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ABSTRACT

AIM: To explore the possible mechaniam of the ginsenosde Rgl in protecting substantia nigra neurons from 1-
methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine (MPTP)-i nduced apoptosisin C57BL micee. METHODS: C57BL
male mice were given with MPTP to prepare Parkinson’ s disease mouse modedl. Different doses of Rgl (2.5, 5.0,
and 10.0 mg/kg, respectively) were given 3 d prior to MPTP in the pretreatment groups. Nisd gaining, TH
immunogtai ning, and TUNEL labeling were used to observe the damage and apoptosisof nigral neurons. The
immunohi sochemistry assay was used to detect the protein levels of Bcl-2, Bcl-xI, Bax, inducible nitric oxide
synthase (iNOS), neuronal NOS (nNOS), and cleaved caspase-3. RESULTS: Compared with MPTP modd group,
pretreatment with Rgl (5.0 and 10.0 mg/kg) was shown to increase the Nisd staining neurons and TH-postive
neurons (P<0.01), and to decrease the TUNEL -positive neuronsin the substantia nigra zona compacta (P<0.01).
Moreover, Rgl elevated the levels of cleaved cagpase-3, Bax, and iNOS, but reduced the levels of Bcl-2 and Bcl-xl
(P<0.01). CONCLUSION: Rgl hasprotective effect against MPTP-induced apoptosis and this ef fect may be
attributed to enhancing Bcl-2and Bcl-xI expresson, reducing Bax and iNOS expression, and inhibiting activation of
caspase-3.

INTRODUCTION the neuron-specific degeneration and has gathered great
atention in recent years. MPTP is aneurotoxin that
has been extend vely used in various animal speciesto
model the symptoms and pathology of Parkinson’ sdis-

ease (PD)™™. By ducidating the mechanism of MPTP-

Apoptoss, aso called programmed cell death, as
ageneticdly regulated cell death process, may underlie
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toxicity, Tatton and Kish!? had reported that apoptotic
cell death wasobserved in the MPTP mouse modd in-
duced by small dosesof MPTP, given over a prolonged
period of time.

Ginsenoside Rgl was shown to be useful in the
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aleviation of the symptoms of some senile di seases®.
Recently, studies showed it prevented rat cortical neu-
ronsfrom apoptosis*l. Our previous sudy had aso
reported the protective effect of ginsenoside Rgl on
dopamine (DA)-induced apoptosis of PC12 cells, anin
vitro model system of PD™®!,

In the present study, we studied whether Rgl
could prevent subgtantia nigra neurons from MPT P-
induced apoptosis in C57BL mice and the possible
mechanism of thisprocess.

MATERIALSAND METHODS

Animal model and treatment Thirty eight-
week-old male C57BL mice, weighing 20 g+2 g, were
divided into five groups (n=6). The modd group was
injected ip with MPTP (Sigma) 30 mg- kg™ d* for5 d,
while the control group wasinjected with equal dose of
saline, and the pretreatment groups 1, 2, and 3 were
pretreated with Rgl (2.5, 5.0, or 10.0 mg- kg*- d*, ip,
respectively for 3 d) before MPTP injection and then in
the following 5 d these groups were treated with Rgl
once again (the doses were mentioned above) 2 h be-
fore receiving MPTP injection as mentioned.

Tissue preparation All mice werekilled 24 h
after the lagt injection and perfused transcardialy with
4 % paraf ormaldehyde in phosphate buffer (PB, 0.1
mmol/L , pH 7.4). The substantia nigrazona compacta
(SNc) of mouse wasisolated according to the standard
gereotaxic atlasof mouse brain and immersion-fixed in
4 % paraformadehydein PB 0.1 mmol/L (pH 7.4) for 2
hat4 . Followingdehydrationin PB (pH 7.4) supple-
mented with 20 % sucrose, seria coronal sections were
cut through SNc at 10 nm on a cryostat (L eica,
Germany). The sections were mounted on dides and
stored at -80 T until used.

Nisd saining Sections were sained with meth-
ylene blue buffer for 10 min and then put into acetic
acid buffer for 2 min. The plasmaof stained neuron is
blue.

Tyrosnehydroxylase (TH) immunohistochem-
isry Sections wereincubated with 0.3 % Triton X-
100 in PB 0.1 mmol/L for 1 hat room temperature, and
then incubated with a goat anti-mouse TH polycl ond

antibody (1:40 dilutionin 0.01 mmd/L phosphae buffer
saline, pH 7.4) overnight at 4 1Z. Slideswere then
incubated in order with abiotinylated rabbit anti-goat
IgG and SABC-reagent (SABCKkit, Boder Biology Tech-
nique Company, Wuhan, China) for 30 min at 37 1_.
At ladt, sectionswere visudized with diaminobenzidine
(DAB). The plasma and process of postive cell were
dai ned brown.

Detection of apoptotic cellsby TUNEL Sec-
tions wereincubated with 0.1 % Triton X-100 in 0.1 %
sodium citrate for 1 h a room temperature, and then
incubated in order with TdT reaction mixture and AP-
conjugated anti-fluorescein antibody (TUNEL detection
kit, BM, Germany) for 30 min at 37 . At lad, sec-
tions were visualized with NBT-BCIP. The nuclel of
postive cellswere sained blue-black.

Immunohistochemistry of Bcl-2, Bax, Bcl-xl,
cleaved-caspase-3, iNOS, and nNOS The primary
antibodieswererabbit anti-mouse polydonal antibodies,
respectively againg Bcl-2 (1:1000, R&D, USA), Bax
(1:500, R&D, USA), Bcl-xI (1:40, Santa Cruz, USA),
cleaved caspase-3 (M, 17 000-20 000, 1:50, Cdl
sgnaling, USA), iNOS (1:40, Santa Cruz, USA) and
nNOS (1:40, Santa Cruz, USA). The plasma of pos-
tive cdlls was stained brown.

Data analyss Data were expressed asmean +SD.
TUNEL -positive percent was caculated as. [ TUNEL -
postive cells/(TUNEL-postive celstNisd daining
cell9)]x100 %. The positive percents of Bcl-2, Bcl-xl,
Bax, cagpase-3 and NOS were caculated as: (positive
cellg/Nisd gaining cells)x100 %. For gatigtica evalu-
aion one-way analysis of variance (ANOVA) were
employed. Student Newman Keuls test was performed
when variance was equal, and Games-Howell test was
performed when variance was not equal. Pearson cor-
relation analys s was also performed to some i ndex.
Statistical sgnificance was assumed at P<0.05.

RESULTS

Protective effect of Rgl on MPTP-induced
apoptosis of substantia nigra neurons The counts
of Nisd gaining neurons and TH-immunoreactive (I R)
neuronsin the SNc were s gnificantly decreased, and



Chen XC etal / ActaPharmacol Sin 2002 Sep; 23 (9): 829-834 .831-

TUNEL -positive percent wassignificantly increased by
MPT P-treatment compared with saline injections.
However, pretreatment with Rgl (5.0, 10.0 mg/kg) sg-
nificantly antagoni zed MPT P-induced | oss of Nisd stain-
ing and TH-IR neurons, and significantly decreased
TUNEL -positive percent [ Fig 1(1, 2) and Fig 2].
Effects of Rgl on expresson of Bcl-2, Bax, and
Bcl-xI The percents of Bcl-2 and Bcl-xI immunoreac-

tive cdlsin the SNc were decreased markedly and the
percent of Bax-IR cellswas increased markedly by
MPT P-treatment compared with saline injections. On
the contrary, after pretrestment with Rgl, the percents
of Bcl-2 (the pretreatment group 2 and 3) andBcl-xI-IR
(the pretreatment group 3) cells were increased
markedly, but the percent of Bax-IR cells(the pretreat-
ment group 2 and 3) was decreased markedly [Tab 1

Fig 1. TH (1), Bcl-2 (4), Bcl-xI (5), Bax (6), cleaved caspase-3 (8) and iNOS (9) immunostaining and TUNEL (2) staining of
mouse substantia nigraneurons. A: mode group; B: pretreatment with Rgl group at 10.0 mg/kg; C: control group. (1): x100,

others x400.
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Fig 2. Nissl,TH, TUNEL staining in the mouseSNc neurons.
The Nissl and TH positive cell number was markedly
increased, but TUNEL -positive percent was markedly
decreased, in theSNc of control group and pretreatment
group (Rglat 5.0,10.0 mg/kg), compared with that of mode
group. P<0.01vsmodd.

Tab 1. Expression of Bd-2, Bcl-xl,and Bax inthe SNc. n=6.
mean+SD. "P<0.05, “P<0.01 vs modd group.

Bcl-2 Bcl-xl Bax
Groups positive positive positive

percent/%  percent/%  percent/%
Modéd group 152+1.5 23.7#1.1 39+3
Control group 24.1+1.7°  32.6£1.7° 11.9+0.8°
Rg12.5mglkg 16.840.7 24.7+2.2  30.8+1.4°
Rg15.0mglkg 34.241.8° 29.242.3° 27.3+1.4°
Rg110.0mg/kg 36.4+1.7° 38.241.6° 16.1+1.2°

and Fig1(4, 5, 6)].

Effect of Rgl on caspase-3activation After trest-
ment with MPTP, the percent of cleaved cagpase-3-IR
cells in the SNc was markedly increased, whileit was
decreased greatly when pretreated with Rgl 5.0 or
10.0 mg/kg [Fig 1(8) and Fig 3].

Effectsof Rgl on expresson of INOS and nNOS
After treatment with MPTP, the percent of iINOS-IR
cells in the SNc was increased sgnificantly. Pretreat-
ment with Rgl (10.0 mg/kg) decreased the percent
markedly. The percent of nNOS-IR cells had no dif-
ference between the model group and pretreatment
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Fig 3. Cleaved caspase-3, iINOS, nNOS staining in the
mouse SNc neurons. The cleaved caspase-3 positive per-
cent and iINOS-positive percent was mar kedly d ecr eased,
but nNOS-positivepercent hasno change, in the SNpc of
normal group and pretreatment group (Rgl at 5.0,10.0 mg/
kg), compared with that of modd group. “P<0.01 vsmodd.

groups [Fig 1(9) and Fig 3].

Correlation of TUNEL-postive percent with
Bcl-2, Bcl-xI, Bax, iINOS, and nNOS expression, and
cagpase-3 activation TUNEL-positive percent corre-
|ated negatively with positive percents of Bcl-2 and Bcl-
xl (r=-0.559, -0.717, P<0.01). However, TUNEL -posi-
tive percent correlated postively with the positive per-
cents of Bax, cleaved-caspase-3, and iNOS (r=0.867,
0.858, 0.888, P<0.01), and had no correlation with the
percent of NNOS-IR cdlls (r=-0.078, P>0.05).

DISCUSSION

MPTP isa neurotoxin that can induce degenera-
tion and death of dopaminergic neurons, and apoptosis
may beinvolved in thiskind of cell death. The present
sudy showed that MPT P could induce the apoptosis
of dopaminergic neuronsin the SNc, which indicated
that C57BL mice treated with MPTP offered a substan-
tial Parkinson’ s disease model to further research its
pathogeness and therapy. Ginsenoside Rgl, one of
important components of ginseng, was shown to have
a great potential neotropic and neurotrophic or
neuroprotective effect recently'®”. Inthe present study,
pretrestment with Rgl (5.0, 10.0 mg/kg) was found to
reduce the toxicity of MPTP to dopaminergic neurons
in the SNc, suggested that Rgl had potentia protective
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effect on MPTP-induced neurotoxicity.

It istruethat Bcl-2 family proteins, asimportant
regul ators of apoptosis, include Bcl-2 and Bcl-xl|
(antiapoptotic member), and Bax(proapoptotic
member)'®. Overexpresson of Bcl-2 in the SNc neu-
rons could resist injuries by MPTP and 6-
hydroxydopamine (6-OHDA)®!. In the study of
Hassouna et al'™®, MPTP-treatment increased Bax ex-
presson in the SNc neurons, with which the present
study wasin agreement. The present study also showed
that Bcl-2 and Bcl-xI express on were enhanced, and
Bax expresson was reduced in the SNc neuronsin pro-
tective effects of Rgl againg MPT P-induced apoptoss.
So, these resultsindicated that the increased expres
son of Bcl-2 and Bcl-xI and decreased expresson of
Bax may be important mechanisms in protective effects
of Rgl against MPTP-induced apoptosis.

Aspartate-specific cysteine proteases (cagpase) are
esentid in the pathway of apoptotic death. Hartmann
et al'™ found caspase-3 might be a vulnerable factor
and effector of apoptotic death in dopaminergic neu-
ronsin the SNc of PD anima mode and PD pati ents.
The present study showed that cagpase-3 activition was
inhibited after pretreatment with Rgl compared with
MPTP model, indicating that Rgl may inhibit activation
of caspase-3 during attenuating MPTP-induced
apoptosis.

Nitric oxide (NO) isone of freeradicals and cell
signaling molecule. It wasreported that NO, asatoxic
factor, could mediate the death of dopaminergic neu-
rons*. Inducible NOS and neurona NOS can cata-
lyze L-arginine and synthesize NO. Tamatani et al™?
reported that neurons cocultured with astrocytes sub-
jected to hypoxia undervent apoptotic death, and this
process was dependent on the increased expresson of
iNOS and so overproduction of NO. Henekaet al™
reported that the increased express on of iNOS pro-
ceeded apoptotic cell death of cerebellar granule neu-
rons and this kind of NO-mediated apoptos s was ac-
companied with enhanced caspase-3 activity, moreover,
the drug which down-regulated iNOS expression could
attenuate apoptoss correspondingly. In the present
sudy, Rgl was shown to decrease the expresson of

iNOS, suggesting Rgl coul d reduce NO production by
decreasng iINOS expression in the process of protect-
ing from MPTP-induced apoptoss.

In concluson, the present study suggested that
Rgl could protect nigrd neurons from MPT P-induced
apoptosi sthrough increasing the level of Bcl-2 and Bcl-
x| expresson, decreasing thelevel of Bax and iNOS
expresson, and inhibiting the activation of caspase-3.
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