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Abstract In the present study, we investigated the pro-
tective mechanism of paeoniflorin (PF), a monoterpene
glycoside extracted from Radix Paeoniae alba roots, on
MPP™*-induced neurotoxicity in cultured rat pheochromo-
cytoma cells (PC12). Our work included examination of
cell viability assessment, amounts of released lactic dehy-
drogenase (LDH), intracellular Ca®" concentration, cell
apoptosis, mitochondrial membrane potential, caspase-3
activity, and expression profiling of two apoptosis-related
genes (Bcl-2 and Bax). It was shown that, PF functioned as
an MPP" antagonist, being able to suppress apoptosis,
decrease LDH release and Ca’* concentration, attenuate
membrane potential collapse and, inhibit caspase-3 acti-
vation, decrease in Bax/Bcl-2 ratio. These observations
suggest that PF could protect PC12 cells against MPP™-
induced injury and the mechanism PF’s neuroprotective
effect was closely associated with Bcl-2 up-regulation and
Bax down-regulation. PF has neuroprotective effects on
MPP*-induced apoptosis in PC12 cells via regulating
mitochondrial membrane potential and Bcl-2/Bax/caspase-
3 signaling pathways, and this new insight will help
develop a PF-based therapeutic strategy for treatmenting
neurodegenerative diseases and injury.
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Introduction

Neuronal death is the core component of neurodegenerative
conditions, such as Parkinson’s disease (PD). PD is the
second most common age-related neurodegenerative disease
affecting millions of people worldwide. It is characterized by
the selective and progressive degeneration of dopaminergic
neurons in the substantia nigra pars compacta (SNpc) and
subsequent decrease of the dopamine level in the striatum
[1-6]. Although its molecular mechanism is not clear,
oxidative stress, mitochondria dysfunction, apoptosis and
caspase-mediated cell death are thought to be important
mediators of neuronal death in acute and chronic neurode-
generative diseases [7—10]. Therefore, the suppression of
dopaminergic neuronal cell death by regulation of the
apoptotic cascade may control apoptotic events and provide
new strategies in the prevention and treatment of PD. The
traditional herbal medicine has been used for centuries in
China for treating PD, and is still in current use, suggesting
that medicinal herb may be a good source of drug candidates
for the treatment of PD.

Peoniflorin (PF), a monoterpene glycoside isolated from
the aqueous extract of the Chinese herb Radix Paeoniae
alba, possesses wide pharmacological effects in the ner-
vous system. It has been used in the treatment of cerebral
ischemia [11], epilepsy [12], and neurodegenerative dis-
orders such as Alzheimer’s disease [13] and Parkinson’s
disease [14].0f importance, PF and its beneficial effects
can be found in improvement of learning and memory,
analgesia, conscious-sedation and antioxidation [15-17].
Previous studies have demonstrated that PF likely exerts a
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neuroprotective effect by activating adenosine A1 receptor,
ameliorating the function of the cholinergic nerve, regu-
lating ion channel homeostasis, retarding oxidative stress
and apoptosis of neurons and promoting nerve growth [18-
21]. However, the molecular mechanisms that underlie the
protection effect of paeoniflorin on the neurotoxin have not
been fully understood.

1-Methyl-4-phenylpyridinium (MPP"), the active
metabolite of 1-metryl-4-phenyl-1, 2, 3, 6-tetrahydropy-
ridine (MPTP), has been used extensively in various
mammalian species to produce an experimental model of
PD. MPP" produces mitochondria-targeted injury [22],
resulting in oxidative stress [23] and culminating in the loss
of dopaminergic neurons [24]. MPP" is a commonly used
neurotoxin to produce neuronal cell apoptosis and neu-
rodegenerative models [25].

PC-12 cell, a cell line derived from a pheochromo-cy-
toma of rat adrenal medulla which known to secrete
dopamine neurotransmitters and contain high amounts of
dopamine transporters is commonly used in the investiga-
tion of neurotherapeutics study for Parkinson’s disease
(PD) [26].

Madopar (levodopa plus the peripherally acting decar-
boxylase inhibitor, benserazide) which was used in the clinical
treatment of Parkinson’s disease and dopamine-responsive
dystonia served as a positive control in the present study.

In the present study, we utilize PC12 cell and the neu-
rotoxin, MPP™ to elucidate the molecular basis of PF as a
potential PD prescription. The present study may also be
useful for the establishment of a quantitative cell system
for screening promising PD drugs.

Reagents and Chemicals

PF isolation alba, identification and purification were done
earlier by Yuchi Zhang from Changchun Normal Univer-
sity [27]. 1-Methyl-4-phenylpyridinium ion (MPP™") was
purchased from Sigma-Aldrich (St Louis, MO, USA).
Madopar (Shanghai Roche Led., Shanghai, China) was
obtained at the institutional pharmacy. DMEM -culture
medium, Trizol reagent, fetal bovine serum, heat-inacti-
vated horse serum, penicillin and streptomycin were pur-
chased from Gibco BRL (Grand Island, NY, USA). Cell
counting kit-8 (CCK-8), caspase-3 activity assay kit, lac-
tate dehydrogenase (LDH) assay kit, mitochondrial mem-
brane potential detection fluorescent dye JC-1 were
purchased from Beyotime Biotechnology (Haimen, China),
Ca”*-sensitive fluorescent probe Fluo-3AM was purchased
from Sigma-Aldrich. Monoclonal antibodies to Bax, Bcl-2
and GAPDH were obtained from Santa Cruz (Santa Cruz,
CA, USA). All other chemicals and reagents used in this
study were analytical grade.
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Cell Culture and Treatments

PC12 cells were purchased from Shanghai Institute of Cell
Biology, Chinese Academy of Sciences (Shanghai) and
were maintained in DMEM medium supplemented with
penicillin (100 U/mL), streptomycin (100 pg/mL), 5 %
fetal bovine serum and 5 % horse serum, at 37 °C in a
humidified atmosphere with 5 % CO,. PC12 cells (1 x 10*
per well) were seeded in 96-well plates. After overnight
incubation PC12 cells were divided into six equal groups
for the following treatments: non-treated control, MPP"
500 uM, MPP* 500 uM + Madopar 50 pg/mL, 500 uM
MPP" + PF-25 (PF 25 pM), 500 uM MPP*' + PF-50, and
500 uM MPP* + PF-100. For both CCK-8 and LDH
activity assays, n = 6 per group. At 48 h after the cells
were seeded, cultures were refreshed with serum-free
medium with respective drug regimes. After a further 48-h
incubation, tests were performed.

Cell Viability Assay

Cell viability was assessed using CCK-8 kit (Beyotime
Biotechnology, Haimen, Jiangsu, China). After the 48 h
cultivation, 10 pL. CCK-8 solution was added to each
sample. After 2 h of incubation at 37 °C, the absorbance
was determined at A450 on a microplate reader (Spec-
traMax M5, Molecular Devices, Sunnyvale, CA).

Microscopy Observation

The morphological changes in neurons were monitored
under an inverted phase-contrast microscope (Leica, Ger-
many) before and after PF treatment.

LDH Release Assay

Aliquots of 1.5 x 10° cells/well were transferred to a
24-well cell culture plate for an overnight incubation.
Supernatants were collected and 200 pL/well was added to
a black 96-well culture plate. LDH release was measured
using LDH cytotoxicity assay kit (Beyotime, Haimen,
Jiangsu, China) as per the manufacturer’s instructions. Aysg
in each well was determined using an enzyme linked. Data
were normalized to the LDH activity released from control
cells.

Measurement of Intracellular Ca?>* Concentration

Ca®" concentration was determined as described in the
literature [20-22]. Briefly, at the end of each of the six
treatments, cells were collected and then incubated with the
complete medium containing 5 pM Fura-3/AM at 37 °C
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for 45 min. Subsequently, the cells were washed and re-
suspended with cold balanced (PBS) containing 0.2 %
bovine serum albumin. The cells were incubated at 37 °C
for another 5 min, and Ca®* concentration was determined
using a fluorescence spectrophotometer by according to
emission changes at 510 nm with an excitation switch from
340 to 380 nm (Spectra Max M5, Molecular Devices,
Sunnyvale, CA). The concentration of intracellular Ca*t
was expressed as a percentage of non-treated control.

Detection of Apoptosis

At the end of the treatments, cells were collected by cen-
trifuging at 1000 rpm for 5 min, followed by washing with
PBS for three times. The cells were re-suspended with pre-
cooled 70 % ethanol, and the preparation was stored at
4 °C between 18 h and 1 week before being used. Before
the test, cells were washed with PBS, and re-suspend with
200 pL of propidium iodide (PI) and RNase mixture (final
concentrations being 50 and 100 pg/mL, respectively). The
stained cells were filtered and incubated in the dark at 4 °C
for 30 min before the flow cytometric analysis. The PI
fluorescence of individual nuclei was measured using a
flow cytometer (Beckman-Coulter Co., Epics XL, USA).
Ten thousand cells in each sample were analyzed and the
percentage of apoptotic cells accumulated in the sub-Gl1
peak was calculated by the research software of the flow
cytometer (Wincycle 3.2, Beckman Coulter, CA, USA).

Assessment of Mitochondrial Membrane Potential

Mitochondrial membrane potential was assessed by fluo-
rescent dye JC-1 (Beyotime Biotechnology, Haimen,
China) [16]. Briefly, after 48 h of cultivation, cells were
incubated with 5 pg/mL JC-1 at 37 °C for 20 min.Then
cells were rinsed twice with buffer. The fluorescence
intensity of JC-1 aggregates was detected using a micro-
plate reader at excitation of 525 nm and emission of
590 nm, whereas the JC-1 monomer was measured at an
excitation of 490 nm and emission of 530 nm emission
using a Softmax Pro 5 fluorescence plate reader (Molecular
Devices, Sunnyvale, CA.USA). The fluorescence intensity
ratio of aggregates to monomers was calculated as an
indicator of mitochondrial membrane potential.

Determination of Caspase-3 Activity

Cellular caspase-3 activity was measured with commer-
cially available colorimetric assay kit (Beyotime Biotech-
nology, Haimen, China) [23]. PC12 cells were lysed with
lysis buffer supplied with the kit. The soluble fraction of
the cell lysate was then assayed for caspase-3 activity using

Ac-DEVD-pNA, a colorimetric substrate for caspase-3 as
described in the manufacturer’s protocol.

Expression of Bcl-2 and Bax mRNAs

Total RNA was extracted using the Trizol® reagent
according to the manufacturer’s instructions. RNA concen-
tration was estimated at 260 nm using a UV spectropho-
tometer (Shimadzu, Japan). RNA purity was indicated by the
ratio of A,gp and A,gy (between 1.7 and 2.0).

Transcript abundances of the B cell lymphoma 2 (Bcl-2)
and Bcl-2 associated X protein (Bax) genes were examined
by real-time RT-PCR. Primers and probes (Table 1) were
designed on Primer Express 2.0 (Dalian Bio-engineering,
Dalian, China). The glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) gene was used as an internal reference.
For each RT reaction, RNA (1 pg) was added into a 10-uL
reaction system containing dNTP (10 mM), random hex-
amer primer, Oligo-dT, RNase inhibitor (40 U/uL) and
RT-PCR buffer, and the reaction was run at 42 °C for
40 min and 99 °C for 5 min. For PCR, the RT product, the
forward and reverse primers, and the probes, along with the
internal reference were included. The reaction was run on
ABI PRISM 7000 Real Time PCR with 40 cycles of 94 °C
for 15 5,57 °C for 15 s, 72 °C for 30 s.

Western Blot Analysis

Cytosolic protein extracts were prepared as described by
Sugawara et al. [25]. Briefly, treated and untreated cells
were lysed and denatured in a sample buffer (Complete
Lysis-M, Roche). Equal amounts of proteins were seper-
ated by 10 % SDS-polyacrylamide gels, transferred onto
nitrocellulose membranes. The nitrocellulose membranes
were blocked with 5 % nonfat milk in Tris-buffered saline
(TBS, 150 mM NaCl, 20 mM Tris—HCI, pH 7.4), immu-
nebloted with primary antibodies in TBS (All the anti-
bodies purchase from Abcam,B-cell lymphoma 2(Bcl-2)
(1:500), Bcl-2 associated X protein (Bax) (1:1000) and (-
actin (1:1000)), 0.1 % Tween 20 for 2 h at room temper-
ature or overnight at 4 °C. After washing, the blots were
reacted with peroxidase-conjugated secondary antibodies
for 45 min and the protein concentrations were determined
by the ECL detection system. Optical density of each band
was analyzed using Gel-Pro analyzer 4.0 software (Gel
Media System, China).

Statistical Analysis
All data were expressed as mean = SEM. To compare

experimental and control groups, we used one- or two-way
ANOVA, followed by post hoc Dunnett’s test using the
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Table 1 Primers and probes for

RT-PCR Primers and probes

Sequence

Bax

GAPDH

Bcl-2

Forward-5-CCACCAAGAAGCTGAGCGAG-3
Reverese-5-CCCCAGTTGAAGTTGCCGT-3
FAM-TGGAGCTGCAGAGGATGATTGCTGA-TAMRA
Forward-5-CAAGTTCAACGGCACAGTCAA-3
Reverse-5-TGGTGAAGACGCCAGTAGACTC-3
Probe-FAM-TCTTCCAGGAGCGAGATCCCGCTAAC-TAMRA
Forward-5-CTGGGATGCCTTTGTGGAACTA-3
Reverse-5-CTGAGCAGCGTCTTCAGAGACA-3
FAM-CCCCAGCATGCGACCTCTGTTTGAT-TAMRA

SPSS software (SPSS Inc., Chicago, USA). A value of
P < 0.05 was considered statistically significant for anal-
ysis. The figures were obtained by the Statistical Analysis
System (GraphPad Prism 4, GraphPad Software, Inc.,San
Diego, CA).

Results
PF Prevents MPP*-Induced Cell Death

To exclude the possibility that PF itself affected the sur-
vival of PC12 cells, different concentrations of PF (25, 50,
100 uM) were added to the cells for 48 h. PF-induced loss
of cell viability in PC12 cells was negligible below the
concentration of 100 uM (Fig. 1a).

To further determine the neuroprotective effects of PF
on MPP*-induced cell deaths, PC12 cells were treated for
48 h with 25, 50 or 100 pM of PF exposure to 500 uM
MPP™. Figure 1b shows a significant decrease of the cell
viability in MPP*-induced group compared to control
group (P < 0.001) and significant increase of the cell via-
bility [F (4, 25) = 83.97, P <0.01] in MPP*-induced
groups treated with Madopar, PF (25, 50 or 100 uM)
compared to MPP™ group. Also, post hoc analyses revealed
significant differences among PF-treated groups (25, 50 or
100 uM) (P < 0.01).

Effect of PF on MPP*-Induced Changes in Cellular
Morphology

Visual inspection by phase-contrast microscopy showed
that those normal PC12 cells showed round cell bodies and
the cell edges were intact and clear (Fig. 2). After treat-
ment with 500 pM MPP* for 48 h, PC12 cells displayed
obvious cell body shrinkage and nuclear condensation. Co-
treatment with PF (25, 50 or 100 uM) or Madopar drasti-
cally prevented morphological deterioration of cells, most
of which showed normal cell morphology with normal
nuclear size and integrity.
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PF Inhibits LDH Release from Cells Treated
with MPP™*

We also observed a significant increase of LDH leakage in
MPP*-induced group compared to control group
(P < 0.001) and a significant decrease of LDH leakage [F
(4, 25) = 53.8, P < 0.01] in MPP"-induced groups treated
with Madopar, PF (25, 50 or 100 uM) compared to MPP*
group. Also, post hoc analyses revealed significant differ-
ences among PF-treated groups (25, 50 or 100 uM)
(P < 0.01) (Fig. 3).

PF Reduces MPP*-Induced Increase of Ca?* Load

In addition, a significant increase of intracellular Ca’t
concentration in MPP " -induced group compared to control
group (P <0.001), and a significant decrease of Ca®"
concentration [F (4, 25) = 62, P < 0.01] in MPP"-induced
groups treated with Madopar, PF (25, 50 or 100 uM)
compared to MPP™ group. Also, post hoc analyses revealed
significant differences among PF-treated groups (25, 50 or
100 uM) (P < 0.01) (Fig. 4).

PF Reduces Apoptotic Rate in Cells Treated
with MPP*

After treatment with 500 pM MPP*, the S period of the
cells reduced significantly (Table 1). With 500 uM MPP*
plus either Madopar (50 pg/mL) or PF (12.5, 25 and
50 uM) the S period upgrade and GO/G1 period lengthened
[F (4, 25) =529, P <0.01]. Also, post hoc analyses
revealed significant differences among PF-treated groups
(25, 50 or 100 pM) (P < 0.01).

PF Inhibits Caspase-3 Activity in Cells Treated
with MPP*

Figure 5 showed that a significant increase of caspase-3-
like activity in MPP"-induced group compared to control
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Fig. 1 Cytotoxic effect and
protective effect of PF in
cultured PC12 cells. a Effects of
PF on cell survival in cultured
PC12 cells. Cells were treated
with different concentrations of
PF for 48 h, after which the cell
viability was measured by MTT
assay. b Neuroprotective effects
of PF on MPP*-induced
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group (P < 0.001) and a significant decrease of caspase-
3-like activity [F (4, 25) = 66.56, P < 0.01] in MPP*-
induced groups treated with Madopar, PF (25, 50 or
100 uM) compared to MPP' group. Also, post hoc
analyses revealed significant differences among PF-treated
groups (25, 50 or 100 uM) (P < 0.01) (Fig. 5). These
results indicate that PF was able to inhibit MPP*-induced
caspase-3 activation.

PF Prevented MPP " -induced Membrane Potential
Loss

Figure 6 showed that a significant loss of mitochondrial
membrane potential (MMP) in MPP™-induced group
compared to control group (P < 0.001) and a significant
increase of MMP [F (4, 25) = 66.56, P < 0.01] in MPP™"-
induced groups treated with Madopar, PF (25, 50 or
100 uM) compared to MPP™ group. Also, post hoc anal-
yses revealed significant differences among PF-treated
groups (25, 50 or 100 uM) (P < 0.01).

Effect of PF on mRNA Levels of Bcl-2/Bax Genes
in MPP*-Induced PC12 Cells

MPP™ treatment led to an increase in Bax mRNA level and
a decrease in Bcl-2 mRNA level (Fig. 7a, b), reducing a
ratio of Bcl-2/Bax significantly being 0.2 compared to that
of unexposed control (P < 0.05). But the ratios for cells
pretreated with PF and Madopar were 0.39, 0.68, 1.29 and
1.108, significantly higher than that of the MPP* treatment
(P < 0.05, 0.01, 0.0001, and <0.05) (Fig. 7c; Table 2).

PF Down Regulates the Bcl-2/Bax Ratio in MPP™-
Induced PC12 Cells

Figure 7 showed that MPP" exposure reduced a ratio of
Bcl-2/Bax compared to control group (P < 0.001) and a
significant high ratio of Bcl-2 to Bax [F (4, 25) = 61.2,
P < 0.01] in MPP"-induced groups treated with Madopar,
PF (25, 50 or 100 pM) compared to MPP* group. Also,
post hoc analyses revealed significant differences among
PF-treated groups (25, 50 or 100 uM) (P < 0.01). The
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Fig. 2 Effect of PF on MPP"-induced changes in cellular morphol-
ogy Normal PC12 cells showed round cell bodies and the cell edges
were intact and clear. Photographs were taken with an inverted

Fig. 3 Effect of PF on LDH 70
leakage in MPP*-treated PC12
cells. Values are mean &= SEM —~ 60 }
(n = 6). #*P <0.01 as =
compared with control group; & 50 +
*P < 0.05, **P < 0.01 as %
compared with MPP™ treated 4 f
group g

L

z 30

L

2 20

juni

a 10 -

0

microscope at x400 magnification. a Control; b 500 uM MPP™
treated alone; ¢ 500 uM MPP" with Madopar (50 pg/mL); d—
f 500 uM MPP* with PF (25, 50 and 100 pM)

i

Control

results suggested that PF treatment shifted the balance
between pro- and anti-apoptotic members toward cell sur-
vival (Fig. 8).

Discussion

Parkinson’s disease is a chronic, neurodegenerative disor-
der that results from the gradual and progressive loss of
dopaminergic neurons in the substantia nigra. There is
abundant evidence suggesting that MPP*-induced cell
death is a useful representation for studying dopaminergic
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degeneration modeling Parkinson’s disease both in vitro
and in vivo [28-31]. PC12 cells possess many of the
characteristics of human neurons and therefore have served
as a well-established PD model. In the present study, we
provide direct evidence that PF protects PC12 cells against
MPP ™ -induced cytotoxicity in several aspects.

Consistent with previous studies [32-34], the present
study clearly demonstrated that PF possesses robust neu-
roprotective effects, as evidenced by the fact that PF sig-
nificantly ameliorated the MPP" induced decrease of cell
viability, cellular apoptotic alternations and prevented
morphological changes of neurons. The robust protective
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effect of PF is also reflected in its suppression of the
neurotoxin-induced over release of LDH. Increased release
of LDH has been observed in cultured neuronal cells
exposed to neurotoxins [32] and brain injury [35].There-
fore, the suppression of LDH release seems to be a con-
sequence of the protective effects of PF against
neurotoxicity and neural injury.

The intracellular Ca®" concentration plays a funda-
mental role in the development of neurons. However, in a
variety of pathologic conditions, intracellular Ca®>" over-
oad may excessively activate Ca®"/calmodulin-dependent
pathways and lead to neuronal cell damage [36]. Previous
studies have reported that MPP*-induced apoptotic cell
death in PC12 cells was related to intracellular Ca®"

overload [37]. Our study further revealed that exposure of
cells to the neurotoxin resulted in intracellular calcium
overflow; treatment with PF remarkably blocked the cal-
cium influx. Similar results also have been extensively
observed in other in vitro and animal experiments [32, 38].
It is well known that excessive cytosolic calcium causes a
wide range of subcellular pathological responses, in par-
ticular dysfunction of mitochondrial membrane perme-
ability [39]. It appears that the effect of PF in maintaining
mitochondrial membrane integrity is related to its capacity
of regulating cytosolic calcium homeostasis.
Mitochondria play a central part in neurodegeneration
and neuronal death [40]. A key feature of mitochondrial
apoptosis is disruption of the membrane potential mainly
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Fig. 6 Effect of PF on MPP*- 300
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caused by increased membrane permeability [41]. It is
known that that MPP" treatment caused a significant
decrease in MMP levels [42, 43], and our study revealed
that co-treatment with PF could inhibit MMP declining,
suggesting that PF could maintain mitochondrial mem-
brane integrity by preventing the membrane permeability
from neurotoxicity.

Disruption of the mitochondrial membrane potential is
one of the earliest intracellular events that occur following
induction of apoptosis. During the process of caspase
cascade activation, caspase-3 is the main executioner cas-
pase. Caspase-3 has been demonstrated to participate in
MPP™-induced apoptosis and is regulated by mitochondria
dysfunction-mediated ROS overproduction [44]. The pre-
sent results indicated that caspase-3 activities in PC12 cells
increased dramatically following the 48-h treatment with
500 uM MPP™, but treatment with 100 uM PF effectively
attenuated MPP " -induced caspase-3 activity by 43 %. PF
may functions as an MPP™" antagonist.

The pattern of mitochondrial inheritance has a profound
impact on development and reproductive performance [45].
Previous studies and our experiment showed that MPP™
treatment caused a significant decrease in the level of
MMP. However, we found that co-treatment of PF could
inhibit reduction of MMP on PC12 cells, suggesting that
the neuroprotective effect of PF may be related to the
mitochondrial death pathway. While there is more than one
pathway to apoptosis, the Bcl-2 family members play an
important role in MPP"-induced apoptotic cell death [43].
In addition, O’Malley et al. [43] reported that the overex-
pression of Bcl-2 attenuated MPP*-induced cell death.
Moreover, we investigated the expression profiles of two
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apoptosis-related proteins including Bcl-2 and Bax [46].
Apoptosis is associated with the activation of a genetic
program in which apoptosis effector genes promote cell
death. It is regulated by the action of the Bcl-2 family of
proteins, which includes anti- and pro-apoptotic members
such as Bcl-2 and Bax [47-51]. It was reported that Bcl-2
binds to the mitochondrial membrane, competitive binding
with Bax and forming Bcl-2/Bax heterodimer, which leads
to closing mitochondrial permeability transition pore and
preventing the release of cytochrome C, thereby inhibiting
apoptosis. As a proapoptotic molecule, Bax can be com-
bined into a Bax—Bax homodimer to form the composition
of the mitochondrial membrane permeable channels,
through which cytochrome C can transfer from mitochon-
drial into cytoplasm, which activate the caspase-related
apoptosis cascade, resulting in mitochondrial-dependent
apoptosis. In the present study, the expression level and
mRNA level of Bcl-2 was significantly decreased when
treated with MPP™ alone and significantly increased when
treated with a combination of MPP™ at 500 pM plus PF at
different concentration (10, 50, 100 uM) for 48 h as
compared with the control group. However, the expression
level and mRNA level of Bax was just the opposite. The
current study revealed that PF significantly reversed a
MPP"-induced decrease of Bcl-2/Bax ratio. In this regard,
the Bcl-2/Bax ratio may be a better predictor of apoptotic
fate than the absolute expression of either Bax or Bcl-2
alone [42]. Any changes in the balance between the pro-
and anti-apoptotic proteins will affect cell death. The pre-
sent results showed that MPP™ had a profound effect on the
expression of Bcl-2 family members in PCI12 cells.
Treatment with Madopar and PF reduced the expression of
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Fig. 7 Effect of PF on the Bcl-
2 (a) and Bax (b) mRNA
expression levels and relative
intensity of Bcl-2/Bax (¢) in
MPP*-treated PC12 cells. Data
are expressed as mean += SEM
(n = 6). #p <0.01 compared
to the control group; *P < 0.05;
**P < 0.01 compared to the
MPP? treated group

of Bel-2 mRNA >

Eex pression(ratio of control

<

Relative Quantific

=

ionol Bax mRNA

Eex pression(ratio ol control

IRelative Qua

Relative intensily

(Be¢l-2¢/Bax, of control

08

06

04 |

T
Fokok
*ak
£
Control 30 25 50 100
Madopar(ug/mL Paeoniflorin (uM)
MPP* (500D
]
T *k
Control 30 25 50 100
Madopar(ug/mL Paeoniflorin (uM)
MPP* (500u2M)
ek
Hdok
*H%
B
HiH
\
N
Certrol 50 25 50 100
Madopar(ug/mL Paeoniflorin (uM)
MPP* (500uM)

@ Springer



Neurochem Res (2016) 41:1323-1334

GO/G1 (%; mean £ SD)

G2/M (%; mean £ SD) S (%; mean £+ SD)

1332

Table 2 Cell cycle vanalysis at Group

48 h after treated with PF
Control 48.3 £ 6.67
MPP+ 79.7 £ 7.24%
Madopar 70.2 + 8.79*
PF (100 pM) 61.3 £ 7.03**
PF (50 uM) 73.8 £ 6.77%*
PF (25 uM) 77.2 £ 8.38%*

Fig. 8 Effect of PF on the

7.49 £ 1.12 44.23 £ 4.23
6.71 £ 0.63 13.6 + 0.7%
687 £79 230+ 6.3
3.35 £ 0.07%* 353 £ 6.7%*
227 £ 0.14%* 239 £ 1.41%*
4.04 + 0.6%* 18.8 £ 0.4**

Data are expressed as mean += SEM (n = 3)
* P < 0.05; ** P <0.01 versus MPP™ treated group
# P <0.05and ** P < 0.01 versus control

; D' A
expression of Bcl-2 and Bax in GAPDH
PC12 cells. Cells were treated
with MPP* (500 uM) and Bax [ s
Madopar (50 pg/mL)/PF (25, 50
or 100 pM) for 48 h, and then Bel-2 B iy
cell lysate were subject to
Western blot analysis. The
levels of Bax and Bcl-2 were MPP* = SO0 500y S00,M S00;:M 300,34
quantified by densitometric Paeoniflorin  — - — 25uM SOpM 100pM
analysis (a) and the Bax/Bcl-2
ratio was determined (b). Data Madopar - SOpghl — - - -
are mean = SEM (n = 6).
##P < 0.01 compared to the 2
control group; *P < 0.05,
**P < 0.01 compared to the
MPP treated group s ek
3F
mys 1 =
& = =
== H
05
0
Control 50 25 50 100
Madopar(ug/mL Paeoniflorin (uM)
MPP* (500uM)

pro-apoptotic Bax and increased the expression of anti-
apoptotic Bcl-2, thereby increasing the MPP*-induced Bcl-
2/Bax ration elevation in PC12 cells.

In conclusion, our results provided novel insights into
the cellular mechanisms of PF’s biological functions.
Neuroprotection of PF may be associated with alleviating
LDH leakage, decreasing [Ca2+]i and regulating mito-
chondrial membrane potential and Bcl-2/Bax/caspase-3
signal pathway. These results suggest that PF might be a
promising candidate for the prevention or treatment of

@ Springer

neurodegenerative diseases such as Parkinson’s disease,
but further studies to understand the basic mechanism are
required.
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