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Abstract

Using Ames’ Salmonella/microsome system, mutagenicity of antitrichomonal nitrofuran,

nitroimidazole, and nitrothiazole derivatives was examined. Nitrofurantoin, nifuratel, fura-

zolidone, metronidazole, nimorazole, ornidazole, and aminitrozole showed potent mutagenicity
on TAI100 strain which is a base substitute mutant and contains R-factor plasmid pKM 101

without microsomal enzyme activation. In addition, nifuratel, furazolidone, metronidazole,

and ornidazole also induced frameshift mutation in TA98 strain.
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Table 1. Chemical name of trichomonacides
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Common name

Chemical name

Nitrofurantoin
Nifuratel

1-(5-Nitro-2-furfurylideneamino) hydantoin
5-({(Methylthio)methyl)-3-[(5-nitrofurfurylidene)amino)

-2-oxazolidinone

Furazolidone
Metronidazole
Nimorazole
Ornidazole
Aminitrozole

3-(5-Nitrofurfurylideneamino)-2-oxazolidinone
2-Methyl-5-nitroimidazole-1-ethanol
4-(2-(5-Nitroimidazole-1-yl)ethyl)-morpholine
a-(Chloromethyl)-2-methyl-5-nitroimidazole-1-ethanol
N-(5-Nitro-2-thiazolyl)acetamide
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A A
ornidozole & ZFZt}¢] tiberalg, aminitro-
zolet Y HE ) tricho-0 234 A7 A
S35

3= 7#% nitrofurantoin, nifuratel

A] &€, nimorazole& = e L

gl furazolidone®] 3 f#-2 nitrofuran =

Al o] = metronidazole nimorazole ¥ orni-

dazole®] 3 f&-& nitroimidazole f-EH), =

aminitrozole-& nitrothiazole #-=| ¢ v}.

HR Y ER
ZERB BFEtE AAE AR G FAA
Aol A g A plated BREEEBEREES
Table2 o} vl BEEHBEEE A59 2
o] plate bol] #EfE=l Bl total viability-}
HAsHA E 54 ¥ #HEz Ftch

0
Ot NCH=N
it i !

N N
Yo [ yo [ O
0L—NH CH,5CH,——0 0
MITROFURANTOIN NIFURATEL FURAZOLIDONE
CH,C!
X C / \ gy AL
HzCh, OH CHCH,N D G CHOH
| N\ / ﬁ\l

N
OZN‘( }CHa oN (¢~
—N

METRONIDAZOLE NIMORA

s
ozrsii \P-NHCOCH3
N

AMINITROZOLE

OZN[ Y CH,
N

OLE ORNIDAZOLE

Fig.1 Chemical structure of mutagenic trichomonacides
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Table 2. Maximum concentration of tested compound per plate

Compound Amount per plate Solvent used
Nitrofurantcin lug DMSO
Nifuratel 1ug ”
Furazolidone 0.1ug ”
Metronidazole 1mg ”
Nimorazola 50048 ”
Ornidazole 5018 ”
Anminitrozole 5048 ”

o] 71 A °é°i'1 EEEERER & FEkd o o7 BEed K we RARBER G
1% L= 1 e 3ot 9o $row (Legators, 1976;
TERE Table 3ol 4 G Al B B Rosenkranz % 1976; Speck%, 1976
TA10000 wef Z3F Fednd E4E b Voogd %, 1974) & WRAAE AR
bz g}, PlasmidE 7} frameshift 4ZEF 3Zo 8l kAL wo|lw gl 7
mutantq]l TA98] o sl A = nifuratel, fura- = ole) LR T2E 713 9= ornida-
zolidone, metronidazole % ornidazole¢] zoled] ol e #HEY BaE o= glo
A o] ZEMBR FFEMEE Jelhlen TA U A& FELEE ¢3le  metronidazolex v
100s} & 22 base substitute mutanto] i} e g Eodwo] SukA S Jelulz gk

PKM101 plasmidE Z+=] &+ TAIS35EME  Table 3¢ TEHEERA BHS Jepd 1k
of A Eedme] FEAE Ve A &4 E%]wﬂdmmlﬂamwmwﬂ“
metronidazole, nimorazole, ornidazole®] 3 = E FIsle] Eolwlo] -SurA S FEES-
fEolgvlh. PURES A= b wo] FHAS oded = ~'Lf7EET_‘ Table 4,5,6,7,8,9, 10,11
a9l & metronidazole?] 7 -¢%= olv| #E gl 129} Zrl. 2Fr+ TA100S FHITE &

Table 3. Mutagenicity of trichomonacides on TA1535, TA100, TA1538 and TA¢8 with

and without microsomal enzyme activation
TS~ Strain TAI535 TA100 TA1538 TA98
™~

w + - + - + - + -
Compd.

T~
Nitrofurantoin - — gt — — _ _
Nifuratel - - Rt il e e — — +e 44+
Furazolidone — — ++++ ++++ - - L.d +
Metronidazole ++ + -+ +4+4++ +4+++ — — + +
Nimorazole + -+ ++++ 4+ — — — —
Ornidazole + 4+ ++++ ++++ — — + 4 RN
Aminitrozole L — — ++++ - — — — _

ey o p bl el gnd ¢+ means formaticn of over 500, 500 to 300, 300 to 100, and
100 to 0 mutant colonies per plate, respectively, after spontaneous revertants were substract-
ed.
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Table 4. Dose response of nitrofurantoin on TA100(number of revertant per plate)

T Amount/plate
Compd. T 0.2/1g 0.4ug 0.6ug 0.8ug 1.0ug
Nitrofurantoin on TA100 t 187 357 477 820 ‘ 1092

Table 5. Dose response of nifuratel on TA100(number of revertant per plate)

T Amount/plate
Compd, ™ \[ 0.1ug 0.2ug 0.3ug 0.4ug 0.5ug
Nifuratel on TA100 ' 252 532 889 1191 1519

Table 6. Dose response of nifuratel on TA98(number of revertant per plate)

Amount/plate ,
cm \] 0.21¢ 0-4ug 0. 6ug 0.8ug 1.0ug
Nifuratel on TA98 { 31 105 148 186 186

Table 7. Dose response of furazolidon on TA10) and TA98(num’er of revertant per plate)

T——____Amount/plate ,

_Compd. ——TT—— \’ 0.02ug 0.04xg 0.06ug 0.08ug 0.1lug
Furazohdon on TA100 | 158 338 564 755 1033
on TA98 ' 6 13 34 55 75

Table 8. Dose response of metronidazole on TAI100(number of revertant per plate)

— Amount/plate]
Compd. 401g &0ug 1201g 160xg 2004g
Metronidazole on TA100 ] 200 380 562 776 1111

Table 9. Dose responseof metronidazole on TA98(number of revertant per plate)

~ l
Empd\Aw 200ug 4004g 6001g 8008 Img
Metronidazole on TA98 1 13 39 61 106 139

Table 10. Dose response of nimorazole on TA100(number of revertant per plate)

T Amount/plate
Comp 4 — 100ug 200ug 3001g 400ug 500ug

Nimorazole on TA100 ] 120 307 493 902 1105
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Table 11. Dose response of ornidazole on TA100 with and without microsomal enzyme

activation(number of revertant per plate)

Compd,—— ount/plate | 1018 2018 30ug 40ug 50ug

Ornidazole (5-9 +) ‘ 118 313 363 542 518

on TA100  (s-9 —) 103 160 287 401 563
J

Table 12. Dose response of aminitrozole on TA100(number of revertant per plate)

\(S;;r;b\ci\ Amou\m’\pliee 10ug 20g 30ug 40ug 50ug
Aminitrozole on TA100 # 134 296 457 717 1013
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Fig. 2 Dose response of mutagenic trichomonacides
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5 B X W

1. Ames, B.N., W.E. Durston, E. Yamasaki,
and F. D. Lee, 1973. Carcinogens are Muta-
gens; A simple test system combining liver
homogenate. Proc. Natl. Acad. Sci. USA 8,
2281—2285.

2. Ames, B.N., J. McCann, and E. Yamasaki,
1975. Methods for detecting carcinogens and
mutagens with the Salmonella/mammalian
microsome mutagenicity test. Mutation Res.
31, 347—364.

3. Bridges, B.A., 1976. Short term screening
tests for carcinogens. Nature 261,195—200.

4. %5, Bas), ¢l44, 1975. Phenylene-
diamines =z $-E 58 Fodwo]l H44H
13). 504 &3 13, 51—58.

5. {93, 2332}, oA, 1976. Salmonella/
microsomal enzyme activation systemol] 4 2]
ke el 44, I L BT A 14,
128—134.

6. De Serres, for a

F.J., 1976.
in the methods of toxicological

Prospects
revolution
evalutaion. Mutation Res. 38, 165—176.
7. Green, M.H. L. and W. J. Muriel, 1976.
Mutagen testing using #7p* reversion in Es-
cherichia coli, Mutation Res. 38, 3—32.

8. Kada, T., 1973. Escherichia coli mutage-

nicity of Furylfuramide. Japan. J. Genetics
48, 301—305.

9. Kondo, S., and H. Ichikawa-ryo, 1973.
Testing and classification of mutagenicity of
furylfuramide in Escherichia coli. Japan. J.
Genetics 48, 295—300.

10. Legator, M.S., T.H. Connor, and M. Stoe-
ckel, 1976. Detection of mutagenic activity
of metronidazole and niridazole in body flu-
ids of humans and mice. Science 188, 1118
—1119.

11. McCann, J., E. Choi,
B. N. Ames, 1975.
as mutagens in the Salmonella/microsome
test: Assay of 300 chemicals. Proc. Natl.
Acad. Sci. USA 72, 5135—5139.

12. McCann. J., and B.N, Ames, 1976. Detec-
tion of carcinogens as mutagens in the Sal-

Assay of 300 che-

Acad. Sci.

E. Yamasaki, and

Detection of carcinogens

monella/microsome test:

micals: Discussion. Proc. Natl.
USA 73,950—954.

13. Rosenkranz, M. S., W. T Speck, and J.E.
Stambauch, 1976.
dazole: Structure-activity relationships. Mu-
tation Res. 38, 203—206.

14. Shirazu, Y., M. Moriya, K. Kato, A. Fu-~

Mutagenicity of metroni-



158 KOR. JOUR. MICROBIOL.

ruhashi, and T. Kada, 1976. Mutagenicity
screening of pesticides in the microbial sys-
tem. Mutation Res. 40,19—30.

15. Speck, W.T., A. B. Stein, and H. S. Rosen-
kranz, 1976. Mutagenicity of metronidazo-
le: Presence of several active metabolites in
human urine. J. of Natl. Cancer Inst. 56,
283—284.

16. Tonomura, A., and M.S. Sasaki, 1973.
Chromosome aberrations and DNA repair
synthesis in cultured cells exposed to nitro-
furans. Japan. J. Genetics 48, 291—294.

17. Voogd, C. E., J. J. van der Stel, and J.J.J.
A. A. Jacobs, 1974. The mutagenic action of

nitroimiiazoles. I. Metronidazole, nimorazole,

(Vol. 14, No.4

dimetridazole, and ronidazole. Mutation Res.
20, 483—490.
18. Yahagi, T., M. Naga., K.Hara, T. Matsu-
and G. T. Bryan,
between carcinogenic

shima, T. Sugimura,
1974. Relationships
and mutagenic or DNA-modifying effects of
nitrofuran derivatives, including 2-(2-furyl)
-3-(5-nitro-2-furyl) acrylamide, a food addi-
tive. Cancer Res. 34, 2266—2273.

19. Yahagi, T., T. Matsushima, M. Nagao, Y.
Seino, T. Sugimura, and G. T. Bryan, 1976.
Mutagenicities of nitrofuran derivatives on
a bacterial tester strain with an R factor

plasmid. Mutation Res. 40, 9—14.



