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RESUME

Disseminated purulent peritonitis is one of the main causes of high mortality
in emergency surgery which, with the development of abdominal sepsis, can reach
35-41 %. Secondary peritonitis initiates a cascade of pathophysiological changes
in the intestinal system, including intestinal barrier dysfunction, impaired neuroen-
docrine regulation, and disruption of microbiotic homeostasis. These changes in 85-
100 % of cases naturally lead to the development of enteric insufficiency syndrome
(EIS), which is a key pathogenetic factor in the development of abdominal sepsis
and multiple organ dysfunction via the “intestine - target organ” mechanism.

In this review article, we analyzed recent open-source studies on the development of en-
teral insufficiency in secondary peritonitis. We searched the databases of the Scientific
Library of Russia (eLibrary.ru, Cyberleninka.ru) and the US National Library of Medicine
(PubMed.org, Wiley.com) over the past decade (2014-2024) in Russian and English.

” u

The following keywords were used for the search: “peritonitis’, “enteral insufficiency’,
“etiology of enteral insufficiency’] “pathogenesis of enteral insufficiency’; and “abdom-
inal sepsis” The inclusion criteria for the review included studies on the development
of enteral insufficiency in inflammatory abdominal diseases and peritonitis. Exclusion
criteria for the review: articles containing information on the development of enteral
failure in patients with septic, metabolic, and complex nutritional complications typ-
ically occurring in patients with inflammatory bowel disease requiring multidisci-
plinary intervention with metabolic and nutritional support for recovery, as well as en-
teral failure requiring long-term nutritional support.

This literature review aims are to systematize the current understanding of the patho-
genesis of enteral failure syndrome associated with secondary purulent peritonitis, tak-
ing into account existing gaps in research. The results of this analysis have practical
value for surgeons and specialists in related fields.

Key words: peritonitis, enteral failure, etiology of enteral failure, pathogenesis of en-
teral failure development
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PE3IOME

PacnpocmpaHérHbil 2HOUHbIU nepumoHUm s87155emcs 00HOU U3 OCHOBHbIX NPUYUH
8bICOKOU JlemansHoCMu 8 ypeeHmMHoU xupypeuu, Komopas, npu passumuu aboomu-
HanbHOR20 cencucd, Moxem docmuaams 35-41 %. BmopuuHbll nepumoHuUm UHUYUU-
pyem Kackad namogu3uosioeudecKux usMeHeHuli 8 UHMeCMUHAbHOU cucmeme,
sK/oYarWull OUCyHKUUIO Kuwe4yHo20 6apbepa, HapyweHue Helipo3HOOKPUHHOU
peaynayuu, paccmpolcmeo MUKpobuomu4yeckozo 20Meocmasd. Imu UMeHeHUs
8 85-100 % ciy4yaes 3aKOHOMEPHO NPUBOOAM K pA3sumMuIo CUHOPOMA SHMepasb-
Hol HedocmamouyHocmu (C3H), komopwblil A8nsemca Ka4Ye8biM namozeHemude-
CKUM 38€HOM 8 pazsumuu a60OMUHAIbHO20 cencuca u nouopeaHHol ouchyHKkyuu
No MeXAaHU3My «KUWEYHUK — OP2aHbl-MUWEHU>.

B 0630pHOU cmamee Mbl NPOAHAU3UPOBAJIU NOC/Ie0HUe UCC/1e008aHuUs, npeo-
CcmasJsieHHble 8 OMKPbIMbIX UCMOYHUKAX, NOCBAWEHHbIe Npob/ieMamuke pazeumus
3HMepanbHol HEOOCMAMOYHOCMU NPU BMOPUYHOM nepumoHume. louck uHgpop-
mayuu nposoousica no 6asam 0aHHwix HayyHot 6ubnuomeku Poccuu (eLibrary.ru,
Cyberleninka.ru) u HayuoHansHol meduyuHckol 6ubnuomeku CLUA (PubMed.org,
Wiley.com) 3a nocnednee decamunemue (2014-2024 22.) Ha pycCKOM U aH2/1UGCKOM
A3bIKAx. B kayecmee nouckosblx 3anpocos UCNo/1b308ad/1UCL C/ledyroujue Kiodessle
C1084d: «NEPUMOHUM», «3HMePAabHAs HeA0CMAMOYHOCMb», «3IMUOJI02US SHMe-
panbHOU HeOOCMAamo4YHOCMU», «NAMO2eHe3 pa3sumus 3HmepaabHol Hedocma-
MmoyYHoCMU», «a60OMUHAsbHBILU cencucy». Kpumepuu 8KoueHus 8 0630p: pabomel,
noceswéHHble pazsumuio 3SHMepaabHol HedoCcMamo4YyHoCMuU Npu 80CNAUMESb-
Hblx 3a6onesaHusx 6prowHol nosocmu u nepumoHume. Kpumepuu UCK/loYeHUs
u3 0630pa: cmameu, codepxaujue UHhopMayuro o pazsumuu 3HmMepanbHol Hedo-
CMAamoy4yHoOCMUu y nayueHmos ¢ cenmuyeckumu, Memabosiudeckumu U CJIOXHbIMU
HYyMpUmMUBHbIMU OC/I0XKHEHUAMU, 00bI4HO B803HUKAWUMU Y nayueHmos ¢ 80c-
nasaumesnbHuIMU 3a601€8AHUAMU KULWEYHUKA, MpebyrowumMmu MHO20NpO@dUIbHO20
eMewiamenbcmeaa ¢ memabosudeckoli U numamesibHol No00epXxKoU 019 8occma-
HOBJIeHUS, a MAKXe SHmepanbHaAs He0oCMamoyHoCMy, mpebyoujas dnumesnbHol
numamesnbHoOU N0O0OepPXKU.

Hacmosawud numepamypHebili 0630p HanpassiaeH HA cucMeMamu3ayuio cospemeH-
HbIx npedcmassieHuUli 0 hnamozeHe3e CUHOPOMA S3HMepanbHoU HeAoCMAMoYHOCMU,
accoyuupos8aHHol ¢ 8MOPUYHLIM 2HOUHBIM NEpPUMOHUMOM, 8 KOHMeKcme cyuje-
cmeylouwux npobesios 8 e20 UsyyeHuu. Pesysismamel npogedeHHO20 aHaAau3a npeo-
CmaeJsiAlom Npakmu4eckyto YeHHoCMy 0715 8payeli-xupyp208 U cneyuanucmos CMex-
HbIx obnacmedl.

Knroyesoie cnoea: nhepumoHum, 3HmepasibHasa HEeeoCMamo4yHoCMb, 3MuoJio2us
3Hmepaanod Hedocmamo4YHoCmMu, NamozeHe3 passumus 3Hmepaanod Hedocma-
mo4yHocmu

Ana untnposaHua: YenypHbix E.E., WypbirnHa WA, Wypbirun M.I., Cokonosa C.B. Ma-
TOreHeTNYeCcKne MeXaHV3Mbl Pa3BUTWUA SHTepPasibHOM HeAOCTaTOYHOCTU MPWU pacnpo-
CTpaHéHHOM nepuTtoHuTe. Acta biomedica scientifica. 2025; 10(6): 214-224. doi: 10.29413/
ABS.2025-10.6.23
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INTRODUCTION

Secondary peritonitis (SP) is a clinically signifi-
cant surgical pathology occupying a leading position
in the structure of urgent abdominal morbidity [1].
Epidemiological studies demonstrate that SP accounts
for about 1 % of all cases of hospitalization in gener-
al surgical hospitals [2, 3]. According to international
registries, this nosology is the second most significant
etiological cause of septic conditions among patients
in critical care units [2, 3, 4].

Prognostic parameters in SP are characterized
by significant variability: overall mortality is about
6 % while in cohorts of patients with complicated
forms (sepsis, septic shock) this parameter reaches
35-41 % [2, 5, 6]. The pathogenetic concept proposed
by M. Schein et al. in 1996 describes a two-component
model of peritonitis integrating infectious and inflam-
matory cascades [7]. The key position of this hypoth-
esis is that even with adequate surgical debridement
and optimal antimicrobial therapy, a significant risk
of lethal outcome persists, caused by systemic inflam-
matory response syndrome (SIRS) and progressive mul-
tiple organ dysfunction (MODS) [2].

At the cellular and molecular level, SP initiates
a cascade of pathophysiological changes in the intes-
tinal system, including intestinal barrier dysfunction,
impaired neuroendocrine regulation, and disruption
of microbiotic homeostasis [8, 9]. In 85-100 % of cas-
es, these processes naturally lead to the development
of enteral insufficiency syndrome (EIS) [10], which acts
as a key pathogenetic link in the formation of abdomi-
nal sepsis and multiple organ dysfunction of the “intes-
tine — target organs” type [10, 11].

The modern concept considers EIS as a system
of interrelated pathogenetic processes, the prima-
ry link of which is dysregulation and destabilization
of the membrane homeostasis of tissue structures
of the intestinal wall, especially its mucous layer, which
causes profound disorders of the functional and met-
abolic status of the intestine against the background
of acute abdominal pathology [10].

At the same time, EIS acts as a connecting link be-
tween reflex intestinal paresis and multiple organ dys-
function. EIS aggravates the course of the underlying
disease, increases the probability of complications,
and increases the risk of unfavorable outcomes.

An analysis of existing publications reveals
significant gaps in the understanding of key as-
pects of the pathogenesis of enteral insufficiency.
In particular, there is insufficient fundamental research
on the study of pathogenetic mechanisms of enter-
al disorders at the level of cell membranes of entero-
cytes, underlying the dysregulation of the barrier
function of the intestine. In addition, the pathogenesis
of motor-evacuation disorders and the role of damage
to the mucous membrane in diffuse purulent peritoni-
tis require systematic study to establish their universal-
ity and pathogenetic significance.

It is precisely therefore that a deeper study
of the pathogenetic mechanisms of the development
of enteral insufficiency will allow creating the basis
for the development of therapeutic strategies aimed
at correcting key links of pathogenesis and, as a con-
sequence, at the severity of the course of peritonitis.
The introduction of a stratified approach that takes into
account the features of the development of EIS in each
specific clinical case determines the potential possi-
bility of introducing important changes into the com-
plex of treatment and reducing mortality in this group
of patients.

AIM

To analyze literature data and present a review
of current concepts of the pathogenetic mechanisms
of the development of enteral insufficiency syndrome
in secondary diffuse peritonitis.

MATERIALS AND METHODS

Using the databases of the Scientific Library of Rus-
sia (eLibrary.ru, Cyberleninka.ru) and the US Nation-
al Library of Medicine (PubMed.org, Wiley.com) over
the past decade (2014-2024) in Russian and English,
an analysis of studies devoted to the problems of the de-
velopment of enteral insufficiency in secondary perito-
nitis was conducted. The following keywords were used
as search queries: “peritonitis”, “enteral insufficiency”,
“etiology of enteral insufficiency’, “pathogenesis of en-
teral insufficiency”, “abdominal sepsis”, “peritonitis”, “en-
teral failure”, “etiology of enteral failure”, “pathogenesis
of enteral failure development”, “abdominal sepsis”.

Inclusion criteria for the review: works devoted
to the development of enteral insufficiency in inflam-
matory diseases of the abdominal cavity and peritonitis.

Exclusion criteria: articles containing information
on the development of enteral insufficiency in patients
with septic, metabolic, and complex nutritional compli-
cations that usually occur in patients with inflammatory
bowel diseases requiring multidisciplinary intervention
with metabolic and nutritional support for recovery,
as well as information on the development of enteral
insufficiency requiring long-term nutritional support.

In the analysis of the literature for the specified pe-
riod, a predominance of sources from foreign search

systems was established.

RESULTS AND DISCUSSION

For three decades, the hypothesis that the intestine
plays a key role in the development of multiple organ
dysfunction syndrome has dominated. According to this
concept, inflammatory processes in the abdominal cav-
ity increase the permeability of the intestinal barrier,
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which promotes the translocation of viable bacteria
into the systemic bloodstream, causing the phenome-
non of endotoxin aggression and leading to abdomi-
nal sepsis and multiple organ failure. However, further
studies of pathogenetic mechanisms have shown that
intestinal dysfunction is formed as a result of more
complex and multicomponent processes [12, 13].

The intestine is a finely tuned dynamic ecosystem
consisting of approximately 40 trillion microorgan-
isms, a single-layer intestinal epithelium that separates
the host from the microbiome and its products, as well
as theimmune system of the mucous membrane, which
actively interacts with them in both directions. Normal-
ly, all elements maintain a balanced homeostasis reg-
ulated by hormones, dietary components, inflamma-
tory mediators, and the intestinal nervous system [14],
which benefits both the host and its internal microbial
community [12, 15].

In secondary peritonitis, against the background
of inflammatory changes in the abdominal cavity, dis-
ruption of the function and damage to each component
of the intestine occurs, which leads to damage to both
local and distant organs. In addition, the interaction be-
tween the components of the intestine and distant or-
gans as a result of inflammation aggravates cell and or-
gan damage [12, 16].

The complexity of the functioning of the intestine
liesin the need to simultaneously perform two opposite
tasks: ensuring selective permeability for the absorp-
tion of nutrients into the bloodstream and the internal
environment of the body, and at the same time - an ef-
fective barrier against the penetration of pathogens,
antigens, proinflammatory factors and other harmful
substances from the intestinal lumen [17].

In critically ill patients, the protective mechanisms
supporting the intestinal barrier cease to work due
to impaired blood circulation and neuroendocrine reg-
ulation. Pathogenic processes include hypoperfusion
of the mesentery, impaired intestinal motility, and dis-
ruption of the intestinal barrier with subsequent trans-
location of substances from the intestinal lumen [8, 16].

IMPAIRMENT OF GASTROINTESTINAL
MOTILITY IN PERITONITIS

The development of purulent inflammation
in the abdominal cavity in peritonitis is accompanied
by an imbalance of sympathetic and parasympathetic
regulation, which serves as a key pathogenetic factor
in the impairment of the motor function of the gastro-
intestinal tract [18].

The enteric nervous system consists of many small
ganglia that work independently of each other but re-
tain the ability to interact with each other, forming my-
enteric and submucosal nerve plexuses, and are crucial
for the proper functioning of the intestine. Thus, the my-
enteric plexus (Auerbach’s) regulates the contractile
activity of smooth muscles, ensuring the passage
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of chyme, while the submucosal plexus (Meissner’s)
modulates the processes of secretion and absorption.
Synchronization of their functions is critically important
for effective digestion and assimilation of nutrients [19].

In the initial stages of diffuse peritonitis, the dis-
order of motility, especially in the small intestine, acts
as the primary link in the cascade of pathological
changes leading to the progression of intestinal in-
sufficiency syndrome. Suppression of gastrointesti-
nal motility during the development of inflammation
in the abdominal cavity by the central nervous sys-
tem occurs in response to intense afferent impulses
from peritoneal receptors. Local metasympathetic
innervation of the intestinal wall, controlled by pace-
maker cells of the duodenum, generates the migrating
myoelectric complex (MMC) [20]. In peritonitis, inflam-
mation of the visceral peritoneum reflexively suppress-
es peristalsis mediated by central neuroendocrine
mechanisms. The dominance of sympathetic regula-
tion causes persistent intestinal hypokinesia, accompa-
nied by suppression of the MMC. This leads to paretic
dilation of intestinal loops, wall ischemia, and hypoxic
damage to the metasympathetic nervous system [21].

Intestinal neurons, in response to inflammation, ex-
press Toll-like receptors (TLRs), such as TLR2 and TLR4,
which suggests that bacterial metabolites affect the en-
teric nervous system [18]. Components of the cell walls
of gram-negative and gram-positive bacteria under
conditions of peritonitis activate TLR4 and TLR2, which
leads to a “cytokine storm” - the release of proin-
flammatory mediators. All this affects the progres-
sion of changes in the intestinal wall and contributes
to an increase in its permeability [18, 22].

Subsequent impairment of neurotransmission
is caused by dysmetabolic changes, including the ac-
cumulation of acid hydrolases and intermediate me-
tabolites, which disrupts cholinergic transmission
in neuromuscular synapses of the intestinal wall and in-
termuscular plexuses [21].

Impairment of the motor function of the intestine
leads to the cessation of the process of evacuation
of contents, its accumulation in the lumen - all this
causes overstretching of intestinal loops, impaired mi-
crocirculation in the wall, and its ischemia. Ischemia
in this case comes to the fore as an endogenous cause
of damage to the intestinal wall, which becomes per-
meable to the pathogenic microflora contained in its
lumen.

ROLE OF THE INTESTINAL EPITHELIUM
IN THE DEVELOPMENT OF ENTERAL
INSUFFICIENCY

The intestinal epithelium functions, as the main
barrier between the host organism and the complex
microbial community in the intestinal lumen [23], also
performs many key functions that ensure homeosta-
sis in the body, such as the absorption of nutrients,



barrier protection against pathogens, secretion of hor-
mones and cytokines, synthesis of antimicrobial pep-
tides, and constant interaction with both the gut-as-
sociated lymphoid tissue (the largest lymphoid organ)
and the microbiota of the intestinal lumen [24].

The human host receives almost all nutrients
and is simultaneously protected from trillions of po-
tential microbial invaders by a single-layer intestinal
epithelium. At the base of the intestinal crypt lie plurip-
otent stem cells that actively proliferate and give rise
to daughter cells. These cells differentiate as they mi-
grate upward along the villi into absorbing enterocytes,
goblet cells producing mucus, enteroendocrine cells
that trigger the immunity of the mucous membrane
against parasitic infections, and Paneth cells, which
play an antimicrobial role and regulate the microbiota
through the secretion of lysozyme, defensin, and oth-
er immunoregulatory proteins [25]. All epithelial cells
gradually move to the tops of the villi, while Paneth cells
migrate to the base of the crypt. At the same time, epi-
thelial cells are either completely displaced into the in-
testinal lumen or die as a result of apoptosis, which en-
sures continuous turnover and renewal of the intestinal
epithelium. The entire path from the birth of a cell
to migration/differentiation and death takes less than
a week [12, 15].

In the development of secondary peritonitis,
the integrity of the intestine is disrupted, apoptosis
of the epithelium is accelerated, cell proliferation de-
creases, and their migration slows down. At the subcel-
lular level, in peritonitis, a disruption of redox processes
occurs, including the oxidation of glutathione and glu-
tathione disulfide [26]. At the cellular level, a decrease
in the proliferative activity of crypts is observed against
the background of enhanced apoptosis in both crypts
and villi [27]. In critical states, the migration of epi-
thelial cells slows down due to the TLR4-dependent
mechanism [11]. However, suppression of proliferation
and enhanced apoptosis neutralize this slowdown,
leading to a significant shortening of the villi [28],
which leads to a decrease in the absorptive capaci-
ty of the intestine, changes in systemic inflammation,
and an increase in paracellular permeability [12]. Also,
pronounced changes occur in the structure of the mu-
cous layer: the structure of the intestinal mucosa is de-
stroyed, the number of LGR5" (Leucine-rich repeat-con-
taining G-protein coupled receptor 5*) cells and goblet
cells decreases significantly, and the secretory func-
tion of goblet cells weakens [28, 29], which disrupts
the barrier function of the intestine [28]. Normal-
ly, LGR5" is a marker of adult intestinal stem cells,
and the high rate of renewal of the intestinal mucosa
directly depends on its concentration. Consequently,
with a decrease in the concentration of LGR5*, the dif-
ferentiation and renewal of small intestine cells are dis-
rupted, which leads to morphofunctional disorders
in the intestinal wall [30].

Inanexperimental study by D.S.Parshin (2020), it was
shown that in the development of enteral insufficiency
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in peritonitis, in micropreparations of the small intes-
tine, shortening and thinning of intestinal villi are ob-
served, Paneth cells disappear, while massive desqua-
mation of epithelial cells is noted in the area of the tops
of the villi with exposure of the connective tissue base.
A statistically significant decrease in CD3* and an al-
most complete absence of Bcl-2* cell expression were
noted, which serves as additional evidence of irrevers-
ible apoptotic changes in enterocytes [31].

Also, D.V. Volkov, et al. (2016) studied the morpho-
functional state of the small intestine of experimental
animals with EIS against the background of experimen-
tal fecal peritonitis. It was established that already after
48 hours, pronounced heteromorphism of the struc-
ture of the small intestine villi is observed. The epithe-
lium covering the villi is flattened, significantly infil-
trated with lymphocytes, has a basophilic cytoplasm,
and a high content of ribonucleoproteins. The num-
ber of goblet cells increases, especially at the bottom
of the crypts, while epithelial cells have signs of dystro-
phic changes (karyopyknosis, karyolysis, vesiculation
of the cytoplasm). Local desquamation of epithelio-
cytes is observed. Damage to the mucous membrane
can penetrate to the submucosal and serous mem-
branes [32].

According to I.A. Shurygina et al. (2021), the mor-
phological picture of damage to the small intestine
associated with enteral insufficiency is formed during
the first 12 hours of the development of experimen-
tal peritonitis. It was established that the most infor-
mative and statistically significant criteria reflecting
the dynamics of damage to the intestinal wall were
shortening of villi and disruption of the epithelial cover
of the villi [33].

In a study by E.E. Chepurnykh, et al. (2024), where
the severity of morphological damage to the intestinal
wall was considered as an equivalent of EIS, a direct
dependence of the severity of damage on the degree
of morphological changes was established. A progres-
sively increasing intensification of correlations is ob-
served: on day 3, a strong correlation with the length
and state of the villus stroma was revealed (rs = 0.84);
by day 7, the extent of damage to the intestinal wall
was included in the model (rs = 0.82); and by day 14,
an integral correlation with the entire complex of mor-
phological disorders was recorded (rs = 0.98) [34, 35].

Thus, all the presented experimental studies con-
firm the study by Tang A.L., et al. (2022), which states
that in peritonitis and abdominal sepsis, the mucous
membrane of the intestine suffers more severely than
the serous and muscular membranes, and this is associ-
ated with the features of its blood supply [36]. The cap-
illaries of the villi, which have a physiologically deter-
mined “spiral-shaped structure”, create uneven blood
supply to their tops [37], which makes microcirculation
in this zone especially vulnerable. As experimental stud-
ies by D.V. Volkov, et al. (2016) show, the blood vessels
of the microcirculatory bed sharply dilate and become
plethoric with signs of diapedesis of formed blood



elements [32]. Significant edema of the stromal ele-
ments of the vessel walls is combined with sludging
of blood cellular elements and stasis in hemocapillar-
ies, and thrombosis of small blood vessels. The data ob-
tained by the researchers indicate an early disruption
of microcirculation against the background of intensi-
fication of inflammation in the wall of the small intes-
tine of experimental animals under simulated condi-
tions with EIS, which leads to aggravation of dystrophic
and necrobiotic lesions of epitheliocytes [32].

Simultaneously, an increase in the concentration
of the adhesion molecule PECAM-1 (CD31) in the blood
plasma of experimental animals occurs, while the con-
centration of CD31 is statistically significantly higher
(p < 0.05) in animals with peritonitis. The data obtained
by the authors indicate severe damage to the vascular
endothelium and disruption of the tone of the microcir-
culatory bed [38].

Emerging hypoperfusion and ischemia damage
the mucous barrier, intensify the immunoinflammatory
response, and contribute to the release of biologically
active substances into the blood and mesenteric lym-
phatic vessels [39].

According to B.P. Yoseph, et al., already one hour af-
ter the onset of the inflammatory process and abdom-
inal sepsis, hyperpermeability of the intestinal barrier
is noted [40]. An increase in the permeability of the in-
testinal wall and the development of endotoxicosis are
also associated with the weakening of tight junctions
and the proteins associated with them, which serve
as a kind of entrance gate for paracellular transport
of various substances. Tight junctions in their structure
represent a complex of occludin and claudin proteins
connected to each other by desmosomes and Zonu-
la occludens [41]. The permeability of the intestinal
epithelium directly depends on the state of claudins
and occludins and vice versa. In a functional state,
the proteins are in a state of “waiting”, however, in in-
flammation or damage to the intestinal wall, the expres-
sion of the gene encoding claudin increases. Thus,
in the development of sepsis, the level of claudin-2
and intercellular adhesion molecules (JAM)-A increases,
while the level of claudin-5 and occludin decreases [19].
Increased permeability caused by contraction of the ac-
tin-myosin ring after incubation with IFN-y and TNF-a
provokes the synthesis of IL-13 in enterocytes, which
specifically enhances the expression of claudin-2
and increases the cation current [19]. In addition, bacte-
rial infection activates myosin light chain kinase (MLCK),
which phosphorylates the regulatory light chain of my-
osin, which leads to contraction of the actin-myosin ring
and an increase in paracellular permeability [42]. This
is associated with the action of inflammatory mediators
such as TNF-a and IL-13, which induce the formation
of tight junction proteins [42].

In an experimental study by T. Yumoto, et al., it was
shown that in animals with occludin knockout, intes-
tinal permeability significantly increases, and an in-
crease in the level of systemic cytokines IL-6 and MCP-1
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and bacteremia are also observed. In addition, in mice
with occludin knockout, the level of IL-1f and MCP-
1 in the jejunum was increased, as well as the level
of MCP-1 and IL-17A in the peritoneal fluid, although
the number of bacteria in the peritoneal fluid did not
change. The authors note that 7-day mortality was
significantly higher in animals with occludin knock-
out. Thus, occludin plays a crucial role in maintaining
the barrier function of the intestine and ensuring sur-
vival in sepsis associated with inflammation and bacte-
remia [43].

INTERACTION OF THE MUCOUS MEMBRANE
AND THE INTESTINAL MICROBIOTA
IN PERITONITIS

The mucous membrane of the intestine
and the mucus produced by it prevent contact of bac-
teria with the intestinal epithelium. In inflammation,
the mucous layer is damaged, its hydrophobicity
changes, which, in turn, leads to dysfunction of epithe-
lial cells and a change in intestinal permeability [42].

Normally, the homeostasis of the intestinal mu-
cosa depends on physical and molecular interactions
between three components: the resident microbi-
ota, the epithelial layer, and the local immune sys-
tem [44]. In a study by F. Schreiber, et al., the ability
of the cytokine IL-22 to influence this three-way in-
teraction and stimulate the restoration of intestinal
tissues was shown. IL-22 is produced by immune cells
located under the epithelium and is induced by bac-
teria present in the intestine. IL-22 stimulates epithe-
lial cells through the receptor complex IL-22RA1-IL-
10R2, causing changes in the expression of genes
involved in maintaining the integrity of the epithe-
lial barrier, as well as in various functions associated
with resistance to pathogens, such as modification
and moistening of the mucous layer, strengthening
of tight junctions, and the production of a wide range
of bactericidal compounds. These mechanisms of re-
sistance to pathogens, in turn, affect the composition
of the microbiota and create an environment that ex-
cludes pathogens [44]. In the development of peritoni-
tis, the level of IL-18 increases, which reduces the lev-
el of the IL-22 binding protein, thereby, suppressing
the production of antimicrobial proteins [14].

Thus, the production of intestinal mucus directly
depends on the presence of the microbiota [44, 45].

Of interest are fundamental studies showing that
individual bacteria produce structural appendages
and soluble exoproducts that, interacting with patho-
gen receptors on the intestinal epithelium, serve
as a trigger for launching a number of processes.
For the initiation of subsequent cascade processes,
bacteria do not require active movement, since the re-
ceptors of epithelial cells and antigen-presenting cells
are accessible to luminal pathogens directly on the api-
cal surface of the epithelial barrier.



In peritonitis, bacteria and their products (patho-
gen-associated molecular patterns, PAMPs), including
lipopolysaccharides, phospholipids, and bacterial DNA,
can be recognized by paracrine regulation receptors
(for example, TLR2 and TLR4) on the surface of macro-
phages, neutrophils, dendritic cells, and even entero-
cytes [46]. Thus, intestinal macrophages and dendritic
cells, which are part of the intestinal microbiota, can
detect pathogenic microorganisms in the intesti-
nal lumen using transepithelial dendrites (TED) [47].
Consequently, pathogenic microorganisms cause
a “cytokine storm” with the release of proinflammatory
mediators that lead to local and systemic inflamma-
tion in the intestine [46]. The released mediators can
lead to increased expression of endothelial adhesion
molecules (for example, ICAM, VCAM, E- and P-selec-
tin), which leads to increased influx of neutrophils
and monocytes and, in turn, to an increase in the lev-
el of proinflammatory cytokines and reactive oxygen
species [48]. These cellular reactions enhance vaso-
dilation and cause a high degree of capillary perme-
ability with the development of interstitial edema.
The developing local DIC syndrome leads to hypoxia,
which, in turn, leads to increased apoptosis and necro-
sis of enterocytes, and the regeneration of these en-
terocytes is suppressed. The integrity of enterocytes
is disrupted, which can also contribute to bacterial
translocation [46].

The consequences of this interaction include im-
paired permeability of tight junctions and effects
on the functions of the immune system both locally
and at the systemic level [44, 49].

The predisposition to the realization of such patho-
logical mechanisms is formed with a critical decrease
in the number of protective microbiota, which can
be induced by inflammation. It has been proven, that
already 6 hours after the onset of the inflammatory re-
action, the death of up to 90 % of the normal flora rep-
resented by anaerobic microorganisms occurs, which
as a result leads to the activation of specific patho-
gens producing proteases that initiate the destruction
of the mucous barrier of the intestinal epithelium [49,
50]. According to J.C. Alverdy, et al. (2017), the mech-
anism of this effect has not been fully studied and re-
quires further research [49].

Consequently, it can be concluded, that the mi-
crobiota colonizing the layer of intestinal mucus acts
asakeyregulatorofthefunctional state of both epithe-
liocytes and populations of immunocompetent cells
of the intestinal wall, thereby maintaining non-inflam-
matory homeostasis. Numerous experimental data in-
dicate that a violation of the integrity of the mucous
barrier in combination with a decrease in the num-
ber of protective autochthonous microbiota, a de-
crease in the synthesis of antimicrobial peptides such
as lysozyme, defensins and immunoglobulin A [24,
51], create the prerequisites for the development
of severe complications caused by facilitated adhe-
sion and subsequent translocation of pathogens into
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the abdominal cavity and systemic hemo- and lymph
flow [21, 52, 53].

Thus, the development of purulent inflammation
of the peritoneum induces a pronounced imbalance
of microbial populations, characterized by a change
in their quantitative ratio and atypical distribution
along the parts of the gastrointestinal tract. In the con-
text of enteral insufficiency associated with abdomi-
nal sepsis, the dynamics of these disorders is divided
into four successive phases. Initially, a sharp decrease
in the number of obligate symbionts in their typical
biotopes occurs. The second phase is characterized
by a dysbiotic shift. A change in autochthonous micro-
flora occurs with a dominant increase in populations
of opportunistic bacteria such as Escherichia spp.,
Klebsiella spp., Lactobacillus spp., Campylobacter spp.,
and Enterococcus spp. Subsequently, the migration
of autochthonous microflora to the proximal parts
of the intestine is noted, which are normally charac-
terized by low microbial density, which is defined
as the phenomenon of proximal microbial contami-
nation. In conclusion, in microbial associations that
have colonized unusual biotopes, pathogenicity signs
are formed and expressed, potentiating the mainte-
nance of the septic state [21]. The pathological process
is characterized by the development of pronounced
dysbiosis, manifested by a decrease in the diversity
of autochthonous microbiota, the dominance of op-
portunistic species and an increase in their virulent
potential [12, 54]. These changes lead to a violation
of immune homeostasis and dysfunction of interac-
tion between the epithelium and the microbiome [12].
The mucous layer exfoliates from the wall of the colon,
which leads to direct contact of pathogenic microflora
with the intestinal epithelium [55].

Itis at this stage that the intestinal microbiota or its
products, such as molecular damage markers (DAMPs)
in the lymphatic ducts and endotoxins in the portal
blood, can cause dysfunction of distant organs in pa-
tients with impaired or dysfunctional gastrointestinal
tract and lead to the development of multiple organ
failure and abdominal sepsis [56].

D.S Arshin, et al. (2021) analyzed the results of treat-
ment of 233 patients with diffuse secondary purulent
peritonitis complicated by EIS. It was established that
as EIS progresses in patients with diffuse peritonitis,
the enteral pathobiome changes: against the back-
ground of a decrease in the growth of saprophytic
microflora (Staphylococcus saprophyticus and Esche-
richia coli by more than 2 times), a significant increase
in pathogenic isolates (Klebsiella spp., Candida, Clostrid-
ium spp., and Citrobacter (p < 0.05)) is noted, especially
Staphylococcus aureus, and the number of antibiotic-re-
sistant forms increases exponentially [57].

In our opinion, in decompensated EIS under condi-
tions of diffuse peritonitis, one cannot underestimate
the features of the enteral pathobiome and it is neces-
sary to take this into account when choosing therapy
for such a severe category of patients.



CONCLUSION

Purulent peritonitis leads to complex structural
and functional disorders in the intestinal wall, con-
tributing in most cases to the development of enter-
al insufficiency. The intestine becomes the “engine
of thanatogenesis” of abdominal sepsis and multiple
organ failure. Against the background of increased
apoptosis of enterocytes, suppression of the prolifera-
tive activity of crypts occurs, the absorption function
is disrupted, and a systemic inflammatory response
develops with an increase in paracellular permeability.
Simultaneously, there is a disintegration of functional
interaction in the system “intestinal epithelium-mi-
crobiota-immune system”, where each of the compo-
nents makes a significant contribution to the damage
of the intestinal barrier, forming a vicious circle of pro-
gression of the pathological process.

In recent years, significant progress has been
achieved in understanding the complex mechanisms
of regulation of the intestinal barrier and intestinal per-
meability. The analysis of current literature data con-
firms the indisputable relevance of the problem of en-
teral insufficiency syndrome.

At the same time, no one doubts that the intesti-
nal tract is one of the main causes of the development
of abdominal sepsis. However, to establish complex
pathogenetic relationships between immune reactions,
inflammation, intestinal microbiota and the integrity
of the intestinal barrier, further research is needed, in-
cluding experimental and translational studies. The fact
of an increase in the permeability of the intestinal wall
preceding the manifestation of pathological processes
in the intestine is fundamentally important. In this re-
gard, the identification of agents capable of preventing
the dysfunction of the intestinal barrier and reducing
its permeability opens prospects for the development
of new therapeutic strategies aimed at strengthening
the barrier function of the intestine.
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