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Summary. Ginsenosides Rb1 and Rg1 are the main active ingredients of Panax
ginseng C.A. Meyer (Araliaceae). They appear to exert protection against
ischaemia and anoxic damage in animal models, suggesting an antioxidative
and cytoprotective role. In our study, primary cultures from embryonic mouse
mesencephalon are applied to examine the effects of these two ginsenosides on
neuritic growth of dopaminergic cells and their survival affected by 1-methyl-4-
phenylpyridinium-iodide (MPPþ). Ginsenoside Rb1 (at 10 mM) enhanced the
survival of dopaminergic neurons by 19% compared to untreated control.
MPPþ (at 1 mM) significantly reduced the number of dopaminergic neurons
and severely affected neuronal processes. Both ginsenosides counteracted these
degenerations and significantly protected lengths and numbers of neurites of
THþ cells. Both compounds however could not prevent the cell loss caused by
MPPþ. Our study thus indicates partial neurotrophic and neuroprotective
actions of ginsenosides Rb1 and Rg1 in dopaminergic cell culture.
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Introduction

Ginseng, the root of Panax ginseng C.A. Meyer (Araliaceae), is a well known herbal
medicine (Rhim et al., 2002). It has been used as a constituent of many prescriptions
in Chinese Traditional medicine and is now popular in the world as a natural
medicine (Himi et al., 1989). The molecular components responsible for the action
of ginseng are ginsenosides, which are also known as ginseng saponins (Lee et al.,
2002). Among more than 30 different ginsenosides, Rb1 and Rg1 are the main
active ingredients of Panax ginseng (Liu and Zhang, 1995). The chemical structures
of ginsenosides Rb1 and Rg1 were clarified by Wen et al. (1996). Jiang et al. (2000)



and Liao et al. (2002) reported that ginsenosides Rb1 and Rg1 reduced neuronal
death following transient cerebral ischaemia and promoted survival and outgrowth
of spinal cord neurons, respectively. The beneficial effects of ginsenosides are
mediated through scavenging of free radicals (Lim et al., 1997), improving energy
metabolism and preserving structural integrity of the neurons (Jiang and Qian,
1995). Moreover, ginsenosides Rb1 and Rg1 block calcium over-influx into neu-
ronal cells (Liu and Zhang, 1995) and inhibit Naþ channel activity (Liu et al., 2001).

MPPþ, the active metabolite of 1-methyl-4-phenyl-1,2,3,6-tetrahydropyri-
dine (MPTP), is highly selective and toxic for nigrostriatal dopaminergic neurons
either in vivo or in vitro (Michel et al., 1990; Bai et al., 2002; Li et al., 2002). The
structural analogy of MPPþ to dopamine and its high affinity for the dopamine
reuptake system seem to explain its selective toxic properties for dopaminergic
cells (Michel et al., 1990). However mechanisms by which MPPþ kills dopami-
nergic cells are still a matter of debate, though numerous concepts have been
proposed. MPPþ inhibits NADH-dehydrogenase (complex I) activity of the
mitochondrial respiratory chain, which leads to increased production of free
radicals and finally to impaired production of ATP thus causing damage to dopa-
minergic neurons (Li et al., 2002). MPPþ also increases intracellular calcium
concentration in mesencephalic culture and this could involve biochemical pro-
cesses leading to malfunctioning of mitochondria, energy failure and ultimately
cell death (Chen et al., 1995). MPPþ elevates extracellular dopamine levels with
a consequent increase in H2O2 by monamine oxidase (MAO) via deamination
and non-enzymatically by autooxidation (Matarredona et al., 1997). According
to Bai et al. (2002), MPPþ stimulates the production of superoxide radicals in
vitro and induces cell death in PC12 cells. Apoptotic pathways contribute to cell
death in mesencephalic dopaminergic cells (Hochizuki et al., 1994).

Although recent studies have shown that ginsenosides exert beneficial actions
on neuronal cells, there is no report concerning a possible effectivity of these
ginsenosides against MPPþ neurotoxicity as a cellular model of Parkinson’s dis-
ease. Therefore, we examined the effect of ginsenosides Rb1 and Rg1 on MPPþ

induced neurotoxicity in primary mesencephalic dopaminergic cell culture.

Materials and methods

Materials

Pregnant OF1=SPF mice at gestation day (GD) 14 were purchased from the Institute for Laboratory
Zoology and Veterinary Genetics in Himberg (Austria). Dulbecco’s Modified Eagles Medium
(DMEM), fetal calf serum (FCS), glutamine, putrescine, triiodo-L-thyronine, corticosterone, pro-
gesterone, bovine serum albumin, diaminobenzidine and paraformaldehyde were purchased from
Sigma (USA). Insulin-transferrin-sodium selenite supplement, transferrin, penicillin-streptomycin
and anti-tyrosine hydroxylase antibody (anti-TH antibody) were purchased from Roche Molecular
Biochemicals (Germany). Vectastain ABC Elite Kit (Mouse IgG) was purchased from Vector
Laboratories (USA). 1-methyl-4-phenylpyridinium (MPPþ) was purchased from RBI (USA).

Methods

Preparation of mesencephalic dopaminergic cell cultures

Pregnant mice were sacrified on GD 14, the uteri were dissected and the embryos were
carefully removed and transferred to a Petri dish containing phosphate buffered saline (pH 7.2)
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for dissection. Under a stereoscope (Nikon SMZ-1B, 10� magnification), the brains were then
dissected, the ventral mesencephala were excised and primary cultures prepared according
to Koutsilieri et al. (1995). Briefly, after careful removal of the meninges, tissues were
mechanically cut into small pieces in PBS (pH 7.2) and subsequently triturated with a
fire-polished Pasteur pipette in DMEM. Dissociated cells were resuspended in DMEM sup-
plemented with Hepes buffer (25 mM), glucose (30 mM), glutamine (2 mM), penicillin-strep-
tomycin (10 U=ml and 10mg=ml, respectively) and heat-inactivated FCS (10%). The cell
suspension was plated into 4-wells multidishes (Nunclon) precoated with poly-D-lysine
(50mg=ml). Cultures were grown at 37�C in an atmosphere of 5% CO2=95% air and
100% relative humidity. On the 6th day in vitro (DIV), the medium was changed to a serum free
DMEM growth medium containing additionally transferrin (100mg=ml), insulin-transferrin-
Na-selenite (10mg=ml, 100mg=ml and 60 nM respectively) and N3-additives (200mM putres-
cine, 40 nM progesterone, 570 nM corticosterone, 30 nM triiodothyronine (T3) and 0.001%
bovine serum albumin).

Treatment of the cultures with MPPþ and ginsenosides

Stock solutions of either ginsenosides (100mM) were prepared in DMEM and added to the
culture medium on the 6th DIV (final concentrations 10mM). The culture medium was changed
every 2 days with the same concentration of ginsenosides. MPPþ iodide (10mM) was added
directly to the medium (final concentration 1mM). MPPþ was added on 10th DIV for 48 hours
either alone or with the ginsenosides. Control cultures were kept in parallel. Three independent
experiments were performed for each compound tested.

Identification of tyrosine hydroxylase immunoreactive
(TH ir) neurons

Cultures were rinsed carefully with PBS (pH 7.2) on the 12th DIV and fixed in 4%
paraformaldehyde for 45 min at 4�C. After washing with PBS (pH 7.2), cells were perme-
abilized with 0.4% Triton X-100 for 30 min at room temperature. Cultures were washed 3
times with PBS and incubated with 5% horse serum (Vectastain ABC Kit) for 90 min to
block non-specific binding sites. Cells were sequentially incubated with anti-TH antibody
overnight at 4�C, biotinylated secondary antibody (Vectastain) and avidin-biotin-horseradish
peroxidase complex (Vectastain) for 90 min at room temperature and washed with PBS (pH
7.2) between stages. The reaction product was developed in a solution of diaminobenzidine
(1.4 mM) in PBS (pH 7.2) containing 3.3 mM hydrogen peroxide (H2O2). Total TH ir cell
numbers were counted in 10 randomly selected fields (0.01 mm2=field) at 100� magnification
with a Nikon inverted microscope. Also, TH ir cells with rudimentary (�10mm) or without
processes were counted in 10 randomly selected fields at 100� magnification. Lengths (the
longest neurite=30 TH ir cells in each experiment) and numbers (number of neurites=30 TH ir
cells in each experiment) of the processes of TH ir cells were performed with computerized
video imaging technique (NIH Image). Cellular processes were counted at 200� magnification.

Statistics

Data were expressed as mean� standard error of mean (SEM). Statistical differences were
determined using the Kruskal-Wallis (H)-test followed by w2 test. Differences with �p<0.05
were regarded as statistically significant.

Results

Effect of MPPþ on mesencephalic dopaminergic cells

Treatment of mesencephalic dopaminergic cells with 1 mM MPPþ on the 10th

DIV for 48 hours significantly decreased the number of TH ir cells by 36%
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compared to untreated controls (Fig. 2). The surviving cells showed many
degenerative changes as evaluated by the length of the longest neurites, the
number of the neurites and the general morphological appearance of TH ir
cells. MPPþ significantly decreased the lengths and numbers of the neuronal
processes of the surviving cells. The lengths of the neurites were reduced by
16% (Fig. 3) and the numbers were lowered by 64% (Fig. 4). In addition, the

Fig. 1. Representative fields for dopaminergic neurons after 12 DIV. TH-immunocytochemis-
try. A Untreated control dopaminergic neurons. B Untreated control dopaminergic neurons
showing triangular cell bodies and long branched processes. C MPPþ treated neurons showing
loss of neurites. D MPPþ treated neurons showing swollen cell bodies. E Same as D at higher
magnification. F MPPþ treated neurons showing many THþ bead-like structures along the

course of neuronal processes. (bar¼ 100 mm)
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number of cells with rudimentary or without processes increased by 5,27 folds
(Fig. 5). Cell bodies usually appeared round, swollen and with eccentric nuclei.
Neuronal processes were fragmented, dysmorphic and showing many THþ

bead-like structures along their courses (Fig. 1).

Fig. 3. Effects of ginsenosides Rb1 and Rg1 on neurite growth of MPPþ treated dopami-
nergic cells. 100% corresponds to neurite lengths (longest neurite=cell) of TH ir cells after
12 DIV in untreated control (Length of the longest neurite for different control cultures,
0.49� 0.01 mm=longest neurite). Values represent the mean� SEM for three independent
experiments. Value of each experiment is the mean of the longest neurite of 30 cells in
four different wells. Statistical differences were determined as described in Materials and

methods (�p<0.05)

Fig. 2. Effects of ginsenosides Rb1 and Rg1 on survival and MPPþ induced cell death in
dopaminergic neurons. 100% corresponds to the number of TH ir cells after 12 DIV in un-
treated controls (Cell numbers of THþ cells for different control cultures range from 15� 3 to
33� 8.4 cells=field). Values represent the mean� SEM for three independent experiments.
Values of each experiment are the means of 40 randomly selected fields in four different wells.

Statistical differences were determined as described in Materials and methods (�p<0.05)
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Effect of ginsenosides Rb1 and Rg1 on mesencephalic
dopaminergic cells

Both ginsenosides Rb1 and Rg1 partially attenuated MPPþ neurotoxicity. When
Rb1 or Rg1 were added to mesencephalic dopaminergic cell cultures at a

Fig. 5. Ginsenosides Rb1 and Rg1 prevent cellular degeneration of MPPþ treated dopaminer-
gic neurons. 100% corresponds to the number of cells without processes of TH ir cells after 12
DIV in untreated control (number of cells without processes for different control cultures range
from 2.6� 0.3 to 2.8� 0.3 cells=field). Values represent the mean� SEM for three indepen-
dent experiments. The value of each experiment is the mean of 40 randomly selected fields in
four different wells. Statistical differences were determined as described in Materials and

methods (�p<0.05)

Fig. 4. Effects of ginsenosides Rb1 and Rg1 on neurite numbers of MPPþ treated dopaminer-
gic neurons. Values represent the mean� SEM for three independent experiments. The value of
each experiment is the mean of 30 cells in four different wells. 100% corresponds to the
number of neurites=cell in controls (number of neurites for different control cultures range
from 4� 0.06 to 4.3� 0.03 neurite=cell). Statistical differences were determined as described

in Materials and methods (�p<0.05)
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concentration of 10 mM on the 6th DIV for 6 consecutive days, ginsenoside Rb1
appeared to increase the survival rate of dopaminergic cells by 19% compared
to untreated control, whereas Rg1 increased it by 14% (Fig. 2). On the other
hand, both ginsenosides Rb1 and Rg1 could not prevent cell loss produced by
MPPþ in mesencephalic dopaminergic cell cultures (Fig. 2). At the level of
surviving cells in MPPþ exposed cultures, both ginsenosides significantly
decreased the reduction produced by MPPþ in neurite lengths (Rb1þMPPþ

vs MPPþ, 41%; Rg1þMPPþ vs MPPþ, 47%, Fig. 3) and neurite numbers
(Rb1þMPPþ vs MPPþ, 28%; Rg1þMPPþ vs MPPþ, 30%, Fig. 4). Cell cul-
tures exposed to MPPþ were screened for cells with loss of neurites. The
appearance of deteriorated cells was highly increased by MPPþ (MPPþ vs
control, 5,27 folds). The addition of ginsenoside Rb1 significantly attenuated
these degenerative changes (Rb1þMPPþ vs MPPþ, 55%, Fig. 5).

Discussion

Recent studies in neuronal cells show that ginsenosides, the active ingredients
of Panax ginseng roots, exert beneficial actions on neuronal cells. However
there are no reports concerning a possible effectivity against MPPþ neurotoxic-
ity. In this present study, ginsenoside Rb1 increased the survival of dopami-
nergic cells in mesencephalic culture by 19%. This result is in agreement with
Himi et al. (1989) who reported that ginsenoside Rb1 promoted survival of
cortex neurons in chick and rat embryonic cell culture. Given that the overall
pharmacology of ginsenosides is complex (Attele et al., 1999), the stimulatory
effects of both ginsenosides on survival of dopaminergic cells may be mediated
through improving the energy metabolism and preserving the structural integ-
rity of neurons (Jiang and Qian, 1995). Induction of antioxidant enzymes which
are important for maintaining cell viability may equally contribute by lowering
free radicals generated from intracellular metabolism either by neuronal or
other cells in culture (Nishiyama et al., 1994; Chang et al., 1999). Similar to
the study of Rudakewich et al. (2001) who reported that ginsenosides Rb1 and
Rg1 alone did not enhance neurite growth of PC12 cells, there was no signifi-
cant enhancement of neurite outgrowth by both ginsenosides when added on 6th

DIV for six consecutive days in our dopaminergic cell culture. Consequent with
previous studies where MPPþ resulted in highly selective and irreversible toxic-
ity for cultured dopaminergic neurons (Michel et al., 1990; Gille et al., 2002),
addition of 1 mM MPPþ to our cultures on 10th DIV for 48 hours caused a cell
loss by 36%. On the other hand, both ginsenosides could not prevent cell loss
by MPPþ. The failure of these ginsenosides to antagonize cell loss by MPPþ

may be attributed to the inability of these ginsenosides to block the selective
uptake of MPPþ by dopamine neurons via a high affinity dopamine (DA)
transporter or to overcome its inhibitory effects on mitochondria and production
of overt free radicals (Rudakewich et al., 2001). At the level of surviving cells
in MPPþ exposed cultures, ginsenosides Rb1 and Rg1 partially promoted neu-
rite lengths and numbers as well as ameliorated the degenerative changes such as
cell swelling and loss of neurites (cell without processes). This ameliorative
effect may be primarily attributed to preserving the structural integrity of
neurons, improving energy metabolism and antioxidative properties of these
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ginsenosides. These criteria were clearly stated in some recent studies which
have been done with other neurodegenerative disease models. Deng and Chang
(1991) reported that ginsenosides Rb1 and Rg1 inhibit lipid peroxidation within
liver and brain by upregulating catalase and glutathione peroxidase. Using
ischaemia reperfusion neurodegenerative model, ginsenoside Rb1 protects hip-
pocampal CA1 neurons aganist lethal ischaemia possibly by scavenging free
radicals (Wen et al., 1996; Lim et al., 1997). In addition to aforementioned
mechanistic actions of ginsenosides, growth promoting effects have been impli-
cated through increasing the expression of nerve growth factor by ginsenosides
(Jiang et al., 2000; Tohda et al., 2002).

To summarize, ginsenoside Rb1 increased the survival rate of dopaminergic
cells when given at 10 mM on 6th DIV for 6 consecutive days. Against MPPþ

neurotoxicity, ginsenoside Rb1 significantly promoted neurite lengths and num-
bers and ameliorated degenerative changes such as cell swelling and loss of the
neurites. On the other hand, ginsenoside Rg1 exerted lower effect on dopami-
nergic cells than ginsenoside Rb1. This partial neurotrophic and neuroprotec-
tive effect of ginsenosides Rb1 and Rg1 against MPPþ might be related to
support of energy metabolism, antioxidant properties and preserving the struc-
tural integrity of the dopaminergic neurons.
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