gl x4 8 &4 A 1 %
The Kor. J. Occup. Med. 59~65
Vol. 8, No. 1, February, 1996

3FH HE BFHE oLk WIXdA d &8
Direct Black 389 A+

dAdigts Sgae AgRadTLs

AES - cXE - ZEY 9y - Yz
— Abstract —

The Metabolism of Benzidine-based Dye Direct Black 38
in the Isolated Perfused Rat Liver

Jong-Uk Won, Jachoon Roh, Chunsung Kim,
Younjung Park, Chi-Nyun Kim

Institute for Occupational Health, Yonsei University College of Medicine, Seoul, Korea

Direct Black 38, a kind of benzidine-based azo dye, is widely used as a dye for fabric,
leather, cotton,cellulosic material, paper, wool, silk, and so on. Benzidine-based azo dyes
are proven as a mutagen and linked to bladder cancer. In 1978, Natonal Institute for
Occupational Safety and Health recommended that three widely used benzidine-based
dyes(Direct Black 38, Direct Blue 6, and Direct Brown 95) should be treated as carcino-
gens.

In this experiment, metabolism of the benzidine-based dye, Direct Black 38 was exam-
ined by using an isolated liver perfusion system. To measure the metbolites of Direct
Black 38, 8.0 #M, 30.5 M and 63,3 #M of Direct Black 38 was added into the recirculat-
ing perfusate of the isolated perfused rat liver. Samples were collected at 0, 10, 20, 30,
60, 90. 120 minute. They were treated with sep-pak and methanol, and the metabolites
were detected and quantified with high performance liquid chromatography (HPLC).
Residual non-reactive dye in the perfusate and liver was reduced to benzidine and then
analyzed by HPLC.

Detected metabolites of Direct Black 38 were benzidine, N-acetylbenzidine, and N,N’-
diacetylbenzidine, The average conentration of benzidine was 0.1 #M and this concentra-
tion was maintained throughout the experimental period. The average concentration of N-
acetylbenzidine was 0.22 #M and took the same pattern of benzidine. When 30.5 #M of
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Direct Blact 38 was added to the perfusate, only. N, N’-diacetylbenzidine increased slightly

with time,

From the above results we suggest that only small amount of Dirst Black 38 might be
metabolized to benzidine regardless of the s,amount of the Direct Black 38. There are
some possible explanations. The liver was damaged during the perparation. And the func-
tion of the perfused liver decreased rapidly because adsorbing of dye. The benzidine,
acetylbenzidine and diacetylbenzidine metabolized to other metabolites were not detected

in this experiment.
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Isolated liver perfusion, Direct Black 38, Benzidine, N-acetylbenzidine,
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Table 1, Components in Krebs-Ringer bicarbo-
nate buffer solution

EE BYE AHS] st $48 otAgwAd
€ o& WAL FTEA < BAa] Asle & %=
ZotETAE o83t AAMAI F 53 264 nm
o Adser HABAT

2 Ay

¥#x ne A9 o (heparin, 1000U)
1.5 ccE Tt ¥Yo]| FuHA A stn, &
B A3 ANE ¥ F UEY, HEUY BAE
o #xg Z#sgc. FEWE g £ 24G
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2zt Fek23g &7 ¥ Direct Black 38 §9&
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FAAY. 7tEA9 B E(enzyme activity) &
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Table 2, High performance liquid chromatogra-
phy conditions for detection of Direct
Black 38 metabolites

Components Concentration Description Condition

NaCl 118 mM Column C18(4.6%250 mm, 10um)
KCl 50 mM Mobile phase Metanol : 0.01 M am-
CaCl, 2.5 mM monium acetate = 50:50
KH2PO, 1.2 mM Flow rate 1.0 ml/min
NaHCO, 2.5 mM Detector Ultraviolet dector at 287
MgSO, 1.2 mM nm (0. 01AUFS)
Glucose 5.0 mM Column temperature 35 C

Bobine serum albumin 0.1% Injection volume 20 A




Direct Black 389 tiAlER #£4& A8 12ml
& 2% 100 t9 EAA 308 F% F, 5000
rpmellA 30% B¢ AHERT F Sep-pakS
AE dAEEE o) f3l ARE §E3H BY
3kAct, #FY el m¥kE Direct Black 382
NIOSH®HH 5013 wat &2l ok A& WA
deoz YAA BA80(Peter, 1984). A&
4L A TRA IR EIY V] E o] 83 x, &
A zAL Table 29 #Sith

n &

1. 70 s F=2 oAl

Direct Black 38% 47} 0.8 #M, 8.0 #M,
30.54M, 63.3 M8 FEZ F95kgc. 0.8 M

Table 3, Concentrartions of BZ, ABZ, and DABZ in perfusate

& BT TolM e g A S ZdH wx|do)
U 2 diAtEe] AEHA &stch WA 37lEE]
A BFE #F AF A B BFYAME WAY
oluvt 2 tiA} EAEC] AEE 9kvh(Table 3). 3
A FEAAN BF 108 dFE dALEc] AEEHY]
AlFst o Azt mel 2g4 FrkEchr ga
e FAE BIAAT R A5 R e
21dt). Direct Black 389 tiALE 7Fgu] WAd
< HHEAHCE 98 8.0 aM FHA] 0.1029 u4M,
30.5 uM FodA] 0.1750 #M, 63.3 M FodA)
0.1086 #Meo] AEHULH, okAld WAL B
2}z} (02362 #M, 0.2934 M, 0.2827 #M, Tlo}
AEAD L A8E 8.0 pM FAHE vie AEH
gsrew, 30.5 saM3 63.3 pM FAA ZHz}
0.2298 1M, 0.1667 #Me] HEHo] Fo 8ol

(unit; #M)
Time
Conc. * Metabolite

0 10 30 60 20 120
8.0 BZ N.D. 0. 1060 0.0993 0.0998 0.1073 0.1015 0.0979
ABZ N.D. 0.2769 0.2612 0.2243 0.2316 0.2373 0.2352

DABZ N.D. N.D N.D N.D N.D N.D N.D
30.5 BZ N.D. 0.1381 0.1624 0.1692 0. 2366 0.2495 0.1807
ABZ N.D. 0.2668  0.2738 0.2833 0. 3072 0.3035 0. 3505
DABZ N.D. 0. 0307 0.2018 0.2577 0.2734 0.44496 0.1031
63.3 BZ N.D. 0.1004  0.1111 0.1050 0.1089 0.1083 0.1099
ABZ N.D. 0. 2698 0. 3081 0.2894 0. 2908 0.2759 0. 2697
DABZ N.D. 0. 1654 0.1901 0.2838 0.1680 0.1338 0.1534

BZ, benzidine; ABZ, N-acetylbenzidine; DAZE, N, N’-diacetylbenzidine
N.D. inot-detectable, * Concentration of Direat Black 38 in perfusate

Table 4, Concentrartions of residual Direct Black 38 and metabolites after 120 minute in liver and

perfusate
unit; #mole (%)
Sample added Sample added
Materials 30, 54M of DB38 63. 3sM of DB38

Non-reactive dye in perfusate
Non-reactive dye in liver

2.235(38.07)
3.638(59. 55)

6. 343(50. 10)
6.212(49.06)

Benzidine in perfusate 0.036(0.17) 0.022(0. 17
Acetylbenzidine in perfusate 0.070(1.15) 0. 054(0. 43)
Diacetylbenzidine in perfusate 0.021(0.34) 0.031(0.24)

Total

6.109(99.7)

12.663(100.0)

DB38; Direct Black 38
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Fig 1.Concentration of residual Direct Black 38
in perfusate
A; perfusate add 8.0 #M of Direct Black 38
B; perfusate add 3,05 #M of Direct Black 38
C; perfusate add 63.3 #M of Direct Black 38
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< o83 sd 98 E Wol EHE AFYE #F
A717] Aol ndedH LR tET YR BN A
4 yixdo} 1 tANEE HE HEHA @
metd 2 Agd AL8E gEde WAY EeE)
gtz #uslene FA7 9& Aoz AzY
}.

B2 FHY WADA FE A QE‘*—QE}

F B& o|&§ EddoldAel ZAMEAE=H,
7l Direct Black 38°¢] Ed®ol¢A& Hol L}
e d& 7hed SUo (Chung &, 1983;
Gregory % 1981; Martin %5 1981; Bos %,
1980; Lazear, 1978). ©] 97E2 Direct Black
38¢0] Hole E@Wel9Alc] 9B/} Wixdoez ¥
= Arle Aoz AAgon vxdA dart
AR Do R A Aolgte A4S 2 gk

WARA dae 3EFEQ dyeR FUAIH
d8Y FH) w thhel Aeole A}\Z]u]- Fﬂ%‘-*"&:
HAd oz Ragn), ¢7hE ¥8e X479 A
de ZE 84 34Ut ded, oF 5‘%7—*] Ll
do7E 74 o3 AlhE 7+ cytochrome P—
4507182 849 flol, U7 R AaE FLA
Z = dvdn @9 (Cerniglia 5, 1982; 1986).
Martin §(1981) & Direct Blact 380] ItollA] wi
Aoz gdee AL Byt old] ¥l Chung
5(1992) & g oke] &8 &g B4 A
AFdE WS offle] ol HAFE |AAH F 8-
o, 5L oA dojuve 84 Bo v FaF
gL Fos FAsES 2y giREe) a7t
A Al oid, 9] wlolagE HLE o] 88}
A A TS 02T Aol



HAHA s 94 At ) Al 2l
Y ®o] ojFojzdin &, A EAVL HA e
AL AR Ee= /‘}%51'3’_ e Ao, AHgAgelA
 NRE 2579 dRE B4 F5E7] Wil
FAEe 23 dAke BEe) 9] dAb B &
ojm]7} glckar s},

2 d3de AFY9 428 ¥ FFAINA 10
¥ MRE 9489 tAEQd HAY, ofAEHAY,
tolde®Adol Yelgtt, Table 304 Ko &5
Je AANY WXHD ofNEHA DL A|Zto] AT
A= Fxo] & WE HolA] Wtk vomiEwl
Adel AS 9 FIE HAFA e i’%;&?‘]“}
30. 5#1\/[44 63.3sM2| Direct Black 38& s
AoAe gzt FVIEANTE AidE %V‘J—
ot dAEE FEE B 24T 4859 XA
aA 9 Aga gARe] FEE A HKxE
=2 ASHAT. FFE A 108 F =
¥ Wiy ko] zbzh 0,1060 #M, 0.1318 #M,
0.1004 pMol$ia, 30&<l+s 0.0998 mM, 0.1692
AM, 0.1050 M, 12081+ 0.0979 #M, 0.1807
M, 0.1099 sMEZ 30.5 M2 4EF FH3 ol
Ak Wixdbez talg o] tha FUFEAA T
8.0 yM FoTH 63.3 MM FAT2 &7 WA
Hog giatg o] AL vt

Manning % (1985)°] A3 Q17ke] Al el
2]%t Direct Black 382 tiAlel tig FFHQ &
TFolA Direct Black 382 A Aol 2sjA] wl
Ad, oA, TolMEWlAd, 4-amino-
biphenyl %9 tiAlES a5, 2443 &<
kst S w WRYE 39,15%, 4-ovlxriEd
0.96%, TelA=@WAIY 0,.52%, ofdEdlAd
0.34%7} WAkEo] A4tk Aoz ach. B ATl
e 30.5 sME 71Fo2 RA 59 G
0.3% =7l Wixdez dAE AT 2y
Table 494 B RAZEo] 3} FFY el Hof
Qe vNke g8t 97.5%% AL 2B A tiAle
WA HZFe Manning £ (1985) 2 Axs} Hl=slc}h
g U

£ A¥e ARE 1Y Direct Black 389 tiA}
t FA% ool ZA ¢S WA gm, Lo
AE e Aoz BHQlth Ajzke] Z3Eejx wWizY
olvt WA ALEC] F7HHA] & olfe ol A

7]"5'% A Rk Aoz AYztdrt, o] 7jeg &
3 AL T+ AEEI, BFAIIE U o] &4
£ W%E el Utk EF o] A8} 2l

F&=o] 7)%50l F&8HA AHAAY FA = o]
Z7)9] AR} o] FolX ol Fee d&e ulalz}t 3
Y= x| Y& § Ut (Table 3). <l d79 A
AL AA, WAL thAHEL benzidine-glu-
curonide, N-hydroxy-diacetylbenzidine 5 20
AFoz d=A e ol¥ 7ed HEHA 37}
2l AR dEiAet A& RAolx, A, FE
FAl9 FAR o] WE Tk E8E FoIM 4
Hakr] Egthe Holdrh HAR AT Adde
EFAFNA SRA T ZAJABASH A dojzl A&
g EUE JEX A4 E2FA 0.8 pME F
L v oF EFx HEIA ZYch olH AFAF
< uigos gorol ATy YA B9 5
ol&3le] WIS Yoyl Fag) diAEY 2=
IR2Ve|= HFE Fol At tigk A7t slejok
sk, 7=y BRE BEA F4E AAYA 98
7} ZtellA diatE e AP ik F e o
8o HAFE IR Fgo] o|FolA ok & Ao
2 Az

g B

¥ AFodM e WAYGA 98 Direct Black 38
of ZtellAl tiAlEE Pe Byl 9stel #9 A
£3E ol 83l AR A¥E s o B A
HE AU

A, T dadMe WA
Urt.

E4), Direct Black 389 tlAlE-2 WA, oA
2iAlg, tep@dlAidel e, #F AlF 10%
FRE ARG HE2HA

Al#, Direct Black 389 tiAlE2 Azto] A
I AT FHF AEIAT

Yx], AHEQ] WAY, olMEWiAd, tjoldE
WA Kol 3L Direct Black 382 Fo Fko

3& 228 5 8l

g o] E HolA gk,
oA, e AFHo] #EE= v|RkE Direct
Black 382 %o &2} 97% o]dolicth

olate] AAE B84 Direct Black 382 7hollA|



o gl FAgle]l AFte] tiatgcia FREr

goZe WAM FHYELE o 83ld Hroh ZF
A AFE d¥ol o]Fo|Fol i, WXHLR
Al e da9S gefsty] A Aol gl
olok & AHolth EF Direct Black 38 9o &
WA DA AR A= AF7} o] Fo)AoF & A
o2 Az,

s

7A5d, A9 AAHA 98 toldE B 38% 4
T R g #15 "5 AR dF 7. FANgn
A YAR=E, 1995

R, FEAY FHEEE: =BE 1A A 9121
I =FF, 1991

EFE, AUAABRAYA Y,
1993.

=AFE, Ae, AT, AR, JEe axdA 9
BAZ AYF 2R WA ZF2, q@agdel A
1995;7(2) :103-109.

HEFE HE 7F BFHE ol &3 BF A wAd
Abel) #Et A dAAtistn HANEY HA=E, 1995

Birner G, Albrecht W, Neutmann HG.
Biomonitoring of aromatic amines III: Hemogl
obin binding of bezidine and some bezidine con-
geners. Arch Toxicol 1990;64:97-102.

Bos RP, Brouns RM, Doorn R, Theuws JL,

A 29x, A 30z,

Henderson PT. The appearance of mutagen in -

urine of rats after the administration of benzidine
and some other aromatic amine. Toxicology
1980:16(2);113-122.

Cerniglia CE, Freeman JP, Franklin W, Park
LD Memetabolism of azo dyes derived from bezi-
dine, 3,3’-dimethylbezidine and 3,3’-dimethoxy-
bezidine to potentially carcinogenic aromatic
amines by intestinal bacteria. Carcinogenesis
1982;3:1255-1260.

Cerniglia CE, Zhuo Z, Manning BW, Federle
TW, Heflich RH. Mutagenic activation of the
bezidine-based dye Direct Black 38 by human
intestinal microflora. Mutation Res 1986;175:11-16

Chung KT, The significance of azo reduction in
the mutagenesis and carcinogenesis of azo dyes.
Mutation Res 1983;114:269-281.

chung KT. Stevens SE Jr, Cerniglia CE. The

reduction of azo dyes by the intestinal microflora,
Critical Review in Microbiology 1992;18(3) :175-190.

Dewan A, Jani JP, Patel JS, Gandhi DN,
Variya MR, Ghodasara NB. Benzidine and its
acetylated metabolites in the urine of workers
exposed to Direct Black 38. AEH 1988;43:269-271.

Gregory AR, Elliott J, Kluge P. Aimes testing
of Direct Black 38 parallels carcinogenecity test-
ing. J Appl Toxicol 1981;1(6): 308-313.

Keith LH, Walters DB. The national toxicology
program’s chemical data compendium. Lodon,
Lewis publishers, 1992, Vol VIL pp.590-591.

Lazear EJ, Louie SC. Mutagenicity of some
congeners of bezidine in the Salmonella typhimu-
rium assay system. Cancer letters 1978:4(1):21-
25,

Levine RA, Oller WL, Nony CR, Bowman MC.
Benzidine-congener-based aZO dyes: Assays for
purity and residues from dosed rats. J Analytic
Toxicol 1982;6(4) :157-63.

Lynn RK, Garvie-Gould C, Milam DF, Scott
KF, Eastman CL, Rodgers RM. Metabolism of
the human carcinegen, benzidine, in the isolated
perfused rat liver. Drug Metabolism and
Disposition 1983;11(2) :109-114.

Manning BW, Cerniglia CE, Federie TW.
Metabolism of the Benzidine-based azo dye Direct
Black 38 by human intestinal microbiota, Appl
Environ Microb 1985; (1) :10-15,

Martin CN, Kennelly JC. Rat liver microsomal
azo reductase activity on four azo dyes derived
from benzidine, 83,3’-dimethylbenzidine or 3,3’-
dimethoxybenzidine Carcinogen-esis 1981;2:307-
312,

NIOSH. Special occupational hazard review for
benzidine-based dyes. Cincinnati, OH. 1980

Peter M. NIOSH manual of analytic methods.
3rd ed., US Department of Health and Human
Services, 1984,

Rehn L. Blasengeschwuste bine fuchs in azbeit-
erm. Arch Klin chr 1985;50:588-600.

Rom WH. Envionmental and occuptional medi-
cine. London : Little Brown and Company, 1992,
pp. 1359-1361.

Yoshida O, Harada T, Miyagawa M, Kato T.
Bladder cancer in workers the dyeing industry.
Igaku No Ayumi 1971,79:421-422,



