
TWO TYPES OF AFFERENT INFLUENCE 

OF THE MECHANORECEPTORS OF THE SMALL 

ON THE BLOOD PRESSURE 

INTESTINE 

N. A. Anikina 
Laboratory of Electrophysiology (Head, Doctor of Biological Sciences 
O. V. Verzilova) and Laboratory of General Physiology (Head, Active Member 
AMN SSSR V. N. Chernigovskii),Institute of Normal and Pathological Physiology 
(Director, Active Member AMN SSSR V. N. Chernigovskii) AMN SSSR, Moscow 
(Presented by Active Member AMN SSSR V. N. Chernigovskii) 

J 

Translated from Byulleten'  Eksperimental 'noiBiotogii  i Meditsiny,  Vol. 50, No. 9, 
pp. 28-33,  September  , 1960 

Original  a r t ic le  submitted August 17, 1959 

V. N. Chernigovskii  [10, 11] was the first to show 
thatvaria~tions in pressure in the vessels of the smal l  in- 
testine were accompanied  by corresponding changes in 

the rest of the blood system. Increasing the pressure in 

a loop of intestine isolated from the rest of the c i rcula-  
t ion caused a fal l  in the blood pressure. A reduct ion in 

the pressure of the intest inal  vessels produced the re- 
verse reflex change,  which suggested that  the intest inal  
vessels consti tuted a reflexogenous zone media t ing  blood 

pressure changes. 
Recent experiments  [7, 8] , inwhich mechanoreceptor  

function was studied by increasing the pressure in the 
lumen of an isolated intest inal  loop,showed that  there 
was an ar ter ia l  pressor response. These results led to 
the conception of the pressor nature of the response from 

the intest inal  mechanoreeeptors .  The previous depres- 
sor inf luence from these receptors was now no longer 
discussed. Thus, the different authors at tr ibute different 
s ignif icance to the signals developed by s t imula t ion  of 

the mechanoreceptors ,  c la iming  opposite reflex blood 
pressure changes. However, when considering the con- 
ditions under which the receptors were s t imulated by 
V. N. Chernigovskii  and la ter  authors, we have not iced 
that in the first case the pressure changes were applied 
to the vascular system of the intestine,  and in the se- 
cond,to the intest inal  wal l .  It  is possible that as a re- 

sult ,different afferent endings were s t imulated.  
I t  appeared worthwhile to carry out an e lect rophy-  

s io logical  invest igat ion of potentials  developed in the 
nerves of the intestine and mesentery when the intes- 
t inal  mechanoreceptors  were s t imulated in different  
ways, and to compare the nerve impulses with the re- 

flex blood pressure changes induced.  We have a t tempted  
to do so in the work reported here.  

METHOD 
The experiments  were carr ied out on acute prepar-  

ations of cats under urethane anesthesia,  while perfusing 

the loop of intestine, which re ta ined only nervous con- 
nection with the rest of the body. We caused var ia t ion 
of pressure in the vessels of the intest ine in the same way 

as did V. N. Chernigovskii ,  by lowering and raising a 
vessel containing perfusion fluid, or by increasing or 
decreasing the flow of fluid to the vessels of the intes- 

t inal  loop by means of a Hoffman c lamp.  In most e x -  
per iments ,  the pressure in the intest inal  vessels was in- 
creased by inject ing Ringer-Locke solution in to  them 
through a syringe. The pressure in the isolated intes- 

t inal  loop was increased by ii/serting a glass cannula 
into this section,  and connect ing it to a closed vessel 

in which a defini te  air  pressure coald  be established.  
For the d k e c t  measurement  and graphical  recording of 
the changes in in t ra in tes t ina l  pressure, we used a mer-  

cury manometer .  The e l ec t r i ca l  potent ials  from the 

per ipheral  ends of the intest inal  and mesenter ic  nerves 
were recorded with a string oscil lograph. At the same 
t ime  a record was made of the blood pressure in the 
carot id artery by means of a mercury manometer ,  The 
method has previously been described in de ta i l  else-  

where [2]. In a l l ,we carried out 22 experiments .  

RESULTS 
When recording e l ec t r i ca l  potent ials  from the peri-  

pheral  ends of the cut nerves of the mesenter ic  plexus,  

"rapid" impulses are registered which,when the circu-  

latory system is intact ,  may follow the rhythm of the 
pulse. When the intestine is perfused, these discharges 

ei ther do not occur,  or occur continuously without any 
grouping of the impulses. Most authors at tr ibute these 
impulses to exc i ta t ion  of the Pacinian corpuscles [1, 5, 
6, 9, 12, 13, 14]. 

In our exper iments ,  the increased pressure in the 

blood vessels to the intest ine caused a smal l  fal l  in 

ar ter ia l  pressure and an increased flow of impulses from 

the Pacinian corpuscles. A reduction in pressure in the 
intest inal  vessels caused a pressor response, and a re-  
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duced number of impulses. This result led us to pro- 
pose that impulses from the Pacinian corpuscles had a 
depressor function [4]. However, the arterial pressure 
changes are extremely small, particularly when the 
pressure is reduced. The effect  can +nty be observed 
under certain conditions. I t  may occur in a fresh pre- 
paration when the receptors have a high excitability, 
and when the blood pressure is high. When perfusion is 
continued for a considerable t ime, reflex blood pressure 
changes developing in response to variations of blood 
pressure in the intestinal vascular system become re- 
duced and disappear, and a depressor response may 
change into a weak pressor reaction. Evidently, this 
change results from an alteration in the condition of 
the receptors. An important condition of a development 
of definite blood pressure changes is that the change in 
the pressure of  the intestinal vessels should be sharp. 

The depressor responses illustrated in Fig. la  were 
obtained either by rapidly injecting Ringer-Locke solu- 

tion into the intestinal vessels (traces 1, 2, 3, 5)or by 
sharply increasing the flow of perfusion fluid by un- 
screwing the Hoffman clamp (traces 4, 6). However, 
even when optimal conditions were arranged, it was only 
occasionally that such extreme depressor responses as are 
illustrated in traces 5 and 6 (see Fig. la )  were obtained. 
A powerful burst of impulses from the Pacinian corpu+- 
cles preceded the depressor responses +(Fig. lb). 

In this case there was no spontaneous discharge, and 
impulses were not produced until the Ringer-Locke solu- 
tion was injected into the intestinal vessels. When the 
pressure in these vessels was lowered, and the supply of 
perfusion fluid thereby reduced, there was usually a 
small but definite increase in the blood pressure (Fig. 
2a) and a reduction in the discharge from the Pacinian 
corpuscles (Fig. 2b). 

On increasing the pressure in the lumen of the iso- 
lated links of intestine by inflation, a small rise in blood 
pressure was recorded (Fig. 3a). Besides some increase 
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Fig. 1, Reflex changes in the arterial pressure (a) and afferent impulses in the mesenteric 
nerve (b) caused by increasing the pressure in the intestinal vessels. Curves, from above 
downward: On the kymogram-blood pressure in the carotid artery; stimulus marker (1 and 
2 indicate the injection into the intestinal vessels of 1 ml of Ringer-Locke solution from 
a syringe; 3 and 5 indicate a similar injection of 5 ml; 4 and 6 show the increased flow 
of perfusion fluid caused by slackening the Hoffman clamp); perfusion rate indicator; 
t ime marker (5 seconds); on the osc i l logram-elec t r ica l  activity of the mesenteric 
nerve; stimulus marker (injection of 1 ml of Ringer-Locke solution into the vessels from 
a syringe); t ime marker (0.02 second). 

896 



a [2CO 

I 

[~0 i' 

I I 

II  I Jl l l l l l l l l l i l l  11 J i l l  J I l l i l J  IJ~ 

b 

I ZZY.v 

, i , ..... I i  / 

I l l l l l l l l l l l l l l l l l l l l l l r l J l l l l l l l l l l l ! l l l l l l l l I I l l l t l J J i l l f  

Fig. 2. Reflex changes in arterial pressure (a) and in the afferent impulses from 
the mesenteric plexus (b) following reduction of the pressure in the intestinal 
vessels. Curves, from above downward: O__~n the kymogram -b lood  pressure in the 
carotid artery; respiration; trace showing time at which perfusion pressure is re- 
duced ; t ime marker (5 seconds) ; on the osci l togram-ini t ia l  electrical  activity 
in the mesenteric nerve; activity after reducing the perfusion pressure; t ime 
marker (0.02 second). 
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in the discharge from the Pacinian corpuscles, slow po- 
tentials also developed (Fig. 3b); in our experiments 
they were of quite small amplitude, because they were 
picked up from comparatively large nerve trunks of the 
mesenteric plexus, where there is a considerable shunt- 
ing effect. A more detailed description of these im-  
pulses , which, like authors [5, 6],we refer to as %1ow7 
is given by O. N. Zamyatina [ 6] and by us [2, 3, 4]. 

Thus, when the intestinal receptors are stimulated 
mechanically,  there is no doubt that different afferent 

endings are stimulated. Pressure variations in the intes- 
tinal vessels cause, in all cases, a change in the discharge 
from the Pacinian corpuscles. On increasing the pres- 
sure in the lumen of the intestine (by inflation), at first 
the sensory apparatus in the intestinal wall itself is sti- 
mulated, and as a result the "slow" impulses are formed. 
Other workers have previously observed similar poten- 
tials in applying strong mechanical  stimulation to the 
intestinal wall [4, 6, 12, 14]. However, under these con- 
ditions there is some increase in the discharge from the 

a 

I 

Fig. 3. Reflex changes in arterial pressure (a) and in the afferent impulses from the mesenteric 
nerve (b) on stretching the intestinal wall by inflation. Curves, from above downward: On the 
kymogram-blood  pressure in the carotid artery; moment of excitation (increasing the pressure 
in the lumen of the intestine); respiration; time markers: for a) 5 seconds, for b) 0.2 second. 
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Pacinian corpuscles, because inflation causes some 
mechan ica l  deformation associated with the d i sp lace-  
ment of the mesentery.  

Despite the well-established relat ionship between 
the Paeinian corpuscles arid the blood circulat ion [1, 8, 
6, 9, 13], very l i t t le  work has been done to determine 
the signif icance of these impulses in controll ing it .  
Gammon and Bronk [ 13] were not able to observe any 
variat ion in pressure in the greater c i rcuiat ion in re -  
sponse to perfusion pressure variat ion in the mesenteric  
artery.  Our results enable us to assert def in i te ly  that 
the large sharp increase in the pressure of the messen-  
ter ic  and intest inal  vessels causes an increased discharge 
from the Pacinian corpuscles and a depressor response of 

the general  c irculat ion;  on the other hand, decreasing 

the pressure in the intest inal  vessels reduces Pacinian 
corpuscle ac t iv i ty  and leads to an increase in ar ter ia l  
pressure. 

Depressor response which develops on inflat ing the 

intestine nevertheless brings about some increase in the 

discharge from the pacinian corpuscles. This is ev i -  
dent ly  due to the fact that the "slow" potentials which 
develop from the receptors of the intest inal  wall  have 

a stronger influence on the vasomotor center, and so 
cause an increase in blood pressure. We have previously 
demonstrated the relat ionship between the pressor ar ter -  

ia l  responses and the "slow" potentials  induced by the 

act ion of chemica l  s t imuli  on the intest inal  receptors 
[ 9  4]. O . N .  Zamyat ina  [6] demonstrated an increased 

rate of discharge from the receptors of the intest inal  
wall  when there was an increased rate of digestion.  
From our results, it would appear that under these condi-  

tions the "slow" impulses cause an increase in ar ter ia l  
pressure and some redistribution in the tone of the per i -  
pheral vessels, and so bring about the no rma lhyp e re mia  
of the intest ine.  However,  under the circumstances d e -  
scribed [6], there is also an increased discharge from 
the Pacinian corpuscles, and therefore (). N. Zamyat ina  
attributes the pressor influence from the intestine to an 
increase in the "rapid" impulses.  Our results have led 
us to the opposite conclusion, and we think that  i m -  
pulses from the Pacinian corpuscles reduce the pressor 
response induced by the "slow" impulses,  and operate 

together with other buffer zones in bringing about a r e -  
turn to normal of the increased blood pressure. It is 
probable, therefore, that the intest ine is both a pressor 

and a depressor zone, and that  the nature of the response 
to increasing the pressure in it depends both on the leve l  
of ac t iv i ty  of the pacinian corpuscles, and on the re la t ive  

discharges of the "rapid" and "slow" impulses from the 
receptors of the intest inal  wall .  

Possibly some such concept ion may  enable us to 
understand why di la ta t ion  of the duodenal  wall ,  which 

contains such a large number of Paeinian corpuscles,so 
seldom causes pressor responses to occur; usually, there 

are either no changes, or else there is a fall  in blood 

pressure. At the present t ime we are further investigating 
the ideas which have been proposed here.  

SUMMARY 
An increased pressure in the intest inal  vessels 

causes an increased discharge from the Pacinian corpus- 
cles and reduces systemic arterial  blood pressure. A 
decrease of pressure in the intest inal  vessels reduces the 
discharge rates from the pacinian corpuscles aad causes 
a rise of blood pressure. Stretching the intest inal  wall  
s t imulates the receptors enclosed in it and increases 
ar ter ia l  blood pressure. The relat ionship between intes-  
t inal  s t imulat ion and blood pressure depends on the in-  
teract ion between the discharges from the Pacinian cor-  
puscles and from the receptors of the intest inal  wall .  
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