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ABSTRACT

Aims: The purpose of this study was to assess
the efficacy of prednisolone and CellCept
in decreasing postoperative adhesion band
formation in rats. Methods: Sixty male rats
were randomly divided into three equal groups.
A standard midline incision was made on the
abdomen of each rat, then 2 mL of 10% sterile
solution Talc was injected into intraperitoneal
cavity in order to induce adhesion. Group 1 served
as control group, while group 2 received oral
CellCept (40 mg/kg/d) and group 3 received oral
Prednisolone (5 mg/kg/d) for 4 weeks. Results:
The formation of adhesion bands in control group
was significantly higher than the prednisolone
and CellCept group (p <0.001). The amount of
adhesion bands in the second group was similar
to the third one. Conclusion: Orally administered
CellCept is as effective as oral prednisolone in
declining chance of intraperitoneal adhesion
band formation, although it causes fewer
complications such as infection in rats.
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INTRODUCTION

Peritoneal adhesions form pathological junctions
between the omentum, small and large bowel, abdominal
wall, and other intra-abdominal organs. These improper
bonds vary from a thin layer of connective tissue to a
thick fibrous bridge containing blood vessels and nerve
tissue which thoroughly attach two organ surfaces [1—4].

Adhesion formation is a common complication of the
abdominal surgery which happens in more than majority
of patients after abdominal and colorectal surgeries
[4, 5]. Small bowel obstruction (most overriding one),
persistent pelvic pain, ectopic pregnancy, and infertility
are some illustration of adhesion complications [4,
6, 7]. Moreover, about 6% of all re-admissions are in
the correlation with adhesion formation and require
further surgical intervention which the burden of such
surgical interventions is dramatically increased [4,
8-10]. Thus, patients’ quality of life is unfortunately
affected by adhesion-related problems. As anticipated,
the high recurrence rate of small bowel adhesion-related
obstruction followed by expensive medical management
is a considerable issue in this matter [4, 11, 12].

Recently, no convenient method is established in
order to prevent adhesion formation or recurrence [13].
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Further valid evidence and studies are necessary to reach
a comprehensive understanding of the pathogenesis of
adhesions at cellular and molecular level to streamline
preventative and curative strategies and convert these
theories into practice [14]. Recent studies claimed
that three processes have a role in adhesion formation
which are induced by trauma. First, the fibrinolytic and
extracellular matrix degradation systems are ceased
[15, 16]. Then, cytokines and growth factor-pf (TGF-f1),
an important regulator of tissue fibrosis, develop an
inflammatory reaction [17,18]. After that, blood supply
to mesothelial cells and submesothelial fibroblasts are
interrupted and hypoxia leads to increased production
of hypoxia-induced factor-1a [19, 20] and vascular
endothelial growth factor. The aforementioned factors
play a critical role in collagen formation and angiogenesis
[21].

Open surgery has traumatic effects in correlation with
the midline incision which gives access to the operated
regions. As a matter of fact, abdominal open surgery
can pose further postoperative challenges due to the
factors such as tissue dehydration, ischemia owing to
ligation and suturing, and bacterial contamination, in
addition to surgical incision site extension, abdominal
organ manipulation, and foreign bodies accumulation
[4, 22]. On the other hand, some authors claim that
laparoscopy approach has little effect on postoperative
complications such as adhesions, while others disagree
[4, 7]. Adhesion formation is initiated exactly after
operation. On seventh day after operation, adhesion
band stability is increased, and fibrinolysis process get
started. Based on the inflammatory process of adhesion
band formation, it comes to mind that applying systemic
and local immune-suppressive drugs during this period
can prevent this stage. Therefore, some clinical trials
were conducted because of this hypothesis and the result
of a variety of drugs, including steroids, non-selective
and selective cyclooxygenase inhibitors, 3-hydroxy-3-
methylglutaryl-CoA reductase inhibitors (Statins), and
tissue-plasminogen activator were inquired. However,
still none of these meet the desired outcomes [23—31].

As previously mentioned, majority of patients
suffering from recurrent bowel obstruction require
multiple surgical intervention. Prophylactic medical
interventions show the light of hope because surgical
elimination of adhesion bands do not prevent the new
adhesions. Fortunately, there is an interval between the
initiation of adhesion formation and its solidification.
This period may be an opportunity in order to exert
preventive and prophylactic management to solve this
surgical obstacle [10]. In association with recent studies,
new immunosuppressive drugs act more properly in this
issue, besides having fewer side effects.

The goal of this study was to investigate the
effectiveness of CellCept and prednisolone in the process
of preventing adhesions and compare them together.
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MATERIALS AND METHODS

Sixty male rats of reproductive age, weighting 200—
300 grams selected in this study and were randomly
divided into three equal groups. The animals were kept
at standard pathogen free laboratory condition (temp:
20-24°C, relative humidity; 12 hour light-dark cycle,
fed with standard rat food and water). It is important to
mention that no animal rights were infringed, and the
procedure and handling of the animals were approved by
our National Society of Medical Research and National
Institution of Health.

Group 1: control group that received no drug

Group 2: received mycophenolate mofetil (CellCept)

Group 3: received prednisolone

According to this study design, in order to stimulate
adhesion formation process by laparotomy, anesthesia
was induced by acepromazine (2.5 mg/kg) and ketamin
hydrochloride (80 mg/kg) in rats, then midline
abdominal hair was shaved. After that, 1 cm incision was
made on midline of the abdominal wall and 2 mL of 10%
talc was injected into the abdominal cavity. At the end,
the peritoneum and abdominal wall was sutured and the
rats were examined daily for wound complication.

The first group received no drug. Group 2 received
oral CellCept (40 mg/kg/day) and group 3 received oral
prednisolone (5 mg/kg/day), which were dissolved in
distilled water and administered by a long metal oral
gavage. All rats received medication for 4 weeks and by
the end of fourth week, the rats were put to sleep. Their
abdominal cavities were explored, and number and
degree of adhesion bands were recorded according to the
peritoneal adhesion index (PAI) classification by score of
0 to 4 (Table 1).

Statistical analysis was performed by using the SPSS
20 software. The final outcome was analyzed by t-test and
ANOVA test. Statistical significant was defined as p < 0.5.

Table 1: Distribution of the number of bands stuck in the three
groups.

CellCept

Prednisolone

1 2 10 14 70 8 40

2 5 25 4 20 6 20

3 12 60 (0} 0 1 5

4 1 5 0 0 0 0

total 20 100 20 100 20 100
p<0.001
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RESULTS

In this study, 60 rats were selected and randomly
divided into three groups of 20 rats. In the first group,
the control group received no drug. Group 2 and group
3 CellCept and Prednisolone were administered,
respectively.

In Table 1 and Figure 1, frequency of adhesion bands
in the three groups are shown. Fisher’s exact test on the
data showed the amount of frequency adhesive bands are
significantly different (p < 0.001) between the groups.
Based on the test, the frequency of adhesive bands
between the control and Cellcept group was different (p
< 0.001). Furthermore, the prednisolone group result
was different from control group (p < 0.001). On the
contrary, between the two groups receiving CellCept and
prednisolone, there was no difference (p = 0.1). The total
number of adhesive band formation was 53 cases, CellCept
group included 16 cases and prednisolone group included
15 cases. The fitness test for all bands, the adhesion in
the three groups was statistically significant (p < 0.001).
The average amount of adhesive band formation in the
control group was 75/0 +2.6, in CellCept group was 49/0
+1, and in prednisolone group was 88/0 +1.15 in each rat.
According to ANOVA test, the mean number of adhesive
band formation in three groups was significant (p <
0.001). LSD pursuit tests also showed that the average
amount of adhesive band in control group in comparison
to the other two groups was statistically significant,
however, no difference was observed between the two
groups of CellCept and prednisone (p = 0.53).

In Table 2, the frequency of complications in the
three groups is given. During the study, eight rats
developed wound infection in which one (5%) rat was
in the control group (abdominal wall wound infection),
two (10%) rats were on CellCept and 5 (25%) rats were
in the prednisolone group (infection of the lining of the
abdomen). But according to Fisher’s exact test, wound
infection in the three groups were different (p = 0.25).
Notably, in the group receiving prednisolone, abdominal
hair did not grow well after shaving in comparison to
other groups.

Table 2: Distribution of complications in three groups
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Figure 1: The absolute frequency of adhesion in three groups.

DISCUSSION

Some patients need multiple surgeries due to the
frequent adhesions. Nevertheless, the macroscopic
separation of adhesion formation does not prevent future
development of adhesion bands. In addition, the band
formation whichisbecause of previous surgical procedures
may finally cause small bowel obstruction. In this study,
we demonstrated that the incidence of adhesion bands in
CellCept and prednisolone groups was less than control
group. Moreover, the frequency of wound infection in
CellCept group was less than prednisolone group. The
probable cause for this inequality is that CellCept has a
biochemical targeted impression on immune system in
comparison to prednisolone.

Mycophenolate mofetil (CellCept), known anti-
inflammatory and immunosuppressive agent, has little
effect on B cell and T cell. Presumably, this drug decreases
adhesion formation prevalence by ceasing inflammatory
process, which is an essential component of this process.
Formation of adhesions is the final consequence of the
engagement between deposition of fibrinous exudates
and lysis of the fibrin by fibrinolytic system of mesothelial
cells. Moreover, foreign materials in the abdominal cavity
may lead to formation of inflammatory reaction in the
peritoneal wall [4, 32].

Complication Groups Level Control group Cell Cept Prednisolone
n % n % %
infection Yes 1 5 2 10 5 25 0.25
No 19 95 18 90 15 75
death Yes 0 0 1 5.3 1 5.3 0.99
No 20 100 19 94.7 19 94.7
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Multiple drugs have been used in several animal
studies with the purpose of prophylactic management
of adhesion band formation. In some recent studies, it
was mentioned that prednisolone and CellCept are used
above usual dosage and the results were compared to each
other. Various strategies have been devised to reduce the
incidence of peritoneal adhesions; nonetheless, partial
achievement has been gained up to now [33]. One of
them was removal of fibrinous exudates by peritoneal
lavage [34, 35]. The rest included anti-inflammatory
and anti-coagulation agents [36] by administration of
dexamethasone and aprotinin [37] and other drugs such
as chitosan [38], mitomycin [39], rosiglitazone [40],
Vitamin E [41], colchicine and D. penicillamin infleximab
[42]. According to a study, the leukocytes count and
the prevalence of postoperative adhesion formation in
rats were declined by administration of intraperitoneal
estrogen [43].

Solid organ transplantation rate has increased
globally since the first successful human kidney in 1954.
Organ transplantation has become an optimal means
in the treatment of some diseases, such as liver or
kidney failure. In the process of organ transplantation,
there are two phases of immunosuppressive approach.
First step, the administration of methylprednisolone,
at a dose of approximately 3 g, is equally as effective
as high dose of prednisolone. The second step is the
maintenance therapy which is consisted of a combination
of two immunosuppressive drugs such as CellCept,
tacrolimus, and prednisolone [44, 45]. In spite of the
fact that all transplant candidates use high level of
immunosuppressive agents, the infection after organ
transplantation is not considered as a main obstacle to
transplant operation. The result of this study showed
that Cellcept has generally more promising outcome.
However, both Cellcept and prednisolone may reduce
adhesion band occurrence. Therefore, short-term
consumption of a low dose immunosuppressive drug in
patients who have gone under several surgeries due to
bowel obstruction of adhesions may be used as a strategy
in prophylaxis. Further human studies are required to
discover immunosuppressive drugs with higher efficacy
and lower risks.

CONCLUSION

This study demonstrated that immunosuppressive
drugs are effective in preventing adhesion formation
which this hypothesis is in parallel with previous studies.
By our animal study, we realized that CellCept is as
effective as prednisolone in the prevention of adhesion
band formation, besides developing fewer side effects in
rats. Due to the fact that Cellcept has fewer side effects, it
may be useful to prescribe immunosuppressive drugs in
patients who have several surgeries because of adhesions.
But, extensive reliable human studies are necessary to
lighten the dark spots in this route.
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