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This Investigation, c,u~ted out under the direction of Prof. D. E. Rozenb!yum, ~,'as devoted to an analysis 
of the changes in uncondi:f~.~ed reflex activity under the influence of afferent impt~es  from tile mechanorcc, eptors 
of tl{e digestive tract. We ~:udled the inTluence on the defense reflex of distention of the stomach or of a scg~ 
ment of the small fntesttae ~ith electrical stimulation ~ the skin of the hind limb of a dog. 

Study ot the reaction : f  the organslm with an Increase in pressure in the gastr~ntestinal tract is of to~ca l  
importance for aviation me~?~clne, in particular, in understanding the mechanism of development of high altitude 
meteo~ism. According to ~r. V. Streltsov [5], the volume of gases In the body cavities at an altitude of 9760 m 
increases fourfold, at an ai~v~de of 13,556 m by 7.6 time.,. The increase in the voI:~-ne of gases in the dlgestlve 
tract at hlgh altitudes lea& t~ mechanical hindrance of breathing, of blood and lymi~h circulation and also 
stimulat!on of the interoceF:ors in the walls of the gastrointestinal tract, 

The investigations o f ~  number of authors [1, 3, 4 ,7 .  etc.] have shoran that stfmulatlon of the lnterocel:/orj 
of the gastrointestinal tract can be a source of numerous reflex influences on var io~ aspects of the vital act~vRy 
of the organism. V. N. Ch~'-:igovsky [8] established that afferent impulses from the ;_nteroceptors can exe.,nt 
actuating and correcting ~ e n c e s  on the somatic reflex arcs to the skeletal musc~Iature. O.S.  Merkulova ['2] 
conducted a systematic inve:ztigatioa on the interoceptor influences on skeletal mu~-:~lature. She studied 
question In conditions of c~.nges in the acid-bile balance and hypoglycemia. She demonstrated in this respect 
the Importance of various ~=tions of the central nervo.ths system. The majority of t~ese investigations w~e  
undertaken in acute experiments. T~ogethef with.this It Is known ~at_ the :agniftcance of the re;ults of acute 
experiments is limited by a ~umber of factors. Therefore, to solve th~ pr6blem we t~ed the method of chrcaxir 
experiments. 

In the first part of our :nvestigatlon we studied the changes In the course of ~ e  defense reflex in relatlcm 
to: 1) the magnitude of L~acavl ty  pressure in the stomach or a segment of the sw.zlI Intestine; 2) the speed 
of growth of intracavlty p r ~ u r e ;  3) the size of the stimulated Intestinal surface, 4) the duration of stimula- 
tion. In the subsequent srag~es we studied this question In various functional states of the cerebral cortex and In 
conditions of the hypoxle fcrm of oxygen stasvatton, 

EXPERIMENTAL M E T H O D S  

Regulated srimulatio~ of the mechanoreceptors of the gastrointestinal tract wzs carried out by meam d 
a fine-walled rubber ballo~r,,~ introduced through a fistula in the stomach (~avity or la  an isolated Intestinal ansa. 



This b a l l o ~  ~a~ c~ 'mec ted  with a r :~be r  b i i J ~ e r  in which the necessary pressi~te h~d been obtatne~fl ear l ier  
(Fig. 1). The w r ~ m e  of the rubber ~ladder ( l  u~ed automobile  i n n e r . b e )  greatly exceeded the v~l~me of the 
fine-walled b a l t , : ~  a~d the whole C,~',nccti~e $)'stet~, which ensured the require J pressure in the e~zire apparatu.% 
The t,a,-t-~ t*f all  ::i~e t-twks ,~nd or a!?~ ~ e  r pip~-s rt:t~ai]]cd fixt.d in ~ll rxpcrilucnls;  inflz'~ion and its 
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subsequ,zn~ ce.~,~=~:~ were t,~rf~r~i~t-~ i~t lhe ~a~r:~e ~no~tleut (by  nleatl~ of turning the three-way cot ti:y: this excluded 
the tuan)' jo l t l  w~:~-h l~sttally i~:cur i2~ ]~lowi~:L.: up ,1 fint~-walled b,~lloon directly with a rubb~r bul~. Changes 
In pressure h~ t~t: ~s~e~n were rec,.w.~e~l b~" ~ ~erc~ry l:mnometer attd graphical ly on a kymogralff~ xlrurrl. 

F ig .  2. Scheme of Ex-pea-lmen'-.~r_l procedure.  1) Rubber bulb; 2) rubber bladderl  
~) =:mrcury manometer ;  4) d-~zee-~,'ay cock;  5) r,abber tube tb Marcy tambour; 
~) r~3ber tube to f lne -~ ' z l l ed  r=~ber b~lloon, introduced in cavity of stomach; 
7) ~ c u m u l a t o r ,  8) ~Suc t fo=c~ ;d ;  9} e lcc t r feswt tch;  10) electrodes; 1 1 ) c o r d ;  
12~Y~. 15) Mare~tam~,:,m; I4~ e lec t ro - ind ica tor ;  1~) t ime recorder; 1 7 ) k y m o -  
gra~o. 

The defer.re reflex was prod~c~ed by ~ act ion os a- varia[,le current from an induction coiI  r the skin 
of the rear surf.ac~e of the left hind ?zw:  ti-~e ~,~arce of th"e Cffrrent was a 6 v accumulator.  On th e ~/r _~raph 
drum the mome.:r, of appl icat ion c~f electHmm] s t imulat ion to the skin was  noted. The- defense r e~ex -~as  re -  
corded graphical2." by means of pv~e~iat ic  ~ n s m i s s l o n  and a Marcy tambour. 

The e ~ e ~ i : ) e n t s  ",,'ere condu.,c~ed on ffz, e decks Nochka and E]ka with fistulas of the lntestlne~ ~ccordlng 
t o T h i r y - B e l l a n ~  .~n~he dog Sharik ~,.-ith a f~,,~la of the stomach according to Basov. The dogs we.re_ l as t  fed on 
the evening be~:~e the exper iment .  In the :~_or/~ing, before the experiment,  the animals were tah~n out for a 
walk for ~ e  pt, r~,.:~e of evacuat ing s u r i , ' ~  b ladder  and intestines; In the dog with fistula of the  momach,  
before the C a m ~ ' n c e m e n t  of the eaq~erime~r_ the stomach wan washedwithwarmwaterf36-,'37"C)= ~ e n  the dogs 
were suspended ca:3 a frame in a ape,vial h~arr~.--~ock. Such a mctl-odlcal procedure, according to V'. ~ .  Cherntgovsky 
and O. S. Merhu~.wa [9], simplifie~ ~ z n s m ~ o n  of the interoce]~tor tmpuises to the somatic ref lex arcs.  This 
tequtred repeare~ exper iments  to train the &:r after which the)  usually showed no uneasiness in rS~e course of 
the emire expe.~,-mcnt. 

At the b ~ : n S n g  of each exF.~rlmeri~ ,~3ae min imum elect r ica l  current producing a distinct d~:t'eme reflex 
wa~ determined..  ~ubsequently by e ~ i n g  it ~_elegraph ~wltch tht  l imbs of the dogs were rhy thmic i l l y  s t imulated 
every 15 s e c o n ~  with an inductio~ currel~ eft the ascertained st~ ength. When equal movements ~ . r e  established 
In the stimuiare~2 ]irnb.two-mlnu'~e irdlatiov, of  the stomach or tl~e isolated intestinal ~risa ~tal c a ~ i e d  out. 
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In order to ~ o v e  that In our experhnems the defense reflex was an u.condlt ioned reaction ~,e fnvestlg$ted 
the Isolated influence of the ,disc  of the workings of ~he induction Coil at~d closing the switch. };o motor rel ic~ 
tlol~s to the stimuI~ of noise were observed. 

EXPERIMENTAL RESULTS 

In the htve,tlgattotts co.ducted it was made clear  that the threshold values of Interoceptor t t i m u l a t l m  
are no~ , table  and vary. from one experhuc , t  to another. Nevertheless one may point to the valt.,= of the threshold 
st imulations which we observed most freque, t ly,  ht the chronic experiments for tI!e gastric m e ~ n o r e c e p t o r t  
tn the dog with a f~:;ula of the stomach, tile threshold st imulation at which changes were found tm f~e eoune  off 
the defeme reflex~ -;as an intrat avlty pressure of about 40 mm ltg (Fig. 2, A). For the mechan~, .ceptors  of the 
smal l  Intestinal seg~:~e.t the most frequemly observed threshold value of stimulation was a pte~s"~e of about 
80 mm ltg. 

The chat~ge In fl~e course of the defense reflexes was most often expres,?d In the form of .im.~ibldon, 
stngie expe~trner, ts .~tlnaulating influences were observed. With an Increase In lntraczvlty press,.~-e the Intero-  
ceptor influences c~.~ fl~e course of the defense reflex were intensified. With considerable inflat~c~ of the stomach 
(pressure 80 mm tfS) dist inct  inhibizory influences on tile reflex contractions of the l imb muscle* ~,ere seen; a t  
the same t ime con:zactions of the smooth musculature of the stomach and a manifestation of em-exlc movement~ 
(Fig.  2, B) were ol:~vetved. 
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Fig. 2. Dependence of defense reflex on value of intracavity pressure in s tomach.  
Dog wiLh fistula of stomach. A) Experiment No. 80 of ?,lay 2"/~ 1050. During ref lex 
contractions of hind l imb inflation of stomach performed (press~are 40 m m  Fig). C ~ r ~ -  
pondi .g  to moment of inflation in the period of aftereffect,  inhibition of defeme re:Elex 
is noted. Distance between coils  of inductor 18 era; B) experitnent No. 90 of June2~..1950. 
In con gitiorm of reflex contractions of hind l imb stomach is inflated (pressure 80 mlxt Hg).  
Sharp inhibit ion of defense reflex corresponding to contractiom of smooth mmeulatmre of 
s tomach and in the aftereffect  gerlod. Dlstalzce between coils of inductor 11 cm.  S ign i -  
f icance of tracings (top to bottom): reflex changes in left  hind l ira b, indicat ion ofst l  -mmlatlon 

of mechanoreceptors of stomach, indicat ion of t ime (1 seco~d). 
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The intensif icat ion t~l i!dlibi~ory hlfluent 'c~ on d)c reflex coutracttol~s of tile l imb  muscles was ulual ly  
also lifted ~i th  grc,ltcr hlf lat ion tff ~ e  lsol,ltcd lulcst lnal  an.~a {pressure ]20-1,50 Inrn Ilg). 

The ill,~esti~],ltloll.~ of the role ~f ~.~rlmeS5 of rise il) preszurc were conducted ~nl tile dtsI Nochl~a with 
all Isolated .rosa t,[ 111r s,l~.~ll illlt.,~l~lr The fi~ldi~::;s obtatned :allow us to draw the t-ont2111sioll that t he l a t c  of 
increase in prr tu the [utcst~r~l cavity plz~s ;~ defini te  pan hr the ft~rillatltnl of ihe effect  of the lnteroecpto~ 
reflex. 

~qth a .-tcep rise in il:trat:,+vi~} + i,rcsst~rc ~,tr fomld ~lreater h~hlbitlotl of" tile reflex con t rac t lom of the l i m b  

muscles ~:f t~c d,~. lh;m with ;~ slt~," ~r~-rease. 

The si~.,l~ifit-,~t)t'e ~f the m,L~A~.'lde of ~he ttcld.~ of interocept,~r s t imula t ion  was clarif ied in exper iments  
ot~ the dt*~;s w~th is~qated i~c<t i~al  ]~,l~s. "l'l~c istqated segtnent  of tile intesth~es ~ inf lated with f ine -wa l l ed  

It was e<~ablishcd d).at i~acrc.~e i~ d~e fields of intertweptor sth~ml:ttlon wittt an uneha~ged value of tn t ra-  
cavity prcss~rc t~su:dI}' leads to il~re:~sification ~t" the inhibi tory int,-roceptor Influences on the defense reflex. 

In .~0~r exper i~eu ts  a chat~k:e in the character  of the inf luences  o~ lhe defeme xeflex in re la t ion  to the 
area of s~ii~utated st~rface ~,'as t~ t cd .  With in,qa~ion of the ballt'v.m ;vit!~ a re la t ive  volume of 3 (pressure 120 
mtn llg). a ~L,~,i'.er;~l motor reacl io~ ~Sait-h was replaced by dist inct  inhib i t ion  of the defense reflex was observed, 

~;i~h ~he ~lsc of the b ;d l t~n  d a re la t ive  ~olume of 1 , inf la t ion of the segment  of the intest ines with the 
same intracavi~y pressure exerted a sua~ula t ing  i~ffluet,.ce on the defel~e ref lex.  

Ot~r experiments ,  a.~ a r~de. were carried oat with a two m~.nute s t inmla t ion  of the mechanoreeet , tors  of 
the ga~treintc~til~al tract.  In the d~.~,L~ with ist,tated smal l  intest i~al  ansa.~ the durat ion of s t imula t ion  of the 
mec1:anorecei~,tor~ was 30-;>0 min~:~_i with co l~ tzm threshold values of in t racavi  W pressure of 80 m m  Hg. 

At the start of i~fftation of ~:~z tntest iue rd'-,e behavior of the dogs did not cl~,ange. ~githln ~5-20 minutes  
frot:~ the comrnenve~t~el~,t ~f i~fla~[~'~ c,:~ltractic~Lr of the muscie~; of tl~e abdo~ninal wall set in ,  Then  30-50  

minutes  later  von~iti~ig of bi le  occurred.  

In one exper iment  the illtesthaal per is tahis  proved to be s~ strong that the bal loon int roduced In the cavi ty  

of the i.~clated i~'~testi~.,al loop (F[~. 3) ~as e jec ted .  

Fig. 8. lnfluenc'e o_f ~ o t o n g e d  stifz~ulation of mechanoreceptors  of smal l  intest ine on 

defense reflex. Exper iment  No. 118 of July 27. 1050. Dog N6chka. L~qation of isolated 
intest inal  ansa (pressure 80 m m  l lgj  for ,q0 mhmtes .  ,~) C o m m e n c e m e n t  of s t imula t ion :  
B) end of s t in ,u la t ion .  /~t conclus ion of inf la t ion vo~niting movemet, .~ appear; as a reso 
ult of powerful infest- ~dL peristalsis the bal loon 'was  e jec ted  from the intest inal  loop 
(corre~ponditlg to this - - t ra~sverse markings seen on t rac ing of ind/ca t ion  of s t imu la t ion  
of i~l l~t inal  tllet ha:~'e~:eptors,  then a sharp fall in pressure). Dlsta~ce between h lduc-  

tio:i ~ oils .:.7 era. 8i~;~:3ficance of tracings as Ill Fig,. 2 ,  
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With o:olonged stimulation of the mechanoreceptors of the s rn, a~tl intestine (pressure 80 mm Hg) In ",he 
dog Nochka no significant changes in the defense reflex were noted ami~ in the dog Elka an imigniflcant wave- 
like inhibition of the defeme reflex was seen. But in both dogs in atI .~xpertments with prolonged Inflation there 
occurred summation of the stimulation; reflex vomiting, actuating inffluences on the muscles of the frontal wall 
of the abdomen, sharply intens!fled peristalsis of the intestine. 

In order to demonstrate the reflex nature cf the effects induced,a~ series of experiments was conducted on 
the do E (with fistula of the stomach), in which n~vocain was useu for ~he purpose of functional exclusion of the 
lnteroceptors. After washing the stomactrwithwarmwater07"C) a gau:ze tampon was Introduced Into It moistened 
with a ~o novocain soluticqL In 20-30 minutes the tampon was remcwed and Inflation of the stomach was 
carried out (pressure 40 and 80 mm Hg) In cond~zions of rhythmical cemtractions of the hind paw, Induced with 
electrical stimulation of the skin. 

After subjecting the mucous membrane cf the stomach to novee:ain r.he Influences of the meehanore:eptott 
of the stomach on the defense reflex were usually considerably dimhli~hed or almost entirely absent. 

In the control experiments performed after triple novocain admm;istration the influence of novocatn lasted 
for more than a day, 

Thus, we established d~at in animals (d~s)  the thresholds c~ stimmlattion of the mechanoreeeptors of the 
stomach and intestines are not stable. The cha~.ges tn the defense ref'Aex most often c~curred with an Increase 
in pressure tn the stomach up to 40 mm Hg and in the segment of the ~maIl intestine up to 80 mm Hg. With 
stimulation of the mechanoreceptors of the ga~trciutestinal tract lnhtL~itor~ influences on the defense reflex 
were most often observed; in single experiments stimulating influences were obseryed. The Inhibitory tnflueneel 
on the unconditioned reflex activity depend oa the strength 6f fater~c-.~pto~ stimulation, the size of its ffeldt and 
the speed of growth in pressure fn the intestines. With prolonged infla~ion ~ff the isolated Intestinal loop for 
30-50 mitmtes (pressure 80 mm Hg) actuating in~uences on the mns~ies of the frontal wall.of the abdomen,, 
sharply intensified intestinal peristalsis and rePfex vomiting were obseJrved Novocatn treatment of the mueova 
membrane of the stomach almost completely removed the inflfience ~ the mechanoreceptors of thl. ~ ttomar 
on change in the defense reflex, which proves the reflex nature of thin ~effects observed. 
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