ISSN 1563-0218; eISSN 2617-7498 Experimental Biology. Ne4 (97). 2023 https://bb.kaznu.kz

IRSTI 34.39.29 https://doi.org/10.26577/eb.2023.v97.i14.013

|

i, i, i,
S.N. Abdreshov'?” A2 , A.N. Yeshmukhanbet? A2 , M.A. Yessenova? A2 A

i, fliny, i,
G.A. Demchenko! © , V.N. Gorchakov? @ , G.K. Atanbaeva’ @

Institute of Genetics and Physiology SC MSHE RK, Kazakhstan, Almaty
2Al-Farabi Kazakh National University, Kazakhstan, Almaty
*Research Institute of clinical and experimental Lymphology — branch of Institute
of Cytology and Genetics SB RAS, Russia, Novosibirsk
*e-mail: SNABDRESHOV @mail.ru

BLOOD CIRCULATION IN LARGE VESSELS
AND IN THE ABDOMINAL ORGANS DURING THE EXPERIMENT

The purpose of this study was to study the blood circulation in large blood vessels and in the ab-
dominal organs during inflammation of the abdominal cavity. Using the method of rheograph and laser
ultrasonic dopplerography, the blood flow velocity in the abdominal aorta and inferior vena cava was
studied. The circulatory system maintains the stability of the body in violation of internal organs and
tissues.In large blood vessels and organs of the abdominal cavity, inflammation leads to disruption of
blood supply in the microvasculature of the vessel. The rate of blood flow in the main vessel in acute
inflammation of the abdominal cavity decreased compared to the control group. The resistance index
in the main vessel Rl decreased by 38.3%, which is associated with an increase in the diameter of the
main vessel. With inflammation of the abdominal cavity, an increase in the velocity of blood flow in the
portal vein and abdominal aorta was recorded.As a result of a decrease in the tone of blood vessels after
a violation of liver function, the blood supply to the abdominal cavity decreased. The decrease in the
functional properties of arteries and veins led to a decrease in blood flow in the abdominal cavity, which,
in turn, manifests itself as a result of the preservation of microcirculatory disorders.

Key words: hemodynamics, abdominal cavity, blood circulation, blood vessels, blood flow, inflam-
mation.
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Toxipube KesiHaeri ipi TaMbIpAap MeH il KYbICbIHAAFbl KaH aifHAAbIMbI

3epTTeyAiH Herisri MakcaTbl — il KybICbIHbIH KabblHybl KE3iHAEr ipi KaH TamMblpAapbl MEeH Kypcak,
KYbICbIHAQFbI KQH aiHaAbIMbIH 3epTTey. Peorpacus XXxeHe Aa3epAik YAbTPaAbIObICTbIK, AOMAepOrpacus
BAICIMEH iWTIH KOAKAQ MEH TOMeHri KybIC BeHapaFbl KaH aFbICbIHbIH >KbIAAAMABIFbIH 3EpPTTEAAI.
KaHaiHaAbIM >Kyieci ilKi Mylieaep MeH yAnasapAblH 6Gy3biAybl Ke3iHAE aF3aHblH TypPaKTbIAbIFbIH
cakTarabl. Ipi KaH TambIpAapbl MeH il KybICbIHAAFbl KabblHy Ke3iHAe KaH TaMbIpAapAbIH
MUKPOLIMPKYASITOPABIK, aPHACBIH KQHMEH KaMTamachl3 eTyAiH 6y3blaybiHa okeAe. [luTiH KeAeA KabblHybl
Ke3iHAE MarnCTpaAbAbl TaMbIPAAFbl KaH aFbICbIHbIH, XXbIAAAMAbBIFbI 6aKblAay TOGbIMEH CaAbICTbIPFAHAQ
TOMEHAEAI. MarncTpababl TaMblpAapAarbl keaepri uHaekci Rl 38,3 % — Fa TomeHaeAl, OyA 63 keseriHae
MarmcTpaAbAbl TaMbIPAAPAbIH AMaMETpPiHiH YAFaloblHa 0GalAaHbICTbI.  lWTiH KabblHybIMEH Kakma
BEHACbIHAQ >KOHE KYpCaK, KOAKACbIHAQ KAH aFblCbiHbIH apTKAHAbIFbI GarkaraAbl. bayblp Kbi3MeTiHIH
Oy3bIAYbIHaH KEeMiH KaH TamMbIPAAPbIHbIH TOHYCbIHbIH GasiyAay HOTUXKECIHAE il KybICbIHbIH KaHMeH
KamTamacbl3 eTiAyi TOMeHAEeAl. APTepUS MeH BeHA TaMblpAApPbIHbIH, (PYHKUMOHAAABIK, KACMETTEPiHIH
TOMEHAEYI HOTUMXKECIHAE Kypcak, KybICbl alfiMaFblHAQ KaH aFfblCbiHblH TOMEHAEYiHe aKeAai, OyA o3
Ke3eriHAe MUKPOLMPKYASTOPAbIK, 6Y3blAyAapAbIH 6OAYbIHAH KOPIHEA|.

Ty#iH ce3aep: reMoAAMHAMMKA, KaOblHy, KaH aiHaAbIMbl, KaH afFbiCbl, KaH TamblpAapbl, Kypcak,
KYbICbl.
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Blood circulation in large vessels and in the abdominal organs during the experiment
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KpoBoob6patueHune B KpynHbIX COCyAaX M
opraHax OGpIOLLIHONM MOAOCTH MPU SKCIEepUMEHTe

LleAb AQHHOrO MCCAEAOBAHMSI SIBASIAOCH M3YUWTb KPOBOOOpALLEHWME B KPYMHbIX KPOBEHOCHbIX
COCYyAaxX M B opraHax GpIOLLHOM MOAOCTM MPK BOCMAAEHMU GPIOLIHON MOAOCTU. MeToaOoM peorpadbl
M AQ3epHblil YAbTPA3BYKOBOW AOMMAEpOrpaum MCCAEAOBAaAM CKOPOCTb KPOBOTOKA B OPIOLIHOM
aopTe M HWXKHeN noAaoi BeHe. KpoBeHOCHas cucTema MoAAEP>KMBAET YCTOMUYMBOCTb OpraHn3ma npwm
HapyLIEeHUN BHYTPEHHUX OPraHOB M TKaHeil. B KpymnHbIX KPOBEHOCHBIX COCYAAX M OpraHax OproLHOM
MOAOCTM MPU BOCMAAEHWM MPUBOAUT K HapyLLEHUIO KPOBOCHAOXKEHMS B MUKPOLIMPKYASTOPHOM PYCAe
cocyae. CKOpoCTb KPOBOTOKA B MAarucTPaAbHOM COCYAE MPU OCTPOM BOCTIAAEHMM GPIOLLHOM MOAOCTH
CHM>KaAaCb MO CPaBHEHMIO C KOHTPOAbHOM rpynmnoi. MHAEKC CONMpOTMBAEHWS B MarMCTPAaAbHOM
cocyae Rl cHu3nAaca Ha 38,3%, 4TO CBSA3AHO C YBEAMYEHMEM AMAMETPA MarMCTPaAbHOro cocyaa. [pwm
BOCMaAeHUM GPIOLWHOM MOAOCTH 3aMKCUPOBAHO YBEAMYEHUE CKOPOCTU KPOBOTOKA B BOPOTHOM BEHE 1
GptoLiHOI aopTe. B pe3yAbTaTe CHUMMKEHMS TOHYCa KPOBEHOCHbBIX COCYAOB MOCAE HapyLleHUst (DyHKLMM
neyeHrn YMEeHbLIMAOCL KPOBOCHabeHue 6pioliHon noAoctu. CHuxxeHne yHKUMOHAAbHBIX CBOMCTB
apTepuii U BEH MPUBEAO K CHUXKEHMIO KPOBOTOKA B 06AACTM GPIOLLIHONM MOAOCTM, YTO, B CBOIO OYEPeAb,

NPOSIBASIETCS B PE3YyAbTaTe COXPAHEHNS MUKPOLIMPKYASTOPHbIX HAPYLUEHUIA.
KAloueBasi cAoBa: reMoAAMHaMMKa, BOCMAAEHME, KPOBOOPOLLEHMS, KPOBOTOK, KPOBEHOCHbIE

COCyAbl, GpoLLIHAs MOAOCTb.

Introduction

Peritonitis is an inflammation of the peritoneum,
which can cause pathology of various body functions,
pronounced local changes and intoxication.
Inflammation of the abdominal cavity remains one
of the most urgent problems of modern medicine. At
the same time, lethality from widespread peritonitis
continues to be high, reaching 20-70% [1]. The
urgency of this problem is determined by the reaction
of the microvasculature to the influence of factors
of the external and internal environment, ensuring
the adaptation of local hemodynamics in accordance
with the needs of the body. The septic state of the
body is simultaneously stressful, characterized
by impaired central hemodynamics and regional
circulation disorders in the form of centralization of
blood flow. When the level of tissue blood flow drops
below the threshold values, the occurring metabolic,
biochemical, and enzymatic cellular disorders
lead to the development of multiple organ failure,
and, without adequate treatment, to death [2]. The
microcirculatory bed is a sphere where, ultimately,
the transport function of the cardiovascular system
is realized and transcapillary exchange is provided,
which creates tissue homeostasis necessary for
life [3]. As is known, microcirculation is not only
a structural and functional unit of the circulatory
system, in which the exchange between blood and
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tissues takes place, but also the most important
source of information about the state of tissues,
organs, and the body as a whole [4].

Inflammation of the abdominal cavity
is a multicomponent complex of severe
pathophysiological reactions with  impaired

functioning of all systems, which is based on a
progressive infectious and inflammatory process,
initially localized in the abdominal cavity [5]. One
of the main pathogenetic factors of hemodynamic
disorders are hypoxia and endotoxemia [6]. The
severity of peritonitis, with rapidly advancing
intoxication, is due not only to the action of microbial
toxins, but also to a violation of local and systemic
microcirculation [7]. Microcirculation disorders
serve as a trigger for the development of central
hemodynamic disorders in peritonitis, organically
associated with the development of hypovolemia,
hypoproteinemia, a decrease in circulating blood
volume, loss of electrolytes and active enzymes [8].

The leading cause of the progression of
peritonitis with subsequent adverse outcomes is
enteral insufficiency — a violation of the excretory
functions of the abdominal cavity [9]. Intoxication
increases capillary permeability, toxic substances
lead to the formation of inflammatory exudate [10].
With endotoxication of peritonitis in the toxic and
terminal phases of its development, it is a complex
multicomponent phenomenon in which factors
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associated with unresolved sources of intoxication
(damaged peritoneum and intestines in a state of
deep paresis), factors associated with circulation in
the internal environment of the body (blood, lymph,
urine) toxic products of inflammatory destruction
and factors arising from the effects of toxins on
various organs and tissues [11].

The mesenteric blood flow plays a significant
role in the general hemocirculation system. The
amount of blood in the intestine is from 30 to 40%
of all circulating blood; blood circulation of the
intestine is provided by the vessels of the basin of
the superior and inferior mesenteric arteries and
veins [12]. Circulatory disorders in abdominal
inflammation are among the most severe diseases
and are accompanied by high mortality (up to 80%
or more) [13].

It has been shown that in acute peritonitis against
the background of the development of endotoxicosis,
the functional activity of the liver is impaired [14].
The arterial blood supply of the stomach is carried
out due to the branches of the celiac trunk, which,
starting from the abdominal aorta at the level of the
XII thoracic vertebra, with a short trunk of 1-1.5 cm,
immediately splits into its three main branches — the
left gastric artery, the splenic artery and the common
hepatic artery involved in the blood supply of the
stomach [15]. Liver dysfunction leads to an increase
in systemic intoxication, damage to other body
systems, changes in protein, lipid, enzyme, mineral,
water metabolism, discoordination of protective,
compensatory and reparative reactions [16].

There are various methods for studying
microcirculation:  reflected  spectrophotometry,
orthogonal polarization spectroscopy, dark-field
spectroscopy, sublingual capnometry, laser Doppler
flowmetry. The detection of pathology in the
microcirculation is of great practical importance
when choosing and evaluating the effectiveness of
intensive care methods, especially in emergency
cases [17]. However, one should not forget that not
only changes in central hemodynamics characteristic
of each variant (hypodynamic or hyperdynamic type
of blood circulation) occur, but they also have their
own characteristics and microcirculation disorders,
which differ depending on the cause that led to this
condition. The study of the nature of hemodynamic
disorders in inflammation of the abdominal cavity
will reduce their manifestations by acting on the
leading pathogenetic factors. Purpose of the study:
to study blood circulation in large vessels and organs
during experimental inflammation of the abdominal
cavity in animals.

Material and methods

The experiments were carried out on male
Wistar rats weighing 250-270 g. The animals had a
veterinary certificate. All animal experiments were
carried out in accordance with the requirements of
the directive. European Parliament (1986) and set
out in the Guidelines for the protection of animals,
for the care and use of laboratory animals used
for scientific purposes, and approved by the local
ethical commission of the Institute of Genetics
and Physiology protocol No. 4 of 12/18/2021. All
groups of animals were in the same conditions of
feeding and keeping in vivarium conditions. The
experiments were carried out on 35 white laboratory
male rats weighing 250 + 5 g. 2 groups of rats were
formed, the Ist group — 15 control rats, the 2nd
group with inflammation of the abdominal cavity
(20 rats). We have chosen a method for modeling
inflammation of the abdominal cavity by introducing
fecal matter, which is similar in terms of peritonitis.
Acute peritonitis in rats was caused by introducing
fecal suspension into the abdominal cavity at the
rate of 0.5 ml of a 10% solution per 100 g of animal
body weight [18]. Animals for study were taken
44-48 hours after fecal injection. Anesthetization
of animals was carried out by inhalation with ether
through a mask into which a cotton wool with ether
was placed. Animal thermometry was carried out
with an Omron electronic thermometer.

The blood flow velocity in the abdominal
aorta and inferior vena cava was studied by laser
ultrasonic dopplerography against the background
of inflammation of the abdominal cavity using the
Sanomed-300 device (Russia). The study of the
main arteries of the body was carried out with an
ultrasonic probe (8 MHz) in the mode of constant
wave radiation. Dopplerogram value, determination
of the average systolic frequency, showing the
weighted average blood flow velocity over the entire
diameter of the vessel. The maximum (Vmax) blood
flow velocity, the pulsation index (HR) were studied,
the stress index or Purcelo circulation resistance
(RI) was calculated [19, 20].

The blood flow wvelocity in the abdominal
aorta and inferior vena cava was recorded by laser
ultrasonic dopplerography against the background
of acute peritonitis.

The quantitative assessment of blood flow in
the arteries is based both on the direct changes in
the Dopplerogram (amplitude, frequency, frequency
distribution, impulse variations based on their
various indices.
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When calculating medical indices, the values of
blood flow velocity curves at characteristic points are
used. The parameters of blood flow are determined
from the values of the curved characteristic points:
V_ . 1s the maximum blood flow velocity in systole,
V., is the final diastolic blood flow velocity, V
is the average blood flow velocity over the cardiac
cycle, V  is the rate at which the systolic wave
begins to rise. The resistance index will be:

RI=(V, -V

X min

)/ V.

From there comes the index of circulatory
resistance, 1i.e., resistivity, a group of indices
includes: 1. Index of circulatory resistance
(resistance) — RI (Purcelo index), by the ratio of the
difference between the maximum systolic (A) and
the final diastolic and systolic frequency (Dk):

RI=(A-Dk)/A

Pulsation index calculation formulas PI = (Vmax
—Vmin) / Vav: from there comes the pulsation index
— PI (Gosling index), is the ratio of the difference
between the maximum systolic (A) and maximum
diastolic frequencies (D, ) to the average frequency
for the cardiac cycle (Fc):

PI=(A-D )/F,

The digitization of data coming from the
ultrasonic device was carried out using the computer
program «Statistica 8».

To determine the parameters of hemodynamics
in the abdominal organs, the method of tetrapolar
rheography was used and the data of differential
rheograms characterizing the rate of change
in the blood filling of the studied area were
used;registration of rheograms was carried out
using the hardware software rheographic complex
«Mizar-Reo» (Russia).

To study the blood filling of the wvessels,
impedancemetry of the carotid artery of animals
was carried out; to study the blood filling of tissues,
impedancemetry was carried out using a Mizar-
Reo rheograph (Russia). To register the results
of studies in the abdominal region, methods were
used based on preventing the full effect of electrode
polarization during tetrapolar testing by the method
of rheohepatography and rheorenography.The
rheogram was carried out according to the generally
accepted method, directing ultrasonic electrodes
to different parts of the body so that they do not
diverge. Registration of the rheography index was
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recorded automatically via a computer [20, 21]. The
data of the differential rheogram characterizing the
rate of change in the blood filling of the study area
were used.The following indicators were calculated:
systolic wave amplitude (ASV, Om/s), rheographic
index (RI, Om), average blood filling rate (SVR,
Om/s), dicrotic index (DCI, %). The anesthetized
animal was placed on a heated table to maintain
normothermia throughout the experiment. Access
to the abdominal cavity was carried out through
a median laparotomy.After that, a section of the
abdominal aorta was isolated, on which a bandage-
type sensor was applied. Statistical processing of the
results was carried out using the Excel program. The
results were expressed as mean = standard error of
measurement. To assess the statistical significance
of differences, a t-test was used at a significance
level of p <0.05.

Results and Discussion

Inflammation of the abdominal organs, this is
due to the fact that the number of patients, includ-
ing those with severe forms of this disease, is con-
stantly increasing. It is observed with inflammation
of the parietal and visceral layers of the peritoneum,
which is accompanied by a severe general condi-
tion of the body. In animals with inflammation of
the abdominal cavity after the introduction of fecal
suspension, we observed a change in the behavior
of the animals. Animals throughout the observation
period were inactive, symptoms characteristic of
acute diffuse peritonitis: lethargy, disheveled wool,
increased respiration, shortness of breath, refusal to
eat, stool retention and bloating. The rats concen-
trated in one of the corners of the cage. When mod-
eling acute inflammation of the abdominal cavity in
our experiments on rats, after 48 hours the lethality
was 18% of the total number of animals. In the fol-
lowing days, the percentage of lethality of animals
increased and by day 5 was 57%, accumulation of a
large amount of fluid was observed in the abdominal
cavity. The temperature of the animals increased to
40.6+1.20 C (control 38.5+0.40°).

Using modern ultrasound dopplerography dur-
ing the study of the abdominal cavity, it is possible
to determine the blood flow velocity of the abdomi-
nal cavity and the extraperitoneal space. The influ-
ence of the inflammatory process on the parameters
of systemic hemodynamics is shown in Table 1, and
on the indicators of blood supply to the abdominal
organs — in Table 2.

When opening the abdominal cavity, 2 to 5 ml of
inflammatory exudate of a serous or purulent nature,
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sometimes with a hemorrhagic component, were
found. The rheography showed a slight increase in
the blood accumulation of the muscles of the body.
In animals with inflammation of the abdominal cav-
ity, an increase in blood flow velocity in the abdomi-
nal aorta of 31.6+0.04 cm/s was found, in the con-
trol group it was 27.14+0.06 cm/s.The study of blood
flow velocity in the main vessel (portal vein) against
the background of acute inflammatory processes
showed an increase in the linear blood flow velocity
in the inferior vein, which amounted to 22.4+0.03
cm/s (in control -19.4+0.02 cm/s).

The study showed that in case of inflammation
of the abdominal cavity, the blood flow velocity in

the main vein by laser ultrasound Dopplerography
showed an increase in the linear frequency of blood
flow in the main vein by 22.4 £+ 0.03 cm/s (normal —
19.4 £ 0.02 cm/s ). As can be seen from Table 3, the
resistance index in the main vessel RI decreased by
38.3%, which is associated with an increase in the
diameter of the main vessel.In acute inflammation
of the abdominal cavity, an increase in blood flow
velocity in the maxillary artery was recorded, which
amounted to 31.6+0.04 cm/s, and in inflammation
of the abdominal cavity, the blood flow velocity
was 27.1£0.06 cm/s. The rhythmic (pulse) index de-
creased by 16-21% both in the main vein and in the
abdominal artery (Table 1).

Table 1 — Parameters of blood flow in the vessels of the portal system in rats with experimental inflammation in the abdominal cavity

and gentle vena cava.

Groups Blood flow velocity, cm/s

PI (pulsation index) | RI (resistance index)

parameters in the portal vein

Control group 19,4+0,02 1,06+0,01 0,65+0,05
group \?v1th mﬂ?mmatlon of the 22.440,03 0.8940,07 * 0.40+0,02*
abdominal cavity

indicators in the abdominal aorta
Control group 27,1+0,06 4,56+0,03 0,84-+0,003
group Wlth 1nﬂgmmat10n of the 31,640,04 3,6840,07%* 0.66+0,002%*
abdominal cavity

Note: significantly compared with control, -p<0.05*, -p<0.001*

Doppler studies were carried out, which showed
that after the introduction of a fecal suspension of
changes in the walls of the vessels of the abdominal
aorta, in the surrounding tissues. On the organs of
the abdominal cavity and on the mesentery of the in-
testine, there are separate small-focal hemorrhages.
The loops of the intestines are swollen, filled with
dark-colored masses, in some places the intestine
is edematous, the vascular pattern of the intestinal
wall is enhanced. An accelerated blood flow in the
abdominal aorta was observed with inflammation of
the abdominal cavity after the introduction of fecal
suspension (Figure 1).

The study of the integral rheography of the
body of rats in the control group, the amplitude
of the systolic wave decreased compared to the
control group of rats to 0.011£0.005 Q/s, the
rheographic index decreased by 0.36+0.02 Q,
which indicates a deterioration in the elastic-tonic
properties of the wall of small arterial vessels
and medium caliber. The rate of rapid blood

filling decreased compared to the control group.
The elasticity of the vessels decreased sharply,
by 82% of the control. These indicators indicate
changes in the blood supply to the tissues of the
body of rats. At the same time, an increase in
the speed of fast blood filling up to 0.11+0.004
Ohm/s, and the speed of slow blood filling up
to 0.03+0.004 were observed. The modulus of
elasticity of peripheral vessels decreased slightly.
The dicrotic index (DCI) was 81%, indicating
insignificant changes in the arterial system (Table
2). According to rheographic data, it can be
seen that in rats with acute peritonitis, there is a
decrease in slow and fast blood supply by 16%
in the liver, in the stomach — by 11%, due to an
increase in the diameter of the vessels compared
to the control group of animals. The increase in
DCI (dicrotic index) compared with the control is
due to spasm of the arterial (up to the capillaries)
bed of the splanchnic blood flow and, above all,
the arteries of the mesenteric vascular basin.

149



Blood circulation in large vessels and in the abdominal organs during the experiment

8 MMy 13:18:34

| "I.U Illi'

|L|\|I‘||‘H [

8 My 13:25:00

MNeea OCA

Designations: A — control, B — after inflammation of the abdominal cavity

Figure 1 — A fragment of the experiment with dopplerogram of the abdominal aorta in rats

Table 2 — Indicators of volumetric blood flow in the liver and stomach with inflammation in the abdominal cavity
. T Acute peritonitis
Name Controlg roup (liver) | Acute peritonitis (liver) | Control group (stomach) (stomach)
Systolic waye 0,013+0,001 0,011:£0,005 0,017+0,001 0,015+0,005
amplitude, Ohm/s
Rheographicindex, Ohm 0,540,002 0,320,003 0,24+0,002 0,410,003
Average rate of blood 0,20+0,003 0,14+0,003" 0,270,003 0,190,003
filling, Ohm/s
Systolic wave 0,09+0,0032 0,017+0,004" 0,1120,0032 0,024:0,004"
amplitude, Ohm/s
Rheographicindex, Ohm 0,010,005 0,001£+0,0002" 0,01+0,005 0,007+0,0002"
Average rate of blood - -
filling, Ohm/s 100 45,7 100 57,2
DCI, % 100 67,3 100 78,3
Note: significant compared to control, -*p<0.05, -**p<0.001*

150




S.N. Abdreshov et al.

In the course of the study, we clarified that
the liver and stomach have a number of additional
sources of blood supply. According to the indicators
characterizing the ratio of inflow and outflow, a
decrease in dicrotic, diastolic indices and peripheral
resistance index was revealed. The dicrotic index
decreased significantly after acute peritonitis in
animals. The decrease was 33.7% in the liver
and 21.7% in the stomachs (p<0.001), which
characterizes the decrease in peripheral resistance.
Peripheral resistance index, i.e. the theographic index
also turned out to be statistically significantly lower
in the liver by 64%, in the stomach of rheographic
shifts there is a different-sized and multidirectional
nature of vascular reactions, in comparison with the
control group after acute peritonitis it increased by
70.8%. The amplitude of the systolic wave decreased
by 15.2-12% respectively in the liver and stomach
in animals. The data we obtained of monotonous
rheographic shifts in the stomach testify to their
gastric binding, as well as the phase nature of the
functional vascular reactions in the stomach that we
identified, and this can be assumed to be the nervous
regulation of gastric circulation.

With peritonitis, rapidly advancing intoxication
is caused not only by the action of microbial
toxins, but also by a violation of local and systemic
circulation [22].

The conducted studies have shown that the use
of Doppler ultrasound examination of large vessels
in animals with peritonitis makes it possible to
identify significant circulatory disorders, which,
along with disorders of systemic hemodynamics,
microcirculation and metabolism, play an important
role in the pathogenesis of a severe abdominal
infectious and inflammatory process. With
peritonitis, significant morphofunctional changes
occur in the vessels. In the presence of an infection
in the abdominal cavity and the development of
a stressful state, there is a further deepening of
macro and microcirculatory disorders, which leads
to an increase in arterial blood flow. Circulatory
disorders are most clearly seen in the portal vein
system and consisted of an increase in linear blood
flow velocities, a significant increase in blood flow
velocity in the abdominal aorta, in comparison with
the control group.

The study of methods for the integral assessment
of blood circulation in organs and their areas showed
that rheography is the most informative and safe of
them [23]. A significant advantage of rtheography is
the ability to simultaneously study the circulation of
various areas of the body, which makes it possible
to evaluate the patterns of general hemodynamics

in studies. Of particular value, rheography allows
diagnosing early disorders in the circulatory system
[24].

One of the pathogenetic factors of hemodynamic
disorders in peritonitis, identified in the experiment,
is the deterioration of rheographic parameters. As
follows from Table 2, the rate of rapid blood filling
decreased and changed significantly compared to
the control group.

The study showed that the rate of rapid blood
filling and the elasticity of peripheral vessels
decreased compared to the control group. Studies
have shown a decrease in slow and fast blood
circulation in the liver and kidney, and thus a
decrease in blood circulation in these organs.

Peritonitis is considered by many researchers
as peritoneal sepsis, in which the focus of infection
is the abdominal cavity. Any septic condition is
simultaneously stressful, characterized by a typical
violation of central hemodynamics and disorders of
regional circulation in the form of centralization of
blood flow and aggravation of the periphery, first of
all, mesenteric blood flow and skin circulation suffer
[25, 26] .

Thus, the rheographic study of the abdominal
cavity blood circulation, based on the new principle
ofrheography, is areliable, non-invasive, technically
simple and unlimited in time method for recording
relative pulse fluctuations in the blood filling of the
arterial basin of the abdominal cavity, in the liver
and stomach.

The data obtained show that significant changes
in the circulatory system during experimental
inflammation of the abdominal cavity caused by
fecal matter in animals were observed centralization
in the circulatory system of an increase in the blood
flow of the abdominal cavity in the large vessels of
the abdominal aorta and abdominal vein, a decrease
in blood circulation in the abdominal organs.

In inflammatory processes in rats, after 48
hours from the start of the simulation, a significant
decrease in vascular tone and blood supply to tissues
and organs was observed in the blood circulation.
That is, a decrease in the blood circulation of the
abdominal organs and an increase. Increased blood
flow in the abdominal artery and inferior vena cava
is shown.

Conclusion
It has been established that in experimental
inflammatory processes, after 48 hours from the

beginning of peritonitis modeling, the total blood
flow in the abdominal aorta increases, the diastolic
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blood flow velocity. Also, an increase in the linear
velocity of blood flow in the inferior vena cava, a
decrease in the resistance index in the vessels. The
resistance index RI in the abdominal artery to the
portal vein also decreased in the portal vein by 38.3%

With inflammation of the abdominal cavity, the
blood supply to the abdominal organs decreased
and the blood flow velocity in the main vessels
increased, as well as the stroke index and cardiac
index decreased, and the minute volume of blood

and 19.2%, respectively, this is due to the fact that  circulation in the liver and stomach decreased.
inflammation of the abdominal cavity increases the
diameter of the vessels of the portal vein.

Using the method of tetrapolar rheography,
hemodynamic parameters of the liver and stomach
were evaluated. The formation of hypodynamic

blood circulation in the abdominal organs is shown.
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