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The effects of platelet-rich plasma on wound healing in
rats
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Abstract: Background: Wound healing follows a predictable course of overlapping phases, which involve cellular
and biochemical events: (a) hemostasis and inflammation, (b) proliferation and (¢) maturation and remodeling.
Platelet Rich Plasma (PRP) is obtained by the blood from the patient being concentrated using different techniques.
In the light of this basic information, platelet rich plasma (PRP) is used in many areas, especially orthopedic, oral
and maxillofacial, dental, ophthalmic, plastic and reconstructive surgeries. In this experimental study performed
on rats, the effects of PRP in wound healing were investigated. Methods: The study included 24 male Wistar Albino
rats. The animals were divided into three groups, each consisting of 8 animals. Any treatment was not given for
defects created in Group 1 and it formed the control group. PRP was applied topically on lesion in Group 2. PRP
was injected on the lesion in Group 3. Results: Angiogenesis increased with the topical application, and the tissue
durability increased with the intralesional injection. Conclusion: We can state that PRP had positive effects on the
wound healing, the angiogenesis increased with the topical application, and the tissue durability increased with the
intralesional injection. We believe that there is a need for new publications on this subject.
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Introduction and monocytes to the wound in addition to pro-
viding hemostasis. The growth factors which
are activated by platelets have an impact on
the whole process of wound healing [1]. Platelet
Rich Plasma (PRP) is obtained by the blood
from the patient being concentrated using dif-

ferent techniques.

Wound healing follows a predictable course of
overlapping phases, which involve cellular and
biochemical events: (a) hemostasis and inflam-
mation, (b) proliferation and (c) maturation and
remodeling. Hemostasis occurs before the in-
flammatory phase and initiates inflammation

by chemotactic factors released from the
wound site. As a result of the contact of plate-
lets with the subendothelial collagen together
with the disruption of tissue integrity, platelets
aggregate, degranulate and eventually the co-
agulation cascade starts. Multiple wounds
healing agents such as platelet-derived growth
factor (PDGF), transforming growth factor-3
(TGFB), platelet activating factor (PAF) are
secreted from platelet o granules, platelet acti-
vating factor (PAF), fibronectin and serotonin. A
fibrin clot plays a role as a scaffold for the
migration of inflammatory cells such as poly-
morphonuclear leukocytes (PMNL, neutrophils)

In the light of this basic information, platelet
rich plasma (PRP) is used in many areas, espe-
cially orthopedic, oral and maxillofacial, dental,
ophthalmic, plastic and reconstructive surger-
ies [2-8]. In this experimental study performed
on rats, the effects of PRP in wound healing
were investigated.

Material and methods
Animals

The study included 24 male Wistar Albino rats.
All animals were monitored in standard labora-
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Figure 2. PRP was injected on 5 zones (4 corners and
1 center) on the square-shaped lesions.

tory conditions. They were maintained on
12-hour light: 12-hour dark cycles. 17-25°C
temperature and 30% humidity were provided
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Figure 1. Creating full-thickness
skin defects on the backs of the
animals.

and also sufficient food and
water were given. The backs
of the rats were used as a
wound surface in order for the
animals not to damage the
wound. All rats were kept in
separate cages to prevent any
harm to each other.

Creation of the wound

The animals were placed un-
der anesthesia by intramus-
cular ketamine hydrochloride
injection (50 mg/kg) and their
backs were also shaved with
an electric razor tool. All surgi-
cal procedures were performed under sterile
conditions. After antisepsis was provided with
povidone iodine, 1.5 x 1.5 cm full-thickness
skin defects were created on the backs of the
animals by sterile holes covers and hemostasis
was achieved by making pressure with sterile
gauze bandages (Figure 1). Then the wounds
were allowed to heal secondarily which may
last for 30 days.

Preparation of PRP

Platelet-rich plasma was obtained during sacri-
ficing same-sex rats used as a control group of
another study. Total approximately 50 cc of
blood was taken from 8 rats in sterile condi-
tions. 2 cc of blood was taken into an EDTA tube
for the WBC and PLT counts. The remaining
blood was made platelet rich plasma with the
method described by Okuda et al. [9]. After PRP
was obtained, 2 cc of blood was taken again
into an EDTA tube for the WBC and PLT counts.

Treatment

The animals were divided into three groups,
each consisting of 8 animals.

Any treatment was not given for defects creat-
ed in Group 1 and it formed the control group.
PRP was applied as a single topical 250 ul on
lesion areas in Group 2. PRP was injected with
31 gauge needle as a single intradermal 250 pl
(50 ul for each) on 5 zones (4 corners and 1
center) on the square-shaped lesions in Group
3 (Figure 2).

Histopathological examination

Full-thickness cylindrical biopsies with a 2 mm
diameter were taken with disposable punch
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Table 1. Histopathological parameters

Granulation tissue

Score Re-epithelialization Collagen deposition Inflammatory cell Angiogenesis

deposition
0 No No or immature No No No
1 Partial Small amount Small amount Small amount Less than 5 vessels
2 Completed immature Moderately mature Moderate Moderate 6-10 vessels
3 Completed mature Mature Abundant Abundant More than 10 vessels

Figure 3. Mechanical tensile test.

biopsy tool for microscopic examination on the
7th, 14th and 21st postoperative days. All sur-
gical specimens were examined under a light
microscope and stained with hematoxylin-
eosin (HE) by the same pathologist. The analy-
sis included re-epithelialization, granulation tis-
sue deposition, collagen deposition, an infla-
mmatory cell and angiogenesis parameters
(Table 1). All surgical specimens were exam-
ined by the same pathologist without knowl-
edge of the groups’ features.

Mechanical tensile test

In order to measure tensile strength, 30 x 5
mm strip-shaped skin was excised from the
incision scars as the scar tissue remaining in
the center on the 30th postoperative day after
sacrificing subjects. The tissue samples were
kept in physiological saline. Tensile strength
measurements were made within 6 hours fol-
lowing sample receipt.

Tensile strength tests were made in the Com-
posite Materials Laboratory of Metallurgy &
Materials Engineering Department of Yildiz
Technical University. It was performed using a
500 N (~50 kg) load cell by Mares brand univer-
sal tensile machine with a capacity of 20 kN.
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The tissue strips were placed on tensile
machine. The load was applied to the sample
by fixing lower jaw and moving upper jaw up.
Newtons per square millimeter was calculated
at the time of rupture of the strips and was
expressed in the form of megapascal (N/mm? =
MPa) (Figure 3). Stress-strain graphics were
drawn with the help of software. Moreover, val-
ues that are known as modulus of elasticity
(E-mode) were obtained by taking the slope of
the stress-strain curve (Figure 4). E-mode value
was used to measure the tissue durability.

Protocol was approved by the committee for
animal research and the study strictly con-
formed to the animal experiment guidelines of
the Committee for Human Care.

Statistical analysis

SPSS 15.0 for Windows was used for statistical
analysis. Percentage was used for categorical
variables; and mean + standard deviation and
median were used for numerical variables. The
One-Way ANOVA test or the Kruskal-Wallis test
was performed according to whether the com-
parisons of multiple independent groups on
quantitative variables were normally distribut-
ed or not. The Tukey HSD test for parametric
test and the Mann-Whitney U test for the non-
parametric test were performed in subgroup
analyzes and then they were interpreted with
the Bonferroni correction. The comparisons of
multiple dependent groups were made with the
Friedman test for ordinal variables. Subgroup
analyzes were made by the Wilcoxon test and
then they were interpreted with the Bonferroni
correction. The alpha level (the threshold level
of statistical significance) was considered as
P<0.05.

Results
The number of PLT was determined as 42 x

103/mm?3 in complete blood count made with
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Figure 4. Stress-strain curve.

blood samples taken from rats. The number of
PLT was determined as 1127 x 103/mm? in the
sample obtained after the preparation of PRP. It
was found that the platelet count in the obtain-
ing plasma was increased approximately 8-fold.
None of the rats developed wound infection
during the healing period.

In the groups, biopsy scores on the 7th, 14th
and 21st days were shown in Tables 2, 3 and
also, tensile test results which were made by
totally excising the scar area on the 30th day
were summarized on Figure 4.

Re-epithelialization

While re-epithelialization was observed in
none of the animals on the 7th day, partial
re-epithelialization was found to be respective-
ly 4 (50%) animals in the Group 1, 3 (37.5%)
animals in the Group 2 and 5 (62.5%) ani-
mals in the Group 3 on the 14th day.
Re-epithelialization completed respectively in
3 (37.5%) animals the Group 1, 3 (37.5%)
animals in the Group 2 and 5 (62.5%) animals
on the 21st day but was observed to be imma-
ture. Statistically, a significant increase in re-
epithelialization was observed in all groups
(P<0.001). However, there was no a statistically
significant difference between the groups in
terms of re-epithelialization (P>0.05).

Granulation tissue

It was observed that a small amount of granula-
tion tissue formed respectively in 8 (100%) ani-
mals in the Group 1, 7 (87.5%) animals in the
Group 2 and 7 (87.5%) animals in the Group 3
on the 7th day, moderately mature granulation
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‘ tissue was statistically signifi-
140 cant for all groups (P<0.001).
However, there was no a sta-
tistically significant difference
between the groups (P>0.05).

Collagen accumulation

While collagen accumulation was observed in
none of the animals on the 7th day, a small
amount of collagen deposition occurred respec-
tively in 6 (75%) animals in the Group 1, 8
(100%) animals in the Group 2 and 8 (87.5%)
animals in the Group 3 on the 14th day.
Moderate collagen deposition occurred respec-
tively in 3 (37.5%) animals the Group 1, 2 (25%)
animals in the Group 2 and 4 (50%) animals on
the 21st day. The increase in the collagen depo-
sition was statistically significant for all groups
(P<0.001). However, there was no a statistically
significant difference between the groups
(P>0.05).

Inflammatory cell

It was observed that there were a moderate
amount of inflammatory cells, respectively in 5
(62.5%) animals in the Group 1, 6 (75%) ani-
mals in the Group 2 and 5 (62.5%) animals in
the Group 3 on the 7th day, there were a few of
inflammatory cells respectively in 5 (62.5%) ani-
mals in the Group 1, 5 (62.5%) animals in the
Group 2 and 5 (62.5%) animals in the Group 3
on the 14th day but there were no inflammatory
cells, respectively in 5 (62.5%) animals in the
Group 1, 5 (62.5%) animals in the Group 2 and
5 (62.5%) animals in the Group 3 on the 21st
day. The reduction in the inflammatory cells
was statistically significant for all groups (P<
0.001). However, there was no a statistically
significant difference between the groups
(P>0.05).

Angiogenesis

On the 7th day, it was observed that the num-
ber of vessels was less than 5 in 6 (75%) ani-
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Group 1 Group 2 Group 3

Day n % n % n %
Reepithelialization 7 No 8 100 8 100 8 100
14 No 4 50.0 4 50.0 2 25.0
Partial 4 50.0 3 375 5 62.5
Completed immature 0 0.0 1 12.5 1 12.5
21 Partial 5 62.5 4 50.0 2 25.0
Completed immature 3 375 3 375 5 62.5
Completed mature 0 0.0 1 12.5 1 12.5
Granulation tissue deposition 7 No or immature 0 0.0 1 12.5 1 12.5
Small amount 8 100 7 87.5 7 87.5
14 Small amount 0 0.0 1 12.5 1 12.5
Moderately mature 8 100 7 87.5 7 87.5
21 Mature 8 100 8 100 8 100
Collagen deposition 7 No 8 100 8 100 8 100
14 No 1 12.5 0 0.0 0 0.0
Small amount 6 75.0 8 100 8 100
Moderate 1 12.5 0 0.0 0 0.0
21 Small amount 5 62.5 6 75.0 4 50.0
Moderate 3 375 2 25.0 4 50.0
Inflammatory cell 7 Moderate 5 62.5 6 75.0 5 62.5
Abundant 3 375 2 25.0 3 375
14 Small amount 5 62.5 5 62.5 5 62.5
Moderate 2 25.0 3 375 3 375

Abundant 1 12.5 0 0.0 0 0.0
21 No 5 62.5 5 62.5 5 62.5
Small amount 2 25.0 3 375 3 375

Moderate 1 12.5 0 0.0 0 0.0
Angiogenesis 7 Less than 5 vessels 6 75.0 0 0.0 6 75.0
6-10 vessels 2 25.0 5 62.5 2 25.0

More than 10 vessels 0 0.0 3 375 0 0.0
14 Less than 5 vessels 0 0.0 0 0.0 1 12.5
6-10 vessels 5 62.5 3 375 7 87.5

More than 10 vessels 3 375 5 62.5 0 0.0

21 Less than 5 vessels 0 0.0 0 0.0 0 0.0
6-10 vessels 2 25.0 2 25.0 2 25.0
More than 10 vessels 6 75.0 6 75.0 6 75.0

mals but ranged from 6 to 10 in 2 animals in
both Group 1 and 3. It was observed that the
number of vessels ranged from 6 to 10 in 5
(62.5%) animals but was more than 10 in 3
(37.5%) animals in the Group 2. On the 14th
day, it was observed that the number of ves-
sels ranged from 6 to 10 respectively in 5
(62.5%) animals in the Group 1, 3 (37.5%) ani-
mals in the Group 2 and 7 (87.5%) animals in
the Group 3. However, on the 21st day, it was
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observed that the number of vessels was more
than 10 in 6 (75%) animals in the Group 1, 5
(62.5%) animals in the Group 2 and 6 (75%) ani-
mals in the Group 3. The increase in the angio-
genesis was statistically significant for all
groups (P<0.001). Moreover, the angiogenesis
on the 7th and 14th day in the Group 2 was
statistically significantly higher than that in the
other groups (respectively, P<0.001, P=0.022)
(Table 4; Figure 5).

Int J Clin Exp Med 2017;10(5):7698-7706
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Table 3. Histopathological examinations and mechanical tensile test results

Group 1 Group 2 Group 3
Day Ort. SD Med Ort. SD Med Ort. SD Med Powo
Reepithelialization 7 0.00 000 O 0.00 0.00 O 0.00 0.00 O 1.000
14 0.50 053 05 0.63 0.74 0.5 0.88 0.64 0.490
21 1.38 0.52 1 1.63 0.74 15 1.88 064 2 0.298
P~ 0.001 0.001 0.001
Granulation tissue 7 1.00 0.00 1 0.88 0.35 1 0.88 0.35 0.563
Deposition 14 2.00 0.00 2 1.88 035 2 1.88 035 2 0.593
21 3.00 000 3 3.00 0.00 3 3.00 0.00 3 1.000
P~ <0.001 <0.001 <0.001
Collagen 7 0.00 000 O 0.00 0.00 O 0.00 0.00 O 1.000
Deposition 14 1.00 053 1 1.00 0.00 1 1.00 0.00 1 1.000
21 1.38 0.52 1 1.25 046 1 150 053 15 0.600
P~ 0.001 0.001 0.001
Inflammatory cell 7 2.38 0.52 2 225 046 2 2.38 0.52 2 0.836
14 1.50 0.76 1 1.38 052 1 1.38 052 1 0.977
21 050 076 O 038 052 O 038 052 0 0977
P~ <0.001 <0.001 <0.001
7 1.25 046 1 238 052 2 1.25 046 1 0.001
Angiogenesis 14 238 052 2 2.63 0.52 1.88 035 2 0.022
21 275 046 3 275 046 3 275 046 3 0.134
P~ 0.001 0.001 0.001
Mechanical Tensile Test E-mod 0.79 0.23 0.8 1.02 0.24 0.9 1.38 0.30 1.3 0.001

wolndependent group analysis; ~Dependent group analysis. One-Way ANOVA or Kruskal-Wallis test.

Table 4. Subgroup analysis

growth factors which are activat-

Angiogenesis* Angiogenesis* Tensile Test**

ed by platelets is greater to con-
tinue this process more quickly

Day 7 Day 14 E-mod
Group 1vs. Group2  0.002 0.333 0.213 and smoothly. When these factors
Group 1 vs. Group 3 1.000 0.044 <0.001 are at the wound site, recruitment
and differentiation of cells in tis-

Group 2 vs. Group 3 0.002 0.008 0.024

Post Hoc Test *Mann Whitney U Bonferroni Correction P<0.017 **Tukey HSD

Test.

Mechanical tensile test

The mean of E-mode had a statistically signifi-
cant difference in between the groups in
mechanical tensile test (P<0.001). In the inde-
pendent sub-group analysis, the mean of
E-mode was statistically significantly higher in
the Group 3 than that in both Group 1 and 2
(respectively, P<0.001 and P=0.024).

Discussion
The wound healing is a process which consists

of hemostasis, inflammation, proliferation,
maturation and remodeling. The effect of
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sue repair increase and so tissue
repair occurs more quickly and
well [10]. In the light of this infor-
mation, PRP was used in many
clinical trials and has been reported to have
positive effects on tissue repair [2-8]. It is
known to use different methods during obtain-
ing PRP [9]. There is no standardization yet
about which method is better to achieve the
best results and what the ratio of platelet count
in PRP is the most appropriate. While Marx et
al. [11] argued that an increase of 338% would
be ideal, Quarteiro et al. [12] reported that a
4-5 fold increase would be sufficient. In our
study, it was found that there was an approxi-
mately 8-fold increase in the number of PLT.

Although there are publications [13, 14] sug-
gest that platelets need to be activated by

Int J Clin Exp Med 2017;10(5):7698-7706
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Figure 5. Histopathological findings (A) Group 1 Day 7 HE x 20 (B) Group 2 Day 7 HE x 20 (C) Group 3 Day 7HE.

thrombin or calcium in order to increase the
release of growth factors in the obtaining PRP,
Fufa et al. [15] reported that thrombin and type
| collagen is a potent stimulator for platelet and
granulocyte activation. In this study, we did not
use any agent for platelet activation during
obtaining PRP.

It was emphasized that the presence of differ-
ent concentrations of growth hormone in differ-
ent types such as rat, rabbit, sheep and human
might cause significant variations and also this
situation would be important for clinical and
experimental researches [16].

It has been reported in different studies that
PRP accelerated the inflammatory process
[12], increased epithelialization and neovascu-
larization [17], raised collagen synthesis and
hemostatic responses to injury and so elimi-
nated the inhibitory effects of glucocorticoids
on wound healing [18, 19]. In the literature,
there was not a study comparing topical admin-
istration with an injection into the lesion area,
but the positive results related to both applica-
tions have been reported in different studies
[20-22]. In a study on dogs performed by Jee et
al. [22], the effect of PRP which was injected
into the wound site was investigated on wound
healing and then it was reported to have posi-
tive effects on angiogenesis, granulation for-
mation, collagen deposition, and re-epitheliali-
zation.

In an experimental study on rabbits conducted
by Ostvar et al. [23], PRP was topically applied
to the lesions created on the backs of animals
and then it was reported that re-epithelializa-
tion, angiogenesis, and collagen deposition
were statistically significantly increased com-
pared to the control group. In this study, the
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topical activity of PRP was also emphasized
with the obtained results.

In a study by Abegao et al. [24], heterologous
PRP obtained from dogs was topically applied
on the wound sites created on rabbits, but
there was no a significant difference between
the study group and control group in terms of
histopathology.

In our study, there was no significant difference
between the groups for re-epithelialization,
granulation tissue formation, collagen deposi-
tion, and inflammatory cell count. The increase
in angiogenesis by the topical application of
PRP on lesion area was found to be statistically
significant compared to the control group and
the injected group. The significant was only
observed at 7th and 14th day, and the number
of vessels appeared to be without statistical
significance at the end of 21th day.

According to the results of the tensile test, the
injection of PRP increased statistically signifi-
cantly the tissue durability compared to the
other groups. The mechanical integrity and
wound strength in the wound are determined
by the quantity and quality of collagen. The
accumulation of collagen in wound healing
reaches a maximum value 2-3 weeks after the
injury. Tensile strength gradually increases with
the organized fibrils with more intermolecular
bands replacing the collagen fibers. There is a
direct correlation between tensile strength and
thickness of collagen fibrils. An increase in the
number of intramolecular and intermolecular
covalent bonds increases the tissue durability
[4]. In our study, there was no statistical differ-
ence between the groups in terms of collagen
deposition. However, the results of the mechan-
ical tensile tests were found to be better in the
injected group. Although the amount of colla-

Int J Clin Exp Med 2017;10(5):7698-7706
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gen is same, we consider that the collagen in
the injected group may have higher quality and
more intramolecular and intermolecular cova-
lent bonds. We think that the detection of the
quality of collagen and hydroxyl-proline levels in
new studies will reveal more meaningful results.

In our study, short-term results of wound heal-
ing were evaluated and it must be emphasized
that wound healing continued for 6-12 months.
New studies should be made for long-term
results.

Consequently, we can state that PRP had posi-
tive effects on the wound healing, the angio-
genesis increased with the topical application,
and the tissue durability increased with the
intralesional injection. We believe that there is
a need for new publications on this subject.
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