
Parkinson’s disease is a neurodegenerative condition 
characterized by rigidity and akinesia. A major pathologic
hallmark of Parkinson’s disease is the degeneration of 
nigrostriatal dopaminergic neurons.1) It was reported that 
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) is a
neurotoxin that can induce symptoms similar to those ob-
served in Parkinson’s disease in mice,2,3) and MPTP induces
selective loss of dopaminergic neurons in the substantia nigra
of mice.4) The toxicity of MPTP is known to be mediated
through the toxic metabolite 1-methyl-4-phenylpyridine
(MPP1), and various studies have shown that MPP1 treat-
ment leads to apoptosis.3,5)

Apoptosis, also known as programmed cell death, is a
form of cell death that occurs during several pathologic 
situations in multicellular organisms and contributes to cell
replacement, tissue remodeling, and removal of damaged
cells under normal conditions.6) It is a complex process char-
acterized by cell shrinkage, chromatin condensation, internu-
cleosomal DNA fragmentation, and formation of “apoptotic
bodies.”7) In numerous studies, it has been documented that
the process of apoptosis is regulated by the expression of
several proteins. Of these, the p53 protein plays a proapop-
totic role following stress in many types of cells and 
upstream activation induces cell cycle deregulation.8) Bax, a
proapoptotic protein, is expressed abundantly and selectively
during apoptosis and promotes cell death.9,10) The caspases, a
class of cysteine proteases, are considered to play a central
role in the apoptotic process and to trigger a cascade of pro-
teolytic cleavage events in mammalian cells. Of particular 
interest is caspase-3, the most widely studied member of the
caspase family and one of the key executioners of apoptosis,
being responsible either partially or wholly for the prote-
olytic cleavage of various proteins.11)

Ginseng radix, the root of Panax ginseng C. A. MEYER

(Araliaceae), is one of the best-known medicinal herbs with
numerous therapeutic applications. The aqueous extract of
Ginseng radix has been used to treat a wide variety of 
diseases including anemia, diabetes mellitus, insomnia, is-
chemia, and gastritis.12—14) It was reported that the extract of
Ginseng radix scavenges hydroxyl radicals and protects 
unsaturated fatty acids from decomposition caused by iron-

mediated lipid peroxidation.15) In addition, Jin et al.16) re-
ported that Ginseng radix alleviates scopolamine-induced
learning disability and improves spatial working memory in
mice. Recently, it was also reported that ginsenosides (Rb1
and Rg1), a key family of components of Ginseng radix,
have a protective action against MPTP-induced cell death in
PC12 cells.17)

However to the best of our knowledge, no report has been
published on the effect of aqueous extract of Ginseng radix
on MPP1-induced apoptosis in PC12 cells. In the present
study, the protective effect of the aqueous extract of Ginseng
radix on apoptosis induced by MPP1 in PC12 cells was in-
vestigated. PC12 cells retain dopaminergic characteristics
and have been widely used for neurobiological and neuro-
chemical studies in Parkinson’s disease.

MATERIALS AND METHODS

Drugs and Reagents Ginseng radix was purchased from
the Kyung-Dong marketplace (Seoul, Korea). To obtain the
aqueous extract of Ginseng radix, 200 g of Ginseng radix
was added to distilled water, and extraction was performed
by heating at 80 °C, concentrated with a rotary evaporator,
and lyophilized. The resulting powder, weighing 30 g, was
dissolved in saline. H2O2 was purchased from Junsei Chemi-
cal Co., Ltd. (Tokyo, Japan). The 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromid (MTT) assay kit was pur-
chased from Boehringer Mannheim GmbH (Mannheim, Ger-
many). The DNA fragmentation assay kit was obtained from
TaKaRa (Shiga, Japan) and the caspase-3 assay kit from
CLONTECH (Palo Alto, CA, U.S.A.).

Cell Culture Cells of the rat pheochromocytoma PC12
line were purchased from the Korean Cell Line Bank
(KCLB, Seoul, Korea). Cells were cultured in RPMI-1640
(Gibco BRL, Grand Island, NY, U.S.A.) supplemented with
10% heat-inactivated fetal bovine serum (FBS; Gibco BRL)
at 37 °C in 5% CO2, 95% O2 in a humidified cell incubator,
and the medium was changed every 2 d.

MTT Cytotoxicity Assay Cell viability was determined
using the MTT assay kit following the manufacturer’s proto-
col. To determine the cytotoxicity of MPP1, cells were
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treated with MPP1 at concentrations of 33.66 mM, 168.29 mM,
336.59 mM, 1.68 mM, and 3.37 mM for 12 h. For analysis of
the protective effect of Ginseng radix against cell death in-
duced by MPP1, cells were pretreated with Ginseng radix
at concentrations of 0.1 mg/ml, 0.5 mg/ml, 1 mg/ml, and
5 mg/ml for 1 h before MPP1 was applied at a concentration
of 336.59 mM for another 12 h. Cultures of the control group
were left untreated. Ten microliters of the MTT labeling
reagent was added to each well, and the plates were incu-
bated for 4 h. Solubilization solution 100 m l was then added
to each well, and the cells were incubated for another 12 h.
The absorbance was then measured with a microtiter plate
reader (Bio-Tek, Winooski, VT, U.S.A.) at a test wavelength
of 595 nm and a reference wavelength of 690 nm. Optical
density (O.D.) was calculated as the difference between the
absorbance at the reference wavelength and that at the test
wavelength. Percent viability was calculated as (O.D. of
drug-treated sample/control O.D.)3100.

TUNEL Assay For in situ detection of apoptotic cells,
the TUNEL assay was performed using the ApoTag® peroxi-
dase in situ apoptosis detection kit. PC12 cells were cultured
on 4-chamber slides (Nalge Nunc International, Naperville,
IL, U.S.A.) at a density of 23104 cells/chamber. After treat-
ment with Ginseng radix and MPP1, the cells were washed
with phosphate-buffered saline (PBS) and fixed by incubat-
ing in 4% paraformaldehyde (PFA) for 10 min at 4 °C. The
fixed cells were then incubated with digoxigenin-conjugated
dUTP in a terminal deoxynucleotidyl transferase (TdT)-cat-
alyzed reaction for 60 min at 37 °C in a humidified atmo-
sphere and were then immersed in stop/wash buffer for
10 min at room temperature. The cells were then incubated
with antidigoxigenin antibody conjugated with peroxidase
for 30 min. DNA fragments were stained using 3,3-di-
aminobenzidine (DAB; Sigma Chemical Co., St. Louis, MO,
U.S.A.) as the substrate for the peroxidase.

Flow Cytometric Analysis For flow cytometric analysis,
after treatment with Ginseng radix and MPP1, cells were col-
lected and fixed by incubation with 75% ethanol in PBS at
220 °C for 1 h. Afterward, the cells were incubated with
RNase 100 mg/ml and propidium iodide 20 mg/ml in PBS for
30 min at 37 °C and were analyzed using FACScan (Becton
Dickinson, San Jose, CA, U.S.A.).

DNA Fragmentation For detection of apoptotic DNA
cleavage, the DNA fragmentation assay was performed 
using the ApopLadder EXTM DNA fragmentation assay kit
(TaKaRa). Cells were treated with Ginseng radix and MPP1

and then lysed with 100 m l of lysis buffer. The lysate was in-
cubated with 10 m l of 10% SDS solution containing 10 m l of
Enzyme A at 56 °C for 1 h followed by treatment with 10 m l
of Enzyme B at 37 °C for 1 h. After adding 70 m l of precipi-
tant and resuspending the resultant pellet in TE (Tris–EDTA)
buffer, genomic DNA was visualized by electrophoresis in a
2% agarose gel containing ethidium bromide.

RNA Isolation and RT-PCR Total RNA was isolated
from PC12 cells using RNAzolTMB (TEL-TEST,
Friendswood, TX, U.S.A.) following the manufacturer’s in-
structions. RNA 2 mg and 2 m l of random hexamers
(Promega, Madison, WI, U.S.A.) were added together, and
the mixture was heated at 65 °C for 10 min. AMV reverse
transcriptase (Promega) 1 m l, 10 mM dNTP (Promega) 5 m l,
RNasin (Promega) 1 m l, and 103AMV RT buffer (Promega)

5 m l were then added to the mixture, and the final volume
was increased to 50 m l with dimethyl pyrocarbonate (DEPC)-
treated water. The reaction mixture was then incubated at
42 °C for 1 h.

PCR amplification was performed in a reaction volume of
40 m l containing 1 m l of the appropriate cDNA, 1 m l of each
set of primers at a concentration of 10 pM, 4 m l of 103reac-
tion buffer, 1 m l of 2.5 mM dNTP (iNtRON, INC., Seoul,
Korea), and 2 units of Taq DNA polymerase (TaKaRa). For
rat p53, the primer sequences were 59-CTCTGTCATCTTC-
CGTCCCTT-39 (a 21-mer sense oligonucleotide) and 59-AG-
GACAGGCACAAACACGAAC-39 (a 21-mer anti-sense
oligonucleotide). For rat bax, the primer sequences were 59-
CACCAGCTCTGAACATCATGA-39 (a 21-mer sense oli-
gonucleotide) and 59-TCAGCCCATCTTCTTCCAGAT-39 (a
21-mer anti-sense oligonucleotide). For cyclophilin, the inter-
nal control used in the study, the primer sequences were 59-
ACCCCACCGTGTTCTTCGAC-39 (a 20-mer sense oli-
gonucleotide) and 59-CATTTGCCATGGACAAGATG-39 (a
20-mer anti-sense oligonucleotide). The expected sizes of the
PCR products were 560 bp (for p53), 540 bp (for bax), and
291 bp (for cyclophilin).

The PCR procedure was carried out using a GeneAmp
9600 PCR system (Perkin Elmer, Norwalk, CT, U.S.A.)
under the following conditions: initial denaturation at 94 °C
for 5 min, followed by 30 amplification cycles, each consist-
ing of denaturation at 94 °C for 30 s, annealing at 58 ° for
30 s, and extension at 72 °C for 30 s, with an additional ex-
tension step at the end of the procedure at 72 °C for 5 min.
For cyclophilin, the PCR procedure was carried out under
identical conditions except that 25 amplification cycles were
executed. The final amount of RT-PCR product for each of
the mRNA species was calculated densitometrically using
Molecular AnalystTM version 1.4.1 (Bio-Rad, Hercules, CA,
U.S.A.).

Western Blot Analysis Cells were treated with Ginseng
radix and MPP1 and collected. Cells were lysed in a lysis
buffer containing 50 mM Tris–HCl (pH 7.5), 150 mM NaCl,
0.5% deoxycholic acid, 1% Nonidet P40, 0.1% sodium dode-
cyl sulfate (SDS), 1 mM PMSF, and 100 mg/ml leupeptin.
Protein content was measured using a Bio-Rad colorimetric
protein assay kit (Bio-Rad). Protein of 50 mg was separated
on SDS-polyacrylamide gels and transferred onto a nitrocel-
lulose membrane. Mouse p53 antibody (Santa Cruz Biotech,
Santa Cruz, CA, U.S.A.) and mouse bax antibody (Santa
Cruz Biotech) were used as primary antibodies. Horseradish
peroxidase-conjugated anti-mouse antibody for p53 and bax
(Amersham Pharmacia Biothech GmbH, Freiburg, Germany)
were used as secondary antibodies. Band detection was per-
formed using the enhanced chemiluminescence (ECL) detec-
tion system (Amersham Pharmacia Biothech GmbH).

Caspase Enzyme Activity Assay Caspase enzyme ac-
tivity was measured using the ApoAlert® caspase-3 assay kit
according to the manufacturer’s protocol. In brief, after treat-
ment with Ginseng radix and MPP1, cells were lysed with
50 m l of chilled cell lysis buffer. 23reaction buffer (contain-
ing DTT) 50 m l and 5 m l of the appropriate conjugated sub-
strate at a concentration of 1 mM were added to each lysate.
The mixture was incubated in a water bath at 37 °C for 1 h,
and the absorbance was measured with a microtiter plate
reader at a test wavelength of 405 nm.

December 2003 1669



Statistical Analyses Results are expressed as mean6
standard error of the mean (S.E.M.). Data were analyzed by
one-way analysis of variance (ANOVA) followed by Duncan’s
post-hoc test. Differences were considered statistically sig-
nificant at p,0.05.

RESULTS

Effect of Ginseng radix against MPP1-Induced Cyto-
toxicity As shown in Fig. 1, the viability of cells incubat-
ed with MPP1 at concentrations of 33.66 mM, 168.29 mM,
336.59 mM, 1.68 mM, and 3.37 mM for 12 h was 99.796
3.60%, 72.9962.39%, 60.5160.76%, 56.2460.83%, and
17.7160.30% of the control value, respectively. A trend of
decreasing viability with increasing MPP1 concentration was
observed. The viability of cells exposed to MPP1 336.59 mM

for 12 h was 56.2460.83% of the control value, while cells
pretreated for 1 h with Ginseng radix 0.01 mg/ml, 0.1 mg/ml,
and 1 mg/ml before exposure to MPP1 increased in a statisti-
cally significant fashion to 69.0163.08%, 72.3263.36%, and
82.2562.15% of the control value, respectively. Results of
the MTT assay showed a significant decrease in the viability
of MPP1-treated cells, while Ginseng radix was shown to
exert a protective effect against MPP1-induced cytotoxicity.

Morphological Changes Induced by Ginseng radix and
MPP1 To confirm the induction of apoptosis by MPP1 and
the preventive effect of Ginseng radix in PC12 cells, cells
treated with MPP1 and Ginseng radix were analyzed using
the TUNEL assay. As shown in Fig. 2, TUNEL-positive cells
stained dark brown under the light microscope, and nuclear
condensation was observed in cultures treated with MPP1

336.59 mM, while the appearance of cells pretreated with
Ginseng radix 1 mg/ml prior to MPP1 exposure was similar
to that of control cells.

1670 Vol. 26, No. 12

Fig. 1. MPP1-Induced Cytotoxicity and Protective Effect of Ginseng radix

Above: Cytotoxic effect of MPP1. a, Control group; b, MPP1 33.66 mM-treated
group; c, MPP1 168.29 mM-treated group; d, MPP1 336.59 mM-treated group; e, MPP1

1.68 mM-treated group; f, MPP1 3.37 mM-treated group. Below: Effect of Ginseng radix
on cell viability. A, Control group; B, MPP1 336.59 mM-treated group; C, Ginseng
radix 0.01 mg/ml-pretreated and MPP1 336.59 mM-treated group; D, Ginseng radix
0.1 mg/ml-pretreated and MPP1 336.59 mM-treated group; E, Ginseng radix 1 mg/ml-
pretreated and MPP1 336.59 mM-treated group. Results are expressed as mean6stan-
dard error of the mean (S.E.M.). ∗ p,0.05 compared with the control. # p,0.05 com-
pared with the MPP1-treated group.

Fig. 2. PC12 Cells Stained in the TUNEL Assay

Black arrows indicate where condensed and marginated chromatin were labeled. Cells were pretreated with Ginseng radix at a concentration of 1 mg/ml for 1 h and then with
MPP1 336.59 mM for 12 h. Scale bars represent 100 mm.

Fig. 3. Results of Flow Cytometric Analysis

The fraction of cells in the sub-G1 phase was increased in the MPP1-treated cultures but reduced in the Ginseng radix-pretreated cultures to a level comparable to that seen in
the control. A, Control group; B, MPP1 336.59 mM-treated group; C, Ginseng radix 1 mg/ml-pretreated and MPP1 336.59 mM-treated group.



Cell Cycle Distribution Changes Flow cytometric
analysis was also used to analyze the protective effect of Gin-
seng radix against MPP1-induced cell death. The fraction of
cells in the sub-G1 phase increased from 6.71% (value from
the control group) to 26.62% following treatment with MPP1

336.59 mM for 12 h, and this figure was reduced with pretreat-
ment with Ginseng radix at a concentration of 1 mg/ml for
1 h to the respective value of 15.57% (Fig. 3).

Characterization of Apoptosis via Examination of DNA
Fragmentation To ascertain the protective effect of Gin-
seng radix against MPP1-induced cell death, DNA fragmen-
tation, reflecting the endonuclease activity characteristic of
apoptosis, was analyzed. As shown in Fig. 4, treatment with
MPP1 at a concentration of 336.59 mM for 12 h resulted in
the formation of definite fragments that could be seen upon
electrophoresis as a characteristic ladder pattern; pretreat-
ment with Ginseng radix 1 mg/ml for 1 h resulted in a signifi-
cantly decreased intensity of MPP1-induced DNA laddering.

Effects of Ginseng radix on MPP1-Induced Changes in
mRNA Expression of P53 and Bax RT-PCR analysis of

the mRNA levels of p53 and bax was performed to provide
an estimate of the relative level of expression of these genes.
In the present study, the mRNA level of p53 and bax in the
control cells was set at 1.00. The level of p53 mRNA follow-
ing treatment with MPP1 336.59 mM markedly increased to
4.1960.34, but decreased to 2.8960.12 and 1.8260.04 in
cells pretreated with Ginseng radix at concentrations of
0.1 mg/ml and 1 mg/ml, respectively. The level of bax mRNA
following treatment with MPP1 336.59 mM markedly in-
creased to 6.8260.51, but decreased to 3.2260.16 and
2.0460.06 in cells pretreated with Ginseng radix at concen-
trations of 0.1 mg/ml and 1 mg/ml, respectively (Fig. 5).

Western Blot Analysis of P53 and Bax In cells in the
MPP1 336.59 mM-treated groups, increased level of p53 pro-
tein (53 kDa) and bax protein (21 kDa) was detected. When
pretreated with Ginseng radix, however, the level of expres-
sion of p53 and bax decreased (Fig. 6).

Caspase-3 Enzyme Activity Analysis Caspase-3 en-
zyme activity was measured using DEVD-peptide-ni-
troanilide (pNA). After 12 h of exposure to MPP1 at a con-
centration of 336.59 mM, the amount of DEVD-pNA cleaved
during 6 h was significantly increased from 4.5760.44 pmol
(the control value) to 10.5962.64 pmol, and this number de-
creased to 8.4161.23 pmol and 6.4261.32 pmol with Gin-
seng radix pretreatment for 1 h at concentrations of
0.1 mg/ml and 1 mg/ml, respectively. The present results
demonstrate an increase in caspase-3 enzyme activity in
MPP1-treated cells and a dampening in this increment in
cells pretreated with Ginseng radix (Fig. 7).

DISCUSSION

Parkinson’s disease is a common neurodegenerative disor-
der. Increasing evidence from epidemiologic studies has im-
plicated a variety of environmental factors in the selective
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Fig. 4. Electrophoretic Examination of the Genomic DNA of PC12 Cells

A, Control group; B, MPP1 336.59 mM-treated group; C, Ginseng radix 1 mg/ml-pre-
treated and MPP1 336.59 mM-treated group.

Fig. 5. Results of RT-PCR Analysis of the mRNA Levels of p53 and bax

As the internal control, cyclophilin mRNA was also amplified. Results are presented as mean6standard error of the mean (S.E.M.). ∗ p,0.05 compared with the control.
# p,0.05 compared with the MPP1-treated group. A, Control group; B, MPP1 336.59 mM-treated group; C, Ginseng radix 0.1 mg/ml-pretreated and MPP1 336.59 mM-treated
group; D, Ginseng radix 1 mg/ml-pretreated and MPP1 336.59 mM-treated group.



dopaminergic cell loss in the substantia nigra. Epidemiologic
analyses of the causes of Parkinson’s disease have identified
several neurotoxicants. Of these, MPP1 is converted from
MPTP by the monoamine oxidase B in the inner mitochondr-
ial membrane. At the level of the central nervous system, this
process takes place mainly in the glial cells. MPP1 is thus se-
lectively taken up by dopaminergic neurons via the dopamine
transporter of the membrane. Various studies reported that
MPP1 induces apoptosis in several cell types such as
PC12,18) cerebellar granule cells,19) and SHSY-5Y neuroblas-
toma cells.20)

The pharmacologic effects of Ginseng radix in the central
nervous, cardiovascular, endocrine, and immune systems
have been demonstrated.12—14) In addition, Ginseng radix has
been used as a medicinal herb for the treatment of various
neurodegenerative disorders such as ischemia21) and
Alzheimer’s disease.22) Saponins are key components of the
pharmacologic application of Ginseng radix. Saponins can
be classified into three major groups according to their chem-
ical structures: protopanaxadiol (ginsenoside Rb1, Rb2, Rc,
and Rd), protopanaxatriol (ginsenoside Re, Rf, Rg1, and
Rg2), and oleanolic acid saponins.21) Of these, Rb1 and Rg1
have a protective effect against MPTP-induced cell death in
PC12 cells.17)

In the present study, MTT assay confirmed that MPP1 ex-
erts cytotoxicity in a dose-dependent manner and that admin-
istration of Ginseng radix has a protective effect against the
cytotoxic action of MPP1 (Fig. 1). From flow cytometric
analysis of DNA contents, an increase in the fraction of cells
in the sub-G1 phase was observed in the MPP1-treated
group. This observation is similar to the results reported by

Wang and Zhu23) in their study involving cultured PC12 neu-
ronal cells. This increased sub-G1 phase fraction was reduced
by pretreatment with Ginseng radix to a level comparable to
that seen in the control group (Fig. 3).

It is known that apoptosis involves the activation of en-
donucleases and that this activation results in the cleavage of
genomic DNA into well-defined fragments, which appear as
a characteristic ladder pattern upon agarose gel electrophore-
sis.24) To provide evidence supporting the involvement of
apoptosis in MPP1-induced cytotoxicity and the protective
action of Ginseng radix against MPP1-induced apoptosis, the
DNA fragmentation assay was performed. The MPP1-treated
group showed the distinctive ladder pattern characteristic of
apoptosis, similar to the results observed by González-Polo
et al.19) in cultured rat cerebellar granule cells and those pre-
sented by Chun et al.25) in their study involving a substantia
nigra-derived dopaminergic cell line. On the other hand, the
cells pretreated with Ginseng radix showed noticeable de-
crease in the intensity of MPP1-induced DNA laddering
(Fig. 4). DNA strand breaks are known to occur during apop-
tosis, and it is known that nicks in the DNA molecules can be
detected in the TUNEL assay.26) In this study, TUNEL-posi-
tive cells were detected in the MPP1-treated group, while the
occurrence of such cells was decreased in cultures pretreated
with of Ginseng radix (Fig. 2).

MPP1 has been reported to induce neuronal apopto-
sis,18—20) and understanding the molecular events triggering
apoptosis is an important step toward the development of ef-
fective treatment strategies for such neurologic disorders. In
various studies, reactive oxygen species (ROS) have been im-
plicated in Parkinson’s disease.27) Cytotoxicity induced by
MPP1 exposure is mediated by oxidative stress.19,25,28) Re-
cently, González-Polo et al.19) reported that free radicals play
an active role in the early events of MPP1-induced apoptosis.
Numerous studies have shown that Ginseng radix has potent
antioxidative property29) and ginsenoside Rg1 attenuates
dopamine-induced apoptosis by suppressing oxidative stress
in PC12 cells.25) In addition, it was also reported that ROS
generated by MPP1 lead to the activation of p53, bax,28) and
caspase-3.19)

It is known that p53 plays a crucial role in the regulation
of cell cycle and apoptosis. Duan et al.30) reported that p53
inhibitors preserve MPTP-induced cell death in dopamine
neuron MN9D cells. The results of the present study demon-
strated increased p53 expression in MPP1-treated PC12
cells, and cells pretreated with Ginseng radix showed a de-
crease in this increment (Fig. 6). Bax is a member of the bcl-
2 family that acts as a promoter of cell death.31) MPTP ad-
ministered in vivo to mice induces an increase in the amount
of bax in the substania nigra.32) It was reported that MPP1 in-
duces bax expression in dopaminergic cell neuronal cell line
MN9D.33) The present results demonstrated an increase of
bax expression in MPP1-treated PC12 cells, and cells pre-
treated with Ginseng radix showed a dampening in this incre-
ment (Fig. 6).

Caspases, a family of cysteine proteases, are an integral
part of the apoptotic pathway.11) Recent reports have indi-
cated that caspases play a role in neuronal cell death during
development as well as after neuronal injury.34) Bilsland et
al.5) also reported that MPP1-induced apoptosis involves the
caspase-3 pathway. The present results demonstrated an in-
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Fig. 6. Results of Western Blot Analysis of the Protein Levels of p53 and
bax

A, Control group; B, MPP1 336.59 mM-treated group; C, Ginseng radix 0.1 mg/ml-
pretreated and MPP1 336.59 mM-treated group; D, Ginseng radix 1 mg/ml-pretreated
and MPP1 336.59 mM-treated group. Actin, used as the internal control, was detected at
the position corresponding to a molecular weight of 46 kDa.

Fig. 7. Inhibitory Effect of Ginseng radix on MPP1-Induced Caspase-3
Enzyme Activity

The rate of DEVD-pNA cleavage was measured at a wavelength of 405 nm. A, Con-
trol group; B, MPP1 336.59 mM-treated group; C, Ginseng radix 0.1 mg/ml-pretreated
and MPP1 336.59 mM-treated group; D, Ginseng radix 1 mg/ml-pretreated and MPP1

336.59 mM-treated group. E, H2O2-treated group with DEVD-fmk added. DEVD-fmk is
a caspase-3 inhibitor.



crease in caspase-3 enzyme activity in MPP1-treated PC12
cells, and cells pretreated with Ginseng radix showed a
dampening in this increment (Fig. 7).

At present, the cellular and molecular mechanisms that un-
derlie the action of Ginseng radix are not fully understood.
Results presented in this study demonstrate that Ginseng
radix exerts a significant neuroprotective effect against
MPP1-induced apoptosis in the PC12 cells. It is possible that
Ginseng radix, by attenuating MPP1-induced apoptosis, may
offer a valuable means of therapy in the treatment of Parkin-
son’s disease.

Acknowledgments This work was supported by the
Korea Research Foundation Grant (KRF-2002-041-E00272).

REFERENCES

1) Lang A. E., Lozano A. M., N. Engl. J. Med., 339, 1044—1053 (1998).
2) Olanow C. W., Tatton W. G., Annu. Rev. Neurosci., 22, 123—144

(1999).
3) Nicotra A., Parvez S. H., Neurotoxicol. Teratol., 24, 599—605 (2002).
4) Tipton K. F., Singer T. P., J. Neurochem., 61, 1191—1206 (1993).
5) Bilsland J., Roy S., Xanthoudakis S., Nicholson D. W., Han Y., Grimm

E., Hefti F., Harper S. J., J. Neurosci., 22, 2637—2649 (2002).
6) DeLong M. J., Ann. N.Y. Acad. Sci., 842, 82—90 (1998).
7) Wyllie A. H., Kerr J. F., Currie A. R., Int. Rev. Cytol., 68, 251—306

(1980).
8) Eberhardt O., Schulz J. B., Toxicol. Lett., 139, 135—151 (2003).
9) Oltvai Z. N., Milliman C. L., Korsmeyer S. J., Cell, 74, 609—619

(1993).
10) Korsmeyer S. J., Cancer Res. Suppl., 59, 1693s—1700s (1999).
11) Cohen G. M., Biochem. J., 326, 1—16 (1997).
12) Wen T. C., Yoshimura H., Matsuda S., Lim J. H., Sakanaka M., Acta

Neuropathol., 91, 15—22 (1996).
13) Vogler B. K., Pittler M. H., Ernst E., Eur. J. Clin. Pharmacol., 55,

567—575 (1999).
14) Jang M. H., Chang H. K., Shin M. C., Lee T. H., Kim Y. P., Kim E. H.,

Kim C. J., J. Pharmacol. Sci., 91, 149—152 (2003).
15) Zhang D., Yasuda T., Yu Y., Zheng P., Kawabata T., Ma Y., Okada S.,

Free Radic. Biol. Med., 20, 145—150 (1996).
16) Jin S. H., Park J. K., Nam K. Y., Park S. N., Jung N. P., J. Ethnophar-

macol., 66, 123—129 (1999).
17) Rudakewich M., Ba F., Benishin C. G., Planta Med., 67, 533—537

(2001).
18) Sheng G. Q., Zhang J. R., Pu X. P., Ma J., Li C. L., Eur. J. Pharmacol.,

451, 119—124 (2002).
19) González-Polo R. A., Soler G., Alvarez A., Fabregat I., Fuentes J. M.,

J. Neurochem., 84, 305—315 (2003).
20) Halvorsen E. M., Dennis J., Keeney P. M., Sturgill T. W., Tuttle J. B.,

Bennett J. P., Jr., Brain Res., 952, 98—110 (2002).
21) Wen T. C., Yoshimura H., Matsuda S., Lim J. H., Sakanaka M., Acta

Neuropathol., 91, 15—22 (1996).
22) Lee T. F., Shiao Y. J., Chen C. F., Wang L. C., Planta Med., 67, 634—

637 (2001).
23) Wang R. G., Zhu X. Z., Brain Res., 961, 131—138 (2003).
24) Eastman A., Barry M. A., Cancer Invest., 10, 229—240 (1992).
25) Chun H. S., Gibson G. E., DeGiorgio L. A., Zhang H., Kidd V. J., Son

J. H., J. Neurochem., 76, 1010—1021 (2001).
26) Gavrieli Y., Sherman Y., Ben-Sasson S. A., J. Cell Biol., 119, 493—

501 (1992).
27) Cohen G., Ann. N.Y. Acad. Sci., 899, 112—120 (2000).
28) Kitamura Y., Kosaka T., Kakimura J. I., Matsuoks Y., Kohno Y., No-

mura Y., Taniguchi T., Mol. Pharmacol., 54, 1046—1054 (1998).
29) Keum Y. S., Park K. K., Lee J. M., Chun K. S., Park J. H., Lee S. K.,

Kwon H., Surh Y. J., Cancer Lett., 150, 41—48 (2000).
30) Duan W., Zhu X., Ladenheim B., Yu Q. S., Guo Z., Oyler J., Cutler R.

G., Cadet J. L., Greig N. H., Mattson M. P., Ann. Neurol., 52, 597—
606 (2002).

31) Reed J. C., Oncogene, 17, 3225—3236 (1998).
32) Hassouna L., Wickert H., Zimmermann M., Gillardon F., Neurosci.

Lett., 204, 85—88 (1996).
33) Choi W. S., Canzoniero L. M. T., Sensi S. L., O’Malley K. L., Gwag

B. J., Sohn S., Kim J. E., Oh T. H., Lee E. B., Oh Y. J., Exp. Neurol.,
159, 274—282 (1999).

34) Woo M., Hakem R., Soengas M. S., Duncan G. S., Shahinian A., Kägi
D., Hakem A., McCurrach M., Khoo W., Kaufman S. A., Senaldi G.,
Howard T., Lowe S. W., Mak T. W., Genes Dev., 12, 806—819 (1998).

December 2003 1673


