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Abstract Chewing areca nuts is popular in China. Areca
alkaloids are the major toxic compounds in areca nuts. In
this study, the levels of four areca alkaloids (i.e. arecoline,
arecaidine, guvacoline and guvacine) in 119 areca nut sam-
ples were analyzed and 3030 areca nut consumption ques-
tionnaires were collected to investigate the exposure to
areca alkaloids in the Chinese populations through areca
nut chewing. The levels of arecoline, arecaidine, guva-
coline and guvacine in different areca nut products were
0.46-4.97 mg/g, 0.57-7.51 mg/g, 0.08-1.44 mg/g and
0.03-8.48 mg/g, respectively. Chewing fresh areca fruits was
the main source of arecoline and the total areca alkaloids
exposure. The estimated daily intake (EDI) of arecoline and
the total areca alkaloids for the Chinese populations were
1.126 and 2.625 mg/kg BW/day for average exposure, 4.411
and 9.739 mg/kg BW/day for high exposure (P95th). The
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EDI varied with age and gender. The young male population
(£34 years) had the highest EDI than other populations.
Concentrated and focused efforts are required to educate the
general public, especially the young male population, about
the risks of areca nut chewing to reduce exposure to areca
alkaloids of the Chinese population.

Keywords Areca nut - Areca alkaloids - Exposure
assessment - Chinese populations

Introduction

Areca nut (Areca catechu L.), the seed of Areca catechu
palm, is the fourth most widely consumed substance after
alcohol, nicotine, and coffee (Pan et al. 2020; Pasupuleti
et al. 2022). More than 600 million people chew areca
nut worldwide for its mild psychoactive effects. In China,
the consumption of areca nuts is notably prevalent in the
Hainan, Hunan, and Taiwan Provinces (Peng et al. 2015; Su
et al. 2020). Fresh areca fruits can be chewed directly with
slaked lime and betel leaf with or without tobacco in many
countries and regions such as Papua New Guinea, India,
Taiwan and Hainan Provinces of China (Chang et al. 2022;
Lee et al. 2018; Mehrtash et al. 2017). In the Chinese main-
land, fresh areca fruits can be processed into dried areca
husks. Firstly, fresh areca fruits are dried either with or
without smoking (Pan et al. 2020). Subsequently, the dried
areca nut (unsmoking or smoking) was processed under-
goes a process of blanching, soaking, coring, brining, and
air-drying to produce two categories of dried areca husks,
namely unsmoking-dried areca husks and smoking-dried
areca husks (Sun et al. 2017; Wang et al. 2018). Dried areca
husks are particularly prevalent in the Hainan and Hunan
Provinces of China (Peng et al. 2015).
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Epidemiological studies have demonstrated a significant
association between areca nut chewing and oral cancer (Lin
et al. 2022; Warnakulasuriya and Chen 2022). The Interna-
tional Agency for Research on Cancer (IARC) classified areca
nut as a Group 1 carcinogen in 2004 (IARC 2004). The previ-
ous study reported that the risk of oral cancer from areca nut
chewing was higher than that from smoking and alcohol con-
sumption in China (Lee et al. 2019). The China Cancer Regis-
try Annual Report 2019 showed that the oral cancer incidence
rates in Hainan (5.08 per 100,000 people) and Hunan (4.22
per 100,000 people) Province were higher than the global
incidence rates of oral cancer (3.72 per 100,000 people) (Hu
et al. 2017; Liu 2020; Peng et al. 2019). The mutagenic mecha-
nism of areca nut chewing is attributed to the corrosion of the
slaked lime, the abrasion of areca nut fibers and the toxicity
of alkaloids. Arecoline, arecaidine, guvacoline and guvacine
are the major alkaloids in areca nuts (Cao et al. 2020), which
contain 0.3-0.7% of the dry weight of areca nuts (Peng et al.
2015). Studies displayed that the exposure of areca alkaloids
is associated with various types of cancers (Pasupuleti et al.
2022). Among all areca alkaloids, arecoline is regarded as the
main carcinogenic component, which has been classified as a
Group 2B carcinogen by IARC (Marques et al. 2021).

Numerous literatures have reported the contents of areca
alkaloids in areca nut products from the Chinese market.
Sun et al. (2017) observed that the concentrations of areco-
line ranged from 0.97 to 3.60 mg/g in 30 kinds of areca nut
products from different regions of China (Sun et al. 2017).
Cao et al. (2020) found that the level of four areca alkaloids
varied depending on the place of origin (Cao et al. 2020).
However, few studies focused on the exposure of areca alka-
loids to Chinese populations through areca nut chewing.

Thus, this study aimed to investigate the exposure to areca
alkaloids in Chinese populations through areca nut chewing.
A total of 119 samples, including fresh areca fruits, dried
areca nuts and dried areca husks were analyzed to acquire
the contents of four areca alkaloids in the Chinese market.
Additionally, a collection of 3100 questionnaires were col-
lected to assess the average daily intake (ADI) of fresh areca
fruits and dried areca husks for the Chinese populations. The
exposure levels of arecoline and the total areca alkaloids to
the Chinese population were calculated based on the con-
tents of areca alkaloids and the comprehensive survey of
areca nut consumption. This study lays a foundation for the
risk assessment of areca alkaloids.

Material and methods

Chemicals

Arecoline hydrobromide (purity >98%) was purchased
from Shanghai Macklin Biochemical Technology Co., Ltd

(Shanghai, China). Arecaidine hydrochloride (purity >98%)
and guvacine hydrochloride (purity >95%) were purchased
from Beijing Solarbio Science & Technology Co. Ltd. (Bei-
jing, China). Guvacoline hydrochloride (purity >95%) was
obtained from Chengdu DeSiTe Biological Technology
Co. Ltd. (Chengdu, China). HPLC-grade formic acid was
supplied by Sigma (St. Louis, MO, USA). Acetonitrile and
methanol (HPLC grade) were provided by Balinway Chemi-
cal Technologies Co., Ltd. (Beijing, China). All the other
chemicals were of analytical grade.

Areca nut samples collection

One hundred and nineteen areca nut samples were collected
from the local markets in Hunan and Hainan Provinces of
China from June 1st to October 30th, 2022. The samples
included five fresh areca fruits (samples 1-5), eight unsmok-
ing-dried areca nuts (samples 6—13), eight smoking-dried
areca nuts (samples 14-21), five smoking-dried areca husks
(samples 22-26) and 93 unsmoking-dried areca husks (sam-
ples 27-119). Twenty-two brands of commercial dried areca
husks were included.

Areca alkaloids extraction

All samples were dried to a constant weight and the moisture
contents were recorded. Samples were crushed and passed
through a 60-mesh sieve. The sample (100 mg) was weighed
into a 50 mL centrifuge tube, and extracted with 40 mL pure
water under ultrasound at 30 °C for 40 min. Subsequently,
the samples were centrifuged at 5000 r/min for 10 min. This
process was repeated two times. The supernatant was filtered
through a 0.22 pm water filtration membrane before UPLC-
MS/MS determination.

UPLC-MS/MS analysis

The simultaneous analysis of arecoline, arecaidine, guva-
coline and guvacine was performed on an Acquity UPLC™
I-Class system (Waters, Milford, MA, USA) coupled with
a Quattro micro API triple quadrupole mass spectrometer
(Micromass Company Inc, Manchester, UK) equipped with
an electrospray ion source (ESI). Chromatographic separa-
tion was carried out on an Acquity UPLC™ HSS T3 col-
umn (2.1x 100 mm, 1.8 pm) (Waters, Milford, MA, USA)
at 40 °C. The binary mobile phase consisted of formic acid
water (0.1%, v/v) (mobile phase A) and acetonitrile (mobile
phase B). The flow rate was 0.2 mL/min and the gradient
elution was carried out as follows: 0—4.0 min, 0-70% B;
4.0-4.1 min, 70-0% B; 4.1-7.1 min, 0% B. An injection
volume of 5 pL. was used.

Mass spectrometry analysis was operated using electro-
spray ionization (ESI) in the positive ion mode. The multiple
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reaction monitoring (MRM) mode was used for the quan-
titation of target analytes. The following optimized MS
instrument parameters were discovered: capillary voltage of
0.5 kV, cone voltage of 23 V, source temperature of 100 °C,
desolation temperature of 500 °C, cone gas flow of 150 L/h
(nitrogen, 99.9% purity), desolation gas flow of 1000 L/h
(nitrogen, 99.9% purity), and argon collision gas pressure
of 2x 1073 mbar for MS/MS. MassLynx V4.1 (Waters Co.,
Milford, MA, USA) was used to analyze the data.

Method validation

The characteristics of the proposed method were validated
in terms of limit of detection (LOD), limit of quantification
(LOQ), linearity, accuracy, precision and recovery. LOD
and LOQ were determined as three times and ten times
the observed signal-to-noise ratio (S/N), respectively. The
linear regression equation was drawn by a standard curve
with concentration as abscissa and response peak area as
ordinate. Accuracy was evaluated by six replicate assays
of standards and addressed by the % accuracy (calculated
by observed amount/specified amount X 100%). The preci-
sion of the method was studied by implementing intraday
(repeatability) and interday (reproducibility) precision of
samples. Precision was addressed by % relative standard
deviation (RSD) of six measurements. The recoveries were
determined by adding three concentration mixed standards
solution of arecoline, arecaidine, guvacoline and guvacine
to the extracts of areca nut samples.

Exposure assessment
Questionnaire source

A face-to-face areca nut consumption questionnaire was
designed to investigate the daily consumption of areca nuts
by consumers. The questionnaire has twenty questions
including six questions about personal basic information,
seven questions about living habits and the rest about the
type and quantity of areca nut consumption. Three thousand
and ten questionnaires were collected in the provinces of
Hunan and Hainan from June 1st, 2022 to October 30th,
2022. All participants signed the informed consent form. A
total of 2151 valid participants (aged from 13 to 74 years,
1561 males and 590 females) were recovered and analyzed.

Daily exposure assessment

Simple distribution assessment method was used. The esti-
mated daily intake (EDI) of areca alkaloids was calculated
according to the average concentration of areca alkaloids
in fresh areca fruits and dried areca husks, the individual
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consumption amount of fresh areca fruits and dried areca
husks and the individual body weight using the following
formula:

Cx FIR
BW

EDI =

where C is the concentration of areca alkaloids in the fresh
areca fruit or the dried areca husk (mg/g), FIR is the daily
consumption of fresh areca fruits or dried areca husks (g/
day), BW is the individual body weight (kg).

2.7 Statistical analysis

All analyses were performed in triplicate with values
expressed as mean + standard deviation. Principal compo-
nent analysis (PCA) was performed in SIMCA 14.1 (UMET-
RICS, Umea, Sweden). Statistical analyses were conducted
using SPSS 27 (IBM Co., USA). Differences among experi-
ments were obtained using Kruskal-Wallis H test (p <0.05).
Graphs were drawn using Origin 2022 (Northampton, MA,
USA).

Results and discussion
Simultaneous determination of four areca alkaloids

The ESI positive mode was selected according to the struc-
tural characteristics of four areca alkaloids. The most abun-
dant product ion was used for quantitation and second one
was selected for qualification. The qualitative and quan-
titative ions were m/z 156.1>113.2 and 156.1 >44.2 for
arecoline, m/z 142.1> 81 and 142.1 > 30 for arecaidine, m/z
142.1> 81 and 142.1 > 30 for guvacoline, m/z 128.1>99.1
and 128.1>30.2 for guvacine (Table S1). The optimized
MS parameters for four areca alkaloids are summarized in
Supplementary Table S1. The selection of these fragment
ions is consistent with others.

Different mobile phases were tested to achieve good
retention and separation of four areca alkaloids. Water was
chosen as the mobile phase A considering the polarity of
areca alkaloids. Moreover, formic acid was added into water
to improve the peak shape and sensitivity of analytes. Ideal
retention, separation and response intensity of four areca
alkaloids were achieved when mobile phase A was formic
acid/water (0.1%, v/v) (Figure S1). Subsequently, acetonitrile
and methanol were tested as mobile phase B. Compared to
methanol, acetonitrile showed better separation (Figure S2).
Therefore, the binary mobile phase consisting of formic
acid/water (0.1%, v/v) (mobile phase A) and acetonitrile
(mobile phase B) was selected.

Extraction conditions of four areca alkaloids were
investigated. Water, 45% (v/v) ethanol-water, 70% (v/v)
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ethanol-water and acetonitrile were selected and compared
as extraction solvents. Both 45% (v/v) ethanol-water and
70% (v/v) ethanol-water led to the co-extraction of areca
alkaloids and other substances, which obstructed subse-
quent separation and analysis (Figure S3). Although all
four areca alkaloids were efficiently extracted by both water
and acetonitrile, water was chosen due to its environmen-
tal sustainability and cost-effectiveness. Similarly, water
was also chosen to extract areca alkaloids by Chang et al.
(2022). In comparison with water bath vibration, the ultra-
sonic treatment showed better extraction efficiency as the
ultrasound-induced cavitation facilitated the transfer of areca
alkaloids from samples to the extraction solvent (Fu et al.
2020). Areca alkaloids were extracted completely after being
treated by ultrasound for two times.

Method validation

The results of method validation are summarized in Table 1.
The LOD and LOQ of four areca alkaloids were in the range
of 0.07-1.51 pg/L and 0.25-3.85 ng/L, respectively. The
intraday repeatability and interday reproducibility of four
areca alkaloids were 1.23-7.85% and 1.20-2.71%, respec-
tively. All areca alkaloids showed decent linearity with
correlation coefficient (R?) values ranging from 0.9929 to
0.9999. These results indicated that the current method had
satisfactory sensitivity and stability. Meanwhile, the mean
recoveries of four areca alkaloids in real areca nut samples
were 76.83-111.94%, 89.54-125.92%, 87.09-123.93%
in low, medium, and high markup levels, respectively
(Table 1), indicating that the extraction method was effec-
tive in actual samples.

Concentration of areca alkaloids

One hundred and nineteen areca nut samples were collected
and analyzed to comprehensively investigate the levels of
areca alkaloids in different areca nut products (Table S2).
The samples covered fresh areca fruit, dried areca nuts
(smoking and unsmoking) and dried areca husks (smoking

and unsmoking). The concentrations of areca alkaloids
were various in different samples (p <0.001). The levels of
arecoline, arecaidine, guvacoline and guvacine in different
areca nut products were 0.46—4.97 mg/g, 0.57-7.51 mg/g,
0.08-1.44 mg/g and 0.03-8.48 mg/g, respectively (Table 2).
The P95 values were 3.21 mg/g for arecoline, 3.61 mg/g
for arecaidine, 0.70 mg/g for guvacoline and 3.91 mg/g
for guvacine. The average values of four areca alkaloids in
five fresh areca fruit were 1.56, 0.75, 0.21 and 0.47 mg/g,
respectively. While the average values of four areca alka-
loids in 93 dried areca husks were 1.13, 1.77, 0.34 and
1.28 mg/g, respectively. Guvacine was the major areca
alkaloid in most samples. Jain et al. (2017) reported that the
level of four areca alkaloids in areca nut products were in
the following order: guvacine (1.39-8.16 mg/g), arecoline
(0.64-2.22 mg/g), arecaidine (0.14—-1.70 mg/g) and guvaco-
line (0.17-0.99 mg/g) (Jain et al. 2017). This order of four
areca alkaloids contents was generally consistent with our
results (Figure S4). However, Cao et al. (2020) discovered
that arecoline was the most prevalent areca alkaloid in areca
nut products (Cao et al. 2020). Similar results were observed
in samples 1-21. The difference of areca alkaloids contents
in different samples was possibly due to the cultivation
regions and fruit maturity (Franke et al. 2015; Srimany et al.
2016). In addition, the processing of areca nut products also
affected the composition of areca alkaloids. No significant
difference in guvocine level was observed in five different
types of areca nut products (i.e., fresh area fruit, unsmoking-
dried areca nuts, smoking-dried areca nuts, unsmoking-dried
areca husks and smoking-dried areca husks). However, the
contents of arecoline, arecaidine and guvacoline were sig-
nificantly different in various types of areca nut products
(»<0.001). In general, arecoline was the most abundant
areca alkaloid in fresh areca fruits, unsmoking-dried areca
nuts and smoking-dried areca nuts. Guvacine and arecaidine
were the most prevalent areca alkaloids in unsmoking-dried
areca husks and smoking-dried areca husks, respectively.
PCA was performed to further analyze the variations of
different types of areca nut products. Samples that deviated
significantly from P95 were excluded. Fresh areca fruits are

Table 1 Regression equations, precision, LOD, LOQ and recovery of four areca alkaloids

Compound Linear range Intraday Interday R?

LOD (pg/L) LOQ (pg/L) Accuracy (%) (n=3)*

/L tabilit duc-
(/L) repeatiDIity TEpIocue Low level Intermediate level High level
ibility

n=6,RSD, n=6,RSD, (n=3) (n=3)

% %
Arecoline  100-12800  3.49 2.11 0.9999 0.07 0.25 106.00+3.05 114.08+2.01 117.21+£1.09
Arecaidine 100-12800 1.23 1.20 0.9929 1.21 4.04 115.94+3.87 111.68+2.61 123.93+2.72
Guvacoline 100-12800  7.85 2.71 0.9999 0.18 0.59 76.83+4.70  89.54+4.65 87.09+3.04
Guvacine ~ 100-12800 4.53 2.67 0.9964 1.15 3.85 94.19+2.41 125.92+1.00 114.29+0.63

*Low (500 pg/L), intermediate (1000 pg/L), and high concentrations (4000 pg/L)
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Table 2 Arecoline, arecaidine, guvacoline and guvacine levels in five types of areca nut products

Alkaloids Type n Median (mg/g) Mean (mg/g) P90th (mg/g) P95th® (mg/g) Range (mg/g)
Arecoline Fresh areca fruit 5 1.59 1.56 1.64 1.65 1.39-1.65
Unsmoking-dried areca nut 8 2.94 3.15 3.41 3.45 1.97-3.50
Smoking-dried areca nut 8 2.51 2.52 2.74 2.78 2.26-2.81
Unsmoking-dried areca husk 93 1.11 1.11 1.59 1.90 0.46-4.97
Smoking-dried areca husk 1.27 1.49 222 2.53 0.99-2.85
Arecaidine Fresh areca fruit 0.76 0.75 0.84 0.84 0.57-0.84
Unsmoking-dried areca nut 1.47 1.60 1.84 1.87 1.01-1.91
Smoking-dried areca nut 8 2.10 2.09 2.34 2.34 1.61-2.34
Unsmoking-dried areca husk 93 1.52 1.74 222 3.01 0.65-7.51
Smoking-dried areca husk 5 1.97 2.52 4.00 4.65 1.51-5.30
Guvacoline Fresh areca fruit 0.22 0.21 0.23 0.23 0.13-0.23
Unsmoking-dried areca nut 0.38 0.39 0.57 0.60 0.08-0.64
Smoking-dried areca nut 8 0.47 0.49 0.64 0.70 0.31-0.77
Unsmoking-dried areca husk 93 0.31 0.33 0.45 0.61 0.08-1.44
Smoking-dried areca husk 0.43 0.56 0.82 0.89 0.38-0.62
Guvacine Fresh areca fruit 0.55 0.47 0.58 0.58 0.17-0.58
Unsmoking-dried areca nut 0.75 0.81 1.08 1.10 0.35-1.11
Smoking-dried areca nut 8 1.51 1.46 1.66 1.67 1.13-1.68
Unsmoking-dried areca husk 93 0.50 1.25 2.80 3.24 0.03-8.48
Smoking-dried areca husk 5 1.03 1.74 333 3.92 0.75-4.51

#P95th (high value)

concentrated in the upper center, whereas smoking-dried
areca nuts are primarily dispersed in the upper right side
of the diagram (Fig. 1A). Unsmoking-dried areca husks are
primarily located in the lower left of the diagram’s center
(Fig. 1A). The variation of arecaidine and guvacoline levels
was mainly responsible for the separation of different types
of areca nut products (Fig. 1B).

Fresh areca fruits and dried areca nuts (smoking and
unsmoking) displayed a good separation which may be
attributed to the drying process. Pre-experiments revealed
that the drying process caused a water loss ranging from
61.38 to 66.42%. As a result, the levels of areca alkaloids in
dried areca nuts were much higher than that in fresh areca
nuts (Figure S4). On the PCA scores plot, a good separa-
tion between the smoking-dried and unsmoking-dried areca
nuts was observed. It has been demonstrated that the amount
of areca alkaloids in dried areca nuts could be affected by
the phenols produced during the smoking process (Srimany
et al. 2016). Additionally, dried areca nuts were well sepa-
rated from dried areca husks, indicating that the processing
significantly altered the concentration of areca alkaloids. The
previous study proved the soaking and blanching processes
induced the reduction of arecoline concentration (Oliveira
et al. 2021). Additionally, the brining process led to a further
decrease of arecoline by hydrolyzing arecoline to arecaidine
(Lin et al. 2022; Wang et al. 2018). As a result, the level of
arecoline in dried areca husks was much less than that in
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dried areca nuts (p <0.001). No significant difference was
observed between the smoking-dried and unsmoking-dried
areca husks was observed, indicating that the smoking pro-
cessing had less influence on the alterations of areca alka-
loids than subsequent processing steps such as blanching,
soaking, and brining.

Consumption of areca nut

From June 2022 to October 2022, 2500 and 510 question-
naires were issued in the provinces of Hunan and Hainan,
respectively. Among them, 2151 questionnaires were valid.
A total of 1645 valid questionnaires, 1315 (79.9%) for males
and 330 (20.1%) for females, were collected throughout
Hainan Province. There were 506 valid questionnaires in
Hunan Province, 246 (48.4%) for males and 260 (51.8%)
for females. Results showed that males chewed more areca
nuts than females in both Hunan and Hunan Provinces. A
similar result was found in the surveys of Taiwan Province
(Peng et al. 2019). By contrast, girls were reported to con-
sume more areca nuts than boys according to a survey of
British Asian, Bangladeshi and Pakistani teenagers (Huang
and Zachar 2020). The age range of areca nut consumers is
extremely wide. The youngest respondent was only 13 years
old, and the oldest respondent was 74 years old. The mean
(= SD, range) age of respondents in Hunan and Hainan was
34.1 (+10.4, 13-74) and 39.6 (7.8, 18-57), respectively.
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A survey of the Taiwan Province revealed that 3% of teenag-
ers (< 18 years) had the habit of chewing areca nut (Huang
and Zachar 2020). Therefore, schools should educate teen-
agers and protect them from the risks inducted by areca nut
chewing.

The populations in Hainan Province populations chewed
both fresh areca fruits and dried areca husks. Although, the
ADI of fresh areca fruits (75.6 g/person) was three times
higher than the ADI of dried areca husks (Table 3), the dried
areca husk was more popular than the fresh areca fruit in
Hainan Province: 42.2% of participants only chewed dried
areca husks, 34.6% of participants only chewed fresh areca
fruits, and 23.2% of participants chewed both. Du et al.
thought chewing dried areca husks had a higher risk of oral
disease than chewing fresh areca fruits, as chewing dried
areca husks inducing more serious abrasion of the oral
(Chang et al. 2022; Du et al. 2016). The major consumption

p[11(76.2%)

methods of fresh areca fruits were fresh areca fruit + slaked
lime + betel leaves (61.0%), followed by fresh areca
fruit+tobacco (11.5%) and fresh areca fruit + slaked lime
(11.3%) (Figure S5). Similar consumption methods were
also reported in other countries and regions (Chang et al.
2022; Lee et al. 2018). Slaked lime could increase the enjoy-
ment and excitement of chewing areca nuts by enhancing the
conversion of alkaloid esters to areca alkaloids and promot-
ing the absorption of areca alkaloids by the oral mucosa
(Mehrtash et al. 2017). However, slaked lime may burn the
oral and induce whitening of the oral mucosal. Chewing
areca nuts with betel leaves can promote the secretion of
saliva, which facilitates the dissolution of areca alkaloids
(Chang et al. 2022). Chewing tobacco with areca nuts is
popular in China and other countries (Peng et al. 2015) as
tobacco can provide a special flavor. Nevertheless, tobacco
contains high concentrations of hazardous substances, such
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Table 3 The consumption

. . Type Hainan Hunan
ratio and average consumption
of different consumption types Consump-  Average consump- Consump-  Average con-
in the province of Hainan and tion ratio(%) tion (g/person/day) tion ratio(%) sumption (g/
Hunan person/day)
Fresh areca fruit 56.7 75.6 - -
Fresh + shell powder 6.8 46.0 - -
Fresh +tobacco 6.9 56.9 - -
Fresh + shell powder + betel leaves ~ 36.7 82.8 - -
Dried areca husk 64.1 22.7 100.0 124
Unsmoking-dried areca husk 36.4 20.7 50.8 12.4
Smoking-dried areca husk 57.5 14.0 53.7 12.5

as tobacco-specific nitrosamines, polycyclic aromatic hydro-
carbons and aldehydes. These compounds can stimulate the
oral mucosal cells and increase the risk of chewing areca
nuts (Su et al. 2020).

As opposed to Hainan Province, people in Hunan Prov-
ince only chew dried areca husks. The ADI of dried areca
husk was 22.7 g/person and 12.4 g/person for Hainan and
Hunan populations, respectively (Table 3). These levels were
much higher than the ADI of the Bangladeshi populations
(5-6 pieces/person/day, about 14 g/person/day) (Al-Rmalli
et al. 2011). Smoking-dried areca husks were more preva-
lent than unsmoking-dried areca husks in both Hainan and
Hunan Province. The consumption of smoking-dried areca
husks accounted for 69.7% and 53.7% of the total dried
areca husks consumption in Hainan and Hunan Province,
respectively. Chewing smoking-dried areca husks may cause
higher health risks than chewing unsmoking-dried areca
husks since the smoking process result in the pollution of
areca husks by polycyclic aromatic hydrocarbons which
are a class of organic contaminants have carcinogenicity,
mutagenicity and teratogenicity (Wu et al. 2020). Among all
polycyclic aromatic hydrocarbons, benzo(a)pyrene (B(ca)P)
has the strongest carcinogenicity which is labeled as Group
1 carcinogen (IARC 2010). High levels of B(a)P had been
detected in smoking-dried areca husks (Wu et al. 2020).

Exposure assessment

The exposure assessment of arecoline and the total areca
alkaloids (i.e. arecoline, arecaidine, guvacoline and guva-
cine) via chewing fresh areca fruits and dried areca husks
is presented in Table 4. Chewing fresh areca fruits was the
main source of arecoline and the total areca alkaloids expo-
sure. The EDIs of arecoline and the total areca alkaloids
among all responders in China were 1.126 and 2.625 mg/kg
BW/day for average exposure, 4.411 and 9.739 mg/kg BW/
day for high exposure (P95th). The mean EDIs of arecoline
and the total areca alkaloids were 1.347 and 3.138 mg/kg
BW/day in Hainan Province, which is 3.3 times higher than

@ Springer

these in Hunan Province. This may be one of the reasons that
the oral cancer incidence rate in Hainan Province (5.08 per
100,000 people) was higher than that in the Hunan Province
(4.22 per 100,000 people) (Liu 2020; Peng et al. 2019).

The EDIs of both arecoline and the total areca alkaloids
in individuals aged <34 were the highest one among the
three age groups. Moreover, the EDIs gradually decreased
with the increase of age  (Table 5). The exposure of the
total areca alkaloids in individuals aged <34 and 35-49
was significantly higher than that in the group aged above
50 years old. Particularly, the P95th value of the total areca
alkaloids assessed from individuals chewing both fresh areca
fruits and dry areca husks in the 35-49 years group was
19.201 mg/kg BW/day, which was 2.4 times higher than that
in over 50 years groups. It was probably because that the
young (aged <34) and middle-aged people (aged 34-49) are
engaged in heavy mental and physical work which makes
them tend to chew more areca nuts to relieve fatigue. Young
people had a higher exposure to arecoline and the total areca
alkaloids, which may be one of the reasons that the age of
patients with oral mucosal disease tend to be younger in
China (Du et al. 2016). Meanwhile, males and females had
a significant difference in the exposure of arecoline and total
areca alkaloids (Table 5). The EDIs (mean, P75th and P95th)
of arecoline and total areca alkaloids for males were 1.6 to
2.0 times higher than those of females in all age groups.
Especially, young males aged <34 had the highest EDI. This
may be one of the reasons that the morbidity of oral cancer
in males was 3.80 times higher than in females based on the
date of the epidemiological investigation from 2009 to 2016
in Hainan Province (He et al. 2023; Yang et al. 2021).

Overall, the exposure of arecoline and the total areca
alkaloids for young male population (<34 years) was higher
than other populations in China. High exposure to the areca
alkaloids may influence the physical health of people and
induce a high medical burden. Thus, concentrated and
focused efforts are required to educate the general public,
especially the young male population, about the risks of
areca nut chewing.
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Table 4 The estimated daily Compound Age groups  n Consumption types® Mean P75th P95th® Maximum
intake (EDI, mg/kg BW/
day) oflireicQéin? and tota; Arecoline <34years 1097 FAF 2.126 2747  6.897 15.650
zizzZi‘c‘linz"’g‘uia‘c';'iireezg i DAH 0469 0521 1410 14.100
guvacine) via different FAF +DAH 2257 2569  8.033 13.669
consumption types of areca 3549 years 823 FAF 1.895 2.683 5910 9.274
nut products from different age DAH 0385 0475 1.003 3.471
groups FAF+DAH 2139 2057  9.092 18.676
>50 years 231 FAF 1.646 2499 5279  6.260
DAH 0.287 0408 0.765 1.611
FAF + DAH 1.551 2255 3944 4930
All 2151 FAF 2.013 2.683  6.707 15.650
DAH 0.416 0487 1.180 14.100
FAF + DAH 2.096 2333 7220 18.676
Total areca alkaloids <34 years® 1097 FAF 4.093 5.258 13.203 29.960
DAH 1.590 1.800 4.751 56.238
FAF+DAH 5324 5.993 17.543 48933
35-49 years® 823  FAF 3.681 5.136 12.027 17.754
DAH 1.138 1322 2.839 13.843
FAF+DAH 4890 5.387 19.201 36.403
>50yearsC 231  FAF 3.185 4.767 10.106 11.984
DAH 0934 0990 2758 6.427
FAF+DAH 3.724 5.293  8.013 12.618
All 2151 FAF 3.888 5.136 12.840 29.960
DAH 1.337 1.500 3.905 56.238
FAF+DAH 4916 5590 16474 48.933
Age groups with superscript uppercase letters (A, B and C) are significantly different across columns using
Kruskal-Wallis H test (p <0.01)
4Consumption types including FAF (fresh areca fruit), DAH (dried areca husk), and FAF+DAH (fresh
areca fruit and dried areca husk)
®P95th (high exposure)
Conclusion of oral cancer in Chinese populations. The EDI of arecoline

In this study, one hundred and nineteen areca nut samples
including fresh areca fruits, dried areca nuts and dried areca
husks were analyzed to investigate the concentrations of four
areca alkaloids (i.e. arecoline, arecaidine, guvacoline, and
guvacine). The areca alkaloids levels in different types of
areca nut products were various. The levels of arecoline, are-
caidine, guvacoline and guvacine in different areca nut prod-
ucts were 0.46—4.97 mg/g, 0.57-7.51 mg/g, 0.08-1.44 mg/g
and 0.03-8.48 mg/g, respectively. It indicated that the pro-
cessing had a significant effect on the composition of areca
alkaloids. Compared to fresh areca fruits, dried areca husks
were the major consumption pattern of areca nuts in China.
In addition, smoking-areca husks rather than unsmoking-
areca husks were preferred, which may cause a higher risk

and the total areca alkaloids for Chinese populations were
1.126 and 2.625 mg/kg BW/day for average exposure, 4.411
and 9.739 mg/kg BW/day for high exposure (P95th). The
EDI varied by age and gender. The young male population
(£34 years) had the highest EDI than other populations.
Concentrated and focused efforts are required to educate the
general public, especially young males and teenagers, about
the risks of areca nut chewing. Follow-up epidemiological
investigation should be conducted in people who only chew
the fresh areca fruits and who only chew dried areca husks to
clarify the association between oral abrasion and oral cancer.
Moreover, the connection between chewing smoking-dried
areca husk and oral cancer should be studied.
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Table 5 The estimated daily intake (EDI, mg/kg BW/day) of arecoline and the total areca alkaloids (i.e. arecoline, arecaidine, guvacoline and

guvacine) via consumption of areca nut products

Compound Age group n Gender Mean P75th P95th? Maximum Significance between males
and females in the same age
group

Arecoline <34 years 263 Females 0.789 0.939 2.524 13.669 ok

834 Males 1.405 1.559 6.032 15.650
1097 Total 1.256 1.341 5417 15.650
35-49 years 273 Females 0.787 0.839 2.828 18.676 ook
550 Males 1.121 1.250 4.087 12.460
823 Total 1.010 1.083 3.629 18.676
> 50 years 54 Females 0.583 0.524 2.016 4.930 ok
177 Males 1.030 1.278 3.695 6.260
231 Total 0.926 1.197 3.477 6.260
All 590 Females 0.768 0.867 2.581 18.676 ook
1561 Males 1.261 1.393 5.290 15.650
2151 Total 1.126 1.204 4411 18.676
Total areca alkaloids <34 years 263 Females 1.915 2.250 5.821 47.437 Hkk
834 Males 3.267 3.746 12.571 56.238
1097 Total 2.940 3214 11.281 56.238
35-49 years 273 Females 1.776 2.115 6.084 36.403 ok
550 Males 2.606 2.960 9.487 28.922
823 Total 2.331 2.559 8.205 36.403
>50 years 54 Females 1.313 1.198 4.247 9.925 a
177 Males 2478 3.408 7.953 12.618
231 Total 2.206 2.947 7.539 12.618
All 590 Females 1.792 2.215 5.870 47.437 ook
1561 Males 2.941 3.424 11.106 56.238
2151 Total 2.626 2.947 9.739 56.238

#P95th (high exposure)

**Statistical analysis represented a significant difference among males and females in the same age group using Kruskal-Wallis H test (p <0.05);

**%Statistical analysis represented a significant difference among males and females in the same age group using Kruskal-Wallis H test

(p<0.001)
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