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Abstract :  A gradient reversed-phase high-performance liquid chromatographic (RP-HPLC) method was successfully developed 

and validated for the estimation of Rifaximin in bulk and pharmaceutical dosage forms. Separation was achieved using a 

Phenomenex C18 column with a mobile phase consisting of methanol and 0.1% ortho phosphoric acid (75:25 v/v), at a flow rate of 

1.0 mL/min, and UV detection at 292 nm. The method demonstrated excellent linearity (10–50 μg/mL), with a correlation 

coefficient (R²) of 0.999. The limit of detection (LOD) and quantitation (LOQ) were found to be 0.081 μg/mL and 0.246 μg/mL, 

respectively. Forced degradation studies revealed Rifaximin's higher sensitivity to acidic conditions, while it was stable under 

alkaline, thermal, and photolytic environments. The developed method was validated as per ICH Q2(R1) guidelines and proved to 

be accurate, specific, precise, and robust. This study also implemented a Quality by Design (QbD) approach to method optimization, 

ensuring robust analytical performance and long-term applicability for routine quality control. 

 

1. Introduction 

In the pharmaceutical sciences, the development of reliable, robust, and validated analytical methods is indispensable for ensuring 

the safety, efficacy, and quality of drug products. Analytical chemistry plays a pivotal role across the drug development pipeline, 

from pre-formulation and formulation development to stability studies and regulatory submissions. Among the numerous analytical 

techniques available, High-Performance Liquid Chromatography (HPLC) stands out due to its high resolution, sensitivity, accuracy, 

and reproducibility. HPLC allows for the precise quantification and separation of active pharmaceutical ingredients (APIs), 

excipients, degradation products, and impurities within complex matrices. Of particular significance is Reverse-Phase High-

Performance Liquid Chromatography (RP-HPLC), the most commonly employed variant in pharmaceutical analysis, wherein a 

non-polar stationary phase and a polar mobile phase are used for separating compounds based on hydrophobic interactions. 

Rifaximin, a synthetic antibiotic belonging to the rifamycin class, has gained substantial clinical relevance due to its unique 

pharmacokinetic properties. Unlike systemically absorbed antibiotics, Rifaximin exhibits poor bioavailability (<0.4%) and acts 

predominantly in the gastrointestinal tract. This makes it highly suitable for the treatment of localized gastrointestinal infections 

and disorders such as traveler’s diarrhea, hepatic encephalopathy (HE), and irritable bowel syndrome with diarrhea (IBS-D). 

Rifaximin functions by irreversibly binding to the beta-subunit of bacterial DNA-dependent RNA polymerase, thereby inhibiting 
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bacterial RNA synthesis and leading to bacterial death. Its broad-spectrum antimicrobial activity against gram-positive and gram-

negative, aerobic and anaerobic bacteria, along with minimal systemic absorption, contributes to a favorable safety profile. 

Despite its therapeutic advantages, Rifaximin exhibits chemical instability under certain environmental conditions, including acidic 

hydrolysis, oxidation, and exposure to light. These factors can lead to degradation and potential loss of therapeutic efficacy if not 

properly controlled. Therefore, it becomes imperative to develop a stability-indicating analytical method that can not only quantify 

the active drug but also distinguish it from its degradation products and other potential impurities. Stability-indicating methods are 

crucial for monitoring the quality of drug substances and products during manufacturing, storage, and distribution, thereby ensuring 

product integrity over its shelf-life. 

From a regulatory perspective, agencies such as the International Council for Harmonisation of Technical Requirements for 

Pharmaceuticals for Human Use (ICH), U.S. Food and Drug Administration (FDA), and the European Medicines Agency (EMA) 

require that analytical methods used for drug testing must be validated for specific performance parameters. These include 

specificity, linearity, accuracy, precision, robustness, limit of detection (LOD), and limit of quantitation (LOQ). In this context, RP-

HPLC has emerged as the method of choice due to its high sensitivity and ability to resolve closely related compounds. However, 

traditional method development can be empirical and time-consuming, lacking a scientific framework to predict and control 

variability. 

To overcome this, modern pharmaceutical development has embraced the principles of Quality by Design (QbD), an approach that 

emphasizes a systematic, science-based framework for method development and optimization. The QbD paradigm incorporates risk 

assessment, design of experiments (DoE), and the identification of critical method parameters (CMPs) and critical quality attributes 

(CQAs) to build a robust and well-understood analytical procedure. Applying QbD to RP-HPLC method development facilitates a 

deeper understanding of the method's performance, allows for the establishment of a design space, and ensures consistent quality 

under varied conditions. This not only enhances method reliability and ruggedness but also aligns with global regulatory 

expectations for a more transparent and controlled process. 

In this study, we aim to develop a stability-indicating RP-HPLC method for the quantitative estimation of Rifaximin, using the QbD 

approach. The method is intended for application in bulk drug substances as well as pharmaceutical dosage forms such as tablets. 

A systematic literature survey reveals that while several methods have been reported for Rifaximin estimation, many lack 

comprehensive validation as per ICH guidelines or do not address method robustness through QbD tools. Furthermore, some 

reported methods use expensive solvents or complex mobile phases that limit routine applicability. 

To bridge this gap, our method development focused on identifying suitable chromatographic conditions, including mobile phase 

composition, column type, detection wavelength, and flow rate, while applying statistical optimization tools to refine the method 

performance. Methanol and 0.1% orthophosphoric acid (OPA) were selected as cost-effective and readily available solvents. The 

detection wavelength of 292 nm was chosen based on UV absorbance maxima for Rifaximin, ensuring adequate sensitivity. The 

mobile phase ratio and flow rate were optimized to achieve a sharp, well-resolved peak with minimal tailing and acceptable 

theoretical plate count. 

The developed method was subjected to a full validation process per ICH Q2(R1) guidelines. This involved verifying the method's 

linearity across a suitable concentration range, determining LOD and LOQ, assessing accuracy and precision at multiple levels, and 

evaluating robustness under deliberate variations in method parameters such as flow rate, mobile phase composition, and detection 

wavelength. Forced degradation studies were also conducted under acidic, basic, oxidative, thermal, and photolytic conditions to 

demonstrate the method’s specificity and its ability to separate the drug from its degradation products. 

By combining the analytical power of RP-HPLC with the structured methodology of QbD, this study not only ensures the 

development of a reliable and regulatory-compliant analytical method but also contributes to better control of pharmaceutical 

quality. The validated method is suitable for routine quality control, stability testing, and batch release in both R&D and industrial 

environments. 

In conclusion, the objective of this research is to design a simple, rapid, precise, and validated RP-HPLC method, based on QbD 

principles, that is capable of accurately quantifying Rifaximin and identifying degradation products. This approach ensures scientific 
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robustness, regulatory acceptance, and operational efficiency, making the method highly applicable for real-world pharmaceutical 

analysis and long-term product monitoring. 

Materials and Methods 

2.1 Drug and Excipient Profile 

 Drug: Rifaximin 

 Molecular Formula: C₄₃H₅₁N₃O₁₁ 

 Molecular Weight: 785.88 g/mol 

 Mechanism: Inhibits bacterial RNA synthesis 

 Bioavailability: < 0.4% 

 Route of Administration: Oral 

2.2 Excipients Used 

Excipient Function % w/w 

Lactose Filler 80% 

Starch Binder 5% 

Magnesium stearate Lubricant 5% 

Talc Glidant 5% 

Crospovidone Disintegrant 5% 

2.3 Instrumentation 

 HPLC System: Analytical Technologies HPLC 3000 Series 

 Column: Phenomenex C18 (150 mm × 4.6 mm, 5 µm) 

 UV-Vis Detector: Analytical Technologies Ltd, 2012 model 

 Mobile Phase: Methanol: 0.1% OPA (75:25 v/v) 

 Flow Rate: 1.0 mL/min 

 Detection Wavelength: 292 nm 

3. Method Development 

3.1 Solubility & Wavelength 

Rifaximin was found to be soluble in methanol and hydrotropic solutions (e.g., sodium benzoate). UV analysis showed a maximum 

absorbance at 292 nm. 

3.2 Trial Optimization 

Six trials were conducted with varying methanol-water ratios. Trial 6 (Methanol: 0.1% OPA, 75:25) yielded the best 

chromatographic results with a short retention time (~4.1 min) and theoretical plate count >2000. 
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4. Method Validation (as per ICH Q2(R1)) 

4.1 Specificity 

No interference from placebo or excipients was observed. The method successfully separated Rifaximin from its degradation 

products. 

4.2 Linearity 

Rifaximin showed linear response in the range of 10–50 μg/mL. Correlation coefficient (R²) = 0.999. 

4.3 LOD and LOQ 

 LOD: 0.081 μg/mL 

 LOQ: 0.246 μg/mL 

4.4 Accuracy 

Recovery values ranged between 98–102%. %RSD was below 2%, confirming accuracy. 

4.5 Precision 

 Repeatability (Intra-day) and Intermediate Precision (Inter-day) showed %RSD <2% at 10, 30, and 50 μg/mL 

concentrations. 

4.6 Robustness 

Deliberate changes in flow rate (±0.1 mL/min), mobile phase ratio, and wavelength (±1 nm) had no significant impact on results, 

confirming method robustness. 

4.7 Forced Degradation Studies 

Stress Condition % Assay % Degradation 

Acidic 96.32 3.68 

Alkaline 98.60 1.40 

Oxidative (H₂O₂) 98.82 1.18 

Photolytic 99.11 0.89 

Neutral 99.14 0.86 

 

Degradation peaks were well-resolved, establishing the method's stability-indicating capability. 

4.8 Application to Marketed Formulation 

 Sample: Rifakem 400 mg (Alkem Labs) 

 Assay Result: 100.93% of label claim 

 %RSD: 0.247% 

The method is suitable for routine analysis of commercial formulations. 

Discussion 

The method developed using RP-HPLC was successfully optimized using QbD tools. It showed strong specificity, sensitivity, 

linearity, accuracy, and robustness. Forced degradation studies verified that the method can detect Rifaximin even in degraded 

samples. The LOD and LOQ were notably lower than previous methods reported in the literature, indicating higher sensitivity. 
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Conclusion 

A robust, accurate, precise, and stability-indicating RP-HPLC method was successfully developed for Rifaximin estimation in bulk 

and tablet dosage form. The QbD approach ensured method optimization and ruggedness. The validated method can be effectively 

applied in routine quality control, formulation development, and regulatory compliance. 

Future Prospective 

 Application in bioanalytical studies (e.g., plasma analysis). 

 Extension to combination formulations (e.g., Rifaximin with Ornidazole). 

 Integration with LC-MS for metabolite profiling. 
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