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BENZIDINEDYES AND RISK OF BLADDER CANCER
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Until the early 1970’s there was little concern about dyes which contain benzidine as an inte-

gral part of their chemical structure.
dangerous.

Furthermore, use of the finished dyes was not considered

To ascertain whether azo dyes are associated with risk of development of bladder tumors in
workers who handpaint Yuzen-type silk kimonos in Kyoto, we investigated the disintegration of
dyes to benzidine. In these studies, we found that in rats and mice benzidine-based dyes are me-
tabolized to benzidine and that the azo linkage of benzidine dyes is reduced by Escherichia coli

and soil bacteria.
outline an approach to these studies.

These experimental findings were reported previously?=9,

In this report, we

Many of the dyes used to color paper, textiles, lipstick, bait used by fishermen, as well as
hair dyes, and dyes used in research, for pharmaceutical products, and by defence personnel for
the detection of liquid chemical warfare agents, have been shown to be potentially mutagenic or
carcinogenic. We review the literature on these dyes.
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18954 Rehn OEICIL U 5 BREEM BERLED B
BoORTEE (k) 13, TOREERTHS ben-
zidine, 2-naphthylamine, 4-aminobiphenyl 7 &
DRBUR RO s PEE LU TEREMEY 5
TER.IHALOFRET s VI, EAOKRFITLLE
D, BWERIT X 5REEOEY, I bIEFHIBE
BROMIZ BT AOREYHELUEINS TR
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(Acta Urol. Jpn. 35: 2049-2056, 1989)
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LicF —zikic\. BERONI0% % 5 5 it dE
MIEOHIBRNA R 25 &, BH, i 1H J
B e Y ARCHER LTS L, YepbidELT
B TBOSH S HIR, B, KBRI O LB 4
FLTLAD. LhLIhriBEEoRERLEED X
5 1eBATRIT B % DAL B B A TIXIRL .

EREM T A P BOMES T, BEHEDORE DR
BB DFEHENYV A LT 5 TIRTVBN, ©
hOMNEEARC L > TERRIDOTHENELEHE
FTHRDREDIY DR NER I h 5. »OoTUL
82 DFEGH B v v b & 2 ToHE S h 5 REIFRY
HRERE L, BENCREBDEFRRICRES L
DL, BETREL OBEEMT A + CEHE
B X b REMARDbh I EY R RE LHE
THEACELLTETS.

HIET, vs o VREBYE L BEMEOBGREY R
LichbhbhoWREoHLE LY EDTDR, KE
3% DEFOFTHREACKTH RN VIR X
RTuwignwd oo, S5 2 + B ERO VLT
hy, HHVCIIHETHBE LTS h Wb EaFELT
o I LIBANT 5.
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1) 1966%F I R AR EFH CABEIEEE % LIc565 D
MR DBEN T GHREE D —>TH % il
RECOED EIFETTB 2 &, ELWE LR
R T oI Yuklk & A KEE Y BRI 0 TR
MLTERC L2 ->7cERE GGE) 2ol
EHLIZ LR, BIROWEFRL T 2.

2) YoRHEEREEOBEME - S RLE L
FHRE Kk REIIEX, REHILRBE D 3t

NH;
Direct Deep Black Ex(DDB-EX) Nr"@-N=N@-N=NN=u.@
S0,

Direct Dark Green B (DDG-B)

Direct Bordeaux BK (DB-BK)
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RT, AT O BFEMRERSE 200 fEflc 2o\ TE
OB E T 1. REETHD LV 3ERDOH
SHERREEL 6.8 TH - 7.

BT BT 5 EFITIGL, Gregory DREHIC X
5 &, bhbhoidiwe USSR o Genin kX353
OMHYH, VADTARAD > b8 ADRPERVFLV
REHEh, “vFro VvREBEIhTH Ty
> v RARCREBEER TV ACENE S\ E#
HELTWBZ EBBROEA TS,

3) MERMEZE~D T vy — ¥ 141 AORBE
Ziz [EFIE~5% ARVATE TRt B4 A
Licz enibh Tt 0BRI% L. 138A (97.9
%) OEEED > bE6A (47.8%) M1 &%, %
D56 AL ED LS LTVAHEEEZE LT
% (Fig. 1). REEEOH AL EDINCERTIX
WA ATREMEAVR Shte.
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Fig. 1. Results of questionnaire: sent to 141
Yuzen painters in Kyoto, answered by
138 (97.9%). Have you ever moistened
your brushes or spatulas on your
tongue?
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Fig. 2. Chemical structures of test compounds: benzidinedyes used by

Yuzen painters
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NYFCURT VRERREER TR B, & Fo
ThboRERYN (Fig. 2) i, pEMENXL,
CRIZOHELHEDIdB ISR Tw5 &
v Ao 240% benzidine % 2-naphthylamine o3&
HERML AR T ie b o0, WETHDLRNT
RE LA O DI HBETH Y RETHD LR
TIMELBh, RAOHEMD L WEEFRMNESR L I
<> Tuie.

5) NvFLvRYu DDB-EX mx4M 227 %X
IBIO Y IR A L BERRT : v Rk
DDB-EX OffEir 5, #HBre <175 74 —
(TLC) & X % %% < benzidine XTI hich -
oo 75 rolBE (@BE KB N RELkk
Bis &) #AGCTHENTY VS oBEx ¥t
THRIDOERY T, BHELEBERCEEY A
T 37°C AT 2 BRIRE® aEXGUBAE
Wk =— TN =k 7 —LHIHE TLC i© k A4 8E
BIVBEERNE (7253 v TR YXBHE) T
benzidine DK% T -7, TLC F&#f benzidine
LA— REEXRTHENR T » F OB, LBSFER
HTRDHHh, REKBHETIERbhih T, &Y
FEEI#RC benzidine (3 435 mp fl5RICBABICEY
RTH, 2B, KEERET benzidine kH—
CE—2%0dl. TiobblofkitiEies , + o
RBRTRITINTT VA BN L benzidine %
H Uie?.

6) ~NvFr vk DDB-EX o kBE & LU
TEMEMC LS5 1% DDB-EX wkIGE ¥
Tk LB (X v B LEAKE SO off
EX DR UL ER) 2 gk SR
TEFEOBENEALERO Lo

TLC TiE# benzidine & [F— Rf % RT AR
v BB LR, ThHLOERERNLNvFO v
FRPIADBERAC B T7 VEAVEER I h
benzidine ¥7cixzDFHEMAkY £ U5 WEEHENTRE
hico.

7) A ek S5E TA9S, TAIO0 & X 5% R ik
F AP TEE, S9-mix HIBTRvF 2 vRT VHEHL
BRENRR U GRREE) (Fig. 3). chorify
Lics » FRICDERESESTEBHIN TS

8) RNvF U vRYEE NRER XS C3H <
2D FEEHLE : DDB-EX, DDG-B ©0. 1% KE%
BREORET B L =7 ATIR60E T £33%, 9%
AN =R E U, BEREHRRED bR
3, 3H-thymidine iz X % BDEE R labeling index
IR 27~285CThH H, BEBEKIE R 5 Hrk

|20J @mmum@) Benzidine
O DDB-EX
1004 Xww==m3X DDG-B
Ly DB-BK

Revertants/plate

¥ 1
50 100
ug/plate

Fig. 3. Mutagenicity for S. typhimurium (TA
98) of benzidine and three benzidine

dyes
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Fig. 4. Labeling index of bladder epithelium
by 3H-thymidine in mice treated with
benzidinedyes

DNA &pisEn ER%#R L (Fig. 4).

NCI C X5 BB TH 3O~ v o vREHR
TAA b —<DREFED TR, thbo@He
T L LC &% hb benzidine D iz 40 ppm
UFTha i X vaREECREEND Y, THY
& LT benzidine X2 1D TR EHHB LT
L‘%IO).

IO LSRR LTT VAL EE L Wi 72195949
PHIVEL ERETE0ELSBRY THD & L& EF
T&E7, Lo 1978 42 National Institute for
Occupational Safety and Health &> Boeniger 3
ADERREA-> B bEMELTERS M
benzidine BFUWE U WHEKEDOD 5 & L& BT
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WA, ILRARCREIRATWIADRSR
benzidine MR\ Xh, F0& e KR iy -
LTRELTWB EEXORBB I VIIBMEE T
Ehb, AEARIENTTELLIDTHAS LDE
ZEBTBY, 4 Genin KI5 R E L
T&%h5 benzidine DFE 10~400 ppm & D
ERB BN, TOVSLTIRRDOF Y I s LB
TEEWwEvvbRT W3, Rinde Lt + i
¥EEL, o R benzidine # B L7 LT\
BN, CnLEEFABRCATE Ry F Y vRESE
BHBEINBDZEXPLNTHS. EHATEHRL-T
T VRABORENRL S LA EENCRE LER S
B5. ThbbaREBETHMCHEDEY 525
Z &C benzidine ELZMWTERLEWIHERTH
510).

Ny F o vREFT 1971 FE0 Colour Index 1=
1B L 2B0BER I SEZIRTVS. BELTRLLMNE
Bz IR TR ENITHTH B A, REEs
A BEIND ¥ TIL Gregory 1T W3 L5
D ELERIRFAIhBERETHS S,

HHRT R MECREBMERTHEOER
(WFhdACHT IREREIBENL S
BBEINTWEL) (Fig 5)

IARCG o=/ 77 7 JIfF 4% ik, [HEETIE,
EREE VIR, b LQREHRT A HED
hicd — &% ADOFRIEH Y A 7 IREEONT 5 FE8 .
FERR. Dk, ATOWER® Lo RmEtk
DI 2 SRIRVGIB BRI, BRI L ERT X
HEMOTELEREL T, ANCHTHREHY A2k
S LTV A ] EBNBRTWA. 20X 5Els
A MR EOBEAREEZTFRTHLDDORA 2 ) — =
VIR, BBVINEEN, KRBT -2 2BHT oM
REFE#LE LCHEAIATW 330 THS.

1) K @ Y ofmic A5 aR(T VILED)

FOWME I Lo RBRFIHINEBEOELINT
&Y <h%b. Prival 5139 Congo red, Benzo-
purpurin 4B, Trypan blue, Direct blue 1 »ZEH
BEHARL, TOEHKICEThLh benzidine 8 X0*
5 » PREEMEE%RT o-tolidine, o-dianisidine 73
BHTEREHL TS, Venturni H12380E
FeME L, 0BT Red GTL, Brown 5R,
Giuba black D MZEREFHWETHH T LR LEN
LoE Lo ey o X T\ 5. Garner 50 3
Sudan 2 & chrysoidine DZERFE M T 0RTY
BTH5 anilin, 1,2,4-triaminobenzene 23 &3¢

LDTHHLHRL, BEL R LD 220ME
w73 sEEr= ) rlE HHEVIEEOEENE
REMY LDT b0 BEKHTHELERLTY
%. Chung 573 Methyl orange % B & X
&R, FofER4 Ut DMPD (N,N-dimethyl-p-
phenylenediamine) NERFEHETHHZ %L
T3,

YRSl EDFERICHS 2-naphthylamine, benzi-
dine, 4-aminobiphenyl KR 2EHEBK 7 1 v & L
TRV F o vBEERE LORARO b LeilEIhT
WHE—FEROEFERELTAERINSE 7 VERDOME
RS EmE ALRHMIh g2 &% Garner
LI LT\ 5.

2) MM, B0 gml YtV EE (vital dyes)

FEROBHINIFC S B\ bh 5 triple dye
solution %, HEETAXETHS Z LB vE
— BB LORAEROPFCIERFEVE TS
% gentian violet ¥ &%, HEFE LCERShL
triphenylmethane dyes #B LT\ 5 E\v5. it
ETREAIR Tz,

Neutral red ' 3 #E&&d herpes virus II o
RO BRIEL LTHERIR W50, ERESF
B3 vital dyes & LT{ methylen blue?® & b
PIRERER R ET—RICFERAZIRTHB 3D ThH
5. L LERBECTEALIALOBEENCTHhLE
REMBETHHZ BT HLENDD.

3) Epd VBB EFE (hair dyes)

19702 A b coal-tar hair dyes 2EHZ H
DEOI/e ot FHT 19754 Ames 520 7% hair
dyes DFICERFUYRTbONBH ERREERL,
LnbZ0BRIEELYEL L TCHBE - %
NESREHMHRE N2 Ih T 503, BEDO BT
fEhtE, MoMALOFEO VT E LERMAD B LD
BTz bR T2, UL, RRIRFIROR
Koo T+2eELbh, 898 LR
T5Z EDBHEHIT— BRI TV B, 198240
IARC @ LA~ +®CiR14ED hair dyes DI
EREFEMEYRD, 0ECHICRT 2 BREEYZED T
Wi, L, Tokd NCI TR EDYIRE
N7 fER19854£0 IARC Monograph?” CTEMWICiE
BEd D & Licoit 4-amino-2-nitrophenol, 2, 4-
diaminotoluene, 2-nitro-p-phenylenediamine, 2,4-
diaminoanisole D 4fETH 5.

TR IBF R 3 5 iR 2 e < VBB O —D,
ADEBIEWBCRB IR L EREEOEEBG
YR THONERCHETHE e X s, {tHFE
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LT hair dyes wBE LT3 hair dressers D3
AThEE A DI 57 hair dyes DR TR, Lo
BEHELBbh s Lo bEML TV B TEESD
5. PIxiE%x D —ohi=—wm v (vinyl chloride,
fluorocarbons 7 X & &) ThHDH. EMECHTS
U A 75 & Wbhieh b B b A IERIDIREIL L
Ve 304EL) B hair dyes WBEBEXHR CWB BET
b, EOMIEED 21 T HELELLTVS. An-
thony?® {2 case control study “CEEDEIEFESNCIE 4
A®D hair dresser 23T, Fo 5% 3 AR204EL L
BoTuwicZ &, WNREMTIL hair dresser {11 A
DHRT relative risk X 4.1 THBEBELTCVS
B, Z A2 OBIRERTFOFFAIR T
DPEI T TR,

4) PR EhBE%E

DRLC & Eh 5 BRI 0—E2 nr bk
RICAB DR EETHS. DAV =R —
£ DFHE O RRBENY & UCERT S 2 EhRFT X
hicboBBEuehTw5h, Zodo DC orange
No. 17 RERFEWETH Y, 7V EAOBTLTETL
% 24-dinitroaniline 0 RFEHIT T EIN
T 5230, =iy, DC orange 17 o &RV
HEHRTLH Y, BEOPRIRMP L L THFETS
EvbhTw52 FRERERRIh T, Zh
MO HREFELTIXES.

Green LI PFOFRZDO BEIMUT 1 B EEh
HETHELHRI~5ECREAVEEATIIS~6
mg £ - T Orange No. 17 @ 15~100mg 14
MR A>T B b EHE LT3,
Fref WL FEH LT 0.03mg lip-stick/kg body
weight/day #BEXTWBEWIMELHB®. Zo
5B EDL LULNEBCRIRE R, ED L HULHAREH
BB XM b,

5) R#BLLCEAIARIPORBACOID
3% (detection paper)

BAE TR LA MERRE b FEHTH B L
Bbhsh, EHcEETs0L LTREEOBE,
BRICILI BHEORYETD LARELTS
indicater dyes % &% paper strips 230 bhT
5. =@ detection paper iZi¥ 6 B &R F\
LRTVWABR, LD b 4HEIERFMTH - .
Orasol navy blue 2RB, Eastman Fast blue B-GLF,
ethyl-bis(2,4-dinitrophenyl) acetate, thiodiphenyl-
4,4°diazo-bis-salicylic acid ‘TH 5. Z D paper %
AT A2 ETHARORRLTHTHDE, B
EITHTHL ARz OB h REIhDZ bic

128 19894F

7’3: Z’ 3D

6) AV omoORETAVIAER

#1490 X EE TII—BIY R R K —~ v T 400 FOH Y
ABB EIRTWAR, HbRROECRELRS
Ui L (maggots) ¥ W3, ZomrfFbhs
o ps rhodamine, auramine % » chrysoidine ‘¢
%%, rhodamine, auramine |X maggots [T AN
IR THEANLREAET SIS, RELY Y —-OEFRN
DTN D T ERPIELFE - TH Y ADFERATRRT
Y+ nz &by, —F chrysoidine (Imaggots
2l oTEHTHELDERTIEIICEFRESL
THATS. H-oTZOHERHI ABEVEE TS
&%, TCRRELELOXAVABETLFOFY
3 S 15F (A AN

Chrysoidine (318755 LM O et & LTAW
bh, HHETCRRBFEMYLERSE LTHVLR
ez b H ot b L. 1977 £ chrysoidine o
EREMIRININ®, R - TE D
i, ThEHo TWBEEN, ETHIH3ADH DA
BB ito el SR M- THLTHBEIRT
VB, 19844EITII26F%, 3SERDIESIN A IR T
52, WTFhiE ECREESYERCIBRZEShT
W, —HERES, hAIEREEChD. WL
A D HEBR T chrysoidine % 54ELL FE LT
WBW, IH2 ADRBALHE. B 1X4ERE
KDEFEAERY—H IR LVWEH Y TE L
Fefa L1z maggots #EA L C WA FIZEE TR
D, ChBOEHAII oL ERRIATVS. 2
ALSEBETH CHESY LC\edl, VAzkEy
LR T2 bORITEM LTI, L2 AED
heavy smokers Tk - 7299,

Chrysoidine R {3 o-aminoazotoluene & {Li}- #%
BELTHD. Thid~y AFFCREBEYRT. T
EDEES Y 4 UB . 19844R 189 ) AD AR
Lic maggots DEREEELTWB. —8o A,
bismark brown dyes % chrysoidine D » L
ReTwaEw3. LaL, Zhi crysoidine R
LIS CRRCERES TH 2,

= B

FEHROBMATDS | ADBELR E 50 iz fo o
T, RELVEWEL LTROLTHEAS AT R ey
*yy%*ﬂ%ﬁwﬁmﬁﬂ%ﬁf§étk%ﬁ%T
5;@@&%&@&%%LT%LR.%BK%&K#
T2 BROPTERREELTRTIOR - oniasy
L DRICBHICE LTV bhubh Bk, By
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REOBRT VERYRETF + vARE AT
Bedhsn., BECREET, RH—v2ihbEkons
HFRBELTOBEMOKRETHS = &1L, £ DANE
WFaL59Ths. BT, REOEHFA L0
FHENMERZh, BEORMDOREGERTFHRKAELEE
27 9 7ERTHS. 0B YN0 k5 T
FREBERELCHE LTV Ah 25 bR IET
BHIEBERERO AN ETSS 5. HHEEOFHET
D. Wallace #% “Too many of us in Urology look
but don’t see” FRRTV 3. —FI—ROER % K
TETHLEVIYURO Z R HBBRETT 22 &8
FrieBERTFERCETI 2 hshd LA
e,

X Bk
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