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We herein aimed to evaluate the neuroprotective effects of resveratrol on a mouse model of Parkinson’s
disease and to explore whether the Wnt/beta-catenin signaling pathway was involved. Thirty male C57
black 6 mice were randomly divided into a control group, a model group (1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine) and a treatment group (1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine resveratrol)
(n=10). The model and treatment groups were intraperitoneally injected with 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (30 mg/kg in normal saline) to induce Parkinson’s disease. Then the treatment group
was administered with resveratrol (20 mg/kg in 0.5 % sodium carboxymethylcellulose solution) on the
1** d of modeling. The motor coordination ability was studied by the pole climbing test. Astrocyte and
microglia activations in the substantia nigra pars compacta were observed by immunohistochemical
staining. 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine-induced striatum dopamine release was measured
by high performance liquid chromatography and dopamine transporter level was detected with Western
blot. SH-SYSY cell viability and dependence on the Wnt/beta-catenin signaling pathway were assessed
by 3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide assay and Western blot, respectively.
Resveratrol relieved the motor dysfunction, death of dopaminergic neurons, activation of astrocytes and
microglia, as well as reduction of striatum dopamine content induced by neurotoxin 1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine in vitro. It also alleviated the damage of SH-SYSY cells induced by 1-methyl-
4-phenylpyridinium. Resveratrol increased the levels of proteins from the Wnt/beta-catenin signaling
pathway in the mouse model of Parkinson’s disease and 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine-
treated SH-YSY cells. Resveratrol exerted neuroprotective effects on the Parkinson’s disease model

predominantly by regulating the Wnt/beta-catenin signaling pathway.
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Parkinson’s Disease (PD) is a common progressive
neurodegenerative dyskinesia with the prevalence rate
of about 1 % among the elderly aged over 65 y old. The
main clinical manifestations include tremor, stiffness,
bradykinesia and gait apraxia, as well as autonomic
dysfunction, sleep disorders and Alzheimer’s disease
in the later stage!'?. PD is pathologically typified by
the progressive loss of dopaminergic neurons in the
Substantia Nigra pars compacta (SNpc), but its exact
pathogenesis remains unclear®. Levodopa replacement
therapy is still the first-line treatment for PD, but the
progression cannot be prevented, accompanied by many
serious adverse reactions after long-term use, such as
autonomic symptoms (nausea, orthostatic hypotension),
daytime sleepiness and psychiatric complications
(illusion, delusion). Therefore, researchers have
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endeavored to find new targets for developing drugs for
PD, aiming to improve the quality of life of patients.

The Wnt protein family consists of 19 glycosylated
proteins that regulate cell growth and differentiation!!.
It is also an important mediator of cell-to-cell
communication and signal transduction during the
development of the central nervous system. Wnt ligands
are a class of secreted glycoproteins that work through
paracrine or autocrine. Besides, the Wnt/Beta (f)-catenin
signaling pathway (Wntl or Wnt3a) and Wnt signaling
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essentially participate in the development of midbrain
dopaminergic neurons®. Wntl is involved in midbrain
formation, progenitor cell differentiation in SNpc and
survival of dopaminergic neurons.

Resveratrol is a natural polyphenolic chemical widely
existing in grape skin and other plants, with biological
characteristics such as antioxidation, anti-inflammation,
anti-aging, antitumor and relief of the endoplasmic
reticulum stress. At present, studies regarding the
protective effects of resveratrol on dopaminergic neurons
focus on resistance to oxidation and inflammation!”.
Nevertheless, the role of the Wnt/B-catenin signaling
pathway has seldom been referred. Thereby motivated,
we herein aimed to clarify the mechanism by which the
Wnt/B-catenin signaling pathway participated in the
neuroprotective effects of resveratrol on PD through
establishing in vivo and in vitro models using SH-
SYS5Y cells treated with 1-Methyl-4-Phenylpyridinium
(MPP+).

MATERIALS AND METHODS

Animals and cell line:

This study has been approved by the animal ethics
committee of Beijing Huilin Zegu Biotechnology Co.,
Ltd., and great efforts have been made to alleviate the
suffering of animals. Thirty Specific Pathogen Free
(SPF) male C57 Black 6 (C57BL/6) mice aged 12 w
old and weighing 24-26 g were purchased from SPF
(Beijing) Biotechnology Co., Ltd. (China, certificate of
conformity: SCXK (jing) 2019-0010). They were fed in
standard feeding boxes at 20°-26° with a 12 h/12 h light/
dark cycle.

Reagents and antibodies:

Resveratrol (purity: >98 %), 1-Methyl-4-Phenyl-1,2,3,6-
Tetrahydropyridine (MPTP) and 3-(4,5-Dimethylthiazol-
2-yl)-2,5-Diphenyltetrazolium Bromide (MTT) were
obtained from Sigma (St. Louis, MO, USA). Dulbecco’s
Modified Eagle Medium (DMEM), Opti-MEM, Non-
Essential Amino Acids (NEAA) and penicillin were
purchased from Gibco (Grand Island, NY, USA).
Fetal Bovine Serum (FBS) was bought from Sciencell
(Carlsbad, California (CA), United States of America
(USA)). Wntl antibody was obtained from Santa
Cruz Biotechnology (Santa Cruz, CA, USA). P-Ser9-
Glycogen Synthase Kinase 3 Beta (GSK3p) and
B-catenin antibodies were provided by Cell Signaling
Technology (Beverly, Massachusetts (MA), USA).
Dopamine Transporter (DAT) and B-actin antibodies
were purchased from Millipore (MA, USA). All other
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drugs were obtained from Sigma (St. Louis, MO, USA).
Animal grouping and treatment:

Thirty mice were randomly divided into a control
group, a model group (MPTP) and a treatment group
(MPTP+resveratrol) (n=10). The model and treatment
groups were intraperitoneally injected with MPTP (30
mg/kg in normal saline) to induce PD, once every 3.5
d for 5 w (a total of 10 injections). The control group
was intraperitoneally injected with a corresponding
volume of normal saline. The treatment group was
administered with resveratrol (20 mg/kg in 0.5 % sodium
carboxymethylcellulose solution) on the 1**d of modeling,
once a day for 5 w. The control and model groups were
intragastrically treated with corresponding volumes of
0.5 % sodium carboxymethylcellulose solution.

Animal behaviors:

The pole climbing test was used to investigate the motor
coordination ability of a mouse!®. A straight wooden
rod with a diameter of 10 mm and a height of 500 mm
was used, and a cork ball with a diameter of 25 mm was
placed on the top of the rod. The mouse head was placed
upside down on the top of the rod and the following
three time points were recorded; T1 for the time from
the start of movement to the time when the head was
turned downward; T2 for the time of climbing down to
the middle of pole and T3 for the time of climbing to
the bottom of pole from the middle. The above activities
were scored as follows, 3 points for shorter than 3 s; 2
points for shorter than 6 s but longer than 3 s and 1 point
for over 6 s. Finally, the sum of them (TI+T2+T3) was
recorded. The mice were trained for 3 d before the test.
Detection was conducted three times during the test,
with the interval of 1 min each time and the shortest time
was recorded. If the mouse failed to completely flip, slip
or drop, the score was 3 points. The pole climbing ability
was evaluated 1 w before establishment of the MPTP
model and 3 h, 1 d, 3 d and 7 d after it.

Immunohistochemical staining:

The mice were anesthetized through intraperitoneal
injection with 0.004 ml/g of 10 % chloral hydrate.
After anesthesia, the heart was exposed. A scalp needle
was inserted into the left ventricle and the auricula
dextra was cut open, into which normal saline and 4 %
paraformaldehyde were perfused. The mouse brain was
taken outimmediately and fixed in 4 % paraformaldehyde
overnight. Afterwards, the brain was dehydrated in 20
% saccharose solution for 3 d and in 30 % saccharose
solution for another 3 d and stored at -70°. Frozen tissue
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was sectioned into 30 um thick. The brain sections
were collected in Phosphate-Buffered Saline (PBS)
and stored at 20° prior to use. After being washed with
PBS at room temperature, the sections were incubated
with 3 % Hydrogen peroxide (H,0,) for 30 min to
eliminate endogenous horseradish peroxidase and then
washed three times with PBS on a shaker, 5 min each
time. At room temperature, the sections were blocked
by using 5 % Bovine Serum Albumin (BSA) (prepared
with PBS/0.1 % Triton X-100) for 1 h, incubated with
mouse anti-Tyrosine Hydroxylase (TH) (1:3000), anti-
Glial Fibrillary Acidic Protein (GFAP) (1:800) or anti-
Macrophage-1 (MAC-1) (1:100) primary antibody
overnight at 4° and washed with 0.01 M PBS 3 times,
5 min each time. Subsequently, they were incubated
with corresponding horseradish peroxidase-conjugated
secondary antibodies for 1 h at room temperature and
color-developed with diaminobenzidine. Stereoscopic
counting was performed for TH-positive cells in
SNpc, GFAP-positive astrocytes and MAC-1-positive
microglia.

Measurement of dopamine levels in the striatum:

Dopamine level was measured using High Performance
Liquid Chromatography (HPLC) with LC-20A pump
(Shimadzu, Kyoto, Japan) and RF-20A fluorescence
detector (Shimadzu, Kyoto, Japan). Chromatographic
separation of dopamine was conducted using Thermo
Hypersil GOLD™ C ; column (4.6x150 mm, i.d., 5 um;
Thermo Fisher Scientific Inc., MA, USA). Mobile phase
A consisted of 30 mM citric acid, 40 mM sodium acetate
anhydrous, 0.2 mM Ethylenediaminetetraacetic Acid
Disodium (EDTA-2Na) salt and 0.4 mM sodium octane
sulfonate (pH=3.9) and phase B was methanol. The
ratio of phase A to phase B was 86:14 and the flow rate
was 1.0 ml/min. Dopamine level was calculated based
on the peak area of standard curve using Lab Solutions
LC-solution Version 1.2 Workstation (Shimadzu, Kyoto,
Japan).

Cell culture and grouping:

SH-SYS5Y cells were cultured in DMEM containing 10
% FBS, 1 % NEAA, 100 U/ml penicillin and 0.1 U/ml
streptomycin at 37° with 5 % Carbon dioxide (CO,). The
cells were cultured in sterile plastic culture flasks at the
density of 1x10%cm? and trypsinized and passaged every
3 d. Then the cells were seeded into 96 or 6-well plates
and cultured by DMEM containing 10 % FBS for 24 h.
Drug treatment was started after the culture medium was
replaced by serum-free one.
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MTT assay:

The cell viability was tested by the MTT assay. Well-
grown cells were digested, diluted into a suspension by
DMEM containing 10 % FBS, seeded into 96-well plates
(200 pl each well) and incubated at 37° with 5 % CO, for
24 h. After the culture medium was replaced by serum-
free medium, the cells were treated for 24 h as mentioned
above, from which the medium was discarded. After
addition of 200 upl of 0.5 mg/ml MTT solution
prepared by PBS, the cells were further cultured at 37°
with 5 % CO, for 4 h and MTT solution was removed.
Subsequently, 200 pl of Dimethyl Sulfoxide (DMSO) was
added and the plates were shaken at room temperature
for 15 min. The Optical Density (OD) of each well was
measured at 450 nm by a micro plate reader. Cell viability
was determined by using the percentage of OD of drug
treatment group to that of the control group.

Western blotting:

1 w after MPTP administration, brain tissues were
rapidly removed onto ice, added in a proportion of 1:10
(v/v) to buffer containing protease inhibitor cocktail (Life
Technologies Corp., Carlsbad, CA, USA), ultrasonicated
and incubated on ice for 40 min. Cell lysates were
centrifuged at 12 000 xg for 15 min, and the supernatants
were collected as whole-cell protein samples. A 1 pl
sample of lysate was used to measure the total protein
concentration. The samples were mixed with 5% loading
buffer and denatured in boiling water for 5 min before
storage at -20° for future use.

According to the Bicinchoninic Acid (BCA)
quantification results, 20 pg protein was loaded on
each lane of 10 % polyacrylamide gel and separated
by Sodium Dodecyl Sulfate-Polyacrylamide Gel
Electrophoresis (SDS-PAGE) (80 V). Separated proteins
were electronically transferred onto polyvinylidene
fluoride membranes at 300 mA constant current for 90
min. Blotted membranes were incubated in Tris Buffered
Saline+Tween 20 (TBST) (pH 7.4, 10 mM Tris-HCI,
150 mM Sodium chloride (NaCl), 0.1 % Tween-20)
containing 5 % non-fat milk for 1 h and then in 5 %
BSA-TBST containing one of the following primary
antibodies overnight at 4° anti-Wntl (1:200), anti-p-
Ser9-GSK3p (1:1000), anti-B-catenin (1:1000) or anti-f-
actin (1:1000). Immunolabeled membranes were washed
three times in TBST and incubated with secondary
antibodies for 1 h, followed by three washes with TBST.
Finally, immunoblots were scanned by Gel Max imager
(Ultra-Violet Products Ltd., Upland, CA, USA). Band
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density was measured by Gel Pro Analyzer software
(Media Cybernetics, Inc., Bethesda, MD, USA).

Statistical analysis:

All data are represented as mean+Standard Error of the
Mean (SEM). Treatment group means were compared by
one-way or two-way analysis of variance. When analysis
of variance showed significant differences among
groups, pairwise comparisons were carried out by the
Newman-Keuls post hoc test. For all analyses, p<0.05
was considered statistically significant. All statistical
analyses were performed with IBM Statistical Package
for the Social Sciences (SPSS) software (version 21.0,
USA).

RESULTS AND DISCUSSION

A mouse model of MPTP was established to evaluate
the protective effects of resveratrol on neurological and
motor deficits. The mice showed obvious acute reaction
after a few min of intraperitoneal injection of MPTP,
such as tail stiffness, vertical hair, decreased activity, etc.,
the symptoms were alleviated after 12 h, but the activity
of the mice was still significantly reduced. In contrast,

10+

the control group did not undergo motor dysfunction. At
3 h as well as on the 1%, 3" and 7" d after intraperitoneal
injection of MPTP, the behavior of climbing rods was
observed. The rats showed obvious motor dysfunction
3 hand 1 d after intraperitoneal injection of MPTP. The
time required for climbing was significantly increased.
Resveratrol pretreatment significantly increased the
motor function scores of mice on 1 d and 3 d after
intraperitoneal injection of MPTP compared with MPTP
as shown in fig. 1.

In the pole climbing test, resveratrol significantly
alleviated the motor dysfunction of PD mice induced by
MPTP. Consistent with behavioral testing, resveratrol
attenuated the neurotoxicity of MPTP and protected
dopaminergic neurons. Immunohistochemical staining
was used to observe the dopaminergic neurons in SNpc.
Intraperitoneal injection of MPTP reduced the number
of TH positive cells in SNpc. Compared with the MPTP
group; pretreatment with resveratrol significantly
increased the number of TH positive cells in SNpc as
shown in fig. 2.

To further investigate the effects of resveratrol on

E i

Score{pole test)

0+

Baseline 3h 1day 3day 7day

Fig. 1: Pole test scores for each animal were calculated following acute MPTP treatment after 3h,1d,3dand 7 d
Note: Data are represented as mean+SEM of 10 individual experiments, (-@-) Control; (-#) MPTP and ( =& ) Res+tMPTP group
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Fig. 2: (A) TH-immunoreactive neurons in the mouse SNpc and (B) Stereological cell counts of TH-IR neurons in the mouse SNpc
Note: Data are represented as mean+SEM of six individual experiments. *Compared with control group, p<0.05 and “compared with

MRTP group, p<0.05

MPTP-induced activation of mouse astrocytes. GFAP
staining showed the number of GFAP-positive astrocytes
in SNpc. Only a weak GFAP-positive astrocyte immune
response was observed in SNpc of the control mice.
Intraperitoneal injection of MPTP increased the number
of GFAP-positive astrocytes in SNpc 3.12-fold compared
with that of the control group. Resveratrol pretreatment
inhibited MPTP-induced activation of astrocytes
(p<0.001, compared with MPTP group) as shown in fig.
3.

In this study, MAC-1 staining was used to label activated
microglia to study the effect of resveratrol on MPTP-
induced mouse microglia activation. MAC-1 staining
showed that only weak MAC-1 positive microglial
immune response was observed in SNpc of the control
group. The intraperitoneal injection of MPTP increased
the number of MAC-1 positive microglia in SNpc 2.85-
fold compared with that of the control group (p<0.001).
Resveratrol  pretreatment inhibited MPTP-induced
activation of microglia (p<0.001, compared to MPTP
group) as shown in fig. 4.

We determined the release of striatal dopamine by HPLC.
The striatum dopamine level was significantly decreased
after MPTP administration. Compared with the MPTP
group, the MPTP+ resveratrol group had significantly
higher level of dopamine in the striatum (p<0.001) as
shown in fig. 5.
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Western blotting was used to determine the level of
DAT in the striatum. Intraperitoneal injection of MPTP
significantly decreased the expression of DAT (p<0.01,
compared with control group). Resveratrol was able to
reverse the decrease in DAT level (p<0.01, compared
with MPTP group) as shown in fig. 6.

Intraperitoneal injection of MPTP significantly reduced
the levels of Wntl, p-Ser9-GSK-3f and B-catenin, but
the resveratrol+MPTP group had significantly elevated
levels (p<0.01, compared with MPTP group) as shown
in fig. 7.

SH-SYSY cells were pretreated with resveratrol (1 pM,
10 uM or 100 pM) for 24 h before administration of 500
uM MPP*. Cell viability was measured by MTT assay.
Compared with the MPP* group, the MPP*+resveratrol
group showed significant resveratrol dose dependence.
Specifically, 10 uM and 100 uM resveratrol pretreatment
significantly augmented cell viability (p<0.01) as shown
in fig. 8.

Western blotting exhibited that MPP* treatment
significantly reduced the expression levels of Wntl,
p-Ser9-GSK-33 and P-catenin (p<0.01, compared
with control group). In addition, 10 pM resveratrol
pretreatment for 30 min significantly elevated their levels
(p<0.01, compared with MPP* group) as shown in fig. 9.

With the deepening of the research on the pathogenesis

Indian Journal of Pharmaceutical Sciences 963



www.ijpsonline.com

_ Contrel group MFTF group ) Res+MPTP group )

A sl BT R g wt T Bl e B ey e - . z B T s
i L Ay m -l"l'-'- & W o "’I"I- w"iﬂ'ﬂ- a® n -
: :" il . L, =il ‘--_:r.-i‘. '."I‘.M‘ - N & = -y ““‘ i

o ¥ = LE % w_ & it
: . ".'-:"". .’: I|. :' “l Tﬁ -"ll;E T A i ol -. i

-t . o =
i - W g ":"'ﬁi;}: -"'-.--i'rﬁ -- “ '. = '. e -y
b =t B 2 L. :_' Yo wa ey B
- - - g ; 5 Hl‘.l P 2T 4 '
% e g Ol el e Tl S MR
N - M
e l-_.L-J' :-_,. l‘---:-r T -‘-':"-._ - L™ }'
- L] o F & a » T, & » . .'-_. 5 d
£ .
R e 1 34 LT s g e VLTRY, T e
B
[0}
=
3
[+
2
.
o

S

o

Fig. 3: (A) Astrocytes in mouse SNpc and (B) Stereological cell counts of astrocytes in the mouse SNpc
Note: Data are represented as mean+SEM of six individual experiments. *Compared with control group, p<0.05 and *compared with

MRTP group, p<0.05
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Fig. 4: (A) Microglia in mouse SNpc and (B) Stereological cell counts of microglia in the mouse SNpc
Note: Data are represented as mean+SEM of six individual experiments. *Compared with control group, p<0.05 and “compared with

MRTP group, p<0.05
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ng/mg tissue

Fig. 5: HPLC of dopamine release in the mouse striatum
Note: Data are represented as mean+SEM of 10 individual experiments. *Compared with control group, p<0.05 and “compared with

MRTP group, p<0.05
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Fig. 6: Western blot analysis of DAT expression in the striatum of the acute MPTP mouse model
Note: Data are represented as mean+SEM of 10 individual experiments. *Compared with control group, p<0.05 and “compared with
MRTP group, p<0.05
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Fig. 7: Western blot analysis of Wntl, (A) p-Ser9-GSK3p; (B) p-catenin and (C) expression levels in mouse SNpc
Note: Data are represented as mean+SEM of five independent experiments. *Compared with control group, p<0.05 and *compared with

MRTP group, p<0.05
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Fig. 8: Resveratrol dose-dependently suppressed the decrease in SH-SY5Y cell viability induced by MPP* (500 pM)
Note: Data are expressed as mean+SEM of five independent experiments. *Compared with control group, p<0.05 and “compared with

MRP+ group, p<0.05
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Fig. 9: SH-SYSY cells were pretreated with 10 pM resveratrol in the absence for 30 min and then challenged with MPP* for 24 h. After
treatment, cells were harvested and levels of Wntl, p-Ser9-GSK3 and p-catenin analyzed. Upper panels show densitometric analysis,

while the lower panels show representative blots
Note: Data are expressed as mean=SEM of five independent experiments. *Compared with control group, p<0.05 and “compared with
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and pathophysiological process of PD, it is a hot research
topic of PD to find neuroprotective drugs that can prevent
or delay the course of the disease. For the treatment of PD,
neuroprotective therapy can bring long-term benefits by
affecting the etiology and pathogenesis. It should delay
the onset or delay the progression of the disease.

Resveratrol has a wide range of pharmacological effects,
including anti-oxidative stress, anti-inflammatory,
anti-tumor, liver protection, liver cirrhosis, immune
regulation, sedative and estrogen-like effects, antiviral,
etc."1%. There have been no reports of its prevention
or research on PD. Because of its anti-oxidative stress,
inhibition of cell apoptosis and immune regulation,
combined with the known factors involved in PD
pathogenesis, it is envisaged that it may inhibit or even
prevent oxidative stress and apoptosis in the process of
PD pathogenesis. Estrogen may play a protective role
in PD dopaminergic neurons, so this experiment used
C57BL/6 male mice!'). The mouse PD model induced
by intraperitoneal injection of MPTP is more suitable for
the study of the therapeutic effect of drugs on PD.

In this study, mice were found to have obvious acute
reactions in mice a few min after intraperitoneal injection
of MPTP, such as tail stiffness, vertical hair, decreased
activity, etc., the symptoms were alleviated after 12
h, but the activity of the mice was still significantly
reduced. Significant motor dysfunction occurred at 3 h
and 1 d after intraperitoneal injection of MPTP and the
time required for climbing was significantly increased,
while resveratrol pretreatment significantly increased
mice on 1 d and 3 d after MPTP intraperitoneal injection.
Resveratrol significantly mitigated dyskinesia in MPTP
model mice. In accordance with the behavioral test,
intraperitoneal injection of MPTP reduced the number of
TH-positive cells in SNpc of mice. Compared with the
mouse MPTP group, the pretreatment with resveratrol
significantly increased TH-positive SNpc in the mouse
MPTP+resveratrol group. The number of cells suggests
that resveratrol can inhibit the neurotoxicity of MPTP
and protect dopaminergic neurons.

Astrocytes are the most abundant cell types in the
brain and play a vital role in the central nervous
system. Astrocytes are involved in the innate immune
response and are involved in the regulation of immune
inflammation!'>'#. Since neuroinflammatory response
plays a key role in the pathogenesis of PD, the effect of
resveratrol on mouse astrocyte activation induced by
MPTP was further explored. GFAP staining showed the
number of GFAP-positive astrocytes in SNpc of mice.
Only a weak GFAP-positive astrocyte immune response
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was observed in SNpc of the control mice. Intraperitoneal
injection of MPTP increased the number of GFAP-
positive astrocytes in SNpc 3.12-fold compared with the
control group. Resveratrol pretreatment inhibited MPTP-
induced activation of astrocytes (p<0.001, compared with
MPTP group). In the brain tissue, microglia can regulate
immune inflammation and MPTP can promote the
occurrence of neuroinflammation. Herein, the number of
MAC-1 positive microglia in SNpc of mice was observed
by MAC-1 staining. Intraperitoneal injection of MPTP
increased the number of MAC-1 positive microglia in
the SNpc area 2.85-fold compared with the control group
(p<0.001). Resveratrol pretreatment inhibited MPTP-
induced activation of microglia (p<0.001, compared with
MPTP group), suggesting that resveratrol significantly
suppressed MPTP-induced astrocyte and microglia
activation.

To further validate the inhibitory effect of resveratrol on
the function of MPTP-damaging dopaminergic neurons,
we measured the release of striatal dopamine by HPLC.
The dopamine level in the striatum was significantly
reduced after MPTP administration in mice. Compared
with the MPTP group, the striatum dopamine level
was significantly increased in the MPTP-+resveratrol
group (p<0.001). DAT is a transmembrane protein
that reabsorbs dopamine from the synaptic cleft to
presynaptic neurons, controls dopamine transport and
maintains a balanced dopamine level'. To further
investigate whether resveratrol plays an important role in
the stable expression of DA, the level of DAT in mouse
striatum was determined by Western blotting. The results
showed that intraperitoneal injection of MPTP in mice
can significantly reduce the expression of DAT (p<0.01,
compared with control group), resveratrol could reverse
the decrease of DAT level induced by MPTP in mice
(p<0.01, compared with MPTP group).

Accumulating evidence has proven that the dysregulation
of Wnt signaling plays a crucial role in the pathogenesis
of PD!'®l and Wnt are crucial regulators of inflammatory
responsel!’ . In the brain, both astrocytes and
microglia express Wnt receptors and respond to Wnt
proinflammatory or anti-inflammatory activity!2®-2!l,
However, the relationship between the resveratrol anti-
inflammatory pathway involved in the damage and repair
of nigrostriatal dopaminergic neurons and the Wnt/B-
catenin signaling pathway remains unclear. In this study,
intraperitoneal injection of MPTP in mice significantly
reduced Wntl, p-Ser9-GSK-3 and P-catenin, and
resveratrol+MPTP group Wntl, p-Ser9-GSK-3f and
[-catenin were significantly elevated (p<0.01, compared
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to the MPTP group). To evaluate the direct effects, we
investigated the protective effects of resveratrol on
dopaminergic neurons in inhibiting MPP* neurotoxicity.
SH-SYSY was pretreated with resveratrol (1 uM, 10
uM or 100 uM) for 24 h before administration of 500
pM MPP". Cell viability was measured by MTT assay.
Compared with the MPP* group, the MPP*+resveratrol
group had significant dose dependence on resveratrol, and
10 uM and 100 puM resveratrol pretreatment significantly
increased cell viability (p<0.01). We further evaluated
the role of the Wnt/B-catenin signaling pathway in the
involvement of resveratrol in neuroprotection. Moreover,
Western blotting exhibited that MPP* treatment
significantly reduced the expression levels of Wntl,
p-Ser9-GSK-3f and B-catenin (p<0.01, compared with
control group) and 10 uM resveratrol pretreatment for
30 min significantly raised the levels (p<0.01, compared
with MPP* group).

In summary, resveratrol relived the neurotoxicity of
MPTP against dopaminergic neurons in SNpc and
maintained the function of dopaminergic neurons and the
reuptake of striatal dopamine. Meanwhile, resveratrol
significantly alleviated the toxicity of SH-SY5Y neurons
induced by MPP+. Furthermore, the levels of Wntl,
p-Ser9-GSK-3B and B-catenin in SNpc of PD model
mice and SH-SYS5Y cells decreased, whereas resveratrol
significantly elevated such levels. Resveratrol exerted
neuroprotective effects on the PD model predominantly
by regulating the Wnt/B-catenin signaling pathway.
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