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ABSTRACT

Peritoneal adhesions are pathological fibrotic bands developing after mesothelial damage
which causes different problems in the patients. The aim of this study was to compare the anti-
adhesion efficacy of a herbal structure made from Psylium seeds with a commercially available
formulation named Pluronic both in the form of hydrogel in a rat cecum abrasion model. The rat
model utilized a cecal abrasion and abdominal wall insult surgical protocol. Psylium hydrogel
treatment was applied by syringe to coat both the cecal and the abdominal wall insults, while other
animals were treated with Pluronic applied to the cecal injury. Control animals did not receive any
treatment. Animals were sacrificed after 21 days of laparotomy and adhesion severity was
quantitatively graded according to macromorphological characteristics. Histological analysis was
also performed for all animals. Psylium treated animals showed significantly lower adhesion scores
than other groups (P<0.05), while Pluronic did not demonstrate any noticeable results. In conclusion,
Psylium hydrogel showed a significantly decreased adhesion score compared with the Pluronic
and control groups. However, Psylium compared with all adhesion formulations and barriers offer
natural structure as well as ease of application and ability to conform to complex tissue geometries
that could provide surgeons with another prophylactic treatment for preventing abdominal adhesions.
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INTRODUCTION

Abdominal adhesions are abnormal
bands of tissues between structures and organs in
abdomen following injury to the peritoneal surface.
The most common cause of intra-abdominal
adhesions estimated as high as 80%, is a history of
previous abdominal surgery. The formation of intra-

abdominal adhesions may result from surgery,
trauma, intra-abdominal tissue ischemia or
infection' 2. Postsurgical adhesions severely affect
the quality of life which can lead to small-bowel
obstruction, difficulty in re-operative surgery,
chronic abdominal and pelvic pain and female
infertility®. Several therapeutic approaches have
been evaluated to prevent or minimize the
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occurrence of adhesions. These include improved
surgical techniques, using pharmacologic agents
and special methods that provide a physical barrier
for adhesion formation®. In the United States, more
than 90% of patients undergoing abdominal surgery
suffer from some forms of minimal to extreme
adhesions. These adhesions are formed through
prolonged inflammation of injured tissues,
neovascularization and fibroblast in-growth leading
to fibrous tissue formations®.

The physical barriers for adhesion
formation involve many different clinical products.

These products totally are divided into two
categories: non-absorbable and absorbable.
Preclude membranes are made of non-
biodegradable polytetrafluoroethylene. Although
they are highly effective in preventing adhesions
over a long period after surgery, these membranes
must be removed at a later time surgically.

Biodegradable barriers are being used as
additional surgery for later removal especially that
they can minimize patient discomfort and
hospitalization costs. Seprafilm, also was approved
for abdominal and gynecological surgeries which
is a type of absorbable barrier film composed of
un-crosslinked, carboxymethylcellulose/ sodium
hyaluronate®. It is a kind of sealing barrier among
damaged tissue sites for reducing the incidence of
adhesion formation while it allows the damaged
tissues to be repaired under the barrier. However,
they can be used limitedly for open surgical
procedures because these films are fragile and
difficult to apply as they aggressively adhere to any
moisture on the surgeon’s gloves during
placement’. Barrier devices such as polymer
solutions, solid membranes, pre-formed or in situ
cross linkable hydrogels have been tested in
different forms. Solutions mostly are consisted of
viscous polysaccharides which are applied by a
variety of methods like spraying or pouring at the
end of the surgical procedure’.

The purpose of this study was a
comparative evaluation between the anti-adhesion
efficacies of psylium and poloxamer (pluronic F 68),
both in the shape of hydrogel in a 21 day, rat cecum
abrasion model.
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Psyllium is found in the seed of plants of
the Plantago genus, which has 200 species widely
distributed. The gel-forming properties are critical
for the application of Psyllium in different areas
being highly related to its health benefits such as
cholesterol-lowering, bowel regulating capacity and
anti-inflammation capacity. It is also an effective
dietary fiber for regulating the function of colon due
to the high viscosity of Psyllium maintained in the
intestine®.

Pluronic is a triblock PEO-PPO-PEO
copolymer with prominent gelatin properties that
are useful as biocompatible materials for biomedical
and personal care applications® °. It is also known
under non-proprietary name “Poloxamers” and the
trade name “BASF” in different types like Pluronic
F127 and F68. These polymers are considerably
used in drug delivery systems and polymer-based
nanotechnology such as cancer chemotherapy,
anti microbial and anti fungal treatments™.

In this research the comparison between
Psylium and Pluronic, allowed us to assess the
adhesion prevention quality of these easy appliable
hydrogels against the current and proven standards
which still have some problems during the
procedure of surgery.

MATERIALS AND METHODS

Animal preparation

A group of 54 Wistar-Albino rats, weighing
120-180 grams were purchased from Pasteur
institute of Iran, keeping under standard laboratory
conditions. During the whole time of the study, they
were fed by carrot and special foods for rats as well
as were supplied water. For the main phase which
was different from the pilot phase, they were
separated into 5 groups according to treatment.
Each group consisted of 12 rats.

Pilot study

In order to find the best concentration of
Psylium and Pluronic hydrogels for performing the
initial operation we had the pilot phase. For this
step, 7 groups of rats (each group consisiting of 2
rats) were undergone the surgery:
Group 1: Adhesion induction and intraperitoneal
administration of 2 ml of placebo.
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Group 2: Adhesion induction and intraperitoneal
administration of 2 ml of Psylium 1%.
Group 3: Adhesion induction and intraperitoneal
administration of 2 ml of Psylium 2%.
Group 4: Adhesion induction and intraperitoneal
administration of 2 ml of Psylium 3%.
Group 5: Adhesion induction and intraperitoneal
administration of 2 ml of Pluronic 1%.
Group 6: Adhesion induction and intraperitoneal
administration of 2 ml of Pluronic 2%
Group 7: Adhesion induction and intraperitoneal
administration of 2 ml of Pluronic 3%

It is necessary to mention that the placebo
in our study was the same solvent used for
preparing hydrogels which was sterile distilled
water. Also because of extra adhesiveness of the
concentrations more than 3% for both hydrogels,
using higher concentrations was not possible.
Following this phase, the suitable concentrations
involving 2% and 3% of each hydrogels, were
selected on the basis of macroscopic and
microscopic evaluations. So for following the project,
groups 2 and 5 were omitted and the study was
performed with the final groups as below:

Group 1: Adhesion induction and intraperitoneal
administration of 2 ml of placebo.

Group 2: Adhesion induction and intraperitoneal
administration of 2 ml of Psylium 2%.

Group 3: Adhesion induction and intraperitoneal
administration of 2 ml of Psylium 3%.

Group 4: Adhesion induction and intraperitoneal
administration of 2 ml of Pluronic 2%.

Group 5: Adhesion induction and intraperitoneal
administration of 2 ml of Pluronic 3%.

Initial operation in all groups

General anesthesia was induced by an
intramuscular injection of 40 mg/kg ketamine
(Rotexmedica, Trittau, Germany)'2. Preoperatively,
the abdomen was shaved, scrubbed, and draped
for sterile surgery. Following laparatomy via a 4 cm
midline incision, adhesion formation model
demonstrated by Hemadeh et al'® was used. As
described by them, a gauze sponge was rubbed
on the serosa of the cecum until the serosal shine
was lost and splitting hemorrhages were formed.
Then the cecum and bowel were repositioned into
the abdominal cavity. An intracutaneous running
suture was performed using round chromic 3/0 to

close the muscle wall. And cut nylon 3/0 was used
to close the skin. In group 1, the abdomen was
closed after using 2 cc of placebo. For group 2, 2 cc
Psylium 2% and in group 3, 2 cc Psylium 3% was
used. In group 4, 2cc Pluronic 2% and for group 5,
2cc Pluronic 3% was applied intraperitonealy. All
hydrogels were sterilized in an autoclave before
use.

After 21 days all animals had to undergo
for relaparotomy. Systemic anesthesia was induced
through breathing ether. A second laparotomy was
performed next to the first one. Adhesion formation
was explored and evaluated macroscopically. The
adhesions were graded by one of the authors who
was blinded to the group assignment. The
adhesions were scored using the classification
reported by Nair et al'* (Table 1).

Histologic examination

Adhesion-carrying tissues were excised
en-bloc and fixed in formaldehyde solution.
Following dehydration and paraffinization, sections
with a thickness of 5 mm were stained with
hematoxylin—eosin. Then the samples were
examined under a light microscope. Inflammation,
vascularization and fibrosis in granulation sites
were graded in all samples. The histopathological
evaluation of the specimens was performed by a
pathologist blinded to the groups.

Statistics

Data collected on each of 5 groups in the
efficacy study were analyzed using Fisher's exact
test and Chi-squared test (X?). This analysis
indicated that one of the treatment means were
significantly different for a particular outcome. P-
values<0.05 were considered statistically
significant.

RESULTS AND DISCUSSION

All animals were in a good health situation
during the follow-up period, except for 4 rats that
did not recover and died, before going for
relaparotomy without developing small bowel
obstruction. One animal from Group 1 died during
anesthetic induction, and one animal from Groups
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3, 4 and 5 died on the first postoperative day. None
of the animals showed any signs of incompatibility
or other local or systemic reactions after laparotomy.
Psylium and Pluronic gels were well tolerated by

all animals in the treatment group. No abnormalities
of the liver or spleen were noticed in the rats
receiving the treating agents. In macroscopic
evaluation, the distribution of animals according to

Table 1: Scoring system for intraperitoneal adhesions

Grade Description of adhesive bands

Remarks

0 Complete absence of adhesions Unsubstantial adhesions
1 Only one band of adhesions among visceras or between
one viscera and the abdominal wall
2 Two bands: among visceras or from viscera to abdominal wall Substantial adhesions
3 More than two bands: among visceras or from viscera to the

abdominal wall or all intestine making a mass without adhesion

to the abdominal wall

4 Viscera adhered directly to the abdominal wall, independent of the
number and the extension of adhesion bands

Table 2: The distribution of rats according to the adhesion scores

Group 5 Group 4 Group 3 Group 2 Group1 Adhesion
Pluronic 3%  Pluronic 2% Psylium 3% Psylium 2% Control score
0 0 8 3 0 0

0 0 2 2 0 1

3 5 1 5 0 2

7 6 1 2 5 3

2 1 0 0 7 4

Table 3: Adhesion scores of each group (percentage)

Outcome
Polymer No adhesion grade 1 and more Total
Psylium 3% Count 8 4 12
% within polymer 66.7% 33.3% 100.0%
Psylium 2% Count 3 9 12
% within polymer 0.25% 0.75% 100.0%
Pluronic 3% Count 0 12 12
% within polymer 0% 100% 100.0%
Pluronic 2% Count 0 12 12
% within polymer 0% 100% 100.0%
Control Count 0 12 12
% within polymer .0% 100.0% 100.0%
Total Count 12 48 60
% within polymer 20% 80% 100.0%
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adhesions, mean adhesion scores and standard
deviations of the groups are presented in Tables 2,
3 and 4, respectively.

The adhesion scores of Group 3 were
significantly lower compared to the other groups
(p-value=0.005) (Fig 1, 2 and 3).

In pathologic examination, the specimens
of animals which underwent Psylium 3%
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neovascularization, inflammation and fibrosis were
all significantly lower than the other groups. These
findings suggest that in addition to other properties
as a herbal therapeutic agent, Psylium can prevent
adhesions through inhibition of inflammation and
scarring as well as regulation of angiogenesis (fig
4 and 5).

Gomez-Gil et al in 2009 reported that
about animals undergoing adhesionlysis, mesh

application, (Groups 3) revealed that areas covered by adhesions were significantly
Table 4: Adhesion scores of each group
(p-value, mean and SD)

Groups No adhesion p-value Adhesion score
(Mean+SD)

Psylium 3% 66.7 0.005 1.75+0.95

Psylium 2% 0.25 0.046 2.00+0.70

Pluronic 3% 0 1.000 2.91+0.66

Pluronic 2% 0 1.000 2.66+0.65

Control 0 1.000 3.57+0.46

Fig. 1: Relaparotomy, Psylium 3%, adhesion
score: 0

Fig. 2: Relaparotomy, Control, adhesion score: 4

decreased at each follow-up time and
mesothelialization was found in affected areas.
During the first 3 days increased transforming
growth factor (TGF)-b1 expression was detected.
And in the next 7 days greatest TGF-b1 and vascular
endothelial growth factor (VEGF) protein
expressions were investigated, whereas genetic
overexpression was observed at 14 days. The peak
of active inflammatory cells was at the 7-day time
point. So they concluded that adhesions formed at
3 days which can be considered as a critical time.

Fig. 3: Relaparotomy, Pluronic 3%, adhesion
score: 2
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Therefore an adhesionlysis was effective in
preventing reformation of future adhesions’.

In our research, the rats were sacrificed
21 days after surgery to evaluate the adhesion
severity. In many comparable rat cecum abrasion
models, the typical range of post-operative time for
sacrificing in a solid or hydrogel barrier appliance
is 7-14 days'® 7. Several studies have established
that an adhesion barrier can be effective between
12 and 36 hours after surgery'®. Since the post-
surgical manifestations of adhesions are within the
first few days, 5-7 days after surgery, the adhesion
fibrosis becomes more organized, vascular and
rigid'® 2°. Any adhesions present in the abdominal
cavity after 7 days could persist for several months
depending on the effects of remodeling inside the
adhesion tissue’®.

The cascade of intra-abdominal adhesion
formation begins through an increase in vascular
permeability and secretion of fibrin-rich exudates
which are stimulated by peritoneal injury. Under
normal conditions, the fibrin formation due to these
reactions undergoes lysis by the peritoneal
mesothelial plasminogen activator. Because of
surgical trauma, ischemia or inflammation these
physiologic properties of mesothelial cells are
impaired. Moreover, the fibroblasts, mesothelial,
endothelial and inflammatory cells produce
plasminogen-activator inhibitor-1 and 2 which is
the result of peritoneal injury. So adhesion formation
can be facilitated by further decreasing

Fig. 4: Adhesion grade 2: Slight
increase of monocytes and inflammatory
cells, mild fibroblast accumulation, mild
neovascularization
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plasminogen-activator activity (PAA). Normally,
fibrinolytic activity occurs and fibroblast proliferation
results in remesothelization. But in ischemic
conditions like surgical trauma, fibrinolytic activity
is suppressed and fibrin remains in the environment.
Since PAA in fibroblasts is regulated by oxygen,
creation of a hypoxic state markedly attenuates
PAA, which leads to adhesion development. Once
the fibrin bands are infiltrated with fibroblasts, they
become organized into adhesions?" 22,

The purpose of lots of studies was
preventing adhesions by focusing on various steps
of this physiopathologic process. Antioxidants, anti-
inflammatory agents and biologic physical barriers
have been used to overcome these side effects.
Sodium citrate, heparin, and other anticoagulants
as well as a variety of fibrinolitic agents and salts
such as sodium risonilate, and mechanical
peritoneal lavage have been used for preventing
the accumulation of fibrin from peritoneal exudate.
It has been found that increasing the incidence of
ileus condition intensifies the adhesion
development?? 24 25. 26,

Overall, the Psylium hydrogel showed a
significant decrease in adhesion comparing to the
other animals receiving no hydrogel or pluronic
intervention. Approximately eight out of twelve
Psylium treated animals displayed adhesions with
scores of 0, having no adhered tissue present in
the abdomen and 2 of them with grade 1 having
filmy adhesions that were easily lysed. Only one

Fig. 5: Adhesion grade 4: Marked infiltration of
inflammatory cells, , severe infiltration of
hystocytes, neutrophils and lymphocytes with
significant fibroblast accumulation
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animal presented a severe adhesion (grade 3)
during the 21 days post treatment period. There are
some possible causes explaining this adhesion
such as fracture of the hydrogel at or in proximity of
the injured surfaces or insufficient coverage over
the injured tissues.

Psylium has many characteristics which
make it potentially suitable in the prevention of
peritoneal adhesions. In our study the animals were
sacrificed on day 21 and the histological result of
Psylium 3% in integration with the adjoining tissue
at the insulted area after these 21 days did not show
cellular infiltration into the bulk of the material,
suggesting the hydrogel may be degraded through
surface erosion. The obvious absence of cellular
infiltration suggested that the hydrogel functioned
as an effective, occlusive barrier for preventing
inflammatory and fibroblast cells from synthesizing
aggressive tissue adhesions between the injured
cecum and the abdominal wall.

Lang et al in 2009 investigated that
adhesion re-formation after relaparotomy
decreases significantly through the use of PVA-gel.
They also accept ultrasound as a noninvasive
technique of adhesion detection is a sufficient and
reliable method for detecting adhesion formations
[12]. Leach et al in 1990 performed a study on the
effect of poloxamer 407 in the rat uterine horn model
which is in the early clinical development phase.
Twenty-two rats underwent bilateral surgical injury
to the uterine horn and the parietal peritoneum. A
random side was treated with a 30% solution of
poloxamer 407. Twenty-one days later the animals
were sacrificed and evaluated for the presence of
adhesions. They reported a highly significant
reduction in adhesion formation on the treated side
27, Anyway, both solid and liquid barriers can prevent
adhesions. Although they are suitable for adhesion
prevention after multifocal trauma, further testing in
the everyday clinical situation seems necessary®.
Dunn et al in a study on a rat model, found that
SprayGel can significantly reduce the incidence of
adhesions, which formed in 7 of 8 control rats
compared with 1 of 8 treated rats. Also on the rabbit
model, they showed the role of SprayGel which
could significantly reduce both the extent and
severity of adhesions. But they expressed further
investigation in large animal and clinical settings
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are warranted?®. Yeo et al in 2006 studied the
efficacy of an in situ cross-linked hyaluronic acid
hydrogel (HAX) in preventing post-surgical
peritoneal adhesions, in a rabbit cecum abrasion
model. Ten out of 12 animals in the untreated control
group developed fibrous adhesions in which sharp
dissection was required. While only 2 out of 8 animals
treated with HAX gel showed such adhesions which
occurred in locations that were not covered by the
hydrogel. It means that cross-linked HA hydrogels
were highly effective to reduce the formation of
intraperitoneal adhesions after surgery®. In 2005
and 2006, hyaluronate-carboxymethylcellulose
(HA-CMC) barrier (Seprafilm) was applied to
evaluate its efficacy on the prevention of pelvic
adhesion formation in women undergoing radical
hysterectomy as well as primary cytoreductive
surgery with radical oophorectomy for locally
advanced epithelial cancer. Those researches
demonstrated that using a HA-CMC barrier led to a
significant reduction in the extent and density of
pelvic adhesion formation after the surgery®'- . As
mentioned before, transforming growth factor beta-
1 (TGF-b1) has mitogenic activities for macrophages
and fibroblasts. Overexpression of TGF-b1 results
in the pathogenesis of several fibrotic disorders.
Since Angiotensin Il increases the expression of
the TGF-b1 in fibroblasts, Bulbuller et al in 2004
evaluated the effects of lisinopril on the adhesion
formation in rats following ileocecal anastomosis
and investigated that ACE inhibitors in the form of
oral use, might be useful for preventing peritoneal
adhesions®. Kim et al have shown that Sunitinib, a
VEGFR-2 antagonist, significantly reduces
adhesion formation in a murine model.
Antiangiogenic therapy may be an effective strategy
for preventing or treating adhesions after intra-
abdominal procedures®. In another study, some
scientists compared the effects of
diphenhydramine—HCI and a Na-hyaluronate
derivative (seprafilm) on the development of
postoperative peritoneal adhesion and tubal
obstruction. They presented that both
diphenhydramine and Seprafiim can significantly
reduce postoperative peritoneal adhesion
development allowing the uterine tubes to remain
open®. About comparing Seprafilm with another
agent, it should be mentioned that the
intraperitoneal use of atorvastatin is as efficient as
Seprafilm in inhibiting the formation of
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postoperative adhesions in rats. But there might be
a great attention to the dose-dependent side effects
of statins so that lower doses of atorvastatin should
be included in future experiments®. Post operative
peritoneal adhesion formation intensifies in mice
receiving nicotine preoperatively. This study was
done in 2006 which was investigative of a direct
increase in peritoneal VEGF release and
mesenteric endothelial permeability by nicotine.
These findings could have important implications
for smokers undergoing intra-abdominal surgical
procedures®. Ignjatovic et al following their study
in 2010 believe that a single dose of intraperitoneal
bevacizumab can reduce grade and severity of
abdominal adhesions in the cecum abrasion rat
model. But they have considered findings for further
studies on the mechanisms involved in adhesion
prevention within the peritoneum®. In a study
performed in 2014, the researchers tried to
investigate the effect of misoprostol in the reduction
of adhesion formation after gynecological surgery
through a double blind, randomized controlled
experimental study. Twenty-one rats were divided
into three groups as control, misoprostol and
Hyalobarrier groups. The injuries were made to the
each uterine horn by cautery. After 14 days from the
first surgical procedure, adhesion scores were
evaluated. The total adhesion score values of the
control group were statistically higher than the
values of misoprostol and Hyalobarrier groups. The
inflammation score value of misoprostol group was
statistically lower than control and Hyalobarrier
groups. So they found a new therapeutic potential
usage of misoprostol that may be effective to
prevent pelvic adhesion and reduce inflammation
scores®. In another research done in 2015, the
scientists used intra-abdominal Sugammadex on
adhesion formation after laparotomy. They observed
that sugammadex could reduce adhesions in the
rats. However, again a variety of clinical studies are
still required for sugammadex to be applied for
preventing postoperative peritoneal adhesion in
humans*. Soluble Phosphatidylcholine as well as
Ibuprofen administered intraperitoneally are other
two agents which have been reported to be a potent
adjunct in postoperative adhesion prevention*'. As
we know, there are some commercially available
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agents for adhesion prophylaxis. Rajab et al in 2008
compared the most four commonly used adhesion
barriers against a control group in a clinically
relevant rat model. The experimental lesions were
treated with Seprafilm, Adept, Intercoat, Spraygel,
or no barrier. The resulting adhesions were
examined 14 days postoperatively. The mean area
covered by adhesion was 77% in the control group,
68% in animals treated with Spraygel, 55% in
animals treated with Intercoat, 54% in animals
treated with Adept and 46% in animals treated with
Seprafilm. They reported some statistically
significant differences between the barriers with
regards to the area covered by adhesions and the
adhesion-free incidence. Following these results,
they believe that a significant adhesion burden
remains with all of the tested barriers*. In another
comparative study, Ryan et al concluded that
carboxymethylcellulose sponge was more effective
than Interceed in preventing postoperative
adhesions*.

In conclusion this study showed that
intraperitoneal Psylium treatment was effective in
the prevention of peritoneal adhesion. The herbal
structure of this treatment did not create any
injurious effect. The technique of some barriers
application is critical, which sometimes make the
treatment difficult. Intraperitoneal Psylium was
equally effective. Easy applicability and herbal
nature was its major advantage. The hydrogel is
easy to apply using a syringe and has achieved
comparable, overall efficacy in adhesion prevention
as other barriers. Future studies using larger animal
models of abdominal adhesion as well as
laparoscopic application of the hydrogel are needed
to further establish efficacy in humans prior to
clinical evaluation.
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