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Previously we have re la ted the cy to log ica l  changes in the secretory nuclei  of the hypothalamus o f  the white 
rat  to the concentrat ion of thyroid hormone in the body. It has been shown that an increased concentrat ion of thyroid 
produced by a daily in jec t ion  results in an intense formation of neurosecretion and subsequent funct ional  exhaustion 
of the neurones. Prolonged in jec t ion  of 6 -methy l th iourac i l  delays the in i t i a l  stages of the neurosecretory cyc le  and 
leads to the deposit ion of an act ive substance in the secretory neurones [2]. 

Here we have set out to de termine  the influence of changes of thyroid concentra t ion on the format ion and l iber -  
at ion of the neurosecretion, and on its distribution within the hypotha lamo-hypophys ia l  system. 

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

The work was carried out on 36 rabbits of both sexes weighing from 1.5 m 2.5 kg; the thyroid was removed 
from 15 animals.  After one month eight  of the animals  rec ieved 80 mg/kg  thyroxin. At  the same t ime two groups 
of intact  rabbits (seven in each group) received the same amount  of thyroxin or 45 m g / k g  6-methyl th iourac iL  The 
preparations were given twice per day for ten days by mouth in the form of a suspension in 2~ starch. Seven rabbits 

were kept  as a control  group. Histological  studies were made of the hypothalamus and hypophysis, which were fixed 
in Bouin's fluid~ Tests for RNA by Brachet's method were made,  as wel l  as spec ia l  tests for neurosecretion (a ldehyde-  

fuchsin by Gabu's method and counterstaining with hematoxyl in ,  or with Helmi ' s  mixture,  or by Gomori 's  ch rome-  
quartz hematoxyl in .  Thyroid glands taken at  operation,  or after death were fixed in 10% formalin,  e mbe dde d in  paraf-  
fin, and stained :in hematoxyl in-eos in .  

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

In rabbits the topography of the secretory hypotha lamic  nuclei  (supra-opt ic  and paraventricular)  bears some r e -  
semblance to the arrangement  of the corresponding nuclei  in puppies, as we have described previously [3], The d i -  
la ted portion of the paraventr icular  nucleus which is pear shaped lies up against the ependyma of the III ventr icle ,  
and the narrow portion is d i rected la te ra l ly  and downwards towards the optic t ract  (Fig. l a ) ,  The large neurones of 

this nucleus are as a rule scattered,  and at  a considerable distance from each other; only cer ta in  of the cel ls  are a r -  
ranged in groups of three or four. The region of the nucleus is wel l  vascularized,  and i t  can be seen that  there is a 
close contact  between the bodies of the neurones and the blood capi l lar ies .  The cells contain an a ldehyde-fuehsin  
substance which takes the form of a fine granulari ty surrounding the nucleus. In the per ipheral  zone of the cel ls  
there are two or three large clumps of this substance (Fig, lb) .  The movement  of the secret ion along the outgrowth 
can be followed in some of the preparations; when secret ion is present in them the outgrowths have the appearance  
of bristles or of r ibbon- l ike  strips running between the neurone. 

The supra-opt ic  nucleus lies in front of the optic chiasma,  Its neurones are of the same size as the cells of the 
paraventr icular  nucleus, but they are more c o m p a c t l y  arranged. The narrow ce l l  cord continues from the base of the 
group dorsally above the chiasma,  but does not enclose i t  ent irely.  Caudad to the chiasma there are scat tered neu-  
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Fig. 1. Paraventricular nucleus of rabbit,  a) General  appearance of nucleus; 
magnif ica t ion  100 x; b) clumps of secret ion in the neurones. Magnif icat ion 
1200 • 

tones containing granules of a secretion; the compac t  group of cells which we observed in this zone of the hypo-  
thalamus in puppies, is absent from rabbits. The neurones of the supra-optic  nucleus are mostly spindle-shaped and 
contain a large number of fine secretory granules .  In the dorsal portion of this nucleus there are smal l  elongated 
ceils having a dark pycnotic  nucleus and a cytoplasm which is comple te ly  f i l led  with secretion. These cel ls  have 

been described in the preoptic nucleus in fish and amphibia  as degenerate forms, or as representing a holocrine type 
of secretion [1, 4]. 

Caudad to the optic chiasma the hypotha lamo-hypophysea l  t ract  is formed from axons descending fan-wise 
and passing into the ventral  wall  of the infundibulum, and then through the short hypophyseal  stalk to the posterio 
hypophyseal  lobe. In the wall  of the infundibulum the t ract  fibers are evenly arranged throughout its whole th ick-  
ness from the ependymal  cells to the boundaries with the tuberal  portion of the adeno hypophysis. Blood vesse l  
which penetrate  into the wal l  of the infundibulum as loops divide it transversely, and are surrounded by the axons of 
the hypothalamo-hypophyseal  tract.  The neurosecretion is scat tered along the length of the tract  in the form of 
smal l  granules or dumps ,  or else i t  is concentrated in the form of smal l  spheres having a granular structure (Herring 
bodies); such are the morphological  appearances of the secretion in the hypophyseal  stalk. The descending portion 
of the III ventr ic le  which penetrates into the hypophyseal  stalk is lined with f lat tened and loosely arranged ependy-  
real  cel ls  which affords favorable circumstances for the penetrat ion of the neurosecretion into the fluid in the ven-  
tricles. 

In the posterior hypophyseal  lobe the secretion accumulates  chief ly in the form of a fine diffuse granularity.  
When there is a considerable increase in the amount of secretion in the posterior lobe, Herring bodies can be seen. 
There is an uneven distribution of the secret ion between the hypothalamus and hypophysis. In each control  an ima l  
the main  portion of the secret ion was concentra ted either in the neurones of the nuclei,  or in the wails of the infun- 
dibulum, or in the posterior hypophysial  lobe. The impression is gained that the secretory process takes p lace  phasi-  
cal ly:  the phase of formation of secret ion in the neurones gives way to one in which the ceils are empt ied  and the 
secret ion passes into the distal  parts of the neurohypophysis. 

In animals  which had received thyroxin, the morphologica l  changes in the thyroid gland show up as a state of 
hypofunction. In the hypotha lamo-hypophys ia l  system of such animals there is an increase in the amount of neuro- 
secretion. In the cel ls  of the paraventr icular  and supra-opt ic  nuclei  the secretory granules are distributed through- 
out the whole neuroplasm; large clumps are not present, apparently because of the rapid flow of secretion. Ribo- 
nucleoproteins themselves become smal ler  than in the control  animals.  From the supra-optic  nuclei  the secretory 
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Fig. 2. Abundant secret ion in the supra-opt ic -hypophysia l  tract  of a rabbit  t reated with thyroxin; 
magnif ica t ion  100 x; b) clumps of secret ion between vessels penetrat ing into the median  eminence .  
Magnif ica t ion 1200 X. 

substance takes two directions. Besides the flow towards the hypotha lamo-hypophys ia l  tract, which occurs in the con-  

trol  animals  also, a movement  of the secretion can be seen along axons di rected towards the dorsal regions of the hy-  
pothalamus. In the supra-opt ic  nucleus, when thyroidine is injected,  an abnormal ly  large number of degenerat ing 
cells can be found. In the hypotha lamo-hypophys ia l  tract, besides tile smal l  granules lying along the course of the 
axons there are a larger number of homogenous granular spherical  bodies (Fig. 2a). An increase in the amount of 
neurosecretion ~n the wal l  of the inflmdibulum is associated with a considerable d i la ta t ion  of the vessels which pass 
through the funnel at  right angles to its Iength (Fig. 2b). In the Pituitary stalk and in the posterior hypophysial  lobe 
the amount  of secret ion is also increased (Fig. 3). In animals of a l l  the exper imenta l  groups penetrat ion of cer ta in  
secretory granules into the in te rmedia te  lobe of the hypophysis could be made out. When the animals  were in jec ted  

with thyroxin the perivascular  migra t ion  of the neurosecretion could be seen st i l l  more c lear ly .  In some of the pre-  
parations the passage of a large amount of secretory ma te r i a l  along the course of the vessels and of the connec t ive -  
tissue layers into the depth of the in te rmedia te  Iobe could be seen. 

The in jec t ion  of 6 -methy l th iourac i l  leads to a reduced production of secret ion and to a reduction in the num-  
ber of its granules in the neurohypophysis. The influence of 6 -methy l th iourac i l  on rabbits shows some indiv idual  
variations and there is a character is t ic  goiterous reac t ion  of the thyroid gland, which varies in degree. The reduc-  

tion of intensity of the secret ion in the hypothalamic  nuclei  and the deve lopment  of the goiterous reac t ion  was d i -  
rect ly re la ted.  In the secretory neurones the amount  of specific granulari ty is reduced; in the paraventr icular  nu- 

cleus this phenomenon is more marked than i t  is in the supra-optic  nucleus. At the same t ime the amount of RNA 
and Nissl substance in the cel ls  becomes less. The total  amount of neurosecretion in the tract, infundibulum, and 
posterior hypophyseal  lobe is reduced. The store of secretory substance in the posterior lobe begins to fa l l  first of 
a l l  in the periphery bordering the pars in termedia .  However in some animals,  in cer ta in  parts of the neurohypophysis 
a secretion is present which may be what has been left  over from the secretory cyc le  preceding the act ion of 6-  
methyl th iourac i l .  In such cases there is an a l tera t ion to the staining properties of the neuroseeretion, and the Herring 
bodies and smal l  granules are weakly stained by a ldehyde-fuchsin  and lose their c lear  outlines. One gets the impres-  
sion that the secretion is being rapidly dispersed not only in  the posterior hypophyseal  lobe but also by passage through 
the median  eminence .  

In rabbits which were k i l led  40 days after thyroidectomy changes in the neurosecretion were of various types. 
In some there was a marked reduction in the amount  of neurosecretion in a l l  parts of the hypotha lamo-hypophys ia l  
system, and in others specific granules were present in the neurones when there was only a very smal l  amount  of 
secret ion in the neurohypophysis. In the operated a n i m a l  which received thyroxin for 10 days, the production of the 
neurosecretion was to some extent  enhanced.  There Was an increased amount  of secret ion in the posterior hypophy-  
seal lobe and in the wal l  of the infundibulum. Results concerning animals  No. 8 in whom the thyroid gland was in -  
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Fig. 3. A large amount of neurosecretion in the hypophyseal  stalk of a thyroxin- 
treated rabbit .  Magnif icat ion 400 x. 

comple te ly  ext i rpated are par t icular ly  interesting. In the remaining smal l  parts of both lobes (l/8 of a lobe) 40 days 
after the operat ion there was an increased regenerat ion of fol l icular  cells,  and a marked hyperplasia of the ep i the l i -  
um at parts remote  from the fol l icular  damage.  The sum tota l  of the compensatory processes appeared to result in 
an e l imina t ion  from the organism of the hormonal  insufficiency, because the intensity of neurosecretion in this an i -  

m a l  was as wel l  developed as i t  was in the in tac t  rabbit .  

The results we have obtained indicate  that the secretory nuclei  of the hypothalamus react  to a change in the 
concentrat ion of thyroid hormone in the body. The in jec t ion  of thyroid fo? ten days, in the dose that we used led to 
an increase in the amount  of secret ion in the hypotha lamo-hypophysea l  system. With the in ject ion of 6 - m e t h y l -  
thiouraci l  the production of secretion in the hypothalamic  neurones was reduced and there was a fa l l  also in the 
amount  in the neurohypophysis. Thyroidectomy led to a suppression of secretion, which was somewhat reduced by the  
in jec t ion  of thyroidine. 

Similar  results were obtained by Shiozaki [7] in experiments in which a s t imulat ing influence on the neuro- 
secret ion of rats was observed to follow a single in jec t ion  of thyroidine. Increasing the amount  of thyroxin in fish 
also caused an accumula t ion  of neurosecretory ma te r i a l  in the wal l  of the infundibulum [5]. The influence of thy-  

roidine on the hypothalamus is brought about not only by an increase of hormone in the blood. Yamada and Greer 

[9] showed that when microinjeet ions  of thyroxine were made into the anterior hypothalamus or hypophysis the secre-  
tion of thyroid hormone was suppressed. Yamada considers that the hypothalamus is a receptor zone, which together 
with the hypophysis is sensitive to the concentrat ion of thyroid hormone, and that i t  regulates the c i rculat ing level  

of this hormone [8]. 

In our invest igat ion the increase of the concentrat ion of thyroxin in the blood of the rabbits led to an increase 
in the amount of neurosecretory ma te r i a l  in a l l  parts of the hypothalamo-hypophysia l  system. The question now 
arises as to whether this neurosecretion accumulates  as a result of an enhanced production, or whether the accumula -  
tion is re la ted  to an impai red  flow into the neurohypophysis. With intramural  injections of thyroxin into the anterior 
portion of the hypothalamus the increase of tr i iodothyronine and of thyroxin increases, while the concentrat ion of 
these hormones in the blood and the factor fac i l i ta t ing  the l iberat ion of thyrotropin are reduced [6]. In the light of 

these results the increased amount  of secret ion in the neurohypophysisof  the rabbits t reated with thyroxin appear to 
result from an insufficient c learance  into the blood stream. According to our findings the impai rment  into the flow 
of neurosecretion is associated with an increase of its formation in the neurones, as indica ted  by the enhanced dis-  
persion of ribonucleoproteins and of Nissl substance by the cel ls  of secretory nuclei.  Further evidence is the appear -  
ance of a new flow of secretion, which is not found in the control  animals from the supra-optic  nucleus into the dor-  

sal portions of the hypothalamus. 

S U M M A R Y  

A study was made of changes in the rate of secret ion in the supra-optic  and paraventr icular  nuclei  of rabbits 
in relat ion to thyroid concentrat ion in the body. Changes in the hormonal  ba lance  were induced by thyroidectomy 

and by the administrat ion of thyroidine or of 6-methyl th iourac i l .  
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Hypothalamic secretion in the control animals was fluctuating, i.e., a phase of secretion was followed by one 
of evacuation and a shift of the secretory granules into the neurohypophysis. Accordingly the main mass of neuro- 
secretion was present either in the cells of the paraventricular and supra-optic nuclei and in the median eminence, 
or in the posterior hypophyseal lobe. 

Treatment with thyroxin for 10 days led to an intensified production of the secretion in the hypothalamic nu- 
clei, and to its accumulat ion in the neurohypophysis. Thyroidectomy or administration of 6-methylthiouracil  de-  
creased secretory activity by the cells, and caused a reduction in the store of neurosecretion in the posterior hypo- 
physeal lobe. 
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A l l  a b b r e v i a t i o n s  of  p e r i o d i c a l s  in  the  a b o v e  b ib l i ography  are  l e t t e r - b y - l e t t e r  t r a n s l i t e r -  

a t i o n s  o f  the  a b b r e v i a t i o n s  as  g iven  in the  o r ig in a l  R u s s i a n  j o u r n a l .  Some or all  o f  t h i s  per i -  

od i ca l  l i t e ra ture  m a y  we l l  be  a v a i l a b l e  in E n g l i s h  t rans la t ion .  A c o m p l e t e  l i s t  o f  the  c o v e r - t o -  

c o v e r  E n g l i s h  t r a n s l a t i o n s  a p p e a r s  at the  b a c k  o f  th i s  i s s u e .  
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