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Objective: To explore the neuroprotective effect and the related mechanisms of echinaco-
side (ECH) in 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-induced Parkinson’s
disease (PD) mice.

Methods: Parkinson’s disease is induced in mice by MPTP and the neurobehaviors of mice
in different groups are observed. Then, immunohistochemistry and Western blot analysis are
adopted to measure the expression of tyrosine hydroxylase (TH) and a-synuclein in the
substantia nigra (SN). The content of dopamine (DA) and other neurotransmitters in the brain
is detected by high-performance liquid chromatography. The expression of nerve growth
factors and inflammatory factors in SN in mice in each group is measured by quantitative
polymerase chain reaction. Finally, the expression of oxidative stress-related parameters in
each group is measured.

Results: Compared with the model group, the pole-climbing time among mice in the
moderate and high-dose ECH groups is significantly reduced (P < 0.01). The rotarod staying
time, as well as fore and hind-limb strides, shows a significant increase (P < 0.01), as does
spontaneous activity (P < 0.01). Moreover, the expression levels of TH, DA, glial cell line-
derived neurotrophic factor, and brain-derived neurotrophic factor in SN in mice show
significant increases in these two groups (P < 0.01). The content of superoxide dismutase,
catalase, and glutathione peroxidase indicates significant increases in the low, moderate, and
high-dose ECH groups (P < 0.01), and the content of MDA was reduced (P < 0.01). In the
high-dose ECH group, the expression of interleukin (IL) 6 and tumor necrosis factor-o is
significantly reduced (P < 0.01), while the expression of IL-10 shows a marked increase (P <
0.01) alongside a decrease in the expression of a-synuclein (P < 0.01).

Conclusion: Echinacoside improves neurobehavioral symptoms in PD mice and signifi-
cantly increases the expression of TH and DA. The neuroprotective effect potentially
correlates with anti-inflammation and anti-oxidation actions, promotes the expression of
nerve growth factor, and reduces the accumulation of a-synuclein.

Keywords: Parkinson’s disease, MPTP, echinacoside, a-synuclein, oxidative stress,
neuroprotection, BDNF, GDNF, IL-6, TNF-q, IL-10

Introduction

Parkinson’s disease (PD) is a chronic and progressive neurodegenerative disease.
A typical pathological feature of PD is the formation of Lewy bodies, in which o-
synuclein and ubiquitin are the primary components.'-*

Although the pathogenesis of PD has not been fully clarified, ever more
evidence indicates that environmental factors, oxidative stress, mitochondrial dys-
function, down-regulation of neurotrophic factors, immune inflammation, excita-
tory amino-acid toxicity, calcium overload, and other pathology mechanisms
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interact and participate in the occurrence or development
of PD. Studies suggested that risk factors, such as
increased oxidative stress and mitochondrial dysfunction,
can lead to misfolding and abnormal aggregation of a-
synuclein. This in turn may aggravate oxidative stress
and mitochondrial dysfunction. These factors may interact
with one another and continuously amplify the effect of
injury, eventually leading to progressive degeneration and
death of dopaminergic neurons.”

Considering that no drug can prevent the progression
of PD at present, combined with the pathogenesis and core
pathological characteristics of PD, targeting o-synuclein
may indicate an important direction for finding drugs that
can delay the disease’s progression and probe the neuro-
protective effects.

Recent studies showed that echinacoside (ECH) has
a wide range of pharmacological effects, including anti-
inflammatory, antioxidative, and neuroprotective func-
tions; additionally, it may contribute to improving learning
and memory, provide hepatic protection, and immune reg-
ulation, and provide anti-tumor effects.” Existing studies
conducted by the present study group also confirmed that
ECH may be able to improve abnormal gait in the
(MPTP)-

induced PD mice model. It may also significantly reduce

1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine

the expression of Bax/Bcl-2 and inhibit the reduction of
dopaminergic neurons in the striatum, as well as inhibit the
activation of microglia and new types of glial cells.®'® In
the pathogenesis of PD, the activation of microglia can
secrete many neurotoxic substances such as chemokines,
inflammatory factors, and reactive oxygen-free radicals,
and aggravate damage to the neurons through oxidative
stress, inflammation, and the induction of apoptosis.
Researchers have found that in the MPTP-induced PD
mice model, inhibiting the activation of microglia can
prevent the death of dopaminergic neurons.® Cell models
showed that ECH may be able to reduce the expression of
inflammatory factors induced by 6-hydroxydopamine.''

However, there are few reports on the effects of ECH
and its related therapeutic mechanisms for the clearance of
a-synuclein, the core pathological product in PD. In the
present study, the elimination of a-synuclein was further
studied by combining existing studies, considering the
neuroprotective mechanisms of ECH (anti-inflammatory,
anti-oxidative stress), and the enhancement of glial cell-
derived nerve growth factor (GDNF) and brain-derived
nerve growth factor (BDNF).

Materials and Apparatus

Experimental Animals

The experimental group comprised 108 eight-week-old
C57BL/6] mice (SPF)
grade) weighing 20-22 g. Four mice were kept per cage
at 22°C-25°C. The mice were provided by the Shanghai
Center for Laboratory Animals, Chinese Academy of

male (specific-pathogen-free

Sciences, housed at the Nanjing University of Chinese
Medicine (Nanjing, China). Animals were treated huma-
nely according to the National Institutes of Health guide-
lines in an SPF-grade room with a temperature of 22°C—
25°C, 55% relative humidity, and under a 12-h circadian
rhythm. The mice had free access to food and water.

Primary Reagents

The primary reagents used in the current study were as
follows: MPTP (Sigma-Aldrich, Product number: M0896),
mouse anti-tyrosine hydroxylase (TH) monoclonal anti-
body (Sigma-Aldrich Company), Alexa Fluor 555 anti-
rabbit antibody (Biyuntian Institute of Biotechnology),
Alexa Fluor 488 anti-rabbit antibody (Biyuntian Institute
of Biotechnology), selegiline (Sigma-Aldrich), anti-
horseradish peroxidase (HRP)-goat anti-rabbit secondary
antibody (Biyuntian Institute of Biotechnology), rabbit

polyclonal a-synuclein antibody (Cell Signaling
Technology), HRP-goat anti-mice secondary antibody
(Biyuntian Institute of Biotechnology), and ECH

(Chengdu Linghangzhe Biotechnology Co., Ltd.).
Preparation of MPTP: 100 mg MPTP powder was
added to 10 mL 0.9% normal saline, thoroughly shaken
and mixed to avoid light, and then divided into 10 1.5 mL
Eppendorf tubes and stored at —20°C. Prior to use, the
solution was diluted once to achieve a final concentration

of 5 mg/mL.

Experimental Methods

Grouping of the Experimental Animals
and Medication

Grouping of Experimental Animals

The 108 C57BL/6J mice were randomly divided into six
groups with 18 mice in each. The details of grouping were
as follows: the normal control group (the normal saline group,
MPTP group, low-dose ECH group [the EL group], moderate-
dose ECH group [the EM group], high-dose ECH group [the
EH group], and the selegiline group [the SL group]).
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Modeling of the Experimental Animals and
Medication

The MPTP dose for intraperitoneal injection was 30 mg/
kg/d for seven consecutive days. The selegiline gavage
dose was 1 mg/kg/d. The dose of ECH in EL, EM, and
EH groups was 10 mg/kg/d, 20 mg/kg/d, and 30 mg/kg/d,
respectively. Among these groups, the mice in the normal
saline group were intragastrically administered with
0.1 mL of saline and injected intra-peritoneally with
0.1 mL of saline during the modeling period. The gavage
was started in the three-dose ECH groups and the SL
group, 3 days before the MPTP injection, and the mice
continued to receiving gavage for 7 days after the termina-
tion of the MPTP injection.

Neurobehavioral Observations
The Pole Test

Created based on the literature'' (with minor modifica-
tions), the self-made device for the pole test is described
as follows: The device was a PV tube that was 55 cm long,
1 cm in diameter with a 2-cm-diameter spherical projec-
tion at the top of the device as an attachment point for
mice. The device was covered with black tape to prevent
the mice from slipping. A mouse was placed on the sphe-
rical protruding point with its head upward during the test.
The time from placing the mouse at the top of the bar to its
head turning downwards (T-turn), and the total time from
placing the mouse at the top of the bar to it climbing to the
bottom of the tube to land (T-total) were recorded.

Spontaneous Activity

Spontaneous activity, also known as “open field activity”,
is a common indicator for detecting rare activity following
MPTP injury.'? In the present study, an open field experi-
ment video analysis system was adopted. The specific
operations were as follows: Prior to conducting the experi-
ment, four mice of the same group were put into an
observation box (length 25 cm, width 25 c¢cm, and height
25 cm) to adapt for 30 min. They were then continuously
video recorded for 30 min. In the 30-min observation time
window, the number of vertical movements (rearing num-
ber) was counted separately at three discontinuous inter-
vals of 5 min. The video analysis system automatically
analyzed the trajectory of the mice’s activities and
obtained a 30-min total distance (total distance) as an

indicator of horizontal movement.

Gait Analysis

Based on the literature,' a self-made gait analysis device
was used. This comprised a wooden walkway (length
42 cm, width 4.5 cm, height 12 cm), one end of which
was open while the opposite end led to a squirrel cage. The
squirrel cage was covered with a black cloth. Blue ink was
dipped onto the bottom of a mouse’s feet. The mouse was
then placed at the open end of the walkway. The mouse
naturally moved to the end with the squirrel cage covered
with black cloth. The three longest fore and hind-limb
strides were measured, respectively, and the average
value was derived.

The Rotarod Test

A mouse was placed on a variable-speed rotarod, the speed
of which was adjusted to increase from 4 rounds/min to 40
rounds/min within an overall time of 5 min. The time from
the beginning of the rotarod rotation to the mouse drop-
ping from the rotarod each time was recorded as the

latency to fall."*

Determination of the Content of
Neurotransmitters in the Striatum by
High-Performance Liquid
Chromatography Electrochemistry

Detection

Couloehemlll 5300 electrochemical chromatography was
adopted. The detection means were 5020 and 504 LB
cells, with a chromatographic column of MD-150 (3.0 x
a mobile MDTM-2 phase, and
a sensitivity level of 2 uA. The flow rate was set to

150 mm; 3 um),

0.6 mL/min, the potential of the electrode was set to 220
mV, and the column temperature was set to 30°C. The
injection volume was 20 ul (first diluted 10 times). The
content of the following neurotransmitters was detected:
dopamine (DA), dihydroxyphenylacetic acid (DOPAC),
high vanillic acid, norepinephrine, 5-hydroxytryptamine,
and 5-hydroxyindoleacetic acid.

The Immunohistochemical Staining of

Tyrosine Hydroxylase and a-Synuclein

Following the behavioral tests, mice (n = 6 per group) were
euthanized under deep anesthesia (10% chloral hydrate) and
perfused with 0.9% sodium chloride followed by 4% paraf-
ormaldehyde through the left cardiac ventricle. Brains were
quickly removed and post-fixed for 24 h, then transferred to
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phosphate-buffered saline (PBS) containing 30% sucrose at
4°C until they sank. Tissue was embedded in paraffin, and
coronal sections (30 pm) were cut through the substantia
nigra pars compacta (SNpc; —2.8 to —3.8 mm, caudal to the
bregma) using a sledge microtome. The sections were
dewaxed and hydrated, and the endogenous peroxidase was
quenched with 0.3% hydrogen peroxide (H,O,) for 30 min.
After heat-induced antigen retrieval, the slides were incu-
bated with 0.5% Triton-X10, then with 5% bovine serum
albumin for 30 min each. The sections were then incubated
with rabbit anti-a-synuclein antibody or rabbit anti-TH anti-
body overnight at 4°C. After three 5-min washes in PBS, the
sections were incubated in biotinylated goat anti-rabbit anti-
body for 1 h, followed by avidin-biotin complex for 30 min.
Peroxidase activity was visualized with 3,3-diaminobenzi-
dine. For quantitative analysis of TH and a-synuclein-
immunoreactive neurons, 10 consecutive coronal sections
across the center of the SNpc were counted bilaterally
using Image-Pro Plus (v.6.0) in a blinded fashion.

The brain slices were observed by stereographic micro-
scopy; the immunohistochemical positive cells of TH and
a-synuclein in SN of the midbrain were calculated using
the stereographic counting system. According to the rat
brain atlas, the target region of SN of the midbrain was
delineated; the counting frame was 100x100 pum. Cell
counts of both indexes were performed under a 20
x objective lens. Cell counts were analyzed using
STEREO Investigator (v.7.0) (Micro Bright Field. Inc.,
Williston, VT, USA) software to calculate the total number
of positive cells.

The Detection of Protein by Western
Blot Analysis

The SNpc protein was extracted (n = 6 mice per group),
12-15%
polyacrylamide gel electrophoresis, and transferred to

separated using sodium dodecyl sulfate-

polyvinylidene fluoride membranes. The membranes
were blocked with 5% nonfat milk for 1.5 h at room
temperature and incubated with antibodies against TH, a-
synuclein, and GAPDH at 4°C overnight. The next day,
membranes were rinsed with tris-buffered saline contain-
ing 0.1% Tween®™ 20 and hybridized with HRP-conjugated
anti-rabbit immunoglobulin G for 1.5 h. Proteins were
visualized using enhanced chemiluminescence, and immu-
noreactive bands were analyzed with image analysis

software (Gel Doc 1000-UV; Bio-Rad, Richmond, CA)
to calculate the optical density of a-synuclein and TH
bands normalized to GADPH.

The Detection of Oxidative

Stress-Related Parameters

Approximately 0.1 ~ 0.2 g SN tissue was rinsed and
weighed in ice-cold normal saline and put into a 5 mL
homogenizing tube. With water bathing, the corresponding
volume of the homogenization medium (0.86% normal
saline) was added into the glass homogenizing tube
according to the ratio of weight (g): volume (mL) = 1:9.
The tissue was fully ground to render a 10% homogenate.
The prepared homogenate was centrifuged at 2500 rpm for
15 min, and the supernatant was taken for detection. The
protein concentration was determined following the oper-
ating steps of the total protein detection kit of the Nanjing
Jiancheng Institute of Bioengineering. The detection
wavelength was 570 nm. With pre-treatment and detection
of the protein concentration, the content of superoxide
dismutase (SOD), malondialdehyde (MDA),
(CAT), and glutathione peroxidase (GSH-Px) was detected
in the samples.

catalase

The Polymerase Chain Reaction

Procedures
Total RNA was extracted from the frozen tissue samples of
SNpc with TRIzol (Sigma, USA) and converted to cDNA
using the PrimeScript RT reagent kit (Takara, Japan).
According to the manufacturer’s instructions, expression
levels of the target gene, mRNA, were detected by real-
time quantitative polymerase chain reaction (q-PCR;
Applied Biosystems 7500, USA) using a SYBR® Premix
Ex Taq II kit (Takara, Japan). The thermocycling conditions
started at 95°C for 30 s, followed by 40 denaturation q-PCR
cycles at 95°C for 5 s and an extension at 60°C for 34
s. Melting curves were performed at the end of each cycle
to ascertain the purity of the g-PCR products. The primer
sequences for GAPDH and the target genes were as follows:
GDNF (5'GGGACUCUAAGAUGAAGUUATAT3";3'dT
dTCCCUGAGAUUCUACUUCAAYS"), BDNF (5GGUCAC
AGUCCUAGAGAAAATAT3";3'dTdTCCAGUGUCAGGA-
UCUCUUUS"), tumor necrosis factor-a (TNF-a): (5'GC
CTCTTCTCATTCCTGCTTG3";5'CTGATGAGAGGGAG-
GCCATT3"), IL-6 (5STGGGAAATCGTGGAAATGAG
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3";5'CTCTGAAGGACTCTGGCTTTG3'), IL-10 (5'CAA
CATACTGCTAACCGACTCCT3";5' TGAGGGTCTTCAG-
CTTCTCAC3'), GAPDH (5'-GGT TGT CTC CTG CGA
CTT CA-3";3'-CCT CAT TCT TTG GGA CCT GGT-5').

Statistical Analysis

All measurement data in the present study were expressed
in the form of means =+ standard error, and statistical
analysis was processed using GraphPad Prism 5.0 software
(GraphPad Software Inc., San Diego, CA); P < 0.05 was
considered statistically significant. One-way analysis of
variance was used to test the statistical differences, and
comparisons between multiple groups were analyzed by
Tukey’s multiple group comparisons.

The Experimental Results
The Observation of the Neurobehavioral

Symptoms in MPTP-Induced PD Mice
The Pole Test

The T-turn and the T-Total in the MPTP group were
significantly longer compared with those in the Normal
saline group (P < 0.01). The T-turn and T-Total in the EH
group significantly decreased compared with those in the
MPTP group (P < 0.01). Compared with the SL group,
there was no significant difference in the above two indi-
cators (P > 0.05) (as shown in Figure 1A).

The Spontaneous Activity

The rearing number within five minutes, and the total
distance within 30 minutes, all significantly decreased in
the MPTP group compared with those in the Normal saline
group (P < 0.01). The above two indicators in the EM
group, EH group, and SL group significantly increased
compared with those in the MPTP group (P < 0.01).
There was no significant difference in the above two
indicators between the EH group and the SL group (P >
0.05) (as demonstrated in Figure 1B).

The Gait Analysis

The fore and hind limb strides significantly reduced in the
MPTP group compared with those in the Normal saline
group (P < 0.01). The fore and hind limb strides in the EM
group, EH group, and SL group significantly increased
compared with those in the MPTP group (P < 0.01).
There was no significant difference in the above two
indicators between the EH group and the SL group (P >
0.05) (as shown in Figure 1C).

The Rotarod Test

The staying time on the rotarod, also known as the latency
to fall, significantly reduced in the MPTP group compared
with that in the Normal saline group (P < 0.01). The
latency to fall in the EM group, EH group, and SL group
significantly increased compared with that in the MPTP
group (P < 0.01). There existed no significant difference in
the latency to fall between the EH group and the SL group
(P > 0.05) (as illustrated in Figure 1D).

Detection of Neurotransmitters in the
Striatum in MPTP-Induced PD Mice by
HPLC-ECD

Compared with the Normal saline group, the content of
DA in the MPTP group significantly decreased (P < 0.01).
The contents of DA in the three-dose groups of ECH and
the SL group were significantly higher than that in the
MPTP group (P < 0.01 and P < 0.05, respectively). The
content of DA in the EH group significantly increased
compared with those in EL and EM group (P < 0.01).
The difference in the content of DA between the EH group
and the SL group was of no statistical significance (P >
0.05) (as shown in Figure 2A). Compared with the Normal
saline group, the content of DOPAC in the MPTP group
significantly decreased (P < 0.01). The content of DOPAC
in the EM group, EH group, and the SL group were
significantly higher than that in the MPTP group (P <
0.01 and P < 0.05, respectively). The difference in the
content of DOPAC between the EH group and the SL
group was of no statistical significance (P > 0.05) (as
demonstrated in Figure 2B). Compared with the Normal
saline group, the content of HVA in the MPTP group
significantly decreased (P < 0.01). The content of HVA
in the EM group, EH group, and the SL group significantly
increased compared with that in the MPTP group (P < 0.01
and P < 0.05, respectively). The difference in the content
of HVA between the EH group and the SL group was of no
statistical significance (P > 0.05) (as shown in Figure 2C).
Compared with the Normal saline group, the content of
5-HT in the MPTP group significantly decreased (P <
0.01). The contents of 5-HT in the EM group, EH group,
and the SL group significantly increased compared with
that in the MPTP group (P < 0.01 and P < 0.05, respec-
tively). The difference in the content of 5-HT among the
EL group, EM group, and the EH group was of no statis-
tical significance (P > 0.05) (as illustrated in Figure 2D).
Compared with the Normal saline group, the content of

Neuropsychiatric Disease and Treatment 2021:17

1783

Dove!


https://www.dovepress.com
https://www.dovepress.com

Zhang et al Dove

>
w

i 25+
% & £
1.5+ E 204
% . L © ~*
™
k) 8 s T
£ 104 E
2 2
- o
0.5+ g
o 5
Q
o

15+
50004
E - -
g -
= 40004 - T
T 104 £
@ E
= S 3000
2 3
- &l § 2000
= w
2
= 10004
3
[~
0- 0
- < P %@ & o
C D
= 250~
E =
S = - w
5 200-
; §
8 T 150-
s 2
a  100-
c c
2 [7]
8
o g 50+
£
7
0-

Stride length of hindlimb{ cm)
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5-HIAA in the MPTP group significantly decreased (P <
0.01). The content of 5-HIAA in the three-dose groups of
ECH was significantly higher than that in the MPTP group
(P < 0.01). The content of 5-HIAA in the SL group

significantly decreased compared with that in the EH
group (P < 0.01) (as shown in Figure 2E). There was no
significant statistical difference in NE among different
groups (P > 0.05) (as demonstrated in Figure 2F).
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The Immunohistochemical Staining of TH

and a-Synuclein in the Substantia Nigra in
MPTP -Induced PD Mice

TH in the MPTP group was significantly lower than that in
the Normal saline group (P < 0.01). TH increased signifi-
cantly in the EM group, EH group, and the SL group
compared with the MPTP group (P < 0.01 and P < 0.05,
respectively). TH was significantly higher in the EH group
than that in EL and EM group (P < 0.01 and P < 0.05,
respectively). Compared with the MPTP group, the num-
ber of TH-positive cells in the EM group and EH group
increased by 31.66% and 47.94%, respectively. There was
no significant difference in TH between the EH group and
the SL group (P > 0.05). In the MPTP group, the number
of a-synuclein positive cells in the substantia nigra sig-
nificantly increased compared with the Normal saline
group (P < 0.01). There existed no significant difference
in reducing the number of a-synuclein positive cells
among the EL group, EM group, and the MPTP group (P
> 0.05). However, compared with the MPTP group, the
number of a-synuclein positive cells reduced significantly
in the EH group and SL group, and the difference was
statistically significant (P < 0.01) (as shown in Figure 3).

The Effect of ECH on the Protein
Expression of TH and a-Synuclein in the
Substantia Nigra in MPTP-Induced PD
Mice

The protein expression of TH in the MPTP group was sig-
nificantly lower than that in the normal saline group (P <0.01).
The protein expressions of TH in the EM group, EH group,
and the SL group were significantly higher than that in the
MPTP group (P < 0.01). The protein expression of TH in the
EH group was significantly higher than that in EL and EM
group (P <0.01). Compared with the SL group, the difference
in the protein expression of TH was not statistically significant
(P>0.05). The protein expression of a-synuclein in the MPTP
group was significantly higher than that in the Normal saline
group (P <0.01). The protein expressions of a-synuclein in the
EL group and EM group were slightly lower than that in the
MPTP group, but the difference was of no statistical signifi-
cance (P > 0.05). Compared with the MPTP group, the protein
expressions of a-synuclein significantly reduced in the EH
group and SL group, and the differences were statistically
significant (P < 0.01) (as illustrated in Figure 4).

ECH Reduced the Oxidative Stress Injury
in the Substantia Nigra in MPTP-Induced

PD Mice

The contents of CAT, GSH-Px, and SOD in the MPTP group
were significantly lower than those in the Normal saline
group (P < 0.05). The content of CAT in EL, EM, and EH
groups and SL groups was significantly higher than that in
the MPTP group (P < 0.01). The contents of CAT, GSH-Px,
and SOD in the EH group were all higher than those in EM
and EL group (P < 0.01). The differences in the contents
were not statistically significant when compared with those
in the SL group (P > 0.05) (as shown in Figure SA-C). The
content of MDA in the MPTP group was significantly higher
than that in the Normal saline group (P < 0.01). The content
of MDA in EL, EM, EH, and SL groups decreased signifi-
cantly compared with that in the MPTP group (P < 0.01).
The reduction of the content of MDA was more significant
in the EH group than that in EL and EM group (P < 0.01).
There was no significant statistical significance in the EH
group in the reduction of the MDA content when compared
with the SL group (P > 0.05) (as shown in Figure 5D).

ECH Increased the mRNA Expression of
GDNF and BDNF in the Substantia Nigra

in MPTP-Induced PD Mice

The mRNA expressions of GDNF and BDNF in the MPTP
group were significantly lower than those in the Normal
saline group (P < 0.01). The mRNA expressions of GDNF
and BDNF in EM, EH, and SL groups significantly
increased compared with those in the MPTP group (P <
0.01). The mRNA expression of BDNF in the EL group
was also significantly higher than that in the MPTP group (P
<0.01). The mRNA expressions of GDNF and BDNF in the
EH group increased significantly compared with those in EL
and EM group (P < 0.01) (as shown in Figure 6).

ECH Reduced the mRNA Expression of
the Inflammatory Factors in the
Substantia Nigra in MPTP-Induced PD
Mice

The mRNA expression of IL-6 in the MPTP group sig-
nificantly increased compared with that in the Normal
saline group (P < 0.01). The mRNA expressions of IL-6
in EM, EH, and SL groups significantly decreased com-
pared with that in the MPTP group (P < 0.01). The
reduction of the mRNA expression of IL-6 in the EH
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group was more significant than that in EL and EM group
(P < 0.01 and P < 0.05, respectively). There was no
significant statistical difference compared with the SL
group (P > 0.05) (as illustrated in Figure 7A). The
mRNA expression of TNF-a in the MPTP group signifi-
cantly increased compared with that in the Normal saline
group (P < 0.01). Compared with the MPTP group, the
mRNA expressions of TNF-o in the EH group and SL
group significantly reduced (P < 0.01). There was no
statistical difference between the two groups (P > 0.05)
(as shown in Figure 7B). The mRNA expression of IL-10
in the MPTP group significantly decreased compared
with that in the Normal saline group (P < 0.01).

Compared with the MPTP group, the mRNA expressions
of IL-10 in EM, EH, and SL groups significantly
increased (P < 0.01). There was no statistical difference
among the three groups (P > 0.05) (as demonstrated in
Figure 7C).

Discussion
The MPTP model is widely used by researchers because it
can selectively damage the dopaminergic neuron pathway
in SN and striatum and can simulate most of the clinical
symptoms of PD.

In the present study, an MPTP-induced PD model was
first established. The

recognized neurobehavioral
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evaluation methods, such as the pole test, the ability to
engage in spontaneous activity, gait analysis, rotarod test,
and other methods were adopted to conduct an in-depth
evaluation of mice’s neurobehavioral functioning.
Compared with the MPTP group, mice in EM and EH
groups exhibited significantly shorter pole-climbing time,
significantly longer roller-residence time, and significantly
longer fore and hind-limb strides. The spontaneous move-
ment ability in mice also increased significantly.
Accordingly, we believe that ECH can potentially signifi-
cantly improve neurobehavioral functioning in PD mice.
Since TH is a unique enzyme of the dopaminergic
neurons and the rate-limiting enzyme in DA synthesis,
the expression of DA directly reflects the content of DA
in the brain.'® The results of the present study confirmed
that the expression of TH in SN in both EM and EH
groups increased compared with the MPTP group; further-
more, a significant increase in the content of DA and
DOPAC was observed in these two groups. Considering

that the abnormal aggregation of a-synuclein is the core

pathological mechanism in PD, immunohistochemistry
and Western blot analysis were adopted to analyze the
expression of a-synuclein, which was reduced in the EH
group.

In neurodegenerative diseases, dopaminergic neurons
are more susceptible to injury due to oxidative stress,'®
and oxidative stress can also lead to mitochondrial dys-
function and the accumulation of abnormal proteins. The
latter two mechanisms are common causes of PD.'’
Exposure to MPTP can cause a decline in the function-
ing of the endogenous antioxidant system, thereby
increasing the sensitivity of the dopaminergic neurons
to oxidative stress. The detection of MPTP-induced oxi-
dative stress can be achieved by measuring SOD, CAT,
GSH-Px, MDA, and other indicators. In a cell, when the
SOD  will
increase.'® Catalase is a specific enzyme that can detox-

superoxide is significantly increased,
ify reactive oxygen species (ROS) and remove H,0,."”
When both SOD and CAT increase, the body will have

a degree of defense against the release of free radicals
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**P < 0.01, compared with the model group;

following an injury to the mitochondrial respiratory
chain. Glutathione peroxidase is the main free radical
scavenger in the human body. The increased expression
of GSH-Px in the PD model has a significant protective
effect on injured dopaminergic neurons. Maintaining
GSH-Px viability under oxidative stress is crucial for
cell survival.?’ As a metabolite of lipid peroxidation
reaction between oxygen free radicals and unsaturated
fatty acids in biomembranes, changes in MDA content
can reflect the degree of lipid peroxidation in tissue, as
well as changes in the content of oxygen free radicals.?’
Malondialdehyde is widely used in cell and animal
Studies

have confirmed that ECH has significant free radical

experiments to evaluate lipid peroxidation.*

scavenging activity and anti-lipid peroxidation effects.

##p < 0.01, compared with the high-dose echinacoside group.

It was found that several phenolic hydroxyl groups in
the molecule positively correlated with the antioxidant
capacity.”>** According to recent research reports, ECH
significantly reduces the generation of ROS induced by
MPP", The present
study found that the contents of SOD, CAT, and GSH-

thereby increasing cell survival.’

Px in the MPTP group were significantly lower than
those in the normal saline group; however, the MDA
content was significantly higher than that in the normal
saline group. The content of antioxidants SOD, CAT,
and GSH-Px significantly increased in EL, EM, and
EH groups, while the MDA content was significantly

reduced. This was consistent with results reported in the
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above literature, confirming that ECH may have

a significant effect on anti-oxidative stress in MPTP-

induced PD mice.

It is known that GDNF and BDNF are the two most
important neurotrophic factors for treating degenerative
diseases of the nervous system, particularly PD.?
Although the effectiveness of neurotrophic factors in
the treatment of PD has been confirmed in cell and
animal models, it is difficult for the neurotrophic factor
to pass through the blood-brain barrier because it is
a macromolecular peptide. Moreover, because of several
issues, such as infection, immune response, and unstable
efficacy, in the administration modes of these drugs,
their widespread application cannot be extended to clin-
ical practice.”® Therefore, the development/search for
a drug that can express or increase endogenous neuro-
trophic factors may have an encouraging effect on
improving PD symptoms and even delay the progression

of the disease. The present study found that the expres-
sion of GDNF and BDNF significantly increased in both
EM and the EH groups. This was consistent with the
results of the expression of TH in SN, and of DA in the
striatum among the two groups. It was also suggested
that high expression of neurotrophic factors promoted
the survival of dopaminergic neurons in SN and stria-
tum. The experimental results of the present study were
consistent with existing experimental results conducted

6.9:27.28 thereby further indicating

by our research group,
that the neuroprotective effect of ECH may be closely
correlated with the promotion of the high expression of
neurotrophic factors.

In the present study, the common pro-inflammatory
factors IL-6, TNF-a, and anti-inflammatory factor IL-10
in SN in mice were measured by q-PCR in all groups.
The results showed that the expression of IL-6 and
TNF-a were significantly reduced in the EH group,
together with an increase in the expression of IL-10,
thus that ECH may have
inflammatory effect. However, there were also limita-

confirming an anti-
tions to the current study. We did not correlate the
damage generally observed in the striatum with most
of the proteins, and although we performed high-
performance liquid chromatography for the striatum we
did not adopt a similar approach for elements in the rest
of the research.

Conclusion

In summary, the present study confirmed that oxidative
stress, inflammation, and abnormal protein aggregation
were involved in the pathogenesis of MPTP-induced PD
models. Echinacoside may not only improve neurobeha-
vioral symptoms in PD mice but also significantly
increase the expression of TH in SN and DA in the
striatum. The neuroprotective effect of ECH can poten-
tially be correlated with anti-inflammation and anti-
oxidation effects and promoting the expression of endo-
genous nerve growth factor. Additionally, the present
study found that the accumulation of a-synuclein (the
core pathological product in PD) had been significantly
reduced in the EH group. Because it is relatively eco-
nomical, effective, and safe, ECH may provide a new
therapeutic strategy for PD and even for other neurode-
generative illnesses including Alzheimer’s disease.
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