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voir of u n b o u n d  choline. In  an egg of abou t  3 x 105 btm a 
the  in t racel lular  concen t ra t ion  of choline is 0.7 • 10 s M 
choline. 

Dur ing  cleavage the  free choline of the  egg gradual ly  
dwindles  to  abou t  one quar t e r  in ha t ch ing  blastulae.  At  
the  end of cleavage there  is an ab rup t  change  in the  level 
of free choline which rises rap id ly  before gast rula t ion.  
The m a x i m u m  free choline in the  ear ly  embryos  is double  
the  a m o u n t  in eggs and represents  a 7-fotd increase since 
the  end of cleavage. The a m o u n t  of free choline per  
embryo  declines again in la ter  p r i sm and p lu teus  stages. 

Free  choline appears  to be available to eggs and em- 
bryos of all s tages  of sea urchin  deve lopmen t  t h rough  the  
p lu teus  larva. The deve lopmenta l  pa t t e rn  of decline, rise 
and decline of free choline m a y  depend  on changes  in 
choline metabol i sm,  or on var ia t ions  in ex t rac tab i l i ty ,  or 
both.  We  assume t h a t  the  level of free choline in embryos  
depends  on ra tes  of ut i l izat ion or p roduc t ion  of choline, 
since there  is no reason to suspect  var ia t ions  in ex t rac t -  
ability, and no way  of measur ing  t h e m  in any  case. 
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Free choline in eggs and embryos of Paracentrotus lividus of various 
stages. Whole organisms were extracted with perchloric acid as un- 
fertilized eggs, 2-, 4-, 8-, 32-cell embryos, 8-hour blastulae, hatched 
blastulae (hb), mesenchyme blastulae (rob), gastrulae (g), prisms 
(pr) and plutei (pl). Choline was assayed by means of choline kinase 
and aZP-ATP. Each point represents the average of 5-12 assay% and 
the vertical bars show the standard error. 

Not  a grea t  deal  is known concerning the  ace ty la t ion  
of choline, or its ox ida t ion  to betaine,  dur ing  cleavage in 
sea urchins  4-7 however  considerable  in teres t  has  focused 
on phosphol ip id  me tabo l i sm in these  organisms,  in v iew 
of the  impor t ance  of m e m b r a n e  fo rmat ion  in the  develop-  
m e n t  of embryos .  The to ta l  phosphol ip id  co n t en t  of 
Paracentrotus emb ry o s  remains  a t  1 mg per  105 embryos ,  
f rom fer t i l izat ion th rough  blas tula  ~. Act ive  phosphol ip id  
synthes is  occurs in these  and o ther  sea urchin  embryos  
dur ing cleavageS, S, 9 Ef for t s  to de te rmine  the  t iming  of 
the  ac t iva t ion  of phosphol ip id  synthes is  in deve lopmen t  
by  measur ing  the  incorpora t ion  of labelled choline into 
lipids of eggs and  embryos  have  no t  been conclusive be- 
cause of uncer ta in t i es  regarding the  amo u n t s  of free 
choline wi th in  the  embryos  a t  d i f ferent  s tages s 10. Our 
da ta  provide  a basis for es t imates  of the  di lut ion of la- 
belled choline t aken  up into embryos  a t  var ious stages. 
Our da t a  also suggest  the  occurrence of a major  shif t  in 
choline me tabo l i sm beginning at  the  end of cleavage. 

The deve lopmen ta l  p a t t e r n  for free choline which  we 
observed f rom fer t i l izat ion th rough  plu teus  fo rma t ion  
(Figure) in Paracentrotus parallels the  deve lopmen ta l  
p a t t e rn  of ac t iv i ty  of the  enzyme choline p h o s p h o t r ans -  
ferease in Arbacia punctulata n. EWING has proposed t h a t  
since the  reac t ion  ca ta lyzed  by  the  phopho t r ans fe ra se  
proceeds rapidly  in the  direct ion of degrada t ion  of phos-  
pha t idy l  choline and is associated wi th  yolk-conta in ing  
fractions,  the  func t ion  of the  enzyme migh t  be to  t r ans fe r  
phosphory l  choline f rom yolk, for embryonic  use in phos-  
pholipid synthesis .  The similari t ies in p a t t e rn  of choline 
phospho t rans fe rase  ac t iv i ty  and the  p a t t e rn  of free 
choline levels dur ing  deve lopmen t  suppor t  the  hypo thes i s  
t h a t  the  two are metabol ica l ly  l inked and t h a t  a t  least  
some of the  free choline is der ived f rom the  b reakdown  
of phosphol ip id  reserves packaged in the  egg dur ing  
oogenesis. 
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T h r o m b o s i s  of  s y m p a t h e c t o m i z e d  rats  after s t r o n g  e x c i t a t i o n  p r o v o k e d  by s o u n d  s t i m u l i  

[. M. RODIONOV*, A. MUKHAMMEDOV*, I. [. POLETAEVA**, L. G. I~OMANOVA** and  V. N. YARIGIN 

*Chair o / A n i m a l  Physiology and **Chair el Physiology o/ Higher Nervous Activity,  Faculty o/ Biology, Moscow State 
University," Chair o/General Biology, 2-d Medical Institute, Moscow (USSR) ,  28 June  1976 

Summary.  The da ta  ob ta ined  are evidence of the  decreased resistance of s y m p a t h e c t o m i z e d  animals  to e x c i t e m e n t  
caused b y  afferent  stimuli.  

I t  is known  t h a t  s y m p a t h e c t o m i z e d  animals  are far 
less r e s i s t an t  to crit ical condi t ions  t h a n  normal  ani- 
mals ~-3. The objec t ive  of our work  was to inves t iga te  
the  response of s y m p a t h e c t o m i z e d  animals  to s t rong  ex- 
c i ta t ion in response to af ferent  stimuli.  

Ra t s  of KM strain were chosen for these exper iments ,  
these animals  being suscept ible  to audiogenic seizures. 
A loud sound provokes  in t h e m  vio len t  locomot ion  (run- 
ning, jumping)  cuhn ina t ing  in an epi lept i form convuls ive  
fit 4. 

Chemical  s y m p a t h e c t o m y  was per fo rmed  on 146 rats,  
using guane th id ine  which is known to des t roy  s y mpa -  
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t h e t i c  cells w h e n  a d m i n i s t e r e d  to n e w b o r n  an ima l s  ~,6. 
G u a n e t h i d i n e  ( 'p l iva ' ,  Yugos lav ia)  was  in jec ted  sub-  
c u t a n e o u s l y  to  n e w b o r n  r a t s  daily,  for 4 weeks, beg inn ing  
w i t h  t he  f i rs t  day  of life, in  doses of 25 mg/kg.  The  ef- 
f ec t iv i ty  of s y m p a t h e c t o m y  was e v a l u a t e d  b y  t h e  de- 
crease in n u m b e r  of S te l la te  gangl ia  neu rons  in h is to-  
logical  sect ions.  F ixed  in C a r n u a ' s  fluid, t h e  gangl ia  were 
t h e n  e m b e d d e d  in pa ra f f i n  a n d  cu t  in to  series of 10 ~m 
sections.  E v e r y  10 th  sec t ion  of a series was  s t a ined  w i t h  
t o lu id in  blue a n d  t he  n u m b e r  of n e r v o u s  cells in  i t  were 
de t e rmined .  The  n u m b e r  of neu rons  in all  t h e  s t a ined  
sect ions  of a g iven  gang l ion  se rved  as i ndex  of t he  t o t a l  
a m o u n t  of cells in  it. These  ca lcu la t ions  were pe r fo rmed  
in 4 gangl ia  of s y m p a t h e c t o m i z e d  an ima l s  a n d  4 gangl ia  
of controls .  

E x p e r i m e n t s  on audiogenic  suscep t ib i l i ty  were per-  
fo rmed  on chemica l ly  s y m p a t h e c t o m i z e d  r a t s  a t  t he  age 
of 1.5 m o n t h s .  Audiogenic  s ens i t i v i t y  in  r a t s  was  de te r -  
m i n e d  in an ima l s  p laced  in a plexiglass  42 • 26 • 50 cm 
c h a m b e r  a n d  exposed  for 1.5 m in  to  t he  loud  sound  (a 
hell), a b o u t  110-115 d b  above  t h e  h u m a n  a u d i t o r y  
th resho ld .  

I n  t he  figure sect ions  of s te l la te  gangl ia  of i n t a c t  sym-  
p a t h e c t o m i z e d  r a t s  are shown.  On e m a y  not ice  t h a t  a f te r  
p ro longed  p o s t n a t a l  g u a n e t h i d i n e  t r e a t m e n t  p rac t i ca l ly  
no  neu rons  are p r e sen t  in t h e  gangl ion;  i t  was  es tab l i shed  
t h a t  these  gangl ia  c o n t a i n  less t h a n  0.5% of t he  n o r m a l  
a m o u n t  of neurons .  Thus  i t  m a y  be s t a t e d  t h a t  u n d e r  t h e  

A 

schedule  of g u a n e t h i d i n e  t r e a t m e n t  of our  e x p e r i m e n t  
n e a r l y  comple t e  s y m p a t h e c t o m y  was  achieved .  

T h e  sound  s t imu lus  p rovokes  v igorous  locomot ion  b o t h  
i n  s y m p a t h e c t o m i z e d  a n d  i n t a c t  an i ma l s  of K M  s t ra in ,  
t h e  dif ference be ing  in  a l m o s t  i n s t a n t a n e o u s  d e a t h  of t he  
fo rmer  whi le  t h e  con t ro l  an i ma l s  s t a y e d  al ive a f t e r  suf- 
fer ing t h e  usua l  aud iogenic  fit. 116 r a t s  f rom t h e  t o t a l  of 
146 an ima l s  (80%) died w i t h i n  10-15 sec a f t e r  t h e  s t im-  
u lus  onset .  I t  was  shown  p rev ious ly  t h a t  exposure  of 
K M  ra t s  to  p ro longed  (15-20 min)  sound  s t i m u l a t i o n  m a y  
be  l e tha l  to  a ce r t a in  p e r c e n t  (up to  20%) of an ima l s  
p r o v i d e d  t h e  sound  was i n t r o d u c e d  in special  schedule.  
I n  such  cases ce rebra l  h e m o r r h a g e s  were shown  to  be  t he  
cause  of d e a t h  4. 

C o n t r a r y  to  th i s  f inding,  t h e  a u t o p s y  of s y m p a t h e c t o m -  
ized r a t s  revea led  n o t  a single ce rebra l  h e m o r r h a g e  in 
a n y  case. I n  all an i ma l s  wh ich  pe r i shed  in th i s  e x p e r i m e n t  
t h r o m b i  in  t h e  au r i cu la r  c a v i t y  were found.  T h e  t h r o m b i  
were so large t h a t  t h e  en t i re  c a v i t y  was  filled w i t h  t hem.  
I n  a few an imals ,  some smal ler  t h r o m b i  were d iscovered  
also in t h e  v e n t r i c u l a r  c a v i t y  a n d  t h e  aor ta .  

T h r o m b o s i s  was  p roduced  b y  exposure  to  in t ens ive  
sound  n o t  on ly  in chemica l ly  s y m p a t h e c t o m i z e d  ra t s  b u t  
also in r a t s  w i t h  pha rmaco log ica l l y  b locked  s y m p a t h e t i c  
sys tem.  I n  th i s  case, m o r t a l i t y  i n d u ced  b y  sound  ex- 
posure  was t o t a l  (10 d e a t h s  in  10 animals) .  As in t h e  case 
of chemica l ly  s y m p a t h e c t o m i z e d  ra ts ,  in these  an imal s  
d e a t h  also occur red  w i t h i n  10-15 sec a f te r  t h e  s t imulus  
onset .  

I n  th i s  expe r imen t ,  t h e  a d u l t  i n t a c t  KM ra t s  a t  t he  
age of 2-3  m o n t h s  were in jec ted  w i t h  25 m g / k g  guane-  
t h i d i n e  10-15 rain  before  t h e  sound  exposure .  Th i s  in ter -  
va l  was  cons idered  suff ic ient  for t h i s  d rug  to  d i s t u r b  t he  
t r a n s m i s s i o n  of impulses  t h r o u g h  t h e  s y m p a t h e t i c  sys- 
t e m  r, s. 

As t h e  cause  of d e a t h  in s y m p a t h e c t o m i z e d  an ima l s  
was  shown  to  be  th rombos i s ,  i t  was  a s s u med  t h a t  d e a t h  
m a y  be  p r e v e n t e d  b y  t h e  in jec t ions  of h e p a r i n  which  is 
k n o w n  to  i n h i b i t  t h e  f o r m a t i o n  of t h r o m b i .  H e p a r i n  
(100 un i t s  pe r  200 g of b o d y  weight )  was  a d m i n i s t e r e d  
i n t r av en o u s l y ,  j u s t  before  t h e  s o u n d  exposure  to  16 ra t s  
w i t h  a pha rmaco log i ca l l y  b locked  s y m p a t h e t i c  sys tem.  
I n  th i s  case t h e  sound  s t i m u l a t i o n  p r o v o k e d  t h e  d e a t h  of 
one-ha l f  of an imals .  P o s t - m o r t e m  e x a m i n a t i o n  revea led  
no  t h r o m b i  in t h e m  b u t  e x t e n s i v e  p u l m o n a r y  hemor -  
rhages  were vis ible  w i t h  t h e  n a k e d  eye as large  scar le t  
p a t ch es  on  t h e  surface of t h e  lungs.  

No l e tha l  effect  was  obse rved  w h e n  h e p a r i n  a n d  guane-  
t h i d i n e  were  a d m i n i s t e r e d  w i t h o u t  sound  s t imu la t ion ,  
or w h e n  r a t s  were exposed to  sound  w i t h  h e p a r i n  b u t  no  
g u a n e t h i d i n e  in jected.  

Thus ,  t h e  l e tha l  effect  of pa tho log ica l  exc i t ement ,  
evoked  in KM ra t s  b y  a sound  s t imulus ,  is caused  b y  t he  
f o r m a t i o n  of t h r o m b i  in  t h e  cases of des t ruc t ion ,  or 
pha rmaco log ica l  b lockade  of t h e  s y m p a t h e t i c  ne rvous  
sys tem.  I f  t h r o m b u s  f o r m a t i o n  is p r e v e n t e d ,  t h e  d e a t h  is 
caused  b y  p u l m o n a r y  hemor rhage .  Evidently t he re  are 
m a n y  v u l n e r a b l e  po in t s  in  t h e  o r g a n i s m  of an ima l s  de-  
p r ived  of s y m p a t h e t i c  r egu la t ion  a n d  t h e  p r o t e c t i o n  of 
one  of t h e m  br ings  in to  p l a y  a n o t h e r  one. 

�9 Sympathetic ganglion of intact rat; bsympathetic ganglion of rat 
chemically desympathized with guanethidine (see text). 
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