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Effects of arecoline, safrole, and nicotine on collagen
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BACKGROUND: Oral submucous fibrosis (OSF) is asso-
ciated with the betel quid chewing habit, and 86% of betel
quid chewers in Taiwan are also smokers. Arecoline
and safrole are major principles in the composition of
betel quid, and nicotine is the main toxic ingredient of
cigarettes.

METHODS: To explore the pathogenesis of OSF, flow
cytometry was used to compare collagen phagocytosis by
fibroblasts from the normal and the OSF region of the
same |5 OSF patients.

RESULTS: The results indicated that heterogeneity of
fibroblasts existed because collagen phagocytosis by
fibroblasts from the normal region was higher than from
the OSF region in the same patient. The percentage of
phagocytic cells was significantly inhibited by 10, 25 and
50 pg/ml arecoline, safrole and nicotine in normal fibro-
blast cultures, respectively, and the percentage of
phagocytic cells was significantly reduced by 25, 25 and
50 pg/ml arecoline, safrole and nicotine in OSF fibroblast
cultures, respectively. Collagen phagocytosis by fibro-
blasts exhibited prominent dose-dependent inhibition
as the concentration of arecoline, safrole, and nicotine
increased. Besides, nicotine had a synergistic effect on
arecoline- or safrole-inhibited collagen phagocytosis.
CONCLUSIONS: The present study concludes that even
in the same person, the collagen phagocytosis by fibro-
blasts is different between normal and OSF region. The
deficiency in collagen phagocytosis by fibroblasts of the
lesion might participate in the pathogenesis of OSF.
Arecoline, safrole and nicotine, which are released in
saliva during BQ chewing plus cigarette smoking, inhibit
collagen phagocytosis by fibroblasts in a dose-dependent
manner and may induce OSF formation in Taiwan’s
patients.

J Oral Pathol Med (2004) 33: 581-7

Correspondence: Yi-Hsin Yang, Graduate Institute of Oral Health
Sciences, Kaohsiung Medical University, No. 100, Shih-Chuan
Ist Road, Kaohsiung, Taiwan. Tel: +886-7-312-1101 (ext) 2271,
Fax: +886-7-322-3870. E-mail: tiyush@kmu.edu.tw

Accepted for publication January 26, 2004

Keywords: arecoline; fibroblast; nicotine; oral submucous fibro-
sis; phagocytosis; safrole

Introduction

Oral submucous fibrosis (OSF) is an insidious disease
and a chronic inflammatory lesion characterized by
deposition of fibrous contents in the submucous layer of
oral connective tissues that leads to restriction of mouth
opening and increasing difficulty in phonation, masti-
cation and swallowing (1). It results from an increased
collagen synthesis (2), and a decreased collagenase
activity (3). Collagen is degraded via the intracellular
phagocytosis route (4) and by the extracellular collag-
enase-dependent route (5). Phagocytosis of collagen is
considered to be a major pathway of collagen digestion
(6). OSF is an oral premalignant condition (7), which is
associated with the betel quid chewing habit (8). Betel
quid is a mixture of natural substances whose contents
vary in different areas. In Taiwan, there are more than
2 million people who are in the habit of chewing betel
quid, and most of them are smokers and/or drinkers (9).
They consume betel quid by putting the inflorescence of
Piper betle Linn. between two halves of unripe areca
fruit with a lime dressing or wrapping a raw areca fruit
and a lime paste with a piece of betel leaf (9).
Epidemiologic studies revealed that the incidence rate
of oral mucosa lesions varied with different composi-
tions of betel quid, which varied with geography (10).
Many studies have been concerned about the effects
of the components of betel quid on the oral mucosa.
Arecoline is a main alkaloid of areca nut, which may
inhibit fibroblast proliferation and collagen synthesis
(11). Fibroblasts metabolize arecoline to arecaidine,
which may enhance fibroblast proliferation (12). Safrole
is the major ingredient of inflorescence of P. betle Linn.,
which is known as a rodent hepatocarcinogen (13).
It forms stable safrole-DNA adducts in human oral
tissue and may be associated with oral carcinogenesis
(14). Besides, cigarette smoking is a risk factor in
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carcinogenesis, and nicotine is a major constitute in
cigarettes. Nicotine may inhibit the proliferation,
attachment and migration of human periodontal liga-
ment fibroblasts (15), and may be synergistic to the
effects of arecoline-induced cytotoxicity (16).

Our previous study demonstrated that the ability of
collagen phagocytosis by fibroblasts was different
between healthy and OSF patients (17). The present
study focused on the collagen phagocytosis by fibro-
blasts of normal region and OSF lesion from the same
patient. We used paired samples from the same patients
to avoid interferences such as age, gender, race, betel
quid chewing, alcohol drinking, and cigarette smoking.
Furthermore, the previous study discussed the effects of
arecoline and arecaidine, contents of betel nut, on the
collagen phagocytosis by fibroblasts (17). This study
elucidated the effects of arecoline, safrole and nicotine
on the phagocytic activity of cultured human oral
fibroblasts that were more coincident with the betel quid
chewing habits plus cigarette smoking in Taiwan.

Materials and methods

Fibroblast cultures

Fifteen OSF patients aged between 41 and 63 years old
were selected from the Department of Oral and Maxil-
lofacial Surgery of Chung-Ho Memorial Hospital,
Kaoshiung Medical University and consented to parti-
cipate in this study. All participants were male and had
chewed betel quid and smoked cigarettes for more than
10 years. One OSF lesion and one normal mucosa (NM)
were taken from each patient, and oral pathologists
confirmed all tissues. The tissue specimens were minced
and washed several times with Dulbecco’s phosphate-
buffer saline (PBS, Gibco, BRL Life Technologies,
Grand Island, NY, USA). Minced tissues were seeded
into 35 mm Petri dishes and cultured in Dulbecco’s
modification of Eagle’s minimum essential medium
(DMEM; Gibco) supplemented with 10% fetal calf
serum (FCS, Gibco), 100 U/ml penicillin, 100 pg/ml
streptomycin and 0.25 pg/ml fungizone (Gibco). Cul-
tures were maintained at 37°C in a humidified atmo-
sphere of 5% CO, and 95% air. The outgrown cells were
detached with trypsin-ethylenediaminetetraacetic acid
(Trypsin—-EDTA, Gibco) and were subcultured at T-25
flask (Falcon; Becton Dickinson, Lincoln Park, NY,
USA). The early passage fibroblasts were certified with
the monoclonal antibodies of antifactor VIII (Dako-
patts, Glostrup, Denmark), anticytokeratin (ZYMED
Laboratory, San Francisco, CA, USA) and antivimentin
(Sigma, St Louis, MO, USA) as described previously
(17). The human skin epithelial cells (BCC-1/KMC) and
human endothelial cells (HUV-EC-C) were used as
negative controls, whereas the human gingival fibro-
blasts (HGF-1) were used as positive controls. The cells
were cultured for 24 h before harvesting. The slides were
fixed for 5 min at room temperature in methanol-acetic
acid (3:1), washed three times in PBS, and subsequently
permeabilized by treatment with acetone at 4°C. After
brief drying, cells were layered with 10 ul of diluted
antiserum and incubated in a humidified box for 20 min
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at 37°C. After washing three times in PBS, slides were
mounted on coverslips with buffered glycerol and
screened for fluorescence using a Nikon Fluophot
(Nikon, Tokyo, Japan) with epi-illumination (18).
Fibroblasts of sixth to eighth passages were used in
the phagocytic assay.

Bead preparation

Fluorescent latex beads (2.0 um, Polysciences, Warring-
ton, PA, USA) were used in this study for the measure-
ment of phagocytic activity. The method of collagen-
coated beads preparation was described by Knowels
(19). Briefly, 5.7 x 10° beads was put in 1 ml of soluble
calf skin collagen (3 mg/ml collagen S, collagen type I;
Boehringer Mannheim, Mannheim, Germany) for
30 min at room temperature and then neutralized with
0.1 M NaOH in PBS for 10 min at 37°C. For analysis of
non-specific phagocytosis by starved fibroblasts, bovine
serum albumin (BSA) coated beads were prepared by
incubating beads with 1 ml of 1% (w/v) BSA (Sigma) in
PBS for 30 min at room temperature. Following these
procedures, the beads were centrifuged at 5000 g, the
supernatant was removed, and the beads were then
resuspended in PBS and sonicated for 15 s to disperse
the bead aggregates.

Analysis of phagocytosis

Fibroblasts from 15 paired samples were starved for
48 h by the replacement of normal growth medium with
serum-free DMEM medium after being washed twice
with PBS washing. The procedure of serum deprivation
increased the proportion of phagocytic cells (20). Cells
were incubated with collagen-coated fluorescent beads
in T-25 flask at a bead/cell ratio of 4:1 for 3 h at 37°C.
Fibroblasts were detached with 0.01% trypsin (Gibco)
for 10 min at 37°C to eliminate surface-bound but not
internalized beads (20), and neutralized with growth
medium. The cell suspension was transferred to a
polystyrene tube and centrifuged at 200 g for 5 min.
The supernatant was removed and the pellet was fixed
with 80% ethanol for 30 min at 4°C. The suspension
was centrifuged at 60 g for 5 min and resuspended with
1 ml PBS. The phagocytic activity of fibroblasts were
analyzed by a FACScan flow cytometer (Becton Dick-
inson Immunocytometry Systems) using 488 nm laser
excitation and measuring emission with 530 nm band
pass filter to detect the beads’ fluorescence. The analysis
was processed by assessing 10 000 cells for each sample.
Data presented with the percentage of phagocytosis by
the cell numbers with internalized beads + total cell
numbers.

Viability assay

The NM and the OSF fibroblasts from six OSF patients
were included in this assay. The 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyl-tetrazolium bromide (MTT) cell pro-
liferation kit (Boehringer Mannheim) was used as the
manufacturer described to access the fibroblasts viabil-
ity. Arecoline (Sigma) and nicotine (Sigma) were diluted
in DMEM medium at final concentrations of 5, 10,
25, 50, 75, 100, and 200 pg/ml. Safrole (Sigma) was



dissolved with dimethyl sulfoxide (DMSO) and then
diluted with DMEM medium at final concentrations of
5, 10, 25, 50, 75, 100, and 200 pg/ml with 1% (v/v)
DMSO in all culture media. Co-treatment of different
concentrations (5-200 pg/ml) of arecoline or safrole
with 25 pg/ml nicotine were diluted with medium or 1%
(v/v) DMSO in medium, respectively. Control groups
for arecoline, nicotine and arecoline/nicotine contained
only medium, whereas the control groups for safrole
and safrole/nicotine were medium with 1% (v/v)
DMSO. Fibroblasts were plated at 10* cells in 96-well
plates and left overnight to attach. The culture medium
was changed to medium containing treated compounds
and supplemented with 2% FCS, and fibroblasts were
cultured for 24 h. MTT labeling reagent (final concen-
tration 0.5 mg/ml) was added to individual seeded wells
for 4 h, then solubilization solution [10% sodium
dodecyl sulfate (SDS) in 0.01 M HCI] was added to
each well for 24 h. MTT was selectively taken up by
living cells and converted to purple formazan crystals,
which were measured spectrophotometrically in a
microplate reader (SLT 400ATC EIA reader, SLT
Labinstruments, Salzburg, Austria) with a test wave-
length of 550 nm and a reference wavelength of 690 nm.

Effect of arecoline, safrole or nicotine

on collagen phagocytosis

The effects of arecoline, safrole, nicotine, arecoline/
nicotine, and safrole/nicotine on collagen phagocytosis
by fibroblasts were evaluated by flow cytometry ana-
lysis. There were six pairs of NM and OSF fibroblasts
included in this assay. Fibroblasts were cultured in
DMEM medium supplemented with 2% FCS and 0, 5,
10, 25, and 50 pg/ml arecoline, safrole and nicotine,
and these concentrations of arecoline or safrole were
co-treated with 25 pg/ml nicotine for 24 h. Fibroblasts
were starved for 48 h before manipulation for phago-
cytosis analysis.

Statistical analysis

All experiments were performed three times. Mean values
and SD were calculated for phagocytic percentage of each
sample. Wilcoxon’s signed rank test was used to compare
significant differences between all paired samples.

Results

After incubation with collagen-coated beads, phagocytic
fibroblasts derived from normal (NM) regions and OSF
regions exhibited significant differences as shown in
Fig. 1. Fibroblasts from NM regions contained more
cells with better ability to internalize beads than those
from OSF regions. Figure 2 revealed that fibroblasts from
NM presented higher phagocytic activity (72.8 £ 5.1%)
than fibroblasts from OSF sites (40.0 £ 4.3%). When
cells were incubated with BSA-coated beads to assess
non-specific phagocytosis, fibroblasts derived from NM
and OSF regions showed only 9.8% and 9.6% of cells
with internalized beads, respectively (Fig. 2).

Table 1 depicted that there were no significant differ-
ences in proliferation rate between OSF and NM
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Figure 1 Flow cytograph of collagen phagocytosis by fibroblasts
from normal and oral submucous fibrosis (OSF) regions of the same 15
patients. (a) Pattern of collagen phagocytosis in normal regions.
(b) Pattern of collagen phagocytosis in OSF regions. The percentage of
phagocytic cells in normal regions was higher than in OSF regions, and
fibroblasts from normal regions contained more cells with higher
ability to internalize beads than those from OSF regions.

fibroblasts at the same concentration of arecoline, saf-
role, and nicotine. At concentrations above 50 pg/ml,
arecoline significantly inhibited the proliferation of
fibroblasts from both sites (P < 0.05). Safrole at
concentrations of 50-200 pg/ml inhibited NM and
OSF fibroblast proliferation in a dose-dependent man-
ner (P < 0.05). Nicotine at concentrations more than
100 pg/ml inhibited NM and OSF fibroblast growth by
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Figure 2 Comparison of collagen-coated and bovine serum albumin
(BSA)-coated beads phagocytosis by fibroblasts from normal and oral
submucous fibrosis (OSF) regions of the same 15 patients. The values
represented mean + SD of 15 samples. The percentage of collagen-
coated beads phagocytic cells in normal regions was higher than in
OSF regions, and the percentage of BSA-coated beads phagocytic cells
was not significantly different between normal and OSF regions.

Table 1 Cell viability of NM and OSF fibroblasts from the same
patients by arecoline, safrole and nicotine treatments

Normal fibroblasts (% ) OSF fibroblasts (%)

Arecoline
5 pg/ml 100.9 £+ 2.0 100.6 = 1.4
10 pg/ml 102.7 + 3.8 105.1 + 5.6
25 pg/ml 94.6 + 4.2 95.5 + 4.0
50 pg/ml 80.6 + 4.8* 78.1 £ 3.1*
75 pg/ml 66.3 £ 3.4* 65.8 + 3.0%*
100 pg/ml 53.7 + 3.6* 51.3 £ 1.4*
200 pg/ml 32.1 & 1.2% 31.6 + 1.5%

Safrole
5 pg/ml 99.9 +£ 0.2 100.0 + 0.3
10 pg/ml 98.1 £ 2.5 98.6 = 2.3
25 pg/ml 953 + 4.1 95.0 + 4.3
50 pg/ml 82.0 + 3.4* 78.4 + 1.5%
75 pg/ml 69.1 + 5.4* 66.9 + 3.9%
100 pg/ml 58.0 + 2.4* 554 + 5.1*
200 pg/ml 32.3 + 1.6* 30.6 £ 3.2%

Nicotine
5 pg/ml 99.3 £ 1.0 99.4 + 0.7
10 pg/ml 99.0 £ 1.1 98.2 =+ 1.9
25 pg/ml 989 + 14 99.7 + 0.7
50 pg/ml 97.7 £ 1.8 97.8 £ 3.1
75 pg/ml 949 + 3.9 94.7 + 4.2
100 pg/ml 86.6 + 1.4* 86.3 + 3.3%
200 pg/ml 75.9 + 3.7* 76.1 + 4.6*

Values represented percentage of treated group/control group
(mean + SD of six samples). Control groups for arecoline and nico-
tine contained only medium, whereas the control groups for safrole
was medium with 1% (v/v) Dimethyl sulfoxide (DMSO). There was no
significant difference between Normal mucosa (NM) and Oral sub-
mucous fibrosis (OSF) fibroblasts at the same dosage of reagent
treatment in  3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium
bromide (MTT) assay by using Wilcoxon’s signed rank test.

*P < 0.05 represented significant difference between control and
treated fibroblasts by using Wilcoxon’s signed rank test.

approximately 13.4-24.1% and 13.7-23.9% (P < 0.05),
respectively. Table 2 showed that fibroblast viability was
not obviously changed when co-treated with 5-200 pg/ml
arecoline plus 25 pg/ml nicotine or 5-200 pg/ml safrole
plus 25 pg/ml nicotine.

A preliminary MTT assay revealed that more than
50 pg/ml arecoline or safrole and 100 pg/ml nicotine
significantly decreased fibroblasts viability. This study
used arecoline, safrole, and nicotine at various concen-
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Table 2 Cell viability of NM and OSF fibroblasts from the same
patients by arecoline plus nicotine and safrole plus nicotine treatments

Normal fibroblasts OSF fibroblasts
(%) (%)
Arecoline + nicotine
5 pg/ml + 25 pg/ml 99.9 + 0.3 99.9 £+ 0.1
10 pg/ml + 25 pg/ml 99.5 £ 0.8 99.6 = 0.6
25 pg/ml + 25 pg/ml 93.8 + 4.7 939 + 4.6

50 ug/ml + 25 pg/ml 77.5
75 pg/ml + 25 pg/ml 63.5
100 pg/ml + 25 pg/ml 49.9
200 pg/ml + 25 pg/ml 27.3

. 76.6
1.6* 62.6
0.8* 48.7
3.2% 26.9

HHH B H
(98]
[*))
*

HH H H O H
[\
o
*

Safrole + nicotine

1.9% 523
1.3*% 28.4

100 pg/ml + 25 pg/ml 54.2
200 pg/ml + 25 pg/ml 28.9

5 pug/ml + 25 pg/ml 989 + 1.6 97.8 £ 2.5
10 pg/ml + 25 pg/ml 95.9 + 3.4 97.3 £ 3.1
25 pg/ml + 25 pg/ml 94.7 £ 4.1 94.6 + 4.1
50 pg/ml + 25 pg/ml 78.5 + 4.7* 772 £ 3.2%
75 pg/ml + 25 pg/ml 66.8 £ 2.1* 654 + 3.7*
+ +
+ +

Values represented percentage of treated group/control group
(mean £ SD of six samples). Control group for arecoline plus nicotine
contained only medium, whereas the control group for safrole plus
nicotine was medium with 1% (v/v) Dimethyl sulfoxide (DMSO).
There was no significant difference between Normal mucosa (NM) and
Oral submucous fibrosis (OSF) fibroblasts at the same dosage of rea-
gent treatment in 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium
bromide (MTT) assay by using Wilcoxon’s signed rank test.

*P < 0.05 represented significant difference between control and
treated fibroblasts by using Wilcoxon’s signed rank test.

trations of 0-50 pg/ml as candidates to explore the
collagen phagocytosis by fibroblasts. Figure 3 showed
the effects of various dosages of arecoline, safrole, and
nicotine on collagen phagocytosis by fibroblasts in
normal or OSF regions. There was a significant differ-
ence in phagocytic activity between NM and OSF
regions (P < 0.05). The percentages of fibroblasts from
normal regions with collagen phagocytic activity were
also higher than in OSF regions at any concentration of
arecoline-, safrole-, and nicotine-treated (P < 0.05).
Figure 3a revealed that the percentages of phagocytic
cells were significantly reduced in fibroblasts from the
NM and OSF regions treated with more than 10 and
25 ug/ml arecoline, respectively. Analogously, the per-
centages of both NM and OSF fibroblasts with phago-
cytic activity were significantly decreased when treated
with 25 pg/ml safrole and 50 pg/ml nicotine, respect-
ively (Fig. 3b,c). As arecoline or safrole with 25 pg/ml
nicotine co-treatment did not obviously affect fibroblast
viability, this nicotine concentration was used to evalu-
ate the synergistic effect on collagen phagocytosis.
Figure 4 revealed that 5-50 pg/ml arecoline plus
25 ug/ml nicotine significantly inhibited the amounts
of phagocytic cells in both NM and OSF sites, whereas
10-50pg/ml safrole plus 25 pg/ml nicotine had similar
effects.

Discussion

The etiology of OSF has been thought to be associated
with betel quid chewing habit and a genetic predispo-
sition (21). The etiology of OSF might also be affected
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Figure 3 Phagocytic cells (percentage of total cells) in normal mucosa
(NM) and oral submucous fibrosis (OSF) fibroblasts from the same
patients. Values represented mean + SD of six samples. All of the
phagocytic cell numbers were significantly different between NM and
OSF fibroblasts after treatment with the same concentration of
reagent. ¥*P < 0.05 represented significant difference between control
and treated fibroblasts by using Wilcoxon’s signed rank test.

by other factors including age, gender and race of the
donors, dose and duration of betel quid chewing,
contents of betel quid, additional habits of drinking or
smoking. In addition, it has been reported that fibro-
blasts heterogeneity exists (22), and that the susceptibil-
ity of fibroblasts to areca quid varies between different
individuals (23). To avoid the above factors to influence
the results, we used the NM and OSF fibroblasts from
the same persons.

Betel quid chewing is a popular habit in Taiwan, and
86% of betel quid chewers are also smokers (9).
Epidemiologic evidence demonstrated that betel quid
chewing plus cigarette smoking promoted the relative
risk for oral cancer by way of the formation of N-nitroso
compounds were the possible causes (24). The ingredi-
ents of BQ may contribute to the development of OSF,
while the effect of cigarette smoking in the pathogenesis
of OSF was still unknown. Arecoline and safrole were
thought to be major toxic components in the composi-
tion of betel quid, whereas nicotine was the main
constitute in cigarettes. Previous reports have demon-
strated that arecoline, safrole, and nicotine were cyto-
toxic to oral mucosal cells, and the effects might result
from the cellular depletion of gluthinone (GSH), which
would render the cells more vulnerable to other stimu-
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Figure 4 Phagocytic cells (percentage of total cells) in normal mucosa
(NM) and oral submucous (OSF) fibroblasts from the same patients.
Values represented mean + SD of six samples. All of the phagocytic
cell numbers were significantly different between NM and OSF
fibroblasts after treatment with the same concentration of reagent.
*P < 0.05 represented significant difference between control and
treated fibroblasts by using Wilcoxon’s signed rank test.

lation from betel quid or cigarette contents (25-27). The
concentration of arecoline is as high as 89.89 pg/ml
(mean 29.69 pg/ml) in saliva during betel quid chewing
(24). Arecoline may increase tissue inhibitor of metallo-
proteinase-1 secretion and decrease gelatinase A activity
in buccal mucosal fibroblasts (28), which may lead to
accumulation of extracellular matrix in BQ-associated
OSF formation. The salivary safrole concentration is
about 70 pg/ml (420 uM) when chewing the type of
betel quid that was sandwiched with the inflorescence of
P. betle Linn. between a raw areca fruit (29). Safrole
might form stable safrole-DNA adducts in OSF tissues
(14). Nicotine may inhibit collagen production as well as
increase collagenase activity, which was associated with
gingival destruction. Nicotine may uptake by gingival
fibroblasts with non-specific binding and intracellular
nicotine levels in fibroblasts are maintained over 4 h
(30). The salivary concentration of nicotine that leached
out from cigarette after smoking one cigarette was
reported at levels ranging from 0 to 4.42 pg/ml (mean
0.45 pg/ml) in saliva (24). In Taiwan, the BQ chewers
smoke the cigarette instead of chewing the tobacco.
Taken together, the salivary nicotine concentration did
not excess 90 pg/ml when one pack of cigarette (20
cigarettes) was consumed per day. Although the con-
centrations of these reagents in saliva were established,
the permeability of them in oral mucosa is not clearly
known and need to be further studied. The MTT assay
showed that more than 50 pg/ml arecoline, 50 pg/ml
safrole, and 100 pg/ml nicotine were significantly
reduced cell viability. Therefore, we used 50 pg/ml each
of arecoline, safrole, and nicotine to evaluate the
phagocytosis activity in fibroblasts were within the
salivary concentration range and suited for exploration
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of OSF pathogenesis in Taiwan. As previous evidence
revealed that arecoline decreased the phagocytic activity
by fibroblasts (17), the present data further proved that
safrole and nicotine also decreased collagen phagocyto-
sis by fibroblasts. The results indicated that the amounts
of phagocytic cells were inhibited by 10, 25 and 50 pg/ml
arecoline, safrole and nicotine in NM fibroblasts
culture, respectively, and were reduced by 25, 25 and
50 pg/ml arecoline, safrole, and nicotine in OSF fibro-
blast culture, respectively. The decrement of collagen
phagocytosis by fibroblasts was inversely dose-depend-
ent by the increment of arecoline, safrole, and nicotine.
It is similar to gingival hyperplasia induced by cyclosp-
orin A (31), dilatin, and nifedipine (32), which decreased
collagen phagocytosis by fibroblasts is in a dose-
dependent manner. When arecoline or safrole plus
25 pg/ml nicotine was used as candidate to treat
fibroblasts, the phagocytic activity decreased more
apparently than those only treated with arecoline or
safrole. This means that nicotine had a synergistic effect
on arecoline- or safrole-inhibited collagen phagocytosis.
As the deficiency in collagen phagocytosis by fibroblasts
was the possible mechanism in OSF formation, these
reagents might play important roles and be involved in
the pathogenesis of OSF.

Several reports have indicated that the etiology of
OSF resulted from an increase of collagen deposition
and a decrease of collagen degradation. Our previous
study had demonstrated a decrease of phagocytic
activity of fibroblasts in OSF patients when compared
with normal persons (17). The present study revealed the
number of phagocytic cells and phagocytic activity in
cultured human oral fibroblasts from OSF region was
lower than the fibroblasts from normal region of the
same person. This result demonstrated that the hetero-
geneity of fibroblasts existed in different areas of oral
mucosa from the same patients as the previous reports
(22). The decrease in collagen phagocytosis of OSF
lesions may represent that the OSF fibroblasts with
selective subpopulation contribute to mass collagen
deposition. This coincided with other similar lesions
such as scleoderma that are also caused by the collagen
over-deposition (33). This finding also represented that
OSF was just the solitary lesion in chronic irritation
region of oral mucosa instead of a general condition
existing in all oral mucosa.

The mechanism of OSF formation was unknown
clearly by the association of complex factors, but our
results indicated that betel quid indeed decreased the
percentage of phagocytic cells, which might result in
collagen deposition and contribute to the development
of OSF. This study also confirmed the existence of the
heterogeneity of fibroblasts. Fibroblasts of normal
regions exhibited a greater proportion of cells with high
phagocytic activity than that of OSF regions even in the
same persons. The present study concluded that areco-
line, safrole, and nicotine, which are released in saliva
during BQ chewing plus cigarette smoking inhibit
collagen phagocytosis by fibroblasts in a dose-dependent
manner and may induce OSF formation in Taiwan’s
patients.
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