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BACKGROUND: Adhesion formation after peritoneal surgery is a major cause of postoperative bowel obstruction, infertility, and 
chronic pelvic pain. In this study, we compared the possible individual effects of phosphatidylcholine (PC), Seprafilm® II, and 
tissue plasminogen activator (t-PA) and the combined effects of phosphatidylcholine and t-PA on postoperative adhesion formation 
in a rat surgical model. 
MATERIALS AND METHODS: A total of 50 Wistar male rats underwent median laparotomy and standardized abrasion of the 
visceral and parietal peritoneum. phosphatidylcholine, Seprafilm II, and t-PA alone and phosphatidylcholine and t-PA in combina-
tion were applied intraperitoneally at the end of the surgical procedure. Seven days after surgery, a relaparotomy was performed 
for adhesion grading and histopathological examination. 
RESULTS: A comparison of adhesion stages demonstrated a significant difference between the control group and the study groups 
(p<0.001). The adhesion grade of the combined treatment group was statistically different from that of the other groups (p<0.05). 
In the t-PA group and the combined group, six and two rats, respectively, developed hematomas locally on the cecum. 
CONCLUSIONS: PC, t-PA, and Seprafilm II used individually reduced the adhesion grade. The t-PA and phosphatidylcholine 
combination was most effective in reducing adhesion formation. On the other hand, usage of t-PA alone or in combination may 
increase risk of bleeding. More detailed studies are needed, and future studies on the efficacy of a material for decreasing adhesion 
formation should include a comparison of several control materials in the same model.
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INTRODUCTION

Peritoneal adhesions are fibrous bands of tissue that join 
intraabdominal organs to each other or to the abdominal 
wall. These adhesions are a major complication in healing 
following surgery or infection and can lead to conditions 
such as intestinal obstruction, infertility, and chronic pain.1,2 
Furthermore, the presence of dense adhesions makes 

reoperation technically difficult.3 
Adhesions are formed when the parietal or visceral 

peritoneum is damaged and the basal membrane of the 
mesothelial layer is exposed to surrounding tissues. The 
sequence of adhesion formation has been reported as 
follows: tissue ischemia, inflammation, fibrin deposition, 
fibrin organization, collagen formation, and maturation with 
the formation of adhesions.1-4 Surgeons have used several 
agents to reduce adhesion formation at each of these steps. 
However, at least 50% of patients still develop significant 
adhesions.5-15 Therefore, new approaches to this problem 
are warranted.

Physical barriers, including both mechanical and 
viscous solutions, are widely used to prevent adhesion 
formation by limiting tissue apposition during the critical 
stages of mesothelial repair. Seprafilm II is a translucent 
bioresorbable membrane composed of chemically modified 
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carboxymethylcellulose and sodium hyaluronate.5-7,16 
Phosphatidylcholine (PC) is a viscous solution that may act 
as a temporary membrane by covering serosal defects. PC 
is the main constituent of surface active material coating the 
peritoneal membrane as well as an excellent lumbricant.17-21

Fibrinolytic activity of the traumatized peritoneum is 
another key point for preventing adhesion formation. When 
the fibrinolytic capacity of the peritoneum is insufficient, 
deposited fibrin may persist, and fibrinous adhesions 
may develop. The dissolution of fibrin is mediated by the 
fibrinolytic system. In this system, the inactive proenzyme 
plasminogen is converted into active plasmin by tissue 
plasminogen activator (t-PA). 22-25 

In light of the above-mentioned subjects, we tried to test 
(separately and in association) agents that could potentially 
function as inhibitors of the formation of peritoneal 
adhesions endowed with different mechanisms of action. 
Therefore, we have compared the possible effects of PC, 
Seprafilm II, and tPA used in isolation, and PC and tPA 
combined, on postoperative adhesion formation in rats. 

MATERIALS AND METHODS

Animals and Anesthesia

This study was conducted after approval by the Gazi 
University School of Medicine (No:55-11336) Ethics 
Committee and supported by Gazi University Research 
Project (TF.01/2002-111). Fifty male Wistar rats weighing 
200-250 g were used. The animals were kept in single cages 
under standard laboratory conditions with a balanced pellet 
diet and water ad libitum. The animals were housed at the 
Center for Laboratory Animal Care of Gazi University. 
The animals were acclimatized for one week before the 
experiments. After adaptation, the animals were randomly 
assigned to five different groups of equal numbers. The rats 
were prepared for surgery with an injection of ketamine 
(70 mg/kg i.m. of Ketalar; Eczacıbaşı, Istanbul, Turkey) 
anesthesia. The surgical procedures were performed under 
sterile conditions.

Induction of Adhesions

All of the animals were fasted for at least 12 hours 
immediately before surgery. After hair removal, the abdomen 
was cleaned with 1% antiseptic povidone-iodine solution 
and a 3 cm midline laparotomy was made. The cecum was 
exposed and abrased for 10 strokes with moderate pressure 
using a nylon bristle dental brush. Petechial subserosal 
hemorrhages developed in all cases.26 

Experimental Groups

The abdominal cavity was closed by a running suture 
of 3-0 silk. Prior the last stitch, the following agents were 
deposited in the abdominal cavity.

Group 1 (Control group): 2 ml/rat of 0.9% NaCl, 
Intraperitoneal (i.p.). (Serum Fizyolojik, Eczacıbaşı, 
Istanbul, Turkey).

Group 2 (Seprafilm II group): The abrased cecal area 
was covered by a 1.5 cm2 piece of Seprafilm II (Genzyme 
Corporation, Cambridge, MA, USA).

Group 3 (PC group): 20 mg/rat of phosphatidylcholine, 
i.p. (Lipostabil, A. Nattermann & Cie. GmbH, Köln, 
Germany) 

Group 4 (t-PA group): 0.001 mg/rat t-PA in 2 ml of 0.9% 
NaCl, i.p. (Sigma Aldrich Co, Steinheim, Germany) 

Group 5 (t-PA and PC combination group): 
0.001 mg/rat t-PA in 2 ml of 0.9% NaCl and 20 mg/rat 
phosphatidylcholine combination, i.p.

Assessment of Adhesions

Seven days after surgery, the animals were sacrificed. 
The abdominal cavity was opened via a U-shaped incision 
based in the lower abdomen for complete exploration. Blind 
evaluations were carried out; adhesions were graded from 0 
(absent) to 4 (severe) according to the Mazuji classification27 
(Table 1). In general, Grades 0 and 1 adhesions have no 
clinical significance, whereas Grades 3 and 4 adhesions can 
cause intestinal obstruction. Adhesion rate is used to describe 
the presence of an adhesion of any grade. 

Histology

Histopathologic examination was performed by two 
investigators. Adhesion-carrying tissues were excised en-block 
and fixed in a 10% buffered formaldehyde solution. Samples 
were submitted for histological analysis after being stained 
with hematoxylin and eosin. The parameters evaluated were 
fibrosis, inflammation, and vascular proliferation, rated on 
a modified semi-quantitative scale of 0-3.6,7,28 The amount 

Table 1 - Adhesion grading according to Mazuji classifica-
tion27

Grade Description of Grade

0 No adhesion

1 Very small, irregular adhesion

2 Easily separable medium intensity adhesion

3 Intense, not easily separable regular adhesion

4 Very intense, not easily separable, homogeneous adhesion
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of fibrosis was scored as follows: 0, no fibrosis; 1, minimal, 
loose fibrosis; 2, moderate fibrosis; and 3, florid dense fibrosis. 
Inflammation was scored as follows: 0, no inflammation; 1, 
presence of giant cells, occasional lymphocytes and plasma 
cells; 2, presence of giant cells, plasma cells, eosinophils 
and neutrophils; and 3, presence of many inflammatory cells 
and microabscesses. Vascular proliferation was scored as: 
0, no vascular proliferation; 1, mild vascular proliferation; 
2, moderate vascular proliferation; and 3; intense vascular 
proliferation. For identification of nerve fibers, the specimens 
were rinsed in a phosphate-buffered solution at pH 7.4; 
immunohistochemical staining with a monoclonal antibody to 
neurofilament was performed (S-100, Neomarkers, Fremont, 
California, USA ). When nerve fibers were not seen, another 
section was made from the block, restained for neurofilament 
and re-examined. 

Statistical Analysis

Statistical analysis was performed using the Statistical 
Package for Social Science (SPSS for Windows, Release 
9.05, Chicago, Illinois). Differences in the numbers of 
animals without adhesions in the different treatment groups 
were evaluated using a Chi-square test. A t-test was used to 
determine differences between two independent populations. 
Kruskal-Wallis and Mann-Whitney U tests were used when 
necessary. A value of p<0.05 was counted as significant. 

RESULTS

Adhesion Grade and Rate

Throughout the investigation, no animal died during 
or after surgery. Adhesion rates and grades of the groups 
are presented in Table 2. In comparing adhesion grades, a 
significant difference was found between the control group 
and the treatment groups (p<0.0001). However, Groups 1, 
2, and 3 did not show any significant differences between 
themselves (p>0.05). On the other hand, in Group 5 (t-PA 

and PC combination group), the adhesion grade differed 
significantly from that of the other groups (p<0.05) (Table 
2). There were no adhesions in Grades 0 or 1 in the control 
group. Furthermore, most adhesions in the control group 
were Grade 3 or 4 (90%). On the other hand, there were no 
Grade 4 adhesions in the other groups. Group 5 showed the 
lowest incidence of postsurgical adhesions as compared to 
other treatment and control groups (p<0.05) (Table 4). 

Based on these findings, it was concluded that all 
three products significantly reduced peritoneal adhesion 
development rate and adhesion grades. In Groups 4 (t-PA 
alone) and 5 (t-PA combined with PC), six and two rats, 
respectively, developed local hematomas on the cecum 
(Figure 1). Fifty percent of the adhesions in Group 2 
(Seprafilm group) developed in the uncovered areas in the 
abdomen (n=3) (Figure 2). 

Table 2 - Postoperative adhesion rates, grades and side effects for groups 

Group No. of rats

Adhesion grade

Adhesion rate (%) Side effects0 1 2 3 4

1-(Control Group) 10 0 0 1 4 5 10/10 (100) _

2-(Seprafilm Group) 10 4 3 3 0 0 6/10 (60) _

3-(PC Group) 10 4 0 5 1 0 6/10 (60) _

4-(t-PA Group) 10 4 1 3 2 0 6/10 (60) Local hematoma (n = 6)

5-(PC+t-PA Group)* 10 9 1 0 0 0 1/10 (60) Local hematoma (n = 2)

*p < 0.05 as compared to the control group and to the other treatment groups (Groups 2, 3, and 4). Adhesion rate is used to describe the presence of an 
adhesion in any grade

Figure 1 - The appearance of local hematoma on the cecum in Group 4 
(t-PA group)

Figure 2 - The appearance of Grade 1 adhesion in Group 2 (Seprafilm group), 
which developed on the uncovered area on the cecum
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Histology 

The histologic findings of adhesions differed significantly 
among the control group and treatment groups with respect 
to fibrosis (p = 0.0001), inflammation (p = 0.004), and 
vascular proliferation (p = 0.0001). The control group 
showed the highest scores for fibrosis and the lowest scores 
for inflammation and vascular proliferation. (Table 3). 
Histologic examination showed that in Groups 1 and 4, nerve 
fiber presence was seen in the adhesions of six rats and one 

rat, respectively (Figure 3). Adhesion grade influenced the 
presence of nerve fibers. All nerve fibers were identified 
in Grade 3 and 4 adhesions; there was no nerve fiber 
development in the other groups.

DISCUSSION

Postsurgical adhesion formation is a significant clinical 
problem for every surgical specialty. Evaluation of the 
causes and means of prevention of adhesion formation 
has been the major goal of many investigations. Several 
drugs and substances are used locally or systematically for 
this purpose, including mechanical barriers and physical, 
chemical, and pharmacological agents.5-15 However, 
despite positive reports, none of these have been adopted 
for standard therapy. Research in adhesion prevention has 
focused strongly on barrier films, fibrinolytic agents and 
phospholipids.5-7,16-21 

With the barrier technique, surgically traumatized 
surfaces are kept covered during mesothelial regeneration, 
thus preventing adherence of adjacent structures and 
reducing adhesion formation. Seprafilm II is a bioresorbable 
membrane based on a chemically modified form of 
hyaluronic acid and carboxymethylcellulose. Hyaluronic 
acid exists in all tissues and constitutes the major component 
of the intercellular matrix.29 Because Seprafilm II is the 
only biosynthetic material that has been studied extensively 
in well-designed randomized controlled clinical trails,30-32 we 
preferred to use Seprafilm II for comparison with the other 
agents used in this study. In the present study, Seprafilm II 
significantly reduced adhesion formation (p<0.05). There 
was no adhesion formation of Grades 3 or 4 in the Seprafilm 
group (Group 2). In fact, most of the adhesions in Group 
2 developed in uncovered areas in the abdomen. This fact 
underlines the necessity of using liquid anti-adhesive agents 
to cover all potential peritoneal lesions.

The surface-active material coating the peritoneum 
is chemically similar to pulmonary surfactants.17,18 Thin 

Table 3 - Histologic features of biopsies from adhe-
sions6,7,28

Scores

Histologic Feature 0 1 2 3

Fibrosis Group 1* 0 0 1 9

Group 2 4 2 0 0

Group 3 2 3 1 0

Group 4 3 2 1 0

Group 5 0 1 0 0

Inflammation Group 1* 8 1 1 0

Group 2 1 0 2 3

Group 3 0 0 2 4

Group 4 0 0 3 3

Group 5 0 0 1 0

Vascular proliferation Group 1* 8 2 0 0

Group 2 0 1 4 1

Group 3 0 0 2 4

Group 4 0 0 3 3

Group 5 0 0 1 0

* p < 0.05 compared to other treatment groups (Groups 2, 3, 4, and 5)

Table 4 - Statistical comparison of the groups according to 
the adhesion grade

Groups P-value

Group 1 vs. Group 2 0.0382

Group 1 vs. Group 3 0.0382

Group 1 vs. Group 4 0.0382

Group 1 vs. Group 5 0.0008

Group 2 vs. Group 3 >0.05

Group 2 vs. Group 4 >0.05

Group 2 vs. Group 5 0.031

Group 3 vs. Group 4 >0.05

Group 3 vs. Group 5 0.031

Group 5 vs. Group 4 0.031

A value of p<0.05 was taken as significant

Figure 3 - The arrow indicates the microscopic appearance of nerve fibers 
in the adhesion between the cecum and the omentum in Group 1 (control 
group) (S-100 x 100)
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layer chromatography showed that 81% of these are 
phosphatidylcholines.19 Ar’rajab et al.21 speculated that 
the local formation of fibrin might be prevented by the 
lubricant action of PC since the tissue defects are covered. 
Phospholipids are composed of both hydrophobic and 
hydrophilic parts; it has been suggested that phospholipids 
adhere to the negatively charged peritoneum by their 
positively charged head-group in such a way that their 
hydrophobic tails are oriented into the cavity and coming into 
contact with hydrophobic components from the opposing 
side. Thus, by acting as a liquid barrier separating the 
opposite areas of the peritoneum by a very thin membrane-
like film, PC may reduce adhesion formation.19,21 The present 
study showed that PC reduced adhesion formation when 
compared with the control group (p<0.05). 

The idea that normal peritoneum must have inherent 
fibrinolytic activity that could prevent the formation of 
adhesions has been described previously.24,33 Since then, 
evaluation of changes in fibrinolytic activity after peritoneal 
trauma has been the subject of several studies.23-25 Injury to 
the peritoneum because of surgery, infection or irritation 
causes a local ischemia and inflammatory reaction, which 
leads to the formation of a serosanguineous exudate rich 
in fibrin. When the fibrinolytic capacity of the peritoneum 
is insufficient, deposited fibrin may persist, resulting in 
fibrinous adhesions which then become organized. As 
a result, these adhesions become permanent.24 Fibrin is 
principally degraded by plasmin, a protease converted 
from plasminogen by plasminogen activator (PA). Thus, an 
imbalance between fibrin deposition and fibrin dissolution 
may be the key event in adhesion formation. It was 
postulated that an early reduction in peritoneal PA activity 
might be secondary to a reduction in t-PA levels, whereas 
the subsequent abolition of functional fibrinolytic activity 
is probably caused by a dramatic increase in plasminogen 
activator inhibitor 1 (PAI-1) and plasminogen activator 
inhibitor 2 (PAI-2) concentrations.23 In the present study, we 
used t-PA, which is derived from human melanoma cells, 
to supplement the insufficient PA activity of traumatized 
peritoneum. This kind of t-PA is absorbed by fibrin clots 
in particular and only there exhibits effects; even when 
introduced into circulating blood, these t-PAs have little or 

no general side effects in hemostasis.24,25 On the contrary, 
in the present study, six Group 4 rats and two Group 
5 rats developed local hematomas on the cecum. The 
hematomas were smaller in Group 5 rats. t-PA significantly 
reduced adhesion stage compared to the control group 
(p<0.05). Based on these findings, we can conclude that 
all three products significantly reduce peritoneal adhesion 
development rate and adhesion stage. 

Since various attempts made at different stages of 
adhesion pathogenesis failed to prevent adhesion formation, 
we conclude that there may not be a single way to prevent 
adhesion formation. Instead, a combination treatment acting 
on different stages of adhesion pathogenesis simultaneously 
may be successful. Thus, for Group 5, we combined t-PA and 
PC. Nine rats (90%) in Group 5 were adhesion-free, and only 
one rat developed a Grade 1 adhesion. Comparing the groups 
with regard to adhesion stage shows a significant difference 
between Group 5 (t-PA and PC combined) and the other 
treatment groups. In the present study, use of t-PA , in both 
groups administered, caused local hematomas with various 
degree; the clinical result would be a possible disturbance 
of the delicate balance between coagulation and fibrinolysis, 
causing a postoperative bleeding hazard. 

The histologic findings on adhesions showed that the 
control group had the highest fibrosis scores and the lowest 
inflammation and vascular proliferation scores. We did not 
find these results surprising because similar results have been 
reported previously by Kaptanoglu et al.5 and Ersoy et al.6 
Several authors have noted an association between adhesion 
and pain.2,14,24 Sulaiman et al.34 have shown the presence of 
sensory nerves in all human peritoneal adhesions examined. 
Although nerve fibers were found in some of the adhesions 
in our experimental design, the pathophysiology of this 
result was out of the scope of the present study that requires 
further investigation. 

In conclusion, PC, t-PA, and Seprafilm II used in 
isolation reduced the adhesion grade; the combination of PC 
and t-PA was most effective in reducing adhesion formation. 
More detailed studies are needed on this topic, and future 
studies on the efficacy of a material in decreasing adhesion 
formation should include a comparison of several control 
materials.
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