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LI A WA w=ZEo] gle 1557 dislq §4 qdRE ERlsty, 87 ¥ w59 83 thiobarbituric acid reactive
substances(°]3} TBARS)S] ¥=5 =43}%om, ALDH2 2 PONI 384 ttdAS zAl6gth. 2% #lE3} TBARS ¥&
o] AAhrgt Alol 9] FHAE FREM oz sl oS ALDH29F PONT Akl whe} Hhesisitt.
2 I e 8% s 59 8F TBARS ¥&E oA7t datuc) Bgtoy), 9 437, ALDH2 #2443, PON1 3443
AT frof g AfolE Holx] gl 2F i &S 9F TBARS =9 AAduiFat Atoldles feojeh d#Ao] U
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Table 1. General characteristics of subjects included in the study

Variable Group Number (%)
Gender Males 89 (57.4)
Females 66 (42.6)
Age <50 7 (45)
50- 59 32 (20.7)
60- 69 68 (43.9)
=70 48 (30.9)
Mean + SD." 656 * 99
Dringking Not drinking 72 (46.8)
frequency 2 -3 times/month 57 (37.0)
1 -2 times/week 7 (45)
3 -4 times/week 4 (26
Almost everyday 14 (9.1
Smoking status Smokers 78 (50.3)
Non-smokers 76 (49.0)
Chronic lung Yes 16 (10.3)
diseases No 139 (89.7)
Heart diseases Yes 17 (11.0)
No 138 (89.0)
Hypertension Yes 56 (36.1)
No 9 (63.9)

Y Standard deviation
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W] 8% #ls 55 HPLCE o &sto] S3si5ith o
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2 & B-glucuronidase/sulfatase(3216 unit: 135 umt)i 2
1 37°ColA 16413 WA Z T Bhg-o] Ed A B 10,000 gel
A 108 Bt 94 Eelstel 45 50 wE FAskih &9
/\]fj_ 1 EFAIR9] 42 3 Z(Hitachi 12130, Tokyo, Japan)<}
97127 (L7485 24, Hitachi), 12) 31 AHEA] 237] (L7200
=4 Hitachi), 2t&542]732](Autochro-2000 24, Younglin,
Seoul, Korea)= 4% HPLCE AH&-ate] #4133t

97 HE T% &3 250 mmx4.6 mm J'sphere ODS-
H80 94 Z#(YMC, Wilmington, USA)& AH&3l5l o, o]
F8E 20% acetonitriles ARSI £ 1 mle] SE2 &
HENY FBH 5719 AL excitation 239 nm, emission
299 nmE AH-SFT
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4. 2% TBARS &4
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tg7te] 8% TBARS it Chen 599] WS ot wigle

o] HPLCE o83l Z4atslth 47 50 ulE whA] 3714l 0.05%
butylated hydroxytoluene(BHT) 50 ul¢} 0.1125 N nitric acid
(HNOs) 150, Z18] 32 42 mM thiobarbituric acid(TBA) 150 W&
Arkete] 1027t 2 A2 7, o] ERE= BTN 308 F
A7 T GEel "7t 581 WA 7T n-Butanol 300
WE H7kste] 10% 9k & 412 th 5% 5<F 10,000 gol|A]
A Fe] F 359 10 ws HPLCH FUaisith. 28 A& 8
EFAES BALS FZ(Younglin Lsp 930)¢t F3xE7)
(RF-10AxL, Shimadzu, Kyoto, Japan), 183 AHgA 5597
(SIL 10Avp, Shimadzu), A+54]2] %] (Autochro-2000, Younglin)
= 744 HPLCE AHgste] Askint 272 150 mmx4.6
mm TSK Gel ODS-80TM %}/ Z & (Tosoh, Tokyo, Japan)< Al-&-
3t 2, o] F g potassium dihydrogen phosphate(KH,POy)
%3 -methanol-acetonitrile(60:25:15, v/v/v)< AH-dto] 3
1mle $22 AT F3AZE719] 342 excitation 515
nm, 18] 31 emission 553 nmE- A}2-5}$it}. TBARS 5=+ A7}
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A} 2o 89S EDTA FHEo 5 ml = A3
sto] HABGITh At AEelA AF T FHdelx DNA
Extractor WB Kit(Wako, Japan)E ©]€3le] DNAE F&3%
T oZE TPEL ANk (polymerase chain reaction;
PCR)9] FF o2 o839,

ALDH2} PON1 #2474 thgd 42 AARE f27
%7](iCycler iQTM multicolor Real-Time PCR, Bio-rad, USA)
£ o]&3l 5-nuclease actmty w8 o] 8319ttt ALDH2
TR, AEA] A7IMEE Fw: 5-CGG GAG TIG GGC
GAG TAC -3% Rev: 5-AGG TCC CAC ACT CAC AGT
TIT C3, ¥% ©3ATagman probe)= VIC -CAG GCA
TAC ACT GAA GT-NFQ(*1 tlg-#72h)¢} FAM-CAG GCA
TAC ACT AAA GTNFQ(2 Wl##az)S Al&sla,
PON1 317} AlAl= Fw: 5-CIG AGC ACT TIT ATG
GCA CAA ATG A-3'# Rev: 5-ACC ACG CTA AAC CCA
AAT ACA TCT C3, @337k 5-VIGCCT ACT TAC
AAT CCT GNFQ3'(Q wWH-f#dahet 5-FAM-CCC TAC
TTA CGA TCC TGNFQ3 (R tid##AzH)E o]&3lch
PCR #Hg-92 FZ3% DNA 20 ng, 2X TagMan Universal
Master Mix(Applied Biosystems, Foster, USA) 7.5 ul, A%
10 pmol, ¥ BHAF 25 pmoles 419 & &3] 1507}
HEE wEgon, ol3s iCyder iQ Realtime PCR
Thermal Cycler (BIO-RAD, USA)Z 2To4] 103, 95Tl Al
152, 60TelA 602 3lo] 403] WHEAI7IHA FF FA}
of sidste dBEkE oldstd S XY T
ZAE iCycler iQ Ver 31 (BIO-RAD, USA) Z2I1#&
o] &all gelstoirt.
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£ Microsoft Excel for WindowsZ A}
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44, &4 o5, ALDH2 #37H3, PON1 %123 ol wt



[Relationship between Urinary Phenol and TBARS Concentrations According to the ALDH2 and PON1 Genotypes)

24 Student t-test, ANOVA, Kruskall-Wallis test 52 '
< o]&3ld HEAE Wt 87 dE TR 2F
TBARS &% THIEEE st SlCeEE, 97 HE &
7 9% TBARS #ko AAusats F3ta, ol Aold
Pearson A#TA S Aldste] F W4 Aolo] #edE 37}
slitk 9, ALDH2 34+ 2 PON1 44l me +
WG Atolo] #ed & HUkel] SJelA HEA S Alske]
3
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Ur of F¥AFE HA WAkt B B o Al
Ztztol g, AR dg B AFRATE A
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1. 28 HE Sk 2

FIII

fdzte 85 duses 7k d(7lstREH AN 3.85
(2.36) mmol/mol creatinine®| 1Tt Aol W& 7181 (78t
2T FEE B2 2703.07) mmol/mol creatinine, A}

4.60(220) mmol/mol creatinine ©.2 042}7]— HAfel| Hlste] B
Aoz frofah E3tHp-value<0.05). o F-oll e 2.3 7

=55 Hwdy, A S92} 385(2.36) mmol/ mol creatinine
2 A7) v]FAk] 2.96(3.21) mmol/mol Creatim'necﬂl H]3}o]
ERou SAHCR o3 Aol (it 83 sl B
TaE ALDH2 24 2F o]k PON1 Tr%dxkoécﬂ R R s
Aol 5 HolA] FSITHEE 2).

Table 2. Urinary phenol concentrations according to gender,
smoking status and ALDH2 and PON1 genotypes

Mean and standard

. deviation -

Variable Group  Number (mmol/mol Creatmme) veﬁue
eaM(GsD”) AMY+ASDY
All subjects 155 3.85 (2.36) 5.09 + 421

Gender Males 89 270 (3.07) 447 + 428 0.032
Females 66 460 (220) 593 + 398

Smoking Smokers 78 385 (236) 519 £ 377 NS
status Non-smokers 76 296 (321) 541 + 455

ALDH2 "1/ 107 325 (292) 498 + 405 NS
genotype "1/%2 43 406 (249) 572 + 467
*2/%2 5 178 (202) 217 + 152

PON1 Q/Q 17 418 (219) 547 + 393 NS
genotype Q/R 68 335 (281) 520 + 466
R/R 70 326 (293) 490 + 384

T N
Geometric mean

)

) Geometric standard deviation
) Arithmetic mean

) Arithmetic standard deviation

e N

2. 25 TBARS sk BX

A ARl 2% TBARS ¥%9 7Iskdt(7lotEsd
e 1.77(209) umol/g creatinine ©|¢oH, oz}e] Q%
TBARS Hit5 Lt 217(214) umol/g creatinine®. 2 FA}]
1.53(1.99) pmol/g creatininedl] H]slo] FAH R FosAl
=94 tHp-value<001). @A) AL 23 TBARS ¥59| 7]
(71t ETHAN S 1.93(2.13) umol/g creatinine .2 H]
Azke] kel 1.64(2.03) umol/g creatinine®} g+ A}
Hol7] ¢k%th. ALDH2 %X%x}?‘ﬂO]\Jr PON1 74713
EWJ_ 2% TBARSY =9 Fiake #9l3 Zojg K
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Table 3. Urinary TBARS concentrations according to gender,
smoking status and ALDH2 and PON1 genotypes

Mean and standard
deviation

Variable ~ Group ~ Number (umol/g creatinine) p-value
GM" (GsD”) AMYASD”
All 232 + 204
subjects 155 1.77 (2.09)
Gender Males 89 153 (1.99) 191 £ 148 0.007
Females 66 217 (214) 288 + 252
Smoking  Smokers 78 193 (213) 259 £238 NS
status ~ Non-smokers 76 164 (203) 207 + 1.60
ALDH2 *1/"1 107 171 202) 218 +168 NS
genotype  *1/*2 43 191 234) 272 £ 281
2/*2 5 198 (134) 204 + 054
PON1 Q/Q 17 142 (261) 216 +228 NS
genotype Q/R 68 181 (222) 253 + 256
R/R 70 183 (1.83) 217 + 1.28

) Geometric mean
)

Geometric standard deviation
) Arithmetic mean

% Arithmetic standard deviation

(IS

3. 2 HE Sk 25 TBARS Sk Al0|Q] Azt

A e 2% dE w2 AddsdI 25 TBARS
TR AAUSEE Aol 1%*3—% FBEE o &
w3 A3}, Pearson AT} 02242 EAZ R F-o5k%
THp-value=0.05). + AFAhF3L Ato] 9] AATAE AHE Y
ol BAAR AAE A A5l FrelA=
02082 ZAAA oS HAou, dxll e Fol3lA] &
o} SRl T AAT Rk Aboldl| frol ek g
A% o, v 5l Pearson A¥AT7E 0.256.2
2 SARCE oot thp-value<0.05).
ALDH2 A o] webA] thdate o] 7 ARk
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Table 4. Correlations between In(urinary phenol concentration)
and In(urinary TBARS concentration) according to
gender, smoking status and ALDH2 and PONI1

genotypes
. Correlation
Variable Group Number coefficient p-value
All subjects 155 0.224 0.005
Gender Males 89 0.208 0.050
Females 66 0.124 NS
Smoking Smokers 78 0.164 NS
status Non-smokers 76 0.256 0.025
ALDH2 *1/"1 107 0.197 0.042
genotype *1/*2 43 0.284 NS
*2/*2 5 0.875 0.052
PON1 Q/Q 17 0.263 NS
genotype Q/R 68 0.440 0.000
R/R 70 -0.012 NS

Atolo] A E vl w et Z$-olli= ALDH2 *1/*1 f-1 2k o] A
AT 01972 21331 2.1 (p-value<0.05), ALDH2 *2/*2
SAAG AN ABAASI} 08752 AAA So4S eI
(p-value=0.052). PON1 §-: @] whe} vpiro] Alejet A
o|41= PON1 Q/R 38N 2.5 d& =9 Addisit
% 2% TBARS s x=9] AAt)gk Alo] o] A7} 0.440°]
Ao FAA Fo8E HArp-value<0.01, £ 4).

4. ALDH2#EAHE1 PONT 7RIXIRS| MEAIE

FEver AFRESALDH2 §3AHE Folle *1/*1 A
ol 71 Wizrt o, o] fHAE S 7H AR *1/72
2 /2 FAAYE 7R AEE Hlgle] ALDH2 24
o FolstAl =3, & A7 Al ALDH2 *1/*1 #4
AEE 7R AN 87 dlE wRe] Addisadt .F
TBARS F&9| Adtigto]l foldt ZAAAE HAFGL
B2, ALDH2 *1/*1 A A & FaAgdd oo
WAleZ g ROS F7F o dAaH vehd o= &
gtk &, PONL 449 Q iy -H427F R s frd Apel
Hlglo] 84 @Yol woma Q fYfHAE 7 AREE
oy 7] AEH wEo o3t FAE aoFoz AA
°

T AAA fAAEe 23S WAl <% ROS A4 TS
ZAE Yol Eohd, ALDH2 *1/*1 %1243 PON1
Q/Q %<& Q/R A E Bl Efsta e ARl
U o] WAl =2l ot Y= ROS 0| M
¥3, ALDH2 *1/*1 fFdAelv PON1 Q/Q 22 Q/R
A2 & T stk 7 gl ARl O thgeE
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Table 5. Correlations between In(urinary phenol concentration)
and In(urinary TBARS concentration) according to
combination genotype of the ALDH2 and PONI genes

Correlation coefficient”

Genotype (Number)
All Males  Females
ALDH2 *1/*1 genotype and 0408” 0377 0239
PON1 Q/Q or Q/R genotype (57) (34) (23)
ALDH2 *1/*1 genotype or 0.047 0066  -0.155

PON1 Q/Q or Q/R genotype (78) (43) (35)
ALDH2 *1/*2 or *1/*2 genotype  0.228 -0.129 0.287
and PONI R/R genotype (20) (12) (8
Y Partial correlation coefficients adjusted for age.

? pvalue < 0.01

¥ pvalue < 0.05

o, T 7] §AAY o= Ax 7RI A & A}
o] M vt Y 2 g

o4& ALDH2 #2383 PON

2] 3) ALDH2 *1/*2 22 *1/*2%¢]®, PON1 R/R f3#
A Abe] AR o] FHHEAE AlFgstgih 1
A3}, ALDH2 *1/*13°]% PON1 Q/Q 3<& Q/R +44H
ol TN £F FE 59 83 TBARS £& Aole] A
AG7} 04082 BAZCRE 291319 2 (p-value<0.01), ©]¥]
o A= 53] FAA FEHAA UETh A=
0377, p-value<0.01). ALDH2 *1/*18°]#1} PON1 Q/Q &
< Q/R #AAE Foluk ALDH2 *1/*2 &2 *1/*280]
 PON1 R/R 32+ FellAe A didat # ohel,
3 9 o dAME ol FREAE 898 & ¢l

ATHIE 5).

c

mmol/mol creatinine®] 12 7181 12 9.587 mmol/mol creatinine
ojglEH], ¥ Ao HA AR AHEHH(5.09 mmol/mol
creatinine)Z} 78} 11(3.85 mmol/ mol creatinine)< WAZ 5
2249 kel Wl wAA ok gold), e} et
29| AYA WAl =Zo] ge el AE3T(3.97 mmol/
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mol creatinine) Zk'9] WP Bt =& Frolt) 8 F Wl B
o] @S umol/LE $Hkabd, YakE 3491 pmol/L, oA
34.69 umol/Lell al@Fsl=t, o] a2 Ad4 WA =Zo] gle
39l F9] $44k91 61.4 pmol/L9} 53.2 umol /Lol B]&HA
AhH o R e gholth”) £ Ao A] ojio] WAjol Hlslo]
87 e s57t 3= (p-value<0.05), o] A¥= o34d9] 7
T @AY E g2 WA wEdo] EANY 7S Alete A
O]T/} sPgEolU B Tl A 718k Eo] AHE 9l
B, oo ofar] o] BT} WAl B Be] =23
= 7}—‘“ o] Sitk ey}, WAl tiAbZ} g Afoldfl Afe]7} §17]
wfiol] B]Sgh okl wWAlle]l = vka srjete ofdelA F
=2 T ®ol tAtEo] vehd Aad = it
SZFTBARS FE9] 7]8p - FAH1.53 umol/g creatinine)
o BJste] o32k2.17 pmol/g creatinine)ol| A © =A] #EE ]
CHp-value<0.01). A dl’dAte] 8.5 TBARS §=9 71a14
%l 1.77 pmol/g creatinine Kim & EWo) B et gharel Qaky
ol A2] (167 umol/g creatinine)<} H] &+ Fho] x| ek, 7Ith
A 59 B $2A9 499 25 TBARS ¥=9 71813
7%l 1.18 umol/g creatininec|u}, Z2FZ<1<] 0.81 umol/g

creatinine® ol BlEA e =& Aot} et A ulidale] &
TBARS F%=9] 7|81 1S mol/mol creatinine TH$] = 1/}5}‘;1}

#%(200.57 mol/mol creatinine) U3 59 Aol UERd,
ol o] A7) 9 Fddo] gl iR AAFHe Ve
(126.5 mol/mol creatinine) Btk =& gholATh, A H 7| &
a7V G 7 0}%‘ T(268.5 mol/mol creatinine)°]|
Hjglo] & Whe 2019t Jacob 577} Agarwal 57 2
% TBARS s/} S o] Sle Aos Hussliet, &
AFolA Ao FHota e AFEe 85 TBARS =7} H]
FAAk Hlste] & Holloy, AR o AolE
Holz AL olysith

ALDH2 *2/*2 AR S 71 Al
S Aot W= %74];5. o% %«]O}ﬂ—c
ALDH2 %2/ fAdA8S 7K1 Aeel 23 #E sk

93 TBARS L the ALDIR A4S 7K A
Hlete] B& A Einh oleid dvks ALDH2 knock-
out AF|olA wAle] o ks o %ﬂ Al Uk
the 23109 dxshe

$AARS 1 AR &

ALDH2 &4o]
ko,

EXjols] AT} 08752 e S, BAA §I8E B
A oY, & 9T ALDI2 /2 FARE T
WA} 5ol $akste] A12E BAN e AsTgel He %}

FE RS
02 EAAeR foloia] FOUALDH *2/*2 A

)

gk Atole] A7 } g ﬁ%, =
4 }lﬂ‘ ﬁ}ﬂaﬂoﬂ g =2 Jro £37} vt
3 7T W, ALDH2 *2/*2 #AAZE 71 Alelne
tiAtell of gk sl Al Ao, AdIE YRR wo
AREE dlzgol Srketd ol ul#ste] XA}t F
Hteta e = 9ok ol wael ALDH2 4e) s,
ALDH2 *1/*1 A4S 7R AlgE] 83 A gk
A5 25 TBARS ¥ ADASEE $8 B
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[ Abstract ]

Relationship between Urinary Phenol and TBARS Concentrations According

to the ALDH2 and PON1 Genotypes

Chul-Ho Lee', Seung-Do Yu', Sang-Yong Eom’, Yong-Dae Kim’, Heon Kim’

Environmental Epidemiology Division, Environmental Health Research Department, National Institute of Environmental Research',

Department of Preventive Medicine, College of Medicine, Chungbuk National University2

Background

This study was performed to test the relationship between the levels of phenol and thiobarbituric acid reactive substance
(TBARS) in urines from individuals who were not occupationally exposed to benzene, and to evaluate the effects of
ALDH2 gene and PONI gene polymorphism on the relationship.

Methods

One hundred and fifty-five persons (89 males and 66 females) who visited a university hospital for a screening test and
were not occupationally exposed to benzene were the subjects of this study. Information about smoking status was
collected through interviews. Urinary phenol and TBARS concentrations were measured, and genotypes of ALDH2 and
PONI genes were identified. Urinary phenol and TBARS levels were compared according to sex, smoking status and the
ALDH2 and PON1 genotypes. The correlation between In(phenol) and In(TBARS) was statistically tested in all subjects
and in subgroups with different ALDH2 and PONI1 genotypes.

Results

Urinary phenol and TBARS concentrations were higher in females than in males, but no statistical difference was found
in the comparisons according to sex, smoking status, and the ALDH2 and PONI1 genotypes. There was a signigicant
correlation between In(phenol) and In(TBARS), and especially in males, non-smokers or individuals with ALDH2 *1/*1 or
PON1 Q/R genotype. Those with ALDH2 *1/*1 genotype and PON1 Q/Q or Q/R genotype showed a higher and
significant correlation between between the natural logarithmic values of urinary phenol and TBARS concentrations.

Conclusions

An increase in urinary phenol concentration leads to a more severe lipid peroxidation or oxidative stress. Individuals with
ALDH2 *1/*1 genotype and PONI Q/Q or Q/R genotype would be more sensitive to the phenol-related lipid
peroxidation. (Korean ] Health Promot Dis Prev 2008 ; 8(2):108-116)
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