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ABSTRACT
Objective: Postoperative intraperitoneal adhesions are an unsolved and important problem in abdominal surgery. In the present study, the probable
preventive role of coenzyme-Q in the development of peritoneal adhesions was investigated.
Material and Methods: Sixteen Wistar Hannover male rats weighing 300-350 g were randomly separated into two groups of 8 rats each. The cecum
was abraded with a sterile gauze until sub-serosal hemorrhage developed. A patch of peritoneum located opposite to the cecal abrasion was completely dissected. No treatment was given to Group 1. Group 2 received 30 mg/kg coenzyme-Q, which was injected 2 mL intraperitoneally. All the rats
were sacrificed on the postoperative 21st day, and after adhesions were scored macroscopically, tissue specimens of the peritoneum and bowel were
subjected to histopathological investigation. Tissue and blood specimens were also taken for biochemical analysis to investigate antioxidant efficiency.
Results: Adhesion scores were significantly different between the control group and the coenzyme-Q group (p= 0.001). According to the tissue levels of
GSH-Px, MDA, and SOD levels, there was no significant difference between the study groups (p= 0.074, p= 0.208, p= 0.526). According to the plasma GSH-Px
and SOD levels, there was significant difference between the groups (p= 0.002, p= 0.001), but the difference was not significant at MDA levels (p= 0.793).
The differences between the pathological scores of the control and coenzyme-Q (p= 0.028 for fibrosis; p= 0.025 for inflammation) groups were statistically
significant.
Conclusion: This study confirms that coenzyme-Q is the potential application in the prevention of early postoperative adhesions.
Keywords: Coenzyme Q, adhesion, surgery

IntroductIon

Cite this article as: Kuşaslan R, Ercan G, Ağcaoğlu O, Altınay
S, Binboğa S, Altınel Y. A novel coenzyme-Q approach for
the prevention of postsurgical adhesion. Turk J Surg 2020;
36 (2): 202-208.

Corresponding Author
Yüksel Altınel
E-mail: dryukselaltinel@hotmail.com
Received: 13.05.2019
Accepted: 30.12.2019
Available Online Date: 08.06.2020
© Copyright 2020 by Turkish Surgical Society Available online at
www.turkjsurg.com

DOI: 10.5578/turkjsurg.4398

Peritoneal adhesions are bands of fibrous tissue connecting the abdominal organs
to the abdominal wall or each other. Adhesions emerge quickly after the damage to
the peritoneum due to surgery, such as trauma, irradiation, or infection (1). Abdominal adhesions are one of the main reasons for postsurgical morbidity and mortality
and besides, the incidence rises up to 97% after gynecological and general surgical
abdominal operations in the literature (2). The importance of postoperative adhesion formation has become a significant burden socioeconomically (3). Different
substances and techniques are used to solve the problem, but unfortunately, an
effective solution has not yet been accomplished (4).
Coenzyme-Q-10 is a fat-soluble, vitamin-like compound naturally found in most
tissues of the human body that is also a fundamental ingredient for life and health
of every living cell, and furthermore, this endogenous cellular antioxidant is a safe
and effective therapeutic antioxidant (5,6).
Based on the antioxidant property of coenzyme-Q-10, we aimed to evaluate its
beneficial effects to determine the anti-inflammatory process among the experimental postoperative intraabdominal adhesions. We hypothesized that coenzyme-Q-10 is helpful to improve the unmet needs of the consequences of oxidative stress. We considered that we can put a value to the process of intraabdominal
adhesion formation.
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MATERIAL and METHODS
Consent was received from the Bagcilar Training and Research
Hospital Experimental Animals Production and Research Laboratory Ethical Committee (HADYEK/2013-02/28.01.2013). Sixteen
Wistar Hannover male rats (average weight: 300-350 g, age: 6-7
months) were housed individually in wire cages under constant
temperature (21 ± 2°C) with a 12-hour light-dark cycle. The animals were allowed free access to water and standard rat chow.
Twelve hours before anesthesia, animals were deprived of food
but had free access to water until 2 hours before anesthesia. No
enteral or parenteral antibiotics were administered during the
study.
All rats were sacrificed with high-dose prolonged diethyl ether
inhalation (minimum 10 min.) on postoperative day 21.
Study Groups and Surgical Procedure
The rats were randomly divided into two groups of eight animals
each. All animals were anesthetized by intramuscular injection of
30 mg/kg ketamine hydrochloride (Ketalar, Parke-Davis, Istanbul)
and 5 mg/kg xylazine (Rompun, Bayer, Istanbul). 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 sub-serosal hemorrhage
developed. A 1 x 1 cm patch of the peritoneum located opposite to the cecal abrasion was completely dissected. In Group
1 (control group), adhesion induction was performed and no
treatment was given. In Group 2 (coenzyme-Q-10 group), after
adhesion induction, 30 mg/kg coenzyme-Q-10 was injected 2
mL intraperitoneally. Animals were allowed access to food and
water after the operation. All operations were performed by the
same surgeon. Rats were sacrificed on the postoperative 21st day.
Adhesions were classified by a surgeon who was unaware of the
groups according to a diamond adhesion scoring system based

on the evaluation of the appearance, extent, and strength of the
adhesions (Table 1) (7).
Evaluation of Oxidative Stress
Postmortem liver samples were taken and kept on an ice bath
until homogenization. The tissues were homogenized in serum
physiologic solution (20 wt/vol), then centrifuged at 4000 g for
15 minutes (min), and upper clear supernatants were used in the
assays. All the procedures were performed at 4°C throughout the
experiments. Protein level of the clear supernatants was studied
by the biuret method. Oxidative stress makers were measured
as following; Malondialdehyde (MDA) levels (nmol/g), glutathione-peroxidase (GSH-Px) (U/g) and superoxide dismutase (SOD)
(U/g) levels by micro ELISA method. All Elisa kits were purchased
from EIAab Science Co. Ltd. All plates were read on 450 nm
wavelength in DAR800 ELISA reader (8-10).
Histopathological Evaluation
Histopathological analyses were carried out in the Pathology
Department of Bağcılar Training and Research Hospital. Histopathological examination was performed by using light microscopic (Olympus BX51) analyses. The samples obtained from the
abraded cecal tissue and the adjacent peritoneal tissue were
fixed in 10% neutral buffered formalin solution for two days.
Tissues were washed in running water and were dehydrated
with increasing concentrations of ethanol. After dehydration,
specimens were placed into xylene to obtain transparency and
embedded in paraffin. Embedded tissues were cut into 5 μmthick sections and were stained with hematoxylin and eosin and
trichrome. Histopathologic examinations were performed by a
pathologist blinded to the study groups. The samples stained
with hematoxylin and eosin were examined for inflammation,
and the presence of fibrosis was evaluated in the hematoxylin/
eosin- and trichrome-stained samples using a semi-quantitative
scoring system (Table 2, 3) (11,12).

Table 1. Adhesion scoring system
Extent

Appearance

Strength

0

Score

No

No

No

1

< 25%

Filmy, avascular

Separated easily

2

25-50%

Dense, avascular

Separated by traction

3

50-75%

Dense, capillary vascularization

Sharp dissection needed for separation

4

> 75%

Dense, vascular

Sharp dissection needed for separation

Table 2. Scoring system for inflammation

Table 3. Scoring system for fibrosis

0: No inflammation

0: No fibrosis

1: Giant cells, lymphocytes, and plasma cells

1: Mild

2: Giant cells, plasma cells, eosinophils, and neutrophils

2: Moderate

3: Inflammatory cell infiltration and micro-abscess formation

3: Severe
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Statistical Analyses

DISCUSSION

Data analysis was performed using NCSS (Number Cruncher
Statistical System) 2007 Statistical Software (Utah, USA) program. The differences among the groups were evaluated by
Mann-Whitney-U and Chi-square tests, as appropriate. Statistical
significance was defined as p< 0.05.

Abdominal adhesions are bands of fibrous tissue that can form
between abdominal tissues and organs. Abdominal adhesions
cause tissues and organs in the abdominal cavity to stick together
(12,13). During the normal peritoneal healing period, the balance
between fibrin deposition and degradation are crucial for adhesion formation, and the main reason of an intraperitoneal adhesion is mostly considered to be the result of a surgical trauma to
the mesothelium and peritoneum which initiates an inflammatory response, followed by release of fibrin-rich exudates and the
formation of fibrinous adhesion (13).

RESULTS
Adhesion Scores
Adhesion scores of the groups and statistical evaluation are
shown in Table 4. There was a significant difference between
the control group and the coenzyme-Q group (p= 0.001).
Oxidative Stress
The tissue levels of GSH-Px, malondialdehyde (MDA), and superoxide dismutase (SOD) levels are shown in Table 5. According to
the GSH-Px, MDA, and SOD levels, there were no significant differences between the study groups (p= 0.074, p= 0.208, p= 0.526).
Mean plasma GSH-Px, MDA, and superoxide dismutase (SOD)
levels of the groups are shown in Table 6. According to the GSHPx and SOD levels, there was a significant difference between
the groups (p= 0.002, p= 0.001), but the difference was not significant at the MDA levels (p= 0.793).
Histopathological Results
Histological images of the pathological scores are shown in figures A and B. The pathological scores for fibrosis and inflammation are summarized in Tables 7 and 8, and mean pathological
scores of the groups are given in Table 9. The differences between the control and coenzyme-Q (p= 0.028 for fibrosis; p=
0.025 for inflammation) groups were statistically significant.

Regarding the mechanism of adhesion formation, fibrinolysis
and extracellular matrix remodeling, including cell proliferation,
migration, differentiation, angiogenesis, and apoptosis, are critical for the regulation of the adhesive process as controlling inflammation at initial stages (7,13,14).
Current up to date studies have reported three main methods
for preventing the formation of postoperative adhesions, including reduction of peritoneal trauma by using minimally invasive
surgical procedures, such as laparoscopic and robotic surgery;
prevention of fibrin formation with pharmacological agents, such
as tissue plasminogen activators; and reducing contact between
organs and intra-abdominal structures by using barrier methods;
however, no single approach or management has been totally
satisfactory in reducing the risk of adhesion formation (15,16).
Typically, the expression of adhesion density starts with thin line
filmy adhesion which is usually taken down easily by blunt dissection, progressing structure where sharp dissection or energy
devices are required and finally firmly adherent, where no surgical anatomical plane is clear (17).

Table 4. Mean adhesion scores of the groups
Groups

Mean adhesion scores

p

Control

3.63 ± 0.52

0.001

Coenzyme-Q

1.38 ± 0.92

Table 5. Tissue antioxidant levels of the groups
Control

Coenzyme-Q

p

4208.05 ± 1248.11

3081.86 ± 917.3

0.074

SOD

0.17 ± 0.03

0.16 ± 0.02

0.526

MDA

1.96 ± 2.17

2.55 ± 0.93

0.208

GSH-Px

Table 6. Plasma antioxidant levels of the groups
Control

Coenzyme-Q

p

0.94 ± 0.15

0.53 ± 0.2

0.002

SOD

170.13 ± 20.58

100.37 ± 21.73

0.001

MDA

3.6 ± 0.55

3.75 ± 1.19

0.793

GSH-Px
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Figure 1. Histopathologic and histochemical findings. (A. HE; x100); this picture shows prominent inflammation (score 2). Upper left: Colonic mucosa.
(B. HE; x100); decreased inflammation and fibrosis seen in the coenzyme-Q group.
Table 7. Pathological scores for fibrosis
Score-0

Score-1

Score-2

Score-3

Control (n= 8)

0

2

5

1

Coenzyme-Q (n= 8)

3

4

1

0

Table 8. Pathological scores for inflammation
Score-0

Score-1

Score-2

Score-3

Control (n= 8)

0

1

6

1

Coenzyme-Q (n= 8)

3

4

1

0

Table 9. Mean pathological scores of the groups
Fibrosis
Inflammation

Control

Coenzyme-Q

p

1.9 ± 0.6

0.8 ± 0.7

0.028

2 ± 0.5

0.8 ± 0.7

0.025

There are reports regarding adhesion incidence following surgical operations as high as 95% (18); however, advances in surgical
technology and techniques, such as minimal invasive ones as robotics, can help to minimize the risk of adhesion formation. Moreover, patients undergoing surgery for peritoneal adhesions have
increased risk for morbidities due to repeat operations including,
anastomotic leakage, enterocutaneous fistulas, small bowel obstructions, and infertility (19,20).
On the other hand, due to re-operations, morbidities and complexity of these operations, cost effectivity is one of the important
issues for the management for adhesions. Arung et al. have noted
the annual estimated economic impact of peritoneal adhesions
about $1.3 billion (21) in the USA, and in another study, Ray et
al. have reported that the approximate costs associated with sur-

gical procedures regarding adhesion management exceeded $2
billion without the loss of productivity (22).
Over recent decades, various efforts have been taken against
the pathogenesis of adhesion formation. As far we know, the
key step of preventing adhesions is the reconstruction of the
neo-mesothelial cell layer which requires approximately 5-8
days for parietal peritoneum and visceral mesothelium. During
these stages, avoiding fibrinous adhesion formation, preventing
the invasion of fibroblasts, and promoting remesothelialization
play critical roles in adhesion prophylaxis. When we analyzed
the literature, some studies recommend using physical barrier
systems to separate injured tissue surfaces during the first few
postoperative days (23,24). Barrier systems, including solutions,
solid sheets, and in-situ cross-linkable hydrogels are all designed
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to reduce the contact between adjacent organs. However, there
are cons and pros for every technique as hydrogels applied to
the prevention of adhesion have good results, but relatively long
gelation time or requirement of UV illumination may be impractical (25). Furthermore, another anti-adhesion method, Seprafilm,
is difficult to place in the peritoneal cavity, and after becoming
wet, it is difficult to move to the correct position. On the other
hand, in recent years, many proteolytic enzymes have been used
as anti-adhesive agents including, trypsin, papain, hyaluronidase,
streptokinase, and streptodornase (26). The use of fibrinolytic
agents that prevent fibrin accumulation has displayed anti-adhesive features, but on the contrary, they have triggered hemostasis
problems and degeneration of wound healing (27). In addition to
these anti-adhesion techniques, Cakir et al. have reported the use
of an enzyme preparation of Clostridium histolyticum that contains collagenases, which are the only proteolytic enzymes that
can break up active collagens (28). As mentioned in their study,
collagenase removes necrotic tissues, which stick to the wound
surface by collagen fibers and prevent wound healing through
an enzymatic method. The result of their study was the same as
the literature, showing less adhesion and better healing of the
peritoneal defect.

However, compared to other techniques in the literature, our experimental model evaluated oxidative stress, adhesion and biomarkers in a different way (34,35). We measured the diamond adhesion score and investigated that clinical adhesion formation get
decrease by the effect of coenzyme-Q-10 and we also obtained
promising results of GSH-Px and SOD regarding anti-oxidant and
anti-inflammatory process for pathological adhesion formation,
we saw that utilization of coenzyme-Q-10 could be beneficial for
intraabdominal protection after surgical procedures.
CONCLUSION
Our study has a potential contribution to reduce postoperative
adhesions and apparently showed equivalent efficacy to other
available anti-adhesion techniques and materials. We believe that
coenzyme-Q-10 can be a good anti-adhesive agent with feasibility, non-toxicity, and effectiveness. Especially, more detailed
experimental and clinical large studies are required to test laparoscopic or robotic procedures.
Ethics Committee Approval: Consent was received from the Bağcılar Education and Research Hospital Experimental Animals Production and Research
Laboratory Ethical Committee (HADYEK/2013-02/28.01.2013).

Up to date, we know that an ideal method should not only be
anti-adhesive, resorbable, and easily applicable with minimally invasive techniques as laparoscopy, but should also adhere to traumatized surfaces without suture or staples, or even oozing surfaces. Compared to other methods, Takagi et al. have developed
a powdered anti-adhesion material to resolve these issues (29).
In this study, they have noted two main advantages of powder
compared with the sheet and liquid materials. First, a powder can
be administered in both open and laparoscopic surgery settings,
and second, only a minimal dose is necessary because it is easy
to administer the powder locally at the desired site to prevent
adhesion formation.

Informed Consent: Informed consent form was obtained from all patients.

Regarding all of these anti-adhesion methods, we used a different technique to manage the collagen synthesis and fibroblast
stage of adhesion formation. In wound healing process, the production of reactive oxygen species is vital; however, exposure to
excessive reactive oxygen species also induces oxidative stress
and impairs wound healing (30).
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Cerrahi sonrası yapışıklık önlenmesinde koenzim-Q yaklaşımı
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ÖZET
Giriş ve Amaç: Postoperatif intraperitoneal adezyonlar abdominal cerrahide çözülmemiş önemli bir problemdir. Bu çalışmada, koenzim-Q’nun
peritoneal yapışıklık gelişimi üzerindeki muhtemel önleyici etkileri araştırılmıştır.
Gereç ve Yöntem: 300-350 g ağırlığında 16 Wistar Hannover erkek sıçan rastgele olarak her biri sekiz sıçandan oluşan iki gruba ayrıldı. Çekum,
subserosal kanama gelişene kadar steril bir gazlı bezle aşındırıldı. Çekal aşınmanın karşısındaki bir periton tabakası tamamen disseke edildi. Grup
1 tedavi almadı. Grup 2 30 mg/kg koenzim-Q, 2 mL intraperitoneal olarak enjekte edildi. Tüm sıçanlar postoperatif 21. günde ötenazi edilerek
adezyonlar makroskobik olarak skorlandıktan sonra, periton ve bağırsak doku örnekleri histopatolojik incelemeye tabi tutuldu. Antioksidan etkinliği araştırmak için doku ve kan örnekleri biyokimyasal analiz için alındı.
Bulgular: Adezyon skorları kontrol grubu ile koenzim-Q grubu arasında anlamlı farklılık gösterdi (p= 0,001). GSH-Px, MDA ve SOD düzeylerinin
doku düzeylerine göre, çalışma grupları arasında anlamlı fark yoktu (p= 0,074, p= 0,208, p= 0,526). Plazma GSH-Px ve SOD düzeylerine göre
gruplar arasında anlamlı farklılıklar gözlendi (p= 0,002, p= 0,001), fakat MDA düzeylerinde fark anlamlı düzeyde saptanmadı (p= 0,793). Kontrol ve
koenzim-Q patolojik skorları arasındaki fark (fibrozis için p= 0,028; inflamasyon için p= 0,025) istatistiksel olarak anlamlıydı.
Sonuç: Bu çalışma koenzim-Q’nun erken postoperatif adezyonların önlenmesinde potansiyel uygulama olduğunu doğrulamaktadır.
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