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• Depression is associated with decline in mental and functional capacities.
• Olfactory bulbectomy (OBX) is a reliable model to mimic depression like behavior.
• Therapeutic effects of Panax quinquefolium (PQ) against OBX induced depression
• Nitric oxide (NO) is an intercellular messenger found in the brain.
• Possible involvement of nitric oxide pathway in the protective effects of PQ
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Olfactory bulbectomy (OBX) is awell known screeningmodel for depression. Panax quinquefolium (PQ) is known
for its therapeutic potential against several psychiatric disorders. Nitric oxide (NO), an intercellular messenger
has been suggested to play a crucial role in the pathogenesis of depression. The present study was designed
to explore the possible involvement of NOmechanism in the protective effect of PQ against olfactory bulbectomy
induced depression.Wistar rats were bulbectomized surgically and kept for a rehabilitation period of twoweeks.
PQ (50, 100 and 200 mg/kg; p.o.) alone and in combinationwithNOmodulators like L-NAME (10 mg/kg, i.p.) and
L-arginine (100 mg/kg; i.p.) were then administered daily for another two weeks. Ablation of olfactory bulbs
caused depression-like symptoms as evidenced by increased immobility time in forced swim test, hyperactivity
in open field arena, and anhedonic like response in sucrose preference test. Further, OBX caused elevation in
serum corticosterone levels and increased oxidative–nitrosative damage. These deficits were integrated with
increased levels of neuroinflammatory cytokines (TNF-α), apoptotic factor (caspase-3) and a marked reduction
in neurogenesis factor (BDNF) in both cerebral cortex and hippocampal regions of bulbectomized rats. Treatment
with PQ significantly and dose-dependently restored these behavioral, biochemical and molecular alterations
associated with OBX. Further, pretreatment of L-NAME with subeffective dose of PQ (100 mg/kg) significantly
potentiated its protective effects; however L-arginine pretreatment reversed the beneficial effects. The present
study suggests that protective effect of P. quinquefolium might involve nitric oxide modulatory pathway against
olfactory bulbectomy-induced depression in rats.

© 2014 Elsevier Inc. All rights reserved.
1. Introduction

Olfactory bulbectomy (OBX) is a well known animal model of
depression that leads to a variety of behavioral alterations, many of
which are similar to those seen in patients with major depression
[1,2]. OBX is a reliable model to evaluate anti-depressant activity since
its behavioral changes are normalized following chronic but not acute
administration of antidepressants [2]. OBX is associated with a variety
of behavioral abnormalities such as hyperactivity in the open-field test
[3], increased immobility time [2] and anhedonia like state in sucrose
91 172 2543101.
preference test [4]. These behavioral changes are independent of
anosmia and result due to retrograde neuronal degeneration after
bulbectomy [2]. Further, removal of olfactory bulbs has also been
reported to reduce neurogenesis and promote neuronal cell death in
different regions of the brain, a putative pathogenic mechanism in
depression syndrome [5,6]. Although the current pharmacotherapy of
depression includes a battery of drugs, clinicians are still looking for
alternative therapies to exploit herbal medications for the treatment
of psychiatric disorders. The approach towards development of dietary
and medicinal phytochemicals as novel therapeutics may prove to be
a useful tool in recognition of natural medicines globally.

Panax quinquefolium; PQ (American ginseng) belonging to the family
Araliaceae is a native plant of North America and cultivated in many
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countries. The active constituents responsible for most of the central
nervous system (CNS) related bioactivities of PQ are ginseng saponins,
namely ginsenoside [7]. Ginsenosides are well-known for their antioxi-
dant and free radical scavenging properties [8]. Studies have shown an-
tidepressant effects of oral ginsenosides in both forced swimming test
and chronic mild stress model of depression [9]. Further, ginsenosides
are also well known for their neuroprotective effects in several animal
models [10,11]. Earlier, studies from Sheikh et al. [12] showed that
stress induced alteration in plasma corticosterone levels in ratswas nor-
malized on treatment with PQ. Saponins derived from PQ have shown a
significant attenuation effect on apoptotic factor (caspase-12) [13]
and are known to protect hippocampal neurons against ischemia [14].
These results clearly show the neuroprotective potential of ginsenosides;
however, the exact cellular or molecular pathway in their protective
effect has not been reported so far.

Nitric oxide (NO) is an intercellular messenger in the brain, synthe-
sized from L-arginine by nitric oxide synthase (NOS) and plays an im-
portant role in synaptic plasticity, learning, memory, aggression and
depression [15]. Nitric oxide has an unpaired electron, and therefore
acts as reactive free radical species. The generation of reactive nitrogen
species is associated with nitration of proteins [16] and lipid peroxida-
tion [17] and promotes carbonylation [18]. Inhibition of NOS is known
to produce anxiolytic and antidepressant-like effects in experimental
animal models [19]. Inhibition of neuronal or inducible NOS (nNOS) in
the rat hippocampus exerts antidepressant-like effects [20]. Moreover,
reports have suggested that L-arginine-nitric oxide (NO)-cyclic guano-
sine monophosphate (cGMP) is an important signaling pathway in-
volved in depression [21]. With this background, the present study
attempts to elucidate the behavioral, biochemical andmolecular aspects
of PQ with respect to its antidepressant activity against olfactory
bulbectomy model and to further investigate the involvement of nitric
oxide signaling pathway.

2. Materials and methods

2.1. Animals

Twelve week old male Wistar rats (200–240 g) were procured from
Central Animal House, Panjab University, Chandigarh and from Animal
House of Panacea Biotec Ltd., Lalru (Panjab). Male rats were chosen to
avoid the influence of female estrogen hormone on depression like be-
havior. Animals were housed under standard (25 ± 2 °C, 60–70% hu-
midity) laboratory conditions and maintained on a 12 hour natural
day–night cycle, with free access to food andwater. Animals were accli-
matized to laboratory conditions before the experimental tests. The ex-
perimental protocols were approved by the Institutional Animal Ethical
Committee (IAEC) of Panjab University (IAEC/282/UIPS/39 dated 30/8/
12) and conducted according to the Committee for the Purpose of Con-
trol and Supervision of Experiments on Animals (CPCSEA) guidelines of
the Government of India.

2.2. Surgical procedure (olfactory bulb ablation)

After the accommodation period, animals underwent either olfacto-
ry bulbectomy or sham surgery. Animals were anesthetized with keta-
mine (75 mg/kg, i.p) and xylazine (5 mg/kg, i.p) combination prior to
surgery. Bilateral olfactory bulb ablation was performed as described
by different investigators [22]. The animals were fixed in a stereotactic
frame (Stoelting Co., USA), 1 cm rostral–caudal midline incision was
made in the skin of the head, and two small burr holes (2 mm in diam-
eter) were drilled into the skull 6 mm rostral of bregma and 1 mm lat-
eral of the midline. Both olfactory bulbs were removed by suction and
hemostatic sponge (AbGel, absorbable gelatin sponge USP, Srikrishna
Laboratories, India) was inserted into the cavity to control bleeding.
The incision was then closed with absorbable sutures (Ethicon 4-0, ab-
sorbable surgical sutures USP (Catgut), Johnson and Johnson, India)
and animals were injected with sulprim injection® (eachml containing
200 and 40 mg of sulfadiazine and trimethoprim respectively), intra-
muscularly (0.2 ml/300 g) once a day for 3 days to prevent post surgical
infection. Sham animals were given similar treatment as OBX animals
except the removal of the olfactory bulbs. The success and validation
of the OBX surgery were verified by using two methods: (a) dissection
and direct observation of remaining olfactory bulb tissue and by (b)
measurements of key behavioral variables altered by OBX, namely hy-
peractivity behavior during open field test. The OBX/Sham animals
were housed singly in cages for twoweeks (14 days) of surgical rehabil-
itation period and drug treatments were started after that. Pictogram of
the entire protocol is represented in Fig. 1.

2.3. Drugs and treatment schedule

P. quinquefolium (American ginseng), L-NAME and L-Arginine were
purchased from Sigma chemicals Co. (St. Louis, MO, USA). ELISA kit for
TNF-α and caspase-3 was purchased from R&D Systems (USA). While
ChemiKine™ Brain Derived Neurotrophic Factor (BDNF) kit was pro-
cured from Millipore (USA). All other chemicals used for biochemical
estimationswere of analytical grade. The animals were randomly divid-
ed into nine experimental groups with eight animals in each. Out of the
total of 72 animals used in the study 6 animals died of surgery (similar
to 5–10% mortality reported in olfactory bulbectomy experiments) and
were replaced by fresh animals and surgery was performed. The first
and second groups were named as sham and OBX (ablation of olfactory
bulbs) control groups respectively. P. quinquefolium (PQ) (50, 100 and
200 mg/kg) was treated as groups 3–5 respectively. Pretreatment of L-
NAME (10 mg/kg) and L-arginine (100 mg/kg) with PQ (100 mg/kg)
served as groups 6–7. Treatment of L-NAME (10 mg/kg) and L-
arginine (100 mg/kg) per se was categorized as groups 8 and 9 respec-
tively. P. quinquefolium (PQ) was prepared in peanut oil where as L-
NAME (10 mg/kg) and L-arginine (100 mg/kg) were dissolved in nor-
mal saline and administered orally on the basis of body weight
(0.5 ml/100 g). The doses of P. quinquefolium were selected on the
basis of literature [21]. Solutions were made freshly at the beginning
of each day of the protocol. Drugs were administered daily once a day
for a period of 14 days.

2.4. Behavioral assessment

2.4.1. Sucrose preference test
The rats were tested for sucrose consumption as described earlier

[23]. Animals were housed individually throughout the test duration
and presented two bottles simultaneously in the home cage, one con-
taining a 1% w/v sucrose solution and the other containing standard
drinking water during the 48 h training session. To prevent the prefer-
ence to position, the location of the two bottles was varied during this
period. After an 18 h period of food and water deprivation, an 8 h test
session was conducted. The amount of liquid remaining in each bottle
was measured at the end of the testing period. The sucrose preference
scorewas expressed as percent of total liquid intake. Sucrose preference
(SP) was calculated according to the following equation:

SP ¼ sucroseintake gð Þ
sucrose intake gð Þ þwater intake gð Þ

� �
� 100:

2.4.2. Open field exploration
Open field behavior of rats was recorded in a circular arena of diam-

eter 80 cm, surrounded by a 30 cm high wooden wall [24]. The arena
painted white, was divided in to 25 small sections. Each rat was careful-
ly placed in the center of circular arena and allowed to explore the open
field for 5 min. During this period, the ambulatory activity, in terms of
the number of sections crossed, and the frequency of rearing were



Fig. 1. Diagrammatic representation of the entire study protocol.
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recorded along with defecation and licking episodes and values were
expressed as counts per 5 min.

2.4.3. Immobility period
Forced swim test was performed as described [25]. One day prior

to the test, a rat was placed for conditioning in a clear plastic tank
(45 cm × 35 cm × 60 cm) containing 30 cm of water (24 ± 0.5 °C) for
15 min (pretest session). Twenty-four hours later (test session), the
total immobility period within a 5-min session was recorded as immo-
bility scores (in seconds). A rat was judged to be immobile when
its hind legs were no longer moving and the rat was hunched forward
(a floating position). The immobility time was recorded manually by
an observer who was blind to the drug treatment.

2.5. Biochemical estimations

Immediately after the last behavioral test (day 31), blood was col-
lected by retro-orbital bleeding for serum corticosterone estimation,
the animals were sacrificed by cervical dislocation and brain samples
were rapidly removed andplaced on dry ice for isolation of cerebral cor-
tex and hippocampus. 10% (w/v) tissue homogenates were prepared in
0.1 M phosphate buffer (pH 7.4). The homogenates were centrifuged at
10,000 ×g for 15min. Aliquots of supernatants were separated and used
for biochemical estimations.

2.5.1. Lipid peroxidation
The extent of lipid peroxidation was determined quantitatively by

performing the method as described by Wills [26]. The amount of
malondialdehyde (MDA) was measured by reaction with thiobarbituric
acid at 532 nm using a PerkinElmer Lambda 20 spectrophotometer
(Norwalk, CT, USA). The values were calculated using the molar extinc-
tion co-efficient of chromophore (1.56 × 10 M−1 cm−1).

2.5.2. Nitrite
The accumulation of nitrite in the supernatant, an indicator of the

production of nitric oxide was determined by a colorimetric assay
with Griess reagent (0.1% N-(1-napththyl) ethylene diamine
dihydrochloride, 1% sulfanilamide and 5% phosphoric acid) [27]. Equal
volumes of the supernatant and the Griess reagent were mixed and
the mixture was incubated for 10 min at room temperature in the
dark. The absorbance was measured at 540 nm using a PerkinElmer
Lambda 20 spectrophotometer (Norwalk, CT, USA). The concentration
of nitrite in the supernatant was determined from sodium nitrite stan-
dard curve.
2.5.3. Reduced glutathione
Reduced glutathione in the brain was estimated according to the

method of Ellman et al. [28]. Homogenate (1 ml) was precipitated
with 1.0 ml of 4% sulfosalicylic acid and the samples were immediately
centrifuged at 1200 ×g for 15 min at 4 °C. The assay mixture contained
0.1ml of supernatant, 2.7ml of phosphate buffer of pH 8.0 and 0.2 ml of
0.01 M dithiobisnitrobenzoic acid (DTNB). The yellow color developed
was read immediately at 412 nm using a PerkinElmer lambda 20 spec-
trophotometer (Norwalk, CT, USA). The results were expressed as mi-
cromoles of reduced glutathione per milligram of protein.
2.5.4. Superoxide dismutase
Superoxide dismutase (SOD) activity was assayed by the method of

Kono [29] wherein the reduction of nitro blue tetrazolium (NBT) was
inhibited by the superoxide dismutase and is measured. The assay sys-
tem consists of EDTA 0.1 mM, sodium carbonate 50 mM and 96 mM
of nitro blue tetrazolium (NBT). In the cuvette, 2 ml of the above mix-
ture, 0.05 ml of hydroxylamine and 0.05 ml of the supernatant were
added and auto-oxidation of hydroxylamine was measured for 2 min
at 30 s intervals by measuring absorbance at 560 nm using a
PerkinElmer Lambda 20 spectrophotometer (Norwalk, CT, USA).
2.5.5. Catalase
Catalase activitywas determined by themethod of Luck [30], where-

in the breakdown of hydrogen peroxide (H2O2) is measured at 240 nm.
Briefly, the assay mixture consisted of 3 ml of H2O2, phosphate buffer
and 0.05ml of supernatant of tissue homogenate (10%), and the change
in absorbance was recorded at 240 nm using a PerkinElmer lambda 20
spectrophotometer (Norwalk, CT, USA). The results were expressed as
micromoles of H2O2 decomposed per milligram of protein/min.
2.5.6. Protein
The protein content was estimated by biuret method [31] using bo-

vine serum albumin as a standard.
2.6. Serum corticosterone estimations

2.6.1. Preparation of serum
Blood was collected (1.0 ml) between 8.00 and 9.00 AM through

retro orbital bleeding in the test tube and allowed to clot at room tem-
perature. The tubes were then centrifuged at 2000 rpm for 10 min. The
straw colored serum was separated and stored frozen at−20 °C.



Fig. 2. Effect of Panax quinquefolium and its modulation by L-NAME and L-arginine on
sucrose consumption test. Values are expressed as mean ± SEM. For statistical
significance, aP b 0.05 as compared to sham group; bP b 0.05 as compared to OBX control;
cP b 0.05 as compared to OBX + PQ (100); dP b 0.05 as compared to OBX + L-NAME
(one-way ANOVA followed by Tukey's test). OBX, olfactory bulbectomy; PQ,
P. quinquefolium; L-ARG, L-arginine.
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2.6.2. Corticosterone assessment
For extraction of corticosterone the method of Silber et al. [32] was

modified as described. 0.1–0.2 ml of serum was treated with 0.2 ml of
freshly prepared chloroform: methanol mixture (2:1, v/v), followed by
3 ml of chloroform instead of dichloromethane used in the procedure
of Silber and its group [32]. The step of treatment of petroleum ether
was omitted. The samples were vortexed for 30 s and centrifuged at
2000 rpm for 10 min. The chloroform layer was carefully removed
with the help of a syringe with a long 16 gauge needle attached to it
and was transferred to a fresh tube. The chloroform extract was then
treated with 0.1 N NaOH by vortexing rapidly and NaOH layer was rap-
idly removed. The sample was then treated with 3 ml of 30 N H2SO4 by
vortexing vigorously. After phase separation, chloroform layer on top
was removed using a syringe as described above and discarded. The
tubes containing H2SO4 were kept in dark for 30–60 min and thereafter
fluorescence measurements were carried out in a fluorescence spectro-
photometer (makeHitachi,model F-2500)with excitation and emission
wavelength set at 472 and 523.2 nm respectively. The standard curve
depicting the fluorescence yield versus corticosterone concentration
was used for result analysis.

2.7. Molecular estimations

2.7.1. BDNF and TNF-α ELISA
The quantifications of BDNF and TNF-αwere donewith the help and

instructions provided by Chemikine and R&D Systems immunoassay
kits respectively. All samples were assayed in duplicate and absorbance
was read on an ELISA plate reader (iMark™ microplate absorbance
reader, BIO-RAD) and the concentration of each sample was calculated
by plotting the absorbance values on standard curve with known con-
centrations generated by the assay.

2.7.2. Caspase-3 colorimetric assay
Caspase-3, also known as CPP-32 is an intracellular cysteineprotease

that exists as a pro-enzyme, becoming activated during the cascade of
events associated with apoptosis. The tissue lysates/homogenates can
then be tested for protease activity by the addition of a caspase specific
peptide that is conjugated to the color reporter molecule p-nitroaniline
(pNA). The cleavage of the peptide by the caspase releases the chromo-
phore pNA,which can bequantitated spectrophotometrically at awave-
length of 405 nm. The level of caspase enzymatic activity in the cell
lysate/homogenate is directly proportional to the color reaction. The en-
zymatic reaction for caspase activity was carried out using R&D systems
caspase-3 colorimetric kit.

2.8. Statistical analysis

Data are expressed asmean± S.E.M. The data was analyzed by one-
way ANOVA followed by Tukey's test. p b 0.05 was considered as statis-
tically significant. All statistical procedures were carried out using
SigmaStat GraphPad Prism (GraphPad Software, San Diego, CA).

3. Results

3.1. Effects of P. quinquefolium (PQ) and its modulation by L-NAME or
L-arginine on sucrose preference test

OBX animals showed a significant reduction in sucrose consumption
as compared to sham group. Treatment with PQ (100, 200 mg/kg) sig-
nificantly and dose dependently attenuated the reduction in sucrose
consumption as compared to OBX control. PQ (50 mg/kg) did not
show any significant effect on sucrose consumption as compared to
control. Further, L-NAME (10 mg/kg) pretreatment with subeffective
dose of PQ (100 mg/kg) potentiated its sucrose consumption which
was significant when compared to their effects alone. However, pre-
treatment of L-arginine (100 mg/kg) with PQ (100 mg/kg) significantly
reversed the protective effect of PQ (100 mg/kg). Besides, the effects of
L-NAME (10 mg/kg) and L-arginine (100 mg/kg) treatments alone did
not show any significant effect as compared to control [F(9, 71) =
12.34 (p b 0.05)] (Fig. 2).

3.2. Effects of P. quinquefolium (PQ) and its modulation by L-NAME or
L-arginine in open field performance task

Ablation of olfactory bulbs caused a characteristic hyperactivity in
the open field task as seen by increased ambulation, rearing, defecation
(number of fecal pellets) and reduced grooming/licking episodes which
were significant when compared to sham group. PQ (100, 200 mg/kg)
treatment significantly reduced ambulation, rearing, defecation and im-
proved grooming/licking episodes when compared to OBX control. PQ
(50 mg/kg) did not show any significant effect on open field behavior
as compared to control. Further, pretreatment of L-NAME (10 mg/kg)
with subeffective dose of PQ (100 mg/kg) significantly potentiated
their protective effects in open field task as compared to their effects
alone. However, pretreatment of L-arginine (100 mg/kg) with PQ
(100 mg/kg) significantly reversed the protective effect of PQ
(100 mg/kg). Besides, the effects of L-NAME (10 mg/kg) and L-
arginine (100 mg/kg) treatments alone did not show any significant ef-
fect on ambulation [F(9, 71) = 56.35 (p b 0.05)], rearing [F(9, 71) =
121.42 (p b 0.05)], grooming [F(9, 71) = 45.58 (p b 0.01)] and defeca-
tion [F(9, 71) = 13.41 (p b 0.05)] parameters as compared to control
group (Table 1).

3.3. Effects of P. quinquefolium (PQ) and its modulation by L-NAME or
L-arginine on immobility period

Olfactory bulbectomy caused a significant increase in the immo-
bility period as compared to sham animals. Treatment with PQ
(100, 200 mg/kg) significantly shortened the immobility time
when compared toOBX control. PQ (50 mg/kg) did not showany signif-
icant effect on immobility period as compared to control. Further,
pretreatment of L-NAME (10 mg/kg) with subeffective dose of PQ
(100 mg/kg) potentiated their protective effects (shortened immobility
period) which was significant as compared to their effect alone. How-
ever, L-arginine (100 mg/kg) pretreatment with PQ (100 mg/kg) sig-
nificantly reversed the protective effect of PQ (100 mg/kg). Besides,
the per se effects of L-NAME (10 mg/kg) and L-arginine (100 mg/kg)

image of Fig.�2


Table 1
Effect of Panax quinquefolium and itsmodulation by L-NAME and L-arginine on open field behavior. Values are expressed asmean ± SEM. For statistical significance, aP b 0.05 as compared
to sham group; bP b 0.05 as compared to OBX control; cP b 0.05 as compared to OBX + PQ (100); dP b 0.05 as compared to OBX + L-NAME (10) (one-way ANOVA followed by Tukey's
test). OBX, olfactory bulbectomy; PQ, Panax quinquefolium; L-ARG, L-arginine.

Treatment (mg/kg) Open field behavior

Ambulation Rearing Grooming/licking episodes Number of fecal pellets

Sham 88.2 ± 3.12 20.1 ± 1.84 7.5 ± 0.86 0.8 ± 0.22
OBX control 167.2 ± 5.21a 61.1 ± 2.62a 1.2 ± 0.38a 5.3 ± 0.44a

OBX + PQ (50) 152.0 ± 4.84 57.2 ± 2.10 2.0 ± 0.33 4.2 ± 0.85
OBX + PQ (100) 125.5 ± 2.45b 43.1 ± 2.11b 3.2 ± 0.56b 3.8 ± 0.55b

OBX + PQ (200) 100.8 ± 3.62b,c 22.8 ± 1.52b,c 5.4 ± 0.77b,c 2.2 ± 0.35b,c

OBX + L-NAME (10) + PQ (100) 102.6 ± 4.57c,d 23.2 ± 1.40c,d 5.2 ± 0.84c,d 2.3 ± 0.51c,d

OBX + L-ARG (100) + PQ (100) 153.4 ± 4.12c 55.4 ± 2.65 2.1 ± 0.30c 5.5 ± 0.80c

OBX + L-NAME (10) 158.2 ± 3.58 60.8 ± 2.60 1.6 ± 0.34 5.0 ± 0.85
OBX + L-ARG (100) 170.5 ± 4.41 64.2 ± 2.32 1.0 ± 0.14 5.2 ± 0.34
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treatments did not show any significant effect on immobility time
when compared to control [F(9, 71) = 32.11 (p b 0.01)] (Fig. 3).
3.4. Effect of P. quinquefolium (PQ) and its modulation by L-NAME or
L-arginine on lipid peroxidation (MDA), reduced glutathione (GSH), nitrite
concentration, superoxide dismutase (SOD) and catalase enzyme levels

OBX rats showed a significant increase in oxidative damage as evi-
denced by a rise in MDA and nitrite levels and depletion of reduced
GSH, SOD and catalase levels as compared to sham group. Chronic treat-
ment with PQ (100, 200 mg/kg) significantly attenuated the oxidative
damage (reduced MDA, nitrite levels, restoration of reduced GSH, SOD
and catalase levels) as compared to OBX control. PQ (50 mg/kg) did
not show any significant effect on oxidative stressmarkers as compared
to control. Further, pretreatment of L-NAME (10 mg/kg) with
subeffective dose of PQ (100 mg/kg) potentiated their antioxidant like
effect whichwas significant as compared to their effect alone. However,
L-arginine (100 mg/kg) pretreatment with PQ (100 mg/kg) significant-
ly reversed the protective effect of PQ (100 mg/kg). In addition, L-NAME
(10 mg/kg) and L-arginine (100 mg/kg) treatments alone did not pro-
duce any significant effect on LPO [F(9, 71) = 34.23 (p b 0.05)], GSH
[F(9, 71) = 14.45 (p b 0.01)], nitrite [F(9, 71) = 56.23 (p b 0.05)],
SOD [F(9, 71) = 23.82 (p b 0.01)] and catalase [F(9, 71) = 13.41
(p b 0.05)] levels as compared to control (Table 2).
Fig. 3. Effect of Panax quinquefolium and its modulation by L-NAME and L-arginine on
immobility time in FST. Values are expressed as mean ± SEM. For statistical significance,
aP b 0.05 as compared to sham group; bP b 0.05 as compared to OBX control; cP b 0.05 as
compared to OBX + PQ (100); dP b 0.05 as compared to OBX + L-NAME (one-way
ANOVA followed by Tukey's test). OBX, olfactory bulbectomy; PQ, P. quinquefolium;
L-ARG, L-arginine.
3.5. Effect of P. quinquefolium (PQ) and its modulation by L-NAME or
L-arginine on serum corticosterone (CORT) levels

OBX group of animals showed a significant increase in serum CORT
levels as compared to shamgroup. PQ (100, 200 mg/kg) significantly at-
tenuated the increased serum CORT levels as compared to OBX control.
PQ (50 mg/kg) did not show any significant effect on CORT levels as
compared to control. In addition, pretreatment of L-NAME (10 mg/kg)
with subeffective dose of PQ (100 mg/kg) significantly attenuated the
increased serum CORT level as compared to their effects alone. Further,
L-arginine (100 mg/kg) pretreatment with PQ (100 mg/kg) significant-
ly reversed the protective effect of PQ (100 mg/kg). However, treatment
with L-NAME (10 mg/kg) and L-arginine (100 mg/kg) alone did not
cause any significant difference on serum CORT levels as compared to
control group [F(9, 71) = 211.32 (p b 0.01)] (Fig. 4).
3.6. Effect of P. quinquefolium (PQ) and its modulation by L-NAME or
L-arginine on brain tissue necrosis factor (TNF-α) and caspase 3 level

Therewas a significant increase in TNF-α and caspase 3 levels in OBX
animals when compared to sham group. Treatment with PQ (100,
200 mg/kg) significantly attenuated the increased levels of TNF-α and
caspase 3 as compared to OBX control. PQ (50 mg/kg) did not show
any significant effect on TNF-α and caspase 3 levels as compared to con-
trol. Further, pretreatment of L-NAME (10 mg/kg) with subeffective
dose of PQ (100 mg/kg) potentiated its protective effect (lowered
TNF-α and caspase 3 levels) which was significant as compared to
their effects alone. However, pretreatment of L-arginine (100 mg/kg)
with PQ (100 mg/kg) significantly reversed the protective effect of
PQ (100 mg/kg). In addition, treatment with L-NAME (10 mg/kg) and
L-arginine (100 mg/kg) per se did not produce any significant effect
on TNF-α [F(9, 71) = 19.24 (p b 0.05)] (Fig. 5) and caspase 3 levels
[F(9, 71) = 42.75 (p b 0.05)] as compared to control (Fig. 6).
3.7. Effects of P. quinquefolium (PQ) and its modulation by L-NAME or
L-arginine on brain derived neurotrophic factor (BDNF) levels

OBX animals showed a significant reduction in BDNF levels as com-
pared to sham group. PQ (100, 200 mg/kg) treatment significantly re-
stored the BDNF level as compared to OBX control. PQ (50 mg/kg) did
not show any significant effect on BDNF levels as compared to control
Further, pretreatment of L-NAME (10 mg/kg) with subeffective dose of
PQ (100 mg/kg) significantly potentiated its protective effect (elevated
BDNF level) which was significant as compared to their effects alone.
However, pretreatment of L-arginine (100 mg/kg) with PQ (100 mg/kg)
significantly reversed the protective effect of PQ (100 mg/kg). In addition,
treatment with L-NAME (10 mg/kg) and L-arginine (100 mg/kg) per se
did not produce any significant effect on BDNF levels [F(9, 71) = 37.13
(p b 0.01)] as compared to control (Fig. 7).
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Table 2
Effect of Panax quinquefolium and its modulation by L-NAME and L-arginine on oxidative stress parameters. Values are expressed as mean ± SEM. For statistical significance, aP b 0.05 as
compared to shamgroup; bP b 0.05 as compared toOBX control; cP b 0.05 as compared to OBX + PQ (100); dP b 0.05 as compared to OBX + L-NAME (10) (one-wayANOVA followed by
Tukey's test). OBX, olfactory bulbectomy; PQ, Panax quinquefolium; L-ARG, L-arginine.

Treatment (mg/kg) LPO (nmol of MDA/mg pr) GSH (μmol of GSH/mg pr) Nitrite (μg/ml) Catalase (μmol of H2O2 hydrolysed/min/mg pr) SOD (μ/mg pr)

Sham
Cerebral cortex 0.152 ± 0.03 0.075 ± 0.005 324.4 ± 9.2 0.77 ± 0.06 1.68 ± 0.55
Hippocampus 0.107 ± 0.06 0.052 ± 0.002 242.2 ± 5.5 0.54 ± 0.05 1.38 ± 0.42

OBX control
Cerebral cortex 0.560 ± 0.08a 0.016 ± 0.003a 783.7 ± 14.6a 0.19 ± 0.03a 0.52 ± 0.02a

Hippocampus 0.370 ± 0.04a 0.011 ± 0.001a 510.2 ± 10.2a 0.14 ± 0.04a 0.32 ± 0.02a

OBX + PQ (50)
Cerebral cortex 0.529 ± 0.09 0.021 ± 0.009 662.4 ± 9.2b 0.28 ± 0.04 0.61 ± 0.05
Hippocampus 0.342 ± 0.06 0.018 ± 0.002 461.0 ± 8.8 0.21 ± 0.04 0.41 ± 0.04

OBX + PQ (100)
Cerebral cortex 0.406 ± 0.04b 0.038 ± 0.004b 587.2 ± 6.4b 0.41 ± 0.02b 0.82 ± 0.05b

Hippocampus 0.285 ± 0.06b 0.026 ± 0.001 362.8 ± 5.8b 0.31 ± 0.01b 0.78 ± 0.08b

OBX + PQ (200)
Cerebral cortex 0.258 ± 0.02b,c 0.057 ± 0.002b,c 454.2 ± 8.7b,c 0.63 ± 0.06b,c 1.28 ± 0.04b,c

Hippocampus 0.192 ± 0.01b,c 0.044 ± 0.004b,c 312.4 ± 6.7b 0.47 ± 0.05b,c 1.01 ± 0.04b,c

OBX + L-NAME (10) + PQ (100)
Cerebral cortex 0.272 ± 0.08c,d 0.055 ± 0.003c,d 468.0 ± 7.9c,d 0.59 ± 0.04c,d 1.26 ± 0.08c,d

Hippocampus 0.196 ± 0.04c,d 0.043 ± 0.002c,d 325.8 ± 6.4b 0.45 ± 0.01c,d 0.98 ± 0.03c,d

OBX + L-ARG (100) + PQ (100)
Cerebral cortex 0.511 ± 0.03c 0.020 ± 0.002c 647.2 ± 9.8c 0.33 ± 0.03 0.64 ± 0.06c

Hippocampus 0.330 ± 0.05c 0.019 ± 0.001c 472.1 ± 9.5c 0.22 ± 0.04c 0.43 ± 0.05c

OBX + L-NAME (10)
Cerebral cortex 0.548 ± 0.08 0.018 ± 0.007 762.2 ± 11.2 0.22 ± 0.05 0.56 ± 0.05
Hippocampus 0.362 ± 0.01 0.013 ± 0.002 494.1 ± 8.2 0.16 ± 0.09 0.31 ± 0.04

OBX + L-ARG (100)
Cerebral cortex 0.576 ± 0.04 0.013 ± 0.004 785.7 ± 12.4 0.14 ± 0.03 0.50 ± 0.06
Hippocampus 0.386 ± 0.06 0.009 ± 0.001 521.2 ± 11.8 0.11 ± 0.01 0.28 ± 0.08
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4. Discussion

Olfactory bulbectomy (OBX) is a well studied and widely used ex-
perimental model of depression, results in several neurobiological and
behavioral deficits that resemble key features of human depression
[33] and are reversed by several pharmacotherapeutic interventions [2].

The present study was designed to evaluate the protective effects of
P. quinquefolium (PQ) against olfactory bulbectomy induced-depression
Fig. 4. Effect of Panax quinquefolium and its modulation by L-NAME and L-arginine
on serum corticosterone levels. Values are expressed as mean ± SEM. For statistical sig-
nificance, aP b 0.05 as compared to sham group; bP b 0.05 as compared to OBX control;
cP b 0.05 as compared to OBX+ PQ (100); dP b 0.05 as compared to OBX+ L-NAME (one-
way ANOVA followed by Tukey's test). OBX, olfactory bulbectomy; PQ, P. quinquefolium;
L-ARG, L-arginine.
like behavior and to study the possible involvement of nitric oxide path-
way in this regard. In our study, we observed a characteristic hyperac-
tivity in the open field paradigm and an increased immobility time in
the forced swim test in OBX rats; thereby showing the behavioral symp-
toms associated with the model of depression. These results are consis-
tent with the previous reports [2]. These behavioral deficits induced by
olfactory bulbectomy were significantly reduced in a dose-dependent
manner on daily treatment with PQ. Our findings are supported by re-
sults from various laboratories [34,35]. Recently, Xu et al. [34] demon-
strated antidepressant-like effect of an intestinal metabolite of ginseng,
20(S)-protopanaxadiol in rat olfactory bulbectomy depression model.
In another study by Kim et al. [35], treatment with ginsenoside Re
decreased immobilization stress induced immobility period in forced
swim test. Olfactory bulbectomy is also associated with deficits in daily
intake of sucrose solution [36]. Such changes in behavior are proposed
to reflect anhedonic features (loss of interest or pleasure) of the OBX
syndrome, which is also a characteristic feature of endogenous depres-
sion [4]. In the present investigation OBX rats showed significant reduc-
tion in sucrose consumptionwhen compared to shamgroup, indicating a
state of anhedonia. Further, PQ significantly restored the decrease in su-
crose preference; thereby showing its antidepressant like effects. These
results are consistent with the previous study on thismodel [37]. Similar
to many antidepressants, PQ showed excellent effect on reversing the
behavior deficits associated with olfactory bulbectomy rat model.

Ablation of olfactory bulbs in rat is known to activate hypothalamic–
pituitary–adrenal (HPA) axis and increases the levels of blood cortico-
sterone [38]. In our study, removal of olfactory bulbs resulted in a signif-
icant rise in the serum corticosterone levels indicating hyperactivity of
the HPA axis [39]. It is well reported that increase in the corticosterone
levels may lead to the behavioral alterations including depression-like
behavior [40]. Recently, studies from Kumar et al. [41] showed that at-
tenuation of corticosterone release through blockage of calcium
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Fig. 5. Effect of Panax quinquefolium and itsmodulation by L-NAME and L-arginine onTNF-α activity. Values are expressed asmean±SEM. For statistical significance, aP b 0.05 as compared
to shamgroup; bP b 0.05 as compared to OBX control; cP b 0.05 as compared to OBX+PQ (100); dP b 0.05 as compared to OBX+ L-NAME (one-wayANOVA followedby Tukey's test). OBX,
olfactory bulbectomy; PQ, P. quinquefolium; L-ARG, L-arginine.
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channels was beneficial in the restoration of behavioral alterations
against immobilization stress. In the current study, treatment with PQ
significantly restored the levels of serum corticosterone and the data
is supported by findings from Xu et al. [34].

Oxidative stress is an emerging focus of research and is known to
play an important role in the pathogenesis of depression [42]. Olfactory
bulbectomy is reported to be associated with production of oxygen re-
active species and saturation of antioxidant enzymes [43]. Clinical re-
ports have also suggested a decrease in lipid peroxidation and levels
of antioxidant enzymes in patients suffering from depression which
later returned to normal on antidepressant treatment [44]. Similarly,
in our study we found a significant increase in the levels of lipid perox-
ide and a marked reduction in the activity of reduced glutathione, cata-
lase and superoxide dismutase in both cerebral cortex and hippocampal
region of OBX rats. Our results are corroborated by findings of Tasset
et al. [43] who found an increased oxidative and cell damage following
olfactory bulbectomy in rats. Besides the enhanced level of oxygen
Fig. 6. Effect of Panax quinquefolium and its modulation by L-NAME and L-arginine on caspase-3
pared to sham group; bP b 0.05 as compared to OBX control; cP b 0.05 as compared to OBX + P
test). OBX, olfactory bulbectomy; PQ, P. quinquefolium; L-ARG, L-arginine.
reactive species, nitrite levels were also markedly increased in both
the brain areas of OBX rats. Peroxynitrite is a harmful oxidant which re-
sults due to reaction between superoxide and nitric oxide, and causes
oxidative modification of proteins leading to neuronal cell death [45].
This is further confirmed from clinical studies on depressed patients
which showed elevated plasma nitrate levels [46]. Chronic treatment
with PQ significantly reversed OBX induced alterations in the levels of
lipid peroxide and antioxidants enzymes along with attenuation of en-
hanced nitrite levels in both the brain regions of OBX rats. These obser-
vations are supported by findings from Korivi et al. [47] who found that
ginsenoside-Rg1 can provide significant protection against exhaustive
exercise by mitigation of several oxidative and nitrosative stress
markers.

Apart from increased oxidative and nitrosative stress, we also found
a significant enhancement in themarkers of inflammation (TNF-α) and
apoptosis (caspase-3) in both the cerebral cortex and hippocampal re-
gions of OBX rats, suggesting neuro-inflammation induced apoptosis.
activity. Values are expressed asmean± SEM. For statistical significance, aP b 0.05 as com-
Q (100); dP b 0.05 as compared to OBX + L-NAME (one-way ANOVA followed by Tukey's
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Fig. 7. Effect of Panax quinquefolium and itsmodulation by L-NAME and L-arginine on BDNF levels. Values are expressed asmean±SEM. For statistical significance, aP b 0.05 as compared to
sham group; bP b 0.05 as compared to OBX control; cP b 0.05 as compared to OBX+ PQ (100); dP b 0.05 as compared to OBX+ L-NAME (one-way ANOVA followed by Tukey's test). OBX,
olfactory bulbectomy; PQ, P. quinquefolium; L-ARG, L-arginine.
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Earlier, reports suggested that olfactory bulbectomy is linked with the
generation of pro-inflammatory cytokines like TNF-α and IL-6 [48].
Studies fromHall andMacrides [49] found neuronal cell death (apopto-
sis) in different brain regions following olfactory bulbectomy. Our ob-
servations are also supported by findings from Song et al. [50], who
found a decrease in synthesis of nerve growth factor due to neuro-
inflammatory response which caused neuronal death and lead to be-
havioral deficits in rat model of olfactory bulbectomy. Studies from
Nesterova et al. [51] reported a significant degeneration in neurons of
the temporal cortex and hippocampus following olfactory bulbectomy.
In the current study, PQ treatment attenuated both TNF-α and
caspase-3 levels in a dose-dependentmannerwhich attributes to its po-
tent anti-inflammatory properties. Our findings are supported by obser-
vations from Lee et al. [52] who found a significant inhibition of
neuroinflammatory markers like TNF-α, IL-6, and IL-1β on treatment
with ginsenoside Rb1 in mice. Recently, ginsenoside Rb1 has shown to
exhibit neuroprotective effects on PC12 cells by preventing caspase-3
dependent apoptosis [53].

Brain derived neurotrophic factor (BDNF) is a member of the
neurotrophin family and is involved in cell proliferation, differentiation
and survival in the central nervous system [54]. The neurotrophin hy-
pothesis of depression predicts that a reduction in BDNF is involved in
the pathogenesis of depression [55]. In the present study, we observed
a significant decrease in BDNF levels in OBX rat, thereby showing a re-
duced neurogenesis; a pathogenic mechanism in depression. Koo et al.
[6] have reported a decreased brain neurogenesis following olfactory
bulbectomy. However, treatmentwith PQ potentiated the neurogenesis
process and increased BDNF levels in different regions of OBX rats.
These results are consistent with the findings from Jiang et al. [56]
who found activation of the BDNF signaling pathway and up-
regulation of hippocampal neurogenesis on treatmentwithGinsenoside
Rg1. All these observations suggest that PQ could be useful in the man-
agement of behavioral, biochemical and molecular alterations associat-
ed with OBX-induced depression; however its mode of action is not yet
clear. To further explore the specific mechanism of PQ, we combined its
sub-effective dose with L-arginine (nitric oxide precursor) and L-NAME
(nitric oxide synthase inhibitor) to elucidatewhethermodulation of NO
mechanism is involved in the protective effects of PQ against depression
like behavior associated with olfactory bulbectomy.

Nitric oxide (NO), synthesized from L-arginine by nitric oxide syn-
thase (NOS) has been suggested to play an important role in the
pathogenesis ofmajor depression [57]. NO is as an endogenous activator
of guanylyl cyclase and increases the levels of cyclic guanosine
monophosphate (cGMP) [58]. Modulation of cGMP levels by nitric
oxide is known to produce depression like state [59]. Reports from
Harkin et al. [19] suggest that pretreatment with L-arginine attenuated
the antidepressant effects of imipramine while pretreatment with NG-
nitro-L-arginine (an NOS inhibitor) augmented the behavioral effect of
imipramine in the forced swim test. These results show that inhibition
of nitric oxide synthase (NOS) is useful in promoting the efficacy of sev-
eral antidepressants [19]. The levels of cGMP are controlled not only by
guanylyl cyclase, but also by phosphodiesterase 5 (PDE5), which cata-
lyzes the hydrolysis of the cGMP and cAMP to yield GMP and AMP, re-
spectively [60]. Thus the time and extent of cGMP bioavailability are
confirmed by the activity of PDE5which augments the biological effects
mediated by NO. Studies from Cashen et al. [61] suggested that nNOS
isoform is crucial for the action of PDE5 inhibitors since treatment
with sildenafil failed to correct the erectile function in mice lacking
the nNOS. Thus, NOS inhibitors are defined as a novel class of therapeu-
tics for the treatment of major depressive disorders by reducing cGMP
and NO levels [62]. Similarly, in our current study we witnessed that
pretreatment of L-arginine (a substrate of NOS) with sub-effective
dose of PQ reversed the protective effect of PQ. Further, L-NAME (a
non selective inhibitor of NOS) pretreatment potentiated the protective
effect of PQ, suggesting the involvement of nitric oxidemechanism in its
protective effects. However, the entire mechanism of nitric oxide cas-
cade in the beneficial effect of PQ is still far from elucidation. From the
current study it seems that modified nitrergic tone may have played a
functional role in the protective effect of PQ and that in future nitric
oxide modulators could prove to be a potent combination mechanism
to enhance the therapeutic efficacy of herbal drugs like PQ.
5. Conclusion

In conclusion, the findings of the present study raised the possibility
that: (i) Olfactory bulbectomy in rats caused behavioral, biochemical
and molecular alterations along with oxidative–nitrosative damage
which lead to depression like behavior; (ii) PQ has shown the protective
effects against OBX induced alterations; and (iii) protective effect of PQ
could bemediated throughmodulation of nitric oxide pathway. Togeth-
er we have tried to prove that co-administration of PQ with NOS

image of Fig.�7


150 P. Rinwa, A. Kumar / Physiology & Behavior 129 (2014) 142–151
inhibitors may provide a useful natural adjuvant to establish its clinical
effectiveness in patients suffering from depression.

Acknowledgment

Authors gratefully acknowledge the financial support of Indian
Council of Medical Research (ICMR), New Delhi to Mr. Puneet Rinwa
for carrying out this work. Authors would also like to thank Dr.
Thirunavukkarasu Angappan, Deputy General Manager at Panacea
Biotec Ltd., Lalru for supply of rats for our experimental studies.

References

[1] Cryan JF, Mombereau C. In search of a depressed mouse: utility of models for study-
ing depression-related behavior in genetically modified mice. Mol Psychiatry
2004;9:326–57.

[2] Song C, Leonard BE. The olfactory bulbectomised rat as a model of depression.
Neurosci Biobehav Rev 2005;29:627–47.

[3] Breuer ME, Chan JSW, Oosting RS, Groenink L, Korte SM, Campbell U, et al. The triple
monoaminergic reuptake inhibitor DOV 216,303 has antidepressant effects in the rat
olfactory bulbectomy model and lacks sexual side effects. Eur Neuropsychopharmacol
2008;18:908–16.

[4] Willner P, Towell A, Sampson D, Sophokleous S,Muscat R. Reduction of sucrose pref-
erence by chronic unpredictable mild stress, and its restoration by a tricyclic antide-
pressant. Psychopharmacology (Berl) 1987;93:358–64.

[5] Koliatsos VE, Dawson TM, Kecojevic A, Zhou Y,Wang YF, Huang KX, et al. Cortical in-
terneurons become activated by deafferentation and instruct the apoptosis of pyra-
midal neurons. Proc Natl Acad Sci U S A 2004;101:14264–9.

[6] Koo JW, Russo SJ, Ferguson D, Nestler EJ, Duman RS. Nuclear factor-kappa B is a crit-
ical mediator of stress-impaired neurogenesis and depressive behavior. Proc Natl
Acad Sci U S A 2010;107:2669–74.

[7] Scholey A, Ossoukhova A, Owen L, Ibarra A, Pipingas A, He K, et al. Effects of
American ginseng (Panax quinquefolius) on neurocognitive function: an acute,
randomised, double-blind, placebo-controlled, crossover study. Psychopharmacolo-
gy (Berl) 2010;212:345–56.

[8] Li J, Huang M, Teoh H, Man RY. Panax quinquefolium saponins protects low density
lipoproteins from oxidation. Life Sci 1999;64:53–62.

[9] Dang H, Chen Y, Liu X, Wang Q, Wang L, Jia W, et al. Antidepressant effects of
ginseng total saponins in the forced swimming test and chronic mild stress
models of depression. Prog Neuropsychopharmacol Biol Psychiatry
2009;33:1417–24.

[10] Lee SH, Jung BH, Kim SY, Lee EH, Chung BC. The antistress effect of ginseng total sa-
ponin and ginsenoside Rg3 and Rb1 evaluated by brain polyamine level under im-
mobilization stress. Pharmacol Res 2006;54:46–9.

[11] Lian XY, Zhang Z, Stringer JL. Protective effects of ginseng components in a rodent
model of neurodegeneration. Ann Neurol 2005;57:642–8.

[12] Sheikh N, Ahmad A, Siripurapu KB, Kuchibhotla VK, Singh S, Palit G, et al. Effect of
Bacopa monniera on stress induced changes in plasma corticosterone and brain
monoamines in rats. J Ethnopharmacol 2007;111:671–6.

[13] Wang C, Li YZ, Wang XR, Lu ZR, Shi DZ, Liu XH, et al. Panax quinquefolium saponins
reduce myocardial hypoxia–reoxygenation injury by inhibiting excessive endoplas-
mic reticulum stress. Shock 2012;37:228–33.

[14] Lim JH, Wen TC, Matsuda S, Tanaka J, Maeda N, Peng H, et al. Protection of ischemic
hippocampal neurons by ginsenoside Rb1, a main ingredient of ginseng root.
Neurosci Res 1997;28:191–200.

[15] Esplugues JV. NO as a signalling molecule in the nervous system. Br J Pharmacol
2002;135:1079–95.

[16] Guimaraes FS, Beijamini V, Moreira FA, Aguiar DC, de Lucca ACB. Role of nitric oxide
in brain regions related to defensive reactions. Neurosci Biobehav Rev
2005;29:1313–22.

[17] Castillo J, Rama R, Davalos A. Nitric oxide-related brain damage in acute ischemic
stroke. Stroke 2000;31:852–7.

[18] Cahuana GM, Tejedo JR, Jimenez J, Ramirez R, Sobrino F, Bedoya FJ, et al. Nitric oxide-
induced carbonylation of Bcl-2, GAPDH and ANT precedes apoptotic events in
insulin-secreting RINm5F cells. Exp Cell Res 2004;293:22–30.

[19] Harkin A, Connor TJ, Burns MP, Kelly JP. Nitric oxide synthase inhibitors augment the
effects of serotonin re-uptake inhibitors in the forced swimming test. Eur
Neuropsychopharmacol 2004;14:274–81.

[20] Wang D, An SC, Zhang X. Prevention of chronic stress-induced depression like be-
havior by inducible nitric oxide inhibitor. Neurosci Lett 2008;433:59–64.

[21] Dhir A, Kulkarni SK. Involvement of L-arginine-nitric oxide-cyclic guanosine
monophosphate pathway in the antidepressant-like effect of venlafaxine in mice.
Prog Neuropsychopharmacol Biol Psychiatry 2007;31:921–5.

[22] van Riezen H, Leonard BE. Effects of psychotropic drugs on the behavior and neuro-
chemistry of olfactory bulbectomized rats. Pharmacol Ther 1990;47:21–34.

[23] Bhagya V, Srikumar BN, Raju TR, Rao BS. Chronic escitalopram treatment
restores spatial learning, monoamine levels, and hippocampal long-term poten-
tiation in an animal model of depression. Psychopharmacology (Berl)
2011;214:477–94.

[24] Raghavendra V, Chopra K, Kulkarni SK. Brain renin angiotensin system (RAS) in
stress-induced analgesia and impaired retention. Peptides 1999;20:335–42.
[25] Porsolt RD, Le Pichon M, Jalfre M. Depression: a new animal model sensitive to an-
tidepressant treatments. Nature 1977;266:730–2.

[26] Wills ED. Mechanisms of lipid peroxide formation in animal tissues. Biochem J
1966;99:667–76.

[27] Green LC, Wagner DA, Glogowski J, Skipper PL, Wishnok JS, annenbaum SR, et al.
Analysis of nitrate, nitrite, and [15 N]nitrate in biological fluids. Anal Biochem
1982;126:131.

[28] Ellman GL, Courtney KD, Andres Jr V, Feather-Stone RM. A new and rapid colorimetric
determination of acetylcholinesterase activity. Biochem Pharmacol 1961;7:88–95.

[29] Kono Y. Generation of superoxide radical during autoxidation of hydroxylamine and
an assay for superoxide dismutase. Arch Biochem Biophys 1978;186:189–95.

[30] Luck H. Catalase. In: Bergmeyer HU, editor. Methods of enzymatic analysis. New
York: Academic Press; 1971. p. 885–93.

[31] Gornall AG, Bardawill CJ, David MM. Determination of serum proteins by means of
the biuret reaction. J Biol Chem 1949;177:751–66.

[32] Silber RH, Busch RD, Oslapas R. Practical procedure for estimation of corticosterone
or hydrocortisone. Clin Chem 1958;4:278–85.

[33] Masini CV, Holmes PV, Freeman KG, Maki AC, Edwards GL. Dopamine overflow is in-
creased in olfactory bulbectornized rats: an in vivo microdialysis study. Physiol
Behav 2004;81:111–9.

[34] Xu C, Teng J, ChenW, Ge Q, Yang Z, Yu C, et al. 20(S)-protopanaxadiol, an active gin-
seng metabolite, exhibits strong antidepressant-like effects in animal tests. Prog
Neuropsychopharmacol Biol Psychiatry 2010;34:1402–11.

[35] Kim YO, Kim HJ, Kim GS, Park HG, Lim SJ, Seong NS, et al. Panax ginseng
protects against global ischemia injury in rat hippocampus. J Med Food
2009;12:71–6.

[36] Kelly JP, Wrynn AS, Leonard BE. The olfactory bulbectomized rat as a model of de-
pression: an update. Pharmacol Ther 1997;74:299-16.

[37] Chambliss HO, Van Hoomissen JD, Holmes PV, Bunnell BN, Dishman RK. Effects of
chronic activity wheel running and imipramine on masculine copulatory behavior
after olfactory bulbectomy. Physiol Behav 2004;82:593–600.

[38] Van Hoomissen J, Kunrath J, Dentlinger R, Lafrenz A, Krause M, Azar A, et al. Cogni-
tive and locomotor/exploratory behavior after chronic exercise in the olfactory
bulbectomy animal model of depression. Behav Brain Res 2011;222:106–16.

[39] Song C, Kelly JP, Leonard BE. Alterations in immune and endocrine parameters fol-
lowing olfactory bulbectomy. Med Sci Res 1994;22:593–5.

[40] Busquet P, Nguyen NK, Schmid E, Tanimoto N, Seeliger MW, Ben-Yosef T, et al.
CaV1.3 L-type Ca2+ channels modulate depression-like behaviour in mice indepen-
dent of deaf phenotype. Int J Neuropsychopharmacol 2010;13:499-13.

[41] Kumar N, Singh N, Jaggi AS. Anti-stress effects of cilnidipine and nimodipine in im-
mobilization subjected mice. Physiol Behav 2012;105:1148–55.

[42] Eren I, Naziroglu M, Demirdas A, Celik O, Uguz AC, Altunbaşak A, et al. Venlafaxine
modulates depression-induced oxidative stress in brain and medulla of rat.
Neurochem Res 2007;32:497-05.

[43] Tasset I, Medina FJ, Pena J, Jimena I, Munoz MD, Salcedo M, et al. Olfactory
bulbectomy induced oxidative and cell damage in rat: protective effect of melatonin.
Physiol Res 2010;59:105–12.

[44] Bilici M, Efe H, Koroglu MA, Uydu HA, Bekaroglu M, Değer O, et al. Antioxidative en-
zyme activities and lipid peroxidation in major depression: alterations by antide-
pressant treatments. J Affect Disord 2001;64:43–51.

[45] Murray J, Taylor SW, Zhang B, Ghosh SS, Capaldi RA. Oxidative damage to mitochon-
drial complex I due to peroxynitrite: identification of reactive tyrosines by mass
spectrometry. J Biol Chem 2003;278:37223–30.

[46] Suzuki E, Yagi G, Nakaki T, Kanba S, Asai M. Elevated plasma nitrate levels in depres-
sive states. J Affect Disord 2001;63:221–4.

[47] Korivi M, Hou CW, Huang CY, Lee SD, Hsu MF, Yu SH, et al. Ginsenoside-Rg1 protects
the liver against exhaustive exercise-induced oxidative stress in rats. Evid Based
Complement Alternat Med 2012;2012:932165.

[48] Blomster LV, Vukovic J, Hendrickx DAE, Jung S, Harvey AR, Filgueira L, et al.
CX(3)CR1 deficiency exacerbates neuronal loss and impairs early regenerative
responses in the target-ablated olfactory epithelium. Mol Cell Neurosci
2011;48:236–45.

[49] Hall RD, Macrides F. Olfactory bulbectomy impairs the rat's radial-maze behavior.
Physiol Behav 1983;30:797-03.

[50] Song C, Zhang XY, Manku M. Increased phospholipase A2 activity and inflammatory
response but decreased nerve growth factor expression in the olfactory
bulbectomized rat model of depression: effects of chronic ethyl-eicosapentaenoate
treatment. J Neurosci 2009;29:14–22.

[51] Nesterova IV, Bobkova NV, Medvinskaya NI, Samokhin AN, Aleksandrova IY.
Morphofunctional state of neurons in the temporal cortex and hippocampus in rela-
tion to the level of spatial memory in rats after ablation of the olfactory bulbs.
Neurosci Behav Physiol 2008;38:349–53.

[52] Lee JS, Song JH, Sohn NW, Shin JW. Inhibitory effects of ginsenoside Rb1 on neuroin-
flammation following systemic lipopolysaccharide treatment in mice. Phytother Res
2012. http://dx.doi.org/10.1002/ptr.4852 [Epub ahead of print].

[53] Hashimoto R, Yu J, Koizumi H, Ouchi Y, Okabe T. Ginsenoside Rb1 prevents MPP(+)-
induced apoptosis in PC12 cells by stimulating estrogen receptors with consequent
activation of ERK1/2, Akt and inhibition of SAPK/JNK, p38 MAPK. Evid Based Com-
plement Alternat Med 2012;2012:693717.

[54] Kimpton J. The brain derived neurotrophic factor and influences of stress in depres-
sion. Psychiatr Danub 2012;24:S169–71.

[55] Licinio J, Wong M. Brain-derived neurotrophic factor (BDNF) in stress and affective
disorders. Mol Psychiatry 2002;7:519.

[56] Jiang B, Xiong Z, Yang J, WangW,Wang Y, Hu ZL, et al. Antidepressant-like effects of
ginsenoside Rg1 are due to activation of the BDNF signalling pathway and
neurogenesis in the hippocampus. Br J Pharmacol 2012;166:1872–87.

http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0005
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0005
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0005
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0010
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0010
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0015
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0015
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0015
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0015
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0020
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0020
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0020
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0025
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0025
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0025
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0030
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0030
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0030
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0035
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0035
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0035
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0035
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0040
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0040
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0045
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0045
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0045
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0045
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0050
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0050
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0050
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0055
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0055
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0060
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0060
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0060
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0065
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0065
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0065
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0070
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0070
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0070
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0075
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0075
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0080
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0080
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0080
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0085
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0085
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0090
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0090
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0090
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0095
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0095
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0095
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0100
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0100
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0105
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0105
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0105
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0105
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0105
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0110
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0110
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0115
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0115
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0115
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0115
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0120
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0120
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0125
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0125
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0130
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0130
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0305
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0305
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0305
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0140
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0140
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0145
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0145
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0310
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0310
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0150
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0150
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0155
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0155
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0160
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0160
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0160
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0165
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0165
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0165
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0170
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0170
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0170
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0175
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0175
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0180
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0180
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0180
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0185
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0185
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0185
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0190
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0190
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0195
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0195
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0195
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0195
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0195
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0200
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0200
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0205
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0205
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0205
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0210
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0210
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0210
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0215
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0215
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0215
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0220
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0220
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0220
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0225
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0225
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0230
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0230
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0230
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0235
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0235
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0235
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0235
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0240
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0240
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0245
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0245
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0245
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0245
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0250
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0250
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0250
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0250
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0255
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0255
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0255
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0255
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0260
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0260
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0265
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0265
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0270
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0270
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0270


151P. Rinwa, A. Kumar / Physiology & Behavior 129 (2014) 142–151
[57] Moreno J, Gaspar E, Lopez-Bello G, Juarez E, Alcazar-Leyva S, González-Trujano E,
et al. Increase in nitric oxide levels and mitochondrial membrane potential in plate-
lets of untreated patients with major depression. Psychiatry Res 2013;S0165-
81(12):00847-5.

[58] Snyder SH, Bredt DS. Nitric oxide as a neuronal messenger. Trends Pharmacol Sci
1991;12:125–8.

[59] Kaster MP, Ferreira PK, Santos ARS, Rodrigues ALS. Effect of potassium channel in-
hibitors in the forced swimming test: possible involvement of L-arginine-nitric
oxide-soluble guanylate cyclase pathway. Behav Brain Res 2005;165:204–9.
[60] Denninger JW, Marletta MA. Guanylate cyclase and the NO/cGMP signaling path-
way. Biochim Biophys Acta 1999;1411:334–50.

[61] Cashen DE, MacIntyre DE, Martin WJ. Effects of sildenafil on erectile activity in
mice lacking neuronal or endothelial nitric oxide synthase. Br J Pharmacol
2002;136:693–700.

[62] Heiberg IL, Wegener G, Rosenberg R. Reduction of cGMP and nitric oxide has
antidepressant-like effects in the forced swimming test in rats. Behav Brain Res
2002;134:479–84.

http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0275
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0275
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0275
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0275
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0280
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0280
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0285
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0285
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0285
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0285
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0285
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0290
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0290
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0295
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0295
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0295
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0300
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0300
http://refhub.elsevier.com/S0031-9384(14)00107-3/rf0300

	Panax quinquefolium involves nitric oxide pathway in olfactory bulbectomy rat model
	1. Introduction
	2. Materials and methods
	2.1. Animals
	2.2. Surgical procedure (olfactory bulb ablation)
	2.3. Drugs and treatment schedule
	2.4. Behavioral assessment
	2.4.1. Sucrose preference test
	2.4.2. Open field exploration
	2.4.3. Immobility period

	2.5. Biochemical estimations
	2.5.1. Lipid peroxidation
	2.5.2. Nitrite
	2.5.3. Reduced glutathione
	2.5.4. Superoxide dismutase
	2.5.5. Catalase
	2.5.6. Protein

	2.6. Serum corticosterone estimations
	2.6.1. Preparation of serum
	2.6.2. Corticosterone assessment

	2.7. Molecular estimations
	2.7.1. BDNF and TNF-α ELISA
	2.7.2. Caspase-3 colorimetric assay

	2.8. Statistical analysis

	3. Results
	3.1. Effects of P. quinquefolium (PQ) and its modulation by l-NAME or l-arginine on sucrose preference test
	3.2. Effects of P. quinquefolium (PQ) and its modulation by l-NAME or l-arginine in open field performance task
	3.3. Effects of P. quinquefolium (PQ) and its modulation by l-NAME or l-arginine on immobility period
	3.4. Effect of P. quinquefolium (PQ) and its modulation by L-NAME orL-arginine on lipid peroxidation (MDA), reduced glutathione (GSH), nitriteconcentration, superoxide dismutase (SOD) and catalase enzyme levels
	3.5. Effect of P. quinquefolium (PQ) and its modulation by l-NAME or l-arginine on serum corticosterone (CORT) levels
	3.6. Effect of P.�quinquefolium (PQ) and its modulation by l-NAME or l-arginine on brain tissue necrosis factor (TNF-α) and...
	3.7. Effects of P. quinquefolium (PQ) and its modulation by l-NAME or l-arginine on brain derived neurotrophic factor (BDNF) levels

	4. Discussion
	5. Conclusion
	Acknowledgment
	References


