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Abstract Using a 1-methyl-4-phenyl-1,2,3,6-tetrahydro-

pyridine (MPTP) Parkinson’s disease mouse model, we

investigated protein expression changes associated with the

action of electroacupuncture (EA) in the mouse striatum.

Twelve-week-old male C57BL/6 mice were injected

intraperitoneally with 30 mg/kg of MPTP at 24-h intervals

for 5 days, and the 100-Hz EA stimulation was performed

at GB34 and GB39 once a day for 12 days consecutively

from the first injection. With the EA, the MPTP-induced

dopaminergic neuronal destruction was reduced. Of the 13

proteins that were differentially expressed between control

and MPTP treated mice, cytosolic malate dehydrogenase,

munc18-1, and hydroxyacylglutathione hydrolase, which

were increased by MPTP, and cytochrome c oxidase sub-

unit Vb, which was decreased by MPTP, were restored to

the level of the saline group after EA treatment. These

proteins are likely related to cellular metabolism. Alto-

gether, we propose that the EA may exert neuroprotective

effects in mice striatum through reducing MPTP-induced

toxicity such as oxidative stress.
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Introduction

Parkinson’s disease (PD) is a neurodegenerative disorder

that is characterized by tremors, lack of coordination, and

difficulties in walking and controlling movements. It is

widely accepted that the main behavioral disturbances in

PD are the consequence of a substantial loss of dopami-

nergic (DA) nigral neurons and a depletion of dopamine in

the striatum [1]. The striatum, a subcortical part of the

telencephalon, is the major input station of the basal gan-

glia system. With the substantia nigra (SN) pars compacta,

it consists of the nigrostriatal pathway and is most affected

in early PD [2]. Several agents such as 6-hydroxydopamine

(6-OHDA), 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine

(MPTP), and rotenone are widely used in animal models

for PD [3]. Especially MPTP causes a dramatic loss of DA

neurons, which is accompanied by a loss of DA nerve

terminals in the striatum and a dramatic reduction in stri-

atal dopamine levels [4].

Acupuncture, including electroacupuncture (EA), has

been reported to have possible therapeutic effectiveness for

PD in clinical trials, as manifested by improvement in the

clinical symptoms like tremor [5, 6], decrease in the dosage

of anti-parkinsonian drugs [6], decrease of the drug side

effects [5, 6], and increase of daily living like sleep [5, 7].

In animal studies, acupuncture treatment reduced DA
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neuronal cell death caused by MPTP [8, 9] or 6-OHDA [10,

11], and GB34 was known to be one of the effective acu-

points for protecting DA neurons in the SN and the stria-

tum of PD animal models [8, 10]. Although acupuncture

stimulation at GB34 has been shown to exert neuropro-

tective effects on PD models, the proteins associated with

the action of the acupuncture stimulation in these models

are still largely unknown.

Two-dimensional electrophoresis (2-DE) is a method for

the quantitative analysis of complex protein mixtures

extracted from cells, tissues, or other biological samples,

and it reflects changes in protein expression level, iso-

forms, or post-translational modifications [12]. Using this

technique, we investigated the EA-associated proteomic

profile changes in the striatum in a MPTP-induced mouse

model of PD.

Materials and methods

Animals and MPTP administration

This study was approved by the ethics committee of the

Acupuncture and Meridian Science Research Center, and

all efforts were made to minimize the number of animals

and their suffering in accordance with the guidelines of the

NIH and Korean Academy of Medical Sciences. Twelve-

week-old male C57BL/6 mice (Orient bio, Korea),

weighing 24–27 g, were used in all the experiments and

were maintained on a 12-h light–dark schedule with free

access to food and water. At the beginning of the experi-

ment, the mice were randomly assigned to one of three

groups: the saline group (n = 12), which would be injected

with normal saline and would not receive acupuncture

treatment; the MPTP group (n = 12), which would be

injected with MPTP and would not receive acupuncture

treatment; and the MPTP ? EA group (n = 12), which

would be injected with MPTP and would receive EA

treatment. Animals received intraperitoneal injections of

vehicle (normal saline, in saline group) or MPTP (30 mg/

kg, in MPTP and MPTP ? EA groups) once daily for five

consecutive days [13, 14].

Procedure of electro-acupuncture stimulation

EA treatment was repeated 2 h after MPTP injections and

continued once a day until 7 days after the final MPTP

injection. Mice were restrained in cylindrical restrainers

that were 10 cm long and had small holes in the anterior

end for ventilation. The mice were partially immobilized,

and the hind legs of the mice were extended out through

two rear openings. Each stainless steel acupuncture needle

was bent into an ‘L’ shape; the proximal end was soldered

to a wire that was connected to one of the output channels

of an electric stimulator, HANS LH800 (HANS, China).

The bent distal ends were inserted into the GB34 and

GB39. GB34 is located in the depression ventral and distal

to the head of the fibula, and peroneus longus and extensor

digitorum longus muscles are under the acupoint. GB39 is

the distal 4/5 point on the line connecting the lateral side of

the knee and the lateral malleolus of the tibiofibula, and

peroneus brevis and extensor digitorum longus muscles are

under the acupoint. After the insertion, the needles were

fixed in situ with adhesive tape. EA was applied after the

basal threshold determination. The EA parameters were set

as follows: constant square wave current output (pulse

width: 0.2 ms); 1-mA intensities; a frequency of 100 Hz

for 20 min. The saline and MPTP groups were also

immobilized for 20 min just as those in the EA group were

immobilized.

Immunohistochemistry

The animals were killed by anesthesia with chloral hydrate

(300 mg/kg) on day 7 after the last MPTP or saline

injection and then perfused transcardially with 4% para-

formaldehyde in 0.05 M phosphate buffer. The brains were

removed, post-fixed, and cryoprotected. Immunohisto-

chemistry was performed as described previously [15, 16]

on free-floating cryomicrotome-cut sections (40 lm thick)

that encompassed the entire striatum. After incubation with

3% H2O2 in 0.05 M phosphate-buffered saline (PBS),

followed by 0.3% Triton X-100, and 3% bovine serum

albumin (BSA) in 0.1 M PBS, the sections were stained

overnight at room temperature using the primary antibod-

ies: tyrosine hydroxylase (TH, 1:1000; Santa Cruz Bio-

technology, Santa Cruz, CA) for DA neurons, then

incubated with ABC reagent (Vector Laboratories Inc.,

Burlingame, CA) for 1 h at room temperature, washed in

PBS, and incubated for 5 min in 0.02% diaminobenzidine

(DAB) and 0.003% hydrogen peroxide in 0.1 M tris–HCl-

buffered saline (pH 7.5). After the DAB reaction, the tis-

sues were rinsed with PBS, mounted on gelatin-coated

slides, air-dried, dehydrated, and coverslipped. The histo-

logical pictures were taken using a bright-field BX51

microscope (Olympus, Japan) and DP70 camera (Olympus,

Japan). The survival of DA neurons was quantitated in

terms of the number of TH-positive cells in SN and the

mean value of optical density (OD) in the striatum using

Image-pro plus 6.0 (Media cybernetics, Silver Spring,

MD).

Protein extraction procedure

To obtain protein extracts, mice were killed by cervical

dislocation 7 days after the last MPTP or saline injection,
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and the striatums were dissected rapidly and frozen using

liquid nitrogen and kept at -80�C until use. The frozen

brain tissues were homogenized 4 times with sonication at

70% intensity in 10-s bursts with 1 ml of buffer consisting

of 7 M urea, 2 M thiourea, 1% C7BzO, and 40 mM Tris.

The homogenates were pelleted at 16000 g for 20 min at

15�C, and the supernatants were reduced and alkylated in

5 mM tributyl phosphine and 10 mM acrylamide monomer

at room temperature for 2 h. The reaction was stopped

using 10 mM dithiothreitol (DTT). The extract was pre-

cipitated using acetone and 20 mg of citric acid. The pre-

cipitation was allowed to proceed for 5 min and then

centrifuged at 25009g for 15 min at 15�C. The pellet was

air-dried and resuspended in 1 ml of buffer consisting of

7 M urea, 2 M thiourea, and 1% C7BzO. The protein

concentration of the final extract solution was determined

using the Bradford method.

Two-dimensional gel electrophoresis

IPG dry strips were equilibrated for 12–16 h with 7 M

urea, 2 M thiourea containing 2% CHAPS, 1% DTT, and

1% Pharmalyte, and the strips were loaded with 200 lg of

sample. IEF was performed at 20�C using a Multiphor II

electrophoresis unit and EPS 3500 X L power supply

(Amersham Biosciences, Uppsala, Sweden) following the

manufacturer’s instruction. For IEF, the voltage was line-

arly increased from 150 to 3500 V for 3 h for sample entry

followed by a constant 3500 V, with the focusing complete

after 96 kVh. Prior to the second dimension, strips were

incubated for 10 min in equilibration buffer (50 mM

Tris–Cl, pH 6.8 containing 6 M urea, 2% SDS, and 30%

glycerol), first with 1% DTT and second with 2.5%

iodoacetamide. The equilibrated strips were inserted onto

SDS–PAGE gels (20–24 cm, 10–16%). SDS–PAGE was

performed using a Hoefer DALT 2D system (Amersham

Biosciences, Uppsala, Sweden) and by following the

manufacturer’s instruction. The 2D gels were run at 20�C

for 1700 Vh, and were next silver stained as described by

Amersham Biosciences. A quantitative analysis of the

digitized images was carried out using the PDQuest soft-

ware (version 7.0; Bio-Rad, Hercules, CA) according to the

protocols provided by the manufacturer. The quantity of

each spot was normalized by the total valid spot intensity.

Protein spots were selected for the significant expression of

variation that deviated over around twofold in its expres-

sion level compared with the control or normal sample.

Protein identification

Protein spots showing differential expression on 2-DE gels

were excised from gels and enzymatically digested in-gel

with sequence grade porcine trypsin (Promega, Madison,

WI). Gel pieces were washed with 50% acetonitrile (ACN)

to remove SDS, salt, and protein stain. The washed gel

pieces were then vacuum-dried to remove solvent, rehy-

drated with trypsin (8–10 ng/ml), and incubated for 8–10 h

at 37�C. Proteolysis was terminated by addition of 5 ll

0.5% trifluoroacetic acid. Tryptic peptides were recovered

by combining the aqueous phase from several extractions

of gel pieces with 50% aqueous ACN. After concentration,

the peptide mixture was desalted using a ZipTip (Millipore,

Bedford, MA), and the peptides were eluted in 1–5 ll

ACN. An aliquot of this solution was mixed with an equal

volume of a saturated solution of a-cyano-4-hydroxycin-

namic acid in 50% aqueous ACN, and 1 ll of the mixture

was spotted onto the target plate. Protein analysis was

performed using an Ettan MALDITOF (Amersham Bio-

sciences, Uppsala, Sweden). Peptides were evaporated with

a nitrogen laser at 337 nm using a delayed extraction

approach. The peptides were accelerated with a 20-kV

injection pulse for TOF analysis. Each spectrum was the

cumulative average of 300 laser shots. The search program

Pro-Found, developed by Rockefeller University (http://

129.85.19.192/profound_bin/WebProFound.exe), was used

to search the NCBI databases. Spectra were calibrated with

auto-digested trypsin ion peaks (m/z = 842.510 and

2211.1046) as internal standards. The search parameters

were set up as follows: the database is NCBI no.

10.21.2003; the mass tolerance was 650 ppm; the number

of missed cleavage sites allowed was up to 1; the minimum

number of matched peptides was four; selected species was

Mus muscus; the monoisotope masses were used; the

searching range was within the experimental pI value 62

pH unit.

Western blot

For Western blotting, samples (50 lg protein) were loaded

on a 15% sodium dodecyl sulfate–polyacrylamide elec-

trophoresis gel. After separation, the proteins were trans-

ferred to a nitrocellulose membrane. The membrane was

shaken for 1 h at room temperature in Tris-buffered saline

(TBS) containing 0.1% Tween-20, 5% skim milk, and

0.2% BSA. The membrane was incubated for 1 h at

room temperature with chicken polyclonal anti-hydro-

xyacylglutathione hydrolase (abcam, Cambridge, UK;

1:2000) primary antibodies in TBS containing 0.1%

Tween-20. The primary antibodies were detected with a

horseradish peroxidase conjugated secondary antibody

(1:3000, anti-chicken; Pierce, Rockford, IL) and then

visualized with enhanced chemiluminescence (Pierce,

Rockford, IL). Then, these blots were re-probed with

mouse monoclonal anti-b-actin antibody (Sigma, St. Louis,

MO; 1:2000). The band intensity of the detected proteins

was measured by densitometry.
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Statistical analysis

The data were expressed as the mean ± SEM. A statistical

analysis was performed with an analysis of variance

(ANOVA). The significance was determined through the

Scheffe post-hoc test. In all analyses, differences were

considered significant at P \ 0.05.

Results

The survival of DA neurons in SN and striatum

The immunohistochemistry performed in the present

study revealed that MPTP injection produced a significant

reduction of the TH-positive neurons in the SN and stri-

atum. The MPTP group had significantly fewer TH-

positive cells in the SN (70.86 ± 4.17) compared with the

saline control group (129.60 ± 11.69, P \ 0.001). How-

ever, the MPTP ? EA group had significantly more TH-

positive cells in the SN (102.00 ± 7.01) compared with

the MPTP group (P \ 0.05 for each; Fig. 1). In the case

of the striatal TH expression, MPTP injections signifi-

cantly reduced the expression compared to the saline

group (P \ 0.001). However, the MPTP ? EA group

(44.53 ± 5.39%, vs. saline group) showed significantly

less reduced TH expression compared to the MPTP group

(10.08 ± 3.38%, vs. saline group; P \ 0.01, Fig. 2),

suggesting that 100-Hz EA at GB34 and GB39 protects

the loss of TH-positive neuronal fibers in the striatum in

the PD mouse model.

Proteins differentially expressed in acupuncture groups

compared to MPTP

To obtain the protein profiles of each group, and 2-DE was

performed with the protein extracts from the striatum.

About 1700 polypeptide spots could be revealed in the pH

3–10 interval with silver staining. After matching the

replicated maps, differential changes in intensities between

the saline and MPTP mice were limited to 13 proteins; 12

proteins were increased, and one protein was decreased.

Pair-wise comparisons with the 13 selected spots were

made to assess overall differences in the 2-DE patterns.

Identification of proteins differentially expressed

in the acupuncture group compared to MPTP

Of the 13 proteins that were differentially expressed

between contol and MPTP treated mice (Table 1), cyto-

solic malate dehydrogenase (cMDH), munc18-1 and

hydroxyacylglutathione hydrolase (HAGH), which were

increased by MPTP, and cytochrome c oxidase subunit Vb

(COX5b), which was decreased by MPTP, were restored to

the level of the saline group after EA treatment (Figs. 3, 4).

COX5b, cMDH, and HAGH are involved in cellular

metabolism, and munc18-1 is involved in the secretion of

synaptic vesicle.

Fig. 1 Tyrosine hydroxylase

(TH)-positive neurons in the

mouse substantia nigra.

Electroacupuncture at GB34

and GB39 alleviated MPTP-

induced neuronal destruction in

the substantia nigra. Scale bar
200 lm, and data were

presented as mean ± SEM.

*P \ 0.05, compared with the

MPTP group
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Confirmation of altered proteins by western blot

analysis

To verify the reliability of proteomics analysis, we carried

out a Western blot analysis of a representative protein,

HAGH. Anti-actin antibody was used to normalize the

optical density values. The analysis was performed with the

mice striatum in all groups, and immunoblots were repli-

cated three times. Western blot revealed the same trends in

the 2-DE results as shown in Fig. 5.

Fig. 2 Optical densities after

tyrosine hydroxylase (TH)-

specific immunohistochemical

staining in the striatum. MPTP

reduces the optical density in

the striatum, whereas

electroacupuncture stimulation

at GB34 and GB39 prevents this

reduction. Scale bar 200 lm,

and data were presented as

mean ± SEM. **P \ 0.01,

compared with the MPTP group

Table 1 Differentially expressed protein profiles of the protein spots after electroacupuncture (EA) stimulations

Protein name Protein ID MW (kDa) PI Sequence

coverage

(%)

No. of

matched

peptides

Average ratioa

MPTP/Sal EA/MPTP

1 Cytochrome c oxidase, subunit Vb CAI25005 14.11 8.9 48 7 -4.6 4.1

2 Cytosolic malate dehydrogenase AAA37423 36.63 6.2 31 8 3.8 -2.6

3 Munc18-1 BAA32486 67.93 6.4 20 11 2.7 -2.9

4 Hydroxyacyl glutathione hydrolase NP_077246 29.17 6.5 28 6 2.1 -2.0

5 Glial fibrillary acidic protein AAK56090 46.57 5.0 39 14 2.9 -1.2

6 Dynein light chain roadblock-type 1 P62627 10.97 6.6 51 4 1.7 -1.4

7 NADH dehydrogenase (ubiquinone) Fe–S protein 2 AAH03898 53.71 6.4 20 7 11.8 -1.9

8 Dihydropyrimidinase-like 3 NP_033494 62.32 6.0 36 19 1.5 -1.3

9 Malate dehydrogenase 1 AAH50940 36.66 6.2 28 7 2.0 -1.9

10 mKIAA0106 protein BAD32166 25.17 6.0 52 13 1.4 -1.1

11 D-Dopachrome tautomerase NP_034157 13.17 6.1 64 5 2.9 -1.6

12 Histidine triad nucleotide binding protein 1 NP_032274 13.87 6.4 47 6 1.5 -1.1

13 A Chain A, X-ray structure of nysgrc target T-45 1KCX_A 56.63 5.9 22 8 1.7 1.3

Bold characters represent the proteins showing significant changes compared to the MPTP group

Sal Saline group, MPTP MPTP group, EA MPTP ? EA group
a Average ratio calculated considering 3 replicate gels. A minus means that the protein expression was decreased
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Discussion

Our results demonstrate that 100-Hz EA at GB34 and

GB39 significantly protected DA neuronal fibers, and

restored the decrease of COX5b and the increase of cMDH,

Munc18-1, and HAGH in the MPTP-induced PD model.

Using a proteomic analysis, it would be the first study

showing that these proteins in the striatum are associated

with the neuroprotective actions of EA in the PD mouse

model. These findings would be very useful to understand

the neurobiological action of acupuncture in PD.

High frequency EA has been known to reduce DA

neuronal cell death in the medial forebrain bundle axo-

tomized rat PD model [17], and the effect might originate

from the collaboration of its anti-inflammatory and neu-

rotrophic actions [18]. Our previous study also showed that

100-Hz EA at acupoint GB34 changed the expression

levels of proteins related to the cell death regulation,

inflammation, or restoration from damage, and particularly

upregulated cyclophilin A, the neuroprotective protein, in

the SN [9]. Acupoint GB34 is widely used for movement

disorders such as tremor, walking difficulty, dementia, and

stroke, and it is reported that the acupoint protects DA

neurons in animal PD models. The present study may

suggest the novel direction of neuroprotective mechanisms

of 100-Hz EA at acupoint GB34, including possible

reduction of oxidative stress in the MPTP-induced PD

model.

MPTP-mediated toxicity is induced through conversion

to the 1-methyl-4-phenyl-2,3-dihydropyridium ion (MPP?)

in astrocytes by monoamine oxidase B [19]. MPP? is taken

up by dopamine transporters and accumulated by the

mitochondria, leading to complex I inhibition. MPP? is

also sequestered into synaptic vesicles by the vesicular

monoamine transporter, and the sequestration into vesicles

decreases MPP? toxicity by preventing its interaction with

mitochondria [20, 21]. Munc18-1, a neuron-specific 67 kDa

protein, is independently identified as a syntaxin-binding

protein and is essential for the secretion of neurotransmitter-

filled synaptic vesicles. In mice, its upregulation results in a

robust increase in both large dense core vesicle and synaptic

vesicle secretion [22]. We observed the increase of

Fig. 3 Expression profiles of 4 proteins that showed significantly

different changes between the MPTP and MPTP ? EA groups after

2-dimensional electrophoresis. MPTP increased the expression of

COX5b and decreased the expressions of cMDH, Munc18-1, and

HAGH in mouse striatum, but electroacupuncture at GB34 normal-

ized these changes. COX5b cytochrome c oxidase subunit Vb, cMDH
cytosolic malate dehydrogenase, HAGH hydroxyacylglutathione

hydrolase

Fig. 4 Quantitative analyses of downregulated or upregulated

proteins in the MPTP ? EA groups compared with the MPTP group

(n = 3 for each). The spot intensities were derived from silver-stained

2D gels. Electroacupuncture stimulation at GB34 normalized the

decrease of COX5b and increase of cMDH, Munc18-1, and HAGH.

COX5b cytochrome c oxidase subunit Vb, cMDH cytosolic malate

dehydrogenase, HAGH hydroxyacylglutathione hydrolase. Data are

presented as mean ± SEM. *P \ 0.05 and **P \ 0.01, compared

with the MPTP group

Fig. 5 Validation of the proteomic result using Western blot analysis

of hydroxyacylglutathione hydrolase protein in the mouse striatum.

The same trend as detected in the 2-DE analysis was confirmed.

HAGH hydroxyacylglutathione hydrolase
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munc18-1 by MPTP, suggesting that Munc18-1 might play

a role in secreting MPP? to the extracellular space for

reducing the toxin out of cells.

The present study also demonstrated that MPTP caused

the increase of cMDH in the striatum. cMDH is an enzyme

in the citric acid cycle that catalyzes the conversion of

malate into oxaloacetate. It has two isoforms, a mito-

chondrial MDH (mMDH) and a cMDH. The function of

mMDH is well known, but the functional significance of

cMDH is still unclear although it is known to play a role in

aerobic energy production for muscle contraction,

transmission of neuronal signals, absorption/resorption

pathways, as well as the regulation of the nucleic acid-

conducting channels [23]. Although there were few studies

about the involvement of cMDH in PD, Korolainen et al.

[24] showed that the amount of cMDH protein was also

increased in Alzheimer’s disease (AD) brains, and they

suggested that their results might reflected general neuro-

degeneration related to increased oxidative stress. Given

the possible involvement of increased oxidative stress and

concomitant neurodegenerative events in MPTP-induced

mouse model of PD, it is conceived that the increase of

cMDH expression in this study might be due to MPTP-

induced neurodegeneration, and EA stimulation prevented

such neurodegenerative events.

The glyoxalase system is a metabolic pathway that pro-

tects against cellular damage by catalyzing the detoxifica-

tion of methylglyoxal (MG) to corresponding aldonic acids

[25]. The system is present in the cytoplasm of cells and

cellular organelles, particularly mitochondria [26], and it

consisted of two thiol-dependent enzymes, glyoxalase I

(GLX1) and glyoxalase II (GLX2, also known as HAGH).

GLX1 catalyzes the isomerization of the spontaneously

formed hemithioacetal adduct between glutathione and

2-oxoaldehydes into S-2-hydroxyacylglutathione and

decreases the steady-state concentrations of physiological

alpha-oxoaldehydes and associated glycation reactions

[27]. GLX2/HAGH hydrolyzes these thiolesters and pro-

duces D-lactate from S-D-lactoyl-glutathione in the case of

methylglyoxal catabolism [28]. HAGH may play a pro-

survival role in the metabolic stress response through

detoxifying MG [29], and it seems to be the rate-limiting

factor within the glyoxalase pathway [30]. It was suggested

that MG level could be increased under oxidative stress

because of glutathione depletion [31]. The increase of

reactive carbonyl compounds such as glyoxal and MG can

contribute to pathological changes and dementia progres-

sion in AD, and the glyoxalase system prevents cell death

through scavenging small dicarbonyl compounds [32]. The

glyoxalase system is usually upregulated in pathological

conditions such as breast cancer [30], kidney tumor [33],

and AD [34]. We found that MPTP caused the increased

expression of HAGH, suggesting that MPTP-induced

oxidative stress might lead to accumulation of MG, and

HAGH was increased for detoxifying MG as a compensa-

tory mechanism. Therefore, our finding may provide

intriguing possibilities that MG could be involved not only

in AD, but also in PD, and HAGH might be an important

factor to control the MG level in PD. In this study, with

100-Hz EA at GB34 and GB39, the increased expression of

HAGH was normalized. It has been reported that acu-

puncture treatment could prevent oxidative stress by

increasing the activities of superoxide dismutase and glu-

tathione peroxidase in the hippocampus and ischemic-rep-

erfused rat brains [35, 36]. Taken together, although the

exact mechanism of the effect of acupuncture treatment is

still elusive, our results may suggest that acupuncture

treatment relieves MPTP-induced intracellular oxidative

stress in the striatum probably by increasing antioxidant

enzyme activities, thereby precluding MG accumulation.

In conclusion, this study showed that 100-Hz EA stim-

ulation at GB34 and GB39 protected DA neuronal fibers

and restored proteomic changes in MPTP-induced mouse

striatum. MPTP destroyed DA neurons and caused abnor-

mal expressions of the cellular metabolism related proteins.

With EA treatment, these MPTP-induced abnormal chan-

ges were restored, and the cell destruction was also

reduced. Based on our results and other previous studies,

we propose that EA may exert neuroprotective effects in

MPTP-induced mouse striatum through reducing MPTP-

induced toxicity such as oxidative stress.
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