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In a previous investigation [5] we showed that in normal conditions of act ivi ty  of the organism the processes of 
formation and secretion of hormones in animals after denervation of the thyroid take place at the same intensity as 
before the operation. However, when increased demands are made on the thyroid, especia l ly  in the course of defen- 
sive condi t ioned-ref lex act ivi ty ,  the denervated gland reacts to these influences by a more intensive and prolonged 
secretion than the in tac t  thyroid. 

The object  of the present investigation was to examine  the causes of the inadequate  secretion of the denervated 
thyroid during changes in the functional state of the central  nervous system. 

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

Experiments were conducted on 9 dogs. The functional state of the central  nervous stystem in the animals 
was modif ied by the appl icat ion of defensive condit ioned stimuli.  A positive condit ioned reflex was produced to 
the sound of a metronome giving 120 beats per minute and an inhibitory condit ioned reflex to the sound of a metro-  
nome giving 60 beats per minute.  The unconditioned stimulus was an e lec t r ic  current from an induction coil .  The 
condit ioned st imuli  were appl ied  10 t imes in an experiment  at intervals of 5 rain. The isolated act ion of the con- 

dit ioned stimulus lasted 20 sec. The indicator  of the functional state of the thyroid was its content of radioact ive  
iodine (I131), given to the animals  by mouth with mi lk  (0.5 gCi /kg)  72 h before the start of the experiment .  The 

radioact iv i ty  of the thyroid was determined after the appl ica t ion  of each conditioned stimulus and for a period of 
4 h until the terminat ion of its effect.  

The method of invest igat ion of radioiodine in animals  during work in the condit ioned reflex chamber has been 
described in our ear l ier  papers [2, 3]. The thyroid glands were denervated in the usual manner. The animals were 
used in the exper iment  1-4 weeks after the operation.  Adrenalin (crystalIine) and noradrenalin were in jec ted  intra-  
venously in a dose of 10 pg/kg,  and thyrotropic hormone intravenously in a dose of 25 i . u . / kg  body weight.  These 
substances were given to in tac t  dogs and to dogs after denervation of the thyroid. 

At the end of the invest igat ion the dogs were sacrif iced and a histological  analysis was made of the nervous 
apparatus of the thyroid by Kampos'  method. 

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

The excessively intensive and prolonged react ion of the denervated thyroid gland to defensive st imuli  observed 
in our previous investigations [5] bore a great resemblance to the reactions of denervated structures. However, be -  
fore the react ion of the denervated thyroid could be so classified, i t  was necessary to show that the gland, when 
deprived of its nerve supply, reacts to its natural chemica l  st imuli  (adrenalin,  noradrenalin, and thyrotropic hormone) 
more strongly than the in tac t  gland. To examine this problem special  investigations were carried out. Experiments 
showed that  the leve l  of rad ioac t iv i ty  of the denervated thyroid changed after the inject ion of adrenalin by approxi- 
mate ly  the same degree as in the animals with the intact  gland, although in the in tac t  animals  the react ion to 
adrenal in appeared more q u i c k l y - 1 5  rain after in ject ion of the drug, compared with 30 min after inject ion in the 
animals with the denervated gland (Fig. 1, A). Clearly,  therefore, t~e react ion of the denervated thyroid to adrena-  

l in  was essentially indistinguishable from the react ion of the intact  glands. 
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Fig. 1. Effect of adrenal in (A), noradrenalin 
(B), and thyrotropic hormone (C) on the secre-  
t ion of the hormones of the in tac t  and dener-  
vated gland. For A and B the broken l ine re-  
presents the radioac t iv i ty  of the intact  gland 
and the continuous l ine  the radioac t iv i ty  of 
the denervated thyroid. For C the broken 
l ine  represents the radioac t iv i ty  of the dener-  
r a t ed  gland and the continuous l ine the radio-  
ac t iv i ty  of the intact  gland. Along the axis 
of absc i s sa s - t ime  (in rain) after inject ion of 
the radioisotope;  along the axis of ordinates 
- c h a n g e s  in rad ioac t iv i ty  (in ~ of ini t ia l  
level) .  

After inject ion of noradrenalin into the in tac t  animals  the 
radioac t iv i ty  of the thyroid rose immed ia t e ly  and reached a max i -  
mum in 20 rain, after which the content of radioiodine  in the 
gland feel gradually and returned to its in i t ia l  level  after 3 h 
(Fig. 1, B). 

The curve of rad ioac t iv i ty  of the denervated thyroid was 
slightly different. The level  of rad ioac t iv i ty  of the gland rose i m -  
media te ly  after the inject ion of noradrenalin,  after 5 rain it began 
to fall,  and after 18 rain it gradually rose again and reached its 
max imum only after 135 rain; i t  then fell  gradually,  but did not 
reach its original level .  In both cases the maximal  effect was 
approximate ly  the same. 

The experiments in which noradrenalin was in jec ted  showed 
that the intact  gland reacts to this substance in the same way as 
the denervated thyroid; in the lat ter  case the max imal  react ion 
takes slightly longer to develop than in the former. 

After in ject ion of thyrotropic hormone (Fig. 1, C) into the 
in tac t  animals the rad ioac t iv i ty  of the gland fell  after 5 rain;  the 
ma x ima l  react ion developed at the 10th minute and, after a few 
fluctuations of the level  of radioiodine in the gland, the react ion 

gradual ly  approximated to the in i t ia l  level .  The react ion of the 

denervated gland was more even. The in i t ia l  effect  after in jec -  
tion of thyrotropic hormone appeared in 30 min and the max imal  
effect  in 45 rain, after which the curve of rad ioac t iv i ty  gradually 

approximated to the ini t ia l  level .  Hence, as in the preceding in-  
vestigations, the denervated gland reacted to the in jected substances 

la ter  than the normal gland. The intensity of the react ion was the 
same in both cases. 

The results of these investigations are in agreement  with 
corresponding data in the l i terature.  It has been found, for example ,  
that thyrotropic hormone acts on thyroid gland tissue independently 

of its sympathet ic  innervation,  and the ident ica l  react ion of the 
denervated and intact  thyroid gland to thyrotropic hormone has 
been demonstrated [7, 8, 10, 11]. Similar  results have also been 
obtained in relat ion to the action of adrenal in [1, 9]. 

Hence, judging by the results of our experiments and by the 
data in the l i terature,  the react ion of the denervated gland to 
adrenalin,  noradrenalin,  and thyrotropic hormone is indistinguish- 
able from the react ion of the intact  gland. This indicates  that the 
thyroid gland is not one of those structures whose sensitivity is in-  
creased after denervation. 

In this case, what physiological  mechanisms are responsible 
for such an excessive react ion of the denervated gland to defensive 

stimuli ? We know that processes of both s t imulat ion and inhibit ion 
are concerned in the maintenance  of equil ibr ium between the organism and the outside world, and that the process 
of inhibit ion determines the finest degrees of the relationship between organism and environment.  If this view is 
adopted as the basis for the analysis of the present problem, i t  may be assumed that the secretion of the denervated 
gland, tr iggered off by stimuti from the central  nervous system by means of humoral transmission links, subsequently 
continues autonomously, without any form of influence to determine its intensity and duration. 

In order to test this hypothesis a special  series of experiments was undertaken to invest igate the effect  of inhibi -  
tory stimuli on the function of the denervated thyroid. 
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Fig. 2. Effect of excitation and inhibit ion of the central nervous system on the 

secretion of hormonal iodine by the intact and denervated gland. 1) t ime 
marker (in sec); 2) st imulation marker (conditioned stimulus Mlz0); 3) s t imula-  
tion marker (electric current); 4) recording of defensive motor reflex. 
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Fig. 3. Secretion of the denervated thyroid gland. A) during overstress of the process of  stimulation; 
B) during conflict between excitation and inhibs Continuous l ine-f irst  period of conflict, broken 
l ine - second period of conflict. 
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We have previously shown [4, 6] that under the influence of a conditioned inhibitory stimulus the secretion of 
the intact gland is depressed. Changes of this type in the secretion of the thyroid gland have also been found in the 

case of overstress of stimulation, or of conflict between the fundamental nervous processes, or under the influence of 
sodium amytal-in other words, during the action of factors leading to the onset of an inhibitory state of the central 

nervous system. 

As is clear  from Fig. 2, the react ion of the thyroid to a differential  stimuIus (Ms0) differed rad ica l ly  in the dogs 
undergoing the operation from the react ion in the in tac t  animals.  The secretion of the gland s t imula ted  by the ex-  
per imental  environment,  which acts as part of the system of defensive s t imuli  and behaves as a condit ioned stimulus, 
could not be arrested by the action of a well  consolidated inhibitory condit ioned stimulus, A high rate of secretion 
continued throughout the experiment ,  and showed no significant f luctuation over a period of 3 11 (see Fig. 2). The 
development  of an inhibitory state in the cerebral  cortex during an overstress of s t imulat ion,  l ike  the act ion of the 
inhibitory reflex,  proved powerless to prevent the increased secretion of hormones into the blood, s t imula ted  in i t ia l ly  

by the defensive external  si tuation. 

The results of one such exper iment  are given in Fig. 3. In this exper iment  the act ion of the positive condi t ion-  

ed stimulus (Mtz0) lasted for 3 rain instead of the usual 20 sec. The la tent  period of the condit ioned ref lex was con- 
siderably increased and sometimes reached 40 see, indicat ing the development  of inhibi t ion in the cerebral  cortex. 
In these circumstances too, however, the secretion of the thyroid gland did not cease but remained at a high level  

throughout the experiment .  

The secretion of the denervated thyroid was next invest igated in the conditions of a confl ict  between exc i t a -  
t ion and inhibit ion.  A state of confl ict  was appl ied up to four t imes in the course of 9 days. After an interval  of 
1 week the experiments were resumed. As a result the condi t ioned-ref lex  ac t iv i ty  was disturbed; the dog now did 
not raise its paw in response to the positive condit ioned stimulus, but reac ted  to the inhibitory stimulus; at the end 
of the exper iment  i t  hung in its straps and dozed. 

Under the influence of conf l ic t  the content of radioiodine in the denervated thyroid fell  to 30-40% of the in i -  
t ia l  leve l .  S imilar  results were obtained in both the first and second periods of the experiments in which a confl ict  
was used (Fig. 3,B). The accumulat ion  of rad io iodine ' in  the thyroid was never observed, as is usually the case in 
analogous conditions in in tac t  dogs. 

Hence, the experiments showed that  the denervated thyroid is no longer capab!e of react ing adequaie ty  to i m -  
pulses arising in the cerebral  cortex. Unlike the in tac t  gland, which ceases to secrete hormones into the blood under 
the influence of inhibitory reflexes, the denervated gland in the same conditions cannot inhibit  its secret ion and, as 
a result, the l iberat ion of its hormones into the blood stream continues. 

The differences observed in the secretion pattern of thz denervated gland, namely  its high intensity and pro- 

longed course, may be at tr ibuted to the fact  that  the gland, on account of its denervation,  ceases to exper ience reg-  
ulatory influences from the central nervous system. This suggests that the autonomic nerve supply plays a part in the 
adapt ive  react ion of  the thyroid gland, ensuring the de l ica te  and precise functioning of the gland in the course of 

constantly changing external  environmental  conditions. 
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