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Abstract: Saikosaponin-d (Ssd), one of the major components extracted from Bupleurum falcatum L exhibits a
variety of pharmaceutical activities including anti-tumor, anti-inflammation and immunomodulatory properties. In
the current study, we investigated the protective effects of Ssd on MPP*-induced cytotoxicity in SH-SY5Y cells along
with the underlying mechanisms. Our study showed that Ssd exerted a concentration-dependent neuroprotective
effect against MPP*-induced reduction of cell viability in the in vitro model of Parkinson’s disease. In addition, MPP*
exposure led to an increased oxidative stress, apoptotic cell deaths and caspase-3 activity, which was attenuated
by incubation with Ssd. On the molecular level, we found that Ssd treatment significantly increased the mRNA and
protein expression of SIRT3. Meanwhile, SIRT3 knockdown abolished the protective effects of Ssd on SH-SY5Y cells.
Taken together, these results demonstrated that treatment of SH-SY5Y cells with Ssd could protect against MPP*-
induced cytotoxicity via regulation of SIRT3 expression.
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Introduction

Parkinson’s disease (PD) is one of the most
common chronic neurodegenerative disorder
characterized by a selective loss of dopaminer-
gic neurons in the substania nigra and subse-
quent depletion of dopamine in the striatum [1,
2]. Up to now, the etiology and pathogenesis of
PD are not fully elucidated. Various surgical and
pharmacological therapies have been used to
treat patients with PD, but some of these have
significant adverse effects [3]. In recent years,
increasing studies have demonstrated that a
part of active compounds extracted from herb-
al medicine have potential therapeutic effects
on PD models both in vitro and in vivo [4-6].

Saikosaponin-d (Ssd) is one of the major triter-
penoid saponins derived from Bupleurum fal-
catum L, which is a commonly prescribed agent
against inflammatory and infectious diseases
in China, Japan and other Asian countries [7].
Recent studies have shown that Ssd has anti-
inflammatory, immune-modulatory, and antivi-

ral activities, making it a potential chemothera-
peutic drug for clinical application [8, 9].
However, the neuroprotective effects of Ssd
and the underlying mechanism have rarely
been investigated.

Currently, the neuronal toxins, such as 1-meth-
yl-4-phenyl-pyridinium  (MPP*), have been
applied to investigate the PD [10]. MPP*, a
metabolite of MPTP by monoamine oxidase-B,
has been identified as a neurotoxin and widely
used in both in vitro and in vivo PD models [11].
Using an in vitro PD model induced by MPP*, we
evaluated the neuroprotective effects of Ssd as
well as the molecular mechanism, aiming to
identify a possible therapeutic application to
PD.

Materials and methods
Cell culture and reagents

SH-SYBY cells were grown in Dulbecco’s
modified Eagle medium Ham’s F12 (Gibco, CA,
USA) supplemented with 10% fetal bovine
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serum, 100 U/ml penicillin, and 100 pg/ml
streptomycin. Cells were maintained at 37°C in
a humidified 5% CO,/95% air incubator. Ssd
was dissolved in culture medium at a concen-
tration of 5 mM for a stock solution. For treat-
ment of cells, Ssd was diluted in culture medi-
um to the appropriate concentration. Ssd and
MPP* were purchased from Sigma (St. Louis,
MO, USA).

Cell viability assay

The cell viability was measured by a quantita-
tive colorimetric assay with MTT. To be brief,
exponentially growing cells at a density of
5x10* were seeded in a 96-well plate cells/
well. After 24 h, SH-SYBY cells were firstly sub-
jected to a serial condition test with Ssd (15,
30, 45 uM) for 5 h and then with MPP* for 24 h.
The optical density was measured using a
microplate reader at a wavelength of 450 nm.
All readings were compared with the control,
which represented 100% viability.

Apoptosis assay

Cellular apoptosis was monitored by the fluo-
rescein isothiocyanate (FITC)/Annexin V Apop-
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Figure 1. Effects of Ssd on MPP*-induced cytotoxicity
in SH-SY5Y cells. A. SH-SY5Y cells were treated with
different concentrations of Ssd (0, 15, 30, 45, 60 uM)
for 24 h. Cell viability was determined with MTT as-
say. B. SH-SY5Y cells were exposed to a serial condi-
tion test with MPP* (0, 0.1, 0.5, 1 and 1.5 mM) for
24 h. Cell viability was measured with MTT assay. C.
SH-SYBY cells were subjected to Ssd (0, 15, 30, 45
MM) combined with MPP* (1 mM) for 24 h. Cell viabil-
ity was determined with MTT assay. *P<0.05 vs. con-
trol; **P<0.01 vs. control; ***P<0.001 vs. control;
#P<0.05 vs. MPP*.

tosis Detection Kit (BD Biosciences, San Jose,
CA) according to the manufacturer’'s protocol.
To be brief, SH-SYBY cells at the density of
1x10° cells/well were stained with FITC/An-
nexin V and propidium iodide (PIl). Then, cell
apoptosis was measured using a flow cytome-
try analyzer (BD Biosciences, San Jose, CA).

Caspase-3 activity assay

SH-SY5Y cells at the density of 1x10* cells/well
were treated with MPP* and/or Ssd for 24 h,
and caspase-3 activity was determined accord-
ing to the instruction of caspase-3 colorimetric
assay kit (St. Louis, MO, US), which is based on
the hydrolysis of the peptide substrate acetyl-
Asp-Glu-Val-Asp p-nitroanilide (Ac-DEVD-pNA)
by caspase-3, resulting in the release of the
p-nitroaniline (pNA) moiety. The proteolytic
reaction was carried out in isolation buffer con-
taining 50 ug of cytosolic protein and 50 uyM
specific caspase substrates. The reaction was
measured by changes in absorbance at 405
nm using a 96-well plate reader.

Measurement of ROS production

Cells were incubated with 2,7-dichlorofluores-
cein diacetate (DCF-DA) (Sigma, St. Louis, MO,
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Figure 2. Effects of Ssd on ROS production in SH-
SY5Y cells. SH-SY5Y cells were exposed to different
concentrations of Ssd (0, 15, 30, 45 uM) combined
with MPP* for 24 h, and the production of ROS was
determined. **P<0.01 vs. control; #P<0.05 vs.
MPP*.

USA) for 1 h at 37°C in the dark, and then
resuspended in PBS. Intracellular ROS produc-
tion was assessed using a fluorescence micro-
scope (OLYMPUS, Germany).

Western blot

Total cell extracts were separated by sodium
dodecyl sulfate-polyacrylamide gel electropho-
resis (SDS-PAGE) and transferred on a nitro-
cellulose filter membrane. The membrane was
incubated with primary antibodies against Sl-
RT3 (1:1000 dilution) and GAPDH (1:5000 dilu-
tion). Horseradish peroxidase-conjugated sec-
ondary antibodies (1:10000) were applied on
the membrane and the bound secondary anti-
body was detected with the enhanced chemilu-
minescence reagents (Pierce, Rockford, IL). All
antibodies were purchased from Santa Cruz
Biotechnology, Santa Cruz, CA.

Statistical analysis

Data are expressed as mean + SD. The differ-
ence between groups was analyzed by ANOVA
using the SPSS 16.0 statistical software (SPSS,
Inc., Chicago, IL, USA). A P value of < 0.05 was
considered statistically significant.

Results

Effects of Ssd on MPP*-induced cytotoxicity in
SH-SY5Y cells

To examine if Ssd affected the survival of
SH-SYBY cells, different concentrations of Ssd
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(0, 15, 30, 45, 60 uM) were added to the cells
for 24 h. As shown in Figure 1A, low doses of
Ssd (15~45 uM) had little effect on cell prolif-
eration, whereas Ssd at high dose (60 uM) obvi-
ously inhibited the growth of SH-SY5Y cells.
Consistent with previous studies, we found that
treatment with MPP* (O, 0.1, 0.5, 1 and 1.5
mM) caused a significant decrease in cell via-
bility in a concentration-dependent manner
(Figure 1B). Based on these data, we decided
to use low doses of Ssd (15, 30, 45 yM) and
MPP* at 1 mM for the following experiments. To
examine the protective effect of Ssd on MPP*-
induced cell deaths, SH-SY5Y cells were
exposed to different doses (15, 30, 45 pM) of
Ssd 5 h prior to MPP* (1 mM) treatment. The
results of MTT assay showed that Ssd signifi-
cantly increased the viability of the SH-SY5Y
cells after MPP* administration for 24 h (Figure
10C).

Ssd inhibited MPP*-induced ROS accumulation
in SH-SY5Y cells

Oxidative stress is a well-established event in
the pathology of many diseases, including PD.
To examine whether the protective effect of
Ssd against MPP*-induced cytotoxicity was
attributed to its antioxidant activity, the intra-
cellular ROS levels were measured in SH-SY5Y
cells. As shown in Figure 2, we found that the
MPP* treatment significantly increased the ROS
generation, whereas Ssd attenuated the intra-
cellular ROS levels in a concentration-depen-
dent manner. These data suggested that Ssd
could reduce oxidative stress in SH-SY5Y cells.

Ssd reduced MPP*-induced cell apoptosis in
SH-SY5Y cells

To examine the effects of Ssd on cell apoptotic
deaths, SH-SY5Y cells were incubated with
MPP*alone or in combination with Ssd in differ-
ent doses. Flow cytometry analysis showed
that Ssd treatment significantly inhibited MPP*-
induced cell apoptosis in a dose-dependent
fashion (Figure 3A). Moreover, the activity of
caspase-3 was examined in order to evaluate
the apoptosis process following Ssd treatment.
Following 24 h treatment of SH-SYSY cells with
MPP*, the caspase-3 activity was dramatically
increased nearly three folds. However, Ssd
administration attenuated the MPP*-induced
caspase-3 activation in a dose-dependent
manner (Figure 3B). These results indicated
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Figure 3. Ssd reduced MPP*-induced cell apoptosis in SH-SY5Y cells. SH-SY5Y cells were exposed to Ssd at differ-
ent doses with or without MPP*. A. Determination of cell apoptosis with flow cytometry. B. Measurement of relative
caspase-3 activity. **P<0.01 vs. control; #P<0.05 vs. MPP*; ##P<0.01 vs. MPP*.
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Figure 4. Effects of Ssd treatment on SIRT3 expression. Cells were treated with Ssd (45 pM) with or without MPP*
for 24 h. The mRNA (A) and protein expression (B) of SIRT3 were determined by qRT-PCR and western blot. GAPDH
served as an internal control. **P<0.01 vs. control; #P<0.05 vs. MPP*.

that Ssd could alleviate cell apoptosis induced protective of Ssd in SH-SY5Y cells. Data from
by MPP* in SH-SY5Y cells. gRT-PCR indicated that SH-SYBY cells exposed

to MPP* alone significantly decreased SIRT3
Up-regulation of SIRT3 by Ssd administration mRNA level. However, a dramatic increase of
in SH-SY5Y cells SIRT3 mRNA expression was detected in Ssd-

treated SH-SY5Y cells (Figure 4A). Similarly, the
We further investigated the molecular mecha- protein level of SIRT3 was reduced after MPP*
nism underlying the protective effects of Ssd treatment, but was enhanced in Ssd-treated
on SH-SY5Y cells. Since SIRT3 plays important cells (Figure 4B). These data suggested that
roles in cell survival and apoptosis, we hypoth- Ssd promoted the expression of SIRT3 in
esized that SIRT3 may be involved in the neuro- SH-SY5Y cells.
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Figure 5. SIRT3 knockdown abolished the protective effects of Ssd on SH-SY5Y cells. SH-SY5Y cells were transfected
with SIRT3 siRNA or control siRNA for 24 h. The mRNA (A) and protein (B) levels of SIRT3 were measured by gRT-PCR
and western blot. Then, SH-SY5Y cells transfected with SIRT3 siRNA were treated with Ssd (45 uM) with or without
MPP* followed by the determination of cell viability (C), ROS production (D) and cell apoptosis (E). **P<0.01 vs.

control.

Ssd protected SH-SY5Y cells against MPP*-
induced cytotoxicity via SIRT3

In order to determine whether SIRT3 is involved
in the protective effects of Ssd, we down regu-
lated SIRT3 with a specific small interfering
RNA (siRNA) in SH-SY5Y cells. The expression
of SIRT3 was obviously reduced both at mRNA
and protein levels (Figure 5A and 5B).
Consequently, our data showed that Ssd failed
to promote SH-SY5Y cells viability after treat-
ment with MPP* (Figure 5C). In addition, SIRT3
knockdown in SH-SY5Y cells exhibited no sig-
nificant differences in ROS production (Figure
5D) and cell apoptosis (Figure 5E) with or with-
out Ssd treatment. These results demonstrat-
ed that SIRT3 knockdown reversed the protec-
tive effects of Ssd on SH-SYBY cells.

Discussion

Parkinson’s disease is a movement impedi-
ment characterized by dopaminergic degenera-

5825

tion and dysfunction. Up to now, the pathogen-
esis of PD has been not fully elucidated and
increasing interest has been devoted to the
treatment or prevention of PD by herbal medi-
cines [12]. Our study showed that Ssd exerted
a concentration-dependent neuroprotective
effect against the MPP* induced cell viability
reduction and apoptotic deaths in the in vitro
model of PD. At the molecular level, we found
that the protective effects of Ssd were, at least
in part, mediated by regulation of SIRT3.

Growing evidences indicate that oxidative
stress is involved in the pathogenesis of neuro-
degenerative diseases such as PD [13-15]. A
number of ROS-generating pathways including
glycolysis, NAD(P)H oxidase, xanthine oxidase,
and uncoupling of nitric oxide synthase have
been identified as potential contributors to the
development and progression of PD [16].
Furthermore, it is suggested that ROS accumu-
lation participated in the neurotoxicity induced

Int J Clin Exp Med 2016;9(3):5821-5827
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by MPP* and might contribute to the apoptotic
death in PD [17, 18]. A recent study has report-
ed that total saikosaponins of Bupleurum yin-
chowense exhibits a neuroprotective effects on
corticosterone-induced apoptosis using an in
vitro model of depression [19]. In the current
study, we investigated the neuroprotective
effect of Ssd in SH-SYBY cells treated with
MPP*. Our results suggested that Ssd treat-
ment significantly reduced the MPP*-induced
neurotoxicity in SH-SY5Y cells. In addition,
MPP* exposure dramatically elevated the ROS
accumulation, cell apoptosis and caspase-3
activity, which were efficiently attenuated by
Ssd treatment. These results demonstrated
that Ssd exhibited strong neuroprotective
effects against MPP*-induced cytotoxicity.

The sirtuins are a conserved family of class Il
histone deacetylases, which are involved in
transcriptional regulation, genetic control of
aging, and longevity of organisms ranging from
yeasts to humans [20-22]. Among the known
sirtuin members, SIRT3 is emerging as a pivot-
al regulator of cell proliferation and oxidative
stress [23]. A recent study has shown that
SIRT3 contributes to the repair of mitochondrial
DNA and protects from apoptotic cell death
under oxidative stress [24]. Another study dem-
onstrated that SIRT3 protects cortical neurons
against oxidative stress via regulating mito-
chondrial Ca?" and mitochondrial biogenesis
[25]. In the present study, we determined to
explore whether SIRT3 plays a critical role in
MPP*-induced cytotoxicity in SH-SY5Y cells.
Interestingly, MPP* incubation led to a signifi-
cant reduction in SIRT3 expression both at the
MRNA and protein levels. However, such chang-
es were revered by Ssd pretreatment, suggest-
ing the regulatory role of Ssd in SIRT3 levels.
Furthermore, we failed to observe obvious
changes in cell viability, apoptosis and ROS pro-
duction after downregulation of SIRT3 with spe-
cific SIRT3 siRNA in SH-SYBY cells. These
results suggested that Ssd protected SH-SY5Y
cells against MPP* induced cytotoxicity via reg-
ulation of SIRT3 expression.

In summary, our current study for the first time
demonstrates that Ssd has neuroprotective
effects against MPP* induced cytotoxicity pos-
sibly through regulation of SIRT3 expression.
Our data suggest that Ssd may be a potential
therapeutic agent for neurodegenerative dis-
eases such as PD.
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