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REGULATORY SCIENCE
—TO PREVENT OCCUPATIONAL CANCER —

Hidesuke SHIMIZU

Department of Public Health and Envivonmental Medicine,
The Jikei University School of Medicine

Skin cancer of the scrotum in chimney sweeps was first reported in 1775 by Sir Percival
Pott, an English surgeon. Thereafter, many occupational cancers were reported. Many
urinary bladder cancers were observed in dye production workers in Japan from 1917 to 1985.
The administrative step was not done at all until 1971. In 1975, Professor Bruce N. Ames
reported a method for detecting mutagens with the Salmonella/mammalian-microsome
mutagenicity test as a screening system for chemical carcinogens. Animal tests to demon-
strate the carcinogenicity of chemicals have problems in term of cost, time, and manpower.
On the other hand, the Ames test is used worldwide because of its high sensitivity and
specificity. To prevent occupational cancer, the use of short-term test systems, such as the
Ames test and other mutagenicity tests, is recommended.

(Tokyo Jikeikai Medical Journal 2007 ; 122: 267-78)
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PERCIVAL POTT

1714-1788, London, England

Fig.1. Percival Pott (1714-1788)
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Fig. 2. Chimney sweeper in England
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Table 1. History of occupational cancer

1 1775 Pott B0 5 oAz 04
FS

2 1875 Volkman I—)¥—L—-FEEHR 100
A

1895 Rehn
1915 (L& - )11

Yl T~ BB A 120
a— )V ¥ — )V—>EERR 140
DS A
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A
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FEERTIBERE DS A
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H

12 1972 HAE EDBANE S BB 197
HAI
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Fig. 3. Production of benzidine and g-naphth-
ylamine (line graph) and number of cases of
urinary bladder cancer (bar graph)
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Table 2. Test guideline of carcinogenicity test in USA
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Fig. 4. Prof. Bruce N. Ames (center)

Table 3. Recommended genotoxicity test guide-
line by OECD
AR T HEL
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PV E R TEE W L EREERBR 138
KIGHE % Fv 2184 Bl 1:8
RN 2 I 2 SR AR 1~2 7 A
;I/x%ﬁ\‘}aszl%ﬁﬁbléﬁf‘l‘i’ﬁ‘?‘fiﬁfb 2~3 74 H
FERE % F v 2 22982 B 1~254
ROGREZL200
in vitro MFGER IR 2~4 58
in vivo MILEEF IR 6~8 3
/N ERER 3~6 3
BB R 3HH
PECRERASERUN TR 3~54H
1~3%H

gﬂiﬁi{ﬁﬁffﬁﬂ@ % v 2 s R R

DNAREEIZ L2 b 0D
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Fig.5. Procedure of preincubation method in
Ames test
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Fig. 6. Result of Ames test. Histidine revertants

were shown on the plate.
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Fig. 7. Dose-response curve of mutagenic activity
of some chemicals in Ames test

Table 4. Comparison of sensitivity and specificity
of carcinogenic potential in animals and

Ames test
wEE Bz (%) FrEME (%)

McCann, et al. (1975) 89.7 (157/175) 0 (94/108)
Nagao, et al. (1978) 85.0 (136/160) 74.1 (60/ 81)
Purchase, et al. (1978) 91.4 ( 53/ 58) 96.8 (60/ 62)
Bartsch, et al. (1980) 75.6 ( 62/ 82) 571 (4/ 7)
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Fig.8. Correlation between mutagenic activities
in Ames test and carcinogenic potential in
animals (TDs,)
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Fig. 9. Correlation between clastogenic activities
in vitro (Dy) and carcinogenic potential in
animals (TDs,)
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Fig. 11.
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Fig.12. Correlation between clastogenic potential
in vitro and micronucleus test in mice (the
minimum effective dose, mg/kg. i.p.)
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w5,
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Table5. Mutagenicity and carcinogenicity of 26 hydrazine derivatives
Mutagenicity ~Carcino-
. ——— genicity
No Chemical Structure TA TA TA and Refer
100 1537 98 ence’s No.
1 Hydrazine hydrate N,N-NH, - H,0 + = —  +16
2 Hydrazine sulfate H,N-NH, - H,SO, + - - +17,18
3 Methylhydrazine sulfate H,CHN-NH, - H,SO, - = — 427,28
4 1,1-Dimethylhydrazine (CH,) ,N-NH, - -  — +6,29
1,2-Dimethylhydrazine . B . . -
5 dihydrochloride H,C - HN-NH - CH; « 2HCI +30, 31
6 Ethylhydrazine oxalate H,CH,C + HN-NH, « (COOH), - - = +19
7 2-Hydroxyethylhydrazine H,N-NH - CH,CH,OH +* - =  +20,21
8 Butylhydrazine oxalate H,CH,CH,CH,C - HN-NH, - (COOH), +* — —  +26
9 Carbamylhydrazine HCI H,N-NH - CO « NH, - HCl - = -  +32
10 Succinic acid 2,2-dimethylhydrazide HOOCCH, « CH, - CO * HN-N(CH;), — — — +33
11 Guanylhydrazine HCl H,N - C(NH) - HN-NH, - HCI - - = ?
12 Thiosemicarbazide H,N - CS - HN-NH, - = — ?
13 1,2-Diethylhydrazine dicarboxalate H;C, - HN-NH - C,C; + 2(COOH), — — — ?
14 Formicacid hydrazide HCO - HN-NH, - = — ?
15 1,2-Diformylhydrazine HCO « HN-NH - CHO - = = ?
16 Phenylhydrazine HCI {o>-NH-NH, - HCI +* 4+* 4+ 422,23
17 Benzylhydrazine 2HCI {c>-CH,  NH-NH, « 2HCI - - — 423
18 p-Phenylethylhydrazine sulfate {o>-CH, + CH, - HN-NH, - H,SO, +* - = +24
19 Benzoylhydrazine {5>-CO - HN-NH, - - = +34
20 1-Carbamyl-2-phenyl hydrazine {c>-NH-NH - CO - NH, - - = +35
21 p-Tolylhydrazine HCI H,C-<{o>-NH-NH, - HCI +* 4+* + 425
_—NO
22 2,4-Dinitrophenyl hydrazine OZN*<9>*NH2*NH2 +F o+ ?
23 Isonicotinic acid hydrazide ¥_>-CO - HN-NH, - - = 423
24 B-Phenylisopropyl hydrazine @*NH*NH « CH(CH;), - - - ?
- —CH
2-Methyl-4-chloro phenoxy acetic A AcE . . B . -
25 acid hydrazide HCI C1-<{0>-0CH, + CO - HN-NH, « HCl +36
% p,p’-Oxybisbenzen disulfonyl H,N-NH - 5027@}07@}502 CHN-NH, +* — — 5

hydrazide

+ : with S-9 Mix, +*: with and without S-9 Mix
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2R L7z DI 62% ThHo7: (Tableb, 6,
72020 F i FERE=ra-7 I AEEIC O W
TEFEPAM L D—BFIZFE (Table 8)22, —
FH, 7=V UHERIZOWTR—EERIEL %
o7z (Table 9)% 23, T R* v HEHEELFIO—

K

HRIZE» > 7z (Table 10)29, 44, Ames RER
R LS C OBRICDWT, a3y Ea—¥
L5 Ewy 7 PRSI L, METEEHERE
D—BERIZI oA ET 2 2 EARFTE 5,

B2 A A TFBED 1= D DIERVE R &
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HEREEZMD T, BESADGER, b5

VII.

Table 6. Results of hepatocyte/DNA repair, Ames test and carcinogenicity

Hepatocyte/DNA repair

Chemicals Bacter.ia_l Carc;ir}o-
rat mouse mutagenicity®  genicity
N’-Acetyl-4- (hydroxymethyl) -phenylhydrazine (1) + + — (3D +(5)
1-Acetyl-2-phenylhydrazine (2) — - — (3D +(6)
4-Allylthiosemicarbazide (3) — - +(31) ?
Benzylhydrazine (4) - - —(@3D +(7)
Benzylhydrazine « 2HCl (5) - - —(31) +(8)
Butylhydrazine oxalate (6) — - +(31) +(9)
Carbamylhydrazine « HCI (7) — - —(31) +(10)
1-Carbamyl-2-phenylhydrazine (8) - - —(31) +(11)
1,2-Diethylhydrazine dicarboxalate (9) - - - (3D ?
1,2-Diformylhydrazine (10) — - —(31) +(12)
1,1-Dimethylhydrazine (11) — + — (31 +(13)
1,2-Dimethylhydrazine « 2HCI (12) + + —(31) + (14, 15)
2,4-Dinitrophenylhydrazine (13) — - +(31) ?
Ethylhydrazine oxalate (14) — - - (3D +(16)
Formic acid hydrazide (15) — - —(31) +(17)
Guanylhydrazine « HCI (16) - — — (3D ?
B-N-[y-L-(+)-Glutamyl) -4-hydroxymethyl-phenylhy- B B ) ,
drazine (Agaritine) (17) '
Hydrazine hydrate (18) — + +(31) +(18)
Hydrazine sulfate (19) — + + (31) + (19, 20)
1-Hydrazinophthalazine « HCI (20) + + +(31) +(21)
2-Hydroxyethylhydrazine (21) — - + (31 +(22)
Isonicotinic acid hydrazide (22) — — +(31) + (3, 4)
2-Methyl-4-chlorophenoxyacetic acid hydrazide « HCI _ n — 3D +(23)
(23)
N -Methyl-N -formylhydrazine (24) — — —(31) +(24)
Methylhydrazine * sulfate (25) + —+ —(31) + (25, 26)
4-Methylphenylhydrazine « HCl (26) - - +(31) +(27)
.0’ -Oxybisbenzene disulfonylhydrazide (27) + + +(31) ?
B-Phenylethylhydrazine * sulfate (28) — - +(31) +(28)
Phenylhydrazine - HCI (29) + + +(31) +(8)
-Phenylisopropylhydrazine (30) - - —(31) ?
Succinic acid 2,2-dimethylhydrazine (31) — - — (3D +(29)
Thiosemicarbazide (32) — — — (3D ?

a) In Salmonella typhimurium.
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Table 7.

Summary of mutagenicity in Ames test and carcinogenicity in animals of

21 hydrazine derivatives

FRESME (+)

TRRBENE (—)

Hydrazine hydrate

Hydrazine sulfate
2-Hydroxyethylhydrazine
Butylhydrazine hydrochloride
Phenylhydrazine hydrochloride
Beta-phenylhydrazine sulfate
p-Tolylhydrazine hydrochloride
1-Hydrazinophthalazine

Methylhydrazine sulfate
1,1-Dimethylhydrazine

1,2-Dimethylhydrazine

Ethylhydrazine hydrochloride
Carbamylhydrazine hydrochloride

Succinic acid 2,2-dimethylhydrazine
Benzlyhydrazine dihydrochloride
Benzylhydrazine
1-Carbamyl-2-phenylhydrazine

Isonicotinic acid hydrazide
2-Methyl-4-chlorophenoxy acetic acid hydrazine
N -Methyl-N -formylhydrazine

N’-Acetyl-4 (hydroxymethyl) phenylhydrazine

38%

62%

Table 8. Mutagenicity and carcinogenicity of aromatic nitro and amino compounds

‘ FRZIIUNE et At R TLE Fent Atk
sy flec7/i=
TA98 TAI100 sk TA98 TA100 s
1 O—O-NH: L 4 L Walpole AL | 4 H,N-<O-0<O-NH, n " _ Grisswold DP
4729V 72200 (1952) VAN-YT I YT VI =T (1968)
: . c c1 .
, mN-O—O-Nm, I spll;% oS 10 HN-D-0<Conm, R St%nkéoff D
ST, (1950) 3397 nn-44-DDE (1970)
a c o . . s
3 HNO—<C-NH, w4 | 4 PlisCB g 0.N—=O—D-No, 4o o] 4 Lahams
33-YruRY VY Y 44-v=raY T
H,C CH, ) ! .
4 H,N << CS-NH, 4 4 4 Pliss GB 12 O—<O-NO, 4 g + Deichman WB
NP bV (1570) t=rEYTa=—L (1958)
CH,0 OCH, .
5 LN NH, o+ | Hag‘g%“ Z 3 O-0<-NoO, Frogr | o2
AN P=VT =YY 4=ruY 7 VT —T )
Cl Cl
. H,N—<O-CH,<O-NH, -~ Schoental R H,N=O—O-NH, _ Takemura N
6 ot (1968) 4 Cl_ ¢l LT aom
A-PT S IV T2ZNAY Y : 22555 LI rmuRyYYYY
a a . .
7 H.N-O-CH~CS-NH, -+ |+ SL%‘;%‘;? D5 &?\102 4|+ Hﬁkg“gg ¢
44~ AFLY-EA-(2-7a07 =) ) 5-=tu7vF 7Ty
3 CO-0<"-NH, 4 + ) 16 ®IH2 4 4 4 Hashida C
STV T E T 57 TS TTY (1968)

(1) FRARMED + 13 S—9Mix ZMA7HE, * Mk LBt Ao b0 THS.

HICEHEE IS AVNFER I N YIS TEFREL
DIRRBEROSRESI N THS IR D, R EE
2 DONEEFETH -T2, AN TPRAIEE % 8
LEo R Tcixero7zlL, BV ZZETH
FELTwihole, mlELE %> T2 Ak
T 2, 1935 FFIKETHID THdE S Tk
OPETIINERLIS T, SHETHEINTE
7z. 2005 FFICAREREE PRI A S L, TR

CREFFEER B L OB E 57 L 25 TH
3.

1LEEYVE N X BWEEEDS AR 5 b BE DB/
HBNZ, 1971 FicRrE b E SEE TR O
HilE, B X 01972 2 H L 2EELEO AR L
DRYYY i EORLE - AL, BEEETF
WRAATHIE, BEMEBEATERAATE CH E 52,

1976 FC X FPRIR OBS D &, EFHRELE
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Table 9. Mutagenicity and carcinogenicity of aniline derivatives

Chemical rle)pﬁﬁa Mutagenicity® Carcinogenicity®
Aniline - (+) (Nagao et al, 1977) — (IARC, 1982)
Aniline hydrochloride — +) (Nagao et al, 1977) — (IARC, 1982)
Metanilic acid — —  (Shimizu and Takemura, 1983) u
p-Toluidine-m-sulfonic acid — —  (Shimizu and Takemura, 1983) u
4-Methyl-2-nitroaniline — —  (Shimizu and Takemura, 1983) u
Anthranilic acid methylester — (+) (Shimizu and Takemura, 1983) u
Z*E\élrits?dc;slce%f&methylaniline (p (+) (Shimizu and Takemura, 1983) + (NCI, 1979a ; OSHA, 1980)
Nt;l:\;[ethylanthranilic acid methyles- (+) (Shimizu and Takemura, 1983) u
N,N-Dimethylaniline — (+) (Shimizu and Takemura, 1983) — (Walpole et al, 1963)
N,N -Diethylaniline - (+) (Shimizu and Takemura, 1983) u
o-Ethylaniline — (+) (Shimizu and Takemura, 1983) u
N -Methylaniline — (+) (Shimizu and Takemura, 1983) + (Greenblatt et al, 1971)
2,4,6-Trichloroaniline — + (Shimizu and Takemura, 1983) + (Weisburger et al, 1978)
2,4,6-Trimethylaniline (mesidine) + +  (Shimizu and Takemura, 1983) + (Weisburger et al, 1978)
2,4-Xylidine + 4+ (Shimizu and Takemura, 1983) + (Weisburger et al, 1978)
o-Nitroaniline — +  (Shimizu and Takemura, 1983) u
2-Methyl-4-nitroaniline — +  (Shimizu and Takemura, 1983) u
2-Chloro-4-nitroaniline — + (Shimizu and Takemura, 1983) u
o-Methoxyaniline (o-anisidine) — + (Shimizu and Takemura, 1983) + (NCI, 1978b)
2,4-Dinitroaniline — +  (Shimizu and Takemura, 1983) u
m~-Phenylenediamine - +  (Shimizu and Takemura, 1983) (&ilf:;r%ggl)et al, 1978;
p-Phenetidine - —  (Suzuki et al, 1986) u
p-Aminoacetanilide - +  (Suzuki et al, 1986)
0-Chloroaniline - —  (Suzuki et al, 1986) — (Pienta et al, 1977)
2,5-Dichloroaniline — —  (Suzuki et al, 1986) u
3,4-Dichloroaniline - —  (Suzuki et al, 1986) u
3,5-Dichloroaniline — —  (Suzuki et al, 1986) u
2,4,5-Trichloroaniline - —  (Suzuki et al, 1986) u
4faACr;ndinS%dei;(r:flﬂorotoluene*S*sulfonic _ — (Suzuki et al, 1986) u
2,5-Diaminobenzene sulfonic acid — 4+ (Suzuki et al, 1986) u
3,5-Diaminobenzoic acid + +  (Suzuki et al, 1986) u
3,4-Diaminochlorobenzene + +  (Suzuki et al, 1986) + (NCI, 1978a; OSHA, 1980)
3,5-Diaminochlorobenzene — +  (Suzuki et al, 1986) u
2-Chloro-4-methylaniline + (+) (Suzuki et al, 1986) u
2-Chloro-5-methylaniline (+) (Suzuki et al, 1986) u
5-Chloro-2-methylaniline — (+) (Suzuki et al, 1986) + (OSHA, 1980)
4-Chloro-N -methylaniline + (+) (Suzuki et al, 1986) u

24 induced DNA repair; —,
P+, induced mutagenicity ;
mutagenicity.

¢+, shown carcinogenicity ; —,

failed to induce DNA repair.
(+), only induced mutagenicity with norharman; —,

not shown carcinogenicity ; u, unknown.

failed to induce
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Table 10. Mutagenicity and carcinogenicity of
epoxy resine hardners
Muta- Carci-
No. Chemical Structure geni- noge-
city nicity
1 4-Aminodiphenylether <0-0<OrNH, + ?
4,4’-Diaminodiphenyl-
2 her H.N<G)-0<0)-NH, + 4+
P H,N,
3 3,4,4’-Triaminodi- IIzN-@O-@NIIZ + >

phenylether
1,4-Phenylene-di-4-
aminophenylether

1,3-Phenylene-di-4-
aminophenylether

H,N<O)-0<0-0<0)-NH, + ?
HZN_@O@O@NIL L

o SIS VY. A
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o LicDimmodiher g N @so @nn - ()
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I oh,1979 46 H & 5 H F TH 16,000 & 28
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Laboratory Practice : & K3 BRATEHE) 125> T
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ReEmb s ENHNTD 5.
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