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Abstract

Areca catechu L. is a palm plant, widely distributed in the tropical and subtropical districts, such as southeast Asia and Hainan, Taiwan, Hunan and Fujian in China.
Some studies on the chemical components (alkaloids, flavonoids, tannins, triterpenes, fatty acids, etc.) and biological activities (anti-bacterial, anti-viral and anti-
tumor, anti-oxidation, anthelmintic action, effects on the nervous system and effects on the digestive system) have been reported. This review briefly describes the

research progress of the chemical components and biological activities of Areca catechu L, to provide the reference to the researchers.

Introduction

Areca catechu L. is a palm family areca plants, perennial evergreen
trees and is widely cultivated in tropical areas. In south of China, it
is also widely distributed in Taiwan, Hunan, Guangdong, Hainan and
Fujian. China is one of the world’s major producers of areca nut. The
main chemical constituents of areca have been identified as: alkaloids,
flavonoids, tannins, triterpenes, fatty acids, etc., which also possess
a wide spectrum of biological activities, such as Anti-bacterial, anti-
viral and anti-tumor, anti-oxidation, anthelmintic action, effects on
the nervous system and digestive system. This review describes the
previous research on bioactive compounds of Areca catechu L. and
biological activities of both the extracts and isolated compounds from
this medicinal plant.

Chemical composition

Shen reported that the main components of the fruits of Areca
catechu L. are phenols (31.1%), polysaccharides (18.7%), fat (14.0%),
fiber (10.8%) and alkaloids (0.5%). While the main ingredients of
its flower are alkaloids and polyphenols [1]. The components were
classified and described as below

Polyphenols

The polyphenols in the fruits of Areca catechu L. are phenolic acids,
flavonoids and xylophenolic acids. They are mainly present in the
roots, stems, leaves and fruits of Areca catechu L., and the amounts of
them are related to the growth cycle and maturity.

Lin et al. obtained the total phenol from the flowers of Areca
catechu L. through the boiling water extract method. The contents of
the total phenol and flavonoids were 406.43 g/mL and 840.73 g/mL
respectively. The authors also extracted the contents of total phenol
and flavonoids using water/methanol and determined their contents,
which were 451.47 g/mL 880.00 g/mL respectively [2]. Zhang obtained
the total phenol from the three different flowers of Areca catechu L.
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and determined its contents to be: 0.6236 g/mL, 0.5893 g/mL, 0.3146 g/
mL [3]. The extractions of three flowers contain the same compounds,
such as gallic acid, coumaric acid, epicatechin, ferulic acid, rutin and
naringin. While the contents of epicatechin (1), gallic acid (2) and
coumaric acid (3) are relatively higher than others (Figure 1).

Flavonoids

Flavonoids are mainly contained in the seed and fruit of Areca
catechu L.. Zhang et al. obtained four flavonoids from the fruits of
Areca catechu L.: isorhamnetin (4), chrysoeriol (5), luteolin (6) and (£)-
5-hydroxy-2-(4-hydroxy-3,5-dimethoxyphenyl)-7-methoxychroman-
4-one (7) [4]. Yang et al. obtained quercetin (8), (s)-5-hydroxy-2-(4-
hydroxy-3,5-dimethoxyphenyl)-7-methoxychroman-4-one (9) and
Liquiritigenin (10) from its seed (Figure 2) [5].

Tannins

The tannins in Areca catechu L. are tannins (proanthocyanidins),
also named as flavanol derivatives, which exist after combining with
arecoline and the content in Areca catechu L. is about 15%. Some
tannins have been isolated and confirmed as arecatannin Al,
arecatannin A2, arecatannin A3, arecatannin Bl, arecatannin B2
arecatannin C1 [6,7].
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Figure 1. Respective structures of phenols
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Figure 2. Flavonoids obtained from the seed and fruit of Areca catechu L.

Triterpenes and steroids

Saeed et al. isolated ursolic acid (11), ursolic acid acetate (12) and
sitosterol (13) from the leaves of Areca catechu L. [8], and isolated
arborinol (14), cylindrin (15), fernenol (16) and arundoin (17) from
the peel [9]. Yang et al. isolated cycloatanol (18), ergosterol peroxide
(19) and B-sitostenone (20) from its seeds (Figure 3) [5].

Fatty acids

The fatty acids were mainly contained in the seeds of Areca catechu
L., and the total content of fatty acid is about 14%. The lauric acid (21),
myristic acid (22), palmitic acid (23), stearic acid (24), oleic acid (25),
linoleic acid (26), a-lipoic acid (27), decanoic acid (28), decanoic acid
(29) and seventeen carbonate (30) have been identified (Figure 4) [10].

Zhou et al. identified 11 kinds of fatty acids and their contents by
GC-MS, among which the contents of linoleic acid (26), oleic acid
(25) and palmitic acid (23) were higher than others and with 32.12%,
29.50% and 27.70%, respectively (Figure 4) [11]. Guo et al. extracted
the fruits of Areca catechu L. using petroleum ether and also identified
the fatty acids and their contents by GC-MS. The results are listed in
Table 1.

Amino acids

It is reported that the content of proline (31) and tyrosine (32) in
Areca catechu L. was over 15% and 10% respectively. The phenylalanine
(33), arginine (34), a small amount of tryptophan (35) and methionine
(36) were also confirmed in Areca catechu L.. Mou et al. isolated
N-benzoylphenylalanylphenylalinol acetate (37) and TMS-58B (38)
from Areca catechu L. [12]. You et al. reported that there are at least 17
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amino acids in Areca catechu L., among which the contents of aspartic
acid (39), glutamic acid (40), lysine (41) and arginine (34) were higher
than other amino acids (Figure 5) [13].

Alkaloids

Areca catechu L. is only one containing alkaloids among 54 kinds of
palm species, and there are much difference of the alkaloids in different
organs and tissues of Areca catechu L.. The total alkaloids in Areca
catechu L. is 0.3-0.6%, which are mainly arecoline (42), arecaine (43),
guvacoline (44), guvacine (45), arecolidine (46), homoarecoline (47)
and isoguvacine (48) (Figure 6) [14-16].

Biological activities
Anthelmintic activity

As a Chinese traditional plant medicine, Areca catechu L. has been
widely used as an anthelmintic agent because it can inhibit or kill a
variety of parasites. Arecoline is the active ingredient, which can help

Table 1. Chemical components of fatty acid in fruits of Areca catechu L.

Compounds N;(()):f::::r Formula weight Relati\(';,a)mount
Arecoline CH ,NO, 155 7.00
2,6-Di-t-butyl-4-methylphenol C,H,0 220 5.51
Methyl cinnamate C,H,0, 162 0.68
Nonanoic acid CH O, 158 0.54
2,4-Di-t-butylphenol C,H,0 206 6.54
Benzoic acid CH,O, 122 0.75
Lauric acid C,H,,0, 200 5.76
Myristic acid C,H,0, 228 13.33
Pentadecanoic acid C,H,0, 242 1.05
Palmitic acid C,H,,0, 256 25.53
Stearic acid CH,0, 284 5.89
Oleic acid C,H,,0, 282 16.01
Linoleic acid C,H,,0, 280 7.67
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Figure 3. Triterpenes and steroids obtained from Areca catechu L.
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Figure 6. Alkaloids isolated from Areca catechu L.

flush the pig tapeworm, the crow tapeworm, the man type bloodsucking
worm, the liver fluke and the worm out the host body by paralyzing
the nervous system of the pig tapeworm, the crow tapeworm, the man
type bloodsucking worm, the liver fluke and the worm. In addition,
arecoline can also increase the ability of pentachlorophenol sodium
against oncomelania.

Effects on the nervous system

Arecoline can stimulate muscarinic receptor and promote the
body excitability. Arecaine and gubacine can bind with brain GABA
receptor, and prevent the ability of GABA on nerve transmission, thus
make people feel happy.

Arecoline can relieve drunk state. In addition, it can also improve
the cognitive function and memory of patients with Alzheimer’s disease.
In 2000, a study showed that the total alkaloids of Areca catechu L.,
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especially arecoline could relieve the patient’s mood of schizophrenia
and depression.

Effects on the digestive system

“Areca Sixiao Wan”, included in the 2015 edition of the Chinese
pharmacopoeia, is used to treat indigestion, bloating and constipation.
Arecoline is a kind of muscarinic receptor agonist, it can stimulate
choline muscarinic receptor, and make the gastrointestinal smooth
muscle tension increased, promote digestion by making gastrointestinal
smooth muscle tension increased, increasing gastrointestinal peristalsis
and enhancing saliva secretion. Zou et al. found that areca had
significant contractile effect on gastric smooth muscle of functional
dyspepsia model rats by enhancing contractile amplitude [17,18].

Effects on the endocrine system

The effect of arecoline on the endocrine system is mainly to increase
the release of endogenous corticotrophin-releasing hormone (CRH) by
stimulating the hypothalamic-pituitary-adrenal cortical axis and block
the flow of calcium ions into the adrenal medulla pheochromocyte.
Dasgupta et al. also reported that arecoline can stimulate and inhibit
adrenal activity and inhibit adrenal hormone in mice to produce
immune effect [19].

Effects on cardiovascular lipids

At present, areca is included in some medicines for reducing
blood pressure and blood lipids. Ling et al. reported that arecoline
can improve ACh-induced vasorelaxation in high fructose-fed rats,
and the potential mechanism might be associated with the increasing
of cystathionine-c-lyase expression and activation of K, , channels
[20]. Duan and Wang reported that arecoline has regulation effects on
D-glucose induced excess mRNA expression of ICAM-1, MCP-1 and

vascular cell adhesive molecule-1 (VCAM-1) [21].
Oxidation resistance

It is reported that Areca catechu L. has strong antioxidant ability,
which is mainly due to the polyphenols and flavonoids. Zhang et al.
reported that the ethanol extract of areca seed exhibited stronger
scavenging ability on DPPH free radical, hydroxyl free radical and
superoxide anion free radical than that of dibutyl hydroxyl plus toluene
[22]. It was also reported that the extraction of areca exhibited higher
antioxidant activity than that of resveratrol.

Anti-bacterial, anti-viral and anti-tumor effects

The alcohol extraction of areca possess antibacterial activity against
38 bacteria, such as E. coli, candida albicans, tropical bacteria and
interdactylobium, and has a good inhibitory effect on common bacteria
in the mouth, such as streptococcus, porphyria gingivalis and fumigate
bacteria, as well as actinomycetes [23,24]. It also reported that areca
possess anti-flu virus activity.

In addition, Huang et al. reported that arecoline could prevent
BCC tumourigenesis by reducing the levels of the tumour cell survival
factor IL-6, increasing levels of the tumour suppressor factor p53, and
eliciting cell cycle arrest, followed by apoptosis [25]. Another research
suggested that arecoline induced death of Human Leukaemia K562 cells
was associated with up-modulation of TNFR2 surface expression [26].

Toxicity and side effects

LARC (international centre for research on cancer) identified
betel nut as a primary carcinogen in its special issue no. 85 of 7 August
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2003. Chewing betel nut causes submucosal fibrosis, and then cause
oral cancer. Arecoline is the main alkaloid that causes the expression of
avP6, which is regulated by the M, (muscarinic acetylcholine) receptor,
while high expression of avp6 is found in 80% of oral cancers caused by
submucosal fibrosis [27].

Arecoline, the active ingredient of betel nut, can also affect the
reproductive system. Hu et al. reported that water extraction of areca
could affect the sperm of male mice, which can reduce the number of
sperm, reduce the vigour and increase the deformity rate. Areca nut is
toxic to reproductive function of male mice [28]. Arecoline can cause
chromosome aberrations in mouse bone marrow cells. Even if, it also
increases the exchange frequency of sister chromosomes, make germ
cells abnormal morphology, thus make DNA synthesis disorders [29].

Chemical composition

This paper reviewed the recent studies on the chemical constituents
and biological activities of Areca catechu L.. Through reviewing the
progress of the chemical components and biological activities of
Areca catechu L., only some simple studies have been carried out.
Areca catechu L. is a kind of Chinese Traditional plant medicine, we
must develop this plant medicine and focus on identification and
quantification the bioactive compounds responsible for each biological
activity that Areca catechu L. displays. There should be adequate
studies on elucidation of the molecular mechanisms underlying the
activity of these bioactive compounds, which can lead to use of this
plant medicine for drug development. These years, our research group
carried out the isolation of the subtropical plant medicines and their
biological evaluation, and we have obtained remarkable results. Areca
catechu L. has been planted in Fujian province with large-scale. Our
subsequent work will focus on the isolation and biological evaluation
of Areca catechu L. planted in Fujian.
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