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Resveratrol (3,4',5-trihydroxy-trans-stilbene), a naturally
occuring polyphenol compound which present in the skin of
grapes and red wine has been considered to posses
chemopreventive and antioxidant properties. However,
little is known about the cellular actions by which
resveratrol mediates its therapeutic effects. In this study, the
effect of resveratrol on cell proliferation and induction of
apoptosis in human osteogenic sarcoma (HOS) cells was
investigated. IC5, value was determined to be approxi-
mately 6.0 ug/ml. Chromosomal DNA framgmentation
analysis showed the appearance degraded DNA in time-
and dose-dependent manner upon treatment of resveratrol.
In order to ebserve the molecular mechanism involved in
resveratrol-induced apoptosis, Western blot analysis was
performed. We observed the decrease in the level of pro-
caspase-3, the zymogen form of active caspase-3 in
resveratrol-treated cells. This resultimplies that caspase-3 is
activated upon treatment of resveratrol. The activation of
caspase-3 was confirmed by the cleavage of poly(ADP-
ribose) polymerase. Taken together, our data demonstrate
that resveratrol has anti-proliferative effect on HOS cells

and induced apoptosis through activation of caspase-3 and
PARP cleavage.
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Spolak Alze] o] 24uEA b AHE FHHe.
= AAee], 7P Gelewt §RA 29, 247
ol 29l Fo| Ao Hofaht Loz YA gt
Egort Hehed, A 8 9 ol oy
Fol W% 52 4Pdow gy o, 1 F 5
SR AGHE BPAE Az A% dll Az
o Astel PerEste el Aoz 94 9

Paclitaxel®] 73-% microtubules F4E% sl 3okA|o]
W, AZE G2/M phaseollA AAAZ] T c-Jun N-
terminal kinase (JNK) 2]<& =l »v]o&=o]l A|EApHo]
= Zlo] BarEglrl (Wang 5, 1999). Suramin®]
73-F p53 A SUkE Esle] bEE-S vl o]
S AL AR dofxlw gotatel FobA o]l
Hazb lek (Howard 5, 1996). UTPF +=7} --Aks)
of efrbabgo g gokahg-5 veh= 5-fluorouracil
(Malet-Martino and Martino, 2002), cyclooxygenase-2
Al A zA dtadE el celecoxib Fo| Rarw
oA} (Koki and Masferrer, 2002). &=l kA7) A
Aol sk shdARl ok AgAErl fesan, wheb
ShA 7L olefgl ofok ZAgAbele] Ag= o] Aol =

© A& o]g3led kigamicin DeEl= dobAI7L Aiks]
7%= skgel (Lu 5, 2004).

Follw AdEolA] FEE AAsie] Alekow Auts
e kdfo] ulsiA] A= glow, 58] Holekg4
e Aol A, Adela] A g 4 glow
sAEEE AT F e T o] 7H Aoz 9
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ol 513l benzo[a]pyren (B[a]P)e] ot ofjalEA
B[a]P-7,8-diol-9,10-epoxide-25 A|7sk= 5< ot
Zkg-o] B3y w} 2}t (Stoner and Mukhtar, 1995). &=
g oA g Ak FEEI a1 FEe] skaspt
Hasl9lon] (Lee &, 2000), 12 3¥FE-E, momor-
din 1 H A7 355 5 A% AA detadfe] of
shod opzbA]l oA At ¥\l ot (Ju 5, 2004;
Kim &, 2002; Lee and Surh, 1998; Bomser &, 1996).
e, AHodekgAlEe] Fie vl AHSisk, 25
Pt 28 et %?\‘}740]“% ohefstAl vz, ofof of
3l ¥} AAA A 74xﬂo] SFHa 9
A Arze Ted Avor, ¥ "z g kst
A 2EY AR E liio}o% A Agke] whs o
Adte b ok e, Al FAksEAEa]
resveratrole] F2]¥% 2w (Mattivi, 1993), 0101 ek <
T7F sl AeE gt AlEAVE Aol ~E
&5 WY el Aol 4] *”“ﬂo%zlp resveratrol
- phytoalexinA] SHERA], AlEAollAe] Aakst 7]
*Oﬂ Halixle ob me A7t ek AAolrt. A&
resveratrol?] e} (Signorelli and Ghidoni, 2005; Azmi
& 2005) = g Z-8oll (Dong &, 2003) Hdk o
T7F gzl glew, olejdl 4l AMNEe
resveratrolo] A|Z % Qlalle] F83t #go] S A
ARglet, B oA
of vlAle A=A U AzArE f=

£ o] wusl wlelst,

rgl

resveratrol®] <7} E8LA XS

a ol oiet 713}

>
oo

EXE

Al ef B A Euf o

Resveratrol (Sigma, USA)- dimethylsufoxide (DMSO,
Sigma, USApI 100 pg/ml’} H=5 o] -70°Ce] 2p
shodem, Al wiokul| EEE phosphate buffered
saline (PBS, GibcoBRL, USA)yl tiekel w52 3|43}
o] ARgaldch, & odtollA] AREsl AlZ, HOS (human
osteogenic sarcoma, ATCC CRL-1543) A3+ Dulbeccos'
modified Eagle's medium (Gibco, BRL, USA) wj=]o]]
10% FBS (BioWhittaker, USA)?} 2mM L-glutamine,
100 unit/ml 2] streptomycin/penicillin (Gibco, BRL, USA)
= 1mM sodium pyruvates #7}sked 37°CollA] 5%
CO,/95% aire] ZAslollA wiokslgeh, wioksle F<at
wopol e o] ol i mAlaklsL, Al wjek Aol
7b 27 Aol Alfisted 91

AZF4 &3
AL 54 24 AP MIT 248E <8313

E . /Ké
710l = *ﬂ_—ﬁ% 96 well platee] A2 & s}k &

of wjekslar X85 718k & 4847} “F<t wiokel % 0.1
vol®] MTT (3-[4,5-dimethylthiozol-2-yl]-2.5-diphenyl
tetrazolium bromide, Sigma, USAYE A7I5la 4417} &
ob wiakstgleh, 7+ welle] wiofl-& A|AS I HA4=
formazan %< 004N HClo] $h# isopropanol 100 ul
2 du 7hgA zekeled b3 &siAzl ¥, ELISA
reader (Bio-rad, USA)i 570 nme| A (reference:
655 nm)ol A FFE S

DNA ¥4 &34

wjok o] A|Fof| resveratrolE: ZAje] AX|H FEof
AZFESE * F/] % AzE 43 Hyun 5 (1997)
of 7% Wier DNAZ AASE A2E Y31

PBSE. Xﬂﬂ’q‘} % 1ml9 lysis buffer (0.5% SDS, 25
mM Tris-Cl, pH 7.5, 5mM EDTA)Z AZLadE &
n]staint. o7]o) proteinase K& 1mg/ml F=7} A
A7k 5, 5000004 #HAagk 3A17FEsE wloksisint. A
2%  phenol:chloroform  (1:1)2.% 23 FE3k
chloroform 2.2 13| A3t A|Zell 2599 ok
% 7lsted DNAS- A2l & TE 2 (10 mM Tris,
1 mM EDTA, pH 8.0) o] €35}t RNase AE 200
g/ml E=7F H7A A8l AHrska 37°ColA 307 =
2]3 65°CollA 547t 7 o} 3ok, AAE DNAS 1.5%
agarose gebl] #7195 0% A H3led ethidium bromide
2 GAste] 71X 3)e 91

Western blot analysis

Resveratrole Al Zoll 2|3k &, Alzds|d2 Fulsh
o] olze} 7o) Western blot 45 F-33krt (Lee
5 2000) T e 7W*?‘f] 71Eshd ot 2ot Al
FE5 Fgslod, Az AHES PBSE AAg %, 100°C
9] ce-cold lysis buffer (20 mM  Tris-Cl, 150 mM
NaCl, 1% Triton X-100, 1.5mM MgCl,, 1 mM NaVO;,
100 mM NaF, 10% glycerol, 1 mM EGTA, 10 mM Na
pyrophosphate, 1 mM phenylmethylsulfonyl fluoride,
pH 7.5% 7l 308 &k A2E GeixlFc Sl
AlgE AEE] sk Lowry +4% (Bio-rad, USA)
(Lowry, 1951)°.5 thild w2 Z2A5lodr}. o Alg o
SDS-polyacrylamide gel2 71935 & 5, Ad whi
A% nitrocellulose membrane (Schleicher & Schuell,
Germany)ol 80 mAZ 2417k &b transfer (30 mA,
Pharmacia Biotech, USA)3iL 1z} &=#E anti-caspase-
3 (Transduction Laboratory, USA) I+ anti-PARP
(Santa Cruz, USAYS- AREsldch, mdehs e =
anti-mouse perioxidase-conjugated 23 immunoglobulin
G 3% (Santa Cruz, USA) AHS-3F903L, enhanced
chemiluminescence detection kit (Amersham, UK)E ©|
ga vl W AEE Selsielnt RE AW Hx
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33] ol wEskalen, A de AdE

Resveratrol®] HOS 4| Xof i3l A| X E4 24
Polyphenol Al 313+5-2 ®li7} phenylalanineol|4] -2
it H}SLXAO] 75} o}o]tiiéX1 38 73kl HlakE
T A 9ot B ol A-2H resveratrol -2
polyphenol A| 3}§l&24 o}1Fo2 stilbeneol <3k,
Auprg o 2 347 5-trihydroxystilbene &2 H-27|% g},
ol AN 2= trans9} cis TR Felrb ok Al =
A= mransFol T2 WA=, AT E=F frans
g FALE o FoAa 9Irt. - 7o AHEE resveratrol
=3} trans Ho7 2 §ebd 2= Fig 15 2t}
Resveratrol?] HOSH Zof| th3gl Al Z54-8 MTTEAY
o2 24sioirt. wlek wizlol resveratrol ¢ FEE 0~100
pg/mle.2 HIAT|HA Hrfsied, AlZzel 7] 48217k
Fb wiekrZ]l A, obge] Fmel vla|dle] HOS A%
o] FAlo] FA3] Z}io}‘ﬁp}(Fig. 2). 9 E=IF S,
20 % 100 ug/mlo-2 Z7|gke)| wel A7 AEgo] 533,

(J
OH

Fig. 1. Structure of resveratrol (3,4',5-trihydroxy-rans-stilbene: 5-
[(1E)-2 -(4-Hydroxyphenyl)ethenyl]-1,3-benzenediol).
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Fig. 2. Antiproliferative effect of resveratrol on HOS cells. Cells
were incubated with 0, 5, 20 2 100 pg/ml of resveratrol for 48 hr
and cell survival was measured by the MTT assay.

382 % 7.9%% im]ﬂ“ s e glet. l*
o) AsfollA] AT AELE 50% HiAlF|lEd Bes
FE (105 4 7&4 oF Gpgmies adsan
efzo] 2PFA oF Sollnke s Al H2T ollAE
Az AT AEE 2] Fold gE weE 2

Resveratrol?] DNA 24 = &3
Resveratrol®] HOS AlZo] il Ax=4 HyhEE
ety SAsted AZAPEIA, S apoptosis®] AJ3HEH
ol #1ZFel chromosomal DNAS] A Attt
HOS Aol resveratrobe- # 23t 3, 5% #3474
1/} “% Al A7 W3 7|wA DNA A @Ae] §-
= WA, HA resveratrol =% 10 ug/mlE i
Xé Al 1% 2] A7HE 0, 24, 48 ) T2A7ke® w3l
A173-% o, chromosomal DNA®| =7} A4 ks,
Aol gk smear Aol WEhde o] HAE<ICH
(Fig. 3A). &3} resveratol?] A2 %% 0, 1, 2.5, 5
10 & 20 ug/mle TAA7]SL 72X|7kEek 2 2]Ekele
o], 2] F=7} 5715kl wle}t chromosomal DNAE
el aiEe] sl WA ofsiAe oleiZo s DNA
7} el smeardAbo] vehE Alo] IHAE|Qlc} (Fig.
3B). WebA resveratrok: HOS Aol A7ke]E3 3 5
Fo)Ed DNA +484E f=sle 2AE o 4 9l

A ZE A8 (apoptosis) T3 w1l o] W 3}

DNA 42 apoptosis = A F2] Aslakeel =
%8 dEHA Aok (Kerr 5., 1994). Wb resveratrol #
o] upE AZAE 7% g B sl AlzArE
I HAE PR W A= 4 W olrglrl Fig.
4ol A eb Zro] 10 ng/mle] resveratrols 0, 24, 48
72417k ok AEE w, A A F caspase-3¢] A
TSl pro-caspase-39] &Fo] UA|He® Frlelelowm,

A B

M 0 24 48 72 (hn)

Fig. 3. Induction of nuclear DNA fragmentation by resveratrol
treatment. Cells were incubated with 10 ng/ml of resveratrol for
indicated times (A) or incubated for 72 hr at indicated concentra-
tions of resveratrol. DNA was isolated from the cells and analyzed
on 1.5% agarose gel and visualized by ethidium bromide staining. .
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0 24 48 72 (hr)

Pro-caspase-3

Fig. 4. Activation of caspase-3 by resveratrol treatment. HOS cells
were treated with 10 /ml of resveratrol for 0, 24, 48 or 72 hrs and
lyased as described in matrials and methods section. The resulting
cell lysate were subjected to immunoblot analysis with anti-
caspase-3.

0 24 48 72 (hr)

<116 kDa
<+ 85 kDa

Fig. 5. Induction of poly(ADP-ribose) polymerase (PARP) cleav-
age by treatment of resveratrol. Cells were treated with 10 /ml of
resveratrol for various time periods as indicated. The resulting cell
lysate were subjected to immunoblot analysis with anti-PARP.

Al7ke] 733}gtol] whe} pro-caspase-39] oFo] Fojtl=
= o 4 2ol ol#ldt A= resveratrole] A 2o
3 Al7F 7ol et caspase-39] Awl, 2 caspase-3 ]

A5t s o 5 e

Caspase-3 2] #4-& 3hlsby] 3o caspase-32] 7]3
oped, AzAE fFrEapgold Fesdl 28-S s poly
(ADP-ribose) polymerase (PARP)2| #3}s- #akslg)
(Fig. 5). PARP¥ 116 kDa®] whildo]v  caspase-3ol] 2
Slod Arielol 5 kDao] Axlyrhiid e wW3l=ch Resve-
ratrol (10 pg/mlyE A2Igt & 2447} ©|$+5-E 115kDa
ol Aol A e 85kDadl PARP Axlio] A=

(o3

sleed A7kl ARANYFF Aol ofo] Flal
&

A= OJ?S‘& *ﬂE%‘é TorE = 404 Oh’/}l oA 9/14
A58 AgE Azl (programmed cell death)
AZAE 23S AX = s, o
< WA Fol dofufi= AAA JH = dhto]

AZAPE L 7k e fHzlog wWio| B AEES
AAsE] S Woir|dlo s B AAZo] Eiwoe]s}
doitoz hxE Aol & 4 glv L A 4
x| AAw o9 S8t AZAPE (apoptosis)yS A E
FAL (necrosis)e} AlEeH oz 3held] o] EHid), 7

a‘“‘ |

Aok el AR el A W st o
Ak A g ode Bo] whilE FeiEau nuclease
7F Ao g f=Hr}t (Samuel R, 1996). AlXAPE-2
;(61/33]'2—4[9‘ ubng_,/}z% 0:1?11 /\Eaﬂ/\oﬂ L;‘A] = tﬂﬂ?—l
0 Aol HEER e Az FEl AFEIA o
oh AlZApE dden ApHskE AlEe é A A, Al
21tko] blebbing 52 FefdrHel E-ZJ nucleosomal
DNA fragmentation 59 Ajslebdel &A& Holrt
(Mastrangelo 5, 1998; Thompson, 1995; Wyllie, 1994).
A ¥2AHE-2 AA  initiation, signalling, effector
degradation®] 4%tAl9] TS AH dojuh= Feolch.
HA] (initiation) ¥HAlOIAl AEE cokgt A= W AE
dzmol =FHA Hroh ole{3 AFe] AlTAEEH
(signallingye A A|Zuje] 7|3l Axkzlct, /‘Ei 123
Al A ASg Ashs ofe] A R27) 449 effector
cHAle] Az 2 wolx|Al B, o] ARl & Al A
A (apoptosis) ¥ FAAES] WEe] Fegh dF
S 3 ®rb (Moll and Schram, 1998). Bel-2¢]
T7he AZAPESAS AMSA Ha Aol AEE
Z7RAZIka 2aElel (Hockenbery 5, 1993). o]«
bel-29] AefAEal oF Mot bel-29F bax] Wl TP
] F83F 89le|t} (Sedlak 5, 1995). bel-2& vIEE
CE]O}/] ofutel] FAsle] n|EZ=]ole] FEIA fAof
o3k ke grka FEEA, 1 28 T shyt
= cytochrome ¢ 9 FElE JAlehe AoE A= ezl
ot (Yang &, 1997; Lui &, 1996). Cytochrome cv
nuclear geneol] coding®¢lem, AZAA  apocyto-
chrome cZ A§AEe] mlEZERo}l WE FAX &
heme group®] Z 33k holocytochrome ¢z &=t
(Gonzales and Neupert, 1990). 4320l 5218 cytochrome
ci= proteolytic enzyme?l caspase-3E  AJHA7|
(Nicholson &, 1995; Schlegel %, 1996), #4-& ol
caspase-3= poly(ADP-ribose)polymerase (PARP)E- Htt
kAl ®o}. F=rol= endonuclease & proteaseEo] A
3l=lo] apoptosis?] #)3%2l nucleosomal DNA degradation
& frkglel (Tewari 5, 1995).
AlEA7E B7A]] 2EdlF 2 He]He] Aol
A AAds]olz]= resveratrob phytoalexinAl SHEHEZA],
AEA HollAe] AEgE 7)o dialiAe oAl wEA

o3

A >“”

lo

AR e}, ZEkqlo] obFe] 4wyt FeolE Bk
Al Agle] wnlsr) e o ‘l}ﬂ‘ﬂ 24} (Renaud

and DeLorgeril, 1992y= ¢HFE<Ql 7skab= dldiel 4
F}&A] "French paradox"shi E#A| lc}, o]l A
o] &l resveratrol®] thEF AlF ol 7[oldtcty HA
Holx]ar glow, o] resveratrolo] A 23 B =4
e Fag =Hol U+ ERHTE. Resveratrol-
low density lipoprotein (LDL)®] AM&HS #sskar =2
o] pakelE AAEle] AEE B Ik &5 el
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I 7= R 9t} (Frenkel 5, 1993). 2T resve-
ratrol®] 3PUSE 2R8o] dljgl i} ghlslix|an 9lct (Dong
5, 2003). Cyclooxygenase-1-8- #3l|gho 24| gtz o
ek 285 ok (Jang 5, 1997), 44k Zl o3}

% AFabsola wETe] S Ao g
SE7E Sl BaEQle} (Shigematsu &, 2003).
3k resveratrob: BAJALAET O] 93 AlZAPEHS] BT E
#7} ¢l (Jang and Surh, 2001; Sgambato 5, 2001),
Zefe] YelEde il B-amyloidell el f=% Al
ZApgde] Mgyl 9lom (Jang and Surh, 2003), H]
el E 3 C 5 o Ad sl AE w8sle] A}
& A BTl o3t AEFARRE Y ARFH] A
2 335 a5 vepdeo] ¥ uEQlc} (Chanvitayapongs
5, 1997).

2% resveratrol?] Holak-gol thaljAw= 2Alo] FolA]
olof th&t o1~} B R|a 9o} (for review, Signorelli
and Ghidoni, 2005). <lAdle] =z o4 DNA
breakages Uo7z ZozFE okbge] 9lgo] A
ARE|Q o (Azmi 5, 2005), %3k, resveratrol % 1.9
fr=A7F elAle] promyelocytic leukemia (HL-60) cell
ol AZAMEE fmdls Aol ¥anEgt (Suh E,
1999; Kang 5, 2003). &l#l¢] U251 glioma Al ZofA]
% caspase-3 ZAJslel PARPHERS 53k AlEAfHo] 4
=5t (Jiang &, 2005). 2 od-foll4+= resveratrold]
FELAZT HOS AlxollAe] dotda-s sl
2 &g w7 EE skl skgick. Resveratrok
HOS A|Zoll4] Az3Ag dAlshs a5 Jeplzie
], A ZAME =83 resveratrolell 2)3F chromosomal
DNA +73 =84 el=glch 31 resveratrol> pro-
caspase-39] At F3F caspase-39] TAIE kS
o}, Caspase-3v AlZ oA E84 zymogend <l pro-
caspase-3 YE|E EAfSl cysteine proteasee]w, 32
kDa®] A7} aspartic acid Z7|olA] Arlzlo] zbz)
20} 12kDa® 4% Zhe subunitz AgEE wAlH
chAl Akl o3| EASMECt (Nicholson 5, 1995).
Resveratrol®] caspase-3 s+ A7t o4 4 Fx
o]EH o[k, E3F  caspase-32] 7oA FA|o
apoptosisf-=ol 83 #-8-8- 3= PARP Ztle] f=
He e dEsiolet. £ T Ax @k d4e 7}
A= HAEA resveratrole] HOS AlZ2] 42 olAs)
o™, caspase-3= EASHA|7]5L, PARPS] Auke =

Blo] HOS Al29] AZalE-s fwsle 7218 o 4 9o}

H a2 & o o

f

o

&
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