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Epigallocatechin gallate protects dopaminergic neurons against 1-methyl-4-

phenyl-1,2,3,6-tetrahydropyridine-induced neurotoxicity by inhibiting microglial

cell activation
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Abstract: Objective To observe whether the dopaminergic neuroprotective effect of (-)-epigallocatechin gallate (EGCQG) is
Methods The effects of EGCG at different doses on
dopaminergic neuronal survival were tested in a methyl-4-phenyl-pyridinium (MPP+)-induced dopaminergic neuronal injury

associated with its inhibition of microglial cell activation in vivo.

model in the primary mesencephalic cell cultures. With unbiased stereological method, tyrosine hydroxylase-immunoreactive
(TH-ir) cells were counted in the A8, A9 and A10 regions of the substantia nigra (SN)
6-tetrahydropyridine (MPTP)-treated C57BL/6 mice. The effect of EGCG on microglial activation in the SN was also
investigated. Results Pretreatment with EGCG (1 to 100 pmol/L) significantly attenuated MPP+-induced TH-ir cell loss by
22.2% to 80.5% in the mesencephalic cell cultures. In MPTP-treated C57BL/6 mice, EGCG at a low concentration (1 mg/kg)
provided significant protection against MPTP-induced TH-ir cell loss by 50.9% in the whole nigral area and by 71.7% in the
EGCG pretreatment
significantly inhibited microglial activation and CD11b expression induced by MPTP. Conclusion EGCG exerts potent

in 1-methyl-4-phenyl-1,2,3,

A9 region. EGCG at 5 mg/kg showed more prominent protective effect than at 1 or 10 mg/kg.
dopaminergic neuroprotective activity by means of microglial inhibition, which shed light on the potential use of EGCG in
treatment of Parkinson's disease.
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Progressive chronic dopaminergic neuronal loss in
the substantia nigra is the pathological hallmark of
Parkinson disease (PD) characterized by rigidity, tremor,
bradykinesia, and postural instability for unknown

causes. Oxidative stress, local chronic inflammatory

response, mitochondrial dysfunction and hereditary
factors have been implicated in the pathogenesis of PD.
Recent advances in etiological research of PD have
directed attentions to microglial activation-induced

neuronal injury, which may play a key role in the

1

pathogenesis of PD ', and preventing dopaminergic
neuronal injury due to microglia-mediated inflammatory
insults in the midbrain may prove to be fruitful means to
slow down the process of dopaminergic neuronal loss.
Green tea has long been used as a drug in traditional
Chinese medicine for daily heath care and disease
therapy, as described in classical works in ancient
Chinese medical literatures. In recent years, green tea
and its extracts have been shown to possess multiple
pharmacological activities, and green tea polyphenol, an
active component in green tea, has received much

attention for its neuroprotective effects. Epidemiological
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findin gs provide strong evidence for the close asso-
ciation between regular drinking of green tea and
lowered risk of PD ?, and in previous studies, green tea
polyphenol was demonstrated to possess potent
dopaminergic neuroprotective effect in vitro **. We also
found previously that (-)-epigallocatechin gallate (EGCG),

had direct
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a major monomer of green tea polyphenol,
inhibitory effect on microglial activation in vitro In
this study,
dopaminergic neuroprotection and microglial inhibition

by EGCG.

we further investigated the link between

MATERIALS AND METHODS
Animals and agents

Male C57BL/6 mice weighing 20-25 g provided by
Experimental Animal Center of Chinese Academy of
Science, Shanghai (Certification number: 99-003) were
used in the experiment in line with the Care and Use of
Laboratory Animals of Chinese Academy of Science
and with approval by the Experimental Animal Center
of Shanghai. DNase I, laminin, poly-L-lysine, EGCG
(purity>95%,), all-trans retinoic acid, and monoclonal
antibody (mAb) against tyrosine hydroxylase (TH) were
purchased from Sigma (St. Louis, MO). CD11b mAb

was purchased from Chemicon. Dulbecco's modified
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Eagle's medium (DMEM), Ham's nutrient mixture F12
and other cell culture agents were from Invitrogen
(Carlsbad, CA).
Primary mesencephalic cell culture

Primary mesencephalic cell culture was performed
as described previously °. Briefly, the mesencephalic
region was dissected from 14-day-old embryonic fetal
rat brain and then minced and digested with trypsin
(0.025%) and DNase I (0.01%).
dissociation by pipetting,
with DMEM containing 10% fetal bovine serum (FBS)
and seeded at a density of 1.5x10° per well in 96-well
After cell

culture for 48 h, the media were changed to serum-free

After mechanical

the cells were washed twice

plates previously coated with poly-L-lysine.

medium for the experiment.
Animal grouping and treatment

Thirty male C57BL/6 mice were randomly assigned
into 5 groups, with 6 in each group. The mice in the 3
EGCG groups

injection of EGCG (dissolved in normal saline) at 1, 5,

treatment received intraperitoneal

and 10 mg/kg, respectively, before intraperitoneal
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)
administration (for a total dose of 80 mg/kg given in 4
injections at a 2-hour interval) 7 days thereafter. An
untreated control group and a MPTP-only group were
included. The mice were sacrificed 12 days after MPTP
injection and perfused with ice-cold normal saline for
10 min followed by perfusion with 4% formaldehyde
for 3 h via the left cardinal ventricular. The brains were
isolated and immersed in 20% sucrose overnight for
immunohistochemical study.
Immunohistochemistry for dopaminergic neurons
and microglial cells

For tyrosine hydroxylase (TH) immunocytochemi-
stry, cultured primary mesencephalic cells were treated
with 40 wmol/L methyl-4-phenyl-pyridinium (MPP") for
24 h, and some wells were pretreated with EGCG at
different doses (1-100 wmol/L) 30 min before MPP*
administration. The treated cells were then fixed with 4%
formaldehyde for immunocytochemistry analysis. Briefly,
the cells were incubated with anti-rat monoclonal
antibody against TH (1:6 000 dilution) overnight at 4 °C
and then with anti-mouse antibody (1:100) for 30 min at
room temperature followed by visualization with ABC
method. Positively stained cells in 10 random fields per

well were counted for 8 wells and the data were

collected from triplicate experiments.

To assess the protective effect of EGCG on
dopaminergic neuron in the midbrain more accurately,
we counted TH immunoreactive cells in the midbrain
with unbiased stereological method as described
previously ¢.

The alternate sections were used for immuno-
histochemistry for CD11b, aspecific microglial membrane
antigen in the brain which expresses intensively activated
microglial cells. CD11b antibody (1:1 500) were added
in the floating sections and incubated overnight at 4 °C.
The following steps of immunohistochemistry were
similar with TH staining.

Western blot analysis for CD11b

The tissues of the substantia nigra (SN) region
were lysed in RIPA lysis buffer (containing 50 mmol/L
Tris-HCL, pH 74, 150 mmol/L NaCl, 0.1% SDS, 1 mmol/L
EDTA, 1% Triton X-100, 1% sodium deoxycholate, 1
mmol/L PMSF, 5 wg/ml aprotinin, and 5 p.g/ml leupeptin).
After measurement of the protein concentration by
Bradford method, 20 g of the protein underwent SDS-
PAGE on 8% gel.
transferred onto nitrocellulose membrane and incubated
overnight with anti-CD11 antibody (1:200) and detected
with SuperSignal™ detection kit according to the

The separated protein was then

manufacture's instruction. A duplicate sample was run
on a 12% SDS-PAGE and then detected with B-actin
antibody to serve as the internal control.
Statistical analysis

The data were expressed as Mean+SE. Differences
between multiple groups were examined by one-way
ANOVA following post-hoc test with SPSS 10.0
software. A P value less than 0.05 was considered to

denote statistical significance.

RESULTS
Neuroprotection of EGCG on MPP *-induced do-
paminergic neuronal depletion in primary
mesencephalic cell cultures

In comparison with the untreated control group,
treatment with 40 pwmol/L MPP* induced a marked
reduction (75% ) of TH-positive cells (Fig.1), which
exhibited morphological changes of the neurite
retraction, while pretreatment with EGCG at 1 pmol/L
resulted in a 58.3% reduction of TH-positive cells.

EGCG treatment at 10 pmol/L and 100 wmol/L showed
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significant protection (at the rate of 80.5% and 58.3%,
respectively)  against MPTP-induced dopaminergic

neuronal loss and preserved the cell structures (Fig.2 D, v T s
E, F). ]
Dopaminergic neuroprotection of EGCG in MPTP- Ng 401 =
treated C57BL/6 mice 3 10 .
MPTP injection of a total dose of 80 mg/kg caused E
a significant decrease in TH-positive cell number in the EL 20
midbrain of C57BL/6 mice, and the reduction was the =104
most obvious in the A9 region (45.8%). In A8 and A10
regions of the midbrain, 30.7% and 16.6% reduction of Saline  MPP+ FGCG @i{\% @5&%‘2 gc&%?
TH-positive cell number occurred, respectively. \\&‘0\\ © & \ \QW«\"\\\/

Pretreatment with EGCG at all doses -effectively
Fig.1 EGCG prevents dopaminergic cell from MPP*-

o
attenuated such neuronal loss by 50.9% in the total induced death in primary mesencephalic culture

midbrain, and the dose of 5 mg/kg yielded the most MPP* induced a marked depletion of TH immunoreactive cells,

prominent effect (Tab_ 1 ) while 1, 10 and 100 wmol/L EGCG attenuated MPP*-induced
dopaminergic cell injury. EGCG alone did not affect the number
of TH-positive cells.*P<0.05, **P<0.01 vs MPP"- treated group.

Fig.2 Neuroprotection of EGCG against MPTP-induced dopaminergic neuronal injury in C57BL/6 mouse
midbrain and MPP+-induced primary mesencephalic culture.
TH immunohistologic staining showed that the total dose of 80 mg/kg MPTP caused a marked decrease of TH-positive cells in the substantia
nigra (B) as compared with saline-treated group (A). Pretreatment with 5 mg/kg EGCG significantly reduced the decrease (C). In primary
mesencephalic culture system, 40 pwmol/L MPP+ decreased TH-positive cell number significantly (E) as compared with saline group (D), and

10 wmol/L EGCG pretreatment provided significant protection against TH-positive neuron depletion (F). Scale bar=100 pm.

Lightly stained CDI11b-

Tab.1 Number of TH-positive neurons in the midbrain of

C57BL/6 mice treated with various doses of EGCG (n=6) positive microglial cells were seen
Group Midbrain areas Total in midbrain in saline- treated mice,
A8 A9 AlO with tiny cell body and thin
Saline 1361+45 46322310 4018133 9979+174 o ) )
MPTP 94336 25124288 3350+114 6815+153 ramifications which  characterized
EGCG (1 mg/kg)+MPTP 1045£40%  4033£296%* 3686+112% 8633+153%* their resting status. MPTP
EGCG (5 mg/kg)+MPTP 1178£56%% 41254337+  3878+143%*  9177+156%* administration  resulted in  the
EGCG (10 mg/kg)*MPTP 963+49 3047+423%%  3514+122% 8394146+

appearance of heavily stained,
#P<0.05, ¥*P<0.001 vs MPTP group _ .

amoeboid CDI 1b-positive cells,
Effects of EGCG on MPTP-induced microglial with a marked increase in their number in the midbrain,

activation in the midbrain suggesting the activation of the microglial cells in the
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region. EGCG markedly attenuated the morphological

(Fig.3).
Western blot analysis of CD11b also confirmed that

changes of the activated microglial cells

EGCG dose-dependently
CD11b expression in the SN region in C57BL/6 mice

inhibited MPTP-induced

(Fig.4).

Fig.3 Inhibition of EGCG on MPTP-induced microglial activation in CS7BL/6 mice

Saline treatment did not induce obvious microglia activation (A). MPTP administration caused a marked

increase in CD11b-immunoreactive cells and enlargement of the microglial cell body (B). Pretreatment

with EGCG partially inhibited the morphological change and reduced CD11b immunoreactivity in

microglial cells (C). Arrow indicates CD1 1b-immunoreactive microglia. Bar=100 pwm.

MPTP
EGCG

5 mg/kg 10 mg/kg

Saline

MPTP

1 mg/kg

94 000 | CDl11b

#

Relative levels of CD11b
B

Fig.4 Western blot analysis of CD11b expression in
the substantia nigra of C57BL/6 mice
Homogenates of the SN region were lysed with RIPA buffer
and underwent 8% SDS-PAGE. CD11b was detected with
anti-mouse mAb. MPTP treatment induced a marked increase
of CD11b expression (*P<0.001), and EGCG dose-dependently

attenuated the expression of CD11b in the SN (*¥P<0.05).

DISCUSSION
The neuroprotective activity of EGCG in vivo was
7. The authors of the

present paper believe that EGCG's neuroprotective

first reported by Levites et al

activity is associated with its antioxidative capacity.
Nevertheless,
contributors of oxidative stress and chronic inflammatory

because microglial cells are the major

process, we hypothesized that the neuroprotective effects
of EGCG are essentially through the inhibition of
microglial activation. In this study, based on our previous

finding that microglial activation could be significantly

inhibited by EGCQG,
MPTP-induced dopaminergic neuronal injury model

we tested the hypothesis in

both in primary cultured mesencephalic cells and the
of C57BL/6 mice and found that

MPTP-induced microglial activation in the midbrain was

midbrain

significantly inhibited by EGCG administration, which
establishes the close relation between dopaminergic
neuroprotection by EGCG and the anti- inflammatory
activity of EGCG.

In this study, we investigated the protective effects
of EGCG on MPP*induced dopaminergic neuronal
injury in primary mesencephalic cell cultures. The
results demonstrated that small-dose EGCG (1 pwmol/L)
significantly ameliorated MPP*-induced TH-positive
cell depletion in primary mesphalic cell culture in a
dose-dependent manner (within a certain dose range).
Coincident with the findings of Levites, we found that
EGCG at higher dose (100 pmol/L) did not produce
stronger effect than 10 pmol/L EGCG, which seems to
suggest a window of the concentration dependence of
EGCG's action, and beyond this concentration range the
effect of EGCG becomes detrimental to the neurons.

We demonstrated that peritoneal EGCG injection
at the dose between 1 and 10 mg/kg significantly
attenuated MPTP-induced TH-positive cell reduction in
the SN,

microglial activation. Microglial activation may not serve

accompanied with a marked suppression of

only as the defensive response against neuronal death,
but also as the first event in the host following harmful
insults to lead to the neuronal injury, since some
neurotoxins such as MPTP and rotenone trigger glial

activationbefore causingneuronal death®. Accompanying
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microglial activation, excessive proinflammatory factors

Psychiatry, 1998, 65(5): 781-4.

such as tumor necrosis factor (TNF)- and interleukin 3 Nie G, Cao Y, Zhao B. Protective effects of green tea polyphenols
(IL)-1B as well as oxidative free radicals are produced izd;l:yl;j;z;:;iznr;uC(el:I;f;i::f?gé il:le:e](].gijg;
by activated microglia, which may closely relate to Rep, 2002, 7(3):171-7.
neuronal injury 0 Consequently, inhibition of micro- 4 Pan TH, FeilJ, Zhou XD. Effects of green tea polyphenols on
glial overactivation may favor neuronal survival. Hence, dopamine uptake and on MPP*-induced dopamine neuron injury J .
suppression of microglial activation has been generally Life Sci, 2003, 72(9): 1073-83.
recognized as one of the therapeutic approaches to some 3 Ifi R, Huang Y(,}’ Féng D-et al'.(_)_EPigallocétec_hin gallate inhibits
lipopolysaccharide-induced microglial activation and protects
neurOdegenerative diseases including PD. Together with against inflammation-mediated dopaminergic neuronal injury J . J
our previous findings °, the results of this study that Neurosci Res, 2004, 78(5): 723-31.
EGCG inhibits microglial activation in vivo may lend 6 Zou LL, XuJ, Jankovic J, etal. Pramipexole inhibits lipid
support to the expansion of EGCG's potential use in the peroxidation and reduces injury in the substantia nigra induced by
treatment of other neuro degenerative diseases such as the dopaminergic neurotoxin 1-methyl-4-phenyl-1,2,3,6-tetrahydro-
pyridine in C57BL/6 mice J . Neurosci Lett, 2000, 281 (2-3):
Alzheimer's disease and amyotrophic lateral sclerosis. 167-70.

In summary, this Smdy demonstrates that the 7  Levites Y, Weinreb O, Maor G, etal. Green tea polyphenol (-)
neuroprotection of EGCG is closely associated with its -epigallocatechin-3-gallate prevents N-methyl-4-phenyl-1,2,3,6-tetra-
capacity of inhibiting microglial activation, which offers hydropyridine-induced dopaminergic neurodegeneration J. J
evidence for the possible use of EGCG as a novel Neurochem, 2001, 78(5): 1073-82.
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