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Abstract

Background: Healing of bum wounds is commonly associated with many complications. Every year various new
repair materials are developed and experimentally used for treating burn wounds. Humans with diabetes mellitus
usually suffer from chronic wound healing. Vascular, neuropathic, immune function, and biochemical abnormalities
each contribute to the altered tissue repair. One underlying factor that accompanies all diabetic ulcerations is poor
vascular flow, a circumstance that impedes proper wound healing. Numerous studies have highlighted the importance
of adequate vascular sufficiency and vessel proliferation in tissue repair and the lack thereof in diabetic wound healing.
Other studies have looked at whether disarrayed capillary remodeling and maturation of vessels might play a role in
impaired diabetic wound healing.

Aim: This investigation has been planned to report the influence of treatment with a mixture of both the powder
of pomegranate peel (PP) accompanied with an autologous bone marrow (BM) on the cure of burn injuries in
experimentally induced diabetic rabbits.

Methods: Alloxan monohydrate has been applied to create diabetes in 50 rabbits. Then in each rabbit, two deep second-
degree burn wounds were experimentally created. The animals were then divided randomly into 5 treatment sections:
non-treatment controls (C1), treated with an available commercial powder for wound (C2), treatment with powder of
PP, treatment with alone BM, and the final group treated with PP powder with bone marrow (PPBM). The speed of
wound closure and the histopathological changes during healing were measured. The levels of the biomarkers of rabbit
platelet-derived growth factor AA (PDGF-AA) and rabbit protease-activated receptor 1 (PAR-1) were measured on
days 0, 4, 8, and 12.

Results: Wound healing was markedly more rapid in all the treatment groups versus the control non-treated group.
Interestingly, a rapid wound cure was significantly observed in the PPBM group versus the other treatment ones. The
histological assessment clarified a significant elevation in the fibroblast and collagen scores in the PPBM group versus
the other sections. In addition, there were significant increases in the serum levels of the biomarkers PDGF-AA and
PAR-1 among groups.

Conclusion: Dependent on the results of current research, it can be concluded that both PP powder with BM PPBM
significantly accelerate the healing process of burn wounds in experimentally induced diabetic rabbits.

Keywords: Alloxan, Diabetes mellitus, Bone marrow, Rabbit, Wound healing.

Introduction scarring are common in burn wounds. In fact, these

Skin burns appear due to several etiologies; of them, complications have always been the main challenge

electricity, heat, chemicals, friction, or radiation.
They are generally categorized into superficial, partial
superficial, partial deep, and full skin thickness burns.
The intensification of the burns relies primarily on the
extent and depth of the wound but also on position,
age, and accompanied systemic disorders (Burgess et
al., 2022). The major concerns for survivors in most
patients are those associated with the problems of
healing and scarring formation. Even after healing, later
complications such as contractures and hypertrophic

facing practitioners. Therefore, many new repair
materials are annually developed and experimentally
used for treating burn wounds (Dziewulski, 1992).

Severe firing wounds are the most invasive resulting
in high morbidity and mortality rates. Based on the
records of the WHO, it is found that annually almost
11 million experience burn injuries, 180,000 of whom
collapse (Markiewicz-Gospodarek ef al., 2022). During
the past 20 years, different firing animal models have
been improved to elucidate the pathophysiology and
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potential treatment interventions; of them, rabbits are
an appropriate animal model (Abdullahi et al., 2014).
Diabetes mellitus (DM) is one of the essential
contributors to chronic wound healing issues as
almost 25% of all diabetic patients often suffer from
lower extremity amputation, with the following high
financial and psychosocial drawbacks. Hyperglycemia
encourages the establishment of biofilms and,
therefore, making wounds in diabetic patients hard
to treat (Burgess et al., 2021). The pathophysiologic
relationship between diabetes and impaired healing is
complex. Vascular, neuropathic, immune function, and
biochemical abnormalities each contribute to the altered
tissue repair. Although curing of these wounds, which
includes strict glucose monitoring and wound care, the
outcome for their healing is completely unfavorable
(Greenhalgh, 2003). In addition, one underlying
factor that accompanies all diabetic ulcerations is poor
vascular flow, a circumstance that impedes proper
wound healing. Numerous studies have highlighted the
importance of adequate vascular sufficiency and vessel
proliferation in tissue repair and the lack thereof in
diabetic wound healing (Prompers et al., 2008). More
studies have looked at whether disarrayed capillary
remodeling and maturation of vessels might play a role
in impaired diabetic wound healing (Okonkwo and
DiPietro, 2017).

Pomegranate (Punica granatum) belongs to the
family Punicaceae and its peel has been implemented
in traditional medicine. Pomegranate peel has the
advantages of promoting hemostasis, effectiveness in
restraining of the intestine, and beneficial effects in
parasite killing (Tang et al 2011). It has been reported
that pomegranate oil has improved wound-healing
properties (Uzunhisarcikli and Yerer, 2021). It has
been reported also that pomegranate peels enhance
cutaneous wound healing (Murthy et al., 2004). Powder
of standardized pomegranate extract accelerated
also the healing of deep second-degree burn wounds
(Lukiswanto et al., 2019). The usage of pomegranate
peel polyphenol gel is reported to be a beneficial
method for treating wound disorders associated with
diabetes (Yan et al., 2013).

Bone marrow (BM) is a spongy substance found in the
center of the bones and is considered as an important
source of stem cells and other substances. It was
reported that BM-derived stem cells may be involved
in the acceleration of wound healing (Wu ef al., 2007)
including burn injury (Xue et al., 2013). It was recently
reported also that transplantation of BM cells pre-
activated with sodium nitroprusside enhances acute
wound curing in rabbits (Fatima and Saleem, 2023).
Parelle, enhancement of chronic wound curing by pre-
activated BM cells with sodium nitroprusside in rabbits
has been reported (Fatima et al., 2022). It was found
also that BM-derived mesenchymal stem cells are the
hopeful curative choice for the therapy of diabetic foot
wounds (Dama et al., 2023).

The effects of pomegranate peel in combination with
BM on burn wound healing have not been reported.
Therefore, the current study was to investigate the effect
of PP with or without autologous BM on the curing of
acute skin wounds in alloxan-induced diabetic rabbits.
Data of this paper has been partially presented at the 28"
Annual Meeting of the Wound Healing Society, SAWC-
Spring/WHS Joint Meeting: Georgia World Congress
Center, Atlanta, Georgia, USA, April 13-17, 2016.

Materials and Methods

Animals

Fifty adult male New Zealand rabbits (weight 2.86 +
0.24 kg) were divided randomly into five treatment
groups: (1) non-treatment control (C1), (2) treatment of
wounds with a commercial powder (C2), (3) treatment
with the powder of pomegranate peel (PP), (4) curing
with BM alone, and (5) powder of PP powder with
BM (PPBM). The animals were housed in a room
containing cages with a temperature range of 20 °C—
25°C and humidity of 65%—70%. During the study, the
animals were fed with usual rabbit pellets and watered
through tap water.

Induction of diabetes

Alloxan monohydrate (AM) (Sigma, Saint Louis, MO,
USA) was used to induce DM in rabbits. First, AM was
dissolved in sterile normal saline to make a solution of
5% (W/V), and followed by an immediate intravenous
injection of 100 mg/kg through the marginal ear vein
over a period of 2 minutes using a 25-gauge butterfly
catheter (Wang et al., 2010). To prevent hypoglycemic
shock, a solution of glucose 20% was given via water
ad libitum for 1-2 days.

Induction of burn wound

Each rabbit was first sedated with xylazine (5 mg/kg
IM) and then anesthetized with ketamine (25 mg/kg
IM). The skin over the ventrolateral back was shaved
and then disinfected with betadine hydrochloride. A
round hot plate (2 cm diameter) was used to induce a
deep second-degree burn wound on both back sides.
The hot plate was placed 10 seconds on the skin with a
similar pressure.

Treatment of groups

After 24 hours, the program of treatment was started.
Rabbits in group C1 were left as a control without
any medication. Rabbits in group C2 were treated
with commercial wound powder (WOUNDIJAT, Saudi
Arabia) once a day. For each rabbit, both wounds
were covered with the powder. Rabbits in group PP
were treated with PP once a day where the wound was
covered with the PP powder. Rabbits in group BM were
treated with only an injection of autologous BM (0.5 ml
in each wound) 3 days later after the wound induction.
The autologous BM was collected from the left or right
tibia. In group PPBM, rabbits were treated with PP plus
fresh autologous BM samples. Three days after the
wound induction, 0.5 ml of BM sample was injected
just below the formatted crust of each wound (Fig. 1).
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Fig. 1. (A): Formatted crust. (B): Bone marrow sample (0.5 ml) was injected just below the formatted crust of

each wound.

A fresh BM sample was surgically harvested by
anesthetizing the rabbit using a combination of
xylazine 5 mg/kg IM with ketamine 25 mg/kg IM. The
skin incision was made in the proximal medial side
of the tibia. After the elevation of the periosteum, a
hole was made in the bone using an electric drill with
a 0.2 mm drill bit. About 1 ml of BM was harvested
and immediately injected into both wounds just under
the formatted scab (0.5 ml in each side) in individuals
belong to BM and PPBM groups. BM samples were
also harvested from rabbits belonging to the other three
groups but were discarded.

Evaluation of wound healing

The healing of the wounds was evaluated grossly,
histopathologically, and biochemically. The wound
in the left side of the back was used for the gross
evaluation. The gross parameters measured were
composed of the degree of edema, hyperemia, and
epithelization. These were assessed according to the
following scoring system: 0 none, 1 minimal, 2 mild,
and 3 maximum (Schlager ef al, 2000 a,b). The wound
closure was evaluated daily by measuring the diameter
of the wound. The wound in the right side was used
to perform the histopathological changes. The biopsy
specimens were collected from the burn wound on days
0,4, 8, and 12 from the following locations 12, 3, 6, and
9 O’clock, respectively. The specimens were placed in
10% formaldehyde and fixed in paraffin, then 4 pm
sections were stained with Hematoxylin and eosin

(H&E), Masson’s trichrome stain, and evaluated under
the light microscope.

Scoring of wound healing

The parameters of histopathological evaluation
were epithelization, vascularization, collagen, and
fibroblasts. These parameters were evaluated based
on the modified scoring system 0-3 (0 = none, 1 =
minimal, 2 = mild, 3 = evident) (Schlager et al., 2000
a,b). Abramov’s histological scoring system was used
for scoring epithelialization, fibrosis, angiogenesis, and
collagen level (Table 1) (Abramov et al., 2007).
Biochemical evaluation of wound healing

The biochemical evaluation of the wound was
performed by measuring the concentrations of wound
biomarkers in the serum. Blood samples were taken
from the ear vein of each rabbit on days 0, 4, 8, and 12.
The blood was centrifuged at 3,000 rpm for 10 minutes
and the serum was transferred to numbered tubes and
stored at —20°C for 2 weeks. Commercially available
ELISA kits were used to determine the levels of the
following biomarkers: rabbit platelet-derived growth
factor AA (PDGF-AA) (MyBioSource, California,
USA) and rabbit protease-activated receptor 1 (PAR-1)
(MyBioSource, California, USA).

Statistical analysis

Data were analyzed using SAS software and the
significance level was fixed at p < 0.05. A repeated
measures design and Tukey test were used to assess the
statistical significance of the quantitative parameters.
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Table 1. Histological scoring system for scoring epithelialization, fibrosis, angiogenesis, and collagen level (Abramov et al., 2007).

Epithelialization Angiogenesis Fibroblasts Collagen Macrophages/lymphocytes
a: control 1 3 3 1 3
b: curcumin 2% 1 3 3 1 2
c: The 2% 2 2 3 2 2
d: The 3% 2 2 3 2 2
e: The 5% 2 2 2 3 2
f: glucosyl-The 2% 2 2 2 2 1
g: glucosyl-The 3% 2 1 2 3 1
h: glucosyl-The 5% 3 0 0 3 1

Abramov’s histological scoring system for scoring epithelialization, fibrosis, angiogenesis, and collagen level. Abramov’s system
assesses each parameter independently, giving each a score of 0-3, as follows:

* Collagen: 0= none, 1= scant, 2= moderate, 3= abundant.

* Epithelialization: 0= none, 1= partial, 2= complete but immature/thin, 3= complete and mature.

» Angiogenesis: 0= none, 1=#5 vessels per hPF, 2=6-10 vessels per hPF, 3=.10 vessels per hPF.

* Fibrosis: 0= none to minimal fibroblasts, 1= few fibroblasts, 2= more fibroblasts, 3= predominantly fibroblasts.
* The number of macrophages was scored, as: 1=0-25 macrophages, 2=26—50 macrophages, 3=.51 macrophages.

(glucosyl-THC): glucosyl-conjugated tetrahydrocurcumin; (HPF): high-power field; (THC): tetrahydrocurcumin.

Table 2. Mean (+SE) time of wound closure for each group.

Group Number Time of wound closure (days) Complications

C1 10 252+£2.6° Septic infection (n = 2)
C2 10 17.2+£2.3" None

PP 10 143+14¢ None

BM 10 16.5+2.1° Septic infection (n = 1)
PPBM 10 122+1.1¢ None

(C1): control; (C2): commercially wound powder; (PP): pomegranate peel powder; (BM): bone marrow alone, (PPBM):

pomegranate peel powder with bone marrow.

Ethical approval

Animals were treated according to the Laboratory
Animal Control Regulations of Qassim University
which are correlated well with the recommendations of
Laboratory Animals Control Guidelines of the national
institutes of animal health (USA, 8623, 1996).

Results

All except 3 rabbits survived; two rabbits in group C
and one in group BM had septic infection. The time
taken for complete wound closure in the animals of
each group is summarized in Table 2. The shortest time
was found in the group of PPBM (12.2 + 1.1 day) while
the longest was in group C1 (25.2 + 2.6 day) with a
statistically significant difference between them (p <
0.05). In the group of PP alone, time was 14.3 + 1.4 day
compared to 16.5 = 2.1 day in the group of BM alone
(p <0.05). There was no significant difference between
groups C2 and BM (17.2 + 2.3 day versus 16.5 £ 2.1
day) (p > 0.05).

Figure 2 shows healing of wounds healing at days 0,
4, 8, and 12 in control groups (C1 and C2) and groups
treated either with PP, BM, or PPBM. Wound healing
was significantly more speed in all the treatment groups
versus the control groups. Contrary, rapid wound curing
was significantly occurred in PP and PPBM groups
versus the other treatment groups. At day 0, wound
sections showed scant collagen (Masson’s trichrome
stain x400), inflammatory cells score -3, fibroblasts
score 0 and angiogenesis score 0 (H&E stain x 400).
At day 8, wound sections showed inflammatory cells
score-1, fibroblast score-3 and angiogenesis score-2
(H&E stain x 400), inflammatory cells score-2,
fibroblasts- score- 2, angiogenesis score-3 (H&E stain
x 400), and inflammatory cells score-2, fibroblasts
score-3, moderate collagen and full epithelium
(Masson’s trichrome stain x 100). At day-21, wound
sections showed abundant collagen score-3 (Masson’s
trichrome stain x 100), inflammatory cells score-1,
angiogenesis score-0, fibroblasts score-1 full epithelium
(H&E stain x 400) (Fig. 3).
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Fig. 2. Images of wound healing at days 0, 4, 8, and 12 in groups of controls (C1 and C2), pomegranate peel (PP), bone marrow

(BM), and pomegranate peel with bone marrow (PPBM).

Table 2 shows histopathological scoring for the C1, C2,
PP, BM, and PPBM groups on days 4, 8, and 12. The
histological assessment revealed marked elevations in
the fibroblast and collagen scores in the 2 groups of
PP and PPBM versus others. This might explain the
speed of wound closure in these two groups compared
to the others (Table 3; Fig. 3). At day 4, compared to
groups Cl1, C2, and BM, angiogenesis was significant
in groups of PP and BMPP (p < 0.05). Similarly,
collagen formation was significant in groups of PP and
BMPP (p < 0.05) compared to groups of controls (C1
and C2) and BM group. However, fibroblast formation

was significant in 3 groups (PP, BM, and PPBM) versus
control groups (C1 and C2) (p < 0.05). At day 8 and
day 12, compared to groups Cl, angiogenesis was
significant in all other groups (C2, PP, BM, PPBM) (p
< 0.05). Similarly, fibroblast and collagen formation
were significant in all other groups compared to group
C1 (p <0.05) (Table 3; Fig. 3). Significant increases in
the concentration of PDGF-AA in all groups on days 8
and 12 compared to day O (Fig. 4). The levels of PDGF-
AA were significantly higher in all 5 groups versus
the control group on days 4, 8, and 12. The levels of
PDGF-AA were significantly elevated in PP and PPBM
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Fig. 3. Histopathological scoring for inflammatory, angiogenesis, fibroblasts, and collagen in alloxan-induced
diabetic rabbits. At day 0, wound sections show scant collagen (Masson’s trichrome stain x 400) (A), inflammatory
cells score-3, fibroblasts score-0 and angiogenesis score-0 (H&E x 400) (B) and Scant collagen score-1, inflammation
score-3 (Masson’s trichrome stain x 400) (C). At day 8, wound sections show inflammatory cells score-1, fibroblast
score-3, and angiogenesis score-2 (H&E x 400) (D) and inflammatory cells score-2, fibroblasts- score- 2, angiogenesis
score-3 (H&E x 400) (E). At day 21, wound sections show abundant collagen score-3 (Masson’s trichrome stain x
100), Inflammatory cells score-1, angiogenesis score-0, fibroblasts score-1 full epithelium (H&E % 400) (F).

Table 3. Mean (+SE) histopathological scoring for the groups at days 4, 8, and 12.

Days Groups Angiogenesis Fibroblasts Collagen
Cl 0.7+0.4 04+0.2 0.3+0.2
C2 09+03 0.7+0.3 0.4+0.2
4 PP 1.4+0.4% 1.1£0.4% 0.9 +0.2%
BM 1.1£0.2 1.0 £0.3* 0.5+0.3
PPBM 1.4+0.3*% 1.3+0.4* 0.9+0.2*
Cl 0.8+0.4 0.7+0.3 0.6+0.3
C2 1.1+0.2% 1.0 £0.3* 0.9 +£0.3*
8 PP 2.2+03* 2.8+0.1** 22+0.3*
BM 2.2 2= 0,5 2.0+ 0.4* 1.0 £ 0.4*
PPBM 2.7 2= 0.3 2.9+0.1** 2.8+ 0.1%*
Cl1 1.4+0.4 1.4+0.5 1.7+0.6
C2 2.3 +0.4% 2.1 +£0.3% 2.34+0.3%
12 PP 2.8+£0.1*%* 2.5+0.0* 2.6+0.3*
BM 2.3 2= 0,3 2.6+0.3* 2.1+0.5*
PPBM 2.9+0.1** 2.7+0.0* 2.8+ 0.1%*

C1, control; C2, commercially wound powder; PP, pomegranate peel powder; BM, bone marrow alone; PPBM, pomegranate
peel powder with bone marrow. *P<0.05; **P<0.01.
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Fig. 4. Mean (+SE) level of concentration for rabbit platelet-derived growth factor AA (RPDGF-AA) at days 0, 4,

8, and 12.

groups in comparison to the other groups on days 4 and
8. The levels of PAR-1 significantly showed increases
on days 4 and 8 in all the groups versus to the control
(Fig. 5) and then its level decreased on days 12 in all
groups except the C1 group. On day 12, the levels of
PAR-1 were significantly higher in the control group
compared to the other groups.

Discussion

To the authors’ information, this is the first study
showing the influence of PP powder with or without an
autologous BM on the curing of acute skin wounds in
alloxan-induced diabetic rabbits.

Wound healing is a compound procedure that can
be categorized into at minimum 3 phases: (1) an
inflammation phase, (2) a proliferative phase resulting
in tissue restoration, and (3) last phase including tissue
remodeling. These processes are adjusted by numerous
cytokines and growth factors which are liberated into
the injury place (Li et al., 2007). The 1st stage includes
cellular and vascular episodes and is described by
erythema, edema, and marked local hyperemia. At
the 2nd stage, epithelial tissue is formed accompanied
with growth of granulation tissue and new vessels
(angiogenesis). The process of angiogenesis looks
to be sharply controlled by numerous cytokines and
growth factors. Just the tissue inside the injury site is
maintained, the maturation stage starts (Reinke and
Sorg, 2012). The formation of extracellular matrix
constituents and collagens elevates the stretchy power

of the wound. The last result of this approach of curing
is the formulation of tissue capable of substituting the
damaged skin (Chodorowska and Rogus-Skorupska,
2004). In this study, the process of angiogenesis was
marked depending on the beneficial effects of PP
powder and BMPP medication.

Diabetic wound healing is delayed due to persistent
inflammation, and macrophage-immunomodulating
biomaterials can control the inflammatory phase and
shorten the healing time (Zhang et al., 2024). Based
on the findings of the later study, human-derived
embryonic stem cell or induced pluripotent stem
cell-derived acellular embryoid bodies can be used
to promote diabetic wound healing in combination
with hydroxybutyl chitosan hydrogels for clinical
translation in the future (Zhang et al., 2024). Ding
et al., (2024) have also reported that inorganic zinc
mineralized diatom biosilica and hydroxybutyl
chitosan composite hydrogel have the potential to be
used as a therapeutic dressing for diabetic chronic
wounds. Louiselle et al., (2021) concluded that
treatment of diabetic wounds will likely require a
multi-modal approach including management of
underlying diabetes and control of hyperglycemia,
topical therapeutics, and prevention of secondary
infection and inflammation.

Concerning wound healing, this study showed that
when using PPBM, the time required for healing was
the shortest compared to the control group without
any medication (C1). Additionally, the time required
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Fig. 5. Mean (+SE) level of concentration for rabbit protease-activated receptor 1 (RPAR-1) at days 0, 4, 8, and 12.

when using PP alone was shorter than that required
when using BM alone. In another study, it was found
that a powder of standardized pomegranate extract of
10% increases the healing process of deep second-
degree burn wounds (Lukiswanto et al., 2019). It was
concluded from a recent report that pomegranate seed
oil improves wound-healing properties (Uzunhisarciklt
and Yerer, 2021). Furthermore, Yan et al., (2013), found
that PP polyphenols gel may be a beneficial agent for
curing wound disorders in alloxan-induced diabetic
rats.

It was also found in this study that BM-derived
mesenchymal stem cell transplantation exhibits
promising therapeutic potential in diabetic foot ulcer
treatment (Dama et al., 2023). Using pre-treated BM
cells with sodium nitroprusside enhanced chronic injury
curing with (Fatima et al., 2022). Direct insertion of
BM-originated mesenchymal stem cells to the injured
site resulted also in enhanced tissue repair through the
release of paracrine factors (Wu ef al., 2007). Human
BM-mesenchymal stem cells transplantation was also
found to facilitate development and improve burn
injury and improve wound curing in a mouse model
of burn wounds (Xue et al., 2013). Transplantation
of BM cells pre-activated with sodium nitroprusside
improved also acute wound curing in rabbits (Fatima
et al., 2023). Parallel to previous reports, results of this
study clearly show that using PP powder alone or with
BM accelerate significantly the healing process of burn
wounds in alloxan-induced diabetic rabbits.

Our results showed also that the histopathological
assessment revealed a marked elevation in the fibroblast

in PP and PPBM groups versus other treatments. This
might explain the speed of wound closure in these two
groups compared to the others. During the process
of wound healing, the migration and proliferation of
fibroblasts are very important for extracellular matrix
secretion. Fibroblasts are very animated cells that have
a vital role in the repair of damaged tissue and also
in fibrosis but the mechanism is poorly understood
(Talbott et al.,2022). It was reported also that fibroblasts
are crucial in backing normal wound curing, included
in key events as dissolution the fibrins, formation of
collagen and new extra cellular matrix structures to
back up the other cells linked with influential wound
curing, as well as shrinking wounds (Bainbridge,
2013). Parallel to fibroblasts, our results showed that
the histological assessment revealed a significant
elevation in the collagen in PP and PPBM groups
versus others; a factor why wound healing in PP and
PPBM groups were faster than other groups. Collagen
is the major part of extracellular matrix that contributes
to wound strength (Li et al., 2007). Collagen is also
considered as one of biomaterials that is considered to
be the crucial component of most of the formulations
being developed for wound healing (Chattopadhyay
and Raines, 2014; Sharma et al., 2022).

Biomarkers are biological indicators than can assess
the events, processes, and circumstances happening
within the living organism. These markers can
evaluate either physiological or pathophysiological
events occurring due to a specific disease. In the
veterinary field, the discovery of biomarkers is rapidly
emerging with multiple potentials for development
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and implementation. Focus on biomarkers research
is relevant not only to the health and welfare of food
production and companion animals, but also to larger
themes, such as worldwide food security. During
the past 12 years, our research group has focused
intensively on the usage of these biomarkers for the
evaluation of health status of domesticated animals,
their welfare, application in the early recognition of
several diseases and disorders and as a prognostication
indicator (Tharwat et al., 2012; Tharwat, 2012; Tharwat
et al., 2013a,b,c,d; Tharwat et al., 2014a,b; Tharwat
and Al-Sobayil, 2014a,b,c; Tharwat and Al-Sobayil,
2015a,b; Tharwat and Al-Sobayil, 2018a,b; Tharwat
and Al-Sobayil, 2020; Tharwat, 2020a,b,c,d,e; Tharwat
and El-Deeb, 2021; Tharwat, 2021; Tharwat and Al-
Sobayil, 2022a,b; Tharwat, 2023; Tharwat et al., 2024).
It is trusted that progress in the field of biomarkers in
the future will improve animal welfare results, decrease
its suffering, and increase the economic impact of the
stockholders (Perera et al., 2022).

Numerous cellular processes and mediators linked
to wound curing are released during healing that can
be used as biomarkers. Neutrophils, macrophages,
platelets, and fibroblasts liberate cytokines and other
molecules including interleukins, growth factors,
and tumor necrosis factor-a, of which PDGF have
the major significance (Patel et al., 2016). It was
reported that clinical examination of wounds for these
mediators could foretell which injury will cure and
which will not, proposing the use of these mediators
as biomarkers of wound curing. There is also evidence
that the implementation of growth factors like PDGF
will lessen the recovering process of non-healing and
chronic wounds (Hahm et al., 2011; Patel et al., 2016).
However, immunohistochemical staining such as CD31
and vimentin were not used to display angiogenesis and
fibroblasts; this is a limitation of this study.

In this study, concerning the wound biomarker PDGF-
AA and compared to baseline values, there was a
significant elevation in all treatment groups (PP, BM,
and BMPP). In general, treatment with growth factors
is considered an effective method to speed wound
healing (Okabe et al., 2013; Dinh et al., 2015). It
has been reported that PDGF is a crucial controller
of the deposition of extracellular matrix within the
healing injuries (Pierce et al., 1991; Patel et al., 2016).
The second wound biomarker PAR-1 also increased
significantly in all treatment groups compared to
baseline values until day 8 of treatment. However,
values declined significantly at day 12 in all treatment
groups compared to the control group. It has been
reported that PARs under normal circumstances permit
cells to react to the proteolytically changed micro-
environment found during growth, inflammation, and
wound curing (Hollenberg, 2002). Although, potential
local toxicity is a treatment limitation, significant
increases of the wound biomarkers PDGF-AA and
PDGF-AA emphasizes that treatment promotes healing

of diabetic wounds. This is specifically clarified when
using a PPBM mixture that increases the formation of
fibroblast and collagen.

Conclusion

This study has showed that PPBM significantly
enhanced a critical regulator of extracellular matrix
deposition (the PDGF) which increased the fibroblast
and collagen formation during burn wound healing.
Therefore, it can be concluded that both PP powder
combined with BM significantly accelerate the
healing process of burn wounds in alloxan-induced
diabetic rabbits.
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