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— Abstract—

The study on the metabolism of benzidine in the isolated perfused rat liver

Mun Joo Bae, Jae Hoon Roh, Young Bong Cho*, Choon Sung Kim,
Mi Ryoung Chun, Chi Nyon Kim

Institute for Occupational Health, College of Medicine, Department of Industrial Environment & Health,

College of Health Science*, Yonsei University

Benzidine, an aromatic amine used primarily in the manufacture of azo dyes, is recognized as a
urinary bladder carcinogen in humans. In rats, mice, and hamsters, chronic exposure to benzidine
resulted in tumors of the liver. The present study was undertaken to suggest analyzing the metabolites
of benzidine with the optimal condition, identify the metabolites of benzidine, and observe time vari-
ance of the metabolites in the isolated perfusated rat liver. N-acetylbenzidine was synthesized by
acetylation of benzidine with acetic anhydride and separated by thin layer chromatography(TLC) and
high performance liquid chromatography(HPLC). To analysis benzidine and the metabolites of ben-
zidiné€, HPLC operating condition has been optimized by means of preliminary experiment. The
mobile phase consisted of acetonitrile(37%) in phosphate buffer, flow rate maintained at 1.0 m/min.
Optimal detective conditions were electrochemicaldetector(ECD) at 0.75 V for benzidine and N-
acetylbenzidine and ultravioletdetector(UVD) at 287 nm for N,N'-diacetylbenzidine. The separation
system was composed of a guard column and a separation column(Polymer C18, 4.6 X 250 cm) at a
temparature of 40°C. The perfusion system was equilibrated for 30 minutes before addition of benzi-
dine to the perfusate. Samples of the perfusate were collected at time intervals(0, 10, 20, 30, 60, 90,
120 min) during the 2 hour perfusion. Before analyzing samples by HPLC/ECD/UVD, samples had
been treated with sep-pak. Samples of perfusate analyzed by HPLC/ECD/UVD and the metabolites
of benzidine in the isolated perfused rat liver were N-acetylbenzidine and N,N'-diacetylbenzidine.
Benzidine metabolized over 60% during the initial 30 minutes of perfusion, extensively by 1 hour,
and was undetectable in the perfusate. N-acetylbenzidine increased by 30 minutes of perfusion,
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declined. N,N'-diacetylbenzidine increased the 0-90 minutes period, remained constant during the 90

- 120 minutes period.

Key Words : Isolated liver perfusion, High Performance Liquid Chromatography,
Electrochemicaldetector, Ultravioletdetector, Benzidine, N-acetylbenzidine, N,N'-

diacetylbenzidine

I.M B

AR dAYA 459 F8 gJAe =Ega
Aw, 8=, Fxoz A o (Meal &,
1981), WEE YEZ olulx 31 9% 244
H)x7|A F4E& 18959 549 Rehnel A& B3
& (Rehn, 1895) ¥ Al4d 7ol 2ls) #H=Rdo]
TdQeo2 HrEAG 19749 RE vl=agieA
B34 (Occupational Safety and Health
Administration, ©|3F OSHA)<}A & WA o
# HEEZ2% % (permissible exposure limit,
PEL)glo] <Al detEad= WAYE FFslzn glo
9, Az, 71, ZHEZ AXF, 2ud 9244
A £ §%2=2 Hok (. 1%3F53 TRz
Re AAY, 1A, AN EFEL 43T A4S
N SAALARDRAA o] 71Tl 273 Utk
az]n FPAIHARIAT Y (National Institu-
te for Occupational Safety and Health,
NIOSH) 8] Z1€= n|Z4iARAR e 7|&5 §
g3}, WAde fvEl 2529 nSA R
A AAEY 23] (American Conference of
Governmental Industrial Hygienists, AC-
GIH) M= FH &5z T3¢l 29 22 (A)
o2 Astz YFHOSHA, 1974; NIOSH, 1988;
ACGIH, 1989; =54, 1991).

HAL L F2 5F7], £3H7)E 539 FFEA
53] nys FHEZFezE L o] F4¥EY
(Meal %, 1981). @A 34 Z=2=v 532
&, ] dF, A5R9E oplAE & deon W
A 24 HAk, ¥s Wi=IF 55 dofidy
g4 gnt. aEn dAY AR ARACAE =
& e dol ER1EATHNIOSH, 1988).

AT AAZA S 1970942 oln] WA dE
2AEAR A AH-E FAARLH, dEd
A& 1972958 AZe HEol FAHAY 9

el A 195090 Fagae 94 % 34y
EE AU o] {218 A=Y A2 |
olF, WA dF AAY AF7 Fagdx
AAG AP A7 38 olFE Aol

oln] AA IFoM e B AT/t A=,
Birner ¥(1990)& ¥Ald R wAdA dsE &
o3l F dAEAS Hlsia, F, 9 5
< 3oz & FEAYNA wA e
Z2AE M BP0 B A BEIAT
{(Haley, 1975; Nelson%, 1982). Morton %
(1979) & #A3d L Al AxY dAEd
< FEEHYDL 22 WA Do} opqEMlAU &
f#s Aol Fogle f]EA] FolxAl olaEd
AdE dFsgich(Martin 5, 1982).

azla olde) AFEHE E(species) o wabA
A=l A A dPeol d=A e,
Morton 5(1980) w2¥ #HF, A7 FdMc
Zte]l EA7|Hely wide] s} Brlodlde WA
o] 7k oFg weAS vl d4oldae B¢
A& HFA gedn AEd.

HA 2 ARRAZY AEE BA] 9
A pAsdAazriE N AgHFESIE
o]-&-8t= NIOSH2 244y (NIOSH, 1989 & A}
&3tz o}, A, AESHRYEge] g Q
FEE 2AE 519950 48533 APAE o
Aoz AEYH RUHYA @3 978 2aF A
o] st A< ARE Feolxz AAAY Ed
Hell g Asrt 3] #5 4%t Manning
5(1985)& WlAAA =88 Direct Black 38
< olx FHELZ TAMAA dAEEA WA,
4-o}n] =] #Y (4-aminobiphenyl), °lHIEHA]
d, ofAlgo}u]H)#'d (acetylamincbiphenyl) &
JIAAEEINRAZZENIZ BAEYa,
Lakshmi (1990)2 WXH-Z 7ld] T3] o
AEdd dAEEE 2% dAIa2aEady s
A7SGHAE7E o145t MUY, a2z



WAY ale] hg AR A7 WADL HF
o2 B437] 9% Wol Astslojor & otk

WA A @] o] o Fof mE WAY
o 9% gAEde gad vehde 42 ¢ 4
glon, Zof wje WA FgH YAEAL F
gAoz FYske ATE WA U SHATP] 3l
ojd Wasith 53 N FA7A<] G2 gl
£ qojAe] 9AY g @I dHM Be
4L HAE A2 T BHYL ol Ao &
gaittn AagH, 949 YARd S BAd A4
DEES. ERR- LRl oL D ECL S
de AelHdar), zEn ANNAHRLEIE 5
Ald d2% F 24staz ook

E A7 E A2BFYL ol4sld R ¢
oA wixde] PAlES BEH FAHY A7
o] 24 e gk

A%, WAL WY AR 2He HAzA
& Agsk,

4, 3% 7 B8 294 A" uxge
qAEA S g, _

As, EAY GAEde] AE ¥ss A9
o},

I. A=z oy
1. AENE % B

AE gFdA 1077t AFHT AFo] 240 +10
g B=9 Sprague-Dawleyd 33 30t12iE 4%
TEER stgern 492 ] 43y AvE 4
P52 A5 #3L 25+£2C, €% 65+5%
2 33 g 9AA /AT AT £ 4
ol e Aok 4% 55 A4S JdE A
£3tgiod nYFRAIAZETYY fedes
ALe% ot EVET Fe] Sde I2otE 18-
(Baker) 22 83 M=& & F AHESigich. 2
2 Alge] el obRdAde] EEEHL ¥
A& B} AMESETH

##2 o] FFAFIE WAD BHFEE
Lynn 5(1983)8] dF7& ¥In= 3§ 1 w/=iE
A== ARG

BHYL Krebs-Ringers] F84 @3gdoz
NaCl 118mM, KCl 5.0mM, CaCl; 2.5mM,

KH,PO, 1.2mM, NaHCO, 2.5mM, MgSO,
1. 2mM, Glucose 5.0mM, BSA(Bovine Serum
Albumin) 0.1%2% AZ$ ¥, Uiz GilE
S o83 BHYY A0 HEE 7.42 2
o} AMgaigict,

2. JEoP)

BEFEZ L AN Attd 499 oHAEsiAd
€ O dAGSEA e} Bala] 9sle] AR &
25 azntETdYe slicagel 60 Fau(20 %20
em, (.5 m) (Merk)E ©]8319 UV lamp(Spec-
troline} & Y3 254 m= 3o} F&sch wAd
F FADAAEE S AL NRdge] FHg E5
3 €7 S5 AASE EEAE UV-VIS
160A (Shimadzu) & o] &85t

WAH WAEAAED 228 SEA AR
22 2ctEad R = 307 pump, 306
pump, 811C dynamic mixer, 805 manometric
module, 831 temperature regulator, 401C
dilutor, 231 sampling injector, 20~100
loop Reaodyne injector, 7i2 FC204 fraction
collector(Gilson) 7t ZF&s o] 1x 724 A7
(Gastorr, T-103)& AM&3tdct. F&7IE2Ee F
HA FA Ao 7F5% 119 UV/VIS detectorst
142 electrochemical detector(Gilson)& A3t
gt & dFdA AgdE ¥=#e Polymer
C18(4.6 x 250 mm, 6 m}E2]PoZ HFTFL A
Zsteg AHgEigTh

3 Haud

1) ofdEHx|TIof B

olAEHA AL Fgst7] ##AM Birner F
(1990) 8] ohAEHAA §AES WP s wAd
£ delzd %9 F, aNEEA oM EL RaFE
& golo) Mol £Foz Pao] A WA MA
3] A7l O 4 FHE AH3n dHE2 A
A F, AL ARG, A=A PPET
oo £8AA et Z2olETYAE 43
o Feld oMYHRIP S Fo] 2o} vEdd] 4§
HAFA qHEtm gNE s RATErE T
Z PNy B8 AEe 2R ¥ ¢
&9 azetEadde oA HAF ARl



Table 1. Reversed phase high performance liquid chromatography operation condition

Description Condition
Column Polymer C18(4.6 mm X 250 mm, 6 ym)
Mobile phase ACN:phosphate buffer(pH 6.0) = 37:63
Flow rate 1.0 mi/min
Detection I UV detector at 287 nm (0.02 AUFS)

at 295 nm (0.02 AUFES)
Detection II ECD at 0.75 V (10 nA/V)
Column temp. 40 C
Injection Vol. 20 u
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Fig. 1. Liver perfusion layout
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Peak ancz were measured after making multiple injections at
increasing potentais.

The concentrations of BZ and ABZ was 20 /i in DMSO.
Mobile phase contains 37% ACN and 63% phosphate
buffer(pH 6.0) solution. %

Table 2. Separation of benzidine, N-acetylbenzidine and N,N'-diacetyibenzidine by thin layer chromatography

R, for
Absorbents and solvents
BZ ABZ DABZ
{A) silicagel and 100 % ethyl acetate (.52 0.38 0.23
(B) silicagel and chioroform : acetone (9:1) 0.19 012 0.02
(C) silicagel and chioroform : ethyl acetate (5:1) 0.17 0.11 0.05
{D) silicagel and MIBK : 2-propanol (4:1) 0.65 0.61 0.56




Table 3. Peak area of benzidine, N-acetylbenzidine and N,N'-diacetylbenzidine

Detection
287 mm 295 mm ECD{0.75 V)
BZ 499602 463507 167'8902
ABZ 201069 210677 282330
DABZ 413417 408746

The concentrations BZ, ABZ, and DABZ were 6 pg/ml, 3 pg/ml, and 3 pg/mi, respectively.
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Fig. 4. Chromatogram of benzidine, N-acetylbenzidine
and N, N'-diacetylbenzidine by HPLC separa-
tion
The separation system was composed of a guard
column and a separation column(4.6 X 250 mm)
at a temperature of 40 'C.

The eluting solution was 37% ACN and 63%
phosphate buffer{pH 6.0) and the flow rate was
1.0 ml/min.
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Table 4. Concentration of benzidine, N-acetylbenzidine and N,N'-diacetylbenzidine in the perfusate

unit : X 10*mmole/!

Metabolites (mean+5.D.)
Time (min) BZ ABZ DABZ

0 5.445+£0.441 0.000+0.000 0.000%+0.000
10 5.364+0.356 0.532+0.006 0.420+0.047
20 3.127£0.466 0.758 +0.060 1.130+0.139
30 230740512 0.803 +0.341 22830327
60 0.000£0.000 0.718 +0.058 0 3.2214+0460
90 0.000-40.000 0.236+0.072 3.506%£0.365
120 0.000+0.000 0.286+0.093 3.4971+0.494
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