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Mutagenic activity of urines from 43 patients with urogenital cancer was tested in the Salmonella
typhimurium TA98 and TA100. All patients were hospitalized and were on usual hospital diets.
They were ordered not to smoke during their hospital course and their renal and liver functions were
almost normal. None of the patients received antibiotics during this experiment. 200 ml of each
urine was concentrated 200-fold by adsorption with the XAD-2 resin. Ninety-four urine samples
from 43 patients were divided into four groups: group 1, 18 urine samples from 15 patients receiving
no drugs; group 2, 27 urine samples from 24 patients receiving some drugs except for anti-cancer drugs;
group 3, 39 urine samples from 16 patients receiving single anti-cancer drug; group 4, 10 urine samples
from 5 patients receiving 2 anti-cancer drugs. A 24 hour urine was collected for groups 1 and 2,
and a urine from the time of administration to the next early morning was collected for groups 3 and 4.
The results are as follows:

1) None of urine concentrates of group 1 was mutagenic to either strain TA98 or TA100.

2} None of urine concentrates of group 2 was mutagenic to either strain TA98 or TA100.

3) Eight urine concentrates of group 3 were mutagenic. Though 5 urine concentrates from 3 patients
receiving cyclophosphamide were not mutagenic to either strain TA98 or TA100, the urine concentrate
obtained from ! to 3 hours after administration of 1,500 mg cyclophosphamide was mutagenic to
the strain TA100. Four of 9 urine concentrates from 6 patients receiving adriamycin were mutagenic
to the strain TA98 and/or TA100 and two of 4 mutagenic urine concentrates were mutagenic to both
strain TA98 and TA!00. Two of 14 urine concentrates from 6 patients receiving cis-diamminedi-
chloride platinum were mutagenic to the strain TA100. No mutagenic activity was detected in the
urine of any of the patients receiving one of 4 anti-cancer drugs; actinomycin D, vinblastine, bleomycin
or mitomycin C.

4) Four urine concentrates of group 4 were mutagenic. All of 2 urine concentrates from the patients
receiving adriamycin and 5-fluorouracil were mutagenic to the strain TA98. One of 3 urine con-

centrates from the patients receiving mitomycin C and cytosine arabinoside was mutagenic to the
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strain TA98. The urine concentrate from the patient receiving vincristine and actinomycin D was

mutagenic to the strain TA98. No mutagenic activity was detected in the urine of the patients receiving

vincristine and cytosine arabinoside, vincristine and pepleomycin, or methotrexate and pepleomycin.

5) Our results suggest that urinary metabolites of some anti-cancer drugs might act as an initiator

on the urothelium. Although at the present time the detection of mutagenic activity in the urine

does not necessarily predict carcinogenesis of the urothelium, the physician who uses anti-cancer drugs

should be aware of delayed sequelae on the urinary tract.
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3. PUEERE 2RI ICORISHIT, A—EETIE
Z OFER R BRI 2 BEOER S 22U TE
h, ZOOERFE U, BEHEEOIEEIE LTE
cyclophophamide, adriamycin, cis-diamminedich-
loride platinum (CDDP), actinomycin D, vinblastine,
bleomycin, %z mitomycin G Thh, PHEEE
OHFEHI & LTI,

mytomycin C & cytosine arabinoside, vincristine

adriamycin & 5-fluorouracil,

& cytosine arabinoside, vincristine & actinomycin
D, vincristine ¢ pepleomycin, # {1z methotrexate
& pepleomycin OFHHETH -7z,

(2) BRAFELIUVRERK

FRABRE 22T TR EE RIS L6
b 5B HORBAOURER S, FRAIRS 25217
T2 BESRSHRERHOLHIIE6REITO
REPEHZMATERL, £0# 500ml 2ZE&HD
FY S oL oBASICEEEL, No.l filter paper
CHPRIBESH) TIEBL, —200C OBBEICREEL
72, FRRERREMT, chve4BebUs. S18
B9z &3 3 BHEMALERREGZZT TVILNIS
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FEHIUANOEFRE 2RI T2 BEEDR &L (10
) . RIS HEAIOEE FiX Ames test TEREE
2L UIch, Salmondla EENTHBIZHL,
B S 2 21 TV 5 BERETNTRA L.
(3) mRBWEAHE

Yamasaki & Ames OFE ICUTzdi~12. 72
b XAD-2 resin (BT EGNEH) %
1058 D acetone CEIF{LZEHERMENEH) THI#
U7 & BEISER: L, 10/5& 0 methanol CEIH{LEE3E
AL CHRCEERS L, SRICGEEKTH
M U TR 0.7cm, £ 10em OFF 24T 4
7 1.5emd /RE (BX 4om) 2ov A, HEAHS0
ml Th o 2%piUIE, 200ml OR2ZJHER
ANy ) KTHER 2~3 mlmin FEE
UTH T 2%EY. ZH5HERLD resin G IRA
WL S I2~3PWBEREN XA BFRL T resin WE- T2 R%
e A, TEMEZ 10 ml acetone T 18 X 150mm
OFRBBCEL XY, 60~65°C OERBOMTEE
A AT acetone 2ZEFEINW 5. HEBEEOE HY
PERATEBIRTIIRIT, —200C OBEEICEFEL
7.

(4) ' 3

B U7 x =7 K% Bruce N. Ames i L h 71
KRB EDTIE v &~ BEEE~ R LN
Salmonella typhimurium TA 98 & TA 1004 % [F##}
OEEFBECE D% 5 TFEAL.
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Fig. 1. Variation of revertant colonies on
the negative control plates
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Fig. 2.. Dose-response curves of positive
control agents
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52 BOLTREDRE B Table 2 0T L { Tho
7z, M.R. 13 TA98 ©0.68~1.59 TH{HEI3 1.01
+0.27 Tahb, TAL00 T 0.43~1.58 THHHE
3 1.01£0.29 TH Y, WINOHES2.00LTFTH
DERERIEA & b NIsheoTz.

2 3 B O | BEEOHEARG BE ROk OBRI
Table 3 D& THh-1C.

cyclophosphamide #5BEZRO 5 BAZONTNE
MR. 5200 FTHh TA9S & TAI00 D
WERIEENA & SNk -T0h8, 1500 mg D S5
BIRNBEE 2217 12 1 o BE ORI EIR 3 ik
EDOWTRBRERBERZB L8512 05, ZORKR
i3 Table 4 O &L ThHY, HEHLI~IWEOEHRE
RTTA 100 KBERFEENA EDLNIZ. ZBCD3
RIC 2T cyclophosphamide DR EW T b 5
nor-mustard §E¥)E O IRATERE % BB THIEES LT
P, BEEE»D 1 MoK 109 pg/ml, 1~3
Fi O FRicid 83.1 pgfml, 3~6 RO Ricid 80.8 ug
fml TaH -1z,

adriamycin #5 BH RO 9 ik Tz, TA9S w4
ke TA100 b 4REPER ERZLDL, %
D5 LD 2k TA9S » TA100 OEZ SRR
HE2LD L.

CDDP #EEZRI4HHE T TAI 3 d~TE
EEHDA ST, TA 100 2 kD ERFEEZ L
B LT,

actinomycin D, vinblastine, bleomycin, %%z
mitomycin G OB 5% 212 BF RiZ 3T
TA98 & TA100 WZEE BN LD ot
7.

2 4 B 2 BE ORI S BE RO DR R
Table 5 QD& Th-o1z.

adriamycin & 5-fluorouracil OEEEEEEIR2
itk &, mitomycin C & cytosine arabinoside MDff
B EERD 1k, % L C vincristine & actino-
mycin D OB HESBEERD 1 HEdS TAB &
HEEWE % U UTzps, vincristine & cytosine arabino-
side, vincristine & pepleomycin, # $1i{C methotrex-
ate & pepleomycin DHAREEERE TA &
TA 100 Q5 CEREHENS & D bRED > T

z %
Salmonella typhimurium TA 98 L TA 100 3 histi-
dine S5 BAROBETIC RRERD 5T - T His™
(histidine BEREE) &5-TkbH, HREED Y X
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Table 1. Mutagenicity of urine concentrate from the patients receiving no drugs

Revertant colonies per plate®

Urine concentrate 0. 1 mi DMSO({M.R?})

Diagnosis Case  Age Sex
TA 98 TA 100
Bladder S.1. 79 F 35,26 (1.35) 113 153 (0.74)
Tumor
.U, 80 M 29 26 (1.12) 169 153 (1.10)
M.S. 79 M 40 30 (1.33) 206 193 { 1.07)
Y.K. 78 F 33,99 (1.14) 87 ~90 (0.97)
T.S. 5T M 34 26 (1.31) 69 153 (0.45)
M.S. Tt M 2626 (1.00) 109 93 (1.17)
K.N. 49 M 13 /46 (0.28) 124 153 (0.81)
T.N. 76 F 53 /41 (1.28) 189 7206 (0.92)
T.M. 38 M 53 36 (1.47) 221 183 (1.15)
H.W. 87 M 33,33 (1.00) 184 /173 (1.06)
T.TS 1 M 26 43 (0.60 ) 174 /158 (1.10)
47 44 (1.08) 206 /183 ( 1.13)
49 44 (1.11) 185 188 (1.07)
Rena) M.N. 67 M 48 46 (1.04) 186 /153 (1.22)
drater S.M. 85 M 55 744 (1.25) 204 183 (1.11)
Testicular  M.F. 18 M 36 /26 (1.38) 128 93 (1.39)
Tumor
S.K. 28 M 41 /31 (1.32) 148 182 (1.12)
30 33 (0.91) 184 /173 (1.12)

a : average of 3 plates

b : mutagenic ratio

¢ : urine concentrate obtained on different dates

SO EM MBRIELTNT (rfa) BFE @S X<
U, ¥ 8BEBERZRNTNS (urB) 12D
BE L, X bEHEERT pKM 101 28AL
TEEROBREDPBRBITTE B L H s> TN B,
Ames test 31— b BT His~ %3 Hist (histidine
JEESRME) LR AEBEEPADL DT, TAM I
frameshift %I, TA 100 (I35 ¢ iCEEBHREOERR
W WVEREERIC T, benzo[a]pyrene DX 5
73 frameshift MOBRIET L ERERZBCT.

v FDR% Ames test THRETAHC 23, RAOD
histidine BB BETH 5 tpERav=—
BHEL s L&k, RAERFEENERN DN
TERWCEDESL . HETH A EEBALLNTEI.
197748 Yamasaki & Ames |3k RDRER2 XAD-2
resin [CHEIRAC & hRF @ histidine %3
I LM BC EWTE, BEZORE 250 BRE
FhHC b S99 Mix BEFic TA1538 TR
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B A7 B LT,

DSEZ 0BT e M OROZEZRFE: 2 E U HE
PHEINS X 31z h, McCoy 55 DRREFHED
FREHERCEREREELA LN NS HEITH LT,
Baden 55 IRMFIE & FINBEOFERORS 25008
B U TEREREZ IS, e b oRiTiIER
BEiEhian 5003, McCoy & OIEIIRT D histidine
ik A false positive DEERETHB 5 EWMEL TS
Falck 5 SOIHUER 29 > BEROR % 500 f£I1CRE
UTERFERZHE U, REHOTFRORICEREME
DA LN, AREBOFHRORICIEREEN %
bNT, FUBHIRSEEIIT TR, BELENe
FHEEBCL Z2OHEREET <X THH LEREL
T, % Falck 5037 A THEHEZEDORZE
WTHLECE WERFER2A LY, BELCOER
B WU RN BRZLDT & BELTVA.
Gelbart & Sontagt® |ZFFHEZ BE DR % 250 {ZHEHE
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Table 2. Mutagenicity of urine concentrate from the patients receiving medicine except

WERE 215 125

for antibiotic and anti-cancer drugs

19814

Revertant colonis per plate®
Urine concentrate ,/0.1ml DMSO(M.R})

Diagnosis Case Age Sxe
TA 98 TA 100
Bladder  H.1. 50 F 28 /26 ( 1.08) 89 93 (0.96)
Tumor  A.K. 55 M 44 /45 (0.96) 173 /153 (1.13)
Y.K. 75 M 31 .29 (1.07) 87 90 (0.87)
AK. 40 M 23 26 (0.88) 66 /153 ( 0.43)
T.K. 48 M 3643 (0.84) 207 A58 (1.31)
M.K. 64 M 44 /44 (1.00) 159 /183 (0.87)
S.K. 70 M 34 .33(1.03) 202 73 (1.17)
F.K. 68 M 37 /37 (1.00) 167 /183 ( 0.91)
K.N. 52 M 38 31 (1.23) 208 132 (1.58)
M.N. 55 M 43 27 (1.59) 136 /124 (1.10)
T.H. 71 M 32 44(073) 124 /183 (0.68)
T.M. 70 M 42 35 (1.20) 189 199 (0.95)
S.M: 57 M 44 /46 (0.96) 160 /153 (1.05)
28 20 (1.40) 137 /109 ( 1.26)
39 44 (0.89) 163 183 (0.89)
S.Y. 62 F 97 26 (1.04) 169 153 (1.10)
T.Y. 0 M 19 /26 (0.73) 83 153 (0.54)
Y. 71 M 4144 (0.93) 140 183 (0.77)
S.Y. 70 M 30 43 (0.70) 213 /158 (1.35 )
S.M. 63 M 39 /44 (0,89 ) 88 138 (0.64)
Renal Y.Y. 4T M 31 43(072) 204 158 (1.29)
Tumor
Ureter T 71 M 37 038 (0.07) 166 158 (1.05)
Tumor
Prostate K.K. 43 M 42 /44 (0.95) 112 138 (0.81)
cancer G.K. 6T M 24 33 (0.73) 185 185 (1.00 )
Testicular M. Y. 42 M 46 /29 ( 1.59) 123 /90 (1.37)
Tumor 31 20 ( 1.55) 152 109 (1.39)
Penile M.T. 56 M 26 /38 (0.68 ) 94 158 (0.59 )

cancer

a : average of 3 plates
b : mutagenic ratio
¢ : urine concentrate obtained on

THLERIVERFEE2A LD, KT 28BS
BREVEEZEINTOENLTHS I EBRELTVA.

PTURAIRSBARD Ames test [Tk AEERHD
#EE Minnich 59D &ENDHBDAT, FHUTL
% & cyclophosphamide & 1,3-bis-(2-chlorethyl)-1-
nitrosourea (BCNU) 5 E:E R, #hic 5-fluoro-
uracil #5BERICERFENEDS HED 6N,
mycin | mitomycin C 8.5 HE RICIIZEBERED A
EDLNTWIRNDYS, REBHEL TS, FIRMA
@ histidine O ZEL T80,

t MOROERFER 2HE T A LHI > T, (B2
WEZDSOPEREY R AVTELNAMEZER
TR RAE L RIS, e, BHES,
£y BT 3R B 4B B fELS2225464,6,70

adria-

different dates

o,60 ATERRRSD, BikERZ NI REREYYs S ORT
REBLZITNIZLIN. DILbNODE BOX 8
Lot ABREE R, BEBERINTEY, —ED
ABgEEED, FF - BREOEPEEFLIALNT,

FAEYE CIRBESBHEL REBR2E T 5 BE Rt
UTd 5. HBEILANOEAHERNIRE BHBRICH
SIITHBTELTTH A, H1BRLE2HORT
BTRTEE BEENALNY, EEFERERCONT
student ‘4 test Tk AEBE BT CH BlicE BisZ
VAL (p<0.05) & kb, B2 EES
NIHERI LA OEH O LIS E O FREERGR T
BHELNB-TEEL OGNS, FEABEEZUTT
WA 3B 4 BOBRE I ERICHUERI DA OE 2
DEIRERZITTND T EDSh-o10hs, H1EE
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Table 3. Mutagenicity of urine concentrate from the patients receiving single anti-cancer drugs

Revertant colonies per plate®

Agent Cose  Age Sex Dose  FRoute Urine volume  ~yiing concentrate 0.1 ml DWMSO(M. R¥0)
TA 98 TA 100
Cyclophosphamide G.Ks 67 M 300 1.AS 3,000 27 /33 (0.82) 248 185 ( 1.34)
300 LA, 1,310 65 744 (1.48) 222 /211 (1.05)
K.Ks 49 M 1,500 1.V 2,100 37 .31 (1.19) 278 165 ( 1.89)
1,500 1.V. 2,500 44 744 (1.00) 233 /138 ( 1.69)
T.H. 53 M 400 1 .A. 2,150 62 36 (1.72) 251 193 ( 1.30)
Adriamycin T.N. 52 M 10 1.A, 1,020 191 /41 (4.66) 1,461 206 (7.09)
T.H. 49 M 0 PV, 3,000 ct C
K. N. 52 M 10 1.A. 2,350 50 /31 ( 1.61) 181 7132 (1.37)
G. K. 67 M 30 1.A. 2,500 61 /44 (1.39) 1,059 211 (5.02)
S.N& 49 F 10 1.V, 750 259 44 (5.89) 215 7138 (1.56)
10 1.V. 800 120 44 (12.73) 335 /138 (243 )
10 1.V. 600 305 740 (7.63) 178 128 (1.39)
U.Tr 63 F 20 1 L.A. 1,700 30 740 (0.75) 168 /128 (1.31)
20 LA, 1,050 25 740 ( 0.63) 2,288 128 (17.88)
Cis diamminedich- T.H 53 M 109 1.V, 4,000 45 36 (1.25) 187 193 (0.97)
loride G.Kes 867 M 60 I.A. 3,310 28 733 (0.85) 197 185 ( 1.06)
platinum 30 I.A. 2,820 64 44 (1.45) 641 211 (3.04)
30 1.A. 3,420 40 41 (0.96) 200 206 (0.97)
T.N&s 76 F 20 LA 1,900 56 41 (1.37) 211 7206 ( 1.02 )
20 TL.A. 2,250 68 41 ( 1.66) 635 7206 ( 3.08)
T.Kk 48 M 15 1.V, 1,850 36 .43 (0.84) 208 7158 ( 1.32)
15 1.V, 1,800 39 43 (0.91) 203 7158 (1.28)
S. M. 63 M 40 L.V, 2,840 48 44 (1.09) 229 221 (1.09)
S.Mi 65 Y 20 1.V, 2,450 26 /35 (0.74) 148 7199 (0.74)
200 .V, 2,430 28 735 (0.80) 116 199 (0.58)
20 1.V, 2,200 29 35 (0.83) 151 199 (0.76 )
20 1.V, 2,950 33 /35 (0.94) 191 7199 (0.96)
200 1.V, 2,300 35 35 ( 1.00) 218 199 ( 1.06)
Actinomycin D T.7T 1 M 0.1 1.V, 610 28 43 (0.65) 107 /158 (0.68)
M. FiP 18 M 0.5 1.V, 800 37 26 (1.42) 148 93 (1.59)
0.5 1.V, 1,430 29 726 (1.12) 121 /93 (1.30)
0.5 I . V. 700 41 /31 (1.52) 196 132 ( 1.48)
0.5 1.V, 700 41 /31 (1.32) 206 132 ( 1.56)
0.5 1.V, 400 36 /31 (1.16) 185 132 (1.40)
Vinblastine S.Ks 28 M 10 1.V 800 40 31 (1.29) 116 132 (0.88)
10 {.V. 800 37 /33 (1.12) 160 173 (0.92)
Bleomycin K.F. 71 M 10 1.A. 1,750 C C
K. N. 52 M 5 LA, 1,300 52 740 (1.30) 206 128 (1.61)
Mitomycin C U.T. 63 F 10 t.A. 1,800 C c
a : average of 3 plates
b : mutagenic ratio
¢ : urine concentrate obtained on different dates
d : intraarterial
e : intravenous
f : clear plate
g : urine concentrate obtained on administration of 3 successive days
h . urine concentrate obtained on administration of 2 successive days
;

2 BOoRER X b EBCEE S TICHB RIS OZE|
EAEORBREEFBPTIHB U sh -2 bDEEL
12, BETEEx O B2 5 UITBORIZOWT
ZEERZBHTNETHA 525, BHENTIRET
b5,
HEIEAE B BB U RO ROEEFRE IS
WTTh A%, cyclophosphamide #EBEERD 5 #
g g TASS & TAI00 wZEFER» LY X
stz (Table 3). UL, 1HITCIEd %05 1500

: urine concentrate obtained on administration of 5 successive days

mg OFG R T BE ORRROZE L EE % et
T5E, 1~3 BEORREERIE TA 100 KRBk
LD U (Table 4), FzERicdi@Lizced, o
fBl> cyclophosphamide o {3 EEMI D FRAR I I3 §
ol O ERERFEMORP RE 2 R
BHCEETH b, BEBEWEYSLNTNRRETH
STIRME DA TR T ADENH L L2 LY
9. cyclophosphamide 2D} DIXTREMES L
78143, cyclophosphamide #y5 B3 R 25 2 8
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Table 4. Mutagenicity of urine concentrate from the patient
receiving 1500 mg cyclophosphamide

Case Age Sex Hour

Revertant colonies per plate®

Urine concentrate /(.1 mlI DMSO( M.R})

TA 98 TA 100
K.K 49 M 0-1 51 44 (1.16) 180 138 ( 1.30)
1-3 §5 744 (1.25) 333 7138 (2.41)
3-6 41 744 (0.93) 232 /138 (1.68)

a : average of 3 plates
b : mutagenic ratio

Table 5. Mutagenicity of urine concentrate from the patients receiving two anti-cancer drugs

Revertant colonies per plate®

Combination of drugs Case Age  Sex Route UrinﬁﬂVolume Urine concentrate/ 0.1ml  DMSO(MR.)
Dose (mg) TA 98 TA 100
Adriamycin + 5 —Fluorouracil
10 500 A.Ks 55 M LV 2,540 165 44 (3.75) ct
10 500 V. 2,450 202 /44 (4.59) Cc
Mitomyecin C 4+Cytosine arabinoside
4 80 A.Ks 55 M V. 1,400 167 /29 (5.14) 64 84 (0.76)
4 80 V. 2,580 (o] o}
4 80 V. 3,000 Cc (o}
Vincristine + Cytosine arabinoside
1 5 K.N. 52 M LAs 1,630 47 /31 (1.52) 196 132( 1.48)
1 10 K.F. 71 M LA 1,510 c [
Vingristine 4+ Actinomycin D
0.4 0.1 T.T. 1 M V. 1,480 205 43 (4.17) 183 ~158( 1.16)
Vincristine + Pepleomycin
0.5 2.5 T.H. 53 M V. 2,100 33 29 (1.14) 57 90 (0.63)
Methotrexate + Pepleomycin
0.25 2.5 T.H. 53 M V. 1,200 31 29 (1.07) 84 90 (0.83)
a : average of 3 plates
b : mutagenic ratio
G : urine concentrate obtained from different dates
d : intravenous
e : intraarterial
WH LN &%, n vitro TO S-9 Mix Tk 5% Bhian bz -1z,

BEHLE S U TR ORER T » NCREBUIZEBOR
DFER® LU Th b, cyclophosphamide st Mk
HTRFBEEL PRI TRPH IV E2 LD
KR

adriamycin ZZ DD TH, FIZT v MCEIRN
WEUBORTE TAI & TA 100 R RS
HEWD HIIAS,  adriamycin 5 BFE RIC 50T
$ TA98 & TAI00 ZBEFHENA NIz (Table
3). adriamycin #5 EHIROEEFE: & adriamycin
OHERE, BEAE, RELOHVIZRIEAL»ISHE

CDDP 3203 DT}, FTII v MCHBIRNRBE
UTCBsDRTE TA98 & TA 100 jomBEM A &
» biizhin, CDDP #5EERDIMFED S b 2
Wikds TA100 wZEEEZUDH LT (Table 3).
CDDP OHERTORIEHCOWTIE HaYIINT
Wistds, CDDP 0ZREHOKRIIX S-9 Mix @
BECHEINTEEAERALTHA® Db, #
OEREMZAFcT b REE L Ihic N 253
HEha, UhrL, bbb OS5 EOETCI: CDDP
WEBEROEREFR L, CDDP 058, ®5SH
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% REBELODNIZCEREL»EBERER DB E
BT adsl.

actinomycin D, vinblastine, bleomycin % hic
mitomycin C X TA98 » TA 100 [z SEH: % L
® J7322284003 mitomycin C 13 TA 92 TR 48
BEEBAED N EHWEINTVED, ZhbD
PUBA 2 B TR E UICHOBERE TA & TA
100 DWFRUT b ERER P A D b2 h 5 1
(Table 3).

2HEOHBRIOMNARER2 BUTLEAEDS b,
adriamycin & 5-fluorouracil, mitomycin C K
cytosine arabinoside, vincristine & actinomycin D
OB ERERE R TAS CEREEEEAED LR
1z (Table 5). 2L 5 OHBHID 5 5, adriamycin £
I I T TA98 & TA 100 (KRB LD 5
g, E70 59 Mix kA REERZZICLLE
JEE X & &9 5 Agn2223,40 adriamycin & 5-fluo-
rouracil DffF#E BEROZEREM L adriamycin
k3 EEALONGY, MOBEARSEERCERR
BB ED LN TIDE, b FOERNTIE s O
FEFIHS dn vitro WWIS1F A S-9 Mix & B - REE
2R Tnad, IEIUERIOHEERRE 2R
WOEAL, &HAHVE comutagenic JZ{ER™ICL B &
bEAONL. BREHEAIOZHIBEF R ED
ERELDTED, 2N OREREROEEREED
BESEEE L >TL 5,

FEAID IS H T3 adriamycin, bleomycin % iz
mitomycin G DESEERIZ Salmonella 10 B

AL, Fr—bRRIR2-FROZLNENED
BhHotedd, b DRFEIC OV T IR BREE 2 (€L
UTHRE T 2080 d 5. TTHEYE 3 HIEEN
<, Salmonelle X %75 BFHMEITIIHEL TS
WEBA LN TN A9, L0 &3EEwED
5 % bleomycin, actinomycin D #3T mitomycin
CRDNTHVARA, LD O Al BER
& Salmonella T NHFLIRZ U T DEE Rk
BEBAEETH S EBL NS,
bNHIIFUERIR S BER% 200 f5CBHELTE
HEH2HRE U205, 2t Yamasaki & Ames 33
BUEE R % 250 BEICIBRETS 5 L LTk WERFk %2
EWTIsh, 200{58HET 5 & hEEFEERRK
BEZ PEVEDL LD TEREEALLLLTD
5. ROBHEEREIROEREW BT 5 AT
HEHETdY, cyclophosphamide ¥ E5EERK, Z2hiT
FIETAEYERSBEROF T X ob73 L 51T,
R RIFED 5 5 NSNS SR BREE 2 A TER
Y ABEND L.
SEOEBFNSFICHN T HERIC >N THET TR
HINTOHIGEMEE Ames test L AEERED
BifRix Table 6 U3 & LT, REHELALLD
ENT 3% 5 EEOHEHFID 5 5 cyclophosphamide,
adriamycin %Z iz mitomycin C BB A &
» 54, actinomycin D & bleomycin (21325 & EE
WA ED LNTVIZN, FBEENA LD STy
vincristine, vinblastine, 5-fluorouracil, cytosine ara-

binoside, #71jz methotrexate TIZEREMEYL & &

Table 6. Carcinogenicity and mutagenicity of anti-cancer drugs

Anti-cancer drug Carcinogenicity Mutagenicity Reference
Cyclophosphamide + + 1. 1. 14 18 19 22 23
Adriamycin + + 1. 12, 16. 22. 23.
Mitomycin C + + 8. 11. 18 23
Actinomycin D + — 10. 19, 23
Bleomycin + - 7. 22, 23
Pepleomycin N.E. - 1.

§~Fluorouracil - - 11 23
Methotrexate - - 1117, 23
Cytosine arabinoside - - 15, 21. 23
Vincristine - - 15. 21, 23
Vinblastine - - 1. 15 21 23
CcDDP NL.E. + 22. 12

N.E. : not evaluated
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Table 7. Classification of anti-cancer drugs by mutagenicity

Anti -cancer drug

Mutagenicity

No §-9 Mix S-9 Mix Rat Urine

I1-1 CDDP + + +
Adriamycin + + +
Daunomycin + + +

2 Neocarzinostatin + - +

3 BCNU + N.E +
Thio-TEPA + N.E +
Nitromin + N.E +

I-1 ACNU + + -
2 Estramustine phosphate + N.E -

)i Cyclphosphamide - + +
[ fosphamide — + +

w Mithramycin - N.E —
Natulan — N.E -

N.E. : not evaluated

B LTS, CDDP 33 U W HiEHIcomke
DWTBHER B LR INTWIEND, EEREENAE
WHNAT &L ) FREERET AAREENRN. C
b DY FI 2 BE Ut B HROEE BT VT,
Ames test Tzt UTc #4513 Minnich 50§ D777
Thbh, CDDP BLYN adriamycin HEEFRE
adriamycin & 5-fluorouracil, mitomycin C & cyto
sine arabinoside, vincristine & actinomycin D (D
ABRERERCERFEE 25 DT REZI LD TT
b5.
FUERIDEEFR O W Thvbud e hvg T
#Z D OOEEIRE, S-9 Mix i< X 2 R#EHE/L2
BLIZ-ZEOEREE, 20T » MRS LT
DOROEBERFHITONTRE UT & T23640, 5 5 b
CERE U ISEEOIER 2 ZNEFNOFE T TOE
FRFEREOEECEEUTOET 5 & Table 7 O
Qiwks. I BRFuRAlZzOIOKRS, 7 NTEE
Utz SORICHEREEVBADNE 3DTHY, 11
BHIPUBAIZ D b DICBERIFEL A ONEH, T v
MCEBE LI L s ORICIERFERS A LI D
Ths. I BHIPFUESIZ O b OICIERBERI A D
USOH 89 Mix EETRT v MBS UIZEOR
WERRENALNE DT, VWhOAEEERETH
b, IV BsEglzodord, 5y bESLE

HORITHERERD S LNTNEDTH 5.

5-9 Mix (27EHAICEE§ A BEREI O & Tz S B
{LicBET ABER D & A T D, adriamycin, dauno-
mycin, 1-(4-amino-2-methyl-5-pyrimidinyl)-methyl-3
-(2-chloroethyl)-3-nitrosourea hydrochloride(ACNU)
OFZEFHIE S-9 Mix 2IA% LT XbHEDH
1, neocarzinostatin (T35 W\ TIEZE BEHHS ML
%440 5-9 Mix FIETOFBHOLRFEE F v
M EUTTROROEEFEEIZIZIIAUERTH -
7235, neocarzinostatin & ACNU |cdsi~C Table 7
DT UTHOBRETH -1, CIUET 5 MTREL
KROROERERE, BEE, 7o MERTORH
(AL & OREREL), R HEiEE s & ORFS
BRI A1) LEAL LN

FEOISEEOHEAFID 5 b, cyclophosphamide,
adriamycin Z iz CDDP 5 BEE FRICEEFREDS
KNIz, ORI » MBS UTEDORORE
BELRAUTH-T. O 0EEOHBIIZSEOR SR
BEEWCHREINE D > It O CHERE T S0, 7
v MRIZIBIT AFERIZ € MOROFERE »7z pigEd
B yDEEALLND.

b MREEERERRICKWT, R REnY
DHEIET 5T LR CNETOREHEL VHLHTH
505, IREBEBFEBTRMET S5 AT, ROER
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B2 HATAC LR SO THEETHA. Ames
test |34 = Y=~ 2 ~OBRBEETEL AnohT
W5, COHETRCERRESAED BNIZEL
T, 2O LB REBEFHEORBBREE 2750k 5 b
ESDRBRETEITHETH Y, SHOMEE Iz
ASCYASRN

PUBAR S BE I S EEREOBMEN H b, 2
»T 3% chlornaphazine % cyclophosphamide #5 B
BLBWBEFREL S ALD6NTVALLELD, 57
FRIR AU S RBE LR 2 & LT A Tl Bk
ok, FEHEEG S v RO BERCERREED
HED OIS, FEE 2 ERTAIEREICE ST,
COBREPPHTHLLIEETHY, PUEIHRSE
ZORI DI AR BEEVNETHS. Tz, XA
R 2 5 & DT L EB RSB COMICEEL T
{BPENI LR, RADA 2vx—2—~DAIZS
3, EAE T v MEMBEE RSO TREEN e
— 2 — L UTEA UV TV AABRESBRED AN TN A
Lo, REDT e E—%2 -t 20T HRET LT
WHENH 5.

DD IR E BIOFURAI 5 B RO IR FHBR
12 8-9 Mix = f-glucuronidase % Fi NS> - 72,
Durston & Ames™ (3, #5 INICEYIIEENT
2RI E 2 ORBEDVTE B0, 205137
Noow VBREER R TRAAFH SN A5, S9
Mix g B-glucuronidase % JFREXENCINZ A C &1Ck
hIROER G B B2 B AL LN TR S EHE
%, acetylaminofluorene ¥5 35 o MRITOWVWTZD
FREZBELTVE. 518, b 2EREESER
KHAAN, X DBRE2ED TROEERRE 2B
BILEDD B,

& B

FREg AR E R R 4301 D R94kiEic DT, XAD-
2 resin % fWTER% 200 (58848 U, Salmonella typhi-
murium TA98 & TA 100 %N TEEREE 2RI L
DX OFEREIFIC.

M9 <2< & 3 HRAEHIE S 231 TV 156
DOREEZEDISHEERE, TA9 & TA100 O
SEREENRAED BN o0z,

@FUEAS X CHIBE BRI LIS DR S 2 521 122451
DOBEZEO2ERIE TA9S & TA 100 O3}
RN S LD ENE T,

G 1 BEOBAREEEROEEFEZ YD
ELTH-1z. 1) cyclophosphamide %5 EHE 3§
D5 BEDORIE TAI & TAL00 QTR ER

RS AED ENZ-o10hs, 1 IO EBEEDREFHE
D5 5REE 1~3BHORIC TA100 TEE FEH
FHEW oMz, 2) adriamycin 5B 6 FlD 9 ik
D5 b TA98 T4ttkic, 72 TA100 T} 4 ¥tk
WERFEWBAED LN, 205502 Kkt TAS
& TA100 g hic g 258 By # &9 .

3) CDDP #5583 6 flo 144k iRz, TA98 i3z
RN A LD bNEpoTods TAL00 Tk 2k
WCERE DA ED SNz, 4) actinomycin D #
BBE 20D 6 kiR, vinblastine #5 EE 1 HlD
2 W{AKIR, bleomycin #E5EE 2 FlO 2 kR, 2h
1T mitomycin G 5 BF 1§01 RERIZ $T
TA98 & TA100 wZEEBEHSAED bNITh Tz

W) 2 BEOIEAREGEEROEZERRZ YO
L TH-1z. 1) adriamycin & 5-fluorouracil DB
S RE PO 2 BERE TAS K2 BiEhs
EH 517z, 2) mitomycin G & cytosine arabinoside
O ARG EE 1 IO 3RERD 5 b 1 #ikiz TAIS
WEREED A D ATz, 3) vincristine & actino-
mycin D OJFH#SEE 1 H10 1 HikiRiz TA 98
BREEWEDA & b Tz, 4) vincristine & cytosine
arabinoside O %5 EE 2 O 2 Bk R,
stine & pepleomycin SRS EED 15O 1 BE
FR, methotrexate & pepleomycin QOB SEE 1
B 1 Bk TA98 & TA100 DvFhic 58
DA LD bz -1,

(P - OEEBFER L b R OPUEHI M EEY D R
ERITA = v =2 — L UTHRRA LT 2 AR EDSTR
BENTH, O EPRBBEBREICODICERL
TL B DI, s REDA=v2—5~D A5
T, TR E~F U TIRET ALENDS. &
i, PURARS S EE B LFAE U &0 5 s
%, B SBRERICGRNERERELA NS &
SRREEERTOBREIEL LN, LMER
FEEZB VYR 2 BET 5 & S3ETh 5888
EBBETH 5.

vincri-

(AHIRO—EBIL 12 B E IR e ST BR S &
5.
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