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Introduction

Diabetes mellitus has a higher prevalence of oral mucosal
disorders that has an association with chronic immunosup-
pression,1 such as delayed wound healing and salivary hypo-
function.2 The most common mucosal wound is a traumatic

ulcer; it is characterized by damage to the epithelial tissue and
underlying connective tissue3 due to mechanical injury, ther-
mal, electrical or chemical burn.4 The primary healing of
traumatic ulcers is similar towound healing in the skin, which
causes delayed healing in patients with diabetes mellitus.
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Abstract Objective Diabetes mellitus is not only characterized by alterations in the wound
healing process but also during oral ulcer healing. The platelet-rich plasma (PRP) can be
used to stimulate the healing process. This study was performed to analyze the effect of
PRP on traumatic ulcers with diabetes mellitus in an animal model by analyzing the
expression of transforming growth factor β1 (TGF-β1) and matrix metalloprotein 9
(MMP-9).
Materials and Methods The diabetes mellitus model was developed using strepto-
zotocin that was administrated to Rattus novergicus. The traumatic ulcer model was
obtained by placing a heated tip of a ball burnisher for 5 seconds on the lower mucosa
labial. Then, the traumatic ulcer was treated with PRP for 3, 5, and 7 days. The
expression of TGF-β1 and MMP-9 was analyzed with indirect immunohistochemistry,
and differences between each marker were analyzed with statistical analysis.
Results All animals showed clinical oral ulceration as a yellow base during the
experiment. The application of PRP showed a higher level of TGF-β1 expression than
the controls for 3, 5, and 7 days (p<0.05). In contrast, the MMP-9 expression was lower
than the control for 5 and 7 days (p< 0.05).
Conclusion The PRP affected traumatic ulcers with diabetes mellitus by promoting
healing through TGF-β1 expression and suppressing the MMP-9 expression. This
material can serve to develop a promising topical therapy for traumatic ulcers,
especially with an underlying disease such as diabetes mellitus.
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The topical therapy commonly used in traumatic ulcers is
saline mouthwash, antiseptic mouthwash such as chlorhex-
idine gluconate 0.2%, nonsteroidal anti-inflammatory
mouthwash such as benzydamine hydrochloride 0.15%, or
steroids such as hydrocortisone sodium succinate in the form
of a mucoadhesive buccal patch.5 All these materials were
unable to interfere with the healing pathways of traumatic
ulcers, especially in diabetes mellitus. The other option as
therapy is to use self-material-like platelet-rich plasma
(PRP). This material is considered to stimulate the intrinsic
pathway of healing. The PRP contains many growth factors,
which are highly important for wound healing. These growth
factors promote cell migration, proliferation, and differenti-
ation, which are essential for wound healing. After activation
in the wound area, platelets will release growth factors to
regulate cell migration, proliferation, and matrix deposition
and reduce the risk of infection from the wound, increasing
the quality of healing and tissue repair.6

During the healing process, the transforming growth
factor β1 (TGF-β1) is the primary growth factor for re-
epithelialization, angiogenesis, and fibroblast proliferation.
In contrast, the matrix metalloproteinase 9 (MMP-9) is
needed to balance the fibroblast proliferation and collagen
deposition to prevent fibrosis. In diabetes mellitus patients,
TGF-β1 and MMP-9 activity alteration occurs in delayed
healing.7

PRP preparations are available in the form of injections,8

powder,9 and gel.10 Several studies showed that the PRP
injection in non-healing oral ulcers achieved complete
epithelialization after 8 weeks.8 In the case of oral ulcers
caused by oral pemphigus vulgaris, the healing process took
8 weeks to 24 months.11,12 Due to a lack of information
about the PRP’s effects on traumatic ulcer healing, especial-
ly in diabetes mellitus, the current study analyzed the PRP
influence on TGF-β1 and MMP-9 expression in traumatic
ulcers and considered it a good material for traumatic ulcer
therapy.

Materials and Methods

The Ethical Approval
The protocol of this study and the protocol for Animal Care
and Use were approved by the Ethics Committee of health
and research with registration number 776/HRECC.-
FODM/XII/2019.

Experimental Materials
Thirty Wistar rats (Rattus norvegicus) were used that were
randomly divided into six groups. Each group contained five
animals. The animal adapted for 7 days with free access to
food and drink. The rats were selected using criteria of 2 to 3
months, gender only male, the body weight of 150 to 250
grams, and health status (measured by the rat’s liveliness,
shiny hair, and glowing hair).

PRP Preparation
The PRPwas obtained from35Wistar rats by collecting blood
after general anesthesia. Then, the blood was centrifuged

two times at the speed of 4000 rpm. The plasmawas collect-
ed after centrifugation.

The plasma was subjected to freeze-drying. Before this
process, the plasma was frozen at �83°C for 24 hours. Then,
PRPwas lyophilized using a sublimation dryingmachine. The
product was then mixed with 2% carboxymethylcellulose
(CMC) in a ratio of 1:1 (w/w) to form a gel preparation.

Diabetes Mellitus Model
The diabetes mellitus model was obtained by fasting the rats
for 4 hours, and then administering streptozotocin (Bio-
World with CAS number 18883-66-4, USA; 50mg/kg body
weight) diluted in a citric acid buffer (pH 4.5) intraperitone-
ally. After the administration of streptozotocin, all animals
were given 10% dextrose peroral to avoid sudden hypogly-
cemia.13 Lastly, the rats were observed for 3 days to develop
diabetes mellitus; it was confirmed that fasting blood glu-
cose resulted in � 126mg/dL glucose level.

Traumatic Ulcer Model
After the animals were confirmed to have diabetes mellitus,
the traumatic ulcer model was developed using the heated
tip of a 3mm ball burnisher. Before the procedure, the
animals were anesthetized by intramuscularly injecting
ketamine.14,15

A 3-mm diameter ball burnisher was heated for�45 sec-
onds. Then, the tip was gently placed in the lower oral
mucosa as deep as the diameter of the burnisher tip for
1 second. The formation of a traumatic ulcer was confirmed if
the ulcer showed damaged epithelium, the middle area
showed yellowed whitish color, had a well-defined wound,
irregular edge, and was surrounded by a red area.14,15

PRP Administration
After the traumatic ulcer developed, PRP gel was applied,
while the control group was given 2% CMC only. After the
treatment, the experimental animals were not given food
and drink for 30minutes so that the drug could be absorbed
maximally. The PRP gelwas applied once a daily for 3, 5 and 7
days. after the treatment, the animal was sacrificed by
anasthesia using ketamine, and a biospy of lower labial
mucosa of the animals was performed. Next, the tissue
was immersed in a 10% formalin buffer solution with 10
times the tissue volume for 1 day.16

TGF-β1 and MMP-9 Expression
The expression of TGF-β1 andMMP-9was studied by indirect
immunohistochemistry. The monoclonal antibodies used
were anti-TGF-β1 (TGF-β1 3C11, Santa Cruz Biotechnology
Inc., USA) and anti-MMP-9 2C3 (MMP-9 2C3, Santa Cruz
Biotechnology Inc., USA). The counterstaining was done
using hematoxylin–eosin. A single oral pathologist studied
each expression with a Nikon E100 microscope under 1000
magnification in five different fields of view.

Statistics Analysis
The independent t-test was used to determine the difference
in the expression of TGF-β1 and MMP-9 between the
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intervention and control groups on each day of observation.
The significance value for all analyseswas p<0.05. Datawere
analyzed using Statistical Product and Service Solution
(SPSS) version 24 (IBM SPSS Statistic 24 for Mac, New York,
NY, USA).

Results

Traumatic Ulcer Observation
The traumatic ulcer was observed in all groups at 3 days,
5 days, and 7 days. A yellow-colored traumatic ulcer
appeared within 3 days of both control and PRF application
(►Figs. 1A and 1D). After 5 days, the traumatic ulcer partly
healed with a reduced yellow area (►Figs. 1B and 1E). After
7 days, the traumatic ulcer appeared to be completely healed,
and the mucosa looked normal (►Fig. 1C and 1F).

TGF-β1 Expression
The TGF-β1 expression was observed in fibroblast cells
(►Fig. 2). The application of PRF in TGF-β1 expression at
3 days, 5 days, and 7 days was higher compared with that in
the control group (p¼0.001; p¼0.003 and p¼0.002; respec-
tively) (►Fig. 3A).

MMP-9 Expression
The MMP-9 expression was observed in fibroblast cells
(►Fig. 4). The application of PRF in MMP-9 expression at
5 days and 7 days was lower compared with that in the
control group (p¼0.001; p¼0.001, respectively). While
3 days resulted in no difference in MMP-9 expression com-
pared with the control group (p¼0.285) (►Fig. 3B).

Discussion

Diabetes mellitus results in delayed healing due to the
formation of increased advanced glycation end-products
(AGEs) due to hyperglycemia. The binding process of Age
to the AGE receptor (RAGE) increased reactive oxygen spe-
cies (ROS). Excessively increasing ROS exceeds the antioxi-
dant capacity, resulting in oxidative stress. Oxidative stress

Fig. 2 Microscopic of immunohistochemical examination results
showing TGF-β1 with a light microscope with 1000x magnification.

Fig. 1 Clinical images of traumatic ulcers on the lower labial mucosa. (A and C) Three days; (B and D) 5 days and (C and E) 7 days.
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triggers the activation of nuclear factor kappa B (NF-kB),
followed by an increase in the production of proinflamma-
tory cytokines such as tumor necrosis factor α (TNF-α),
interleukin 1β (IL-1β), interleukin 6 (IL-6), and MMP-9. All
these cytokines shift the macrophage polarization to the M1
type. The imbalanced M1/M2 ratio imbalance results in a
prolonged inflammatory phase so that the ulcer becomes
chronic, and the healing process is delayed.17

After the administration of topical PRP, improvement was
noticed until 7 days when the ulcer healed maximally, as
compared with the control group, which consisted of trau-
matic ulcers. Topical administration of PRP provides an
environment of growth factors and cytokines that can stim-
ulate and initiate the healing process, including platelet-
derived growth factor (PDGF) from platelets, transforming
growth factor-β (TGF-β), epithelial cell growth factor (ECGF),
insulin-like growth factor (IGF), and vascular endothelial
growth factor (VEGF). These growth factors will stimulate
the macrophages to shift into the M2 type, thus causing the
proliferation of fibroblasts and the synthesis of collagen.11

The PRP contains 50 to 80% alpha granules protein (adhesive
protein), one of which is TGF-β1.18 This research showed an
increased level of TGF-β1, which was in line with the study
from Boakye et al. Besides containing TGF-β, PRP increased
the expression of TGF-β.19 PRP activates new platelets when
it encounters tissue activators (calcium, collagen)20 and
releases various bioactive proteins that include growth
factors, one of which is TGF-1. Platelets contain 95% of
TGF-β1 from total platelets. Administration of PRP increases
the amount of TGF-β1 in macrophage cells, which in turn
transcribesNF-kB in themacrophage cell nucleus, decreasing
the production of proinflammatory cytokines such as TNF-α,
IL-1β, IL-6, and MMP-9. TGF-β1 in wound healing regulates
not only epithelialization but also inflammation, angiogene-
sis, and granulation tissue formation. TGF-β1 is shown to be
an important player in all phases of wound healing by
regulating the functions of keratinocytes, fibroblasts, endo-
thelial cells, monocytes, and other cell types.21

TGF-β1 is an essential player in all phases of wound
healing by regulating the functions of keratinocytes, fibro-
blasts, and endothelial cells. Although many growth factors
also play a role in keratinocyte migration during wound
healing, TGF-β1 has more roles than other growth
factors. After the injury, TGF-β1 is rapidly regulated and
released by keratinocytes, platelets, monocytes, macro-
phages, and fibroblasts. In the process of angiogenesis,
TGF-β1 will increase the expression of VEGF for the
formation of new blood vessels so that the supply of
nutrients for wound healing is fulfilled.18 In addition,
TGF-β1 is able to inhibit MMP-9, resulting the inhibition
of collagen degradation.12,22,23

Applying PRP significantly decreased MMP-9 expression
after 5 and 7 days. In the normal ulcer healing process, MMP-
9 plays a role in the inflammatory and proliferative phases.21

MMP-9 is a significant marker of delayed wound healing in
diabetic conditions. Shin and Oh, 2010 reported that diabetic
ulcers are characterized by elevated expression of MMP-9.
This study was in linewith a study from Shin and Oh in 2010.
Shin and Oh also reported that after giving PRP, the MMP-9
expression was decreased on day 5 and day 7.24 In diabetic
conditions, MMP-9 was found to be overexpressed while
TIMP-1was under-secreted, The imbalance in the expression
of MMP-9 and TIMP-1 inhibited tissue regeneration and
revascularization.21,22 In contrast, PRP containing TGF-β1
indirectly reduces the MMP-9 expression. TGF-β1 regulates
TIMP-1 so that the levels of TIMP-1 increase and the

Fig. 3 The expression marker in traumatic ulcer tissue from mucosa
labial. (A) TGF-β1 (B) MMP-9 expression.

Fig. 4 Microscopic immunohistochemical examination results show
MMP-9 with a light microscope with 1000x magnification.
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overexpressed MMP-9 is inhibited by TIMP-1.22 The clinical
use of PRP in traumatic ulcers can be advantageous and
disadvantageous during the ulcer healing process. The
advantages of PRP are that it is it can be easily obtained
from human blood and able to support hemostasis and
wound healing process.25 In contrast, the disadvantages of
PRP are that it is not cost-effective and its use is partially
successful. Due to these reasons, the material to be selected
for treatment needs to be carefully considered to get the
maximum results at an effective cost.25 The limitation of this
research is that although hyperglycemia is one of the factors
that induce diabetic wounds, there are several factors in a
chronic diabetic condition that canworsen a diabetic wound.
Further studies are needed to analyze the effect of PRP in
other marker-related chronic diabetic conditions.

Conclusion

PRP heals traumatic ulcers in patients with diabetes mellitus
by promoting the expression of TGF-β1 and suppressing that
of MMP-9. This material can be a promising topical therapy
for traumatic ulcers, especially with an underlying disease
such as diabetes mellitus.
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