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Protective Effects of Dohongsamul-tang on Zinc-mediated Cytotoxicity
in H9¢c2 Cardiomyoblast Cells

Bong Sun You', Jae Eun Jung', Jin Young Park’, Jong Min Yun'?, In Lee', Byung Soon Moon"?

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

The water extract of Dohongsamui-tang(DHSMT)has been traditionally used for treatment of ischemic heart in
oriental medicine. However, little is known about the mechanism by which the water extract of DHSMT rescues cells
from these damages. Therefore, this study was designed to evaluate the protective effects of DHSMT on zinc-mediated
cytotoxicity in H9c2 cardiomyoblast cells. This study demonstrates that treatment of H9c2 cells with zinc caused a
decrease in cell viability in a dose dependent manner and a chromatin condensation. Zinc induced the cleavage of
poly(ADP-ribose) polymerase (PARP). In addition, zinc induced the decrease of Bcl-2, as well as increase of Bak
expression and mitochondrial dysfunction. Zinc-induced H9c2 cell death was remarkably prevented by the pretreatment
of DHSMT with consistent suppression of the cleavage of poly(ADP-ribose) polymerase (PARP), mitochondrial
dysfunction and the expression of Bak and Bcl-2. Taken together, the results suggest that zinc induced severe cell
death in H9c2 cardiomyoblast cells via intracellular GSH(reduced glutathione) depletion and the protective effects of
DHSMT against oxidative injuries may be achieved through modulation of mitochondrial dysfunction and scavenging of

ROS(reactive oxygen species).
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1. AR
1) A=ZF

Embryonic rat®] Al&olA] FEigh MEFQ] HI2H ZEE
ATCC(American Type Culture Collection)Z2E] FI51] Hth
HRQRSIHA] A8 S AAIGI
2) ok

2 Aglol AIBE AR Auge RV (Bx
&) ol JAGIILH, oie AANTE AR ISHTE Aol A]
TYSl HHSE ACE AMBSIN L, 3 MY WSl B2

<Table 1>3} ZC}.

Table 1. Prescription of Dohongsamul-tang

BEZ £ B 3 E & (g
| SEMEN PERSICAE 7509
EN.e FLOS CARTHAMI 3.759
SinE RH ZOMA REHMANNIAE 7509
% B RAD:X ANGELICAE GIGANTIS 7509
FEE RACIX PAEONIAE RUBRA 3.753
i 5 R-1ZOMA CNIDII 3759

Total amount 33.759

3) Al @l 717

Asloll 2 Q3 DMEM, 884, trypsin & LENO} &2 (FBS)
£ GIBCO BRLAKGrand Island, NY, USA)HIEL, vltE7](24
well plate®} 10cm dish)= FalconA}{Becton Dickinson, San Jose,
CA, USA)llA]l FRlskd AMZ3IE). 3-[4,5-dimethylthiazol-2
-yl]-2,5-diphe-nyltetra zolium bromide (MTT), Hoechst 33342,
bicinchoninic acid(BCA), dimethyl sulfoxide(DMSO), Reduced
glutathione(GSH), N-acetyl-L-cysteine(NAC)= SigmaAHSt. Louis,
Missouri, USA)oll4], JC-12 Molecular probeAl(Eugene, OR,
UsA)ollAl TI5I9iEk PARP, Bcl-2, & Bak®] A& Santa
CruzAlSan Diego, CA, USA)olAl 71519131, phospho-H2AX
£ PharmingenAl(Franklin Lakes, NJ, USA)olA] ZI8|1
anti-rabbit IgG conjugated horse-radish peroxidase@} ECL kit=

AmershamA}(Buckinghamshire, England)d&& A28 L

S E AKESH FEUHE S ALE
(H:O extract) %Zj%
21712 BAS BH =

E}‘S} 3200rpmSoF 2087

|2 S4oll thet BRLIMMES] Wl Eh

AYEZ] & BF7|(Rotary evaporater)E &0 T2 -70T
Deep Freezer)ollA] 12417} 014} SZA{7]1 1 Freeze Dryer= &
AAZR A Ag AISE AMESIA
2) HO2 MEFE wjek L AJOHE

HI92= CO» M uli@F71(37°C, 5% COyollA] 10% LEfor &
Fo] Z&E DMEMO E visIal O, 24417t 7 O & nfj ekl
g 2ASI log phaseo] U= AiXEol ol X MBS X
ZI8E & Al AN olo] dEE 4sle UEe 4851
T} ZnChe 100mM sL 8 EFeo] SaA AHSSIT
3) MEMEE FF

Aze 4Eg ZHS MIT BAHOZ ZH6ICk AlZ
Bl 24-well plate)ol] MZ(1x10° A E4/m)E 1m B3}

"
M

—_—

_{
Ol

o 124174 018} CO, AlZEuiF7} QlojlA] QIFAIY & AIEE 7}
7te] Z7doll uwieb AMElsIict. 2ol sl kAl 2ol HH%}%Q]
1/102 MTTEH (5mg/ml in PBS)S H7I5I99T) 4417F &, nigd
HS HASIL 1ml DMSOZE Hr1glo AIZE EaiA17] Dha, &2
ZZ T A (THERMO max, USA)E 0] 856k 540nm mhafolr &
ELE SEoItE AZEESR F4 RN vlusle] g2
E(%)Z FAISIATE

4) Hoechst 9344

ZnCLE ATlSt M EE 4% formaldehyde o] A A7)
% PBSE M|A3BLL, 10uM Hoechst 33342F 1087} a8t & )}
Al PBSZE A& &1l &BHD|E(Leica MPS60, Germany) 2.8 &l

o Helaia WslE BRI

5) CaspaseZi cysteine protease ENT &Z

oled Bl MALIIMIE A2) F ERE HI2 HZ(1x1098 4T

oA 15% lysis buffer(1% Triton X-100, 0.32M sucrose, 10mM
Tris/HCI, pH 8.0, 5mM EDTA, 2mM DTT, 1mM PMSF, 1ug
/ml aprotinin, 1ug/mi leupeptin)2 £3d15}Z 13,000rpm 2.2 15
27 dAdEE Sirk fdEEsld o2 AE ajde
bicinchoninic acid(BCA, Sigma Co., MO, USA)HOZ thHA S

%}OLL, Az o g 824 SEEN(100mM HEPES, pH 7.5,
10% sucrose, 1.0% Chaps, 2mM DTT, 1mM PMSF, 1ug/ml
aprotinin, 1gg/ml leupeptinjoll 3438 @Z71 21} 37ColA] 30
7} 2k&A1790). Caspase protease®] A EX 2 fluorogenic
substrate® AFZ351919H, 0] 71Z19] proteolytic cleavageo]| 2
5l B EINR = FES XolE PHEZ T (Molecular
Devices Co., USA)E &£&3}0] caspase EHd & ZHBICE

6) Western blot analysis

HRQFE HY92 M= ofd Bl IR S Y8R Helst

ol MEZE EETIH, A7HZ PBSE 23] MABIACT. Fojzl A
= IRlEY(E0mM  HEPES, pH74, 150mM NaCl, 1%
deoxycholate, ImM EDTA, 1mM PMSF, 1ug/ml aprotinin) .2
d2 &ollA] 3027 sk BTt 13,000rpmoi|A] 2027 K4
Blglod @I AIZ DA BCA BN 0|8dlc} ThAE A
St S0 Al SRS 2xsample buffer? Z&151

ol A 387t 743t & 12.5% SDS-PAGES Ald&r). A
S0] £t gel9] thUZE semi-drydH O F 41 20fA] T
= 0.8mA HTLE 2417

03 H

00T
719
=
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B35k nitrocellulose membrane
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2ol olE A7k Nitrocellulose membranei* blocking buffer
(5% skim milk)2 P AF2oflA] 1A] 7 HEEA1Z30) PARP, Bel-2, Bak
1l phospho-H2AXoll thdt &= 0.05%(v/v)2] Tween-200] 2F
% Tris-buffered  saline(TBS-T)o] 1:10002.8  3]415}]
nitrocellulose membranei’t 2M&of A 2/\]7‘_¥ di2A17 T} PARP,
Bcl-2, Bak, Bid ™ phospho-H2AXs= OlAFEA| anti-rabbit IgG
conjugated HRP &i% 2004 1417 WSA7]11, ECL kit
(Amersham, England)i: o|&3lo] HEol FAIAH S4BT
7) mlEZEE|or BiEel £E
MEW  A7139 shuel nEFEEgiore]  2HEe
(transmembrane potential)] YH&}% xk}oWl slod JC-1e9 48
S AJEEIITE A3 PBSE 28] MASIA 10ug/ml JC1S 2t
} DMEMHRA|oll 8] 418ked 20827}, CO, Ml ZnfoF7]oll HhSAIT]
% C}A| PBSE MA G B &ein] A (Leica MPS 60, Germany) 2.
i2 YHEsIen
8) EAAE
HEA)E ATH: 3H olalo] BERIAe] dalAntoln, A8

~N

o EAME]L: student's t-testoll F3l] K|S L, p-value
7} Z|thA] 0.05(p <0.05)01510]1 7 2:: Felch ALE TSI

2 3

1. 0}¢do] HO2 MM Eol mA)y: B4 Ag

olgdo] H9e2 Ml E2] MEG0] niXlw FEky £AIGH]
of vigrel LT 12417 M8 & ESE MTT YO E 2
A&t okl 0.125mM 0149] mirolAl XS MEE XBHT
AlAFE o] 0.25mM ol &tolAl= 30% uYio] MEFO] JELE T
(Fig. 1A). 13} 0}91(0.2mM ZnCly)$> 12417 Azl A3, A2l
A7k O EHOF WERO] Z iﬂﬁ’ib}(Flg 1B).
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Fig. 1. Zinc decreased the viability of H9¢c2 cells in a dose and time
dependent manner. A) ces wele Tea’ea it varcus conceriatiors of
L0825 o\ /rCi2 for 20 Bl ce vab' 'y was dererrmred by MTT assay at
qaro.s perogs afer 02wy /oC teatrert Data renresent the meantSD. 0
g.adracecaes * L ¢ \C’do corrared win contre

ofdo] Q8] FEulE MEAHES BEMg YotR7] S8l
hoechst ¢148¥1& E3] 319 Sefals] M3l TEBIMTE HI2
AIEo] 013(02mM ZnCl2)S 6417+ HIEIEH % hoechst IS
Algst 23, Ha hxRotel sl EfIE ) | ‘X_Q HelZ whal
¥ THFig. 2A). J1EL} ol AE|Fe] S ME DALY HERE

ESv o - BEE
& Bl HA} 2% (chromatin condensation)o] FEE A CL}

TEE R EQhH(Fig. 2B).

10

& (nuclear fragmentation)<

Fig. 2. Effect of ZnCl, on photomicrograph of nuclei by hoechst

staining. H9c? cells were treated with 0.2mM ZnCl» for 6hr, stained with hoechst
dye 33342, and observed under florescence microscope. Al, control cells. B), cells
treated with 0.2mM ZnCl

2. BRALPUSE0) oldal Q8 H9c2 A28 MEgd nlAl= gt

H9c2 A ZFoll 4] otdoll &5 Fibsle MEAPBA thal Bk
fruse) dolgus doter) {16k Aol 500ug/ml B
10004/ mlQ] #kAIVIES AAEISE & olgl(0.2mM)E Helsh
o MEYEES BABINCE ol 418lE &4 Hade &
AlBY7) Y8k d4EEAI9] GSHEmM)SF NAC(mM)E 308
AMelgk & o} (0.2mM)E Azlskd oiddol]l 9t MZUESS
HElE MIT GO 2 RARIGECE 21 A7) il o= A
glol ogh MEEH S BETA E}en, old(0.2mM)E 124]
7¢ Aelst H92 M ZEQ) %‘—’E 2 30% PTIO T ZHABINOL),
5008/ ml) BEALPUME AT %, 1000ug/ml2} HALIYE
AEIA] 89%L] MEYESS H } & GSHSF NACY ti=
A= HI2 MES BES Oolb‘l HolE REHGHR] XUC
], ShaFElAIQ] GSHeE NAC AAEIol 215k ofgdol g A2
Z=40] OAE 0], HI2 HEQ MESS thEZY FANSE &5
O FEEAriFig. 3). ol49 ZIE Hot ofgdel] ofeh HI2
o MESHS A &gl ¢ Ao, MLl Sl
H9c2 41 2A| 0] {HsHE] o] A= ATt
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F|g 3. Effect of DHSMT on the death of H9¢c2 cells by zinc.

tioxidants, including GSH (5mM) and NAG (5mM), were preincubated for
SOW‘rutes in H3c2 celis and followed by the additon of 02mM ZnGl, for 12hrs.
Ther. ceil viabilty was determined by MTT assay. Data represent the mean+S.D.
of guadrankeate. *  p (0005 by compared with preportions

3. BEALUMpiEO] okdoll 98} caspase protease®| E 1 PARP
BHol MXj= g
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e N RSERE

AZIA] EAXQ daE Ashks M2 ASHE 7]
TolA] caspase®] ZERHE olm] & UEA Tt oledel 9
SF H9e2 Al29] TLAFRH O] caspase Ed3et HAVL A=AE
201517 Y18l caspase-3, -6, -8, & -9 proteases?] GAK
of thal o1& a9l @&71E (fluorogenic substrate)S O]£5}
o ZAGKACE H92 Aol ofd(0.2mM)g Azlgh &, 24171

Zd8i¥dck 1 Ed3
caspase-3, -6, -8 & -9 protease?] EH & tiF ol WG F
olgt Wzt QIUUHFig. 4A). caspase-3 protease®] 7[ZQ]
PARPE= obd A2lAl 116kDad] 275 Helj ol PARP thHzlo]
A7 YER O Z BHFQOR, 55-60kDai} 45-50kDa Alo]Q] B
e o] HEFRUCHFig. 4B). ETH MEALIIYE(500, 10004g
/ml) 308 HxRTiol) 5t] PARP thlZl2 t| BT =FE QT 3
23IQICHFig, 4C).

PHOF  caspase protease] EMHE

AD

idnduton)

{aspase astivily
(Fold

, thr)
Tl -— pARS (116kDa)

i K hremverd B AR

- Cleaved PARP

ZnCL(0.2mM )
DESAM I pgimD

~w—— PARP(116kDa)

1000

-4—— Cleaved PARP
T Cleaved PARP

Fig. 4. Effect of DHSMT on catalytic activity of caspase family
cysteine proteases and pattern of PARP cleavages in zinc-treated
H9c2 cells. A) ce's were treated with 0.2mM ZnCI2 for various pernods and lysed
to measure tre acivty of caspase proteases by usng fluorogenc biosubstrates.
Data represert the mean+S.D. of quadraplicates. B) and C) PARP cleavage was
testad by westerr blot ana’ysis.

4. HrLramzol ofdoll 9t H9e2 Aj29] nEZ=2|otol nx|

ojdo] m|EZEg|otY] Zigol mIxE
Crjole] uhd Y] ¥ 3ke} Bel-2 family
Ack DEZZElol WHS HEs HO2 AlEol oped
mM)E 6417 Mgl & JC-1C2 Halslkd FEsu|ZdlolA
F51ETE. 71 A1) oET HI2 AEQ mEZEEElols 2
A EPgol MEZAA HaEel(punctuated) 2 BISICH, ofd
Aelol ol AZA A S ME HAo uwigky
(diffuse) @ 2 4AHldle =4 FBOE WSl Teut st
TU#E3(1000ug/ ml) MAZ]0) S8t IET +E2 ek HEfE
355 Art(Fig. ).
£ UdoliAe otdof Aa F=F Al ZAMGolA Bak, Bel-2
THZ O] whd ebg RARSIALE H92 Ml Zol oldg Azl
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A= A7 YEE O F pro-apoptotic 715 2= Bak ThY
9o Wil g &7 ZAA2HFig. 6A), anti-apoptotic 715& ZHe

(1000g/ml) ZJ2lol

AT FE2E I 5% ACkFig. 60).

Fig. 5. Effect of DHSMT on zinc induced the mitochondrial
membrane potential transition of H9c2 cells. Cells were treated with
0.2mM ZnCl: for 6hr. stamned with 10ug/ml of JC-1 (10x40) and visualized under
fuorescent microscope. A, control cells. B), cells treated with ZnCl,. Cells treated
with 50Cug/mitC) and *C00us/mi(D) DHSMT.

A) ZnCl, (0.2mM)
0 3 6 9 12 thr)
e o G ewm» | 4 Bak
B) ZnCl, (0.2mM)
0 3 6 9 12 (hr)
H
c) - + + + ZnC1,(0.2mM)
- - 500 1000 DHSMT(ug/ml)
e TR <+— Bak
———— ity o | 4 Bcl-2

A WS SR wwesss | <+— f-actin

Fig. 6. Effect of DHSMT on zinc increased the Bax expression
whereas decreased the Bcl-2 in H9c2 cells. Cells were treated with 0.2m
ZnCi, tor various pernods. The proein from cel lysate was subjected o 15%
SDS-PAGE, transferred onto nitrocei ulose membrane and immunoblotted with
Bak(A) ang Bel-2 antibodies(B). The immunoreactive signals were visualized by ECL.

5. BEALZIYIR0] Ol¢lol OB} histone TFIE] H2AXQ] O1413lo]
uiXle EE

HIE IR QB MEAPE E71of 0]% 7k DN
o)1, 441 DNAo| 93k histone THBZS
CH'® oledol] 2)8F M| ZILALONA] histone THEZ] & H2AXQ
45le} ojn) Yoz E & She SALEmES] SUE E0ls]
5lo] western blot B0 T ZARIUCE H2AXE] Ql4t3l=

&0

ikt

e

e}

[
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H9e2 Al Zo ol (02mM)S REIBH % 3AI7HRE] A|7F QJEH
o7 E71519ICHFig. 7A). ﬁau AL MREIA S
QLB ZAE B AT $E0F B 2EUCHFg 7B).
A)
ZnC1,(0.2mM)
0 3 6 9 12 ()

) phospho-
— ey | sy

B)
- + + + ZnCL(0.2mM)
- - 500 1000 DHSMT (pg/ml)
——“- «+— phosphoH2AX

<«+— f-actin

A A RN SR——

Fig. 7. Effect of DHSMT on zinc induced the phosphorylation of
histone H2AX in H9¢2 cells. Cells were treated with 0.2m\M 7nCs, for varnous
gerods. The proter frem celi ysate was subected on 15% SDS-PAGE, transferred
oMo rrroceiu'ose membrang ard immunoblotted wth  ani-phospho  H2AX
anticogy. The immunoreactve sgrais were visualized by ECL.
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O, oI, BRI, B8 Eoﬂ B, WAl
L 2SS 6in, Biiol ZHEsld BN EXA17
TP, wiss mil, 3B4Q, AIMSH= §50% HHk, |
B3 BRERIE, £ 9 BAR EEd AHREH, 4 ﬂ_mon
olAE 425 28718 daIIL, 8ue 1an, ﬂ_
m SR, S AT AN, 85 FHAHER] A5 59 A8 o
o, e '*:\, PR, EIL, b5 350] o] Mo R
OF W, kit ARERIE, ER RIEHE AI8EH, Al
thafAl & e;&*amp A7), KBS ARG Eodo] T

I
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Bxm, d2esde S7RI7IAL JUEsE ASKIA dds
W HF{EES MHATIL, A2olA S dha anfgke At
L3 SEHAsE ¥ S A E ANER AlEEY, 83
Adol ZHg3slol £BEZIM U] AZITHA] BB, 7R
AES EMEN, BEREY 2501 Aol BARAKLMEONLY &
RPMBERE QI8 EY MAS HS st Soll AMgsh, &
dEHle AT, EFUEE ARcke @50l Urk

=
slgd e BysUY 5433 Soll Aol Aol
ot ERY 4 BES Zuishe B0 HUF, U2
b Aol slEde7 AsEH gdia
ol dhiligh=dl, UIE M ZW M2l gojd A7 AHS6HAL AT
g O] HRIE ol B A Y] S E RASHA H
A2 op A, F 2ol BaE Aol
M 2] Ak Edol ol o] GE VB /e §heF
MR KEH AR, NER NBK, o HRR, K
HEY, B, IEFEY, mwE™ Sl AUtk
S, olG(Zing) @ HETO} FQ FHLRoM, T X
<} I—S—, 210 549 g4 £R3 7158 sy, 55
AN Azt MEIF ASHAGY ti/fHEAY] dag
St E3] XAME oA ol &5 zine transporters(ZnT1,
ZnT2, ZnT3) U metallothioneinMT) &0l 93} FZEECPY. y
M ZollA THEQ] AFFaEl ofdo] 55 Z8 AZAMZY oF
OlM A EMBIL UTH} AlAAE o) gEEt”. gE
5 ool ekt Aol thalAE OF8l & WA UK WX
N-methyl-D-aspartate(NMDA), GABA(Gamma-Amino-Butyric
Acid) Y voltage-gated calcium channel 5& £¢} 0|2 &2 ©
715 AT S5 Saloht o i 2- 9] AA A EojA e oA

oM &=

k_

E_

o WS 717} RBVCET AZNE BHS opIATILE B
SRSl Yoj BREHO) ABHE AREO] a3 71507

A AR HZ AL G]E(global transient ischemia)o]
Lt 2hel(seizures) SollA] HAR = HA L 9] o9l olF
SR IFO| AFMEY A E ZElske BHE $£Q 7129 6}
LIE iS5 1 ek &2 Morishima &2 Adriamycin(ADR)o]
o UBTS B WA AFIL *ﬂ:ﬁxoﬂ B3 ofo

Ol

yehs) el vt glck

& dFoflA= ADR Qg HETs SHojA BEEE of
A FFo] U5 S L AEY] AbBol 2EGHA s
o A& ASE dzsld olg Yo ol AUIAEFQ]
H9c2E 0l&35)IH o] Faks RAISH HE ool Q5 Al
o] ghislaleg Bl QIXI9] Hglol oo ARl AglE &4t
Ol MEZEO 3 AE71HU g 51N 2, ofuf HALIuY
52) oldol Qg UM Z Edoll thet Polgm 3 A7
= BEINth

I1 A, okd2 Hoe2 MM S, A1 YEFHQRE AZ

AEE  SEsNoM, @uzo SEsgel BRWUC

Caspase family cysteine proteaser~ @SEIS H M EUA} F-
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e FUSHE TR, BUESE HE uoliA

—?f— Haictzt Q5 A=l 9l g4 slert

AL HIc2 MY caspase-3, -6, -8, W -9 protease®] &

852 SEsE SN, PARPY HiWEHel 2EE S5

SIQCE oled A2jAl 116kDad] 278k HEfQ] thlFo] 2ax]
|

IEJR
rﬂJIu

RO, 55-60kDai} 45-50kDaCF 2HE FHulo
0235t A= caspase-independentdl BIFAEAQl Al E LAV
Abd 7]70] ofdol o5t MZEANH] BojElo] ASE AIAFSIN
11, PARPS] BHE & caspase-3 protease’} 0P D]-E proteaseoﬂ
O3l MAREINE 7tsHEE MAISKETE o|E A SukE HI2 A
FARHOl thet $ERIUwES Yol ihs A2l skol Y&EFS
Z ZnCLY AZ=4g AXBINUTE of dFolA HALEmES
ZnCl(0.2mM)oll 93k H9c2 MZEQ| AL 222 x|k of
E—Eﬂ %/\Fé‘ 615}17:4 aHe EOﬂD}

Z =9 @é}g Al E4H0l @51@89] SHAC! AR M2
o AMHE mlE M EES Yol 9 A2 =5, MEY 7]
23 o, MEZ WY ZEskY 571 gdAg g%,
endonuclease®] €+ 3lo]| 9]9_1- DNAQ] AlCg] Hero] 2&FE,
transglutaminase®] 243} 3 oﬂ_J X*“/b} O}EEE' AA
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