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Protective Effect of Perilla frutescens Extract against Oxidative Stress—-Induced
Cell Death in a Staurosporine-Differentiated Retinal Ganglion Cell Line
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ABSTRACT In this study, we examined the effect of Perilla frutescens extract (PFE) on oxidative stress-induced
cell death in RGC-5 cell lines. Staurosporine-differentiated RGC-5 (ssdRGC-5) cells obtained by treating RGC-5 cells
with 1 pM staurosporine were incubated with PFE for 30 min and then exposed to buthionine sulfoximine plus glutamate
(B/G) for 20 h. Cell death was detected using lactate dehydrogenase release assay and 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide reduction assay. To investigate the mechanism underlying cell death, we determined cas-
pase-3 activity, level of reactive oxygen species (ROS) formation, and expression levels of cytoplasmic cytochrome
¢ and mitochondrial Bax. Treatment of ssdRGC-5 cells with B/G increased intracellular ROS and induced apoptosis
with increasing caspase-3 activity. PFE rescued ssdRGC-5 cells from oxidative stress-induced cell death by inhibiting
intracellular ROS production and caspase-3 activation and regulating apoptosis-related proteins such as cytochrome
¢ and Bax. These findings suggest that PFE may have a beneficial neuroprotective effect against oxidative stress-induced

apoptotic death in ssdRGC-5 cells.
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B A3 o] Al&-¥ RGC-5% rat retinal ganglion cello
A g ]41 A& (ob o) &t o) o8} kst
A) A2 HE AFRAT AE v S 8] Dulbecco’s

modified Eagle’s medium(Invitrogen, Carlsbad, CA,
USA)°ll 10% fetal bovine serum(FBS, Invitrogen), 1%2]
penicillin-streptomycine 78} 37°C, 5% CO27}
A 5= A EujeE7lol A wjFstdtt. RGC-5 Al¥E= thek
10%2] confluence(1.5%10" cells/cm®) & Ze}2~¥ wjok
£7]0 B3 3 80~85%<] confluence® A 3FA 319
a1, 25 A X = passage 30 o] 3loll A A3 RGC-5
2 B34 7)7] gl AIEZE 1 uM9 staurosporine(Sig-
ma-Aldrich Co., St. Louis, MO, USA)ell 64|17} &9t =&
A7l 3 culture mediumolA BFF E<F vlksS o)
Staurosporine 2.2 #3}A] 71 RGC-5(ssdRGC-5)& o] &
+%=(0.1, 1, 10, 100 pg/mL)e] PFE %+ 100 pM Trolox

(Tocris, Ballwin, MO, USA)¢} $H7 30+ &<t A A2 g
%, 0.5 mM L-buthionine-(.S,/)-sulfoximine(BSO, Sigma-
Aldrich Co.)¥ 5 mM glutamate(Sigma—-Aldrich Co.)%
24N 7Y st v gate] A3t 2Ef 25 fesgivh24). AF
3} ~Eg 2o 3k %7 FEE2 2% 100 pM Tro-
lox®} Hl L3} T

Lactate dehydrogenase(LDH) Q2|2 E5t MZAIH

ssdRGC-59] AFE AL+ vjx| 2 &85+ LDHE
sFo] 2381 tH(25). ssdRGC-55 ¥ -¥%=2] PFE 100
uM Trolox® 30% A ##% § 0.5 mM BSOS 5 mM
glutamateE F7}sle] 20A)7F v kst tf3, viA]E 25 ul
A 3 96-well plateo] %31 ¥ NADH solution(0.03%
B-NADI[reduced form of disodium salt] in phosphate
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buffer) 100 pL¢} pyruvate solution(22.7 mM pyruvic
acid in phosphate buffer) 25 pL& % 7}s}le] NADH A&
Fs 340 nmoll A 2%7F SA T At A 5
= W3l (AA/min)E AXFstal iz e] F3x Wl i)
HEEZ w3
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ssdRGC-5 A EZo] AEAEE $8ke] 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) reduction assayS A A8+ tH26). 24-well plate
o WlYet ssdRGC-5 Al X o8 FXe] PFE & 100
uM TroloxE 30% A A g3 & 0.5 mM BSO¢ 5 mM
glutamated # 7}l 20A17F v kst o2, 2} welloll PBS
AZFg Ao =2 MTT(5 mg/mL) &4 50 ulL¥ H7}tst
o] 1A1ZF FoF g ajsksitl. 14)3F ¥k-§- & formazan
P& g8t formazano] 201X A FA deds &
3] AAS o, 200 pl.e] DMSOE #7Fshe] =91 $ mi-
croplate reader(Model 680, BioRad, Hercules, CA, USA)
& AH&3He] 540 nmell Al FFEE S48 72 A%
& ZF AT el gz AXE 100%= 35S W

AR MEAEES ALTSHATH

= [e]
54&

Caspase—3 activity assay
ssdRGC-5 AlEE 0.1, 1, 10, 100 pg/mLe] =22 A=
% PFE ®4= 100 uM Trolox® 30% A #gska, 0.5 mM
BSO¢t 5 mM glutamate® H7}ske] 20412t &<t v &t
t}S, lysis buffer(10 mM Tris/HCI, 0.32 M sucrose, 1
mM PMSF, 1% Triton X-100, 1 pg/mL aprotinin, 10 ng/
mL leupeptin 5 mM EDTA, 10 mM DTT, pH 8.0)% &3}
% lysates YA (10,000X g, 4°C, 5&) a3t &+
g?& 200 ngel @A sample 200 uM Ac-DEVD-p-
NA(Biomol, Plymouth Meeting, PA, USA)$} g7 vl st
F, mao] o waEe] A p-NA &E microplate
readerS AFE3Fe] 405 nmolX FA s tH24).
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ssdRGC-5% 0.1, 1, 10, 100 pg/mLe] =2 A x3
PFE T+ 100 uM Trolox® 30% & A#|&ta, 0.5 mM
BSO¢} 5 mM glutamateE 7}sFo] 20A17F &< vl 3k
%10 uM dihydroethidium dye(DHE, Molecular Probe,
Eugene, OR, USA)& 37°Cell A 303t Ash3ith. 4
¥l Al¥E= HEPES ¢+5-& 940 % 33] Al A3 & SA] laser
scanning confocal microscope(Olympus 5100, Olympus,
Tokyo, Japan)2. & 3713191 o™, DHE® &3 intensitys
image-analysis computer software(Axio Vision™, Carl
Zeiss, Oberkochen, Germany)E AF&-3Fe] A &3} th(27).

M= LH H0. MM =X

2’,7'-Dichlorofluorescein diacetate(DCFDA; molec-
ular probe)E Aol AE U s EA4S S5
t] A}-8-%]= ROS-sensitive probe®]t}. ssdRGC-5% 0.1,
1, 10, 100 pg/mLe H== A %3 PFE ®+= 100 M
Trolox® 30% % g3}, 0.5 mM BSO9 5 mM gluta-
mateE H7}ste] 20413t 5t w43 th&, DCFDA dye
(10 pg/mL)& 37°Cell A 307+ A skalch. dAE Alx
= HEPES ¢80 0 7 33| A3 3 =A] laser scan-
ning confocal microscope(Olympus 5100, Olympus)2
2 skl e, DCFDAS] &% intensity+ image-anal-
ysis computer software(AxioVision'", Carl Zeiss)& A}
gato] At aivh24).

M=ZZ1t o|EEZEz|of 28l2| 22

Alek HalE M EZE ice—cold PBS(phosphate buffered
saline) & 23] Al&gk & ol 23 a4 JAAA0 ng/
mL leupeptin, 10 ug/mL aprotinin)E % 7}3%}F lysis buf-
fer(20 mM HEPES-KOH, pH 7.5, 10 mM KCI, 1.5 mM
MgCly, 1.0 mM EDTA, 1.0 mM EGTA, 1.0 mM DTT,
1 mM PMSF, and 250 mM sucrose)® A|&4+3}aL, glass
homogenizer® 343+ & 4°C, 1,000xgoll A 1587 944
22 3tk AE S 4°C, 10,000 g0l A 1587 AR
2] 3 a1, dojR mEZ=go}l AL RolA lysis buffer
off AEAE 3FATE 10,000x gl Al AAEE] sho] B2 A%
M-S 4°C, 100,000x g A 1417 &<t 13] o LAE8 st
R FsAs Axd £8oz AAHe At Cytochrome
c¢t Bax®] Al Y o5& Aty 98 v EZ=g oL &
83} A Ed 8o th3] western blottingS =38+ ).
MEF=g ol EX|+= cytochrome oxidase subunit IV
(COXIV, Invitrogen), A|324 8 9] %A= actin(Sigma-
Aldrich Co.)& AH&-33HH(26).

Western blot(caspase—3, caspase—6, cytochrome c,
Bax)
Al A2E AEE ice-cold PBSE 23] A& 3}a1, RIPA
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buffer(pH 7.4, 150 mM NaCl, 20 mM Tris-HCl, 1% NP-
40, 1% Na-deoxycholate, 1 mM EDTA, protease in-
hibitor 10 pg/mL leupeptin, 10 ug/mL aprotinin)ol] ¥ o]
MEZE sttt Al ¥+ glass homogenizer® 13] ¢
kel o™ 4°C, 14,000 rpmoll A 1583 A E 5
of I AE FEES AAS L AFF NS BobA] immuno-
blottingdll AF&sFaich @¥AdLe BCA™ protein assay
(Perce, Rockfor, IL, USA)Z A3t @l d A&
10% sodium dodecyl sulfate—polyacrylamide gelol]l A
719 %o 2 ®23}al, polyvinylidene difluoride mem-
brane® & blotting 3t 5% non-fat dry milkE ¥ &
Tris-buffered saline®ll blotS @il AF2olA 147t &<k
FrASA L, 12} A &} A 4°Col A aFF7E 2t A3t
o). Blot& Tris-buffered saline22 # o]l ¥ horse-
radish peroxidase-conjugated 22} IgG 3|2} 374 14]
F fAsS Y A3E A= LAS-1000 Pro(Fujifilm
Corporation, Tokyo, Japan)& AF&3}o] AlZ3}lslal 4o
3Tl Anti-caspase-3, anti-caspase-6, anti-cyto-
chrome c antibody, Bax antibody+= Santa Cruz Biotech—
nology, Inc.(Santa Cruz, CA, USA)o A ol 3}51 tH(26).
Anti-actin, anti—-COXIV antibodyi= Cell Signaling(Be-
verly, MA, USA)o A “Fufs}&it}.

SAHAE

A As 7 ] wel Ay} 2EeaE el
a1, A 7o oA Student’s testS o] & F P
#el 0.05 MlE W o Row BT
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B/G = ssdRGC—5 A|MZAMZOM Xt=7| EE29| M|
X HS S0
B Ao A ALE-3F RGC-5 M EFE 21312 ~Eg 2
S 717E AFEta AAFRS VWS 9t
3 HAE vk 2l om(28), ol &
A A A ¢l staurosporine &= E-3}A] 7]
W axon} neurite’} AT I AAFA L] Eojxog
Elb= thofet Bt dE ok g gleng 2 A
o 1= staurosporine &2 ¥3}A)71 RGC-5Z A}-&-3}ith
(24,29). BSO%} glutamate(B/G)&E %3 ssdRGC-59]
LDH 1] AAHA(100.0+3.8%)3 HX S o o 27
(270.84£20.5%)1 A F/d AA F7Fakdtt. 10, 100 ng/
mL PFE= dlZa o8] f-o]8 2= LDH w87} 2h4 (7
200.3£12.1%, 193.8£13.5%)3t51 o™, italA 2 &
A TroloxZ A3 A hxTF(147.1£13.3%)% LDH ¥
HI7F o) o2 7H48F9 tH(Fig. 1A). B/GE f&=3t A2
7 ML MEABEES A div] 59.8+£0.3%% 7HA3)
Qow PFEIAME 5% oEH 07 A EPES] F7}38}
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A 350 B 120- Fig. 1. Effects of Perilla frutescens extracts
(PFE) on BSO plus glutamate (B/G)-induced
< 300 * S 1004 — # cell death in ssdRGC-5. ssdRGC-5 cells were
£ T £ . o incubated with or without PFE (0.1 ~100 pg/
8 2" NI . S &0 . mL) for 30 min before adding 0.5 mM BSO
5 2004 5 plus 5 mM glutamate, and incubated for 20
2 # S * h. Trolox (100 pM) was used to compare the
© 150 > protective potency. (A) The effect of PFE on
§ = 404 B/G-induced LDH release in ssdRGC-5 cells.
'® 100+ g The percentage of LDH release was compared
T 3 204 to the control. (B) The effect of PFE on B/G-
g 509 o induced cell death in ssdRGC-5. The percent-
0 0 age of cell viability was compared to the con-
& @ 01110100 o+ & &° 01110100 ot trol. Data represent the mean+SEM of at least
& PFE (ngmL) < SNCH PFE (ug/mL) three independent experiments. P<0.05 vs.

untreated control, #p<0.05 vs. vehicle (B/G

BSO + Glut 20 h

Aok 3 vaske] 1 pg/mL PFE Fiol A 3g #9
A Al AEZAEE] F7Fekle™, 100 pug/mL PFE A 2]
T(87.71£2.7%)N A H ) A FEAEE ] Ve THFig. 1B).

B/G SE caspase—3 M50 XIX7| FTE29| S0}
ssdRGC-5°14 B/Gell 2] caspase-3%} caspase-6
gAS western blotting2 & A3 A3}, B/Gol|l 93l
caspase—-39} caspase—-69] Aol 7R o™, 100
pg/mL PFEC] 93] At o2 A H At Fdu=
T O 72 A3l pan-caspase S A AR ZVADS} daksbA Q]
Troloxell 2]&)A4 % caspase-3%} caspase-6 A o] AA
T+ FFEo R A A vHFig. 2A). PFE] caspase-3 &4
35 A4E ol &3 SAHT AIYdAME B/Gol 3l cas-
pase-3 &Aool 1.6W] F7H158.1£2.3%)3}+% 31, zVAD+=
caspase-3 &4 G $£3(93.41£5.3%) 2.2 A 53]
t}. PFEE 3% &2 0 2 caspase-3 &S 7HAA AL
™, 10, 100 pg/mL(Zr7} 139.243.2%, 132.4£1.6%)°1 4
= e F9A AA caspase-3 BAo] 74T
(Fig. 2B).
B/G Sk ASHN AERAM Cfst XE7| FE22| 51t
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only, without pretreatment with PFE).
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PFE®] & %5o] YelhE=A #2317] ¢4 DHE 94
o]-g3f ¥Haet A+, B/Gell 9]¢k DHE o] 24(100.0
+6.3%) ¥ 1.49) S7}Fs3 a1(143.3£5.7%), x4 H]
W3ked 100 pg/mL PFECIA] M3 U] DHE #A o] f-2]31A
7289 TH122.946.8%)(Fig. 3A). 3k B/Gell 938+ AlE
W hydrogen peroxide Aol s = PFES 5] U
Elub=x] B#alr] $al DCFDA @ AWS- o] &3 w23t
A3}, B/Goll ©]3F DCFDA 24o] AAbat Bt} 28 57}k
31(202.4£11.4%), 100 pg/mL PFE°] 23] §-<J3HA 24
3 tH(131.4+5.7%)(Fig. 3B).
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B/G §= O|EZEEZ|0bd AlAZ MEALE MM XtE
7| FEE2 BEs 7™

B/Goll 93 ssdRGC-59] Abdo] mEZ=go}lAd A FEAL
H 717E S8l dojubeA, wheF 1¥YH PFEVL I EEE
gold APE7| A S AAskE AJAA] Lolr ] fd HEZ
zgobAd AEAE 7] Al cytochrome co] AlEH 2] 1
=3} Bax9] nEZE g otz 9] o]5S western blottingS
3] Bt B/Gol 9al cytochrome c7F AlE 22
HE 5= S #2319 4L, cytochrome ¢ o] 100 ng/
mL PFES} 100 uM Troloxel 28l A= A cH(Fig. 4A).
ol& M2 FHA actinell Wi¥] A Ay} B/GE 4G
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Fig. 2. Effects of PFE on B/G-induced caspase-
3 activation in ssdRGC-5. ssdRGC-5 cells were
incubated with or without PFE (1~100 pg/mL)
for 30 min before adding 0.5 mM BSO plus 5
mM glutamate, and incubated for 20 h. Trolox
(100 uM) and zVAD (1 uM) was used to com-
pare the protective potency. (A) Caspase-3 and
caspase-6 expressions were analyzed from the
cytosolic fraction of ssdRGC-5 cells after 20
h B/G insult. (B) The percentage of caspase-3
activity was compared to the control. Data rep-
resent the mean+SEM of at least three independ-
ent experiments. "P<0.05 vs. untreated control,

+
O
Q ,l,QV“

BSO + Glut 20 h

*P<0.05 vs. vehicle (B/G only, without pre-
treatment with PFE).
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Fig. 3. Effects of PFE on B/G-induced ROS accumulation in ssdRGC-5. ssdRGC-5 cells were incubated with or without PFE (0.1 ~100
pg/mL) for 30 min before adding 0.5 mM BSO plus 5 mM glutamate, and incubated for 20 h. Trolox (100 uM) was used to
compare the protective potency. (A) The amount of intracellular superoxide anion (O,”) was evaluated using the fluorescent dye
DHE and intensity of DHE was quantified. The percentage of O2" production was compared to the control. (B) The amount of
intracellular hydrogen peroxide (H>O,) was evaluated using the fluorescent dye DCF-DA and intensity of DCF was quantified.
The percentage of H,O, production was compared to the control. Data represent the mean+SEM of at least three independent
experiments. P<0.05 vs. untreated control, P<0.05 vs. vehicle (B/G only, without pretreatment with PFE).

¥ 1.78] cytochrome ¢ W&ES S7MA#H 31(166.3£ o &
4.3%), 100 ug/mL PFE(104.4+14.5%)¢} 100 uM Trolox
(82.1£19.0%)°l o8l reld Al A&kl th(Fig. 4C). FINHEFROS)S Fe FroAe= s dAdd) 22
E4, B/Gel 03] Baxel MEZEe 0Lz o 5ol el AEe) 75g 2Ask: ol Bad BajelAw, @akd A7)
31, ©]&= 100 pg/mL PFE®}F 100 uM Troloxl o3l &A= 7F ekl el A A E = ROSE 3|8 Alare] Abs)A
Ath(Fig. 4B). ol & WEZE=gol oA COXIV tiH] ZEY2E AOTHE,30). 1714 T2 3 A=) B3
A A3, B/GE A4 o] 9.60) WEZ=EolR o] gk 2 wiol ABAEE ATP9 ROSE ol AT 4
Bax °]&& F7H%31(962.4£94.7%), 100 ng/mL PFE i Eo]H el A AES ZpX 3 glE W ool e} =& Ak
(442.6+£178.9%)<F 100 uM Trolox(394.4£117.9%)l < E9} Algke MEZ AAHE Soll g5l 4t ~EYAE v
3 o9 AA FFAsHATHFig. 4D). A FFAAA A7 AEAPE ] EA A Fefstal 9l
A BSO+Glut 20 h B BSO+Glut 20 h
N A
QI & > e &
c)oéé Aé\\o SQQQQQ’&@O c)o‘é Aq‘,{‘\c} »@QQZQQ/ &@o
CytoC ‘ e w—— | Cyto Bax | — — | Cyto
. ) Fig. 4. Regulation of PFE on B/G-induced
CytoC l- ‘ Mito Bax | —— l Mito mitochondrial death pathway in ssdRGC-
) ‘ — e ‘ ovt 5 cells. (A) Western blots for cytochrome
Actin =] Actin l— —— "'"'l Cyto ¢ detected in the cytosolic and mitochon-
. . drial fraction. (B) Western blots for Bax
COXN‘ ‘ Mito COXIv }"" | Mito detected in the cytosolic and mitochon-
c D drial fraction. (C) Cytosol cytochrome ¢
R = * signal intensity ratio. The ratio in control
= 1807 5 1000 T was set as 100%. (D) Mitochondrial Bax
3 = 128: 4 _§ ~ 8004 signal intensity ratio. The ratio in control
@g 120- - # g £ # was set as 100%. Trolox (100 pM) was
£ § 1004 I & 6007 # used to compare the protective potency.
g 5 801 ;’(;_) 400 (A, B) Data are shown representative of
O 68 >4 \2 3 separate experiments. (C, D) Data are
2~ ‘2‘0_ 8 < 2007 represented as meantSEM of three in-
o 0 T’é 0 dependent experlments "P<0.05 vs. un-
Q\@ ‘,\\(}0 q\& c}o"' m &\3‘ §® q\‘& 69+ treated control, *P<0.05 vs. vehicle (B/G
. \QQQQ % A & \QQQQQ@ < only).

BSO + Glut 20 h BSO + Glut 20 h
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H oo = BSOS glutamateE S Aol X}ﬂﬁt}}li’ﬁ
Ao sbstd ~EYAE sl ols Al &5
A HAsk A (H02)9F 22 ROSE AF 7Hshe A KT Al
3 UFoll A ROS7F S7Fs e ek= Aol i vivo A 2=83}
FrAFBHTHE Barv) ¢lof(28), glutathione(GSH) 43S 9
A 3= BSOS} cystine uptakeS A #|5F= glutamateS
A Aesle] GSH 23RS Frgdoan A3l ~EYis
skl th(32,33). ROSE AIXE Ul o] 2] &7] el A A4
g AR Y T Fae nEZEolE oA
(34). 53] Oz & Axs T4 F gl7] v nEZ=
2]} matrixell & T=2 A5}, HyOx= v EFZ =g o}
AAAGAE FA nEZE=ol 2 A E A A
U o BREE FTRAA AdUAE 2ZA A ERE ol
ALz o7 ROS AL 7}7\]74 A W59 gikskAl &
FAAZIEH30). v EFZ = o} kst Al ="l A 7 5
[k Ao] GSHek GSHQP A#E Ay kst aaEolrh
|EZ =)o} matrix®| glutathione peroxidase(Gpx)13}
ko] Gpx2+% GSHoll o242l dithiol W8-S Zwjsle]
WA o] disulfideE #30H(35). WA BSOS gluta—
mateE A FOEH FU3t= GSH 492 nEZE o}
o] #1aks} Hho] A|2Ele] &Abo @ old] AEle AlelA ~E
=5 FEAZIA drt o] &3 dAsHA & A7-2 Tl
A% ssdRGC-5014 B/GE Oy 7 Hy0.9F 2 A% )
ROSE S7M71a AEAVE S Zshs Ao yeistt
(Fig. 1&3). PFE= 100 pg/mLelA ©]# 3k ROS S7F+
AZAPE S - o2 JA|etqaL, o] £3%+ PFE
1 mg/mLoll A #&3sE wf AA =44 o] YEhbA] e4gks
o2} 100 pg/mL PFEAIA YER &5 Ht o 727

j=|

ol %% vehtx gkt wEbM 100 pg/mL PFES] RGC
H3% G52 vEZ=gold 28t et ksl 2¢
< B3 el Aoz 353 4= Qi) 13 PFEE HE
.

oA dojup= APEVIH F 7Y B o2 U
= A9l cytochrome ¢ W& 3 Baxel o5& A5
tH(Fig. 4). Cytochrome c= WEZE=g o} Yuto = o
NAZ ARALDAANA AAE AEshe a3 985
=4, ROSel 2]&l cytochrome c9t AEsta Jd 1% 4
cardiolipin®] #Akg}E]o] %71 WAstA EWH cytochrome
cote] Aol FHaste] M EFZEgolRE o]F 3 Bax di-
merell 93l FAdE 7]F(pore)&

o
—_

23 Cytochrome c7F Al

X2 UEdva deAd Jrk36,37). o] E3 PFES] 4t
3 5% X33 AE BT G50 nEZ=gold Fes)

E
o
I

polyphenolic A¥#o] AZ% 31, ]33} polyphenolic A+
2 3k gkl S 7}7‘ T} By RtH21,38). 53
22719 polyphenolic 4% % rosmarinic acid(R*=0.8477)
<} luteolin(R*=0.4326) %< correlation 7 thar ¢
H A JH39). ©] F rosmarinic acide AN AMEE L g3
theFek Aol A e, FASE ol et Ay il 7l
S 7MY A Q31(40,41), luteoline BSO29} gluta—
mates A A2 AJAA 2 i ME BE g3} 9l
EiEec &JJrE vERATE g A ATh(42). o] Z2 AT
AES 53 ssdRGC-5914 BSOS} glutamate = =%
2rald ~Eg s U PFES] Al¥ B3 F 3} rosmar-
inic acid$} luteoling 333 polyphenolic 4&¢ a%5¢Y
7Fs/g ol Tk HIE zxpx7] o] v EZE o] AlE B
gk 2pAIeE A4 71A T 7 & ARl gig A7 F

7t2 QFE AN, AFSEA ~Ed o sk AFx27] 9] AlAA
AE RS avE ufgo s AXAAS FERHA 2=
7191 Alg B g ASHEvd (277 = A%3E A
A5 R ooF AR FE3] JiddE Vsl e Ao R
A7 o,

o OF

4 |
B AR E Astd ~EG AR S5 A A EAPE

st Ax7] & FEEPFE)Y a3E gRlskaltt. Stauro-
sporine 2.2 #3}% ssdRGC-5 A X buthionine®} glu-
tamate(B/Q) & 2313 2EY 25 #4239 2, LDH re-
lease assay, MTT reduction assayS £35}¢] PFE7} 5%
o]EXH o2 B/Goll Y MEAIES A TS HE3A T
AEATE ] 71 & AT37] 9138 caspase &4, A2 U]
ROS A=, MxuAl #d ooy digS #Aads 23
B/Gel 93l S71ek ROS A%, caspase &4 PFE7}
SA LG 1, MEEDZE WEH cytochrome coF MEZE
o}& o]5 g Bax® #AadE gttt o] o] AnE 5
Bl 227)%= A ~Ed AR fig AalA AZAPE 3
Aol A iksl gatet v EZE g ol AXATE S st
o=M AX BT 285 YEPES 38T

| =SE=Te |
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