
Int Surg 2015;100:87–95
DOI: 10.9738/INTSURG-D-14-00184.1

The Preventive Effect of Dexmedetomidine

Against Postoperative Intra-abdominal

Adhesions in Rats

Serdar Kuru1, Osman Bahadir Bozkirli1, Aziz Mutlu Barlas1, Mehmet Esat Duymus1,

Mehmet Senes2, Nihat Yumusak3, Cevdet Yilmaz2, Kemal Kismet1

1Department of General Surgery, Ankara Education and Research Hospital, Ankara, Turkey

2Department of Biochemistry, Ankara Education and Research Hospital, Ankara, Turkey

3Department of Pathology, Harran University Veterinary Faculty, Sanliurfa, Turkey

This study aimed to determine the possible preventive effects of dexmedetomidine on

postoperative intra-abdominal adhesions. Dexmedetomidine is a highly selective and

potent a2 adrenergic agonist with sedative, analgesic, anxiolytic, sympatholytic,

hemodynamic, and diuretic properties. In recent years, investigations have shown that

dexmedetomidine possesses secondary antioxidant and also anti-inflammatory effects.

Thirty Wistar albino male rats were randomized and divided into 3 groups of 10 animals

each: group 1, sham-operated; group 2, cecal abrasion þ peritoneal dissection; group 3,

cecal abrasionþperitoneal dissection followed by daily intravenous injection of 10 lg/kg

dexmedetomidine for 10 days. The animals were killed on postoperative day 21. Blood

and cecal samples were taken for biochemical and histopathologic evaluation. In this

study, biochemical and pathologic parameters were significantly better in the cecal

abrasion þ peritoneal dissection þ dexmedetomidine group when compared with the

cecal abrasionþperitoneal dissection group. Tissue malondialdehyde, myeloperoxidase,

total sulfhydryl, and catalase were found to be significantly different between the cecal

abrasion/peritoneal dissection þ dexmedetomidine and the cecal abrasion/peritoneal

dissection groups. Plasma malondialdehyde and total sulfhydryl values were also

statistically different between these groups (P , 0.05). Statistical analyses of mean

pathologic scores showed that the histopathologic damage in the cecal abrasion/

peritoneal dissection þ dexmedetomidine group was significantly less than the damage

in the control group (P , 0.05 for all pathologic parameters). The results of this study
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show that dexmedetomidine had a significant preventive effect on postoperative intra-

abdominal adhesions. We concluded that these effects might be due to antioxidant and

anti-inflammatory activities.

Key words: Intraabdominal adhesions – Dexmedetomidine – Oxidative stress – Antioxidant
– Anti-inflammatory

Intraperitoneal adhesions are fibrous tissue bands
inside the peritoneal cavity that occur as a conse-

quence of inflammation or surgical manipulation.1

Adhesions may remain silent or cause pathologic
complications. Postsurgical adhesions severely affect
the quality of life of millions of people worldwide,
causing small-bowel obstruction, difficult reopera-
tions, chronic abdominal and pelvic pain, and female
infertility.2 Although not commonly recognized, ad-
hesions develop in up to 94% of patients after
abdominal operations.3 The goal of adhesion preven-
tion is to abolish or reduce the incidence, severity,
extent, and consequences of adhesions while retaining
normal healing and preventing infection.4 Prevention
strategies can be grouped into 4 categories: general
principles, surgical techniques, mechanical barriers,
and chemical agents.5 Over the years, although
numerous approaches have been used to prevent
adhesions, none of the measures have proved to
completely prevent adhesion development.

Dexmedetomidine, which was approved by the US
Food and Drug Administration in 1999 for the
sedation of patients hospitalized in an intensive care
setting, is a potent a2 adrenergic agonist with sedative,
analgesic, sympatholytic, hemodynamic, and diuretic
properties.6 It has been increasingly used in clinical
practice for anxiolysis, analgesia, sedation, and
anesthetic sparing.7 Both in vivo and in vitro studies
have demonstrated that dexmedetomidine has a
protective effect against ischemia-reperfusion (I/R)
injury of the heart, kidney, brain, and testis in animal
models.8 In preclinical studies on oxidative stress and
free radical formation, prophylactic administration of
dexmedetomidine in various experimental I/R injury
models has been found to protect tissues against the
formation of free radicals after reperfusion. Moreover,
preclinical studies have shown that dexmedetomidine
could decrease systemic inflammation and increase
the survival rate following sepsis caused by endotox-
ins.9 Whole studies have demonstrated that apart
from its anesthetic property, dexmedetomidine pos-
sesses anti-inflammatory, antioxidant, and antiapop-
totic effects.

In the light of all these features of dexmedetomi-
dine, the aim of this study was to investigate the

effects of dexmedetomidine on experimental intra-
peritoneal adhesions and the possible mechanisms
of these effects. To the best of our knowledge, the
effect of dexmedetomidine on intra-abdominal
adhesions has not been previously investigated in
the literature.

Materials and Methods

Animals

Thirty Wistar albino male rats, weighing 250 6 25 g,
were allowed to adapt to laboratory conditions for 1
week before experimental use. The animals had free
access to water and standard laboratory chow. They
were housed under constant temperature (218C 6

28C) individually in wire cages under a 12-hour light-
dark cycle. Twelve hours before anesthesia, the
animals were deprived of food but had free access to
water until 2 hours before anesthesia. No enteral or
parenteral antibiotics were administered at any time.
Rats that died during the experiment were excluded
from the study and no new rats were included. The
procedures in this experimental study were per-
formed in accordance with the National Guidelines
for The Use and Care of Laboratory Animals, and
approval for the study was granted by the Animal
Ethics Committee of Ankara Education and Research
Hospital.

Study groups and operative procedure

The rats were randomized and divided into 3
groups of 10 animals each. All animals were
anesthetized by intramuscular injection of 50 mg/
kg ketamine hydrochloride (Ketalar, Parke-Davis,
Istanbul, Turkey) and 5 mg/kg xylazine (Rompun,
Bayer, Istanbul, Turkey). The abdomen was shaved
and prepared with povidone-iodine. Under sterile
conditions, a midline laparotomy was performed.
The cecum was abraded with sterile gauze until
subserosal hemorrhage had developed. A 1 3 1 cm
patch of peritoneum located opposite the cecal
abrasion was completely dissected. The groups
were formed as group 1, sham-operated (laparoto-
my and cecal mobilization only); group 2 (control),
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cecal abrasion þ peritoneal dissection and no
treatment group; and group III, cecal abrasion þ
peritoneal dissection followed by daily intravenous
injection of 10 lg/kg dexmedetomidine for 10 days.
The animals were allowed to feed and drink water
after the operation. All operations were performed
by the same surgeon. The animals were killed on
postoperative day 21. The adhesions were classified
by a surgeon who was unaware of the groups,
according to a scoring system based on the
evaluation of the appearance, extent, and strength
of the adhesions (Table 1). Blood and tissue (cecum
and peritoneum) samples were taken for biochem-
ical and histopathologic evaluation.

Evaluation of oxidative stress

The evaluation of oxidative stress parameters was
performed in the Biochemistry Department of the
Ankara Education and Research Hospital. Tissues
were stored at �808C until the assays. Tissue
malondialdehyde (MDA), total sulfhydryl (SH)
levels, catalase (CAT), and myeloperoxidase (MPO)
enzyme activities were measured. Plasma MDA and
total SH levels were also evaluated. MDA levels
were calculated by the fluorometric method as
described by Wasowicz et al.10 After the reaction of
thiobarbituric acid with MDA, the reaction product
was extracted in butanol and was measured
spectrofluorometrically at wavelengths of 525 nm
for excitation and 547 nm for emission. A total of 0
to 5 lmol/L 1,10,3,30-tetraethoxypropane solution
was used as a standard. For the measurement of
tissue MDA levels, 50 lL of homogenate was added
and introduced into 10-mL glass tubes containing 1
mL of distilled water. After the addition of 1 mL of
the solution containing 29 mmol/L thiobarbituric
acid in acetic acid and mixing, the samples were
placed in a water bath and heated for 1 hour at 958C
to 1008C. The samples were then cooled, 25 lL of 5
mol/L HCl was added, and the reaction mixture
was extracted by agitation for 5 minutes with 3.5 mL
n-butanol. After separation of the butanol phase by

centrifugation at 1500g for 10 minutes, the fluores-
cence of the butanol extract was measured with a
fluorometer (Hitachi F-2500) at wavelengths of 525
nm for excitation and 547 nm for emission. A total of
0 to 5 lmol/L 1,10,3,30-tetraethoxypropane solution
was used as a standard. MDA levels were given as
micromoles per gram (lmol/g) wet tissue.10

Total SH groups were measured spectrophoto-
metrically using the method of Sedlak and Lind-
say.11 Aliquots of 250 lL of the supernatant fraction
of the tissue homogenate were mixed in 5-mL test
tubes with 750 lL of 0.2 M Tris buffer (pH 8.2), and
50 lL of 0.01 M 5,50-dithiobis(2-nitrobenzoic acid).
The mixture was brought to 5 mL with 3950 lL of
absolute methanol. A reagent blank (without sam-
ple) and a sample blank [without 5,50-dithiobis(2-
nitrobenzoic acid)] were prepared in a similar
manner. The test tubes were stoppered with rubber
caps, the color was developed for 15 minutes, and
the reaction mixtures were centrifuged at approxi-
mately 3000g at room temperature for 15 minutes.
The absorbance of supernatant fractions were read
in a spectrophotometer at 412 nm.11

MPO activity was assayed spectrophotometrical-
ly by determining the decomposition of hydrogen
peroxide using o-Dianisidine as the hydrogen donor.
Tissue samples of approximately 50 mg were taken,
weighed, and homogenized 3 times for 30 seconds
at 48C in 1 mL of ice-cold 0.5% hexadecyltrimethy-
lammonium bromide in 50 mmol/L phosphate
buffer (pH 6). The homogenate was subjected to 3
freeze-thaw cycles and centrifuged for 15 minutes at
40,000g. MPO activity was determined by the
addition of 0.1 mL of the supernatant to 2.9 mL of
50 mmol/L phosphate buffer containing 0.167 mg/
mL o-Dianisidine dihydrochloride and 0.0005%
hydrogen peroxide. The change in absorbance at
460 nm during a 5-minute period was measured at
258C. The data were expressed as the change in
absorbance per minute per gram wet weight.12

CAT activity was assayed using the method of
Yasmineh and Theologides.13 The absorbance change
of hydrogen peroxide, which was degraded by CAT

Table 1 Adhesion scoring systema

Score Extent Appearance Strength

0 No No No
1 Less than 25% Filmy, avascular Separated easily
2 Between 25% and 50% Dense, avascular Separated by traction
3 Between 50% and 75% Dense, capillary vascularization Sharp dissection needed for separation
4 More than 75% Dense, vascular

aThe total adhesion score for each rat is equal to the sum of the scores received from each section. The highest possible score is 11.
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activity, was monitored at 240 nm. CAT activity was
calculated by using change of absorbance per minute,
molar absorptivity coefficient of hydrogen peroxide,
and dilution factor. Results were expressed as units
per milligram (U/mg) protein.

Histopathologic examination

The histopathologic analyses were performed in the
Pathology Department of the Harran University
Faculty of Veterinary Medicine. For light microscopy
analyses, the samples obtained from the cecum and
peritoneum were fixed in 10% neutral-buffered
formalin solution for 2 days. The tissues were
washed in running water and were dehydrated with
increasing concentrations of ethanol (50%, 75%, 96%,
and 100%). After dehydration, the specimens were
put into xylene to obtain transparency and were then
infiltrated with and embedded in paraffin. The
embedded tissues were cut into 5-lm–thick sections
using a Leica RM 2125 RT microtome and stained
with hematoxylin-eosin. Histopathologic examina-
tions were performed with a light microscope
(Olympus BX51TF) by a pathologist blinded to the
study design. Inflammatory activities and fibrosis
were graded semiquantitatively (0, no inflammation
or fibrosis; 1, rare; 2, mild; 3, prominent; 4, severe).

Statistical analysis

Data analysis was performed using the Statistical
Package for Social Sciences (SPSS) version 15.0 for
Windows (SPSS Inc, Chicago, Illinois). All variables
were normally distributed about the mean. Data

were presented as mean 6 SD. Differences between
the groups were evaluated by one-way analysis of
variance or Kruskal-Wallis variance analysis, which-
ever was appropriate. When the P values from the
variance analysis were statistically significant, the
Tukey honestly significant difference or Mann-
Whitney U multiple comparison test was used to
determine which group was different from the
others. A value of P , 0.05 was considered to be
statistically significant.

Results

General

Four rats from the control group died during the
study. These rats were excluded from the study and
no new rats were included. The remaining rats were
killed on postoperative day 21.

Adhesion scores

The mean adhesion scores are summarized in Table
2. There was a significant difference between the
control group and the dexmedetomidine group (P¼
0.041). The difference between the sham and
dexmedetomidine groups was not statistically sig-
nificant (P . 0.05). In other words, dexmedetomi-
dine prevented adhesion formation significantly.

Oxidative stress

Tissue MDA, total SH levels, CAT, and MPO
enzyme activities are summarized in Table 3.
According to the MDA levels, there was a significant
difference between the control and other groups (P¼
0.001 for sham group, P ¼ 0.003 for dexmedetomi-
dine group). The difference between the sham and
dexmedetomidine groups was not significant (P .

0.05). Total SH levels were significantly different
between the control and other groups (P¼ 0.001 for
the sham group and 0.011 for the dexmedetomidine
group). When CAT and MPO activities were
compared, the differences between the control and
other groups were significant (P ¼ 0.002 for CAT,

Table 2 The mean adhesion scores of the groups

Groups Mean adhesion scores

Sham (n ¼ 10) 2.50 6 1.22a

Control (n ¼ 6) 8.00 6 2.91
Dexmedetomidine (n ¼ 10) 4.80 6 1.94b

aSignificantly different, sham versus control group (P ¼ 0.019).
bSignificantly different, control versus dexmedetomidine group

(P ¼ 0.041).

Table 3 Mean tissue oxidative stress parameters of the groups

Groups MDA (nmol/mg protein) Total SH (nmol/mg protein) CAT (U/mg protein) MPO (U/mg protein)

Sham (n ¼ 10) 80.20 6 30.71a 121.20 6 17.39a 968.60 6 141.19a 86.90 6 28.82a

Control (n ¼ 6) 169.00 6 18.70 73.00 6 11.08 665.83 6 70.45 152.66 6 33.09
Dexmedetomidine (n ¼ 10) 103.80 6 32.69b 108.20 6 35.34b 933.60 6 137.58b 104.40 6 13.28b

aSignificantly different, sham versus control group (P , 0.05).
bSignificantly different, control versus dexmedetomidine group (P , 0.05).
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0.003 for MPO between control and sham groups; P
¼ 0.001 for CAT, 0.002 for MPO between control and
dexmedetomidine groups). No significant difference
was found between the sham and dexmedetomidine
groups according to tissue CAT and MPO activities
and total SH levels (P . 0.05 for all parameters).

The mean plasma MDA and total SH levels of
groups are given in Table 4. There was a significant
difference between control and other groups
according to MDA and total SH plasma levels (P
¼ 0.001 and P ¼ 0.03 for MDA; P ¼ 0.001 and P ¼
0.001 for total SH, respectively, for sham and
dexmedetomidine groups). There was no statisti-
cally significant difference between sham and
dexmedetomidine groups (P . 0.05).

Histopathologic results

The histologic findings of the groups are represent-
ed in Figs. 1, 2, and 3. The mean pathologic scores
are summarized in Table 5. The difference between
the control and dexmedetomidine groups was
statistically significant (P ¼ 0.001 for both inflam-
mation and fibrosis). There was no significant

difference between the sham and dexmedetomidine
groups for inflammation and fibrosis scores (P .

0.05). The pathologic scores and findings were in
accordance with the adhesion scores.

Discussion

It is already well known that peritoneal adhesions
can be found in up to 93% of patients undergoing
intra-abdominal surgery, although most of these
adhesions, fortunately, are asymptomatic. Neverthe-
less, adhesion formation still presents a major cause
of postoperative complications in abdominal and
gynecologic surgeries, such as chronic abdominal or
pelvic pain, infertility, and intestinal obstructions.

Table 4 Mean plasma oxidative stress parameters of the groups

Groups Total SH (nmol/L) MDA (nmol/L)

Sham (n ¼ 10) 17.43 6 6.65a 144.90 6 19.03a

Control (n ¼ 6) 6.62 6 1.92 86.16 6 12.71
Dexmedetomidine (n ¼ 10) 13.76 6 3.37b 124.80 6 35.19b

aSignificantly different, sham versus control group (P , 0.05).
bSignificantly different, control versus dexmedetomidine group

(P , 0.05).

Fig. 1 Sham group: normal architecture (hematoxylin-eosin,

320).

Fig. 2 Control group: Severe fibrosis (*) and inflammation

(arrow) (hematoxylin-eosin, 310).

Fig. 3 Dexmedetomidine group: mild fibrosis (*) and

inflammation (arrow) (hematoxylin-eosin, 320).
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Moreover, existing peritoneal adhesions lead to
elevated rates of reoperation, longer operation time,
and an increased risk of intraoperative complica-
tions.14

The peritoneum is the largest serous membrane
in the body. With a surface of 2 m2 it is equivalent to
that of the skin, and it covers the visceral organs
(visceral peritoneum) and lines the abdominal
cavity (parietal peritoneum).15 Peritoneal surface is
highly susceptible to trauma. Minimal mobilization
or damage to the peritoneum can result in denuda-
tion of peritoneal surfaces, which can trigger the
formation of adhesions.16

Peritoneal adhesion formation is the result of a
complex interactive cascade involving cellular and
humoral factors, the exact mechanisms of which are
still poorly understood. The cellular factors are
mesothelial cells, several types of inflammatory
cells, and fibroblasts. The interplay of these cells
and the structural organization are regulated by a
number of cytokines, growth factors, and signaling
molecules.14 Initial local ischemia and the resulting
inflammatory reaction in the damaged tissue both
play key roles in peritoneal adhesion formation. The
inflammation is triggered by inflammatory media-
tors released by mesothelial cells from the edges of
the traumatized area and the dispersion of fibrin
onto the affected surface. Both elements cause the
migration of inflammatory cells into the traumatized
tissue.1

Ischemia has been proposed as the most impor-
tant insult that leads to adhesion development.17

Hypoxia induces the conversion of fibroblasts with a
normal peritoneal phenotype into fibroblasts with
an adhesion phenotype; such fibroblasts have a
lower fibrinolytic activity and have a significant
increase in basal mRNA levels for several cytokines,
coagulatory factors, and crucial proteolytic enzymes
that play a role in the extracellular matrix remod-
eling process of healing.16 The fibrin deposits
represent an adhesive surface that would be
degraded by the fibrinolytic properties of mesothe-

lial cells under physiologic conditions or in cases of
limited lesions. However, extensive tissue damage,
local ischemia, and the absence of adequate fibrino-
lytic activity of the mesothelium after peritoneal
trauma lead to an imbalance between fibrinolytic
and procoagulatory factors, favoring the formation
of fibrin clots.1,14 Under normal conditions, this
fibrinous exudate serves as a platform for appropri-
ate healing to progress, but under certain pathologic
circumstances the deposited fibrin can instead serve
as a bridge between unrelated neighboring tissues.18

These fibrin bands are transformed into granulation
tissue by the ingrowth of capillaries and fibroblasts
and are subsequently converted into permanent,
collagenous, highly organized tissue containing
nerve fibers and vessels.1

The results of many studies have shown that
reactive oxygen species and inflammatory reactions
play an important role in adhesion formation. Raa et
al19 demonstrated that reactive oxygen species had a
key role in the complex pathophysiology of postop-
erative adhesion formation. Roy et al20 demonstrat-
ed the colonization of inflammatory cells and their
derivative reactive oxygen species in human perito-
neal tissue. Oxidative stress is a process of tissue
injury caused by the effect of free radicals. Reactive
intermediates produced under conditions of oxida-
tive stress cause the oxidation of polyunsaturated
fatty acid in the membrane lipid bilayers, leading
eventually to the formation of aldehydes.21 Oxida-
tive stress produces reactive oxygen species and
induces uncontrolled lipid peroxidation. The prod-
ucts of oxidative stress, such as MDA, have been
found in the blood of patients. These products are
extremely cytotoxic and damage cell membranes
and intracellular macromolecules.22

Over the years, numerous agents have been
investigated for the prevention of intra-abdominal
adhesions. Their roles are to activate fibrinolysis,
hamper coagulation, diminish the inflammatory
response, inhibit collagen synthesis, or create a
barrier between adjacent wound surfaces. However,
none of them have been found to completely
prevent adhesion development.23–25

In the current study, an evaluation was made of
the possible adhesion-preventive effects of dexme-
detomidine, which is an a2 adrenergic agonist. It
acts by binding to G protein–coupled a2 adrenergic
receptors, which are found in the central, peripheral,
and autonomic nervous systems and also in various
vital organs and blood vessels throughout the body.
In the intensive care setting, it has been effectively
used in postoperative analgesia and sedation of

Table 5 The mean pathologic scores of the groups

Groups Fibrosis Inflammation

Sham (n ¼ 10) 0.20 6 0.08a 0.20 6 0.08a

Control (n ¼ 6) 3.50 6 0.54 3.00 6 0.63
Dexmedetomidine (n ¼ 10) 0.60 6 0.23b 0.30 6 0.11b

aSignificantly different, sham versus control group (P , 0.001).
bSignificantly different, control versus dexmedetomidine group

(P ¼ 0.001).
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high-risk and complex surgical patients, as well as
during transition from other conventional sedatives.
The activation of postsynaptic a2 receptors leads to
sympatholysis and results in hypotension and
bradycardia, thus helping to attenuate the stress
response. Dexmedetomidine also offers good peri-
operative hemodynamic stability and an intraoper-
ative anesthetic-sparing effect. Therefore, it is used
as anesthetic adjuvant during surgery.26,27

The attenuation of noradrenaline release in the
circulation by dexmedetomidine may prevent the
potentially destructive effects of excess metabolism
caused by noradrenaline, by means of prohibiting
increased free oxygen radical production.28 Tüfek et
al29 showed that, when given before the induction of
ischemia, dexmedetomidine was a protective agent
against oxidative alterations in hepatic I/R injury on
the liver and remote organs. Previous studies have
demonstrated that dexmedetomidine may lessen
systemic inflammation and increase survival rates in
sepsis and endotoxin-induced shock in rats.7 In a
study by Sun et al,30 it was reported that the
protective effects of dexmedetomidine on I/R-
induced lung inflammation, capillary barrier dys-
function, tissue edema, and injury were similar to
those of the steroid dexamethasone. Studies on rats
have supported that it could decrease systemic
inflammation and increase the survival rate follow-
ing sepsis caused by endotoxins.31,32

In the present study it was found that dexmede-
tomidine had a significant adhesion-preventive
effect. There was a statistically significant difference
between the control group and the dexmedetomi-
dine group (P ¼ 0.041). The difference between the
sham and dexmedetomidine groups was not statis-
tically significant (P . 0.05). To evaluate the
underlying mechanism of this adhesion-preventive
effect of dexmedetomidine, tissue levels of MDA,
MPO, CAT, and total SH, as well as the blood levels
of MDA and total SH, were determined. The anti-
inflammatory effect of dexmedetomidine was also
evaluated by histopathologic examination.

MDA is the end product of lipid peroxidation
and is widely used as a marker of oxidative
activity.33 In a study by Kurt et al,34 the inhibition
of acute I/R damage by dexmedetomidine in rat
ovarian tissue was investigated, and microscopic
findings, such as very severe edema, very severe
vascular congestion, hemorrhage and leukocytic
infiltrates, were found to be present in the ovarian
tissue with elevated MDA; these histologic obser-
vations indicated that the increase in MDA was
related to the intensity of the tissue injury. Gideroglu

et al35 also reported that ischemic insult resulted in
high MDA levels in an inferior epigastric artery skin
flap as a flap I/R injury model. Studies of various
tissues have shown that dexmedetomidine prevent-
ed an increase in MDA levels, thus resulting in a
simultaneous decrease in lipid peroxidation.6,9,28,34

In the present study, MDA levels were measured to
evaluate lipid peroxidation and tissue damage. The
tissue and plasma MDA levels were higher in the
control group than in the sham and dexmedetomi-
dine groups. These results show that dexmedetomi-
dine reduced tissue injury and lipid peroxidation.

MPO, which is a member of the heme peroxidase-
cyclooxygenase superfamily, is used as an enzyme
marker for the degree of neutrophil infiltration.
Many reports have shown that activated neutrophils
are able to produce oxygen metabolites or protease,
and these neutrophil-derived cytotoxic agents cause
endothelial cell injury and result in tissue damage.
Overreaction of neutrophils may be responsible for
organ failure in various pathologic conditions.36

MPO is abundant in the granules of human
inflammatory cells, such as activated neutrophils,
macrophages, and monocytes.37 It was consistently
proven that dexmedetomidine decreased tissue
MPO in studies carried out by Uysal et al28 and
Kiliç et al.38 In the current study, MPO activity was
used to evaluate the degree of neutrophil infiltra-
tion. Tissue MPO activity was high in the control
group when compared with the sham and dexme-
detomidine groups. In other words, the treatment
with dexmedetomidine reduced the tissue MPO
activity, and this process might be considered as less
tissue injury and less neutrophil infiltration.

Aerobic organisms defend themselves against
reactive oxygen and nitrogen species through
enzymatic and nonenzymatic detoxification mecha-
nisms. The enzymatic detoxification mechanisms
involve antioxidant enzymes (superoxide dismu-
tases, CATs, and peroxidases), low–molecular
weight antioxidants [vitamin E, vitamin C, glutathi-
one (GSH), ubiquinone, beta-carotene, etc], and
adaptive mechanisms leading to antioxidant gene
expression. Enzymatic antioxidants reduce or com-
pletely eliminate the hazardous effects of reactive
oxygen species. CAT reduces H2O2 to O2 and H2O.
CAT is more important when H2O2 levels are low.
At higher concentrations of H2O2, GSH peroxidase
enzyme, which is dependent on reduced GSH, is
responsible for detoxifying H2O2. Finally, these
enzymes catalyze the conversion of reactive oxygen
species into less reactive species.39,40 In this study,
CAT levels were low in the control group and high
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in the dexmedetomidine group. This result proves
that dexmedetomidine increases the CAT level.

GSH is a cysteine-containing tripeptide that is
abundant in most eukaryotic cells. GSH helps to
maintain cellular sulfhydryl residues in a reduced
state. GSH also reacts with free radicals, generating
glutathionyl. GSH is involved in DNA synthesis, the
repair of injured DNA portions, metabolic functions,
inactivation of toxic substances, and the prevention
of possible damage caused by free radicals.41

Although the physiologic significance of protein
glutathiolation has not been fully assessed, it is
currently believed that the addition of GSH to
protein sulfhydryls prevents excessive oxidation,
and thereby preserves protein integrity and function
under conditions of oxidative stress. GSH and total
SH levels have been found to be lower in injured
tissues compared with normal tissues. GSH has
been measured to assess the defense mechanism
against the hazardous effects of reactive oxygen
species, and to roughly estimate the degree of
injured tissues. To date, published papers have
supported that dexmedetomidine increases the GSH
level.34,42 Similarly, in the current study plasma and
tissue total SH levels were low in the control group
and high in the dexmedetomidine group.

As previously mentioned, oxidative stress plays
an important role in postoperative intra-abdominal
adhesion formation. In the current study, it was
shown that dexmedetomidine had significant anti-
oxidant capacity. Thus, it can be concluded that the
antioxidant effects of dexmedetomidine might have
a role in adhesion prevention.

It is clearly known that inflammation and fibrosis
are the main factors for adhesion formation.1,14 The
mean fibrosis and inflammation scores detected in
the current study are summarized in Table 3. The
difference between the control and dexmedetomi-
dine groups was statistically significant (P ¼ 0.001
for both inflammation and fibrosis). There was no
significant difference between the sham and dexme-
detomidine groups for inflammation and fibrosis
scores (P . 0.05). The pathologic scores and findings
were in accordance with the adhesion scores. These
results demonstrated that treatment with dexmede-
tomidine significantly decreased the inflammation
and fibrosis. This might be another mechanism to
explain the adhesion-preventive effect of dexmede-
tomidine.

In conclusion, the results of this study clearly
demonstrate that dexmedetomidine possessed a
significant adhesion-preventive effect in rats. Dex-
medetomidine might be used for adhesion preven-

tion in humans. It can be concluded that these
effects of dexmedetomidine might be due to
antioxidant and anti-inflammatory activities, but
further studies are needed to evaluate the exact
mechanism of the antiadhesive effect of dexmede-
tomidine.
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