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N-(4-(5-Nitro-2-furyl)-2-thiazolyl) formamide (FANFT) demonstrated carcinogenic activity for
the urinary bladder of many species. The present study sought the metabolites of FANFT in the
urine of rats fed this compound, and determined their mutagenic activity for Salmonella typhimurium
TA100. Three yellow FANFT metabolites, designated as FM 1, FM 2 and FM 3, were present in
urine and could be separated by polyvinylpyrrolidone column chromatography or cellulose thin layer
The Rf values on cellulose TLC were 0.89, 0.19 and 0.37 (aqueous 29,
methanol) or 0.40, 0.30 and 0.14 (aqueous 6%, acetic acid) for FM 1, FM 2 and FM 3, respectively.
FM 2 was identified as 2-amino-4-(5-nitro-2-furyl)thiazole (ANFT) by comparison with authentic
ANFT.

Three rats were fed a diet containing 0.1889, FANFT for 1 week and then were injected i.p.

chromatography (TLC).

with [UCIJFANFT. The urine excreted during 24 hours was analyzed by radiochromatography
About 33%,, 30%, and less than 5%, of the radioactivity
in the urine were respectively accounted for FM 1, FM 2, and FM 3, and no (1*CIFANFT could be

on cellulose plates (agueous 2%, methanol).

detected. The cellulose chromatogram was cut into 1 cm long pieces, and each piece was placed
in the center of a petri dish containing Salmonella typhimurium TA100. Only FM 2 (ANFT) clearly
demonstrated mutagenic activity. These data suggest that ANFT may be a proximate metabolite
responsible for the induction of bladder cancer in rats fed FANFT.
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FANFT R FeEGH B DMRCH 5 D TR
% F & L7z spot mutation test 3% N B. N. Ames
LOFED CEEL T BI/ko7z. T7i>b minimal
base agar 10 ml % 7L — } (1001 Optilux Petri Dish
100 15 mm styl) i XREE L7z, Salmonella typhi-
murium TAL100 A 5578 1U248537°C € incubate 7=
nutrient broth L 9 &7 v — tHicbh 0.03ml %,
L-histidine 3 X ¢ biotin %%t Fh 0.1 £ mole/2ml
4tr top agar 2ml Nz ¥EE 5 L, %D base agar
FEELL 7V — M FCEEEEEE L.

FANFT 11 dimethyl sulfoxide (L F DMSO & #%
WA CE®L, BERIESV - rHied 0.05,
0.1, 0.5, 1.0, 5.0 ug/pgl DMSO T %. control -
LT DMSO 1pl)7"v — &4 buve, Rik3 BELE
0.1889% FANFT diet % %5 1L T\% Jv b & EH#E
test tube [CHER SR FEER A L bV, AR
0.1, 0.5, 1.0, 2.0, 5.0 pl/ v — +THAH. control +
LT control B WELT5 5y MRS Fv—+
bl ZhbOHERHIEDED 7L — b
Rlo=A 27 my ) v 2R biT spot L48HEH] 37°C
T incubate U7z, D& E Quebec Colony Counter
T — b RS LT B b LS hist rever
tant colony ZEEL, AHEHE - L THALNLHEK
BEIE®AZFE L7z,

% & FiAE . mutagenicity D EOHEEIL & 42T
RETHY, control DMSO kIR 7V — F 1T
BRI E - 7o FRD b IT, BEaT ¥ 68/
71— + @ revertant colony % DI T X o
72. Lol 5 FANFT & L0 FANFT 55> R
iz BRI ORI 2R, o5t

847

JAVC 530D revertant colony BB, ZEE L
spot mutation test #TEEREIC L BV BT EIITR
LA NEEZ TN, BEWEDOAZ Y —=V T
F DL O Tk  RPFEEERBEYOBRT L H L
BERTHED DL LEble. TirbbRERED 7
v — b ko revertant colony ${ X » control 7L —
k @ revertant colony $68% 0% 100LA L&, 7584
b, 50 kE -+, 255l ER A E LEAITFCT_T—
L7 BUELE LT Table 1 IWRL 2 ~ 3 DF
% Fig. 2 iffifr+%. Table 1 Thbhnd X 5K
BRI 1 AR o Bincffo T FANFT & L O
FANFT #55y MR & HICKE o T % 25,
revertant colony %ﬁ[@& 5 ¥ mutagenicity OFET
VLER S 2T ED B B AN HENE D 0 & 238 < ERIHBEI
FFRDIo T,
g2 FANFT 5o FRERBENORE

e | CEb e & { FANFT & O#5 LT
55w b RICHE Salmonella typhimurium TA100 (53
BB D7e mutagen OIS D, X hic FANFT PR
RN REEYE T L) FANFTO 7y b
R A Ep O M v A L.

ik A x OEBSEERE A RACSRETSH D,
FANFT R ENDOREER S & bERLTH
REETOBMAE L UTHEKE L b\ i polyvinyl-
pyrrolidone # 5 A2 2= k7574 — % HHL i
FRAZAEL 1 Bt % # A Sprague-Dawley 5 v 10~
15PE%/#E L FANFT 50~100mg/% » % corn oil
CRALTE®EC Lo BPC#E L. metal meta-
bolic cage “THE & 7T U24BFEIR 25048, T <EiLL
ETF OF LR D X B PR A R EEE LR, 19

Table 1. Spot mutation test with S. &yphimurium TA 100

) FANFT Urine Diameter of No. of his*

Material (ug/1 pl DMSO) (ul) %iroc;lwt(}inlrrrllk)nbl- r:(;/lzx;tiaer;t
DMSO (control) 0 0 —
FANFT 0.03 29 i
0.1 35 HF
0.5 37 H
1.0 47 H
5.0 55 +H
Control urine 5 0 —
FANFT urine 0.1 19 H
0.5 20 H
1.0 23 +-
2.0 25 H
5.0 30 it
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5 pl urine of the rat fed 0.1889, FANFT diet.

Fig. 2. Spot mutation test with Sa/monella typhimurium TA 100.

100 L7 DK A 855 LUK FANFT (8 o st ZOFFME 2 D TLC T AR £ - 72 bl

L7 FANFT o 55 bRpfRAEY FM2 227 X5
polyvinylpyrrolidone # < 2 (£{% 6 ecm, 5 X 80 cm oo FM2 x TLC Ti#at X ANFT 2@ X

THihE 4°C OBHEEIC £y b Sh m‘wift,‘i Ty b Az, FM 3 4piod 4000 ml (3 10 ml (o K X

100V /5
W, =D EFEEOZ AR LAWK

vinylpyrrolidone # 5 4 7 » <

SREZ DK Ao f 100 ml oD 7% hs L N TLC THiE SR m e ) ORM A Gtz

poly- X BTG I N5 LV BED methanol (%%

275 4t Fig. 3 1

R LSRRI B e 3 DD E i h il
Hbhh, TRFNFELHH LT BlEC FMI, FM2,
FM3 {7z, 2haibo FMI, FM2, FM3 /i
R EN TR LA 5 2o 7oninde h O
Mitpa mA T2z, & I FMI GpHICiE S o crzzzzg FM3
TR A4 ‘f’ At BIEO cellulose H 547 m < by
TT 4 =R ('hl()roi'orm, cther 7¢ 22 & A ATHE B

H LB A o0 F 72 HIH 210 F o TuvicLs, FM2 FM2
priti TLC BT 4 ~ 6 M0 b O Rty i & AT
72D T X IS %/ oD methanol TiA L 7 — FM 1

AT 4 N =TGR Lz s, VRO \‘\J/
TRK A2 Nz —20°C Puli i e U 2z, 2 0 gL

BOBOILIDRDON, e TA7 4 V2 — Fig. 3 PVP column chromatography
THAELKRAK TS Ol 7o & BESE LIS L. of urine of rats fed FANFT
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LB D ethyl acetate Zfx —20°C /AHHEICEE L
7o 5 BRAEC MBI R 77 A7 4 V& —T
AL 100% ethyl acetate T 5 [EPE5E&ICER L
7o, TLC CHE LR MERD bR, &
fftke/e FANFT R EEY FM 3 TH D & LT
B2 mg Az fo. BEERBEREY I 8o T 25
F T OBEDHERC\ oo T,

BAE Lo 28 {EFITFANFT 5 v b JRAPREH
EE LT 3 20ME FMI1, FM2, FM3 2 L,
20 5% FM2 11 FANFT o formyl a3 KEERL
7o ANFT ¢HAHERELI. Thb FM2 (ANFT)
w4 FML, FM3 o TLC ECoElL Table 21C
i

=83 FANFTOS v PRHPKHERANFT D
8 & TLG 43 Mutation Test [T J 2 bt
EYREROHS

(4CIFANFT %2R L v bRPREEY FM2
(ANFT), FM1 110 FM3 DEBHRA D & & Lic
BRI ED < AR ) —=V /T ALEL
THER X #C & /- mutation test & TLC #{E &34
By v < b 257 4 —4@ mutation test ({RFR) &
LCFANFT @ 7 v F R FEEE RS EDOREROR
LA I Tt

Fik 138 0.1889% FANFT dict % [ iSHY L ¢
WEFy b SUERFHL. £5y MI(C) FANFT
0.9 uCi (0.2 Cif1gmole) 10.2 ml DMSO 79k % jaks
PICTEST L, FRRCR OB R &5 1k3 2 Bk T
P2t BB L . Z e metal metabolic cage & A
bR % L LA, FOMIKE L0 diet DS
Ik L. ROBEIC H7c > Tk FANFT o R4,
WERD B RGP IR I e & O B BRI B 1L
BRIk E D87 0°C @ ice box [\ =, =D
L5 U CEECEE XN/ R X cellulose TLC sheet
W 10 pl, 2 cm OFRIC spot X3 2% methanol 33
L' 2% formic acid solvent system ¢ TLC %32
Jootz, 16em ¥C TLC BB LIHE b5
BWEEER, U-Vlight TTHEDS 2 th Fih
lem (B8] h 6 BOFEYIF & Lz, Fh Fh o4

BYJH 1 counting vial [Z A 31 ANPO3® 15ml -2
¥ & 5 # Mark II Liquid Scintillation System (Nuc-
lear Chicago, Chicago, 111.) “T&4>EH D radioactivity
HHEE LI

TLC 43 mutation test |k FEy 1 Tub~7z HET
ER L7 Salmonella typhimurium TA100 & agar 7" v
— NEEE L. R 154 2 FU L5 TLC sheet
Z3cm ORI spot L, 2% methanol solvent
system "C 16cm # CRHELACDE FHRL, FofR
lem % {EH LR 1 e 05 BETI R 16[@% Fo 72, 2@
Lem UHOY R F L ARE L agar v — b
RIT $5 X 4885 37°C T incubate Licdh & F5 1 Tif
7z spot mutation test ¥[|EHREICH> R LI,
Te%s control & UCTIERRAATE S & 5 DigfFx
$ T foo 7o cellulose sheet % 4\ 7o,

B Fig. 4 R4 L 51 FM2 (ANFT) 438 &
FM1 53BNz 3 ] 7w radioactivity 232 7. ~E FM3
SN TE X ¥ TE L s radioactivity 2 ERb 70t X/
otz & I FM2 (ANFT) (23 A DD T —
V¥ 73S B H spot & LTED bR, BEA
#5- U7 (4G FANFT R HGHEHD 5 $30.84%
9.4% 03 ANFT & LT S h 5 2 L3 b it foo
fo. famlEREAE S Lic (MCOFANFT o (MC] D24
RERAPR AR ELRER 1331.346.1% TH - 7o,

TLC /3 mutation test (3 TLC 43jd radioac-
tivity 3 L o8 FM1, FM2 (ANFT), FM3 oo TLC @
MREPIT LCTHEL Fig. 4 ipd. a0
mutation test @ 5 L FIA Fig. 5 CftE-+5, —FH
LThh 5 L 51 FM2 (ANFT) 43 Eic Z85 7 muta-
genicity 235 b, Es 1 TR LA FANFT #5858
Dy RO mutagenic activity & x AL, FORFR
PRHAEYE LTD ANFT OBFEBEMER - & ) 455
o T3, ¥ FMI ik 208 FM3 @i § 5T
¢ mutagenicity DEFFES TN IEFRICEV LD
Thdh, SHRIDCHEFTRETHESLEL T 5.

Z =

RPCHEET D H 5B REWEV ENEERE T
FLEELTHBTHAHS 2 LRI DHEEIRT

Table 2. Detection of FANFT metabolites in the rat urine by TLC

. R values Color
Metabolites
crabonites 2% Methanol 6% Acetic acid Visible Tight U-V Tight
FM 1| 0.89 0. 40 Yellow Dull Brown
FM 2 (ANFT) 0.19 0- 30 Yellow Dull Orange
FM 3 0.37 0.14 Yellow Dull Brown




850 FRE - 130 - BEESENE - FANFT JRep U EY

B0, T A DI RHEWEIE L £ L)
RICHAET B BRI E D R b Tepae R ey D
B AN X T\ > 5 4+6,18,19,28,24,28,30)

Bk L7z X 5 FANFT (119664 nitrofuran Ffb
EHORBEROBFEBEE, 1967F 7 » Mok
RN YR T 5 LAREPIh, WHLE
% DSEERENY T4 O BRI TER S fu s
(50 Tle &, 2 b O#EHE N-[4-(5-nitro-2-furyl)-
2-thiazolyllacetamide (XU & LT, X HIT nitro-
furan FfbA4E Atk Uiz —H0 nitto- %5013
amino-heterocyclic L& HD FeREtE D g s~12,14,18,2D
PR L, BERTO 2-(2-furyl)-3-(5-nitro-2-furyl) acryl-
amide (AF-2) OREE Y ¥ /- nitrofuran {b&#~ LT

FEHZHODBAEL ORBEIFER SN TE TV 5%,

L Lo —BDREWET L BB 0T D
TR LMELELD, TRHLIERIKERDY ZEFh
Teh & ED L5 e A ST TR OREWE IR DE
RIRE AT ET B DT E A EBHLMTEh T
V. FER RS —EOREEFRNOD, Thb
DEE LB FANFT 235y MR
BB R A B LT\ 5 2 LB H LT FANFT #5

FDFy bR A B A O RIEMERE YO FEED
HBEOTIER O EHEL FANFT D 5 v +IRPRHE
EYoBEty kI ino i,

AE ¥ © FANFT o @ it 240118 & LT19704E
G. M. Lower, Jr. 5203 FANFT < v 25K E
FBE 1 RO formal Eoiz TG %ol 72 (14C)-
FANFT 35\ TiET AT 62% D (1C)
DIEHEINB 1T 5, thiazolyl i (4C) &0l 72
BAIIE E A SPEHTE (HC) 2 STk
RPN S 2 E X PELAIC L C FANFT D~
v AR 3sIT B AT 1 RDARE DY formyl EOIKEE
Bz X 5 ANFT OSBRI L 5L DTHAH S EHEL
7eHNREPED ANFT FEBERERINCHE > T %, Lo
125 C.Y. Wang 53901 in vitro {Z 8\ TR 4 OFER
Bort, B, &, /MBI formamidase OFAER B
L, X bhiI&EEHR o FANFT formamidase
activity #HEL T\ 5. LA EoHELEEOHAL D
L7 FANFT 5 v »RAREEDTIHHANFT,
FMI, FM3 offE% %2 %5+ Fig. 6 ©amiTL57%
FANFT of#@inE 2 b 5. Tiebhdb 7y MERT
#H X7z FANFT [ 3EAD LRSS © formamidase

16 ~16
154 - 15
TLC 14+ L14
fraction 13 —_ = L3
i — +] FM1
124 F g 12
- *
114 L E11
10 - -10
9 -+ 9
-
8 ~ 1 - 8
7+ . ] L7
. . . L6
© — 4| FM3 @
5 A ro
44 - 1 -4
3 - 3
J a0 Ht| Fm2 @
24 L 1 (ANFT) L2
FJ -
e - 1 1
{em) . . R - * (cm)
(CPM) 50 100 150 a b

Radioactivity of TLC fractions

TLC: 2% methanol cellulose system

Fig. 4

Mutation test TLC of urine
of TLC fractions (rat fed FANFT)

a : diameter of growth inhibition
{mm)
b : No. of revertant colonies
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3 cm fraction of TLC 4 c¢m fraction of TLC

13 em fraction of TLC

Fig. 5. Mutation test with Salmonella typhimurium TA100 of TLC fractions of
urine of the rat administrated with FANFT
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DTS X THEeMIC ANFT fR#Ih s - Li1H
LTHD, TOERINT ANFT 220—8n3%
DT E A ERADELL ZT TR Eh S
ZEReH., TOELFBHDOWET WAL L5
FANFT o RPN EHDOIN0% TH L. £ L TED
FEH 5Ltz Ll BBl 2% methanol-cellulose
TLC c#£0 5 FANFT g FMI1 o
BEf X h, Zhi 2% formic acid-cellulose TLC ¢
LIFBETHY, BEHL FMLL ANFT LREDH D
WILFR L D 2R L EO FANFT O 5 v b RIPRHE
MThrEEZONRD, FEH FM3 X& LD THRT
BB, VWolFH Ty P ERFILDA X, w7 AREORE
%= DEREHOR, &, ME B &, Medic—
Ho = FefbtE&d o @ % 8T 70H nitroreductase
enzyme system 73BH 5 200 ZFL T 20,8678 7
bbohbDo FiX FANFT % | RORBEHTH
% ANFT BRELER#EFTETHAH S5 Z&2HD
DELTWBEVEZD, DEOZLERELTHFLD
L FANFT O 5 » MERICET 558 1 koG TER
Ehic ANFT 320N 0 ¥ FRPCHRE S
HOT HAHNEH L X B nitroreductase enzyme
system % Eulad Lfc metabolic system W X b {34
25, Fhbb ANFT 03 b3 shid oM
ZEOER LI FML kL0 FM3 TR % LHEE IR
5.

< X EEOKEF LT mutation test & TLC %,
B L7z TLC 4 mutation test DFFETH DM, &
DFERIL FANFT 5 v +RAEQHEYD > H FM2
(ANFT) S D4 FE 7 mutation 250 X R,

FMI1, FM3 SEICi3i3 & A & mutagenicity (33855
Hichofz. LB AHA FML, FM3 X L1KRET5
BT S AP FANFT 580D 5 v b F O mutagenic
activity {X &> 7o ZOMREBEY ANFT £ L5Z &
PRI R, RSO L EED LA muta-
genicity & carcinogenicity & 2% &« 7o < SETEIRIC
BB LT OHE MO mutagenicity 2E T3 4 D
/% carcinogenicity #7535 ATHEM: 23 X o2 T {29,
L R EBEMIMER Utc Salmonella typhimurium TA100
1% nitrofuran 3 %\ /¥ nitrothiophene,. nitropyrrole,
nitroimidazole, aminothiophene, aminothiazole 7¢ &
D—H#HDIbLE&HD mutagenicity & carcinogenicity &
ZELDTIL—HKL Tk DD, Fio ANFT Ui
COBWCFEEE L TOCEER SR TV B g b LT
3y, ANFT »% FANFT ¢ proximate carcinogen T3
BIEIHALPTHD, A EERPICARICH
Eh, BRHE IFCERED ANFT X6 3h<
VBT EXT y PRI B FANFT R R AT
WMaELBHEE, TORBEBERFCERLTELRTL
OREBbRD. T BT (UC) FANFT JRepfUEH
YN 7 > B EECRDAENDL Z LS
Wi b4, &7 in vitre W\ ANFT 215
Bt b FZ#a > macromolecule [CH h A ¥ = &A%
B2 iso TETV AL, LnL BAEET ANFT
DR CEMERE L EE Ce ) SAMF Eh T3
LRV, by ALRARE ST
OE BRI LT ET, $#12 FANFT
ANFT LSt REBEDO HEHLLHAATH SN,

I b ANFT @iEBEL |G OR# 72 b OB

Metabolism of FANFT in Rats

deformylation
( formamidase)

further metabolization
(nitroredactase or other
metabolic systems)

l

FM1,FM3, others

Fig. 6

ANFT

excretion

ANFT

FANFT

| N

in body

inurine
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B o R T ALERS L LE

RFCEZE DR Z /oo 7z TLC 43 mutation test
TH BT E A E ANFT (FM2 4y8) & mutation A%
FERLTD. BOEEEFLRED FM1 510 FM3
4,55\ > mutagenicity ZH LTV 5D T g\ p&%
%2 T B, ZEFEHZ o TLC 43 mutation test T
FHRLIDCDIZFANFT % 0.188% &5 L L&D F
¥ b RAFCAETET 2 %97, mutagenicity TH 5. %
B A AL DYBEDHE TS mutagenicity 3, BRI
TS A0 L & 5 B OB E L %
ET 5 L5 T REETORPRIEMARHEY OIS
h, TNCORBEHOWBICH DTk, Lic
Mo TEOFE D TLC 4i#H mutation test “CEITER
I 4, 5\ mutagenic activity #3872 FM2 4755
ANFT wER A< 2 &kt glcic. 3bAA
%72 mutation test U772\ IAREWE DR 7 Y — =V
G B R A BBET il L7z X 5 1 mutagenicity
& carcinogenicity » 235247 SPATEIMRIC H B & 1w
LR, BEFTETHESR, SOCHETD
EEZBND. VoS BAETL S ORBYWHEICS
T % mutagenicity & carcinogenicity &Y% 3o
HT—HLTED, FEORL TLC 45 mutation
test (1SR O R E EY D mutagenic activity
%7 DRAIBIRIC IV CTIRET L 5 BT, M
HO LS TLG Ui 2B o5 kS 5\ 0%
DIFFEDRBEC R 102 UCARROFETHS. L
Todio TRF D 5\ e e O SR BEdy DM
3 & X b mutation test I HLWABEDWE & & LI
oL Fmfions, SO EERRECHS
RIEEWEOBRCSEI LA IEHTE L0 L
B5.

& B

(1) FANFT %5 xhi- 7y R\ FOMRS
PEEM & L CHE A IR AR 24 e THIB0% A R A ~HRllE &
n, TORDBREEHELTHST A< 7T Ty
— %k X0 TLC © 3 SORMEMRHR S h, FhE
HFMI, FM2, FM3 » {5#: L7,

(2) FANFT o RS EY FM2 X FANFT o
deformylation U738 ANFT ¢h % & b % ZE8R
L, Zodktis FANFT [Rob R EYH#30% T 5
CEHRHLMT LI,

(3) FM1 %5 X 18 FM3 o TLC CoEwRL,
FM1 i3 FANFT ORAE B FRI30% & %\ it
NELETH D, Yo FMS 32 AR THH L
Vi ol

(4) FANFT #B5ho 5 v ~RiL Salmonella typhi-
murium TA 100 58\~ mutagenic activity #F75 5%
Z & %@, TLC 4 mutation test 54 FANFT
#E5HD 7 v b RO mutagenic activity 137 DR
Rt ANFT 10 L% 2 & %Rt & & b ICHEIEY
Bowsie s L TLC 4#E mutation test DFFHMES
SRR LC.

(5) FANFT Ot s QIR0 R e
221, TLC 4@ mutation test “TBHH T Uiz
O BES) D FEXIA mutagenic activity OEHZL L b
ANFT OBEZHICEEL, 4$HI5K GHENz
VERDD LELD.
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