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Abstract

Diabetic wounds represent a significant clinical challenge due to prolonged inflammation, oxidative stress,
impaired angiogenesis, and delayed tissue regeneration. The present study aimed to evaluate the wound-healing
potential of a polyherbal formulation containing Curcuma longa and Azadirachta indica through pharmacological,
genetic, and nursing outcome assessments in streptozotocin-induced diabetic wound models. The polyherbal
formulation was prepared using standardized extracts of both medicinal plants and applied topically to excision
wounds in diabetic rats. Wound-healing efficacy was assessed by measuring wound contraction, oxidative stress
biomarkers, inflammatory cytokines, histopathological changes, gene expression profiles, and nursing outcome
parameters.

The results demonstrated that polyherbal formulation significantly accelerated wound contraction, achieving 96.8
+ 2.4% closure by day 21 compared with 71.5 + 4.8% in the diabetic control group (p < 0.001). Treatment
significantly reduced malondialdehyde levels while enhancing antioxidant enzymes including superoxide
dismutase, catalase, and glutathione. Furthermore, significant reductions in pro-inflammatory cytokines TNF-aq,
IL-1pB, and IL-6 were observed. Histopathological examination revealed improved collagen deposition, enhanced
fibroblast proliferation, increased angiogenesis, and complete re-epithelialization in treated wounds. Molecular
analysis showed significant upregulation of VEGF, TGF-f1, COL1A1, and Nrf2 genes, accompanied by
downregulation of MMP-9, TNF-a, and IL-6 expression. Nursing outcome assessment indicated superior wound
size reduction, infection control, tissue granulation, and overall healing scores in the treatment group.

In conclusion, the polyherbal formulation exhibited potent antioxidant, anti-inflammatory, angiogenic, and
regenerative activities, significantly improving diabetic wound healing. These findings support its potential as an
effective and affordable complementary therapeutic strategy for diabetic wound management and warrant further
clinical investigation.

Keywords: Curcuma longa; Azadirachta indica; diabetic wound healing; polyherbal formulation; oxidative
stress; inflammatory cytokines; gene expression; angiogenesis; wound contraction.

1. INTRODUCTION

Diabetes mellitus is a chronic metabolic disorder characterized by persistent hyperglycemia resulting from
impaired insulin secretion, insulin action, or both. The global prevalence of diabetes continues to rise, creating a
substantial burden on healthcare systems worldwide. One of the most debilitating complications of diabetes is
impaired wound healing, particularly diabetic foot ulcers (DFUs), which affect millions of patients annually and
frequently lead to infection, hospitalization, and lower-limb amputation [1,2]. Diabetic wounds exhibit delayed
healing due to persistent inflammation, oxidative stress, impaired angiogenesis, neuropathy, and altered cellular
responses within the wound microenvironment [3,4].

Genetics and Molecular Research 25 (8s): 2026


mailto:pradnyagavhale1995@gmail.com
mailto:geethapharmacy99@gmail.com
mailto:vasavimcas@gmail.com
mailto:sadana.105@gmail.com
mailto:srahul.pharmd@gmail.com
mailto:byadav48@gmail.com
mailto:arti_pharma28@yahoo.com
mailto:akankshadhoke2203@gmail.com

Normal wound healing is a dynamic biological process involving four overlapping phases: hemostasis,
inflammation, proliferation, and remodeling. In diabetic individuals, these phases are disrupted by hyperglycemia-
induced cellular dysfunction, excessive production of reactive oxygen species (ROS), reduced growth factor
expression, and impaired migration of fibroblasts and keratinocytes [4,5]. Chronic inflammation characterized by
prolonged activation of pro-inflammatory macrophages and elevated cytokines such as tumor necrosis factor-
alpha (TNF-a), interleukin-1p (IL-1p), and interleukin-6 (IL-6) further contributes to delayed tissue repair [4,6].
Recent advances in molecular biology have revealed that diabetic wound healing is regulated by several signaling
pathways, including transforming growth factor-beta (TGF-B), vascular endothelial growth factor (VEGF),
nuclear factor erythroid 2-related factor 2 (Nrf2), nuclear factor-kappa B (NF-«kB), and matrix metalloproteinases
(MMPs). Dysregulation of these pathways results in impaired extracellular matrix remodeling, reduced
angiogenesis, and delayed re-epithelialization [5,7]. Consequently, there is increasing interest in identifying
natural therapeutic agents capable of modulating these molecular targets and promoting tissue regeneration.
Medicinal plants have emerged as promising alternatives or adjuncts to conventional diabetic wound therapies
due to their multifaceted pharmacological activities. Among these, Curcuma longa (turmeric) and Azadirachta
indica (neem) have gained considerable scientific attention because of their anti-inflammatory, antioxidant,
antimicrobial, and wound-healing properties [8,9]. Curcumin, the principal bioactive constituent of Curcuma
longa, has been reported to accelerate diabetic wound repair by enhancing fibroblast proliferation, stimulating
angiogenesis, suppressing oxidative stress, and regulating the miR-152-3p/FBN1/TGF-f signaling pathway [10].
Furthermore, curcumin modulates inflammatory mediators through inhibition of NF-«kB activation and promotes
collagen deposition and tissue remodeling [8,11].

Similarly, Azadirachta indica contains numerous bioactive compounds including nimbidin, nimbolide,
azadirachtin, flavonoids, and polyphenols that exhibit potent antimicrobial, antioxidant, and anti-inflammatory
activities [12]. Experimental studies have demonstrated that neem extracts significantly enhance wound
contraction, collagen synthesis, epithelialization, and granulation tissue formation in diabetic wound models
[13,14]. Recent investigations have also shown that neem-based hydrogel formulations increase TGF-f expression
and accelerate diabetic wound closure, highlighting their therapeutic potential in chronic wound management
[15].

The combination of Curcuma longa and Azadirachta indica in a polyherbal formulation may offer synergistic
therapeutic benefits by simultaneously targeting multiple pathological mechanisms involved in diabetic wound
healing. The antioxidant effects of curcumin can reduce oxidative stress, while neem-derived phytoconstituents
provide antimicrobial protection and immunomodulatory activity. Together, these plants may enhance
angiogenesis, regulate inflammatory cytokines, improve collagen maturation, and promote tissue regeneration
through coordinated molecular mechanisms [9,15].

In addition to pharmacological evaluation, modern wound-care research increasingly emphasizes molecular and
genetic assessments to elucidate therapeutic mechanisms. Gene expression analysis of biomarkers such as VEGF,
TGF-B1, collagen type I (COL1A1), MMP-9, TNF-a, and IL-6 provides valuable insights into the regenerative
potential of novel interventions [5,10]. Moreover, nursing outcome assessments, including wound size reduction,
pain management, infection control, patient comfort, and quality-of-life measures, are essential for evaluating the
clinical relevance and translational applicability of wound-healing therapies [16].

Therefore, the present study aims to perform a comprehensive molecular evaluation of a polyherbal formulation
containing Curcuma longa and Azadirachta indica in diabetic wound healing through pharmacological, genetic,
and nursing outcome assessments. The study seeks to investigate the formulation’s effects on wound contraction,
inflammatory and oxidative stress markers, expression of wound-healing-related genes, and patient-centered
nursing outcomes, thereby providing scientific evidence for its potential use as an effective and affordable
therapeutic strategy for diabetic wound management.

2. MATERIALS AND METHODS

2.1 Study Design

The present study was designed as an experimental, randomized, controlled investigation to evaluate the wound-
healing efficacy of a polyherbal formulation containing Curcuma longa and Azadirachta indica in streptozotocin-
induced diabetic wound models. Pharmacological, molecular, genetic, histopathological, and nursing outcome
parameters were assessed to determine the therapeutic effectiveness of the formulation [17].

2.2 Collection and Authentication of Plant Materials

Fresh rhizomes of Curcuma longa and mature leaves of Azadirachta indica were collected from authenticated
herbal sources. Plant materials were taxonomically identified and authenticated by a qualified botanist. Voucher
specimens were deposited in the institutional herbarium for future reference. The collected materials were washed,
shade-dried, pulverized, and stored in airtight containers until further use [18].

2.3 Preparation of Plant Extracts
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Powdered plant materials were subjected to hydroethanolic extraction (70% ethanol) using a Soxhlet extraction
apparatus. The extracts were concentrated under reduced pressure using a rotary evaporator and subsequently
lyophilized. Percentage yield was calculated and extracts were preserved at 4°C until formulation development
[19].

2.4 Preparation of Polyherbal Formulation

Standardized extracts of Curcuma longa and Azadirachta indica were blended in a predetermined ratio based on
preliminary phytochemical and antioxidant studies. The formulation was prepared as a topical hydrogel using
Carbopol 940 as a gelling agent. Triethanolamine was used for pH adjustment, and suitable preservatives were
incorporated to enhance formulation stability [20].

2.5 Phytochemical Characterization

Preliminary phytochemical screening was performed to identify alkaloids, flavonoids, tannins, phenolics,
saponins, glycosides, terpenoids, and steroids using standard qualitative methods. Quantitative estimation of total
phenolic and flavonoid content was carried out using Folin—Ciocalteu and aluminum chloride colorimetric assays,
respectively [21].

2.6 Experimental Animals

Healthy adult Wistar rats weighing 180—220 g were procured from a CPCSEA-approved animal facility. Animals
were housed under controlled environmental conditions (25 + 2°C, 55 + 5% relative humidity, and 12 h light/dark
cycle) with free access to standard pellet diet and water. Experimental procedures were conducted following
Institutional Animal Ethics Committee (IAEC) approval and CPCSEA guidelines [22].

2.7 Induction of Diabetes

Experimental diabetes was induced by a single intraperitoneal injection of streptozotocin (STZ) at a dose of 55
mg/kg body weight dissolved in freshly prepared citrate buffer (pH 4.5). Fasting blood glucose levels were
measured after 72 h using a glucometer. Animals exhibiting blood glucose levels above 250 mg/dL were
considered diabetic and included in the study [23].

2.8 Excision Wound Model

Following anesthesia, a full-thickness circular excision wound of approximately 2 cm? area was created on the
dorsal thoracic region of diabetic rats under aseptic conditions. Animals were randomly divided into normal
control, diabetic control, standard treatment, and polyherbal formulation treatment groups. Treatments were
applied topically once daily until complete wound closure [24].

2.9 Evaluation of Wound Healing Activity

Wound area measurements were recorded on predetermined days using digital planimetry. Percentage wound
contraction was calculated throughout the experimental period. The period of epithelialization, granulation tissue
formation, and scar maturation were also assessed. Digital photographic documentation was performed to monitor
wound progression [25].

2.10 Biochemical Assessment

Granulation tissue samples were collected and analyzed for oxidative stress biomarkers including
malondialdehyde (MDA), superoxide dismutase (SOD), catalase (CAT), and reduced glutathione (GSH). Levels
of inflammatory mediators such as TNF-a, IL-1f, and IL-6 were quantified using commercially available ELISA
kits according to manufacturer protocols [26].

2.11 Histopathological Evaluation

Skin tissue specimens were fixed in 10% neutral buffered formalin, processed routinely, and stained with
hematoxylin and eosin (H&E) and Masson's trichrome stain. Histological examination was performed to assess
fibroblast proliferation, collagen deposition, angiogenesis, inflammatory cell infiltration, and epidermal
regeneration [27].

2.12 Genetic and Molecular Analysis

Total RNA was isolated from wound tissue samples using TRIzol reagent. Complementary DNA (cDNA)
synthesis was performed using reverse transcriptase. Quantitative real-time polymerase chain reaction (QRT-PCR)
analysis was conducted to evaluate expression levels of VEGF, TGF-f1, COL1A1, MMP-9, TNF-o, IL-6, and
Nrf2 genes. Relative gene expression was calculated using the 2—AACt method with GAPDH as the housekeeping
gene [28].

2.13 Nursing Outcome Assessment

Nursing outcomes were assessed using standardized wound assessment parameters including wound size
reduction, exudate control, infection status, tissue granulation, pain score, patient comfort index, and overall
wound-healing progression. These outcomes were evaluated periodically to determine the clinical applicability of
the polyherbal intervention [29].

2.14 Statistical Analysis

Data were expressed as mean + standard deviation (SD). Statistical analysis was performed using GraphPad Prism
software. Comparisons among groups were carried out using one-way analysis of variance (ANOVA) followed
by Tukey's post hoc test. Differences were considered statistically significant at p < 0.05 [30].
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3. RESULTS

3.1 Effect of Polyherbal Formulation on Wound Contraction
The polyherbal formulation containing Curcuma longa and Azadirachta indica significantly accelerated wound
healing in diabetic rats compared with the diabetic control group. Progressive reduction in wound area was
observed throughout the treatment period. On day 21, the treated group exhibited 96.8 + 2.4% wound contraction
compared to 71.5 £ 4.8% in the diabetic control group (p < 0.001).

Table 1. Percentage Wound Contraction (%)

Day | Normal Control | Diabetic Control | Standard Drug | Polyherbal Formulation
0 0 0 0 0
3 184+2.1 10.24+1.8 21.6+24 209+£22
7 45.6+3.5 25.8+£2.6 58.4+£3.8 55.7+£3.2
4 72.8+4.1 48.5+4.3 86.9+3.1 84.2+3.6
21 98.2+1.1 71.5+£4.8 99.1£0.8 96.8+2.4

® Diabetw Control

tandard £

Figure 1. Effect of polyherbal formulation (Curcuma longa and Azadirachta indica) on wound contraction in
streptozotocin-induced diabetic rats.

3.2 Oxidative Stress Biomarkers
Treatment with the polyherbal formulation significantly reduced lipid peroxidation while increasing endogenous
antioxidant enzyme activity.

Table 2. Oxidative Stress Parameters in Granulation Tissue

Parameter Normal Diabetic Standard Drug Polyherbal

Control Control Formulation

MDA (nmol/mg protein) 1.82+£0.12 4.95+0.31 2.11+0.18 2.24+£0.15
SOD (U/mg protein) 18.6+1.4 8.4+0.8 172+ 1.1 16.8+1.2
CAT (U/mg protein) 425+£23 20.6+1.8 394+2.0 38.1+1.9
GSH (pmol/g tissue) 8.8+0.5 32+£04 7.9+0.6 7.6+0.5

Figure 2. Effect of polyherbal formulation on oxidative stress biomarkers in diabetic wound tissue.
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3.3 Inflammatory Cytokine Analysis
The polyherbal-treated group demonstrated a marked reduction in inflammatory cytokines compared with diabetic

controls.

Table 3. Pro-inflammatory Cytokines

Parameter Normal Control | Diabetic Control | Standard Drug | Polyherbal Formulation
TNF-a (pg/mL) 224+2.1 68.9+4.5 208+2.7 314+3.1
IL-1B (pg/mL) 15.8+1.4 54.6 £3.8 21.5+£2.0 23.2+22
IL-6 (pg/mL) 19.6 1.8 72.5+5.1 284 +£25 30.7+2.8

® Normal Cordred & Disbetic Contid & Standwd D Pty bal Formulbion

Figure 3. Figure 3. Effect of the polyherbal formulation (Curcuma longa and Azadirachta indica) on inflammatory
cytokine levels in diabetic wound tissue.

3.4 Histopathological Findings

Microscopic examination of wound tissues revealed delayed epithelialization, poor collagen deposition, and
persistent inflammatory infiltrates in diabetic control animals. In contrast, the polyherbal-treated group
demonstrated substantial fibroblast proliferation, dense collagen fibers, increased angiogenesis, and nearly
complete re-epithelialization.

Table 4. Histopathological Scoring
Parameter Diabetic Control | Standard Drug | Polyherbal Formulation
Re-epithelialization + -+ ++++
Collagen Deposition + ++++ 4+
Angiogenesis + +++ +++
Inflammatory Cells ++++ + +

(+ = minimal, ++++ = excellent)

Pigure 4A. Histapathology of disbetic
proup (H&E, 400

comtrol  Figare 48, Histopathalogy of polyherbal-treased

proup showing coblugen muturntion and epitbelal
gescoatan (HA&AT, 404 )

Figure 4A. Histopathology of diabetic control group

Figure 4B. Histopathology of polyherbal-treated group showing collagen maturation and epithelial regeneration

3.5 Gene Expression Analysis

Genetics and Molecular Research 25 (8s): 2026



Quantitative RT-PCR analysis demonstrated significant upregulation of regenerative genes and downregulation
of inflammatory genes in the polyherbal-treated group.

Table 5. Relative Gene Expression (Fold Change)

Gene Diabetic Control | Polyherbal Formulation
VEGF 1.00 £ 0.08 3.84+£0.29
TGF-B1 1.00£0.10 4.21+0.35
COLI1AI 1.00 £ 0.07 3.56+£0.28
Nrf2 1.00 £ 0.09 3.12+0.24
MMP-9 1.00 £ 0.08 0.42+0.05
TNF-a 1.00£0.11 0.38 £0.04
IL-6 1.00 £ 0.09 0.46 £0.06

3.6 Nursing Outcome Assessment
The nursing assessment demonstrated substantial improvement in wound-related clinical outcomes in animals
receiving the polyherbal formulation.

Table 6. Nursing Qutcome Assessment Score

Parameter Diabetic Control | Polyherbal Formulation
Wound Size Reduction 21+04 48+0.3
Exudate Control 24+0.5 4.6+04
Infection Prevention 23+04 4.7+0.3
Tissue Granulation 2.0+0.3 49+0.2
Overall Healing Score 22+04 4.8+0.3

(Score: 1 = Poor, 5 = Excellent)

The polyherbal formulation significantly enhanced diabetic wound healing through multiple mechanisms
including accelerated wound contraction, attenuation of oxidative stress, suppression of inflammatory mediators,
improved collagen deposition, promotion of angiogenesis, and modulation of wound-healing-related genes. The
findings indicate synergistic wound-healing activity of Curcuma longa and Azadirachta indica and support its
potential application as a complementary therapeutic strategy for diabetic wound management.

4. DISCUSSION

Diabetic wound healing remains a major therapeutic challenge because hyperglycemia-induced oxidative stress,
chronic inflammation, impaired angiogenesis, and defective extracellular matrix remodeling collectively delay
tissue repair and increase the risk of infection and amputation [31,32]. The present study investigated the wound-
healing efficacy of a polyherbal formulation comprising Curcuma longa and Azadirachta indica through
pharmacological, molecular, genetic, histopathological, and nursing outcome assessments. The findings
demonstrated that the formulation significantly accelerated wound closure, reduced oxidative stress and
inflammatory responses, enhanced regenerative gene expression, and improved overall healing outcomes in
diabetic wounds.

One of the most important observations of the study was the significant increase in wound contraction in the
polyherbal-treated group. By day 21, the formulation achieved almost complete wound closure, comparable to the
standard treatment group. Accelerated wound contraction is considered a critical indicator of successful tissue
regeneration because it reflects fibroblast activity, collagen synthesis, and re-epithelialization [33]. Previous
investigations have shown that phytoconstituents present in turmeric and neem stimulate fibroblast proliferation
and migration, thereby enhancing wound contraction and tissue remodeling [34]. The superior wound-healing
response observed in the present study may therefore be attributed to the synergistic action of curcuminoids,
flavonoids, polyphenols, and limonoids present in the formulation.

Oxidative stress is a hallmark of diabetic wounds and contributes significantly to delayed healing. Hyperglycemia
promotes excessive production of reactive oxygen species (ROS), resulting in lipid peroxidation, cellular damage,
and impaired angiogenesis [35]. In the present investigation, diabetic control animals exhibited elevated MDA
levels together with reduced SOD, CAT, and GSH activity, confirming the existence of oxidative stress. Treatment
with the polyherbal formulation significantly reduced MDA concentrations while restoring endogenous
antioxidant defenses. These findings are consistent with recent studies demonstrating that curcumin activates
antioxidant signaling pathways and scavenges free radicals, thereby protecting wound tissues from oxidative
damage [36]. Similarly, neem-derived polyphenolic compounds have been reported to improve antioxidant status
and reduce oxidative injury in diabetic conditions [37]. Restoration of the oxidant-antioxidant balance likely
contributed to the enhanced tissue regeneration observed in the treated animals.
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Persistent inflammation represents another major obstacle to diabetic wound healing. Normally, inflammation
resolves after the initial stages of wound repair; however, diabetic wounds remain trapped in a prolonged
inflammatory phase characterized by excessive production of cytokines such as TNF-a, IL-1p, and IL-6 [38]. In
the present study, the polyherbal formulation significantly reduced all measured inflammatory mediators
compared with diabetic controls. The observed anti-inflammatory activity may be associated with inhibition of
NF-«B signaling, a key regulator of inflammatory cytokine production. Curcumin is well known to suppress NF-
kB activation and decrease pro-inflammatory cytokine release, whereas neem bioactive constituents exert
immunomodulatory effects that attenuate chronic inflammation [39]. Consequently, the reduction in inflammatory
burden may have created a favorable microenvironment for tissue regeneration and wound closure.
Histopathological evaluation further supported the wound-healing potential of the formulation. Diabetic control
animals demonstrated poor collagen deposition, delayed epithelialization, and persistent inflammatory cell
infiltration. In contrast, the polyherbal-treated group exhibited dense collagen fibers, enhanced fibroblast
proliferation, increased neovascularization, and nearly complete epidermal regeneration. Collagen deposition is
particularly important because it provides structural integrity to newly formed tissue and contributes to wound
tensile strength [40]. The improved histological architecture observed in this study suggests that the formulation
effectively promoted extracellular matrix synthesis and tissue remodeling.

Molecular analysis provided additional mechanistic evidence supporting the therapeutic activity of the
formulation. The polyherbal treatment significantly upregulated VEGF, TGF-B1, COL1A1, and Nrf2 expression
while downregulating MMP-9, TNF-a, and IL-6. VEGF is a critical mediator of angiogenesis and promotes
formation of new blood vessels necessary for nutrient delivery to healing tissue [41]. Increased VEGF expression
observed in this study may explain the enhanced angiogenesis seen histologically. Likewise, TGF-B1 plays a
central role in fibroblast activation, collagen synthesis, and tissue remodeling, while COL1A1 is directly involved
in extracellular matrix formation [42]. Upregulation of these genes indicates activation of regenerative pathways
essential for wound repair.

The observed increase in Nrf2 expression is particularly noteworthy because Nrf2 functions as a master regulator
of antioxidant defense mechanisms. Activation of the Nrf2 pathway enhances expression of cytoprotective
enzymes and reduces oxidative stress-induced cellular injury [43]. Conversely, suppression of MMP-9 expression
may have contributed to improved matrix stability and collagen preservation. Elevated MMP activity is frequently
associated with chronic non-healing diabetic ulcers because excessive proteolysis disrupts extracellular matrix
remodeling [44]. Therefore, simultaneous activation of regenerative genes and suppression of inflammatory and
degradative pathways may represent a key mechanism underlying the efficacy of the polyherbal formulation.
Beyond pharmacological and molecular outcomes, nursing assessment demonstrated significant improvement in
wound size reduction, exudate control, infection prevention, granulation tissue formation, and overall healing
scores. These findings highlight the translational relevance of the formulation in clinical wound-care settings.
Contemporary wound management increasingly emphasizes patient-centered outcomes alongside biological
healing parameters [45-62]. Therefore, the positive nursing outcomes observed in the present study suggest
potential applicability of the formulation as a complementary therapeutic intervention for diabetic wound care.
The synergistic therapeutic effects of Curcuma longa and Azadirachta indica observed in this investigation support
the concept of multi-target phytotherapy. Unlike single-target synthetic agents, polyherbal formulations can
simultaneously modulate oxidative stress, inflammation, angiogenesis, collagen synthesis, and gene expression
pathways involved in tissue repair. Such a multi-mechanistic approach may be particularly advantageous in
diabetic wound management, where multiple pathological processes coexist. Nevertheless, further investigations
involving advanced molecular techniques, protein expression analysis, toxicity evaluation, and clinical trials are
necessary to establish long-term efficacy and safety.

Overall, the present findings provide strong experimental evidence that the polyherbal formulation significantly
enhances diabetic wound healing through antioxidant, anti-inflammatory, angiogenic, and regenerative
mechanisms. The integration of pharmacological, genetic, histopathological, and nursing outcome assessments
strengthens the scientific basis for its future development as an affordable and effective therapeutic strategy for
diabetic wound management.

5. CONCLUSION

The present study demonstrated that the polyherbal formulation containing Curcuma longa and Azadirachta indica
significantly enhanced diabetic wound healing through multiple therapeutic mechanisms. The formulation
accelerated wound contraction, reduced oxidative stress and inflammatory cytokines, improved collagen
deposition and angiogenesis, and favorably modulated the expression of key wound-healing genes including
VEGF, TGF-1, COL1A1, and Nrf2. Histopathological and nursing outcome assessments further confirmed
improved tissue regeneration and overall wound recovery. These findings suggest that the polyherbal formulation
possesses promising wound-healing potential and may serve as a safe, effective, and affordable complementary
therapeutic approach for the management of diabetic wounds. Further clinical studies are warranted to validate its
efficacy in human subjects.
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