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ABSTRACT

Arecoline is a psychoactive alkaloid containing a reduced pyridine nucleus, isolated from Areca
catechu L. (Arecaceae) with different biological activities on cardiovascular, digestive, nervous, and
endocrine systems. Arecoline is the main toxic component of A. catechu responsible for oral
carcinoma. It possesses a variety of pharmacological activities; it exhibits anticancer activity. It was
reported that arecoline causes cytotoxicity through apoptosis in human endothelial cells. Moreover,
the death of human leukemia K562 cells was induced by arecoline. Biotransformation is a structural
modification of compounds such as amino acids, toxins, and drugs by enzymatic chemical reactions
within living organisms. According to enzymatic sources, biotransformation is classified into three
major types; microbial, plant cell culture, and animal cell culture transformation. It was suggested
that microorganisms could be employed as a model of mammalian metabolism. Studying both
mammalian and microbial transformation of arecoline is of interest by which we can reduce its
toxicity, increase its bioavailability, and produce more active metabolites.
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carbohydrates, lipids, etc. Among these natural products,

Biotransformation is defined as a biochemical reaction that
converts xenobiotics with the aid of a plant cell, an animal
cell, a microorganism, or an isolated enzyme into
metabolites. It is mainly an enzyme-catalyzed reaction. The
main goal of biotransformation is the conversion of poorly
excreted lipophilic molecules into more easily excreted
hydrophilic metabolites.? Biotransformation results in the
conversion of an active molecule to more active metabolites
(bioactivation) or less active metabolites (inactivation or
detoxification). It also causes the activation of inactive
substances such as pro-drugs.®

In nature, there are many natural products such as
flavonoids, alkaloids, anthraquinones, tannins,
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alkaloids are considered an important class with various
pharmacological activities.* Alkaloids are produced by
complex biosynthetic pathways from many sources such as
marines, bacteria, and plants, or by synthetic reactions. They
possess wide pharmacological effects.> ¢ Alkaloids chemistry
is among the most exciting and significant areas of
bioorganic chemistry. The most common alkaloids
classification is based on their distribution according to the
principal structure and principal C-N skeleton such as
pyridine, piperidine, pyrrolidine, indole, quinoline,
quinazoline, isoquinoline, etc. Another classification is
according to the biogenetic precursors they are derived from
amino acids such as ornithine, lysine, tyrosine, tryptophan,
etc.’
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Biotransformation of alkaloids continued to cover a wide
range of substrates and enzymes. The identification of novel
biosynthetic and catabolic pathways for alkaloids helps to
provide new biocatalysts for chemical synthesis.®

Arecoline is a psychoactive alkaloid isolated from areca
nuts. In addition to arecoline, areca nuts contain the alkaloids
guvacoline, arecaidine, and guvacine.® Arecoline has a variety
of effects on the central nervous system such as alertness,
stimulation, euphoria, and anxiolytic action due to its partial
agonist activity on the nicotinic and muscarinic acetylcholine
receptors (MAChR).®

1. Physical properties

Arecoline is an oily base, volatile with steam, and miscible
with many solvents such as ether, alcohols, dimethyl
sulfoxide (DMSO), dimethyl formamide, and water.*

2. Biosynthesis of arecoline

Arecoline is expected to be biosynthesized from nicotinic acid
as a precursor (Figure 1). The biosynthesis of nicotinic acid
starts from the amino acid tryptophan through an oxidative
cleavage reaction of the indole system to give N-formyl
kynurenine. The latter compound loses its formyl group to
generate L.kynurenine which by ring hydroxylation produces
3-hydroxy kynurenine that is converted to 3-hydroxy
anthranillic acid. Ring-opening by oxidation followed by ring
closure results in the formation of nicotinic acid from 3-
hydroxyanthranilic acid. Arecoline is formed from nicotinic
acid by esterification, N-methylation, and partial reduction of
the ring.1% 12

3. Biological activity and mechanism of action of

arecoline
Arecoline is the main active component in the areca nuts
responsible for the central nervous system effects. Arecoline
is a partial agonist on the nicotinic receptors as well as
mMAChR such as M1, M, M3 and My receptors, which is
believed to be the primary cause of its parasympathomimetic
effects. 1215

Arecoline is a cyclic bioisostere of acetylcholine with a
tertiary amino group. It binds to muscarinic receptors as it is
structurally related to acetylcholine and muscarine.®

3.1. Anticancer activities

The cytotoxic activity of arecoline is mediated through its
action on muscarinic receptors. Muscarinic receptors are
expressed in numerous primary and metastatic tumors such as
prostate, ovary, colon, and lung cancers.’-1® In some of these
tumors such as small-cell lung carcinoma, acetylcholine is
possibly synthesized by the tumor cells. Therefore,
acetylcholine could affect tumor cell proliferation and
migration via an autocrine pathway mediated by nicotinic
and/or muscarinic receptors.® It was reported that M3-
mAChRs antagonists inhibit the growth of small-cell lung
carcinoma.?%: 22

Moreover, muscarinic agonists can produce cytotoxic
activity in a dose-dependent manner. For example, arecaidine
as M2-mAChR agonist inhibited cell proliferation in human
glioblastoma cancer.?® It was also reported that cholinergic
receptors M3-mAChR have a significant role in the
proliferation, differentiation, and apoptosis of leukemia cells.
For example, the death of human leukemia K562 cells was
induced by arecoline, which was associated with the up-
modulation of tumor necrosis factor receptor-2 surface
expression. The effect of arecoline was mediated by its
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Figure 1. Biosynthesis of arecoline from L-tryptophan
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Arecoline, as a partial agonist for muscarinic receptors, can
cause cytotoxicity through apoptosis to human endothelial
cells EAHY 926 (hybridoma of human endothelium and lung
adenocarcinoma A549/8).%> Arecoline has the ability to
prevent tumorigenesis of basal cell carcinoma via lowering
the levels of interleukin-6, increasing levels of p53 (a tumor
suppressor factor), and finally inducing cell cycle arrest and
apoptosis.?®

3.2. Effects on the nervous system

Arecoline has the ability to reverse memory loss and learning
impairment in Alzheimer’s dementia due to its effect on
muscarinic receptors.?”> 22 Arecoline has the ability to
stimulate muscarinic receptor (M receptor) therefore it
promotes body excitability and improves the abilities of
learning and memory. Crushed areca nuts are frequently
combined with lime and covered with piper betel leaves for
chewing. It has been suggested that the mentioned processing
could quantitatively hydrolyse arecoline into arecaidine.
Additionally, it has been found that arecaidine is a powerful
inhibitor of the uptake of the central inhibitory transmitter
GABA, also known as gamma-aminobutyric acid.?®

3.3. Effects on the digestive system

Arecoline stimulates smooth muscles of the duodenum and
colon via activation of mAChR.%°

According to the effects of arecoline on the digestive
system, previous studies demonstrated that arecoline could
improve digestion functions by stimulating muscarinic
receptors.® In 1999, an interesting experiment conducted on
guinea pigs showed that spontaneous contraction of the ileum
could be significantly enhanced by arecoline in a dose-
dependent manner.3> Moreover, previous studies also reported
that areca nut water extracts (containing 0.06% arecoline)
could boost the contractions of gastric smooth muscle and
muscle strips of the duodenum, ileum, and colon
significantly.®
3.4. Anti-parasitic effects

Arecoline is an old anthelmintic that has been used as a
taenicide for cats, dogs, and poultry. The mechanism is related
to its paralytic effect.3

Previous studies demonstrated that arecoline is an active
agent against tapeworms, and the mechanism was related to
its paralytic effect.®*® Many researches have revealed that
arecoline possesses an important synergetic effect against
oncomelania when combined with esculentoside and
pentachlorophenol sodium, and the potential mechanism was
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associated with regulation of the smooth muscle
contractions.®¢-% Furthermore, arecoline was also proved to be
highly effective against cysticercus in vitro and also leads to
inhibition of Fasciola hepatica. 3% 4°

3.5. Antimicrobial activity

In 2010, Luo et al. reported that arecoline showed
antibacterial activities against Candida albicans, Bacillus
anthracis, and Bacillus proteus with MIC values of 0.8, 0.8,
and 0.8 mg/mL, respectively.*

3.6. Effect on the cardiovascular system

Arecoline exhibits vasodilator and antithrombotic activity due
to its effect on mAChRs.*?

The vasodilator effect of the sub-fraction of areca nut

(mainly contains arecoline and condensed tannin) was
examined by Goto et al. (1997). The results showed that the
sub-fraction caused relaxation of the rat aorta intact
endothelium.*® Ling et al. (2012) reported that arecoline
improved ACh-induced vasorelaxation in high fructose-fed
rats, and the potential mechanism might be related to the
increase of cystathionine- c-lyase expression and stimulation
of KATP channels.*
Moreover, arecoline was reported to have an antithrombotic
effect, and its antithrombotic effect was closely associated
with activating the endothelial target for acetylcholine.*®
In 2004, Shan et al. reported that arecoline had
antiatherogenic effects, and the mechanism appeared to be
thoroughly involved in increasing the plasma level of nitric
oxide.*

3.7. Antidiabetic effect

Yao et al. (2009) reported that arecoline could improve
glucose and lipid metabolism in type 2 diabetic rats.*’ Another
research by Hsu et al. (2010) demonstrated that arecoline
could inhibit adipogenic differentiation, induced adenylyl
cyclase-dependent lipolysis and affected insulin-induced
glucose uptake.”® In addition, it was reported that arecoline
could prevent the dysfunction of B cells of the pancreas
induced by high fructose.**-

3.8. Recent uses of arecoline derivatives

Muscarinic acetylcholine receptors (MAChRs) are an
interesting target for positron emission tomography (PET)
imaging due to their involvement in many neurodegenerative
disorders. PET radiotracers were developed based on the
structure of arecoline as mMAChR agonist.>?
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4. Arecoline structure-activity relationship

The ester linkage of arecoline is predisposed to hydrolysis in
the stomach.> The N-CHs group of arecoline is selective to
M1 receptor.>* Quaternization of nitrogen atom results in M1
receptor agonist with the same activity as arecoline itself. %
Introducing another nitrogen in the arecoline ring gives
derivatives less potent than arecoline itself as M1 receptor
agonist.® The reduction of a double bond decreases the
muscarinic agonist activity.>” Moreover, substitution at
position 4 antagonizes M1 receptor activity (Figure 2).16

Figure 2. Chemical structure of arecoline.

5. Toxicology

It was reported that long-term and continuous high dose of
arecoline is toxic depending on body weight, hematological
parameters, and histopathological changes. Arecoline causes
mutation of oral mucosal cells, which leads to oral cancer via
producing reactive oxygen species (ROS).%8%° Currently,
increasing research has widely studied the toxicity of
arecoline. The minimum lethal dose values of arecoline in
mice, dog, and horse were 100, 5, and 1.4 mg/kg (p.o.),
respectively.®® Later, it was demonstrated that arecoline could
induce hepatotoxicity and testicular toxicity via reactive
oxygen species. ® In 2013, it was reported by Lee et al that the
most serious side effects of arecoline are oral toxicities. 6263
Oral submucous fibrosis is a malignant disease mostly
observed in Asian people chewing areca nut; epidemiological
surveys afford valid evidence that chewing areca nut can lead
to oral submucous fibrosis and arecoline is the main
etiological factor.4® Arecoline could affect the molecular
processes of deposition and/or degradation of collagen.®6-8
Arecoline is an important factor in epithelial cell death due to
oxidative stress via the production of reactive oxygen species
in oral cancer and submucosal fibrosis which lead to acute cell
trauma.®® 7% Haque et al. (2000) reported that inflammatory
cytokines (IL-1 b, IL-6, IL-8, TNF- a) significantly increased
from oral submucous fibrosis in patients chewing betel quid.
The genotoxic effects of arecoline were also studied using two
different administration routes, including oral administration
(p.0.) and intraperitoneal injection (i.p.).”* Carcinogenicity of
arecoline was observed through oral administration more than
intraperitoneal injection.”
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6. Biotransformation of arecoline

6.1. Metabolism of arecoline in mouse:

In 1989, Ohshima et al. identified N-nitrosonipecotic acid in
rats as a major urinary metabolite of the areca-nut alkaloids.”
In 2006, Giri, et al. studied the metabolic pathway of arecoline
in the mouse. The study showed that arecoline was subjected
to N-oxidation to give arecoline N-oxide and both compounds
formed conjugates with mercapturic acid. Ester hydrolysis of
arecoline to generate arecaidine was also detected. Further
metabolism of arecaidine occurred by either N-oxidation to
arecaidine N-oxide or by reduction of the double bond to yield
N-methyl nipecotic acid followed by conjugation with
glycine. Arecaidine also formed conjugates with glycine,
glycerol, and mercapturic acid. The metabolic map of
arecoline is illustrated in Figure 3.747
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Figure 3. Arecoline metabolic pathway in the mouse

6.2. Microbial transformation of arecoline

It was reported that arecoline was transformed in vitro by
Cunninghamella blackesleeana NRRL 1369, four major
metabolites were isolated and identified as illustrated in
Figure 4. Moreover, it was converted by Aspergillus niger
ATCC 10549, and two major metabolites were isolated and
identified as illustrated in Figure 5.7

The cytotoxic activity of arecoline and its isolated pure
metabolites was determined using MTT assay against cancer
as well as normal cell lines of lung and blood cells. This assay
was used for screening the cytotoxic activity of tested
compounds against non-small cell lung cancer A549 and
leukemia cancer K562 cell lines using staurosporine and
doxorubicin as references. The selectivity index of these
metabolites was evaluated. Furthermore, the effect on cell
cycle and induction of apoptosis was studied.
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The obtained results revealed that 1-methylpiperidin-4-ol,
nipecotic acid, and nicotinic acid, possess very strong in vitro
cytotoxic activity against non-small cell lung cancer A549 and
leukemia cancer K562 with selectivity index values of more
than 3. It was found that metabolite 1 induced cell cycle arrest
in non-small cell lung cancer A549 at G2/M phase. Nipecotic
acid and nicotinic acid-induced cell cycle arrest in leukemia
cancer K562 at S-phase. The cytotoxicity results were
confirmed by good protein-ligand binding affinity to M3-
mMAChR (PDB ID: 4U15) using MVD software.

Nipecotic acid, arecaidine, and nicotinic acid showed
permeability values near that of arecoline. Online prediction
tools were used to predict the cellular permeability of the
metabolites. 1-Methylpiperidin-4-ol presented the highest
value of permeability compared to arecoline and other
metabolites using the colorectal carcinoma (Caco-2) cells
model. On the other hand, the study revealed that metabolite
2 (4-hydroxyl-1-methylpiperidine 1-oxide) showed low in
vitro cellular cytotoxicity against non-small cell lung cancer
A549 and leukemia cancer K562 cell lines. Metabolite 2 also
showed the lowest value of permeability using Caco-2 cells
model compared to arecoline and other metabolites, which
would affect its activity. The study also showed that all
metabolites do not violate the drug-likeness classifiers
identified by Lipiniski, Veber, and Egans. Therefore, they
would be considered orally active drugs.
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CONCLUSION

Arecoline exhibits many pharmacological activities due to its
effect on mAChRs. The biotransformation of arecoline is of
interest due to its good biological activities. This review
includes mammalian as well as fungal transformation.
Biotransformation of arecoline involved ring unsaturation,
decarboxylation, hydration of double bond, ester hydrolysis,
and formation of N-oxides. Further studies are strongly
recommended to understand the mechanism of arecoline
biotransformation using other fungi as well as bacterial and
plant cell cultures.
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