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ABSTRACT

The purpose of this project was to evaluate whether daily fruit juice consumption could reduce the DNA damage in
healthy subjects. The study was performed using 67 healthy volunteers (29 smokers, 38 nonsmokers) who were supple-
mented with 480 ml of grape juice for 8 weeks. Eight weeks of grape juice consumption did not change any anthropometric
parameters. Lymphocyte DNA damage before the study was significantly greater {p <0.05) in smoker than nonsmoker,
but, grape juice consumption significantly reduced DNA damage in both smoker (26%) and nonsmoker (17%) to the
level where there was no difference remained between the two groups after the intervention trial. This preventive effect
of grape juice against DNA damage was not affected by sex of the subjects in non-smokers. Plasma @ ~carotene, lyco-
pene and 7 -totopherol was significantly increased after the trial in smokers, while erythrocyte catalase was significan-
tly increased in both smokers and nonsmokers. Total radical-trapping antioxidant potential (TRAP) level in all subjects
was significantly reduced after the intervention, while GSH-Px activity was increased only in nonsmokers. These results
suggests that daily consumption of grape juice may protect DNA damage in peripheral lymphocytes, and supports the
hypothesis that grape juice might exert their effect partially via a decrease in oxidative damage to DNA in humans partly
by improving their antioxidative defense system. (Korean J Nutrition 37(4) : 281 ~290, 2004)

KEY WORDS : grape juice supplementation, antioxidant status, oxidative DNA damage, TRAP, catalase, SOD, gluta-
thione peroxidase.
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U 2 FAE ARIE s UERER] oRtThY o]
ATFE A&FQ BAE T gloy, FEAY A= Q)
Aol Ags7lel= Fel7t gloeu® Hos FxHes
FEAY AFZRE] human intervention GT&2 AAH 1
k. Day & 2748 4 78l X= F2ETL 5
QF FBIlE W) XE F29 AFHE LDLE) AREE Ao
AA BR8] A938e ZAarYa Rl o 8
o= AEBAS IRolA EEFAE BE AFA)719 LDL
k] s, A A9 T4 Uz Vs 3§
o] 77} dgo] BuEa ok

FAAE FAtsl FFdEl X DNA &4 Axe 3
o] 7 Bt fElvEtelN FE dFEs 9 A
32l FAksh Jokdel sl DNA &4 AE9& n&
2k} vl wgk PEAAT =EEo] Jdon, H2 FIANE
4o s vlEll S REAHHAA & & Als 4=
WA #3E Bd ASSAJTER AR
ok ge o] AFEL diE S3AAl Fatsl vlEl
TS Foigt oo niel Al FAks} AES Fojdt &

ol
-

30 0w 2 2 w2

4

Moot 3
i oex opx

ade
g} v]E}
g B A7Vl FuelA A2 AEH vt gk

upebr] B AeAE FAXE ditew 152 ghls)
FHdE i 2 DNA &4 358 9% 3 2 413
intervention ATE QAT #HT gt oshd
o8] Bd A F ET F2o flavonoid o] Fol &
oA 7)5o] gEsitta Rusy Qlrk 1 714 i)
d2jA A Fort A dtstE e F7), FE free radi-
cal®] 7t DNA &4 WA 502 Q18] & ¢4 #go]
AQ= =tk AR webd B A= Al
A Q71 IE FAE BE3AF AR F X F20 4
7} A free radical 7% T4 LD A4 DNA &4 8B
3ol uA= 29E ARt slch

P Jfo
v

AAre] Az F el 2 DNA
FEAdTE AT AxE 5F 7o

=

i
)
o
2 i

axgd

1. GrA M8 FERA, MAME, Aoy ™™
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o5 FAEInk ol B AR AN F9% &
Ag, FA7IRE 5 AR, el B A %
o] 1A, &% g, E5F, 5 AE E Tl dist ul

hip ratio) & 331313, MAE e S, A
Z, BMI (body mass index), ARz 52 AAA=%
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Gom AYP7IMEA TEFA AF o]-Y o] FFE
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(853 37 DNA &4 A5, 2dy dskasray
T, g% st viell £ 9 Al Fds JEdEE
Vel 874 TRAP $5& Z73Isich

3. 2 A

Z 6789 AR WIAIRFE #14] A o] A¥ S
313t} RS2 AFshr] A 841z o) S48 X
UEF A& o A A oA Ao 12
ml A= A F 2709 M2 & Ag T B3Ik Co-
met assayE a4 100 g1 heparinated sterile tube
ol 23 (whole blood) & B, WA L lithium—he-
parinic polystyreneo] @o} 1000 rpmelld 10%7F 44
F23 & dolA platelet—rich—plasma= ascorbic acid
=4S 98 st} 28t @ platelet—rich—pla-
smatx THA] 3000 rpmellA] 1587 94 B2l & gk
3} vlefR] 2 TRAP #4438 ¢18 —80C W&o Rust
9t} AEE= isoosmotic phosphate buffered saline 2
A2t F AAE AL 7 A3 a4 48 fs) -80T
s e Baslsich

4, I PNo} HIEQ 57

AA=9] 83 ascorbic acid® 2, 4—dinitrophenyl-
hydrazine method®’ ol 28] UV/VIS spectrometer®.
A3lgich. 832 metaphosphoric acid® 2j#]ste] whuz]
& FAAAZ11 ascorbic acids FISIAIZATE Ascorbic acid
= copper—sulfateZ #2|5}1% dehydroascorbic acid® 1t
3t9 5 diketogluconic acidZ 7IEaldcth o]|& 2 4-
dinitrophenylhydrazine ©.2 #z|shd <kAst & z2M59
osazone®| A== 017 520 nmolA At X
ascorbic acid¥] FE=& #4313k @3 a —tocopherol,

y —tocopherol ¥ carotenoidst ethanol® TS #|

e 2o o

A8t1 n—hexane 0% A& FE3 F rotary evapora-
tor% hexaned Z%A1711, mobile phase (metanol: di-
chloromethane = 85 : 15) ) %o HPLCE 338}
HPLC #4 2712 Table 1] #AA3IAth

5. @8 & 72 BN QMsks &%

Hzol /g 8¢ ¥ 713y P35 (TRAP, total
radical—trapping antioxidant potential) 3% g3
a —tocopherol, ascorbate, urate, protein sulfhydryl gro-
ups 34 FsHAIEY] B3E 248 S8 e F
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Table 1. HPLC apparatus and conditions

Column Merck, lichrospher 100 RP-18 (5 g m)

Pump Shimadzu LC-10AT

Flow rate 0.8 x«l/min

Detector Shimadzu SPD-10A

Wavelength Tocopherols-295 nm, carotenoids-450 nm

Integrator Shimadzu C-R6A chromatopac

Mobile phase  Metanol: Dichloromethane = 85 : 15 (v/v)
#2071 24 Pusks dehinz ARk} wd g doke
T e e F-E3 delth ¥ & TRAPL: Rice-

Evans and Miller?} inhibition assay ¢l wle} £43}
2t} o] W& ABTS (2,2" —azinobis (3—ethylbenzothi-
azo— line 6—sulfonate), 150 #M) 2} metmyoglobin (2.5
M) & HO, (75 1ME & e z2H A ferryl
myoglobin radical species®}9] A& gl oJ&] P
ABTS radical cation® absorbance® S4sh=t] 7|25
1L 91™ 7 absorbance® YA} A== sample (0.84%
plasma) ¢l E°] = antioxidant capacity®l] H#&HA) |
t}. Sample-g 6% F<2F 30°CelA] vjekst 3 UV/VIS spec-
trometer 2 740 nm<] A absorbance® 7 5M
t}. g3 TRAP ¥ 53 trolox? calibration curve® ©|
L3l AXreten] TEAC (Trolox equivalent antioxi-
dant capacity, mM) & H#s}gc)

6. HEH PMI TAJYE B

A superoxide dismutase (SOD), glutathion pe-
roxidase (GSH-Px), catalase 52 @Aatglaso] #4&
UV/VIS spectrometer®l] &J8l] £33t SOD&= 8T
e S 742 £3A1Y ¥ ethanol® chloroformE
7}k 018 3000 U/min, 2% 7+ 94 £a)siick 1 4
FAg o] FEZ Lol 37TCoA 10% 7 vkt ¥ 20
219 pyrogallolS #7138t & 320 nmellx 180% 7F =34
sheick. AT SOD2] 43 pyrogallol®] AR54HsHE
50% A= antioxidant capacity ® 3J8F3ict* GSH—
Pxx #4H3}1E (t—butylhydroperoxide) ol &8} glutathi-
one®| ABslEE Whg-& Fuljgich o] of 4kskE glutathione
& glutathione reductase$} NADPHS] EAl5}e]| ThA] ghr
tathione © 2 3-9)5) 7 NADPH+ NADPR AlsHet). o2
ol g3 431l Ao glutathione, glutathione reductase,
NADPHE 7}l 37T, 1082 3t ujakst 5 t—butylhy-
droperoxide® 2o} ¥rA|Z 0™ o] w 1A%l NADPH
FEE 340 nmolA] 90% 7F £ oM GSH-Px2 &
A8 A £33 Catalase?} 842 489 4y
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9l 50 mM phosphate buffer (pH 7) &} hydrogen pero-
xideZ 718t & hydrogen peroxide? 7H4%S 240 nm
oA 30x 7+ &SI

7. Alkaline comet assayZ °I8%8t 2T oxidative DNA da-
mage 573

Alkaline comet assay+ A3AF7 A e} 7o) Singh™
o) S 7, Bgste] At dae A A
8 70 pl& 1 mi PBSe) 412 % Histopaque 10775
olg3te] #elal Uldleh Usk DNAoK Atshd A~AEgA
£ 715171 948 200 M H0.5 ARSI Alkali lysis
buffers A3l DNAS] double strand® &5 2
lysis7} €' slides 719% buffer® 40% 5<% unwin-
ding A1# DNAS9] alkali labile sites7} ZejuiA]  F 25
V/300 = 3 mAS] AYE dof 207 7+ A9 TS AA
319tk 20 xl/mg E %9 ethidium bromide® #S 3%
AL cover glassE B2 H FFHE (Leica, Ger-
many) 22 #2384 CCD camera (Nikon, Japan) & &

& Bud 2] MES imageE Komet 4.0 comet im-
age analyzing system (Kinetic Imaging, UK)°] 2x]¥
AFE ol 4318t a9 DNA &335s 8
o237 E o]FE DNA 389 A2 (tail length, TL) X
£ tail lengthell tailv] 72 DNA%E F3F tail mo-
ment (TM) &g F343te] Yehliglen Z oAt 2 2
A9 slided 750l Z4zF 50708 & 100709 LabTolA
DNA &4 EE SH3190ch

8. Mz FHN ¥ U4 20mo| Al 24

2E A3 MSY excel database system& ©]-&3H]
Q188 & SPSS—PC+ %7 package (version 7.0)& A}
351 Meesict. zt dge] weh Mgy FFA| + 3
723}t (SE)E Faiglon Favy uj&dre] A o]
3= Student t—test®, EEFA AFH A 87 43 9
Bzl tigt #2AQ 1ol Paired t—testE F3 2
It M 1k ol JABA L Pearson’s cor-

relation coefficient?! rAl=Z A58

Table 2. Anthropometric parameters of the subjects before and after the 8 weeks grape juice supplementation trial

Smoker (male 29, female 0)

Nonsmoker (male 22, female 16)

Variables
0wk 8 wk 0wk 8 wk
Age (yrs) 324 +1.72" 347 + 1.8
Height (cm) 1724 + 0.8 167.8 = 1.1
Weight (k@) 668+ 19 668+ 1.8 66.1 +1.7 663+ 17
BMI (kg/m?) 225+ 0.6 22,5+ 0.6 23404 23.5+04
WHR? 0.84 + 00 0.84 =00 0.86 =00 0.86 =00
%overweight” 103.4 + 2.8 103.6 + 2.8 109.3 £ 1.9 1095 £ 1.9
Smoking habits (packyrs)® 86 1.1 0
1) Values are mean * S.E
2) WHR: waist/hip ratio
3) %overweight: analyzed using Inbody 3.0 (Biospace Co. Ltd)
4) packyrs = (cigarettes smoked/day X years smoked) /20
Table 3. Daily intake of antioxidant nutrients and cholesterol before and affer grape juice supplemented for 8 weeks |
Smoker (n = 29) Nonsmoker (n = 38)
Variables
0wk 8wk 0 wk 8 wk

Energy (kcal) 1687 = 96 1749 + 94 1750 £ 82 1660 = 73"
Vitamin A (RE) 622+ 94 706 £ 96 866 + 123 748 + 83

Retinol (£ g/d) 80+ 18 150 £ 37" 164 = 51 65+ 10%

B-Carotene (gg/d) 3210 + 529 3011 + 463" 4073 = 669 3713 * 505™
Vitamin C (mg/d) 20 = 29 81+ 17 100+ 12 92+ 10
Vitamin E (mg/d) 105+ 1.6 1.3+ 1% 118+ 1.3 120+ 10"
Folate (£ g/d) 243 + 35 193 + 16" 244 + 24 218+ 16"
Cholesterol (mg/d) 245 + 36 387 + 73 301+ 39 241 + 31"

Vdalues are mean = S.E

T: Dietary intake includes the amount of nutrients confained in 480 mi of grape juice: vitamin C 92 mg, B-carotene 402 mg, e-
tocopherol 1.02 mg, 7 -tocopherol 0.06 mg, NS: No statistical differences were noted between 0 wk vs. 8 wks of grape juice supple-

mentation in all variables by paired t-test
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1} ZA7NA retinol@} cholesterol A3 o] f-o&el =

A4 HL 7} B2l whd, H|EAFAME UA], retinol, choleste-
rol A& o] fad Z4E 1Y (Table 3).

1. THYAS] Mg oy
QRIS EATT HEAF R 1ol HEAE Edlol Ta
U AT K 3 FA S BB AT AAT o e et v oA alﬂ 109 el 521
A @17, A, BML WHR 5 AR 93 AME o e o~ carotene @ 8 —carotene 4:20] £-9]
A =2 kY — T
?% Table 29} ZC}C} FAT Fauele 3244, ¥ Hog ustonl ¥} ulelyl C, @ —tocopherol, 7 —to-
‘50‘1 —‘% 347kui B]%Oiﬁ-o’] jéﬂ- 1’}017} C"Jj\_ 111219»1-_9«]’} copherol lycopene ul géy_ TRAP /-Z o ;FL7}.oﬂ o
- L = 37 i - T
! f] Aoke 2ol %*%‘%TH;“W;‘ ‘jj j‘;‘ oAl ol WolA] P 4102 ekskth (Table 4).
N3, A%, BMI, WHR, AALZFoz £ njvis T EANH A T gpaixte] g4 gk} bjghel 4
FAHR Al T Hol W VS AHSIT AR O ) gy rap 2z wEE w87 79 T8 2 A
week) ol H]3l 8 T3] E& FA HF o]F (8 weeks) 3 3o A} HEATL B ;1;‘1 —é%} ¥ —tocopherol
o, FHAe} vl EAA ZF AZF, BMI, WHR 5 A4 A ,\:m 37 TRAPH . Zzo] G o7 7hasl v B
ry S

o

1o o o
5o

ZA]o] oAl W7t JepUA] 99ket (Table 2). 29) 9% g—carotenes} lycopene SEE GojH0 g =
2. BMe FFLY MAT e} 7¥t5dtt (Table 4). tdzte] AT dAatsl a2 Y=
IS FAAF A 39| ks JU AHZ] wE B B baseline AEOIM FAT vIFAT 2l Ao

£ 2 A= Table 337 Zo) $4 X5 F2 FA4 A7 & VERA] 434t} (Table 5). EEF2 A7 85 Foll

7 baseline AleA, FAT H|EA Sﬂ FAks} gokh FATH vEAT BRI AET catalase BYEI F

AHZAE #JolE BolR] st 8F o] X A 4 HOoE Frkeilen v]EATFNA GSH-Px BYE7t

H & FAT 9 0|FAF B-carotene, HIERI C, Bl F7PIATE 23y AE T SOD S == AF Foll 79
ERRIE 9 QAF AFFE A5 A AolE HolA gste ZR] WEE JEhiA| %Sttt (Table 5).

Table 4. Changes of plasma antioxidant vitamin levels before and after grape juice supplemented for 8 weeks

) Smoker (n = 29) Nonsmoker (n = 38)
Variables
0wk 8 wk 0wk 8 wk

Vitamin C (mg/dl) 113+ 0.0 112+ 00 121+ 00 121 £ 0.0
Tocopherols ( 1 g/dh

@ -tocopherol 1697 =118 1680 = 101 1858 + 158 1718 = 89

y -tocopherol 233 & 29 167 = 16* 216+ 14 168 = 15*
Carotenoids (¢ g/dl)

a-carotene 481 £ 0.57° 7.39 £ 0.99* 6.18 + 0.48° 7.34 + 0.92

B -carotene 17.66 + 2.40° 27.46 = 4.28 28.58 + 3.22° 25.49 + 3.63

Lycopene 6.43 + 0.41 14.07 * 2.54* 8.76 = 0.83 1494 + 3.05
TRAP (mmol) 1.38 + 0.02 1.30 + 0.02** 1.37 = 0.01 1.25 + 0.02**

Values are mean * S.E

*: significantly different between before vs. after grape juice supplementation by paired -test (p < 0.05), *=: significantly different bet-
ween before vs. after grape juice supplementation by paired t-test (p <0.01), a, b: epresent significant difference between smokers
and nonsmokers by independent t-test at p <0.05

Table 5. Changes of erythrocyte antioxidant enzyme level before and after grape juice supplemented for 8 weeks

) Smoker (n = 29) Nonsmoker (n = 38)
Variables
0wk 8 wk 0wk 8 wk
Catdlase (K/g Hb) 354+ 0.8 383 +0.71* 364 £ 0.7 39.0 £ 0.9**
GSH-Px (U/g Hb) 217 £1.4 232+ 1.0 21.1+£1.0 26.7 = 1.3**
SOD (U/g Hb) 2119 + 27 2127 £ 42 2185 + 28 2132 = 36

Values are mean + SE
2 significantly different between before vs. after grape juice supplementation by paired t-test (p <0.05), **: significantly different bet-
ween before vs. after grape juice supplementation by paired t-fest (p <0.01)
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4, 21y LM DNA 2459 B}

A P DNA &4 4722 8739 d719%§ ©)
£3F COMET assay S 3+ & DNA &4 AT E Ajx9 1
g 9lA9) Zdolg 481%™ Tail length (TL) %} Tail
moment (TM) Z ZH3IHc}E A4 Az 8F I ¥%
T2 dFel S5k TLe) Wish= A5 #9] 88.75 £ 1.55 #m
2 B AF $oe 7025 £ 1.31 ¢m= 20.8% &
o7 (p<0.001) ZAAEE & ¥ AU} (Table 6,
Fig. 1). 3z FAAg) BiEAAR Yo} X F2
o} A7 Y9kt DNA £4f viXle= 598 & A3, ¥
T F2 B33 FAATE ARk Al oln] EA
Z29] P37 DNAE BIEAE vlg] felFez (p<
0.05) Zo] &= Q&S & F It (Fig. 1). 85 %
Q) X% FA AHF T FAR) v]FAR BFAA TL
2 B o7 DNA &) ZAaEon Edxte) i s
7} 26% AESQ el dha vlEdRe] e BEE 17%5
Ho ¥% FA AFH & FAA DNA 49 #2449
o] BlEdAle] vla] R 2 o2 Yehdt} (Fig. 1).
A HFAAL PIRE FRbe} AR o] . FA
# ¥ DNA &4P33lE £ A vz X5 5
A AF Fof Gdztet oz} RFoAA dub DNA 4344
=t 9o g 745} (data not shown).

5. 2T DNA AT} B3 FIVE A By

tdRte] dskr DNA 4959 #4ta} Jobdelsle)
ABBAS B8 A= Table 73 2ok B4 FAxst

F

x e

HEFAZE et Aa] ddate A £5 4 A5 A9
baselinelX] DNA &4 %9} A8 catalase YE ¥
g% TRAP 23 92 JaaAlE, 28+ GSH-Px &
A58} Ao AHBAE Bt ol vis] AH 8F Fell
= DNA £4359) 874 a—tocopherol FFA0]0l H9)
JAIAE Bk HA 3 FAol wet v #
3 Ay FAAe A$ baselineolr DNA &4 £ 9
Mgt Q] Afolel obFa AR AAIE Ve R 9k
o1} 85 Folle A8 SOD =7 A9 AuiAE B3
th. o]l ]3| vFAA] A9 X F2 AHH A baseline
Aol A DNA &3 59} 8% lycopene 0] §9] 4
FHAE B v, ¥+ GSH-Px AEh= 49 4
DS Bk 3 T F2 AHFH 8F Fo e DNA &
459 % a—tocopherol FF0] 9 JHAAE, &
4 TRAP 0] 49 JAAAE BAt

A

o % oX

nl

H 109 @ B 25 HXEF AFH 9 health be-
nefitoll W3k BAE7}L FobA 7ha glom, 1990 Zof
T ZFAQ1Y] FAohY AW AFFe] 3 H8elE B
Tt ARAE LAEo] o E A G| HlF dAF| F
Z2 AQARQ] EARER]] X5 T ARER! AN TTe] o
AFZ Qg Holghs AT At sk 83 X%
4] polyphenol = resveratrol (2,3",5—trihydroxystil-
bene) & F&3l0] MXof| Azjald A2 Alelx] AEHA

Table 6. Changes of the degree of lymphocyte DNA damage (expressed as TL % tail DNA and TM) assessed by comet assay before

and after grape juice supplemented for 8 weeks

Total (n = 67) Smoker (n = 29) Non-smoker (n = 37)
Variables
0wk 8 wk 0wk 8 wk 0wk 8 wk
Tail length (z2m) 888 + 1.6 70.3 = 1.3** 93.7 £2.1° 69.7 +2.1** 85.0 + 2.1° 707 £ 1.7**
Tail moment 149 £ 05 139 £ 04 157 £0.7 135+ 0.7* 143 £ 0.7 142 £ 0.6

Values are mean + S.E

+: significantly different between before vs. after grape juice supplementation by paired t-test (p <0.05), *+: significantly different bet-
ween before vs. after grape juice supplementation by paired t-test (p<0.001), a, b: represent significant difference between baseline

smokers and nonsmokers by independent t-fest at p <0.05

150 150
(o]
_ - Xk K - - b
z 120 ° g 10 -
5 % o 5 % i
£ 90 | £ 90
o o
C C
Fig. 1. Changes in lymphocyte DNA | B 0 r 8 B 0
damage expressed as TL (tail len-
: 30 30 +
gth) in smoker and nonsmoker gr-
oup. *+*: p <0.001 by paired t-test. o o
a, b: represents significant diffe-
rence between baseline in smokers 0 week 8 week 0 week 8 week
?er;? (;ogirg%l?r by independent - Smoker Non smoker
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Table 7. Correlation coefficiency 1’ between tail length (TL) and antioxidant variables before and after grape juice supplemented

for 8 weeks

Tait length (z2m)

Variables Total (n = 67) Smoker (n = 29) Non smoker (n = 38)
0wk 8 wk 0wk 8 wk 0wk 8 wk

Plasma Vitamin C 0.178 -0.076 0.310 —-0.025 0.185 -0.109
Plasma tocopherols

e -tocopherol 0.128 —0.298* 0.214 -0.256 0.134 -0.331*

y -tocopherol 0.086 -0.210 0.102 -0.168 0.046 -0.241
Plasma carotenoids

a-carotene —0.069 0.121 —0.080 0.029 0.073 0.165

B-carotene —0.083 0.180 -0.370 —-0.083 0.170 0.322

Lycopene -0.211 0.020 0.199 0.048 -0.344* 0.011
Erythrocyte enzyme activity

Catalase —0.3056* 0.192 —0.266 0.186 -0.3 0.194

GSH-Px 0.341* 0.117 0.261 0.123 0.418* 0.115

SOD -0.223 0.142 —0.260 0.409* -0.092 —-0.054
Plasma TRAP -0.294* 0.212 -0.176 0.055 -0.240 0.325*

1) Pearson’s correlation coefficiency r

. significantly different between before vs. affer grape juice supplementation by paired i-test (p <0.05)
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