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Comparison of the Protective Effect of Antioxidant Vitamins and Fruits or Vegetable
Juices on DNA Damage in Human Lymphocyte Cells Using the Comet Assay”
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ABSTRACT

In this study the in vitro protective effects of several antioxidant vitamins (vitamin C, @ -tocopherol, 3 -carotene),
fruits and vegetables (strawberry, tangerine, orange and 100% orange juice, carrot juice) , on the levels of isolated human
lymphocyte DNA damage was measured using Comet assay. Comet assay has been used widely to assess the level of
the DNA damage in the individual cells. Lymphocytes were pre-treated for 30 minutes with antioxidant vitamins (10,
50, 100, 500 «M) or fruits - vegetables (10, 100, 500, 1000 ¢ g/ml), and then oxidatively challenged with 100 M
H,0, for 5 min at 4 C. The protective effect of antioxidant vitamins against DNA damage at a concentration of 50 M
were 50% in vitamin C, 32% in a-tocopherol, whereas, S-carotene showed a 55% protection at a dose as low as 10
#M. The inhibitory effects of DNA damage by strawberry, tangerine, orange, orange juices, carrot juices were 50 — 60%
with wide ranges of doses. The results of the present study indicate that most the antioxidant vitamins and fruits - vege-

tables juices produced a significant reduction in oxidative DNA damage. (Korean J Nutrition 37(6) : 440 ~447, 2004)
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Caco—2, HepG2, HeLa) ol tj3t & &<dWo] avfel gt
ATE BuslIek? o] olE Noroozei - flavonoids
(rutin, apigenin, quercetin—3—glucoside, quercitrin, ka-
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Table 1. Levels of DNA damage expressed as TD, TL, TM of vitamin C, a-tocopherol, B -carotene, trolox

Concentration ( M)

Treatment N" P>
10 50 100 500
Vitamin C ™ 182x07° 449 £1.3° 350+ 1.7 348 £2.1° 338 1.4 327 £ 2.0°
L 55.4 + 2.2° 1115 +32° 99.0 * 6.5° 85.1 £ 5.7° 93.5 + 4.6° 85.8 + 6.9°
™ 111 +07° 53.1 £ 2.6° 38.0 +3.7° 325+ 3.4 349 £ 28 31.6 £ 4.0°
a -Tocopherol D 13.6 £ 0.8° 483 £ 20° 443 + 2.0° 355 + 2.0° 344+ 2.0% 206+ 1.9°
L 51.3+3.7° 129.0 + 4.9° 1265 + 5.3° 117.7 £ 5.8° 103.5 + 4.9° 86.9 £ 5.4°
™ 7.4 +0.8° 648 + 4.1° §9.7 + 4.2° 46.4 = 4.1° 38,5 + 3.2 30.0 = 3.6°
8-Carotene 1o} 149 £ 0.8° 522 +2.0° 33519 315+ 19° 305+ 1.8 392 = 2.1°
L 565 + 3.9° 134.5 + 4.0° 101.7 + 5.8 947 + 5.8° 921 £ 52° 115.7 £ 5.2°
™ 85+ 0.8° 719 £ 4.0° 37.1 £ 36° 345+ 3.7° 322+ 3.6° 48.3 £ 4.0°
Trolox 1[») 146 + 1.0° 56.7 + 1.8° 430+ 3.2° 326 = 2.8° 323 +26° 28.3 + 2.8°
L 50.5 + 3.9° 1172 +42° 959 + 6.8° 91.9 £ 6.7° 929 +7.1° 79.1 = 6.5°
™ 82+ 1.1° 68.1 £ 39° 0+ 58° 370+ 48 37148 203 +4.6°

1) N: negative conirol (PBS), 2) P: positive control (100 «M HO2)
3) TD: DNA in tait (%), 4) TL: Tail length ( £m), 5) TM: Tail moment

For each substance, values with different letters within a raw are significantly different at p <0.05 after Duncan’s multiple range test. All

values are mean + S.E
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Fig. 1. The effect of antioxidant, (A)

vitamin C, (B) «-tocopherol, (C)
B-carotene and (D) trolox pre-tre-

DNA damage (relative score)
DNA damage (relative score)
&

@,

B-carotene (UM)

atment (30 min) on HOxinduced
DNA damage (relative score, the
degree of DNA damage calcula-
ted from TM) in isolated human
lymphocytes, N: negative control
(PBS). P: positive control (100 M
H,O»2), For each substance, values
with different letters are significantly
different at p <0.05 after Duncan'’s
multiple range test. All values are
mean *+ SE.
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(Fig. 1B) ¥ trolox (Fig. 1D)9] 7%, positive control
o njsf HlElle] Xa| FE7t $71E8S DNA 43
7} 5% AEF o7 sk A¥E B3tk Alpha-toco-
pherol:& positive controlell ¥]&} 10 M2 FZoxE
FAHA B3 EAAE oA $ovt 10004 50 pMZ
Z71eel w2l DNA £33 57} frages Zasigior
500 M9 FEAME 50% o4 RIEHAE B
Trolox®) 7-% EH& 1014 50 M, 50414 100 #M
9 FEE F7Vge wet BRI} o fFHow e
%on 100 #MolA}e] EXolAE M3t 9t ol
B3 BlE] CE 3713 3¢ (Fig. 1C), positive control
o ¥lal BlEl] 347} A] DNA £40] ZHAEg 0w 58
F7IE £t 39 B3 AHE ol 5 Qiich
7HE @& 10 pM9 FENAN 7P & R3ARE B
B—carotene 10, 50, 100 #M F=ME FAK DNA
&£ AFIE Hojtl 500 uMolAE 23|83 DNA &
do] F7Phe s B ol ZEENA B —caro
tene®] pro—oxidant® &g-8}7] WEQ] AO2 Hojx|H
0|9} 72 A= flavonoids Y AHS} wiERRIS ]
5 H0.Z AH31 DNA &35 FIE 3¢ 1s=olMe
23]8 DNA &o] 2=tk A8 A7RuExn o
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Table 1ol DNA &4& 3 F79 AXEE Yepch
DNA &8 YehlE o8 A& F WA tail moment®
E DNA &4 358 Asra, vjelyl C: 10, 50, 100,
500 M2l AHe)lEs5 o)A positive controlol vldle] ztzt
64%, 50%, 57%, 49%<2] DNA &4-& Bgloq nlghl
Col 557} 715t % DNA &4 Zaa7He 2o)7) ¢l
gt} (Fig. 1A, Table 1). Szeto$} Benzie'”& 14 91}
T AELE o]L31 vitamin C (50, 100, 200 ¢eM)E A
A8 & 5 60 #MY HO,% 4318 AEHAE # vS
comet assayZ 3| tail %DNAZ DNA &4 74 9
£ 2 A9, vjEll C 559 A4#glo] DNA &4 743
7t eh bR @gton 93]8 DNA &4 FEAIE
#AF3lo] Fro wel vjelwl C7) pro—oxidantZ % AR
g & 08-S g3t

£ A3A @ —tocopherol®] ¥, 10 ¢#MelIA= DNA
£ T} G1%E. positive controld} Bl=3E 0] 0
1 50, 100, 500 «M= 57} $7K] wet tail mo-
mentZ £ DNA &4 A%7F 2442} 68%, 54%, 39%E B
of FE &EH o F4AEE ¥ 5 UMY (Fig. 1B, Ta-
ble 1). ol AA Y7 NEE o] &3] AP Park
290 ABATA tail moment= F DNA &440] 10
£MelX 90%E B ou w57t F7Hstel wel DNA &




444 /3H3) vlelna} 74l - obliEe] DNA &4 24 53

A ZaEHNE Bol 500 pMe 39%F B AR vl
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2 2 DNA £343%E o —tocopherol A21FE7} 12,5,
25 50 M= Z7}84-2 positive control (45 M H0,)
o)) B]3l thek 25~40% % A2 Busisich J2iv Szeto
$} Benzie® 9] @A @ —tocopherol®] X|2lE%7} 25,
50, 100 M= Z7}514% positive control (60 #M H0»)
off Hl8) G214l DNA &4 ZHAaHE BolA] ggton] @
52 25 uMoN 50 uME FE7} 371191 W DNA &
Ayo] Z7)53ic). Duthie 59 AN E Tail %DNAZ
2 DNA &35 = 100 #M a—tocopherol®lX posi-
tive controlol ¥d) 91%% Ho] DNA &4 Z43dE A
o] Bo|x| Y= Ao YERiTH

B—carotene®] 7-%, tail momentE ¥ DNA & 3=
= A% 10 «Mo|A positive controlel] B30 456%
= polowa B A% ANS Fas NRE F PR
erglsk DNA &4 72878 ByoH $E7t S7I8lE
o) ZtxEIE= FAERY 500 #MAME 63%E tha
Z7)5199t} (Fig. 1C, Table 1). Duthie V2 B8—caro-
tened DNA £AATE tail %DNAZ £ ZH3}, 100 «M
=5 o)4 positive controloll Bl tiF 127%% K| DNA
&4 2 aart Uehx) 98-8 Buaigla, Woods 57
& 914 7HI¥Q] HepG2 AWM Tail MomentZ 2 DNA
&5 7t g-carotened] AFEE} 10 «MEW posi-
tive control (10, 50 «M H,0y) ol vls}| Ertshe A2

wark 72U Astley 529 23 Molt—17 QA AsH+
Xl B—carotened 8 pME AAT F A &4
(100 M H0.) & 9L vl DNA &4 B3 3= 13
ER}A] gkgkot, g —carotened M AIZE (0, 30, 60, 90,
120%)0] Z7)3to) ulz} SSB (single strand breaks) 2|
7} EASHA Zasiivkn Rt

Trolox9) 7%, H&lE%7} 10, 50, 100, 500 £MZ &
7V positive controlell thdk DNA &3] 70%, 48%,
48%, 35%F RHo] 5% J&Ho®E 7433t} (Fig. 1D,
Table 1). Szeto 579 @7l Tail %DNAZ & DNA
EFAEE troloxd AFEE7} 125, 25, 50 pM=E T
7V842 positive control (45 M H,0p) ol uig] #A3]
Zhaske Bk

j= Rl = =1

vitC

a-tocopherol |
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Fig. 2. Compairison of the antioxidant activities of each antioxi-
dant vitaming in the comet assay by the estimated dose that wo-
uld result in a 50% reduction (EDs) of oxidative DNA damage in
human lymphocytes.
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strawberry, (B) tangerine, (C) orange, (D)
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treatment (30 min) on HO~rinduced DNA
damage (relative score, the degree of
DNA damage calculated from TM) in isola-
ted human lymphocytes, N: negative con-
ol (PBS), P: positive confrol (100 «M HO»),
- For each substance, values with different
1000 | letters are significantly different at p <0.05
after Duncan’s multiple range test. All va-
lues are mean = S.E.
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Table 2. Levels of DNA damage expressed as TD, TL, TM of strawberry, tangerine, orange, orange juice, carrot juice
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Concentration (g/mL)

Treatment NY p?
10 100 500 1000
Strawberry ™ 13.8 £ 1.0° 512+ 2.3° 332+07° 305+ 03° 31.1 +2.8° 316 £3.1°
L 79 +27° 1134+ 11.1° 89.6 + 3.7° 888+ 3.6° 89.2 + 9.7° 90.8 + 7.9°
™ 7.5 £ 0.9° 596+ 42° 348 +2.0° 323+ 1.3 31.2 £52° 335+ 53°
Tangerine ™ 148 + 1.5° 508 + 20° 313+ 1.8 314 03° 30.3 = 09° 326 +12°
L 522 £ 59° 1170+ 55° 845 + 6.4 891+ 7.2° 845+ 1.8° 88.8 + 4.3°
™ 88+ 17° 614+ 43 301 £3.8° 309+ 2.2° 203+ 1.3° 329 +3.1°
Orange v} 105 £ 0.9° 49.6 + 3.0° 257 £2.5° 265+ 43° 318 +4.0° 326 +22°
L 402 +0.2° 1012 £ 21.2° 827 +7.7° 750 + 4.6° 85.6 = 2.0° 81.2£6.1°
™ 44+ 0.8° 52,7 + 12.7° 242 +0.1%® 233+ 23%® 315 + 3.4° 311 £ 15°
Orange juice 1D 113+1.2 520+ 09° 206 + 4.0° 255+ 2.2° 28.8 = 50 20.1 £2.1°
L 489 £ 2.4° 1246+ 8.8° 9.0+ 4.1° 824 +12.7° 724 £ 28° 791 £158°
™ 64+ 1.0° 675+ 4.1° 311 +32° 254+ 68 242 x£27° 284+ 0.3°
Carrot juice D 11.6£1.0° 5156 20° 31924 288+ 0.7° 295 +2.0° 271 +£1.0°
L 445+ 2.7° 1160+ 3.0° 88.0 = 0.8 9.7 + 2.5 842 +83° 770 £ 3.7
™ 57 £0.7° 614+ 31° 334 £ 2.4° 303+ 25° 29.9 +4.2° 25.3 £ 0.9°

1) N: negative control (PBS), 2) P: positive control (100 1M HO2)

For each substance, values with different letters within a raw are significantly different at p <0.05 affer Duncan’s multiple range test. All

values are mean * SE
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2472 pM, 183 vFRERE @ —tocopherol 224 102.5
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st}
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Comet assay image ¥3-& &3 #23 JA - okAllF/
9] DNA &4 Z+4 3= Fig. 37 Table 2¢1 Yehi
ok A189 M ¥%71 10, 100, 500, 1000 gg/mlz &
7V&E positive controlell tiHl3t DNA &3 EE A
Az 5% 2715 BS 52%, 48%, 46%, 50%, &
%9 3% 40%, 42%, 39%, 46%, LAAFL] 3% 59%,
61%, 44%, 46%% A T79 AF BT 50~70% A=
o] €93 DNA &4 ZA2a7E Boloy w50 o A
ol ®olx] 9ottt (Fig. 3A-C, Table 2). vl/IX 2
NAE A 100% WA F2 9 FZ FAoME DNA
&4 2R FIL S JERt o QA FA0 g,
10, 100, 500, 1000 rg/mlg M7 %7t Z7HE po-

sitive controlell i3t DNA £AA L7 A&802 A
3t 40%, 31%, 30%, 36%E B3 2™ 500 rg/miolA
DNA &4 22337t Ald & o2 Yehgov 559
o2 o3l Aele & & Aot (Fig. 3D, Table 2).
o|g} & ANE MM FEFS 2AAF (Fig. 3B)
w3l BH, & 2ol ofy AAIE 100% 23] F2
9] DNA &4 g it AdsH] &53 2AXEFRY o
F2 Ao Z YePttl 100% HA AAE 22 F29 73
£, A8 %7} 10, 100, 500, 1000 pg/mlo =z F7}g
T2 DNA &730] 50%, 44%, 43%, 35%% ZAHE= A
£ & 4 9t} Fig. 3E, Table 2). o} Jeon 79 &
T4 CHL (Chinese hamster lung) Aol 25, 50, 100,
250 pg/ml8] AAF B2 F2E AsIE B+ posi-
tive control (200 £M HyOp) ol th$t DNA &4 A%7}
62%, 68%, 50%, 30%= Fepd 27} vlsdt Aol ik
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Fig. 4. Comparison of the antioxidant activities of each fruits and
vegetables juices in the comet assay by the estimated dose that
would result in a 50% reduction (EDw) of oxidative DNA damage
in human lymphocytes.
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