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Abstract: A betel quid (BQ) chewing habit has been strongly associated with the development of
several oral mucosal diseases. In order to investigate whether individual components of BQ mixtures
have distinct physio-pathological effects on oral mucosal cells, we examined the impact of areca nut
(AN), Piper betle leaf (Leaf), Piper betle stem inflorescence (SI), areca husk (Husk) and the complete BQ
mixture on the growth of oral keratinocytes (OKF-6) and primary oral fibroblasts (MMF-1). Based on
their known chemical properties, we selected BQ samples from Banda Aceh (BA) and West Papua
(WP) regions for our in vitro study. We used a fluorescein diacetate assay (FDA) to assess the cell
viability of BQ components on OKF-6 and MMF-1 cells. The cytotoxic effect of WP-AN on the
OKF-6 cell line was observed at a concentration of 100 µg/mL, resulting in a 50% reduction in cell
viability (IC50) after a 2-day incubation. Similarly, BA-AN exhibited cytotoxic effect, although at
a higher concentration (500 µg/mL). WP-SI also displayed cytotoxic effects at a concentration of
500 µg/mL following 2 days of incubation. In contrast, Leaf, BQ mixture and husk extracts did not
show any cytotoxic effects even after 3 days of incubation. No cytotoxic effects were observed at any
concentration of BQ components when exposed to MMF-1 cells. Regarding cell proliferation, MMF-1
cells exposed to BA-AN and WP-AN showed increased growth on day 1, followed by decreased
growth on day 2, in a dose- and time-dependent manner. Overall, our study indicates that BQ
components induce distinctive cytotoxic effects on stromal and epithelial cells from the oral cavity.
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1. Introduction

Several epidemiological and case control studies in the Indian subcontinent, South-East
Asia and South Pacific islands have reported a strong correlation of betel quid (BQ) chewing
habit with oral cancer and oral potentially malignant disorders (OPMDs) [1–6]. In particular,
BQ chewing is associated with an increased risk of oral submucous fibrosis (OSMF) [1,2],
an insidious disease that originates in the stromal fibroblasts [3,6]. The pathophysiology
of these BQ-induced mucosal changes is not well understood, and the data on potential
BQ toxicity are heterogenous due to differences in methods of BQ extraction as well as the
cytotoxicity assays utilised [1,7].

The ingredients of BQ differ in different countries, but the major components being
used are areca nut (AN), betel leaf or betel stem inflorescence (SI) and slaked lime. Tobacco
and other spices are optional and reflect local chewing practices [8–10]. Approximately
600 million individuals worldwide are estimated to be AN or BQ chewers [8,9].
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Our previous studies on Indonesian BQ components from four different regions has
successfully profiled the metabolomic and antioxidant properties and highlighted the
presence of chemicals and metabolites that are potentially harmful, but also of molecules
that may be protective [11,12]. In the present study, cytotoxicity assays were used to
investigate the pathobiological effect of BQ components on human oral mucosal cells. We
selected BQ components from BA and WP regions as these had the lowest and the highest
level of antioxidants, polyphenols, and arecoline, respectively. Furthermore, our pilot
clinical data suggest that BA and WP are among the regions with the lowest and highest
prevalence of oral submucous fibrosis (OSMF), respectively [13]. Hence, in this study we
aimed to investigate whether the cytotoxic effect of BQ on oral mucosal cells correlated
with its clinical-molecular profile, with the hypothesis that distinct BQ ingredients harbour
different physio-pathological effects [14].

AN is the main component of BQ and is considered to be the major aetiologic factor of
BQ-related oral cancer [4,7]. AN extract (ANE) contains mainly tannin and areca alkaloids,
such as arecoline, arecaidine, guvacine, and guvacoline, which are cytotoxic but can also
work as potential carcinogens. These substances are released from BQ components during
the period of chewing BQ and with time can dramatically alter the normal oral mucosa
and induce pathological changes typical of OSMF [2]. Previous studies have reported
that ANE, arecoline and BQ extracts were cytotoxic to cultured oral keratinocytes and
fibroblasts [2,15–19], and this is partially in contrast with clinical data that imply a pro-
carcinogenic effect of BQ mixtures. Surprisingly, the potential cytotoxic effects of individual
BQ components have not been investigated so far. It is also important to differentiate
between keratinocytes and fibroblasts as these cell types have different functions in the
pathogenesis of OSMF and oral cancer. Hence, in the current study our objective was
to evaluate the thresholds for acute cytotoxicity of different Indonesian BQ formulations
in oral keratinocytes (OKF-6) and primary oral fibroblasts (MMF-1). This assessment
aims to provide guidance for the creation of appropriate in vitro models for BQ-related
disease. Furthermore, gaining a comprehensive insight into the impact of individual
BQ components could prove vital in shaping targeted preventive and chemo-preventive
approaches to mitigate the occurrence of OSMF and BQ-related oral cancer.

2. Material and Methods
2.1. Preparation of Betel Quid Aqueous Extracts

Extraction of dried areca nut, betel leaf, betel stem and areca husk was performed
following published methods with modifications [20]. Seeds and husks of areca nut were
manually separated. All samples were freeze-dried for 72 h using an FD3 Freeze Drier
(Dynavac Engineering, Cannington, WA, Australia) and finely ground using an electronic
grinder (Multigrinder II, model EM0405, Sunbeam, Auckland, New Zealand). Then, 5 g
of each sample powder was weighed into a 50 mL centrifuge tube prefilled with nitrogen
gas (99.99% Grade 4.0, Coregas, Yennora, NSW, Australia), with 50 mL of methanol then
added as the extraction solution. Extractions were carried out at 20 ◦C for 48 h under
shaking at 150 rpm (Incubator shaker ZWYR-240, LABWIT Scientific, Melbourne, VIC,
Australia). After the extraction, the samples were centrifuged at 6500 rpm for 10 min at
20 ◦C. The supernatants were transferred to a clean tube and evaporated at 40 ◦C to remove
the solvent entirely using a Hei-VAO Value rotary evaporator (Heidolp Instruments GmbH
& Co.KG, Schwabach, Germany), then redissolved in 10 mL of LC-grade methanol. The
final extract was flushed with nitrogen gas and sealed with parafilm to avoid oxidation,
and stored at 4 ◦C in darkness until analysis. The extract stock solution was filtered using a
30 mm × 0.45 µm nylon syringe filter (Thermo Fisher Scientific, Scoresby, VIC, Australia)
to gain a clear solution before further analyses.

The extract concentrations were established based on a study conducted by Van
Wyk et al. Cells were exposed to AN and Leaf extract concentrations of 100, 250 and
500 µg/mL [19]. The determination of BQ mixture concentrations was informed by a
preliminary study that indicated cellular changes upon exposure to BQ mixture extracts at
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1 mg/mL, 15 mg/mL and a doubled concentration of 30 mg/mL. The determination of husk
concentrations was carried out following a similar approach, wherein husk extracts induced
cellular changes at 1 mg/mL, 22.5 mg/mL and a doubled concentration of 45 mg/mL.

2.2. Cells and Culture Conditions

The primary fibroblast (MMF-1) cell line used in this study was derived from early
passages (<12) of normal human oral fibroblasts isolated from the buccal mucosa of a
healthy 57-year-old patient. The ethical approval for the collection of the material from
which these cells were obtained was granted by the Human Research Ethics Committee
(HREC, number 1340716) for the study titled “The alteration of the oral glucocorticoid
system in oral squamous cell carcinoma primary cultures compared with normal oral
keratinocytes”.

These primary fibroblasts were cultured in a growth medium composed of Dulbecco’s
modified Eagle’s medium (DMEM, Merk, cat #D5796, Sigma-Aldrich, Castle Hill, NSW,
Australia) with 2 mM L-glutamine, supplemented with 10% (v/v) fetal bovine serum (FBS),
100 IU/mL penicillin and 100 µg/mL streptomycin. The cultures were maintained at 37 ◦C
in a humidified atmosphere with 5% CO2.

Immortalized normal human oral keratinocytes’ (OKF-6/TERT) use in this experiment
was established by Dickson et al. [21]. These oral keratinocytes were isolated from the floor
of the mouth of a 57-year-old male patient. The OKF-6 cell line was kindly supplied by
the Oral Health Cooperative Research Centre (OHCRC) at the University of Melbourne in
Australia. Prior to experimentation, the OKF-6 cells underwent karyotype analysis at the
Cytogenetics Laboratory of the Victorian Clinical Genetic Service in the Royal Children’s
Hospital in Parkville, Victoria [21].

OKF-6 cells were cultured in standard cell suspending medium (CSM), containing
GIBCO Keratinocyte Serum-Free Medium (GIBCO KSFM, #17005-042, Thermo Fisher Sci-
entific, Mulgrave, VIC, Australia) supplemented with 25 µg/mL pituitary bovine extract
(PBE), 0.2 ng/mL epidermal growth factor (EGF), 100 IU/mL penicillin and 100 µg/mL
streptomycin, and containing 10% (v/v) new calf serum (NCS). Keratinocytes were main-
tained in a humidified incubator with 5% CO2 at 37 ◦C.

2.3. Treatments

Sample solutions for treating cells were areca nut, leaf, husk and BQ mixtures from
West Papua and Banda Aceh. Those BQs from two regions were, respectively selected from
our previous studies based on the highest and lowest extracts of areca nut, BQ mixture,
husk, leaf and stem inflorescence (SI) that contained polyphenols and alkaloids [11,12].
Samples were prepared in the cell culture media containing 1% fetal bovine serum (FBS)
for primary fibroblasts (MMF1) and 1% containing new calf serum (NCS) for OKF-6. The
extract concentrations for the cytotoxicity assay were varied: for areca nut and leaf/stem,
they were made at 100 µg/mL, 250 µg/mL and 500 µg/mL; for the BQ mixture, they were
made at 1 mg/mL, 22.5 mg/mL and 45 mg/mL; and for areca husk, they were made at
1 mg/mL, 15 mg/mL and 30 mg/mL. These concentrations were determined based on the
initial range of findings from previous studies and a preliminary study we conducted.

2.4. Morphological Evaluation

Morphological evaluation was performed using an inverted microscope (FLoid™
Cell Imaging Station, Life Technologies, Mulgrave, VIC, Australia). The viable cells after
exposure to arecoline were taken up via fluorescein diacetate (FDA), stained and exhibited
green or white light, while non-viable cells remained dark.

2.5. Viability Assay

The assay was carried out according to the procedure reported by Gonzalez-Reyes
et al. with some modifications [22,23]. Briefly, 96-well Costar® microplates (Sigma-
Aldrich, Castle Hill, NSW, Australia #CLS3603-48EA) were used and plated with 100 µL at
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2 × 104 cells/mL of OKF-6 or 1.35 × 104 cells/mL of MMF1 cell suspension. The cell viabil-
ity of seeded cells was at least 90% when determined with trypan blue stain. A humidified
incubator (Thermo Scientific, Forma direct heat, CO2 incubator) was used to incubate cells,
and this was performed at 37 ◦C in 5% CO2. After 24 h of seeding, plates were removed
from the incubator and washed with 100 µL/well PBS, and the cells were treated with
100 µL/well BQ concentrations as previously prepared. Three wells/plate were used as
controls. Control wells contained untreated cells that were incubated with 100 µL culture
medium containing Dulbecco’s modified Eagle’s medium (DMEM) with 2 mM L-glutamine,
supplemented with 10% (v/v) FBS, 100 IU/mL penicillin and 100 µg/mL streptomycin.
Blank wells (without cells) contained 100 µL culture medium only. After treating the cells
with various BQ concentrations, they were incubated in a 37 ◦C/5% CO2 incubator for
1 day. After 1 day, control media or test compounds were removed, the cells were rinsed
with 100 µL PBS and, subsequently, 100 µL of FDA solution prepared in serum-free medium
was added to each well. The plates were incubated at 37 ◦C/5% CO2 for 40 min; then, FDA
fluorescence was measured via spectrometry at wavelengths of 485/20 nm and 528/20 nm,
respectively, for excitation and emission, in a Synergy HTX Multi-Mode Reader (Bio-Tek,
Shoreline, WA, USA). The FDA-stained cells were viewed through an inverted microscope
(Floid cell imaging station, Life Technologies) with fluorescence/green or white light as
required to see whether the cells were correctly stained. The steps were repeated after treat-
ment with BQ for 2 days and 3 days of incubation. To validate the result of spectrometry
readings in the Synergy HTX Multi-Mode Reader, one BQ cytotoxic concentration (IC50)
was selected with its time point (1 time point over 3 days of incubation). Cells were seeded
in a 6-well plate in triplicate for 24 h of incubation to attach and, after 24 h, the cells were
treated with BQ at a cytotoxic concentration (IC50) according to previous spectrometry
finding. After exposing the cells to BQ components at the found IC50 and incubating them
for the IC50 time point of incubation (whether the IC50 happened on day 1, day 2 or day
3 of incubation), cells were counted with an automated cell mincounter (Bio-Rad, South
Granville, NSW, Australia) and stained with trypan blue to count the viable cells. If the
results of IC50 were consistently similar to the spectrometry readings, then the IC50 read
using spectrometry was considered to be correct.

2.6. Statistical Analysis

Statistical analysis was conducted using MS Excel, Minitab Express© version 1.5.1.
2017 and R commander. The significant difference was tested using one-way ANOVA,
with the expected p-value < 0.05 and a 95% CI. Tukey’s HSD post hoc test was used to find
significant differences between internal groups. The cell cytotoxicity (IC50) was measured
as a 50% inhibition of cell viability.

3. Results

With few exceptions, exposure of oral mucosal cells to BQ components from BA and
WP regions for over 3 days influenced cell growth in a dose- and time-dependent manner
(Tables 1 and 2). Notably, all BQ components significantly reduced cell viability, albeit to a
variable extent.

Table 1. Cell viability levels of OKF-6 after exposure to BQ components in extracts.

BQ Components Concentration 1-Day
Cell Viability (%) ± SD

2-Day
Cell Viability (%) ± SD

3-Day
Cell Viability (%) ± SD p-Value

Control 0 100 100 100
100 µg/mL 86.6 ± 3.0 68.8 ± 4.2 75.6 ± 7.8
250 µg/mL 77.1 ± 3 53.8 ± 2.0 47.6 ± 4.4BA-AN
500 µg/mL 59.9 ± 3.4 32.8 ± 1.4 21.8 ± 1.0

<0.05

100 µg/mL 77.5 ± 5.8 44.6 ± 4.7 51.1 ± 2.3
250 µg/mL 80.8 ± 3.6 43.3 ± 0.7 31.48 ± 2.1WP-AN
500 µg/mL 58 ± 4.6 24.4 ± 2.1 16.86 ± 0.5

<0.05
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Table 1. Cont.

BQ Components Concentration 1-Day
Cell Viability (%) ± SD

2-Day
Cell Viability (%) ± SD

3-Day
Cell Viability (%) ± SD p-Value

1 mg/mL 83.5 ± 6.9 95.0 ± 3.1 95.3 ± 7.7
15 mg/mL 86.8 ± 4.6 92.8 ± 4 86.0 ± 8.4BA-BQ Mixture
30 mg/mL 88.5 ± 1.84 89.6 ± 2.8 89.8 ±3.1

<0.05

1 mg/mL 97.2 ± 4.3 84.4 ± 3 81.3 ± 6.7
15 mg/mL 100.2 ± 2.5 90.3 ± 4.2 82.3 ± 5.2WP-BQ Mixture
30 mg/mL 91.8 ± 3 83.4 ± 5.0 77.5 ± 1.8

<0.05

100 µg/mL 93.6 ± 8.4 94.7 ± 5.7 101.2 ± 4.3
250 µg/mL 92.3 ± 2.6 88.6 ± 2.8 96.2 ± 4BA-Leaf
500 µg/mL 91.9 ± 6.3 80.7 ± 4.6 101.1 ± 6.3

<0.05

100 µg/mL 86.4 ± 5.3 88.33 ± 10.1 90.3 ± 2.1
250 µg/mL 89.8 ± 3.4 70.7 ± 6.9 85.2 ± 4.1WP-SI
500 µg/mL 65.3 ± 1.4 30.3 ± 0.7 18.1 ± 1.3

<0.05

1 mg/mL 93.4 ± 5.8 90.7 ± 2.3 102.2 ± 1.1
22.5 mg/mL 89.8 ± 5.0 91.9 ± 7.6 101.1 ± 4.6BA-Husk
45 mg/mL 96.9 ± 2.7 86.4 ± 1.2 95.2 ± 5.8

<0.05

1 mg/mL 89.1 ± 6.8 78.3 ± 4.7 86.2 ± 3.6
22.5 mg/mL 90 ± 4.9 74.8 ± 10.6 84 ± 3.4WP-Husk
45 mg/mL 92.5 ± 2.7 80.2 ± 5 78.8 ± 5.2

<0.05

1 µg/mL 100.5 ± 7.9 97.4 ± 0.4 80.8 ± 18.2
10 µg/mL 93.9 ± 11.8 51.63 ± 1 48.8 ± 1.5Arecoline
100 µg/mL 80.6 ± 8.4 39.7 ± 5.5 33.2 ± 1.7

<0.05

Cytotoxic mean values (IC50) at the earliest time and lowest concentration on OKF-6
Significantly different mean values (number of OKF-6) compared to control value
Not significantly different mean values (number of OKF-6) compared to control value

Tested using Tukey comparison to find significant differences between different concentrations and the control on each day of
incubation. Those significantly different from the control value are marked in different colors.

Table 2. Cell viability levels of MMF-1 after exposure to BQ components in extracts.

BQ Components Concentration 1-Day
Cell Viability (%) ± SD

2-Day
Cell Viability (%) ± SD

3-Day
Cell Viability (%) ± SD p-Value

Control 0 100 100 100
100 µg/mL 123.4 ± 2.8 102.8 ± 7.7 115.2 ± 5.1
250 µg/mL 113.8 ± 4.1 110.9 ± 0.8 110.3 ± 5.6BA-AN
500 µg/mL 116.6 ± 5.7 110.9 ± 4.6 108.9 ± 2.5

<0.05

100 µg/mL 119.0 ± 1.0 105.7 ± 3.3 94.8 ±3.7
250 µg/mL 120.0 ± 1.1 96.7 ± 13.9 102.4 ± 2.4WP-AN
500 µg/mL 120.4 ± 0.2 104.4 ± 2.6 96 ± 3.3

<0.05

1 mg/mL 105.2 ± 5.2 100.7 ± 5.6 104.2 ± 3.9
15 mg/mL 114.5 ± 1.3 98.4 ± 4.5 92 ± 3BA-BQ Mixture
30 mg/mL 111.2 ± 0.9 97.4 ± 6.1 93.4± 3.0

<0.05

1 mg/mL 112.6 ± 2.7 99.1 ± 2.5 95.8 ± 6.6
15 mg/mL 111.2 ± 0.5 88.4 ± 5.2 86.7 ± 0.7WP-BQ Mixture
30 mg/mL 103 ± 2.6 85.5 ± 1 82.2 ± 2.9

<0.05

100 µg/mL 114.4 ± 3.9 109.2 ±3.7 103.5 ± 6.6
250 µg/mL 122.4 ± 8.8 116.8 ± 1.6 111.9 ± 5.2BA-Leaf
500 µg/mL 123.7 ± 6.5 117.7 ± 1.2 121 ± 3.7

<0.05

100 µg/mL 114.4 ± 4.2 107.8 ± 4.9 110.9 ± 2.6
250 µg/mL 117.4 ± 3.3 111.6 ± 0.8 119.7 ± 2.9WP-SI
500 µg/mL 118.5 ± 2.1 116.2 ± 2.6 120.8 ± 3.5

<0.05

1 mg/mL 118.9 ± 4.9 118.1 ± 1.2 119.8 ± 4.8
22.5 mg/mL 138.7 ± 2.3 125.2 ± 6.4 122.8 ± 5.7BA-Husk
45 mg/mL 135.0 ± 2.7 127.6 ± 7.8 127.3 ± 6.5

<0.05

1 mg/mL 118.2 ± 3.4 118.8 ± 2.6 125.4 ± 0.9
22.5 mg/mL 128.5 ± 0.9 123.3 ± 2.4 125.9 ± 0.6WP-Husk
45 mg/mL 128.1 ± 9.2 130.3 ± 2.1 129.5 ± 2.6

<0.05
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Table 2. Cont.

BQ Components Concentration 1-Day
Cell Viability (%) ± SD

2-Day
Cell Viability (%) ± SD

3-Day
Cell Viability (%) ± SD p-Value

1 µg/mL 109.8 ± 2.5 116.6 ± 6.4 105.8 ± 5.7
10 µg/mL 107.4 ± 4.2 106.5 ± 5.1 106.9 ± 5.3Arecoline
100 µg/mL 105.9 ± 2.2 115.5 ± 3.8 97.3 ± 5.9

<0.05

Significantly higher cell proliferation
Significantly lower cell proliferation
Not significantly different

Tested using Tukey comparison to find significant differences between different concentrations and the control on each day of
incubation. Those significantly different from the control value are marked in different colors.

3.1. Cell Viability Effects of BQ Extracts on OKF-6

BA-AN and WP-ANE both inhibited OKF-6 growth in a dose- and time-dependent
fashion, with the exception of 100 µg/mL at 2 and 3 days. The IC50 of WP-ANE for
OKF-6 was 100 µg/mL (2 days), while ANE from the BA region exhibited cytotoxicity at
500 µg/mL (2 days).

BA-BQ mixture and WP-BQ mixture (1, 15 and 30 mg/mL) induced mild cytotoxicity
during 3 days of incubation. In pilot experiments, BA-BQ mixture and WP-BQ mixture (100,
250, 500 and 1000 µg/mL) induced cell proliferation; hence, we raised the concentrations to
1, 15 and 30 mg/mL to clearly observe the cytotoxic effect of BQ mixture on OKF-6.

The cytotoxic effect of WP-SI was significant at 500 µg/mL (2 days), whereas BA leaf
did not induce a reduction in OKF-6 cell viability at any concentration used (100, 250 and
500 µg/mL), except with 500 µg/mL on Day 2.

Oral keratinocytes incubated with husk extract from WP, but not from BA, exhibited a
significant difference in cell viability at all concentrations assessed (1, 22.5 and 45 mg/mL)
after 48 and 72 h of incubation. The IC50 of arecoline was reached at 100 µg/mL after
2 days of incubation. The reduction in cell viability induced by arecoline was dose and
time dependent, as shown in Table 1 and Figure 1.

3.2. Cell Viability Effects of BQ Extracts on MMF-1

None of the BQ components from any region exhibited cytotoxicity to MMF-1 at the
concentration used for up to 3 days and, importantly, arecoline failed to induce cytotoxic
effects at all concentrations used (1, 10 and 100 µg/mL) for up to 3 days of incubation
(Table 2). Notably, all BQ components induced proliferation of oral primary fibroblasts, as
shown by the increased cell viability compared to untreated controls. This cell proliferation
only occurred in the first day of incubation, and the number of viable cells declined
consistently thereafter (Table 2 and Figure 2).

3.3. Morphological Alteration of OKF-6 Following Exposure to BQ Components from BA and
WP Regions

Morphological alterations in cultured OKF-6 following exposure to BQ components
were observed. Untreated normal OKF-6 showed ovoid, rounded or polygonal appearances
with well-defined intercellular spaces (Figure 3A). Exposure of OKF-6 to 500 µg/mL ANE
from BA for 1 day induced loss of intercellular space and cell shrinkage (Figure 3B).
Exposure of OKF-6 to 500 µg/mL of ANE from WP for 1 day showed substantial loss of
intercellular spaces, cells were rounded and shrunk, the architecture of nuclei and nucleoli
was not clearly demarcated, and some debris and dead cells were present, along with
evidence of intercellular vacuolization (Figure 3C). Thus, both WP-AN and BA-AN caused
morphological change consistent with cellular degeneration and death (Figure 3).
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Figure 1. Cell viability of betel quid (BQ) component extracts from Banda Aceh (BA) and West Papua (WP) regions, and arecoline, on OKF6 cells. BA-AN = Banda
Aceh areca nut, WP-AN = West Papua areca nut, BA-Mix = Banda Aceh BQ mixture, WP-Mix = West Papua BQ mixture, WP-SI = West Papua stem inflorescence,
BA-H = Banda Aceh husk, WP-H = West Papua husk. Asterisks (*) on top of the bars show cytotoxic mean values (IC50) at the earliest time.
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Cells exposed to BA-BQ mixture extract (30 mg/mL) for 1 day showed polygonal
appearance, and intercellular spaces were sharply defined (Figure 3D). Exposure of OKF-6
to 30 mg/mL of BQ mixture extract from WP over 1 day of incubation showed well-defined
intercellular spaces, no loss of intercellular spaces and a polygonal shape of cells (Figure 3E).
Keratinocytes exposed to 500 µg/mL of BA leaf extract for 1 day displayed both polygonal
and elongated appearance, and some dead cells were also present (Figure 3F). Exposure to
500 µg/mL of SI extract for 1 day induced loss of intercellular spaces, architectural changes
including fibrastoid and shell-like appearance, and dead cells (Figure 3G). Exposure to BA
husk extract (45 mg/mL) showed polygonal and rounded cell appearances, intercellular
spaces were intact, some dead cells were also present, and cells’ architecture changed
(Figure 3H). Exposure of OKF-6 to 45 mg/mL of WP husk extract for 1 day showed
well-defined enlargement of intercellular spaces. Cytologically, oral keratinocytes were
polygonal with evidence of shell-like appearance, and vacuolization was evident (Figure 3I).

3.4. Morphological Alteration of MMF-1 Following Exposure to BQ Components from BA and
WP Regions

Morphological alteration of oral primary fibroblasts exposed to BQ components was
evident and various changes in cell characteristics were observed. The normal untreated
MMF-1 (control) showed a spindle shape with well-defined intercellular spaces (Figure 4A).
MMF-1 was exposed to 500 µg/mL of ANE from BA for 1 day and showed stellate form
and unclear intercellular spaces (Figure 4B). The morphological change of MMF-1 exposed
to 500 µg/mL of WP-ANE for 1 day showed stellate form with debris, and dead cells were
present, while less intercellular space was observed (Figure 4C).

Exposure of MMF-1 to 30 mg/mL of BA-BQ mixture for 1 day showed cell architectural
changes (Figure 4D). Exposure of MMF-1 to 30 mg/mL of WP-BQ mixture for 1 day showed
a stellate cell form and intercellular spaces (Figure 4E). Exposure of MMF-1 to 500 µg/mL
BA leaf extract for 1 day showed epithelioid formations (Figure 4F). Exposure of MMF-1 to
500 µg/mL SI extract for 1 day showed epithelioid cell forms, and no intercellular space
loss was observed (Figure 4G). Exposure of MMF-1 to 45 mg/mL of husk extract from
BA over 3 days of incubation showed epithelioid forms with well-defined intercellular
spaces (Figure 4H). Exposure of MMF-1 to 45 mg/mL of husk extract from WP showed cell
architecture change into epithelioid forms and no loss of intercellular spaces (Figure 4I).



BioChem 2023, 3 163

BioChem 2023, 3, FOR PEER REVIEW  13 
 

 

Figure 4. Evaluation of oral fibroblast (MMF-1) morphology after treatment with BQ extracts. MMF-1 morphology after 1 day of growth in DMEM culture medium 

(A), with addition of 500 μg/mL ANE from BA (B) or WP (C). With 30 mg/mL BQ Mixture from BA (D) or SI from WP (E); with 500 μg/mL of leaf extract from BA 

(F) or WP (G); with 45 mg/mL of husk extract from BA (H) or WP (I). Note: Spindle forms are pointed out with purple arrows, stellate form cells are pointed out 

with brown circles, debris is pointed out with orange arrows, epithelioid forms are pointed out with pink arrows. DMEM = Dulbecco’s modified Eagle’s medium. 

ANE = areca nut extract, BA = Banda Aceh, WP = West Papua, SI = stem inflorescence, MMF-1 = primary fibroblast cell line. 

Figure 4. Evaluation of oral fibroblast (MMF-1) morphology after treatment with BQ extracts. MMF-1 morphology after 1 day of growth in DMEM culture
medium (A), with addition of 500 µg/mL ANE from BA (B) or WP (C). With 30 mg/mL BQ Mixture from BA (D) or SI from WP (E); with 500 µg/mL of leaf extract
from BA (F) or WP (G); with 45 mg/mL of husk extract from BA (H) or WP (I). Note: Spindle forms are pointed out with purple arrows, stellate form cells are
pointed out with brown circles, debris is pointed out with orange arrows, epithelioid forms are pointed out with pink arrows. DMEM = Dulbecco’s modified Eagle’s
medium. ANE = areca nut extract, BA = Banda Aceh, WP = West Papua, SI = stem inflorescence, MMF-1 = primary fibroblast cell line.



BioChem 2023, 3 164

4. Discussion

In the present study, we show that BQ ingredients not only induce distinct functional
and morphological effects in oral mucosal cells but, also, that these effects are mostly time,
dose, and cell type dependent. Cell viability as measured by FDA assay was performed to
investigate the basic pathobiological effect of BQ components on oral keratinocyte (OKF-6)
and oral fibroblast (MMF-1) cells. Whilst individual ingredients of BQ were cytotoxic at the
concentration used, whole BQ mixtures induced cell proliferation and reduced cell viability
only at much higher levels. BQ mixtures externed distinct effects of keratinocytes and
fibroblasts, surprisingly, the same chemical components induced transient cell proliferation
in oral fibroblasts. The different cytotoxicity seen between BA-AN and WP-AN may be due
to the different maturity of AN. BA-AN is a ripe mature AN, while WP-AN is an unripe
type. Our previous study [11,12], that was consistent with several studies, reported that
unripe AN contains more polyphenols as an antimutagenic rather than ripe AN [8]. WP-AN
had antioxidants activities (TPC, FRAP, DPPH scavenging activities) almost 2-fold higher
than BA-AN, and contains more polyphenols quantification as shown in Tables 1 and 2.
However, the excessive amount of phenolics could lead to cytotoxic instead of protective
effects [24]. Furthermore, we also showed that arecoline quantification by High pressure
liquid chromatography (HPLC) was higher in WP-AN compared to BA-AN, 250 mg/mL
ANE from WP, contain 6.92 ± 1.64 µg/mL, while 250 mg/mL ANE from BA contains
6.10 ± 0.99 µg/mL [11,12]. Arecoline is believed to be the major alkaloid identified in ANE
and has been shown to exhibit cytotoxicity on epithelial cells in cancer cells line [17,18,25].
Previous studies have shown that a concentration of 100 µg/mL of an aqueous ANE
contains 10 µg/mL of arecoline [19,26]. A further study reported that ANE exhibited
cytotoxicity to cultured gingival keratinocytes (C3H10T/12) at concentrations higher than
320 mg/ mL, as shown by a decrease in colony numbers [2]. These previously reported
cytotoxic effects of AN in these studies are consistent with our current results. The variation
of IC50 of ANE may have occurred due to different methods of extraction used, maturity of
AN, and cytotoxicity assays used by researchers [8,19,27]. Unlike ANE, no cytotoxic effect,
as measured by 50% decreased cell viability, was induced by BQ Mixture from both regions
at any concentration used over 3 days of incubation (Table 1). This can be due to the fact
that BQ Mixture not only contains AN but also leaf or SI, as well as slaked lime which could
counterbalance the effect of arecoline. Consistently, our previous phytochemical study
showed that arecoline was not detected in betel leaf and SI samples. This finding is in line
with other studies showing that betel leaf and SI mostly contains polyphenols without any
alkaloids [8,28,29]. Polyphenols contained in the leaf and SI might act as chemo-preventive
compounds to oral cancer [8,30]. In particular, hydroxychavicol could reduce oral cancer
risk in people who chew BQ with tobacco [31].

Although slaked lime in the BQ Mixture could decrease the concentration of phenolics
by extreme changes of pH as well as cause direct damage [32], long-term lime exposure
to oral mucosa would be necessary to produce oral lesions. For example, previous study
reported that only long-term exposure of Chinese hamster cheek pouch to slaked lime
(calcium hydroxide) was able to create hyperplastic lesions in these animals. Further studies
showed that repeated topical application of lime also could led to oral leukoplakia [7,33].
These data suggest that the small quantities of slaked lime in BQ would be able to induce
cellular changes of the oral mucosa only if given repeatedly and for long term. In the
present study, cells were exposed to slaked lime contained in BQ in a short-term over
3 days-time and in the presence of other potentially chemo-preventive compounds such as
betel leaf or SI. This might explain why BQ Mixture showed no cytotoxic effect on OKF-6
over 3 days.

People living in BA region tend to chew BQ by wrapping all ingredients in leaf of
piper betle, while in contrast people living in WP region pick a part of SI piper betle to be
chewed together with other BQ components [34]. The results of the current study show
that BA-Leaf resulted in growth stimulation of OKF-6. Our previous phytochemical study
identified a number of polyphenols in betel leaf and SI [11,12]. Previous studies of betel



BioChem 2023, 3 165

leaf indicated that of hydroxy chavicol (69.46%), 4-chromanol (24%) and eugenol (4.86%),
possess antioxidant, anti-inflammatory, anti-platelet and antithrombotic, antibacterial and
antifungal activities [35].

In contrast, WP-SI showed cytotoxic effect at 500 µg/mL after incubation for 2 days.
Even though WP-SI contains a range of polyphenols that could be protective to the
cell [11,12], it also contains other toxic phytochemicals that could overcome the effect
of polyphenols. Our previous study using GC-MS identified safrole in high amount in WP-
SI sample [12] and several studies have shown safrole as a possible human carcinogen [8,29].
High concentration (15 mg/mL) of safrole has been found in SI [6]. Consequently, chewing
BQ containing SI may expose the oral mucosa to safrole and, consistently, this compound
has been shown to be present in concentrations of about 420 µM in saliva during BQ
chewing [36]. Safrole is also classified as a hepatocarcinogen in mice and rats [36]. A
previous study reported that betel SI extract at concentration 100–400 mg/mL is cytotoxic
on cultured gingival keratinocytes [25]. These studies support the view that SI confers
cytotoxic properties to BQ from WP.

The husk extract from both regions did not exhibit cytotoxic effects on OKF-6 at
any concentration used over the 3 days of incubation, although these did reduce cell
viability significantly to a different extent. Our previous study on arecoline quantification
using HPLC detected low arecoline concentrations in husk from most regions, where
WP-Husk had the highest arecoline amount and BA-Husk did not contain detectable
arecoline [11]. Arecoline’s role in cell inhibition may be reflected in WP-Husk-induced
inhibition OKF-6 growth by dose and time fashion, while BA-Husk showed very little
inhibition of cell growth. Both husks contain several polyphenols, such as sinapic acid
and 5-(hydroxymethyl) furfural [11], which could slow the detrimental effect of arecoline
on OKF-6. The cytotoxic effect of husk containing arecoline could provide additional
information to some countries such as Guam, China, and Taiwan that include husk with
BQ chewing habit [8]. Furthermore, proper husk waste management need to be considered
to avoid ongoing environmental pollution.

The increase of cell viability compared to control indicated that BA-AN and WP-AN
induced cell proliferation of oral primary fibroblasts over 3 days of incubation. Harvey
et al. also recorded increased human fibroblast proliferation with areca nut and showed
cytotoxicity at 100 µg/mL in 5 days of incubation [16,19]. This result is consistent with
our study that BA-AN and WP-AN showed increased number of oral fibroblasts. In our
experiments, cell proliferation was transient and occurred primarily within the first 24 h of
incubation to then decrease steadily during the following 2 days.

AN as the major ingredient of BQ Mixture is most likely to induce cell proliferation via
the action of areca alkaloids, especially arecoline [16,19]. The increase of cell viability in oral
fibroblasts incubated with BA and WP-BQ Mixture was seen on 1 day of incubation (Table 2).
However, the number of viable cells started to decline within 2 days, in particular in WP-AN
samples. The Mixture of BQ ingredients allows interaction between alkaloids [16,37] and
polyphenols [7] possessed by nut and leaf/SI. The polyphenols in leaf/SI and short-term
exposure of slaked lime to cells could lead to delayed cell inhibition [32] that is consistent
with the results of the current study.

BA-Leaf and WP-SI did not exhibit cell cytotoxicity after 3 days of incubation with
MMF-1. In contrast, cell proliferation occurred up to 3 days of incubation at all concen-
tration used. This cell proliferation might be due to fact that leaf/SI contain polyphe-
nols. Our phytochemistry study identified polyphenols in leaf and SI, such as sinapic
acid and 5-(hydroxymethyl) furfural [11,12]. A previous study that reported areca nut
carcinogenicity was suppressed by the betel leaf when injected to mice [38]. This areca
alkaloids-antagonistic action by betel leaf has been attributed to the antioxidative nature
of phenolics, particularly of appreciable quantities of hydroxychavicol. Antioxidative
property of betel leaf has been reported to be much more either butylated hydroxy anisole
or butylated hydroxytoluene [39,40].
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BA-Husk and WP-Husk did not exhibit cytotoxic effect on MMF-1 up until 3 days
of incubation. The appreciable numbers of identified polyphenols and small amount of
arecoline in both husks [11,12] might slow the inhibition of cell growth and rather more
likely to stimulate cell growth as shown by the increased cells number compared to control.

Arecoline exhibited cytotoxicity on OKF-6 at 100 µg/mL after incubation for 2 days.
Arecoline suppressed growth of OKF-6 at 1 µg/mL, 10 µg/mL, and 100 µg/mL respectively
by 80.75%, 48.79%, and 33.16% after incubation for 3 days. However, arecoline induced
cell proliferation on MMF-1 at all concentrations used over 3 days of incubation. Several
researchers reported that arecoline suppressed oral keratinocyte cell vitality at different
ranges of concentration [2,7,17,18,25]. In contrast, there are well-documented reports of pro-
liferation and collagen synthesis in human buccal mucosal fibroblasts induced by arecoline
and arecaidine [16]. Our findings are consistent with the pathogenesis of OSMF, in which
arecoline has a proliferative effect on fibroblast [41–43] and also has an anti-proliferative
and/or cytotoxic effects on epithelial, which may have further implications on the oral
mucosa and vascular function, respectively [41,44]. The effect of arecoline on fibroblasts,
keratinocytes and endothelial cells contribute to the pathogenesis of OSMF [41,44].

Gross morphological changes were present in both OKF-6 and MMF-1 following
BQ exposure. The morphological alteration differed widely and were dependent upon
individual components and cell line tested.

It was observed that ANE exposure to OKF-6 led to cell shrinkage and death as well as
intercellular space loss. Jeng et al. [25] reported morphological alterations after exposure to
AN in the change of cell characterization, form, and size, consistent with our current study.
The exposure of leaf, BQ Mixture, and husk extracts to OKF-6 caused less to no intercellular
space’s loss.

When comparing exposure to AN from BA and WP region by the same dose and incu-
bation time to OKF-6, WP-AN was associated with the presence of more dead cells and a
higher loss of intercellular spaces. WP-Husk extract led to higher loss of intercellular spaces
rather than BA-Husk extract and this is more likely due to higher arecoline concentration
carried by WP-AN.

The normal spindle form of MMF-1 was altered to stellate form following exposure
to BA-AN and WP-AN. However, the loss of intercellular spaces was more prominent in
MMF-1 exposed by WP-AN compared to BA-AN. The oral primary fibroblast morphology
alteration most likely occurred due to areca arecoline in the ANE, as also reported by
Abhisek et al. [45].

5. Conclusions

Our present study indicated that extracts from both Banda Aceh and West Papua
regions of areca had cytotoxic effects on OKF-6 over a 3-day incubation period. SI extracts
also exhibited cytotoxicity towards OKF-6, albeit to a lesser extent. In contrast, the extract
of the leaf, BQ mixture and husk did not demonstrate cytotoxic effects within the first
3 days of incubation. When exposed to fibroblast (MMF-1), the BQ components from both
regions showed no cytotoxicity at any of the tested concentrations. BA and WP-ANE led to
some MMF-1 proliferation after 1 day of incubation, followed by growth inhibition on the
2nd day of incubation in a dose- and time- dependent manners.

Morphological changes were observed in OKF-6 and MMF-1 cells following expo-
sure to BQ. These changes included alterations in various cellular features, such as cell
architecture, form, size, loss of cell demarcation, and the formation of intercellular spaces.

The phytochemicals findings from our previous study are consistent with the observed
cytotoxic effect on both cultured fibroblast and keratinocytes. These results suggest that
unripe areca nut, SI and husk from West Papua (WP) might contribute to the development
of oral submucous fibrosis. It could be postulated that the consumption of ripe areca
nuts, without the inclusion of either stem inflorescence of piper betle or areca husk, has
potential to decrease the development of oral submucous fibrosis and ultimately reduce
the morbidity and mortality associated with this horrific disease.
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