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PATHOGENETIC ASPECTS OF MOTOR-EVACUATION
DISORDERS OF THE SMALL INTESTINE IN ACUTE
GENERALIZED PERITONITIS AND THEIR TREATMENT

Introduction. Despite the constant improvement of surgical
techniques and intensive care methods, acute peritonitis is the main cause
of mortality in surgical patients. One of the key pathogenetic factors in the
development of multiple organ failure in acute generalized peritonitis is
intestinal insufficiency syndrome, the main cause of which is intestinal
paresis with impaired motor and evacuation functions due to the source of
intoxication. Early diagnosis and correction of intestinal insufficiency
syndrome affect the results of treatment of patients with abdominal sepsis
and multiple organ failure.

Objective: To study the mechanisms of development of motor-
evacuation disorders of the small intestine in acute generalized peritonitis
and to develop pathogenetically based treatment tactics.

Materials and methods. Experimental modeling of acute
inflammation of the peritoneum was performed on sexually mature non-
linear white male rats (n=32) by intraperitoneal injection of 10 % filtered
fecal suspension at a dose of 0.5 ml per 100 g of body weight. Animals of
the control group were injected subcutaneously in 0.9 % NaCl solution.
The experiment investigated the severity of endogenous intoxication, the
activity of lipid peroxidation and the state of the antioxidant system in the
blood of animals on the first, on the third, and on the seventh days after the
administration of faeces suspension. A bacteriological examination of the
parietal intestinal biotope and a histological study of the small intestine
were performed, the bioenergetic state of the small intestine and the
content of IgA-, IgG-, or IgM-producing cells were studied.

The results of diagnosis and treatment of 132 patients with acute
generalized peritonitis who were inpatients in the surgical department of
the Ternopil Municipal City Hospital No. 2 were analyzed, and a
retrospective analysis of 50 patient records who died from peritonitis was
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performed. The severity of peritonitis was determined according to
Mannheim peritonitis index. The severity of endogenous intoxication was
determined by the leukocyte intoxication index, the level of middleweight
molecules in the blood, and the erythrocyte intoxication index. Intra-
abdominal pressure was measured.

Results. Clinical manifestations of enteral insufficiency syndrome
during experimental modeling of acute generalized peritonitis are
accompanied by an increase in the concentration of thiobarbituric acid
reactive substances and lipid-hydroperoxides in the blood of animals, a
decrease in the activity of enzymatic and non-enzymatic antioxidants. A
depletion of intestinal Adenosine triphosphate, and a decrease in the
number of intestinal IgA-producing plasma cells against the background
of dystrophic and necrobiotic lesions of epithelial cells were detected. The
manifestation of acute inflammation of the peritoneum is characterized by
quantitative and qualitative changes in the microbiota of the parietal
intestinal biotope. A decrease in the number of Escherichia coli strains
isolated in monoculture and an increase in the number of two-component
and three-component microbial associations were revealed, among which
Escherichia coli, Enterobacter aerogenes, Enterococcus spp and Candida
species prevailed.

In patients with acute generalized peritonitis with a favorable course in
the postoperative period, the dynamics of endogenous intoxication was
studied and the influence of intra-abdominal pressure on the restoration of
small intestine motility after surgical treatment was determined. The
treatment tactics were optimized by performing intracavitary
pneumomassage of the small intestine.

Conclusions: The main links in the pathogenesis of motor-evacuation
disorders of the small intestine in peritonitis are endogenous intoxication,
which is a trigger for the activation of lipid peroxidation processes,
impaired immune defense of the small intestine mucosa, a decrease in the
bioenergetic capabilities of myocytes, dystrophic and necrobiotic lesions
of epithelial cells. The use of a complex of therapeutic measures aimed at
early restoration of the motor-evacuation function of the small intestine
and prevention of increased intra-abdominal pressure allows reducing the
degree of intestinal insufficiency syndrome in the early stages of the
postoperative period and preventing the development of abdominal sepsis.

Keywords: intestinal insufficiency syndrome, acute inflammation of
the peritoneum, lipid peroxidation, endogenous intoxication,
bacteriological examination of parietal intestinal biotope, morphological
changes in the small intestine, intra-abdominal pressure, pneumomassage.
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Kadenpa xipyprii ¢pakymsrery
MICJISAUIIIIOMHOI OCBITH,
TepHOMNBbCHKUH HAITIOHATHHUHA
MeIuuHHui yHiBepcuTeT imMeHi [.51.

IHATOI'EHETUYHI ACITIEKTH MOTOPHO-EBAKYATOPHHUX
HNOPYHIEHb TOHKOiI KHIIKM TIPU TOCTPOMY
MOIUPEHOMY ITEPUTOHITI TA IX JIKYBAHHSI

AKkTyasibHicTh. He muBIsiUMC, HA TIOCTIHE BIOCKOHAJICHHS
TeXHIKM OIEPAaTHBHUX BTPYYaHb Ta METOJIB IHTCHCHBHOI Tepamii,
TOCTpe 3amajieHHS OYEPEBHHH € OCHOBHOIO NMPHYUHOIO JIETAIBHOCTI Y
XBOpHX XipypriqHoro mpodimo. OJHUM 13 KIIFOYOBHX MAaTOTEHETHIHUX
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(hakTOpiB PO3BUTKY IIOJIIOPraHHOI HENOCTATHOCTI MpPH TOCTPOMY
MOIMPEHOMY TIEPUTOHITI € CHHIAPOM EHTEPAIbHOI HEIOCTATHOCTI,
OCHOBHOIO TIPHYHMHOIO SIKOTO € TMape3 KUIIKIBHUKA 3 MOPYIIEHHSIM H0To
MOTOPHOI Ta €BaKyaTOPHOI (PYHKIIif BHACTIIOK YOTO BiH CTa€ HKECPEIIOM
iHTOKCHKaIii. PaHHS miarHOCTHKA Ta KOPEKIisl CHHAPOMY €HTEepalbHOL
HEJOCTATHOCTI TO3UTHUBHO BIUIMBAIOTh HA PE3YNbTaTH JIKyBaHHS
MalieHTiB 3 a0JOMIHAJIBHUM  CEICHCOM  Ta  IOJIOPraHHOIO
HEJIOCTATHICTIO.

Merta. BuBuuTH MeXaHI3MH pPO3BUTKY MOTOPHO-E€BaKyaTOPHHX
MOPYIIEHb TOHKOI KHUIIKH MPHU TOCTPOMY IOUIMPEHOMY HEPHUTOHITI Ta
PO3pPOOUTH MATOICHETHYHO OOIPYHTOBAHY TAKTHKY JIIKYBaHHS.

Martepianu Ta MeToau. ExKcrepuMeHTambHE MOJCITIOBAHHS
TOCTPOTO  3alajicHHA OYEPEeBHMHM IPOBEICHO HA CTaTEeBO3PLINX
HENHIHNX OLMHX mIypax-caMIipiX (n=32) NUITXOM BBEICHHSA y YEPECBHY
nopoxxauHy 10 % npodinsTpoBaHoi kKanoBoi cycnensii B 1o3i 0,5 M Ha
100 r macu TBapumHH. TBapWHaM KOHTPOJIFHOI TPYHH IiIIIKIpHO
o 0,9 % NaCl. B excnepuMeHTi JOCIIKYyBall BUPAXKEHICTh
€HJIOTeHHO1 1HTOKCHKAIIil, aKTHBHICTh BIJIbHOPaJUKaJIbHOTO OKHCHEHHS
JMmigiB Ta CTaH aHTHOKCHJAHTHOI CHCTEMH Yy KPOBI TBapuMH Ha HepIly,
TPETI0 Ta ChOMY J00M Bii MOMEHTY BBEICHHS KaJIOBOI CyCIEH3Ii.
ITpoBomunu OGAaKTEPiONOTIYHE MOCTIIKCHHS MPUCTIHKOBOTO KHIIKOBOTO
OioTommy Ta TICTOJOTIYHE JOCTI[HKEHHS TOHKOI KHWIIKH, BUBYAJIH
OioeHepreTHYHUI CTaH TOHKOI KUIIKH Ta BMICT IUIA3MAaTHYHUX KITITHH-
npoxayueHTiB IgA, Ig M ta Ig G.

[IpoBeneHo aHami3 pe3yJibTAaTiB OOCTEKECHHA Ta IIKyBaHHA 132
XBOPHX Ha TOCTPHH IONIMPEHUH TIEPUTOHIT, sKi IepedyBalu Ha
xipypriusomy  Bimmizenni  KHII
“TepHominbchbka KOMyHajbHa Micbka JiikapHs Ne2”) Ta 3xiliCHEHO

CTalllOHApHOMY  JIIKYBaHHI y
peTpocreKTUBHUM aHaii3 50 MeTUUHHUX KapT CTAlllOHAPHUX XBOPHUX, SIKi
MOMEpJN  BiJi MNEepUTOHITY. TSIKKICT INEPUTOHITY BH3HAYaIM 32
MaHreiiMCbKUM  THIEKCOM NEpHUTOHITY. BupaxkeHicTh eHIOreHHOT
IHTOKCHKAIIIl OLIHIOBAJIM 3a IOMOMOIOI0 BH3HAYEHHS JICHKOIIUTapHOTO
IHAEGKCY I1HTOKCHKAIll, KITBKOCTI MOJIEKYyll CepeAHbOI Mach Ta
SPUTPOIMTAPHOTO iHACKCY IHTOKCHKaMii. [IpoBomumu BHMipIOBaHHS
iHTpaabJOMIHAIEHOTO THCKY.

PesynbsTatn Ta oOroBopennsi. KiiHIYHI TIPOSBH CHHIpOMY
EHTepaJIbHOI ~ HEJOCTATHOCTI  BIIPOJNOBXK  €KCHEPHUMEHTAIBLHOTO
MO/ICTIFOBaHHSI TOCTPOTO MOUIMPEHOTO IEPUTOHITY CYHNPOBOKYIOTHCS
301NbIIEHHSAM BMICTY Yy KpPOBI TBapMH aKTUBHHMX IIPOIYKTIB
Ti00apOITYpOBOi KHCJIOTH Ta TiIPONEPOKCHIIB JIIiAIB, 3HWKEHHIM
AKTHBHOCTI €H3UMHOI Ta HEEH3UMHOT JIAHOK aHTHOKCHJIAHTHOT CHCTEMHU.
BusiBneno 3menmeHHs BMicTy AT® y cTiHOI TOHKOi KHIIKHA Ta
3HW)KEHHS KiJIBKOCTI IJIa3MaTHYHUX KIIITHH-TIPOAYLEHTIB IgA Ha ¢oHi
JUCcTpoiYHNX Ta HEKPOOIOTHYHUX YypaXKeHb emitesionutiB. Ilepedir
TOCTPOTO 3alaJeHHs OYCPEeBUHU XapaKTepU3YETHCS KUIBKICHUMH Ta
SAKICHUIMH 3MiHaMH MIKpOOIOTH TNPHUCTIHKOBOTO KHIIKOBOTO 0ioTOITy.
BepudikoBano 3MeHIIEHHA KimbKocTi mTamiB Escherichia coli,
BUAUICHUX Y MOHOKYJIBTYDI, Ta  30UIBIICHHS KUTBKOCTI
JIBOKOMIIOHEHTHHX Ta TPUKOMIIOHEHTHHX MIKpOOHHMX acomiariii cepen
skux —nepeBaxanu Escherichia coli, Enterobacter aerogenes,
Enterococcus spp ta Candida species.

VY XBOpHX Ha TOCTPUH MOUIMPEHHWH IEPUTOHIT i3 CHPUSATIHMBUM
nepebiroM y micisonepaniifHOMy Tepiofi BHBYEHO JMHAMIKy

SHJIOTEHHOI 1HTOKCHKAIi Ta BH3HAYCHO BIUIMB IHTPaadIOMiHAIEHOTO
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THUCKY Ha BiJJHOBJICHHS MOTOPHMKH TOHKOI KHWIUKH HicCJsI Xipypri4HOTO

nmikyBaHHs.  ONTHMI30BaHO  TAKTUKy  JIKYBaHHA  IPOBEICHHIM
BHYTPIIIHBOMOPOXXHUCTOTO MTHEBMOMACAXKY TOHKOT KHIIIKH.
BucHoBkn: OCHOBHUMH  JIaHKAMH  [aTOT€HE3y  MOTOPHO-

€BaKyaTOPHHUX MOPYIICHb TOHKOI KHIIKH TPH TMEPUTOHITI € SHIOreHHa
IHTOKCHKAIliSl, IO € TPUTepOM AaKTHUBAIii IPOIECiB IEePOKCHIHOTO
OKHMCHEHHS JIMiJiB, MOPYLIIEHHS IMyHHOTO 3aXHCTy CJIM30BOi 0OOJIOHKH
TOHKOI KHIIIKH, 3MCHILICHHS Oi0CHEPreTHYHUX MOJIMBOCTEH MIOIIUTIB,
JUCTPODIYHIX HCKPOOIOTHYHHUX  YPaXKCHb  CHITEIIOIUTIB.
3acTocyBaHHS KOMIUIEKCY JIIKYBaJIbHHX 3aXOJiB, CIPSIMOBaHUX Ha
PaHHE BIJTHOBJICHHST MOTOPHO-€BaKyaTOpHOI (pyHKIIi TOHKOI KHMIIKH Ta

Ta

TOTIepe/PKEHH MiIBUIICHHS 1HTPaabJOMIHANEHOTO THCKY, JO3BOIISE
3HM3UTH CTYIiHb CHHAPOMY €HTEpAIbHOI HEIOCTATHOCTI B paHHI
TEPMIHH TICISOMEPAIifHOrO Tepiogy Ta TOMEPEeIUTH PO3BHTOK

abIOMiHAIBHOTO CETICHCY.
KarouoBi cioBa: CHHIPOM EHTEpAIbHOI HEIOCTATHOCTI, rocTpe

3amajCHHs OYCPEBHMHH, MEPOKCHIHE OKHUCHCHHS JIMiAiB, CHIOTCHHA

IHTOKCHKAITis,

KHUIIIKOBOT'O

6iorory,

OakTepioJOriYHe  JIOCHI/DKEHHS  IPHUCTIHKOBOT'O

MOpGOJIOTiUHI  3MIHM  TOHKOi  KHIIKH,

IHTpaadJOMiHAILHUI TUCK, THEBMOMACAXK.

Aemop, 6i0n06i0aNbHUIL 3G TUCHYBAHHA:

Foeoana Bepseea, xaghedpa namonociunoi izionoeii; kagedpa padionozii ma padiayiunoi meouyuru, JIb8iecoKuil
HayioHanbHull Meouunull yrieepcumem imeri /Januna I anuyvroeo, m. Jlvsis, Yrpaina;

e-mail: danaverveha@gmail.com

INTRODUCTION

A crucial and often unsuccessful aspect of modern
surgery is the treatment of patients with acute
generalized peritonitis (AGP). This disease attracts the
attention of all surgeons providing emergency medical
care. In recent years, despite the use of modern
antibacterial drugs and minimally invasive methods of
diagnosis and treatment of AGP, there has been no
pronounced trend towards a decrease in mortality [1, 2,
3]. Treatment of a patient with AGP requires choosing
the optimal surgical approach [4]. For many years, the
efforts of the medical community have been aimed at
finding more effective diagnostic methods and
pathogenetically based surgical treatment methods [5].

The severity of the condition in patients with AGP is
determined by intestinal failure syndrome (IFS), which
includes intestinal paresis and increased intraintestinal
pressure [6]. Against this background, inflammatory
changes in the intestinal wall develop, leading to
impaired microcirculation and intestinal wall trophism.
The barrier function of the intestinal
disrupted, which contributes to the translocation of

the

mucosa 1s

endotoxins and bacteria into hemo- and
lymphocirculation system.

Actually, the translocation of bacteria and their
toxins from the lumen of the gastrointestinal tract into

the blood contributes to the transformation of the

intestine into a source of endotoxicosis, leading to
generalization of infection with subsequent dysfunction
of target organs [7]. The cause of the multiple organ
dysfunction syndrome (MODS) in AGP is also intra-
abdominal hypertension, which enhances the processes
of tissue destruction due to compression ischemia and
microcirculatory disorders in the intestinal wall and
parenchymal organs [8].

For a more profound understanding of the
pathogenesis of acute peritonitis, it is relevant to study
morphological changes in the small intestine due to
paresis, as well as the pathophysiological mechanisms
underlying bacterial translocation in IFS, which is one
of the main mechanisms of AGP development.

Our work aimed to study the mechanisms of
development of motor-evacuation disorders of the small
intestine in acute generalized peritonitis and to develop
a pathogenetically based treatment approach.

MATERIALS AND METHODS

The retrospective clinical study included the results
of the examination and treatment of 132 patients with
AGP who were inpatients in the Surgical Department of
the Ternopil Municipal City Hospital No. 2 during
2019-2024. To wverify the diagnosis, clinical and
laboratory and instrumental research methods were
used. The severity of peritonitis was determined by the
Mannheim Peritonitis Index [9]. The degree of
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endogenous intoxication was assessed by determining
the leukocyte intoxication index (LII) [10], the number
of middle molecules (MMs) [11], and the erythrocyte
intoxication index [12]. Intra-abdominal pressure was
measured according to Kron et al. [13].

In addition, we conducted a retrospective analysis of
50 medical records of inpatients who died from AGP.

The experimental study was conducted on white
non-linear rats (n=32), which were kept in a vivarium in
accordance with the “Standard Rules for the Design,
Equipment, and Maintenance of Experimental
Biological Clinics (Vivaria)”. The experiments were
conducted in accordance with the provisions of the
European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific
Purposes (Strasbourg, 1986); Council of Europe
Directive 86/609/EEC (1986); Law of Ukraine No. 3447
— IV “On the Protection of Animals from Cruelty”;
General Ethical Principles of Animal Experiments,
adopted by the First National Congress of Ukraine on
Bioethics (2001), which was confirmed by the conclusion
of the Bioethics Committee of the Danylo Halytsky Lviv
National Medical University (Minutes No. 8 of
November 23, 2020; Minutes No. 6 of June 22, 2021).

Animals were divided into two groups: the main
group (n=24) and the control group (n=8). In the main
group of animals with simulated AGP, the study was
conducted on the first, third, and seventh days after
fecal suspension administration. These terms correspond
to the reactive, toxemic, and terminal stages of
peritonitis. Experimental animals of the studied groups
were sacrificed by euthanasia with an overdose of
sodium thiopental (100 mg/kg of body weight). Rats in
the control group were subcutaneously injected with
0.9% NaCl. Acute generalized peritonitis was simulated
by injecting 10% filtered fecal suspension into the
abdominal cavity at a dose of 0.5 ml per 100 g of animal
weight. Fecal suspension was obtained by mixing
isotonic solution and cecal contents of three intact
animals and filtering it twice through a double layer of
gauze.

To determine the intensity of lipid peroxidation
(LPO) and the state of the antioxidant system, the
content of active products of thiobarbituric acid (TBA-
AP) and lipid hydroperoxides (LOOHSs) in the blood
was determined. The state of the antioxidant system was
assessed by the activity of superoxide dismutase,
catalase, reduced glutathione, and ceruloplasmin.
Superoxide dismutase was determined in blood serum
using a method based on the reduction of
nitrotetrazolium by superoxide radicals formed due to
the reaction between phenazine metasulfate and the
reduced form of nicotinamide dinucleotide; catalase
activity was determined using the reaction with

ammonium molybdate [14]. The content of reduced
glutathione was determined by the interaction of
Ellman's reagent with free SH groups; and the level of
ceruloplasmin was determined by the oxidation reaction
of para-phenylenediamine [14].

For histological examination, fragments of the small
intestine were collected, fixed in 10% formaldehyde
solution, dehydrated alcohols of increasing
concentration, embedded in paraffin; sections were
prepared and stained with hematoxylin-eosin. To detect
plasma cells producing IgA, IgM, and IgG, microtome
sections of the intestine were treated with monospecific
antisera against the indicated immunoglobulin classes,
conjugated to fluorescein isothiocyanate; for this
purpose, the direct Koons method was used with
appropriate controls. Using a Lumam P-8 fluorescent
microscope, plasma cells that gave a specific glow in
fluorescent light were counted per 1 mm? of the mucous
membrane of the studied organ.

Bacteriological studies were performed by sampling
the parietal intestinal biotope into a sterile test tube,

in

taking culture on a nutrient medium, isolating a pure
culture, identifying
microorganisms using highly selective media. Based on
the data obtained, the frequency of certain pathogens
and their associations (%) was calculated.

The concentration of adenosine triphosphate (ATP)
in the muscular coat of the small intestine was
determined using the ion exchange chromatography
method [15].

Statistical analysis of the indicators was performed

and aerobic and anaerobic

using standard computer programs (Statistica Version 0,
StatSoft, Inc., SPSS Statistics 17.0) with determination
of the arithmetic mean (M) and standard error of the
arithmetic mean (m). In all cases, differences between
groups were considered significant if the p-value < 0.05
(ANOVA).

RESULTS

In animals with AGP, an increase in the level of
TBA-AP was detected on the first, third, and seventh
days by 32.6%, 100.0% (p<0.01), and 285.8%
(p<0.001), respectively, compared to the controls
(Table 1), which indicated the activation of LPO. The
content of LOOHs on the first day increased by 3.9
times (p<0.001), on the third day — by 2.5 times
(p<0.001), and on the seventh day — by 2.2 times
(p<0.01) compared to animals in the control group.

The activity of superoxide dismutase in the group of
rats with AGP on the first day of the experiment
decreased by 9.9% (p<0.05), on the third day — by
19.0% (p<0.001), and on the seventh day — by 31.0%
(p<0.001) compared to the control group of animals
(Table 2), which was a manifestation of a decrease in
antioxidant protection secondary to increased oxidative
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stress. Catalase activity increased by 50.0% on the first
day of the experiment, which could be explained by the
protective-compensatory reaction of the rat organism to
endogenous intoxication caused by AGP. On the third

day of experimental modeling of acute peritoneal
inflammation, catalase activity increased by 11.1% and
decreased by 44.4% on the seventh day compared to the
controls (p<0.001).

Table I — Indicators of lipid peroxidation activity in the blood of rats with acute generalized peritonitis (M+m)

E i tal
Control group xperimental group

Parameter (n=8) Day 1 Day 3 Day 7

(n=8) (n=8) (n=8)
3.80+0.50 7.33+0.76

- 900, 520.
TBA-AP, mmol/l 1.90+0.12 2.524+0.29 p<0.01 p<0.001
4.91+0.29 3.16+0.33 2.78+0.37
LOOH it 1.26+0.12
S, umis p<0.001 p<0.001 p<0.01

Note: p — significance of the difference vs. the control group of animals

Table 2 — Indicators of antioxidant system activity in the blood of rats with acute generalized peritonitis (M+m)

Control Experimental group
Parameter group Day 1 Day 3 Day 7
(n=8) (n=8) (n=8) (n=8)
1.5+1.1 46.3+0. S+0.
Superoxide dismutase activity, units 572+1.7 Spj 0.05 §<30 0819 3§<50. 0816
0.27+0.01 0.10+0.01
1 ivi kat/l .18 £0.01 .20+ 0.01
Catalase activity, mkat/ 0.18+0.0 p<0.001 0.20+£0.0 p<0.001
. 2.19+0.02 2.02 +0.05 1.91+0.04
J2+0.
Reduced glutathione, mM/L 2.72£0.01 <0.001 <0.001 <0.001
. 0.36+0.01 0.29+0.01 0.17 £ 0.01
.23 0.
Ceruloplasmin, g/l 0.23 £0.02 <0.001 <0.001 <0.001

Note: p — significance of the difference vs. the control group of animals

The concentration of reduced glutathione in the
blood of animals with AGP decreased throughout the
entire observation period. Thus, on the first day of the
experiment, the difference vs. the controls was 19.5%,
on the third day — 25.7%, and on the seventh day —
29.8%, respectively. This gradual
depletion of the antioxidant system.

Ceruloplasmin is known to protect lipid-containing
biostructures from damaging effects by intercepting free
radical oxygen species. In addition, it inactivates free
radicals formed in macrophages and leukocytes during

confirms the

phagocytosis and activation of lipid peroxidation
processes in the focus of inflammation. In rats with
AGP, an increase in ceruloplasmin levels was detected
on the first and third days of the experiment by 56.5%
and 26.1%, respectively, which indicated a protective
and compensatory reaction to endogenous intoxication.
On the seventh day of the experiment, a 26.1% decrease
in this indicator relative to the control group was
observed, which could be explained by the elimination
of excessive superoxide anion radicals from the blood.

The course of acute peritoneal inflammation was
accompanied by activation of lipid peroxidation and a
decrease in the activity of the enzymatic and non-
enzymatic antioxidant systems. At the same time,
functional activity was significantly impaired and ATP
synthesis in the muscular membrane of the small
intestine was reduced. Thus, on the first day of the
experiment, a 1.4-fold decrease in ATP concentration
was detected in animals with simulated AGP compared
to the control group. On the third and seventh days, the
ATP content decreased by 1.8 and 2.4 times compared
to the controls, indicating impaired mucosal
permeability under the influence of reactive oxygen
metabolites.

During histological examination of the small
intestine in the experimental group of animals on the
first day of AGP development, the integrity of the
epithelial lining was observed, along with a decrease in
the number of goblet cells and intraepithelial
lymphocytes (Fig. 1). The number of macrophages and
mast cells in the lamina propria of the mucosa slightly

215



Eastern Ukrainian Medical Journal. 2026; 14(1): 210-222

d

Figure 1 — Histological structure of the small
intestine wall in an animal with acute generalized
peritonitis (Day 1). Inflammatory infiltration of the villi
(1). Hematoxylin and eosin staining; %200

increased. The vessels became full of blood, but without
manifestations of perivascular hemorrhages. In the stroma
of the glandular component, pronounced inflammatory
infiltration, mainly lymphocytic and plasmacytic, was
noted in individual areas, with a significant number of
eosinophilic leukocytes. Damage to the microcirculatory
bed was characterized by pronounced morphological
changes. Semi-thin sections showed marked hyperemia
of capillaries and venules, and in some places, rouleaux
of erythrocytes were observed.

On the third day of AGP, an increase in the height
and number of epithelial cells was observed, as well as a
tendency to increased volumetric density of intracellular
organelles. On the seventh day, increased permeability
of the mucous membrane vessels was observed in the
wall of the small intestine, accompanied by significant
stroma swelling and focal hemorrhages.
Columnar epithelial cells underwent dystrophic and
necrobiotic changes. In the cytoplasm, predominantly
hyaline-droplet and hydropic dystrophy developed. This

villous

culminated in desquamation and exposure of the
basement membrane, leading to multiple erosions. In
the lamina propria of the mucosa, focal hyperplasia of
lymphoid visualized (Fig. 2)
combination with increased exudative inflammation,
which confirmed an increase in the number of
neutrophilic leukocytes in the exudate.

Similar manifestations were also visualized in the
serosa, as evidenced by edema and increased cellular
infiltration. The mucosal villi were dilated and
shortened due to diffuse lymphocytic and histiocytic
infiltration of the stroma. The villi capillaries were
paretically dilated and caused multiple diapedetic
hemorrhages. Focal necrosis of the surface epithelium
was detected.

structures was in

Certain morphometric changes were observed in all
layers of the small intestine wall, mainly expressed on
the seventh day of development of experimental AGP.
Thus, the thickness of the mucous membrane was 87.5%
greater than in the control group. The muscular layer was
thinned by 32.8%, and the submucosa was 3.3 times
thicker than in the controls.

At the same time, on the seventh day of AGP
development, a 36.3% decrease in the number of IgA-
producing plasma cells was observed in the small
intestinal mucosa, while the number of IgM- and IgG-
producing plasma cells increased by 3.3 and 2.8 times,
respectively, compared to the control group.

Figure 2 — Histological structure of the small intestine
wall in an animal with acute generalized peritonitis (Day
7). Focal hyperplasia of lymphoid tissue (1) is visualized
in combination with increased exudative inflammation.
Hematoxylin and eosin staining, *x200

The frequency of detection of microorganisms
isolated from the parietal intestinal biotope of rats with
AGP is shown in Figure 3. Among the detected
microorganisms,  representatives of the genera
Escherichia coli (75.0%), Enterobacter (16.7%), and
Enterococcus (16.7%) predominated. Monoinfection was
identified in 41.7% of cases, and associations of
pathogens 58.3%. Two-component microbial
associations were isolated in 54.2% of cases, and three-
component associations — in 4.2%. Among all isolated
cultures, gram-negative microorganisms accounted for
69.2% (27/39), gram-positive microorganisms — 23.1%
(9/39), fungi of Candida species —7.7% (3/39).

On the first day of experimental AGP development,
monoculture was detected in 62.5% of cases, and two-
component microbial associations in 37.5% (Table 3).
Escherichia coli was the dominant pathogen — it was
isolated from all monocultures and from associations with

in

Staphylococcus spp. (12.5%) and Enterococcus spp.
(12.5%). In one case, the association was represented by
Enterobacter aerogenes and Streptococcus spp.
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16,7%

12,5%

= Escherichia coli
= Staphyvlococcus spp.

v Candida species = Bacteroides

= Enterobacter aerogenes

= Streptococciis spp.

spp.

75,0%

= Klebsiella spp.
= Enterococcus spp.

» Proteus mirabilis

Figure 3 — Percentage distribution of isolated microorganisms of the parietal intestinal biotope in animals with

acute generalized peritonitis

Table 3 — Composition of isolated microflora of the parietal intestinal biotope of animals with acute generalized

peritonitis

Frequency of isolation of microorganism strains, %

Type of microorganism Day 1 Day 3 Day 7

n=8 % n=8 % n=8 %
Escherichia coli 7 87.5 6 75.0 5 62.5
Enterobacter aerogenes 1 12.5 1 12.5 2 25.0
Klebsiella spp. - - - - 1 12.5
Staphylococcus spp. 1 12.5 1 12.5 - -
Streptococcus spp. 1 12.5 1 12.5 1 12.5
Enterococcus spp. 1 12.5 1 12.5 2 25.0
Candida species - - 1 12.5 2 25.0
Bacteroides spp. - - 1 12.5 1 12.5
Proteus mirabilis - - 1 12.5 1 12.5

On the third day of experimental AGP, monoculture
was identified in 50.0% of cases. Among the two-
component associations of microorganisms, Escherichia
coli and cocci were more common (75.0%). In one case,
the association was represented by Enterobacter
aerogenes and Proteus mirabilis.

A lower frequency of Escherichia coli monocultures
(25.0%) was found on the seventh day of experimental
AGP. Two-component associations were cultured in
62.5% of cases, three-component microbial associations
— in 12.5%. Microorganism associations consisted of
gram-negative bacilli, among which Escherichia coli
and Enterobacter aerogenes predominated, and gram-

positive cocci, among which Enterococcus spp.
predominated. In 25.0% of cases, associations of
Candida species and Escherichia coli were cultured.
The three-component microbial associations were
represented by Candida species, Escherichia coli, and
Enterobacter aerogenes. Associations of Proteus
mirabilis and Bacteroides spp. were detected in only
12.5% of cases. This confirms the assumption that
colonization of the small intestine by bacteria of the
Enterobacteriaceae family contributes to endotoxemia
in acute peritonitis, and an increase in the number of
yeast-like fungi of the genus Candida may indicate

decreased nonspecific resistance, impaired phagocytic
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immune reactions, and decreased synthesis of secretory
immunoglobulin A.

Endogenous intoxication in AGP potentiates the
activation of lipid peroxidation processes, disruption of
the immune defense of the small intestinal mucosa,
reduction of the bioenergetic capabilities of myocytes,

destruction of membranes, which leads to changes in
and

morphological structures morphometric

relationships with the phenomena of local circulatory
disorders. All this, taken together, causes dysfunction of
myocytes and enterocytes, leading to overstretching of
the intestine and the development of dynamic intestinal
obstruction.

Thus, the pathogenesis
disorders of the small intestine in AGP, taking into
account the results of our studies, is shown in Figure 4.

of motor-evacuation

Bacterial contamination

!

Inflammation

il

LPO activation

1

Inhibition of antioxidant defenses

and a decrease in local immune defenses

1

Destruction of cell membranes

1

Morphological and morphometric changes in the wall of the small intestine

l

Local circulatory disorders

il

Hypoxia, impaired ATP synthesis

1

Myocyte dysfunction

il

Dynamic small bowel obstruction

Figure 4 — Pathogenesis of motor-evacuation disorders of the small intestine in experimental acute generalized

peritonitis

During a retrospective analysis of 50 medical
records of deceased patients, it was found that the cause
of death in 41 patients (82.0%) was MODS and
bacterial-toxic shock; in 5 (10.0%) - pulmonary
embolism, in 3 (6.0%) — cerebral pathology, in one
patient (2.0%) — progression of pulmonary heart failure
with the development of DIC syndrome. 4 patients
(8.0%) were hospitalized in the reactive stage of
peritonitis, 18 (36.0%) — in the toxic stage, and 28
(56.0%) — in the terminal stage. The Mannheim
peritonitis index averaged 27.34 points.

Among the causes of mortality in this group, MODS
was the most common. One of the main factors in the
pathogenesis of this pathological condition is IFS. It
was found that upon admission to the clinic, 36 (72.0%)
patients had no intestinal motility, and 14 (28.0%) had

decreased peristalsis. At the end of treatment, intestinal
motility was 41 (82.0%) patients,
hypoperistalsis — in 6 (12.0%), and normal motility — in
only 3 (6.0%). Therefore, as MODS progresses, small
intestinal motility is usually absent, which contributes to
worsening of organ and body system dysfunction.
Intubation of the pathologically altered small intestine is
necessary and mandatory in the treatment of this
syndrome. Traditional methods of closing the
abdominal cavity that are used nowadays are not always
appropriate and effective, as they lead to increased
intra-abdominal pressure and do not always allow for
adequate sanitation of the abdominal cavity. This is
indicated by the high mortality rate on the first, second,
fourth, and fifth days after surgery (Fig. 5).

absent in
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1 Fel:;[:

Day 1 Day 3 Day 5 Day 7

Figure 5 — Mortality in the postoperative period in
patients with acute generalized peritonitis

A fatal outcome in operated patients occurred in the
first two days in 31 (64.6%) cases, and on the fourth or
fifth day in 10 (20.8%) cases. Thus, post-operative
death of patients with AGP usually occurs due to
MODS secondary to intoxication caused in most cases
by functional obstruction of the small intestine. In a
later period, 7 (14.6%) patients died as a result of
decompensation of existing concomitant diseases.

Intubation of the small intestine was performed in
only 14.6% of operated patients, while 20.8% of
operated cases ended with laparostomy.

A study of patients with AGP with a favorable
postoperative course yielded the following results. LII
in patients before the operation was 5.26 + 0.17 units,
on the first day — 6.27 = 0.21 units, on the third day —
3.66 = 0.11 units, and only on the sixth-eighth day this
indicator approached the normal level. On the first day
after surgery, the adsorption capacity of erythrocyte
membranes was (56.40 + 1.97)%, on the third day —
(50.48 + 1.82)%, on the fifth day — 1.8 times less, and at
discharge — 2.2 times less compared to the preoperative
value. In 90% of cases, intestinal peristalsis was
detected only at the end of the fourth day, and
spontaneous gas passage was observed in almost 70% of
patients on the sixth or seventh day.

Taking into account the results of the experimental
study of acute peritonitis, a retrospective analysis of
medical records of deceased patients with AGP, and
data on the disease course in those who recovered, we
applied the following algorithm of providing medical
care to these patients. The use of these measures,
according to the authors, can improve the treatment
outcomes in patients with AGP and depends on the
actions of the surgeon.

Before the operation, decompression of the digestive
canal was performed against the background of
intensive drug therapy aimed at correcting the patient's
homeostasis, with the mandatory administration of
antioxidants and concentrated glucose solutions; to
reduce the intensity of intoxication, laparoscopic

drainage or microlaparotomy under local anesthesia for
drainage of the abdominal cavity was performed.
During this period of time, along with intensive therapy,
broad-spectrum  antibiotics administered
intravenously.

After eliminating the source of peritonitis, lavage
and drainage of the abdominal cavity, the operation was
completed with intestinal decompression and, if
necessary, a laparostomy was performed (in the terminal
stage of AGP with the clinical picture of anaerobic
peritonitis, for the prevention of compartment syndrome
with severe dynamic obstruction of the small intestine).

In the postoperative period, along with the generally
accepted correction of homeostasis and
disorders, it will be advisable to carry out a set of
measures aimed at the early restoration of the motor-
evacuation function of the gastrointestinal tract.

To improve the functional state of the small intestine
and its stimulation, from the first or second day after

were

immune

surgery, we used intracavitary pneumomassage of the
small intestine against the background of parenteral
administration of ATP solutions, concentrated glucose
solutions, antioxidants,
preparations, which are a necessary substrate for

“Essentiale”, and calcium
myocyte contraction.

We have developed a method for stimulating the
motility of the digestive tract [16], namely the small
intestine, in patients with AGP, which allows us to
directly influence the rhythm drivers of peristalsis of the
digestive tract in a “pulsating mode”. Thus, periodic
irritation of the organ during the proposed method
simulates the physiological conditions of food's effect
on mechanoreceptors. The advantages of the method in
patients postoperative
obstruction also include stimulation of motor function,
increased bioelectrical capacity and redox processes in
the tissues of the small intestine, improvement of the
microcirculatory bed, and impact on microbial flora.

In 18 (13.6%) patients with AGP, the operation was
completed with laparostomy. In 13 cases, this method

with  functional intestinal

was used during primary surgery, in 5 cases — during
relaparotomy in patients with postoperative peritonitis.
In seven cases, during relaparotomy, open intubation of
the small intestine was performed using an end
enterostomy after forced resection of the distal part of
the organ using the proposed method [17] due to the
ineffectiveness of closed antegrade decompression in
unresolved AGP.

The intra-abdominal pressure has an equally
important influence on the development of multiple
organ failure. With an uncomplicated course of AGP,
the value of this indicator on the first day after surgery
was 12.75+2.12 mm Hg, while with restoration of
motor-evacuator function of the small intestine, this
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value was 8.5041.40 mm Hg (p<0.05). Determination of
intra-abdominal pressure is a prognostic criterion that
complements the assessment of the postoperative period
course.

Early restoration of the motor-evacuator function of
the small intestine (on average, on the second or third
day) contributes to a significant reduction in the level of
general intoxication. Thus, the value of LII in patients
with AGP was almost 2.9 times lower, and the
concentration of MSM was 1.9 times lower than the
preoperative value.

Thus, decompression and evacuation of the intestinal
contents, prevention of increased intra-abdominal
pressure by using laparostomy during surgery if
indicated, as well as early drug correction of the motor-
evacuator function of the small intestine make it
possible to use the digestive tract as a system for body
detoxification in a patient with AGP and to begin early
enteral nutrition in order to accelerate recovery in the
early postoperative period.

Conducting
ATP solutions, concentrated glucose solutions,
“Essentiale”, antioxidants, and calcium preparations,
along with standard therapy, allows restoring small
intestinal motility in 2-3 days after surgery, which
makes it possible to transfer patients to enteral nutrition,
reduce the manifestations of IFS, and prevent the
occurrence of abdominal sepsis.

DISCUSSION

The changes oxidant-antioxidant reaction
indicators in the process of complex treatment of

intracavitary pneumomassage using

in

patients with AGP are of great practical importance, as
they are indicators of the treatment efficacy and allow
choosing the correct treatment approach [18]. The
results of our studies confirm that the development of
experimental AGP is accompanied by the activation of
free radical lipid oxidation, and the detected changes in
the levels of TBA-AP and LOOHs are of a
multidirectional nature and depend on the observation
period. The obtained data on the changes in the main
indicators of the antioxidant system observed in the
blood of rats indicate the active participation of the
glutathione system, catalase, and superoxide dismutase
in detoxification processes. The results of our work are
consistent with the data of Mammadova E. T., who
indicated oxidative stress as a key link in multiorgan
dysfunction in peritonitis [19].

As AGP progresses in the abdominal cavity, efferent
impulses coming from the enteroreceptors of the
affected peritoneum and mesentery cause a decrease in
volumetric blood flow in the mesenteric basin and
impaired microcirculation in the intestinal wall, along
with inhibition of the motor function of the small
intestine. Our histological study of the small intestine in

animals with AGP verified the increase in dystrophic
and necrobiotic changes in columnar epithelial cells
secondary to microcirculatory vessels' reaction during
the reactive, toxemic, and terminal stages of acute
peritoneal inflammation. Similar to our results,
Adilbekova D. et al. [20] also reported that in the
pathogenesis of small intestinal lesions, changes in the
vessels of the microcirculatory bed are of great
importance, which subsequently lead to impaired cell
trophism, tissue hypoxia, damage to cellular elements,
impaired cellular metabolism, deficiency of energy and
plastic materials, and accumulation of metabolic
products in cells and tissues. Microcirculatory disorders
of the mucous and submucosal layers of the small
intestinal wall are a morphological manifestation of
intestinal failure; they characterize the severity of
inflammation in the small intestine and the clinical
prognosis of the disease [21].

We found that as degenerative changes in the small
intestine wall increase, ATP formation in the muscularis
mucosa of the small intestine decreases, especially in
the terminal stage of AGP. This finding confirms the
hypoxic origin of bioenergetic disorders associated with
intestinal ischemia [6]. The concentration of ATP in the
intestinal wall determines mucosal permeability in vivo.
Increased permeability may be due to intra-abdominal
hypertension and microflora activity. Translocation of
bacteria and their toxins from the lumen of the
gastrointestinal tract into the blood contributes to the
transformation of the intestine into a source of
endotoxicosis, leads to generalization of infection with
subsequent dysfunction of target organs, and determines
the further course of the disease and its outcome. A
number of studies support the idea that AGP is a disease
of polymicrobial etiology with a high quantitative
composition of  Enterococci, Escherichia  coli,
Enterobacteriaceae, Candida spp [22], and Escherichia
coli and Enterococcus faecium [23]. We found that the
progression of acute peritoneal inflammation was
accompanied by quantitative changes in the microbiota
of the parietal intestinal biotope, namely, an increase in
the number of two-component and three-component
microbial associations. Our work demonstrated that
qualitative changes in the intestinal microbiocenosis
were characterized by a decrease in the number of
Escherichia coli strains isolated in monoculture and an
increase in the number of strains of Enterobacter
aerogenes, Enterococcus spp., and Candida species.

Against the Dbackground of the identified
morphological changes in the small intestine, we
observed a decrease in the level of Ig-A producing
plasma cells, which indicated a violation of the mucosal
defense and favorable conditions for microbial
adhesion. The growth of IgM and IgG-producing
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plasma cells confirmed the activation of the secondary
humoral response.

At the clinical stage, we found that in 72% of
deceased patients, intestinal motility was absent, which
correlated with the severity of MODS. This is consistent
with the data of Klingensmith and Coopersmith (2016),
who considered the gut as a “driver of multi-organ
dysfunction” in critical conditions [24].

The wuse of intestinal decompression
intracavitary pneumomassage in our study contributed
to improved motility and reduced intoxication levels in
clinically favorable cases, which confirmed the
effectiveness of physiological stimulation of intestinal
peristalsis as part of pathogenetic therapy [16].

Thus, the results of the study demonstrate the
of  motor-evacuation

and

multifactorial ~ pathogenesis
disorders in AGP and confirm the feasibility of using a
comprehensive approach to early diagnosis and
treatment of intestinal failure syndrome.
CONCLUSIONS
1. Clinical manifestations of intestinal failure

syndrome in experimental peritonitis are accompanied
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