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We have shown previously [1] that in conditioned reflex defensive activity, cortical influences reach the 
thyroid by the humoral path. 

We here report a study of the problem of whether the humoral connection between the cortex and the 
thyroid is universal, or whether the transmission may change according to the influence of the surrounding 
medium on the central nervous system. 

M E T H O D  

The experiments were carried out on nine dogs. The functional condition of the central nervous system 
was altered by means of feeding conditioned reflexes. Conditioned reflexes were established in response to the 
sound of a metronome at 120 beats per second, and to intermittent light from a 50 w electric lamp. Inhibitory 
conditioned reflexes were developed to a metronome operating at 30 beats per minute, and by intermittently 
extinguishing positive conditioned reflexes. The activity of the thyroid gland was estimated from its content of 
radio iodine. Radio iodine was given orally, as was the sodium salt, the dos e being 0 .7 / IC  per kg. The experi- 
ments were carried out 48 hours or more after injecting 1131. The radioactivity of the thyroid was determined 
immedia te ly  after presenting the conditioned stimuli, after 15 minutes, subsequently at 30 minute intervals for 
3-4 hours. The change was expressed as a percentage of the original value of the radioactivity which was assumed 
to be 100%. 

R E S U L T S  

At the outset, a careful study was made of the variation of the radio iodine content of the thyroid while 
the dogs were kept in the room and in the conditioned-reflex test compartment.  It was found that in neither place 
did the level vary by more than q-10%, a result which showed that the conditions of the experiment themselves 
did not cause appreciable changes in thyroid activity. In this way we determined the normal level during the 
period of the experiments. The animal was then given a meat  powder while it was in the conditioned-reflex test 
compartment,  the portions consisting of 25 g which were given at 5 minute intervals 5-6 times during one experi- 
ment.  It was found that here too the thyroid gland activity did not vary by more than :fl0~o. It was therefore, 
established that the food stimulus is without effect on thyroid activity. 

The next stage was to determine the effect of the conditioned food stimuli on the thyroid activity. 

Even the firk experiments in elaborating feeding conditioned reflexes showed that a considerable change 
in the level of thyroid radio iodine occurred. 

It can be seen from Fig. 1 that when conditioned reflexes are developed to M120, the amount of radio iodine 
in the thyroid gland is reduced and that the low level is maintained for 2-3 hours, after which it returns to its 
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original value. With training, the response of the 
thyroid to the conditioned stimulus is reduced, and 
disappears when well  reinforced conditioned reflexes 
are established (See Fig. 1). The development and 
reinforcement in a single animal of a conditioned 
reflex to a second new stimulus, for example ,  to 
interniittent light, produces a change in thyroid 
gland act ivi ty  similar to that which has just been 
described. 

The effect of inhibition (extinction) on the 
secretion of the labelled hormone is increased in 
some animals and in others it is depressed (see Fig. 
1). M. A. Usievich [2] observed a rather similar 
effect  when studying the influence of the cerebral 
cortex on visceral function. He was able to show 
that the greatest change in the activity of the 
stomach, pancreas, ttver, and other organs occurred 
during the period when either positive or inhibitory 
conditioned reflexes were being elaborated. 

I. N. Knipst, T. A. Korol'kov, and M. N. 
Livanov [8] also showed that the synchronization 
of cortical  activity was best shown during the develop- 
ment of a conditioned reflex and was maintained for 
a short while after it had been elaborated, i . e . ,  when 
it was most comple te ly  general ized.  The increased 
synchronization of cortical  e lectr ical  act ivi ty  was 
also observed when the conditioned reflexes were 
being extinguished. 

The resuhs reported show that in contrast to 
unconditioned reflexes,  for conditioned reflexes 
the whole set-up of the experiment and the applica- 
tion of conditioned stimuli  to dogs is a very deIicate 
task. Conditioned reflex activity requires a consider- 
able potential in the cerebral cortex, particularly 
when the animal is first confronted with a new 
stimulus which induces widespread excitat ion of 
the central nervous system. This result is reflected 
in ~ m e  way in the oper.ation of the viscera, and, as 
our experiments have shown, on the work of the 
thyroid. As conditioned reflex training continues, 
the excitation becomes  concentrated, and a well-  
developed conditioned reflex has no appreciable 
effect  on visceral function, or, in particular, on 
the operation of the thyroid. 

Thus, the results obtained for the thyroid in- 
dicate the immense ly  important part played by the 
functional condition of the central nervous system, 
or, more accurately stated, by the condition of the 
cel ls  of the cerebral cortex in controlling endocrine 
activity.  
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Fig. 1. The effect of conditioned food stimuli on the 
I lsl thyroid gland content. 

It was extremely important to determine in what 
way the influence of the central nervous system on the 
thyroid is conveyed. Using the method described previously 
[1], we have studied the transmission path from cortex to 
thyroid in three sets of experiments. It was first required 
to determine whether the cortical influence travels along 
the same pathway as it does during defensive conditioned 
reflex activity. 

The first experiments were carried out on hypo- 
physectomized animals in order to determine whether the 
hypophysis is an essential link in the transmission between 
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Fig. 2. Change in the amount of I lsl 
in the thyroid gland of a dog during 
feeding conditioned reflex activity. 
Experiment conducted after breaking 
the connection between the central 
nervous system and the adrenals. 

cortex and thyroid. The animals were used for the experiment three weeks or more after removing the anterior 
lobe of the hypophysis. In the operated animals, it was difficult to develop conditioned reflexes; thus, in one 
operated dog, the first conditioned reflex appeared on the 17th combined application of the conditioned and 
unconditioned stimuli. As a rule, the latent period varied between 3 and 5 seconds, and sometimes was as long 
as 7 seconds. The reflexes were difficult to reinforce, and frequently even after reinforcement, it was difficult 
to obtain a prompt response to the initial stimulus. Hypophyseotomy therefore produced a definitely deleterious 
influence on higher nervous function. 

As can be seen from Table 1, the effect of the formation of conditioned feeding reflexes in the hypo- 
physectomized animals was to increase the secretion of radio iodine from the thyroid. In most cases this response 
appears immedia te ly  at the end of stimulation; during the next 2-3 hours the reaction increases further, and then 
gradually declines. The same result was obtained in almost all the experiments of this series. The results shown 
in Table I indicate that the cortical effect on thyroid gland function can take place without the involvement of 
the hypophysis, a conclusion which is in line with the results which we obtained on defensive conditioned reflex 
activity. 

In the next set of experiments we studied the part played by the adrenal glands in the transmission of the 
cortical influence on thyroid function. The animals were used for the experiment after removing the anterior 
pituitary lobe, and after separating the adrenals from the central nervous system by dividing the left-splanchnie 
nerve and removing the right adrenal gland. In these animals, conditioned reflex activity was approximately. 
the same as in the hypophysectomized dogs. 

It can be seen from Table 2 that food conditioned stimuli had no effect on thyroid function. Variations in 
the level of radio iodine in the gland did not exceed J: 10 %. As was pointed out previously, such variations are 
within normal limits. Consequently, no change in thyroid function is caused by the elaboration of conditioned 
reflexes. Therefore, in this case cortical influence does not extend to the thyroid gland. In these animals, under 
the influence of internal inhibition the  amount of radio iodine in the thyroid gland again does not exceed the 
normal limits of variation. Thus, after removal of the hypophysis and destroying the connection between the 
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adrenals and the central nervous system, neither the development of positive conditioned reflexes nor the establish- 
ment of internal inhibition exerts any influence on the secretion of labelled thyroid hormone. 

Because it is known that thyroid function is reduced by hypophysectomy, it would be expected that the 
failure of the thyroid to respond to cortical impulses would occur as a result o f  its reduced level of activity. In 
order to discount this explanation, it was required to stimulate thyroid function in these animals, which was done 
by repeatedly injecting thyrotropie hormone. Thus, in the dog Lorta, 7 months after operation the maximal ab- 
sorption of radio iodine was reduced from the normal value of 22.4% to 4.8~ After subcutaneous injections of 
0.5-1 ml of the thyrotropic hormone "Ambinon",  the maximum absorption of radio iodine by the thyroid had in- 
creased to 45%. The results of experiments carried out on animals in whom the thyroid gland had been stimulated 
in this way were no different from those described above (see Table 2). 

The results of this set of experiments completely agree with those obtained in the study of defensive con- 
ditioned reflexes. After hypophysectomy and the interruption of the nerve supply to the adrenals, all possibility 
of the transmission of cortical influence to the thyroid gland had been excluded. 

The problem then arose as to whether the adrenals are normally involved in the transmission of cortical 
influence to the thyroid, when the hypophysis is still present. 

After severing the nerve supply from the central nervous system to the adrenals as described above, the 
development of conditioned relfexes was associated with a greater excretion of labelled hormone into the blood 
stream (Fig. 2). This result shows that in this case the link between the central nervous system and the thyroid 
includes the hypophysis. For the sake of clarity, in Fig. 2 the results for all three sets of experiments are shown. 

The following conclusions may be made from the results obtained: the effect of the cerebral cortex on 
the liberation of thyroid hormone can occur only when either the hypophysial or the adrenal hormonal link is 
present. 

Because the existence of this hormonal link is essential for the transmission of both defensive and feeding 
conditioned reflexes, i.e., for the realization of different influence from the surrounding medium, it may be 
taken as established that humoral transmission is a quite general means of association between the central nervous 
system and the thyroid gland. 

S U M M A R Y  

The action of the cerebral cortex upon the thyroid gland is effected humorally during both feeding and 
defensive reflex activity. 

In both instances either the hypophysis or the adrenal glands are involved. It is concluded that humoral 
transmission is quite a general form of connection between the cerebral cortex and the thyroid. 

1~ 
2. 
3. 
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