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A clinicobiochemical
 evaluation of curcumin as gel and as
buccal mucoadhesive patches in the management of oral

submucous fibrosis

Aditi Chandrashekar, MDS,a Rajeshwari G. Annigeri, MDS,b Usha VA, MDS,c and

J. Thimmasetty, MPharm, PhDd
Objective. The objective of this study was to evaluate and compare the efficacy of topical curcumin gel and buccal mucoadhesive

patches in the management of oral submucous fibrosis (OSMF).

Study Design. Forty patients clinically diagnosed with OSMF were randomly divided into 2 groups. Group A received curcumin

gel and group B received curcumin mucoadhesive patches, to be used twice daily for 8 weeks. Evaluation was done every 2

weeks. Serum lactate dehydrogenase (LDH) levels were measured before and after treatment and also in 20 healthy controls.

Results. A 100% reduction in burning sensation was observed in all 40 patients at the end of 4 weeks. Mouth opening improved

by 5.45 § 1.64 mm in group A and 5.9 § 2.00 mm in group B. Pretreatment LDH was 359.72 § 77.02 IU/L in patients with

OSMF, which was significantly higher than that in healthy volunteers (173.2 § 46.20 IU/L). In group A, LDH values reduced from

341.85 § 71 IU/L to 264.95 § 65.09 IU/L and in group B, values reduced from 377.6 § 79.76 IU/L to 286.15 § 72.95 IU/L after

treatment.

Conclusion. Curcumin gel and mucoadhesive patches were effective in improving mouth opening and reducing burning sensa-

tion in patients with OSMF. They can therefore be considered as safe, noninvasive modalities for treatment of OSMF. (Oral Surg

Oral Med Oral Pathol Oral Radiol 2021;131:428�434)
Oral submucous fibrosis (OSMF) is a chronic, debili-

tating potentially malignant oral disease. The Indian

subcontinent has the highest prevalence of OSMF, up

to 6.42%.1 The most important etiologic factor for

OSMF is the consumption of areca nut and its

products.2

OSMF is a chronic inflammatory and immune-medi-

ated disease, associated with increased oxidative stress.

This has been attributed to its high rate of malignant

transformation.3 Lactate dehydrogenase (LDH) is an

enzyme indicator of oxidative stress. Increased levels

have been demonstrated in oral cancers4 and poten-

tially malignant diseases like leukoplakia,4 lichen pla-

nus,5 and OSMF.6

Numerous therapies have been tried for OSMF, such

as steroids in combination with enzymes (hyaluroni-

dase) and placental extracts,7 antioxidants,8 peripheral

vasodilators,9 physiotherapy,10 and surgical excision.11

Although effective, they have proven to be symptom-

atic and temporary. Natural herbs have garnered

renewed interest over the past several decades. Tur-

meric, one of the oldest known dietary spices, has
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potent anti-inflammatory, antioxidant, antifibrotic,

immunomodulatory, and anticarcinogenic properties.

The active component of turmeric is curcumin (diferu-

loylmethane), responsible for the yellow color and

most of the biological properties.12

Oral route in the most commonly used mode of drug

delivery. However, it has significant drawbacks, such

as hepatic first pass metabolism, reduced bioavailabil-

ity, varying serum concentrations, and difficulty in

maintaining the drug at the desired site. Transmucosal

delivery through various body surfaces, such as the

oral mucosa, overcome these disadvantages. Various

oral transmucosal forms using the phenomenon of

mucoadhesion have been developed, such as tablets,

patches, sprays, gels, etc.13 Mucoadhesive patches are

convenient, easy to use, low cost, and painless.14

The aim of this study was therefore to evaluate and

compare the efficacy of topical curcumin gel and cur-

cumin buccal mucoadhesive patches in the manage-

ment of OSMF and to evaluate serum LDH levels

before and after treatment. To the best of our knowl-

edge, this study was the first of its kind to evaluate cur-

cumin gel and mucoadhesive patches in OSMF.
Statement of Clinical Relevance

Transmucosal delivery of curcumin gel/mucoadhe-

sive patches is efficient in improving burning sensa-

tion and mouth opening in oral submucous fibrosis.

Hence, they can be considered safe, easy-to-use,

and noninvasive modalities in the management of

oral submucous fibrosis.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.oooo.2020.12.020&domain=pdf
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Fig. 1. Application of curcumin mucoadhesive patch.
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MATERIALS ANDMETHODS
The study was conducted on patients with OSMF

reporting to the Department of Oral Medicine and

Radiology over a period of 10 months. The study was

in accordance with the Declaration of Helsinki and

approved by the institutional review board (CODS/

IRB/2551/2017-2018).

Fortypatients clinically diagnosed with OSMF were

included in the study, based on the following criteria:

patients who have (1) already quit the gutkha/arecanut

chewing habit or have effectively quit after counseling,

(2) not received treatment for OSMF in the past, and

(3) a mouth opening of more than 20 mm. Patients

with (1) the presence of other oral mucosal lesions

with OSMF, (2) pericoronal infections and temporo-

mandibular joint dysfunctions, and (3) other adverse

habits such as alcohol use, smoking, vaping, or e-ciga-

rette use with or without gutkha chewing were

excluded from the study. None of the patients con-

sumed gutkha/areca nut after enrolling in the study.

The study design was explained to the patients and

they provided informed consent. Computer-generated

randomization was used to divide patients into 2 groups

of 20.

Preparation of curcumin gel and patch
Pure curcumin powder was obtained from Rajesh

Chemicals Company (Mumbai, India; ISO certification

9001:2000). Curcumin gel and patches were prepared

in the pharmacy college.

A 2% curcumin gel was prepared by homogenization

with gel base of sodium carboxymethylcellulose, dis-

tilled water, and methyl paraben as preservative.

Mucoadhesive patches with a dissolvable matrix were

prepared by the solvent casting technique15 using curcu-

min powder, hydroxypropyl methyl cellulose, glycerin,

and water. The patches were cut into sizes of 2 £ 3 cm,

wrapped in wax paper, and placed under sterile condi-

tions until use. Each patch contained 2% curcumin.

Study parameters
The primary outcome measures evaluated were reduction

in burning sensation and improvement in mouth opening.

Cheek flexibility and tongue protrusion were also mea-

sured. Burning sensation was recorded on a 10-cm visual

analog scale and mouth opening and tongue protrusion

were measured using Vernier calipers (in millimeters).

Baseline parameters were recorded and patients were

divided into 3 stages based on mouth opening: stage I,

>40 mm; stage II, 31 to 40 mm; and stage III, 21 to

30 mm.

Group A. Curcumin gel. Approximately 5 mg (quanti-

fied by a scoop) of the gel was to be applied on bilateral

buccal mucosa twice daily, after food intake.
Group B. Curcumin mucoadhesive patch. One patch

was to be placed on right and left buccal mucosa each,

twice daily after food intake. Vigorous mouth move-

ments that may displace the patches were to be

avoided. Method of application was demonstrated on

the first visit (Figure 1).

Duration of use of patches/gel was 8 weeks and

follow-up was done every 2 weeks. Patients were

instructed to swallow saliva pooling in the mouth

and to avoid eating, drinking, and rinsing the mouth

for half an hour following application. Patients in

both groups were also instructed to perform mouth

opening exercises 3 times daily for the duration of

the study. Patient compliance with the use of the

gels/patches was based on self-report and treatment

response.

Serum LDH16 levels were evaluated in patients with

OSMF before and after treatment and also in 20 age-

and sex-matched volunteers having no adverse habits,

no mucosal lesions, and no systemic illnesses. A flow

diagram of the various stages of the study is shown in

Figure 2.

Statistical analysis was done using SPSS software,

Version 21.0 (SPSS, Chicago, IL). Descriptive analysis

was used for assessing means, numbers, and percen-

tages. Paired t-test, independent t-test, and one-way

analysis of variance were applied. A P value �.05 was

considered statistically significant.



Fig. 2. Flow diagram indicating various stages of the study.
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RESULTS
Ninety patients with OSMF were assessed for eligibility

and 41 were excluded. The remaining 49 were divided

randomly into 2 groups. Nine patients (group A, n = 4;

group B, n = 5) were lost to follow-up. Five of these

patients were from lower socioeconomic backgrounds,

such as daily wage earners, and found it difficult to

make frequent trips to the hospital. Following the initial
reduction in burning sensation and absence of symp-

toms, the other 4 patients dropped out. The final study

included 40 patients with OSMF. All patients were

males, between the ages of 18 and 55 years (30.17 §
7.71), and 87.5% were below the age of 40. All patients

had a positive history for the use of gutkha.

A highly significant reduction (P < .01) in burning

sensation was observed at 2 weeks (77% in group A



Table I. Clinical parameters before and after treatment

Visit Burning sensation (VAS) Mouth opening (mm) Tongue protrusion (mm) Cheek flexibility (mm)

A B A B A B A B

Baseline 6.7 5.45 29.55 28.45 43.45 46 5.1 5.5

First 1.5 1.2 31.05 30.2 44.95 46.85 5.75 6.1

Second 0 0 32.4 31.6 46.25 47.7 6.35 6.8

Third 0 0 33.75 33.05 47.5 48.7 7.3 7.41

Fourth 0 0 35 34.45 48.5 49.45 7.75 8.16

Mean improvement 5.45 5.9 5.05 3.45 2.65 2.66

VAS, visual analog scale.
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and 78% in group B). A 100% reduction was observed

at 4 weeks in all 40 patients (Table I, Figure 3). Mouth

opening increased by a maximum of 7 mm (5.45 §
1.64 mm) in group A and 8 mm (5.9 § 2.00 mm) in

group B (P < .01; Table I, Figure 4). Maximum

increase in tongue protrusion was 6 mm in both groups

(P > .05) with a mean of 5.05 § 2.13 mm in group A

and 3.45 § 2.52 mm in group B (Table I). Cheek flexi-

bility increased by 5 mm in both groups (2.65 §
0.57 mm in group A and 2.66 § 0.53 mm in group B).

Although the improvement in cheek flexibility was sig-

nificant in each group (P < .01), there was no signifi-

cant difference between the groups (P > .05; Table I).

The mean serum LDH level in the 20 healthy volun-

teers was 173.2 § 46.20 IU/L, and the mean LDH level
Fig. 3. Reduction in burning sensation.
Fig. 4. Improvement in mouth opening.
in patients with OSMF was 359.72 § 77.02 IU/L (P <

.01). Following treatment with curcumin, LDH levels

reduced to 275.55 § 69.08 IU/L in patients with

OSMF (P < .01). Pretreatment serum LDH levels in

group A were 341.85 § 71.71 IU/L and reduced to

264.95 § 65.09 IU/L (P < .01) after 8 weeks. In group

B values reduced from 377.6 § 79.76 IU/L to 286.15

§ 72.95 IU/L (P < .01; Figure 5).

Curcumin mucoadhesive patches stayed in contact

with the buccal mucosa for approximately 30 min, after

which they began to disintegrate and were completely

dissolved by 45 to 50 min. The patches were easy to

apply and patients did not report any difficulty or dis-

comfort. None of the patients reported any major

adverse effects such as local irritation, itching, salivary

or taste alterations, or mucosal thickening or swellings.

Mild yellowish discoloration was seen in the buccal

mucosa, lips, and tongue of patients in both groups,

which was temporary in nature and disappeared after

rinsing. Eight patients in the gel group were conscious

of this discoloration and brought it our notice. They

were advised of its temporary nature and advised to

continue treatment.
DISCUSSION
This study highlights the effectiveness of curcumin in

the management of potentially malignant diseases such
Fig. 5. Pre- and posttreatment serum lactate dehydrogenase

levels (IU/L).
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as OSMF. OSMF remains an enigma, with several the-

ories explaining its cellular, molecular, genetic, and

biochemical mechanisms.17 The use of smokeless

tobacco products like gutkha (tobacco, areca nut, and

flavoring agents)1 is on the rise, especially among the

younger population. This was evident in our study:

60% of the patients were below the age of 30, similar

to statistics reported by other studies.18,19

The malignant transformation rate of OSMF over a

12-year period is 7.6% to 12%.20 Arecoline, the chief

alkaloid in areca nut, is a potent carcinogen. It causes

lipid peroxidation, DNA damage, mutation, and tumor

induction.21 Turmeric, an Indian spice, has potent anti-

oxidant, anti-inflammatory, anticarcinogenic, immuno-

modulating, and chemopreventive properties. It can

inhibit the initiation and progression of potentially

malignant diseases and has successfully been tried in

cancers.22 Curcumin, chemically diferuloylmethane, is

the active ingredient of turmeric. At a molecular level,

curcumin acts by modulating multiple targets, inhibit-

ing several proinflammatory factors (nuclear factor-

kappa beta, interleukin-8, MIP-1, MCP-1, interleukin-

1a, and tumor necrosis factor-a induced by inflamma-

tory stimuli), constrains cell proliferation and induces

apoptosis.12 The beneficial actions of curcumin are

limited by its poor oral absorption, rapid metabolism,

and elimination from the body. The highest plasma

concentration in humans is 0.051 mg/mL from 12 g

curcumin.23

Transmucosal delivery through body surfaces allows

rapid onset of action and adequate retention of drugs at

the desired site. Transmucosal mucoadhesive devices

such as tablets, patches, etc., are based on the principle

of mucoadhesion, in which binding of polymers with

the mucous layer of the epithelium occurs.13

In this study, burning sensation reduced significantly

at 2 weeks (P < .01; 77% in group A and 78% in group

B). At 4 weeks, all patients were relieved of burning

sensation in the oral cavity. In addition to habit cessa-

tion, anti-inflammatory and antioxidant properties of

curcumin delivered locally as gel/mucoadhesive

patches contributed to the early and effective response.

These results are similar to a study where a maximum

83.3% reduction in burning sensation was obtained

after 1 month of treatment with Turmix tablets (curcu-

min 300 mg, piperine 5 mg).24 In another study, Tur-

mix tablets along with topical application of turmeric

and honey paste showed a 42.4% reduction in visual

analog scale scores after 15 days.25

Improvement in mouth opening by 5.45 § 1.64 mm

was observed in group A and by 5.9 § 2.00 mm in

group B (P < .01). These results are similar to a study

that reported an improvement of 5.93 § 2.37 mm

obtained with curcumin lozenges at 3 months.26 In a

study in which 300 mg curcumin tablets were given
orally for 6 months, an improvement of 4.1 § 4.2 mm

was obtained.27 Pentoxifylline tablets (Trental 400 mg)

along with garlic pearls (Ranbaxy) containing garlic

oil 0.25% w/w were given to patients with OSMF for 3

months and a mouth opening increase of 5.37 mm was

observed, similar to our study.28 In another study, sys-

temic curcumin (300 mg) compared to intralesional

injections of dexamethasone (4 mg/mL) and hyaluroni-

dase (1500 IU) showed an improvement of 1.25 mm

and 3.13 mm, respectively, after 3 months.29 Although

a similar improvement in mouth opening was obtained

in these studies using different treatment approaches,

curcumin gel and mucoadhesive patches showed sig-

nificant improvement at 2 months.

These findings indicate that topical curcumin

appears to be more effective than systemic routes. It

also shows a comparable response to other herbal

agents as well as intralesional steroid injections, when

considered over similar time periods. These results can

be attributed to the longer retention of curcumin

against the mucosa and reduced salivary washout,

which ensured a steady rate of delivery, leading to

higher local bioavailability. It also avoided the poten-

tial side effects of intralesional therapy such as multi-

ple punctures, discomfort, invasiveness, and possibility

of posttreatment fibrosis.

Groups A and B showed an improvement in tongue

protrusion of 5.05 § 2.13 mm and 3.45 § 2.52 mm,

respectively. These results are comparable to a previ-

ous study using turmeric with black pepper and Nigella

sativa capsules in patients with OSMF. After 3 months,

tongue protrusion improved by 3.1 mm in the turmeric

group and 3.2 mm with Nigella sativa.30

Cheek flexibility improved by 2.65 § 0.57 mm in

group A and 2.66 § 0.53 mm in group B, which was

highly significant within each group (P < .01). There

was no significant difference between curcumin gel

and mucoadhesive patches (P > .05).

Of the 40 patients in this study, 1 patient was in stage

I, 16 patients were in stage II, and 23 patients were in

stage III. The greater number of patients in the late

stages of OSMF could be due to the chronic and insidi-

ous nature of OSMF, responsible for late detection and

also a general lack of concern among patients. All

patients showed significant improvements in clinical

parameters irrespective of clinical staging.

LDH is a universal enzyme present in the cytoplasm

of almost all cells in the body. It catalyzes the final step

of anaerobic glycolysis and is released whenever there

is damage to cells. It is therefore a useful marker for

tissue destruction.4 Significantly elevated levels of

serum LDH were observed in patients with OSMF

compared to healthy individuals, which is in accor-

dance with previous studies that observed elevation in

serum and salivary LDH.4-6 There was also a
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significant reduction in serum LDH in both groups at 8

weeks posttreatment (P < .01), which can be explained

by the antioxidant action of curcumin. Other possible

reasons could be cessation of areca nut/gutkha habit

and improved nutrition intake because of the reduction

in burning sensation. There may also have been some

amount of systemic absorption of curcumin through

the mucosa and swallowing of saliva, albeit in small

quantities. This could have potentiated the beneficial

effects of curcumin.

Limitations of this study included the inability to

estimate the amount of curcumin that penetrated the

mucosa via the mucoadhesive patches. The study was

also conducted on a relatively small population of

patients with OSMF. In addition, following initial

improvement in symptoms, a few patients did not

return for further treatment. The unequal distribution

of patients in different stages of OSMF made stagewise

analysis of treatment response difficult. Hence, further

studies involving a larger number of patients that

would allow stagewise analysis and long-term follow-

up is recommended. Permeability studies to highlight

the amount of curcumin penetration through the oral

mucosa can be carried out to develop new formulations

of this multifaceted herb.

CONCLUSION
The results of this study highlight the efficacy of topi-

cal curcumin gel and mucoadhesive patches in reliev-

ing symptoms of OSMF. Buccal mucoadhesive patches

remain an uncharted area in managing oral mucosal

diseases. The curcumin mucoadhesive patches and gels

used in this study were easy to apply, were well toler-

ated, and, most importantly, provided a noninvasive

mode of treatment for OSMF.
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