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Abstract---Oral submucous fibrosis is a common pre-malignant
condition affecting the oral mucosa with more prevalence among
Indian population. Various treatment modalities have been elucidated
in order to alleviate the symptoms associated with OSMF. Currently
oral Anti-hypertensive has been proved to have beneficial result in
treating OSMF because of its anti-inflammatory, fibrinolytic,
immunomodulatory and rheologic modifying property. Several
categories of drugs have been used in the treatment of OSMF but their
effectiveness leaves much to be desired and no treatment regimen has
afforded definitive cure. While Oral administration limits the
concentration of drugs in lesional tissue and increases the potential
for side effects, the Intralesional injections are associated with
significant mechanical injury and noncompliance on the patient’s part
because of the accompanying discomfort and pain. The present study
was done to evaluate the effectiveness of oral antihypertensives in the
management of OSMF. Very few studies across world have showed
that anti-hypertensive drugs showed significant improvement in
mouth opening, reduction in burning sensation. Hence anti-
hypertensive can be a good alternative in the management of OSMF
for whom intralesional steroids or hyaluronidase are contraindicated,
for those who cannot make frequent visit and to avoid pain due to
injection. And most importantly anti-hypertensive is cost effective and
more compliant to the patient.
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Introduction

Health is multifactorial and multidimensional, influenced by various factors.
Disease is generally an individual problem and infirmity is probably a result of
genetic makeup and environmental influences. Several disorders that affect the
oral mucosal health are acquired through various lifestyle practices. Addictions
for any adverse habit merely represent man’s unbounded weakness. Such adverse
habits may follow the ladders of culture or mere addiction; which forms a
platform for disease to show its synchronous presence. In day to day clinical
practice Dentists often encounter a wide spectrum of oral mucosal alterations.
These mucosal alterations may be in the form of changes in the colour, size,
shape and texture. They range from innocuous mucosal alterations needing
simple therapeutic remedies to more interventional procedures.

Many of these lesions are caused by habit of betel nut and tobacco use. Oral
Submucous Fibrosis (OSMF) is one among them which is frequently encountered
due to betel nut chewing. Schwartz in 1952 described a condition affecting the
oral mucosa including the palate and faucial pillar, called "atrophia idiopathica
(tropica) mucosae oris" among five Indian women from Kenyal. Later the term
“Oral submucous fibrosis” was coined by S.G Joshi in 19532. It was also called by
the other names like "idiopathic scleroderma of the mouth", "idiopathic palatal
fibrosis", "juxta-epithelial fibrosis". Paymaster (1956) observed the precancerous
nature of OSMF, because of the slow onset of squamous cell carcinoma in one
third of OSMF patients3.

In 1966 Pindborg and Sirsat, defined OSMF as “an insidious, chronic disease
affecting any part of the oral cavity and sometimes the pharynx. Although
occasionally preceded by and/or associated with vesicle formation, it is always
associated with juxta-epithelial inflammatory reaction followed by fibroelastic
change of the lamina propria, with epithelial atrophy leading to stiffness of the
oral mucosa and causing trismus and inability to eat”. The disease is
predominantly seen in India among Asian countries, with a reported prevalence
ranging up to 0.4% in Indian rural population. Based on study conducted in
2002, more than 5 million people in India suffer from OSMF (0.5 % of Indian
population). OSMF is widely prevalent in all age groups and across all
socioeconomic strata in IndiaS.

Several factors play a role in the etiopathogenesis of OSMF and current evidence
suggests that arecoline in the areca nut is the key factor in initiating the disease®.
The habit of betel quid chewing is widespread throughout India and South East
Asia. And it is widely prevalent in teenagers and young adults?. Buccal mucosa,
faucial pillar, soft palate are predominantly affected. Underlying muscles and the
muscles of mastication can also be involved. The mucosa in the involved areas
gradually becomes pale followed by progressive stiffness of subepithelial tissues.
Increased incidence of malignancy is noted in OSMF patients which is around 8%
in overall affected Indian population®. Many treatment protocols have been
proposed for OSMF to alleviate the signs and symptoms which include
intralesional steroids, hyaluronidase, placentrax, immunomodulatory drugs,
immunised cow milk? colchicinel9, antioxidant, nutritional supplements,
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physiotherapy, combined medical therapy and surgical therapy with varying
degrees of benefits!!.

But none of them proved to be effective due to their own short comings. Currently
anti-hypertensive, is reported to have satisfactory result in the management of
OSMF due to their immune modulation, alteration of fibroblast physiology,
rheologic modification and antiinflammatory property. Immunologic abnormalities
have been primarily reported with OSMF which probably mediate local tissue
damage and that they appear to be the final common pathway in the pathogenesis
of OSMF. Anti hypertensive has immunomodulating effects which include
increasing leucocyte adhesion, causing neutrophil degranulation and release of
peroxides and decreasing production of tumour necrosis factor alpha!2. The
review of current literature shows that the use of Anti hypertensives in OSMF
management has not been adequately explored and research in this area is very
limited. Very few studies have been done so far, that too mainly involve subjective
evaluation like mouth opening, blanching of oral mucosa, burning sensation. The
purpose of the review is to evaluate the effectiveness of oral anti hypertensives for
the treatment of OSMF

Pathogenesis of OSMF

Different hypotheses have been put forward so far in fully elucidating the
pathogenisis of OSMF. The betel quid (BQ) chewing has been recognized as one of
the important risk factors for OSMF as supported by the various experimental
studies. The alkaloids and flavonoids from the BQ are absorbed and undergo
metabolism which are the constant source of irritation to the oral mucosa during
their contact. In addition, the fibres of areca nut also cause mechanical irritation
to the oral mucosa which facilitates the diffusion of alkaloids and flavanoids into
the subepithelial connective tissue, resulting in juxtaepithelial inflammatory cell
infiltration57. Inflammation is characterized by the presence of activated T cells,
macrophages and various chemical mediators. Persistent inflammation is crucial
for the occurrence of tissue fibrosis. Thus, it can be considered that the induction
of oral mucosal inflammation by BQ ingredients to be a critical event in the
pathogenesis. Growth factors like transforming growth factor- B (TGF-P) are
synthesized at the sites of inflammation. At the molecular level, the collagen
production and degradation are regulated by TGF-p and flavonoids present in
areca nut58

Collagen production pathway
The three main events which favours the collagen production are:
e Activation of procollagen genes
e FElevation of procollagen proteinases levels 3. Upregulation of lysyl oxidase
(LOX) activity
TGF-B activates the procollagen genes, resulting in the production of more pro-

collagen. In OSMF, there is increased cross-linking of the collagen, resulting in
increased insoluble form of collagen. The flavanoids also increase cross-linking in
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the collagen fibers. This is facilitated by increased activity and production of a key
enzyme — LOX, which result in increased collagen production®°.

Collagen degradation pathway

There are two main events regulated by TGF-Bf which decreases collagen
degradation:

e Activation of tissue inhibitor of matrix metalloproteinases gene (TIMPs).
e Activation of plasminogen activator inhibitor (PAI) gene.

TGF-B activates genes for TIMPs which inhibits the activated collagenase enzyme
that is necessary for degradation of collagen. It also activates the gene for PAI,
which is an inhibitor of plasminogen activator, results in absence of active
collagenase. The flavanoids inhibit the collagenase activity. A reduction in the
activity and levels of collagenase results in a decrease in collagen degradation®.
Lysyl oxidase (LOX) is a copper activated enzyme critical for collagen crosslinking
and organization of extracellular matrix (ECM), which has been shown to be ten
times more resistant to digestion by collagenase.

A study was conducted to compare the LOX activity of fibroblasts derived from
human normal mucosa and OSMF associated with betel nut chewing. The study
revealed that OSMF fibroblasts showed reasonably more lysyl oxidase activity
than normal mucosa fibroblasts and this was statistically significant (p Copper
also has been implicated in the pathogenesis of OSMF. Areca nut has been found
to have a high copper content and play an important role in the pathogenesis of
OSMF. The possible role of copper functioning as a mediator of fibrosis in OSMF
has been proved by the finding that raised copper levels in oral biopsies from
patients with OSMF®2. Plasminogen/plasmin system plays an important role in
maintaining the equilibrium between synthesis and degradation of extracellular
matrix (ECM). Plasminogen Activation inhibitor (PAI-1) inactivtes the plasminogen
activators resulting in a decreased production of plasmin which is required for the
degradation of ECM. Hence increased concentrations of PAI-1 leads to an
accumulation of ECM63.

OSMF is characterized by qualitative and quantitative alteration of collagen within
the subepithelial layer of oral mucosa. The degradation of collagen by fibroblast
phagocytosis is an important physiological remodeling of connective tissue. OSMF
tissues exhibited 40% reduction of collagen phagocytic cells and a 48% decrease
of fibronectin phagocytic cells as compared to normal fibroblasts. Normal
fibroblast cultures incubated with areca nut alkaloids provided a dosedependent
reduction in the proportions of phagocytic cells. Thus inhibition of fibroblast
phagocytosis by alkaloids provide a mechanism for the development of OSMF64.

A hypothesis that is commonly reported in OSMF patients is the epithelial
alteration. The epithelium is considered to be “atrophic” and therefore vulnerable
to the effects of oral carcinogens. “Atrophy” is explained to be arise as a result of
stromal changes, which include decrease in cellularity and vascularity with
resultant tissue ischemia and undergoes progressive hyalinization6’. However the
epithelium in OSMF failed to demonstrate an increased Absolute Cell Death Index
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(ACI) often seen in tissue atrophy. An alternative hypothesis was proposed which
state that hypoproliferation of epithelium was a factor which causes thinning of
surface epithelium rather than atrophy in advanced cases of OSMF®8,

Recent study with regard to vascularity in OSMF was conducted to assess the
degree of expression of nitric oxide (NO), a net vasodilator, in OSMF. The study
concluded that enhanced expression of inducible nitric oxide synthase (iNOS)
noticed in OSMF mucosa. NO has diverse properties of angiogenesis, vascular
dilatation and increased permeability of vessels. These properties are all contrary
to the concept of tissue hypoxia in OSMF and therefore the proposed “ischemic
atrophy” of the overlying epithelium. This augments the earlier contention of an
alternative explanation for thinning of the epithelium often noticed in clinically
advanced cases. The thinning may be attributed to the defective replenishment of
the desquamated epithelial cell pool probably due to decreased proliferation of the
adult stem cell.

Based on this, hypoplasia being a more reasonable concept explaining epithelial
“thinning” than that of “atrophy”. The possible genotoxic and cytotoxic effects of
NO on adult stem cells of epithelium and supporting stroma supports further
impetus to this concept69. Regulation of transglutaminase-2 (TGM-2) by arecoline
in oral fibroblasts have been found to play a major role in stabilizing the ECM
proteins by cross-linking and making them highly resistant to protease
degradation. This results in the accumulation of ECM, leading to fibrosis in OSMF
cases. The expression of TGM-2 was studied in OSMF tissues by real-time RT-
PCR analysis, and significant over expression was observed in most OSMF tissues
(p=0.0112) compared with normal tissues7°.

Currently the pathogenesis of OSMF have focused on heme oxygenase-1 (HO-I)
expression in fibrosis. HO-I, a microsomal enzyme, responsible for maintaining
the cellular homeostasis. It plays an important protective role in the tissues due
to reducing oxidative injury and attenuating inflammatory response. HO-I is
consistently and dramatically upregulated in a variety of fibrotic diseases, such as
benign  prostatic hyperplasia and cystic fibrosis of lung. OSMF
demonstratedsignificantly higher HO-I mRNA expression than normal buccal
mucosa on immnuhistochemistry. Arecoline was also found to elevate HO-I mRNA
expression in a dose-dependent manner?!. As OSMF produces changes localized
to oral cavity, it has been put forth that saliva may have a role in the
pathogenesis of OSMF. Saliva of OSMF patients have shown increased pH,
increase in salivary amylase, increase in alkaline phosphatase and potassium,
low level of calcium and normal level of salivary immunoglobulin.

Formation of coagulum was observed in greater number of cases as the severity of
the disease increased. It is thus postulated that the mechanical trauma due to
chewing of betel nut, tobacco and chemical burns from slaked lime result in
microhaemorrhage. The factor responsible for coagulum in saliva precipitates the
increased laying down of fibroblast’2. Increase in immunoglobulin levels is
typically associated with three main chronic disease classes: those affecting the
liver, collagen and chronic infections. The severity of OSMF was directly
proportional to the estimated elevated levels of the major immunoglobulins IgG
and IgA7s.
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Anti hypertensives in OSMF
Mechanism of action

Anti hypertensive drugs has potent rheologic modifying effects. Anti hypertensives
and its metabolites blocks red cell aggregation, lower blood viscosity, inhibits
microvascular constriction, and stimulates fibrinolysis. It also has significant
anti-inflammatory, antifibrotic and immunomodulatory effects?4+.

Effect on blood viscosity and flow

e Increased red cell deformability and aggregation

e Decreased circulating plasma fibrinogen

e Decreased vasoconstriction. Immunologic effects

e Increased leukocyte deformability

e Decreased leukocyte adhesion and aggregation

e Decreased neutrophil superoxide release and degranulation

e Decreased neutrophil priming by platelet activating factor

e Increased leukocyte chemotaxis

e Decreased monocyte TNF-a production

e Decreased leukocyte response IL-1 production

e Decreased natural killer cell activity Effect on coagulation and fibrosis

e Decreased platelet adhesion and aggregation

e Increased tissue plasminogen activator and plasmin Increased antithrombin
III

e Decreased a2- Antiplasmin and al - Antitrypsin Effect on wound healing

and connective tissue

Increased fibroblast collagenases

Decreased fibroblast collagen and fibronectin

Decreased fibroblast glycosaminoglycans

Decreased fibroblast response to TNF-a Anti hypertensive improves

membrane deformability by increasing the amount of membrane ATP.

It also alters red blood cell membrane protein phosphorylation patterns, increase
protein kinase activity and decrease Ca2+ dependent K+ efflux”5. The mechanism
of action of Anti hypertensives in increasing polymorphonuclear cell chemotaxis is
multifactorial. Anti hypertensives causes a dose dependent increase in cyclic
adenosine monophosphate (cAMP) in polymorphonuclear cells. Cytoskeletal
interactions are important in neutrophil adhesion, chemotaxis, phagocytosis and
superoxide production. Anti hypertensives may act as an adenosine analogue,
modulating cytoskeletal interactions. Anti hypertensive inhibition of lymphocyte
activation also involves a cAMP dependent pathway76.

The effect of Anti hypertensives on decreased platelet aggregation can be
explained on the basis of blocking of phosphodiesterase conversion of cAMP to
AMP. Anti hypertensives stimulates vascular endothelium to release prostacyclin ,
which further inhibits platelet adhesion and aggregation.116 TNF-a has been
implicated in disseminated intravascular coagulation by stimulating endothelial
production of procoagulant tissue factor and decreasing endothelial
thrombomodulin resulting in decreased protein C activation?”. Some of the
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beneficial effects observed with Anti hypertensive therapy for hypercoaguable
states may be related to its anti-TNFa effects. The results of experimental studies
have shown that fibroblasts cultured in the presence of Anti hypertensive
produced twice as much collagenase activity and decreased amounts of collagen,
glycosaminoglycans and fibronectin. Interleukin-1 induced fibroblast proliferation
is also inhibited by Anti hypertensives?s.

Pharmacokinetics

Anti hypertensives is administered through oral and intravenous routes. The drug
is almost completely absorbed after oral administration. It undergoes a first-pass
metabolism and the various metabolites appear in plasma very soon after
absorption. Intestinal absorption is rapid, with peak plasma concentrations
obtained at 3.2 hours. The drug is metabolized by red blood cells and the liver,
with an elimination half-life of 3.4 hours. There is extensive enterohepatic
circulation. More than 90% of absorbed Anti hypertensives is excreted in urine in
the form of six metabolic products. Anti hypertensive and a seventh metabolite
are not excreted in the urine of humans which have more pronounced physiologic
effects than the primary drug?.

Dosage

The recommended adult dosage of oral Anti hypertensives is 400mg thrice daily
with meals. Doses as high as 2200mg daily have been well tolerated in patients
with severe peripheral vascular disease. Duration of 3 to 12 months may be
required for noticeable improvement in fibrotic skin disorders or other fibrosisso .
Intravenous Anti hypertensive is also available. Slow intravenous infusion
beginning with 100mg/day is recommended with a daily increase in increments of
50 mg. Although the maximum recommended adult dose is 300mg/day, doses as
high as 600g twice a day have been used successfully to treat gangrenous arterial
occlusive disease8l.

Preparations commonly available

Anti hypertensives being a FDA approved drug and is currently used for various
disorders in the medical field without significant complications.
Vasoocclusive disorders:

Peripheral vascular disease

Cerebral vascular disease

Diabetic vascular disease

Polycythemia vera

Ischemic heart disease

Chronic renal insufficiency Hypercoagulable states
Post operative thrombotic complications

Transient ischemic attacks ADVERSE EFFECTS 82

Most side effects caused by Anti hypertensives involve the gastrointestinal tract
and central nervous system. Nausea, vomiting, indigestion, gastric irritation,
headache, dizziness are the commonly reported side effects.
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Drug interactions

Patient on oral anticoagulant are at higher risk of prothrombin time elevations
when combining with Anti hypertensive. Hence patients on warfarin should have
more frequent monitoring of prothrombin time. Patients with other risk factors
like hemorrhage (e.g.,recent surgery, peptic ulceration) should have periodic
examinations for bleeding including hematocrit and/or hemoglobin. Combination
of Anti hypertensive and theophylline should be avoided which leads to increased
serum theophylline levels and toxicity in some individuals83. Anti hypertensive
has been used concurrently with antihypertensive drugs, beta blockers, digitalis,
diuretics, antidiabetic agents, and antiarrhythmics, without observed problems.
Small decrease in blood pressure has been observed in some patients treated with
Anti hypertensive, periodic systemic blood pressure monitoring is recommended
for patients receiving concomitant antihypertensive therapy. If indicated, dosage
of antihypertensive agents should be reduced.

Contraindication

Anti hypertensives should not be used in patients with recent cerebral or retinal
hemorrhage or in patients who have previously exhibited intolerance to the drug
or other methylxanthines such as caffeine, theophylline and theobromine.

Anti hypertensives and OSMF

Anti hypertensives with potent hemorrheologic properties has been proved to be
effective in treating intermittent claudication®4. It was therefore convicted that it
might also be effective in treating OSMF which having mucosal ischemia and
epithelial atrophy. The submucosal fibrosis, which is the hallmark of this
disorder, is considered to be the result of a defective inflammatory reparative
response resulting in fibrotic healing®>. The anti-inflammatory and
immunomodulatory actions of Anti hypertensives seems to have definite
therapeutic implication in the management of OSMF. As OSMF is a chronic
inflammatory disease, control of the inflammation or the factors influencing the
inflammatory changes should form the basis of definitive management.

Anti hypertensives has the ability to decrease the production of tumour necrosis
factor alpha (TNF-a), an important mediator of the inflammatory processs6.
Primary immunologic abnormalities have also been reported in OSMF which
probably mediate local tissue damage. The immune-modulating actions of Anti
hypertensive include decreased leukocyte adhesion, aggregation and
degranulation, decreased superoxide release and decreased natural killer cell
activity8’. OSMF is considered to be a collagen metabolic disorder with abnormal
accumulation of collagen in subepithelial layers. An increased production and a
reduced degradation of the type I collagen have been observed in OSMF.
Collagenases are the only proteinases which specifically cleave triple helical
collagen at neutral pH.

A reduced content of functional collagenase observed in OSMF might be one of
the mechanisms responsible for this collagen accumulation. Fibroblasts cultured
in the presence of Anti hypertensive produce twice as much collagenase activity
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and decreased amount of collagen, glycosaminoglycans and fibronectins®s.
Cytokines play an important role in regulating fibroblast function, such as
proliferation, migration and matrix synthesis, hence it is likely to play a key role
in regulating the initiation and progression of any fibrotic disease. Both
interleukin-1 (IL-1) and tumour necrosis factor alpha (TNF-a) stimulate fibroblast
proliferation in vitro and intradermal injections of TNF-a stimulate the
accumulation of fibroblasts and collagen.

Similarly, both IL-6 and IL-8 have been implicated in the development of fibrosis.
Studies conducted in OSMF ‘“patients have shown increased levels of
proinflammatory cytokines: IL-1, IL-6, IL-8 and TNF-a and reduced anti-fibrotic
cytokine interferon gamma (IFN-y) which may be central to the pathogenesis of
OSMF. Interleukin -1 induced fibroblast proliferation was inhibited by Anti
hypertensive. In addition, Anti hypertensives blocked the TNF-a induced
synthesis of fibroblast collagen, glycosaminoglycans and collagenolytic activitys°.
A randomized clinical trial was conducted to determine the effects of Anti
hypertensives on the clinical and pathological course of OSMF. The results
showed highly significant improvement in mouth opening (p=0.000), tongue
protrusion (p=0.002), relief from perioral and buccal mucosal fibrotic bands
(p=0.000), burning sensation of mouth (p=0.0005), tinnitus (p=0.00004), difficulty
in swallowing (p=0.00007) and speech (p=0.000) in all the test subjects. Adverse
effects reported were mild gastritis and gastric irritation, peripheral flushing that
could be managed easily. The study concluded that Anti hypertensives is an
effective adjunct therapy in the routine management of OSMF 43.

Conclusion

‘The future directions in the management of OSMF should thus include
development of treatment regimens that combine different drugs or wuses
sequential therapy. Though the evidence showed significant improvement on
using Anti hypertensives in OSMF, additional studies are required to further
establish the role of Anti hypertensive in observed therapeutic effects. Quality
randomized, controlled trials and increasing the global awareness of the disease
for greater inflow of research data and research on possible treatment approaches
is the need of the hour. Lastly, OSMF is a preventable disease; simple public
health awareness of the harmful effects of chewing areca and other products
could go a long way in combating this debilitating disease.
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