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Protective Effects of Jihwangeumja on Oxidative Stress-induced
Injury of Human Umbilical Vein Endothelial Cells

Yong-Jun Jeong, Jae-Ho Jang, Dae-Yong Lee, Min-Goo Lee, In-Cheol Jeon,
Dae-Yeong Jeong”, In Lee”, Sun-Ho Sin®, Byung-Soon Mun

Professional Graduate School of Oriental Medicine, Wonkwang university
Department of internal medicine, Coliege of Oriental medicine, Wonkwang university”

Objectives : Oxidative stress can induce negative responses such as growth inhibition or cell death by necrosis or apoptosis
due to the intensity of the oxidative stress, as well as positive responses such as cellular proliferation or activation. We
examined the effect of Jihwangeumja on this process.

Methods and Results : We analyzed the influence of oxidative stress and agents that modify its effect in human umbilical
vein endothelial cell (HUVEC). Oxidative stress was induced by H.Oz With induced oxidative stress the results obtained
indicate that it has a harmful effect over cell function and viability, and that this effect is dose and time dependent. When
oxidative stress increased, Jihwangeumja reduced cell damage and had protective functions. H:0O: induced the apoptosis of
HUVEC through the activation of intrinsic caspases pathway as well as mitochondrial dysfunction. A significant increase in
cell survival was observed in culture cells with oxidative stress when they were treated with Jihwangeumja.

Conclusions : These results suggest that Jihwangeumja may be potentially useful to treat HUVEC against oxidative
damages mediated by modulation of caspase protease and mitochondrial dysfunction.
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caspase 24 8}, mitochondria @4 9] A3}, A L 1A} B
d ghldo) w9 4318 fpEdte fog 4
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D) A5

At o #hfl 5 A E(HUVEC)E American Type
Culture Collection (ATCC, Rockvile, MD, USA)ol| A &

174

okuto}l 10% $¥jo} & # (Fetal bovine serum ; FBS,
Gibco BRL Co.)o] E38td RPMI1640 (Gibco BRL Co,
Gettysburg, MD, USA)l| A 1l %3131

2) ok A

Aol AME3 thEsk T e FF0e CRER
#EYol dAGH o, Al e dBtn ooyt
ol akghiE ol A Fh g & A Mdate] AHEI L, 1
e 43} 7 v ZthTable 1).

3)AleF gl 7171

2 Age] AF&H H.0.= Sigma Chemical jit(St.
Louis, MO, USA)el| A 948t L, A sulf ol 2 2.3
RPMI1640, %€l o}& A (fetal bovine serum, FBS), 344
A 2 trypsin 5 GIBCO BRL jit: (Gaithersburg, MD,
USAZRE Y3kt AZu o) AHE8E 2ewell
plate®} 10 cm dish 5 8] F&-7]& Falcon jit(Becton
Dickinson, San Jose, CA, USA)| Al )8k A}4-31%
o}, 3-[4,5-dimethylthiazol-2-yl}-2,5-diph-enyltetrazolium
bromide (MTT), sodium dodecyl sulfate (SDS), dimethyl-
sulfoxide (DMSO), Hoechst 33342 & A& o] Al&-H A]
ok2 Sigma jit(St. Louis, MO, USA)Z2E T3}
t}. 7+ caspase protease 7] & Calbiochem jit(San
Diego, CA, USA)oll A F+9)&te] A48} 4L, Western
blottingol] A}-8-¥# 2t7he] A =2 Santa Cruz jit
(Santa Cruz, CA, USA)ol A 43t}

2.2 ¥
DA 24

WAk T SBE B Q) 216875 g2 ZH 1,800 ml
z i

o} oA @A Selad Ya, Y4 g Fase 2
AIZE Bk 7148 & 3,000 pmol A 208 AN EE
saom, oju Aozl AFHE A4 H FEINE
o] gt 7t 3 & freeze dryer= T A7 231
42.17 g9 2 extract® o Ag ol A3

DAE BHE 57

A E2] B = MTTassay S ©] 83+ th A E o]
ok (24-well plate)ol] A F& 10° celliml ¥ T3l
16412 CO: v 7oA g slslglon, 43 2
23 7t 219 B0:-2 Al § v, MITE 100 w4/
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A% formazan®] &2 MTT7} E019l& WA £ A
Ast3 DMSOZ 1 m4 F7hste] F23)

8% &
)

max, USA)ZE 545 nm 3o A &
formazan 4 FEE FA 2T
B E-&(%) 2 EA AT

3) CaspaseZ| cysteine protease €A & =7

HUVEC A £ & 4ol A 208 lysis buffer (1% Triton
X-100, 0.32 M sucrose, 5 mM ethylene diamine tetraacetic

FEL 2B

wt o

)
El
)

acid, 1 mM phenylmethyl- methylsulfonyl fluoride, 1 ug/
mi aptotinin, 1 yg/m! leupeptin, 2 mM dithio- threitol, 10
mM Tris/HCL, pH 8.0)2 £8]ata] 14,000 pme.& 15
T 94 BEE 3dm, oy don A
bicinchroninic acid (BCA) £ 3} 30% wH-2A|A
BEAE o]&stod 540 nmof| A A &e{ch A X ot
3 ¥ & caspase assay buffer (100mM HEPES, 10%
sucrose, 0.1% chaps, 1 mM PMSF, 1 ug/ml aprotinin, 1 ug
/ml leupeptin, 2 mM DTT, pH 7.5)% A% 82372
3} 377¢ol A 308 WF3A)Z] £ fluorometer 2. caspase
428 = Asl ot Caspase-3 proteaseo] 2]
AMC-DEVDE] A t5# 2 excitation wavelength (380
nm)/emission wavelength (460 nm)ol| ] &3 3} T}

4) Western blotting

Hjoke HUVEC Al2E H0-5 A3 dHA7
o NRE EF3te] PBSE AlH g
(1% Triton X-100, 10 mM Tris, pH 7.6, 50 mM NaCl, 5
mM EDTA, 0.1% bovine serum albumin (BSA), 50 mM
NaF, 1 mM PMSF, 1% aptotinin) 2 5-7}8}31 4°C ol 4]
308 £3l8k T2, 12,000 rpm, 4°C, 158 202 ¢
Al Belste] ol FZE S Bradford s methodZ &
st o] FZEA-L 2 X sample buffers
T3l 100CAA 38 7Hdste] SEe M3t
I 10% 2 16.5% SDS-polyacry] amide gel electro
phoresis (SDS-PAGE)E Al3ial4ict 7|92 & gel
of 9l& ©lA-2 nitro-cellulose membrane (Hybond™
+ C, Amersham, England) ©. & AF2-0]| 4] 347} o] E3gt
% blocking buffer (10% skim milk)9} &4 1A]7F

o o
-
=My
s

% lysis buffer

9] :

o)A 29| Abaa £ et hlifkTol Fol7ld A7 (395)

8k-2-A) A t}. Anti-Bax, anti-Bclz, anti-PARP, anti-
phospho-p53 (Ser15) polyclonal IgG, anti-p53 and anti-
cytochrome ¢ monoclonal 3}A & 0.05%2] Tween-200]
8+6-9 Tris-buffered saline (TBS-T)l] 1:1,0002.2 3]
A3} nitro-cellulose membrane@} A& A 24) 7t &
235199t} 22 &) Q) anti-rabbit IgG conjugated horse-
radish peroxidase (TBS-TE 1:3,0002.2 3] A)9} A&
oA 1AIZF ¥k-2 & enhanced chemiluminescence kit
(ECL kit, Amersham, England)S o] £38le] H2o]
P Er Y

5) Mitochondria =4 $] 2} (MPT) &%

HUVEC |25 20 M IC-1 oo 2 308 uk-g-A]
2 o5 23St PBSE &3lsta A Rid F
oF 4 10* A o 4] FACS Vantage (Becton -Dickinson,
CA, USA)E o] &3l F#E FAeGrt IC-12
argon laser (488 nm)oll Al FAslx1 22 33530
nm)3} B7E 3 B(>570 nm)= Al EFslart A
FEM L “Cell Quest” v.3.1f software (Becton-
Dickinson)& o] &3}t

6) A 32 3} mitochondria 3] 2] -2l

Z 33 HUVEC Al EE 47T buffer A (20 mM
HEPES, pH 7.5, 10 mM KCL, 1.5 mM MgC12, | mM
EDTA, | mM DTT)&2 A& 3sl3L 100 4 buffer AS 2
o] 4collA] 302 ¥Fg-A)7] & 26-gange needle 2 A| E
& Edstsich B9 AX AL 750 pme 2
108 94 Zelstgon, o] f d& 459L A
10,000 rpmei| A 25% A4 EEjste] N £ 27
A3, o] wjo] pellet-2 buffer AZ A A3} lysis
buffer2 83t & YA 308 9+
10,000 rppm o 2 258 1Al B-2]3tod mitochondria
g5 Zelsiad

tio

7) Hoechst staining
AFXaA 3o HUVECHEZE S 4%

formaldehyde 8ol Al 3 A|7] 3 PBSZE A & 8l
Hoechst 33342 (Sigma jit, St. Louis, Missouri, USA) & 4
oFS PBSYl 20 sM/mio] HEE 54 5ta] 102 4
g 5 o] PBSellA AlHate] in]g oA
DNA9| #48}& Haatgict
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1. H:027} HUVEC M|z 2| MZEgof n|x|= Fgt

H:0:7} HUVEC M| 298] JZ&&d| vxE 93
YolH 7] #5te] H0.5 A & AE y2&
MITHH 2 2 A3k ot F9 HO.E 24
AR M & AE AEES ZAR AF 715 M
A AZh T gEZAH o N T YEEo| X&Ho

ZAadk7] AlEFete 150 M FE o] oA & dA
gk A AEa] At BFE T 0o 23 A
Eo| Abdo] MEDAL 7| 2]Fted njsjEte B
a7F en e ol g R1s}7] Hste] A Al &
Aol dejez Ex¢] DNA 2438 A4S Hoechst
staining WP © 2 Zolslgdth H0: 150 eMS 1243
A2]gt & HUVEC A X9 DNAE dA3 BA84
< Yetich o)ide] A3 2 H0:0] 2% HUVEC A
o NZAEE Zae AEDAF 7] - 28 w7y
g FAe 4 9

o
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2. H20:7F HUVEC MIZ 2| caspase &4istof o|x|
= g

H:0.7} HUVEC Al X9] A& &S a7 714
of AEIALE SRIF7] wfj Foll, | EALE w73}
© 7ME 88 MEATAGEARI caspase protease
o] 84S ZAIE T H:0.7F HUVEC A Z ol A
caspase family cysteine -3, -8 B 92} EAdo] njx)= o
g dolr7] 93t HUVEC Ml X H:0:E 150 ¢
M A& g & A7t A 3o W2 Caspase B4 &%
5} 93 t}. Caspase-3 protease = H.0» 28] 647+ 3 &4
o] F7tatd 12A3tell& ti2Ftel Hdted < 4uj <]
B4 78 vehgon, 47kl E O] ZHete
73S BT} ©E Caspase-9 proteaser H.0» 22)
12A)12F o] £RH <k 15u]e] &4 F7HE el
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18]} Caspase-8 protease &A1 9] #2]3 Walr} ¢l
oI,

Caspase-3 protease®] A% FAIZ71E golale]

7] wlj&oll caspase-3 protease 7]A 2] 3h}<l PARPL]
295 western blotting & 2 FA}8}SI th HUVEC 4| &
ol H0: 150 sMS X 2] gk 24A|3F Fof] A Z s o
B RE caspase-3 protease®} PARPS] wd-g 24}l
A 3}, caspase-3 protease 2] W& 7149t #3514 PARP
o] AL 116 kDao] BH3AQ) e} 85 kDaR
AT Aol HO: A7 6217 FHH YehtA]
UAIZ ol F ol B2 BANGT

3. H:0:7} HUVEC MZ2| mitochondria®l =&
9| wistol| o[x|l= A&

H:0:7} HUVEC A £2] caspase-3 2 -9 protease2
& F7HZ 7] g &l o] & protease?] &4 3}
2 Q3 mitochondria®] 7}]50|A4S FAVEI T H0:
7} mitochondria®] 2hA$] WH3lo v|xe kg &
o}l® 7] ¢&}ed mitochondria®] 2HA Y=} 2 A ZAY)
29| cytochrome ¢ ¥&-S western blotting 0. 2 #23}
AThFig. 1). Al A A] cytochrome ¢ & HO.Z
Azl F 62170 AlZklo] 1241t o Fol WA
Z7}3l= ¥HA, mitochondriadl] A = 24/\]7& o] Zol =
A g Wl desid. o
mitochondrias} A2 Fgo] & FeHASS
2ol3lr] ¢)sle] VDACH w3t A E o] &5l
mitochondria ¥& o4} &3 5}= VDAC theizl &
et

I3 mitochondria A 9)9] &4 ol ] 93}
o PFAn L o] &3l o 4-?12}(m1tochondrla
permeability transition : MPT)E 2% 315 tHFig. 2). &
A AR A 2T (Fig 222 LAAN FF
& WBEE oL HO: 2 A28 7(Fig. 2b) =AY
FE WHSAT o] AFE H.0.7F HUVEC A L9
mitochondria ¥4 9] & A7 - & = YAk

fe

4. H:0:7} HUVEC MZ2| p53, p21 ¥ Bcel22|
ghaiuisiof ojx| et
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Fig. 1. H:0: Induced the Cytosolic Release of Cytochrome ¢
from motochondiria.
Cells were treated with 150 M H20: for different time
periods. Cytosolic and mitochondria fractions of lysates
were isolated and used to carry out western blot analysis
with anti-cytochrome ¢ and anti- VDAC antibodies.
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Fig. 3. Treatment of HUVEC with H20: Increased the
Accumulation of p53, p21 Whereas Decreased the
Bcl: Expression.
Cells were treated with 150 M H:O: for different periods.
Lysates from cells were used to measure the expression of
p53, p21 and Bcl: by Western blotting.
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Fig. 2. H-0: Induced the Changes of the Mitochondria
Membrane Potential Transition(MPT).
Cells were treated with (B) or without H:0: (A), for 12
hrs. Then, cells were stained with JC-1 for 30 mins and
visualised under inverted fluorescent microscope.
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Fig. 4. Inhibition of H:O=-induced Cytotoxicity in HUVEC.
Cells were preincubated with Jihwangeumja(JHEJ) and
GSH for 2 hrs before treat with H.0.. Viability was
determined by MTT assay.
Results represent the mean+SD of quadruplicates.
(* pp<0.01, ** p<0.001)
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Fig. 5. Protective Effect of H:0:-induced DNA Fragmen tation in HUVEC by Jihwangeumja(JHEJ).
Cells were pre-incubated with (B) or without Jikwangeumja(JHEJ) (A), and both treated Hz0: for 12 hrs. The nuclei of cells was

observed with Hoechst dye under fluorescent

250 3
2 O caspase-3
— O caspase-8
g 15 @ caspase-3
o
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microscope 9- J
0 1 1 1
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GSH - . + -
JHEJ - - - +

Fig. 6. Jihwangeumja(JHEJ) Inhibited the Catalytic
Activation of Caspase-3 Protease.
Cells were preincubated with Jihwangeumja(JHEJ) and
GSH for 2 hrs before treat with H:0:. Lysate from cells
was used to measure the activity of caspase family

proteases including caspase-3, caspase-8 and caspase-9
proteases by using fluorogenic tetra peptides as substrates.

Results represent the mean (%)= S.D. of quadruplicates.
(* PP<0.01, ** PP<0.001)
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H:0:0l] 2]3F HUVEC A|3E2] DNA -8 4] #HA
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6. ERF7} HUVEC MZ2| caspase A&}
OjR|s d&

Mgk gkTol 2% HUVEC Al %] M ZuA} oA
F 71 caspase protease | 715 oj|l FAA QLA glol
H7] 918t} HiERKT 1000 wg/ml S 2A17F Hol| A e
33 150 M H0-2 24417 288 3ol caspase &
29 &4 SH3IU 2R (Fig. 6), IsHA|(GSH) &
Hu7o 2 &439th

Caspase-3 protease 2] 4 2 O T % 2|3k 4
T2 vlwatol oF 2uf o] el FAE B o} i
HEXT9 GSHE AX2| 2 2@ TAME 2T F
F0 8 7443} th Casoase-9 protease B A] H.0: 2] 2]
T o L5u)e] $42717F dehdont HekT s
GSHE HAe]d APTAM e 0 o] iz &
<02 HAFT) 18y caspase-§ protease= 52| &
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7. #EERF 7t HUVEC MlZ 2| mitochondria 4™
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H:0:¢] 9] & HUVEC ) 32} mitochondria =} 9} 2}
Wl o) 3t HER T TS Lot Y5t
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HEERTE 2/ AA 2@ Fol 150 .M H:0: 5 A
23 A3 A Eo| mitochondria & ATl 2 (Fig.



7@3_ 9,] 80]

RN At gl i s TS o7l dF

(399)

Fig. 7. Jihwangeumja(JHEJ) Inhibited the Changes of the Mitochondria Membrane Potential Transition (MPT).
Cells were pre-incubated with (B) or without Jihiwangeumja(JHEJ) (A), and both treated H:O: for 12 hrs. The nuclei of cells was

observed with Hoechst dye under fluorescent

A ey - - 4
Hzoz *..0*
 —— i+ 116kDa
= 8bkDa
Anti-PARP blat
B
JHEJ
H202
e 53kDa

Anti-Bcle blot

Fig. 8. The Variation of Apoptotic Signal Protein Expression
by Jihwangeumja(JHEJ).
Cells were preincubated with Jihwangeumja(JHEJ) for 2

hrs before treat with H:O: for 24 hrs. Lysates from cells
were used to measure the expression of PARP, p53 and

Bek by Western blotting.
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AEW, BRS S E 2% ROk HEE st &
£o] Utk %F‘%‘, TRFE EIR 5EE E£deka, A
il SR BAgtete KSR A9 gk BAZEe
WA fiphdty & 4 dok 23ER KHFE B
FIF S Abgrel mRC B st o] AHFFA
Fota Aozt g W &83he HEIE Hw,
FZolle n¥h FHAS U A9 T A=

Table 1. Prescription of Jihwangeumja

L EA 48k g # 2(g)
oo & Rhizoma Rehmanniae 3.750
& &k Radix Morindae 3.750
e Fructus Corni 3.750
ANER Caulis Cistanchis 3.750
Ao Herba Dendrobii 3.750
& Radix Polygalae 3.750
HoBRF Fructus Schizandrae 3.750
B % Poria 3750
7 & Radix Ophiiopogonis 3.750
I F Radix Aconiti 1.875
RS Cortex Cinnamonei 1.875
A E Rhizoma Acori Graminei 1.875
tE Rhizoma Zingiberis 2.000
K & Fructus Zizyphi Jujubae 2.000
Total amount 43.375
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4 HUVEC A £ H:0.& = =
& SAT A AT F TR AE qgi AE &
ol F7tske AL #ESA L, BN
a3t HO-& AT F 12477
HUVEC A Xof4] DNA 20| Uelyitt. o] Z#H=
AEEA] AEDALY] 71HL S FR1% <+ Uk

H0:0) )3 N M| F o] Al ZEA o] MELAL
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