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INTRODUCTION 

Acne vulgaris is a chronic inflammatory disorder of 

the pilosebaceous unit that predominantly affects 

adolescents and young adults, although it may persist 

into adulthood.¹ The pathophysiology of acne 

involves multiple interrelated factors, including 

increased sebum production, hyperkeratinization of 

the follicular epithelium, colonization by acne-

causing bacteria such as Cutibacterium acnes, and 

subsequent inflammatory responses.² These processes 

lead to the formation of comedones, papules, pustules, 

and, in severe cases, nodules and cysts, significantly 

affecting the quality of life and psychological well-

being of affected individuals.³ Conventional anti-acne 

therapies include topical agents such as benzoyl 

peroxide, retinoids, and antibiotics, as well as 

systemic treatments for severe cases.⁴ Although 

effective, these treatments are often associated with 

undesirable side effects such as skin irritation, 

erythema, dryness, peeling, photosensitivity, and the 

development of bacterial resistance upon prolonged 

use.⁵ Benzoyl peroxide, one of the most commonly 

prescribed topical agents, can cause excessive 

dryness, burning sensation, and allergic contact 

dermatitis, limiting patient compliance and long-term 

use.⁶ 

In recent years, herbal medicines have gained 

considerable attention in dermatological applications 

due to their natural origin, better safety profile, and 

reduced incidence of adverse effects.⁷ Herbal 

formulations possess multiple pharmacological 

activities, including antimicrobial, anti-inflammatory, 
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antioxidant, and wound-healing properties, which are 

beneficial in the management of acne.⁸ The use of 

plant-based therapies also aligns with the growing 

demand for natural and sustainable healthcare 

solutions.⁹ Neem (Azadirachta indica) is well known 

for its potent antibacterial, antifungal, and anti-

inflammatory properties.¹⁰ Its bioactive constituents 

such as alkaloids, flavonoids, tannins, and terpenoids 

contribute to its effectiveness against acne-causing 

microorganisms and inflammatory skin conditions. 

Aloe vera (Aloe barbadensis) is widely used in 

dermatological formulations due to its soothing, 

moisturizing, anti-inflammatory, and wound-healing 

properties. It also helps reduce skin irritation and 

supports skin barrier repair. Tea tree oil (Melaleuca 

alternifolia) possesses strong antibacterial and 

antiseptic activity, particularly against Cutibacterium 

acnes, and has been shown to be effective in reducing 

acne lesions with fewer side effects compared to 

synthetic agents. The combination of multiple herbal 

agents in a polyherbal formulation offers synergistic 

therapeutic benefits by targeting different pathogenic 

factors of acne simultaneously.11 Polyherbal 

formulations can enhance antimicrobial efficacy, 

reduce inflammation, improve skin healing, and 

minimize adverse effects compared to single-herb or 

synthetic formulations. Additionally, incorporation of 

herbal actives into a gel or emulgel base improves 

patient acceptability, ease of application, and drug 

penetration through the skin.12 

MATERIALS AND METHODS 

Materials 

Herbal materials: Fresh neem (Azadirachta indica) 

leaves and Aloe vera (Aloe barbadensis) leaves were 

used for the preparation of herbal extracts. Tea tree oil 

(Melaleuca alternifolia) was procured from a certified 

commercial supplier.13 

Excipients and chemicals: Carbopol 934, 

Hydroxypropyl Methylcellulose 

(HPMC)/Carboxymethyl Cellulose (CMC), 

triethanolamine, propylene glycol, Tween 80, liquid 

paraffin, methyl paraben, propyl paraben, ethanol, 

methanol, phosphate buffer, and purified water were 

used. All chemicals and reagents were of analytical 

grade. 

Microbial strains: Acne-causing bacterial strains 

such as Cutibacterium acnes and Staphylococcus 

aureus were used for in-vitro antibacterial studies.14 

2.2 Collection and Authentication of Herbal 

Materials 

Fresh neem and Aloe vera leaves were collected from 

local areas. Tea tree oil was obtained from an 

authenticated commercial source. The collected plant 

materials were washed thoroughly with distilled water 

to remove dirt and foreign matter. Botanical 

authentication of neem and Aloe vera was carried out 

by a qualified botanist to confirm the identity of the 

plant materials.15 

Preparation of Herbal Extracts 

Neem leaf extraction: Neem leaves were shade-dried 

and powdered using a mechanical grinder. The 

powdered material was subjected to maceration using 

ethanol or a hydroalcoholic solvent for a specified 

period. The extract was filtered, concentrated, and 

dried to obtain a semi-solid mass, which was stored in 

an airtight container.16 

Aloe vera gel extraction: Fresh Aloe vera leaves 

were washed thoroughly, and the outer rind was 

carefully removed. The inner transparent gel was 

collected, homogenized, and subjected to drying 

(freeze drying or low-temperature oven drying). The 

dried gel was extracted using ethanol or water, 

filtered, concentrated, and stored for further use.17 

Preparation of tea tree oil phase: Tea tree oil was 

used directly and mixed with Tween 80 to ensure 

proper solubilization before incorporation into the 

gel/emulgel formulation. 

Phytochemical Evaluation 

The prepared herbal extracts were evaluated for their 

physical characteristics such as color, odor, and 

consistency. The percentage yield of each extract was 

calculated based on the weight of dried extract 

obtained relative to the initial weight of raw material. 

Preliminary phytochemical screening was performed 

to detect the presence of alkaloids, flavonoids, 

tannins, terpenoids, and phenolic compounds using 

standard qualitative tests.18 
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Pre-Formulation Studies 

Organoleptic properties: The extracts were 

evaluated for color, odor, and appearance by visual 

and sensory inspection. 

Solubility studies: Solubility of herbal extracts was 

determined in distilled water, ethanol, methanol, 

propylene glycol, and phosphate buffer to select 

suitable solvents for formulation. 

Drug–excipient compatibility: Compatibility 

between herbal extracts and excipients was assessed 

through visual observation to identify any physical 

changes or incompatibility.19 

Formulation of Polyherbal Gel/Emulgel 

The gel base was prepared using Carbopol 934 and 

HPMC/CMC by dispersing them in purified water 

with continuous stirring. Triethanolamine was added 

to neutralize the dispersion and form a clear gel base. 

The herbal extracts of neem and Aloe vera were 

accurately weighed and incorporated into the gel base. 

Tea tree oil solubilized with Tween 80 was gradually 

added with gentle stirring to form a uniform emulgel. 

Propylene glycol, liquid paraffin, and preservatives 

were added, and the formulation was mixed 

thoroughly. Five different formulations (F1–F5) were 

prepared by varying the concentration of polymers 

while keeping the herbal actives constant.20 

Evaluation of Formulations 

Physical appearance and homogeneity: 

Formulations were visually inspected for color, 

texture, clarity, and homogeneity. Grittiness was 

checked by rubbing the gel between fingers. 

pH determination: The pH of each formulation was 

measured using a calibrated digital pH meter at room 

temperature.21 

Viscosity measurement: Viscosity was determined 

using a Brookfield viscometer at different spindle 

speeds to assess flow behavior.22 

Spreadability study: Spreadability was evaluated 

using the glass slide method to assess ease of 

application and uniform spreading.23 

In-Vitro Antibacterial Activity 

Antibacterial activity of the formulations was 

evaluated using the agar well diffusion method. Test 

organisms (Cutibacterium acnes and Staphylococcus 

aureus) were inoculated on nutrient agar plates. Wells 

were filled with the polyherbal formulation, standard 

drug (benzoyl peroxide), and control (gel base). Plates 

were incubated, and zones of inhibition were 

measured to assess antibacterial efficacy.24 

Skin Irritation Study 

The skin irritation study was conducted according to 

ethical guidelines. A small quantity of the formulation 

was applied to a marked area of intact skin. The 

treated area was observed at 24, 48, and 72 hours for 

signs of erythema, edema, itching, or inflammation. A 

control site was maintained for comparison.25 

Stability Studies 

Stability studies were carried out under short-term 

(room temperature) and accelerated conditions (40 ± 

2°C / 75 ± 5% RH) for a specified period. The 

formulations were evaluated periodically for changes 

in appearance, pH, viscosity, and homogeneity to 

assess stability.26-27 

RESULT AND DISCUSSION 

The present research work was carried out to 

formulate and evaluate a polyherbal gel/emulgel 

containing neem extract, Aloe vera extract, and tea 

tree oil for the treatment and management of acne 

vulgaris. Herbal formulations have gained 

considerable importance in dermatological therapy 

because of their safety, effectiveness, lower incidence 

of side effects, and better patient compliance 

compared to synthetic preparations. The current 

investigation aimed to develop a stable and effective 

herbal topical formulation possessing antibacterial, 

anti-inflammatory, antioxidant, and soothing 

properties suitable for acne management. The results 

obtained from phytochemical screening, 

preformulation studies, formulation development, 

physicochemical evaluation, antibacterial studies, 

skin irritation studies, and stability testing 

demonstrated the successful development of an 

optimized polyherbal anti-acne formulation.  
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Initially, the herbal extracts were evaluated for their 

physical characteristics to determine their quality, 

purity, and suitability for formulation development. 

Neem extract appeared as a dark green to brown 

colored semi-solid mass with a characteristic bitter 

odor, indicating the presence of tannins, alkaloids, 

and flavonoids. Aloe vera extract was observed as a 

light green to pale yellow viscous mass with mild 

characteristic odor due to the presence of 

polysaccharides and hydrophilic constituents. Tea 

tree oil appeared as a pale-yellow clear liquid 

possessing a strong aromatic odor characteristic of 

essential oils rich in terpenoids. The physical 

appearance of all extracts indicated good quality, 

proper extraction procedures, and absence of visible 

impurities. 

Table 1: Physical Characteristics of Herbal Extracts 

Herbal Extract Physical 

State 

Color Odor Remarks 

Neem extract Semi-solid Dark green to brown Characteristic bitter 

odor 

Good quality 

Aloe vera 

extract 

Viscous Light green to pale 

yellow 

Mild odor Uniform 

consistency 

Tea tree oil Liquid Pale yellow Aromatic odor Clear and pure 

The extraction yield of herbal materials was 

determined to evaluate the efficiency of extraction 

methods. Neem extract showed a percentage yield of 

12.5%, whereas Aloe vera extract showed a 

comparatively higher yield of 18% because of the 

presence of high moisture content and 

polysaccharides. The obtained yields indicated 

efficient extraction of active phytoconstituents 

suitable for formulation development. 

Table 2: Percentage Yield of Herbal Extracts 

Herbal 

Material 

Weight 

of Plant 

Material 

(g) 

Weight of 

Extract 

Obtained 

(g) 

Percentage 

Yield (%) 

Neem 

leaves 

100 12.5 12.5 

Aloe 

vera 

leaves 

100 18.0 18.0 

Tea tree 

oil 

— — — 

Preliminary phytochemical screening revealed the 

presence of several important bioactive compounds 

responsible for anti-acne activity. Neem extract 

showed the presence of alkaloids, flavonoids, tannins, 

terpenoids, and phenolic compounds. Aloe vera 

extract showed flavonoids and phenolic compounds, 

whereas tea tree oil showed terpenoids responsible for 

antimicrobial activity. These phytoconstituents are 

known for their antibacterial, anti-inflammatory, 

antioxidant, and wound-healing properties, which are 

beneficial in acne treatment. 

Table 3: Preliminary Phytochemical Screening 

Phytoconstituent Neem 

Extract 

Aloe 

vera 

Extract 

Tea 

Tree 

Oil 

Alkaloids + – – 

Flavonoids + + – 

Tannins + – – 

Terpenoids + – + 

Phenolic 

compounds 

+ + – 

The phytochemical findings strongly supported the 

therapeutic potential of the selected herbal 

ingredients. Neem extract contributed antimicrobial 

and anti-inflammatory activity, tea tree oil provided 

strong antibacterial effects against acne-causing 

microorganisms, while Aloe vera contributed 

soothing and skin-healing properties. The synergistic 

action of these herbal constituents enhanced the 

overall anti-acne activity of the formulation. 
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Preformulation studies were carried out to determine 

the compatibility of herbal extracts with selected 

excipients and to evaluate their physicochemical 

behavior. Solubility studies revealed that neem extract 

was moderately soluble in water and freely soluble in 

ethanol, Aloe vera extract was freely soluble in water, 

whereas tea tree oil was insoluble in water and 

required surfactants for proper incorporation into the 

gel system. Tween 80 was selected as a suitable 

surfactant for uniform dispersion of tea tree oil within 

the formulation. Drug–excipient compatibility studies 

confirmed the absence of significant interactions 

between herbal extracts and selected excipients, 

indicating good compatibility and formulation 

stability. Five different batches of polyherbal 

gel/emulgel formulations designated as F1–F5 were 

prepared using varying concentrations of Carbopol 

934 and HPMC/CMC while maintaining constant 

concentrations of herbal extracts. Carbopol 934 acted 

as the primary gelling agent, whereas HPMC/CMC 

improved consistency and stability of the formulation. 

Table 4: Composition of Polyherbal Gel/Emulgel 

Formulations 

Ingredients (% 

w/w) 

F1 F2 F3 F4 F5 

Neem extract 5 5 5 5 5 

Aloe vera extract 5 5 5 5 5 

Tea tree oil 2 2 2 2 2 

Carbopol 934 0.5 0.75 1.0 1.25 1.5 

HPMC/CMC 0.5 0.75 1.0 1.25 1.5 

During formulation development, formulations F1 

and F2 containing lower polymer concentrations 

showed thinner consistency and lower viscosity. 

Formulations F3 and F4 exhibited smooth texture, 

good consistency, and optimum spreadability. 

Formulation F5 containing higher polymer 

concentration exhibited excessive viscosity and 

comparatively lower spreadability. Among all 

batches, formulation F4 showed optimum 

physicochemical characteristics suitable for topical 

application. The prepared formulations were 

subjected to physical evaluation including 

appearance, color, texture, clarity, and homogeneity. 

All formulations appeared smooth, glossy, and 

homogeneous without visible lumps or grittiness. The 

optimized formulation F4 exhibited smooth texture, 

excellent clarity, and balanced consistency. 

Table 5: Physical Evaluation of Polyherbal Formulations 

Formulation Appearance Texture Clarity Remarks 

F1 Smooth Thin Clear Less viscous 

F2 Smooth Moderately thick Clear Good consistency 

F3 Glossy Thick Clear More viscous 

F4 Smooth and glossy Uniform Clear Optimized formulation 

F5 Thick Highly viscous Slightly opaque Reduced spreadability 

The pH of all formulations was determined to ensure 

suitability for topical application. The pH values 

ranged between 5.6 and 6.1, which falls within the 

physiological skin pH range and indicates 

compatibility with human skin. Formulation F4 

exhibited a pH value of 5.9, which is considered ideal 

for topical anti-acne formulations. 

Table 6: pH Evaluation of Formulations 

Formulation pH (Mean ± SD) 

F1 5.6 ± 0.1 

F2 5.7 ± 0.1 

F3 5.8 ± 0.1 

F4 5.9 ± 0.1 

F5 6.1 ± 0.1 
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The viscosity study demonstrated that viscosity 

increased with increasing polymer concentration. All 

formulations exhibited pseudoplastic or shear-

thinning flow behavior, which is desirable for topical 

formulations because it facilitates easy spreading 

during application while maintaining sufficient 

consistency at rest. 

Table 7: Viscosity Measurement of Formulations 

Formulation Viscosity at 10 rpm (cP) Viscosity at 20 rpm (cP) Viscosity at 50 rpm (cP) 

F1 4200 ± 120 3600 ± 110 2900 ± 95 

F2 5800 ± 140 4800 ± 130 3900 ± 120 

F3 7600 ± 180 6400 ± 160 5200 ± 140 

F4 9100 ± 200 7800 ± 180 6500 ± 160 

F5 11200 ± 240 9800 ± 210 8200 ± 190 

 

Figure 1: Comparative Viscosity Profile of Polyherbal Gel/Emulgel Formulations (F1–F5) 

Table 8: Spreadability Study of Formulations 

Formulation Spreadability (g·cm/sec) 

F1 18.6 ± 0.8 

F2 16.9 ± 0.7 

F3 14.8 ± 0.6 

F4 13.5 ± 0.5 

F5 11.2 ± 0.4 

Figure 2: Comparative Spreadability Study of Polyherbal Gel/Emulgel Formulations (F1–F5) 
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The spreadability study indicated that formulations 

with lower viscosity showed higher spreadability 

whereas highly viscous formulations exhibited 

reduced spreadability. Formulation F4 showed 

optimum spreadability with good retention properties 

suitable for topical use. 

Table 9: In-Vitro Antibacterial Activity 

Test Sample Zone of 

Inhibition 

against C. acnes 

(mm) 

Zone 

against S. 

aureus 

(mm) 

Control No zone No zone 

Standard 

(Benzoyl 

peroxide) 

22.4 ± 1.2 20.8 ± 1.0 

Polyherbal 

formulation F4 

18.9 ± 1.0 17.6 ± 0.9 

Although benzoyl peroxide showed slightly higher 

antibacterial activity, the developed herbal 

formulation exhibited better skin tolerability and 

reduced irritation potential, making it more suitable 

for long-term topical use. 

Skin irritation studies confirmed that all formulations 

were safe and non-irritant. No erythema, edema, 

inflammation, or itching was observed throughout the 

study period. The irritation score for the optimized 

formulation was found to be zero, indicating excellent 

dermal compatibility. 

Table 10: Skin Irritation Study 

Formulation 24 

h 

48 

h 

72 

h 

Remarks 

F1 0 0 0 No irritation 

F2 0 0 0 Safe 

F3 0 0 0 Non-irritant 

F4 0 0 0 Excellent 

tolerability 

F5 0 0 0 Safe 

Stability studies conducted under room temperature 

and accelerated conditions demonstrated that the 

optimized formulation remained physically stable 

throughout the study period. No significant changes 

were observed in appearance, pH, viscosity, or 

homogeneity. Minor decreases in viscosity under 

accelerated conditions remained within acceptable 

limits and did not affect formulation performance. 

Overall, the present study successfully demonstrated 

the development of a stable, safe, and effective 

polyherbal gel/emulgel for acne management. The 

synergistic combination of neem extract, Aloe vera 

extract, and tea tree oil provided significant 

antibacterial, anti-inflammatory, antioxidant, and 

soothing effects. Among all prepared formulations, 

F4 was selected as the optimized batch because of its 

balanced physicochemical properties, significant 

antibacterial activity, excellent spreadability, good 

stability, and absence of skin irritation. The results of 

the present investigation support the potential use of 

the developed polyherbal gel/emulgel as a promising 

herbal alternative for topical anti-acne therapy.  

CONCLUSION 

The present study successfully formulated and 

evaluated a polyherbal gel/emulgel containing neem, 

Aloe vera, and tea tree oil for the management of acne 

vulgaris. Phytochemical analysis confirmed the 

presence of bioactive constituents responsible for 

antibacterial, anti-inflammatory, and antioxidant 

activities. Among the developed formulations, 

optimized batches demonstrated acceptable 

physicochemical properties, including suitable pH, 

good homogeneity, optimal viscosity, and desirable 

spreadability for topical application. The polyherbal 

formulation exhibited significant in-vitro antibacterial 

activity against acne-associated microorganisms, with 

results comparable to the standard anti-acne drug 

benzoyl peroxide. Importantly, the formulation 

showed good skin compatibility, as no signs of 

erythema, edema, or irritation were observed during 

the skin irritation study, indicating its safety for 

topical use. Overall, the findings suggest that the 

developed polyherbal formulation is both effective 

and safe, offering a promising natural alternative to 

conventional anti-acne therapies. The synergistic 

action of multiple herbal constituents, combined with 

improved tolerability, supports its potential use in the 

management of acne vulgaris with reduced risk of 

adverse effects.  
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