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Abstract
Rationale Gypenosides have been reported to produce neuro-
protective effects and increase monoamine neurotransmitter
levels in the brain.
Objective Considering that depression is involved in mono-
amine reduction, this study evaluated the antidepressant-like
effects of gypenosides in mice exposed to chronic unpredict-
able mild stress (CUMS).
Methods The sucrose preference test and forced swimming
test were performed after administration of gypenosides (at
25, 50, or 100 mg/kg) for 4 weeks. Hippocampal brain-
derived neurotrophic factor (BDNF) and its downstream tar-
gets were analyzed by western blot. Additionally,

hippocampal neuronal proliferation was measured by
immunohistochemistry.
Results Four-week treatment with fluoxetine (20 mg/kg) and
gypenosides (at either 50 or 100 mg/kg) increased sucrose
preference and decreased the immobility time inmice exposed
to CUMS. In addition, gypenosides (at either 50 or 100 mg/kg)
also increased BDNF expression and neuronal proliferation in
the hippocampus of CUMS animals. Further, we showed that
treating CUMS mice with K252a, which is an inhibitor of the
BDNF receptor TrkB, blocked the effects of gypenosides
(100 mg/kg), including behavioral improvements, neuronal
proliferation, and up-regulation of p-TrkB, p-ERK, and p-Akt
proteins.
Conclusions This study demonstrates that gypenosides exhib-
it antidepressant-like effects in mice, which may be mediated
by activation of the BDNF-ERK/Akt signaling pathway in the
hippocampus.
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Introduction

Depression is a mood disorder with a high lifetime prevalence
and a high rate of suicide, and depression results in substantial
personal suffering and is a major economic burden (Pincus
and Pettit 2001; Kessler et al. 2003). However, the neurobiol-
ogy of depression is not clear. Monoaminergic deficiency and
hyperactivity of the hypothalamic-pituitary-adrenal (HPA) ax-
is have been shown to be involved in early observations of the
pathogenesis of depression, but recent studies have indicated
that neurotrophin may also play a critical role in the pathogen-
esis and treatment of depression (Angelucci et al. 2005).
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Brain-derived neurotrophic factor (BDNF), which is
the most prominent neurotrophic factor in the brain, can
bind with its cognate receptor, tropomyosin-related kinase
B (TrkB), to activate BDNF-TrkB signaling (Lee and Kim
2010). Early studies have indicated that BDNF can pro-
duce an antidepressant response and promote neuronal
differentiation, maturation, and survival (Mattson et al.
2004). Clear evidence has demonstrated that serum
BDNF levels can be significantly decreased in major de-
pressive patients; however, antidepressant treatment has
been shown to up-regulate BDNF in the hippocampus
(Duman 2004; Monteleone et al. 2008; Sen et al. 2008).
Additionally, BDNF-TrkB downstream signaling, includ-
ing MEK/ERK and PI3K-Akt pathways, can modulate
neurotransmitter release and postsynaptic responses, and
these functions are closely associated with antidepressant
exposure (Duman and Voleti 2012; Li and Keifer 2012;
Numakawa et al. 2013). However, behavioral responses to
antidepressants have been abolished in animals in which
BDNF-TrkB signaling is inhibited (Autry et al. 2011).
Thus, these results suggest that BDNF plays a critical role
in the molecular mechanisms of antidepressants.

Gypenosides, which are the saponin extracts isolated from
the Gynostemma pentaphyllum plant, effect many pharmaco-
logical activities in vivo and in vitro. Gypenosides are an
attractive natural product because no mortality or abnormali-
ties have been observed after acute and 90-day subchronic
treatment with gypenosides in rats (Chiranthanut et al.
2013). Evidence has indicated that diseases involving the cen-
tral nervous system can be alleviated by treatment with
gypenosides. For example, gypenosides have had neuropro-
tective effects on dopaminergic neurons and cortical cells
in vitro (Wang et al. 2010b). Studies in vivo have also revealed
that gypenosides can increase cell proliferation in the
subventricular zone of rats induced by middle cerebral artery
occlusion or ethanol (Wang et al. 2014). Gypenosides have
also been shown to reduce the activation of inflammatory
astrocytes in cerebral hypoperfusion rats (Zhang et al. 2011)
and to exhibit anti-stress properties in rodents induced by
chronic electric footshock stress or 6-hydroxydopamine
(Choi et al. 2013). Notably, gypenosides have been found to
increase the levels of monoamine neurotransmitter in the brain
(Shin et al. 2014). Studies have also shown that gypenoside
administration rescues the diminished levels of serotonin and
dopamine that are induced by the 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine model of Parkinson’s disease and induced
by the chronic electric footshock stress model of anxiety dis-
order. Because monoamine neurotransmitter concentrations
are reduced in depression and because the known clinical
antidepressants can increase the levels of monoamine neuro-
transmitters (Wang et al. 2013), it is implied that the mono-
amine up-regulation activity of gypenosides might exert po-
tent antidepressant-like effects.

Animal models are used as an effective method to
study the molecular pathogenesis of depression and the
effects of antidepressants (Krishnan and Nestler 2011).
Chronic unpredictable mild stress (CUMS) is a well-
validated animal model, which can make rodents both
have depressive behavior and symptoms and reflect bio-
chemical alterations compared with control animals.
Further, mice exposed to CUMS are commonly used to
evaluate the mechanisms of antidepressant drugs
(Malberg et al. 2000). In the present study, we investigat-
ed whether gypenosides displayed antidepressant-like ef-
fects in CUMS mice that were analyzed by the sucrose
preference test and forced swimming test. Further, to ex-
plore the potential neurotrophic role of gypenosides,
BDNF and its downstream signaling pathways were also
assessed.

Materials and methods

Animals

MaleICRmice(24 ± 2g;5weeksold)werepurchasedfromthe
Laboratory Animal Centre, Fujian Medical University in
Fujian Province of PRChina.Animalswere housed eight per
cage (320 × 180 × 160mm) under a normal 12 h/12 h light to
darkschedulewithlightsonat07:00A.M.Animalswereallowed
toadjust to thehousingconditionsbefore experiments began.
Ambienttemperatureandrelativehumidityweremaintainedat
22 ± 2°Candat55 ± 5%, respectively.Throughout the study,
animals were given standard chow and water ad libitum. All
procedureswere performed in accordancewith the published
guidelinesof theChinaCouncilonAnimalCare (Regulations
for the Administration of Affairs Concerning Experimental
Animals, approved by the State Council on 31 October 1988
and promulgated by Decree No. 2 of the State Science and
TechnologyCommissionon14November1988).

Drugs and reagents

Standardized gypenosides (purity >98%, confirmed by high-
performance liquid chromatography analysis) were purchased
from Ankang Chia Tai Pharmaceutical Co., Ltd (Ankang,
China). Fluoxetine hydrochloride was purchased from
Sigma-Aldrich Co. (St. Louis, MO, USA). K252a was pur-
chased from Alomone Laboratories (Jerusalem, Israel).

Drug administration

To evaluate the antidepressant-like effects and BDNF-related
activity of gypenosides, 100 animals were divided into two
sets of 50 animals (n = 5 per group) after sucrose training. Set
2 was tested 1 day later than set 1; otherwise, the experimental
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procedure was the same for both animal sets: the Control/
CUMS-vehicle group (0.9 % saline containing 0.3 %
carboxymethyl cellulose, p.o.), the Control/CUMS-
fluoxetine group (20 mg/kg of fluoxetine dissolved in 0.9 %
saline containing 0.3 % carboxymethyl cellulose, p.o.), and
the Control/CUMS groups that received 25, 50, or 100 mg/kg
gypenosides (dissolved in 0.9 % saline containing 0.3 %
carboxymethyl cellulose, p.o.).

To confirm that the BDNF signaling pathway is neces-
sary for the antidepressant-like effects of gypenosides, the
mice were randomly divided into five groups after sucrose
training (n = 10): the Control-vehicle group, the CUMS-
vehicle group, the CUMS-gypenosides group (100 mg/kg,
p.o.), the K252a group (25 μg/kg of K252a dissolved in
0.9 % saline containing 1 % DMSO), and the CUMS-
gypenosides + K252a group (100 mg/kg of gypenosides +
25 μg/kg of K252a). All animals were intraperitoneally
injected first with K252a or 0.9 % saline containing 1 %
DMSO 30 min before the administration of gypenosides
or 0.9 % saline containing 0.3 % carboxymethyl cellulose
(Wang et al. 2010a; Yi et al. 2014b). All drugs were ad-
ministered at a volume of 10 ml/kg body weight once
daily for the last 4 weeks of the experiment (Fig. 1).

CUMS

The CUMS procedure was obtained and followed from
previous literature (Yi et al. 2014a). Briefly, the weekly
stress paradigm consisted of food and water deprivation,
exposure to an empty water bottle, exposure to a soiled
cage, light/dark succession every 2 h, space reduction, a
45° cage tilt, overnight illumination, and predator sounds.
All stressors were applied individually and continuously
throughout the day and night. The control animals were
housed in a separate room and had no contact with the
stressed animals. To prevent habituation and to ensure the
unpredictability of the stressors, all stressors were ran-
domly scheduled over a 1-week period and were repeated
throughout the duration of the experiment. The body
weights of the mice were recorded once per week. On
the basis of their sucrose preference following 4 weeks
of CUMS, both stressed and control mice were divided
into matched subgroups.

Sucrose preference test

The sucrose preference test (SPT) procedure was obtained and
followed from previous literature (Yi et al. 2014a). Briefly,
before the test, mice were trained to adapt to a sucrose solution
(1 %,w/v): two bottles of sucrose solution were placed in each
cage for 24 h and then one bottle of sucrose solution was
replaced with water for 24 h. After the adaptation, the mice
were deprived of water and food for 24 h. The SPT was con-
ducted at 11:30 A.M. on the 57th day on which mice were
housed in individual cages and had free access to two bottles
containing sucrose solution and water, respectively. After 24 h
(11:30 A.M. on the 58th day), the volumes of the consumed
sucrose solution and water were recorded. Sucrose preference
was calculated using the formula as described below: Sucrose
preference = Sucrose consumption/(Water and Sucrose con-
sumption) × 100 %.

Forced swimming test

The forced swimming test was performed according to the
method described by Porsolt et al. (1977) with some modifi-
cations. After 24 h of the SPT, the forced swimming test was
conducted at 11:30 A.M. on the 59th day, and drugs were ad-
ministered 1 h before the forced swimming test. Briefly, mice
were individually placed in a glass cylinder (25 × 12 × 25 cm)
filled with water at 15 cm high (23 ± 2 °C). All animals were
forced to swim for 6 min, and the duration of immobility was
recorded during the final 4-min interval of the test. The im-
mobility period was regarded as the time spent by the mouse
floating in the water without struggling and making only the
necessary movements to keep its head above the water. Each
animal was used only once in this test. The test sessions were
recorded by a video camera and scored by a blinded observer.

Protein extraction and western blotting

Mice were sacrificed by decapitation after the forced swim-
ming test. Whole brains were rapidly removed and chilled in
an ice-cold saline solution. Hippocampus tissues were dissect-
ed on a cold surface and were immediately frozen in liquid
nitrogen. The tissue samples were stored at −80 °C until assay.

Tissue samples were homogenized in modified RIPA buff-
er followed by centrifugation at 1000×g for 5 min at 4 °C to
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remove nuclei and intact cells. The supernatant was then cen-
trifuged at 12,000×g for 20 min at 4 °C and the resulting
supernatant was collected. The protein concentration in the
final supernatant was determined by a Bradford protein assay
using bovine serum albumin as a standard. The proteins were
separated by SDS-polyacrylamide gel electrophoresis and
transferred to polyvinylidene difluoride membranes. The
membranes were blocked with 5 % (w/v) non-fat dried milk
in Tris-buffered saline containing 0.1 % Tween 20 (TBST)
and were incubated with the following antibodies in TBST
containing 5 % BSA: anti-BDNF (Santa Cruz; 1:500), anti-
TrkB (Cell Signaling Technology; 1:1000), anti-p-TrkB
(Bioworld Technology; 1:1000), anti-ERK (Cell Signaling
Technology; 1:1000), anti-p-ERK (Cell Signaling
Technology; 1:1000), anti-Akt (Cell Signaling Technology;
1:1000), anti-p-Akt (Cell Signaling Technology; 1:1000), or
GAPDH (Boster; 1:2000). After incubation, the membranes
were washed with TBST and were then incubated with a
horseradish peroxidase-conjugated anti-rabbit or anti-mouse
IgG secondary antibody (Boster; 1:2000) in 5 % non-fat dried
milk in TBST. After washing, the immunocomplexes were
detected using a Tanon 5200 Chemiluminescence Imaging
System. The images were subsequently subjected to densito-
metric analysis. The BDNF antibody was validated by adding
BDNF protein to PBS (Fig. 1S).

Brain extraction and immunohistochemistry

Mice were injected with BrdU (50 mg/kg, dissolved in 0.9 %
physiological saline twice per day for two successive days).
At 24 h after the last BrdU injection, the mice were immedi-
ately anesthetized with chloral hydrate (0.35 g/kg) and were
then sacrificed by intracardial perfusion with heparinized
0.9 % saline followed by ice-cold 4 % paraformaldehyde.
The brains were removed and postfixed with 4 % paraformal-
dehyde overnight and incubated with 30% sucrose solution in
PBS at 4 °C for 2 days.

Following fixation, 30-μm-thick coronal brain sections
were cut using a cryostat and were then mounted on slides.
Every fifth section was collected beginning from bregma co-
ordinate 1.70 mm through 2.57 mm according to a mouse
brain atlas. The sections were neutralized by incubating them
for 10 min in borate buffer. The anti-BrdU antibody was then
used as a primary antibody (1:5000) overnight at room tem-
perature. Subsequently, the sections were intermittently rinsed
with PBS and incubated with a biotinylated anti-rat IgG sec-
ondary antibody (1:200) followed by an ABC complex
(1:100) for 1 h at room temperature. BrdU-incorporated cells
were visualized with 0.02% 3,3′-diaminobenzidine tetrahy-
drochloride and 0.01 % hydrogen peroxide in 0.05 M PBS
for approximately 3 min. The number of BrdU-positive cells
in the dentate gyrus was counted. The data were obtained from
four mice (six sections in total per mouse) per group.

Statistical analyses

All data are expressed as the mean ± SD. The data were ana-
lyzed using a two-way or one-way ANOVA followed by a
Tukey post hoc test. A value of P <0.05 was considered to
be statistically significant for analysis.

Results

The effects of gypenosides on sucrose preference in mice

As shown in the Fig. 2a, CUMS induced a significant decrease
in the sucrose preference [F(1,18) = 8.222, P = 0.010]. Two-
way ANOVA only showed a significant stress effect
[F(1,90) = 5.258, P = 0.024]. The post hoc test showed that
the 4-week treatment with fluoxetine (20 mg/kg) and
gypenosides (at either 50 or 100 mg/kg) significantly in-
creased the sucrose preference (P = 0.039, P = 0.041, and
P = 0.024, respectively). Additionally, neither fluoxetine nor
gypenosides showed a significant alteration on sucrose pref-
erence in control groups.

Fig. 2 The effects of gypenosides on sucrose preference (a) and
immobility time (b) in mice (n = 10). #P < 0.05 and ##P < 0.01 versus
the Control-vehicle group. *P< 0.05 and **P< 0.01 versus the CUMS-
vehicle group
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The effects of gypenosides on the immobility time of mice
during the forced swimming test

As shown in Fig. 2b, CUMS induced a significant increase in
the immobility time [F(1,18) = 10.296, P = 0.005]. Only two-
way ANOVA showed that the interaction [F(4,90) = 2.663,
P = 0.038] was significant. The post hoc test revealed that
the 4-week treatment with fluoxetine (20 mg/kg) and
gypenosides (50 and 100 mg/kg) significantly decreased the
immobility time in the CUMS groups (P = 0.004, P = 0.020,
and P = 0.003, respectively). Additionally, neither fluoxetine
nor gypenosides significantly altered the immobility time in
the control groups.

The effects of gypenosides on the body weight of mice

As shown in Fig. 3, one-way ANOVA revealed that CUMS
did not significantly alter the body weight of mice
[F(1,18) = 3.826, P= 0.066 > 0.05]. Further, the stress effect
[F(1,90) = 3.320, P = 0.072 > 0.05], the treatment effect
[F(4,90) = 1.642, P= 0.171 > 0.05], and stress × treatment in-
teraction [F(4,90) = 0.717, P= 0.582 > 0.05] were not signif-
icant according to two-way ANOVA.

The effects of gypenosides on the hippocampal BDNF
expression in mice

As shown in Fig. 4, one-way ANOVA demonstrated that
CUMS induced a significant decrease in BDNF expression
in the hippocampus [F(1,8) = 7.797, P = 0.023]. Only the
two-way ANOVA indica ted tha t the in terac t ion
[F(4,40) = 2.634, P = 0.048] was significant. The post hoc test
revealed that the 4-week treatment with fluoxetine (20 mg/kg)
and gypenosides (100 mg/kg) significantly increased the hip-
pocampal BDNF expression in the CUMS groups (P = 0.039
and P = 0.026, respectively). Additionally, neither fluoxetine
nor gypenosides significantly altered the BDNF expression in
the control groups.

The effects of gypenosides on the hippocampal neuronal
proliferation in mice

As shown in Fig. 5, one-way ANOVA revealed that CUMS
induced a significant decrease in hippocampal neuronal pro-
liferation [F(1,6) = 19.951, P = 0.004]. Two-way ANOVA
showed that only the stress effect [F(1,30) = 6.337,
P = 0.017] was significant. The post hoc test indicated that
the 4-week treatment with fluoxetine (20 mg/kg) and
gypenosides (100 mg/kg) significantly increased the hippo-
campal neuronal proliferation in the CUMS groups
(P = 0.018 and P = 0.033, respectively). Additionally, neither
fluoxetine nor gypenosides significantly altered hippocampal
neuronal proliferation in the control groups.

The effects of K252a pretreatment
on the antidepressant-like effects of gypenosides

To further confirm whether BDNF signaling was necessary
for the antidepressant-like effects of gypenosides, we evaluat-
ed the effect of K252a pretreatment.

As shown in Fig. 6a, one-way ANOVA displayed that
CUMS induced a significant decrease in sucrose preference
[F(1,18) = 6.962, P = 0.017]. Two-way ANOVA showed that
the treatment effects [F(1,36) = 4.509, P = 0.041] and pretreat-
ment effects [F(1,36) = 5.805, P = 0.021] were significant. The
post hoc test revealed that the 4-week treatment with
gypenosides (100 mg/kg) increased the sucrose preference in
the CUMS groups (P = 0.051). In contrast, this antidepressant-
like effect was completely blocked by pretreatment with the
K252a antagonist (P = 0.033).

As shown in Fig. 6b, one-way ANOVA revealed that
CUMS induced a significant increase in the immobility time
[F(1,18) = 12.155, P = 0.003]. Two-way ANOVA showed that
only the treatment effect [F(1,36) = 4.203, P = 0.048] was sig-
nificant. The post hoc test revealed that the 4-week treatment
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with gypenosides (100 mg/kg) significantly decreased the im-
mobility time in the CUMS groups (P = 0.038). In contrast, this
antidepressant-like effect was completely blocked by pretreat-
ment with the K252a antagonist (P = 0.048).

The effects of K252a pretreatment on the BDNF-TrkB
signaling pathway induced by gypenosides

As shown in Fig. 7, one-way ANOVA revealed that CUMS
induced a significant decrease in the ratio of p-TrkB/TrkB
[F(1,8) = 16.663, P = 0.004]. Two-way ANOVA showed a
significant pretreatment effect [F(1,16) = 13.310, P = 0.002]
and interaction [F(1,16) = 11.112, P = 0.004]. The post hoc
test demonstrated that the 4-week treatment with gypenosides
(100 mg/kg) significantly increased the ratio of p-TrkB/TrkB
in the CUMS groups (P = 0.049). In contrast, this effect was
completely blocked by pretreatment with the K252a antago-
nist (P = 0.001).

As shown in Fig. 8a, one-way ANOVA indicated that
CUMS induced a significant decrease in the ratio of p-ERK/
ERK [F(1,8) = 13.355, P = 0.006]. Two-way ANOVA showed
a significant interaction [F(1,16) = 9.875, P = 0.006]. The post
hoc test revealed that the 4-week treatment with gypenosides
(100 mg/kg) significantly increased the ratio of p-ERK/ERK in
the CUMS groups (P = 0.011). In contrast, this effect was
completely blocked by pretreatment with the K252a antagonist
(P = 0.026).

As shown in Fig. 8b, one-way ANOVA indicated that
CUMS induced a significant decrease in the ratio of p-Akt/
Akt [F(1,8) = 9.099, P = 0.017]. Two-way ANOVA showed a
significant interaction [F(1,16) = 9.007, P = 0.009]. The post
hoc test revealed that the 4-week treatment with gypenosides
(100 mg/kg) significantly increased the ratio of p-Akt/AKT in
the CUMS groups (P = 0.018). In contrast, this effect was
completely blocked by pretreatment with the K252a antago-
nist (P = 0.031).

As shown in Fig. 9, one-way ANOVA revealed that CUMS
induced a significant decrease in hippocampal neuronal pro-
liferation [F(1,6) = 9.253, P = 0.023]. Two-way ANOVA
showed the significant effects of treatment [F(1,12) = 11.180,
P = 0.006] and pretreatment [F(1,12) = 6.452, P = 0.026]. The
post hoc test indicated that the 4-week treatment with
gypenosides (100 mg/kg) significantly increased hippocampal
neuronal proliferation in the CUMS groups (P = 0.013). In
contrast, this effect was completely blocked by pretreatment
with the K252a antagonist (P = 0.034).

Discussion

Our present study provided evidence to support the hypothesis
that gypenosides have antidepressant-like effects in mice ex-
posed to CUMS. Compared with the Control-vehicle mice,
the reduction in sucrose preference and the increase in the

Fig. 5 The effects of gypenosides on the number of BrdU positive cells
in mice (n = 4). a Control-vehicle group; b Control-fluoxetine group; c
Control-gypenosides (25 mg/kg) group; d Control-gypenosides (50 mg/
kg) group; e Control-gypenosides (100 mg/kg) group; f CUMS-vehicle

group; g CUMS-fluoxetine group; h CUMS-gypenosides (25 mg/kg)
group; i CUMS-gypenosides (50 mg/kg) group; j CUMS-gypenosides
(100 mg/kg) group. ##P < 0.01 versus the Control-vehicle group.
*P< 0.05 versus the CUMS-vehicle group
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immobility time in the CUMS-vehicle group indicated that we
successfully created a depression-like animal model. Further,
we showed that there was not a significant alteration in body
weights when comparing between each animal group.
Notably, chronic treatment with gypenosides (at either 50 or
100 mg/kg) for 4 weeks significantly reversed the reduction of
sucrose preference and the elevation of immobility time in
CUMS mice, which indicate that gypenosides have
antidepressant-like effects.

It is widely accepted that BDNF plays a crucial role in
antidepressant treatment. BDNF, which maintains the survival
of neurons and synaptic plasticity (Dwivedi 2009), has effects
on the central nervous system and the peripheral nervous sys-
tem (Acheson et al. 1995). Although some studies have failed
to detect evidence for reduced BDNF levels in depression
(Munkholm et al. 2016; Su et al. 2016), accumulating

evidence has indicated that BDNF expression may be de-
creased in the frontal cortex, hippocampus, and serum of de-
pressed suicide victims or patients (Schmidt and Duman 2007;
Martinotti et al. 2016). Moreover, depressed patients have
shown an increased BDNF concentration in serum after anti-
depressant treatment. Further, an improvement in depressive
symptoms has also been correlated with BDNF levels (Zhao
et al. 2015). Therefore, the reduction of BDNF expression in
depressed patients suggests that depression is related to BDNF
regulation (Dwivedi 2009). Animal studies have shown that
many chronic stressors, such as chronic mild stress or social
defeat stress, have also been found to down-regulate BDNF
expression (Haenisch et al. 2009; Zhang et al. 2010).
However, treatment with antidepressant drugs has been shown
to reverse the reduction of either BDNF expression or activity
that is induced by stress in mice (Lee and Kim 2010).
Consistent with previous reports, our current study also re-
vealed that the levels of BDNF expression and neuronal pro-
liferation are lower in the hippocampus of CUMS mice (Li
et al. 2011; Mao et al. 2014; Yi et al. 2014a), but chronic
gypenoside treatment significantly reversed this reduction.
Therefore, these data suggest that up-regulation of BDNF sig-
naling might be involved in the antidepressant-like effects of
gypenosides.

To directly confirm this hypothesis, we used K252a, which
is an inhibitor of the BDNF receptor TrkB, to block the BDNF
signaling pathway. K252a is widely used as a nonspecific
protein kinase inhibitor of Trk, especially TrkB, to evaluate

a

b

Fig. 6 The effects of pretreatment with K252a (25 μg/kg) on gypenoside
(100 mg/kg)-induced sucrose preference (a) and immobility time (b) in
mice (n = 10). #P < 0.05 and ##P < 0.01 versus the Control-vehicle group.
*P< 0.05 versus the CUMS-vehicle group. &P< 0.05 versus the CUMS-
gypenosides group
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Fig. 7 The effects of pretreatment with K252a (25 μg/kg) on gypenoside
(100 mg/kg)-induced p-TrkB/TrkB levels in the hippocampus of mice
(n = 5). ##P < 0.01 versus the Control-vehicle group. *P < 0.05 versus
the CUMS-vehicle group. &&P< 0.01 versus the CUMS-gypenosides
group
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the role of BDNF-TrkB signaling (Nye et al. 1992). Previous
studies have found that the antidepressant-like effects of
BDNF were completely abolished by K252a pretreatment in
a depression-like rat model (Shirayama et al. 2002). When
other antidepressant agents, such as lamotrigine, piperine,
and oleanolic acid, have been used together with K252a pre-
treatment, antidepressant-like effects have not been observed
in behavioral tests, such as the sucrose preference test, forced
swimming test, and novelty suppressed feeding test (Li et al.
2011; Mao et al. 2014; Yi et al. 2014a). Similarly, we found
that K252a abolished the behavioral antidepressant-like

effects of gypenosides in the sucrose preference test and
forced swimming test in CUMS mice, which confirms that
activation of BDNF signaling is necessary for the
antidepressant-like effects of gypenosides.

Our results also showed that CUMS decreased p-TrkB
levels and that gypenosides restored this reduction. In con-
trast, K252a inhibited gypenoside-induced TrkB phosphory-
lation in the mouse hippocampus. This result demonstrated
that gypenosides activated the TrkB receptor and BDNF-
TrkB signaling.

After binding to its receptor TrkB, BDNF activates its two
downstream intracellular signaling cascades, which are ERK
and Akt. These two signaling pathways are required for regu-
lation of neuron proliferation and cognitive function (Jiang
et al. 2012; Koskimaki et al. 2015). Studies also have shown
that the ERK and Akt signaling pathways play a crucial role in
the antidepressant-like effects of BDNF (Shirayama et al.
2002; Koskimaki et al. 2015). Chronic stress exposure has
been demonstrated to reduce the phosphorylation of p-ERK
and p-Akt, whereas chronic antidepressant treatments have
reversed this reduction in the brain (Li et al. 2010; Lv et al.
2014; Yi et al. 2014a). These data suggest that the BDNF-
related ERK and Akt pathways might be involved in the mo-
lecular mechanism of antidepressants. Similarly, our current
study found that CUMS decreased p-TrkB/TrkB, p-ERK/
ERK, and p-Akt/Akt in the hippocampus, while chronic
gypenoside treatment reversed these alterations; however,
K252a abolished the action of gypenosides. In concert with
the change of p-TrkB/TrkB, p-ERK/ERK, and p-Akt/Akt,
CUMS decreased hippocampal neuronal proliferation, and
gypenosides reversed the deficits while K252a blocked the
gypenoside-dependent improvements. Therefore, these results
demonstrate that gypenosides produce antidepressant-like ef-
fects and neuronal proliferation via up-regulation of the
BDNF-TrkB-ERK/Akt s ignal ing pathway in the
hippocampus.

Finally, note that both fluoxetine and gypenosides did not
significantly increase the hippocampal BDNF levels nor cell
proliferation of naïve animals. These results are not consistent
with previous studies (Malberg et al. 2000; Wang et al. 2013;
Imoto et al. 2015), which have shown that chronic fluoxetine
treatment promotes BDNF expression and/or neuronal prolif-
eration. However, it is widely accepted that BDNF expression
depends on numerous experimental factors, such as stressors,
drugs, drug dosage, routes of administration, and time win-
dows of BDNF measurement with regard to treatment dura-
tion (Tardito et al. 2006). Therefore, we speculated two rea-
sons that might explain this discrepancy. First, the incon-
sistent studies above sacrificed the animals within 1 day of
chronic fluoxetine treatment; however, the animals in our
study were sacrificed 3 days after fluoxetine administra-
tion. A previous study clearly demonstrated that hippo-
campal BDNF expression was significantly decreased after
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Fig. 8 The effects of pretreatment with K252a (25 μg/kg) on
gypenosides (100 mg/kg)-induced p-ERK/ERK and p-Akt/Akt levels in
the hippocampus of mice (n = 5). #P < 0.05 and ##P < 0.01 versus the
Control-vehicle group. *P < 0.05 versus the CUMS-vehicle group.
&P< 0.05 versus the CUMS-gypenosides group
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3 weeks of fluoxetine treatment with a 1-week washout
period when compared with 3-week fluoxetine treatment
without a washout period (Musazzi et al. 2009). Thus, we
thought that three washout days after drug treatment might
normalize the expression of BDNF. Second, behavioral
tests, especially the forced swimming test, were performed
before BDNF and cell proliferation measurements were
taken in our study; however, in other studies, measure-
ments were performed without a stress-induced paradigm.
The Duman group has previously reported that different
time points after the last exposure to the stressor affects
BDNF expression (Schmidt and Duman 2007). In this
way, our present study might not really show the neuro-
trophic roles of fluoxetine or gypenosides in naïve animals.
Considering that sacrifice time and behavioral tests will
affect the measurement of BDNF and cell proliferation,
further study is needed to explore their roles on naïve an-
imals without any stressors or a washout period.

After binding to G protein–coupled receptors, serotonin
and dopamine can modulate gene expression, which includes
gene expression regulating neuronal proliferation (Tardito
et al. 2006; Musazzi et al. 2009). Therefore, it is well accepted
that antidepressants can promote BDNF expression by acti-
vating serotonergic and dopaminergic neurotransmission
(Imoto et al. 2015). Based on the results from previous studies
(Choi et al. 2013; Shin et al. 2014; Zhao et al. 2015) and our
present study, we can speculate that gypenosides can increase
the levels of serotonin and dopamine, and then these two
monoamine neurotransmitters can activate downstream sig-
naling to promote the expression of BDNF. Of course, this
speculation needs to be validated in the further study. This is
one of the limitations of the present study.

In summary, our study shows that chronic administration
with gypenosides produces antidepressant-like effects in
CUMS mice and ameliorates CUMS-induced down-regula-
tion of BDNF expression and neuronal proliferation in the
hippocampus. Blockade of BDNF signaling abolishes the be-
havioral improvement of gypenosides in CUMS mice.
Additionally, K252a also blocks the up-regulation of TrkB,
ERK, and p-Akt as well as neuronal proliferation. The present
study strongly suggests that the BDNF-ERK/Akt signaling
pathway is required for producing the antidepressant-like ef-
fects of gypenosides.
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