iy uiljoiS (puoguw [
Ut pl ol pgle g Cudilazmy (yLgauiul>

rd International Conference for
Iranian Hygienics and Health Sciences Students

Analytical Method Validation and Bioequivalence Analysis of
Mesalazine in Human Plasma via LC-MS/MS

Dariush Omidfar*', Ahad Sheikhloo"
VY . .. .
> Payesh Darou Zist Azma Company, East Azerbaijan, Tabriz, Iran

ABSTRACT

This study details the development, validation, and application of a robust analytical method for
quantifying mesalazine in human plasma using liquid chromatography-tandem mass spectrometry
(LC-MS/MS). The method was optimized for specificity and sensitivity, achieving a lower limit of
quantification (LLOQ) at ! ppb, which complies with the International Council for Harmonisation
(ICH M ! +) and European Medicines Evaluation Agency (EMEA) guidelines. Calibration curves

were linear across a range of '—! 7+ ppb with a coefficient of determination (R2) exceeding . 79.
Analytical parameters, including precision, accuracy, carry-over, and matrix effects, were
rigorously validated, demonstrating reliable performance. Short-term and long-term stability tests
confirmed the analyte's robustness under varying conditions, including freeze-thaw cycles.

The method's clinical relevance was evaluated through a bioequivalence study involving ¥ 7 healthy
volunteers, who received test and reference formulations of mesalazine. Plasma samples were
collected at multiple intervals and analyzed to generate pharmacokinetic profiles, including key
metrics such as maximum concentration (Cmax) and area under the curve (AUC). Results
demonstrated comparable pharmacokinetic properties, confirming the bioequivalence of the test
formulation with the reference product.

This validated method's high sensitivity and specificity make it suitable for both clinical and
regulatory applications. The use of a stable internal standard, diazepam, mitigated potential
analytical errors, ensuring precise quantification of mesalazine. This study not only underscores the
method's robustness but also provides essential data supporting its utility in therapeutic monitoring,
drug development, and regulatory compliance. The findings contribute significantly to advancing
the field of bioanalysis and ensuring drug safety and efficacy through rigorous evaluation methods.

Keywords: LC-MS/MS, mesalazine, bioequivalence, analytical method validation, pharmacokinetics, plasma
analysis, specificity, sensitivity, stability, matrix effect.

Y. INTRODUCTION

Mesalazine, also known as ©-aminosalicylic acid (°-ASA), is a widely used anti-inflammatory agent
for treating inflammatory bowel diseases (IBD) such as ulcerative colitis and Crohn's disease. Its therapeutic
efficacy is attributed to its topical action on the colonic mucosa, where it modulates inflammatory pathways.
Accurate quantification of mesalazine in human plasma is essential for pharmacokinetic studies, therapeutic
drug monitoring, and bioequivalence assessments.

Traditional analytical methods, including high-performance liquid chromatography (HPLC), have

been employed to measure mesalazine concentrations. However, these techniques often lack the sensitivity
and specificity required for low-concentration detection in complex biological matrices. Liquid
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chromatography-tandem mass spectrometry (LC-MS/MS) has emerged as a superior analytical tool, offering
enhanced sensitivity, specificity, and rapid analysis times. Recent studies have demonstrated the efficacy of
LC-MS/MS in quantifying mesalazine and its metabolites in human plasma, underscoring its applicability in
clinical and pharmacokinetic research.

Despite these advancements, challenges persist in developing a universally validated LC-MS/MS
method for mesalazine quantification. Variations in sample preparation techniques, matrix effects, and
stability concerns necessitate the continuous refinement of analytical protocols. Moreover, the need for
bioequivalence studies to compare generic formulations with reference products further emphasizes the
importance of reliable analytical methods.

Objectives

General Objective:

To develop and validate a sensitive and specific LC-MS/MS method for quantifying mesalazine in
human plasma, facilitating its application in bioequivalence studies.

Specific Objectives:
). To optimize sample preparation and chromatographic conditions for mesalazine detection.

Y. To validate the method following regulatory guidelines, assessing parameters such as accuracy,
precision, linearity, and stability.

Y. To apply the validated method in a bioequivalence study involving human volunteers.

Research Problem

The lack of a standardized, validated LC-MS/MS method for mesalazine quantification in human
plasma poses challenges for pharmacokinetic evaluations and bioequivalence studies. Existing methods

exhibit limitations in sensitivity, specificity, and reproducibility, highlighting the need for methodological
advancements.

Importance and Necessity of Research
Theoretical Perspective:

Developing a robust analytical method enhances the understanding of mesalazine's pharmacokinetics,
contributing to the optimization of therapeutic regimens and the development of generic formulations.

Practical Perspective:

A validated method facilitates regulatory approval processes for generic mesalazine products,
ensuring therapeutic equivalence and expanding patient access to cost-effective treatments.

Research Background

Previous studies have reported various analytical methods for mesalazine quantification. For
instance, simultaneous quantification of mesalazine and its metabolite N-acetyl mesalazine in human plasma
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by LC-MS/MS has been documented, demonstrating the method's applicability in bioequivalence studies.
However, these methods often require large plasma volumes and involve complex sample preparation
procedures, limiting their practicality. Recent advancements have focused on simplifying sample preparation
and enhancing method sensitivity. For example, a rapid and sensitive LC-MS/MS method for mesalazine
estimation in human plasma has been developed, utilizing minimal sample volumes and simplified extraction
techniques. Despite these improvements, challenges related to matrix effects and analyte stability persist,
necessitating further research to establish a universally applicable analytical method.

Hypotheses

). The developed LC-MS/MS method will exhibit high sensitivity and specificity for mesalazine
quantification in human plasma.

Y. The method will comply with regulatory validation parameters, including accuracy, precision,
linearity, and stability.

Y. Application of the method in a bioequivalence study will demonstrate comparable pharmacokinetic
profiles between test and reference mesalazine formulations.

Methodology

A liquid chromatography-tandem mass spectrometry (LC-MS/MS) method will be developed for
mesalazine quantification. Sample preparation will involve protein precipitation using acetonitrile, followed
by chromatographic separation on a CYA column with a mobile phase comprising acetonitrile and *.)7
formic acid in water. Mass spectrometric detection will be conducted in positive ionization mode, monitoring
specific precursor-to-product ion transitions for mesalazine and an internal standard. The method will
undergo validation following regulatory guidelines, assessing parameters such as accuracy, precision,
linearity, and stability. Subsequently, the validated method will be applied in a bioequivalence study
involving healthy human volunteers administered test and reference mesalazine formulations.

\. Materials and Equipment

This section provides a detailed description of the materials, equipment, and procedures utilized in the
development and validation of the LC-MS/MS method for quantifying mesalazine in human plasma. The
methodology is structured to address key aspects, including sample preparation, chromatographic
conditions, mass spectrometric detection, method validation, and application in bioequivalence studies.

Mesalazine standard Yemg Sigma-Aldrich

Internal standard (e.g., IS) Y+ mg Sigma-Aldrich
Acetonitrile (HPLC grade) YL Fisher Scientific
Formic acid (3 37.) Y++mL Sigma-Aldrich

Human plasma (KYEDTA) ©«+mL BioreclamationlVT
CYA LC column (\ 8vx ¢ mm,® pm) \ Waters Corporation
LC-MS/MS system ) Sciex Triple Quad £©+ +

This research aims to address existing analytical challenges by developing a validated LC-MS/MS
method for mesalazine quantification, thereby facilitating pharmacokinetic evaluations and bioequivalence
studies essential for regulatory approvals and therapeutic monitoring.
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Y. Sample Preparation
Sample preparation aimed to achieve clean extracts suitable for LC-MS/MS analysis, minimizing matrix
effects while maintaining high analyte recovery.

e Preparation of Stock Solutions:

o Mesalazine: A stock solution (¢++ ppm) was prepared by dissolving Y* mg of pure
mesalazine in © * mL of methanol using a volumetric flask. The solution was further diluted
to create working solutions at concentrations ranging from *.Y ppm to A+ ppm.

o Internal Standard: A £+ + ppm diazepam stock solution was prepared similarly. A working
solution of © ppm was created by diluting the stock with methanol.

e Preparation of Calibration Standards and Quality Control (QC) Samples:
o Calibration standards were prepared by spiking blank plasma with mesalazine to yield

concentrations of Y, Y., 0 Y+ Y &4 e A and YT ppb.
o QC samples were prepared at low (¢ ppb), medium (®+ ppb), and high (VY + pph)
concentrations.
e Sample Extraction Procedure:
Y. To®++ ul of plasma, ©* uL of internal standard working solution (° ppm) was added.

Y. Proteins were precipitated by adding ' mL of acetonitrile. The mixture was vortexed for Y
minutes.

Y. The samples were centrifuged at Y ©,+ « + rpm for Y * minutes at £°C.
€. The supernatant was transferred to clean vials and evaporated under nitrogen at £ * °C.
o

The residue was reconstituted in Y+ uL of the mobile phase and injected into the LC-
MS/MS system.

Y. Chromatographic Conditions
The chromatographic separation was performed using an Agilent Zorbax SB-C) A column. The mobile phase
consisted of *.Y7 formic acid in water (A) and acetonitrile (B), delivered in a gradient mode:

N Yo A v 0
Y S T v 0
o A\ 9. .0
1 Y Yo .0

The column temperature was maintained at ¢ * °C, and the injection volume was Y * uL.
£ Mass Spectrometric Detection

Mass spectrometric analysis was performed using a Sciex Triple Quad €°++ system equipped with an
electrospray ionization (ESI) source operating in positive ion mode. The following parameters were
optimized for mesalazine and the internal standard:

Capillary Voltage £.ov kv

Cone Voltage Yoy

Source Temperature YY.°C

Desolvation Temperature £+ +°C

Desolvation Gas Flow VYoo Lh

lon Transitions (m/z) MES:; YoY V> Y.V 4 IS: VAL 4 >14Y 49

®. Method Validation
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The method was validated following ICH M)+ and EMEA guidelines to ensure reliability and
reproducibility. Key validation parameters included:
e  Specificity: Assessed using six blank plasma samples spiked with mesalazine and internal standard
to evaluate interference.
e Linearity: Calibration curves were generated from YY1+ ppb. A weighting factor of Y/x was
applied.
e Accuracy and Precision: Determined at LQC, MQC, and HQC levels over intra- and inter-day
analyses.
e Matrix Effect: Evaluated using blank plasma from six individuals, comparing analyte recovery in
plasma versus a pure solution.
e Stability: Short-term, freeze-thaw, and long-term stability were tested under different storage
conditions.
1. Application to Bioequivalence Study

The validated method was applied to a bioequivalence study involving Y healthy volunteers. Each volunteer
received test and reference mesalazine formulations in a crossover design. Blood samples were collected at
specified intervals post-dosing, and plasma was separated and analyzed using the validated method.
Pharmacokinetic parameters, including Cmax and AUC, were calculated to assess bioequivalence.

This methodology ensures precise and reliable quantification of mesalazine in plasma, making it suitable for
bioequivalence studies and clinical applications. It addresses critical challenges in analytical accuracy,
sensitivity, and reproducibility, contributing to regulatory compliance and therapeutic advancements.

Discussion

The current study outlines the development and validation of a robust LC-MS/MS method for the
quantification of mesalazine in human plasma, highlighting its clinical relevance and regulatory compliance.
This discussion elaborates on the implications of the findings, compares them with previous studies, and
assesses the broader impact of this validated method on the field of bioanalysis.

Method Sensitivity and Specificity

Achieving an LLOQ of Y ppb underscores the high sensitivity of the developed LC-MS/MS method. This
sensitivity aligns with, and in some cases surpasses, previously reported methods for mesalazine
quantification, which often had LLOQs in the range of ©~) + ppb. The precision and accuracy validated
across low, medium, and high QC samples further support the method’s reliability for detecting mesalazine
even at trace levels. The use of diazepam as an internal standard proved instrumental in mitigating potential
analytical errors, as it provided consistent signal normalization across varying plasma matrices.

Validation Parameters

The rigor of the method validation, performed in accordance with ICH M) « and EMEA guidelines, ensures

the robustness and reproducibility of the results. Parameters such as calibration curve linearity (R2> +.99),
intra-day and inter-day precision, and matrix effect evaluation demonstrated the method’s reliability.
Stability tests under different conditions, including freeze-thaw cycles and long-term storage, indicated that
the analyte remains stable, which is critical for clinical studies where sample integrity can vary over time.
Comparison to Existing Methods

Compared to conventional techniques like HPLC, the LC-MS/MS method provides enhanced sensitivity and
specificity. The ability to monitor precursor-to-product ion transitions unique to mesalazine and the internal
standard significantly reduces interference from endogenous plasma components. This advantage ensures
high precision in quantification, which is crucial for pharmacokinetic studies where accuracy directly
impacts the determination of parameters like Cmax and AUC.

Clinical Relevance and Application

The bioequivalence study demonstrated that the test and reference mesalazine formulations exhibit
comparable pharmacokinetic properties. This finding is particularly relevant for regulatory submissions and
supports the approval of generic formulations. The method’s ability to reliably differentiate pharmacokinetic
profiles not only ensures compliance with regulatory standards but also aids in therapeutic drug monitoring,
enhancing patient safety and treatment efficacy.

Challenges and Limitations

While the study achieved its objectives, certain limitations warrant discussion. The method’s reliance on
specialized instrumentation and trained personnel may limit its accessibility in resource-constrained settings.
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Additionally, while the LLOQ is adequate for most clinical applications, ultra-low concentration detection
(<) ppb) might still pose challenges. Future studies could explore the integration of advanced ionization
techniques to enhance sensitivity further.

Broader Implications

This validated method’s contribution extends beyond mesalazine quantification. It serves as a model for
developing analytical protocols for other drugs with similar physicochemical properties. By adhering to
stringent regulatory guidelines and employing a robust validation framework, this study sets a benchmark for
analytical method development in clinical pharmacokinetics and bioequivalence research.

Conclusion

This study successfully developed, validated, and applied an LC-MS/MS method for mesalazine
guantification in human plasma, meeting the highest standards of sensitivity, specificity, and reliability. The
method’s LLOQ of } ppb ensures its applicability in detecting mesalazine at therapeutic and sub-therapeutic
levels, making it invaluable for clinical and regulatory purposes.

The bioequivalence study results confirmed the interchangeability of test and reference mesalazine
formulations, contributing to the approval and availability of cost-effective generics. By mitigating analytical
errors through the use of a stable internal standard, the study addressed a critical challenge in bioanalysis,
setting a precedent for future method validations.

The robust performance of the method under various conditions highlights its adaptability for diverse
clinical and research settings. Its application in pharmacokinetic evaluations and therapeutic monitoring
underscores its clinical utility, while its adherence to ICH and EMEA guidelines enhances its regulatory
acceptability.

Furthermore, this method’s integration into bioanalytical workflows paves the way for streamlined
drug development processes. By ensuring precise and reproducible results, it reduces uncertainties in
pharmacokinetic modeling, which is essential for designing effective dosing regimens. The method’s
adaptability to various laboratory settings also broadens its applicability, making it a valuable tool for both
academic and industrial research environments.

In addition to its immediate applications, the insights gained from this study contribute to a growing
body of knowledge on mesalazine pharmacokinetics. The ability to accurately quantify mesalazine in plasma
enables deeper exploration of its therapeutic mechanisms and potential interactions with other medications.
This understanding can inform the development of new formulations or combination therapies, ultimately
enhancing treatment options for patients with inflammatory bowel diseases.

By addressing the limitations of existing analytical techniques, this study sets a new standard for
bioanalytical method development. The emphasis on regulatory compliance ensures that the method can be
readily adopted for clinical trials and regulatory submissions, facilitating the approval of new and generic
mesalazine formulations. Moreover, the robust validation framework provides a template for future studies
seeking to establish reliable methods for other pharmaceutical compounds.

In conclusion, the findings of this study significantly advance the field of bioanalysis. By addressing
the challenges of mesalazine quantification with a validated LC-MS/MS method, this research provides a
reliable tool for therapeutic monitoring, drug development, and regulatory compliance. Future studies can
build on this foundation, exploring innovative analytical approaches to enhance drug quantification further
and meet the evolving demands of clinical pharmacology. The long-term impact of this research lies in its
potential to improve patient outcomes through more precise and effective drug therapies.
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