
\fr J Aled mcd So (I WO) 19. I l l -114 

N-oxidation: a possible route of t inidazole metabol ism 
in man 
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Summary 

Treatment of t inidazole with a mix ture of 
hydrogen peroxide and acet ic ac id , o r liver 
homogenate p r epa ra t i ons , yields the N-3 ox ide . 
This was identif ied by th in- layer c h r o m a t o -
graphic analysis on silica gel G , R , 0 .6 , using 
e t h a n o l - c h l o r o f o r m - a m m o n i a (50:49:1) as sol-
vent, and by chemical r educ t ion with su lphur 
dioxide. U V s p e c t r o p h o t o m e t r y a n d high per -
formance liquid c h r o m a t o g r a p h y ( H P L C ) gave 
an R T of 0.55 min us ing Pye U n i c a m a p p a r a t u s 
equipped with a U V d e t e c t o r at 330 n m , a 
reversed-phase R P 18 (10 f im) c o l u m n which 
was 12.5 cm long, a mob i l e p h a s e of m e t h a n o l -
0.005 M KH2PO4 ( p H 4) (20:80, v/v) and a f low 
rate of 2 ml /min. In-vi t ro m e t a b o l i c /V-oxidation 
was achieved by incuba t ing the pa ren t d rug , 
tinidazole, with rat liver h o m o g e n a t e s for t i f ied 
with cofactors at 37°C. H P L C analysis of b lood 
and urine samples f r o m hea l thy vo lun tee r 
subjects w h o took a single o ra l d o s e of tinid-
azole showed the p r e s e n c e of an in-vivo N-
oxidation me tabo l i t e of the d rug . T h e identical 
physico-chemical charac ter i s t ics of t he syn the t ic 
and biologically p r o d u c e d t in idazole /V-oxide 
strongly suggest tha t t in idazole , a ter t iary 
amine drug, u n d e r g o e s me tabo l i c /V-oxidation. 

Resume 

Le t ra i tement de t in idazole avec un m e l a n g e 
d'eau oxygenee et d ' ac ide aedt ique ou des 
preparat ions h o m o g e n e s du foie d o n n e l 'oxyde-
jV3 identif iable par ( 'analyse c h r o m a t o g r a p h i -
que de couche mince sur le col loide de silice G 

Correspondence: Dr H. A . B. C o k e r . D e p a r t m e n t 
of Pharmaceutical Chemis t ry , School of Pha rmacy , 
College of Medic ine . Universi ty of Lagos , P M B 
12003. Lagos. Nigeria . 

R f 0 .6 en d t h a n o l - c h l o r o f o r m e - a m m o n i a q u e 
(50:49:1), par la reduct ion ch imique avec 
l ' anhydr ide su l fureux , la spec t ropho tomet r i e 
U V et par la ch roma tograph ic l iquidc hautc-
men t p e r f o r m a n t ( H P L C ) R T 0.55 min. Pye 
Unicam dquipe du ddtcc teur U V 330 n m . La 
co lonne R P 18 (10 nm) dtait 12.5 cm de long 
et le taux d 'dcou lemcnt de la phase mobi le 
m<5thanoM).005 M K H 2 P 0 4 ( p H 4) (20:80, v/v) 
dtait 2 ml/min. L 'oxydat ion mtf tabol ique in 
vitro a 6te r«5alis<5c par l ' incubation du produi t 
t inidazole avec des homogdnes du foie de rat 
fort if ies avec des cofac teurs h 37°C. L 'ana lyse 
I I P L C des dchanti l lons du sang et de Purine des 
volonta i res en b o n n e santd qui ont pris une 
dose simple de t inidazole ont montr<5 la 
presence de oxydation-/V mdtabol i te in vivo du 
produi t . Les caractdrist iques physico-chimiques 
ident iques du synthdt ique et du t inidazole 
oxydc-N p rodui t b io logiquement suggdrent for-
tement que le t inidazole, une d rogue amine 
ter t iaire , subit I 'oxydat ion-N metabol ique . 

In t roduct ion 

Tinidazole (Fig. 1) is a potent an t ipro tozoal 
agent used successfully in the t r ea tmen t of 
amoebias is , t r ichomoniasis and giardiasis [1]. 
Like many o the r ni t roimidazolc der ivat ives 

N 
Fig. 1. T h e s t ructure of t inidazole. 



1 1 2 //. A. R. Coker, E. E Essien and E. J. Edoho 

its potent ia l in the management of some an-
aerobic bacterial infections has been specu-
lated (2,3]. T h e activity of t inidazole and its 
hydroxy metabol i te against Gardnerella vagi-
nalis (Haemophilus vaginalis) was repor ted in 
1982 by Shanker and M u n r o (4). 

T h e exact mechanism of ant iprotozoal action 
of t inidazole is not clear. Apparent ly all the 
drug 's biological activities are related to the 
reduct ion of its ni tro g roup (5J. T h e nature of 
t inidazole metabol i tes has remained ra ther 
unclear until recently (6). Tinidazole has two 
tert iary amine centres, and the possibility of N-
oxidat ion by microsomal enzymes (/>» vitro and 
in vivo), which hi ther to has not been repor ted , 
has been investigated. 

Mater ia ls and methods 

Tinidazole was a generous gift f rom Pfizer Nig. 
Ltd. (Lagos, Nigeria), Glacial acetic acid, 
ch loroform, e thanol and methanol were all 
analytical reagent grade and were obta ined 
f rom B D H (Poole , U .K. ) . Nicotinamide ade-
nine dinucleot ide phosphate ( N A D P ) . nicotina-
mide . glucose-6-phosphatc (G-6-P), potassium 
dihydrogen or thophospha te , sodium hydroxide 
and magnesium chloride were all also supplied 
by B D H and were used without fur ther purifi-
cat ion. White rats (Sprague-Dawley) were 
obta ined from the animal house of the College 
of Medicine, University of Lagos. I lomogeniza-
tion was achieved with an Ultra Turrax homo-
genizer and ul tracentr ifugation was per formed 
on a Sorvall RC2B model at 1 (),()()() g. 

Synthesis of tinidazole N-oxide 

A mixture of t inidazole solution in methanol 
(0.5 g/30 ml), Glacial acetic acid (10 ml) and 
hydrogen peroxide (20 ml, 30% H2O2) was 
kept in the dark and stirred magnetically for 
24 h. Excess hydrogen peroxide was decom-
posed by the addition of manganese dioxide 
(approximate ly 200 mg) and the mixture shaken 
for about 10 min . T h e reaction mixture was 
filtered ( W h a t m a n paper No. 3) and the filtrate 
concent ra ted in vacuo by means of rotary 
evapora to r . T h e concentra te was taken up 
in a dilute solution of aqueous Na2COi and 
extracted in a chloroform/ethanol mixture 
(80:20). T h e extract was analysed by means of 

thin layer c h r o m a t o g r a p h y (tic) and HPLC 
systems. T h e tic sys tem consisted of silica gel 
G254 as the s ta t ionary phase and ethanol-
c h l o r o f o r m - a m m o n i a (50:49:1) as mobile 
phase . T h e H P L C consis ted of a Pye Unicam 
R P 18 column (10 | im; 12.5 cm long), and a 
mobile phase of m e t h a n o l - 0 . 0 0 5 m KH2PO.J 
( p H 4) (20:80, v/v). T h e flow rate was 2 ml/min 
and de tec t ion was by U V absorp t ion at 330 nm 
using a Pye Un icam SP3-800 spectrophoto-
meter . The in ternal s t anda rd used was 2-
methyl-5-ni t roimidazole . T h e U V spectra of the 
synthesized t inidazole /V-oxide and the standard 
tinidazole in e thano l were r eco rded . The etha-
nol solut ion of the /V-oxide produc t was treated 
with sulphur dioxide (gene ra t ed by the addi-
tion of concen t r a t ed HC1 to Na 2 S 2 05) and the 
U V absorbance of the result ing product re-
corded . 

In-vitro study 

Liver microsomal p repa ra t ions were made as 
follows: to 2 ml of the ice-cold liver homogen-
ate (10,000 #) were a d d e d the following: 2 ml 
phospha te buf fe r ( p H 7.4) ; 1 ml cofactor 
solution (n ico t inamide , 0 .6 m, 1 ml; magnesium 
chloride, 0.01 m, 2 ml; glucose-6-phosphate. 
60 mg; N A D P 34 mg; and water to a total 
volume of 10 ml) and 1 ml of substrate (1 mg/ 
ml) in a 25 ml conical f lask. Th is was replicated 
10 t imes and divided into two sets of five. These 
were incubated in a rocking water bath at 37CC 
for 30 and 60 min respect ively, a f ter which they 
were immediate ly p laced in an ice-cold bath. 
T h e conten ts of the flask were then extracted 
with c h l o r o f o r m - e t h a n o l , concent ra ted and ex-
amined on the tic, U V and H P L C systems 
descr ibed. Tin idazole /V-oxide was obtained by 
prepara t ive tic and character ized by UV and 
H P L C . 

In-vivo study 

Three heal thy h u m a n s (age range 21-25, aver-
age weight 67 kg) who had fasted overnight, 
were given t inidazole (4 x 500 mg) orally. None 
of the subjects had been on any medication 
in the previous 2 months . Blood and urine 
samples were taken at intervals of 1, 4 and 
8 h and then 1 week a f te r medication. The 
blood and ur ine samples were analysed inv 
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mediately af ter collection by tic, and accord-
ing to the modif ied H P L C m e t h o d previously 
reported (6). 

Scrum analysis. O n e par t of s e rum (2 ml) was 
mixed with one part of 5 % (v/v) perchlor ic acid 
and the mixture st irred rapidly for 1 min with a 
Vortex blender . T h e mixture was then centr i-
fuged for 5 min ( 1 0 0 0 # ) , the clear supe rna t an t 
filtered ( W h a t m a n No. 4 fil ter p a p e r ) and 20 ^1 
of filtrate injectcd o n t o the H P L C co lumn . T h e 
flow rate was 2 ml/min and the abso rbance 
detector was set at 340 n m . T h e se rum sample , 
after filtration, was t r ea t ed with su lphur d ioxide 
and the resulting solut ion was assayed ch roma-
tographically. 

Urine analysis. O n e par t of ur ine (4 ml) was 
mixed with o n e par t of 5 % perchlor ic acid (v/v) 
and the solution s t i r red rapidly for 30 sec. 
Chloroform (8 ml) was a d d e d to the mixture 
which was again s t i r red rapidly for a fu r the r 
20 sec and then cen t r i fuged for 5 min (10(H) #) . 
The upper phase was s e p a r a t e d , f i l tered 
through W h a t m a n N o . 4 f i l ter p a p e r and 
spiked with in ternal s t a n d a r d . T w e n t y micro-
litres of the resul tant mix ture was in j ec tcd into 
the H P L C co lumn . T h e e lu t ing solvent system 
was the same as in s e r u m analysis . T h e sample 
solution was also t r e a t e d with su lphur dioxide 
and r e c h r o m a t o g r a p h c d . 

Results and discussion 

Tinidazole /V-oxide s h o w e d a character is t ic 
single h o m o g e n e o u s spo t on tic ( R , 0 .6) . T h e r e 
are two ni t rogen cen t r e s in the imidazole r ing 
and in a p rev ious me tabo l i c s tudy involving 
metronidazole w e had s h o w n that the pre fe r -
able centre of reac t ion is N-3 which is a m o r e 
basic cen t re than the N~ 1. a n d a lso that N-3 has 
less steric h i n d r a n c e than N-1 (1). T h e ultra-
violet spectra of the N-3 ox ide and the pa ren t 
tinidazole in c t hano l s h o w e d that t he t inidazole 
/V-oxide abso rbance had u n d e r g o n e a ba tho -
chromic shift (Xmax 330 n m ) relat ive to 
tinidazole a b s o r b a n c e (Xmax 310 n m ) (Fig. 2). 
The N-oxide was au then t i ca t ed f u r t h e r using a 
mild and selective reducing agen t , su lphur 
dioxide ( S 0 2 ) (8]; H P L C analysis of the N-
oxide product showed a character is t ic re ten t ion 
time of 0.55 min (Fig. 3) , t he au thent ic i ty of the 
peak was proven by sub jec t ing the solut ion of 
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Fig. 2. The UV spectra of: (A) tinidazole; (B) 
tinidazole N-oxide; (C) tinidazole; obtained af ter 
treatment of tinidazole /V-oxide with sulphur dioxide. 
All solutions were made in methanol . 
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FIr. 3. High performance liquid chromatograms of: 
(a) in-vitro incubation extract: A = metabolic N-
oxide; B = internal s tandard; (b) blood extracts: A = 
tinidazole N-oxide; B = internal s tandard; C and D = 
unidentified metabolites; and (c) urine extracts: A = 
tinidazole N-oxide; B = internal s tandard; C , D , E 
and F = unidentified metabolites. See Materials and 
methods for H P L C details. 

the product to S 0 2 t r e a tmen t , causing the 
d i sappearance of the characteris t ic peak . 

T h e synthet ic and biologically p roduced 
/V-oxides demons t r a t ed similar phys icochem-
ical characterist ics, i .e . R f 0 .6 , on the s a m e 
tic systems, silica gel G254 and e t h a n o l -
c h l o r o f o r m - a m m o n i a (50:49:1). Both p roduc t s 
gave identical U V absorp t ion spect ra a n d also 
underwen t the s ame chemical reduct ion pro-
cess. It was obvious that the n u m e r o u s p e a k s 
ob ta ined dur ing in-vivo H P L C analyses of 
se rum and urine samples were those of m a n y 
metabol i tes of t inidazole. It is most p r o b a b l e 
that the metabol i te with the character is t ic 
H P L C retent ion t ime of 0.55 min is t inidazole 
/V-oxide. T h e identity of this me tabo l i t e was 
fu r the r establ ished by t rea t ing the s e rum and 
urine extracts with S 0 2 . T h e result ing ch roma-
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togram showed disappearance of this character-
istic peak . These findings tend to support the 
fact that t inidazole is metabolized by oxidative 
processes (mixed function oxidases) with forti-
fied hepat ic fract ions (in vitro) and also in vivo 
when adminis tered to man. 
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