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Oxidative stress contributes to cellular injury following clinical and experimental ischemia/reperfusion sce—
narios. Oxidative injury can induce cellular and nuclear damages that result in apoptotic cell death. We tested the
hypothesis that the catechin flavonoid of (-)epigallocatechin gallate, a green tea polyphenol, inhibits hydrogen per—
oxide (H20;)~induced apoptosis in human umbilical vein endothelial cells. The effect of apigenin, a flavone found
in citrus fruits, on apoptosis parameters was also examined. A 30 min pulse treatment with 0.25 mM HzOz decreased
endothelial cell viability within 24 hrs by >30%; this was associated with nuclear condensation and biochemical
DNA damage consistent with programmed cell death. In the 0.25 mM HxO; apoptosis model, 50 1M (-)epigallocatechin
gallate markedly increased cell viability with a reduction in the nuclear condensation and DNA fragmentation.
In contrast, equimicromolar apigenin increased cell loss with intense DNA laddering, positive nick-end labeling
and Hoechst 33258 staining. Thus, polyphenolic (-)epigallocatechin gallate, but not apigenin flavone, qualify as an
antioxidant in apoptosis models caused by oxidative stress. Further work is necessary for elucidating the anti-

apoptotic mechanisms of polyphenolic catechins.
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=35}5] LDL®] uptake A& F3to] A9E &t oHIg).

T M E A

2215 "N EZE 109% fetal bovine serum(FBS)= 2
mM glutamine, 100 U/mL penicillin, 100 Bg/mL streptomy-
cin, 0.9 mg/mL bovine brain extract, 0.75 mg/mL human epi-
dermal growth factor, 28] 32 0.075 mg/mL hydrocortisone®]
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(-)Epigallocatechin gallate®} apigenin®] 3H4+3}2h8-20.2
mM 1,1-diphenyl-2-picryl-hydrazy)d(DPPH) free radical<r
o] 4514 A 59 radical &84 A3EF 543 cHE19).
DPPH radical & o 8+-&<l) 0.2 mM & &3] 7] 3, 0.2 mM =&t
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propyl alcohol & 718F] 2AIAH A 5o FHA FAAH for-
mazans £ AF1Z 2 = 560 nmell A FFEF FAAH

DNA &1 JIH&E

A zAE @AY A3lsha ol 54l DNA fragmentation<
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N 3 4 E-E (- )epigallocatechin gallate$} apigenin, HoO2
2} wiof A7} Foll, 1 mL lysis 8421 50 mM Tris-HC], pH 80,
10 mM EDTA, 0.5% sodium N-lauroyl sarcosinate, 100 ng/
mL proteinase K(Sigma Co.)& A L& 715l 5417k 50
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nick end labeling(TUNEL) ¥4& A x=3}9tH(23). TUNEL
B2 in situ Cell Death Detection kit(Boehringer Mann-
heim, Germany) & ©]-4-3}o] A|&2] 218 ol o}e} o] F-oix
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1587k wfj e} kA A Zc}. Eosin Y2 2G4 A7) of w14
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Table 1. Radical scavenging activity of (-)epigallocatechin
gallate

Flavonoids SCso
(-)Epigallocatechin gallate 3.0 M

Catechin 6.4 pM

Apigenin >10 mM

Each flavonoid was diluted in methanol to make a flavonoid work-
ing solution. The values of SCs represent flavonoid concentra—
tions at which a decrease in absorbance at A =517 nm by 50%6 oc—
cur against 0.2 mM 1,1-diphenyl-2-picryl-hydrazyl free radical
in methanol (1:2, v/v) 10 min after an addition of flavonoid in
methanol. The SCs value of L-ascorbic acid was 14.0 pM.

B E R E |

SAIMe] 2

A3 data¥ meansT*SEM2 2 FA|3}¢12m SAS PC pro-
gram(SAS Institute Inc., Cary, NC)-& o]43te] 2§ 7+
Lol (p<0.06)E wlaslgch 257k Aeoldd dald = two-
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Fig. 1. Cytotoxicity of (-)epigallocatechin gallate added to M199
culture media.

Human umbilical vein endothelial cell viability for 24 hrs was as-
sessed by MTT. Data (means = SEM, 5 separate experiments) are
expressed as percent cell survival relative to controls (viability
=100%). *p<0.05, relative to controls.
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Fig. 2. Dose dependence of endothelial viability by 30 min treat—
ment of 0.05~1.0 mM HzO:.

Human umbilical vein endothelial cell viability during 24 hrs was
assessed by MTT. Data (means+SEM, 7 separate experiments)
are expressed as percent cell survival relative to the viability mea—
sured at HyOz-free incubation (viability = 10096). *p <0.05, rel-
ative to controls (no HxOo).
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Fig. 3. Bar graphs showing effects of a 30 min HxO» pulse treat-
ment on dose-response relationships between 50 iIM (-)epi-
gallocatechin gallate added to M199 culture media, and hu-
man umbilical vein endothelial cell viability after 24 hrs as
assessed by MTT.

Data (means £SEM, 4 separate experiments) are expressed as per-
cent cell survival relative to H2O;~ and (-)epigallocatechin gallate~
free controls (viability = 100%). *p<0.05, relative to controls, **p<
0.05, relative to respective H2Oz alone.
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Fig. 4. Typical effects of H20: in the absence and presence
of 50 uM (-)epigallocatechin gallate on nuclear morphology
of human umbilical vein endothelial cells stained with Hoe-
chst 33258.

Panel A, untreated time controls; panel B, cells exposed to 0.25
mM H20: for 30 min; panels C, cells treated with 0.25 mM HzO-
in presence of 50 M (-)epigallocatechin gallate; panels D, cells
exposed to 0.25 mM HO: in presence of apigenin, respectively.
H20» caused nuclear condensation and the appearance of apoptosis—
like bodies (arrows). (-)Epigallocatechin gallate near-completely
prevented these HxOz-induced nuclear morphological changes;
apigenin were ineffective. Observations in five other slide sets
were essentially identical. Magnification: 400-fold.
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Fig. 5. Genomic DNA gel electrophoresis of human umbilical
vein endothelial cells treated with Hz0O: in the absence and
presence of 50 #M (-)epigallocatechin gallate.

Endothelial cells (7X10° cells) plated on 100 mm culture dishes
for 2 days were incubated for 30 min without (lane 2) and with
(lanes 3 to 6) 0.25 mM HxO». Endothelial cells were incubated
as time controls or in presence of 50 UM (-)epigallocatechin gallate
(lane 4), luteolin (lane 5) or apigenin (lane 6). Nuclear DNA was
extracted and electrophoresed. Lane 1 shows standard DNA mark-
ers. Five different experimental sets showed similar DNA run
patterns.

UM (-)epigallocatechin gallateS 2|3} o DNA frag-
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Fig. 6. Representative microphotographs of TUNEL-stained
human umbilical vein endothelial cells exposed to H20: and
treated with 50 M (-)epigallocatechin gallate.
Cells were exposed to HxOz for 30 min and then treated with 50
M (-)epigallocatechin gallate (panel C), or 50 BM apigenin (panel
D), respectively. Panel A, untreated time controls; panel B, cells
exposed to 0.25 mM HyO: for 30 min. Similar results were ob-
tained in five other slide sets. Magnification: 200-fold.

o¥ste}. =3+ (-)epigallocatechin gallate®} apigenin®| fla-
vone°] HoOp0ll 2J3}e] 2=l A ZAlE ] o2 A A2 vES

= el =215 FE3slolof & F oA o] AF3] dolsglrh

A} 2 2 catechin & =]9] flavonoidst Al EAFE & o 4
A Z1A % flavone 3 El 9] flavonoids® A EAFTES F314]7]
+= v}, thoFgt 259 flavoncidst= B A £ 4H3}A Q)
2B Zof 2t A ZAPEANE-E A A7) bl sl 2 A
SE xga]ﬂo] A3lo] ExAH o2 vl AL 4 5 gk
ule}A Abshd X0 2 Re] il Fa-S B3] 93k
(-)epigallocatechin gallate®] catechin flavonoids®] A4 a1
&-go] rlssicka Bt

(=} ok
O =

£ Aol A £ free radicals®] AbEHA Ql At &k Al LA}
o)l glel ] Al H9] sl}gl (-)epigallocatechin gallate2]
A B S FE st ol 4 radicals &A=l oA (-)
epigallocatechin gallate= B-93F 34432 & 38t &
Tt A s PN A EE o] 431 hydroxyl rad-
ical®] HoOzoll 2]t AbE}AH Q1 £4H-E FEAA AZAEES
ZALsl =, (-)epigallocatechin gallatet= 100 UM ©]3}2]
T e 2 A A o) Yl 1 Ho0pY) ARSHE X axE
A7 7= Ao 2 vepyte}l 28l flavonedl apigenind ¥
F oA H42 7 radical &84 o] Pl1oFsta H022
AELSRAE AZA7IA Eeb) oheket Al EAE AEE S
o|-&-3to] N Bl Az o] el st of-g AR A4, 0.25

-)Epigallocatechin Gallate®] <& =} 677

mM HoOz0ll 2]%F 24417k o] o) M| £58-& Al EAPE P A}l
oste] zaH gk 2} ol @ MEAE AL H L e
g A Zol] 50 pM (-)epigallocatechin gallate® ]2]%F
73S0} A £39] Lo} DNA fragmentationS AFe}x] 2 Al
FAbE RS oA A7) = AE ol Tt ol Akeh nlet 2
o] apigenin®] flavone-S A ZAME oA A 3H-E vjeb x| &3}
s}, (-)Epigallocatechin gallate: 3ol 34 catechins
o} &1} 2 A] free radicals] AHsHA £Akoll gk A ZAPE
aloiA] Bhd g wrel A Ql Az Ae] st Q] 758 AUz 9l
o, F @3 9 3ty @A e *ﬂi/‘}"”” A3t
A5k} oubzl 2] ol 7154 A1 F Al 24 E8-d 59l
ge} 2o}

¢

|o

INEE

B oAFE 2000 et el A g A g ek
F}akat o 1) X)4) (FHA|H & RO5-2000-000-00205-0)3} 2001
W g2astA et 2| DA P AT A AL o) AW AEAL
g 71EAFAE (FAH E R12-2001-007202-0)2] x| el 2
s} i A TFAe] ol dy] A Yol A=)

Ho
ra

1. Thompson CB. 1995. Apoptosis in the pathogenisis and treat-
ment of disease. Science 267: 1456-1462.

2. Buttke TM, Sandstrom PA. 1993, Oxidative stress as a me-
diator of apoptosis. Immunol Today 150 7-13.

3. Sarafian TA, Bredesen DE. 1994. Is apoptosis mediated by
reactive oxygen species? Free Radic Res 21: 1-8.

4. Hockenbery DM, Olivai ZN, Yin XM, Milliman CL, Korsmeyer
SJ. 1993. Bcl-2 functions in an antixoidant pathway to pre-
vent apoptosis. Cell 75 241-251.

5. Cotelle N. 2001. Role of flavonoids in oxidative stress. Curr
Top Med Chem 1: 569-590.

6. Hirano R, Sasamoto W, Matsumoto A, Itakura H, Igarashi
O, Kondo K. 2001. Antioxidant ability of various flavonoids
against DPPH radicals and LDL oxidation. J Nutr Sci Vita-
minol (Tokyo) 47: 357-362.

7. Braca A, Sortino C, Politi M, Morelli I, Mendez J. 2002. Anti—
oxidant activity of flavonoids from Licania licaniaeflora. J
Ethnopharmacol 79: 379-381.

8. Kris-Etherton PM, Keen CL. 2002. Evidence that the anti-
oxidant flavonoids in tea and cocoa are beneficial for cardi-
ovascular health. Curr Opin Lipidol 13: 41-49

9. Nijveldt R], van Nood E, van Hoom DE, Boelens PG, van
Norren K, van Leeuwen PA. 2001. Flavonoids: a review of
probable mechanisms of action and potential applications.
Am. J Clin Nutr 74: 418-425.

10. Yang CS, Maliakal P, Meng X. 2002. Inhibition of carcino-
genesis by tea. Annu Rev Pharmacol Toxicol 42: 25-54.
11. Wang ZY, Huang MT, Lou YR, Xie JG, Reuhl KR, Newmark
HL, Ho CT, Yang CS, Conney AH. 1994. Inhibitory effects
of black tea, green tea, decaffeinated black tea, and decaf-
feinated green tea on ultraviolet light-induced skin carci-
nogenesis in 7,12-dimethylbenz{alanthracene-initiated SKH-1

mice. Cancer Res 54: 3428-3435.



678

12.

13.

14.

15.

16.

17.

18

494 - 92% -

Choi YT, Jung CH, Lee SR, Bae JH, Back WK, Suh MH,
Park J, Park CW, Suh SI. 2001. The green tea polyphenol
(-)-epigallocatechin gallate attenuates beta—amyloid-induced
neurotoxicity in cultured hippocampal neurons. Life Sci 70:
603-614.

Chen NY, Ma WY, Yang CS, Dong Z. 2000. Inhibition of .

arsenite-induced apoptosis and AP-1 activity by epigallo-
catechin-3-gallate and theaflavins. J Environ Pathol Toxicol
Oncol 19: 287-295.

Spencer JP, Schroeter H, Kuhnle G, Srai SK, Tyrrell RM,
Hahn U, Rice-Evans C. 2001. Epicatechin and its in vivo me-
tabolite, 3'~O-methyl epicatechin, protect human fibroblasts
from oxidative-stress—induced cell death involving caspase-3
activation. Biochem J 354: 493-500.

Yang GY, Liao ], Li C, Chung J, Yurkow EJ, Ho CT, Yang
CS. 2000. Effect of black and green tea polyphenols on c—jun
phosphorylation and H2O» production in transformed and non-
transformed human bronchial cell lines: possible mechanisms
of cell growth inhibition and apoptosis induction. Carcino-
genesis 211 2035-2039.

Sakagami H, Arakawa H, Maeda M, Satoh K, Kadofuku T,
Fukuchi K, Gomi K. 2001. Production of hydrogen peroxide
and methionine sulfoxide by epigallocatechin gallate and anti—
oxidants. Anticancer Res 21: 2633-2641.

Jaffe EA, Nachman RL, Becker CG, Minick CR. 1973. Culture
of human endothelial cells derived from umbilical veins. Iden-
tification by morphologic and immunologic criteria. J Clin
ITnvest 52: 2745-2726.

Voyta JC, Via DP, Butterfield CE, Zetter BR. 1984. Identi-
fication and isolation of endothelial cells based on their in—

SEEREY

20.

21.

22.

23.

24.

25.

26.

21.

creased uptake of acetyl-low density lipoprotein. J Cell Biol
99: 2034-2040.

. Miller M]J, Angeles FM, Reuter BK, Bobrowski P, Sandoval

M. 2001. Dietary antioxidants protect gut epithelial cells from
oxidant-induced apoptosis. BMC Complement Altern Med
1: 1-11.

Denizot F, Lang R. 1986. Rapid colorimetric assay for cell
growth and survival. Modifications to the tetrazolium dye pro-
cedure giving improved sensitivity and reliability. J Immuno
Methods 89: 271-2717.

Searle J, Kerr JFR, Bishop CJ. 1982. Necrosis and apoptosis:
distinct modes of cell death with fundamentally different sig—
nificance. Pathol Ann 17: 229-259.

Wryllie AH, Morris RG, Smith AL, Dunlop D. 1984. Chromatin
cleavage in apoptosis: association with condensed chromatin
morphology and dependence on macromolecular synthesis. J
Pathol 142: 67-77.

Gavriell Y, Sherman Y, Ben—-Sasson SA. 1992. Identification
of programmed cell death in situ via specific labeling of nu-
clear DNA fragmentation. J Cell Biol 119: 493-501.
Carson DA, Ribeiro JM. 1993. Apoptosis and disease. Lancet
341: 1251-1254.

Lizard G, Petit P, Zamzami N, Vayssiere JL, Mignote B. 1995.
The biochemistry of programmed cell death. FASEB J 9
1277-1287.

Gardner AM, Xu FH, Fady C, Jacoby FJ, Duffey DC, Tu Y,
Lichtenstein A. 1997. Apoptotic vs nonapoptotic cytotoxicity
induced by hydrogen peroxide. Free Rad Biol Med 22: 73-83.
Arends M]J, Moris RG, Wyllie AH. 1990. Apoptosis: role of
the endonuclease. Am J Pathol 136: 593-608.

(20024 59 39 AF; 20029 89 9d AH)



