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Abstract

Cefixime and Ofloxacin are commonly prescribed in combination for the treatment of a wide
range of bacterial infections, including respiratory and urinary tract infections. A precise,
accurate, and reliable RP-HPLC method is essential for the quality control and routine analysis
of such fixed-dose combinations. This study focuses on developing and validating an RP-
HPLC method for the simultaneous estimation of Cefixime and Ofloxacin in combined tablet
dosage forms. Using a C18 column and an optimized mobile phase, the method was validated
as per ICH Q2 (R1) guidelines. The validated method was successfully applied to commercially
available formulations, ensuring quality and consistency.

Keywords: Cefixime, Ofloxacin, RP-HPLC, Method validation, Fixed-dose combination,
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1. Introduction

The increasing incidence of bacterial infections and the growing challenge of
antimicrobial resistance have led to the frequent use of fixed-dose combination (FDC)
antibiotics, which combine two or more active pharmaceutical ingredients (APIs) in a
single formulation. Among these, Cefixime and Ofloxacin are widely prescribed
together due to their complementary spectrum of antibacterial activity. Cefixime, a
third-generation cephalosporin, and Ofloxacin, a fluoroquinolone, offer synergistic
effects against a broad range of Gram-positive and Gram-negative pathogens. FDCs not
only improve patient compliance but also enhance therapeutic efficacy and reduce the
risk of resistance.

Given the therapeutic significance of such combinations, there is a critical need for
robust, accurate, and validated analytical methods to ensure the quality, safety, and
efficacy of these formulations. The simultaneous estimation of both components in a
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single analytical run is essential for routine quality control in pharmaceutical
manufacturing. However, the complexity of matrix interactions, overlapping UV
absorbance spectra, and varying chemical properties of individual drugs present a
significant challenge for accurate quantification in combined dosage forms.

Several analytical techniques including UV-spectrophotometry, HPTLC, and
capillary electrophoresis have been employed for the estimation of Cefixime and
Ofloxacin, either individually or in combination. Despite their utility, these methods
often suffer from limitations such as poor specificity, insufficient sensitivity, longer
analysis time, or inadequate resolution between analytes. These limitations reduce their
applicability for high-throughput environments and routine quality control of
commercial products.

Reversed-phase high-performance liquid chromatography (RP-HPLC) has
emerged as the preferred technique for the analysis of multi-component pharmaceutical
formulations. Its advantages include high resolution, precision, reproducibility, and
compatibility with various detection systems. RP-HPLC methods can be effectively
optimized for simultaneous detection, offering significant time and resource savings
while maintaining regulatory compliance.

The present study aims to develop and validate a simple, rapid, and reliable RP-
HPLC method for the simultaneous estimation of Cefixime and Ofloxacin in combined
tablet formulations. The method was systematically optimized and validated as per ICH
Q2 (R1) guidelines, and its applicability was demonstrated by analyzing commercially
available dosage forms. This work addresses the existing analytical gaps and provides
a method that is suitable for routine quality control in pharmaceutical industries.

2. Materials and Methods

2.1 Chemicals and Reagents

Pure drug standards of Cefixime and Ofloxacin were procured from certified
pharmaceutical suppliers. Marketed fixed-dose combination tablets containing both
drugs were obtained from a local pharmacy for method application. HPLC-grade
methanol and acetonitrile, as well as analytical-grade potassium dihydrogen phosphate
and orthophosphoric acid, were sourced from reputed chemical vendors. Double-
distilled water was used throughout the study. All chemicals and solvents used were of
analytical or HPLC grade and were used without further purification.

2.2 Instrumentation and Chromatographic Conditions

Chromatographic analysis was carried out using a Shimadzu HPLC system equipped
with a binary gradient pump, manual injector, and UV-Visible detector set at 280 nm.
Data acquisition and processing were performed using the accompanying LabSolutions
software. Separation was achieved using a C18 reversed-phase column (250 mm x 4.6
mm i.d., 5 pm particle size), maintained at ambient temperature (25°C). The mobile
phase consisted of phosphate buffer (pH 3.5) and acetonitrile in the ratio 65:35 v/v,
delivered at a flow rate of 1.0 mL/min. The injection volume was fixed at 20 pL, and
the total run time was approximately 7 minutes for each sample.
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2.3 Preparation of Standard and Sample Solutions

Standard stock solutions were prepared by accurately weighing 10 mg each of Cefixime
and Ofloxacin and dissolving them separately in 100 mL of the mobile phase to obtain
a concentration of 100 pg/mL. Working standard solutions were prepared by serial
dilution of the stock solutions with mobile phase to yield concentrations in the range of
5-30 pg/mL for both drugs.

For sample preparation, twenty marketed tablets were accurately weighed and
powdered. An amount equivalent to one tablet was transferred into a 100 mL volumetric
flask containing 70 mL of mobile phase. The mixture was sonicated for 20 minutes to
ensure complete dissolution and then filtered through a 0.45 pm membrane filter. The
volume was made up to 100 mL with mobile phase, and suitable dilutions were made
to bring the drug concentrations within the linearity range.

2.4 Method Development

The development of the RP-HPLC method focused on optimizing parameters such as
mobile phase composition, detection wavelength, flow rate, and pH. The UV absorption
spectra of Cefixime and Ofloxacin were recorded between 200-400 nm, and both drugs
exhibited strong absorbance at 280 nm, which was selected as the detection wavelength.
Various mobile phase compositions and buffer pH values were tested to achieve sharp,
symmetrical, and well-resolved peaks. The final optimized chromatographic conditions
ensured adequate resolution, minimal tailing, and acceptable retention times for both
analytes.

2.5 Method Validation

The developed method was validated according to the International Council for
Harmonisation (ICH) Q2 (R1) guidelines. Validation parameters assessed included
specificity, linearity, accuracy, precision, limit of detection (LOD), limit of quantitation
(LOQ), robustness, and system suitability. Specificity was evaluated by comparing
chromatograms of standard, blank, placebo, and sample solutions. Linearity was
assessed over the concentration range of 5-30 pug/mL for both drugs. Accuracy was
determined through recovery studies at 80%, 100%, and 120% concentration levels.
Precision was studied in terms of repeatability (intra-day) and intermediate precision
(inter-day) by analyzing replicate samples. LOD and LOQ were calculated based on
standard deviation of the response and slope of the calibration curve. Robustness was
tested by deliberately varying method parameters such as flow rate, mobile phase
composition, and pH. System suitability was confirmed by evaluating parameters such
as retention time, theoretical plates, tailing factor, and resolution from six replicate
injections of the standard solution.

2.6 Application to Marketed Formulations

The validated method was applied to the assay of marketed fixed-dose combination
tablets containing Cefixime and Ofloxacin. Sample solutions prepared from tablet
extracts were injected under optimized chromatographic conditions. The assay results
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were calculated based on the standard calibration curve and compared with the labeled
claim. The assay was performed in triplicate to ensure reliability and reproducibility.

3. Results

3.1 Optimization of Chromatographic Conditions

A series of trials were conducted to determine the optimal chromatographic conditions
for the simultaneous estimation of Cefixime and Ofloxacin. The best resolution, peak
shape, and retention times were achieved using a mobile phase composed of phosphate
buffer (pH 3.5) and acetonitrile in a 65:35 (v/v) ratio, delivered at a flow rate of 1.0
mL/min. The detection wavelength was set at 280 nm, which offered maximum
absorbance for both analytes. Retention times were approximately 3.9 minutes for
Ofloxacin and 4.8 minutes for Cefixime. The peaks were sharp, symmetrical, and
well-resolved, indicating good selectivity and system performance.

Figure 1. UV absorption spectra of Cefixime and Ofloxacin showing maximum
absorbance at 280 nm
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Figure 2. Chromatogram showing sharp, well-resolved peaks of Cefixime (RT ~4.8
min) and Ofloxacin (RT ~3.9 min)
3.2 System Suitability Testing
System suitability parameters were evaluated to ensure chromatographic performance.
Parameters such as retention time, theoretical plates, resolution, and tailing factor were
found to be within acceptable limits, confirming the method's suitability for routine
analysis.

Table 4.1: System Suitability Parameters for Cefixime and Ofloxacin (n = 6)
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Figure 3. Specificity chromatograms showing separation of Cefixime and Ofloxacin
without interference
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3.3 Method Validation

3.3.1 Specificity

Chromatograms of blank, placebo, standard, and sample solutions showed no
interfering peaks at the retention times of Cefixime and Ofloxacin, confirming method
specificity.

3.3.2 Linearity and Range
Linearity was observed in the range of 5-30 pg/mL for both drugs. Regression analysis
showed excellent correlation between peak area and concentration.

Table 4.2: Linearity Data for Cefixime and Ofloxacin

Drug Linearity Range Regression R2
(ng/mL) Equation Value
Cefixime 5-30 y =58732x + 10520 0.9991
Ofloxacin  5-30 y = 62895x + 9120  0.9993

3.3.3 Accuracy (Recovery Studies)

Recovery studies were carried out at 80%, 100%, and 120% concentration levels. The
mean recovery for both drugs was within the acceptable range of 98-102%, indicating
accuracy of the method.

Table 4.3: Recovery Results for Cefixime and Ofloxacin

Drug Level Recovery  Mean + SD %
(%) (%) RSD
Cefixime 80 99.12 99.48 + 0.62
0.62
100 99.64
120 99.68
Ofloxaci 80 98.97 99.25 + 0.58
n 0.58
100 990.31
120 99.48
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3.3.4 Precision
Repeatability (intra-day) and intermediate precision (inter-day) studies showed %RSD
values well below 2%, confirming high precision.

Table 4.4: Precision Data (Intra-day and Inter-day)

Drug Precision Mean Peak %
Type Area RSD
Cefixime Intra-day (n = 278420 0.81
6)
Inter-day (n = 279140 1.02
6)
Ofloxaci Intra-day (n = 293850 0.76
n 6)
Inter-day (n = 295200 0.98
6)

3.3.5L0OD and LOQ

The LOD and LOQ were calculated based on the standard deviation and slope of the
calibration curve.

Table 4.5: LOD and LOQ for Cefixime and Ofloxacin

Drug LOD LOQ
(Mg/mL) (Mg/mL)
Cefixime 0.19 0.58
Ofloxacin 0.17 0.53

3.3.6 Robustness
Deliberate variations in flow rate, pH, and mobile phase composition did not

significantly affect peak characteristics or retention times.
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Table 4.6: Robustness Results under Variable Conditions

Parameter Modified % RSD % RSD
(Cefixime) (Ofloxacin)

Flow Rate + 0.1 1.03 0.97

mL/min

pH = 0.2 1.12 1.08

Mobile Phase + 2% 1.04 0.95

3.4 Assay of Marketed Tablet Formulations

The developed method was successfully applied to the analysis of commercial tablets
containing a fixed-dose combination of Cefixime and Ofloxacin. The assay results were
consistent with labeled claims.

Table 4.7: Assay Results of Marketed Tablets (n = 3)

Drug Labeled Claim Found % %
(mg) (mg) Assay RSD
Cefixime 200 198.4 99.2 0.87
Ofloxacin 200 197.8 98.9 0.82

Marketod Tablet Extract
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Figure 4. Representative chromatogram of marketed tablet sample showing peaks for
Cefixime and Ofloxacin

4. Discussion

The development and validation of a robust analytical method are crucial for the

accurate and reliable estimation of active pharmaceutical ingredients, especially in

fixed-dose combinations where matrix complexity and drug interactions pose analytical

challenges. In this study, an RP-HPLC method was successfully developed and
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optimized for the simultaneous estimation of Cefixime and Ofloxacin in combined
tablet formulations.

Initial trials focused on selecting a suitable mobile phase and detection wavelength that
would provide optimum resolution, peak symmetry, and sensitivity for both drugs. UV
absorption spectra revealed that both Cefixime and Ofloxacin exhibited significant
absorbance at 280 nm, which was chosen as the detection wavelength. A mobile phase
consisting of phosphate buffer (pH 3.5) and acetonitrile (65:35 v/v) provided well-
resolved, sharp peaks with minimal tailing and acceptable retention times,
demonstrating a good balance between polarity, elution strength, and peak separation.

System suitability parameters such as retention time, theoretical plates, tailing factor,
and resolution were found to be within acceptable limits across multiple injections,
indicating the consistency and reproducibility of the system under the optimized
conditions. The specificity study further confirmed that the method could selectively
detect Cefixime and Ofloxacin without interference from excipients, blank, or placebo
matrices.

The method exhibited excellent linearity over the concentration range of 5-30 pg/mL
for both analytes, with correlation coefficients (R?) greater than 0.999, confirming its
suitability for quantitative analysis. Accuracy, expressed in terms of recovery, remained
within the range of 98-102%, highlighting the method's reliability in recovering known
amounts of analyte from the matrix. This is critical in pharmaceutical quality control,
where minor deviations in drug content can significantly affect therapeutic outcomes.

Precision studies, including both intra-day and inter-day assessments, demonstrated
%RSD values below 2%, indicating that the method is highly repeatable and
reproducible under normal operating conditions. The low limits of detection (LOD) and
quantitation (LOQ) for both drugs suggest that the method is adequately sensitive for
routine analysis and can detect even trace levels of the analytes.

Robustness testing confirmed that small, deliberate variations in method parameters
such as flow rate, pH, and mobile phase composition did not significantly impact the
analytical performance. This robustness is essential for routine application in industrial
settings, where minor changes in environmental or instrumental conditions are
common.

When applied to commercially available tablet formulations, the method yielded assay
results that closely matched the labeled claims, with high precision and low variability.
This practical applicability demonstrates that the developed method is not only suitable
for research laboratories but also for routine quality control in pharmaceutical
manufacturing environments.

Overall, the developed RP-HPLC method meets the critical validation criteria set by

regulatory guidelines and offers a reliable, sensitive, and efficient analytical tool for the
simultaneous estimation of Cefixime and Ofloxacin in combined dosage forms. The
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comprehensive validation and demonstrated applicability make it highly relevant for
routine use in quality control and regulatory testing environments.

5. Conclusion

The present study successfully demonstrates the development and validation of a
simple, precise, accurate, and robust RP-HPLC method for the simultaneous
estimation of Cefixime and Ofloxacin in fixed-dose tablet formulations. The method
was optimized using a reversed-phase C18 column with a mobile phase comprising
phosphate buffer (pH 3.5) and acetonitrile in the ratio of 65:35 v/v, and UV detection
at 280 nm. The chromatographic conditions provided excellent separation with well-
resolved peaks, minimal tailing, and consistent retention times for both drugs.

Validation of the method was carried out in accordance with ICH Q2 (R1) guidelines,
and all parameters—specificity, linearity, accuracy, precision, sensitivity, robustness,
and system suitability—met the acceptance criteria. The method showed high linearity
(R?>0.999) for both drugs across a wide concentration range and achieved satisfactory
recovery and precision, indicating its reliability and reproducibility. The calculated
LOD and LOQ values confirmed the method’s sensitivity, while robustness tests
validated its resilience to minor analytical variations.

The successful application of this method to marketed tablet formulations further
reinforces its suitability for routine quality control analysis of Cefixime and Ofloxacin
in combination. Given its ease of operation, short run time, and high accuracy, the
proposed method can be adopted by pharmaceutical industries and quality assurance
laboratories for regular monitoring of fixed-dose combination products containing these
antibiotics.

In conclusion, this RP-HPLC method provides a valuable analytical tool that fulfills
both scientific and regulatory requirements, contributing to the assurance of safety,
efficacy, and consistency in pharmaceutical formulations.
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