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This investigation, cazried out under the direction of Prof. D, E, Rozenblyum, was devoted to an analysis
of the changes in unconditicmed reflex activity under the Influence of afferent impulses from the mechanoreceptors
of the digestive tract, We szudied the influence on the defense reflex of distention of the stomach or of a seg-
ment of the small ntestine with electrical stimulation of the skin of the hind limb of a dog.

Study of the reaction of the organsim with an increase in pressure in the gastrointestinal tract is of topical
fmportance for aviation medicine, In particular, in understanding the mechanism of development of high altitude
meteorism. According to W. V, Streltsov [5], the volume of gases in the body cavities at an altitude of 9760 m
increases fourfold, at an alritude of 13,558 m by 7.6 times, The increase in the volume of gases in the digestive
tract at high altitudes leads to mechanical hindrance of breathing, of blood and lymph circulation and also to
stimulatfon of the Interoceptors in the walls of the gastrointestinal tract,

The investigations of 2 number of authors [1, 3, 4, 7, etc] have shown that stirzulation of the interoceptors
of the gastrointestinal tract can be a source of numerous reflex influences on various aspects of the vital activity
of the organism, V. N, Chernigovsky [8] established that aiferent impuises from the Interoceptors can exert
actuating and cerrecting influences on the somatic reflex arcs 1o the skeletal musculzture. O, S, Merkulova [2]
conducted a systematic investigation on the interoceptor {nfluences on skeletal musculature, She studied this
question in conditions of ckznges in the actd-bile balance and hypoglycernia. She demonstrated in this respect
the fmportance of various sections of the central nervous system, The majority of these investigations were
_undertaken in acute exb’edméms. T;ogemg‘f with.this it {s known that the significance of the results of acute
experiments is limited by & mumber of factors, Therefore, to solve the problem we used the method of chronic
experiments, ’

In the first part of cur investigation we studied the changes in the course of the defense reflex In relation
to: 1) the magnitude of inzracavity pressure in the stomach or a segment of the smz1l Intestine; 2) the speed
of growth of intracavity pressure; 3) the size of the stimulated intestinal surface, 4) the duration of stimula-
tion, In the subsequent stages we studied this question {n various functional states of the cerebral cortex and ia
conditions of the hypoxic farm of oxygen starvation,

EXPERIMENTAL METHODS

Regulated stimulation of the mechanoreceptors of the gastrointestinal tract was carried out by means of
a fine-walled rubber balloom, fntroduced through a fistula in the stomach cavity or {2 an {solated intestinal ansa,



This balloen was connected with a ruSber bladder in which the necessary pressure had been obtained earlfer

(Fig. 1), Thc veiwme of the rubber Bladder (a2 used automobile innertube) greatly exceeded the velume of the
fine-walled ballom and the whole comnective system, which ensured the require] pressure in the estire apparatus.
The gages of all the cocks and of al? the corwecting pipes mr_naincd fixed in all experiments; inflzTion and fs
subscquent cessamuon wete perforned at the samie nonient (by means of turning the three-way couk: this excluded
the many jolts wiich usnally occur &2 blowing up a fine-walled balloon directly with a rubber bulk. Changes

in pressure In the =ystem were recorled by 2 =mercory manometer and graphically on a kymograph drum,

Fig. 1. Scheme of Experimentzl Procedure. 1) Rubber bulb; 2) rubber bladder;
3) moercury manometes; 4) three-way cock; 5) rubber tube 1o Marey tambour;

§) rubber tube to fine-walled rcber balloon, introduced in cavity of stomach;

T accumulator, 8) fmduction coil; 9) electric switch; 10) elcctrodes; 11) cord;
12. 33, 15) MareytamBony; 14) electro-indicator; 16) tme recorder; 17) kymo-~

grapi

The defenr= 1eflex was prodaced by e action of a variable current from an induction coil an the skin
of the rear surface of the left hind pzw: the source of the ciftrent was a 6 v accuinulater, On the kymograph
drum the momesx of application of electrical stimulation to the skin was noted. The~ defense reflex-was re-
corded graphically by means of poeumatic sransmission and a Marey tambour.

The experiinents were condurted on Uhe dojs Nechka and Bka with fistulas of the intestines according
1o Thiry-Belland onthe dog Sharik with a fizzula of the stomach according to Basov. The dogs werz last fed on
the evening befire the experiment. 1In the rmorning, before the experiment, the animals were taka:n out for a
walk for the purgrose of evacuating the urinzd bladder and intestines; fn the dog with fistula of the stomach,
before the commurncement of the experimerst, the stomach was washedwithwarmwates36-37°C); then the dogs
were suspended o 2 frame in a specizl harmoneck. Such a mettodical procedure, according to V. N. Chernigovsky
and O, S, MerkuZova [9). simplifies wransmission of the interoceptor impuises to the somatic reflex arcs. This
requircd repeara: experiments to train the Sogs after which they usually showed no uneasiness in che course of
the entire expesient.

At the begiiming of each experiment Zse minimum electrical current producing a distinct dizfense reflex
was determined. Subsequently by e3osing a relegraph switch the 1imbs of the dogs were fhythmically stimulated
every 15 seconds with an induction currem €f the ascertained strength. When equal moveinents were established
in the stimulate limb,two-minute inflation of the stomach or the isolated intestinal znsa was carxied out.

3856



In order to prove that In our experliments the defense reflex was an uncondftioned reaction we fnvestigated
the {solated nfluerce of the nofse of the workings of the Induction coll and closing the switch, 350 motor reac=
tions to the stimulf of nolse were observed,

EXPERIMENTAL RESULTS

In the lyvestizations couducted {t was made clear that the threshold values of {nteroceptor stimulation
are not stable and vary from one experlinent to another, Nevertheless one may point to the valuzs of the threshold
stimulations which we observed miost frequently, Tn the chronlc experfments for the gastric meckanoreceptors
in the dog with a f{fzwula of the stomach, the threshold stimulation at which changes were found iz the course of
the defense reflex. ;as an intracavity pressure of about 40 mm Hg (Fig. 2, A). For the mechancreceptors of the
small {nrestinal seg nent the most frequently observed threshold value of sthnulation was a pressure of about
80 mm Hg.

The change In the course of the defense reflexes was most often express~d in the form of ichibitlon. In
singie expetlments sthmulating influences were observed, With an Increase in Intracavity pressure the intero-
ceptor influences cn the course of the defense reflex were Intensified. With considerable {nflaticm of the stomach
(pressure 80 mm g} distinct inhibitory influences on the reflex contractions of the limb muscles were seen; at
the same thine contractions of the sinooth musculature of the stomach and a manifestation of emetic movements
{Fig. 2, B) were observed.

Fig. 2. Dependence of defense reflex on value of intracavity pressure in stomach.

Dog with fistula of stomach. A) Experiment No, 80 of May 27, 1950, During reflex
contraciions of hind limb inflation of stomach performed (pressure 40 mm Hg), Coeres-
ponding to moment of inflation in the period of aftereffect, inhibition of defense reflex
is noted, Distance between coils of inductor 13 cm; B) experiment No, 90 of June23,1950,
In conditions of reflex contractions of hind limb stomach is inflated (pressure 80 mm g).
Sharp irhibition of defense reflex corresponding to contractions of smooth musculatuze of
stomach and n the afiereffect perfod. Distance between colls of inductor 11 cm. Signi-
ficance of tracings(topto bottom): reflex changes inlefthind limb, indication of stimulation
of mechanoreceptors of stomach, indication of time (1 second).
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The intenstlication of jnhibitory influences on the ceftex contractions of the Himb muscles was usually
also noted with greater fuflation of the fsolated fuestinal ansa (pressure 120-150 s 11g).

The investigations of the role of sharpness of rise  in pressure were conducted on the dogg Nochka with
an fsolated ansa of the small imestime, The {indings obtalned allow us to draw the conclusion that the rate of
increase i prosswre tn the futestingl cavity plays a definite part i the foration of the effect of the Interocepror
sefles,

With a steep rise n intracavity pressure we found greater inhibition of the reflex contractions of the Hmb
muscivs of the dor than with a slow increase,

The significance of the mamitade of e Helds of interocepier stimulation was clarffied In experiments
ot the dous with isolated imestinal Joops. The iselated segiment of the intestines was inflated with fine -walled
balloons, varvin: in volutie in the satio 1: 1,513,

It was established that increase in the fiekds of interoceptor stimulation with an unchanged value of intra-
cavity pressuse psually leads 1o infeunsification of the inhibirory interoceptor influences on the defense reflex,

In soine experiments a chanze in the character of the influences on the defense teflex in relation to the
area of stinmlated surface was noted. With inflation of the balloon with a relative volume of 3 (pressure 120
i Hg) a general moter reaction which was replaced by distinet inhibition of the defense reflex was observed,

Vith the use of the balleon of 3 relative volume of 1,inflation of the segment of the intestines with the
saute intracavity pressure vxerted a stimulating influence on the defense reflex,

Qur expeiiinents, as a rule, were carried out with a two minute stimuolation of the mechanorecejitors of
the gastreintestinal tract. In the dogs with isolated small intestinal ansas the duration of stimulation of the
mechanoreceptors was 30-50 minutes with coustant threshold values of intracavity pressure of 80 mm Hg,

At the start of inflation of e intestine the behavia  of the dogs did not change. Within 15-20 minutes
from the commencement of inflation contractions of the muscies of the abdominal wall set in, Then 30-50
minutes later vomiting of bile occurred.

In one expcrimeﬁt the intestinal peristalsis proved to be so strong that the balloon introduced in the cavity
of the isclated intestinal loop (Fiz. 3) was ejected.

=

LY

Fig. 3. Influence of zrolonged stinulation of mechanoreceptors of small intestine on
defense reflex, Experimment No, 118 of July 27, 1950, Dog Nochka, Inflation of isolated
intestinal ansa {pressure 80 mm Hg) for 30 minutes, A) Commencernent of stimulation;
B} end of stimwlation. At conclusion of inflation voiniting movemenis appear; as a res-
ult of puwerful intestizal peristalsis the balloon’was ¢jected from the intestinal loop
{coresponding to this — transverse markings seen on tacing of indicaton of stimulation
of fitestinal mechanc-eceptoss, then a sharp fall in piessure). Distance between induc-
tioh coils 3.7 em, Sigaificance of rracings as in Fig, 2.
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With prolonged stimulation of the mechanorecegptors of the smaill intestine (pressure 80 mm Hg) In the
dog Nochka no significant changes in the defcnse reflex were noted anud {n the dog Elka an Insignificant wave -
like inhibition of the defense reflex was seen. But in both dogs in all wxperlments with prolonged inflation there
occurred summation of the stimulation; reflex vemniting, actuating inflluences on the muscles of the frontal wall
of the abdomen, sharply intensified peristalsis of the intestine.

In order to demonstrate the reflex nature of the effects inducedian serles of experiments was conducted on
the dog (with fistula of the stomach), {n which novocain was useu for the purpose of functional exclusion of the
interoceptors. After washing the stomachwith warmwater37°C) a gaume tampon was Introduced Into it moistened
with a 2% novocain solution, In 20-30 minutes the tampon was temuewed and Inflation of the stomach was
carried out (pressute 40 and 80 mm Hg) in condiziens of rhythmical comtractions of the hind paw, induced with
electrical stimulation of the skin,

After subjecting the mucous membrane cf the stemnach to noveezain the influences of the mechanoreceptors
of the stomach on the defense reflex were usually considerably diminiished or almost entirely absent.

In the control experiments performed after uiple novocaln admiinistration the influence of novocain lasted
for more than a day,

Thus, we established that in animals (dogs) the thresholds of stimulation of the mechanoreceptors of the
stomach and intestines are not stable, The changes in the defense refZiex most often occurred with an increase
in pressure in the stomach up to 40 mm Hg and in the segment of the small intestine up to 80 mm Hg., With
stimulation of the mechanoreceptors of the gastrointestinal tract inhilbitory influences on the defense reflex
were most often observed; in single experiments stimulating influences were obseryed. The inhibitory influences
on the unconditioned reflex activity depend on the strength &f Intercceptor stimulation, the size of its fields and
the specd of growth in pressurcinthe intestines. With prolonged inflatiion of the isolated intestinal loop for
30-50 minutes {pressute 86 mm Hg) actuating influences on the musciies of the frontal wall of the abdomen,,
sharply Intensified intestinal peristalsis and reflex vomiting were obsexrved, Novocain treatment of the mucous
meinbrane of the stomach almost completely removed the inflience «f the mechanoreceptors of the stomacl
on change in the defense reflex, which proves tie reflex nature of the: effects observed.
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