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Objectives: To investigate the effects of intravenous infliximab in preventing the formation of peritoneal
adhesions in an animal model of rat.

Methods: This was an experimental study being performed in animal laboratory of Shiraz University of Medical
Sciences during 2012. Sixty albino rats were randomly assigned in to three groups by Random Design Method.
The first group received single infliximab injection (n=20), the second one received double infliximab injection
(n=20) and the third received nothing (n=20), after receiving intra-peritoneal injection of talc for induction of
peritoneal adhesions. All the animals were sacrificed after 6 weeks and the peritoneal adhesions were evaluated
according to Nair classification.

Results: We observed that the mean adhesion grade was lower in those who received double dose of infliximib
when compared to single dose and controls. However the difference did not reach a significant value (p=0.178).
The grade of peritoneal adhesion was also comparable between the three study groups (p=0.103). The mean
number of 1st WBC count was also comparable between three study groups (p=0.382). We observed that 2nd
WBC count was also comparable between two study groups (p=0.317).

Conclusion: Administration of intravenous infliximab after intraabdominal surgicalprocedures would not
prevent the formation of peritoneal adhesions in animal model of albino rat.
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Introduction

eritoneal adhesions are among the most common
long-term complications of the abnormal surgeries
exclusively laparotomies [1]. The prevalence is
estimated to be as high as 93-100% of all abdominal
surgical procedures [2]. Peritoneal adhesion is
worldwide complication of intraabdominal surgeries
and may develop following any type on peritoneal
procedure [3]. The signs and symptoms depend on
the involved organ. For instance involvement of small
or large intestine will result in partial or complete
obstruction while involvement of female reproductive
organs results in infertility, chronic pelvic pain or
dyspareunia [4,5]. It has been reported that in more
than 80% of patients, the adhesion bands develop
between the incision site and the omentum [6]. In more
50% of the patients other organs such as intestine are
also involved [7]. Peritoneal adhesions are responsible
for about 70-80% of all intestinal obstructions [8].
Peritoneal adhesions are result of aberrant wound
healing process secondary to mesothelial damage
by the surgical procedures. Inflammation of the
surgical site would result in increased collegenation
and fibrosis which in a long period of time produce
extensive amount of fibrotic tissue known as
peritoneal adhesions [9]. In addition vascular damage
during the surgical interventions on the peritoneum
will result in increased vascular permeability and
minor bleedings in the site of operation which in
turn result in exudation of fibrinogen [5,9,10]. It has
been demonstrated that in acute inflammation, the
peritoneal fluid shows increased concentrations of
the inflammatory and pro-inflammatory cytokines
including IL-1, IL-6, IL-8 and TNF-a [11-13].
IL-1 and TNF-a are pro-inflammatory cytokines
secreted by activated macrophages in peritoneal
fluid following the surgical interventions [14].
Intraoperative serum levels of IL-1 and TNF-a has
been demonstrated to be correlated with peritoneal
adhesions. Thus, it is assumed that early elevations
of IL-1 and TNF-a are reliable biological markers
for postoperative adhesions in humans [14].
Infliximab is a chimeric monoclonal anti-TNF-a
antibody which locks the immune and inflammatory
system being administered as immunosuppressive
agent. It has being approved for treatment of psoriasis,
psoriatic arthritis, Crohn’s disease, ulcerative colitis,
rheumatoid arthritis and ankylosing spondylitis
[15,16]. Some studies reported that intra-muscular
administration of vitamin E was the most effective
way to reduce adhesions but not prevent it entirely. The
role of vitamin E could differ based on the intensity
of the damage and mode of administration [17].
Administration of infliximab can prevent formation
of peritoneal adhesion. Infliximab is associated
with several side effects including leukopenia and
agranulocytosis [16], WBC was count twice after
the procedure to evaluate agranulocytosis due to
infliximab injection. The aim of this study was to
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investigate the effects of intravenous infliximab in
preventing the formation of peritoneal adhesions in
an animal model of rat.

Materials and Methods

License

The study was performed at 2011-2012 in
Shiraz University of Medical Sciences truama
research center. The study was approved by the
institutional review board and ethics committee
of Shiraz University of Medical Sciences and the
Ethics Committee of Natural Chemotherapeutics
Research Laboratory of Iran’s Ministry of Health.
Study animals were handled in conformity with
guidelines for the care and handling of laboratory
animals provided by Shiraz Laboratory Animals
Center in accordance with global standards for
laboratory biosafety guidelines.

Animals and Housing

Sixty Wistar-Albino rats (all males, 5-6 months
of age) at Shiraz University of Medical Sciences
animal research laboratory, weighing 200 to 250
g, were included in this study. The animals were
purchased from the laboratory animal department
of Iran’s Pasteur Institute of Pharmacy. All the
animals were housed individually and fed standard
food throughout the experiment. The animals were
initially evaluated for illness by physical examination
and laboratory screening.

The animals freely lived in cages (one animal
per cage) with water and standard rodent chow.
They were monitored and acclimated to the new
environment for 1 week. They were all housed
under controlled standard laboratory conditions
(temperature 24 °C, relative humidity and 12/12 hour
light/dark cycle). The animals were further randomly
divided to three study groups by Randomized Block
Design Method to receive one intravenous injection
of infliximab (n=20), two intravenous injections of
infliximab (n=20) or without intravenous injection
of infliximab (n=20).

Study Protocol

All procedures were carried out under aseptic
conditions. The protocols for intraperitoneal
injection, postoperative care, and sacrifice were
identical for all animals. None of the rats was fasted
before intervention. The peritoneal adhesions were
induced by intraperitoneal injection of 3 mL of a 10%
sterile talc solution just after the procedure. Those
who were assigned to the single dose infliximab
group (n=20) received an injection of infliximab
(Centocor BV, Leiden, the Netherlands) in a dosage
of 3-5 mg/kg through the tail vein the day after
the procedure. Those in double dose infliximab
group (n=20) received two intravenous infliximab
(Centocor BV, Leiden, the Netherlands) injection
in a dosage 3-5 mg/kg, first dose the day after the
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procedure and the second dose 2 weeks after the first
dose. The rats assigned to control group (n=20) didn’t
receive anyinfliximab after the procedure. Animals
were housed in individual cages. No oral feeding
was given at the first postoperative day; then full
alimentation was resumed after a day post-procedure.
Other care was routine for the research facility.

Outcome Assessment

The animals were put to death by an intravenous
overdose of Diethyl ether. All the 60 rats were killed
at 6 weeks after intraperitoneal injection of talc.
After death, laparatomy was performed through a
midline incision and the abdomen was explored. The
peritoneal adhesions were assessed on a 0 to 4 scale
according to Nair et al., [18] (Figure 1). We also
measured the white blood cell (WBC) count after
the procedure. The WBC count was repeated in two
study groups 1 week after in order to detect possible
agranulocytosis due to infliximab injection.

Statistical Analysis
The statistical package for social science, SPSS
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for Windows, Version 15.0 (SPSS, Chicago, IL,
USA) was used for data analysis. The grade of
peritoneal adhesions was compared between three
study groups using Kruskal-Wallis. The parametric
data were compared using one-way analysis of
variance (ANOVA) with LSD as the post Hoc text.
Data are reported as the mean+SD or proportions as
appropriate. A two sided p-value less than 0.05 was
considered statistically significant.

Results

Overall, 60 albino rats receiving intraperitoneal
injection of talc were included in the study. None
of the rats died during the study period and thus the
final number of animals that finished the study was
20 in each study group. None of the rats developed
complications during the study. All the animals were
comparable regarding the baseline characteristics
including age and weight. Table 1 summarizes the
grade of peritoneal adhesions in three study groups.
The peritoneal adhesion grades according to study
groups shown in Table 2. We observed that the mean

Fig. 1. Results are showing More than two adhesion bands between small intestine and viscera in an albino rat that received one

dosages of infliximab after intraperitoneal injection of talc.

Tablel. Classification of peritoneal adhesion according to Nair et al [17].

Grade  Description of adhesion bands

Remarks

0 Complete absence of adhesion Insubstantial adhesion
1 Single band of adhesions, between viscera or from one viscus to abdominal wall Insubstantial adhesion
2 Two bands, either between viscera or from viscera to abdominal wall Insubstantial adhesion
3 More than two bands, between viscera or from viscera to abdominal wall; or whole  Substantial adhesion

intestine forming a mass without being adherent to abdominal wall

4 Viscera directly adherent to abdominal wall, irrespective of number and extent of

adhesive bands

Substantial adhesion
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adhesion grade was lower in those who received two
dose of infliximab when compared to single dose
and controls. However the difference did not reach a
significant value (p=0.178). The grade of peritoneal
adhesion was also comparable between the three
study groups (p=0.103).

The mean number of 1st WBC count was also
comparable between three study groups (p=0.382).
We observed that 2nd WBC count was also
comparable between two study groups (p=0.317),
(Table 3).

Discussion

In this experimental study we tried to determine
the efficacy of infliximab injection for prevention of
peritoneal adhesions in an animal model of albino
rat. We also compared the single dose administration
of infliximab with the double dose injection. We
observed that those rats receiving double dose
infliximab had lower peritoneal adhesion grade
when compared to single dose and controls. However
the difference did not reach a significant value. The
infliximab administration (nor single dose neither
double dose) was not associated with lower peritoneal
adhesion grade in animal model of rat. To the best
of our knowledge, this is among the few studies
investigating the role of intravenous infliximab
in preventing the peritoneal adhesions formation.
However we should indicate that the intravenous
infliximab would not be an effective approach for
prevention of peritoneal adhesion formation.
Surgical interventions of the abdominal and pelvic
cavities cause extensive peritoneal injury leading
to chemotaxis of inflammatory cells including
macrophages and neutrophils which secrete extensive
amounts of cytokines and inflammatory biomarkers
[10,12]. In turn, fibrinogen-rich inflammatory
exudates are released into the abdominal cavity
and finally fibrin filaments are generated leading
to peritoneal adhesion formation [8,9]. According
to these aforementioned mechanisms for peritoneal
adhesions formation, several strategies could be

Table 2. Peritoneal adhesion grades according to the groups.

used to prevent this event [3,4]. These include
reduction of the initial inflammatory response and
preventing the release of the exudates, prevention
of exudates coagulation, increase the fibrinolysis
process and removing the fibrinous surfaces [3-
6]. Our strategy in the current study was reducing
the initial inflammatory response. Thus we used
infliximab as an anti-TNF-o antibody which blocks
the initial inflammatory cascade through blocking
TNF-a, the biological markers of peritoneal adhesion
in human [14,19]. However, we could not determine
and positive effects from infliximab in preventing
peritoneal adhesions in an animal model of rat.
Our results are in consistent with a previous report
by Kaidi and colleagues [18] who investigated the
effects of preoperative intravenous administration
of antibodies against TNF-o and IL-1 on peritoneal
adhesion formation. They used animal model of
Sprague-Dawley rats that underwent induction of
peritoneal adhesion formation using cecal serosa
scratching technique. They found that peritoneal
adhesions were less formed in those who were
treated with a combination of anti-TNF- o and anti
IL-1 when compared to controls. The administration
of anti IL-1 alone was also associated with less
peritoneal adhesion formation; however intravenous
injection of anti-TNF-a was not found to prevent
peritoneal adhesion effectively [19]. These results
are similar to ours rejecting the hypothesis that
administration of anti-TNF-o may be effective
in prevention of peritoneal adhesion formation.
Regarding the method of induction of peritoneal
adhesion formation (cecum scratching technique)
and the time of infliximab injection (postoperative
vs. preoperative). But the results are comparable
because these two minor differences might not affect
the results significantly.

Some researchers investigated the effects of
melatonin (ME) as an agent to prevent the adhesion
formation, in the study Serosal injury was created
using a standard technique, one group received a
single dose of intraperitoneal (IP) ME immediately
after injury; a single dose of subcutaneous (SC) ME

Grades Control group One dose group Two dose group Total
0 0 3 1 4
1 3 3 4 10
2 4 4 10 18
3 13 9 5 27
4 0 1 0 1
Total 20 20 20 60
Table 3. The mean number of 1*'& 2" WBC were count.
Groups 1% WBC 2" WBC
One dose group 11755.000 11735.000
Two dose group 11930.000 12835.000
Total 12331.666 12285.000
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was given to the second group 30 minutes prior to
surgery; but the control group did not received ME.
They concluded that single dose ME therapy can be
effective in the prevention of post operative adhesion
formation [20].

In another study that was performed on Thirty-five
rats in the Faculty of Medicine, Gazi University,
Turkey, Adhesion formation was evaluated with
macroscopic and microscopic adhesion scoring
systems. Peritoneal fluid samples and mesenteric
lymph node biopsies were taken to rule out bacterial
peritonitis. Blood and peritoneal irrigation fluid
samples were taken to measure the Tumor necrosis
factor-alpha (TNF-alpha) levels. As our results
showed, Macroscopic adhesion scores showed fewer
adhesions in the infliximab group. The infliximab
group had significantly fewer adhesions than the
abrasion control and saline groups. According to
the histological findings, there were no statistically
significant differences between the groups. They
concluded that early blocking of the activity of TNF-
alpha after cecal abrasion resulted in lower rates
of adhesion formation, macroscopically. The TNF-
alpha, a proinflammatory cytokine appears to be
an important mediator for postoperative adhesion
formation. [21]

In the Gemici ef al. study that aimed at investigating
the effect of placing hyaluronate- carboxymethyl-
cellulose membrane on the formation of adhesion
postoperatively in a damaged area in the peritoneum
of the anterior stomach wall, suggested that the use
of hyaluronate-carboxymethyl-cellulose could be
beneficial on damaged peritoneum surfaces following
abdominal surgery in order to reduce postoperative
adhesion development to a minimum [22]. But in
another experimental study, that the results was
similar to ours, it was showed that orally administered
simvastatin has no significant effect on preventing
formation of postoperative adhesions [23].

Several approaches have been introduced for
prevention of peritoneal adhesion formation
including administration of fibrinolytic agents
such as recombinant t -PA [24], anticoagulants
[25] or gonadotrophin releasing hormone agonist
(GnRHa) [26], applying immunomodulation by
using transforming growth factor (TGF)-B-1
antibodies [27], IL-1 and TNF-a antibodies [28], or
IL-10 and ketorolac (NSAID) [29] and disruption of
cell interaction with extra-cellular matrix (ECM)
[30]. We have previously demonstrated that oral
D-penicillamine is as effective as oral colchicine in
prevention of peritoneal adhesion band formation in
rats [31]. Several other herbal agents have also been
used effectively in prevention of peritoneal adhesion
formation including aloe vera gel [32], micronized
purified flavonoid fraction [33] and chitosan [34].
However these have been tested in animal models
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and clinical studies are scarce. In humans, the
surgical approaches have been shown to be effective
in prevention of adhesion formation. In this regards,
it has been recommended that as less invasive the
procedure is, the least risk of peritoneal adhesion
exists [3,4]. Thus it is recommended to minimize
the incision of the peritoneum [35], use humid
environments [36], minimize the tissue trauma and
hemorrhage [30] and reduce the manipulation of the
surgical site and structures [36]. These approaches
could lead to appropriate risk reduction of peritoneal
adhesion formation in humans.

In gonzales-Gay et al. study that Thirty-four RA
patients fulfilled the inclusion criteria. Following
infliximab infusion a reduction of the overall mean
values of the five adhesion molecules was observed.
However, when a Wilcoxon signed-rank test was
used, only significant differences for SICAM-3 and
sP-selectin were observed. In this regard, SICAM-3
and sP-selectin levels fell in 26 (77%) and 28 (82%)
of the 34 patients. Since their the purpose of this
study was to assess the potential immediate effect
of anti-TNF-a infliximab administration on serum
levels of soluble adhesion molecules in RA patients
on periodical treatment with this drug, their study
confirms a rapid and beneficial effect of infliximab
infusion on expression of some adhesion molecules in
RA patients treated periodically with this anti-TNF-a
monoclonal antibody because of severe disease [37].
We was not able to buy enough Infliximab doses
for 30 rats because of expensiveness and boycott of
Infliximab in iran, this limitation made us to use 20
rats. Infliximab is associated with several side effects
including leukopenia and agranulocytosis [16] and
indeed, it is very expensive. These disadvantages,
limit the use of infliximab in clinical practice and
as our study as well as previous report [19] has
demonstrated, its administration for prevention of
peritoneal adhesion formation should be prohibited.

In conclusion,intravenous administration of
infliximab after intraabdominal surgical procedures
would not prevent the formation of peritoneal
adhesions in animal model of albino rat.
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