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Oral ulcers are common lesions of the oral mucosa that may cause pain and discomfort 

and can interfere with eating and speaking. Conventional dosage forms may have 

limitations in maintaining prolonged contact with the affected site. The present study 

was undertaken to formulate and evaluate a mucoadhesive buccal film containing 

hydroalcoholic extracts of Glycyrrhiza glabra and Punica granatum for potential 

application in the management of oral ulcers. The hydroalcoholic extracts were prepared 

and subjected to preliminary phytochemical evaluation. Mucoadhesive buccal films 

were formulated using hydroxypropyl methylcellulose (HPMC) and Carbopol as film-

forming and mucoadhesive polymers. The prepared films were subjected to various 

evaluation parameters, including physical appearance, thickness, folding endurance, 

surface pH, swelling index, mucoadhesive strength and disintegration time. The 

optimized formulation exhibited satisfactory physical characteristics and mucoadhesive 

properties with progressive swelling upon hydration. The prepared herbal mucoadhesive 

film exhibited invitro antifungal activity against Candida albicans, demonstrating a 

zone of inhibition of 18mm, indicating its potential to suppress the growth of the fungal 

pathogen responsible for oral candidiasis (oral thrush) and supporting its potential as a 

localized herbal formulation for oral mucosal management. The developed herbal 

mucoadhesive buccal film may provide prolonged contact with the buccal mucosa and 

represents a potential approach for the localized delivery of herbal extracts in the 

management of oral ulcers. 
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INTRODUCTION  Recurrent aphthous ulcers are common 

inflammatory lesions of the oral mucosa that may 

cause pain and discomfort and can affect the 
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quality of life of affected individuals [1]. The oral 

cavity presents a challenging environment for 

local drug delivery because continuous salivary 

secretion, swallowing and tongue movement can 

rapidly remove conventional topical dosage 

formulations from the site of application [2]. 

Consequently, maintaining an adequate residence 

time of a therapeutic agent at the affected mucosal 

surface remains a critical consideration in the 

development of effective local treatment strategies 

[2]. 

Mucoadhesive buccal drug delivery systems have 

emerged as a promising approach for localized 

drug administration within the oral cavity [3]. 

These systems are designed to establish intimate 

contact with the mucosal surface and prolong the 

residence time of the dosage form at the site of 

application, thereby potentially improving local 

drug availability and therapeutic performance 

[2,3]. Buccal films are particularly attractive 

because they are thin, flexible and capable of 

incorporating therapeutic agents into compact 

dosage forms [4]. Appropriate mucoadhesive 

polymers can contribute to prolonged mucosal 

contact and controlled release from the polymeric 

matrix [2, 4]. 

In recent years, increasing attention has been 

directed towards the exploration of medicinal 

plants as sources of bioactive compounds for the 

management of inflammatory and ulcerative 

conditions. Glycyrrhiza glabra L. (liquorice) 

possesses a diverse phytochemical profile and has 

been investigated for its anti-inflammatory, 

antioxidant and other pharmacological properties 

[5]. Evidence from clinical studies and systematic 

reviews has indicated potential benefits of topical 

liquorice preparations in current aphthous 

stomatitis, including effects on pain, ulcer size and 

healing time [6]. Punica granatum L. 

(pomegranate) is another medicinal plant 

extensively investigated for its phytochemical 

constituents and pharmacological properties, 

including antioxidant, antimicrobial and anti-

inflammatory activities [7]. Its diverse phenolic 

constituents have generated interest in the 

development of natural therapeutic approaches [7]. 

Although herbal extracts possess considerable 

therapeutic potential, their incorporation into an 

appropriate pharmaceutical delivery system is 

essential to improve localization, residence time 

and patient acceptability. Conventional liquid and 

semisolid preparations may undergo rapid removal 

from the oral cavity, thereby limiting the duration 

of contact between the active constituents and the 

mucosal surface [2]. Mucoadhesive films may 

overcome some of these limitations by providing a 

localized dosage form capable of maintaining 

prolonged mucosal contact while allowing the 

incorporated constituents to be released from the 

polymeric matrix [4]. 

Based on the reported pharmacological potential 

of Glycyrrhiza glabra and Punica granatum and 

the advantages associated with mucoadhesive 

buccal delivery, the present study was designed to 

develop a herbal mucoadhesive buccal film 

containing hydroalcoholic extracts of Glycyrrhiza 

glabra and Punica granatum. Although individual 

herbal extracts and buccal formulations have been 

investigated, a mucoadhesive film combining 

hydroalcoholic extracts of G.glabra and 

P.granatum for localized oral ulcer management 

remains insufficiently explored. Therefore, the 

present study was undertaken to formulate and 

evaluate such a film. Hydroxypropyl 

methylcellulose (HPMC) and Carbopol were 

employed as formulation polymers and the 

prepared films were subsequently evaluated for 

their physiochemical characteristics, swelling 

behaviour mucoadhesive property and 

disintegration characteristics [4,8,11]. The study 
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aimed to investigate the feasibility of developing a 

mucoadhesive buccal film as a potential localized 

delivery system for the management of oral 

ulcerative conditions. 

AIM: To formulate and evaluate a herbal 

mucoadhesive film containing hydroalcoholic 

extracts of Glycyrrhiza glabra (liquorice root) and 

Punica granatum (pomegranate peel) for the 

management of oral ulcers and oral candidiasis, 

with the aim of providing localized delivery of 

herbal extracts for the potential management of 

oral ulcerative conditions and associated fungal 

infection.  

OBJECTIVES:  

1. To prepare hydroalcoholic extracts of 

Glycyrrhiza glabra root and Punica granatum 

peel using the Soxhlet extraction technique. 

2. To perform preliminary phytochemical 

screening, including chemical tests and TLC, 

to confirm the presence of marker compounds 

(glycyrrhizic acid and ellagic acid) in the 

respective extracts. 

3. To formulate mucoadhesive buccal films 

incorporating herbal extracts using HPMC 

K15 as the film-forming polymer, Carbopol 

934 as the mucoadhesive agent, and PEG 400 

as the plasticizer by the solvent casting 

method. 

4. To evaluate the physicochemical properties of 

the prepared films, including thickness, 

folding endurance, surface pH, weight 

variation, and disintegration time. 

5. To assess the mucoadhesive strength and 

swelling behaviour of the prepared films in 

simulated salivary fluid. 

6. To evaluate the antifungal activity of the 

formulated mucoadhesive films against 

Candida albicans using the agar diffusion 

method and compare the results with a 

marketed oral antiulcer gel preparation.  

2. MATERIALS AND METHODS:  

2.1 Materials: Hydroalcoholic extracts of 

Glycyrrhiza glabra and Punica granatum were 

prepared in the laboratory as described below. 

Hydroxypropyl methylcellulose (HPMC K15), 

Carbopol and other pharmaceutical excipients 

used in the formulations, such as polyethylene 

glycol 400, tween 80, triethanolamine, TLC 

material and microbiological materials such as 

Mueller-Hinton and Candida albicans were, 

procured from the Department of Pharmacognosy, 

Pharmaceutics and Microbiology from Konkan 

Gyanpeeth College of Pharmacy and Research 

Institute, Karjat. All other chemicals and reagents 

used in the study were of analytical grade. 

2.2 Collection of Plant Material: The selected 

plant materials, Glycyrrhiza glabra and Punica 

granatum, were procured and used for further 

process of extraction. The collected roots and peels 

were cleaned, dried and powdered prior to 

extraction. 

2.3 Preparation of Hydroalcoholic Extract of 

Glycyrrhiza glabra: The 50gm of powdered root 

of Glycyrrhiza glabra was subjected to extraction 

using a hydroalcoholic solvent (Ethanol and 

Water) in the ratio of 70:30. The required quantity 

of powdered plant material was accurately 

weighed and transferred into a round-bottom flask. 

The hydroalcoholic solvent was added and the 

mixture was subjected to extraction using the 

Soxhlet extraction technique. After 24hrs the 

mixture was filtered to separate the marc from the 

extractive solution. The filtrate was concentrated 

to remove the solvent and obtain the 
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hydroalcoholic extract. The resulting extract was 

collected and weighed and stored in a well-closed 

container until further use.  

2.4 Preparation of Hydroalcoholic Extract of 

Punica granatum: The 50gm of powdered peel of 

Punica granatum was weighed and subjected to 

extraction using hydroalcoholic solvents (Ethanol 

and Water) in the ratio 70:30 using Soxhlet 

extraction technique. After completion of 

extraction, the mixture was filtered and the filtrate 

was concentrated to obtain the hydroalcoholic 

extract. The resulting extract was collected and 

weighed and stored in a well-closed container until 

further use. 

     
(A) Extraction of Glycyrrhiza glabra                         (B) Extraction of Punica granatum 

Fig no.1: Preparation of hydroalcoholic extracts of Glycyrrhiza glabra and Punica granatum 

2.5. Preliminary phytochemical screening:  

2.5.1 Ferric chloride test: 1gm of extract was 

treated with 5% ferric chloride solution and the 

development of a dark bluish-green colour was 

recorded as a positive reaction for phenolic/tannin 

constituents [10]. 

5.2 TLC analysis:  

TLC analysis was performed to detect the presence 

of characteristic phytoconstituents in the 

hydroalcoholic extracts of Glycyrrhiza glabra and 

Punica granatum [9,10]. Silica gel plates were 

used as the stationary phase and ethyl acetate: 

methanol: water (8:1:1) was used as the mobile 

phase. The hydroalcoholic extracts were applied 

on to the TLC plates and developed in a chamber 

containing mobile phase. After development the 

plates were dried and the separated spots were 

visualized under the appropriate detection 

conditions and the Rf values were obtained.  

2.6 Formulation of Mucoadhesive Buccal Film: 

Mucoadhesive buccal films containing the 

hydroalcoholic extracts of Glycyrrhiza glabra and 

Punica granatum were prepared using the solvent 

casting technique [4]. HPMC K15 and Carbopol 

were used as film-forming and mucoadhesive 

polymers, respectively [11]. The polymers were 

weighed and dissolved in the water with 

continuous stirring to obtain a uniform polymeric 

solution. The hydroalcoholic extracts were then 

incorporated into the polymeric solution and 

mixed thoroughly to obtain a homogenous 

formulation. The PEG400, Tween 80 and 

Triethanolamine were added and to the 

formulation and mixed until a uniform, bubble-

free casting solution was obtained. The prepared 

solution was cast onto the sheets and allowed to 

dry. The dried film was carefully peeled from the 
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casting surface and cut into uniform patches of 2x2 

cm2. The prepared films were stored in well-closed 

container until further evaluation.  

Fig no.2: Composition of formulation of mucoadhesive buccal film 

Ingredient Quantity taken 

(Per Batch) 

Quantity per film 

(2X 2 cm2 film) 

Function 

Glycyrrhiza glabra 5.6 g 17 mg Antiulcer 

Punica granatum 5.6 g 17 mg Antiulcer and antifungal 

HPMC K15 4 gm 12.3 mg Film forming 

Carbopol 934 2 gm 3.1 mg Mucoadhesive 

PEG 400 0.8 ml 2.5 μl Plasticizer 

Tween 80 0.02 ml 0.06 μl Penetration enhancer 

Triethanolamine q. s. q. s pH adjustment (~6–6.5) 

Water q. s. to 100 mL q. s Vehicle 

2.7 Evaluation of the prepared film: 

2.7.1 Physical appearance: The prepared 

mucoadhesive buccal films were visually 

examined for colour, appearance, odour and 

presence of air bubbles or cracks. 

2.7.2 Thickness: The thickness of the prepared 

films was measured using a vernier calliper 

[11,12]. The thickness of individual film patches 

was determined, and the results were obtained. 

2.7.3 Folding endurance: Folding endurance was 

determined by repeatedly folding a film strip at the 

same position until it showed visible cracking or 

broke [11,12]. The number of folds that the film 

could withstand without breaking was recorded as 

the folding endurance. 

2.7.4 Surface pH: The surface pH of the buccal 

film was determined to assess its compatibility 

with the buccal mucosa [12,13]. A film sample 

was moistened with a small volume of phosphate 

buffer and allowed to equilibrate for a 

predetermined period. Surface pH was evaluated 

by hydrating the film and measuring its pH with 

the calibrated pH meter using direct electrode 

contact. 

2.7.5 Swelling index: The swelling behaviour of 

the prepared buccal film was determined using 

phosphate buffer [11,12]. A pre-weighed film was 

placed in the swelling medium and allowed to 

swell for predetermined time intervals. At each 

time interval, the film was carefully removed, 

excess surface liquid was removed using filter 

paper and the swollen film was weighed. The 

swelling index was calculated using the following 

equation: 

Swelling index (%) = Wt – W0   x 100 

                                        W0  

Where,  

• W0: initial weight of the film 

• Wt: weight of the swollen film at time t 

2.7.6 Zone of inhibition: The antifungal activity 

of hydroalcoholic extracts introduced in the 

mucoadhesive buccal film and standard marketed 

antiulcer gel preparation was evaluated and 

compared using the agar diffusion method against 

Candida albicans [14]. The plates were prepared 

using Mueller-Hinton agar on which the prepared 

test film samples and marketed preparation were 

allowed to incubate. The plates were incubated for 
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24hrs and the diameter of the clear zone 

surrounding the test sample and standard marketed 

preparation was measured in mm and compared.  

2.7.7 Mucoadhesive strength: The mucoadhesive 

strength of the prepared buccal film was 

determined using analytical balance setup. A film 

sample was brought into contact with the goat 

buccal mucosa and the other side of the film was 

attached to an analytical balance pan. The force 

required to detach the film from the goat buccal 

mucosa was measured. 

2.7.8 Disintegration time: The disintegration 

behaviour of the optimized mucoadhesive buccal 

film was evaluated using freshly obtained goat 

buccal mucosa as the biological substrate. The 

mucosa was thoroughly cleaned with the distilled 

water and the film was placed on its surface with 

slight pressure to ensure adequate contact. The 

mucosa-film assembly was then immersed in 

phosphate buffer (pH 6.8) maintained at 37 ± 

0.5°C, simulating the physiological conditions of 

the oral cavity. The time required for complete 

disintegration of the film was determined and 

recorded. 

3. RESULTS AND DISCUSSION:  

3.1 Preliminary phytochemical screening by 

Ferric chloride test: The hydroalcoholic extracts 

of Glycyrrhiza glabra and Punica granatum were 

subjected to preliminary phytochemical screening 

using ferric chloride test to assess the presence of 

phenolic constituents. On the treatment of the 

extracts with ferric chloride reagent, a dark bluish-

green colour was observed. The observed colour 

development was considered indicative of the 

presence of phenolic compounds in the extracts 

[10]. 

      
Before                                                                                     After 

Fig no.3: Preliminary phytochemical screening by ferric chloride test 

3.2 Preliminary phytochemical screening by 

Thin layer chromatography: TLC was 

performed as a qualitative chromatographic 

screening method to evaluate the phytochemical 

profile of the hydroalcoholic extracts and to assess 

selected marker constituents. The samples were 

developed using ethyl acetate: methanol: water 

(8:1:1) as the mobile phase. The developed 

chromatogram showed distinct spots. The 

observed Rf values were 0.13 for the Glycyrrhiza 

glabra extract spot tentatively assigned to 

glycyrrhizic acid and 0.17 for the Punica granatum 

extract spot tentatively assigned to ellagic acid. 

Glycyrrhizic acid/glycyrrhizin is a characteristic 

constituent reported in Glycyrrhiza glabra [17], 
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whereas ellagic acid is among the phenolic 

constituents reported in Punica granatum peel 

[18]. The TLC findings therefore complemented 

the preliminary ferric chloride test by providing a 

chromatographic basis for the presence of selected 

marker compounds.  

Plant extract Marker compound Mobile phase Rf value 

Glycyrrhiza glabra Glycyrrhizic acid Ethyl acetate: Methanol:  water (8:1:1) 0.13 

Punica granatum Ellagic acid Ethyl acetate: Methanol:  water (8:1:1) 0.17 

 
Fig no.4: TLC of hydroalcoholic extracts 

3.3 Physical appearance: The prepared 

mucoadhesive buccal films were visually 

examined for appearance, colour, odour, surface 

characteristics and flexibility. The films were 

found to be smooth and uniform, with no visible 

cracks or air bubbles on the surface. The colour 

and odour of the films were pale yellow and mild 

herbal odour, which may be attributed to the 

incorporated hydroalcoholic extracts of 

glycyrrhiza glabra and Punica granatum. The 

absence of visible physical defects indicated 

satisfactory film formation and drying of the 

polymeric matrix. 

Fig no.5: Physical characteristics of mucoadhesive 

buccal film 

Parameter Observation 

Colour Pale yellow 

Appearance Smooth, uniform 

Surface Smooth 

Texture Flexible 

Homogeneity Uniform 

odour Mild herbal odour 

3.4 Thickness determination: The thickness of 

the prepared buccal film was determined to assess 

the uniformity of the cast film. The thickness of 

the film was found to be 1mm. The low variation 

in thickness indicated uniform spreading of the 

polymeric solution and consistent drying during 

the film preparation. A uniform film thickness is 

important because it contributes to reproducible 

weight and dose distribution within individual film 

units [11,12]. 

3.5 Folding endurance: Folding endurance was 

evaluated by repeatedly folding the film at the 

same location until visible cracking or breaking 

occurred. The prepared film exhibited a folding 

endurance of 197 folds. The observed folding 

endurance indicated adequate flexibility and 

mechanical strength of the film. Flexibility is an 

important practical property for buccal films 

because the dosage form should tolerate handling 

during application [4,11,12]. The flexibility of the 

optimized film may be attributed to the combined 

contribution of HPMC and Carbopol, which 

provided an appropriate polymeric matrix. 
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Fig no. 6 Thickness 

3.6 Surface pH: The surface pH of the prepared 

buccal film was determined after allowing the film 

to equilibrate with a small quantity of phosphate 

buffer. The surface pH was found to be 6.6. The 

surface pH was found to be 6.6. The obtained value 

was within the near-neutral range reported for 

buccal films and was close to the physiological pH 

range of the buccal mucosa [12,13]. An 

appropriate surface pH is desirable because 

marked deviation from physiological conditions 

may contribute to discomfort or local irritation 

[12,13].  

 
Fig no.7: Surface pH 

3.7 Swelling index: The swelling behaviour of the 

optimized buccal film was evaluated by 

determining the increase in film weight after 

exposure to the phosphate buffer at predetermined 

time intervals. The film demonstrated progressive 

swelling with increasing exposure time. The initial 

weight of the film was 100mg, which increased to 

120mg after 30min. After 1hr, 1.5hr and 2hr the 

weight was increased to 180mg, 240mg, 260mg, 

respectively. The progressive increase in film 

weight indicated hydration and expansion of the 

polymeric matrix. Swelling of the film is important 

for buccal drug delivery because hydration 

facilitates intimate contact between the 

formulation and the mucosal surface and can 

contribute to mucoadhesion [11,12].  

Time Initial 

weight (mg) 

Final 

weight (mg) 

Swelling 

index 

30min 100 120 20% 

1hr 100 180 80% 

1.5hr 100 240 140% 

2hr 100 260 160% 

3.8 Zone of inhibition: The antimicrobial activity 

of the formulation film was evaluated by the agar 

diffusion method against Candida albicans to 

obtain preliminary evidence of its potential 

applicability in the management of oral candidiasis 

(oral thrush) [14]. The microorganism was 

selected because C.albicans is a major fungal 

pathogen associated with oral candidiasis and may 

contribute to oral mucosal ulcerative lesions. The 

formation of a clear zone surrounding the sample 

indicated fungal growth inhibition. The zone of 

inhibition by prepared mucoadhesive buccal film 

was measured as 18mm whereas, the standard 

marketed preparation of oral antiulcer drug 

showed zone of inhibition of 20mm. The 

difference in inhibition zones provides a 

preliminary comparison between prepared herbal 

mucoadhesive buccal film and marketed anti-ulcer 

gel preparation, under the experimental 

conditions. The formulation produced an 18-mm 

zone of inhibition against Candida albicans under 

the experimental conditions, providing 

preliminary evidence of in-vitro antifungal 

activity. 
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Zone of inhibition by mucoadhesive buccal film        zone of inhibition by marketed oral antiulcer gel 

Fig no.8: Zone of inhibition comparison between antiulcer mucoadhesive buccal film and marketed oral 

antiulcer gel 

ZONE OF INHIBITION OF 

HERBAL EXTRACT (Glycyrrhizic 

acid & Ellagic acid) 

ZONE OF INHIBITION OF SMILE 

GEL (Benzalkonium Chloride, Choline 

salicylate & Menthol) 

18mm 20mm 

3.9 Mucoadhesive strength: The mucoadhesive 

strength of the prepared buccal film was evaluated 

using freshly obtained goat buccal mucosa as the 

biological substrate. An analytical balance setup 

was used to determine the force required to detach 

the film from the mucosal surface. The prepared 

film was carefully placed in contact with the goat 

buccal mucosa and the other side of the film was 

attached to the analytical balance pan. The force 

required to detach the film from the goat buccal 

mucosa was measured. The force of detachment 

was found to be 0.147 N, corresponding to 

approximately 15 g under the reported 

experimental setup. The prepared mucoadhesive 

buccal film therefore demonstrated measurable 

mucoadhesive strength under the test conditions. 

The force required for detachment reflects the 

interaction between the mucoadhesive polymeric 

matrix and the mucosal surface [16]. The observed 

mucoadhesion may be related to hydration of 

hydrophilic polymers such as HPMC and 

Carbopol and their interaction with the mucus 

layer [2,16].  

     
Fig no.9: Mucoadhesive strength of film 

3.10 In-vitro disintegration: The disintegration 

behaviour of the optimized mucoadhesive buccal 

film was evaluated using freshly obtained goat 

buccal mucosa as the biological substrate. The 

mucosa-film assembly was immersed in phosphate 

buffer (pH 6.8) maintained at 37 ± 0.5°C, 

simulating the physiological conditions of the oral 

cavity.  

The optimized mucoadhesive buccal film 

exhibited a disintegration time of 55 sec under the 

experimental conditions. This result describes the 

disintegration behaviour of the formulation; 
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suitability for buccal delivery should be 

established in conjunction with other formulation 

characteristics and predefined acceptance criteria. 

 
Fig no.10: Disintegration time 

4. CONCLUSION:  

The present study successfully demonstrated the 

development of a mucoadhesive buccal film 

incorporating hydroalcoholic extracts of 

Glycyrrhiza glabra and Punica granatum for 

potential application in the management of oral 

ulcers. Preliminary phytochemical screening 

confirmed the presence of relevant 

phytoconstituents in the plant extracts, while TLC 

analysis provided preliminary chromatographic 

evidence for the selected marker constituents. The 

optimized buccal film exhibited satisfactory 

physiochemical characteristics, including uniform 

thickness, adequate folding endurance and suitable 

surface pH. The formulation also demonstrated 

swelling, mucoadhesive strength and appropriate 

disintegration behaviour indicating its ability to 

maintain intimate contact with the buccal mucosa. 

Furthermore, the film demonstrated antifungal 

activity against candida albicans, supporting its 

potential for treating oral ulcerative lesions. 

Overall, the findings suggest that the developed 

herbal mucoadhesive buccal film may serve as a 

promising localized delivery system for the 

management of oral ulcers. However, further 

studies involving formulation stability, 

comprehensive pharmacological evaluation, in-

vivo efficacy and clinical investigation are 

necessary to establish its therapeutic effectiveness 

and safety before clinical application.  

5. FUTURE SCOPE:  

The present study provides a preliminary basis for 

the development of herbal mucoadhesive buccal 

films containing Glycyrrhiza glabra and Punica 

granatum extracts for localized management of 

oral ulcers. Further studies are warranted to 

establish the long-term stability of the optimized 

formulation under different storage condition and 

to investigate its detailed drug release and 

permeation characteristics. In-vivo studies should 

be conducted to confirm the therapeutic efficacy, 

safety, residence time and mucosal compatibility 

of the formulation. Further pharmacological 

investigations, including evaluation of anti-

inflammatory, wound healing and antifungal 

effects may provide a better understanding of its 

therapeutic potential. Finally, well-designed 

clinical studies are required to establish the safety, 

efficacy, patient acceptability and potential 

clinical applicability of the developed 

mucoadhesive buccal film. 

REFERENCES 

1. Altenburg A, Micheli CK, Maldini C, Mahr 

A, Puttkammer M, Zouboulis CC. Klinik und 

Therapie chronisch rezidivierender Aphthen 

[Clinical aspects and treatment of recurrent 

aphthous ulcers]. Hautarzt. 2012 

Sep;63(9):693-703. German. 

doi:10.1007/s00105-012-2354-7. 

PMID:22956032. 

2. Bagan J, Paderni C, Termine N, Campisi G, 

Lo Russo L, Compilato D, Di Fede O. 

Mucoadhesive polymers for oral 

transmucosal drug delivery: a review. Curr 

Pharm Des. 2012;18(34):5497-514. 



Gayatri Parmar, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 9, 2554-2565 | Research 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 2564 | P a g e  

doi:10.2174/138161212803307545. 

PMID:22632395. 

3. Shinkar DM, Dhake AS, Setty CM. Drug 

delivery from the oral cavity: a focus on 

mucoadhesive buccal drug delivery systems. 

PDA J Pharm Sci Technol. 2012 Sep-

Oct;66(5):466-500. 

doi:10.5731/pdajpst.2012.00877. 

PMID:23035030. 

4. Shipp L, Liu F, Kerai-Varsani L, Okwuosa 

TC. Buccal films: A review of therapeutic 

opportunities, formulations & relevant 

evaluation approaches. J Control Release. 

2022 Dec;352:1071-1092. 

doi:10.1016/j.jconrel.2022.10.058. 

PMID:36351519. 

5. Wahab S, Annadurai S, Abullais SS, Das G, 

Ahmad W, Ahmad MF, Kandasamy G, 

Vasudevan R, Ali MS, Amir M. Glycyrrhiza 

glabra (Licorice): A comprehensive review on 

its phytochemistry, biological activities, 

clinical evidence and toxicology. Plants 

(Basel). 2021 Dec 14;10(12):2751. 

doi:10.3390/plants10122751. 

PMID:34961221; PMCID:PMC8703329. 

6. Dorsareh F, Vahid-Dastjerdi G, Bouyahya A, 

Zarshenas MM, Rezaie M, Yang WM, Amiri-

Ardekani E. Topical licorice for aphthous: A 

systematic review of clinical trials. Iran J Med 

Sci. 2023 Sep;48(5):437-447. 

doi:10.30476/IJMS.2022.94467.2576. 

PMID:37786470; PMCID:PMC10541548. 

7. Singh J, Kaur HP, Verma A, Chahal AS, 

Jajoria K, Rasane P, Kaur S, Kaur J, Gunjal 

M, Ercisli S, Choudhary R, Bozhuyuk MR, 

Sakar E, Karatas N, Durul MS. Pomegranate 

peel phytochemistry, pharmacological 

properties, methods of extraction, and its 

application: A comprehensive review. ACS 

Omega. 2023 Sep 19;8(39):35452-35469. 

doi:10.1021/acsomega.3c02586. 

PMID:37810640; PMCID:PMC10551920. 

8. Guarve K, Kriplani P. HPMC-A marvel 

polymer for pharmaceutical industry-patent 

review. Recent Adv Drug Deliv Formul. 

2021;15(1):46-58. 

doi:10.2174/1872211314666210604120619. 

PMID:34086557. 

9. Semalty M, Semalty A, Kumar G. 

Formulation and characterization of 

mucoadhesive buccal films of glipizide. 

Indian J Pharm Sci. 2008 Jan;70(1):43-8. 

doi:10.4103/0250-474X.40330. 

PMID:20390079; PMCID:PMC2852059. 

10. Muzib YI, Kumari KS. Mucoadhesive buccal 

films of glibenclamide: Development and 

evaluation. Int J Pharm Investig. 2011 

Jan;1(1):42-7. doi:10.4103/2230-

973X.76728. PMID:23071919; 

PMCID:PMC3465111. 

11. El Sharawy AM, Shukr MH, Elshafeey AH. 

Formulation and optimization of duloxetine 

hydrochloride buccal films: in vitro and in 

vivo evaluation. Drug Deliv. 2017 

Nov;24(1):1762-1769. 

doi:10.1080/10717544.2017.1402216. 

PMID:29172829; PMCID:PMC8241170. 

12. Madugula P, Reddy S, Koneru J, Rao AS, 

Sruthi R, Dalli DT. 'Rhetoric to Reality'-

Efficacy of Punica granatum peel extract on 

oral candidiasis: An in vitro study. J Clin 

Diagn Res. 2017 Jan;11(1):ZC114-ZC117. 

doi:10.7860/JCDR/2017/22810.9304. 

PMID:28274059; PMCID:PMC5324484. 

13. Meher JG, Tarai M, Yadav NP, Patnaik A, 

Mishra P, Yadav KS. Development and 

characterization of cellulose-

polymethacrylate mucoadhesive film for 

buccal delivery of carvedilol. Carbohydr 

Polym. 2013 Jul 1;96(1):172-80. 

doi:10.1016/j.carbpol.2013.03.076. 

PMID:23688467. 

14. Pastorino G, Cornara L, Soares S, Rodrigues 

F, Oliveira MBPP. Liquorice (Glycyrrhiza 

glabra): A phytochemical and 

pharmacological review. Phytother Res. 2018 

Dec;32(12):2323-2339. doi:10.1002/ptr.6178. 

PMID:30117204; PMCID:PMC7167772. 

15. Singh B, Singh JP, Kaur A, Singh N. Phenolic 

compounds as beneficial phytochemicals in 

pomegranate (Punica granatum L.) peel: A 

review. Food Chem. 2018 Sep 30;261:75-86. 

doi:10.1016/j.foodchem.2018.04.039. 

PMID:29739608. 



Gayatri Parmar, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 9, 2554-2565 | Research 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 2565 | P a g e  

16. World Health Organization. Quality control 

methods for medicinal plant materials. 

Geneva: World Health Organization; 1998. 

17. Harborne JB. A guide to modern techniques 

of plant analysis. 2nd ed. Dordrecht: Springer; 

1984. p.37-99. 

18. Clinical and Laboratory Standards Institute. 

Procedure for confirming the acceptability of 

Mueller-Hinton agar sources for subsequent 

use in CLSI and/or EUCAST studies to 

establish disk diffusion quality control ranges. 

1st ed. CLSI supplement M23S3. Wayne 

(PA): Clinical and Laboratory Standards 

Institute; 2023.   

 

HOW TO CITE: Gayatri Parmar, Viraj Lokhande, Kajal 

Patil, Sayali Patil, Shivam Rajak, Dr. Mohan Kale, Dr. 

Nilofar Khan, Formulation and Evaluation of a 

Mucoadhesive Buccal Film Containing Hydroalcoholic 

Extracts of Glycyrrhiza glabra and Punica granatum, Int. 

J. of Pharm. Sci., 2026, Vol 4, Issue 9, 2554-2565. 

https://doi.org/10.5281/zenodo.22878302 


