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Postoperative intraabdominal adhesion (IA) for-
mation is one of the most important complications 
of abdominal surgery today. IAs are formed in many 
mammalian species because of trauma to the serosal 
surfaces in the abdominal cavity (30). Peritoneal ad-

hesions, which develop parallel to the wound healing 
process, are pathological, fibrotic junctions that occur 
between the surfaces in the abdominal cavity (38). 
Direct traumas such as cutting, suturing, and clamping 
of tissues during the operation; indirect traumas such 
as dehydration of tissues due to prolonged operation 
time, inappropriate irrigations, contamination of tissues 
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Summary

In this study, the aim was to investigate the effects of 1% CMC, 4% ICO and 0.4% HA solutions in preventing 
postoperative IAs and their contribution to peritoneal wound healing, as well as the relationship of cytokines with 
the formation of postoperative IAs in rabbits. The material of the study consisted of 32 healthy rabbits. Rabbits 
underwent median laparotomy following general anesthesia. Serosal abraded was created at the antimesenteric 
border of the cecum. Next, a 3 × 2 cm peritoneum was excised on the right abdominal wall and the defect was 
closed using with a 2/0 silk suture. The rabbits were randomly assigned to either of the following four treatment 
groups: CNT (0.9% NaCl), ICO (4% icodextrin), HA (0.4% hyaluronic acid) and CMC (1% carboxymethyl 
cellulose). Both cecum and peritoneal surfaces were treated with 20 ml each of treatment solutions. On the 
7th postoperative day, the rabbits were euthanized with a lethal dose of sodium pentobarbital and the degree 
of adhesion was evaluated. Samples taken from the peritoneal defect were examined histopathologically 
and tissue hydroxyproline levels were measured. Serum TNF-α, IL-1 and IL-6 levels were measured from 
blood samples taken before the surgery and at 1, 6, 24 and 48 hours after the surgery. It was observed that 
the adhesion grade in the HA group (p < 0.05) and CMC group (p < 0.01) was significantly lower than the 
control group. Although peritoneal tissue hydroxyproline levels were lower in the other groups compared to 
the control group, they were not statistically significant (p > 0.05). In rabbits with adhesion formation, it was 
determined that TNF-α levels increased at the 6th postoperative hour (p < 0.05), and IL-6 levels increased at 
the 6th, 24th and 48th postoperative hours (p < 0.001) compared to preoperative. In this study, treating tissues 
with 0.4% HA and 1% CMC solutions suppressed peritoneal inflammation, and this resulted in an increase in 
the levels of proinflammatory cytokines TNF-α and IL-6. It has been determined that the application of these 
solutions reduces postoperative adhesion formation. It was concluded that TNF-α and especially IL-6, which 
are proinflammatory cytokines, can be a non-invasive biomarker in determining postoperative IA formation 
and evaluating the adhesive process.
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with foreign bodies; tissue ischemia and infections are 
among the most important causes of postoperative IAs 
(12). The initial response to injury in the abdominal 
cavity is an inflammatory response in which cytokines 
are released and vascular permeability is increased, 
causing fibrinogen-rich exudate to leak from the vessel 
and accumulate in the injured area. The clot formed 
by the transformation of fibrinogen into fibrin causes 
fibrinous adhesions between tissues within the first 
three hours following the reaction. During the normal 
healing process, fibrous adhesions occur with the 
shaping of the organization of collagen bundles and 
the formation of small vascular structures because of 
fibrinolytic activity in this fibrin matrix (11). Fibrous 
adhesions, which are completely organized approxi-
mately on the fifth postoperative day, cause intestinal 
and urethral obstructions and abdominal pain, intraab-
dominal abscesses, and infertility in females (12).

Currently, there is no ideal method for the preven-
tion of IAs. Many treatment methods for prevention 
of IAs have been evaluated in humans, laboratory 
animals, sheep, and horses (13, 22). Numerous phar-
macologic agents such as antibiotics, nonsteroidal 
anti-inflammatory drugs, corticosteroids, heparin, and 
tissue plasminogen activators have been used for this 
purpose and are reported to reduce IA formation (18, 
25, 27). However, it has been emphasized that the use 
of these agents for the prevention of IAs may cause 
complications such as bleeding, ulcers, and impaired 
healing (25). In recent years, researchers have focused 
on barrier membranes and polymer solutions for the 
prevention of adhesions (36, 38). It has been suggested 
that barrier membranes used in the form of patches 
provide local protection but are not suitable for the 
closure of large mesothelial lesions caused by drying 
of the tissues during the operation or formed by the 
surgical instruments used (25). Studies have reported 
that intraoperative and postoperative administration 
of polymer solutions such as carboxymethylcellulose 
(CMC) (10, 17, 20, 21, 23, 28), hyaluronic acid (HA) 
(10, 17, 27, 28) and icodextrin ICO (4, 17, 25, 35) into 
the peritoneal cavity may reduce postoperative adhe-
sion formation. CMC, a water-soluble high molecular 
weight polysaccharide polymer solution, is reported to 
significantly reduce adhesion formation in animals (13, 
20, 21, 23, 25). It is stated that CMC solution, which 
acts as a physical barrier, reduces serosal trauma during 
manipulations and is effective in preventing adhesion 
by covering the surface of organs and preventing con-
tact with each other in the early stages of postoperative 
healing (24). HA is an anionic, hydrophilic polysac-
charide derivative that has an important role in cell 
biology and is found naturally in all tissues including 
connective tissue, skin, cartilage, synovial fluid and 
vitreous (12). HA solution has been reported to reduce 
postoperative adhesion formation in humans and ani-
mals (13). HA is thought to mechanically separate the 
wound surfaces in the abdominal cavity, contribute to 

wound healing and prevent adhesion formation by in-
creasing fibrinolysis (26). ICO solution is an isoosmo-
lar and α,1-4 linked glucose polymer used in peritoneal 
dialysis (3, 25). Various studies have reported that ICO 
solution can reduce postoperative adhesion formation 
(25, 35). It is thought that it prevents by providing 
flotation in the peritoneal cavity and separating the 
peritoneal surfaces (25).

Cytokines play an important role in IA formation 
and postoperative inflammatory response after intraab-
dominal operations. Inflammatory cells that infiltrate 
the region during the formation of IAs secrete cyto-
kines and growth factors such as interleukin 1 (IL-1), 
interleukin 6 (IL-6) and tumor necrosis factor-alpha 
(TNF-α). It has been suggested that the levels of 
TNF-α, IL-1 and IL-6 increase in both peritoneal fluid 
and circulation in the first stage of IA formation and 
are a biological indicator of IA formation (5, 12). In 
this study, the aim was to investigate the effects of 1% 
CMC, 4% ICO and 0.4% HA solutions in preventing 
postoperative IAs and their contribution to peritoneal 
wound healing, as well as the relationship of cytokines 
with the formation of postoperative IAs in rabbits.

Material and methods
Animals. Thirty-two clinically healthy, local-breed, adult 

females rabbits weighing 2.1-3.0 kg were used. Rabbits were 
maintained in individual cages for at least 15 days before the 
experiments for acclimatization. They were fed commercial 
pellet food (Purina®) and freshwater ad libitum. Food, but 
not water, was withheld for at least 12 h before the experi-
ments. Experiments were performed during the light phase 
of the cycle (between 08:30 and 11:00 hours). The study 
was conducted after the study protocol was approved by the 
ethical committee of the Faculty of Veterinary Medicine, 
University of Yuzuncu Yil.

Surgery. The animals were anesthetized with an intra-
muscular injection of a mixture of 50 mg/kg of ketamine 
(Ketamidor®, Richter pharma), and 5 mg/kg of xylazine 
(Rompun®, Bayer). The rabbits’ abdomens were shaved 
and disinfected and the animals were prepared for sterile 
surgery. A midline laparotomy (6 cm) was performed, and 
the cecum were exteriorized. An antimesenteric border of 
cecum was abraded with scalpel until punctuate bleeding 
occurred approximately 5 × 2 cm in size, and two longitudi-
nally parallel serosal incisions were made with the scalpel. 
After the bleeding was controlled, the cecum was rejected 
into the abdominal cavity. Next, a 3 × 2 cm peritoneum 
was excised on the right abdominal wall and the defect was 
closed using with a 2/0 silk suture.

Experimental design. The rabbits were randomly 
assigned to either of the following four treatment groups 
(n  =  8 per group): CNT control group (0.9% NaCl,  
Polifarma®), ICO (4% icodextrin, Adept®), HA (0.4%  
hyaluronic acid, Sigma®) and CMC (1% carboxymethyl  
cellulose, Sigma®). Both cecum and peritoneal surfaces 
were treated with 5 ml each of treatment solutions (10 ml in 
total) before creating the defect. Before the abdominal wall 
was closed, 10 ml of treatment solution was administered 
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into the abdominal cavity. A total of 20 ml of treatment 
solution was used for each rabbit.

Grading criteria for adhesions. On postoperative day 7, 
the rabbits were euthanized with a lethal dose of sodium 
pentobarbital. The abdominal cavity was completely opened 
with a U-shaped incision, and adhesions were evaluated 
according to the classification of Zuhlke et al. (39) (Tab. 1).

Estimation of hydroxyproline. Samples removed 
from the peritoneal defect created on the right abdominal 
wall were stored at –18°C until the day of measurement. 
Tissue hydroxyproline levels were measured according to 

the Woessner method, which is based on the principle of 
oxidation of hydroxyproline with chloramine T and photo-
metric measurement of the colored compound formed with 
p-dimethylaminobenzaldehyde (37).

Histopathological studies. Tissue samples removed from 
the parietal peritoneal defect created on the right abdominal 
wall were fixed in 10% formalin and 4-micron thick sec-
tions were taken from the prepared paraffin blocks. All sec-
tions were stained according to the hematoxylin-eosin (HE) 
methodand examined under a light microscope. Peritoneal 
inflammatory process was evaluated. The scale was defined 
as follows: 0 = no inflammation, 1 = mild inflammation, 
2 = moderate inflammation, 3 = severe inflammation.

Cytokine levels. Blood samples were taken from the 
lateral ear vein before the operation and at 1, 6, 24 and 48 
hours after the operation to measure serum TNF-α, IL-1 and 
IL-6 levels. Sera obtained by centrifugation were stored at 
–18°C until the day of measurement. Serum TNF-α, IL-1 
and IL-6 levels were measured on an ELISA device with 
an ELISA commercial kit (BioSource® Korean).

Statistical analysis. Among the different groups, each 
parameter was compared using independent-samples t test. 
Within the same group, parameters were compared using 
paired-samples t test. For all statistical comparisons, dif-

ferences were considered significant when 
p  value was < 0.05. The calculations were 
performed utilizing SPSS software. All values 
are presented as means ± standard deviations 
(SD).

Results and discussion
There were no complications or deaths 

in the rabbits after the operation. 1st and 
2nd grade adhesions were found to oc-
cur between the traumatized cecum and 
mesenterium. It was observed that the 
majority of 3rd and 4th grade adhesions oc-

curred between the trau-
matized cecum and the 
injury peritoneum and 
the median incision line. 
The total adhesion score, 
the number of animals 
with adhesion formation 
and the hydroxyproline 
levels of the peritoneal 
tissue are presented in 
Table 2. No statistical 
difference was detected 
between the ICO group 
and the control group in 
terms of adhesion grade. 
However, it was ob-
served that the adhesion 
grade in the HA group 
(p < 0.05) and CMC 
group (p < 0.01) was sig-
nificantly lower than the 
control group (Fig.  1).  

Tab. 1. Classification of adhesions according to Zuhlke et al. 
(39)

Grade Observation

0 No adhesions

I Easy to separate by blunt dissection; no vascularization

II Blunt dissection is possible but some sharp dissection necessary, 
beginning vascularization

III Lysis of adhesions possible by sharp dissection only, clear 
vascularization

IV
Lysis of adhesions possible by sharp dissection only, organs 
strongly attached with severe adhesions, organ damage is 
inevitable

Fig. 1. Macroscopic evaluation of adhesion: a) no adhesion, b) 2nd grade adhesion, c) 3rd grade 
adhesion, d) 4th grade adhesion

Tab. 2. Total adhesion grade and number of animals with adhesion forma-
tion and hydroxyproline levels and histopathological inflammatory score of 
peritoneal tissue (x ± SD)

Groups Adhesion 
grade

Number of animals with 
adhesions formed

Hydroxyproline 
levels (µg/mg)

Inflammatory 
score

CNT (n = 8) 2.37 ± 0.56 5/8 (62.5%) 3.82 ± 0.29 2.50 ± 0.53

ICO (n = 8) 1.75 ± 0.52 4/8 (50%) 3.70 ± 0.43 2.37 ± 0.51

HA (n = 8) 0.75 ± 0.41a 3/8 (37.5%) 3.64 ± 0.34 2.00 ± 0.75

CMC (n = 8) 0.25 ± 0.16b 2/8 (25%) 3.24 ± 0.20 1.88 ± 0.83

Explanations: CNT – 0.9% NaCl; ICO – 4% icodextrin; HA – 0.4% hyaluronic 
acid; CMC – 1% carboxymethyl cellulose; a – p < 0.05, b – p < 0.01 compared 
to the control group
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Although peritoneal tissue hydroxyproline levels were 
lower in the other groups compared to the control 
group, they were not statistically significant (p > 0.05).

In rabbits with adhesion formation, it was deter-
mined that TNF-α levels increased at the 6th postopera-
tive hour (p < 0.05), and IL-6 levels increased at the 6th, 
24th and 48th postoperative hours (p < 0.001) compared 
to preoperative values. No statistical difference was 
detected in IL-1 levels. In rabbits without adhesion 
formation, no statistical difference was detected in 
postoperative serum TNF-α, IL-1 and IL-6 levels 
compared to preoperative values (Tab. 3).

No adverse effect of the solutions used in the study 
on peritoneal wound healing was detected. There was 

no statistically significant difference was observed 
between the groups in terms of the severity of inflam-
matory changes (p > 0.05). However, the severity of 
the inflammatory reaction was highest in the control 
group, then in the ICO, HA and CMC groups, respec-
tively (Tab. 2, Fig. 2).

Despite numerous advances in surgery, postopera-
tive IAs are still a persistent problem for surgeons. It 
significantly affects the quality of life of patients (31). 
Adhesion formation after abdominal surgery can be 
reduced by preventing fibroblastic proliferation and 
coagulation, reducing inflammation and exudate, 
increasing fibrinolysis, and mechanically separating 
the peritoneal surfaces from each other (38). For this 

purpose, to minimize peri-
toneal injury, protecting the 
tissues, moisturizing the 
tissues frequently, lavag-
ing the peritoneal cavity 
with appropriate solutions, 
not suturing the serosal 
surfaces, and preventing 
contamination as much 
as possible minimizes the 
risk of adhesion (31, 38). 
In recent years, researchers 
have focused on polymer 
solutions that mechanically 
separate peritoneal surfaces 
from each other to prevent 
adhesions (3, 31, 38). 
Studies have reported that 
administration of polymer 
solutions such as CMC (14, 
20, 21, 23, 24, 28), HA (27, 
28) and ICO (25, 35) into 
the peritoneal cavity during 
and after the operation may 
reduce postoperative adhe-
sion formation.

ICO is a  biodegradable 
glucose polymer solution 
that plays a protective role 
against prolonged separa-
tion of peritoneal surfaces 
by hydroflotation and thus 

Tab. 3. Serum TNF-α, IL-1 and IL-6 levels in rabbits with and without adhesion formation (x ± SD)
TNF-α (pg/ml) IL-1 (pg/ml) IL-6 (pg/ml)

no adhesion 
(n = 16)

adhesion formed 
(n = 14)

no adhesion 
(n = 16)

adhesion formed 
(n = 14)

no adhesion 
(n = 16)

adhesion formed 
(n = 14)

Before the surgery 78.56 ± 3.05 76.43 ± 2.58 10.77 ± 0.62 11.54 ± 0.91 21.59 ± 1.02 22.37 ± 1.60

Postoperative 1st hour 82.43 ± 2.62 85.06 ± 2.66 11.82 ± 0.88 13.78 ± 1.45 24.23 ± 1.64 25.29 ± 1.68

Postoperative 6th hour 84.81 ± 2.80 91.56 ± 3.43a 12.30 ± 0.64 12.48 ± 0.89 25.47 ± 1.40 48.63 ± 2.99b

Postoperative 24th hour 80.93 ± 2.56 87.50 ± 3.49 12.99 ± 0.51 12.64 ± 1.01 23.71 ± 0.93 36.52 ± 2.83b

Postoperative 48th hour 77.87 ± 3.29 78.93 ± 3.26 11.89 ± 0.87 12.87 ± 0.34 24.07 ± 1.05 28.11 ± 1.65a

Explanations: a – p < 0.05, b – p < 0.001 compared to the before surgery

Fig. 2. Histopathological evaluation of inflammation of the peritoneum: a) intact peritoneum, 
b) mild inflammation, c) moderate inflammation, d) severe inflammation
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against IA (8, 19). It is also suggested that ICO mini-
mizes tissue apposition during the critical period of 
postoperative mesothelial regeneration, thus providing 
a barrier against adhesion formation (19). In a study 
in which they created an adhesion model in rabbits, 
Müller et al. (25) and Verco et al. (35) investigated 4% 
ICO and reported that ICO was successful in prevent-
ing IAs. Catena et al. (7) also investigated the safety 
and effectiveness of 4% ICO in preventing IAs. The 
authors concluded that 4% ICO was more suitable to 
be applied to surfaces with damaged serosa compared 
to other anti-adhesion barriers (7). Contrary to the 
above results, some researchers (6, 10) showed that 
4% ICO was not effective in significantly reducing 
adhesion formation. In this study, our results show 
that 4% ICO solution does not have a negative effect 
on parietal peritoneal healing but does not contribute 
significantly to the prevention of adhesion in rabbits 
compared to 0.9% NaCl, consistent with the findings 
of Ditzel et al. (10) and Bellon et al. (6) (p > 0.05).

HA, a natural polymer, is thought to prevent adhe-
sions by covering the serosal surfaces when adminis-
tered into the peritoneal cavity. HA, which is thought 
to have an anti-inflammatory effect, increases its anti-
adhesion effect by supporting fibrinolysis, mesothelial 
cell proliferation and wound healing (9, 31). Eggleston 
et al. (13) in an experimental study in which they inves-
tigated the contributions of CMC and HA solutions to 
jejunum healing and adhesion development in horses, 
showed that CMC and HA solutions reduced adhesion 
formation, but HA solution was more effective than 
CMC solution in preventing adhesion.

Yoldemir et al. (38) reported in a study in which they 
investigated the role of various agents in preventing 
postoperative IAs following hysterotomy in rats, that 
HA solution was successful in preventing the drying 
of tissues and the erosion of damaged surfaces. In this 
study, similar to the findings of the researchers (12, 
38), 0.4% HA contributed significantly to preventing 
adhesion compared to the control group (p < 0.05). 
As reported by some researchers (9, 25, 31), we think 
that HA plays a role in preventing adhesion formation 
by creating a physical barrier effect by separating the 
serosal surfaces and by having anti-inflammatory and 
fibrinolytic effects.

Koç et al. (21) reported that, in their trauma model 
with serosal damage on the cecum in rabbits, CMC so-
lution could be used to prevent IAs due to its mechani-
cal separating properties between traumatized surfaces. 
In a study conducted on calves, it was reported that 1% 
CMC solution reduced adhesion formation without any 
negative effects (33). Murphy et al. (23) experimen-
tally applied CMC solution before and after creating 
typhlotomy and superficial trauma to the jejunum in 
ponies and investigated the effects of CMC solution on 
postoperative adhesion formation and wound healing, 
hematological and biochemical parameters. As a result, 
the researchers (23) determined that the CMC solution 

significantly prevented adhesion formation, had no 
negative effect on wound healing histopathologically, 
and had no change in hematological and biochemical 
parameters. In our study, when adhesion degrees were 
evaluated on the 7th postoperative day, 1% CMC solu-
tion prevented adhesion significantly compared to the 
control group (p < 0.01). Additionally, compared to 
all groups, this group had the lowest adhesion score. 
Similar to the researchers (31, 32), we believe that 
CMC solution is effective in preventing adhesion by 
acting as a physical barrier and preventing peritoneal 
surfaces from touching each other during the epithelial 
regeneration period. Studies have reported (18, 32) that 
inflammatory infiltration is milder in groups treated 
with HA and CMC than in groups treated with physi-
ological saline. In this study, although there was no sta-
tistical difference between the groups, it was found that 
HA and CMC reduced inflammatory infiltration in the 
parietal peritoneum (Tab. 1). It shows that the applied 
HA and CMC solutions are also effective in preventing 
IA by preventing the maturation of adhesions through 
inhibition of inflammatory cell infiltration (32).

Hydroxyproline is an amino acid that forms the 
main component of collagen and plays an important 
role in the stabilization of collagen. Hydroxyproline 
level is directly proportional to the amount of collagen 
and is used as an indicator of the severity of adhesion. 
Increased hydroxyproline level leads to an increase in 
the severity of peritoneal adhesion (34). Contrary to 
the above information, some researchers (1) reported 
that HA-impregnated CMC membrane significantly 
reduced adhesion formation and increased peritoneal 
hydroxyproline levels. Although there was no statisti-
cal difference between the groups in this study, it was 
determined that peritoneal tissue hydroxyproline levels 
in the HA and CMC applied groups were relatively 
lower than the control group (Tab. 1). Therefore, in 
agreement with Uysal et al. (34), peritoneal tissue hy-
droxyproline level can be considered as an indicator 
of adhesion formation.

Peritoneal injury leads to an inflammatory response 
in which inflammatory cells release cytokines such 
as TNF-α and IL-1, IL-6. These cytokines induce the 
release of plasminogen activator inhibitor-1 and -2 
from mesothelial cells, resulting in decreased activ-
ity of plasminogen activators. Plasminogen activator 
inhibitor suppresses fibrinolysis and the formation of 
adhesions develops as a result of collagen deposition 
(16). Temporary inflammation is normal after surgery 
during peritoneal healing, but persistent inflamma-
tion can lead to abnormal wound healing, making 
postoperative adhesions and fibrosis more likely. The 
increase of inflammatory cytokines such as IL-6 and 
TNF-α helps to increase some molecular mechanisms 
that trigger persistent inflammation and lead to fibrotic 
bands (2). In particular, it has been suggested that 
the levels of TNF-α, IL-1 and IL-6 increase both in 
the peritoneal fluid and in the circulation in the first 
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stage of IA formation, and that the increase in TNF-α, 
IL-1 and IL-6 cytokines is a biological indicator of 
IA formation (5, 11). It is emphasized that the levels 
of peripheral inflammatory markers and cytokines 
in both serum and peritoneum are associated with 
postoperative adhesion formation. Studies conducted 
in humans (29) and animals (11) reported that serum 
TNF (11, 29), IL-1 (29) and IL 6 (11) levels are cor-
related with the degrees of peritoneal adhesion after 
abdominal surgery. Experimental studies indicate that 
serum TNF-α and IL-6 are good quantitative and bio-
logical markers for postoperative peritoneal adhesion 
formation (5). Additionally, IL-1 has been shown to 
be at significantly elevated levels in the peritoneum 
and serum of postoperative patients (15), suggesting 
that IL-1 plays a role in adhesions. In our study, when 
serum TNF-α, IL-1 and IL-6 levels of rabbits with and 
without adhesion formation were evaluated, TNF-α in 
rabbits with adhesion formation was observed at the 6th 
postoperative hour (p < 0.05), while IL-6 was observed 
at the 6th and 24th postoperative hours (p < 0.05). It was 
determined that it increased statistically significantly 
compared to preoperative values at the 48th (p < 0.001) 
and 48th (p < 0.05) hours. However, no statistical dif-
ference was observed in IL-1 compared to preopera-
tive values. In rabbits without adhesion, there was no 
statistical difference in serum TNF-α, IL-1 and IL-6 
levels compared to pre-operative values. We think that 
the increase in serum levels of TNF-α and IL-6 at the 
6th postoperative hour and only IL-6 at the 24th hour 
may be a  correlation with postoperative peritoneal 
adhesion formation (11, 29). We think that the lack of 
a significant difference in IL-1 may be related to the 
time of blood collection in the postoperative period.

In this study, treating tissues with 0.4% HA and 1% 
CMC solutions before manipulations in abdominal 
surgery and administering them to the abdominal cavity 
before closing the abdominal cavity suppressed peri-
toneal inflammation, and this resulted in an increase 
in the levels of proinflammatory cytokines TNF-α and 
IL-6. It has been determined that the application of 
these solutions reduces postoperative adhesion forma-
tion without causing any complications. As a result, it 
was concluded that TNF-α and especially IL-6, which 
are pro-inflammatory cytokines, can be a non-invasive 
biomarker in determining postoperative adhesion for-
mation and evaluating the adhesive process.

References
  1.	Altuntas I., Tarhan O., Delibas N.: Seprafilm reduces adhesions to polypro-

pylene mesh and increases peritoneal hydroxyproline. Am. Surg. 2002, 68, 
759-761.

  2.	Arjmand M. H.: The association between visceral adiposity with systemic in-
flammation, oxidative stress, and risk of post-surgical adhesion. Arch. Physiol. 
Biochem. 2022, 128, 869-874, doi: 10.1080/13813455.2020.1733617.

  3.	Baca B., Boler D. E., Onur E., Akca O., Hamzaoglu I., Karahasanoglu T., 
Erdamar S., Atukeren P., Dirican A.: Icodextrin and seprafilm do not interfere 
with colonic anastomosis in rats. Eur. Surg. Res. 2007, 39, 318-323.

  4.	Baran N. T., Okut G., Pekcici M. R.: Effects of 4% ıcodextrine, magnesium 
sulfate, and 0.9% sodium chloride on postoperative intraabdominal adhesions. 
Cirugía y Cirujanos 2022, 90, 151-156.

  5.	Basoglu M., Kiziltunç A., Akçay F., Keles S., Gündogdu C., Ören D.: Tumor 
necrosis factor-α and interleukin-6 in peritoneal adhesion formation. Turk J. 
Med. Sci. 1998, 28, 253-258.

  6.	Bellon J. M., Rodriguez M., Garcia-Honduvilla N., Pascual G., Bujan J.: 
Efficiency of 4% icodextrin in preventing adhesions to spiral tacks used to 
fix intraperitoneal prostheses. Eur. Surg. Res. 2006, 38, 458-463.

  7.	Catena F., Ansaloni L., Saverio S., Di Pinna A. D.: P.O.P.A. study: preven-
tion of postoperative abdominal adhesions by icodextrin 4% solution after 
laparotomy for adhesive small bowel obstruction. A prospective randomized 
controlled trial. J. Gastrointest. Surg. 2012, 16, 382-388, doi: 10.1007/s11605-
011-1736-y.

  8.	Chandel A. K. S., Shimizu A., Hasegawa K., Ito T.: Advancement of biomaterial-
based postoperative adhesion barriers. Macromol. Biosci. 2021, 21, e2000395, 
doi: 10.1002/mabi.202000395.

  9.	Chen J., Tang X., Wang Z., Perez A., Yao B., Huang K., Zhang Y., King M. W.: 
Techniques for navigating postsurgical adhesions: Insights into mechanisms 
and future directions. Bioeng. Transl. Med. 2023, 26, 8, e10565, doi: 10.1002/
btm2.10565.

10.	Ditzel M., Deerenberg E. B., Komen N., Mulder I. M., Jeekel H., Lange J. F.: 
Postoperative adhesion prevention with a new barrier: an experimental study. 
Eur. Surg. Res. 2012, 48, 187-193.

11.	Dwivedi A. J., Kuwajerwala N. K., Silva Y. J., Tennenberg S. D.: Effects of 
surgical gloves on postoperative peritoneal adhesions and cytokine expression 
in a rat model. Am. J. Surg. 2004, 188, 491-494.

12.	Eggleston R. B., Mueller E., Quandt E., Neuwirth L., Harmon B. G., 
Waguespack W. R., Rainbow M. E.: Use of a hyaluronate membrane for jejunal 
anastomosis in horses. Am. J. Vet. Res. 2001, 62, 1314-1319.

13.	Eggleston R. B., Mueller P. O., Parviainen A. K., Groover E. S.: Effect of 
carboxymethylcellulose and hyaluronate solutions on jejunal healing in horses. 
Am. J. Vet. Res. 2004, 65, 637-643.

14.	Ewoldt L. M., Anderson D. E., Hardy J., Weisbrode S. E.: Evaluation of a sheep 
laparoscopic uterine trauma model and repeat laparoscopy for evaluation of 
adhesion formation and prevention with sodium carboxymethylcellulose. Vet. 
Surg. 2004, 33, 668-672.

15.	Fatehi Hassanabad A., Zarzycki A. N., Jeon K., Deniset J. F., Fedak P. W. M.: 
Post-Operative Adhesions: A Comprehensive Review of Mechanisms. 
Biomedicines 2021, 22 (9), 867, doi: 10.3390/biomedicines9080867.

16.	Fredriksson F., Christofferson R. H., Carlsson P. O., Lilja H. E.: Locally 
increased concentrations of inflammatory cytokines in an experimental 
intraabdominal adhesion model. J. Pediatr. Surg. 2014, 49, 1480-1484, doi: 
10.1016/j.jpedsurg.2014.03.010.

17.	Hassanabad A. F., Zarzycki A. N., Jeon K., Dundas J. A., Vasanthan V., Deniset 
J. F., Fedak P. W. M.: Prevention of post-operative adhesions: a comprehensive 
review of present and emerging strategies. Biomolecules 2021, 14, 1027, doi: 
10.3390/biom11071027.

18.	Hay W. P., Müeller E. P. O., Harmon B., Amoroso L.: One percent sodium 
carboxymethylcellulose prevents experimentally induced abdominal adhesions 
in horses. Vet. Surg. 2001, 30, 223-227.

19.	Karakas D. O., Yigitler C., Gulec B., Kucukodaci Z., Ipcioglu O. M., Akin 
M. L.: Comparison of 4% icodextrin and omega 3 fatty acids in prevention of 
peritoneal adhesions. Indian J. Surg. 2014, 76, 181-186, doi: 10.1007/s12262-
012-0661-y.

20.	Koç Y., Alkan F., Erol M.: An experimental study evaluating the effect of sodium 
carboxymethylcellulose on the prevention of postoperative intraabdominal 
adhesions. Revue Vet. 2002, 12, 803-807.

21.	Koç Y., Alkan F., Uyaroğlu A.: The use of sodium carboxymethylcellulose  
to prevent intraabdominal adhesions in rabbits. Turk. J. Vet. Anim. Sci. 2003, 
27, 965-970.

22.	Liu H.: Repair mechanisms in abdominal tissue: promotion of fascial heal-
ing and prevention of intra-abdominal adhesions. Doctoral dissertation, 
Faculty of Medicine, Maastricht University, Maastricht 2021, doi: 10.26481/
dis.20210518hl.

23.	Murphy D. J., Peck L. S., Detrisac C. J., Widenhouse C. W., Goldberg E. P.: 
Use of a high-molecular-weight carboxymethylcellulose in a tissue protective 
solution for prevention of postoperative abdominal adhesions in ponies. Am. 
J. Vet. Res. 2002, 63, 1448-1454.

24.	Müeller P. O., Harmon B. G., Hay W. P., Amoroso L. M.: Effect of carboxymeth-
ylcellulose and a hyaluronate-carboxymethylcellulose membrane on healing 
of intestinal anastomoses in horses. Am. J. Vet. Res. 2000, 61, 369-374.

25.	Müller S. A., Treutner K. H., Anurov M., Titkova S., Oettinger A. P., 
Schumpelick V.: Experimental evaluation of phospholipids and icodextrin in 
re-formation of peritoneal adhesions. Br. J. Surg. 2003, 90, 1604-1607.

26.	Reijnen M. M., Meis J. F., Postma V. A., van Goor H.: Prevention of intra-
abdominal abscesses and adhesions using a hyaluronic acid solution in a rat 
peritonitis model. Arch. Surg. 1999, 134, 997-1001, doi: 10.1001/archsurg. 
134.9.997.



Med. Weter. 2024, 80 (7), 347-353 353

27.	Reijnen M. M. P. J., Bleichrodt R. P., van Goor H.: Pathophysiology of intra-
abdominal adhesion and abscess formation, and the effect of hyaluronan.  
Br. J. Surg. 2003, 90, 533-541, doi: 10.1002/bjs.4141.

28.	Reijnen M. M. P. J., Skrabut E. M., Postma V. A., Burns J. W., van Goor H.: 
Polyanionic polysaccharides reduce intra-abdominal adhesion and abscess 
formation in a rat peritonitis model. J. Surg. Res. 2001, 101, 248-253.

29.	Saba A. A., Godziachvili V., Mavani A. K., Silva Y. J.: Serum levels of inter-
leukin 1 and tumor necrosis factor alpha correlate with peritoneal adhesion 
grades in humans after major abdominal surgery. Am. Surg. 1998, 64, 734-736.

30.	Scott F. I., Vajravelu R. K., Mamtani R., Bianchina N., Mahmoud N., Hou J., 
Wu Q., Wang X., Haynes K., Lewis J. D.: Association between statin use at the 
time of intra-abdominal surgery and postoperative adhesion-related complica-
tions and small-bowel obstruction. JAMA Netw. Open 2021, 4, e2036315,  
doi: 10.1001/jamanetworkopen.2020.36315.

31.	Sirovy M., Odlozilova S., Kotek J., Zajak J., Paral J.: Current options for the 
prevention of postoperative intra-abdominal adhesions. Asian J. Surg. 2024, 
47, 77-82, doi: 10.1016/j.asjsur.2023.10.001.

32.	Tanaka K., Hashimoto H., Misawa T., Akiba T.: The prevention of carboxy-
methylcellulose on bowel adhesions induced by talc peritonitis in mice. J. Surg. 
Res. 2019, 234, 311-316, doi: 10.1016/j.jss.2018.10.008.

33.	Thakker H. M., Patil D. B., Kelawala N. H., Parikh P. V., Parsania R. R.: 
Evaluation of sodium carboxy methylcellulose in minimizing induced jejunal 
adhesions in buffalo calves. Indian J. Vet. Surg. 2005, 26, 1, 50-51.

34.	Uysal E., Dokur M., Kırdak T., Kurt A., Karadağ M.: Evaluation of the effects 
of adipose-derived mesenchymal stem cells on intraperitoneal adhesions. Turk. 
J. Surg. 2018, 34, 184-190, doi: 10.5152/turkjsurg.2017.3860.

35.	Verco S. J. S., Brown C. B., Rodgers K. E., Roda N., diZerega G.: Development 
of novel glucose polymer solution (icodextrin) for adhesion prevention: pre-
clinical studies. Hum. Reprod. 2000, 15, 1764-1772.

36.	Waldron M. G., Judge C., Farina L., O’Shaughnessy A., O’Halloran M.: Barrier 
materials for prevention of surgical adhesions: systematic review. BJS Open. 
2022, May 2, 6, zrac075, doi: 10.1093/bjsopen/zrac075.

37.	Woessner J. F.: The determination of hydroxyproline in tissue and protein 
samples containing small proportions of this imino acid. Arch. Biochem. 
Biophys. 1961, 93, 440-447.

38.	Yoldemir T., Sagol S., Adakan S., Oztekin K., Ozsener S., Karadadas N.: 
Comparison of the reduction of postoperative adhesions by two barriers, one 
solution, and two pharmacologic agents in the rat uterine model. Fertil. Steril. 
2002, 78, 335-339.

39.	Zuhlke H. V., Lorenz E. M., Straub E. M., Savvas V.: Pathophysiology and 
classification of adhesions. Langenbecks Arch. Chir. 1990, 2, 1009-1016.

Corresponding author: Assoc. Prof. Dr. Abdullah Karasu, Faculty of 
Veterinary Medicine, University of Van Yuzuncu Yil, Campus, 65080 Van, 
Türki̇ye; e-mail: abdullahkarasu@hotmail.com


