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Background: Prolonged use of benzodiazepines to treat chronic anxiety disorders has adverse effects
such as impaired cognitive function and motor control, tolerance, dependence and abuse. Ondansetron
(5-HT; receptor antagonist) and Ursolic acid (ubiquitous phytochemical) have anxiolytic activity
comparable to Diazepam with no such adverse effects. This study evaluated and compared the effect
of Ondansetron and Ursolic acid on chronic anxiety in rats using elevated plus maze (EPM) test,
which is a validated animal model to investigate anxiolytic agents.

Methodology: Wistar albino rats of either sex (150-250 g) were divided into four groups with eight
rats in each group. To induce chronic anxiety, all rats underwent forced swim test daily for 21 days
after which the study groups were given distilled water (2 ml p.o.), Diazepam (1 mg/kg i.p.),
Ondansetron (1 mg/kg i.p.) and Ursolic acid (0.2 mg/kg p.o.) respectively. Effect of test drugs on
anxiety was evaluated using EPM test and parameters such as number of entries in open arms and
closed arms as well as time spent in open arms were assessed. Results (mean+standard deviation)
were analysed using one-way ANOVA test followed by Bonferroni’s correction.

Results: Statistically significant increase (p <0.05) was seen in time spent and number of entries in
open arms in other three groups compared to Control group, in Diazepam group compared to
Ondansetron and Ursolic acid groups, and in Ondansetron group compared to Ursolic acid group.
Conclusion: This study revealed that Ondansetron had significant anxiolytic activity compared to
Ursolic acid in chronic anxiety.

Copyright © 2019 Mrunal Pramod Dhole et al. This is an open access article distributed under the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

benzodiazepines has the potential to lead to habituation,
dependence and abuse. At the present time, it is the abuse

Anxiety can significantly interfere with carrying out the daily
routine tasks and have an adverse impact on the quality of life
of the concerned individual warranting a need for
pharmacological treatment. One in 14 people around the world
at any given time has an anxiety disorder and one in 9 will
experience an anxiety disorder in a given year.'

Benzodiazepines are effective in treating acute episodes of
anxiety as well as chronic treatment of anxiety-related
disorders. On chronic use, they adversely affect cognitive
performance and memory, motor control, and potentiate the
effects of other sedatives including alcohol and may lead to
development of tolerance to the anxiolytic effects.” Also,
withdrawal of benzodiazepines after chronic treatment can
cause anxiety and seizures. Thus, treatment with

*Corresponding author: Aakash Suresh Kewlani

liability of the benzodiazepines which has seen their downfall,
and has encouraged concerted efforts to find new treatments.”

Ondansetron, a selective 5-HT3 receptor antagonist, used as an
antiemetic in post-operative nausea and vomiting (PONV) and
cancer chemotherapy induced emesis, produces significant
anxiolysis at the antiemetic dose itself in rodents.* They lack
any sedative action. There are no problems on withdrawal of
therapy.’Purification of extracts of medicinal herbs such as
holy basil, lemon balm, mugwort, and wild sage led to
isolation of Ursolic acid which is aphytochemical.”*Acute oral
administration of Ursolic acid elicited an anxiolytic-like effect
in elevated plus maze (EPM) test in mice.’
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Ondansetron and Ursolic acid can prove to be an effective
alternative to Diazepam for the management of chronic anxiety
disorders. To the best of our knowledge, no studies have been
carried out to compare the efficacy of Ursolic acid and
Ondansetron for their anxiolytic action.

The aim of this study was to compare anxiolytic activity of
Ondansetron and Ursolic acid in chronic anxiety using
elevated plus mazetest.

MATERIAL AND METHODS

The study commenced after [AEC (Institutional Animal Ethics
Committee) approval and was conducted in accordance with
CPCSEA (Committee for the Purpose of Control and
Supervision of Experiments on Animals) guidelines. Wistar
albino rats (150-250 g) of either sex were procured from the
animal house located in Dr. D. Y. Patil Medical College,
Hospital and Research Centre, Pune. They were housed in
standard polypropylene cages under standard conditions of
temperature (25 + 5°C) and relative humidity (55 + 10%) and
12/12-hour light/dark cycle. Apart from daily replenishment of
food pellets and drinking water, they were left undisturbed.

Forced swim test"’

Anxiety was induced in rats using a stress test known as forced
swim test. At a given time, only one rat was forced to swim for
a duration of 5 minutes in a plastic tank (40 cm x 100 cm x 60
cm) containing tap water. To produce chronic anxiety, all rats
underwent forced swim test daily for 21 days at a fixed time
after which they were administered the study drugs.

Study drugs

Ondansetron [Cadila Healthcare Ltd., India] and Ursolic Acid
[TCI Chemicals (India) Pvt. Ltd., India] were used as test
drugs. Ondansetron was diluted to obtain a solution of
concentration 0.Img/ml and administered intraperitoneally at
the dose of Img/kg.*"'Ursolic Acid solution was freshly
prepared in distilled water with 10% of Tween 80 and given in
a dose of 0.2 mg/kg orally.'""*Diazepam[Neon Laboratories
Ltd., Mumbai] was used as the standard drug. It was diluted to
obtain a solution of concentration 0.1mg/ml and administered
intraperitoneally at the dose of Img/kg.'"" Distilled water was
given orally as control in equivalent volume.

Each study drug was given one hour before conducting EPM
test.

Study groups

Rats were divided into four groups with eight rats in each
group.

Group I: Distilled water, 2.0 ml p.o. (Control group)
Group II: Diazepam, 1.0 mg/kg i.p.

Group III: Ondansetron, 1.0 mg/kg i.p.

Group IV: Ursolic acid, 0.2 mg/kg p.o.

Elevated plus maze test

Effect of study drugs on chronic anxiety was evaluated using
EPM test.

The elevated plus-maze consists of two open arms (50 cm x 10
cm x 40 cm) and two enclosed arms (50 cm x 10 cm x 40 cm)
with an open roof, arranged so that two open arms are opposite
to each other. The maze is elevated to a height of 50 cm.'* The
rat was placed in the centre of the maze, facing one of the
enclosed arms, allowing it to explore the maze freely for 5

minutes. The floor of the enclosure was cleaned with 70%
ethanol between tests.

The following parameters were measured during a period of 5
minutes.

e Time spent in open arms
e Number of entries into open arms
e Number of entries into closed arms

Arm entries were considered valid only if all four paws entered
into an arm. An increase in frequency of entries into open arms
and duration of time spent in open arms indicate low levels of
anxiety.

Statistical Analyses

The data was compiled in a Microsoft Excel 2016 spreadsheet.
It was analyzed using the statistical packages — WinPepi
(Version 11.65) and Primer of Biostatistics (Version 7).
Results are expressed in mean and standard deviation (SD).
The data passed the Shapiro-Wilk normality test for
distribution. One Way Analysis of Variance (ANOVA) was
used to determine whether the difference in group means was
overall statistically significant. The p-value less than 0.05 was
considered to be statistically significant. If the p-value was
found to be less than 0.05, Bonferroni correction for multiple
comparisons (a post-hoc test) was applied after ANOVA to
confirm which specific groups differed.

OBSERVATIONS AND RESULTS
Table No.1 Time spent in open arms in EPM

Group Mean SD p
Control 11.12  4.086
Diazepam 66.12  8.184 0.001
Ondansetron  34.25  6.182

Ursolic acid 2525 7.265

Table No 1. shows that difference seen among the study
groups for time spent in open arms after applying ANOVA test
was significant
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Graph No.1 Time spent in open arms in different groups in EPM

*p <0.05 as compared to Control group
#p < 0.05 as compared to Ondansetron group
$ p <0.05 as compare to Ursolic acid group

Graph No. 1 shows that after applying post-hoc test,
statistically significant increase was observed in time spent in
open arms in the other three groups when compared with
Control group. When these three groups were compared with
each other, statistically significant increase in Ondansetron
group was seen as compared to Ursolic acid group but both
groups were not comparable to Diazepam group.
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Table No. 2 Total number of entries in open arms in EPM

Group Mean SD P
Control 1 0.7559

Diazepam 7.875 0.6665
Ondansetron  3.625 0.375 0.001
Ursolic acid 2.375 0.3239

Table No.2 shows that difference seen among the study groups
for number of entries in open arms after applying ANOVA test
was significant.
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Graph No.2 Number of entries in open arms in different groups in EPM

*p <0.05 as compared to Control group
# p < 0.05 as compared to Ondansetron group
$ p <0.05 as compare to Ursolic acid group

Graph No. 2 shows that after applying post-hoc test,
statistically significant increase was observed in number of
entries in open arms in the other three groups when compared
with Control group. When these three groups where compared
with each other statistically significant increase in
Ondansetron group as compared to Ursolic acid group but both
groups were not comparable to Diazepam group.

Table No. 3 Total number of entries in closed arms in EPM

Group Mean SD P
Control 3.5 1.773
Diazepam 1.125  0.8345 0.004
Ondansetron 2 0.7559

Ursolic acid 2 1.069

Table No. 3 shows that difference seen among the study
groups for number of entries in closed armsafter applying
ANOVA test was significant.
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* p <0.05 as compared to Control group

Graph No. 3 shows that after applying post-hoc test,
statistically significant decrease was observed in number of
entries in closed arms in the other three groups when compared
with control group. When these three groups where compared
with each other, no statistically significant difference was
found among them.

DISCUSSION

The anxiolytic effects of Diazepam, a benzodiazepine, can be
ascribed in part to potentiation of GABAergic pathways that
serve to regulate the firing of monoamine-containing neurons
known to promote behavioural arousal and to be important
mediators of the inhibitory effects of fear and punishment on
behaviour. The remarkable safety profile of benzodiazepines
likely relates to the fact their effects in vivo depend on the
presynaptic release of GABA."> However, adverse effects of
prolonged use of benzodiazepines has led to the search of even
better anxiolytic agents.

The present study evaluated and compared the
anxiolyticactivity of a phytochemical, Ursolic acid and a 5-
HT; receptor antagonist, Ondansetron with the standard
anxiolytic drug, Diazepam in rats using EPM test. It also
compared Ondansetron and Ursolic acid for the first time to
determine which one of the eitherdrugs effectively attenuate
chronic anxiety.

Ondansetron-treated mice showed increased exploratory
behaviour in the aversive white compartment in the light/dark
exploration test. In both social interaction test in rats and
marmoset human threat test, Ondansetron was revealed to have
an efficacy equal to Diazepam but a greater potency as an
anxiolytic agent.'® The efficacy and potency of Ondansetron
was confirmed in the elevated X-maze test.'” Thus several pre-
clinical studies have consistently shown Ondansetron to have
potential anxiolytic activity.

The neurobiological basic research has reported that
monoamines; specifically serotonin dysfunction is critically
involved in the development of clinical depression and
anxiety.

Serotonergic pathways are largely innervated in brain areas
such as mid brain (including hippocampus) and frontal cortex
where they play a major role in controlling mood and
emotional behavior.5-HT; receptor antagonists block and
subsequently prevent the pre-synaptic 5-HT; auto receptors
mediated negative feedback inhibition of serotonin release at
the synapse and hence facilitate the serotonin activity at the
synaptic cleft. This could be one of the possible cellular
pathways by which Ondansetron could have elevated the
serotonin levels in the brain as observed in a study by Gupta et
al. (2014)." Increase in serotonergic neurotransmission with
several antidepressants has shown to inducehippocampal
neurogenesis. Also, stress induced depletion of serotonin has
reported to be associated with neuronal cell damage and a
significant reduction in neurogenesis.

The active principle, Ursolic acid (2.5%), obtained from the
ethanolic extract of Ocimum sanctum leaves was responsible
for the anti-anxiety effect in a study done by Pemminati et al.
(2010).’Ursolic acid isolated and identified from the
methanolic extract of Melissa officinalis via bioassay-guided
fractionation inhibited GABA transaminase."’Ursolic acid
isolated by fractionation of Artemisiaindica was found to be a
positive modulator of alf2y2L recombinant GABA,
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receptors. This modulation was antagonized by Flumazenil.
This validates the hypothesis that the anxiolytic mode of action
ofUrsolic acid involves effects on GABAergic systems.’

Ursolic acid has been shown to exert an antidepressant-like
effect by a serotonergic-mediated mechanism in mice.***' The
dose that causes antidepressant-like effect in the forced
swimming test is the same that causes anxiolytic activity.”
The anxiety/depression comorbidity is high. Therefore, Ursolic
acid may offer a novel therapeutic strategy for the treatment of
comorbidity depression/anxiety.

Forced swimming test or behavioural despair test is a well-
established model to test for antidepressant activity.” In a
study done by Adreatini et al. (1999), the mice underwent
forced swim test which had an anxiogenic effect.** This test
was used to induce anxiety in rats in this study.

Elevated plus maze test has been widely used as a tool in the
investigation of the psychological and neurochemical bases of
anxiety and for screening anxiety-modulating drugs.®® It is
based on the natural aversion of rodents for open spaces and
uses conflict between exploration and aversion to elevated
open places. Provoked behaviour profiles in the EPM appear to
include elements of neophobia, fear of height, exploration,
agoraphobia and approach/avoidance conflict and thus the
apparatus is often referred to as an unconditioned spontaneous
behavioural conflict model. Rats generally taken from their
home cages will show a pattern of behaviour characterized by
open-arm avoidance with a consistent preference for the closed
arms. The rank order preference profile is closed > centre >
open, indicative of a penchant for relatively secured sections of
the maze.”

Lister”® showed that the behavioural parameters in the EPM
provided measures of two independent factors, one reflecting
anxiety and one reflecting motor activity. The percentage of
open-arm entries and the time spent on the open arms are
extremely good measures of anxiety generated by this test and
the number of closed-arm entries provided a better measure of
motor activity.

This test offers a number of advantages over other paradigms
used to assess anxiety that involve food or water deprivation or
shock administration. In particular, drug effects on appetite or
sensitivzi3ty to pain are unlikely to interfere with experimental
results.

In this study, when EPM test was done on Day 21 to evaluate
the antianxiety effects of study drugs on chronic anxiety,
statistically significant increase (p < 0.05) in time spent in
open arms and total number of entries into open arms was
observed in Diazepam, Ondansetron and Ursolic acid groups
as compared with the Control group. From these observations,
it can be stated that both Ondansetron and Ursolic acid possess
significant anxiolytic action.

In a study by Kumar ez al. (2014), on the seventh day when
rats were subjected to EPM test, number of entries and
duration of stay in open arms was higher in Diazepam treated
group as compared to Ondansetron.® However, Rodgers et al.
showed that sub-chronic treatment with intraperitoneal
ondansetron injection (0.1-100 pg/kg) for 21 days in adult
male CD1 mice failed to alter the spatiotemporal preference
profile (open = closed > centre) seen in the saline control
condition in the EPM test, thus producing no evidence of anti-

anxiety effect.’’This result might be attributed to inherent
differences among various species.

In the present study, the increase in time spent in open arms
and in total number of entries into open arms was significant
(p < 0.05) in Diazepam group as compared with Ondansetron
group. Thus, anxiolytic activity of Ondansetron was not found
to be comparable to that of Diazepam.

In a study by Pemminati ef al. (2011) where Ursolic acid and
diazepam were administered for ten days, the antianxiety
effects of Ursolic acid in EPM test were comparable to those
of Diazepam.*®

In the present study, increase in time spent in open arms and in
total number of entries into open arms was significant (p <
0.05) in Diazepam group as compared with Ursolic acid group.
Thus, anxiolytic activity of Ursolic acid was not found to be
comparable to that of Diazepam.

It showed a statistically significant increase (p <0.05) in time
spent in open arms and in total number of entries into open
arms in Ondansetron group as compared with Ursolic acid
group after 21 days. This suggests that Ondansetron has better
anxiolytic action compared to that of Ursolic acid in case of
chronic anxiety.

Entry into closed arms is suggestive of locomotor activity in
rats. Statistically significant decrease (p <0.05) was seen in
total number of entries into closed arms in Diazepam,
Ondansetron and Ursolic acid groups as compared with
Control group. However, there was no statistically significant
difference seen between Diazepam, Ondansetron and Ursolic
acid groups in terms of total number of entries into closed
arms.

Thus, the present study revealed that both Ondansetron and
Ursolic acid have significant anxiolytic effect on chronic
anxiety in rats but it is not comparable to that of Diazepam.
However, Ondansetron proved to be a better anxiolytic agent
compared to Ursolic acid when evaluated for their effect on
chronic anxiety.

Furthermore, Ondansetron is devoid of the adverse effects that
are commonly associated with benzodiazepines. However,
further studies are required to validate the anxiolytic effect of
ondansetron in clinical settings.

Though Ursolic acid was found to be useful as an anxiolytic
agent in animal studies, it has not yet been assessed for its
antianxiety effect in human studies. Clinical studies are
required to evaluate both the safety and efficacy of Ursolic
acid as an anxiolytic agent in patients suffering from anxiety
disorders.

CONCLUSION

The present study revealed that both Ondansetron and Ursolic
acid have significant anxiolytic effect on chronic anxiety in
rats but it is lesser than that of Diazepam. It also showed that
Ondansetron has significant anxiolytic activity as compared to
Ursolic acid in chronic anxiety.

The mechanism of action and safety profile of Ondansetron
has been thoroughly investigated and the same needs to be
done for Ursolic acid as well. Ondansetron and Ursolic acid
can prove to be an effective add-on therapy for the treatment
of chronic anxiety.
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