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Many attempts have been made to prevent peritoneal adhesions using anti-adhesion agents, barriers and other 
therapeutic approaches, but their efficacy has not been widely accepted.

Purpose – to determine the effects of mezogel, a mixture of metronidazole, dextran, and contrykal enriched with 
oxygen based on the pro- and anti-inflammatory cytokine concentration in rats with simulated postoperative peri-
toneal adhesions.

Materials and methods. A total of 90 outbred white rats, divided into three groups of 30 animals each, under-
went laparotomy and mechanical injury of the small bowel wall until a drop of blood appeared. After mechanical 
injury of the small bowel wall, the abdominal wound in group 1 animals (control) was closed with a layered suture 
technique; group 2 animals (comparison) were administered one mL of mezogel into the abdominal cavity before 
layer-by-layer suturing; group 3 animals (experimental) were introduced one mL of a specially prepared mixture 
of metronidazole, dextran, and contrykal (in a ratio of 1:1:0.1, respectively) enriched with oxygen into the ab-
dominal cavity before the laparotomy wound was closed. Each surgical intervention lasted 15–20 minutes. On 
days 5, 10 and 21 of the experiment interleukin (IL) 4, IL-6, IL-10 and tumour necrosis factor alpha (TNF-α) were 
determined in the blood by enzyme immunoassay using corresponding test kits manufactured by Bender Med-
systems (Austria).

Results. The levels of the anti-inflammatory cytokines IL-4 and IL-10 increased dynamically in groups 2 and 3, 
while group 1 showed their decrease. The proinflammatory cytokine IL-6 and TNF-α concentration decreased in 
the experimental and comparison groups during the study period. On day 5 in groups 2 and 3, compared to group 1, 
the IL-6 concentration was reduced by 28.4% (p=0.029) and 41.0% (p=0.006), respectively. Group 3 animals had a 
17.6% (p=0.043) lower IL-6 level compared to group 2 animals. On days 10 and 21 a dynamic decrease in IL-6 was 
observed in the animals of groups 2 and 3. Group 3 animals had the lowest TNF-α, 41.9 % (p=0.001) lower than in 
group 1, and 31.7 % (p=0.118) lower than in group 2. There were significant strong relationships detected between 
IL-10 and IL-6 in all groups on day 5 of the study.

Conclusions. The administration of anti-adhesion agents, mezogel and an oxygen-enriched mixture of metro-
nidazole, dextran, and contrykal, inhibits inflammation, which is expressed as a decrease in the concentrations of 
IL-6 and TNF-α. These agents lead to a negative interaction of anti-inflammatory cytokines with pro-inflammatory 
cytokines, in particular IL-4 with IL-6 and IL-10 with IL-6, indicating a greater prophylactic effect.

The experiments with laboratory animals were provided in accordance with all bioethical norms and guidelines.
No conflict of interests was declared by the authors.

Keywords: postoperative intra-abdominal adhesions, mezogel, metronidazole, dextran, contrykal, cytokines, 
correlation.



���������	
�		
��()*+*,)-�./0-12,2�3)4+��54*6786����������	����

Оригінальні дослідження. Абдомінальна хірургія

Читайте нас на сайті: http://med-expert.com.ua

Peritoneal adhesions frequently occur after abdo-
minal surgeries with a prevalence of 93% [18]. Post-
operative adhesions are pathological fusions formed 
between the surfaces of body cavities, starting from the 
connective tissue layer and ending with a fibrous bridge 
with nerves and vessels growing through [9]. In order 
to prevent postoperative adhesions, patients have to 
undergo additional surgeries, which increases the me-
dical expenses and physical burden. A number of film 
or liquid products are widely used to prevent postop-
erative adhesions, which typically serves as barriers to 
separate the contact surfaces of injured tissues. Pro-
ducts commonly used in the clinic include polylactic 
acid film, seprafilm, medical sodium hyaluronate, 
medical chitosan, etc. They have been found to reduce 
adhesion formation in many animal models and in 
some clinical practices [1,10,11]. Simultaneous com-
parisons of the anti-adhesion efficacy of a wide list of 
commercial products with the same animal model or 
clinical practice have been reported [7]. Many attempts 
have been made to prevent peritoneal adhesions using 
anti-adhesion agents, barriers and other therapeutic 

approaches, but their efficacy has not been widely ac-
cepted. So far, the only reliable treatment for adhesions 
is surgery, which, in turn, is accompanied by an in-
creased risk of recurrent adhesions. Despite consider-
able progress in modern perioperative medicine, only 
limited preventive approaches are available; and atrau-
matic surgery remains the most important factor. Basi-
cally, researches are focused on two main strategies for 
preventing adhesions: firstly, intraoperative application 
of mechanical barriers and, secondly, new concepts of 
immunomodulation.

The postoperative adhesions develop mainly due to 
fibrinolytic inhibition and extracellular matrix degra-
dation, inflammatory reactions and tissue hypoxia. 
Adhesions develop as a result of various phenomena, 
including coagulation, inflammation and fibrinolysis, 
while traumatized sites heal. The results of evaluation 
of several substances, which are constituents of agents 
and barriers inhibiting peritoneal adhesions, are pre-
sented [14]. Inflammatory cells such as lymphocytes, 
macrophages, and neutrophils infiltrate the wound 
after peritoneal injury under the conditions of inflam-
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matory and coagulation pathway activation [3]. The 
number of polymorphonuclear neutrophils increases 
in the first two days after injury, and the number of 
macrophages increases in five to six days [18]. Inter-
leukin-1, TNF-α, IL-6 and other adhesion-associated 
cytokines are secreted by macrophages [15,19]. Le-
sional tissue releases cytokines that act individually 
and synergistically to induce a humoral inflammatory 
tissue reaction in response to injury. There is current-
ly insufficient information on the role of IL-6, IL-8, 
and IL-10 in the adhesion development, although 
theoretically they are mediators of the cellular re-
sponse to injury [8].

Thus, although great efforts have been made for pre-
vention, postoperative adhesions remain a challenging 
surgical problem.

The purpose of the study is to determine the effects 
of mezogel, an oxygen-enriched mixture of metronida-
zole, dextran, and contrykal on the concentrations of 
pro- and anti-inflammatory cytokines in rats with simu-
lated postoperative peritoneal adhesions.

Methods of the research
The study was conducted on white outbred rats kept 

under the normal test conditions in the vivarium of the 
Research and Development Centre of the Azerbaijan 
Medical University. Before the experiment, the animals 
were placed in a special room in turns for one month. 
Management of rats and experimental studies were per-
formed according to the Guide for the Care and Use of 
Laboratory Animals (2011) [12].

There was a health check of the animals before the 
operative procedure began. A total of 90 rats divided 
into three groups were used. Each group included 

30 rats kept in three cages with 10 animals in each. After 
calypsol anaesthesia under sterile conditions, all rats 
were fixed dorsally on a special wooden board; hair on 
the abdominal surface was shaved with a sharp razor; 
and then the abdominal skin was incised using a mid-
line access 3–4 cm long. The surface of the small bowel 
segment found carefully in the abdominal cavity on the 
left was mechanically injured with a clean toothbrush 
until bleeding appeared. After mechanical injury the 
abdominal wound in group 1 animals (control) was 
closed using a layered suture technique; in group 2 ani-
mals (comparison) one mL of mezogel was introduced 
into the abdominal cavity and then the abdominal skin 
was sutured with a layered technique. In group 3 ani-
mals (experimental), one mL of specially prepared mix-
ture of metronidazole, dextran, and contrykal (in a ratio 
of 1:1:0.1, respectively) + O2 was introduced into the 
abdominal cavity and the abdominal wound was closed 
with a layered suture technique. Each surgical interven-
tion lasted 15–20 minutes. On days 5, 10, and 21 of the 
experiment, the serum IL-4, IL-6, IL-10, and TNF-α 
levels were measured by enzyme immunoassay using 
corresponding test kits manufactured by Bender Med-
systems (Austria).

The results were statistically processed by nonpara-
metric analysis using SPSS for Windows software (ver-
sion 16.0, SPSS Inc., Chicago, IL, USA). The parameters 
were expressed as mean ± standard deviation (SD), 
numbers, and percentages. The Student’s t-test was cal-
culated to compare the mean values between the groups. 
The strength of correlation relationships between the 
selected indicators was calculated using the Spearman’s 
rank correlation coefficient. Statistical estimates were 
considered significant at p<0.05.

Table 1
Cytokine levels in experimental models of postoperative intraperitoneal adhesions

Group )*+,-
./01*

)*+23-
./01*

)*+4-
./01*

567+8-
./01*

 ���'
1 �"#�b�#	 ��#�
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 ����	
1 �
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Discussion of the research
In the course of the study, the levels of pro- and anti-

inflammatory cytokines were measured in the blood of 
animal models (Table 1).

According to figures from Table 1, the levels of anti-
inflammatory cytokines IL-4 and IL-10 dynamically in-
creased in groups 2 and 3, while in group 1, their decrease 
was observed. In the control group (group 1), the level of 
IL-4 decreased by 12.8% (t=1.20, p=0.270) on day 10 of 
the experiment compared to its level on day 5. On day 21, 
the IL-4 level increased to its baseline level, i.e. the one 
seen on day 5. In group 2, IL-4 on days 10 and 21 ex-
ceeded values on day 5 by 4.7% (t=0.24, p=0.824) and 
8.6% (t=0.45, p=0.663), respectively. The increase in the 
serum IL-4 concentration in group 3 animals compared 
to group 2 was 4.1% (t=0.41, p=0.695). In group 3, the 
IL-4 concentration on days 10 and 21 increased by 8.0% 
(t=0.36, p=0.728) and 10.6% (t=0.58, p=0.578), respec-
tively, compared to that on day 5. Comparison of the 
IL-4 concentration in the blood of animals of groups 
3 and 2 showed its increase in group 3 by 4.3% (t=0.38, 
p=0.714). A comparative analysis between the experi-
mental groups on day 5 showed that the IL-4 level in 
groups 2 and 3 was higher than in group 1 by 4.3% 
(t=0.21, p=0.837) and 8.8% (t=0.47, p=0.650), respec-
tively. No differences in IL-4 levels were found between 
groups 2 and 3. On day 10, in groups 2 and 3, the IL-4 le-
vel was 20.5% (t=1.05, p=0.328) and 25.7% (t=2.46, 
p=0.043) higher, respectively, than in group 1. During 
this period, the difference in the IL-4 level between 
groups 2 and 3 animals was 6.6% (t=0.62, p=0.554). On 
day 21 of the study, in groups 2 and 3, the IL-4 concentra-
tion was 12.5% (t=1.67, p=0.139) and 18.5% (t=1.93, 
p=0.095) higher, respectively, than in group 1.

In the control group (group 1) similar trends of the 
IL-10 and IL-4 levels were observed. On day 10, com-
pared to day 5, the IL-10 level in this group decreased by 
18.8% (t=1.63, p=0.146). On day 21, the IL-10 concen-
tration increased and reached the baseline level. In 
group 2, the cytokine level on days 10 and 21 increased 
by 10.0% (t=0.60, p=0.570) and 13.5% (t=1.08, p=0.314), 
respectively, compared to that on day 5. Comparison of 
the IL-10 concentration in the blood of animals in this 
group on day 21  with the value obtained on day 
10 showed its increase by 3.9% (t=0.27, p=0.793). In 
group 3, the level of IL-10 on day 10, compared to its 
level on day 5, was almost the same, while on day 21 it 
was slightly higher by 7.2% (t=0.73, p=0.490). On day 
21, the IL-10 concentration was 5.1% higher than on day 
10 (t=0.45, p=0.669). Comparison of IL-10 level between 
the experimental models on day 5 revealed that a rela-
tively high level of this cytokine was detected in group 

3 animals, which, when compared to groups 1 and 2, 
revealed the difference of 16.6% (t=1.36, p=0.215) and 
9.7% (t=0.68, p=0.520), respectively. The difference in 
the IL-10 level between groups 1 and 2 was insignificant, 
7.6% (t=0.52, p=0.619). On day 10 of the study, the IL-10 
level in animals of groups 2 and 3 was 32.5% (t=2.31, 
p=0.054) and 33.8% (t=2.75, p=0.028) higher, respec-
tively, than in group 1. There was almost no difference 
between groups 2 and 3. On day 21, the mean IL-10 le vel 
was 20.1% higher in group 2 (t=1.97, p=0.089), and 
22.6% higher in group 3 (t=2.62, p=0.035) than in group 
1. There was little difference between the IL-10 levels in 
groups 2 and 3 (3.1%, t=0.38, p=0.715).

The proinflammatory cytokine IL-6 and TNF-α con-
centration decreased in the experimental and compari-
son groups during the study period. In the control 
group, the IL-6 level on day 10 increased by 12.5% 
(t=0.98, p=0.359) compared to that on day 5 of the ex-
periment. On day 21, the mean IL-6 level decreased by 
12.5% (t=0.98, p=0.359) compared to its level on day 
10 and reached the level recorded on day 5. In group 2, 
the IL-6 level on day 10 was slightly decreased by 4.6% 
(t=0.49, p=0.638) and on day 21 by 12.9% (t=2.02, 
p=0.083) compared to that on day 5. The decrease in the 
IL-6 level on day 21 compared to the level of this cyto-
kine on day 10 was 8.7% (t=0.90, p=0.396). In group 3, 
the IL-6 concentration on day 10 slightly decreased by 
4.6% (t=0.49, p=0.638) and on day 21 by 12.9% (t=2.02, 
p=0.083), compared to that on day 5. The IL-6 level on 
day 21 as compared to the level on day 10 was almost the 
same. A comparative analysis of the serum IL-6 concen-
tration in the experimental animal models showed that 
on day 5 the cytokine concentration in groups 2 and 
3 compared to group 1 decreased by 28.4% (t=2.73, 
p=0.029) and 41.0% (t=3.88, p=0.006), respectively. The 
IL-6 level was 17.6% (t=2.46, p=0.043) lower in group 
3 compared to its level in the animals of group 2. On day 
10, the IL-6 level in groups 2 and 3 animals decreased by 
40.2% (t=3.78, p=0.007) and 49.0% (t=5.15, p=0.001), 
respectively, compared to the cytokine level in group 1. 
In group 3 animals compared to group 2, the IL-6 level 
was 14.8% lower (t=1.63, p=0.147). On day 21, the mean 
serum IL-6 concentration was 37.6% (t=3.65, p=0.008) 
and 43.0% (t=4.30, p=0.003) lower in groups 2 and 3 ani-
mals than in group 1. In group 3 animals compared to 
group 2 the IL-6 level was 8.6% lower (t=1.47, p=0.186).

The TNF-α concentration in group 1 on day 10 com-
pared to the level on day 5 was higher by 12.33% (t=0.93, 
p=0.385). On day 21, TNF-α level decreased to the value 
observed on day 5. In group 2, the concentration of this 
cytokine on days 10 and 21 decreased by 5.5% (t=0.25, 
p=0.813) and 13.4% (t=0.65, p=0.536), respectively, 
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compared to that on day 5. The TNF-α level on 
day 21 decreased by 8.3% (t=0.43, p=0.683) compared 
to its level on day 10. In group 3, the TNF-α concentra-
tion on day 10 tended to increase compared to its level 
on day 5, but on day 21 it reached the value existing on 
day 5 of the experiment. Comparative between-group 
analysis of the serum TNF-α concentration in animals 
on day 5 showed that group 3 animals had the lowest 
values, which was 41.9% (t=6.15, p=0.001) lower than in 
group 1 and 31.7% (t=1.78, p=0.118) lower than in 
group 2. On day 10 of the experimental study, the TNF-α 
level in group 3 animals was lower by 48.8% (t=3.59, 
p=0.009) than in group 1 and by 27.3% (t=1.61, p=0.152) 
than in group  2. TheTNF-α level in group 2 was 29.5% 
lower (t=1.79, p=0.117) than in group 1. On day 21, the 
mean serum TNF-α concentration in groups 2 and 3 ani-
mals decreased by 28.3% (t=2.39, p=0.048) and 47.3% 
(t=7.21, p=0.001), respectively, compared to group 1. 
Group 3 animals had a 28.4% lower TNF-α level (t=1.98, 
p=0.088) compared to group 2.

Thus, in the experimental and comparison groups, 
there was an increase in anti-inflammatory IL-4 and 
IL-10 and a decrease in pro-inflammatory cytokines, 
IL-6 and TNF-α.

The correlation relationship between cytokines in the 
experimental groups at different times of the study was 
analyzed (Table 2).

According to the Table 2 data, statistically significant 
strong relationships were detected between IL-10 and 
IL-6 in all groups on day 5 of the study, and, what’s inter-
esting, if in groups 1 and 2 the correlation was direct, 
then in group 3 it was inverse. Besides, during this time 
period of the study, a statistically significant moderate 
correlation was observed in group 2 between IL-10 and 
TNF-α, which became even stronger on day 10. There 
was also a strong, inverse, statistically significant correla-
tion relationship between IL-10 and IL-6 in group 3 on 
day 10. A moderate significant correlation between 
IL-10 and TNF-α was detected in this group. On day 
21 of the experimental study, a strong, significant direct 
correlation relationship between the anti-inflammatory 
cytokines IL-4 and IL-10 was detected in groups 2 and 
3, whereas in the control group, those cytokines were 
weakly correlated between themselves. A high correla-
tion between IL-4 and TNF-α was observed in group 3. 
Moreover, in this group, IL-10 correlated with TNF-α by 
a moderate direct significant relationship and IL-6 cor-
related with TNF-α by a moderate inverse significant 
relationship.

According to the results, pro-inflammatory IL-6 and 
TNF-α were significantly reduced in the models with 
introduced anti-adhesion agents. IL-6 is considered a 
marker of early tissue injury [8] and is induced by 
TNF-α in mesothelial cells in a time- and dose-depen-

Table 2
Correlation coefficient (r) between pro- and anti-inflammatory cytokines in the blood of experimental models over time
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dent manner. The overall identification of the elevated 
IL-6 levels in intra-abdominal adhesions in both patients 
and animals [8] indicates a critical role for the lympho-
cyte balance in the regulation of ongoing inflammatory 
and regenerative processes involved in adhesion forma-
tion. Activated mesothelial cells, which can be induced 
by inflammation, are known to produce and secrete large 
amounts of IL-6 in the abdominal cavity [8]. A study 
showed that IL-6 is a promoter of fibrosis [8]. The ther-
apy with monoclonal antibodies to the IL-6 receptor in 
a mouse model of abdominal adhesions has been re-
ported to reduce neutrophil recruitment and adhesion 
formation [17]. Recently, J.M. Tsai et al. [16] sequenced 
RNA in the isolated superficial mesothelium using a 
mouse model for adhesions in vivo. They showed that 
the expression of gene set related to the inflammatory 
response, encoding cytokines, chemotactic factors, and 
nuclear factor κB signalling components, is regulated in 
the early stages after adhesion induction. Overproduc-
tion of inflammatory mediators at the early stage plays 
an important role in the regulation of extracellular ma-
trix formation in postoperative adhesions [17]. It was 
made an assumption that both TNF-α and IL-6 regulate 
clotting cascade formation and fibrinogenesis [2]. Anti-
body therapy to the IL-6 receptor is assumed to reduce 
surgical adhesion formation [17]. Taken together, the 
extent of damage determines the degree of inflamma-
tory response, which in turn determines the severity of 
adhesion formation.

When the peritoneum is injured, inflammatory 
cells such as neutrophils, monocytes, and lympho-
cytes migrate to the damaged area [4,5]. TNF-α is 
mainly secreted by monocytes, which are considered 
to be one of the main inflammatory cytokines deter-
mining the degree of adhesion  [14]. J.  Rocha et 
al. [13] investigated the anti-inflammatory effects of 
rosmarinic acid on thermal injury and found that ros-
marinic acid significantly reduced TNF-α level in the 
blood versus control. According to Ding et al. [6], 
IL-6 and TNF-α in serum and abdominal exudate 
played an important role in the development of small 
bowel obstruction after laparoscopic appendectomy. 
Peritoneal IL-6 was the most reliable prognostic 
marker of small bowel obstruction.

We believe that the approaches we presented have the 
potential to reduce postoperative adhesions.

Conclusions
Based on the results of our study on rats, it was 

found that the administration of anti-adhesion agents, 
such as mezogel and an oxygen-enriched mixture of 
metronidazole, dextran, and contrykal, inhibit inflam-

mation, which is expressed as a decrease in the 
IL-6 and TNF-α concentrations. These agents lead to a 
negative interaction of anti-inflammatory cytokines 
with pro-inflammatory ones, in particular IL-4 with 
IL-6 and IL-10 with IL-6, indicating a greater prophy-
lactic effect.

No conflict of interests was declared by the authors.
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