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Summary

The high-performance liquid chromatographic (HPLC)
method herein described allows the simultaneous
determination of the hydrolysis kinetics of tinidazole
and the formation kinetics of the hydrolysis products.
Tinidazole is easily hydrolysed under basic conditions
at raised temperature. The rate varies with the pH and
the temperature of the solution, and the decomposition
follows apparent first-order kinetics. The Arrhenius
equation can be used to describe the effect of
temperature on the half-life.

Introduction

Tinidazole, 1-[2-(ethylsulfonyl)ethyl]-2-methyl-5-ni-
troimidazole, belongs to the group of S-nitroimida-
Zoles, which are used in the chemotherapy of infectious
diseases such as Amoebiasis, Giardiasis and Tri-
chomonasis and against anaerobic bacteria. It is com-
ercially available both in solid dosage forms and in
Solutions for infusion. It is recommended that tinida-
Zole and its formulations be protected from light.
As reported previously [1, 2], tinidazole yields 2-
Methyl-5-nitroimidazole almost quantitatively during
Ydrolysis in 0.1 M sodium hydroxide solution, and the
-Nitro isomer of tinidazole is formed, again almost
Quantitatively, in water containing a catalytic amount
Of base. There are no reports in the literature describ-
Ing the hydrolysis kinetics of tinidazole, but the stability
of another 5-nitroimidazole, metronidazole, in aqueous
Solutions and in ointments has been investigated very
Widely [3-10).
he Present paper describes a study on the hydrolysis
1netics of tinidazole in basic solutions. HPLC, which is
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favoured in the quantitation of tinidazole [11-15], was
chosen for the determination of the kinetics, but
quantitative high performance thin-layer chromatogra-
phy (HPTLC) could, perhaps, equally well be used [16].
The HPLC method developed is rapid and sensitive
and allows the simultaneous determination of tinida-
zole and its hydrolysis products.

Experimental

Materials

Tinidazole was kindly supplied by Orion Pharmaceuti-
ca (Finland). The isolated hydrolysis products of
tinidazole [1], 2-methyl-5-nitroimidazole and the 4-
nitro isomer of tinidazole, were used as standards in
quantitation. The commercially available 2-methyl-5-
nitroimidazole was from Aldrich-Chemie (Germany).
The identity and purity of the substances were verified
by TLC and HPLC, by UV, IR and by H and 13C
NMR spectrometry. The internal standard metronida-
zole was obtained from the Farmos Group (Finland).
All other reagents were of analytical grade and the
solvents of HPLC grade.

Apparatus

The HPLC analyses were performed on an instrument
consisting of an LKB 2150 pump, LKB 2151 variable
wavelength monitor, D-2000 chromato-integrator (Hi-
tachi, Merck) and a 20 pl loop injector. Compounds
were separated on a reversed phase system based on a
HP 79915MO-174 RP-8 (10 um) 200 x 4.6 mm column.
The mobile phase was an isocratic mixture of ace-
tonitrile -~ 50 mM monopotassium phosphate buffer
(pH 3 with o-phosphoric acid) 18:82 (v/v) and the flow
rate was 1.0 ml/min. Compounds were monitored at a
wavelength of 318 nm.

Hydrolysis of Tinidazole

The hydrolysis of tinidazole was carried out in a
thermostated water bath in the temperature range 60—
80 °C. Tinidazole solutions (5 mM) were prepared in
citrate — phosphate — borate/HCI buffers [17], pH 8-12.
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The samples were taken at time intervals of 10 to 40
minutes depending on the hydrolysis conditions.

Calibration Graphs

A stock solution containing 0.2 mg/ml each of tinida-
zole and its 4-nitro isomer and 0.1 mg/ml of 2-methyl-5-
nitroimidazole, and a second solution containing 0.2
mg/ml of metronidazole for use as an internal standard,
were prepared in water. To obtain the calibration
graphs, 0.5-5.0 ml of the stock solution and 1.0 ml of
the metronidazole solution were diluted to exactly
10 ml in water. The calibration graphs were construct-
ed by plotting the peak-area ratios of tinidazole or its
hydrolysis products to the internal standard against the
concentration of the compound.

Sample Preparation

For the HPLC analysis, 1.0 ml of the hydrolysed
tinidazole solution, 2.0 ml of internal standard stock
solution and a sufficient volume of neutralising solu-
tion (0.1 M HCI) were diluted accurately to 25 ml.

Results and Discussion

The hydrolysis products of tinidazole have been
isolated and their structures verified as 2-methyl-5-
nitroimidazole and the 4-nitro isomer of tinidazole [1,
2]. The former is used as a starting material in the
synthesis of 5-nitroimidazole drugs, and the latter may
be present as an impurity formed in the course of the
synthesis. The hydrolysis products were easily separat-
ed from each other, as well as from tinidazole and the
internal standard metronidazole, by the HPLC method
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developed (Figure 1). The unhydrolysed tinidazole
solution was free from impurities. The behaviour of
tinidazole in hydrolysis is completely different to that
of metronidazole even though the two compounds are
structurally closely related. Metronidazole hydrolyses
in extremely basic conditions to ammonia, acetic acid
and an amine with an available hydrogen [3, 4].
Calibration graphs for tinidazole, its 4-nitro isomer and
2-methyl-5-nitroimidazole showed correlation coeffi-
cients better than 0.9999. The degradation of trinida-
zole and the formation of 2-methyl-5-nitroimidazole
could be followed simultaneously (Figure 2). Quantita-
tion of the 4-nitro isomer in hydrolysis solutions was
not possible because of the very small amounts formed.
Tinidazole was hydrolysed in a citrate — phosphate —
borate buffer and the pH was brought to neutral with
hydrochloric acid before the diluted and filtered
sample was injected onto the column. The effects of pH
and temperature were studied. All experiments indicat-
ed apparent first-order kinetics. Figure 3 illustrates the
effect of pH on the decomposition rate of tinidazole.
The hydrolysis kinetics of tinidazole was studied only in
basic solutions, but it seemed that approaching neutral
pH had a positive effect on the stability. Studies on the
hydrolysis kinetics of metronidazole over a wide range
of pH values have shown that the compound is
degraded very fast at basic pH whilst it is highly stable
at pH 4-6 [3, 4]. The hydrolysis of tinidazole was
speeded up at higher temperature, as shown in Figure
4.

The half-lives of the hydrolysis varied from a few
minutes (pH 12, 60 °C) to eight hours (pH 8, 80 °C).
The Arrhenins equation is here used to describe the
temperature dependence of the half-life. The equation
normally uses the rate constant, but half-life can
equally be used, as shown in Figure 5 in which the half-
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Chromatogram of hydrolysis mixture of tinidazole. I = 2-methyl-5-nitroimidazole, II = internai
standard, III = 4-nitro isomer of tinidazole, I'V = tinidazole.
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Chl‘omatograms of hydrolysis of tinidazole (5 mM) in citrate - phosphate — borate buffer pH 10.0 at 70 °C after (left to right) 0, 15, 30, 45, 60, 75

and 90 minutes.
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séfcﬂ of pH on the hydrolysis of a 5 mM solution of tinidazole at
°C.
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life is plotted against 1/T. The least-squares line, also
shown in the figure, has a correlation coefficient of
0.9994. The activation energy derived from the slope
has a value of 130.9 kJ/mole, or 31.3 kcal/mole. For the
hydrolysis of metronidazole the activation energy, for a
0.05 % solution in a 50 mM phosphate buffer at pH 8, is
26.6 kcal/mole [3]. According to the Arrhenius equa-
tion, the half-life of tinidazole at pH 10.0 at 25°C
would be approximately 42 days and at 20 °C 104 days.
This data, combined with the results shown in Figure 3,
can be taken as indirect proof of the good stability of a
tinidazole infusion solution at room temperature if
protected from light.

Of the two hydrolysis products, the formation of 2-
methyl-5-nitroimidazole was not logarithmic, apparent-
ly because of the small amounts of the 4-nitro isomer
formed at the same time (Figure 6). It may be noted
that the decrease in the concentration of 2-methyl-5-
nitroimidazole at 80 °C is compensated by further
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The Arrhenius plot for tinidazole at pH 10.0.
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increase in the amount of 4-nitro isomer in the reaction
mixture. According to the results obtained here and by
Rao et al. [2], the elimination of the N1 alkyl side chain
of tinidazole is the primary reaction in hydrolysis; this is
followed by N-realkylation on the other nitrogen atom

(NY).
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The formation of 2-methyl-5-nitroimidazole at different tempera-
tures at pH 10.0. Codes as in Figure 4.
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