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Effects of epigallocatechin gallate on CoCl-induced
apoptosis in PC12 cells
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Neuronal apoptotic events, consequently resulting in neuronal cell death, are occurred in hypoxic/is-
chemic condition. This cell death has been shown to be accompanied with the production of reactive oxy-
gen species (ROS), which can attack cellular components such as nucleic acids, proteins and phospho-
lipid. However, the underlying mechanisms of apoptosis induced in hypoxic/ischemic condition and its
treatment methods are unsettled. Cobalt chloride (CoClz2) has been known to mimic hypoxic condition in-
cluding the production of ROS. Epigallocatechin gallate (EGCG), a green tea polyphenol, has diverse
pharmacologial activities in cell growth and death. This study was aimed to investigate the apoptotic
mechanism by CoCl2 and effects of EGCG on CoClz2-induced apoptosis in PC12 cells.

Administration of CoClz decreased cell survival in dose- and time-dependent manners and induced ge—
nomic DNA fragmentation. Treatment with 100 #M EGCG for 30 min before PC12 cells were exposed to
150 M CoClz2, being resulted in the cell viability and DNA fragmentation being rescued. CoClz caused
morphologic changes such as cell swelling and condensed nuclei, whereas EGCG attenuated morphologic
changes by CoClz. EGCG suppressed the apoptotic peak and a loss of 4¢m induced by CoCl2. CoCl2 de-
creased Bcl-2 expression but Bax expression was not changed in CoClz- treated cells. EGCG attenuated
the Bel-2 underexpression by CoClz. CoClz augumented the cytochrome ¢ release from mitochondria into
cytoplasm and increased caspase-8, -9 and caspase-3 activity, a marker of the apoptotic executing stage.
EGCG ameliorated the incruement in caspase-8, -9 and -3 activity, and cytochrome c release by CoCle.
NAC (N-acetyl-cysteine), a scavenger of ROS, attenuated CoCle-induced apoptosis in consistent with
those of EGCG.

These results suggest that CoClz induces apoptotic cell death through both mitochondria- and death re-

ceptor-dependent pathway and EGCG has neuroprotective effects against CoClz-induced apoptosis in
PC12 cells.

Key words : CoCl2, Apoptosis, EGCG, Mitochondria dependent pathway, Death receptor dependent
pathway
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[. INTRODUCTION

Apoptosis is a gene-regulated mechanism of cell
death that plays a pivotal role in physiological and
pathological processes”. Apoptosis in neuronal cells
and tissues, consequently resulting in neuronal dam-
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age, is occurred in hypoxic/ischemic condition®?.
Hypoxic/ischemic condition has long been recognized
as important mediators or modulators of apoptosis
because this condition is accompanied with the pro-
duction of reactive oxygen species (ROS) which can
attack nucleic acids, proteins and membrane phos-
pholipids***.

In general, apoptosis is driven from the activation
of a family of cysteine protease called caspases,
which then cleave a critical set of cellular proteins to
initiate apoptotic cell death®”. Two categories of cas-
pase responsible for apoptosis have been recognized:
1) the initiator caspase such as caspase-8, -9 and -
10, which are activated in the earlier phase of apop-
tosis: 2) the executioner caspases such as caspase-3,
-6, and -7, which are responsible for dismentling of
cells”. At least two distinct pathways are involved in
apoptosis. Both share activation of executioner cas-
pase, caspase-3. Caspase-3 activates caspase -acti-
vated DNase which causes apoptotic DNA fragmen-
tation. The intrinsic pathway (mitochondria-depen-
dent pathway) is stimulated by hypoxic/ischemic
condition, cytotoxic reagents, radiation, and growth

factor deprivation®'®

. These stimuli release cy-
tochrome ¢ from mitochondria into cytosol, subse-
quently resulting in caspase-9 activation which caus-
es the activation of caspase-3. The exrinsic pathway
(death receptor pathway or mitochondria-indepen-
dent pathway) is stimulated by cell surface death re-
ceptors such as tumor necrosis factor (TNF) receptor
and Fas. The receptors activated by ligands lead to
caspase-8 activation, with subsequent activation of
caspase-3. However, the exact apoptotic mechanisms
in hypoxic/ischemic condition and its treatments are
still unsettled.

On the other hand, tea polyphenols are natural
plant flavonoids found in the leaves and stem of tea
plant. The green tea polyphenols have showed a va-
riety of pharmacological properties such as antiin-
flammatory, anticarcinogenic, and antioxidant

"9 The green tea polyphenols comprise (-)-

effects
epigallocatechin-3-gallate (EGCG), (-)- epigallocate-
chin, (-)-epicatechin, (+)-gallocatechin, and cate-
chin. Among these polyphenols, EGCG is a major
strong component responsible for biological effects.
EGCG has been reported to display a potent antioxi-

dant property because it possesses two triphenolic
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groups in its structure’”. Thus, EGCG is expected to
have beneficial effects in neuronal hypoxic condition
accompanied with the production of ROS, subse-
quently resulting in neuronal apoptosis.

There are some reports showing that cobalt chlo-
ride (CoCl2) could mimic the hypoxic/ischemic condi-
tion including the production of ROS in various cul-
tured cells®'®. On the basis that CoCl2 induces the
hypoxic/ischemic condition, this study was designed
to investigate 1) the mechanism of CoClz-induced
apoptosis and 2) the effects of EGCG on CoClz-in-
duced apoptosis in PC12 cells. PC12 is a cell line de-
rived from rat pheochromocytoma and widely used as
an in vitro model for investigating neuronal apopto-
sis, oxygen sensor mechanism, and neuronal differ-
entiation'”.

I'. MATERIALS AND METHODS

Cell culture and treatment with CoCl, and EGCG

PC12 rat pheochromocytoma cells were maintained
in RPMI 1640 medium containing 10% horse serum,
5% fetal bovine serum (Gibco BRL, USA) inactivated
by heat and gentamycin (50 wg/ml, Gibco-BRL, NY,
USA) under 5% CO2 at 37C. CoCl2 was dissolved in
distilled H20 and sterilized through a 0.2 um filter be-
fore use. Cells were treated with each concentration
of CoClz for needed time in the same medium and
EGCG was pretreated for 30 min before CoCl2 treat-
ment.

Cell viability assay by MIT assay

PC12 cells were plated onto 96 well plates and ex-
posed to CoCl2 alone or pretreated with different
concentration of EGCG (Sigma ST. Louis, USA) for
30 min. After treatments, 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetra zolium bromide (MTT) was
added to the culture medium in respective times at a
final concentration of 0.1 mg/ml and incubated at 37
T for 4 hr. The reaction product of MTT was extract-
ed in dimethylsulfoxide (DMSO) and optical density
(OD) was spectrophotometrically measured at 570
nm with DMSO as a blank using a ELISA reader
(ELx800uv, BIO Tek Instruments, Inc).

Flowcytometric analysis
After incubation with 150 #M CoCl2 alone or pre-



treated 100 uM EGCG for 30 min, cells were pelleted
by centrifugation and washed with phosphate-
buffered saline (PBS). Cell pellets were resuspended
in 0.2 ml of PBS containing 1 mg/ml propidium io-
dide (PI) and 0.1% Triton X-100. Fluorescence emit-
ted from the PI-DNA complex was quantitated by
FACScan cytometry (Becton Dickinson, San, CA).

Morphological change and DNA fragmentation

Morphological changes of apoptotic cells were in-
vestigated by propidium iodide (PI) stain. Cells plat-
ed in 60 mm dishes at a density of 1x10° was incu-
bated at 18 hr and were treated with 150 #M CoCle.
EGCG was added at 30 min before CoClz treatment if
necessary. The cells were stained with PI (Sigma,
USA) and were observed under fluorescence micro-
scope (Olympus, USA).

Oligonucleosomal fragmentation of genomic DNA
was assessed using the Apopladder kit (TaKaRa
Shuzo) according to the manufacture instructions.
Each sample were electrophoresed at 80 V for 2 hr
on 2.0% agarose gels. DNA bands were visualized
under UV light after staining with ethidium bromide.

Determination of mitochondrial membrane poten-
tial and caspase activity

PC12 cells were grown on 60 mm dishes at 5x10°
cells and treated with 150 #aM CoClz. EGCG were
pretreated at final concentration 1 hr before CoCle
treatment. The mitochondrial membrane potential
(d¢m) of cells was measured by staining with 5,5 ,
6.6 -tetrachloro-1,1",3,3 -tetrathylbenzimidazol car-
bocyanine iodide (JC-1, Molecular Probes). When
mitochondria is polarized, JC-1 forms aggregates and
emits orange fluorescence under 486 nm excitation.
The orange and the green fluorescence were mea-
sured simultaneously by FACScan (Becton Dikinson,
CA).

Caspase activity was assayed using the caspase-3,
-9 activity assay kit (Calbiochem, San Diego, CA)
and caspase-8 activity Kit (Santa Cruz, USA) ac-
cording to the manufacturer s instructions.

Reverse transcription polymerase chain reaction
(RT-PCR)

PCR were performed on a GeneAmp PCR system
(Perkin-Elmer 2400). The following primer pairs
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were used: for Bax, 5 -GTTTCATCCAGGATC-
GAGCAG-3 (senseprimer) and 5 -CATCTTC
TTCCAGATGGTGA-3 (antisense primer); for Bcl-
2, 5 -CCTGTGG ATGACTGAGTACC-3 (sense
primer) and 5 -GAGACAGCCAGGAGA AATCA-3
(antisense primer): The amplified products were an-
alyzed on a 1.5% agarose gels containing ethidium
bromide and visualized by UVP Transilluminator/
Polaroid camera System (UVP Laboratories, Upland,
CA). RT-PCR was performed with primers for the
housekeeping gene, GAPDH, as a control. The fol-
lowing primer pairs for GAPDH were used: 5 -
TGCATCCTGCACCACCAACT -3 (sense primer)
and 5 -CGCCTGCTT CACCACCTTC-3
primer). The intensities of the obtained bands were

(antisense
determined using the NIH Scion Image Software.

Western blotting

Proteins solubilized in the lysis buffer (500 mM
Tris-HCl, pH7.4, 150 mM NaCl, 5 mM EDTA, 1 mM
Benzamiden, 1 w/ml Trypsin inhibitor) containing a
cocktail of protease inhibitor (Complete, Mini. Roch,
Germany). Protein extracts (100~500 ug) were
boiled for 5 min with SDS-sample buffer and then
subjected to electrophoresis on 12% polyacrylamide
gel. Proteins were electroblotted onto nitrocellulose
membrane (Amersham Pharmacia Biotech, UK) and
incubated with the respective primary antibody. Rat
monocloned antibodies against cytochrome ¢ (Pha-
rmingen, San Diego, CA) was applied. Blots were
subsequently washed three times in TBS-T for 5 min
and incubated with specific peroxidase-coupled sec-
ondary antibodies (anti-mouse IgG horseradish per-
oxidase (HRP), anti-Rabbit IgG-HRP, Sigma
Aldrich). Bound antibodies were visualized using an
enhanced chemiluminescent detection system
(Amersham Pharmacia Biotech, UK).

. RESULTS

Effect of EGCG on cells viabilily in CoCla-treated
cells

To asses cell viability for the time period, cell via-
bility assay was performed by MTT assay. The cell
viability was greatly reduced in dose- and time-de-
pendent manners when PC12 cells exposed to CoClz
(Fig. 1A, 1B). The survival rate of PC12 cells was
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about 65% when the cells were treated with 150 #M
CoClz for 8 hr. At the point of 24 hr after exposing to
150 #M CoClz, the percentage of cell viability was
near zero. Treatment with different dose of EGCG for
30 min before PC12 cells were exposed to 150 ¢M
CoClz for 8 hr resulted in the cell viability being res-
cued in a dose-dependent manner (Fig. 2). The most
effective dose of EGCG was 100 #M in promoting the
cell viability in CoCle-treated PC12 cells.
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Protective effects of EGCG on the CoClz-induced
apoptosis

After treatment with 150 #M CoClz2 for 8 hr, cells
had great change in their shape observed by the a
fluorescent microscopy after PI stain. The cells be-
came swelling and apoptotic nuclei indicated by con-
densed nuclei and nuclear fragmentation appeared
after exposure to 150 #M CoCl2 for 8 hr whereas
EGCG attenuated those in CoClz2-treated PC12 cells
(Fig. 3).
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Fig. 1. The cell viability in PC12 cells treated with CoCl2. PC12 cells were incubated in medium containing
different concentrations of CoCle (0, 50, 100, 150, 200, 250, 300 and 400 #M) for 8 hr (A), and treated with
150 #M CoClz2 for time course (0, 0.5, 2, 4, 8 and 24 hr) (B).

Cell viability (%)

Control 0 10 30 50 70

100

200
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Fig. 2. Effects of EGCG on the survival of PC12
cells in 150 #M CoCle-treated conditions. PC12
cells were pretreated with increasing dose of EGCG
(0. 10, 30, 50, 70, 100, 200 #M) in 100 #M CoClo-
treated condition for 8 hr. Cell viability was
determined by the MTT dye assay. Value from each
treatment was indicated as a percent relative to the
control (100%).
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Fig. 3. Effect of EGCG on CoClz2-induced
morphological changes of PC12 cells.

PC12 cells incubated in the absence (A) or pres-
ence (B) of CoCl2 only for 8 hr or pretreatment of
EGCG for 30 min (C). The cells were stained with
Pl (1 we/ml) and nuclear morphology was detected
by fluorescence microscopy (x100).



PC12 cells exposed to CoClz for 8 hr demonstrated
DNA fragmentation as a ladder pattern, meaning
that CoCl2 induced the apoptotic change. The ladder-
ing pattern in 150 #M CoCle-treated cells for 8 hr
was slightly inhibited with the treatment of 100 #M
EGCG for 30 min (Fig. 4). Furthermore, flow cytom-
etry was performed to determine the apoptotic cells.
When a number apoptotic cells were stained with a
DNA-specific PI, a specific DNA peak, called as
apoptotic peak (sub G1 peak) were appeared.
Besides, pretreatment with 5 mM NAC, inhibited the
apoptoic peak in CoCle-treated cells and EGCG sup-
pressed in consistent with those of NAC effects (Fig.
5).

EGCG reduced the activity of caspases ( -3, -8 and
-9) in CoClz-treated cells

To determine whether caspases are involved in
CoClz-induced apoptosis, specific caspases activities
were assessed. CoClz induced dramatic increase in all
of caspase-3, -8 and -9 activities. The caspase activ-
ity were 2 folds in caspase-3, 3 folds in caspase-8
and about 1.5 folds in caspase-9 after exposure to
CoCl2(100 #M, 8 hr), compared with control respec-
tively. Pretreatment with 100 #M EGCG for 30 min

1. Control
2. 150 #M CoCl2
3. 150 M CoCle+ 100uM

Fig. 4. DNA fragmentation assay. DNA prepared
from the cells treated for 8 hr with CoCl2 only or
pretreated with EGCG for 30 min before CoCl2
treatment was electrophoresed and visualized with
ethidium bromide.
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significantly attenuated the enhanced three caspases
activities in CoCle-treated cells (Fig. 6, 7 and 8).

Effects of EGCG on the altered 4¢m and cy-
tochrome c release

To evaluate whether mitochondrial dysfunction is
involved in CoClz-induced apoptosis, the loss of 4¢m
were measured and cytochrome c¢ release from mito-
chondria into cytoplasm was detected. The JC-1 fluo-
rescence intensities were shifted to left when PC12
cells were exposed to 150 gM CoClz for 8 hr, indicat-
ing that CoClz caused 4¢w to be depolarized in PC12
cells. The left shift of JC-1 fluorescence after expo-
sure to CoCl2 was ameliorated under pretreatment of
100 oM EGCG or 5 mM NAC, a ROS scavenger for
30 min (Fig. 9). Cytoplasmic cytochrome ¢ was up-
regulated when PC12 cells exposed to CoClz2 (100 or
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Fig. 5. Flow cytometric analysis. The cells were treated
for 8 hr with CoCl2 only or pretreated with EGCG or 5 mM
NAC for 30 min before CoCl2 treatment. After 24 hr
incubation, DNA contents in cells were measured by
FACScan.
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caspase-3 activity (fold)

Control 100 s EGCG 150 4M CoCl 100 #M EGCG

+150 #M CoCl2

Fig. 6. Effect of EGCG on CoCle-induced caspase-
3 activity in PC12 cells. Enzymatic activity of
caspase-3 protease was determined by incubation
of 80 wg of total protein with DEVD-pNA substrate
(200 #M) .

caspase-9 activity (fold)

150 #M CoClz
+100 sM EGCG

160 #M CoCl.

Control

Fig. 8. Effect of EGCG on CoCle-induced caspase-9
activity in PC12 cells. Enzymatic activity of caspase-9
protease was determined by incubation of 50 we of
total protein with LEHD-pNA substrate (200 gM).
CoCl2(150 #M, 8 hr) enhanced caspase-9 activity and
EGCG inhibited the increment in caspase-9 activity by
CoClz2 in PC12 cells. Each volume is mean *SE.
* P<0.05, compared with control.

150 #M) for 30 min, meaning that cytochrom ¢ were
released from mitochondria into cytoplasm in CoCl2-
induced apoptosis, whereas EGCG suppressed the
cytoplasmic cytochrome ¢ (Fig. 10).

Effects of EGCG on Bax and Bcl-2 expression in
CoCla-treated cells

To determine whether Bcl-2 family is an essential
role in CoCl2-induced apoptosis or not, Bax and Bcl-
2 expression were observed using RT-PCR.
Expression of Bel-2, a cytochrome ¢ releasing in-
hibitor from mitochondria into cytoplasm, was down-
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caspase-8 activity (fold)

150 #M CoCl= 150 M CoClz

+100 M EGCG

Control

Fig. 7. Effect of EGCG on CoCle-induced caspase-
8 activity in PC12 cells. Enzymatic activity of
caspase-8 protease was determined by incubation
of 50 wg of total protein with IETD-AFC substrate
(200 #M). CoCl2(150 #M, 8 hr) enhanced caspase-
8 activity and EGCG inhibited the increment in
caspase-8 activity by CoCl2 in PC12 cells. Each
volume is mean +SE. *P(0.05, compared with
control. # P(0.05, compared with 150 #M CoCl2-
treated group.

regulated with treatment of 150 #M CoCl2 for 8 hr.
However, expression of Bax, a cytochrome c releaser,
was not changed in CoCle-treated cells (Fig. 11).
Downregulated expression of Bel-2 was rescued when
100 .M EGCG was pretreated for 30 min before ex-
posure to CoClz (Fig. 11).

V. DISCUSSION

Hypoxia-induced cell death is a major concern in
various clinical entities such as ischemic disease, or-
gan transplantation, and other disease. However, the
mechanisms underlying the hypoxia-induced cell
death and its treatment methods are not still de-
fined.

In the present study, exposure of PC12 cells to
CoClz gradually reduced the cell viability in a dose-
and time-dependent manners. Hypoxia-induced cell
death can be partitioned into two basic forms, apop-
tosis and necrosis, on the basis of changes in mor-
phology, enzymatic activity, ATP concentration and

adjacent cellular effects™"

. In the present experi-
ment, CoCle-treated cells demonstrated not only
DNA fragmentation showing ladder pattern, but also
morphologic changes such as cell swelling, condensed
nuclei, and apoptotic nuclei. Moreover, when apop-

totic cells stained with PI were measured using flow—
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Fig. 9. Effect of EGCG on CoCiz-induced mitochondrial membrane potential changes of PC12 cells. The
mitochondrial membrane potential of cells was measured by staining with 5,5 8.6 ~tetrachioro-1.1".3.3 -

tetraethlybenzimidazol carbocyaniniodide,
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Fig. 10. Inhibition of CoCl2~induced mitochondrial
cytochrome ¢ release by EGCG. Levels of
cytochrome ¢ were determined using immunoblot 8
hr afrer PC12 cells exposed to CoCle with or without
pretreatment of EGCG for 30 min.
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1. Control

2. 150 uM CoCl,
3. 150 uM CoCl,+100 uM EGCG

Fig. 11. Effect of EGCG on Bcl-2 and Bax
expression in CoClz2-treated PC12 cells. The mRNA
levels of Bax and Bcl-2 in CoCletreated PC12 cells
for 8 hr. Hypoxia-induced cell death is a major
concern in various clinical entities such as ischemic
disease, organ transplantation, and other disease.
However, the mechith or without pretreatment of
EGCG for 30 min were determined by RT-PCR.
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cytometry, sub-G1 peak called apoptotic peak ap-
peared in CoCle-treated cells. Taken together, the
present results suggested that CoCl2 induces apopto-
sis of PC12 cells because gross nuclear changes and
DNA fragmentation patterns were critical events of
typical apoptosis. Also, CoClz-induced apoptosis is
well documented to be driven through the production
of ROS, subsequently resulting in activation of apop-
totic machinery*'** . In the present study, NAC, a
ROS scavenger, suppressed the apoptotic peak in
CoClz-treated cells. From these results, it is specu-
lated that CoClz-induced apoptosis is driven from the
production of ROS.

Caspase-3 is a key and common protease in both
mitoondria- and death receptor-dependent pathways
and particularly important in neurons®’. Previous
studies have shown that caspase-3 is activated in re-
sponse to various hypoxia and expressed in PC12
cells, indicating that caspase-3 may play a pivotal
role in hypoxia-induced apoptosis in PC12 cells.
Indeed, Zou et aP” reported that caspase-3-like pro-
teases are activated during the apoptotic cell death
in CoClz2-treated PC12 cells. Our results also showed
that caspase-3 activity was upregulated in CoCla-
treated cells, which consistent with that of Zou et
al” These results suggest that CoClz-induced apop-
tosis involves a caspase-3 mediated mechanism.
However, the upstream mechanism which activates
caspase-3 has not been still elucidated in CoCle-in-
duced apoptosis, even if some pathways are suggest-
ed in various hypoxia model. One possible mecha-
nism for activating caspase-3 in CoClz-induced apop-
tosis is caspase-9 mediated process activated by cy-
tochrom c released from the mitochondria, in concert
with Apaf-1 and dJATP, called as mitochondria medi-
ated pathway. Mitochondria has been known to serve
as a main target in various hypoxic/ ischemic mod-
el Although mitochondrial cytochrone ¢ release
and caspase-9 activation have been reported in focal
and global ischemia models'”, no report has referred
to change in mitochondria function. In the present
study, caspase-9 activity was upregulated and cy-
tochrome ¢ was released from mitochondria into cy-
tosol in CoClz-treated cells, suggesting that caspase-
3 activation is in part mediated by mitochondria-de-
pendent pathway in CoCl2-induced apoptosis.
Moreover, the present study showed that a loss of -4
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¢m was noted in CoClz-treated cells, supporting that
there is a strong casual link between mitochondrial
dysfunction and caspase activation in CoCl2-induced
apoptosis. Besides, recent reports have demonstrated
that ROS leads to an induction of PT pore opening
and a loss of 4¢m under ischemia and related condi-
tion®®* . From the previous and present studies, it is
assumed that ROS produced by CoCl2 impaires mito-
chondrial function accompanied with loss of 4¢m and
cytochrome c release, subsequently activating cas-
pase-9. One another passible mechanism for activat-
ing caspase-3 is caspase-8 mediated process activat-
ed by Fas and TNF receptor-1, called as death re-
ceptor-dependent pathway. In addition, it was re-
cently known that Bid activated by caspase-8 is crit-
ical to ischemic neuronal apoptosis and focal cerebral
ischemia®. From these previous reports, it is pro-
posed a possibility that death receptor-dependent
apoptosis pathway may be involved in caspase-3 ac-
tivation in CoClz-induced apoptosis. However, there
is no report examined the extrinsic pathway in
CoCl2-induced apoptosis. The present study shows
the first evidence that death receptor-dependent
pathway may be involved in CoClz-induced apoptosis.
More interestingly, caspase-8 activity was upregulat-
ed and levels of caspase-8 activity was higher than
those of caspase-9 activity when PC12 cells were ex-
posed to CoCl2 in the present study. These reslults
suggest that caspase-8 mediated process plays an
important role in CoClz2-induced apoptosis, even if
upstream and downstream of caspase-8 were unfor-
tunately not examined in the present study. From
these findings mentioned above, CoCl2-induced apop-
tosis is likely to be mediated by both intrinsic and
extrinsic apoptosis pathways.

The final question remains as to how ROS is pro-
duced or regulated by CoClz. Recent reports have
showed that Bcl-2 family regulates the production of
ROS and cytochrome ¢ release from mitochondria in
hypoxic/ischemic condition®™. In general, the Bcl-2
family of proteins are well-characterized regulators of
apoptosis, consisting of three distinct subfamily. The
Bcel-2 subfamily contains antiapoptotic proteins such
as Bcl-2 and Bel-XL, which reduce cytochrome ¢ re-
lease and a loss of 4¢n™*", The Bax subfamily con-
tains proapoptotic proteins such as Bax and Bak,
which induce cytochrome ¢ release and a loss of



4¢xa™. The Bel proteins such as Bid, Bik and Bim
are another subfamily of proapoptotic proteins, which
are activated by caspase-8. Therefore, expression of
Bcl-2 family was examined during CoCl2-induced
apoptosis in the present study to elucidate the in-
volvement of Bcl-2 family in CoClz-induced apopto-
sis. In the present study, Bcl-2 mRNA was under ex-
pressed, but Bax mRNA was not changed in CoClz-
treated cells. These findings suggest that Bel-2 plays
a critical role in CoCl2-induced apoptosis. From these
results, it is speculated that CoClz suppressed Bcl-2
expression, subsequently enhancing the production of
ROS, which activates extrinsic and intrinsic apoptot-

ic pathway. However, roles of Bcl-2 family in the

production of ROS may be a debate since ROS could
conversely induce a decrease in Bel-Xu mRNA*, and
release of cytochrome c triggers accumulation of
ROS™.

On the other hands, EGCG has been known to dis-
play a potent antioxidant property and its antioxi-
dant effects have been extensively studied. Previous
several in vitro and in vivo reports have showed that
EGCG has a neuroprotective effect against neuronal
injury and hippocampal neuronal damage after tran-
sient global ischemia® . Besides, green tea extract
has been demonstrated to protect brain, liver, and
kidney from lipid peroxidation injury. More recently,
several reports have documented that EGCG attenu-
ates f~amyloid-induced neurotoxicity in cultured hip-
pocampal neurons and reduces 6-hydroxydopamine-
induced apoptosis in PC12 cells"*®. However, there
is no previous report reffered to the neuroprotective
effects of EGCG against CoCle-induced neuronal
apoptosis. The present study is the first report docu-
mented that EGCG has a neuroprotective effect
against CoCl2-induced neuronal apoptosis. In the
present study, EGCG remarkably reduced the cell
death by CoClz in PC12 cells. Moreover, EGCG in-
hibited DNA fragmentation and morphologic changes
such as cell swelling and condensed nuclei in CoClz-
treated cells. In addition, EGCG attenuated the
apoptotic peak in CoClz-treated cells. These present
results suggest that EGCG has a neuroprotective ef-
fects by inhibiting the neuronal apoptosis in CoClz-
induced neurotoxicity. One of possible antiapoptotic
mechanisms of EGCG may be its direct scavenging of
ROS produced by CoClz, since polyphenols such as

21

CHBh2-OlR|2tst3| x| 33(1) 2006

EGCG can scavenge different kinds of ROS and or-
ganic free radical, for example, superoxide anion, hy-
droxyl radicals, and lipid free radical®. In the pre-
sent study, EGCG attenuated the increments in cas-
pase-3, -9 and -8 activity by CoClz. Furthermore,
EGCG ameliorated a loss of 4¢m and cytochrome c
release from mitochondria. These results support
that EGCG prevents CoClz2-induced neuronal cell
death by inhibiting apoptosis. In addition, EGCG
ameliorated the decrement in Bel-2 expression, sug-
gesting that genes associated with apoptosis are not
altered after EGCG treatment. However, it is un-
known that EGCG directly or indirectly regulates
Bcl-2 expression through scavenging ROS. Recently,
it was reported that green tea polyphenols can pass
through the brain-blood barrier to exert neuroprotec-
tive effects, since EGCG was present in brain, liver
and plasma 60 min after the administration of green
tea polyphenols. Therefore, we speculate that admin-
istration of green tea prevents hypoxia-induced neu-
rotoxicity by scavenging ROS produced by hypoxia.

V. CONCLUSIONS

The present results suggest that CoClz-induced
apoptosis is mediated by both mitochondria- and
death receptor- dependent pathways and EGCG pre-
vents CoCle-induced neuronal death through inhibi-
tion of apoptosis in PC12 cells.
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Abstract

PC12 Moo CoCl: 7 MEZXIHAloll CHst
epigallocatechin-gallate| ‘&t

DEE - YTE - 27| - Mol - A"

At XA e opx|Astmd, *FAAg tad & A7

ABAZAEAbE A4ta 4 E A dojubn o] g Al £FSE reactive oxident species (ROS) B4 & &
Hhgto] G Agdeh. aeuv, Aita € SESA A Lot AEAEALY 71A 2 2 X WEL ofF FYPHo] 9IA
2t CoCle= ROSE NS 5 AiasAd s fAR 2748 2¥3te Aoz 484 9t} Epigallocatechin gal-
late (EGCG)= =29 polyphenol & 22A AZAAT S50 bt deldd 35 Uepdo] 48l4 gt &
ATE PC12 A EoA CoClzell 93 AEAHAZ| AL 88| 1 olo] mA & EGCGY) E3E 2A8led E40] o},
Cell viability= MTT &322 A% 1, DNA fragmentation® DNA laddering® & ZAHH I}, Bel-29 Bax
24 == RT-PCREZ, caspase-39 -92] 42 spectrophotometer, caspase-82 4L flow cytometrydl ¢
& S =AUt vEZ=goldl A A ZAE BulE cytochrome ¢= western blot2.2, B8 DNA %3} nEZ=g
ol XA (4¢n)E FACScano 2 FAE Q}

CoClz FAZ PC12 HESTE €3 2 A7 232 74891, genomic DNA fragmentationo] 2st4c}.
CoClz 5= oF71€ cell viabilitye] 249 DNA fragmentation& EGCG AA ]9 o&) AA A}, CoClex Al
E429 33} condensed nuclei 2 Fe)d W3 E Yoz ov apoptotic peak, 4¢m 2 L cytochrome ¢ A2
£ o3ttt EGCGE CoCledll &3 AlZ e} 83}, apoptotic peak, 4¢m 28 2 cytochrome ¢ F&8 S AAAA
o} CoClz® Bel-2 2d& ZAAAAW, Bax Bdoles 932 1A &sitd. EGCGE CoClzdll 218} ok7]19 Bel-2
T H48 AANZR. CoCle® caspase-3, -8, 23 -99] B4& F7MIZA LM, EGCGE 1 =8 ZFAAT
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2 4823= PC12 AlZA CoCle7t PIEZE2]o} 9)& 2 death receptor J& 71HCE AXAEAIE €27
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