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It is an acknowledged fact that in mammals the thy- 
roid gland is mainly stimulated by the thyrotropic 
hormone of the pituitary (TSH). However, the results 
of numerous observations are in contradiction with 
this thesis. Thus, for certain pathologies a perma- 
nently elevated TSH level does not affect thyroid 
function [1]. A nonconformity between the TSH level 
and the thyroid hormone content in the blood has 
also been detected under the influence of long-term 
or repeated thyroliberin injection [4,15]. The data 
concerning thyroid reaction under conditions of tran- 
sitory, nonspecific stress, for example, ether anes- 
thesia, rigid immobilization, and pain stress are of 
great importance [7,11,12]. 

These effects are accompanied by a rise of the 
adrenalin level in the blood as well as of nonapeptide 
hormones, i.e., vasopressin and oxytocin (VP and 
OT); however, the thyroid remains inactive or its 
function is even inhibited. 

At the same time, a transitory cooling may acti- 
vate thyroid function in hypophysectomized rats de- 
prived of thyrotropocytes of the anterior lobe of the 
hypophysis to the same extent as in intact animals 
[61. The injection of both exogenous VP and OT 
does not affect the thyroid in hypophysectomized rats. 
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However, the i.njection of neurohormones in combi- 
nation with stress factors does result in thyroid stimu- 
lation [51. 

Experiments in vitro have demonstrated that 
nonapeptide neurohormones, when added to incuba- 
tion medium, cause thyrocyte stimulation [21. 

This contradiction in the data on thyroid reac- 
tion under stress conditions both in animals with 
intact pituitary and in hypophysectomized rats, as 
well as experiments on the isolated thyroid fragments, 
prompted us to study the reaction of the thyroid 
under tile influence of such essential components of 
the neurohormonal reaction to stress factors as VP 
and adrenalin. 

MATERIAL AND METHODS 

Experiments were carried out on Wistar rats weighting 
150-200 g in the fall-winter season. Both hypophysec- 
tomized and intact animals were used in the experi- 
ments. Hypophysectomy was carried out using trans- 
phenoidal method 7 days prior to the experiment. 

Both intact and hypophysectomized rats were in- 
j ec ted  intraperi toneally with one of  the neuro- 
hormones or with their combination. Minimum doses 
of VP, OT, or adrenalin were chosen to provide a 
neurohormone level in the blood similar to that in 
stressed animals. Four groups of animals were stud- 
ied: 1) OT injection in a dose of 15, 150, or 1500 
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ng/100 g body weight; 2) VP injection 
5, 50, or 500 ng/100 g body weight; 
injection in a dose of 0.4 pmole/100 g 
4) VP injection in a dose of 50 ng/100 
nation with adrenalin injection in a 
pmole/100 g body weight. 

in a dose of 
3) adrenalin 
body weight; 
g in combi- 
dose of 0.4 

Intact animals served as controls in all test 
groups. 

The animals were decapitated 20 min  after 
neurohormone injection, and blood samples were 
taken for a radioimmunological determination of the 
hormone content. Triiodothyronine (T3) and thyrox- 
ine (T4) were determined in the samples by the use 
of standard kits (Institute of Bioorganic Chemistry of 
the Belorussian Academy of Sciences) and TSH 
(Mallincrodt Diagnostics, Germany). 

The thyroid was fixed with Bouin's fluid. Paraf- 
fin sections were stained with azo after Heidenhain. 
Thyroid functional activity was evaluated morpho- 
metrically by the changes of thyrocyte height. The 
results were processed statistically using the nonpa- 
rametric Wilcoxson-Mann-Whitney test. 

RESULTS 

Oxytocin in any dose used does not affect the func- 
tional state of the thyroid in either intact animals or 
hypophysectomized rats, except for a T 4 increase in 
hypophysectomized rats (up to 134%, p<0.05). Simi- 
larly, the injection of OT has no effect on the level of 
TSH. Vasopressin in any dose used has no effect on 
the TSH level in the blood in intact rats, but results 
in an increase of thyrocyte height as well as an increase 
of the content of sorptive vacuoles in the colloid and 
a pronounced hyperemia of the gland. At the same 
time, the T 3 content increases in the blood plasma. 
Thyroid activation is not dose-dependent (Fig. 1). 

In hypophysectomized rats the thyroid reaction 
to VP differs somewhat from that described above. 
Thus, the minimum VP dose affecting the thyroid in 
intact animals has no influence on the gland in hy- 
pophysectomized rats, which is in accordance with 
published data [5]. This seems to be due not so 
much to the decreased thyroid activity after the op- 
eration as to the considerably lower VP level in the 
blood of such animals as compared to the control 
animals. However, in these animals VP in a dose of 
50 ng/100 g body weight leads to an increase of 
thyrocyte height, an intensified thyroid hyperemia, 
and an increase of the T 3 and T+ concentration in the 
blood (see Fig. i). The same thyrocyte reaction to 
VP injection has been previously reported for hypo- 
physectomized sterlet [10]. 

VP in a dose of 500 ng/100 g body weight 
causes an increase of thyrocyte height and the devel- 
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Fig. 1. Effect of vasopressin in various doses on thyroid gland 
1) 5.0 ng/lO0 g; 2) 50.0 ng/lO0 g; 500 ng/100 g body weight. 
p<O.05 as compared to values prior to neurohormone injection 
(I00%). a) intact animals; b) hypophysectomized animals. 

Fig. 2. State of thyroid after neurohormone injection: 1) VP in 
a dose of 50.0 ng/lO0 g; 2) adrenalin in a dose of 0.4 pmole/ 
100 g; 3) combination of VP (50.0 ng/lO0 g and adrenalin (0.4 
pmole/lO0 g body weight). 

opment of all the other morphological symptoms of 
boosted thyroid activity in both nonoperated and hy- 
pophysectomized rats; at the same time, the T 3 c o n -  

cen t r a t ion  decreases reliably, while the T 4 concentra- 
tion remains on the baseline level. 

The changes of the T 3 concentration cannot be 
the result of a reduction of its release into the Mood 
during the 20 rain experiment, since its half-life is 
24 h [17]. Consequently, the only logical explanation 
is acceleration of the T 3 metabolism in the periph- 
eral tissues induced by VP injection in large doses 
followed by an increase of its concentration in the 
blood (see Fig. 1). 

The injection of adrenalin in a dose increasing 
its concentration in the blood up to the "stress" level 
(0.4 pmole/100 g) lowers thyroid functional activity, 
as shown in the reliable decrease of thyrocyte height, 
although no discernible changes are detected in the 
thyroid hormone concentration in the blood. The 
thyroid reaction to adrenalin is the same in both the 
nonoperated and hypophysectomized rats (see Fig. 2). 

Adrenalin injection in combination with VP in a 
dose of 50 ng/100 g, which is known to affect the 
thyroid both in intact and in hypophysectomized rats, 
suppresses the stimulating effect of VP on the thyroid. 
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In nonoperated animals injected with adrenalin in com- 
bination with VP all indexes remain on the control 
level, while in hypophysectomized rats the thyrocyte 
h e i s t  decreases reliably, just as with the injection of 
adrenalin alone. Thus, under stress conditions in 
nonoperated rats the simultaneous rise of both the 
adrenalin and VP level in the blood is responsible for 
thyroid inactivity, although the injection of adrenalin 
alone in sufficient dose leads to thyroid stimulation. 

The results obtained seem to be in contradiction 
with the data on thyroid stimulation in hypophysect- 
omized rats by VP in combination with immobilization 
stress [5]. However, it should be taken into account 
that noradrenalin, secreted primarily in the adrenal 
medulla in hypophysectomized rats [16], seems to be 
the main component of the catecholamine neuro- 
hormones released into the blood under stress; addi- 
tionally, VP alone has been shown to stimulate the 
formation of noradrenalin in the adrenal medulla in 
rats [14]. A corresponding stimulation of the chro- 
malNa tissue of the "adrenal glands" in frogs has been 
found in vivo and in vitro [8]. 

Noradrenalin in combination with VP, as shown 
in in vitro experiments [3], has the opposite effect 
on the thyroid cells as compared with the effect of 
adrenalin. This is probably responsible for the dif- 
ferences in the thyroid reaction to immobilization 
stress in nonoperated and hypophysectomized animals. 
It is interesting to note that under the simultaneous 
influence of both catecholamines and TSH on the 
isolated thyroid the reaction to adrenalin is opposite 
to that to noradrenalin injection [13]. 

The results obtained validate Polenov's idea 
about the dual control of the functions of the periph- 
eral endocrine glands by monoamine (catecholamine) 
and peptide (nonapeptide) neurohormones [91. 

Thus, the results of our investigation confirmed 
that thyroid function is determined not only by the 

TSH level, for, even in the absence of changes in 
,this level, it may be stimulated by vasopressin. How- 
ever, under conditions of simultaneous increasing in 
both the vasopressin and adrenalin concentrations in 
the blood (as in the case of stress situations), the 
effect of adrenalin is shown to be predominant, in- 
hibiting the thyrostimulating action of vasopressin. 

REFERENCES 
I. B. V. Aleshin and V. I. Gubskii, The Hypothalamus and 

Thyroid Gland [in Russian], Moscow (1983). 
2. G. V. Dityateva and I. A. Krasnovskaya, in: Neuro- 

biological Aspects of Modern Endocrinology [in Russian], 
Moscow (1991) p. 21. 

3. G. V. Dityateva, I. A. Krasnovskaya, and V. I. Skopicheva, 
ByuILEksp.Biol., 110, N_ 0 10, 423 (1990). 

4. I. A. Krasnovskaya and T. V. Tavrovskaya, Probl. 
Endokrinol., 30, No 3, 72 (1984). 

5. I. A. Krasnovskaya and T. V. Sheibak, ByulLEksp.BioL, 
109, N. o 1, 30 (1990). 

6. I. A. Krasnovskaya, T. V. Sheibak, and A. L. Polenov, 
Byull.Eksp.BioI., 104, N ~ 12, 666 (1987). 

7. V. I. Kuripka, P. E. Belokon', and V. S. Yakushev, 
Fiziol.Zh.SSSR, 35, No- 1, 72. 

8. E. O. Luk'yanenko, M. P. Prozorovskaya, M. A. Belen'kii, 
et al., Zh.Evol'uts.Biokh#n., 28, N_06, 120 (1992). 

9. A. L. Polenov, Uspekhi FizioLNauk, 10,N.ol, 28 (1979). 
10. I. V. Romanova, A. L. Polenov, M. A. Belen'kii, et d.,  

Zh.Evol'uts.Biokhim., 27, N. ~ 3, 351 (1991). 
11. A. Armario, J. Hidalgo, C. Restrepo, Neuroend.Lett., 7, 

NO- 4, 209 (1985). 
12. P. Langer, O. Folders, et aL, Exp. Clin.Endocrinology, 82, 

No- 1, 51 (1983). 
13. M, L.Maayan, E. M.Volpert, and A. F. Debons, Endo- 

crine Res., 13, No 2, 199 (1987). 
14. S. Regunathan and T. Sourkes, Reg.Peptides, 23,No-2, 217 

(1988). 
15. E. Roti, D. Christianson, A. R. C. Harris, et aL, 

Endocrinology, 103, N o _ 5, 1662 (1978). 
16. M, K. Stachowiak, I ). H. K. Lee, R. J. Rigual, et aL, 

Mol.Brain Res., 3, N o- 3, 263 (1988). 
17. K. Sterling and J. H. Lazarus, Ann.Rev.Physiol., 39, 349 

(1977). 


