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Until recent times no systematic lnvestigatiom devoted to the clectrophysiologlcal chtracterlzation of the 
tmpulses arising on stimulation of the chemoreceptors of the internal ~gam had been undertaken, 

The present work was conducted to provide material for an electrophysiologlcal characterization of tl~ 
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 detail. 

In the literature there are a number of papers devoted to electzop~hyslologlcal investigation of the ImpuLses 
of the receptors of the intestinal membrane. 

Thus. Gammon and 8ronk [111 studied "._he activity currents of ~ e  abdominal nerve and demonstrated the1~ 
links with the activity of the Vater-Pacintan corpuscles. Gemandt and Zotterman [12] investigated the activity 
currents of the fine nerve branches of the lntesthles, paying particular attention to the influence of painful stimuli. 

Brown and Gray [10] observed the appearance of impulses in the intestinal nerves when nicotine and acetyl- 
chollne were introduced into the intestinal vessels. However the authors did not describe the Impulses electro- 
physiologlcaUy. 

The afferent tmpulses from the receptors of the stomach wall In relation to various functional states of 
this organ have been investigated in papers by V. E. Delov, P. A. Kl~elev, N. A. Adamovich and O. N. Samyatlna 
[1]. O. N. Zamyatina [2] studied the btoelectrical potentials in perit~aral segments of the mesenteric nerves 
and fine cerve branches of the intestinal waU In connection with diffe~nt functional states of the digestive 
apparatus and also under artificial influehees increasing the activity currents of the intestines (heat, stimulation 
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 presence of the above mentioned 
influences the activity currents flowing in the mesenteric nerves were intensified. An exception was the action 
of glucose. In the nerves of the intestinal wall there arose in this ca~r a special kind of impulse: the maximum 
amplitude of the potentials did not exceed 2.5-30/Jv; the minimum was .,carcely higher than the level of sound 
of the actual intensifier. The total frequency of the impulses was not more than 80 helq~i 
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However. in these in~e~stigatiom the chemical  stimuli were introduced either directly in the blood stream 
[10] or in the lumen of the ~7.~testines [2] and thus the receptors may have reacted not only to the chemical  
s t imuli  but also to the resuming chano~e in the general blood pcessure. The la~.ter complicates assessment of the 
effect  of the direct infhtenc~ of the chemical  s t imuli .  

The method of pcrfusS_-m employed b}' us, which is routine in study of tim reflexes of the tntemal  ordain. 
makes i t  possible to invcsttz~ne the receptors independent of fluctuations in general blood pressure. 

By removing the posstL'~flity of chemical  stimuli entering file general  blood stream this method at the same 
t ime  enables one to in~ 'es t t~te  the relation between change in e lec t r ica l  act ivi ty  of the intestinal nerves and 
the reflex Change in blo,xt ~:t.~ssure arising when chemical  stimuli are introduced in the Intestinal vessels, which 
also ~,-as part of the object ¢~r ,our work~ 

E X P E R I M E N T A L  M E T H O D S  

The investigation war ~:arried out in acute experiments on cats under urethane narcosis; the u~mthane was 
-~lntrod,aced intravenously iv, ~'he animal with slight ether narcosis. The chemica l  stimuli were added to the 

Locke-Ringer solution p e r k i n g  the isolated section of the intestines, connected through the nervous system to 
the o~anlsm,  in a number oT experiments natural blood suppl]~- was maintained and the chemical  stimuli were 
introduced in the relevant a~"z-eries. The e lec t r ica l  potentials of the peripheral  segment., of the mesenteric nerves 
were recorded as were these ~of the peripheral segment* of the rami intestinales (referred.to by us la ter  on as the 
nerve branches of the i n t ~ e s  or fl~e intestinal nerves). The la t ter  were not exposed at the entrance it*elf to 
the imestinal  wall, but s o ~ w h a t  higher, and the Vater-Pacinian corpuscles situated along the nerve branches 
were not excised. Ttie ac~'w~ty current* of the nerve were led off by mean* of silver electrodes to Ithe intensifier,  
the frequency descrip.tion c-f ,'which w ~  linear in the range of 10 to 300 cp$. The electr ical  potentials of the 
her~'e were recorded b)' rn, e,~:~ of the Schleifer oscillograph. The sensitivity of the apparatt~s war 2 Ov per l m m  
ray deviation.  . . 

e 

The experiments ~aez'~ ~carried cut in a screen chamber.  Simultanecras with recording of the b ioelect r tca l  
potent ia ls ,  blood pressure L-~ :the carotid artery (by means of a m e r c u ~  manometer)  was registered on a kymo-  
g r a l ~  We investig.ated P,~ ,~fect  of nidotine and acetylchol ine,  which are the most often used chemical  st imuli  
in exper imenu for stud)" of  ~2ae internal  organ reflexes. 

E X P E R I M E N T A L  R E S U L T S  

Effect of nicotine. ~ introduced into the perfutate 1 ml nicotine solution at concentrations of 1 - 1 0  *s, 
I - i 0  "~ and 1 • 10 "3. As is ¢-3car from Fig. 1. B. under *,,he influence of nicotine there occurs_an afferent impulse 
with a definite electrophysi'-:,~oglcal characterizat ion:  ampli tude ~-p t o 3 5 / i  v, frequency 80-90 c p ;  (We a tb i -  
taarily describe'this in the ~ i c l e  as "slow') .  With the emergence of this impulse upon introduction of nicotine 
in the intestinal ve~els a ~oe in blood pressure was observed, 

In our experiment* ~ impulses of tht~ type arc,  e _on introduction of nicotine into.the vessels both in the 
nerve trunks of file mesen r~ ic  plexus and in the intestinal nerves. A s - r e g a r ~ t h e  impulses from the_Va_ter- 
Padn i an  corpuscles, whic:k ~.we shall arbitrarily describe as ",'a~t', they usually did not increase directly after 
in=educt ion of nicotine. L'2 :a series of experiments a certain intensification of the "fast" impulses arising con-  
siderably latcr  than the m,z:nifestation of the "slow" impulses was observed. In order to establish more accurate 
t i m e  relationships betwee:~ ~he emergence of the impulses in the afferent nerve and changes in blood pressure 
we made a t imed compari~nn with simuhaneous r~.cordings of the reflex change in blood pressure in response to  
introduction of nicotine a~.~a xhe change in afferent impulses (Fig. 2), 

As is c lear  from Fig_ ~ the curve of change in afferent impulses is shifted to the lef t  in comparison with 
the arter ial  pressure curve, ~Consequentiy. the impulses arise ear l ier  ( la tent  period l a / t  seconds) laban the change 
In ~ e  blood pressure reflex ~e~ponse. the la tent  period of which equals 5 seconds. The maximum impulse (35Ilv)  
occurred in 4-9 seconds f~cn  the commencement  of the action of the s t imulus.  The maximum increase in 
blood pressure was observ¢-~ ~at the 19th second. At that moment  the impul*e had already fa l len  to 15 ~tv. I t  
compie te ly  disapimared ew~n before arter ial  pressure returned to normal.  
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Fig. 1. Change in electrical activity of peripheral terminus of nerve branch o f  
intestines upon introduction of nicotine (100),) and aeetylcholine (100 y) into 
intestinal vessels. A -Original  electrical activity of intestinal nerve; B - e l e c -  
trical activity of nerve after introduction of 100 ), nicotine; C - change  in ¢lec° 
trical activity of peripheral terminus of intestinal nerve upon introduction in 
intestinal vessels of 100 7 acetyleholine. Significance of t racin~ (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, indication of t ime (50 c]~). 
Beginning at Fig: 1. C and thereafter (Fi~.3 and 4) the o s c i l I ~ ' a m  scale it ¢~xly 
haft  the size. 

551 



pv mm Hg 

.,s i t - - ,  , / N  
,,/ \ 

-'ql A X 

5 I .... , .... , ...., .... 

~r m m :~3035 ~oo 50 
T i m e  ( i n  seconds) 

Fig. 2, Comparison of changes in blood pressure 
(1) and hnpulse in nerve branch of intestines (2) 
upon Introduction of lO0 y nicotine t n the  intestinal 
vessels. ~) Change iu blood pressure; 2 ) d m n g e  
In amplitude of bioclect~tcal potentials {In gv).  
Origtnal level  of blood pressure at commencement  
of experiment taken as zero; original level of 
ampli tude of currents of act ivi ty  in l~erve- 5/av. 

Similar  relationships, constantly observed, b e -  
twee~ the appeaiar, ce of the impulse of the type indi-  
cated ( ' s l o w ' )  and the reflex change tn the arterial 
pressure upon introduction of chemical  stimuli pro- 
vide apparent proof that this kind of impt!lse tn the 
experiments gives rise to reflex changes In the 

arterial pressure. 

Effect of acet), lcholtne. Introduction In the 
-Intestinal vessels of acetylcholine at concentrations 

from 1-  lO =s to 1 • 10 "2 also produced, along.qide 
reflex changes In arterial pressure (pressor effect), the 
appearance of "slow" Impulses in  the nerve trunks of 
the mesenteric plexus and fine nerve branches of the 
intestines. 

Fig. 3: Change m e lec t rwal  act ivi ty  of 
peripheral segment of intestinal ne~,e upon 
introduction of nicotine at  varions con-  
centratiol:s tn intestinal vessel. A) Ori-  
ginal e lcct r ica l  act ivi ty of intestinal  . . . .  
nerve; B. C, D) e lec t r ica l  act ivi ty  of 
this heave after introduction of 1 ml 
nicotine at concentrations respectively of 
1- 10 "s. 1 • 10 "4, and 1 . 1 0  "s. 

As Is clear  f~o m Fig. 1, C. "slow" impulses started even during introduction of the stimulus. T h e  changes 
In the "fast" impulses directly after Introduction of the stimulus are comlderably less marked. 

We Investigated the relationship between the concentrations of the chemical  stimuli introduced (nicotine 
and acet3'lchollne) and the intensity of the impulses arising In the afferent nerve and also the regex  changes In 
arterial  pressure. It ts clear from Figures $ and 4 that with an increase In the concenuations of the chemica l  
stimulus the intensity of the resulting Impulses in the Intestinal nerve increases. Parallel with this increase. 
where the cancentratlons of the stimulus are increased, the value of the reflex change in arterial pressure, r e -  
corded by us. aLso rose. 

The marked paral lel ism in the changes in the Indices confirms , ':e correctness of ou r hypothesis concern- 
Ing the llnk of the reflex changes In blood pressure with the appear:," :r the "rdow" impulses. 
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Fi!;. 4. ( :ha~]e in ele~'trical ac t iv i ty  of peripheral  segn~ent of 
il~tcs~in,~l nerve ~t~o~ introductio~ ~f acetyh:boli]~e at  various con-  
ce~ra t ions  i~ l~es t ina l  vessels. A) Electr ical  ac t iv i ty  in tntes- 
timbal nerve b~'f,,re it~trcnl,tctk~ of acet),lcho!i:~e: B, C. D, E) same 
after lntrod~ctlon of 1 :~1 acetylchol ine  sohttlon at  concentra t iom 
respe~;tively ,~f ] �9 10 "s, 1 - l0 "4, "~ �9 10 "~ and 1 �9 10 - t .  

D I S C U S S I O N  OF I{I : 'S t lLT8 

Under the influence ~f the cheul ica l  stilnl~!! employed by us i~ the niesellteric a:~d also in the intesthtai 
I~erve branches there appeared an afferent ill~p~Jlse with a definite electr , ,physiological  character  which we have 
termed "slow' .  Analogous impt~lses of tht: recept~rs of the intestinal wall were first recorded h~ the experiments 
o [O .  lq. Zamyat ina  in cr which were des~-ribed in deta i l  above. Since it is kl~own that  acet), leholil le 
a~d nicotine prodtlt c contract ion Of the smooth mtlsculature of the illtestil~cS, the hypothesis may be put forward 
that the hrlp~llses we observed and the reflex chan~,.e in blood prc~st~re upon introduction into the peffusate of 
the chemical  s~bstal~ es indicated are associated with 1he f~otor ac t iv i ty  of the itltcsth~es and conseqt~el~tly with 
stili~ulation ot the rned)a~)o- a~d not fife che)))oreceptors, l lowever,  i~) relat io~ to ~)icotine this hypothesis is 
c lear ly  nr j~stlfied si|)ce i)~ sl~ecial experiment3 it was den~onstrated that the impulses arise much ear l ier  than 
intensified mot i l i ty  of the l)~lustlnes. 

The reflex chant;c~ |n l ' I ~ l  press.~e :ruder the infh~e~)ee of ni,-oti~c ~tlso ~'c~,r ~arlier tha~ l~ten~ifiea~zon 
of l]~e ~notor act ivi ty  of ll)e i~trstlnt'r whir was s I~: 'n  in the expcri~i~c~t~ vf V. ~']. dxer~i~:ov.~ky [r 9~ al~d ls 
COH~'II~Yled In Otlr ~lIV~$||~;l l i~). 



In the case of the effect o:f acetylcholine the question is more complicated because of the stronger lnfluerm~ 
exerted b)" tt on the motor acttvJ~ty of the |ntest[nes. To solve this qnestion special lnvestigatiom are required. 

Out findings show that the reflex changes in blood pressure, are caused ly)" rite appearance of "slow" [mpuIs~ 
This conclusion is confirmed also by the absence of orderly changes in the "ia~t ~ impulses when chemical t t | -  
mtfli were tntroduce~] into the incestinal vessels. Accordit)gly the electrophyziolc~olcal charactcrization of the 
potentials arfsi~, in the afferent nerve of the intesOnes under the influence of chemical stimuli (nicotine, acety~- 
choline) and the conr~.ectiol', bet..ree,l these impulses and the reflex changes in blood pressure were established. 
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