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Abstract 

Background The purpose of the current study was to examine the potential impact of a methanolic extract of Areca 
catechu nut (MAN) on handling-induced convulsions (HIC), anxiety and anhedonia behaviour of alcohol-withdrawn 
mice. 30 female Swiss albino mice were divided into 5 groups, each with 6 animals. Group 1 (saline withdrawal) 
received saline during the 3-day alcohol/saline induction phase, while the other 4 groups (alcohol withdrawal) 
received 20% v/v ethanol (1.25 ml/100 g body weight, i.p.; 20% v/v ethanol was made from absolute ethanol with 
79.9 ml saline + 0.1 ml fomepizole, an alcohol dehydrogenase inhibitor). Day four (test day) involved studying han-
dling-induced convulsions; open field test (OFT), elevated plus maze test (EPM), marble burying test (MBT) for anxiety; 
24-h sucrose preference test (SPT) for anhedonia in mice. On the test day, Group I and II (saline withdrawal and alco-
hol withdrawal) received oral treatments with 1% w/v sodium carboxyl methylcellulose 1 h prior to the behavioural 
testing. Group III received an injection of diazepam (1 mg/kg, i.p., 30 min prior) and Group IV and V were treated with 
two different doses of MAN (50 and 100 mg/kg, p.o.) 1 h prior to the behavioural test.

Results At doses of 50 and 100 mg/kg, p.o., the Areca catechu nut methanolic extract significantly reduced handling 
convulsions and anxiety, and had an anti-anhedonic effect using various evaluation criteria, such as convulsion score 
(HIC), no. of central and peripheral line crossings (OFT), % entries and time spent in open arms (EPM), no. of marbles 
buried (MBT), and sucrose intake ratio (SPT) in alcohol-withdrawn mice.

Conclusion In mice undergoing alcohol withdrawal, Areca catechu nut extract (MAN) greatly lessens handling-
induced convulsions, anxiety and depression symptoms.

Keywords Areca catechu nut, Alcohol withdrawal, Handling-induced convulsions, Open field test, Elevated plus maze, 
Marble burying test, Sucrose preference test
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Graphical Abstract

Background
Alcohol is the most frequently used and misused sub-
stance. According to World Health Organization 
research [1], drinking alcohol contributes to 3 million 
fatalities each year, as well as millions of impairments 
and ill health worldwide. Overall, 5.1% of the world’s ill-
ness burden is attributable to hazardous alcohol usage. 
Alcohol abuse accounts for 7.1% and 2.2%, respectively, 
in men and women of the global burden of illness. 
Alcohol use accounts for 10% of all deaths in people 
aged 15 to 49, making it the top risk factor for early 
mortality and disability. Alcohol withdrawal syndrome 
(AWS) is a well-known condition that develops after 
heavy/constant drinking is abruptly stopped, whether 
on purpose or accidentally [2]. AWS is mediated by a 
number of neurochemical mechanisms, including (1) 

the alcohol-enhanced inhibitory effect of gamma-amin-
obutyric acid (GABA); (2) alcohol-mediated inhibition 
of N-methyl-d-aspartate (NMDA)-receptors, leading to 
their upregulation and increased responsiveness to the 
stimulating effect of glutamate (GLU); and (3) excessive 
availability of norepinephrine (NE) because of desen-
sitization of alpha-2 auto receptors and augmentation 
of NE conversion from dopamine (DA). As a result, 
individuals experience the typical clinical symptoms 
of AWS, such as anxiety, irritability, agitation, trem-
ors, and evidence of an excess of adrenaline, as well 
as withdrawal seizures and delirium tremens (DT) in 
more severe cases. The only gold standard method for 
the prevention and treatment of all stages of alcohol 
withdrawal syndrome is benzodiazepine (BZDP) medi-
cation. BZDPs do, however, have several disadvantages, 
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including cognitive decline and substantial neurological 
and medical side effects. Therefore, there is a need for 
new medications to treat AWS [3].

Areca catechu, often referred to as supari, is a type of 
dried, ripe nut that is grown in the tropical regions of 
South China, India, Malaysia, Sri Lanka, the Philippines 
Islands, and a small portion of East Africa. It belongs to 
the family Palmae or Arecaceae. In India and many other 
Asian nations, it is customary to chew areca nuts [4]. 
Alkaloids present in areca nuts such as arecoline, arecai-
dine, arecaine, guavacine, and guavacoline are primarily 
responsible for central nervous systems (CNS) activities 
like an antidepressant, and anxiolytic effects as well as a 
variety of parasympathetic effects. Areca nuts have his-
torically been used to cure parasite illnesses, dyspepsia, 
gastrointestinal discomfort, abdominal pain, diarrhoea, 
oedema, and jaundice, and it has shown numerous phar-
macological actions on the CNS, digestive, and cardio-
vascular systems [5]. Furthermore, Areca nut has been 
reported for antioxidant, antibacterial and antifungal, 
anti-inflammatory, analgesic, anti-allergic, antidiabetic, 
and antihyperlipidemic activities [5]. In the present study, 
a battery of behavioural tests on mice, including the HIC, 
OFT, EPM, MBT, and SPT were used to further explore 
Areca catechu nut’s therapeutic potential to alleviate the 
AWS.

Materials and methods
Plant collection
The nuts of Areca catechu L. were collected from Nan-
digama, Krishna district, Andhra Pradesh, India. It 
was identified and authenticated by a botanist from the 
Department of botany and microbiology, Acharya Nagar-
juna University, Guntur.

Preparation of extract
Areca catechu methanolic extract (MAN) was prepared 
by macerating 40 g of areca nut powder with 200 mL of 
75%v/v methanol wrapped in aluminium foil for around 
3  days with occasional shaking. The mixture was fil-
tered using Whatman No. 1 membrane filter paper and 
vacuum-dried using a rotary evaporator at a tempera-
ture and speed of 45 °C and 180 rpm and determined the 
extract’s yield in percentage.

Preparation of 20%v/v ethanol
0.1 ml of fomepizole (4-Methylpyrazole) was added to 
20 ml of ethanol (99.9%v/v absolute alcohol), which was 
then diluted in 79.9 ml of normal saline.

Animals
We employed thirty female Swiss albino mice, which 
weighed between 25 and 30  g. Before the trial, the 

animals spent a week becoming acclimated to living at 
24 ± 1  °C. Rodent pellet feed and purified water were 
made available freely to the animals. The experimental 
protocol was assessed and approved (Approval no. 03/
IAEC/CLPT/2020-21) by the IAEC (Institutional Animal 
Ethics Committee) of Chalapathi Institute of Pharmaceu-
tical Science, Guntur and followed the guidelines indi-
cated by CPCSEA, New Delhi, India.

Drugs and chemicals
Fomepizole (4-Methylpyrazole) (Sigma-Aldrich), Sodium 
chloride injection I.P (0.9% w/v) (Otsuka Pharmaceutical 
India Private Limited), Ethanol (Changshu Hong sheng 
Fine Chemical Co., Ltd), and Diazepam injection I.P 
(Neon Laboratories Limited) were used.

Phytochemical analysis
The methanolic extract of Areca catechu nut (MAN) was 
weighed (0.5  g) and dissolved in 50  ml of methanol for 
the preparation of the test sample (10  mg/ml) for phy-
tochemical analysis. Standard identification tests were 
carried out for the various phytoconstituents present in 
MAN. For alkaloids (Hager’s test and Wagner’s test), for 
flavonoids  (FeCl3 and lead acetate test), for glycosides 
(Bontrager’s and Keller killani test), for steroids and lipids 
(Liberman Burchard and Salkowski test), for tannins 
 (FeCl3 and match stick test), for fixed and volatile oils 
(Spot and foam tests), and for proteins (ninhydrin and 
biurets tests) were used [6].

Experimental design
In this study, the effects of MAN on alcohol withdrawal-
induced symptoms such as handling convulsions, anxi-
ety, and anhedonia were examined. Ethanol solution 
(20%v/v) was prepared with fomepizole (0.1%v/v) to 
prolong the effects of alcohol withdrawal, such as anxi-
ety and melancholy and it was injected intraperitoneally 
at 1.25 ml/100 g b.wt to all AW groups (Group II to V) 
twice daily for 3 days (i.e. dose 1 at 6 A.M and dose 2 at 
4 P.M). Group I (saline withdrawal) received saline injec-
tion instead of ethanol following the same treatment 
schedule as other treatment groups. The experimental 
alcohol/saline withdrawal paradigm divided the animals 
into five classes (totalling five groups), with each class, 
made up of six mice. On the fourth day, Groups I and II 
(the saline-control and ethanol-control) received treat-
ment with an oral dose of 1%w/v carboxymethyl cellu-
lose (CMC). Group III (the standard group) received an 
intraperitoneal injection of diazepam at a dose of 1 mg/
kg. Two separate doses (50 and 100  mg/kg) of metha-
nolic extract of Areca catechu nut (MAN) were admin-
istered orally to Groups IV and V (the test groups). After 
one hour of oral treatment, we measured the alcohol 
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withdrawal symptoms such as handling convulsions, 
anxiety, and anhedonia using a battery of tests like HIC, 
OFT, EPM, MBT, and SPT in mice. The dose of MAN 
was selected based on an earlier study reported in the lit-
erature [7] and a pilot study performed in our laboratory. 
Dar and Khatoon (1997) reported the antidepressant 
effect of the ethanolic extract of Areca catechu in rodents 
and this study demonstrated a dose-dependent antide-
pressant effect of Areca catechu nut extract (4–80 mg/kg) 
without affecting locomotor activity [7]. Our pilot study 
also confirmed the reported activity, thereby, the present 
study fixed the doses at 50 and 100  mg/kg of MAN for 
alcohol withdrawal studies.

Handling‑induced convulsions (HIC)
The mouse was first removed from its cage and checked 
for any indications of convulsions. If no convulsions 
occurred when picked up, the mouse was gently turned 
360° clockwise and counter-clockwise using the thumb 
and fingers for around 5 s. A score of 0 meant there had 
been no convulsions, while a score of 5 meant there had 
been significant convulsions. Seizure scores are as fol-
lows: Score 0: Behavioural arrests (immobility), agita-
tion, hair-raising, and quick breathing; Score 1: Lips and 
tongue movement, vibrissae movement, and salivation; 
Score 2: Head clonus and eye clonus; Score 3: Forelimb 
clonus and wet dog shake; Score 4: Clonic rearing; Score 
5: Clonic rearing accompanied with lack of postural con-
trol and unrestrained jumping [8].

Open field test (OFT)
The OFT apparatus consists of a central compartment and 
a peripheral compartment. The central compartment has 
9 squares measuring 10 × 10  cm each, while the periph-
eral compartment has 16 squares measuring 10 × 10  cm 
each. The overall length, width and height of the OFT box 

is 50 × 50 × 15 cm. At starting the experiment, the animal 
was kept in the corner of the peripheral square of the OFT 
box and allowed to explore for 5  min, during which the 
number of square crossings and time spent in seconds in 
the central and peripheral compartments were recorded 
through a computer connected with Logitech HD web-
cam placed above the apparatus. The percentage number 
of square crossings and the percentage of time spent in 
the centre compartment were computed [9]. The experi-
ments were done out under white light (150 lx).

Elevated plus maze (EPM)
EPM has two arms that are open (30 × 7.5 cm) and two 
arms that are closed (30 × 7.5 × 30  cm). The identical 
arms had a 7.5 cm centre square and were placed across 
from one another. A 40  cm elevation above the ground 
was used for the maze. Each animal was positioned in the 
plus maze’s central square, facing one of the open arms. 
A PC connected to a Logitech HD webcam that was 
mounted above the equipment was used to record animal 
behaviour. The quantity and duration of entries in the 
open and closed arms during a 5-min period were noted 
[10]. The low red light was used for the EPM study.

Marble burying test (MBT)
Each mouse was kept in a separate plastic cage that 
measured 38 × 21 × 14 cm and had a 5 cm depth of husk 
bedding inside. On the bedding, there were three rows 
and nine columns of twenty-seven little glass marbles, 
each measuring between 10 and 12  mm in diameter. 
After 5 min of exposure, the number of unburied marbles 
was counted. If the husk covered at least two-thirds (2/3) 
of the surface area of a marble, it was considered to be 
"buried" [11]. The marble burying behaviour of the ani-
mals represents a state of anxiety and anxiolytic drugs are 
known to reduce the total number of marbles buried.

Sucrose preference test (SPT)
Each mouse cage received two bottles, one containing 
normal drinking water and the other a 1%w/v sucrose 
solution, for 24 h. During this 24-h study, food was not 
provided. The test animals received the respective drugs 
just before the start of SPT and 12-h after the initiation of 
the study. The two bottles were interchanged after 12-h 
of the start of the study. The amount of sucrose solution 
and water consumed during 24-h was measured [12] and 
the sucrose consumption ratio was determined using the 
following formula.

Statistical analysis
One-way ANOVA (analysis of variance) was used to ana-
lyse the data, and then Sidak’s multiple comparison test 
was performed. P-values under 0.05 were regarded as 
significant.

Results
Phytochemical analysis of MAN
The findings of the phytochemical examination revealed 
the presence of alkaloids, glycosides, steroids and lipids, 

Sucrose consumption ratio =
Sucrose intake/kg body weight

Water intake/kg body weight+ Sucrose intake/kg body weight
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saponins, phenols, flavonoids, fixed oils, and volatile oils 
and the absence of carbohydrates and proteins.

Evaluation of the protective effect of methanolic extract 
of Areca catechu nut against alcohol withdrawal symptoms 
in mice
Handling‑induced convulsions (HIC)
One-way ANOVA with post hoc Sidak’s multiple com-
parison test revealed significant differences between the 
different treatment groups [F(4,25) = 11.32; P < 0.0001]. 
The alcohol withdrawal mice showed a high convul-
sion score when compared to saline withdrawal mice, 
whereas the reference drug diazepam-administered 
mice showed a low convulsion score when compared to 
alcohol withdrawal mice. Interestingly, MAN 50 mg/kg 
significantly lowered the convulsion score when com-
pared with alcohol withdrawal mice (Fig. 1). This result 
implies the protective effect of MAN against alcohol 
withdrawal-induced handling seizures in mice.

Open field test (OFT)
One-way ANOVA with post hoc Sidak’s multiple 
comparison test on (A) No. of line crossings in cen-
tral (B) No. of line crossings in peripheral, (C) % No. 
of entries in central (D) Central time (E) Peripheral 
time (F) % central time revealed significant differ-
ences between the different treatment groups [F(4
,25) =  13.78; P < 0.0001]; [F(4,25) =  3.237; P < 0.0
256]; [F(4,25) = 12.39; P < 0.0001]; [F(4,25) = 6.264; 
P < 0.0012]; [F(4,25) = 6.264; P < 0.017]; [F(4,25) = 6.206; 
P < 0.0013], respectively. Alcohol withdrawal mice spent 
less time, had fewer entries, and crossed fewer lines in 

the central compartment of the open field test com-
pared to saline withdrawal mice. The reference drug, 
the diazepam-treated group spent more time, had more 
entries and crossed more lines in the central compart-
ment of the OFT when compared to alcohol withdrawal 
mice. MAN (50 and 100 mg/kg, p.o.) showed a similar 
effect as diazepam which indicates the anxiolytic effect 
of MAN in alcohol withdrawal mice (Fig. 2).

Elevated plus maze (EPM)
One-way ANOVA with post hoc Sidak’s multiple com-
parison test A) % time spent in open arms, B) % no. of 
entries in open arm revealed significant differences 
between the different treatment groups [F(4,25) = 16.06; 
P < 0.0001]; [F(4,25) = 26.47; P < 0.0001], respectively. In 
the elevated plus maze test, alcohol withdrawal mice did 
not exhibit any anxiogenic activity in alcohol withdrawal 
mice in comparison with saline withdrawal mice. How-
ever, MAN at doses 50 and 100 mg/kg, p.o. administered 
mice spent more time and displayed more entries in the 
open arm than alcohol withdrawal mice as seen with the 
reference drug, diazepam-treated mice. This study high-
lights the anxiolytic effect of MAN in alcohol withdrawal 
mice (Fig. 3).

Marble burying test (MBT)
One-way ANOVA with post hoc Sidak’s multiple com-
parison test revealed significant differences between the 
different treatment groups [F(4,25) = 26.16; P < 0.0001]. 
In the marble burying test, alcohol withdrawal mice bur-
ied more marbles than saline withdrawal mice which 
indicated a state of anxiety behaviour in alcohol with-
drawal mice. The reference drug, diazepam-administered 
mice buried fewer marbles than alcohol withdrawal mice 
which implies the anxiolytic effect of diazepam in alcohol 
withdrawal mice. The test drug, MAN at 50 and 100 mg/
kg, p.o. doses also buried fewer marbles than alcohol 
withdrawal mice as expressed in the diazepam-treated 
group which indicates the anxiolytic effect of MAN 
against alcohol withdrawal-induced anxiety behaviour in 
mice (Fig. 4).

Sucrose preference test (SPT)
In the sucrose preference test (SPT), the sucrose intake 
in alcohol withdrawal mice was decreased by 30% when 
compared with the saline withdrawal group which indi-
cates the lack of feeling pleasurable effects (anhedonia) 
in alcohol withdrawal mice. Interestingly, MAN (50 and 
100  mg/kg, p.o.) normalizes the sucrose intake in alco-
hol-withdrawn mice as seen with the reference drug diaz-
epam which highlights the anti-anhedonia effect of MAN 
in the alcohol withdrawal mice (Fig. 5).

Fig. 1 Effect of MAN (50 and 100 mg/kg p.o.) on alcohol 
withdrawal-induced handling convulsion in mice. Convulsion scores 
are expressed as MEAN ± SEM (n = 6); ####P < 0.0001 when compared 
with the saline withdrawal group; *P < 0.05 and ***P < 0.001 when 
compared with the alcohol withdrawal group
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Fig. 2 Effect of MAN (50 and 100 mg/kg p.o.) on A % no. of line crossings in central, B % no. of line crossings in peripheral, C % no. of entries in 
central, D Central time, E Peripheral time, F % central time in the OFT mouse model. The data were expressed as MEAN ± SEM (n = 6); *P < 0.05, 
**P < 0.01, ***P < 0.001, ****P < 0.0001 when compared with the alcohol withdrawal group
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Discussion
The current study discovered that the Areca catechu nut 
methanolic extract greatly reduced alcohol withdrawal-
induced handling convulsions, anxiety, and anhedonia 
in mice. One or more neurotransmitters and their recep-
tors, notably GABA, serotonin, adenosine, and adren-
ergic receptors, are said to malfunction during alcohol 
withdrawal to cause withdrawal symptoms [13]. Abuse 
of alcohol reduces the quantity of GABA needed to keep 
the inhibitory and excitatory pathways of the brain in 
balance. During alcohol withdrawal, alcohol is no longer 
available to trigger the  GABAA receptors which leads to 
diminished GABAergic inhibitory activity in the brain as 

a result of handling convulsions, anxiety and anhedonia 
in alcohol withdrawal mice. In the present study, we used 
0.1% v/v of 4-methyl pyrazole, also known as Fomepi-
zole for 20%v/v ethanol solution preparation to enhance 
ethanol bioavailability by inhibiting ethanol metabolism 
by blocking alcohol dehydrogenase enzymes (8000-fold 
higher affinity for alcohol dehydrogenase than ethanol 
does) thereby reinforcing the properties of ethanol is pro-
longed [8].

Dopamine’s inhibitory actions mediated through D2, 
D3, and D4 receptors (coupled with G-protein-coupled 
receptors (GPCRs) Gi/o-proteins which inhibit ade-
nylyl cyclase) are strengthened by ethanol [14]. On the 

Fig. 3 Effect of MAN (50 and 100 mg/kg p.o.) on A % time spent in open arm, B % no. of entries in open arm in the EPM mouse model. The data 
were expressed as MEAN ± SEM (n = 6); ***P < 0.001 and ****P < 0.0001 when compared with the alcohol withdrawal group

Fig. 4 Effect of MAN (50 and 100 mg/kg p.o.) on alcohol withdrawal-induced marble burying in mice. No. of marbles buried was expressed as 
MEAN ± SEM (n = 6); ####P < 0.0001 when compared with the saline withdrawal group; ***P < 0.001 and ****P < 0.0001 when compared with the 
alcohol withdrawal group
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other hand, an enhanced serotonin 5-HT2A receptor 
activity may also be proposed as a factor for the with-
drawal symptoms. It has been demonstrated that alco-
hol withdrawal mice showed increased susceptibility 
to audiogenic, electrical, and chemical-induced sei-
zures in 5-HT2C null mutant mice. Moreover, mCPP a 
5-HT2C/1B receptor agonist attenuated and SB 242,084 
selective 5-HT2C receptor antagonist aggravated the 
alcohol withdrawal symptoms in D2 mice (have less brain 
5-HT level). These findings confirmed the involvement of 
5-HT2c receptors in alcohol withdrawal symptoms [15]. 
Withdrawal from chronic ethanol consumption is known 
to induce anhedonic and anxiogenic effects as a conse-
quence of hypoactivity in benzodiazepine-GABAAergic 
inhibitory pathways in the brain. The current study offers 
vital information about the use of methanolic extract 
from Areca catechu nut can reduce alcohol withdrawal-
induced anxiety and anhedonia in mice. Earlier studies 
showed that the methanolic extract from MAN has both 
anxiolytic and antidepressant effects in normal mice [16]. 
Similarly, Arecoline, a prime bioactive alkaloid present in 
MAN demonstrated anxiolytic-like activity as seen with 
areca nut water extract in the zebrafish model [17]. Are-
caidine and guvacine, the other bioactive principles of 
Areca catechu nut demonstrated an inhibitory effect on 
GABA uptake in the cat’s central nervous system. More-
over, arecaidine at a larger dose (1 g/kg, s.c.) attenuated 
the lethal effect of the GABA-A antagonist, bicuculline 
[18]. These study results highlighted the  GABAAergic 
facilitatory effect of MAN could stem from its bioactive 
alkaloidal compounds. Therefore, it has been postulated 
that the protective effect of MAN against alcohol with-
drawal-induced anhedonia and anxiety in mice could be 
mediated through benzodiazepine-GABAAergic-medi-
ated mechanisms.

Conclusion
According to this study, the methanolic extract of 
Areca catechu nut (MAN) at an oral dose of 50 and 
100 mg/kg normalized sucrose intake in alcohol-with-
drawn mice which demonstrates the anti-anhedonic 
effect of MAN against alcohol withdrawal-induced 
anhedonia. Moreover, MAN (50 and 100  mg/kg, p.o.) 
by enhancing time spent in the central compartment 
of OFT; time spent in EPM; and attenuating the num-
ber of marbles buried in MBT exhibits the attenua-
tion effect on anxiety symptoms in alcohol-withdrawn 
mice. Furthermore, MAN inhibits handling seizures 
in alcohol-withdrawn mice. The protective effect of 
MAN against alcohol withdrawal symptoms could 
be mediated through benzodiazepine-GABAAergic 
mechanisms that would be brought by distinct Areca 
catechu nut alkaloidal components such as areco-
line, arecaidine, guavacine, and guavacoline. Fur-
ther preclinical studies are required to investigate the 
therapeutic potential of these alkaloidal compounds 
for novel drug discovery in the treatment of alco-
hol withdrawal. A study in this direction is currently 
in progress in our laboratory to elucidate molecular 
mechanisms involved in its protective effect against 
alcohol withdrawal.
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