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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-a) 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-a 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-a, 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-a. 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.
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Bnaus npotucnaiikoBux 3acobis Ha LMTOKIHOBKIA Npodinb B eKcnepumeHTanbHi mogeni
3 nichaonepauiiHMMM BHYTPiLLHbOYEPEBHMMMU CMANKaMK

®.T. Axmedos?, I.b. Icaeé?, C.B. lynieea®

fonosHull KniHiyHul 20cnimane 36poliHux Cun MO AsepbalioxcaHcbKoi Pecnybniku, m. baky
2Haykoso-xipypeaiuHuli yueHmp imeHi akademika M.A. Tonuybawosa, Baku, Azerbaijan
3AzepbalioncaHckuli meduyuHckul yHusepcmumem, Baku

3pobneHo 6arato cnpob 3anobirTi yTBOPEHHIO NepUTOHeaNbHMX CMAoK 3a A0NOMOTOH aHTUCNANKOBUX Npenapartis, 6ap’epis Ta iHLWMX
TepaneBTUYHWUX METOZ,B, asie IXHA ePEKTUBHICTb HE OTPMMANA WMPOKOTO BU3HAHHS.

Merta — BU3HaUNTK edeKT Me30rento, CyMilli METPOHIAA30/1y, AEKCTPaHY | KOHTPUKaNY, 36arayeHoi KUCHEM, 33 KOHLEHTPaLiel npo-
i NPOTM3anaibHUX LMTOKIHIB Yy LLypPiB i3 MOAEIbOBaHUMM MicAsonepaL,iiHUMMU NePUTOHEANIbHUMM CRaiiKamu.

Marepianu Ta metogm. Ycboro focnigxysanu 90 6esnoposHux 6inux wypis, nogineHwx Ha Tpu rpynu no 30 ronis, AKUM BUKOHYBaNu
NanapoToMito Ta MeXaHiyHe NOLKOAMEHHA CTIHOK TOHKOI KMLWKKM A0 NOABM Kpanai KpoBi. TBapuHam 1-i rpynu (KOHTpoAbHOI) nicas
MEeXaHIYHOTO YIUKOAKEHHSA CTIHKM TOHKOI KMLLKW LUKIpY }KMBOTA MOLIAPOBO 3LWMBANM; TBAPUHAM 2-i rpynu (NOPIBHAHHA) L0 NOWapOBOro
3LUMBAHHSA B YePEBHY NOPOXKHMHY BBOAMAM ME30reNb Y KiNbKoCTi 1 MA; TBapuHam 3-i rpynu (4ocnigHoi) 4o 3aKpUTTA NanapoTOMHOI paHK
B YEPEBHY NOPOXHMUHY BBOAUIM NO 1 MA cneLlia/ibHO NPUTroTOBaHOI CyMilli METPOHIZLA301y, AEKCTPaHy Ta KOHTPUKaNy, 36arayeHoi KUcHem
(v cniBBigHowWweHHi 1:1:0,1). KoxHe onepaLiiiHe BTpydYaHHaA Tpusano 15-20 xs. Ha 5, 10 i 21-wy aoby eKcnepuMeHTy B KpoBi BU3Havanu 1/1-4,
1/1-6, 1N1-10 i baKkTOp HEKpo3y nyxanHu-anbda (PHM-a) meTogom imyHOGEPMEHTHOTO aHani3y 3 BUKOPUCTaHHAM BifNOBiAHNX TECT-CUCTEM
¢ipmu «Bender Medsystems» (AscTpis).

Pe3ynbrati. PiBHi NpoTM3ananbHUX UMTOKiHIB I/1-4 i 1/1-10 AMHamiuHo nigsuwyBanucs y 2 i 3-1 rpynax, Togi Ak y 1-v rpyni BiA3Hayanocs ixHe
3HWKeHHSA. KOHLEeHTpaLis npo3anasbHUX LUTOKIHIB I1-6 | PHI-ay nopiBHANbLHIN | LOCAIAHIN rpynax y nepios 4OCAIAKEHHS 3HUKYBANACA.
Ha 5-Ty ao6y y 2 i 3-i rpynax nopisHAHO 3 1-t0 rpynoto KoHueHTpaLia 1/1-6 6yna 3HuKeHot Ha 28,4% (p=0,029) i Ha 41,0% (p=0,006)
BiZNOBIAHO. Y TBApUH 3-i rpynu piBeHb 1/1-6 NopiBHAHO 3 piBHeM y TBapuH 2-i rpynu 6ye Ha 17,6% (p=0,043) Huumm. Ha 10 i 21-wy aoby
cnocTepiranoca AMHamiyHe 3HuKeHHs 1/1-6 y TBapuH 2 i 3-i rpyn. Y TBapuH 3-i rpynu 6yaun HaHMKYi 3HayeHHA OHM-a — Ha 41,9% (p=0,001)
HUKYI, HiXK y 1-7 rpyni, i Ha 31,7% (p=0,118) HusKui, HiXK y 2- rpyni. 3HaYyLL CMAbHI 38’A3KKM BU3HaYanmcsa Mix I/1-10 i 171-6 y Bcix rpynax Ha
5-Ty Boby focnigKeHHA.

BucHOBKW. BBeAEeHHsA aHTMCNANKOBKX 3aC0biB: Me30rento i CyMilli METPOHIAa30/1y, AEKCTPaHY | KOHTPMKany, 3barayeHoi KUCHeM, iHTibye
3aMaNeHHs, WO BUPAKAETLCA 3HUKEHHAM KOHLEeHTpaLT 1/1-6 | ®HM-a. 3a3HaueHi 3acobu Npru3BOAATL A0 HEraTMBHOI B3aEMOZIT NPOTM3ananbHUX

LIMTOKIHIB i3 Mpo3ananbHUMK LMTOKIHAMM, 30Kpema, I/1-4 3 1/1-6 Ta 1/1-10 3 1/1-6, o cBig4MTb NPO Bisblumnid NPodiNaKTUYHNI edeKT.
Mig yac NpoBeAeHHsA EKCNEePUMEHTIB i3 1aboPaTOPHUMM TBAPUHAMM BCi GIOETMYHI HOPMM Ta peKOMeHAaLLii 40TPUMaHO.

ABTOpPY 3aAB/IAHOTb NPO BiACYTHICTb KOHPAIKTY iHTEpPECIB.

Kntouosi cnoea: nichaonepaliiiHi BHYTPiLWHbOYEPEBHI CNAKK, Me30resib, METPOHIAA30/, AEKCTPAH, KOHTPUKA, LLUTOKIHM, Kopenauis.

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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Table 1

Cytokine levels in experimental models of postoperative intraperitoneal adhesions
Group IL-4, IL-10, IL-6, TNF-a,

pg/mL pg/mL pg/mL pg/mL

Day 5
1 16.3+1.0 37.84+3.53 220.64+21.67 38.54+1.97
2 17.04+3.33 40.98+4.90 158.02+7.46* 32.78+5.58
3 17.88+3.18 45.38+4.26 130.22+8.50*,** 22.38+1.74*
Day 10
1 14.22+1.42 30.74+2.53 252.06+23.55 43.9645.51
2 17.88+1.46 45.54+5.89* 150.72+12.82* 30.98+4.74
3 19.14+1.41* 46.42+5.10* 128.48+4.70* 22.52+2.30*
Day 21
1 16.3+1.0 37.84+3.53 220.64+21.67 38.54+1.97
2 18.64+1.15 47.38+3.30 137.56+6.87* 28.40+3.76*
3 20.0+1.76 48.92+2.34* 125.74+4.28* 20.32+1.58*

Note: * — statistical significance of differences in the parameter of the control group; ** — statistical significance of differences in the

parameters between groups 2 and 3.

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-a, 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) + O, 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-a
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.
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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 level
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-a 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-a 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-a 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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Table 2

Correlation coefficient (r) between pro- and anti-inflammatory cytokines in the blood of experimental models over time

Cytokines | Group 1 (n=5) | Group 2 (n=5) | Group 3 (n=5)
Day 5

IL-4 —IL-10 0.459, p>0.05 -0.221, p>0.05 -0.255, p>0.05
IL-4-IL-6 0.740, p<0.01 0.116, p>0.05 0.442, p>0.05
IL-4 — TNF-a -0.133, p>0.05 -0.029, p>0.05 0.091, p>0.05
IL-10-1IL-6 0.866, p<0.001 0.937, p<0.001 -0.835, p<0.001
IL-10—-TNF-a 0.435, p>0.05 0.658, p<0.05 -0.182, p>0.05
IL-6 — TNF-a 0.381, p>0.05 0.477, p>0.05 -0.322, p>0.05
Day 10

IL-4 —IL-10 -0.390, p>0.05 -0.321, p>0.05 0.181, p>0.05
IL-4—1L-6 -0.142, p>0.05 0.019, p>0.05 -0.325, p>0.05
IL-4 — TNF-a 0.118, p>0.05 -0.327, p>0.05 -0.477, p>0.05
IL-10-1IL-6 -0.777, p<0.01 0.197, p>0.05 -0.921, p<0.001
IL-10-TNF-a 0.094, p>0.05 0.937, p<0.001 0.579, p<0.05
IL-6 — TNF-a -0.548, p>0.05 0.430, p>0.05 -0.391, p>0.05
Day 21

IL-4 —IL-10 0.459, p>0.05 0.802, p<0.001 0.805, p<0.001
IL-4—-IL-6 0.740, p<0.01 0.289, p>0.05 -0.219, p>0.05
IL-4 — TNF-a -0.133, p>0.05 0.209, p>0.05 0.794, p<0.01
IL-10—IL-6 0.866, p<0.01 -0.289, p>0.05 -0.185, p>0.05
IL-10 - TNF-a 0.435, p>0.05 0.494, p>0.05 0.524, p<0.05
IL-6 — TNF-a 0.381, p>0.05 -0.167, p>0.05 -0.677, p<0.05

compared to that on day 5. The TNF-a 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-a 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-a 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-a
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-a 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-a 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-a 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-a.

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-a, 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-a 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-a was observed in group 3.
Moreover, in this group, IL-10 correlated with TNF-a by
a moderate direct significant relationship and IL-6 cor-
related with TNF-a by a moderate inverse significant
relationship.

According to the results, pro-inflammatory IL-6 and
TNEF-a 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-a in mesothelial cells in a time- and dose-depen-
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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, ].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 kB 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-a 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-a 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-a level in the
blood versus control. According to Ding et al. [6],
IL-6 and TNF-a 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-a 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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