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Triton-X-100. was also found to decrease. A decrease in 
the activities of these enzymes in the microsomal fractions 
with simultaneous inhibition in both the free and total 
activities in the synaptosomal fraction indicated a 
diminished level of the net amount of these enzymes under 
lithium-administered condition. 

In aitro study indicates that lithium carbonate at 10 mM 
concentration could inhibit the activity of acid phospha- 
tase to the extent of approximate 38 per cent and this 
inhibition was slightly lowered (from 38 per cent inhibition 
it is reduced to 25 per cent) by dialysis of the enzyme 
against 0.02 M acetate buffer (pH 5.0) containing 1 mM 
EDTA. 

In the case of cholinesterase there was no alteration in 
the activity under the influence of lithium, which was also 
previously observed by other investigators 1201. 
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Activation of nitrofurantoin to a mutagen by rat liver 

nitroreductase 

(Received 1 August 1975; accepted 17 November 1975) 

Many nitrofurans have been found to be mutagenic [l, 
4, H. S. Rosenkranz, unpublished results] and to be 
endowed with oncogenic potential as well [S, 61. Nitrofur- 
antoin (1-[(S-nitrofurylidene)amino]-hydantoin, furantoin), 
the nitrofuran utilized most in antimicrobial chemotherapy 
is not carcinogenic [S, 61, yet it possesses mutagenic and 
DNA-modifying activity when tested in bacterial systems 
[2,3 and H. S. Rosenkranz. unpublished results]. Because 
there has been a good correlation between mutagenicity 
in bacterial systems and carcinogenicity in animals [7-91, 
nitrofurantoin occupies a unique position in chemical car- 
cinogenesis. In view of this situation and its probable rele- 
vance to the relationship between mutagens and car- 
cinogens, we have investigated the mutagenicity of nitro- 
furantoin. 

The Salmonella mutagenicity assay developed by Ames 
et al. [lo] was used in this study. The indicator micro- 
organism (histidine auxotrophs), the test agent and when 
indicated the rat liver preparation (including the required 
co-factors) [7] were incorporated into the overlay. These 
mixtures were incubated at 37’ in the dark [11] for 46 hr 
and revertants (mutants) to histidine-independence were 
enumerated. When anaerobic conditions were required, the 
plates were placed in a Gas-Pak system (BBL, Cockeys- 
ville, Md.), and incubated at 37” for 16 hr, whereupon they 
were incubated an additional 30 hr aerobically. Liver mic- 
rosomes (actually the S-9 post-mitochondrial fraction) were 
prepared from Sprague-Dawley rats by a previously de- 
scribed procedure 173. 

The indicator micro-organism was Salmonella typhi- 

murim TAlOO 1121 and a mutant (TAlOO-FRl) derived 
therefrom which was deficient in nitro-reductase. 
TAlOO-FRl was obtained by selection [13] of a strain cap- 
able of growth in the presence of nitrofurazone (20 pg:ml, 
5-nitro-2-furaldehyde semicarbazone). The absence of 
nitroreductase (4 per cent of control) was confirmed colori- 
metrically [13]. TAlOO-FRl was resistant to the growth 
inhibitory properties of other nitrofurans, nitro-heterocyc- 
lies and nitro-aromatic compounds which indicates that 
it is deficient in a non-specific nitroreductase. 

It might be argued that the mutagenicity of nitrofuran- 
toin in bacterial cells derives from its conversion by pro- 
karyotes to an active hydroxylamino derivative but that 
this enzymic activity is lacking in mammals which could 
account for its lack of carcinogenicity if it be assumed 
[7] that the active mutagenic intermediate is also the meta- 
bolite responsible for the carcinogenic event. To test this 
possibility we have prepared a microbial indicator strain 
(TAlOO-FRl) deficient in nitroreductase. Unlike its parent 
(TA100), this strain is not mutagenized by nitrofurantom 
(Table l), although it does respond normally to a series 
of mutagens lacking the nitro-function (Table 1). Upon 
addition of a preparation derived from rat liver, the muta- 
genic activity of nitrofurantoin for TAlOO-FRl was res- 
tored (Table 1). When the mixtures were incubated anaero- 
bically for several hr, nitrofurantoin was mutagenic for 
TAlOO-FRl even in the absence of the liver enzymes (Table 
1); this appears to be due to the presence in these bacteria 
of a second, oxygen-labile, non-specific nitroreductase (un- 
published results). However, upon supplementation with 



*The data gibcn arc the aieragcs or rcplica~c plates (mmimum number = 6) which were subtracted from the ipow 

tnneous background. approximately 5s Ibr TA l(IoFRl and IYO for TAIOO. 
t Decrease in number 01‘ revertanth upon an increax in nltrol’urantoin concentration 1s due to the lethal elfcct 01 

this agent on TA I()(). Thiq 15 not seen with TA I()()-FR I which IS resistant to thlr agent. 

the post-mltoclioncirial fraction. thy\ mutagcntc acti\lty 
wa\ increased furthor (Table I). 

These results ~ndicatc the pre\cncc 111 rat libor 01‘ an 
cnrymc act~\lt! capable 01‘ transbrming nitro~~lrantoln 

into an active mutagen. There are a number of I-cports 
sugpcstinp that nitrofuran\ and other nltro-hL‘terocycIlc 

\ubstanccs can he reduced hq rat liver enqme\: thr 
cngmcs implicated have hcrn xanthmc oxidasc. NADPH- 

cytochrome C’ reductase and aldchyde oiidax [ 14~21]. In 
some In\tanccs. the isolar~on or the l~~dro~~lamino dcri\a- 
tl\cs ha\ been reported [ 15. IY]. In other\. although onl! 

the amIn dcri\atl\e \\ar rwo\ered. tht’ hydrox!lamlno ill- 
tcrmedlatc vva\ implicated [IX. 70, 211. The d~fiicult> 111 
Iv,latlng the h)droxylamino det-l\atc\ may be related to 

their cxtremc o\qgcn-lahillty [ 151. It khould he noted 111 

this rerpcct that the reduction of nitrol’urans proceeds hct- 
tcr anacrohicall> [ 171 and that the rnLym+mcdiated muta- 
gcnicit! 01‘ nitrolllrantoln *a.\ greatly enhanced by anaero- 

blosi\ (Table I). 
With re\pcct to Illtrofut.‘atit~,in. \peclfic:dly. It has been 

repel-ted that it can he reduced b! N,Al>PH-c~tochrome 
L’ reductasc and milk xanthine oidahe [Xl]. The Identity 

of the lntermedu~te or final product, had nut been Identi- 
tied. although the hydroxqlamino and amino deri\atlves. 

reapccti\ely. appear Implicated [20. 71 I. 
The pre\ent finding.\ which indicate that nitro~Llrantoili 

can he mctahollrcd by a mammalian cwymc to a muta- 
genic \uh\tance (presumably the h~drosvlamino analog, 
xc Rel: X) lead to two alternate conclu’iions: (a) that it 
is pvss~ble to d~~wciate mutagenicit\ from carcinogenicltj 

or (hl that the two Iunction\ cannot he diswciated but 

that the carcinogcnic~ty 01‘ nltrofur;~litoil1 has not been 
te\ted undct- optimal conditiow 

In LICL\ 01‘ rhc l’undamental Importance of the lirst con- 

cluGon and the Immedlatc practical consequences 01‘ the 
second 10 human health due to the widespread use of this 
therapeutic agent. it would seem that further Incestlgation 
01‘ the biological propertics or nltrofurantvin I a matte! 
01‘ urpenck 
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