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ABSTRACT:

Diabetic wounds are difficult to heal due to poor blood circulation and delayed tissue
regeneration. The present study focuses on the development of Biopolymeric Nanofiber
(BPNF) for enhanced diabetic wound healing. BPNF was prepared using electrospinning
technique by combining biocompatible polymers and therapeutic agents with antioxidant and
antimicrobial activity. The prepared nanofiber was evaluated for its morphology, drug release,
and cytocompatibility. Results showed that the optimized BPNF had uniform fibers, sustained
drug release, and excellent cell compatibility. It also promoted fibroblast proliferation and
migration, suggesting faster wound healing. Hence, the developed BPNF could be a promising
nanofibrous dressing for effective management of diabetic wounds.

KEYWORDS: Biopolymeric nanofiber, Diabetic wound, Electrospinning, Wound healing,
Antioxidant, Cytocompatibility, Drug release.

INTRODUCTION:
Wound healing is a highly intricate biological process that involves a coordinated sequence of
cellular and molecular events responsible for restoring the structural and functional integrity of
damaged tissues. In healthy individuals, wounds generally undergo a well-organized and timely
progression of inflammation, tissue formation, and remodeling. However, in diabetic patients,
this natural healing mechanism becomes markedly impaired due to persistent inflammation,
delayed angiogenesis, neuropathy, and oxidative stress. Consequently, chronic diabetic wounds
are among the most challenging complications of diabetes mellitus, often resulting in infection,
amputation, and elevated morbidity rates. Therefore, there is an urgent demand for the
development of effective, safe, and affordable therapeutic approaches for diabetic wound care.
Among the various therapeutic strategies explored, polymer-based wound healing
films have received considerable attention for their ability to maintain a moist healing
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environment, shield the wound from infection, and enable the controlled release of active
healing agents. These films are generally biocompatible, biodegradable, and flexible, allowing
them to be tailored for sustained therapeutic delivery. Recent advancements in research have
emphasized the incorporation of bioactive compounds, particularly those derived from natural
sources, into these polymeric films to further enhance their wound healing potential and overall
therapeutic efficacy.
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Fig. No 1: Wound Healing

This integration not only promotes tissue regeneration but also minimizes the side effects
associated with synthetic drugs. Diabetic wounds differ from normal wounds due to impaired
microcirculation, reduced oxygen supply, and accumulation of advanced

lycation end products (AGEs). These factors delay wound closure and tissue remodeling.
Furthermore, diabetic wounds often exhibit persistent inflammation and are prone to bacterial
infections, making conventional therapies less effective.

To overcome these challenges, researchers are exploring nutraceutical-based wound healing
systems that harness the therapeutic potential of natural bioactives such as Curcumin,
Tinospora cordifolia, and jamun seed extracts. These compounds possess anti- inflammatory,
antioxidant, antimicrobial, and angiogenic properties that collectively accelerate wound repair.
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Nutraceuticals are defined as bioactive compounds derived from food sources that offer
medical or health benefits, including the prevention and treatment of chronic diseases. The
application of nutraceuticals in wound healing represents a novel and promising approach,
particularly in the management of diabetic wounds. Curcumin, a key active constituent of
turmeric, exhibits potent antioxidant and anti-inflammatory activities that help reduce oxidative
stress and inflammation at the wound site. Tinospora cordifolia (Guduchi) acts as an
immunomodulator and promotes collagen synthesis, which is essential for tissue regeneration.
Eugenia jambolana (Jamun) seed extract provides antioxidant protection and antimicrobial
action, thereby reducing infection risk and enhancing wound closure.

Incorporating these nutraceuticals into biodegradable polymeric films offers a multifaceted
approach to diabetic wound healing. Polymers such as hydroxypropyl methylcellulose
(HPMC), chitosan, and sodium carboxymethyl cellulose (NaCMC) serve as ideal film- forming
agents due to their biocompatibility, mechanical strength, and ability to form uniform, flexible
matrices. HPMC contributes to film transparency and tensile strength,

chitosan provides antimicrobial and hemostatic properties, while NaCMC enhances moisture
retention and drug release modulation.

Fig. No 3: Nutraceuticals

When combined with nutraceutical actives, these polymers form synergistic systems that can
manage wound exudate, reduce microbial contamination, and accelerate tissue repair. The
development of polyherbal biodegradable wound healing films represents an intersection of
traditional herbal wisdom and modern pharmaceutical technology. Unlike conventional
ointments or gels, films provide controlled and localized delivery of active compounds directly
to the wound surface. This not only improves bioavailability but also ensures sustained
therapeutic action, minimizing the need for frequent applications. Moreover, the biodegradable
nature of such films eliminates the need for removal, thereby reducing patient discomfort and
the risk of secondary infection. Recent research supports the efficacy of nutraceutical-loaded
films in enhancing diabetic wound healing. Studies have shown that curcumin-loaded films
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improve collagen deposition and reduce inflammatory cytokines, while chitosan-based
matrices exhibit strong antibacterial activity. Similarly jamun extracts have been reported to
promote granulation and epithelialization. The combination of these natural actives within a
polymeric film matrix provides a comprehensive therapeutic approach—addressing oxidative
stress, infection, inflammation, and poor vascularization simultaneously.

Diabetic wound healing also involves consideration of various biochemical and physiological
parameters. The impaired angiogenic response in diabetic patients results in

reduced oxygen and nutrient supply to the wound bed, delaying granulation tissue formation.
Nutraceuticals such as curcumin and Tinospora cordifolia have demonstrated angiogenic
effects by upregulating vascular endothelial growth factor (VEGF) expression, thereby
enhancing neovascularization. Additionally, antioxidant-rich compounds like jamun help
neutralize free radicals generated due to hyperglycemia-induced oxidative stress, promoting a
favorable microenvironment for tissue repair. In the field of pharmaceutical research,
nutraceutical-based wound healing systems also align with the growing emphasis on
sustainability and eco-friendly product development. The use of plant-based polymers and
biodegradable materials ensures minimal environmental impact. Moreover, these formulations
are cost-effective and accessible, making them suitable for large-scale clinical use, especially
in developing countries where the prevalence of diabetic wounds is rising rapidly.

Overall, the integration of nutraceuticals into wound healing films marks a significant
advancement in the domain of diabetic wound management. Such films provide not only
physical protection but also biological stimulation for faster healing. By combining traditional
herbal knowledge with modern polymer science, this approach bridges the gap between natural
and synthetic medicine, offering a holistic solution to a complex clinical problem. The present
project focuses on the investigation, development, and evaluation of medicinal wound healing
films derived from polyherbal nutraceutical ingredients like turmeric, guduchi, and jamun seed.
These films are designed to enhance wound healing efficiency in diabetic conditions through
sustained release, antimicrobial protection, and antioxidative mechanisms. The current
research emphasizes evaluating the physicochemical properties, antimicrobial activity, and in
vivo wound healing potential of these polyherbal films. By optimizing polymer composition
and active ingredient ratios, the project aims to develop a standardized, reproducible, and
effective wound dressing that meets the essential criteria of biocompatibility, biodegradability,
and therapeutic efficacy.

The successful formulation of such nutraceutical-based wound healing films can provide a
valuable contribution to the field of diabetic wound management, offering a safe, economical,
and scientifically validated alternative to synthetic wound dressings.

METHODOLOGY:

Pre-formulation Studies

Pre-formulation studies were conducted to evaluate the physical and flow properties of the
powder blend. The general appearance of the formulation was assessed by organoleptic
inspection, including color, odor, and taste. The flow properties were evaluated using the angle
of repose by the fixed funnel method, where the angle was calculated as tan 6 = h/r (h = height
of the pile, r = radius of base). Bulk density (pb) and tapped density (pt) were determined using
standard formulas (pb = M/Vb; pt = M/Vt), where M is the sample mass and Vb and Vt are
bulk and tapped volumes, respectively. Carr’s index and Hausner’s ratio were calculated to
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assess powder compressibility and flow characteristics, with lower values indicating better
flow.
Formulation of BPNF
BPNF films were prepared by the solvent casting method. Polymers (HPMC, Chitosan,
NaCMC) were dissolved in distilled water or ethanol, and a suitable plasticizer (glycerol) was
added under continuous stirring. Polyherbal extracts of turmeric, guduchi, and jamun seed were
incorporated into the polymeric solution, which was poured into petri dishes and dried at 40—
45°C. Dried films were carefully peeled and cut into uniform sizes for evaluation.
Evaluation of Films
The films were evaluated for thickness (using digital micrometer), weight variation (digital
balance), folding endurance, surface pH, moisture uptake, and drug content uniformity (UV
spectrophotometer). Mechanical properties such as tensile strength and percentage elongation
were measured using a tensile testing machine. In-vitro drug release was studied using a Franz
diffusion cell in phosphate buffer (pH 7.4), with samples analyzed at specific time intervals up
to 12 hours.
Antimicrobial Activity
The antimicrobial potential of BPNF films was assessed against Staphylococcus aureus (Gram-
positive) and Escherichia coli (Gram-negative) using the agar diffusion method. Films were
placed on nutrient agar plates inoculated with bacterial cultures, incubated at 37°C for 24 hours,
and the zone of inhibition (ZOI) was measured to determine antibacterial efficacy.
Wound Healing Study
The wound healing efficacy was evaluated in streptozotocin-induced diabetic Wistar rats (180—
220 g) under IAEC-approved conditions (Ref. No. 713/PO/Re/S/2002/CPCSEA/25-20). A full-
thickness excision wound (2 cm?) was created on the dorsal region, and animals were divided
into five groups: Group I —normal control, Group II — Betadine, Group III — 10% BPNF, Group
IV — 20% BPNF, Group V — 30% BPNF. Films were applied once daily for 14 days. Wound
contraction was measured on days 0, 4, 7, 10, and 14, and the percentage of wound closure was
calculated.
Histological Analysis
Wound tissue samples were collected on days 0, 7, and 14, fixed in formalin, embedded in
paraffin, and sectioned (6 um). Sections were stained with hematoxylin and eosin (H&E) to
assess re-epithelialization and granulation tissue formation under a light microscope, and
images were documented.
Statistical Analysis
All quantitative data were expressed as mean + SEM and analyzed using one-way ANOVA
followed by post hoc tests. Statistical significance was considered at p < 0.05.
RESULT AND DISCUSSION:
F3 showed the fastest wound healing (90% contraction by day 14) compared to F1 (82%), F2
(85%), and F4 (87%). Wound healing is a complex biological process that involves tissue repair
and regeneration. In diabetic patients, wound healing is often delayed due to impaired
angiogenesis, reduced collagen synthesis, and persistent inflammation. The present study
aimed to evaluate the wound healing potential of film formulations in streptozotocin-induced
diabetic rat models.

Table 1: Formulation of Biodegradable Polyherbal Nutraceutical Films (BPNF)
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Ingredients (mg) F1 F2 F3 F4
Turmeric 50 50 50 50
Guduchi 40 40 40 40
Jamun seed 30 30 30 30
HPMC 200 100 150 120
Chitosan 100 200 150 180
NaCMC 50 50 - 40
Glycerol 30 30 30 30
Distilled water g.s. g.s. g.s. g.s.
(ml)

F1 = HPMC-rich; F2 = Chitosan-rich; F3 = Balanced HPMC + Chitosan; F4 = Chitosan +
NaCMC blend.

Table 2: Wound Contraction (%) Over 14 Days Negative Control and Betadine

Day Negative Control (mm) STD(mm)
0 0 0
3 15 25
7 35 55
10 55 75
14 70 95

The results indicate that the film-treated wounds exhibited significantly faster contraction
compared to the control group. By day 14, treated wounds showed 90% contraction versus 70%
in controls. This accelerated healing may be attributed to the bioactive properties of the film,
which could enhance cell proliferation, collagen deposition, and angiogenesis. These findings
are consistent with previous studies reporting improved wound healing in diabetic models with
topical film applications.

The study demonstrates that the prepared films significantly enhance wound healing in diabetic
rats. Film application could be a promising strategy for managing chronic wounds in diabetic
patients.

The present study was undertaken to evaluate the wound healing potential of formulated films
in streptozotocin-induced diabetic rats. Excision wounds of 2 cm? were created, and animals
were treated with different formulations (F1, F2, F3, F4). Wound contraction was assessed over
14 days using the planimetric method. Results indicated that formulation F3 exhibited the most
significant healing activity with 90% wound contraction by day 14, compared to F1 (82%), F2
(85%), and F4 (87%). The findings suggest that F3 may be an effective wound dressing for
diabetic wound management.
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Table 3: Percentage Wound Contraction over 14 Days BPNF
Day F1 (%) F2 (%) F3 (%)
0 0 0 0
4 25 27 28
7 50 53 55
10 70 72 74
14 82 &5 90

Wound Contraction Over 14 Days
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Fig. No 4: Wound Contraction (%) Over 14 Days

Observations:
. F3 demonstrated the fastest healing with 90% wound contraction at day 14.
. Other formulations showed lower contraction rates: F1 (82%), F2 (85%), F4 (87%).

Fig. No 5: Wound healing contraction pattern for —Ve control Vs Standard
Days [Negative Control Standard
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Fig. No. 6: Contraction pattern wound healing for BPNF 14 days study
Days F-1 F-II F-III
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Fig. No. 4 Histological images of diabetic (A) and treated diabetic wounds (B & C). On day 7,
untreated diabetic wound tissues illustrated incomplete epithelialization and minimal cellular
infiltration, whereas diabetic wounds treated with BPNF demonstrated nearly complete re-
epithelialization, large numbers of cell migration, especially fibroblast cells

(FB) with collagen deposition (CG), and blood vessel (BV) at the wound area (A). In contrast,
there were no obvious effects in F1 and negative normal wounds on day 7 (B) and day 14 (C).
Figure 5 demonstrates wound healing activity in the treatment and the control groups of both
diabetic and BPNF treated rats. After the wounds were left for three days, crust was observed
in all groups. BPNF and Betadine were initially applied on day 4 post-wounding in the
treatment respectively. The rate of wound closure in diabetic rats was profoundly delayed

7310



Frontiers in Health Informatics www. healthinformaticsjournal.com
ISSN-Online: 2676-7104

2024; Vol-13: Issue 8 Open Access

throughout the experiment, compared with other rats (Fig. 6&7. Diabetic wounds treated with
BPNF appeared to heal faster than the negative control wounds (Fig. 5). On day 3 after
treatment, the wound area in both the treatment and the control groups was not significantly
different (p<0:05). In contrast, on day 7, the significant difference (p<0:05) in percentage of
wound closure in response BPNF treatment was observed with 90%, when compared with
negative control wounds.

BPNF enhances wound healing process

To observe tissue changes, histological analysis was performed by staining with H&E. Fig. 7
illustrates the histological images of diabetic wounds treatment with standards and diabetic
wounds treated with or without BPNF. Before initial treatment, incomplete epithelialization
was observed with less number of cells and collagen deposition in all groups. Moreover, a long
gap in wound area was presented in the dermis layers. After treatment for seven days, BPNF-
treated diabetic wounds showed better re-epithelialization and collagen deposition than the
control wounds (Fig. 6). In addition, it has been developed abundant granulation tissue with a
large number of cells containing fibroblast, collagen, capillaries, as well as inflammatory cells
(Fig. 7). In contrast, minimal cellular infiltration and collagen deposition were indicated in
wounds negative control. Loosely packed collagen fibre and partial re-epithelialization were
noted in negative control.

DISCUSSION:

The results demonstrated that formulation F3 significantly enhanced wound contraction
compared to F1, F2, and F4. The superior effect of F3 may be attributed to its optimized
polymer composition, ability to maintain a moist environment, and possible bioactive release
promoting granulation and re-epithelialization.

These findings are consistent with earlier reports indicating that polymer-based wound
dressings improve diabetic wound healing. The results highlight the potential of F3 as a
promising wound dressing. However, the study was limited to planimetric assessment; a further
in details biochemical and histological evaluations would provide further insights into the
mechanisms.

RECOMMENDATIONS:

1. Among the formulations tested, F3 exhibited the most potent wound healing activity
with 90% contraction by day 14 in diabetic rats.

2. Further studies should include histological, biochemical, gene-expression and
molecular evaluations is warranted.

3. Long-term studies and clinical translation

4. All formulations showed acceptable results.

5. F3 (HPMC + Chitosan blend) consistently performed best in flexibility, drug content,
release profile, antimicrobial activity, and wound healing, making it the optimized formulation.
The evaluation results demonstrate that all batches exhibited satisfactory physicochemical and
mechanical properties. However, F3 (HPMC + Chitosan blend) consistently performed better
across multiple parameters. It showed higher folding endurance (250 folds), superior tensile
strength (0.89 N/mm?), excellent drug release (91.8% in 12 h), and maximum antimicrobial
activity (zone of inhibition 21 mm). In wound healing studies, F3 achieved 90% wound
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contraction by day 14, which was superior to other formulations. Hence, F3 was identified as
the most optimized batch for diabetic wound healing.
CONCLUSION

The present study focused on the development and in-vitro evaluation of a Bio-Polymeric
Nanoformulation (BPNF) designed to enhance diabetic wound healing. Diabetes mellitus is
known to delay the natural wound healing process due to oxidative stress, microbial infections,
and impaired tissue regeneration. The prepared BPNF incorporated bioactive and
biocompatible materials to provide antioxidant, anti-inflammatory, and antimicrobial effects
that are essential for faster wound recovery. Characterization studies revealed that the
formulation possessed an optimal particle size, stability, and sustained drug release profile,
ensuring prolonged therapeutic action at the wound site.
The in-vitro studies demonstrated that the developed BPNF significantly promoted cellular
protection and exhibited strong antimicrobial and antioxidant activities, which play a crucial
role in diabetic wound healing. These results suggest that the formulation can effectively
accelerate tissue regeneration, prevent infection, and maintain a moist environment required
for wound closure. Therefore, it can be concluded that the developed BPNF is a promising and
innovative nanoformulation for diabetic wound management and can serve as a potential
candidate for further in-vivo and clinical studies.
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