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ABSTRACT

This study investigated the antipsychotic potentials of Philenoptera cyanescens (PC)
methanol extract and fractions against ketamine-induced psychosis in Balb/C mice.

The methods used were the hyper-locomotion, stereotype behaviour, Y-maze and
Forced Swim Test models. The extrapyramidal effect of the active fractions was test-
ed using the catalepsy model.

The crude extract and all fractions at varying doses significantly reduced ketamine-
induced hyperactivity and stereotype behaviour with dichloromethane fraction be-
ing the most active compared with the standards. Dichloromethane and ethyl acetate
fractions (250 mg/kg) reversed the cognitive impairments enhanced by ketamine at
the 1%, 5%, and 10" day of the experiments and also decreased the immobility time in
the FST model at 11* and 15™ days post treatment. The two fractions did not induce
catalepsy and also inhibited the cataleptic effect induced by haloperidol.

The results established that Philenoptera cyanescens possesses antipsychotic effect
against positive, negative and cognitive symptoms of psychosis.

Keywords: Philenoptera cyanescens, Antipsychotic activity, Hyper-locomotion,
Stereotypy, Forced swim test

INTRODUCTION

Psychosis is a mental health problem involving loss of contact with reality. It
affects as many as 450 million people worldwide, about a million people en-
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danger their lives by committing suicide every year and one out of four families
has one member with mental disorder. Its symptoms include schizophrenia,
hallucination, social withdrawal, incoherent behaviour/speech, difficulty in
concentration, anxiety, depressed mood, and suicidal thoughts. Despite the
burden of this illness to the society, the treatment is still poor among patients,
hence, patients especially from less developed countries like Nigeria prefer to
seek treatment from traditional healers. They believe traditional medicine is
safer, less expensive and easily assessable than orthodox antipsychotic drugs
such as haloperidol, chlopromazine (typical antipsychotics), risperidone and
clozapine (atypical antipsychotics). The long-term use of these drugs results
into extra pyramidal effects, high oxidative damage?, and this could result in
agranulocytosis, cardiovascular disorders, diabetes and some other severe
conditions3s.

The models (Hyper-locomotion, stereotypy, Y-maze test, Forced Swim test and
catalepsy) used in this study have been reported to mimic psychosis in human.
Locomotion is mostly increased by central nervous system (CNS) stimulants
and reduced by CNS depressants®. Enhanced locomotory activity has been
linked to the dopaminergic hyper activation in striatal areas of mouse brain’.
Stereotypy mostly seen in people with mental disorder is usually in the form of
repetitive performance of a set of strange behaviours such as making the same
kind of comments or asking the same questions® . In experimental animals, it
is usually observed as persistent sniffing, abnormal sideways movements of the
head, intense licking, and chewing behaviours®. Cognitive dysfunction such as
attention deficits, short- and long-term working memory are symptoms seen
in psychotic patients*. The Y-maze test has previously been used to investigate
the effectiveness of antipsychotic drugs on memory and learning function in
rodents®. It involves measuring the spatial working memory, which is based
on rodent’s willingness to explore new environments. Rodents prefer to ex-
plore new arm of the maze, rather than return to a previously visited arm. In
addition, chronic administration of ketamine has been reported to enhance
immobility in forced swim test and used as a model for negative symptoms of
psychosis® such as avolition (severe decrease in motivation to initiate and per-
form self-directed purposeful tasks). Catalepsy has been used to predict safe
tranquillizing activity and also to access motor effects of drugs, especially ef-
fects related to extrapyramidal symptoms (EPS) 4. It is one of the major side
effects related to the use of orthodox antipsychotic drugs®. The EPS has been
linked to the decrease of striatal dopamine D1 and D2 receptors'® V. The great
burden of the various side effects associated with the use of antipsychotics has
therefore led to a continuous search for novel and well tolerated molecules
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from natural resources to control severe mental disorders'$-22,

High chemical diversity, biochemical specificity, and several other medicinal
properties such as anti-inflammatory, anti-psychotic, antioxidant properties
among others are characteristics of natural products, which enable them to
possess favourable lead structures for the treatment of various disorders, in-
cluding psychosis. Some plants like Hypericum perforatum L. (Saint John’s
Wort) 2527, Psidium guajava L.?8, Newbouldia laevis Seem. *, Bacopa mon-
niera3*-32, Synedrella nodiflora33 and many others have been screened for
their neuroleptic activities. In line with this, Lonchocarpus cyanescens (Schu-
mach and Thonn.) Benth. now called Philenoptera cyanescens (PC) (Schum.
& Thonn.) Roberty, is a medicinal plant used traditionally in south western Ni-
geria to treat mental disordered patients*, and we have reported the antipsy-
chotic properties of this plant in amphetamine and apomorphine-induced psy-
chotic models3+ 35, Both amphetamine and apomorphine used in the study to
induce psychosis work by blocking the D, receptor (positive symptoms only).
In this study, the antipsychotic potential of the crude extract and fractions of
P. cyanescens was investigated on ketamine-induced psychosis in mice. Keta-
mine is known to affect positive, negative and cognitive functions of the brains®
alongside the extrapyramidal side effects usually found in orthodox antipsy-
chotics. Since PC possesses antipsychotic properties against apomorphine and
amphetamine induced psychosis, our hypothesis is that it may be effective
against ketamine models of psychosis. Thus, the present study investigates the
effect of the extract and fractions of P. cyanescens against positive, negative
and cognitive symptoms in ketamine-induced experimental psychosis in mice.

METHODOLOGY
Preparation of crude extract and fractions

Philenoptera cyanescens leaves were collected at Kajola, Ibadan, Oyo State,
Nigeria and identified at the Forest Herbarium Ibadan (FHI) by Dr. O. A. Osiy-
emi of the Forest Research Institute of Nigeria where specimen was deposited
with voucher number FHI 109689. Shade-dried whole plant (3 kg) was pul-
verized and macerated using methanol for 72 h. The methanol extract was fil-
tered and concentrated in vacuo at 40°C. The residue was re-extracted twice
for optimum yield of the extract. The crude extract was dissolved in methanol:
water (1:1) and partitioned into HEX, DCM, EtOAc, BuOH and aqueous (Aq)
fractions. The crude extract and fractions of PC were stored in the refrigerator
until ready for use.
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Experimental Animals

Balb C albino mice of both sex between 7 — 9 weeks old (30-35 g) used for
the study were purchased from National Institute of Health (NIH), Islamabad,
Pakistan. They were housed ten to twelve per cage (L X B X H: 16 ¢cm x 10 cm
X 6 cm) at room temperature, and 12 h to 12 h light-dark cycle (8:00 a.m-8:00
p-m.). The cages were lined with soft wood shavings, used as beddings to ab-
sorb waste products from the animals, and changed after 3 days. They were al-
lowed to acclimatize for minimum of one week before the start of experimental
procedures. The animals were also acclimatized to each of the experimental
procedures after which they were randomly distributed into different treat-
ment groups (n = 6 per group, in ratio 1:1 of both male and female animal) of
both sex. There were eighteen experimental groups and three control groups
for the acute study, as shown in Table 1. They had free access to constant food
pellets and water ad libitum. The experiments were performed after approval
of the protocol by the Ethics Committee of the COMSATS Institution of Infor-
mation Technology, Abbottabad, Pakistan, according to the National Institutes
of Health Guide for care and use of laboratory animals.

Drugs and Treatments

Ketamine was purchased from Indus Pharma, Karachi, Pakistan, haloperidol
(injection) from The Searle Company Limited, Karachi, Pakistan and risperi-
done (risperidal tablet) from West-Coast Pharmaceutical, India. Haloperidol
and risperidone (0.2 mg/kg) were used so as to compare the effect of the plant
extract and fractions with typical and atypical antipsychotics, respectively. All
drugs (plant extracts) were administered orally at a dose of 125, 250 and 500
mg/kg; these doses were used based on the results obtained from preliminary
studies. Experiments were carried out in the laboratory, between the hours
of 8 a.m. — 4 p.m., using different observation chambers as required by each
model.
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Table 1. Animal Grouping

Group Treatment

1 Ketamine (30 mg/kg) + Distilled water (10 mL/kg)

2 Ketamine (30 mg/kg) + Haloperidol (0.2 mg/kg)

3 Ketamine (30 mg/kg) + Risperidone (0.2 mg/kg)

45,6 Ketamine (30 mg/kg) + PC crude extract (125, 250, 500 mg/kg)

789 Ketamine (30 mg/kg) + PC Hexane (125, 250, 500 mg/kg)

10,11,12 Ketamine (30 mg/kg) + PC Dichloromethane (125, 250, 500 mg/kg)

13,1415 Ketamine (30 mg/kg) + PC Ethyl acetate (125, 250, 500 mg/kg)

16,17,18 Ketamine (30 mg/kg) + PC Butanol (125, 250, 500 mg/kg)

19,20,21 Ketamine (30 mg/kg) + PC Aqueous (125, 250, 500 mg/kg)
Behavioural Assays

Hyper-locomotion and stereotypy were performed based on previously de-
scribed methods3s 3¢, Forced Swim test and Y-maze test were performed ac-
cording to described methods3® 4.

Hyper-locomotion in mice

The open field test model was employed to observe hyper-locomotion in ani-
mals. The total number of animals used (126) was obtained by the formula; Ta
= Na x Ng,

Where Ta is the total number of animals, Na is the number of animal per group
and Ng is the number of groups in the study.

The chamber was made of wood with dimensions of 35cm x 30cm x 23cm,
Here, animals (n = 6 per group) were administered with crude extract, HEX,
DCM, EtOAc, BuOH or Aq fractions (125 - 500 mg/kg) of PC orally 1 h before
the injection of ketamine (30 mg/kg, i.p), thereafter; they were placed at the
centre of an open field chamber (35cm x 30cm x 23c¢m), immediately after
ketamine injection. The number of lines crossed and time at which it did not
move (time of ambulation) were recorded for 5 min using a mobile camera.

Stereotype behaviour in mice

The antagonistic effect of the crude extract and fractions of PC were tested on
ketamine-induced stereotype behaviour using the same mice that were used
for hyper-locomotion study. Animals were placed in transparent observation
chamber (L. X B X H: 16 cm x 10 cm x 6 ¢cm) 5 min after ketamine injection

Acta Pharmaceutica Sciencia. Viol. 58 No. 2, 2020 | 136



immediately after the hyper-locomotion experiment. Thereafter, stereotype
parameters were observed and recorded for a period of 2 min at 5, 10, 15, 20,
30, 45, and 60 min, respectively. Stereotypy parameters were scored as 0 = ab-
sence of stereotypy parameters, 1 = presence of stereotyped movements of the
head, 2 = intermittent sniffing, 3 = chewing, and 4 = intense licking.

Forced Swim Test (FST)

The forced swim test was carried out on the bioactive fractions, PC DCM and
PC EtOAc. It is a measure of behavioural despair and was carried out according
to3® with little modification. In this test, mice were treated with distilled water,
haloperidol 1 mg/kg, risperidone 0.2 mg/kg, p.o., PC DCM (125, 250 and 500
mg/kg, p.o.), and PC EtOAc (125, 250 and 500 mg/kg, p.o.), 60 min before ad-
ministration of ketamine 30 mg/kg, i.p. for 10 days. FST was then performed
24 h after the last treatment day. Effect of chronic treatment of the fractions
and standards were also tested at day 15 after withdrawal. Briefly, mice were
placed individually in the center of a transparent glass cylinder (height — 23 cm,
diameter — 40 cm) which contained water at room temperature to a depth of 16
cm and acclimatized for 2 min (trial phase), 24 h after the trial phase, mice were
again placed in the cylinder, and swimming activity was recorded for 5 min after
1 min of acclimatization. Duration of immobility was observed and recorded;
mice were considered immobile when they were floating motionless in water.

Y-maze Test

The effect of the bioactive fractions of PC (DCM and EtOAc) on cognitive dys-
function by measuring the correct alternation were tested in the Y-maze para-
digm in mice, according to*+ ¥, with little modification. Sixty mice were divided
into (and treated with) control group (distilled water 10 mL/kg, p.o.), negative
control group (ketamine 30 mg/kg, i.p.), positive control groups (haloperidol
1mg/kg and risperidone 0.2 mg/kg, p.o.), PC DCM (125, 250 and 500 mg/kg,
p.o.), and PC EtOAc (125, 250 and 500 mg/kg, p.o.) groups, containing six
mice per group, with an hour interval between the oral and intraperitoneal ad-
ministration. Treatments were given for 10 days and behavioural experiment
was carried out at day 1, day 5 and day 10. Three wooden arms (Length 30 cm
x Breadth 5 cm x Height 10 cm), symmetrically separated at 120° each was
used for the study. On day 1, animals were placed at the closed end of arm A, 1
hour after treatment, and allowed to explore all the three labelled arms (A, B,
C) freely for 5 min, whereas on day 5 and day 10, experiments were carried out
after 24 h of treatment. Parameters recorded were sequence of alternation and
number of arm entry. The Y-maze apparatus was cleaned with 70% ethanol to
remove residual odour after each mouse session.



Percentage correct alternation was calculated using the formula:
Sequence of alternation / number of arm entry — 2 multiplied by 100.
Catalepsy

The cataleptic side effects of antipsychotic drugs have been routinely measured
using the standard bar test?”. Haloperidol (1.0 mg/kg. i.p) was used to induce
catalepsy and the time (sec) the mouse maintain an imposed position with
both forepaws resting on a 4 cm high glass horizontal bar (1.0 cm diameter)
was recorded. Time recording was terminated when both front paws were re-
moved from the bar or if the mouse moves its head in an exploratory way, and
a cut-off time of 5 min was applied. Observations were taken at o, 30, 60, 90,
and 120 min after administration of drugs® 3. Group 1 received distilled water
(10 mL/kg, positive control), group 2 received haloperidol (1 mg/kg; i.p, nega-
tive control) only, groups 3 and 4 received either DCM or EtOAc fractions of PC
(125 mg/kg and 500 mg/kg; p.o), groups 5 and 6 received either haloperidol (1
mg/kg; i.p) with DCM fraction or haloperidol (1 mg/kg) with EtOAc fraction at
lower (125 mg/kg) and higher doses (500 mg/kg), respectively. In all, 60 mice
were used for the study, derived from the formula above.

Statistical analysis

One and two — way analysis of variance (ANOVA) was employed to compare all
groups against the negative control group after which Dunnett’s and Bonferroni
post hoc test was used. Values were presented as mean + standard error of mean,
and a p-value of 0.05, 0.01 or 0.001 was considered statistically significant.

RESULTS AND DISCUSSION

Inhibition of ketamine induced hyper-locomotion by crude
extract of PC

The group of mice that received crude extract of PC showed reduction in the lo-
comotion activity in ketamine-induced psychotic mice at 125 mg/kg b.w. when
compared with the mice induced with ketamine only (negative control group)
(Figure 1). The antagonism of hyper-locomotion at a lower dose of 125 mg/kg
encouraged us to go further by fractionating the crude extract and tested the
different fractions on locomotion and other models of psychosis.

All the doses of the hexane and DCM fractions of PC (125 mg/kg, 250 mg/kg, and
500 mg/kg) significantly reduced the hyper-locomotion (PC Hex F, , = 12.57,
**%P < 0.001, R* = 65%, PCDCM F, , =13.99, ***P < 0.001, R* = 68%) induced
by ketamine (30 mg/kg) with a comparable effect to the standards: haloperidol

and risperidone (0.2 mg/kg) [F | _=28.22, ***P < 0.001, R? = 79%]. The EtOAc

2,15
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fraction of PC also showed significant reduction at 250 mg/kg (*P < 0.05), while
BuOH fraction was significant at 250 mg/kg and 500 mg/kg (***P < 0.001 and
*P < 0.05, respectively). When compared with the negative control group, the
aqueous fraction of PC did not show any significant reduction in locomotion.
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Figure 1. Number of lines crossed (A-F) and duration of ambulation (G-L) in mice
administered with PC crude extract and fractions (HEX, DCM, EtOAc, BuOH and Aq,
respectively; 125-500 mg/kg; orally) 1 h before ketamine (30 mg/kg; i.p.) administration.
Data’s were mean + SEM (n = 6). *P < 0.05, **P < 0.01, ***P < 0.001 compared with negative
control group (one-way ANOVA followed by a Dunnett’s multiple comparison post hoc test).

139 | Acta Pharmaceutica Sciencia. Vol. 58 No. 2, 2020



Antagonism of stereotype behaviour by PC crude extract and frac-
tions in ketamine-induced Stereotypy

Treatment with ketamine in mice is known to cause stereotypy. Ketamine-induced
stereotype behaviour is characterized by intermittent sniffing, head movement and
chewing. The group of animals treated with PC crude extract significantly reduced
the stereotypy behaviour induced by ketamine at 500 mg/kg (F, ,, = 5.54, **P <
0.01), likewise haloperidol and risperidone (0.2 mg/kg) the standard typical and
atypical antipsychotics, respectively (Figure 2a). The fractions of PC were also ob-
served for their effect in antagonizing ketamine-induced stereotype behaviour,
one way ANOVA results showed that Hex fraction was significant (*P < 0.05, F..
= 3.31) although not significant at Dunnett’s multiple comparison test when the
doses were compared each with the negative control (Figure 2b). The DCM frac-
tion significantly (***P < 0.001) antagonized stereotype behaviour in the mice and
when compared with Dunnett’s post hoc test, it was also significant at 250 mg/kg
(**P < 0.01) as shown in Figure 2c. At 500 mg/kg, the EtOAc fraction significantly
(*P < 0.05) reduced stereotypy behaviour (Figure 2d). However, the BuOH frac-
tion did not reduce stereotype behaviour significantly in the mice (Figure 2e), while
Aq fraction at 125 mg/kg significantly (**P < 0.01) reduced stereotype behaviour
(Figure 2f). All animals used in the study were used for analysing the result.
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Figure 2. Effect of Philenoptera cyanescens crude extract-a, and fractions (b-Hex, c-DCM,

d-EtOAc, e-BuOH and f-Ag; 125-500 mg/kg; orally), Haloperidol, Risperidone and negative
control on stereotype behaviour, 5 min after ketamine (30 mg/kg, i.p) treatment in a transparent
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observation chamber. Data were mean + SEM (n = 6). *P < 0.05, **P < 0.01, ***P < 0.001,
compared with negative control group (one-way ANOVA followed by a Dunnett’s multiple
comparison post hoc

Chronic pre-treatment effects of PC DCM and EtOAc on ketamine
enhanced immobility time in FST

The protective chronic effects of the DCM and EtOAc fractions of PC against
ketamine-induced negative symptoms of psychosis were studied, using the
FST model. We observed that repeated ketamine treatment (30 mg/kg/day,
i.p. for 10 days) increased the immobility time, and significantly (**P < 0.01)
persisted for 5 days after ketamine withdrawal. Pre-treatment with the DCM
fraction of PC (500, 250, 125 mg/kg, p.o. for 10 days) revealed significant pro-
tection against ketamine-induced immobility (***P < 0.001) on day 11, which
persisted up to the 15" day (***P < 0.001) of the experiment. The EtOAc frac-
tion also gave a dose-dependent significant [500 mg/kg, p.o. (*P < 0.05); 250
& 125 mg/kg, p.o. (***P < 0.001)] decrease in all the three doses and persisted
up to the 15" day (***P < 0.001) of the experiment. Furthermore, risperidone
and haloperidol treatment for 10 days significantly (***P < 0.001) reduced the
duration of immobility on days 11 and 15, respectively, as against ketamine
treated groups (Figure 3 a & b).
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Figure 3. Effect of pre-treatment with DCM and EtOAc fractions of PC on ketamine-enhanced
immobility in FST. Bar chart indicates day—dependent effect of the fractions, risperidone, and
haloperidol against ketamine — enhanced immobility in mice. Data were mean + SEM (n = 6).
*P <0.05, ***P < 0.001, compared with negative control group and #P<0.05, ##P < 0.01,
###P < 0.001, compared with distilled water (two-way ANOVA showed significant difference
between interaction, treatment groups and duration of immobility among the experimental
days, followed by a Bonferroni multiple comparison post hoc test)
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Effect of DCM and EtOAc fractions of PC on ketamine induced
cognitive dysfunction in Y-maze Test

Pre-treatment effect of PC fractions (DCM and EtOAc) on reversal of ketamine-
induced cognitive dysfunction was evaluated by the number of arm entries and
sequence of arm entry using Y-maze apparatus. Chronic treatment with keta-
mine (30 mg/kg, i.p.) induced memory impairment with a decrease in percent-
age correct alternation on days 1, 5 and 10, respectively as compared to the
group that received distilled water only (10 mL/kg). Pre-treatment with the
DCM (day 5) and EtOAc fractions of PC (day 10) at 250 mg/kg p.o. 1 h before
administration of ketamine, significantly (*P < 0.05) reversed the ketamine ef-
fect by increasing the percentage correct alternation on experimental days. In
addition, risperidone and haloperidol showed increase in percentage correct
alternation as compared to ketamine treated groups (Figure 4a and 4b).
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Figure 4. Effect of pre-treatment with dichloromethane and ethyl acetate fractions of PC on
ketamine-induced cognitive dysfunction. Bar chart indicates day — dependent effect of the
fractions, risperidone, and haloperidol against ketamine- enhanced immobility in mice. Data
were mean + SEM (n = 6). “P < 0.05, compared with negative control group (two-way ANOVA
revealed significance difference between all treatment groups, followed by a Bonferroni multiple
comparison post hoc test)

Catalepsy

The active fractions of PC (DCM and EtOAc) were tested for cataleptic effect at
higher and lower doses of 500 mg/kg and 125 mg/kg, respectively, singly and
combined with haloperidol. It was observed that the group of animals treated
with the DCM fraction at 500 mg/kg was not showing catalepsy up till 60 min
after administration as compared to mice treated with 125 mg/kg. Also, when
combined with haloperidol, the DCM fraction (500 mg/kg) reduced the cata-
leptic effect induced by haloperidol (Table 2). Furthermore, the administration
of the EtOAc fraction only, did not show catalepsy at both 500 and 125 (mg/
kg) up till 120 min of administration, it also reduced the catalepsy caused by
haloperidol. However, the 500 mg/kg dose was more effective (Table 3). The
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two active fractions of PC (DCM and EtOAc) did not induce catalepsy when ad-
ministered singly and also reduced the cataleptic effect induced by haloperidol
when it was coadministered with haloperidol. This implies that the DCM and
EtOAc fractions of PC are good candidates of antipsychotics with little or no
side effect.

Philenoptera cyanescens has been reported for various pharmacological prop-
erties*> 4. It has been traditionally used in Nigerian ethnomedicine for the
treatment of mentally derailed people+. We previously reported the effect of
the crude extract and fractions of this plant on amphetamine and apomorphine
induced behavioural paradigms3+ 35, but in this study, the effect of the crude
and fractions of PC against ketamine-induced psychosis was investigated. This
is important because ketamine is known to affect dopaminergic, serotonergic
and cholinergic receptors*3, while apomorphine and amphetamine are stimu-
lants of dopaminergic receptors+ 4. Hence, the major goal of this study was to
investigate the antipsychotic potential of Philenoptera cyanescens (PC) crude
extract and fractions against ketamine-induced experimental psychosis mod-
els in mice.

Table 2. Effect of Haloperidol and DCM fraction of Philenoptera cyanescens on catalepsy

Time (min)/Mean Catalepsy Score + SEM, n=6

Group Treatment
0 min 30 min 60 min 90 min 120 min

1| Distilled water 10 mL/kg | 3.50+0.85 | 5.50+1.06 100414 | 46.83+18.79 | 58.83+19.28
Haloperidol 1 mg/kg | 137.30 + 28.86 | 224.00 +30.19 | 209.70 + 31.67 | 249.50 + 18.99 | 209.70 + 21.74
PC DCM 500 mg/kg 800277 | 3.33:0.62 8.00+3.36 | 28.83+20.16 | 37.67 +21.01
PC DCM 125 mg/kg 6.67+2.23 | 22.33+12.09 | 80.83+35.93 | 49.17+23.33 | 61.83+20.01

Hal.+PC DCM 500 mg/kg | 32.50 +26.52 | 65.00+29.17 | 105.70 + 39.92 | 115.50 + 38.84 | 97.33 £ 39.40

Hal+PCDCM 125 mg/kg | 7.67+2.80 | 109.3+39.03 | 134.80 +27.70 | 156.30 £ 29.27 | 158.50 + 24.32

o | o | &~ | w |

Table 3. Effect of Haloperidol and EtOAc fraction of Philenoptera cyanescens on catalepsy

Time (min)/Mean Catalepsy Score + SEM, n=6

Group Treatment
0 min 30 min 60 min 90 min 120 min

1 Distilled water 10 mL/kg 3.50£0.85 550+1.06 100£4.14 | 46.83+18.79 | 58.83+19.28
Haloperidol 1 mg/kg 137.30 £ 28.86 | 224.00£30.19 | 209.70 + 31.67 | 249.50 £ 18.99 | 209.70 + 21.74
PC EtOAc 500 mg/kg 1.00£0.00 117017 1.50£0.34 4.83+2.69 2.33£0.62
PC EtOAC 125 mg/kg 1.33£0.21 350+1.34 3.83£1.20 5.83+1.96 6.17£2.02

Hal.+ PCEtOAC 500 mg/kg | 3.00:1.18 | 23.67+7.99 | 82.83+23.58 | 148.80+35.06 | 127.00 + 25.00

Hal. + PCEtOAc 125 mg/kg | 2.33:080 | 83.33+£34.26 | 155.50 +34.07 | 198.00+27.92 | 218.20 £ 21.91

oo | & ||
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Reports from literature revealed that ketamine, an antagonist of N-methyl-D
aspartate (NMDA) receptor induces psychotic-like symptoms in healthy hu-
man beings#+” and exacerbates psychosis in patients with schizophrenia+®-5,
Furthermore, animal and human cognitive functions are disrupteds, thereby
producing schizophrenia like deficitss2. Chatterjee et al. (2011a) tried to char-
acterize a ketamine-induced model in mice, with certain symptoms observed
in schizophrenia using selected behavioural phenotypes, especially stereotypy
behaviour and locomotor activity, and they reported increase in the 3, 4-Dihy-
droxyphenylacetic acid/Dopamine (DOPAC/DA) ratio in the striatal areas of
the brain both after short and long term use of ketamine administration. They
also demonstrated that ketamine induced anxiety of various neurotransmitters
level such as glutamate, glycine, noradrenalin and related receptor systems
(dopaminergic, serotoninergic, and cholinergic systems), which are implicated
in the pathophysiology of schizophrenias.

In experimental animals, locomotion activity is mostly increased by CNS stim-
ulants and reduced by CNS depressants’. Enhanced locomotor activity has
been linked to the dopaminergic hyper activation in striatal areas of mouse
brain®. This inhibitory effect has been shown to increase activity of the neu-
rons and cause excess release of dopamine in the limbic striatal regions. Acute
ketamine treatment has been reported to cause 60% increase in dopamine
level in the cortex of animal, and 130% increase in the striatal region of the
brain“s. Bacopa monniera was shown to regulate the dopamine pathway in the
striatum of mice, suggesting its protective action against positive symptoms
of psychosis®. In this study the locomotion deficits induced by ketamine were
significantly reduced after being exposed to the crude extract and fractions of
PC. The Hex (***P < 0.001), DCM (***P < 0.001), EtOAc (***P < 0.001) and
BuOH (***P < 0.001, *P < 0.05) fractions significantly reduced the hyper-lo-
comotion induced by ketamine. An average dose of 250 mg/kg was more effec-
tive and was found comparable to the standard drug, risperidone. This may be
due to partial restoration of striatal dopamine levels#, thus, suggesting it may
mediate its protective effect against the positive symptoms through regulation
of the dopamine pathway in the striatum.

Ambulation in the animals supports the result of hyper-locomotion. When
there was an increase in hyper-locomotion, the duration of ambulation was re-
duced. A significant difference was not observed between the negative control
group and PC crude extract-treated mice at various doses (125, 250, and 500
mg/kg), in the time animals spent in ambulation (walking around). The hex-
ane (*P < 0.05, ***P < 0.001), DCM (**P < 0.01, ***P < 0.001) fractions at all
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doses (125, 250, and 500 mg/kg), were significantly different from the negative
control group compared to the standard drugs, haloperidol (***P < 0.001) and
risperidone (***P < 0.001), indicating that there was a reduction in ambula-
tion. Also, at 250 mg/kg and 500 mg/kg, the EtOAc fraction (**P < 0.01) was
significantly different from the control group. Likewise, BuOH (**P < 0.01) at
250 mg/kg differed significantly from control group, but the aqueous fraction
showed no significant difference at all doses.

Stereotypy, one of the most prominent symptoms seen in people with mental
disorder, is usually seen in the form of repetitive performance of a set of strange
behaviours such as making the same kind of comments or asking the same ques-
tions® '°. In experimental animals, stereotypy is usually observed as persistent
sniffing, abnormal sideways movements of the head, intense licking, and chew-
ing behaviours®®. The acute administration of the crude extract and fractions
of PC significantly suppressed the stereotypy behaviour induced by ketamine
indicating its neuroleptic propertiesss. This investigation is in line with earlier
research on the inhibition of ketamine-induced stereotypy by ethanol extract of
Terminalia ivorensis*. Also, Amoateng et al. (2017) reported the antagonism of
apomorphine-induced stereotypy by Synedrella nodiflora whole plant.

We minimized the use of animals in the behavioural studies by using the same
animals for both hyper-locomotion and stereotype behaviour paradigm. The
behavioural results showed that the PC fractions inhibited hyper-locomotion
and stereotypy induced by ketamine (compared to risperidone) and might be
due to its atypical mechanistic effects through the NMDA receptor>, which
resulted into the modulation of dopamine, hence, its efficiency against positive
symptoms of psychosis.

Chronic administration of ketamine has been reported to enhance immobility
in forced swim test, and used as a model for negative symptoms of psychosis'3,
such as avolition (severe decrease in motivation to initiate and perform self-di-
rected purposeful tasks). We observed that chronic administration of DCM and
EtOAc fractions of PC gave a significant decrease in the duration of immobility.
Twenty-four hours after treatment, all the three doses of DCM fraction signifi-
cantly reduced the immobility time (*P < 0.05, ***P < 0.001), with 125 mg/kg
being more active than the standard drugs (haloperidol and risperidone). This
activity was also consistent at day 15 post treatment. The EtOAc fraction gave
a dose-dependent decrease in the duration of immobility in the FST model at
day 11, with 125 mg/kg being the most active and consistent on day 15 of the
study. The efficiency of antipsychotics such as clozapine, risperidone in nega-
tive symptoms of psychosis has been credited to its serotonin (sHT-2) receptor
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blockage, Chatterjee et al. (2012) have reported that chronic administration of
ketamine induces an increase in the serotonin content in brain cortex, and that
pre-treatment of animals with Bacopa monniera normalised the serotonergic
receptor, thereby protecting the animals against negative symptoms of psycho-
sis3¢. This is in support of our study whereby the DCM and EtOAc fractions of
PC gave protective effect against ketamine-enhanced immobility in negative
symptoms of psychosis.

Cognitive dysfunction such as attention deficits, short- and long-term working
memory are symptoms seen in psychotic patients*. Learning and memory are
mostly severe in patients’ and are known to be a major factor in determining
the level of disabled patients with psychotic experience in personal living, so-
cial and occupational functions®®.

The Y-maze test has previously been used to investigate the effectiveness of
antipsychotic drugs on memory and learning function in rodents®*. It involves
measuring the spatial working memory, which is based on rodent’s willingness
to explore new environments. Rodents prefer to explore new arm of the maze,
rather than return to a previously visited arm. It is mostly used to measure
the cognitive deficiencies in transgenic mice and investigate effects of novel
principles on cognition. In this study, we also observe the memory dysfunction
properties of ketamine, which was restored by the DCM and EtOAc fractions
of PC. The DCM fraction at 250 mg/kg consistently gave high percentage cor-
rect alternation of 70.5%, 77.5% and 74.3% on days 1, 5 and 10, respectively.
Also, the EtOAc (250 mg/kg) gave 75.2%, 77.0%, and 79.2% percentage correct
alternation on days 1, 5 and 10, respectively. These results are comparable to
the standards, risperidone (day 1 — 66%, day 5 — 77.7%, day 10 — 70.5%) and
haloperidol (day 1 — 75.0%, day 5 — 70.3%, day 10 — 73.8%). Chatterjee et al.,
(2012), had reported that ketamine-disrupted memory has been linked to the
abnormal functioning of the acetylcholine and glutamate neurotransmitters.
Acetylcholine plays an important synaptic role in the initial stages of memory
formation?”, while glutamate mediates long-term potentiation and memory
formation through the NMDA receptors. These two neurotransmitters were
inhibited due to the administration of ketamine by enhancing the cholinester-
ase levels which is an enzyme that metabolizes acetylcholine, thus reducing its
synaptic level. Our observation showed that PC DCM and EtOAc may mediate
their protective effect against ketamine by antagonizing the cholinesterase ac-
tivity and restoring glutamate levels in the brain.

Catalepsy has been used to predict safe tranquillizing activity and also to access
motor effects of drugs, especially effects related to extrapyramidal symptoms
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(EPS) . It is one of the major side effects related to the use of orthodox antip-
sychotic drugs®. The EPS has been linked to the decrease of striatal dopamine
D1 and D2 receptors® . Also, some other neurotransmitters such as serotonin,
acetylcholine, opiods or adenosine have been implicateds®. Therefore, testing
for cataleptic behaviour in experimental animals forms an integral part of the
discovery and development of antipsychotic drugs. The active fractions from
the hyper-locomotion and stereotypy studies (DCM and EtOAc) were tested
for catalepsy. Apparently, the absence of cataleptic effect in the DCM fractions
of PC at 500 mg/kg (up till 120 min) and the ability to reduce the catalepsy
induced by haloperidol suggest that the extract at higher doses may not pro-
duce any significant motor side-effects. Also, the EtOAc fraction exhibited no
cataleptic effect at both 500 and 125 mg/kg suggesting that this fraction does
not possess any significant motor side effects at both lower and higher doses.
These doses were also able to reduce haloperidol-induced catalepsy. This is in
support of a previously reported study in which black tea extract effectively
reduced haloperidol-induced catalepsy®®. The appearance of cataleptic event
in naive mice at 60 min post-DCM fraction (125 mg/kg) administration and
its significant increase in haloperidol-induced catalepsy also at the 30" min
may suggest that motor side effects are likely to develop with lower doses of
the extracts®. The DCM and EtOAc fractions having shown a protective effect
against ketamine-induced positive symptoms, without any extrapyramidal
side effects, could possess enormous antipsychotic potential. The DCM frac-
tion of Philenoptera cyanescens was not reported earlier, it shows good activ-
ity alongside the ethyl acetate fraction, which also potentiated antipsychotic
activities when compared to reference antipsychotic drugs; haloperidol and
risperidone, suggesting that it may contain typical and/atypical compound(s)
responsible for inhibiting psychosis.

These findings provide supportive evidence demonstrating that methanol
crude extract and fractions of Philenoptera cyanescens leaves possess safe
antipsychotic properties with no extrapyramidal effects when tested in keta-
mine-induced positive, negative symptoms as well as cognitive impairments,
and catalepsy models of psychosis. This efficacy may be due to its dopamin-
ergic, serotonergic and cholinergic neurotransmission normalisation effects.
The DCM fraction has not been reported earlier. The isolation, purification
and identification of the bioactive constituents of Philenoptera cyanescens is
on-going, as it may lead to the discovery of new molecular entities for future
development of antipsychotic drugs, which could serve as an alternative safe
therapy for treating psychosis in humans.
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