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At present it is not known to what extent the different reflexogenous zones of the inter0ceptive analyzer are 
specialized to particular chemical stimuli of the internal medium. 

On the one hand, various chemical and pharmacological substances such as acetylcholine, nicotine, adrenalin, 
serotonin, veratrine and others cause excitation of the viscera (intestine, kidneys, spleen and heart), muscles, sinoca- 
rotid and cardio-aortal regions, lesser circulation,etc. On the other hand, it may be taken as established that certain 
of the interoceptive zones, for example the carotid gland, are differentially sensitive to adequate stimuli and partic- 
ularly to a reduced oxygen tension in the arterial blood. By recording afferent impulses in single vagal fibers it has 
been shown [17] that specialized receptors are present in the gastric mucosa, and that some are excited by acids and 
others by alkalis. 

To study their differential sensitivity we have investigated the response of the intestinal chemoreceptors to 
two stimuli: one was hydrochloric acid,which normally reaches the intestine from the stomach, and the other was 
reduced oxygen tension, which is an adequate stimulus to the chemoreceptors of another zone - the sinocarotid .... 
region. As a control, experiments were also carried out in which a low oxygen tension was appliecl to the chemore- 
ceptors of the carotid gland. 

M E T H O D  

The experiments were carried out on cats under urethane anesthesia. Potentials were picked up from the fine 
afferent nerve fibers innervating the duodenum and jejunum. In the first set of experiments the stimulus was 0,01 N 
or 0.1 N hydrochloric acid, and it was applied to the duodenum and jejunum while normal blood circulation was 
maintained; during the second set of experiments the effect of reduced oxygen concentration on the small intestine 
receptors was investigated. For this purpose, in some of the experiments the animals breathed a mixture of 98% 
nitrogen and 2% oxygen,which markedly reduced the partial pressure of oxygenin the arterial blood supply to all 
organs including the :small intestine. In other experiments the small intestine was isolated from the general circula- 
tion and was perfused with an oxygenated Ringer-Locke solution at 37" and at constant pressure~ this was periodical- 
ly replaced by an oxygen-free solution. 

The potentials from the afferent nerves were led off from buried electrodes similar to those used by O. M. 
Zamyatina [2]. They were recorded on a two-channel OB2 oscillograph constructed in the experimental works of 
the AMN SSSR. 

R E S U L T S  

An initial recording of the electrical activity of the afferent nerves of the duodenum and jejunum was made 
before applying any stimuli. In some of the experiments the amplitude of the potential oscillations was insignificant, 
amounting to a few micro-volts and scarcely exceeding the noise level of the amplifier (Fig. 1, a, b); in other ex- 
periments, well-marked impulses having amplitudes of the order of 10 ~v were obtained (Fig. 2, a). 

The injection of 1- 1.5 ml of 0.01 N hydrochloric acid into the lumen of the duodenum caused an increase 
of impulses, or caused impulses to appear when they had previously been absent. The latent period varied from 
20 -30  seconds to 3 -  5 minutes according to the experiment, and the increase of impulses was maintained for 
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Fig. 1. Impulses in the afferent nerve from the duodenum, a) Initial  level;  b, c, d, 

e, f, g, h) 30 seconds, and t ,  2, 5, 10, 25, and 30 minutes after injecting 0,01 N HCt 

trlto the lumen of the intestine. 

30 minutes or more. In Fig. 1, d,it can be seen that two minutes after applying the stimulus there is a marked 

increase in the amplitude of the impulses,which increases further during the next ten minutes (Fig. 1, e, f); after 

10 arid 20 minutes (Fig. 1, g, h) there is some falling off of the impulses, although the level remains higher than 

before the stimulus was applied. In the afferent nerve from the jejunum there was no noticeable change in the 

number of impulses. 

Similar results were obtained in experiments where there was considerable electrical activity in the afferent 

nerves before the stimulus was applied. Again there was an increase in activity in the nerve from the duodenum, 

but none in that from the jejunum. 

When 0,01 N hydrochloric acid was introduced into the lumen of the jejunum, there was no increase of 

impulses in the afferent nerve (Fig. 2, I, a - b), A marked increase could be observed only when acid of concentra- 

tion 0.1 N was used. Then the latent  period varied from 30 seconds to 5 minutes in different experiments. In Fig, 2, 

II, a -  h,it can be seen that the impulses increased at the third minute, and continued to increase until  the fifth 

and tenth minute~ the rate remained high ti l l  the fifteenth and twentieth minutes, and had not returned to the origi- 

nal value even 60 minutes after the acid had been given. 

Therefore,the action of hydrochloric acid on the mucous membrane of the duodenum and jejunum causes a 
marked and mainta ined increase in the number of impulses in the afferent nerves. However, in order to stimulate 

the receptors of the jejunum it was necessary to use a ten times higher concentration of the stimulus than was re- 

quired for the duodenum. 

It should be noted that there is a considerable interval, usually extending to several minutes, between the t ime 

at which the chemical  stimulus is applied to the mucous membrane and the moment  when the increase in impulses 

occurs. We deduced, therefore, that the excited receptors do not lie at the surface of the mucuous membrane,  and 

the electrical  activity which we recorded in the nerve fibers results from the excitation of receptors lying within 

the intestinal wall. 

As a ~test we carried out several experiments in which the 0.01 N hydrochloric acid was added to the Ringer- 

Locke solution with which the intestine was perfused. There was then an immediate  increase in the rate of impulses 
in the afferent nerve, and there was no definite latent period. It can be seen from Fig, 3, a, b, that there is a marked 

increase in the activity from the afferent nerve of the small intestine, even during the t ime the hydrochloric acid 
is being introduced into the perfusate, and the increase reaches amaximurn  immediately the acid ceases to be given. 

The increased impulsation was maintained only for 12 - 20 seconds (Fig. 3, c) and after as l i t t le as 30 seconds the 
nerve activity had returned to normal (Fig. 3, d). 

The considerable difference in the duration of the latent period and in the period of action of the stimulus 
when the solution was introduced into the lumen of the intestine appears to be due to differences in the rate at 
which it gained access to the receptors, and in the duration of the contact. The fact that the latent period was 
very prolonged when the acid was introduced into the intestine, and very short when mixed with the perfusat% 
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confirms the idea that  the receptors are situated within the 
intestinal  wall.  In the second set of experiments,  a s imul-  
taneous record was made of the act ivi t ies  in the nerves from 
the carotid sinus and from the jejunum when the oxygen 

tension in the arterial  blood was reduced. After a mixture 
of 95-93% nitrogen with 5-7% oxygen had been breathed 
for only 15-20 seconds, there was an increase in the impulses 
from the sinus nerve indicat ing exci ta t ion of the chemo-  

receptors of the carotid gland. However, during this period 

and in the subsequent 3-5 minutes, during which the animal  
breathed the reduced oxygen mixture,  there was no increase 
in the e lec t r ica l  act ivi ty  in the afferent nerve from the 
jejunum. 

A similar  result was obtained in experiments in which 

Ringer-Locke solution containing a low part ial  pressure of 
oxygen was used to perfuse a portion of intestine which re-  
ta ined only nervous connection with the rest of the animal.  
Despite the very low oxygen part ia l  pressure, which was 

obtained by raising the solution to boil ing point and passing 
nitrogen through it for a long t ime,  neither in the first nor 
in subsequent t r e a t m e n t s  was there any increase in the num- 

ber of impulses. Only in two of the 40 experiments was 
there some slight increase in the impulses in the afferent 
nerve. Thus the low part ial  oxygen pressure which causes 
an increase in the e lec t r ica l  act ivi ty in the sinus nerve is 
without effect on the impulses in the intestinal nerve. 

It may be concluded that the chemica l  receptors of 
the different zones have a select ive sensitivity, at any rate 
with respect to certain adequate stimuli.  A low oxygen 
part ia l  pressure represents a stimulus for the receptors of 
the carotid gland, but does not s t imulate the chemorecep-  
tors of the intestine. In addition, even within the intestine 
there is also a differential  sensitivity to hydrochloric acid, 
as between the duodenum and the jejunum. 

O. N. Zamyat ina  [2] demonstrated exci tat ion of the 
intestinal  receptors occurred on feeding animals with meat  
and on introducing amino acids and glucose into the intes- 

t inal  lumen. Her results and ours indicate that different 
peripheral  interocept ive zones are specia l ized to their prop- 
er st imuli ,  and show l i t t le  if any response to st imuli  which 
are adequate for the chemoreceptors of a different zone. 
It is probable that this differential  sensitivity is associated 
with the evolution of special ized chemorecept ive  zones. 

Also, a large number of studies [1, 3 - 9, 11, 15, 16, 
18] have shown that many substances such as nicotine,  vera-  
trine, acetylchol ine ,  lobel ine,  adrenalin,  serotonin, potas- 
sium chloride, sodium bicarbonate,  disodium hydrogen 
phosphate, and lact ic ,  carbonic, and ace t ic  acids st imulate 
all the interoceptors. Many of these st imuli  are universal 
and exci te  both chemo-  and mechanoreceptors disposed in 
different organs, including receptors of the carotid gland as 
well  as tac t i le ,  thermal  and pain receptors. 
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Fig. 3, Impulses in the afferent nerve from the small intestine, a) During 
the injection of 0,01 N HC1 into the perfusate; b,c,d) 2,15 and 80 seconds 
after the injection. 

However, many authors [10, 12, 18, 14, 19] have shown that hexamethonium, tetraethylammonium, and tubo- 
curarine block the nonspecific sensitivity of the receptors to pharmacological stimuli, so that the latter can no longer 
excite all kinds of receptors; however,the sensitivity of the receptors to the adequate stimulus is preserved, For exam- 
pie, under the influence of hexamethonium, the receptors of the carotid gland can no longer be stimulated by ace- 
tylcholine and nicotine, but they remain sensitive to a reduced oxygen partial pressure; the baroreceptors of the carot- 
id sinus also retain their sensitivity to pressure changes, and the tactile receptors remain sensitive to mechanical  stimu- 
lation. 

Thus, the exicitation which develops throughthe action of a number of drugs has a different mechanism from that 
which distinguishes the adequate stimulus. We may therefore suppose that the fact that a number of substances can 
stimulate all the receptors must not be interpreted as indicating that they all have a common adequate stimulus. 

We have shown that the intestinal receptors are not excited by a low oxygen pressure,which is,however, an 
adequate stimulus for the chemoreceptors of the sinocarotid zone, and that the receptors of the duodenum and jejunum 
have different sensitivities to hydrochloric acid; from these and from published results we may conclude that there 
is a specialization of the peripheral interoceptors to different adequate stimuli. 

S U M M A R Y  

A solution of 0.01 N HC1 was introduced into the lumen of the cat and it was found that there was an increase 
in the number of afferent impulses from the duodenum, and that a similar increase occurred when 0,1 N HCI was 
introduced into the jejunum. The increase in the impulses shows a long latent period lasting from 30 seconds to 
5 minutes, and the effect is maintained for as long as 80 or even 60 minutes. Introduction of 0o01N HC1 solution 
into the perfusate provoked a brief increase of rapid onset in the afferent impulses from the jejunum, Reduction of 
the partial oxygen pressure of the blood or of the perfusate increased the number of impulses from the sinus nerves, 
but had no such effect on the nerves from the intestine, Therefore,different portions of the peripheral interoceptors 
show a selective sensitivity to various stimuli. 
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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 available in English translation. A complete l i s t  of  the cover- to-  
cover Engl ish t ranslat ions appears at the back of  this issue. 
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