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Data on dif ferent ia t ion of the n e u r o s e c r e t o r y  cei ls  of the supraopt ic  and p a r a v e n t r i c u l a r  
nuclei of the an t e r i o r  hypothalamus during the per iod of postnata l  deve lopment  in normal  
and i r r ad i a t ed  an imals  a re  desc r ibed .  Ionizing radia t ion  reduces  the volume of the nuclei 
of the s e c r e t o r y  neurocy tes  and leads  to fo rced  e l iminat ion  of neu rosec re t ion  f r o m  the 
pe r ika ryon  of the neurocy tes  along the axons into the p o s t e r i o r  lobe of the neurohypophysis .  

The neuroendocr ine  complex of the hypothalamus,  p i tu i tary ,  and pe r iphe ra l  endocr ine  glands con-  
s t i tutes  the pr inc ipa l  channel effect ing pro tec t ive  and adaptive r e s p o n s e s  of the an imal  to e x t r e m a l  f ac to r s ,  
notably to ionizing radia t ion.  Voitkevich e t  al.  [1] have desc r ibed  neuro-endocr ine  dis in tegra t ion induced 
by i r rad ia t ion .  

I t  has the re fo re  become n e c e s s a r y  to study dif ferent ia t ion of the s e c r e t o r y  neurocytes  of the hypo- 
tha lamus  in the per iod  of e a r l y  postnata l  development  of an imals  and the ef fec t  of ionizing radia t ion  on this 
p r o c e s s .  

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

Expe r imen t s  were  c a r r i e d  out on 65 young Wis ta r  r a t s .  The newborn an imals  were  i r r ad i a t ed  on a 
"Luch" appara tus  in a dose of 200 R at  a dose ra te  of 32.8 R/ra in .  Acute rad ia t ion  s ickness ,  t e rmina t ing  
in total death on the 16th-18th day a f t e r  i r rad ia t ion ,  was  diagnosed in the expe r imen ta l  an imals .  The tes t  
objects  cons is ted  of neurocy tes  of the supraopt lc  (SON) and p a r a v e n t r i c u l a r  (PVN) nuclei of the an t e r io r  
hypothalamus,  and the p o s t e r i o r  pr inc ipa l  lobe of the neurohypophysis .  The an imals  were  sac r i f i ced  5, 
10, and 15 days a f t e r  i r rad ia t ion .  The region of the hypothalamus and pi tui tary  was fixed in Bouin 's  fluid 
and in 10% fo rma l in  solution. Ser ia l  paraf f in  sec t ions  through the hypothalamus and pi tu i tary  were  stained 
with pa ra ldehyde- fuchs in  and pseudoisocyanin  [8]. The d i ame te r  of the s e c r e t o r y  neurons was de te rmined  
by means  of an ocular  m i c r o m e t e r  with moving sca le ,  and the volume was calcula ted f r o m  this f igure.  The 
numer ica l  r e su l t s  were  subjected to s ta t i s t i ca l  ana lys i s  by Student 's  method.  

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

The volume of cell  nuclei is known to be a t rue c r i t e r ion  of thei r  functional s ta te ,  the c h a r a c t e r  of 
the i r  different ia t ion,  and their  poss ib le  degenerat ion.  Resul ts  of k a r y o m e t r y  and cy tome t ry  were  used to 
study the k inet ics  of ontogenetic di f ferent ia t ion of the SON and PVN neurocy tes .  

In intact  young r a t s  there  is a p r o g r e s s i v e  inc rease  in volume of the nuclei of the SON neurons .  In 
r a t s  aged 30 days the nuc leop lasm has r e ached  its  m a x i m u m  size c h a r a c t e r i s t i c  of the sexual ly ma tu re  
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Fig. 1. Changes in nuclear  volume of neurons in normal  and i r radia ted  animals:  
a) supraoptic nucleus; b) paravent r icu la r  nucleus; I) control;  II) i rradiat ion.  

Fig. 2. F ragments  of neurosec re to ry  endings in the pos te r io r  lobe of the neuro-  
hypophysis:  a) 15-day-old  r a t  (control): eg - e lementary  granules  (24,000• ; 
b) 15 days af ter  i r radiat ion:  e e v - e l e c t r o n - e m p t y  ves ic les  (21,000• 
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Fig. 3. Relative num- 
bers  of e lementary  
granules  and empty 
ves ic les  in s ec re to ry  
endings of the neuro-  
hypophysis.  Shaded 
a rea  denotes granules ,  
unshaded a r e a -  ves ic les .  

animals (Fig. la) .  The ka ryomet r i c  resul ts  showed that i rradiat ion of the 
newborn ra ts  inhibited this increase in nuclear  volume of the neurons. In 
exper imental  ra ts  aged 5 days, a s tat is t ical ly significant decrease  in the 
nuclear  volume of the SON cells was observed (Fig. la).  On the 15th day 
after  i r radia t ion the difference in nuclear volume of the SON neurocytes  
between the control  and experimental  animals was increased.  For  instance, 
in the intact ra ts  at this time the mean nuclear volume of the SON cells was 
394 • 8 p3, compared  with 268 • 12 #3 in the i r radia ted  an imals .  The resul ts  
of ka ryomet ry  of the PVN neurocytes  at different periods in the control and 
exper imental  ra ts  are  given in Fig. lb .  In the experimental  animals a s ig-  
nificant decrease  in the nuclear volume in the PVN neurons was observed 
on the 15th day after  i r radiat ion.  

Examination of ser ia l  sections through the hypothalamus stained with 
pseudoisocyanin showed that in normal  conditions, with an increase  in the 
time after  birth,  the quantity of f luorescent  mater ia l  in the cytoplasm of 
the SON neurons steadily increased.  I rradiat ion,  however,  led to the rapid 
el imination of the f luorescent  granules  of secret ion f rom the per ikaryon 
of the SON neurocytes .  For  instance, five days after  i r radiat ion of the new- 
born ra ts ,  sol i tary f luorescent  granules of secre t ion were present  in the 
per inuclear  zone of most  neurons. Never theless ,  the cytoplasm of individual 
SON neurocytes  showed strong f luorescence.  At subsequent t imes (t0 and 

15 days after irradiation) the differences between the SON neurons of the irradiated and control animals 

became more conspicuous. The cytoplasm of the neurons of the irradiated rats was pale and contained 
numerous vacuoles, sometimes confluent. Staining with pseudoisocyanin revealed solitary fluorescent gran- 

ules of secretion in the cytoplasm of the neurocytes, whereas in the neurons of the control animals large 
agglomerations of fluorescent material were observed. 

Differentiation of the PVN neurocytes in the control animals was delayed by comparison with the SON 
neurocytes. Neurosecretory material was first discovered in the cytoplasm of the PVN neurocytes on the 
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3rd day a f t e r  b i r th .  The quantity of neurosec re t ion  in the cy top la sm inc rea sed  with age. At the age of 
45 days,  neurosec re t ion  was f i r s t  found along the course  of the axons.  Morphological  changes in the PVN 
neurocy tes  were  found in i r r ad i a t ed  r a t s  ten days a f t e r  i r rad ia t ion ,  and cons is ted  of a dec rea se  in the quan- 
t i ty of para ldehyde-fuchs inophi l ic  m a t e r i a l  in the cy top la sm of the neurocytes .  By the 15th day a f t e r  i r -  
radia t ion,  the cy top la sm of m o s t  PVN neurons contained only a few granules  of neurosecre t ion .  The same 
pic ture  was a lso  seen in the axons.  It  was the re fo re  impor tan t  to study the changes induced by i r rad ia t ion  
in the ne rve  f ibe r s  whose endings f o r m  contacts  on the blood cap i l l a r i e s  in the p o s t e r i o r  lobe of the neuro -  
hypophysis .  

A study of ul t ra thin  sec t ions  through the p o s t e r i o r  lobe of the neurohypophysis  showed that under 
the influence of ionizing radia t ion  the e l e m e n t a r y  granules  of the neu rosec re t i on  lose their  e l e c t ron -d en se  
contents and a r e  conver ted  into e l e c t r o n - e m p t y  ve s i c l e s  (Fig. 2). Counting the numbers  of dense granules  
and empty  v e s i c l e s  in the s e c r e t o r y  endings of the neurohypophysis  showed that i r rad ia t ion  in a dose of 
200 R induced a significant  dec rease  in the number  of granules  and an inc rease  in the number  of empty  
v e s i c l e s  (Fig. 3). 

The r e su l t s  of this invest igat ion showed that ionizing i r rad ia t ion  causes  the fo rced  e l iminat ion  of 
neu rosec re t ion  f r o m  the pe r ika ryon  of the s e c r e t o r y  neuroeytes  and its en t ry  into the cap i l l a ry  blood s t r e a m  
of the p o s t e r i o r  lobe of the neurohypophysis .  This is because ,  as a c a r r i e r  of ant idiuret ic  hormone ,  the 
neurosec re t ion  pa r t i c ipa te s  in the regula t ion  of wa te r  and mine ra l  m e t a b o l i s m  and can thus e x e r t  some 
influence on the development  of rad ia t ion  s ickness  [4-6]. After  whole-body i r r ad ia t ion  of the young r a t s ,  
not only the ra te  of e l iminat ion  of neu rosec re t ion  was changed, but its synthes is  a lso  was dis turbed.  I t  
can be pos tu la ted  on the bas i s  of the expe r imen ta l ly  obse rved  morphologica l  p ic tu res  t h a t  in the ea r ly  
s tages  a f t e r  i r r ad ia t ion  the b iosynthes is  of oc tapept ides  is intensif ied,  and in the late  s tages  this is  r e -  
p laced by inhibition. Dis turbance of s ec re t ion  fo rmat ion  in the SON and PVN neurocy tes  was also con-  
nected,  evident ly,  with changes in the s t a t e  of the nucleus.  These changes were  e x p r e s s e d  morpholog-  
ical ly  as a sha rp  dec rea se  in its volume.  By the 15th day a f te r  i r r ad ia t ion  the nuclear  volume of the SON 
neurocytes  was a l m o s t  halved by c o m p a r i s o n  with the control .  P rev ious  work  has shown that i r rad ia t ion  
of e m b r y o s ,  as well  as  of young r a t s ,  delays the growth and different ia t ion of cor t ica l ,  c e r ebe l l a r ,  and 
hippocampal  neurons ,  the ep i the l ium of the mucous m e m b r a n e  of the mouse  fo res tomach ,  and of va r ious  
other s t r u c t u r e s  [3, 7]. This  demons t r a t e s  a subs tant ia l  inhibitory e f fec t  of ionizing radia t ion also on d i f -  
ferent ia t ion of the n e u r o s e c r e t o r y  cel ls  of the SON and PVN in the hypothalamus.  

The p r e sen t  observa t ions  r evea l ed  a difference in the r e s p o n s e s  of the developing neurons of the 
PVN and SON to i r rad ia t ion .  I t  may be that  the slightly higher r e s i s t a n c e  of the PVN neurocytes  to i r -  
rad ia t ion  is due to their low functional activity in the period of irradiation, because it is known that inten- 
sively functioning neurons undergo more severe radiation changes [2l. It is demonstrative that differen- 
tiation and, consequently, the formation of the specific function of the PVN neurocytes are delayed by com- 
parison with the function of the SON neurons by 2-3 days. Consequently, at the time of irradiation of the 
newborn rats, the level of function of the PVN neurocytes was relatively low. 

Ionizing radiation thus induces forced elimination of neurosecretion from the perikaryon of the de- 
veloping neurocytes and inhibits the increase in their nuclear volume. This last fact suggests an inhib- 
itory action of ionizing radiation on differentiation of the SON and PVN neurons in the postnatal period of 
development. 
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