THE RELATIONSHIP BETWEEN THE BLOOD PRESSURE REFLEX ARISING IN
THE PRESSORECEPTORS OF THE SMALL INTESTINE AND METABOLISM IN
THE RECEPTOR AREA

O. P. Dobromyslova

From the Department of Normal Physiology (Prof. A. A. Zubkov, Chairman)
of the Kishinev \Medical Institute

(Received March 16, 1956. Presented by V. N. Chernigovsky, Active Member of the
Academy of Medical Sciences of the USSR)

' The interoceptors are intimately connected with the tissues of the organs in which they are located. One
may suppose, therefore, that the metabolisin in the tissues and consequently also in the interoceptors is one of
the essental features which change the nature of the response from these interoceptors. Confirmation of the
correctness of such a view is found in the work of V. N. Chernigovsky, V. A, Lebedeva and M, L. Belenky [1, 5],
from which it is apparent that a change in metabolism in the chemoreceptors of the carotid sinus effected by
various means (the action of carbon dioxide, cyanides, lack of oxygen, inhibition of glycolysis by means of sodium
flouride and monoiodoacetic acid) leads cither to a change in the swength of the reflex or o a distortion of the
reflex response arising from these interoceptors.

In the present research we set before ourselves the task of studying the influence of changes in metabolism
in the wall of the small intestine, and thus also in the pressoreceptors located in the intestinal wall, on the na-
ture of the. reflex response arising from these pressoreceptors,

A. A, Ukhtomsky [6] considered that excitation in nervous tissue, and consequently alsc in the receptors,
consists in the harmony of two processes: the production of a peak of action current and a compensation reac-
tion which restores readiness to produce a pew peak of action current, The restoration of normal excitability,
as was shown by A, A Ukhtomsky and his co-workers, takes place as a result of the metabolism of this tissue, the
essential links of which are the disintegration of adenosinetriphosphate, the disintegration of phosphacreatine,
glycolysis and, according the contemporary data, respiratory oxidation as well, Inasmuch as glycolysis is one of
the slowest parts of the compensation reaction, one may suppose that strengthening or weakening it can corres-
pondingly strengthen or weaken the compensation reaction in the receptors, thereby changing the intensity of
the afferent impulsation arising in them and consequently the intensity of the corresponding reflex response. The
more intensive the cormpensation reaction, i. e., the more rapidly the tissue is prepared for the production of a
new spark of excitation, the greater will be the amount of impulsation which a receptor can conduct in a unit of
tme; in other words, the lability of the receptor increases, When the compensation reaction is weakened, the
opposite relationships will prevail.

We studied the influence which is exerted by a swengthening or weakening of glycolysis in the wall of the
small intestine on the nature and magnitude of the reflex obtained during irritation of the pressoreceptors located
in this intestinal wall, Our previous research [3, 4] showed in prolonged experiments on dogs with isolated intes-
tinal loops that the reflex influence of one intestinal loop on the secretion and motor acuvity of another loop
changes with a surengthening or weakening of glycolysis. If prior to irritation of the pressoreceptors substances
are injected which some way or another intensify carbohydrate metabolism in the tissues of the intestinal wall,
and at the same time in the pressoreceptors located in it (epinephrine, glucose, glucose with insulin), a strength-
ening  of the reflex can be noted. Inhibition of glycolysis in the intestinal wall by means of monoicdoacetic
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acid leads, on the contrary, to the prevalence of Inhibltory influences from these pressoreceptors befng stimulated.

In the experiments described below this problem was resolved by observing the reflex effects of the presso-
receptors of the small intestine not on Its mator and secretory actvity, but on blood pressure. The blood pressure
reflex arising in the pressoreceptors of the small intestine was selected by us in view of its great clearness and

stability,

EXPERIMENTAL METHODS

The experiments were performed on cats under urethane narcosis (1 g of urethane per kg of body weight
injected intraperitoneally), which were injected against 2 background of ether narcosis.

Blood pressure was recorded in the carotid artery. The abdomiual cavity was opened and a loop of the
small intestine withdrawn, Tritation of the pressoreceptors of the small intestine was accomplished with a rubber
paloon (at 60-80 mm of mercury) which was introduced into the intestine or with a rubber collar located on the
outside of the intestinal loop which also created a pressure against the outside of the loop amounting to 60-
of mercury. Inasmuch as irritation of the pressoreceptors by pressure on the outside of the intestine produced a
more distinct reflex change in blood pressure than irritatien of the pressoreceptors of the same portion by inflating
the balloon on the inside, we chose the first method of stimulation, In all of the experiments we employed a
10-15 minute irritation. In addition we did not apply continuous, but rather thythmic stimulatdon: 10 constric-
tions of the intestine during 10-15 minutes of irritation,
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Fig. 1. The blood pressure reflex arising in the pressoreceptors of the sinall intes-
tine before and after the influence of various substances on the receptor area.

1. a) Normially; b) 5 minutes after injection of epinephrine; ¢) 15 minutes after
injection of epinephrine; I, ay normally; b) following injection of glucose; ¢)
foilowing injection of insulin; JIL. a) normally; by after injection of monoiodo-
acetic acid; ¢) after the addition of lactic acid, Trom above down: blood pres-
sure record, mark indicating the itritation, time scale (30 seconds).

EXPERIMENTAL RESULTS

Mechanical irritation of the pressoreceptors of the small fntestine results in a short-tenn rise in blood pres-
sure. Prior cocainization of the serosa of the simall intestine Icads to the disuppearance of the reflex. The



reported elevation of blood pressure can be observed arising from any portion of the siall {ntestine, It 1s more
distinctly marked in male cats than in females: the reflex desciibed was observed n 16 out of 16 male cats,
while it was absent In two out of three females and was very weakly expressed in the one,

Alter the blood pressire reflex was obtained from one portion of the small intestine, through the needle
of a syringe there was injected into the lumen of that porton a substance which exerts an influence on glycolysls,
epinephrine, insulln, glucose, glucose with tnsulin, monoiodoacetic acid, sodium fluoride, dinitrophenol and
lactic acid, i. e., agents acting on metabolism in different ways. We considered that, owing to the absorptive
capacity of the mucosa of the small intestine, these substances should rapidly enter the intestinal wall. The
active agent was also simultaneously applizd to the serosa of the portion on which the experiment was being per-
farmed.
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Fig. 2. The blood pressure reflex arising in the pressoreceptors of the small
intestine before and after the influence of various substances on the receptor
area,

1. a) Normally; b) after injection of glucose with usulin; II. a) nonmaily; b)
after injection of sodium fluoride; IIL. a) norimally; b) after injection of 2,4~
diniophenol, Designation of the curves is the same as in Fig, 1.

when the normal pressor reilex was obtajned, 1 ml of solution of epinephrine in a diluton of 1:1000 was
injected into the sarmne portion, Irritation of the intestine following the injectdon of epinephrine resulted in a
more distinct pressor reflex (Fig. 1,1). Intensification of the pressor reflex was occasionally observed for as long
as 20 minutes after injection of epinephrine, but in the majority of the experiments it was maintained only for
a period of 10-15 minutes. In those cases in which an original pressor reflex was absent, injection of epinephrine
led to its appearance, Injection into the intestine of the same amount of epinephrine in diludons of 1:10,000
and 1:105,000 did not influence the magnitude of the reflex. Epinephrine cannot produce its proper pressor re-
flex when injected into the hepatic portal system [2].

Clucose (a 5% sotution) was injected in the amount of 3-4 1nl, insulin in the amount of 1 ml. These iwo
agents exerted the opposite effect on the reflex arising in the pressorecepiors, a fact which was especially notice-
able when frem two different portions of the intestine of the same animal initdal blood pressure reflexes of the
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same magnitude were obtained: if glucose was injected Into one of these portlons and insulin intp the other, the re-
flex arising from the portion into which glucose had been injected became more distinet, while that arising from
the portion which had been subjected: to the action of insulin disappeared entirely (Fig, 1,1), The lutensifying
effect of glucose, however, was considerably less than that of epinephrine, Increasing the concentration of glu-~
cose above 5% did not lead to an intensification of the reflex,

If insulin was injected into the intestine together with glucose (1 m! of insulin+4 m1 of 57 glucose), the
magnitude of the blood pressure reflex increased considerably more than when glucose alone was injected, There-
fore the effect produced by the joint injection of insulin and glucose cannot be regarded as the simple summation
of the effects of insulin and glucose (Fig. 2,I).-

Injection into the intestine of substances which inhibit glycolysis (monoiodoacetic acid, sodium f{lucride)
as well as dinitrophenel, wlhich curtails respiratory phosphorylation, reduced the magnitude of the pressor reflex
or led to its complete disappearance,

Monoiodoacetic acid was injected in the amount ¢f 1-2 ml in dilutions of 1:1000 to 1:100,000. The most
marked effect of monoiodoacetic acid took place when it was used in a dilution of 1:1000. Irritation of the
pressoreceptors of the small intestine after injection of this agent led at the beginning to reduction, and then to
the complete disappearance of the blood pressure reflex arising in these pressoreceptors (Fig. 1,III).

Sodium fluoride (2 ml of a 19 solution), unlike monoicdoacetic acid, did not result in the complete disap-
pearance of the pressor reflex but only reduced it (Fig. 2,1). While mechanical irritation of the small intestine
following injection of monoiodoacetic acid produced a weaker and weaker pressor reflex and finally its disappear-
ance, mechanical irritation following injection of sodium fluoride resulted in a depression of the pressor reflex
only in the first few minutes after this preparation was used. Subsequently the magnitude of the reflex was rapidly
restored. Injection of another dose of sodium fluoride led once again to a considerable reduction in the magnitude
of the pressor reflex with the same rapid (within 10-15 minutesy restoration,

2,4-dinittophenol (4 ml of a 0.057% solution) had an effect similar to that of monoiodoacetic acid: irrita~
tion of the pressoreceptors of the intestine following injection initially produced a reduction of the pressor reflex
and then its complete disappearance (Fig, 2,IiI). The disappearance of pressor reflexss was extremely persistent:
after dinitrophenol was injected into several portions of the small intestine, reflex elevation of blood pressure
could not be obtained from any one of these or neighboring portions for as long as 2 hours after the dinitriphenol
was ased.

We also uied the following variation of the experiment. After monoiedoacetic acid had led to the disappear-
ance of the pressor reflex, into the same portion of the intestine we injected lactic acid (2 ml of a 0.5% solution),
i. e., one of the end products of glycolysis. Irritation of the pressorecéptors of the small intestine after injection
of lactic acid led to the restoration of the lost pressor reflex (Fig. 1,1I1).

Thus the change in the unconditioned interoceptive blood pressure refiex arising in the pressoreceptors of
the small intestine depends {irst of all on the state of metabolism in the receptor area,

In the experiments cited above it was shown that injection inte the intestine of substances which intensify
carbohydrate metabolism by stimulating glycolysis in one way or another (epinephrine, glucose, glucose with
insulin) produces a change in the blood pressure reflex arising in the pressoreceptors of the intestine, manifested
by the augmentation of the reflex.

Injection into the intestine of monoicdoacetic acid and sodium fluoride, substances which inhibit glycolysis,
of insulin without glucose (diverting the carbohydrate resources to the synthesis of glycogen) and of dinitophenol,
which curtails respiratory phosphorylation, results in the reduction or disappearance of the blocd pressure reflex
arising in the pressoreceptors of the corresponding portion of the intestine. Injection into the intestine following
monoiodoacetic acid of an end product of glycolysis, lactic. acid, restores the reflex arising from the corresponding
receptor area, which had been lost after use of monoiodoacetic acid.

The results of our experiments agree. with the results of our earlier research which included a prolonged
experiment and allow one to conclude that in supplying energy for the work of the pressoreceptors of the intestinal
wall an essential role is played by metabolic processes of restitition, in particular glycolysis and respiratory phos-
phorylation.
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SUMMARY

Experiments based on recordings of the reflex response of the blood pressure in cats to mechanical stimu-
lation of pressoreceptors in the wall of the small intestine show that different agents affecting tissue metabolism
when introduced into the intestinal lumen and applied to its surface cause changes in the reactivity of the
intestinal pressoreceptors, Solutions of epinephnine, glucose and glucose with insulin increase the pressor reflex
from the intestinal pressoreceptors while solutions of monofodoacetic acid and sodium fluoride (inhibition of
glycolysis) as well as 2,4-dinitrophenol (inhibition of phosphorylation connected with respiration) decraase it
to the point of total disappearance. - Insulin acts in the same manner; lactic acid restores the reflex iphibited by
monoiodoacetic acid,
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