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Original Article

Objective: To determine the preventive effects of local administration of simvastatin for postoperative intra-
abdominal adhesion formation in animal model of rat.
Methods: In this experimental study, 32 Wistar albino rats as the animal model of intra-abdominal adhesion 
formation were included. Adhesions were induced in all the animals via abrasion of the peritoneal and intestinal 
surface during laparotomy. Afterwards, the rats were randomly assigned to receive simvastatin (30 mg/kg body 
weight) as a single intraperitoneal dose at the time of laparotomy (n=16) or normal saline in same volume at 
the same time (n=16). At the day 21, animals were euthanized and the adhesions were quantified clinically (via 
repeated laparotomy) and pathologically and compared between the two groups. 
Results: The baseline characteristics of the animals were comparable between two study groups. Clinically, 
in simvastatin group, 10 rats (62.5%) did not develop any adhesion and 6 (37.5%) had first-grade adhesion; 
whereas in the control group, 11 (68.8%) rats had first- and 5 (31.2%) had second-grade adhesions (p<0.001). 
Pathologically, in simvastatin group, 6 rats (37.5%) had first-grade adhesion, while in control group, 11 rats 
(68.8%) had first- and 5 (31.2%) had second-grade adhesions (p<0.001). 
Conclusion: Our findings suggest that intraperitoneal administration of simvastatin is an effective method for 
prevention of postoperative intra-abdominal adhesion formation in animal model of rat. 
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Introduction 

Postoperative intra-abdominal adhesion formation 
is considered the most common complication 

of abdominal or pelvic surgery. Unlike other 
postoperative complications, such as wound 
infection or anastomotic leakage, the consequences 
of adhesion formation comprise a lifelong risk 
for various clinical entities [1,2]. Peritoneal 
adhesions are reported as the cause of 32% of 
acute intestinal obstruction and 65-75% of all small 
bowel obstructions. It is estimated that peritoneal 
adhesions develop after 93-100% of upper abdominal 
laparotomies and after 67-93% of lower abdominal 
laparotomies. Nevertheless, only 15-18% of these 
adhesions require surgical re-intervention [3]. In 
addition, autopsy findings show that about 10.4% 
of the patients suffer intra-abdominal adhesions 
without any history of abdominal surgery [4]. In a 
14-year study in Sweden, the total cost for treatment 
of the abdominal adhesion-related problems was 
estimated to be 39.9-59.9 million euros which is 
equal to the annual cost for gastric cancer treatment 
in Sweden [5]. Current lines of evidence suggest that 
optimal surgical technique defined as less abdominal 
tissue manipulation and less peritoneal irritation, is 
associated with reduced rates of intra-abdominal 
adhesion formation [1]. Given the importance of 
intestinal adhesion and toiling for surgeons [6], so 
far, many studies have been conducted to prevent and 
reduce intestine adhesions after the surgery [6-8]. 

Barrier methods have been previously described for 
prevention of the intra-abdominal adhesion formation 
with different results [1,2,6,7]. Simvastatin, a strong 
fibrinolytic agent in mesothelial human cells in 
inflammatory conditions has been previously used 
as oral agent without effects on intra-peritoneal 
adhesion formation [9].  The previous studies 
showed simvastatin can increases the level of tissue-
type plasminogen activator (t-PA) and decreases 
the level of plasminogen activator inhibitor (pai-1) 
[9,10]. Although the oral simvastatin has not been 
shown to be effective in reducing the intra-peritoneal 
adhesion formation [9], local administration has not 
been previously studied. The aim of the current 
study is to determine the preventive effects of local 
administration of simvastatin for postoperative intra-
abdominal adhesion formation in animal model of rat. 

Materials and Method 

Animals 
This was an experimental study on 32 male Wistar 

albino rats weighing 250-300 g with the age of 5-6 
months. They were divided into two equal groups 
of case and control. Study animals were handled 
in conformity with the guidelines for the care and 
handling of laboratory animals provided by Shahid 
Beheshti Laboratory Animals Center in accordance 
with global standards for laboratory biosafety 

guidelines. The rats were housed in the animal nest 
of the Department of Immunology in School of 
Medicine. The study was approved by the institutional 
review board and the Ethics Committee of Shahid 
Beheshti University of Medical Sciences, Iran.

Induction of Adhesions
The rats were anesthetized via injection of ketamine 

(60 mg per kg body weight) and xylazine (6 mg per 
kg body weight). Then, laparotomy was performed 
using a standard midline incision measuring 4 cm 
in length. All surgical procedures were performed 
by the same surgeon. In both groups, during the 
operation, powder-free gloves were used; then, using 
a blue needle, in the parietal peritoneum and cecum 
levels, 3 scratches with 2 cm of length were created. 
At the end, in the case group, before closing the 
abdominal wall layers, 2 mL solution of simvastatin 
with a dosage of 30 mg per kg body weight and 
in the control group, 2 mL of normal saline was 
administered. Then, the layers of the abdominal wall 
were restored with 3-0 nylon thread and the skin was 
restored with 3-0 nylon suture. 

Determination of Intra-Abdominal Adhesion 
Formation

The rats were maintained for three weeks in the 
same conditions without the use of antibiotics. 
Then, they were euthanized using carbon dioxide 
and repeated laparotomy was performed. The 
severity of adhesions in the two study groups 
were determined based on the following clinical 
and pathological criteria. The severity of clinical 
adhesions at the abdominal cavity was evaluated 
using an established scoring system as: 0: No 
adhesion, 1: One adhesion band, no vessel, easily 
separated, 2: Two thin adhesion bands, no vessel, 
easily separated, 3: Three thin adhesion bands, no 
vessel, easily separated, and 4: More than three thin 
adhesion bands, easily separated with no vessel or 
diffuse adhesion bands with vessels [11]. The degree 
of pathological adhesion was scaled as: No adhesion, 
Fat, Fat and fibrosis, and Fibrosis.

Statistical Analysis
Using sample size formula, with confidence interval 

of 95%, test power of 80%, standard deviation of 
0.59 for both case and control groups based on the 
similar studies [9], mean of 2.93 for control and 1.85 
for case groups, and the correction coefficient of 0.2 
for small population, the sample size was calculated 
as 16 for each group.

The differences between the two groups were 
evaluated using statistical package for social sciences 
(SPSS Inc., Chicago, IL, United States) version 
20.0. The Kruskal-Wallis test was used to assess 
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the differences in the adhesion score between the 
groups. A two-sided p-value of less than 0.05 was 
considered statistically significant.   

Results 

Totally, 32 male Wistar albino rats weighing 250-300 
g with the age of 5-6 months underwent were included 
in the study. The duration of each surgery was 15 
minutes. No mortality was recorded. The amount 
of intraoperative bleeding was comparable between 
groups. We found that the clinical grading of the 
intra-abdominal adhesions was significantly lower 
in thosewho received intra-peritoneal simvastatin. In 
the control group, all the rats had adhesions; 11 cases 
had first-degree adhesions and were easily released, 
3 had second-degree adhesions, and 2 had third-
degree adhesion (Figure 1). But in the simvastatin 
group, 10 rats had no adhesion and 6 had first-degree 
adhesion (Table 1). Histopathological examination 
revealed that in the control group, 11 rats had fat and 
fibrosis (second-degree adhesion) and 5 had third-
grade adhesions. But in the simvastatin group, no 
fibrosis adhesion was observed (Table 2); and only in 
6 rats, fat changes (Figure 2). The pathologic grade 
of intra-abdominal adhesions was significantly lower 
in those who received intraperitoneal administration 
of simvastatin (p<0.001).

Discussion 

Intestinal adhesion after laparotomy is the most 

common complications of abdomen and pelivic 
surgeries associated with further complications 
including small intestine obstruction, chronic pelvic 
pain, infertility, and with high social and economic 
burden [1,2]. In the current study, we assessed 
that effect of intraperitoneal administration of 
simvastatin for prevention of postoperative intra-
abdominal adhesion formation in animal model 
of rat. We found that in local administration of 
simvastatin in the peritoneal cavity after laparotomy 
is associated with decreased rate and severity of 
intra-abdominal adhesion formation both clinically 
and pathologically. Yildiz et al., [10] performed an 
experimental study to determine the effects of statins 
on prevention of intra-abdominal adhesion formation 
and wound healing. Oral and topical atorvastatin 
with the dose of 30 mg/kg was administered and the 
results were compared. They found that oral statin 
is not associated with decreased intra-abdominal 
adhesion formation while topical administration 
of atorvastatin was associated with incidence and 
severity of postoperative adhesion formation [9]. 
These results are in concordance with ours results 
demonstrating the beneficial effects of local statins 
in prevention of intra-abdominal adhesion formation.  

Pathophysiology of intestinal adhesion is based 
on micro-trauma to the peritoneum and subsequent 
release of inflammatory mediators. These factors 
cause fibrin deposition in the abdomen, and by 
persistent inflammation and the migration of 
fibroblasts, this fibrin is organized and adhesive 
bands are created [7]. According to this process, 

Table 1. Degree of clinical intra-abdominal adhesions in 32 rats receiving simvastatin (n=16) or normal saline (n=16).
The degree of clinical adhesion Simvastatin (n=16) Normal Saline (n=16) p value
0: No adhesion 10 (62.5%) 0 (0.0%) <0.001
1: One adhesion band, no vessel, easily separated 6 (37.5%) 11 (68.8%)
2: Two thin adhesion bands, no vessel, easily separated 0 (0.0%) 3 (18.7%)
3: Three thin adhesion bands, no vessel, easily separated 0 (0.0%) 2 (12.5%)
4: More than three thin adhesion bands, easily separated 
with no vessel or diffuse adhesion bands with vessels

0 (0.0%) 0 (0.0%)

Fig. 1. Third-degree intra-abdominal adhesion in a rat receiving 
normal saline (control group). Note the intraperitoneal adhesion 
between the colon and the mesothelium of small intestine. Three 
thin adhesion bands between the two tissues with no vessels 
are seen which cannot be easily separated.

Fig. 2. Histological examination of intra-abdominal adhesions 
in a rat receiving simvastatin. Note the pathological fat changes 
in favor of grade 1 adhesion. Only fat cells are seen with no 
vessels or fibrosis (H&E staining; ×40).
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an approach to use fibrinolytic drugs has been 
utilized in patients undergoing laparotomy. Statins 
encompass antioxidant and anti-inflammatory 
fibrinolytic effects [7,9]. A suggested mechanism 
for preventing effect of simvastatin on the formation 
of intra-abdominal adhesion bands is increased 
level of t-PA and reduced level of PAI-1. Increasing 
of this proportion can accelerate the fibrinolysis 
process and decrease the adhesion [2,11-13]. Kucuk 
et al. administrated 0.57 mg/kg of intraperitoneal 
simvastatin and measured t-PA in the abdomen; they 
showed that reduced adhesion was associated with 
the increase of t-PA level in the abdominal cavity 
[11]. In-vitro studies on mesothelial cells showed 
that simvastatin stimulated the fibrinolytic activity 
with increasing the level of t-PA and decreasing the 
level of PAI-1 [12]. 

Another hypothesis for the mechanism of 
statins in decreasing intra-abdominal adhesion is 
restraining leukocyte function antigen (LFA-1), as an 
inflammatory factor inducing adhesion [14]. Davis 
et al., [15] in a survey on 8 rats showed that oral 
simvastatin can reduce fibrosis in rotator cuff tear 
of case group compared to controls; this can support 
the potential of simvastatin in reducing adhesion 
bands [15]. In a similar study, administration of oral 
fluvastatin in 48 female rats tended to significant 
reduction in the severity of adhesion [16]. Lalountas 
et al., [17] demonstrated that post-laparotomy 
administration of atorvastatin solution is effective 

in reducing intra-abdominal adhesion as well as 
hyaluronate/carboxy methyl cellulose [17]. Although 
the hyaluronate/carboxy methyl cellulose is an 
effective drug in reducing postsurgical adhesions, 
it can increase the risk of anastomotic leakage [6]. 

In a human study on 419 patients admitted with 
intraperitoneal adhesion, it was observed that the 
history of using statins significantly reduced the need 
to reoperation [18]. Although the results of this study 
were consistent with other studies and confirmed 
the effectiveness of local simvastatin in preventing 
intestinal adhesions after the laparotomy; this study 
was limited to animal model and a short-time period. 
However, we suppose further studies to assess the 
prolonged use of the drug and its long-term effects 
in animal models as well as the effect of the drug 
on humans.

In conclusion, our findings suggest that 
intraperitoneal administration of simvastatin is an 
effective method for prevention of postoperative intra-
abdominal adhesion formation in animal model of rat.
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Table 2. Degree of pathological intra-abdominal adhesions in 32 rats receiving simvastatin (n=16) or normal saline (n=16)
The degree of pathological adhesion Simvastatin (n=16) Normal Saline (n=16) p value
0: No adhesion 10 (62.5%) 0 (0.0%) <0.001
1: Fat 6 (37.5%) 0 (0.0%)
2: Fat and fibrosis 0 (0.0%) 11 (68.8%)
3: Fibrosis 0 (0.0%) 5 (31.2%)
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