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In recent years the problem of the efferent control of receptors has attracted the increasing attention of 
physiologists both in the Soviet Union and abroad. In the USSR this problem has been studied intensively in the 
laboratory of the physiology and pathology of the sense organs of the Institute of Normal and Pathological Phys- 
iology of the Academy of Medical Sciences of the USSR. Workers in this laboratory [1-4] have discovered im-- 
portant facts concerning the physiological activity of the receptors, evidence of the "tuning" of the receptor 
systems, i.e., the ability of these systems to react in strict accordance with the requirements of the external and 
internal environment. Physiological analysis of these phenomena leads to the recognition of the important role 
of processes of efferent regulation of the various receptor apparatuses. The work of several researchers abroad, 
notably of the Scandinavian school of physiologists, has given the precise eleetrophysiological characteristics of 
the processes of efferent control, mainly concerning the elements of the retina [7, 9], the cochlea [Galambos 
(1956)] and the olfactory bulbs [10,131. 

Very little work has been done on the receptors of the tongue. In this connection may be noted only the 
work of Dodt and Walther [8]. These authors, however, confined their studies to the efferent control of the tem- 
perature receptors of the tongue. They showed, in particular, that in certain conditions of stimulation of the 
lingual nerve by an electric current a change in the frequency of cold impulses was observed. In their opinion 
this was not the result of a direct efferent influence on the state of the receptors, but was due to a change in the 
blood flow observed under these circumstances. Finally, Appelberg, Kitchel and Landgren [6] have recently 
shown, that the reticular formation may influence the electrical activity of the thalamic and cortical regions of 
the brain, caused by electrical stimulation of the tongue. 

Zaiko [2], using the method of functional mobility, demonstrated a relationship between the activity of 
the receptors of the tongue and the condition of the interoreceptors of tile stomach. She showed that the taking 
of food leads to a considerable decrease in the number of active taste buds, i.e., to the demobilization of the 
receptor apparatuses of the tongue, and she put forward the hypothesis that this phenomenon was reflux in nature. 

P. G. Snyakin accordingly set us the task of defining the electrophysiological characteristics of this pheno- 
menon and of demonstrating the possible role of the central nervous system in the mechanism of efferent control. 

1. T h e  I n f l u e n c e  of  the  I n t e r o r e e e p t o r s  of  t h e  S t o m a c h  on t h e  C h a r a c t e r  o f  t he  ' 
A f f e r e n t  F low ,from the  R e c e p t o r s  ,of t he  T o n g u e  
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EXPERIMENTAL M E T H O D  

Investigations were carried out by the method of Zotterman [14] on frogs (Rana temporaria and Rana escu- 
lenta). The index of the state of the taste apparatuses of the tongue was the flow of afferent impulses in the 
lingual nerve, which was recorded on the OB-2 oscillograph. The potentials were tapped by means of a pair of 
silver electrodes, the distance between which was 2.5-8.0 ram. As taste stimuli we used standard solutions of 
common salt (5o/~), quinine (0.0028%) and tap water. Stimulation of the tongue was applied by irrigation of its 
surface from a pipette for 10-12 seconds. The bioelectrical activity was recorded 3-4 seconds after application 
of the stimulus. The order of the experiments was standardized: First the initial level of the electrical activity 
of the lingual nerve in response to stimulation of the receptors of the tongue by the taste substances was estab- 
lished, after which the influence of the various factors on the initial level of afferent activity was studied.* 

EXPERIMENTAL RESULTS 

The study of the influence of the interoreceptors of the stomach on the taste receptor apparatus showed 
that mechanical stimulation of the stomach (distension by filling with water) has a marked action on the charac- 
ter of the flow of afferent impulses from the receptors of the tongue. 
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Fig. 1. Changes in the afferent electrical activity of the lingual nerve during 
mechanical stimulation of the stomach (a) and introduction of peptone solu- 
tion into the stomach (b). Along the axis of ordinates is plotted the frequency 
of afferent impulses in the lingual nerve; along the axis of abscissas the time 
of recording. The arrows indicate the times of application and cessation of 
mechanical (distension with water) and chemical (introduction of peptone) 
stimulation of the stomach. 

This effect took the form of a considerable increase in the strength of the afferent impulses from the re- 
ceptors of the tongue in response to water and to salt solution. The afferent flow of impulses in response to 
quinine was unchanged in these conditions: Initially the impulses even became less frequent, then more fre- 
quent, although this took place after cessation of distension of the stomach. The picture of the change in the 
bioelectrieal activity of the lingual nerve in response to distension of the stomach is shown graphically in Fig. la.  

Besides mechanical stimulation of the stomach, chemical stimulation by the introduction of a solution of 
peptone was applied. The results of these experiments were opposite to those described above. The introduction 
of 0.5 ml of peptone solution into the stomach through a syringe led to a considerable decrease in the afferent 
flow of impulses and to inhibition of the afferent electrical activity. The greatest inhibiting influence was felt 
by the afferent impulses in response to stimulation with water, and the bioelectrical activity earned by the action 
of salt solution was inhibited to a lesser degree, while the response to quinine was almost unchanged (Pig. lb). 

Stimulation of the mechanoreceptors of the stomach (distension) thus led to an increase in the electrical 
activity of the receptors of the tongue (to water and salt); stimulation of the chemoreceptors (peptone) led to a 

* We take this opportunity of thanking Professor Kh. S. Koshtoyants, Head of the Department of Physiology of 
Animals of Moscow State University, for his kind permission to work in his department, and to G. Yu. Yur'eva 
for her technical assistance. 
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Fig. 2. Inhibit ion of the afferent b ioe lec t r ica l  ac t iv i ty  of the l ingual nerve 

during st imulat ion of the central  end of the contralateral  l ingual  nerve. I) 
osci l lographic recording of the act ion currents of the l ingual nerve in re -  

sponse to irr igation of the dorsal surface of the tongue with tap water; I I ) the 
same during the act ion of salt solution; a ,b ,c ,d ,e  and al ,  b, ,  e 1 , d 1, e I - 
individual  moments  of recording the e l ec t r i ca l  act ivi ty  of the l ingual nerve 
in t ime  (see Fig. 3); III) graph showing the changes in the afferent e lec t r ica l  
ac t iv i ty  of the l ingual nerve. The arrows indicate  the moments of s t imula-  
t ion of the contra la tera l  l ingual nerve. 

decrease in the ac t iv i ty  of the receptors of the tongue. The influences from the interoreceptors of the stomach 
were evident ly  select ive in their  action,  decreasing or increasing the e l ec t r i ca l  ac t iv i ty  of the receptors in re- 
sponse to water and salt  solution, and either leaving unchanged or changing in the opposite direction the e l ec -  
t r ical  ac t iv i ty  in response to the act ion of quinine solution on the tongue. 

This effect  was undoubtedly reflex in nature,  for it  was abolished by the act ion of cocaine on the intero- 

receptors of the s tomach and by ext irpat ion of the medul la .  

The results of the experiments with peptone were analogous to those obtained by Zaiko [2], who observed 
a decrease in the number of act ive taste buds after the taking of food. In Zaiko ' s  experiments,  however, which 
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were conducted on human subjects, the problem of the level of exclusion of the sensation of taste was unsolved. 
In the experiments which we have described, in which we recorded the bioelectrical activity of the lingual nerve, 
the importance of the peripheral taste apparatuses of the tongue was clearly emphasized. 

2 . . ,The  Role of  t h e  C e n t r a l  N e r v o u s  S y s t e m  in R e g u l a t i o n  o f  t he  F u n c t i o n s  of t h e  
a e c e p t o , r s  of  t h e  T o n g u e  

In view of the important role of the intact medulla in the mechanism of the reflex from the stomach on 
the taste receptor apparatus of the tongue, we postulated that the state of the nerve centers of the medulla may 
have a controlling influence on the functions of the receptors. In order to elucidate this point experiments were 
carried out in which the central end of the lingual nerve, the nucleus of which is situated in the medulla, where 
it is a component of the ninth pair of cranial nerves, was stimulated by an induction current. In these experi- 
ments the index of the functional state of the receptors of the tongue was the afferent flow of electrical impulses 
in the contralateral lingual nerve. 
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The results of these experiments showed that stimulation of the central end of the lingual nerve with a 
weak induction current for 30-45 seconds led to a considerable weakening of the electrical activity of the con- 
tralateral lingual nerve when the taste stimuli were acting on the tongue. Under these circumstances there was 
a decrease in the frequency of the impulses by 40% and more (Fig. 2). The original level was regained 12-13 
minutes after stimulation. Our results were similar to those obtained in experiments on the retina [12] and olfac- 
tory bulbs [10, 13]o 

This series of experiments was of interest from the point of view that stimulation of the central end of the 
lingual nerve while the electrical activity of the eontralateral nerve was recorded apparently imitated signals 
from the excited receptors of the tongue, proceeding to the central nervous system. 

Strong or prolonged excitation of the receptors of the tongue (during the action of stimuli) thus led to re- 
flex inhibition of their activity, inhibition due to the participation of the medulla and also, probably, to other 
divisions of the central nervous system. 

Analysis of the results of this group of experiments suggests that the nerve centers of the medulla are re- 
sponsible for the regulation of the functional activity of the taste receptors, depending on the character of their 
flow of afferent impulses. This regulation of the physiological activity of the receptors is in all probability 
effected by the sending of efferent signals of a definite purpose. 

Having postulated that the active influence of the nerve centers on the receptor apparatuses of the tongue 
was of such a character, we were concerned to carry out experiments in which it might be possible to show that 
the excitation proceeding along the lingual nerve to the receptors of the tongue under these particular experi- 
mental conditions could, in fact, inhibit their total afferent electrical activity. The results of these experiments 
showed that stimulation of the peripheral end of the lingual nerve leads to  marked inhibition (by 50% and more) 
of the afferent flow of impulses in the same or the contralateral lingual nerve (Fig. 3). This effect was transient, 
and 20-25 minutes later the afferent electrical activity regained its initial level. Our findings in these experi- 
ments were similar to those obtained for the optic nerve [11] (Motokawa and gbe) and the lingual nerve [8]~ 

The physiological activity of the chemoreceptors of the tongue, when expressed as the combined afferent 
bioelectrieal flow of impulses, is thus subjected to the controlling influence of the interoreceptors of the stomach. 
The processes of efferent control of the chemoreceptors, effected by particular divisions of the central nervous 
system, in all probability bear the character of "reversible" connections, and are of importance in tuning the 
receptors to a certain level of activity, to correspond to the requirements of the external and internal environ- 
ment. 

SUMMARY 

The relationship of the afferent bioelectrical activity of the lingual nerve upon the condition of gastric 
interoreceptors was studied, 

It was shown that the gastric interoreceptors exert a significant effect on the afferent bioelectrical flow 
from the lingual receptors, The processes of the efferent control of the lingual chemoreceptors are affected by 
definite parts of the central nervous system (the role of the medulla is shown); in all probability they have a feed- 
back character and are meant for tuning of the receptors to a definite level of activity in accordance with there- 
quirements of external and internal environment of the organism, 
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All abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 
ations of the abbreviations as given in the original Russian journal. Some or all of this peri- 
odical l i terature may well  be avai lable  in Engl i sh  translation. A comple te  l i s t  of  the cove r - to -  

cover  E n g l i s h  t r a n s l a t i o n s  appea r s  at the back of th i s  i s s u e .  
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