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Following surgical trauma to the peritoneum, bleeding and increased vascular
permeability occur, accompanied by the leakage of fibrinogen-rich fluids from the
damaged surfaces. Peritoneal adhesions are observed in 60 to 93 percent of patients
after abdominal surgeries and are one of the most common causes of long-term
complications following such procedures. This study aimed to examine the combined
effect of platelet-rich plasma (PRP) gel and the drug dexamethasone in preventing intra-
abdominal adhesions following laparotomy in rats. In this research, 35 adult male
Wistar rats, weighing between 250 and 300 grams, were selected. Fifteen rats were used
to prepare PRP, and blood collection was performed after anesthesia with
ketamine/xylazine. The remaining 20 rats were divided into four groups: the control
group (C), the PRP-treated group (P), the dexamethasone-treated group (D), and the
group receiving the combination of PRP and dexamethasone (PD). To induce adhesions,
sterile tampon friction was applied to the serosal surface of the poorly vascularized
descending colon area, and additional friction was created using a surgical blade on the
peritoneal surface of the colon. The relevant treatments were then injected into each
group. Results showed no significant differences in fibrinogen levels and leukogram
between the groups (p > 0.05); however, macroscopic examination indicated a
reduction in adhesions in the PRP group compared to the other groups (p = 0.001).
According to the results of this research, it is concluded that the addition of
dexamethasone to platelet-rich plasma will not have a significant effect on reducing the
state of adhesion following abdominal surgery in rats.

Introduction

rehospitalized within five years due to adhesion-related

Peritoneal adhesions are abnormal fibrous bands
that occur in 60 to 93 percent of cases following
abdominal and peritoneal surgeries, often leading to
significant complications. These adhesions can result in
chronic pain, organ dysfunction, and second surgery.!
Moreover, peritoneal adhesions are associated with
infertility, pelvic pain, bowel obstruction, and increased
postoperative costs.2 Adhesions are observed in 79 to
90 percent of patients undergoing open abdominal
surgery,® and 3 to 20 percent of these patients are

complications.*

Peritoneal tissue repair is a complex process
involving various cells, cytokines, coagulation factors,
and proteases that work together to restore tissue
integrity.> Biochemical events, including inflammation,
angiogenesis, and tissue repair, play a crucial role in
The fibrinolytic
system is essential in peritoneal healing after surgery,
as bleeding and increased vascular permeability occur
immediately after trauma, allowing the release of

controlling adhesion formation.t
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fibrinogen-rich fluid.” Primary fibrinolysis, which occurs
within five days, results in peritoneal healing without
adhesion formation.8 The main causes of intra-abdominal
adhesions include physical or chemical injury to the
peritoneal mesothelium, excessive handling of internal
organs, and drying of the viscera due to prolonged
surgery. Adhesion-related complications include chronic
abdominal and pelvic pain, secondary infertility in
women, and gastrointestinal tract narrowing.?10

Several
postoperative adhesions, such as fibrinolytic agents,
antibiotics, anti-inflammatory drugs, nanofiber
membranes, and solid barriers.!! These strategies aim to
minimize peritoneal trauma, prevent fibrin formation,
and employ physical barriers.# Various approaches,
including abdominal cavity lavage, lytic agents, anti-
inflammatory drugs, heparin, and green tea extract, have
been studied for adhesion prevention.12-16

Platelet-rich plasma (PRP) modulates the intra-
abdominal environment by producing various growth
factors, such as platelet-derived growth factor AB (PDGF-
AB), transforming growth factor B1 (TGF(-1), and
vascular endothelial growth factor (VEGF). It attracts
reparative cells to the site of tissue injury, which is
essential for natural wound healing and leads to a
reduction in the inflammatory process. Structurally, PRP
gel is similar to a fibrin clot.17 It has been shown that the
topical application of PRP gel improves colon
anastomosis in rat models.18 Studies on rat models have
that PRP
postoperative adhesion formation.19.20

methods have been used to reduce

demonstrated significantly  reduces

Corticosteroids such as dexamethasone help reduce
adhesions by decreasing vascular permeability and
inhibiting cytokines and chemotactic factors involved in
adhesion formation.2! Dexamethasone effectively
prevents early inflammation caused by trauma and
chemical agents and, in the later stages of inflammation,
inhibits fibroblast proliferation and reduces granulation
tissue formation, thus preventing adhesions and scarring.
Additionally, anti-inflammatory agents and
antihistamines prevent adhesions by inhibiting fibroblast
repair.??

Given the importance of the aforementioned issues,
the objective of this study was to evaluate the effect of
platelet-rich  plasma and  dexamethasone on
experimentally induced intraabdominal adhesions in rats.

Materials and Methods

Animals

This study was conducted on 35 adult male Wistar
rats, weighing between 250-300 grams and the study
protocol approved by the Ethics Committee of the
Veterinary Faculty at Shahid Chamran University of
Ahvaz. The procedures were filed under the ethical code

IR.SCU.REC.1402.040. Animal housing was in standard
conditions of temperature (22 * 3 °C), humidity (60 *
5%), and a 12-hour light/dark cycle. They were fed on a
standard pellet diet and tap water. Fifteen of the rats were
chosen to prepare platelet-rich plasma (PRP). The
remaining twenty rats were randomly divided into four
equal groups. The control group (C) received normal
saline and the second group (P), the third group (D), and
the fourth group (PD) received PRP, dexamethasone, and
combination of PRP and dexamethasone, respectively.

PRP Preparation

The fifteen rats anesthetized using
ketamine/xylazine (100/10 mg/kg). Blood was drawn
using a sterile syringe and transferred into glass tubes
containing sterile sodium citrate at a ratio of 9:1. Whole
blood was collected by cardiac puncture and mixed with
sodium citrate anticoagulant in sterile tubes, followed by
centrifugation. After centrifugation at 1000 rpm for 15
minutes, the blood separated into three layers: plasma
(upper layer), buffy coat (thin middle layer), and red
blood cells (bottom layer). The upper plasma and buffy
coat layers were transferred to an empty sterile tube and
centrifuged again at 3000 rpm for 5 minutes at room
temperature. The upper two-thirds of the supernatant,
consisting of platelet-poor plasma (PPP), was removed,
and the remaining one-third (lower portion) was
considered PRP. To ensure platelet count, the PRP
dissolved in phosphate-buffered saline (PBS) was
counted per volume unit using an automated cell counter.

The prepared PRP was then frozen at -70 °C until use.?3

were

Surgery

All animals were anesthetized by intraperitoneal
injection of a mixture of ketamine (100 mg/kg) and
xylazine (10 mg/kg). A standard midline abdominal
incision was made, and the entire abdominal cavity was
inspected to ensure the absence of any previous lesions
or adhesions. To induce adhesions in the peritoneal
cavity, the serosal surface of the descending colon in the
avascular area was abraded using dry sterile gauze until
petechiae appeared on the serosal surface. Additionally,
abrasions were made on the peritoneal surfaces of the left
abdominal wall near the descending colon using a No. 15
surgical blade.?* After inducing the adhesion model and
before closing the abdominal incision, each group
received its respective treatment. The control group
received 1 ml of normal saline sprayed over the
abdominal viscera. In the PRP group, 1 ml of platelet-rich
plasma was used. The dexamethasone group received 0.2
mg/kg of dexamethasone diluted in 5 ml distilled water,
and 1 ml of the solution was used. In the fourth group, 0.5
ml of PRP and 0.5 ml of dexamethasone were
administered. In all groups, the total injection volume was
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adjusted to 1 ml using normal saline. Additionally, a single
dose of subcutaneous enrofloxacin (5 mg/kg) was
administered postoperatively to prevent secondary
infection.

Assessments

Fourteen days after surgery and adhesion induction,
cardiac blood collection performed under
ketamine/xylazine anesthesia. Blood was collected into
EDTA-containing tubes and sterile glass tubes containing
sodium citrate at a ratio of 9:1. Complete blood samples
were analyzed for hematological evaluations using an
automated cell counter, and the plasma obtained by
centrifugation at 3000 rpm for 15 minutes was used to
measure fibrinogen levels via the coagulation-based Von
Clauss method, which measures fluid viscosity.

At the end of the study, euthanasia was carried out
using a dosage five times more than that of the anesthesia
induction dose, and exploratory laparotomy was
performed. The extent and quality of adhesions to the
tissues in the surgical area were evaluated. The number
of adhesion bands was scored using the Nair scoring
method (Table 1), and the difficulty of separating the
adhesions was assessed using the Adachi scoring method
(Table 2).

was

Data Analysis

The data was analyzed using version 27 of SPSS (IBM
Corporation, NY, USA). A one-way ANOVA test followed

Table 1. Nair scoring method based on the number of adhesion
bands.2®

Grade Adhesion Severity
0 No adhesions observed
1 One adhesion band between organs or between an

organ and the abdominal wall
Two adhesion bands between organs or between

2 an organ and the abdominal wall
3 More than two adhesion bands between organs or
between an organ and the abdominal wall
Complete adherence of organs to the abdominal
4 wall with no visible separation (regardless of the

number of bands)

Table 2. Adachi scoring method based on adhesion separation
difficulty.26

Grade Adhesion Severity

0 No adhesions observed

1 One adhesion, separable by blunt dissection*
1.5 Multiple adhesions, separable by blunt dissection
2 One adhesion, requiring sharp dissection**
2.5 Multiple adhesions, requiring sharp dissection
3 Omentum adhesion requiring sharp dissection at

the surgical incision site
*Blunt dissection: Separation without surgical instruments,
using only the surgeon's hands and no bleeding involved.
**Sharp dissection: Separation requiring surgical instruments,
such as scissors.
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by LSD post-hoc was used to compare leukogram and
fibrinogen measurements between the study groups. The
Kruskal-Wallis test was employed to compare adhesion
scores between groups. For leukogram and fibrinogen
data, results were presented as mean standard
deviation (SD), while adhesion scores were shown as
median (min-max). A p-value of less than 0.05 was
considered statistically significant.

+

Results

According to the Adachi adhesion scoring system, the
highest adhesion levels were observed in the C group,
showing statistically significant differences compared to
the D group (p = 0.005), P group (p =0.001), and PD group
(p = 0.003). The lowest adhesion levels were observed in
the P group, which exhibited significant differences
compared to the C group (p = 0.001), D group (p = 0.024),
and PD group (p = 0.037) (Table 3 and Figure 1).

Based on the Nair adhesion scoring system, the
highest adhesion levels were observed in the C group,
with significant differences found when compared to the
D (p = 0.001), P (p = 0.001), and PD groups (p = 0.001).
The lowest adhesion levels according to the Nair method
were found in the P and PD groups, which had significant
differences compared to the C group (Table 3 and Figure
2). By examining the leukogram profile of the studied
animals, despite differences in the values of white blood
cells, monocytes, lymphocytes, and granulocytes and
fibrinogen levels no statistically significant differences

Table 3. Median (minimum - maximum) adhesion scores in rats
receiving saline (C), dexamethasone (D) (0.2 mg/kg), PRP (P),
and a combination of dexamethasone and PRP (PD) (n = 5).

Group  AdachiScoringSystem (0-3)  Nair Scoring System (0-4)

C 2.5 (1-3) 3 (2-4)
D 1(0-1.5) 0.5 (0-2)
P 0 (0-0) 0 (0-0)
DP 1(0-2) 0 (0-2)

Figure 1. Dissection and evaluation two weeks after surgery,
based on Adachi's table.
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were observed between the groups (p > 0.05) (Tables 4
and 5).

Discussion

The peritoneum has a unique structure and
mechanism that, when injured, such as during surgery or
inflammation, can initiate the adhesion process. This
adhesion occurs as part of the peritoneum’s healing
response following damage, and it is clinically significant
because it presents one of the major challenges for
physicians and surgeons after abdominal surgeries.
Following any injury to the peritoneum, inflammatory
mediators are released, leading to the accumulation of
inflammatory cells such as neutrophils and increased
blood flow to the site. Peritoneal healing may occur with
or without adhesion formation, depending on the activity
of the fibrinolytic system.2”
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Figure 2. Dissection and evaluation two weeks after surgery,
based on Nair's table.

Table 4. Mean * standard deviation of the leukogram after the
induction of experimental abdominal adhesions in the groups
receiving saline (C), dexamethasone (D) (0.2 mg/kg), PRP (P),
and a combination of dexamethasone and PRP (PD) in rats (n =
5).

WhiteBlood Monocytes Lymphogytes  Granulocytes

Group Cells (x10°) (x10%) (x10%) (x10%)

C 14.7 £ 4.6 04+0.1 9.1+22 51+23
D 99+1.7 0.2+0.2 53+3.4 44 +37
P 10.9+£5.0 03+0.1 6.1+3.6 44+15
DP 9.7+1.0 0.2+0.0 54+1.0 4.0+09

Table 5. Mean + standard deviation of fibrinogen levels after the
induction of experimental abdominal adhesions in the groups
receiving saline (C), dexamethasone (D) (0.2 mg/kg), PRP (P),
and a combination of dexamethasone and PRP (PD) in rats (n =
5).

Group Fibrinogen (mg/dl)
C 192.3+16.7
D 175.6 £ 50.3
P 155.3+159
DP 170.1+16.7

The mechanism of intra-abdominal adhesion
formation after surgery involves several complex stages.
Initially, injury to the peritoneum triggers an acute
inflammatory response, which results in the release of
cytokines and growth factors. These factors attract
neutrophils and macrophages to the injury site. While
these immune cells secrete enzymes to aid in tissue
repair, they can also contribute to the formation of
fibrotic tissue and adhesions.?8 Next, fibroblasts and
mesenchymal cells migrate to the site, producing
extracellular matrix and collagen. An excessive
production of these substances can lead to the formation
of scar tissue and adhesions. The reduced activity of
metalloproteinases (MMPs), which are
responsible for breaking down the extracellular matrix,
also contributes to this process. Adhesions can cause
internal organs to stick together, leading to complications
such as pain, bowel obstruction, and organ dysfunction.2?
Other factors, such as local hypoxia and oxidative stress,
also play a role in exacerbating adhesions. Hypoxia
enhances adhesion formation by activating hypoxia-
inducible factor (HIF) signaling pathways and increasing
the production of pro-inflammatory and fibrotic factors.
Additionally, oxidative stress promotes the inflammatory
and fibrotic processes through the production of free
radicals and cellular damage.3°

During surgeries, reduced blood flow and oxygen
supply to the tissue lead to an increase in plasminogen
activator inhibitors and suppression of the fibrinolytic
system, allowing fibrin strands to remain at the site. In the

matrix

presence of collagen, these fibrin strands transform into
resistant structures, leading to adhesion formation.
Adhesions occur in 66% of abdominal surgeries and are
associated with complications such as bowel obstruction
and infertility, particularly in women.3! This condition is
observed in 79% to 90% of patients undergoing open
abdominal surgery.3

According to studies by Erang et al., dexamethasone is
a steroidal anti-inflammatory drug that works by
suppressing the body's inflammatory and immune
responses. This drug reduces cytokine production and
inhibits the activity of inflammatory cells, which can help
reduce inflammation and, consequently, the formation of
intra-abdominal adhesions. Dexamethasone effectively
controls the inflammatory process by inhibiting the
production of prostaglandins and leukotrienes, which are
the main mediators of inflammation.32

Mariano et al. have shown that fibrinogen, a key
protein in the blood coagulation process, plays a
significant role in the formation of peritoneal adhesions.
This protein is converted to fibrin in response to tissue
injury and helps form fibrin clots, contributing to the
development of tissue adhesions. Additionally, fibrinogen
aids in tissue repair and the formation of new adhesions
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by activating platelets and releasing growth factors.
Therefore, reducing fibrinogen levels or inhibiting its
conversion to fibrin could lead to a reduction in peritoneal
adhesions.33

Stratakis et al. demonstrated that platelet-rich plasma
(PRP) is an effective method for reducing peritoneal
adhesions following surgery. In a study conducted on 27
rats, the animals were divided into three groups: a control
group that received normal saline, a group that received
hyaluronic acid, and a group that received PRP. The
results indicated that PRP significantly reduced the
extent, severity, and size of the adhesions, while also
reducing inflammation, fibrosis, and neutrophil
infiltration. These findings suggest that PRP can be used
as an effective method for reducing post-surgical
adhesions.??

Makarichian et al. found that the use of platelet-rich
PRP alone had the greatest effect in preventing post-
surgical adhesions in animal models. In a study conducted
on 60 rats, the groups that received PRP showed a
significant reduction in adhesion severity compared to
the groups that received silver nanoparticles or heparin.
PRP reduces peritoneal adhesion formation by improving
inflammatory and physiological processes, enhancing
hemostatic properties, and promoting wound healing. It
has been identified as an effective agent in preventing
post-surgical adhesions.!?

Fibrinogen is a critical precursor in the formation of
adhesions, and measuring its levels in plasma can serve as
an appropriate indicator of the presence of adhesions. In
this study, fibrinogen levels were measured across
different groups, and no
differences were observed between them. The present
study also examined the leukogram profile of the animals
under investigation. Despite variations in the levels of
blood cells,
granulocytes, no statistically significant differences were
found between the groups. In a study conducted by Sui et
al. in 2021, the blood parameters of 119 COVID-19
patients were analyzed. The results showed that among
80 individuals, severe inflammatory responses were

statistically significant

white monocytes, lymphocytes, and

observed. These patients exhibited increased levels of
plasma fibrinogen, white blood cells, neutrophils, and
hemoglobin, while the number of lymphocytes was
significantly reduced.3*

Based on existing studies and research, PRP has
emerged as a promising approach for reducing intra-
abdominal adhesions following surgery. PRP, with its
growth factors and anti-inflammatory properties, can
accelerate tissue healing and reduce inflammation. While
some studies have demonstrated that PRP can reduce
adhesions, the results of other research have indicated no
significant effect or even a lack of reduction in adhesions.
These conflicting results suggest that PRP can be used

without increasing the risk of further adhesions, but more
extensive and thorough research is required to reach
definitive and reliable conclusions. Therefore, the use of
PRP in reducing peritoneal adhesions is considered a
potentially safe method, but it necessitates further
investigation to fully prove its effectiveness.

Studies have shown that both PRP and dexamethasone
can individually contribute to reducing peritoneal
adhesions; however, their combination, as suggested by
recent studies, appears to neutralize each other's effects.
PRP functions by enhancing growth factors and
accelerating tissue repair processes, while
dexamethasone exerts its effects by reducing
inflammation and inhibiting fibroblast proliferation.
Combining these two may interfere with the mechanisms
of tissue repair and inflammation reduction, potentially
leading to adverse outcomes. For instance, the growth
factors in PRP might weaken the anti-inflammatory effect
of dexamethasone, and vice versa. This interference could
diminish the efficacy of both agents and ultimately have
no impact on reducing adhesions. In this study, pathology
evaluation was not done, although the use of sampling
from adhesion areas and performing staining and
examination of histopathology sections could improve the
quality of evaluations.

Based on the above findings, this study, which focused
on preventing peritoneal adhesions using platelet-rich
plasma, dexamethasone, and a combination of both,
demonstrated that adding dexamethasone to platelet-rich
plasma did not have a significant effect on reducing
adhesion severity following abdominal surgery in rats
when compared to platelet-rich plasma alone. However,
the addition of dexamethasone to PRP showed a
significant reduction in adhesions compared to the
control group.
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