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Protective Effect of Ginseng on Cytokine-Induced Apoptosis in
Pancreatic SB-Cells
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The effects of ginseng extracts (GE) and several ginsenosides on cytokine-induced apoptosis were
evaluated. In pancreatic -cell line MIN6NS cells, the inhibitory effect of GE was significantly observed
at 25—100 ug/mL: an 86—100% decrease of cytoplasmic DNA fragments quantified by an ELISA.
The inhibitory effect of red ginseng (RG) extract was greater than that of white ginseng (WG) extract
(ICs0, 3.633 vs 4.942 ug/mL). Screening of several known ginsenosides, which were present in ginseng
extracts at 0.124—1.19% (w/w) by HPLC analysis, revealed that the ginsenosides were responsible
for the inhibition of 5-cell apoptosis at 0.1—1.0 ug/mL. The molecular mechanism, by which GE inhibited
p-cell apoptosis, appeared to involve the reduction of nitric oxide (NO) and reactive oxygen species
(ROS) production, inhibition on p53/p21 expression, and inhibition on cleavage of caspases and poly-
(ADP-ribose) polymerase (PARP). This study suggests that ginseng may inhibit cytokine-induced
apoptosis in g-cells and, thus, may contribute via this action to the antidiabetic influence in type 1
diabetes.
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INTRODUCTION potency of two kinds of ginseng, that is, red ginseng (RG,
Ginseng Radix Rubrasteam-treated white ginseng) and white

The roots of ginseng have been used to treat diabéfes ( ginseng (WG Panax ginsend:. A. Meyer). White ginseng is

Results of type 1Z—5) and type 2%—8) animal studies and S . ; . -
clinical trials (9—11) support the claim that ginseng possesses air-dried ginseng, and red ginseng is produced by steaming raw

antidiabetic function. However, the components and mechanismsJ/"SeNg at 98_.106(:. f_or 2-3 h (). Red ginseng is _repo_rted
responsible for its antidiabetic action have yet been unknown. to have more bioactivity than the no-processed white ginseng
Apoptosis, programmed cell death, is probably the main form roots (1). ) ) ) .
of B-cell death in both type 1 and type 2 diabetes. In type 1 .The C(_)nstltuents found. in most.gmseng species included
diabetes, B-cell destruction is believed to be mediated by dinsenosides, polysaccharides, peptides, polyacetylenic alcohols,
inflammatory cytokines such as interleukin (IL)-18, interferon @nd fatty acids X). Many of the medicinal effects of ginseng
(IFN)-y, and tumor necrosis factor (TNIg)produced by auto- are attributed to.the triterpene glycosides known as glr!sen03|des
aggressive T lymphocytes. In type 2 diabetes, progregsoe| (ginseng saponins) (1L4). Up to now, more than 80 ginseno-
loss may be mediated by high concentrations of circulating free Sides have been isolated from ginseng, and most of them exhibit
fatty acids and glucose, because these have been demonstratd@Ur types of aglycone moieties: protopanaxadiol, protopanaxa-
to inducep-cell apoptosis in vitro (12). triol, ocotillol, and oleanolic acid. The difference between
Cytokines induce apoptosis through the concerted action of Protopanaxadiol (PPD)-type ginsenosides and protopanaxitriol
a number of intracellular signaling pathwaysieells, including (PPT)-type ginsenosides is the number of hydroxyl moieties.
the generation of nitric oxide (NO) and reactive oxygen species e further tested whether saponins found in the extract, the
(ROS), loss of mitochondrial transmembrane potentight), seven ginsenosides (Figure 1), could account for the observed
and induction of p53 and p21, c-jun Merminal kinase/stress-  effect of ginseng extract. To explain the anti-apoptotic mech-
activated protein kinase (JNK/SAPK) activation, Bax oligo- @nism of ginseng, we focused the effects of ginseng on
merization, cytochromec release, proteolytic cleavage of ~9generation of NO and ROS, induction of p53/p21, and the
procaspases, and poly(ADP-ribose) polymerase (PARB). (  cleaved activation of caspase-3, -7, and -9 and PARP in
To elucidate the mechanisms by which ginseng exerts Cytokine-treategi-cells.
antidiabetic action in type 1 diabetes, we tested the hypothesis
that ginseng could protegtcells against apoptosis induced by MATERIALS AND METHODS
cytokines. Attempts were also made to compare the relative  Ginseng. RG roots were purchased in dried forms from Korea
Ginseng Corp. (Daejeon, Korea). WG roots were purchased in dried

* Author to whom correspondence should be addressed [telephone 82-forms from Gae-sung Ginseng Corp. (Kyunggido, Korea). Both kinds
31-780-9267; fax 82-31-709-9876; e-mail khyey@kfri.re.kr]. of ginseng wer@anax ginsengtrained, 6-year-old, cultivated in Korea,
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Figure 1. Structures of the ginsenosides. Abbreviations for carbohydrates
are as follows: Glc, glucopyranoside; Ara (pyr), arabinopyranoside; Ara
(fur), arabinofuranoside; Rha, rhamnopyranoside.

and straight-shaped in dried forms. The dried weight of one root was
20 g. Ginsenosides RbRb,, Rc, Rd, Re, Rf, and Rgvere purchased
from Extrasynthese (Genay, France).

Preparation of Ginseng Extracts.Each ginseng product was ground
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Proinflammatory Cytokine Exposure. Cytokine-mediated apop-
tosis was induced by incubation with a cytokine mixture of 10 ng/mL
each of recombinant mouse Il3LIFN-y, and TNF-o.for 0—48 h.

The choice of cytokine concentrations and exposure time was based
on preliminary experiments. Test reagents (GE and ginsenosides) were
added simultaneously with cytokines.

Cell Survival Assay.Cell viability was determined by the reduction
of yellow 3-(4,5-dimethylthaizol-2-yl)-2,5-diphenyl tetrazolium bromide
(MTT; Sigma Chemical Co.) into a purple formazane product by
mitochondrial dehydrogenase of metabolically active cells. Briefly, cells
were seeded at a density 0&210° cells/well into 96-well plate. After
overnight growth, cells were treated with cytokines and a series of
concentrations of GE for 24 h. The final concentrations of DMSO in
the culture medium were<0.1%. At the end of treatment, 3@ of
MTT was added, and cells were incubated for a further 4 h. Cell
viability was obtained by scanning with an Enzyme-Linked Immun-
osorbent Assay (ELISA) reader with a 570 nm filt&i7}].

Measurement of DNA Fragmentation.For quantitative determi-
nation of apoptotic DNA fragmentation, cytoplasmic histone-associated
DNA fragments were measured with the Cell Death Detection ELISA
Plus Kit from Roche (Mannheim, Germany) according to the manu-
facturer’s instructions. This assay is based on a quantitative sandwich
enzyme immunoassay principle, using mouse monoclonal antibodies
directed against DNA and histones. This allows the specific determi-
nation of mono- and oligonuclisosomes but not free histone or DNA
that may generate during nonapoptotic cell deda8if the cytoplasmic

to pass an 80 mesh sieve and extracted under reflux with ethanol:waterfraction of cell lysates. At the end of the culture period, cells were

(80:20, v/v) at a material-to-solvent ratio of 20 mL/g for 2 h, followed
by filtration with filter papers (Toyo Advantec No. 2 and 4, Toyo Roshi

washed with phosphate-buffered saline (PBS), lysed according to the
manufacturer's protocol, centrifuged (20010 min), placed in a

Kaisha, Ltd., Japan), and then, the process including the addition of Streptoavidin-coated microtiter plate, and incubated with a mixture of

solvent, extraction under reflux and filtration was repeated three times.

antihistone (biotin-labeled) and anti-DNA (conjugated with peroxidase)

The combined filtrate was concentrated with a rotary vacuum evaporator antibodies. After removal of the unbound antibodies by a washing step,

at 40°C until all extraction solvent was completely removed so that
solid residue was obtained. The yield was 33% for RG and 27% for
WG, by weight, of the original ginseng powder. The residue was
dissolved in dimethyl sulfoxide (DMSO) and used for subsequent
bioassays. The final concentration of DMSO in cell incubation medium

the amount of nucleosomes was quantified photometrically by the
peroxidase retained in the immunocomplex.

Measurement of Nitrite Concentration. Nitrite concentration in
the culture supernatant, as a reflection on NO production, was measured
using a colorimetric assayl9). Cells (2.0x 10°) were cultured in

never exceeded 0.1%, which we determined did not affect apoptosis Cytokines with various concentrations of GE for 24 h. NO production

in preliminary experiments (unpublished observations).
Analysis of Ginsenosides in the ExtractsAn Agilent 1100 liquid
chromatograph (Waldbronn, Germany) equipped with quaternary

in medium was measured when aliquots were removed from conditioned
medium and incubated with an equal volume of Griess reagent (1%
sulfanilamide/0.1% N-(1-naphtyl)-ethylenediamine dihydrochloride/

gradient pump, autosampler, and diode array detector was used. A2.5% HPQy) at room temperature for 10 min. The absorbance at 540

Waters Symmetry G reversed-phase column (1503.9 mm, i.d., 5
um, Waters Corp., Milford, MA) was used. The mobile phase consisted
of water (solvent A) and acetonitrile (solvent B). The gradient elution
was used as follows: -620 min, 20% B; 25 min 30% B; 35 min, 40%

B; 45—50 min, 100% B; 55 min, 20% B. The column temperature
was kept constant at 3%, and the flow rate was 1 mL/mirl$).

Cell Lines and Reagents.MIN6N8 cells, SV40 T-transformed
insulinnoma cells derived from nonobese diabetic (NOD) mice, were
kindly provided by Prof. Myung-Shik Lee (Sungkyunkwan University
School of Medicine, Seoul, Korea) under the permission of Prof. Junichi
Miuagaki, Osaka University, Osaka, Japdl); Cells were grown in
Dulbecco’s modified Eagle’s medium (DMEM) containing 15% fetal
bovine serum (FBS), 2 mmol/L glutamine, 100 IU/mL penicillin, and
100ug/mL streptomycin (GIBCO BRL, Grand Island, NY). Reagents
were obtained from the following sources: High glucose DMEM, FBS,
trypsin-EDTA 100 IU/mL, penicillin, and 100 ug/mL streptomycin were
from Gibco Ltd. (Paisley, Strathclyde, UK). Sodium carbonate and
p-mercaptoethanol were from Sigma (St. Louis, MO), and recombinant
mouse ande. coliderived IL-13, IFN-y, and TNFa were from R&D
systems (Minneapolis, MN). The antibodies against polyclonal cleaved

nm was determined using a microplate reader (E-MAX, Molecular
Devices, Sunnyvale, CA). Sodium nitrite was used as a standard.

Measurement of Intracellular Peroxide. The intracellular peroxides
were estimated using an oxidation-sensitive7'2dichlorofuorescin
diacetate (DCFH-DA; Molecular Probes, Eugene, OR) fluorescent
probe. It was reported that thé,Z2-dichlorofuorescin (DCFH) was
oxidized by peroxides in the cell and that DCFH changed 't@-2
dichlorofuorescein (DCF) with high fluorescence. The fluorescence of
DCF in the cells was estimated using a fluorescense spectrophotometer
(20).

Preparation of Cell Lysates and Immunoblotting. Cells were
collected by centrifugation at 8§dor 3 min, washed twice with ice-
cold PBS, and centrifuged at 89dor 3 min. Cells were lysed by
suspending the pellet in lysis buffer (cellLytic MT Mammalian Tissue
lysis/extraction reagent, Sigma Chemical Co.) for 30 min &€ 4The
lysates were centrifuged at 13008g4 °C for 20 min, and the protein
contents in the supernatants were measured using an assay kit for protein
determination (Quick Start Bradford Dye Reagent; Bio-Rad Lab Inc.,
Hercules, CA). The supernatant containing 5 of protein was
separated on 10% SDS-polyacrylamide gels at 20 mA (100 V) and

caspase-3, -7, -9 and cleaved PARP were purchased from Cell Signalingblotted onto immunoblot PVDF membranes (Bio-Rad) in Tris-borate-

Technology (Beverly, MA). The antibodies against PARP, p21, p53,

EDTA buffer. Membranes were incubated #oh atroom temperature

andp-actin, were purchased from Santa Cruz Biotechnology Inc. (Santa with primary antibody (diluted 1:2061:1000). In all cases, the excess

Cruz, CA). Secondary antibodies were obtained from Vector Labora-

of primary antibody was removed by three washes with 50 mM-Tris

tories (Burlingame, CA); horseradish peroxidase-conjugated anti goat HCI pH 7.5, 150 mM NacCl, 0.1% Tween 20 (TBST); membranes were
or anti rabbit, exposed to an enhanced chemiluminescence (ECL)then incubated with anti-goat or anti-rabbit IgG conjugated with
detection system (Amersham Pharmacia Biotech, Piscataway, NJ), andperoxidase (Jug/mL) for 60 min, and immuno-reactive bands were

electrophoresis equipment were from Bio-Rad Laboratories (Richmond,
CA).

detected by enhanced chemiluminescence. Immunoblots were analyzed
with a GS-800 calibrated densitometer (Bio-Rad).
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Figure 2. HPLC chromatogram of the extracts of red ginseng (A) and white ginseng (B) extracts. Peaks: 1, Rgl; 2, Re; 3, Rf; 4, Rbl; 5, Rc; 6, Rb2;
7, Rd.

Statistical Analysis. Experiments were performed in triplicate and  significantly inhibited in the presence of RG extract at the
replicated three times. All values were expressed as mean and standargoncentrations of 25, 50, and 1Q@y/mL by 95.5-100%
deviations (SD) or standard errors of means (SEM). One-way ANOVA (Figyre 4). Nucleosomal release was significantly inhibited in
followed by Duncan’s multiple range test were used for statistical the presence of WG extract at the concentrations of 25, 50, and
analyses (SAS software, SAS Inc.). . . T

100ug/mL by 85.78-98.48% Figure 4). This result suggested
that ginseng protected against cytokine-mediated apoptosis. The
RESULTS ICso value of RG extract was 3.638)/mL as compared to that

Effect of Ginseng Extracts on Cytokine-Induced Cyto- of WG extract, 4.952«g/mL, indicating that RG extract was
toxicity in MINBNS Cells. As a first step, the cytotoxicity of ~ 1.36 times more effective than WG extradable 1).

GE on MIN6NS8 cells was observed. Each extract of RG and  Effects of Ginsenosides on Cytokine-Induced Apoptosis
WG was applied in increasing concentrations up to 1680 in MIN6N8 Cells. The HPLC profile (Figure 2) and content
mL to the cells for 1848 h. We found that GE in the (Table 2) of the ginsenosides in each prepared extract was
concentration range 0.1—100@/mL had no cytotoxic effect  shown. WG shows that typical ginsenoside consists of Re, Rgl,
on the cells, when the cytotoxicity was evaluated by MTT assay Rb1l, Rc, and Rb2. In the case of RG, the contents of polar
(data not shown). Based on this result, each GE was added upginsenosides (peaks-B) are slightly decreased, and less polar
to 100ug/mL. After 24 h of the cytokine treatment, cell viability — ginsenosides (peaks 4—7) are increased.

was determined by MTT assay. As showrFigure 3A, IL-1/3 Figure 5 shows the inhibitory activities of ginsenoside Rb1,
or IFN-y alone did not cause significant cytotoxicity. However, Rb2, Rc, Rd, Re, Rf, and Rgl, the major saponins of RG and
the combined treatment of L1 IFN-y, and TNFecdecreased  \yG, in the cytokine-induced apoptosis. All of the ginsenosides

the percentage of viabl_e C.PT”S to 61.487.62% of th(_a cytokine- tested significantly and dose-dependently prevented the cyto-
untreated group. The viability of the cells treated with RG extract kine-induced apoptosis in thcells. The result indicated that

(25—100ug/mL) dose-dependently showed significant protec- the qi : : L -

. . U g ginsenosides were responsible for the inhibitory activity of
tion against the cytotoxicity induced by the cytokinésglre GE. The IGo values of the ginsenosides were at the range from
3B). WG extract (25-100ug/mL) prevented dose-dependently 0.07320 to 0.3623M (Table 1). The order of inhibitory

the cytotoxicity (Figure 3B). The result suggests that GE . .
protected against cytokine-mediated cytotoxicity. The inhibitory EosgfiagoggRt?e ginsenosides was RbRd > Re > Rgl

effect of RG extracts was higher than that of WG extract in the ) )
cells (Figure 3B). It was noted that the contents of the ginsenosides tested were

lower in RG extract than in WG extract and that the panaxadiol

in MINGN8 Cells. Next, we measured nucleosomal release as (PP)/panaxatriol (PT) ratio was higher in RG extract than in
an early biochemical feature and quantitative marker of apop- WG extract, whereas the inhibitory effect of RG extract was
tosis (21). Incubating MING6NS cells with the cytokine combina- higher than that of WG extract.

tion of IL-13/IFN-y/TNF-a resulted in a pronounced stimulation Effect of Ginseng Extracts on Cytokine-Mediated NO

of DNA fragmentation, that is, 25.22 4.22% of untreated ~ Generation. Biologically produced NO is rapidly oxidized to
control as compared to 67.26 6.29% cytokine-treated (2.7-  nitrite and nitrate in aqueous solutions (22). Nitrite concentration
fold; Figure 4). The extract of RG or WG showed no significant in the supernatant of the culture medium, therefore, represents
influence on nucleosomal release in cytokine-untreated cells (notthe NO production. As shown iRigure 6A, the incubation of
shown in data). Cytokine-mediated nucleosomal release wasMIN6N8 cells with the cytokines for 24 h revealed an increase

Effect of Ginseng Extracts on Cytokine-Induced Apoptosis
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Figure 3. (A) Effects of cytokines on cell viability in MIN6N8 cells. The
cells (7.0 x 10* cells/well) were treated with IL-15 (10 ng/mL), IFN-y
(200 U/mL, 10 ng/mL), and TNF-a. (200 U/mL, 10 ng/mL) or each alone
for 24 h. The percentage of cells viable after these treatments was
determined by the MTT assay. Values are means + SEM (n = 9) of
three independent experiments in triplicates. Means with different letters
differ significantly, p < 0.05. (B) Effects of ginseng extracts on cell viability
in cytokine-treated MINGN8 cells. The cells were treated with three
concentrations of the extracts, simultaneously with cytokines for 24 h.
The cell viability was determined by MTT assay. Value are means *
SEM, n=9. Means with different letters differ significantly among cytokine-
treated groups, p < 0.05.
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Figure 4. Effects of ginseng extracts on cytokine-induced apoptosis in
MING6NS cells. The cells were treated with GE and cytokines for 24 h.
The amount of cytosolic DNA-associated histone was measured. Values
are means = SEM, n = 9. Means with different letters differ significantly
among cytokine-treated groups, p < 0.05.

of nitrite concentration from 4.6% 0.86% of untreated group

to 318.2+ 39.53% of cytokine-treated group (68-fold). Each

extract from RG and WG at 25, 50, and 10§/mL inhibited

nitrite formation dose-dependently (Figure 6A). For natural
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Table 1. Concentration of Ginseng Extracts and Ginsenosides
Required To Inhibit 50% of the Control Reaction of Cytokine-Induced

Apoptosis in MIN6N8 Cells

|Csoa
samples ugimL uM
red ginseng extract 3.633
white ginseng extract 4.942
ginsenosides
Rbl 0.2540 0.2290
Rb2 0.07900 0.07320
Rc 0.3911 0.3623
Rd 0.07400 0.07813
Re 0.1380 0.1457
Rf 0.1880 0.2347
Rgl 0.1380 0.1723

@The concentration of an inhibitor required to inhibit 50% of the control reaction
(without inhibitor) under the assay conditions. Calculated from linear regression

equation in semilogarithmic manner.

Table 2. Content of Ginsenosides (mg/g Dry Weight of Extract) in the

Extract of Red Ginseng and White Ginseng?

ginsenosides red ginseng white ginseng
Rb1 11.2+031a 109+0.06a
Rb2 402+0.13¢ 4.66 +0.03 be
Rc 410+0.13¢ 4.61+0.05 be
Rd 1.30+0.06 d 124+015e
Re 352+0.22¢ 548+0.35b
Rf 1.45+0.06 d 225+004c
Rgl 8.27+0.34b 119+0.28a
total? 33.8 41.0
PD/PT¢ 1.55 1.09

2Values are means + SD, n = 3; values within columns having the same
letters are not significantly different (p < 0.05). ® Sum of the amount of the seven
ginsenosides quantified by HPLC. ¢PD (panaxadiol saponin): sum of Rb1, Rb2,
Re, and Rd. PT (panaxatriol saponin): sum of Re, Rf, and Rgl.
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Figure 5. Effects of ginsenosides on cytokine-induced apoptosis in
MING6N8 cells. The cells were treated with ginsenosides and cytokines
for 24 h. The amount of cytosolic DNA-associated histone was measured.
Value are means + SEM, n = 9. Means with different letters differ
significantly among cytokine-treated groups, p < 0.05.

GE per se could generate nitrite. Treatment with GE without
cytokines did not show any increase of nitrite production (data

not shown).
Effects of Ginseng Extracts on Cytokine-Mediated ROS

Generation. Intracellular ROS were detected by fluorescein-

labeled dye, DCFH-DA. As seen iRigure 6B, the cytokine

treatment significantly increased the fluorescent intensity of ROS

products that could generate nitrite, we checked whether or notin the cells, that is, 0.45% 0.12 mM of untreated control as
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go . Figure 7. Effects of cytokines on the expression of apoptotic-related
E b proteins, caspase-3 (A), caspase-7 (B), caspase-9 (C), PARP (D), p53
Bos (E), and p21 (F), in MIN6N8 cells. The cells were treated with IL-1/5/
T IFN-y/TNF-o for different time periods as indicated. Whole cell lysates
41 were separated on SDS-PAGE, followed by immunoblotting. All data are
02 representative of three independent experiments in triplicates. Similar
results were obtained for each of the three experiments.
o0 Cytokine Cytokine Red ginseng White ginseng . .
-ntreated _only _ TNF-o/IFN-y treatment of MIN6NS cells1(3). This discrepancy
_ | Cytoldnes o may be due to the presence or absence ofAiLdnd due to
Figure 6. (A) Effects of ginseng extracts on cytokine-induced NO differences in the amount and times treated with To&NBnd
production. NO production was determined by measuring nitrite accumula- IFN-y.

tion in the culture medium after 24 h incubation. Values are means * Activation of caspase-3 leads to the cleavage of a number of
SEM, n=9. Means with different letters Q|ﬂer significantly among cytokme- proteins, one of which is PARP. The cleavage of PARP is the
treated groups, p<0.05. (B) Eff_ects of ginseng gxtracts cytokme_—mduced hallmark of apoptosis24). PARP (116 kDa) is cleaved to
ROS production. ROS production was determined by measuring DCF produce an 89 kDa fragment during apoptosis. Treatment with
fluorescence. Values are means + SEM, n = 9. Means with different ¢ 1o1ines caused a proteolytic cleavage of PARP for 3—48 h,
letters differ significantly among cytokine-treated groups, p < 0.05. time-dependently for 318 h with accumulation of the 89 kDa

compared to 0.9% 0.18 mM of cytokine-treated control (2.2- speci_es a_md concomita_nt (_jisappearanc_e of th? full-size 116 kDa
fold). The co-incubation with each extract from RG and WG at protein F|gure 7D), cpnflrmlng that cytokine-activated caspase-3
25, 50, and 10@g/mL for 24 h significantly inhibited the ROS was functlonally active.
generation (Figure 6B). The expression of p53 and p21, well-known potent pro-
Effects of Ginseng Extracts on Cytokine-Mediated Activa- ~ @POPptotic proteins involved in the mitochondrial apoptotic
tion of Pro-apoptotic Proteins. Among a number of proteins ~ Pathway, was also significantly increased for-48 h cytokine
mediated to intracellular signaling pathways to cytokine-induced treatment (Figure 7E,F). It was reported that p53 protein is a
apoptosis in-cells, we examined the expressions of caspase- potent transcription factor, activated _and accumulated in re-
3, caspase-7, caspase-9, PARP, p53, and p21 in cytokine-treate@PONse to DNA-damage agents, leading to cell cycle arrest or
MINGNS cells for various time intervals. For the activation of ~2POPtOsis (25).
caspase-9, an initiator caspase is necessary for the processing The expressions of the pro-apoptotic proteins examined were
and activation of caspase cascades, and so we examined thgostly maximal at 18 h after the treatment of cytokines.
cleaved activation of caspase-9. Immunoblot analysis showed Therefore, we evaluated the effects of GE on the expressions
that caspase-9 was cleaveet48 h after treatment with the  of the pro-apoptotic proteins for 18 h treatment of cytokines.
cytokines (Figure 7C). We next evaluated the processing and The dose-dependent decrease of the cleaved fragment of
activation of caspase-3, which is considered to play a central caspase-9 was observed in RG- or WG-treated cEligute
role in many types of stimuli-induced apoptosis. Caspase-3, one8C). The dose-dependent decrease of the cleaved fragment of
of the effector caspases, was cleaved yielding a 19 kDa fragmentcaspase-3 and -7 was observed in RG- or WG-treated cells
for 3—48 h and a 17 kDa fragment for 18—30 h after the (Figure 8A,B). To examine the cleavage of PARP following
cytokine treatmentRigure 7A). Caspase-7, another effector the activation of caspase-3, cytokine-treated MIN6NS cells were
caspase, was also cleaved4B h after the cytokine treatment  treated with or without 25—10@g/mL of GE for 18 h.
(Figure 7B). Our results showed the cleavage of caspase-9, -3, To assess the role of PARP in the anti-apoptotic activity of
and -7 after the treatment of TN&AFN-y/IL-15 in MIN6NS8 GE, the expression of PARP was examined by western blot
cells. It was reported that cleavage of caspase-3, -7, and -9analysis. As shown irFigure 9A, the 116 kDa PARP was
occurred after 36 h of TNIe/IFN-y treatment of MIN6NS cells cleaved to its active 89 kDa in MIN6N8 cells treated with
(23), and that cleavage of only caspase-3 occurred after 12 h ofGE.
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Figure 8. Effect of ginseng extracts on the cleavages of caspase-3 (A), sdpesre O i Red giens
-7 (B), and -9 (C) in cytokine-treated MINGNS cells. The cells were treated Cytolines
with cytokines with/without RG/WG extract for 18 h, and western blot Figure 9. Effects of ginseng extracts on the expressions of cleaved PARP
analysis was performed. The expressions of cleaved caspases were (A), p53 (B), and p21 (C) in cytokine-treated MINENS cells. The cells
quantified by densitometric analysis. Data are expressed as the ratio of were treated with cytokines with/without RG/WG extract for 18 h, and
cleaved caspases to 8-actin (means = SEM, n = 9). Means with different western blot analysis was performed. Cleaved PARP, p53, and p21
letters differ significantly among cytokine-treated groups, p < 0.05. expression was quantified by densitometric analysis. Data are expressed

as the ratio of cleaved PARP, p53, or p21 to -actin (means + SEM, n
To determine the effect of GE on anti-apoptotic pathways, = 9). Means with different letters differ significantly among cytokine-treated
we evaluated transcription factors p53 and p21 expression bygroups, p < 0.05.
western blot. As demonstrated kigure 9B, RG and WG at
the concentrations of 50 and 1@@/mL caused the decrease might be suggested that the ginsenosides besides the tested ones,
of p53 expression. As demonstratedrigure 9C, RG and WG or other classes of compounds besides ginsenosides, also
at the concentrations of 25, 50, and 106/mL caused the  contribute to the activity of GE.

decrease of p21 expression. Our experimental data showed that GE exhibited inhibitory
activity against cytokine-induced generation of N&glre 6A),
DISCUSSION which may partly contribute to its anti-apoptotic actions. In

We demonstrated that GE and several ginsenosides protectegpancreatigd-cells, it seems that increased production of NO,
MIN6NS cells from cytokine-induced apoptosis in a dose- due to the induction of NO synthase (iNOS) via the nuclear
dependent manner. This is the first time the anti-apoptotic effect factor (NF) «B transcription factor, is an important signal in
of GE has been demonstrated in cytokine-mediated apoptosiscytokine-induced apoptosis, because inhibition of INOS has been
in pancreatig3-cells. The inhibitory effect of RG extract was shown to prevent apoptosig®). It should be further studied
greater than that of WG extract by 1.36 times on the cytokine- that GE could affect the expression of iINOS and«BFNO
induced apoptosis in MIN6NS8 cells. The ginsenosides tested may causg-cell toxicity via several mechanism2%): (1) NO
were responsible for the inhibitory activity of GE. However, it inactivates the Krebs cycle enzyme aconitase by nitrosulation
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of Fe—S group, thereby preventing mitochondrial glucose that the p53/p21 pathway was regulated by GE. The p53 protein
oxidation and ATP generation; (2) NO damages cellular DNA can induce apoptosis by transcriptional activation of pro-
by causing DNA strand breaks, thereby activating DNA repair apoptotic Bcl-2 family members and repression of anti-apoptotic
mechanisms including PARP, which can cause cell death Bcl-2 proteins and inhibitors of pro-apoptotic proteins (35). In
through depletion of cellular nicotinamide adenine dinucleotide addition, p53 can also induce apoptosis in a transcriptionally
(NAD™); (3) the NO-induced DNA strand breaks may be independent manner. The results presented herein account for
sufficient to induce apoptosis through activation of the tumor that the inhibitory effect of GE on cytokine-induced apoptosis
suppressor protein p53 (28); and (4) NO may function as a redox might decrease the expression of Bax and Fas protein dependent
mediator in the cytokine-induced apoptotic pathway. From the on the p53 protein that affects mitochondrial function, raising
result in this study that GE inhibited the expression of p53 in the possibility that the expression of Bax or Fas could be
the cytokine-treated celld={gure 9B), the inhibitory activity transcriptionally regulated in response to GE treatment, but this
of GE on NO generation might affegi-cell apoptosis via issue should be elucidated.

inhibiting the expression of p53. However, other possibilities |, conclusion, our results demonstrate that GE protected

should be studjed. . ) cytokine-induced apoptosis in a dose-dependent manner in
The generation of ROS has been believed to be the ultimate\;\gNg cells. GE prevented cytokine-induced apoptosis by
cause of cytokme-medlate_d deathﬂ{_l:ells (29_), As one of t_he protection against the generation of NO and ROS, the expression
major sources of ROS, mitochondria are highly susceptible to of p53 and p21, and the cleaved activation of caspase-9, -3
oxidative damage, causing mutations in mitochondrial DNA and and -7 and PAR’P Therefore, we speculate that the inhibi{ion’

changing Aym, thereby affecting mitochondrial membrane : A ' .
. 4 . . ; of apoptosis observed in this study may provide a mechanism
integrity and preceding cell death induced by cytokingS)( for the antidiabetic function of ginseng and that the inhibition

The p53 and p21 are critical initiators of the intrinsic apoptosis
pathway in response to stress from oncoproteins, DNA damage,Of PS3, p2_1, NO, ROS, _cleaved caspases, and _cleth_ed_ PARP
may provide a mechanism for the anti-apoptotic activity of

hypoxia, and survival factor deprivatioBX). P53/p21 can also .

regulate apoptosis by activating mitochondrial genes to enhancedNS€NY-

ROS generation (32) or bind to anti-apoptotic proteins Bcl-2

and Bcl-XL to directly interact with mitochondria to promote ABBREVIATIONS USED

mitochondrial membrane permeability (13). Additionally, the . . ) .

p53/p21 protein can also induce a conformational change in IL, |nterleuk_|n; IFN, |n_terferon; TNF,_ tumor necrosis factor;
Bax, which triggers oligomerization and increases mitochondrial MTT, 3-(4,5-dimethylthaizol-2-yl)-2,5-dipheny! tetrazolium bro-
permeabilization (33). From the observation in this study that Mide; NO, nitric oxide; ROS, reactive oxygen speciagm,

GE decreased the expression of p53 and p21 in the Cytokine_mitOChondria| transmembrane potential; JINK/SAPK, C-jUnzNH
treated cells (Figure 9B,C), it is suggested that GE inhibited terminal kinase/stress-activated protein kinase; PARP, poly-
apoptosis through p53 and p21 by inhibiting mitochondrial genes (ADP-ribose) polymerase; DCFH-DA, ,2'-dichlorofuorescin

to enhance ROS generation. However, the effects of GE on diacetate; ELISA, Enzyme-Linked Immunosorbent Assay; gin-
mitochondrial membrane integrity, Bcl-2, Bcl-XL, and Bax, Senoside Rb1, 26f-protopanaxadiol-3@-4-p-glucopyranosyl-
should be further elucidated. (1—2)-B-p-glucopyranoside]-20€)-3-p-glucopyranosyl(£-6)-

We observed that GE inhibited the cleaved activation of [-D-glucopyranoside]; ginsenoside Rb2, g8protopanaxadiol-
caspase-9 in the cytokine-treated cells (Figure 8C). Disruption 3-[O-3-D-glucopyranosyl(*-2)-s-b-glucopyranoside]-206)-a-
of Aym results from the opening of permeability transition L-arabinopyranosylt6)-3-b-glucopyranoside]; ginsenoside Rc,
pores, causing a local disruption of the outer mitochondrial 20(S)-protopanaxadiol-3€-3-p-glucopyranosyl(*-2)-4-p-glu-
membrane, and leads to the release of soluble intermembraneopyranoside]-20€-a-L-arabinofuranosyl(t-6)-3-p-glucopy-
proteins, including cytochrome and the cytochromerelease ranoside]; ginsenoside Rd, 20(S)-protopanaxadiol-3-[®-3-
contributes to the activation of caspase-9 (first-level caspase;glucopyranosyl(2)-g-p-glucopyranoside]-20Q-5-b-
activator). It might be estimated that GE leads to the release of glucopyranoside); ginsenoside Re, @9¢rotopanaxatriol-6€-
cytochromec. o-L-rhamnopyranosyl(1-2)-3-b-glucopyranoside]-20&§-5-b-

It has been reported that caspases play an essential role irglucopyranoside); ginsenoside Rf, 3){protopanaxatriol-6-O-
p-cell death. The caspase family is a class of cysteine protease$-p-glucopyranosyl(*-2)-3-p-glucopyranoside; ginsenoside Rg1,
that is involved in a cascade of protective cleavages, leading to20(S)-protopanaxatriol-6,20-di-O#-glucoside.
the eventual fragmentation of DNA in mammalian cells. Of
particular interest is caspase-3, the most widely studied member
of the caspase family and the most important executioner of
apoptosis, because it is responsible for the direct proteolytic (1) Huang, K. CThe Pharmacology of Chinese Herbs; CRC Press:
cleavage of various cellular target proteins. Thus, caspase-3 is Boca Raton, FL, 1999.
often used as a marker for detection of apoptosis. Activation of  (2) Kimura, M.; Waki, I.; Chujo, T.; Kikuchi, T.; Hiyama, C,;
caspase-3 is an essential step in the execution of apoptosis, and ~ Yamazaki, K.; Tanaka, O. Effects of hypoglycemic compounds
its inhibition blocks apoptotic cell deat84). As demonstrated in ginseng radix on blood insulin level in alloxan diabetic mice
in our experiment, cytokine-induced apoptotic signaling leads and on insulin release from perfused rat pancréagharma-
to the activation of caspase-3, yet co-treatment of MIN6NS cells cobio-Dyn.1981,4, 410—417. . .
with GE apparently inhibited the cleavage and activation of () Kimura, M.; Waki, I.; Tanaka, O.; Nagi, V., Shibata, S.

. A . Pharmacological sequential trials for the fractionation of com-
caspase-3. RG displayed more inhibitory effect than WG. This ponents with hypoglycemic activity in alloxan diabetic mice from
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