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ABSTRACT: A simple, rapid and validated capillary electrophoretic method has been developed for the separation and deter-
mination of ofloxacin and ornidazole in pharmaceutical formulations with detection at 230 nm. Optimal conditions for the
quantitative separations were investigated. Analysis times shorter than 4 min were obtained using a background electrolyte
solution consisting of 25 mmol/L phosphoric acid adjusted with 1 M Tris buffer to pH 8.5, with hydrodynamic injection of 5 s and
20 kV separation voltage. The validation criteria for accuracy, precision, linearity and limits of detection and quantitation were
examined and discussed. An excellent linearity was obtained in concentration range 25–250 μμμμg/mL. The detection limits for
ofloxacin and ornidazole were 1.03 ±±±± 0.11 and 1.80 ±±±± 0.06 μμμμg/mL, respectively. The proposed method has been applied for the
analysis of ofloxacin and ornidazole both individually and in a combined dosage tablet formulation. The proposed validated
method showed recoveries between 96.16 and 105.23% of the nominal contents. Copyright © 2009 John Wiley & Sons, Ltd.
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Introduction

Capillary electrophoresis (CE) is a highly attractive resolving tech-
nique used to determine charged components because of the
combination of high resolution efficiency, rapid method develop-
ment with short analysis time and easy automation with small to
modest sample requirement and low solvent consumption
(Barbosa et al., 1999; Maraschiello et al., 2001; Panzade and
Mahadik, 2001; Zhou et al., 2006).

Ofloxacin is chemically kown as (±)-9-fluoro-2,3-dihydro-3-
methyl-10-(4-methyl-1-piperazinyl)-7-oxo-7H-pyrido[1,2,3-de]-1,4-
benzoxazine-6-carboxylic acid [Fig. 1(a)]. It is a broad spectrum
antibiotic which belongs to the third generation of fluorinated
quinolone (Awadallah et al., 2003; Elbashir et al., 2007; Zhou
et al., 2006; Rizk et al., 1998; Gandhimathi et al., 2006; Shao et al.,
2008) and is one of the most frequently used fluorinated
quinolone antibiotics (Cheng et al., 2001).

Ornidazole [Fig. 1(b)] is chemically known as 1-chloro-3-(-2-
methyl-5-nitroimidazole-1-yl)propan-2-ol (Chankvetadze et al.,
1995; Singh et al., 2003; Wang et al., 2004) or 1-(3-chloro-2-
hydroxy)propyl-2-methyl-5-nitroimidazole (Zhang et al., 2006).
Ornidazole has a single ionization constant with a pKa of approx-
imately 2.4 (Singh et al., 2003).

Several methods have been reported for analysis of ofloxacin
and ornidazole individually and in combination with other drugs
using HPLC (Hernández et al., 2000; Halker and Ankalkope, 2000;
Róna and Gachályi, 1987; Lalhriatpuii et al., 2006; Paramane et al.,
2007). Furthermore spectrophotometric (Mruthyunjayaswamy
et al., 2004; Patel et al., 2005; Prasad et al., 2004) and electro-
chemical methods (Patel et al., 2006; Özkan et al., 1997; Sankar
and Reddy, 1989; Yang et al., 2008) have been also cited for the
analysis of these drugs. However, few citations have been reported
for the simultaneous estimation of ofloxacin and ornidazole in

tablets. A high-performance thin-layer chromatography (HPTLC)
method was reported by Gandhimathi et al. (2006).

This paper describes the method development and validation
for simultaneous separations and determination of ofloxacin
and ornidazole using CE in pharmaceutical formulations. To the
best of our knowledge, this method is the first to describe the
simultaneous determination of ofloxacin and ornidazole in
various pharmaceutical preparation using CE.

Experimental

Materials and Methods

The analysis was carried out on an HP3DCE system (Agilent
Technologies, Waldbronn, Germany), model G1600A, which was
interfaced to a Agilent Chemstation Software and equipped
with a photo diode array detector. Uncoated fused-silica
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capillary 50 μm i.d × 56 cm (detection length, 8.5 cm from the
outlet end of the capillary) from Agilent Technologies was used.

Data were collected using the software provided connected
to PC Workstation. A polyamide coated fused-silica capillary, with
a total length of 40 cm and an internal diameter, i.d., of 50 μm,
was used for the separation. For pH measurement, a digital pH
meter (Orion Research, Expandable Ion Analyzer, EA 940) was used.

Chemicals and Reagents

Racemic ofloxacin, ornidazole and flumequine [Fig. 1(c)] were
purchased from Sigma-Aldrich (St Louis, MO, USA).

Commercial tablet pharmaceutical preparations (claimed to
contain 500 mg and 200 mg active ingredients; ornidazole and
ofloxacin respectively) were obtained from other countries
where the combination of the two drugs was available and they
were manufactured by different pharmaceutical companies.
However single active drug ingredient tablet formulations are
available in Malaysia and were obtained from local drug stores.
Milli-Q water (Millipore, Bedford, USA) was used for the prepara-
tion of all solutions.

Method and Operating Conditions

The separation was carried out at 25 ± 0.1°C with a voltage of
+20 kV, in order to keep the total current below 100 μA. Samples
were injected hydrostatically at 0.5 psi for 5 s (1 psi = 6894.76 Pa).

Detection was achieved at 230 nm. A new coated fused silica
capillary was conditioned by flushing with 1 M NaOH for 30 min,
then with 0.1 M NaOH for 10 min and water as well as buffer
solution, each for 10 and 11 min respectively.

The running buffer consisted of 25 mM phosphoric acid (H3PO4)
adjusted to the desired pH with 1 M Tris solution. The running
buffer solutions were filtered and degassed. All standards, sample
solutions, the running buffer and NaOH solution were filtered
through a 0.45 μm, 47 mm diameter regenerated cellulose nitrate
membrane filter (Whatman International, Maidstone, UK), and
degassed by sonication, prior to each use.

Before changing each buffer for different buffer system, the
capillary was purged with 1 M sodium hydroxide for 15 min, followed
by 20 min Milli-Q water and appropriate buffer electrolyte for
30 min. The final step was the application of a voltage of 20 kV
for 20 min with the capillary filled with the buffer solution. Each
day, the system was first purged with 0.1 M NaOH for 5 min,
followed by water for 15 min and the working buffer solution for
20 min.

Prior to each analysis, the electrophoresis capillary underwent
preconditioning and was rinsed with 0.1 M NaOH for 3 min, and
then with purified water (Milli-Q water) for 3 min, and finally
followed by the background electrolyte, for 4 min between the
runs. This was done to equilibrate the capillary and thereby
minimize hysteresis effects (Barrón et al., 2000; Barbosa et al.,
1999). The capillary was stored overnight filled with working
buffer electrolyte.

Stock and Standard Solutions

Ofloxacin standards and ofloxacin tablets were stored at 4°C in
the dark to minimize photolytically induced degradation.

Standard stock solution (1000 μg/mL) of ofloxacin was prepared
in 0.1 M NaOH and was kept refrigerated. Working standard solu-
tions were prepared daily by diluting the suitable aliquots of the
stock solution with water. The standard solutions were stored in
brown glass vials for protection from light.

Standard stock solution (1000 μg/mL) of ornidazole was pre-
pared in a minimum amount of HPLC-grade methanol and kept
refrigerated. Working standard solutions were prepared daily by
diluting the suitable aliquots of the stock solution with water.
The standard solutions were stored in brown glass vials for pro-
tection from light.

Pharmaceutical Sample Preparation

Ten tablets were weighed, ground and mixed in a mortar. An
appropriate amount of the powder was taken and dissolved in
50 mL of 0.1 M sodium hydroxide and a minimum amount of HPLC-
grade methanol, and ultrasonicated for three minutes and diluted
to 50 mL with Milli-Q water. The sample was filtered through a
membrane and the solution was introduced to the CE system for
separation.

Results and Discussion

Optimization of Separation Conditions

Wavelength selection. The UV spectra of ofloxacin in aqueous
solution showed two peaks, a strong peak at 287 nm and a weak
peak at 332 nm. The observed strong peak corresponds to the
chromophore involving the N-1 position to the carboxylic group

Figure 1.  (a) Chemical structure of ofloxacin. (b) Chemical structure of
ornidazole. (c) Chemical structure of flumequine, the internal standard.
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while the weak absorption peak corresponds to the chromophore
involving the nitrogen of the piperazinyl group to carbonyl group.
This spectrum is affected when ofloxacin form complexes with
metallic cations, especially divalent cations, leading to a red shift
of the strong absortion peak to 285 nm and then blue shift of
the weak absorption peak to 330 nm (Lin et al., 2004). On the other
hand, Singh et al. (2003) reported that ornidazole exhibited max-
imum peaks at 230 and 311 nm when a 20 μg/mL solution of
ornidazole was dissolved in isopropanol. Hence, the wavelength
of 230 nm was chosen in this study. This was complementary for
the ornidazole because at wavelength 287 nm, the peak sensi-
tivity was too low and the height obtained from the electrophe-
rogram was too low. Moreover, wavelength 332 nm was not
chosen as it was close to the weak peak for ofloxacin (Fig. 2).

Effect of pH

A better understanding of the influence of various experimental
parameters is essential in predicting the migration behavior of
individual solutes in a mixture and, consequently, in optimizing
their separation. In electrophoretic separation of ionizable com-
pounds, pH plays an important role as it determines the extent
of ionization of each individual solutes (Zhou et al., 2006). Buffer
acidity may affect mobility and electroosmosis flow (EOF) by
changing the dissociation constant of analyte and Si–OH groups
on the capillary. Previous work on ofloxacin resolution indicated
that electrophoretic separation of the analytes should be possi-
ble at nearly all pH values except at their isoelectric points,
which are between pH 6.5 and 7.5. The optimum pH is always
smaller than the pKa by 0.30 regardless of the ratio Ka1/Ka2

 (Elbashir
et al., 2007; Zhou et al., 2006).

The effect of pH on the resolution (Rs) and migration time was
investigated over the pH range 5.0–9.0, using 25 mmol/L buffer
solutions prepared at different pH. At pH 6.5, the mixture of
ofloxacin and ornidazole standards was separated. However,
with increasing pH the two active ingredients separated more
efficiently. At pH 8.5, the compounds migrated faster due to
increasing EOF. Based on the result obtained (Fig. 3), pH 8.5 was
chosen as the optimal pH for separation of the two analytes.

Effect of Buffer Concentration

The chemical composition and the concentration of the buffer
can affect the baseline stability, peak shape and separation
selectivity. In this study, a new set of experiments was proposed
taking into account a variable made from the Tris–phosphoric
acid (pH 8.5) buffer. The experimental levels were established

through a series of concentration variations of buffer from 25 to
100 mmol/L. The experiments were carried out with a standard
mixture containing the two active ingredients under study.

Figure 4 indicates that, as the buffer concentration increased,
the resolution slightly increased but at the same time the migra-
tion time and the peak width also increased. Symmetrical peaks
were observed at 25 mmol/L but were broadened when the
buffer concentration was 50 mmol/L. However as expected peak
tailing was observed when the buffer concentration changed
from 75 to 100 mmol/L. There was an increase in analyte migra-
tion times due to a decrease in electroosmosis flow (EOF) with
increasing buffer concentration. Hence, a 25 mmol/L buffer was
selected to achieve good resolution without sacrificing the
migration time.

Effect of Separation Voltage

It is well known that increasing the voltage gives rise to shorter
migration times. However, the generation of Joule heat may
limit the theoretical gain in the resolution and efficiency when
the voltage is increased (Elbashir et al., 2007). In this study,
voltages between 15 and 30 kV were investigated. A decrease

Figure 2. UV spectrum of ofloxacin and ornidazole mixture. Experi-
mental result obtained with a mixture of 100 μg/mL solution of ornida-
zole and ofloxacin, dissolved in a minimal amount of methanol and 2 mL
0.1 M sodium hydroxide.

Figure 3. Effect of buffer pH on resolution. Conditions: 25 mM Tris–
H3PO4 buffer; voltage, 20 kV; temperature, 25°C; and injection time, 5 s.

Figure 4. Effect of buffer concentration on migration time. Conditions:
Tris–H3PO4 buffer, pH 8.5; voltage, 20 kV; temperature, 25°C; and injec-
tion time, 5 s.



K. L. See et al.

www.interscience.wiley.com/journal/bmc Copyright © 2009 John Wiley & Sons, Ltd. Biomed. Chromatogr. 2009; 23: 1283–1290

1286

in migration times was observed from 15 to 30 kV. The voltage
of 20 kV was chosen because there was adequate resolution of
the two drugs and the signal-to-noise ratio was satisfactory.

Effect of Injection Time and Capillary Temperature

In order to reduce the detection limits, the injection time was
varied from 3 to 15 s. Using hydrostatic injection, a 5 s injection
time was selected as the optimal value. At the same time, capil-
lary temperatures ranging from 17 to 29°C were investigated. In
this study, the best operating CE conditions were obtained at
25°C.

Details of optimized electrophoretic separation conditions are
summarized in Table 1, while Fig. 5 shows the electropherogram
of the compounds separated under these optimized conditions.

Method Validation

Internal standard selection. In order to significantly reduce
the injection-related impression and to ensure better reproduci-
bility and greater control over the sample amount injected, the
use of an internal standard (IS) in quantitative analysis is gener-

ally preferred (Taverniers et al., 2004). In this method, an internal
standard was selected to be added to the solution of mixture
ofloxacin and ornidazole.

Lomefloxacin, sparfloxacin, flumequine and phenobarbital
were added to the mixture. While limited resolution was obtained
for lomefloxacin and phenobarbital, there was an unexpected
overlapping of peaks of sparfloxacin with ofloxacin. A complete
recognition of resolution was obtained with flumequine, the
structure of which is shown in Fig. 1(c) with a satisfactory analysis
time.

Linearity. The linearity of the analytical procedure was evaluated
by plotting the detector response (peak area) vs the nominal
concentration of ornidazole and ofloxacin present in the mixture
of standard solutions. Each calibration curve was constructed
using seven different standard solutions of 5 to 250 μg/mL (5,
10, 25, 50, 100, 150 and 250 μg/mL) and spiked with 20/μg mL of
internal standard, performed in triplicate. The correlation coeffi-
cient R2 for the two analytes was 0.999 over a relatively wide
concentration range (5–250 μg/mL).

The linear regression equations obtained were as follows:

ofloxacin: y = (0.0465 ± 4.18)x−0.1641

ornidazole: y = (0.0166 ± 1.50)x + 0.9125

Precision. Intra-day precision was assessed by injecting a
standard mixture of ofloxacin and ornidazole at three different
concentrations within the linear range of the calibration curve,
at 50, 150 and 250 μg/mL. The relative standard deviation (RSD)
for migration times and corrected peak areas were less than 2.5
and 5.0%, respectively, as shown in Table 2.

The inter-day precision was assessed with standard mixture
containing both drugs at 50, 150 and 250 μg/mL. The validation
of the analytical procedure was performed over a period of
6 days. The relative standard deviations were less than 4.0 and
6.0% for migration time and corrected peak areas, respectively.

Table 1. Optimum CE operating conditions

Parameters Conditions

Electrolyte 25 mmol/L acid phosphoric
(H3PO4) adjusted to pH 8.5 
with 1 M Tris solution

Applied voltage 20 kV
Sample injection 5 s hydrodynamically
Capillary temperature 25°C
Fused silica capillary 40 cm effective length × 50 μm i.d.
Detection wavelength 230 nm

Figure 5. Typical electropherogram of the separated compounds under the optimized conditions, where peak 1 is ornidazole; peak 2 is ofloxacin
and peak 3 is IS flumequine. Conditions: 25 mM Tris–H3PO4, pH 8.5, voltage, 20 kV; temperature, 25°C; and injection time, 5 s.



Simultaneous determination of ofloxacin and ornidazole

Biomed. Chromatogr. 2009; 23: 1283–1290 Copyright © 2009 John Wiley & Sons, Ltd. www.interscience.wiley.com/journal/bmc

1287

Accuracy/recovery. The proposed method was validated in two
commercial tablet formulations. Several aliquots of the ofloxacin
and ornidazole mixture at three different concentrations, namely,
50, 100 and 150 μg/mL, were added to a weighted, ground powder
of ofloxacin and ornidazole combination tablet. Table 3 shows
that the recovery results for ofloxacin and ornidazole were 92.51–
98.37 and 102.07–110.59%, respectively.

Limit of detection. In this study, the limit of detection (LOD)
was determined based on the standard deviation of the
response, σ, and the slope of the calibration curve, S. The LOD
can be expressed from the following equation:

(1)

Based on the standard deviation of the blank, measurement of
the magnitude of analytical background response was performed
by analyzing an appropriate number of blank samples, i.e. 10
(Taverniers et al., 2004). Calculation of standard deviation, σ, was
performed from the responses. From the result, the LODs for
ofloxacin and ornidazole were 1.03 ± 0.11 and 1.80 ± 0.06 μg/
mL, respectively.

Limit of quantification. In this study, the LOQ was determined
based on the standard deviation of the response, σ, and the
slope of the calibration curve, S. The LOQ can be expressed from
the following equation:

(2)

Based on the standard deviation of the blank, measurement
of the magnitude of analytical background response was per-
formed by analyzing an appropriate number of blank samples,
i.e. 10. Calculation of the standard deviation, σ, was performed from
the responses. From the result, the LOQs calculated were 3.19 ±
0.11 and 5.46 ± 0.06 μg/mL, for ofloxacin and ornidazole, respectively.

Table 4 presents the obtained results for linear coefficient, R2,
regression equation, precision, recovery, LOD and LOQ.

Table 3. Recoveries obtained from the determination of
ofloxacin and ornidazole in commercial formulations that
contain different levels of spiked standards

Sample
no.

Standard mixture
spiked (μg/mL)

Recovery (%, mean ± SD)

Ornidazole Ofloxacin

1 50 110.59 ± 3.65 98.37 ± 3.33
2 100 102.07 ± 2.30 92.51 ± 1.81
3 150 103.03 ± 1.79 97.59 ± 3.45

Table 2. Intra- and inter-day reproducibility for the repeated injection of different con-
centrations of both ofloxacin and ornidazole

Concentration 
(μg mL−1)

RSD% (migration time) RSD% (corrected peak areas)

Ornidazole Ofloxacin Ornidazole Ofloxacin

Intra-day precision (n = 9)
50 0.88 1.00 4.07 4.91
150 0.58 1.44 3.92 2.38
250 1.77 2.29 3.92 5.07

Inter-day precision (n = 54)
50 2.28 1.28 5.60 5.26
150 2.99 3.64 6.22 6.01
250 2.57 2.90 5.20 5.96

LOD =
3 3. σ

S

LOQ =
10 0. σ

S

Table 4. Validation parameters for the analysis of ofloxacin and ornidazole

Validated results Ofloxacin Ornidazole

Linear coefficient, R2 0.9996 0.9992
Regression equation y = 0.0465 x − 0.1641 y = 0.0166 x + 0.9125
Linear range (concentration) 25–250 μg/mL 25–250 μg/mL
Precision (corrected peak area)

Inter-day 5.26–6.01% 5.20–6.22%
Intra-day 2.38–5.07% 3.92–4.07%

Precision (migration time)
Inter-day 1.28–3.64% 2.28–2.99%
Intra-day 1.00–2.29% 0.58–1.77%

Recovery 96.16% (92.51–98.37%) 105.23% (102.07–110.59%)
LOD 1.03 ± 0.11 μg/mL 1.80 ± 0.06 μg/mL
LOQ 3.19 ± 0.11 μg/mL 5.46 ± 0.06 μg/mL
Concentration/MDL 3.94 2.61
Signal-to-noise 6.17 9.57



K. L. See et al.

www.interscience.wiley.com/journal/bmc Copyright © 2009 John Wiley & Sons, Ltd. Biomed. Chromatogr. 2009; 23: 1283–1290

1288

Analysis of Pharmaceutical Formulations

The developed method was applied for the analysis of com-
bination ofloxacin and ornidazole tablets in various commercial
pharmaceutical formulations. Triplicate determinations were
carried out. The results obtained are summarized as in Table 5.
Three different pharmaceuticals formulations were analyzed in
this study for the simultaneous analysis of ofloxacin and ornida-
zole in a tablet dosage form (samples 1–3). The remaining five
samples (samples 4–8) were individual tablets for ofloxacin and
ornidazole.

All the pharmaceutical formulations analyzed showed good
agreement with the claimed amounts of the active ingredient(s),
as shown in the electropherograms in Fig. 6.

Conclusion

A validated capillary electrophoretic method is described for
the simultaneous determination of of ofloxacin and ornidazole
in pharmaceutical tablet formulations. The proposed method
is fast, accurate, precise, reproducible and inexpensive. Several
variables were studied and the optimized CE conditions were as
follows: 25 mmol/L phosphoric acid adjusted to pH 8.5 with 1 M
Tris solution; applied voltage 20 kV; capillary temperature 25°C;
and injection time 5 s. The analytes were determined quantita-
tively at 230 nm. The proposed method could be adopted in
quality control laboratories for the analysis of these two drugs
individually or in combination.
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