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Abstract: Postoperative intraabdominal adhesion (PIA) formation is an important 

cause of morbidity and mortality in patients undergoing abdominal surgery. This 

experimental study aims to evaluate the effects of Nigella sativa oil (NSO) on 

fibrinolytic system, while reducing PIA formation. A total of 16 Wistar Albino rats, 

each weighting 200 to 250 g, were used in this study. All rats were divided into two 

separate groups, as Group 1 (control group; n=8) and Group 2 (experimental group; 

n=8). An experimental adhesion model was formed in which Group 1 rats were 

administered with 1 mL isotonic saline intraabdominally, while Group 2 rats were 

administered with 1 mL NSO. The rats were sacrificed on postoperative day 10.Tissue 

plasminogen activator (tPA) concentration in the blood and peritoneal fluid was 

measured using the enzyme-linked immunosorbent assay (ELISA), and adhesion 

formation was evaluated using macroscopic and microscopic examinations. Group 1 

had significantly lower peritoneal fluid TPA concentrations (0.34±0.08 ng/mL 

vs1.53±1.44 ng/mL; p<0.01) and significantly lower serum concentrations for this 

compound (1.12±0.55 ng/mL vs 2.25±0.91 ng/mL; p<0.01). Based on macroscopic 

examinations, Group 2 showed significantly lower adhesion size and extension 

(p<0.01). Histopathological examinations revealed that Group 2 showed lower 

collagen levels, fibroblastic activity, and increased vascularity, indicating a significant 

difference between the groups (p<0.01). This study shows that intraperitoneal NSO 

administration may reduce PIA by increasing the fibrinolytic activity in the rat model 

of intraabdominal adhesion formation. 
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INTRODUCTION 
Intraabdominal adhesions are defined as 

pathological fibrotic bands formed in the peritoneal 

cavity [1]. Intraabdominal adhesions increase the length 

of hospital stay and related with surgical morbidity and 

mortality[2]. Mortality rate ranges from 6 to 13% in 

patients with mechanical intestinal obstruction due to 

adhesions [3, 4]. They also increase the rates of re-

hospitalization and re-operation. 

 

Although exact physiopathology of adhesion 

formation has not been fully understood, trauma and 

ischemia are thought to initiate adhesion formation by 

inducing the release of tissue factors [5]. During the 

healing process, fibroblasts locally proliferate due to 

insufficient fibrinolytic activity and lead to permanent 

adhesions. Experimental studies have demonstrated a 

direct relationship between decreased fibrinolytic 

activity and adhesion formation [5]. Activation of 

fibrinolytic system induces conversion of plasminogen 

to plasmin. Plasmin is effective in converting fibrin to 

fibrin breakdown products. TPA and urokinase are 

plasminogen activators (uPA). The former is largely 

responsible for plasminogen activation in the peritoneal 

cavity [6]. Either of these substances is released from 

endothelial cells, mesothelial cells and macrophages 

[6]. As a result, drugs targeting this pathway can be 

used to prevent PIA formation. The resulting effect as a 

widely accepted mechanism is formation of fibrous 

adhesions due to tissue ischemia and decreased tPA 

concentrations following surgery [7].  

 

Nigella sativa is an herbaceous annual plant 

which belongs to the Ranunculaceae family. It is 

cultivated in Mediterranean countries, and in Pakistan 

and India [8]. It is also known as the black seed and it is 

natural medicine used in the treatment of many diseases 

[8]. Nigella sativa possesses many biological activities, 

such as immunomodulation, anti-inflammatory effects, 

analgesic, antiviral, and antineoplastic effects [8, 9]. 

The Nigella sativa oil (NSO) exerts unique biological 

activities through more than 30 volatile (18.4 to 24% 

thymoquinone and 46% monoterpenes) and non-volatile 

oils [10, 11]. Its seed contains bioactive compounds 

such as essential fatty acids, sterols and tocols, and are 

used as antioxidant agents [12, 13]. 
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Currently, most of the adhesion preventers 

show their effects through their anti-inflammatory and 

antioxidant effects. In this study, we aimed to evaluate 

the effects of NSO on fibrinolytic activity in reducing 

PIA. 

 

MATERIALS AND METHODS 

Ethics Committee Approval 

Ethics Committee approval for this 

experimental study was obtained from R.T. Marmara 

University Animal Experiments Local Ethics 

Committee (97.2013.mar; Istanbul, Turkey). The 

subjects were supplied from R.T. Marmara University 

Experimental Animals Application and Research Center 

and the study was conducted in the laboratory of R.T. 

Marmara University Experimental Animals Application 

and Research Center. 

 

Experimental Groups 
Sixteen Wistar-Albino rats weighting 200-250 

grams were used in the study. The rats were divided 

into two groups each comprising 8 rats. Group 1: 

Control Group, Group 2: Intraperitonal NSO group. 

Rats were kept in the same laboratory environment for 

one week before the experiment. Rats were maintained 

on a cycle of 12 hours of light and 12 hours of darkness 

at room temperature and maximum four rats were 

placed in the standard cages. In the preoperative and 

postoperative period, rats were fed standard chow and 

water. 

 

Surgical Technique  

General anesthesia was performed with 

intraperitoneal administration of ketamine 100 mg/kg 

(Ketalar, Parke Davis, and Istanbul, Turkey).After 

anesthesia; the rats were placed in supine position. 

Extremities were immobilized with a wound plaster. 

Anterior abdominal wall was shaved and the area was 

cleaned with povidone iodine solution (Betadine, 

Kurtsan, and Istanbul, Turkey). Standard instruments 

were used in surgical procedures. Peritoneal cavity was 

entered through a 3-cm midline incision. Group 1 

(Control Group): After stretching 0.5 cm of peritoneum 

with a clamp and ligating its base with 4/0 silk sutures 

(Dogsan, Istanbul, Turkey), peritoneal adhesion knots 

of the inner abdominal wall were formed with three on 

each side, then 1 ml of sterile serum physiologic 

solution was instilled into the abdominal cavity and the 

incision was closed with 3/0 polypropylene continuous 

sutures (Prolene, Dogsan, Istanbul, Turkey). Group 2 

(Nigella Sativa Group): After stretching 0.5 cm of 

peritoneum with a clamp and ligating its base with 4/0 

silk sutures (Dogsan, Istanbul, Turkey), peritoneal 

adhesion knots of the inner abdominal wall were 

formed with three on each side, then sterile NSO 

solution was instilled into the abdominal cavity and the 

incision was closed with 3/0 polypropylene continuous 

sutures. All rats were administered analgesics after the 

procedure and left for recovery from anesthesia. Six 

hours after operation, rats were fed ad libitum standard 

chow and tap water. 

 

Sacrifice and Assessment 

In the postoperative follow-up period, no rats 

were lost due to surgery or anesthesia complications. At 

day 10, all rats received intraperitoneal ketamine 100 

mg/kg to induce general anesthesia. Skin was stripped 

off the fascia to avoid injury to the implantation line. 

Abdominal wall was opened caudally with ―inverse U‖ 

incision without damaging adhesion formation. After 

withdrawing a 1 cc of peritoneal fluid for peritoneal 

fluid tPA measurement, intra-abdominal adhesions 

were evaluated quantitatively according to the Nair’s 

Macroscopic Classification [14]. The evaluation was 

performed by two separate investigators in a double-

blind fashion as per the classification system they were 

previously taught. Following macroscopic examination, 

adhesions were removed together with the affected 

organs in rats that developed adhesions, while 

peritoneal ischemia areas were excised pathological 

examination as to include all layers except the skin in 

rats that did not develop adhesions. Then, pathology 

specimens were fixed in containers containing 10% 

buffered formalin solution. This was followed by 

sacrifice by draining off the blood from the heart while 

the rats were under general anesthesia and blood 

samples were centrifuged at 1000 g for 15 minutes. 

Plasma samples were transferred into the eppendorf 

tubes and stored at -20°C for the analysis of tPA 

concentrations.The sample were handled in cold chain 

tPA concentrations were determined using micro 

ELISA method (Rat tPA ELISA Kit, Innovative 

Research, Novi, USA) as per the instruction in the 

Biochemistry Laboratory of Bezmialem University. 

 

Histopathological examinations were 

performed in the Pathology Laboratory of R.T 

Medeniyet University Goztepe Education and Research 

Hospital. The specimens were followed with classical 

laboratory methods and embedded in paraffin blocks. 

Five-micrometer-thick sections were placed on the 

slides. The sections were stained with hematoxylin-

eosin and examined under the light microscope. The 

examining pathologist was kept blind to the group of 

the specimen. After histopathological examination, 

specimens were classified according to the Zülke’s 

microscopic classification [15].  

 

Statistical analysis 

Statistical analysis was performed using the 

NCSS version 2007 software (NCSS LLC., Kaysville, 

UT, USA). Descriptive statics were expressed in mean, 

standard deviation, median, frequency, and ratio. The 

Mann-Whitney U test was used to compare normally 

distributed variables between the groups. A p value of 

<0.05 was considered statistically significant with 95% 

confidence interval (CI).  
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RESULTS 

Hematological findings 

 Statistically significant difference was found 

between the groups with respect to peritoneal fluid TPA 

concentrations (p<0.05). The measurements of subjects 

in the NSO group were significantly higher. The mean 

peritoneal TPA concentration was 1.53±1.44 ng/ml in 

the NSO group and 0.34±0.08 ng/ml in the control 

group (Table 1). 

Blood tPA concentrations were significantly 

differ between the two groups (p<0.05). The 

measurements of subjects in the NSO group were 

significantly higher. The mean blood TPA 

concentration was 2.25±0.91 ng/ml in the NSO group 

and 1.12±0.55 ng/ml in the control group (Table 1). 

 

Adhesion scores 

There were significant differences between the 

groups with respect to size and extensiveness of the 

adhesions (p<0.01). The median value of adhesions in 

the intraperitoneal NSO group was significantly lower 

compared to the control group. 

 

Histopathologic Findings 

There were significant differences between the 

groups with respect to the amount of collagen fibers, 

vascularization, and fibroblastic activity (p<0.01). The 

median value in the NSO group was significantly lower 

compared to the control group (Table 2). The 

microscopic appreances of specimens were shown in. 

 

Table-1: Comparison of tPA Concentrations in the Blood and Intraperitoneal Fluid between the Control and 

Study Groups 

 tPA 
a
p

 

Nigella Sativa 

(n=8) 

Control 

(n=8) 

Peritoneal 

Measurements 

mean±SD 1.53±1.44 0.34±0.08 0.009** 

Min-Max (Median) 0.35-3.55 (0.6) 0.21-0.49 (0.3) 

Blood Values mean±SD 2.25±0.91 1.12±0.55 0.021* 

Min-Max (Median) 0.80-3.42 (2.3) 0.34-2.01 (1.1) 
a
Mann-Whitney U Test **p<0.01 *p<0.01 

 

Table-2: Comparison of the Amount of Collagen Fibers, Vascularization and Number of Fibroblasts in 

Microscopic Examination 

 Microscopic Classification 
a
p

 

Nigella Sativa 

(n=8) 

Control 

(n=8) 

Amount of Collagen Fiber + 0 (0) 4 (50.0)  

++ 2 (25.0) 4 (50.0) 

+++ 6 (75.0) 0 

Min-Max (Median) 2-3 (3) 1-2 (1.5) 0.002* 

Vascularization + 0 (0) 5 (62.5)  

++
 

3 (37.5) 3 (37.5) 

+++
 

5 (62.5) 0 (0) 

Min-Max (Median) 2-3 (3) 1-2 (1) 0.002* 

Number of Fibroblasts + 0 (0) 5 (62.5)  

++
 

3 (37.5) 3 (37.5) 

+++
 

5 (62.5) 0 (0) 

Min-Max (Median) 2-3 (3) 1-2 (1) 0.002* 
a
Mann-Whitney U Test **p<0.01 

 

DISCUSSION 
Mechanical obstruction associated with PIA 

can occur after surgery in 4% of all laparotomies [16-

18). Approximately 70% of all small bowel 

obstructions are caused by PIA [18]. Following surgery 

due to PIA, 12-20% of patients require reoperation [19].  

 

Injury to the peritoneum due to traumatic 

causes triggers a cascade of events that initiate adhesion 

formation [20]. Injury to the peritoneal mesothelial cell 

surface results in increased leukotriene B4 and 

prostaglandin E2 levels in the peritoneal fluid and 

inhibition of TPA activation [21]. Increased levels of 

leukotriene B4 and prostaglandin E2 induces 

adhesiogenesis, and inhibition of TPA activity 

decreases fibrin breakdown and triggers PIA formation 

[21]. 

 

Peritoneal injury activates coagulation cascade 

that results in thromboplastin release and fibrin 

production. If fibrin breakdown is insufficient, this 

provides the environment for PIA formation. If there is 
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excessive fibrin production, this exceeds the capacity of 

peritoneal plasmin to degrade fibrin and PIA is formed 

[20, 22, 23]. 

 

There are studies reporting that heparinization 

of the blood in peritoneal cavity following peritoneal 

injury can prevent PIA formation [22]. Particularly, 

insufficient fibrinolytic activity and abnormal peritoneal 

healing may result in PIA formation. Fibrinolysis may 

not be completed in the presence of excessive 

thromboplastin-derived fibrin production and inhibition 

of tPA activity [20, 23]. If enzymes released from the 

leukocytes upon inhibition of fibrinolytic activity fail to 

degrade fibrin exudate, fibrinous adhesions further 

progress to form a fibrotic band. Migration of 

fibroblasts and collagen accumulation enlarges these 

fibrin bands to form fibrous adhesions with regression 

of capillaries and accumulation of fibroblasts and 

permanent adhesions are formed [24-26]. The 

imbalance between TPA and its inhibitor (PAI-1) 

increases adhesion formation [27-29]. Enteral form of 

n-acetylcysteine has been shown to increase blood tPA 

levels in adhesion model and thereby decrease PAI 

formation by increasing fibrinolytic activity [30]. The 

studies to date have shown that nigella sativa reduced 

PIA formation; however, there is no sufficient data on 

its effects on fibrinolytic mechanism. In the present 

study, we examined TPA concentrations in the 

peritoneal fluid and blood in order to evaluate 

fibrinolytic effects of NSO. Blood and peritoneal fluid 

TPA concentrations were significantly higher in the 

NSO, compared to the control group (p<0.01). 

 

Inflammatory mediators may play an 

important role in PIA formation [31]. Some studies 

have shown that anti-inflammatory drugs reduced PIA 

formation in mice, rats and rabbits [32-34]. Nigella 

sativa oil possesses anti-oxidant, analgesic, antiviral, 

antineoplastic, anti-inflammatory, and 

immunomodulatory activities [8, 11]. The studies found 

that N. sativa eliminate adverse effects of free oxygen 

radicals through its anti-inflammatory and anti-oxidant 

properties and thereby exert cytoprotective and anti-

apoptotic effects [8, 35-36]. Nigella sativa oil was 

shown to reduce apoptosis in rat model of necrotizing 

enterocolitis [37]. In addition, NSO was shown to have 

positive effects in preventing PIA formation and in 

addition this effect could be mediated by reducing 

apoptosis and collage formation in the damaged tissues 

[38]. Instillation of NSO into the abdominal cavity 

following cecal abrasion was shown to reduce 

inflammation, fibrosis, and vascularization at the 

microscopic level [39]. Similar to other studies, the 

present study found a statistically significant decrease 

in microscopically evaluated amount of collagen fibers, 

vascularization and fibroblastic activity in the NSO 

group when compared to the control group.  

 

In conclusion, intraperitoneal administration of 

NSO is thought to increase fibrinolytic activity and 

decrease PIA formation by increasing TPA 

concentrations in the blood and peritoneal fluid. 

Therefore NSO can be beneficial to prevent 

intraabdominal adhesion formation. However, large-

scale studies are needed to confirm these findings.  
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