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Progressive degeneration of dopaminergic neurons in the substantia nigra (SN) is implicated in Parkinson’s disease (PD). The
efficacy of these currently used drugs is limited while traditional Chinese medicine (TCM) has been used in the management
of neurodegenerative diseases for many years. This study was designed to evaluate the effect of a modified traditional Chinese
herbal medicine decoction, Cong Rong Jing (CR]), on cell survival and apoptosis of I-methyl-4-phenylpyridinium- (MPP"-) treated
MES23.5 dopaminergic cells. CR] was prepared as a decoction from three Chinese herbs, namely, Herba Cistanches, Herba Epimedii,
and Rhizoma Polygonati. We reported here that CR] significantly enhanced the cell survival of MES23.5 cells after the exposure of
MPP" and inhibited the production of intracellular reactive oxygen species (ROS) induced by MPP". CRJ also prevented the MPP*-
treated MES23.5 cells from apoptosis by reducing the externalization of phosphatidylserine and enhancing the Bcl-2/Bax protein
expression ratio. Signaling proteins such as JAK2, STAT3, and ERK1/2 were also involved in the action of CRJ. Taken together,
these results provide a preliminary mechanism to support clinical application of the TCM formulation in PD and possibly other
neurodegenerative diseases associated with ROS injury and apoptosis.

1. Introduction

Parkinson’s disease (PD) is a neurodegenerative disorder due
to the progressive and selective degeneration of dopaminergic
neurons in the substantia nigra (SN), leading to the depletion
of dopamine in striatum [1, 2]. Although the biochemical and
molecular pathogenesis of the loss of dopaminergic neurons
in PD has not yet been fully understood, it is believed that
the pathogenesis is multifactorial which includes oxidative
stress, mitochondrial dysfunction, and glutamate-mediated
excitotoxicity and inflammation [3, 4]. Emerging evidence
also shows that apoptotic pathways are probably involved in

the death of dopaminergic neurons in PD [5, 6]. Prevention of
the dopaminergic neurons from proceeding apoptosis would
be useful in the treatment of PD.

Traditional Chinese medicine (TCM) has been shown to
reduce the progression of the symptoms of PD for many years
[7-10]. It exerts therapeutic effect in controlling the progres-
sion of the disease and reducing the dosage of dopamine for
treatment [10]. We have previously tested five Chinese herbs
(Fructus Ligustri Lucidi, Herba Cistanches, Herba Epimedii
Rhizoma Polygonati, and Semen Cuscutae) with “kidney-
tonifying” properties according to the theories of TCM and
found that some of the herbs showed better neuroprotective
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effects in PD mouse model [11] and H,O,-injured MES23.5
cell model [12] as compared to selegiline, a monoamine
oxidase inhibitor which is used to reduce early symptoms
of PD. These herbs demonstrated differential neuroprotec-
tive effects by (1) increasing the neurotropic factors such
as nerve growth factor (NGF), brain-derived neurotrophic
factor (BDNF), and glial cell line-derived neurotrophic factor
(GDNF) [11, 12], (2) reducing neuronal apoptosis through the
inhibition of proapoptotic FasL and caspase-3 expression and
enhancement of antiapoptotic Bcl-2 expression [11, 12], and
(3) increasing tyrosine hydroxylase (TH) activity [11]. As the
pathogenesis of PD is complex, it is expected that the herbal
formulations may probably provide broader neuroprotective
effects due to the multitargeted actions [13, 14]. Therefore,
in the present study we selected three Chinese herbs (Herba
Cistanches, Herba Epimedii, and Rhizoma Polygonati) from
our previous findings to prepare a TCM formulated decoc-
tion, namely, Cong Rong Jing (CR]), to further investigate the
effect of the herbal formulation on cell survival and apoptosis
of MPP" -treated MES23.5 cells.

2. Materials and Methods

2.1. Materials. Fetal bovine serum (FBS) and cell cul-
ture medium Dulbeccos modified Eagles’ medium Nutrient
Mixture-F12 (DMEM/F12) were purchased from Life Tech-
nologies (Waltham, MA, USA). AG490 (JAK2 inhibitor),
PD98059 (ERK inhibitor), 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT), l-methyl-4-phenyl-
pyridiniuiodide (MPP"), and 2',7'-Dichlorofluorescin diac-
etate (DCFH-DA) were purchased from Sigma (St. Louis,
MO, USA). Annexin V apoptosis detection kit was purchased
from KeyGEN biotech (Nanjing, China). Antibodies of
phospho-JAK2 (p-JAK2), JAK2, phospho-STAT3 (p-STAT3),
STAT3, phospho-ERK1/2 (p-ERK1/2), ERK1/2, Bcl-2, Bax,
and B-actin were purchased from Cell Signaling Technology
(Beverly, MA, USA).

2.2. Preparation of the Aqueous Extract. The traditional Chi-
nese medicinal herbs, Herba Cistanches (Rou Cong Rong),
Herba Epimedii (Yin Yang Huo), and Rhizoma Polygonati
(Huang Jing), were purchased from Fujian Pharmaceutical
Co. Ltd. (Fuzhou, China) and were carefully authenticated
by Laboratory of Pharmacognosy and Chinese Medicine
according to the Chinese pharmacopoeia (The Pharma-
copoeia Commission of People’s Republic of China, 2005). To
prepare CR] aqueous extract, Herba Cistanches (50 g), Herba
Epimedii (50 g), and Rhizoma Polygonati (90 g) were mixed
and ground. The raw herbal powder was immersed in a total
volume of 10 times (w/v) that of distilled water for 1 hour
and then boiled for 2 hours. The solution was filtered and
the filtrate was collected. The entire residue was collected
and further boiled with a total volume of 8 times (w/v) that
of distilled water for 2 hours. The solution was filtered and
the two filtrates were combined, concentrated, and freeze-
dried. The yield of the final dried extract was 25% (w/w) of
the starting raw herbal materials and the resulting extract
was stored at —20°C until used. The concentration of CR]J in
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this study was calculated according to the starting raw herbal
materials. The stock solution CRJ (10 mg/mL) was prepared
by dissolving CR] in PBS, followed by sonication, sterilization
at 100°C, and filtration.

2.3. Cell Culture. MES23.5 cells, which were originally estab-
lished and developed by Dr. Weidong Le at Baylor College
of Medicine, USA, were cultured as described in Li et
al’s report [15]. Briefly, MES23.5 cells were maintained in
DMEM/F12 culture medium supplemented with 5% FBS
(Life Technologies, Waltham, MA, USA), 1% L-glutamine
(Sigma, St. Louis, MO, USA), 2% of 50x Sato’s solution [12,
16], 100 U/mL of penicillin, and 0.1 mg/mL of streptomycin
(Life Technologies, Waltham, MA, USA). The cells were
maintained and incubated in a humidified 5% CO, incubator
at 37°C.

2.4. MPP* and CRJ Treatment. MES23.5 cells were seeded
in poly-D-lysine (PDL) coated 96-well plate at a density of 1
x 10 cells per well. Different concentrations of MPP* were
administered to the cells for 24 or 48 hours to optimize
the experimental condition. To evaluate the neuroprotective
effect of CRJ, MPP™" containing medium was removed after 24
hours of incubation and then further treated with different
concentrations of CR]J for 24 or 48 hours. The cells in the
control were only treated by culture medium not containing
CRJ and MPP".

2.5. Cell Viability Assay. Cell viability was detected by MTT
assay. After the indicated time of treatment, 20 uL of MTT
solution (5mg/mL) was added to the cells and further
incubated for 4 hours at dark environment. After that, the
supernatant was removed and 150 yL of DMSO was added to
each well of the plate. The plate was further shaken for 10 min
to dissolve the formazan crystal. Optical density of each well
was measured by spectrophotometer (BIO-TEK ELX 800,
BioTek Instruments, Inc., Vermont, USA). Freshly prepared
DMEMY/FI2 culture medium was used as a negative control.

2.6. Detection of Intracellular ROS Production. Intracellular
ROS level was examined using flow cytometry with H2DCF-
DA staining as described by Wang et al. [17]. Briefly, the
treated cells were washed with serum-free medium followed
by incubation of DCFH-DA in the absence of light for
30min at 37°C. Cells were then washed, centrifuged, and
resuspended in PBS. The cells were analyzed by FACSVerse™
flow cytometer (Becton Dickinson, New Jersey, USA) with
the excitation wavelength of 488nm and the fluorescent
signals were acquired by the FL-1 channel. Data were analyzed
by the CellQuest software.

2.7. Apoptosis Detection. The percentage of apoptosis was
detected using flow cytometry with Annexin V-fluorescein
isothiocyanate (FITC) Apoptosis Detection Kit (Nanjing
KeyGen Biotech Co., Ltd, Nanjing, China) according to the
manufacturer’s instructions. Briefly, the treated cells were
harvested and collected by EDTA-free trypsin. The action
of trypsin was neutralized by serum-containing culture
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medium. At least 1 x 10° cells were collected and washed once
with cold PBS after the centrifugation. The cells were then
suspended in 500 uL binding buffer followed by the addition
of staining (Annexin-V-FITC) reagent and propidium iodide
(PI). After incubation in the dark at room temperature
for 10 min, the cells were analyzed by BD FACSVerse flow
cytometer (Becton Dickinson, New Jersey, USA). The results
were further analyzed using Cell Quest software.

2.8. Western Blot Analysis. Control or treated MES23.5 cells
were lysed in RIPA lysis buffer (Beyotime Co., Shanghai,
China) containing 50 mM Tris-HCI (pH 7.4), 150 mM NaCl,
1% Triton X-100, 1% sodium deoxycholate, 0.1% sodium
dodecyl sulfate (SDS), protease inhibitor (sodium orthovana-
date, sodium fluoride, EDTA, and leupeptin), and phenyl-
methylsulfonyl fluoride (PMSF, 1 mM). Protein concentration
of the cell lysates was measured by BCA assay. Cell lysates
(50 pg) were then loaded and separated by 10% SDS gel
and then transferred to polyvinylidene difluoride (PVDF)
membrane. Blots were probed with p-JAK2, JAK2, p-STATS3,
STAT3, p-ERK1/2, ERK1/2, Bcl-2, Bax, and f-actin (1:1000)
at 4°C overnight. After washing with TBST, the membrane
was incubated with an appropriately diluted secondary anti-
body (1:5000) conjugated with horseradish peroxidase for 1
hour at room temperature. Chemiluminescence was detected
using the Western blotting substrate (ECL) and visualized
on an X-ray film. Image]J software was used to measure the
densitometry of bands generated from Western blot analysis.

2.9. Statistical Analysis. Each experiment was performed at
least three times and data were expressed as mean + SEM and
analyzed using Graphpad prism v.6.0. Time course changes in
protein expression were analyzed by unpaired Student’s ¢-test.
One-way analysis of variance (ANOVA) followed by Turkey’s
multiple comparison post hoc test was used to compare
the differences between groups. A value of P < 0.05 was
considered to be statistically significant.

3. Results

3.1. CR] Enhanced Cell Survival of MPP* -Treated MES23.5
Cells. The concentrations of MPP* and CRJ for the treat-
ment of MES23.5 dopaminergic cells were optimized for the
present study using MTT assay. CR] treatment alone showed
no significant cytotoxicity effect on MES23.5 cells at the
concentration of 250 yg/mL. MPP" treatment demonstrated
dose- and time-dependent cytotoxicity to MES23.5 cells at
the concentrations of 12.5 to 800 uM (Figure 1(a)). The
treatment of different concentrations of CRJ (100, 200, and
250 pg/mL) significantly increased the cell survival of MPP" -
treated MES23.5 cells from 65% to 91% and from 40% to
56% at 24 hours (Figure 1(b)) and 48 hours (Figure 1(c)),
respectively (P < 0.001).

3.2. CR] Reduced ROS Production in MES23.5 Cells after
MPP" Treatment. MPP™ is well known to induce the pro-
duction of ROS and cause neurotoxicity [18, 19]. To evaluate
whether the rescue of MPP*-treated MES23.5 cells by CRJ

is associated with the level of intracellular ROS, an indi-
rect measurement of ROS using fluorescence method was
adopted. Figure 2 shows a significant increase in ROS level in
MPP" -treated MES23.5 cells as compared to the control (P <
0.001). However, the treatment of CR]J significantly reduced
the generation of intracellular ROS level after MPP" treat-
ment, as compared to MPP™-treated cells alone (P < 0.001).
This indicated that CR] may exhibit the neuroprotective effect
in MPP"-treated MES23.5 via the removal of intracellular
ROS.

3.3. CR] Reduced MPP" -Induced Apoptosis in MES23.5 Cells.
Phosphatidylserine is a phospholipid located at inner plasma
membrane. During the early apoptosis, phosphatidylserine
will translocate to the outer plasma membrane [20]. The
externalization of phosphatidylserine indicates the early
event of apoptosis and could be revealed by the binding of
Annexin V-FITC. PI counterstain was used to detect cells
undergoing necrosis or late apoptosis. In this study, MPP"-
treated MES23.5 cells were positively stained with Annexin
V-FITC after 24 hours, indicating that MPP" triggered the
apoptotic process. In the presence of CR], the percentage
of Annexin V-FITC positively stained cells significantly
decreased (P < 0.05) in the dose-dependent manner
(Figure 3), indicating that CR] treatment reduced MPP*-
induced apoptosis in MES23.5 cells.

3.4. CR] Increased the Ratio of Bcl-2/Bax in the MPP"-
Treated MES23.5 Cells. To further confirm the mode of cell
protection of CRJ in MPP"-induced neurocytotoxicity in
MES23.5 cells, the expression of the ratio of Bcl-2 and Bax
proteins was determined by Western blot analysis. It is well
known that Bcl-2 is the antiapoptotic protein while Bax is
the proapoptotic protein [18]. The decrease of the ratio of
Bcl-2/Bax could favour the process of intrinsic mitochondria-
mediated apoptosis [21, 22]. In this study, MPP" downreg-
ulated the protein expression of Bcl-2 while upregulating
the expression of Bax in MES23.5 cells (Figure 4(a)). The
treatment of CR]J increased the expression of Bcl-2 while
decreasing the expression of Bax in MPP™-treated MES23.5
cells in the dose-dependent manner, resulting in a significant
increase (P < 0.05) of the overall ratio of Bcl-2/Bax
(Figure 4(b)).

3.5. Modulation of the Expression of JAK2/STAT3 and
ERK1/2 by CR] in Untreated or MPP" -Treated MES23.5 Cells.
JAK2/STAT3 and/or survival signaling pathway have been
reported to associate with the expression of Bcl-2 and Bax
[23, 24]. Therefore, we attempted to further investigate the
effect of CR]J treatment on the expression of JAK2/STAT3 and
ERKI1/2 signaling proteins in our model. Untreated MES23.5
cells were pretreated with either AG490 (JAK2 inhibitor) or
PD98059 (ERK1/2 inhibitor) for 1 hour, followed by treatment
of CRJ for 24 hours. Total cell lysates were then collected
and the phosphorylation states of JAK2 (p-JAK2), STAT3
(p-STAT3), and ERK1/2 (p-ERK1/2) were determined by
Western blot analysis (Figures 5(a) and 5(b)). The results
showed that p-JAK2, p-STAT3, and p-ERK1/2 were found
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FIGURE 1: Effect of CR] on the cell survival in MPP* -treated MES23.5 dopaminergic neurons. (a) Exposure of MPP" alone for 24 or 48 hours
resulted in the decrease of cell survival in MES23.5 cells. Posttreatment of different concentration of CR] for (b) 24 or (c) 48 hours in MPP"-
treated MES23.5 cells enhanced the cell survival as compared to the MPP" treatment group without CR]J treatment. Data were represented
as mean + SEM in three independent experiments. ***P < 0.001, MPP"-treated cells as compared to control. ¥ P < 0.01, **P < 0.001, CR]
+ MPP" groups as compared to MPP" -treated cells. ***P < 0.001, CR] + MPP* groups as compared to control.

to be expressed in the untreated MES23.5 cells. Treatment
of CRJ could further increase the expression of p-JAK2, p-
STATS3, and p-ERK1/2 in MES23.5 cells. The activation of p-
JAK?2, p-STAT3, and p-ERK1/2 by CR] was partially inhibited
by AG490 and PD98059, respectively. The results suggested
that CRJ was involved in the upregulation of the expression
of p-JAK2, p-STAT?3, and p-ERK1/2 signaling proteins.

We further tested the effect of CR] treatment on the p-
JAK2, p-STAT3, and p-ERK1/2 signaling proteins in MES23.5
cells after 24-hour treatment with MPP* (100 #M). We found
that the treatment of CRJ (250 yg/mL) in the first 30 min
and 60 min after MPP" treatment significantly activated the
expression of p-JAK2 and p-STAT3 (P < 0.05) and slightly
increased p-ERK1/2 (P = 0.05) (Figures 5(c) and 5(d)). This
indicated that further upregulation of the p-JAK2, p-STAT3,
and probably p-ERK1/2 protein expressions in MPP"-treated
MES23.5 cells would be associated with the treatment of CR]J.

4. Discussion

Currently, dopamine replacement therapy is the first-line
clinical management to control the motor symptoms in PD
patients. However, the treatment could only be maintained
for few years due to the development of the end-of-dose and
on-off phenomenon [25]. Neuroprotection has emerged as
one of the main interests in PD researches [26]. Identification
of drugs that lead to preventing the dopaminergic neurons
from apoptosis and oxidative stress may probably help reduce
the dosage and side effects of dopamine replacement therapy.
Accelerating evidences show that some active ingredients of
Cistanches Herba and Herba Epimedii such as phenylethanoid
glycosides, echinacoside, and icariin exhibit antioxidant
and neuroprotective activities [27-29]. Our previous studies
showed that the decoction of different “kidney-tonifying”
Chinese herbs regulated the expression of apoptotic-related
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FIGURE 2: Detection of ROS in MES23.5 cells using flow cytometric analysis. MES23.5 cells were treated with MPP* (100 uM) for 24 hours,
followed by the posttreatment of CR] for another 24 hours. MPP™ (100 M) increased the production of ROS in MES23.5 cells. Posttreatment of
CR]J resulted in the decrease of ROS production in MPP* -treated MES23.5 cells. Fluorescence intensity of control group was set as 100%. Data
were represented as mean + SEM in three independent experiments. *** P < 0.001, MPP" -treated cells as compared to control. **P < 0.001,

CRJ + MPP" groups as compared to MPP"-treated cells.

factors and also neurotrophic factors in PD cell and animal
models [11, 12]. Since the pathological pathways of PD are
multifactorial and complex, the neuroprotective actions of
a single herbal medicine are limited. For example, in the
PD mouse model, Herba Epimedii prevented the loss of TH
activity but not Bcl-2, while Rhizoma Polygonati was able to

reduce the expression of apoptosis-promoting factors in the
model but had no effect on the TH activity [11]. Therefore, in
this study, we aimed at evaluating the therapeutic actions of
CRJ, a TCM formulation comprising three selected Chinese
herbal medicines (Herba Cistanches, Herba Epimedii, and
Rhizoma Polygonati) instead of single Chinese herbs, in a
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FIGURE 3: Percentage of Annexin-V-positive cells was analyzed by flow cytometry. MES23.5 cells were treated as described in Figure 2. MPP*
(100 M) increased the percentage of Annexin-V-positive MES23.5 cells. Posttreatment of CR]J resulted in the decrease of Annexin-V-positive
MES23.5 cells after the exposure of MPP*. Data were represented as mean + SEM in three independent experiments. ***P < 0.001, MPP*-
treated cells as compared to control. *P < 0.05, CRJ + MPP* groups as compared to MPP"-treated cells.

MPP"-injured dopaminergic cell model. We observed that
CR]J could exhibit multiple significant protective effects.
MPP" has been demonstrated as a neurotoxin that
inhibits complex I of the mitochondrial electron-transport
chain, which leads to oxidative stress and mitochondrial
dysfunction in MES23.5 cells and other neuronal cell types

[30-32]. In this study, CRJ was found to partially abolish the
ROS in MES23.5 cells after MPP" treatment. It is a crucial
observation as the dopaminergic neurons keep generating
ROS including hydrogen peroxide and hydroxyl radicals
during the dopamine metabolism [33, 34]. It is believed
that the dopaminergic neurons would be less vulnerable



Parkinson’s Disease

MPP* (100 uM)
CRJ (ug/ml)
Control 0 100 200 250

Bol2 g s - . —

Bax o AN A A a—

Pl o o —— e —

()

Bcl-2/Bax ratio

1.5 -
#
1
0.5 | T
*

0.0 T - I I I

Control 0 100 200 250

CRJ (ug/ml)
MPP* (100 uM)

(®)

FIGURE 4: Effects of CR]J on the Bcl-2/Bax ratio in MPP"-treated MES23.5 cells. MES23.5 cells were treated as described in Figure 2. (a)
Expression of antiapoptotic (Bcl-2) and proapoptotic (Bax) proteins. 8-Actin was used as protein loading control. (b) The Bcl-2/Bax ratio was
determined by densitometric analysis of bands from Western blot. Data were represented as mean + SEM in three independent experiments.
*P < 0.05, compared to control. *P < 0.05, compared to MPP* -treated cells.

to oxidative injury in the presence of CRJ. Another com-
mon consequence of mitochondrial dysfunction would be
the initiation of intrinsic mitochondrion-mediated apoptotic
pathway. The externalization of phosphatidylserine at inner
plasma membrane and the alternation of the balance between
antiapoptotic and proapoptotic Bcl-2 family proteins would
finally lead to the downstream cascades of intrinsic apoptotic
cell death [20]. Our study showed that CR] might play a
central role in the prevention of apoptotic cell death induced
by MPP" through the modulation of Bcl-2 and Bax proteins
and prevention of the externalization of phosphatidylserine.

JAK/STAT signaling pathway has been recognized as a
conserved signaling pathway involved in both physiolog-
ical and pathological cellular events such as proliferation
[35], differentiation [36], and survival [37, 38]. Blockage of
the JAK2/STAT3 pathway using pharmacological inhibitor
AG490 has been shown to reduce the neuronal survival [38]
and abolish the neuroprotective effect of neuroprotectants
[39, 40]. In the present study, significant upregulation of p-
JAK2 and p-STAT3 was observed. The neuroprotective effect
of CRJ in MPP*-treated MES23.5 cells was likely associated
with the phosphorylation of JAK2 and STATS3, resulting in the
reduction of apoptosis.

ERK is another important signaling pathway which
mediates cell survival. Many neuroprotectants are found
to protect neuronal cell death via the activation of ERK
signaling pathway. Activation of ERK pathways by long-
term administration of valproic acid (VPA) enhanced neurite
growth, cell survival in SH-SY5Y cells [41], ERK-dependent
gene expression of Bcl-2, and neurogenesis in mice embry-
onic cortical neurons and adult hippocampus [42]. Ginseno-
side Rbl prevents MPP"-induced apoptosis in PCI2 cells
through the activation of ERK/Akt pathways and inhibition
of SAPK/JNK and p38 MAPK pathways [43]. In this study, the

treatment of CR] did not significantly increase the expression
of ERK in MPP"-treated MES23.5 cells but it upregulated
the expression of ERK in untreated MES23.5 cells and also
showed nonsignificant trend of transient activation of ERK
in MPP"-treated cells. It may be implicated that CR] would
probably induce the cell survival pathways in MES23.5 cells,
leading to the reduction of MPP*-induced apoptosis.

5. Conclusion

In summary, the present study has demonstrated significant
protective actions of a TCM formulation, CRJ, which includes
the Chinese herbs Herba Cistanches, Herba Epimedii, and
Rhizoma Polygonati, on MPP"-treated MES23.5 dopamin-
ergic cells. It is believed that the neuroprotection of the
Chinese herbal formulation is “multitargeted.” Based on
the preclinical findings in this study, it is speculated that
the CRJ formulation would be a potential candidate for
the management of PD or possibly other neurodegenerative
diseases that involve oxidative injury and neuronal apoptosis.
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were represented as mean + SEM in three independent experiments. Total form of each of the phosphorylated proteins was used as protein
loading control. *P < 0.05, compared to MPP+-treated cells 0 min after the posttreatment of CRJ.

p-ERK/ERK
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