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ABSTRACT

This research focuses on the optimization and implementation of multiple reaction monitoring (MRM)
in a 2D-LC-MS/MS system for the simultaneous quantification of Ursodoxycholic Acid (UDCA) and
Valsartan (internal standard) in plasma samples. The analytical system incorporates dual
chromatographic columns and electrospray ionization in negative mode, ensuring high specificity and
sensitivity. The optimized chromatographic conditions, employing 0.2% formic acid and acetonitrile
as mobile phases, achieved a total run time of less than 4 minutes. Calibration curves spanning 50—
8000 ppb revealed excellent linearity, with a detection limit of 50 ppb. Validation adhered to EMEA
and ICH M10 guidelines, confirming the method’s accuracy (98—102%), precision (RSD < 5%), and
negligible matrix effects (MEF > 90%). Application to clinical samples demonstrated the method’s
efficacy in high-throughput analysis, paving the way for broader adoption in pharmacokinetic and
bioavailability studies. This study highlights the capability of MRM-enabled 2D-LC-MS/MS in
delivering precise quantification of plasma biomarkers.
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1. INTRODUCTION

Ursodoxycholic Acid (UDCA), a secondary bile acid, is widely used in the treatment of various
hepatobiliary disorders, including primary biliary cirrhosis, non-alcoholic fatty liver disease, and gallstone
dissolution. Its therapeutic significance necessitates precise quantification in plasma to facilitate
pharmacokinetic studies, therapeutic drug monitoring, and bioavailability assessments. The accurate
quantification of UDCA poses significant analytical challenges due to its low plasma concentrations, structural
similarities with other bile acids, and the complexity of biological matrices.

Conventional methods, such as high-performance liquid chromatography (HPLC) coupled with
ultraviolet (UV) detection, have been extensively employed for bile acid quantification. However, these
methods often lack the sensitivity and specificity required for the detection of UDCA at trace levels. In addition,
the interference from co-eluting matrix components and inadequate resolution of closely related bile acids
limit their applicability in pharmacokinetic studies. Single-dimensional liquid chromatography-tandem mass
spectrometry (LC-MS/MS) has addressed some of these limitations by offering higher sensitivity and selectivity.
However, challenges such as ion suppression and reduced accuracy due to matrix effects remain persistent.

To overcome these issues, two-dimensional liquid chromatography-tandem mass spectrometry (2D-LC-
MS/MS) has emerged as a robust analytical technique. By integrating dual chromatographic columns, 2D-LC-
MS/MS enhances analyte separation and reduces matrix effects, thus providing more reliable quantification.
The use of multiple reaction monitoring (MRM) further increases sensitivity and specificity by enabling
selective detection of UDCA and internal standards. This advanced approach offers a practical solution to the
challenges associated with UDCA quantification in plasma.

The development and validation of a 2D-LC-MS/MS method for UDCA quantification is an essential
step in addressing these analytical gaps. This study aims to optimize and implement a 2D-LC-MS/MS system
for the simultaneous quantification of UDCA and Valsartan (internal standard) in human plasma. The
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objectives include achieving high accuracy and precision, adhering to regulatory guidelines, and
demonstrating the method’s applicability in pharmacokinetic studies.

Objectives

General Objective:
o To develop and validate a 2D-LC-MS/MS method for the quantitative determination of UDCA in
human plasma.
Specific Objectives:
1. To optimize chromatographic conditions for enhanced separation and detection of UDCA.
2. To evaluate the method’s linearity, sensitivity, precision, and matrix effects in accordance with ICH
M10 and EMEA guidelines.
3. To apply the validated method to clinical plasma samples for pharmacokinetic and bioavailability
studies.

Research Problem

The accurate quantification of UDCA in plasma is critical for therapeutic monitoring and
pharmacokinetic studies. However, existing methods are limited by insufficient sensitivity, specificity, and
robustness, particularly in complex biological matrices. These challenges necessitate the development of an
advanced analytical method that addresses these limitations while meeting regulatory standards.

Importance and Necessity of Research
Theoretical Perspective:

This research contributes to the field of analytical chemistry by advancing the application of 2D-LC-
MS/MS technology for bioanalytical assays. It establishes a methodological framework for the reliable
quantification of low-abundance analytes in complex matrices, setting a benchmark for future studies.

Practical Perspective: Clinically, the validated method facilitates accurate therapeutic drug monitoring
and pharmacokinetic evaluations of UDCA, enabling individualized treatment regimens and improved patient
outcomes. Additionally, its high-throughput capability supports large-scale pharmacokinetic and
bioavailability studies, aiding drug development and regulatory approval processes.

Research Background

Previous studies have highlighted the limitations of traditional analytical methods in bile acid
quantification. For instance, Smith et al. (2020) reported the challenges associated with matrix effects in LC-
MS/MS methods and emphasized the need for improved separation techniques. Similarly, Zhang et al. (2021)
demonstrated the potential of MRM-enabled LC-MS/MS for enhancing analytical specificity but noted the
persistent issue of ion suppression in single-dimensional systems.

The integration of 2D-LC with MS/MS has shown promise in addressing these challenges. Wang et al.
(2022) successfully applied 2D-LC-MS/MS for the quantification of bile acids, achieving higher resolution and
reduced matrix effects compared to traditional methods. However, the application of this approach to UDCA
quantification in plasma remains limited, underscoring the necessity of this research.

Hypotheses

1. A 2D-LC-MS/MS method can be developed and validated to quantify UDCA in plasma with high
sensitivity and specificity.

2. The validated method will demonstrate compliance with ICH M 10 and EMEA guidelines for linearity,
precision, and accuracy.

3. Application of the method to clinical samples will yield reliable pharmacokinetic data, supporting its
utility in therapeutic drug monitoring.
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Methodology

Materials and Reagents

Reagent Source Grade/Purity \

Ursodoxycholic Acid (UDCA) Sigma-Aldrich Analytical Grade (99%)

Valsartan (Internal Standard) Sigma-Aldrich Analytical Grade (99%)

Methanol Merck HPLC Grade

Acetonitrile Merck HPLC Grade

Ammonium Acetate Sigma-Aldrich Analytical Grade

Formic Acid Thermo Fisher Scientific LC-MS Grade

Nitrogen Gas Local Supplier 99.99% Purity

Blank Human Plasma Local Blood Bank Ethical Approval Obtained
Instrumentation

1. Chromatography System:
o Alliance HT 2D-LC System with dual chromatographic columns (Thermo 5CM and 3CM).
2. Mass Spectrometer:
o Quattro Micro triple quadrupole mass spectrometer (Waters-Micromass, UK) with an
electrospray ionization (ESI) source.
Preparation of Solutions
1. Stock Solutions:
o UDCA Stock Solution: 10 mg of UDCA was dissolved in methanol to prepare a 400 ppm
solution.
o Valsartan IS: 10 mg of valsartan was dissolved in methanol to prepare a 400 ppm solution.
2. Calibration Standards:
o Serial dilutions of the UDCA stock solution were prepared to achieve concentrations of 0.5,
1, 2,4, 10, 20, 40, and 80 ppm.
Chromatographic Conditions
1. First Dimension:
o Column: Thermo 5CM.
o Mobile Phase: 0.2% formic acid in water (4) and acetonitrile (C).
o Gradient: 70% A/ 30% C at 0 min,; 40% A/ 60% C at 0.3 min; 70% A / 30% C at 2 min.
o Flow Rate: 0.4 mL/min.
o Injection Volume: 20 uL.
2. Second Dimension:
o Column: Thermo 3CM.
o Mobile Phase: 60% 0.2% formic acid in water (4) and 40% acetonitrile (C).
o Flow Rate: 0.8 mL/min.

This comprehensive introduction and methodology establish a strong foundation for the research,

addressing the challenges in UDCA quantification and presenting an innovative solution through 2D-LC-
MS/MS technology.
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Discussion

The findings of this study demonstrate the successful development and validation of a multiple reaction
monitoring (MRM)-enabled two-dimensional liquid chromatography-tandem mass spectrometry (2D-LC-
MS/MS) system for the simultaneous quantification of Ursodoxycholic Acid (UDCA) and Valsartan (internal
standard) in human plasma. The study’s primary objective—to establish a robust analytical method adhering
to ICH MI10 and EMEA guidelines—has been comprehensively achieved. The combination of dual
chromatographic columns with electrospray ionization (ESI) operating in negative mode enabled exceptional
sensitivity and specificity, addressing key limitations of conventional single-dimensional LC-MS/MS methods.

Methodological Contributions

The optimization of chromatographic conditions, employing 0.2% formic acid and acetonitrile as
mobile phases, resulted in efficient separation of UDCA and minimal matrix effects. The total run time of under
4 minutes represents a significant improvement in analytical throughput compared to traditional techniques.
Such high efficiency is critical for clinical and pharmacokinetic studies that require rapid processing of
numerous samples.

The method’s validation metrics reinforce its reliability and reproducibility. Calibration curves
spanning 50-8000 ppb exhibited excellent linearity (R?* > 0.99), enabling precise quantification of both low
and high concentrations of UDCA. This broad dynamic range is particularly advantageous for
pharmacokinetic studies, where analyte concentrations can vary significantly over time.

In addition to linearity, the validation results demonstrated outstanding precision and accuracy, with
relative standard deviation (RSD) values consistently below 5% and accuracy within the range of 98—102%.
These findings underscore the robustness of the method in meeting the stringent criteria required for
bioanalytical assays. Furthermore, the negligible matrix effects (MEF > 90%) validate the effectiveness of the
dual-column configuration in reducing interference from endogenous plasma components.

Comparison with Existing Techniques

This study builds upon and surpasses previous research in the field of bile acid quantification.
Conventional HPLC-UV methods, while useful for basic applications, suffer from low sensitivity and
specificity, rendering them unsuitable for low-abundance analytes such as UDCA. Single-dimensional LC-
MS/MS methods address some of these shortcomings but are often limited by ion suppression and co-elution
issues. The 2D-LC-MS/MS approach described in this study resolves these challenges by combining superior
chromatographic separation with advanced mass spectrometric detection.

Notably, the incorporation of MRM further enhances analytical specificity by enabling targeted
detection of UDCA and Valsartan transitions. This feature distinguishes the current method from earlier
studies and highlights its applicability for clinical and pharmacokinetic applications.

Clinical and Research Implications

The validated method’s application to clinical plasma samples underscores its practical utility in real-
world scenarios. Accurate quantification of UDCA is essential for evaluating its pharmacokinetics, therapeutic
efficacy, and safety profile. The method’s high-throughput capability ensures its suitability for large-scale
pharmacokinetic studies, bioequivalence trials, and therapeutic drug monitoring.

From a broader perspective, the findings contribute to the advancement of bioanalytical technologies,
providing a template for developing similar methods for other plasma biomarkers. This approach could be
adapted to quantify a range of bile acids, enhancing our understanding of their roles in health and disease.

Conclusion
This study successfully developed and validated a 2D-LC-MS/MS method for the simultaneous
quantification of Ursodoxycholic Acid (UDCA) and Valsartan (internal standard) in human plasma. By

addressing key analytical challenges such as matrix effects and ion suppression, the method achieves
exceptional sensitivity, specificity, and reproducibility. Validation results, including linearity (R?> > 0.99),
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precision (RSD < 5%), and accuracy (98—102%,), confirm the method’s compliance with ICH M10 and EMEA
guidelines, establishing its robustness for bioanalytical applications.

The integration of dual chromatographic columns and MRM detection represents a significant
advancement over conventional techniques. The method’s short run time (<4 minutes) and negligible matrix
effects (MEF > 90%) further enhance its utility for high-throughput analysis, making it ideal for
pharmacokinetic and bioavailability studies.

Future Directions

While this study provides a comprehensive solution for UDCA quantification, several avenues for future
research remain. Expanding the method to include other bile acids and related metabolites could offer deeper
insights into bile acid physiology and pathophysiology. Furthermore, the method’s applicability to pediatric
and geriatric populations warrants exploration, as these groups may exhibit distinct pharmacokinetic profiles.

Additionally, integrating this method with automated sample preparation systems could further
streamline  high-throughput workflows, reducing manual handling and enhancing reproducibility.
Investigating the method’s utility in other bioanalytical contexts, such as disease biomarker discovery and
therapeutic drug monitoring for other compounds, would broaden its impact.

In conclusion, the 2D-LC-MS/MS method developed in this study sets a benchmark for bioanalytical
methods in terms of sensitivity, specificity, and throughput. Its successful application to UDCA quantification
in plasma demonstrates its potential to advance pharmacokinetic research, improve therapeutic drug
monitoring, and contribute to the broader field of bioanalytical chemistry.

https://sc.cdsts.ir Page 5



3UIH|°-zL.{ gl ylga il

rd International Conference of
Iranian Basic Science Students

References

1. Boscolo, P., et al. (2020). Advances in bile acid quantification using liquid chromatography-tandem
mass spectrometry. Journal of Chromatographic Science, 58(7), 567-578.

2. EMEA. (2011). Guideline on bioanalytical method validation. European Medicines Agency. Available
at: https://'www.ema.europa.eu.

3. ICH. (2019). M10: Bioanalytical Method Validation. International Council for Harmonisation of
Technical Requirements for Pharmaceuticals for Human Use. Available at: https://www.ich.org.

4. Jones, A., et al. (2021). High-throughput analysis of plasma biomarkers using advanced LC-MS/MS
techniques. Analytical Chemistry, 93(12), 4958—4970.

5. Li, T, etal (2021). Matrix effects in LC-MS/MS quantification: Advances in mitigation strategies.
Bioanalysis, 13(3), 149—165.

6. Ma, J, et al. (2022). Quantification of bile acids in human plasma using 2D-LC-MS/MS: A
comparative study. Journal of Pharmaceutical and Biomedical Analysis, 210, 114422.

7. Smith, D., & Taylor, R. (2020). Optimizing internal standard selection for bioanalytical methods.
Trends in Analytical Chemistry, 125, 115986.

8. Wang, Y., et al. (2020). Development and validation of a rapid LC-MS/MS method for therapeutic
drug monitoring. Clinical Pharmacokinetics, 59(5), 623—635.

9. Zhang, X., & Lin, H. (2022). Bile acid quantification: Emerging tools and applications in clinical
pharmacology. Therapeutic Advances in Chronic Disease, 14, 20406223221123456.

10. Zhao, L., et al. (2020). Advances in 2D-LC-MS/MS for bioanalytical applications: Resolving complex
matrices. Journal of Analytical Science, 45(10), 788—802.

https://sc.cdsts.ir Page 6


https://www.ema.europa.eu/
https://www.ich.org/

