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Abstract

Background: The aim of this study was to estimate the blood levels of interleukins (ILs) and tissue factor (TF) in rat blood
when modeling acute mesenteric ischemia (AMI) in various stages and during reperfusion.

Methods and Results: The study was performed on white non-linear male rats, weighing 200+25g. AMI was simulated by
ligating the cranial mesenteric artery at the mesentery root. Then, at certain time intervals, a relaparotomy was performed, blood
was collected, and the animals were subjected to reperfusion at different time intervals.

During the experiment, the animals were divided into 3 groups depending on the time of ischemia (3 hours [n=10], 6 hours
[n=10], and 8 hours [n=10]) followed by reperfusion after the indicated time of ischemia.

The level of ILs (IL-6, IL-8, and IL-10) and TF in rat blood serum was determined by EIA. We found that AMI in rats is

accompanied by pronounced changes in the immune system and the development of a systemic inflammatory reaction syndrome,
which is aggravated by reperfusion. At the same time, the restoration of blood flow after 3-hour ischemia was characterized by
an increase in the concentration of IL-6, IL-8, and IL-10; after 6-hour ischemia — by an increase in the IL-6, IL-8 content and
TF, and stabilization of the IL-10 concentration. Reperfusion after 8-hour ischemia was accompanied by an increase in the IL-6
concentration, a decrease in the levels of IL-8, IL-10, and TF, which can lead to the progression of necrotic changes in the intestine.

Conclusion: The detected changes can serve as laboratory markers that characterize the course and stage of acute mesenteric
ischemia. (International Journal of Biomedicine. 2020;10(4):416-420.)
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Introduction

Despite the current progress in understanding the
pathogenetic mechanisms of acute mesenteric ischemia (AMI),
AMI remains a serious diagnostic problem, which contributes
to maintaining a high level of mortality in patients.” Early
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diagnosis and rapid surgical intervention are necessary for
adequate recovery of mesenteric blood flow, prevention of
intestinal necrosis, and improvement of the clinical outcome
of the disease.®? Unsatisfactory results of this pathology’s
diagnostics are mainly due to the lack of a typical clinical
picture, the low sensitivity of ultrasound and laparoscopic types
of research, low availability of accurate diagnostic methods,
and the lack of specific laboratory markers of the disease.®)
Cytokines play an important role in the development
and course of various diseases, including those of the
digestive organs.” With the help of these specific proteins, a
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wide interaction is realized at the subcellular, cellular, organ,
and system levels, forming a complex protective reaction
aimed at neutralizing pathogens, destroying them, eliminating
them from the body, and preserving the body’s structural and
functional integrity.®) In the body, cytokines interact closely
with each other, forming a universal biological communication
network that triggers and regulates a cascade of inflammatory,
immune, and metabolic processes.®

An important factor involved in the formation of
atherothrombosis is the tissue factor (TF), which is also closely
related to the immune-inflammatory process, endothelial
dysfunction, angiogenesis, and cell migration processes, all of
which play a significant role not only in the development of
cardiovascular diseases but also in the occurrence of a number
of inflammatory and oncological processes.” Clarification of
AMI pathogenesis based on the analysis of immunological
indicators will help to improve the quality of diagnostics and
improve pathogenetic therapy, which will improve the results
of care for patients with this pathology.

The aim of this study was to estimate the blood levels of
interleukin and TF in rat blood when modeling AMI in various
stages and during reperfusion.

Materials and Methods

The study was performed on white non-linear male
rats, weighing 200+25¢g. The experiment was conducted on
the basis of a certified vivarium of the Chita State Medical
Academy. AMI was simulated by ligating the cranial
mesenteric artery at the mesentery root.®) Termination of
the blood flow through the artery was controlled visually:
paling of the artery distal to the ligation site, desolation of
the marginal vessels of the small intestine, and the cessation
of their pulsation. After the operation, the animal was placed
in a separate box, where it remained until the end of the
experiment. Then, at certain time intervals, a relaparotomy
was performed, blood was collected, and the animals were
subjected to reperfusion at different time intervals. The
resumption of blood flow through the artery was monitored
visually: filling of the artery distal to the ligation site,
filling of the marginal vessels of the small intestine, and the
appearance of their pulsation. The wound was sutured; the
animal was placed in a separate box. A day after reperfusion,
under general anesthesia, a relaparotomy was performed,
as well as intestinal viability assessment, blood sampling,
and histological material sampling; then the animals were
withdrawn from the experiment.

During the experiment, the animals were divided into
3 groups depending on the time of ischemia (3 hours [n=10],
6 hours [n=10], and 8 hours [n=10]) followed by reperfusion
after the indicated time of ischemia.

The level of ILs and TF in rat blood serum was
determined by EIA using test kits Cusabio Biotech Co., Ltd
(China) for IL-6, Ray Biotech, Inc. (Germany) for IL-8 and
IL-10, and Rat Tissue Factor (TF) ELISA (USA). All stages
of the reaction were carried out on ST-3 shaker-incubators
(Latvia) under thermostatically controlled conditions.
Reaction tracking, calibration graphs, and concentration

determination were performed on the ANTHOS 2010 vertical
scanning photometer (Austria) using LabTech software.

The operations and all manipulations with animals
were performed using general anesthesia, and euthanasia - by
overdosing on drugs for anesthesia, taking into account the
provisions regulated by ethical standards. Work on the animals
was done in compliance with the principles of the Helsinki
Declaration on the humane treatment of animals, stated in
normative documents of the European community(86/609/
EU), Manual on Experimental (Preclinical) Study of New
Pharmacological Substances,” and “Good laboratory practice”
(MHREF Order No. 708u dated 23.08.2010).

The study was approved by the Ethics Committee of the
Chita State Medical Academy.

Statistical ~analysis was performed using the
Statistica 6.1 software package (Stat-Soft Inc., USA). The
normality of distribution of continuous variables was tested
by the Kolmogorov-Smirnov test with the Lilliefors correction
and Shapiro-Wilk test. For descriptive analysis, results are
presented as meantstandard deviation (SD). The Wilcoxon
criterion was used to compare the differences between the
paired samples. A probability value of P<0.05 was considered
statistically significant.

Results and Discussion

When studying the dynamics of cytokines in the blood
of experimental animals on the AMI model, the indicators
during ischemia were compared with the initial data, and
the parameters after reperfusion were compared with similar
indicators during ischemia.

After 3 hours of ischemia, we found an increase in the
serum content of IL-6 and IL-8 by 10.1 times (P<0.01) and 4.1
times (P<0.05), respectively, relative to the initial data (Fig.1).
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Fig. 1. Changes in the levels of ILs and TF after 3-hour ischemia
and reperfusion (* - statistically significant differences with
initial data, # - statistically significant differences between
3-hour ischemia and reperfusion).

Recovery of mesenteric blood circulation (reperfusion), in
comparison with data after 3-hour ischemia, caused an even
greater increase in the IL-6 concentration by 1.53 times
(P<0.05) and IL-8 by 3.47 times (P<0.05). The level of
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IL-10 after 3 hours of ischemia increased by 1.67 relative
to the initial level (P<0.05), while reperfusion caused a
sharp increase in the cytokine concentration — by 5.5 times,
compared to data with ischemia (P<0.01). No statistically
significant results were obtained for the TF indicator
(P>0.05).

After 6 hours of ischemia, the serum concentration of
IL-6 increased by 17.35 times (P<0.01), in comparison with
the initial data, and reperfusion contributed to the growth of
this indicator by 1.45 times (P<0.05) (Fig.2). A significant
increase in IL-8 was observed after reperfusion - 7.32 times
higher (P<0.05) than the values of 6-hour ischemia. The IL-
10 level increased by 1.58 times (P<0.05) in relation to the
initial data and did not change after reperfusion. The TF index
decreased by 1.34 times (P<0.05), compared to the initial
value, and by 1.93 times (P<0.05) after reperfusion.
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Fig. 2. Changes in the levels of ILs and TF after 6-hour
ischemia and reperfusion (* - statistically significant
differences with initial data, # - statistically significant
differences between 6-hour ischemia and reperfusion,).
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Fig. 3. Changes in the levels of ILs and TF after 8-hour
ischemia and reperfusion (* - statistically significant
differences with initial data, # - statistically significant
differences between 8-hour ischemia and reperfusion,).

After 8 hours of ischemia, the serum concentration of
IL-6 and IL-8 increased by 16.56 times (P<0.01) and 12.33
times (P<0.05), respectively, compared to the initial data

(Fig.3). At the same time, reperfusion contributed to an
increase in IL-6 by 1.67 times (P<0.05) and a decrease 11 in
IL-8 by 1.51 times (P<0.05). The content of IL-10 increased
by 2.5 times (P<0.05) from the baseline level and fell after
reperfusion by 23.08 times (P<0.05) relative to the data of
8-hour ischemia. The TF index decreased by 1.16 times
(P<0.05) from the initial level and by 1.5 times (P<0.05) after
reperfusion.

By analogy with the processes occurring during
the development of ischemia of other organs, it can be
assumed that the very change in the intensity of blood
flow in the ischemic tissue through the participation of
mechanoreceptors can already serve as a signal to start
the synthesis of proinflammatory cytokines.® Developing
hypoxia leads to a subsequent increase in the level of
oxygen radicals, osmotic disorders, and damage to
cell biomembranes.'*"-'Y Thus, cytokines synthesized
during the development of aseptic inflammation serve as
endogenous mediators of the development of post-ischemic
disorders in tissues.!? IL-6 is synthesized by many types
of cells that trigger and regulate inflammation and immune
response, and has an extremely versatile biological effect.”)
The properties of IL-8 to cause cell migration and promote
cell adhesion define it as an active participant in acute
inflammatory response at the pathogen penetration sites.>®
When studying the blood plasma of rats for the IL-6 and
IL-8 content, we noted their marked increase from the
initial values to the eighth hour of intestinal ischemia. IL-10
is an anti-inflammatory cytokine produced by monocytes,
macrophages, and activated CD4 cells. Attention is drawn
to the ability of macrophages themselves to produce this
cytokine, which is a strong inhibitor for them.® IL-10 is
known to promote humoral immune response and suppress
the cellular immune response, as well as being a natural
inhibitor of the nuclear factor, which plays a universal role
in the development of an inflammatory cascade of various
etiologies.*> We observed an increase in this indicator
during acute mesenteric ischemia, with maximum values
after 8 hours of ischemia.

TF catalyzes the conversion of the inactive plasminogen
to the active plasmin and is an important component of the
fibrinolysis system.© It is also one of the enzymes most often
involved in the processes of destruction of the basement
membrane, extracellular matrix, and cell invasion. The study of
the TF content in the blood during the AMI simulation showed
a decrease in its values during the entire period of ischemia,
relative to the initial indicators, which can be explained by an
increased expenditure of the factor in conditions of ischemic
damage to intestinal tissues.

Next, we studied the effect of reperfusion after
different periods of ischemia on the dynamics of IL-6,
IL-8, IL-10, and TF indicators, depending on the time of
ischemia. The recovery of mesenteric blood circulation
after 3-hour ischemia, caused an increase in the levels of
IL-6, IL-8, and IL-10, which indicated the predominance
of anti-inflammatory cytokine potential in reperfusion at
this time of ischemia. The reperfusion after 6-hour ischemia
caused an increase in the levels of IL-6, IL-8, and TF. Thus,
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reperfusion at this time of ischemia was characterized by
a predominance of proinflammatory cytokine potential.
Restoring of the mesenteric circulation after 8-hour ischemia
was characterized by an increase in the IL-6 concentration
and a decrease in the IL-8 concentration. It is noteworthy that
the restoration of blood circulation at this time led to a sharp
decrease in the IL-10 concentration, which can be explained
by the severity of the pathological process. In addition,
there was a decrease in the TF concentration, relative to the
indicators before reperfusion, which is probably due to the
expenditure of the latter in the conditions of ongoing necrotic
changes in the intestine. It is also impossible to exclude the
progression of mesenteric artery thrombosis, which can
prevent the “leaching” of the factor into the general blood
flow.

Treatment of acute mesenteric ischemiais primarily
aimed at restoring blood circulation in the mesenteric bed.'¥
However, although the restoration of blood flow is essential
in the mitigation of ischemic damage, reperfusion can
initiate a whole series of inflammatory reactions and cause
a local cellular response with the inclusion of molecular
mechanisms.!'” It was found that as a result of reperfusion,
oxygen flow to damaged cells is restored, as a result of
which the mitochondria begin to produce active oxygen
metabolites, which lead to tissue damage.'®2 Cells die
not at the height of ischemia, but after complete or partial
restoration of blood circulation, as a result of increased
oxidative stress reactions.?

Thus, we found that intestinal ischemia in rats for 8 hours
is accompanied by pronounced changes in the immune system
and the development of a systemic inflammatory reaction
syndrome, which is aggravated by reperfusion. The detected
changes can serve as laboratory markers that characterize the
course and stage of acute mesenteric ischemia.
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