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The Water Extract of Caesalpinia sappan Induces Apoptosis
on Human Lung Cancer Cell Line, A549 cells
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Sung Won Lee, Seong Hun Ahn, Min Kyu Choi?, Won Hong Woo*
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The Caesalpinia sappan is widely used in the tratiitional oriental herbal medicine for anti-inflammatory, antioxidant
effects. The effects of water extract of C. sappan on the cell viability and induction of apoptosis were investigated in
human lung cancer cefl line A549. The water extract of C. sappan produced apoptotic cell death and DNA
fragmentation and nucleus chromatin condensation in A549 cells. The enzyme activity of caspase-3 and protein level
of actived caspase-3 were markedly increased in A549 cells treated with the water extract of C. sappan. In addition,
the extract of C. sappan induced cleavage of Poly (ADP-ribose) polymerase (PARP), a known substrate for caspase-3,
and dropped in cellular ATP levels. These results suggest that the extract of C. sappan exerts anticancer activity by
induction of apoptosis via activation of caspase-3, cleavage of PARP protein, and depletion of cellular ATP levels in

A549 cells.
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cell death)o)z} Lgt 4= Qa1 MEZY =&, DNAY 2Eg E
Aog din Fauw, 71BEY, BV, 289 48 SollA
NEZE BEHE= 7158 S, BAH0E o] Sl 98t
MHFET0) T AR} £Eolil 9l Bitol 9% HAOF U
A gou, AT o] Aol AdlAl apoptosisol] St ASE &
oA, gtqdol 5 apoptosis F = & WH FHAAGES A+
3l 23HogE HelFo)T AT DML RS E
AXZTELS Zol= AL BEHOZ3I= B A7) o)FA L
T, |wAS Ehtol 43 BREARCILL NEARQ AR
LHE Toks AOE TR HIEIEAES BEko) Aol Eik
BERE, GBI, BITHS 52 B3 sl om”, EFRCcE:
TEMER, SPASIMBIER, MeEsREmol Uom™ aisl a3
o BEA 0] St MEEY S W Hik &7 Sol B A
FEIAZ} Yo, ololl FMERES WEILES HES s
FARHTO] QAo Bl ETE FHIY) Askd Ak
HRAZoA B A9 MEFE ol83K BUEMY
apoptosis F+=EIE ZRAISIATE
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1 B W B ZA
EERofl HAE K (Caesalpinia sappan)2 2Aha}t W KB
sharEolA TS & sl HEASIEOT, BB AR
100gE £ 1 9 7 RARE FA BREeAINA] 34]
7 B0t Zol the AXZE EEBSHL 3,200 rpmE 2027} Ei
S8t S BAES(rotary evaporater) 2 EHESH CH2 -70CY deep
freezerof] A} 12R)7} o} EEAIFIIL SZBAXT 2 HISHHRA]
7, BARHEY 40 g2 do] HBE ABIINCE

2. A549 BEREABMIEE WHQF

A549 M EFEAHZFSH)O sk CO; vik7i(37T,
5%)oll4] 10% fetal bovine serumo} Zgrgl RPMI-1640(Gibco
BRL, Life Technologies Inc., US. Al R]ollA] vl &kl o, 4
vt} 3 ml9) trypsin-EDTA(Gibco BRL, Life Technologies Inc.,
USA) 8HE ARESI Aiuige HAISIHA BEAMLYS
Aeldh 5| M3L9| apoptosis $&T} ololl HAE A(VEN HE
g syt

3. fily 4HE 53
MZO WESS MIT assay 2 S ol 8a1 St
A ZEH4-well plate)ol] 1x10° X MEEZE 1 mlQ] wiekelo]
do| BFg &, d8lo] Qe 7t ¥ gAmtmS Meld
2 MITE HEST 100 pg/mVt HEE W FAr). EE
9] SHE 2 MTT Azl & 44]7F Fof) Lol Mol 9js) 44
= Hapkl E8M9] formazang 100 px£9] 10% SDS7} g
0.0IN HCl g0 24A17_L =0} 37T, 5% CO, AE uigkr ol
X 9iR)5k] 0] T}, ELISA readerZ 540nm9)] f}AlolA] &2

2 \IEE
a5 A5kd Wizard Genomic DNA
purification kit(Promega Co. Medison, USA)E 018354
genomic DNAE HE3IAC) BAMH®WE Mejsha 98 Al
%ol nuclear lysis bufferE H715kd AEE 117dt & RNAse
g 37ColA] 587 Melslol RNAE AASH & Hwid JHEg
AEgN o thlES A AsLIL isopropanol RFo) Al &
£¥ DNAEZ 70% oj&tgol MAHS & JIUXVE DX
T} oi7]o] TE PE8N(10mM Tris-HCl, pH8.0, 1ImM EDTA,
pH8.0)E & 715K DNA pelletS 838t & 260nme} 280nm2]
spectrophotometer FollA] OD Zt& 583510 DNAE HEHI%
T} DNA 5 pgS 1.2% agrose gelollA] A71GE(B0V, 2417)E 4
Al & ethidium bromideZ2 @45} UVEE olefix] DNA B3
& BT

5. Hoechst &
ApoptosisZFgollA] gojLl= DNA 243519 G483 558

#EB7] 9181 Hoechst HAUE AIHBIRICE. BAmBYIO &
ZY NI ES 4% formaldehyde SNollA] TLAAIZ] & PBSE
Ko]F=11 Hoechst 33342(Sigma Chemical Co., St. Louis, NY.,
US.A) BAAJQES PBSoll 10 xMO] EA 34614 1027 &4y
&t & T}A] Phosphate-buffered saline (PBS)Z A&35k1 B3
oZeE FESIHTH

6. Western blotting

HRQFE AS49M| o FAHIEME M2IT & MES 24417}
I 48117} B0} EZSGI X7F2 Hank's balanced salt 8%
(HBSS) 2& 23] AT FS MEE RIPA 89(50mM
HEPES pH 7.4, 150 mM NaCl, 1% deoxy-cholate, 1mM EDTA,
1mM PMSF, 1ug/mé aprotinin) 22 HSoll4] Eaickirt. al
A E FBG{Mol| 2X sample buffer®} 410] 100TollA] 3E7 ZQl
%, 10% sodium dodesyl sulfate- polyacrylamide gel
electrophoresis(SDS-PAGE)E A|#3lct. HA71HE0] Bid gel
Q] TR L nitrocellulose membrane2 = 4T, 30VAA} 16A]7}
&9 transferdt & blocking buffer(10% skim milk)E AH20)4]
2417t EQF BFSAIZ L) Caspase-3/CPP32(Santacruze. Co.) L}
Poly(ADP-ribose) polymerase(PARP, Santacruze. Co.) S0l tHe}
YAE Tris-buffered saline (TBS)o 1:10002F 35Xl
nitrocellulose membraned} 4}20ll4] 24]7F 4R A1ZEL. olRFe}
#Q] anti-rabbit IgG conjugated horse-radish peroxydase(TBSZ
1:1,0002F 34, Amersham, England)Q} 2}20ll4] 1417} £¢t
H}24}7] & ECL kit(Amersham, Germany)E AM26lo] & 2o
LEAA BESIUT

7. Caspase-3 ¥EHE &8

ALY 100 w/miE A & AMIANIEE HOM
3000 rpmoi|A} SEI AMELT ThE LW E WAL PBSE
AEsle] T LERE WHeli, 4TdlA 108
buffer[1% Triton X-100, 0.32M sucrose, 5SmM EDTA, 1mM
PMSF, 1gg/ml aprotinin, 1gg/ml leupeptin, 2mM
dithiothreitol(DTT), 10mM Tris/HCl, pH 8.0]oli4] &ajsliL
12,000rpm 2 2 2027} AAEED] AlZdn) AMERISl de b
A2 Bradfordd O & A6l assay buffer(100mM HEPES,
pH7.5, 10% sucrose, 0.1% chaps, ImM PMSF, 1ug/ml aprotinin,
1pg/ml leupeptin, 2mM DTT)oll 3|4A171 &, B IAH 712
I 37CollA 3027 8124171 & fluorometerE ZA3IYCE
Caspase-32] &4 EA & 9§l 712 ZA{+= fluorogenic substrate
Q] 7-amino-4-coumarin{AMC)-YVAD(Calbiochem Co, California,
US.A) 50 s ME AIEBIR 2™, o] 59] proteolytic cleavageE &
A5l caspase BHE HFSKITE olmlQ) TR excitation
wavelength(380nm)2} emission wavelength{460nm)Q] T}AHO 2
BIZE BT

B¢t lysis

8. ATP &%

A el g 387 AYEE(1500rpm)t & AHE] 1%
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A549 FUH ZFo] TiTE BR KmMtwe MELAL SLiH

Triton X-1002 718 AE2He ohaAl7| I olol4] 6M HCIOs &
2 Xel5kdrt. di710] 02M phosphate buffer(pH8.0)9} IN
NaOH 89g 715l 54 T HMIOE 283 & d¥dge
Z 3} luciferin-luciferase FAHoll 25} ATP &S SHFIHC

9. EA A&l

B 489 Aik= gy FRARE KRS, 2 #79
X}o}&= one-way & Scheff's testd}] P<0.05 0]5}9) 42 #et
Reg IHBIACE

2
1. BARHHWS) A549 FisEdiiol oist A EZ=dan

B BETEE] SUIE A549 #lol Widh BARmHmol
SHEOFF IE MTT assay AkQE HABIAECE BAMHSMS
A2 100 pg/mé AE} STONA 24417 BAYF & thETol Bld)
58%, 48417} gt Zole 33%9] ME JESS VERIAL,
200 pg/meollAlE 48A17F B & 10%9) MEMESS VIE
BEAMETY =559 Aol A7) JEHOR YE NEES
7+ AE UCHFig. 1)
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Fig. 1. Effects of C. sappan (CS) extract on the viability of AS49
cells by MTT assay. Extracts of CS decreased the viabilty of A549 cells In a
dose and time-dependent manner, A549 cells were treated with vanous
concentrations (from 125 to 200 ws/ml) of extracts of CS. After 24 hr & 48 hr,
the cell viability was measured by MTT assay. The data represented as mean +
SD. of quadraplicates.

2. BRIl ofer UM} apoptosis R BN

BAHE®E NSt A549 MK =389 7iFol
apoptosisoll 213+ AQIA] B2 M EAL BFol st w7
-ZE B016}7) S apoptosis 4 EXQ DNA 2E
(fragmentation)T} & FAMA O] HHE TAIBITE BAHMHLY
2100 gg/ml SE7} ETE A549 M EFo] 2447 H2ldlA
DNAE ZZ38 3 1.2% agarose gelo] H7|g &3l BHaer 4
T}, DNA 220 ZRIEQUrkFig. 2). T8+ Hoechst HAlol] o5}
AT FBEY T BEIME Gad 55 283
alajo] HEEAUCHFig. 3).

Control 24hr

Fig 2. Induction of apoptotic DNA fragmentation by C. sappan (CS)
extract in A549 cells. Cells were treated with 100 /i Of each extract for
24 hr. Then, genomic DNA was isolated and separated on 1.2% agarose gels. The
DNA was stained with ethidium bromide and visualized under UV light. Lane 1
DNA obtained from untreated A549 cells. Lane 2. DNA obtained from A549 cells
exposed 1o CS for 24 hr.

Fig. 3. Effects of C. sappan (CS) extract on chromatin condensation
and fragmentation in A549 cells. Cells were treated with 100 wg/m CS
extract for 24 hr. (A) Phase-contrast photomicrographs of A549 cells: (B)
Fluorescent staining of nuclei in A549 celis by Hoechst 33342. Media control celis
were showed normal nuclear morphology with diffused chromatin structure.
However, apoptotic cells with fragmented nuclei are seen in the CS extract treated
cells for 24 hr.

3. BAKHHEe] Caspased)| )&= Fg
1) FAMHo] 99 Caspase CHHZ wFsioky
caspase-3(Yama, Apopain)i= cysteine proteaseZA] Al
S oA} 32 kDaQl Bi&E 9l caspase-3 HEHAE ExMcte
o, of] 71X =89 AlZ(death signal)ol &3]A] pl7(17
kDa)#} p12(12 kDa)9] AHIE ZAH &8E A ot
w}zli] western blottingE o] 835t BAMHY 100 pg/ml
£ A549 AZFol M8 tiS, M2l Aol WE 888
caspase-33} U] &4 H caspase-3 THIA WA TAIGIR
o} BARHEY ME) B 6, 12, 24, 48A17F ZHH O A549 Al
ZE2HE g Z&5le] ZARSE A1, A2l Al vlE
Blod H)&4 HERQ) caspase-3 (32 kDa) TH A2 ZHA3IR
I, 84359 HElY caspase-3 (17 kDa)Ql Tz 9} & &
HEH o2 £718 Tt (Fig. 4).
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Fig. 4. Effects of C. sappan (CS) extract on caspase-3 activation by
immunoblotting. Inactive procaspase-3 was detected as a 32 kDa band and
actwated caspase-3 was detected as a 17 kDa band. The treatment of CS extract
(100 we/m) increased the amount of activated caspase-3 and decreased the
amount of inactivated caspase-3. Activated and inactivated caspase-3 proteases
were measured by western blotting with antibody.

2) Caspase &4 3ol il B
019} THE0] caspase-3 protease®] E&7])ZQl Ac-DEVD-7-
amino-4-methylcoumarin (AMC)E 0] 83810 caspase-3 protease
o @4 gHTE FE5IMth BAmtiwe Azist 49
caspase &2 12417t O] £ RE] S43] SUI5k, 24413 ol
i

= SulEE E71619 1, I olFdle At Aadhke FEE JEt
W RAcHFig. 5).
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Fig. 5. Effects of C. sappan (CS) extract on the enzymatic activity
of caspase-3. The treatment of CS extract (100 us/ml) increased the enzymatic
activity of caspase-3 ir A549 cells. Lysate from the cells was used to measure the
activy of caspase-3 oy using fluorogenic peptide acetyl-DEVD-AMC. The data
represented as mean + S.0. of quadraplicate.

4. Caspase &4 3]0 nlE PARP ThEZIEG] &7}
Caspase-3= YT} 845153 PARP, lamin, MEKK ¥ T}
caspase & o} 71X EH o) 2H86iA oY 7188
M} HIEHEE S5 ME U9 o] ASHEENS
H$it} olF & PARPE DNA #=E33o)] BAHE o] &E
MElE §4%59 SHIE AT 116 kDaQ) PARP thulzlo)
caspase-30l] 9J5l 89 kDa$} 24 kDad] ZZLEZ Z/MAE= ACE
S5 ZCt olofl caspase-39] Edoll W}E PARP thid 7139
A 2] Al BARHEY 100 pg/mE A549 Al

g
=
=

P
o

20]) Ohr, 24hr, 48hr FOt AE)5)Il western blottingS 4 A|BIA
tl EAmHYe AMeish 23 24817 & PARP vhiz) g
g 4 20, 116 kDaQ] PARP T Z 2 A|7to] gl uka}
AA6IR 0, HrE HERQ) 89 kDa PARP thil A2 S50}
ol BARHHY MelA| caspase-3 &4 F719} FAlS Aoz
Aci¥ PARP thiizlg] Qjo] Aj7ko) wigh B718Ee o 4 A
CHFig. 6A). THH M Z WollA] PARP7} BT GIA 8431EE 3
2 PARPY] 7]EQ] NAD'7} AH8Elo] NAD' ZAvt Xels 1,
ololl Wk ME W #EEIE (glycolysis)ol A Kool ATPY
o] A Frl wigii B AfoA] AZREEo] gl
PARP Edjol] W& ATP HIlIE ZAIBIMCE BAmHY
100 pe/meE 0, 24, 48A17F NE] & ATPE EFTH Z3 244137}
F 51%9] ATP ZI4E HY2H, 48 AT & 68%9] ATPZAE
HR{CH(Fig. 6B).
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Fig. 6. Induction of PARP cleavage and ATP depletion during
apoptosis induced by C. sappan (CS) extract. (A) Induction of PARP
cleavage. The Ab49 cells were treated with 100 w/ml of CS for 24 hr and 48 hr.
Cell lysates were prepared and cleavage of PARP was analyzed by western blot
analysis using anti-PARP antibody. (B) Induction of ATP depletion. The amount
of ATP was determined as described in Materials and Methods. The data
represented as mean + SD. of quadraplicate.
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Apoptosisi= 1980dT] Z17|RE] £Q BAIHOE A E4
E3 goo] TRHA W 2okl FHAQ HEE VI &
om B3] AFAS HYA MEY 44, 2351 X 7sdd S
FQ6M A&ska AUgo] HEHTY*®. 2Lt 01 apoptosis
9 71-ol Aozt e8I Qo) whgolL} AUXFol gt W
g, A ag, BaddE B HIVZE Zeigoiy 2
R, HZ Aol A5k oA &3] AIEE B2

R E, E06] cyclophosphamide, adriamycin, etoposide,
teniposide, vincristine, taxol & bleomycin 52 CjIgh M ZF
o)Al apoptosisE& FTSIIL UTHL BEZ L, I FEIIHCE
Fas/Fas ligand system, sphingomyelin/ceramideZd &, & 2k
Z715+%) A Hearly immediate gene)Q] B3, apoptosis Z thil
HFEAQ! caspase, DNA fragmentationg 27|+ endonu

- 524 -



A549 HPMZ T TSt BK Aol AZEIAL FEEH

-clease o] AT RO BuH T YA ¥ mzia
LA O G842 apoptosis FEE B UEHSH TEGol A7 W
{#oll apoptosis9] FHalst Y3ISHHQ /1A S Biel YRIFHE S
T st A7) wiEA AP L Js dFoItk HWAS B
Bloll £8 BEEROI NERQ BAKRY (WHEAN FIIFR
< HBREIEFES] FAEol ol ERIEHE, BB, BITRE S8 AR
3t silen™ eRIsigogE AFALR, EEUHASR, 4
Toll tit Zo) Qlom® w13l a0 Aot MEFo]
MZEY a3, 8¢ a9 87 23712 Sl 38 2177}
pom, shiatgogE A% £0) QA GMEFNA MELEY
S} topoisomerase 1 AM FNE HUSINCE w2tk 2 AF
oAl BRS MEMRE TTHSIILAL ALl Rl FLHA
FEQl A549 A EFo| HAHMEYE JFFATOEN BAMM
e NEZEY 3} TH1Eo] apoptosis LA, apoptosisi
Aofl Bol5k= caspase cysteine proteaseFollA] 56| caspase-3
9l gy 3 Aol TR o] wEHHSE 58 ZAKIR
Tk BIA BORAHAIO] A9 M EF0] AR AANES B
& QX0 sl ZABY] Y5l BAREYE sREE 4
7} 41743} 48A17HE BlQFSt & MTT HAE o R £33 27,
BRANHIEY) 100pg/ml 2] STolAl 24A17F B FollE 58%
g, 48417 il Folle 33%9] ME YEES VERNR L, %3}
ALY 2004e/ml X219 ZS 48417 uiQ} Fole 10%9)
HAEZYEES LERAO] AS49 AEY TAE Zefshs HEZEY
ol YUSES B0IFIITHFig. 1). Apoptosisi= G| HEABH
Hi BRI ol2dh Helel HalEl #sh= DNATZEI
Walsts HelE SUIScl ApoptosisQ] FERH #Hale 24 A
Ut B&, AEZH 9 FH(cytoskeleton collapse), 2] HAZ =
#(nuclear condensation) & & 4 UoH, Y388 Hik=
DNA EZ(DNA fagmentation), A Z2}AIAZEE] ceramide &
gl & nEE=ejol o M5le] £42F Q1B cytochrome C &
2] 84} & caspase THUEF FAEQ E43lol Qg MEA} 4
B ES E 5 AP, HElQHA), 32E Y WM B3 22
oj# 71X apoptosis F2kQ¢lol Q8] MEZZ LEol20] &7t
YiI ZE AEM F49 endonuclease’} EAIEO] AEU
DNAZ} 180~20071 @714} 0]519] oligonucleosomeZ©]9] DNA
fragmentE A==, agarose geloll H71HSA] oligonucleo
somal ladderingS UENT, 0|21} DNA laddering2
apoptosisQ] 4 g}8lE AFZ ol8F L AP, wido)l HAIZ
¢18} pyknotic nuclei®] &= 718 &A] DNAV} smearFEf &
EFEE QESE 0T AN necrosis)@} TE0] JHSTICE B
AFOME BARHEEol 8t DNA 28 W gAE 855

Q1) A 24A17MEE] ladder® 9] DNABEO] BRI% Q) T(Fig.
2), Hoechst stainingZ 0]1&¢ @& njgdaZ oM T 2444
HE] chromatin®] condensation %! fragmentation &450] LIE}
U BRS¢ a s apoptosis®] IFEol| Qg M EANE
A2 2OIBIACHFg. 3). BAITHA] YedZ apoptosis T AISH
2 71" E BAH, AME 25 growth factor, hormone, cytokine
59 Z¥ % caspase?] E435}, EXIE TNF, Fas & A Eo]

EAEh= death receptor &4 % adaptor EX}Z &3¢} caspase
843}, AMZ DNA £4 F p53, ATM kinase Sofl 2|3 A
Al /5 80 Ut olE T MEAIY MF R0l MEARE £F
8h= FQ ZHQAME caspase AGO) BARAIESOIPY, ujg)
Al 2 UEollA] apoptosisE FHAITIE USTE7|HA ER
S 7115 Q] caspaseQ] E4oll thg HMARMHYS EHE
ZAMSHACY. caspase-3(Yama, Apopain)= cysteine proteaseZAl
HE oA 32 kDa@l BI&4E 9] caspase-3 AENE SAHSH=T,
o 71X £29 45 (death signal)oll QJdiA] p17(17 kDa)3}
pl2(12 kDa)9) AT /Y &4 A B 2 4y
ollA} AW A2lAlto] e 84 caspase-3 Thld qt
SIS western bolttingQ & ZAlSH 23, BAHHY M2 Al
ol wiEsked ulEd HeNQl caspase-3 (32kDa) TRl Zhi
HRem, E4351e HelQ caspase-3 (17kDa)8] A 2
MUHOT S718I%THFig. 4A). K} caspase-3 protease®] &
& g8E AP sl E371291 Ac-DEVD-7-amino-4-
methylcoumarinfAMC)& ©]£T} caspase-3 4T &5 Z ol
MIE caspase-39] E40o] 1247} o| £ HE] 45| E7F51 244]
7t Zolle 5uf Bol 23121 o, BKHILYIO] caspase-39] &
HE E57KR1LE & 4 JUT} (Fig. 4B). Caspase-3= PARP,
lamin, MEKK %! T}Z caspase & o] 7}A] A il Zlol] 2H2
gld AEU o] AsdgEde R8skl ol § PARPE
DNA #5380 #AElE o] EMdle E45Y sHE
Z| 116kDa®) PARP ThMZIO| caspase-39] 7|AZA] &4 3lE
caspase-30l| 2|3l 89kDaS} 24kDaf| ZZIEE ZE/MX= AR
SSACY. 31 DNAVL Qut @4 3= PARPY} 51 &
A3lEn ojul NAD'7} 7122 AkgE o] MEW NAD' 7} Zta
o, olol wig} SiErabA (glycolysis)o] IA MHHE 224 ATP
ZAE ZelSIL oksn] AEW ZEol2Y sk Friet Mz
7¥-56) 4-S(proteases, phopholipases) & 84312 HNE7} F
AT B np AT olo) caspase-39] 4ol WE
PARP thiZl 7|9 HUQRIZ ZARSH A3, 24A17 Foj
PARP thalZl Eoig 8 4= 1 2m, PARP £l E(116 kDa)2 A
7o} Aol g} caspase-32] E4E TS} HiEl5ld PARP 2
Al & (89 kDa)Z LIERGTHFig. 5A). =3 PARP CHAZ Ol A
oozl Yol AjZholl w2t 7K ou ATP= 2461 (Fig.
5B), PARPQ] Hti0] caspase-3¢f 93] 0] FoiZITl= apoptosis
mechanism3} YX|EIIL ASE & F AMUTH

o4l ATEI BAmMIYS P E i AlEFHo]
Qom, ol apoptosisoll 2FF M| ZAVHO|H, caspase 3-like
cysteine protease®) &40l 93l PARP iz} ATP Aol Q)3
apoptosis7} O|F0}Z & & 4= UATh

4 &

BAHHgol Al @t EolM FERE AS49 MEFo
D)X= GES RAWSY] 96ked MTT ZAH ) 93t M2 E4 31
apoptosis FEE W, caspase-39] 84, caspase-32} PARP Tt
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W) wiel Wl §2 BEAMSIICE B 100 pg/nt HE)
24174 vl A549 2O YEES 50% FToIN2M, B

ARty AR s AEHOE MZYERS
T} HE$H apoptosisQ] EAFQ] #4}0) DNA B&3} 8l gz
gF0) TEADYTE BABEY Nel AE ZAdo) ue)
caspase-3 E4:9] 4T T EVIEIR S, western blotting A3}
289 caspase-39} PARPY] Attt E7ISKAIL, A Z U9 ATP
= 24319t

Ol Zh AW A549 HQt MIEZFolA] caspase
3-like cysteine protease®] &3}, PARP tHRZ9] 23] £X &
ATP Z4E Ed)o] apoptosisE REAILCEA] FI2IEES )
Ellle AR Alggrh

FAEAE S
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