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ABSTRACT

A reverse phase high performance liquid chromatography method was developed in this research for separation and assay of
antiprotozoal imidazole derivatives (Metronidazole, Tinidazole and Secnidazole). The separation was achieved by C8 column using
acetonitrite: water (20:80 v/v) as a mobile phase, a flow rate of 1.5 ml/min. UV detection was carried out at 318 nm. The retention
times of metronidazole, secnidazole and tinidazole were 4.140, 5.515 and 6.692 min respectively. The qualitative study of this
method included the effect of flow rate and the ratio of the components of mobile phase on the quality of separation. The method
was validated for accuracy, precision, selectivity and robustness. Linearity of metronidazole, secnidazole and tinidazole were in the
range of 80-120 pg/ml. The relative standard deviation for precision was not more than 2%. The recoveries in accuracy obtained for
metronidazole, secnidazole and tinidazole were 99.22%, 99.89 and 99.64% respectively. The developed method was found to be
rapid, accurate and precise and was used for the determination of the three compounds in raw materials and tablets. This method
was also used for the assay of these three compounds in the spiked human serum (1-30 pug/ml) and recoveries were in the range of
88-96%.
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1. INTRODUCTION

The history of Nitroimidazole begines in 1953, when
antibiotic called azomycin (2 - Nitroimidazole) was
isolated from Streptomyces species. It was found that this
compound was active against protozoas, especially
Trichomonas vaginalis.l’2

Pharmacopieas (BP 2009, Eur 2009) mention volumetric
non-aqueous titration for assay of metronidazole or
tinidazole in raw material or tablet while USP 2009
mentions HPLC method with C8 column for assay of
metronidazole in tablet.>"®

International references mention various analytical
methods for the determination of metronidazole,
Tinidazole and  Secnidazole in  pharmaceutical
preparations and human serum it is include: volumetric’
spectrophotometric,'®*®  GC-FID*,  HPLC®?*  and
polarograph®.

In 1957 metronidazole was introduced as a drug of choice
for the treatment of various protozoa including, Giardia
lambilia and Trichomonas vaginalis, and since then,
researchs were focused on the synthesis of several
derivatives of Nitroimidazole, and this led to the
synthesis of a new antiprotozoal compounds such as
Tinidazole and Secnidazole.’

Variety of 5-nitroimidazole mixtures were also analyzed in
meat, eggs and animal feed, methods used for this
purpose include: HPLC-UV*, LC-MS**?, supercritical fluid
chromatography? and gas chromatography GC-MS?%.
Our mixture studied in tablet in this research is not

The drug substances studied in this research are
metronidazole, Tinidazole and Secnidazole. They are

derivatives of 5 - Nitroimidazole (Figure 1) they possess
antiprotozoal activity and anti-bacterial activity for gram
negative and Gram-positive anaerobic bacteria. It is used
in the human and veterinary medicine.>*
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Figure 1: Chemical Structures of metronidazole,

Secnidazole and Tinidazole®®

mention in previously papers.

The aim of this study was to develop a valid, rapid and
sensitive analytical procedure using high performance
liquid chromatography (HPLC) for the separation and
assay of a mixture of metronidazole and Tinidazole and
Secnidazole in tablets, Attempts were also done to
determine these three drugs in spiked serum in the range
of 1-30 pg/ml.
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2. MATERIALS AND METHODS

Reference standards of metronidazole, tinidazole and
secnidazole were obtained from the Syrian health
Ministry.

The samples of raw materials were obtained from several
local private pharmaceutical factories, pharmaceutical
tablets sample were purchased from the Community
Pharmacy.

Human serum samples were obtained from a hospital
laboratory.

2.1. Chemicals and solvents

e Potassium dihydrogen phosphate was purchased
from Riedel De Hean Company.

e HPLC Solvents (Acetonitrile, Methanol, water) were
purchased from the Merck, Germany.

e pH solutions: Hana company, Hungary.
2.2 Instrument and Equipments

JASCO high pressure liquid chromatography system
provided with two pump (PU-980 Intelligent HP) and UV /
VIS detector (UV-970), and manual injector (20 pl loop)

- An Ultrasonic device T310 Germany

- pH meter model Orion 410 A

— magnetic stirrer model Labinco L33

- Filters 0.45 ym from Whatman Inc.

HPLC filters 0.45 pum from Sartorius stedium biotech
company.

C8 column (250X4.6) mm Eurospher, 5um from -Knauer
Germany.
Sensitive balance Sartorius TE64 model (sensitivity of
0.0001 g)

- volumetric flasks, Pipette and glass of different sizes.

Centrifuge type HERMLE Z230A - cartridge 18: RP
Adsorbex from Darmstadt. F.R. Merck Company for serum
sample.

2.3. Preparation of solutions

Preparation of stock solution of metronidazole,
secnidazole and tinidazole (1 mg / ml)

Weigh 100 mg standard of metronidazole or Tinidazole
or Secnidazole, and place it in a 100 ml volumetric flask,
dissolve it by an amount of acetonitrile, stir using a
magnetic stirrer for 15-30 minutes until it is completely
dissolved. Complete the volume with acetonitrile, a
solution of concentration 1 mg / ml is obtained.

Preparation of Standards (0.1 mg / ml)

Take 10 ml by calibrated pipette from the stock solution 1
mg / ml of metronidazole or secnidazole or tinidazole and
place it in a 100 ml volumetric flask. Complete volume of

the solution with the mobile phase to get the
concentration of 0.1 mg / ml (100 pg / ml).

Preparation of validity test Solutions
 Standard linearity solutions

Prepare five sequential concentrations from the stock
solution containing respectively 80%, 90%, 100%, 110%
and 120% of the standard solution concentration of
metronidazole or secnidazole or tinidazole. Put
sequentially and separately 8, 9, 10, 11, 12 ml of the stock
solution, in five volumetric flasks (100 ml).

Complete volume of the solution with mobile phase to
get solutions of concentrations 80-90-100-110-120 pg /ml
respectively, inject 20ul from each solution in the HPLC
system and record the results.

= Accuracy solutions

Tablet excipients (Sorbitol, Kollidon CL, Talc, Aerosil 200,
Calcium arachinate)30 are added to the standard solutions
of metronidazole or secnidazole or tinidazole.

Nine samples are divided into three groups containing
respectively 80%, 100% and 120% of standard solution
concentration.

Take at each time an amount equal to the weight of
excipient in one tablet and place it in 100 mL volumetric
flask, add 8 or 10 or 12 ml of stock solution, complete
volume of the solution by the mobile phase and mix. The
concentration of the active substance in the three groups
respectively are 80, 100, 120 pg /ml.

» Repeatability solutions

Tablet samples are analyzed. Prepare nine samples and
divide them into three groups containing respectively
80%, 100% and 120% of standard solution concentration
of metronidazole and Tinidazole and Secnidazole.

For each sample of nine samples, weight of the amount of
powder equivalent to 100 mg of the active substance and
put it in a 100 ml voltametric flask and dissolve by an
amount of acetonitrile then stir using a magnetic stirrer
for a period of 15-30 minutes. Complete the volume of
the solution by the acetonitrile, filter the sample by 0.45u
filters. Solution of concentration 1 mg / ml is obtained.

Take 8 ml or 10 ml or 12 ml and place in a 100 ml
volumetric flask and then complete volume of the
solution by the mobile phase then mix. Solutions of active
substance with concentrations 80-100-120 pg /ml are
obtained respectively.

= Intermediate precision solutions

Samples are prepared in the same way mentioned in the
repeatability solutions. Assay is carried out after two
weeks in the same experimental conditions.

Selectivity solution

A drug-free sample (excipients only) is prepared in
acetonitrile; three samples containing excipient and
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active ingredient are prepared in 100% standard solution
concentration (100 pg/ml).

* Robustness solutions

Three tablet samples containing 100% of standard
solution concentration are analyzed. The sample is
injected at different flow rates 1.4, 1.5, and 1.6 ml/min.

Preparation of the standard solution mixture of
metronidazole, Secnidazole and Tinidazole

Take 10 ml of each of the stock solutions of
metronidazole, Secnidazole and Tinidazole. Place all in a
100 ml volumetric flask, complete the volume of the
solution with the mobile phase. Stir using ultrasonic
device for 15 minutes to get a solution of 100 ug /ml of
metronidazole, Secnidazole and Tinidazole.

Preparation of samples
* Raw materials

Preparing the raw material sample of concentration 100
y/ml in acetonitrile.

* Tablets

Prepare three tablet samples solutions in acetonitrile with
concentration of 100% of standard solution of
metronidazole or Tinidazole or Secnidazole, filter the
solution prior to injection in a HPLC.

Preparation of Standard Solutions
Determination the Recovery from the Serum

Series  for

Series of standard solutions were prepared in the
following concentrations (1, 5, 10, 20, 30 pg/ml) of the
three compounds by diluting their stock solutions
Img/ml.

Preparation of Series of Serum Standard Solutions

The above-mentioned series of standard solutions were
prepared with duplicated concentrations. 1 ml of series
solutions is added to 1 ml drug-free serum to obtain a
new series of serum standard solutions with the same
concentrations of the previous series. Centrifuge for half
an hour.

Extraction
Extraction was done by liquid/solid extraction method
using C18 cartridge in the following way:

- The cartridge is preconditioned with 3 ml of methanol
and withdrawn then with 3 ml of water and withdrawn.

- Serum sample is applied on the solid phase.

- Compounds were eluted with 10 ml acetonitrile, the
elutes were left to dry for 15 minutes. Dry residues were
dissolved with mobile phase. The solutions were run
through 0.45 pm HPLC filters then injected directly to
HPLC.

2.4. Chromatographic Conditions

Mobile phase: acetonitrile: water (20: 80) v/ v

Flow rate: 1.5 ml / min

UV-detector: 318 nm

Column: C8, Eurospher (250X4.6) mm, 5um Column
Temperature: 25°C

Injection volume: 20 pl

2.5. Method development

= Wavelength selection

Figure 2 shows the UV spectra of metronidazole,
Tinidazole and Secnidazole® wavelength 318 nm was
selected for assay of these three compounds.
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Figure 2: UV spectra of metronidazole and Secnidazole
and Tinidazole
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Figure 3: Chromatogram of metronidazole, Tinidazole and
Secnidazole.

* A sample of a mixture of the three compounds was
prepared in acetonitrile and injected into the HPLC
system using the following experimental conditions:
Column C18, Eurospher (250 X 4.6) mm, 5 pm
Mobile phase: 50% acetonitrile + 50% aqueous solution
(potassium phosphate dihydrogen 0.02 M, pH=5) v/ v
Flow rate: 1 ml/ min.

The result: only two peaks appeared.

e Variety ratios of the mobile phase were employed:
three peaks appear two of them are overlapped.

e (8 column was used instead of the C18 using large
amount of aqueous phase (acetonitrile: water (20:
80) v/v), with the same previous experimental
conditions. Three separated peaks were obtained
with good resolution and good symmetry. First peak
is for metronidazole at retention time 6.118 minutes
and the second is for Secnidazole at 8.193 minutes
and the third is for Tinidazole at 9.977 minute. For
confirmation, a solution of each compound was
separately injected.
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= In order to decrease the time of total analysis, the flow
rate was increased to 1.5 ml/min. Retention time was
decreased to 4.140 and 5.515 and 6.692 minutes,
respectively.

The system suitability parameters were good and
compatible with USP°® (Table 1).

Figure 3 shows the Chromatogram of the mixture of the
three compounds.

2.6. Verification of the method's validity

Table 2 summarizes the results of the method validation
results of the three compounds

2.7. Samples test results
* Raw materials

Table 3 shows the results of analysis of the raw materials
of metronidazole, Tinidazole and Secnidazole.

Pharmaceutical Preparations
= Results of tablets samples of Metronidazole

Table 4 shows the results of analysis of the tablet samples
of metronidazole. The percentage of active substance in
each sample was calculated from the peaks areas of
samples and standard solutions.

= Results of tablets samples of secnidazole

Table 5 shows the results of analysis of the tablet samples
of secnidazole.

2.8. Serum samples

Standard serum solutions series were first injected using
the mentioned Chromatographic conditions. Linearity was
good in the range of (1 - 30) pg/ml. Peak areas of the
standard serum series were compared with peak areas of
standard series solutions and the recoveries were
calculated (table 6). Figure 4 shows the chromatogram of
a serum sample containing a mixture of 5 ug/ml of
metronidazole, secnidazole and tinidazole.

L
100 200 300 400 500 500

Figure 4: Chromatogram of a Serum Sample Containing a
Mixture of 5ug /ml of metronidazole, Secnidazole and
Tinidazole

=

Table 1: System suitability parameters

Compound Retention time | Symmetry | Theoretical plates | Resolution
Metronidazole 4.140 1.283 7021 -
Secnidazole 5.515 1.278 7781 5.266
Tinidazole 6.692 1.268 7121 3.706
Table 2: Method Validation Results
Retention Recovery % Qua}nt- Dgtec-
Compound Time Linearity Precision REbusiies: - |t§1t|<_)n t_|or_1
i) Accuracy _ _ Selectivity Flow rate ml/min Limit | Limit
Repeatability | Intermediate 1.4 15 16 ug/ml | pg/ml
Metronidazole 4.10 0.977 99.22 98.44 98.379 99.59 99.38 | 101.96 | 102.16 | 0.024 | 0.080
RSD=1.12 RSD=1.35
Secnidazole | 5532 | 0998 | 99.89 R;gif_; R;gg':_gg 10093 | 10101 | 101.25 | 101.47 | 0.049 | 0.164
Tinidazole 6.637 0.997 99.64 Rsisjén ngDsj.zlﬁ 101.09 | 100.50 | 99.47 | 99.58 | 0.0748 | 0.249
Table 3: Raw Materials Sample Results
Factory Compound Average of Standard Average of sample Per_centage of the
Peak Area* Peak Area** Active Substance%
H1 Metronidazole 4386045 4341875 98.99
F1 Secnidazole 3626939 3649766 100.62
Gl Tinidazole 2947955 2876535 97.57
* Average of five injections of the standard; ** Average of three injections of the sample
Table 4: Results of tablet Samples of metronidazole
Factory Tablet sample Average of Standard Average of sample Percentage of the
Peak Area* Peak Area** Active Substance%
Al 500 mg metronidazole 4196576 4137736 98.59
Bl 500 mg metronidazole 4196576 4312088 102.75
D1 250 mg metronidazole 4025876 3981386 98.89
* Average of five injections of the standard; ** Average of three injections of the sample
International Journal of Pharmaceutical Sciences Review and Research Page 16
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3. DISCUSSION AND CONCLUSION

Table 5: Results of tablet Samples of secnidazole
Average of Standard Average of sample Percentage of the
Factory Tablet sample Peak Area* Peak Area** Active Substance %
Cl 500 mg secnidazole 3612884 3555727 98.4
= 500 mg secnidazole 3450582 3526171 102.19
* Average of five injections of the standard; ** Average of three injections of the sample
Table 6: Recovery Results of the Serum Samples
Concentration Recovery %
Number of sample
P ug/ml Metronidazole Secnidazole Tinidazole
1 1 88.40 96.96 90.78
2 5 91.74 92.51 89.69
3 10 91.80 91.18 94.92
4 20 90.25 88.71 91.62
5 30 88.66 89.07 89.09

A new, valid, sensitive, accurate and rapid analytical
method has been developed in this study for the
assay and separation mixture of metronidazole,
Tinidazole and Secnidazole using column C8 mobile
phase acetonitrile: water (80:20) v / v, UV detector at
318 nm and flow rate 1.5 ml / min.

Pharmacopoeias (BP 2009’, E.P 20078) had not yet
mentioned any HPLC method for the assay of any of
the studied drugs.

Increasing water ratio in mobile phase from 50% to
80% led to good separation of the three compound.

Increase flow rate from 1 to 1.5 ml/min reduced the
retention times of metronidazole, secnidazole and
tinidazole from 6.118, 8.193 and 9.977 to 4.140,
5.515 and 6.692 minutes, respectively.

The percentage concentration of metronidazole and
tinidazole obtained for the tested raw materials and
tablets were in the USP range 99-101% for
metronidazole and 98-101% for tinidazole.

The tested tablets sample of metronidazole were also
in the USP range 90-110%.

The recovery percentages of spiked serum samples
for metronidazole, secnidazole and tinidazole were
88 - 96%.

This analytical method seem to be a good one for the
determination of three compounds in raw materials
as well as in tablets .It could be also used for the
determination of their concentration in human
serum in the range 1-30 pg/ml.
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