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Apoptotic Effects and Mechanism Study of Scopoletin in HepG2 Cells
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Scopoletin (6-methoxy-7-hydroxycoumarin) is a phenolic coumarin and a member of the phytoalexins. In this
study we investigated whether scopoletin causes apoptosis in human hepatoma HepG2 cells and, if so, by what
mechanisms. We report that scopoletin induced apoptosis as confirmed by a chromatin condensation. The signal
cascade acivated by scopoletin included the activation of caspase-3 as evidenced by increased protease activity.
Activation of caspase-3 resulted in the cleavage of 116 kDa poly(ADP-ribose) polymerase (PARP) to 85 kDa cleavage
product in a dose-dependent fashion. Also, scopoletin-induced apoptotic mechanism of HepG2 cells involved the
generation of hydrogen peroxide. Taken together, these results suggest that scopoletin induces hydrogen peroxide
generation, which, in turn, causes activation of caspase-3, degradation of PARP, and eventually leads to apoptotic

cell death in HepG2 cells.
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Scopoletin® 6-methoxy-7-hydroxycoumarin 2 & Sinomonirm
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acutum, Solanum lyratum, Brunfelsia hopeana®] B, Artemisia
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Scopoletin®] 7HIA Zol tigh TAI R a3 B 71" A+

Dickinson, San Jose, CA, USA)EEE] TYol%oH,
caspase-30] ot & &7) & (fluorogenic substrates)x}, PARP &
He=  BD TLsI 2m,
MTT(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide), Alkaline pohsphatase-conjugated mouse IgG
secondary antibodyi= Santa CruzAlSanta Cruz, CA, USA)ofA]
T5IH T M ZuHER DMEM, Fetal bovine serum(REjoOlE
), sMiA &2 GIBCO BRLAKGrand Island, NY, USA)Z 2E]
TSI ARSI

pharmingenof 4] scopoletin,

2. M| EnneF

017} S TIUA Q! HepG2 M= American Type Culture
Collection{ATCC; Rockville. MD. US.A)yollA4] T8I, 10%
FBS7} A7} DMEMOJA] 95% Z712}F 5% OJAFIERS(CO) 7t A&
ErXlE 7171 ZE¢ 71014 37CE FAISIAUEL HEE= X4
HBEE fAS flaiA 2-3Y nirt 2Falo] uisigict A2
4*& hemacytometerg o} &¢+ F& AXlo} o] ST

3. MTT 24

HZZE 96 well MEBRF 87107 1x10° cells/ml# BF5}0]
24 A1Z MEZAY 8Y)o] BEA7IL, QREslEl Ao
scopoleting 24417t AE}slad MTT(0.5mg/ml)} 3A17F HFSA]
Z4Ch Y& MZ7F MTTERE 448 Hekl 884 formazan
S DMSOZ 315t 570nm itAtol| A ELISA reader(Molecular
Device, E-max, USA)E E&TE SHoITE &4} formazan

%
AY FEe ET Az Hlusk] HEE((%)E FAISKE

4. Hoechst 33342 dyeZE 0]83} & &4
HepG2 ME (1x10°ells/m)E 10%Ql FBS7} ZgHd

DMEMH| A& 0]88}0 6-well dishesoll 4] WiQUSIQICE. 48A17¢
%o 1 mlo] MEZREFHL 35 50 1000 rpm T A4 EE] 8}

of MEE FFAZATE AE FHEE 4%9 54 &45% =2
goop)e Erislel ZEck LEE MEEFH Sou)e &
glolzol &Z I H20l4 AXRSIATE IHF M2Es PBSE
H AAHEF L, AZAIZ] F, nucleus-specific Hoechst 33342 &
(1 ug/m)E 1027 G204 g4t & PBSE 0|86l AAH
I, AZAZ & 0% S2]H E(glycero) 2 PRZE (I8 X2
oL} SEOIEE MASHILE SEic|Ee &30 (Olymphs,
Japan)& olEdll ZAIACE

y 0o

¥ Mo oW

5. Caspase-3 B8 &5

AEEZ 4TolA 308 MZok EH (1% Triton X-100, 0.32M
sucrose, 5mM ethylene diamine tetraacetic acid(EDTA), 1mM
phenylmethylsulfonyl fluoride(PMSF), 1ug/ml aprotinin, 1ug
/ml leupeptin, 2mM dithiothreitol(DTT), 10mM Tris/HCl, pH
8.0)7 912 3, 14000:pmO.E 158 ALEEIFHA 0] w) oiR)
AEM 3042 caspase assay buffer(100mM HEPES, 10%
sucrose, 0.1% CHAPS, 1mM PMSF, 1xg/ml aprotinin, 1ug/ml

leupeptin, 2mM DTT, pH 7.5} caspase-39] &&7]EQl
Ac-DEVD-AFCQ} 37ColA] 608 HI2A1Zl Z  fluorometer
(F2500, Hitachi, Japan)& caspase-39] 4T & ZH3IRC) o]
o  mEe wavelength(400nm)$}
wavelength(505nm)& AHS3ISA

excitation emission

6. Western blotting

EZEE HEE AEZIER I 4TolA] 308 BISAIY =,
3049 THEEE 5 w9 sample buffer(SmM EDTA, 4%
sodium dodesyl sulfate(SDS), 20% glycerol, 200mM Tris, pH
6.8, 0.06% bromophenol blue)9} &8t &, 100ToA] 32 71= 6}
o YA WY SESIL 10% geldlA D718 5E X80
Tl A7IF9ES mEl gelo] vHHAR semi-dry electrotransfer
system(0.8mA/cr) & 0183} nitrocellulose membraneQ & 0]
BA)Z] the, 5% skim milke} 2041 1417 EEEA]AH HIS0]
Aol gAEE AMAIZTE LXFEA (primary  antibody)=
TBS-Tol 1:1,0002.2 34351 nitrocellulose membraned} AH
oAl 24417} RIS AT TBSTE 1082 341 A3 5, o RFEHA
(secondary antibody)Q! anti-mouse IgG conjugated alkaline
phosphatase(TBS-TZ.  1:3,0002%  3}4],
England)9} 2H20lA] 1X]17F BFEAIZ] %, Image Analyzer
(Biorad, USA)E o] &3la] wrAiAIZzITH

Amersham Co.,

7. Hydrogen peroxide 44 £H

AZEU 4% hydrogen peroxide@te] £82 g& EE0!
5-(and-6)-chlroromethyl-2’,7’-dichlorodihydrofluorescein
diacetate (CM-H,DCFDA, Molecular Probes, Eugéne, OR, USA)
Z ol8dld X3t AlEd 1.0 mg/ml scopoleting A E1gt
& PBSE 0]835kd 2H washingdt & fluorometer (F2500,
Hitachi, Japan)Z 0]1&3dld Al ZW A% hydrogen peroxide@f
2 ZF8ITE olu) Q] THANS excitation wavelength (495nm) <}

emission wavelength(525nm)& AM=5}31

Bradford®] 1% o4&t HEksEied

9. BA M
A8 Z7H= mean:SEMOE HAGINOH {49 48
Microcal Origin(Version 6.0)& ©0]&3d}d ANOVA one-way test

ol 9J5IR e pato] 0.05 olstel AT FAst AL E SIS

4 %

1. Scopoletin0] M EHYEEI} M Z LAWY HIXE G4
Scopoletino] HepG2 A|ZS] MEMES] nlxl= Fak

ools 7] 215kd, 1x10%ells/mlo] AT E DMEM uixlol] H&

L 24A)17 Eof) 0.05-1.0mg/mle] scopoleting 24A17F KE|SH

Jor Sb o
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MITE o|Ed6
of Mzlgt &9 ATkl 9JEECE H]E’%‘—f—%ol Fd el 7Nl
™, scopoletin®] 7 QrA|Zol thet MES 24 g7} AEIUA}
ol 93t AQIA| &1 BLUAL A1 ILALS] EXEQ] FAO1 HAA
S5 (chromatin condensation), DNA £ (fragmentation) #4-&
Hoechst33342 @5 & o|&3dkd ARSI Fig. 29 S E F

AIRoA] LIERGEO] scopoleting: 0.5, 1.0mg/ml2] EZ AT
8 TollA] 1ALl BEAEQ! #E0] LEITE

100

80

Viability (%)

60+

40+

0’.0 0’.2 0‘.4 0’,6 0‘.8 l'.O

Scopoletin (mg/ml)
Fig. 1. Effects of scopoletin on cell viability in HepG2 cells. Celis
were freated with various concentrations of scopoletin for 24 hours. Cell viability was
measured by MTT assay. The percentage of viable cells was calculated as a ratio of
A570 of treated- to control cells (ireated with 0.05% DMSO vehicle). Each value is the
mean = SEM of four independent experiments.
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0.2 mgiml

1.0 mg/ml

Fig. 2. Apoptosis inducing effects of scopoletin in HepG2 cells.
Cells were treated with 02, 05 10ma/mi scopoletin for 24 hours. Hoechst 33342
staining was analyzed as described in Materials and Methods. The arrows indicate the
chromatin condensation and DNA fragmentstion.

2. Scopoletin®] caspase-3 E4 T I PARP Etio| nmijs g

Scopoletinol] 9Jg+ HepG2 M 29 LAY caspase-3 &
HE9 &t BAslEAE  glshuAl Tyl =k9Y
scopoleting 24A17HEQF Al Eoll = EA]7] & caspase-30l] &
I HH0 Ac-DEVD-AFCE 0|83l ST E ZH5I9ch
11 2 AElg ARl JEF T B L7 BT8R 2n £
05, 1.0mg/mi9 8L & A T2 xRl vlsled 42} 56
Hi(p<0.01), 6.180(p<0.01) E7I3ld BAXCE FAYE UER]
CHFig. 3). Ol21¢t capase-3 8 E9] £71= DNA 57 §4%
olEd7l PARPY] WS 95 51%CHFig. 4).
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Fig. 3. Dose-response of scopoletin on caspase-3 enzyme activity
in HepG2 cells. Celis were incubated with various concentrations of scopoletin for
24 hours. Lysate from cells was used to measure the activity of caspase-3 using
Ac-DEVD-AFC as fluorogenic substrate as decribed in material and methods. Data were
represented as a relative fluorescence compared with the control value. Values are
mean+SEM from four experiments. **p<0.01 vs control
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Fig. 4. Effects of scopoletin on PARP cleavage in HepG2 cells.
HepG? cells were treated with various concentrations of scopoletin for 24 hours. Lysate
from celis was separated on 100% SDS-PAGE. PARP on the nitrocelluiose membrane
was proved with anti-PARP antibody and the immunoreactive band was visualized by
image analyzer. G3PDH s a loading control.

3. Scopoletino] hydrogen peroxidedl] D|X]= H&k

ScopoletinO] ZFFA FELH hydrogen peroxide Yo m]X]=
I} 1.0mg/mi9) =EZ X2IdF & hydrogen peroxided] £0]
Q! €591 CM-H,DCFDAE ol&3lod RALBIGTE I A3 Al
W 4% hydogen peroxide?] 2k scopoleting 30827t &gl
g oAl tiZETroll Hlolo] oF 2849 E7HE UERICH 1 olF
BE d4skes ASE LERITHFg. 5).
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Fig. 5. Time course of the effect of scopoletin on intracellular
hydrogen peroxide production. HepG2 cells preloaded with the fluorogenic
probe (CM-H:DCFDA) were exposed to 10 mg/ml scopoletin and the fluorescence
change of the oxidized probe was determined as indicated under "Materials and
Methods”. Values represents mean £SEM. from four experiments.

FZ0! HepG2 Al

- 1596 -



Scopoletin®) 7iebd| o} vhdt IAL &

o TAIE /T eE I 7180l caspase-3 & Floll <9k
PARPS] &gt hydrogen peroxide 349 57171 Bo{sh= A
o2 UEhiTh

ScopoletinS TIeFSt & FollA] spasmolytic Zt, XIS &
o, AR g oA it Y ROE UEAH Ao
P 25 Aud gz I fE @i, 541 oA g3t B
IHRH.

AEZ DAV MEAALL} Y] AEZQiA dojubes Fald
eAol ogld tAETE Bolzke e ¥re uwERY
chromatin®] £%, endonuclease?] &4 3loll €]t DNAY 24,
O}ZEE! A (apoptotic body)d 84 & EFHQ S
1% ] A BP . =2 gslofA] scopoleting TS BEE 7}

_12

o) HepG2 M Zo) A2)dt & MTT 2AM S 018510] AZ 4
£88 ZARR A7 Al skol vl AZ 5Ho] &7t
BI2 9U4(F1g 1) Ol ME FH9 &7k MEILA 9T A

lO

Z UERGCHFig. 2). 0] 22 scopoletin® HepG2 A 20| th
8 LA} g3 J1RES WelTA g3},
PARPS] Htt oIRE ZAKGIN

AT MZEANE fRE 71HMCE FQRAIFIL U= caspase
protease family&= :,ﬂg‘lﬂ‘jg ol A ZAPE A A0l o5}

caspase-3 proteasesQ]

ol

& 435 GEAFEA] procaspases} effector caspasesZ LI o1
At UEH0Z AlZ oA E84s FelE EM6trt
QR A=l o5kl E43lEl SR UEFIE LelA QA

o, 1= caspase-3, -6 proteaset= effector caspasesTZAl,

caspase-8 proteaseS} -9 proteased] EHAlTol 9Jslo] 23}

R Aol AxY 71s FAe 2R3 whRdel
poly-(ADP-ribose)-polymerase (PARP), inhibitor of
caspase-activated ~ deoxyribonuclease(ICAD), 12]il actin,

fodrin, lamin S Z+2 % cHIAES JTield M ¥AEE &
Sl AR A YT, HepG2 Ml E0l scopoleting &z
} §_ caspase-3 proteases®] S TS TAISH A1} caspase-32] &
Tt Mg sEoll YEFOF SU18IcHFig. 3). Fig. 4& ol
B} caspase-3 B 50| £717F DNA 27 §4:0] PARPS] Hrt
g FLsh=Al RAGH ZHOILt. PARPE FiAZollA] NADE
nicotinamide 2 HEA]7 =
A1 116kDS} XK FAIGIE T ikt SR 2 15l s
o} 85kD2} cleaved product® E45l0] DNAY &4 21EsHA
SHEE oK MIAEES EIE 15 S

‘_

I
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protein-linked ADP-ribose polymer%

Scopoletin® HepG2 MZo A28t sTol 9EHCFE PARPY
S S55ICE 019} e PARPY] 85kDE o] At Fig. 20
UERA QAR 22, DNA BE e SLg A0 E Yzt

CIoFSt 470141 hydrogen peroxideE Tlgh E44HA40
Mdo] MEIALE SEdH= A0E WAL Jo*™. 2
ollA4} scopoletin® HepG2 Al ZEollA4] hydrogen peroxide®] 2h
S £71)73ckFig. 5).
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