p a r ts  o f  th e  m edian 
em inence  (Fig. 14)), th e  ty p ica l  picture of  th e  cerebral capillaries o r  t h a t  of the  
capillaries in general can  be observed.

Contact surface

T he  surface of th e  m edian  eminence is s e p a ra te d  from the  p a rs  tubera l is  
by  capillaries or a r terio les  o f  the M ante lp lexus , f la t  connective tissue cells 
(cells m o s t  likely to  be long  to the pia), an d  a few connective t issue  fibrils 
(Figs. 8, 12, 14 and 15.).

A problem  no t y e t  cleared by ligh t m icroscopic  observations is: w he the r  
or no t neura l s t ru c tu re s  can  be found in th is  space, and if so, w h a t  is the ir  
n a tu re  like? Two k in d s  o f  neural s t ru c tu re s  could be d e m o n s t ra te d  in our 
observa tions.  One ty p e  (Figs 7, 8 and 16) is com posed of several nerve  ele-
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F ig .  11. E p en d y m al  and  glial f ee t  o f  the  ou ter  zone in the  l a t e ra l  p a r t  of the  m ed ian  eminence. 
T h e  feet  con ta in  fine f i lam en ts ,  few m itochondr ia  and  in severa l  places dense globular  or e lo n g a t 
ed  bodies  (db) of varying size. T h e  endo the l ium  of the  c ap i l la ry  (cap) shows only severa l  pores.

bm : basem en t  m em b ran e
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Fig. 12. Capillary of the  p r im a ry  plexus .  The  endothe l ium  is ex tre m e ly  f l a t t e n e d  a n d  fenestra ted  
on th e  side facing the  nerve  te rm in a ls .  A considerable  m ass of the  cy top la sm  a n d  the nucleus 

of the en d o th e l iu m  can be found  on the  opposi te  side

A cta  B io l. H u n g  ,1 5 .  1965



4 4 8 P. RÖHLICH e t al.

F ig .  13.  Cross-section of a vessel in  th e  ro s t ra l  region of th e  m ed ian  eminence. I t  shows the  
w e l l -k n o w n  struc ture  of th e  ce re b ra l  vessels: the  n on-fenes tra ted  endo th e l iu m  is su rrounded  

b y  a b a s e m e n t  m em b ran e  and glial (gl) feet
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Fig. 14. Capillary f rom  the  la te ra l  p a r t  of the m ed ian  em inence. Note  th a t  the  e n d o th e l iu m  
o f  th e  cap il la ry  is no t  f e n es t ra ted .  T he  o u te r  zone of the  m ed ian  eminence consists here  o f  epen

d y m a l  (ep) feet of e m p ty  cy top lasm ic  s t ru c tu re
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Fig.  15. C ontac t  surface b e tw ee n  th e  pars  tubera lis  a n d  th e  m ed ian  eminence. This layer  is 
composed of vessels and  f la t ten ed  cells of  the  pia m ate r
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Fig. 16. T he  c o n tac t  surface  is fi lled by vessels (cap), tan g e n t ia l  sections (x) o f  th e  p r o tu b e r a n t  
surface  of the  m edian  eminence , connective  t issue cells and  fibrils (f). An u n m y e l in a t e d  nerve

fibre (nf)  can  also be seen
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F ig .  17. Cross-ssction of a p e r ip h e r a l  unm yelinated  n e rv e  f ib re  on the  surface of th e  pars
tuberalis
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m ents ,  w ith o u t  a n y  sh e a th  cell a t ta c h e d ,  con ta in in g  vesicles c h a rac te r is t ic  
for the axon te rm in a ls  o f  the  palisade zone. T h e  whole p a t te rn  is su rro u n d e d  
hy  a basem en t  m e m b ra n e .  I t  is h ighly  p ro b a b le  t h a t  it corresponds to  the 
ta n g en t ia l  section  o f  th e  p ro tuberances  o f  th e  palisade zone which  has  an 
ex trem ely  ir regu la r  surface. We have been u n a b le  to observe f ib res  o f  such 
cha rac te r  p e n e t r a t in g  th e  [tars tubera lis .  In  som e cases, we h av e  d e tec ted  
cross-sections o f  ne rve  f ib res  in the  connec tive  t issue  cells (w ithout m esax o n  !). 
Such s truc tu res  a re  likely to  correspond to  th e  nerve  term inal s t re tc h in g  ou t 
o f  the  surface o f  th e  m edian  em inence an d  pressing in the  connec tive  
t issue cell.

The o the r  n eu ra l  s t ru c tu re  is rep re se n te d  h y  characteristic  u n m y e l in a te d  
nerve fibres (Fig. 17.). T hey  can he found  in la rge  num bers  in the  laye r  be tw een  
the  pars tubera l is  and  th e  p r im ary  plexus. S im ila r  f ibres have no t been observed  
a round  the  p o r ta l  loops. T hey  consist of one or m ore axons e m b e d d e d  in a 
Schwann-cell, a n d  are likely to  belong to  th e  v a so m o to r  fibres com ing  from  the  
plexus caroticus.

Discussion

It is w idely  kn o w n  th a t  the m edian  em inence  is an area of m a jo r  im p o r 
tan ce  in the  h y p o th a lam u s-h y p o p h y s is  in te ra c t io n .  Both physiological a n d  
experim enta l  m orpho log ica l d a ta  ind ica te  t h a t  th e  hormone p ro d u c t io n  of  th e  
adeno-hypophysis  is controlled  hy  the  h y p o th a la m u s .  This contro l suggests  
a transm ission  o f  in fo rm ations  which, in p r inc ip le ,  m ay take  p lace in tw o 
w ays: by h um ora l  or h y  neura l m echanism . A n increasing n um ber  o f  a n a to m i 
cal, physiological, a n d  biochemical d a ta  s u p p o r t  the  former possib ili ty . O ur  
presen t observa tions  su p p ly  da ta  from th e  subm icroscopic  dom ain , a n d  m a k e  
m ore obvious th e  close hum ora l  re la tion  ex is t ing  between the nerve  te rm in a ls  
o f  th e  m edian em inence  an d  the p o r ta l  vessels.

(1) The a rea  o f  th e  m edian  eminence is th e  on ly  p a r t  of the  cen tra l  ne rvous  
sys tem  in which th e  cerebral surface is com posed  n o t  only of glial a n d  e p e n 
d y m a l  feet, h u t  also of a com pact  system  of n u m e ro u s  axon endings in te rp o se d  
b e tw een  them .

(2) These end ings  conta in  a large n u m b e r  of  vesicles, a p a r t  o f  w h ich  is 
filled with a dense su b s tan ce .  The o the r  p a r t  is e m p ty  and resembles sy n a p t ic  
vesicles.

(3) The e n d o th e l iu m  of the  capillaries ( t h a t  of most capillaries o f  th e  
M antelp lexus a n d  p o r ta l  vessel loops) is r e m a rk a b ly  thin and fe n e s t ra te d .  
Such capillaries are  charac ter is t ic  for those  p a r t s  of the organism  w here  an  
in tensive  liquid t r a n s p o r t  is tak ing  place: i.e. th e  kidney, in te s t in a l  villi, 
endocrine glands, sa l iv a ry  glands, choriocap il la ry  layer of the  eye, e tc . I t  is 
even  more ch a rac te r is t ic  t h a t  th e  a t te n u a te d ,  fen es tra ted  endo the lium  a lw ays
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faces  t h e  nerve  te rm ina ls .  T h e  capillaries in  t h a t  a rea  of the  m edian  em inence  
w h ere  th e re  are no axon  te rm in a ls  w ith  secre t ion  (e.g. subependym al vessels, 
l a t e r a l  p a r t s  of the  m e d ia n  eminence) show a n o rm a l  s tructure .

O n  th e  o ther  h a n d ,  few suhm icroscopic  d a t a  support  th e  poss ib i l i ty  
of  a n e u ra l  transm ission . W e have  failed to  f in d  f ib res  emerging from  th e  m e 
d ian  em inence  and ru n n in g  tow ards  th e  adenohypophysis  to in n e rv a te  it. 
S ec tions  of  nervous e lem ents ,  lying in the  co n nec tive  tissue (“ c o n ta c t” ) space 
a n d  show ing  the  sam e in te rn a l  s t ru c tu re  as th e  ax o n  term inals  in th e  pa lisade  
zone c a n  ha rd ly  be reg a rd ed  as h y p o th a la m ic  f ib res  innerva ting  th e  a d e n o 
h y p o p h y s is .  Their faded  ou tlines ,  in te rna l  s t ru c tu re ,  an d  vicinity to  th e  surface  
o f  t h e  m ed ian  eminence in d ic a te  t h a t  th e y  are  m o s t  likely tan g en t ia l  sections 
o f  th e  pa lisade  zone. F ib res ,  hav ing  the  sam e in te rn a l  s truc tu re  an d  p e n e t r a t 
ing  th e  p a rs  tuberalis  to  in n e rv a te  it  have  n o t  been  observed. S upposing  t h a t  
su ch  in n e rv a t io n  does occur [29], its f req u en cy  and  im portance can on ly  he 
co n s id e red  com para tive ly  insign if ican t. D is t in c t io n  m u s t  he m ade, how ever ,  
b e tw e e n  vasom oto r  in n e rv a t io n  and  the  p ro b lem  discussed above. C h a ra c te r is 
t ic  u n m y e l in a te d  nerve f ibe rs  showing the  well know n  picture  of severa l axons 
e m b e d d e d  in  the  Schwann-cell,  can f req u en t ly  be found in this area ,  p a r t i c u 
l a r ly  a ro u n d  the a r terio les  o f  the  p r im a ry  p lexus . They  are u n m y e l in a te d  
f ib re s  o f  peripheral origin, w hich , in all p ro b a b i l i ty ,  arc vasom otor ne rve  f ibres 
d e r iv e d  from  the caro tic  p lexus  [5, 14, 15, 20].

A n o th e r  in te res t ing  p rob lem  is, to w h a t  neurons  do the  axon te rm in a ls  
b e lo n g  in  th e  palisade zone. An increasing n u m b e r  of da ta  su p p o r t  th e  idea 
t h a t  t h e  nerve  endings here  do no t  o rig inate , or orig inate  not exclusively , from  
th e  p a ra v e n tr ic u la r  or su p rao p t ic  nucleus, b u t  th e y  are more or less in d e p e n d 
e n t  o f  th is  system [14, 19, 20, 26, 27]. E x p e r im e n ta l  morphological d a t a  [10] 
a re  also in  favour o f  th e  suggestion th a t ,  a t  le a s t  in  th e  sparrow, th e  tw o  sys
te m s :  th e  system  of th e  f ib res  ending in th e  m e d ia n  eminence an d  th e  f ibers 
t e r m in a t in g  in the neu ro h y p o p h y s is  can he s e p a ra te d  from one an o th e r .  W ith  
t h e  he lp  of Golgi’s im p re g n a t io n  techn ique , S z e n t a g o t h a i [28, 29] re cen t ly  
su cceed ed  in d e m o n s t ra t in g  th a t  the  th in  f ib res  te rm ina ting  in th e  pa lisade  
zone o f  th e  m edian  em inence  originate from  th e  arcua te  and a n te r io r  pe r i 
v e n t r i c u la r  nucleus o f  th e  h y p o th a lam u s .  O u r  electron microscopic resu lts  
seem  to  sup p o r t  th e  view  o f  th e  l a t te r  a u th o r .  One m ust  consider n a m e ly  th a t  
t h e  ir reg u la r  sections o f  t h e  axon te rm ina ls  well correspond to  th e  g ra p e 
like n e rv e  endings o b ta in e d  by  th e  Golgi m e th o d ;  furtherm ore , t h a t  t h e  th in  
a x o n s ,  which, on th e  basis  o f  the  Golgi p ic tu re s ,  belong to  the  p a rv ice l lu la r  
s y s te m  (n. a rcua tus ,  pe r iven tr icu lar is  an te r io r) ,  can  be found in overw he lm ing  
m a jo r i t y  ju s t  over th e  pa lisade  zone.

T h e  small e m p ty  vesicles observed in  th e  nerve term inals  are  sim ilar  
to  t h e  synap tic  vesicles. P u re  electron m icroscopic  observations a re  un ab le  
to  dec ide  w hether  or n o t  t h e  con ten t  of th e  vesicles is chemically iden tica l
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w ith  t h a t  or of th e  sy n ap t ic  vesicles. P ro v id ed  th e  small e m p ty  vesicles 
would  represen t t ru e  synap tic  vesicles, which are supposed to  co n ta in  ace
ty lcholine ,  i t  can be p resum ed  th a t ,  on an  a d e q u a te  nervous s t im u lus ,  the  
acety lcholine  set free from the  vesicles increases m em brane  p e rm e a b i l i ty  and 
releases the  subs tance  from the  dense-core vesicles in direction of  th e  capillaries 
[3, 13, 25, etc.]. T he  association of the  “ s y n a p t ic ”  vesicles w ith  th e  free cell 
m e m b ra n e  which has a lready  been observed  b y  O o t a  [22] is an  ex trem e ly  
in te res t in g  phenom enon  b u t  its im p o r tan ce  rem ain s  to  be clarified. A fu r th e r  
q u es t io n  to  be s tud ied  is Avhether the  dense-core  vesicles co rrespond  to  the 
classical neurosecre to ry  granules or th e y  rep re sen t  ea thecolam ine g ranu les?  
T h e y  seem to differ in some respects  from  th e  neurosecre tory  g ranu les  as de
scribed  in the  neuro-hypophysis .  T hey  are sm aller  in d iam eter , th e i r  con ten t  
is f ine ly  g ran u la ted  or f i lam entous  and less dense. A fu r the r  fac t  to  be con
s id e red  here  is t h a t  the  palisade  zone in th e  r a t  can  ha rd ly  be s ta in e d  w ith  
th e  G om ori ch ro m e-h aem ato x y l in  or th e  a ldehyde-fuchs in  s ta in ing . On the  
o th e r  h a n d ,  an in tensive  reaction  for m o noam ines  (cathecolamines?) could 
be o b ta in ed  b y  the  fluorescence m e th o d  [8].

T here  is ha rd ly  any  m orphological o bse rva tion  which could c lear the  
p ro b lem  how and  in  w h a t  form are ac tive  subs tances  released from  th e  axon 
endings.  We have failed to  f ind  dense granu les  or a dense su b s tan ce  in  the  
e x trace l lu la r  space be tw een  the  nerve  end ings and  the  capillary. I t  m u s t  be 
t h o u g h t  therefore  t h a t  active  substances  are set free from the  axon  endings 
in  a r a th e r  small m olecular, soluble form. The tw o basem en t m e m b ra n e s  in 
th e  ro u te  of passage of  substances also fav o u r  th is  idea.

T he  role p layed  by  th e  ep endym a in th e  special function of  th e  m ed ian  
em inence  is no t  q u ite  obvious. A lthough  the re  are no reliable signs referring 
to  secretion  it  m u s t  be n o ted  th a t  the  presence of  num erous lipid d ro p le ts  can 
he followed from  th e  cell body  th ro u g h  the  basa l  process in to  th e  epen d y m al  
feet. A ccording to  th e  observa tion  of one of  th e  au thors  [30], lip id  d rop le ts  
are  p a r t icu la r ly  cha rac te r is t ic  for th e  e p e n d y m a  of the m edian  em inence. 
I t  c a n n o t  he excluded  th a t  in add it ion  to  th e i r  suppo r t in g  and  tro p h ic  function , 
th e  ep endym al cells o f  th e  m edian  em inence  p lay  a special sec re to ry  role.
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E L E K T R O N E N M IK R O S K O P IS C H E  U N T E R S U C H U N G  D E R  E M IN E N T IA  
M E D I A N S  D E R  R A T T E

Es w urde  die F e in s t r u k tu r  der E m in en tia  rnedialis  der  R a t t e  un tersuch t .  I n  d en  Zellen 
der  E p en d y m sc h ich t  k a n n  m an  einen mäßig en tw ic k e l ten  Golgiapparat,  M ito ch o n d r ien ,  
E rg as to p la sm a  u n d  freie R ibosom en ebenso f in d en  wie eine große Anzahl von F e t t t r ö p f c h e n .  
Ähnliche  T röpfchen  k ö n n en  auch  in den F o r t s ä tz e n  d e r  Ependym zellen ,  die sich z u r  G e h i rn 
oberfläche  e rs trecken ,  u n d  in den E p en d y m fü ß ch e n  fes tges te ll t  werden. Die S ch ich t  u n t e r  dem 
E p e n d y m  ist  reich an  Gliazellen. In  einigen dieser Zellen k ö nnen  dichte K ö rp e rch e n  in der  
Größe  ähn lich  den M itochondrien  b eo b ach te t  w e rd en ,  welche den G om ori-posi tiven  G ran u la  
ähn lich  sind. L e tz te re  k a n n  m an  m it  dem L ic h tm ik ro sk o p  in diesen Zellen f inden .  Die F a se r 
sch ich t  ist  aus d icken (0,5 his 1 f l )  und d ü nnen  (0,08 bis 0,5 / i )  Nervenfasern a u fg e b a u t .  Die 
Außenzone  (Pa lisadenzone)  b e s teh t  aus N erv en en d ig u n g en ,  welche zwei Arten  v o n  Vesikeln 
en th a l te n .  Die k leineren, e lek tro n - t ran s lu cen ten  Vesikel,  240 bis 400 Â im D urchm esser ,  äh n e ln  
synap t ischen  Vesikeln, w ä h ren d  die größeren Vesikel (450 bis 1250 Â) einen d i c h t e n  In h a l t  
(dense-core vesicles) h ab en .  Die L etz te ren  sind den  neurosekre tor ischen  E le m e n ta r g r a n u la  
ähnlich.  Die K apilla ren  der  po r ta len  Gefäße sind fenes tr ie r t .  Die Poren der E n d o th e lze l len  
liegen den N erv en en d ig u n g en  der Pal isadenzone gegenüber .  Im K o n tak tg eb ie t  zw ischen  der 
Oberf läche  der  E m in e n t ia  rnedialis u n d  der P a r s  tu b e ra l i s  können  marklose  N e rv en fa se rn  
gefunden werden.  Es s ind  ve rm u tl ich  vasom oto rische  F a se rn  aus dem Plexus ca ro t ic u s .  Die 
N a tu r  der  N ervenfase rn  der  E m in e n t ia  rnedialis u n d  d e r  M echanismus der A bgabe  d e r  n e u ro 
sekreto r ischen  S u b s ta n z  werden d isku tie r t .

Э Л Е К Т Р О Н H O M H K P O C K O I1И Ч ЕС К О Е И С С Л Е Д О В А Н И Е  С Р Е Д И Н Н О Г О  
В О З В Ы Ш Е Н И Я  В Г И П О Т А Л А М И Ч Е С К О Й  О Б Л А С Т И  У К РЫ С

И ссл едов ал ась  у л ь тр а стр у к ту р а  ср еди н н о го  возвы ш ения ги поталам ич еск ой  о б 
ласти  у  крыс. В к л ет к а х  эп енди м альн ого сл оя  м о ж н о  вы явить среднеразвиты й а п п а р а т  
Г о л ь д ж и , м и тохон дри и , эр гастоп л азм у  и св ободн ы е рибосом ы , а т а к ж е  б о л ь ш о е  к ол и 
чество л и п ои дн ы х к ап ел ек . П одобны е к ап ел ьки  об н а р у ж и в а ю тся  т а к ж е  в о т р о с т к а х  
эп ен ди м ал ьн ы х кл еток , и д у щ и х  к п оверхн ости  м озга  и в эпендим альной н о ж к е . В слое  
п од  эпенди м ой  им еется м н ож ество  глиозны х к л ет о к . В некоторы х из ни х  н абл ю даю тся  
плотны е тела  п одобн ого  разм ера как и м и тохон др и и , напом инаю щ ие Г о м о р и -п о л о ж и т ел ь -  
ные зерны ш ки, обн ар уж и в аем ы е в эт и х  к л етк ах  п о д  м икроскопом . Ф иброзны й сл о й  с о 
стои т  и з толсты х (0 ,5  1 /«) и тон к и х (0 ,08  0 ,5  / /)  нервны х волокон. В н еш н я я  зо н а
(п ал исадн ы й сл ой ) о б р а зу ет ся  из нервны х о к он ч ан и й , с о дер ж а щ и х  два типа п узы р ь к ов . 
М еньш ие пузы рьки диам етром  в 2 4 0 — 4 0 0  Â , п р освеч иваем ы е в электронном  м и к р о ск о п е, 
подобны  синаптическим  пузы рькам , в то время к а к  бо л ее  крупны е пузы рьки (4 5 0 — 1250 Â )  
им ею т плотное со д е р ж а н и е  (плотно-ядерны е п у зы р ь к и ). П оследние нап ом и н аю т ней р о
сек ретор ны е зерн ы ш к и. К апилляры  воротны х с о с у д о в  окончаты . Поры эн д о т ел и а л ь н ы х  
к л еток  обращ ены  к нервны м окончаниям  п а л и са д н о го  сл оя . В см еж ной о б л а сти  м е ж д у  
п овер хн остью  среди н н ого  возвы ш ения и pars tu b e ra l i s  встречаю тся безм як отн ы е н ер в 
ные вол ок н а, которы е п р едп ол ож и тел ь н о  я в л я ю т ся  сосудодвигательны м и в ол ок н ам и , 
идущ им и от сон н ого  сп л етени я. В статье о б с у ж д а ю т с я  п р ир ода  нервны х в ол о к о н  в с р е 
динном  возвы ш ении гипоталам ической области  и о св обож даю щ и й  м еханизм  н ев р о сек р е-  
т ор н ого  вещ ества.

P á l  R ö h l i c h  
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Synopsis

Pu rk in je  cells in th e  cerebellar cor tex  o f  th e  guinea  pig c o n ta in  e lectron  m icro
scopically d e m o n s tra b le  lam ellar  bodies, s im ila r  to those  a lready  described b y  o ther  
a u th o rs  in the  P u rk in je  cells of  the  ra t .  I t  is a ssum ed  t h a t  lam ellar  bodies reflect some 
func tional  s t a te  o f  th e  neuron.

Introduction

In  1957, F e r n Án d e z -M o r Án  described [1] lam ellar  s t ru c tu re s  in  the  
P u rk in je  cells of th e  r a t ,  t h a t  were fu r th e r  s tu d ie d  using th e  perfusion  tech n i
que of  P a l a y  and  d es ig n a ted  as “ lam ellar  bodies”  b y  H e r n d o n  [5] .

In  our sections o b ta in e d  from samples f ixed  b y  th e  sim ple  im m ersion 
m e th o d ,  we rep ea ted ly  observed  these s t ru c tu re s  in  P u rk in je  cells o f  guinea 
pigs. I t  appears, the re fo re ,  t h a t  lamellar bodies  are  com m on co n s t i tu en ts  of 
P u rk in je  cells.

M a t e r ia l  a n d  m e t h o d

T h e  vermis o f  the  g u in ea  pig has been used  fo r  these  studies. Sam ples were  ob ta ined  
by  neurosurgica l  m e th o d s  u n d e r  E v ip a n  anaesthes ia .  F ix a t io n  has been pe rfo rm ed  according 
to th e  techn ique  described b y  Mi l l o n ig , dissecting th e  sam ple  in the  osmic acid so lu tion  to 
o b ta in  blocks m easuring  a b o u t  1 cubic mil l imeter. A f te r  f ix a t io n  (one hour)  a n d  a successive 
d e h y d r a t io n  in an alcohol series, the  samples were e m b e d d ed  in Ara ld ite .  Silver sections ob
ta in e d  on an  LKB U l t ro to m e ,  u s ing  glass knives, were  p laced  on F o rm v a r  m em b ran e s  a n d  sta ined 
by  m ean s  o f  the R e y n o l d s  [7] lead c i t ra te  solution. T h e  sections were exam in ed  a n d  p h o to 
g ra p h ed  in the  .JEM 6C e lec t ro n  microscope a t  th e  D e p a r tm e n t  of  Morphology, I n s t i tu t e  of 
E x p e r im e n ta l  Medicine, H u n g a r i a n  Academ y of Sciences (B udapes t) .

R e s u lt s

In  th e  cy top lasm  o f  th e  P urk in je  cells a well defined sy s tem  of the 
en d op lasm ic  re t icu lum  can  be observed (Fig. 1). A t  m ost places, th e  m em 
branes  of  the re t icu lum  are  covered with R N P  granules ,  150 Â in d iam e te r .T h ese  
par tic les  can also be observed  scattered  th ro u g h o u t  the  cy top lasm . O ther  
c o m p o n en ts  of the  hy a lo p la sm  described earlie r  b y  a n u m b e r  of  inves t iga to rs  
are also p resen t;  vesicles, m ultivesicu lar  bodies, g ranules and  m ito ch o n d r ia
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Fig.  1. P u rk in je  cell of th e  g u inea  pig. Lam ellar  bodies are outlined .  Gr =  granu le ,  M =  
m itochondr ium ,  N  =  glial nucleus,  A axon.  X 14,000

Fig. 2. P u rk in je  cell of the  guinea pig. L am ella r  bodies in  the  rectangles .  Erg. =  e rgas top lasm  
(g r a n u la te d  re ticulum ),  Y =  vesicles, Nucl  =  nucleus of the  Pu rk in je  cell. X 9,000
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Fig. 3. L am ellar bodies in th e  cy top lasm  of a P u rk in je  cell. Arrow points to  a co n n ec tio n  (?) 
be tw een  a lam ellar body and  a m ito ch o n d riu m . X 28,000
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Fig .  4. P r im a r y  dendrite  of  a P u r k i n j e  cell (guinea pig). C ross-sect ion  of the  dendrite .  A l a m e l 
la r  b o d y ,  in the  vicinity of m i t o c h o n d r ia ,  appears in the  r e c tan g le .  D dendrite,  S =  syn ap se .

Ax =  axon ,  sp. =  dendrit ic  spine, gl =  glia l  cell. X 9,000

(F ig . 2). On the o the r  h a n d ,  even under low p ow er ,  s tructu res  exh ib i t in g  a 
la m e l la r  s truc tu re  can also b e  seen. These la m e l la r  bodies consist o f  shee t  
like u n i t s  oriented m ore or less parallelly; on th e  su rfaces  of these un i ts  a sy s 
t e m  o f  th in  cross-s tr ia tion  can  be observed in te rco n n ec t in g  n e ighbouring  
lam e llae ,  th a t  m ay be a m o d ifed  form of R N P  g ran u les  but may re p re s e n t  
also som e more specialized s t ru c tu re .  Th> lam ellae  delim inate  clefts or holes 
m e a su r in  g 400 — 600 A; th e s e  “ h oles” ap p ea r  to  con ta in  no e lec trondense  
d ep o s i ts .  Lam ellar bodies c a n  be found b o th  u n d e r  th e  surface m e m b ra n e  of 
th e  cy to p lasm  and in th e  v ic in i ty  of the nucleus. Close to  the lamellar bod ies ,  
m i to c h o n d r ia  are a g g reg a ted  (Figs 3 and 4). L a m e l la r  bodies are found  also 
in th e  p r im ary  dendrites  o f  P u rk in je  cells. H ere  th e se  structures  are lo c a te d  
u n d e r  th e  surface of th e  d e n d r i t ic  branches. M ito ch o n d r ia  surround la m e lla r  
bod ies  in the dendrites, su g g es t in g  some special co rre la tion .

Discussion

O u r  observations p ro v e  th a t  lamellar bod ies  occur  not only in th e  ra t  
as desc r ibed  already, b u t  a lso  in the P u rk in je  cells o f  the  guinea pig. I t  is 
s u rp r is in g  th a t ,  in sp ite  o f  t h e  num ber  of e lec tron  microscopic inves t iga t ions
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carried ou t on cerebella  o f  various species [2, 3, 4, 5, 7], only a few a u th o rs  
observed lam ella r  bodies. It m ay  be assum ed  th a t  lam ellar  bodies a p p e a r  
only in some fu n c t io n a l  s ta te  of th e  P u rk in je  cell. According to  H e r n d o n , 
lam ellar  bodies are  derived from the  endoplasm ic  re ticu lum , due to  t r a n s ie n t  
anox ia ,  to  the  p ressure  of  th e  knife (when co llecting  the  sample) or to  th e  low 
te m p e ra tu re  o f  th e  f ix ing  solution. In  our opinion the  role of anoxia  is p ro b 
lem atica l since, in  our s tud ies , the  in te rva l  b e tw een  sampling and co m ple ting  
the  f ixa t ion  did n o t  exceed 35 — 40 seconds. I t  is difficult to  decide w h e th e r  
th e  low te m p e ra tu re  of  th e  osmic acid so lu tion  plays any  m ajo r  role since 
some of the  a u th o rs  who did no t observe lam e lla r  bodies [2, 6] also em ployed  
cold osmic acid solutions. According to  H e r n d o n  [5] in sections o b ta in e d  
from  animals a r t if ic ia l ly  resp ira ted  till the  onse t  of perfusion w ith  w arm ed  
(37°C) osm ium  te t ro x id e  solution, no lamellar bodies could be found in P u rk in je  
cells. I t  is w o r th  m en tion ing ,  however, th a t  th o u g h  m ost of the  P u rk in je  cells 
in our sections (ob ta in ed  from samples f ixed  by the  im m ersion tech n iq u e)  
co n ta in ed  lam ella r  bodies, there  were consis ten tly  found P u rk in je  neu rons  
w ith o u t  these s t ru c tu re s .  I t  appears therefore , t h a t  some func tiona l  fac to r  
plays an im p o r ta n t  role in  the  genesis of th e  lam ella r  bodies. N e ithe r  can  the  
possibility  be exc luded  t h a t  there  exist a c tu a l  s t ru c tu ra l  differences be tw een  
various P urk in je  cells of th e  same animal.
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L A M E L L E N K Ö R P E R C H E N  IN  D E N  P U R K I N J E Z E L L E N  DES 
M E E R S C H W E I N C H E N S

A n  H a n d  von e lek tronenm ikroskop ischen  U n te r su c h u n g e n  beschreiben V erfasse r  die 
A n w e s e n h e i t  von den in a n d e re n  T ie ra r ten  schon b e o b a c h te te n  sog. L am ellen k ö rp e rch en  im 
Z y to p la s m a  der Purkin jezel len  des Meerschweinchens.  E s  wird  angenom m en,  daß  diese Körper ,  
die w ah rsch e in l ich  von d em  e n dop la sm at ischen  R e t ik u lu m  a b s tam m en ,  einen speziellen fu n k 
t ione l len  Z u s tan d  der P u rk in jeze l len  andeu ten .

П Л А С Т И Н Ч А Т Ы Е  Т Е Л А  В К Л Е Т К А Х  П У Р К И Н Ь Е  М ОРСКОЙ С В И Н К И

Клетки Пуркинье в коре можечка морской свинки содержат пластинчатые тела, 
доказуемые электронномикроскопным методом подобно тому, как клетки Пуркинье крыс. 
Авторы предполагают, что пластинчатые тела отражают какое-нибудь функциональное 
состояние неврона.

PÉTER KÁSA
F e r e n c  J oó

j Szeged, A n a tó m ia ,  H u n g a ry .
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Synopsis

An e lectron  microscope s tu d y  of th e  ca t  cerebellar P u rk in je  n e u ro n  ba sk e t '  
Most p a r t  of the  Purk in je  cell b o d y  surface  is b locked from im m ed ia te  c o n ta c t  w i th  
o th e r  ne rve  e lem ents  by  glial plasma. T he  descending  b ranches  of b a sk e t  n eu ron  axons,  
u n usua l ly  r ich  in neurofi lam ents ,  e s tab lish  sy n a p t ic  c o n ta c t  w ith  the  lower  p a r t  of  the  
P u rk in je  cell body  and  also w ith  w h a t  is genera l ly  th o u g h t  to be the  in i t ia l  segm en t  of 
th e  axon. P o s tsy n ap t ic  s t ru c tu re s  in th e  fo rm  of f la t ten e d  sacs, ly ing  paral le l  to and  
im m ed ia te ly  b e n ea th  the  p o s tsy n ap t ic  m em b ran e ,  occur f requen t ly  opposi te  to a c c u m u 
la t ions  of sy n ap t ic  vesicles. T he  b a sk e t  ax o n  b ranches  — af te r  h av in g  established 
sy n ap t ic  c o n tac ts  w i th  the  lower p a r t  of th e  P u rk in je  cell body  a n d  i ts  basal  process 
(p re-axon)  are b rak in g  up  in o u tw a rd  d irec t ion  in brush-l ike  m an n e r  in to  th in  finger- 
shaped  processes, con ta in ing  few sy n a p t ic  vesicles. These  th in  te rm ina l  processes e s t a b 
lish a loose neuropil  su r round ing  the  P u rk in je  cell b a sk e t  from the  ou ts ide .  I t  consists 
of in tr ica te ly  in te rw o v en  th in  axonal  b ra n ch e s  and  few th in  glial processes, easily 
recognizable  from  the ir  dense glycogen bodies .  T he  o u te r  b a sk e t  neuropil  has a ve ry  
considerable  a m o u n t  of ex trace l lu la r  space,  con ta in ing  a slightly g ra n u la r  m atr ix .  
T he  possible func tiona l  significance of these  f ind ings  is discussed in the  l igh t  of recen t  
in fo rm a t ion  on the  inh ib i to ry  role of  the  P u rk in je  ba sk e t  synapse.

Introduction

W ith  respect to  the  num erous  an d  charac ter is t ica l ly  d iffe ren t  ty p es  of 
synapses  b y  which  th e  several k inds o f  i ts  in te rn eu ro n a l  connex ions  are e s ta b 
lished, th e  cerebellar cortex  offers an  u n iq u e  m a ter ia l  for e lec tron  m icroscopic  
s tud ies  of  d ifferent k inds of sy n ap t ic  co n tac ts  t h a t  are e s tab lished  w ith  th e  
sam e k ind  of neuron . In  add it ion  to  th is , recen t  advances in th e  m icro p h y s io l
ogy of cerebellar cortical neurons [6, 1] h ave  fu rn ished  some d irec t  in fo rm a 
tion  concern ing  the ir  functional p roperties  a n d  some of the ir  synapses . Specu la 
tions based  on th e  geom etry  of  neu rona l  linkage and  on some recen t  q u a n t i t a 
t ive  d a ta  [3]; an d  own observa tions  [12] on cerebellar neuron  connexions 
convincing ly  lead up  to  the  conclusion th a t  th e  b ask e t  synapse m u s t  he in h ib i
to ry  in n a tu re  [11]. D irect evidence of  th e  inh ib ito ry  cha rac te r  o f  th is  synapse  
has  been  p resen ted  by  A n d e r s e n , E c c l e s  and  V o o r h o e v e  [1]. — T h u s  a 
de ta i led  inves t iga t ion  in to  th e  u l t r a s t ru c tu re ,  n o t  only of th e  b a sk e t  sy n ap t ic  
co n tac ts  estab lished  w ith  the P u rk in je  cell surface — which in them selves  do 
n o t  seem to  he of  ve ry  pa r t icu la r  n a tu re  — b u t  of th e  whole sy n ap t ic  a p p a ra tu s ,  
is of considerable  in terest .
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M ateria l and m ethod

T h e  cerebellar  cor tex  of a d u l t  ca ts ,  exposed u n d e r  e th e r  anaesthes ia ,  was f ixed  in situ 
b y  local a p p l i c a t io n  e ithe r  of  cold bu ffe red  osmic acid or iso ton ic  g lu ta ra ld eh y d e  solu tion  and  
small  p ieces excised b y  an  in s t r u m e n t  consis t ing  of four  pa ra l le l  razor b lades,  a r ra n g e d  a t  
d is tan c es  o f  J/ 2 m m , were c o n tinuous ly  a f te r-f ixed  in the  sam e  solutions. In  the  case of g lu ta r 
a ld e h y d e  p re f ix a t io n  (one hour)  t h e  m a te r ia l  was t ran s fe r re d  in to  buffered  osmic acid so lu tion  
for a f te r - f ix a t io n .  The  m ate ria l  w as  e m b e d d ed  in A ra ld i te ,  c u t  on  th e  L K B  u l t r a to m e  an d  the  
sec t ions  w ere  m o u n te d  on grids w i th o u t  f i lm s and s ta ined  w i th  lead-ci tra te .  — T he  specim ens 
were e x a m in e d  w ith  the  “ Tesla”  (B rno)  tab le  e lectron  m icroscope.

R e s u l t s

T h e  resu lts  of these inves tiga tions  are sh o w n  sem id iag ram m atica l ly  
in F ig . 1. T h e  whole upper  p a r t  o f  the  cell hotly as well as p r im a ry  dendri tes  
are c o m p le te ly  enveloped by glial tissue — p ro b a b ly  m ostly  of the  B ergm ann  
glia so th a t  no nervous e lem ents  can get in to  im m ed ia te  con tac t  w ith  these  
p a r t s  o f  th e  P u rk in je  neu ron  surface. O nly  v e ry  occasionally c lub-shaped  
a x o n  te rm in a ls  contain ing sy n a p t ic  vesicles are a d m i t te d  to the  surface of  the  
m a in  d e n d r i te s ,  where th ey  es tab lish  sy nap tic  c o n ta c ts  of G ray ’s ty p e  2. T he ir  
n u m b e r  increases w ith  th e  d is tance  from th e  cell body  and  th e y  are qu ite  
a b u n d a n t  on the secondary  b ran ch es  of the m ain  dendri tes .  I t  is know n from  
light m icroscopy  th a t  it is m a in ly  the  te rm ina ls  o f  recu rren t  P u rk in je  axon 
co l la te ra ls ,  which establish  sy n a p t ic  co n tac t  w ith  th e  m ain  dendrites , there fo re  
m o s t  o f  th e se  synapses a p p a re n t ly  belong to  these  collaterals. This f i ts  also 
v e ry  well in to  the  o bse rva tion  t h a t  num erous  m y e l in a ted  fibers are visible 
b e tw e e n  th e  P u rk in je  cell bodies a n d  im m ed ia te ly  above — i.e. tow ard s  th e  
su rface  — which correspond to  th e  so called supragang liona l plexus of m y e l in 
a ted  f ib e rs ,  belonging m ain ly  to  th e  same re c u r re n t  collaterals. There  is, h o w 
ever,  a n o th e r  ty p e  of axons in  close re la tion  to  th e  m a in  dendrites o f  P u rk in je  
n eu ro n s :  th e  c limbing fib res , which lose th e ir  m yelin  sheaths  a t the  level of 
th e  P u r k in je  cell bodies. O u r  a t te m p ts  — successful to  some e x te n t  — to 
d is t in g u ish  climbing fibers from  recu rren t  P u rk in je  axon collaterals e lectron 
m icroscop ica lly  would lead us, however, fa r  a s t ra y ,  so th a t  these findings will 
be r e p o r te d  elsewhere.

T h e  descending p re te rm in a l  b a sk e t  axon  b ran ch es  are easily recognizable 
on th e  bas is  o f  the ir  large d ia m e te r ,  the ir  un u su a l ly  num erous neurof i lam ents  
a n d  th e i r  position  im m ed ia te ly  ou ts ide  th e  glial envelope of the  P u rk in je  cell 
bod ies .  T h e  climbing fibres being, u n fo r tu n a te ly ,  o f  equally  neurof i lam entous  
c h a ra c te r ,  allowance m u s t  be  m a d e  for one or th e  o ther  of th e  num erous  
n eu ro f i la m e n to u s  fibers which  are in rea li ty  c lim bing  fibers. The n a tu re  of  the  
f ibe rs  becom es im m ed ia te ly  clear b e n ea th  the  e q u a to r  of the  cell body  where 
th e  b a s k e t  axon branches a p p ro a c h  the  lower p a r t  of the  P u rk in je  cell bo d y  
and  e s ta b l ish  synap tic  co n tac ts  w ith  the lower th i rd  and especially th e  region
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F ig .  1. D iagram  i llu s t ra t ing  the  fine s t ru c tu re  of  the  Purk in je  cell b a sk e ts  in  th e  cerebellar 
cor tex .  Small  d iag ram  left above  w ith  in te rn eu ro n a l  re la tions ,  as known f rom  l igh t  microscopy, 
shows (dashed  rectang le)  the  region represen ted  in the  main d iagram. U p p e r  p a r t  o f  Purk in je  
cell body (P) and m ain  d endr i tes  are a lm ost  com ple te ly  enveloped by  glial cy to p la sm  (G, 
—m ain ly  of the B ergm ann  glia). Descending p re te rm in a l  branches of b a sk e t  ax o n s  (B a j  unusually  
r ich  in neu ro fi lam en ts  have sy n ap t ic  co n tac ts  only  w i th  the b o t to m  of the  cell body, and 
th e  basal  process of the cell, which  according to its s t ru c tu re  is no t  rea l ly  a x o n a l  b u t  could 
b e t t e r  be labelled as “ p reax o n ” . The  t ru e  axon  (Ax) begins deeply d o w n w ard s  in th e  granular  
layer.  S u bsynap t ic  d i f feren tia tions  in the  form of f la t  sacs opposite to  a cc u m u la t io n s  of synap tic  
vesicles are f req u en t  in the  cell body,  however,  a re lacking in the preaxon .  T h e  t e rm in a l  b ran ch 
es of  the baske t  axons b reak  up in o u tw a rd  d irec tion  in to  finger-like processes,  forming an 
in t r ic a te  o u ter  neuropil  of the baske ts  (OBN) w i th  similar processes of the  glial cells. Wider 
in te rce l lu la r  spaces of th is  region are ind ica ted  by do tt ing .  The o r ien ta t io n  of all following 

e lectron  m ic rographs  corresponds  to this d iagram
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of th e  “ axon hillock”  (Figs 3, 6, 7). The cell surface in this reg ion  is 
ve ry  rugged, hav in g  deep impressions in to  w h ich  some of the  p re sy n a p t ic  
regions of the  axons are em bedded . Betw een th e  impressions th e  c y to p la sm  
of th e  P u rk in je  cell ap p ea rs  to  p ro trude  far o u tw a rd s  (Fig. 6). In  ta n g e n t ia l ly  
cu t  p a r ts  of the  cell b o d y  one often sees axonal profiles su rrounded  on all sides 
by  th e  cy top lasm  (Fig. 3). Most p a r t  of the  ax o n a l  profiles is filled w ith  n e u ro 
f i lam en ts  and genera lly  only  the  regions of im m e d ia te  con tac t  con ta in  r a th e r  
m o d era te  am o u n ts ,  or som etim es even few o f  th e  usual synap tic  vesicles 
(Figs 6, 7, 8). Dense b a rs  can be seen f r e q u e n t ly  im m edia te ly  b e n e a th  th e  
p o s tsynap tic  m e m b ra n e  (Fig. 6). A t some places (Fig. 4) it  becomes c lear  t h a t  
these  bars are in  fac t  f la t te n e d  sacs, known a l re a d y  and  considered as specific 
p o s tsynap tic  s t ru c tu re s  in several o ther  in te rn e u ro n a l  synapses.

The baske t  axon  b ra n c h  does not, in m o s t  cases, te rm ina te  a f te r  h a v in g  
estab lished  one or tw o  sy n ap t ic  contacts  w ith  th e  lowest p a r t  of th e  P u rk in je  
cell. Most of the  synapses  w ith  the cell b o d y  a re  only  contacts  “ de p assag e” 
an d  the  p re te rm ina l  axon  continues its descend ing  course tow ards th e  g ra n u la r  
laye r  (Figs 7, 8). Th is  is clearly recognizable also un d e r  the light m icroscope 
in silver s ta ined p re p a ra t io n s  (Fig. 2), an a r ra n g e m e n t  often described  and 
i l lu s tra ted  in th e  classical descriptions of th e  P u rk in je  cell baskets . As seen 
from  Fig. 2 th e  “ in i t ia l  seg m en t” o f  the  P u rk in je  “ a x o n ” is su rrounded  for a 
considerable  d is tance  — generally of ab o u t  10 — 30 microns and m ore  — b y  
a dense envelope of  b a sk e t  axon branches. In  acco rd an ce  with this in th e  elec
t ro n  microscope th e  initial p a r t  of the  P u rk in je  “ a x o n ”  is always s u r ro u n d e d  
by  som e large profiles o f  te rm inal axon b ra n c h e s  (Figs 3, 5). W h ereas  th e  
n u m b e r  of sy n ap t ic  vesicles is generally sm all in th e  regions of c o n ta c t  w ith  
th e  b o t to m  of the  cell body ,  the lower ends o f  th e  sam e baske t axons a re  r a th e r  
filled w ith  them . T h e  axonal  endings are often  fa ir ly  deeply im pressed in to  the  
surface of the  single cell process th a t  orig inates  from  the  bo ttom  of th e  cell, 
which could be iden tif ied  easily with the axon. S y n a p t ic  contacts  occur b e tw een  
the  lower ends of  th e  bask e t  term inals  and th e se  processes (Figs 3, 5). One 
m igh t  therefore  consider these  contacts  as axo -axon ic  if it were not for the 
s t ran g e  non-axonal s t ru c tu re  of the basal process o f  the  Purk in je  cell. A l th o u g h  
th is  process con ta ins  num erous  neurof i lam ents ,  th e  presence of ribosom es and

Fig. 2. L ight  microscopic p ic tu re  of  the Purkin je  cell b a sk e t .  T he  basal  cell process or p re -ax o n  
can be seen in the  cen te r  of  the  descending p a r t  of the  b a sk e t .  Cat,  Dejnek m eth o d ,  m ag n i f i 

cat ion  X 2,000

Fig. 3. Basal p a r t  of  P u rk in je  neuron  (P) w ith  several b a s k e t  a xon  endings, con ta in ing  s y n a p t ic  
vesicles (Sv) a t t a c h e d  to  b o t to m  of cell body and to basa l  process or pre-axon (Pa) ,  in w h ich  
neurofi lam ents ,  endop lasm ic  sacs and  ribosomes (Rs) a re  visible . In  up p e r  center  a tan g e n t ia l ly  
cut  baske t  axon end ing  can be seen em bedded  into b o t to m  p a r t  of the  cell; su b sy n ap t ic  d i f fe ren 

t ia t ions show n en la rged  in Fig. 4 are in d ic a te d  by  arrows. Scale 1 m icron

Fig. 4. E n larged  p a r t  of  Fig.  3. Arrows indicate f la t  s y n a p t ic  sacs s i tua ted  opposite  a c c u m u la 
tions of synap t ic  vesicles. Scale  0.5 micron

Acta Biol. Hung. 15. 1965



470 J. HÁMORI and J. SZENTÁGOTHAI

F ig .  5. G en era l  view of the  origin  of basal process or p re -axon  with p a r t  of the  P u rk in je  cell 
b o d y  (P )  a n d  large profile of b a sk e t  axon  end ing  closely a t t a c h e d  to pre-axon (Pa) .  T h e  basket 
e n d in g  c o n ta in s  t ransversa l ly  c u t  neu ro f i lam en ts  a t  t h e  far side and  sy n ap t ic  vesicles (Sv) 
n e a r  t h e  region of a t t a c h m e n t .  Specific a ccu m u la t io n s  of vesicles are seen a t  tw o  p laces  of the 
c o n ta c t .  N euro f i lam en ts ,  endoplasm ic  sacs and  r ibosom es (Rs) are seen everywhere  in  th e  p re 

a xon  (Pa).  Scale 1 m ic ron
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Fig.  6. Two baske t  end ings  con ta in ing  bu t  few sy n a p t ic  vesicles (Sv) a t t a c h e d  to  Purkinje  
n e u ro n  surface (P)  w ith  su b sy n ap t ic  f la t ten ed  sacs (arrows): a p seu d o d en d ri t ic  p ro trus ion  of 
P u rk in je  cell p lasm a  s e p a ra te s  the p re sy n ap t ic  endings .  N euro fi lam en tous  invag in a t io n s  in 
lower p resynap tic  profile a re  ind ica ting  p robab ly  the  b reaking up  of th e  large  e n d in g  into the 
finger-like processes of the  o u te r  baske t  neuropil .  A b o t to m  right nuc leus  o f  B e rg m a n n  glia 

a n d  em bedded  p re te rm in a l  axon.  Scale 1 micron
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e n d o p la s m ic  reticulum (Fig. 5) would favour a so m e w h a t  different in te r p r e 
t a t i o n .

T h e  bulbous e n la rg em en ts  o f  basket axon b ra n c h e s  are finally  b re a k in g  
up  in  o u tw a rd  direction in to  num erous small (0.1 — 0.2 micron d iam ete r)  
f in g e r - l ik e  processes, c o n ta in in g  few synaptic vesicles, which con tr ibu te  to  a 
s t r a n g e  loose neuropil t h a t  peripherically  su r ro u n d s  th e  P u rk in je  b ask e ts  
(F igs  9, 10). This peripheral loose neuropil of th e  P u rk in je  cell baskets  is bu i l t  
up  o f  th e s e  finger-shaped p rocesses  of the  b a s k e t  a x o n  term inals  and  glial 
p rocesses  of  equal size — o f  t h e  Bergmann glia cells — con ta in ing  ch a ra c te r is 
t i c a l l y  dense  glycogen bod ies  (F igs  9, 10). S tran g e ly ,  th is  neuropil con ta ins  
no c le a r  synaptic  contacts  a t  all. Whereas th e  la rg e r  profiles of the  b a sk e t  
a x o n  te rm in a ls  are f i t te d  t o g e th e r  ra ther t ig h t ly ,  or th e ir  in terstitia l spaces 
are  f i l l e d  up  by glial profiles, t h e i r  small processes in  th e  ou te r  neuropil are  
s e p a r a t e d  from each o th e r  h y  w id e  intercellular spaces. As seen in Figs 9 an d  
10 t h i s  in tercellu lar space — q u i t e  unusual o therw ise  in  th e  CNS — is filled 
up b y  a slightly  granular m a t r ix .  A t  any  ra te  th e  glial p rofiles look more e m p ty ,  
in  g e n e ra l ,  th an  the in te rc e l lu la r  space.

D iscussion

T h is  synaptic  a r r a n g e m e n t  is of considerable in te re s t  in  more th a n  one 
r e s p e c t .  F irs t  of all it  is th e  h ig h  complexity  o f  th e  a p p a ra tu s  th a t  is m os t  
r e m a r k a b l e .  Although light m ic ro sco p y  has a lread y  c learly  shown th a t  it  is b y  
no m e a n s  simply an a x o so m a t ic  synapse, in th e  fo rm  of a dense perice llu lar  
b a s k e t ,  b u t  an a rrangem ent t h a t  involves ad d i t io n a l ly  also w ha t  was th o u g h t  
to  b e  t h e  in itia l segment o f  t h e  P u rk in je  axon (F ig . 2), th e  s i tua t ion  is still 
m o re  c o m p le x  in reality. T h e  b a s k e t  axon term inals  h av e  u n d o u b ted ly  sy n ap t ic  
t e r m in a l s  w ith  both the  b o t t o m  o f  the cell bo d y  —- w h a t  in the  case o f  o th e r  
n e u ro n s  would  be the axon  h il lo ck  — and also w i th  th e  single process arising 
f rom  t h e  lower pole of th e  P u r k in j e  cell. The f in e r  s t ru c tu re  of th is  process 
h o w e v e r ,  differs c h a rac te r is t ic a l ly  from true  axons  w h ich  do no t in general 
c o n ta in  ribosomes and e n d o p la sm ic  re ticulum. I t  m ig h t  therefore  be m ore  
a p p r o p r i a t e  to  consider th e  in i t ia l  p a r t  of this basa l  p rocess as a th in  e longation  
of  t h e  cell body  (pre-axon), w h ic h  is “ drawn o u t”  for  a b o u t  10 — 20 m icrons, 
w h e re a s  t h e  true axon w o u ld  beg in  only deeper  in  th e  granu lar  layer. — 
I t  h as  b e e n  mentioned by  s e v e ra l  authors  — a n d  u n d e r  th e  light microscope 
it  r e a l ly  appears  so — as if  s o m e  o f  the mossy f ibers  or th e i r  collaterals m igh t

Fig.  7. S y n a p t i c  basket axon t e r m in a l s  a t t a c h e d  to b o t to m  ( p ro b a b ly  site of origin of th e  p re -  
a x o n )  o f  P u rk in je  cell body (P), (n o t e  neurofilaments) .  L ef t  t e rm in a l ,  ve ry  rich in n eu ro f i la 
m e n ts  a n d  r a th e r  poor in vesicles, is seen  to descend f u r th e r  to w a rd s  lower p a r t  of b a sk e t .

Scale 1 micron
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Fig. 8. B o t to m  of P u rk in je  cell body (P)  w i th  tw o  descending  baske t  axons (B a )  a t t a c h e d .  
A l th o u g h  mossy te rm in a l  (Mo) and granu le  cell (Gr) are closely a t tach ed  for long d is tan c e  to 
o u te r  surface  of b a sk e t  axon,  there is no in d ica t io n  w h a te v e r  of specific synap t ic  d i f fe ren tia t io n  
in e i the r  con tact .  N o r  has  the  mossy f iber  a n y  d if fe ren tia t io n s  in its  accidental  c o n ta c t  with 
granu le  cell. The m ossy end ing  has specific d i f fe ren tia t ions  only  w ith  ends of g ran u le  d en d r i te s ,  
lower left,  n o t  clearly visible  here because of ta n g e n t ia l  d irec tion  of the plane of sec t ion .  Scale 

1 micron. F ra m ed  p a r t  c o rre sponds  to  Fig. 11
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Fig.  9. Genera l  view of P u rk in je  cell baske t  with sm all  m agnif ica tion .  B ottom  p a r t  of P u rk in je  
cell b o d y  (P ) is  seen a t  u p p e r  left w i th  baske t  term inals  a t t a c h e d ,  synap tic  vesicles (Sv) con ta in ing .  
Below num ero u s  n eu ro f i lam en to u s  baske t  axons (B a)  f ro m  th e  lower beard-like  (see in the 
l igh t  m icroscopic  p ic tu re ,  Fig.  2) p a r t  of the  b aske t .  T h e  o u te r  p a r t  of the  b a sk e t  is a looser 
n eu ro p i l  (Np) built  up  of v e ry  th in  processes, bo th  glial a n d  axonal ,  w ith  unusually  large a m o u n t

of in te rce l lu la r  space. Scale  1 m icron

Acta Biol. Hung. 15. 1965



THE PURKINJE CELL BASKETS 475

Acta Biol. Hung. 15. 1965



476 J. HÁMORI and J. SZENTÁGOTHAI

get  in to  co n ta c t  w ith  th e  b a sk e ts  [7]. As seen in m a n y  of our own p re p a ra t io n s  
(F ig . 8), m ossy te rm ina ls  m a y  be closely a t ta c h e d  to  th e  outside of the  b a s k e ts ,  
w i th o u t  showing, how ever, th e  slightest in d ica t ion  o f  specific synap tic  c o n ta c t  
d if fe ren tia t ions .  The sam e m ossy  fiber has n u m e ro u s  specific con tac ts  w i th  
g ra n u le  cell dendrites  on its opposite  side. T he  few dendri t ic  profiles e n c o u n 
te r e d  in  th e  ou te r  p a r t  o f  th e  o u te r  baske t  n eu rop il  h a v in g  no synaptic  c o n ta c ts  
w ith  its elem ents e ither , m u s t  he in te rp re ted  as acc iden ta l ly  involved in  t h e  
o u te r  region of the  b ask e t .

A n o th e r  rem ark ab le  fea tu re  of the  b a sk e t  sy n ap se  is the s trange  loose 
n eu ro p i l  fo rm ation  su r ro u n d in g  the  inner b a sk e ts .  One m ay  argue t h a t  t h e  
o r ig in  o f  th e  fine axona l  e lem ents  from th e  low er ends of the  b ask e t  a x o n  
t e rm in a ls  is no t  clearly e s tab lished . A com parison  w ith  silver s tained p r e p a r a 
t io n s  u n d e r  the  ligh t m icroscope and especially  also w ith  pictures show ing  
s e c o n d a ry  degenera tion  of  t h e  baskets  [12], sugges t  t h a t  the  whole b a s k e t  is 
b u i l t  u p  exclusively of  b a s k e t  axon te rm ina ls .  W h ereas  the  larger axon  t e r 
m ina ls  im m ed ia te ly  su r ro u n d in g  the b o t to m  o f  th e  cell body and the  in i t ia l  
s e g m e n t  o f  the  basal process (pre-axon) are fa ir ly  t ig h t ly  f i t ted , th e  f inge r-  
sh a p e d  o u te r  b ranches  o f  th e  axons, in te rd ig i ta t in g  w ith  glial processes o f  
s im ila r  size, are u n u su a l ly  loosely packed w i th  considerable in te rce l lu la r  
spaces .  One m ight again  o b je c t  t h a t  th is  could be  an  a r t ifac t .  We do n o t  w a n t  
to  e n te r  in to  the  discussion, w hether  or n o t  in te rce l lu la r  spaces in c e n t r a l  
n e rv o u s  t issue are a r t i fac ts .  In te rce l lu lar  spaces o f  th is  k ind did no t occur  in  
o u r  p re p a ra t io n s  of th e  cerebe llar  cortex, w i th  th e  excep tion  of the  o u te r  p a r t  
o f  th e  baske ts  and  a ro u n d  ce r ta in  dendrites  o f  Golgi cells. The presence  o f  
g lycogen  bodies in th e  glial processes shows t h a t  th e re  was no m a jo r  t i s su e  
a n o x ia ,  often  m entioned  as be ing  the  cause of  la rg e r  in terce llu lar  spaces. T h e  
in te r s t i t i a l  space con ta ins  a g ranu la ted  m a te r ia l  o f  som ew hat larger d e n s i ty  
th a n  th e  glial profiles.

T h e  unequal  d is t r ib u t io n  o f  synap tic  vesicles is in teresting  too. T h e  a x o n  
b ra n c h e s  neighbouring  th e  b o t to m  of the  cell b o d y  are  ex trem ely  rich in n e u r o 
f i la m e n ts  and poor in sy n a p t ic  vesicles. O nly  sm all  groups of vesicles a re  
e n c o u n te re d  a t  the  sites o f  t ru e  synap tic  a t t a c h m e n t s  opposite to  reg ions 
e q u ip p e d  w ith  the  f la t te n e d  pos tsynap tic  sacs (Figs 3, 4, 6). The f i la m e n ts  
b ecom e  m ore sparse and  th e  vesicles more a b u n d a n t  in the  lower s y n a p t ic  
te rm in a ls  a t ta c h e d  to  th e  pre -axonal  P u rk in je  cell process. There are s t i l l

F ig .  10. T an g en tia l  section th r o u g h  ou te r  baske t  neu rop il ,  w i th  somewhat larger glial (Gl)  
a n d  sm a lle r  a xonal  profiles.  A sm all  f inger-shaped axonal  p rocess  is seen to originate at th e  r i g h t  
side o f  large  b ask e t  axon  (B a)  te rm in a l .  No syn ap t ic  d i f fe ren tia t io n s  occur in th is  neu ro p il .  
T h e  few d endr i t ic  profiles (u p p e r  r ig h t  and  lower left) a re  p a r t s  o f  the  characteris tica l ly  c u rv e d  
g ra n u le  n e u ro n  dendrites ,  w hich  do n o t  pa r t ic ipa te  in th e  b a sk e ts  a n d  tu r n  back to su r ro u n d in g

glomeruli.  Scale 1 m ic ro n

F ig .  11. E n la rg ed  p a r t  of Fig. 8 w i th  specific synap t ic  a t t a c h m e n t  — of Gray type  2 — b e tw e e n  
P u rk in je  cell b o d y  and  baske t  axo n .  Scale 0.5 micron
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a  few vesicles b u t  no f i lam en ts  in th e  f in g e r-sh ap ed  o u te r  processes o f  th e  axon- 
endings. I f  it  were t r u e  t h a t  the sy n ap t ic  vesicles are  th e  s tru c tu ra l  s u b s t ra te s  
ca rry ing  th e  sy n ap t ic  m ed ia to rs ,  th is  d is t r ib u t io n  m igh t  indicate t h a t  th e  lower 
axon endings a t ta c h e d  to  the  pre-axonal process are  the  more effective ones for 
t ransm ission. H ow ever,  th e  up p er  endings a t t a c h e d  to  the  b o ttom  o f  th e  P u r 
kinje cell body h ave  m uch  clearer p o s tsy n a p t ic  d ifferentia tions, so t h a t  these  
a t ta c h m e n ts  can b y  no m eans be in te rp re te d  as merely accidental.  — No 
exp lana tion  a t  all can  be given for th e  o u te r  loose neuropil of th e  bask e ts ,  
lack ing  com pletely  a n y  specific regions of  sy n a p t ic  contact.

The P u rk in je  cell baske ts  being one o f  th e  few inh ib ito ry  synapses  t h a t  
can clearly be iden tif ied  b y  physiological m eans  [1] it  is w orth  while to  a t t e m p t  
to  correla te  some of th e  s tru c tu ra l  fea tu res  to  i ts  function. There is f i r s t  th e  
localization of th e  sy n ap se  on the  b o t to m  region of th e  cell b o d y  and  even 
on the  basal cell process or “ pre-axon” , w hich  is m o s t  easily reconciled w i th  its 
inh ib i to ry  function . G e s e l l  [5] was th e  f irs t  to  p u t  forward th e  idea , t h a t  
the  bes t  s tra teg ic  localization  of an inh ib i to ry  synapse  would be in the  region 
o f the  axon hillock or th e  initial segm ent of  th e  axon. T h a t  th is  c a n n o t  be 
generalized, follows clearly  from th e  occurrence of  ex c ita to ry  synapses  on th e  
axon hillock: as e.g. L e n h o s s é k ’s [8] calyciform  synapse su r ro u n d in g  th e  
axon hillock of c iliary ganglion cells o f  b irds  an d  reptiles, which being  th e  only  
synapse  on this neu ron , is u n d o u b ted ly  of e x c i ta to ry  function. On th e  o th e r  
h an d  there  are in h ib i to ry  synapses on n u m e ro u s  neurons hav ing  no pecu lia r  
synap tic  a r ran g em en t  in the  axon hillock region or a round  the  in itia l segm en t 
o f  th e  axon, as e.g. m o toneu rons . The only synapses  know n h ith e r to  t h a t  m eet 
the  requ irem ents  o f  G e s e l l ’s hypothesis  are th e  P u rk in je  baske t  sy n ap se  a n d  
the  axon cap synapse  of  the  M authner  neuron . T he  inh ib ito ry  n a tu re  of  th e  
la t te r  synapse  has been postu la ted  by  R e t z l a f f  [9] and  the  recen t  analysis  
by  F u r u k a w a  and  F u r s h p a n  [4] has shown t h a t  the  synapse exercises in h i
bition by  electrical transm ission . Espec ia lly  from  the  v iew point o f  e lec tron  
microscopy there  is some superficial resem blance  be tw een  the  M au th n e r  neuron  
axon cap [10] and th e  b ask e t  synapse b u t  th e  neurop il  of the  M a u th n e r  cell 
axon-cap  is ex trem ely  dense, whereas t h a t  in th e  ou te r  pa r t  of the  P u rk in je  
cell baske ts ,  on the co n tra ry ,  is loose. — The consequences of th e  in h ib i to ry  
n a tu re  of the  P u rk in je  b ask e t  synapse for ou r  u n d e rs ta n d in g  of th e  func t io n s  
(on larger scale) o f  the neurona l  ne tw ork  in th e  cerebellar  cortex and  d ed uc tions  
lead ing  up to  a new concep t  of the h igher  o rder  in te g ra t iv e  units of the  cerebe l
lum  have been t r e a te d  in  extenso a lready  in earlier  papers  [11, 12].

R E F E R E N C E S

1. A n d e r s e n , P., E c c le s , J .  C., V o orh o ev e , P. E . (1963) In h ib i to ry  synapses on so m as  of
P u rk in je  cells in th e  cerebellum. Nature (Ló iu l .) ,  199. 6 5 5 — 656.

2. E ccle s . J .  C. (1964) T he  physiology o f  synapses.  Sp r in g e r  Verlag. Berlin G ö t t in g e n  —
Heidelberg,

Acta Biol. Hung. 15. 1965



4 7 8 J .  H Á M O R I and  J .  S Z E N T Á G O T H A I

3. F o x ,  C. A., B a r n a r d , J .  V. (1957) A q u a n t i t a t i v e  s t u d y  o f  the P u rk in je  cell d endr i t ic
b ra n c h le t s  and  th e i r  re la t io n sh ip  to a ffe ren t  f ibers .  ,/. A nat.  (b o n d .) ,  91, 299 — 313.

4. F u r u k a w a , T.,  F u r s h p a n , E . J .  (1963) Two in h ib i to r y  m echanism s in th e  M a u th n e r  n e u 
r o n s  o f  goldfish. J .  N europhysio l ., 26. 140 176.

5. G e s e l l , R. (1940) A neurophysio log ica l  i n te r p r e t a t i o n  of the  re sp i ra to ry  a c t .  Ergebn.
Physio l . .  43, 4 7 7 - 6 3 9 .

6. G r a n i t , R .,  P h i l l i p s , C. G. (1957) Effect on P u r k in j e  cells of surface s t im u la t io n  o f  the
cerebe l lum .  J .  Physiol,  ( b o n d . ) ,  135, 73 — 92.

7. J a n s e n , J . ,  B ro da l , A. (1958) Das Kleinhirn .  I n  v. M ö l l e n d o r f f , W., B a r g m a n n , W.
H a  n d b u c h  der m ikrosk .  A n a to m ie  des M enschen ,  E rg .  z. Bd. IY/1., Sp r in g e r  Verlag. 
B e r l in  -G ö t t in g e n  — H eide lberg .

8. L e n h o s s é k , M. V. (1911) D a s  Ganglion ciliare d e r  Vögel. Arch. mikr. A n a t . ,  76, 745 — 769.
9. R e t z l a f f , E. (1957) A m e c h an ism  for e x c i ta t ion  a n d  inh ib i t ion  of th e  M a u th n e r ’s cells in

T e leo s t :  A histological a n d  neurophysio logical  s tu d y .  J .  comp. Neurol., 107, 209 — 225.
10. R o b e r t s o n , J .  D., B o d e n h e i m e r , T. S., St a g e , D. E .  (1963) The u l t r a s t ru c tu re  of  M a u th 

n e r  cell synapses and  n o d es  in  goldfish b ra in s .  J .  Cell Biol.,  19, 159 —199.
11. S z e n t a g o t h a i , J .  (1963) Ú ja b b  a d a to k  a sy n a p s iso k  functionális  a n a tó m iá já h o z .  (New

d a t a  on the  func tiona l  a n a t o m y  of synapses.)  M T A  Biol.  Oszt. Közi. ,  6, 217 — 227. (In 
H  u n g a r ia n .)

12. S z e n t a g o t h a i , J .  (1965) T h e  use of degenera t ion  m e th o d s  in the  in v es t ig a t io n  of short
n e u r o n a l  connexions. In  S i n g e r , M., S c h a d e , J .  P .  Progress  in b ra in  resea rch .  Vol. 14, 
1— 32. Elsevier, A m s te r d a m  — London —New Y o rk .

D IE  P U R K I N J E - Z E L L K Ö R B E :  U L T R A S T R U K T U R  E I N E R  
H E M M U N G S S Y N A P S E

E le k t ro n en m ik ro sk o p isch e  S tud ie  der P urk in je-Z el lkö rbe  des K le inh irns der  K a tz e .  
Der g r ö ß t e  Teil der Oberfläche de r  Purkin jezel len  is t  d u rc h  eine Gliazellenlamelle  gegen die 
U m g e b u n g  abgedich te t.  Die a bs te igenden  Äste der  K orbze l lenaxonen ,  die d u rc h  e inen  u n g e 
w ö h n l ic h e n  R e ich tum  an  N e u ro f i la m e n ten  au sgeze ichne t  sind, haben  syn ap t isch e  K o n ta k te  
led ig l ich  m i t  dem axonalen  Po l  des Purk in je-Z el lkö rpers  u n d  m it  dem gewöhnlich  als I n i t i a l 
s e g m e n t  des Axons b e t r a c h te te n  basa len  Zellfortsatz.  Als p o stsynap t ische  F o rm a t io n  sind im  
a x o n a le n  Po l  des Zellkörpers,  geg en ü b e r  A n sam m lu n g en  synap t ische r  Bläschen der  K o rb a x o n -  
E n d ig u n g e n ,  f lache sackförmige Gebilde zu beo b ach ten .  Sie liegen parallel zu u n d  u n m i t t e lb a r  
u n t e r  d e r  pos tsy n ap t isch en  Z el lm em bran .  — Die K o rb ze l l -A xonen-E nd igungen  verzweigen  
sich d i s t a l  v o n  ihren m it  der Purk in jeze l le  und  dessen B a sa lfo r t sa tz  e ingegangenen sy n ap t is ch en  
K o n t a k t e n  in ausw ärts  g e r ich te te  f ingerförmige F o r t s ä t z e  die wenig sy n ap t isch e  B läschen 
e n th a l t e n .  Diese oft b ü rs te n a r t ig  aus  den K o rb a x o n -E n d e n  hervorgehenden  F o r t s ä tz e  bilden 
in  d e r  ä u ß e r e n  Schicht des K o rb e s  m it  ähnlichen fe inen  Gliazellausläufern — der  B e rg m a n n -  
sch e n  G lia  —  ein lose v e rw obenes  Geflecht.  Die Gliazel lfortsätze  können  a u f  G r u n d  ih rer  
d i c h t e n  G lykogenkörperchen  le ich t  von  den K o rb a x o n -F o r t s ä tz e n  un te rsch ied en  werden.  
Dieses lose Geflecht en th ä l t  u ngew öhn l ich  weite  In te rz e l lu la r räu m e  die von einer le ich t  g r a n u 
l ie r t e n  M a t r ix  ausgefüllt  sind. Die funktione lle  B e d e u tu n g  dieser Befunde w ird  im L ich te  
n e u e r e r  physiologischer E rk e n n tn i s s e  über  die h e m m e n d e  N a tu r  der K o rb sy n ap se  d isk u t ie r t

КОРЗИНЧАТЫЕ КЛЕТКИ ПУРКИНЬЕ: УЛЬТРАСТРУКТУРА ТОРМОЗЯЩЕГО
СИНАПСА

Дается описание электронномикроскопической структуры корзинчатой клетки, 
окружающей клетку Пуркинье в мозжечке кошек. Преобладающая часть поверхности 
тела клетки Пуркинье отделена от смежных нервных элементов отростками глиозной 
клетки. Нисходящие ветви аксонов корзинчатой клетки, которые весьма богаты нейро- 
филаментами, образуют синаптический контакт лишь с базальной частью клетки Пур
кинье и с начальной частью аксона. В этой начальной части аксона клетки Пуркинье 
обнаруживаются рибосомы и эндоплазматическая сеточка; следовательно, его еще нельзя 
рассматривать как аксон, правильнее было бы название «предаксон». Соответственно пред- 
синаптическому накоплению пузырьков в постсинаптической части синапса, в клетке
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появляются характерные постсинаптические структуры. Корзинчатые аксоны, после 
образования синапса с телом клетки Пуркинье или с предаксоном, разветвляются на весьма 
тонкие ветви, которые проникают во внешнюю часть волокнистой корзннчатой клетки и, 
следовательно, покрывают извне внутреннюю часть корзннчатой клетки, состоящую из 
более толстых волокон. Содержащие также синаптические пузырьки тонкие концевые 
ветви в большинстве случаев вступают и во внеклеточное пространство, которое, нс запол
нено клеточными отростками. Внеклеточное пространство содержит также тонкозерни
стый внеклеточный матрикс. В пространство местами могут вступить и глиозные отростки 
содержащие в большинстве случаев также глюкоген. Авторы обсуждают вышеизложен
ную ультраструктуру синапса и с точки зрения выдвинутой в последнее время гипотезы 
о тормозящей функции волокнистой корзннчатой клетки.

JÓ ZSE F H Á M O R I  

J Á N O S  SZENTÁGOTHAI

Acta Biol. Hung. 15. 1965
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