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ABSTRACT

The present study was attempted to investigate the antioxidant capacity of popular yellow-green vegetable juices
(kale, Angelica keishei, carrot, small water dropwort) and to investigate the effect of vegetable juices on protecting
oxidative damage to DNA in cultured Chinese hamster lung (CHL) cells. Antioxidant capacity was analyzed by TRAP
assay (Total radical-trapping antioxidant potential) . Cellular DNA dmamage was measured by SCGE (single-cell gel
electrophoresis, also known as comet assay. Cells incubated in medium with PBS (negative control) or with various
concentration of the freeze dried green juices (25, 50, 100, 250 ug/mL) resuspended in PBS were treated with H,O,
(200 M) as an oxidative stimulus for 5 min at 4°C. The physiological function of each vegetable juice on oxidative
DNA damage was analyzed and expressed as tail moment (tail length X percentage migrated DNA in tail) . Kale juice
had the highest TRAP value suggesting that kale has the highest antioxidant capacity followed by Angelica keishei,
small water dropwort and carrot. Cells treated with H,O, had extensive DNA damage compared with cells treated with
PBS or pre-treated with vegetable juice extracts. All green juices inhibited H,0,-induced DNA damage with kale being
the most effective juice among the tested juices. These results indicate that green juice supplementation to CHL cells
followed by oxidative stimulus inhibited damage to cellular DNA, supporting a protective effect against oxidative
damage induced by reactive oxygen species. (Korean J Nutrition 36(1) : 24 ~31,2003)
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B3 Zolglon, A7k o 559 AEd 4ol
U 715S vl ud d7s 2ud b gloh

AE] B8-S SAshe Wl ofe] 77t e
g, 4 54 oA 535 dolie WHCE AE DNA
o] &8 FAshe Wo] del o]z glek Aol At
F5el7] (free radical) & F4tst E3 (antioxidant) 7
9] A F3o)] 704 free radical®] antioxidant TFE
ot 23EHE A A8 stress® SAEHL, 1 A
DNA9} 7+ w178t biomolecule®] &350 A= ¥
P4 dABo =z EE shsAdo] Fof AT 53,
g4 A3l B4 (reactive oxygen species, ROS)ol\ &
4] A B4 (peroxynitrite) o] =34 EAE j o] &
< YE g Ho|u % 719 A1 DNA &4 4ov9,
o] Zo] Yelo] Ho| mutagenesisS ZH 31 volrt &
S22 g 4 QA Bk 1 F9E X DNA

DNA &4& #4387 53] DNA strand breaksE 7
£31=d] 7hsly W78 715 & single—cell gel electro-
phoresis (comet) assay”} 2W€ 1 ek z2F AzsE
oA DNA £ 55 #2s= comet assay: A =
Yo E orEatar AR ZARIES] WA AR Ay
TR APY AZAFE T A7 94 DNA &4
ulX]3= ROSE] gakolt 21F AatsiA|e] DNA &4 wol
Aol ot ohefdt AT Foll &3] ARSI Ak
1%t Comet AssayE ©l8sto] ael M) JAFE 4
HEE, 2FE

mpferol, rutin % flavonoid

E4 AE = quercetin, myricetin, kae-

AJ X 19.21.22) Vltan’lln Cy?l) EH_?_

g%,
HAEH = apigallocatechin 2+ phenolic compound
F'**Yo] hydrogen peroxide2] 234 48 w2 DNA
of thgt & Edo] AHE X A =Fo] &
o] RuEx it} T3, HZelE AEY] SRS ¥
2], FABld 19 & Edwio] AnE RI|HT 4
Ao & Aot & FH54 a3E Frkehe WU
2 A3 FA7E AgEm kP 98] Yo A
o] ATHEAER] AR MY & 4 SAHEAE co
met assay @ #-4j&to] w3t 7 o), AFE EHAE
olu} AF FZES DNA &4 oA £9E A a7
= A9 gl

£ A7+ AY (kale), FYH (F2 XX, Angelica
keishei), BT (carrot), =042l (small water dropwort)
=59 sls-g A3 vlus] B, o] 552 A
314 DNA &4 B3 895 comet assayE ©]43 CHL
AR vl 8-S Bolo] BEele] vnd R FHoE
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1. sBNEY HZ

=5 (P EFHUAM Az, BoE 2 QlE 100% A
A (Brassica oleracea var. acephala), 8L (Angelica
keiskei), B (Daucus carta L), E71}2] (Small water dr-
opwort, Oenanthe stolonifera DC) 555 Ao} SA|
47, 9,000 rpmellA 3083 A4 el s HAS
3 sl 54 98 EEY ATl EFsith =
g in viro A|ERIE HES Yeide A IHE AR $
milipore filter (0.45 pm)Z o3} Hslo] & 5F5HS
54 7AzA7 &, 7% PBS (phosphate—buffered sa-
line) o] 23 L2 50 eppendorf tubeol] 4 —80TC
W o] BshEA comet assayd P ol AME-3EISITE

2. 3 ¥M2s (TRAP, total radical-trapping antioxidant
potential) 57

TRAP-E Rice—Evans & Miller® 9] inhibition assay
Hol| me} B85t} o] W2 ABTS (2,2" —azinobis
(3—ethylbenzothiazoline 6—sulfonate), 150 «M) %}
metmyoglobin (25 £#M)& H0, (75 «M)E 8434
Zoam A ferryl myoglobin radical species$}+2]
4% Ao 23] A" ABTS radical cation®] absorb-
anced Fsh= otk o] We] dele 4 AlEE
6 59k 30°CollA] wife¥st & UV/VIS spectrophotometer
2 740 nm® 3F@o)A absorbanceE =351, 1 ab-
sorbance?] Al AEE A5 o] U= antioxidant
capacity©ll H]EIHA H&= Rl 7125 Fa Qith TRAP
S5+ trolox?] calibration curveZ o]&3l4 Ak o
v TEAC (Trolox equivalent antioxidant capacity, mM)
o7 X3S

3. ME U4 DNA &4° 23

1) MEHIY

Chinese Hamster Lung (CHL) A|3%= gA¢] 47}
2570, 13] AIEF7)= 12~15A17E0. 24 G o] dAld
o Aget 2UE ZtE MFEoln DNA &8 57| ¢
Age] wol AMgHE MZojrh & A&er AM-SE CHL
cell s=r3std el QA HrkdTa BARRAAT
Bl 0 2 BE] ¥k who} 10% fetal bovine serum (FBS) %
Eagle' s minimum essential medium-& AR, L3k



26 /=Z2 CHL M® DNA €4 23 &3}

5 3lollM 5% CO,Z F33H= 379 incubatorellA Hj
orstdct. At) vk celld 75 cm’ tissue culture flask
o 60X10° cello] HE= uhFale] 2~3ULk wjoket ¥
A#E, X85 A8 Aodls 6—well platel welld
2x10° cello] FE& uF3lo] 484171 wijokst § AEs)
pei=g

2) SENEY pre-treatment

24 Az 5F AR % 99 (25~250 pg/mb
£ cdudde AX a3t A YepA] e AsE
A0 Uehlr] Al&shs RS Alde $ AL
o, A|§2] DNA &4 &+ positive control®} negative
control®] ®MF ol &3idch wehA], B AeMe =
FNEE 25~250 pg/mid 5=/} HA PBSE At
% CHL cello] wi%k=loigle A2e] welle] A28z,
2 %% A7 AEZ PBS Ad AE (controb) &+ 7
37T CO, incubatorollA] 1417t F<t HFSAI AT WS &
o= PBSE T & AR o2, 0.1% trypsin—HBSS &
A 100 plE sl celld FAF 3 300 gl ¥
&gt XA microcentrifuge tubedl A A4 Belsigith

3) N3 AEYAQ oY

28 AEF A 9% DNA &AM f3x)717] 94,
200 #M HO.Z #493] 4542 AAS CHL cellel
s F 4T YR 58 F¢t vkEA17 o PBS
2 M35t} Positive control2 &) w52 el
ok7 PBRSHE 22ld celloll 200 M H,0.2 #23l3o
9, negative controlq] PBS A AlX o= H0,ZE Aelst
A] stk

4) Single-cell gel electrophoresis

9ol AAJE AR F3E vl cell®] DNA &8 &
A7) Y8 comet assayE AAIBICE Normal melting
agarose (NMA)7} precoating® fully frosted slide 9
2 CHL A¥8 75 £19] 0.7% low melting agarose gel
(LMA) 9] ggtie 215 FAMEA 3 ¥ cover glass
2 9ol 4T Ao BA3NATh Gelo] Z2H cover
glassZ 8712 2 $jof o] 0.7% LMA £ 75 pl&E
4o ge %, lysis S AR vjE] FHE E A
7}+8- alkali lysis buffer (2.5 M NaCl, 100 mM EDTA,
10 mM tris) ol AFEA Ao 1% Triton X-100% 4 ¥
slides 97} AL, GAolA 1A17F 5t AA] AJZT Ly-
sis7} B slideE electrophoresis tankell #lg3lx 4°C
2] 27} buffer (300 mM NaOH, 10 mM Na,EDTA)

£ A9 unwinding AZATE 20%0] Ad F 25 V/300+
3 mAY Ate o 2087t A7GeS A A
71%9%50] Bt ¥ 04 M Tris ¢34 pH 7522 %
W3] AAsIAT

5) Image analysis

Comet image ¥4& 918 20 pg/ml = ethidium
bromideZ nucleotidesS G4t} FFAu|Z (Leica
DMLB, Germany) oA #2811 CCD camera® 53 X
URA 74z}e] A EH image: comet image analyzing sy-
stemo| AXE AFE AdollA B35 dube] DNA
s Ao 2HE o]Fe DNA 2 AP (tail le-
ngth, TL) =%+ tail lengthel tail] /% DNA%E &
8|2 tail moment (TM) & FA3to] Yepiglon z}
HelT 2 2709 slideE el 1 FollA 22 10074
AEZ B3}, HOo 93 DNA &4 2 550 A%
DNA &4 JAAEE S48 4 A7 4 33
BHE A3

4, TWH

BE 239 2= SPSS~PC+ %4 package® ARE
slo] AFslgict 7 H2lEE 100709 Aol &7
3 DNA €A% (TL, TM,% DNA in tail) &) B33 &
F222 FE%eH, 4 5% DNA &4 94 I=E
Hwsh7] Y3 EEEE one—way B4R (ANOVA) S
A&EaL, F F7H] o) LSDE AR AEslon,
BE AR FAL p<0.05 FFolM Hrtetink =3
Z} A8 59 5 DNA &4 #E5S o143l linear re-
gression analysisE 3t &, positive controlel B]s} DNA
£ 50% AARAA F AE 552 58 A
ED; 8l #& AXlsiod o] o= 7} =F29 DNA &
4 B3 a9E v)wsich

0 9 03

1. 589 5 PM45 (TRAP) Bl

=5 AREY ¥ PistsS 543 An, AY (kale)
N 7t w1, WYY, =Yy a8y 329 2%
UElth (Table 1). &, S844E59 TRAP Fol 24
Q) FEEG Ao o] FRIFh AU 4
237 ALg 59 EAM g 4549 A9 &
wAg st 1o vgll C, f-carotene E F71
A o] ol IVHoE A} Yt AELAE U
A Y0, A 5P A7 Bae] sk, wF9] AEE



Table 1. TRAP levels of various yellow-green vegetable juices

BESHEREHE 36(1) 124~31, 2003/27

Sources of vegetable juice

Kale

Angelica Keiskei

Carrot Smalt water dropwort

TRAP (mM) 1.322 £ 0.006

0.953 + 0.034

0.399 + 0.050 0.726 £ 0.008

All values are mean S.D.

ot N X

ol WY, A, B, Ayel, 20]9 FAtst FHd
e BAs A AY 55 HEW E (e, 8, 17—
tochpherol) &&o] th& x&pr} 953] woroH HIE}
9 C FE Yy 3.5u, B9 20w 77k
gers Bt £33 F s HY9gd 32l Hlﬁﬂ
oF F AR 2 R0 HuHUk o] e, et
gAo] U= ZakE o] =2l quercetin (110 mg/kg) 7
kaempferol (211 mg/kg) 8 o] te ArEHET o
2 ¥3rEo} Qlrky Buso] vk webr, & AfollA
TRAP #49& o188 gaelsol AdelX 71 ==
R AU ditsl ki o] & A7 AMEH Q)
oz B 4 Qlck SU9gE UEsta 55 dals 4ok
4 e Hus goy F dAlsss g A7 of
=

559 DNA &4 2N

Comet assay? image ¥4 23}, ZF AS52 DNA
&Are] A EI = Fig. 1 — 40] A & = 9loH BE =
Z Aol positive controlel] Bl8] DNA &4 A& 3}
7} Uebdth 2z =59 55 DNA &4 A &35 &
HEH, 1A AdS - %'—E (25 pg/ml) oA positive
control®} B]m3}o] 50%2) £& DNA &4 448 B &
AN, T F1E fﬂri} 3 gAEW} o ey
250 /zg/mloﬂ/ﬂh 70%9) A EHE BT (Fig. ). ¥
Ayl BE WFE EEQl 25 pg/midlAd 25%9] AAE
7} VERR R, T2t 5718l W} 50 pg/miE DNA
&4 oA &3 S718k] 65%E5 R o, 57t 100,
250 pg/midl A% 50 pg/miofMe e Hxg
DNA &4 A a7 B3t} (Fig. 2). o]l vl g2
25, 50 pg/miolA Z+zt 38%, 32%2] AAlET7T vrebt
1, 57} Z718e] wiel DNA &4 AAa3rt F71s8t
o] 100 pg/mlllA 50%, 250 pg/mldlA 70%E B
t} (Fig. 3). =nye]e] 7 uk7bR] 7o,
2 A FEQ 25, 50 pg/mloﬂxi z+z} 32%, 40%9) °iA
37 YERLT, 57t Sl uke DNA &4 94l
AL 5 gEH 0T ZFrEle] 100 pg/miolA 60%,
250 pg/miclA 63%%E 23} (Fig. 4).

o]Ae] ATE regression analysisE E3] EDy (50%

SE P2z

120 = 4

Tail Moment

P N 25 50 100 250
Kale (#g/mi)

Fig. 1. Inhibitory effect of kale juice on H:O-induced oxidative
DNA damage in CHL cell. P : positive control (200 #M H:0,),
N : negative control (PBS), All values are mean SE (n = 100).
Bars with different letters are significantly different at p <0.05 after
LSD test.

Tail Moment

P N 25 50 100 250
Angelica keiskei (2 g/ml)

Fig. 2. inhibitory effect of Angelica keiskei juice on HO»-induced
oxidative DNA damage in CHL cell. P : positive confrol (200 M
H:05). N : negative control (PBS), All values are mean SE (n =
100). Bars with different letters are significantly different at p <
0.05 after LSD test.

°] DNA &4 H3EAE Hol: %F9 %) S Akt
o] DNA &4 A aal] st ©HE dolt A, AY
(39.4 pg/ml), Y (60.1 pg/ml), vtk (74.0
pg/mL), & (859 pg/ml) 9l €02 et} (Fig 5).
7} 550 ol9} e AR 7|5 AAATN BI
g AE A3 JUas el 52 A, gl & 4
TFolAl TRAP #AR-& olgste] £33 vt § ks
o] & 71 (Table 1) 3} #gdo] Qe Zog B & Qth
2 AF A3}, TRAPOE &£43% & d4itslsolut, DNA



28 /=2 CHL A¥ DNA &4 2% &y

&4 dAET QoM o7 HF F AY H5Fo M
g% 202 Uikt o)9} 2 A= 2 A3aEe]

in vitro NIZAGE T3l AY 55l & o] ¥

120

Tail Moment

P N 25 50 100 250
Carrot (g g/mb

Fig. 3. inhibitory effect of carrot juice on H:O-induced oxidative
DNA damage in CHL cell. P : positive control (200 #M H:O»),
N : negative control (PBS), Ali values are mean SE (n=100). Bars
with different letters are significantly different at p <0.05 after LSD
test.

Tail Moment

P N 25 50 100 250
Small water dropwort ( 2 g/ml)

fig. 4. Inhibitory effect of small water dropwort juice on H,Or
induced oxidative DNA damage in CHL cell. P : positive control
(200 #M HO.). N : negative control (PBS), All values are mean
SE (nh = 100). Bars with different letters are significantly different
at p<0.05 by after LSD test.

Kale [

Angelica g
Keisket

Carrot 85.91

Smali water
dropwort

EDsop (2 g/ml)

Fig. 5. Comparison of the antioxidant activities of each veget-
able juice in the comet assay by the estimated dose that would
result in a 50% reduction (EDsx) of oxidative DNA damage in
CHL cell.
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B3 on & 592 aflatoxin Bioll &% E¢dio]
9 Ao AAE AUFAY FASA AAEYRE @
ato] Bt 1 8 FEAE d7EREE AY 5%
o] RZUAHEYT AF ] AAAY ZHAHE T
AstAzer g4 9 7179 A FEE R
L B} Qs

=59 FE A5 o5 v BYY (Angelica
keiskei Koidz)S vlvg]dtell &= cpdy 2502 A
Az, Ax, Afzxe 8199 vell, £713, 2ol
o] F5& ¥ opzt A)EA 32! 2 flavonoid,
coumarin, saponin 5ol E0i10] AAA A ELE F
Buly Q= =Zo|t) WY %I Bot AT Ea
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W, Fulvle fevetels &3] AgEE S4A A
19 vjel A, B), By, C 5o] F45-3lx, 7] w3t A
2 sk vk oiRE AR en oy, ERhv
o] ool B3 AT =52 AY Hugw gloh
ug] ] Ae@d gl A%t AdTs v FEE
o] WgtAle] &J3t o] I AFelA & FAWol &
HE etk 23079, AEAY7]5E AR THE
TEAEAT Fo] By © w9l B I el B
vk gltt & ATelA oy 5553 s 529 4
DNA &% AA&AARE v|wste] Hoh=d], olzist da=
Uil S HusEE R2eg 2ulyt Qivky Eok
HZ Pgaso] 5% 242 oy, 1 498
A4S AT AES JAZANA FEeAY, 71E2] §
HEE T, Aol v, &AL ¢ 2o st
A7t SadtA o)FoiXx lom® I F dEHA A
O retinoids AGe] 33HE, B—carotene, dehyroepi-
androsterone %] Yt} da] g2ix ATBC (alpha—
tocopherol and beta—carotene) FH@ATolA FHA}ol)
Al B—carotened supplement® FI1 #H¢F B8-S 7
25 A, 7\di9hs @8] B —carotene TV} 2318 %
o4& FRge AWt /HALE Aol Bud’ g, g
carotene®] o| $HiEo] Sl 5L W AU, 17
ul 32 Aol B2 Algo] YA ez = A, digY,
T wrgo] e Ao] wugo? AFe] ENES
w23l A3k AR AF ARAE HdFHAsHs Aol ¢+
ool Bt o ¥ ¢ dvke ARl dFEI Ut
o3t ARE uigoZ B AFXE f-carotene ¥
o] 7B 2 9 (5.9 = 0.5 pg/100g) o) Fitsls3
DNA &4 74 a3 viasd £3 202 A6
T2 AAZ TRAP #oluh, DNA &4 2% a3 J=
3 BE 55E oA M 2 AoE JEh ol
ohlE B—carotenes AES UFE AHIARE #e
bioavailability 7} AA® B —carotene®] bicavailability 5.
o} AstE ke A7AnERE AEE & g Aok®
B AFolA 2 5FA150] dist #58 DNA &4 o
AENE FHS F o] AL o8&l 7 =59
A 895 EDy 02 E¥3le] vlustgiet], DNA &4
AAEYE ED; 08 Hlwdh= W tE d79dME
B9 vl ot & Noroozi 298 Q4 U4t MEE
ol g3l o8] F79 flavonoidsE¥ vitamin C2 At}
2 DNA &) vl &3E ED; @& o183l #7)
3 3 ED,, 302 7z B39 DNA &4 dAla7 &
v w3tk 28 EDy S regression AR oA A

O

i S of

rie &

EESEBEE 36(1) 2431, 2003/29
Al FARolE 2 ErjFQl gro R oldalrdl= AlgH
o] Atk o] F7Y phytoestrogend DNA &4 oA
&% comet assayZ A9 £ Sierens 5V genistein,
equol, vitamin C ¢ DNA &4 94 8398 42t 55
HE SRS ¥ 74 A2 858 EDys &2 A%
£ 3o vl nEAlE ke, ol 4 sigkEol AE |
2 FdHe A7) YgEAY, 7 slgkEe] MeEHe AE
o F£7, 2L I AEIT GAEJA] FAAAELJA L] o7
of Wzt 7 Azt A glol Yehb] wielzta 89l
o} go 2 of] I3} AEES DNA &4 94 &4&
v wahe W 2 AR el digh thekst A7 AR
A o]F-ojxje} slE)Eta .

o gt A9 3 W o g BFZA8E IS
27 vlwsly, 1529 DNA &4 B3 ave] ds s
Bt AY, LY, =0vR], 32 5, FAsksol 7
£ AFAAE AYol o, HA] DNA &9 H3E
B AYo] 71 53 Rog Yehkth & AT 2
e Qokstel HY, RA, 4 55 Pgss 37
Blagt 2% AY, FYY, v, 92 BRAAA &
Abelsg #AE 4 glglen, Fdakslse] A Ad >
Helqd > Buue > 320 eyt B4, 559 &
Aol a2 DNA &4 JAa3E Fa& e 4
3, B AgeA AMS 55 455 ZFoX DNA &4
oA EHI}F veRton DNA &4 JAa 7 71 2 &
Mg Ba AY > Fdg > vl > 329 £08 &
AeFs9] A9t AXEt B AT 43 et 559
gatsl 78 U DNA &4 94 238 o83}, ko
FEou} AE o]43 in vivo ARBHET AT, 53
Fxht $2F 5 DNAZH Bo] &459] Sle =
DNA &4 358 93 55 2343 dISALT 5o

ol A o|FoiHo} szt £
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