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Antioxidative Status, DNA Damage and Lipid Profiles in Korean Young Adults
by Glutathione S-Transferase Polymorphisms*

Jo, Hye-Ryun - Lee, Hye-Jin - Kang, Myung-Hee'
Department of Food & Nutrition, Daedeok Valley Campus, Hannam University, Daejeon 305-811, Korea

ABSTRACT

Oxidative stress leads to the induction of cellular oxidative damage, which may cause adverse modifications of DNA,
proteins, and lipids. The production of reactive species during oxidative stress contributes to the pathogenesis of many
diseases. Antioxidant defenses can neutralize reactive oxygen species and protect against oxidative damage. The aim of
this study was to assess the antioxidant status and the degree of DNA damage in Korean young adults using glutathione
s-transferase (GST) polymorphisms. The GSTMI and GSTT1 genotypes were characterized in 245 healthy young
adults by smoking status, and their oxidative DNA damage in lymphocytes and antioxidant status were assessed by
GST genotype. General characteristics were investigated by simple questionnaire. From the blood of the subjects, GST
genotypes; degree of DNA damage in lymphocytes; the erythrocyte activities of superoxide dismutase, catalase, and glu-
tathione peroxidase; plasma concentrations of total peroxyl radical-trapping potential (TRAP), vitamin C, a- and
y-tocopherol, a- and B-carotene and cryptoxanthin, as well as plasma lipid profiles, conjugated diene (CD), GOT, and
GPT were analyzed. Of the 245 subjects studied, 23.2% were GSTM1 wild genotypes and 33.4% were GSTT1 wild gen-
otype. No difference in erythrocyte activities of superoxide dismutase, catalase, or glutathione peroxidase, and the plas-
ma TRAP level, CD, GOT, and GPT levels were observed between smokers and non-smokers categorized by GSTM1
or GSTT1 genotype. Plasma levels of a- and y-tocopherol increased significantly in smokers with the GSTT1 wild geno-
type (p <0.05); however, plasma level of a-carotene decreased significantly in non-smokers with the GSTM1 wild geno-
type (p <0.05). DNA damage assessed by the Comet assay was significantly higher in non-smokers with the GSTM1
null genotype; whereas DNA damage was significantly lower in non-smokers with the GSTT1 null genotype. Total cho-
lesterol and LDL cholesterol levels were significantly higher in non-smokers with the GSTT1 null genotype than those with
the GSTT1 wild genotype (p <0.05). In conclusion, the GSTMI null genotype or the GSTT1 wild genotype in non-smokers
aggravated their antioxidant status through DNA damage of lymphocytes; however, the GSTT1 wild type in non-smok-
ers had normal plasma total cholesterol and LDL-cholesterol levels. This finding confirms that GST polymorphisms
could be an important determinant of antioxidant status and plasma lipid profiles in non-smoking young adults. Further
study is necessary to clarify the antioxidant status and/or lipid profiles of smokers with the GST polymorphism and to
conduct a study with significantly more subjects. (Korean J Nutr 2011: 44(1): 16 ~ 28)
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9] 844 wzHE (individual genetic susceptibility)7} E}
27] £ Aot} & oA fdE= fof $E=E
of thgt &4  slizmol Toldt= A, = AR AEY
A5 FHSAY JAshe B4 34 T84 (genetic
polymorphisms)o] ZA5}7] wjZolct” whebs] 2o oAt
2}a} s|abe 7k Afele] &AMl thal Aol ulel DNA <=
A ATt g2 yepd = Jenz it fH54
ane] 7ol 2polE ¢ # olafshy] YEiAe AR o
AL e Q) Qlo] Ar|Ela 9t E35] Q14 &
AL} o okA }EH 9 DNA £4F A%, 71831 DNA £AF A
= 1R YFsARLE AgsH siAsh] flsiAls WA
oAt %Zﬂx} o3 del gt £490] H ol 1 7344 7+
/g0l whet el ajof & Hart qirt

2 ol S] iof 24 288 s phase 11 2452

A= oy F79] et 549 glutathi-
ones AFAIA 5/\3 4L A7 9T st=dl &
S wf) MY E]= WFHE2191 polycyclic aromatic hy-
drocarbong dEA17]1= 28-S $hot” 1 59k GST poly-
morphisms®+= GSTMI1 (u class), GSTT1 (n class),
GSTP1 (6 class) S0] &ejA gkom o] Zo4 E3] 54,
DNA 4 @ gkAks) Hestoj A= GSTM1Y GSTTIL &
A} chg Aol e =t
GSTM1# GSTT1 442 484 % null genotype> 2+
7re] g 4a5o] A4y e EA4 GSTnull genotype 7}
Zl 7Rl EAdste HelE S AlA = sEo] 5L
2 3] o] o] EolHh? Yeet Song”e 30719
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GSTM1Z} GSTT1 null genotypeoA &4 lymphoblastic
leukeamia Y&o| FoFo 2 F7Iehe WS 5
GSTM1 ¥ GSTTI null genotypes 7121 Ao
Sk A9 7l H sjEol HuEginh, FAAte|
GSTM1 B40] A& Hufg It W4 sf=2he-

o A& 7HH LA =of Hoke] 99 S/, GS-
TM17} GSTT1 null genotypes 71 SAAEES -8 null
genotypes 7H H|FAA o] H]sl -1 &gt (CAD)
F 7 =988 W ohg} DNA &AM E = =9kt GSTML
null genotype 71 312 AoloAAE o= Qls] v
A= TR HBAESEY] HA fldo] foFes &
hetsict

ole} 28 AYPATLEL GSTM1 ¥ GSTT1 genotypeol
wheh G0 5 olo] ks AEd Aol whgel A1A) o) 2
Absh oA A7 RIS S W 7Hs S ARl
2 lek 7lele] GSTMI genotypeS A3 Uf 4l DNA
o] B8 Lo Wgke n]A 2 9l8o] HiEgon Y o
%0 2 phase | A4%H4J0] =11, GSTE 335k phase 11
Ao Fo AFFS DNA 24)0] =31 Hi| 2 phase
A A3Ho] Yl phase 11 4840 =2 AFE-S DNA
&Afo] wroo] kRt GSTMI null genotyped 7F
AAHE 0] GSTMI wild genotyped 7 AR
H] H Boo] 93k DNA &4 9 DNA adduct 4:3"0] &
o3 =9}

GST genotype QlFof W2 xjo]7} glom Zrge|
g AR EE QlEel wet gefrle Ao HAEich
Haase 572 2| ¢1&4 GSTM1 §-A4=} ok A A4nt
Lol 2ol uHelo] AL GSTMI null genotype®| 50%
g AA[sh=t] Hlsl Afro-Americans®] -9+ 1/4 74
=0l ¥bH, GSTTI null genotype == opAJoFRlo| A A
3] Yehu fEdloly o2 QA= & vEh]
25 Bt Zintazras“= 9712) w1 Foalo} ¢l
A0 2 St case-control G152 meta £4I3H 2
7}, GSTTI null genotype2 chronic myeloid leukemia
CML) YJES FYH o= 5.0 o] AL 1] 2t
o|F Hoj QlERloA= FolH oI o} FofAollofAl=
e ok arelqint ol A& AE o
GSTM1 ¥ GSTTI genotypeol| w2 g4ts} At DNA
SRR QFol wheh gt AR oA

A7 S-efuhet Aghs tide= ‘F'ﬂ% GST G-A=}
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A e ® Aol AEH A o Ade] wedel
3 QiFol], GST 2% Tkl w2 Selet 147a
gR19] Akl Abefel DNA &4 78]l & QR 2 A
S Ao WE vt g & Selvel A7 FAR} b
Fo710] DNA &AM EE H|wsle] 5917}e] DNA £4}

o] ZAPg Pasto] B A7) glom, GST $9%}
CFA BEstol i Aol Seuket A% Aol iy
O Sho] GST f A4 CFAel whE aakat Aejo] Bt
A7} 5 B 9L Wolck

whebd £ A7 ASHL 2L A HHS TR GS-
TML 9 GSTTL $724 chl A 2Apske] 2 494 e
2 3 F o] $78 744l uek AR aAkst Gabate
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[e] [e]
R SRS

HA] Qs A wsieit) AEet YN 10 mL
heparinated sterile tube (Vacutainer Becton Dickin-
son Co,)ol gol Agale] 7[4L & glutathione s-trans-
ferase §-4AF T4 245 flsiAl A& 500 uLE FH 3l
=80T Weio] Bststt Comet £4-8 A& 100 ul
heparinated sterile tubed]] BE2 Hal, JHZ|= 1,000
rpmof|A] 1587 4] Elste] A5-9] platelet-rich plas-

ma (PRP)Z #I5}o] ascorbic acid 248 A& 2 AFgkch

0.

Halshal w2 g2 thA] 3,000 rpmeof|A 3027 LA &
2)5}o] dAh 2agt 3 AF=9] platelet-deficient

15
plasma (PDP)+= 3}4ks} vjelly} TRAP (Total radical-

Table 1. Primer sequences used in the PCR reactions

trapping antioxidant potential) &A1& 95 —80T W%
o) B3stedtt AE= iso-osmotic phosphate buff-
ered saline (pH 7.4)& %78l 3,000 rpmofA 10&7F
AX BelE A W 9HESE F buffere} 1 12 5]4]3}0]
L HEH C 248

wFsfo]

erythrocyte suspension® & =41
YA Aole W AATE 24 PR

T~ o oT &

A 7] —80C W-satell Bkt

Qg Ay

ARAE Sl At Akl A, vol, SR, S99,
S, 271 €ae A o ¥ FF AdH
T 59 URhrleE AR HE Mol EUAE AHE-St
of tdAte] =571 9 oler] Al AL, AAR
AR 243 & Inbody 520 (Bio-electrical Impedance

Fatness Analyzer, (F)Hlo] @ ATo]A)S o]85to] AF,
body mass index (BMI), waist-hip ratio (WHR)S XA}
SFATY,

Glutathione s-transferase |74 CI¥Y BN

Glutathione s-transferase (GST) M1 Bell S79] v}
92, GSTTIZ Pemble 579 #& Aste] 3519
o}, Y5 Hste] £9lEl AE 500 uls #3ke] DNA Ge-
nomic Blood Mini kit2 AF&3}o] DNAS +&3519T)
Internal standard® p-globina AFE-310] F-4A}F &1L
9J8t multiple PCRE A|35}3c}, PCR #42 913t primer
£ @Hrol2Yyotol A A2t primerE A O A
71Xg-& Table 13} &t}

GSTM1¥} GSTT1 44 45 984 0.1 ug genomic
DNAE Z+7+9] 10 nmol primers, 5 mM dNTP, 0.5 Unit
Taq polymerase (Takara rTaq), 200 mM Tris-HC1 (pH
8.3), 500 mM KCl1¥} 30 mM MgCLE 20 ule PCR &
oo H7tsto] 94CoA T AT T 94ToA 30%,
65COlA 30%, T2ColA 3029 2HOR 303 HHESH &
T72Co A 5 HHSAIHY, 52 H PCR product+= ethid-
ium bromide (0.1 pg/mL)E Z33t 1% agarose gelollA]
2719% 3to] UV slollA] &lstaict,

Primer Segeunce (5" - 3")

GSTT1-forw. ttc ctt act ggt cct cac atc tc

GSTT1-rev. tca ccg gat cat ggc cag ca

GSTM1-forw. gaa ctfc cct gaa aag cta aag ¢ ST
GSTMI1-rev. gtt ggg ctc aaa tat acg gtg a S?Tb/\l/ﬂ
B-globin-forw. caa ctt cat cca cgt tca cc

R-globin-rev. gaa gag cca agg aca ggt ac
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- Catalases A4S A7F B3 ARA R Bl
2 Flish W& ks o) vlgske
B2 BASLREAY] TAsrE SHTOEN LTS
4 4= Sk, BABkEA ] T R =2 (0.1 M o)
catalaseol 93t ¥H-g-o] AAE=Z oF 001 M| A& =

S ARgaflof shn, whgo] & o]Fo|2A| s7| YsiAl=
9hE Al & o 30% Fofl= IHIEtea ARk 2
S = JEE a49] T s ZAgof gttt AdAEY A
L catalase?] 412 A E o) A9} ZHo] UV/VIS spec-
trophotometer (shimadzu UV-1601)] &J&l 4=3§=]ict
£38% 4&d1Lo) 50 mM phosphate buffer (pH 7.0)2} hy-
drogen peroxideE A7}8t 3 hydrogen peroxide®] 74
& 240 nm, 204 3023 SA5H3T

Superoxide dismutase (SOD)+= pyrogallol (1, 2, 3-
trihydroxybenzol)9] A5AHE &A= SODS %2
S78t=tl 7125 7L Atk Pyrogallol> -89 W9
A O] MAE YAJsh wWEA AHE ARRsted LA
28] FeE R EAR A5 . AE+t SOD &
Aeg S| el A4 dgHS SRR §IAX
3. ethanol?} chloroforme 7Fskal ©]& 3,000 U/mindll
Al 287 AA EelEkoith 1 AASdE oY R U
o} 37colA 1057F vjeF 3 20 uL9] pyrogallol (1.2.3-
Trihydroxybenzo) & H7}ste] 1 5%=E UV/VIS spec-
trophotometer® 320 nmol|A] 180%7F ZAstct? =
4 f SOD2| 2442 pyrogallol®] A4-54E}E 50% <A
Stz bt Eo = Aolstlrt.

Glutathione peroxidase (GSH-Px)+<= #HAEHE (T-bu-
tylhydroperoxide)oll 2J3}l glutathioneo| As}ke]= HH-3-&
Znj| 3ic), ol AMSHE glutathioneS glutathione re-
ductase?} NADPH?| &) s}of thA| glutathione &2
=31 NADPH+= NADPZ Alshett, o] o] 83f §3AK1
Ao glutathione, glutathione reductase, NADPH
£ 7kt 3 37ColA 1027 wieFEt ol T-butylhy-
droperoxideS Yo] HF-&-A|7 o oluf 7H4% NADPHO)
=5 UV/VIS spectrophotometer® 340 nmoj|4] 90%
5o 2A%o 2 GSH-Px9| &4t} A=g A5t
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AAHEL] E4 ascorbic acide HEo|AQ} o] 2,
4-dinitrophenylhydrazine method®] 2Ja UV/VIS spec-
trometer® 2A35}99ct %42 metaphosphoric acid&®

#e)sto] ThlA-S A7) ascorbic acidE QHYSIAIA
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t} Ascorbic acid+= copper-sulfate® #|2|3}H dehy-
droascorbic acid2 AFs}¥l ¥ diketogluconic acid=® 7t
s83)E) o] 2, 4-dinitrophenylhydrazine & & 2]
Sl QFYRE A ZME9] osazone©] F/d%E=H A& UV/
VIS spectrophotometer@ 520 nmoj4] &%3slo] &=
ascorbic acid®] =S BEA5HIT]

YJAAE2] @3 a-tocopherol, y-tocopherol, % ca-
rotenoids (a-carotene, p-carotene, and cryptoxanthin)
2z o AWM A9} o] ethanol® THAS A A8k
n-hexane® & AW &3 & rotary evaporator=
hexane< Z4HA|7]31, mobile phase (metanol: dichlo-
romethane =385 : 15)°f] =] HPLCE =A3}3ith

o5 TRAP 27 B4

YA & [2]7]2£5] A5 (Total Radical-traping An-
tioxidant Potential, TRAP)& =84 azo 3= ABTS
[2, 2-azinobis (3-ethyl- benzothiazoline 6-sulfonate)]
radicale] &l 23 Eall=w YA HIEE peroxyl rad-
ical& AAJetTHE oS o] g3t W o=’ B4 U a-to-
copherol, ascorbate, urate, protein sulfhydryl groups
Y A 53 BS A5k @4 T 7
7] 3 A Ueh e 2 Az s Aokt 4= 9l
= US> f-83t wRloltt, FF 5 TRAP 52 ZHojA
@} Zo] Rice-Evans®} Miller?] inhibition assay©l w=}t
HAsc) o] W& ABTS [2, 2-azinobis (3-ethylben-
zothiazo-line 6-sulfo nate), 150 uM]2} metmyoglobin
(2.5 uM)= H,0, (75 uM)E S3IAFIC 2H BAdH fer-
ryl myoglobin radical species®}2] A& 218-of 23] &
A=l ABTS radical cation®] absorbanceE &%=t
7125 531 9191 1 absorbance?d] A AE= sample
(0.84% plasma)el] E°] %= antioxidant capacity®] H]
#5lA Hct Sampled 6 5t 30ToA] wjekst & UV/
VIS spectrophotometer® 740 nm®| I}Ao| A absor-
banceE =33ttt A TRAP &< trolox?| cal-
ibration curvesS ©]-&s}o] AAFSE 2w TEAC (Trolox
Equivalent Antioxidant Capacity, mM)2 F3sF3ic)

Alkaline comet assayE ©&%t o7 DNA &4 &%

Alkaline comet assay= A& o)A} ZHo] Singh (1998)
o S 47, Heksto] AAskgi), A4t AE 70 uL
4 900 uL PBSoll 4& % Histopaque 1,077 100 puL
ARG dubtikE wEelekeleh Ae 2 vkl dukt
20 uLE AFste] 75 ul? 0.7% low melting agarose
gel (LMA)Y} A& 2 normal melting agarose (NMA)
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7} precoating ¥ fully frosted slide $J= 115 EAMEA|
3t & cover glass® Yol 4C YHED 519} Gelo| &
o cover glassE H7122 1 Yo thA] 0.7% LMA 29
75 uL2 g @ o gtk Cell lysisS Yafl nlz] #H]s)
E A7Fe alkali lysis buffer (2.5 M NaCl, 100 mM
Na,EDTA, 10 mM Tris) ofl AH&-2%e]| 1% Triton X-100
2} 10% Dimethyl sulfoxideE 42 & slides @7} A2,
Qralof| A 1A17E 9 HA|A]7]o] DNAC] double strandE
Z0]F0tt, Lysis7F 4 slideE electrophoresis tanko]l
sl WA Haslgd A7)9% buffer (300 mM NaOH,
10 mM Na,EDTA, pH > 132 ¢ 408 %<t unwinding
AlA DNAS| ebzhejol| Hokgt o7t EefubA & & 25
V/300 + 3 mA9] Aok Aol 2081t A7|Y5S HAlst
Ft, A719%0] B & Tris 458N (pH 7.4)9 108
A G7F AHst= AL 33 &S] slideE URAIA
o} 20 uL/mL %9 ethidium bromide® & &34 ¢
A5Lo] cover glass® B2 F #3404 (Leica, Germa-
ny)Aoll Al &35k CCD camera (Nikon Japan)S %
af BjRl Z+2+2] N3] images comet image analyzing
system (Kinetic image 6.0, UK)o] A2 #3EE] AlojlA]
S48 dubate] DNA &4 A= 0 2RE o]53h
DNA 3} A2]2] tail length (TL), % DNA in tail, J1&]3!
TL# % DNA in tail& 3k k2l tail moment (TM) &
M) B4 A EE Aokt 7 oA} T 2709] slides
ut=o] ZkzF 50704 2 100709 YubtolA] DNA AR

g% W ARLE X AR
A AQERl FZ 2HE (TC, total cholesterol),
HDL-Zd 8|S (HDL-C) ¥ =424 (TG, triglyceride)
2 (ISR kit AlFS o] &5t EAISHIT) 2t
I mLef 4 0.01 mL& & &3lsto] 37C
5871 ¥+8A)7] & Photometric Autoan-
alyzer® FPEE 453ty LDL-Fd¥|2HE (LDL-C)
2 Ar o A2} o] Friedewald4] & o]-83to] o33} 2
o] AikstaiTt,

LDL-C (mg/dL) = TC-(HDL-C + TG/5)

LDLO| AHg s AR 7ol e} o] 84 conjugated
diene (CD) &2 2 S45130ch CD F/42 A2 it
3t @R A7l= A EHEA % (1 mg/mL EDTA)S
trisoduim citrate buffer (pH 5.05, 5N HCI, 5,000 IU/
L heparin)& AF&3}o] LDL-S 24 A]7|3l Na-phosphate

buffer (pH 7.4, 0.9% NaCl)Z =21 & chloroform: meth-
anol 2 : )& 3 mLS A7l /545 1mL 92 &
2| g4 BEuk 235} rotary evaporator® ZHMA|7|1L
cyclohexane 1 mL& =<1 £ 234 nmof|4] UV/VIS spec-
trophotometerz A5t}

¥ GOT, GPT &

g2 GOT (glutamic oxaloacetic transaminase)@}
GPT (glutamic pyruvic transaminase)5&< (55)213}t
Aloke] kit AleFE o]-§sto] EAISHITE A4 8 1 mLe
g4 0.1 mLE & Egsto] 37Ty F2gof 327wt
2A]7]1 3 Photometric Autoanalyzer® &4== =43s}

pis

ANze| M|

BE 27 9] Xgl= MSAF] Excel database system=
o] 8-3}to] ¢lE3t I statistical package for social science
(SPSS-PC", version 18.0)0& o]&-ste] Az|atqlct, F:2¢
o] vl zlolof thgk o4 HAL chi-square test (3~
test)& AH&sto] ASatoct ZF o) what WEgat 3
A + 202} (SE)E oFAaL o 7He] Aol {9
A8 Student’s t-test® 53Tt

_C"—_
o B Aol Histe] &

2 0

O CHYAISS LHIAY

AL thAakAle] ARk Table 29+ 2t} tiAkAl 245H
Z gL 93 o & Hilols 209 + 034190, oA
152922 204 + 0.1M%T} At 5 SHA = 489 (&
A FA7F 439, A4 SAA 5H) 0B HA FARY] H&
o] o wWokth WA FAA= shE Bt 12.4 + 1.0 77| <]

AR = B Wt 4.5 £ 0.5 7HF] o] Huf
1.0 + 0.0d &8¢ FAE st
gkste] 1o gk 7t (2070%))&

& (pack years)”’& A &A= 3.0 + 0.3H9]
d A= 0.2 £ 0.02d018iet, th A= 5 E/3Y]
&2 91.4%01%aL, o1/d9] S5 vl&-2 85.5%°|%tt.
A}=59] &3 1/2 ounce (14 g)2] 100% alcohol- 7]
SIARSE ZAITHY] 1 drink (1 drink = 252 1%+ 8.8
28)E AHE3to] drink/day® AAISE ¥, g/week 2
2 9851 + 449 g/week, 94L& 114.5
L =] Se5TS AnEY,
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Table 2. General characteristics of the subjects
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Variables

Age, yrs (range)

Smoker, n (%)

Height, cm

Body weight, kg

BMI, kg/m?®

Waist-hip ratio

SBP,” mmHg

DBP,” mmHg

Smoking habits
Cigarettes/day
Smoking years
Pack-years”

Drinking habits
Drinkers, n (%)
Alcohol consumption, g/week

Exercise habits
Regular exercisers, n (%)
Exercise time, min/day

Men (n = 93) Women (n = 152)
20.9+£0.3" (18-30) 20.4+0.1 (18-29)
43 (46.2%) 5(3.2%)
1749 +0.5 161.0+0.4
713412 553+0.6
23.3+0.3 21.3+0.2
0.83+0.00 0.80+0.00
126.9+1.1 1152+0.9
82.8+0.7 75.3+0.6
124+1.0 45+0.5
47+0.4 1.0+0.0
3.0+0.3 0.2+0.0
85 (91.4%) 130 (85.5%)
285.1 +44.9 114.5+18.6
70 (75.3%) 59 (38.8%)
32.6+3.2 22.1+2.6

1) All values are Means + SE  2) SBP: systolic blood pressure 3) DBP: diastolic blood pressure  4) Pack-years: (Cigarettes smoked/

day x years smoked)/20

Table 3. Frequency of GSTM1 and GSTT1 genotypes of the sub-
jects

Table 4. Frequency of GSTM1 and GSTT1 genotypes of subjects
depending on smoking status, N (%)

Variables Number of subjects (%)(n = 245)

GSTM1

Null 188 (76.8%)

wild 57 (23.2%)
GSTT

Null 163 (66.5%)

wild 82 (33.5%)
GSTM1 and GSTT1 combined

Both null 127 (51.8%)

Null/wild 97 (39.6%)

Both wild 21 ( 8.6%)

GSTM1 W GSTT1 #0A gy Hi: 2M O
¥

A PARE & GSTM1 null genotype 76.8%, GS-
TT1 null genotype< 66.5%°1%1.2™, GSTT1¥} GSTM1
genotype & TF 7H thdAL (both wild)= 217 (8.6%),
& Foll SRt 71AaL Gl AR (null/wild)< 978 (39.6%),
= t} 1= AR (both null)S 1279 (51.8%)°19ch (Table 3).

Variables Smokers Non-smokers p-value”
(n=48) (n=197)

GSTMI
Null 38 (79.2%) 150 (76.1%) 0.657"
wild 10 (20.8%) 47 (23.9%)

GSTT1
Null 26 (54.2%) 137 (69.5%) 0.043*
wild 22 (45.8%) 60 (30.5%)

1) P-value by y*test 2) Not significant 3) *: p<0.05

A WA SR} A= Uhe o, GSTML
I} GSTTL §-4A} 25 oHof ulg} null typed} wild type
O 72 o] I HIES 2 A= Table 49 2o 9%
+= GSTMI1 null type©] 79.2%, wild type®] 20.8%°]%
31, H| &A= GSTMI null type®] 76.1%, wild type©]
23.9%%2 ZlofFol ug} GSTMI genotype Rl&Eo] 2}o]
£ Ho|A] ottt GSTTI genotype?] %%, %A= GS-
TT1 null type®] 54.2%, wild type©| 45.8%°|HL, H|S
AZF= GSTTI null typeo] 69.5%, wild typeo] 30.5%=
ARt vlE| vl EAZAIA GSTTL null typed] W=
7F =3k (p < 0.05).

GST fNA OHygo| M2 MU J{ep 2ATY 2N
BPALSE @4 YA TS AL catalase (EC 1.11.1.6),
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superoxide dismutase (SOD, EC 1.15.1.1), glutathione
peroxidase (GSH-Px, EC 1.11.1.9)2 viro] Al Zul=
Tabel 52} 2t} E¢Ixe] GSTMI genotype 7+2] catalase
% vla A3} genotypeo] T Zfol7h §l%laL, GS-
TT1 ERF genotypeol W 2kol7} §iIth SOD2} GSH-
Px ZAEE GSTMI ¥ GSTTI =% genotypeo] w2
Atol7F UrebA] oottt vl AR oA 7R = GST
M1 % GSTT1 genotypeoll w2 A8 HAits} a4 24
9] Zpol7k glirt

GST J0Ar Crgyel M2 9y @it HIED I g
FBL8S (TRAP) £F BN

ZdA}ol| Al GSTM1Z} GSTTI genotype % wild type
o] @7 HlERI C 4=3=o] null typeoll HI8] =& HF= &2

A+ &4} o-tocopherol, y-tocopherol, a-carotene, B-
carotene ¥ cryptozanthin 4% 2% wild typeol4] null
typeol HI =2 ZA3FE H o A FoAQl Aol B
o]z ¥ttt 1t F9IAke] GSTTI genotype?| 3-$-=
d4} a-tocopherold} y-tocopherol 0] wild typeol Al
null typeell Bla F-9JH 02 =9kom (p < 0.05), YA
2184 gAESE HERT] =222 wild typeollA] 2 AT B
P B FAHCRE {2l 2fol= YERA] gttt

H| &z 9= &4 g-carotene ~7&°] GSTMI null
genetype©l 4] wild genotype®] B3] G-oJH O 2 =2 4~
2 B A (p < 0.05)F Al9Jska= GSTMI % GSTTI

Table 5. Activities of erythrocyte catalase, SOD and GSH-Px according to the GSTM1 and GSTT1 genotypes in smokers and non-smokers

Variables GSTM.] 5 GSTT]
Null wild p-value Null Wild p-value

Smokers

Catalase (k/g Hb) 40.1+1.57 427+1.6 NS? 393+1.8 42.4+1.7 NS

SOD (U/g Hb) 2197 £47 2193£111 NS 2189 £ 58 2206 + 67 NS

GSH-Px (U/g Hb) 30.5+1.4 32.8+3.0 NS 31.2+1.9 30.8+1.7 NS
Non-smokers

Catalase (k/g Hb) 41.4+0.5 41.8+0.9 NS 41.5+0.5 41.5+0.8 NS

SOD (U/g Hb) 2272 +24 2286 £ 43 NS 2259 £24 2312+ 42 NS

GSH-Px (U/g Hb) 35.6+0.9 338+1.7 NS 350+1.0 35.5+1.5 NS
1) P-value by Student t-test 2) All values are Mean + SE  3) Not significant
Table é. Plasma antioxidative vitamins and TRAP levels according fo GST genotypes in smokers and non-smokers

Variables GSTMI1 ! GSTT1
Null Wild p-value Null Wwild p-value

Smokers

Vitamin C (mg/dL) 1.27 +0.07” 1.35£0.12 NS? 1.25+0.08 1.33+£0.08 NS

a-tocopherol (ug/dL) 997 £95 1363 £ 261 NS 886+ 122 1290+ 135 0.031

y-tocopherol (ug/dL) 111+£10.8 121 +£22.3 NS 92.6+10.4 136+ 15.7 0.024

a-carotene (ug/dL) 3.75+0.59 3.93+0.74 NS 3.54+0.42 4,07 +£0.95 NS

B-carotene (ug/dL) 7.78£0.92 9.27+£1.79 NS 7.91£0.93 8.27 +1.42 NS

Cryptozanthin (ug/dL) 20.5+1.5 21.4£3.1 NS 20.4+1.6 21.0+23 NS

TRAPY (mM) 1.52+0.01 1.54+0.02 NS 1.53+0.01 1.52£0.01 NS
Non-smokers

Vitamin C (mg/dL) 1.38+0.03 1.49 £0.08 NS 1.40+0.04 1.40+0.05 NS

a-tocopherol (ug/dL) 1196+ 48 1104 £102 NS 1178 £ 54 116776 NS

y-tocopherol (ug/dL) 134+ 6.4 110+ 10.2 NS 131+7.0 120+ 8.2 NS

a-carotene (ug/dL) 4.45+0.26 3.53+0.37 0.045" 4.30+0.26 4.14+0.41 NS

B-carotene (ug/dL) 143£1.0 11.7+1.3 NS 13.5+0.8 14.3£2.0 NS

Cryptozanthin (ug/dL) 244+1.0 21.7£12 NS 23.7+1.0 239+1.4 NS

TRAP (mM) 1.53+0.01 1.55+0.01 NS 1.52+0.01 1.53+£0.01 NS

1) P-value by Student t-test  2) All values are Mean + SE  3) Not significant  4) TRAP: total radical-trapping antioxidant potential

*.p<0.05



genotype®] T 21421 ZFolE YeRfA] &9t} GST
o A% Ao W2 Y 2SS (Total radical-
trapping antioxidnat potential, TRAP) &2 &z}
o} Bl ZAA} ®E GSTML % GSTT1 genotype©] wE 2}
o7} YepLkA] ¢kSktt (Table 6),

GST #M7A Crgyel M2 DNA &% B

Comet assayE &9 thd#AH2] DNA é% AEE DNA
in tail, tail length (TL) ¥ tail moment (TM)Z A&
A}, FARO] A= GSTMI % GSTT1 2% null type
3 wild type Ztoll bt DNA &4 %0 Zfol= & 4
At (Table 7). ool HJal B]ZARLE] 7= GSTML wild
type°l HI3] null typeollA] DNA in tail (%)2 = DNA £
Ay A7t GojFo g =9kt a8 GSTTI genotypeQJ
749+ DNA in tail (%) tail moment® = DNA £~
=7} null typeoll HIs] wild typeclA <512 Tr—PﬂR
2 =T

=< 9F 8} ) X (Korean J Nutr) 2011; 44(1): 16 ~28 / 23

GST ATAr Oyl M2 g% AE 27 X LDL
Mol H)

At A=Y @ A S dob 7] f18 total
cholesterol (TC), LDL-C, HDL-C, triglyceride (TG) 5=
£ =439 t) TAxo] AL GSTMI1, GSTTI1 genotype
o] W& &% TC, LDL-C, HDL-C ¥ TG 43 424
}l ZpolE Holz| oottt (Table 8). ofof HIsf H|ZHAAS]
8%, GSTM1 genotype®]l T Z+ AAe] ke 2fo|7}
glgloy, GSTT1 wild typeol4] TC 2 LDL-C 5%=7}
null typeol| B3l §-28 0 & wofrt (p < 0.05). AollA
LDLE] A =& £43}+= conjugated diene =52 &
el Bl EAAr BE GSTM1 % GSTTI genotype] twh
£ AplE & 4 glslth
GST |/0A gyl ME 3% GOT, GPT &

GOT, GPTw Zt&ghe] zichof| o]-§-5f= Xliiﬂ S

Table 7. Levels of lymphocyte DNA damage according to the GSTM1 and GSTT1 genotypes in smokers and non-smokers

. GSTM1 GSTT1
Variables - - -
Null Wild p-value” Null Wild p-value
Smokers
DNA in tail (%) 22.5+£0.9” 21.8+1.4 NS® 22.4+1.0 223+1.1 NS
Tail length (um) 25.8+0.8 262+1.6 NS 26.1£1.0 25.6+1.0 NS
Tail moment 62+0.4 60+0.8 NS 6.4£0.5 5.8+0.4 NS
Non-smokers
DNA in tail (%) 21.9+0.4 20.0+0.6 0.007** 20.8+0.3 23.0+0.6 0.005™
Tail length (um) 26.0+0.5 25.7+0.7 NS 25.4+0.5 27.0+0.6 NS
Tail moment 6.1+0.2 5.6+0.3 NS 5.5+£0.2 68+0.3 0.000"**
1) p-value by Student t-test 2) All values are Mean + SE  3) Not significant
#1:p <0.01, ***: p<0.001
Table 8. Plasma lipid profiles and conjugated diene according to genotypes in smokers and non-smokers
. GSTMI1 GSTT1
Variables - 5 -
Null Wild p-value Null Wild p-value
Smokers
Total cholesterol (mg/dl) 152.0+4.8” 172.0+10.1 NS? 157.7+56 154.1+7.2 NS
LDL-C (mg/dl) 93.3+4.9 103.7 £10.6 NS 96.5+4.9 94.1+7.8 NS
HDL-C (mg/dl) 418+1.4 46.3+2.4 NS 412+1.4 443+2.0 NS
Triglyceride (mg/dl) 95.9 4.7 98.4+5.7 NS 95.5+5.5 97.5+5.6 NS
CD (umol/L) 48.7+2.3 51.9+3.0 NS 50.4£2.9 483+2.5 NS
Non-smokers
Total cholesterol (mg/dl) 1622+2.7 170.3+4.2 NS 167.5+28 156.3+4.1 0.026*
LDL-C (mg/dl) 97.4+2.6 104.9+3.6 NS 102.1+£2.6 92.2+ 4.1 0.037*
HDL-C (mg/dl) 46.4+0.8 449+1.1 NS 46.4+0.7 452+1.2 NS
Triglyceride (mg/dl) 95.8 2.1 91.9+3.8 NS 949+2.3 94.8+3.3 NS
CD* (umol/L) 493+1.2 52.8+2.1 NS 50.2+1.2 49.8+2.0 NS

1) p-value by Student t-test  2) All values are Mean + SE.  3) Nof significant 4) CD: conjugated diene

*: p <0.05



24/ GST #34 v gl w2 Fate} e

Table 9. Levels of GOT, GPT according to genotypes in smokers and non-smokers

Variables GSTM] 5 GS,TT]
Null wild p-value Null wild p-value

Smokers

GOT (U/L) 39.1+2.37 46.6+50 NS 39.6+2.7 422+35 NS

GPT (U/L) 34.7+3.1 37.1+53 NS 356+3.8 348+39 NS
Non-smokers

GOT (U/L) 33.6+0.9 33.6+1.8 NS 33.5+1.0 338+1.5 NS

GPT (U/L) 260+1.0 259+1.7 NS 260+ 1.1 260+1.5 NS

1) p-value by Student t-test  2) All values are Mean + SE  3) Not significant

g719] Al
FE7F ErhL
g R ook AAAY] S 2k a7
7ke] 7152 WA sho] diAKe] @4k GOT (glutamic
oxaloacetic transaminase)?} GPT (glutamic pyruvic
transaminase) =& AHEYTE SR} HlFAA} B
FollA GSTML, GSTTL F#IA} B ofto] wk2 GOT, GPT
9] Aol Ut (Table 9).
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