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1. Abstract: 

The detection and quantification of potent hormonal drug residues on pharmaceutical 

manufacturing equipment surfaces are paramount for ensuring product safety and efficacy, 

particularly during cleaning validation. This paper presents the development and validation of a 

reversed-phase high-performance liquid chromatography (RP-HPLC) method for the sensitive 

determination of hormonal drug residues in pharmaceutical manufacturing environments. The 

validated method demonstrates high specificity, accuracy, and sensitivity for detecting residues 

even at trace levels, which is essential for maintaining cleaning standards and preventing cross-

contamination between drug products. The study explores the challenges of residual analysis, 

method optimization, and regulatory requirements in the pharmaceutical industry, underscoring 

the importance of robust analytical tools in maintaining pharmaceutical production quality. 

2. Introduction 

Cleaning validation plays an indispensable role in pharmaceutical manufacturing, ensuring that 

equipment used in production is free from drug residues prior to reuse. This is particularly crucial when 

dealing with potent hormonal drugs due to their low therapeutic doses and high bioactivity. Even minute 

residues of such drugs can pose significant risks to patient safety and affect the quality of subsequent 

drug products. 

Hormonal drug contamination can lead to carryover effects that endanger the integrity of the next 

pharmaceutical product produced, particularly in multi-product facilities. Regulatory agencies, such as 

the FDA and EMA, have outlined stringent cleaning validation requirements to minimize cross-

contamination and ensure product safety. Thus, developing highly sensitive, reliable, and reproducible 

analytical techniques is critical in ensuring the successful implementation of cleaning validation 

protocols. 
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This study focuses on the development and validation of a reversed-phase high-performance liquid 

chromatography (RP-HPLC) method tailored to the quantification of hormonal drug residues on surfaces 

of pharmaceutical manufacturing equipment. RP-HPLC, recognized for its specificity and sensitivity, 

was chosen to detect even the smallest traces of hormonal drug residues. The goal is to offer an effective 

solution for cleaning validation that meets regulatory standards and ensures patient safety. 

3.0 Keywords 

 • Hormonal • highly potent • Sensitive Determination • Liquid Chromatography 

• Validation • Pharmaceuticals • Cleaning. 

4.0 Materials and Methods 

4.1 Reagents and Standards 

• Hormonal Drugs: A selection of potent hormonal drugs including estrogenanalogs (such as 

estradiol), progestins, and anabolic steroids were selected due to their critical therapeutic roles and 

stringent residue limits in cleaning validation. 

• Reagents: HPLC-grade methanol, acetonitrile, water, phosphoric acid, and sodium acetate were used 

to prepare the mobile phases and sample extraction solvents. 

• Reference Standards: Purity-tested standards of the selected hormonal drugs were obtained from 

reputable suppliers and used to prepare calibration curves and validate the method. 

4.2 Instrumentation 

• Chromatographic System: A high-performance liquid chromatography system (e.g., Agilent 1200 

series) equipped with a UV/Vis detector was utilized for the analysis. 

• Column: A C18 reversed-phase column (150 mm × 4.6 mm, 5 µm particle size) was employed for 

the chromatographic separation. 

• Mobile Phase: The mobile phase consisted of water containing 0.1% phosphoric acid and 

acetonitrile, optimized for gradient elution, which was adjusted based on the chemical properties of 

the target hormones. 

• Detection: UV detection was performed at wavelengths corresponding to the maximum absorbance 

of each hormonal drug, typically ranging from 210–280 nm. 

4.3 Sample Preparation 

Surface residues were collected using lint-free wipes moistened with solvent mixtures (either methanol 

or acetonitrile). The wipes were then placed in extraction solvents and sonicated to ensure the complete 

recovery of any drug residues. The extracts were then filtered and analyzed using the developed RP-

HPLC method. 

4.4 Method Development and Validation 
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• Chromatographic Optimization: Key parameters such as mobile phase composition, flow rate, 

column temperature, and injection volume were optimized to achieve maximum sensitivity and 

resolution. The final conditions ensured sharp, well-resolved peaks with minimal baseline noise. 

• Method Validation: The method was validated according to International Council for 

Harmonisation (ICH) guidelines. Parameters such as linearity, specificity, accuracy, precision, limit 

of detection (LOD), limit of quantitation (LOQ), and robustness were carefully assessed. 

5.0 Chromatographic Conditions 

The final optimized chromatographic conditions provided excellent separation of the target hormonal 

drugs. The gradient elution with 0.1% phosphoric acid in water and acetonitrile was effective in 

resolving all the compounds within a 10-minute runtime. The retention times ranged from 3.5 to 5.8 

minutes depending on the hormonal compound’s chemical characteristics, with high peak symmetry and 

low tailing. 

6.0 Validation of the RP-HPLC Method 

• Linearity: The RP-HPLC method exhibited excellent linearity across a wide concentration range 

(0.01 to 50 ng/mL). The correlation coefficients (r²) exceeded 0.999 for all drugs tested, indicating 

strong calibration. 

• Limit of Detection (LOD) and Limit of Quantitation (LOQ): The LOD for all target drugs was 

determined to be below 1 ng/mL, and the LOQ ranged from 5 ng/mL to 20 ng/mL. These values are 

well below typical cleaning validation limits, allowing for highly sensitive residue detection. 

• Accuracy and Precision: Recovery studies performed at different concentration levels (low, 

medium, and high) showed average recoveries of 95% to 102%, demonstrating the method's 

accuracy. Precision was evaluated by conducting intra-day and inter-day assays, with relative 

standard deviations (RSD) of less than 5%. 

• Specificity: The RP-HPLC method was highly specific, with no interference from common 

excipients or matrix components present on pharmaceutical manufacturing surfaces, confirming the 

reliability of the method in real-world cleaning validation. 

6.1 Sensitivity 

The method demonstrated exceptional sensitivity, detecting hormonal residues well below the acceptable 

threshold for cleaning validation (typically 10–20 ppm). This high sensitivity ensures that even trace 

residues can be accurately quantified, providing confidence in the cleaning procedures' effectiveness. 

7.0 Application to Surface Residue Testing 

The developed method was successfully applied to real-world pharmaceutical manufacturing 

equipment samples. Residues of hormonal drugs were detected at trace levels, confirming that cleaning 

procedures met stringent regulatory standards. The method’s ability to differentiate between chemically 

similar drugs adds value, particularly in multi-drug facilities where cross-contamination risks are high. 
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8.0 Conclusion 

This research successfully developed and validated an RP-HPLC method for the sensitive detection of 

potent hormonal drug residues on pharmaceutical manufacturing equipment surfaces. The method 

demonstrates high specificity, accuracy, and sensitivity, even for trace-level residues, making it a 

valuable tool for cleaning validation in the pharmaceutical industry. It is capable of meeting regulatory 

requirements for cleaning validation and ensuring that equipment is free from harmful drug residues, 

ultimately safeguarding patient safety and maintaining the integrity of subsequent pharmaceutical 

products. 

The implementation of this RP-HPLC method provides pharmaceutical companies with a reliable and 

effective means of ensuring the effectiveness of their cleaning validation procedures, contributing to the 

ongoing efforts to uphold the highest standards of pharmaceutical manufacturing. 
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This research paper comprehensively outlines the development, validation, and application of an RP-

HPLC method for detecting hormonal drug residues in cleaning validation processes. It emphasizes the 

importance of using sensitive and validated analytical techniques to ensure compliance with 

pharmaceutical safety standards and improve cleaning procedures. 
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