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INTRODUCTION
The most common cause of peritoneal adhesion (PA) is abdo

minal surgery. A number of mechanisms have been proposed as 
potential triggering factors in the development postsurgical PA 
[1]. To date, several treatment modalities have been performed 
to prevent postsurgical PA [2-4]. However, no effective treatment 
has yet been validated. 

Ankaferd blood stopper (ABS) is an herbal extract derived 
from five different plants and each 100 mL of liquid contains a 
standard mixture of: 5-mg Thymus Vulgaris, 9-mg Glycyrrhiza 
glabra, 8-mg Vitis vinifera, 7-mg Alpinia officinarum, and 6-mg 
Urtica dioica [5]. It forms a system by precipitating fibrinogen 
and forming a protein network, which acts as an anchor for vital 

physiological erythrocyte aggregation, covering the classical 
cascade model of the clotting system, independently acting on 
the coagulation factors and platelets in the blood and serum [5]. 
It has the therapeutic potential to be used for the management 
of external hemorrhage and controlling gastrointestinal bleed
ings [6,7]. The topical use of ABS has been approved by the 
Turkish Ministry of Health for the management of dermal, 
external postsurgical, and postdental surgery bleeding [5]. 
Besides its homeostatic activity, ABS has antineoplastic actions 
and an in vitro anti-infectious affect [8,9]. Several experimental 
studies investigated the effect of ABS on inflammation and 
fibrosis in the bladder, liver and renal tissues [10-12]. To date 
the safety of ABS for intraperitoneal usage is not clear. In this 
study, we investigated the effectiveness and safety of using 
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intraperitoneal ABS in an experimental PA model.

METHODS
The study was approved by the Institutional Animal Use and 

Care Committee of Ankara Education and Research Hospital 
and performed in accordance with the National Institute of 
Health Guidelines. Twenty-four male Wistar Albino rats were 
used in the study, with a mean age of four months and mean 
weight of 200–280 g. All the animals were fed standard food 
and water. Twelve hours before the study procedure, feeding 
was stopped and the rats were only allowed to drink water. 
On the day of induction, all the rats were anesthetized with 
intramuscular ketamine (8 mg/kg) and a 5 mg/kg intramuscular 
dose of xylazine. Following anesthesia, the midline of the 
abdomen was shaved and antisepsis was provided with 
povidone iodine. The peritoneal cavity was entered through a 
3-cm vertical midline incision. The cecum and terminal ileum 
were explored and placed on a damp gauze pad. Cecum and a 
segment of the terminal ileum measuring 2 cm were scraped 
with a dry gauze pad. This procedure was carried out until a 
focus of petechial hemorrhage was observed (scraping model) 
[13]. The rats were randomly divided into 3 groups:

Group I (saline group, n=8): Cecum was exposed and 
abraded by a dry cloth until bleeding. Thereafter, 3–4 mL of 
intraperitoneal saline solution was given. 

Group II (ABS group, n=8): Cecum was exposed and abraded 
by a dry cloth until bleeding. Thereafter, and 3–4 mL of 
intraperitoneal ABS was given. 

Group III (control group, n=8): Cecum was exposed and 
abraded by a dry cloth until bleeding. 

All the laparotomy wounds were closed using 4/0 silk sutures. 
On the 10th day, all the rats were euthanized with a high 

dose of ketamine. A reverse U shaped incision was made in 
order to observe the entire adhesion site and to perform an 
accurate adhesion grading. The adhesions were evaluated 
using Nair’s macroscopic adhesion classification [14] (Table 1). 
Subsequently, the ileum and the cecum were totally excised 
for evaluation by a single blind pathologist using Zühlke’s 
microscopic adhesion classification [15] (Table 2). 

For statistical analysis, both the macroscopic and microscopic 
adhesion classification grades were interpreted as numbers (i.e., 
grade 0=0, grade 1=1, grade 2=2, grade 3=3, grade 4=4). All the 
results were reported as mean ± standard error of the mean. 
The statistical analyses were performed using the SPSS ver. 11.5 
(SPSS Inc., Chicago, IL, USA). Due to the limited number of rats 
in each group, nonparametric methods were used for statistical 
analysis. To compare the means of two or more groups, Kruskal-
Wallis variance analysis was used to determine whether there 
was a statistical difference between the groups. A P-value of less 
than 0.05 was accepted as significant.

RESULTS
The results of the macroscopic and microscopic evaluation are 

shown in Table 3 and the comparison results, as the P-values 
between the groups, are shown in Table 4. 

In this study, according to Nair’s macroscopic evaluation, 
intra-abdominal adhesions were found to be significantly less 
in the saline group when the control and saline groups were 
compared, and significantly less in the ABS group when the 
control and ABS groups were compared (P < 0.002 and P < 
0.008, respectively). No statistically significant difference was 

Table 1. Nair’s  macroscopic adhesion classification 

Grade 0 No adhesions or insignificant adhesions
Grade 1 Only one adhesion band between the organs or 

between one organ and  abdominal wall
Grade 2 Two adhesion bands between the organs or bet­

ween one organ and abdominal wall
Grade 3 More than two adhesion bands between the organs 

or between one organ and abdominal wall or 
adhesions of intestinal loops without any adhesion 
to the abdominal wall. Significant adhesion

Grade 4 Adhesion of all viscera to the abdominal wall

Table 2. Zühlke’s microscopic adhesion classification 

Grade 1 Weak connective tissue, rich cell, new and old fibrin, 
thin reticulin fibrils

Grade 2 Connective tissue which has cells and capillaries. 
Few collagen fibers

Grade 3 Thicker connective tissue. Few cells and elastic and 
smooth muscle fibers, more vessels

Grade 4 Old and thick granulation tissue, poor cells, difficult 
separation of serosal surfaces  

Table 3. Microscopic and macroscopic score results of the 
groups 

Group I Group II Group III

Microscopic scores 2.0 ± 0.53 2.0 ± 0.76 2.88 ± 0.83
Macroscopic scores 2.0 ± 1.07 2.25 ± 0.71 3.13 ± 0.83

Values are presented as mean ± standard deviation.

Table 4. P-values of the multiple comparison test results bet­
ween the groups 

Multiple comparison  
of the groups

Microscopic 
evaluation

Macroscopic 
evaluation

Group I vs. group II 0.875 0.606
Group I vs. group III 0.002 0.002
Group II vs. group III 0.003 0.008
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found between the saline and ABS groups.
Microscopic Zühlke evaluation revealed that, Intra-abdominal 

adhesions were found to be statistically significantly lower in 
saline and ABS groups compared to the control group when 
control group and saline and ABS groups were compared (P < 
0.002 and P < 0.003, respectively). No statistically significant 
difference was found between the other groups.

When examined both macroscopically and microscopically, 
the formation of a lesser amount of adhesion in the ABS group 
compared to the control group can be interpreted as ABS 
decreasing intra-abdominal adhesion.

DISCUSSION
ABS System is a stable solution that contains five different 

herbal extracts. It has been proven for use in cases with arterial 
or venous bleeding. 

We planned this research because the number of previous 
studies, which investigated the potential effects of ABS on 
abdominal adhesion formation following its use for bleeding, 
was insufficient.

Adhesions are the common results of all kinds of abdominal 
procedures: all foreign bodies (i.e., talc of the gloves, sutures), 
which come into direct contact with the peritoneum, can cause 
adhesions. The formation of adhesions causes either post
operative restrictions on bowel movements and a decline in the 
quality of life or the mechanical ileus that may require further 
operations. For that reason, all materials used in the abdomen 
must be evaluated for their adhesion formation potential. 
Adhesion formation starts on the 5th–7th days following 
trauma [16] and so the most appropriate evaluation must be 
done after the 7th day, postoperatively [17]. Therefore, in our 
study we evaluated the adhesions on the 10th postoperative 
day. 

An important point that differentiated this study from the 
others was the concentration and application dose of ABS. 
The concentration and viscosity of the ABS are important 
parameters concerning adhesion formation [2,18,19]. In previous 
studies diluted ABS was used but in our study we used the 
undiluted form. Although the fact that kidney and liver tissues 
were not fragile macroscopically in this present study, and 
there was no bleeding or color change on organ surfaces, and no 
occasion of rat death occurred during the study, gives rise to the 
thought that ABS does not have an acute toxic effect. Further 
studies are needed to carry out the aim of evaluating the toxic 
effects of ABS.

We considered this to be an indicator for the safety of this 
material for intra-abdominal applications.

In one of the previous studies, it was noted that abdominal 
ABS applications resulted in acute and chronic inflammatory 
changes on the serosal surfaces of intestines, and minor struc

tural changes in the liver. But these changes were not evaluated 
as toxic [20]. On the other hand, in our study application of 
ABS did not cause any toxic changes on the serosal surfaces of 
the intestines. We only observed a brownish color change on 
the serosal surfaces following the application. Only one study 
depicting a similar color change on intestinal serosal surfaces 
attributed to encapsulating protein network was found in the 
literature search [21]. 

Our results indicated that the adhesion formation potential 
of ABS in the microscopic evaluation was equal to that of saline 
and the saline and ABS groups were found to be effective in 
the prevention of intra-abdominal adhesion formation com
pared with the control group. These results establish that 
intra-abdominal use of nondiluted ABS decreases intra-abdo
minal adhesion formation compared to the control group. 
In the macroscopic evaluation, the ABS group was found to 
be significantly superior compared with the control group, 
demonstrating the adhesion preventing effects of ABS. 

Various methods have been employed in the prevention of 
intra-abdominal adhesions. In some studies saline irrigation 
has been applied, which can be used in open or laparoscopic 
cases, and has been established to decrease adhesion formation 
[22,23]. The results of this present study are also compatible 
with this finding. Furthermore, in this present study, the 
adhesion preventing effect in the saline group and the ABS 
group were found to be similar and superior to the control 
group. As such, it can be inferred that both saline and ABS 
decrease the formation of intra-abdominal adhesions and ABS 
can be safely used for intra-abdominal bleeding without any 
fear of increasing the risk of adhesion formation.

In previous studies, there was evidence of the anti-inflam
matory and antineoplastic effects of ABS. ABS also decreases 
incidences of the necrotic processes and does not have any 
foreign body reaction potential on the application site [8,9,24]. 
Due to its anti inflammatory properties, we anticipated a lower 
adhesion formation potential for ABS, and this was proved by 
the results, as adhesion formation for ABS was similar to that of 
saline. 

Because of the restrictions of the local ethics committee, the 
number of animals used for this study was limited. Although 
this was a negative factor concerning the power of the results, 
this experiment, taken as a first step study, contributed a 
positive indication of the possibly low potential of ABS on the 
formation of abdominal fibrosis.

The positive effects of ABS on the prevention of fibrosis 
formation were previously shown in studies on the bladder, 
liver, and kidneys [10-12]. In our study, a similarly preventive 
effect of ABS and saline on fibrosis formation was observed 
macroscopically. Our results therefore support previous studies 
on fibrosis formation. 

In previous studies, which investigated the effects of ABS on 
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adhesion formation in the abdomen, it was observed that ABS 
did not cause an increase in adhesion formation. In a study 
using different methodology, we investigated the potential 
adhesion formation effect of ABS in an intra-abdominal bleeding 
model. This preliminary study conducted on a restricted num
ber of animals, due to ethical limitations, is the first of its kind 
to have investigated the potential inhibitory effect of ABS on 
adhesion formation in intra-abdominal bleeding using the drug 
in a standard concentration. We observed that ABS, when used 
in the abdomen for intra-abdominal bleeding, has a similar 
adhesion formation potential to saline. We consider that these 
early results should be supported by further detailed studies.
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