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ABSTRACT

Objective of the Study: To collect and analyze literature data on the role of endothelial dysfunction in peritonitis 
development and identify problems associated with its incompletely understood mechanisms.

Materials and Methods: Search, study and analysis of literature data.

Results and Conclusion: Endothelial dysfunction in generalized peritonitis is caused by endotoxinemia and 
endotoxemia, excessive formation of endoperoxides, nitric oxide, peroxynitrite and superoxide anion, as well as 
accumulation of asymmetric dimethylarginine, which aggravates this condition. These substances contribute to 
the occurrence of hemodynamic disorders with subsequent development of multiple organ failure. At the same 
time, pathogenetic therapy of generalized peritonitis does not provide for correction of endothelial dysfunction, 
which necessitates research in this area.
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Background
Progression of inflammation in a closed and complex abdominal 

cavity is accompanied by the development of intoxication, pronoun-
ced hemodynamic and metabolic changes, which significantly affects 
the outcomes of peritonitis [1-7]. In 30-50% of cases, the outcome of 
generalized peritonitis is disability of patients [8-10]. It is important 
to note that the largest group of patients with peritonitis are people 
of working age [11,12]. Treatment of generalized peritonitis requires 
significant economic costs, which exceed the costs of treating non-in-
fectious pathology. The above indicates the social and economic sig-
nificance of the peritonitis problem [13-18]. In turn, the treatment of 
peritonitis, along with surgical intervention and antibacterial therapy, 
involves a pathogenetic approach, which includes anti-inflammatory, 
detoxification, anticoagulant therapy, and relief of intestinal paresis 
[2,4,13,14]. However, the existing pathogenetic therapy of perito-

nitis does not have a corrective effect on the development of endo-
thelial dysfunction, while this mechanism can play one of the most 
important roles in the development of pathology, which determines 
the relevance of searching and analyzing literature on this scientific 
problem. Impact on this pathogenetic link can reduce the mortality of 
patients with peritonitis.

Materials and Methods
A search, study and analysis of literary data on modern views on 

the development of endothelial dysfunction in peritonitis were car-
ried out.

Results
Endothelial dysfunction is understood as an imbalance between 

the production of vasodilatory, angioprotective, antiproliferative fac-
tors (nitric oxide, prostacyclin, tissue plasminogen activator, C-type 
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natriuretic peptide, endothelial hyperpolarizing factor), on the one 
hand, and vasoconstrictor, prothrombotic, proinflammatory, proli-
ferative factors (endothelin-1, thromboxane A2, tissue plasminogen 
activator inhibitor, von Willebrand factor, tumor necrosis factor, su-
peroxide radicals), on the other hand [19,20]. This process begins 
from the first hours after peritonitis induction and manifests itself in 
the form of microcirculation disorders in the intestinal wall, which 
leads to intestinal paresis, impaired absorption of fluid and gases, 
accumulation of products of incomplete metabolism and progression 
of hypoxia [21]. The resulting dysbacteriosis, bacterial translocation 
and colonization of the proximal intestine alter the barrier proper-
ties of the intestinal wall, which contributes to increased entry of 
bacterial endotoxins into the lymphatic system, portal and systemic 
blood flow, and abdominal cavity [22]. The microcirculation system 
of the visceral and peritoneum reacts to any impact by expanding its 
afferent links. Subsequently, due to the loss of water and changes in 
protein composition, erythrocytes aggregation and sludge occur insi-
de the capillaries [23]. The resulting increase in hydrostatic pressure 
inside the afferent vessels leads to the hemorrhage formation.

As with any inflammatory process, peritonitis is characterized by 
the rolling of leukocytes along the endothelial surface, their attach-
ment (adhesion) to the vascular wall, and transvascular transition to 
the site of inflammation [23]. These processes become possible due to 
the expression of intercellular adhesion molecules. In this case, under 
the influence of proinflammatory stimuli, endothelial cells are activa-
ted, release inflammatory mediators, and enhance the regulation of 
cellular adhesion molecules, facilitating the transmigration of leuko-
cytes into the subendothelial space. According to new information, 
this occurs due to the epigenetic mechanisms, namely, methylation of 
nucleic acids, post-translational modification of histones, and non-co-
ding Ribonucleic Acid [24]. In turn, a significant number of different 
biologically active substances, including prostaglandins and leuko-
trienes, contained in a large population of peritoneal macrophages, 
also have proinflammatory properties in relation to the vascular en-
dothelium and increase vasodilation. Increased production of proin-
flammatory cytokines, reactive oxygen and nitrogen species (NO, 
ONOO‾) by leukocytes, especially those adherent to the endothelium, 
leads to increased secretion of proteinases that separate endothelial 
cells from the underlying basement membrane, leading to necrosis 
and desquamation of endothelial cells [24]. Nitric oxide (NO), whi-
ch participates in this process, prevents damage to endothelial cells 
under physiological conditions due to implementation of antioxidant 
effects [25,26].

Acting on smooth myocytes of the vascular wall and released into 
the lumen of blood vessels, NO is captured by erythrocytes, affecting 
the oxygen-transport function of the blood [27]. Under conditions 
of ischemia, erythrocyte nitrite reductase restores NO, it is released 
from erythrocytes and has a vasodilating effect [28]. However, NO 
produced in large quantities by the inducible NO synthase isoform 

during inflammation leads to non-selective cell damage [29,30]. In 
addition, the increase in NO formation is associated with the «leaka-
ge» of the NO synthase substrate, L-arginine, from endothelial NO 
synthase to the inducible (macrophage) isoform of the enzyme. It is 
the decrease in endothelial NO synthase activity and/or activation of 
NO breakdown during oxidative stress that explain the development 
of endothelial dysfunction [31,32]. Under pathological conditions, the 
concentration of NO synthase inhibitors can increase significantly, 
which leads to suppression of enzyme activity and a decrease in NO 
levels to a greater extent. The so-called «L-arginine paradox» is due to 
the formation of high concentrations of an endogenous competitive 
inhibitor – asymmetric dimethylarginine, which is capable of modi-
fying endothelial NO synthase bonds, as a result of which the enzyme 
generates superoxide anion instead of NO, increasing oxidative stress 
and leading to endothelial dysfunction [32,33].

Impaired blood flow under conditions of insufficient endothelial 
NO synthase expression leads to development of ischemia and hypo-
xia, which is a trigger for the implementation of nitrite reductase 
reactions with the NO release [34]. Thus, on the one hand, an increase 
in NO production during inflammation can lead to the formation of 
peroxynitrite (ONOO–), and a decrease in the content of L-arginine 
or its competitive displacement by asymmetric dimethylarginine 
leads to the production of O2– by endothelial NO synthase, which 
also potentiates the formation of ONOO– and can lead to damage to 
the vascular endothelium. At the same time, additional administra-
tion of L-arginine from the outside replaces some of the intracellular 
inhibitors [35], which leads to the activation of NO formation in the 
vascular endothelium [36,37]. It should be noted that endotoxinemia, 
hyperhomocysteinemia and hyperlactacidemia observed in syste-
mic inflammatory response syndrome have an adverse effect on the 
vascular endothelium [38,39], leading to its damage and increased 
mortality of patients [40]. Excessive amounts of endotoxins formed 
in generalized peritonitis bind to serum proteins, which leads to the 
formation of endotoxin-protein complexes [39]. These complexes 
conjugate with all available CD14 cellular receptors – macrophage, 
neutrophil, endotheliocyte, stimulating the production of cytokines, 
active components of the complement system, vasoactive mediators, 
arachidonic acid metabolites, adhesins, kinins, platelet activating fac-
tors, histamine, endothelins, blood clotting factors, oxygen radicals, 
NO.

The septic response to acute endotoxin aggression in generali-
zed peritonitis is characterized by excessive NO production [41], as 
a result of which the endothelium does not respond to vasopressor 
agents: endotoxin and the cytokinesis mediated by it initiate an un-
controlled release of NO, and TNF-α, aggravating these processes, 
contributes to vasoplegia [39,42]. The toxic effect of NO is enhanced 
by peroxynitrite, which has the ability to suppress the Krebs cycle, ri-
bonucleotide reductase activity, and energy production in mitochon-
dria. Limitation of the damaging effect of NO is achieved by its inac-
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tivation with the superoxide radical, an increase in the production of 
which leads to angiospasm and contributes to the progression of en-
dothelial dysfunction. It should be noted that the reduction of excess 
NO production during endotoxin aggression in the acute phase of ge-
neralized peritonitis is achieved by increasing the expression of Bcl-2 
protein, heme oxygenase, heat shock proteins, superoxide dismutase, 
anti-inflammatory interleukins - IL-4, IL-10 [39]. The development of 
endothelial dysfunction in patients with peritonitis, otherwise known 
as «abdominal sepsis», leads to microcirculation disorders in various 
organs with changes in the functional activity of the liver and kidneys, 
respiratory and cardiovascular systems, impaired intestinal blood su-
pply, the formation of portal congestion with liver hypoxia and a drop 
in its detoxification function, contributing to the formation of multi-
ple organ failure [43-45].

Conclusion
Thus, endothelial dysfunction in generalized peritonitis is caused 

by endotoxinemia and endotoxemia, excessive formation of endope-
roxides and other substances that contribute to the occurrence of he-
modynamic disorders with the subsequent development of multiple 
organ failure. At the same time, pathogenetic therapy of generalized 
peritonitis does not provide for the correction of endothelial dysfunc-
tion, which necessitates research in this area.
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