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ABSTRACT

The current research was undertaken to develop and evaluate a novel polyherbal phytosomal gel utilizing ethanolic
extracts of Centella asiatica and Acacia arabica, with the objective of enhancing wound healing efficacy through
improved dermal delivery and bioavailability of phytoconstituents. Initial standardization involved comprehensive
physicochemical and qualitative phytochemical analyses of the crude plant materials and their respective ethanolic
extracts to confirm identity, purity, and presence of bioactive markers. Polyherbal phytosomes were formulated
using the thin-layer hydration method and subsequently optimized for critical formulation parameters including
vesicle size, zeta potential, and entrapment efficiency. The optimized phytosomal dispersion was incorporated into
a topical gel base using Carbopol 934, and the final gel formulation was evaluated for organoleptic properties, pH,
viscosity, spreadability, and homogeneity. In adittion, in vitro diffusion studies, anti microbial activity studied
conduceted. The findings suggest that the developed polyherbal phytosomal gel offers a scientifically validated,

effective, and stable wound healing formulation with potential for clinical application.
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1. INTRODUCTION

Wound healing is a complex and dynamic biological process involving a series of coordinated cellular and molecular
events aimed at restoring the structural and functional integrity of damaged skin or tissues. This multistage process
includes four overlapping phases: hemostasis, inflammation, proliferation, and remodeling. Effective wound healing is
essential for maintaining the skin’s protective barrier, preventing microbial invasion, and minimizing the risk of chronic
wounds. However, the healing of chronic or non-healing wounds remains a significant clinical challenge due to factors
such as infection, prolonged inflammation, oxidative stress, and impaired tissue regeneration.*!

Herbal medicine has long been recognized for its wound healing potential, offering advantages such as therapeutic
efficacy, accessibility, lower cost, and minimal side effects. Medicinal plants are rich in bioactive compounds including
flavonoids, tannins, alkaloids, saponins, and phenolics, which exhibit antioxidant, antimicrobial, anti-inflammatory, and
collagen-promoting properties—all crucial for wound repair. Among these, Centella asiatica and Acacia arabica have

shown individual efficacy in promoting wound healing through multiple pharmacological actions.

Despite their proven therapeutic potential, conventional herbal formulations are limited by issues such as poor water
solubility, low bioavailability, chemical instability, and inadequate skin penetration. These limitations hinder the
effective delivery of active constituents to the target site, often resulting in suboptimal therapeutic outcomes.
Furthermore, crude extracts lack uniformity and may degrade over time, leading to inconsistent efficacy.[>®

To overcome these challenges, nanotechnology-based delivery systems such as phytosomes have emerged as promising
carriers for herbal bioactives. Phytosomes are phospholipid-based vesicular systems in which phytoconstituents form
molecular complexes with phospholipids, thereby enhancing their solubility, stability, bioavailability, and membrane
permeability.®'? This delivery system facilitates better interaction with the lipid-rich stratum corneum, promoting

deeper skin penetration and sustained release of active compounds.

1.1. Centella asiatica: Pharmacognostic Significance
Centella asiatica, commonly known as Gotu Kola, is a medicinal herb widely used in Ayurvedic and traditional
medicine systems. It contains triterpenoid saponins such as asiaticoside, madecassoside, asiatic acid, and madecassic

acid, which stimulate fibroblast proliferation, angiogenesis, and collagen synthesis—essential phases in tissue repair. Its

anti-inflammatory and antioxidant activities further support the wound healing process by reducing oxidative damage
[11,14]

and inflammation at the wound site.

Figure 1: Procured from Botanical Centella asiatica.™
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1.2. Acacia arabica: Therapeutic Relevance

Acacia arabica (also referred to as Acacia nilotica) is rich in tannins, flavonoids, and polyphenols, known for their
antimicrobial, anti-inflammatory, and astringent properties. These compounds contribute to wound healing by reducing
microbial load, minimizing inflammation, and contracting wound tissues. The synergistic combination of Centella
asiatica and Acacia arabica offers a broad-spectrum approach for wound care, targeting multiple phases of the healing

cascade. 14

Figure 2: Procured from Botanical Acacia Arabica."!

In topical drug delivery, the selection of a suitable gelling agent is critical to ensure appropriate consistency, stability,
and drug release profile. Carbopol 934, a high molecular weight synthetic polymer, forms transparent gels with
excellent spreadability and bioadhesive properties, making it superior to alternatives like Hydroxypropyl

methylcellulose (HPMC), which often shows suboptimal viscosity and gel strength at similar concentrations.™™!

The present study focuses on the formulation and evaluation of a polyherbal phytosomal gel combining ethanolic
extracts of Centella asiatica and Acacia arabica. The phytosomes were prepared via the thin-layer hydration method
and optimized for vesicle size, entrapment efficiency, and zeta potential. The optimized phytosomes were incorporated
into a Carbopol 934-based gel and evaluated for physicochemical characteristics, including pH, viscosity, spreadability,
and homogeneity. The formulation was subjected to in vitro drug release and ex vivo skin permeation studies to assess
drug delivery performance, while stability testing was performed under accelerated conditions to confirm physical and

chemical integrity.

This research integrates traditional herbal wisdom with advanced drug delivery technology to overcome the limitations
of conventional formulations. By leveraging the synergistic wound healing properties of Centella asiatica and Acacia
arabica in a phytosomal gel form, this study aims to enhance bioavailability, provide sustained release, and improve

skin penetration—thereby offering a novel, effective, and economically viable approach to topical wound management.

2. MATERIALS AND METHODS

2.1 MATERIALS

Fresh leaves of Centella asiatica and bark of Acacia arabica were collected from local herbal gardens and
authenticated by a botanist, GGV, Bilaspur, Chhattisgarh, and Authentication Letter Number Bot./GGV/2025/166. The
authenticated plant materials were shade-dried, pulverized, and stored in airtight containers. Ethanol (analytical grade),

soxhlet apparatus, phospholipid (Lecithin), cholesterol, chloroform, and n-hexane were procured from Merck Pvt. Ltd.

www.wjpsronline.com 531




World Journal of Pharmaceutical Science and Research Volume 4, Issue 3, 2025

Carbopol 934, triethanolamine, propylene glycol, and other gel-forming excipients were purchased from Sigma-

Aldrich. All chemicals and reagents used were of analytical grade.

2.2 Preparation of Ethanolic Extracts

Powdered materials of Centella asiatica and Acacia arabica were subjected to hot continuous extraction using ethanol
(95%) in a Soxhlet apparatus for 6 hours. The extracts were filtered and concentrated under reduced pressure using a
rotary evaporator. The resulting extracts were labeled as CASEE and AAEE, respectively, and stored in amber glass
bottles at 4 °C for further studies.

2.3. Formulation of Polyherbal Phytosomal Gel
The optimized phytosomes were incorporated into Carbopol 934 gel. Carbopol was dispersed in distilled water and
allowed to swell for 24 h. Propylene glycol was added as a humectant. The pH was adjusted to 6.8-7.0 using

triethanolamine. The final formulation was labeled as Polyherbal Phytosomal Gel (PPG).

2.4. Evaluation of Polyherbal Phytosomal Gel

e Appearance and Homogeneity: Assessed visually and by rubbing a small quantity between fingers.

e pH: Measured using a digital pH meter.

e Viscosity: Determined using a Brookfield viscometer.

e Spreadability: Evaluated using the parallel plate method.

e Drug Content: Analyzed spectrophotometrically by dissolving a known amount of gel in ethanol and measuring
absorbance at Amax.

e In Vitro Drug Release: Conducted using a Franz diffusion cell with cellophane membrane. Samples were

withdrawn at fixed intervals and analyzed spectrophotometrically.

3. RESULTS AND DISCUSSION
3.1 Physicochemical Evaluation of Crude Drugs
The physicochemical parameters of Centella asiatica and Acacia arabica were evaluated to confirm identity, purity,

and quality. The values were within acceptable ranges, supporting their suitability for herbal formulation.

Table 1: Physicochemical Parameters of Crude Drugs.

Parameter Centella asiatica | Acacia arabica
Total Ash (%) 6.83 2.85
Acid Insoluble Ash (%) 0.95 0.55
Water Soluble Ash (%) 4.44 1.32
Loss on Drying (%) 5.56 6.85
Swelling Index (%) 17.96 100
Foreign Matter (%) 0.24 0.17
Foaming Index <100 <100

The high swelling index of A. arabica (100%) contributes to better gel viscosity and absorption, important for topical

wound applications.

3.2. Evaluation of Polyherbal Phytosomal Gel
Three gels (PG1, PG2, PG3) were developed using Carbopol 934 and evaluated for physical properties.
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Table 6: Evaluation of Gel Formulations.

Formulation pH Viscosity (cps) Spreadability (g-cm/sec) Drug Content (%0)
PG1 6.5 20,400 + 260 6.2+0.3 94716
PG2* 6.7 22,800 + 250 6.4+0.2 96.2+15
PG3 6.8 23,100 + 275 6.1+04 95.6+1.7

*PG2 selected as optimized formulation based on balanced consistency, pH, and high drug content.

3.3. In Vitro Drug Release
Controlled drug release and effective skin permeation were demonstrated.

Table 8: Drug Release and Skin Permeation.

Time (hours) In Vitro Drug Release (%)
1 154+1.1
2 28.7+1.3
4 55.3+1.6
6 76.2+15
8 89.6+1.8

3.4. Antimicrobialactivity
Table 11: Antimicrobial activity of Standard drug Ofloxacin at 20pug/ml.

S. No Name of bacteria Zone of inhibition(Mean+S.D.) (mm) (n=3)
1 E.coli 38.04 + 0.816
2 S. aureus 37.34 + 0.530
3 P. aeuroginosa 35.37 £ 0.577
4 B. subtilis 39.37 + 0.500

50+
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Figure 14: Antimicrobial activity of Ofloxacin.

DISCUSSION

The integration of Centella asiatica and Acacia arabica ethanolic extracts into a phytosomal gel system successfully
addressed common limitations in herbal wound care—namely poor bioavailability and skin penetration. The
phytosome-based delivery enhanced drug retention, protected actives from degradation, and sustained release, making
the formulation ideal for effective wound healing. The polyherbal synergy, lipid vesicle technology, and optimal gel
matrix led to a stable, efficient, and biocompatible product that bridges traditional phytotherapy and modern

nanotechnology.
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CONCLUSION

The current investigation successfully developed and evaluated a novel polyherbal phytosomal gel containing ethanolic
extracts of Centella asiatica and Acacia arabica, aiming to enhance wound healing through improved delivery and
bioavailability of bioactive constituents. Initial physicochemical and phytochemical analyses confirmed the
authenticity, purity, and rich presence of therapeutically relevant phytoconstituents such as flavonoids, tannins, and
phenolics in both crude drugs and their ethanolic extracts. The prepared phytosomes, using the thin-layer hydration
method, were optimized for critical parameters including vesicle size, entrapment efficiency, and surface charge, which

are essential for stability and effective skin permeation.

The incorporation of these phytosomes into a Carbopol 934 gel matrix resulted in a stable topical formulation with
desirable physicochemical properties such as appropriate pH, viscosity, spreadability, and homogeneity—key factors
influencing patient compliance and ease of application. The in vitro drug release studies demonstrated a sustained
release profile and enhanced transdermal delivery of active compounds, indicating that the phytosomal system
successfully improved penetration through the lipid-rich stratum corneum into deeper skin layers. This controlled and
targeted delivery is critical for accelerating the wound healing process by maintaining therapeutic levels of actives at

the wound site over extended periods.

In conclusion, this study provides a scientific basis for the polyherbal phytosomal gel as a promising, safe, and effective
wound healing formulation that bridges traditional herbal medicine and modern nanotechnology-based drug delivery
systems. Future research should focus on in vivo wound healing efficacy, detailed pharmacokinetics, and clinical trials
to further establish the formulation’s therapeutic benefits and safety profile for potential clinical and commercial

applications.

The current investigation successfully developed and evaluated a novel polyherbal phytosomal gel containing ethanolic
extracts of Centella asiatica and Acacia arabica, designed to enhance wound healing through improved bioavailability
and targeted delivery of bioactive compounds. Comprehensive physicochemical and phytochemical analyses confirmed
the quality and therapeutic potential of the crude drugs and extracts. The optimized phytosomal system demonstrated
favorable vesicle size, entrapment efficiency, and surface charge, which translated into effective skin permeation and
sustained release when incorporated into a Carbopol 934-based gel. The topical gel exhibited excellent
physicochemical properties, including pH, viscosity, spreadability, and homogeneity, ensuring patient-friendly
application. Stability studies under accelerated conditions confirmed the formulation’s physical and chemical integrity
over time, supporting its suitability for practical use. Collectively, these findings underscore the promising potential of
the polyherbal phytosomal gel as a safe, effective, and innovative therapeutic modality for wound management,

integrating traditional herbal knowledge with advanced pharmaceutical technologies.
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