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The regulatory action of the central nervous system on the thyroid gland has now been generally accepted. 

However, no final answer to the question of the routes by which this influence h trammitted has yet been 
found. 

Some authors consider that Impulses sent by the CNS reach the thyroid only by way of the thyrotroplc 
hormone of the hypophysls [9, 10, 11, 12]. Others hold the view that cortical influences can reach the thyroid 
by direct neural pathways, without pituitary mediation. In a number of cases this view Is based, however, on 
the assumption that the presence of extensive innervation in the thyroidcannot be without significance in the 
regulation of Its secletory activity [1, 4. '/. 8].  Some authors limited their search for pathways for cortical 
Influences to experiments with extirpation of the pituitary [2]. 

The present Investigation Is devoted to a study of routes of transmission of cortical Influences to the 
thyroid, using electrodefenstve conditioned reflex activity technique. 

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

In order to study the Influence of the cerebral cortex on thyroid activity conditioned electrocutaneous 
defensive reflexes to the sound of a m e t r o n o m e -  120 strokes per minute -displaced from the unconditioned 
stimulus by ~0 seconds, were established. Differentiation was developed to 30 strokes of the metronome per 
minute.  Electric current from an Induction coll, exceeding the threshold strength by 1-2 cm was used as the 
unconditioned stimulus. 

The functional state of the thyroi d gland was determined by estimating Its content of radioactive lodtne. 
Radioactivity of the thyroid was measured by a gamma-ray ("AMM-4") counter tube placed In a thin-walled 
aluminum cover and connected with the apparatus by a flexible screened cable. Such a tube was firmly attached 
by means of a collar to the neck over the thyroid. Radioactive Iodine was Introduced as the sodium salt. 
without carrier, In doses of 9-5 IJ eu per dog. Thyroid radioactivity was measured 48 hours after administration 
of labelled fodine when no more absorption could be detected. Counts were made every hour over a period of 
3.-4 hours while the animal was In the chamber. Percentage changes were calculated with respect to the Initial 
radioactivity which was taken as 100*k. 

AI~ the beginning of this work �9 careful study was made of fluctuations in radioactive Iodine levels In 
the thyroid In response to the dog being placed in the chamber and in the special stand. It  was found that the 
radioactive content of the thyroid remained unchanged under these conditions, the fluctuations in Its level 
being wtlthln physiologic limits and not exceeding i 10%. 
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E X P E R I M E N T A l .  RESU L'I'~ 

The use of electric current as unconditioned sttn~dus enhances secretion of radioactive iodine by the 
thyroid. As early as one hour following a tingle stimulation of the paw by electric current there is appreciable 
decrease in radioactive iodl*m In the thyroid; maximal drop In radioactivity Is observed after g" hours, the 
average, perce0tage of change being -20 .1  i 1.3. Only after 3*4 hottrs a tendency to restoration of radio- 
active Iodine content to the Initial value becomes apparent. 
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Effect of defensive conditioned reflexes on 
radioactive Iodine content of the thyroid gland. 

It is known that the electrocutaneous de- 
femtve conditioned reflex Is usually established 
very rapidly. Another distinctive feature of this 
teflex is that If It is relnforcedonly in those 
r the conditioned reaction is absent 
the conditioned connection Is established ex- 
tremely quickly and the dog does not go into a 
state of inhibition [3, 5, 6 1 .  In making use of 
this feature of the defensive reflex It was possible 
to stage experiments without reinforcement over 
prolonged periods of time; dais enabled us to 
observe function of the thyroid subjected to im- 
pulse s from the cerebral cortex only. 

The radioactive Iodine content of the 
thyroid falls under the influence of positive 

conditioned reflexes. This reaction becomes 
apparent an hour after placing the anhnal in 
the chamber and reaches a maximum at the end 
of 2 hours. The average percentage of changes 
equals 21.2 i 4.6 (see figure). The thyroid reacts 
In almost the same way to the unconditioned 
electric stimulus. 

Thus both the unconditioned stimulus and the conditioned defensive reflex established on the basis of 
electric reinforcement are able to stimulate the secretion of products of thyroid activity into the blood to 
practically the same degree. 

The influence of differentiation inhibition on secretion of radioactive iodine by the thyroid was studied 
In those experiments In which the Inhibitory stimulus was used in isolation: this stimulus, similarly to the 
positive stimulus, was applied up to 10 times In the course of the first hour. with 5-mInute intervals, The 
figure shows that as early as 30 minutes after application of M30 increased radioactive Iodine content In the 
thyroid can Ix: observed; during the subsequent 2 hours the gland's radioacdvlty remains at a high level and 
only after 3-4 hours returns to the original level. In those cases In which differentiation was disip2ilbited 
thyroid radioactivity fell, I .e. ,  a reaction corresponding to the action of the positive metronome frequency 
was observed. 

These investigations indicate that changes in thyroid activity take place depending on the functional 
siam of the CNS. Excitation of the cerebral cortex is associated with Increased secretion of radioactive 
Iodine by the thyroid and, consequently, secretion of products of Its activity is increased; when the cortex is 
In a stats of inhibition accumulation of labelled iodine in the thyroid is observed, indicating flowed secretion 
of products of Its activity into the blood. 

W h a t  are the mechanisms mediating the influence of cerebral cortex on thyroid function? 

As already mentioned, a number of authors at present consider that CNS Influences on the thyroid are 
mediated exclusively by the hypophyris. To discover whether the hypophysis was Indeed the sole humoral 
link in the regulation of thyroid secretory activity a series of experiments on hypophysectomized animals was 
canted  out. The results showed that under the influence of defensive conditioned reflexes stimulation of 
t~cmtion of the products of thyroid activity Into the blood occurred in these animals in the same way as prior 
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to operation; thi= reaction was, It i* true, not as comtant as in |react animah since in a number of cjses = 
r effect was observed, vlz. accumulation of radioactive Iodine In the thyroid, and In some ca~et rio 
effect at all was detected. Nonetheless these data demonstrate that changes In the functional state of the 
cortex cart be felt In the activity of the th~old even In the absence of the hypoph).tls (Table 1). 

TABLE 1 
Effect of Electrodefemtve Condidoned Reflexes on Radioactive Iodine Content of the 
Thyroid in Hypophymctomlzed Animals (Changes are Given in Percentage with Respect 
to Inltlai .Radioactivity) 

Date of ~==Cilanl'.e,._ In radioactive: 10~l j~n~.~nt  9f__th_c_~,yl:.QJ~l 
experiment t ime (in minutes) 

6o t~ t20 Is0 Is0 2t0 

28/V 1956 
29/V 
30IV 
3i/V 
4/VI 
8 / V i  
~2?Xl 
26/Xi 
~ / X l  
291Xi 
3/Xii 
4/Xll 
toixn 
i l /Xll  
12/Xli 
13/XII 

0 
0 

--14 
+9 
- - i2  
--37 
+20  
0 

+ i 8  
--3 
--20 
--21 
+16 

+47 
--2'1 

+ i l  
+!6 
--21 

+18 

-+ 18 

- . 

--22 
+ i 6  
~14 
+2 
--17 

+ ! 4  
+9 
+36 
+2 
--25 
--26 
+ 8  
--35 
+24 
--24 

--4 

+ i 8  
0 

+2'2- 

--32 

'8  
--17 

-F20 
+9 

0 
--30 
~16 

-- I5 

--24 

+9 

+1o 

TABLE 2 
Effect of Electrodefenslve Conditioned Reflexes on Radioactive Iodine Content of the 
Thyroid After Removal of the Right Adrenal and Transection of the Greater Splanchnic 
Nerve on the Left (Changes are Given in Percentage with Respect to the In| t ial  
Radioactivity) 

Date of 
experiment 

~ / V i  i956 
~5/VI 
26/Vi 
~ / V I  
2/VI 1 
6/VII 

14IV i ! ! 
16/VIii 
I?/V[il  
~/X 

Change I n radioactive Iodine content..of the thyroid 

60 

+10 

--22 
- -18  
+ 2 .  
--24 
- - 2  
--17 

--51 

+ ~  

+I~  
~38 

--2 
~17 
--14 

t i m e  (in minutes) 

12o 

+22 
+21 
--22. 
- -5  
+2 
--34 
+9  
- - i4  
--12 
--3l  

15o 

+ !6  
+18 

" m 1 7  
--!1 
+3 

--2 
~ i 0  
- - I I  

18C' 

+18 
--16 

--12 
--28 
--2 
--5 
-? 

210 

+7 

0 

+.~ 

24O 

--20 
+6 
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For further jnAlyds of the mechanism of tranmffs:~n of cortical influences to the thyroid in tttempt 
war made to elucidate the role of the adrenals. With thh In view, the adrenal gland war removed from one 
tide and the splanchnic nerve was transected on the other. The hypophysiJ wa! not removed in these dogs, 
t~xperiments were performed 1-3 weeks after operation. Table 2 shows that under the influence of positive 
r refMxez a decrease of labelled iodine content in the thyroid was ob.~erved in most experiments. 
This indicated that cortical influences on the thyroid were realized under the~e conditions also. 

In the light of our investigations It was imperative to consider the existing concepts of transmission of 
impulses from the CNS to the thyroid by direct neural pathways. If this were so, then neither removal of the 
hypophysis nor the subsequent removal of one adrenal and interruption of connection with the CNS of the other 
adrenal should impair the regulatory influence of the cerebral cortex on the th)troid. However, expcrlments 
showed that dogs deprived of the hypophysis and one adrenal and with denervation of the other adrenal showed 
oomph;re disappearance of transmission of cortical influences to.the thyroid. In these animals the thyroid 
reaction to unconditioned electrocutaneous stimulation aho disappeared (Table 3). 

TABLE 3 
Effect of Electrodefemive Conditioned Reflexes on Radioactive Iodine Content of the 
Thyroid After Removal of the HypophysLs and the Pdght Adrenal and Transection of the 
Greater Splanchnic Nerve on the Left (Changes are Given as Percentage with Respect 
to the Initial Radioactivity) 

Date of 

experiment 

31VI I 
5/VIi 
7/VII 
9/VII 

IO/VII 
ll /VIi 
i3/VI[ 
14/VII 
I O/VI I I 
II/VII! 
18/X 
2O/• 
~ /X  

IO/X i I i956 
lllXlI 
12/Xll 
lS/Xll 

30/V[ 1956 
~/x 
2/xl 
5/xi 
9/XI 

16/Xl 

Change In radioactive iodine content of the t h y r o i d  

6o 9o 

4=4 +8 
+5 4-s 

+8 
~ 4  

0 
- 

+5 
--3 

0 - -  
0 

~ 9  ~ 

+ 4  --, 

Aher administration of th 

120 

--6 
+8 
0 

+14 
--5 
+4 
+5 
+6 
+9 
O. 

--3 
+II 

t ime (in minutes) 

1 180 180 

F 
i [-12 

+'5 +5 
0 

-o 46 
0 

+T 
I-It 
+4 
+2 
~ 3  
+4 
--3 
~ 3  

+11 

0 
0 
0 + ! !  

In exlmdments with electric reinforcement 

--11 0 
--4 0 

0 
--5 --9 

0 11 
+6 

rrotropic hormone 

0 
0 
0 

+8  
0 
0 

0 
- -8  +,2 
- -4  
+6 

0 
--12 

--17 
- -8  

0 
- - 3  

0 

210 

.70 

--7 

m 

o 

~ I I  
.--4 

240 

+ ! 0  

+8 

+7 
+ i )  
+6 

0 

.:-., 

p 

m 

,+4 

Note. Ouadratlc deviation of radioactivity value did not exceed 5qo. 
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in aLddltlon, the expcrlments showed that In these animals there was depression of thyroid activity, It 
could be ~tupp~sed ~hat It was this depression which was the cause of the observed phenomena. To check thls 
It was necessary to stimulate thyroid function In the operated animals and retest Its reaction to conditioned 
reflexes against this backgrc~md. The animals were given 4 ml thyrot~oplc hormone "Amblnon e (each ml 
containing 100 I.U.). ~c te t ion  of radioactive Iodine by the thyroid Increased after each administration of the 
hormone. Twice repeated administration of the hormone Increased thyroid function almost threefold. Thus, 
before administration of the hormone the maximal absorption of radioactive Iodine reached only 6~ after 
24 hours; after administration of the hormone maximal absorption of radioactive Iodine was 1'7~. Experlment~ 
performed agalmt the background of hormone-stimulated thyroid activity showed that fluctuations of Iodine 
level In the thyroid under the Influence of defensive conditioned reflexes In this case too were within physiologic 
limits; under the~  conditions the thyroid did not react to unconditioned electrocutaneous stimuli either (see 
Table 3). 

These experiments give grounds for considering that following simultaneous severance of connection 
between the C NS and the hypophysls and adrenals cerebral cortical Influences on the thyroid become impossible. 
The presence of either the hypophysls or the adrenals Is consequently essential for mediation of cortical In- 
fluences on the thyroid. 

B. V. Aleshlrt and N. S. Demldenko [2] obtained definite reaction from the thyroid when they placed 
silver pla, tes on the premotor area of the cerebral cortex tn dogs both Intact and deprived of the hypophysis. 
The authors regar d changes In the thyroid In experiments with hypophysectomized animals as proof of direct 
Influence on It of the nervous system. It Is difficult to agree with these authors' conclusions since they do not 
take Into account transmission of cortical Influences by way of the adrenals. There is every reason to believe 
that tran~mlsslon of cerebral cortical Influences to the thyroid is effected by the adre~aals In hypophysectomlzed 
animals and not by direct neural pathways as maintained by the authors cited above. 

Our expedments thus demonstrate that the activity of the thyroid is dependent on regulatory Influences of 
the cerebral cortex. 

Cerebral cortical Influences on the thyroid gland are mediated not only by the hypophysts but also by 
the adrenals. 

SUMMARY 

The effect of changes of the functional condition of the'brain cortex on the changes of radioactive iodine 
content of the thyroid gland was studied. The functional condition of the cortex was Changed by formation 
of the positive and Inhibitory electrodefensfve conditioned reflexes. 

It was established that the Influence of the central nervous system Is transmitted to the thyroid gland by 
way of hypophysls or suprarenal glands. The regulating Influence of the cerebral cortex does not reach the 
thyroid gland after rem~wal of hypophysls and one of the suprarenal glands with complete interruption of 
connection between the,  ,:~t'aI nervous systeni and tne other suprarenal gland. 
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