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ABSTRACT

This paper investigated the antioxidant activity and antidepressant-like
effect of ethanolic leaf extract of Ocimum gratissimum (OGE). In vitro antiox-
idant activity of OGE was assessed in three complimentary test systems: DPPH
(1, 1-Diphenyl-2-picrylhydrazyl), nitric oxide scavenging activity and reducing
power assay. The antidepressant-like effect of OGE was investigated in mice
using the forced swim test (FST) and tail suspension test (TST). Additionally, the
mechanisms involved in the antidepressant-like effect of OGE were investigated
using TST in four receptor systems: serotonergic, noradrenergic, dopaminergic
and GABAergic. The extract showed potent antioxidant activity in all three in
vitro test systems. OGE (100-400 mg/kg, p.o.) decreased the immobility time of
mice in both FST and TST in a dose-dependent manner, without accompanying
changes in locomotor activity in the digital photoactometer. The anti-immobility
effect of the extract (400 mg/kg, p.o.) in the TST was significantly reversed by
prazosin (1 mg/kg, i.p., an a;-adrenoceptor antagonist), levosulpiride (50 mg/
kg, i.p., a dopamine D, receptor antagonist) and p-chlorophenylalanine (p-CPA,
100 mg/kg, i.p., an inhibitor of serotonin synthesis) but not by yohimbine (1 mg/
kg, i.p., an a,-adrenoceptor antagonist) and baclofen (10 mg/kg, i.p., a GABAg
agonist). OGE produced a specific antidepressant-like effect that was depen-
dent on the interaction with serotonergic, noradrenergic (o;-adrenoceptor) and
dopaminergic (D, receptor) systems. The results suggested that O. gratissimum
possessed potent antioxidant and antidepressant-like activities and this plant
deserved further investigation as an alternative therapeutic tool for treatment
of depression.

Keywords: Antidepressant, Antioxidant, Forced swim test, Monoaminergic,
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INTRODUCTION
Depression is a chronic and potentially life-threatening heterogeneous dis-
order that manifests with various behavioural, psychological and physiological
symptoms, such as depressed mood, feeling of guilt or worthlessness, decreased
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appetite and libido, insomnia, and recurrent thoughts of suicide (American
Psychiatry Association, 1994; DSM-1V, 2003; Posser et al., 2009). According to
the World Health Organisation, depression is a medical and social problem that
affects about 340 million people worldwide (WHO, 2001). It has a high worldwide
prevalence rate, ranging from 2-15%, (Moussavi et al., 2007), and is predicted
to be the second leading cause of death by the year 2020 (Rosenzweig-Lipson
et al., 2007).

Although a number of antidepressant drugs are available in allopathic
medicine, they produce only a partial remission and prolonged utilization may
cause potential adverse effects (Guadarrama-Cruz et al., 2008 and Kiss, 2008).
Therefore, more effective therapies with fewer or no adverse effects need to be
developed. Herbal medicines have been used as an effective alternative treatment
of affective disorders for many years and numerous medicinal plants have been
investigated for their uses in mental disorders over the past decade (Zhang, 2004).
For example, Hypericum perforatum (St John’s wort), Crocus sativus (saffron),
Rhodiola rosea (roseroot), Albizia julibrissin (mimosa), Panax ginseng (Korean
ginseng), Lavandula supp. (levender), Echium amoenum (borage) and Ginkgo
biloba have been proven clinically to possess antidepressant-like effects (Sarris
et al., 2011).

Ocimum gratissimum Linn. (Lamiaceae) is an erect, small, aromatic shrub
originally from Asia and Africa (Martins et al., 2008). It is popularly known in
India as “Ram Tulshi”. The plant is commonly used in folk medicine to treat
various diseases, including diarrhoea, upper respiratory tract infections, fever,
headache, skin diseases, ophthalmic disorders, pneumonia, cough, conjunctivitis,
sunstroke, influenza, gonorrhoea and mental illness (Akinmoladun et al., 2007;
Mabhapatra et al., 2010). Pharmacological studies carried out on O. gratissimum
showed that this plant exerted several biological effects, including antibacterial
(Nakamura et al., 1999), antidiarrhoeal (Offiah and Chikwendu, 1999), antifertilty
(Obianime et al., 2010), antifungal (Dubey et al., 2000; Faria et al., 2006; Okig-
bo and Ogbonnaya, 2006), antioxidant (Akinmoladun et al., 2007), anthelmintic
(Pessoa et al., 2002), antiviral (Ayisi and Nyadedzor, 2003), hepatoprotective
(Arhoghro et al., 2009), hypoglycaemic (Egesie et al., 2006), anti-carcinogenic
(Ekunwe et al., 2010), antinociceptive (Rabelo et al., 2003), anticonvulsant and
anxiolytic activities (Okoli et al., 2010).

Traditionally O. gratissimum has been used to treat mental illness in folk
medicine. Other species of Ocimum like O. sanctum have been reported previously
for their putative antidepressant-like activity (Chatterjee et al., 2011). Previous
research on other plants have revealed the relationship between antidepressant-like
effects and various antioxidant compounds, such as phenolics (proenthocyanidine)
(Xu et al., 2010), flavonoids (liquiritin and isoliquiritin) (Wang et al., 2008) and
phenylpropanoids (syringin and rosavin) (Kurkin et al., 2006). O. gratissimum
has many active constituents, such as phenolics, flavonoids, tannins, alkaloids
and phenylpropanoids. The GC/MS study of the essential oil of O. gratissimum
presented 14 compounds; the major constituents were eugenol (43.7 %) and 1,8-
cineole (32.71%). Other minor constituents were a-pinene, B-pinene, f-myrcene,
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cis-ocimene, linalool, a-terpineol, B-elemene, trans-caryophyllene, a-humulene,
germacrene-D, a- selinene and B-selinene (Pessoa et al., 2002). Therefore, the
present research was designed to investigate the possible in vitro antioxidant
activity and in vivo antidepressant-like activity of the ethanolic leaf extract of
0. gratissimum (OGE) in FST and TST, two predictive animal models for anti-
depressant activity. Additionally, possible mechanisms underlying its antidepres-
sant-like effect were investigated pharmacologically using TST.

MATERIALS AND METHODS

Plant material and preparation of the ethanolic extract from O. gratissimum

The leaves of Ocimum gratissimum Linn. (Lamiaceae) were collected from
the herbal garden of the Indian Institute of Integrative Medicine (IIIM), CSIR,
Jammu, India in September 2011 and were authenticated by Dr. H. B. Singh,
Chief Scientist & Head, Raw Material Herbarium & Museum, National Institute
of Science Communication And Information Resources, New Delhi (Ref. No.
NISCAIR/RHMD/CONSULT/-2012-13/2009/17).

The fresh leaves of O. gratissimum were chopped, cleaned and air dried in
a shaded area for two weeks. The dried leaves were reduced to coarse powder,
which was then extracted by cold percolation method to prevent degradation of
any heat labile phytoconstituents presented in the leaves. The coarsely powdered
dried leaves (300 g) were packed in a percolator, soaked with 95% ethanol (2.5
L) and kept overnight. The extract was drained next morning and marc was re-
soaked in the fresh solvent and the extraction process was repeated three times for
complete extraction of phytochemicals. Finally, all extracts were mixed, filtered
and concentrated under reduced pressure (40-50°C) using a rotary evaporator
(Heidolph HeiVapAdvantage, ML/G3, Germany) and dried to yield 36.2 g of a
dark green colored semisolid. This dry ethanolic crude extract (yield 12.06 %
w/w) was then stored in a vacuum desiccator until further use.

Animals

Adult Balb/C mice (either sex), weighing 20-30 g, were procured from the
Central Animal House Facility of the National Institute of Pharmaceutical Educa-
tion and Research, Mohali, Punjab, India. Animals had free access to water and
food and were maintained at constant room temperature (22-25°C) under a 12:12
h light : dark cycle. Mice were allowed to acclimatize to the holding room for
48 h before the behavioural procedure. Animals were randomly distributed into
specified experimental groups. All experiments were carried out between 10:00
and 16:00 h, with each animal used only once (n=5 animals per group). The
experimental protocol was duly approved (Approval no. ASCB/IAEC/03/11/048)
by the Institutional Animals Ethics Committee and the procedures in this study
were performed in accordance with the guidelines of the Committee for the Pur-
pose of Control and Supervision of Experiments on Animals of the Government
of India. All efforts were made to reduce the number of animals used in the study
and to minimize the suffering of animals.
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Drugs and Treatments

The drugs used in the present study were: Imipramine hydrochloride, pra-
zosin, yohimbine, p-chlorophenylalanine, baclofen (all from Sigma-Aldrich, St.
Louis, USA), fluoxetine hydrochloride (Wockhardt Ltd., Aurangabad, India) and
levosulpiride injection (Lesuride; Sun Pharma, India). All drugs were administered
by intraperitoneal (i.p.) route in a constant volume of 10 ml/kg body weight. All
drugs were dissolved in normal saline (0.9% NaCl solution). Control animals re-
ceived appropriate vehicle (5% Tween 80) by oral route. The extract was freshly
prepared by emulsifying in 5% Tween 80 and orally administered daily for 7
days, 60 min before the FST, TST and locomotor activity. Imipramine (15 mg/kg,
i.p.) and fluoxetine (20 mg/kg, i.p.) were used as standard drugs in FST and TST,
respectively. Prazosin (1 mg/kg, i.p.), yohimbine (1 mg/kg, i.p.), levosulpiride (50
mg/kg, i.p.), p-CPA (100 mg/kg, i.p.) and baclofen (10 mg/kg, i.p.) were used
as the standard drugs in groups to investigate possible mechanisms involved in
the antidepressant-like effect of OGE. The administration schedule and doses of
the drugs used were chosen on the basis of data from the literature (Dhingra and
Sharma, 2006; Machado et al., 2007 and Dhingra and Goyal, 2008) and the dose
of extract for study was selected on the basis of an acute oral toxicity study.

In vitro assays

Preliminary phytochemical screening

The freshly prepared ethanolic extract was tested for the presence of
phytoconstituents like carbohydrates, proteins, glycosides, alkaloids, phenolics,
flavonoids, terpinoids, saponins and eugenol, using the standard procedures (Trease
and Evans, 1978).

Total phenolic content

The total phenolic contents were determined by Folin-Ciocalteu reagent. A
solution of OGE (0.5 ml of 1:10 g/ml) or gallic acid (standard phenolic compound)
was mixed with Folin-Ciocalteu reagent (5 ml, 1:10 diluted with distilled water)
and aqueous Na,CO; (4 ml, 1.0 M). The mixtures were allowed to stand for 15
min and the total phenols were determined at 765 nm using a spectrophotometer
(Shimadzu, 1700, Singapore). The standard curve was prepared using 10, 20, 30,
40 and 50 pg/ml solutions of gallic acid in ethanol : water (50:50, v/v). Total
phenolic contents are expressed in terms of mg/g gallic acid equivalent (mg/g
GAE) of dry mass of OGE (McDonald et al., 2001).

Total flavonoid content

Aluminium chloride colorimetric method was used for total flavonoid con-
tent determination in OGE. Plant ethanolic extract (0.5 ml of 1:10 g/ml) were
separately mixed with 1.5 ml of ethanol, 0.1 ml of 10% aluminium chloride, 0.1
ml of 1.0 M potassium acetate and 2.8 ml of distilled water. It remained at room
temperature for 30 min. The absorbance of the reaction mixture was measured at
415 nm spectrophotometrically. Standard stock solution of quercetin (100 pg/ml)
was prepared by dissolving 10 mg quercetin in 100 ml of ethanol and standard
calibration curve was prepared by using 10, 20, 30, 40 and 50 pg/ml quercetin
solutions in ethanol. Total flavonoid contents are expressed in terms of mg/g
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quercetin equivalent of dry mass of OGE (Chang et al., 2002).

DPPH (1, 1-Diphenyl-2-picrylhydrazyl) radical scavenging activity

In vitro antioxidant activity of OGE was carried out by DPPH radical
scavenging activity (Mensor et al., 2001). Sample stock solution (1.0 mg/ml) of
OGE was diluted to final concentrations of 250, 125, 50, 25, 10 and 5 pg/ml in
ethanol. DPPH ethanol solution (0.3 mM, 1 ml) was added to 2.5 ml solution of
the extract or standard and the mixture was allowed to react at room temperature
for 30 min. Gallic acid served as a standard compound. The absorbance of the
resulting mixture was measured at 518 nm using spectrophotometer and converted
to percentage antioxidant activity (% AA) using the formula:

% AA =100 - [(A sample — A blank) X 100]/A control

where, A onirol 18 the absorbance of 0.3mM DPPH (1 ml) + ethanol (2.5 ml), Appank
is the absorbance of ethanol (1.0 ml) + extract solution (2.5 ml) and Ag,ye 18 the
absorbance of DPPH + extract solution/Gallic acid solution.

Nitric oxide radical scavenging activity

Nitric oxide free radical scavenging activity of OGE was estimated using
Griess reagent (Nabavi et al., 2009). Sodium nitroprusside (10 mM in phosphate
buffered saline) was mixed with different concentrations of extract dissolved in
water and incubated at room temperature for 150 min. The same reaction mixture,
but with an equivalent amount of water instead of the extract, served as a con-
trol. After the incubation period, 0.5 ml of Griess reagent (1% sulfanilamide, 2%
H;3PO,4 and 0.1% N-(1-naphthyl)-ethylenediamine dihydrochloride) was added. The
absorbance of the chromophore formed was read at 546 nm spectrophotometri-
cally. Quercetin was used as a positive control. The percentage inhibition was
calculated by using the formula:

% inhibition =A Control — A Test /A Control x 100

Reducing power assay

Extract (2.5 ml, 50-800 mg/ml) in water was mixed with phosphate buffer
(2.5 ml, 0.2 M, pH 6.6) and potassium ferricyanide [K;Fe(CN)¢] (2.5 ml, 1%).
The mixture was incubated at 50°C for 20 min. Trichloroacetic acid (2.5 ml, 10%)
was added to the mixture to stop the reaction. The mixture was then centrifuged
at 3000 rpm for 10 min. The upper layer of solution (2.5 ml) was mixed with
distilled water (2.5 ml) and FeCl; solution (0.5 ml, 0.1%) and the absorbance
was measured at 700 nm. Increased absorbance of the reaction mixture indicated
increased reducing power. Ascorbic acid was used as positive control (Ebrahimza-
deh et al., 2009).

In vivo activities

Acute oral toxicity study

Acute oral toxicity study was performed according to the Organization for
Economic Co-operation and Development (OECD) guideline No. 423 for the



302 | » CMU J. Nat. Sci. (2014) Vol. 13(3)

testing of chemicals. Three animals (n=3) were used in each step and animals
were kept on fasting for 3-4 h before administration of the extract. The extract
was administered to each mouse in a single dose at a starting dose of 2000 mg/
kg body weight and observed individually for its gross behavioural parameters
and for any sign of acute toxicity, morbidity or mortality during the first 24 h and
daily thereafter, for a total of 14 days. The oral doses of extract for study were
selected on the basis of this acute oral toxicity study (Singhal and Gupta, 2012).

Forced swim test (FST) in mice

For the development of immobility the individual mouse was placed in
an inescapable, clear rectangular glass cylinder (25 x 12 x 25 cm?) filled with
water at 24 = 1°C to a depth of 15 cm. Two swimming sessions were conducted
between 10:00 and 16:00: an initial 15 min pre-test session (training session)
followed by a 6 min test session 24 h later (Porsolt et al., 1977; Yu et al., 2002).
After an initial few minutes of vigorous activity, each animal gained a typical
immobile posture. A mouse was considered immobile when it made no further
attempts to escape and remained floating passively in the water without struggling,
apart from the minimum movement of its limbs necessary to keep its head above
water. The duration of immobility during the last 4 min was measured. After both
swimming sessions, the animals were removed from the water, completely dried
with a towel and placed in their cages (Herrera-Ruiz et al., 2006). Fresh water
was used for each animal to minimize the effect of pheromones in soiled water
from the previous animal, which may induce agitation and affect motility (Abel
and Bilitzke, 1990).

Tail suspension test (TST) in mice

The TST was carried out according to the method described by Steru et
al., (1985) with a few modifications as a facile mean of evaluating potential an-
tidepressants. For development of immobility in tail suspension test, mice were
individually suspended on the edge of a table about 58 cm above the bottom for
6 min by using adhesive tape placed approximately 1 cm from the tip of the tail.
A mouse was considered immobile when it hanged passively and completely
motionless. The duration of immobility period was recorded for a total of 6 min,
because in the TST, animals become immobile much quicker, but they fail to
remain immobile for periods as long as in the FST, hence immobility scores are
calculated for the entire duration of the test (Cryan et al., 2005).

Measurement of locomotor activity

To assess the possible effects of the OGE on locomotor activity, an indi-
vidual mouse was placed in a digital photoactometer (INCO, Ambala, India) for
a period of 10 min as previously described by Dhingra and Goyal (2008). The
photoactometer consisted of a square arena (30 x 30 x 25 cm) with wire mesh
bottom. Six lights and six photocells were placed in the outer periphery of the
bottom in such a way that a single mouse can block only one beam at a time. The
photocell is activated when the light beam falling on the photocells are cut off
by animals crossing the beam and a count is recorded in an electronic counting
meter that counts the number of ‘cut offs’.
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Investigation of possible mechanism(s) underlying the antidepressant-like
effect of OGE in TST.

Involvement of serotonergic system

To investigate whether the antidepressant-like effect of OGE involved the
serotonergic system, p-CPA (an inhibitor of serotonin synthesis, 100 mg/kg, i.p.)
was injected once a day for 4 consecutive days (Redrobe et al., 1998).

Involvement of noradrenergic system

The involvement of noradrenergic system in the antidepressant-like effects
of OGE was investigated by treatment of separate groups of animal with prazosin
(an a,-adrenoceptor antagonist, 1 mg/kg, i.p.) and yohimbine (an a,-adrenoceptor
antagonist, 1 mg/kg, i.p.) (Elhwuegi, 2004; Taylor et al., 2005).

Involvement of dopaminergic system

To rule out the involvement of the dopaminergic system in the antidepres-
sant-like effects of OGE, mice were treated with levosulpiride (a dopamine D,
receptor antagonist, 50 mg/kg, i.p.) (Yamada et al., 2004; Hirano et al., 2007).

Involvement of GABAergic system

To investigate whether the antidepressant-like effects of OGE involved the
GABAergic system, mice were treated with baclofen (a GABAg agonist, 10 mg/
kg, i.p.) (Dhingra and Goyal, 2008).

Experimental design
Mice were divided into 24 separate groups and each group contained a

minimum of 5 animals.

Table 1. Experimental design for the study.

Group no. Group name Treatment
For Forced Swim Test (FST)
1. Control Vehicle 10 ml/kg, p.o. for 7 days
2. Standard Imipramine 15 mg/kg, i.p. for 7 days
3. Test 1 OGE 100 mg/kg, p.o. for 7 days
4. Test 2 OGE 200 mg/kg p.o. for 7 days
5. Test 3 OGE 400 mg/kg p.o. for 7 days
For Tail Suspension Test (TST)
6. Control Vehicle 10 ml/kg, p.o. for 7 days
7. Standard Fluoxetine 20 mg/kg, i.p. for 7 days
8. Test 1 OGE 100 mg/kg, p.o. for 7 days
9. Test 2 OGE 200 mg/kg p.o. for 7 days
10. Test 3 OGE 400 mg/kg p.o. for 7 days
For Locomotor Activity (LA)
11. Control Vehicle 10 ml/kg, p.o. for 7 days
12. Test 1 OGE 100 mg/kg, p.o. for 7 days
13. Test 2 OGE 200 mg/kg p.o. for 7 days

14. Test 3 OGE 400 mg/kg p.o. for 7 days
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Groups for studying possible mechanisms for antidepressant-like action of OGE in TST

15. p-CPA control Vehicle for first 3 days + p-CPA from 4™ to 7™ day
16. OGE + p-CPA OGE for first 3 days + p-CPA from 4™ to 7" day
17. Prazosin control Vehicle for 7 days + Prazosin on 7" day

18. OGE + Prazosin OGE for 7 days + Prazosin on 7% day

19. Yohimbine control Vehicle for 7 days + Yohimbine on 7% day

20. OGE + Yohimbine OGE for 7 days + Yohimbine on 7" day

21. Levosulpiride control Vehicle for 7 days + Levosulpiride on 7" day
22. OGE + Levosulpiride OGE for 7 days + Levosulpiride on 7" day

23. Baclofen control Vehicle for 7 days + Baclofen on 7" day

24. OGE + Baclofen OGE for 7 days + Baclofen on 7" day

Statistical analysis

All the experimental results are expressed as the mean = S.E.M. (except
total phenolic and flavonoid content determination, where results are expressed
as the mean + S.D.). Comparisons between experimental and control groups were
performed by one-way ANOVA followed by Dunnett's test, while groups for
study of the mechanism of action were analysed by one-way ANOVA followed
by Tukey's test. A value of P<0.05 was considered statistically significant.

RESULTS

Preliminary phytochemical screening

The results of phytochemical screening of OGE revealed the presence of
carbohydrates (non-reducing sugars), alkaloids, tannins, phenolics, cardiac gly-
cosides, flavonoids and terpenoids, while reducing sugars, proteins and saponins
were absent in the extract.

Total phenolic and flavonoid contents

The results suggested that OGE contains high phenolic and flavonoid
compounds that were measured spectrophotometrically, as shown in Figure 1.
The total phenolic content estimated in the OGE was 78.89 + 0.04 mg/g gallic
acid equivalent (GAE) of dry mass of O. gratissimum extract, as determined by
reference to the standard curve of gallic acid (y=0.012x-0.021, R?=0.998). Total
flavonoid content estimated in OGE was 164.67 £ 2.347 mg/g quercetin equivalent
of dry mass of O. gratissimum extract, as determined by reference standard curve
of quercetin (y=0.004x+0.007, R?>=0.997).

DPPH radical scavenging activity

A dose-response curve of DPPH radical scavenging activity of OGE com-
pared to that of standard antioxidant gallic acid is shown in Figure 2. Both OGE
and gallic acid showed a dose-dependent free radical scavenging activity and the
percentage antioxidant activity of OGE and gallic acid reached upto a compara-
ble level of 69.54% and 88.72%, respectively, at a concentration of 250 pg/ml.
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Further, the ICs, value of OGE and gallic acid were estimated to be 86 pg/ml
and 12 pg/ml, respectively.
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Figure 1. Total phenolic and flavonoid contents of OGE. Values are expressed
as mean = S.D. (n=3).
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Figure 4. Reducing power assay of OGE.
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Figure 5. Effect of the repeated treatment (7 days) with the OGE (100-400 mg/
kg, p.o.) and imipramine (15 mg/kg, i.p.) in the FST (Panel A), with
the OGE (100-400 mg/kg, p.o.) and fluoxetine (20 mg/kg, i.p.) in the
TST (Panel B) and with the OGE (100-400 mg/kg, p.o.) in locomotor
activity (Panel C). Each column represents the mean + S.E.M. (n=5).
*P<0.05 and ***P<0.001 compared with the vehicle-treated control
group (C).

Nitric oxide radical scavenging activity

The results of nitric oxide radical scavenging activity is illustrated in the
dose-response curve of OGE compared to that of standard antioxidant quercetin
(Figure 3). It showed that both OGE and quercetin scavenged the nitric oxide
free radicals in a dose-dependent manner. The percentage antioxidant activity
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of OGE and quercetin reached upto a comparable level of 60.19% and 79.75%,
respectively, at a concentration of 250 pg/ml. The I1Cs, value of OGE and quercetin
was estimated to be 160 pg/ml and 22.6 pg/ml, respectively.

Reducing power assay

The dose-response curve for reducing power of ascorbic acid and OGE is
shown in Figure 4. Similar to ascorbic acid, absorbance of OGE also increased
in a dose-dependent manner. The reductive potential of ascorbic acid was remark-
ably higher than that of OGE at all concentrations, but the differences seemed to
be less significant at higher concentration (800 pg/ml). This suggested that OGE
has good reducing power activity at higher concentrations, reflecting its potential
antioxidant property.
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Figure 6. Effect of the treatment of mice with p-CPA (100 mg/kg, i.p. once a
day for 4 consecutive days) on the anti-immobility effect of OGE (400
mg/kg, p.o.) in the TST. Each column represents the mean + S.E.M.
(n=5). ***P<0.001 as compared with the vehicle-treated control and
###P<0.001 as compared with the extract (OGE) alone.
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Figure 7. Effect of the treatment of mice with prazosin (1 mg/kg, i.p., panel
A) or with yohimbine (1 mg/kg, i.p., panel B) on the anti-immobility
effect of OGE (400 mg/kg, p.o.) in the TST. Each column represents the
mean £ S.E.M. (n=5). **P<(.01 as compared with the vehicle-treated
control and #P<0.05 as compared with the extract (OGE) alone.
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Acute oral toxicity study

The administration of OGE at limit dose of 2000 mg/kg did not cause any
mortality in the mice during 14 days. Further, the animals did not show any sign
of acute toxicity, i.e., no changes in alertness, spontaneous motor activity, reac-
tivity to sound and touch, body and limb tone, respiration, urination, pupil size,
pinnal reflex, corneal reflex, righting reflex were found, for all 14 days of study.
Abnormal signs pertaining to toxicity such as ataxia, body tremors, convulsions,
diarrhoea, writhing, pilo erection, sedation, coma and cyanosis were not observed
in any mice during 14 days. However, mild sluggishness and discomfort were
observed during the first few hours. Therefore, LDs, of the extract was assumed
to be greater than the limit dose tested and 2000 mg/kg was considered as a
cut-off dose. On the basis of these observation, one tenth of the cut off dose, i.e.,
200 mg/kg, was considered as the therapeutic dose for further study and, there-
fore, three oral test doses (100, 200 and 400 mg/kg) were selected to explore the
antidepressant-like activity of OGE.

Effect of repeated treatment of the OGE in the immobility time in FST and
TST

The effects of the repeated oral administration (7 days) of OGE on the
immobility time of mice in the FST and TST are shown in Figures 5A and 5B,
respectively. The extract given by oral route at doses of 100, 200 and 400 mg/kg
significantly decreased the immobility time of mice in the FST (Figure 5A) and
TST (Figure 5B) in a dose dependent manner as compared to the control group.
The maximum anti-immobility effects of OGE were seen at the dose level of
400 mg/kg, p.o. in both FST and TST. The results obtained in this experiment,
analyzed by one-way ANOVA, revealed a significant effect in the FST [F (4, 20)
=37.99, P<0.001] and TST [F (4, 20) =41.92, P<0.001].

Effect of repeated treatment of the OGE on the locomotor activity in the
digital photoactometer

In order to rule out the possibility that the anti-immobility effect of the OGE
was due to a psychostimulant effect, the OGE was administered to independent
groups of mice that were subsequently tested in the digital photoactometer. Results
showed that the treatment of mice with OGE at doses of 100, 200 and 400 mg/kg,
p.o. produced no significant locomotor effect in the mice in the photoactometer
as compared with the control group, as shown in Figure 5C. The results obtained
in this experiment, analyzed by one-way ANOVA, revealed a significant effect
[F (3, 16) =1.221, P>0.05].

Investigation of possible mechanism(s) underlying the antidepressant-like effect
of OGE in the TST

Since 400 mg/kg, p.o. dose of the OGE was the most effective dose in
both FST and TST, all experiments investigating the mechanisms underlying the
antidepressant-like effect of the extract were performed in the TST using this
dose.
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Involvement of the serotonergic system

The result, illustrated in Figure 6, showed that the treatment of mice with
the p-CPA significantly reversed the anti-immobility effect elicited by the extract
(400 mg/kg, p.o.). The results obtained in this experiment, analyzed by one-way
ANOVA, showed a significant effect of p-CPA x OGE interaction [F (3, 16)
=26.55, P<0.001].

Involvement of the noradrenergic system

The result, depicted in Figure 7A, suggested that treatment of mice with
prazosin was able to reverse the antidepressant-like effect of the OGE (400 mg/
kg, p.o.) in the TST. The results obtained in this experiment, analyzed by one-
way ANOVA, revealed a main effect of the prazosin x OGE interaction [F (3, 16)
=18.05, P<0.05]. Figure 7B shows that treatment of mice with yohimbine did not
reverse the antidepressant-like effects of the OGE (400 mg/kg, p.o.) in the TST.
The results obtained in this experiment, analyzed by one-way ANOVA, revealed
a main effect of the yohimbine x OGE interaction [F (3, 16) =14.61, P>0.05].

Involvement of the dopaminergic system

The results, illustrated in Figure 8, suggested that treatment of mice with
levosulpiride was able to reverse the antidepressant-like effect of the OGE (400
mg/kg, p.o.) in the TST. The results obtained in this experiment, analyzed by
one-way ANOVA, revealed a main effect of the levosulpiride x OGE interaction
[F (3, 16) =38.42, P<0.001].

Involvement of the GABAergic system

Figure 9 shows that the treatment of mice with baclofen was not able to
reverse the antidepressant-like effects of the OGE (400 mg/kg, p.o.) in the TST.
The results obtained in this experiment, analyzed by one-way ANOVA, revealed
a main effect of the baclofen x OGE interaction [F (3, 16) =3.255, P>0.05].

3 Vehicle Vehicle + Levosulpiride
Bl OGE OGE + Levosulpiride
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Figure 8. Effect of the treatment of mice with levosulpiride (50 mg/kg, i.p.) on
the anti-immobility effect of OGE (400 mg/kg, p.o.) in the TST. Each
column represents the mean + S.E.M. (n=5). **P<0.01 as compared
with the vehicle-treated control and ###P<0.001 as compared with the
extract (OGE) alone.
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Figure 9. Effect of treatment of mice with baclofen (10 mg/kg, i.p.) on the
anti-immobility effect of OGE (400 mg/kg, p.o.) in the TST. Each
column represents the mean = S.E.M. (n=5). *P<0.05 as compared
with the vehicle-treated control.

DISCUSSION

In the present study, the ethanolic extract of leaves of O. gratissimum exhi-
bited good in vitro antioxidant activities, as revealed in DPPH radical scavenging
activity, nitric oxide radical scavenging activity and reducing power assay. The
presence of antioxidant compounds may play important roles in the treatment
of neurological disorders associated with stress-like depression. OGE showed
considerable amount of phenolic and flavonoid contents in spectrophotometric
method. So it may be suggested that one of such active component(s) presented
in the OGE could be responsible for the in vitro antioxidant activity and in vivo
antidepressant-like activity.

The assessment of antidepressant activity was conducted using the rodent
forced swim test (FST) and the tail suspension test (TST). The immobility
behaviour displayed in rodents when subjected to an unavoidable and inescapable
stress has been hypothesized to reflect behavioural despair, which in turn may
reflect depressive disorders in humans. There is, indeed, a significant correlation
between clinical potency and effectiveness of antidepressants in both models
(Cryan et al., 2002). The results demonstrated that the administration of OGE for
seven consecutive days significantly decreased the time of immobility of mice in
a dose-dependent manner in both FST and TST, when compared with the control
group. These results indicated the antidepressant-like activity of O. gratissimum.
The antidepressant-like effect of OGE was not associated with any motor effects,
since it did not produce any significant change in locomotor activity of mice as
compared to control.

To unmask the possible mechanism by which the extract produced antide-
pressant-like effect, further investigations were carried out using TST, since the
monoaminergic system is one of the most important targets in the pathophysiology
and treatment of depression (Elhwuegi, 2004). We investigated the involvement
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of serotonergic, noradrenergic, dopaminergic and GABAergic systems in the
anti-immobility effect of OGE in the TST by using specific agonist/antagonist.

The serotonergic receptor system is considered a valuable target for anti-
depressant drugs, like selective serotonin reuptake inhibitors (SSRIs). P-CPA (an
inhibitor of serotonin synthesis) inhibits the enzyme tryptophan hydroxylase and
depletes nearly 60% of the endogenous stores of serotonin on its administration
for four consecutive days in mice (Redrobe et al., 1998). This study showed
that treatment of mice with p-CPA (an inhibitor of serotonin synthesis) for four
consecutive days caused significant inhibition of the anti-immobility effect of
the extract in the TST by increasing the duration of immobility of mice. These
results clearly suggested that an intact serotonergic system plays a critical role in
the effect of the OGE in the TST.

The noradrenergic system has long been implicated in the pathophysiology
of depression, since depression seems to be associated with a hypofunction of
the noradrenergic system and some antidepressants act by increasing the synaptic
availability of norepinephrine (Elhwuegi, 2004; Taylor et al., 2005). In the pres-
ent study, prazosin was able to reverse the anti-immobility effect of the OGE,
whereas yohimbine was ineffective in reversing the immobility period in mice.
These results indicated that the extract may exert its effect by interacting with
a;-adrenoceptors, but not with a,-adrenoceptors.

The dopaminergic system is an important target implicated in the regulation
of mood disorders (Dailly et al., 2004). Studies indicated that dopamine receptor
antagonist prevented the antidepressant-like effect of some antidepressant agents in
the FST and TST (Yamada et al., 2004; Hirano et al., 2007). In the present study,
levosulpiride (a dopamine D, receptor antagonist) decreased the antidepressant-like
effect of the OGE in the TST. These results suggested that the effect of OGE in
the TST may depend on activation of dopamine D, receptors.

Some previous studies also revealed the involvement of GABAergic system
in the antidepressant effect of some plants (Dhingra and Goyal 2008). Thus, the
present study investigated whether the treatment of mice with baclofen (a GABAg
agonist) affects the antidepressant-like effect of OGE in the TST. The result indi-
cated that baclofen did not significantly affect the anti-immobility effect of OGE.
Therefore, OGE exhibits its antidepressant activity without interacting with the
GABAergic system.

CONCLUSIONS

The ethanolic extract of O. gratissimum possessed a considerable amount
of antioxidant compounds, both flavonoids and phenolics. The extract exhibited
a specific antidepressant-like effect in mice that was proven to be mediated by
interaction with the monoaminergic systems, including the serotonergic, noradren-
ergic (only o;-adrenoceptors) and dopaminergic systems. The active principle(s)
responsible for the antidepressant-like effects of the OGE is/are, so far, not known.
But the phytochemical studies revealed the presence of phenols, flavonoids, alka-
loids and antioxidants that might be responsible for the observed effect. Further
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studies are necessary to correlate the active compound(s) responsible for the
antidepressant-like effects of the extract of O. gratissimum.
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