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Until recent times no systematic {nvestigations devoted to the electrophysiological characterization of the
fmpulses arising on stimulation of the chemoreceptors of the internal organs had been undertaken,

The present work was conducted to provide material for an electrophysiological characterization of the
impulses arising in the intestinal receptors on chemical stimulation, We concentrated on the intestine because
the reflex influences upon stimulation of its chemoreceptors have been studied in the greatest detall,

In the literature there are a number of papers devoted to electrephysiological investigaton of the impulses
of the receptors of the {ntestinal membrane,

Thus. Gammon and Bronk [11] studied the activity currents of the abdominal nerve and demonstrated thelr
links with the activity of the Vater-Pacinian corpuscles. Gernandt and Zotterman [12] investigated the activity
currents of the fine nerve branches of the intestines, paying particular attention to the influence of painful stimulf,

Brown and Gray [10] observed the appearance of impuises in the intestinal nerves when nicotine and acetyl-
choline were introduced into the intestinal vessels, However the authers did not describe the {mpulses electro~

physiologically, -

The zfferent impulses from the receptors of the stomach wall {n relation to various functional states of
this organ have been investigated in papers by V. E. Delov, P, A, Kiselev, N, A. Adamovich and O. N, Samyatina
[1]. O. N. Zamyatina [2] studied the bioelectrical potentials in peripheral segments of the mesenteric nerves
and fine erve branches of the intestinal wall in connection with different functional states of the digestive
apparatus and also under artificial {nfluences increasing the activity currents of the intestines (heat, stdmuladon
of motor activity, effect of digestive products of carbohydrates and albumins, etc). The author notes that on the
basis of active digestion and also in conditions of prolonged starvation and in the présence of the above mentloned
influences the activity currents flowing in the mesenteric nerves were intensified. An exception was the action
of gluccse. In the nerves of the intestinal wall there arose in this case a spectal kind of impulse: the maximum
amplitude of the potentials did not exceed 25-30p v; the minimum was scarcely higher than the level of sound
of the actual intensifier, The total frequency of the impulses was not more than 80 hertz,;

549



However, in these {nvestigations the chemlical stimuli were introduced cither directly in the blood stream
{10] or in the lumen of the tntestines [2) and thus the receptors mnay have reacted not only to the chemical
stimal{ but also to the resulmng change in the gencral blood pressure. The latter complicates assessment of the
effect of the direct influence of the chemical stimuli,

The method of perfusion employed by us, which is routine in study of the reflexes of the internal organs,
makes it possible to investiznte the receptors independent of fluctuations in general blood pressure,

By removing the poessithility of chemical stimuli entering the general blood stream this method at the same
time enables one to investizaie the relation between change in electrical activity of the intestinal nerves and
the reflex change in blood pressure arising when chemical stimuli are introduced in the Intestinal vessels, which
alsc was part of the object off our work. 5

EXPERIMENTAL METHODS

The investigation was carried out in acute experiments on cats under urethane narcosis; the urethane was
*introduced intravenously in the animal with slight ether narcosis. The chemical stimuli were added to the

Locke-Ringer solution perfusing the isolated section of the intestines, connected through the nervous system to
the otganism. in a number of experiments natural blood supply was maintained and the chemical stimulf were
fatroduced in the relevant aneries. The electrical potentials of the peripheral segments of the mesenteric nerves
were recordcd as wete those of the peripheral segments of the rami intestinales (referred to by us later on as the
nerve branches of the intestines or the intestinal nerves). The latter were not exposed at the entrance itself to
the intestinal wall, but somewhat higher, and the Vater-Pacinian corpuscles situated along the nerve branches
were not excised. The activity currents of the nerve were led off by means of silver electrodes to the intensifier,
the frequency description of which was linear in the range of 10 to 300 cps. The electrical potentials of the
nerve were recorded by mezus of the Schleifer oscxllobraph The sensitivity of the apparatus was 2 pv per Imm
ray deviation, *

The experiments were carried cut in a screen chamber. Simultaneous with recording of the bioelectrical
potertials, blood pressure im the carotid artery (by means of a mercury manometer) was registered on a kymo-
grapi. We investigated tie effect of nicotine and acetylcholine, which are the most often used chemical stimull
in experiments for study of ghe internal organ reflexes,

EXPERIMENTAL RESULTS

Effect of nicotine. W introduced into the perfusate 1 ml nicotine solution at concentrations of 1« 10°%,
1-10-¥ and 1-107°. As is Thear frem Fig. 1. B, under the influence of nicotine there occurs.an afferent impulse
with a2 definite electrephysicilogical characterization; amplitude dp to 35 pv, frequency 80-90 Cps (We arbi-
trarily describe this in the axticle as “"slow™). With the emergence of this impulse upon introduction of nicotine
{n the intestinal vessels a rize in blood pressure was observed,

In our experiments She impulses of this type arose on introduction of nicotine intothe vessels both in the
nerve trunks of the mesentegic plexus and in the intestinal nerves. As regards the impulses from the Vater-
Pacinian corpuscles, whick we shall arbitrarily describe as "{ast”, they usually did not increase directly after
fntroduction of nicotine. Iz a series of experiments a certain intensification of the "fast” impulses arising con-
siderably later than the mauilestation of the "slow" impulses was observed. In order to establish more accurate
time relationships betwees the emergence of the impulses in the afferent nerve and changes in blood pressure '
we made a imed comparison with simultancous rzcordings of the reflex change in blood pressure In response to
introduction of nicotine asd! the change in afferent impulses (Fig. 2),

As is clear from Fig. 2 the curve of change in afferent impulses is shifted to the left in comparison with
the arterial pressure curve. ‘Consequently, the impulses arise earlier (latent period 1%/2 seconds) than the change
* In the blood pressure reflex response, the latent period of which equals 5 seconds, The maximum impulse (35pv)
occurred in 4-9 seconds frurn the commencement of the action of the stimulus, The maximum {ncrease in
blood pressure was observed at the 19th second, At that moment the impulse had already fallen to 15 ptv, It
con_ipletely disappeared ewen before arterial pressute returned to normal,
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Fig. 1. Change in electrical activity of peripheral terminus of nerve branch of
‘intestines upon introduction of nicotine (100 y) and acetylchaline (100 y) {nto
Intestinal vessels. A — Original electrical activity of intestinal nerve; B —elec-
trical activity of nerve after introduction of 100 y nicotine; C— change in elec-
trical activity of peripheral terminus of intestinal nerve upon introduction in
intestinal vessels of 100 y acetylcholine. Significance of tracings (top to bottom:
for A and B; activity currents of peripheral segment of intestinal nerve, indication
of time (50 ¢cps), forC: activity currents of peripheral terminus of nerve branch

of Intestines, Indication of introduction of acetycholine.’lndicati'on of time (50 cps).

Beginning ai Fig: 1, C and thereafter (Figs.3 and 4) the oscillogram scale is only
half the size,
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Fig. 2. Comparison of changes in blood pressure it - 4
(1) and finpulse in nerve branch of intestines (2) : : S T
upon introduction of 100 y nicotine in the fntestinal o i :
- vessels. 1) Change in blood pressure; 2) change I e
fn amplitude of bloclectrical potentials (In pv). ”J A TS ;
Original level of blood pressure at commencement syl 17 1"‘"'1: e
dm b WA !

of experiment taken as zero; orlginal level of
amplitude of currents of activity in nerve—~ Spv,

Similar relationships, constantly observed, be~

tween the appeaiance of the impulse of the type fndi- R et SRR ""“‘z
. ke PR e T

cated ("slow"™) and the reflex change in the anerfal R —
pressure upon introduction of chemical stimnli pro-
vide apparent proof that this kind of impulse in the
experiments gives risc to refllex changes in the
arterfal pressure. ‘

Fig. 3. Change in electrical activity of
peripheral segiment of intestinal nei.e upon
introduction of nicotine at various con~
centratious i1 intestinal vessel. A) Ori-

- Effect of acetylcholine. Introduction in the - . . e e .
- ; . - ginal electrical activity of intestinal .. _
intestinal vessels of acetylcholine at concentrations i . .
-5 -2 R nerve; B, C, D) electical activity of
from 1+107° to 1-10° also produced, alongside . .
: this nerve after introduction of 1 mi
reflex changes in arterial pressure (pressor effect), the . R v
- . . nicotine at concentrations respectively of
appearance of "slow” Impulses in the nerve trunks of -5 -4 -3
1-107°,1-10 %, and 1-107°,
the mesenteric plexus and fine nerve branches of the
intestines.

As is.clear from Fig. 1, C, "slow" impulses started even during introduction of the stimulus, The changes
in the "fast” impulses directly after introduction of the stimulus are considerably less marked. -

We investigated the relationship between the concentrations of the chemical stimuli introduced (nicotine
and acetylcholine) and the intensity of the impulses arising in the afferent nerve and also the reflex changes in
arterial pressure, It is clear from Figures 3 and 4 that with an increase in the concenuations of the chemical
stimulus the intensity of the resulting fmpulses in the intestinal merve increases, Parallel with this increase,
where the concenuations of the stimulus arc increased, the value of the reflex change in arterial pressure, re-

corded by us, also rose.

The marked parallelfsm in the changes ia the indices confirms e correctness of our hypothesls concern-.
ing the link of the reflex changes in blood pressure with the appeara  f the "slow™ impulses,
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Fiw. 4. Change in clectrical activity of perfpheral segment of
inestinal nerve upon introduction of acetyleholine at various con-
centrations in Intestinal vessels, A) Electrical activity in intes-
tinal nerve before iutroduction of acetylcholine: B, C. D, E) same
after introduction of 1 :n! acetylcholine solutfon at concentrations |
respectively of 13- 107%,1-107%,1-10"* and 1-10°2,

DISCUSSION OF RESULTS

Uinder the influence of the chemieal stitnulf employed by us in the mesenteric and also in the intestinal
nerve branches there appeared an afferent impulse with a definite electrophysiological character which we have
terined "slow™. Analogous impulses of the receptors of the intestinal wall were first recorded in the experiments
of O, N. Zamyatina in conditions which were described In detall above. Since it is known that acetylcholine
and nicoiine produce contraction of the smooth musculature of the imestines, the hypothesis may be put forward

. that the linpulses we observed and the reflex change In blood pressure upon introduction into the perfusate of
the chemical substances indicated are associated with the motor activity of the intestines and consequently with
stitnulation of the mechano- and not the chemoreceptors.  However, in relation to nicotine this hypothesis is
clearly not justificd since in special experiinents {1 was demonstrated that the inmipulses arise much earlier than
intensified motility of the Intestines.

The reflex changes in Plood pressare suider the influence of nicotine also ocerr earlicr than inmensification
of the mnotor activity of the intestines. which was shown in the experiinents of V. N, Chernigovsky [3, 94 and s
confirmed fn onr investigasion,
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In the case of the effect of acetylcholine the question is more complyica!cd because of the stronger {nfluence
exerted by 1t on the motor activity of the Intestines. To solve this question special Investigations are required,

Out {indings show that the reflex changes in blood pressure are caused by the appearance of "slow” Impulses
This conclusion fs confirmed also by the absence of orderly changes in the "fast” impulses when chemical sti-
mull were introduced into the fncestinal vessels. Accordingly the electrophysiclogical characterization of the
potentials arising in the afferent nerve of the intestines under the influence of chemical stimulf (nicotine, acetyl-
choline) and the connection between these impulses and the reflex changes in blood pressure were established,

(1

LITERATUKE CITED

V. E. Delov, P, A, Kiselev, N. A. Adamovich and O, N. Zamyatina, Questions of the Physiélogy and

Merphology of the Central Nervous System * (Moscow, 1853), pp. 31-36,

{2}

O. N. Zamyatina, Works of the I, P. Pavlov Institute of Physiology® (Moscow-Leningrad, 1954),

vol. I, pp. 193-208.

3]
4
[5]
{6]
(7
[8]
9
{10
[11]

V. A. Lebedava, Byull, Eksptl, Blol. i Med..Vol. 31, No, 6, pp. 40£-404 (1951),

V. A. Lebedeva, Byull, Eksptl. Biol. 1 Med., Vol, 34, No. 11, pp. 17-21 (1852),

V. A. Lebedeva, Byull. Fksptl. Biol. l-Med.. Vol. 35, No, 4, pp. 5-10. (1953),

V. A. Lebedeva, Byull, Ekspu. Blol, i Med.,Vol. 38, No. 11, pp. 12-27 (1954).

V. A. Lebedeva and V. N, Chernigovsky, Byull. Eksptl, Biol. 1 Med, Vol. 31, No. 3, pp. 453-158 (1951
V. N. Chernigovsky, Alferent Systems of Intemal Organs® (Kirov, 1343).

V. N. Chemigovsky, Fiziel. Zhur, SSSR,Vol. 33, No. 1, pp. 17-28 (1947).

G. L. Brown and ). A, Gray, J. Physiol., Vol, 107, pp. 306-317 (1943).

G.D. Gamxmon and D. W, Bronk, Am. J. Physiol, Vol 114, pp. 77-84 (1935).

[12] B. Gernandt and Y, Zctterman, Acta Phystol. Scand,,Vol. 12, pp. £6-72 (1946),

* In Russian.



