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Antipsychotic-like activity of scopoletin and rutin
against the positive symptoms of schizophrenia
in mouse models
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Abstract: In an earlier report, we demonstrated an antipsychotic-like activity of a methanolic extract
of Morinda citrifolia Linn fruit in mouse models and postulated the contribution of its bioactive principles,
scopoletin and rutin. Moreover, the antidopaminergic activities of scopoletin and rutin were reported
in isolated vas deferens preparations. In the present study, scopoletin and rutin were assessed for
antipsychotic-like activity using apomorphine-induced climbing behavior and methamphetamine-
induced stereotypy in mice. The results of this study revealed that scopoletin and rutin (0.05, 0.1,
0.5, and 1 mg/kg, p.o.) had a “U-shaped” dose-dependent effect on climbing and stereotyped behaviors
induced by apomorphine and methamphetamine, respectively, in mice. A significant reduction in
climbing and stereotyped behaviors caused by scopoletin and rutin was observed only at a dose 0.1
mg/kg. This study suggests that scopoletin and rutin can alleviate positive symptoms of schizophrenia
only at a specific dose. Further studies evaluating the effects of scopoletin and rutin on animal models
for negative symptoms of schizophrenia are required for a novel drug discovery in the treatment of

neuropsychiatric diseases.
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Introduction

According to National Institute of Mental Health
(NIMH), schizophrenia is defined as a chronic mental
disorder that impedes a person’s thinking, feelings, and
behavior. The symptoms of schizophrenia are categorized
as positive symptoms (hallucinations, delusions, thought
disturbances, and agitated body movements), negative
symptoms (defect in the expression of emotions, anhedo-
nia, social withdrawal, and reduced speaking), and cogni-
tive dysfunction. Conventional antipsychotics such as
haloperidol, droperidol, fluphenazine, and thiothixene
have minimal or no effect in alleviating negative symp-
toms and have severe adverse effects, particularly extra-
pyramidal symptoms (EPS). Second generation antipsy-
chotics such as clozapine, olanzapine, quetiapine,

risperidone, and aripiprazole can alleviate both positive
and negative symptoms. However, these drugs cause more
weight gain and QT prolongation than older agents [2].

Use of phytotherapy to treat various ailments includ-
ing neuropsychiatric diseases is an emerging trend in
medicine. Phytotherapy research is the basis for discov-
ery and development of novels drugs in modern medi-
cine. In the past, many drugs, such as morphine, aver-
mectin, artemisinin, lovastatin, and paclitaxel, were
developed from medicinal plants for the treatment of
pain, parasites, malaria, and hyperlipidemias, respec-
tively [8]. Recently, Yadav et al. extensively reviewed
and listed 48 medicinal plants that possess antipsychot-
ic activity [17]. However, so far, none of these medicinal
plants have been studied further for novel drug develop-
ment for effective treatment of schizophrenia.
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In earlier studies, our research group established an
antipsychotic-like activity of a methanolic extract of
unripe Morinda citrifolia fruit (MMC) in mouse models
of apomorphine-induced cage climbing behavior and
methamphetamine-induced stereotyped behavior in mice
[12]. Moreover, our research group also demonstrated
the antidopaminergic effect of MMC and its bioactive
principles, such as scopoletin and rutin. We proposed
that these bioactive principles could be responsible for
the antipsychotic-like activity of Morinda citrifolia fruit
[13]. Therefore the present study was designed to evalu-
ate the antipsychotic-like activity of scopoletin and rutin
using mouse models of apomorphine-induced climbing
behavior and methamphetamine-induced stereotypy.

Materials and Methods

Animal

Male ICR mice weighing from 25-30 g were used for
this study. The animals were randomly transferred from
the shipping container they were sent in into appropriate
cages (n=4 in each cage) with free access to food and
water and maintained in a controlled vivarium environ-
ment with a temperature of 22 + 1°C, relative humidity
of 45-60%, and a 12 h light: 12 h dark normal cycle
(lights on at 7 AM) in a quarantine room. The quaran-
tined animals were then randomly selected, marked to
permit individual identification, and kept in their cor-
responding cages for at least two weeks prior to the start
of the experiment to enable acclimatization to the labo-
ratory conditions. Mice with abnormal conditions (exces-
sive aggression/excessive licking/self-injury/any physi-
cal abnormalities) were excluded from the study.
Selected mice were further randomized by body weight.
The selected mice were assigned into different treatment
groups (control and treatment) by randomized weight
distribution so that the mean body weight of each group
would not be statistically different from those of the
other groups. All experimental protocols were approved
by the University Animal Care and Use Committee,
University of Malaya, Kuala Lumpur (ACUC Ethics
No.2013-12 03/PHAR/R/VP). All experimental proto-
cols and animal care adhered to the guidelines of the
National Research Council of the National Academies
of Sciences, Engineering, and Medicine, USA [5]. The
behavioral experiments were performed during the light
cycle between 10.00 AM and 6.00 PM. All efforts were
made to minimize suffering of the mice.

Drugs and administration

Apomorphine hydrochloride (Sigma-Aldrich, St.
Louis, MO, USA) was dissolved in saline containing
sodium metabisulphite (0.125% w/v) and methamphet-
amine hydrochloride (Department of Chemistry, Minis-
try of Health, Malaysia) was dissolved in normal saline
and administered intraperitoneally (i.p.) at a constant
volume of 1 ml/100 g body weight of the animal. Sco-
poletin (7-hydroxy-6-methoxycoumarin) obtained from
Friendemann Schmidt Chemicals and rutin hydrate
(quercetin-3-rutinoside hydrate) procured from Sigma-
Aldrich were prepared as suspensions in a 1% w/v aque-
ous solution of sodium carboxymethyl cellulose (CMC)
and administered orally (p.o.).

Assessment of apomorphine-induced climbing behavior
in mice

The naive animals were segregated into six groups
(n=7-10). Group I served as a saline control group and
received a saline injection. Group II served as vehicle
control and received 1% w/v CMC solution (1 ml/100
g, p.o.) 1 h prior to apomorphine injection (5 mg/kg,
i.p.). Group III, IV, V, and VI animals received an oral
gavage of scopoletin at doses 0f 0.05, 0.1, 0.5, and 1 mg/
kg, respectively, 1 h before apomorphine injection. The
naive mice were first allowed to acclimatize to the cy-
lindrical metal observation cages (18 x 19 c¢cm, which
had vertical (1 cm apart) and horizontal (4.5 cm apart)
metal bars (2 mm) and an upper lid with a lower bottom),
for 15 min prior to the experiment. Immediately after
injection of apomorphine, the mice were individually
placed at the base of their respective observation cages
and observed. The climbing behavior induced by apo-
morphine was assessed every 5 min for 30 min and
scored according to the method previously described by
Pandy et al. using the following rating scale: 0 =four
paws on the floor, 2 =two paws on the wall of the cage,
and 4 =four paws on the wall of the cage (climbing). The
score corresponding to the posture of the animal ad-
opted for the longest period of time was recorded. The
climbing index was recorded at every 5 min for 30 min,
and the cumulative climbing index was calculated. The
maximum possible cumulative climbing index was 24.
Additionally, the time spent by the animal on the wall
of the cage (keeping four paws on the wall) was re-
corded as the climbing time in seconds. The same pro-
cedure was repeated for rutin with a different set of ani-
mals at doses of 0.05, 0.1, 0.5, and 1 mg/kg.
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Assessment of methamphetamine-induced stereotypy in
mice

The procedure and apparatus used in this study were
the same as described in our previous report by Pandy
et al. with slight modifications. The naive mice were
distributed randomly into six groups (n=8). Group I re-
ceived a normal saline injection and served as a saline
control group. Group II served as a vehicle control and
received 1% w/v of CMC 1 h prior to intraperitoneal
injection of methamphetamine (5 mg/kg). Group III, 1V,
V, and VI animals were administered scopoletin at dos-
es of 0.05, 0.1, 0.5, and 1 mg/kg (p.o.), respectively, 1
h before methamphetamine injection. The animals were
first allowed to explore their respective observation
cages freely for 15 min prior to the experiment. Imme-
diately after injection of methamphetamine, the mice
were individually placed back into their respective ob-
servation cages at the base and observed for stereotyped
behavior. The intensity of stereotypy of individual ani-
mals was recorded at 15-min intervals for a period of 60
min by an observer who was unaware of the drug treat-
ment. The stereotyped behavior was scored as described
previously [12]: 0, no change compared with control; 1,
discontinuous sniffing and constant exploratory activity;
2, continuous sniffing and periodic exploratory activity;
3, continuous sniffing and discontinuous biting, gnawing,
or licking; and 4, continuous biting, gnawing, or licking
and no exploratory activity. The same procedure was
repeated for rutin with a different set of animals at dos-
es 0of 0.05, 0.1, 0.5, and 1 mg/kg (p.o.).

Statistical analysis

Comparisons among different groups for climbing
time and cumulative climbing index were made using
one-way analysis of variance (ANOVA) followed by
Dunnett’s test. As for stereotypes score, comparisons
were made using the Kruskal-Wallis test followed by
Dunn’s multiple comparison test. The data were analyzed
using the GraphPad Prism, version 5.0, statistical soft-
ware. A level of P<0.05 was considered statistically
significant.

Results

Effect of scopoletin and rutin on apomorphine-induced
climbing behavior in mice

ANOVA results revealed a significant effect of scopo-
letin on apomorphine-induced climbing time [F (5,

53)=4.486; P<0.001] and cumulative climbing index [F
(5, 53)=7.353; P<0.0001]. Post hoc analysis revealed
that scopoletin significantly (P<0.05) lowered the climb-
ing time and cumulative climbing index in mice, but only
at a dose of 0.1 mg/kg, as shown in Figs. 1a and 1b.

Similarly, rutin exhibited a significant effect on the
apomorphine-induced climbing time [F (5, 41)=9.506;
P<0.0001] and cumulative climbing index [F (5,
41)=10.98; P<0.0001]. Post hoc analysis revealed rutin
(0.1 mg/kg, p.o.) significantly (P<0.05) lowered the
climbing time and cumulative climbing index in mice
(Figs. 2a and 2b).

Effect of scopoletin and rutin on methamphetamine-
induced stereotyped behavior in mice

Kruskal-Wallis analysis revealed a significant
(P<0.0001) effect of scopoletin treatment on a mouse
model of methamphetamine-induced stereotypy. The
post hoc Dunn’s test results emphasized that scopoletin
at 0.1 mg/kg significantly (P<0.01) reduced the stereo-
typed behavior in mice, as shown in Figs. 3a and 3b.

In another study, rutin also showed a significant
(P<0.0001) effect on methamphetamine-induced stereo-
typed behavior in mice. Dunn’s test results revealed that
rutin (0.1 mg/kg, p.o.) significantly (P<0.01) lowered
the stereotypy in mice (Figs. 4a and 4b).

Discussion

Scopoletin is a naturally occurring coumarin found in
Morinda citrifolia Linn. in addition to many edible plants
such as Allium ampeloprasum, Avena sativa, Apium
graveolens, Capsicum frutescens, Capsicum annuum,
Citrus limon, Cichorium intybus, Citrus paradise, and
Daucus carota [1]. Neuropharmacological studies re-
vealed the importance of scopoletin in antidepressant
[3], anxiolytic [11], memory enhancing [9], and anticon-
vulsant [10] activities in scopoletin-containing plants.
Scopoletin has also been recommended as a marker
constituent for the quality control and pharmacokinetic
study of noni (M. citrifolia) products [6].

Apomorphine (D; and D, agonist)-induced cage
climbing and methamphetamine-induced stereotypy
mouse models are widely used to screen for potential
antipsychotic-like activity in test compounds in terms of
their effects on positive symptoms of schizophrenia [12,
16]. The dopamine hypothesis of schizophrenia revealed
that hyperactivity of dopaminergic signal transduction
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Fig. 1. Effect of scopoletin (SCOP 0.05, 0.1, 0.5, and 1 mg/kg, p.o.) on cage climbing behavior
induced by apomorphine in mice. (a) Total time spent on the wall of the cage. (b) The cu-
mulative scores were measured for 30 min at 5-min interval after administration of apo-
morphine. All data are presented as means + SEM of the scores obtained from eight to ten
animals. ##: P<0.01, ###: P<0.001 when compared with the saline control group. *: P<0.05

when compared with the vehicle group.
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Fig. 2. Effect of rutin (RUT 0.05, 0.1, 0.5, and 1 mg/kg, p.o.) on cage climbing behavior induced
by apomorphine in mice. (a) Total time spent on the wall of the cage. (b) The cumulative
scores were measured for 30 min at 5-min intervals after administration of apomorphine.
All data are presented as means + SEM of the scores obtained from seven to eight animals.
#it: P<0.01, ###: P<0.001 when compared with the saline group. **: P<0.01, ***: P<0.001

when compared with the vehicle group.

(D, receptors) in the mesolimbic pathway is responsible
for positive symptoms of schizophrenia [16]. Metham-
phetamine induces positive symptoms of psychosis by
reversing the action of the dopamine transporter, there-
by enhancing dopaminergic neurotransmission in the
mesolimbic pathway [15]. In the present study, acute
oral administration of scopoletin at 0.1 mg/kg showed
anticlimbing and anti-stereotypy effects on apomorphine-
induced cage climbing and methamphetamine-induced
stereotypy behaviors, respectively, in mice. This dem-

onstrated antipsychotic-like activity of scopoletin, which
has the potential to alleviate positive symptoms of
schizophrenia. Moreover, in a previous ex vivo study, we
showed that scopoletin (100 and 200 xg/ml) signifi-
cantly reduced the dopamine-induced contractile re-
sponse in isolated vas deferens [13] preparations, which
suggested the antidopaminergic effect of scopoletin.
Conversely, scopoletin at higher doses (0.5 and | mg/
kg, p.o.) did not exhibit any antipsychotic-like activity
in the present study. In a recent report, scopoletin at a
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Fig. 3. Effect of scopoletin (SCOP 0.05, 0.1, 0.5, and 1 mg/kg, p.o.) on stereotypies induced by methamphetamine
in mice. (a) The cumulative stereotypy scores were measured during 30 to 60 min after administration of
methamphetamine. (b) Stereotype scores at different time points for 60 min. All data are presented as means
+ SEM of eight animals. ###: P<0.001 when compared with the saline group. **: P<0.01 when compared

with the vehicle group.
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Fig. 4. Effect of rutin (RUT 0.05, 0.1, 0.5, and 1 mg/kg, p.o.) on stereotypies induced by methamphetamine in
mice. (a) The cumulative stereotypy scores were measured during 30 to 60 min after administration of
methamphetamine. (b) Stereotype scores at different time points for 60 min. All data are presented as means
+ SEM of eight animals. ##: P<0.01 when compared with the saline group. **: P<0.01 when compared with

the vehicle group.

high dose (80 mg/kg, i.p.) significantly increased dopa-
mine and its metabolite (DOPAC) by inhibiting both
MAO-A and MAO-B enzymes [1]. This could be a prob-
able reason for the ineffectiveness of scopoletin at
higher doses (0.5 and 1 mg/kg) on the animal models of
psychosis in the present study.

Rutin (3,3',4°,5,7-pentahydroxyflavone-3-rhamnoglu-
coside) is a flavonoid found in many plants and fruits
including noni plant and fruit. Flavonoids have been
reported to have many beneficial effects on the central
nervous system, especially improvement of cognitive
function mainly mediated by suppressing astrocytes and

microglia activation and facilitating synaptic plasticity
[4]. They have also been reported to have antidepressant
activity mediated by their interaction with monoaminer-
gic systems [4]. In the present study, rutin (0.1 mg/kg,
p.o.) significantly reduced the intensity of climbing and
stereotyped behaviors induced by apomorphine and
methamphetamine, respectively, in mice, which indicates
the antipsychotic-like activity of rutin. In our earlier ex
vivo study using isolated rat vas deferens, rutin at 156
and 312 pg/ml significantly inhibited the dopamine-in-
duced contractile response. This suggests that the anti-
psychotic-like effect of rutin could be mediated by its
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interaction with dopamine D, receptors. However,
similar to scopoletin, rutin at higher doses (0.5 and 1
mg/kg, p.o.) failed to demonstrate any antipsychotic-like
effect in mice. This could be due to a facilitatory effect
of rutin on the dopaminergic system at higher doses. The
“U-shaped” pattern of response of apomorphine-induced
climbing and methamphetamine-induced stereotypy
behaviors to rutin (0.05-1 mg/kg, p.o.) in the present
study is not atypical. A similar “U-shaped” dose-response
pattern was observed for the antidepressant effect of H.
citrina flower ethanolic (0%, 25%, 50%, 75%, and
100%) extracts containing 96.2, 73.2, 65.7, 74.2, and
69.2% w/w rutin [4]. Interestingly, different doses (100—
1,600 mg/kg) of H. citrina flower ethanol (75%) extracts
showed similar “U-shaped” dose-response profiles for
monoamine transmitter levels including dopamine [4].
Moreover, we recently demonstrated the biphasic ef-
fect of the ethyl acetate fraction of a methanolic extract
of unripe noni (Morinda citrifolia Linn.) fruit (EA-
MMC) on the dopaminergic system in mice in which
EA-MMC (5-100 mg/kg, p.o.) resulted in a dose-depen-
dent U-shaped trend in the APO-induced cage climbing
and METH-induced stereotyped behavior [14]. It was
postulated that EA-MMC showed antidopaminergic ac-
tivity at lower doses by blocking the postsynaptic dopa-
minergic D, receptors and a dopaminergic facilitatory
effect at higher doses by blocking the presynaptic
autodopaminergic D, receptors (i.e., inhibiting the
negative feedback mechanism). This study also sug-
gested the possible involvement of the bioactive prin-
ciples of noni, scopoletin and rutin, in its biphasic effect
on the dopaminergic system [14]. Recently, in silico
molecular docking analysis of phytoconstituents (aliza-
rin, ascorbic acid, beta-carotene, beta-sitosterol, morin-
din, morindone, rutin, and scopoletin) from Morinda
citrifolia fruit extract and the standard typical and
atypical antipsychotic drugs along with their target
amino acid residues of the D, dopamine receptor based
on MolDock score and hydrogen bond interaction has
been reported [7]. The phytoconstituents with the lowest
MolDock scores and hydrogen bond interactions were
considered to have maximum affinity for the target pro-
tein. The results of this in silico study revealed that rutin
showed the lowest MolDock score (—120.52) when com-
pared with the standard antipsychotics pimozide and
aripiprazole, the scores of which were —116.13 and
—115.04, respectively. Moreover, rutin showed the
maximum hydrogen bond interaction with a value of

—7.56, which was comparable to the standard antipsy-
chotic drugs paliperidone and haloperidol, which showed
interaction values of —4.52 and —3.23, respectively [7].
Therefore, the present results concerning the in vivo
antipsychotic-like activity of scopoletin and rutin in
mouse models are consistent with the report from this
recent in silico study. Overall, this study highlighted the
antipsychotic-like effects of rutin and scopoletin at 0.1
mg/kg body weight.

In conclusion, the bioactive principles of Morinda
citrifolia Linn, scopoletin and rutin, exhibit antipsychot-
ic-like activity at 0.1 mg/kg with the potential to lower
positive symptoms of psychosis in mouse models, and
it is suggested that these bioactive principles have anti-
dopaminergic properties at a specific dose. However,
further studies on negative symptoms of psychosis in
animal models are warranted to develop scopoletin and
rutin as novel drugs to treat neuropsychiatric diseases.
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