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A new approach to postoperative peritoneal adhesions: Prevention
of peritoneal trauma by aloe vera gel
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A B S T R A C T

Objective: Covering peritoneal surfaces with aloe vera gel may prevent peritoneal trauma and hence

postoperative peritoneal adhesions.

Study design: Forty Wistar albino out-bred female rats (mean weight, 180 � 25 g; mean age, 6 months)

were divided into four groups. In Group 1, 0.1 mL aloe vera gel was injected into the peritoneal cavities. In

Group 2, peritoneal adhesions were induced. In Group 3, adhesions were induced and the modeled area was

covered by 0.1 mL aloe vera gel. In Group 4, the area was covered with aloe vera gel prior to adhesion

induction. The rats were sacrificed on postoperative day 10 and the adhesions were scored both

microscopically and macroscopically.

Results: The mean macroscopic adhesion score in the four groups was 0, 5.8 � 0.42, 5.2 � 0.79, and

1.1 � 1.2 respectively, with the difference between Group 4 and Groups 2 (p < 0.001) and 3 (p < 0.05)

statistically significant. The mean histopathological fibrosis values were significantly higher in Group 3 than

in Group 4 (2.6 � 0.51 vs 1.2 � 0.91, p = 0.002).

Conclusion: Aloe vera gel can effectively decrease adhesion formation if applied before, but not after,

after peritoneal trauma. This effect is likely due not to its chemical properties but to its viscosity,

providing a covering to prevent peritoneal trauma.
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1. Introduction

Postoperative peritoneal adhesions (PPAs) are the most frequent
causes of intestinal obstruction, infertility, and abdominal and pelvic
pains [1]. Various materials and/or techniques have been investi-
gated but no effective solution has been identified to date.

Aloe vera (synonym: Aloe barbedensis Miller) is a plant with
yellow flowers and triangular leaves, similar to cactus. It belongs to
the Liliaceal family, which comprises 360 species [2]. Plant leaves
contain abundant amounts of mucilaginous fluid of high viscosity,
called aloe vera gel. Peripheral bundle sheath cells of leaves contain
a less viscous liquid, called aloe vera juice or aloe vera sap [2].

The aloe vera plant contains 75 potentially active substances,
including vitamins, enzymes, minerals, sugars, lignin, saponins,
salicylic acids, and amino acids [3]. Owing to its rich content, it is
used in the treatment of many clinical diseases and has been found
to be effective in many pathological conditions [4–6]. Among these
is its positive wound-healing effect. Aloe vera gel accelerates many
internal (e.g. peptic ulcer) and external (e.g. dermal/subdermal)
wound-healing processes [6,7]. We have therefore assessed
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whether aloe vera can prevent PPAs, by applying aloe vera gel
to the peritoneal cavity before and after the induction of traumatic
adhesions.

2. Materials and methods

This research was approved by the local ethics committee for
experimental animals and was performed at the Experimental
Animal Production and Research Laboratory of Cerrahpasa Medical
School, Istanbul University, Turkey.

Forty Wistar out-bred female albino rats (mean weight,
180 � 25 g; mean age, 4.5 months) were divided into four groups
of 10 rats each, providing a sample power of 0.9 with a 95% confidence
interval. Group 1 rats were injected with 0.1 mL aloe vera gel into the
peritoneal cavity using 22 French syringes. In Group 2 rats, standard
intraperitoneal adhesions were induced by laparotomy. In Group 3
rats, the area of adhesion was covered with 0.1 mL aloe vera gel. In
Group 4 rats, 0.1 mL aloe vera gel was used to cover the area prior to
induction of adhesion.

2.1. Anesthesia

Each rat was placed in a jar containing ether for 40–60 s,
followed by intramuscular injection with 40 mg/kg body weight
ketamine (Ketalar1, Parke Davis and Co. Inc.).
d Ltd. All rights reserved.
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Fig. 1. Standard experimental peritoneal adhesion model constitution apparatus.
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2.2. Adhesion model

All adhesions were induced using the apparatus described,
which had been designed by the authors of this study to induce
experimental peritoneal adhesion in small test animals (Fig. 1). The
setup consists of a surgical table of size 20 cm � 10 cm, with three
arms on this table, a vertical stable arm, a vertical moving arm and
a horizontal moving arm. The vertical stable arm works as a shaft
and fixes the other two arms onto the surgical table. A weight of
0.5 kg is positioned on the part of the horizontal moving arm most
distant from the shaft. This weight corresponds to the pressure
applied by a surgeon’s fingertips to the surface of the intestine
during manipulation throughout laparotomies.

The horizontal moving arm transmits the pressure effect of the
weight to the lower part of the system by providing vertical
movements of the system. The other moving arm, with a free
pendulum movement in the vertical line, applies mechanical
trauma (abrasion) to the peritoneal surface below. The size of the
arm surface in contact with the peritoneal area was 2 cm � 1 cm,
which corresponds approximately to the area of an adult finger in
contact with a surface (2 cm2). During construction of the model, a
finger of a sterile and powder free latex glove was put on this
surface, thus sterilizing the area and augmenting the human finger
simulation (Fig. 2).

The front surface of the cecum was placed under the vertical
moving arm and visceral peritoneal trauma was provided by
pendulum movement of this arm ten times.
Fig. 2. Standard peritoneal adhesion creation apparatus on movement.
2.2.1. Group 1

Following short-term general anesthesia with ether, 0.1 mL
sterile aloe vera gel (Natural Aloe Vera Gel1 Arifoglu A.S.) was
percutaneously injected into the peritoneal cavity using a standard
plastic syringe with a diameter of 22 French through a point above
the midline of the anterior abdomen wall and 3 cm below the
xiphoid. After 6 h, the rats were allowed food and water.

2.2.2. Group 2

Rats under general anesthesia were placed on their backs on the
operating table, and their extremities were fixed on the surface by
wound plasters. The midline of abdomen was shaved, and the area
was coated with povidone iodine solution (Betadine1, Kurtsan
Co.). The peritoneal cavity was penetrated through a vertical
midline incision of 3 cm. The cecum was pulled out of the
abdomen, and the anterior wall was placed face upwards over the
left index finger of the surgeon. While in this position, the adhesion
setup was placed just below the vertical moving arm. The surgeon
moved this arm back and forth, initiating free oscillation of the
pendulum, which was repeated ten times. The cecum was replaced
into the abdomen, and the incision was closed with 000
polypropylene sutures (Prolene1, Dogsan Co.) using a continuous
suture technique. After 6 h, the rats were allowed food and water.

2.2.3. Group 3

The protocol was identical to that in Group 2 except that,
following induction of the adhesions, 0.1 mL sterile aloe vera gel
was applied to this area.

2.2.4. Group 4

The protocol was identical to that in Group 2 except that the
surface of the cecum was covered with 0.1 mL sterile aloe vera gel
before induction of adhesions.

All rats were sacrificed 10 days postoperatively by ether
inhalation for about 10 min. The peritoneal cavity of each rat was
penetrated via a ‘‘reverse U’’ incision. Without damaging the
formed adhesions, the anterior abdomen wall flap was pulled
caudally. Adhesions were graded according to size and severity
(Table 1). Other intraperitoneal pathologies were also recorded.
The 2-cm2 area of cecum, where the model was formed, was
resected for histopathological evaluation and conserved in glass
bottles containing formol.

The primary outcome measure of this study was adhesion score,
which is the sum of adhesion severity and adhesion size grading.
The secondary outcome measure was fibrosis grading of the tissue
samples extracted from the adhesion model area.

2.2.5. Statistical evaluation

Statistical analyses were performed using GraphPad Prisma V.3
software. Results were evaluated with a confidence interval of 95%
and p < 0.05 level. In addition to descriptive statistical methods
(mean, standard deviation, median), the Kruskal Wallis (KW) test
for inter-group comparisons, the Dunn’s multiple comparison test
for comparison of subgroups, and the Chi-Square (x2) test and
Table 1
Definitions of size and severity grades of the peritoneal adhesions.

Grades Adhesion size Adhesion severity

0 No adhesion No adhesion

1 Presence of adhesion in

25% of the model area

Spontaneously separating adhesion

2 Presence of adhesion in

50% of the model area

Separation of adhesion with traction

3 Whole model area covered

with adhesion

Separation of adhesion with a sharp

dissection



Table 2
Adhesion size grades of the groups (x2: 66.6, p: 0.0001).

Adhesion size

grades

Group 1 (n) Group 2 (n) Group 3 (n) Group 4 (n)

0 10 0 0 5

1 0 0 0 5

2 0 0 5 0

3 0 10 5 0

Table 3
Adhesion severity grades of the groups (x2: 48.8, p: 0.0001).

Adhesion severity grades Group 1 (n) Group 2 (n) Group 3 (n) Group 4 (n)

0 10 0 0 5

1 0 0 0 4

2 0 2 3 1

3 0 8 7 0
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Fisher’s exact test for comparison of nonparametric variables were
used for evaluation of the data.

3. Results

The total adhesion scores of all subjects in all four groups are
shown in Tables 2 and 3, and the mean and median scores of the
groups are shown in Table 4. Group 1 was used specifically to
assess whether aloe vera itself forms adhesions or has an effect on
intraperitoneal pathology and no such effect was observed, so this
group was excluded from further analyses.

Adhesion size and severity were significantly lower in Group 4
than in Group 2 (p < 0.05 and p < 0.01, respectively) and
significantly lower in Group 4 than in Group 3 (p < 0.05 and
p < 0.01, respectively). Groups 2 and 3 did not differ in total
adhesion scores (p > 0.05). Total adhesion sizes and scores were
significantly lower in Group 4 than in the combination of Groups 2
and 3 (p < 0.001 and p < 0.05, respectively).

The mean histopathological fibrosis score was significantly
lower in Group 4 than in Group 3 (1.2 � 0.91 vs 2.6 � 0.51,
p = 0.002).

4. Discussion

PPAs are caused by any kind of damage (including mechanical,
ischemic, chemical, infective or inflammatory) to the peritoneum,
which consists of a single layer of mesothelial cells. During PPA,
there is fibrin-rich exudation into the damaged region. The fibrins
form bands between surfaces that are in contact with this region.
Fibrin bands and a hyaluronic acid-rich matrix, which fills the
cavity between these bands, provide a suitable environment for
collagen synthesis. Real adhesions occur after synthesis of collagen
[1,5,8–10].

Several methods, materials, and agents have been assessed for
their ability to prevent PPAs, including various surgical procedures,
minimally invasive and laparoscopic techniques, pharmacological
agents that target fibrin formation; and liquids, gels, and solids that
Table 4
Adhesion scores of the groups (KW: 33.71, p: 0001).

Groups Mean� standard deviation Median

Group 1 0.0�0.0 0

Group 2 5.8�0.42 6

Group 3 5.2�0.79 5

Group 4 1.1�1.20 1
can form a mechanical barrier between mesothelial surfaces.
Although some of these methods or agents have been found
beneficial, complete success was not achieved [1]. Recent studies
have focused on the formation of a mechanical barrier between
peritoneal surfaces. Among the substances tested as barriers are
nonabsorbable solid materials (such as amniotic membrane), solid
materials absorbed after liquefying at body temperature (such as
hyaluronic acid), and liquid materials (such as methylene blue)
[11–13]. Use of these materials is relatively easy and cheap, as well
as suitable for peritoneal physiology, making them useful to
prevent PPAs [14].

Various experimental PPA models have been developed,
including those involving mechanical trauma (abrasion), local
excision of the peritoneum, ischemic injury, placement of a foreign
body (such as talcum powder) into the peritoneal cavity, thermal
injury and bacterial contamination. We have utilized the
mechanical trauma model, caused by a special apparatus devel-
oped by our group, owing to its ability to mimic the mechanical
trauma that occurs after laparotomies. Any manipulation per-
formed by hands or surgical instruments during laparotomy
constitutes a mechanical trauma and this is the most frequent
cause of PPAs [1,8].

There are two primary methods that can be used to prevent
PPAs: preventing peritoneal trauma and preventing the trauma-
tized peritoneal surface from adhering to any other surface.
Manipulation at the first stage is simpler because it only requires
formation of a physical barrier to prevent trauma, and more
effective because inflammation and wound-healing processes
occurring after trauma formation are quite complex and include
unknown stages. Without clarification of the underlying physio-
pathology of these processes, their chance of success will be
relatively low and probably incidental. Furthermore, whatever
material/method is used after the occurrence of trauma, it should
have no toxic effect on peritoneal mesothelial cells, as well as
accelerating wound healing and/or preventing adhesion of
mesothelial surfaces until completion of wound healing. Optimi-
zation of all these factors is difficult.

Aloe vera has been used clinically to prevent the formation of
peptic ulcers and to accelerate their healing [15,16] owing to its
cytoprotective [17], anti-inflammatory [19] and healing-accel-
erating effects [18,19]. Aloe vera also accelerates the healing of
other types of wounds owing to its anti-inflammatory effects
[20]. Polysaccharides in the structure of aloe vera have an
important role in these anti-inflammatory effects. For example,
acemannan, a beta-1,4-linked acetylated mannan interspersed
with O-acetyl groups, is the most common polysaccharide
fraction in the structure of the plant [21]. Aloe vera also has a
radioprotective effect, mediated by the inhibition of pro-
apoptotic protein expression, inhibition of over-expression of
anti-apoptotic proteins, and inhibition of cell-cycle perturbation
and regulation of p53 [22]. Aloe vera gel was routinely used for
protection from the dermatologic side effects of radiation by 50%
of the institutes affiliated with the Radiation Therapy Oncology
Group [23]. In addition, aloe vera has been reported to have
immunoregulatory activity [24] and to inhibit tumor growth in
mice [25].

We tested aloe vera gel in our adhesion model because it has
positive effects on wound healing and because it is a viscous liquid.
Our first aim was to assess whether aloe vera has toxic effects in
intact (not exposed to trauma) peritoneal cavity, by injecting
0.1 mL aloe vera into the peritoneal cavity of ten rats. In this group,
we did not apply aloe vera via laparotomy to these rats because the
trauma of the laparotomy incision may have given rise to
adhesions, thus giving false-positive results. During repeat
laparotomies in these rats, we did not observe any adhesion or
any findings consistent with toxic reaction in the peritoneal cavity.
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When we applied aloe vera over the region in which adhesion
was induced, we found that PPAs were slightly reduced compared
with the control group but that this difference was not statistically
significant, indicating that aloe vera did not have positive wound-
healing effects after trauma to peritoneal mesothelial cells.
However, when the cecal surface was covered with aloe vera gel
before adhesion induction, there were significantly fewer PPAs
compared with control rats and rats treated with aloe vera
following trauma induction.

These findings could not be explained by the chemical
composition of aloe vera gel, because similar results would have
been observed when aloe vera was applied before and after trauma
induction. It is therefore likely that our results can be explained by
the ability of aloe vera to protect the area to be exposed to trauma
by forming a surface layer. This finding is supported by our
histopathologic evaluation of fibrosis.

Application of aloe vera in the abdominal cavity is new, so its
effects on gastrointestinal anastomoses, peritoneal vascular and
lymphatic systems, abdominal incision healing process, etc., have
not been investigated before. These subjects need investigation in
the future.

In conclusion, our findings indicate that an aloe vera covering
can decrease PPAs if applied before trauma formation. Moreover,
covering peritoneal surfaces with viscous liquids such as aloe vera,
which do not have toxic effects on vital tissues, before peritoneal
trauma can decrease PPA formation. This is particularly true for
peritoneal mesothelial cells (for example, during laparotomy).
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