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ABSTRACT
OBJECTIVES: In this study, it was aimed to investigate whether or not platelet-rich plasma (PRP) causes intra-
abdominal adhesions and therefore, whether or not PRP can be used safely in intra-abdominal operations. 
METHODS: Of the total of 35 animals, 5 were used as donors for the preparation of platelet-rich plasma (PRP). 
The surgical procedures were performed on the remaining 30 animals. These rats were randomized and divided 
into 3 groups of 10. In Group 1, no adhesion induction was performed. Adhesion was induced by cecal abra-
sion and peritoneal resection model in Groups II and IIII. In Group 2, no treatment was given. In Group 3, 1 cc 
PRP was applied on the cecum. The rats were sacrifi ced on postoperative day 21. 
RESULTS: According to adhesion scores, the difference between the sham and PRP groups was not statisti-
cally signifi cant. There was also no signifi cant difference between the control and PRP groups, but the adhe-
sion scores in the PRP group was lower than those in the control group. On histopathological evaluation, the 
difference between the sham and PRP groups was not statistically signifi cant. There was also no signifi cant 
difference between the control and PRP groups, but the average fi brosis and infl ammation scores in the PRP 
group were lower than those in the control group. 
CONCLUSION: The results of the present study have demonstrated that PRP neither reduced nor exacerbated 
postoperative adhesions. Thus, PRP can be used safely in experimental and clinical studies where it will be 
applied intra-abdominally (Tab. 2, Fig. 3, Ref. 11). Text in PDF www.elis.sk.
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Introduction

Platelets are nonnuclear cellular fragments derived from mega-
karyocytes in the bone marrow; they are specialized secretory el-
ements that release the contents of their intracellular granules in 
response to activation. Platelets contain a great variety of protein 
molecules, among which are a high rate of signaling, membrane 
proteins, protein processing, cytoskeleton regulatory proteins, 
cytokines, and other bioactive peptides that initiate and regulate 
basic aspects of wound healing. It is known that more than 300 
proteins are released by human platelets in response to thrombin 
activation. In addition to their well-known function in hemosta-
sis, platelets also release substances that promote tissue repair, 
angiogenesis, and infl ammation. Furthermore, platelets induce the 
migration and adherence of bone-marrow-derived cells to sites of 
angiogenesis and induce differentiation of endothelial-cell progeni-

tors into mature endothelial cells. Platelet-derived Growth Factors 
(GFs) are biologically active peptides that enhance tissue repair 
mechanisms such as angiogenesis, extracellular matrix remodel-
ing, and cellular effects as stem cell recruitment, chemotaxis, cell 
proliferation, and differentiation. Platelet-rich plasma (PRP) is 
used in a variety of clinical applications, based on the premise that 
higher GF content should promote better healing. Platelet deriva-
tives represent a promising therapeutic modality, offering oppor-
tunities for the treatment of wounds, ulcers, soft-tissue injuries, 
and various other applications in cell therapy (1). Apart from these 
indications, it has also been used to obtain improved strength in 
colonic and intestinal anastomoses, and to augment wound heal-
ing in open abdomen (2–6). 

Adhesion formation following surgery remains an almost in-
evitable consequence of most abdominal procedures. Studies have 
found the incidence of adhesions to be as high as 95 %. Advances 
in surgical technique, such as the use of laparoscopic surgery, can 
help minimize the probability of adhesion formation, although the 
signifi cant morbidity and cost associated with adhesion-related 
disorders continues to be highly prevalent. Whilst many methods 
have been employed in an attempt to reduce the formation of ad-
hesions, no single approach has been wholly satisfactory. Intra-
abdominal adhesions cause adhesive small bowel obstruction, 
volvulus or chronic abdominal pain. In female patients, adhesions 
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within the pelvis may result in infertility, ectopic gestation and 
chronic pelvic pain. In patients with secondary problems from 
adhesions, future surgery (for abdominal pathology other than 
adhesions) may be complicated or prolonged. In such cases, the 
number and density of adhesions will have a direct impact on the 
second surgical procedure (7). 

As previously mentioned, there have been various studies 
of PRP used in intra-abdominal procedures. Since postopera-
tive adhesions constitute the major problem of intra-abdominal 
procedures, a product which will be used in intra-abdominal pro-
cedures should not exacerbate adhesions. In this study, it was 
aimed to investigate whether or not PRP causes intra-abdominal 
adhesions and therefore, whether or not PRP can be used safely 
in intra-abdominal operations. 

Materials and methods

Animals
Thirty-fi ve Wistar-Albino female rats, weighing 225 ± 25 g, 

were allowed to adapt to laboratory conditions for 1 week before 
experimental use. The animals had free access to water and stan-
dard laboratory chow. They were kept individually in wire cages 
at a constant temperature (21± 2 °C) under a 12-hour light-dark 
cycle. Twelve hours before anesthesia, the animals were deprived 
of food but had free access to water until 2 hours before anesthe-
sia. No enteral or parenteral antibiotics were administered at any 
time. Rats that died during the experiment were excluded from 
the study and no new rats were included. The procedures in this 
experimental study were performed in accordance with the Na-
tional Guidelines for The Use and Care of Laboratory Animals 
and approved by Animal Ethics Committee of Ankara Research 
and Training Hospital (The Name of the Chairperson of the Ethic 
Committee: Prof. Dr. Nevres Aydogan, The Protocol Number: 239, 
The Date of Approval: 27.12.2013).

Study groups
Of the total of 35 animals, 5 were used as donors for the 

preparation of platelet-rich plasma (PRP). The surgical proce-
dures were performed on the remaining 30 animals. These rats 
were randomized and divided into 3 groups of 10. All animals 
were anesthetized with an intramuscular injection of 50 mg/kg 
ketamine hydrochloride (Ketalar®, Parke-Davis, Istanbul) and 5 
mg/kg xylazine (Rompun®, Bayer, Istanbul). 

The abdomen was shaved and prepared with povidone-iodine. 
Under sterile conditions, a midline laparotomy was performed. The 
cecum was abraded with sterile gauze until a subserosal hemor-

rhage developed. A 1x1 cm patch of peritoneum located opposite 
the cecal abrasion was completely dissected. In Group 1 (sham 
group), laparotomy was performed, the cecum was removed from 
the abdomen, and replaced in the abdomen without adhesion in-
duction. In Group 2 (control group), adhesion induction was per-
formed and no treatment was given. In Group 3 (PRP group), after 
adhesion induction, 1 cc PRP was applied on the cecum. Animals 
were allowed access to food and water after the operation. All 
operations were performed by the same surgeon. The rats were 
sacrifi ced on postoperative day 21. Adhesions were classifi ed by 
a surgeon blinded to the groups, according to a scoring system 
based on evaluation of the appearance, extent and strength of the 
adhesions (Tab. 1). Peritoneal and intestinal tissue samples were 
taken for histopathological evaluation. 

Preparation of PRP
The 5 rats selected as donors for the preparation of PRP under-

went no surgical procedure. These rats were sacrifi ced by high dose 
of ketamine hydrochloride in injection and whole body blood was 
taken from the inferior vena cava. The 10 mL of blood obtained 
from the donor rats was put into biochemistry tubes containing 
citrate-phosphate-dextrose (CPD) solution, then centrifuged for 10 
min at 1500 rpm. After centrifugation, three layers were obtained: 
the top layer including plasma with a light yellow color, the bot-
tom layer mainly including erythrocytes, and a thin intermediate 
layer between these layers including platelets and white blood 
cells (buffy coat). The plasma layer at the top was withdrawn into 
another centrifugation tube and subjected to second centrifugation 
for 10 min at 3000 rpm, after which two layers were obtained; the 
upper layer was platelet-poor plasma (PPP) and the lower was PRP. 
The PPP and PRP were carefully separated into different tubes, 
and PRP was used in this study. 

Histopathological evaluation
The histopathological examinations consisting of light micro-

scope analyses were carried out at the Pathology Department of 
Aksaray State Hospital. The samples obtained from the abraded 
cecal tissue and the adjacent peritoneal tissue were being fi xed 
in 10 % neutral buffered formalin solution for 2 days. Tissues 
were washed in running water, and dehydrated with increasing 
concentrations of ethanol (50 %, 75 %, 96 % and 100 %). After 
dehydration, specimens were placed in xylene to obtain transpar-
ency and embedded in paraffi n. The embedded tissues were cut 
into 5 μm-thick sections and stained with hematoxylin and eosin 
and trichrome. Histopathological examinations were performed 
by a pathologist blinded to the study groups. The samples stained 

SCORE EXTENT APPEARANCE STRENGTH
0 No No No
1 Less than 25% Filmy, avascular Separated easily
2 Between 25–50% Dense, avascular Separated by traction
3 Between 50–75% Dense,capillary vascularization Sharp dissection needed for seperation
4 More than 75% Dense , vascular Sharp dissection needed for seperation

*Adhesion score is equal to the total amount of each part of the adhesion. Maximum possible score is 11.

Tab. 1. Adhesion Scoring System.
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with hematoxylin and eosin were examined for infl ammation, and 
the presence of fi brosis was evaluated in the hematoxylin/ eosin- 
and trichrome-stained samples using a semi-quantitative scoring 
system. The scoring systems were as follows: 

Infl ammation Scoring System: Score 0: No infl ammation, 
Score 1: Giant cells, lymphocytes, and plasma cells; Score 2: Giant 
cells, plasma cells, eosinophiles, and neutrophils; Score 3: Infl am-
matory cell infi ltration and microabscess formation.

Fibrosis Scoring System: Score 0: No fi brosis; Score 1: Mild; 
Score 2: Moderate, Score 3: Severe.

Statistical analysis
Data analysis was performed using the Statistical Package 

for Social Sciences (SPSS) version 15.0 for Windows (SPSS Inc, 
Chicago, IL). All variables were found to be normally distributed 
about the mean. Data were presented as mean ± SD. Differences 
between the groups were evaluated by one-way analysis of vari-
ance (ANOVA) or Kruskal-Wallis variance analysis, as appropri-
ate. When the p values from the variance analysis were statistically 
signifi cant, the Tukey honestly signifi cant difference (HSD) or 
Mann–Whitney U multiple comparison test was used to determine 
which group was different from the others. A value of p < 0.05 
was considered statistically signifi cant.

Results

General
One rat from the PRP group (Group 3) died during the study. 

This rat was excluded from the study and no new rat was includ-
ed. The remaining rats were sacrifi ced on postoperative day 21.

Adhesion Scores
The mean adhesion scores are summarized in Table 2. There 

was a signifi cant difference between the sham group and the con-
trol group (p = 0.013). The difference between the sham and PRP 
groups was not statistically signifi cant (p > 0.05), but the average 
adhesion score in the sham group was lower than that in the PRP 
group. There was also no signifi cant difference between the con-
trol and PRP groups (p > 0.05), but the average adhesion score in 
the PRP group was lower than that in the control group (Tab. 2). 

Histopathological results 
The histological fi ndings of the groups are represented in Fig-

ures 1–3. The mean pathological scores of the groups are sum-
marized in Table 2. The difference between the sham and control 
groups was statistically signifi cant (p = 0.009 for fi brosis, and p 
= 0.005 for infl ammation). Although the difference between the 
sham and PRP groups was not statistically signifi cant (p > 0.05), the 

average fi brosis and infl ammation scores in the sham group were 
lower than that in the PRP group. There was also no signifi cant 
difference between the control and PRP groups (p > 0.05), but the 
average fi brosis and infl ammation scores in the PRP group were 
lower than that in the control group. The pathological scores and 
fi ndings were in accordance with the adhesion scores.

Discussion

Abdominal surgery can cause adhesions between tissues and 
organs. It has been reported that up to 93 % of patients who have 
undergone one or more previous surgeries have intra-abdominal 

GROUPS MEAN ADHESION SCORES FIBROSIS INFLAMMATION
Group 1 (Sham) 1.80±1.02* 0.30±0.15* 0.40±0.21*
Group 2 (Control) 5.70±2.73 1.60±0.79 1.80±0.85
Group 3 (PRP) 3.00±1.51 0.66± 0.32 0.88±0.42
* Signifi cantly different from control group

Tab. 2. Mean adhesion scores and pathological scores of the groups.

Fig. 1. (Infl ammation score: 1) (H&E). A) Mild serosal infl ammation. 
B) Foreign body-type multinucleated giant cells and a small number 
of lymphocytes and plasma cells.

A B

Fig. 2. Moderate infl ammation (Infl ammation score: 2) (H&E). A) An 
infl ammatory focus is seen near the serosal surface of the colon wall. 
B) The foreign body-type multinucleated giant cells, eosinophils, lym-
phocytes and plasma cells.

A B

Fig. 3. Severe infl ammation (Infl ammation score: 3) (H&E). A) An 
infl ammatory focus is seen near the serosal surface of the colon wall. 
B) The foreign body-type multinucleated giant cells, eosinophils, lym-
phocytes and plasma cells.

A B
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adhesions (1). Postsurgical adhesions are a consequence of injured 
tissue surfaces (following incision, cauterization, suturing or other 
trauma) fusing together to form scar tissue. Postsurgical adhesions 
severely affect the quality of life of millions of people worldwide, 
causing small-bowel obstruction, diffi cult revision surgery, chronic 
abdominal and pelvic pain, and female infertility. Re-operating 
through the previous wound can be extremely diffi cult, risky, and 
potentially dangerous. Also, adhesiolysis extends operating time, 
anesthesia, and recovery time placing the patient at additional 
risk of blood loss, visceral damage including injury to the blad-
der, enterocutaneous fi stulas, and resection of damaged bowel (8).

The fi rst data on induction of adhesions in an animal model 
was published in 1889, and the intervening 120 years have seen 
extensive studies in vitro and in vivo. Nevertheless, the literature 
contains neither an offi cial defi nition of adhesions nor a recog-
nized standardized classifi cation for objective assessment of their 
extent and severity. Accordingly, study fi ndings have often been 
imprecise and do not lend themselves to adequate interpretation. 
By the same token, there is a lack of clinically oriented guidelines 
for diagnosis, treatment and options for reduction of adhesions (9).

Intra-abdominal adhesions may be congenital or acquired. 
Congenital adhesions arise during physiological organogenesis or 
can be traced back to abnormal embryonal development of the ab-
dominal cavity. They are usually asymptomatic and are diagnosed 
incidentally. Postmortem examinations of patients who have not 
undergone surgery have identifi ed post-infl ammatory adhesions in 
28 % of cases. These are caused by intra-abdominal infl ammation 
or can be attributed to endometriosis, peritonitis, radiotherapy, or 
long-term peritoneal dialysis (9).

Intra-abdominal adhesions arising from a surgical procedure 
can cause complications decades later. Patient symptoms include 
meteorism, irregular bowel movements, chronic abdominal pain, 
digestive disorders, infertility, and intestinal obstruction, and of-
ten fail to be associated with their cause. In contrast to congenital 
or post-infl ammatory adhesions, which are mostly asymptomatic, 
postoperative adhesions cause 40 % of all cases of intestinal ob-
struction. Particularly colectomy, which involves a large peritoneal 
incision, carries an 11 % cumulative risk of intestinal obstruction 
within the fi rst year postoperatively. Adhesions are also respon-
sible for 15 % to 20 % of all cases of secondary female infertility. 
On the other hand, chronic lower abdominal pain severely im-
pairs the quality of life of those affected and forms the indication 
for 30 % to 50 % of all laparoscopies and 5 % of hysterectomies 
(9). Numerous attempts have been made to prevent or reduce the 
incidence of peritoneal adhesions, but with limited success (8).

Postoperative adhesions develop as a result of wound healing 
and are infl uenced by various factors such as the complexity of op-
eration, the extent of peritoneal trauma, accompanying illness (e.g., 
diabetes), poor nutritional status, intra-abdominal placement of for-
eign bodies (e.g. meshes), excessive coagulation with tissue necro-
sis, accompanying bacterial infection, dehydration owing to high 
insuffl ation pressure and compression of capillary fl ow during lapa-
roscopy, exposure to foreign material (e.g., glove powder, suture 
materials, etc.), mesothelial dehydration and abrasion from use of 
dry abdominal drapes, and some drugs used intra-abdominally (9). 

Strategies to reduce adhesion formation include improving 
surgical techniques, optimizing laparoscopy conditions, using 
pharmacology interventions targeted at the infl ammatory response 
and/or fi brin deposition, and using agents that provide a physical 
barrier to adhesion formation. While these strategies have pro-
vided some success, none have yet proved totally successful in 
abolishing adhesions (8). 

Since intra-abdominal adhesions cause serious problems, it is 
essential that the drugs to be used intra-abdominally should not 
cause adhesions. 

Platelet concentrates for topical and infi ltrative use are used or 
tested as surgical adjuvants or regenerative medicine preparations 
in most medical fi elds, particularly in sports medicine and ortho-
pedic surgery. These concentrates are primarily blood extracts ob-
tained after various stages of processing of a whole blood sample, 
mostly through centrifugation. The objective of the processing is 
to separate the blood components in order to discard the unusable 
elements (mostly the red blood cells, heavy and easily separated) 
and to gather and concentrate the elements that may be of use in 
therapeutic applications (fi brinogen/fi brin, platelets, growth fac-
tors, leukocytes and other forms of circulating cells, in solution in 
liquid plasma). In short, all these products, whatever the technique 
used, are extracts of the blood circulating tissue. They are tissues 
themselves, and not pharmaceutical preparations. These prepara-
tions are used on a surgical or wounded site in order to stimulate, 
improve and accelerate healing (10).

Platelet-derived factors have been extensively used for clini-
cal and surgical applications requiring tissue regeneration. The 
rationale for the widespread use of platelet derivatives in the heal-
ing process is due to the abundance and accessibility of critical 
growth factors and other signaling molecules in platelets. Overall, 
platelet derivatives could be a promising therapeutic tool in many 
areas such as periodontal, oral, maxillofacial, orthopedic bone and 
tendon defects, and dermatological procedures such as chronic 
wounds. Despite numerous studies conducted in recent years in 
several medical fi elds, important questions remain unresolved, 
particularly with regard to the timing of the therapy and to the ac-
tual impact of the use of platelet derivatives on wound rehabilita-
tion, pain reduction, functional recovery, antibacterial activity, and 
cancer development (11).

Apart from the above-mentioned types of studies, PRP has also 
been used in intra-abdominal operations. Yol et al (2) compared the 
effects of PRP and tissue adhesive Bioglue® on tissue maturation 
and wound healing in experimental colonic anastomosis. Bursting 
pressures and hydroxyproline levels were found to be statistically 
higher in the PRP group than in the control and Bioglue groups. 
Histopathologically, there was less infl ammatory cell infi ltration, 
intensive fi broblast development, and rich collagen production in 
the PRP group. It was concluded that PRP may be used in colon 
anastomosis, especially in patients with impaired wound healing, 
to obtain better anastomotic strength (2). In another two studies, the 
effects of PRP on intestinal anastomoses were evaluated. Fresno et 
al. (4) investigated the effects of PRP on intestinal healing follow-
ing intestinal anastomosis using histology and measurement of the 
anastomotic breaking strength as end points in pigs. The activated 
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form of PRP was used and PRP application appeared to increase 
granulation tissue and fi brosis, but was not found to infl uence anas-
tomotic breaking strength. In another intestinal anastomotic model, 
Yamaguchi et al. (3) also investigated the role of PRP on intestinal 
anastomotic healing. Various other studies have also evaluated the 
effects of PRP on colonic anastomotic healing and wound healing 
after open abdomen (5,6).

In brief, PRP has been used in various experimental studies 
intra-abdominally. Since the positive effects of PRP on anastomo-
sis has been shown in most of these studies and PRP has become 
a popular natural concentrate for wound healing and anastomotic 
healing, the authors of the present study predict that PRP will be 
used in either experimental or clinical studies widely in the future. 
Therefore, this study was planned to evaluate whether or not PRP 
exacerbates intra-abdominal adhesions as it is extremely important 
that material used intra-abdominally should not cause adhesions.

The results of the present study showed no statistically signifi -
cant difference between the mean adhesion scores and histopatho-
logical fi ndings of the PRP group and the other groups. Although 
the difference between the sham and PRP groups was not statisti-
cally signifi cant, the average adhesion score of the sham group was 
lower than that in the PRP group. There was also no signifi cant 
difference between the control and the PRP groups (p>0.05), but 
the average adhesion score in the PRP group was lower than that 
in the control group. The pathological scores and fi ndings were 
in accordance with the adhesion scores.

In conclusion, the results of the present study have demon-
strated that PRP neither reduced nor exacerbated postoperative ad-
hesions. Thus, PRP can be used safely in experimental and clinical 
studies where it will be applied intra-abdominally.

Learning points

• PRP neither reduced nor exacerbated postoperative adhesions.
• PRP can be used safely in experimental and clinical studies 

where it will be applied intra-abdominally.
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