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Abstract 

Purpose: To evaluate the effect of allogeneic platelet-rich plasma (PRP) on ulcer wound surface in 
streptozotocin-induced diabetic rats.  
Methods: A total of 20 male Sprague-Dawley (SD) rats were procured as skin ulcer as well as diabetes 
models, and randomly divided into control and PRP groups, respectively. Their wound surfaces were 
smeared with 0.9 % normal saline or an equal concentration of allogeneic PRP, respectively, and the 
pathological changes in the wound tissues were examined with the aid of hematoxylin-eosin (H&E) 
staining. Also, the expression levels of transforming growth factor-β1 (TGF-β1), matrix 
metalloproteinase-2 (MMP-2), and tissue inhibitor of metalloproteinase-2 (TIMP-2) in wound tissues 
were determined using enzyme-linked immunosorbent assay (ELISA). 
Results: Both purulent exudation and swelling of the wound surface were milder in the PRP group than 
in the control group, and the PRP group showed greater redness on the wound surface and more 
pronounced signs of epithelialization of the wound surface and its margins (p < 0.05). Wound healing 
rate in PRP group was higher than in the control group while the number of fibroblasts and new 
microvessels in the wound surface in the PRP group were greater than in the control group, 
accompanied by slighter inflammatory response compared to the control group. Furthermore, the PRP 
group expressed lower MMP-2, MMP-2/TIMP-2 ratio, and higher TGF-β1 and TIMP-2 levels than in the 
control group (p < 0.05).  
Conclusion: Allogeneic PRP treatment contributes to the healing of ulcer wound surface in diabetic 
rats, a process mediated by TGF-β1/MMP-2/TIMP-2 signaling pathway. Thus, PRP is a potential 
therapeutic agent for the management of diabetic ulcer wounds.  
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INTRODUCTION 
 

 Diabetes mellitus is a clinically common chronic 
metabolic disease with an increasing incidence. 

According to relevant data, approximately 630 
million people worldwide are expected to suffer 
from diabetes mellitus by 2045 [1]. When there is 
a failure to control the blood glucose of diabetic 
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patients due to a variety of factors, the disease 
keeps progressing and a series of acute and 
chronic complications occur. Diabetic ulcer, 
especially diabetic foot ulcer, is one of the most 
important chronic complications, and it often 
results in amputation and even death in critical 
cases. Thus, it affects patients’ quality of life and 
is a heavy economic burden to the patient's 
family [2]. 
 
Platelet-rich plasma (PRP) refers to the plasma 
and its concentrate at a concentration 3-7 times 
higher than the baseline platelet concentration 
obtained following repeated separation and 
concentration of fresh peripheral whole blood. 
PRP has been widely applied in numerous fields 
like orthopedics, burns and plastic surgery, and 
cosmetic dermatology, with significant clinical 
efficacy [3]. In recent studies, PRP has been 
applied in the treatment of diabetic ulcers [4]. 
Previous research have stated the unique merits 
of PRP in the treatment of diabetic ulcers, such 
as reduction in the length of hospital stay, lower 
hospitalization expenses, and a decrease in the 
expression of some inflammatory indicators [5]. 
However, the specific mechanism of action of 
PRP in the treatment of diabetic ulcers remains 
unclear. In this study, the effect of PRP on 
diabetic ulcer wound surface in established 
diabetic ulcer rat models was investigated. 
Furthermore, the expression levels of 
transforming growth factor-β1 (TGF-β1), matrix 
metalloproteinase-2 (MMP-2) and tissue inhibitor 
of metalloproteinase-2 (TIMP-2) in granulation 
tissues of the wound surface were measured at 
different intervention time points. 
 

EXPERIMENTAL 
 
Laboratory animals 
 
Twenty Sprague-Dawley rats (male, 6 week old, 
160-220 g) were purchased from Nantong 
University Animal Center, and fed in a standard 
environment at 24 ± 2 °C and relative humidity of 
50 ± 10 %. The feeding room was disinfected 
regularly and well-ventilated, and all rats were 
adaptively fed with common feed in separate 
cages for 1 week before the experiment, and 
they had free access to food and water. This 
study was approved by the Animal Ethics 
Committee of Nantong University Animal Center 
(NU-A-01), and followed international guidelines 
for the study of animals. 
 
Main reagents and instruments 
 
The reagents and instruments used were as 
follows: streptozotocin (STZ) and bovine 
thrombin (Sigma, St. Louis, MO, USA); citric 

acid, sodium citrate, glucose, calcium chloride, 
and 0.9 % normal saline (Sichuan Kelun 
Pharmaceutical Co., Ltd., Chengdu, China); rat 
TGF-β1, MMP-2 and TIMP-2 enzyme-linked 
immunosorbent assay (ELISA) kits (R&D, 
Minneapolis, MN, USA); a cryogenic high-speed 
centrifuge (Eppendorf, Hamburg, Germany); 
pipettes (Thermo Fisher, Waltham, MA, USA); a 
glucometer and test papers (Roche Diagnostics, 
Basel, Switzerland); an ordinary optical 
microscope (Leica, Wetzlar, Germany); an 
electric shaver (Shanghai Flyco Electric 
Appliance Co., Ltd., Shanghai, China); an 
electronic balance (Changzhou Wantai Electrical 
Appliance Co. Ltd, Changzhou, China); and high-
glucose high-fat diet (67.5 % of basal feed, 20% 
of white sugar, 10 % of lard and 2.5 % of egg 
yolk) (Shanghai Ruisai Bio-Technology Co. Ltd, 
Shanghai, China). Experimental tools such as 
surgical forceps, surgical scissors and scalpels 
were obtained from SteriLance Medical (Suzhou, 
China). 
 
Establishment of diabetic rat models 
 
All rats were fed with a high-glucose high-fat diet 
lasting four weeks, and then starved for 12 h with 
water available. Later, body weight was 
measured after starvation and the dose of STZ 
required to induce diabetes was calculated (30 
mg/kg). 1 % STZ solution was prepared following 
the instruction steps, and injected 
intraperitoneally one at a time. After 3 days, 
caudal vein blood was collected and the random 
blood glucose was measured. Random blood 
glucose ≥16.7 mmol/L indicated that the diabetic 
rat model was established successfully, 
otherwise the rats were starved for another 12 h 
and then injected with STZ solution (10 mg/kg) 
once more following the measure of the random 
blood glucose. If random blood glucose still did 
not meet the standard of ≥16.7 mmol/L, the rat 
was sacrificed [6]. 
 
Establishment of diabetic ulcer models  
 
Surgical instruments were prepared and 
disinfected in advance before experiment. The 
rats were weighed and anesthetized by 
intraperitoneal injections of sodium pentobarbital 
(150 mg/kg), and following a successful 
anesthetic, depilatory creams were given and an 
electric shaver was used to shave the surgical 
area on the back. After the hair was removed 
completely, the remaining depilatory cream was 
wiped off with 75 % ethanol. Then the rats were 
marked using a marking pen on the back along 
the side (2 cm) of a square cardboard prepared 
in advance. The rats were then fixed on the 
operating table with ropes and disinfected 
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routinely before operation. The skin and 
subcutaneous tissues along were then incised 
with the marking line using sterile surgical 
instruments to create a skin wound surface deep 
into the fascia layer, with the deep fascia and 
tissues below it preserved. The wound surface 
was slightly trimmed in the periphery using fine 
tissue scissors. The created defective full skin 
was exposed, and 1 mL of Staphylococcus 
aureus suspension (6 × 1012 /L) was applied on 
the wound. After they were photographed, the 
wound surface was covered with sterile gauze, 
and the four edges were fixed with surgical 
sutures. A "concave" shape was made with 
surgical scissors on the gauze to monitor the 
healing status of the wound surface [7,8]. 
 
Preparation of allogeneic PRP  
 
Another 12 healthy SD rats were anesthetized by 
intraperitoneal injections of sodium pentobarbital 
(150 mg/kg). Under direct vision, 10 mL of whole 
blood was drawn from the abdominal aorta by a 
puncture with a pre-heparinized 5 mL syringe 
and a disposable venous blood collection needle. 
Then, measure the platelet count (about 
0.46×109 / mL) of 1 mL whole blood was 
measured using a whole blood cell analyzer. The 
remaining 9 mL whole blood was placed into an 
anticoagulated centrifuge tube and centrifuged at 
200×g, 4 °C for 15 min, and formed three layers. 
The supernatant and interface layer of the 
mixture were transferred to a new centrifuge tube 
and centrifuged again (500×g, 4 °C, 10 min). 
After that, discard the upper platelet-poor plasma 
(PPP) was discarded, and about 1.85×1012 /mL 
of platelet-rich plasma (PRP) was obtained. 
When used for tissue repair or wound treatment, 
PRP is usually mixed with thrombin-calcium 
agents at a ratio of 10:1in order to activate the 
platelets and fibrinogen. After natural 
coagulation, the mixture turned into platelet-rich 
gel (PRG), and was used to seal and protect the 
wound surface, so as to stop bleeding and 
prevent infection [9,10]. 
 
Grouping and procedures 
 
After the above modeling experiment with 20 SD 
rats, 18 diabetic ulcer rats were finally obtained 
and randomly divided into control group (n = 9) 
and a PRP group (n = 9). The wound surface 
was smeared with 1 mL of 0.9 % normal saline in 
the control group, while it was evenly smeared 
with 1 mL of allogeneic PRP in the PRP group. 
Then the wound surface was covered with sterile 
gauze and bandaged in both groups. Thereafter, 
all rats were returned to individual cages and 
numbered. Wound dressing was changed every 
other day, and the wound surface treated in the 

same way, i.e., the wound surface was 
disinfected with bound iodine first, then wiped dry 
with sterile gauze and routinely bandaged. 
 
Sample collection 
 
At 3, 7 and 14 days after intervention, the rats 
were weighed and anesthetized using 
intraperitoneal injections of sodium pentobarbital 
(150 mg/kg). Following a successful application 
of anesthetic, the skin tissues of the wound 
surface and 5 mm around the wound surface 
was collected. Part of the tissues were randomly 
taken, washed clean on the surface with PBS, 
and fixed with 10 % neutral formalin, followed by 
hematoxylin-eosin (H&E) staining. Healing status 
was examined under an optical microscope. The 
remaining tissues were also washed with PBS to 
remove the surface stains, placed into a 2 mL EP 
tube and cryopreserved at -80 °C. Subsequently, 
the protein levels of TGF-β1, MMP-2 and TIMP-2 
in wound tissues were determined by ELISA (the 
ulcer tissues were collected in the same way for 
ELISA at 1 day after modeling). 
 
Evaluation of parameters/indices 
 
Wound surface healing status 
 
The intent ulcer wound surface was examined 
with naked eyes and evaluated from many 
aspects, including the inflammatory response, 
exudate volume, degree of swelling, color and 
new granulation tissue formation of the wound 
surface. A general view on the wound surface 
was photographed, the current wound area was 
automatically calculated using ImageJ, and the 
wound healing rate (WHR) was calculated as the 
evaluation index for the wound surface healing 
status, as shown in Equation 1.  
 
WHR (%) = [(Ai-Ac)/ Ai] × 100 %…… (1) 
 
where Ai is the initial wound area, and Ac is the 
current wound area. 
 
Histopathological examination of wound 
surface  
 
A slice of sample was taken for H&E staining 
from the wound surface while peri-wound tissues 
were collected at 3, 7 and 14 days after 
intervention, and the pathological conditions of 
the wound surface healing status were 
photographed. 
 
Biochemical studies 
 
TGF-β1, MMP-2 and TIMP-2 levels in the wound 
tissues were determined by ELISA. The 
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remaining wound tissues (stored at -80 °C) 
harvested at 1, 3, 7 and 14 days after 
intervention were taken out, melted at 2-8 °C, 
and homogenized in PBS (pH 7.4). Then, the 
mixture was centrifuged. Finally, the 
concentrations of TGF-β1, MMP-2 and TIMP-2 in 
the supernatant were measured by ELISA kits. 
The operating procedures and indicators were in 
accordance with ELISA kit manufacturers’ 
instructions. 
 
Statistical analysis 
 
Statistical Package for Social Sciences (SPSS) 
version 22.0 software (IBM, Armonk, NY, USA) 
was used for statistical analysis. Data were 
displayed as mean ± standard deviation (SD). 
Independent-sample t-test was used to compare 
the data at the same time-point between the two 
groups. P < 0.05 was considered statistically 
significant. 
 

RESULTS 
 
Modeling 
 
Twenty male SD rats were initially prepared for 
modeling. Through 4 weeks of high-glucose high-
fat feeding combined with intraperitoneal 
injection of STZ, the diabetic model was 
established. Following STZ injection, the blood 
glucose level significantly rose, but 2 cases of 
modeled rats failed to reach the required 
standard (blood glucose ≥16.7 mmol/L), and 18 
diabetic model rats were finally obtained. Then 
the ulcer wound surface was created on the back 
of diabetic rats. During this process, the rats all 
survived in good condition. As a result, the total 
modeling success rate reached 90 %. The mean 
blood glucose level of rats fed with a high-
glucose diet (25.54 ± 1.63) mmol/L was far 
higher than that of normal rats [(5.06 ± 0.78) 
mmol/L], (p < 0.05). About 3 days after surgery, 
the wound surface turned black, and the skin 
temperature rose. Redness and swelling 
occurred in the wound surface and peri-wound 
area, and necrotic tissues; purulent secretions or 
necrotic dark crust were observed on the wound 
surface, and there was no bleeding on the wound 
surface when pricked by a pin across a length of 
5 mm. Overall, the wound surface was consistent 
with the general ulcer condition based on naked 
eye observation. 
 
Wound surface dried out and formed a scab 
 
Three days after intervention, purulent exudation 
of the ulcer wound surface could be seen in both 
groups, but it was more significant with dry scabs 
and pus accumulation under the scab in the 

control group. At 7 days after intervention, new 
granulation tissues could be found and the 
wound surface was bright red in the PRP group, 
while dry scabs and pigmentation at the wound 
margin could be seen, and the wound surface 
appeared lighter in color in control group. After 
14 days of intervention, the wound surface 
became smaller and started to heal, and the 
wound was filled with granulation tissues in PRP 
group. In control group, there were dry scabs and 
pigmentation on the wound surface (Figure 1). 
 

 
 
Figure 1: Comparison of wound surface healing status 
between the two groups at different time points 

 
Wound healing rate 
 
At 3 days after intervention, the wound healing 
rate in the PRP group was higher than that in the 
control group, but the difference was not 
significant (p > 0.05). At 7 and 14 days after 
intervention, the wound healing rate in PRP 
group was significantly higher than in control 
group (p < 0.01), suggesting that PRP exhibited 
excellent healing effect (Table 1). 
 
Table 1: Comparison of wound healing rate at 
different time points between the two groups (%) 
 

Group Day 3 after 
intervention 

Day 7 after 
intervention 

Day 14 after 
intervention 

Control 1.46 ± 0.51 12.92 ± 1.29 31.46 ± 2.00 
PRP 2.33 ± 0.83 25.83 ± 

2.19* 
78.54 ± 
0.94* 

Note: *P < 0.05 vs. control group 

 
Morphological features of wound surface 
 
At 3 days after intervention, erythrocyte 
exudation (yellow) was observed under the 
microscope in both groups, but the manuscript 
was milder in the PRP group. The inflammatory 
response dominated by neutrophils (blue) 
occurred in both groups, and there were new 
microvessels in the PRP group. At 7 days after 
intervention, the inflammatory response was 
alleviated, and a large number of fibroblasts 
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(black) and new microvessels could be seen in 
the PRP group. In the control group, erythrocyte 
exudation, severe inflammatory response and a 
small number of fibroblasts could be seen. At 14 
days after intervention, granulation tissues 
(green) were found in both groups, and they 
were denser in the PRP group (Figure 2). 
 

 
 
Figure 2: Comparison of pathological conditions of 
wound surface between the two groups at different 
time-points 

 
TGF-β1, MMP-2 and TIMP-2 proteins in wound 
tissues 
 
The TGF-β1 protein level in wound tissues was 
significantly higher in the PRP group than in the 
control group within a certain period (1 and 3 
days after intervention; p < 0.05). The TGF-β1 
protein level in the wound tissues gradually rose 
and then decreased in both groups with time, 
and it was significantly higher in the control group 

than that in the PRP group after intervention for 7 
days (p < 0.05; Table 2). The MMP-2 protein 
level in the wound tissues was significantly lower 
in the PRP group than in the control group, and 
the difference was statistically significant after 
intervention for 3 days (p < 0.05). The MMP-2 
protein level in the wound tissues gradually rose 
and then declined in both groups with time (Table 
3). The TIMP- protein expression level of wound 
tissues in the PRP group was significantly higher 
than in control group on day 3 of the intervention 
(p < 0.05). The TIMP-2 protein level in wound 
tissues gradually rose in both groups with time 
(Table 4). The MMP-2/TIMP-2 ratio was 
calculated based on the ELISA results of MMP-2 
and TIMP-2. The MMP-2/TIMP-2 ratio in wound 
tissues in the PRP group was lower than in the 
control group at different time points (p < 0.05). 
Specifically, the MMP-2/TIMP-2 ratio of wound 
tissues gradually decreased over time in the PRP 
group, while in the control group, it fluctuated at a 
high level (compared to the PRP group) for a 
period of time and began to decline after 
intervention for 7 days (Table 5). After PRP 
treatment, TGF-β1 had a strong positive 
correlation (98.97 %) with MMP-2, and the 
correlation coefficient was 0.9897; it also had a 
strong positive correlation (86.37 %) with TIMP-
2, and the correlation coefficient was 0.8637. 
There was a weak negative correlation (32.67 %) 
between TGF-β1 and MMP-2/TIMP-2, and the 
correlation coefficient was -0.3267. No 
correlation was found between MMP-2 and 
TIMP-2, and the (correlation coefficient was -
0.1889). 

 
Table 2: Levels of TGF-β1 in wound tissues at different time-points in the two groups (ng/L, mean ± SD) 
 

Group Day 1 after 
intervention 

Day 3 after 
intervention 

Day 7 after 
intervention 

Day 14 after 
intervention 

Control 53.22 ± 5.64 101.34 ± 6.21 128.56 ± 5.86** 90.86 ± 6.34** 
PRP 63.35±6.91* 132.36 ± 6.26* 73.56 ± 6.33 30.94 ± 5.81 

*P < 0.05 vs. control group, **p < 0.05 vs. PRP group 
 
Table 3: Levels of MMP-2 in wound tissues at different time-points in the two groups (ng/L) 
 

Group Day 1 after 
intervention 

Day 3 after 
intervention 

Day 7 after 
intervention 

Day 14 after 
intervention 

Control  22.35 ± 3.56 47.63 ± 2.67 69.74 ± 2.83 30.68 ± 2.87 

PRP 19.82 ± 2.79 40.16 ± 3.54* 57.68 ± 2.97* 24.79 ± 2.32* 

Note: *P < 0.05 vs. control group 
 
Table 4: Levels of TIMP-2 in wound tissues at different time-points in the two groups (ng/L) 
 

Group Day 1 after 
intervention 

Day 3 after 
intervention 

Day 7 after 
intervention 

Day 14 after 
intervention 

Control 15.36 ± 2.73 36.96 ± 3.56 52.37 ± 4.39 65.93 ± 5.36 

PRP 20.86 ± 3.96 47.54 ± 3.52* 70.81 ± 2.37* 81.57 ± 6.39* 

Note: *P < 0.05 vs. control group 
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Table 5: MMP-2/TIMP-2 ratios in wound tissues at different time-points in the two groups 
 

Group Day 1 after 
intervention 

Day 3 after 
intervention 

Day 7 after 
intervention 

Day 14 after 
intervention 

Control 1.47 ± 0.12 1.18 ± 0.59 1.32 ± 0.24 0.48 ± 0.09 
PRP 0.96 ± 0.07* 0.85 ± 0.08* 0.81 ± 0.06* 0.27 ± 0.03* 

*P < 0.05 vs. control group 
 

DISCUSSION 
 
Wound healing has always been a topic of 
concern in the clinical surgery field. Chronic 
wounds such as bedsores and diabetic foot 
ulcers are intractable problems in wound healing. 
The wound surface healing process normally 
involves four stages namely, hemostasis, 
inflammation, proliferation and remodeling. A 
moderate inflammatory response helps resist 
infections, which is the basis of wound repair 
[11,12]. However, excessive inflammation is 
present on the diabetic ulcer wound surface, and 
the wound surface is in a chronic inflammatory 
state, with persistent inflammation, a large 
number of inflammatory factors and mediators, 
and increased inflammatory cell infiltration 
[13,14]. Inflammatory cells induce the generation 
and release of matrix metalloproteinases (MMPs) 
in the local wound surface, and MMPs further 
degrade beneficial growth factors in the wound 
surface, ultimately resulting in difficult healing of 
the diabetic ulcer wound surface [15,16].  
 
Matrix metalloproteinases (MMPs), a class of 
zinc-dependent proteolytic enzymes, regulate the 
complex and orderly physiological repair process 
by regulating the normal and controllable 
metabolism of extracellular matrix (ECM), 
thereby playing an important role in wound 
healing [17]. MMPs can be classified into 6 types 
according to their acting substrates, among 
which collagenase and gelatinase are the most 
important. MMP-2 as a member of gelatinase, 
degrades various components, such as collagen 
type IV and type V, elastin and gelatin 
(denatured collagen) [18]. MMP-2 regulates 
ECM, participates in vascular remodeling and 
tissue reconstruction, and promotes the growth 
of granulation tissues. Tissue inhibitors of metal 
protease (TIMPs), which are specific inhibitors of 
MMPs, inhibit the activation of MMPs directly by 
preventing zymogen activation [19].  TIMP-2 is 
an endogenous inhibitor of MMP-2, which exerts 
a direct inhibitory effect on MMP-2. With the 
expression of MMP-2 in tissues, TIMP-2 is also 
expressed so as to inhibit the expression and 
activity of MMP-2 and prevent the excessive 
destruction caused by MMP-2, which is rarely 
affected by other cytokines. In addition, TIMP-2 
also participates in the regulation of cell 
proliferation and angiogenesis directly [18]. It has 

been proven in several studies that TIMP-2 
restricts ECM proteolysis. Overexpression of 
TIMP-2 breaks the balanced MMP-2/TIMP-2 that 
leads to poor wound healing behavior, and 
causes diseases such as Dupuytren's 
contracture, a kind of abnormal accumulation of 
ECM [20]. Studies have shown that there is a 
higher expression of MMP-2 and a lower 
expression of TIMP-2 in diabetic ulcers models in 
normal wound healing, and along with the 
increase in bacterial species and ulcer grades, 
the MMP-2 level rises and the MMP-2/TIMP-2 
ratio significantly increases, suggesting that 
MMP-2/TIMP-2 imbalance in diabetic ulcer is one 
of the possible causes of wound healing 
disorders [21]. 
 
During ulcer wound repair, a variety of cytokines 
play important roles, among which TGF-β is a 
representative positive regulatory cytokine [22]. 
Papanas et al. [23] showed that cytokines such 
as TGF-β contribute to diabetic ulcer healing. 
There are three members in TGF-β (TGF-β1, 
TGF-β2 and TGF-β3), among which TGF-β1 
possesses the ability to promote matrix synthesis 
and fibroblast growth plays an essential role in 
ulcer wound repair. As a novel therapeutic tool 
applied to wound treatment in recent years, the 
activation of PRP recruits a variety of cytokines 
like TGF-β1. TGF-β1 has been shown to be able 
to promote collagen formation [24], chemotaxis 
of macrophages, and fibroblasts to wounds [25]. 
Moreover, TGF-β1 facilitates ulcer tissue healing 
in a multidimensional way through its action on 
inflammatory response, angiogenesis and 
collagen accumulation [26]. Existing studies 
suggest that TGF-β1 may be implicated in the 
matrix synthesis and degradation by regulating 
the relative expression levels of MMP-2/TIMP-2, 
exerting a positive regulatory effect [27]. 
However, basic studies are still lacking on this 
aspect.  
 
In this study, the results showed that both 
indicators of the ulcer wound healing status, viz, 
wound healing rate and wound healing speed 
were significantly higher in PRP group than in 
control group. Compared to control group, PRP 
group displayed an increased number of 
structural cells in wound tissues, manifested as 
an obvious fibroblast division with more fibrous 
tissues and new blood vessels, and fewer 
inflammatory cells. Within the 14-day observation 
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period of this study, when compared to control 
group, PRP group expressed a lower MMP-2 
level, but higher levels of TGF-β1 and TIMP-2, 
and lower MMP-2/TIMP-2 ratio (p < 0.05). 
Furthermore, in PRP group, TGF-β1 was 
positively correlated with TIMP-2 but negatively 
correlated with MMP-2/TIMP-2 ratio. 
 

CONCLUSION 
 
This study proves that PRP contributes to the 
healing of rat diabetic ulcer wound surface, 
increases the TGF-β1 and TIMP-2 levels in ulcer 
tissues, and decreases the MMP-2 level, thereby 
accelerating the recovery of the wound surface. 
Animal experiments suggest that PRP perhaps 
increases the activated TGF-β1, inhibits its 
downstream MMP-2 and promotes TIMP-
2expression which can control matrix synthesis 
and degradation, thereby facilitating tissue 
healing. Therefore, PRP is a potential agent for 
the management of diabetic wound ulcers in 
humans. 
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