
Journal of Dental Sciences 20 (2025) 819e829
Taiw
an  Association for Denta

l S
ci

en
ce

s

Available online at www.sciencedirect.com

ScienceDirect

journal homepage: www.e-jds.com
Original Article
Impact of red-lime and white-lime betel quid
on oral cell lines: Cytotoxicity and effects on
fibronectin and type I collagen expression

Chia-Chen Wu a, Yu-Hsun Kao a,b, Yong-Deok Kim c,
Chun-Chan Ting a,d, Hangshen Chen a,e, Feng-Cheng Wu a,
Keiichiro Miura b,f, Toru Ogasawara g, Kazuto Hoshi g,
Wen-liang Lo h, Yao-Chang Chen i, Jiiang-Huei Jeng e,j,
Edward Chengchuan Ko a,b,e,g,k*
a Liberty Lab of Tissue Engineering Takao, Kaohsiung, Taiwan
b Division of Oral and Maxillofacial Surgery, Kaohsiung Medical University Hospital, Kaohsiung, Taiwan
c Department of Oral and Maxillofacial Surgery School of Dentistry and Dental Research Institute, and
Institute of Translational Dental Sciences, Pusan National University, Yangsan, South Korea

d School of Dentistry, College of Medicine, National Cheng Kung University, Tainan, Taiwan
e School of Dentistry, College of Dental Medicine, Kaohsiung Medical University, Kaohsiung, Taiwan
f Department of Regenerative Oral Surgery, Unit of Translational Medicine, Graduate School of
Biomedical Sciences, Nagasaki University, Nagasaki, Japan

g Department of Oral and Maxillofacial Surgery, Graduate School of Medicine and Faculty of Medicine,
The University of Tokyo, Tokyo, Japan

h College of Dentistry, National Yang Ming Chiao Tung University, Taipei, Taiwan
i Department of Laboratory Medicine, National Taiwan University Hospital, Taipei, Taiwan
j School of Dentistry, College of Medicine, National Taiwan University, Taipei, Taiwan
k Institute of Precise Medicine, College of Medicine, National Sun Yat-sen University, Kaohsiung,
Taiwan
Received 2 July 2024; Final revision received 18 September 2024
Available online 8 October 2024
KEYWORDS
Betel quid;
Periodontal ligament
fibroblasts;
* Corresponding author. School of D
Sanmin Dist., Kaohsiung City, 807378,

E-mail address: ko.edward.kaseize

https://doi.org/10.1016/j.jds.2024.09.
1991-7902/ª 2025 Association for Denta
the CC BY-NC-ND license (http://creati
Abstract Background/purpose: Chewing betel quid is linked to an increased risk of oral can-
cer. This study investigates the effects of red-lime and white-lime betel quid extracts on oral
cell lines, focusing on cytotoxicity and their influence on fibronectin and Type I collagen
expression, which were crucial for oral tissue integrity and cancer development.
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Materials and methods: Four oral cell lines, human gingival fibroblasts, tongue squamous cell
carcinoma cells, human periodontal ligament fibroblasts, and human fetal osteoblasts, were
treated with red-lime and white-lime betel quid extracts. Cytotoxicity assays and Western
blotting were used to assess cell viability and protein expression.
Results: Both red-lime and white-lime betel quid extracts exhibited dose-dependent effects
on all tested cell lines, with variations in sensitivity observed among cell types. Notably,
red-lime betel quid exerted stronger cytotoxic effects on human gingival fibroblasts and human
fetal osteoblasts. Red-lime betel quid increased fibronectin and Type I collagen in periodontal
ligament fibroblasts but reduced both proteins in fetal osteoblasts. White-lime betel quid
extract generally elevated fibronectin and decreased Type I collagen across cell lines.
Conclusion: This study reveals a nuanced, concentration-dependent impact of betel quid ex-
tracts on oral cells, with significant variability in cytotoxicity and changes in fibronectin and
Type I collagen expression. These findings suggest that abrupt cessation of betel quid chewing
can lead to dental issues such as mobile teeth. Red-lime betel quid uniquely affects peri-
odontal ligament fibroblasts by increasing both fibronectin and Type I collagen.
ª 2025 Association for Dental Sciences of the Republic of China. Publishing services by Elsevier
B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Introduction

Chewing betel quid is a significant risk factor for oral can-
cer, with studies indicating substantial risks compared to
individuals who have never used it. The International
Agency for Research on Cancer classifies it as a Group 1
carcinogen.1 Betel quid chewing is prevalent in South Asia,
Southeast Asia, and the Pacific Islands and is a major factor
in the development of oral cancer due to arecoline, the
primary carcinogenic ingredient in areca nut.

In Taiwan, two major types of betel quid products are
available (Fig. 1 and Supplement Fig. 9): red-lime betel
quid and white-lime betel quid. Red-lime betel quid known
as “Chhiⁿ-á” in Taiwanese, involves splitting a fresh areca
fruit, stuffing it with pieces of Piper betle Linn. inflores-
cence, and adding red lime. Red lime betel quid consists
mainly of slaked lime (calcium hydroxide) mixed with in-
gredients like licorice powder, traditional Chinese medi-
cine, and spices. White-lime betel quid, or “hióh-á,”
involves wrapping a fresh areca fruit with betel leaves
coated with white lime (calcium hydroxide).

Before 2000, red-lime betel quid dominated the Taiwa-
nese market. Recently, however, rumors among the public
and oral cancer patients suggest that red-lime betel quid
irritates the oral mucosa, increasing the risk of oral ulcers
and cancer. Consequently, white-lime betel quid has
become more popular. Although betel quid consumption is
decreasing, the incidence of oral squamous cell carcinoma
is declining slowly.

Current research primarily focuses on the carcinogenic
effects of arecoline, with limited attention to the impact of
betel quid products on periodontal ligaments and bone. The
effects of betel quid on various oral cell lines have not been
adequately studied, and the influence on extracellular
matrix (ECM) proteins like fibronectin and Type I collagen
remains unknown.

Our study aimed to investigate the cytotoxicity of red-
lime andwhite-lime betel quid extracts on different oral cell
lines and explored their effects on fibronectin and Type I
collagen expression. This research was significant as it
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explored fibronectin levels in betel quid-related oral health
issues, potentially guiding interventions or preventive
measures.

This manuscript examined the effects of different betel
quid products on in vitro cultured human gingival fibro-
blasts, squamous cell carcinoma cells, human periodontal
ligament fibroblasts, and human fetal osteoblasts. We
assessed the cytotoxicity and the expression of collagen
type I and fibronectin through the western blotting,
providing insights that may spark future studies on betel
quid.
Materials and methods

Cell culture

This in vitro study utilized four cell lines: HGnF (human
gingival fibroblasts), SCC-25 (tongue squamous cell carci-
noma), HPLF (human periodontal ligament fibroblasts), and
hFOB1.19 (human fetal osteoblasts). HGnF Cells were ob-
tained from ScienCell Research Laboratories (Carlsbad, CA,
USA) and cultured in low glucose Dulbecco’s Modified Eagle
Medium (DMEM; GeneDireX, Taoyuan, Taiwan) with 4 mM L-
glutamine, 1000 mg/L glucose, 110 mg/L sodium pyruvate,
penicillin/streptomycin, and 10 % fetal bovine serum (FBS;
Thermo Fisher Scientific, Waltham, MA, USA). SCC-25 Cells
were procured from the Bioresource Collection and
Research Center (BCRC, Hsinchu, Taiwan) and cultured in
DMEM/F12 with 25 mM HEPES, 400 ng/ml hydrocortisone
(SigmaeAldrich, Merck, Darmstadt, Germany), and 10 %
FBS. HPLF Cells were purchased from ScienCell Research
Laboratories and cultured in low glucose DMEM supple-
mented with 4 mM L-glutamine, 1000 mg/L glucose,
110 mg/L sodium pyruvate, penicillin/streptomycin, and
10 % FBS. hFOB1.19 Cells were obtained from Bioresource
Collection and Research Center (BCRC) and cultured in
DMEM/F12 without phenol red, supplemented with 0.3 mg/
ml G418 (SigmaeAldrich, Merck, Darmstadt, Germany) and
10 % FBS.
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Figure 1 Commercially available red-lime and white-lime betel quid in Taiwan: (A) The image on the left depicts a red-lime
betel quid, while the image on the right shows a white-lime betel quid; (B) The left panel illustrates the ingredients of the red-lime
betel quid, which include areca nut (AN), red-lime, and piper betle. The right panel shows the ingredients of the white-lime betel
quid, consisting of areca nut (AN), white slaked lime, and betel leaf.
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All cell lines were maintained at 37 �C with 95 % air and
5 % CO2. Subculturing was performed using 0.05 %
TrypsineEDTA (GeneDireX) when cells reached 80e90 %
confluence.
Betel quid extraction

Red-lime betel quid (containing areca nut, kudzu, and red
lime) and white-lime betel quid (containing areca nut,
betel leaves, and white lime) were used (Fig. 1). Juice
extraction involved blending the betel quid with double-
distilled water (ddH2O), collecting the mixture, and
821
extracting it overnight at 4 �C. After centrifuging at 4000
RCF for 15 min, the supernatant was filtered and dried into
powder at 50 �C. The powder was dissolved in ddH2O and
stored at �20 �C for research.

Treatment

Cells were seeded to 80e90 % confluence and treated with
varying betel quid extract concentrations (0e800 mg/mL)
for up to seven days. Samples were collected on days 1, 3,
5, and 7 for cytotoxicity analysis and to determine appro-
priate concentrations for subsequent experiments.2,3
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Cytotoxicity assay

1 � 104 cells/well were seeded in a 96-well plate and
treated with betel quid extracts for 1, 3, 5, and 7 days.
Following the Cell Counting Kit-8 (Biotools Co., New Taipei
City, Taiwan) protocol, the CCK-8 reagent was added, and
plates were incubated at 37 �C, 5 % CO2 for 1.5 h. Absor-
bance was measured at 450 nm.

Protein extraction

1 � 106 cells/well were seeded in a 10 cm dish. After seven
days of treatment, cells were washed with 1xPBS, scraped,
centrifuged, and lysed on ice with cell lysis buffer (Pro-prep
protein extraction solution, iNtRon Biotechnology, Kirkland,
WA, USA). The lysate was centrifuged, and the supernatant
was collected for protein concentration measurement using
the SMART BCA protein assay kit (iNtRon Biotechnology).
Samples were stored at �80 �C.

Western blotting

Cell lysate was mixed with 5x protein loading dye (iNtRon
Biotechnology), and proteins were separated using 8 % SDS-
PAGE, then transferred to PVDF membranes (Cytiva,
Amersham, UK). Membranes were blocked with 2 % BSA
(SigmaeAldrich, Merck, Darmstadt, Germany) and incu-
bated overnight with primary antibodies for fibronectin
(Abcam, Cambridge, UK), collagen I (Proteintech, Rose-
mont, IL, USA), and b-actin (Abcam). After washing,
membranes were incubated with secondary antibodies
(Abcam), and signals were developed using ECL-HRP sub-
strate (Biotools). Images were captured using the Bio-rad
ChemiDoc XRS þ system (Bio-rad, Hercules, CA, USA) and
analyzed with Bio-rad Image Lab Software.

Statistical analysis

Data are expressed as mean � SE. Statistical analysis was
performed using Prism8 software (GraphPad Software, San
Diego, CA, USA). Differences between groups were assessed
using one-way ANOVA or Unpaired t-tests, with P < 0.05
considered statistically significant.
Results

Effective dosage of red-lime betel quid on various
cell lines

HGnF cells: Treatment with red-lime betel quid showed a
dose-dependent reduction in cell survival. At 800 mg/ml for
1 day, only 65 % of cells survived. For 3, 5, and 7 days at
>200 mg/ml, survival rates were 65 %, 55 %, and 46 %,
respectively. We used 200 mg/ml for 7 days for further ex-
periments (Fig. 2A and Table 1).

SCC-25 cells: A 100 mg/ml dose stimulated cell prolif-
eration for up to 5 days, and 200 mg/ml for 7 days also
promoted growth. However, doses >400 mg/ml inhibited
growth (Fig. 2B and Table 1).
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HPLF cells: At 800 mg/ml for 1 day, only 65 % survived.
Doses >400 mg/ml for 3 days also inhibited growth. A
100 mg/ml dose for 7 days was used for further experiments
(Fig. 2C and Table 1).

hFOB1.19 cells: Treatment with 800 mg/ml for 1 day left
only 19 % of cells alive. Doses >400 mg/ml for 3 and 5 days
reduced survival to 70 % and 46 %. We used 100 mg/ml for 7
days in further experiments (Fig. 2D and Table 1).

Effective dosage of white-lime betel quid on
various cell lines

HGnF cells: A dose of 800 mg/ml for 1 day resulted in 51 %
survival. Doses > 400 mg/ml for 3, 5, and 7 days showed
survival rates of 79 %, 68 %, and 54 %. We used 400 mg/ml for
7 days for further experiments (Fig. 3A and Table 2) (see
Table 3).

SCC-25 cells: A 400 mg/ml dose for 1 day stimulated cell
proliferation. A 200 mg/ml dose for 7 days was used for
further experiments (Fig. 3B and Table 2).

HPLF cells: Treatment with 800 mg/ml for 1 day left 70 %
of cells alive. Doses > 400 mg/ml for 3, 5, and 7 days
resulted in survival rates of 64 %, 56 %, and 56 %. We used
400 mg/ml for 7 days for further experiments (Fig. 3C and
Table 2).

hFOB1.19 cells: A dose of 800 mg/ml for 1 day resulted
in 23 % survival. Doses > 400 mg/ml for 3, 5, and 7 days
showed survival rates of 69 %, 53 %, and 42 %. We used
400 mg/ml for 7 days in further experiments (Fig. 3D and
Table 2).

Effects of red-lime betel quid on protein expression

HGnF cells: 200 mg/ml red-lime betel quid increased
fibronectin but decreased Type I collagen expression
(Fig. 4A).

SCC-25 cells: 200 mg/ml red-lime betel quid increased
fibronectin but decreased Type I collagen expression
(Fig. 4B).

HPLF cells: 100 mg/ml red-lime betel quid increased
both fibronectin and Type I collagen expression (Fig. 4C).

hFOB1.19 cells: 100 mg/ml red-lime betel quid
decreased both fibronectin and Type I collagen expression
(Fig. 4D).

Effects of white-lime betel quid on protein
expression

HGnF cells: 400 mg/ml white-lime betel quid increased
fibronectin but decreased Type I collagen expression
(Fig. 5A).

SCC-25 cells: 200 mg/ml white-lime betel quid increased
fibronectin but decreased Type I collagen expression
(Fig. 5B).

HPLF cells: 400 mg/ml white-lime betel quid increased
fibronectin but decreased Type I collagen expression
(Fig. 5C).

hFOB1.19 cells: 400 mg/ml white-lime betel quid
decreased both fibronectin and Type I collagen expression
(Fig. 5D).



Figure 2 Effective concentrations of red-lime betel quid on various human cell lines. (Detailed data are shown in the Sup-
plementary Figures) Eleven different concentrations of red-lime betel nut were administered to cultured cells for 1, 3, 5, and 7
days. Cell proliferation was analyzed using the CCK-8 assay to determine the effective concentration and treatment duration for
subsequent experiments: (A) Human gingival fibroblast (HGnF) cells treated with 200 mg/ml red-lime betel quid for 7 days; (B)
Squamous cell carcinoma (SCC-25) cells treated with 200 mg/ml red-lime betel quid; (C) Human periodontal ligament fibroblasts
(HPLF) cells treated with 100 mg/ml red-lime betel quid; (D) Human fetal osteoblast cell line (hFOB1.19) cells treated with 100 mg/
ml red-lime betel quid.
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Table 1 Summary table of effective doses for cells treated with red-lime betel quid (n Z 4). There was a significant dif-
ference between the experimental groups and the control group (0 mg/ml). Statistical analysis was performed using one-way
ANOVA. * indicates P < 0.05, indicating a significant difference. ** indicates P < 0.005, *** indicates P < 0.001, and **** in-
dicates P < 0.0001.

Red slaked lime betel quid 1 day 3 days 5 days 7 days

HGnF

Concentration (mg/ml) 800 200 200 200
Cell viability (%) 65 66 56 46
P value **** **** **** ****
SCC-25 cell

Concentration (mg/ml) 200 200 200 200
Cell viability (%) 114 119 116 120
P value ** **** *** ***
HPLF cell

Concentration (mg/ml) 800 400 100 100
Cell viability (%) 65 43 121 116
P value **** **** **** **
hFOB cell

Concentration (mg/ml) 800 400 400 100
Cell viability (%) 19 70 46 125
P value **** **** **** **
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Discussion

The results of our study highlight the differential cytotoxic
effects of red-lime and white-lime betel quid extracts on
various oral cell lines. The observed dose-dependent cyto-
toxicity underscores the variable sensitivity among cell
types, particularly noting that human gingival fibroblasts
and human fetal osteoblasts exhibited higher sensitivity to
red-lime betel quid extract. This aligns with previous find-
ings that have documented the cytotoxic nature of betel
quid components and their potential to induce cell death
and impair cellular functions in oral tissues.1e6

Interestingly, red-lime betel quid extract increased the
expression of fibronectin and Type I collagen in periodontal
ligament fibroblasts, a response that could be indicative of
an attempt by these cells to maintain extracellular matrix
integrity under stress conditions induced by the extract. In
contrast, the same extract led to a reduction of these
proteins in human fetal osteoblasts, suggesting a detri-
mental effect on bone-forming cells, which might impair
bone integrity and regeneration. This dichotomy in
response emphasizes the complex interaction between
areca nut components and cellular pathways involved in
extracellular matrix production and turnover.3 In a large
Taiwanese population follow-up study, Kuo found that betel
nut chewing is associated with decreased calcaneus ultra-
sound T-Score.7 Interestingly, Mishra et al. observed that
betel leaf extract and its major component, hydrox-
ychavicol, promote osteogenesis and alleviate
glucocorticoid-induced osteoporosis in rats.8

White-lime betel quid extract demonstrated a more
consistent pattern of elevating fibronectin while decreasing
Type I collagen across the tested cell lines. The reduction in
Type I collagen, a major structural component of the
extracellular matrix, could compromise tissue integrity and
promote a microenvironment conducive to cancer pro-
gression, as previously reported by other studies.9 This
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pattern suggests a potential mechanism by which white-
lime betel quid could contribute to the development and
progression of oral cancers, by altering the extracellular
matrix composition and dynamics in a way that favors ma-
lignant transformation and invasion.

Our findings provide significant insights into the poten-
tial mechanisms by which betel quid chewing contributes to
oral pathology. Specifically, the distinct impacts on fibro-
nectin and Type I collagen expression suggest that the
components of red-lime and white-lime betel quid may
differentially influence the structural integrity of oral tis-
sues, potentially leading to conditions that favor cancer
development. The increase in fibronectin, for instance, has
been linked to enhanced cell adhesion and migration,
processes that are crucial in cancer metastasis. Addition-
ally, the observed decrease in Type I collagen could disrupt
tissue homeostasis, leading to a weakened extracellular
matrix that is more susceptible to neoplastic changes.
Kondaiah et al. found that arecoline down-regulated the
expression of collagens 1A1 and 3A1 in human primary
gingival fibroblasts; however, these collagens were induced
by arecoline in the presence of a spent medium of cultured
human keratinocytes.10 Arecoline interacts with phospho-
diesterase 4 A (PDE4A) to exert its effects through modu-
lating PDE4A activity but not PDE4A expression.11 Tsai et al.
noticed that the arecoline-induced buccal myofibroblast
activities, including collagen gel contractility, cell motility,
and wound healing were all suppressed by paeonol treat-
ment.12 Existing studies suggest that MMPs influence the
expression of Fibronectin and Type I Collagen, thereby
facilitating the invasion of OSCC into surrounding cells.13,14

Research indicates that fibronectin can regulate the
adhesion of gingival fibroblasts to bone.15 Studies indicate
that fibronectin affects cell adhesion, migration, and
wound healing and may play a critical role in the interac-
tion between periodontal ligament (PDL) cells and the
extracellular matrix (ECM), potentially influencing the



Figure 3 Effective concentrations of white-lime betel quid on various human cell lines. (Detailed data are shown in the
Supplementary Figures) Eleven different concentrations of white-lime betel quid were administered to in vitro cultured cells for 1,
3, 5, and 7 days. Proliferation was analyzed using the CCK-8 assay to determine the effective concentration and duration for
subsequent research: (A) Human gingival fibroblast (HGnF) cells treated with 400 mg/ml white-lime betel quid for 7 days; (B)
Squamous cell carcinoma (SCC-25) cells treated with 200 mg/ml white-lime betel quid; (C) Human periodontal ligament fibroblast
(HPLF) cells treated with 400 mg/ml white-lime betel quid; (D) Human fetal osteoblast (hFOB1.19) cells treated with 400 mg/ml
white-lime betel quid. All cell images were captured using the JuLI FL cell history recorder at 4� magnification. There was a
significant difference between the experimental and control groups (0 mg/ml). Data are expressed as mean� SE. Statistical analysis
was performed using one-way ANOVA. * indicates P < 0.05, indicating statistical significance.
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Table 2 Summary table of effective doses for cells treated with white-lime betel quid (n Z 4). There was a significant dif-
ference between the experimental groups and the control group (0 mg/ml). Statistical analysis was performed using one-way
ANOVA. * indicates P < 0.05, indicating a significant difference. ** indicates P < 0.005, *** indicates P < 0.001, and **** in-
dicates P < 0.0001.

White slaked lime betel quid 1 day 3 days 5 days 7 days

HGnF cell

Conc. (mg/ml) 800 400 400 400
Cell viability (%) 51 79 68 54
P value **** **** **** ****
SCC-25 cell

Conc. (mg/ml) 400 100 200 200
Cell viability (%) 112 108 110 111
P value *** ns *** ***
HPLF cell

Conc. (mg/ml) 800 400 400 400
Cell viability (%) 70 64 56 56
P value **** **** **** ****
hFOB cell

Conc. (mg/ml) 800 400 400 400
Cell viability (%) 23 69 53 42
P value **** **** **** ****

Table 3 Summary of protein expression in human gingival fibroblast (HGnF) cells, squamous cell carcinoma (SCC-25) cells,
human periodontal ligament fibroblast (HPLF) cells, and human fetal osteoblast (hFOB) cells affected by red-Lime and white-
lime betel quid.

Red slaked lime betel quid White slaked lime betel quid

Fibronectin Collagen I Fibronectin Collagen I

HGnF [ Y [ Y

SCC-25 cell [ Y [ Y

HPLF cell [ [ [ Y

hFOB 1.19 cell Y Y Y Y

Both red-lime and white-lime betel quid increased the expression of fibronectin in human gingival fibroblast (HGnF) and squamous cell
carcinoma (SCC-25) cells, while they decreased collagen type I expression. In human periodontal ligament fibroblast (HPLF) cells, both
red-lime and white-lime betel quid enhanced fibronectin expression; however, red-lime betel quid increased collagen type I expression,
whereas white-lime betel quid decreased it. In human fetal osteoblast (hFOB) cells, both red-lime and white-lime betel quid decreased
the protein expression of fibronectin and collagen type I.
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regeneration of periodontal tissues.16 Additionally, it is
known that Type I collagen affects the development of PDL
cells and tooth movement.17,18 Fibronectin regulates the
differentiation of osteoblasts.19 The consequences of
reduced fibronectin and Type I collagen expression in
hFOB1.19 cells warrant exploration in the context of bone
health. It is currently understood that fibronectin and TGF-
b1 may influence bone formation.20

Future research should further explore the molecular
pathways modulated by these extracts to develop effective
interventions. Understanding the specific components
responsible for these effects could lead to the development
of targeted therapies that neutralize the harmful effects of
areca nut while preserving oral tissue integrity. Previous
literature has shown that employing Type I or III collagen as
a matrix can modulate the growth and/or differentiation of
human osteoblasts.21 Our findings corroborate that inhibi-
tion of Type I collagen expression in hFOB1.19 cells occurs
with both the red and white betel quid treatments.
826
The clinical implications of our study are significant,
particularly in regions where betel quid chewing is preva-
lent. Given the complex effects observed in this study,
abrupt cessation of betel quid chewing, especially with red-
lime betel quid, might result in adverse dental issues such
as mobile teeth due to sudden changes in extracellular
matrix composition. Therefore, gradual cessation strategies
coupled with supportive dental care might be more effec-
tive in mitigating these risks.

Despite the significant findings, our study has several
limitations. The in vitro nature of the experiments limits
the ability to fully extrapolate these results to in vivo
conditions. The cellular responses observed in a controlled
laboratory environment might differ from those in a com-
plex living organism where multiple factors interact.
Additionally, the study did not examine the long-term ef-
fects of betel quid extracts on oral cells, which would be
critical for understanding chronic exposure impacts. Vari-
ations in betel quid composition and preparation methods



Figure 4 Effects of red-lime betel quid on protein expression of fibronectin and Type I collagen in various human cell lines.
Western blotting was used to analyze the protein expression of fibronectin and Type I collagen in cells treated with red-lime betel
quid (n Z 4): (A) Red-lime betel quid stimulated fibronectin expression and inhibited Type I collagen expression in human gingival
fibroblast (HGnF) cells; (B) Red-lime betel quid stimulated fibronectin expression and inhibited Type I collagen expression in
squamous cell carcinoma (SCC-25) cells; (C) Red-lime betel quid enhanced the protein expression of both fibronectin and Type I
collagen in human periodontal ligament fibroblast (HPLF) cells; and (D) Red-lime betel quid reduced the protein expression of
fibronectin and Type I collagen in human fetal osteoblast (hFOB) cells. Data are presented as mean � SE and were compared with
the control group (0 mg/ml). Statistical analysis between the two groups was conducted using the unpaired t-test. *P < 0.05,
**P < 0.005, ***P < 0.001, indicating statistical significance.

Journal of Dental Sciences 20 (2025) 819e829

827



Figure 5 Effects of white-lime betel quid on the protein expression of fibronectin and Type I collagen in various human cell

lines. Western blotting was used to analyze the effects of white-lime betel quid on fibronectin and Type I collagen protein
expression in cells (n Z 4): (A) White-lime betel quid enhanced fibronectin expression and inhibited Type I collagen expression in
human gingival fibroblast (HGnF) cells; (B) White-lime betel quid enhanced fibronectin expression and inhibited Type I collagen
expression in squamous cell carcinoma (SCC-25) cells; (C) White-lime betel quid enhanced fibronectin expression and inhibited
Type I collagen expression in human periodontal ligament fibroblast (HPLF) cells; and (D) White-lime betel quid reduced the protein
expression of both fibronectin and Type I collagen in human fetal osteoblast (hFOB) cells. Data were presented as mean � SE and
were compared with the control group (0 mg/ml). Statistical analysis between the two groups was conducted using the unpaired t-
test. *P < 0.05, **P < 0.005, ***P < 0.001, indicating statistical significance.

C.-C. Wu, Y.-H. Kao, Y.-D. Kim et al.
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across different cultural practices were not accounted for,
which could influence the generalizability of the findings.

This study underscores the differential cytotoxicity of
red-lime and white-lime betel quid extracts on various oral
cell lines, highlighting their distinct impacts on fibronectin
and Type I collagen expression. Red-lime betel quid extract
exhibited higher toxicity, particularly affecting human
gingival fibroblasts and human fetal osteoblasts. Both ex-
tracts altered extracellular matrix protein levels, poten-
tially compromising tissue integrity and promoting cancer
progression. These findings emphasize the need for public
health initiatives to raise awareness about the risks of betel
quid use and for developing targeted therapies to mitigate
its harmful effects. Future research should focus on the
long-term impacts and molecular mechanisms underlying
these effects to support effective intervention strategies
for populations where betel quid chewing is prevalent.
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