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Abstract
In acute peritonitis, any surgical intervention leads to impaired immune protection with the development of postoperative purulent-sep-
tic complications, which increases several times the likelihood of death, especially in people with secondary immunodeficiency as a 
consequence diabetes mellitus.
We aimed to study the dynamics of pro- and anti-inflammatory cytokine content in rat serum under experimental acute generalized 
peritonitis on the background of diabetes mellitus.
Fifty-six white rats were used for the study. The determination of the serum cytokine profile was performed by enzyme-linked immu-
nosorbent assay.
When comparing the levels of interleukins between the study groups, a statistically significant increase in the level of proinflammatory 
cytokines was found in the group of diabetic animals during all experimental periods. In particular, the concentration of interleukin – 1β 
increased significantly by 94% on day 1 of observation, by 115% on day 3, and by 121% on day 7 compared to the control group. 
Similarly, a significant increase in TNF-α levels was observed in animals with diabetes. In this group, the most significant increase in 
the level of TNF-α was recorded on the seventh day of the experiment, and it increased by 3.4 times.
Animals with acute peritonitis on the background of diabetes had a significantly increased concentration of anti-inflammatory cytokines 
in the serum of all study groups, which confirms their involvement in the pathogenesis of the disease under study.
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Introduction

Acute generalized peritonitis (AGP) is increasingly asso-
ciated with concomitant diabetes mellitus (DM), resulting 
in changes in its mechanisms of development and wors-
ening of the effects of treatment. However, any surgery 
leads to impaired immune protection with the development 
of postoperative purulent-septic complications [1-2], which 
increases several times the likelihood of death, especially 
in people who have secondary immunodeficiency on the 
background of chronic diseases, metabolism disorders, 

and endotoxicosis. In the early postoperative period, there 
are already pronounced disorders of phagocytosis, cellular 
and humoral immunity.

Currently, peritonitis is considered in the inflammatory 
process dynamics, which is characterized by the release 
of pro- and anti-inflammatory cytokines [3-4]. The main 
proinflammatory cytokines are tumor necrosis factor-alpha 
(TNF-α), interleukin (IL)-1 β, IL-6, and IL-8. TNF-α and 
IL-1 β are early regulators of the immune response and in-
duce the release of secondary cytokines such as IL-6 and 
IL-8 [5-6]. As peritonitis progresses, cytokine production 
occurs in accordance with the stages of the pathological 
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process: from activation of synthesis with a massive cas-
cade release of cytokines to inhibition of this process with 
the development of immunoparalysis. Further progression 
of purulent inflammation in the abdominal cavity with the 
addition of other sources of endogenous intoxication (in-
cluding the development of enteric insufficiency) leads to 
hyperactivation of macrophages, neutrophils, endothelial 
system, T- and B lymphocytes [7-8]. In this regard, the 
content of cytokines in the blood and the cells that produce 
them sharply increases. Then, an imbalance develops 
between inflammatory mediators and mechanisms that 
control their production toward the overproduction of cy-
tokines, eicosanoids, reactive oxygen species (NO-, O2-, 
OH-, H2O2, ONO2-), stress hormones, and amino pep-
tides. Cytokines circulating in the blood continuously ac-
tivate new cells with the emergence of a cascade (uncon-
trolled) reaction with their hyperproduction (the so-called 
“cytokine storm”). Thus, there are systemic manifestations 
(syndromes) of toxic action of cytokines – the syndrome 
of “leakage of capillaries”, syndrome of septic shock, and 
others. They are accompanied by impaired microcircula-
tion, pronounced vasodilation, venous overflow, increased 
vascular wall permeability, and edema, hypovolemia, tis-
sue hypoxia, decreased blood pressure, fever, or metabol-
ic acidosis [9-10]. Under certain conditions, these changes 
translate into sepsis, septic shock, and irreversible multiple 
organ failure.

Thus, cytokines can play a significant role in the patho-
genesis of AGP on the background of DM, but the specif-
ic mechanism of their action is not yet well understood. 
Therefore, the aim of our work was to study the content of 
pro- and anti-inflammatory cytokines in the serum of rats 
under the conditions of experimental AGP on the back-
ground of DM.

Material and Methods

The experiment involved 56 white rats, which were divided 
into three groups: the main group – 24 animals with simu-
lated AGP on the background of DM; comparison group – 
24 animals with simulated AGP; the control group – 8 intact 
animals, which were kept under standard vivarium condi-
tions. All groups of animals compared were representative 
in terms of weight, sex, and age.

The experimental DM was reproduced by intraperito-
neal administration of streptozotocin on an empty stomach 
at a dose of 60 mg/kg (“Sigmal”), which was dissolved in 
sodium citrate buffer, pH 4.5) [11]. Studies on the glucose 
content were carried out by the glucose-oxidant method 
at 9:00h under conditions of free access of experimental 
animals to food and water during the night period. Insulin 
(0-2 units subcutaneously, two to five times a week) was 
administered to rats throughout the observation period.

After two weeks from the use of streptozotocin in rats, 
the glucose content from the venous blood, which was ob-
tained from the tail vein, was determined. In subsequent 
studies, only those rats in which the glucose content was 
greater than 300 mg/L were further examined. Animals of 

the control group were administered subcutaneously ster-
ile sodium chloride solution 0.9%.

The influence of AGP on the course of DM was studied 
on the model proposed by Lazarenko et al. [12]. This mod-
el is close to a similar process in humans in terms of etio-
logical factors, clinical manifestations, and course phase. 
On the 14th day after the administration of streptozotocin, 
animals of the main group were injected with 10% filtered 
fecal suspension into the abdominal cavity at a dose of 
0.5 ml per 100 g of body weight. Rats of the comparative 
group received only a subcutaneous injection of fecal 
suspension. The fecal suspension was obtained by mix-
ing an isotonic solution and feces from the cecum of 2–3 
intact animals, then filtered twice through a double layer 
of gauze. The resulting suspension was injected into the 
intact rats in a puncture manner no later than 20 minutes 
after preparation. In order to avoid damage to the internal 
organs when the fecal suspension was introduced into the 
abdominal cavity, the animals were kept upright. By the 
method of puncture of the ventral wall in the center of the 
midline of the abdomen, directing the end of the needle 
alternately into the right and left hypochondrium, right and 
left iliac areas, the same amount of fecal suspension was 
administered.

The observation dates were 1, 3, and 7 days. This 
experimental study was conducted in accordance with the 
general rules and regulations of the European Convention 
on the Protection of Vertebrate Animals, which are used for 
research and other scientific purposes (Strasbourg, 1986).

Determination of cytokine profile in serum (interleu-
kin-1β (IL-1β), interleukin-10 (IL-10) and tumor necrosis 
factor-α (TNF-α)) was determined by enzyme-linked im-
munosorbent assay using an “ELISA Kit for Rats”, Uscn 
Life Science Inc. according to the manufacturer’s instruc-
tions [13].

Results

Currently, there is no doubt that in AGP against the back-
ground of DM, the activation of specific and nonspecific 
immune responses is associated with the effect on vari-
ous homeostatic systems of a variety of universal media-
tors, among which cytokines are essential. They are often 
called cellular hormones because they interact with spe-
cific cellular receptors, exerting autocrine, paracrine, and 
endocrine regulation. Cytokines act primarily not only at 
the level of the inflammation site and the territory of the 
responding lymphoid organs, but also at the level of the 
whole organism, so there is a need to study the interleu-
kins in the blood plasma to study the systemic nature of 
inflammation in AGP against the background of DM.

Our study showed that on the first day after the mod-
eling of AGP (comparative group), the level of IL-1β in se-
rum increased statistically significantly by 86%. In contrast, 
on the third day, there was a significant increase of 104% 
relative to intact animals and 107% compared to the con-
trol group on day 7 of the experiment (Figure 1). In ani-
mals of the main experimental group with AGP against the 
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background of DM, the concentration of IL-1β significantly 
increased on 1 day of observation by 94%, on the third day 
by 115%, on the seventh day by 121% compared with the 
intact group (Figure 2).

In the analysis of the anti-inflammatory IL-10 level on 
days 1, 3 and 7, it was noted that in the serum of exper-
imental animals with AGP, there was a statistically insig-
nificant decrease of this cytokine by 11%, 13% and 16%, 
respectively. The study showed that the level of IL-10 in the 

serum of animals with AGP on the background of DM sig-
nificantly decreased by 14% in the first day, by 17% on the 
third day, by 15% on the seventh day compared to intact 
animals (Figure 2). 

In our study, the level of TNF-α in the serum of a group 
of animals with simulated AGP for the first, third and sev-
enth days of the experiment increased statistically signif-
icantly by 3.2, 3.3 and 3.4 times, respectively. Similarly, 
the indicator of growth was observed in the animals of the 

Figure 1: Levels of pro- and anti-inflammatory serum interleukins in animals with AGP.
Notes: * – significance of the difference of indicators in comparison control group.

Figure 2: Levels of pro- and anti-inflammatory serum interleukins in animals with AGP against the background of DM .
Notes: * – significance of the difference of indicators in comparison to the control group.
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main group. The most significant increase in TNF-α level 
in animals of the AGP group against the background of DM 
was recorded on the seventh day of the experiment – it 
increased by 3.4 times.

Analyzing these results, we can conclude that mod-
eling of AGP against the background of DM leads to im-
paired immunological and nonspecific reactivity of the or-
ganism.

Discussion

Analyzing these results, we can conclude that modeling 
of AGP against the background of DM leads to impaired 
immunological and nonspecific reactivity of the organ-
ism. It is known that the microbial factor in peritonitis is 
the trigger mechanism of subsequent pathophysiological 
disorders [14]. Under the influence of microorganisms and 
their toxins, the cells of the immune and reticuloendothelial 
systems (tissue macrophages, endothelial cells, polymor-
phonuclear neutrophils, basophils, mast cells, and lympho-
cytes) are activated, and a local inflammatory reaction first 
develops. During this period, local production of activated 
cells by various cytokine mediators is noted: interleukins, 
tumor necrosis factors, interferons, growth factors [15].

The initiation and major stages of the development of 
an inflammatory response are controlled mainly by proin-
flammatory cytokines produced by macrophages, neu-
trophils, and T-cells in response to stimulation by bacte-
rial agents. Naturally, gram-negative endotoxin stimulates 
macrophages and neutrophils to produce TNF- α, IL-1, IL-
12, IL-8, and IL-6. Exotoxins, superantigens of gram-pos-
itive bacteria activate T-cells and monocytes to produce 
IL-2, IL-1, TNF-α. At the same time, proinflammatory cy-
tokines play a protective role because they provide infec-
tions with effector cells (neutrophils, macrophages), stim-
ulate their phagocytic, bactericidal activity, and induce the 
initiation of an antigen-specific immune response, which 
together promotes pathogen elimination [16].

Due to the massive contamination of the abdominal 
cavity and the formation of a large number of toxins and bi-
ologically active substances that interact with the highly re-
active and highly resorptive peritoneum, the mechanisms 
of limiting the local inflammatory process in conditions of 
peritonitis are widespread. As a result of increasing the per-
meability of the endothelium, cytokines enter the systemic 
bloodstream, where they activate leukocytes and platelets 
and cause the release of adhesion molecules from the 
endothelium. Initially, under the action of a small number 
of proinflammatory cytokines (IL-1, IL-6), an initial acute-
phase reaction occurs, aimed at mobilizing the body’s de-
fenses at the systemic level [17]. This process is part of 
the general adaptive response of the body to inflammation 
and is characterized by activation of the neuroendocrine 
system, stimulation of leukocytopoiesis in the bone mar-
row and the release of neutrophils into circulation from the 
bone marrow, increased hepatic production of acute-phase 
proteins, development and generalized. At this stage, the 
compensatory secretion of anti-inflammatory mediators 

(IL-4, IL-10, IL-13) counteracts the overactive activity of 
proinflammatory cytokines. Further progression of perito-
nitis is accompanied by increased absorption of purulent 
effusion derivatives from the abdominal cavity, and pro-
gressive bowel paresis and ischemia of the intestinal wall 
causes translocation of the intestinal flora and the intake of 
microorganisms and their toxins into the intestinal blood-
stream. This leads to over-activation of cytokine-producing 
cells, massive production and accumulation of cytokines in 
the blood. In such conditions, proinflammatory cytokines, 
together with other inflammatory mediators, become ag-
gression factors, exhibiting a destructive effect on the 
tissues and endothelium, and as a consequence, inflam-
matory reaction syndrome and abdominal sepsis develop 
[18]. TNF, a key multifunctional cytokine of systemic ac-
tion, plays a dominant role in the development of local and 
general pathological processes. In high concentrations, it 
delivers a powerful cytotoxic effect, induces cell necrosis, 
impairs the permeability and function of the endothelium 
of the capillaries, which leads to a disorder of microcircu-
lation and hypoxia of tissues, increases oxidative stress 
and catabolism processes, causes central hypertension, 
synthesis of other cytokines, as confirmed by our research.

It is also known that DM is characterized by a progres-
sive deterioration of pancreatic function [19], resulting in 
intensified beta-cell apoptosis. It is known that IL-1β may 
mediate beta-cell apoptosis. IL-1β binds to the IL-1 recep-
tor on the surface of these cells, leading to the activation 
of pro-apoptotic NF-κB transcription factors, DNA fragmen-
tation, and loss of functional activity. IL-1β activates ІкВ 
βkinases and thus may induce insulin resistance.

Thus, interleukin-1 β may be one of the factors that 
differentially affect the nature of pancreatic β-cell function 
- from stimulation to inactivation, which is characteristic of 
the dynamics of DM development. At the same time, the 
metabolic shifts that accompany this disease, in particular 
hyperglycemia [20], are the cause of long-term persistence 
of increased activity of cytokine-producing cells and thus 
contribute to the progression of the disease. It was found 
that under the conditions of experimental AGP against the 
background of DM, the level of IL-1 in the serum on day 1 
increased by 94% compared with the control animals.

The data obtained indicate the activation of mac-
rophages and the possibility of inhibition of β-cell functional 
capacity. IL-1β activates T and B lymphocytes, enhances 
their cytotoxic properties, and initiates TNF-α synthesis.

As a typical anti-inflammatory cytokine, which plays a 
key role in the regulation of the intensity of inflammation 
and the effectiveness of immune defense, TNF-α refers to 
markers of nonspecific generalized inflammation. It has nu-
merous immunomodulatory effects that are fundamental in 
the pathogenesis of autoimmune inflammation. Currently, 
there is evidence that TNF-α has the ability to stimulate the 
proliferation of autoreactive lymphocytes of different class-
es, to cause aberrant expression of adhesion molecules 
and antigens of histocompatibility class II on the surface 
of pancreatic cells, which can lead to the disruption of the 
process of antigen recognition [21]. In addition, one of the 
key biological properties of TNF-α is its involvement in the 
receptor pathway of apoptosis of immunocompetent cells.
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Changes in the TNF-α system in diabetes can be ex-
plained from two points. First, they can be a consequence 
of metabolic disorders (dysglycemia, dyslipidemia [22] in 
diabetes [23], and, as a consequence, “metabolic immu-
nodeficiency”, in which it is necessary to increase the inte-
gral indicators of the functional properties of mononuclear 
leukocytes due to T-cell production to maintain a normal 
immune response [24]. The second hypothesis is that ab-
normalities in the TNF-α system are primary, genetically 
determined, and, along with other mechanisms, cause the 
immunopathogenesis of autoimmune diabetes.

IL-10 is a typical anti-inflammatory cytokine that is 
able to block the synthesis of cytokines produced by mac-
rophages, such as proinflammatory cytokines (interferon 
and TNF-α) [25]. Therefore, it is advisable to believe that 
IL-10 has a protective effect on diabetes. We recorded a 
decrease in the content of the investigated cytokine in ani-
mals of all study groups, at all times, which is quite natural 
and consistent with literature data.

Conclusion

In animals with AGP on the background of DM, the concen-
tration of anti-inflammatory cytokines in the serum of ani-
mals of all study groups was significantly increased, which 
confirms their involvement in the pathogenesis of the in-
vestigated pathology. In particular, the concentration of 
interleukin – 1β increased significantly by 94% on the first 
day of observation, by 115% on the third day, and by 121 
on the seventh day compared to the control group. Similar-
ly, a significant increase in TNF-α levels was observed in 
animals with diabetes. The most significant increase in the 
level of this indicator in this group of animals was recorded 
on the seventh day of the experiment – by 3.4 times.

Under these conditions, a new level of regulatory in-
terconnection is emerging, where changes in the cytokine 
system of macrophage origin play an important role. This 
suggests that the development of complications in this co-
morbid pathology is associated with a violation of nonspe-
cific immunity.
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