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The Effect of Alisma orientale Extract on Free Fatty Acid-induced
Lipoapoptosis in HepG2 Cells

Eun-young Kim, Jang-hoon Lee
Dept. of Internal Medicine, College of Korean Medicine, Kyung-Hee University

ABSTRACT

Objectives : This study was designed to investigate the effect on lipoapoptosis of Alisma orientale extract against free

fatty acid-induced cellular injury.

Methods : HepG2 cells were used in an vitro model. HepG2 cells were treated with free fatty acids to generate a cellular
model of nonalcoholic fatty liver disease (NAFLD). Using this cellular model, the anti-apoptotic effect and reducing steatosis
of Alisma orientale extract against free fatty acid-induced cellular injury was evaluated by measuring steatosis and apoptosis.

Results : Alisma orientale extract significantly attenuated free fatty acid-induced intracellular steatosis. Alisma orientale
extract inhibited free fatty acid-mediated activation of pJNK, PUMA, BAX, caspase-3, and -9, and apoptotic kinases that
are correlated with NAFLD. Alisma orientale extract also promoted Bcl-2. a anti-apoptotic protein.

Conclusions : From the above, the Alisma orientale extract decreased the hepatocyte steatosis and showed the hepatocelluar
protective effect by the regulation of apoptosis-related protein. It proposes the possibility of Alisma orientale extract to the

treatment of nonalcoholic fatty liver disease in clinics.
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olol] A= A oleic acid % palmitic acidE
B3t Ak odleE 80%E FEH EAb
= 77 228 HepG2 celld] MTT assays E3l
Az G W3tE F2317, o] F HepG2 cellol
$2] A 9AS 22]8ke] lipoapoptosis Al E S
A3l AL olehE FEES Fo3ted Oil-Red-0
staining, real-time PCR, western blot <] ¥{.o
2 Az A 54 wstel M EAPE I A3 E
+ JNK, pJNK, PUMA, Bax, Bel-2 ¥ caspase?)
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L8k el
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1. IH Z2
) oA 9 —"F
—Eh Aol AM2-8F B AL(Alisma orientale, AO)=

cEEECR DERIECEE LD ]

Korea)oll Al A8 7S F93t9oH,

g& AHEsH el EAle] FE2 olebE S o] 4319
o} BALE ARt 2712 whdt § wk A5 100
gol el 10m0] 80% ol et&& el 40 Co 25
3 FZ7](JAC-4020, KODO Technical Research
Co..Ltd, Hwaseong, Korea)ellA] 3717} g4} 23] ub&-
F%3}ed o 3(Whatman No2, Maidstone, England)
3jict. o7l ofleks FENE 7RFsS(N-1000S-WD,
Eyela Co,. Tokyo, Japan)3dted 92 oetg 325
ol 80% olehE 100 mL= &) A1A 40 CToll 3+
WA & AZAE oAl A 5 5E Az
(FDU-1100, Eyela Co.. Tokyo. Japan)3te] o gk
FZEL Az

H}
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1) M Eu] ok

HepG2 cell> Korean Cell Line Bank(KCLB,
Korea) ol A} F313}5it}. HepG2 cellS wi kel & o]
3] 5% olAMEAIE FFEE wiFTleA
37 T2 wiokstsict. A E wjofele 10% fetal bovine
serum(LONZA, U.S.A.) = A4 (LONZA, US.A.)
7} 3¢ Dulbecco's modified Eagle's media(LONZA,
USA)E AHE3lom 3-4d 7HA 02 ufj oFH o
025% trypsing 93 AHeste] HAEE SHAA
Al oFatict.

2) A Zell B3t oFEA

HepG2 cell& 6 well plateell 70%A = 2 w71
7] = lipoapoptosis =2 ¢ S Aakak 1
mM(0.66 mM oleic acid+0.33 mM palmitic acid,
FFAs)& 24217F A28l oleic acid$} palmitic
acld®= Sigma Aldrich(U.S.A)elA o3t o,
isopropanolel oA AR EA} FEEX
R AR A & 24A17F ot AdEked

3) MTT assay

MTT Al ek Invitrogen(M6494, U.S.A)elA -
u)3tgde}. A A phosphate-buffered saline(PBS)
o 1 mg/mlE o, M EE 96 well plateel]
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B gelXlgaoz FEE HepG2 cellel lipoapoptosisoll o] xl= sk

15x10° well2 4817k wjekatsict. ol & 42 A
AL Al 1A 24X R piee] A Egle
o, da} FE2E A E FEHEE U A
Hooh 2 F MTT Aok 2A412H5<t Aesia e
], MTT Al¢F 28] & dimethylsulfoxide(DMSO)
100 pl& formazane *=9 & ELISA LEADER”|
(Microplate Reader, U.S.A)Z 570 nm &3 elA
THEE A

4) Oil-Red-O staining

HepG2 cell®] A¥F&EA-2 0il-Red-0 staining=
o] &3] A, MEZZ 10% formaldehyde®
12175t A7 % 60% isopropanol®] o2 AH
slddh. NEE 60% Oil-Red-O(sigma, USA)ZE

0E gAsdd A e SAs] Sl

AAE ZHo)Ee 100% isopropanols ¥ HE
o A2 A AoiFE F 510 nmolM FHEE S
Asldot

5) Real-time PCR

HepG2 cell& ¥573te] oFe5 A28t % HybridR
kit(GeneAll. Korea)& AH8-3te] RNAE F%3}9]
o}, %3 RNAZ template® cDNA synthesis kit
Intron(LeGene Bioscience, U.S.A.)S ©]-&-3}] single
stranded ¢cDNAE Alz3}ieh HdEE DNAe|
SRS EolH oz ZZs:= PUMA primerss
Yol real-time PCR WS o483l SA31H
Internal controlZ*= GAPDHE AH-s}3ist. GAPDH
9] forward primer$} reverse primer sequence:
5-CATGGCCTTCCGTGTTCCTA-3' ¢+ 5-GCGGCA
CGTCAGATCCA-39 ). PUMAS forward primer
9} reverse primer sequence™= 5-GACGACCTCAAC
GCACAGTA-3'¢} 5-AGGAGTCCCATGATGAGAT
TGT-3'%th

6) Western blot

AEE fEdt AEE FIAA FEE F
=¥z AHEs 3 HepG2 cell& RIPA buffer(50
mM Tris-HCl(pH 7.5), 0.1% SDS(sodium dodecyl
sulphate), 0.1% Triton X-100, 1% Nonidet P-40,
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0.5% sodium deoxycholate, 150 mM NaCl, 1 mM
phenylmethylsulphonyl fluoride) 2 482171 & 8%
SDS-polyacrylamide gel 7] *d53 v PVDF
membrane®! transfer 3+ 5% BSA(Cell signaling,
US.A)= blockingdt % B-actin, JNK, p-JNK, PUMA,
Bax., Bel-2. caspase-3.-9 52 o3& 7}A] 1z} Al
(Santa Cruz Biotechnology, Inc., US.A.) & horseradish
peroxidase”} #-#% 22} A Z Hb-g-A]7]2 ECL
-9 (Milipore, USA)S ARE-3sle] 52 chilal &

galstsie

A Ade 7 Al AT HEHSEME
5| Z

7] 93, A 2§ Al g AAH) 9%
57 4% ONE-WAY ANOVA TestE o438}
At ZE 54842 GRAPH Prism 5% |83
A 3E e PA.05Y Fh BAA felA el gl
T Aoz ddstyd.

m. 2 =
1. MTT assay

1) f2lAHkAke] cell viabilityell v]x]&= <33k
fre) A HHAE 1 mM(0.66 mM oleic acid+0.33 mM
palmitic acid)9] A E5AS #alstr] 9)5ke], Al
25L& A7 4A7te R Yol HEd & MTT
assayE Alstsich A4 dHx2st wix HEd
A 147 Foll = cell viability7} 100%1A4 95%
2 Z W3} gl o 24A 7 A Bel= 3%
A2 E 7o) FAFAHFig. 14). ol F 53 +2
A8k 2ol 2 B3} lipotoxicity S &Hld 4= 2lgich
2) AA FEE0] cell viabilityell P]X]= 33
AL 80% olehE FEE-2 100, 500, 1000 pg/ml2]
Y52 7] Foist Az izl Blsl 100 pg/ml
oM & cell viability7} 100%0 4 7%= H-2] 3 =
3p7F JehdA) ekekent 500 pg/mieh 1000 pg/ml
AME 47 61%, 0% F= SJEHOR 7AF



+ Aoz Yepdeh(Fig. 1B). ©1%= 100 pg/mlel A
v AEEA o] YehtA 4= AL v, o &
EYE o]oix|= AgalA 24417 H2]g 100 pg/ml
TR HAl FE2EE AMSE L
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Fig. 1. Cell viability assay.

After treatment of 1 mM FFAs on HepG2 cell for
1 hour and 24 hours, MTT assay was tested.
Treating for 24 hours showed toxicity to HepG2
cell (A). After treatment of AO on the HepG2
cell for 24 hours, MTT assay was tested. AO
treated with the concentrations of 100, 500 and
1000 pg/ml. AO 100 pg/ml showed no toxicity
to HepG2 cell (B). Statistical significance was
determined by one-way ANOVA and the values
are mean + SEM: *** P0.001

FAs : free fatty acids

AQO : Alisma orientale

2. Oil-Red-0 staining2 S8t MZL Ao 24X

24

HepG2 cellell lipoapoptosis =2 S84 52
A 1 mM= 24217F A28t £ Oil-Red-O staining
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Fig. 2. Qil-Red-0 staining for cell and quantitative
analysis of lipid.

Cells were treated with 1 mM FFAs. The control
cells (A) were treated only with 1 % BSA, (B) were
treated with 1 mM FFAs for 24 hours, and (C) were
pretreated with 1 mM FFAs for 24 hours and
then cultured with AO for 24 hours. These images
were captured by microscope at 400x. The quantitative
analysis of lipid (D) was measured by Oil-Red-O
staining deposition. Statistical significance was
determined by one-way ANOVA and the values
are mean + SEM: ** P<0.001, control versus
FFAs treated group (lipoapoptosis induced group)
and *** P<0.001, lipoapoptosis induced group
versus AQO treated group.

FFAs : Free Fatty Acids

AO : Alisma orientale
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B gelXlgaoz FEE HepG2 cellel lipoapoptosisoll o] xl= sk

3. BiAL FEF0| pINK o] 0jX= "&

Fre] A WAk 98t A ZANE A o] FHeddte=
oz 427 JNK(c-Jun N-terminal kinase) %
JNK7} 2435l Arelel phospho-JNK (pJNK) <]
k& dolr 7] 98 western blots Al3eH A},
[¢]

=

4 dzgel wla fANA 1 mME AT
Sol M pINK7F 271811 &S glsigint. 183

AP Rol A Z71skA) pINKZF AL 80%
el 22Edx] dAsH] Fasteles AE)
SeH(Fig. 3). o1& &3 #AF FE&°] apoptosis
£ =k pINKS] 84S AAS gelstao

Oo_q.\luoio
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INK (46, 54 kDa)

A —
pINK (46, 54 kDa) p—— .

B-actin (45 kDa) [ — — —]

FFAs (1 mM)
AO (100 pg/ml) - +

Fig. 3. JNK and pJNK expression level.

Total cell lysates were prepared from control
cells, cells treated with 1 mM FFAs for 24
hours, and cells pretreated with 1 mM FFAs
for 24 hours and then cultured with AO for 24
hours respectively. pJNK expression level was
down-regulated after treatment of AO. B-Actin
was used as internal control.

FFAs : Free Fatty Acids

AO : Alisma orientale

4, BHAL F=EF0| PUMA 20| O|x|= A&

B YT RSl AN o] AEHE
AzAPE =l elxpel PUMA(pS3 up-regulated
modulator of apoptosis) 2] 24 W32 real-time
PCRE 53] A# X3ttt PUMAS mRNA W3}t
= A Hx2Lel vls fAEA 1 mME Fo
g Aol A oF L8 S7bek S Eelsad. o
22 fA A Foj2 184 27489l mRNA
okol ElAL 80% et FEE Fo Ao+ LIv=
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73k e (Fig. 4).

Western blot= %3 PUMAS &A4& 3elst
AN = w7 2 A4 d 2ol vls £
A WA Bodsgl s W 1202 ZUtsiglon,
YA AL T2 Z718l9 ™ PUMA protein 9l
AL 80% At FEE Fol Al 0.7WZ 7
289 5S FAsGH(Fig. 5). o) F3ll HAF >
ZE9] apoptosisE 53 PUMAY mRNA ¥

protein oA I AL JA S Felsleld
2.5 o |
] p—
= 2.0
2
S 1
% S——
.g 1.0+
%
@ 0.5
o
0.0 -
FFAs (1 mM) - + +
AO (100 ug/ml) -

Fig. 4. PUMA mRNA expression level.

PUMA mRNA were prepared from control cells,
cells treated with 1 mM FFAs for 24 hours,
and cells pretreated with 1 mM FFAs for 24
hours and then cultured with AO for 24 hours
respectively. Data were normalized with GAPDH
level. All Statistical significance were determined
by one-way ANOVA and the values are mean
+ SEM: *#* P0.001, control versus FFAs treated
group (lipoapoptosis induced group) and *** P<0.001,
lipoapoptosis induced group versus AO treated
group.

FFAs : Free Fatty Acids

AQ : Alisma orientale
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PUMA (23 kDa)
-actin (45 kDa)

PUMAJ/j-actin ratio

FFAs (1 mM) - + +
AO (100 pg/ml) -

Fig. 5. PUMA protein expression level.
Total cell lysates were prepared from control cells,
cells treated with 1 mM FFAs for 24 hours, and
cells pretreated with 1 mM FFAs for 24 hours and
then cultured with AO for 24 hours respectively.
The protein expression level of PUMA was
significantly reduced after treatment. PUMA levels
were compared with [B-actin level. Statistical
significance was determined by one-way ANOVA
and the values are mean + SEM: **# P<(.001,
control versus FFAs treated group (lipoapoptosis
induced group) and *** P<0.001, lipoapoptosis
induced group versus AQ treated group.
FFAs : Free Fatty Acids
AQO : Alisma orientale

5. EHA} £E20| Bax, Bel-2 &4Mof 0jxl= H&t
PUMA®] &4l o3 &AI3l=& Bax®] ¥&
galal7] 9a) western blot2 Al3)3r A3k AA}
2ol vlE FAA 1 mMs Fo93k3 & o
Bax7} 7F3819l5& Ealslddh. 2=l f=lAW
A Fol2 Z7letolw Baxe ool ElAF 80% ot
< FZ2EAA A s S-S FEG.
ol¢} w2 anti-apoptosis 1Al Bel-2:= A
2zl v 1 AA 1 mMAA F71skd e
7F BAE 80% oletE FEEM A 7HAs)
Aeh(Fig. 6). oI5 53l &AL FZEE <] apoptosisE
$-=3H= Bax®] 84S A8k, anti-apoptosisE
FE3Hs Bel-29] 8A4e EA1%e skt

Bax (32 kDa)

Bel-2 (26 kDa) | — o —
B-actin (45 kDa) [ — — —

FFAs (1 mM) - + +
AO (100 pg/ml) +

Fig. 6. Bax and Bcl-2 expression level.
Total cell lysates were prepared from control cells,
cells treated with 1 mM FFAs for 24 hours, and
cells pretreated with 1 mM FFAs for 24 hours and
then cultured with AO for 24 hours respectively.
Bax level was down-regulated after treatment
of AO. Bcl-2 expression level was up-regulated
after treatment of AQ. B-Actin was used as internal
control.
FFAs : Free Fatty Acids
AO : Alisma orientale

6. EiA} =E20| caspase E4d0f D|X|= Hst
Caspasex= cleaved form% = #43}=]=1, western
blot A2 Az}, AA} dzol vls) F=A4AE 1 mM
o] B2 caspase-3,-99] cleaved forme] Z7}sl-&
£ Falapdeh 2| AW FoE2 3ot
319d% caspase-3.-99] cleaved forme] BA} 80% ol &t
< FEEAM dAAA Fis S R
(Fig. 7). °]5 &3 A} FZE& 9] apoptosiss F%

31 caspase-3.-99] AL JAFS Falsid.

— o —
Cas-9 (47, 35,37 kDa)
— } Cleaved form

. — —
Cas-3 (32,19, 17 kDa)

]L Cleaved form

[p-actin (45 kDa) T T —

FFAs {1 mM)
AD (100 pg/ml)

Fig. 1. Caspase expression level.

Total cell lysates were prepared from control cells,
cells treated with 1 mM FFAs for 24 hours, and
cells pretreated with 1 mM FFAs for 24 hours and
then cultured with AO for 24 hours respectively.
Cleaved form of caspase-3 and caspase-9 were
down-regulated after treatment of AO. B-Actin
was used as internal control.

FFAs : Free Fatty Acids

AO : Alisma orientale
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=3 Aol AAE Az GAHoR o F
FE3 A AR AAAG v|LIE AW
g A AR A NE £33 450l F
W e M S EGEE 2
AN 4 e Ao

FRIA AR A oA A T 23 o
& At 2 A AFE vt Al 2F 2
W3 AR, G At A, A W
e nezE AUARe) DA F2F

RS (<]
& WA wel vekm g AR E 84

gl

oAl BEEIA AL/ E3A AL v &Y A A

]
W) obstz ole]d 4 glom’ gAY &
7he v TE AuzbA s 3o welow 2k
s ded Al el "o

SRk ety o e x3} Awbala B3}
Ao 2 FREY 1 Fx2e AETA &3l
ofeks vAed, EIAWARCZE palmitic acid

7b HEA ol BEZIPAWAC R = oleic acid7} o
T Ef A 29 E4 3} A ZAPE o o
3l palmitic acid®} oleic acid ®¥]x Ao wt=w
oleic acid”} palmitic acidell ®]&] A|¥F&2 At
vhehd © wls AlEANE &3 A2 ZloE
Byt o, palmitic acidE & A3 H o]
dgdel 283 oleic acide} palmitic acid®] &3
Zoo A= palmitic acidWs w50z AN S
dol wla o ¥ AWS 234F depdodt Al
FAFE 9 e’ A Axe o woked, o
L oleic acid®] B3 232 Al o3t o
F7A#Z vlelo 2 palmitic acid®E lipoapoptosis =
F53 7]1E dFgd= g2 o AFLE oleic
acid®} palmitic acid® 2:1 wWigtez & o ng=z
LA 77k B E whee] A3k

Lipoapoptosis:= 7+ €4S do7|= F2 7|4

rulo

rulo
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o7, gt AupAte] ot} A4 AR FA
I wAbsd dAaE o faldt A A AR
224 lipotoxicity”} A3 o]+ lipoapoptosis
g 22l A zAbEdS 289 Lipoapoptosis:
v & A Fo3 EAo|n, Ao Al
7o} ‘H%"] et

hpoapopt05154 -‘%1‘2101 ok INKE 7 EA
A ALY A, B fEIAALe R faE AE
A A AEY 2 vk o3 &A43En. o]
A &A3tEl JNKE pro-apoptosis T4 <l Bim,
Bad, Bax < #A43}4)7] 2, anti-apoptosis o
W29l Bel-29 Bel-XL& w84 #1719,

PUMAX pro-apoptosis &2 F-A2F A 2~
E#2(genotoxic stress), A A7 (serum withdrawal),
NEA A 2B A §5 5 GFst {3 A5l
o3 NEAES S :‘T_ﬂ%ﬂﬂ‘ﬂc}"&% Bax
5 FAA HEAFEE of7]EhH, ojd] PUMA
7} 23| A WAk €3t Bax EAI3HE 2434
1ot n|EZ =g o} Tel|A] Bax® oligomerizations
nEZ=glote] Aol S {5t caspase-3,-6,-7
effectors A 3}sle] FFH oz A EAPL ] 23t
AN EALS zf S,

Bel-2%= #A13F 26kD2] A2 A chemoresistance
of Fo3 9&E Prdsled °431 F57e] A=l
da AEAFEE e Bl 7ee 7 v
45 A i, Bel-2 familyol —'—E}L I whlel
Bel-2, Bax 59 W&l A 27} A ZAME R Z13)A]
#4434 AR Bel-2 Family% Bel-2, Bel-XL,
Mcl-1, Al Al EAFES 9A8}1, Bel-X,, Bax. Bak.
Bad, Bidt Al ZAME & $31A1Z15 Bel-29F Baxe
Mz A Al whA g g 229 S heterodimer
o] e 2 EAghey Gk wehA w2 Bel-29}
2 Bax leveld| Al A28 A ZAFE o] dofrpr,
HiH el A EZAPE o] dojuA] b= M EME




Bel-29} w2 Bax levelo] Uebgg wHastolet”,

Caspase: cysteine TH] Ea| ZAZA A FAFY
& Al e HHAES Ealsle] apoptosis
E AYA)7Ic}h, Caspase-3= caspase family 39
shtelm Az o8 FH 7AE Adks}
of MEAE S YA A ZAFE Y A 3AE7]
A oA g4 ] 25 QA kot caspase-3&
o] MEAbd A27F 3502 FHshe Fo%
HEE deA 2 ‘El‘;}

B A7 9Apt sk g 548 HepG2
cell®] lipoapoptosisell P1X|& °d3ks ol 7] 9
& A= o] E 98] $A =AE HepG2 cell
o] FA ol nHE 3% k% ofotHorow, Az
o AW 4 9 Ax
H=s HAstgeh

MTT assays Ald3te] f2|AAte] A 254
= Falgt A%, FAWA 1 mM Fo A7 A
Foll& frol gt Wzt glslont 2487 A &
|5 cell viabilityZ} +2I3HA #4E-E gHalsheddh
12 E3 FAHke] R 5 E3F lipotoxicity
= 3eld 4 dH(Fig. 1A). 1813 8A} 325
o] cell viabilityell PIA]= °Jake ol 7] $jsl HepG2
celle]l @ALE =R ﬂﬂﬂ & MTT assay=

AR A7 100 p/milA S So% was) 22
A kst 500 pg/mlzt 1000 ug/mlel A& cell
viability7} -2)8HA 714 (Fig. 1B). o]+ 100
ng/mlel| M= Al 254 o] JeptA] e Zs 9w
3, o] & EYE o]ojz= Ao 2447 A
g 100 ug/ml 5=9 YAt FE2ES AHESHTL

HepG2 cell°ﬂ lipoapoptosis 5= slA 2
AAE 1 mM 24417 22]3k % Oil-Red-O staining
3 Az A A=E Seleid AlE

A £A49] AxE B A4 Tﬂiv? ol u]sﬁ vﬂ

L &

o

e
oft

o} wpebA] @A) Fojzh vl mEA g Y] 5
8 BA F el A AATE A g
& & s (Fig. 2).

olofA & AFAAME vdIE Aut A3
WA wsle] FHojsln] 53 7‘]‘*1401] o AE
AbE Aol Fefsls AoE Uizl Al
SAE detrsto. "A fE|AHAb] o Ax
AFE Al Fodsh= Zloz geiAl JNK 2 JNK
7} 8435 Aol pINK] #4& dorr] $]
3 western blot& Al Az}, A} thzol ¥
3 A A Fe3 A9l pINK7F F71819d
& st 28 fEA AR ReE
713k pINKZF Bk 80% ollehg FEEolA 2t
23k e (Fig. 3).

w3 B dTE AN RSN A wel A
Z5 & AlZArE #3 dAkel PUMAS &4d& A
Huokeh WA real-time PCRS 53 gals) &
PUMA®| mRNA wistef A3}, A izl v
3 FEAHAE Fo7 7 $ol mRNAe] S71
& skt 18 fEAwAke] R 2 F
7}etsi’d mRNA%el €At 80% ol=tE FEE
A Z+asked vk (Fig. 4). 28] 1 western blotS £
PUMA® &4& et 24x npiA =2 A4
d 2ol wsl FEl A Fed Aol PUMA
kol F7tetaom, fE|AWALY] R 2 F71519)
o PUMASe] A} 80% ollebs FZEAAM A
oS FAsH ol F 53 YA FE2EY R
o}7} PUMA %38 7tael gle] mRNA®G ofz}
protein leveld| A= om|7} sla& & 4 AU+
(Fig. 5).

PUMAS®] Al o3 FA3t=+= Bax® &
3telslz] $lel western blot& Al3st Az}, A
Hz23 vlaste] fE|AHAS R3S
Bax7} 71819 Ealstddh 28l fElAW
Ake] Bol2 27819 Baxl oFe] ©lA} 80% ok
2 FZEA 7H4slgle) o¢} vk £ anti-apoptosis
Qlz}el Bel-2&= AA djzFol vla SRS
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191



B gelXlgaoz FEE HepG2 cellel lipoapoptosisoll o] xl= sk

oI5t Aol Z7stAet @Al 80% oll&kE F
Eoll A BA] ZHAsksl o (Fig. 6).
Caspase2] 7% cleaved form% o 2HA3}==H),
western blot= A3t A3t A 2o vld]
2 A HAE Fold Aol caspase-3.-99 cleaved
forme] F7betl5& Slstdot. 182 A
Ab Boi7 2718199 caspase-3.-99] cleaved formo]
AL 80% ollehE '71:7' oA ZFAssoH(Fig. 7).
ojo} Z+-2 M EAFE AAES FA WIE &
8 @i F2E9 —‘?—‘34 7} A At fxE
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