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The role of neurons of the anterior hypothalamus in the regulation of water metabolism has been demon- 
strated experimentally. It was shown that dehydration of an organism c a u s e s  a reduction in the neurosecretory 
material in all portions of the hypothalamo-hypophyseal tract [12, 14, 16]. In this case, hypertrophy of the 
neurons and their loss of the tigroid substance are regarded as signs of elevated function of the hypothalamus [8, 9, 
11, 18, 15, 17]. Excess administration of water to the organism, on the other hand, leads to an accumulation of 
the neurosecretory material in the nuclei along the pathway of the axons from the hypothalamo-hypophyseal tract, 
as well as in the neurohypophysis [7, 10]. 

Apparently, the change in the neurosecretory activity of the hypothalamus is not the only result of a dis- 
turbance in the water metabolism, inasmuch as hypothalamic control extends to the function of many organs, in 
particular, the hypophysis. Therefore, shifts in the water balance, mediated across the hypothalamus, most pro- 
bably influence the state of the endocrine glands. These considerations formed the basis for our investigation, the 
problem being to elucidate the relationship between the thyrotrophic function of the anterior lobe of the hypo- 
physis and changes in the water regime caused by salt loading. 

Acaudate amphibia served as the subjects in our investigations: we used 212 tadpoles of Rana eseulenta and 
Pelobates fuscus, 16 yearling, and 20 adult Rana ridibunda, plus 30 white rats weighing 150-200 grams. In series 
of five-day periods, the amphibia were kept in distilled water, in dechlorinated tap water, and in isotonic (0. 7%) 
and hypertonic (1~ NaC1 solutions. The  rats in the different series were given a 2.5% MaC1 solution as their drink- 
ing water for periods of 5, 10, 15 and 20 days. The concentration of the solution was chosen on the basis of experi- 
mentation by other authors [12, 16]. Control rats received normal water. The drinking ration was the same for the 
experimental and control animals. The experiments on the rats were repeated twice. At the end of each experi- 
ment, the animals were sacrificed by etherizing. Fixation of the mid-brain, hypohysis, and thyroid gland (the lat- 
ter only in rats) was carried out in Bouin's solution. The tissue was imbedded in paraffin, and 4-6 ~ thick sections 
were stained: according to the method of Halmy-Dyban, with hematoxylin and phloxin according to the method of 
Gomori, with the Unn-Pappenheim reagent, with aldehyde-fuchsin, with PAS reagent, with azane according to Mal- 
lory. and with hematoxylin and eostn. At the same time that portions of material were fixed, tissues of the preoptic 
region, the hypophysis and the thyroid gland were tested on tadpoles of various species (648 specimens) in order to 
demonstrate the presence of biologically active substances in them. 

E X P E R I M E N T A L  RESULTS 
Neurons of the preoptic neclei of amphibia, kept in normal, and especially in distilled, water, showed 

signs of obstructed neurosecretion. The cytoplasm of the neurons was densely filled with intensely staining secre- 
tory granules. A large number of granules and drops, sometimes very coarse, were located extracellutarly, in the 
brain tissue (see figure 1). In the amphibia kept in isotonic, and especially in hypertonic, solutions, we observ- 
ed a marked decrease in the number of granules in the neurons, related to an outflow of secretion from the ceils 
and the brain tissue. The rare granules were distributed only at the periphery of the cytoplasm of certain cells. The 
majority of cells were devoid of neurosecretion (2). At the same time, we noted a pronounced reduction of neuro- 
secretion material in the posterior lobe of the hypophysis in the amphibia that were kept in the hypertonic solution. 

The results of testing the biological activity of tissues from preoptic regions on stage III tadpoles of different 
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species are presented in Table I. For purposes of brevity, the numerical data in Table 1 represent mean data of 
the total effect achieved from testing the material taken from amphibia kept in distilled and normal water, com- 
pared to the data for the animals that were placed in the hypertonic solution. 

TABLE 1. Data on the Metamorphogenic Activity of the Mid-Brain and Hypophysis of 
Amphibia After Salt Loading 

Material studied 

Mid-brain of the 
adult frogs 

The same from 
yearling 

The same 
The same 
Hypophysis of the 

tadpoles 

Tadpoles 
(recipients) 

Green toad 

Rana escu- 
lenta 

Pelobates 
fugcus 

Bombina 
The same 

Medium 

im) 

LU 

Water 16 

Sodium chloride 16 

solution 
Water 27 
Sodium chloride 21 

solution 
Water 163 
Sodium chloride 117 

solution 
Water 17 
Sodium chloride 15 

solution 
Water 21 
Sodium chloride 21 

solution 

Under the influence of the hypertonic solution, the concentration of material in the preoptic region of the 
amphibia capable of stimulating the metamorphosis  decreased. A certain tendency toward reduced biological 
activity of the tissue substrate in the preoptic region was observed even in the amphibia that were placed in the 
normal water, as compared with those that were kept in distilled water. Testing the hypophyses of the tadpoles 
showed an elevation of their concentration of thyrotrophic substance under the influence of the hypertonic solution. 

The changes in the neurons of the supraoptic and paraventricular nuclei of the rats were varied, depending 
on the length of exposure to the salt. The neurosecretion in the control was abundant both in the secretory neurons 
and in the hypothalamo-hypophyseal tract, in the form of diffuse grains, granules and drops. In the supraoptic nuc- 
lei, two types of neurons may be contrasted. The first are large cells, with a cytoplasm that is rich in diffusely 
disseminated, fine secretory granules, the larger portion of which is concentrated in the perinuclear region (3). The 

TABLE 2. Mean Data (in micra) of the Diameter (d) of the Large Neurons Belong- 
ing to the First Type, and the Diameter (d) and Volume (V) of Their*Nuclei, in the 
NSO, NPV, and 8 -Basophiles of the Hypophysis from Control and Experimental Rats 

Duration of the 
experiment 

(in days) 

5 
10 
I5 
20 

Control 

Neuron 

d 

27.6 
25.9 
23.4 
21.4 

NSO 

Nucleus 

d V 

12.2 951 

13.0 1.153 
12.2 950 
12.4 1.001 

NVP 

Neuron Nucleus 

d d V 

22.9 12.5 1.025 
17.3 10.5 602 
17.9 10.4 571 
16.4 10.6 623 

8 -basophilcs 

Cell Nucleus 

d d V 

19.4 7.9 242 
19.3 8.O 268 
15.1 9.2 408 
15.6 8.4 311 

230 
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second type is made up of elongated cells with smaller dimensions, with a compact cytoplasm that contains vividly 
staining granules (Table 2). The neurosecretion in these ceils enters the axons, forming swellings that are filled 
with fine granules. Similar pictures of the manner in which the neurosecretion localizes in the nerve fibers were 
described earlier by A. L. Polenov [4, 5]. The neurons of the paraventricular nuclei are more uniform in shape, size, 
and granularity of the cytoplasm. 

As can be seen from Table 2, under the salt loading conditions ceils of the supraoptic nuclei underwent the 
greatest changes. After 5 days, the number of granules in the neurons of these nuclei decreased markedly. The 
cytoplasm was vacuolized, and decidedly swollen. The Gomori-positive substance was scant, and localized only 
about the periphery of the cells. In single neurons we observed diffusely disseminated, fine granules. The nuclei 
and nucleoli were enlarged. In areas of the supraoptic nuclei located nearer to the chiasma, there remained iso- 
lated stained, elongated cells, with homogeneous cytoplasm. The nuclei in these ceils were small, deformed, and 
severely contoured. The cells were undergoing degenerative changes, preparatory to their conversion into secretory 
bodies. After ten days the secretory depletion of the cells in the supraoptic nuclei had progressed further, with con- 
siderable increase in vacuolization. The borders of the cells were poorly defined (4). Hypertrophy of the neurons, 
nuclei and nucleoli still remained. After 15 days of salt loading, the hypertrophy of the neurons was less apparent 
than in the previous intervals; the size of the nuclei and nucleoli decreased. In the neurons adjacent to the chiasma, 
secretory granules had begun to accumulate. The state of the neurons after the 20 day salt exposure was close to 
that of the controls, except that mild hypertrophy of the cytoplasm, nuclei and nucleoli still remained. 

TABLE 3. Indices of Metamorphogenic Activity 
in the Mid-Brain, Hypophysis, and Thyroid Gland 
of the Rat 

Duration of the 

experiment 

(in days) 

5 
10 
15 
20 

Control 

~ .~ Thyroid gland 

data " N z  

resorption index -~ 

1.128 555 
1.091 592 

698 480 

1.562 
1.399 
1.081 

31 .9  
37.11 
38.0i 
33.3 

10.1 
9.8 
9.5 
9.1 

11.7 

The salt loading did not affect the paraventri- 
cular nuclei to the same degree as it did the supraoptics. 
The five day exposure caused a certain increase in the 
size of the neurons, nuclei and nucleoli, and a shift of 
the Gomori-positive substance to the periphery of the 
cytoplasm. After 10 days, the structure of the paraven- 
tricular nuclei was essentially normal. 

Under normal conditions, the posterior lobe of the 
rat hypophysis is so "clogged" with neurosecretion that 
it is impossible to differentiate individual cells (5). 
One finds numerous Herring bodies here, as well as 
coarse drops and granules of neurosecretion. Salt load- 
ing caused a loss of the neurosecretory material  from 
the posterior lobe, with an increase in the dimensions 
of the organ and sings of marked hyperemia (6~. After 
15-20  days of the experiment, the hyperemia diminish- 

ed, a small number of neurosecretory granules appeared, and single, small, stray ceils were seen, with cytoplasm 
that took the aldehyde-fuchsin stain intensely. 

In the control rats, the B -basophiles in the anterior lobe of the hypophysis localized mainly around the vessels 
in the central portion of the gland. Their cytoplasm was vacuolated, and there were rather few granules of alde- 
hyde-fuchsin substance (7). The 6 -basophiles were encountered in the peripheral portions of the gland, outside of 
the connection with the blood vessels. 

Salt loading caused an increase in the number of basophile ceils; these ceils varied markedly in size, and 
contained densely granulated, or dark, homogeneous, cytoplasm. Following along the path of the capillaries, it 
was possible to trace all stages of specific granularity in the basophiles (8). Under the conditions of the experiment, 
no 5 -basophiles were observed. This picture was preserved on the 5th and 10th days ofthe experiment. After 15 
days, we noted a degranulation of the basophiles, and partial vacuolization of the peripheral portions of their cyto- 
plasm, These phenomena were enhanced after 20 days, and hyperemia of the organ was observed. 

The epithelium in the thyroid gland of the control was cuboidal in form: the colloid was homogeneous, and 
only in isolated follicles was it seen to be weakly vacuolated. In the experimental animals, the epithelium was de- 
pressed, and the amount of colloid was increased (see Table 2). In this case, the epithelial ceils were depleted of 
polysaccharides, while the basal membranes and the interfollicular connective tissue yielded a more intense PAS 
reaction than the control (9, 12). 
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The results of testing tissue from the mid-brain, anterior lobe of the hypophysis and thyroid gland of control 
and experimental rats on the tadpoles are presented in Table 3. To simplify the table, we established the total 
index of mean resorption indices for all the tadpote organs in each series, as we d id inoneof  our previous works [1]. 

Y 

Changes in the hypothalamic nuclei and the hypophysis of amphibia under conditions of 
salt loading. 1-neurons of the preoptic nucleus of a frog kept in distilled water; 2 - t h e  
same neurons after 5 days of salt loading (aldehyde-fuchsin, counterstained with hema-  
toxylin, magnified 1200x); 3-neurons of the supraoptic nucleus from a control rate; 
4 - t h e  same after a 10 day salt loading (hematoxylin chromate and phloxin, according to 
Gomori, magified 1200x); 5-posterior lobe of the hypophysis from a control rat; 6 - r e -  
moval or the neurosecretion from the posterior lobe of the hypophysis following a 5 day 
salt loading (according to the method of Halmy-Dyban, magnified 280x); 7-13-baso- 
philes in the anterior lobe of the hypophysis of a control rat; 8-accumulat ion of granules 
by the basophiles after 5 days of salt loading (according to the method of Halmy-Dyban, 
magnified 1200X); 9 -thyroid gland of a controt rat; 10- the  same after a 20 day salt 
loading (PAS reaction, magnified 540X). 
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These data show that, under salt loading conditions, the metamorphogenie activity of the mid-brain tissue 
underwent marked weakening after 5 days; it then rose somewhat, increasing in strength up to the 15th day, which 
agrees with the histological picture of granule accumulation in the neurons of the supraoptic muclei. 

The thyrotrophic activity of the anterior lobe of the hypophysis decreased in the first 10 days of the experi- 
ment, despite the fact that at that t ime the number of basophiles increased, and they became enriched with alde- 
hyde-fuehsinophilie substance. By the 15th day, the thyrotrophie activity of the hypophyseal tissue increased marked- 
ly, although in this case, degranulation of the basophilic cells was noted. The thyroid glands from the animals that 
underwent prolonged salt exposure possessed the strongest effect on the metamorphosis of the tadpoles, which is in 
excellent agreement with the morphological signs of progressive hypofunction (seeTable 2), 

Thus, our experiments showed that a hypertonic solution leads to monotypic, morphological changes in the 
preoptie nuclei of the amphibian hypothalamus, and in the supraoptic and, partially, in the paraventrieular nuclei 
of the rat hypothalamus. These changes are manifested by a reduction in neurosecretion, a hypertrophy of the neu- 
rons, an enlargement of the nuclei and nucleoli; they reflect a marked increase in utilization of the neurosecretion 
within the organism, resulting in decreased diuresis [2, 6]. Analogous changes were observed in the hypothalamo- 
hypophyseal system by I. A. Krasnovskaya and A. L. Polenov [3], using white mice in experiments involving injec-  
tions of 5% NaC1 solution. 

The increase that we observed in the number of basophilic cells, and their hypertrophy, are in agreement 
with the data of other authors [8, 9]. However, biological testing of the tissue from the anterior lobe of the hypo- 
physis showed that an increase in thyrotrophie activity, which would be expected with such a surplus of basophiles, 
is not observed. In turn, the results of microscopic study and biological testing showed that there was no stimulatory 
effect by the hypophysis on the thyroid gland. Apparently, this is explained by a disruption of the normal interrela- 
tionships between the hypophysis and the thyroid gland, since prior to our investigation it was shown that vasopressin, 
a component part of the neurosecretion, causes a suppression of thyroid gland function, acting on the anterior lobe 
of the hypophysis [6]. 

SUMMARY 
A relationship was shown between the function of hypophysis and thyroid gland and the state of hypothalamic 

nuclei of amphibia and rats in conditions of salt loading. The number of neurosecretory granules dropped markedly 
in the neurones of the supraoptic nuclei; this drop was less significant in the paraventricular ones. Tests carried out 
on tadpoles point to the loss of biologically active substances by the diencephalon. The number of basophils in- 
creases in the anterior lobe, granulation of their cytoplasm becomes enhanced,but the thyroid gland function at that 
t ime does not undergo any stimulation. Prolonged coustant salt action does not exclude the restoration of secretion 
in the neumnes of hypothalamic nuclei and of the structure normalization of the anterior lobe of hypophysis. 
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