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Abstract

The objective of the current investigation was to study the degradation behaviour of tinidazole under different ICH recom-
mended stress conditions by HPLC and LC—MS, and to establish a validated stability-indicating HPLC method. The drug was
subjected to stress conditions of hydrolysis, oxidation, photolysis and thermal decomposition. Extensive degradation was found
to occur in alkaline medium, under oxidative stress and in the photolytic conditions. Mild degradation was observed in acidic
and neutral conditions. The drug was stable to thermal stress. Successful separation of drug from degradation products formed
under stress conditions was achieved on a C-18 column using water—acetonitrile (88:12) as the mobile phase. The flow rate was
0.8 mImirr* and the detection wavelength was 310 nm. The method was validated with respect to linearity, precision, accuracy,
specificity and robustness. The utility of the procedure was verified by its application to marketed formulations that were sub-
jected to accelerated stability studies. The method well separated the drug and degradation products even in actual samples. The
products formed in marketed liquid infusions were similar to those formed during stress studies.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction kaline conditions to 2-methyl-5-nitroimidazole, (
Fig. 1) [2]. There exists a report on the conversion
Tinidazole is chemically 1-(2-ethylsulfonyl-ethyl)-  of tinidazole to 4-nitro isomer3 Fig. 1) in water in
2-methyl-5-nitroimidazole ¥) (Fig. 1). It is active the presence of catalytic amount of b3E It is also
against protozoa and anaerobic bacteria and is usedpostulated to decompose by different mechanisms un-
like metronidazole in a range of infectioii]. The der alkaline and neutral/acidic conditiofd. Under
drug is reported to hydrolyse quantitatively in al- photolytic conditions, the drug yields intermediate,
rearrangement and degradation prod(i2}s
"+ Corresponding author. Tel91-172-214682: There exist a few reports on stability-indicating as-
fax: +91-172-214692. say methods for tinidazole but mainly in the presence
E-mail addressssingh@niper.ac.in (S. Singh). of hydrolytic decomposition products. The techniques
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Fig. 1. Structures of tinidazolell and different hydrolytic degradation products.

employed have been U\{5,6], TLC [7], HPLC
[5,8-10]and HPTLCI[5,11].

Keeping into view the susceptibility of tinidazole
under variety of conditions, it was felt that a HPLC

was equipped with illumination bank made of light
sources defined under option 2 in the ICH guideline
Q1B [13]. Details of the photostability chamber have
been provided in a previous publication by our group

method of analysis that separates the drug from degra-[14]. The samples were exposed for a total period of

dation products formed under ICH suggested condi-
tions (hydrolysis, oxidation, photolysis and thermal

stress)[12] would be of general interest. Therefore,

the aim of the present study was to develop a vali-
dated stability-indicating HPLC assay for tinidazole

after performing stress studies under a variety of ICH
recommended test conditions.

2. Experimental
2.1. Materials

Tinidazole was supplied by Panacea Biotec Ltd.,
Lalru, India and was used without further purification.
2-Methyl-5-nitroimidazole was procured from Unique
Chemicals (Ankleshwar, India). Acetonitrile (HPLC
grade) was purchased from Mallinckrodt Baker Inc.
(Paris, USA). All other chemicals were of analytical

12 days. Thermal stability studies were performed in
dry-air oven (NSW Limited, New Delhi, India).

The HPLC system consisted of a 600E pump, a
996 PDA detector, a 717 autoinjector, and a degasser
module; data were acquired and processed by the use
of Millennium software ver. 2.1 (all equipments were
from Waters, Milford, USA). Ruggedness testing
was done on another HPLC system, equipped with
a LC-10ATVP pump, a SPD-10AVVP UV-Vis dual
wavelength detector, a SIL-10ADVP autoinjector, and
a DGU-14A degasser module; data were acquired
and processed using a CLASS-VP software (all from
Shimadzu, Kyoto, Japan). The chromatographic sep-
arations were carried out on Spherisorb (Waters,
Milford, USA) C-18 columns (250 mnx 4.6 mm i.d.
with particle size of jum). The columns were from
different lots.

LC—MS studies were carried out on Finnigan Mat
LCQ ion-trap equipment (San Jose, USA). The LC

reagent grade. Ultra-pure water was obtained from an part consisted of a P4000 pump, an AS3000 autosam-

ELGA (Bucks, UK) water purification unit.
2.2. Instrumentation

Precision water baths equipped with MV controller

(Julabo, Seelbach, Germany) were used for stress

pler, a UV6000LP PDA detector,a SCM1000 degasser
(all equipment was from Spectrasystem, USA) and
5um Waters Spherisorb ODS2 column (250 n¥m
4.6 mm i.d.). The mass determinations were made in
positive APCI mode in the mass range of 100-500.

studies. Degradation experiments in acid and neutral 2.3. Degradation studies

conditions were performed using a dry-bath (model
DB28120-26, Thermolyne, lowa, USA). Stability
studies were performed in a humidity chamber (KBF
760, WTB Binder, Tuttlingen, Germany). Photostabil-
ity studies were done in a stability chamber (KBWF
240, WTB Binder, Tuttlingen, Germany) capable of
controlling tolerances in temperatur£X°C) and hu-
midity (3% RH). The chamber was set at4D and

All degradation studies were done at a drug con-
centration of 1 mgmiL. For acid decomposition stud-
ies, drug was dissolved in 0.1 M HCI and solution was
heated at 80C for 12 h. The studies in alkaline con-
ditions were done initially in 0.1 M NaOH at a tem-
perature of 80C. Drug was also dissolved in 0.01 M
phosphate buffer (pH 10) and the solution was heated
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at 80°C for 6 h. For study in neutral conditions, drug
in water was heated at 8C for 5 days. For oxidative
conditions, initial studies were done in 3%®h. The

solution was kept at room temperature for 6 h. Subse-

quently, the drug was exposed to 30%@®3 at room

13

resolution factor of the drug peak from the nearest
resolving degradation product peak was also studied.
Robustness was verified by studying the resolution
of the drug in a mixture of degraded samples on a
different chromatographic system on a different day.

temperature for 48 h. Photolytic studies were done in

0.1 M HCI, water and phosphate buffer (pH 10) and 2.6. Applicability of developed method to

the solution was exposed in a photostability chamber marketed formulations

for 12 days. Control samples were kept in dark for

the same period. Thermal decomposition studies were Two tablet formulations and one infusion of tinida-

performed by exposing solid sample of drug to dry zole were subjected to accelerated conditions of tem-

heat at 50C for 3 months. perature/humidity (40C/75% RH) without and with
The pH of buffered solutions was measured before light (according to ICH option 213]) for 3 months.

and after the reaction and no change was observed. Injectable preparation was also subjected to thermal

stress at 60C for 1 month.
2.4. HPLC analyses

HPLC studies were first performed on stressed 3. Results and discussion
samples individually (after appropriate dilution), and
later on a mixture of those samples in which suf- 3.1. Degradation behaviour
ficient degradation products were formed. Studies
on individual reaction solutions were carried out us-  HPLC studies on tinidazole under different stress
ing water—acetonitrile (86:14) as the mobile phase. conditions using a mobile phase composition of
As good separations were not achieved in a mix- water—acetoonitrile (86:14) as the solvent system
ture of stressed samples using the above-mentionedsuggested the following degradation behaviour.
mobile phase, therefore, the method was optimised
further.

In all HPLC runs, the mobile phase was filtered
before analysis, through 0.4%n nylon membrane and
degassed before use. The injection volume wagl10
and the flow rate was 1 mlmin for initial studies.
The detection wavelength was 310 nm.

3.1.1. Acidic conditions

On heating the drug in 0.1N HCI for 12 h, around
20% degradation was seen but there was no corre-
sponding rise in degradation product peakg(2b.
No new peaks were seen in mass chromatogram also
(Fig. 3b), indicating that the drug was degraded to very
low molecular weight non-chromophoric compounds,
2.5. Validation of the developed method similar to ornidazold14].
3.1.2. Alkaline conditions

Tinidazole was found to be very labile in alkali.
Complete degradation of the drug was observed in

Linearity of the method was established by inject-
ing solutions containing 50-5Qy ml~ of the drug
in triplicate. Repeatibility studies were performed by
hexaplicate injections of the drug at three concen- 0.1 M NaOH at 80C within 5-10 min. Therefore,
trations (50, 200 and 5Q0g mi~1) on the same day. subsequent studies were conducted in milder alka-
The studies were also repeated on different days to line condition of pH 10 at 80C. As shown in HPLC
determine intermediate precision. Accuracy of the chromatogram irFig. 2G degradation of the drug at
method was evaluated by spiking the drug at three pH 10 resulted in the rise of two major degradation
concentrations in a mixture of stressed solutions and products at 9.56 and 5.19min and a minor product
determining recovery of the added drug. Specificity of at 2.14 min. Parallel LC-MS investigationBig. 39
the method towards the drug was established throughindicated formation of only major degradation prod-
determination of purity for tinidazole peak in a mix- ucts apart from the drug. Neither the minor peak at
ture of stressed samples using a PDA detector. The 2.14 min nor any additional peak showed up in the
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Fig. 2. Representative HPLC chromatograms of tinidazole (TIN). Key: Standard solution (a), sample degraded in 0.1 M HCI (b), sample
degraded in buffer (pH 10; c), sample heated in water (d), sample subjected to oxidative degradation (e), sample subjected to photolytic
degradation in 0.1 M HCI (f), sample subjected to dry heat (g).

mass chromatogram. The study of mass valkas @) to 4-nitro isomer of tinidazol€e3), which was also con-
indicated the two major degradation products to have firmed by retention matching (RT 9.5min in HPLC
molecular weights ofiVz 128 and 248. The peak with and 8.2 min in LC-MS) and spiking with a standard
m/z 128 was characterised to be due to ring nucleus product synthesised by the reported procedBirerhe
2-methyl-5-nitroimidazole ) which was also con-  other nitroimidazoles, metronidazdts] and ornida-
firmed by spiking and retention matching with the zole[14] have been reported to degrade to simple com-
standard in HPLC (RT 5.2 min) and subsequently in pounds (ammonia and acetic acid) and ornidazole diol,
LC-MS (RT 4.5min). The other degradation product respectively. The difference in degradation behaviour
with the same mass as of the drug could be attributed of the three drugs may be due to the changes in the
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Fig. 3. Representative LC-MS chromatograms of tinidazole (TIN). Key: Standard solution (a), sample degraded in 0.1N HCI (b), sample
degraded in buffer (pH 10; c), sample subjected to oxidative degradation (d), sample subjected to photolytic degradation in 0.1N HCI
(e). The lower channel in each figure (a—e) represents UV chromatogram and the upper channel represents mass chromatogram taken in
positive APCI mode.

side chain even though the basic ring nucleus remainsdegradation was seen on exposure to 303@Hfor

the same. 48 h at room temperature. Only two small peaks were
seen in the chromatograrRig. 26, similar to ornida-

3.1.3. Neutral condition zole [14]. Upon LC-MS investigation, an additional

In neutral condition, 15-20% degradation of the peak at 4.62 min was seen in the mass chromatogram
drug was seen after heating for 5 days at @0with (Fig. 3d, confirming the fact that under oxidation con-
the generation of only one peak at around 5.19min ditions, the drug degraded to non-chromophoric com-
(Fig. 20, attributed to 2-methyl-5-nitroimidazol@ pounds, not seen in UV chromatogram.
3.1.4. Oxidative conditions 3.1.5. Photolytic conditions

Tinidazole was found to be stable in 3%,®b In acidic solutions, almost 90—-95% degradation was

at room temperature. However, almost 70-80% drug seen on exposure to light for 12 daysid. 2f). In
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126:1 3.1.6. Thermal condition
Negligible degradation was seen on subjecting the

1 drug to dry heat at 50C for 3 months.
168.5

5
PELAMIA L‘-E—Q-s 201 2788 38300 3.2. Establishment of stability-indicating method in
2480 a mixture of solutions of various stress conditions

13

In order to achieve separation of drug and degrada-
5 249.0 tion products in a mixture of stressed samples, acetoni-
881 126.1 1687 2200 [™™" 2818 trile concentration was varied, followed by a change
00 280 in the flow rate. It was found that when acetonitrile
concentration was increased in the mobile phase, the
peaks started getting merged. When acetonitrile per-
248.9 centage was decreased, there was improvement in
are the resolution of closely resolving peaks. It was ob-
100 200 300 served that satisfactory resolution was obtained with
mz water—acetoonitrile in the ratio of 88:12, at a flow
Fig. 4. Mass spectra of tinidazole (TIN) heated in pH 10 buffer rate of 0.8 ml mi[Tl, without undue increase in the
qt .80°C for 1 h. The lowest ghannel represents mass spectrum for run time. This method is simpler than the procedure
tinidazole peak, whereas m_lddle and top channel_s_represent massalready reporte@] which used a mobile phase com-
spectra for the peaks seen in mass chromatografigin3c at 8.2 N
and 4.5min, respectively. posed of phosphate buffer (pH 3)—acetonitrile in the
ratio of 82:18. The resolution in our solvent system of
different degradation products, contained in the mix-
ture of reaction solutions (in which decomposition of
neutral and alkaline conditions, the drug got degraded drug was seen), is shown Kig. 5a
with the formation of only hydrolytic products and no
specific photolytic products. 3.3. Validation of the method
In all the cases, the fall in drug peak was not in
correspondence with the rise in degradation product 3.3.1. Linearity
peaks, indicating that even in the presence of lightthe  The response for the drug was found to be lin-
drug degraded to non-chromophoric products. LC-MS ear in the investigated concentration range. The mean
studies of the acidic sampleFig. 36 revealed for- (£RSD) values of slope and intercept were 29098
mation of two new products, which did not show up (+0.9745) and 833952.074), respectively. The?
during HPLC analysis with UV detection. Mass val- value was equal to 0.999.
ues of the two compounds were similar to the products
already reported by Salomi¢?]. Similar degradation  3.3.2. Precision
behaviour was seen for samples exposed to light in  Data obtained from precision experiments are given

Relative Abundance

—_

50

100.9 1282 168.5 201.9

neutral conditions. in Table 1, for repeatability and intermediate precision
Table 1
Precision studies
Actual concentrationyg mi—1) Calculated concentratiog: S.D. (ug mi~1), RSD (%)
Repeatability § = 6) Intermediate precisiom(= 3)
50 49.369+ 0.178, 0.361 46.79% 0.528, 1.128
200 200.055+ 0.539, 0.269 204.216- 3.607, 1.766

500 502.696+ 1.248, 0.248 503.364 0.609, 0.121
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Fig. 5. Chromatogram showing separation of tinidazole (TIN) from degradation products in a mixture of stressed samples. (a) and (b)

represent the chromatograms obtained on chromatographic systems 1 and 2, respectivelyOkelytttogen peroxide; | and Il, oxidative
degradation products; Ill, 4-nitro isomer; 1V, 2-methyl-5-nitroimidazole.

studies. The RSD values, ranging from 0.248 to the drug peak in a mixture of stressed samples was
0.361% for repeatability study and from 0.121 to found to be less than purity threshold (TH) value, in-
1.766% for intermediate precision study, respectively, dicating the absence of any co-eluting peak in the drug
confirm that the method was sulfficiently precise. peak. The resolution factor for the drug peak was >2
from the nearest resolving peak.
3.3.3. Accuracy
As shown from the data ifiable 2 good recoveries 3 35 Robustness

of the drug in the range from 98.87 to 102.99% were  Resolution of the drug in a mixture of stressed sam-
made at various added concentrations, despite the factyjes was found to be similar when studies were per-
that the drug was fortified to a mixture that contained formed on a different chromatographic system on a

drug as well as the degradation products, formed under gifferent day Fig. 59, indicating that the method had
various reaction conditions. sufficient ruggedness.

3.3.4. Specificity

Specificity of the method was established by veri-
fying purity of the drug peak in a mixture of stressed
samples by PDA analyses. Purity angle (PA) value for

3.4. Applicability of developed method to
marketed formulations

Analyses of tablet samples using the developed
method showed that there was negligible fall of drug

Table 2 and no degradation products were formed on subject-
Recovery studies of tinidazole from a mixture of stressed samples ing the formulations to the accelerated conditions.
(n=23) Similar study on injectable preparations revealed
Actual Calculated concentratior ~ Recovery (%) 2-methyl-5-nitroimidazole (RT 7.1 min) and the un-
concentration  S.D. (wgmi~t), RSD (%) known product (RT 2.9 min) to be present even in the
(rgmi~?) control samples. The peaks due to the nucleus and
50 51.5+ 0.535, 1.039 102.99 4-nitro isomer (RT 14.3min) were seen in samples
200 205.283+ 0.846, 0.412 102.64

subjected to thermal stredsiq. 6). There was insignif-

500 494.333+ 1.041, 0.211 98.87 . .
icant fall of drug in samples exposed to 4LY75%
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Fig. 6. Chromatogram of tinidazole (TIN) infusion heated at
60°C for 1 month. I: 4-nitro isomer of the drug; Il: 2-methyl-5-
nitroimidazole; and Ill: unknown product.

RH, whereas there was 45 and 10% loss of drug in
formulations exposed to light and heat, respectively.

Fig. 6 shows good separation of drug from degra-
dation products when applied to actual stability sam-
ples, which confirms the specificity of the developed
method.

4. Conclusions
In this study, tinidazole was subjected to stress stud-

ies under various ICH recommended conditions. The
drug was found to degrade in alkaline and photolytic

M. Bakshi, S. Singh / Journal of Pharmaceutical and Biomedical Analysis 34 (2004) 11-18

The method was validated for parameters like linearity,
precision, accuracy, specificity, ruggedness, etc. and
was also applied to real marketed samples. Thus, the
method can be employed for analysis of drug during
stability studies, but it is not suggested for establish-
ment of mass balance, because most of the degrada-
tion products were found to be non-chromophoric in
nature and did not appear during HPLC studies.
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