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Effect of Glutathione on Apoptosis Induced by Methyl Mercury Chloride

Jung Ho Youm, Dai Ha Koh, Keun Sang Kwon, Me Yae Lee

Department of Preventive Medicine and Public Health, School of Medicine
Chonbuk National University

Objectives: This study was performed to evaluate the critical role of glutathione(GSH)
in methyl mercury chloride(MeHgCl) induced cell apoptosis.

Methods: The effect of GSH in MeHgCl induced cell apoptosis was observed in mouse
macrophage-derived RAW 264.7 cells in vitro. The cells were cultured in Dulbecco s modi-
fied Eagle’ s medium(DMEM).

Results: MeHgCl exerted a dose dependent cytotoxicity., as demonstrated by the MTT
assay, which is an assay dependent partially on the mitochondrial function. Moreover, in
the presence of NAC, a GSH precursor, the MeHgCl induced cytotoxicity was significantly
decreased whereas BSO, a specific GSH synthesis inhibitor, increased the MeHgCl induced
cytotoxicity. The MeHgCl induced DNA fragmentation and chromatin condensation was
consistent with the morphological alterations.

The MeHgCl treated cells exhibited increasing annexin V-FITC binding to the phos-
phatidylserine(PS) translocated from the inner to the outer leaflet of the plasma mem-
brane and those cells with NAC pretreatment significantly exhibited decreasing annexin
V-FITC binding compared to the cells treated with MeHgCl only. However BSO pretreat-
ment markedly exhibited the increasing annexin V-FITC binding.

The MeHgCl treated cells generated ROS, which was evidenced by the oxidation of
dihydroethidine and the generation of the fluorescent product, ethidium. In addition, BSO
pretreatment further enhanced the extent of ROS generation caused by MeHgCl whereas
NAC pretreatment decreased the amount of ROS generation.

MeHgCl led to a dose dependent decrease in the GSH content. Although MeHgCl expo-
sure significantly reduced the GSH level, those cells that had a NAC pretreatment con-
tained a higher level of GSH compared to the cells treated with MeHgCl only. In con-
trast, BSO pretreatment futher enhanced the extent of GSH depletion caused by MeHgCI.

Conclusions: These results indicate that MeHgCl reduced the GSH content and
impaired the defense against oxidative damage caused by ROS formation in RAW 264.7
cells. It is possible that these factors leads to the activation of the apoptosis signaling
pathway. Ultimately these results suggest that GSH plays a crucial role in protecting the
activity against MeHgCl induced apoptosis.
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Shenker %, 2000)¢] HiEo] =& HA, 53

HejAA] Za dnk. F2e %i—‘;— S
gk g A (allergy)t A7FAS A (autoimmune
disease) & Yo7V % 3 ]”J, Ao W 2

& FES 299 £2 ALY A€ Lol

3l=(Jiang &, 1996: Wild <.,
A 47 dA Z2 A7 Rero] ‘/‘rE‘rUrﬂ

= 3 olgE A9ELe oo B4 gyl 2
sitEe] sty FR, &% 43 429 Z2 AX
o] TF & F37 Boly 3o PFHo =z AT &
ATk, F22 AT FE9 diA A EZ(macro-

phage)Y 379 F2% A, AlelEF
(cytokine) A4+ A3t 2 AEe DNA TS A
askA| gk o] g A& g VHAES MR tET
A 3=

HZ TEEY Mzl e =471 apoptosis

b deldne A7 ﬁTJrE‘”] AN FFo]
apoptosisell VI 9T FE71A Aol w2

Wil AFHEa o, Flegolv #&3 22 F
of x=&d Juut XM EE°] apoptosis<t
" HEAHcell death)e] A=A 7154, 3
EA4L W (Chio 5, 1996: Oyama
, 2000: Gasso 5, 2001)= AHde] HaEle
W, 2o =F9 da7Eo] AEAF o] ade-
nine nucleotide energy charge ratio’} 524 3]
asta A AaEREe Ca® leveld] W3t 2 A
e A ZAHprogrammed cell death)®
AA = Ax=a g syt #Rgoan Fe
Ao} thAAES] apoptosisE fFrEetha 3
o} (Abedi-Balugerdi 5. 1999: Oyama %.
2000; Shenker, 5 1999).
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glycine, GSH)< glutamic acid, cystein
glycinee 2 TA4E tripeptidez AAA 713

3 sulfhydryl group® H59oZA %Q‘jﬂr
g RE ME Yo EAlst] Az Be Al
Fhrtel Edolgel xEAR ZHgstn, 0L

7] (reactive oxygen radical)ell &3t Al <=7go]
U Rz RE fd¥ Rl TE%5 59 54 ol
st} o] 282 sk AE U WolEZe] SR
4 ek (Chio &, 1996). GSHE Ax4e &
kA Zstoz GSH AFA (precusor) 2HE Al
E YollA] aE] AlE ez mjEd & FalH
I oA AlE R fFYEe] FEEE 1%94 24
2 AR, = y-glutamyl cycles 7
A FFdd #HAS=H, cysteind sulfhydryl
groupell o2 FgtEo] 2 F o] WAMEARE
A BF FFo] dojvAl dvh. w3k GSH
Ca”?} thiole] 8 HAlol 23 9
T GSHe 4tsl == 2HAFo] A2 *’5*0‘34 ﬂzr

o Fa3tA &3t (Close &
Tl 9ost¥ GSHE O}WEO}U]‘L{(aceta—
minophen)e|y 23 22 T35 Uigt AMX
=0 &l a3zler wWolsle FHe® Huwu
gout o 7% disiMe ofF =] oAx7) @
o} 1t} (Chio &, 1996: Ning 5, 2000).
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1. M= sitnt Alek

uhg-2 2 A Zed| A 71943 RAW 264.7 A ZE
10% FBS DMEM(Gibco: Grand Island, NY,
USA) wixel 0.25% trypsin(Gibco: Grand
Island, NY, USA) EDTA &9& o]&3}o] 2-3
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d F712 37C, 5% CO2 incubatorolAl At i

FolHA Adol| ALESFATE. Z7te] AEo| A8H
AleFE52  methyl mercury chloride (MeHgCl,

Kanto Chemical Co., Japan). 3-(4, 5-
dimethylthiozol-2-y1)-2,5- diphenyltetrazoli-
um bromide(MTT, Sigma Chemical Co.,
USA), N-acetyl-L-cystein(NAC, Sigma
Chemical Co., USA), L-buthionine sulfox-
imine(L-BSO, Sigma Chemical Co., USA),
glutathione(GSH, Sigma Chemical Co.,
USA), dihydroethidium(HE, Fluka,
Swizerland), propidium iodide(PI, Sigma
Chemical Co., USA), dimethylsulfonic
acid(DMSO, Sigma Chemical Co., USA),
Hoechst 33258(Sigma Chemical Co., USA),
annexin V-FITC Kit(Pharmingen, San Diego,
USA), glutathione assay Kit(Calbiochem,
San Diego, USA) Se°lt}.

o MZESM AAL

=l ]L: ol 3k

F2o] MEE=A (cytotoxicity)ell 3 _o =

Qolut Yoz MTTE olgalel ol gl Al
zo] nmEZ=glol Yo EAshe dehydlogenase

o] AL =HAHHart 5 1999: Madesh &
5

., 1996).
RAW 264.7 AZ(1x10"/wel)E 96 well
platel seeding ¥ ¥ Ax7} & Fad & s
37ColA 12417+ EJ CO, incubatorollA Hjo¥s
Atk 28 oy f7142(0-5 sM)& HBlste] 64
247} 24A7F B wjekdt o MTT(5 mg/ml)E
A wellell 25 WA H7vek & g 9JE] 37Tl
AANZE B BASATE O v A wellS Al s}
3 A 9kS-E (formazan: dark blue crystal)&
£%7] 9@l ethanols & wellell 100 «4 H7}st
T TdstA £50] FAUTE Yol AwtE AHL2oA
Eor H#I F ELISA reader(
ste] 540 nmolAd FF=E

o=

SpectraCount)% o] &
kel A=

Ax U GSH F=837F 29 MEEge v
A GeE dolry] Yal RAW 264.7 AlE(1X
10°/wel) 2 96 well platecl seeding 3 %
BSO(50 eM), GSH(250 «M), NAC(100 M) &5

Glutathione0| ®7|42

ol 2|3 R=El ApoptosisOl D|X|& et

= AE AEE TS vAA @ MY v=
2 A st 37¢clA 12417 B2 CO, incubator
oM wlFslatt. 28 g2 wellel & mediag
AAS L F715S Helste] 2447 B3t et
o= MTT(G mg/mDE A wellel 25 w2 H71gk
3 QoA A uke} o] ZH st

3. M= f GSH s &%

RAW 264.7 AZ(1x106)5 100 mm dishel
seedingdle] 12417 F<F w3t o, Ukt ¥
Zo] f7142(0.5-4 pM)= A E3te] 37TelA 48
AlZE B9k CO2 incubatoroll A vjFsisict. z24zte]
dishell A& AMEZES 500xg, 4CAA LA EL s}
o F#AT F 7] 5% metaphosphoric
acid(MPA)E A3t 2SoEH7IE o] &3t
MEE FYAIZ v 3000xg, 4CollA 1023 9
At ol=HA diA doz AEd2 GSH
assay kitE o|&3dle] ¥FF=A (spectropho-
tometer) 2 &33%=(0D, 400 nm)& 3o 22X
GSHEZ ##Fatdtk(Stokes &, 2000). L3 #7]
Feo od AE W GSH W3l tidk NACH
BSOS &kl daix GolrEr] 93l RAW Al xe|
NAC100 «M)Z BSO(50 M) E 12413 &< A
Agld & F7152(3 pM) = A lsle] 48412 B¢
37, CO2 incubatorol|A Hjker t-2 GSHE %
gttt

RAW 264.7 AE(2x109E 60 mm tissue
culture dishol| seedingdle]l 37¢ColA 12413t
CO2 incubatorol A wjFstdct, 171 ohg thekst
TEY F7142(0.5-4 eM)S AHEsle] 12413 F
o] DNA laddering =2 43 (Jung %
2001: Munder 5, 1998). AEZE trypsinS= *
g5t FAE T 4TelA 3000 rpme 2 AAE
g]3to] Rolzl /‘1].‘?_01] 50 mM Tris-buffer (pH
8.002 7l g % 37¢ColA 1M7F AR EolFA
o}, 2% v+ Proteinase K(250 xg/ml)E x2]&}
o] 50CAlA 34417 A= BHe T o] g3} =
2] phenol/chloroform< 713t 3000 rpmol
A 1583t 33 AR A mAe R dojRl &
o] 10 M ammonium acetate$} 28] <jgt&&
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Aglsle] 3000 rpmollA 1587 AAA SAfe]
DNAE AAAZ B2 70% le2S Aglste] 23]
AHg T Ao =2l TE buffer(pH 8.0)°l
=9tk o]Z2A slA Aoz genomic DNA = 2%
agarose gel FollA A7 E= st AAsIATE

b.

2

el iz}

i

olet M 44

apoptosis®t necrosis® Q13+ A X g9 3
glo} AZnlel o] xo|H-E Hoechst-33258%
PIE o] &3 9 A #FFAY
(Romamoorthy %, 1998). AZgA HH-L2 wA
RAW 264.7 Al£=(4x10°) 6 well plate W<l
#21 11 mm glass coverslip $1° seeding 3+ %,
37l 12412 B CO, incubatorellA wieFat
5 F7152(3 uM)= ATsted 24417 T wlj ket
% jce—cold “JEle] PBSE °]&3l coverslip 9
oA AF AEEFo] WA FEF FoIHA
coverslipe 2-33] AHAT. oY coverslip=
Hoechst 33258(8 #g/ml) &<ol] 7} W& kA
71 ZdEfol A 158 Bt Ao BHAST. 1 o F
ice-cold Aehe]l PBSE Al&3la PI(5 pg/ml) &
Aol Y9} e WP or BAL thS tA] icecold
Zeje] PBSE A& & &gtol= Ik oA

e o
34 &

coveslipel mounting €9 (glycerol, 1 : PBS, 1
v/v)E "oy ¥F #dn7A (Olympus BH2
compound microscope: Olympus, Tokyo,
Japan)o.Z #ASIAT. T3 f715E 24 Sl
A ME W GSH ¥skd w2 3 Fg& fEar|
93l NAC(10 M), GSH(250 M) 2 BSO(50 ¢
M)E 12717t A AEgt & {7152 A stellA
24A17F Bt 37C, CO2 incubatorol A vkt ot
& 3% dnFdoz B

6. Flow cytometryE 0|&%t apoptosis

24 MmSt XD PAlo] st EA

Flow cytometryg ©]&3% Annexin V-FITC
ANE B3l apoptosisZt EEsiAl AP Y=
AEZE =439 (Brune %5.1997; Ciriolo 5.
2001: Hortelano 5. 1999). WA RAW 264.7
M E NAC(250 M), GSH(250 #M) Z8lx
BSO(50 pM)E AHelsk 60 mm disholl A 37<¢el
A 1241ZF Bk CO, incubatorolA vjFet oh-&
7172 (3 mM) 2 Aelste] 24A)7F F<t o v st
Ak, 23 o2 ice cold AJEIS] PBSE 7HAaL 2
3] AlFsta 500xgollA] 5EF YAEE S o 1
xXbinding buffer(10 mM HEPES, pH 7.4,

BMITT red petbon (0D, G40 )

kAeHaC I

Fig. 1. Effects of methyl mercury chloride(MeHgCl) expressed as MTT reduction(OD, 540 nm) in RAW
264.7 cells. RAW 264.7 cells (1x10"/well) were incubated at 37°C in a CO2 incubator with vary-
ing concentration of MeHgCl for 6 hr and 24 hr. The differences between the control group and
the MeHgCl treated groups were tested by unpaired t-test. : ** p<0.01
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140 mM NaCl, 2.5 mM CaClyel AlZEE F&A]
Ak, olgldt AE B F 100 4(1x10° AE)E
Fstx o7l Annexin V-FITC$ PI(50 ug/ml)
5 WE Hristed €& Azl e A2 15
5 UXAIZEY. a3 g% FACScan flow
cytometer(Becton Dickinson, San Jose, CA)
E o] &3l apoptosis A A,
Forward light scatter<} side light scat-
ter(575-590 nm)E linear mode& =% ¥ oA 1L,
phosphatidylethanolamine® FITC(515-545
nm)E logarimetric mode® =339t A3 &

=
PT=E

A& CellQuest software (Becton Dickinson
Immunocytometry Systems, San Jose, USA)
2 Ahgalsic

7. a4y

M
~

Hr

AEZ W Oy, (superoxide) 5ol4 &4 JME2
¢l dihydroethidium(HE) & °]&3tod flow
cytometer® %3 g3t (Dinara 5, 2001:
InSug 5. 1997: Ye 5. 1999). RAW 264.7 A
Z(4x10°2 60 mm disholld 12417t E<F ik

l RT= ApoptosisO 0|X|= F&f

g U frleeS Alsta 37T 48Xt F
et CO2 incubatorol| Al weFatdtt. vk T8 14]
7+ Ao HE(2 pM/DMSO)< A glsked] o] u A
o M71E DMSOS #HF v=v 0.1%°]™, Hl
¥ FTE F ice cold 4He] PBSE 2-33] A|g
t}2 FACScan flow cytometers o]&3&ke] #4
3lth.  HEE 488 nmeolAl excitation® i 575
nmelA emission®©] bandpass filterg E3}o]

S E A

M

(]

8. MEXE| H 2MUY

2= SPSS 10.02 o83ttt dxaa
o] MTT assay 2% % GSH & #to]<]
unpaired t-test® B w3},

>,
i
M
o &L 2

FFeA 6 BHE B vmstel
3 M FHES} AAE gasm, f715eAe
2AARYS] A R vlaste] §7152 2 M

MIT redu tion{ 0D, 540 nom)

Ol e MeHaCl
W MeHaCl

Fig. 2. Effects of GSH, NAC or BSO on MeHgCl-induced cytotoxicity expressed as MTT reduction(OD,
540 nm) in RAW 264.7 cells. The cells were pretreated with NAC (250 #M), GSH(250 #M) and
BSO(50 #M) for 12 hr. followed by treatment with or without MeHgC1(3 #M) for 24 hr without
a medium change. The differences between the control group and the treated groups(GSH,
NAC, BSO) were tested by unpaired t-test. : ™ p<0.01

381



tigtatdelstslx] A 14 M 4 & 20024

GESHIA AN selle)
H B e
I

Fig. 3. Concentration of intracellular GSH produced by RAW 264.7 cells which were cultured in
DMEM and 0-4 M MeHgCl. GSH were measured at 48 hr after incubation. The differences

between the control group and the MeHgCl treated groups were tested by unpaired t-test. :

p<0.05, ** p<0.01

FE FR= dA6 faEe] AEXsdadrt U
AATHp<0.01, Fig. 1).

2. GSH, NAC, BSOZ} #7|20l| o8t Mz==d

GSH =& NACS A AT ¥ f71F2S A
e frleetE A dazad s FE=
7 @A F7bekla, olek Wi BSOE A A
g & frlFeS A T flEeE A

Fige Bt I
(p<0.01, Fig. 2).

F1Fee &% oJEF o RAW 264.7 AlX
9] GSH ¥%2 74A7H(p<0.05, p<0.01,
Fig. 3).

el izl vl NACYHS A A2]sk +& A
Zol GSH w%7F dA3 5718 (p<0.01),
BSO#& A ﬂﬂﬂ 495 "R AlEW GSH

382

*

7b RAE 9t (p(0.01). A F71FeRE A
w & hETd vag v AL | GSH ¥
Al AEE A3 (p<0.01), NACE A A

£ 7 mtﬂ Tol #7] Fewg A
0 GSH =7t @48 2731
|9k ‘%‘}EHE BSOE @ Aeld F
FrlFenE AR 2o
@A et

°7]TT:—€ 713]‘5‘5_ T
sl Mx 4 GSH %
(p<0.01, Fig. 4).

4. 77|20l 2lsf 7=E DNA =&

715 3 pME A oA F3id DNA &
A7} ladderinge] #AEFoH {714 4 M=
X2k #+2 okzte] DNA 23 34 necrosis?)
gests 53 ZFol skl DNA degradation®]
= A (Fig. 5).

5. MEZ W GSH =517} f7]520d| 2ls RzE
& Selofl o|x|= A&

o %% (Fig. 6A)3 NAC(Fig. 6C) %

BSO(Fig. 6E)%¥S A28k & Hoechst-33258

G 93 pale green 9AS H= BHH {715
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Fig. 4. Concentration of intracellular GSH produced by RAW 264.7 cells which were pretreated with
NAC(250 sM) or BSO(50 pM) for 12 hr and then treated with MeHgC1(3 sM). GSH were mea-
sured at 48 hr after incubation. The differences between the control group and the treated
groups(NAC, BSO, MeHgCl) were tested by unpaired t-test. : ** p{0.01 The differences
between the MeHgCl treated group and the NAC + MeHgCl(BSO+MeHgCl) treated groups were
tested by unpaired t-test. @ + p<0.01

Fig. 5. Evidence for MeHgCl-induced apoptosis. RAW 264.7 cells were treated with various concentra-
tion of MeHgCl (0-4 M) for a period of 12 hr and the cells were then analyzed for the occur-
rence of apoptosis by DNA fragmentation assay, gel electrophoresis. Analysis of the DNA by
2% agarose gel electrophoresis indicated the occurrence of apoptosis. M : 1kb DNA ladder, Lane
1 5 medium alone, Lane 2 : 0.5 #M of MeHgCl, Lane 3 ;: 1 #uM of MeHgCl, Lane 4 ; 2 #M of
MeHgCl, Lane 5 : 3 #uM of MeHgCl, Lane 6 : 4 #uM of MeHgCI.

< A3 —TL(Flg 6B) A= 3 SHHLoZ  olg YxFoFZ NACE A A & f7l4e
gt bright green @49 Dx7F @A F71et H71e #(Fig. 6D)2 #7528 A71sk 1o
3 AlEE oz 9% Pl GA= &AL A apoptosis MEOA HoJz|= bright green

= o

% 2 o
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Fig. 6. Cell staining for apoptotic nuclear morphology as evidence for MeHgCl-induced apoptosis. Cells
were incubated for 24 hr in medium(A), NAC(C), BSO(E) alone or in the presence of 3 #M
MeHgCl(B). Some cells were pretreated with 250 #M NAC(D), 50 &M BSO(F) for 12 hr, fol-

lowed by treatment with 3 «M MeHgCI for 24 hr.

Cells were stained with Hoechst 33342 dye

and Propidium iodide(PI) and examined in a fluorescent microscope. Calibration bar is 10 um for

fluorescence microscope.

Reelative Cell Mamber
%

10? 10! 10
Amnexin VFITC

QAo drrt A Folea FAAEAA #
%E]—‘E pale green @4 Wxr} AthA o g Zrlsl
Fth @ BSOE A A7 & F frie2S Mt
s E%(Flg 6F) f7l2nt Houlket ol vls) o
S5 A FAS Axd &4z A%

apoptosis ¥7] AXZ <’d== bright orange
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Fig. 7. Effects of MeHgCl on plasma membrane lipid

organization as evidence for apoptosis. The
effects of MeHgCl on plasma membrane lipid
organization was evaluated by the binding of
annexin V-FITC to phosphatidylserine(PS).
Cells incubated with in the
absence(solid line) or presence (dotted line)
of 3 pM MeHgCl for 24 hr and then stained
with annexin V-FITC and analyzed by flow
cytometry. Fluorescence was determined by
log amplification. At least 10,000 cells were
analyzed.
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3 A3 frleeE Ay F2
annexin V-FITCel| 7Z3&}A
(Fig. 7).

Fluoresence

RAW 264.7 AE NAC(250 M), GSH(250
D9 BSOGBO M) E A HEldt & {47422 A
g3t FE° annexin V-FITC ¢} PI g4< 3 o}
+ apoptosisg 43 Ay} dlzTe WA A=z
1.1%(LR)®F annexin V-FITCel Z2&3loH (Fig.

=l Apoptosistil 0|X|&= et

58.0% (LR)7} annexin V-FITCd| ZAgstdth
(Fig. 8B). H NACH GSHE A A3 & &
Nees HAE Fe 474 AA AEY
18.7%(LR)¢}F 16.2%(LR)%r°] annexin V-FITC
of Ao 2N {72 9ElA FEEE apop-
tosisE AA A ZAAAAH(Fig. 8C, D). ol¢t ol
xHoZ BSOE A AT * frlFes A
T2 AA AlZe] 75.9%(LR)7}F annexin V-FITC
of Zdgtozn f714L2 93] =%+ apopto-
sisE FAA SVMAS ¥Rk ol HA| M2
o 4.3%(UR)7} annexin V-FITC%} Pl FAll

8A), A7t 22 AA Alxe  Afgemn frlentE A L(1.1%)d ¥
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Fig. 8. Effects of intracellular GSH changes to MeHgCl-induced apoptosis in RAW 264.7 cells. Cells
were incubated for 24 hr in medium alone(A) or in the presence of 3 #M MeHgCl (B). Some
cells were pretreated with NAC(C), GSH(D) or BSO(E) for 12 hr, followed by treatment with 3
#M MeHgCl for 24 hr. Cells were then stained with annexin V-FITC and PI. Viable cells(lower
left quadrant; LL) are characteristic as cells exhibiting negative for both annexin V-FITC and
PI: apoptotic cells(lower right quadrant: LR) exhibit positive for annexin V-FITC and negative
for PI: cells in late stage apoptosis with secondary necrosis(upper right quart: UR) exhibit posi-
tive for both annexin V-FITC and PI.
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Mz Wi GSH #ispyt 777|201 2lgt 2t

27| ddof olxj= I

71gees Ay +2(Fig. 9B) iz (Fig.

MeHgCl-induced O-2 formation in RAW
264.7 cells. Cells were incubated for 24 hr in
medium alone(A) or in the presence of 3 #M
MeHgCl(B). Some cells were pretreated with
50 #.M BSO(C) or 250 @M NAC(D) for 12 hr,
followed by treatment with 3 M MeHgCl for
24 hr: (E) indicated B(solid line) compared
with C(dotted line). The cells were analyzed
by FACS following staining with dihy-
droethidium(HE) to measure the induction of
O-2. Results are plotted as log fluorescence
versus relative cell number and at least
10,000 cells were analyzed.
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xdez Ax i GSH 4 AHER
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GSHE AEAW EAlsls 7MY Fa39 Fatst
AzA AE B3 £ el A ) oz
< 3. GSH® GSH AFACl NAC ZEx
GSH Agdel #Host= ry-glutamyleystein syn-
thetaseE A3sle BSO 5 AHgste] MTT
assay g B3 P|EZ=gol 715 NE SH st Al

EEAAS Lol 2y BSOE A A & &
Aglet A= 3|8 2o o3 Ax54e A
Al 7z e olek dxAor GSH Ee
NACE A A3 & ¢ MY} 4= AExS
A= A AR wet GSHe 29 Al
E54d ol E3E YEidites 2ls ¢ F U
tH(Fig. 2). o|RAS GSH7F A= 94-r°ﬂ A et
Adrslo] oo AEEAHOBRE A X2 BT}
+ Atkins 5(2000)% Chio '5(1996)/] A+ 2%

FoBFEL npeas YA EY T nER

apoptosis9} ##H

Hugo] glom,
ME W GSH F=9 749t &gitar] A 9
3l oxidative stressE =5t nEZ=go} £

g9 Wol& 7S FFAH R AEALE FEdte
gt} (Abedi-
Balugerdi &, 1999; Romamoorthy &,
Shenker 5, 2000). ¥ AFANM= F71F20] &
= ﬂ%@gi A% U GSH vE& 7&AZ o
(Fig. 4), NACE A A3 & f7e2S A
9 GSH v dAsHA 37k a, shd= BSO
2 A A3 T f715S A3 #o GSH 5=
£t dAsA ZAHEAT(Fig. 5). ol Aye
Abedi-Balugerdi 5(1999)% Atkins %(2000)
283 InSug 5(1998)9] Eiel npiriA|&2 f-7]
F2o 93 GSH 49} apoptosisete] AdddS
AAEFL lew, olfgt GSH #4E o= &

71920] free GSHe AaAY = GSH S-

apoptotic cascade® AF3tim

transferase®} & GSH Ao #Asle= BAE
I Agste] FdS Ao EzA dojus Aow
AR E T

Apoptotic processe B2 AZ TE level oA
AT gHA o™ apoptotic process
%27] dAlE nEZcgole] 71%A Wil o3 =
Arojxitta gttt g2zl vEZ= o} Bt T
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o] wolo] BEXL A, mEZE=gol o HAg A
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