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Abstract

Purpose: In this study, we applied platelet rich fibrin
(PRF) and pure olive oil on the incision surfaces of rats.
We aimed to examine whether PRF may be used safely to
prevent peritoneal adhesions.

Materials and Methods: Fourty rats were divided into 4
groups (n=8). Eight rats, not included in the study groups,
were used to obtain PRF material. Group 1 had no surgical
procedure, Group 2 was operated without medication,
Group 3 was operated and received 1cc olive oil, Group 4
was operated and received 1 cc PRFE. After 21 days, cecum
areas were examined histopathologically. Tumor necrosis
factor-o  (TNF-a), interleukin-6 (IL-6), intercellular
adhesion molecule-1 (ICAM-1) and platelet-derived
growth factor (PDGF) levels were measured in serum by
ELISA.

Results: The adhesion scores and severity of fibrosis in
Group 3 and 4 were significantly lower than Group 2.
Plasma TNF-« value was significantly higher in Group 2
than Group 4. Plasma PDGF value was significantly higher
in Group 2 than Group 3 and 4.

Discussion: PRF reduced intestinal adhesion by
inhibiting the proliferation of fibroblasts and inflammatory
cells, and promoting the proliferation of mesothelial cells.
PRF has anti-inflammatory effect and prevented postop
adhesions, based mainly on growth factors and cytokines
in its content.
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Oz

Amag: Bu calismada, adhezyon olusmast beklenen alanlara
uygulanan trombositten zengin fibrin (PRF) ve saf

zeytinyaginin  etkilerinin  incelenmesi  amaclanmustir.
PRF’nin adezyona neden olup olmadiginin ve PRF'nin
batin ici operasyonlarda glivenle kullanip

kullanamayacagini aragtirilmaktadur.

Gereg ve Yontem: Toplamda 4 grup (n=8) olmak Uzere
40 adet Wistar albino rat ¢aligma gruplarinda kullanildi.
Calisma gruplarina dahil edilmeyen 8 rattan PRF eldesi i¢in
yararlanildi. Grup 1’e herhangi bir cerrahi islem yapilmadi.
Adezyon modelin uygulandigt Grup 2’de ila¢ kullanidmadi.
Adezyon modeli sonrast Grup 3’de 1 cc zeytinyagi ve Grup
4de 1 cc PRF uygulandi. 21 giin sonra ¢ekum alanlart
histopatolojik olarak incelendi. Serumda proinflamatuar
sitokinlerden timér nekroz faktdr-a (TNF-ar), interlokin-
6(IL-6), hiicreler arast adezyon molekiila-1(ICAM-1) ve
platelet-tiirevli biyime faktéra(PDGEF) dizeyleri ELISA
yontemiyle ol¢tld.

Bulgular: Grup 3 ve 4'te adezyon skorlart ve fibrozis
siddeti Grup 2'ye gore anlamlt olarak dugiikti. Plazma
TNF-o degeri Grup 2'de Grup 4'e gore anlamli olarak
yitksekti. Plazma PDGF degeri Grup 2'de Grup 3 ve 4'e
gore anlamli olarak yiiksekti. .

Sonug: PRF, fibroblastlarin ve inflamatuar hiicrelerin
¢ogalmasini  engelleyerek ve mezotelyal hicrelerin
cogalmasini tesvik ederek bagirsak yapismasint azaltabilir.
PRF, icerigindeki biiytime faktdrleri ve sitokinlere bagl
olarak antiinflamatuar etkiye sahiptir ve postop adezyonlari
Onler.

Anahtar kelimeler: Postoperatif peritoneal adezyon,
trombositten zengin fibrin (PRF),saf zeytinyagt
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INTRODUCTION

Adhesions, intestinal obstructions, infertility, pelvic
pain and subsequent surgical interventions are among
the leading problems of surgeons after abdominal
surgery today. Even the most delicate surgical
techniques alone are insufficient to prevent adhesions
1. Adhesion occurs in approximately 90% of patients
who have undergone intraabdominal surgery and
approximately 3% of these develop intestinal
obstruction. In advanced adhesions, even death may
occur?. Postoperative peritoneal adhesions cause
approximately 15-20% of female infertility. Today, it
has been reported that up to 75% of intestinal
obstruction is due to adhesions due to previous
surgeries, and this rate can increase to 93% after
multiple operations'>3.

Damage to the peritoneum and serosal surfaces due
to chemical, thermal, foreign body reaction, infection,
and traumatic factors initiates the sequence of events
that result in adhesion formation. As a result of injury
to the peritoneum or serosa, histamine and vasoactive
kinins are released from mast cells, causing an increase
in capillary permeability and serous accumulation?.
Damage to the mesothelioma area brings close
connective tissue into contact with peritoneal fluid,
which increases the secretion of Leukotriene B4 and
prostaglandin E2 (PGE2) in the peritoneal fluid,
while inhibiting the tissue plasminogen activator
(tPAA) activity*. While leukotriene B4 and PGE 2
increase stimulate adhesiogenesis, tPAA inhibition
reduces fibrin breakdown; ultimately the balance
changes in favor of adhesion formation. Peritoneal
injury also causes thromboplastin (tissue factor) to be
released, activating the coagulation cascade resulting
in the formation of fibrin. If fibrin destruction is not
sufficient, this fibrin provides matrix for adhesion
formation*.

Platelet-rich fibrin (PRF) is the fibrin network
obtained by centrifugation of blood®. PRF contains
dense granules of platelets, platelet-derived
angiogenesis factor (PDAF) transforming growth
factor (TGF)-B, epidermal growth factor (EGF),
vascular endothelial growth factor (VEGF), platelet-
derived growth factor (PDGF), insulin-like growth
factor-I (IGF-I), platelet-derived epidermal growth
factor (PDEGF), and platelet factor-4 (PF-4). They
are released from platelet granules promote
angiogenesis, cell proliferation, differentiation and
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wound healing. PRF works synergistically with
fibrinogen and cytokines®. Various cytokines in PRF
enable cell proliferation and differentiation, also
promoting the proliferation of mesothelial cells.

PRF functionally provides clot formation, supports
tissue regeneration, acts as a natural fibrin scaffold
containing growth factors and stem cells. PRF is
obtained by centrifugation of whole blood. PRF
spontaneously forms a fibrin matrix which collects
growth factors (GF) at the coagulation site without
any anticoagulant. The fibrin matrix is regulated by
fibroblasts and collagen synthesis is initiated.
Therefore, both the growth factors and fibroblasts in
PRF serve synergistically to support collagenesis and
tissue regeneration.

It has been shown that the fibrin matrix in PRF
increases the efficacy of GFs secreted from platelets’.
Thanks to its strong fibrin structure and persistent
abundant release of GF, we hypothesized that PRF
can prevent permanent adhesion by accelerating
wound healing and reducing adhesion formation®?.

Pure olive oil has beneficial effects on wound healing
thanks to its anti-inflammatory and tissue
regeneration enhancing properties'®!'!. One of the
most important features of pure olive oil, a high-
viscosity liquid, is that it minimizes trauma during
manipulation by creating lubrication on the serosal
and peritoneal surfaces. It can be used to prevent
abdominal adhesions due to its mechanical separator
(hydroflotation)  feature between  traumatized
surfaces!?. Herein, we aimed to investigate and
compare the effects of olive oil and PRF application
in preventing adhesions that occur during the
postoperative period.

MATERIALS AND METHODS

Animals

A total number of 40 Wistar albino rats, between 200-
300 g, were used in this study. Housing was achieved
in hygienic stainless steel cages with free access to
food and tap water. Rats were kept at an ambient
temperature of 22°C and 60£5% humidity with a 12-
hr light/dark cycle throughout the experiment. All
experiments were carried out in a strict compliance
with the National Institutes of Health Guidelines for
the Care and Use of Laboratory Animals. The
experimental procedures were performed in the
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Practice and Research Laboratory of Kahramanmaras
Siitcti Tmam University. This experimental study is
approved by the Kahramanmaras Sitci Imam
University Local Ethical Committee on Laboratory
Animals (ethics committee file number, 2020/06;
approval date, February 27, 2020)

Experimental design

A total of 40 rats were divided into 4 groups (n=8).
Eight rats, not included in thestudy groups, were used
to obtain PRF material. In previous studies, it was
reported that autoantibody reactions have not been
developed related to PRF obtained from the serum of
other rats 7. For this reason, we applied PRF material
obtained from rats outside the study groups to our
rats in Group 4, where PRF was applied, and we did
not observe any reactions.

The experimental groups were as follows:

Group 1 (Control group): Group 1 had no surgical
procedure.

Group 2 (Sham group): Group 2 was operated
without medication.

Group 3 (Olive oil group): Group 3 was operated, the
front surfaces of the cecum were coated with 1 cc
olive oil after standard adhesion manipulation.
Group 4 (PRF group): Group 4 was operated, front
surfaces of the cecum were coated with 1 cc PRF after
standard adhesion manipulation.

21 days after the adhesion was formed, the abrased
cecum tissues were examined with histopathological
scoring macroscopic (Evans adhesion score) and
microscopic (Zihlke's microscopic adhesion score)
to observe the effect of the medications.
Proinflammatory cytokines including tumor necrosis
factor-o (INF-o), interleukin-6 (IL-6), intercellular
adhesion molecule-1 (ICAM-1) and platelet-derived
growth factor (PDGF) levels were measured in serum
by ELISA method.

Platelet rich fibrin (PRF) preparation

In this study, 8 rats outside our groups were selected
as donors for the preparation of PRF and did not
undergo any surgical procedure. An average of 6 cc
(4.5 - 8 cc) of blood was obtained from these rats by
intracardiac (inferior vena cava) puncture and placed
in a sterile glass tube without anticoagulants. Since
platelet activation and fibrin polymerization was
triggered immediately in the absence of anti-
coagulant, the tube was placed in a centrifuge
previously adjusted to 3000 RPM (400 G) for 10
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minutes. After centrifugation, a layer of erythrocytes
collected at the bottom of the tube, acellular plasma
poor from thrombocyte is formed at the top of the
tube, and a platelet-rich fibrin, or PRF clot, is formed
in the middle of the tube. PRF forms a complex
three-dimensional fibrin matrix 2. Approximately 1cc
(0.8-

1.2 cc) of the intermediate layer (PRF gel) was taken
and applied locally to the anterior surface of the
intraperitoneal cecum.

Pure olive oil preparation

Pure olive oil is produced by the cold pressing
method. Olive oil was sterilized by 0.45 nm porosity
filtration into a sterile centrifuge tube. The pH value
of olive oil is the same as the peritoneal dialysis fluid

(pH 6.8) 13.

Intraperitoneal adhesion model in rats

A total of 32 rats in 4 groups were operated under
anesthesia of ketamine 80 mg/kg and xylazine 10
mg/kg. As we experimented in out previous studies,
intraperitoneal adhesion model was performed in all
groups, except for Group 1 13

Rats were fixed in the supine position. The skin was
disinfected with iodophor. We entered in the
peritoneal cavity with a three-centimeter vertical
midline incision. The cecum was found and carefully
taken out of the abdomen. The surgeon's left hand
was placed on the second finger of the surgeon, with
the anterior surfaces of the intestine to be abrased on
top, and the injury was caused by sterile dry gauze.
The cecum was damaged by wiping with dry gauze to
abrade the anterior serosal surface approximately 0.5
cm X 0.5 cm (standard adhesion pattern) until
punctual bleeding foci appeared. After the abrasion
created on cecum, it was replaced to the
intraperitoneal space, and peritoneal abrasion was
created on was the 2x2 cm parietal and visceral
peritoneal area using a dry gauze. The incision was
closed with 3/0 propylene using a continuous suture
technique. Animals were fasted for 12 hours after
surgery. Operations were performed by the same
surgeon. 21 days after the incision closed, abrased
cecum tissues were measured by histopathological
scoring. Adhesion was evaluated in two ways:

macroscopic ~ (Evans  adhesion  score) and
microscopic (Zithlke's microscopic adhesion score).
Cecum  tissue  samples were taken  for

histopathological evaluation.
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Macroscopic adhesion assessment

Adhesion scoring defined by Evans was used, in two
ways according to adhesion strength and adhesion
area. The scoring of adhesion area was calculated as
follows: 0: No adhesion, 1: Adhesion in 25% of the
area, 2: Adhesion in 50% of the area, 3: There is
adhesion in the entire area. The scoring of adhesion
strength was calculated as follows: 0: No adhesion, 1:
Adhesion that separates spontaneously, 2: Adhesion
separated by traction, 3: Decomposed by sharp
dissections 1+

Histopathological evaluation

Histomorphological changes in intraperitoneal
adhesions after PRF and olive oil application in rats
were examined in 4 groups. The 2cm? front walls of
the cecum and adhesions on this sutface, if any, were
fixed in formol from all rats. It was soaked in paraffin
after dehydration. Sections of 5 mm were taken and
stained with hematoxylin and eosin (H&E) and with
Masson's trichrome. Zuhlke's classification was used
for histopathological grading. The grades of
microscopic adhesion classification was calculated as
follows: Grade 1: Weak connective tissue, rich cell,
old and new fibrin, fibrins of thin reticle, Grade 2:
Connective tissue with cells and capillary vessels, rare
collagen fibers, Grade 3: Thicker connective tissue,
rare cells, more vessels, rare elastin and smooth
muscle fibers, Grade 4: Old thick granulation tissue,
rare cells, difficult separation of serosal layers!>.

Enzyme-linked immunosorbent

(ELISA)

assay

After the cecum tissue samples were taken on the 21th
day of experiment, an average of 6 cc (4.5 - 8 cc)
blood was taken from each rat. Rat serum tumor
necrosis factor-a (TNF-w), interleukin-6 (IL-6),
intercellular adhesion molecule-1 (ICAM-1) and
platelet-derived growth factor (PDGFE)
concentrations were measured using enzyme-linked
Table-1. Adhesion strength scores of the groups
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immunosorbent assay (ELISA) kits (INF-a, Catalog
No.: E0764Ra; IL-6, Catalog No.: E0135Ra; ICAM-
1, Catalog No.. E0418Ra; PDGF, Catalog No.:
EO0G69Ra;  (Bioassay  Technology  Laboratory)
according to the manufacturer’s recommendations.
All results are expressed as pg/mL of serum.
Sensivity; TNF-o: 2,51 ng/L, IL-6: 0,052 ng/L,
ICAM-1: 0,026 ng/mlL, PDGF: 2,51 ng/L. Detection
range; TNF-o: 5-1000 ng/L, IL-6: 0,1-40 ng/L,
ICAM-1:0,05-20 ng/Ml, PDGF: 0,05-15 ng/mL.

Statistical analysis

The data were defined as the arithmetic average and
standard deviation. To apply parametric tests,
Shapiro Wilk test was used to determine whether the
samples have a normal distribution and whether the
variances are homogeneous. For multiple groups,
analysis of variance test with post-hoc Tukey’s test
for significant difference was used for normally
distributed data. Kruskal Wallis test was used for the
analysis of none normally distributed data. Mann
Whitney U test was used to compare the adhesion
strength scores of the groups.

The p-values less than 0.05 were considered
significant. The data were evaluated at a 95%
confidence interval. The data were analyzed in SPSS
17.0 programme (IBM, IL, U.S.A.).

RESULTS

The groups were evaluated according to Evans'
adhesion strength scoring and presented in Table-1a.
We found that the adhesion strength scores of
Group-3 and 4 were significantly lower than Group-
2 (p<0.001). In the comparison of Group-3 with
Group-4, we found no statistically significant
difference was found in adhesion strength score

(Table-1, Fig 1a-e).

Groups Evans Adhesion Strength Score Total Adhesion strength
scores
0 1 2 3
Group 2 0 (%0) 0 (%0) 1(%12,5) 7 (%87.,5) 8 (%100) G3\G2 P <0.001
Group 3 5 (%71,4) 2 (%28,0) 0(%0) 0 (%0) 7 (%100) G3\G4 P >0.05
Group 4 7 (%87.,5) 1 (%12,5) 0(%0) 0 (%0) 8 (%100) G4\G2 P <0.001
Total 12 (%50) 4 (%16,6) 1(%4,16) 7 (%29.24) 24 (%100)

Comparison of the adhesion strength scores of the groups with the Mann Whitney U test

The groups were evaluated according to Evans'
adhesion area scoring and presented in Table-2. We

found that the adhesion area scores of Group-3 and
4 were significantly lower than Group-2 (p<0.001).
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In the comparison of Group-3 with Group-4, we
found no significant difference in adhesion area score

(Table-2, fig 1a-¢).
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Figure 1a. (group 1, grade 0) Post-laparotomy, group 1, no adhesion

Figure 1b (grade 1) Adhesions separated spontaneously (grade-1) between the cecum and ileum (arrows)
Figure 1c (grade2) adhesions separated by traction between the cecum and ileum (arrow)

Figure 1d (grade3) Adhesions separated by sharp dissection between the cecum and intraabdominal organs
(grade-3) (arrow)
Figure le (grade4-ileus) Severe adhesions (arrows) in the abdomen and ileus

Table 2. Adhesion area scores of the groups

Evans Adhesion Area Score Adhesion area
Groups Total scores
0 1 2 3
Group 2 0 (%0) 0 (%0) 6(%75,0) 2 (%25,0) 8 (%100) G3\G2 P <0.001
Group 3 5 (%71,4) 2 (%28,6) 0(%0) 0 (%0) 7 (%100) G3\G4 P>0.05
Group 4 6 (%87,5) 2 (%12.5) 0(%0) 0 (%0) 8 (%100) G4\G2 P =>0.05
Total 11 (%45,8) 5 (%20,8) 6(%025) 2 (%8,4) 24 (%100)

Comparison of the adhesion area scores of the groups with the Mann Whitney U test

Cecum tissue samples were evaluated according to
Zuhlke's microscopic adhesion score classification,
and presented in Table-3. We found that the
microscopic adhesion scores of Group-3 and 4 were

Table 3. Microscopic adhesion scores of the groups

significantly lower than Group-2 (p<0.005). In the
comparison of Group-3 with Group-4, we found no
statistically significant difference in microscopic
adhesion score (Table-3).

Groups : M1croscop21c adhesion ?s)cores - Total Microscopic adhesion scores
Group 2 0(%00) 7(%87.,5) 1(%12,5) | 0(%0) 8 G3\G2 P=0.003(p <0,05)
Group 3 3(%42,8) 4(%57,2) 0(%00) 0(%0) 7 G4\G2  P=0.001 (p <0,05)
Group 4 6(%75) 2(%025) 0(%00) 0(%0) 8 G3\G4 P=0.398 (p >0,05)
Total 9(%39,2) 13(%56,5) | 1(%4,3) 0(%0) |23

Comparison of the microscopic adhesion scores of the groups with the Mann Whitney U test

There were

significant

differences

in

histopathological findings between the groups.
Group 2, 3 and 4 had thick granulation tissue, less
cell, more vessels compared to Group 2 (p<0.05).
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Groups 3 and 4 had loose connective tissue, more
cells, abundant fibrin compared to Group 2 (p
<0.05). Angiogenesis was higher in group 2
compared to other groups. The difference between
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Group 3 and Group 4 was not significant (p> 0.05),
but average fibrosis and inflammation scores in the
PRF group were lower than Group 3. Pathological
scores and findings were consistent with adhesion
scores (fig 2, fig 3).

Figure 2: (Hematoxylin and Eosin) Figure 2a
(grade 0)

Figure 2b (gradel) Weak connective tissue, rich
cells, old and new fibrin, thin reticle fibrils Figure
2c (grade 2) Connective tissue with cells and
capillary vessels, rare collagen fibers Figure 2d
(grade 3) Thick connective tissue, rare cells, more
vessels, rare elastin and smooth muscle fibers

Figure 3: (Masson’s trikrom) Figure 3a (grade 0)
Figure 3b (gradel) Weak connective tissue, rich
cells, old and new fibrin, thin reticle fibrils Figure
3c (grade 2) Connective tissue with cells and
capillary vessels, rare collagen fibers Figure 3d
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(grade 3) Thick connective tissue, rare cells, more
vessels, rare elastin and smooth muscle fibers

We found that the mean plasma PDGF, ICAM, ILG,
TNF-a levels were significantly higher in Group 2.
Plasma TNF-a was significantly higher in Group 2
than Group 4 (p <0.05). Plasma PDGF value was
significantly higher in Group 2 compared to Group 3
and Group 4 (p<0.05). Plasma PDGF value in Group
3 was higher than Group 4. However, there was no
statistically significant difference in plasma PDGF
values between Group 3 and Group 4 (p = 0.896, p>
0.05). The statistical analysis of the plasma
proinflammatory markers were presented in figure 4.

Pairwise Comparisons of grup

2 1
21,00 11,67

Each node shows the sample average rank of grup.

Staisic _Eror _Stisic 519 AdiSis
43 518 3958 A3 836 1000
41 2042 5178 394 693 1,000
42 11375 3824 2974 a3 ms
31 1524 5278 283 I73 1,000
32 10857 3958 2,743 006 rerg
12 -9.333 5178 -1802 o7 A9

Each row tests the null hypothesis that the Sample 1 and Sample
2 distributions are the same.
Asymptotic significances (2-sided tests) are displayed. The
significance level is 05,
Figure 4: Each node shows the sample average
rank of grup.
Each row tests the null hypothesis that the Sample 1 and
Sample 2 distributions are the same. Asymptotic significances
(2-sided tests) are displayed. The significance level is, 05.

DISCUSSION

Intestinal adhesion is a common complication seen in
postoperative surgery. It can lead to a number of
adverse events such as intestinal obstruction,
infertility, chronic abdominal pain and intestinal
necrosis!®.
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Various models have been developed to
experimentally create peritoneal adhesion. These are
abrasion, local peritoneal excision, ischemic damage,
insertion of a foreign body into the peritoneal cavity,
thermal damage and bacterial contamination!?. In our
study, we preferred the abrasion model as it mimics
the physical trauma caused by laparotomies. Any
manipulation performed by hand or surgical
instruments during laparotomy is a mechanical
trauma and it is known to be the most common cause
of peritoneal adhesions!”. Intestinal adhesion caused
by injury to the cecum causes inflammation and fibrin
formation. With intestinal serosa damage, large
numbers of inflamed cells infiltrate the damaged
tissue and thus amounts of mediators are secreted.
They subsequently stimulate the proliferation of
fibroblasts, secretion of collagen to form elastic
fibers, which leads to adhesion. Trying to repair the
damaged serosa also triggers adhesion formation's. A
wide variety of treatment methods and therapeutic
agents are available, especially to prevent
postoperative intestinal adhesion'?. Strategies to
prevent adhesion are generally listed as minimally
invasive surgical techniques, laparoscopic surgery and

biomaterial-based methods16:20,

Preparation protocol of PRP is simple and its cost is
low. The fibrin matrix in PRF increases the efficiency
of growth factors secreted from platelets®. PRF
naturally contains fibrin for the clot scaffold and
mesenchymal stem cells. PRF centrifugation is
different from PRP, it
anticoagulant, and also the rate of centrifugation is
different. PRF releases platelet-related therapeutic
granules for a longer time and at a slower rate than
PRP. PRF has been first used in oral maxillofacial
surgery?!. Today, its application in both invasive and
noninvasive aesthetic procedures is a significant

since requires no

achievement that indicates a bright future for surgical
medicine.

PRF is a gel-like autologous biomaterial containing
abundant GI' within its three- dimensional fibrin
structure. PRF was first used in dentistry as an
inexpensive and easy-to-use method and stimulate
tissue regeneration in oral surgery??. PRF is often
preferred in plastic and reconstructive surgeries due
to its beneficial effects in wound healing,
maxillofacial surgery and even cosmetic surgery, as it
contains high concentrations of cytokines and
growth  factors that promote proliferation,
angiogenesis, differentiation, regeneration, and thus
accelerate wound healing and tissue repair?»?*. In our
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study, PRF decreased the frequency and severity of
postoperative bowel adhesion. It increases natural
regenerative processes. Previous studies have showed
that for maintaining mesenchymal stem cells (MSC),
fibrin is a successful culture for preserving the
paracrine functions necessary to ensure regenerative
effects 2. PRF also protects other vital cells, including
leukocytes. Analyzing the cellular content of the PRF
clot shows that most of the leukocytes in the whole
blood were present in the PRF after centrifugation®.
Hence, PRF together with amounts of leukocytes,
neutrophils and platelets reduces the risk of infection.
Previous studies have investigated the regenerative
effects of PRF. It is applied alone or in combination
for the tissue trauma. Hence, it can promote tissue
repair, accelerate cellular differentiation and
proliferation?. Besides, PRF acts as a physical barrier
to prevent intestinal adhesions. PRF prevents
synergistically ~with  these

intestinal  adhesion

mechanisms.

MSC have important regenerative properties. Di
Liddo et al detected in vitro multipotent stem cell
markers in PRF and reported that some of the cells in
the PRF defined the phenotypic properties of MSC?8.
Thus, PRF creates a local environment for stem cell
source. Most importantly, it is suggested that the
composition of PRF helps to prevent rapid
proteolysis of growth factors, thus providing
prolonged secretion ?. The slow polymerization and
remodeling of the fibrin matrix within the PRF
effectively maintains growth factors and other critical
cells. In our study, application of PRF to the surgical
site effectively replaces the abundance of erythrocytes
with fibrin, leukocytes, stem cells and platelet-derived
growth factors. This accelerated wound healing and
attracting MSC to the surgical area may have resulted
in tissue regeneration and collagen remodeling.

PRF has the capacity to induce soft tissue
regeneration. In addition, PRF is a reliable and cost-
effective option to accelerate wound healing and
increase the effectiveness of tissue repair after injury
3. In our study, we found that PRF significantly
reduced the severity of fibrosis and inflammation. We
stated that PRF may reduce the proliferation of
fibroblasts and local inflammation during wound
healing. In response to PRF, plasma proinflammatory
cytokines, in particular PDGF and TNF-a, were low,
indicating that PRF provided tissue regeneration
without increasing inflammation.

TNF is important multifunctional
proinflammatory cytokine and plays an important

an
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role in homeostasis, host defense, inflammation and
cancer. TNF is produced by macrophages, T and B
cells, neutrophils, endothelial cells and fibroblasts.
Prevention of infection is the most important task in
the first days after injury and is achieved by the rapid
(within a few hours after injury) production of pro-
inflaimmatory cytokines, mainly IL.-1 and TNF. This
can lead to both activation of resident stromal and
immune cells and removal of leukocytes, mostly
neutrophils, from the circulation by subsequent
activation of phagocytosis. TNF and IL-6 are the key
proinflammatory cytokines involved in regeneration.
inflaimmation inhibits  the
regeneration process during this period. As a result,
IL-1 and IFN that previously protected the from
infection are now downregulated, while TNF and IL-
6 are still expressed at higher levels 27. IL-6 also serves
as a signal by damaged tissues in non-infectious
trauma (such as burns or post-surgical adhesion) to
support the onset of the inflaimmatory response and
facilitate the tissue repair. In the progress of adhesion-
related inflammation, the expression of TNF-a and
IL-6 increases 3132, In our study, we found that TNF-
o and 1L-6 were significantly higher in group 2, which
indicates that inflammation was higher in group 2
compared to the other groups, and we found that PRF
and olive oil in groups 3 and 4 prevented adhesion and
decreased inflammation.

However, excessive

The other pro-inflammatory cytokine that we
investigated in our study, PDGF, has a wide range of
immunoregulatory functions. PDGF, first expressed
from platelets, is a member of growth factors family.
It performs cellular proliferation, chemotaxis and
tissue remodelling in prenatal and postnatal period.
In our study, we found that PDGF levels were
significantly higher in group 2, indicating that
inflaimmation was more in group 2. In our study, we
also found that ICAM-1 level was the highest in
group 2. ICAM-1 molecules initiate the migration of
eosinophils, T lymphocytes and neutrophils.

ICAM-1, being an adhesion molecule and an
important immunological parameter in the early stage
of inflammation, has been used as an important
marker in the eatly diagnosisof sepsis. It was first
demonstrated by Seth et al in 1991 via serum
immunoblotting. It is expressed by vascular
endothelial cells and leukocytes. ICAM-1 levels are
increased in inflammation, infection and cancer. Our
results showed that ICAM-1 level was the highest in
group 2, suggesting PRF and olive oil in groups 3 and
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4 reduced inflammation and, thus, prevented the
formation of adhesion .

In our study, we also used pure olive oil to prevent
adhesions. There were two reasons in our preference
for pure olive oil. First, the phenolic components in
pure olive oil have been shown to represent beneficial
effects due to their antiatherogenic, antioxidant,
antineoplastic and anti-inflammatory  potential.
Second, it has a hydroflotation effect since it is a
liquid with high viscosity. The anti-inflammatory
effect of olive oil depends on its major components,
erythrodiol, beta sitosterol, squalene and its minor
phenolic components: oleuropein, tyrosol,
hydroxytyrosol and caffeic acid 3*.

The phenolic components in virgin olive oil had been
stated to show anti-inflammatory effect by reducing
thromboxane B2, leukotriene B4, COX1 and COX2
activity'!. In our previous studies, we have also found
olive oil showed similar effects after 21 days. this
indicated that olive oil remains in the peritoneum
without being absorbed and its
hydroflotation effect.

continues

In our present study, adhesion formation was
significantly low in group 3, which received olive oil,
compared to group 2. The scoring of adhesion was
also lower in Group 4, which received PRF,
compared to group 3 macroscopically. However,
there was no statistically significant difference
between group 3 and group 4. Therefore, one may
conclude that PRF is not only a useful and safe
therapeutic agent but also it is more effective than
olive oil in terms preventing adhesions. The small
number of rats in the groups are the major drawback
of this study

In conclusion, PRF is a cost effective and reliable tool
since it reduces intestinal adhesion by promoting the
proliferation of mesothelial cells and inhibiting
fibroblast infiltration. Thanks to the promising
results obtained in this study, now further researches
on animal models and clinical studies should be
conducted to better understand the anti-adhesive and
regenerative properties of PRI as well as to establish
proper anti-adhesion prophylaxis algorithms.
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