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Is platelet-rich plasma treatment effective in healing of oral
cavity wounds? Experimental animal study

Trombositten zengin plazma tedavisi oral kavite yaralarinin iyilesmesinde etkili mi?
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ABSTRACT

Objectives: This study aims to evaluate the macroscopic and
histopathological effects of platelet-rich plasma (PRP) on healing of oral
cavity wounds that were created in rats for experimental purposes.
Materials and Methods: Forty-two female Wistar albino rats (age 2.5-3
months; weighing 250 g - 350 g) were included in the study. Six rats were
selected for the preparation of PRP from their blood. The remaining
306 rats were anesthetized and a wound was opened in their palate. Rats were
randomized into six groups. Each group contained six rats (3 for the PRP,
3 for the control groups). Platelet-rich plasma was injected into the margins of
the wounds in the PRP group. Control group did not receive any application.
Six rats from the PRP and control groups were sacrificed in the first, second
and third weeks, their hard palates were photographed macroscopically,
and histopathological examination was performed regarding the severity of
the inflammation, neovascularization, fibroblast proliferation and collagen
concentration. Each parameter was statistically analyzed after scoring.
Results: Although the macroscopic wound area was significantly smaller
in the PRP group compared to the control group in the first and second
weeks (p<0.05), this significance disappeared in the third week (p>0.05).
There was no statistically significant difference in the first and second
weeks regarding the severity of inflammation, while in the third week,
the severity of inflammation significantly improved in the PRP group
compared to the control group (p<0.05). In respect of neovascularization,
fibroblast proliferation, and collagen concentration, there was no significant
difference between the PRP and control groups, but they showed a
statistically significant increase in the PRP group compared to the control
group in the second and third weeks (p<0.005).

Conclusion: Platelet-rich plasma application increased epithelization as
a result of faster wound healing compared to regular wound healing in
the wound area. It can be concluded that PRP application has positive
histological and macroscopic effects on intraoral wound healing.
Keywords: Oral cavity; platelet-rich plasma; rat; wound healing.
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Amag: Bu calismada trombositten zengin plazmanin (TZP) siganlarda
deneysel amaglarla olusturulan oral kavite yaralarinin iyilesmesi iizerine
makroskopik ve histopatolojik etkileri degerlendirildi.

Gere¢ ve Yontemler: Calismaya 42 disi Wistar albino sicani
(yas 2.5-3 ay; agurhik, 250 g - 350 g) dahil edildi. Ala sican
kanlarindan TZP hazirlanmasi icin secildi. Geriye kalan 36 sicana
anestezi yapildi ve damaklarinda yara agildi. Siganlar alt gruba
randomize edildi. Her grup alt1 sigan icerdi (TZP grubu icin 3, kontrol
grubu icin 3). TZP grubunda yaralarin marjinlerine TZP enjekte
edildi. Kontrol grubuna herhangi bir uygulama yapilmadi. TZP ve
kontrol gruplarindan alt1 sigan birinci, ikinci ve iigiincii haftalarda
sakrifiye edildi, sert damaklari makroskopik olarak fotograflandi ve
enflamasyon siddeti, neovaskiilarizasyon, fibroblast proliferasyonu ve
kolajen konsantrasyonu hakkinda histopatolojik inceleme yapildi. Her
parametre skorlamadan sonra istatistiksel olarak analiz edildi.
Bulgular: Makroskopik yara alani birinci ve ikinci haftalarda
TZP grubunda kontrol grubuna kiyasla anlamli sekilde kiiciik
iken (p<0.05) bu anlamlilik iigiincii haftada kayboldu (p>0.05).
Enflamasyon siddetinde birinci ve ikinci haftalarda istatistiksel
olarak anlamli farklilik yoktu, fakat iiciincii haftada enflamasyon
siddeti TZP grubunda kontrol grubuna kiyasla anlamli sekilde
iyilesti (p<0.05). Neovaskiilarizasyon, fibroblast proliferasyonu ve
kollajen konsantrasyonu agisindan TZP ve kontrol gruplari arasinda
anlamli farklilik yoktu, fakat bunlar ikinci ve ticiincii haftalarda TZP
grubunda kontrol grubuna kiyasla istatistiksel olarak anlamli artg
gosterdi (p<0.005).

Sonug: Trombositten zengin plazma uygulamasi yara alaninda siradan
yara iyilesmesine gére daha hizli yara iyilesmesi sonucunda epitelizasyonu
arurdi. TZP uygulamasinin intraoral yaralarin iyilesmesinde pozitif
histolojik ve makroskopik etkileri oldugu sonucuna varilabilir.

Anahtar sézciikler: Oral kavite; trombositten zengin plazma; sican; yara iyilesmesi.

Received: August 04, 2018 Accepted: September 20, 2018

Correspondence: Hasan Emre Kogak, MD. Bakirksy Dr. Sadi Konuk Egitim ve Arastrma Hastanesi Kulak Burun Bogaz Klinigi, 34147 Bakirkay,
Istanbul, Turkey. e-mail: drhekbb@gmail.com

Citation:

Ruzgar S, Kogak HE, Bilece ZT, Emre F, Balur MB, Sentirk Ege T. Is platelet-rich plasma treatment effective in healing of oral cavity wounds? Experimental
animal study. KBB Uygulamalari 2019;7(1):30-37.

© 2019 Official Journal of ENT-HNS Society of Istanbul


https://orcid.org/0000-0002-8245-4166
https://orcid.org/0000-0002-9859-0146
https://orcid.org/0000-0002-3755-9559
https://orcid.org/0000-0002-8822-0723
https://orcid.org/0000-0002-0999-457X
https://orcid.org/0000-0002-5079-6460

Riizgar et al. Is platelet-rich plasma treatment effective in healing of oral cavity wounds?

Wound healing is a complex process, which
is controlled by molecular signals and mediators
and cellular events that interact with each other.[!
Although platelets are the primary cells of coagulation
and hemostasis steps, which consist the first phase of
wound healing, they also play an essential role in the
whole phases of wound healing, as they affect other
phases (inflammation, proliferation, remodeling, and
formation of the scar tissue) as a result of the increase
of matrix synthesis, differentiation, proliferation and
cellular migration caused by growth factors, which are
released following platelet activation.>3 Today, there
are several treatment modalities defined for wound
healing. A popular one among them is the platelet-rich
plasma (PRP), which was investigated in several trials.
Platelet-rich plasma is the autologous component of
the plasma and contains higher concentrations of
platelets, growth factors, and cytokines than the
basal levels.># It was suggested that the acceleration
and increasing of wound healing by PRP depended
on the synergistic effects of these growth factors.”
In this study, we aimed to evaluate the macroscopic
and histopathological effects of PRP on healing of
oral cavity wounds that were created in rats for
experimental purposes.
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MATERIALS AND METHODS

Forty-two Wistar
(age 2.5 - 3 months; weighing 250 g - 350 g) were
enrolled in this study conducted at Bagcilar Training
and Research Hospital between October 2016 and
December 2016. During the study, the rats were
kept in standard cages in a room that was artificially
illuminated between 08.00 and 20.00, had a relative
humidity of 50+10% and a temperature of 23+4°C.
They were distributed into seven cages, each containing
six rats. The rats were allowed to access food and water
freely (Figure 1). General anesthesia was administered
on the operation table with intraperitoneal injections
of 50 mg/kg ketamine hydrochloride (Ketalar®, Pfizer
Warner-Lambert, Istanbul, Turkey) and 5 mg/kgxylazine
hydrochloride (Rompun®, Bayer, Istanbul, Turkey).
The surgical interventions, follow-up procedures,
and sacrifications were carried out in the Bagcilar
Experimental Studies Center after the study was
approved by the Bagcilar Animal Experiments Local
Ethics Committee (2016/78).

female albino rats

The blood necessary for the preparation of PRP
was obtained from six rats. Approximately 10 mL
intracardiac blood was drawn from each rat into
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Figure 1. Schema of groups. PRP: Platelet-rich plasma.
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the coagulation tube after two rats at a time were
anesthetized with 75 mg/kg ketamine and 10 mg/kg
xylazine hydrochloride in the first, third and fifth days
(Figure 1). The obtained blood was centrifuged with a
centrifuge device (220 rpm at a temperature of 22°C)
for 20 minutes. This initial centrifuging process enabled
the accumulation of the erythrocytes at the bottom and
separated platelets and leukocytes from the plasma,
which accumulated at the top of the tube. After the
initial centrifuging process, a narrow intermediate layer
consisting of platelets and white cells (buffy coat) was
observed between the erythrocyte layer at the bottom
and the straw-colored plasma layer at the top. Plasma
at the top of the tube was transferred into another tube
with a micropipette, and the intermediate layer was
added to this plasma. During this separation process,
a few erythrocytes were allowed to mix up with the
intermediate layer. This tube containing plasma and
platelets was centrifuged for 20 minutes (480 rpm).
The second centrifuging process enabled the separation
of the remaining erythrocytes, the formation of a thin
layer by platelets over these settled erythrocytes and
the accumulation of the straw-colored platelet-poor
plasma (PPP) at the top. The platelets concentrate and
PPP, which were formed after the second centrifuge,
were separated with micropipettes and transferred into
two different tubes. Platelet-rich plasma was prepared
with the addition of PPP to the platelet concentrate.
According to the literature, platelet concentrate obtained
with this method contains platelets with a concentration

of approximately 1.5x10%2 platelets/L after the dilution
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with PPP. In our study, we carried out the same dilution
process as described in the literature.® Eventually, the
platelets count in PRP was circa 2.5 times higher than
the normal blood (0.2-1x10'? platelets/L). The white
cells in the prepared PRP were inactivated with 25 gray
radiotherapy in order to prevent the graft-versus-host
reaction. Bovine thrombin preparation (Thrombin,
Sigma-Aldrich, Deisenhofen, Germany) was used for
the activation of PRP. The powder, which contained
1000 units/mL thrombin, was diluted with 5 mL
10% calcium chloride, and a thrombin solution with
a concentration of 200 unit/mL. was prepared. Total
0.1 mL PRP and 5 pmL (1 unit) of the prepared PRP
and thrombin solution, respectively, were injected into
each wound in the PRP group. Thus, the interaction of
the PRP and thrombin solutions in the operation field
and so the activation of the platelets in the presence of
the calcium ions were facilitated.

Under general anesthesia, the hard palates of all
rats were incised from mucosa to the periosteum with a
dermatological punch biopsy device. The diameter of these
circular incisions was 3 mm. This palatal wound model
was created with a blunt dissection from the mucosa (the
centrum of the incision) to the periosteum (Figure 2).

Three cages were randomized as PRP groups and
three cages as control groups. In the first, second and
third weeks, all cage members from each group were
sacrificed, and their hard palates were excised (Figures 1).
In the first, second, third and fifth days, to each of the
18 rats in the groups randomized to PRP administration,

Figure 2. Macroscopic pictures of palatal wound model. (a, ¢, €) Control group; first, second and third week, respectively. (b, d f ) Platelet-
rich plasma group; first, second and third week, respectively.
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Microscopic appearance of palatal wound model: (a) Control group first week, intensive
mixed type inflammation cells and start of epithelization. Inflammation cells (short arrow),
wound area with minimal epithelization (double-point arrow) (H-Ex100). (b) Control
group second week fibroblast proliferation (long arrow), collagen concentration (long
arrow) (MTx100). (c) Control group first week collagen concentration in lamina propria
with slight blue staining and fibroblasts in between (arrow) (MTx100). (d) Platelet-rich
plasma group first week, fibroblast concentration (short arrow), collagen concentration
(long arrow) (MTx100). (e) Platelet-rich plasma group first week, mixed inflammation
(long arrow), epithelization less than 1/3 (double-point arrow) and slight vascular density
(short arrow (H-Ex40). (f) Platelet-rich plasma third week, mixed inflammation (long
arrow), completed epithelization (double-point arrow) and vascular density (short arrow)

(H-Ex40). HE: Hematoxylin-eosin; MT: Masson's trichrome.

total 0.1 mL/day PRP solution was injected to four equal
segments of the wound margins with a dental syringe.
Eighteen rats in the control groups did not receive any
injection after the formation of the wounds in their
hard palates. Sacrification process was implemented
with surgical decapitation under general anesthesia,
and the palatal bones of all animals were excised under
microscopic examination (D.F. Vasconcellos MC-M22,
DFV Company, Rio De Janeiro, Brazil).

Palatal specimens were photographed with fixed
magnification and distance with a Samsung Galaxy

camera (Samsung Inc., Seoul, South Korea) (Figure 2).[%%)

Magnification was adjusted to 16x9 and photographs
were taken from a distance of 30 cm. Using AutoCAD
software (Autodesk Corp., USA), the wound edges
were marked on these photographs, and the wound area
calculation was performed.

The hard palates of the sacrificed rats were excised
en-bloc and fixated in a 10% buffered formaldehyde
solution for one day. Following the routine tissue
processing, the specimens were embedded in the
paraffin blocks, and sections with a thickness of 4 pm
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Table 1
Statistical analysis of histological parameters between groups

PRP Groups Control Groups
Mean+SD Median Mean+SD Median 7"

Wound area evaluation (mm?)

First week 0.37+0.11 0.36 0.65+0.14 0.69 0.009

Second week 0.02+0.01 0.02 0.07£0.02 0.08 0.008

Third week 020 0 0+0 0 1.000
Severity of the inflammation

First week 2.7+0.5 3 3.0£0 0.138

Second week 1.8+0.4 2 2.0+0.6 0.560

Third week 0.8:0.4 1.5£0.5 1.5 0.043
Neovascularization

First week 1.8+0.4 2 2.3+0.5 2 0.092

Second week 2.4+0.5 2 1.3£0.5 0.018

Third week 2.8+0.4 3 1.8+0.8 2 0.023
Collagen concentration

First week 1.0£0 1 1.0+0 1 1

Second week 2.4+0.5 1.3+0.5 0.018

Third week 30 2.2+0.4 2 0.005
Fibroblast proliferation

First week 00 0 0+0 2.00 1

Second week 2.2+0.4 2 1.2+0.4 2.00 0.009

Third week 2.8+0.4 3 2.2+0.4 1.00 0.027
PRP: Platelet-rich plasma; SD: Standard deviation; * Mann-Whitney U test.

were obtained. The sections were stained with Masson's
trichrome and hematoxylin-eosin and evaluated
with 400x magnification (Olympus BX51, Olympus
Optical Co., Ltd., Shinjuku, Tokyo, Japan) in order
to detect the histopathological changes. The severity
of the inflammation, neovascularization, fibroblast
proliferation and collagen concentration were evaluated
with histopathological examination. The evaluation
was performed with the submucosal inflammatory
tissue located under the two margins of the wound, and
the mean value was calculated after scoring between
0 to 3+. The evaluation scores were: O=not applicable,
1=mild, 2=moderate, 3=severe.’? The histopathological
examination of the tissue samples obtained from the rats
was performed with a single-blind procedure (Figure 3).

Statistical analysis

IBM SPSS version 22.0 software (IBM Corp.,
Armonk, NY, USA) was used in the analysis of the
data. Descriptive statistics of the data were evaluated

with mean, standard deviation, and median values.
The distribution of the variables was analyzed with the
Kolmogorov-Smirnov test. Mann-Whitney U test was
used for the analysis of the independent quantitative
data.

RESULTS

In the third week, the macroscopic evaluation of
wound field (00 mm, 0+0 mm) did not show any
significant difference between the PRP and control
groups (p>0.005). Macroscopic wound area was
significantly smaller in PRP group in the first week
(0.37£0.11 mm?, 0.65£0.14 mm?) and second week
(0.02+0.01 mm?, 0.07+0.02 mm?) than in the control
group (p<0.05) (Table 1).

In the PRP and control groups, there was no
statistically significant difference regarding the severity
of inflammation in the first week (2.7+0.5, 3.0+0) or
second week (1.820.4, 2.0x0.6) (p>0.05). However,
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in the third week (0.8+0.4, 1.5+0.5), the severity of
inflammation was significantly lower in the PRP group

compared to the control group (p<0.05) (Table 1).

Although no significant difference was observed
considering neovascularization (p>0.05) in the PRP and
the control groups in the first week (1.8+0.4, 2.3£0.5),
there was a significant difference in the second week
(2.4£0.5, 1.3£0.5) and vascular density was significantly
higher in the PRP group than in the control group
(p<0.05) in the third week (2.8+0.4, 1.8+0.8) (Table 1).

Although there was no significant difference
between the PRP and control groups in the first week
(1.0£0, 1.0+0) (p>0.05), second week (2.4£0.5, 1.3+0.5)
or the third week (30, 2.2£0.4), collagen concentration
in the PRP group was significantly higher than the
control group (p<0.05) (Table 1).

Although there was no significant difference between
the PRP and control groups regarding fibroblast
proliferation (0+0, 00) (p>0.05), fibroblast proliferation
was significantly higher in the PRP group compared to
the control group (p<0.05) in the second week (2.2+0.4,
1.2+0.4) and third week (2.8+0.4, 2.2+0.4) (Table 1).

DISCUSSION

Wound healing is a repair and regeneration process
facilitated by growth factors which regulate migration,
proliferation, and differentiation of cells, production
of proteins, enzymes and extracellular matrix and
remodeling. Wound healing process in the oral cavity
distinguishes itself with its relatively more warm and
humid environment and the presence of abundant
bacteria.'”) Bacteria can form a biofilm in the oral cavity
after combining with the food. This biofilm may have a
negative impact on wound healing and also may increase
the risk of superinfection. Moreover, physiological
functions such as speaking, chewing and swallowing
cause tension and pressure on soft tissues. These forces
may affect the separation of the wound margins and
have a negative effect on the healing process.!'

Several agents were tried in the chronic and delayed
wound healing, and PRP is one of them. It was
demonstrated in clinical and animal studies that PRP
has positive effects on wound healing process.'? Platelet-
rich plasma is the autologous plasma component, which
contains higher concentrations of platelets compared to
basal levels."*! Platelets, which have a low concentration
in the plasma, are separated from other cellular
elements, and thus higher concentrations are achieved.
Platelets concentration of PRP is three to five times
higher than the basal plasma concentration. The normal
platelet count in the blood is 150.000-400.000/mm?.

Although the concentration may change depending on
the preparation technique and used devices, the targeted
standard platelets count of PRP is 1.000.000/mm3.%
Consequently, PRP also contains high concentrations of
all coagulation and growth factors. According to several
studies, the important factors in PRP which contribute
to wound healing are platelet-derived growth factor
(PDGF), vascular endothelial growth factor (VEGF),
fibroblast growth factor (FGF), insulin-like growth
factor (IGF), epidermal growth factor, interleukin-8 and
tumor necrosis factor.”

A good number of studies showed that PDGF
increased the granulation tissue, epithelization, and
neovascularization and accelerated wound healing
without changing the wound healing process.!> Its
efficacy was shown in chronic wounds, neuropathic and
diabetic ulcers and it is the only growth factor which
is approved by the Food and Drug Administration
in this indication.!¥ The positive effects of IGF
were observed in diabetic experimental animals and
animals with inflammatory response suppressed by
steroid administration.” The combined use of PDGF
and IGF has a synergistic effect and support wound
healing." Studies have shown that VEGF accelerated
the accumulation of granulation tissue in dermal wounds
in rabbit ears and rat skin."*! Animal studies had shown
that transforming growth factor beta (T'GF-B) had
positive effects on partial and full-thickness wound in
lower extremities of horses, on eardrum perforations of
rats, on chronic ulcers, hypertrophic scars and intestinal
mucosa ulcers of rats.!4!5] Epidermal growth factor
which was applied to full-thickness skin wounds created
in rabbits enabled faster healing and almost normal
histological appearance.l'”!]

Although PRP was used initially in oral surgery and
bone healing, reconstructive and cosmetic surgery, spinal
surgery, cardiopulmonary bypass surgery, ligament, and
tendon healing, nerve healing and wound healing,
investigators focused mainly on bone and wound
healing in the following studies after Whitman et al.l"”
used it for the first time in maxillofacial reconstruction
surgery, which was performed with osseointegrated
titanium implants. The objective of the PRP studies
was the application of the growth factor concentrates,
which are the triggers of wound healing, to the wound
area in order to accelerate the healing process. In our
study, we monitored the severity of the inflammation,
neovascularization, fibroblast proliferation, collagen
concentration and epithelization in the 7%, 14% and
21 days on rats with experimental oral wound and
scored each parameter individually for histopathological
evaluation of the effect of PRP on wound healing.
According to our findings, wound treated with PRP
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healed faster than the control group. These features
represent accelerated tissue degeneration, which is one

of the known effects of PRP (Figures 2 and 3).2%

El-Sharkawy et al.?Y determined the anti-
inflammatory effects of PRP. This anti-inflammatory
effect of PRP depends on the suppression of the release
of inflammatory cytokines, caused by PRP. Although
the severity of inflammation was not significantly
different between the PRP and control groups in the
first or second weeks, it was considerably lower in the
PRP group compared to the control group in the third
week. Considering that PRP is rich in angiogenetic
factors such as FGF, PDGF, TGF- and VEGF, the
hypothesis about PPR’s increasing effect on wound
healing is a consistent proposition.

In our study, there was no significant difference
between the PRP and control groups regarding
neovascularization in the first week; however, it was
significantly increased in the PRP group in the second
and third weeks. We detected that these findings
were in concordance with clinical studies.'! Several
clinical and animal studies reported that fibroblast
proliferation and collagen concentration were stimulated
by growth factors like TGF-B, IGF-1, and b-FGE,
which were found in PRP.I' In our study, there
was no statistically significant difference between the
PRP and control groups in the first week regarding
the fibroblast proliferation and collagen concentration.
However, in the second and third weeks, there was a
statistically significant difference between the groups
with and without PRP application regarding fibroblast
proliferation and collagen concentration (Table 1). These
findings are in concordance with the study of Kajikawa
et al.,”? who demonstrated that collagen fibers and
count of fibroblasts were increased after PRP injection.
Lee et al.?¥ conducted an animal study and showed that
PRP application accelerated epithelization. Moreover,
Cervelli et al.?* showed that PRP accelerated dermal
re-epithelization in patients who underwent fat tissue
graft excision during reconstructive surgery. Similar to
these studies, we observed in our study with the help
of the macroscopic photographs that the wound area
epithelization was significantly accelerated in the group
with PRP application in the first and second weeks
(Figure 2).

To our knowledge, this is the first study in which
PRP was applied to oral wounds in rats for the first
time. Although in our study wound healing time was
shorter in the PRP group compared to the control
group, further clinical studies are needed to determine
the role of PRP in the healing process of the oral cavity
wounds.

KBB Uygulamalart

This study had some limitations. First of all, we did
not prepare homologous PRP but used heterologous
PPR injections. In order to neutralize this limitation, we
exposed PRP to radiation and tried to reduce the possible
antigenic reactions. Secondly, our histopathological
evaluation was based on our subjective assessment. In
order to eliminate this limitation, we designed a single-
blind evaluation process. More objective and clear
information may be obtained in further studies designed
to evaluate the physiopathological markers of wound
healing with immunohistochemical staining.

In conclusion, regarding the findings of our study,
the application of PRP to the wound area accelerated
epithelization as a result of better healing process in
both the wound area and wound histopathological
parameters compared to normal wound healing. We
may conclude that PRP application has positive effects
on intraoral wound healing in terms of both histological
and macroscopic aspects.
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