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Protective Effect of Rehmanniae Radix Preparata Extract on
H.O.-induced Apoptosis of ECV304 Cells

In Gyu Kim, Sung Min Ju, Jin Mo Park, Byung Jae Jeon, Hyun Mo Yang, Won Sin Kim', Byung Hun Jeon*

Department of Pathology, College of Oriental Medicine, 1.Division of Natural Science, College of Natural Sciences, Wonkwang Unviersity

Rehmannia Radix Preparata (RRP) used to nourish Eum and enrich blood for consumptive fever, aching, and
limpness of the loins and knees, and to replenish essence for tinnitus, premature greying of beard and hair. In the
present study, we studied about the protective effect of RRP on hydrogen peroxide-induced oxidative stress in human
vascular endothelial cells. ECV304 cells were preincubated with RRP (100, 200, 300 and 400 xg/mé) for 12hr and then
treated with 600 M HO; for 12hr. The protective effects of RRP on Hx0O.-induced apoptosis in ECV304 cells was
determined by using MTT assay, FDA-PI staining, flow cytometric analysis, caspase-3 activity assay, ROS assay and
western blot. The results of this experiment showed that RRP inhibited H2O-induced apoptosis and ROS production
in ECV304 cells. Moreover, RRP increased ERK activation that decreased in H-O-treated ECV304 cells, and inhibited
p38 and JNK activation. Furthermore, RRP increased expression of heme oxygenase-1 (HO-1) in H:O-treated
ECV304 cells. Also, HO-1 protein expression induced by RRP was reduced by the addition of ERK inhibitor (PD98059)
in H20.-treated ECV304 cells. These resuits suggest that protective effect of RRP on H»O.-induced oxidative stress
in ECV304 cells may be associated with increase of ERK activation and HO-1 protein, and reduction of p38 and JNK
activation.

Key words : Rehmannia Radix Preparata, ECV304 cells, apoptosis, oxidative stress, ROS, H:0,, caspase-3, MAPKs,
ERK, p38, JNK, HO-1
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Bt ZEE0) MO0l 98 §EF ECV304 A 22 apoptosisol]l DRI &

Heme oxygenase-1(HO-1)= iron, carbon monoxide(CO}),
biliverdin®] heme2 Eash= gioltt’. HOE 3714 Hepz
BEEH =D, HO12 TR AEH A0 o8 SEEE0 e
HO-2, HO-3&= t429) ZAofA] uhglo] B}’ HO-1wkdl 2
A AEY A0 g8 KFEEXITE MZol weid 2AHSE A}
ol WAFHNE .

BEE g BelE /1ESH £ mA] didol] Wl
EARR NG, FE, JIBE 9 5 X8 AlETH,
2, gEdwol g3, JUME L ek AlZEFo g
& a3 W gy st a3 8ol Baso] opY.

2 APl BRI (MY Eidol theh B
9 gol7|HE YotEr] A5k HO0) Qg @ ThAT A E9] 4F
3 Ege Rl BEe 2o gyl oid 7ine #yst
IA BES W NS & gHmd EoIAS HO0l 26
HZ WEE, caspase B4, ROSAHA, MAPKsEH, HO-12}8
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ECV304 A|E¥ American Type Culture Collection{ATCC,
Rockville, MD, USA)Z R P, 10%

serum (FBS, Invitrogen, Burlington, ON, Canada), 100U/mL
Fetel DMEM  ufx
AYEsl 3778 5%

fetal bovine
penicillin,  100ug/mL  streptomycin®]
{(Invitrogen, Burlington, ON, Canada)&

CO; HefollA] viGIArE

2. AlGF g9l A

P oSS 2EE2 AFWYTAATY ) BAIBE
2% eaol Bopokt

3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl tetrazolium
bromid(MTT), 2,7’ -Dichlorofluorescin diacetate(DCFH-DA),
peroxide(H202), diacetate(FDA),
Propidium iodine(PI), Ribonuclease A(RNase A), Protease
inhibitor cocktail® Sigma-Aldrich Chemical(St. Louis, MO,
USA)ERE] TY5I¥T). Anti-heme oxygenase-1 &Hi&= Santa
Cruz Biotechnology, INC.{Santa Cruz, CA, USA)ZRE] 15
Hrh  Anti-cleaved caspase-3  (p20), anti-PARP, anti-ERK,

Hydrogen Fluorescein

anti-phospho-ERK,  anti-p38,  anti-phospho-p38,  anti-]NK,
anti-phospho-]NK  FHEE Cell Signaling Technology
INC(Beverly, ~ MA,  USA)Z®E  Tisich

N-Acetyl-Asp-Glu-Val-Asp-pNA(Ac-DEVD -pNA), PD98059:2
Calbiochem(La Jolla, CA, USA)ZEE] FIFIIT]

3. M EELAA

MEZAEES MIT g E ARESIH SHBISCE MTT Zat
= U ESEE0LY] 43414 B4A g 2ol 9a MTT7L formazan
=

OF FUEE YBIE 7IEE S vk M EE 1x10%ells/mL

k-3
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= 12 well ZTl0]Z0] 12417 w{FBIACE Ml Z= Bt FE8
8 12412 @ AHelshil Hi0:F AMEIoIRict 12417} skt Mz
= WA E AAHSEL 500 Ll MTT(0.5 mg/mL in PBS) SH& 2}
wellol] FH7}gkd 37°ColA] 3A17F BYBINRC) 54 AL
500 wlLe] DMSOE zh wello] &7igld dl4+=849 Heki
Q2 SpectraMAX 250
microplate  spectrophotometer(Molecular Devices, Sunnyvale,
CAYE ol83ld 570 molAl EFBINCE MEMEES SES

Che AR AkEIch

formazang &81A171Ch Formazang)

mean OD of treated cells
mean OD of control cells

x 100=viability(%)

4. FDA-PIg A
BiQRE A Z= PBSoll MAELT FDA (10 ug/mL)/PI (5 sg

/mL) HHZHol HUEollx 58 At FAE M2 PBS
2 AEGHL SESind Q8 BEsisivh Ul MEE green

MO LI apoptosis 4l E¥= yellow/red 4O FE LIERATH
5. FM LR

HEE trypsin@ B XIS & BT £250] PBSE A3}
I, MIEE 70% IEREE 4T A 1 A7) ZESIIct 288 A
E+= PBSE AIM3T 1 mL & PII0 ug/mL)/RNase A (100 gg
/ml) UL E MERSK 37T QAEHLSE 1 AT iYgsis
rh DNA fluorescence-activated sorting(FACS)
Calibur(BD Biosciences, CA, USA)E Algdld ZEFHEEIG O,
apoptosis7t  LiERE M EolA A Fu)eA| (hypodiploid,
Sub-GI)& Pl BIAE IO T LX)S890 Sub-Gl HZ9 B
2]& CellQuest Pro(BD Biosciences, CA, USA) A ESE A}

S SR
&3l ZE3I%ct

ore cell

Iz

6. Caspase-3 S dA}

AFEE= 88 259 (50 mM HEPES, pH7.4, 100 mM NaCl,
0.1% CHAPS, 1 M DTT, 0.1 mM EDTA)o] 23417] & ¥8 ¢
ol 4} 208 FR|BIGICh Al E Bl 4T ol AT 10,000rpm e E 10
B Y BEUIsKrt Caspase-3 SHMAEANE TREZIASZE 10 1
L(30 g total protein), 88 UL 9Hg $&5H(50 mM HEPES, pH74,
100 mM NaCl, 0.1% CHAPS, 10 mM DTT, 0.1 mM EDTA, 10%

]

i

= e

2

glycerol) 7112 2 pL fluorogenic Ac-DEVD-pNA(200 yM final
concentration)E = ogld  37TolA] 1 A7 wiEsid
Caspase-38] G4 #Hol HI20F8 HWEE  ponitroanilide=

SpectraMAX 250 microplate spectrophotometer® 405 nnoll A &
the WA 0 R ARSI

=4
i

Feiict. Caspase-384 T

mean 0D of treated cells
mean OD of control cells

x 100=activity(%)

7. ROSME dat



gt -

Sul - 0

=

ROS= diaceate(DCFH-DA)
fluorescence assayol] 93l SHSIFCE A ZE = PBSol % H Al
51l 20 uM DCFH-DA/PBS ZWHojA] 37 ColA] 302 il
C}. flurescence intensity:= excitation 2}&} 485 &} emission I}
2 524 mollAl EEBIATE ROSHHEFE ozl WEAT Zol &
Eolrt.

2,7’ -Dichlorofluorescein

mean OD of treated cells
mean OD of control cells

x100=production(%)

blot analysis
HE WA

=211 oo

8. Western

NIEXSS PBSE AIA35}1L 1% protease inhibitor
Egdo] xge 2 I 85 $EH(S0mM Tris-HCl, pH7.4,
150 mM NaCl, 1% NP-40, 0.5% sodium deoxycholate, 0.1%
SDS, 1 mM sodium vanadate) 2 Z 2F A]7] & L& flollAf 30
= Solsidrt. MZEHEES 4Toll4] 14,000xg 2 2082 4]
% ST Bradford AAREE 0|83l £}

%ch & 30 49 ©I WES SDSPAGE AR 22)5L

5 07

gl

40VollA] 3 A7} nitrocellulose Y & Tl A S Zo|AlZ3C) ©h
wzlo] Mol we 5% BSA7} E&HE  Tris-buffered

saline+Tween-20(20 mM Tris-HCl, pH7.6, 150 mM NaCl, 0.05%
Tween20)0& REHIZ %, 13} BHS Zezch B 84

o

L

peroxidaseZ} 201} = anti-rabbit =+ anti-mouse 2%} &
=
=

AHES1 SuperSignal West Pico Chemiluminescent(Pierce,
Rockford, IL, USA)oll Sl EXIBIITH

9. Az

EE diolBe Zile Tlo|AZA4aRE @u)A~ A4 (EXCEL)
2003 ZEIHE Eold BANE
deviation(SD)Z 71 E3I% T

5l meantstandard

2

2 3
1. ECV3044 329 H,O00 thgt ME=Y git

ECV304 M 29 H.O000 tigh MESHY FUE ZAK)
A HOE &S 1HECE s5E S7HAIFA 100~1000 uMZ
12 AIZF AEeATh MEZBEEE MTT assayZ EF5INCH
HO= 5% QEMOZT ECVINM AL MESES A

STTEESE mis
Ch(Fig. 1) Hx0x9) ICsqt & F 600 pMo] ATk
2. ECV304 AZolA Hi0x9 MZEslo] theh Bt F5E20
BEan

HO0l Q8] S5% ECV304 A ZEY A Zatol] tidh Ft
# FEEI Bigde ARY4Egsy, AEZdudsa, §
AZEAEZ Bl RARBIACE ECV304 Mol 100, 200, 300,
400 pg/mle LT BtE FEEES 12417 S0 & Xzigh
£, 600 uM H,0,%F & 124171 uiQFSIATE Bt FEES &
T JEFHOZE HO0 98l Z4ag HNEZHEES S7KIZCE
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T HEA - 4R - A9 WEE

(Fig. 2A.) Bt ZEE2 400 ug/mL S04 HO0l Qah 2+
o NZYEEE oF 28% E7KIZACE FDA-PI &g 0]8¢
A ZEEES BEOAME BtE FE2E2 HO0 A3 £718
yellow/red289] apoptosis A L& FE JEHOFE ZH4AH

(Fig. 2B). SAIZEXE S} apoptosis M ZE HUXOZ &5
SINT}. Bt FEE2 HO00 Qall F ¥ apoptosis MZE
S5 JEHOE HALAIZACHFg. 20). 100 g/ mL tEk REE
N2 Z2 HO: EATIol 2l E71E apoptosis Al Z (29.00%)
€ 28.85%, 200 pg/mL BtiEk FEE AT 22.05%, 300 ug
/mL Bt ZEE )1 TS 1630%, 400 pg/mL B &

HEIT2 10.08% 2 ZAAIFICH

(@]
T

= o ®™ o o~
o o o o o

Cell viability
(% of control)

~
o
n

o

0 01 0203040506 07080910

Concentration of Hz02 (mM)
Fig. 1. Effect H:02 on cytotoxicity in ECV304 cells. The cells were

treated with various concentrations of HxO; for 12 hrs and the cells were tested for
viability by MTT assay. Values are means + SD, N = 3.
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Fig. 2. Effect of RRP on H:Oz-induced apoptosis in ECV304 cells.
The cells were preincubated with 100, 200, 300 and 400 we/ml of RARP for 12 1,
and then treated with or without 600 uM HO; for 12 h A cell viability was
determined by MTT assay. Values are means + SD, N = 3. B The cells were
stained with FDA-Pl and observed under & fluorescence microscope (Apoptoic
bodies stained yetlow/red). C: The celis ware fixed and stained with Pl ard the
DNA content was analyzed by flow cytometry,
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3. ECV304A) Zo| A1 H 0,9 caspase-3 433 PARPEFHof thst
Rt FEES AT

Caspase family®= apoptosis IFHollA] Q¢ dgte 3}
I Qck I F caspase-3= apoptosisol] thet £38F 429 $#
Aotk ECV304 M| ZollA] HyO00 gl caspase-39] & & 7o
e Rt FEE9 GAGHE ZARICE BMiE FEES
=L QEHCF H,00| s} £71E caspase-39] & A4l
73CHFig. 3A). Btk F2E2 HO0l 6] £71 caspase-32]
4 E HO, BEAEIE(593.58%)3 Hlwskd 100 pg/mlL B
#® 2BE AT 587.35%, 200 pg/mL B E2EE Ao
£ 444.33%, 300 pg/mlL REE FEE XTI 388.27%, 400 pg
/mL Rt ZSE MelT2 265.15% = ZAoKich B &
EE0) caspase-38Y AR AHE MEAEY] HdH caspase-39)
4Ee! p20 IR0 Al FdEE vl thdE 59 shot
0l PARPSO EH#g FABINTE HO00 98] E7FF caspase-3
(p20)= caspase-38437} SATIAH BiE FEEQ 5% JEH
oF ZABIUCHFig. 3B). H:0:01 9Jah E71¢ 89kDal] PARPE
¥ S} caspase-3 (p20)8] A SYUSHA AR

4. ECV304 A ZojAl MAPKsS] ol thah Bt =&
MAPKs A13H&7]HE apoptosis® ZHoj 4] 69

2 @5k Uk ECV304 MlEQ] apoptosisoll 4] MAPKsQ}

3l HO0l thdh ERK, p38, INKO] 443} medsled Bt &

8 SIF ECV34 A
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e=ke13
=1

Z9) apoptosisoll B]X|&

229 78 AASIHCL HO, BEAIEIA ERK 847}
INK @5 24319100, pls@E S olF Wl fgich 1
Biub B A& AElol 93 ERK 84S B 9EHOE
271 B7IGHC) INK @3 38 SHE 40 o/l g %

220|4] O Z4GKICKFig. 4)

A
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~ 600
Z 2500 A
2 00
oy
& o 300
gfj
2= 200
o
“ 100
0
H,Op (BOO UMY -+ 4+ 4+
RRP (ug/m) 0 0 100 200 300 400
B Lo,m00uM - + o+ o+ o+ o+
RRP (wg/ng) 0 0 100 200 300 400
Cleaved

“1esl Caspase-3 (p2Q)

PARP

Fig. 3. Effect of RRP on activation of caspase-3 and proteolytic
cleavage of PARP in H202-treated ECV304 cells. A: Caspase-3 activity
was measured with AC-DEVD-pDNA. The activation was measured as the increase
inactivty (%) win respect to control cells (100%). Value are means £ SD, N =
3 B Whoe celi lysates were subjected to SDS-PAGE followed by Western blot
anaiysis with anii-cleaved caspase-3 (p20) and ant-PARP antibody

H.O, (800 pM) -+ + + + +
RRP (pa/ng) O 0O 100 200 300 400
]:m wwww ﬁ‘[ ERK

Fig. 4. Effects of RRP on actlvatlon of ERK, p38 and JNK in
H202-treated ECV304 cells. The cells were preincubated with 100, 200, 300

and 400 we/m of RRP for *2 h, and tmen treated with or without 600 uM H202
m n Cells were lysed, and the supernatants were subected to Western blot
anaysis Lsing anti-ERK. ant-phaspho-CRK. anti-p38. anti-phosoho-p38, anti-INK
and ant-phospho-ANK anticodies.

5. ECV304 A ZoA] H,0.91¢r ROS Mol thSh Bt £&E

9 &1

B ZZ250] ECV304A EollA HO00 218 ROS 446
n)R= FHE B 981 DCFH-DAHZ AIE38IIT). ROS
ANe AE S DCF fluorescent®] A442FE & ARELEA]
71E ol88kd 539 } 3C) HiOp THERIZ oA ROSHE R oF
531.17% S7181 e, Bt 2&8 A2l Yal 100 pg/mLA

A% 522.00%, 200 pg/mLAZ)E 488.95%, 300 ug/mLAEIE=
400.02%, 400 pg/mLAT = 29432% % H,O0 9181 718 ROS
Mol sE AEHOE A1 THFig. 5).
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Fig. 5. Effect of RRP on H;0: induced-ECV304 cells ROS formation.
The cells were pretreated with various doses of RRP for 12 h prior ‘o 600 uM
H:0: :nduction for 12 h. ROS were determined by DCFH-DA fluorescence assay.
Value are means + S0, N

6. ECV304 Al ZoA] HO-1 Thl Al
HO-1 ehi &l 2 aital g o] £Q¢

H,0, A21¥ ECV304 M o)A Btk =

o viXl= 2RE

ol FLEIACHFig. 6). T BhE FEE

HO-1 g2 Sk EHOE IH Frislet

=
ZABKEEE HO-1 Thi R 9) ‘?—I_

2z
==

+
0

+ o+

100 200 300 400

+ o+

0

H,0, (600 uM)
RRP (ug/nf)

HO-1

Fig. 6. Effect of RRP on HO-1 protein expression in Hy0:
treated-ECV304 cells. Tae cells were preincubated with RRP for 12 h. and
then treated with or wihout H:Q; for 12 h. Expression of HO-* protein determined
by Western piot anaiysis with an ani-HC-1 antibody

7. ECV304 M| Zoi 4] ERK BH0] B £220| HO-1 vl

Yol MRl a3

oF 4 Ao)A] H:0,7F Kzl ECV304 A EolA] ERK &4
I HO-1 thildl Wisl 2 gul# &5 daf 25 S718lHrt
B ZEE0] 9 ERKEHY F7171F HO-1 chld wisi £ 710]
nlXlE E3E ZAlGIRICE ECV304 A ZE H.0.8 Aelsh) &
1417} ERK inhibitor (PD98059)E %2]51%iCt. ERK inhibitor=
B FZEE0] 96 Z7HE HO-1 child welg 24zt
(Fig. 7). 10 uM ERK inhibitore B &0 &l 719
HO-1 W& 7 24 A1 AT 20 yM ERK inhibitors HO-1

=3
=

‘_T L D
sl g EEgH ATk
-+ + + +  H,0, (600 uM)
- + + +  RRP (400 pg/md)
— — — 10 20 PD980O53 (uM)

e AN AR — HO-1

Fig. 7. Effect of ERK inhibitor on HO-1 protein expression of
H202RRP treated-ECV304 cells. The cells were preincubated with 10 and
2C uM 2098039 for 1 h, and tnen treated with 400 we/ml SPT for 12 h prior o
600 s\ H:C: incubator for 12 b A Expression of HO-1 protein determined by
Wester c‘c* 2naysis win an anti-HO-1 antibody.
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%jéé | TSt A7) K&
7} 28 Zolrp,
EA A QUL 2o WE
EEAT A ZAPEAY1Y] 2EE FA
siErl Q3 dEks #8che Aol delFel HFoltt
1 Apoptosis necrosis@H= THE7] M Z9) EEG FEAH 1l
Sk EFo] SRAF &40l 9gted 2Rty ML} A
AAE URS B2 VIEREE necrosise A ZELQ] ik, A
7, & SuIdich. 28iL} apoptosise BIE M ZE:
OISt M 9| =5, M ZUtS] 7] Z3} F4} (blebbing), ME
9] &7}, EHAA Q) %Z‘;, endonuclease®] &
s DNA-J Atttz Eekel 22
| S10] At} ORFEA]A ~ZA| (apoptotic body)Q} 84S
£y,
Bt 2EHE2 HO00| Q8 £18A &)l 98 apoptosis
ol sl IO F ECV304 A ZE HEsIict ButhE £&
2 HOx Q8] ae AZHMEES 1731, FDA-PI &
Mg B¢ MZFE] HaY [ Z 240, E apoptosis A ES
#AaAZTE Ol Q6] 71 OFFAEAIAS HE Ag thy
caspase-39] &1} caspase-3 (p20) B PARP EHT Zuilh
REE I dasidct
FE FEE9 Itk HO0 9al 44E ROSY
YEAHE Soled SIEJTE o] A Aol B &
in vitro cell-free systemoll4] hydrogen peroxide, hydroxyl
radical, superoxide radicaloll tigt AAEE 71N L Tt B
UK. B S EHC] MMEOE HATO] chdl £
Age 2HEE 7k AR, B BHE FAE g
KEALSOIH. oI7lolM Ly} BT TR Yyt
AL, SR Foll thE AFS <AEEL >0 A FMAHACK?.
“ZH N\H &R BE="B 9EBRW B BEE B4
gk 7 olziolel AAE, AXE, X &9 FEo) o] Fo XA H
Aot A2 <R AR > ”EE?EH #E B BRI EE
B EAA R REHER BRECILE dg99 0%, <£ER|

Wb o > o o 0

p]

BT
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At 22501 HO0) 96 F¥

#E>oMe “ERETFER UH XFET BR T BEL %
I #AA/NE FEEDEE H8E REBANERE BNk &%
71 MEE"SIL dld &5 Y FAE dysiint”.

ROl FQMHEOTE sterolQ] B-sitosterol, stigmaterol,
campesterol} iridoid glycosides?] catalpol, rehmanninioside,
ajugol, aucubin, melittoside7} ZET| O] U= AT HUHUE
o), 0] & sterols} iridoid glycosides= SEIBTILS A
s Ggol wslx Arye.

AVEHE Eatoll ek BuliE ZEEC ECVINA Alxel BE

EN 718 ETolA Bt FEE2 HO0l ool Zae ERK
g8g E7MIEL, p38 83 INK g6 oRzF Zarzict

(Fig. 5). o] A= Fith# FE20) MEBSEIV} ERK 411
YUESE B0l US ALE AIEHECE ROSY MAPKsE Thefch

He| S 2 H0A FBEAS 9181, MAPK Z 25 ROSO]

Sl ¥ apoptosisol 419] AlE 7RI,
Mitogen-activated protein kinase (MAPKs)= MEZ54], 23}
apoptosis®} S TIORSH AMERISEY Amol Bolshs

serine/threonin kinaseso|CFV. FARFQ! xjo]E 7|HOF 5lo]
MAPKse AM7IKNE EHFC} (extracellular signal-regulated
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