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Medical Management of Oral Submucous Fibrosis

@ Learning Goals

= Medical treatment has been shown to be of some
benefit in the early stages of oral submucous fibro-
sis, while surgical treatment is reserved for advanced
cases. The various medical therapeutic agents, their
route of administration, and the current under-
standing of their effectiveness are discussed in this
chapter.

16.1 Introduction

Oral submucous fibrosis (OSF) is an insidious, chronic,
progressive, and debilitating disease characterized by
fibrotic changes in the oral mucosa. The pathogenesis of
oral submucous fibrosis (OSF) involves areca nut alka-
loids causing disequilibrium in the regulation of matrix
metalloproteinase and tissue inhibitors of matrix metal-
loproteinase resulting in the deposition of abnormal
extracellular matrix (ECM) [1]. The cessation of areca
nut habit is the most significant step in the management
of OSF in areca nut users. In addition to habit cessation
activities, various medical treatment modalities have
been researched. These include dietary supplements
(micronutrients, vitamins, and antioxidants), immuno-
modulatory/anti-inflammatory agents (corticosteroids),
proteolytic agents (such as hyaluronidase and placental
extracts), vasodilators, immunomodulators, and anti-
cytokines. They have been administered orally, topically,
or through submucosal injection. Herbal preparations
containing substances like aloe vera, tulsi/basil, tur-
meric, and spirulina have also been used in the medical
management of OSF [2-4]. Research related to oral sub-
mucous fibrosis that have been undertaken using these
various agents are presented in @ Table 16.1.

The objectives of medical treatment are to eliminate
the symptoms of burning sensation, to stabilize and
improve mouth opening, and in the long term to prevent
malignant transformation.

Surgery is reserved for patients in the advanced
stages of the disease. Physical therapy acts synergisti-
cally with other treatment modalities. The complex
nature of diseases and the lack of a universal treatment
protocol makes the management of OSF a challenging
process. We discuss here the results of different agents
reported in the literature for the treatment of OSF and
their limitations.

This chapter aims
1. To comprehensively present and discuss the medical

interventions reported in the literature in the man-

agement of OSF.
2. To understand the mechanism of action of medici-
nal agents used.
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3. To emphasize the applications and side effects of
each of the medicinal regimens used to alleviate the
signs and symptoms in OSF.

16.1.1 Medical Management of OSF

16.1.1.1 Pharmaceutical Agents

1. Systemic agents

== Levamisole (capsules; Inmunomodulator).

== Antioxidant (capsules; Immunomodulator).

== Betamethasone (intralesional injections; corticoste-
roids).

== Hydrocortisone (intralesional injections; corticoste-
roids).

== Triamcinolone (intralesional injections; corticoste-
roids).

== Methylprednisolone (intralesional injections; corti-
costeroids).

== Hyaluronidase (intralesional injections; fibrinolytic
enzyme).

== Placental extract (intralesional injections; biogenic

stimulation).

Vitamin E (capsules; Vitamins).

Micronutrient supplements (capsules; vitamins, min-

erals, and omega-3 fatty acids).

Pentoxifylline (tablets; vasodilator).

Isoxsuprine (tablets; vasodilator).

Lycopene (capsules; antioxidant).

2. Topical agents

== Triamcinolone acetonide (oromucosal pastes; corti-
costeroids).

== Clobetasol propionate (oromucosal pastes; cortico-
steroids).

16.1.1.2 Herbal Remedies

1. Systemic agents

== Curcumin (tablets/lozenges; anti-inflammatory and
antioxidant).

== Oxitard (capsules; immunomodulation, anti-inflam-

matory, anti-anxiety, anti-convulsive, and anti-

arthritic properties).

Spirulina (tablets; antioxidant).

Colchicine (tablets; anti-inflammatory).

2. Topical agents

= Aloe vera (gel; antioxidant, antibacterial, and pro-
vides hydration).

== Curcumin (gel; anti-inflammatory and antioxidant).
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16.2 Anti-inflammatory Agents

16.2.1 Corticosteroids

OSF is characterized by an initial phase of inflamma-
tion that progresses to fibrosis in the advanced stages.
A systematic review of the medical interventions of
OSF conducted by More et al. [4] shows that among
all the interventions, corticosteroids have been widely
used to reduce the burning sensation and pain symp-
toms. Kerr et al. [2] reviewed a total of 21 studies that
used immunomodulatory agents to reduce the inflam-
matory component: 16 of these used injectable corti-
costeroids and 19 studies included the use of
proteolytic enzymes to reduce fibrosis of which seven
studies used hyaluronidases [2]. In Indian studies,
steroids are the most commonly adopted medical
treatment for OSF. Steroids have immunosuppressive
and anti-inflammatory properties. They inhibit the
action of soluble factors released by sensitized lym-
phocytes following activation by specific antigens
and facilitate apoptosis of inflammatory cells. They
reduce profibrotic inflammation and enhance profi-
brolytic immune-mediated pathways.

Several corticosteroids such as short-acting (hydro-
cortisone), intermediate-acting (triamcinolone), and
long-acting (betamethasone and dexamethasone) have
been utilized for the treatment of oral submucous fibro-
sis [5]. Most authors report their use in the early stages
when a patient presents with a burning sensation. The
topical corticosteroids commonly used are triamcino-
lone acetonide (0.1%), or Betamethasone (0.5%) applied
locally for 3 months. In the advanced stage of the dis-
ease when palpable fibrous bands appear, submucosal
injection of dexamethasone—4 mg/ml or triamcinolone
diacetate—10 mg/ml, is given at multiple sites of the
fibrosis, twice a week for 3 months. Hydrocortisone and
methylprednisolone (20 mg/0.5 ml) have also been used
as submucosal injections [3, 6].

Hyaluronidase degrades hyaluronic acid and lowers
the thickness of intercellular cemental substances.
Combination of corticosteroid and hyaluronidase shows
better results in OSF due to deeper penetration of the
steroid [3, 7]. Veedu et al. compared the effects of two
conventional therapies, namely, submucosal injections
of hyaluronidase (1500 I.U), dexamethasone (8 mg), or
a combination of both (750 I.U and 4 mg), for a dura-
tion of 5 weeks. The authors concluded that hyaluroni-
dase provided relief of the symptoms more rapidly [§].
Panigrahi et al. in their prospective study found that
submucosal injection of a combination of triamcino-
lone acetonide and hyaluronidase is superior to triam-
cinolone alone, with respect to improvement in
symptoms and patient convenience [9]. Goel et al. per-

formed a hospital-based longitudinal study, on 270 OSF
patients for a duration of 2 years. They proposed that
both submucosal betamethasone and oral lycopene
resulted in a significant enhancement in mouth opening.
In stage II OSF patients, they found that the betametha-
sone group showed greater improvement in mouth
opening of 9.47 + 2.47 mm than the lycopene group
where the average improvement of mouth opening was
6.07 £ 2.00 mm (p < 0.0001). In stage III, the lycopene
group had a significant average improvement of mouth
opening of 6.53 + 1.45 mm compared to injection beta-
methasone group patients who showed an average
improvement in mouth opening of 3.27 £ 1.36 mm
(p < 0.0001). In both test groups capsule lycopene
showed better results compared to injection betametha-
sone [10]. Intralesional injections of dexamethasone,
hyaluronidase, and chymotrypsin independently or in
combinations show better outcomes than using a single
drug regimen [5].

The limitation of injecting corticosteroids include
pain, scar formation due to needle prick, and greater
chances of relapse once the treatment is withdrawn.
Topical formulations are not effective in the long-term.
One study reported hypertrichosis from repeated triam-
cinolone injection [11].

16.3 Immunomodulators

16.3.1 Levamisole

Levamisole is an anthelmintic drug with a wide range of
immunomodulatory actions which influence both
humoral and cellular immunity. It has been reported to
be beneficial in the early stages of OSF.

A randomized, single-blind clinical trial conducted
by Jirge et al. compared 50 mg of oral levamisole, three
times daily, for 3 consecutive days a week for 3 alternate
weeks with an oral antioxidant [ANTOXID—contain-
ing beta carotene, selenium oxide, zinc sulfate, manga-
nese, and copper]. The 45 participants included in this
study were divided equally between three study groups:
oral levamisole (group I), ANTOXID (group II), or a
combination of oral levamisole with ANTOXID (group
III). At the end of the intervention period of 15 weeks,
there was an improvement in mouth opening by 7.1%,
6.7%, and 8.0% in groups I, II, and III, respectively.
These gains were maintained on further evaluation
2 months later. There was also a significant reduction in
burning sensations in all study groups. The levamisole
group showed a significant reduction in burning sensa-
tion and improvement in mouth opening and also an
improvement in serum IgA, IgM, and IgG levels [12].
Shinge et al. evaluated the efficacy of levamisole and
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antioxidants in 60 OSF patients as single and combined
regimens. They found that the combined use of levami-
sole and antioxidant was more effective than use of
levamisole or antioxidant alone [13].

16.3.2 Probiotic Agents

The use of probiotic agents, such as immunized cow’s
milk prepared by immunization of cows with human
intestinal bacteria, has been proposed as a method of
immunomodulation. Immunized milk contains vitamins
such as vitamins A, C, B1, B2, B6, B12, nicotinic acid,
pantothenic acid, folic acid, and elements iron, copper,
and zinc. It suppresses inflammation and modulates
cytokine production. 45 g of immunized milk powder
twice a day for 3 months resulted in a significant
improvement in the symptoms of OSF patients. The
authors reported an increase of greater than 3 mm in
mouth opening in 69% of their treated patients [6, 14—
16].

16.4 Proteolytic/Fibrolytic Enzymes

Proteolytic enzymes are known to break down the cross-
linking of collagen, which contributes to connective tis-
sue fibrosis.

16.4.1 Hyaluronidase

Hyaluronidase degrades ECM hyaluronic acid, pro-
motes the lysis of fibrin-formed coagulum, decreases the
viscosity of intercellular cement substances, and
decreases collagen synthesis. It is effective in reducing
OSF symptoms and is often used in combination with
steroids. It has been used as the first-line medical treat-
ment in moderate grade of OSF [17, 18].

Krishnamoorthy et al. enrolled 50 patients and ran-
domized them into two groups. Group 1 received intral-
esional injections of 1500 IU hyaluronidase mixed in
1 ml lignocaine (0.5 ml) injected submucosally into the
buccal mucosa along with colchicine 0.5 mg twice daily
and group 2 was given intralesional 0.5 ml of hydrocor-
tisone acetate 25 mg/ml in addition to the hyaluronidase
once a week for 12 weeks. Both groups received habit
intervention. Thirty-three percent of patients in Group
1 had relief from the burning sensation in the second
week. Group 1 patients responded better than Group 2
with an increase in mouth opening and improvement of
histological parameters [19].

Cox and Zoellner compared the efficacy of physio-
therapy and submucosal injections of a combination
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of hyaluronidase and corticosteroids in 54 Nepalese
subjects. After 4 months, subjective and objective
measures were compared with baseline. The physio-
therapy group showed a significant increase in mouth
opening but had no superior effect on subjective mea-
sures [20].

James et al. administered intralesional injection of
dexamethasone 1.5 ml and hyaluronidase 1500 IU with
0.5 ml lignocaine biweekly for 4 weeks, to 27 OSF
patients, with an average follow-up of 9 months.
Improvement in mouth opening was observed with a net
gain of 6 = 2 mm (92%). There was a reduction in the
burning sensation, pain, ulceration, and blanching of
the oral mucosa. The authors concluded that submuco-
sal injection of hyaluronidase with dexamethasone was
an effective method of treating Grade 111 OSF [21].

16.4.2 Chymotrypsin

Chymotrypsin is a proteolytic enzyme (serine protease)
found in the digestive systems of many organisms. It
facilitates the cleavage of peptide bonds. Chymotrypsin
is an end peptidase that hydrolyzes ester and peptide
bonds. It has proteolytic and anti-inflammatory proper-
ties and has shown to provide some improvement in
OSF symptoms [16, 22].

Ayub et al. compared the effectiveness of combined
chymotrypsin and dexamethasone versus dexametha-
sone alone in patients with OSF. Their study included
146 OSF patients who were equally divided into two
groups by a lottery method. Group A had 73 patients,
treated with submucosal injection of a combination of
chymotrypsin and dexamethasone, and group B, 73
patients treated with only dexamethasone, once a week
for 1 month. Mouth opening was recorded on monthly
follow-up without any other therapy for 3 months. Inter-
incisal opening significantly increased by 3-5 mm in
group A compared to group B suggesting that the com-
bined regimen of chymotrypsin and dexamethasone was
more effective than dexamethasone alone (74% vs.
57.5%) (p = 0.036) [23].

16.4.3 Collagenase

Collagenase is an enzyme capable of degrading various
esters that are involved in the cross-linking of collagen.
Clostridium histolyticum collagenase (Xiapex™) has
been licensed for the treatment of fibrotic conditions,
such as Dupuytren’s contracture. It is highly potent in
digesting collagen. Efficacy of collagenase in the treat-
ment of Dupuytren’s contracture was proven by Hurst
et al. in their double-blind randomised control trial [24].

16
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However, it is expensive, and the cost may preclude its
availability in low-income countries.

Lin et al. studied the effect of collagenase treatment
given as submucosal injections in 27 patients with well-
developed OSF. They divided the patients into three
groups (A, B, and C) with nine patients in each group:
patients in group A, received phosphate-buffered saline
(PBS) injection as a control; patients in group B were
injected with 1 ml of triamcinolone diacetate (Ledercort)
plus 1 ml of xylocaine and group C patients received
1 ml of collagenase (1% solution) mixed with 1 ml of
xylocaine. All patients received their injections once a
week for 6 weeks. The collagenase treatment not only
resulted in a significant improvement of mouth opening,
but also a striking reduction in hypersensitivity to spices,
sour, cold and heat that helped restore normal eating in
the study subjects. The mouth opening of patients who
received PBS decreased approximately by 13-15%
6 weeks after the initial measurement. The OSF patients
treated with triamcinolone diacetate or collagenase
showed 9-13% and 64-82% increase in mouth opening,
respectively. These results indicated that collagenase
treatment was approximately fivefold more effective
than triamcinolone diacetate alone [25].

16.5 Antioxidants in OSF

Constituents of betel quid generate substantial amounts
of reactive oxygen species (ROS), which may create a
biological imbalance between oxidants and antioxi-
dants. OSF pathogenesis involves the accumulation of
free radicals and production of lipid peroxides (LPO)
[25]. On the basis of this hypothesis, several authors
have used naturally occurring or synthetic antioxidants
to treat OSF. Some of the agents that have been used
include beta carotene, lycopene, tea pigments, aloe vera,
curcumin, and spirulina.

16.5.1 Lycopene

Lycopene is a red carotenoid predominantly present in
tomatoes and other pigment-containing vegetables and
fruits [2-4]. It is a potent antioxidant and its antioxidant
property is attributed to its high singlet oxygen quench-
ing capacity with an increased propensity for quenching
other free radicals in vitro. Experimental studies have
established the role of lycopene in inhibiting cancer cell
growth both in vivo and in vitro [27]. Lycopene has also
been reported to be beneficial in the management of

other potentially malignant oral disorders (e.g., oral leu-
koplakia and lichen planus) [16, 28, 29].

Kumar et al. recruited 83 participants who received
either oral lycopene (n = 21; group A), oral lycopene
with submucosal corticosteroids (n = 19; group B), or
oral placebo tablets (n = 18; group C). The 2-month
intervention period was completed by 58 people.
Objective measurement of mouth opening improved
with an average increase of 3.4 mm, 4.6 mm, and 0 mm
for groups A, B, and C, respectively. The increases were
maintained at 3- and 6-months follow-up. All patients
who took lycopene reported relief of burning sensation
within 2 weeks, whereas only one patient from the pla-
cebo group reported a similar improvement [30].

A randomized single-blind trial testing the effective-
ness of lycopene was conducted in Maharashtra, India.
Of the 92 participants enrolled, 46 were given 8 mg oral
lycopene daily, and the rest were given a placebo tablet
for 3 months and followed up for further 2 months.
Significant improvement was reported with increase in
mouth opening of 4.48 (£3.65) mm in the lycopene
group compared with 1.13 (+1.6) mm in the control
group, and 31% taking lycopene experienced a complete
improvement in burning sensation compared with 7% in
the control group [31].

A study by Beena et al. reported the effectiveness of
dexamethasone and hyaluronidase to be superior to
lycopene among 60 OSF patients [32]. However, as the
lycopene group also showed improvement in mouth
opening and reduction of burning sensation it may be
used when dexamethasone is contraindicated due to
medical comorbidities. Johny et al. evaluated the effi-
cacy of lycopene and lycopene-hyaluronidase combina-
tion with placebo in the treatment of 45 OSF patients.
There was a statistically significant improvement in
mouth opening and burning sensation for lycopene and
lycopene and hyaluronidase combination than in the
placebo group in the treatment of OSF. The lycopene—
hyaluronidase combination did not yield any statisti-
cally significant improvement when compared with
lycopene alone [33]. Saran et al. compared the efficacy
of oral lycopene with curcumin in 60 OSF patients.
Lycopene showed better results than curcumin in
improving mouth opening and both were equally effec-
tive in decreasing burning sensation in OSF patients
[34]. Selvam et al. divided their cohort of 45 OSF
patients into three groups: group A received oral lyco-
pene with corticosteroid injections (dexamethasone +
hyaluronidase), group B received oral antioxidant with
corticosteroids, and group C received intralesional injec-
tions of dexamethasone and hyaluronidase. Lycopene
used along with intralesional steroids was more effective
in improving mouth opening compared to antioxidants
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with steroids [35]. Similarly, Elizabeth et al., in their
study comparing the efficacy of lycopene with intrale-
sional corticosteroids, found that lycopene in combina-
tion with intralesional steroids was more effective in
improving mouth opening compared to intralesional
steroid and hyaluronidase injections alone [36]. In a
RCT of 30 OSF patients, Subramaniyam et al. found
that the mean improvement in tongue protrusion
(3.53 mm) and burning sensation (2.73 using VAS) was
significantly better in patients who received lycopene
compared to those who underwent ultrasound therapy
(tongue protrusion: 1.46 mm; burning sensation: 1.4
using VAS). The mouth opening was better in the ultra-
sound group (6.20 mm) compared to lycopene groups
(5.10 mm), but the results were not statistically signifi-
cant [37]. Singh et al. demonstrated that lycopene cap-
sules were better than intralesional betamethasone
injections in improving mouth opening and decreasing
burning sensation in their cohort of 44 OSF patients
[38]. Arshad et al. compared the efficacy of lycopene
with methyl predinisolone as single drug regimen and in
combination and found that combination of lycopene
and methyl prednisolone yielded favorable results than
corticosteroid or antioxidant alone [39]. Bhowmick
et al. and Kumar et al. compared the clinical response in
patients receiving lycopene and lycopene with intrale-
sional corticosteroids. Combination therapy of lyco-
pene with intralesional corticosteroids was more
effective in relieving the clinical symptoms [30, 40].

16.5.2 Curcumin (Turmeric)

Curcumin (diferuloylmethane) is a component of tur-
meric, a rthizomatous plant—Curcuma longa, which is
widely used in Asian cooking. It exhibits antioxidant,
anti-inflammatory, proapoptotic, and anticancer prop-
erties [41, 42]. It suppresses the action of nicotinamide
adenine dinucleotide phosphate oxidase, which is
responsible for the generation of reactive oxygen species
(ROS). Curcumin modulates inflammatory response by
reduction of cyclooxygenase-2 (COX-2), lipoxygenase,
and inducible nitric oxide synthase (iNOS) enzymes. It
also inhibits the synthesis of the inflammatory cyto-
kines, tumor necrosis factor-alpha (TNF-alpha), IL-1,
2, 6, 8, 12, monocyte chemoattractant protein (MCP),
and migration inhibitory protein [43]. A comprehensive
description of the properties of curcumin is given by
Girisa and Kunnumakkara in Chap. 17.

Kopuri et al. compared submucosal layer thickness
using ultrasonography in 30 OSF patients treated with
oral lycopene and curcumin for 3 months. At the end
of 3 months, all patients in both groups showed signifi-
cant improvement in mouth opening, burning sensa-
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tion and blanching. The submucosal fibrous bands
were reduced in thickness on ultrasonographic exami-
nation in both groups. The authors proposed that
Lycopene was better than curcumin in the treatment of
OSF [44].

Lanjekar et al. compared the efficacy of topical cur-
cumin mucoadhesive semisolid gel, triamcinolone ace-
tonide/hyaluronidase mucoadhesive semisolid gel, and a
combination of both in the treatment of 120 OSF
patients. The use of three drug combinations showed
better improvement in mouth opening (mean increase
of 4.05 mm) and change in mucosal color as compared
to the other two groups. The triamcinolone and hyal-
uronidase group reported a better reduction in burning
sensation as compared to the other two groups.
Curcumin had a synergistic effect when combined with
triamcinolone and hyaluronidase [45].

The safety of the administration of turmeric oil was
established using nine healthy volunteers [46]. The same
group reported a pilot trial in patients with OSF [47].
Rai et al. also reported an increase in local and systemic
antioxidative status in OSF by curcumin [48].

The effect of curcumin was compared with submuco-
sal steroid injections in an RCT [49]. The experimental
arm (n = 20) received curcumin orally: two tablets of a
proprietary preparation film-coated tablet containing
300 mg Curcuma longa and 5 mg piperine) once daily for
a period of 3 months. The control group received weekly
submucosal injections of 4 mg dexamethasone and
1500 TU of hyaluronidase. Mouth opening improved by
3 mm in the curcumin group compared to control group
(1.25 mm), and the burning sensation was significantly
reduced in the curcumin group.

In another RCT, a combination of curcumin and
turmeric oil was tested by Das et al. [S0] Curcumin 1 g
per day was given in two divided oral doses in one group,
and a second group was given 12 drops of turmeric solu-
tion to hold in the mouth and then swallow twice daily.
A control group received multivitamins 500 mg twice
daily. Patients were followed up monthly for 6 months.
Complete relief of pain was reported in both experi-
mental groups after 1 month’s treatment. A mean
increase in mouth opening of 8.7 mm was noted in both
test groups compared to a mean increase of 1.8 mm in
the control group.

Pipaliya et al. compared the efficacy of turmeric and
black pepper (Piper nigrum) together with black cumin
(Nigella sativa) in 40 OSF patients. Turmeric with black
pepper formulation showed better improvement than
Nigella sativa. There was an improvement in the super-
oxide dismutase levels post-treatment in both groups
[51].

Piyush et al. compared the efficacy of lycopene and
curcumin with placebo in 90 OSF patients. Statistically
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significant improvement in clinical symptoms was
observed in both curcumin and lycopene treatment
groups in comparison with placebo [51].

Hazarey et al. compared the efficacy of curcumin
lozenges with topical clobetasol propionate in 30 OSF
patients. The curcumin group showed better improve-
ment in mouth opening and reduction in burning sensa-
tion on follow-up of the patients 6 months after
treatment [53].

However, Rajbhoj et al. compared the clinical
response of 60 OSF patients to aloe vera and curcumin
(30 in each group) and found that reduction in burning
sensation was statistically significant in the aloe vera
group when compared to the curcumin group [54].

16.5.3 Tulsi/Holy Basil (Ocimum
tenuiflorum/Ocimum sanctum Linn)

Synergistic effects of Tulsi and turmeric paste was
reported by Srivastav et al. in 41 OSF patients [55].
Madhulatha et al. evaluated the efficacy of 500 mg of
herbal Tulsi paste, twice daily for a duration of 1 month
among a cohort of twenty OSF patients [56]. Promising
results of tulsi were demonstrated in both studies.

16.5.4 Aloe Vera (AV)

Aloe vera is an adaptogen, that helps in enhancing the
immune system and is a rich source of vitamins, enzymes,
minerals, sugars, lignin, saponins, salicylic acids, and
amino acids. The vitamins A, C, and E in AV act as anti-
oxidants and help to neutralize free radicals. AV also
contains enzymes: alkaline phosphatase, amylase, brady-
kinase, carboxypeptidase, catalase, cellulase, lipase, and
peroxidase [57, 58]. Bradykinase decreases inflammation
on topical application. The gel of the leaves also has
polysaccharides that promote wound healing and exhibit
anti-inflammatory, anticancer, immunomodulatory, and
gastroprotective properties. The anti-inflammatory
action of aloe vera is due to the reduction of chemical
mediators of inflammation like bradykinin, histamine,
leukocyte adhesion, and TNF-a. It stimulates the pro-
duction of hyaluronic acid and dermatan sulfate in the
granulation tissue of a healing wound and imparts elas-
ticity to the skin and mucosa [58].

Anuradha et al. evaluated the efficacy of systemic
and topical AV to submucosal injection of hydrocorti-
sone and hyaluronidase in 74 OSF patients for a dura-
tion of 6 weeks [59]. A statistically significant
improvement in inter-incisal mouth opening was
observed in both groups. The improvement in the VAS
scale for burning sensation, tongue protrusion, and

cheek flexibility were more significant in the AV group.
Similar results were obtained by Sudarshan et al. and
Singh et al. [60, 61].

Sudarshan et al. compared the effect of topical AV
with an oral antioxidant capsule (beta-carotene, Vitamin
E, C, zinc, copper, mixed carotenoids, chromium, man-
ganese, selenium). Ten patients with OSF received topi-
cal application of aloe vera gel (5 mg applied three times
daily to the buccal mucosa for 3 months) and 10 patients
received antioxidant capsules twice daily. In the AV
group, a 55-65% reduction in burning sensation and an
improvement in mouth opening (4.3-7 mm) was
observed [61].

Alam et al. studied the effectiveness of aloe vera gel
as an adjunct to injection of a mixture of hyaluronidase
and dexamethasone and surgical approaches in the treat-
ment of OSF. Sixty patients were randomized to medici-
nal and surgical groups, and within each group (n = 30),
half received the gel treatment. Improvements in both
mouth opening and burning sensation were found in
those treated with aloe vera [62]. However, when Patil
et al., compared the efficacy of AV with lycopene in a
cohort of 120 OSF patients, lycopene showed better
improvement in mouth opening and reduction in burn-
ing sensation compared to AV [63].

16.5.5 Spirulina

Spirulina is a blue-green alga, with abundant vitamins
(A and BI12), minerals, carotenoids, and phycocyanin.
Spirulina is known to reduce serum cholesterol levels.
Spirulina increases IL-2 and decreases IL-6. It has che-
mopreventive properties due to the abundance of beta
carotene and superoxide dismutase [58, 64—-66]. Kanjani
et al. in their study reported that the patients using a
combination of physical exercise (mouth stretching) and
spirulina 500 mg fared better than patients using spiru-
lina alone in terms of burning sensation, mouth open-
ing, tongue protrusion, and cheek flexibility [67]. Studies
have shown that spirulina significantly improves the
mouth opening, ulcers, erosions, and vesicles compared
with those receiving topical aloe vera [64]; Spirulina also
reduces the burning sensation compared with pentoxi-
fylline [65]; and is more effective in improving both
mouth opening and reducing burning sensation com-
pared with a biweekly submucosal steroid injection of
betamethasone (4 mg/ml for 3 months) [66].

Kulkarni et al. conducted a systematic review on the
efficacy of spirulina in the management of OSF. Five
studies were included in this systematic review. All five
studies reported that spirulina is an effective herbal
medicine in the improvement of mouth opening, reduc-
ing burning sensation, ulcers, erosions, or vesicles. In



Medical Management of Oral Submucous Fibrosis

three studies spirulina was compared with lycopene,
aloe vera, and oxitard™ When compared with lycopene
and oxitard, spirulina was found to be less effective in
improving mouth opening; however, spirulina was more
effective than AV. The spirulina group also demon-
strated better results for reducing oral lesions when
compared with these three interventions. All were
equally effective, in reducing burning sensation [68].

16.5.6 Tea Pigments

Oxidation of Polyphenols in tea leaves produces tea pig-
ments. The tea pigments contain aflavins, which possess
antioxidant, antineoplastic, and anti-inflammatory
properties. Both polyphenols and flavins reduce the
activity of nuclear factor-kappa B (NF-kappa B) and
thereby regulate the expression of proinflammatory
cytokines. Tea pigments are beneficial in OSF treatment
as they augment the actions of superoxide dismutase,
reduce blood viscosity and improve microcirculation [4,
69, 70]. Li et al. found tea pigments to be beneficial in
patients with early stages of OSF. The authors suggest
that in addition to their antioxidant properties, the tea
pigments are likely to act by improving microcirculation
[71].

16.5.7 Salvianolic Acid (Sal-B)

Radix Salviae miltiorrhizae (Danshen), the dried root
of Salvia miltiorrhiza Bge is a popular traditional
Chinese medicine. Salvianolic acid B (Sal-B) is the
most abundant and bioactive member of the hydro-
philic components in Danshen. Sal-B contains seven
phenolic hydroxyls, which are responsible for its anti-
oxidant activities [72]. Jiang et al. studied the efficacy
of salvianolic acid B (Sal-B) combined with triamcino-
lone acetonide in the treatment of OSF. A net gain of
5.5 mm of mouth opening was reported in the Sal-B
group in 20 weeks. However, this relapsed to 3.5 mm in
44 weeks. The exact antifibrosis mechanism of Sal-B is
not known [11].

16.5.8 Epigallocatechin Gallate (EGCG)

EGCG is a plant-based potent antioxidant that protects
the cell against cellular damage caused by free radicals.
Hsieh and colleagues noted that EGCG dose-dependently
inhibited arecoline-induced transforming growth factor
1 (TGF-B1) activation in Buccal Mucosal Fibroblasts
(BMFs). BMFs exposed to arecoline result in the genera-
tion of mitochondrial ROS, which activate latent TGF-
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pl, and, in turn, stimulated Cell Communication
Network Factor (CCN2) and early growth response-1
(Egr-1) synthesis. TGF-B1 plays a pivotal role in the
pathogenesis of OSF; thus, EGCG may be useful in the
prevention and treatment of OSF. Hsieh et al. noted that
arecoline induces overexpression of Egr-1, which
enhances the profibrotic activity seen in OSF [73]. EGCG
was shown to completely block arecoline-induced Egr-1
expression in human BMFs [26].

16.6 Vasodilators

The rationale for the use of a peripheral vasodilators
is that they relax and dilate the blood vessels in the
stromal tissues, ensuring blood supply to the ischemic
tissues which help the nutritional and therapeutic
agents to reach the affected tissues. The agents that
have been used in OSF include pentoxifylline [74, 75].
nylidrin hydrochloride [76], buflomedil hydrochloride
[77], Danxuan Koukang [78], Xantinol nicotinate [79]
and isoxsuprine [3, 80].

16.6.1 Pentoxifylline (PTX)

Pentoxifylline (PTX) is a methylxanthine derivative
and a nonspecific type IV phosphodiesterase inhibitor.
It is prescribed for intermittent claudication and is
known to have properties that alter the course of
wound healing. PTX increases fibroblast collagenases
and decreases collagen, fibronectin, and glycosamino-
glycan production. Fibroblast responsiveness to tumor
necrosis factor is also diminished by PTX [81]. PTX
enhances red cell deformability, leukocyte chemotaxis,
anti-thrombin, and anti-plasmin activities, and sup-
presses red cell and platelet accretion, granulocyte
adhesion, fibrinogen levels, and whole blood viscosity
[82]. It enhances the production of prostaglandins (E2
and 12) by vascular epithelium which is critical in pre-
serving cellular integrity and homeostasis after acute
phase injury. All these properties are potentially benefi-
cial in the atrophic and ischemic condition of the oral
mucosa in OSF.

Rajendran et al. studied 29 OSF patients who were
prescribed either oral pentoxifylline or multivitamins.
All those enrolled completed the study during a 7-month
period [74]. The authors reported statistically significant
improvements in the oral pentoxifylline group (n = 14)
compared with controls with respect to mouth opening,
tongue protrusion, and relief from circum-oral fibrotic
bands and subjective criteria (intolerance to spices,
burning sensations, tinnitus, difficulty in swallowing,
and difficulty in speech).
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Prabhu et al. assessed the use of PTX on the clinical
and histopathologic changes of 30 OSF patients in com-
parison to conventional therapies [83]. They did not
observe any significant clinical and histopathological
improvement in the PTX group. Treatment with PTX
was not superior to other drug regimens and concluded
that their study did not recommend PTX.

Several studies have reported side effects caused by
PTX including central nervous system (dizziness, head-
ache, tremor, anxiety, and confusion) and gastrointesti-
nal (dyspepsia, nausea and/or vomiting, bloating, flatus,
and bleeding) symptoms [81, 83].

Zwiri et al. conducted a study comparing the efficacy
of spirulina (control) and PTX in 112 OSF patients. The
maximal mouth opening increased from 21.6 mm at
baseline to 27.9 after 3 months in PTX group [84].

Patil et al. in a prospective study compared the effi-
cacy of pentoxifylline with placebo (multivitamin) in
106 OSF subjects. The cohort was divided into two
groups: Group A (n = 53) was administered 400 mg
pentoxifylline twice daily and Group B (n = 53) was
given multivitamins for 3 months. They reported a sig-
nificant (p < 0.05) improvement in mouth opening,
tongue protrusion, speech and swallowing, pain associ-
ated with the lesion, and burning sensation in OSF
patients [85].

Sadaksharam et al. evaluated the therapeutic efficacy
of oral PTX and dexamethasone in the treatment of 30
OSF patients [86]. The width of the submucosal layer
and its echogenicity were assessed by ultrasonography,
prior to and after treatment. Equivocal improvement
was obtained in both groups. Nevertheless, the PTX
group exhibited better results than the dexamethasone
group. Therefore, the authors proposed, PTX as a safer
substitute when intralesional steroids are intolerable or
contraindicated.

Bhambhal et al. compared the efficacy of oral PTX
400 mg to placebo-multivitamin capsules, in 80 OSF
patients [87]. Relief from pain, and burning sensation,
was significant. No significant changes were observed
with respect to mouth opening, tongue protrusion,
cheek flexibility, or blanching of the mucosa in PTX
group.

Mehrotra et al. report on 32 patients given pentoxi-
fylline for a period of 7 months (initial 30 days dosage
of 400 mg twice daily, increased to 400 mg three times
daily for 6 months). The placebo group (n = 30) was
given multivitamin therapy. They report improved
mouth opening by 10 mm with pentoxifylline compared
with 6 mm with multivitamins [75]. The improvement in
total score (Subjective and Objective) was 25% in pla-
cebo and 49% in PTX group. This difference was found
to be statistically significant. (p < 0.05). Central nervous
system side effects such as dizziness, headache, tremor,
anxiety, and confusion and gastrointestinal (dyspepsia,

nausea and/or vomiting, bloating, flatus, and bleeding)
were reported in a few patients [75, 86, 88].

Bishnoi et al. reported that patients on PTX showed
a significant increase in mouth opening, decrease in
burning sensation, and pain as compared with those on
multivitamin capsules [89].

Leelakshi et al. in a cross-sectional study adminis-
tered 400 mg PTX and two garlic pearls thrice daily for
2 months in 10 OSF patients. Patients exhibited a mean
reduction of 95.68% in burning sensation and an
increase of 5.37 mm in mouth opening. The cheek flexi-
bility and tongue protrusion also showed significant
improvements in the study groups [90].

16.6.2 Nylidrin Hydrochloride

Nylidrin hydrochloride marketed in India under the
brand name “Arlidin” is available in tablet and inject-
able forms. “Arlidin” with its active component, nylid-
rin hydrochloride, is a peripheral vasodilator, that
increases blood supply to ischaemic tissues with little
or no change in blood pressure or heart rate of the
individual. It has been used favorably in Meniere’s dis-
ease, deafness, dementia, retinopathy, peripheral vas-
cular disease, and premature labor. Sharma et al. in
their study on Nylidrin hydrochloride (Arlidine™) in
58 cases of oral submucous fibrosis (6 mg orally),
reported clinical improvement in 62% of patients. Side
effects included flushing and warm skin in some
patients [76].

16.6.3 Isoxsuprine

Isoxsuprine, a vasodilator was combined with physio-
therapy, and compared with submucosal injections of
dexamethasone with hyaluronidase and physiotherapy
or physiotherapy alone in OSF patients [91]. Isoxsuprine
was given for 6 weeks, with a 4-month follow-up period.
Both isoxsuprine and dexamethasone with hyaluroni-
dase treatments significantly alleviated the burning sen-
sation and increased mouth opening by approximately
3 mm.

16.6.4 Xantinol Nicotinate

Xantinol nicotinate is a derivative of niacin. It is a vasodi-
lator used to treat peripheral vascular disease. Singh et al.
determined the efficacy and safety of intralesional Xantinol
nicotinate with a placebo in the treatment of various stages
of OSF. The patients had a significant respite from burning
sensation and enhancement in the mouth opening, tongue
protrusion, and cheek flexibility [79].
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16.6.5 Buflomedial Hydrochloride

Buflomedial, a peripheral vasodilator, has been found to
favourably affect tissues with diffuse fibrosis by improv-
ing local ischemia. Lai et al. observed positive treatment
outcome for OSF using buflomedial (3 tablets of 450 mg
each per day) and topical triamcinolone acetonide 0.1%
on mucosal ulcers [77].

16.7 Biogenic Stimulation

16.7.1 Placental Extract

Intralesional placental extracts act by biogenic stimula-
tion of the metabolic regenerative process of tissue. It
was first used by Filatov in 1933. Aqueous extract of
human placenta stimulates the pituitary and the adrenal
cortex and regulates tissue metabolism [92, 93].

Placentrex™ is available as an injectable aqueous
extract of human placenta that contains: (1) Enzymes:
alkaline and acid phosphatase, glutamic oxaloacetic
acid transaminase, glutamic acid, and pyruvic acid
transaminase. (2) Nucleotides: RNA, DNA, and ATP.
(3) Vitamins: Vit. E, B1, B2, pantothenic acid, biotin,
PABA, folic acid, B12, choline and inositol. (4) Amino
acids: Alanine, asparagine, asparagenic acid, cysteine,
glyceine, histidine, leucine, lysine, phenylalanin, proline,
serine, threonine, tryptophan, tryosine and valine. (5)
Steroids: ketosteroids, cholestrin and cholesterol. (6)
Fatty acids. (7) Trace elements, Sodium, K, Ca, Mg, Cu,
Fe, P and Si [94].

Placental extract is anti-inflammatory and has sig-
nificant analgesic action. It increases blood circulation
and tissue vascularity. Placentrex contains Vitamin E,
which has antioxidant properties. Vitamin A plays a
major role in the induction and control of epithelial dif-
ferentiation. Vitamin A slows, delays, arrests, reverses
malignant potential and along with Vitamin E improves
the mucosal color, mouth opening, and reduces fibrous
bands [95].

Ramanjaneyalu and Rao used 2 cc placentrex injec-
tion at weekly intervals for 10 weeks in OSF patients.
They found it to be superior to intralesional cortisone
injections. They reported two cortisone-resistant cases
that responded favorably to Placentrex [96].

Katharia et al. in an observational study, injected
2 ml of Placentrex locally in predetermined areas of oral
mucosa, once a week for a total duration of 1 month in
22 OSF patients. A significant improvement in the
mouth opening (28%) and the color of the oral mucosa
(38 %) (p < 0.01) with a reduction in the fibrotic bands
was observed [94].
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Naik et al. reported a better improvement in mouth
opening in OSF patients who were given intralesional
2 ml of placentrex at weekly intervals for 8 weeks when
compared to OSF patients who received a combination
of triamcinolone acetonide (10 mg/ml) + hyaluronidase
(1500 TU) at weekly intervals for 8 weeks [97].

Raj et al. in a longitudinal study observed that treat-
ment of OSF with placental extract injection was more
effective in moderate fibrosis compared to moderately
advanced fibrosis [98]. Significant improvement in
mouth opening, color of the mucosa, tongue protru-
sion, and reduction in burning sensation was observed
by Dinesh et al., in a prospective study where 30 OSF
patients were administered 2 ml injection placental
extract (Inj. Placentrex) submucosally [99]. Priyankar
et al. in their cohort of 60 Stage I OSF patients reported
maximum improvement in mouth opening with intrale-
sional injection of hyaluronidase (MO = 9.20 mm) fol-
lowed by placental extract (MO = 8.02 mm) and then
dexamethasone (MO = 7.28 mm). They also reported
that maximum improvement in burning sensation was
observed with intralesional injection of dexamethasone
followed by placental extract and the least improvement
was seen with hyaluronidase [100].

Singh et al. used 2 ml submucosal injections of pla-
cental extract mixed with 2 ml of 2% lignocaine HCL
weekly for an interval of 8 weeks and showed an average
improvement in mouth opening by 8§ mm (average pre-
treatment mouth opening of § mm and average post-
treatment mouth opening of 26 mm) with a marked
reduction in burning sensation [61].

Shah et al. divided their cohort of 25 patients into two
study groups: Group A (placental extract + dexametha-
sone) and Group B (hyaluronidase + dexamethasone). In
Groups A and Group B, the average increase in mouth
opening from the baseline record to the eighth week of
treatment was 3.53 = 1.26 mm and 3.65 * 1.42 mm respec-
tively and the average decrease in burning sensation, as
noted by VAS scale, was 5.13 £ 1.13 and 4.90 £ 1.29,
respectively. The pre- and posttreatment differences were
found to be statistically significant for both the groups
(p <0.001) and for both treatment outcomes [101].

Shinde et al. conducted a randomized, parallel-
group, single-blinded outcome-based study, in a cohort
of 40 cases of OSF. The patients were divided into two
groups of 20 each: placental extract group and triam-
cinolone acetonide group, administered intralesionally
for 10 weeks. There was a significant improvement in
burning sensation, pain, mouth opening, tongue protru-
sion, and cheek flexibility in both groups. Better and
earlier improvement in tongue protrusion and cheek
flexibility was achieved in the triamcinolone group as
against the placental extract group [102].
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Kisave et al. evaluated the efficacy of Placentrex and
hydrocortisone injection in two groups: Group A had 30
patients injected with 2 ml of placentrex in the areas
where fibrous bands were present, twice a week for
3 months. Group B comprised of 30 patients injected
with 2 ml of hydrocortisone twice a week for 3 months.
A statistically significant difference in the mean mouth
opening (5.19 £ 1.33 in Group A and 11.69 = 1.26 mm
in Group B; p = 0.0001) was observed. The authors con-
cluded that hydrocortisone was better in increasing the
mouth opening compared to placentrex. However, pla-
centrex reduced the burning sensation more effectively
than hydrocortisone [95]. They concluded that local
injection of placentrex was safe, cheap, and effective
without any significant side effects or contraindications.
It has a long-lasting effect and can be administered in
the early stages of OSF [95].

Similarly, Kale et al., observed that improvement in
mouth opening was better with corticosteroids com-
pared to placental extract; however, in their study, the
difference between the study groups were not statisti-
cally significant [103].

16.8 Micronutrients (Vitamins
and minerals)

Vitamins and minerals treat the deficiency states and pro-
mote normal cellular processes present in health that help
to protect against adverse events, including carcinogenesis.
Vitamins (A, B complex, C, D, E) are known to accelerate
ulcer healing and relieve symptoms in OSF.

Minerals including zinc and magnesium are essential
components for many enzymes and play a crucial role in
DNA synthesis and cell division. Zinc controls the com-
plex effects of copper-associated lysyl oxidase upregula-
tion, while magnesium stabilizes excitable membranes.
Multivitamins, micronutrients, and antioxidants are
effective in controlling the signs and symptoms of OSF
[16]. Antioxidants, nutrients, and micronutrients ther-
apy (AONMT) is based on the rationale that reactive
oxygen species (ROS) found in areca nut may damage
the cellular structure, including lipids and cell mem-
branes, proteins, and nucleic acids resulting in patho-
logical processes. Micronutrient deficiencies impede the
healing of inflamed oral mucosa leading to mucosal
atrophy which becomes more susceptible to the effects
of areca nut.

16.8.1 Vitamins

Vitamin A, C, and E are antioxidants that aid in scav-
enging free radicals. Beta-carotene, an important pre-

cursor of vitamin A, when combined with vitamin E has
been shown to be effective in increasing mouth opening
and tongue protrusion. In one study, treatment with
topical vitamin A 50,000 IU in the form of chewable
tablets once daily and oral ferrous fumarate tablets in a
dose of 200 mg once daily were found to be safe and
effective [104]. Vitamin E given concomitantly with sub-
mucosal hyaluronidase and betamethasone was better
than hyaluronidase and betamethasone alone [105]. The
efficacy of vitamin E is attributed to its antioxidant
property. Nallapu et al. showed that the addition of
vitamin E (400 TU once daily, for a period of 8 weeks)
had a significant synergistic effect with the submucosal
injections of dexamethasone 2 ml (2 mg/ml) and hyal-
uronidase (1500 IU) in 0.2 cc lignocaine (2%) [106].
Singh reported that vitamin C given in combination
with placentrex and liver extract gave better results than
vitamin C alone. It has been suggested that Vitamin C
reduces the edema between the collagen bundles and
helps in the regeneration of new normal collagen bun-
dles [107]. Nayak et al. conducted a prospective study in
72 OSF patients to compare the clinical outcome of
lycopene and lycopene with vitamin E. Lycopene when
combined with vitamin E was better in reducing the
burning sensation and improving mouth opening [108].
Thakur et al. in a clinical prospective study of 64 OSF
patients reported that micronutrients (vitamins, miner-
als, and omega-three fatty acid) along with physiother-
apy substantially improved the mouth opening compared
to the use of micronutrients or physiotherapy as sole
treatment modality [109].

Raizada et al. conducted an open labeled random-
ized controlled trial in 48 OSF patients divided into two
groups (24 in each group) to study the effectiveness of
omega 3 in the treatment of OSF. Group A received a
placebo (lactose capsule) for 3 months while group B
received 1gm of omega 3 (flaxseed oil) three times daily
continuously for 3 months. Patients of both groups were
given biweekly intralesional injections of dexametha-
sone 1.5 ml and hyaluronidase 1500 IU mixed with lig-
nocaine for 6 weeks. After 3 months, statistically
significant (p < 0.05) improvement among all three clini-
cal parameters, i.e., inter-incisal distance (mean improve-
ment in group A = 3.79 * 1.07 mm and group
B = 6.58 + 1.24 mm, p = 0.019), tongue protrusion
(mean improvement in group A = 1.87 * 1.54 mm and
group B =4.62 + 1.78 mm, p = 0.044), and cheek flexi-
bility (mean improvement in group 4 = 2.08 * 1.38 mm
and group B =3.50 £ 1.84 mm, p = 0.035) was observed.
A significant improvement in burning sensation was
observed after 1 month itself in group B when compared
to group A (mean drop in group 4 = 2.5 + (.78 points
and group B = 6.0 * 1.144 points, p < 0.05). The authors
concluded that Omega 3 in conjunction with intrale-
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sional injections can be an effective therapy when com-
pared to intralesional injections alone in treating
patients with OSF (grade II and III) [110].

16.8.2 Minerals

Many studies have shown decreased levels of hemoglo-
bin and serum ferritin in OSF [111]. Iron supplements in
patients with anemia can improve the nutritional status
of OSF patients and alleviate the burning sensation by
correcting epithelial atrophy [4]. Maher et al. reported
that micronutrient supplements: vitamins A, B complex,
C, D, E; and minerals iron, calcium, copper, zinc, and
magnesium were effective (p < 0.05) in reduction of
signs and symptoms of OSF over a period of 3 years
[112].

Dhariwal et al. reported that diet supplementation
with zinc acetate along with vitamin A, in a 24-year-old
OSF patient, increased mouth opening and reduced
burning sensation in the 4 months follow-up period.
Histopathologically re-epithelialization was evident
along with the appearance of normal rete pegs. The data
for mouth opening, collagen content, and epithelial
thickness of six other cases similarly treated also showed
a significant increase in mouth opening and epithelial
thickness and a decrease in collagen content. The
authors proposed the use of zinc acetate and vitamin A
for the management of OSF [113]. Anil et al. adminis-
tered Zinc (220 mg) in combination with vitamin A and
observed good results in OSF. Zinc plays an essential
role in DNA synthesis and cell division [114].

16.8.3 Oxitard ™

This is an ayurvedic antioxidant, which contains
extracts of “Mangifera indica, Withania somnifera,
Daucus carota, Glycyrrhiza glabra, Vitis vinifera,
Emblica officinalis and Yashada bhasma, and Triticum
sativum.” “Mangifera indica” has antibiotic and antivi-
ral action. “Withania somnifera” supresses anxiety,
stress, and inflammation. “Daucus carota” is a potent
source of vitamin A. “Glycyrrhiza glabra” suppresses
the inflammation and is an immunostimulant. “Vitis
vinifera” decreases inflammation and burning sensa-
tion. “Emblica officinalis” contains vitamin C and
“Yashada bhasma” contains zinc which enhances
wound healing and cell renewal. “Triticum sativum”
contains potent minerals which suppresses oxidative
stress [115]. Patil et al. compared the effectiveness of
Oxitard capsules with a placebo in the treatment of
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OSF [116]. The authors concluded that the Oxitard
group displayed a significant improvement in the sub-
jective signs and symptoms. Additionally, they also
reported improvement in dysphagia and speech articu-
lation.

Oxitard was shown to be the most effective in improv-
ing mouth opening [MD, 10.29 (95% CI 6.34-14.25)]
followed by a combination therapy of lycopene, hyal-
uronidase and corticosteroids [MD, 7.07 (95% CI 1.82—
12.31)]. Two studies reported abdominal discomfort in
eight patients due to Oxitard [75]. Patil et al. in a pro-
spective, randomized single-blinded study observed a
significant improvement in mouth opening, tongue pro-
trusion, reduction in burning sensation, difficulty in
swallowing and speech, and pain associated with the
lesion in oxitard group compared to the aloe vera group
[117].

16.8.4 Garlic

Garlic (Allium sativa L.) is a bulbous flowering plant
that belongs to the family of Amaryllidaceae and is a
horticultural crop originating from central Asia. Garlic
and its products are used for culinary and therapeutic
purposes in many countries. Bulbs of raw garlic have
been investigated for their role in oral health, which are
ascribed to a myriad of biologically active compounds it
has such as alliin, allicin, methiin, S-allylcysteine (SAC),
diallyl sulfide (DAS), S-ally-mercapto cysteine (SAMC),
diallyl disulfide (DADS), diallyl trisulfide (DATS), and
methyl allyl disulfide. Garlic has anti-inflammatory,
antioxidant, antibacterial, antiviral, antifungal, and
antimutagenic properties [118].

Jiang et al., gave submucosal injection of thio-2-pro-
pene-1-sulphinic acid S-allyl ester for 16 weeks to their
cohort of 26 patients in stage II oral submucous fibrosis.
The net gain in mouth opening was 5.16 + 1.04 mm,
burning sensation and the oral health impact profile
score improved [119]. In another clinical trial, 15 patients
with oral submucosal fibrosis were given pentoxifylline
(400 mg) for 3 months with garlic pearls thrice daily.
Patients had a 95% reduction in burning sensation and a
S mm increase in the mouth opening [120)].

Jain et al. systemically administered oral
Pentoxifylline (400 mg) thrice daily along with garlic
pearls, (2 pearls; thrice daily) after food for 3 months, in
15 OSF patients and observed a mean reduction of 95%
in the burning sensation and increase of 5 mm in mouth
opening. The cheek flexibility and tongue protrusion
also showed significant improvements in the study
groups [121].
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16.9 Novel Therapies

16.9.1 Colchicine

Colchicine is a natural alkaloid derived from two plants
of the lily family: Colchicum autumnale and Gloriosa
superba, respectively known as meadow saffron and
glory lily. Colchicine is an alternative therapeutic option
for idiopathic recurrent aphthous stomatitis (RAS),
especially when unresponsive to first-line treatments,
such as topical or systemic corticosteroids. Additionally,
colchicine might play a role in preventing oral aphthous-
like ulcers associated with Bechet disease (BD) or
immune-mediated disorders, such as periodic fever, aph-
thous stomatitis, pharyngitis, and cervical adenitis
(PFAPA) syndrome and mouth and genitals ulcers with
inflamed cartilage (MAGIC) syndrome [122].

Colchicine reduces collagen synthesis by disrupting
microtubule formation and preventing extrusion of col-
lagen from fibroblasts and increasing the activity of col-
lagenase in the underlying submucosa. It neutralizes
cytokines that synthesize collagen-like TGF-p, TL-6,
and IL-4 [123, 124]. Krishnamoorthy et al. studied the
effects of colchicine in two groups of 25 patients each.
One group was given 0.5 mg colchicine orally twice daily
with 0.5 ml submucosal injection Hyaluronidase
1500 IU into each buccal mucosa once a week. The sec-
ond group was given 0.5 ml submucosal injection
Hyaluronidase 1500 IU and 0.5 ml submucosal injection
Hydrocortisone acetate 25 mg/ml in each buccal mucosa
once a week alternately [19]. The group that had colchi-
cine had better mouth opening and relief from burning
sensation. However, the study by Daga et al. could not
find any beneficial effect for systemic colchicine [125]
except for improvement in the blanching of the mucosa.
The side effects with Colchicine include diarrhea and
gastrointestinal adverse events [126]. Colchicine should
be used with caution in patients with medical comor-
bidities. Severe side effects are observed at higher doses
and are not advised in subjects with liver disorders.
Continuous monitoring of blood count, renal and liver
function are required during the entire course of treat-
ment.

16.9.2 Interferon Gamma (IFN-y)

Interferon gamma has immuno-regulatory and anti-
fibrotic effects and plays an important role in collagen
metabolism. [n vitro Increase in collagen synthesis in
response to arecoline is inhibited by IFN-y (0.01-10.0 U/
ml) in a dose-dependent manner [127]. Studies of sub-
mucosal injection of 0.01-10.0 U/ml IFN-y three times a
day for 6 months have shown improvement of OSF
symptoms. In an open uncontrolled study, submucosal

IFN-y treatment resulted in improvement in the patients’
mouth opening: from a pretreatment inter-incisal dis-
tance of 21 = 7 mm, to 30 £ 7 mm immediately after
treatment and 30 = 8§ mm 6 months later, giving a net
gain of 8 = 4 mm (42%) (range 4-15 mm). There was
also a decrease in burning and dysaesthesia, and increase
in suppleness of the buccal mucosa. Post-treatment
immunohistochemistry showed a decreased amount of
inflammatory cell infiltrate and altered levels of inflam-
matory cytokines compared with the pre-treatment
lesional tissue. However, prohibitive costs of IFN
gamma precludes its use in low- and middle-income
countries [15, 127].

16.9.3 Anti-TGF-f Drugs

Upregulation of TGF-p1, downregulation of bone mor-
phogenic protein (BMP) and remodeling of ECM are
characteristic features of the fibrotic process in OSF. The
alkaloid and polyphenol components of areca nut
induce and activate TGF-p1 in epithelial cells. Exposure
to areca nut and stimulation of the TGF-p1 pathway are
responsible for overproduction of collagen and decrease
in degradation of collagen in OSF. TGF-B1 induces
transcription of COL1A1 procollagen gene, increases
activity of procollagen proteinases, and promotes the
expression of lysyl oxidase (LOX), an enzyme essential
for cross-linking collagen fibers. Furthermore, activated
TGF-p1 induces myofibroblast transdifferentiation in
OSF [128].

Upregulation of TGF-p1 has been described as a key
mediator in the pathogenesis of OSF. Activated TGF-f1
induces myofibroblast transdifferentiation in OSF. Sev-
eral key trials are underway using anti-TGF-p in other
fibrotic disorders, e.g., idiopathic lung fibrosis. Drugs
that are being developed include Imatinib, Pirfenidone
(PFD), and Nintedanib. There have been no trials
reported for OSF.

Few agents are discussed below:
== Imatinib

Imatinib exerts its anti-fibrotic activity by inter-
fering with TGF-p signaling pathways. It has been
used successfully as an anti-fibrotic drug in preclini-
cal models for the treatment of scleroderma [129,
130]. Therefore, it has been suggested that it can also
be effective in OSF treatment [4].

== Pirfenidone (PFD)

Pirfenidone (5(1H)-pyridone) is a novel anti-
fibrotic agent with anti-inflammatory properties pres-
ently used in treating idiopathic lung fibrosis (ILF)
which is an inflammatory condition mediated through
transforming growth factor beta (TGF-f), like in
OSEF. PFD is hypothesized to be a novel anti-fibrotic
agent beneficial in treating the early stages of OSF as
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both conditions are mediated through TGF-p. PFD
acts by inhibiting tissue inhibitors of metalloprotein-
ases-1 (TIMP1), proinflammatory cytokines TNF-«
and fibroblast growth factor (b-FGF), which are
upregulated in OSF [4, 128].

It has been hypothesized that PFD could reduce
fibrosis in OSF by the following mechanisms:

1. Decreasing the levels of mRNA encoding type I and
III collagen and also inhibiting TGF-p1-induced col-
lagen production from fibroblasts [131].

2. Inhibiting tissue inhibitor of metalloproteinases-1
(TIMP1), which is upregulated in OSF [132, 133].

3. Suppressing proinflammatory cytokines TNF-a,
which is upregulated in OSF [134, 135].

4. Downregulating fibroblast growth factor (b-FGF),
which interacts synergistically with other growth fac-
tors enhancing the extracellular matrix deposition in
OSF [136, 137].

5. Reducing the level of plasminogen activator inhibitor-1
(PAI-1), which is upregulated by TGF-f1 in OSF [138].

Nintedanib may be beneficial in OSF through the

following mechanisms [4, 128]:

1. Directly preventing phosphorylation of TGF-fl
receptor and reducing excessive ECM production,
which is a hallmark of OSF [139].

2. Targeting PDGF receptor-a and -p and thus reducing
the level of PDGF, which is upregulated in OSF [140].

3. Targeting fibroblast growth factor receptor-1, —2,
and — 3 and thereby reducing the level of fibroblast
growth factor [141].

16.9.4 Valdecoxib

Valdecoxib is a novel selective cyclooxygenase-2 inhibitor
used in the management of osteoarthritis, pain, and dys-
menorrhea [142, 143]. Averineni et al. developed a muco-
adhesive buccal film of valdecoxib for the treatment of
OSF. This was a sustained release polymeric film of valde-
coxib impregnated in Hydroxypropyl Methylcellulose
(HPMC K4M) and chitosan polymers along with sodium
taurocholate as a permeation enhancer for local action.
Prepared films were thin, flexible, smooth, and transparent.
Bioadhesive force and tensile strength of the optimized for-
mulation were found to be 75 + 4 kg m~! S=2 and more
than 2.5 kg/3 cm?, respectively. The percent drug content
was 98.5 + 1.3%. The in vitro drug release from the selected
formulation showed that about 69.34% of the drug pay-
load was released for up to 6 hours. Pharmacokinetic stud-
ies of the buccal mucoadhesive film showed that the drug
was released locally at the target site of action, and very
small amount is absorbed systemically.
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16.9.5 Meta analysis of intervention in OSF

Gopinath et al. conducted a systematic review of ran-
domized controlled trials (RCTs) that compared the effi-
cacy of interventions for OSF [144]. A network
meta-analysis was performed, and the interventions
were ranked according to their efficacy based on the sur-
face under the cumulative ranking. This systematic
review included 32 RCTs comprising 2063 patients. Oxi-
tard, a herbal formulation was ranked as the most effica-
cious agent in improving mouth opening, [MD, 10.29
(95%CI 6.34-14.25)] followed by combination therapy
of Lycopene with corticosteroids and hyaluronidase
[MD, 7.07 (95%CI 1.82-12.31)]. Aloe vera ranked first
in reducing burning sensation [MD, 6.14 (95%CI 4.58-
7.70)] followed by corticosteroids with antioxidants
[MD, 6.13 (95%CI 4.12-8.14)] and corticosteroids in
combination with hyaluronidase and antioxidants [MD,
5.95 (95%CI 3.79-8.11)].

Summary and Conclusion

A wide range of drugs have been used in the medi-
cal management of OSF—anti-inflammatory agents,
immunomodulatory agents, corticosteroids, antioxi-
dants, vasodilators, biogenic stimulators, fibrinolytic
enzymes, vitamins, minerals, micronutrients, and
herbal remedies. Many randomized controlled trials
have been conducted to study the efficacy of these
therapeutic agents as single or combined drug regi-
mens. Most of the studies have short follow-up peri-
ods. There is minimal information on cessation of
habits. No evidence on reduction in malignant trans-
formation is provided by long-term follow-up studies.
Combination of therapeutic agents used makes it dif-
ficult to assess the role of individual agents. None of
the medical agents studied have yielded a consistent
relief of signs and symptoms in OSF. However, the
results reported from lycopene and curcumin trials
are promising. The medical management of OSF for
each patient varies, based on disease stage and indi-
vidual response to treatment.
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