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EXPERIMENTAL STUDIES ON THE MECHANISM OF URINARY
BLADDER CARCINOGENICITY OF N-(4-(5-NITRO-2-
FURYL)-2-THIAZOLYL) FORMAMIDE

Shigeaki HavasHIDA

From the Depariment of Urology, Faculty of Medicine, Yamaguchi University
(Chairman : Prof. J. Sakatoku, M. D.)

The urinary bladder carcinogenicity of N-[4-(5-nitro-2-furyl)-2-thiazolyl] formamide (FANFT)
was investigated by feeding a diet containing 0.188% FANFT to female Fisher rats. Urinary
bladder carcinoma incidences of 0% (0/5), 710% (3/30) and 16%, (7/44) were observed in rats killed
immediately after receiving FANFT for 10, 15 and 20 weeks respectively as compared to bladder
carcinoma incidences of 09, (0/8), 509, (4/8) and 33%, (9/27) for rats fed FANFT at the same dose
and time period but placed on a control diet for up to 30 weeks. Severe hyperplasia of the bladder
epithelium including papillomas were observed in almost all the animals fed FANFT for 15 or 20
weeks.

The mutagenic activity in the urine of rats and mice administered FANFT or 2-amino-4-(5-nitro-
2-furyl)thiazole (ANFT), one of the metabolites of FANFT, was assayed with spot and plate tests
for mutagenicity in Salmonella typhimurium TA100. The mutagens excreted into the urine were also
analyzed by methods combining TLC and mutation tests. The data thus obtained clearly demon-
strated that the mutagenicity of the urine of rats and mice administered FANFT was significantly
greater than that of the animals administered ANFT, and that ANFT excreted into the urine was
mainly responsible for the mutagenicity of the urine of the animals administered FANFT or ANFT.
It was also demonstrated that the concentration of ANFT in the urine of rats and mice administered
FANFT was more than 8 and 6 times higher respectively than that of the animals administered ANFT.
Radioisotopic studies showed that the amount of ANFT excreted into the urine for 24 hours after
oral administration of FANFT comprised less than 59, of all the urinary metabolites of FANFT in
mice, despite the fact that ANFT excreted into the urine was mainly responsible for the strong mutagenic
activity of the urine.

The results were discussed and it was concluded that FANFT has a potent carcinogenicity for
the urinary bladder of rats, and that ANFT excreted into the urine after administration of FANFT

may be responsible for the urinary bladder carcinogenicity of this compound.
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18954 L. Rehn? iz & A 4uf] fuchsin (DAEFERE
BICHEMBEOZHNA LN D & OWELSE, Rtk
B REYE B X 07 ORBEY OREERL LN
BERC LR, BRUIZOW IR ERIBENICHEM TS
528 H->TLOHEOPAPZRICERE I DD
B 5. O AP DI I ITEIT R SR I T
B 2RBEEESORRZEIRT 51 EE 5T,
FEREZFAOEABEED | > Th 5 5HEHEHEL S
DY TEELEHEZEL TN 5.

FEAE N-[4-(5-nitro-2-furyl)-2-thiazolyl)formamide!?
(LIF FANFT :Ws3ed %) % N-butyl-N-butanol(4)
nitrosamine!® (PJF BBN tRgE09 %) 7z KRR
TARENREDEORRIEL DEREY 2 H- 7
BEMBATRRORERE F VRS SFELTWS. LD
55 BBN 0o Tid 2 DRPFEIEAEWEZE L
U R OE & D proximate /2 FEEWEDPIZTN 0%
in vitro WISV B KET » ME LEMEO REO
gEes e PR ek BR U T A, —JF, FANFT &
F v MT 100 ZOEFRCREMNICHERE 2 ESTC
LHHLPICININ, 4 2D, NI RE W =y
2825 1T 4 IRT] 0 BERESEEIE R B9 5 T &b Wis-
consin A2 Clinical Oncology ZFAOMZEFSE I NT
ETEY, APITTRIELIBAIhTHE. £L
W FANFT (2 X 5 BRI v b OEREIC Z ORREL
FRILTHA bbb, ZOBMES VRN
FEAERICEE 9 B 5RO DR DL DR E T
WAL LTI BB I 2D 5.

Z3f FANFT 13 FREs BUUE OB AT & LB
INTZHDT, LI -TZDRABHEY OMREHE
BRCREMUERREIRE VI EM S FEFEIC
HED AR T —v E UTRHFINTWIZDTH 5.
U UBIEE TIC invitro TV AT v b, 7T R, N
LAR~—, ELE MO, B, /NG, Bix FANFT
formamidase DFELED 5 DITINY, F 77 invivo 1T
BT FANFT @ deformylation d385 6 p>1C S 30,
v v AT B FANFT O | ZARBEEDE LT 2-
amino-4-(5-nitro-2-furyl) thiazole (LI ANFT &%
9 3) DEEPHEEIN TN DD, REFRE
HERBAMETOERI S & X b RO FANFT {GHEY
CONWTOFHIZIZEAERD.

BIREE LI FANFT OF » MTIST 2RRINEB
FREtE RIS A E & 3iC J. McCann 53910 »
TERRE SNz Salmonella typhimurium TA100 1T X
% mutation test rEEruov TS5 7 4~ (LT
TLC &30 %) 25Uz TLC 4@ mutation

i}

test 2ZmE LT FANFT O3 v MNTET 2 RAZE
HRIEDORR 2B o TR0, EH53LT
NHOBHEICE h FANFT OF » BB 558
HIZZORBEHE UTRPITH I % ANFT T
BRT A D ThHB LHEEL ANFT OR3H72 5 FIC
Z DI DOBRE OOEM 23R L 1.

4EiEHF L FANFT 2205 N ANFT %5 5 b, <
v ZCEOEE U T2FE DR O mutagenic activity 2
HU, ANFT ORFABEER LET3E & $ICRES
TOHEELDOBRETR L w ) ZATH > LA S BR
HEMAZSIZ, 3OHLLHRZATZDOTHET
%,

R B ¥ #H

1. [L=%88 : FANFT, [4C)FANFT, ANFT, (1
C3 ANFT D{bZf s #md Fig. 1 WWR3. ¢
55 FANFT (& Saber Laboratories, Inc., (Morton
Grove, I11.) X hEA U1z, (1G] FANFT, ANFT,
(MO ANFT BZ2NZNERLTNP. 2 b DIl
EMEIERICHIZDES » T TLC TZOHE %
wELI.

o] S. 9
U [s\”—NH-EH U ﬁ "ﬁ—NH—CH
ON o N 02N N

0

N-[4-(5-Nitro-2~fury1)-2-thiazotyl] N~ [4~(5-Nitro-2tfuryl)-2-[2- 14¢]
formamide  (FANFT) thiazolyl] formamide ([4C] FANFT)

S S
02N 0 N 02N o N

2-Amino=4=(5-nitro-2—furyl) 2-Amino~4~(5~nitra~2- furyn)fe~*4c]
thiazole (ANFT) thiazote  ({4c] anFT)

Fig. 1. Structures of FANFT, [4C] FANFT,
ANFT and [4C) ANFT.

2. HEEY : FANFT F8EEEIC § bl Fish-
er 5y b (45~60g) i A.R.Schmidt Co. (Madi-
son, Wis.) X D AFE LTz, ZNLSD —ED muta-
tion test X ¥ FANFT 7505 NI ANFT DR
HEYOMENICIIHE Sprague-Dawley 5 o, M (200 g)
BLOHE Swiss = =2 (25g) 2HEHL, VWIhd A
R. Schmidt Co. X Y AFEU7Tz.

3. mutation test (D¥E{ : mutation test [T L
7z Salmonella typhimurium TA100 % California 3
B. N. Ames #FDIFE TAF L.
agar YERR(MD T2 @ Minimal Broth Dayvis 3 X {F Bacto
Agar 3 DIFCO Labolatory, (Detroit, Mich.) L b
BA L7z, top agar {ERRD T2 D L-histidine mono-
hydrochloride | Nutritional Biochemical Co.,

minimal base
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(Cleveland, Ohio), Biotin % Sigma Chemical Co.,
(St. Louis, Mo.) X HhAFU7z. 7z¥ plate & 1001
Optilux Petri Dish (100x 15 mm Style) %{#fHFL
Falcon (Oxnard, Calif.) I hEEA L7z,

4. 20 BOMFICER LU TLC B sheet (X
CHROMAGRAM sheet, 13254 cellulose Ch b,
Eastman Kodak Co. (Rochester, N. Y.) X hEA,
radioactivity (DHIEIZ 3T Mark II Liquid Scin-
tillation System, Nuclear Chicago, (Chicago, I11.) %
BT Tiz-oiz.

EB1 RERR

HiR L7k 5 i FANFT OEHISBHERICE 2T »
N EEREICS S A R T I S IR AN TV B
19, UIzhi-> TEEIZFANFT OS5 » bR 5
N 2 HRT A RER 28D TRREIGE & 5
DB ER 2 I8 1

Hi%

I Fisher 7 »  (45~60g) IATFT 5 LHOD
TS - C L EBESE NS A MRBRCER I
R AN SN, WROFHIERE 24°C, [HE
[E15%, BYeRRIORM ' HTH 5.

5 o MIZENFN 4 PL3 D screen bottomed metal
cage [CAN, S LITABHCHUIIL. B 1 AESIPLIE
control & T Powder Lab-blox (Allided Mills Inc.,
Chicago, I1l.) % control &+ LT, 2 ~48
0.18895 FANFT diet (0.1889% FANFT-99.8129%
Powder Lab-blox) % HRBE Xz, 22 B3PI
FANFT diet %1087, 5 3 2E38PLit15ER, 4
FE73PLI20E 2 Z L FANFT diet THEL, 2
g b control A THE LIz, ZNFHOREE
B MR D2 % 5 5 T2 —ER FANFT diet #5
ZRIEE & HICERUREEOEE 2B L2V, RY
Dy b HTNTIETERL ARFEENRE 2L

Lig iz, IBBHAMHERIIR cage T & IEHETE
L, REAREIZIILT0, 2, 4, 638, DI S EEI
1 |3 DT Lic.

FEHZEAREE L TR — 7 VB TICERL, #
LN OB OWBIRE 2 L0 -
Wliss% 109 formalin R AIUREEUTZ. BEBEE
109 formalin % 1.5ml TAL B IREFELIZS 4
TIEFET2H U T parafin GHL, ZHZN5K
DE R %> <4 b hematoxylin-eosin Z¥EIT L - THER
FRREZB I >T.

5ok

HRIIEBK T CEELIBEHOA%2 S B,
ZNLANCIT Uc B Uic. &R0 OA
HERE, FEOEMN, FE RN
32375, FANFT 512k 22 5NHEREAY L
Doz,

a) BEREITA

1) AWIRRZEIG: 81, 2HETNT BRI EE
BRD LN, 83,4 HO FANFT 58 T1aBs
FEIRDS N s R 2R3 IIT LI U 1 IR
BRI, [EEREE2RT SO TIIEREED 5
BB o B IR D I TSR R 2B B L O
LT AT TEA Th % H54fE11c FANFT E i
5, BHBEICUIIN > TRIZEREZERT 5B
Zhotz. UL UBBMEB~ORER Y /DR
BE-TLEDLNT, BEAAOERZHM S 2,
3OPNTEDIICT Kz -1z, IsBEIFED 1 flic
6x7x13mm OEEMEEEYFE UGN ICE R
PEBEDIEE & REEE OREE, B i 238D 7z,

2) BMEINFIR: A. J. Tiltman 2 Q50 %5
ZiLUTHEREAIZ. 9725 REL hyperplasia
EBITOEL, PRNSORIBLIZCEL, T2& 2ZEH
BREBRS BV IEHIERE 2R & DT b B
PICERB LTV A 0k, Mg L CHBRER L

Table 1. Incidence of bladder cancer by feeding a diet containing 0.188% FANFT to rats.

Administration of FANFT* Survival ) Bladder cancer

Group  Number of rats =g, iioh cumulative dose (weeks) Hyperplasia stage incidence
(weeks) (g/rat) 1 2 (%)
59 0 0 10~30 4 0 0 0
2 5 10 1.55 10 3 0 0 0
10 1.55 30 0 0 0
3 30 15 2.56 15 29 2 1 10
8 15 2.56 30 8 4 ¢} 50
4 44 20 3.50 20 44 7 0 16
27 20 3. 80 30 26 8 1 33

* The diet containing 0.188% FANFT was fed.
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Fig. 2. Photomicrographs of urinary bladder of rats fed control diet or 0.188% FANFT diet.
A: normal rat urinary bladder, B: hyperplastic bladder epithelium, C: severe nodular
hyperplasia, D: polypoid nodular hyperplasia, E: transitional cell carcinoma, F: tran-
sitional cell carcinoma, G: papillary transitional cell carcinoma.
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UICER B DUAMIZERSE  “premalignant” inFE il
“in situ’” stage H>OXFIHSHEE T h—FE LU T hyper-
plasia & U2, 2 U THETHE B OBERER %
FRU, »OURSMIED 20 EBERt 25T 5
LODAREEDR LT stage IXEETHABIA
KRET 2 DBIUHBECEET S 022N EN
stage | BIF2E L. RBBHBER2CATEETS
3 DI L FEEBELISNANDEBHNIZED s> 72, Ml
BT EILE 2 C Table | IR UETFOH% Fig.
2 BT B.
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WIZCTEY, B, BEZED T FANIT#
ECBED 5 EEI LN IBEEHERELE 12 {BED
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IR

P EOREEICE b FANFT 235 » b IKd UTRER
[EpEFSEE 2G5 C LOSERER I NI, ZOFREHE
B FANYT OB G, REBEPTAE38E R
BEEICHB. UL 0.188% FANFT diet o 20 38
WETZORIGEOE R %2 4 57T 100 %BDH
Y 6N, 10EEORE CEFEIZEE I T
Motz COEBREEIOEL X FEER S LT
BEETHY, S-S EBERBHLUAR
WHSOHW A FFEE & AU ) NEEERERIL FANFT
diet I5BBR 58I L 20 EBERFCRIZEA LB
FLABED LN EDEEATS FANFTOS 5 MT
X9 ABERRER IS DBRITH B EEDNS.

RER 2

BRFEYED Y 225 Y — = 2 FHE LT muta-
tion test (D{R{EDSIRIE X 4L T 52~4,32~85,51,54~50) 1
NIIBEHRPEIC L > T 8L N3 WEYDIRE
BREET A EITL H ZOYED mutagenic activ-
ity ZES L, MATIEZ D carcinogenic activ-
ity IEETA 8D THS. & IHE J. McCann
53092 & » T I 317z Salmonella typhimurium TA100
IRV E L, SRR TH -2 FANFT &
O—BOFLIMEE 2 H 3 5 IS nitrofuran {L&H O
mutagenic activity dABICHET % C EWSHIBEE T2
T g TN 2 38,34,51, 55,560,

H¢3k mutation test (35EMEZF & LT spot test &
mutagenicity %2k b & < FHT A EvbNRA  plate
test ITHITENTNABEEDHNE FANFT D3
EiREORSTH Y, X VFETHOBRBT S TLC
S mutation test DAL ERIL LRI TE A

spot $4 U plate mutation test

b6 Salmonella typhimurium TA100 Z{H -7z spot
mutation test %33 § ICHIFH L—EF plate test {4
BiRE U7c.

mutation test (DZEHE

spot mutation test 1ZB83 2FEIEITTIC B.N.
Ames? 35 L URIEDS Ik > THU CHEI T
. FBHJIFCNCBL Tz, UL LEIR
Uitk DCBBHHEDA S ) ~= v 7Tz { ,FAN-
FT QRSB E Z2Huk & LIz FANFT O3
R DIRE N DFIE Tdh 5 & &5 5, HS % Salmonel-
la typhimurium TA100 OE 2HERDO—RI ST
iz AT 1 plate Bz b 0.03ml inoculum/2 ml
top agar (D spot mutation test fi agar plate Z{#
AT 328 BEFOEER § biniz, §/0b b top agar
EUTIRBIREMRE Utz Salmonella typhimurium TA100
D& % nutrient broth T 37°C 24BHT L { &
LIzd D% 3 By, FIRRLIZX 5i1T® plate 2D
Salmonella typhimurium TA100 %% nutrient broth
0.03ml % O0.lm mole L-histidine 338 0.1m
mole biotin Z& ¥y minimal top agar 2ml TNA
FEBELUIZOD, BiEtd base agar plate BITEE
X/KFICHERE L spot mutation test f agar plate %
VERE L, LIFIZiR<% spot test 725 fiz TLC 4y
mutation test 73 & O—BEDERICHE LTz, Tz plate
mutation test 3 [FRE/L agar plate ZF[H L 1255 Sal-
monella typhimurium TAL100 % agar plate {THIZ 5 H]
{ZHi{& % top agar TIHA 12,

A) FANFT HEU ANFT D Salmonella typhi-
murium TA100 (23195 mutagenicity
FANFT X ANFT O Salmonella typhimurium
TA100 jTx§3 A mutagenic activity % spot mutation
test THEETL, #®iBd % FANFT & 2ud ANFT
D7 v b, =Y 2ARHEBEEAHEYORRDOIIDD

e N R SRR A fu

KHik

FANFT 3L 8 ANFT 3Z2hFH  dimethyl sul-
foxide (LI'F DMSO EEERTS %) WAL 0.0001,
0.0002, 0.0005, 0.001, 0.002, 0.005, 0.01, 0.02, 0.05,
0.1 pgfel DMSO DR % BFEEICTIER LIz, con-
trol X DMSO % § B iR U1z 0.03 ml inoculum
Salmonella typhimurium TA100 %&is spot mutation
test [ agar plate i micropipet %2 & BT 1
¢l spot UiRebiz plate Z2BEERELTHEZIT 37°C
48[ incubate L 72, 7238 Z N Z N D spot mutation
test I MRRICD X 3 [EETOMET LI,

i
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control plate ICREHIEMIZE 5724 AN THE
eIy 62/plate (D spontaneous His* revertant colony
WHLNITTEL,»-12. —J7 FANFT 725 TN
ANFT T X % spot mutation test [ZIWVTIi sﬁot U
e EECENS E L TEOREREMANA BN, 20
MNECY » ﬁ'ﬁ&t?LE{%OD%%{@ His* revertant col-
ony H3FW 541 mutagenicity OFFEOFEICIIHEE
= eigiIiCy pet Ud UE® 0.0005 ug 0 FANFT ¥
JO° ANFT 3REHIEFMZ & A ERBD 61y
LD Do, COBITIWT S LD spot H 2
;D\K_H)ﬁgi))f: His+ revertant colony DEEHHEHHEK I
hiz. UlcdS- Tl & AREBHIEMEN T 5 KAWL
T & HEED revertant colony D3 spot fHiT
SERECEY b B4 mutation test XBHETH B
EWVWAB. —TTILIEE, 7505 FANFT & 5100
12 ANFT &S 0.0002 g LI TGl Hist revertant
colony D&M 3OS BEINT, LIH¥->T
b @%B{T‘f‘bi% D § -2 mutagenic activity %
BT CERXRARET btz FEED T LI
FANFT B O ANFT @ Salmonella iyphimurium TA
100 1389 % spot mutation test (DFEEL Fig. 3, 4
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Fig. 3. Spot mutation tests of FANFT in Salmonella
typhimurium "TA100.
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Fig. 4. Spot mutation tests of ANFT in Salmonella
typhimurium TAL00.

CRRT 5.

FANFT kL8 ANFT @ Salmonella typhimurium
TAI100 T34 % mutagenicity 12 X DD TEBILIZ B
DTh Y FANFT 75500 ANFT & 3 IRZDBE
B3 0.0005 pg/l 1 DMSO I b 0.02 pg/1 1 DMSO
RN TIZZORERIEMHDER E semi-logarithmic
7238EA %R Uz, 7z mutagenicity 23 2 Hist
revertant . colony #i% 0.0005 kb  0.005 pg/l gl
DMSO DR #3725 Hist revertant
colony ¥ 70/plate X b 160/plate (D& CREIE D
BE%3Y, X5 IT revertant colony (D spot gifEHIHE
mE R EZRICONS E, 72O EED mutagenic
activity (DFIRME $ WHETH B EEALNS. BB
2, 3 (D spot mutation test D% Fig. 5 BT 5.
B) FANFT &0 ANFT #5805 b, 79

ZEB®D spot mutation test ’

EEx 2. A) Itk b  Salmonella typhimurium. TA100
(@ spot mutation test {ZIUNT mutagen DFF 5
antibacterial effect THh A REHIEN & % O mutagen
OREICGRNEEYS Y, LIed-> TREMEMZE
BT AL ERE > TZOREDET S mutagen OE
BPHEEL S 5. FIMEDE S % mutagenic activity
T § spot mutation test (D His™ revertant
colony ¥ % BE3T A &Ik ) dHAEED HEITH
BTHACEV WL E T, EEIEFERT
FANFT »@ECGEOB8 L TEBRBRELUIZROT » b
FR(D mutagenic activity 3 L {N antibacterial effect %
BELT, Zhdside AL FANFT ORPEHEY
ANFT (RT3 C &% BEMCUTZ. UTcdisT
FANFT 3108 ANFT %5 5 b, < 2 CRORS
LIt b 2R ENORANC ANFT OFEDSE <
BEIhs. Lo TEER 0.1889% FANFT &5
L8 0.166% ANFT € VH diet 2ZNZNhE
HERLUTOVA Ty b, URRAICEET S EEA
N5 ANFT OB2EZUNDZENLDROET S

mutagenicity & FANFT 25508 ANFT D5 o |,
2 % 2T B BEDERR M & D EEEMT OV TIREN S
EFNHRFFUIL T v b, TURRE spot
mutation test [T THET LTz,

Hik

5y hRBLFvyRFENETN 2D, HEL
H diet & 722 X 5z 0.1889% FANFT diet & AU it
0.166% ANFT diet % B HBE X¥, 253 HHICER

BICEEHE SR TR ZHFE L. FANFT diet 248
WMSBIO6LDT v NORIFZNZN 2 PLDR 2 HE
FTORUT I REEE U, RS Rilk% Salmonella

~<,
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Fig. 5.

Spot mutation tests of ANFT in Salmonella typhimurium TA100. — A:

: control,

B: ANFT

0.0005 z2g/1 21 DMSO, C: ANFT 0.001 zzg/1 1 DMSO, D: ANFT 0.005 z2g/1 pl DMSO,

E: ANFT 0.02 pg/1 1 DMSO.
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BRUTHAE L Y ZDIRTHEFE I N5 Salmonella typhi-
murium TA100 (D Hist revertant colony %33 & OV
BMHIEMIE 20K TH S. T8 5 FANFT diet
ZIRELUTZHEDIZ 5 A3 ANFT diet Z28BRLUTCREL D
Iy h2HTv v 2RE $ITL HFRJIZE mutagenic
¥ & N antibacterial activity ZH L TW5A. I HIT
BB U7z & 9 12 FANFT % RBHCHES & R A5

LizE DT 5 FDFRITEIT A mutagenicity DFH
58 FANFT ORI {GHIEY ANFT [0 ) 5 C &b
2T, MEEROKED 4> mutagenic 33X% " antibac-
terial effect D L RAHEt S 5 ANFT O
DENTE 5 EHEEINS. Thh 2HE2, A) Th
L1z ANFT (D spot mutation test (2331} % R EH
1EM @ standard curve A3 E U THEGERT 5 &

Fig. 6. Spot mutation tests of urine of rats and mice fed 0.1889%; FANFT diet or 0.166% ANFT
diet in Salmonella typhimurium TA100.
FANFT, C: 5 pl urine of rats fed ANFT, D: 5 pl urine of mice fed FANFT, E: 5 ¢l
urine of mice fed ANFT.

: 5 pl control urine, B: 5 pl urine of rats fed
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Table 2. The results of spot mutation tests of urine of rats and mice fed FANFT or ANFT
in Salmonella typhimurium TA100.

Animal - Fed compound+  \(ESe  fimber of reviniant colonia/plale MeanS.D.
Rat Clontrol 5 64 (0), 52 (0), 8 (0) 6331 (0)
Rat FANFT 1 172 (14), 152 (12), 112 (12) 145431 (12.7+1.2)
Rat FANFT 5 204 (26), 168 (23), 218 (27) 197426 (25.3%+2.1)
Rat ANFT 1 112 (0), 88 (0), 48 (0 82432 (0)
Rat ANFT 5 164 (0), 152 (7), 164 ( 8) 160+ 7 ( 5.1£4,3)
Mouse FANFT 1 180 (22), 216 (23), 232 (23) 209%27 (22.6+0.7)
Mouse FANFT 5 204 (35), 224 (34), 192 (33) 207%17 (34.0%1.0)
Mouse ANFT 1 136 (0), 128 (9), 104 (0) 12317 ( 3,0£5.2)
Mouse ANFT 5 176 (15), 208 (18), 224 (16) 203+24 (16.3%1.5)

* The diet containing 0.1889 FANFT or 0.166% ANFT was fed for 3 days.

0.1889% FANFT diet H» 34 i3 0.1669% ANFT diet
PER S VLGS, fIFEOHEOE I BEEDHAI
E#LT 5y NTHBHE, <o TH6EDBED
ANFT %&te e Hilid 2 LA 5N 3.
C) FANFT XU ANFT #58DZ v b, YOX
FR® plate mutation test

Bi72 % spot mutation test J h § plate mutation
test D13 9 H> mutagenicity %2 & b & {33 E0vh
NTWA. Lizhs-»TEEIZ FANFT L F ANFT
PEEUIIROS v +, < v AD24HERED mutage-
nicity 2B U 0K 2, B) O RAFEREET 572
DIEIC L Salmonella typhimurium TA100 % {fi 5 17 plate
mutation test %A 72.

ik

Ty BTy RIFZZENETN2EITDT 0.188%
FANFT diet & AW i ANFT diet %48 B HEE
IBIZDH, metabolic cage 05 » MiZ 1 PLd
D, TURIFSPLR—HE UT24EMER B EREL .
RIBER DI - T3 diet [TX BROFBREZIHLET A
DK DHERG U BELUIIRES » OBE
WE 1Dml iwissd 31, oy v 2DHEKE 10

ml {2725 X 5 ICEHKTHRL, BRYWE2OF
¥ minipore filter CyE@E L plate mutation test (D
R E U1z, control & LT control diet »#5 1,
T35 o MREFBBUHELUTE B0z, LDk 3
CUTARZENZENDRRGED 104 2 4 B Taisb
L1275 C plate mutation test agar plate Z{ERRL
137°C 48W;EREENC incubate L 7z.
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FfEidE & T Table 3 [TE7R9 5. control Rt
g 72/plate (D spontaneous Hist revertant colony
DD & NIATE ¥ 2305 1285, FANFT dict 238
Ulzg o b b NI o 2RI 2 5L LoDy 192,
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Kl ANFT diet 23R L5 v b, w2 2RiZE 3}
1Tty 98, 88fplate & FANFT diet DA ICHELL
FERUTH D) control JREDEWHT MDD LIS
BETH-1z. Ih5OFRIE FANFT diet %§8H
UIBEDIE 5H ANFT diet 2IEFU I28& i o
LTI v b, vU2R&BICEDHROIMURFIITR L
I % mutagenicity OREIIKRTHHL EE2R/LT
Wa.

Table 3. The results of plate mutation tests of urine of rats and mice fed FANFT or ANFT
in Salmonella typhimurium TA100,
. Urine sample Number of Hist revertant colonies
Animal Compound* (ul/plate) (Jplate) Mean+S.D.
Rat Control 10 86, 81, 72, 51 72%16
Rat FANFT 10 190, 140, 176, 180, 216, 248 192437
P<C0.001**
Rat ANFT 10 96, 100, 140, 92, 65 9 98424
Mouse FANFT 10 144, 124, 140, 172, 170, 184 156+23
P<0. 001 ¥*
Mouse ANFT 10 75, 88, 71, 91, 85, 117 8816

* The diet containing 0.188% FANFT or 0.166% ANFT was fed for 3 days.
*% Comparison between the groups of animals fed FANFT and ANFT.
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monella typhimurium TA100.
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TILC and TLC mutation tests of urine of rats or mice fed FANFT or ANFT in Sal-
The diameter of the clear zone produced by growth

inhibition was inclusive of l-cm square cellulose sheet placed on the petri dish. It

was scored as 0 in no inhibition zone was produced.
colonies was exclusive of the spontaneous revertants.

The number of His" revertant
A: Urine of rats fed 0.188%

FANFT diet. B: Urine of rats fed 0.166% ANFT diet. C: Urine of mice fed 0.188
% FANFT diet. D: Urine of mice fed 0.1669% ANFT diet.
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sheet O—MZERTHE dSmm (2285 K 2IT/pha L Ui,

spot L1z, 7 I ANFT #5586 <~ 20 FANFT TLC 4y mutation test 2352759728, LLEO
7250 ANFT #4538 e ARzl TLC I oL TAis iz TLC sheet O chromatogram ¢
sheet |Z spot L 2% methanol solvent system T 15 M4y % 1em SEF Ty h15a 0 TLC oyl %2 A 12
cm FTREPLI.. XL TALNIZ4DOD FATEI I3 ER 2 Culitz Salmonella  typhimurium
chromatogram % visible 75 5 g8z UV light KT TA100 ¢» spot mutation test Jf] agar plate 142

Fig. 8. TLC mutation tests of urine of mice fed 0.188%; FANFT or 0.166% ANFT diet in
Salmonella typhimurium TA100.  A: control, B: 2 cm fraction of TLC of urine of mice
fed FANFT, C: 3 cm fraction of TLC of urine of mice fed FANFT, D: 3 cm fraction
of TLC of urine of mice fed FANFT, D: 4 cm fraction of TLC of urine of mice fed
FANFT, E: 10 cm fraction of TLC of urine of mice fed FANFT, F: 3 cm fraction of
TLC of urine of mice fed ANFT.
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Fig. 9. Radiochromatographies of urine of mice
administered [14C] FANFT or [4C] ANFT.
A: Urine of mice administered [1C]
FANFT, B: Urine of mice administered

[4C) ANFT.

Table 4. Disposition of [14C) FANFT or [4C] ANFT after oral administration to mice.

Mice administered [1¢C] FANFT Mice administered [1¢C)} ANFT
% dpm/mg % dpm/mg
Liver 12.06+0.63 14.91+0.72
Stomach 1.05%0.15 28.391+4.83 1.31£0.19 36.094+2.19
Kidney 0.63%0.10 7.411+£0.23 0.6710.08 7.8674:0.42
Bladder 0.18:0.01 42.00£3.00 0.14+0.01 54,00%3. 00
Urine 47,8716.65 46, 50E3.76

The data expressed in terms of percentage of radioactivity distributed to organs and urine and dpm/mg

of tissue at 24 hours after administration, with mean=+S.D. of 3 mice.
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