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Abstract

The unripe fruit of Momordica charantia (MC) has been shown to possess antidiabetic activity. However, the

mechanism of its antidiabetic action has not been fully understood. In this study, the effects of the aqueous ethanolic extract of
MC (AEE-MC) were evaluated on the apoptosis in pancreatic B-cells treated with a combination of the cytokines, interleukin
(IL)-1PB, tumor necrosis factor (TNF)-a, and interferon (IFN)-y. In MIN6NS cells, the inhibitory effect of AEE-MC was
significantly observed at 2 to 50 pg/mL: a 26.2 to 55.6% decrease of cytoplasmic DNA fragments quantified by an immunoassay.
The molecular mechanisms, by which AEE-MC inhibited B-cell apoptosis, appeared to involve the inhibition on the
expression of p21, Bax, and Bad, the up-regulation of Bcl-2 and Bcl-X;, and the inhibition on the cleavage of caspase-9, -7,
and -3 and poly (ADP-ribose) polymerase. This study suggests that MC may inhibit cytokine-induced apoptosis in -cells and,
thus, may contribute via this action to the antidiabetic influence in diabetes.
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Introduction

Momordica charantia Linn. (MC; balsam apple, balsam
pear, bitter gourd, bitter melon, or karela) of the family
Cucurbitaceae is a plant native to the semi-tropical climate
of Asia, whose fruits are used as a vegetable (1). In Korea,
MC is allowed to be used as a source for foods by Korea
Food & Drug Administration. The unripe fruits of MC
have been used to treat diabetes (2-5). Studies in animal
models of type 1 (1,6-9) and type 2 diabetes mellitus (10-
12) support the claim that MC possesses antidiabetic
function. However, the exact mechanism responsible for its
antidiabetic action has yet fully been understood.

Apoptosis, programmed cell death, is probably the main
form of B-cell death in both type 1 and type 2 diabetes. In
type 1 diabetes, B-cell destruction is believed to be mediated
by inflammatory cytokines such as interleukin (IL)-1f,
interferon (IFN)-y, and tumor necrosis factor (TNF)-a
produced by auto-aggressive T lymphocytes (13). A
variety of cytokines play a role in the pathogenesis of type
2 diabetes. The discovery that there is local induction of
IL-1B production within islets in response to chronic
glucose implies that TL-1f plays a role in inducing -cell
apoptosis in type 2 diabetes, as well as in type 1 diabetes.
In obesity-linked diabetes, certain adipocyte-derived
cytokines are elevated in the circulation, including TNF-a
and IL-6. Some of these cytokines can induce [-cell
apoptosis through induction of signaling pathways that
activate the transcription factor NFkB (14).

Apoptosis is the end result of a cascade of interactions
and activities of intracellular death signaling molecules.
Mammals have two main networks of apoptosis signaling
molecules, which are largely distinct. One is initiated by
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death receptors at the cell surface and is not controlled by
Bcel-2 family members; the other is initiated by pro-
apoptotic BH3-only members of the Bcl-2 family (Bax,
Bad, and Bak), and is inhibited by anti-apoptotic Bcl-2
homologues (Bcl-2 and Bcl-X;)(15). The Bcl-2 family
possesses both antiapoptotic and proapoptotic members. In
general, the antiapoptotic members display sequence
conservation throughout all four Bcl-2 homology domains
(BH1-4). Proapoptotic Bcl-2 members can be subdivided
into more fully conserved, ‘multidomain’ members possessing
homology in BH1-3 domains and ‘BH3 domain-only’
members that display sequence homology only within this
amphipathic a-helical segment which serves as the critical
death domain (16). The ratio between the antiapoptotic and
the multidomain proapoptotic Bcl-2 members helps determine
the susceptibility of cells to a death signal (17). Evolving
evidence indicates the multidomain members demonstrate
active and inactive conformations.

When death receptors bind their ligand, the receptors
cluster, and signaling complexes are assembled, including
first-level pro-caspases (such as caspase-9). Multiple apoptotic
signals release cytochrome ¢ from the mitochondrial
intermembrane space to activate Apaf-1, coupling this
organelle to caspase activation. Bcl-2 family members are
major regulators of mitochondrial integrity and mitochondria-
initiated caspase activation. The initiator caspase-9 is
activated upon binding with a CED-4 homolog, Apaf-1
(18), in complex with cytochrome ¢, which subsequently
activates the effector caspase-3 (19). These pro-caspases
are cleaved to generate active caspase forms, which
activate second-level caspases (such as caspases-3 and 7),
which in turn cleave PARP to effect apoptosis (15).

It was reported that the juice of MC reduced the
streptozotocin-induced apoptosis in a rat insulinoma cells
(RINmSF)(20). In order to elucidate the mechanisms by
which MC exerts antidiabetic action in diabetes, it was
tested that the hypothesis that MC could protect B-cells
against apoptosis induced by cytokines in a mouse
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insulinoma cells (MIN6NS). To explain the anti-apoptotic
mechanism of MC, it was evaluated that the effects of MC
on the induction of p21, Bax, Bad, Bcl-2, and Bcl-X;, and
the cleaved activation of caspase-9, -7 and -3, and PARP in
cytokine-treated [-cells.

Materials and Methods

Momordica charantia (MC) Unripe fruits of MC were
purchased in fresh forms from a local farm (Jeongup,
Jeonbuk, Korea) in the year 2005. Seeds were removed and
flesh was freeze-dried. After 72 hr of freeze-drying, the
yield was about 67.3 g/lkg fresh fruit. The freeze-dried
sample was stored in the Laboratory of Food Function
Research Center, Korea Food Research Institute. The MC
sample was kept in airtight containers at —70°C until use.

Preparation of MC extract The MC sample was ground
to pass an 80-mesh sieve and extracted under reflux with
water or water:ethanol (50:50, v/v) at a material-to-solvent
ratio of 20 mL/g for 2 hr, followed by filtration with filter
papers (Toyo Advantec No. 2 and 4; Toyo Roshi Kaisha,
Ltd., Tokyo, Japan), and then, the process including the
addition of solvent, extraction under reflux, and filtration
was repeated 3 times. The combined filtrate was concentrated
with a rotary vacuum evaporator at 40°C until the volume
was reduced to less than 20% of the original volume of the
filtrate. And the extraction solvent was completely removed
by freeze-drying so that solid residue was obtained. The
yield was 46.0% for aqueous extract (AE) and 51.4% for
aqueous ethanolic extract (AEE) by weight of the original
MC powder. The residue was dissolved in distilled water or
dimethyl sulfoxide (DMSO) and used for subsequent
bioassays. The final concentration of DMSO in cell
incubation medium never exceeded 0.1%, which we
determined did not affect apoptosis in preliminary
experiments (unpublished observations).

Cell lines and reagents As a model of pancreatic [3-
cells, SV40 T-transformed insulinoma cells derived from
nonobese diabetic (NOD) mice were used (MIN6NS). The
cells 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, Japan) (21). 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 100 pg/mL streptomycin (Gibco BRL,
Grand Island, NY, USA). Reagents were obtained from the
following sources: high glucose DMEM, FBS, trypsin-
ethylenediamine tetracetic acid (EDTA) 100 IU/mL,
penicillin, and 100 pg/mL streptomycin from Gibco.
Sodium carbonate, B-mercaptoethanol from Sigma-Aldrich
Chemical Co. (St. Louis, MO, USA), recombinant mouse,
Escherichia coli derived IL-1B, IFN-y, and TNF-o. from
R&D systems (Minneapolis, MN, USA). The antibodies
against polyclonal cleaved caspase-3, -7, -9, and cleaved
poly (ADP-ribose) polymerase (PARP) were purchased
Cell Signaling Technology (Berverly, MA, USA). The
antibodies against PARP, p21, Bax, Bad, BcL-2, Bcl-X;,
and B-actin were purchased from Santa Cruz Biotechnology
Inc. (Santa Cruz, CA, USA). Secondary antibodies were
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obtained from Vector Laboratories (Burlingame, CA,
USA); horseradish peroxidase-conjugated anti goat or anti
rabbit, and exposed to an enhanced chemiluminescence
(ECL) detection system (Amersham Pharmacia Biotech.,
Piscataway, NJ, USA), and electrophoresis equipment from
Bio-Rad Laboratories (Richimond, CA, USA).

Exposure to proinflammatory cytokines Cytokine-
mediated apoptosis was induced by incubation with a
cytokine mixture of 1, 5, and 10 ng/mL each of recombinant
mouse IL-1p, [FN-y, and TNF-a (R&D Systems) for 48 hr.
The choice of cytokine concentrations was based on the
results. Test reagents (MC extracts) 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-Aldrich) into a purple
formazane product by mitochondrial dehydrogenase of
metabolically active cells. Briefly, cells were seeded at a
density of 2x10° cells/well into 96-well plate. After
overnight growth, cells were treated with cytokines and a
series of concentrations of MC extracts for 48 hr. At the
end of treatment, 30 pL. of MTT was added, and cells were
incubated for a further 4 hr. Cell viability was obtained by
scanning with an enzyme-linked immuno-sorbent assay
(ELISA) reader with a 570 nm filter (22).

Measurement of cell death For quantitative determination
of apoptotic cell death, cytoplasmic histone-associated
DNA fragments were measured with the Cell Death
Detection ELISA Plus kit from Roche (Mannheim,
Germany) according to the manufacture’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 determination of mono- and oligonucleosomes but
not free histone or DNA that may generate during
nonapoptotic cell death (23) in the cytoplasmic fraction of
cell lysates. At the end of the culture period, cells were
washed with phosphate-buffered saline (PBS), lysed
according to the manufacturer’s protocol, centrifuged
(200xg, 10 min), placed in a streptavidin-coated microtiter
plate, and incubated with a mixture of antihistone (biotin-
labeled) and anti-DNA (conjugated with peroxidase)
antibodies. After removal of the unbound antibodies by a
washing step, the amount of nucleosomes was quantified
photometrically by the peroxidase retained in the
immunocomplex. Glucagon-like peptide-1 (GLP-1; Sigma-
Aldrich) was used as a positive control.

Preparation of cell lysates and immunoblotting Cells
were collected by centrifugation at 800xg for 3 min,
washed twice with ice-cold PBS and centrifuged at 800xg
for 3 min. Cells were lysed by suspending the pellet in lysis
buffer (cellLytic MT Mammalian Tissue lysis/extraction
reagent, Sigma-Aldrich) for 30 min at 4°C. The lysates
were centrifuged at 13,000xg at 4°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). The supernatant containing 50 mg
of protein was separated on 10% sodium dodecyl sulfate
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(SDS)-polyacrylamide gels at 20 mA (100 V) and blotted
onto immunoblot PVDF membranes (Bio-Rad) in Tris-
borate-EDTA buffer. Membranes were incubated for 4 hr
at room temperature with primary antibody (diluted 1:200-
1:1,000). In all cases, the excess of primary antibody was
removed by 3 washes with 50 mM Tris-HCI pH 7.5, 150
mM NaCl, 0.1% Tween 20 (TBST), membranes were then
incubated with anti-goat or anti-rabbit IgG conjugated with
peroxidase (1 mg/mL) for 60 min, and immuno-reactive
bands were detected by enhanced chemiluminescence.
Immunoblots were analyzed with a GS-800 calibrated
densitometer (Bio-Rad).

Statistical analysis Experiments were performed in triplicate
and replicated 3 times. All values were expressed as means
and standard errors of means (SEM). One-way ANOVA
followed by Duncan’s multiple range test was used for
statistical analysis (SAS Software, SAS Inc., Cary, NC,
USA).

Results and Discussion

Effects of cytokines on cell viability, apoptosis, and pro-
apoptotic proteins in MINGONS cells It was established
that an experimental in vitro condition where cytotoxicity
and apoptosis was induced in MIN6NS cells with cytokines
in the previous work (24). Interleukin (IL)-1B, IFN-y, or
TNF-a alone did not cause significant cytotoxicity and
apoptosis. However, the combined treatment of IL-1f,
IFN-y, and TNF-a caused significant cytotoxicity and
apoptosis (24). After 48 hr of the cytokine treatment, cell
viability was determined by MTT assay. As shown in Fig.
1A, the combined treatment of IL-1B, IFN-y, and TNF-a
did not affect cell viability at 1 ng/mL, but significantly
decreased the percentage of viable cells at 5 and at 10 ng/
mL compared to the cytokine-untreated group. After 48 hr
of the cytokine treatment, the nucleosomal release was
measured as an early biochemical feature and quantitative
marker of apoptosis (25). Incubating MIN6NS cells with
the cytokine combination of IL-1p/IFN-y/TNF-a resulted
in a significant stimulation of DNA fragmentation, i.e.,
compared to 2.07 folds at 1 ng/mL, 2.45 folds at 5 ng/mL,
and 2.87 folds at 10 ng/mL (Fig. 1A).

The cleaved activation of PARP and caspases were
examined 48 hr after the treatment with the combinations
of cytokines. Treatment with cytokines caused a proteolytic
cleavage of PARP, dose-dependently for 48 hr with
accumulation of the 89 kDa species, confirming that
cytokine-activated caspase-3 was functionally active (Fig.
1B). We evaluated whether the processing and activation of
caspase-3, which is considered to play a central role in
many types of stimuli-induced apoptosis. Caspase-3, one
of effector caspases, was cleaved yielding a 17-kDa
fragment 48 hr after the cytokine treatment. Caspase-7,
another effector caspase, was also cleaved 48 hr after the
cytokine treatment. Our results showed the cleavege of
caspase-3 and -7 after the treatment of TNF-o/IFN-y /IL-
1B in MING6NS cells.

The expressions of the cleavage of PARP and caspases
were mostly maximal at the combination with 10 ng/mL
each of cytokine. The effects on cell viability and apoptosis,
and the expressions of the cleaved PARP and caspases
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Fig. 1. (A) Effects of cytokines on cell viability and apoptosis in
MING6NS cells. The cells were cultured with the combined
treatment of IL-1B, IFN-y, and TNF-a, at different concentrations as
indicated for 48 hr. Value are means=SEM, n=9. Means with
different letters differ significantly among groups (a, b, and ¢ for
cell viability; A, B, and C for apoptosis) at p<0.05 using Duncan’s
multiple range test. (B) Effects of cytokines on the cleaved
activation of PARP, and caspase-9, -7, and -3 in MIN6NS cells.
All data are representative of 3 independent experiments in
triplicates. Similar results were obtained for each of the 3
experiments.

were maximal at 10 ng/mL each of the cytokine. Therefore,
it was evaluated that the effects of MC extracts on
cytotoxicity, apoptosis, and signaling pathways induced by
10 ng/mL each of the cytokine.

Effect of MC extracts on cell viability, cytokine-induced
cytotoxicity, and apoptosis in MIN6NS cells To examine
whether or not the extracts of MC are toxic to MIN6NS
cells, the cytotoxicity of the aqueous extract of MC (AE-
MC) and the aqueous ethanolic extract of MC (AEE-MC)
on the cells was observed. The extracts were applied in
increasing concentrations up to 1,000 mg/mL to the cells
for 48 hr. It was found that AE-MC and AEE-MC in the
concentration range 0.01-1,000 pg/mL had no cytotoxic
effect on the cells, when the cytotoxicity was evaluated by
MTT assay (data not shown). Based on this result, AE-MC
and AEE-MC were used in concentration up to 50 pg/mL.
The viability of the cells treated with AE-MC extract (2-10
pg/mL) did not show protection against the cytotoxicity
induced by cytokines. The cells treated with AE-MC
extract (50 pg/mL) showed significant protection against
the cytotoxicity induced by cytokines. The cells treated
with AEE-MC (2-50 pg/mL) dose-dependently showed
significant protection against the cytotoxicity induced by
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Table 1. Effects of MC extracts on cell viability and apoptosis in MIN6NS cells treated with cytokines

. o Apoptosis
0,

Extract Concentration Cell viability (%) (fold of cytokine-untreated control)
Cytokine-untreated group - 100.05+6.75Y 1.00+0.11
Cytokine-treated control - 49.16+6.78d 3.47+0.70a

2 ug/mL 53.28+3 36d 331+0.12a

‘&lﬁ‘ﬂg)@‘“aﬁ of MC 10 pg/mL 55.49+7.56d 3.04+0.38b

50 pg/mL 612543 47¢ 2.43+027b

. 2 pgmL 60.024.32c 2.5620.06b
glgg?ﬁg)‘ham“" extract of MC 10 pg/mL 70.86+5.85b 2.05+0.14be

50 pg/mL 81.71+£5.27a 1.54+0.13¢

) ) 1 nM 60.16+2.10¢ 1.74+0.11¢

%‘ﬁcpa_gl‘;“'lﬂ(e peptide-1 10 nM 69.87£5.17b 1.38£0.11d

100 nM 82.13+3.82a 1.35+0.11d

DValues are means+SEM, n=9. Values within columns among cytokine-treated groups having the same letters are not significantly different at

p<0.05 using Duncan’s multiple range test.

Table 2. Quantitative analysis on effects of AEE-MC on the expressions of pro-apoptotic and anti-apoptotic proteins in response

to 48 hr exposure of cytokines (10 ng/mL) in MIN6NS cells

Cytokine-untreated Cytokine-treated AEE-MC (ug/mL)
control control 2 10 50

Pro-apoptotic molecules

Cleaved PARP 2.10£0.41Y 10.72+1.27a 6.15£0.33b 4.15£0.17c 3.47+0.26d
Cleaved caspase-3 1.98+0.11 15.44+1.92a 12.68+1.41b 8.14+0.73¢ 7.59+0.34¢
Cleaved caspase-7 2.11+0.87 24.68+2.82a 18.45+1.78b 13.94+2.16¢ 10.77+2.15d
Cleaved caspase-9 2.39+0.20 13.08+1.66a 11.15+2.52ab 7.72+0.34b 3.34+0.99¢c
Cytochrome C 8.29+2.27 37.49+5.68a 24.72+42.30b 14.82+1.83¢ 8.37+0.97d
P21 9.55+0.80 15.19+4.32a 14.16+0.10a 10.84+0.07b 6.70+0.07¢c
Bax 4.90+0.26 12.85+1.16a 8.59+0.81b 7.25+0.77bc 5.24+0.40¢
Bad 1.25+0.89 18.2+1.77a 10.79+1.35b 8.79+0.44c 6.42+0.97d
Anti-apoptotic molecules

BcL-2 13.29+0.38 5.49+0.93b 5.12+0.49b 10.41£0.82ab 12.62+0.19a
Bel-Xp, 12.62+0.89 4.86+0.77¢c 6.16+0.97b 11.08+0.44a 12.28+0.35a
(Bax+Bad)/(BcL-2+BcL-xL) ratio 0.24+0.02 3.00+0.28a 1.72+0.15b 0.75+0.05¢ 0.04+0.001d

DExpressed as relative density of the signaling moleculs to B-actin in arbitrary units. Values are means=SEM, n=9. Values within rows among
cytokine-treated groups having the same letters are not significantly different at p<0.05 using Duncan’s multiple range test.

the cytokines. The glucagon-like peptide (GLP)-1 was
used as a positive control. The incubation with GLP-1 for
16 hr inhibited H,O,-induced apoptosis of insulin-secreting
MING6 cells (26). The result suggests that MC protected
against cytokine-mediated cytotoxicity. The inhibitory
effect of AEE-MC was higher than that AE-MC of in the
cells (Table 1).

AE-MC and AEE-MC showed no significant influence
on nucleosomal release in cytokine-untreated cells (not
shown in data). Cytokine-mediated nucleosomal release
was significantly inhibited in the presense of AE-MC at the
concentrations of 50 pg/mL by 30%. Cytokine-mediated
nucleosomal release was significantly inhibited in the
presense of AEE-MC at the concentrations of 2, 10, and 50
pg/mL by 26.2, 40.9, and 55.6%. This result suggested that
MC protected against cytokine-mediated apoptosis. The
inhibitory effect of AEE-MC was higher than that of AE-
MC in the cells (Table 1).

Effects of AEE-MC on cytokine-mediated activation of
PARP and caspases The effect of AEE-MC on the
expression of PARP cleavage was examined by Western
blot analysis. As shown in Fig. 2, the cleavage of the 113
kDa PARP to its active 89 kDa was inhibited by AEE-MC
dose-dependently. The levels of the active 89 kDa fragment
of PARP with AEE-MC at 2, 10, and 50 pg/mL were
significantly and dose-dependently reduced by 42.6, 61.3,
and 67.6% of the control level, respectively, in the
cytokine-treated MIN6NS cells (Table 2).

The cleavage of the 49 kDa caspase-9 to its active 37
kDa was inhibited by AEE-MC dose-dependently (Fig. 2).
The levels of the active 37 kDa fragment of caspse-9 with
AEE-MC at 2, 10, and 50 pg/mL were significantly and
dose-dependently reduced by 14.8, 41.0, and 74.5% of the
control level, respectively, in the cytokine-treated MIN6NSE
cells (Table 2).

The cleavage of the 35 kDa caspase-7 to its active 20
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Fig. 2. Effects of aqueous ethanolic extract from MC (AEE-
MC) on the expression of pro-apoptotic and anti-apoptotic
proteins in MIN6NS cells treated with cytokines for 48 hr.
Typical example of Western blot analysis was shown.

kDa was inhibited by AEE-MC dose-dependently (Fig. 2).
The levels of the active 20 kDa fragment of caspase-7 with
AEE-MC at 2, 10, and 50 pg/mL were significantly and
dose-dependently reduced by 25.2, 43.5, and 56.4% of the
control level, respectively, in the cytokine-treated MINONS
cells (Table 2).

The cleavage of the 32 kDa caspase-3 to its active 17
kDa was inhibited by AEE-MC dose-dependently (Fig. 2).
The levels of the active 17 kDa fragment of caspase-3 with
AEE-MC at 2, 10, and 50 pg/mL were significantly reduced
by 17.9, 47.3, and 50.8% of the control level, respectively,
in the cytokine-treated MIN6NS cells (Table 2).

Effects of AEE-MC on the expressions of Bel-2 family
and p21 in cytokine-treated MINONS cells Since Bax,
Bad, Bc¢l-2, and Bcl-X;, play a crucial role in apoptosis, we
studied the dose-dependent effects of AEE-MC on the
protein levels of Bax, Bad, Bcl-2, and Bel-X; in MIN6NS
cells. The Western blot analysis exhibited a significant decrease
in the protein expression of Bax at the concentrations of 2,
10, and 50 pg/mL, by 33.2, 43.6, and 59.2% of the
cytokine-treated control, respectively. The Western blot
analysis exhibited a significant decrease in the protein
expression of Bad at the concentrations of 2, 10, and 50 pg/
mL, 40.7, 51.7, and 64.7% of the cytokine-treated control,
respectively. In contrast, the protein expression of Bcl-2
was significantly increased at the concentrations of 10 and
50 pg/mL, by 89.6 and 130% of the cytokine-treated
control, respectively. The protein expression of Bcl-X; was
significantly increased at the concentrations of 2, 10, and
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50 pg/mL, by 27.0, 128, and 153% of the cytokine-treated
control, respectively. A dose-dependent decrease in the
ratio of Bax and Bad to Bcl-2 and Bcel-X; was significantly
observed after the AEE-MC treatment in cytokine-treated
cells, indicating the inhibition of apoptotic process (Table
2).

The expression of p21, a well-known potent pro-apoptotic
protein involved in the mitochondrial apoptotic pathway,
was significantly increased for 48 hr cytokine treatment
(Table 2) (27). The AEE-MC at the concentrations of 10
and 50 pg/mL significantly and dose-dependently caused
the decrease of p21 expression, by 28.6 and 55.9% of the
cytokine-treated control, respectively.

We demonstrated that MC extract protected pancreatic
[-cells from cytokine-induced apoptosis in a dose-dependent
manner. This is the first time the anti-apoptotic effect of
MC extract has been demonstrated in cytokine-mediated
apoptosis in MIN6NS cells. The inhibitory effect of AEE-
MC was greater than that AE-MC on the cytokine-induced
apoptosis of MIN6NS cells.

The p21 is a critical initiator of the intrinsic apoptosis
pathway in response to stress from oncoproteins, DNA
damage, hypoxia, and survival factor deprivation (28). The
p21 protein can induce apoptosis by transcriptional activation
of pro-apoptotic Bcl-2 family members and repression of
anti-apoptotic Bcl-2 proteins and inhibitors of pro-
apoptotic proteins (29). In addition, p21 can also regulate
apoptosis by activating mitochondrial genes to enhance
reactive oxygen species generation (30). Our results showed
that AEE-MC decreased the level of p21 in cytokine-
treated cells (Fig. 2 and Table 2), suggesting that the p21
pathway was regulated by AEE-MC. From the observation
in this study that AEE-MC decreased the expression of
Bax and Bad, and increased the expression of Bcl-2 and
Bcl-X in cytokine-treated cells (Fig. 2 and Table 2), it is
suggested that AEE-MC inhibited apoptosis through p21
by regulating Bcl-2 family.

We observed that AEE-MC inhibited the cleaved activation
of caspase-9 in the cytokine-treated cells (Fig. 2 and Table
2). Disruption of mitochondrial membrane potential results
from the opening of permeability transition pores, causing
a local disruption of the outer mitochondrial membrane,
and leads to the release of soluble intermembrane proteins,
including cytochrome c, and the cytochrome c release
contributes to the activation of caspase-9 (first-level caspase;
activator). It might be estimated that AEE-MC leads to the
release of cytochrome c.

It has been reported that caspases play an essential role
in B-cell death. The caspase family is a class of cysteine
proteases that is involved in a cascade of protective
cleavages leading to 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, since it is
responsible for the direct proteolytic cleavage of various
cellular target proteins. Thus, caspase-3 is often used as a
marker for detection of apoptosis. Activation of caspase-3
is an essential step in the execution of apoptosis and its
inhibition blocks apoptotic cell death (15). As demonstrated
in our experiment, cytokine-induced apoptotic signaling
leading to the activation of caspase-3, yet cotreatment of
MING6NS cells with AEE-MC apparently inhibited the
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cleavage and activation of caspase-3. This result indicates
that AEE-MC exerts antiapoptotic activity partly by
preventing the apoptotic signaling that leads to the
activation of caspase-3.

In conclusion, our results demonstrated that AEE-MC
protected cytokine-induced apoptosis in a dose-dependent
manner in MIN6NS cells. AEE-MC decreased the expression
of p21, Bax, and Bad, and the cleaved activation of
caspase-9, -3, and -7 and PARP, and increased the
expression of Bcl-2 and Bcel-X; in the cytokine-treated
cells. Therefore, we speculate that the inhibition of
apoptosis observed in this study may provide a mechanism
for the antidiabetic function of MC, and that the down-
regulation of p21, Bax, Bad, cleaved caspases, and cleaved
PARP, and the up-regulation of Bcl-2 and Bcl-X; may
provide a mechanism for the anti-apoptotic activity of MC.
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