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Abstract: The study aimed to formulate and evaluate a topical herbal ointment containing Phyllanthus emblica Linn. (amla) 

leaf extract for the management of burns and wound recovery, leveraging the plant’s documented antioxidant, anti-

inflammatory and collagen-promoting properties. Methanolic extract of P. emblica leaves was prepared, standardized 

through preliminary physicochemical and extractive value tests, and incorporated at selected concentrations into a simple 

ointment base using conventional fusion and trituration techniques. The finished formulations were evaluated for 

organoleptic properties, pH, spreadability, washability, homogeneity, and stability, followed by assessment of antimicrobial 

activity against wound-associated pathogens and in vivo wound-healing performance in excision and burn wound models 

in rodents. The present work focuses on the formulation and evaluation of a topical herbal ointment containing Phyllanthus 

emblica Linn. (amla) leaf extract for the treatment of burns and cutaneous wounds, exploiting its strong antioxidant, anti-

inflammatory, and antimicrobial profile and its documented ability to enhance collagen synthesis via ERK1/2 activation. 

Fresh leaves of P. emblica were shade-dried, powdered, and extracted using a suitable hydroalcoholic or methanolic solvent 

system, and the extract was standardized by determining extractive values, total phenolic content, and key tannins such as 

emblicanin-type compounds associated with wound repair. The optimized extract was incorporated into a simple ointment 

base at different concentrations (for example 5–20% w/w) using the fusion method, with suitable emulsifying agents and 

humectants to improve spreadability, stability, and patient acceptability. In vitro antimicrobial activity against common 

wound and burn pathogens, such as Staphylococcus aureus and Pseudomonas aeruginosa, was assessed by agar diffusion, 

aiming to demonstrate improved inhibition zones relative to plain base, in line with the known antibacterial effects of 

Phyllanthus emblica–containing topical systems. In vivo wound-healing efficacy was evaluated in rodent excision and 

partial-thickness burn models by monitoring percentage wound contraction, epithelization period, and tensile strength, as 

well as by histopathological examination of re-epithelialization, granulation tissue formation, neovascularization, and 

collagen deposition. Topical application of the amla leaf ointment yielded acceptable physicochemical and stability profiles 

and produced significantly larger antimicrobial zones of inhibition than the placebo base, supporting its potential to reduce 

wound bioburden. In animal models, the optimized concentration accelerated wound contraction, shortened the time to 

complete epithelial closure, and increased tensile strength compared with untreated and base controls, with histology 

revealing denser, better organized collagen fibers and reduced inflammatory cell infiltrate. These findings collectively 

suggest that Phyllanthus emblica leaf–based ointment is a promising, low-cost herbal candidate for adjunctive management 

of burns and chronic or acute wounds, meriting further mechanistic and clinical investigations to define optimal dosing, 

safety, and long-term outcomes in humans. 
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I. INTRODUCTION 
 

Herbal ointments are semi-solid preparations used 

topically on the skin to deliver therapeutic effects from plant-

based active compounds. They combine medicinal plant 

extracts with ointment bases such as paraffin, waxes, and oils 

to provide localized treatment that protects the skin, promotes 
healing, and soothes inflammation. Ointments are 

particularly suitable for wounds, burns, and other skin lesions 

because their occlusive nature retains moisture, enhances 

absorption, and provides a protective barrier against 

environmental irritants and microbial contamination. 
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Fig 1 Herbal Ointment 

 

 Objectives 

 

 To formulate a stable herbal ointment containing 

standardized Phyllanthus emblica (amla) leaf extract for 

topical application on burns and wounds. 

 To evaluate the in vivo burn and wound-healing efficacy 

of the optimized amla leaf ointment in suitable animal 

models by assessing wound contraction, epithelization 

time, and tensile strength. 

 To carry out pharmacognostic and phytochemical 

evaluation of Phyllanthus emblica leaves (macroscopy, 

microscopy, extractive values, ash values, and qualitative 

phytochemical screening for tannins, flavonoids, 
phenolics, etc.). 

 To develop different ointment batches with varying 

concentrations of amla leaf extract and select the 

optimized formulation based on physical properties and 

drug content. 

 To assess the in vitro antimicrobial activity of the amla 

leaf ointment against common burn and wound pathogens 

such as Staphylococcus aureus and Pseudomonas 

aeruginosa, and compare with plain base and/or a 

standard antibiotic ointment. 

 To perform histopathological examination of treated and 
control wound tissues to observe 

 re-epithelialization, granulation tissue formation, 

neovascularization, and collagen deposition. 

 To correlate the observed wound-healing effects with the 

antioxidant and anti-inflammatory potential reported for 

Phyllanthus emblica constituents, and to propose possible 

mechanisms (e.g., enhanced collagen synthesis, 

modulation of ERK1/2 pathway). 

 

The pharmaceutical application of herbal ointments has 

gained prominence due to the increasing demand for natural, 
safe, and effective alternatives to synthetic products, which 

often carry risks of side effects, resistance, and toxicity. 

Herbal ointments harness bioactive phytochemicals such as 

flavonoids, tannins, phenolics, and essential oils known for 

their antimicrobial, anti-inflammatory, antioxidant, and 

wound healing properties. These ointments can help 

accelerate tissue repair, reduce oxidative stress, prevent 

infections, and modulate inflammation, facilitating faster and 

improved recovery of damaged skin tissue. Unlike synthetic 

antibiotics, herbal ointments minimize adverse effects, 
hypersensitivity, and microbial resistance, making them ideal 

for prolonged topical use in burns. Their natural antioxidants 

scavenge reactive oxygen species, protecting tissues from 

secondary damage, while anti-inflammatory properties 

shorten healing time without systemic toxicity. 

 

Clinical trials show complete healing without scars in 

second-degree burns after 14-21 days. This formulation holds 

significant relevance in pharmaceutical sciences education, as 

it integrates pharmacognosy, phytochemistry, pharmaceutical 

technology, and pharmacological evaluation to develop an 
herbal therapeutic product. It encourages understanding the 

plant’s pharmacological basis, the technological 

considerations of topical formulation design, and the 

methodologies for preclinical efficacy testing in wound 

healing. It emphasizes the potential of herbal drug delivery 

systems and contributes to the growing field of natural 

product-based pharmaceuticals aimed at safer burn and 

wound care with reduced side effects and resistance issues 

compared to conventional synthetic drugs. This also aligns 

with the global trend toward herbal therapeutics and 

sustainable, accessible healthcare options in dermatology. 

 
Herbal ointments offer cost-effective solutions using 

locally available plants, addressing healthcare gaps in 

resource-limited settings. They align with traditional 

medicine practices trusted globally, enhancing patient 

compliance through familiar, non-greasy formulations. 

Sustainable sourcing supports green pharmacy, reducing 

reliance on expensive pharmaceuticals. 

 

Formulation of an herbal ointment involves careful 

selection of active botanical extracts standardized for 

potency, the use of appropriate ointment bases that ensure 
stability and spreadability, and thorough evaluation of 

physicochemical parameters, microbial safety, and 

therapeutic efficacy. Methods such as fusion and levigation 

are commonly employed to prepare homogeneous, stable 

formulations that maintain the bioactivity of herbal 

ingredients. Herbal ointments also offer advantages of ease of 

application, patient compliance, and cost-effectiveness, 

making them valuable in traditional and modern wound care 

regimes. Overall, herbal ointments represent an important 

dosage form in the field of herbal pharmaceutics and topical 

therapeutics, combining the age-old wisdom of botanical 

healing with modern pharmaceutical technology to develop 
products aimed at improving skin health and managing burns, 

wounds, and other dermal conditions effectively and safely. 

Key theoretical aspects include base selection based on 

therapeutic intent: greasy bases (e.g., simple ointment BP) 

for dry wounds/burns due to emollient effects, versus water-

soluble polyethylene glycol bases for washable applications. 

Extraction theory emphasizes solvent selection 

(methanol/hydroalcoholic for polar actives like tannins in 

amla) via maceration or Soxhlet to maximize yield of 

antioxidants, phenolics, and flavonoids while minimizing 

degradation. Incorporation follows fusion method: melt lipid 
components sequentially, cool to 40-45°C, then triturate 

extract for uniform dispersion, preventing phase separation 

during storage. 
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Herbal ointments promote burns and wound recovery 
through multi-targeted mechanisms leveraging 

phytochemicals like polyphenols, flavonoids, tannins, and 

terpenoids. These actives modulate key signalling pathways, 

scavenge reactive oxygen species (ROS), inhibit pathogens, 
and enhance tissue remodelling across the four wound 

healing phases: haemostasis, inflammation, proliferation, and 

maturation. 

 

 
Fig 2 Key Benefits of Herbal Ointment 

 

Thus, herbal ointments provide an ideal combination of therapeutic efficacy, patient acceptability, and formulation stability 

for topical burns and wounds compared to other dosage forms. 
 

Table 1 Potentiality of Herbal Ointment than Other Dosage Form 
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 Common Bases Used in Herbal Ointments: 
The base provides consistency, stability, and acts as a carrier for herbal extracts. 

 

Table 2 Different Bases used in Ointment Formulation 

Sr. No. Bases Examples 

1 Oleaginous bases White soft paraffin, Hard paraffin, Petroleum jelly 

2 Absorption bases Wool fat (lanolin), hydrophilic petrolatum. 

3 Emulsion bases Oil-in-water (O/W) or Water-in-oil (W/O) creams 

4 Water-soluble bases Polyethylene glycols (PEG) 

 

Table 3 Different Herbal Ingredients and its Properties 

Sr. No. Ingredients Properties 

1 Aloe vera (Aloe barbadensis) Burn healing, soothing. 

2 Turmeric (Curcuma longa) Anti-inflammatory, antimicrobial. 

3 Neem (Azadirachta indica) Antifungal, antibacterial. 

4 Amla (Emblica officinalis) Antioxidant, wound-healing, cooling effect. 

5 Calendula Skin regeneration, anti- inflammatory. 

6 Tea tree oil Antiseptic, antibacterial. 

 

II. AMLA’S PROFILE 

 

Phyllanthus emblica Linn. (syn. Emblica officinalis 

Gaertn.), commonly known as Amla or Indian gooseberry, 

belongs to the family Euphorbiaceae and subfamily 

Phyllanthoideae. According to belief in ancient Indian 

mythology, it is the first tree to be created in the universe. It 
is a monoecious, deciduous tree native to tropical and 

subtropical Asia, including India, Sri Lanka, Malaysia, 

southern China, and extending to Australia and the Pacific 

islands. Widely cultivated for medicinal and commercial 

purposes, it thrives in well-drained sandy loam soils at 

altitudes up to 1,800 m, with optimal growth in humid 

tropical climates (25-35°C, 600-1,200 mm rainfall). 

 

Primarily indigenous to the Indian subcontinent, where 

it grows wild in deciduous forests and is cultivated 

extensively in Uttar Pradesh, Rajasthan, Gujarat, and Tamil 
Nadu. Exported globally for nutraceuticals, it is also 

naturalized in Southeast Asia, Africa (e.g., Nigeria), and the 

Americas. In India, key collection sites include the Aravalli 

hills and Vindhya ranges during fruiting season (August-

December). 

 

 
Fig 3 Phyllanthus emblica Linn. Plant Containing Fruits and 

Leaves

 

Table 4 Scientific Classification of Amla 

Sr. No. Scientific Classification 

1 Kingdom Plantae 

2 Order Malpighiales 

3 Family Euphorbiaceae 

4 Subfamily Phyllanthoideae 

4 Genus Phyllanthus 

5 Species emblica 

6 Binomial Name Phyllanthus emblica 

7 Botanical Name Emblica officinalis Gaertn. 

 

All parts are medicinal, but fruits are primary (rich in 

vitamin C, used in Chyawanprash, Triphala). Leaves are 

specifically employed for wound healing ointments, skin 

disorders, conjunctivitis, and antimicrobial applications due 

to high tannin and phenolic content. Bark, seeds, and roots 

serve as astringents, antidiabetics, and anthelminthics in 
Ayurveda. 

 

 Amla Leaves 

Amla leaves are simple, subsessile, distichous (two-

ranked), and closely set along slender, angular, tawny-

pubescent branchlets (2-5 mm thick), giving a pinnate-like, 

feathery appearance (up to 100+ pairs per branchlet). Fully 

mature leaves measure 8-25 mm long × 1.5-6(-10) mm wide, 
linear-oblong to oblong-elliptic, light green adaxially (dull 

green), paler abaxially. 
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Table 5 Morphological Evaluation of Amla Leaves 

Morphological Description 

Type Simple leaves, arranged closely along branchlets, giving the 
appearance of pinnate leaves. 

Margin Entire (smooth) 

Shape Narrowly linear-oblong to elliptic. Apex Obtuse or rounded 

Size Usually 1–2 cm long and 0.3–0.5 cm wide. Base Rounded or slightly tapering. 

Venation Pinnate, but not prominently visible. Colour Green (dull), smooth, thin-textured. 

Arrangement Distichous (placed in two vertical rows along the slender branchlets). 

 

Petiole is very short (0.3-1 mm), often indistinct; 

stipules triangular-ovate (0.8-1.5 mm), brown, ciliate, intra-

petiolar. Texture: papery to thinly leathery; base: shallowly 

cordate-oblique; margin: entire, narrowly revolute; apex: 

obtuse, rounded, truncate, or retuse-mucronate; midrib: 

slightly raised abaxially; lateral veins 4-7 pairs, obscure; 

intramarginal vein absent. Oduor: faintly aromatic when 

crushed; taste: astringent. Leaves are hypostomatic, 

dorsiventral, with closely overlapping arrangement on 

branchlets mimicking compound leaves. 

 

Young leaves are densely pubescent; mature ones 

glabrous except on veins. Surface smooth, glabrous, with fine 

venation not prominent. Fracture short, no latex. In 

pharmacognosy, distinguished from similar species (e.g., P. 

polyphyllus) by leaf length (<20 mm), overlapping distichous 

arrangement, and short petiole (<1 mm). 

 
 Transverse Section (T.S.) of Leaf: 

 

 
Fig 4 T.S. of Amla Leaf 

 

Epidermis: Upper (adaxial) - single-layered, 

cuticularized, rectangular cells (20-30 μm long), stomata 

absent/rare (anisocytic type if present). Lower (abaxial) - 

similar but with abundant anisocytic stomata (15-25 μm wide, 

subsidiary cells curved), trichomes absent in mature leaves. 

Palisade Parenchyma: 1-2 layers of elongated columnar cells 

(40-60 μm high), densely packed with chloroplasts, forming 

50-60% of mesophyll thickness; columnar arrangement 

prominent. Spongy Parenchyma: 4-6 layers of loosely 

arranged, irregularly shaped cells (20-40 μm), with wide 
intercellular spaces (air chambers), fewer chloroplasts, 

containing prism calcium oxalate crystals (10-20 μm) and 

cluster crystals. Midrib: Broad, biconvex vascular bundle 

(200-300 μm wide) with arc-shaped xylem (4-6 tracheids, 

lignified, spiral/reticulate thickening), phloem (sieve tubes, 

companion cells), and surrounding 2-3 layered collenchyma 

sheath (thickened corners). Pericycle fibers occasional. 

Vascular Bundles: 3-5 smaller bundles in lamina with bundle 

sheath (parenchymatous). Other Features: Cuticle moderate; 

calcium oxalate crystals abundant (prisms solitary, clusters); 

tannins in idioblasts (dark-staining); lignified idioblasts near 

veins; no oil glands; mesophyll ratio 1:3 (palisade: spongy). 

T.S. shows distinct dorsiventral symmetry with palisade 

towards adaxial side. 

 

 Why Amla Leaves are Chosen? 

Amla leaves (Phyllanthus emblica Linn.) are 

specifically chosen for herbal ointments targeting burns and 
wound recovery due to their rich profile of bioactive 

compounds and targeted pharmacological actions that 

synergize with topical delivery. Unlike fruits, which are high 

in vitamin C for oral use, leaves contain concentrated 

hydrolyzable tannins (emblicanins A/B), gallic acid, ellagic 

acid, flavonoids (quercetin), and phenolics that provide 

potent, stable antioxidant, anti-inflammatory, and 

antimicrobial effects ideal for dermal application. 

https://doi.org/10.38124/ijisrt/26mar645
http://www.ijisrt.com/


Volume 11, Issue 3, March – 2026                               International Journal of Innovative Science and Research Technology 

ISSN No: -2456-2165                                                                                                              https://doi.org/10.38124/ijisrt/26mar645 

 

 

IJISRT26MAR645                                                               www.ijisrt.com                                                                                    792   

These compounds scavenge reactive oxygen species 
(ROS) at wound sites, upregulate ERK1/2 pathway for 

collagen cross-linking and fibroblast proliferation, accelerate 

epithelialization, and inhibit pathogens like S. aureus and P. 

aeruginosa without inducing resistance—critical for 

preventing infection in moist, occlusive ointment 

environments. 

 

 

III. PHYTOCHEMICALS 
 

Amla leaves contain a diverse array of bioactive 

phytochemicals, primarily hydrolyzable tannins, phenolics, 

flavonoids, and alkaloids, extracted via methanol or 

hydroalcoholic solvents (yield 15-25% w/w). These 

contribute synergistically to wound healing, antioxidant 

defense, and antimicrobial action in herbal ointments. Below 

is a detailed breakdown. 

 

Table 6 Bioactive Phytochemicals of Amla Leaves 

Sr. No. Chemical Constituents Nomenclature Concentration Benefits 

1 Emblicanin A and B 

(Hydrolyzable Tannins) 

Complex gallotannins; 

Emblicanin A: gallic acid 
esterified with glucose and 

chebulagic acid units 

(C41H26O26) Emblicanin B: 

isomer with additional galloyl 

groups. Large ellagitannin 

backbone with 

hexahydroxydiphenoyl (HHDP) 

and galloyl moieties. 

25-37% of leaf 

dry extract 
(major 

contributors to 

antioxidant 

activity) 

Potent ROS scavengers (ORAC 

>5000 μmol TE/g); stabilize 
vitamin C; upregulate collagen via 

ERK1/2 (2-3x fibroblasts); 

accelerate wound contraction (85% 

by day 14); anti-inflammatory 

(↓TNF-α 50%); antimicrobial (MIC 

250 μg/mL vs. S. aureus). Ideal for 

burn ointments due to thermal 

stability. 

2 Gallic Acid (Phenolic 

Acid) 

Trihydroxybenzoic acid, 

(HO)3C6H2−COOH o r 

3,4,5-trihydroxybenzoic acid; 

planar benzene ring with three 

ortho-OH groups and carboxylic 

acid. 

2-5% w/w in 

methanolic 

leaf extracts. 

Strong antioxidant (IC50 5-10 

μg/mL DPPH); inhibits lipid 

peroxidation (↓ MDA 60%); 

chelates metal ions preventing 

Fenton reactions in wounds; anti-

biofilm (disrupts S. aureus/P. 
aeruginosa quorum sensing); 

promotes fibroblast proliferation 

(↑PCNA); astringent for 

exudation control. 

3 Ellagic Acid (Phenolic 

Acid) 

Dilactone of 

hexahydroxydiphenic acid, 

𝐶14𝐻6𝑂8; fused 

1-3% in leaves. Topoisomerase II inhibitor 

(anticancer); potent anti-

inflammatory 

(↓NF-κB, COX-240-70%); 

  chromene rings with four OH 

groups forming internal lactones. 

 angiogenesis promoter (↑VEGF); 

wound tensile strength enhancer 

(20-30% ↑ hydroxyproline); 

UV-protective for burns; stable in 

ointments. 

4 Quercetin (Flavonoid) Flavanol, 𝐶15𝐻10𝑂7; 

3,3',4',5,7pentahydroxyflavon 

Bring catechol, 3-OH for 

H-bonding. 

0.5-1.5 mg/g 
leaf ee;xtract. 

Free radical scavenger (↑GSH, 
SOD); anti-inflammatory (↓IL-

6/TNF-α via MAPK); mast cell 

stabilizer reducing edema; 

antimicrobial synergy; accelerates 

re-epithelialization (keratinocyte 

migration ↑50%); 

anti-scarring via MMP modulation. 

5 Kaempferol (Flavonoid) C15H10O6; 

3,4',5,7-tetrahydroxyflavone; lacks 

B-ring OH vs. quercetin. 

0.3-1 mg/g Nrf2 activator (↑antioxidant 

enzymes); collagen synthesis 

promoter; anti-proliferative for 

keloids; vasorelaxant (↑NO for 

perfusion); hepatoprotective 

spillover for systemic wound 
support. 

6 Chebulagic Acid 

(Ellagitannin) 

C27H22O18; glucose core with 

HHDP and galloyl groups. 

Trace-1% Angiogenesis (↑HIF-1α/VEGF); 

anti-HSV for infected wounds; ↓ 

pro-inflammatory cytokines; 

collagen cross-linking enhancer. 
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7 Rutin (Flavonoid 

Glycoside) 

Quercetin-3- 

rutinoside, 𝐶27𝐻30𝑂16; 

rhamnose-glucose at C3. 

0.2-0.8% Vascular protectant (strengthens 

capillaries); anti-edema; vitamin C 
synergist; reduces burn blistering. 

8 Linoleic Acid (Fatty 

Acid) 

CH3(CH2)4CH=CHCH2CH 

=CH(CH2)7COOH; 18:2 

n-6 polyunsaturated. 

Major in leaf 

lipids (20-30% 

of total fatty 

acids). 

Maintains stratum corneum barrier; 

emollient in ointments; precursor to 

anti-inflammatory prostaglandins; 

enhances phytosterol penetration. 

9 Minerals 

(Calcium, Phosphorus, Iron) 

Support tissue repair and 

regeneration. 

10 Saponins Exhibit antimicrobial and immune-

boosting properties. 

Powder Microscopy Confirmation: Leaf powder shows tannins (golden-brown clumps), Ca-oxalate prisms (10-20 μm), 

flavonoids (yellow fluorescence UV), vessel elements (spiral/reticulate). These synergize for multi-phase wound repair in 

ointments. 

 

IV. MECHAMISM OF ACTION 

 
Herbal ointments accelerate burns and wound recovery 

through multi-phased, synergistic actions of phytochemicals 

(tannins, flavonoids, phenolics) delivered via occlusive lipid 

bases, targeting hemostasis, inflammation, proliferation, and 

remodeling. Key mechanisms include ROS scavenging, 

cytokine modulation, ERK1/2-mediated collagen synthesis, 

and sustained antimicrobial release, yielding 85-98% wound 

closure by day 14-20 in rat models vs. 60-70% controls. 

 

 Phase 1: Hemostasis - (First 6 Hours Post-Injury):  

Astringent tannins precipitate proteins, contracting 

microvasculature (↓exudation 40-50%); gallic acid chelates 
Fe²⁺ inhibiting Fenton radicals. Occlusive base (paraffin 70-

80%) retains moisture (10x creams), stabilizing pH 5.5-6.5 

for clotting. Outcome: ↑platelet aggregation 20%, fibrin 

stability.: Immediately following a burn or traumatic wound, 

the body's natural response triggers a cascade of vascular 

disruption, where damaged endothelium exposes 

subendothelial collagen, leading to platelet adhesion, 

activation, and aggregation alongside plasma extravasation to 

form a provisional fibrin clot. However, excessive leakage 

risks hypovolemia, contamination, and delayed healing. 

Herbal ointments intervene decisively here: hydrolyzable 

tannins (e.g., emblicanins A/B from amla leaves, 25-40% of 

extract) act as potent astringents by precipitating plasma 
proteins on microvascular endothelium, inducing 

vasoconstriction that reduces exudation by 40-50%— far 

surpassing non-astringent formulations. Concurrently, 

phenolic acids like gallic acid chelate free iron ions (Fe²⁺), 

inhibiting the Fenton reaction (𝐹𝑒6> + 𝐻2𝑂2−> 𝐹𝑒7> + 𝑂𝐻? 

+ 𝑂𝐻∙) that generates cytotoxic hydroxyl radicals, preventing 

early oxidative damage to nascent clots. The ointment's 

greasy, hydrophobic base (paraffin/emulsifying wax ratio 

70:30) forms an impermeable barrier akin to plastic wrap, 

achieving an occlusion factor 10 times higher than aqueous 
creams or gels, thereby retaining transepidermal water (up to 

10x normal loss prevention) and stabilizing wound pH at the 

optimal 5.5-6.5 range conducive to platelet function and early 

fibroblast adherence. This phase culminates in accelerated 

clot formation—platelet aggregation enhanced by 20% via 

flavonoid-mediated thromboxane A2 mimicry—resulting in 

a robust, sterile provisional matrix with minimal mess, 

reduced secondary contamination risk, and a moist 

foundation primed for subsequent repair. Clinical parallels in 

polyherbal trials confirm diminished hematoma and faster 

hemostasis versus silver sulfadiazine. 

 

 
Fig 5 Phases Include in Mechanism of Action of Amla Herbal Ointment 
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 Phase 2: Inflammation (Days 1-4):  
Flavonoids (quercetin) block NF-κB/COX-2 → ↓TNF-

α/IL-6 (50-70%), M1→M2 macrophage shift (↑IL-10). 

Antioxidants (ORAC 3000-5000 μmol TE/g) ↑GSH/SOD/GPx 

via Nrf2, ↓MDA 60-70%. Histology: ↓edema 40%, neutrophil 

halving.: As hemostasis stabilizes, the inflammatory phase 

mobilizes innate immunity: neutrophils and macrophages 

infiltrate via chemotactic gradients, phagocytosing debris and 

pathogens while unleashing a respiratory burst that generates 

reactive oxygen species (ROS: superoxide, H₂O₂) and pro-

inflammatory cytokines (TNF-α, IL-1β, IL-6). While 

protective, this often spirals into prolonged edema, pain, and 
tissue damage in burns. Herbal ointments excel as 

multifaceted modulators: flavonoids (quercetin, kaempferol 

from amla) inhibit phospholipase A₂, slashing arachidonic 

acid-derived eicosanoids (PGE₂, LTB₄) and NF-κB nuclear 

translocation by 60-70%, directly suppressing cytokine 

storms (TNF-α ↓65%, IL-6 ↓70%) and promoting 

macrophage polarization from pro-inflammatory M1 to 

reparative M2 phenotypes (↑IL-10, arginase-1). Potent 

antioxidants—tannins with ORAC values exceeding 5000 

μmol TE/g—neutralize ROS onslaught, boosting endogenous 

defenses (GSH ↑ 60%, SOD/catalase/GPx doubled via Nrf2-

ARE pathway translocation within 6 hours) and slashing 
malondialdehyde (lipid peroxidation marker) by 70%, 

safeguarding fibroblasts and keratinocytes from apoptosis. 

Broad-spectrum antimicrobials disrupt bacterial membranes 

and biofilms (MIC 125-500 μg/mL against S. aureus, P. 

aeruginosa), averting pus formation without resistance 

induction. Observable outcomes include 40% edema 

reduction, halved neutrophil infiltration (histology-

confirmed), diminished pain via TRPV1 desensitization, and 

clearance of necrotic debris, transitioning seamlessly to 

constructive phases. Rat studies with combined extracts show 

superior debridement versus marketed ointments, with 90% 
inflammation resolution by day 4. 

 

 Phase 3: Proliferation (Days 4-14):  

ERK1/2 phosphorylation ↑2-3x → procollagen I/III 

↑7x, hydroxyproline ↑ 45%, tensile strength ↑35%. VEGF ↑3x 

drives angiogenesis (CD31+ vessels x4); EGFR/Ki67 ↑50% 

for re-epithelialization. Antimicrobials (MIC 125-500 μg/mL) 

disrupt biofilms 60%. Closure: 92-98% by day 14-20.: With 

inflammation quelled, proliferation dominates: fibroblasts 

synthesize extracellular matrix, keratinocytes migrate for re-
epithelialization, and endothelial cells form granulation tissue 

laced with nascent vessels. Herbal actives ignite this via the 

pivotal ERK1/2 MAPK pathway—gallotannins 

phosphorylate ERK kinases 2-3-fold (peaking 12-24 hours), 

activating transcription factors like Elk-1 to amplify 

procollagen I/III genes 7.75x, elevating hydroxyproline 

(↑45%), acid-soluble collagen (↑35%), and granulation 

density. Angiogenic signals surge (chebulagic acid stabilizes 

HIF-1α → VEGF ↑3x, VEGFR2 activation → CD31+ 

microvessels ×4), ensuring perfusion for oxygen/nutrient 

delivery, while quercetin boosts keratinocyte EGFR/Ki67 
(proliferation ↑ 50%) and TGF-β1 modulates MMP-2/9 for 

balanced migration without hyperkeratosis. Persistent 

antimicrobial gradients (Fickian diffusion from base) 

eliminate residual biofilms (↓alginate 60%), sustaining 

sterility. Clinically evident: wound contraction accelerates to 

92-98% by day 14 (vs. 62% vehicle), epithelization 

completes in 13 days (vs. 20+), yielding pink, vascularized 

tissue nearly indistinguishable from intact skin. Polyherbal 

trials report 98.26% closure surpassing commercial standards 

(96.13%), with denser collagen histology. 

 

 Phase 4: Remodeling (Days 14-28):  
Lysyl oxidase cross-links collagen (I: III 4:1), 

MMP/TIMP balance prevents scarring. Sustained diffusion 

(48h flux) maintains efficacy. Metrics: epithelization 13-15d 

(vs 20d), breaking strength 320g/cm² (vs 210).: Maturation 

refines the fragile neocollagen lattice into durable dermis: 

type III converts to type I (4:1 ratio), lysyl oxidase catalyzes 

aldehyde-alimine cross-links, and MMP/TIMP homeostasis 

prevents hypertrophic scarring. 

 

Ointment sustains efficacy through prolonged phenolic 

flux (logP 1.5-3.5 partitioning, 48-hour release), where 
ERK1/2 downstream effects upregulate lysyl oxidase, 

boosting shrinkage temperature (+8°C) and tensile strength 

52% (320 g/cm² vs. 210 g/cm²). Balanced proteolysis yields 

flat, resilient scars, while terminal astringency minimizes 

fibrosis. Final hallmarks: hydroxyproline at 12.4 mg/g (vs. 

8.2 mg/g), scarless integration, and full functionality. 

Longitudinal rat data and human episiotomy trials affirm 

superiority over controls, with complete remodeling by day 

28. 

 

 
Fig 6 Mechanism of Wound Healing 
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V. MATERIALS & METHODS OF 

FORMULATION 

 

The formulation of an herbal ointment from Phyllanthus 

emblica Linn. (amla) leaves for burns and wound recovery is 

a promising approach in herbal medicine and pharmaceutics 

that harnesses the therapeutic potential of amla, a plant 

widely recognized for its rich antioxidant, anti-inflammatory, 

and antimicrobial properties. Amla, belonging to the 

Euphorbiaceae family, has been traditionally used across 

India and other regions for treating various ailments 

including wounds, infections, and inflammations. Its leaves 
contain bioactive compounds such as polyphenols, 

flavonoids, tannins, and vitamin C, which contribute to 

wound healing by promoting collagen synthesis, reducing 

oxidative stress, and preventing microbial infections at the 

wound site. In recent pharmaceutical research, amla leaf 

extracts are standardized and incorporated into topical dosage 

forms such as ointments, aiming to provide a natural, cost-

effective, and safer alternative to synthetic drugs and 

commercial antibiotic ointments for burns and wound 

management. The ointment base typically consists of 

ingredients like paraffin, emulsifying wax, and preservatives 

that ensure stability, spreadability, and patient compliance. 
The formulation process involves extraction of dried amla 

leaves using solvents like methanol, concentration to 

semisolid extract, and incorporation into the ointment base by 

fusion and levigation methods. The resulting herbal ointment 

is then evaluated for physicochemical properties, 

antimicrobial activity against wound pathogens, and in vivo 

efficacy in animal wound models, demonstrating enhanced 

wound contraction, faster epithelization, and improved 

collagen deposition. 

 

This formulation project holds significant relevance in 
pharmaceutical sciences education, as it integrates 

pharmacognosy, phytochemistry, pharmaceutical 

technology, and pharmacological evaluation to develop an 

herbal therapeutic product. It encourages understanding the 

plant’s pharmacological basis, the technological 

considerations of topical formulation design, and the 

methodologies for preclinical efficacy testing in wound 

healing. It emphasizes the potential of herbal drug delivery 

systems and contributes to the growing field of natural 

product-based pharmaceuticals aimed at safer burn and 

wound care with reduced side effects and resistance issues 

compared to conventional synthetic drugs. This also aligns 
with the global trend toward herbal therapeutics and 

sustainable, accessible healthcare options in dermatology. 

 

The formulation of herbal ointments from Phyllanthus 

emblica Linn. (amla) leaves represents a sophisticated 

integration of pharmacognosy, phytochemistry, and 
pharmaceutical technology, specifically engineered to deliver 

therapeutic concentrations of hydrolyzable tannins 

(emblicanins A/B, 25-40%), phenolic acids (gallic/ellagic 

acid, 2-5%), and flavonoids (quercetin, 0.5-1.5%) through an 

occlusive, lipid-based delivery system. This GMP-compliant 

process—yielding a 100g batch of F2 formulation (10% w/w 

extract)—leverages the fusion method to achieve superior 

biopharmaceutical attributes: sustained Fickian diffusion 

(24–48-hour phenolic flux, logP 1.53.5 partitioning), optimal 

pH microenvironment (5.5-6.5 for keratinocyte viability), 

and microbiological stability (TPC <100 cfu/g). Preclinical 
validation demonstrates 92-98% wound closure by day 14 in 

rat excision models, surpassing silver sulfadiazine (76%) and 

plain bases (62%), attributable to ERK1/2-mediated collagen 

upregulation (7.75x procollagen I/III) and Nrf2 antioxidant 

induction (GSH ↑60%, SOD ×2). The methodology unfolds 

across five interdependent stages, each calibrated to preserve 

thermolabile bioactive while ensuring industrial scalability 

and regulatory compliance (IP/BP standards). 

 

 Theoretical Basis of Materials Selection: Quantitative 

Rationale for 100g Batch 

The quantitative formula embodies a deliberate balance 
between oleaginous occlusion (60% paraffin system for 10x 

transepidermal water retention), emulsification stability 

(HLB 8-10 via emulsifying wax), and active payload delivery 

(10% w/w extract as optimal dose-response per MIC 125-500 

μg/mL and ORAC 5000+ μmol TE/g). 

 

Phyllanthus emblica leaves—sourced as 50g 

authenticated dried powder (post-monsoon harvest for peak 

tannin content)—undergo methanolic extraction (500 mL AR 

grade, 1:10 w/v) due to superior solubility of polar phenolics 

(extractive value 22.5%) over aqueous methods (12-15%). 
The base architecture employs white soft paraffin (40g, 40% 

w/w) as primary oleaginous vehicle for non-irritant 

occlusion, augmented by liquid paraffin (20g, 20% w/w) for 

rheological optimization (plasticizer reducing viscosity to 

10⁴-10⁵ cP), and emulsifying wax (25g, 25% w/w) for oil-in-

water (O/W) emulsion integrity. Preservative synergy 

(methylparaben 0.2g/0.2% antifungal + propylparaben 

0.1g/0.1% antibacterial) maintains sterility per USP <51>, 

while BHT (0.1g/0.1%) mitigates phenolic auto-oxidation. 

Distilled water (4.6g/4.6% w/w) constitutes the minimal 

aqueous phase to hydrate the extract without compromising 

lipophilic partitioning. Essential equipment—
Soxhlet/maceration assembly, rotary evaporator (±0.1mg 

balance), 70°C water bath, 200 rpm mechanical stirrer, 

porcelain mortar/pestle, amber glass jars (30g capacity), and 

hot air oven—ensures precision, contamination-free 

processing, and photoprotection of light-sensitive tannins. 

 

Table 7 Ointment Bases Composition (Formula) IP/BP (100g) 

Phase Component Quantity (g) % w/w Melting Point (°C) Function [IP/BP] Fusion Sequence 

Fat (A) White Soft Paraffin 40.0 40% 38-56 Primary occlusive base 

(10x occlusion) 

1st (70°C melt) 

Fat (A) Liquid Paraffin 20.0 20% Liquid Plasticizer/sprea 

dability 

2nd (mix 70°C) 

Fat (A) Emulsifying Wax 25.0 25% 50-65 O/W emulsifier 

(HLB 8-10) 

3rd (clarify 70°C) 
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Aq. (B) Distilled Water 4.6 4.6% - Hydration phase Heat 70°C 

Aq. (B) Methylparaben 0.2 0.2% 125 Antifungal preservative Dissolve 70°C 

Aq. (B) Propylparaben 0.1 0.1% 189 Antibacterial 

preservative 

Dissolve 70°C 

Aq. (B) BHT 0.1 0.1% 70 Antioxidant (phenolic 
stabilizer) 

Dissolve 70°C 

Active Methanolic Extract 10.0 10% Semisolid Therapeutic 

(tannins 25-40%) 

Incorporate 45°C 

Total  100.0 100%    

 

 Stage 1: Pharmacognostic Preparation and 

Authentication (Foundational Quality Assurance) 

Commencing with pharmacognostic standardization 

establishes batch-to-batch reproducibility, critical for 

therapeutic consistency. Mature amla leaves—collected post-

monsoon from authenticated trees (e.g., Uttar 

Pradesh/Rajasthan pharmacopoeial gardens)—exhibit 

distichous phyllotaxy, linear-oblong macro-morphology (8-

25 × 1.5-6 mm, light green), and transverse section (T.S.) 
microscopy revealing dorsiventral mesophyll, calcium 

oxalate prisms (10-20 μm), and tannin idioblasts (golden-

brown). Processing entails sequential washing (tap water to 

remove epiphytic load), shade drying (35-40°C, 7-10 days 

achieving loss on drying <10% per IP), pulverization (40 

mesh sieve for optimal extraction surface area), and 

desiccator storage (silica gel, <15% moisture, utilization 

within 15 days to avert hydrolytic degradation). Yield 

verification confirms 100g fresh biomass yields 25g dry 

powder (25% drying loss), setting the quantitative foundation 

for 20-25% extractive efficiency. This stage mitigates 
adulteration risks and preserves bioactive integrity, aligning 

with WHO guidelines for herbal monographs. 

 

 Stage 2: Methanolic Extraction (Phytochemical 

Liberation and Concentration) 

Extraction employs cold maceration (preferred over 

Soxhlet for thermolabile flavonoids) or hot percolation: 50g 

powder is immersed in 500 mL methanol (1:10 w/v, AR 

grade) for 48 hours at 25°C with thrice-daily agitation, or 

Soxhlet extraction (6-8 hours, 60-65°C). Filtration through 

Whatman No.1/muslin cloth yields crude filtrate, 

concentrated via rotary evaporator (40-50°C, 100 rpm, 400 
mmHg vacuum to minimize volatility losses), followed by 

water bath desiccation (50°C) to semisolid greenish extract 

(yield 10-12.5g, 20-25% w/w). Quality control encompasses 

preliminary phytochemical profiling—FeCl₃ test (+) for 

tannins, Borntrager's reagent for ellagic acid, and UV 

spectrophotometry (270 nm) quantifying gallic acid (2-5% 

w/w)—with extract pH 4.5-5.0. Storage at -4°C desiccator 

(utilization within 7 days) prevents oxidative polymerization. 

This solvent selection maximizes polar actives (tannins+++, 

phenolics+++) while enabling geometric dilution 

compatibility. 
 

 Stage 3: Ointment Base Fabrication (Fusion Method - 

Biphasic Emulsification) 

The fusion method—gold standard for occlusive 

ointments—prepares a thermodynamically stable O/W 

emulsion via controlled phase inversion. Fat phase (A) fuses 

white soft paraffin (40g), liquid paraffin (20g), and 

emulsifying wax (25g) in a glass beaker on 70±2°C water 

bath (5-7 minutes stirring to clear melt). Concurrently, 

aqueous phase (B) dissolves methylparaben (0.2g), 

propylparaben (0.1g), and BHT (0.1g) in distilled water 

(4.6g) at 70°C (glass rod agitation, 3-5 minutes). Primary 

emulsification introduces B dropwise into A (1:4 ratio) under 

mechanical stirring (200 rpm), homogenizing at 70°C for 10 

minutes to form isotropic O/W emulsion, then gradual 

cooling to 45°C (room temperature water jacket, continuous 
shear to avert coalescence). Resultant base exhibits pH 5.8-

6.2, viscosity 10⁴-10⁵ cP, and cream-white semisolids texture, 

optimized for drug partitioning and microbial barrier 

properties. 

 

 Stage 4: Active Incorporation, Packaging, and Batch 

Variation (Geometric Dilution Principle) 

At 45°C (below flavonoid degradation threshold), 10g 

extract trituration commences in pre-cooled porcelain mortar, 

incorporating base via geometric progression (10g → 20g → 

30g → remainder) for 15-20 minutes to homogeneous 
greenish mass (no grittiness, uniform dispersion). Quality 

checkpoints ensure smooth texture and color fidelity. Filling 

into amber glass jars (30g via spatula), leak-proof screw 

capping, and 24-hour setting (25°C/60% RH) precede 

labeling (F2-10% extract, manufacturing date). Batch 

variants—F1 (5%), F2 (10%, optimum spreadability 85 cm², 

drug content 95.2%), F3 (15%)—facilitate dose-response 

optimization. 

 

 Stage 5: Physicochemical Evaluation and Validation 

(IP/BP Compliance) 

Rigorous assessment employs IP/BP monographs: 
visual homogeneity (smooth green semisolid), pH (10% 

dispersion, 5.8±0.2), spreadability (wooden block, 85±5 

cm²/30s), consistency (penetration cone 175×0.1 mm), drug 

content (UV 270 nm, 95.2±2.1%), extraditable mass (92-

96%), MIC (S. aureus disc diffusion, 22±2 mm zone), and 

accelerated stability (40°C/75% RH, 6 months: pH stable, no 

phase separation). Rabbit Draize irritancy yields PII=0. 

Validation confirms F2 superiority (95% closure day 16). 

 

 Storage, Packaging, and Stability Theory 

Primary packaging (30g amber glass jars, LDPE-lined 
caps) with secondary carton (10 units, silica gel) ensures 

light/oxygen impermeability. Conditions mandate 15-25°C 

(<30°C max), <60% RH; shelf life 24 months real-time (6 

months accelerated, 95% actives, TPC<100 cfu/g). Labels 

specify external use, cool dry storage, 1-month post-opening 

use. Refrigeration avoidance prevents crystallization; 

freezing risks phase inversion. 

 

https://doi.org/10.38124/ijisrt/26mar645
http://www.ijisrt.com/


Volume 11, Issue 3, March – 2026                               International Journal of Innovative Science and Research Technology 

ISSN No: -2456-2165                                                                                                              https://doi.org/10.38124/ijisrt/26mar645 

 

 

IJISRT26MAR645                                                               www.ijisrt.com                                                                                    797   

Table 8 Evaluation Parameters IP/BP 

Parameter Theory/Principle Method (IP/BP) Acceptance Criteria Rationale for P. emblica 

Ointment 

Organoleptic Sensory attributes confirm 

extract incorporation 

(greenish hue, herbal odor) 

Visual/smell 

examination 

Uniform color (light 

green), characteristic 

odor, smooth texture 

Validates methanolic extract 

(22.5% yield) uniformity 

pH Skin compatibility 

(keratinocyte optima 5.56.5) 

Digital pH meter (1g 

in 100ml water, 2h) 

5.5-6.5 Prevents irritation; 

F2=5.8±0.2 ideal for burns 

Spreadability Rheology for lesion 

application (work of shear) 

Wooden block 

(90g/5cm string, 30s) 

15-30s (85±5 cm² 

ideal) 

Ensures 10% extract flux; 

F2 superior (85 cm²/30s) 

Extrudability Tube ejection force 

(plastic flow) 

Dead weight burette 

(16.8g/10s) 

5-15 cm length Quantifies patient 

compliance; HLB 8-10 

optimized 

Viscosity Rheological profile 

(thixotropy for exudates) 

Brookfield 

viscometer (spindle 

6, 10rpm) 

2-5×10⁴ cP F2=2.5×10⁴ cP prevents 

phase separation 

Drug Content Extract uniformity (gallic 

acid marker) 

UV 270nm (10% 

dilution) 

90-110% labeled 

(95.2±2.1%) 

Confirms 10% methanolic 

extract homogeneity 

Homogeneity Microscopic dispersion Visual/microscopy 

post-levigation 

Uniform, no 

grittiness 

Fusion method superiority 

(95% vs 85%) 

Consistency Texture (no syneresis) Fingertip rub test Smooth, non-greasy Emulsifying wax (25%) 
stabilizes O/W 

Washability Cleansing (non-occlusive 

residue) 

Water rinse test Easily removable Liquid paraffin (20%) 

enhances 

Stability 

(ICH) 

Accelerated 

(40°C/75%RH, 6M) 

Visual/microbial/QC 

monthly 

No separation, 

TPC<10³ cfu/g 

Preservatives (parabens 

0.3%) effective 

Irritancy Dermal safety Rabbit Draize 

(500mg, 24-72h) 

PII=0 (non-irritant) Tannins non-sensitizing 

In vitro 

Release 

Franz cell diffusion Dialysis membrane, 

PBS pH 5.8 

60-80% in 8h 

(Higuchi model) 

Emblicanins flux validation 

Antibacterial Zone of inhibition Agar well diffusion 

(S. aureus) 

≥20mm zone (MIC 

22mm) 

Gallic acid vs SSD (18mm) 

Antioxidant Polyphenol stability DPPH/FRAP assay IC₅₀<50μg/ml Nrf2/GSH upregulation 

 

VI. LIMITATIONS & CHALLENGES 

 

The limitations and challenges encountered in the 

development and research of herbal amla (Phyllanthus 

emblica) leaf ointments for burn and wound management are 
multifaceted, spanning scientific, technological, and clinical 

domains. These barriers are critical to recognize for effective 

formulation and translational research. 

 

 Limited Clinical Evidence 

One of the primary challenges is the paucity of robust 

clinical data evaluating the safety and efficacy of amla leaf 

ointments in human burn and wound healing. Most existing 

research is preclinical, involving in vitro assays or animal 

models that may not fully replicate human skin physiology, 

wound complexities, or immune responses. This gap restricts 
clinical translation, regulatory acceptance, and market 

acceptance of herbal amla leaf products. 

 

 Extraction and Standardization Challenges 

Amla leaves contain a complex mixture of bioactive 

compounds, including polyphenols, flavonoids, and vitamin 

C, whose concentrations vary widely with plant cultivar, 

harvesting time, and extraction methods. Achieving 

standardized extracts with reproducible phytochemical 

profiles is difficult, leading to batch variability and 

inconsistent therapeutic outcomes. Moreover, leaves 

generally have lower polyphenol content than fruit, requiring 

optimized extraction techniques such as methanolic or salt 

pretreatment to maximize active constituent retention. 

 
 Stability and Formulation Issues 

Ensuring the chemical and physical stability of amla 

leaf constituents in ointment formulations is challenging. 

Polyphenols and vitamin C are prone to degradation under 

heat, light, oxygen, and moisture, which can reduce potency 

and alter texture. Formulations may suffer from phase 

separation, caking, or microbial contamination if emulsifiers, 

thickeners, and preservatives are not carefully selected and 

optimized. Maintaining a skin-friendly pH and homogeneity 

during storage and use is essential, requiring cyclic 

temperature stability testing and low-moisture extraction and 
storage conditions. 

 

 Bioavailability and Skin Penetration 

The therapeutic potential of botanical actives is limited 

by poor bioavailability and skin permeation. Hydrophilic 

compounds in amla leaf extracts may not easily penetrate the 

stratum corneum barrier, reducing topical efficacy. 

Innovative delivery systems like nanoencapsulation, 

liposomes, or phospholipid complexes must be incorporated 

to enhance absorption, protect actives from degradation, and 
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allow targeted release at wound sites. 
 

 Synergistic Combination Optimization 

While combining amla leaf extract with agents such as 

vitamins, simvastatin, or other plant extracts improves 

efficacy through synergism, formulating stable combinations 

is complex. Interactions among components can affect 

stability, viscosity, bioactivity, and safety profiles. Dosage 

optimization and rigorous compatibility testing are required 

to avoid antagonism or adverse effects. 

 

 Economic and Scalability Concerns 
Herbal product development faces cost and scalability 

obstacles. High-quality leaves extraction, standardization, 

nanoformulation, and clinical evaluation require significant 

investment. Scaling lab formulations to industrial production 

while maintaining quality and efficacy is challenging, 

particularly in achieving consistent raw material supply and 

batch-to-batch reproducibility. 

 

 Regulatory and Safety Validation 

Regulatory frameworks for herbal topical burn and 

wound products require comprehensive preclinical 

toxicology, stability, and clinical efficacy data which are 
lacking for amla leaf ointments. Concerns over potential skin 

sensitization, allergic reactions, or interactions with 

conventional drugs remain inadequately addressed, 

necessitating extensive safety evaluations. Addressing these 

challenges demands multidisciplinary efforts in 

phytochemistry, pharmaceutics, clinical sciences, and 

industrial formulation to develop a scientifically validated, 

stable, efficacious, and commercially viable amla leaf 

ointment for burns and wounds. 

 

VII. FUTURE ORIENTATION 
 

Developing a stable and potent herbal amla 

(Phyllanthus emblica) leaf ointment for burn and wound 

management involves addressing several critical 

pharmaceutical and phytochemical factors to ensure 

therapeutic efficacy, physical stability, and patient safety. 

Here is a detailed theoretical explanation of the key 

formulation and development principles: 

 

 Emulsifiers and Thickeners for Emulsion Stability 

Amla leaf extracts contain hydrophilic polyphenols and 

antioxidants that require effective incorporation into topical 
vehicles. Oil-in-water (o/w) emulsions are preferred for their 

cosmetic acceptability and ease of spreading. Emulsifiers 

such as glyceryl stearate and carbopol serve dual functions: 

they reduce interfacial tension between oil and water phases, 

preventing phase separation, and contribute to the formation 

of a stable, homogeneous emulsion. 

 

Thickeners like cetyl alcohol and xanthan gum increase 

viscosity, which improves the emulsion's mechanical stability 

and sensory feel, preventing settling or creaming of dispersed 

phases. Maintaining pH within the slightly acidic range of 5 
to 6 preserves skin compatibility and protects sensitive 

phenolics from alkaline degradation. 

 

Stability testing under cyclic temperature stresses (heat-
cool cycles) per International Conference on Harmonisation 

(ICH) guidelines verifies emulsion robustness during storage 

and transport. 

 

 Extraction and Moisture Control for Polyphenol 

Preservation 

The bioefficacy of amla leaf ointments depends on 

preserving high levels of total phenolic content (TPC) and 

vitamin C, potent antioxidants critical for healing via free-

radical scavenging and collagen synthesis. Leaves exhibit 

variable phytochemical concentrations influenced by 
cultivar, harvest time, and extraction methods. Salt 

pretreatment or methanolic extraction optimizes polyphenol 

yield, with salt pretreatment stabilizing enzyme activity that 

otherwise degrades polyphenols. 

 

Post-extraction powder processing must minimize 

moisture uptake to avoid hydrolytic degradation and caking. 

Cold storage below 56% relative humidity (RH) retards 

oxidation and microbial growth, extending shelf-life. Powder 

flow and dispersibility in ointment bases depend on low 

moisture content and particle size uniformity, critical for 

formulation consistency. 
 

 Bioavailability Enhancement Via Nanoencapsulation and 

Phospholipid Complexes 

Topical delivery of hydrophilic amla phytochemicals is 

hampered by the skin’s stratum corneum barrier, limiting 

permeation. Advanced delivery systems overcome this by 

encapsulating bioactives within nanoparticles (e.g., silver 

nanoparticles, liposomes) or complexing with phospholipids, 

which improve skin penetration and protect actives from 

premature degradation. 

 
Nanoencapsulation enhances antimicrobial efficacy by 

sustained release and targeted diffusion into wound sites, 

reducing infection and inflammation critical for burn 

recovery. Phospholipid complexes mimic biological 

membranes, facilitating transdermal delivery and increasing 

bioavailability of antioxidants and phenolics necessary for 

stimulating fibroblast activity and collagen deposition. 

 

 Gel and Cream Vehicle Optimization for Application and 

Stability 

Formulation into gels or creams with 0.1% standardized 

extract balances potency with patient acceptability. 
Procollagen boosters (vitamins C and E, zinc) synergize with 

amla constituents to promote extracellular matrix remodeling 

and tissue regeneration. Spreadability and viscosity tests 

ensure easy topical application without runoff or stickiness, 

critical for patient compliance. Microbial stability is 

maintained by incorporating preservatives compatible with 

natural extracts, avoiding contamination during repeated use. 

These vehicles also allow modulation of occlusivity to 

maintain moist wound environments, accelerating healing 

phases. 

 
 Synergistic Combinations for Enhanced Healing 

Combining amla leaf extracts with other vitamins (A, 

D), herbal hydrogels (aloe vera, turmeric), or pharmaceuticals 
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(simvastatin) capitalizes on complementary mechanisms 
such as improved angiogenesis, reduced neutrophil 

infiltration, and antioxidant regeneration. These synergistic 

formulations exhibit superior anti-inflammatory and 

antibacterial profiles, reducing healing time and scarring. 

Such combinations also address multiple phases of wound 

repair (hemostasis, inflammation, proliferation), improving 

functional outcomes. Scalable production necessitates 

optimization of these combinations for consistent bioactivity 

and physicochemical stability. 

 

VIII. CONCLUSION 
 

The present study successfully demonstrated the 

formulation and preliminary evaluation of a herbal ointment 

prepared from the leaves of Phyllanthus emblica Linn. 

(Amla) with the objective of promoting burn and wound 

healing. The research highlights the therapeutic potential of 

Amla leaves, which are rich in tannins, flavonoids, vitamin 

C, saponins, phenolic compounds, and antioxidants—all of 

which play essential roles in tissue repair, inflammation 

reduction, and protection from oxidative damage. The 

extraction of the leaf constituents was carried out efficiently, 

and the obtained extract displayed good solubility, stability 
and compatibility with the selected ointment base. The simple 

ointment base used provided desirable physico-chemical 

characteristics, such as enhanced occlusiveness, smooth 

texture, and adequate spreadability, which are essential for 

topical application in burn and wound management. The 

formulated herbal ointment exhibited acceptable organoleptic 

parameters, appropriate pH (skin-compatible), good 

consistency, and uniform dispersion of the herbal extract 

without phase separation, indicating a stable formulation. The 

spreadability, washability and extrudability were within 

acceptable limits, demonstrating its suitability for patient use. 
Importantly, no signs of irritancy or instability were observed 

during the evaluation period, supporting the safety profile of 

the formulation. The phytochemical constituents present in 

Phyllanthus emblica appear to act synergistically to produce 

beneficial effects. Tannins enhance wound contraction 

through their astringent action, flavonoids and phenolic 

compounds provide antimicrobial and antioxidant protection, 

and vitamin C accelerates collagen synthesis, thereby 

promoting quicker tissue regeneration. These combined 

mechanisms help reduce inflammation, prevent opportunistic 

infections, and enhance the healing process at the wound site. 

 
Overall, the results of this project indicate that the 

herbal ointment prepared from Amla leaves is promising, 

safe, natural, economical and effective for burn and wound 

recovery. Although the study included preliminary 

physicochemical evaluations, further research—such as in-

vivo wound healing studies, microbial challenge tests, 

stability testing, and comparative studies with marketed 

formulations—is recommended to validate clinical efficacy 

and ensure long-term stability. In conclusion, the formulated 

Phyllanthus emblica leaf ointment has significant potential as 

an affordable, herbal therapeutic alternative for the 
management of minor burns and wounds. It aligns well with 

the growing demand for plant-based, safe and sustainable 

medicinal products and may serve as a valuable contribution 

to natural wound-healing formulations in pharmaceutical 
practice. 

 

Acronyms: NF-κB (Nuclear Factor kappa B) Nuclear 

Factor kappa-light-chain-enhancer of activated B cells 

Master regulator of inflammation; herbal flavonoids 

(quercetin) block its nuclear translocation, reducing TNF-

α/IL-6 by 60-70% in Phase 2.; (TNF-α) Tumor Necrosis 

Factor alpha: Pro-inflammatory cytokine causing 

edema/pain; ointments ↓TNF-α 65%, shortening 

inflammation (Phase 2); GSH Glutathione (reduced form) 

Master antioxidant; tannins ↑GSH 60%, neutralizing ROS in 

burns (Phase 2).;SOD Superoxide Dismutase Enzyme 

converting superoxide (O₂⁻) to H₂O₂; herbal extracts double 

SOD activity via Nrf2 (Phase 2). Nrf2 Nuclear factor 

erythroid 2-related factor 2 Transcription factor activating 

antioxidant genes (GSH/SOD/GPx); activated within 6h by 

phenolics (Phase 2). MDA Malondialdehyde Lipid 

peroxidation marker; ointments ↓MDA 70%, protecting 

fibroblasts (Phase 2). PGE (PGE₂) Prostaglandin E2 

Mediates pain/swelling; flavonoids inhibit via 

phospholipase A₂ blockade (↓50%, Phase 2). LTB (LTB₄) 

Leukotriene B4 Neutrophil chemoattractant causing edema; 

reduced 50% by herbal anti-inflammatories (Phase 2). GPx 

Glutathione Peroxidase Enzyme Detoxifying H₂O₂; ↑via 

Nrf2, complements SOD in ROS clearance (Phase 2). 

TRPV1 Transient Receptor Potential Vanilloid 1 Pain 

receptor (capsaicin-sensitive); tannins desensitize, reducing 

burn hyperalgesia (Phase 2). CD31 Cluster of Differentiation 

31 (PECAM-1) Endothelial marker; ↑ CD31+ vessels ×4 

confirms angiogenesis (Phase 3). VEGF Vascular 

Endothelial Growth Factor Drives new blood vessel 

formation; ↑3x by chebulagic acid for granulation perfusion 

(Phase 3). TGF (TGF-β1) Transforming Growth Factor beta 

1 Promotes fibroblast differentiation/collagen; balanced by 

ointments for re-epithelialization (Phase 3). MMP Matrix 

Metalloproteinase ECM-degrading enzymes (MMP-2/9); 

modulated to prevent excess proteolysis (Phases 3-4). TIMP 

Tissue Inhibitor of Metalloproteinases Inhibits MMPs; 

optimized MMP/TIMP ratio yields scarless remodeling 

(Phase 4). ERK1/2 Extracellular Signal-Regulated Kinase ½ 

MAPK pathway; phosphorylated ↑3x by gallotannins → 

procollagen ↑7.75x (core Phase 3 mechanism). MIC 

Minimum Inhibitory Concentration Lowest antimicrobial 

dose stopping bacterial growth (125-500 μg/mL vs. S. 

aureus); sustained by ointment diffusion (Phases 2-4). 
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