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— Synergistic Effect of Green Tea EGCG Treatment with
Gamma Radiation in leukemia Cell Necrosis —
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e Aes HuET Qled, 55 3 anEs o
A A, GAEZ A L BFAE, SAEZE APE e
e & 5 A

9] Al 4R BAR S T, B, A
T, Ao, 23 55 dAISL AFelAle TPA-F
= IR 21 QAR Aew geEA g 1
= (—-)—epigallocatechin gallate(EGCG)= Z29=9]
8% A AEolH AY kW 8.7g E= HUEREZY
oF 10% A=Z A3}, Yamane 57L& green tea &
55 AYAE e sl % 1gS Y=
ARSI, AEAIA EEE 54 2 HE|RAEH
W7l ¢18-& At Chen SP% EGCG, EGC, EC
59 AU gAp)AL s sk decaffeinated
green tea(DGT, 25mg/kg)E F&| Aol +7 FA|
A @4 2AoA £3ZE HPLCE F8 &48ET,
EGCG, EC, EGCe 2%, AEC Zh 3luoi e
Fo| ZX3H, EGCGE F2 &7/I5E S84 EGCH
ECE &/ME3 &¥e B9 whddvtr Husigich

2 AP Hsl FgEE F o 28 eEE v
A Q= Ao gl =X} 4R F B3 T2 &
4289 EGCGE o83l A HIA| e} FFANET
ld EGCGO] A2j7h M2/d%toll olF FFS nlx|=A|
TS YAMARAR) BHste) EGCGE AHEsigke u)
YAZ ApdaTT} ogA Uehbs AE AR

—:‘E‘: oL
ofi

¢

0. Mz % T8

1. sk & 482

Ao AME3E =2} $2£E9 EGCGE (95~98% poly
phenols() 80% catechin(EGCG > 45%), (3% caffeine)
Sigma(UsA)ollA  Fstact. BA"d =3 &2
EGCG 0.01 mgS 100 m02] RPMI 1640 ©vfigFolo] ol =
Q1 ¥ Syringe filter(0,22 ym, Nalgene)2 o|3}slo] A
AEAE thso] GFulE TUE TRA 4T BESIS
oh, A% ZAof AF-EHE RPMI HiFH(Gibeo) & 3]
At} 10 ug/meollAl 100 ug/mi7HA]  8AL THESITH
EGCG s=+t AYA] 96 well plateo] Egt=l= vkl
100 ol Thie H% BAFEol),

2. UMY NEFe Mot HAMES tHS

Ao AMGE FAETE JAVIYE FHEFE FE

4 HEy AZF HL-60(Human leukemia, acute
promyelocyte) I} AAIHIAMEZFE, NC—37(Human B cell
: B lymphoblast)E ©]83t5tt NZFE 15m YHE
2]o]] ¥ Penicillin—streptomycin®} Fungizone %
10% FBS”7} Z3ME RPMI 16409] EojA] 800 rpmollA] 5
2 5 QuReaisd, 23 A5 wEsiel ez 3
= DMSOE AFsi AN T 10% FESTE Z3e
RPMI 1640 jofoio]] AE 42 2x10"'m) FEE 243
3 culture flaskoll @olA AN 37C, 5% o|ABletAE
3R wijg7) WollA uiFsttt, AlZrt AuRiA B
oA MEZE RSl viFH S mBstT 3~4UY
3 B 2AE FoiA A gt 2 AdeAe
8~10th Atolo] AlfuligF &0 dr]e] FA=o] FAeh
A5 o]83t3rt

AuljFE HL-604|E} NC-37A|ZE 23] A& wt
3l MHTE & AFAE el YAAE] 10% FBS
7} ZFE RPMI 1640 BjoFolS o] ANE4E 5x10Y
500 AR ZASH T 96 well plateo] 50 R ztzt
B33 o2 EGCGE 10 ug/mi~100 ug/md& 2+ welld])
FEHE 50u% EFste] HF 872 100 wl/wello] €
o}, 7PEAl &3t ohg 37TolA 5% COp widrl ¥
100% =2 7oA 48A17F = 72417 B2t wljors}
At viE HIEZE XTT kit(Roche, Swiss)E ©]-83}0
Z}zkol AEES AUt tiRolle FEUA 50 w
o] wiFlE Uit T AL 5709 well2 A3}
Qo 22 279 A¥E 53] ol vhESI

4. NI SAKE 2" AE

A2 AlaiFol AMgE= CO: BiY7)(Model Qwj-
300T, U.S.A)E ARSI, A=A &85 9%t A&
& A ARSEE §AAF @)% (Olympus  IMT-2-21)
9 XTTEAS Y3t microplate reader(ELISA reader ;
EMAX, Molecular Device, U.,S A)E AMESIGon, A
Z YA AePE 2Ab) AMS3EE blood irradiator: A
st gAAFAe & NodionAk?] Gammacell
3000 Elan system,(Canada, A9 : ®Co gamma ray)<
ARgstgc

HL-6041E2] AMIZA] Bet WA 7 Ad
£ 317] $iste] AldiuiokE HL-60MZE 15me HiEe]
ol Y1 10% FBS7} E3HE RPMI 1640 ujjoFolo] go]
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&3}

800 rpmoflA] 5 FetF YEE st 23] F= whEs]
o AT & AFHE v JxAE] 10% FBS7F 2
el RPMI 1640 vjofole do] A|ZE4E 5x10%/100 uo
AE2 AELE 243G 15m0 YAET| 4] =
e NEZE s5mid Z2F Y3 diRAE(control cel)E
Aozt ok 3749 Ao EHzAL FA]Q] Gammacell 2
Z+z} 3 Gy(3800rad), 5Gy(500rad), 7 Gy(700 rad) RAFS}
Gt ZAME MEZE 96 well plate?] ZF wello]] 100 uf®
23} o 3704 5% CO, Hir] 9 100% S50 &
ZellA 48A17F Wik 2= 72A1ZF wReFstgich wiFE
GPAAIEE XTT kitE o] §3te] =&-E SAsigich

5. EGCG X2l &, = UANH H8E JANEZE
o 2tst A

AdjuidE HL-60MZE 7zt 15m¢ Y4AEelde] Y1
10% FBS7} 3Z3HE RPMI 16409 2o} 800 rpmofiA] 58
¢ AHET STl 23] F= AHE vHEs &
Ao w1 HMANEY 20% FBS7F ZgE RPMI 1640
Hjgkoho 2 AELHE 5x107/100 WE 2R T 2"
AZE 15 ml FHEH 4ol 24 3w 531 o
710l EGCG 3|4 H(40 ug/mf, 50 ug/ml, 60 ug/ml, HEH
2 3|43 BEGCG 89S ZF FxHE 3mi¥ EF3h
7hA EEe] Z B33 3o 37TC, 100% H=5 FAI3t
o] 5% OISIEAS 3t uljekr] WollA 6A17F wieFst
Aot 6A17 vigE AMEFE Bl AlZE(control cel)E
Aot thE 37)9] Ao HHEA} Al Gammacell 2
27+ 3Gy(300rad), 5Gy(500rad), 7 Gy(700rad) ZA}S}
Aok ZARE AIEE 96 well plate?] ZF wellol] 100 ufA)
B33 o 37Tl 5% CO: w7 R 100% =9
Z7ol|A] 48417k vljF 1|1 72A)7F wiFEH )

o ZAPGR|NA Y] FAE AR ol 4] <J3}
o Z}¥Z} 1Gy/6 secH] ZARIETE, & 3Gy 18%, 5Gy
= 30%0|3 7GyE 4225 AR HiYH AE=
XTT kitE o]§3le] z}zhe] A=g-e 2435t

ey

Desired Central Dose(rad) X60 min/h

TS(min) = CDR(rad/h} X Decay Factor
_ 1000 rad X 60 min/h
6.8 X 10*rad/h X 0,9828
6. XTT Assay

EFUANE] HL-60A12] BEEE ZH317] flsto

cell proliferation kit(Boehrinrer—Mannheim, Germany)
= A% kit}l XTT kitE ARGt ujefstd AZ&E
hemocytometerE ©}-83}] 96 well plateZ 100 uf vJSF
o ¢t 5%10*/wello] E]A E323t ThS CO, incubator
Qtoll 3 48A7F, T2AI7 Z}2} wiFE 96 wello] XTT
assay kit(Boehrinrer Mannheim, Germany)E ©]&3}
Sck. Zzh ojoFE 96 wello] XTT W59 50 w0 4

MM 37 HePIelA 441 B9t WP - 490 nm
Aol 4| ELISA ©=7|(EMAX, Molecular Device, U.S A)
= FUET WA PAEA 9 Heie =3}
EGCGQ AFE $% Ao tfst olAtgHcalculated value)
& EGCGY w=d YAEZSAAA e A
control Zrol| 3t dAtRIE 9L the =AZHestimated
value)& ol &40l st} ALtstlct.

Calculated value—Estimated value
Estimated value

% Synergism = X 100

24

mz u

1. SHANIZE HAMEH =X EGCG Xel
st

SHIAEQ] HL-60 HEFo| EGCGE HaElsld H&
HE AZAPEES vIwstgirt. HL-60 AlZ32] EGCGA
2] F 48A17F iFoMds tiRol Hd) F=rt wobd
TE A or AnisA| AlZAPde] FVHA7lE S
HATH EGCGE 30 ug/mi7HAl= 90%9] A& (A5t
7}, 40 ug/meo A= 80%, 80 ug/miolAl= oF 70%71A] A8
E&o] st 724170 wjFetlE W EGCGE 30
ug/ml FEolE A IS 9 oA 39tk Table
L, Fig. 1. ¥ AHeZolde AZ57} oF 50% 371519
o1} 30% ol Aejwollds AlEs F717F JERER] o
ATHTable 1). 40 ug/ml ©)Folls F 90~50% H:=2
RAEES Yehlislth oot BES as A g3
A2l NC-37o|A TAER] Y9kt Table 1), NC-37
AZEs £E £571 =8 #9k ope}t EGCGol| 2siA Al
I APHolRE A% gigtet SR W2 5%=9 EGCGH
(10 ug/m Al 2318 MEZEGO] 10% = F7Fh=
A7E JehfSich
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(~#—HL-60:72nr
[m®=NC-87:T2hr |

Relative cell density

Q ¢+ et i

> P © & e

Concentration(pug/ml)

L -

Hg. 1. EGCG effect on leukemia cell growth

Table 1, Effect of EGOG treatment on cell growth of
HL-60 and NC-37, The data represent relative oell
densities

Concentration of HL-60 NC-37

GTPP(ug/ni) 48hr | 72hr | 48hr | 72hr
control 1,00 1.52 1,00 1.13
10 0.95 1.44 1.04 1.25

20 0.93 1.21 1,11 1.21

30 0.88 1,00 1,12 1,16

40 0.81 0.87 1,15 1.13

50 0.76 0.81 1.12 1,12

60 0.73 0.77 1,11 1.08

70 0.75 0.69 1,15 0.99

80 0.68 0.58 1.13 0.97

90 0,64 0,57 1.11 0.95

100 0.58 0.51 1.05 091

2. ERAMIEO0 CHEH EAIAZALS Dt

7 MZQD HL-60 MZ= A ALl v)est
of Afdgo] FIN8l= A Bk HAMde] AR A
ZolA 3Gy WAMIRAMAE 48AI7F v FH EFo) A=
vjokoll A zkzl 0,98 + 0,007} 0,92 + 0.012 °F 2~8%
BT MES AAE Bk 5Gy RARYlE= 0.84 +
0.039} 0,82 + 0,030 F 16~18%2] A4S X 7Gy
ol 0.64 + 0,002} 0.54 + 0,032 36~46%2] A4S
HAKFig. 2), 22|t 72A17F vfefol|A dizFa} vin
3to] B o 3GyolAle oF 40%9) MIE Za&S BYo
3 5GyollAs 46%, 7GyolAe oF 75%2] NE ZAE
& BYOoRA WA AFo] H2,F I8 wjdAT

o] WSS MEA0] gavt o 3A BREYS, A
zho] AT eIE AES Z7F BREA) e R WA}
AL AZRES ofAsle ATk $E59ee oo

gt

—_—

o _ B
P2
=
IS

S15

NS

g1}

a

>
I o051
S
‘ 0 i1 L

0 3 5 7
Doses(Gy)

Hg. 2. Gamma imadiation induced leukemia(HL-60) oell
necrosis in a dosage dependent manner

3. EGCG Mclet EP2MIES YAHIZAL St

HAMAZARR) =2k EGCG Agje /fEZ oz A
of AFEE FE3tTHFig. 1, 2). wekd F7kA] A
HegstH Aesanyt vebd 202 oiEe] dyet
Ajizo] EGCGE Aet ¥ WAMKE Aspda zARsl
t} AZ T2 H29 =3} EGCGE E9 T 484|710
3Gyo] LS 2ARRE ] M= EELS EGCG F
AgFo] 0,98% M|ZAPHo] #2] ehtR] oFttH(Table
2, Fig. 3). EGCG TS 40, 50, 60 ug/m EE2 2|5t
HEANAE= AYZ80] 0,81, 0.76, 0,732.2 3Gy<] =4}
e AR Bt o7t o APdelgh 1™H EGCG
Z}z} 40, 50, 60 ug/ml T2 A7 MEo] FUZH
Fo 2 AMARALE 1 BEGCGE TdEA2d Az
H|mate] o AZrECt zhzb 3.1%, 26.2%, 23.3% T
Apdsls oAt vebdtTable 2, Fig, 3). WM
ZAFEE 5Gy, 7TGyE 242 EEE AEANE Asavhe
Fastgont of 10% A= A58 FA8kaT o
RIZAPE AF5a1= EGCG B%7t 50 ug/mld wf 7H
=4 UebthFig. 3). B2k EGCGE] A ZAIZHE 72417k
o7 53 Y= GAEAVE AsaThes 48417 A2
T AR FEiE Yebligick(Table 3), 78 2 AFE A
SHIE= EGCG F=7t 50 ug/mY o 3Gy WAbS
Agste] AL = Q%o olnf A AsaEvh= oF
35%7kA| S7}8tct,

wn e

o

=2 ™
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Table 2. Relative cell proliferation at 48hrs after co-
treatment of EGCG and y -irradiation, Percent(%) values
are degrees of synergistic effect and numbers in the
round bracket are expected values for each condition

y-ray| - EGCG(ug/ml )
Gy 0 40 50 60
0 |1.00£001|081%£003]|076x0.02|073%0.06
0.77 £ 0,00 | 0.59 £ 0.06 | 0.58 + 0.00
+ . . . .
3 0.98 +0.00 3.14% (0.79) | 26.2% (0.74) | 23.3% (0,71)
0.69 £ 007 | 058 £0.01 | 0,57 +0.,01
+ . . : . ) .
5| 0BAF003 | 1l 0.68) | 10.6% (0.63)| 7.6% (0.61)
0.49 + 001 | 0.44 £ 001 | 0.41 £0.02
+ . . ) ) . .
7 |o64x001 5.8% (0.51) |10,5% (0.48) | 14.0% (0.46)
30
=~ 40u|
3BT —e—50ul
€20 F —8—60ul
@
o151 h
[
g 10 f
(]
® 5T
0 - -—,wrf/
Ibornal 3 5 4

Fg. 3. Synergistic effect of EGCG treatment in leukemia
cell necrosis induced by y-iradiation after 48 hours

treatment

Doses

Table 3, Relative cell proliferation at 72 hrs after co-
treatment of EGCG and y-irradiation

EGCG(ug/ml)
Gy
0 40 50 60
0 152+002 | 087£001 | 081001077004
0721 0.04 | 056003 | 052001
2 +0.01 : ’ : ’
3 10920, 11.2% 33.1% 34.5%
0.64 £0.02 | 0.60£0.01 | 0.50 =001
+ . . . . ) )
5 | 081002 10,1% 9.4% 23.1%
0.49 £ 0,03 | 0.43 0,08 | 0.37 £0.08
£ , .
7| 054£003 -6.12% 1.7% 10,9%

xF
=

V. i

Ex19] EGCG= ©EAE e ul EFLPAE AER
T ans vehlin gapdzArel HAe sl e
WAbA el AMERTE FAAYE diE BEth o9k &
2 Adik= 71E9 aTe AR,

Valcic %9> 2. (+)—gallocatechin (GC), (—)—epicatechin
(EC), (—)—epigallocate catechin (EGC), (—)—epicatechin
gallate (ECG), (—)—epigallocatechin gallate (EGCG)%}
=9 o]|-Q38te] MCF-T7 (breast carcinoma) Al
EZ  HT-29 (colon carcinoma) A|3EF, A-427 (lung
carcinoma) M| EZ, UA CC—-375 (melanoma) A|EF &
o] AMEFY A AAE WHSIE, EGCG, GC,
EGC 5ol thZ 3HE) vla] AT A% o4 2
TASAL, 1 F EGCG APt 7P €95EE Wi
E3]|, Zojvls AE £ EGCG (epigallocatechin gallate)
of BWe o7 o digt A7yt P oAZ Uk
=190 oreen tea polyphenol (GTPP) A&l EGCG,
ECG, EGC(-) epigallocatechin, EC (epicacatechin) &
o] synaptosome®||A} iron—induced lipid peroxidation
o) 718 PASGH, BGCG) ECG) BGC) EC 5]
402 lipid peroxidation 2342 AAA|Z|T, hydroxy
radical (HO) 7] 58& ECG) EC) EGOG) EGC &02 7
27 PRSI Otsuka S AJs} A5 leukermic
cell line?l K562, KG1, THP-1, U397, NFS60 A|=Z3
g o]g3k] 0uM, 10 M, 50 uM, 100 x#M, 10000 M &

caffeine

Guo

=
Z7ke] BGCG sEol whe AEFe) AHES 36/ 3
I & MIT £4& S84 T8I, colony HAHL 14
d A3 ¥ FASAE colony HAFS] 9 BFE 100 uM
S ool oAt a2 A X colony B
3

S RS JEE 4 Ao, 53], AH AxF
9] NFS60 MEZFo] A= A= ) 20 uMojlA] &F
AE AAEL JAIgo] =T

3HH EGCGE YAIEE AFEES F=g Bt ollet &
Alof] ZAF A2E BEshs 7158 Yehdct 2 AF 2
5 H(Table 1, Fig. 1) EGCG7} YAl tisfixl=
7243t AMERE 875 HolXTH100 ug/moiA] 50%
ZAME), Y% oA AAANEE A9 AFEEA &
e, ol Avkes HgE BEEREAAE Ad AdAME
7h, BT BEE AAAE Ad Al vdiA =
AZe-S d W] g2l A Pk EGCGE) Al BS &
£ 7129 o =EoA=E A5 Eil it Katiyar
sPe HT 9 six Pt PR AAF(antitumor

©
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bioassay system)< Z3f therein®] £ZJA] epicathechin
(EGC)o] &AFSHantioxi dant) EIE Ueh) [P}
chemical = photo—carcinogenesis®l] B3 7]%0] ¢l
2& Hu8gr), Uchida 572 A3 EGOGE 285
£ B8 AREA FF8EY, TellA A {2l 9
3 WAt lipid peroxidase F7HE HJAAIZIE, A
X-A AL & APgo] AAES Wl mijle W =4S
A AR BIARR TR ARSI Kuroda'
L chinese hamster V79 cell lineZ o]&38l 4-
nitroquinolin 1-oxide (4NQO)ol|A] 8-k }]= 6—thioguanine
(6TO)-AZE o] &= Ao #g d+E 3l
catechins, EGCG, (—)—epicatechin gallate (ECG) S0]
NZ5do] AR gows EARlo]l Al a7t
Y13}t  Hasegawa =%e ©ccc DNA
(covalently closed circular DNA)o]| X—-41 y-4l, -4l
5 AR & DNA &Y JAlATE wEBHET),
EGCG §%=7} $7Fd45 CCC DNA AE&o] 71
FEBII L o= EGCGZF OH radicalE AAsk= 59
o] 917] wiEolzt st

2 AFolA =3 Aot AMIRAE HEES o
AEAME S A5 og F7ishetl B3] 1 Aadhke A
g 2APA A RES TGyet 5GyolA 10%
nRte] AsAnE Hold EGCG AH2AT: 3GyolA
35%7kA] F7Rict WAMRARE debdos He A4
AE] &4S skt AAF AT S22 =K
GAZE aTHoR AT + UL AolZke 7FeE
RojFErt B djtojis 40~60 MY DS EGCGE
Aejste} dAZo] gt AFEEN FsaIE ;I +
AN}, EF, YARARAL A, & EGCG H7F 57 o
£ 7Y AZF AFES vugt Za il JdE=AE
Ao qEch @A dAEZ A7} Sl 2Ae S
o, WAgHEY AMglA FsaH7E =4 vEhd A
AL W 4= ok 53], =AF EGCGe] A7t B4
AZelle A9 g mIXA] kel o] AL =X
EGCGAE]d] 93] AMEE Agxog ApgAlE 4 QL
< Zloleke A& AARlt, o] ZAnE u|Ro] HY
o] WA R &EA] & EGCGE ¥ At ALdZ
o} PAMAZNRE BYAES] &4E FasishaA B3
Aoz FANZE APEE R=T 4 AT FeE 7Y™
o}, PAPAT =31 EGCGE MY AHBart & 9A)
2o FME In vivo AHeoME L ANE HERY
EA 4 didliA= o @2 A7t JgE]ojof & Aol

0}l o
A =

10,

11,
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Synergistic Effect of Green Tea EGCG Treatment with
Gamma Radiation in leukemia Cell Necrosis

Hong-Soo Lee - Jae-Man Kim

Department of Biology, Graduate School, Mokpo National University

During cancer therapy, gamma-ray irradiation and treatment of anti-cancer chemicals destroy the normal
cells as well as cancer cells. In this study, we investigated the effect of epigallocathechin—gallate(EGCG)
extracted from green tea, which is known to have anti-cancer and anti—oxident activities, in order to find
out the feasible method to protect the normal cells and to kill the cancer cells efficiently,

We investigated the effect of EGCG on the leukemia cell growth and cell necrosis, especially when
treated along with gamma radiation, The EGCG inhibited the leukemia cell, HL-60, growth at the
appropriate concentration while it exhibited no influence on the normal cell growth, More significantly, it
enhanced leukemia cell necrosis when its treatment was combined with gamma irradiation. Simultaneous
treatment of EGCG and gamma radiation increased leukemia cell necrosis up to 35% compared with
separate treatments,

These results suggest that drinking of green tea or co-treatment of EGCG during gamma irradiation
therapy may result in better prognosis through enhancement of the tumor cell necrosis and protection of
the normal cells,
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