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Purpose: One of the most serious and devastating complications of diabetes mellitus is 
diabetic ulcers. They are difficult to treat and often result in limb loss. Topical sucralfate and 
platelet-rich plasma have the potential to improve the healing outcomes of chronic ulcers, 
including diabetic ulcers. This research aims to determine the effectiveness of sucralfate and 
platelet-rich plasma therapy for the improvement of diabetic ulcer wound healing.
Patients and Methods: Ninety Wistar rats were used in this study and were classified into 
five groups. Four of the five groups were diabetic induced and were treated with topical 
sucralfate only, platelet-rich plasma only, combination of topical sucralfate and platelet-rich 
plasma, and diabetic control group which received standard therapy only. The non-diabetic 
control group did not receive any therapy. We observed macrophage amount, platelet-derived 
growth factor, vascular endothelial growth factor, and hypoxia-inducible factor as a biomar-
ker. Rats were terminated after 7th and 14th days and were subjected to immunohistochem-
istry staining and examination.
Results: We found that topical sucralfate and platelet-rich plasma increase macrophage 
levels, vascular endothelial growth factor expression and platelet-derived growth factor 
expression in diabetic wound cells. We also found a reduction in hypoxia inducible factor- 
1α expression. Combination of topical sucralfate and platelet-rich plasma for 14 days gave 
the most significant improvement in terms of wound healing compared to topical sucralfate 
or platelet-rich plasma alone.
Conclusion: The combination of topical sucralfate and platelet-rich plasma therapy results 
in the best improvement in diabetic ulcer wound healing compared to sucralfate or platelet- 
rich plasma monotherapy or conventional wound healing therapy.
Keywords: hypoxia inducible factor, VEGF, PDGF, macrophage

Introduction
One of the most devastating complications of diabetes mellitus is diabetic ulcers. 
Not only because these ulcers heal slowly, these ulcers may also cause disability 
and even results in limb loss.1 A diabetic ulcer is a chronic wound usually found in 
the soles of the diabetic patient’s feet. The occurrence of diabetic ulcers is mostly 
associated with neuropathy and vasculopathy in the form of the peripheral arterial 
disease which happens in the lower limb of the diabetic patient.2 Around 2% to 5% 
of all population in the world suffers from diabetic ulcers.3 The hyperglycemic state 
in diabetics causes molecular and physiological changes that cause diabetic ulcers 
to become difficult to heal, increasing its risk to secondary infection and potentially 

Correspondence: Renni Yuniati  
Dermatology and Venereology 
Department, Faculty of Medicine, 
Diponegoro University, Semarang, 
Indonesia  
Tel +628122874008  
Email renniyuniati@yahoo.com

Journal of Experimental Pharmacology 2021:13 797–806                                                    797
© 2021 Yuniati et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Journal of Experimental Pharmacology                                                  Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 10 December 2020
Accepted: 24 May 2021
Published: 14 August 2021

http://orcid.org/0000-0001-5634-6340
http://orcid.org/0000-0001-6433-9650
http://orcid.org/0000-0001-8812-5008
http://orcid.org/0000-0001-7644-1900
http://orcid.org/0000-0001-5774-0825
http://orcid.org/0000-0003-2352-8118
http://orcid.org/0000-0003-2959-3076
http://orcid.org/0000-0003-0826-5807
http://orcid.org/0000-0002-4336-1450
mailto:renniyuniati@yahoo.com
http://www.dovepress.com/permissions.php
https://www.dovepress.com


causing limb amputation if it is not treated properly.4 

Diabetic ulcers account for nearly 90% of all lower limb 
amputation cases, with a reported mortality rate per year of 
5.5% due to diabetic ulcers. 5,6

The main aim of diabetic ulcer therapy is to prevent exten-
sive damage and secondary infection of diabetic ulcers, thereby 
minimizing the risk of further damage or even limb amputa-
tion. A thorough therapy for diabetic ulcers includes wound 
debridement, wound dressing, revascularization procedures, 
infection management, and ulcer off-loading.2 One of the 
primary problems in diabetic ulcer wound healing is the diffi-
culty of triggering the regeneration process for wound healing, 
although the wounds have been treated in a good manner. Even 
when the patient is treated with gold-standard therapy, the 
healing of diabetic ulcers still needs 6 months average healing 
time with a healing rate of 30%. However, 14% of patients to 
be amputated and 12.8% mortality rate adverse outcomes still 
exist even with gold-standard therapy.7 Therefore, we can 
conclude that the therapy for diabetic ulcers took a long period, 
yet not satisfactory enough, and is not cost-effective.8,9

Sucralfate is a cytoprotective agent that is mainly used 
for the treatment of gastrointestinal tract ulcers, including 
gastric ulcers, duodenal ulcers, and gastritis. Newer 
researches show that sucralfate can also be used topically 
in open wounds and provides favorable outcomes for the 
treatment of chronic ulcers.8 Sucralfate’s wound protection 
and repairing mechanism is related to its ability to main-
tain the integrity of blood vessels. As we have all known, 
one of the main pathology mechanisms in diabetes melli-
tus is vasculopathy. Therefore, sucralfate helps the main-
tenance of proper blood flow; thus improving the 
bioavailability of wound healing growth factors.10

Platelet-rich plasma (PRP) is a preparation made from 
fresh whole blood which contains more platelet per 
volume in comparison to the fresh whole blood. One of 
the most common usages of PRP in the dermatology field 
is for the treatment of chronic ulcers.11 A recent research 
shows that the application of platelet-rich plasma for the 
therapy of diabetic ulcers enhanced the wound closure of 
diabetic ulcers when compared to conventional therapy.9

PDGF (Platelet-derived Growth Factor) is a critical 
growth factor that is involved in wound healing, especially 
diabetic wounds. The expressions of PDGF and its recep-
tors are decreased in patients with diabetes and diabetic 
ulcer, therefore an increase of PDGF expression can be 
used as a marker in diabetic ulcer healing.12 Besides 
PDGF, another growth factor that greatly affecting 
wound healing and affected by the diabetic condition is 

Vascular Endothelial Growth Factor (VEGF). Several 
researches have shown that VEGF plays an important 
role in angiogenesis and wound healing. The increase of 
VEGF expression in the wound bed directly correlates 
with the rate of regeneration.12–14

Hypoxia-inducible factor 1 (HIF-1) is the primary oxy-
gen homeostasis regulator which greatly affects healing 
outcomes. HIF-1 consists of two subunits, but only HIF- 
1α is affected by oxygen levels.13,14 Patients with diabetes 
mellitus experienced chronic hypoxic conditions due to 
hyperglycemia and metabolic stress, which results in 
increased HIF-1α expression.15,16 Therefore, the expres-
sion of HIF-1α is an important indicator to determine the 
healing of diabetic ulcers.

One of the main cells that plays a great role in wound 
healing is the macrophage. It works by secreting growth fac-
tors, cytokines (both proinflammatory cytokines and anti- 
inflammatory cytokines), and collagen synthesis. 
Macrophage actions affect wound tensile strength and helps 
the re-epithelialization of wounds. In chronic wounds, such as 
diabetic ulcers, the capability of macrophage to phagocyte 
neutrophils is severely diminished, and macrophage may 
increase the inflammation in the wound area, further disturbing 
the wound healing process in diabetic wounds.17

Both sucralfate and PRP in its monotherapy usage 
enhances wound healing and shorten the duration of diabetic 
ulcers wound healing. However, the combination of sucralfate 
and PRP for the treatment of diabetic ulcers has never been 
investigated before. Therefore, this study was conducted to 
evaluate the potential of sucralfate and PRP combination ther-
apy to improve diabetic ulcers wound healing.

Materials and Methods
Animal Preparation
This study is based on a true-experimental, post-test only 
control group design which were conducted in January– 
March 2020. Ninety male Wistar rats, aged 2–3 months with 
a mean weight of 150 to 200 grams were randomly divided into 
five study groups. Each group consists of twelve rats. The rats 
were further divided into two study periods. In the first period 
(7 days), half of every group population (six rats) rats were 
terminated for immunohistochemistry examination. In the sec-
ond period (14 days), the remaining half of the population was 
terminated for immunohistochemistry examination.

The group consists of four diabetic groups and one 
non-diabetic group (Table 1). The diabetic groups received 
different treatment regiments. Of the four diabetic groups, 
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three of them are treatment groups; the first group received 
topical sucralfate only (TS), the second group received 
topical PRP only (TP), and the third group received a 
combination of topical sucralfate and topical PRP (TSP). 
The last diabetic group was assigned as the diabetic-con-
trol group which received conventional dressing therapy 
(DC). The remaining non-diabetic group was assigned as a 
non-diabetic control group (NC) which received no treat-
ment and serves as a negative control:

All of our rats were kept in the Animal Research 
Laboratory, Faculty of Medicine, Diponegoro University. All 
rats were kept in animal research-grade cage with a 12 hours 
light-dark cycle and a constant temperature between 25°C and 
28°C. All rats were provided with a sufficient amount of 
standard rodent diet and drinking water ad libitum.

Diabetes Induction and Monitoring
Diabetes induction was done by streptozotocin-nicotina-
mide (45 mg/kg) injection. We dissolved streptozotocin 
(45 mg/kg) in citrate buffer (0.1M, pH 4.5).18 We used 
nicotinamide (100mg/kg) to prevent the damage in pan-
creatic cells due to streptozotocin.19 This solution was 
injected intraperitoneally into the rats using a sterile syr-
inge and needle (OneMed, Indonesia). We measured the 
blood glucose level using the POCT technique using the 
blood sample from the lateral saphenous vein blood three 
days after streptozotocin-nicotinamide injection. We con-
sidered rats with blood glucose levels greater than 250 mg/ 
dl as diabetic rats and were allotted randomly to the four 
diabetic groups as mentioned above.19 The measurement 
of the rats' blood glucose levels was done with a gluc-
ometer before and after each treatment session to make 

sure that each rat is still in a diabetic state. In our research 
protocol, all rats in this research should meet the minimum 
blood glucose level of 250 mg/dL during the study period.

Preparation of Platelet-Rich Plasma
Autologous platelet-rich plasma was obtained from the rats 
used in this study. We cannulated the rats at the jugular vein 
using the technique of Harms and Ojeda (1974).20,21 

Approximately 3.15 mL of rats blood were collected using a 
5 mL disposable syringe containing 0.35 mL of 10% sodium 
citrate as an anticoagulant. We then carefully removed the 
intravenous cannula from the jugular vein was removed, and 
a hemostatic solution was applied locally at the cannulated site. 
The remaining open wound was then sutured, making sure that 
the tissues are aligned to obtain a proper approximation for 
better wound healing. We centrifugated the blood at 160 G for 
20 minutes (environmental temperature 22°C). The centrifuga-
tion will cause the blood to be separated. The lower fraction 
contained the red blood cells and the upper turbid, white- 
yellowish fraction contained the blood serum. We marked 
1.5–2 cm below the separation line of the two fractions using 
a fine permanent marker. We pipetted all the centrifuge tube 
content above this line and transferred it to another 5 mL 
vacuum tube. We then draw a line located near the bottom of 
the tube which indicates 0.35 mL of liquid size using a fine 
permanent marker. We then centrifugated the second vacuum 
tube at 400 G for 15 minutes. This causes the blood to be 
further divided into two layers: one fraction above the 0.35mL 
line mark, which became the platelet-poor plasma (PPP) with 
only a minimal amount of platelets, and the other fraction 
below the 0.35 mL line mark, which became the platelet-rich 
plasma (PRP).22 We pipetted the upper layer and transferred it 

Table 1 Subject Grouping

Abbreviation Name Intervention

DC Diabetic control group Diabetic ulcer wound mice model, treated with conventional therapy once a day (wound debridement 
with 0.9% normal saline, topical 2% fusidic acid antibiotic for infection management, and sterile gauze 
dressing)

NC Non-diabetic control group Non-diabetic control mice with excisional ulcer wound model with no therapy regiment given.

TS Topical sucralfate 
monotherapy

Diabetic ulcer wound mice model, treated with topical sucralfate on the wound site once a day

TP Topical PRP monotherapy Diabetic ulcer wound mice model, treated with topical PRP once a week on the wound site on the 7th 
and 14th day

TSP Topical sucralfate and PRP 
combination therapy

Diabetic ulcer wound mice model, treated with combination topical sucralfate and topical PRP. Topical 
platelet-rich plasma was given on the first day with a one-week interval and sucralfate application was 
given from the second day and was continuously given on every day (except on the 7th and 14th day 
when PRP was applied to the wounds).
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into another vacuum tube and stored it in the freezer. The 
remaining liquid on the vacuum centrifuge tube was the plate-
let-rich plasma. Before each application, we agitated the PRP 
by using a vortex mixer.21

Immunohistochemistry Staining and 
Examination
We terminated the rats with a high dose of intraperitoneal 
ketamine injection (80 mg/kgBW), followed by decapitation. 
We obtained a tissue sample located within 2 mm of the wound 
border for further examination. The sample tissue was fixed 
using 10% neutral buffer, followed by paraffin blocking. The 
paraffin block was heated for 20 minutes at 105°C in an antigen 
retrieval buffer. After paraffin blocking, we incubated the 
samples in a polyclonal antibody solution. We added diamino-
benzidine tetrahydrochloride (DAB) to visualize the antibody 
on the samples, and afterward, we stained the cells using 
Hematoxylin-Eosin (HE). We carried out the magnification at 
1000x (10x ocular lens times 100x objective lens) magnifica-
tion in one field of view using an electronic light microscope 
(Olympus, Japan). Antibodies used in this research is obtained 
from Dako, Glostrup, Germany.

Statistical analysis was done using SPSS for Windows 
(IBM Corporation, USA). We used the Shapiro–Wilk test 
for the normality test. Based on the result of the Shapiro– 
Wilk test, we analyzed normally-distributed data using 
one-way ANOVA test followed by Tukey post-hoc test. 
On the other hand, we analyzed the abnormally distributed 
data using Kruskall–Wallis, followed by the Mann– 
Whitney test. Significance was set at 0.05.

The animal samples in this study were treated according to 
the experimental animal treatment protocol. Ethical clearance 
for this research was obtained from the Medical Health and 
Research Ethics Commission (KEPK), Faculty of Medicine, 
Diponegoro University. The ethical clearance number is 10/ 
EC/H/FK-UNDIP/II/2020. The welfare and treatment of the 
animals has been done according to the Guide for the Care and 
Use of Laboratory Animals, Eighth Edition, by National 
Research Council of the National Academies, 
Washington, USA.

Results
Analysis of PDGF Expressions in Wound 
Tissue Cells
In both study periods, the lowest PDGF expression was 
found in the diabetic control group, whereas the highest 
PDGF expression was found in the topical sucralfate and 

platelet-rich plasma combination group. We found an 
enhancement of PDGF levels between the 7-day period 
and 14-day period, however, there was no significant dif-
ference between those two study periods in all groups (p 
>0.05). The increase of PDGF expression compared to 
both controls was found to be significant in both topical 
platelet-rich plasma group and topical sucralfate and plate-
let-rich plasma combination group for both study periods 
(See Figures 1, 2 and 3). Microscopic image of PDGF 
expressions in wound tissue cells can be seen in Figure 3.

Analysis of Vascular Endothelial Growth 
Factor Expressions in Wound Tissue 
Cells
In both study periods, the lowest VEGF expression was 
found in the diabetic control group, whereas the highest 
VEGF expression was found in the topical sucralfate and 
platelet-rich plasma combination group. We found an 
enhancement of VEGF levels between the 7-day period 
and 14-day period; however, there were no significant 
differences between those two study periods in most 
groups (p >0.05) except for the NC group. The increase 
of VEGF expression compared to both controls was found 
to be significant in both topical platelet-rich plasma group 
and topical sucralfate and platelet-rich plasma combination 
group for both study periods (See Figures 1, 2, 4, 5). 
Microscopic image of VEDGF expressions in wound tis-
sue cells can be seen in Figure 4.

Analysis of HIF-1α Expressions in Wound 
Tissue Cells
In both study periods, the lowest HIF-1α expression was 
found in the topical sucralfate group, whereas the highest 
HIF-1α expression was found in the topical platelet-rich 
plasma combination group. There was no significant dif-
ference in HIF-1α expression between those two study 
periods in all groups (p >0.05). In both study periods, 
only topical sucralfate group provides the most significant 
decrease in HIF-1α expression compared to both controls 
and the two remaining intervention groups (See Figures 1 
and 2). Microscopic image of HIF-1α expressions in 
wound tissue cells can be seen in Figure 5.

Analysis of Macrophage Expressions in 
Wound Tissue Cells
In both study periods, the lowest macrophage expression 
was found in the diabetic control group, whereas the 
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highest macrophage expression was found in the topical 
sucralfate and platelet-rich plasma combination group. We 
found an enhancement of macrophage levels between the 

7-day period and 14-day period; however, there was no 
significant difference between those two study periods in 
all groups (p >0.05). The increase of macrophage 
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Figure 1 Comparison of PDGF, VEGF, HIF-1 Alpha and Macrophage on 7th Day Study Period.
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Figure 2 Comparison of PDGF, VEGF, HIF-1 Alpha and Macrophage on 14th Day Study Period.
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A Diabetic control (DC) Group B Topical sucralfate (TS) Group 

C Topical Platelet-Rich Plasma (TP) Group D Topical Sucralfate and Platelet-Rich 
Plasma Combination (TSP) Group 

Figure 3 Microscopic image of PDGF expression staining.(A) Diabetic control (DC) group. (B) Topical sucralfate (TS) group. (C) Topical platelet- 
rich plasma (TP) group. (D) Topical sucralfate and platelet-rich plasma combination (TSP) group.

A Diabetic control (DC) Group B Topical sucralfate (TS) Group 

C Topical Platelet-Rich Plasma (TP) Group D Topical Sucralfate and Platelet-Rich 
Plasma Combination (TSP) Group 

Figure 4 Microscopic image of VEGF expression staining. (A) Diabetic control (DC) group. (B) Topical sucralfate (TS) group. (C) Topical platelet-rich plasma (TP) group. 
(D) Topical sucralfate and platelet-rich plasma combination (TSP) group.
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expression compared to both controls were found to be 
significant in both topical platelet-rich plasma group and 
topical sucralfate and platelet-rich plasma combination 
group for 7 days study periods. However, the significant 
increase of macrophage occurs in all study periods in the 
14 days study periods but only compared to the diabetic 
control group (See Figures 1 and 2). Microscopic images 
of macrophage staining are provided in Figure 6.

Discussion
The application of sucralfate and PRP combination therapy 
was found to be most efficacious in this study to accelerate 
diabetic ulcer healing. There are several mechanisms related to 
the mechanism of sucralfate and PRP to improve wound heal-
ing. Sucralfate decreases reactive oxygen species (ROS) and 
induces prostaglandin E2 in the inflammatory phase of the 
wound healing. These mechanisms improve wound protection. 
The primary sucralfate wound healing mechanism is contrib-
uted in the proliferation phase. Sucralfate binds to the specific 
fibroblast growth factors (bFGF) and epithelial growth factors 
(EGF), which will result in the acceleration of the neoangio-
genesis process and enhance the migration of fibroblasts.23–25 

The stimulation of bFGF will increase angiogenesis in the 
wound area.10 Besides increasing the angiogenesis, bFGF 

also acts as a chemoattractive agent and mitogenic factor for 
several cells, including fibroblasts, endothelial cells, and other 
mesenchymal cells. These cells contributed to wound contrac-
tion and epithelization. The binding of sucralfate to EGF and 
its receptors will stimulate the keratinocytes migration and 
proliferation and further improves the reepithelization 
process.23–25

On the other hand, platelet-rich plasma, harnessed by its 
abundance of growth factors, will release those growth factors 
contained platelet granules to enhance wound healing. Three 
PDGF isomers (αα, ββ, dan αβ), two transforming growth 
factor-beta (TGF-β) isomers (β1 dan β2), vascular endothelial 
growth factor (VEGF), and EGF will be released by the plate-
let-rich plasma.26 These growth factors have important roles in 
every wound healing phases. Platelet-rich plasma also regu-
lates the metalloproteinase matrix (MMP) levels which are 
needed for the healing of diabetic ulcers.26

On days 7 and 14 after the first stage of research, the 
combination of sucralfate and PRP therapy showed a sig-
nificantly higher number of cells expressing PDGF com-
pared to conventional therapy and sucralfate monotherapy. 
The use of this combination therapy in diabetic ulcers also 
gives significantly higher PDGF expressions than in nor-
mal wound healing. These results indicate successful 

A Diabetic control (DC) Group B Topical sucralfate (TS) Group 

C Topical Platelet-Rich Plasma (TP) Group D Topical Sucralfate and Platelet-Rich 
Plasma Combination (TSP) Group 

Figure 5 Microscopic image of HIF-1 Alpha expression staining. (A) Diabetic control (DC) group. (B) Topical sucralfate (TS) group. (C) Topical platelet- 
rich plasma (TP) group. (D) Topical sucralfate and platelet-rich plasma combination (TSP) group.
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microscopic healing in diabetic ulcers treated with sucral-
fate and PRP combination. We speculate that the results 
came from the synergize effect of combined sucralfate 
plus PRP.

PRP monotherapy showed a significantly higher number 
of cells expressing PDGF compared to conventional ther-
apy after 7 and 14 days of treatment. These results corre-
lated with some previous studies about the correlation 
between PRP therapy and PDGF in wound healing. A 
study conducted by El-Edel et al showed a significant 
increase in PDGF concentrations in diabetic ulcer healing 
treated with PRP gel after 2 weeks.27 Another study con-
ducted by Sundman et al showed that PRP therapy increases 
PDGF and other growth factors in the acceleration of 
wound healing.28 PRP directly increases PDGF expressions 
in wound tissue cells by releasing PDGF contained in its 
platelet granules. On the contrary, sucralfate monotherapy 
did not show a significantly higher number of cells expres-
sing PDGF compared to conventional therapy after 7 and 14 
days of treatment. Sucralfate monotherapy also did not 
show higher PDGF expressions than in normal wound 
healing. These results are presumably due to an unclear 
mechanism of sucralfate action in increasing PDGF expres-
sion. The main growth factors that bind to sucralfate are 
FGF and EGF. Sucralfate does not significantly affect 
PDGF expression in the wound area.10 Previous studies 
showed that sucralfate increased the activation of PDGF 

receptors to improve the epithelial proliferation in gastric 
ulcer healing, but there is no further research regarding the 
role of sucralfate on PDGF in diabetic ulcer healing.29,30

In this study, we also found that sucralfate and PRP 
combination increases the expression of vascular endothe-
lial growth factor in diabetic wound healing. PRP has a 
direct relationship to increased VEGF expression, which is 
mediated through platelet degranulation and subsequent 
release in numerous growth factors that support wound 
healing. Activated platelets will degranulate and release 
several mitogenic and chemotactic factors that are impor-
tant for wound healing and endothelial proliferation, such 
as VEGF, PDGF, serotonin, histamine, and hydrolytic 
enzymes. VEGF in diabetic patients is responsible for 
increasing capillary thickness, tissue perfusion, and meta-
bolism of the ulcer tissue.31 The role of PRP in the treat-
ment of diabetic ulcers has also been proven by a meta- 
analysis study conducted by Del Pino-Sedeño et al.32 

Platelets contained in PRP can function as an initiator of 
tissue repair through the release of local growth factors by 
degranulation of α-granules from platelets. The α-granule 
in platelets has a plethora of growth factors, including 
PDGF and VEGF.33,34 Sucralfate has a major role in 
granulation tissue formation, reepithelization, and fibro-
blast stimulation in ulcer tissue.10 Fibroblast cells secrete 
prostaglandin E2 in wound tissue, which has a vasodilat-
ing effect and also increases VEGF expression.35

A Diabetic control (DC) Group B Topical sucralfate (TS) Group 

C Topical Platelet-Rich Plasma (TP) Group D Topical Sucralfate and Platelet-Rich 
Plasma Combination (TSP) Group 

Figure 6 Microscopic image of macrophage staining. (A) Diabetic control (DC) group. (B) Topical sucralfate (TS) group. (C) Topical platelet- 
rich plasma (TP) group. (D) Topical sucralfate and platelet-rich plasma combination (TSP) group.
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In this study, we found that sucralfate and PRP combi-
nation decreases the expression of HIF-1α in diabetic 
wound healing. The expression of HIF-1α in combination 
therapy was even lower than the expression of HIF-1α in 
non-diabetic wound healing. This proves that the therapy 
of sucralfate, PRP, and the combination of sucralfate and 
PRP have a positive effect in restoring oxygenation home-
ostasis of diabetic ulcer tissue. Currently, no theory 
directly explains the relationship between the sucralfate 
and PRP mechanisms with HIF-1α expression. Still, it 
should be noted that wound healing requires the restora-
tion of the normoxic state through the repair of local 
microvasculature.36 Thus, it is speculated that this positive 
effect is due to the sucralfate mechanism that increases 
growth factors such as VEGF and PDGF which can 
potentiate angiogenesis,10 and PRP that contains various 
growth factors such as PDGF and VEGF which modulate 
angiogenesis37 and result in wound healing.

Topical PRP and sucralfate combination therapy were 
found to increase macrophage expression in the wound 
area. This result is similar to the earlier findings by 
Szalenyi, where the authors stated that sucralfate induces 
prostaglandin E2, one of the mediators that is synthesized 
by macrophages and improves wound re-epithelialization 
and prevents cell apoptosis.38 Increased macrophages also 
alters the wound inflammatory response to favor the tissue 
remodelling and healing.39 Platelet-rich plasma also 
increases macrophage expression by acting as a chemo- 
attractive agent which increases macrophage migration 
and activity to the wound area. In the proliferation phase, 
macrophages will produce PDGF, FGF, and TGF-β which 
play a role in inducing fibroblasts to migrate to the wound 
area. PDGF and TGF-β from PRP have the same role as 
those produced by macrophages, including attracting fibro-
blasts to the wound area to further proliferate and produce 
the ECM matrix.40

There are some limitations of this study in terms of deter-
mining the actual efficacy of the sucralfate and PRP combina-
tion therapy in diabetic patients, due to the difference in the 
wound area, onset of diabetes, and vascular pathology between 
humans and diabetic-induced rats. Therefore, we recommend 
that sucralfate and PRP should be further studied in diabetic 
patients to evaluate the effectiveness of this combination treat-
ment in diabetic patients. A study using stratified dose topical 
sucralfate and PRP combination is also needed to correlate and 
the diabetic ulcers wound healing improvement and different 
doses of sucralfate and PRP combination.

Conclusion
Based on the results of this study, it can be concluded that 
the combination of sucralfate and PRP therapy is the most 
effective modality to accelerate wound healing in diabetic 
ulcers after 14 days of treatment compared to the other 
treatment groups. This combination therapy increases 
macrophage count, VEGF expression, PDGF expression, 
and reduces HIF-1α expression, which will help to 
increase the effectiveness of the wound healing.
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