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ABSTRACT 

Wound healing is a dynamic and highly 

coordinated biological process involving 

hemostasis, inflammation, proliferation, and 

remodeling phases that restore the integrity of 

injured tissue. Centella asiatica (L.) Urban, a 

perennial herb belonging to the family Apiaceae, 

has been extensively used in traditional Ayurvedic, 

Unani, and Chinese medicine for the treatment of 

wounds, burns, and skin disorders. The plant 

contains diverse bioactive phytochemicals, 

primarily triterpenoid saponins such as asiaticoside, 

madecassoside, Asiatic acid, and madecassic acid, 

which are chiefly responsible for its 

pharmacological effects. These compounds 

promote collagen synthesis, angiogenesis, 

fibroblast proliferation, and epithelialization while 

exhibiting strong antioxidant, antimicrobial, and 

anti-inflammatory activities. Modern extraction 

techniques such as ultrasound-assisted and 

supercritical CO₂  extraction enhance yield and 

purity of these bioactives. Recent advances in 

formulation science have improved the clinical 

efficacy of C. asiatica through innovative drug 

delivery systems, including hydrogels, 

nanocomposites, niosomes, microneedles, and 

polymeric spray films, all of which enhance 

stability, skin penetration, and sustained release. 

Clinical studies have validated its role in 

accelerating healing of diabetic ulcers, burns, 

surgical wounds, and post-laser injuries, with 

minimal adverse effects. Furthermore, 

commercially available preparations such as 

Madecassol®, Centellase®, and Blastoestimulina® 

highlight its practical application in dermatology 

and wound management. The integration of C. 

asiatica with emerging technologies such as cell 

electrospinning and 3D bioprinting represents a 

promising future direction for personalized and 

effective wound care therapies. 

Keywords: centellaasiatica, wound healing, 

triterpenoid saponins, antioxidant activity, 

advanced formulation 

 

I. INTRODUCTION 
Wound healing: - Wound healing is the process by 

which the body repairs damaged tissue and restores 

its integrity. It's a complex biological process 

involving several distinct phases, including 

hemostasis, inflammation, proliferation, and 

remodeling. 

Hemostasis: This initial phase focuses on stopping 

the bleeding. Platelets aggregate to form a plug, 

and clotting factors are activated to create a fibrin 

clot, which stabilizes the wound and prevents 

further blood loss. 

Inflammation: The next phase is inflammatory 

phase. White blood cells, particularly neutrophils, 

migrate to the wound site to clear debris and fight 

off infection. Macrophages also arrive to remove 

dead cells and pathogens, promoting the next stage 

of healing. 

Proliferation: In this phase, new tissue is generated. 

Keratinocytes migrate to cover the wound, blood 

vessels are formed (angiogenesis), and fibroblasts 

deposit a new extracellular matrix, including 

collagen, to fill the wound bed. This new tissue is 

called granulation tissue. 

Remodeling: The final phase involves the 

maturation and strengthening of the new tissue. 

Fibroblasts continue to produce collagen, and the 

wound contracts, reducing its size. The scar that 

forms may fade and become less noticeable over 

time, though it may never be as strong or flexible 

as the original tissue. (10) 

 

Centella asiatica:- 

Centellaasiatica (L) urban, formerly 

known as hydrocotyle asiatica (L). It grows in 

temperate and tropical swampy areas in many 

regions of the world. The stems are slender, 

creeping stolons, green to reddish-green in color, 
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connecting plants to each other. It has long-stalked, 

green, rounded apices which have smooth texture 

with palmately netted veins. The leaves are borne 

on pericladial petioles. It is herb used for centuries 

in ayurveda, traditional Chinese medicine (TCM) 

Medicinal herb is also known as: 

•unani medicine - brahmi 

•ayurveda - mandookaparni 

•western world - gotu kola 

 

Common name: - gotu kola, Indian pennywort, 

mandukaparni, Asiatic pennywort, Indian 

pennywort, thick leaved pennywort or tiger grass 

 

Family:  Apiaceae (umbelliferae) 

Tropical regions of south east Asia , sections of 

china ,India , south Africa ,south America& eastern 

Europe are popular places to find it  (1,2) 

c. asiatica was initially described & published 

under name hydrocotyleasiatica by carl linnacus 

until it was reclassified in valid botanical 

systematics of c. asiatica (linn) urban (1,3,4) 

 

It has been used in India since ancient 

times, particularly as an adaptogens to enhance 

cognitive function, where it is known as brahmi or 

"brain food" (1) 

 
Fig: centellaasiatica 

 

II. PHYTOCHEMISTRY 
Centella asiatica contains a diverse range 

of bioactive phytochemicals responsible for its 

wound healing activity. The major constituents 

include: 

• Phenolic compounds – such as catechin, 

epicatechin, kaempferol, quercetin, and their 

glycosides, along with various dicaffeoylquinic 

acid derivatives (1,3-, 1,5-, 3,4-, 3,5-, and 4,5-di-

caffeoylquinic acids). These compounds exert 

strong antioxidant and anti-inflammatory effects 

⦁Triterpenoid (centelloside): including asiaticoside, 

madecassoside, madecassic acid, and asiatic acid. 

These are the most pharmacologically active 

constituents: 

• Asiaticoside stimulates fibroblast proliferation 

and enhances collagen type I synthesis. 

• Madecassoside promotes secretion of collagen 

type III and shows strong anti-inflammatory 

properties 

• Volatile oils & fatty acids – such as β-

caryophyllene, trans-β-farnesene, germacrene D, α-

pinene, β-pinene, linoleic acid, oleic acid, palmitic 

acid, and stearic acid, which contribute to 

antimicrobial and skin-protective effects. 

• Amino acids – alanine, serine, aspartate, 

glutamate, lysine, leucine, methionine, etc., which 

support tissue repair and regeneration 

• Flavonoid derivatives – including castilliferol 

(kaempferol-3-p-coumarate) and castillicetin 

(quercetin-3-caffeate), reported to enhance 

antioxidant defense 

• Other: Sterols, tannins, essential oils 

 

Overall, these phytochemicals act 

synergistically to accelerate wound healing by 

reducing oxidative stress, suppressing 

inflammation, enhancing angiogenesis, and 

stimulating collagen synthesis. (5,6) 
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Fig: 1 

 

III. PHARMACOLOGICAL ACTIVITY: 
1. Skin and wound healing activity 

The epidermis, dermis, and hypodermis 

are the three layers that make up the skin, which is 

a unique organ. The outermost layer, known as the 

epidermis, is made up of immune system cells, 

dead cells, melanocytes, sebaceous glands, sweat 

glands, and hair follicles. As the primary defense 

barrier of the body, the skin protects internal 

structures against infections and physical, 

mechanical, and chemical damage. The main 

chemical components of C. asiatica play a 

significant role in wound healing (7) 

• Asiaticoside stimulates collagen synthesis, 

enhances fibroblast proliferation, and improves 

tensile strength of skin (10,11) 

. • It reduces pro-inflammatory cytokines (TNF-α, 

IL-6) and growth factors (TGF-β, PDGF,VEGF ). 

(8) 

• Promotes faster wound contraction, re-

epithelialization, and angiogenesis, helping in 

burns, ulcers, and scars (9) 

 

2. Antimicrobial activity 

The extensive usage of antibiotics over the 

past few decades has led to a notable increase in the 

development of drug resistance. One of the 

essential medicinal herbs that is frequently used to 

cure a variety of illnesses is C. asiatica. 

• Ethanol extracts show antibacterial action against 

S. aureus, MRSA, E. coli, Salmonella, Vibrio 

cholerae, and M. tuberculosis. The ethanol extract 

of C. asiatica was also effective against Gram-

negative bacteria (7,12,13) 

• Aqueous extracts demonstrate antifungal activity 

against Aspergillus, Fusarium, and Penicillium 

species (12) 

 

3. Antioxidant activity 

In addition to harming cellular organelles, 

membrane lipids, DNA, and proteins, oxidative 

stress also causes early aging, cancer, heart disease, 

and degenerative and neurological disorders. 

• Rich in flavonoids and phenolic compounds with 

free radical scavenging ability comparable to 

vitamin C.(14) 

• Extracts neutralize reactive oxygen species, 

chelate metals, and protect against oxidative stress-

related conditions like aging and neurodegeneration 

.(14,15) 

4.Anti-inflammatory activity 

The immune system is essential to human 

health, defending the body against invading 

pathogens and treating diseases. The benefits of C. 
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asiatica extracts, which include natural antioxidants 

such as saponins, include a considerable impact on 

skin hydration and epidermal barrier function, with 

a focus on increasing epidermal barrier tightness. 

(11) 

• Saponins (especially asiaticoside and 

madecassoside) inhibit COX and LOX enzymes 

and reduce PGE2 production. (16,13) 

• They downregulate inflammatory mediators 

(iNOS, COX-2) and show effects comparable to 

ibuprofen/indomethacin in animal models.(17) 

• Help reduce erythema, edema, and improve skin 

barrier function (13) 

In short, Centella asiatica exhibits wound healing, 

antimicrobial, antioxidant, and anti-inflammatory 

pharmacological activities, largely due to 

asiaticoside, madecassoside, asiatic acid, and 

madecassic acid. 

 

IV. MODERN DRUG DELIVERY 

SYSTEM 
• Ointments, gels, hydrogels → stimulate collagen, 

maintain hydration. 

Centella asiatica is widely used not only for 

treating skin disorders and wounds but also in 

cosmetic formulations like creams, gels, and 

hydrogels. Hydrogels, with their high water-

holding capacity, enhance skin hydration and 

healing.(22) 

•Bylka et al. study: Aqueous extract (1% in 

ointment, cream, gel) applied on rat wounds 

showed improved collagen synthesis, tensile 

strength, and faster epithelialization, with gels 

being the most effective.(22) 

•Ratz-Łyko et al. study: Cosmetic emulsions and 

hydrogels with 70% ethanol extract (10% active 

compounds) improved skin hydration; a 5% extract 

in oil-in-water emulsion was more effective than in 

hydrogel.(24) 

•Chitosan-based hydrogel: A formulation with 3% 

C. asiatica methanol extract and 3% chitosan 

showed strong antimicrobial activity, good 

rheological properties, and effective wound 

healing, making it suitable for patient use.(27) 

C.asiatica formulations enhance skin hydration, 

protect against damage, and promote wound 

healing, highlighting their value in dermatological 

and cosmetic applications. 

 

• Patches (e.g., Perio Patch®) → boost collagen 

and angiogenesis. 

Traditional ointments and creams of C. 

asiatica are limited by poor penetration of lipophilic 

compounds like asiatic acid. Advanced delivery 

systems, such as the Perio Patch® (containing C. 

asiatica, Echinacea purpurea, and Sambucus nigra), 

overcome this issue. In a study by Chaushu et al., 

the patch significantly improved gingival healing, 

reduced inflammation, and promoted collagen 

synthesis compared to controls, highlighting the 

role of herbal actives in enhancing wound repair 

(28) 

 

•Nanocomposites&niosomes→ improve stability, 

skin penetration, controlled  release. 

Nanotechnology helps overcome 

biological barriers and improves the delivery of C. 

asiatica extracts. A nanocomposite of C. asiatica 

glycolic extract and silica (SiO₂ ) was developed 

using ball milling, enhancing stability, antioxidant 

activity, and wound healing by promoting collagen 

synthesis, angiogenesis, and protection against 

oxidative stress. Such nanostructures prevent 

degradation of plant extracts, increase 

bioavailability, and provide biocompatibility, 

making them suitable for wound dressings and 

topical formulations. Additionally, polymeric 

colloidal nanocarriers filled with C. asiatica extract 

improved absorption, stability, and controlled 

release in cosmetic applications. (29,30,31) 

Niosomes are biodegradable nanocarriers 

capable of encapsulating both hydrophilic and 

lipophilic compounds, enhancing drug delivery into 

deeper skin layers. C. asiatica extract-loaded 

niosomes (CAE-Nios) improved dermal 

accumulation with low systemic permeability, 

while hyaluronic acid (HA)-modified niosomes 

(CAE-Nio-HAs) further enhanced penetration and 

retention in the dermis. HA’s affinity for stratum 

corneum polysaccharides supports deeper 

absorption, making HA-coated niosomes a 

promising strategy for targeted topical delivery of 

C. asiatica compounds, particularly asiaticoside. 

(32) 

 

•Microneedles→ deliver asiatic acid deeper, 

enhance tissue regeneration. 

Microneedle arrays are novel transdermal 

devices that penetrate the stratum corneum to 

deliver C. asiatica compounds like asiatic acid 

directly into the dermis. Ryall et al. developed 

chitosan–PVA hydrogel and PVA–chitosan 

dissolving microneedles, showing prolonged drug 

release, biocompatibility, and enhanced wound 

closure. Chi et al. created a Chinese Herb 

Microneedle (CHMN) patch with asiatic acid, 

which provides antibacterial and anti-inflammatory 

effects, promotes collagen deposition, 
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angiogenesis, and tissue regeneration, 

demonstrating strong potential for clinical wound 

healing applications.(33,34) 

 

V. CENTELLAASIATICA IN WOUND 

HEALING 
1. Plant parts used (18) 

• Primary parts: Leaves and whole aerial parts 

• Roots may be used in some preparations, but for 

wound healing, the leaf is the main source due to 

high triterpenoid content 

 

2. Bioactive compounds (drugs) extracted (19) 

The main pharmacologically active constituents: 

• Asiaticoside – promotes collagen synthesis, 

angiogenesis, and epithelialization. 

• Madecassoside – anti-inflammatory and 

antioxidant, accelerates wound contraction. 

• Asiatic acid – aids in fibroblast proliferation and 

collagen maturation. 

• Madecassic acid – supports tissue remodeling. 

These are collectively triterpenoidsaponins (also 

called centellosides) 

 

3. Extraction methods (20) 

Different methods can be used depending on 

whether you want crude extract or pure 

compounds. 

a) Crude Extract Preparation 

•Solvent extraction (most common for herbal 

extracts)  :-Hot or cold maceration with solvents 

like methanol, ethanol, or water. 

For example: 

1. Dry and powder the leaves. 

2.Soak in 70% ethanol for 48–72 hours. 

3. Filter and evaporate under reduced pressure. 

•Soxhlet extraction (efficient for dry plant material) 

:-Uses organic solvents like ethanol or 

methanol.Continuous hot extraction to obtain 

concentrated crude extract. 

 

b) Isolation of Pure Compounds 

• Column Chromatography (silica gel columns, 

gradient elution with hexane/ethyl 

acetate/methanol) 

•High-Performance Liquid Chromatography 

(HPLC) for purification and quantification of 

asiaticoside/madecassoside. 

• Preparative TLC for small-scale isolation. 

 

c) Alternative/Green Methods 

• Supercritical CO₂ extraction (uses CO₂ under 

high pressure, solvent-free, good for heat-sensitive 

compounds). 

• Ultrasound-assisted extraction (shortens time, 

improves yield). 

• Microwave-assisted extraction (energy-efficient, 

high recovery rate). 

 

4. Typical yield and concentration (21) 

• Asiaticoside content in dried leaves: 0.5–1.5%. 

• Madecassoside content: ~0.3–0.8% (varies with 

growing conditions). 

 

Table no:1 

Plant part 

used 

Extracted 

compound 

(drug) 

Chemical nature Extraction method Role in wound healing 

Leaves/aerial 

part 

Asiaticoside 

(7,8) 
Triterpenoidsaponins 

Solvent extraction 

(ethanol/methanol) 

Soxhlet, HPLC for 

purification 

Stimulates collagen 

synthesis 

Angiogensis 

epithelization 

Leaves /aerial 

part 

Madecassoside 

(9,10) 
Triterpenoidsaponins 

Solvent extraction 

Column chromatography 

HPLC 

Antiinflammatory 

Antioxidant 

Accelerates wound 

contraction 

Leaves / aerial 

part 

Asiactic acid 

(7,14) 
Triterpenoidaglycone 

Solvent extraction 

Column chromatography 

HPLC 

Promotes fibroblast 

proliferation 

Aids collagen maturation 

Leaves / aerial 

part 

Madecassic 

acid(14,15) 

 

Triterpenidaglycone 

 

Solvent extraction 

Column chromatography 

HPLC 

Supports tissue remodelling 

and repair 

Whole plant 

Crude extract 

(mix of 

centellosides 

(11,12,13) 

Mix of 

triterpenoidsaponins 

Maceration, soxhlet 

,ultrasound assisted 

extraction,supercritical 

co2 

Synergetic wound healing 

effect via multiple 

pathways 
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VI. MECHANISM OF WOUND HEALING 
Centellaasiatica aids wound healing via multiple 

mechanisms: 

1. Collagen synthesis – Asiaticoside stimulates type 

I & III → stronger skin matrix.(7,8,9) 

2. Angiogenesis – Promotes formation of new 

blood vessels for better nutrient and oxygen 

delivery to wound site (7, 9) 

3. Anti-inflammatory effect – Reduces pro-

inflammatory cytokines (IL-1β, TNF-α). (10, 11) 

4. Antioxidant action – Neutralizes free radicals 

that delay wound closure or healing (14, 15) 

5. Epithelialization – Accelerates speeds up the 

growth of new skin cells over the wound surface (7, 

9) 

 

 
Fig: Mechanism of wound healing 

 

Table no: 2 

formulation concentration Study type result 

Asiaticoside topical cream 

(7,9) 
0.2–1% Rat excision model 

Increased tensile strengh 

and faster closure 

Ethanolic leaf extract 

ointment(9,10) 
1–5% Mouse burn model 

Improved epithelization 

time 

Hydrogel with extract 

(7,14) 
2% Human clinical trial Reduced scar formation 

Oral asiaticoside 

(7,14,15) 
10–30 mg/kg Rat excision model 

Increased hydroxyproline 

content 

 

VII. ROLE OF CENTELLAASIATICA:- 
Centellaasiatica plays a vital role in 

wound healing owing to its rich composition of 

bioactive compounds, particularly 

triterpenoidsaponins such as asiaticoside, 

madecassoside, asiatic acid, and madecassic acid. 

These constituents stimulate collagen synthesis, 

enhance fibroblast proliferation, promote 

angiogenesis, and regulate inflammatory responses, 

thereby accelerating wound contraction and 

epithelialization. In addition to its direct wound-

healing effects, the plant exhibits strong 

antimicrobial, antioxidant, and anti-inflammatory 

activities, which protect the wound from infection, 

reduce oxidative stress, and restore skin barrier 

function. Clinical studies have confirmed its 

efficacy in diverse wound types, including diabetic 

ulcers, burns, scars, and post-surgical lesions, 
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demonstrating faster recovery and reduced scar 

formation. Moreover, modern formulations such as 

hydrogels, nanocomposites, microneedles, and 

spray films have further improved its stability, 

penetration, and therapeutic outcomes. Widely 

available as ointments and creams in commercial 

preparations, Centellaasiatica represents an 

important bridge between traditional medicine and 

modern wound care, offering safe, cost-effective, 

and scientifically validated healing solutions (.1)  

 

 
Fig: role of centellaasiatica 

 

VIII. CLINICAL EVIDENCE 
• Diabetic foot ulcers(Paocharoen et al.): Oral 

extract capsules improved wound contraction and 

reduced scar formation.Oral C. asiatica extract (50 

mg asiaticoside per capsule, twice daily) in 200 

patients accelerated wound contraction, promoted 

granulation tissue formation, and reduced scar 

formation compared to placebo.(38) 

• Burns (Saeidinia et al.): Centiderm ointment 

healed faster than silver sulfadiazine.Topical 

Centiderm ointment (3% C. asiatica extract) 

improved re-epithelialization and healing within 

10–16 days, outperforming 1% silver sulfadiazine, 

with no adverse effects.(39) 

• Scars prevention (Jenwitheesuk et al.): 7% extract 

cream improved pigmentation and hypertrophic 

scars.Cream containing 7% C. asiatica extract 

applied on split-thickness skin graft donor sites 

improved pigmentation and reduced hypertrophic 

scar formation earlier than placebo. (40) 

• Laser wounds (Damkerngsuntorn et al.): ECa 233 

gel reduced erythema and improved texture.Topical 

ECa 233 gel (0.05% w/w 

madecassoside/asiaticoside) reduced erythema, 

enhanced re-epithelialization, and improved skin 

texture after laser resurfacing for acne scars.(41) 

• Spray film /Acute Wounds (Recent study): 

Accelerated healing in acute wounds .Polymeric 

spray film enriched with C. asiatica triterpenes 

accelerated wound healing, lowered PUSH and 

exudate scores, and shortened recovery times 

without adverse effects.(42,43) 

Clinical trials consistently demonstrate that C. 

asiatica—administered orally or topically in 

creams, gels, ointments, or sprays—promotes 

wound healing, enhances tissue regeneration, 

accelerates re-epithelialization, improves scar 

outcomes, and is safe for use in various types of 

wounds, including diabetic ulcers, burns, surgical 

sites, and post-laser injuries. 

 

IX. COMMERCIAL 
Many over-the-counter products contain 

C. asiatica for skin care and wound healing. These 

products help treat common skin issues like acne, 

eczema, psoriasis, scars, cuts, abrasions, and minor 

burns by soothing the skin and promoting faster 

healing. 
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Examples of commercial products: 

•Cendila® – Tablets (300 mg) and cream (1.5%) 

•Collaven® – Capsules (30 mg) 

•Centellase® – Tablets (10/30 mg), drops (10 

mg/mL), powder (2%), ointment (1%) 

•Madecassol® (Bayer) – Cream for ulcers and 

wounds 

•Blastoestimulina® (Almirall) – Ointment with 

triterpenic acids (asiatic acid, madecassic acid, 

asiaticoside, madecassoside) for wounds, burns, 

surgical wounds, and skin grafts (23) 

These creams and ointments protect wounds, 

prevent drying, and help skin heal faster with less 

scarring. Widely used in cosmetics for skin 

rejuvenation and scar reduction. 

 

X. FUTURE PERSPECTIVES 
Although traditional C. asiatica formulations are 

effective, modern wound care can benefit from 

advanced technologies: 

•Cell Electrospinning: Creates 3D fiber scaffolds 

that embed living cells, mimicking the natural 

extracellular matrix. This supports tissue repair and 

enhances wound healing. (44) 

•3D Bioprinting: Allows precise layering of 

biomaterials, cells, and therapeutic agents 

(including C. asiatica extracts) to make 

personalized wound dressings. Dressings can be 

customized in shape, size, and drug content to 

match individual patient needs. (45) 

 

Integrating electrospinning and 3D bioprinting 

could lead to next-generation, highly effective, and 

personalized wound care solutions. 

Integration with nanotechnology, cell 

electrospinning, and 3D bioprinting for advanced 

wound dressings. 

Potential for personalized medicine and improved 

bioavailability. 

 

Evidence from studies 

• Post-surgical patients given Centella asiatica 

extract cream had better scar appearance and 

reduced healing time(9, 10) 

• Positive results in chronic wounds like diabetic 

ulcers when used with standard dressing.(11,13) 

 

Advantages 

• Non-toxic and well- tolerated (7, 8) 

• Multi-target action (anti-inflammatory + collagen 

boost). (10, 11) 

• Can be combined with other herbal or 

conventional treatments(12, 13) 

•Centellaasiatica is both a traditional and modern 

wound healing agent. 

• Its multi-targeted actions (collagen stimulation, 

anti-inflammatory, and antioxidants, antimicrobial) 

make it highly valuable in wound care. 

 

Limitations 

• Topical application works best; oral use needs 

more strong clinical evidence. (9,10) 

• Variability in extract quality can affect 

results.(11,12) 

• Some cases of contact dermatitis reported (rare). 

(14) 

 

Safety profile 

•generally safe for topical and oral use in 

recommended doses (7, 8) 

• Mild allergic skin reactions possible in sensitive 

individuals. (14, 15) 

Acute dermal irritation tests in rabbits showed no 

irritation even at high concentrations, confirming 

safety for topical use. 

• Clinical studies and new formulations confirm its 

effectiveness and safety. {1} 

 

XI. RESULTS AND DISCUSSION 
Centella asiatica serves as a remarkable 

example of how traditional herbal medicine can 

align with modern pharmacological and 

biotechnological approaches to promote effective 

wound healing. Its triterpenoid saponins—

asiaticoside, madecassoside, asiatic acid, and 

madecassic acid—play key roles in enhancing 

collagen synthesis, fibroblast proliferation, 

angiogenesis, and epithelialization, thereby 

accelerating tissue repair and minimizing scar 

formation. In addition, its antioxidant, 

antimicrobial, and anti-inflammatory actions 

protect the wound environment and support overall 

skin regeneration. Clinical trials confirm its 

efficacy in diverse wound types, and the safety 

profile supports both topical and oral use. The 

evolution of C. asiatica into advanced 

formulations—such as hydrogels, nanocomposites, 

and microneedles—demonstrates its adaptability to 

contemporary wound care systems. Looking ahead, 

the incorporation of nanotechnology, cell 

electrospinning, and 3D bioprinting holds great 

promise for developing next-generation, patient-

specific wound dressings enriched with C. asiatica 

extracts. Thus, C. asiatica continues to bridge 

traditional healing wisdom with modern scientific 

innovation, offering a safe, cost-effective, and 



 

  

International Journal of Pharmaceutical Research and Applications 

Volume 10, Issue 5 Sept - Oct 2025, pp: 1075-1085 www.ijprajournal.com ISSN: 2456-4494 

                                       

 

 

 

DOI: 10.35629/4494-100510751085   Impact Factor value 7.429  | ISO 9001: 2008 Certified Journal Page 1083 

potent therapeutic option for managing acute and 

chronic wounds. 
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