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The r e su l t s  of  a study of the ganglia  of the autonomic nervous s y s t e m  in emotional  s t r e s s  [1] showed 
that  during the format ion  of this s ta te  the m o s t  ma rked  changes developed not in the sympathe t ic  ganglia,  
but in s t r uc tu r e s  of the ganglion nodosum of the vagus nerve .  In that  ganglion the volume of the bodies of 
nerve  ce l l s  and the i r  nuclei,  the concentra t ion of s t ruc tu ra l  p ro te ins  of the cy top lasm and nuclei,  and the con-  
cent ra t ion  of wa te r - so lub le  prote ins  in homogenates  f rom this format ion  all dec rea sed  significantly.  

The  next s tep was to de te rmine  what m e c h a n i s m s  lie at  the bas is  of these  changes and what causes  the 
ne rve  cel ls  to lose  the i r  prote in  components  in acute emotional  s t r e s s .  The invest igat ion descr ibed  below was 
devoted to the study of these  p r o b l e m s .  

EXPERIMENTAL M E T H O D *  

A cute emotional stress was induced in rabbits by alternate electrical stimulation of the ventromedial 

hypothalamic nuclei and applicat ion of e lec t r i c  shocks  to the l imb of the immobi l ized  animals  in accordance  
with a spec ia l ly  drawn up s tochas t ic  s c h e m e .  The durat ion of individual s t imulat ion of the vent romedia l  hypo- 
tha l amic  nuclei and of the e lec t r i c  shocks  var ied  f rom 1 to 3 rain.  The ven t romedia l  nuclei were  s t imulated 
by square  pulses  with a f requency of 50 Hz, pulse duration 1 m s e c ,  and voltage 2-8 V. E l e c t r i c  shocks were  
applied at a f requency of 50 Hz, pulse duration 3-5 m s e c ,  voltage 5-10 V. The exper iment  las ted 2.5-3 h. 

Mater ia l  taken f rom five rabbi t s  which died in the cou r se  of  the expe r imen t s  was studied.  Four  rabbi t s  
kept in the animal  house se rved  as the contro l .  

The ganglion nodosum of the vagus nerve ,  the supe r io r  ce rv ica l  and s te l la te  ganglia,  and also ganglia 
of  the sympathe t ic  chain at the level  T4-6  were  invest igated.  Af te r  p r e l i m i n a r y  fixation in situ with 2.5% 
glutara ldehyde solution in phosphate buffer  (pH 7.5) these  cei l  fo rmat ions  of the autonomic nervous  sy s t em 
were  removed ,  cut into p ieces  in the cold in a drop of f ixat ive,  and postfixed with 1% osmium te t roxide  so lu-  
tion. The t i s sue  samples  were  dehydrated in alcohols of  inc reas ing  s t rength  and embedded in Araldi te .  S e m i -  
thin sect ions ,  cut on the LKB-I I I  UI t ro tome,  we re  stained with toluidine blue and examined under the m i c r o -  
scope.  Ultrathin sect ions were  placed on gr ids  with f o r m v a r  support ing f i lms and stained with lead c i t ra te .  
Pho tomic rog raphs  were  obtained under  the Phfl ips e lec t ron  m i c r o s c o p e  (The Nether lands) .  

E X P E R I M E N T A L  R E S U L T S  

Under the l ight  mic roscope ,  ganglia of  d i f ferent  or ig in  in semi th in  sect ions  did not differ  sharp ly  f rom 
each other .  Each  was surrounded by a capsule  and divided by l aye r s  of connect ive t i s sue  into s epa ra t e  regions ,  
containing bodies and p r o c e s s e s  of  neurons ,  g l ia l  cel ls ,  and blood v e s s e l s .  

The nerve cells of the various ganglia were similar in their ultrastructure (Fig. la, 2a, and 3a). The 
large circular neurons had an oval nucleus, with smooth outline, 10-12 ~m in diameter, located in the middle 
zone of the cy toplasm.  Binuc lea r  ce l l s  were  seen,  espec ia l ly  f requent ly  in the supe r io r  ce rv ica l  and s te l la te  

*Mate r i a l  for  the invest igat ion was provided by the L a b o r a t o r y  of Emot ions  and Emot iona l  S t r e s s e s ,  P .  K. 
Anokhin Inst i tute of Norm a l  Physiology,  Academy of Medical  Sciences  of the USSR. The expe r imen t s  were  
done by Sen ior  Scientif ic Ass i s t an t  S. I. Kashtanov.  
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Fig. 1. Nerve cell of superior cervical ganglion: a) control; b) experi- 
ment: nucleolus lies adjacent to nuclear membrane, enlargement of 
vacuoles, dilatation of cisternae of Golgi apparatus. 

Fig. 2. Nerve cell of stellate ganglion: a) control; b) experiment: hyperpla- 
sia of Golgi apparatus, swelling of mitochondria, festooning of nuclear 
membrane. 

ganglia. The double nuclear membrane, with occasional ribosomes attached to its outer layer, surrounded the 
translucent nucleus. Chromatin was uniformly distributed throughout the area of the nucleus. The nucleus 
contained one large nueleolus or, less frequently, several nucleoli. The nucleolus consisted of a concentration 
of electron-dense granules, among which there were pale vacuoles, inclusions of karyoplasm. In the cytoplasm, 
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Fig. 3. Nerve  c e l l o f g a n g l i o n  nodosum: a) control;  b) exper iment :  d i la -  
t a t i o n o f c i s t e r n a e o f  Golgi appara tus ,  sharp  inc rease  Ln number  and s ize  
of  l y sosomes ,  reduct ion in number  of r i b o s o m e s  in cy top lasm,  dilatation 
of c i s t e r n a e  of endoplasmic  re t icu lum.  

the rough endoplasmic  re t icu lum cons is ted  of wide c i s t e rns ,  lying a lmos t  pa ra l l e l  to one another ,  and s e p a -  
ra ted  by spaces  0.2-0.5 tun wide. The outer  su r face  of the m e m b r a n e s  bounding the c i s t e rnae  was speckledwi th  
i r r egu la r ly  d is t r ibuted r i b o s o m e s ,  but ove r  la rge  a r e a s  of the m e m b r a n e s  they were  absent .  F ree ly  lying 
groups  consis t ing of five o r  s ix  r i b o s o m e s ,  surrounding one cen t ra l  r i bosome ,  were  seen  between the e i s -  
t e rnae  of the endoplasmic  re t icu lum in the cy top lasmic  m a t r i x .  In the pe r inuc lea r  zone the Golgi appara tus  
was r e p r e s e n t e d  by a group of flattened c i s t e rnae  and numerous  ves ic les  of d i f ferent  kinds. It  was usually 
f o rmed  by five to seven  l a rge  c i s t e rnae ,  s e p a r a t e d b y v e r y  na r row spaces ,  superposed  one above the other ,  
fo rming  Wrouleaux.W Mitochondria ,  oval  o r  r a t h e r  elongated in shape and not m o r e  than I #m in length, with 
a m o d e r a t e l y  e l ec t ron -dense  m a t r i x  were  i r r e g u l a r l y  d is t r ibuted in the cy top lasm of the pe r ika ryon .  Branched 
mi techondr ia  were  r a r e l y  seen.  Single l y s o s o m e s  appea red  as round bodies 0.3-0.5 tim in d i ame te r  with f ine-  
g r a i n  contents .  The s ingle  m e m b r a n e  sur rounding  the ly sosome  was sepa ra t ed  f rom the m a t r i x  by an e l ec t ron -  
t r a n s p a r e n t  halo, and in th ickness  it was s i m i l a r  to the cy top lasmic  m e m b r a n e .  L y s o s o m e s  were  r ec tangu la r ,  
cu rved ,  or  cup-shaped ,  and contained curved  and sp i ra l ly  coiled m e m b r a n e s ,  g ranu les  of different  s i zes  and 
densi ty,  and t r a n s p a r e n t  vacuoles .  In the spaces  between the concentra t ions  of e lements  of the endoplasmic  
re t icu lum neurof ibr i l s  ran  in di f ferent  d i rec t ions .  

In rabbi t s  which died during emot ional  s t r e s s  the m o s t  m a r k e d  changes were  found in s t r u c t u r e s  of nerve  
cel ls  of the ganglion nodosum of the vagus ne rve  and the s te l la te  sympathe t ic  ganglion (Figs .  2b and 3b). In 
these  ganglia ,  m o r e  espec ia l ly  the ganglion nodosum, the outl ines of  the nuclear  m e m b r a n e  were  changed and 
appeared  festooned in sec t ions .  The nuclear  po res  and the pe r inue l ea r  spaces  were  widened in these  nuclei.  
The number  of  f r ee  r i b o s o m e s  was apprec iab ly  reduced in the pe r inue lea r  zone. The  nucleolus was enlarged 
and often shifted toward the pe r iphe ry  of the nucleus; the vacuoles  in the nueleolus were  enlarged.  In sec t ions  
the nucleolus appeared  "untwisted" (Fig. 3b). In the cy top lasm the c i s t e rnae  of the rough endoplasmic r e t i c u -  
lure we re  dilated and i ts  m e m b r a n e s  had los t  the r i b o s o m e s  bound with them.  Adjacent  mi tochondr ia  were  
col lec ted  into groups  and swollen, the r egu la r  a r r a n g e m e n t  of the c r i s t a e  was disorganized,  and the i r  m a t r i x  
was t r ans lucen t  and had undergone vacuolation.  Very la rge ,  elongated mi tochondr ia ,  measu r ing  3-4 #m in 
length, could be seen  in the pe r iphe ra l  zones of the cy top lasm.  The m o s t  prominent  fea ture ,  found as a rule  
only in neurons of the ganglion nodosum, was a sha rp  i nc r ea se  in the i r  number  of l y s o s o m e s  compared  with 
normal .  The l y s o s o m e s  also were  inc reased  in s ize  (Fig. 3b). In the Golgi appara tus  the outer  c i s t e rnae  were  
dilated, the i r  number  inc reased ,  and the ves icu la r  appara tus  hyper t rophied.  " F r a m e d "  ves ic les  were  m o r e  
f requent  than in the control .  E l e c t r o n - t r a n s p a r e n t  reg ions  whose appea rance  was a t t r ibuted to the outflow of 
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hydrolyt ic  enzymes  f rom the l y sosomes  could be seen  in the cy top lasm.  In some cel ls  autophagosomes could 
be seen ,  inside which some  of the o rgane l l es ,  e spec ia l ly  mi tochondr ia ,  and the outl ines of  the endoplasmie 
re t icu lum were  undergoing ly s i s .  

In ne rve  cel ls  of the s u p e r i o r  ce rv i ca l  ganglion changes in acute emotional  s t r e s s  were  e x p r e s s e d  as 
some  i nc r ea se  in the lumen of the c i s t e rnae  of the Golgi appara tus ,  d i sp lacement  of the  nucleolus toward the 
pe r iphe ry  of the nucleus,  and en l a rgemen t  of the vacuoles  in the nucleolus (Fig. lb) .  Changes in the nerve  
cel ls  in the ganglia of the sympathe t ic  chain could be reduced to swelling of the mi tochondr ia ,  accompanied  
by t r ans lucency  of t he i r  m a t r i x ,  and by some  widening of the c i s t e rnae  of rough re t i cu lum and also of the Golgi 
appara tus .  The  nuclei played vi r tual ly  no pa r t  in the act ivat ion of the neurons .  

I t  can be concluded f rom the r e su l t s  of this invest igat ion that  the p redominant  changes in acute emotional  
s t r e s s  a r i s e  and develop in the Golgi appara tus  of ne rve  ce l l s  of the ganglion nodosum of the vagus nerve .  
These  changes lead to the fo rmat ion  de novo of a l a rge  number  of l y s o s o m e s  - endogenous sources  of p ro t eo -  
lyric enzymes ,  T h e r e  is r e a s on  to suppose that  in acute emotional  s t r e s s  ne rve  ce l l s  function at the expense  
of ene rgy  formed by lys i s  of pro te ins .  The resu l t s  thus sugges t  that  changes in prote in  m e t a b o l i s m  of the 
ne rve  cell  of the ganglion nodosum in acute emot ional  s t r e s s  a re  linked with the inc reased  production of en-  
zymes ,  local ized in the l y s o s o m e s ,  by the cel l .  
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The decis ive  fac tor  in radia t ion- induced dis turbance of act ivi ty  of the neuroendocr ine  s y s t e m  is injury 
to its cen t ra l  s tage - t h e  hypothalamus and pi tu i tary  [1]. Through the r e l eas ing  hormones  the hypothalamus 
main ta ins  the opt imal  level  of ho rmones  of the pe r iphe ra l  endocrine glands.  It has been shown that  of the 
hypothalamic format ions  it is the a rcua te  and sup rach i a sma t i c  nuclei (AN and SCN respec t ive ly)  which a re  
the source  of fo rmat ion  of m o s t  r e l ea s ing  hormones  [2, 4, 5], which a r e  c a r r i e d  along the axons of s e c r e t o r y  
neurons  into the median  eminence  and a r e  d i scharged  into the cap i l l a ry  blood s t r e a m  in the p r i m a r y  por ta l  
plexus.  It is t he re fo re  interest ing to study the fine s t ruc tu re  of neurons of AN and SCN, and also of the median  
eminence,  in r a t s  during l o n g - t e r m  internal  i r rad ia t ion ,  and the invest igat ion desc r ibed  below was c a r r i e d  
out for  this purpose. 

E X P E R I M E N T A L  M E T H O D  

E x p e r i m e n t s  were  c a r r i e d  out on 72 noninbred ma le  r a t s  aged 3 months,  which were  given a single 
in t ravenous  injection of the radionuclide p repa ra t ion  75Se-selenomethionine in a dose of 1.22• 104 Bq/g  body 
weight. The an imals  were  killed 2 weeks and 1, 3, 6, 9, 12, and 18 months a f t e r  injection of the radionucl ide.  
AN and SCN of the hypothalamus and the median  eminence  were  taken for  e l e c t r o n - m i c r o s c o p i c  study. The 
number  of granules  of s ec re t ion  and the number  of  empty  ves ic les  in ne rve  t e r m i n a l s  of the median  eminence  
ending on por ta l  cap i l l a r i e s  and also the number  of  granules  of  sec re t ion  in nerve  f ibers  located not m o r e  
than 2-3 pm away f rom the cap i l l a ry  were  counted on e lec t ron  m i c r o g r a p h s .  

L a b o r a t o r y  for  E :~oerimental Study of I so topes ,  Depa r tmen t  of  Radioisotope Diagnosis ,  R e s e a r c h  Ins t i tute 
of  Medical Radiology, Academy  of Medical  Sciences  of the USSR, Obninsk.  (Presen ted  by Academic ian  of the 
Academy of Medical  Sc iences  of the USSR G . A .  Zedgenidze.)  T rans l a t ed  f rom Byul le ten '  Ekspe r imen ta l ' no i  
Biologii  i Medits iny,  Vol. 91, No. 6, pp. 748-751, June,  1981. Original  a r t i c l e  submit ted  Apr i l  18, 1980, 

0007-4888/81/9106-0833507.50 @ 1981 Plenum Publishing Corpora t ion  83,3 


