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Protective Effects of Hwangryunhaedog-tang on Hypoxia-induced
Apoptosis in H9c2 Cardiomyoblast Cells

Jae Eun Jeong, Bong Seon Yu, Jin Yeong Park, In Cheol Jeon, Sang Beom Park, Dae Yong Lee',
Min Goo Lee', In Lee, Byun Soon Moon™

Department of Internal Medicine, College of Oriental Medcine, Wonkwang University,
1. Department of 3rd Medicine, Professional Graduate School of Oriental Medicine, Wonkwang University

The water extract of Hwangryunhaedog-tang(HRHDT) has been traditionally used for treatment of ischemic heart
and brain damage in oriental medicine. However, little is known about the mechanism by which the water extract of
HRHDT rescues cells from these damages. This study was designed to investigate the protective mechanisms of
HRHDT on hypoxia-induced cytotoxicity in H9c2 cardiomyoblast cells. Hypoxia, markedly decreased the viability of
H9c2 cells, which was characterized with apparent apoptotic features such as chromatin condensation as well as
fragmentation of genomic DNA and nuclei. However, HRHDT significantly reduced hypoxia-induced cell death and
apoptotic characteristics. Also, HRHDT prevented the mitochondrial dysfunction including the disruption of mitochondria
membrane permeability transition (MPT) and an increase in expression of anti-apoptotic Bcl-2 proteins in hypoxia-H9c2
cells. Taken together, this study suggests that the protective effects of the water extract of HRHDT against hypoxic
damages may be mediated by the modulation of Bcl-2 and Bak expression.
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Table 1. Prescription of Hwangryunhaedog-tang

B EZ £ B F & &g
A E RHIZOMA COPTIDIS 4.70g
B 5 RADIX SCUTELLARIAE 4.709
® 18 CORTEX PHELLODENDRI 4,709
' F FRUCTUS GARDENIAE 4.709
Total amount 18.89

3) 210k % 717)

Addol QRS Dublecco’s modified Eagle’s medium
(DMEM), &8, trypsin & LE]o} @& (fetal bovine serum,
FBS)2 GIBCO BRLAKGrand Island, NY, USA)oll A1 7151910
™, wleFE7)(96-well plate, 10cm dish)s= FalconAl(Becton
Dickinson, San Jose, CA, USA)ollA] & AFESIHTE MTT
(methylthizol-2-y1-2,5-diphenyl, tetrazolium bromide), crystal
violet2 SigmaAKSt. Louis, Missouri, USA)Z HE] T8l Alg
Bl Bel-2, BakEY EAES BF Santa CruzAKSan Diego,
CA, USA)of|A, anti-rabbit IgG conjugated horse-radish peroxidase
S} Enhanced chemiluminescence kit(ELC kit)s= AmershamA}
(Buckinghamshine, England)olA] 735l AFE3I9iCE

2.9
1) ANEY ZA)

HElo] AER EHE € 8T AI8S FEYHE A8
glo] = 4 2 ( =

o=

HEMEES 10052 2 129 g7 d718 236 s Eeks
FolA 3A17F 20 T2 AXE oS 3200rpm O E 2027}
AXRE] & HF7](Rotary evaporater) 2 5E¢ TFE -70T
(Deep Freezer)ollA] 12A]7F 014 &ZAA]7] 2L Freeze Dryer® &
HHAZ A AE MEE ARSI

2) H9c2 M 23 viek Bl AJFRE]

H9c2&= CO, M BiQ71(37C, 5% COo)ollA) 10% FEjOT &
o] 2gHel DMEMQ 2 i ¥5I9A Om, 24412} I 22wl kol
WABIH log phaseo] U= Mizo) ot W FHEMBES A
2t & AlZ JAREA oo |EE 4sist dEe 6ol
t} ZnChe 100mM 552 &/450l 504 ARE0IITt
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HIEZH24-well  plate)ol] A E(1x10°
F5l 124171 0} CO, Al ez ool
Al QFEAITN g Qo Alokg A2l T, sl A&
H3]9] 1/10MIT &% (5mg/ml in PBS)S H7F510d 4417} 9IS
Al@dct YEMZo odl Fd¥E Hell formazan2  10%

cells/ml)Z

T
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sodium-dodesyl su.fate(SDS)7} Z&F 0.0IN HCl 89 10044
Jwelles Mo Frkeld &dlAlZ the EZBEA(ELISA
reader, Molecular Devices Co., Sunnyvale, CA, USA)E 0|&3}
of 570nm ShElolA FBEES FEOKACH
4) Hypoxia condition

5184 UL P g w7 9]8lo] hypoxia chamberE
ol &alith AEE fsld 5% COx 95% N29J Sgt7iAEg T
Sl 37°C MEZrig7]olA] siekellom, Slekie) aitE vl
3171 915k 10% FBS7} gk 2Bl DMEM wiA|9} glucoseL}
serumZ W DMEM BIX|E ALESI2 20, Glofls LA ol
84351 BRI (Fig. 1).

Complete Media w/ HRHDT

0 |
M|
Protocol | Hypoxia *2br  Reperfusion !
0504 co, 95% Ny 2

Fig. 1. Schematic representation of experimental paradigm used.
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Azg
BES AElgt & phosphate buffered saline(PBS, pH 7.4)2.i2 2
3 AAESIFCE AEE ZE QUBIZG7%E IS & TR
PBSE AMAsled 944k} B0]A(Phase contrast microscope,
Nicon, TE300, Japan)C. 2 BEHSIATH
6) Hoechst 343

Azae] FelE HElE Ygoldr) 50 hoechst @Al
Aldsidnt. FEMFBES ATl MEE 4% EZFYUUGIE
(formaldehyde) 8HoflA] 1082 THAI] & AEjAlE<=(PBS, pH
74)F 23] MASHL Hoechst 33342(Sigma Co. St. Louis, MO)
Qaorg HejAleiso] 10uMo] HIEE BH5k 1417 Bays
F o] delalggola] A sl EEBETE (Leica, MPS 60,
Germany) 2 &2 THESIGAT]
7) Western blot analysis

Axe HEgERES Azldh & 2XsIM, XAP7HE Hank's
balanced salt solution(HBSS, pH7.4)O.& 23] MASIGT) o]
X MEE Sh 8H(B0mM HEPES pH 7.4, 150mM NaCl, 1%
deoxy-cholate, ImM EDTA, 1mM PMSF, 1ug/mé aprotinin)Z}
4TCOIA] 3027 HFSAIZHTE AE SRS 13,000rpmolA] 202
7 AuEeIGE, YEAS BCA 89S o)) BURE B
HGCh ST ME ol
buffer®} 35104 100ColA 5827} 7183} & 12.5% SDS-PAGE
Z AIFsIETE. 71880l Bt geld] ThEE semi-dry 2HE
oF AR S WA 08mA WGHE K BaEM
membranedtol]  O]E=A[ZIC}.  Nitrocellulose
membrane blocking buffer(5% skim milk)2} 22041 1417}
BISAIA 5ol ZAHEES AWsIirk Ba-2, Bak 2 PARP
ol thdt A 0.01%(v/v)Q Tween-200] EZHE 3% skim
milk/TBSoll 1:10002.F FAd5lod 4F2ollA] 3417 HHg & oAt
A (anti-rabbit IgG conjugated horse-radish peroxidase)@} 14]
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} BF2A)73ck Nitrocellulose membraneS TBST 3WH A& &
CL kitZ A}E6i0) ECL 2 S0l S48t
8) Rhodamine 123 ¢34y

AZEW 4739 shl n]EZEER]otY] B Q] (membrane
potentlal),J H3LE TAB] €6l Rhodamine 123 F48E 4|

SIGCt FEMEBRO] AElE MEES PBSE 23] A5
1’/} Rhodamine 123(10xg/ml)2 DMEM ui X0 3|45k 208
CO, BR7IolA] ¥HSAIZ] & ThA] PBSE AlE6l] H&E0Y
(Leica MPS 60, Germany)Q.2 #&S19ICh
9) EAAE

FEAIE Zak= 39 o] B ysgdoln, 4EZ40
9l EAXNE)E student’s t-testo] FFld A2|BI¥ L, p-valuer}
ZhX] 0.05(p 005015101 HLE RSt ALE THEGKITH

td
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1. HyO» B! hypoxiaoll 15t H9c2 AZAIES] A&Eg WG}
Hypoxia chamberZ 0183}l 518 &efoll 3
o YEg HalE Yotr| sl 4l &489 &4
H0:& AzI5i Blwaisich HiOx9] HIe2 Al 2ol thdh Al
42 U 559 HOE 12417 A2l51 2™, Hypoxia 27
olA1Q] M ZAMEEO] Hol= 10% FBS7} kel Ut DMEM Y
Ao Z=3~ 9 E206] wE DMEM iR £ chamberoi ] 2zt
7} CRISH AI7F S0 Hiet & M EZMEES] HEE MTT 22

2 EF3I0ck A2 JEES 50uM HO0; AelZolAle A
9] 73%, 100uM =SEoAE 1% E §AF] A5 on, 2000
M¢] sEolAlE 25% BT OZ ZABIATHFig. 2A).
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Fig. 2. H,0, and hypoxia decreased the viability of H9¢c2 cells in a
dose and time dependent manner. Cells were treated with various
concentrations of H,0» for 12hr(A), or hypoxia condition for various times(B). Cell
viability was measured by MTT assay. Results were expressed as mean = SD. of
quadruplicates. * p(0.01, ™ p¢0.CIT by student's t-test, compared with control group.

Fol| A B LHRET vRlE E

w5h, hypoxiao] SI8F A17} QJEHQ] MEzMESS 4
chamber HRQF 12417} BEEY CF 82% 2 M ZAMEE0] A
AZFEIE L, 18A17 0N 69%, 24A]17bol= 65% % ZHAGHE
(Fig. 2B), 2232} €Ho] AAE ischemia &EHOIA =
3A17F BHE] 73% 2 246k AIESK 1247 ol oF 41%
o MENESS EROom, 47 ZolE= 8%F A EMESO]
Z238] ZAasirkeldi 43). olu HO00 9st H9e2 M=
E4 Y hypoxia £I0NAQ] MEZHE Aol Zajghl wet
£AM%]913l, DNAY B&g Holo AEH0 MzIARE
hoechst WM& E3ld 215K Fig. 3).
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Fig. 3. H:0: and hypoxia induced the death of H9¢2 cells and
nuclear fragmentation. Cells were treated with 150uM H:0. for 12hr and
hypoxia for 24hr. Cells were stained with hoechst 33342, and observed under
florescence microscope, A), Control cells. B, 150uM H,0, only and C), hypoxia
condition only,

2. FEMEEEO] hypoxiaol &8 HI2 M ZEARZ] Xl FaF

Hypoxia®] AlZEdol tier HEMEBES G0E TAKBH]
{5} hypoxia ZZ1oll4] 2417 &0t HIYSH & A 2ol 500.g
/ml B 1000pg/mlQ] HEMEES X2Isld £ 24412F ot
St the MEZENEE, M2 Held Wl 9l Mz 2EE
SR MEZYESE hypoxia T HE]Al 58%E EA2
L EEmEE Nz 48T 500u/mlo) BTolAE 65%,
1000pg/ miQ] EEolM e 9B%E Bo SHA3A HEMEZO]
JELYOH, HEMEE X =4 BHEHEA LYrkFig.
4A). B olull hypoxiao] 26 MZ9) HelA W3l 4l A E49]
247t ggmED Aol ddlel AT #ECE AEHUTt
(Fig. 4B).
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Fig. 4. A) HRHDT prevented the cytotoxicity by hypoxia in H9c2
cells in a dose-dependent manner. Cells were treated with various
concentrations of HAHOT for 24hr. Cell viabllity was measured by MTT assay.
Results were expressed as mean + S.D. of quadruplicates. * p¢(0.01 by student's
t-test. B)Treatment of H3c2 cells with HRHDT prevented the morphological change
by hypoxia. Cells were treated with hypoxia (24hr) alone, HRHOT (500, 1000ug/mi)
alone and HRHDT with hypoxia for 24hr. Then, cells stained with crystal violet and
observed under phase contrast microscopy.

3. ¥ EEO] hypoxiaol 218 H9c2 41329 DNA 2&0j o]
Ae @

Hypoxiaol S HO2 M| EAVES] B4 2obay] Y5k
DNA 24 A4S hoechst HA1E Soll &01GI%T} Hypoxia &
oA 24417 R0 2 Aelsh AE ey FEAREE(500, 1000
pg/mlyE Aolet AToA slg) BH S HEBINICE Hypoxia
Z7iolA diel H9e2 Alxolie BEFE o] Ao,

ol MYAQl MEIAl st £4QE WM, HEMEE
Aol ol HZETT FARSH ) Held g BEE 5+
UCH(Fig. 5).

Fig. 5. Treatment of H9c2 cells with HRHDT prevented the
morphological change and DNA fragmentation by hypoxia. Cells were
treated with hypoxia (24rr) alone, and HRHDT with hypoxia for 24hr. Then, cells
stained with hoechs: and observed under florescence microscopy. A), control cells.
B), cells treated witn hypoxia. C), cells treated with hypoxia and 500ue/mi HRHDT
. and D), celis trected with hypoxia and 1000wg/ml HRHDT.
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4. FHEfFFEO] hypoxiaoll 2%+ HI2 HZ 2 PARP E&oj o]
e I
AELALY AGHALANA  caspase family cysteine

protease®] &j&h2 Zb UPIH QUOM, caspase-3= 71 EQ¢H
effector 2A19] shuio|tl. Hypoxiadll Q18 H9c2 M| E9 LAV
ZollA]  caspase-39] AMIEUW F& 7|EQl PARPY wdg
western blot analysisi2 ZAISISICE Hypoxia AJEiollA] 18417F
=R EIA] PARPE EE 0] o]g MET} AlgAl= ASE U
Ebctth 2L} 500ug/ml B 1000pg/ mlS] HEMEESS AL
’S%del/\‘]b hypoxiaoﬂ 93t ol G40 Baivt A= oy
g UERARACE o AR B-acting So}

T \__
o YU 29_0}“5} ole] 2= HEMEBEO] hypoxia
o} QB HIc2 Al3ZQ] M ZTAJoNA] caspase-3 S AR FH=

FI7F ABE AAISICHFig. 6).

- 4+

+ + Hypoxia
500 1000 HRHDT (ug/ml)

wwams wamw | 4 PARP (116 kDa)

< B-actin (43 kDo)

Fig. 6. HRHDT inhibited the degradation of PARP in hypoxia-treated
H9c2 cells. Cells were incubated on hypoxia In the absence and presence of
500ug/ml and 1000ug/ml HRHDT for 18hr. Cell lysates were used to measure the
expression of their patterns by western blotting with anti-PARP and B-actin
antibodies.
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¥SE| E’jﬂ-(membrane potentlal transition; MPT)% WESY] 9
Sld  Rhodamine 123 SZHEMES AlF5Iict  18A|7H=E0H
hypoxia Z7oll &&% HI2 M ZEolA = Hel&ol HElel 8
Ha thR9 =2 dFo] diffused-pattern O HAGPHA] AL
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Om, 1000ug/mio) FHEBE MDAl WEATI FARE 52
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pro-apoptotic Bak THEE Q] #1382 hypoxia 124]7F AT]A] 1:H7<
ol Hlusle] dAX8) E7I6IRAT BEAERE MDAl &

EXH 07 AASIFrt. EE hypoxia XElE: anti- apoptotlc Bel-2
Mol Welg BRG] darZloLt FHEREE Ao A
HET £E2E AE5EAnt. oju g2 Bacting S50
SElE E0I5IRIrHFg. 8).

Fig. 7. HRHDT inhibited the disruption of mitochondrial membrane
potential transition in hypoxia-induced H9c2 cells. Cells were treated with
nypoxia N the absence(®) and presence of 500ue/mHCY and 1000ug/mi(D)
HRHDT for *8hr. (A), Control cels. Cells were staired with 10wm/ml of rhodamine
123 ard visualized under a fluorescent microscope. The data were one of three
Independent experiments.

- + + + Hypoxia

- - 500 1000 HRHDT (pg/ml)
oA AN o | 4 Bak (24kDa)
w— — | * Bel-2(27kDa)

<+ B-actin (116kDa)

Fig. 8. HRHDT inhibited the decrease in Bcl-2 expression as well as
increase in Bak expression by hypoxia in H9c2 cells. Cel lysates were
used to measure the Bak, Bci-2 and B-actin expression by western blot analysis
with anti-Bak, anti-Bcl 2 and B-achn antibodies.

injury, infarct®] 371A] W80 d4E 7= A EAEEoZ
AUHoZE UG, ATEUE, Held SAE dJ2d §2
2 Vel Bt EERS STV HEEEEy 1g
AN AR TIZ20R =2 AMES Ve, IEQ0Ie8E 1
el #d, TS AHES, Gy, vl 288F 5ol Urt

280 A FROFARGETN nile g8

Srojgtoll A it (IMRBS K- KR B2 08 Bl

B S HFol £5h, LWEEOIZILE STt E AR (FR -
ERERRED Vol LRSI BE BTR BEEEN
5 MERRE.T (R - B Y ERENERIR IR
W ST L 5 ITE.. 2 PMES] SAY A, o] &
o] uh Q012 EMAE, HELRE, KEXRE, Bl 534 /¢
Sl HRUTH HESERS HE, HE &6 BT 7489
AL GlEmE) "odME E, g, FEME AS5%
I, (BEAEM) oAe —fIKBE RE7 BT Eslol 2ist
= TEEREL L, DRINE, $5EERER, ki, @11 S X532
(REEE) oA Em othift, mA, BE, BERIE #E
ol igha B Soll ol&6hs S KETH AR, TIol 1l =& HK
=1 X]E‘GP‘ RS 71EHSE ATESHL Tt

2 HERRE BE XS asol o] EB, EE, &

9 ﬁ?ﬂxﬁ, FhiZzm, kM Sol AMSsiH, MERET, R, ﬁﬁ
BUYER 0] UTt FES HERER, HORE BAEEY i
ol Qlo] FEARIE, D4, BEER Sol AlEs1a, <3717
ol tiaiAMe FATRIME AZE ) cholinesterase?] 24
of oIS MERET a7t ACH, BUEWI] EREFS 7T
T ¥iES HARIE, BEHcK a50] o] &FH, BEEH
AT §& tiAg) 1L, @A 2180] oM ysmol ¢
FE E7KI7IH, EUG SHAIUCE B BARE HER
%, ILIM3lk= sl Qlo] EEs, BUE, i1, FFEER S ALE
s, U WEle 280 Qo 22 oldist iz dig
O FEMEES UHAN e TEE 1 FE, 1UX)
8% 39 Jea Hghol ZHASHA 85 Tt

514 (ischemia) 2 BHO) BFIF AotElo] £AQ LtaSF
o] 2511 vkl MHEd A&E ZHcks SHEAM
Y, smAE, HEUPES, 22 G S0 I3 YAIH B
2 AEE0 SEE MEFA T thge Oy, H)Oy, I8] 1L OH
59 SN ES YHSHA Frth L8 idaE e 4alE
neutrophils, xanthine oxidase, mitochondrial respiration,
arachidonic acid metabolism £9] tierst WA S EaiA] 445
=o', H|E superoxide dismutase, catalase, glutathione
peroxidase G4~ 20| MzUoA] YA 4445 E HASBE
71 A8k delH o711 o g ZESHIYE Hesh 8iaEe
Ol HOIAAE £NSl MELHE XA olRY &
Aol SISk AHSHA A2 Ald ) FEe FQ el
2 2gske st

olgd AZ3te folo] He &4 Ltado 9 AZHE
O] &4 AEZIAAE UEHM AL, 1 VIHSEE cjun,
NH2-terminal kinase(JNK)oll 2]$} caspase®] &3}l o u}
& DNAY 2 F0] HAHCE MEILAL 22 AFE MEA}L
™ (programmed cell death)2 H&A 0] wi2abHo)A] #2F oj
2t S (toxin), 4 ZQIAL A& (growth factor withdrawl) 2 &4t
%(hypoxia)y} L2 MELEL Aol 9o 24gh). Hypoxia

TAIA oA Gk S &Eol, EEEC Hl9] JtAnlE,

12+9) HH8h Foll SO Q13 general hypoxia®l QHA4Z 3}

1oo_zr

n> rlr Fr
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Zo] MzEAo] &yt Fol MEHA LRSS VBRI
= local hypoxiaZ BB} 0|24k hypoxiacl gloldla] AL
LH e FABY] QI3 tiekt Al 2RI EE 385

71, @#&E, BETF 48571 4 (gluconeogenesis) 2
2, ATP B4be 74 So] B a1 ef?. %35} hypoxiaol
thah TS in vitro O] BRI} IO, ALEAUS Wi
71 {18k 95% No2} 5% CO9 E87tA AEHE hypoxiaE &
TSP, ol MARE 2 AolA H0, W hypoxiaZt HI2 A
ZAHES 45 Az =dol njAs S AR ol E
AR &yl Uiet BESBES dolgy 2D olu Foishk=E
A ZIA} A THAG BXIQ) Bake} Bel-2 THAIO] L 1} O}2E
DNAS} PARP BZ 4l njEFETjote] T Halo] njxls
Yarg HEBigct

HA hypoxiaZ FE37] A5k 95% No2F 5% CO.9) &t
7}A71 FE chamberoll 4] THUBE A17F S0t uigt & M ZAE
g9 H3g 589 734 Az QIEFHQ] MENERY ZA47)
BEFRCH, o= DNA B2 g Hole AYFQl MEIARIE
hoechst A& %6}04 ERIE 4= AURUTE o1& v w57 {5l
MIA ZoA A1EHE £48 FE5he HO0E AZicled 22 ¢
ARle —"3‘9_]61933 hypoxa “/J AF=A] oF 58%4 HNENES

b=l H92 A EA}
@01] ik %@ﬁﬁf&%«l OMB.JJ'-‘ K‘]\:'/] %Eoﬂ QEHOE
hypoxiao] 98t MZ=HE GHGINUTE ol dTAA FHFESE
B2 hypoxiao] Qlah Rl EXFQ AZ 1A} #4el DNA
9 Alig] 2 BEPS AMSIITiRILE HH). ES 819
hoechst G0l A& FHEMFES hypoxiao] &8t HOc2 A E o
A10] DNA B3 gAY 258 AAsld ETH FAGH
S ANE ER oM, MESH 2ol opy|1E ME4e 7
A8 AT +FC2 FBAIZTL ol DNA &£44] F&=ol &
ojdk= PARP tH 9] Bafloll Qo Al E LAtollA EHMFREC
ol FHE VER ASE I

Hypoxia 2713t A{= HAIQIAR] hypoxia-inducing factor
1a(HIF-10)9] Q8o &7 1L, 4AMAAEe] &7 B 4ka o)
9] Ztaol sk o FAAS WHE 5
p53%] FHAL £4H8 ZENGlY] Bax X Bak TA W E T}
A7t} ol mEEERIoN] JlEw 5 2

anti-apoptotic 7|52 HHdl= HSP60 2 wiido] Bax%}
Bak §9] thZl T} complexE O|FAE N A EZIAIE ZIYSIA
BoP. MZIAE AESKE Bd2 THEIZE AR YZE

(human follicular lymphoma)1} BHE FAXEA A A EA}
g £ o AEZAE oA i = 2RI EXSIT
0}1% Bcl-2 %‘?Eé‘o 2 o [HReE gyl AzSAole &
AGHA &3 A ZAIFES GAISHE Bel-2E 4HSIENIEY] &
A, A ZW 0|29 BF XF, caspase protease?] §4 B4 £
d, n|EZTelor WY, 8 DNA 28, ~Ed A A@ MAP
kinaseQ! JNK %! p38 kinase® G4 €4& AZIITL YTiA
9}1"/’{24) SHH, Bax ThZE Bcl-29l= gl 2818 MEAIEE
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