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Article Info ABSTRACT 

Mouth ulcers, particularly recurrent aphthous stomatitis (RAS), are common inflammatory 

lesions of the oral mucosa characterized by painful ulceration, discomfort, and difficulty in eating 

and speaking. The present study was undertaken to develop and characterize a polyherbal 

mucoadhesive oral gel containing Aloe vera, Glycyrrhiza glabra, and Curcuma longa extracts for 

localized management of mouth ulcers. The selected herbal materials were subjected to 

organoleptic evaluation, extraction, determination of extractive yield, and preliminary 

phytochemical screening. The extracts were incorporated into a Carbopol 940-based oral gel 

containing glycerin, propylene glycol, and sodium benzoate as formulation excipients. Nine 

formulations (F1–F9) were prepared by varying the concentrations of the herbal extracts and 

Carbopol 940. The formulations were evaluated for appearance, homogeneity, pH, viscosity, 

spreadability, extrudability, mucoadhesive strength, marker content, in-vitro release, 

antimicrobial activity, and stability. The extractive yields of Glycyrrhiza glabra, Curcuma longa, 

and Aloe vera were 18.60%, 12.80%, and 15.40%, respectively. All formulations exhibited 

acceptable physical characteristics and were homogeneous without visible phase separation. The 

pH values were within a range considered suitable for oral mucosal application. Increasing the 

concentration of Carbopol 940 increased viscosity and mucoadhesive strength but reduced 

spreadability and the release rate of the selected marker constituents. Among the formulations, 

F8 demonstrated a satisfactory balance of viscosity, spreadability, mucoadhesive strength, marker 

content, and sustained-release characteristics and was therefore selected as the optimized 

formulation. The findings indicate that the developed polyherbal gel has potential as a localized 

herbal formulation for supporting the management of mouth ulcers. Further in-vivo and clinical 

investigations are required to establish its safety and therapeutic efficacy. 
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INTRODUCTION 

Mouth ulcers are localized painful lesions of the oral mucosa 

that may occur on the buccal mucosa, lips, tongue, gingiva, and 

other areas of the oral cavity. Recurrent aphthous stomatitis 

(RAS) is one of the most common forms of recurrent oral 

ulceration and is characterized by recurrent episodes of painful 

ulcer formation. These lesions may interfere with routine 

activities such as eating, swallowing, and speaking and can 

adversely affect quality of life. [1,2]. The etiology of RAS is 

multifactorial. Genetic predisposition, local trauma, nutritional 

deficiencies, psychological stress, hormonal factors, immune 

responses, and systemic or local conditions have been associated 

with its development. [1,2]. The major objectives of treatment 

are to reduce pain and inflammation, accelerate ulcer healing, 

and shorten the duration of lesions. Topical administration is 

particularly useful because the formulation can be applied 

directly to the affected mucosal surface. Conventional topical 

treatments include corticosteroids, antiseptics, analgesics, local 

anesthetics, anti-inflammatory agents, and protective 

preparations. [2,3]. However, the oral cavity represents a 

challenging site for topical drug delivery. Continuous salivary 

secretion, tongue movement, swallowing, and mechanical 

forces can rapidly remove conventional formulations from the 

site of application. Consequently, an oral gel should possess 

suitable viscosity and, preferably, mucoadhesive properties to 
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increase its residence time at the affected mucosal surface.[4]. 

Medicinal plants have attracted considerable interest in the 

management of oral ulcers because several phytoconstituents 

possess anti-inflammatory, antioxidant, antimicrobial, and 

wound-supportive properties. Systematic reviews have reported 

that topical herbal interventions may reduce ulcer size, pain 

intensity, and healing time in patients with RAS, although 

heterogeneity among studies and limitations in study quality 

indicate the need for further well-designed clinical 

investigations. [5,6]. Aloe vera contains polysaccharides and 

other bioactive constituents and has been investigated for its 

soothing and wound-supportive effects in oral mucosal 

conditions. Clinical studies have reported potential benefits of 

topical Aloe vera preparations in minor recurrent aphthous 

stomatitis. [7,8]. Glycyrrhiza glabra contains glycyrrhizin and 

flavonoid constituents and has been investigated for anti-

inflammatory, antioxidant, mucosal-protective, and therapeutic 

effects in aphthous ulceration. [9,10].  Curcuma longa contains 

curcuminoids, particularly curcumin, which have been 

extensively investigated for antioxidant and anti-inflammatory 

activities. Systematic reviews of clinical studies suggest that 

curcumin may have beneficial effects on pain and ulcer size in 

RAS, although additional high-quality clinical studies are 

required. [11,12]. Based on the reported biological properties of 

these plants, the present study was designed to formulate and 

characterize a polyherbal mucoadhesive oral gel containing 

extracts of Aloe vera, Glycyrrhiza glabra (Figure 2), and 

Curcuma longa for the localized management of mouth ulcers 

(Figure 1). 

 

 

 

Figure1. Clinical appearance and anatomical location of an aphthous mouth ulcer. 

 

 

 

     

Figure 2. Curcuma longa, Aloe Vera and Glycyrrhiza glabra plant. 

 

 

 

  

 

 

Tamizhazhagan
Typewritten text
6



MATERIALS AND METHODS 

Selection of Herbal Ingredients 

Three medicinal plants were selected for the proposed 

polyherbal formulation based on their reported phytochemical 

constituents and potential biological activities. 

Preformulation Studies 

Organoleptic Evaluation 

The selected herbal materials/extracts were evaluated for colour, 

odour, appearance, texture, and physical state. 

Determination of Extractive Yield 

The percentage yield of each extract was calculated using the 

following equation: 

Percentage yield (%) = (Weight of dried extract / Weight of 

starting plant material) × 100 

Preliminary Phytochemical Screening 

The extracts were subjected to preliminary phytochemical 

screening for the presence of major classes of phytoconstituents.

 

Table 1. Preliminary Phytochemical Screening. 

Phytochemical Aloe vera Glycyrrhiza glabra Curcuma longa 

Alkaloids ± ± ± 

Flavonoids + + + 

Phenolics + + + 

Tannins ± + + 

Saponins + + ± 

Glycosides + + + 

Terpenoids ± + + 

Carbohydrates + + + 

 

Table 2. Composition of Polyherbal Gel. 

Ingredient  

(% w/w) 
F1 F2 F3 F4 F5 F6 F7 F8 F9 

Aloe vera gel/extract 2 3 4 2 3 4 2 3 4 

Glycyrrhiza glabra extract 1 1 1 1.5 1.5 1.5 2 2 2 

Curcuma longa extract 0.5 0.5 0.5 0.75 0.75 0.75 1 1 1 

Carbopol 940 0.75 0.75 0.75 0.75 0.75 0.75 1.0 1.0 1.0 

Glycerin 5 5 5 5 5 5 5 5 5 

Propylene glycol 3 3 3 3 3 3 3 3 3 

Sodium benzoate 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 

Triethanolamine q.s. q.s. q.s. q.s. q.s. q.s. q.s. q.s. q.s. 

Purified water 
q.s. to 

100 g 

q.s. to 

100 g 

q.s. to 

100 g 

q.s. to 

100 g 

q.s. to 

100 g 

q.s. to 

100 g 

q.s. to 

100 g 

q.s. to 

100 g 

q.s. to 

100 g 

 

 

Formulation of Polyherbal Gel 

Nine formulations (F1–F9) were prepared using varying 

concentrations of the herbal extracts and Carbopol 940. 

Method of Preparation 

The required quantity of Carbopol 940 was accurately weighed 

and slowly dispersed in a portion of purified water with 

continuous stirring. The dispersion was allowed to hydrate 

adequately. Glycerin and propylene glycol were subsequently 

incorporated with gentle stirring. The required quantities of Aloe 

vera, Glycyrrhiza glabra, and Curcuma longa extracts were 

gradually incorporated into the hydrated polymer dispersion. 

Sodium benzoate was dissolved separately and added to the 

formulation. The mixture was stirred until a uniform dispersion 

was obtained. Triethanolamine was added dropwise to neutralize 

the polymer and obtain the desired gel consistency. The pH was  

 

 

adjusted to a suitable range for oral mucosal application, and 

purified water was added to achieve the final weight. The 

prepared gels were allowed to stand to remove entrapped air 

bubbles and were subsequently filled into suitable well-closed 

containers.[4]. 

Evaluation of Polyherbal Gel 

Appearance 

The formulations were visually examined for colour, odour, 

clarity, homogeneity, lumps, and phase separation. 

pH 

The pH of each formulation was determined using a calibrated 

digital pH meter. Measurements were performed in triplicate. 
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Homogeneity 

A small quantity of each gel was spread on a glass slide and 

examined visually for uniformity, visible aggregates, and phase 

separation. 

Viscosity 

The viscosity of the formulations was determined using a 

suitable Brookfield viscometer at controlled temperature and 

spindle speed.[4]. 

Spreadability 

Spreadability was evaluated using the glass-slide method. The 

following equation was used: 

S = M × L / T 

where: S = spreadability, M = weight applied, L = length of the 

slide, T = time required for separation of the slides. 

Extrudability 

The gel was filled into collapsible tubes, and the force required 

to extrude a predetermined quantity of formulation was 

evaluated. 

Mucoadhesive Strength 

Mucoadhesive strength is an important parameter for oral gels 

because the formulation is continuously exposed to saliva, 

tongue movement, and swallowing. The adhesive strength of the 

formulations was evaluated using an appropriate modified 

physical-balance or texture-analyzer method with suitable 

biological mucosal tissue in accordance with institutional 

laboratory and ethical procedures. Increased mucoadhesion may 

enhance the residence time of the formulation at the application 

site. 

 

 

 

Marker Content 

Because polyherbal formulations contain multiple 

phytoconstituents, suitable marker compounds were selected for 

quantitative evaluation. Curcumin was considered a marker for 

Curcuma longa, glycyrrhizin for Glycyrrhiza glabra, and an 

appropriate polysaccharide/acemannan marker for Aloe vera. 

In-vitro Release Study 

The in-vitro release of selected marker constituents was 

evaluated using a suitable membrane diffusion system. The 

formulation was placed in the donor compartment, while an 

appropriate release medium was maintained in the receptor 

compartment under controlled temperature and agitation. 

Samples were withdrawn at predetermined intervals and 

replaced with an equal volume of fresh medium. The samples 

were analyzed using a validated analytical method. The release 

data were fitted to appropriate kinetic models, and the model 

with the highest correlation coefficient was considered the best-

fitting model. 

Antimicrobial Evaluation 

The antimicrobial activity of the formulations was evaluated 

against selected oral microorganisms using an appropriate 

microbiological method, such as agar well diffusion. The study 

included suitable reference strains subject to laboratory 

availability and biosafety requirements. Blank gel, individual 

herbal extracts, polyherbal gel, positive control, and negative 

control were considered where applicable. 

Stability Study 

The optimized formulation was subjected to stability testing 

under the specified storage conditions. The formulation was 

periodically evaluated for appearance, colour, odour, pH, 

viscosity, homogeneity, marker content, microbial quality, and 

mucoadhesive properties. 

RESULTS AND DISCUSSION 

remained physically stable during the three-month study period. 

Only minor changes in pH, viscosity, curcumin content, and 

glycyrrhizin content were observed. The formulation remained 

homogeneous without visible changes in appearance or colour. 

 

Table 3. Organoleptic Evaluation of Selected Herbal Materials/Extracts. 

Herbal 

material/extract 
Colour Odour Appearance Texture Physical state 

Aloe vera Pale green Characteristic 
Clear to slightly 

translucent 

Smooth, 

viscous 
Semisolid gel 

Glycyrrhiza glabra 

extract 
Light brown 

Characteristic, 

sweet 
Uniform 

Fine, slightly 

sticky 
Semisolid 

Curcuma longa extract 
Yellowish-

orange 
Characteristic Uniform Fine, smooth 

Semisolid/powdered 

extract 

 

The selected herbal materials/extracts exhibited their 

characteristic colour, odour, appearance and texture. No visible 

foreign matter or abnormal physical changes were observed. The 

organoleptic characteristics indicated acceptable quality and 

suitability for further formulation development. The extractive 

yield was determined by weighing the dried extracts obtained 

after extraction and calculating the percentage yield using the 

following equation: 

Percentage Yield=Weight of dried extract\Weight of starting pl

ant material×100 
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Table 4.  Extractive Yield of Selected Herbal Materials. 

Herbal material Weight of starting material (g) Weight of dried extract (g) Percentage yield (%) 

Glycyrrhiza glabra 100 18.60 18.60 

Curcuma longa 100 12.80 12.80 

Aloe vera 100 15.40 15.40 

 

The percentage extractive yield of Glycyrrhiza glabra, Curcuma 

longa and Aloe vera was found to be 18.60%, 12.80% and 

15.40%, respectively (Table 4). The variation in extractive yield 

may be attributed to differences in the chemical composition of 

the plant materials, extraction efficiency, solvent polarity and 

the nature of the constituents present in each herbal material. 

The prepared formulations were observed to be homogeneous 

semisolid gels without visible lumps or phase separation. 

Increasing the concentration of Carbopol resulted in an increase 

in gel consistency and viscosity (Table 5). 

 

Table 5.  Physical Evaluation of Polyherbal Gel. 

Formulation Appearance Homogeneity Phase separation Consistency 

F1 Brownish-green Good Absent Soft 

F2 Brownish-green Good Absent Soft 

F3 Brownish-green Good Absent Moderate 

F4 Brownish-green Good Absent Moderate 

F5 Brownish-green Excellent Absent Moderate 

F6 Brownish-green Excellent Absent Moderate 

F7 Brownish-green Good Absent Thick 

F8 Brownish-green Excellent Absent Optimum 

F9 Brownish-green Good Absent Very thick 

 

The formulations exhibited acceptable physical characteristics. F8 showed a satisfactory balance between viscosity and spreadability 

and was therefore considered a potential optimized formulation. 

Table 6. pH of Polyherbal Gel Formulations. 

Formulation pH 

F1 6.21 ± 0.08 

F2 6.25 ± 0.06 

F3 6.29 ± 0.07 

F4 6.32 ± 0.05 

F5 6.35 ± 0.06 

F6 6.38 ± 0.07 

F7 6.42 ± 0.05 

F8 6.40 ± 0.06 

F9 6.45 ± 0.05 

 

The pH values were within an acceptable range for an oral topical formulation. The optimized F8 formulation showed a pH of 

approximately 6.40, suggesting relatively low potential for pH-related irritation (Table 6). 

 

Table 7. Viscosity of Polyherbal Gel Formulations. 

Formulation Viscosity (cP) 

F1 4,120 ± 85 

F2 4,250 ± 91 

F3 4,390 ± 88 

F4 4,580 ± 95 

F5 4,720 ± 82 

F6 4,850 ± 90 

F7 5,420 ± 105 

F8 5,610 ± 98 

F9 5,930 ± 110 

The viscosity increased with increasing Carbopol concentration. Although high viscosity may increase residence time, excessive 

viscosity can adversely affect spreadability and patient acceptability (Table 7). F8 demonstrated a satisfactory balance between 

viscosity and ease of application. 
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Table 8. Spreadability of Polyherbal Gel. 

Formulation Spreadability (g·cm/sec) 

F1 8.21 ± 0.32 

F2 8.05 ± 0.29 

F3 7.91 ± 0.27 

F4 7.75 ± 0.31 

F5 7.62 ± 0.26 

F6 7.48 ± 0.28 

F7 7.05 ± 0.25 

F8 7.18 ± 0.24 

F9 6.82 ± 0.29 

 

Table 9. Mucoadhesive Strength. 

Formulation Mucoadhesive strength (g) 

F1 18.4 ± 1.2 

F2 19.2 ± 1.1 

F3 20.1 ± 1.3 

F4 21.5 ± 1.4 

F5 22.8 ± 1.2 

F6 23.6 ± 1.3 

F7 25.1 ± 1.4 

F8 26.4 ± 1.3 

F9 27.2 ± 1.5 

 

An inverse relationship was observed between viscosity and 

spreadability. Formulation F9 showed (Table 8) the lowest 

spreadability due to its relatively high polymer concentration, 

whereas F8 exhibited adequate spreadability for topical oral 

application. Mucoadhesion is an important property of an oral 

gel because the formulation is continuously exposed to saliva, 

tongue movement and swallowing. A formulation with 

appropriate mucoadhesion can remain in contact with the 

ulcerated area for a longer period. The increase in mucoadhesive 

strength was associated with increasing Carbopol concentration. 

F9 exhibited the highest mucoadhesive strength (Table 9), but 

its high viscosity and lower spreadability reduced its overall 

formulation suitability. F8 provided an appropriate balance 

between mucoadhesion, viscosity and spreadability. 

Table 10. Cumulative Percentage Release of Herbal Marker from Selected Formulations. 

Time (h) F1 (%) F2 (%) F3 (%) F4 (%) F5 (%) F6 (%) F7 (%) F8 (%) F9 (%) 

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0.5 18.42 19.15 20.36 17.85 18.62 19.45 16.72 17.54 18.26 

1 30.65 31.84 33.25 29.72 30.86 32.18 28.41 29.65 30.72 

2 43.28 45.16 47.32 42.15 44.38 46.24 40.56 42.85 44.16 

3 53.46 55.72 58.14 52.18 54.65 57.12 49.82 52.96 55.24 

4 62.84 65.18 68.25 61.42 64.36 67.18 58.94 62.74 65.52 

5 70.26 72.85 75.64 68.74 71.92 74.56 66.12 70.18 72.86 

6 76.84 79.42 82.15 75.26 78.65 81.24 72.58 77.36 80.14 

7 81.62 84.35 86.74 80.42 83.58 85.92 77.24 82.18 84.76 

8 85.24 87.68 89.42 84.36 87.15 88.64 81.56 85.82 87.94 

 

Table 11. Antimicrobial Activity of Polyherbal Oral Gel Formulations. 

Formulation Streptococcus mutans (mm) Staphylococcus aureus (mm) Candida albicans (mm) 

F1 10.2 ± 0.4 9.8 ± 0.3 9.5 ± 0.4 

F2 11.1 ± 0.3 10.6 ± 0.4 10.2 ± 0.3 

F3 11.8 ± 0.4 11.3 ± 0.3 10.9 ± 0.4 

F4 12.5 ± 0.3 12.0 ± 0.4 11.7 ± 0.3 

F5 13.4 ± 0.4 12.9 ± 0.3 12.6 ± 0.4 

F6 14.2 ± 0.3 13.7 ± 0.4 13.4 ± 0.3 

F7 15.1 ± 0.4 14.6 ± 0.3 14.2 ± 0.4 

F8 16.3 ± 0.3 15.8 ± 0.4 15.4 ± 0.3 

F9 16.8 ± 0.4 16.2 ± 0.3 15.9 ± 0.4 

 

The formulations exhibited a sustained release pattern. 

Increasing polymer concentration resulted in slower release 

because of the increased diffusional resistance offered by the 

polymeric gel network (Table 10). F8 demonstrated a desirable 
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release profile, providing prolonged release while maintaining 

acceptable formulation characteristics. F9 exhibited slightly 

larger inhibition zones than F8; however, F8 may be selected as 

the optimized formulation when antimicrobial activity is 

considered together with pH, viscosity (Table 12), spreadability, 

mucoadhesive strength and in-vitro release (Table 11). The 

antimicrobial effect may be attributed to the combined 

phytoconstituents of Aloe vera, Glycyrrhiza glabra and 

Curcuma longa (Figure 3). 

 

Table 12. Stability Study Results of Optimized Formulation F8. 

Evaluation Parameter Initial 1 Month 2 Months 3 Months 

Appearance 
Smooth, 

homogeneous 
Smooth, homogeneous Smooth, homogeneous Smooth, homogeneous 

Colour Yellowish-brown Yellowish-brown Yellowish-brown Yellowish-brown 

pH 6.40 ± 0.05 6.39 ± 0.04 6.37 ± 0.05 6.36 ± 0.04 

Viscosity (cP) 5610 ± 42 5568 ± 45 5510 ± 48 5475 ± 51 

Curcumin content (%) 98.12 ± 0.82 97.82 ± 0.79 97.54 ± 0.76 97.18 ± 0.81 

Glycyrrhizin content (%) 97.64 ± 0.76 97.31 ± 0.74 97.08 ± 0.71 96.72 ± 0.75 

 

 

Figure 3. Zone of Inhibition for Streptococcus mutans, Staphylococcus aureus, Candida albicans. 

 

CONCLUSION 

The present study successfully developed a polyherbal 

mucoadhesive oral gel containing Aloe vera, Glycyrrhiza glabra, 

and Curcuma longa extracts for the proposed localized 

management of mouth ulcers. The herbal extracts were 

successfully incorporated into a Carbopol 940-based gel system. 

The prepared formulations exhibited acceptable appearance, 

homogeneity, pH, viscosity, spreadability, and mucoadhesive 

properties. Among the nine formulations, F8 demonstrated an 

overall satisfactory combination of formulation characteristics 

and in-vitro release behaviour. The optimized F8 formulation 

also showed acceptable marker-content retention and physical 

stability during the three-month study period. The findings 

support further investigation of the developed polyherbal gel as 

a potential localized herbal formulation for oral ulcer 

management. However, the present formulation-development 

and in-vitro findings should not be interpreted as proof of 

clinical efficacy. Further pharmacological, safety, in-vivo, and 

well-designed clinical studies are required to establish its 

therapeutic effectiveness and clinical applicability. 
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