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ABSTRACT : In this study, the biochemical role of genetic polymorphism in modulating urinary excretion
of benzene metabolite as phenol level has been investigated in 90 workers exposed to benzene in the petro-
leurn refinery plants of Korea. The mean concentration of volatile benzene in the refinery envirorument was
0.042 mg/m® (SD, 0.069) and that of urinary phenol was 7.42 mg/g creatinine (SD, 11.3). The frequencies
of CYP2E1 genotypes, namely CYP2E1*1/*1, CYP2E1*1/*2 and CYP2E1*2/*2 were 2.2% (2 subjects), 6.7%
(6 subjects) and 91.1% (82 subjects), respectively, and allele frequencies for CYP2E1*1 and CYP2E1*2
were 0.06 and 0.94. The airborne benzene concentration was significantly related to the concentration of
phenol in urine (r = 0.640, p < 0.01). The urinary phenol level was significantly correlated with CYP2E1*2/
*2 (r = 0.590, p < 0.05). The various biological (i.e. age and liver function parameters) or lifestyle factors
(i.e. medication, smoking, alcohol and coffee intake), also taken into account as potential confounders, did
not influence the correlations found. These results suggested that CYP2E1 genotypes might play an impor-

tant role in the metabolism of benzene.
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Benzene> 3P| 312]1E 713l whekEElsl4A (mono-
cyclic aromatic hydrocarbon; MAHJ B2 2] wQlE,
EekaE, IFAE, AAA), SMA 2 9 el
K‘J'H"ﬂ da] ARS-E 3 QITHIPCS, 1993). benzened
222 (Rossi 5, 1999) A F5A] oF 40% Ax7) ¥
3‘}7‘] U2 AHE 2E71E B8] HEREZ 2 R}
FrEe] 23719(ACGIH, 2000: Vigliani 5, 1964), A
A28kl uld (Brandit %, 1977; Rozman £, 1968) 2
9 (Green &, 1981) 5 ¥sh= Aoz d=jA 9o
Aol AN T2 °]€7§(xenoblot1c)«] A= phase
7} phase II RH&-& #2HA] o] Fo]A|=H), phase T -5
< e BEE ST 8 & EXE AEE W
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AR o2 B3 715E 71AA 319, phase 1T ¥t
phase I ¥k-8-o] 2J3}e] AAIH AL A £
iﬁ‘i‘lv(conJUgatlon}-a— F3led AJEGA 0] A EA=E
WA A S i""]ﬂ“ &h& g}, ofelr benzene
Rk oz} g MRS ko) o3l fiEE
A A4 LEH-/] 79 EAR) phase 1 2Rl 2J3}
of A== AR AL Tl 93 o3gke] o =
oAl & 4 qloh

Benzene/] A1 E- AR phase 19} phase 1T WF
Sl 2t M) A A=E 'I}E} ‘H/‘Pﬁ‘—"édﬂrxé (metabolic
fateys AA "o} WA, F52 benzene phase I £47
o] £3l= cytochrome P-450(CYP)2] Zwjjz}-8of] 2]5}e]
benzene oxide(BO)E 13} HAPHZE ¥ plutathione-S-
transferase(GST)$} E M-S E3}o] premercapturic acid
e 2 3 Eo] wjAd=E= A=, BO7} epoxidase hydrolase
2] 2kgol] 2J&}ed trans, trans-muconaldehyde(t, t-MAH) 3
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e 2. ¥ = o] frans, trans-muconic acid(t, tMA)Z. ¥} =]
422 5 7 oon, v e BOZF B gl H] B
2hgol 2]3le] phenolic 3ERE. M=o semiquinone $H)
£ 71A GSTS} E3NE-E B3l A= widE=
So[ch(IPCS, 1993).

]9} Zre] benzene®] THAR:= wHAME Aol wel Ale]gh
AZE ZAA =AW, CYP| 2)3le] BOZ tiAbH3 o &
AlEH e 2 A AAH Q] HAE RS 24 CYP 23]
BO7} AAHE AoA o] Foizxictal B 4 )t

CYPE ofe} AA| el EA)sl= AL Ao &
Al F85F 4TS b, Eae] A fE
HAHDNApI 93l 2dHT. &, 59 B2 54
g FAAE = (induction)*]] mRNAE F4J3}3L, o
mRNA®| A Hof oJsled vl FAE7] wfjFe]d).

webs] B Ao M= benzene2] At gleir A A
ol AGEE A8 wHlel #edsle CYP2ELY]
AR A & A3, A} ©}8] (genotype)s} benzene
YAl ofuist AR e] A Fetstaiat g

Il & 2 g
1. HcH&

B AF A2 benzenedl| =E2FHE AR3AL 2EA
% benzene 9] wWiAlel IS F 5 UE RIS 9
Za AW S/ FEES] gl s d 223
9088 T2 ARSI =8 diAkAlEel] HeEire
Ao ZAdE AFAE o]8dle] &5, §d 5 22

benzene?| Atel] S F 5 U 8IS 2ARKIH.
2. ATYY

1) &7|5 Benzene?| tE=sT &

F71% benzene FE2| FAF ML vl
B 714~ (National Institute for Occupational Safety
and Health, NIOSH)®] 37 A &*H (method 1501)(NIOSH;
1994)e)] 2J3ted ARt il wel o= =y
g AR, AgAte] 57 HRo S 4 EAR
gt 7)ol A& EA7](personal air sampler, Gillian, U.S.A.)
£ A3l 371% benzenes T3 /A E 2
719) EAFEE 02 mi/min® 2 3lo] 8217 St E4]3H
F, 7718AE £33 Ak S FEkaE ub)
2 33l A Bl AgAR &7 F, F3A - o
2315k (CSy) 1 miE A7Fsled &23A17) o, kA s
vl E 7% (gas chromatography, Hewlett Packard HP
5890 II, U.S.A)E AMg3le] AgkrA s}

2) =& Benzenel| CHARME FH

ATz AL 2HdEE 308 H(end of shiftyel]
AFdted benzene®] HAMHERS BA 3190}

Benzene?| A4l phenol®] viAdE2- 71 AT 2wl E
221 (gas chromatography, Hewlett Packard HP 5890 II,
U.S.A)E AM8-3ted NIOSH 33 A1 8% (NIOSH, 1994)]]
wet 2ol FEEAS SRR AR so] BAT F,
5% creatinine® 2 HA3le] wid=RS AMEslolo),

3) Cytochrome P-4502E1(CYP2E1) FEXICIEAN EA

A dFHAdRre] d9Y genomic DNAE QAlamp
Blood Kit(Qiagen, Germany)yg o]-&3le] FE3+ F
Uematsu 5-2] ¥ (1994)S oA ®33ted inron 6 53]
oA FF A A48 (polymerase chain reaction; PCR)
el o)3sle} olalje} 7] CYP2EI fAAEIA 24
< Azl

%% genomic DNA 5 ul, 5 pmole2] primer 1(5-TG-
TCGTTCCTTCCACAGGGC-3%4} primer 2(5-TCTGTT-
GTCAGGCTAGAGTG-3") 5ul, 2.5 mM dNTP mixture,
2.5U Taq polymerase®} PCR bufferg &8t §, Gene
cyclerTM (Bio-Rad, USAYE °]&3}le] A, 95°CellA 5
F7} predenaturation A7) TS, 94°CellA] 1+ denaturation,
60°CollA 1% “§<t annealing, 72°Col|A4] 1227} extension
3= IS 1 cycle® 3td 31 cycless A F 2HA
o2 72°CollA 287t AR whgal RS FEAIF
o}, PCR A E-S Dra 1(6 U) AFERE 0|83} 37°C
of| A 1247k 5<}} digestion A1Z] ¥, 4% agarose gel &
719355 AAE A" v (bandyE #H3ke] CYP2EI
o] fAzl oF8-& ElEkaict.

3. SAXz|

ZAF ARz g AkgE S HFEE o] 83)e
=3 & Version 7.5 SPSS EA4 =2 731(SPSS Inc,
Chicago, IL, USA) & |83} y’test & AAAAS ¥4

st
m. & z}
1. 917 CHatXtel QRN S

AT ke dubAel EAJ2 Table 19} 2t HjAIA}
o] iA=L 32392 FARE 744%, =FA= 93.3%
Act. ol WS A 2715 A E<] aspartate
aminotransferase(AST), alanine transferase(ALT) 2 -
glutamyl transferase(GGT)®] v FAX]= 747t 335,



Table 1. Demographic characteristics of the study subjects

Variables Subjects (n = 90)
Age (years) 32.39(22~49)
No. of smoking 67(74.4%)
No. of drinking 84(93.3%)
AST 335169
ALT 27.4+18.5
GGT 28.8+22.2
T-CHO 175.2435.5
T-Gry 166.6+84.0
T-Pro 7.62+0.38
ALB 4.89+0.20
WBC 7.8242.55
RBC 4.76x0.36
HGb 15.0£1.1
Exposure levels of benzne (mg/m”°) 0.042+0.069
Levels of urinary phenol (mg/g creatine) 7.42+11.3

Reference values: AST, 10~45 U/l; ALT, 10~45 U/l; GGT, 7~50 U/I;
T-CHOL, 110~240 mg/di; T-Gly, 35~160 mg/d/; T-Pro, 6.0~8.5 %/dl;
ALB, 3.0~5.5 g/dl; WBC, 4.5~11.0 x 10°/ul; RBC, 4.0~5.9 x 10%/ul;
HGb, 13.5~17.5 g/dl.

27.49} 28.8 U/[Z 31X (reference values)2| A o]
Wel| B3} c}. total cholesterol(T-CHOY: 175.2(%%
H=}+35.5) U/, triglyceride(T-Glyy= 166.6(FFH 2} +
84.0), total protein(T-Pro)#} albumin(ALB)< 2372t 7.62
GEFHAA1+0.38)8} 4.89FFHAF+0.20) mg/m! serum=-
Z2A5)g] on] WBC(7.82%£2.55), RBC4.76+0.36)2} HGb
(15.0+ 1.1y 25 F2A ] AhE4 oWz S,
o] & A7 AxlEo] 2= benzene?] FIFEE 0.042
EFEHA£0.069) mg/m’o]or, xF 02 wjdEE= o
APHE]] phenol®] HF Wik 742FFHA+11.3)
mg/g creatinine®E ACGIH(American Conference of
Governmental Industrial Hygienists) &-87]55A] (threshold
limit values, TLV)2] 1/100(benzene)?} 1/10(phenol) 5%
o] w2 T2 S

2. 37|= Benzene2 &SI 8l 55 Phenol| HiE

Yool A2ty

A ARE] 9JolA] 715 benzene®] HT 5%
= 0.042(FEFHA2}+0.069) mg/m’e]3 3L, =% phenol®]
o WA sk 742FEFH 2+ 11.3) mg/g creatinine®| AT},

27]% benzenet X% phenol®] i EFate) AR ()
2 0.604(p < 0.01)°] A} (Fig. 1).

3. CYP2E1 SEXICIEN BN

CYP2E1Y)] W3 §-3A8A 242 CYP2EL F4A}
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Fig. 1. Correlation between the concentration of benzene in air and
phenol in urine among 90 workers exposed to benzene (r=0.604,
p <0.01).
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Fig. 2. CYP2EIl genotyping analysis. The amplified fragment is a
950 bp sequence containing the polymorphic site of Dra I in intron 6.
Allele *1/*1 is absent (lane 1) from the Dra I site, *2/*2 allele is
present (lane 3) and lane 2 is heterozygote type (*1/*2). M is size
marker.

Table 2. Genotype and allele frequency of CYP2EI in study
subjects

Allele frequency
*1 =0.06,*2=0.94

Genotype n (%)

CYP2El (N =90)

*1/%1 2(22)
*1/%2 6( 6.7)
*2/%2 82 (91.1)

intron 6 $-919] A FH-S $3A)71 PCR YA EL Dra
[ AZEAR Zst ¥ Dra 2] polymorphic site <A1
1 - ol vt AR S glskdeh(Fig. 2).

PARAE 90l Hisled CYP2E] F-AAEAS #4135
A3}, CYP2E1 *1/%1 544 o}8)-S- 712l Abghe 2.29%((2
=), CYP2E1*1/%2¢} CYP2E] *2/%2 5412} o}3& 72l
AR Z4zb 6.7%(6%)9F 91.1%(827%)8) EEZ Ryl
(Table 2).



328

100

£y 23 «©
o o o
a

Phenol in urine (mg/g creatinine)
S

po
° %E
a

o

A 2 3 4
Benzene in air (mg/m?)

Fig. 3. Correlation between benzene metabolism and CYP2E1*2/*2
genotype (r = 0.590, p < 0.05).

4. Benzene2| CHAIR} CYP2E1 7R} 018 (genotype)
o A3y

Benzene =& 24} 904l W8l F7|F benzene %
9} %% WAMEEQ] phenol®] wiAFS FAJse] AFTRHA
(r=0.604, p<0.01)S ¥A3 ¥, benzene2| Aol Fod
3= CYP2E1 A3 Ad 9] *}o|7} benzene®] wHAle}
ojd AFAd o] RS FAB|A

Benzene®] =% 5o Wt %% phenole] wiAduka}
CYP2E1 417} o} & 5}e] AAdE 48] Fig. 3¢l +}
et

AA AT AR 905 Foll CYP2EL*1/%1 £} of
]S /A= AR o2 2290 BXEE BT, he-
terozygote °}3Q] CYP2E1*1/:2Z 717 AlgH2- gHo=
6.7%%] BXZ ¥}

Polymorphic site’} )&= CYP2E1*2/%2 43} o}&&
71 AR A1 91.1%=. et CYP2E1#2/+2 -4
2} oF8dol] gl F715 benzenes =2} F phenol] i
Aol djgt ABA-E £ HI, A 0 0592 B4
ez fofgt S Eoh(p<0.05). ¥, CYP2EL*1/
#2 42} ofdell M= 0.349] AFHAS By o) A
AHal §94-2 ¢9l, CYP2EL *1/*1 %=} o}3)e] 7
ol o] FA} o}8& 7Rl Aol 2 #ell 7] wE
o AAAS A dsket

5. Phenol2| H{A2¢7} Benzene2| CHAIO]| &S F=
Qixtetol A+EHY

Benzene?| tAlell glelA Ads £ & e QT2
A AL 8, LS BEsd=t A7 2 37
A gz 7R 4 qlu. $o A7ETIN F

Table 3. Correlation matrix of selected variables in subjects

Variables Urinary phenol p-values
Age -0.033 0.75
AST —0.067 0.53
ALT -0.105 0.33
GGT 0.046 0.66
T-CHO -0.057 0.60
T-Gly -0.046 0.67
T-Pro -0.046 0.67
ALB —0.055 0.61
WBC —0.058 0.59
RBC —0.059 0.58

% benzene®] FEF EA 3}, benzene® Akl 3}
£ CYP2El #AA3A 48 531ed benzene®] A}
ol leJA] o] FHA} of¥el WE ARA-E HESINS
121} benzene®] Aol 9lolA F23F HIAE shE 8
ql 3¢] shprt Wl £ (endobiotics)®] AYef o]},
wEtA benzene?] WAl J3FE vl ALoZ A=
89l FellM 53] 3221 A EY 1% 5), 28
ZpEEel 9l 849 & F4, 5 ¥ 94 FEES
7 %% phenol®] Wil gt AFAY-S FA435]e] Table
3ol Veldel. GGTE A8 v}o], AST, ALT, T-CHOL,
T-Pro, T-Gly, WBC % RBC 52 %% phenol®] ¥j/Adk
I 59 S Byl ov BAEAR fXel ik

.o #

RG] AN =EHE FANIBAY o5
o] MRS sk ABER B S AXjshe
A wgo] B2 FAHEE Wrld Bol4e] 2 1

=]

[e

] Z9] sh}o|th(Gobba 5, 1997). Ze} xEH= B4
o] YARAE-S A sle] Hrlsle HlE oy 29l o5t

AFAE 7 ol 28jsk 89l Fell oEA
o] &5, AFH, 77, A =4 <At
A™] B o5 & 4 Ao 53], 3Hd &
benzene®qt ohjel W o] EA dlAle] glelA] |
A, AAFeY] AbelE Hrksled wig- F83t. e
g o]-fie s B o3l EA3 fAA) fres
o] mRNAE FAs}L, E4E5LE o] mRNAY A He 9
A FAE R F Aol T oR o] B dhAlel #
A BA0] =9} FA4do] FAAlel oM A=
o] Folt}.

Ak, 28| 20]= 9 prostaglandine 5] WA A
Fak ohg} FEhEA L S e HEA B FE 9] Al
o3l T4l CYPE vlokst Whe-& B3l §58 &
AL FEAEARE HYAT|E FE4-S e B0t (Lu
5. 1980). o] Ea= Wil 3T ofe} ofEA o

W =

e
o rlo Fo W

ro
(¢




Aol Skl A BolAdal F8A4-E 7Rl E AAe] glo, ¥
3% CYP subfamily®] $F5H= Ae] A4 4 $2
2 4RI Qi) gl o] EAe] W2 F(species),
A¥ (sex), ZEA- o wlelr @ z}o]E Hlk(Nelson
%, 1996). Q1<) welA] x}o](Kato 5, 1992; Quinones
% 1999; Gattas 5, 20000325 ehjet AW 9l gF kAol
el wIZFAe] oluk B s glek(Kato 5, 1994; Carr
%, 1996; Tanaka %5, 1997; Murata %5, 2001).

wEbA] o] A= benzene®] A FAsR= o] EA
HALEAQ] CYP2E1 5A 3 Aol benzene®| ThAlel]
oJu gt oJ ke A =RE A7 3t AT AR
o]A] o]E o] EA WiALRAS] A A fAIRT A o
S v 4 s 82U AASP] SlEke] AR 2
H AFEAE o]8sled 7RISR 1 EATE Ado] glom,
FHH 22 FEELS 31X % benzeneo)] 2EEHE
A TEAL 9045 AT ARl #3239
A2, FAdzrel 52 47 74.4%9 93.3%1%i+. o
AAES] 7V Adele) REH A FaAe] A
78 el sde™, benzene®| &7 H=T 7]E}e
A7 AEER] dskt. olet 22 A= ACGIH
#471%2)2) o 1/100 F=2] benzeneoll 25T o
28 vepd 432 A7 E3 o) 5 97 ARl
3JeiAM =% phenol®] WA= ACGIH®| biological ex-
posure indices(BED) =98] 1/10 AX2] $F 23 A ben-
zene®| xF 355 = 3= yHo)

ABAE olFA-e] Aol F5EE o] F EAS AlAA
7171 18k A71ape] 248-5 shed, 19} 22 whg-Fe] 3
Wl o] B4 dAtEAe] BAstolr) o] A HjAREAE
7\ 3t Eo)Ad-S Vepl vk, M2 ok 713 o
g Hrke) SHA) T w3k 2 7)Aole) sejele oY F
AEA7) 5L 713 Al #As7] = ket CYP2ELIE
benzene® Tk ohuEl U2 4l Flwqlel] siME e
}(Gonzalez 5, 1994).

wrebA o]l Q7oA &5 2 FAs, 7
53 FAAGEA digt A S 2 AT, CYP2EL
Az A e A glole). =38 o] 5 Qe F
71% benzene %2} k% phenol®] wjAdkel] o3} Abak
A& AT AFAME B g HeE Hepde
(Table 3). o]} ZH-& A= 71743t Al 9leIA phenol
9] wjdaEfe) ol& AP} vX|& oddko] vl A ¢l
7] Wl AR AR,

A (1999, 2000y F=<l 55198 iAo R sled
CYP2E!l A FEF AR A7l Dra 1
polymorphic site7} 9= CYP2E1#2/+2 A=t )82
77.1%, heterozygote °©}3-2 13.4%, polymorphic site7}
9 CYP2E] *1/*1-& 9.4%z2}3L 3 115}93cH(1999, 2000).
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ol¥l Aol benzene XxF 22} 9075 3 CYP2EI
FARAFEA S P8 A=, CYPEI*2/*2% 91.1%,
CYP2E1#1/%2¢} CYP2E1*2/*2= ZYz} 6.7%% 22%%
vieRget 2 Aok 2 51999, 2000)0) B3 A2
#E vlxd # CYP2EL FAAE AL £E7} v =
o] & Hojd, ojeldt A A E5Y Ale] wTol| e}
v Azjeia Yo

welr] CYP2E1 F31Ac}8 A5 benzene®| wHAF AbH
238 A3 A3}, polymorphic site?} Y0 CYP2E1%2/%2
FARz} ofFell A= ABAd o] 0.592 EAIEFH o2 fols)
Al T AL 2l (p< 0.05) ¥h, CYP2E1*1/%2
Azloldol M= 0349 AHMYS Bolov) BARH o=
frejAde] st

wepa B dFelA et 22 F3e] B, ben-
zene®] HAbl FEE & o= 7, 9 Wl 5
o] A% AefellA benzene?] TAFe} CYP2E1#2/%2
AR} o}gdol| A T2 AAS Mol A& CYP2E1#2/+2
Az} ofoll 2]3}ed benzene®] WA} FxIEe] Jehd
At Azt

#Atel 2

2 A7 A3y sted A8 ged A
(20010104)2 A& o} = F o}

aag
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