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The response  of the hypothalamo-hypophyseal  n e u r o s e c r e t o r y  s y s t e m  of adult r a t s  to sugar  
loading cons i s t s  of a phase  shift  of the s e c r e t o r y  cycle  toward g r e a t e r  than normal  accumu-  
lat ion of n e u r o s e c r e t o r y  mate r ia l ,  mainly in the bodies  and p r o c e s s e s  of the n e u r o s e c r e t o r y  
neurons.  In postnatal  ontogenesis ,  the r e sponse  of the n e u r o s e c r e t o r y  sys tem to suga r  
loading is l e s s  c l ea r ly  visible.  

The r e sponse  of the hypothalamo-hypophyseal  n e u r o s e c r e t o r y  s y s t e m  (HHNS) to exper imenta l  f ac to r s  
cons is t s  e i ther  of i ts  emptying or  of the deposit ion of n e u r o s e c r e t o r y  ma te r i a l  (NSM) in the hypothalamic 
neurons  and neurohypophysis .  To study the development  of th is  r e sponse  o f  the HHNS in ontogenesis ,  
fac tors  leading to the accumulat ion of NSM are  more  convenient,  for  in the ea r ly  s tages  of development  of 
animals ,  the content of NSM in the HHNS is  smal l ,  and i ts  l ibera t ion  cannot be accepted as p roof  of the 
exis tence  of this response .  

According to informat ion in the l i t e r a tu re ,  accumulat ion of NSM in the bodies and p r o c e s s e s  of neu-  
r o s e c r e t o r y  neurons and in other  pa r t s  of the HHNS of adult an imals  takes  place  under  ce r ta in  e x p e r i m e n -  
tal  condit ions:  af ter  injections of some ho rmones  and subs tances  [4, 13-16], hydrat ion and dehydrat ion 
[3, 8], photic s t imulat ion [12, 14], alloxan diabetes  [10, 11, 17], suga r  loading [5, 6, 15, 16], ex t i rpa t ion  of 
ce r ta in  glands [2, 15, 16], and so on. 

Sugar loading was chosen as the exper imen ta l  f ac to r  used  to inves t igate  the r e sponse  of the HHNS in 
ontogenesis .  

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

Male ra t s  weighing 180-200 g and young ra t s  aged 10 and 20 days were  used in the investigation.  The 
exper imenta l  an imals  rece ived  5 or  10% suga r  solution dally instead of water .  The adult an imals  were  
killed by decapitat ion af ter  7 and 10 days,  and the young r a t s  a f te r  7 and 9 days. The hypothalamus and 
pi tu i tary  were  fixed in Bouin)s fluid and embedded in pa ra f f in  wax. Sections were  cut to a th ickness  of 5g 
and stained for  neurosec re t ion  with para ldehyde- fucbs in  by the G o m o r i - G a b e  method, and counters ta ined 
with l ight green.  

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

The supraopt ic  (SO) and p a r a v e n t r i c u l a r  (PV) nuclei  of  the hypothalamus in intact  adult r a t s  contain 
chiefly l a rge ,  pale ce l l s  with a l a rge ,  pale  nucleus and one or  two nucleoli ,  f requently lying next  to the nu- 
c l e a r  m e m b r a n e  (Fig. 1A). Some n e u r o s e c r e t o r y  ce l l s  have  a dark  cy top lasm of va r i ed  density.  It i s  s ta ted 
in the l i t e r a tu re  that  dark  ce l l s  are  r i c h e r  in the r i b o s o m a l  component  and have a h igher  level  of synthes is .  
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Fig. 1. Neurons of supraoptic nuclei of hypothalamus 
f rom adult control  ra ts  (A), adult experimental  ra ts  (B), 
20-day control  ra ts  (Ci, and 20-day experimental  ra ts  
(D). Legend to photographs:  nb) neuron body; dc) dark 
cell; pc) pycnomorphic  cell; sa) stained axon. Fixation 
of hypothalamus and pitui tary in Bouin's  fluid, stained 
for  neurosecre t ion  by G o m o r i - G a b e  method, counter -  
stained with light green, 630 • 

By the a r rangement  and number  of their  neu rosec re to ry  granules  the neurons can be divided into severa l  
groups,  represent ing  different phases  of the s ec r e to ry  cycle [7, 18]. The distribution of NSM in mos t  cel ls  
is per inuclear .  Among the neurons of the SO and PV nuclei,  axons filled with neurosecre t ion  and with small  
swellings along thei r  course  can be seen. Close to the optic t r ac t  these stained axons are  more  numerous .  
The cha rac t e r  of distribution of NSM in the neurons of the SO and PV nuclei r e sembles  the a r rangement  of 
s t ruc tu res  of the Golgi complex in them: more  var ied  in the SO neurons and more  uniform in the PV neu- 
rons [9]. In the median eminence, neu rosec re to ry  f ibers  of the hypothalamo-hypophyseal  t r ac t  are  weakly 
stained and there  are  few H e r r i n g ' s  bodies.  The neurohypophysis  is filled with a dense network of deeply 
stained neu rosec re to ry  f ibers  and Her r ing ' s  bodies.  

Adult Rats (Experiment). On the 7th day of the exper iment  changes were found in the state of the 
HHNS compared  with normal ,  and they were more marked at the level of the hypothalamus,  especial ly in 
the SO nucleus. La ter  during the experiment  these changes increased  in sever i ty  (Fig. 1B). There  was an 
increase  in the number  of dark cells  with cytoplasm of var ied  density, ranging down to small  cells with 
ve ry  dark  cytoplasm and a dense pycnotic nucleus (Fig. 1B, dc, pc). The content  of neurosecre t ion  was in- 
c reased  in the neuron bodies (nb) and axons, and some axons were widened to giant size. The number  of 
brightly stained axons was much g rea te r  in the experimental  ser ies ,  and the nucleoli were close to the 
nuclear  membrane  more  often than in the control.  In the PV nucleus the changes in the neurons were less  
c lear ,  but great ly  widened axons were  common. No changes were found under  these experimental  condi-  
tions in the capi l lar ies  of the vascu la r  network in the region of the hypothalamic neu rosec r e to ry  nuclei. 
Appreciably deeper  staining of the neurosee re to ry  fibers of the hypothalamo-hypophyseal  t r ac t  with pa r a l -  
dehyde-fuchsin was seen in the median eminence of the experimental  rats .  H e r r i n g ' s  bodies were just as 
infrequent as in the median eminence of the control animals. Some increase  in size and number  of the 
Her r ing ' s  bodies was observed in the neurohypophysis  of the experimental  rats .  

Young Rats Aged 10 Days (Control). The SO nuclei of these young rats  revealed g rea t e r  var ie ty  of 
their  ce!l fo rms  than in rats  aged 7 days [9], because of growth of the cytoplasm. Neurosec re to ry  granules 
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were located mainly around the nucleus, but their  number  differed f rom one neuron to another. Many neu- 
rons were poor in NSM, and only sol i tary cells had a dark cytoplasm and a dense concentrat ion of NSM. 
In neurons of the PV nucleus, little neuroseere t ion was present .  F ibers  of the t rac t  in the median eminence 
were ve ry  palely stained. Neurosec re to ry  f ibers in the neurohypophysis  formed a loose network with 
small  Her r ing ' s  bodies. 

Young Rats Aged 10 Days (Experiment). A small  inc rease  in the content of neu rosec re to ry  granules 
was observed in the neuron bodies in the SO nuclei of the experimental  ra ts ,  and the granules  were more 
widely distributed through the cell. As in the control ,  the axons were weakly stained. The number  of dark 
cells,  some of them pycnotic, was increased.  Many neurons were poor in NSM. In other par t s  of the HHNS 
of the experimental  ra ts ,  no visible differences f rom the control  could be seen. 

Rats Aged 20 Days (Control). In the animals of this age, appreciable morphological differentiation of 
the HHNS was apparent [9] (Fig. 113). Neurons of the SO and PV nuclei were increased  in size. Variations 
in the size of the neurons and in the content and cha rac te r  of distr ibution of NSM in them were considerable.  
Dark cells were more numerous than in the SO nuclei of the 10-day rats .  A delicate bundle of neu rosec r e -  
tory  f ibers  of the hypothalamo-hypophyseal  t r ac t  could be seen in the median eminence. The neurohypophy- 
sis contained a dense network of neu rosec re to ry  fibers,  but less  dense than in adult animals. Numerous 
small  Her r ing ' s  bodies were presen t  [9]. 

Rats Aged 20 Days (Experiment; Fig. 1D). An inc rease  in the content of neurosecre t ion  was observed 
in the neurons of SO nuclei of the experimental  rats .  The number  of var ious  types of dark cells was appre-  
ciably increased,  and some of these cells were small  and pycnomorphic .  Axons were weakly stained. Long 
dark cells  with a dense border  of neurosecre t ion  around the nucleus were frequently seen along the walls 
of blood vesse l s  penetrat ing into the region of the SO nucleus. Variabil i ty of the cells was less  marked in 
the PV nuclei, and the increase  in content of neurosecre t ion  was less  conspicuous. Solitary Her r ing ' s  
bodies were seen in the median eminence. The neurohypophysis was r i che r  in NSM than the control,  and 
Her r ing ' s  bodies were more numerous.  

Assessmen t  of the morphological  picture observed in the HHNS of adult ra ts  and young rats  aged 10 
and 20 days, during sugar loading and in its absence, leads to the conclusion that under these experimental  
conditions there was a phase shift of the neu rosec re to ry  cycle [7, 18] toward predominance of accumula-  
t-ion of NSM over  its l iberation into the blood s t ream.  Changes in the sec re to ry  cycle were par t icu lar ly  
demonstrat ive in the SO nuclei of the hypothalamus of the adult experimental  animals. They took the form 
of an increase  in the content of NSM in the neurons (bodies and axons), and an increase  in the number  and 
var ie ty  of the dark cells.  The phase shift in the sec re to ry  cycle of the 20-day rats  was less  marked than 
in the adults, but more  marked than in the 10--day rats .  No information was available on changes in the 
response to sugar loading in ontogenesis [5, 6, 15, 16]. The accumulation of NSM in the neurosec re to ry  
sys tem under different experimental  conditions has been interpreted var iously  by different workers :  some 
have attributed it to the l iberation of ACTH or to changes in the hormonal  background [4, 14], o thers  to 
excitation of the hunger and th i r s t  centers  [17], others,  again, to a disturbance of carbohydrate  metabol ism 
[10, 11], and so on. Changes in the SO nuclei in these investigations were c l ea re r  than In the PV nuclei, 
and this was supported by the resul ts  of the present  investigation. Since the principal  physiological role of 
the SO nucleus is to maintain osmotic  equilibrium, with any disturbance of water metabolism neurons of the 
SO nucleus must  par t ic ipate  appropriately in the response  [1]. Disturbance of the neu rosec re to ry  p roce s s  
by sugar loading can be assumed to resul t  f rom a disturbance of carbohydrate  metabol ism [10, 11, 17]. 
However, the fact that in the present  experiment  the response observed in the hypothalamo-hypophyseal  
neu rosec re to ry  sys tem of the 10-day rats  was weaker  than in the HHNS of the 20-day rats ,  and weaker 
still compared with that of adult ra ts ,  can be provis ional ly  explained by assuming that in 10-day ra ts  the 
mechanisms controlling water,  mineral ,  and carbohydrate  metabol ism are not yet  fully developed. Conse-  
quently, sugar  loading, as the experimental  model in ontogenesis,  did not elicit a definite response  of the 
HI-INS in the young animals. The ability of the neu rosec re to ry  sys tem to respond to dis turbances of general  
metabol ism f rom different causes  evidently develops in ontogenesis paral le l  with the development and 
maturation of the HHNS. According to t~. Kh. P r i imak  (unpublished data), abil i ty to produce n e u r o s e c r e -  
tion and afferent nervous connections have developed in only some cells  of the SO nucleus in young rats  in 
the f i rs t  week of life. Other cells  are  undifferentiated and still incapable of a specific function. It is not 
yet  possible to state whether the accumulation of NSM observed experimental ly,  which was more  marked 
in the HHNS of adult animals and comparat ively  weak in the young rats ,  is the resul t  of increased  synthesis 
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of the neurohormone,  or  whether  its deposition in different  pa r t s  of the hypothalamo-hypophyseal  neu ro -  
s e c r e t o r y  sys tem is the resu l t  of a dec rease  in the r equ i remen t  of the hormone and, consequently,  of inhi- 
bition of its l iberat ion into the blood s t ream.  
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