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Diallyl Disulfide from Garlic Induces Apopto-
sis through a Caspase Dependent Pathway in
Human Breast Cancer Cell Line, MCF-7

Hai-Lin Park, M.D., Jung-Min Suh, M.D.", Kyungsook
Park, Ph.D.? Hang-Seok Chang, M.D., Seok-Jin Nam,
MD.", Jung-Won Bae, M.D.’ Kyung-Po Lee, MD.,
Jung-Hyun Yang, M.D." and Bum-Hwan Koo, M.D.}

Purpose: Diallyl disulfide (DADS), an organosulfur com-
pound in garlic, has been reported to be effective in
inhibiting the growth of several human tumor cell lines. The
aim of this study was to determine whether DADS induced
growth inhibition in MCF-7 breast cancer cell lines and to
understand the molecular mechanism by which DADS acts.
Methods: MCF-7 cell lines were incubated with various
concentrations of DADS for various time intervals and the
cytotoxicity was determined by MTT assay. We examined
the changes of intracellular proteins related to apoptosis,
such as bcl-2, bax and PARP in cells treated with DADS.
To study the expression level of bcl-2 and bax, which serve
as modulators of apoptosis, we performed RT-PCR and
western blot analysis.

Results: MCF-7 cells treated with DADS led to the sup-
pression of viability and proliferation in both a time and con-
centration dependent manner. Microscopic observation re-
vealed typical features of apoptosis in the DADS-treated
cells, further verified in nuclear DAPI staining. Flow cyto-
metry analysis with FITC-annexinV and propidium iodide (PI)
demonstrated that the apoptotic cell population with An-
nexinV +/Pl— increased dramatically from ~0.8% to ~75%
after 24h exposure to 500 M DADS in MCF-7 cells. Cell
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cycle analysis demonstrated that the number of apoptotic
cells increased with the increasing time of the DADS
treatment. Additionally, thermore, we investigated the ef-
fects of DADS on apoptosis related gene expression in
MCF-7 cells. PARP cleavage was markedly increased in
the DADS treated cells with time. This result indicated that
DADS induced the caspase-dependent apoptotic pathway.
We also found down-regulation of bcl-2, however no signi-
ficant change of Bax expression was observed after DADS
treatment.

Conclusion: Taken together, these results indicate that
DADS induces apoptosis by activating a caspase pathway
involving the activation of Bcl-2 but not of Bax. Our find-
ings suggest chemotherapeutic potentials of DADS in human
breast cancer. (J Korean Surg Soc 2001;61:119-129)
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23 ATl vhzol faskel Ul Lol ok
sglom % BOE vk Aol figkel BAle ol
L owng ol Hasige.

ul52 =84 sulfur compound?l S-allyl-cysteine (SAC),
S-ethyl-cysteine (SEC), S-propyl-cysteine (SPC)Z} A]-£-A4l sul-
fur compound¢! diallyl sulfide (DAS), diallyl disulfide (DADS),
diallyl trisulfide (DATS) %9] ARo g FA=] A &
A& Buiatti (6), Mei (7) 5 9 dellA] nkz9] 44
ZF} S1qke] Aol HhuHlslE ZloE Hugrt w9
ot AE Yel7] SIgk TEAYE &3 in vivo TR
Wargovich £(8) diallyl sulfideE 412 A7l 74%2] F ol
4] dimethyl hydralazine (DMH)2. & =3 th#k, 2 A4+
2] AAJo] o A|=]9) 2™ N-nitrosomethyl benzylamine (NMBA)
ol FEEE TGl SHHsA oE s Has)
At} Xiyu 5(9)2 fresh garlic, diallyl trisulfide, 5-FU, mi-
tomycin C, cis-DDP £-& o] &3s}o] 9t A Zol izl &<t
JIE v welgl = mltomycm C7} 7V 7+8819) A fresh
garlic® A AE AHEE Hgor diallyl trisulfides
S-FUKE 73k ot AHE 7hAgthn Hasgich
19961 Schaffer 5-(10)2 Sprague-Dawley ratol] Z}7Z} garlic
powder, <=&4JS-allyl cysteine (SAC), A|-&A] diallyl disul-
fide (DADS)Z 227 AT ARA7 A 23 4347
A kL Y Zz7E }o] N-Methyl-N-nitrosourca (MNU)E-
Solsto] ula AYS AW AT MNU Fol 347 ¥
allyl sulfur compoundZ 4128+ 79 7+ =23} G4 =23
olA] MNU 4% DNA alkylation %7} €#]3] A=
$¢ Basiglen, MNU Fof 235 ¥ o gl glol
A= =zl vlal) 242 76%, 41%, 53% AEE 7FAE
ek Harskgich

ot AFEAE BT ofF AT &
ol vkl gebslel di el Aol 3
A AR ol o] ghew vpgel Suekel ul
Bl ek oo £ASE slglont 2ol oy
PAREEA S14e el LeiA YA 9

B AT o7k Sk ATF MCF-7 cell lineS
A-g3to] w9 essential oile] 60% o|dg AAF=
DADSS] AESALAE 2Asion] SAEANZ ol
ZHE AlEA ] el oy APE AldPste] FHUAE
o AEFAG WA G U AEFS] 24 el
TN S 498 igesd sl B S
A bt siga ALAS B 0!
debe ATshaAl skich
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A 2 A-83}F Dulbecco’s minimum essential medium

(DMEM)#} fetal bovine serum2 GIBCO BRL (Grand Island,
NY, USA)oll4] 79lslsic}. Diallyl disulfide (DADS), Pro-
pidium iodide (PI), 3-(4-,5-dimethylthiazole-2-ly)-2,5-diphenylte-
trazolium bromide (MTT)%= Sigma Chemical Co. (St Louis,
MO, USA)AlA Fs}gicl. Bel-29} Baxol] tdlh A=
Oncogene research productel] 4] F9)8}A 3 B-actinZ} Poly
(ADP-tibose)polymerase(PARP)ol] t3l &4+ Oncogene re-
search productsA2} Boehringer-Mannheim (Mannheim, Ger-
many) Aol 4] Z+2F -] slgich.

2) MZF 3 MZHHS

2ol Fof] o] &3 Gl AEFE MCF-7 cell line o 2
ATCC (American Type Culture Collection, MD, USA) ZXE]
oo} A45}sich. o] AEFE 10% Selol €4, 100
U/mL penicillin®} 100 zg/mL streptomycino| $+-3-32 DMEM
& 7| E wljekHo g o] 5% CO, 37°Ce| 32, 35 Al
Eufek7loll A wFsllom F 2~33] WA E 23kElS
ok AUMIEE TrypsinEDTAZ Agsto] AEE Relel
k.

) ME 54 AIF

DADS®| AEZA &35 LolHy] 9lste] MCF-7 Al
Eol vt $ES] DADSE A% ¥ 39U wjekit
thg MTT assay W& 0]-9-*]-0}1:]- o] W9 Mo A
ol9lE mEZC glo} F4E MTTE 3947 formazane
HAAAA = gloug formazan«] =55 ELISA EA7|&
FHE 24 YozA AEW AT 5% HYA0z

oFES HXZF AEeL AA|EA] ok =T

5 7o MEEE AlZ ‘g—'—ga EABHA
oh WS greksl A, 1x10° Al EE 200 419] AE
SRR
F AZE A7 —rl°P°‘l sk wi A Zi k. DADS
= MSOOJ] l“—'31] l:]- et T2 7 wellol] 73t off
27 whg A7 eich ol 0, 8,
16, 24, 48 72A]7¥ 7ﬁl°i wekst & MTT Aoks 7
welle]] A 7}slo] 4417k EoF wieksl9itt. L % microplate
2 200 golA] 1027 DARelelo] Ao Sl A
A|AsIL DMSOE 200 1% 7} wellol] H7)s}o] EE}"-H
74 A A (formazan crystal)S- HA7|E o] &
so] FHEE Z4ech

4) M| ZAl@apoptosis) 2015 28t (&%t H0[H HAL
9} DAPT & AY

rN r\' Fh‘

=9] & ELISA &

DADS7} MCE-7¢]] W3] ojw 7|H o8 AE =4 g3
E do7|=A dgsr] @ 4% o2 DADSHE ¥
HobE AE BokE AR Au|F o AEE P
9t} MCF-7 AlE@2x10° cell/ml)E 500 M DADSS} 37|
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48A17F wfek & trypsin-EDTAE o| &3l AE wjkr]6
well plate) 2 XE] Eals}gic}t. Heldl AEE 200 gollA] 5

H Zol A Bg|X7l £ PBSE 3 AH F31 94
:<} Au)7 B2 & o AEE 47 "ol 4,6-diami-
dino-2-phenylindole(DAPI)-methanol (1 xg/ml) &Mol]
Z 37°C HAoA] 158 ZoF ubxjglo zx o) o:lx_l-]El
T A At do] Bk T AEE 90% glycerols £
33k mounting LBl RGA|7|3 G HAu|A sl A
DADSE HelstA] b2 ol A3} vlasigich

5) Flow cytometryS O| &8t M|ZA} Z Al Annexin V
o PI 0|5

DADSol| ol&l] MEA7F FEE AEZES Flow cyto-
metry & o] §3lo] AgFHow BASIE AR E, AEA
7} =35 AFoll4 UeltE =23 phosphatidyl serine
(PS)& annexin V& Al&3slo] 7-dA o g Foldlo &4
A7t 7 2tol] whel A EAT} o] FolZl AE9] vlEs FA
sgich. sk ojuf PIE AH-E-3lo] necrosis7} H AEE &
A= 4 A slich DADSol sl e AlEQ Al
Zhapoptosis) 9] M| &g 2Qlsl7| flsle] Boehringer-
MannheimA}+2]  Annexin-V-FLUOS staining kit A}-23}0]
Age Feelglth. DADSE Aeldt 5x10709) AEE
43}3slo] PBSE A|%2 % binding buffer (10 mM HEPES/
NaOH pH 7.4, 140 mM NaCl, 2.5 mM CaCl)Z H-$A1Z
t} 2 BGE AEN] 1xg/ml Annexin V} 10 zg/ml PI
E A7}l & oAl A] 155 EoF vkx|do 24 Annexin
Vel PI7F AlE FA 249 vbg = JA sk 1 &
FACSE Hh-g AEE FAsedch

6) Sub Go/G, Z+&

Fan 5-(11)¢] el whel PI QA4E& sefslqict. &, Al
F(1x105E A3k = PBSE A|H e o}S 70% e 2
1A A7t 1A= AZE PBSE 84171 & 100 pg/ml
ribonuclease A9} 50 zg/mle] PIE 41-& £ 37°C ¢tAlofA]
30% 5 HbSAIF o2 7 AlZC] DNAE A Z et
32 2 fluorescence activated cell analyzer (FACS, Beckton-
Rick, USA)E AH-&3lo] 2+ A|Z2] “Sub Go/G” B9 F
skt

7) Bcl-22} baxQ| RNA £2| 2 RT-PCR &4

A EA2] modulatorZ 283} Ez}0l bel-29) bax e
uks] oklo] oW A| ¥ls}i=2] RT-PCR¥} Western blotH}
= AHg3te] A=Yl F RNA FelE $l8 Ambion
2] RNAwizE AH-&sheict WS 7heks] Awsld 1x
107] A|Eol| RNAwiz&H 1 mlg H7pste] FA3AT
% chloroform 200 p1& #7}3F % 4°C 10 OOOXgE 3057+
94 Beldlol £ RNAE 2E0idlth 233 RNAE

isopropranol & AH-&ste] A4 FElezs AAlsln
AAs E RNAE 50419 diethylpyrocarbonate (DEPC)-
waterol] &3AA T3 278 B8 UE(A 260280)%
Z7sto] RNAY k3t wrAe H7beloleh o
cDNA A& ¢J3l] RNA 2 g-& random hexamer 1 zg (100
pmol), MMLV (Moloney Murine Leukemia virus) reverse
transcriptase 1 pl (20X 10° U/ml Boehringer mannheim, Ger-
many), 5X cDNA buffer, 15 mM dNTP 1 x1, Rnase inhibitor
0.5 1 (50 U} E3tslo] 42°CollA] 1A 7 E9F HE-24]
Zth o] A A= cDNAE templatei slo] EAst a1zt
s} 3’7} SprimerE ZH7} 20 pmol# Y31 Taq polymerase
0.5 41 (1 U/ pl, Boehringer Mannheim Co, Germany), 10X
PCR buffer 541, 15 mM dNTP 141, cDNA 5418 o] %
50 x17} ¥ =5 DEPC-waterZ ZA3l9itl. PCRS DNA
thermocycler (Perkin-Elmer-Cetus Co, CA, USA)E A}-g-3]o]
94°C 18, 57°C 15, 72°C 15-& lcycleZ 3}o] 30 cycless
A A slo] ZZs}r). 18]a S-acting internal control £
Agstol el EAd Agalgnh

8) Western blot =41

DADSO| SJaf f=8 Aedse] AT AAE Tl
7] Sistol AolAsl Belslo] Qi Aol wshsl wl
e 2Aekgich. 4 116 kDa DNA Zgt chwjAcel
PARP7} DADSol| 2]3 cleavage % +A| o H-E &ls}g
3L bel29} baxo] W Fg-E A FollA] ot uzt
sl eh AE(5 % 10°)E 500 «M DADSS} & 0, 8, 16, 24,
48, 72A17F EoF wjkel thS =3slo] lysis buffer [10
mM Tris, pH7.5, 150 mM NaCl, 1% TritonX-100, 5 mM
EDTA, 5 mM Na azide, 10 mM NaF, 1 mM Na-ortho-
vanadate, 10 pg/ml aprotinin, 10 #g/ml lupeptin, 10 xg/ml
pepstain, 1 mM phenylmethylsulfonyl fluoride (PMSF)]& o]
gelo] MERE FAANAY. 22T hHE AT

10000 goll 4 308 S QAR F 4Z5AE gl 3
FUdel] $40 DAL 2 B IS FFOL o

L3 4] Bradford Bl o &
1g2 & sample buffer (20% glycerol, 5% [-mercap-
toethanol, 4% SDS, 125 mM Tris, pH 6.8, 0.1 mg bro-
mophenol blue)ol] €-3JA]# 100°Col|A] 5E7F &<l & 10%
. 12% SDS-polyacrylamide gel electrophoresis (PAGE)ol|
100 VE 1207+ A 7] 458t} A 7145 5 geloll EA)
sl ghalS electroblotting ¥} © & polyvinylidene diflu-
oride (PVDF) 2tell Fzich. vl 5ol AgS Aodstr]
9]3te] PVDF e 5% ez|io= a,;LOﬂ PBS-tween
(PBS-T) Sjol] W3t ALol2] 147k Bk WA AT 1
% 1% 9A1F 3 Asto] uhat 147 Eb H&% 17 ol
o A8 D 1) S, 84 SEE A Pare
1:1,0000.2 3] 4stlar, AF FE A bel2e 1pg
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ml, bax¥= 2 pg/ml, 7] SHFE &A] p-actin® 1 : 5,000
2 3| Azste] A&l 12} 3 BhE ¥ PBS-TE wh&
ZH3] A= sl9da thA] horse radish peroxidase2} 7 3}E]
o] QY= 24 A9 1A 7F EoF Bt A A} BES & upxt
7FA & 23 PBS-TE F438] AlXslqich o] &lA wed vl
<& AA 47l 2H8 AmershamAl2] ECL systemo A&
sto] filmoll ZH3A|ZAct.

9) DADS7} &4 QIzH
B o1

MRZMZO 0|xl= Zoof

DADS7} MCF-7 gulel ¥
5 Helvks Al AFo] AdAE A= ofu
gk AgE v AE U] Al B AT ARE
‘ﬂli—% AlzufeFslo] AlZ54 A3S slich MCE7 A

Zo tl3l] AL£3E DADS £5 = 04M, 10 1M, 50 2M,
100 /.lM, 250 uM, 500 xM, 750 zM¢] DADSE 41-9-%4] %
o] Zg|dl = MTT assay$®} flow cytometryol] &3+ A ZA
A Akl et AEFA Byl Arke) v
33Act.

of tsle] AESFA &

e o}

1) DADS7} MCF-7 M ZZF0| 0|X[= MZ S40| CH

B g

Fig. 1Acl|4] Ko F= njg} 7ko] DADSe]| 98 A& =
A Bie T EHLE FTkste] 750 uMell A 71
A3 Axe AAE dAlske Ao vepgont Ax
47 A& 500 uMell A 74 FA] Lrebske) =gk
thekdh AZF E< DADSE Aol :FAZ S wl] A7k <]
THoE O a3t Frksto] 12417kl 74 S 1A}

>

10 uM
300 - H

——
—_—.
—_

250 1

% of control absorbance at 0 h

Time (h)

Aeglent AL A7 oA v & 48A F LB
= uf 7H A vebgeh A8 & Fig 1Bell4] H&
vl9} Z+o] MCF-7¢l] v}eld DADSol| 93l A|Z =4 g3}
= 500/,[M ESOA] 4841 7F EoF :=EAAHS uf A A
= T Ak

2) DADSO|| 2|8t MCF-7 M|Z 21} N ZHQ| 22F Hs

[= )

_——

AEZ=A q3+E 7b4 FA HQl 500 xM DADSE AL
o 48417k =EA7] F AR dv|F o A3 An
Fol AYAQA FIAE & §X

T AlES] 2 Jo}a
Q1= b (Fig. 2A) DADSol| =25 A Z9] Roko 9%y
IAY FAY e FT FoE wHdn A¥FAH
apoptosis A|3£9] 57 Q1 A|E blebbing H-g-& K rHFig.
2B). 1ejx AEAZE H AZE9] o 549 DNA £4
& Alo] doj}i=A] zholslr] Yslo] & DNA ool

]

DAPIZ A-gsfo] al& ofajsh ¥

% A% gz ALY e 52

o2 WHH(Fig. 20), DADSE A e]¥
1gelA gpor] i

g3 su|Foz AL
AR LA
AE e v2A

A el vehd

1‘40"

47

-

A3l Befo] ¢

(Fig. 2D).
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3) Flow CytometryQj 2|8t M|ZA} EM

AEAY BEA Az} 500 M DADS X8| 3 1247k
A ZAH o] APH AEE 42%9 3L 24X 7 T= 63%, 48
AIZE F= 15% 2 b Eo] F7bsldckFig. 3). v A
7b dolt AlE] ulE2 48417 =EA 91% Z7}sl=
Aol 2HchFig. 3. 285 9] panel). tha-2 AIZE 43
L2 3AZ ZT Pl ANHBE o| L3 WS o:]x_q—a‘; o ZH
DNA 45 ZA3Ii=dl DADS Az ¥ B4 F Az

ol thak AZAE 29 ujgo] 1247l 17.8%0l14 24

joy)

120
—e— MCF-7
100 4
80
60

40 1

20

% of control absorbance at 48 h

0 T T T T T 1
0 10 50 100 250 500 750

DADS (uM)

Fig. 1. Time (A) and dose (B) dependent induction of cell death by DADS in MCF-7 cells. Growth inhibition induced by DADS was
detectable after 16 hours and the maximum effect was observed at 48 hours with 500 «M DADS which inhibited cell growth

up to 65%.
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Fig. 2. Effect of DADS on morphology of MCF-7 breast cancer cells (phase-contrast microscopy and DAPI staining). Untreated
cells displayed typical epithelial cell patterns: a cluster of cells growing in a polygonal shape (A). Within 48 hours of treatment
with 500 mM DADS, cells were changed in morphology, including shrinkage, irregular shape and surface blebbing (B). Nuclei
of untreated cells maintained normal nuclear morphology (C), whereas nuclei of DADS treated cells became condensed and

fragmented (D).

A7 ZF 33%, 48A|17F 3 57.9% % }E}ykch(Fig. 4).

4) DADS7} MCF-7 M| L} PARP cleavage?} bcl-2,
baxQ| g5l A0 O|X|= P&k

94 116 kDa DNA 73} thuizl ol PARP7} DADSo|
9] 3)] cleavage ¥ &=A] HQEE=t| Fig. 504 HolF&= ule}h
ko] DADS A 2] & 12X 7F5E] 85 kDa fragment7} 1}E}
F& #lg 4 99t} o] cleavaged form kAL A7k
o] ZAzhitell wpel 1 ko] Zrkuilm P whuA
116 kDa PARP:= H|#|& o @ 1 oFo] 7hAsli okA+
B 9ich(Fig. 5B). =3l apoptosis®] modulatorZ Z-&-s}
Bz1ol bel-29) baxe] wFE okAlo] ojwWA] WMs}i=A] RT-
PCR#} Western blotH} & A-83}o] 2A9l =1 Bel-2

fle o o ¢

719 RNA levelo] DADS * 2] 7247+ 2ol 70%7}A|
% }gi,L(Flg 6A) ghwld by e RNASH HYg
2 A4LsE e & T dAUrhFig 6B). L1} bax
o] 79 RNA e} ol mrel Wl Wbt A
A CHFig. 7).

5) DADS7} MCF-7 MZEFQ} HA oIzt MRIA|
Off OIXl= Zat0fl CHSt Hlx

Eu}iﬁ

H

DADSE A fEAEo He|gk & MTT assay & 53l
A8t A3} MCF-7 A|Z7} 100 pMol| A L= ZIE B
°l7l A Zkste] 500 uMol|A] 74 = AlEZAAA A A}

E»iﬂ i AFRAIES] 7 S0l 500 uMol| A =%}
5 10% olWe w|ekst AE=A AE VRN cHFig.

oMo
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10 q

0h

FL2-H
3
1

0.8%

FL1-H

24 h

Propidium iodide ——»

FL2-H

FL1-H

12h

FL2-H
2
1

4.2%

48 h

FL2-H

AnnexinV ——»

Fig. 3. Flow cytometry analysis of FITC-AnnexinV and PI double staining. Apoptotic cell population with FITC-AnnexinV +/ PI+
was dramatically increased from 0.8% at o hour to 75% at 48 hour after exposure to 500 xM DADS in MCF-7 cells.

8). ol&l AIE Al FH3l7] Hl flow cytometryol] 2|3}
apoptosisE FA sl Fig. 9ollA] Hi= npel Flo]
DADS 500 M =504 MCE-7A1%9] 72 72% (panel B)
o] AEAE HolF uhi AFRAES 749 22 27
4] 15% (panel D) AEC] MEAE dod|+= Aol 2}

1]

Ll

nl59] 4R Hh(essential o0il)Q] 60% ©]Ag AAslE
DADSE A4A4 olta 24 AlE A& Al A
AZAE FEste AoZ d#A gk 2 A4
MCF-7 A|Z3=l th3t DADSS| A|E FA A &3 50
pMZAA = tzell vel HXto]7h gl ot 100 Mol 4]
FE| A Aol A== A B T R 500 M
AAFE A3 AE AAE JAle ZeE ey

th cheEsk A7F E<QF DADSE AlEell =3 AZE W Al
7+ &R o7 1 I} Zoetda 484 7hell A E AR
ojA] ul-go] 7b4 ZA| Lheht DADSel 913 AIE 24 ]
| 5 500 M FEOlA] 4817 FF =EAIA S wl
b dAe dEde e & 4 gl

7|l LA™ AlxAE ] FHeQl Al 3] A(necrosis)
5]+ shrinkage necrosisZ}i WHE QG FE4 A
o] g 19724 Kerr 5(12)0] A)E A (apoptosis)Z T
a1 o FH ol Al3E| A A (programmed cell death)z}
£ yew Qb AEANe] 527 &8 AL
sS4, AlxzrtidelA Alxrte g g e 5717t
=%l A (membrane blebbing), A|XEXH-E-Eo] A|ELE
Bel "Wojx 1} apoptotic body, 2] FMA S2(chro-
matin condensation), 312] - (nuclear fragmentation) -]
S}, 3 Foll At DADSS] Z4]olA] 714lo] A<l Ael

N

e

i 10 kI of
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63 7

63 1

oh 12h
3.7% 17.8%
M1 M1
4+ 4+
3 L
3 -
o O Ll T 1 O T T 1
5 10° 10" 10° 10° 10* 10° 10" 10° 10° 10"
@
Ke)
E 637 o4n 637 48n
P4
33.0% 57.9%
M1 M1
4+
0 I'I 0+ i el
10° 10 10° 10 10° 10° 10°

DNA contents ——»

Fig. 4. Flow cytometry analysis with PI staining reveals that the percentage of apoptotic cells with subdiploid DNA staining (region

M1) were increased in time dependent manner.

o3t ARIAE Yot y] =l Al FAAA azts 7H4
A 2ol 500 M DADSE A|Zol| 48417 =FA7 &

o

A4% Ao R TS WAt h2T AL B

oko] AYA Sl A AE S 9433 Q= uhH DADS
o g8 AT 2} S5 RAYS L v
AZato 2 BE] §7)7F E%5E 842 membrane bleb-

bing I A|ZH-EEo ‘ﬂ—-—i—rlﬂ o] 1} apoptotic
bodyE & < itk DNA ANl DAPIE A-&3}o] ¥
& sk A3 apopiosisZh B AIES E oFE 5H
DNA 374 #14Fo] ek A& wHstsich. Apoptosise]
Z7 AN A Vel AExEH] W3t 7 shuel AE
ok ol 4] 2]¥ o 2 9] phosphatidylserine (PS)2] translo-
cation® & 0ls}o] A|EutF ol =25 PS7} annexin Vol|

Agele AL Aoz ¥ezs DADSH o3
AZAT} $EA AZES AP oz HAsE 500

#M DADS 2| F 124 7bell AZATZ} APl AlZEs
42%R 3, 247 T 63%, 48A17F T T5%E 1 H&
o] S7ketleh. BEdF ATL J AEE A=) integrity
£ f{ao24 PS7} Al Eete) kEE] =l o|u] propidium
jodide s Ah&sto] ApedA7l A A|E9L FHsle] HER

A% 4 ded A dolt Kﬂii—ﬂ Hl&2 48417k
224 9.1% F7hske Aol 2B S-S ¢ T Ak oY
g A& Ao 4] DADSS] MCF-7 §HlF A|EZEo) gt

AEZAAA 7|1 A7k 8 =5 o9& zpod Ao 2%t
Z—lou]% _9:]- o]— Q) 0}]‘1-;]_
3 A *?—39 71e& 7HAMA AlEAEY A%
Adele FAARA ‘P“"Q B3l 34 cysteine protease«]
7F5Q] caspase7t ¥ A glowm o] FL wh A 2] aspar-
tate A7) 5 E3sto] SRTE Adets SAE /AL

el AlEAE L AT E WA =] caspase AlGo] 24
3}¥] & cascaded AXAl F3 HFHoZ A} cas-
pase-1, -3 4l 4 Fo| AlE W Fo i F PEA Do
FAH A S EFAA T3 AEAE L A7)l
Holsj ohide] A9l Agkitozd ATARS
Qs Aoz WA k. oleld B F sl
poly (ADP-ribose) polymerase (PARP)+ DNA strand breaks
of] th3l vk o 2 NADZYE poly (ADP-ribose)E AJAks}k
+ DNA repair 38 H A4 Z4](13) DNA 5-A(replication)
(14)9} A A(transcription)(15) 52| ZHell *"4"45101 et
PARPY: 79| t)EE-9] apoptosis oA Atz 7]
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Fig. 5. Immunoblotting analysis revealed that DADS-triggered
apoptotic signal leads the proteolytic cleavage of PARP.
500 M DADS induced cleavage of PARP into its frag-
mented form p85 at 12 hours after exposure and the
portion of cleavaged fragment was increased in time
dependent manner.
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Fig. 6. RT-PCR and Western blot analysis for bcl-2. mRNA
expression level of bcl-2 was decreased in DADS
exposed cells and the reduction of bcl-2 was by 70%
after 72 hour treatment (A). The protein expression level
of bcl-2 was decreased in the same way as mRNA (B).
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Fig. 7. RT-PCR and Western blot analysis of Bax. There was
no significant change in expression of Bax mRNA and
protein.
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Fig. 8. Comparison of growth inhibtion effect of DADS on nor-
mal fibroblast and MCF-7 cells by MTT assay. Normal
Fibroblast exposed to DADS showed slight growth
inhibition (10%) even in 500 «M DADS. However, in
MCF-7 cells maximum effect up to 65% was observed
at 48 hours with 500 M DADS.

A2 2] caspasecl] 23l 7)ol Arte]= 712 F9 shito]
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of| A= caspase-3¢} 7RFo] PARPS| Aghol] fHo| = 7
o7 Bk B Ao E AdAE EQlslr] 9l
116 kDa DNA 733} w0l PARPO| cleavage o] 1-& %+
ols}9l+=u| DADS A& ¥ 12A]7F5E] 116 kDa fragment
9] ¢ko] Al S HForm thAl cleavaged form
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Fig. 9. Apoptotic cell population with FITC-AnnexinV +/PI+ was increased from 0.7% at O hour to 15.1% at 48 hour after exposure
to 500 .M DADS in fibroblast, whereas 2.1% at O hour to 72% at 48 hours in MCF-7 cells.

Q1 85 kDa fragment7} A ko] 7 23tel] whel we
Ao 1 o] FT7sASE & T Ak 3 Germain
S(18)2 152 Adol|A] caspase-70] caspase-3o]] H|3] &
A AEF O E PARP Athol] fofgivta FAE &
o] rol] AH-£3 A|EF+ caspase-3 ZAFH MCF-7 cell lineo]
22 ulz9 ARl DADSE caspase79] #AJ3tE f=38)
o] PARPE- cleavage A]Z S 24 apoptosis7} Z#ls}l3 &
Aoz AztEch

HZ7HA vhgo] ZHAAL v dta el W3 o ol
Toll = E-slar whzo] ofw3t A3kt 7|de Eall &
A T IR B WA AR bl 1988
td Sadhana £-(19)7} 198911 Belman £-(20)2 DMBA (7,12-
dimethlbenzanthracene)ol] 2]3]] F%% nude moused] 3]%-
Stol|A] wlEol|A] 333} sulfihydrilo| epidermal lipoxyge-
nase®} ornithine decarboxylase®] AT & ®ojrms] tumor

promoter®] 7] A}7191 phospholipid®] phosphorylationg-
Ao s Wek H3E BT shlv.

1986¥d Lau £(21)2 # 9] vlsdol] wFAA]F] transitional
cell carcinomaol] thal] 25 mg2] garlic extractZ intralesional
route®} intraperitoneal route® o] Fo ]l +H|
intralesional X| &7} &k A& oA ZLo] AR 7))ol
WA A2} fZ G A ] FThel o] Foll 23t FRAE
ALERE & 5 ook ok ol o] FLE TNF
S lymphokine®] AJA] Z7}el] 2]3F NK cell A EQ] &7}
oF fo| Qo] whE FEEY WAXE aIE A
t}. 199511 Sundaram £(22)-2 DADS7} Ca2+-ATPase2]
BYEE Yol AL ] aliamsEs) 54 453
FEdromy AAAE E3E ol XA o AELE
AL ZRA 71k so] DADSe| ]2} calcium homeo-
stasis®] W3}7} FoFAES] AAAA 9 AEZA (growth
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inhibition/cytotoxicity) @} F&lo| ki &}ict 19961 Singh
5(23)2 nude miceoll4] DADS7} H-ras oncogene trans-
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ofl o3l DADSE 737 A1F 3k FollA ol nlsl &
o 27 W p2l Heras levelo] ¥1x]3] k43 Z1& s}
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DADS?] Fol& 9lgh 8¢t & 77} p21 H-ras membrane as-
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A WA AAS AT oz et LS o AR
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YAE ) FEF ATALE PAE Aoz W
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ol AAAE oJAlste] ATAR oA BRT BFw
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