
Chewing betel quid is a common habit in Taiwan and associated
with the risk of oral cancer. Betel quid contains arecoline and
arecaidine, which may serve as the exposure biomarkers of a
chewing habit. We developed a liquid chromatography–tandem
mass spectrometry method for the quantitative analysis of blood
arecoline and arecaidine. Because 8-hydroxydeoxyguanosine
(8-OH-dG) level in urine is only one early health marker of
carcinogenesis, we also examined its association with chewing
habit. We found a significant positive correlation between the
quantities of betel quid used before the day of drawing blood and
arecoline [(Spearman correlation coefficient (r) = 0.81; p value
< 0.01) or arecaidine levels (r = 0.86; p value < 0.01)]. Habitual
use quantity (quids/day) showed moderate correlation with both
arecoline (r = 0.52; p value < 0.05) and arecaidine concentrations
(r = 0.51; p value < 0.05). However, there were no significant
correlations between total chewing years and concentrations of
arecoline and arecaidine in serum or 8-OH-dG in urine. In
conclusion, serum arecoline and arecaidine levels are measurable
and good indicators for recent betel quid use.

Introduction

After smoking, alcohol drinking, and caffeine use, con-
sumption of betel quid is the world’s fourth most common
psychoactive and addictive habit (1). Betel quid (dietary food)

is used by an estimated 600 million people worldwide (2); and
this practice is widespread in Taiwan with approximately two
million habitual users (10% of the population) (3). Our pre-
vious study reported that a high proportion of adolescent
chewers were also smokers and alcohol drinkers (4). The
increasing incidence in oropharyngeal cancer in Taiwan is
probably heavily influenced by the rising consumption of al-
cohol and use of betel quid (5).
Taiwanese betel quid refers to a combination of areca nut,

lime, and influorescence of Piper Betle Linn. or Piper Betle leaf
(6). Habitual betel chewing is known to be deleterious to
human health with problems including esophageal cancer,
liver cancer, obesity, metabolic syndrome, heart disease, cere-
brovascular mortality, schizophrenia, and adverse pregnancy
outcome (7–14) and has been especially associated with in-
creased risk of the development of oral/pharyngeal cancer (15–
17). Although betel quid has varied components and practices
in different parts of the world, areca nut is a major common in-
gredient.
The International Agency for Research on Cancer (IARC)

has labeled areca nut without tobacco a Group 1 carcinogen
to humans (18). In clinical toxicology, the major constituents
of areca nut are alkaloids and polyphenols related to oral
cancer (18). The main alkaloids in areca nut are arecoline,
arecaidine, guvacine, and guvacoline (19). Arecoline is the
major areca alkaloid and constitutes 0.15–0.67% dry weight
of betel quid (19), followed by arecaidine. In in vitro studies,
the genotoxicity and mutagenicity of areca-nut alkaloids
(arecoline/arecaidine) have been detected from many short-
term assays (20). Such alkaloids have widespread effects on
the body, including the brain, cardiovascular system, and
gut, because of their effect on parasympathetic, GABAnergic,
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and sympathetic functions (1,21). Ingredients in betel quid
produce complex interactions during chewing. For example,
when betel quid is chewed with lime, arecoline and guvaco-
line are metabolized into arecaidine and guvacine, respec-
tively, and block the GABAnergic effects (21). In addition,
arecoline might be rapidly metabolized in both the liver and
kidney (18).
Reactive oxygen species (ROS) cause oxidative damage to

nucleic acids, proteins, and lipids and are known to be asso-
ciated with aging, carcinogenesis, and other diseases (22).
ROS, produced from polyphenolic betel-quid ingredients with
lime, induce chromosomal damage and are involved in patho-
logical changes of oral mucosa (6,23,24). 8-Hydroxy-
deoxyguanosine (8-OH-dG), a good indicator of oxidative
stress, can increase after environmental or occupational ex-
posure to carcinogens. DNA templates containing 8-OH-dG
are easily misread (25). In vitro studies have shown that treat-
ment of DNA with betel quid extract under alkaline conditions
leads to the formation of 8-OH-dG (24). Cytogenetic effects of
ROS were found after applying betel nut extract with lime on
the cheek pouch of Syrian golden hamsters (24). Therefore,
the formation of 8-OH-dG can be considered a marker of mu-
tation or carcinogensis (20).
Taken together, these biomarkers could be used to detect the

exposure (arecoline and arecaidine) and adverse effect (8-OH-
dG) of a betel quid chewer. In contrast to the situation with 8-
OH-dG, little effort has been made to develop analytical
methods for betel alkaloids. Moreover, to our knowledge, no
study has revealed the correlation between those three chem-
ical levels and the cumulated amount of betel quid consumed.
This study has two main aims: to develop a sensitive and spe-
cific analysis of arecoline/arecaidine (Figure 1) in humans and
to examine the correlation between the levels of plasma alka-
loids or urinary 8-OH-dG and chewing habits (obtained by
using a questionnaire).

Materials and Methods

Chemicals
Solvents and reagents were analytical grade. Reagents were

purchased from the indicated sources: [2H3]-arecoline and
[2H3]-arecaidine as internal standard (Ryss Lab., Taipei,
Taiwan); arecoline and arecaidine (Sigma, St. Louis, MO);
ethanol and formic acid (FA) (ECHO, Miaoli, Taiwan); and ace-
tonitrile (ACN) (R.D.H, Seelze, Germany).

Standard and sample preparation
Standard stock solutions were prepared by adding 1 mg of

arecoline, arecaidine, and [2H3]-arecoline or [2H3]-arecaidine
powder in 1 mL of distilled water (1000 ppm). Standard and
quality control samples were obtained by adding known
amounts of standard solutions (60 µL) to 1 mL of human
plasma. The solutions were serially diluted by adding 5% ACN
and 0.1% FA (prepared by adding 5 mL ACN and 0.1 mL FA in
95 mL distilled water) to prepare the internal standard and
build a calibration curve.

Study subjects, blood/urine sampling, and questionnaire
In total, 18 healthy workers of a rapid transit system in

Kaohsiung, Taiwan volunteered to participate in this study.
Only one of them was female; and the mean age was 39.7 ± 10.6
years with ages ranging from 24 to 57 years. Blood samples
were collected from the peripheral veins of upper limbs from
each subject. They were stored at –20°C and analyzed for areco-
line and arecaidine levels within three days. Urine samples
were kept at 4°C during sampling and then stored at –20°C be-
fore analysis. All of the subjects were interviewed by trained in-
terviewers using a standardized questionnaire, slightly modi-
fied from one used in our previous study (13), to collect
demographic characteristics and information about substance
use (betel quid, tobacco, and alcohol). Subjects who had weekly
chewed betel quid for at least six months during any period
were defined as chewers. In the questionnaire, we also recorded
what year the subject started and, if applicable, quit the habit,
the duration of consumption, and the daily amount consumed.
This study was approved by the internal review board of the
Human Experimental and Ethics Committee of the Kaohsiung
Medical University (KMUH-IRB-94046). All participants gave
their written informed consent.

Liquid chromatography–tandem mass spectrometry
(LC–MS–MS) analysis of plasma arecoline/arecaidine
(a new analytical method)
Blood sample preparation. Heparinized whole blood col-

lected from study subjects was centrifuged at 2000 × g for 10
min to isolate plasma supernatant. Plasma specimens were
stored at –20°C until analysis. One milliliter of plasma was
added to 60 µL of internal standard mixture ([2H3]-areco-
line/[2H3]-arecaidine, 100 ppb) and 1 mL of 99.9% ethanol.
We also tried other solvents such as methanol, but 99.9%
ethanol had much better solubility for the mixture. The sample
solution was vortex mixed and dried under vacuum for 2 h. The
residues was then redissolved in 1 mL of ethanol, mixed, and
centrifuged for 10 min at 2000 × g at 20°C. One milliliter of the
supernatant was pipetted out and collected. The residues was
extracted again with 1 mL of ethanol, mixed, and centrifuged
for 10 min at 2000 × g at 20°C. A total 2 mL of supernatant col-
lected was then dried under vacuum and redissolved in 240 µL
of solvent containing 5% ACN and 0.1% FA. It was followed by
centrifugation and LC–MS–MS analysis.
Calibration curve. Calibration standards containing 180 µL

of arecoloine and arecaidine mixture at serial concentrations of
0.2, 1.0, 5.0, 50.0, 100.0, 1000 ppb plus 60 µL, 100 ppb of in-
ternal standard mixture ([2H3]-arecoline, [2H3]-arecaidine)

Figure 1. Structure and components of arecoline and arecaidine.
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were prepared daily for each analytical batch by adding suitable
amounts of ethanolic working solutions to 1 mL of plasma.
LC. The LC system consisted of two series 200 micro-pumps,

a series 200 autosampler (Perkin Elmer, Boston, MA), and an
analytical ACE5 C18 column (250- × 4.6-mm i.d., 5 µm). Chro-
matographic separation was conducted at room temperature
with a mobile phase consisting of 5% ACN with 0.1% FA (sol-
vent A) and delivered at a flow rate of 600 µL/min for 3 min. It
then was varied to 95% ACN with 0.1% FA (solvent B) within
5 min and rapidly back to solvent A with a linear gradient for
1 min. It was then maintained in equilibrium for 3 min.
Electrospray ionization (ESI)-MS–MS. The sample eluted

from the HPLC system was infused into a TurboIonspray
source installed on an API 3000 triple-quadrupole MS (Ap-
plied Biosystems, Foster City, CA). Standard solution (1 µg/mL)
of arecoline, [2H3]-arecoline, arecaidine, and [2H3]-arecaidine
was infused into the MS system, and the full-scan spectra of the
four molecules were conducted using the positive mode. For all
of the samples, the (M+H)+ ion was selected by the first mass
filter, and the collision energy was adjusted to optimize the
signal for the most abundant product ions. Nebulizer and cur-
tain gas flow rates were set to 15 (arbitrary units). Collision-
assisted dissociation (CAD) gas and turbo gas were set at 12 and
8 (arbitrary), respectively. The collision energy was set at 35 eV
with nitrogen as the collision gas. Peak widths were set at 0.7
Th (FWHM) for both Q1 and Q3. The protonated molecule of
arecoline at m/z 156 fragmented in MS–MS to give a major
product ion at m/z 44.2 (used for qualification). The second
abundant ion generated was at m/z 80.9 (used for quantifica-
tion). The mass transition pairs for qualification and quantifi-
cation were 145/47.2 and 145/99.0 for arecoline-d3, 142/44.2
and 142/42.1 for arecaidine, and 159/47.2 and 159/113.0 for
arecaidine-d3. Data acquisition and quantitative processing
were accomplished using Analyst software (version 1.1, Ap-
plied Biosystems).

LC–MS–MS analysis of urinary 8-OH-dG
Urine sample preparation and analysis. Urinary 8-OH-dG

level was measured according to the method developed by Hu
et al. (26). In brief, the urine samples were thawed, thoroughly
mixed and underwent centrifugation at 5000 × g for 5 min.
Twenty microliters of urine was diluted 10-fold with 5%
methanol containing 0.1% FA. Forty microliters of 15N5-8-
OH-dG solution (20 µg/L in 5%methanol/0.1% FA) was added
to the diluted urine as internal standard, and then the urine
was vortex mixed for 5 s. The 8-OH-dG stock solution was pre-
pared by dissolving 8-OH-dG in 5% methanol/0.1% FA; it was
then serially diluted 1:1 with 5% methanol/0.1% FA to yield
aqueous solutions for establishing the calibration curve.
The online solid-phase extraction LC–MS–MS analysis was

used to measure of urinary 8-OH-dG according to methods de-
scribed in a previous study (26). The column-switching system
consisted of a switching valve and an Inertsil ODS-3 column.
The switching valve function was controlled by PE-SCIEX con-
trol software (Analyst). When the switching valve was at posi-
tion A, 100 µL of prepared urine sample was loaded on the car-
tridge by an autosampler, and a quaternary pump delivered the
5%methanol/0.1% FA at a flow rate of 1 mL/min as the loading

and washing buffer. After the column was flushed with the
loading buffer for 4 min, the valve switched to the injection po-
sition (position B) to inject the sample into the LC system. The
micropump and autosampler of the high-performance liquid
chromatography (HPLC) system are the same as those used for
the arecoline and arecaidien study, but a guard column (10- ×
2-mm i.d., YMC, Kyoto, Japan) was used here. Isocratic elution
using eluent II (85% methanol containing 0.1% FA) was used
to separate the analytes. After automatic sample cleanup for 4
min, the sample was automatically eluted from the trap
column into the analytical column. The mobile phase was 85%
methanol containing 0.1% FA (eluent II) and was delivered at
a flow rate of 1 mL/min.
ESI-MS–MS. The sample eluting from the HPLC system was

introduced into a TurboIonspray source installed on an API
3000 triple-quadrupole MS (Applied Biosystems) that oper-
ated in positive mode with a needle voltage of 5.5 kV with ni-
trogen as the nebulizing gas and turbogas temperature set at
500°C. Data acquisition and quantitative processing were ac-
complished with Analyst software, Ver. 1.1. For all of the sam-
ples, the (M+H)+ ion was selected by the first mass filter. After
collisional activation, two fragment ions were selected: the
most abundant fragment ion, (M+H - 116)+, was used for quan-
tification (quantifier ion), and the second most abundant ion,
(M+H - 144)+, was used for qualification (qualifier ion). The
dwell times per channel were set at 150 ms and 150 ms for the
analyte and internal standard, respectively. Nebulizer and cur-
tain gas flow rates were set at 12 (arbitrary units). The CAD gas
and turbo gas were set at 6 and 8 (arbitrary), respectively. The
collision energy was set at 19 eV for the quantifier ion or 45 eV
for the qualifier ion with nitrogen as the collision gas. The peak
full-width at half-maximum was set to 0.7 Th (thomson) for
both Q1 and Q3.
Statistical analysis.Mean and standard deviation were used to

describe the distribution of the subjects’ age and the amount and
duration of betel quid consumed. Spearman’s correlation was
used to study the relationship between different chewing habits
(i.e., quantity of betel quid consumed one day before drawing
blood, the daily dose measured in quids/day, and total years of
consumption) and different biochemical values, including areco-
line/arecaidine and 8-OH-dG concentrations. Half of the low
detection levels (0.01 ng/mL) were used if the concentrations
were below the detection limits. The data were analyzed using
the SAS statistical package. All p values were two-sided.

Results and Discussion

LC–MS and validation
Under the conditions used, the protonated molecule of

arecoline at m/z 156 fragmented in MS–MS to give a major
product ion atm/z 44. For arecaidine, the major product ion at
m/z 44 was a fragment from the protonated molecule at m/z
142. The transition ions selected for 8-OH-dG werem/z 284.1
→ 168.0 for quantification andm/z 284.1→ 140.0 for qualifi-
cation. The optimization of MS parameters for the qualifying
and quantifying monitoring ions of arecoline, arecaidene, and
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internal standard are shown in Table I. In Figure 2, we pre-
sented the LC–MS–MS chromatograms of a real sample from
a betel-quid chewer. The spectra of the standard and native
arecoline/arecaidine were identical, confirming that there were
no interfering substances.

Limits of quantification (LOQ) and detection (LOD)
The LOQ was defined as the lowest betel alkaloid concen-

tration that could be reliably and reproducibly measured with
values for accuracy, intraday, and interday imprecision
(< 20%). Using the present method, we determined that the
LOQ was 0.5 ng/mL for both arecoline and arecaidine. Hayes et
al. reported the first analytical method to quantify plasma
arecoline based on gas chromatography (GC)–MS with an LOQ
of 2 ng/mL. Similar to our method, they use 1 mL of plasma for
each analysis (27). The LOD, defined as the lowest concentra-
tion that gave a signal-to-noise ratio of at least 3, was 0.02
ng/mL for both arecoline and arecaidine in our study, which
was much lower than that in the previous study (1 ng/mL) (27).
In a HPLC–MS-based assay, the LOD for arecoline in meco-
nium was 0.001 µg/g, in cord serum was 0.001 µg/g, and in
newborn urine was 0.0004 µg/g (28). Later, similar method was
applied to detect arecoline level in hair with the LOQ and LOD
of 0.09 ng/mg and 0.3 ng/mg, respectively (29). Another HPLC

assay was also reported to efficiently quantify arecoline in
human saliva with the minimum detectable amount of 50 pg
(30). Recently, LC–MS–MS was used to quantify arecoline in
human milk with an LOQ and LOD of 50 ng/mL and 16 ng/mL,
respectively (31). To our knowledge, this is the first report to
determine arecaidine level in betel quid chewers. In addition,
we provided a method with higher sensitivity for quantification
of arecoline in plasma.

Calibration and linearity, recovery, and precision
Calibration curves for arecoline and arecaidine were derived

by serial dilution of aqueous calibration solutions. They cov-
ered the concentration ranges of arecoline (0.2–100 ng/mL)
and arecaidine (0.2–1000 ng/mL) in our study subjects. Linear
regression was calculated with nonweighting and non-zero-
forced. Two linear equations were obtained: y = 0.038x + 0.007;
r2 = 1 for arecoline and y = 0.176x + 0.615; r2 = 0.9995 for are-
caidine. Both r2 were > 99.5%, demonstrating good linearity
along the calibration curves. We injected blank samples after
the highest point (1000 ng/mL) of the calibration curve and did
not find any traces of carryover.
Absolute analytical recoveries were determined by adding 50

ppb, 100 µL of internal standard [2H3]-arecoline/[2H3]-
arecaidine to three 1-mL drug-free plasma samples and mea-

suring them simultaneously. The recov-
eries were 85.8% and 85.6% for arecoline
and arecaidine, respectively; they were
calculated by comparing the peak areas
obtained when samples were analyzed by
adding the reference standard and in-
ternal standard in the plasma before and
after the extraction procedure. To eval-
uate the precision and accuracy of the
present method, we performed three
replicate determinations of arecoline/are-
caidine at different concentrations in the
reference standard sample every day for
three days (Table II). The intraday and in-
terday variations (CV) were less than 3%
in each analysis. The calculated accuracy
for arecoline and arecaidine were ade-
quate for the purposes of this study (Table
II).
We evaluated the effect of freeze/thaw

cycles (stored at –20°C) on the stability of
the analyates by repeated analysis of three
real blood samples before freeze and 24 h
after being thawed. The differences were
always less than 3%. When examining the
mid-term stability, a difference lower than
10% was always found, assuring the va-
lidity of stored sample analysis.

Biochemical values and their
correlation with study subjects’
chewing habits
In this study, we collected blood sam-

ples in the early morning just before the

Table I. Optimization of the Mass Spectrometry Parameters

Multiple Collision
Retention Reaction Declustering Focusing Collision Cell Exit
Time Monitoring Potential Potential Energy Potential

Compound (min) (m/z) (V) (V) (eV) (V)

Arecaidine 5 142/44.2 71 280 33 6
Arecaidine-d3 5 145/47.2 20 200 30 15
Arecoline 7.1 156/44.2 36 240 37 8
Arecoline-d3 7.1 159/47.2 31 170 33 8

Figure 2. LC–MS–MS chromatograms of the real blood sample from a study subject with a chewing habit:
arecoline (A), [2H3]-arecoline (B), arecaidine (C), and [2H3]-arecaidine (D).
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subjects started to work. We used the amount they chewed the
day before drawing blood as the information of recent expo-
sure. Five of the 18 subjects did not have the habit of chewing
betel quid (5 non-chewers); and one had
stopped the habit two years earlier (in-
cluded in the 13 chewers). Five chewers
did not consume betel quid one day before
drawing blood while the rest consumed
2–30 pieces the day before (Table III).
Chewers had higher mean blood areco-
line (7.0 ± 10.7 vs. 0.3 ± 0.2 ng/mL; p <
0.05) and arecaidine (142.8 ± 249.3 vs.
1.00 ± 1.3 ng/mL; p < 0.05) levels than
non-chewers. However, no significant dif-
ference was found in mean urine 8-OH-dG
levels between the two groups (Table III).
In the questionnaire, we asked about the
total amount per day but did not have the
information about chewing frequency.
Therefore, it is unknown whether chewing
frequency affects the betel alkaloid levels
in blood. There was no significant corre-
lation between different chewing habits
and urine 8-OH-dG level (Table IV). Be-
cause only one female volunteer partici-
pated in this study, the results were not
suitable for generalizing to females.
The data in Table IV presents the cor-

relations between chewing characteris-
tics and plasma biochemical values for
all study subjects (chewers and non-
chewers combined). In this study, al-
though the biochemical levels for betel-
related compounds among non-chewers
were found to be significantly lower than
those for chewers, there still was varia-
tion in concentrations observed among
non-chewers (Table III). To provide in-
formation with regard to the overall re-
lationship between all chewing aspects
(even non-chewing) and plasma bio-
chemical levels, we combined the two
groups of subjects. The arecoline and are-
caidine concentrations in blood were
highly correlated to the quantity of betel
quid consumed one day before blood was
drawn [Spearman correlation coefficient
(r) = 0.81 and 0.86, respectively; p value
< 0.01] and were significantly positively
correlated to the average amount con-
sumed per day (r = 0.52 and 0.51, re-
spectively; p value < 0.05) (Table IV).
However, there was no significant corre-
lation between the total years of con-
sumption and arecoline (r = 0.43; p value
= 0.073) or arecaidine level (r = 0.33; p
value = 0.176). Those results suggest that
blood alkaloids levels could reflect short-

term or recent exposure to betel quids rather than the dura-
tion of chewing. The stronger correlations between alkaloids
and exposure quantity imply that arecoline and arecaidine are

Table II. Precision and Accuracy Obtained for Blood Arecoline and Arecaidine

Intraday Interday

Concentration Estimated Precision Accuracy Estimated Precision Accuracy
(ng/mL) mean ± SD (%) (%) mean ± SD (%) (%)

Arecoline
20 19.4 ± 0.3 1.7 97.2 20.2 ± 0.8 3.9 101.2
50 52.6 ± 0.4 0.8 105.3 50.6 ± 9 1.9 101.1

100 105.7 ± 0.6 0.5 105.7 99.6 ± 0.5 0.5 99.6

Arecaidine
20 17.4 ± 0.5 2.9 86.9 19.9 ± 0.5 2.3 99.5
50 48.8 ± 0.7 1.5 97.7 51.0 ± 0.7 1.5 102.0

100 97.6 ± 2.4 2.5 97.6 99.5 ± 0.3 0.3 99.5

Table III. Demographic Characteristics of Betel Quid Chewers and
Never-Chewers*

Betel Quid Chewers Never-Chewers
Characteristic (n = 13) (n = 5)

Age (years) 39.4 ± 10.5 40.6 ± 11.9
Gender ratio (M/F) 13/0 4/1

Chewing habits
Quantity of chewing before drawing blood (quids) 6.1 ± 10.8† 0.00
Quantity of chewing (quids/day) 22.6 ± 34.7† 0.00
Duration of chewing (years) 16.5 ± 10.5† 0.00

Biochemical values
Arecoline (ng/mL) 7.0 ± 10.7† 0.3 ± 0.2
Arecaidine (ng/mL) 142.8 ± 249.3† 1.00 ± 1.3
8-OH-dG (ng/mL) 3.9 ± 2.6 4.6 ± 3.0

* Group means are presented with standard deviation (SD). The differences in means ± SD between betel quid
chewers and never-chewers were assessed by Mann-Whitney Non-parametric test.

† p value < 0.05.

Table IV. Correlations Between Chewing Habits and Plasma/Urine Biochemical
Values (n = 18)

Spearman’s Rank Correlation Coefficient

Quantity of
chewing before Quantity of Duration of
drawing blood chewing chewing

(quids) (quids/day) (years)

Plasma
Arecoline (ng/mL) 0.81* 0.52† 0.43
Arecaidine (ng/mL) 0.86* 0.51† 0.33

Urine
8-OH-dG (ng/mL) –0.30 –0.16 –0.22

* p value < 0.01.
† p value < 0.05.
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potentially the most useful biomarkers for the evaluation of
short-term exposure quantities. However, other metabolites
from areca-nut alkaloids may be more suitable than areco-
line/arecaidine in biomarkers of exposure of long-duration
chewers.
In humans, little is known about the metabolism and dis-

position of arecoline/arecaidine and 8-OH-dG. It only has been
reported that arecoline level could be determined in human
saliva by HPLC (30), in blood (27) and hair (29) by GC–MS, in
neonatal biological matrices by HPLC–MS (28), and in human
milk by LC–MS–MS (31). Likewise, few studies have compared
the urinary 8-OH-dG of betel chewers and non-chewers (32,33).
In this study, the concentrations of plasma arecoline/arecai-
dine, but not urine 8-OH-dG, show a trend toward higher
values among “ever” betel chewers (particularly in subjects
chewing quids before drawing blood) than those samples
among “never” chewers. However, Wu et al. (34) suggested
the urine 8-OH-dG was higher in cancer patients than normal
control. Those results support the understanding that urine 8-
OH-dG is a marker of adverse outcome instead of exposure.
Most of the “never” chewers in this study still measure low

amounts of betel alkaloids in blood (ranges: 0–0.63 ng/mL for
arecoline and 0–3.12 ng/mL for arecaidine). However, the level
was often lower than LOQ (0.5 ng/mL) and was of no clinical
significance of exposure. For the two of them with a level
slightly higher than LOQ, one plausible hypothesis is that al-
kaloids may come from drug and food intake. However, betel
quid components are not used in Chinese cuisine. Unfortu-
nately, the small number of analyzed samples and the lack of
information regarding time elapsed since drug/dietary con-
sumption and sample collection did not provide a definite con-

clusion to confirm our hypothesis. Despite this, LC–MS–MS is
still proven to be a powerful method to quantify plasma areco-
line and arecaidine levels. In addition, this is the first report to
show the correlation between plasma arecoline/arecaidine
levels and chewing habits.
Of the chemical ingredients, areca-nut alkaloids and some

polyphenols that may have biological activity and adverse ef-
fects on tissue have been suggested in previous studies (18,24).
Among the areca-nut alkaloids, arecoline is most abundant,
whereas arecaidine exists in small quantities. In urinary
metabolites in the mouse model, arecoline is metabolized
through different pathway and forms various metabolites (35).
The majority of arecoline metabolites are formed after the
compound is first hydrolyzed to arecaidine (35). The short
half-life of arecoline has been attributed to the rapid in vivo en-
zymatic hydrolysis of the ester functionality to form the car-
boxylic acid derivative arecaidine, which appears to be a major
metabolic product of arecoline in mice (36,37). In human
blood, this study showed that the levels of arecaidine were
higher than arecoline levels. We suggest that the scale of
arecaidine may be more appropriate clinical index of betel quid
exposure than arecoline.

Conclusions

In this study, we provided a sensitive and accurate method to
objectively determine the exposure of toxic substances from
betel quid consumed. We suggest that plasma arecoline and
arecaidine are good biological markers for immediate or short-
term betel quid exposure. Arecaidine could be superior to
arecoline as a clinical index of betel quid exposure. Urinary 8-
OH-dG, known to create adverse effects, in urine is not corre-
lated with betel quid exposure.
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