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AN it AQRAATL, 7HEstL st ofojstu A’

I 2 A H(benzidine, ©I3F B2)E aRE A o Y ATMEBZ F 7
sl BAE ofn] e ARE g ZA) HxE ZEA A8 ek 2
o] =Tt 351 CHBulbulyan et al, 1995).
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o] ¥ EFANZE EFsn Y=
=3 1998; ACGIH, 2000).

BZE IHEF 7 EAE 4EA 9
orn] 37 FHZ o]&st BZ Frol B3t
AN E o] 2et 8-S T3]
Ad 5, 1997). ol$ =E2H =2 EA
mZo] ZEAEY 3F7] B &3
g 7|15 59O E A 2HNE
371 oE-¢H B8 RyER ¢
7 FFAR1 B7W7L o) FoiAok di.

F2ole Bz 2 WiXdA dEE FF
AArstal §lo} Aatehgo] dAsHA| kot
ZEASO| HEH o7 YL FEE 5
5 297t gt kA w9t
Zok Aol £A=A] = 2F BZ Y
A o] &at] = EH1E s A
& B2 off o] e f7154 o
sk Agtera w22 YrloE dwkAog
o] o|g3h 8F UREAY £33
29 B4 A BUHHoE F=2
©]-83k= DNA 7F(DNA adduct)%} 3l
F=2 R F7H(hemoglobin adduct)”} )
H=AE 5, 1999).

A7 AE3 AFHS o] g5i B2 Y
DB38Y| tAlE &S A HioopAE
14 S (monoacetylbenzidine, ©]3} MABZ)
7} o E A Y (diacetylbenzidine, ©|5}
DABZ)0] tXEAE FRIE ) o m(HjE
T %5, 19%; 955 7, 1996) A4 9A &4
5 AZ AR EEAEY AHgME
2 gAEAe] AN =AE 5,
1996; 317 5, 1998). BZS] F& thrta
4 N-hydroxylation?} N-acetylation®]™]
NE ARHo2 284S ) N-acetyla-
tion oL F7} tiAtEle] HAEAE &
o= 49 Nehydroxyamine®] 552
S57) wg dsgge ggs g
(Hein, 1988). ©]2]st o]F-Z N-acetylation
o AY&ETI =7 9= dhagek ukay
o] Eths R} SQithLang 1997).
N-hydroxylatione]] #o{ah= ais 4
Al gHoloz A FFEE ¢
-naphthoflavone @} ellipticine®l] ©]3to] 1)
A K Lakshmi et al, 1997) 2,3,7.8-tetra-
chlorodibenzo-p-dioxine¥} /3 -naphthofla-
vone 5 2J&to] F-E7} FTHHsu et al,

1996). F=3F N-acetylation®] 7%= dime-
thylsulfoxide®} dimethylformamide®l] 2] 3}
o] Wsl7} FrkSvensson & Ware, 1993).
53] ZEAEO] SFEHOE A5 A
T o eE&(0]3} BOH)2 AFl4 & A
AV -5k (Neis et al, 1985) k=
ofulz} S EAIEH N-acetylations A+
SA7)E 98T Bi(Svensson et al,
1993). Phenobarbital(©|3} PB)S] 7%= Ak
S et 984 o
(Corcos et al, 1998).

ojgfgt o] F-2 R FEH RIHHZ o
S AES RUHA S 4485 9
8l41= N-hydroxylation?} N-acetylation®]]
Ve T BEAE Y3l A §
o] oA Wal=A Frkshs Ao) F
Qaftt T2y Bzel dist dlEgEn 2
7HIY @7 wol AA T Zwirner-
Baier & Neumann, 1998) 54| %529
3 IS B A= itk

TetA B ATxe AS ddoz
EtOHS} PB7} BZ FoIA] AHE 3%
22N R g6l mAE e
N-acetylation®] ¥s}5 A7+ Z7}ol| wlz}
ofr ght,

AT 1~850| 1L, ATl 23010 gl
71 Sprague-Dawley 3F S AE HEA
oA FAHAE AR Foll SPR(Specific
Pathogen Free) = A3(Division of
Laboratory ~Animal Medicine, Medical
Research Center, Yonsei University, College
of Medicine, Seoul, Korea)o|l /] AR & 4l

Table 1. Experimental groups and doses
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ol

ol
2
=

JE
ok Z2te] Aol & sonlEE A
galglon FoF AziEzE sulg
9 AHE dOZ 3%tk BoHY] AA
A 2 379 BT LDyg! 1081 gk
body weight®] oF 1/10°] dd3l= 1 gkg
body weight= 27 5}5} © ™(Verschueren,
1983) PB+= 80 mg/kg body weight® 3}
tHoldE &, 1993). BZ Fof {22
Bimer ‘5(1990)¢] 13] A+ Fo] $3&
Fx3to] 0.5 mmol BZ/kg body weight=
S} TH(Table 1).

oA Fg& AT FoE W= v ad
31 P curved ball-tipped gastric ino-
culation needles A5} Ch(Baker et al,
1980). EtOHS} PBS] H*|2]+= BZS Fo
317] 24713k Aol F57 10 mikg body
weight 2 3|4{5lo] 13] 7 Fofallo
H fE2TE 2L ¥ FRFNS AT
Fol8l8itt. BZ2 1,2-propanediol(Sigma,
St. Louis, Missouri)e]l ¢ 342 Fofa}
it

N A B+ BZS AT Fojsly] A
Fo F 308, 3A7, 6417 9417 124
7k 24A17Y, 48A17E T2A17Y, 96A17L, 144
Alztel A¥Td suid sloog A
23 FAPIE shfd Hela] HF 53,
ARG A A5 A APAA A
2=,
2. A g

EFE 24T AT MABZY e
Bimer 2} Neumann(1988)2] Mg Zx
sto AAJslYt) dEIER oA Y

Groups Reagent & dose

BZ-control 0.5 mmol benzidine/kg

BZ-EtOH 0.5 mmol benzidine/kg + 1 g ethanol/kg

BZ-PB 0.5 mmol benzidine/kg + 80 mg phenobarbital/kg

*, ethanol or phenobarbital was pretreated 24 hr before benzidine administration; each reagent was
administered orally by curved ball-tipped gastric inoculation neddle
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2] Sabbioni ¥} Neumann(1990)] 5
Moz FRIENE Festy 9] 7l
E3f5te] BZS} MABZ 12|11 4ABPE 3]
Tk o5 E49 AFELE A
A3t 34 glo] A AAIZmpE T
(Reversed-phase  high performance liquid
chromatograph, Gilson 715 System, GIL-
SON, Villier le Bel, France)E ©]-&3}¢
BZ, MABZ, 4ABPE Ee]afSlth e
T, 1999). WIFE o179 A A
3L TA ARA] B4 =S Fo)7] 9
31 2719 electrode”} 212} ThE
(potential value)>.Z 7E0] 7}sst %17]
$}3H% 7] (Electrochemical detector, ICA-
5212, TOA Electronics, Tokyo, Japan)S A}
&3kl

1) fIX|el & 2ot EHIX|Cle] 24

BZ 9 MABZe] st #1715}st A&7
9 BAREE #o7] Hste] 229 £
MZZ 0 Z voltammograms 24 8o] BZ
¢} MABZel A3t 9%k (potential
value) 02 ZH7} 0,65 V, 0.75 VE 315
o ¥ 29 2A0E EXS A
(NIOSH, 1995)% BZ= 1.82 ng/ml ©]$l 1
MABZ= 1.54 ng/ml ©]3itt.

Table 3. Operating condition of high performance liquid chromatograph for 4-aminobipheny!

Description

Condition

Column

HAISIL HL G, 5 pm, 250X4.6 mn

(Higgins Analytical, Mountain View, California)

Column temperature 35°C
Mobile phase

Flow rate 1.1 ml/min
Detector

20 0

Injection Volume

0.2% Lithium chloride : Methanol (50 : 50)

Electrochemical detector (potential 0.85 V)

A FAlO e 71 ik webA
E 39 27107 9= §4314 4ABPY
voltammograme 213313 0.1 Aof A
ghok 93 0.85 Vollt). ¥ 39 x4
o3 M3 4ABPY ZAETHA(NIOSH,
1995)%= 0.2 ng/ml ©]gITh.

3 olz==l 2 A

ot

BZ, MABZ, 4ABPY] d|ZZZH H7}
AS 2L 2707 vlwspy] Ysto] ®
MANE FRZEN AR G(hemoglo-
bin binding index, °]3} HBNZ H&at3]
o}, HBIE= | mol9) &|RZ=Zule Askg
BZ, MABZ, 4ABPS] mmol 5+Z BZ 59
SFOE U gholth

HBI=2 &5 2/ 5012 =(mmol ~ cleavage

U 27H o)

Table 2. Operating condition of high performance liquid chromatograph for benzidine

and monoacetylbenzidine

Description

Condition

Column

HAISIL HL Cig, 5 m, 250 X4.6 mm

(Higgins Analytical, Mountain View, California)

Column temperature 35 C
Mobile phase

Flow rate 1.1 ml/min
Detector

20 10

Injection Volume

0.2% Lithium chloride : Methanol (70 : 30)

Electrochemical detector (potential 0.75V, 0.65 V)

2) 4-ofo|cH|HE 24

4ABPE E 29 Z710F BAs= 73
- retention time©] 5 2o} %7 (peak)
o] G/d=A] 9k9}r}. Retention time W
EA 7] S5t olgie 2AE At
ol uiel WalA)E A9 W78 A%
717} )Pl =X kol Bz U MABZS}H

product/mol  hemoglobin)/(mmol benzidine
or Direct Black 38/kg body weight)
FEIER 7R oA dojuhe N-
acetylation®] EtOHS} PBe]| 25}o] ofuf gt
HE7E QeA gopry] St} Azt
w2} Ne-acetylation®] H|Z  H7}sksict.
N-acetylation H|:= MABZ-HBIE BZ-HBI

Z hr gho 2 315 th(Zwimer-Baier &
Neumann, 1998).

m & =
1. MIEK=1} phenobarbital0] 822
2491 271 "M 0|Xl= "

1) HIX|Cl-s| 2228 ZEHX|$BZ-HB)

off CHSh A&t

BZZ Folapr] Aol s Ao
© A D-SE 22 BIHA7 A9
Attt BZ F¥] 2T, EOHT I
2|11 PBTY] At ¥} whE BZ-HBI=
F 49} 2t} BZHBIY A% 0547+
A8kl 6A177HA] tizTo] EtOHT
I PBTEL =2 Ado] Yo 34]
telle dx2T, 6Atle dxas
EtOH¢] +23H| =3kth(p<0.05). 12]
U 9AIZF o] HEE EtOHT¥ PB]
272t Hy BZHBIF B2 7 gko)
AN CH EtOHT 124713} 1444178 1
2|1 PBT- 12217 48417F 72A07L 96
AZL 144X7b0M 0 f A &9tk
(p<0.05).

2) 2O EHIX|H-5| 2228 ZBHX|
T(MABZ-HBI)of| CHEF &5t

BZE Fojslr] Ao AF 3 AlgolA
BiotqeduiAd-g| R 2R 2714
7t AZEA 4kt BZ Fo%9 iz
T, BOHT 712|3 PBTS AlIZF A 3jo]]
2 MABZHBI:= % 59 2t}

MABZ-HBI®] 73-¢- 0.5A17FS ) ¢)5haL
T 6AIZHA i) =& AHgko) 919l

rir



Table 4. Hemoglobin binding index of benzidine(BZ-HBI) by ethanol or phenobarbital

A4 ek} phencbarbitalo] WA AL F2H BAA BRel wAE 9% 121

pretreatment 24 hr before benzidine administration in rat

2. 0|EF21} phenobaritalo]
N-acetylationtf| O|X|= H&f

Time BZ-HBI
(hr) control EtOH PB o222 N-acetylation H]&= 0.5 71l A]
0.5 0.0420.023 0.0690.006 0.032%0.005, 24X 7714 2 W3l glo] 16929014 25.02
3 0.384£0.013 013550044 0.18150.019 . %ol S E
6 0.428=0.034 0.403+0.023 030920015 MO UARE oJ 7ol 5245 T71etd
9 0.565£0.062 0.611%0.085 0.60950.255 7V F2 7} 48A1 A 54152 e}
12 0633 0,082 1.018=0.189 107070306 .
24 1.18470493 12920415 163210452 .
53 0.661=0.090 0.842%0.128 162150260 BIOHCE 05417kl 24417744 =
7 0.580=0.067 0.650%0.022 1.257£0.807 2 W3} glo] N-acetylation H]7} 1737114
96 0.492£0.042 0.555%0.067 0.913£0.167 5080|213 24A]7} o|THE|= ZAF
144 0.241£0.043 047210030 0.5920.206 OB 2 ol WA

# P<0.05 ** P<0.01 by Kruskal-Wallis test; ND: not detected; Mean+SD (N=5)

Table 5. Hemoglobin binding index of monoacetylbenzidine(MABZ-HBI) by ethanol or

phenobarbital pretreatment 24 hr before benzidine administration in rat

S7keto] 7Hd =2 H|7} 48A171ol|A]
59412 LERT

PBT-Z 0.5A17L, 3A17L 6417l Atz
T3} BOHT 5.0} N-acetylation®] H]7} 3=

Time MABZ-HBI Sxch 1y 2443F o] el W E of
(hr) control EtOH PB Z73 BOHT R Wokor 71 =&
0.5 0.91010.184 1.2050.223 101610224 H]+= 96A1 7kl A 40.280) QT2 1).

3 7.100£1.716 3.09520.725 6.385+1.525

6 10.714%4.974 9.091£1.788 10.722%1.704

9 12.993£5.066 15.325+5.534 13.085+1.287

12 15.80914.019 20.399+4.048 18.7451+4.367 Iv. 1 &

24 20.02414.586 31.94519.736 24.697%7.135,

48 35.767%5.502 50.0131:8.329 38.8965.013 Sy, ST CT e 41 ke

7 20.141+7419 32.688-8018 46.369°+5.009 AR ERaRl BAE ol
96 221717221 30.896+9.889 36.76919.488 g A= ZUHHO] ethylene oxide
144 12.69913.924 13.882£3.381 15.69412.293

" P<0.05 7 P<0.01 by Kruskal-Wallis test; ND: not detected; Mean®SD (N=5)

om 3ARE FsHA

7Y, 14477k A PBI- 34

(Tornquist et al, 1986), acrylamide (Bailey
et al, 1986), benzo(a)pyrene(Weston et al,
1989) 5ol &&Hx ot 53] FAl
AHH  nitrosoamine?} 4-0}0| =1 3Hd 9

(p<0.01). 1=} 9AIZF o] FF-H = EtOH
T3} PBTO] tiRTHU Hi MABZ-
HBI7} &2 7 %] $I11 BtOHT-2 48
A7 PBEE 1AM o5kl =3
CHp<0.05).

3) 4-oln|icH|H -3 222l ABK|F

(4ABP-HBI)of| CHSH A&k

BZZ Foia7] Aol AH T A BolA
= 4oh)cr|EYd FRIER Bk}
AEHA Lt BZ Fo39 uzT,
EtOHT 181 PBTY AR 73}l wh
4ABP-HBI= ¥ 63 %t} 4ABP-HBIS
B 05/7klM BE Fol HAEHA o
okl 9A|7F 0] FHE|= BOHTY PBT
9| 3¢ 4ABP-HBI7} ZTHIt 52 4
o)Atk BOHT-2 12A17L, 24A13E, 72

6AIZE 9AIZ, 12417E, 2441l T SRS ER IR dig a7 v
FRT} §9817] =T (p<0.05). ESHA ol FOA L T Bryant et al,
1987). AAZ AP HEIER F7}
A FAE AYE F5E F A
A A4S A E SAE B @

Table 6. Hemoglobin binding index of 4-aminobiphenyl(4ABP-HBI) by ethanol
or phenobarbital pretreatment 24 hr before benzidine administration in rat

Time 4ABP-HBI
(hr) BZ-control BZ-EtOH BZ-PB

0.5 ND ND ND
3 0.2330.082 0.132£0.700 0.308£0.079.
6 0.5480.123 0.4670.072 0.770£0.133_
9 0.5390.093 0.91010.158 1.3650.177
12 0.818£0.167 1.17670.163 152740287
24 0.641£0.110 1.898+0.200 236410412
43 242410203 277610284 4324%1243
7 1.707£0.190 226910301 239410995
9% 1.125+0.160 1.676£0.169 1223£0.170"
144 0.5871+0.125 1.56410.186 1.191£0.165

" P<0.05 " P<0.01 by Kruskal-Wallis test; ND: not detected; MeantSD (N=5)
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Figure 1. The ratio of N-acetylation(monoacetylbenzidine-hemoglobin binding index / benzidine-hemoglobin
binding index) by ethanol or phenobarbital pretreatment 24 hr before benzidine administration in rat

T 7 WEel #84de] W =
(Neumann et al, 1993).

Hlgkzolnlo] SRz} A5
QJ8l4= N-hydroxylations: 7 *]oFttt.
N-hydroxylation ©}¥17]ell OH71E 77}
3= 774 © Z(Windmill et al, 1997) CYP
4500] F& s FEET(Stillwell et
al, 1997). BZ2] N-hydroxy- lation®l] Z10]
FoJ3he EAE CYP 1A17} 1A20]t}, ©]
& 845 a-naphthoflavone, ellipticine
(Lakshmi et al, 1996), furafylline(Lakshmi
et al, 1997)° g3to] A=A B-naph-
thoflavone(Hsu et al, 1996), 2, 3, 7, 8
-tetrachlorodibenzo-p-dioxine(Astroff et al,
1988), triethylphosphorothioate(Frukawa et
al, 1987)ll gJsto] BA3H7| e B

£ AFAE BOHT = PBTY B
7 BZHBI7} 317, 6417 Al9jstas
dxTRt 2 3%S B30 MABZ
-HBI= 3417 A 9J8kal 121 4ABP-
HBI= A #2432 B3
0|72 EtOH(Neis et al, 1985)%} PB
(Corcos et al, 1998)7} N-hydroxylation®l]
Bofeke CYP450S fri=sto] BZ 7o
A JAE FEZEN FTHE ST
ATE Holth

N-acetylation> -8k o}lo|L} hydro-
xyamine®] Z28} A2o]
7t} £84.& ZAN71E o
(Lakshmi et al, 1995b). ¥ A oAl 3

2224 B71Ael| 4 dojul= N-acetyla-
tiong AtFog Hriely]  $stod
MABZ-HBIZ BZ-HBIZ U-70] N-acety-
lation B2 R7}31Ach thZTY N-ace-
tylation H]= 48A17H9] 54.157F H AT
EtOHT-2 484|7+9] 5941 ~12]11 PBT-
9621712 40.2801%It}. EtOH7}F B o}
R 3 =Z0] HW N-acetylation©]
7Vt A 4371 QI thElizabeth et
al, 1985; Neis et al, 1985). ¥ Aol =
EtOH-2] MABZ-HBIZ} ti%+2] MABZ
HBIETE AAZE 2 FEE HIA
1} N-acetylation H|oll= & 2}o]7} SISiTt.
o] EtOH7} N-hydroxylation¥} N-ace-
tylations H|523HAl S7HA1717] el
(Svensson et al, 1993) thZ-9] BZ-HBIK.
T} BOHT9) BZ-HBIZ} Atja ez AA
YERt Ajolt), PB-2 N-acetylation Y]
7} 23] 24717k o] $H¥ BZ- &7
N-acetylation®] H]RT} 22> 73 RSl
t}. 724 PBT-S BZ-HBIZF AATha o2
o279 BZ-HBIET} 2447 o] - HE &
271 wiEel ©eskAl BZPBIelA
N-acetylation®| A dofkria & =
oltk. 2T, EtOHT 181 PBT BF
= AAA A N-acetylation H]7} 1 ©]
A9 #oZ Yeht MABZHBI’} BZ-
HBIH T} Ehe S Ayt of2E
A= Bzl wEo] Hd FFTFuelA
4-nitroso-4'-N-acetylbiphenyl®] 7} o]

Atk AS 58 Aol opdd
o|u} 4ABPS} o] o}R17|7} sluel Wkek
Z ol Fo A& AEIER TS
o] 83 =ZH7IolA acetylation®] A2
g 65 857 E0HRiffelmann et al,
1995). 71 ©]§+ N-acetylation®] =2]7
A& EH  N-hydroxylation®] FH40F
S7Fsto] Wgeh A A3 5T} ol
7] o] t(Bimer & Neumann, 1988). &
3t N-acetylation> &= ofglo|u} hy-
droxyamine®] A28} 4kAol| acetate”] &
FIksto] +84& F7HAA WEA AW
o g HiAdAT)E 98 STh(Lakshmi et
al, 1995a). 121y} BZ$} Zo] o}17]7} 2
7N o)3l A4 AEZEN F kA olA
deacetylation®} N-acetylation®] FAlo] &
oJu7| w5&(Zwirner-Baier & Neumann,
1998)°]l N-acetylation¥0. % 543} 4=
A& AYslle ofHTh

#Z BZ % DB38Y AL ¥ 70| F
ol &Jaj o] FoiA| 1L §lof o] Fofel F
Abske 2EAE0] AFEAA 1HF L

=ZH1 9ith BZ 9 BZA| ol29E
o =Z5W BZ 2 I RS wEA
A 07 ujAdEo)Baselt, 1997) 7HelA
A ke &S o] &F HEEE
2% YA 42 7 ok 8%
T2 B7EE - H 8 Aol

Bol] FAHE TH7 o} dA7]

T
Z7#0] 7}ttt (Pereira, 1993). Wt

e}

NN
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al, 1995). ol A W] HIel= £
A9 S molecular  epidemiology)it-¢Fol| A]
T ESEY FUHAE g g83tn
9] CH(Neumann et al, 1993). BZ3} 7+0] #
Fro] Ao 7 wEHy JRELT}
Jhssl Wk BAol AL 3] AR
g o8 AYAASAHNO R 2T

TPy B Rl weks H2
o] .137].01] x—hslzs]- ;(] E—’_ =
-~ 2 231 Sepai et al, 1995). HHAI
T Edvoly getEdy FaEnl
o] A%H Felv E2F BF71Y AZE
,] zolt}, A 254 E0F o Folo] tff3k
S wo| v A W Poirier et
, 2000) QAHEok AL H A Hol 77
1 o_ﬂ' 3} _E_Q]:oﬂ)q om].;d o7 GI]U:LEH

F7HIE S&ap7] e okd e 3 o
t}. LtJrﬁ‘r/‘i Al 2=
AAE 2He W A st
G4 92 Aol Aask 2o
N-acetylation®] HEEE Q5o w}
4 2 o0 3 39501 3 e
N-acetylation®] %11 The2 S9l9]
1 wole 7k Lg];ﬂ 3 E}(lefe-
Imann et al, 1995). WekA 2luet] &
RAES o= o] Fopl tist AT
7 Besjea oA,
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g L ryd
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2w zE ol

o8 & o

AF A el

2 A7 AL A dEe FE
‘ Ad#HA EtOHSH PB7} H_Hoﬂ A
&l
Zlo]

ru{u,ﬂ_

BZ FoA| AHe 2 ZH §7
o ojmgt Fae FEX Jﬂ7}0F—
T}, B8k EtOHS} PRV} &l|EZ 2Rl 7}
A 2] N-acetylationel] 7)== °§ = 3
H7¥sloick

EtOHT¥ PBvY BZ, MABZ,
4ABP-HBI= UjZ7HL; Adutgoz =
7Vehz 7ol SiSit oEst ke
EtOHS} PB7} SR 24l H714 &Ao]
5= N-hydroxylations 5319 th=
A& Yulsit}. EtOHTS] N-acetylation
H] (MABZ-HBI/BZ-HBI)= th %73} H]%:
g ZgFo|gitt. o] EtOH7} N-hydro-
xylation¥} N-acetylations H]531A4] F7}

A 371 wizo]th. PB-9] N-acetylation H]
+ PB7} N-hydroxylations -5A]7 BZ-
thzare] Hjsf w2 Aol RE A
379 N-acetylation?] H]E= FE A7t
A 1EDE E9k o] AR BoH:
N-hydroxylations 53t 714 84
= 572 B ol 2} N-acetylation =
T3t} PBE N-hydroxylations =3}
of F7H| B4E& F7HIAET kA 2
A £4191 BZel tiste] A3led v
H7+e AA s 25 BtoHM PBY 4
& 1estolof opH F|EFEH RIAE
o]-§3k= Ao| AR xZof T3t
7tell Agsittar Abs T
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