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— Abstract —

Effects of Genetic Factor, Life Styles, and Diet on
Urinary Hippuric Acid Excretion in Toluene Exposed Workers

Hyeon-Woo Yim, Chung-Yill Park, Young-Man Roh, Kang-Sook Lee,
Jung-Min Lee, Won-Chul Lee*, Se-Hoon Lee”, Chee-Kyung Chung

Catholic Industrial Medical Center, Department of Preventive Medicine,
The Catholic University of Korea, Seoul, Korea

Objectives : The purpose was to investigate the distributions and the effects of genetic
polymorphism of aldehyde dehydrogenase 2(ALDH2), cytochrome P450 1A1(CYP1A1). and
cytochrome P450 2E1(CYP2E1) on the toluene metabolism.

Methods : The subjects consisted of 160 workers who were exposed to toluene in differ-
ent industries such as paint manufacturing, painting on steel and wood products, print-
ing, bonding, and coating. The exposed toluene level was monitored by passive air sam-
pler. and the questionnaire variables were age. sex. smoking, drinking, previous night’s
drinking, use of personal protective equipment, work duration, and taking benzoic acid
containing food. The urinary hippurric acid collected in the end of shift was corrected by
urinary creatinine concentration. The genotypes of ALDH2, CYP1Al, and CYP2E1l were
investigated using polymerase chain reaction-restriction fragment length
polymorphism(PCR-RFLP) methods with DNA extracted from venous blood.

Results : The geometric mean and the geometric standard deviation of urinary hip-
puric acid concentration were 0.44 g/g creatinine and 2.80. The urinary hippuric acid con-
centration was significantly related to personal exposed toluene level among personal
exposed toluene level, use of personal protective equipment, and benzoic acid containing
food diet. The slope differences of the regression for ALDH2, CYP1A1l, and CYP2E1
genetic polymorphism, age, smoking, and work duration tended to be significant. In mul-
tiple regression analysis, the regression coefficient of toluene, ALDH2, CYP1A1l, CYP2E1
genetic polymorphism were significant.

Conclusions : From the above results, urinary hippuric acid level after toluene expo-
sure was significantly affected by the genetic polymorphism of ALDH2, CYP1Al,
CYP2EL. It is needed further investigation of the urinary hippuric acid level considering
the effect of genetic polymorphism.

Key Words @ Aldehyde dehydrogenase2(ALDH2), Cytochrome P450 1A1(CYP1A1),
Cytochrome P450 2E1(CYP2E1), Toluene, Hippuric acid
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EF4qllof tigh AESH Azl tigk Ate 7l
ANME o] o]FofAA 2F whAbd] tig AT
(dh2u] 5, 1987 : oA T, 1988 : TEY T,
1993 : w718 &, 1991), &% o

TIAE 5, 1988), F 74l dig A (L
A 5, 1993)7F BaEQltt. €5 ocresol vt
Ak ‘ﬂ] 0}“’4 BRATE B

. wram a
Adom 240 wnd el vAFe] vnd
Be 2% it R w3 AEeAAEz
g2 olgsha gle.

ae, B wEHA e duelEelAA
% AFZo AT Felo] FHEe] e A
£ 4R 2o nhzito] WAH] (Ogata,

1985 ; Nagayama et al, 1986 : Michitsuji et

al, 1987 : *u‘“ﬁ . 1996), &7 =20 AE
FAAER 8 }L“" ol-83ke ol oot
A &7l ASH s E nhate] FE s

efslr] ogthes ©o] gl

EFdY JAY F4E F2 HE Bt olF
A, °“iﬂ”ﬂ191 %%?ﬂ"ﬂ 57t HEFee B+

& LA Fed =74

S AR 371H 3, <F 80% =t 1t
©] microsomal mixed function oxidase sys-
temell 2]3l benzyl alcoholZ ¥Z¥E % alcohol
dehydrogenase(ADH), aldehyde dehydroge-
nase(ALDH) systemeoll €J3l benzoic acid= 4t
ste)3, wiR|gte = glycineoi conjugation®|e]
upAto 2 wjdE H EFAe] 1% mlRko]
0-, M-, p-cresol® EH/\Hﬂ_‘“4—(Hasegawa et al,
1983 : WHO, 1996).

Microsomal mixed function oxidase system®ll

=]
_‘_.
A=)
e

o 1o &

A benzyl alcohol, o-cresol, p—cresol2 WHgs]=
d] o7 #oJslE cytochrome P4502 CYP1AZ2,
CYP2B6, CYP2E1L, CYP2C8, CYP1Al°] X%
Ak, °]F CYPlA2, CYP2B6, CYP2EL,
CYP2C8°] EF<lo|A benzyl alcohol@/dell F&
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3 9ds s, CYP1A2, CYP2B6, CYP2E1S
o-cresolZ p-cresol®] gl T8 ¢S vt
B st (Nakajima et al, 1997a : Nakajima
1997b), °]#1% cytochrome P450 5 CYP1A1%},
CYP2ElA 37 tidde] Hauxyu lon
(Hayashi et al, 1991 : Oyama et al, 1995),
CYP1Al®] A% f1x vheddel wat nhit A
o 9aS Fou HuHAvH(Kawamoto et al,
1995). Benzyl alcoholellxl ADH, ALDHe®l €Jst
o] benzoic acid® A= AT} AR R mfiit
o2 AFHEH, o] o FH FAhE HAAdI=
ALDHel+= ALDHI1, ALDH2, ALDH3, ALDH4
T M9 isoenzymeo] EAsH o]F ALDHIZ
ALDH27t +8 Z4=E Aggith(Harada, 1989).
o] ALDH27} fd4o 2 thedo] e Aol B
1592 (Yoshida et al, 1983 ; Harada, 1989
; Crabb et al, 1989 : Kawamoto et al, 1993 :
Oyama et al, 1993), 54 dixtdl &S F=
Aoz Hus 1 th(Kawamoto et al, 1995 : &
44 5. 1996)
=, 87 Y vEE ER4 =F ol9dd 2%
ol thatel] Foldte gao dE 29 (Kawamoto
et al, 1994a : Kawamoto et al, 1994b :
Kawamoto et al, 1995 : . 1996)°l <3l
P wom 1 o]e] 2o|(Ogata, 1985 :
Nagayama et al, 1986 ; Michitsuji et al, 1987
P AT 5 1996

494 5

=
AAA] GAA gL oF7 ] we

17244 3 % 2to] 7} 217]
) o] (Sln et al, 1989 : Crabb et al, 1989)
7t M1Zo] §13 2918 mHsHA] &2 AdEloA<]

4 My FU4
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(blomarker characterlzatlon study)

i
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Table 1. Job title and number of subject in toluene exposed workers

Job No. of plant No. of subject
Paint manufacturing 3 72
Painting :
Machine or products of wood manufacturing 10 50
Printing 5 12
Bonding 3 12
Coating 1 14
Total 22 160
sl= ALDH2, CYP1Al, CYP2E1R3AIY] vtk & § 9= SRS ¥slety e S5 (TLEF
4 EEE 2ABL, olF FAAL Afdor w2 dAdy)s olegw), FU W, Axmd 4
ZHt BP9 o v 93 vl sEd] v A RE 2Absl] Ho] fRE TR on
A g goluaa o 79 HERTG $89 vhaze] FFRAvRA
F18AE PETLA2)E 2T
Chat 2
o|L-=gF 1
1 ol_:‘-?'E.HA'“ 2) 7Hl_'—hEEo o7|'
Passive air sampler(Organic Vapour
. # .
s seres o agn WL 0L o e,
A L7)8A AL e =2 o]gl o = 71 °©
j;;]oz—j]m—}cd o; iﬂ 22078 J ZADi & b AFE E A7 AE A A"l oA 9/\101]
.U_E‘I‘E:' a2 ]’ ] L?—q] ;(]—Oﬂ qh‘_ az }'—é' T Z]—‘Q_o]‘%}\_]_ ;Q,'O:‘O] %JEJ_ 5%?_‘ —9—__5,: 5 ]730” Iﬂ—
gl BE A8E IS F AUMA 1608 HF _
) Attt 23d EFA& NIOSH 3 EH
AFHIAZ At EF4 H 222 160 _
b mom L 40000 &]A o]&3 A (CS,) 1.5 miol] 303t 7}
g ARl EHFe HRJIE Az 724, JAA Y _ _ = ,
L BY EEE ¥ ¥¥EA SUSHNIOSH,
Azl =R 50, 949 129, A%
1994). F#FE o= 7t=azvtEael] (HP 5890
2e) 129, Wx|e] ZHRAY 14%oldth(Table 1). -
I, USA)E ol&3ller, ojuf AME3IE AE7]
2. oAb £ flame ionization detector (FID)& &1, &
M zAe Table 29 #on HEIAE 1.64%
1) AEZAl 10” mg/sample°]Th.
MRAEGe #et FEe 2% 5AF A= A
# (ACGIH, 1999)¢} A /\]EEOPC’% At AR 3) 2F oixit I 2F F&olE|H X
o g2 A, 9%, §718A4 AJF 254", & LARE 2% H5AA passive air sampler?] 4
AFH, SFFE, AARY W] SF oAF Al o WA AFSIH e v 2 e R oF v}
AF A 6AIZE odloll AdF T AojxAl, S NI =S SHINET. TRFE 109 4% =8
HE o] 28 ofio] thele] ZAIAY. FA5TE  SyringeZE (F= 0.45 wm, Coater Ma02140,
< A FAARZE TR, 5FFEE F 18 USA)E A#AIZ1 & HPLC(Waters 600E, USA)
ot &F3te ATE =FFHel IR FEIA E <l&ste] UV detecter 254 mme] 3ol 4
3, HAAE A el A 25l o8 whA v SRAvk. o]w) AF&-gh mobile phase® D.W:iace-
Aol ke dolry] fste] ALY &F oFE  tonitrileiacetic acid (95:5:0.2)2] B]&olUa #
22189, Alo)zAle miaste 2 dialEo] wild e 1.0 m/minZ isocratic methodZ |83kt
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Table 2. The systems and operating conditions of gas chromatography

GC HP 5890 1. USA
Column Neutrabond [ (60 emx0.53 cmx 0.2 um)
Detector FID
Temperature
Injector 200¢C
Detertor 250C
Column (initial) 40¢ (5 min)
(ramp) 3C/min
(final) 150C (1 min)
Flow rate column 6.5 ml/min
H, 30 ml/min
Air 330 ml/min

Split vent

273 ml/min(after 0.3 sec)

(AT A EAATFD, 1997). =g 4
A (column)< Nova-Pak C18(3.9x150 mm)S A}
239t PEAHSIGMA, USA) 3892 0.5,
1.0, 2.0g/ 1 2 AN =9} 2 Wyog EXslo] A
AE 2ttt o] W HAESAE 2.24x10"g/Lel
Atk 8% FdlolEdS 1008 A3 2 3 miol
picric acid €% 1 m¢} NaOH 1 m< 7}ste] &
%3 & Spectrophotometer(Hitachi 330,
Japan)g o|g3ted 3 520molA 3Tt =
dolEld (SIGMA, U.S.A) EF89& 0.5, 1.0,
2.0g/LZ 3] Alge} 22 oz BA3lo]
Mg et AEE 2% nake FgolEld
o2 BT

4) A CiM 24

@ DNAFZ

AT At TR E - AF 5t 2443 oy
of WP TRHE] DNAE FE3AH.
300 4] TE buffer(IM tris-HCI(pH 7.6) 5
ml, 0.5M EDTA 1 ml, ddH20 494 ml) 1 mlZ
Aol AR 33 MAS F AEAS HEn
Hdolle pelletol] F3EE A& (polymerase
chain reaction, ©]3} PCR) K buffer (10X PCR
buffer 1ml, NP50 45 4, Tween-20 45 4,
proteinase K(20 ng/ml) 30 #, D.W 8.8 ml)&
0.15 mioll Z7Fste] 58° CollAl 4583 A &]shed
pellete] $d3] o 95°Colld 107 F<t 71
gt & o]3lg PCRY TP o= A3

pES L

408

@ ALDH2, CYP1Al, CYP2E] #-42F tjokd +4

ALDH2¢ f34 gdd 245 93 PCRe
Mboll #AaiF7t TFE == F714] primer,
= 5-GTC AAC TGC TAT GAT GTG TTT
GGA-3'¢+ 5-TAA TAC GAC TCA CTA TAG
CCA CAC TCA CAG TTT TCT CTT-3' & A&
sttt PCRS & &3¢ 20 M= 3t denatu-
ration 94°C 30%, annealing 63°C 5%, 62°C
35%, extension 72°C 30%% 153 W&slw, o
Al denaturation 94°C 30%, annealing 66°C 2
%, 65°C 38%, extension 72°C 30%% 203] Wt
ol FEZAAY. TEZHE PCR AES 2%
agarose gelol4 71995A1A ethidium bromide
2 9 % 141bp9 bandE EISHTE oA
2 PCRAHE 10 4] Mboll 10unitE 41 %
Lol 20 w7t HA ke 37°CollA 8A7te] i HE
SAAY. 2 o HeAHE 15 WE 12% agarose
gelollAl 7195 A1A ethidium bromide2 G4
T FHFT FAAEE et 113bp¥ Hole
AL NN 5328, 141bpe Hole AL DD
A28 aela 141bpst 113bpel bandst Hol=
A& ND iAoz s9th(3Ad4 5. 1996).

CYPIALY 32 tddd 245 ¢k PCR
primerE Hincll A EAF97} THES F7HH]
primer, = 5-GAA CTG CCA CTT CAG CTG
TC-3'¢9} 5-GAA AGA CCT CCC AGC GGT
CA-3'E AFE3I9tE PCRS & &3] 20 W= 3}
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o] denaturation 95°C 30%, annealing 58°C 30
extension 72°C 402 = 353] ZZAFT}. &
¥ PCR AH&E 2% agarose geldlA A7dFA1A
ethidium bromideZ 94 ¥ 187bp2| band& &
sttt olEA Y& PCRAHE 10 4ol Hincll
10unitE 4191 & &3] 20 47} FA sk 37°C
ol Al 8AIZE o] WREAIZTEH 1 thE WREAHE 15
M= 12% agarose gelollAd A719EAA ethidium
bromide® ¥4 ¥ HZF FHAE S gelsldidt. A
FEAT97} gl 139bpet 48bpe] bandwt Hole
AL Tle/lle 782, 120bps}t 48bpe] bandt 2
£ AL Val/Val $2438, 723 139bpe
120bp 28] 48bp2 band’} Heole AL Ile/Val
FAAE 2 A (Oyama et al, 1995).
CYP2E19] #xa vd 45 $1¢ PCR
primert Rsal AZdaxPs Asle F7HA
primer, = 5-CCA GTC GAG TCT ACA TTG
TCA-3'¢} 5-TTC ATT CTG TCT TCT AAC
TGG CA-3'E A183l9tt. PCR2 % €%& 20
M2 3t denaturation 94°C 1% 30,
annealing 58°C 1%, extension 72°C 122=
353] SZAZT. SZ" PCRAMES 2% agarose
gelollA H719EA1A ethidium bromidez G4
% 410p9] bandg <1ttt PCRAHE 10 ol
Rsal 10unit® 4] & &%o| 20 w7} A 4o
37°ColAl BAIZE WEEAIF T ¥HgAME 15 4E
1.5% agarose gelold #7198 AI# ethidium
bromide® 94 ¢ HF FHAFE FAsAH
Ag G4 F9971 9l 410bpe] band¥ Hole= A
c2/c2 FAAY, 360bpt 50bpe] band”} Hel
A& clfel $228, 2] 410bpsh 360bp 1
50bpe] band’} Eeole A& cl/c2HHAE e
F3ltt(Hayashi et al, 1991).
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1__

Il HG gl 27 8”3? 474 (50%)°1 309 ©]
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FAAF= 909 (56.2%)°] FAAeI AL, AFh
d7te] 627 (38.8%)°] &5 FHel AU HAR
g FFod dalA e 168 (11.2%)°] &5 =3
ta FHEeilen, o BF &7l w=3o] 50
ppm ©]3te] 2Pl Ti-ehe TEARI] T

74 A 25Ee 109 ool 6478 (40%)

2 7P wsten, 5 mnke] 617 (38.1%). 5-9

o}
3].041 o

w 51~100 ppm—4 ZJ(‘”ZL*‘
HE 7S Zgsirh. 22y 100 ppmiEre] 2
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Table 3. General characteristics of study subject by toluene exposed level

. Toluene exposure level (ppm) Total
Variable
<50 51-100 100 (n=160)

Sex

Male 115(80.4) 7(77.8) 8(100) 130(81.2)

Female 28(19.6) 2(22.2) 0(0) 30(18.8)
Age(years)

<30 28(19.6) 3(33.3) 1(12.5) 32(20.0)

30-39 54(37.8) 2(22.2) 4(50.0) 60(37.5)

>40 61(42.7) 4(44.5) 3(37.5) 68(42.5)
Smoking

Yes 79(55.2) 5(55.6) 6(75.0) 90(56.2)

No 64(44.8) 4(44.4) 2(25.0) 70(43.8)
Drinking

Yes 55(38.5) 4(44.4) 3(37.5) 62(38.8)

No 88(61.5) 5(55.6) 5(62.5) 98(61.2)
Previous night's drinking

Yes 16(11.2) 0(0) 0(0) 16(10.0)

No 127(88.8) 9(100) 8(100) 144(90.0)
Work duration(years)

<5 57(39.9) 2(22.2) 2(25.0) 61(38.1)

5-9 30(21.0) 1(11.1) 4(50.0) 35(21.9)

>10 56(39.1) 6(66.7) 2(25.0) 64(40.0)
PPE *

Yes 27(18.9) 4(44.4) 1(12.5) 32(20.0)

No 116(81.1) 5(55.6) 7(87.5) 128(80.0)
Food'

Yes 18(12.6) 2(22.2) 3(37.5) 23(14.4)

No 125(87.4) 7(77.8) 5(62.5) 137(85.6)
Total 143(89.4) 9(5.6) 8(5.0) 160(100)

Data in parenthesis indicate percentage

*Use of personal protective equipment, "Benzonic acid containing food diet

FollMe 8% 19 (12.5%) %] /NQIHET+E &
L=

8 AFHAA <ol TE AFES HFAS AF
7t 239 (14.4%)°1em, EF4d == 50 ppm ©]
3l AL 1894 (12.6%), 51~100 ppm< 27
(22.2%), 100 ppm Z=Z+= 39 (37.5%)°|t}
(Table 3).

=8 A7d3Are]
21 2= 0.74+0.83g/g
creatinine, 71382 0.44g/g creatinine, 713}

410

9= Table 49} 23k
7—%‘%1 Al 50 ppm ©]

EFHAE 2.80019 2L,
0.03~3.77g/g creatmmeo]‘}iu‘r(Table 4).
A Hﬂ 013:1 \ﬂ /\%Hi’

o]_o =

8% vheat

Ewo] ¥

SNl

=9 22

19l

2]

2% nizake] 71eEde 0.37g/g creatinine,
51~100 ppm< 0.64g/g creatinine, 100 ppm
23= 2.80g/g creatininel@ ZJA] =EHE



Table 4. Comparison of urinary hippuric acid concentration by several characteristics in toluene exposed

o]

o
[== i b

o

= .
=]

S5 =S Z2X0AM 2F Of= b By

SE0 DX

workers
Variable Number of Urine hippuric acid concentraion Pvalue®
subject AM=ASD GM(GSD) Range

Toluene

<50 143 0.55+0.53 0.37(2.51) 0.03-3.00

51-100 9 1.80+1.07 0.64(1.75) 0.86-3.77

»100 8 2.96+0.87 2.80(1.49) 1.10-3.76 0.001
Sex

Male 130 0.80+0.88 0.47(2.83) 0.03-3.77

Female 30 0.50+0.53 0.33(2.53) 0.04-2.30 0.068
Age(years)

(30 32 0.82+0.84 0.47(3.00) 0.06-3.11

30-39 60 0.76+0.94 0.43(2.94) 0.03-3.77

>40 68 0.68+0.72 0.44(2.61) 0.04-3.30 0.898
Smoking

Yes 90 0.77%+0.85 0.47(2.83) 0.03-3.76

No 70 0.70+0.81 0.42(2.77) 0.04-3.77 0.510
Drinking

Yes 62 0.79+0.76 0.50(2.71) 0.05-3.30

No 98 0.71+0.87 0.41(2.82) 0.03-3.77 0.225
Previous night's drinking

Yes 16 0.53%+0.40 0.37(2.59) 0.07-1.31

No 144 0.76+0.86 0.45(2.83) 0.03-3.77 0.479
Duration

5 61 0.64+0.76 0.38(2.83) 0.03-3.64

5-9 35 0.76+0.10 0.38(3.32) 0.04-3.76

>10 64 0.82+0.79 0.57(2.39) 0.08-3.77 0.043
PPE'

Yes 32 0.69+0.78 0.46(2.48) 0.07-3.64

No 128 0.75+0.84 0.44(2.89) 0.03-3.77 0.853
Food*

Yes 23 0.92+1.13 0.48(3.32) 0.03-3.64

No 137 0.71+0.77 0.44(2.72) 0.04-3.77 0.704
Total 160 0.74%0.83 0.44(2.80) 0.03-3.77

£ 29I

AM: arithmetic mean, ASD: arithmetic standard deviation, GM: geometric mean, GSD: geometric stan-

dard deviation

*P-value was calculated by student t-test or ANOVA after log transformation of urinary hippuric acid

concentration.

'Use of personal protective equipment, 'Benzoic acid containing food diet

o Mgl 8F viEA T fo3 #
o]7} A TH(p=0.001, Table 4). ZF7]3te] w2
2% w4 v TlstEde 109 mRke]
0.38g/g creatinine°l®a, 101 °]d°] 0.57g/g
creatinine. 2 &F713t] weEl 8% viEAl B
o Felgk Aozt AATH(p=0.043). ZAAl 7HQAE
S g i gl <hAgRte] S AFe] A3 A

Bol meh 3 vkt o] Aol gloArt.
2} @0l ALDH2 S} Cletd 23

3

AT dAke] ALDH2 +32k= NN& 57.5%,
ND& 40.0%, DD& 2.5%°|tH(Table 5). &5
dl =Fo°] 50 ppm =R FLAA= ALDH2
fAAe] DD&Ee] 3 B A, oAdAZ=2ASE

411



cHetatdelstslX] Al 12 # A 3 & 20004

Table 5. The distribution of ALDH2 genotype by several characteristics in toluene exposed workers

ALDH?2 genotype(n=160)

Variable P-value*
NN ND DD

Toluene

<50 84(58.7) 55(38.5) 4(2.8)

51-100 4(44.4) 5(55.6) 0(0)

100 4(50.0) 4(50.0) 0(0) 0.793
Sex

Male 72(55.4) 54(41.5) 4(3.1)

Female 20(66.7) 10(33.3) 0(0) 0.392
Smoking

Yes 47(52.2) 39(43.3) 4(4.4)

No 45(64.3) 25(35.7) 0(0) 0.096
Drinking

Yes 36(58.1) 24(38.7) 2(3.2)

No 56(57.1) 40(40.8) 2(2.1) 0.878
Work duration(years)

5 30(49.2) 28(45.9) 3(4.9)

59 19(54.3) 16(45.7) 0(0)

>10 43(67.2) 20(31.3) 1(1.6) 0.171

Total 92(57.5) 64(40.0) 4(2.5)

Data in parenthesis indicate percentage
* P-value was calculated by chi-square

ALDH2 §3#te] DD¥eo] 3 9% it &5
ol w2 ALDH2 f2AEe £xe BAFHS
Fo3 2pol7} gllek. F7IZbel WE ALDH2 #+  F713t
Aol EXE BAZHCE §93 Aole fle  lth
U, 2F71F 5 miukelAE NNE 49.2%0]02
Y, 5~9d2 54.3%. 10 ]2 67.2%°]th.
9% vt A wEo] g SlF4S 7 el
2 ZF3lste] 31942 Fakith(Table 8). ALDH2
AFWAAL] CYPIAL #38A= Ile/lled A2 NN E &7 3AAS7E 0.0278
59.4%. lle/Val®d 32.5%. Val/Vald 8.1%°1% = EAHoz foason NDEM = %‘-—OM
D(Table 6). 54 w=Fo] 50 ppm 27U &Y FJAAF7E 0.01352 FAZSZ Fo3tATt.
el CYP1AL f42ke] Val/Val®@e] g ALDH2 #4233t 7<) 3AAFE ¥ wst
Ak B =F FE Y FA5H FelY, FHA gl et S AA 7 Aol 7k AAT
%, 25717 e CYP1A1 TrXJ_ Ao B Z1zte] S| AAFE Hlwate] EF<l tiabel] w2}
Aol gl go] 9% AL 94lEE= Wg= ALDH2, CYP1AL,
CYP2EL, 913, Fd53, 23712010 tH(p0.2).

4. 2t @0 CYPT1AT RAX CiM 22X

ke
o
1=
3L

rl} i

5. Zt oIH CYP2E1 R84} Ch¥N 2

AFAAe] CYP2EL f-AE cl/c13 ol
60.6%, cl/c2@°] 33.1%, c2/c2@°] 6.3%°]AUT} Table 84 EF4 thilel]l wzztgo] & A
(Table 7). %4l w=%o] 51~100 ppm A¥Fe] o= HzZEE Wse ALDH2, CYPLAL,
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Table 6. The distribution of CYP1A1 genotype by several characteristics in toluene exposed workers

CYP1A1 genotype(n=160)

Variable P-value”®
Tle/T Tle/Val Val/Val
Toluene
<50 85(59.4) 45(31.5) 1309.1D)
51-100 6(66.7) 3(33.3) 0(0)
>100 4(50.0) 4(50.0) 0(0) 0.793
Sex
Male 75(57.7) 46(35.4) 9(6.9)
Female 20(66.7) 6(20.0) 4(13.3) 0.188
Smoking
Yes 54(60.0) 32(35.6) 4(4.4)
No 41(58.6) 20(28.6) 9(12.9) 0.133
Drinking
Yes 35(56.4) 22(35.5) 5(8.1)
No 60(61.2) 30(30.6) 8(8.2) 0.809
Work duration(years)
5 39(63.9) 16(26.2) 6(9.8)
59 20(57.1) 11(31.4) 4(11.4)
>10 36(56.3) 25(39.1) 3(4.7) 0.468
Total 95(59.4) 52(32.5) 13(8.1)

Data in parenthesis indicate percentage
* p-value was calculated by chi-square

oz WANE B4 3§99 24 1l )
M BT wE FES 9RA dert e o
Py 4ED HART 2 AARTTO H§E 57
MER ol TEAARNE APstdnt. 1 A
254 =% %= ALDH2 CYP2El. CYPIAI
F24 el 25 wheat FEdl fod 9
-

=

AtH(Table 9).
MAE EF< =& F5°] 100ppm °l=kaL 7
gt ALDH2R/AA NNge| H]gle] NDEF2 &
% wAl 27} 1.56g/g creatinine w3kth
(p<0.001). CYP1A1l £3AF Tle/lle@el M]3l
lle/Val3d2 25 vixdt =71 0.42g/g creati-
=% 31(p=0.018), Val/Vald< 8% nl&it
=27} 1.14g/g creatinine EtH(p=0.007).
CYP2E1l +3#F cl/cl@ol Hlgt] cl/c2 F& 2
% vtz =71 0.49g/g creatinine %
(p=0.026, Table 9) L & 938, FAHH,
Zhl Wb E2d w2 2R 95
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50 ppm °late] 247 TEA =]

2 AFdidAte] ALDH2® &3 NN3F o
57.5%, &% ND%. DD#e] z+zF 40.0%.
2.5%°10eH 9 A3+ ALDH2 thdel
el A8 BHe EF<d =2HE 2EAEY
ALDH2 E84% #dde +4uI7t 35% (1<
5. 1995), 24.6% (B34 5. 1996) &= T Ao 7}
Aok, BLFE(1997)9 41.5%%= FrAketaAnt.
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Table 7. The distribution of CYP2E1 genotype by several characteristics in toluene exposed workers

CYP2E1 genotype(n=160)

Variable P-value*
cl/cl cl/c2 c2/c2
Toluene
<50 87(60.8) 47(32.9) 9(6.3)
51-100 6(66.7) 3(33.3) 0(0)
100 4(50.0) 3(37.5) 1(12.5) 0.793
Sex
Male 74(56.9) 46(35.4) 10(7.7)
Female 23(76.7) 7(23.3) 0(0) 0.084
Smoking
Yes 49(70.0) 19(27.1) 2(2.9)
No 48(53.3) 34(37.8) 8(8.9) 0.066
Drinking
Yes 40(64.5) 19(30.7) 3(4.8)
No 57(58.2) 34(34.7) 7(7.1) 0.683
Work duration(years)
<5 39(63.9) 17(27.9) 5(8.2)
59 24(68.6) 11(31.4) 0(0)
>10 34(53.1) 25(39.1) 5(7.8) 0.278
Total 97(60.6) 53(33.1) 10(6.3)
Data in parenthesis indicate percentage
* p-value was calculated by chi-square
tH(Singh et al. 1989 : Crabb et al, 1989). njuate] AT EA EHE o)A e Fow
CYP1Al #dA= lle/lle®@el 59.4%, Tle/Val FAETE. SFAZEAC vix= da= st A
ol 32.5%, DDFe] 8.1%= ©] 7+4¥= 3=l A vl=9 TLV 50 ppm(ACGIH, 1999)& 1
5(1999)9] lle/lle@el 52.0%, Ile/Val@el & wj, & AFAe] EFd =& s5= 50
45.9%, DD3e°] 2.1%9 A8k, CYP2EL % ppm "l9he] 89.4% 2 tjF-ES& AA|stHth
AR cl/clde]l 60.6%, cl/c28°] 33.1%, Q% npzake 2olo] oJsiA Jeks Wi ok
c2/c2®°] 6.3%%= F&ul 5(1999)9 cl/cl@e] i Suilo] iEe] e AES AHs &
66.3%, cl/c28°] 30.6%, c2/c2B°] 3.1%° T ZdRIAAE thEFe] whnite] wjids = o deA]
dn 7t Akt 2tk (Ogata, 1985 : Nagayama et al, 1986

A gddel &7 dixel 9FE F=
Fool| fAr GElel At AldE o R Q1S
o E%< 54480l O AHHa, uEd A%
2AF gl ofel] oA gomMA e flat
gvlgke A7t gle Aoz sPgsiaiot, Al
Az mieelM tizwat vlmste] frdztge]l 74
ol felgk Akel7k lglet. wbd o 24dge]
74 sEele A FRAAE S5 9F= WA
HER AR AlelE deA] @Y, frdAl o
Fgol dirtell FFE A EFe) 58H =L
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Table 8. Comparison of regression coefficient between personal exposure level to toluene and urinary

hippuric acid concentration by genetic factor, life styles, diet history

B

Variable No. of subject (X 0.01) Y P-value
ALDH2 genotype*
NN 92 2.78 0.22 0.71 <0.001
ND 64 1.35 0.22 0.75 <0.001
DD 4 2.25 0.15 0.38 0.382
CYP1A1 genotype*
Ile/Tle 95 1.72 0.33 0.58 <0.001
Tle/Val 52 2.05 0.25 0.65 <0.001
Val/Val 13 3.49 0.10 0.64 0.001
CYP2E1 genotype*
cl/cl 97 1.65 0.34 0.56 <0.001
cl/c2 53 2.16 0.22 0.67 <0.001
c2/c2 10 2.98 0.09 0.92 <0.001
Sex
Male 130 1.81 0.32 0.59 <0.001
Female 30 2.45 0.18 0.70 <0.001
Age(years)®
<30 32 1.16 0.46 0.43 <0.001
30-39 60 2.30 0.20 0.73 <0.001
>40 68 2.24 0.23 0.69 <0.001
Smoking”*
Yes 90 1.72 0.28 0.66 <0.001
No 70 2.34 0.27 0.57 <0.001
Drinking
Yes 62 2.00 0.28 0.60 <0.001
No 98 1.79 0.29 0.61 <0.001
Previous night’'s drinking
Yes 16 2.07 0.21 0.30 0.027
No 144 1.85 0.30 0.61 <0.001
Work duration®
5 61 1.41 0.35 0.53 <0.001
5-9 35 2.28 0.15 0.85 <0.001
>10 64 2.24 0.25 0.55 <0.001
Model: hippuric acid corrected for creatinine = f(toluene) +a
* P<0.20: comparison of regression coefficient(slope)
R B AT GAATE Zadisla, GG o) ddlon gadn, U 294 Y waid
oF 2NE AU AAFES Aot £F vh V184S ThaT HERTE 9F vhit WA b
A EEe] Y] B AES AT 2 el fF L A Raldon o)k H4F
BFE vAA TP AL FAPo] FHE AFS  laAE F8F AU} 329820%)e A,
QA% A9k 8Woz Afer katel df 53 100 pm o PN 2R 899 22
H AF AT 302 8F vhmAte] HuX|d  2F 1HEke] gttt et on,
o|2&= H(Gotoh et al, 1990 : A¥&E &, 1996) =247} & s P FEste Aol oY
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Table 9. Results of multiple regression analysis of the urinary hippuric acid concentration

Co-variate B(SE) t-value p-value
toluene 0.0263(0.0044) 6.01 <0.001
toluene*ALDH2a -0.0156(0.0021) -7.56 <0.001
toluene*ALDH2b -0.0063(0.0121) -0.52 NS
toluene*CYP1Ala 0.0042(0.0018) 2.32 0.018
toluene*CYP1A1b 0.0114(0.0073) 1.57 0.007
toluene*CYP2Ela -0.0049(0.0022) -2.25 0.026
toluene*CYP2E1b 0.0002(0.0039) 0.05 NS
toluene*age 0.0001(0.0001) 0.51 NS
toluene*smoking -0.0019(0.0020) -0.93 NS
toluene*work duration 0.0003(0.0002) 1.62 NS
PPE -0.1085(0.0848) -1.28 NS
food -0.0127(0.0994) -0.13 NS

Intercept: 0.2123
R-square: 0.7596

Coding: genotype of ALDH2(ALDH2a: NN=0, ND=1, DD=0; ALDH2b: NN=0, ND=0, DD=1), genotype of
CYP1A1(CYP1Ala: Ile/Tle=0, Ile/Val=1, Val/Val=0; CYP1Alb: Ile/Ile=0, Ile/Val=0, Val/Val=1) genotype of
CYP2E1(CYP2Ela: c1/c1=0, c1/c2=1, ¢2/c2=0: CYP2Elb: c1/c1=0, c1/c2=0, ¢2/c2=1), age(years). smoking

habits(no=0, yes=1), work duration at risk(years).

exposed toluene level(ppm), benzoic acid containing

food diet(no=0, yes=1), use of personal protective equipment(PPE: no=0, yes=1)

NS: no significant

=7t 29
microsomal mixed functlon ox1dase systemell
98l benzyl alcohol2 W23 alcohol dehy-
drogenase(ADH), aldehyde dehydrogenase
(ALDH) systemel <J3l benzoic acid® Atshe
% mpxite 2 widEti(Hasegawa et al, 1983 ;
WHO, 1996).
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