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Effects of Dancheonhwan on Hydrogen Peroxide-induced
Apoptosis of H9c2 Cardiomyoblasts

Yeong Hun Na, Sang Beom Bak, Seung Won Jeong, Jong Min Yun, In Lee', Byung Soon Moon*

Professional Graduate School of Oriental Medicine, Wonkwang University,
1. Department of Internal Medicine, College of Oriental Medicine, Wonkwang University

The water extract of Dancheonhwan (DCH) has been used to treat ischemic brain and heart damage in oriental
medicine. However, little is known about the mechanism by which the water extract of DCH rescues cells from
ischemic damage. Therefore, this study was designed to investigate the protective mechanisms of DCH on the
H:0.-induced toxicity in H9c2 cardiomyoblast cells. Treatment of H;O, markedly decreased the viability of H9c2
cardiomyoblast in a dose-dependent and time-dependent manner. The nature of H;O»-induced toxicity of H9¢c2 cells
resulted from apoptotic death confirmed with genomic DNA fragmentation. DCH increased the viability of H.O»-treated
H9c2 cells by about 23%, and partially suppressed the genomic DNA fragmentation and PARP cleavage. H.O, also
activated caspase-3 protease and -9 protease, but not both caspase-6 protease and -8 protease. H.O, induced the
mitochondria dysfunction, including mitochondria membrane permeability transition (MPT) and cytosolic release of
cytochrome ¢ from mitochondria, which was prevented in part by pretreatment of DCH. N-acetylcystein (NAC), a
free-radical scavenger, alone increased the viability of H:Ox-treated H9c2 cells in a dose-dependent manner.
Furthermore, the combination of NAC with DCH significantly increased the viability of the H.O»-treated H9c2 cells in
a dose-dependent manner. These data indicate that DCH has the protective effect on ROS-induced apoptosis of
cadiomyoblast H9¢c2 cells.
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1. A&
1) MzF
H9¢2 (CRL1446):= ATCC (American Type Cutture Collection)
FRE 7Yl A uiesraA 4Fsinct
2) oA

ol A& AFEE MAIAY MU E2 Fhetu B o
At el qupn ool AN Om, okils Akl o
AFSHE QIO A Folsled A4S & AMESINAL, o F BEFe
o3 Zr
Table 1. A)II#2| A (Prescription of Dancheonhwan)

ob o 2 oF g Z & () %
# % Saiviae miltiorrhizae Radix 10.00 50
1T =1 Cnuidi Rhizoma 1000 50

Total amount 2000 100

3) AleF ' 717]

4elol A}1g8 Dublecco’'s modified Eagle’s medium
(DMEM), EH¥A], trypsin 2 SEfOIEE(fetal bovin serumy;
FBS)2 GIBCO BRLA} (Grand Island, NY, USA)ollA} F431%
o, ujekE71= FalconAl (Becton Dickinson, San Jose, CA,
USA)oll4l FBIEE. MTT (methylthizol-2-yl- 2,5-diphenyl,
tetrazolium bromide)@} 71E} A]oF2 SigmaAl (St. Louis,
Missouri, USA)EHE T8t ARESIFTE Cytochrome <2}
PARP Eof i3t 84|& Santa CruzA} (San Diego, CA, USA)oi

4], anti-rabbit IgG conjugated horse-radish peroxidase (HRP)S}
Enhanced chemiluminescence kit (ECL kit)= AmershamA}
(Buckingham, England)ollA] F@15193 21, Genomic DNA £&
ofl ARE¢r Wizard Genomic DNA purification kite= PromegaAl
(Medison, WI)ol|A] I3l AFS3IHC

e 8 FESl] 2 dFdl o

(rotary evaporater)Z S&3} IS 12A|7 b 0] &
o} AEFCE B2 AXY 200g AIEE AL 100mg/mo) =
LEZ DMSOZ dleld &2 dgol AFEsIiErt
2) H9e2 A2 ANIZF i

H9c2& 10% Efol@Ho] g+9% DMEM WA Z CO; AlE
BIRE71 (5% COy, 37T)olA] Alth viASIFTE Al wlst M EE
BFIL, 12474 Foll AE Azlsled B UEol ARSI
3 NEZ dES FF

A ZEg2 MIT BHYos EFIcE AZE siest
(24-well plate)ol] MZAx10°HE5/n)E 1nk/well¥] 2 6}&1
12417} 04} COy MFE Mit7iolA] wietst & AR E 73219
sadol oAl Alsidrt. 24 4e] miek Alsol MIT &9
(5mg/mé in PBS)2 wioHo} 1/102 HIISIACE 4417 = 10%
sodium-dodesyl sulfate (SDS)7} Z&Hg 0.0IN HCl £ 10048
Jwellg H7isled dolle AZd s d4E Rl
formazang ZdA1Z] e BZ ATA (ELISA reader,
A)E 018381 570m
= e.:iEFJr 121 R

m%

Molecular Devices Co., Sunnyvale, CA, USA
agolA EEEE EH6INTE ME YEE
o ZuE WESE AF5IAC
4) DNA =& 2 @EE

i ekE M EZZEE] genomic DNA F&& Wizard Genomic
DNA purification kit& ©18€8lkd MAIALY] wHol ulgt 8
SIBTE HHQRE Al Fi= phosphate buffered saline (PBS, pH 7.4)
OS2 M&E & 4£A3}, nuclear lysis buffer (100mM NaCl2,
40mM Tris-Cl, pH 74, 20mM EDTA, 0.5% SDS)E 24818 =
RNaseZ 37CollA] 308 Wl2A1Zch o] AZ EHES thiza
AKX E dE58US Hriekd thla g AABSLIL, isopropanol £
= A KAIZ] DNAE 70% oflet2o] &g & & ARI2

239t 2% DNAE TE =8¢ (10mM Tris-HCl pH
8. o, 1mM EDTA pH 8.0/ H7}5ld DN
S DNA 5488 15% agarose gelofA] ™
ethidium bromideZ ¢4, UV E& 0|& 0}051
SIS

5) o EECE]o} ug) 57
RIE2SElot BAN WalE JC1 G ol8sie B
BT BARES e, W AMEE C1Que/ 1)
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Hrkslod AlZE sigT)olA 308 YWISA)IZAcE g4l & MEZE
PBSE MAI5}1 H&&UIE (Leica MPS 60, G B
SIATE. JC-12 100x9} sEE oehgo] 548 & 2B 557} 2
wg/ w7t & 1o AMESITE

6) Caspase?]| cystein protease 45T X

H9c2 AlZ (1x10%Z PBSE &S & 4TolA] 155 lysis
buffer (1% TritonX-100, 0.32 M sucrose, 10mM Tris/HCl, pH
8.0, 5mM EDTA, 2mM dithiothreitol[DTT], TmM PMSF, 1ug/mé
aprotinin, lpg/mé¢ leupeptin)® £81511, 13,000rpmO.E 1582
dY Eelskd BUe AN Al 2Elbld g2 M=
IR 42 bicinchoninic acid (BCA, Sigma Co. MO, USA)#{ 0.2
hidg Feksla, 24 $4589 (100mM HEPES, pH 75,
10% sucrose, 0.1% Chaps, 2mM DTT, 1mM PMSF, 1ug/ml
aprotinin, 1yg/mi leupeptin)oil 348 F&7|Z 3} 37TollA 30
2 H4H5A17] & Fluorometer (Molecular Devices Co, USA)E &
29 v7lE S%E38lYr}. Caspase-3 protease@} caspase-9
protease®] 4% M ZH 2 g&7)12¢] Ac-DEVD-7-amino-
4-methylco-umarin (AMC, Calbiochem Co. CA, USA)%
Ac-LEHD-AFC 500ME  o|83I1¥a, ol gy nEg
proteolytic cleavageE Z& 3510 caspase &2 ZAF3IAT) 0]
o] A2 excitation wavelength (380mm, 400mm)$®}  emission
wavelength (460mm, 505rm)E ARE3SIS T

7) Western blot analysis

HRRFE H9c2 A& PBSE 23] &S & =AY 2
HEE 70u8 THEH (50mM HEPES pH 7.4, 150mM NaCl, 1%
deoxy-cholate, ImM EDTA, 1mM PMSF, 1ug/m{ aprotinin)&
HUreld 4TAA] 308 9HSAI71 A, 13,000rpmollA] 208 94
E2lglo 459 g £ AT AEAUY thlAle BCA
Hog HEdlal, %9 A S 2xsample bufferdt £l
100ToliA] 58 718t 3 SDS-PAGEE Al#SIRC M7 € ESH
Z geld] TR semi-dry B O T A 204] ThY] HAY 08
nmA X3BIE 2R]7F nitrocellulose membranedtol] O]EA}ZIC)
Nitrocellulose membrane® blocking buffer (5% skim milk)%}
A2oA] 1A]7F QISAIF]L, TBS-T YHEHOZ HHS &
PARP % cytochrome cofl thgt 2AE 0.01% (v/v)Q] Tween-20
o] Zghel 3% skim milk/TBSo 1:1,0002.F 3]2161d ar20iA]
3A17F HFEA1ZTE BlotS O] AFEHAIQ] anti-rabbit IgG conjugated
horse-radish peroxidase®} 1A]7F HFSA7] & TBSE 3 MM &}
Il ECL kitg o]83kd ECL ®Eo| ZBAIZTL
8) EAAE]

U EFO SAXNEE student’s ttestol] £33k A5
©on, p-valuer} ZthX] 00501701 ALE |93t AOT TE
SIATE
EEPE
1. HyOx0l &3F HO2 MM ES] M EES

ROSz o] SR/Y MZoA MELAE Fidhke AR
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25IA ATk WEk] ROS YA EZQ] HOE HIR2 M Zoll 5%
HE D2AI7F ATIS & HO0f gt MEEHE MIT 24H O
= Z5ITE. HX0»Z 10, 50, 100 2 250pMA KZ]shed 2124
2O WEGS HAT 21, 27} 88+1.3%, 75+3.2%, 5617.9%
338164%E ATITt sToll YEHOE MEEH S Veiiom,
250uM O1&k9) ZEolAE oF 30% AE WEESS VEhAUH
(Fig. 1A). H:Ox0l 9 M ZEHE AITFEE Loldr] sk
250uM H,00E AIRPEE AEleh & HE AESE MTT 244
OF ZAIBITE 2500M H0,Z R2|8t 4A1ZWHAE 86.2+8.3%
o] BEEZS HAUCL], 12217} JEFY AESE 299+45%F
AlE YER O E U4 GIRTHFig. 1B).
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Fig. 1. Hz0: induced the cytotoxicity of H9c2 cells in a dose-
dependent (A) and time-dependent manner (B). Cell viabilty was measured
by MTT assay. Results are expressed as meanstandard deviation (S.D.) of tripicates.

Time (hr)

2. FHIAO] HO:00 Q8 M EEH ] vl gk
FHIFLO] HI2 A A Zoll A H:0:00 9J6H Al
= G YotEr] Asld FHIAE 55y A
I 250uM H:0.8 AME|gE LM EL] MEEE MIT B4
SF ERIGINCE FHIIA 1,000kg/me HEOE Mldt 4T
2 987:32%% WESE A HEZEHES
FHIALE 100, 250, 500 % 1,000p8/ meS] =T
T H0:Z 12X]7F A2igh H9e2 Al £9] W& .
325473, 34.9+6.4, T2 1 41.67.3%ZA] thE 2ol HI S &
A5 ZasIEriFig. 2). o] @ 250uM H
e =2 $£EOFE BET M3 M ZEHE REK AL
7
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Fig. 2. Effect of Dancheonhwan on the H:0-induced cytotoxicity
of H9e2 cells. Cells were pretreated with Dancheontwan for 2 hrs and followed
by the addition of HO» for 12 hrs. Cell viabilty was determined with MTT. Resulis are

expressed as mean+SD. of triplicates.



FHI1#0] Hydrogen Peroxideol] 98} A1ZA 3 4o m)x]

wEbA, AZIARE OF 50% FEE 4 e 92 559
HO, AglZolA AR 23§ 0E SotRUA HO: 558
AlEsl] MEZILARE Fola, olml FHIRS B ENE ZAl
AT H92 M Eo] H0:F 100, 150, 200 & 2500ME &2) 5t
12417 &, 28] MESE MIT BHHOZ otz 23, 2t2}
60.5+4.6%, 54.2¢53%, 47.5+2.6% Bl 32.8:5.9%F LIERITH(Fig.
3). o] AHolA] ok 50%9 ME MEEE Hole 200uM H.0:F
48 ZHSE ZF5IMTk

Viability (%)

H,0, (pM) 0 100 150 200 250
Fig. 3. H20: decreased the viability of H9¢c2 in a dose-dependent
manner. Celis were treated witr vanious concentrations of H202 for 12 rs, and cell
viatlty was determined by MTT assay. Results represent as meantSD. of trpicates.
HO0 8 BEC2 200uM KBl 124171 Fofl A2 WEE
2 465:52%F LERGOLL, FHILE 250, 500, B 750ug/miS
SLE 2A7 FAEIS F 200uM H O F 12417 M2l gt A4
3O YEEES 17} 478462, 51.7+4.8 4l 58.3+38% F WEE0]
E716192m, 58] A 1L000gg/mt sEolx WEESS
69.3+2.8% % ¢k 23% B HrIsto] FHIFLO] HO000 ¢t 448}
H EHOTRE HIQ2 HES HEES O 4 YATHFg 4).
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Fig. 4. Dancheonhwan prevented the H:O»-induced cytotoxicity of
H9c2 cells. Calls was pretreated vath Dancheonhwan ‘or 2 brs and folowed by
treatment of H,0; for 12 rrs. Ce\v viabiity was determined by MTT assay. Results
represent as mean£S.D. of trree nceperdent expenments. *P(0.05 by student's t-test,
compared to the H.C. treated ce's,

3. FHIAO] HO0) 98 DNA 2do| vlxls Fgt

H0001 9[6F H9e2X229] A 225 3} ololl thgh FHINLY
HE 718E 7EE 91810, 1,00008/n¢ FHIAE 2417 AA
Zlst 4w 2000M HOE o= AEIs JdE uxzz9l
genomic DNAE £&38l0] 228 L& vludidch HOE o
= XzIgh 49 bR ol DNA 282 4R7HRE A7 &R
S 2 E716IR AFig. 54), FHIFLE 2/ AARE & HO0.E
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Fig. 5. Dancheonhwan partially inhibited genomic DNA fragmentation
of H9¢2 cells by Hz02. H202 induced the genomic DNA fragmentation of H9c2
cells in a dose-dependent manner (A). Dancheonhwan protected cells from the
H:Orinduced  genomic DNA  fragmentation. Cells were pretreated with and  without
Dancheonbwan for 2 hrs before treatment of H:0» for 12 hrs (B). Genomic DNA from
cells was isolated, subjected on 15% agarose gel, and visualized under UV light.

4. FHIIRO] HO0) 25 PARP 2ol mixlE G&

HO000 98} genomic DNA EZo] #odEH= caspase-3
protease®] 24 & E018}7] 5k 1 7129 PARP & 1B
<} ool thet FHIAL FEke ZALSHTLAL 2000M HOS ©
= Ao A ET 1,000sg/ml FHIFE ARATIT £o] H0.2
Azlst dEat9 PARP E&E Western blot 24O 2 vl
BB HO; T Aol 9J51od PARP BE 2 4A[7HEE]
1 xio] 8AITE 12417 Aelwol e 2E PARPE BEFER
o Jefuh fHiuE DAZISE AT PARP BHE 44]710|
2517) AIRKGI 8AIZE 124)7F AB T HFolA AR
el sAE Z4ag LIERICHFig. 6).

HO, (200pM) - + + + + + o+ +
ocH(1,000 ug/ml) - - - - + o+ 4+

R O

——

Time(hr) 0 4 8 12 0 4 8 12

Fig. 6. Dancheonhwan partially protected the H:O»-induced PARP
cleavage of H9¢2 cells. Celis were pretreated with Dancheonfwan for 2 hrs
before treatment of H.0, for 12 hrs. Protein extracted from each cells was fractionated
in 10% SDS-polyacrylamide gel and then subjected to Western blot analysis with
ant-PARP antibody.

5. FHIRO] HaO00ll SI5h caspase E433lol niAl= E&F
1) FHIAOT HxO0 ]} caspase-3 protease EHJol} x| = &k
HxO01 Q]S M ZIIAMIA] effector caspaseZA] caspase-3
proteaseQlcaspase-6 protease?] ML LolHy] bl
caspase-3 protease@} caspase-6 protease®] & 7| & 0|8
4 GHE BMHOR caspase EHE TABIITE H02(2001
M)E t= Azl HI2 M ES] caspase-6 protease &4 39
gk W3yt gl2L), caspase-3 protease®] B 2417} Fol
1.8+0.5381 71513 0L, 6417 Foll ZILRIQ 6.9+059M1 2 &7t
KAt "R BAasIATHFig. 7).
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Fig. 7. HO» induced the activation of caspase-3 protease. Celis
were treated vath H202(200uM) for the indicated time periods. Caspase activity from
the lysate was deternired by using fluorgenic tetrapeptide as a substrate. Data
represent mean+SD. of tplicates.

H:0:00 &gk H9e2 A|Z A theh fHIHY BE 718 &
gotE7] Yol HiOx& v AEls AT 1,000u8/n 11
S 247 AR & HO,E XNEIgh U89 caspase-3
protease B4 T E v|udt 23, HO:E 2, 4417 A2IgH AT
9] e ¥z} 124021, 1.410.3280 2 ZHASIQ L, 6417 A2l
ABITFE 462046002 FOI8 247t BAEACE T, HO;
£ AzIgt 8171 |2 RE e AL Zasld FY #ELE 5

SIS CHFig. 8).
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Fig. 8. Dancheonhwan partially suppressed the H:Oz-induced
activation of caspase-3 protease. Cells were pretreated with Dancheonfwan
(1,000ug/ml) for 2 hrs before treatment with H02(200uM) for the indicated time periods.
Caspase actviy from tre lysate was determined by using fluorgenic tetrapeptide as a
stbstrate. Data represent mean=SD. of tnplicates. *P(0.05 by students t-test,
corpared to the contro! celis treated with H,0» for 6 hrs.

2) FHIA0T HOx0) OJ5t caspase-9 protease Eioll vl &
FHIALO] caspase-3 protease B4 & AAISH 2 1MFig. 8)=
EE] H:O000 QI8 HOe2 Al ILAl thsh FHIALS BEguts
mAslE &8 228 8457 96k initiator caspaseQ!
caspase-8 protease & caspase-9 protease®] EH & EA5KH
AL &5 78S QotE Q) HI2 Aol 2000M H0.E ©F
= Helgt &, 24719 caspase 84S ZTAFSE ZA1}, caspase-8
protease 9] FOIT Z7h= YR 2L, caspase-9 proteasel)
S 2, 44171 Fof) 242} 4.6+0.383 15.7+1.5280 2 HAS] 71
BlIReH 6, 8 10, & 12413t 2ol 242} 59412, 38+0.62,
314048, W 29105680 F A)7F OJEHQ IAE VERATHFig.
9). 0]2}9] A= HoO} HI2 M EQ nlEZED|olol] deks

SO =
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Fig. 9. H-0> induced the activation of caspase-9 protease. Celis
were treated with H:O:(200uV) for the indicated tme periods. Catalytic actwity of
caspase-8 protease and -9 protease was determined by using fluorgenic tetrapeptide
as substrates. Data represent mean+S.D. of triplicates.

H;O0ll 9J81Kkd 4317} F =& caspase-9 proteaseo]] TSk
FHIAS Garg gotEr] Yoo, HO.he Aelg thETEH
JIRE 27 FRIS & H0.2 Aelgr AET9l caspase9
protease &4 Hiwst Ay, H:O.E 4417 Al 4879
caspase-9 protease 2 9.8+14801F LIER} ATl H]uls}
o oF 36%EE FATH TATE BEREUCH, HO, el 6417
olFole FAF Aasld By ~ECE BH5IHCHFg. 10).
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Fig. 10. Dancheonhwan partially suppressed the HzO:-induced
activation of caspase-9 protease. Cells were pretreated with Dancheonfwan
(1.000ug/ml) for 2 hrs before treatment with HOx(200uM) for the indicated time periods.
Caspase activity from the lysate was determined by using fluorgenic tetrapeptide as a
substrate. Data represent mean+SD. of tiplicates. *P<006 by students test,
compared to the control cells treated with Hz0» for 4 rs,

6. FH1[#10] HOm0ll 9J3t nfEZEE| o} BRE 9] HHslol v

H:0,7} H92 M ZQ mEZ=gjo} 2H9) ¥
7FeEE ERIBHL olofl thdh FHITAY FEHE YotE]
JC-1€ olgsld nEEEZIoE & A5
DMSOE Azlgh HI2 Al 28] n|EZEg|oks QX4 S
g wolHA AEZoel FiH(punctuated) FEHE UIERATHFig.
11A). 2000M H0,& Xelst A8 M =9 nlEFEiok= 2
HA S =4 S VehHEA A28 Ao vk (diffuse)
OF s em, olg T 42 n|EZED|ok] arE ol
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FHIAO] Hydrogen Peroxideol] 9]

St AT MY nEFEg|ok=s HO0 &f¢t n|EFEE]of &t
A9 HE REH o R dAllEe] J hETI FARSH 2#IA]

ol Mzdol HYSE BESINTHFig 110).

Fig. 11.

Dancheonhwan partially protected the mitochondrial
membrane permeability transition of H9c2 cells by H:Oz. Cells were
treated with (A) and without H.O,.(200uW) (B), or pretreated with Dancheonhwan (1,000
wg/ml} before treatment with H,0, for 8 Prs (C). Cells were stamed with JC-1 and
ysuaiised under fluorescent microscrope.

7. FAO] HO0l QS ol EZEE]0} cytochrome 9] B}E0
nilE g

H92 Mol HOx ATIsH = AIEEEEI0MA] A ZEE
cytochrome c9] 9&3} olof thdt fHIALY FEE Western
blot 24O Z XAIBIKTE H:0x2000M)E AE] 5 3 A7l
H9c2 M ZEQ| n]EZEZ|0lollA]  cytochrome 9] B1&0] Yolwt
a1, AR AR AERCE FUSIRt. eVt 11,0000/ me
FHIHE A2 dYTollA] cytochrome 9] BHE2 th £ Fo
Hinsled #A18] JAEATE &3] FHIAS MEITH A8 FHollA
WE2 1247000 3L =E2F LERGCH, 4
B xR Blslad oF 60% 4Fo]ACHFig. 12).
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Fig. 12. Dancheonhwan partially protected the cytochrome ¢
release from mitochondria. Ceis were treated with H,0» for 10 rrs or
pretreated vath  Dancheontwan for 2 rrs before treatment with H,Q; for 10 hrs.
Frachonatons of cytosolic and rmiocrondnal we'e carmed out 10 measure cytochrome
C "epresson by wester blot analysss.

8. FHIAL EHiat vt AlZEIAN] v|X)= gEk
FHIFOT HiO:9H 22 ROSoll 98} H9e2 Al ELALE dio]
sk 27t e ZHEERE MRS ZIse vidlkeE 35
HAME 25 slo]l @4EAl N-acetyleystein (NAC) 1,
2.5, 5, 4 10mM9] THZ 2417 BREISH & 2000M H,0.2
ATsha HE YERE RABIECE NACE 2000M H000 9]
St MEZEHOZRE HIQ AZE sk YEHOE HIEINe
o, E8] 10mM NAC TR Z1E= HO00 Q8 M E MEEE 95%
BL & Z=0l9rhFig. 13).

ok MRS NACY 4528a RAK] fisiod fIIR
(1,000gg/ml)3} NACE TSt s 2417 AR &, 200uM
H0,% 12417} A2kl HI2 A EQ MESS ZHIYC) &
{FEIH NACE fHI[AS HIe2 AZ : 5T g&Ho

P AZHE ol RiAlE 88

2 Z7M7icHFig. 14). NACRS5mM)S} F1[#LE 500, 750, L
1,000pg/ mS} SEE 2217 AAIT F, H0,E 12417F A&
AL EY WESE FHIR skol JEHCE JAT &7H&
VIERACE. 01419 A= FHIIA SAESHH 7} synergisticdt &}
871M0F HOol 98 HI2 M ZEHOZRE] A ZHEE |
SOt SEITHFig. 15).
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Viability (%)

40 T

20 T

0
H,0, (200 uM) - + + + + +
NAC (mM) - - 1 2.5 5 10

Fig. 13. N-acetylcystein (NAC) protected the H:O»-induced
apoptosis of HIc2 cells. Cells were pretreated with various concentration of
NAC for 2 hrs and followed by the addition of 200uM H.Qp for 12 hrs. Cell viability
was measured by MTT assay.
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Fig. 14. NAC synergistically increased the protective effect of
Dancheonhwan on H.O.-induced apoptosis of H9c2 cells. Cells were
pretreated with  Dancheonhwan only or Dancheonhwan plus NAC for 2 hrs before
treatment with H,0, for 12 hrs. Viability was determined with MTT assay. *P<0.05 by
student's t-test, compared to the cells treated with H,0, only for 12 hrs.
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Fig. 15. Dancheonhwan synergistically increased the protective
effect of NAC on H,0-induced apoptosis of H9c2 cells. Cells were
pretreated with NAC only, or Dancheonbwan plus NAC for 2 hrs before treatment with
H,O; for 12 hrs. Viability was determined with MTT assay. *P{0.05 by student's t-test,
compared to the cells treated with HO only for 12 hrs.
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dETA DEe W 290 MEZRRE BH UAERO)
I} &4 & AZ(reactive nitrogen species) 50| Ir} AT,
O|RO0] MEEHO Rt 7IHOE AMAZ L ot EY s

O} 3§, 121 ol =4t thabkE & 2Elehe Mz YA
Ql thatoll QsiAl WEErt ROSA shiel H:O= FFEE
NADPH oxidase, peroxisomeol] £}l oxidase?} 1] EZ=E)
oF ARG A o5 BdEH, YEAA S AEEE, 2
it S, WolAA S M2 SHEE, 101 Helsk]
HEZEE SUEA Tt 7I5& st ol2iet ROSS wx
ot g S AEUAE RSk METALS} Al 2
2 AEZEHE zellsht, I 718 HESEA ). Superoxide
dismutase, catalase, glutathione peroxidase %! hem oxygenase
5ol AZ Uolx &8 {4ado g tAlsle o] 428
YgE= 8 daB9 BSHo2HE HMEE B5dle VIse
SERIRHY, AIEIA} Yol Al ZollA] :go] ROSYE BAE L,
FISH = AIEZIARE AASHL ol el ol 413}
2EZAE AEY A EF/S ROSH| o E9 A2 744
wWeEk A EZEHo] tiefshAl UehdTt SWEs) tad §
S, EUEE S2 dAH 22 ASH gige oplg ¢ A
M, 59 HAHLE FFolLt feX Q¥d At MBF
(reperfusion)Alol] AJZAZolA] O, H,0, Il OH E9
ROS/} whyslo] IS M zish 4181 M 2S4S Zejdich
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4 HEy Asky AEBLE di W X]EHNE 83
RS AED JIEOE 74P AYUCE ABS B
(ZZ3}, Labiatae)ol| &3+ HEAEAQ] FEO) ROEA s - -
(2 - REL - BEY Bgol Qrh 2 o= S - 710 -
PR - VSRR - ARSI - RIS - B 59 F50] ol m
B, M, RERRE, MEER MERE nRE S9
Bzl x50l §8alch Ed, IR o7 FEm HE
£7), uxEpEre =3 EUdsl,
A2 Bo| lom AZolE EF HAuY
AR, QElEr1Y AR, ANE
S0l 2891 YF. 1B #s
(PIUEl T, Umbelliferae)oll 3¢ SEEEBAQ JI|HY) HEOS
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St ES CRIABORE BYSH BF 54, E4U ST

A, 2xEEEE, EE 501 ULH, AR EE tiy] A,
AU, AZSLEHEE B0 UL, RO R E ks dake
H, AlSvhl, 284F JAEE S0 deH, A8, 18
HAN HeBEs, A3 N, ZE 59 HE
O mhibA FHIAS M - FRIEETHE 350 9
miEsrol HMmElol ERFESHNE WA= SUE
SUHAE, HEAE, HIEsUAE B
| A2 A o) tlgh gtekael Fajol ohgh
AT Ee #h HO00 Q8 & FlamsTeol niXs mEYE
o] BEEER, TOO) Bk RO 1% LEMN] DX
T8, {79 XO/HXol 98] BT 5% LM DX A
T - I FUBRY AR, BP9 KE AIBRO] 1B LK
o MAlE G%F & ¥ o7 23t BRI et old] KA}
FHIOL A¥8HE &2toll 9 HIc2 412 2ol vIR])E F&F
Lot 7] 5k HE A&olA FENer HEFQ! Hoc20l
NFE AR & HO,E MRZIAFE FEsld AlZ Y&,
DNA 2Z, PARP BH, caspase &4, n]EECz]ol 2EHS
M3}, cytochrome 9] B&g #a5IL, NACE ol&310] 35
BAIE eisiart
A2 AEF HI2 HZo] HO:E 558, AMEE Al
HE QEEE 8¢ du, HO0,ZE 250uM7EA] XAl AlZ
YEHCE ZURIAL, 1 ol sholie M=E
ol A &7ISHA UM (Fig. 1A), AIHE R 124|717
50uM H:0.5 A ZIA] A7 JEZF O B N ZEH0] FI715h=
ELO15I4THFig. 1B). H,0; AZIZ FEh MZEHo] theh
Ao oA W AZHE B3 a0E ol sl ik
IX2Ie & H:O.E Agist 23, 250uM H:O.2 AMEISH 4
FYdol G OLIFig. 2), & 47%9] AE WEES H
00uM H,0,Z A2l M EZZEH 2 1,000/ mé 7H1H BA
9lgled 23%71 ZaEo] M HEZ0] 46%0A 69%E F
S7H UERICHFig. 4). o124 FHIRO] BEE ROS
AZEE S AASIR = 2ol oL, oF 50% MEEE Hol
N ZAGIME AZAE B3anrt de AE &
& o} IS, MELA BFolA AEHOZ Uehh=
genomic DNA EZ0] #&%0] HO, Mz} e A AZF
AZEHY 7182 AZIA] Qg AL 2 HEX AL, ALY
Axelol 9ol DNA B89 Z4E HESINC(Fig. 5). 014
HOp= AZAMES] TAFE b, IS HO: §54
T ZIARE IAGHL, UM E B} e AE E0lsh
Gk AEIAL ASHSRA A Boghe 528 42l o
7ERQ A=o 95k MZEWol EXHSHS initiator caspaseQ]
caspase-8 protease % caspase-9 protease’} &4 3l%] 1, 0]R0]
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FHIA0] Hydrogen Peroxideol] 9

oAl FEIEE cytochrome cofl 93] &43l%= caspase-9
proteaser= effector caspaseE EJ35IR1A Sldtol] X]¢t PARP
28 & Edlo] DNAGH & Wallslel 20ls MEILAIE o
Zick FIR0] ROS 24 MEUAE AH sk a9 718
TEHE 8l HO000 Q8 MZ AL ASHE HE2E &
3t A3, HOE AZTLAS] B89 shiQ] PARP 28 T
BF91 T (Fig. 6), 1.9 4ol YRS} effector caspase-3 protease?]
g8 E7IZSH(Fig. 7), initiator caspaseQl caspase-9
(Fig. 9). 01418 ZHERE HOE 7l
Ef=golo] ZE51A initiator caspaseQ] caspase-9 proteases
YL CEN HZTANE RESle ALE VB,
NAE AREe d20ls O, Rd A NEILAY 526
marker®} PARP 2H & AA|8laL(Fig. 6), caspase-3 protease}
caspase-9 proteased] E-H31E Asle a3Vt Ue A H#F
319 CHFig. 8, 10). wEtA] A2 D EZ 2|02 R s
= A ZUARE YAISHE REa 37} ARCE Al QIR A=l
Ot A ZILAOIA] B2 A= Bl EEEZ|o WA HalE &
el AOE B8l Ut E3) MEZHUo] &71 ROSE= &
A9 HWall gekg Fe FE AR Baxo] Utk njEE
Zjoh Q] #HglE MEIAL A SHES] EQ8F JEEA 1)
EZc=glot g HEE [l WER
cytochrome ci= Apaf-17} ZE3l0] caspase-9 proteaseE 4335}
APORN MZIAE FUF™. H0,7} pIEEEE 0]
Agsk= 7173 olo] tigh FHIAY SHE YotEy] 5l
JC1 @M oR p|EFEZZlop A9 HEE  BEbl,
Western blot analysisZ TJEFZE}0} cytochrome c9] g
BB HOx= B MEE} cytochrome & YE&
Bl ololl vhal FHilfol REHCOZ A5k 37t e A
g & 4= AYCHFig. 11, 12). ol HO: Aeloll e ROSO] 2
Sk A ZLAONA FHIHO] B EZEE|OF cytochrome ¢2] HES
ARgre 2 MEINAE AHsh: BE VTt ASS AIAIGHL
Aot FHIACl MELALE AHEHs EHEAE B85 218}
of ROSof thet @ikahAlel NACE TAEIE & HOE ¥
AEIAIE JE5HL, NACH fHIAE E8XE & HOE &
T8 AEZIAE BECINCE NACE HO, S MEIAE
sk EHoZ JASIA L(Fig. 13), FHIIALM NACE HEX
Z1A] H:0: K24 AZEILA] tishe] /o8 GHENE VERY
CHFig. 14, 15). O1&4 H:O0f Slal BEE girido] n|EEE
joK: FEOE A ZIANE FEdhe A ERiE 4= A 2H,
olmf NACE 5= 2iide MAsK M2IALE AAHA
I, AR HERAZIAL FHIR Al skl W sk 9&
HOFE HE YEE0| AY 100%7HA Uehdrt mEhd FHIHA
2 HO,ZRE 8= /2] oitlde AATESEN AETLA}
F dAskE Et e AR HAFETH

0149 ZIE SEISH FHIALE HO00 Q8 &4 o
A ZoA] BHEE ROSY g ZAAT7] 1L, ROSO| 9k 4
A ZIAALE AAAIFIE BT AoA AHEHE E408 F
U= slE Y dgBPEY ot W R Foll RASHA 82
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