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Abstract: Background: The most common causes of adhesions include previous abdominal surgeries, foreign body 
reactions and ischemia. The efficacy of fibrinolytics, anticoagulants, anti-inflammatory agents, antibiotics, as well as 
several materials that may serve as a physical barrier to the prevention of these adhesions. Methods: A total of 16 
Wistar-Albino rats weighing between 200-250 grams were used for the study. The rats were divided into two groups, 
as follows: Group 1: Control group and Group 2: Administered with intraperitoneal DMSO. Group 1: The peritoneal 
cavity was opened and the peritoneal surface on both sides of the abdominal wall was mounted by a hemostat and 
the base was sutured with 4/0 silk for several times to form peritoneal ischemia and adhesions. Group 2: Same 
pathway as group 1 has been followed but 1 ml of sterile DMSO solution was infused into the abdomen before the 
midline incision was closed. Results: The extent and amount of the adhesions was significantly lower in the DMSO 
group. The blood tPA levels were significantly higher in the DMSO group than the control group. The tPA levels in the 
peritoneal flush fluid were not significantly different between the two groups. The amount of collagen fibers, the level 
of vascularization and the fibroblastic activity in the DMSO group were significantly lower than the median value 
in the control group. Conclusions: The macroscopic, histopathological and hematological findings of the present 
study demonstrate that the intra-abdominal administration of DMSO reduces intra-abdominal adhesion formation 
through both local and systemic effects.
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Introduction

The fast recovery potential and unique charac-
teristics of the peritoneum play a significant 
role in the formation and prevention of intra-
abdominal adhesions [1]. The surface of the 
peritoneum is covered by a single layer of 
mesothelial cells, and irrespective of the 
degree of peritoneal damage, it is repaired by 
surrounding mesothelial cells within 3-5 days 
[2]. 

Peritoneal adhesions generally appear as 
fibrous bands that form between the serosal 
surfaces and neighboring organs. The most 
common causes of adhesions include previous 
abdominal surgeries (90-95%), foreign body 
reactions and ischemia [3, 4]. Trauma increas-
es fibrin levels by suppressing fibrinolytic activ-

ity, and it also induces the secretion of hista-
mine and vasoactive quinine, thereby increasing 
capillary permeability. Consequently, the se- 
rous-angiosis fluid that is produced plays a role 
in the formation of fibrous bands between the 
peritoneal surface and the neighboring organs. 
The commonly agreed mechanism that under-
lies the formation of adhesions is associated 
with post-surgical tissue ischemia and the sub-
sequent development of fibrosis, accompanied 
by decreased levels of tissue plasminogen acti-
vator (tPA) [5].

The ligation of the peritoneal surfaces with silk 
sutures may result in the formation of adhe-
sions due to foreign body reaction and perito-
neal ischemia. The efficacy of fibrinolytics, anti-
coagulants, anti-inflammatory agents, antibio- 
tics, as well as several materials that may serve 
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as a physical barrier to the prevention of these 
adhesions, which may result in intestinal 
obstructions, volvulus, infertility and abdominal 
or pelvic pain, has been assessed in several 
earlier studies [6-8]. Inflammatory response 
and oxidative stress play significant roles in the 
formation of peritoneal adhesions, and the 
majority of currently available agents aimed to 
prevent adhesions operate by reducing or inhib-
iting these processes. 

Dimethyl-sulfoxide (DMSO) is widely used in 
medicine due to its anti-inflammatory, anti-
coagulant, diuretic and analgesic characteris-
tics, as well as its role in the prevention of fibro-
blast proliferation [9]. In the present study, we 
investigate the anti-inflammatory, anti-prolifer-
ative and fibrinolytic activity of dimethyl-sulfox-
ide in preventing peritoneal adhesions in an 
experimental rat model.

Materials and methods

Ethics approval

Ethics committee approval for this experimen-
tal study was obtained from the T.R. Istanbul 
University Animal Experiments Local Ethics 
Committee (Decision no.: 2016/10). The exper-
imental animals used in this study were provid-
ed by the T.R. Marmara University Experimental 
Animals Application and Research Center, and 
the study was carried out in the Central 
Laboratories of the T.R. Marmara University 
Experimental Animals Application and Research 
Center.

Experimental groups

A total of 16 Wistar-Albino, mixed-strain rats 
weighing between 200-250 grams were used 
for the study. The rats were divided into two 
groups, each consisted of eight rats as follows: 
Group 1: Control group and Group 2: 
Administered with intraperitoneal DMSO. 

All of the rats to be used in this study were kept 
under the same laboratory conditions for one 
week before the experiment. The rats were 
kept at room temperature in 12 hours night-
time and 12 hours daytime cycles, and at most 
in groups of four in standard cages. The rats 
were fed with standard laboratory meals and 
water during the preoperative and postopera-
tive periods.

Surgical technique 

General anesthesia was achieved in all rats 
through the intraperitoneal administration of 
100 mg/kg cetamine (Ketalar, Parke Davis, 
Istanbul, Turkey), after which, the rats were 
placed in the supine position, and their extremi-
ties were fixed with wound plasters. The anteri-
or abdominal wall was shaved, and the shaved 
region was sterilized with a povidone-iodine 
solution (Betadine, Kurtsan, Istanbul, Turkey). 
The surgical procedures were carried out using 
standard tools. Group 1 (Control group): The 
peritoneal cavity was opened with a midline 
incision measuring 3 cm. Approximately 0.5 
cm2 of the peritoneal surface on both sides of 
the abdominal wall was mounted by a hemo-
stat and the base was sutured with 4/0 silk 
(Ipek, Dogsan, Istanbul, Turkey). This procedure 
was repeated three times to form peritoneal 
ischemia and adhesions. The abdominal inci-
sion was closed with a continuous suturing 
technique using a 3/0 polypropylene suture 
material (Prolene, Dogsan, Istanbul, Turkey). 
Group 2 (DMSO group): The peritoneal cavity 
was opened with a midline incision measuring 
3 cm. Approximately 0.5 cm2 of the peritoneal 
surface on both sides of the abdominal wall 
was mounted by a hemostat, and the base was 
sutured with 4/0 silk (Ipek, Dogsan, Istanbul, 
Turkey). This procedure was repeated three 
times to form peritoneal ischemia and adhe-
sions. Afterwards, 1 ml of sterile DMSO solu-
tion was infused into the abdomen, and the 
abdominal midline incision was closed with a 
continuous suturing technique using a 3/0 
polypropylene suture material (Prolene, Dog- 
san, Istanbul, Turkey). All rats were adminis-
tered with an analgesic after the procedure and 
left for reanimation. Standard rat feed and tap 
water were given 6 hours after operation, and 
the rats were permitted to feed ad libitum.

Sacrification and evaluation

None of the rats died as a result of the surgery 
or anesthesia during the postoperative follow-
up. On the 10th day, general anesthesia was 
achieved in all rats through the intraperitoneal 
administration of 100 mg/kg of cetamine. The 
skin was decollated over the facia to avoid 
damaging the implantation line. The abdominal 
wall of all rats was opened in a caudal direction 
with a “reverse U” incision to preserve adhe-
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sion formation. After the peritoneal cavity was 
flushed with sterile physiological serum, 1 ml of 
peritoneal flush fluid was obtained for tPA mea-
surement, and intra-abdominal adhesions were 
quantitatively evaluated according to Nair’s 
macroscopic classification [10]. The evalua-
tions were carried out in a double-blind manner 
by two different investigators, who used a clas-
sification method that was previously explained 
to them. After the macroscopic evaluations, 
samples for pathological examination were 
obtained through excisions of the affected 
organs, along with the adhesion bands in the 
rats that developed adhesions and from exci-
sion of regions of peritoneal ischemia, includ-
ing all layers except the skin, from the rats with-
out adhesion formation. Afterwards, pieces 
obtained for pathological examination were 

microscope after hematoxylin-eosin staining. 
The pathologist who carried out the investiga-
tions was unaware of the group assignments. 
The pieces were classified based on Zuhlke’s 
microscopic classification following the histo-
pathological investigations [11]. 

Statistical analysis

The statistical analyses were carried out using 
NCSS (Number Cruncher Statistical System) 
2007 (NCSS, LLC Kaysville, Utah, USA) soft-
ware. Descriptive statistics were used to 
describe the study data(mean, standard devia-
tion, median, frequency and ratio), and the nor-
mally-distributed variables were compared 
between the study groups with a Mann-Whitney 
U test. Mann-Whitney U test is the nonpa 

Table 1. Comparison of adhesion extent and amount based on 
Nair’s macroscopic classification

Nair’s Macroscopic Classification
aP

DMSO (n=8) Controls (n=8)

Extent of adhesions
+ 1 (12.5) 0

++ 5 (62.5) 1 (12.5)
+++ 2 (25.0) 7 (87.5)

Min-Max (Median) 1-3 (2) 2-3 (3) 0.014*

Amount of adhesions
+ 2 (25.0) 0

++ 6 (75.0) 1 (12.5)
+++ 0 7 (87.5)

Min-Max (Median) 1-2 (2) 2-3 (3) 0.001**

aMann-Whitney U Test, *P<0.05.

Figure 1. Macroscopic classification.

fixed to plates with a 10 per-
cent buffered formaldehyde 
solution. Then, the anesthe-
tized rats were sacrificed 
through the drainage of intra-
cardiac blood, and the collect-
ed blood samples were centri-
fuged at 1000 G for 15 
minutes. The separated plas-
ma samples were transfer- 
red to Eppendorf tubes and 
stored at -20°C for the mea-
surement of tPA levels. The 
samples were then trans-
ferred in cold-chain to Bez- 
mialem University Biochemis- 
try Laboratories, where tPA 
measurements were made 
using the micro-ELISA method 
(Rat tPA ELISA Kit, Innovative 
Research, Novi, USA), accord-
ing to the manufacturer’s 
instructions.

Histopathological examitions 
were carried out at the 
Pathology Laboratories of  
the T.R. Medeniyet Univer- 
sity Goztepe Training and 
Research Hospital. The piees 
that were treated using con-
ventional laboratory methods 
were embedded in paraffin 
blocks, and cross-sections 
with a thickness of 5 microm-
eters were placed on a slide 
and investigated under a light 
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rametric alternative test to the independent 
sample t-test.  It is a non-parametric test that is 
used to compare two sample means that come 
from the same population, and used to test 
whether two sample means are equal or not. 
The results were evaluated within 95 percent 
confidence intervals and p-values <0.05 were 
considered significant.

Results

The study took place between Feb 1, 2016-May 
1, 2016 in the Central Laboratories of the T.R. 
Marmara University Experimental Animals 
Application and Research Center, on a total of 
16 subjects. 

Macroscopic findings

The extent of the adhesions was significantly 
different between the two groups (P=0.014; 
P<0.05), and the median value of the DMSO 
group was significantly lower than that of the 
control group. The amount of adhesion was 
also significantly different between the two 
groups (P=0.001; P<0.05), with the median 
value in the DMSO group being significantly 

levels in the peritoneal flush fluid were not sig-
nificantly different between the two groups 
(P>0.05)(Table 2; Figure 2).

Histopathological findings

The amount of collagen fibers differed signifi-
cantly between the two groups (P=0.013; 
P<0.05), with the median value in the DMSO 
group being significantly lower than the median 
value in the control group. The level of vascular-
ization was also significantly different between 
the two groups (P=0.014; P<0.05), and the 
median value in the DMSO group was signifi-
cantly lower than the median value in the con-
trol group. There was a significant difference 
between the two groups regarding fibroblastic 
activity (P=0.025; P<0.05), and the median 
value in the DMSO group was significantly lower 
than the median value in the control group 
(Table 3; Figure 3).

Discussion

Intra-abdominal adhesion formation is a signifi-
cant cause of postoperative morbidity [12]. 
Adhesions that form after abdomino-pelvic sur-
gery are among the most challenging complica-

Table 2. Comparison of tPA (tissue plasminogen activator) levels in peritoneal flush fluid and blood
Comparison of tPA levels

ap
DMSO (n=8) Controls (n=8)

TPA levels in peritoneal flush fluid (ng/ml) Mean±SD 0.57±0.31 0.65±0.34 0.713
Min-Max (Median) 0.30-1.26 (0.4) 0.26-1.10 (0.6)

Blood tPA levels (ng/ml) Mean±SD 2.06±0.88 0.79±0.42 0.012*

Min-Max (Median) 0.59-3.02 (2.3) 0.26-1.65 (0.7)
aMann-Whitney U Test, *P<0.05.

Figure 2. Comparison of blood tPA levels.

lower than that of the control 
group (Table 1; Figure 1).

Hematological findings

There was a significant differ-
ence in the blood tPA levels of 
the two groups (P=0.012; 
P<0.015), with the measured 
levels being significantly high-
er in the DMSO group than  
the control group. The mean 
blood tPA levels in the DMSO 
and control groups were 2.06 
±0.88 ng/ml and 0.79±0.42 
ng/ml, respectively. The tPA 
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tions for surgeons and gynecologists given that 
they may result in intestinal obstruction, infer-
tility, chronic pelvic pain and potential compli-
cations during future surgeries [13].

Inflammatory response and the associated 
decrease in tissue oxygenation play significant 
roles in the formation of adhesions. Inflam- 
mation is the first response to peritoneal dam-
age, and the development of this response 
depends on local eicosanoid secretion(the 
secretion of prostaglandins in particular) [14, 
15].

Previous surgeries, ischemia and foreign body 
reactions are the leading factors in the forma-

well as its role in the prevention of fibroblast 
proliferation [9].

DMSO is a polar, aprotic solvent that is used as 
an inactive constituent in several FDA-approved 
products, which enhances tissue penetration 
and has a concentration-dependent effect on 
tissue membranes. Modular dynamic simula-
tions have shown that DMSO can break down 
the lipid bilayer, can alter membrane viscosity, 
and can form hydrophilic and hydrophobic 
water pores at higher concentrations [16].

Weaker fibroblastic activity, as seen in the 
DMSO group in this study, could be attributed 
to the high fibrinolytic activity of DMSO. Blood 

Table 3. Microscopic comparison of the amount of collagen fibers, 
level of vascularization and fibroblastic activity

Microscopic Classification
aP

DMSO (n=8) Controls (n=8)
Amount of collagen fibers + 1 (12.5) 0 (0)

++ 6 (75.0) 2 (25.0)
+++ 1 (12.5) 6 (75.0)

Min-Max (Median) 1-3 (1) 2-3 (3) 0.013*

Level of vascularization + 5 (62.5) 0 (0)
++ 2 (25.0) 4 (50.0)

+++ 1 (12.5) 4 (50.0)
Min-Max (Median) 1-3 (1) 2-3 (2.5) 0.014*

Fibroblastic activity + 4 (50.0) 0 (0)
++ 3 (37.5) 4 (50.0)

+++ 1 (12.5) 4 (50.0)
Min-Max (Median) 1-3 (1.5) 2-3 (2.5) 0.025*

aMann-Whitney U Test, **P<0.01.

Figure 3. Microscopic classification.

tion of adhesions [1-4]. To 
induce the formation of peri-
toneal adhesions in this study, 
approximately 0.5 cm2 of the 
peritoneal surface on both 
sides of the abdominal wall 
was mounted by a hemostat, 
and the base was sutured 
with 4/0 silk, and this proce-
dure was repeated three 
times. In this study, the forma-
tion of adhesions may be a 
result of foreign body reac-
tion, which can increase the 
inhibition of the tissue plas-
minogen activator (tPA). Pre- 
vious research showed that 
increased inflammation due 
to foreign body reaction re- 
duces fibrinolytic activity, as 
well as the level of tissue plas-
minogen activator (tPA) by 
increasing the levels of type-1 
and type-2 plasminogen acti-
vator inhibitors (PAI). Type-1 
and type-2 plasminogen acti-
vator inhibitors (PAI) neutral-
ize the activity of tissue plas-
minogen activators (tPA) [1]. 
Reduced oxygenation due to 
increased inflammation may 
also contribute to the forma-
tion of peritoneal adhesions. 

Dimethyl sulfoxide (DMSO) is 
widely used in medicine as a 
result of its anti-inflammatory, 
anti-coagulant, diuretic and 
analgesic characteristics, as 
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tPA levels were significantly elevated in the 
group administered with DMSO in this study, 
and due to its high viscosity, DMSO may have 
served as a barrier and prevented the forma-
tion of peritoneal adhesions by acting as a 
lubricant between areas of peritoneal fibrosis 
and the serosal surfaces of the intra-abdomi-
nal organs. In a previous study, Kilic et al. [17] 
reported relative success in the prevention of 
adhesion formation despite weak fibrinolytic 
activity in subjects administered with intraperi-
toneal physiological serum (PS). This activity of 
PS could also be attributed to that PS forms a 
barrier and acts as a lubricant between regions 
of peritoneal fibrosis and the serosal surfaces 
of the internal organs.

Experimental and clinical studies have demon-
strated that any type of peritoneal damage is 
repaired by the neighboring mesothelial cells 
within 3-5 days, and this rapid recovery poten-
tial of the peritoneum plays a significant role in 
the formation and prevention of intra-abdomi-
nal adhesions [7]. The findings of the histopath-
ological investigations in this study indicate 
that damaged peritoneal surfaces are repaired 
by collagen fibers, capillary vascularization and 
fibrous tissue. 

Dimethyl sulfoxide (DMSO) is also used exten-
sively used as a cryoprotective agent in biologi-
cal research, being a quite polar organic liquid 
that consists of one polar sulphonyl group and 
two apolar methyl groups that is used frequent-
ly as a chemical solvent [18, 19]. Its ability to 
diffuse into biological membranes has led to it 
being used as a cryoprotective agent for the 
hypothermal storage of such blood cells as 
thrombocytes [20, 21]. Its ability to easily dif-
fuse into living cells and modulate membrane 
permeability makes DMSO an appropriate cryo-
protective agent [22], and also reduces the for-
mation of intracellular ice crystals. Accordingly, 
damage resulting from freezing may be reduced 
in cell and tissues perfused with DMSO [23]. 
Some anti-cancer treatment methods may 
reduce fertility, or even cause infertility, and the 
preservation of fertility should be recommend-
ed to patients before initiating such therapies, 
as there are many fertility-preserving treatment 
options available for female patients. Bedaiwy 
et al. [24] and Martinez-Madrid et al. [25, 26] 
carried out initial interventions for preservation 
by perfusing and freezing intact human ovaries 
in a 10 percent DMSO solution.

Conclusion 

The macroscopic, histopathological and hema-
tological findings of the present study demon-
strate that the intra-abdominal administration 
of DMSO reduces intra-abdominal adhesion 
formation through both local and systemic 
effects. Further studies are required to investi-
gate the oral use of DMSO, dose adjustments, 
systemic adverse effects and clinical proce-
dures, such as allergy tests. 
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