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SUMMARY: The mutagenicity of metronidazole, a widely used chemotherapeutic 
agent, for Salmonella typhimurium was confirmed. Moreover using a mutant of 
of_S. typhimurium unable to activate metronidazole to a genetically active 
metabolite, it is shown that this activation can be carried out by a microsomal 
preparation derived from rat liver. Heretofore it had been postulated that this 
metabolic event was catalyzed solely by enzymes present in protozoa and 
anaerobic bacteria. The present findings which indicate that mammalian 
enzymes can activate metronidazole to a genetically active intermediate may 
have a direct relevance to the carcinogenicity of this agent. 

Metronidazole (l-(2-hydroxyethyl)-2-methyl-5-nitroimidazole) is widely 

used for the treatment of protozoan infections. Recently, use of this drug for 

the therapy of infections caused by anaerobic bacteria has been advocated (1). 

Several recent studies (2,3) have reported the mutagenicity of metronidazole for 

several bacterial species and in view of the correlation between genetic effects 

in prokaryotes and ability to induce cancers in mammals (4, 5), the widespread 

usage of this drug to treat human infections has been questioned (6). It is 

presumed that the genetic activity of metronidazole is dependent upon its ability 

to be reduced enzymatically to the hydroxylamino or amino derivative. It may 

be argued, however, that this reduction is dependent solely upon the microbial 

(and protozoan) metabolism (7-11) and therefore the observed mutagenic activity 

towards bacteria is without relevance to humans who are unable (12,13) to 

convert metronidazole to a mutagenic (and carcinogenic) intermediate. 
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In this study we demonstrate the conversion of metronidazole to a genet- 

ically active intermediate by mammalian microsomes. 

MATERIALS AND METHODS 

Salmonella td?imurium TAlOO (14) was obtained from Dr. Bruce N. Ames, 

University of California, Berkeley. A derivative of this strain deficient in 

nitro-reductase was obtained by selection (15) of bacteria resistant to nitro- 

furazone (20 pg/ml, 5-nitro-2-furaldehyde semicarbazone). One isolate 

identified as TAlOO-FRl was used for these studies. The absence (4% of 

Control) of nitrofurazone reductase activity was confirmed calorimetrically (15). 

TAlOO-FRI was resistant to the growth inhibitory properties of other nitrofurans, 

metronidazole, picrolonic acid, 2-nitrofluorene and 2-nitronaphthalene,thus 

indicating that this strain was deficient in a non-specific nitro-reductase. 

Rat liver microsomes (S-9 fraction) were prepared as previously described 

(4). Mutagenicity assays using TAlOO and TAlOO-FRl were carried out as des- 

cribed by Ames and his associates (16) by incorporating the indicator strain, 

the test agent and when indicated the microsomal fractions (including required 

co-factors) into an agar overlay. The inoculated plates were incubated at 

37OC for 46 hours in the dark (17) and revertants to histidine independence 

were enumerated. When anaerobic conditions were required, the plates were 

placed into a Gas-Pak jar (BBL, Cockeysville, Md.) and incubated at 37’C 

for 16 hours whereupon they were incubated an additional 30 hours aerobically. 

RESULTS 

Salmonella typhimurium TAlOO, the parent strain, was mutagenized by 

metronidazole as evidenced by the induction of revertants to histidine-inde- 

pendence. This effect was dependent upon the amount of drug incorporated 

into the plate (Table 1, Expt. I). Contrariwise, a nitro reductase deficient 
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derivative (TAlOO-FRl) did not respond to the mutagenic action of this agent 

(Table 1, Expts I and II). This lack of responsiveness was not due to an in- 

ability of the tester strain to respond to mutagens as it was readily mutagen- 

ized by a series of mutagens lacking the nitro function (Table 1, Expt IV). In- 

cubation of TAlOO-FRl with metronidazole in the presence of a microsomal 

preparation resulted in a partial restoration of mutagenic activity (Table 1, 

Expt II). Incubation of the plates anaerobically for several hours resulted in 

expression of mutagenic activity even in the absence of added mammalian 

microsomal preparation (Table 1, Expt II). It appears that this reflects the 

presence in these bacteria of an oxygen-labile nitro reductase (unpublished 

results). When the plates were supplemented with a microsomal preparation 

and incubated anaerobically, the yield of mutants was increased further 

(Table 1, Expt II). This microsome-mediated enhancement of the mutagenic 

effectiveness of metronidazole was concentration dependent (Table 1, Expt III). 

It should be stressed that these manipulations had no effect on the yield of 

spontaneous mutations (i.e. background) (Table 1, Expt II). It is interesting 

that microsomes had no effect on the mutagenic effectiveness of metronidazole 

for TAlOO; presumably the bacterial enzyme is as effective as the liver prepa- 

ration in converting the drug to its activated form. When incubation was 

allowed to proceed anaerobically, there was a slight but significant increase 

in the mutant yield. This presumably reflects the activity of the oxygen- 

labile nitro reductase possessed by these bacteria. 

DISCUSSION 

The ability of a mammalian microsomal preparation to “activate” metro- 

nidazole is surprising in view of the previously held assumption that this was 

an ability unique to anaerobic bacteria and protozoa (7-13). The present data 

which show thatmammalian liver enzymes are capable of catalyzing the con- 
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version of this drug to a mutagen deserves consideration because of the ac- 

cepted view that mutagenic activity can be taken as an indication of carcino- 

genic potential (4, 5). In this connection it is perhaps germane that the 

carcinogenicity of metronidazole for rodents has been reported (18). 

In view of the widespread use of metronidazole and because it is pos- 

sible that the human liver is capable of activating this drug to a genetically 

active intermediate, it would seem that the utilization of this drug should be 

controlled more rigorously. 
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