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BACKGROUND: Epidemiological data have shown an

association of areca nut chewing with oral submucous

fibrosis (OSF). Experimental evidence to confirm this has

been limited. Fibrosis-promoting activity of areca nut was

tested in an animal model.

METHOD: Buccal mucosa of a group of 20 female BALB/

c strain mice, 10–12 weeks of age, was treated twice daily

6 days per week with topical application of aqueous areca

nut extracts for 300–600 days. A control group (n ¼ 20)

was treated with 50 mM NaCl. The influence of areca nut

on the oral epithelium and connective tissue was recor-

ded semiquantitatively by light microscopy.

RESULTS: The areca nut-treated oral epithelium showed

progressive changes in epithelial thickness leading to

atrophy, increased cellularity of fibroblasts, fibrosis of

connective tissue, focal infiltration of inflammatory cells

and muscle atrophy. On killing after 600 days of treat-

ment, the scores on cellularity, inflammation and muscle

atrophy were significantly different to the control group

(P ¼ 0.03).

CONCLUSION: The study provides further evidence

that areca nut contributes to the development of OSF in

treated animals. The model has the potential to test

synergism of areca nut with other carcinogens and any

therapeutic interventions.
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Introduction

Oral submucous fibrosis (OSF) is a potentially malig-
nant disorder that primarily affects any part of the oral

cavity and sometimes the pharynx. The disease is
chronic, insidious and progressive in nature (1). This
generalized condition of the mouth eventually becomes
a debilitating disease with mucosal rigidity causing
discomfort, burning and limitation of opening of the
mouth. People with OSF carry a high risk for develop-
ment of oral cancer.

Oral submucous fibrosis is predominantly found
among the people of South Asia and is closely associ-
ated with the habit of betel-quid chewing. Several
case–control studies show evidence that areca nut, a
constituent of betel quid, is the major risk factor for
OSF. Areca nut is chewed in various forms: raw, boiled
or roasted. There are approximately 600 million people
worldwide amounting to 10–20% of the world’s popu-
lation, who use raw areca nut or in any processed form
as a chewing substance (2).

Areca nut, which is the endosperm of the fruit of
Areca catechu, has carbohydrates, fats, proteins, crude
fibre, polyphenols (flavonols and tannins), various
alkaloids and mineral matter as its major constituents
(3). Alkaloids are the most important chemical constit-
uents that produce a range of physiological effects acting
on cardiovascular and neurological systems when areca
nut is chewed. These are arecoline, arecaidine, guvacine
and guvacoline (4–6). Specific nitrosamines are also
abundant in the nut, and contribute to its mutagenic
effects (3).

It is generally observed that the onset of OSF in
humans is insidious and takes about 2–20 years to
present with symptoms. Submucosal fibrosis of different
areas of the oral mucosa leads to difficulty of opening
the mouth (trismus), while blanching of the oral mucosa
is an important clinical feature at the early stage of OSF
(7, 8).

Characteristic histological features of OSF include
atrophic epithelium, juxta-epithelial hyalinization,
collagen of different density and infiltration of inflam-
matory cells (7, 9). Although epithelial changes are
variable, almost all cases show generalized and marked
atrophy of the oral epithelium with the loss of rete
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processes. Pindborg and Sirsat (10) described four
consecutive stages, namely very early, early, moderately
advanced and advanced, in OSF by light microscopy.
There are no established animal models of OSF to

date (3). However, Huang et al. (11) claimed to have
produced a rat model of OSF in Hunan Medical
University, China and the in vivo experiments of Khrime
et al. (12) showed histopathological findings akin to
OSF induced by �pan masala’ on the rat mucosa. The
characterizations of these models are not complete and
the experimental evidence is neither convincing nor
reproducible (3).
The objective of the present study was to develop

an in vivo mouse model that features characteristics of
OSF.

Materials and methods

Ten- to twelve-week old adult female albino mice of
BALB/c strain, weighing 28–30 g each, were randomly
selected and grouped into control and test animals, each
group comprising 20 animals. These groups were further
divided into four subgroups of five animals, according
to the duration of the treatment period, namely 300,
350, 450 and 600 days. The animals were segregated and
housed in the same clean and ventilated environment of
the Animal Facility, Faculty of Medicine, University of
Peradeniya, Sri Lanka. They were provided with stand-
ard diet (CIC Feeds (pvt), Ekala, Sri Lanka) and water
ad libitum, and maintained in constant 24-h alternate
light (6.00 AM to 6.00 PM) and dark (6.00 PM to 6.00 AM)
cycles.
The aqueous areca nut extract was prepared from

fresh, mature endosperms of A. catechu by dissolving
nuts in 0.9% normal saline (50 mM NaCl) while
maintaining a constant concentration of 265 g of areca
per litre of saline throughout the experiment. A drop
(approximately 35 ll) of areca extract was applied to the
buccal mucosa of each mouse in the test groups using a
plastic transfer pipette and a similar amount of 50 mM
NaCl was applied on control mice throughout the
experimental period. After each application of areca
extract/normal saline, any drinking water was withheld
for 2 h. The treatment procedure was followed twice a
day, morning and afternoon, for 6 days per week.
At the end of each treatment period, mice were killed

with an overdose of chloroform (CHCl3); their buccal
mucosa were dissected out and immersed in ice-cold
phosphate-buffered saline (pH 7.4). The harvested
tissues were fixed in 4% parafomaldehyde at 4�C for
16–20 h and, following processing, wax embedded.
Sections (4 lm) were stained with haematoxylin and

eosin, van Gieson for collagen fibres and Masson’s
trichrome for the young collagen (13). Tissue sections
were examined by light microscopy and scored inde-
pendently and blindly (by the pathologist P.A.) for:
epithelial atrophy, connective tissue fibrosis, cellularity
(population of fibroblasts) and vascularity (population
of blood vessels), hyalinization of the connective tissue
interface, inflammation and muscle atrophy. A grading
system was introduced to semi-quantitatively assess

the histopathological changes: normal [0–1], mild [2–5]
and marked [6–10] to estimate the progression of the
disease in mouse mucosa in different test groups. Five
consecutive microscopic fields avoiding the margin of
trimmed tissues were examined for each section.

The Wilcoxon test was used to compare data obtained
from the histopathology grading of cellularity, inflam-
mation and muscle atrophy. A computer-based statisti-
cal package (MINITAB�, version 11) was used in this
analysis. P < 0.05 was regarded as statistically signifi-
cant.

Ethical permission for undertaking this study was
granted by the Committee on Research and Higher
Degrees, Faculty of Medicine, University of Peradeniya,
Sri Lanka.

Results
General observations
All mice appeared healthy during the entire experimen-
tal period with no noticeable loss of body weight in any
of the groups. At the time of final killing of the group by
600 days, the body weight of mice in the experimental
group averaged 44.5 g. ± 2.8, while the mean weight of
control mice was 49.3 g. ± 4.7.

Although clinical observations of the mouth of the
mice were restricted, towards the latter period of the
treatment, test mice showed signs of restricted mouth
opening. In the latter part of the study the insertion of
the transfer pipette into the mouths of test mice was
progressively more difficult.

Microscopic observations
Group 1 (300-day treatment)

Compared with controls (Fig. 1A) in test mice, ortho-
keratinized buccal epithelia were flattened in general
(Fig. 1B). However, some pointed and long papillary
epithelial compartments showed features akin to hyper-
trophy. Buccal epithelia were mildly inflamed and
showed intercellular oedema. Infiltration of neutrophils
within the epithelium was apparent (Fig. 3C). Inter-
papillary connective tissue compartments were broad-
ened and collagen in the lamina propria showed
noticeable changes. It was denser and less cellular
(*P ¼ 0.03) than the collagen in control animals and
showed increased thickness. The scattered fibroblasts in
the fibrous layer had plump nuclei. Neutrophils and
eosinophils were the predominant inflammatory cells.
There was a general reduction in the number of blood
vessels and this was statistically significant (*P ¼ 0.03).
Collagen in the lamina propria had extended up to the
underlying muscle layers and showed some muscle
atrophy too. However, muscle atrophy was not statis-
tically significant. Hyalinization was not prominent.

Group 2 (350-day treatment)

In comparison with the control buccal mucosa
(Fig. 1C), it was evident that the buccal mucosae of
the treated mice were thinner and atrophic (Fig. 1D).
Intercellular oedema was observed in some sections.
Connective tissue of the lamina propria was thickened
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Figure 1 Photomicrographs showing the histopathological changes of the buccal mucosa during treatment intervals 300, 350, 450 and 600 days
and from control mice at same time intervals. H&E · 20 (Bar ¼ 200 lm). (B) 300-day areca-treated buccal mucosa. Compared with the
corresponding control (A) markedly atrophic epithelium (green arrow), densely deposited oedematous collagen in the lamina propria,
inflammatory exudate (yellow arrow), atrophy of the muscles (white arrow) and less vascular connective tissue are prominent. (D) 350-day areca-
treated mucosa. Compared with the corresponding control (C) the epithelium shows marked atrophy. Densely deposited collagen is seen in the
connective tissue. Both cellularity and vascularity are reduced. (F) 450-day areca-treated buccal mucosa. Compared with the corresponding control
(E) it has an atrophic epithelium. Juxta-epithelial hyalinization is seen (arrow). Both cellularity and vascularity are considerably reduced.
(H) 600-day areca-treated buccal mucosa. Compared with the corresponding control (G) epithelial atrophy is marked. Connective tissue shows
densely deposited collagen. The obliteration of the blood vessels is shown (arrow). Chronic inflammatory cells are seen scattered in the connective
tissue. In (A), E denotes buccal epithelium, LP, lamina propria and SB, submucosa.
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with increased fibrosis. They appeared like dense bun-
dles. The papillae of this area were broad and dense.
Some areas of the connective tissue appeared like thin,
long ribbon. Inflamed areas mainly contained neutroph-
ils, lymphocytes and eosinophils. Cellularity of collagen
and vascularity in the connective tissue were noticeably
reduced. In the submucosal area muscle atrophy was
noticeable but the differences compared with controls
were not statistically significant.

Group 3 (450-day treatment)

Compared with controls (Fig. 1E) in test mice, the ortho-
keratinized epithelia of the buccal mucosa showed greatly
reduced heights of rete processes (Fig. 1E,F). Therefore,
most of the treated mucosa had an atrophic appearance.
Basal cell destruction was apparent in some cases where
subepithelial collagen was dense and acellular. Thickness
of the lamina propria had increased considerably and the
collagen showed a disordered, wavy appearance. Increase
in the density of fibrous collagen produced ribbon-like
areas in the connective tissue, devoid of any fibroblasts.
One case showed histological features of hyalinization,
just below the epithelium. Chronic inflammatory cells,
predominantly lymphocytes and eosinophils, were seen
in the subepithelial connective tissue. Cellularity had
increased to a greater extent. Blood vessels were scanty

and were surrounded by fibrous tissue. Increasing fibrous
layers enclosed the underlying submucosal muscles.
Muscle atrophy had increased in most of the cases.

Group 4 (600-day treatment)

Buccal mucosal epithelia showed atrophy and when the
rete processes were present they appeared short and
pointed. Thinning of the epithelium was prominent in
the inter-papillary epithelial compartment. Widening of
lamina propria was a significant feature of all sections
(Fig. 1G,H). Thick, dense collagen devoid of plump
fibroblasts was deposited in this area. Some tinctorial
changes in collagen were observed by van Gieson and
Masson’s trichrome stains (Fig. 2). The van Gieson’s
stain showed densely-deposited collagen stained bright
red. In contrast, the control tissues showed a webbed
appearance of fibrillar collagen. Interestingly there were
pale pinkish white amorphous areas immediately below
the epithelium, which were not stained by van Gieson.
The yellow areas stained by Masson’s trichrome were
shown corresponding to the pale pinkish areas of the
van Gieson stain. Chronic inflammatory cells, predom-
inantly lymphocytes and plasma cells, were present in
the connective tissue. Some focal infiltrations of inflam-
matory cells were notable in the subepithelial tissue.
These cells were aggregating at the apex areas of the

600 days

600 days

A B

C D

Figure 2 Photomicrographs of buccal mucosal specimens obtained from control (A, C) and areca-treated mice (B, D) highlight some tinctorial
changes observed with van Gieson and Masson’s trichrome stains, ·40 (Bar ¼ 50 lm). (B) 600-day areca treated buccal mucosa (van Gieson). In
comparison with its corresponding control (A) this photomicrograph shows highly dense collagen deposition in the connective tissue which is
stained bright red with van Gieson (yellow arrow). An amorphous area (pinkish white) is seen just below the epithelium which is not stained by van
Gieson (white arrow). (D) 600-day areca-treated buccal mucosa (Masson’s trichrome). In comparison with its corresponding control (C) this
photomicrograph shows some areas stained in green (yellow arrowhead) and yellow colours (white arrow). Yellow-stained areas are the
corresponding amorphous areas of the van Gieson stain.
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inter-papillary connective tissue compartment. In some
mice there were bizarre mitotic figures (tripolar) in the
suprabasal layers of the buccal epithelium (Fig. 3B).
Muscle atrophy was observed in the submucosal area to
a greater extent (Fig. 3A).

Table 1 shows the progressive changes recorded on
cellularity, inflammation and muscle atrophy at different
time periods of killing, illustrating a gradual increase in
severity of the changes observed.

Discussion

Epidemiological studies have established a strong causal
relationship between areca nut use and the development
of OSF (14, 15). Populations exposed to areca nut have
odds ratios ranging from 60 to 132 to develop the
disease, compared with non-users (14, 16). Evidence for
genotoxicity of areca nut has been recently revealed (3).

Mice fed aqueous extract of nuts by gavage have
shown to develop both benign and malignant tumours
of the liver, and forestomach and stomach (17, 18).
Most in vivo experiments on rat, hamster and baboons
by administration of betel quid to the oral mucosa or
cheek pouch have included tobacco in addition to nut. A
few conducted with areca nut extract or pieces reviewed
by International Agency on Research for Cancer have
looked for its carcinogenicity and the ability to produce
tumours (3). In vivo experimental data on the ability of
the areca nut extract to produce OSF are meagre. There
has not been any reproducible animal model of OSF to
the best of our knowledge. Non-availability of an
animal model of OSF limits further research into the
understanding of the pathogenesis of this disease and
furthermore, development of therapeutic agents to
control the progression of this disease (19). Therefore,
the present study was undertaken to develop an animal
model of OSF with histopathological confirmation of
the disease.

Being an insidious disease condition, OSF usually
presents late in the life of an areca nut/betel quid
chewer. The two distinct processes, ageing and matur-
ation, occur as a consequence of time and involve
qualitative and/or quantitative changes in the extracel-
lular matrix (ECM). However, cellular ageing may be
relative to the lifespan of the animal and thus the
changes in matrix composition would be a function of
time. Taking into account, the time taken for develop-
ment of OSF in humans, the treatment periods in this
study were allotted roughly to fall within the latter half
of the life span of mice. This nature, we believe, would

Table 1 Summary of cellularity, inflammation and muscle atrophy in various test groups

Parameters Animal no.

300 days 350 days 450 days 600 daysa

Median Range Median Range Median Range Median Range

Cellularity 5 2.5 2–3 3.0 2–4 3.5 3–6 3.0 2–4
Inflammation 5 4.0 1–4 2.0 1–4 2.5 1–4 3.0 3–4
Muscle atrophy 5 3.0 0–6 2.0 0–4 3.0 1–3 2.5 2–3

Grading system: normal [0–1], mild [2–5] and marked [6–10].
a600-day-treated mice compared with controls (Wilcoxon statistic 15; P ¼ 0.03).

A

B

C

Figure 3 Photomicrographs illustrating histopathological changes in
areca-treated mice (A), muscle atrophy (B), tripolar mitoses in buccal
epithelium and (C) inflammatory changes in the lamina propria (H&E
·400). (A) 450-day areca-treated mice, muscle atrophy of the buccal
mucosa showing atrophy of the striated muscles in the submucosal
layer due to the invading collagen from the lamina propria (arrow).
Muscles are surrounded by thick bundles of collagen. (B) 600-day
areca-treated mice, tri-polar mitotic figure in the buccal mucosa in the
supra basal layer of the buccal mucosal epithelium. (higher magnifi-
cation insert, bar ¼ 10 lm). (C) 300-day areca-treated mice, buccal
mucosa showing inflammatory changes. Insert juxta-epithelial con-
nective tissue area (higher magnification insert, bar ¼ 20 lm).
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provide a close representation of the human disease
condition.
The relevance of a particular animal model to a

human disease rests on its ability to parallel the
biological changes that characterize the disease in
humans (20). Microscopically it is observed that
BALB/c mice have, unlike humans, a sparsely distri-
buted lamina propria below the epithelium. This mor-
phological feature could be an added advantage,
especially in relation to OSF. As a result, at the onset
of fibrosis, the extension of collagen fibres deep into the
tissues could affect striated muscles underneath. This
phenomenon has important considerations to the mouse
model described here. The small size of the oral cavity is
a distinct drawback in monitoring clinical changes by
visual investigation.
Atrophy of the oral mucosa is commonly associated

with some conditions, which are considered precancer-
ous in the oral cavity (21). It is frequently found among
patients with micronutrient deficiencies such as iron
(22), vitamin A (23) and its derivatives. Mucosal
atrophy is a recognized feature of OSF after years of
areca nut chewing. Pindborg and Sirsat (10) reported
that in more than 90% of the cases, the oral epithelium
of the clinically affected sites is markedly atrophic. This
was confirmed by subsequent research (24–26). The
present study was able to establish the characteristic
atrophic epithelium in the buccal mucosa in all the
experimentally treated animals at all treatment periods
(Fig. 1).
The ECM is a dynamic, intricate network of macro-

molecules that plays an important role in regulating
cellular function during normal and pathological
remodelling processes, such as inflammation, tissue
repair and tumour development (27). The major com-
ponents of ECM are proteoglycans, collagens and
glycoproteins, and the structural features of these
components provide the basis for their involvement in
a variety of interactions following cellular signalling
(28). OSF has been described as a disorder of collagen
metabolism in which there is an increase in production
of highly cross-linked insoluble collagen (29). Cross
linking of collagen plays a vital role in fibrosis. Fibrosis
of the subepithelial connective tissue in OSF has been
identified as the pathognomic feature which gives rise to
limited mouth opening in humans (30, 31). It differs
from pathological fibrotic conditions such as sclero-
derma, juvenile aggressive fibromatoses and abdominal
desmoids (32). However, the nature and type of fibrosis
in OSF have not yet been morphologically character-
ized. An electron microscopical study by van Wyk et al.
(33) showed no abnormal collagen in OSF. Concerning
the type of collagen involvement in OSF, whether it
consists of specific subtypes or a mixture of collagen has
not yet been resolved (29, 33, 34). Several studies have
been carried out to elucidate the mechanisms underlying
excessive deposition of collagen in the lamina propria in
areca nut chewers who suffer from OSF (35–37). Based
on the molecular pathogenesis, examining activation
pathways of TGF-b and a, key enzyme lysyl oxidase
tilting the balance of collagen metabolism towards

fibrosis, OSF has been described as a collagen meta-
bolism disorder (38).

The present study shows fibrosis as a continuous
process occurring in the subepithelial buccal mucosal
tissues of treated mice (Fig. 1). The amorphous areas
confirmed by van Gieson and Masson’s trichrome
stains, an indication of early hyalinization, may reflect
the presence of young collagen or altered ground
substance or both (13). Hamner et al. (25) presented
similar microscopic pictures in the oral biopsies of OSF
patients. The findings confirming the excessive depos-
ition of collagen in the treated animals reported here
bear a close similarity to human OSF. It is possible that
the excessive formation of fibrous tissue may be an
attempt to repair the damage caused by irritation of
tissue following application of the areca nut extracts.
Sirsat and Pindborg (39) highlighted this situation of
coexistence of defence and reparatory process or other-
wise called �the chronic productive response’. This kind
of pathological situation is plausible with a mild irritant
acting for long period that results in a chronic inflam-
matory condition in the affected tissues. However,
application of a mild irritant such as capsaicin on rat
palates (40) and hamster buccal mucosa (25) for long
periods earlier failed to produce clinical or histological
changes consistent with that of OSF. From our model it
appears that the mild irritation caused by areca nut
could produce tissue-specific responses linked to the
chemical substances found in areca nut.

The progressive reduction in fibroblast density from
300 to 600 days of the experiment (Table 1) shows a
strong relationship that exists with atrophy and fibrosis
of the tissues. Recent in vitro tissue culture experiments
have shown that areca nut alkaloids may have cytotoxic
properties (36, 41). Thiol depletion in the fibroblasts
could be a mechanism for arecoline-induced cytotoxicity
(42). It is plausible to think that areca nut alkaloids may
be cytotoxic to fibroblasts, eventually resulting in the
reduction in cellularity. The atrophic epithelium may
have facilitated the migration of areca nut alkaloids
towards the connective tissue more readily.

Among several hypotheses that have been proposed
for the development of OSF (43), cytokines and growth
factors found in chronic inflammation are proposed to
play a prominent role in the induction and progression
of the disease (44). The group of animals killed at
300 days showed a higher inflammatory response com-
pared with longer treatment periods. The predominance
of neutrophils and eosinophils was observed, indicating
a reaction to injury by the areca nut substances in a non-
immune manner. The tissues seemingly have passed
from an acute phase of inflammation, which usually
present with a large number of neutrophil polymorphs,
and have entered a chronic phase. Neutrophils showed
strong phagocytosis and were seen infiltrating into the
overlying epithelium (Fig. 3C). It is also interesting to
note that the inflammatory cells were found as an
infiltrate at the apex of the inter-papillary connective
tissue compartment. Apparently this occurrence may
have a strong relationship to the atrophy seen at the
inter-papillary region. The inter-papillary epithelium
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being thinner would potentially allow hazardous chem-
ical substances of areca nut extract to permeate through
this narrow epithelial strip into the connective tissue,
resulting in the accumulation of neutrophils via chemo-
tactic mechanism. Areca nut extract with alkaloids and
polyphenols, being mild irritants, could also have
stimulated an allergic response as evident by the
presence of eosinophils. Infiltration of plasma cells,
observed in the latter part of the treatment period,
provides evidence for a chronic inflammatory process of
the buccal tissues evoking an immune reaction in
response to areca alkaloids.

The treated mice showed inflammatory responses akin
to human OSF during the treatment periods. The
presence of various forms of inflammatory cells suggests
the chronicity of the inflammation. Inflammation is often
correlatedwith the increase infibrosis indicating immuno-
logical influences especially by the lymphocytes. The
bizarre mitotic figures (tripolar) (Fig. 3B) found in the
suprabasal layer of the epithelium of the buccal mucosa is
evidence of cellular atypia contributing to latermalignant
transformation of OSF. Rajendran et al. (32) remarked
that the characteristic fibrosis occurring with OSF may
harbour a particular tendency to induce the overlying
epithelium to undergo neoplastic transformation.

Muscle atrophy observed in the treated animals
correlated well with the concomitant cellular changes
occurring in the tissues affected by fibrosis and atrophy.
It has been noted in human OSF that as fibrosis extends
into the submucosal layer, atrophic and degenerative
changes appear in the muscles (34). Some ultrastructural
findings by El-Labban and Canniff (45) showed that the
muscle fibres contained large pools of homogeneous
material which caused compression of the sarcomeres
along with other alterations in the cellular structure.
Electron microscopic studies of in vivo experimental
tissues and collagen subtyping of different stages of
development of fibrosis may further advance our
understanding of these reported changes.

Conclusion

The present study examined in detail the development of
an animal model for OSF based on light microscopy
findings. The in vivo model shows its consistency and
stability through all the treatment periods. We demon-
strated in this in vivo mouse model the effects of areca
nut extract on epithelial thickness leading to atrophy,
connective tissue fibrosis, progressive reduction in
fibroblasts, and inflammatory changes, all found in
human OSF. The experimental data presented further
support areca nut contributing to the causation of OSF.
The model allows further studies to test syngerism of
areca nut with other substances such as tobacco, and
examining nutritional interventions that might further
influence the progression of fibrosis.
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