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ACETAMIDE-A METABOLITE OF METRONIDAZOLE 
FORMED BY THE INTESTINAL FLORA” 

RONMD L. KOCH;I- EWAN J. T. CHRYS’I u.. BERN,ARr) B. BEAIILIIXII. JR. and PEI.ER 
CjOl Dhl4Nt 

Department of Pharmacology, Harvard Medical School. Beth Israel llo+tal. Boston. MA 022 IS. 
U.S.A. 

Abstract-Mctronidazole is metabolized to acetamide in yields of bctwcen X and 15 per cent by cultures 
of rat cecal contents or CIosrridium perfringens. The yield of acetamide is h- to V-fold greater than that 
of N-(2.hydroxyethyl)-oxamic acid which is also derived from mctronidazole. When [2-“C]metronidazole 
is administered by gavage to conventional rats. I.3 to 1.X per cent of a 201) mgikg dose is recovered as 
acetamide in the urine. An additional 0.9 to 2.4 per cent is recovered as acetamide in the feces. 
Acetamide is not detected. however. in either urine or feces when metronidazole is administered to 
germfree rats. The appearance of acetamide derived from metronidazole in conventional rats appears 
to be mediated by the intestinal microflora. The cleavage of the imidazole ring of metronidazole to 
yield both acetamide and N-(2.hydroxy,ethyl)-oxamic acid is consistent with nucleophilic attack at 
carbons 2 and 4 of a partially reduced mtroimidazole ring, which is then cleaved between position?, I 
and 2 and between positions 3 and 4. Since acetamidc has been shown previously to be adiver carcinogen 
for rats, its presence in the urine and the feces should he considered. togcthcr Nith other indirect 
evidence. when determining the possible risk of cancer to patients @en metronidnzole. 

Metronidazole is the drug of choice in the treatment 
of trichomonal vaginitis and various forms of ame- 
biasis, and has been considered an important alter- 
native agent in the treatment of giardiasis [I] and 
some anaerobic bacterial infections [2]. However, 
the drug causes an increased incidence of tumors 
ordinarily found in experimental mice [3] and. 
together with some of its metabolites. is mutagenic 
for histidine auxotrophs of Sulmonella typhitnurium 

P-71. 
The mutagenic activity of metronidazole appears 

to depend on nitroreductase activity 171. Therfore. 
we have begun to characterize metabolites of the 
physiological reduction of metronidazole as a means 
of studying the possible significance of this reaction. 
One reductive metabolite, N-(2_hydroxyethyl)- 
oxamic acid, is formed when metronidazole is incu- 
bated under anaerobic conditions with cecal contents 
[8]. The scheme of Fig. 1 incorporates current infor- 
mation concerning the origin of this new metabolite 
and indicates that acetamide would also be expected. 

In this paper we report that acetamide is found 
when metronidazole is incubated anaerobically with 
rat cecal contents. Like N-(2-hydroxyethyl)-oxamic 
acid, acetamide is a metabolite of metronidazole in 
conventional but not in germfree rats. Therefore. it 
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appears that these products of the reduction of 
metronidazole are formed as a result of the activity 
of the intestinal microflora. 

MATERIALS AND METHODS 

Materials. Crystalline metronidazole (m.p. 158- 
160”) and [ 1’.2’-%]metronidazole (11.7 
mCi/mmole), labeled in both carbons of the ethanol 
side chain, were gifts from G. D. Searle & Co. 
(Chicago, IL). [2-“ClMetronidazole (18.8 
mCi/mmole) was a gift from May & Baker Ltd. 
(Dagenham, Essex, England). All other chemicals 
were purchased from the Aldrich Chemical Co. 
(Metuchen, NJ) or the Fisher Scientific Co. (Boston, 
MA), unless otherwise specified. 

Male Sprague-Dawley rats weighing between 150 
and 225 g were purchased from either the Charles 
River Breeding Laboratories (Wilmington, MA) or 
the Smith Germfree Supply and Animal Co. (Salem, 
NH). Rats were permitted Charles River rat chow 
ad fib. 

The strain of Clostridium perfringens used in these 
experiments was isolated from human feces [9]. 

Metubolisrn. The protocol for metabolism studies 
in conventional and germfree rats and the prep- 
aration of cecal contents were as described previously 
IS]. In an 18 mm anaerobic culture tube with rubber 
stopper pre-reduced. anaerobically sterilized Bru- 
cella broth (Difco Laboratories, Detroit, MI), sup- 
plemented with 5 pg/ml of hemin, was inoculated 
with C. perfringens and incubated overnight at 37” 
to obtain a culture in stationary phase. This pro- 
cedure was carried out in an atmosphere free of 
oxygen provided by a V.P.I. anaerobic culture sys- 
tem (Bellco Glass, Inc., Vineland, NJ). Metroni- 
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Fig. 1. Scheme of the reduction of metronidazole (I) to form acetamide (VI) and !L‘-(‘-h~dro~!cth! I)- 
oxamic acid (V). The proposed Snitroso (II). 5-(N-hydrox-y)-amine (III) and S-amino (IV) ~n~crmcdiatcs 
are included in the scheme. Key: (“J indicates the position of the radiolabcl from Il-‘J(‘lmctrc,~~idaiolt‘ 

and (,) indicates the position of the radiolabel from [I’. “-“T:lmctr-l,nict~,~~~l~ 

dazole was added to obtain a final concentration of 
100 pg/ml. and the incLlbation was continued until 
terminated as described previously [8]. 

l,~~~lu~i~~l qf ~~~r~rn~de nnd N-(2-h~~~r~,x~et~l~i~- 
oxartzic a~~d~r~i~z hiologicul tnnieriul. A 2-m! aliquot 

of urine was added to an AG SOW-X4 column 
(20 x 1.0 cm, H+ form. Bio-Rad Laboratories. Rich- 
mond. CA). The column was eluted with 30 ml of 
water followed by 50 ml of 1 N ammonium hydrox- 
ide: 2-ml fractions were collected. Fractions 13 to 
16. which were found to contain a&amide. were 
combined and reduced in volume by rotatory evap- 
oration. Samples were then suitable for thin-layer 
chromatography or derivatization to confirm the 
presence of acetamide. Fractions 4 to 7, which con- 
tained ~-(~-hydrox~~ethyl)-oxamic acid, as well as 
other neutral or a&c compounds, were combined. 
reduced in volume, and added to an AG 1-X-I column 
(10 x 1.0 cm. acetate form. Bio-Rad Laboratories) 
to determine N-(2-hydroxyethyl)-oxamic acid as 
described previously 181. 

Culture media were analyzed as described for 
urine except that the 2-ml aliquot was filtered (0.45 
pm Milfex filter, Millipore Corp. Bedford, MA) 
before addition to the resin column. For some 

samples the fractions containing acetamide \vcrc 
combined and derivatized without hrrthcl 
concentration. 

To prepare fecal extracts, the feces were weighed 
and placed in a screwcapped culture tube (Wmi 
capacity) which contained glass beads. For each gram 
of feces 2 ml of water were i&ircl ;mcI the fect3 
dispersed by agitation of the culture tuhc \vith a 
Vortex Genie Mixer (Fisher Scientific C.‘o. 1. A i- to 
lo-ml aliquot of the suspension wa\ placed in ;t 
scintillation vial, stirred for I hr at J”, and then 
partially clarified by ~entrifug~~tioil for 15 min ;tt 
2OOOg. The soiutlon obtained after tiltrati(>n 
(0.45 Frn Millcx filter. Millipore C’orp. i was tr~ntetf 
as for urine. 

~~~~-t~i~~r chr~~rtr(lto~:nit)lri~. f~l[~t~l~~~~~. Acct;tmiitc 
was chromat(~graphed on either thin-laser silic:i gel 
GF or thin-layer cellulose plates (An~,~t~~l,. Newark. 
DE) using the solvent systems described in Table I. 
and was detected as a white spot on ;I bl:lck back- 
ground with black acid spray (Applied Science Lab. 

inc.. State College, PA). To determine radioactivity. 
the coatings were scraped from the glass surface (of 
chromatography plates in 0.25 to 0.50 mm widths. 
placed in glass s~~ntillat~(~i~ vials with iii ml Aqunsoi 
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(New England Nuclear, Boston, MA) added, and 
assayed by liquid scintillation photometry (65-75 per 
cent efficiency). 

Derivutization of acetarnide. Acetamide was con- 
verted to N-(diphenylmethyl)-acetamide by a modi- 
fication of the procedure of Cheeseman and Poller 
[lo]. Acetic anhydride (22.0 ml) was added dropwise 
during a 30-min period to a stirred solution of 0.5 g 
acetamide (8.4 mmoles) in 4.0 ml water at 5”; the 
reaction mixture was stirred for an additional 30 min 
at room temperature. The solution became homo- 
geneous and was then cooled to 5”; 1.72 g diphen- 
ylmethanol (9.3 mmoles) and 2.0 gp-toluenesulfonic 
acid hydrate ( 10.4 mmoles) were added. The reaction 
mixture was stirred for 1 hr at S”, for an additional 
hour at room temperature. and was then heated at 
rellux for 30 min. (This procedure avoided a vigorous 
spontaneous exothermic reaction. The blue colora- 
tion. previously reported on heating at reflux. was 
not observed.) The solution. after cooling, was 
poured into 200 ml of water and the crude product 
allowed to precipitate at 4”. The product was filtered 
and dried over phosphorous pentoxide in vucuo over- 
night. The crude product was recrystallized twice 
from benzene to give 0.479 g (51 per cent yield) of 
white needles. m.p. 147.5-148.5” (lit. 148.5149.5”) 

[lOl. 
The N.M.R. spectrum in deuterated chloroform 

(TMS signal at 0.0 ppm) showed the following three 
singlets: 7.30 ppm assigned to the protons of the two 
phenyl rings, 6.31 ppm assigned to the superimposed 
signals of the amido and methine protons, and 1.99 
ppm assigned to the methyl protons. Integration of 
the signals was consistent with 15 protons having a 
ratio of 10:2:3. 

The mass spectrum of N-(diphenylmethyl)-ace- 
tamide yielded a molecular ion at rnie 225 and a peak 
at m/e 1X2 (M-43) which was interpreted to represent 
the loss of the acetyl radical from the parent ion. 
Other signals of importance appeared at m/e 148 
(consistent with the loss of a phenyl radical from the 
parent ion) and at &e 77 (consistent with a phenyl 
cation). 

The infrared spectrum of N-(diphenylmethyl)- 
acetamide (potassium bromide pellet, polystyrene 
standard at 1601.4 cm-‘) vielded the following: a 
medium strength absorption band at 3250cm-’ 
assigned to N-H bond stretching; a broad weak 
band at 3150 cm-’ assigned to C-H stretching; a 
strong band at 1625 cm-’ assigned to carbonyl 

Table I, Thin-layer chromatographic systems for acetamide 

Solvent (v/v) 

Methanol-chloroform 
(3:l) 

Butanol-acetic acid- 
water (120:30:50) 

Propanol-ammonium 
hydroxide (7:3) 

Butanol-ammonium 
hydroxide (14:3) 

Stationary phase 

Silica gel 

Cellulose 

Cellulose 

Cellulose 

RI 

0.60 

0.70 

0.73 

0.62 

stretching characteristic of the amide band. and a 

band at 1525 cm-’ assigned to N-H bending, a 
characteristic absorption of secondary open chain 
amides in the solid state. 

Orher methods. Nuclear magnetic resonance spec- 
tra of the acetamide derivative were recorded with 
a Hitachi Perkin-Elmer R-24A spectrometer in deu- 
terated solvents (Merck & Company, Rahway. NJ). 
Mass spectra of the acetamide derivative were 
recorded on a Hitachi spectrometer, model RMU 
6E. Infrared spectra were recorded on a Perkin- 
Elmer spectrometer, model 521. Samples were 
examined as pellets after admixture with infrared 
grade potassium bromide (Harshaw Chemical Co.. 
Solon, OH). Radioactivity was assayed in samples 
(0.1 to 0.2 ml) dissolved in 10 ml Aquasol (New 
England Nuclear) using a Packard liquid scmtillation 
photometer, model 3003. with [“Cltoluene (Pack- 
ard, Downers Grove, IL) as internal standard (65 
7.5 per cent efficiency). 

RESULTS 

Isolation of [ l-“C]acetamide from the anaerobic 
incubation of [2-‘JC]metronidazole with crud con- 
tents. A 24-hr incubation of [2-“CJmetronidazole 
with cecal contents yielded a radioactive product 
whose elution characteristic on an AG SOW-X4 col- 
umn was identical with that of acetamide. This prod- 
uct also yielded a single peak consistent with ace- 
tamide in the thin-layer chromatographic systems 
described in Table 1. Further evidence that the radio- 
active column eluate was almost entirely acetamide 
was obtained by adding 0.53 g acetamide to 11,400 
dis.imin contained in fractions 13 to 16 from the AG 
5OW-X4 column and forming the N-diphenylmethyl 

Tahlc 2. Stoichiometry of the formation of acetamide and N-(2-hydroxyethyl)-oxamic 
acid* 

Metabolites formed (9 ) 

Incubation 

I 
2 

Metronidazole 
consumed (%) 

90 
100 

Acetamide 

8.5 
15.5 

h’-(2.Hydroxyethyl) 
oxamic acid 

1.3 
1.7 

* Incubation mixtures contained 5.8 pmoles metronidazole together with 10. I PCi 
(z-“C]mctronidazole (to measure acetamide formation) and 10.1 &i [I’. 2’- 

Cz]mctrorudazole [to measure N-(2-hydroxyethyl)-oxamic acid] with either C. prr- 
fn’ngm.7 (1) or cecal contents (2) in a total volume of 10 ml. 
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derivative. This procedure yielded a q;stalline 
derivative (m.p. 147.5~148.5”) with a radioactive 
yield of 40.6 per cent and a gravimetric yield of 46.0 
per cent, indicating that XX per cent of the radioactive 

material in the column fractions was acetamidc. 

Stoichiornetry of the fhrrtffrtiotl of‘ rccctcttttitle fetid 
N- (2-hydros?c,th~l)-o-t-rrtttic, witi frottz ttletrottidw 

zole. MetronidaLole. together with [‘-‘%‘I- and [ I ‘. 

2’-‘JCz]metronidazole. \vas incubated at 37’ for 2-l 

hr with either cecal contents (I: IO. WA) or C’. IICY 
fringen~. and the amount of mctronidazole consumed 

was compared to the formation of acctamidc and .Y- 

(2-hydroxyethyl)-o.xamic acid (Table 2). The two 

products account for only a fraction of the lost 

metronidazole. The recoveryofacetamide. however. 

is considerably greater than that of ,Y-( 2-hvdroxv- 
ethyl)-oxamicacid. being ‘9.1 times as great f;,r ceck 

contents and 6.5 times as great for (‘. perfiitrpws. 

Recovery of trcerarnide clftcr the ~rdr?litlistrcttiot~ o/’ 
[2-‘4C~metronicluiolt~ to gertt~~icc citrtl c~otrl~rttriottrrl 
rats. [2-‘JC]MetronidaLole ( I. 16 ~Cimmolc) was 

administered to four conventional rats and to four 

germfree rats at a dose of 200 mg,‘kg [ I 1.171. Urine 

and feces were collected for 5 davs. I<ccovcr\ of the 
radioactivity in the urine ~vas virtually com$etc 12~ 

24 hr and that in the feces by 4X hr. The recovery 

of radioactivity in the excreta of conventional rats 

is shown in Table 3. Recoveries in the urine of 
germfree rats were similar to those of comentional 

rats. The radioactivitc collected in the feces of gern- 

free rats, however. -was sliphtlv less. a\ it varied 
between 23 and 2X per cent oi the administered don. 

Between 1.3 and I .X per cent of the radioactivit> 

in the administered metronida/.ule \vas found in the 
urine of conventional rats a\ acctamidc. An ;tdJi- 

tional 0.Y to 2.4 per cent wax found ;I\ acctamlde in 
the feces of the conventional rats (Tahlc 3). The 
recovery of acetamide from metronidazole is approx- 

imately equal to that of N-(2-hydroxveth~l)-oxamic 

acid found previously [Xl. AcetamideVwas not found 

in the urine or feces of germfree rat\ given 

metronidazole. 

Table 3. Recovery of radioactive products Including 1 I- 
“C]acetamide in the urine and fcccs of conventional rat\ 

given [2-“C‘]mctroni~l~~z~)lc~ 

Acetamidc. like ,Y-(7-h~drc~u~cthyl)-c~s~umic acid. 

is formed in anaerobic incubations of metronidurolc 
with rat cecal contents and appears in the urine of 

conventional hut not germfree rats gi\cn metron- 

dazole. Acetamide can also 1~ detected in the feces 

of conventional. hut not of germfree. rats. It thu\ 

appears that acctamide. like ,4’-(~-ll~dros\;cth~l)- 

oxamic acid. is ;I metabolite c)t ineli-onitl;izole that 
can be attributed to the acti\ It\ ol the intestinal 

flora. 

The scheme proposed in I;ig. I suggests that quaI 

amounts of acetamidc and ~-(2-li!drox)cttivI)- 

oxamic acid are formed in the rcductivc metabolism 

of metronidazole. Incubation of metr~~iiida~olc \4 ith 

either C. per/iirpw.\ or mixed cultures of ccc;11 Ilora 
indicates that the yield of acctamidc i\ approximatcl\ 

8 times that of R;‘-(7-hvdrox~eth~l)-os~iinic acid. Ttii 
fate of the portion ot the metronidaLole m~~lcculc 

complementary to acetamide M hich does not appc;n 

as ,Y-(2-hydroxvethvl)-(~~~li~iic acid remains to bc 
elucidated. 

Approximately 3 pci- cent 01 mctronida/oIC 1s 

recovered as acctamide in the rxcreta of COI~\~CII- 
tional rats. ;~n amount slightI) greater than that 

recovcrcd a\ :V-( ~-h!,~lros~eth!,l)-os~~iiii~ ;icid [ SJ. 
The relatively small amount of acetamidc rcco\,ercd 
in animal excreta compared to that in hacteri;il ciil- 

tures may be the r.e;ult of p;irtial coii\.cr\ion of 
acetamide to acetate [ 131. ;\cetatc. 111 turn. should 

be oxidized to CO:. Our studies arc thus compatible 
with previous work which sho\+s that apl~~-~)xilnatcl~ 

6 per cent of radioactive I~-‘J(‘]nictronida7c,lc is coil- 

vcrted to “(‘0: in the con~t‘ntion;il r;it [l-11. 
The mechanism of rcducti1.c cleavage ot mctron- 

idazolc is of partlculai- Interest tlecau\c It ma! help 

to identify the rcacti\c specie\ rcq>onsIhlc 101 

mutagenesis. Our results indicate that clea\agc 
occurs between positions I and 2 (11 the imidarole 

ring. as well as hctween position\ 3 and 4. (‘lea\ age 

of the heterocvclic ring to Ecltl coml~ou~ids that k\c 

have isolated -must invc)l\‘c nucleoptiilic attack at 
positions 2 and 4. Of the po\tulatcd intermediates 

with reduced oi- partialI\ reduced nitlo gr-oups shown 
in Fig. I. only that with the clcctr-on u lthdra\\ing i- 

nitroso substituent (II) +ould \ufficicntl\ acti\atc 
the aromatic ring to facilitate attack ;It F”jsiticrn\ 2 
and 4. Such a mechanism ailed\ tar the cxistcncc 

Recover> 01 Recover\ 01 
of an electrophile whose prc\cnc’t’ I\ ~mplicd tj\, tttc 

radio;lcti\ it\.+ acctamidc 
weak tumorigcnicity of tlii\ drug 1 IT/. 

(’ , 01 do4 (’ , OI llO\C) Indirect cvidcncc 01 thi-cc hinds r;tikc\ the clrrestic~n 

I ~rlllt’ FPW\ of whether metronidazole n1;1\ ~‘;IIIW c;Inc’cr III _. .._ . ___. 
Rat No. ((k7-1 hr) ((US hr) I ‘r1nc ~~~~~ humans [ 161. The drug induct\ nc~opl;l\ia 111 c’\pcrl- 

~ mental animal\ 13.171. hind\ to iii;~ci-oiiiolcctilc~ [ ISI 

I 39.6 22.5 1,s I .(I and. with its metaholite\. c’;iu\c\ tlic, ~-c\‘ci~ muta- 

2 35.4 il .L1 I .z 2.4 tional response in histidinc aii\c~tropb (,~.Sctltrrotrc,//tr 
3 45.4 33.0 1.: I 1.0 t~phimuri~ttt2 I-C-71. J‘o tliew re\ulb tiiii\t no\\ Ix 
4 -15.x 7x 7 I 3 I.4 added the findinp that acctamide is ;I mctat~c)litc ot 

L- 

* Rat5 received [2-‘J~‘]m~tronicl~,role ( 1. Ih ~*C’~~mmol~. 
metronidazole. Fiat\ ted 3 diet cc)nt;tining .? 5 ~CI 

200 mgikg) hy gava_ec. Acetamidc w;is ;I\w!c~ ;I\ de~crihcd 
cent acctamidc devclopcd m;iliyi;int li\ci- tunic)i-\ ;I\ 

in Materials and Methods. 
well as hvperplastic nodule\ and Gmilai- prccanccr~ru~ 

t Less than 3.5 per cent 01 the r:idioactivltc appc;~rcd in lesions jlYP21 1, Metrc~nida~olc itscll I\ riot I\no\\n 

the urine after 7-1 hr and le55 than I .O per wnt al>prared to cause tumors or this kind 13. 171. 1‘1111\. tlic lindirig 

in the feces after 48 hr. No othcl- hod\ fluid5 or tissue\ \\ere of acetamide. ;I M’caI\ carcinogen. ;I\ ;I tnctal~c~litc 

examined for radioacti\it\. provider additional indirect t%videncc u hich mu\t IV 
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considered in determining the risk of human cancer 

posed by the use of metronidazole. The magnitude 
of the risk is uncertain [16], and it is difficult to 
evaluate how much our perception of that risk may 
be increased by the knowledge that one of its metab- 
olites is a weak carcinogen. It seems clear, however, 
that any additional risk posed by the presence of 
acetamide would be decreased by measures taken 
‘to decrease the metabolite activity of the flora. 
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