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ABSTRACT

Background: Diabetic foot ulcer (DFU) is a major complication of diabetes, associated with increasing rates of lower-limb

amputation, morbidity, and mortality. Treating DFU remains a growing medical challenge, with many current approaches
failing to achieve optimal outcomes. One approved clinical approach involves regenerative therapies, such as platelet-rich
plasma (PRP). Another approach is drug repurposing, including the topical use of phenytoin. This study aimed to compare the
wound-healing efficacy of 1% phenytoin cream with that of PRP gel in a rat model of DFU.

Methods: This experimental study was conducted over 84 days using 20 adult male albino rats. Diabetes was induced by
feeding the rats a high-fat diet for 28 days, followed by a single intraperitoneal injection of streptozotocin (STZ) at 40 mg/kg.
After diabetes confirmation, diabetic neuropathy was assessed on day 42, and a wound was induced on the right hind paw of
each rat on day 43 using a 6-mm biopsy punch. Wounds were treated to prevent infection for 14 days. On day 60, rats were
randomly divided into two groups: diabetic wounds treated once daily with 1% phenytoin cream (DW Phen, n = 10) and diabetic
wounds treated twice weekly with freshly prepared PRP gel (DW PRP, n = 10), from day 60 to day 84. Wounds were photo-
graphed on days 60, 64, 67, 70, 74, 77, 82, and 84, and wound area and contraction were recorded. On days 70, 77, and 84, two
rats randomly selected from each group were sacrificed, and wound sections were obtained for histopathological assessment
and immunohistochemistry (IHC) studies.

Results: PRP gel and phenytoin cream showed comparable efficacy in terms of wound contraction, histopathological find-
ings, and IHC results. Although the PRP gel showed greater wound contraction, the differences between the DW PRP and DW
Phen groups were not statistically significant. Histologically, early wound sections in the DW Phen showed edema, extrava-
satedred blood cells, and less collagen reconstruction, whereas the DW PRP group showed more advanced granulation tissue,
neovascularization, and collagen deposition. In the middle and final stages, both treatments promoted tissue repair, re-epithe-
lialization, fibroblast proliferation, collagen organization, and hair follicle formation, with PRP showing more advanced tissue
reconstruction and rete ridge restoration. IHC staining confirmed effective vascularization in both groups.

Conclusion: PRP achieves complete wound closure by day 84, whereas phenytoin shows near-complete closure, with no
statistically significant difference. Wound healing is supported by enhanced tissue regeneration, re-epithelialization, and angi-
ogenesis. PRP shows more advanced histological improvement than phenytoin. Future studies should develop standardized
protocols for PRP application, with consideration of dosage form, route of administration, stability, and the molecular mecha-
nisms underlying wound healing.
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1. Introduction

Diabetes mellitus (DM) is @ major global health disor-
der with a rapidly increasing prevalence. In 2024, the
estimated global diabetic population was 588.7 mil-
lion people and is predicted to increase to 852.5
million people by 2050, representing a 45% increase.!
DM causes several serious macrovascular and micro-
vascular complications that influence quality of life,
including retinopathy, neuropathy, diabetic foot
ulcer (DFU), and nephropathy. DFU is defined as
deep chronic lesions in the skin with loss of epithe-
lium. These lesions may involve the muscle, joint,
and/or bone structures and can be associated with
peripheral vascular neuropathy of the lower limbs.??

DFU is projected to affect at least 13% of the
global diabetic population in both developed and
developing countries by 2045.% It is becoming an
increasing economic burden, especially in cases com-
plicated by diabetic foot infection and ulcer recur-
rence.*?

Several therapeutic approaches for DFU man-
agement have been widely approved.®” However,
limited information is available regarding compari-
sons between regenerative therapies and approved
standard DFU treatments, particularly when histo-
pathological and immunohistochemical examina-
tions are used as outcome measures. Therefore, this
study aimed to compare platelet-rich plasma (PRP)
gel and phenytoin cream for DFU healing in a rat
model.

2. Methods

2.1. Study design and experimental animals

This experimental study was conducted at the
Master Research Laboratory of the University of
Science and Technology, Sana’a, Yemen, over a
period of 84 days. Twenty adult male albino rats
weighing 180 + 20 g and aged 10-12 weeks were ob-
tained from the animal house of the Biology
Department, Faculty of Science, Sana'a University,
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Yemen. Rats were acclimatized to laboratory condi-
tions for one week before the beginning of the
experiment. They were kept in metal cages with free
access to clean drinking water and were fed a
standard pellet diet. Rats were weighed, numbered,
marked, and fed a high-fat diet (HFD) throughout the
study.®

2.2. Induction and confirmation of DM in rats
DM was induced by a combination of 28 days of HFD,
followed by a single intraperitoneal dose of strepto-
zotocin (STZ) at 40 mg/kg.» STZ was administered
after overnight fasting, with only water accessible.
The next day, rats were injected with a freshly pre-
pared single dose at 40 mg/kg after it had been dis-
solvedin 0.1 M citrate buffer (pH 4.5).09 STZ injection
was followed by continued HFD feeding during the
recovery period.®

After 72 hours of STZ injection, diabetes was con-
firmed by measuring fasting blood sugar (FBS) using
Accu-Chek Instant glucometer (Roche Diabetes Care
GmbH, Mannheim, Germany). Blood was drawn from
the tip of each rat's tail. Rats with FBS levels exceed-
ing 250 mg/dL were included in the experiment.(02
On day 42, neuropathy was evaluated using thermal
and mechanical methods.®* Body weight and FBS
were monitored throughout the experiment.

2.3. Induction of foot ulcer

On the day following neuropathy, wounds were cre-
atedin both groups on the right hind paw of each rat
using a 6-mm diameter biopsy punch, carefully fol-
lowing a previously published study. All rats were
treated to prevent or control bacterial infection and
were kept individually in separate cages.!®

2.4. Preparation of PRP gel and phenytoin cream

Wound treatment started on day 60 by preparing
fresh PRP gel and phenytoin cream according to the
experimental design. Phenytoin cream (1%) was pre-
pared in the research laboratories of Global Pharma
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Industry, Sanaa, Yemen. This cream was formulated
as a water-in-oil formulation, with slight modifica-
tions based on previous studies.19)

PRP gel was freshly prepared for each rat on the
day of PRP gel application according to a previous
study.®The preparation of PRP gel followed several
steps, including blood collection, blood centrif-
ugation to produce PRP, activation of PRP using
thrombin and calcium gluconate, and final gel for-
mation. )

2.5. Experimental design

The experimental design included two diabetic
groups after randomization: a diabetic group with a
wound treated once daily with 1% phenytoin cream
(DW Phen), and a diabetic group with a wound
treated twice weekly with topical PRP gel (DW PRP).

2.6. Wound closure assessment

Wounds were photographed on treatment days 60,
64, 67,70,74,77,82,and 84. Wound area was meas-
ured in square millimeters from wound photographs
using AutoCAD image analysis software (Autodesk
Inc., San Francisco, CA, USA). The percentage of
wound closure (WC) was calculated using the follow-
ing formula:(?+2

WC (%) = [(Initial wound area = Wound area on day X) / Initial
wound area] x 100

The initial wound area represented the wound
area on day 60, and the wound area on day X repre-
sented the measured wound area on each subse-
quent assessment day.

2.7. Histopathological and immunohistochemical
assessment

On days 70, 77, and 84, two rats randomly selected
from each group were sacrificed, and the tissue
surrounding the wound area was excised from each
rat, fixed in 10% formalin, and processed into paraffin
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blocks for further histopathological examination
according to standard procedures.?® Histopathologi-
cal studies included both hematoxylin and eosin
(H&E) and Masson's trichrome staining.?

Immunohistochemistry (IHC) was performed to
investigate CD31 expression in the experimental tis-
sue samples based on staining intensity and localiza-
tion. IHC was carried out by sectioning tissue from
the paraffin blocks and performing standard proce-
dures according to previous studies.*>242)

2.8. Data analysis

Data were analyzed using GraphPad Prism, version
8.4 (San Diego, CA, USA) and presented as mean +
standard deviation (SD). The mean wound contrac-
tion measurements over the treatment period were
compared using the independent-samples t-test,
with P-value <0.05 considered statistically significant.

3. Results

3.1. Percentage of DFU contraction

Table 1 shows that wound contraction in the DW PRP
group was comparable to thatin the DW Phen group
on all follow-up days, with no statistically significant
differences between groups on any follow-up day (all
P-values >0.05).

Table 1: Comparison of the mean percentage of DFU contraction
between DW PRP and DW Phen groups in male adult albino rats
DW Phen DW PRP

Day Mean + SD Mean + SD P-value
Day 64 13.61+16.54 15.82 +10.70 0.728
Day 67 4924 +£31.38 53.83+27.04 0.731
Day 70 67.82+22.16 69.88 + 19.55 0.847
Day 74 78.30£19.01 80.14 +15.44 0.835
Day 77 84.19+17.01 93.80 £ 7.56 0.235
Day 82 90.01+£12.77 98.15+2.25 0.155
Day 84 94.64 +7.87 100.00 £ 0.00 0.222

DFU, diabetic foot ulcer; DW Phen, diabetic wound treated with phenytoin; DW PRP, diabetic
wound treated with platelet-rich plasma; SD, standard deviation.

Figure 1 shows progressive wound contraction in
both the DW Phen and DW PRP groups from day 64
onward, with more advanced closure observed from
day 74.
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Figure 1: Digital photographs showing wound contraction
progression in adult male albino rats treated with phenytoin
and PRP during the follow-up period

3.2. Histopathological results

3.2.1. H&E findings in wound sections

H&E staining on days 70, 77, and 84, representing the
early, middle, and final stages of wound healing, re-
spectively, showed well-structured angiogenesis and
tissue repair in both DW PRP and DW Phen groups,
with more advanced improvement in the PRP group.

Figure 2 shows that, on day 70, the DW Phen
group showed injured tissue with edema (E) and ex-
travasated red blood cells (RBCs), whereas the DW
PRP group showed more advanced healing, with
resolution of the scab and edema, epidermal re-
growth, and advanced subepidermal granulation tis-
sue (Gr) rich in newly formed blood vessels (BV).

Onday 77, the DW Phen group showed scattered
fibroblasts (F), with nearly complete re-epithelializa-
tion, while the DW PRP group showed more ad-
vanced epidermal-dermal regeneration, abundant fi-
broblasts (F), restored rete ridges, and early adnexal
regeneration (RE). By day 84, both the DW Phen and
DW PRP groups showed evidence of improved heal-
ing, including intact re-epithelialization, restored ad-
nexal structures, and immature hair follicles (HF). In
addition, the DW PRP group showed abundant fibro-
blasts (F), focal restored rete ridges (RR), and im-
mature hair follicles (HF).

DW Phen

Figure 2: Photomicrographs of histopathological wound sections
from DW Phen and DW PRP groups on days 70, 77, and 84. Sections

were stained with H&E and examined at 100x magnification.

3.2.2. Masson's trichrome findings in wound sections
Figure 3 shows the Masson’s trichrome staining find-
ings on days 70, 77, and 84, representing healing pro-
gression. Across all three assessment periods, both
phenytoin and PRP groups showed collagen dep-
osition, with the PRP group showing more organized
collagenization and immature adnexal restoration
with parallel collagen fibers.

Day 70 demonstrated clear collagen deposition
(COL) in both DW Phen and DW PRP groups. The DW
Phen group showed less advanced and less orga-
nized mature parallel collagen fibers compared with
the DW PRP group. Moreover, on day 77, the DW
Phen group showed less organized collagen than the
DW PRP group. Finally, day 84 showed that the DW
Phen group displayed subepithelial collagen, while
the DW PRP group maintained parallel horizontal col-
lagenization.

3.3. Immunohistochemical results

Figure 4 shows CD31 expression, as assessed by IHC,
throughout the study. Microvascular formation indi-
cated angiogenesis and neovascularization in both
the DW Phen and DW PRP groups. In the early stage,
on day 70, the phenytoin and PRP groups showed
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wound-healing angiogenesis with marked blood ves-
sel formation and high microvessel density. In the
middle stage, on day 77, wound healing proceeded
with a reduction in the number of blood vessels in
both the DW Phen and DW PRP groups. In the final
stage, on day 84, both groups had a similar number
of capillaries.

Day 70 Day 77 Day 84

DW Phen

DW PRP

Figure 3: Photomicrographs of histopathological wound
sections from DW Phen and DW PRP groups on days 70, 77, and
84. Sections were stained with Masson’s trichrome and
examined at 100x magnification.

DW Phen DW PRP

Day 70

Days of IHC studies
Day 77

Day 84

Figure 4: Photomicrographs of immunohistochemical sections of
wounds from DW Phen and DW PRP groups on days 70, 77, and
84. Sections were stained for CD31 and examined at 200x
magnification. Black arrows indicate CD31-positive blood
vessels/vascular endothelial cells

4. Discussion
DFU represents a major clinical challenge in patients

with DM because impaired wound healing is closely
associated with defective angiogenic responses.(7:26-
28) |deal DFU management requires accurate diagno-
sis, early intervention, complete wound healing, in-
fection control, and good glycemic control.?® Glob-
ally, considerable attention has been directed to-
ward the benefits of regenerative medicine, such as
PRP, and other treatments, like phenytoin cream, for
managing DFU.2%30 However, to our knowledge, di-
rect preclinical comparisons between PRP gel and
topical phenytoin cream in diabetic wound models
remain limited. Therefore, this study assessed wound
healing progression using macroscopic, histopatho-
logical and IHC findings.

The present findings regarding wound contrac-
tion after phenytoin cream application, together
with the digital photographs, are consistent with pre-
vious results.(182931.32) Topical phenytoin has been re-
ported to rapidly contract wounds, mainly through
stimulation of fibroblast proliferation, myofibroblast
proliferation, and tissue granulation,'® which were
clearly seen in the histological results of this study.
Furthermore, the inhibition of collagenase and for-
mation of extracellular matrix (ECM) may contribute
to the wound-healing effect of phenytoin.3:3% These
findings align with those of a recent rabbit model of
diabetic pressure ulcers, which reported that 10%
phenytoin cream achieved complete wound closure
by day 20, whereas placebo-treated wounds closed
only after day 28, with a significant difference be-
tween groups.(®

Similarly, a rat wound-healing study using mor-
phological assessment, H&E staining, and Masson’s
trichrome staining showed that positively charged
chitosan-alginate nanoparticles accelerated wound
repair, achieving 56.54% wound closure by day 7. This
formulation was associated with mature dermal
architecture, including hair follicles and glands, the
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highest collagen density of 63.7%, and better col-
lagen organization than other treatment groups.2
In contrast, another experimental study of 76 albino
rats with incised open wounds reported no signifi-
cant difference in wound contraction between phen-
ytoin powder and normal saline. In the phenytoin
group, wound area decreased from 327.9 £ 34.9 mm?
on day 3to 3.6 £0.9 mm? on day 28, while in the saline
group it decreased from 326.8 £ 43.9 mm?to 4.3+ 1.9
mm? over the same period.®" Despite comparable
contraction rates, phenytoin was associated with a
shorter epithelialization time, greater neovascular-
ization, and higher tensile strength on histological as-
sessment, suggesting that phenytoin may enhance
qualitative aspects of wound repair even when its
effect on gross wound contraction is not statistically
significant.®Y The wound-healing effects of pheny-
toin cream have been reported, particularly under is-
chemic conditions; however, its routine use is not
recommended without further supporting evi-
dence.®) Another study on second-degree bum
wound healing compared 3% phenytoin cream, Hy-
pericin cream, and normal saline, and confirmed the
superiorlong-term maturation and complete skin clo-
sure associated with phenytoin treatment.®)

The findings of this study demonstrated the
strong enhancing effect of PRP on the wound-heal-
ing rate, which is consistent with prior studies.@537.38)
PRP is known to promote healing in different types
of dermal conditions due to its unique mixture of vital
growth factors, interleukins, cytokines and its ability
to facilitate matrix flexibility.(38-4%9 Several other heal-
ing mechanisms, such as ECM remodeling, modula-
tion of inflammation, reduction of oxidative stress,
and antimicrobial activity, contribute to creating a
favorable internal environment that collaborate to
heal wounds.0)

Consistent with the present findings, PRP im-
proved wound healing, with formation of granulation
as early as day 5 and well-structured fine horizontal

© 2026 University of Science and Technology, Sana'a, Yemen.

parallel collagen fiber formation in PRP group,
resembling the remodeling stage of wound healing.
PRP was found to lead to high rates of cytokine ex-
pression in wounds. @)

In line with this study, another study used
injectable PRP and compared it alone, adipose-
derived stem cells alone, and a combination of both
PRP and adipose-derived stem cells in treating full-
thickness skin defects on the back of diabetic rats.
The combined PRP and adipose-derived stem cell
group showed a statistically significant higher wound
contraction, with the highest wound-closure speed
and complete wound closure on day 10, with better
tissue architecture compared with PRP alone using
IHC methods. The findings were reflected by cellular
migration, with keratinocytes and fibroblasts demon-
strating active wound-repair responses.®® A similar
study proved that the combination of sucralfate with
PRP showed good healing results when compared to
PRP or sucralfate alone.t"® The combination of cellu-
larand acellular components provides a more sophis-
ticated model for evaluating wound-healing treat-
ments.®#142)

Overall, these findings should be interpreted with
consideration of variability among studies in ulcer lo-
cation, diabetic rat models, and dosage forms of
phenytoin and PRP. Phenytoin supported healing
through a more targeted approach, highlighting dif-
ferent mechanistic pathways underlying its ther-
apeutic action, whereas PRP showed a more regen-
erative profile. Further quantitative studies are need-
ed to validate the comparison between phenytoin
cream and PRP for DFU wound healing in rats.

This study has several limitations. First, the small
sample size and a lack of sample size calculation
might limit statistical power. Second, the histopatho-
logical and IHC findings were mainly descriptive, with-
out quantitative collagen morphometry or CD31-pos-
itive microvessel density analysis. Finally, although
the hind-paw wound model reproduces selected fea-
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tures of impaired diabetic wound healing, it does not
fully represent the complexity of human DFU.

5. Conclusion

PRP achieves complete wound closure by day 84,
whereas phenytoin shows near-complete closure,
with no statistically significant difference. Wound
healing is supported by enhanced tissue regenera-
tion, re-epithelialization, and angiogenesis. PRP
shows more advanced histological improvement
than phenytoin. Future studies should develop
standardized protocols for PRP application, consid-
ering dosage form, route of administration, stability,
and the molecular mechanisms underlying wound
healing.
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