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ABSTRACT

Oral submucous fibrosis (OSMF) is a chronic,
progressive, and potentially malignant disorder
strongly associated with areca nut use. Characterized
by inflammation, fibrosis, and restricted oral
opening, OSMF poses significant functional
and oncologic challenges. Despite various
pharmacological and surgical interventions, no
definitive cure exists, and prevention of malignant
transformation remains elusive. This review
explores the rationale and potential of drug
repurposing for OSMF management, highlighting
existing medications with novel therapeutic
applications and targeting key pathophysiological
mechanisms. Literature from 2012 to 2024 was
systematically examined, focusing on randomized
controlled trials, clinical studies, and mechanistic
research involving repurposed drugs for OSMF.
Conventional therapies—corticosteroids, enzymes,
vasodilators, antioxidants, and physiotherapy—
offer symptomatic relief but fail to reverse fibrosis
or significantly alter malignant potential. Drug
repurposing leverages known safety profiles and
shared molecular pathways with other fibrotic
diseases, expediting clinical translation. Promising
agents include pirfenidone, pentoxifylline,
colchicine, metformin, losartan, tamoxifen,
interferon-y, and N-acetylcysteine, which target
fibrosis reversal, inflammation modulation,

*Corresponding author: sancharig89@gmail.com

angiogenesis enhancement, and oxidative stress
reduction. Mechanism-based approaches focus on
TGF-B inhibition, collagen turnover modulation,
vascular improvement, and reactive oxygen
species scavenging. Drug repurposing offers a
cost-effective, time-efficient strategy to expand
OSMF treatment options. Future research must
prioritize large multicentric trials, dose optimization,
and molecularly guided personalized medicine
to develop effective, accessible, and sustainable
therapies. By bridging mechanistic insights with
clinical application, repurposed agents hold
promise for improved functional outcomes and
reduced malignant transformation risk in OSMF.

KEYWORDS: oral submucous fibrosis, fibrosis,
angiogenesis, oxidative stress.

INTRODUCTION

Oral submucous fibrosis (OSF) is recognized as a
chronic, insidious disorder predominantly affecting
populations with a high prevalence of areca nut
(betel nut) consumption. It is classified as a
potentially malignant disorder by the World
Health Organization (WHO), with a reported
malignant transformation rate ranging between
42% and 7.6% [1, 2]. Initially described in
South Asian countries—notably India, Pakistan,
Sri Lanka, Bangladesh, and Taiwan—OSF has
now begun to emerge in migrant populations
across the United Kingdom, United States, and
other Western countries, reflecting globalization
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of areca nut use [3]. Arecoline is the main
etiological factor responsible for OSF progression
by activation of transforming growth factor-beta
(TGF-B) signaling pathway. In turn, TGF- activates
other proteins, such as small mothers against
the decapentaplegic (Smad) protein, lysis oxidase
(LOX), and reactive oxygen species (ROS). These
are responsible for collagen overproduction and
reduction in collagen degradation by stimulating
tissue inhibitors of the matrix metalloproteinase
(TIMP) and plasminogen activator inhibitor (PAI)
[4, 5]. Out of these proteins, TGF-B1 and LOX are
the validated drug targets for inhibiting TGF-
signaling pathway [6].

Oral submucous fibrosis (OSF) is an insidious and
chronic oral mucosal disease. It is a potentially
malignant disorder of the oral mucosa with a
malignant transformation rate of 4.2% [7]. The
initial manifestation of OSF is inflammation,
followed by loss of blood vessels and fibrosis
visible, and blanching of the oral mucosa with a
marble-like appearance [8]. The late stage of this
disease shows dense fibrosis extending into the
underlying muscles, fibrous bands in the buccal
mucosa, lip, or palate leading to progressive
restriction of maximum mouth opening (MMO),
which can further cause problems with oral
hygiene, speaking, and chewing [9, 10]. The
etiology of OSF has not yet been fully elucidated
but may be related to betel nut chewing, capsaicin,
autoimmunity, allergies, genetic predisposition,
and chronic vitamin and micronutrient deficiencies
[11, 12]. The current mainstream view is that
betel nut chewing is closely associated with the
occurrence of OSF [13, 14]. Excessive use of betel
nut, increase in collagen synthesis and decrease in
collagen degradation, increased collagen cross-
linking, and insufficient collagen phagocytosis
and fibrokine action [15] eventually leads to OSF.
Moreover, the long-term use of betel nut can
induce the production of free radicals and reactive
oxygen species, leading to a high rate of
oxidation/peroxidation of unsaturated fatty acids,
which affects the essential components of cell
membranes [16]. The study showed that the
composition of betel nut products, and the
frequency and duration of betel nut consumption
may all affect the malignant transformation rate of
the disease [17]. Currently, the treatment for OSF

mainly includes physical therapy, hyperbaric
oxygen therapy, drug therapy, and surgical
treatment [18].

Currently, a blend of strategies has been adopted
for the treatment of OSF namely habit control,
drugs, surgical, physiotherapy, laser treatment
and nutritional interventions. The drugs include
corticosteroids  (dexamethasone/betamethasone/
hydrocortisone/triamcinolone) alone or in
combination with hyaluronidase and lycopene
(LYP). The intraregional injection of corticosteroids
suppresses TGF-B1 and forms the mainstay in the
treatment of OSF [19]. Nonetheless, none of the
therapies have resulted in the successful treatment
of OSF apart from rendering symptomatic relief
to patients. The standard treatment, namely
corticosteroid injection reported side effects with
higher chances of infection at the site of injection
and systemic side effects such as adrenal
insufficiency, edema, osteonecrosis, osteoporosis,
myopathies and central serous chorioretinopathy,
Hence, there is a need to identify an effective
strategy for the treatment of OSF, which can be
an alternative to the currently available treatment
and provide symptomatic relief. The literature
states that non-steroidal anti-inflammatory drugs
(NSAIDs), angiotensin-converting enzyme (ACE)
inhibitors, and angiotensin receptor blockers
(ARB) can be used to treat OSF but their efficacy
is not yet proved in the treatment of OSF [19-21].
The drugs having all the activities such as
antifibrotic, anti-inflammatory and oxygen radical
scavenging properties are more beneficial for the
effective treatment of OSF [22].

As per one research study, it was observed that
among various selected patients for study, 05
(45.46%) and 06 (54.54%) patients showed mild
and severe fibrosis when they were using the
NSAIDs for about 6 months. Therefore, the drugs
having all the activities such as antifibrotic, anti-
inflammatory and oxygen radical scavenging
properties are more beneficial for the effective
treatment of OSF [23]. The use of plant-based
active moieties shows significant benefits with
required safety. Medicinal plants such as cruciferous
vegetables, garlic, and andrographolide are
explored for the treatment of different disorders
[24, 25] like cancer, psychiatric and neurological
disorders, thrombotic, inflammatory and nociceptive
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conditions, fibromyalgia, hyperglycemic and
diabetic conditions, and many other chronic
disorders [22, 24-27].

Pharmacological therapy remains the most widely
used approach for treating oral submucous
fibrosis (OSF). Current treatment options include
corticosteroids, exogenous enzymes, multivitamins,
micronutrients, peripheral vasodilators, human
placental extracts, and other therapeutic agents.
Despite numerous interventions proposed over the
past several decades, most have yielded limited or
inconsistent clinical outcomes. In 2012, Klun et al.
[28] reviewed the literature on drug treatment for
OSF to identify the role of various drugs in the
treatment of OSF. According to, Gang et al. [29]
summarized the clinical studies of OSF drugs in
the past decade according to the mechanism of
action of different drugs and targeted pathways,
and discussed other potential drugs. The
emergence of new drugs for the treatment of
OSF warrants investigation of the efficacy of such
newly developed treatment approaches to provide
potential strategies for future research. Therefore,
in this review, we collected relevant studies
conducted in the past 10 years from 2012 to the
present to systematically identify published
randomized controlled trials (RCTs), and clinical
trials (CCTs) on various drugs for the treatment of
OSF since December 2011 and wupdate the
literature with new clinical studies.

Current available therapeutic approaches

Oral submucous fibrosis (OSF) is a chronic,
progressive condition characterized by inflammation
and fibrosis of the oral mucosa, leading to
symptoms like restricted mouth opening (trismus),
burning sensation, and potential malignant
transformation. Conventional treatment approaches
aim to alleviate symptoms, halt disease progression,
and improve oral function. Intralesional injections
of corticosteroids such as dexamethasone,
triamcinolone, and betamethasone are commonly
used for  their  anti-inflammatory  and
immunosuppressive effects. These treatments can
improve mouth opening and reduce burning
sensations. Combining corticosteroids  with
hyaluronidase enhances efficacy by breaking
down fibrotic tissue [30]. Agents like lycopene,
curcumin (from turmeric), and aloe vera possess

antioxidant and anti-inflammatory properties.
Lycopene, in particular, has shown effectiveness
in improving mouth opening with minimal side
effects. Nutritional supplements, including vitamins
A, C, E, iron, and zinc, are also recommended to
address deficiencies associated with OSMF [31].
Vasodilators such as pentoxifylline and isoxsuprine
are used to improve blood flow in the affected
tissues. Pentoxifylline, administered at 400 mg
thrice daily, has been effective in enhancing
mouth opening and reducing burning sensations
[32]. Enzymatic agents hyaluronidase and
chymotrypsin are enzymes that degrade
components of the extracellular matrix, thereby
reducing fibrosis. These are often used in
combination with corticosteroids for intralesional
injections [33]. Immunomodulators like interferon-
gamma (IFN-y) has antifibrotic properties and can
be administered intralesional to reduce collagen
synthesis and improve mouth opening. Natural
supplements such as curcumin (from turmeric)
and spirulina exhibit strong anti-inflammatory and
antifibrotic properties, contributing to symptom
relief and improved oral function. Green tea
extracts, rich in polyphenols like Epigallocatechin-
3-gallate (EGCQG), further enhance the antifibrotic
effect by modulating cellular pathways involved
in fibrosis. Alongside these, a high-protein, soft,
and nutrient-rich diet is encouraged to support
overall nutritional status and compensate for the
difficulty in chewing and swallowing. These
nutritional therapies, when used in conjunction
with the cessation of areca nut and tobacco use,
physiotherapy, and medical treatments, can
significantly improve patient outcomes and
quality of life.

Limitations in current treatment approaches

Medical management is often the first line of
treatment, especially in the early stages of OSMF.
The primary goals are to reduce inflammation and
improve symptoms. However, these treatments
are largely palliative and do not address the
underlying pathology of established fibrosis.
Current therapies are largely palliative, focusing
on alleviating symptoms rather than curing the
disease. Pharmacological agents offer temporary
relief but fail to reverse fibrosis, while surgical
interventions are invasive and fraught with
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complications and a high rate of recurrence. The
inability of any current therapy to reliably prevent
malignant transformation is a stark reminder of
the limitations of our current understanding and
treatment of this debilitating condition. Future
research must focus on developing targeted
molecular therapies that can halt and potentially
reverse the fibrotic process and, most importantly,
mitigate the risk of oral cancer.

Steroids are widely used for their potent anti-
inflammatory effects. They can reduce the
burning sensation and edema associated with
early OSMF but they have limitations like
frequent return of symptoms upon cessation of
therapy and limited efficacy in advanced stages.
Enzymes (Hyaluronidase, Chymotrypsin) are used
to break down the extracellular matrix, theoretically
reducing tissue stiffness; nevertheless, they have
limitations like temporary effect and being proteins,
these enzymes carry a risk of hypersensitivity
reactions. Antioxidants and micronutrients
(Lycopene, Beta-carotene, Vitamins A, C, E) can
help reduce the burning sensation and may play a
role in mitigating further damage; however, they
have limitations like not having a significant
impact on established fibrosis or trismus and lack
of strong clinical evidence to suggest that
antioxidants can reverse the fibrotic changes or
significantly increase mouth opening. Treatment
with immunomodulators has limitations of
systemic side effects like significant flu-like
symptoms, including fever, chills, and fatigue,
which affects patient compliance and high pricing,
making it inaccessible for the majority of the
patient population affected by OSMF.

Surgical interventions are usually done by simple
excision of fiboticbands or by using the fibrotomy
method. Simple incision without grafting leads to
wound contraction during healing, often resulting
in denser scar formation and a recurrence of
trismus that can be more severe than the original
condition. This approach is now rarely
recommended. Excision with grafting/flaps is
another approach having limitations like donor
site morbidity, risk of infection of the placed
tissue, partial or total necrosis, and contraction.
Skin grafts can result in unsightly intraoral hair
growth that may have a different colour and
texture from the surrounding mucosa.

Physiotherapy, involving mouth-stretching
exercises and the use of various jaw-opening
devices, is a critical component of OSMF
management. This approach is not a standalone
treatment, the success of physiotherapy is entirely
dependent on patient compliance, which is often
poor due to the pain and discomfort associated
with stretching fibrotic tissues.

The most ominous aspect of OSMF is its pre-
cancerous nature, with a malignant transformation
rate reported to be as high as 7-13%. Critically,
no current treatment has been definitively proven
to reduce or eliminate the risk of OSMF
transforming into oral squamous cell carcinoma.
This remains the greatest unmet need in OSMF
management.

Rationale for drug repurposing in OSMF

Overcoming the high attrition rate and cost of
de novo drug development: Traditional drug
development is a notoriously lengthy, expensive,
and high-risk endeavour. The journey from initial
compound screening to market approval can take
over a decade and cost billions of dollars, with an
exceptionally high failure rate. For a disease like
OSMF, which is predominantly prevalent in
specific geographic regions and socio-economic
groups, the pharmaceutical industry has little
financial incentive to invest in such a high-risk
process. Drug repurposing, also known as drug
repositioning, circumvents these barriers by
identifying new therapeutic uses for existing,
approved drugs. Repurposed drug candidates have
already passed rigorous Phase I safety trials and
often have extensive post-marketing surveillance
data. This established safety and tolerability
profile significantly de-risks the development
process, reduces the timeline, and lowers the
overall cost, making it a much more feasible
approach for diseases like OSMF.

Leveraging shared pathophysiological pathways:
The core of drug repurposing lies in the
understanding that distinct diseases often share
common molecular and cellular pathways. The
pathogenesis of OSMF is a complex interplay of
chronic inflammation, fibroblast dysregulation,
excessive extracellular matrix (ECM) deposition,
hypoxia, and angiogenesis. These pathways are
not unique to OSMF and are central to many other
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well-studied diseases, including other fibrotic
diseases, and chronic inflammation diseases and
the potential for malignant transformation in
OSMF is linked to pathways involving cellular
proliferation, angiogenesis, and epithelial-
mesenchymal transition (EMT). Anti-cancer
agents, particularly those targeting growth factor
receptors (e.g., EGFR inhibitors) or angiogenic
factors (e.g., VEGF inhibitors), could theoretically
interrupt the progression toward malignancy.

A repurposing strategy allows for a targeted
approach based on our evolving understanding
of OSMF pathogenesis. Instead of empirical
treatment, clinicians can select drugs known to
modulate specific molecular targets that are
dysregulated in OSMF. The primary goal of
repurposing is to inhibit fibroblast proliferation
and collagen synthesis, followed by targeting
inflammatory mediators like TNF-a, interleukins
(IL-6), and reactive oxygen species (ROS) that
can help break the cycle of chronic inflammation
that fuels fibrosis. At last, to reduce vascularity
and hypoxia, using the support of drugs that
improve blood flow, such as pentoxifylline, can
enhance tissue oxygenation and may help improve
the efficacy of other concomitant therapies.

Existing medications with potential new
applications in OSMF

Pirfenidone is approved for idiopathic pulmonary
fibrosis, a chronic, progressive lung disease
characterized by excessive collagen deposition
and scar tissue formation. Its efficacy in IPF
largely stems from its ability to attenuate the
production of TGF-B, a key pro-fibrotic and
pro-inflammatory cytokine. By suppressing
TGF-B, pirfenidone inhibits the differentiation of
fibroblasts into myofibroblasts and prevents
excessive collagen synthesis and extracellular
matrix (ECM) production. It also reduces other
pro-fibrotic cytokines like TNF-a and IL-1P
[34]. SMF is also a chronic, progressive, and
potentially malignant condition of the oral cavity
characterized by progressive fibrosis of the oral
mucosa, leading to stiffness and limited mouth
opening. The pathogenesis of OSMF is highly
analogous to other fibrotic diseases, with a central
role for TGF-f.

Beyond targeting TGF-B, pirfenidone exhibits
a broader spectrum of activity. It has anti-
inflammatory and antioxidant properties. In
fibrotic conditions, chronic inflammation and
oxidative stress contribute significantly to disease
progression. Pirfenidone’s ability to modulate
these aspects makes it a suitable candidate for
OSMF, where similar inflammatory and oxidative
processes are at play. It also influences fibroblast
proliferation, myofibroblast differentiation, and
the synthesis and deposition of extracellular
matrix components like collagen and fibronectin.
In OSMF, there’s often an imbalance with reduced
MMPs (which degrade collagen) and increased
TIMPs (which inhibit MMPs). Pirfenidone may
help to restore this balance, promoting collagen
degradation [35].

Pentoxifylline (PTX) is a methylxanthine derivative
that works by improving the rheological (flow)
properties of blood through multiple mechanisms,
leading to enhanced microcirculation and
oxygenation of tissues, especially in areas with
impaired blood supply. Its ability to improve
microcirculation, reduce inflammation, exhibit
anti-fibrotic effects, and provide antioxidant
benefits makes it a valuable therapeutic option.
Clinical studies have consistently shown its
effectiveness in improving key symptoms and
signs of OSMF, particularly mouth opening and
burning sensation, making it a promising adjunct
to conventional management strategies.

Colchicine, traditionally used for gout and
familial Mediterranean fever, has potent anti-
inflammatory and anti-fibrotic properties that
make it a candidate for repurposing in fibrotic
conditions like OSMF. Its primary mechanism
involves disrupting microtubule polymerization
by binding to tubulin, which impairs leukocyte
migration and reduces inflammatory cytokine
production, including interleukin-1p (IL-1p) and
transforming growth factor-beta (TGF-)—both
central in the pathogenesis of OSMF [36].

Furthermore, colchicine downregulates fibrogenic
signaling by inhibiting fibroblast proliferation and
myofibroblast transformation, reducing excessive
collagen deposition and extracellular matrix (ECM)
remodeling. In experimental fibrosis models,
colchicine has shown efficacy in attenuating
tissue fibrosis through modulation of TGF-B
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signaling and suppression of collagen types I
and III synthesis [37]. These mechanisms align
with the pathophysiological profile of OSMF,
where chronic inflammation, oxidative stress, and
fibroblast activation lead to progressive mucosal
fibrosis and trismus.

Metformin, a cornerstone drug in type 2 diabetes
mellitus management, has emerged as a promising
anti-fibrotic and immunomodulatory agent. Its
anti-fibrotic action is primarily mediated through
activation of AMP-activated protein kinase
(AMPK), which in turn inhibits TGF-B/Smad
signaling—a key driver of fibrogenesis in OSMF
[38]. AMPK activation also suppresses oxidative
stress and inflammatory mediators, such as tumor
necrosis factor-alpha (TNF-a) and IL-6.

Studies in pulmonary, hepatic, and renal fibrosis
have demonstrated metformin’s capacity to reduce
collagen accumulation and fibroblast activation
[39]. Metformin’s well-established safety profile,
oral bioavailability, and pleiotropic effects—
especially its anti-inflammatory, antioxidant, and
autophagy-inducing activities—make it an appealing
candidate for repurposing in OSMF treatment
paradigms.

Losartan, an angiotensin II receptor blocker
(ARB), is primarily used to manage hypertension
and diabetic nephropathy. However, its potential
to modulate fibrotic pathways has sparked interest
in its repurposing for fibrotic diseases.
Angiotensin I is known to induce TGF-
expression, stimulating fibroblast activity and
collagen deposition. Losartan inhibits this axis,
effectively downregulating TGF-B signaling and
reducing ECM accumulation [40].

Losartan also exhibits antioxidant and anti-
inflammatory properties by inhibiting NADPH
oxidase activity and cytokine production, further
curbing the progression of fibrosis. Animal
models and pilot clinical studies in idiopathic
pulmonary fibrosis and systemic sclerosis have
shown reductions in tissue fibrosis and improved
functional outcomes with losartan treatment [41].
Given these effects, losartan presents a potential
adjunctive role in managing OSMF.

Interferons (IFNs), particularly interferon-y (IFN-y),
are cytokines with potent immunomodulatory
and anti-fibrotic effects. IFN-y inhibits fibroblast

proliferation and reduces the synthesis of collagen
and other extracellular matrix (ECM) proteins by
downregulating TGF-B-mediated signaling. It also
enhances the degradation of ECM by upregulating
matrix metalloproteinases (MMPs) and suppressing
their inhibitors (TIMPs), thereby restoring the
MMP/TIMP balance disrupted in OSMF. Clinical
studies have demonstrated the effectiveness of
intralesional IFN-y in improving mouth opening
and reducing fibrotic bands in OSMF patients
[42]. Its ability to modulate immune responses
and inhibit pro-fibrotic pathways makes it a strong
therapeutic candidate, although systemic side
effects and delivery challenges warrant the
development of localized and optimized dosing
regimens.

Tamoxifen, a selective estrogen receptor modulator
(SERM), widely used in breast cancer, has shown
promise in treating fibrotic diseases due to its
TGF-B antagonism and inhibition of fibroblast
activity. It interferes with fibroblast proliferation
and collagen synthesis by modulating estrogen
receptor pathways and decreasing connective
tissue growth factor (CTGF) expression, another
critical mediator of fibrosis [43]. Tamoxifen also
promotes apoptosis in activated myofibroblasts,
helping reverse established fibrosis. Evidence from
systemic fibrotic disorders like retroperitoneal
fibrosis and desmoid tumors supports its anti-
fibrotic potential [44]. These mechanisms align
with the histopathological features of OSMF,
suggesting potential for therapeutic repurposing in
oral fibrotic conditions.

N-acetylcysteine (NAC), a well-known mucolytic
and antioxidant, acts by replenishing intracellular
glutathione (GSH) stores and directly scavenging
reactive oxygen species (ROS). Oxidative stress
plays a significant role in the pathogenesis of
OSMF, contributing to fibroblast activation,
inflammation, and ECM accumulation [45].

NAC suppresses TGF-B expression and inhibits
pro-inflammatory cytokines like IL-6 and TNF-a,
thereby mitigating both fibrotic and inflammatory
processes [46]. Additionally, its ability to break
disulfide bonds in protein cross-links may
contribute to softening fibrotic tissues. With an
excellent safety profile, oral and topical NAC
could be integrated into OSMF treatment to
address oxidative stress—mediated fibrosis.
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Possible mechanisms to be targeted in the
management of OSMF

OSMEF’s pathogenesis is multifactorial, involving
an intricate interplay of inflammation, altered
collagen metabolism, oxidative stress, and
vascular changes. Effective therapeutic strategies
should therefore aim to target the underlying
molecular and cellular mechanisms contributing
to disease progression. The following are the most
promising mechanistic pathways currently being
explored.

Inflammation modulation

Chronic inflammation is a key contributor to the
initiation and perpetuation of OSMF. Areca nut
chewing leads to persistent mucosal irritation,
triggering an upregulation of pro-inflammatory
cytokines such as tumor necrosis factor-alpha
(TNF-a), interleukins (IL-1B, IL-6), and
transforming growth factor-beta (TGF-B) [47].
These mediators stimulate fibroblast proliferation
and enhance the deposition of extracellular matrix
(ECM), thus promoting fibrosis.

Targeting this inflammatory cascade through
anti-inflammatory agents like corticosteroids,
COX-2 inhibitors, curcumin, interferon-y, and
immunomodulators like levamisole or colchicine
can mitigate tissue damage and halt fibrosis.
These agents downregulate cytokine production,
inhibit immune cell infiltration, and reduce the
secretion of pro-fibrotic mediators.

Collagen metabolism and fibrosis reversal

The hallmark of OSMF is excessive deposition of
collagen types I and III in the subepithelial tissues
due to both increased synthesis and impaired
degradation. Myofibroblast differentiation, driven
by TGF-B1, leads to ECM overproduction, while
reduced activity of matrix metalloproteinases
(MMPs) and increased expression of tissue
inhibitors of metalloproteinases (TIMPs) further
exacerbate collagen accumulation [48].

Therapies targeting TGF-B signaling (e.g.,
pirfenidone, tamoxifen), enhancing MMP activity,
or downregulating fibroblast activation offer
promise in reversing established fibrosis.
Antifibrotic agents such as pentoxifylline,
metformin, and IFN-y have shown potential to

restore the MMP/TIMP balance, inhibit collagen
cross-linking, and promote matrix remodeling.
NAC may further assist by reducing cross-linked
collagen via redox modulation.

Angiogenesis and vascularity improvement

Reduced vascularity is a distinguishing feature
of advanced OSMF and is thought to result
from obliterative endarteritis and fibrosis-induced
ischemia. This leads to epithelial atrophy,
hypoxia, and poor drug delivery to fibrotic tissues.
Restoration of vascularity and enhancement of
angiogenesis are therefore crucial for tissue
regeneration and reversal of mucosal atrophy.

Agents like pentoxifylline improve microcirculation
and erythrocyte deformability, while herbal
extracts such as Aloe vera and Centella asiatica
are reported to possess angiogenic properties.
Additionally, vasodilators and agents promoting
nitric oxide (NO) production could improve tissue
perfusion and facilitate healing. Platelet-rich
plasma (PRP) therapy has also been explored for
its angiogenic and regenerative properties.

Oxidative stress reduction

Oxidative stress is a central pathogenic factor in
OSMF. Arecoline, a major alkaloid in areca nut,
induces the generation of reactive oxygen species
(ROS), which damage cellular components
and initiate fibroblast activation and TGF-p
expression. ROS also directly promote collagen
cross-linking and matrix stiffening, further
contributing to fibrosis. Antioxidant therapy aims
to neutralize free radicals, restore redox homeostasis,
and prevent further fibroblast activation. Agents
like N-acetylcysteine (NAC), lycopene, curcumin,
green tea polyphenols, and alpha-lipoic acid are
well-studied for their ROS-scavenging properties.
Clinical trials have shown that antioxidant therapy
can alleviate symptoms like burning sensation and
improve mouth opening when used as adjuncts to
anti-fibrotic agents.

Challenges and future directions in the
management of OSMF

Despite significant advancements in understanding
the pathogenesis of oral submucous fibrosis
(OSMF) and identifying potential therapeutic
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targets, the clinical translation of these insights
remains limited. Several obstacles hinder the
establishment of standardized, effective, and
universally accepted treatment strategies. To
overcome the limitations of current OSMF
management, a shift toward evidence-based,
safety-optimized, and patient-specific strategies
is essential. Future directions should emphasize
large-scale trials, dose optimization, ethical
frameworks for drug repurposing, and the
development of personalized treatment approaches
using modern tools like genomics and molecular
diagnostics. Addressing these challenges will
pave the way toward more effective, accessible,

and sustainable therapies for this debilitating
condition.

Drug repurposing success in other diseases

Drug repurposing has significantly impacted
modern therapeutics, offering faster, safer, and
more cost-effective options than de novo drug
development. Several agents originally developed
for unrelated indications have been successfully
repositioned based on shared pathophysiological
pathways, pharmacological targets, or serendipitous
clinical observations (Table 1). These examples
demonstrate the feasibility of translating approved

Table 1. Selected successful examples of drug repurposing in clinical practice.

Original Repurposed Mechanism in Key
Drug s e . s .
indication indication new use reference
. . Erectile dysfunction; o
. Angina pectoris . PDE-5 inhibition — 1
Sildenafil (failed) Pulmonary aﬁenal NO-mediated vasodilation [49,50]
hypertension
Morning sickness Multiple myeloma; s
Thalidomide (withdrawn due to Erythema nodosum TNF-(.X 1nh1b1t10n, [51,52]
.. anti-angiogenic effects
teratogenicity) leprosum
Potassium channel opening
Minoxidil Antihypertensive Androgenetic alopecia — 1 hair follicle blood [53]
flow
. o Cancer :
Azidothymidine Reverse transcriptase
(AZT) chemotherapy HIV/AIDS treatment inhibition [54]
research
Oncology Rheumatoid arthritis; D1hydrp fo.la.tet reductase
Methotrexate ; . inhibition; [55]
(leukemia) Psoriasis . .
immunosuppressive
.. Analgesic/anti- Cardiovascular COX inhibition — |
Aspirin . . . [56]
inflammatory prophylaxis platelet aggregation
Dopamine/norepinephrine
Bupropion Antidepressant Smoking cessation regpta}( © inhibition; [57]
nicotinic receptor
antagonism
. B-adrenergic blockade — |
Hypertension, . . . .
Propranolol . Infantile hemangioma angiogenesis and [58]
arrhythmias -
vasoconstriction
. Non-Hodgkin Rheumatoid arthritis; Antl_.CDZO monoclonal
Rituximab ) . . antibody — B-cell [59]
ymphoma Multiple sclerosis .
depletion
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drugs to new disease contexts, thereby supporting
similar strategies in OSMF management.

CONCLUSION

Oral submucous fibrosis (OSMF) remains a
challenging condition with significant functional,
aesthetic, and malignant potential concerns.
Although current therapies offer symptomatic
relief, they fail to consistently reverse fibrosis or
prevent malignant transformation. Drug repurposing
presents a promising avenue, leveraging established
safety profiles and mechanistic overlap with
other fibrotic diseases to accelerate therapeutic
development. The potential benefits of agents
such as pirfenidone, pentoxifylline, metformin,

losartan, colchicine, tamoxifen, NAC, and
interferon-y highlight the need for more rigorous
clinical evaluation. Future research should

prioritize large-scale, multicentric randomized
controlled trials, explore optimized dosage regimens,
and integrate molecular diagnostics for a personalized
medicine approach. By bridging experimental
insights with translational applications, there is
genuine hope for developing effective, accessible,
and sustainable treatment strategies for OSMF.

ACKNOWLEDGMENTS

The authors are grateful to Ch. V. Purushotham
Reddy, honorable chancellor of Chaitanya
Deemed to be University for providing the
opportunity to pursue Ph.D. in the esteemed
organization. The authors are grateful to
Dr. Prof. G. Kumaraswamy Sir, BOS Chairman
and HOD of Department of Pharmacy, for
providing instrument facility.

AVAILABILITY OF SUPPORTING DATA
Not applicable.

FUNDING STATEMENT

This review received no external funding.

CONFLICT OF INTEREST STATEMENT

The authors declare no conflict of interest.

REFERENCES

1.  Ahmad, M., Ali, S., Ali, A. and Chaubey, K.
2006, J. Indian Soc. Pedod. Prev. Dent., 24,
84.

2.

10.

11.

12.

13.

14.

15.

More, C. B., Das, S., Patel, H., Adalja, C.,
Kamatchi, V. and Venkatesh, R. 2012, Oral
Oncol., 48,200-202.

Arora, S. and Squier, C. 2019, Perspect
Public Health, 139, 44-48.

Samarakoon, R., Overstreet, J. M. and
Higgins, P. J. 2013, Cell Signal., 25, 264-
268.

Biernacka, A., Dobaczewski, M. and
Frangogiannis, N. G. 2011, Growth Factors,
29, 196-202.

Huang, M., Liu, Z., Baugh, L., DeFuria, J.,
Maione, A. and Smith, A. 2019, Lab.
Invest., 99, 514-527.

Tilakaratne, W. M., Klinikowski, M. F.,
Saku, T., Peters, T. J. and Warnakulasuriya,
S. 2006, Oral Oncol., 42, 561-568.

Wynn, T. A. and Ramalingam, T. R. 2012,
Nat. Med., 18, 1028-1040.

van den Borne, S. W. M., Diez, J.,
Blankesteijn, W. M., Verjans, J., Hofstra, L.
and Narula, J. 2010, Nat. Rev. Cardiol., 7,
30-37.

Kisseleva, T., Cong, M., Paik, Y., Scholten,
D., Jiang, C., Benner, C., Iwaisako, K.,
Moore-Morris, T., Scott, B., Tsukamoto, H.,
Evans, S. M., Dillmann, W., Glass, C. K.
and Brenner, D. A. 2012, Proc. Natl. Acad.
Sci, 109, 9448-9453.

Angadi, P. V., Kale, A. D. and
Hallikerimath, S. 2011, J. Oral Pathol. Med.,
40, 208-213.

Hinz, B., Phan, S. H., Thannickal, V. ],

Galli, A., Bochaton-Piallat, M-L. and
Gabbiani, G. 2007, Am. J. Pathol., 170,
1807-1816.

Moutasim, K. A., Jenei, V., Sapienza, K.,
Marsh, D., Weinreb, P. H., Violette, S. M.,
Lewis, M. P., Marshall, J. F., Fortune, F.,
Tilakaratne, W. M., Hart, I. R. and Thomas,
G.J. 2011, J. Pathol., 223, 366-377.

Shi, M., Du, L., Liu, D., Qian, L., Hu, M.,
Yu, M. Yang, Z., Zhao, M., Chen, C., Guo,
L., Wang, L., Song, L., Ma, Y. and Guo, N.
2012, J. Pathol., 228, 148-157.

Chang, Y-C., Lin, C-W., Yu, C-C., Wang,
B-Y., Huang, Y-H., Hsieh, Y-C., Kuo, Y. L.
and Chang, W. W. 2016, Oncotarget, 7,
12137-12149.



10

Nasam Menaka et al.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Lee, Y-H., Yang, L-C., Hu, F-W., Peng, C-
Y., Yu, C-H. and Yu, C-C. 2016, J. Formos
Med. Assoc., 115, 311-317.

Chang, Y., Tsai, C., Lai, Y., Yu, C., Chi,
W., Li, J. J. and Chang, W. W. 2014, J. Cell
Mol. Med., 18, 698-708.

Aloia, A., Petrova, E., Tomiuk, S., Bissels,
U., Déas, O., Saini, M., Zickgraf, F. M.,
Wagner, S., Spaich, S., Siitterlin, M.,
Schneeweiss, A., Reitberger, M., Riiberg, S.,
Gerstmayer, B., Agorku, D., Knobel, S.,
Terranegra, A., Falleni, M., Soldati, L.,
Sprick, M. R., Trumpp, A., Judde, J. G,
Bosio, A., Cairo, S. and Hardt, O. 2015,
Breast Canc. Res., 17, 146.

More, C. B., Jatti Patil, D. and Rao N. R.
2020, J. Oral Biol. Craniofac. Res., 10, 552-
568.

Kar, 1. and Sethi, A. 2011,
Maxillofac. Surg., 2, 93.

Chen, X., Xie, H. and Guo, J. 2023, BMC
Oral Health, 23, 748.

Jones, A., Veale, B., Li, T., Aggarwal, V. R.
and Twigg, J. 2024, Cochrane Database
Syst. Rev., https://doi.org/10.1002/14651858.
CD007156.pub3

Mehta, C. H., Paliwal, S., Muttigi, M. S.,
Seetharam, R. N., Prasad, A. S. B., Nayak,
Y., Acharya, S. and Nayak, U. Y. 2023,
Inflammopharmacology, 31, 2349-2368.
Rajesh Kashyap, R. and Shanker Kashyap,
R. 2021, Oral Dis., 27, 1606-1615.
Shrihastini, V., Muthuramalingam, P.,
Adarshan, S., Sujitha, M., Chen, J-T., Shin,
H. and Ramesh, M. 2021, Cancers (Basel).
13, 6222.

Pal, S., Sharma, D. and Yadav, N. P. 2024,
Oral Dis., 30, 80-99.

Alam, S., Sarker, Md. M. R., Sultana, T. N.,
Chowdhury, Md. N. R., Rashid, M. A.,
Chaity, N. 1., Zhao, C., Xiao, J., Hafez, E.
E., Khan, S. A., Mohamed, I. N. 2022,
Front. Endocrinol. (Lausanne), 13, 800714.
Virant-Klun, 1., Kenda-Suster, N. and
Smrkolj, S. 2016, J. Ovarian Res., 9, 12.
Gang, E. J., Bosnakovski, D., Figueiredo, C.
A., Visser, J. W. and Perlingeiro, R. C. R.
2007, Blood, 109, 1743-1751.

Chen, X., Xie, H. and Guo, J. 2023, BMC
Oral Health, 23, 748.

Natl. J.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Sandhu, S. and Sandhu, P. 2020, J. Integr.
Health Sci., 8, 105.

Yoithapprabhunath, T., Maheswaran, T.,
Dineshshankar, J., Anusushanth, A., Sindhuja,
P. and Sitra, G. 2013, J. Pharm. Bioallied
Sci., 5, 85.

Robertson, J. G. 2005, Biochem., 44, 5561-
5571.

Ruwanpura, S. M., Thomas, B. J. and
Bardin, P. G. 2020, Am. J. Respir. Cell Mol.
Biol., 62, 413-422.

Shesha Prasad, R. and Pai, A. 2015, Oral
Oncol., 51, el.

Leung, Y. Y., Yao Hui, L. L. and Kraus, V.
B. 2015, Semin. Arthritis Rheum., 45, 341-
350.

Terkeltaub, R. A. 2008, Semin. Arthritis
Rheum., 38, 411-419.

Zhou, G., Myers, R., Li, Y., Chen, Y., Shen,
X., Fenyk-Melody, J., Wu, M., Ventre, J.,
Doebber, T., Fujii, N., Musi, N., Hirshman,
M. F., Goodyear, L. J. and Moller, D. E.
2001, J. Clin. Invest., 108, 1167-1174.
Wang, Y., Wang, Y., Li, Y., Lu, L., Peng,
Y., Zhang, S. and Xia, A. 2020, Exp. Ther.
Med., 20, 17.

Mezzano, S. A., Ruiz-Ortega, M. and Egido,
J. 2001, Hypertension, 38, 635-638.

Brilla, C. G., Funck, R. C. and Rupp, H.
2000, Circulation, 102, 1388-1393.

Haque, M. F., Meghji, S., Nazir, R. and
Harris, M. 2001, J. Oral Pathol. Med., 30,
12-21.

Carthy, J. M., Sundqvist, A., Heldin, A., van
Dam, H., Kletsas, D., Heldin, C. H. and
Moustakas, A. 2015, J. Cell Physiol., 230,
3084-3092.

Chambers, J. C. and McGovern, K. 2005,
Palliat. Med., 19, 163-164.

Samuni, Y., Goldstein, S., Dean, O. M. and
Berk, M. 2013, Biochim. Biophys. Acta,
1830, 4117-4129.

Felton, V. M., Borok, Z. and Willis, B. C.
2009, Am. J. Physiol. Lung Cell. Mol.
Physiol., 297, L805-12.

Tilakaratne, W. M., Klinikowski, M. F.,
Saku, T., Peters, T. J. and Warnakulasuriya,
S. 2006, Oral Oncol., 42, 561-568.

Shih, Y-H., Wang, T-H., Shich, T-M. and
Tseng, Y-H. 2019, Int. J. Mol. Sci., 20,
2940.



Treatment landscape for oral submucosal fibrosis via drug repurposing 11

49.

50.

51.

52.

53.

54.

Hatzimouratidis, K. 2006, Clin. Interv.
Aging, 1,403-414.

Galié, N., Ghofrani, H. A., Torbicki, A.,
Barst, R. J., Rubin, L. J., Badesch, D. and
Fleming, T. 2005, N. Engl. J. Med., 353,
2148-2157.

Singhal, S., Mehta, J., Desikan, R., Ayers,
D., Roberson, P., Eddlemon, P., Munshi, N.,
Anaissie, E., Wilson, C., Dhodapkar, M.,
Zeddis, J. and Barlogie, B. 1999, N. Engl. J.
Med., 341, 1565-1571.

Stewart, A. K. 2014, Science, 343, 256-257.
https://doi.org/10.1126/science.1249543
Messenger, A. G. and Rundegren, J. 2004,
Br. J. Dermatol., 150, 186-194.

Fischl, M. A., Richman, D. D., Grieco, M.
H., Gottlieb, M. S., Volberding, P. A.,
Laskin, O. L., Leedom, J. M., Groopman, J.
E., Mildvan, D. and Schooley, R. T. 1987,
N. Engl. J. Med., 317, 185-191.

55.

56.

57.

58.

59.

Cronstein, B. N., Naime, D. and Ostad, E.
1993, J. Clin. Invest., 92, 2675-2682.
Patrono, C., Garcia Rodriguez, L. A,
Landolfi, R. and Baigent, C. 2005, N. Engl.
J. Med., 353, 2373-2383.

Jorenby, D. E., Leischow, S. J., Nides, M.
A., Rennard, S. 1., Johnston, J. A., Hughes,
A. R., Smith, S. S., Muramoto, M. L.,
Daughton, D. M., Doan, K., Fiore, M. C.
and Baker, T. B. 1999, N. Engl. J. Med.,
340, 685-691.

Léauté-Labréze, C., de la Roque, E. D.,
Hubiche, T., Boralevi, F., Thambo, J-B. and
Taieb, A. 2008, N. Engl. J. Med., 358, 2649-
2651.

Edwards, J. C. W., Szczepanski, L.,
Szechinski, J., Filipowicz-Sosnowska, A.,
Emery, P., Close, D. R., Stevens, R. M. and
Shaw, T. 2004, N. Engl. J. Med., 350, 2572-
2581.



