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Cerebral demyelination is possibly one of the main
pathological factors involved in the development of
schizophrenia. Our previous studies have showed that
Areca catechu nut extract could ameliorate cognitive decline
by facilitating myelination processes in the frontal cortex in
a cuprizone (CPZ)-induced mouse model of schizophrenia.
The aim of the present study was to evaluate the effects of
arecoline, one of the alkaloids in A. catechu nut extract, on
memory impairment and cerebral demyelination in CPZ-
treated mice. Mice were treated with CPZ (0 or 0.2%) in
chow food and arecoline hydrobromide (0, 2.5, or 5mg/kg/
day) in drinking water for 12 weeks before Y-maze
behavioral test. After the behavioral test, the mice were
sacrificed for the measurement of myelin basic protein in
the frontal cortex. We showed that arecoline-attenuated
spatial working memory impairment, concurrent with
attenuated demyelination related to vehicle-treated CPZ
mice for the first time. Arecoline is one of the primary active
ingredients in A. catechu nut responsible for attenuating
memory impairment and demyelination in CPZ mice,

cerebral demyelination may have a role in memory
impairment, and modulation of cerebral demyelination
could be a useful strategy in schizophrenia
treatment. NeuroReport 30:134–138 Copyright © 2018 The
Author(s). Published by Wolters Kluwer Health, Inc.
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Introduction
Schizophrenia is characterized by disturbances of percep-

tion, emotion, social functioning, and cognition, and its

neuropathology is relatively poorly understanding. Recently,

increasing evidence suggests that the pathological process

underlying schizophrenia may involve an abnormality of

brain myelin affecting white matter [1–4]. Thus, neuropro-

tective agents including antioxidants that target on white

matter injury might be used for schizophrenia treatment.

Areca catechu nuts, popularly known as ‘betel nuts,’ which

possess antioxidant and anti-inflammatory effects [5], have

beneficial effects on positive, negative, and cognitive

symptoms of schizophrenia [6–8]. Our previous studies have

showed that A. catechu nut extract could ameliorate cognitive

decline by facilitating myelination processes in the frontal

cortex in a cuprizone (CPZ)-induced mouse demyelination

model of schizophrenia [8,9].

To find out the possible main active ingredients from

A. catechu nut extract that exert beneficial effects on

schizophrenia, arecoline, one of the alkaloids in A. catechu
nut extract, was investigated in the current study.

Arecoline possesses anti-inflammatory effects and has

activity on nicotinic acetylcholine receptors, which are

related to learning and memory [10,11]. Therefore, our

hypothesis is that arecoline is one of the main active

ingredients from A. catechu nut extract that exert bene-

ficial effects on cognitive impairment and white matter

injury in schizophrenia. To test this hypothesis, the

effects of arecoline on the alternation behavior impair-

ment in a Y-maze test and on the decrease of myelin

basic protein (MBP) expression in the frontal cortex were

evaluated in a CPZ-induced demyelination mouse model

of schizophrenia.

Materials and methods
Animals
All procedures with animals were performed in accor-

dance with the guidelines established by the Canadian

Council on Animal Care and were approved by the

Animal Care Committee of the University of Alberta. In

total 40 male C57BL/6 mice (Charles River Canada,

Montreal, Quebec, Canada), housed four or five per cage,
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of 5 weeks old at the beginning of the experiments

were used.

Drug treatment
Arecoline hydrobromide (ARE) and CPZ were purchased

from Sigma-Aldrich (St. Louis, Missouri, USA). Milled

chow with 0.2% CPZ (w/w) was prepared in a standard

rodent chow (LabDiet; PMI Nutrition International

LLC, Brentwood, Missouri, USA) [8]. ARE was prepared

in distilled drinking water (1 or 2 mg/100 ml water with

target dose: 2.5 or 5 mg/kg/day), and average amount of

water or solution consumed was about 7.5 ml/30 g/day

(250 ml/kg/day), with no difference in fluid consumption

between normal chow and CPZ-contained chow mice,

and between water and ARE solution consumption [12].

Starting from 5 weeks old, the mice were fed with CPZ (0

or 0.2%) and the CPZ mice were administrated with ARE

(0, 2.5, or 5 mg/kg/day) in drinking water for 12 weeks.

These procedures produced the following four groups of

mice: Con (normal chow+water), CPZ (0.2% CPZ

chow+water), CPZ+ARE2.5 (0.2% CPZ chow+ 2.5

mg/kg/day ARE in drinking water), CPZ+ARE5 (0.2%

CPZ chow+ 5 mg/kg/day ARE in drinking water).

Y-maze test
At the age of 17 weeks old following drug treatments,

spatial working memory performance in mice was asses-

sed by recording spontaneous alternation behavior in a

Y-maze [12]. The maze was made of black-painted wood.

Each arm of the Y-maze was 40-cm long, 12-cm high,

3-cm wide at the bottom, and 10-cm wide at the top, and

positioned at an equal angle. The mice were individually

placed at the end of one arm and allowed to move freely

through the maze during an 8-min session. Mice tend to

explore the maze systematically, entering each arm in

turn. The ability to alternate requires that the mice know

which arm they have already been visited. The sequence

of arm entries was recorded visually. Spontaneous alter-

nation behavior was defined as the entry into all three

arms on consecutive choices in overlapping triplet sets.

The percent spontaneous alternation behavior was cal-

culated as the ratio of actual to possible alternations

(defined as the total number of arm entries− 2) multi-

plied by 100 [8].

Western blot analysis
On the day after behavioral testing, the mice were

sacrificed for MBP protein analysis. The mice were per-

fused with 0.1M PBS (pH 7.4), and the frontal cortex

from right hemisphere was dissected, frozen in dry-ice

powder, and stored at − 70°C until used [8]. In detail, the

frontal cortex from the right hemisphere was dissected on

the back surface of an iced tissue culture dish covered by

a PBS-wetted filter paper: (i) freeing the frontal cortex

from the surrounding tissues including rhinencephalon

and striatum from brain sagittal midline along the lateral

ventricle; (ii) further defining the frontal cortex by

cutting along bregma 0 coronal plane and excluding the

rostral part of the cortex from bregma. The frontal cortex

samples from each mouse were homogenized at 4°C in a

lysis buffer [50 mM Tris–HCl, 150 mM NaCl, 10 mM

EDTA, 10 mM NaF, 1 mM sodium orthovanadate, 1%

NP-40, 10 mM sodium pyrophosphate decahydrate,

0.5 mM DTT, 0.2 mM PMSF, and Complete Mini

Protease Inhibitor Cocktail (pH 7.4; Roche Diagnostics,

Laval, Quebec, Canada). The lysates were centrifuged

twice at 10 000g for 10 min. The protein concentration of

the supernatant was determined using a BCA protein

assay kit (Pierce, Rockford, Illinois, USA). An aliquot of

each sample containing equal amounts of total protein

(50 μg/8–9 μl) was denatured in a protein-loading buffer,

separated on a 12% polyacrylamide gel, and subsequently

transferred to a polyvinylidene difluoride membrane

(Biorad, Hercules, California, USA). After being blocked

by 5% skim milk powder in TBST (10mM Tris–HCl,

150 mM NaCl, 0.05% Tween 20; pH 7.4), the mem-

branes were incubated overnight at 4˚C with an anti-

MBP (18 kDa, 1 : 2000, chicken polyclonal; Aves

Labs Inc., Tigard, Oregon, USA) antibody or anti-β-actin
(42 kDa, 1 : 5000, monoclonal; Sigma-Aldrich) antibody.

The membranes were then washed with TBST and

probed with horseradish peroxidase-conjugated anti-

chicken or anti-mouse secondary antibody for 2 h at

room temperature. The immune complexes were

detected by an ECL chemiluminescence system

(Amersham, Buckinghamshire, UK) and exposed to high-

performance chemiluminescence film (Amersham). The

MBP or β-actin band in the film was scanned using Vista

Scan software (UMAX Technologies, Taibei, Taiwan).

Then the band intensities (optical density) of MBP or β-
actin were analyzed by densitometry (density× area)

using an Image-Pro Plus image analysis system (Media

Cybernetics, Silver Spring, Maryland, USA), and the

MBP/β-actin ratio was calculated. The results of the

MBP/β-actin ratio in each group were standardized to

the measurement results of the control (Con) group

(as 100%).

Statistical analysis
All results were expressed as mean±SEM. The significance

of differences was determined by one-way analysis of var-

iance (ANOVA), followed by a Newman–Keuls post-hoc

test for multiple comparisons. A P-value of less than 0.05

was regarded as statistically significant.

Results
Arecoline-attenuated spatial working memory
impairment in the cuprizone mice
Spatial working memory performance in mice was

assessed by recording spontaneous alternation behavior

in a Y-maze test after CPZ or (and) arecoline treatment

[12]. As shown in Fig. 1a, one-way ANOVA showed CPZ

and arecoline produced a significant change in the

alternation performance [F(3,36)= 15.15, P< 0.0001;
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Fig. 1a]. A post-hoc analysis revealed that alternation

behavior in the CPZ mice was less than that in the Con

mice and that arecoline significantly attenuated the

decrease of alternation behavior in the CPZ mice

(Fig. 1a).

There is no difference in the number of total arm entries

among the Con, CPZ, CPZ+ARE2.5, and CPZ+ARE5

groups, and CPZ and arecoline had no effect on the

number of total arm entries in the Y-maze test (Fig. 1b).

Arecoline increased the expression of myelin basic
protein in the frontal cortex of cuprizone mice
MBP is a protein believed to be important in the process of

myelination of nerves in the central nervous system, and the

cerebral myelination was evaluated by the expression of

MBP using western blot in mice [13]. Representative wes-

tern blot bands of MBP in the frontal cortex of each group

are shown in Fig. 2a. The optical densities of western blot

bands were quantified. As shown in Fig. 2b, one-way

ANOVA showed CPZ and arecoline produced a sig-

nificant change on the level of MBP expression in the

frontal cortex of mice [F(3,24)=11.46, P<0.0001]. A post-

hoc analysis revealed that the MBP level in the frontal

cortex of the CPZmice was lower than that in the Con mice

and that arecoline significantly increased the decrease of

MBP level in the frontal cortex of CPZ mice (Fig. 2b).

Discussion
Consistent with previous studies that CPZ-induced

memory impairment and demyelination in animal mod-

els [14–16], CPZ administration induced spatial working

memory impairment in a Y-maze test and decreased

MBP expression in the frontal cortex of mice in the

present study. Furthermore, the present study reported

arecoline-attenuated spatial working memory impair-

ment, concurrent with attenuated demyelination related

to vehicle-treated CPZ mice for the first time. Arecoline

had no effect on the number of total arm entries, thus, the

beneficial effect of arecoline on spatial working memory

was not because of its effect on locomotion activity that

may influence initial spontaneous alternation behavior.

Our previous studies have showed that A. catechu nut

extract in which arecoline is one of the main active

ingredients could ameliorate cognitive decline by facil-

itating myelination processes in the frontal cortex in a

CPZ-induced mouse demyelination model of schizo-

phrenia [8,9]. A. catechu nut extract might ameliorate

Fig. 1
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Spatial working memory in the mice of Con, CPZ, CPZ+ARE2.5,
and CPZ+ARE5 groups. Arecoline attenuated the decrease of
spontaneous alternation behavior in the CPZ mice (a), and arecoline
and CPZ had no effect on the number of total arm entries (b) during the
Y-maze test in mice. Starting from 5 weeks old, the mice were fed with
0.2% CPZ or normal chow and the CPZ mice were administrated with
arecoline (0, 2.5, or 5 mg/kg/day) in drinking water for 12 weeks. At the
age of 17 weeks old following drug treatments, spatial working memory
in mice was assessed by recording spontaneous alternation behavior in
the Y-maze. Results are expressed as mean±SEM (n=10 in each
group). ARE, arecoline hydrobromide; Con, control; CPZ, cuprizone.
*P<0.05 versus Con; #P<0.05 versus CPZ.
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(a) Representative western blot bands of MBP in the frontal cortex
of mice in Con, CPZ, CPZ+ARE2.5, and CPZ+ARE5 groups.
(b) Histogram showing the quantification of the immmunochemically
reactive bands in the western blot of MBP in the frontal cortex of mice in
Con, CPZ, CPZ+ARE2.5, and CPZ+ARE5 groups. Arecoline
attenuated the decrease of MBP level in the frontal cortex of CPZ mice.
Starting from 5 weeks old, the mice were fed with 0.2% CPZ or normal
chow and the CPZ mice were administrated with arecoline (0, 2.5, or
5 mg/kg/day) in drinking water for 12 weeks. On the day after behavioral
testing, the mice were sacrificed for MBP protein analysis. Results are
expressed as mean ±SEM (n=7 in each group). ARE, arecoline
hydrobromide; Con, control; CPZ, cuprizone; MBP, myelin basic
protein. *P<0.05 versus Con; #P<0.05 versus CPZ.
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schizophrenia symptoms including cognitive decline by

targeting oligodendrocytes to prevent demyelination of

white matter in the CPZ mice [8].

Copper chelator CPZ is neurotoxicant, which selectively

disrupts the respiratory chain of oligodendrocyte, leading

to oxidative stress and subsequent apoptosis [17]. CPZ-

treated animals are well-accepted demyelination models

that could induce schizophrenia-like behaviors including

memory impairment, and thus, it can be used to induce

mouse demyelination model of schizophrenia [8,14,16].

Preventing white matter injury in the frontal cortex pre-

vented memory impairment in the CPZ mice [8,14,16],

and this indicates that there might be a negative rela-

tionship between memory and brain white matter injury

in the CPZ mice. Cognitive deficit is one of the clinical

diagnostic characteristics in schizophrenia [18]. Although

white matter injury and myelin abnormalities in the

frontal cortex can be found in schizophrenia, the role of

brain white matter injury in cognitive deficit in schizo-

phrenia has not yet been resolved [19]. The current study

by evaluating the effects of arecoline on spatial working

memory and brain white matter injury in the CPZ mouse

model of schizophrenia may help to reveal the role of

brain white matter injury in cognitive deficit in

schizophrenia.

In the present study, arecoline-attenuated spatial work-

ing memory impairment in the CPZ mice, and this is

consistent with arecoline’s capacity of muscarinic recep-

tor 1 cholinergic agonist that are considered to have

important roles in cognitive processes and memory

improvement [20,21]. A. catechu nut extract and arecoline

could be considered as a potential analgesic, anti-

inflammatory, or antioxidant agents [5,10]. Myelin is

produced by mature oligodendrocytes, and oligoden-

drocyte precursor cells are exceptionally susceptible to

oxidative stress [19]. Therefore, arecoline, one of the

main active ingredients in A. catechu nut extract, might

prevent demyelination of cerebral white matter by pro-

tecting oligodendrocytes from oxidative stress. However,

the protective and antioxidative effects of arecoline have

been argued and are still uncertain, although chronic,

low-dose intravenous arecoline can improve memory in

Alzheimer’s disease [10,21,22]. The neuroprotective

mechanism of arecoline on the cerebral decrease of MBP

and white matter injury, and whether the beneficial

effect of arecoline on spatial working memory is directly

due to arecoline’s neuroprotective effect on cerebral

white matter injury in the CPZ mice still need to be

further investigated.

Conclusion
Together, the present study suggests that arecoline can

attenuate spatial working memory impairment and cere-

bral demyelination in the CPZ mice, and indicate that

cerebral demyelination may have a role in memory

impairment in schizophrenia, and modulation of cerebral

demyelination may be a useful strategy in schizophrenia

treatment.
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