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Anxiolytic activity of aqueous extract of Garcinia
indica in mice
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Background: Anxiety or depressed mood is associated with low levels of serotonin in the brain. A hydroxycitric acid (HCA),
constituent of Garcinia indica (GIA), increases serotonin release from isolated rat brain cortex. Aim: To evaluate the anxiolytic
activity of aqueous extract of dried fruits of GIA in mice. Materials and Methods: The anxiolytic‑like effects of aqueous
extract of dried fruits of GIA were evaluated by using elevated plus maze (EPM), hole board and light/dark exploration models
in Swiss albino mice. Control mice were treated with an equal volume of saline, and positive control mice were treated with
diazepam (1 mg/kg). Results: GIA administered orally, 30 min before the test in different doses (125, 250 and 500 mg/kg of
body weight), was able to increase significantly (P < 0.05) the time‑spent and entries into open arms of the EPM and reduced
the time‑spent and entries into closed arms versus control. In the hole‑board test, treatment with GIA (250 and 500 mg/kg)
significantly increased the number of head‑dips and duration of head dipping (P < 0.05). In the light–dark paradigm test,
number of transitions and the time spent in the light box increased with reduction in time spent in the dark box and immobility
period significantly (P < 0.05) after treatment with GIA. However, no significant changes in locomotor activity were observed
versus control. Conclusion: The results of the present study suggest that aqueous extract of dried fruits of GIA is an effective
anxiolytic agent for behavioural models in mice.
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INTRODUCTION
Anxiety‑related disorders such as generalised
anxiety, obsessive‑compulsive disorder, phobias
or post‑traumatic stress are the major causes of
disability in the world.[1] Currently, the most widely
prescribed medications for anxiety disorders are
benzodiazepines. However, the clinical uses of
benzodiazepines are limited by their side effects such
as psychomotor impairment, potentiating activity
of other central depressant drugs and dependence
liability.[2]
Garcinia indica (GIA) (Kokum) is a traditional home
remedy in case of constipation, heart diseases,
dysentery and pains.[3] Garcinol, a polyisoprenylated
benzophenone purified from GIA fruit rind has an
antioxidant and anti‑ulcer properties.[4,5] Apart from
hydroxycitric acid (HCA) and garcinol, kokum contains
other compounds with potential antioxidant properties.
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These include citric acid, malic acid, polyphenols,
carbohydrates, anthocyanin pigments and ascorbic
acid. Antioxidant and anti‑glycation activity of garcinol
from GIA fruit rind has also been reported.[5]
Researchers have found that those individuals
producing low levels of serotonin in the brain have a
greater chance of experiencing anxiety or depressed
mood.[6,7] A HCA increases serotonin release from
isolated rat brain cortex.[8] The fruit rinds of GIA contain
8% (‑)‑HCA. [9,10] Therefore, the present study was
undertaken to evaluate the anxiolytic effects of aqueous
extract of dried fruits of GIA in mice. In addition, in an
attempt to distinguish between specific and un‑specific
changes in animals’ activity, the effect of GIA on mice’s
motility was assessed in a locomotor activity test.

MATERIALS AND METHODS
Plant Material
The dried fruits of GIA (Kokum) were obtained from
an herbalist supplier in Guwahati, Assam, India and
authenticated by a pharmacognosy expert in the
Department of Pharmacy, NIPER, Guwahati, India.
A voucher specimen (voucher no. 651) representing
this collection has been retained in our laboratory for
future reference.
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Preparation of the Extract
Aqueous extract of GIA was prepared by boiling grinded
powder of dried fruits in 10 volumes of distilled water for
15 min. Aqueous solution so obtained was filtered through
a Whatman No. 1 filter paper and concentrated on a water
bath under vacuum. After which water was evaporated by
rotary evaporator and all traces of water were eliminated by
leaving the extract under vacuum overnight (yield 19%w/w),
which was then stored at −20°C until required.
Phytochemical Screening
Phytochemical analysis of the extract was performed
according to the previously described methods.[11] The
extract was screened for the presence of alkaloids, saponins,
flavonoids, tannins, glycosides, steroids and terpenoids
using conventional protocols. Preliminary phytochemical
screening revealed the presence of saponins, flavonoids,
tannins, glycosides, steroids and terpenoids.
Animals
Swiss albino mice were procured from M/s Chakraborty
enterprise, Kolkata, India. Groups of six female Swiss
albino mice (20-24 g) were housed in microloan cages in
a controlled environment (temperature 25 ± 2°C with 45%
relative humidity and 12 h dark/light cycle) with standard
laboratory diet and water ad libitum. The project protocols
have been approved by the institutional animal ethics
committee of Gauhati medical college (Approval No. 04/
NIPER/CPCSEA/351), Guwahati, Assam, India.
Acute Toxicity Study
The acute oral toxicity study was carried out as per
guidelines set by Organisation for Economic Co‑operation
and Development (OECD) guideline 423 (adopted in
December 2001). The purpose of the acute toxicity study is
to allow selection of the appropriate starting for the main
study. Female Swiss albino mice (8-12 weeks old) were
taken for acute toxicity study. The GIA was administered
to a group of three female Swiss albino mice in a sequential
manner (increasing dose levels from starting dose 5 to
50, 300, 2000 mg/kg body weight as per OECD 423).
Based on the results, the extracts did not produce any
mortality at the doses tested. To optimise the dose levels,
1/16th (125 mg/kg body weight), 1/8th (250 mg/kg body
weight) and 1/4th (500 mg/kg body weight) of the maximum
dose (2000 mg/kg body weight), given for the acute toxicity
study as per OECD 423, were selected for the evaluation.
Drugs and Experimental Groups
Diazepam (1.0 mg/kg, Sigma) was used as the standard
anxiolytic drug. Normal saline solution (NaCl 0.9%)
was used to treat control group and aqueous extract
of dried fruits of GIA was used for the treated groups.
Different doses of GIA (125, 250 and 500 mg/kg of body
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weight, p.o.); diazepam (1 mg/kg, i.p.) and normal saline
were administered 30 min before each behavioural test.
Behavioural Paradigms
Elevated plus maze test
The elevated plus maze (EPM) consisted of two open arms
(35 × 5 cm) crossed with two closed arms (35 × 5 × 20 cm).
The arms were connected together with a central square of
5 × 5 cm. The apparatus was elevated to the height of 25 cm
in a dimly illuminated room. Mice (n = 6) were treated with
GIA (125, 250 and 500 mg/kg, p.o.), diazepam (1 mg/kg, i.p.)
or normal saline 30 min before being placed individually in
the centre of the EPM, facing a closed arm. The time spent
in both the open and closed arms was recorded for 5 min.
The numbers of entries into open and closed arms were
counted during the test. An entry was defined as having
all four paws within the arm.[12]
Hole Board Test
The hole board apparatus consisted of a wooden box
(40 × 40 × 25 cm) with 16 holes (each of diameter 3 cm)
evenly distributed on the base of box. The apparatus was
elevated to the height of 25 cm. Mice (n = 6) were treated with
GIA (125, 250 and 500 mg/kg, p.o.), diazepam (1 mg/kg, i.p.)
or normal saline 30 min before they were placed in the
apparatus. The numbers of head dips and the time of head
dipping during a 5 min period were recorded.[13]
Light-dark Test
The apparatus consisted of two boxes (25 × 25 × 25 cm) joined
together. One box was made dark by covering its top with
plywood, whereas a 40 W lamp illuminated the other box.
The light source was placed 25 cm above the open box. The
mice were placed individually in the centre of the light box
and observed for the next 5 min for the time spent in the light
and dark box. The mice (n = 6) were administered with GIA
(125, 250 and 500 mg/kg, p.o.), diazepam (1 mg/kg, i.p.) or
normal saline 30 min before being placed in the light box.[14]
Locomotor Activity
The locomotor activity was measured using an actophotometer.
The movement of the animal interrupts a beam of light
falling on a photocell, at which a count was recorded and
displayed digitally. Each mouse was placed individually in
the actophotometer for 10 min and the basal activity score
was obtained. Subsequently, the animals were divided into
groups, each consisting of six animals. GIA (125, 250 and
500 mg/kg, p.o.), diazepam (1 mg/kg, i.p.) or normal saline was
administered and after 30 min the mice were placed again in
the actophotometer for recording the activity score.[15]
Statistical Analysis
Data are expressed as means ± S.E.M. All results obtained
from the different tests were compared against the
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control group by using analysis of variance (ANOVA)
and followed by a post‑hoc Dunnett’s test. Differences
between experimental groups were considered statistically
significant when P was less than 0.05.

spent in the dark box. Moreover, GIA (250 and 500 mg/kg)
and diazepam (1 mg/kg) significantly increased number
of transitions with significantly decreased the immobility
period.

RESULTS

Locomotor Activity
To determine whether a possible stimulatory effect of GIA
modified exploratory behaviour, we performed a locomotor
activity test. However, GIA (125, 250 and 500 mg/kg)
produced no significant changes in locomotor activity as
compared with the control animals, which was also similar
in case of diazepam (1 mg/kg) [Table 4].

Elevated Plus‑maze Test
The results are shown in Table 1. All the doses of GIA
(125, 250 and 500 mg/kg) and diazepam (1 mg/kg)
resulted in a significant increase in the time spent and
number of entries into open arms (P < 0.05 and P < 0.01) in
dose‑dependent manner. However, some difference was
observed, for example GIA 125 mg/kg have not significantly
increased the number of entries into open arms.
Hole‑board Test
The data are summarised in Table 2. GIA (250 and
500 mg/kg) significantly increased head‑dip counts
(P < 0.05 and P < 0.01) and GIA (125, 250, 500 mg/kg)
significantly increased duration of head‑dipping (P < 0.05
and P < 0.01). In the same manner diazepam (1 mg/kg) has
significantly increased number of head‑dips and duration
of head‑dipping (P < 0.01).
Light/Dark Test
The results of the light/dark test are shown in Table 3.
GIA (125, 250 and 500 mg/kg) and diazepam (1 mg/kg)
induced a significant increase in the time spent in the
light box (P < 0.01) with significant decrease in the time
Table 1: Effects of aqueous extract of Garcinia indica on
the number of entries into and the time spent in each
arm in elevated plus‑maze over 5 min test period
Treatment Time spent Time spent
No. of
No. of
(Dose:
in open
in closed
entries in
entries in
mg/kg)
arms (s)
arms (s)
open arms closed arms
Control
38.2±8.5
215.2±7.2
4.3±0.9
15.5±0.8
Diazepam
147.0±8.3** 111.3±7.3** 10.2±0.9**
6.8±0.5**
GIA 125
120.5±6.3** 136.2±4.8**
6.3±0.4
8.8±1.1**
GIA 250
134.2±10.5** 124.2±9.7**
7.7±0.7*
7.5±0.6**
GIA 500
138.2±12. 8** 120.3±12.0** 9.5±1.3**
6.5±0.6**
Data represent the mean±S.E.M. n=6 no. of animals per group, **P<0.01;
*P<0.05 vs control group, GIA – Garcinia indica

Table 2: Effects of aqueous extract of Garcinia indica
on number of head dips and duration of head dipping in
hole‑board test over 5 min test period
Treatment
(Dose: mg/kg)
Control
Diazepam
GIA 125
GIA 250
GIA 500

No. of
head dips
25.3±2.5
45.7±4.7**
37.2±2.4
39.3±3.2*
44.2±2.7**

Duration of
head dipping (s)
25.8±2.3
59.7±4.7**
40.0±2.8*
40.7±3.5*
48.8±3.7**

Data represent the mean±S.E.M. n=6 no. of animals per group, **P<0.01;
*P<0.05 vs control group, GIA – Garcinia indica
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DISCUSSION
Based on pharmacological knowledge and previous
research about this plant would allow us to presume that it
has an anxiolytic activity on central nervous system (CNS),
which could be oriented to decrease anxiety or depression
states in patients. In the present work, a clear anxiolytic‑like
activity of aqueous extract prepared with dried fruits from
GIA has been demonstrated.
The EPM is considered to be an aetiologically valid animal
model of anxiety because it uses natural stimuli, that is
the fear of a new, brightly light open space and the fear
of balancing on a relatively narrow raised platform.[16]
Moreover, it is known that anxiolytic agents increase the
frequency of entries and the time spent in open arms of
the EPM.[17] In the present study, aqueous extract of GIA
(250 and 500 mg/kg) markedly increased the frequency
Table 3: Effects of aqueous extract of Garcinia indica on
number of transitions, immobility period and the time
spent in each box in light-dark test over 5 min test period
Treatment
(Dose: mg/kg)
Control
Diazepam
GIA 125
GIA 250
GIA 500

No. of
transitions
11.7±1.5
22.7±2.1**
13.0±2.5
19.7±1.6*
21.7±2.7*

Immobility
period (s)
25.5±1.4
11.5±1.1**
18.2±1.4**
17.7±1.3**
13.0±1.8**

Time spent in
light box (s)
72.3±2.7
160.5±3.3**
118.2±7.2**
128.2±12.8**
136.7±8.1**

Time spent in
dark box (s)
172.2±3.7
88±3.9**
130.3±8.1**
119.2±13.2**
105.3±9.7**

Data represent the mean±S.E.M. n=6 no. of animals per group, **P<0.01;
*P<0.05 vs control group, GIA – Garcinia indica

Table 4: Effects of aqueous extract of Garcinia indica on
locomotor activity using actophotometer over 10 min
test period
Treatment
(Dose: mg/kg)
Control
Diazepam
GIA 125
GIA 250
GIA 500

Locomotor activity (score) in 10 min
Before treatment
After treatment
520.7±15.7
494.0±8.7
493.7±10.5
468.7±12.5
488.0±10.9
459.3±14.2
496.8±9.3
473.3±12.1
507.3±13.5
501.7±14.6

Data represent the mean±S.E.M. n=6 no. of animals per group, GIA – Garcinia indica
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of entries and the time spent by the animals in the
open arms.
An essential pre‑requisite in testing for anxiolytic activity
is that the test drug should not induce significant motor
deficit in anxiolytic doses, since that could adversely affect
the validation of the test results.[18,19] None of the doses of
GIA used in this study, and that of diazepam, induced any
significant degree of motor deficit as was evidenced by their
insignificant effects on locomotor activity [Table 4].
Moreover, the hole‑board test provides a simple method
for measuring the response of an animal to an unfamiliar
environment and is widely used to assess emotionality,
anxiety and/or responses to stress in animals.[20] It has been
showed that head‑dipping behaviour was sensitive to
changes in the emotional state of the animal, and suggested
that the expression of an anxiolytic state in animals may be
reflected by an increase in head‑dipping behaviour. In the
present study, GIA (250 and 500 mg/kg) increased head‑dip
counts and GIA (125, 250 and 500 mg/kg) increased head‑dip
duration without changing locomotion. These results indicate
that GIA has a significant anxiolytic effect in this paradigm.
The light/dark test is a useful procedure to predict
anxiolytic‑like or anxiogenic‑like activity in rodents.[21] The
GIA (125, 250 and 500 mg/kg) significantly increased time
spent in light box with significant reduction in immobility
period. This paradigm is limited by its ability to yield false
positive results due to a drugs’ ability to affect general
activity. This, however, can probably be ruled out, since
locomotor activity levels displayed by GIA treated mice
were not different from those exhibited by control animals.
Based on the present results it could be concluded that GIA
reduced the anxiety of animals exposed to the light/dark
procedure without influencing motor activity of animals.
The pharmacological mechanism(s) that might account
for the anxiolytic effects of GIA has yet to be determined.
Further studies will be required to assess the generality
of the present findings to other species and behavioural
paradigms. Finally, the current findings, for the first time,
to our knowledge, demonstrate a possible implication of
active constituents of GIA in anxiety.
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