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Objectives. To introduce a new injection material for vocal fold diseases, which could be readily translated to clinical prac-
tice, we investigated the effectiveness of platelet-rich plasma (PRP) injection on the injured vocal fold in terms of his-
tological recovery.

Methods. Blood samples were drawn from New Zealand White rabbits and PRP was isolated through centrifugation and
separation of the samples. Using a CO laser, we made a linear wound in the 24 vocal fold sides of 12 rabbits and in-
jected each wound with PRP on one vocal fold side and normal saline (NS) on the other. Morphologic analyses were
conducted at 2, 4, and 12 weeks after injection, and inflammatory response, collagen deposit, and changes in growth
factors were assessed using H&E and masson trichrome (MT) staining and western blot assay.

Results. PRP was prepared in approximately 40 minutes. The mean platelet concentration was 1,315,000 platelets/mm?®. In
morphological analyses, decreased granulation was observed in the PRP-injected vocal folds (P<0.05). However, the
irregular surface and atrophic change were not difference. Histological findings revealed significant inflammation and
collagen deposition in NS-injected vocal folds, whereas the PRP-injected vocal folds exhibited less (P<0.05). Howev-
er, the inflammatory reaction and fibrosis were not difference. In western blot assay, increased amounts of growth
factors were observed in PRP-injected vocal folds.

Conclusion. Injection of injured rabbit vocal folds with PRP led to improved wound healing and fewer signs of scarring as
demonstrated by decreased inflammation and collagen deposition. The increased vocal fold regeneration may be due
to the growth factors associated with PRP.

Keywords. Vocal fold, Scar, Wound healing, Growth factor, Platelet-rich plasma

« Received December 14,2012 INTRODUCTION
Revised January 22,2013
Accepted May 15, 2013

« Corresponding author: Sang Hyuk Lee
Department of Otorhinolaryngology-Head and Neck Surgery, Kangbuk

Vocal fold vibration is the source of voice production, which is
directly driven by the biomechanical properties of the layered
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decellularized scaffold materials, and hepatocyte growth factor
(HGF) have been used [1]. Despite several advantages, the high
cost and foreign body or infectious/immune reactions to foreign
materials have always been discussed. Because of such prob-
lems, the necessity for inexpensive autologous materials, as well
as for a treatment that will not require repeat procedures, have
been increasingly recognized.

Platelet-rich plasma (PRP) is a platelet concentrate that has
been widely used in a variety of clinical applications. A number
of studies show that PRP enhances and accelerates both soft tis-
sue and hard tissue healing [2,3]. The effectiveness of PRP is
based on its high level of growth factors such as platelet derived
growth factor (PDGF), transforming growth factor-p (TGF-p),
epidermal growth factor (EGF), vascular endothelial growth fac-
tor (VEGF), and insulin-like growth factor (IGF), etc. These growth
factors are important in modulating mesenchymal cell recruit-
ment, proliferation, and extracellular matrix (ECM) synthesis
during the healing process [4,5].

In the current study, the role of PRP in the prevention of vo-
cal fold scarring was examined using a rabbit model to observe
the histological effects in vivo of a new injection material for
vocal fold diseases, an approach that could be readily translated
to clinical practice.

MATERIALS AND METHODS

Preparation of autologous PRP
Twelve adult New Zealand White rabbits weighing 4,000-4,500
grams each were used. All rabbits were male and treated in ac-
cordance with the guidelines of the Korea Food and Drug Ad-
ministration Guide for the Care and Use of Laboratory Animals,
and the animal use protocol was approved by the Institutional
Animal Care and Use Committee of Gyeongsang National Uni-
versity. All animals received general anesthesia using a combina-
tion of midazolam 1 mg/kg intramuscular (Roche, Basel, Swit-
zerland) and ketamine 70 mg/kg intramuscular (Fada, Buenos
Aires, Argentina). Under strict aseptic conditions, an 8.7 mL
blood sample was drawn from the auricular artery of each rabbit
with a 21 G needle. A 10 mL syringe preloaded with 1.3 mL of
anticoagulant citrate dextrose solution was used to avoid coagula-
tion. One millimeter of each sample was set apart for cell count-
ing. All blood draws were performed by one investigator (SHW).
Each blood sample was centrifuged for 15 minutes at 72 g at
4°C, resulting in the three following layers: the inferior layer
composed of red cells, the intermediate layer composed of white
cells, and the superior layer made up of plasma. The 6 mL plas-
ma layer was centrifuged for another 5 minutes at 1,006 g in or-
der to obtain a two-part plasma sample: the upper part consist-
ing of 5.5 mL of platelet-poor plasma (PPP) and the lower part
consisting of 0.5 mL of PRP.The PPP was first aspirated to avoid
its mixing with the PRP.The PRP was then gently aspirated with

Fig. 1. Preparation of autologous platelet-rich plasma (PRP). (A) Blood
samples from auricular artery of each rabbit were collected. (B, C)
Each blood sample was centrifuged resulting in the three following
layers. (D) The PRP was then gently aspirated with another pipette
and placed in a sterile tube.

another pipette and placed in a sterile tube. The platelet count
was carried out in the whole blood and in the PRP sample with
a Neubauer camera using the Brecher and Cronkite direct man-
ual method [6,7] (Fig. 1).

Morphologic and histological examination

To analyze the morphologic and histological change, vocal folds
were obtained from animals. The animals were sacrificed by ad-
ministration of a high dose of pentobarbital sodium.

Morphologic examination of rabbit vocal folds was performed
using a nasal speculum (7 cm, KASCO, Sialkot, Pakistan) and a
direct endoscope (0°, 2 mm, 4 mm, Karl Storz, Tuttlingen, Ger-
many). Once visualized, a CO, laser (15W, 1 second; NIIC R204,
Tokyo, Japan) was used to perform uniform bilateral vocal fold
stripping at the posterior part of the vocal fold.

Immediately after laser scarring, the prepared PRP was in-
jected into the right vocal fold (PRP-injected side) and normal
saline was injected into the left vocal fold (normal saline-inject-
ed side). The method of injection was a 1 mL syringe with a 25
G spinal needle (length, 9 cm) and the injected volume was 0.5
mL on either side.

Endoscopic examination was performed using a nasal specu-
lum and direct endoscope to assess the morphologic changes of
the vocal folds at 2, 4, and 12 weeks after injection (Fig. 2). Mor-
phological changes observed, including surface irregularities,
granulation tissue formation, and atrophic change were investi-
gated and graded by a two otolaryngologists, and were recorded



Fig. 2. (A, B) Morphologic examination was performed using a nasal
speculum and a direct endoscope. (C) Normal vocal folds of rabbit
(arrow, vocal fold; *, arytenoid). (D) Vocal fold mucosa was injured
bilaterally using a CO: laser, and injected with platelet-rich plasma
in right and injected with normal saline in left vocal fold.

on a subjective scale of 0-3, ranging from absent to severe (0,
absent; 1, mild; 2, moderate; 3, intense). The analyses were per
formed on both normal saline-injected sites and PRP-injected
sites. Images were captured with an endoscope and graded later.

Histopathological analyses of the specimens were done 12
weeks later the animals were euthanized and the tissues were
stained using H&E for assessing inflammatory reaction and in-
flammatory cell infiltration, and masson trichrome (MT) for as-
sessing collagen deposition. The slides were viewed with a Nikon
Eclipse E800 microscope (Nikon, Tokyo, Japan). Collagen was
examined at original magnification X40 in the lamina propria.
Histological analysis was blindly checked and graded from 0 to
3 by two pathologists (0, absent; 1, mild; 2, moderate; 3, in-
tense).

The analyses were performed on both normal saline-injected
sites and PRP-injected sites, and statistical comparisons were
performed between both sides using a McNemar test. A P-val-
ue<0.05 was considered statistically significant. For reliability of
measurements, 10% of these slides were selected at random
and measurements were repeated.

Western blot assay of growth factors

To analyze the relative expression of growth factors, vocal cords
were obtained from two animals 14 days after surgery. The right
vocal fold (PRP-injected side, treatment group) was dissected
and the previous wound was located. The vocal fold fragments (5
mm square in size) were removed for western blot assay. After
that the left vocal fold (normal saline-injected side, control group)
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Table 1. Comparison of morphological findings®

Variable Control VF (n=12)  PRP VF (n=12) P-value
Granulation 2.0 15 0.018*
Irregular surface 217 1.92 0.387
Atrophic change 2.08 1.92 0.501

VF, vocal fold; PRP, platelet-rich plasma.
a0, absent; 1, mild; 2, moderate; 3, intense. *P<0.05.

was dissected using the same method.

The vocal folds were lysed in a lysis buffer (50 mM Tris [pH
7.5],100 mM NaCl, 1 mM EDTA, 1% NP-40, 10% glycerol, le-
upeptin [50 lg/mL], aprotinin [50 Ig/mL], 0.2 M PMSF, 1 mM
Na3V04, and 1 mM NaF) and incubated for 10 minutes on ice.
Tissue lysates were collected and centrifuged for 10 minutes at
4°C at 13,200 rpm. Protein concentration in tissue lysates was
determined by a Quant-iT assay kit (Molecular Probes, Eugene,
OR, USA). An equal amount (10 mg) of protein for each sample
was resolved with 10% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis and transferred to nitrocellulose membranes
(Amersham Pharmacia Biotech, Buckinghamshire, UK). The
membranes were blocked with 1% skim milk in Tris-buffered
saline containing 0.1% Tween-20 (TBST), and sequentially incu-
bated with specific antibodies for PDGF (1:1,000), EGF (1:1,000),
VEGF (1:1,000), TGF-B (1:1,000), and glyceraldehyde 3-phos-
phate dehydrogenase (1:2,000; Santa Cruz Biotechnology Inc.,
Santa Cruz, CA, USA).The membranes were washed with TBST
and processed using horseradish peroxidase-conjugated anti-
rabbit antibodies. The antibodies were purchased from Abcam
(Austin, TX, USA). Densitometry was performed using the Im-
ageJ 1.38 (Windows version of NIH Image, http://rsb.info.nih.
gov/nih-image/) software.

RESULTS

Concentration of platelets in PRP compared to serum

PRP was prepared in approximately 40 minutes. The concentra-
tion of platelets was found to be increased in the PRP compared
to serum. In the PRP, the mean platelet concentration was
1,315,000 platelets/mm?® (range, 923,000 to 1,860,000 platelets/
mm?; SD, 221,730 platelets/mm?®) from an original blood con-
centration of 310,133 platelets/mm? (range, 240,000 to 428,000
platelets/mm?; SD, 45,233 platelets/mm?).

Morphological analysis

As compared with the normal saline-injected vocal fold, the
PRP-injected vocal fold showed a decrease in granulation tissue
throughout the entirety of the injured vocal folds by visual in-
spection at the time of endoscopy (Table 1), but the difference in
irregular surface and atrophic change was not significant (Fig. 3).
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Fig. 3. The platelet-rich plasma (PRP)-treated group showed a significant decrease in granulation tissue throughout the entirety of the injured
vocal folds, but the irregular surface and atrophic change was not significant (red arrow, normal saline side; white arrow, PRP side). *P<0.05.
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Fig. 4. Histological findings of platelet-rich plasma (PRP)-treated group and control group. PRP-treated side (B, D) and control side (A, C).
There were no significant differences in the densities of fibrosis and inflammatory reaction between the control and PRP-treated groups. Histo-
logical finding of PRP-treated group in coronal plane. PRP-treated side (F, H) showed better wound healing with moderate collagen (stained

blue) compared with control side (E, G) showed dense collagen deposit (stained blue). *P<0.05.

Table 2. Comparison of histological findings®

Variable Control VF (n=12) PRPVF(n=12)  P-value
Inflammatory reaction 1.83 15 0.207
Fibrosis 2.08 1.67 0.136
Collagen deposition 2.25 1.33 0.001*

VF, vocal fold; PRP, platelet-rich plasma.
20, absent; 1, mild; 2, moderate; 3, intense. *P<0.05.

Histopathological analysis

Collagen was found chiefly in the lamina propria of the vocal
folds. As seen with MT for assessing collagen deposition, the
normal saline-injected vocal fold showed a significant increase
in collagen deposition throughout the entirety of the injured
lamina propria (P<0.05). On the PRP-injected side, however,
collagen was well organized and was distributed chiefly in the
PRP-injected lamina propria without excessive deposition (Table
2). In contrast to the findings with collagen, there were no sig-
nificant differences in the densities of fibrosis and inflammatory
reaction between the normal saline-injected vocal fold and PRP-
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Fig. 5. Western blotting (A) and densitometric analysis (B). Expression
of growth factors in platelet-rich plasma (PRP) treated group 14 days
after surgery. Western blot showed strong expression of all tested
growth factors in PRP treated group. TGF-B3, transforming growth fac-
tor-beta; PDGF, platelet-derived growth factor; VEGF, vascular endo-
thelial growth factor; EGF, epidermal growth factor.

injected vocal fold (Fig. 4).

Growth factor expression analysis

A western blot assay performed 14 days after surgery found
that the PRP-treated group showed marked expression of sever-
al growth factors, including PDGF, TGF-f,VEGEF, and EGF.These



factors have been reported to prevent foreign body reactions,
tissue necrosis, or extensive fibrosis (Fig. 5). However, a western
blot assay after the 12 week later which did not marked expres-
sion of growth factors.

DISCUSSION

Prophylactic treatments are based on the notion that the acute
healing phase including the proliferative phase represents a criti-
cal period, because migrating inflammatory cells and resident fi-
broblast begin to synthesize ECM 2-3 days following injury. Thus,
therapeutic interventions are generally administered at the time
of the injury for minimize eventual scar formation [8-10]. MSCs,
vitamin A, corticosteroids, MMC, HA-based biomaterials, decel-
lularized scaffold materials, and HGF have all been used in ani-
mal models during the past year [1,11].

MMC has been used in attempts to prevent scarring of the
vocal fold and glottic stenosis [12-14]. It is suspected that as
MMC inhibits fibroblast proliferation, MMC might reduce not
only collagen synthesis but also the synthesis of other interstitial
proteins required for optimal vibration. However, Gray et al.
[15] reported that topical administration of MMC to injured
skin of rats induced down-expression of the elastase, hyaluroni-
dase, and procollagen genes in dermal fibroblasts, resulting in
poor wound healing. Thus, the application of MMC at vocal fold
wounds remains controversial to date.

Of the many cytokines and growth factors that affect wound
healing and scarring, HGF has recently drawn considerable at-
tention because of its demonstrated antifibrotic activity during
wound healing [16-18]. Despite several advantages, the high
cost of HGF and other growth factors and the attendant required
injection of synthetic materials remain drawbacks. It is also im-
portant to keep in mind that wound healing is not determined
by any single growth factor. Because of these and other such
concerns, the need for more convenient and inexpensive autolo-
gous materials continues to grow.

Emerging new therapies such as PRP can have an adjunctive
role in a standardized, quality treatment plan. The application of
autologous PRP to soft tissue healing has been a subject of great
interest for much of the past two decades. Multiple growth factors
are present in high concentrations within PRP. Some of the most
important of these include PDGF, TGF-, VEGEF, EGF, and IGF.
PDGF, TGF-B,VEGEF, and EGF have been shown to be increased
3 to 7 times in autologous PRP as compared with baseline levels,
but the concentration of IGF-1 has not been shown to increase
[19].

PRP has been shown to initiate and modulate soft tissue heal-
ing. in vivo prospective controlled studies as well as retrospec-
tive and cost effectiveness studies documenting the effects of
this therapy have been published [20-23]. Its biocompatible and
biodegradable properties prevent the PRP from inducing foreign
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body reactions, tissue necrosis, or extensive fibrosis [24-27]. In
addition, in vitro research has shown that platelets contain com-
ponents and properties essential for wound healing [28]. Anoth-
er significant advantage of PRP is that it can be obtained easily
and used promptly during surgery.

In the current study, the effectiveness of PRP in the preven-
tion of vocal fold scarring was examined using an in vivo rabbit
model. The results were encouraging. The entire process of pre-
paring the autologous PRP took an average of 40 minutes. The
mean platelet concentration was 1,315,000 platelets/mm?, which
was an effective concentration to apply the vocal fold scar [29].
We observed markedly increased expression of growth factors
(PDGF, TGF-B, VEGF, and EGF) in the vocal fold fragment in
the PRP-treated group 14 days after surgery, suggesting that PRP
acts as a source of growth factors and accelerates vocal fold re-
generation. These growth factors have been reported to prevent
foreign body reactions, tissue necrosis, or extensive fibrosis [24-
26]. However, a western blot assay performed 12 weeks later
did not show marked expression of the same growth factors.
Thus, we guess that the PRP had an effect at an early phase in
wound healing and that this effect did not last for a long period.
Probably the platelet released the growth factors and attracted
the other growth factor at early phase. It appears that the early
phase of scar formation is key, as it is during this time that colla-
gen and hyaluronic acid deposits are determined.

The present study indicated that PRP prevented excessive col-
lagen deposition and resulted in well organized collagen deposit
in injured vocal folds, whereas the control group showed dense
collagen accumulation. The PRP-treated group showed a signifi-
cant decrease in granulation tissue throughout the entirety of
the injured vocal folds. Overall, PRP appeared to help maintain
the layered structure of the injured vocal fold.

The benefits of autologous PRP can be summarized as follows:
(1) offers high potency: multiple growth factors are present in
high concentrations within PRP; (2) has the ability to produce
the desired effect: PRP prevented excessive collagen deposition
and controlled well organized collagen deposit; and (3) consists
of both quantitative and qualitative components: PRP appeared
to help maintain the layered structure of the injured vocal fold.
Thus, PRP is an effective material for the prevention and healing
of scarring in laryngeal surgery patients.

This study has several limitations. For example, in the proce-
dure of wound healing, hyaluronic acid plays an important role.
However, HA staining was not performed in this study. There-
fore, we determined the effect of PRP using only collagen stain-
ing. This does not provide a clear and comprehensive picture of
wound healing in vocal fold scarring. In addition, we analyzed
the growth factors at only one time point, two weeks following
the surgery. While that was a reasonable time to evaluate the
wound healing it was not representative of the entire healing
process. Consequently, more research is required into the role of
PRP in the vocal fold wound healing process, the vocal folds’ ul-
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timate structure, pliability of the healed vocal folds, and quanti-
fication of the various growth factors. Another limitation of our
study was the observer bias that could result from the necessari-
ly subjective grading of our morphologic and histologic findings.
We tried to decrease the bias, however, and all findings were
confirmed by two otolaryngologists and two pathologist.

Injection of injured vocal folds with PRP led to improved
wound healing and fewer signs of scarring as demonstrated by
decreased inflammation and excessive collagen deposition in the
treated vocal folds compared with the untreated folds. These re-
sults could be useful for researchers in the growing fields of tis-
sue repair and experimental wound healing.
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