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of AAFET oyt Al AHH= A AAGes Add A
g2 AAsts 77 Rasa o AA dedA HF:Hom A

= AEd #FAastE o 3 e el 4-HNE(4-hydroxynonenal)®= o-341 4 3% o
d Ao Hikst BAAA AAdET. ojF A AR

Al EAFE (apoptosis)ol & A S FAG L A= AET 22 FHAHS
uz]
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257 Aol SEH o

4 zEdss dusel dtn nuHn Yok ASH sEdss vER
W A2% Bd AEAEE Fudn MEISl

sgol #AAd M EZA =

FEA AEAE A2 #Aode WA=  cytochrome ¢, bcl-2,
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kA oA e dA g3 Uy A EZ(ECV304 celDE o] &3] 4-HNE
7b d3 uu AlEY ApEe] m A= ek oo mE a9 AegdA =
g AyR7] 9sted 4-HNE+= 50, 100, 200, 400 uM<e] == A X3}
a1, 5 o B S FE 5 (green tea ethanol extracts, GTE)& 10, 20 pg/ml2]
TR AAst AE AEES SASAY. A9 AHAY AAE wEom
4-HNE 50 uM¥ GTE 20 pg/mtE 7 A Azt Axe] ejss wsl, A
2 Ak E (lipid peroxides, LPO)9] &=, caspase-3 @il @ o] &A% v
EZcgol A AEAE AR #odsi= @] ddAAEE FA )

gom, 49 AdE et 2
1 AZe Feets WEE 4HEw, 4-HNE 50 uM AR Ee %A zke)

Aol whel AEARE Aol FEleAl yEstt Wb, GTE 20 pg/ms 9
A A2 G el = 1, 6413 w e Al 4-HNE 50 uM A X -oll vl & A EARE



2 AU 2y 12, 2441 s F Aol GTE 20
pg/mbE A A AT Lol A AEAE QA EZHRTF HEIVYA e Adom H

ZE A

2. 4-HNEE 50-400 uM ¢ F == HX3skef 12, 24, 48X vk F A LA
SEa HEYT A vk gEHoln MRt gEH R Faete AEe

0 uMel F== AAI F 1, 3, 6, 12, 2443t

i
o
=
2
=
7
e
O
an)
z.
t
il
Q1

et s AfolE 2 AFE vetudoh. wd, GTE 10, 20 pe/mlE
HNE 50 puM3} g7 2 x3ke] 1, 3, 6, 12, 24217t w3t e 74 $ol=
-HNE 50 uM Aol vls] A2 AEgo] FT7tsle Aoz #aAFAL
53] GTE 20 pg/mtE AAFAS 4-Fol= GTE 10 pg/mE A A Aol ¥
s AE AEEC] © B2 3o e

20 pg/mE A AA T oA E 1, 6A1ZF wlF Al A A FHAkstE o] gl
ooz AT ATH(DP=0.009, p=0.024). 2 12, 24AF wjF Al
GTE 20 pg/mte] H7F7F A4 AAirsts g&Fel] dFS vAA @ o=
LFER ST

4. caspase-3 FTAEE AHEH 4-HNE 50 uyM A 2| ool A = uj FA] 71 o]

7485 % caspase-39 Aol FUAMOE FrhahArHp<0.001). W,



GTE 20 pg/mtE @74 A A g ol A= 4-HNE 50 uM A =] aoll H] 3] 1, 64

N

HjoF Al caspase-39] ALV} fFoHdoz AASAH(p=0.001, p=0.002).
12A17F w]%F Alol %= caspase-39] FAE7F Fastd oy FofHo]x Zoro
H  24A1ZF wjeF Alo| = caspase-39 A =7} 4-HNE 50 uM =] x| ol W] 5f

tha F7ksk ot o Aol A @k,

5. cytochrome ¢ @2 & o] F&H A T= 4-HNE 50 uM A X9 4§ RE
Hj F AT 7ol A cytochrome ¢ @iz o] ko] F7kgk o= vepwkth wE
W, GTE 20 pg/mtE F7 ARG ol A= 1, 6417 ¥l A 4-HNE 50 1
M A Aol Hla} cytochrome ¢ @Al Wdo] AA A, 2ot 12,
2447w ¥ Al = GTE 20 pg/mtE A A A g el A cytochrome ¢ &

of gk AaIrt BFHA A

u g

el

6. FAEAE QA bel-2 @A) THAEE Ay, 4-HNE 50 uM

FetAs A5 bel-2 @A o] 4-HNE 50 uM A x| -l vl s 7}

7. caspase-3 @A o] wrd A == 4-HNE 50 uM A 2+ 2] 7

o
o
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of Wiws ol A¥e Fa FAEAN A4 wwd R Gue 9376

AsHERt oy} syl o B FuAs e B2 A4F A AES FEshe
Alel v A Av(12,13). ol AN LES AY Ay A A
a ol 71 del s #Fdfle]l AAEH FAll ZF
24 9 AE AR Fgast - s AAH AY BAAdAME 59 A
277 @S olFa . ey ol g WA BddE S ol FA
AZ WA AFsta e 27 Bt ¥, 53] Ao st d &
Frgste] 7)o Ad dozZsE AT F As A v ow Aal
At Al dvka &l A dok(14).(Fig. 1)
A A HkeE o] g e 4-hydroxynonenal(4-HNE)2 o-371 € 3 o-67
g Aukake] 2rsta Ao o s AA & a,B-unsaturated aldehydes & dfit
ol FWAs FHK AW, Ix, AN T3 22 e "y

dNEAR FEdvgy Ruya Ju(15-18). 4-HNE= ol =4k 7] 9]

ox M oox B
te 2 & )
=2
X
c
rh
o
Lo

i
o

MYS doz vmde) Hahd £42 F0HI, DNA adduct BAEA 2
gatol faA4 WA WS Zeldom BelA Urh(19,20). 4-HNEZ} 4
1%

S DNA adduct Edz2ZA #&3

The= AbA o]l HZo] Wexloy, suWlAste dAad A= obA wFd A
Aolth(2]1). 4-HNEx= T& g&E4do =z AIAT7|HA g8k nic. =
dul A EoAE AErEe 4-HNEZF AXTAE F3d0a Baya s
Wby s =9 4-HNEX: Al LAY (apoptosis) S =3 cta B ¥ gl
(14). 53 3ol dojys w3 AEAELE T3] gz o
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adol & AME W dldo] FaFHHEA a7 Ay e dd9 3#A
o7 oy FF9 caspaseE°] AMEAIH #HAdE o=

(30). MEALE A== 0] =84 vwiZiyd 4=
73

(U<
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o} HAA ARV ). F=&A wjfA AMEAE
FasR, TNF-R1, CAR1, DR3 ®i= DR4e] 27t=7} A
o Ad oa AART(Fig 2 o= sl AMEA v wmwlel

ol
o8
2
m 0
oX
b
N
-~
i/



FADD(Fas associated death domain) @@y AgstA =i, o=
caspase-8% AZAE O] M EARFEA T E A (death inducing signaling
complex, DISC)E YA gt d#x Uk @l). vEZE=ol #dEA A=
A AR FEOASAE 2EY 2 g v So]A R F7ket v
EFZogol A7 A e Aol o A AETHE2). olu mEZE=e o}

o] w7t Aoo| EA)s}= cytochrome c7F "lEZ =g o}l 9] F 2 (channel)&

of
ol

I W&, ol v B2 FAS L 9 bel-24 Gl A S o3

BN

A ¥ }3(33,34). =9 cytochrome c& Apaf-1, caspase-9, dATP} 2 &
8Fo] caspase-9S A A7) A, o] A A stE caspase-92 caspase-3E
GASANA AEAES Frste Zdow Huda JU(35). AFHow &
A3tE caspase-3¥  PARPI[poly(ADP-ribose)polymerase] S & A 3} A A
DNA #43 d4% #9 &H& FEHA AZAES dove Ao=

2] Cole @ AsH sEY LG st fuEE AXAE o

k!
30,
o
w
S

o= kol We WAe] EolbAWA HAe AR 1 oz F I
g B AF7F ol FojAa vk A= oAy 7bA g4 fFEAY
a5 T EYdA=E[r ¥ 3
FrE o] Avh(38,39). “AH9 7T RS EYH =L flavan-3-ol TFEE V]2

ot
i‘
fu
—

oX,
L)
2
¥2
o
=2
u
ofy
=2
>
o
2
v

o= 3ta oy, sxto FgiHE T ES A HEW epigallocatechin-3-
gallate (EGCG)7} 26.9%, epicatechin gallate(ECG)7} 11.6%, epicatechin(E
C)e 7.7%, epigallocatechin(EGC)2 7.2% A% gHEo v, 1 9
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tH(40,41).(Fig. 3) =atel i@ Z2dlsfe Ad9 4tz 4 AA

1 wE AQAIIN, AF FA2HUESH FAADY AHES AT
Mg WA, Af BHe BeHon AAs FAH A8L i
Aoz s m 9rhU243). 1 Al E T 454445, AE 4§ M6), I

T A7) 2 EAERY AgE S 2848 To] RuFi gl
53] 23ty e o] o AEAE 7] A oA A}

o] WA= P #I W ATV AP HIL YTt FA EFYAE AAEQ
EGCGE Hatstio] o) f2d A g3 Wy AZ(HUVEC)S Ard
S AN B (49), ECE 4Hstd 2Eg s oste] fubEE=
AMEAEZEE AHotAEEs REdtty By iy g(50). 1y ol ¢
A A anrt AA el E fFadtx FAsA gon A ay
of digt FAAA AL el diFE o 3
=

wela] B AR AE QA 8 gy A EZ(ECV304 cel)E o] &34
4-HNEE T =o wa} X3 & Ax AE&7 I3 Uy AL Ao

58

& A7k Basny @

MAE G¥E AR, 4-HNEd 9 #=¥ FHdst v del gl
A map o §e =35 (green tea ethanol extracts, GTE)9] g &4 &3
E AuRrRazx gt} old wWE o AT MY HALE 1) 4-HNE® GTE
o FEo wWE Mx AEE W 2) AH HAsE A did GTEY
Ahst2 A3 9t 3) 4-HNEd| 9 s e vEZ=gol ¥ Ax

ot

AtE Azl e GTES Alas) 9 7dS AvrRaz st= Ao,
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Fig. 1. Lipid peroxidation of autocatalytic chain process
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Fig. 2. Mitochondrial Pathway of Apoptosis Signaling
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Cell culture

— Human vascular endothelial ECV304 cells in DMEM media

with 5% FBS, penicillin—streptomycin

Cell treatment

- 50—200 pM of 4-HNE with 10—20 pg/ml of green tea
ethancl extracts (GTE)

Cell signaling

Cell cytotoxicity

- Enzyme activity
- Cell morphology — caspase—3
- Western blot

MTT assay
Lipid peroxides - cytochrome ¢
— bcl-2, caspase—3

Fig. 4. The experimental design



1. 234 =

i

1

o o] A4 %= DMEM(Dubelcco’'s Modified Eagle Medium),
antibiotics(penicillin-streptomycin), FBS(fetal bovine serum), trypsin-EDTA+&
GIBCO BRL(thersburg, MD USA)A FY3tAt v H7tsE =
sodium bicarbonate % dimethyl sulfoxide(DMSO), PBS(phosphate buffered

saline, pH 7.4), trypan blue(0.4%)+= sigmarltZF 8 TG, ANEFAE

5|\

AS 93 MTT(3- [4,5-dimethylthiazol-2-yl] -25-dienyl trazolium
bromide) = sigmartZFH FdetAvt. A FitsE AAE AT 4-HNE=
Calbiochem® 2 7B F sttt ¢z AFS §F A %S = bovine serum
albumin (BSA), Protein Assay & %< Bio-Rad #l# S ©]&3tAth. Western
blot EAlo] A8 %= A=A (cytochrome ¢, Bel-2, caspase-3)& Santa
Cruz BiotechnologyAte} Zymed LaboratoriesAtZF 8 G135} % L, o] xFskA|
(goat anti-mouse, rabbit anti-goat)= Zymed LaboratoriesA} A& & o] &3}

et

2. Human vascular endothelial cell (ECV304 cell)9 wj <%

(1) A EzwF

Human vascular endothelial cell(ECV304 cell) JCRB(Japanese

Collection of Research Bioresources)ol]l A & 9Fubo}l AF&3}ith. ECV304 A
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¥ 5% heat-inactivated fetal bovine serum(FBS)S ¥ 3% DMEM Wl
A2 37C, 5% CO29 =HolA wieketdd. wiAl9 pHE  sodium
bicarbonate(3.7 g/¢)& Ab&3dte] 72~742 ZAI}F oW FAAZ=
penicillin-streptomycin(10 mé/ ¢ )& A3tk ME g HA 80% A
Tol AEZ7F A 0.25% trypsin-EDTAS A 2late] At wjekste] Al
FE5 FAANALH, A7 A= dAF AZTE wFst] AL&stAn. A
o

ke 63) ol atx skt

jus)
==
o
i

re
it
o
=2
>~
>
ofo
(i,
1
)
>,
il
rlr
=
o
o2
1
)
>
>
2
4z
fru
Sl
Ay

FEWor g%

=

o 5219 FEE FHoE IA[F Y4HAS FHRAZ ST Alm 10
of dlEFste 70%Y ol ©E&S AF&sto] 45T 9 F8FolA 1281 Fd F
=39 ¥ o35 AT.3x) FEALE AFE AL F S 7] (rotatory  vacuum

evaporator)Z #¢Y¢ 5% U vxES ¢4 Ax7E ARt Wz

T 4T WAl BESFEA APl ARG

(3) AgA

7 #HZ 50 mm AE HIE AAY AES 1 x 10° A QA

i 5% FBS7F A 7Fe DMEM A el A 2441 3F &b v kst itk AlRE A
218t7] 12A13F Aol serum free DMEM ®l A& o] wj¢Fst 5 4-HNE<}
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GTEE & AA H7FetAth. GTEE dimethyl sulfoxide(DMSO)el| 5 o A]
AF&3E AL (51), MEuf kel AHE-¥ DMSOS HFFT %+ 0.05%°]387F 5=
= ol 4-HNE9 A=A Fwx=+ 50, 100, 200, 400 uMeo|l o™ GTE=
10, 20 pe/m o) FE2 AASFAT. ol 4 AT vz dudds T
A3 AE M FS AT 4-HNEY AHAF=+ 50uMold o™, GTES #AA

T 20 pg/mlo] AT,

A4 HAstE9 53 deE FEE0 AAE AEe FH= AXIOVERT
25 Fedu Aoz #He 9 rh.(x200, ZEISS)

2 R 50 mm AE G FA MEES 1 x 10° 4 94
i 5% FBS7F d7Fe DMEM ®j A ol A 24417k 5ot wj sttt A8S A
% 3}7) 12417+ Aol serum free DMEM W2 & o] wjekat ¥ 4-HNES
GTE #A4d 1, 6, 12, 2443+ § Fednd o=z AELFHE dHFsa, o

u 7o 22¥ 7w g (CONTAX olympus)= 23 3 91 v},

4. AEA A

(1) Cell extracts

HiSF 1, 6, 12, 24X & wiA& A AL PBS(pH 72~74)= 23] A3
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gt ¥ 0.25% trypsin-EDTAE o] &3] AxE 22 5 Y4 &8 34(2000
rpm, 3 min) cell pellet2 At} caspase-3 &4 2 cell pelletoll /] vFZE cell
extractsE oA FAHG oM AF Zitst

=
A% 5o -80ToIA WE waste Ago ol et
(2) Al AES

A HBrkstE 53 dugs FEE A A 93 AE AEELS MTT He
2 FostATh.(52) MTTHe =4 2= mitochondria dehydrogenase”}
3-(4,5)-dimethylthiazol-2y1-2,5-dienyl  trazolium bromide(MTT.  Sigma

Chemicals, USA)E 3 9AA Bz EAQ formazanes A= AAS 9

o

g Zolty. Formazan A& tiAtd oz FA4S 7Hd dolils Alx9
Fot vleEster O FHFEE Sl Axe] AEES SAY F Ak

96 well plateo] ECV304 celle 1 x 10" cells/wello] H X2 2 F313 1247
St AT F 4-HNES =4 oghs FEE5S §lAA 2 wellol A
AstF e 1, 3, 6, 12, 24, 48A1zkoll A X MEE W Fe F 10 e MTT
4 NG5 mg/m)S ZF wellol H7beh $ 37Co A 3A]7F F b vl F3t ATt Al
EW 9 formazan ZAAE Fol7] Hdto] Hob e wWiAE BT AAT
% jsopropanol(0.04 M) 100 wE Y1 Z=HF 100 wE wo] 33 %=

ELISA reader® 570 nmol A &3 =5 =A 33}
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(3) A1 4 A3} = (lipid peroxides, LPO : 4-HNE + MDA)$ & =3

A A A3 A w3 lipid peroxidation assay kit(Calbiochem, Germany)Z
ol&stol FAsAT. olv E=EIAWNoRREH AAdH= HAFTHAASE
malondialdehyde(MDA)2} 2-hydroy-2(E)-nonenal(4-HNE) #Z < 4-hydroxy
—alkenals sAll FAst= WHHolth, AF A ¢ thiobarbituric acid(TBA)
Wl g MDASY SAMS B2 daEdo 93] 9 Ha AdA o
dojx 2 MDA 4-HNEE & Aol 743t

N-methyl-2-phenylindole®] 45T o4 MDA<®} 4-hydroxy-alkenalE ¥} Wb
Slo] WA= UYE o] 8359 spectrophotometer(Pharmacia)® 586nm

o]l THEES =H3to] 1 mg protein®] ¥S 7|Fo =2 Ayt 7ol v nls}

o] YL dAH MIEAES F2d= cysteine protease?] A S A Y

+ caspase-3¢ A4S AtstE WHBOLEZ AE oA AEZAEO

S o Eel gt &5k ear, o] o] &A3E W caspase-3 B

+ A2 9 p-nitroanilide¢te] 7|2 ZA 3 A< DEVD-pNAE Edlste] F+&

Wo] pNA9 DEVDE wHETH o] 49 BAL Apo-One' ™ Homogeneous
=

caspase 3/7 assay Kkit(Promega)E ©|-&3}th. cell pelletoll cell lysis buffer

5 H7bsto lysis A2 $ A3 1683 &<k FAT7F 4T, 15000g0l A4 203

_14_



oA Edste cell extractsE FHIGAT. ©]  cell extractsE 96 well
plated] Y3l caspase assay buffer, DMSO, DTT 233 DEVE-pNA
substrate® 3 7tste] 37TColAl 4A17F Fek WAl & ELISA reader®
405nmol A FHEE =AH3o] 1 ug protein® U 7|Fo =2 A T

) it 3} 9 o

(5) Western blot ¥4

Western blot 4% 935kl ¢4 cell pelletdl] lysis buffer(l1 M Tris, 0.1
M EDTA, 5 M Nacl, NP-40, pH 7.4) 50 tE& #H7}slo] cell extractsE +
H etk =98] ¥ cell extracts® @A 12% SDS-PAGE 2 AolA A
719 %5 AN AT A ol Eeld 9 AL nitrocellulose membrane(Sc
hleicher & Schuell Grr, Germany)® 120Vl Al 1A 7+ 208 FoF HolA 7l
U, HISolAe ZAds WAs7] #sto] 5% skim milk= 1A]ZF &<t
blocking* 21 % TBST(20 mM Tris-HCl, 0.8% Nacl, 0.05% Tween-20)2
% nitrocellulose membranes 1024 3xd AolE v UAEA
(cytochrome c¢, Bcl-2, caspase-3)5 5% skim milk® 500 ~ 1,0008] 3]24]3}
of 4ColA 12A17F 98- A Z o}, nitrocellulose membraned 10+ 59+ TBST
2 3xd AolE g o] A3 A (goat anti-mouse, rabbit anti-goat)E 5%
non-fat dried milk® 1,0008] 3] 4]38te] 2o A 1A 30 &9 WAl A
Tk 10% EoF TBST= 34l Aos vF FAdstaza st dide

chemiluminescence reaction(ECL™ kit, Amersham, USA)& o] 43¢ &9l
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59

(6) WA AF

22 Bradford® (53)0] <743 Bio-Rad Protein asssay

R

il o

Al

kit(Bio-Rad Laboratories, USA)E o] &3t 3 th. cell extractE EF H3to
96 cell plated] 23 @MA kS Hrpslo] 37ColA 587 M$A =

ELISA reader® 595nmol Al &3 =5 =434},

[e]

B Ao d& 2E ZAyE= MINITAB(Ver. 14)& o] &35l EA A S

M

(
il

slom 24 AYdEvit Bty EFAA(mean + SD)E Feh etk Y

7ol Aol ANOVA testd) t-test® ol ao] p<0.05 FEolA 042
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m. 47235

K

1. Al 3 g & & (Cell morphology)™ 3}

AA d ¥ MERJ] ECV304 cellel A& #HArst=<2 4-HNE 50 pM ¥

=2k o gE FE=(GTE) 20 pg/mtE A A ste] A ztel] & Ao 3 et
Al Wsts #EI A= Fig. 59 24

W) 9 4] 71 o

_

Aol w2l 4-HNE 50 pM A A o2 a3 vuills o
Az do] FaHol AEALE Aol FEsHA vevde AS #2F + 9
ATt 4-HNE 50 uM# GTE 20 pg/mlE A A A3 2 4-HNE 50uM
A Aol wla] AEALE Aol HAadte AFE BALH o= 1, 64
Hj oFell Al FElst Al vERRTE. 2y 12, 24417 89k AJel= 4-HNE 50 1
Mu A A o3 4-HNE 50 uM3} GTE 20 pg/mbE Al A X3k & A}o]
of A A ZALE #do] fFAEHAl UEty AlEdE 0w & w12, 244 7F
2k AlZAE A EHATE dEuA e Aer #EEH

too] AF Ades w549 EdHls Aol A4St A xanthine oxidase
A

o] A1t = Park S (54)9 A2yt FARS

Lo
o
X
bl
>
=
l1%)
ol
o
o
N
h
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| MEXgE we2A 5348 5 AA st Zds A5 AXH &
o] EolA AEXUolA FrFFAZAe w2 AT AaH
A5 H)h.(54)

ﬂl

2 ued 2

A}

5
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Cont 4-HNE 50 pM 4-HNE 50 uM + GTE 20 pg/mé

6 h

24 h

Fig. 5. Effects of ethanol extracts of green tea treated with 4-HNE
50 uM on the cell morphology of ECV304 cells according to

the different incubation times
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k. AReds 4PAow ddol Y AW W AEE o &3ko] s
=
—

4 oolee FEEO) AE

(1) 4-HNE-®°| 93 A E=A

A @ I MEQ ECV304 celld] AX AEEE MTTH S ] 43t
ZAsgon, Ad HasE9 4-HNES FEd2 A 05 12, 24, 48
AIZE Fo MTT €95 #H7bste] 3AI3F vkt Fo ELISA reader® 74
a9t 4-HNEQ w9 wjok A zte] W& AEL L Table 13 Fig. 69l
LHER U 2L T

Foo WE AE YELES ARy 1243 w9 Al 4-HNE 50 uM A %]
o A AEEo dxe HE 40% AER YEY AEEA &
Bue Aoz #ZHAY. £33 4-HNEQ AHA F%7t 71242 gz
of me AE AELE F9gHoz2 FAdPom(p<o.00l), FE I3
(dose-dependent) ] Q1 74 &S WEFW AT 24A12F v o Ao+ 4-HNE 50 n
M HA T AE AEEo] tfxaol Hla 32% FEQ Aoz e =2
AMEEAR B35 et on, 1242k s F Al ek FAFSHA 4-HNE®9] A A
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TRV TS AL AEE] FoHoR Has it (p<0.001). 48411t
ol = 4-HNE 50 uM A Ao Alx FELo] el vs) @A 5}
A Axste AFE deEdAow, 53 200~400 uM FEA FA T Al

HlQFAI Rl mE AlE AEEY ¥ E A9 REW, 4-HNE 50 uM< A #] s}
RAe AF Aol AGFE AE AEE] FoH o= A5 (p<0.001)
< 4 (time—-dependent)?l Al X 54 &35 e ACY. 4-HNE 100 p
M, 200 uM, 400 pM< zt7 A A RS dFolx= 50 pM A A& A& 73§
o frAbeAl Aol A FE AE AEEo] FoA R FHAS (p=0.009,
4 23dE v
Lawrence 5(56)° dA7olAx = 23 GAERKO cells)ol 4-HNEE 30-75
IME A A0S B¢ AZAPE] dojy= AXY F7F v EAow
F7Fd vt Raustgoev, ol 4-HNEZF &3 Uy MEdA ZAHZHRES
UeEtdthE 2 A9 Aol dA gt Ee Liu 5(567) AFdAaE 92
& Al (Jurkat cells)ol 4-HNEE 1-100 uMZ A X3RS 45 AL A&

p<0.001, p<0.001) I3t o] &2 Q1 A=

it

o] ¥x oEzHo R Zarvtty Bt 18y 4-HNE 50 M-S A
A RS A 2ol vE AE AEEo] 20%uel HA of B A

[e]
=
Avur AxE4 577 9 248 Aow dut o] AL A¥ TR

o AFelAE A8 AREFS FEDIL GHA A FRRF2E Y
2

Al d# ll9 Al Z(HUMVEC cells)oll 0.1-10 mM & A 2] g 4 3}
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Table 1. Effects of increasing concentration of 4-HNE on the cell
proliferation of ECV304 cells according to the different

incubation times

12h 24h 48h p-value”
Control ¥0.674=0.00"" '0.682+0.01° '0.695£0.01° 0.021
4-HNE 50 uM 0.284+0.00° ¥0.216+0.01° ¥0.181+0.01° <0.001
4-HNE 100 uM |  *0.205£0.00° *0.189+0.01° %0.151+0.02° 0.009
4-HNE 200 utM | ¥0.170+0.01° ¥0.146+0.01" ¥0.086=0.00° <0.001
4-HNE 400 pM “0.121+0.01° “0.084+0.00" “0.0690.01° <0.001
p-value” <0.001 <0.001 <0.001

Value are expressed mean = S.D.

P-values for the significance among the incubation time according to the various
concentration of 4-HNE
¥ P-values for the significance among the various concentration of 4-HNE according to the
incubation time

a, b, ¢ values within the incubation time of 4-HNE groups with different superscripts are
significant at p<0.05

X, vy, z values within the treated concentration of 4-HNE with different superscripts are

significant at p<0.05
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[ 4-HNE 50uM
@ 4-HNE 100uM
B 4-HNE 200uM
W 4-HNE 400uM

o]
o
1

(2]
o
T
*
*
*

*%k%

n
o
T

o

cell viability (% of cont)
S

12h 24h

Fig. 6. Effects of increasing concentration of 4-HNE on the cell
viability of ECV304 cells according to the different

incubation times compared with control

w1 Significantly the difference among the 4-HNE groups , p<0.001
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(2) 4-HNE®] M X =4 dq3d GTEY A&7

A A s EQ 4-HNEQ wj A be] wE AELEAo] B3 GTES oAl
&%= Table 29 Fig. 8ol Yetulglem, Fig. 74l GTEY Ax5A4 ¥
g ZAFskel v o

GTEE =< DMSO9 #Ydsi+ 001%olstdom, o FEoA9
DMSO+ AMES54S Yetul A vt =3 GTE 10, 20 pg/ml= A A 344
1, 3, 6, 12, 24712+ vl et s Afol® AMESAS JepA okt o] 4
5 vty o2 sto] GTE 10, 20 pg/mt= 4-HNE 50 uM#} &7 A X sto] Al
I AEES AFEE A

Hj oF Al ZFoll W2 4-HNE 50 M9 A EZ=5Ao] tig GTE 10 pg/mbe]l oA
F3E AHEd, 1A vk Al 4-HNE 50 uM¥} GTE 10 pg/mtE A A
A% #& 4-HNE 50 uMoll 98 AE5AS S04 AL HELL 7%
A 8oz F7FAATHDP=0.034). =3 3A1ZF v oF Al9} 6A]3F i ¢F A
%= 4-HNE 50 uM3¥} GTE 10 pg/mtE &7 H g +& 4-HNE 50 uM
AR el v AME AEEO 6% AT Frtete A TS UEU AT 1247
7} 24A17F Wk Al 4-HNE 50 pM# GTE 10 pg/mE &7 A& &
4-HNE 50 uM A 2ol vle) A% AE&o] 2%AE F7Fstd ot 794
oA & AT =, GTE 10 pg/ml> 1247t o] ol &= 4-HNEo| 93t A X =
e AABA Kehe o2 YEw

wj A zholl w2 4-HNE 50 uM o] AlE=Aol e GTE 20 pg/me] <A
F32 AdRw, 1A% W Al 4-HNE 50 uM3} GTE 20 pg/mS &7 A
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28 & 4-HNE 50 pM A Xt vl&] AE AEE0] 83% AL F97F
o2 F7FsEY o1 (p=0.029), GTE 10 pug/mlE A3t F L3 Al7F v ks
Aol vl&] AE AEEo] i FUETUE AS G 5 Ark 3AIZE 8l A

o= GTE 20 wg/mE 7 AAFAS B AX A=&o] I%A= F7t
g Ao=Z ety GTE 10 wg/mE A g Aol vls| AE5A A L7}
=& oz vepdth =8 643 wded S A% 4-HNE 50 uM# GTE
20 pug/mE FA A AT & 4-HNE 50 pM A X ol vl A E AES 0]
4% 4% FoAoz Frtste 43S JeER R 2™ (p=0.002), GTE 10 ug/
s HAA ] FAdd AgbEet wigkd Ao HlE AME AEE] 8% AL T
7Hatte AL #2T £ AdAdrh ol GTE 20 pg/mS A X89S 45 624
o Aol Ao Reanst b Eohe A v dn 12413 w Y
Aol = GTE 20 pg/mtE 7 A A3 o] 4-HNE 50 uM A X o u] 3
AME AEEo] 5%AE FgHoz F7He Aoz vEE o (p=0.039),
GTE 10 ug/m2S A3 Aol wla] Ax PELo 3% F718 Ao=
B AT = 2422 W FE RS A9 GTE 20 pg/ms &7 AXS +
o] 4-HNE 50 uM A X toll nla] AlE FE&o] 35%4 % Fodoez 7}
g Ao 2 Ve o (p=0.042), TtE W F Ao w7t A 2 GTE 10 peg
/mE ARG Fe] HlE AE AEE] tAh FrhstE A FS HER AT
=%, GTE 20 pg/mtE 4-HNE 50 uM# @7 A X339 4% GTE 10 pg/m
S A A A Aol vd 4-HNE 50 uMol 23 Axz=4 A a7 =2
Aoz el T3 GTE 20 wg/mbE 1A 6A13F vl ek Alol AJ7E 9
EXA AEZEA AdAEZHRE e oy, 1243 o] Fol= GTEY AX%
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Aoz Faets A¥E dEdgY. o= GTE 10 pg/ms A A st

A& Ao vHA R 12413 o] Fol= GTES Axz=A AAER7 Ao

Kaneko %(59)¢ <oA= daAWIAZMHUVEC)e linoleic  acid
hydroperoxide(LOOH)E Z & 3=/ &7 * A sted LOOH 9§ AX=
AodAdays A3 A3 ZgdsiF TN E 53 EGCG monoglucoside
9} EGCG diglucoside, catechins A X339 4% FY4A AXH5AH A9A
E3E vHeddv Busdu. ol s Aol AlxE QA A

AAFE 7SS AV ov A
A gdeds e AS vty &

W A=

Q,
-4
i
A
fo
ne
ot
v
b
<
o,
i)
ot
e
)
s
0,
)
=
=
i)
r 2|

oJAl @il B gk Rah 5(54)¢] A+A ek dAEH. Choi 5(51)¢] A+
A= A 3 Wy AEZMHUVEC) Histais Zedls AE59
A AAst EYHE AEEY AESA 9

EGCG¢t quercetin 59 Zdl#ls AR5 AXAEES Foldo= F7F

AA RAEELe oF MEEAS dARTGD wasg ot EedE

g M EA # T Kangs (60)2] AFolA %= EGCGY 2L ZgH o=

Sol 43t¥ LDLA os fEf AZZHL FoHo2 qAAAGT Ba
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kAT, Jeong S (61)¢ d7-ol wEW 3-Hydroxykynerenine(3-HK) %} =2t
°of FH AEA EGCGE AAAMEZF AE(SH-SYSLY cells)ol &4 A | st

R AT 3-HKel o3 AEZAE S EGCG7E FoA o=z A7+ AL
1)

2 YEehytt
AZH o2 GTEE % &Aoo Z 4-HNEO 93 AITEALS oA A7
= Aoz #AHYY. o] GTEZF AA WelA Fhwkso] Fuky = 23

q4Q gzt s Aol Bolat AT Avo] A Ao ARAY. F, GTE

© 4-HNEE A7 874 4-HNEel o3 4hsts &E45 Fidses 928

2o g ALmET(62,63). EGCGeF #2 &
71

phosphate pathway)2} 9 Z24% NADPH/glutathione Al 2=® 52 A¥xX I
2bsl o7 S XS ARE Tl ZEdEEY Fatstde
Lol B A= AR AT e S AHolg, wE A w9

= JPEES 4HNE 9% AZAES gaAA dBREE BEdn
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Table 2. Effects of ethanol extracts of green tea treated with
4-HNE 50 uM on the cell viability of ECV304 cells

according to the different incubation times

1h 3h 6h 12h 24h p-value”

Control *0.664+0.02"* *0.615+0.00° *0.600+0.01° *0.616+0.00° ¥0.589+0.01° <0.001

4-HNE 50 uM | “0.524%0.00° “0.419+0.01" “0.329+0.02° “0.266+0.02¢ “0.215+0.01° <0.001

4-HNE 50 uM

y a vy, b vy c oy d z e
+ GTE 10 ug/nt 0.568+0.01" “0.455+0.01° “0.365+0.00" “0.278+0.02" “0.229+0.00° <0.001

p-value” <0.001 <0.001 <0.001 <0.001 <0.001

Control *0.664+0.02*" *0.615+0.00° *0.600+0.01° *0.616+0.00° *0.589+0.01° <0.001

4-HNE 50 ptM | “0.524%0.00" “0.419+0.01" “0.329+0.02° “0.266+0.02¢ “0.215+0.01° <0.001

ATHNE 50 uM |y 5760 014 ¥0.484£0.00° *0.41220.01° *0.206£0.01¢ 0.236:0.01° <0.001
+ GTE 20 pg/mt
p-value” <0.001 <0.001 <0.001 <0.001 <0.001

Y Value are expressed mean * S.D.
? P-values for the significance among the incubation time according to the treatment
groups

¥ P-values for the significance among the treatment groups according to the incubation
time

a, b, ¢ values within the incubation time of treatment groups with different superscripts
are significant at p<0.05

X, y, z values within the treatment groups with different superscripts are significant at

p<0.05
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O DMSO control

) mGTE10 ug/ml
A110 B GTE 20 ug/ml
=
o
o
= 100
®
=
i 90
«©
=
>
© 80

1h 3h 6h 12h

Fig. 7. Cytotoxicity of ethanol extracts of green tea on the cell
viability of ECV304 cells according to the different

incubation times compared with control

- Data was not significant difference among the groups
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= O 4-HNE 50uM
€ 100 | M 4-HNE 50uM + GTE 10ug/ml
[3) *
° 80t *
® .
z 60r
>
° 20
1h 3h 6h 12h 24h
= O 4-HNE 50uM
£ 100 [ . N 4-HNE 50uM + GTE 20ug/ml
o
3 80 i ek
¥
> 60 - .
s .
>
° 20
1h 3h 6h 12h 24h

Fig. 8. Effects of ethanol extracts of green tea treated with 4-HNE
50 uM on the cell viability of ECV304 cells according to

the different incubation times compared with control

%% | Significantly the difference between 4-HNE and 4-HNE + GTE groups, respectively

at p<0.05, p<0.01
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3. A4 usE ¥

ECV 304 Al 4-HNE 50 uM# GTE 20 pg/mtE A A F 4-HNE$}

0D

MDA7”}F N-methyl-2-phenylindole®} WF$-3l= HozA XA Hikst H=
£ =439 e, 2 A3 Table 39 Fig. 991 el 2t}
4-HNE A Aol A Al 7ol W& LPOM-HNE + MDA)Y =2 AuH

HoOIAZE weE A i E=ate v st

32

S w LPO =& 137% S 7159 o
M, 6A1 3w F Aol = 136%7F S 7Fsk At 12A413F vk Al LPO &2 o
Zol wla] 147%7F F7tete] 7 =2 S7E S UERl AT v 244
ol F Alell= tixtel Wle) 137%7F F7Fete] 1AIZEI 6A1%F w ek Al &}
v =g Aas et

NE 50 uM¥ GTE 20 wg/mlE A H A gk oA Algte] & LPO

0
o

o S AvrEd, 1Az vl Aol 4-HNE 50 uM A ol "] s LPO
kol 70%7HA HaEe w2 EHE JERUAdow, 6417 vk A=
30%9 4 &3S JeErdd. wbd) 12, 2427 Wi AJoll = 4-HNE 50 n
M Az vlaetd S o oA Aol 7k yERUYA @rgkth. =, 4-HNE
50 uM3 GTE 20 pg/mtE F7 AASRS A5 271 wFALAA=
GTE7} LPO9 A Z W fFdel #Holste] AlEE Boste S B vk,

Aol 73t BEF AE W AL AHAEHE F) JFS MAA e A

Eliezer 5(65)8] Ao A= in vitrodol A green tea polyphenolsE *| |

S AF FHAksteEad os AdE LPOMDA)S o FFol foHow
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LN
B>
ol
=L
52

i Wastglow ol 2 AP AFZAAS} dATFS & 7 A
g7 ¥ AEMHUVEC)O A LDLE 4AtstE f=Este] A @g
Koo 5(66)9 ATolMe 545 AAstRAS 2F dxaed v A2 34l
st=o ol FoHow FAAidRon, 53 duE FEIT 5AE A
A9 S A 2 a7 M =L Ao 2 YEE Y Arthur 5(67)9] AT
of W= 7+ A E(HepG2 cell)oll arachidonic acid®t HELS 7 *] X3}
R AF AT AF HAsE e gl FrbE = W, 549 FE A
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o] graFo] fFoHor Aty Myt 1 9 o= Elzbieta 5 (63)
FAoAA deZ3 525 Aoz HHAAZ A3 deke AA el M =t
E AME Zo] 1 H T A7ldA LPOY kol A Eub opy
GPx¢ &74o] F7hehthar ® s gl

A2H oz GTEY Fd AR ZYHsd A4 oFFo =z i gyt
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g8 E4d AExE T Gepaindts &S st FeAdsd 245 o
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Table 3. Effects of ethanol extracts of green tea treated with
4-HNE 50 uM on the LPO production of ECV304 cells

according to the different incubation times

(uUM/mg protein)

i 4-HNE 50 uM i 2
Control 4-HNE 50 uM + GTE 20 pe/ml p-value
1h 93.49+1.66"¢ “55.70+0.26 739.46+4.34" 0.003
6h 96.64+0.26° ¥62.92+0.26 ¥55.08+2.93 <0.001
12h ¥97.19+1.28" *67.26+1.79" *66.35+0.26" <0.001
24h ¥98.72+0.38" 69.24+0.26" *68.61+1.26" <0.001
p-value” 0.034 0.001 0.002

Y Value are expressed mean * S.D.
Y P-values for the significance among the treatment groups according to the incubation
time

¥ P-values for the significance among the incubation time according to the treatment
groups

a, b, ¢ values within the treatment groups with different superscripts are significant at
p<0.05.

X, y, z values within the incubation time of treatment groups with different superscripts

are significant at p<0.05.
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Fig. 9. Effects of ethanol extracts of green tea treated with 4-HNE
50 uyM on the LPO production of ECV304 cells according to

the different incubation times

# % [ Significantly the difference between 4-HNE and 4-HNE + GTE groups, respectively

at p<0.05, p<0.01
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4. caspase-3 A= =H

A A A EQl 4-HNEZF ECV 304 AMxe] Zzasiste A ZAHo| v
Ae G AEAE dig GTES AAZHRE FAst7] 93 cysteine
protease?] XS 7FA 1L Y caspase-39 FAHNLEE =AHFA Y. 4-HNE
50 uM¥ GTE 20 pg/mlS %% F caspase-32 FAEE =AH3d 9 om
71 23 Table 4 Fig. 1001 e LT,

Al 7ol w2 4-HNE 50 uM #* X 9] caspase-3 SAE=E Adudy

ul

Hj eF Al ZEe] F 715 caspase-39] ALV fFoHoR FrtE e AFS
B om (p<0.001), 53] 12A1%F wiF Al 6A1ZF wi kel Hlas] 2 &A=}
76% AE FA43 S/ AT. o)A AE Yol E&AE Fez =45

AW caspase-37} 4-HNE9 #A=Fo =2 edle] @A 3 %E caspase-9 59

a
Gl d el ol ofs] ZelEEA A EH ATAES FET Ao

Lawrence 5(56)¢ Aol 23 % AERKO celDel 4-HNE 45 uM&
A xS AF vlxwel vl caspase-39 A EVF SHIAE F7FSEA T
A Bustgon oje B AP AFZAAe gAY =3 Lin 5(57)9
AFo| % Jurkat T §=ZZF A FEo] 4-HNEZS H X3 9S %% caspase-3
of GAE7 dHxol ve) Frheval Baskdth ojdd Aaes AlEY

Garsh A7l Bolsh GSHY #A9 Aol e Ao Amfd =



file

efAlsto] Al Wl Ars-gd AHe Edds e He Aom w
Atk ol g AW B P AstH 2Edag gt MEIZE=got

e do7 A HY, o]& 9d] cytochrome ¢/} AIXZAZ WE¥ 1, 39

b e

N
@

]9l caspase-35 ZASIAIA AHIAIES dod]= AR AR EHU
(56-58).
4-HNE 50 uM¥ GTE 20 pg/mlE A A 3 FolA= 1, 647 v

=

o
O
>

4-HNE 50 uM & ] o] H]38] caspase-39 A =7} Fod oz 743 o]
2 e 90 m (p=0.001, p=0.002), 12A17F W} A% 7Hash

HAou fFodolAe= gk v 2443 wigdSs A gele

fT
foi
ml

o
ot
filo

-HNE 50 uM A 2] o] v]sl] 93] & caspase-39 &4 %7} %t F7hst+=
P el JAARE F o A o] A ¥ okt

Kang 5(60)9 dAFoAs A58Es Fxste] s9435 +2F &+ o
© Atstd LDLY o2 79 SR wol=52 7 AAFT F o599 B
TERE 9 Wy AEolAd #FEsA=d, Ast®E LDLe o&) F7hd

caspase-39 ZA & ZgtH ol=50] A= Ao® vERWYTY. Choi 5

oy A

(62)9] AFANAME Zza9 FH A EEQA  epigallocatechin  gallate2}
querceting #H7Fet S A F Ak Fawt A A Ao v caspase-39

o] fFoHoR Fiagry HusGom, o E AT Ade dA

Eig=
A8 ow A4 HrstEo 3 P 4-HNE= vEZ=got ##d4 Al
FAE AR #oeE @A F sy caspase-35 ZA A o2 H

AEAE S FEss Ao eyt ol wsl GTE: 4-HNEe] o3
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Table 4. Effects of ethanol extracts of green tea treated with
4-HNE 50 puM on the caspase-3 activation of ECV304

cells according to the different incubation times

(pmol/hour/ug protein)

1h 6h 12h 24h p-value”

4-HNE 50 pM *2.07+0.09°" *2.85+0.07" 5.01+0.04° 5.11+0.10" <0.001

4-HNE 50 uM

v, b y b a a
+ GTE 20 p/ml 0.32+£0.00 0.42+0.14 4.25+0.50 5.40+2.12 0.020

p-value” 0.001 0.002 N.S N.S

Y Value are expressed mean * S.D.
Y P-values for the significance among the incubation time according to the treatment
groups
¥ P-values for the significance between the treatment groups according to the incubation
time
N.S @ Values are not significantly different between groups
a, b, ¢ values within the incubation time of treatment groups with different superscripts
are significant at p<0.05

X, vy, z values within the treatment groups with different superscripts are significant at

p<0.05
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Fig. 10. Effects of ethanol extracts of green tea treated with
4-HNE 50 uM on the caspase-3 activation of ECV304

cells according to the different incubation times

= xxx 1 Significantly the difference between 4-HNE and 4-HNE + GTE groups, respectively
at p<0.01, p<0.001
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5. Western blot ¥4

4-HNE7} mEZ=go} #aAA A EALE v A= JF A EALE O
gt GTES oAlsxsE AHR7] $3to vEZ=gol #HAA A EAL
#HoJst= @Al cytochrome c¢, bel-2, caspase-3¢] 2 dAH EE western

blot &4 & F3dto] 43wkt

(1) 4-HNE° 93 %7/19 cytochrome ¢ 2389 3 GTEY 2A =&
s}

4-HNE®°] 93] =% cytochrome ¢ @29 w&o s GTEY oA
B3 E AHH7] 9359 western blot A4S Al o 1 A= Fig.
11e] veEbW Aot

Hj oF Al 7ko] w2 4-HNE 50 uM A %] ++ 9] cytochrome ¢ ©

i)

o] wrg A

=2 170
T2 AyHEd, BE YA A cytochrome ¢ @A o] ukbd o] =7} %
Ao g eyt o] A= A A E(RKO cells)ol 4-HNEZS A %313 <

cytochrome ¢ @9 o] Wwdo] Friettia H gk Lawrence 5 (56)9]

o
o
ATFZAFet dA . o= bel-2 @A BHI} Aol U= Aow AR
o}
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4-HNE 50 uM¥ GTE 20 pg/mtE 7 AATF 2 1, 6417 viF A

4-HNE 50 uM A %]+l ®] & cytochrome ¢ @z o] v o] oA 5= A

tlo

w2 vk 2y 12, 24417 W Alel= GTE 20 pg/mtE 7
A A g el A cytochrome ¢ Tz rdol] gk A a7t ERA] oF
k. o] ¥ s A= cytochrome ¢ @ do] AXAZ WEH= AS oA
St FAIEZAEJIARQD bel-2 @A o] W HF e Aol v AoE B
Ak, Hxke ZEldE AEQA EGCGE querceting A XU 4% bel-2
g e tdo] Tttt Bk Choi 5(51)9 dFolAlet o] E 2y
B bel-2 @A) S F7HAIA cytochrome ¢ @l A o] W EF =g
A MEAZ WEFH= A JAlA 7] 1L, cytochrome ¢ @& 2] 314 7]

Ae Adrgoezi AEAES A Aoz gt
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Fig. 11. Cytochrome c¢ protein expression levels in human vascular
endothelial cells (ECV304 cells) exposed to 4-HNE 50 pyM
with or without GTE 20 pg/ml
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(2) FAZEAEAAQ bel-2 WA BT A=

W Az AEAE g GTES A&7}
FHEAE A2 bel-2 @l d o] Wy og AJAE FHI7] $35HA
western blot 45 AAled o I A= Fig. 12,0 Yt o
vl 9k Al zbe]l W& 4-HNE 50 pM A A 9] bel-2 @l de] ddA=gs A

Auw, fzEd vasdde 49 b2 wuAe HAHES fAGTE

NS Bz = drt o] wra] 4-HNE 50 uM ¥} GTE 20 pg/mtES &7 =

Al g el A= 1, 641 WY S A bel-2 @l o] W o] 4-HNE 50
UM A X el vls] F7bske s #FEE 5 oAk ey 12, 24413 wj
RS dFole 4-HNE 50 uM A A3 Hlws S o bel-2 w9
DAL A Aoz BRI

Choi (G AedAes A v Wy AEZHUVEC) O Akt 9
ZYdvE ARES 4 AASY bel-2 @A HHFAAEE Ay B Ay
Zods AR TAA EGCGY querceting 7 A A3 9 4% B4
Ak AA T el vl bel-2 @A) o] TR Ao YERow,
o= ¥ AFodA 4-HNE®} GTEES 7 AA T ol A bel-2 v o vt
ol F7te Ao} dAETh T3 Kang 5(60)2] A4 %= 43 ¥ LDL
ooy FFY SR xolEE T AAGAS AT SR =olE FollA
= 53] EGCG, quercetin, hesperetine &7 # 2§ oA bel-2 w1 A 9]
Lol Srbgkthal Hoask gl

4 = 9A

B

o2 GTEE cytochrome ¢ @l Aol Axd=z W&y

)
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Fig. 12. Bcl-2 protein expression levels in human vascular
endothelial cells (ECV304 cells) exposed to 4-HNE 50
pM with or without GTE 20 pug/mé
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(3) 4-HNE 93] %719 caspase-3 @@ A Ao 3 GTEY 2 A
ol

4-HNE®] 93 f X% caspase-3 @1zl W&o tjst GTEY A 53}
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LEFY A
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ol A A sl¥ caspase-3 @l A o] wtdo] Frhgk Aoz YEWOH 6

12, 24A1%F v eF Aol &= 1A vl S 7o vls] &4 st caspase-3

A

g wkd o] Frkek Ao R IEE Y. Lawrence 5 (56)8 Aol A=

24 4 AE(RKO cells)ol 4-HNEE AXF9S 4§ A7 gEH0m 34
}

3}¥l caspase-3 @A o] ol Frisitta HIE P oW ol E A9
Avel dA3F. Liu 5679 dAFodMd= @ EZFEAME(Jurkat cells)ol

4-HNEZS A AU S 4% A3 %E caspase-3 @ Ao 2ol F7let}

T

=

4-HNE 50 uM¥} GTE 20 wg/mlE A AH A3 ol A= 1, 6A17F vl &3}
RE A 4-HNE 50 uM H X ol Hla] &4 3% caspase-3¢ 2o
ol A= AL FFT F Ak 2 12, 2443 vk AJol= GTE
20 wg/mlE A A AT oA A3 caspase-3 TP o] HFHo| ot
AAE A7 HFE A Foh ol A= EGCG F9 EH o] Abstd

LDLe <3 24 3l¥ caspase-3 T

o

= HaAoa Bag
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Kang %(60)9 AFZ2ye dxgr}y. Tgk Choi 5(62)8 dAFolAx
EGCG7} #HAatstao] os] &4 3}¥ caspase-3 ©@ld @3S Fr oF

Hog ZaAzitty Huddy. 28y GTEE cytochrome ¢, bel-2,

4 2AH(Immediate Early Genes, IEG)2} d#o] A= Aoz A5 HTH(TT).
c-jun, c—fos T H24 x7] FAA= Axe AN EL(78-79), &3t
ko] $ofstar(80-81), 4178 AEZALE A Fad dds T A
B (77). AFsA 2EH 27 ZAESA HW c-jund A4S SbE A B
I Jow Hxe] ZEdls AEES 27 W FAZEAA A c-jund] A4

3= Q_IJ;Q]}\];']{_ 2895 sty Basta Yri(62). Tk c-jun

tlo
e
>
ot
>,

7]+ JNK(c-jun N-terminal kinase) @@ %= 4tg% ~Eg 2o oz <l
A3t fohar BRausan glow 7] wjkAItell A =40 Eeldls AEE
o] JNK w#fde] <litsts A zIvta wasa 9th(41,62). whebA
GTE7} =71 Wl GAIZFelA AEAES o

c-jun, JNK @@z o] #oldle= MAPK(mitogen activated protein kinase)

Bsh Aol g Aow ARH

A H o2 GTEE 4-HNEe| 93] &4 std caspase-3 © o] ke S
A A 5Fe] caspase-3 T Ao 972 PARP £+ JNK 59 o9z
HdS a7, AEAES AdAADOZN FFa st AAZ A9
AT S e Aoz Al Erh
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Fig. 13. Caspase-3 protein expression levels in human vascular
endothelial cells (ECV304 cells) exposed to 4-HNE 50
pM with or without GTE 20 pug/mé
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V. 2% 9 AE

B AF3= A2 F2gdE9 3 Fed 4-HNE(4-hydroxynonenal)7} &3
W3 ME(ECV 304 cel)e] MEAFH vl x]= & o]o st == of g

= F=E(GTE)Y Agad a3s dotrr] ¢stel 4-HNEE 50, 100,
200, 400 uM¢] FE== A Ak, 52 oEE FEE(GTE)S 10, 20 ug/m
o == AAsIAT. AE AEEL 1, 3, 6, 12, 244 %F FQF wiato] ##
stolom, A gejets Wah, A ikstEo) &, caspase-39 A=, T

EZregol #EA AlxAE 7ol dojst= dAe] B AE+= 4-HNE
50 uM ¥} GTE 20 pg/mbE A X skl 1, 6, 12, 24A1F $o XA o™, 1

Ao tgs 2o

1 Al Fejsts ®sts #2238 43 4-HNE 50 pM A X ol A Al 2AE
Aol FsletA vesten, 4-HNE 50 uM3} GTE 20 pg/ms 7 A A
o 6A1ZF olle] 27] wiFAIZEel A 4-HNE 50 uMeoll ¢ g Al A E &

dAlste] AEALE Aol FAadte AoeR #EHJT. 2y 12, 24431

W Aol GTES AZAE o Alfzst w354 stk
2. 4-HNEE %5 met AAste] AE 428 292 23} 5= &4

oW WA EAOR AT AELo gad: Aoz YEun o

g1t 4-HNE 50 uM+¥} GTE 10, 20 pg/mtE A AA P& 45+ 4-HNE
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50 uM A X wtol] wle] AE A FEAEE] F71E AowE YeEwyow, E3
GTE 20 pug/mle= =

i

W FAI LA AlE AEES FAAALE F7HAT=
2o 2 UERTH(p=0.029, p=0.009, p=0.002, p=0.039, p=0.042). =3 GTEE
10, 20 pg/mb H7FRF o2 B 27] W FAIREOl A o ARl AEZSA oAl E

7 B EE A

3. A4 HabstE e Ay EW 4-HNE 50 uM A 2 - wjF A gkeo] <
tades dxzdel He Ad AikstE el Srkste A o2 yERt
g8 Y% GTE 20 we/mbE A AASRE AFols 271 vl A A2
HabstE ol wFoHem A ATHp=0.009, p=0.024). °l= GTE7}
4-HNE®] Az FJoll #ofstd7iy 4-HNEE Al7Aste 9Ts 533 A
o2 Atz Hrh

N

4. MEZ=gol BuAd AEAE 7o #Hodt= @Al caspase-39 &
AEE SA4% A3 4-HNE 50 uM A X -2 A Fko] A< 4= caspase-39
gAol T7tstR oy, GTE 20 pg/mE &7 AXFAES 4olle =7 S
A 7ol A 4-HNE 50 uMoll ] g+ caspase-39 &Aool §92 oz 74wt

(p=0.001, p=0.002).
5. cytochrome ¢ @92 o] HHAATE AHHH GTE 20 pg/m> %7] 8]

A Zrel A 4-HNE 50 pMol 93] S 7FE cytochrome ¢ w2 whd S o 4

N7e Aoz uewth olE GTEZ bel-2 wwjde] #ag F74AA
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6. bel-2 @A) BPAAHLEE A EH GTE 20 pg/meE T4 AA A=
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1oz yegton, wby GTE 20 wg/ms A AAsAE 4-Fol= 27
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ABSTRACT

Bioregulation of green tea ethanol extracts (GTE) on the
4-HNE induced apoptosis in human vascular
endothelial ECV304 cells

Kim Mae-Ha
Department of Food & Nutrition
The Graduated School

Sungshin Women's University

It has been reported that lesions on endothelial cells are proposed to be
the initial event in the development of atherosclerosis. Reactive oxygen
species or metabolic oxides 1s believed to be one of contributing factors
in the several diseases including the vascular disease and aging process.
4-hydroxynonenal (4-HNE), one of dietary lipid peroxides, can be
produced by oxidative stimuli and has been suggested to mediate a
number of oxidative stress-linked pathological incidences, including cellular

growth inhibition and apoptosis.



There 1s growing evidence that natural polyphenols could prove useful in
the prevention of pro-oxidative states mediated by formation of free
radicals species in different pathological situations. Flavonoids, commonly
known as catechins, are major polyphenolic components of green tea, black
tea, red wines and fruits. Green tea contains relative large amounts of
antioxidant polyphenols such as (-)-epigallocatechin gallate (EGCG) and
epigallocatechin (EGC). These compounds have much attention because of
their antimutagenic and anticarcinogenic effects. Therefore, the purpose of
this study i1s to investigate that bioregulation of green tea ethanol extracts
(GTE) containing polyphenols on the 4-HNE induced apoptosis in ECV304

cells.

ECV304 cells were cultured in DMEM media treated with 50-200 uM
4-HNE and 10-20 pg/mé of GTE. After cells were incubated for 1-24
hours, cell viability and morphology were measured. Also the levels of lipid
peroxides (LPO), caspase-3 activity were measured and analyzed by

western blot of cytochrome c, bcl-2, and caspase-3 proteins.

The results of this study were as following;

1. 4-HNE was time- and dose-dependent apoptotic effects on the
endothelial cell death. On the other hand, GTE (10-20xg/ml) was



dose-dependent anti-apoptotic effects as evidenced by changes in cell

morphology and cell viability in 4-HNE induced apoptosis of ECV304 cells.

2. 4-HNE 50 pM time-dependently increased the LPO production in
ECV304 cell, whereas GTE 20 pg/ml significantly reduced the 4-HNE
induced LPO production within 6 hour incubation. But GTE was no effect

after 6 hour incubation on the content of LPO.

3. To confirm that GTE has anti—apoptotic effect, ECV304 cells were
treated with either 4-HNE 50 uM or 4-HNE 50 pM together with GTE
20 pg/ml. GTE 20 pg/ml inhibited caspase-3 activity until 6 hour compared
to 4-HNE 50 uM.

4. Western blot analysis showed that treatment of 4-HNE-exposed cells
with GTE inhibited the releasing of cytochrome ¢ from the mitochondria to
cytosol until 6 hour incubation. The caspase-3 expression also, was
blocked by a treatment with 20 pg/ml of GTE until 6 hour incubation.
Treatment of 4-HNE-exposed cells with GTE enhanced the bcl-2
expression within 6 hour incubation. It is considered that GTE may switch
off the apoptotic death cascade by increasing the activation of bcl-2 and

likely by boosting the intrinsic cellular tolerance against apoptotic triggers.



In conclusion, green tea ethanol extracts (GTE) has function as an
anti—apoptotic agent in 4-HNE induced apoptosis of ECV304 cells. Since
the polyphenols in GTE were effective in preventing endothelial apoptosis
by oxidative stress such as 4-HNE, this study suggests that natural

polyphenols might be anti-atherosclerotic chemicals in future.
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