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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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GSTM1Z} GSTT1 null genotypeoA &4 lymphoblastic
leukeamia Y&o] S-olFo 7 =yt Wasioict E
GSTM1 ¥ GSTTI null genotypes 7} Ao
Sk A9 A7l H siEgol HauEgich, FAAtel
GSTM1 ®40] A& Hug It W49 sf=2he-

o A& 7HH LA =of Hoke] 99 S/, GS-
TM13} GSTT1 null genotypes 7Fd SRS 22 null
genotypes 711 H| AR | vlsl #A4d5H2gH (CAD) 9
w7t #9kS ¥ ohzl DNA S =T &9t GSTML
null genotypes 7H1 &l AelAM = FHo= Jsf &
ez TR HBAEZSEY] HA fldo] foFes &
hetict,

o]e} 7o MPALEL GSTM1 W GSTTI genotypedll
et 54 5 9F0) 4ksl AE Ao BEgSh= A4 W &
Absh oA A7 RIS FFF S W 7Hs S ARl 5
a1 9tk 7ol GSTMI genotype= AllE Ul £A4M% DNA
o] 33 5ol P vl 4= Qo] HiEglom P &
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AATA o] o AL DNA &40 =11, Hit|& phase
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plasma (PDP)+= 3}4ks} vjelwly} TRAP (Total radical-

Table 1. Primer sequences used in the PCR reactions

trapping antioxidant potential)£4-S 95 —80T W%
ao) B3skgitt AE1= iso-osmotic phosphate buff-
ered saline (pH 7.4)& 378l 3,000 rpmoflA 10&7F
A B8 Al H uHESE F bufferet 10 12 3]45}o]
erythrocyte suspension© 2 W&t} HEH] ¢ 244
S ALt @A APt = B4 FEHE Eote] &

A 714 80T ¥sarel Eakskyich

Qg Ay

ARAE Sl At Akl A, vol, SR, S99,
T4, 271 € g o ¥ FF A3
T 59 URhrfeE AR HE Aol EUAE AHE-SF
of tdAte] =571 9 oler] Al SAsIAL, AAR
A1AS 243 3 Inbody 520 (Bio-electrical Impedance

Fatness Analyzer, ()Hlo] @ ATo]A)S o]&5lo] AF,
body mass index (BMI), waist-hip ratio (WHR)S A}
SFATY,

Glutathione s-transferase S7AH CI¥Y BN

Glutathione s-transferase (GST) M1 Bell S79] v}
92, GSTTIZ Pemble 579 #& A5t 351
o}, Y5 Hste] F£9lEl AE 500 uls #3ke] DNA Ge-
nomic Blood Mini kit2 AF&3}o] DNAS +&3519T)
Internal standard® p-globina AFE-3l0] §-4A} &1L
9J8t multiple PCRE A|35}3c}k, PCR #42 913t primer
£ Mol 2Yyotell A A2t primerE AHESECH A
7182 Table 13} &t}

GSTM1¥} GSTT1 44 45 9Jall4] 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 ulL® PCR &
oo H7tsto] 94CoA T AT T 94ToA 30%,
65ColA 0%, 72ColA 3029 2HOR 303 HHESH &
T72CoA 527 HHSAIHY 52 H PCR product+= ethid-
ium bromide (0.1 pg/mL)S Z33t 1% agarose gelollA]
2719% 3to] UV slol|A &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

B-globin-rev. gaa gag cca agg aca ggt ac
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IS Fulish W& IHEteA S} HlEsie
B2 S0 fasEs SAPCEN AATYES
4 4= Sk, BABkEA Y] 7 HHE 22 (0.1 M ©]
catalase®] 2Jgt §k-g-o] A== oF 0,01 M| &2 5

S ARgaflof shn, whgo] & o]FoZA| s7| YsiAl=
HhE AR & ol 30% Fofl= BHIEtea ARk 2
o 5 UEE a0 FEE A4 gt diREe] A
L catalase?] 412 A E o) A9} ZHo] UV/VIS spec-
trophotometer (shimadzu UV-1601)] &J&l 4=3§=]ct
£38% 4&d1Lo) 50 mM phosphate buffer (pH 7.0)2} hy-
drogen peroxideE 7}8t 3 hydrogen peroxide®] 74
& 240 nm, 204 3023t SA5H3T

Superoxide dismutase (SOD)+= pyrogallol (1, 2, 3-
trihydroxybenzol)2] A5ASHE &A= SOD %2
S78t=tl 7125 7L Atk Pyrogallol> 89 W9
A O] MAE PAJsh wWEA A ARRtsted A
29 FeE R EAR A5 ok AE+t SOD &
s S| fal A4 dgdS SRR §IA
3. ethanol?} chloroforme 7Fskal ©]& 3,000 U/minoll
Al 287 AA EelEkGith 1 S-S oY FEE U
o} 37cColA 1057F vjeF & 20 uL2] pyrogallol (1.2.3-
Trihydroxybenzo) & #7}ste] 1 F=E UV/VIS spec-
trophotometer® 320 nmol|A] 180%7F ZA3stct? =
4 f SOD2| 2442 pyrogallol®] A45A4EES 50% <A
Sl bt o = Aolstlrt.

Glutathione peroxidase (GSH-Px)+= #HAEHE (T-bu-
tylhydroperoxide)o]l €J3ll glutathioneo] AFete]= RH-3-&
Zuj| 3ic) o] AStE glutathioneS glutathione re-
ductase?} NADPH?| &) s}of thA| glutathione &2
=31 NADPH+= NADPR Alshett, o] o]g3f §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%
B 2Ae 2 GSH-Px9| &4t A=g A5t
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AAHEL] E4 ascorbic acide HEo|AQ} o] 2,
4-dinitrophenylhydrazine method®l 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 AFsh¥l ¥ diketogluconic acid=® 7t
SEE =) o]F 2, 4-dinitrophenylhydrazine 2. 2 *]2]
S QFYSE A ZME9] osazoneo] F/dE =T olAE UV/
VIS spectrophotometer® 520 nmoj|x] &%3slo] &=
ascorbic acid®] =S BEA5HIT]

thAAE29] &3 a-tocopherol, y-tocopherol, ¥ ca-
rotenoids (a-carotene, p-carotene, and cryptoxanthin)
2z o AWM A9} o] ethanol® THAS A Ak
n-hexane® & AW &3 & rotary evaporator=
hexane< Z4HA|7]31, mobile phase (metanol: dichlo-
romethane =385 : 15)°f] o] HPLCE =A3}3ith

o5 TRAP 27 B4

YA & [2]7]£5] A5 (Total Radical-traping An-
tioxidant Potential, TRAP)& =84 azo 3= ABTS
[2, 2-azinobis (3-ethyl- benzothiazoline 6-sulfonate)]
radicale] &eol 23 Eal=w YAg HI-EE peroxyl rad-
ical& APt oS o] g3t W o=’ B4 U a-to-
copherol, ascorbate, urate, protein sulfhydryl groups
Y A S @S A5k @4 T 77
7] Z3 FAR & e B E A7HL w8S AoFe 4= 9]
= Ul 583t wRloltt, F & TRAP 52 ZHojA
@} Zo] Rice-Evans®} Miller?] inhibition assay©l @z}t
B AT} o] WS ABTS [2, 2-azinobis (3-ethylben-
zothiazo-line 6-sulfo nate), 150 uM]2} metmyoglobin
(2.5 uM)= H,0, (75 uM)E S35 BAdH fer-
ryl myoglobin radical species®}2] A& 218-of 23] &
A=l ABTS radical cation®] absorbanceE &%=t
7125 531 9191 1 absorbance?] 2A| AE= sample
(0.84% plasma)el] E°] %= antioxidant capacity®] H]
#5lA Hct Samples 65 52t 30ToA wjekst & UV/
VIS spectrophotometer® 740 nm®| I}Ao|A4] absor-
banceE =33t A TRAP &L trolox?| cal-
ibration curve®E o]g3a}o] AAIH S TEAC (Trolox
Equivalent Antioxidant Capacity, mM)2 F&s}9ich

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

Alkaline comet assay= A& o)A} ZHo] Singh (1998)
o M-S 47, Heksto] AAskgi), A4t AE 70 uL
S 900 uL PBSoll 44 % Histopaque 1,077 100 puL
ARG AubtekE wEelkeleh Ae B vkl dukt
20 pLLE AFsle] 75 uLg 0.7% low melting agarose
gel (LMA)Y} A& & normal melting agarose (NMA)
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7} precoating ¥ fully frosted slide $J= 115 EAMEA|
3k B cover glass® ol 4C WAHY 319t Gelo] &
o cover glassE H7122 1 Yo thA] 0.7% LMA £
75 L2 3t 7 o 9k Cell lysisS 98l nlg] ZH|s)
& 2P} alkali lysis buffer (2.5 M NaCl, 100 mM
Na,EDTA, 10 mM Tris) ofl AH&-2%0]| 1% Triton X-100
9} 10% Dimethyl sulfoxideZ 412 ¥ slideS 97} A2,
Ao A 1A]7E < HAAZ]o] DNAS] double strandE
Z0]Ft) Lysis7F B4 slideE electrophoresis tanko]|
B gatar WA Batskold #1719 buffer (300 mM NaOH,
10 mM Na,EDTA, pH > 132 ¢ 408 %<t unwinding
A|A DNAS] gzbejo] Hokgh H97F =ejuA g & 25
V/300 £ 3 mA9] A& Aol 2087+ A9 HAIsH
k. A7 o] B & Tris &5-8 (pH 7.4)°) 10&
A G AHst= AL 33 §HESH] slideE ARAIA
o} 20 uL/mL %9 ethidium bromide® & &4 ¢
A5} cover glass®E H F d33A04 (Leica, Germa-
ny)doll A #&sHTE CCD camera (Nikon Japan)S %
af BjRl Z+2+2] M3 images comet image analyzing
system (Kinetic image 6.0, UK)o] A2|% 73EE] AlojlA]
EA5HE dubate] DNA &4 A= 0 2 RE o]53gh
DNA 1 A2]Q] tail length (TL), % DNA in tail, 12|37
TL# % DNA in tailZ 3k k2l tail moment (TM) &
M B4 A mE AmEith” 7 iR} o 2709 slides
o] 2z 50704 F 100709] Jubtel Al DNA 4%

g% W ARLE X AR

A AQERl FZ 2HE (TC, total cholesterol),
HDL-Z 8= (HDL-C) ¥ Z=4A% (TG, triglyceride)
2 (ISR kit Ak o] 8-t A8} 7t
I mLef % 0.01 mL& & &gtsto] 37T
587t ¥+8A)7] & Photometric Autoan-
alyzer®2 S¥EE 54319t LDL-Z8AHE (LDL-0)
2 Hr o A2} o] Friedewald4] & o]-83to] o2} 2
o] AikskaiTt,

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

LDLO| AFHg s AR 7ol e} Zro] 84 conjugated
diene (CD) o2 Z75IGich CD 342 A|H9 A4t
3t o8 A7l A E4EA % (1 mg/mL EDTA)S
trisoduim citrate buffer (pH 5.05, 5N HCI, 5,000 IU/
L heparin)E AF&3}o] LDLS 24 A]7|3l Na-phosphate

buffer (pH 7.4, 0.9% NaCl)Z =21 % chloroform: meth-
anol 2 : )& 3 mLS A7l £H4E 1mL 92 &
A4 BETE #3lo] rotary evaporator® SHHA|7| 1L
cyclohexane 1 mL& =<1 % 234 nmol|4] UV/VIS spec-
trophotometer® A5t}

¥ GOT, GPT &

g2 GOT (glutamic oxaloacetic transaminase)@}
GPT (glutamic pyruvic transaminase)5&< (55)213}t
Aloke] kit AleFS o]-§sto] EASHITE A4 8 1 mLe
4 0.1 mLE & Esto] 37Ty Fg2gof 327wt
2AJ7] 3 Photometric Autoanalyzer® &4=S =43s}
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BE 27 9] Xgl= MSAF] Excel database system=
o]8-3}to] ¢lE3t I statistical package for social science
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o] vl zlolof thgk o)A HAL chi-square test (y-
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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%)
174.9+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
4.7+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%)
GSTTI

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 tidAt (both wild)= 21 (8.6%),
& Foll SRt 71AaL Gl AR (null/wild)< 978 (39.6%),
= o} 1= Al (both null)S 1279 (51.8%)°]19ch (Table 3).

Variables Smokers Non-smokers p—volue”
(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 WdASE SR} A= Uhe o, GSTML
I} GSTT1 §-AA 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%= golojlo] wtg} GSTM1 genotype HI&Eo] 2}o]
£ Ho|A] ottt GSTTI genotype?] %%, &A= GS-
TT1 null type®| 54.2%, wild type®| 45.8%°]%5 1L, H|S
AZF= GSTTI null typeo] 69.5%, wild typeo] 30.5%=
AR HlE| v]gAAAAA GSTT1 null type?] ®¥l=
7F =%t (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
% vl A} genotypeo] T Zfol7b §l%lal, GS-
TT1 ¥+ genotypeol W2 2to|7} §i%ich SOD} GSH-
Px A% GSTM1 ¥ GSTT1 =% genotype®]| W&
Ato)7F UehA] oottt vl AR oA 7R = GST
M1 % GSTT1 genotypeoll W& A8 HAits} a4 24
9] Zpol7} glqirt

GST A} CIgyol e dj Mot HiED I o7
SN (TRAP) 47 24

EAXlo) A GSTM1ZF GSTTI genotype 25 wild type
o] @4 vlElRl C 40| null typed] Hl8l| = 43S B

A+ &4} o-tocopherol, y-tocopherol, a-carotene, B-
carotene ¥ cryptozanthin 4% 2% wild typeol4] null
typeol H|8l =2 ZA3FE H o GA] FoAQl Afol= B
o]z ¥ttt 1t F9IAke] GSTTI genotype?| 3-$-=
d4F a-tocopherold} y-tocopherol 0] wild typeol Al
null typeell B8 f-9H 0= =9kom (p < 0.05), YA
2184 gAESE HERT] =222 wild typeollA] =2 AT H
P B FAHCRE {2l 2fol= YERA] ¢ttt

H| &z 9= g4k g-carotene ~7&°] GSTMI null
genetype©l 4] wild genotype®] HI3] G-oJH O 2 =2 4=
&2 B A (p < 0.05)F Al9Jskal= 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 231242 NS

GSH-Px (U/g Hb) 35.6+0.9 338+1.7 NS 35.0+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 GSTM] 5 GS_TT]
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 1104102 NS 1178 £ 54 116776 NS

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

o-carotene (ng/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) 24.4+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 WY SIS (Total radical-
trapping antioxidnat potential, TRAP) &2 &z}
o} Bl ZAA} ®E GSTML % GSTT1 genotypeo] wE 2}
o7} YepLbA] ¢kgktt (Table 6),

GST #M7A Crgyel M2 DNA &% B

3l didAke] DNA é*& J=5 DNA
in tail, tail length (TL) ¥ tail moment (TM)Z A&
A}, FARO] A= GSTMI % GSTT1 2% null type
¥ wild type Ztoll bt DNA &4 %0 Zpol= & 4
At (Table 7). ool Hlal H]ZARLE] 7= GSTML wild
type©l B3l null typeollA] DNA in tail (%)E & DNA <
Ay A7t §ojFo g =9kt I8t GSTTI genotypeﬁq
749+ DNA in tail (%) tail moment® = DNA £=
=7} null typeoll HIs] wild typeclA 23] W—ME
2 =T

Comet assay=
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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) %%

ZA3519ct TRk S GSTM1, GSTT1 genotype

oﬂ w2 &4 TC, LDL-C, HDL-C ¥ TG 430 214
Q1 Zpol& Kolz] ¢kttt (Table 8), ool vlal H]FAAS]
3%, GSTM1 genotypel W& 7} AA9| sk 2fo|7}
glgleoy, GSTTI wild typeol4] TC 2 LDL-C 5%=7}
null typeol| B3l §-28 0 & wofrt (p < 0.05). EAollA
LDLY] A =5 =435} conjugated diene 52 &
AzFQ} vH)Z AR} BE GSTM1 % GSTTI genotypeol wh
£ Aol ¥ 4 giglch

M Chgyel M2 oy

GST & = g% GOT, GPT &
GOT, GPT+= 7HAgke] Zthof o]-&-5= Xliiﬂ @

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 Wwild 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 1049 +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 +2.3 948+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
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Table 9. Levels of GOT, GPT according to genotypes in smokers and non-smokers

Variables GSTM] 5 GS,TT]
Null wild p-value Null Wwild 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 35.6+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 EriL
g R oIk AAAY] S 2k a0
] 715 B sto] tiidRte] @4 GOT (glutamic
oxaloacetic transaminase)?} GPT (glutamic pyruvic
transaminase) =5 AHEYTE SR} HlFAA} B
FollA GSTML, GSTTL F#IA} Hf- of o] wkZ GOT, GPT
9] Aol Ut (Table 9).
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L 679 SAE LS tAFo 2 GSTMIL -84 T34
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