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ABSTRACT 

This study presents the development and validation of a novel two-dimensional liquid 

chromatography-tandem mass spectrometry (2D-LC-MS/MS) method for the quantitative 

determination of Ursodoxycholic Acid (UDCA) in human plasma. The method utilizes a two-phase 

separation system combining Thermo 5CM and 3CM columns, with electrospray ionization (ESI) 

operating in negative ionization mode. Internal standardization with Valsartan ensured high accuracy 

and precision. Calibration was performed across a range of 50–8000 ppb, achieving linearity with R² 

> 0.99 and a weighted regression model (1/x). Analytical validation followed ICH M10 guidelines, 

evaluating parameters including linearity, sensitivity, matrix effects, and reproducibility. Validation 

results demonstrated a relative standard deviation (RSD) below 10% for intra- and inter-day 

analyses. This method was successfully applied to analyze plasma samples from clinical trial 

participants, demonstrating its robustness and applicability for pharmacokinetic studies of UDCA. 

This innovative approach offers enhanced resolution and precision, supporting the reliable 

quantification of UDCA in complex biological matrices. 
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1. INTRODUCTION 

Ursodeoxycholic acid (UDCA) is a bile acid utilized therapeutically for various hepatobiliary 

disorders, including cholestasis and primary biliary cirrhosis.  Accurate quantification of UDCA in human 

plasma is essential for pharmacokinetic studies and therapeutic monitoring.  Traditional analytical 

methods, such as high-performance liquid chromatography (HPLC) coupled with ultraviolet (UV) detection, 

often lack the sensitivity and specificity required for low-concentration measurements in complex biological 

matrices.  Moreover, these methods may be hindered by interference from endogenous substances and 

insufficient resolution of structurally similar bile acids.  

Liquid chromatography-tandem mass spectrometry (LC-MS/MS) has emerged as a powerful 

analytical technique, offering enhanced sensitivity and selectivity for the quantification of analytes in 

biological samples.  However, challenges such as ion suppression, resulting from co-eluting matrix 

components, can compromise analytical accuracy and precision.  To address these issues, two-dimensional 

liquid chromatography (2D-LC) has been integrated with MS/MS, providing superior separation capabilities 

and reducing matrix effects.  This approach enhances the reliability of analyte quantification in complex 

matrices like human plasma.  

Despite the advantages of 2D-LC-MS/MS, there is a paucity of validated methods specifically tailored 

for the quantification of UDCA in human plasma.  Existing studies have primarily focused on the detection 

of UDCA-related substances in raw materials and pharmaceutical formulations, with limited application to 

biological samples.  Therefore, developing a robust and validated 2D-LC-MS/MS method for UDCA 

quantification in human plasma is imperative to facilitate pharmacokinetic evaluations and optimize 

therapeutic regimens.  
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Objectives 

General Objective: 

To develop and validate a sensitive and specific two-dimensional liquid chromatography-tandem 

mass spectrometry (2D-LC-MS/MS) method for the quantitative determination of ursodeoxycholic acid in 

human plasma.  

Specific Objectives: 

1. To optimize chromatographic and mass spectrometric conditions for the selective detection of 

UDCA.  2. To evaluate the method's performance in terms of linearity, sensitivity, precision, accuracy, 

and matrix effects, adhering to International Council for Harmonisation (ICH) M10 guidelines.  3. To 

apply the validated method to analyze plasma samples from clinical trial participants, demonstrating its 

applicability in pharmacokinetic studies.  

Research Problem 

The accurate quantification of UDCA in human plasma is challenged by the complexity of the 

biological matrix and the presence of structurally similar bile acids.  Existing analytical methods often fall 

short in sensitivity and specificity, necessitating the development of a more robust analytical approach.  

Implementing a 2D-LC-MS/MS method addresses these challenges by providing enhanced separation and 

detection capabilities, thereby improving the reliability of UDCA quantification in pharmacokinetic 

studies.  

Importance and Necessity of Research 

Theoretical Perspective: 

This research contributes to the analytical chemistry field by advancing the application of 2D-LC-

MS/MS technology for bioanalytical assays.  It provides a framework for developing and validating 

methods that can be adapted for other analytes in complex biological matrices, thereby broadening the scope 

of bioanalytical applications.  

Practical Perspective: 

Clinically, the validated method enables precise monitoring of UDCA levels in patients, facilitating 

individualized dosing and improving therapeutic outcomes.  Additionally, it supports pharmacokinetic and 

bioequivalence studies, which are essential for drug development and regulatory approvals.  

Research Background 

Previous studies have explored various analytical techniques for UDCA quantification.  For 

instance, Boscolo et al. developed an LC-MS/MS method for detecting UDCA-related substances in raw 

materials and pharmaceutical formulations, highlighting the method's sensitivity and minimal sample 

requirements.  cite turn0search2  However, this method was not extended to human plasma analysis.  

Other research has focused on LC-MS/MS applications for different analytes in plasma, underscoring the 

technique's suitability for bioanalytical assays.  cite turn0search7  Despite these advancements, there 

remains a gap in the literature regarding a validated 2D-LC-MS/MS method specifically for UDCA 

quantification in human plasma, underscoring the necessity of this research.  

Hypotheses 

1. A 2D-LC-MS/MS method can be developed and validated to quantitatively determine UDCA in 

human plasma with high sensitivity and specificity.  2. The validated method will demonstrate linearity, 

precision, accuracy, and minimal matrix effects in accordance with ICH M10 guidelines.  3. Application 

of the method to clinical plasma samples will yield reliable data suitable for pharmacokinetic analysis.  

 

 

Methodology 

 

Materials and Reagents 

Reagent Source Grade/Purity 

Ursodeoxycholic 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 
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Blank Human Plasma Local Blood Bank Ethical Approval 

Obtained 

Instrumentation 

1. Chromatography System: 

o Alliance HT 2D-LC System equipped with quaternary solvent delivery pumps, auto-sampler, 

and column thermostat. 

o Columns:  

▪ Thermo 5CM (PN 21005054631) as the first dimension. 

▪ Thermo 3CM (PN 22103-032130) as the second dimension. 

2. Mass Spectrometer: 

o Quattro Micro triple quadrupole mass spectrometer (Waters-Micromass, UK). 

o Electrospray ionization (ESI) source operating in negative ionization mode. 

3. Software: 

o MassLynx version 4.1 for data acquisition and processing. 

Preparation of Solutions 

1. Stock Solutions: 

o UDCA Stock Solution: Weighed 10 mg of pure UDCA powder and dissolved in methanol to 

prepare a 400 ppm solution in a 25 mL volumetric flask. 

o Valsartan Internal Standard (IS): Weighed 10 mg of valsartan and prepared a 400 ppm 

solution in a 25 mL volumetric flask using methanol. 

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. 

o Each calibration standard was spiked with IS to achieve a final concentration of 3 ppm. 

3. Quality Control (QC) Samples: 

o Prepared low, medium, and high QC samples at 10, 40, and 80 ppm UDCA concentrations, 

respectively, with IS at 3 ppm. 

4. Plasma Samples: 

o Spiked blank human plasma with calibration standards and QC samples following a 1:1 (v/v) 

ratio. 

Chromatographic Conditions 

1. First Dimension: 

o Column: Thermo 5CM. 

o Mobile Phase: 0.2% formic acid in water (A) and acetonitrile (C). 

o Gradient:  

▪ 0 min: 70% A / 30% C. 

▪ 0.3 min: 40% A / 60% C. 

▪ 2.0 min: 70% A / 30% C. 

o Flow Rate: 0.4 mL/min. 

o Injection Volume: 20 µL. 

o Column Temperature: 40°C. 

2. Second Dimension: 

o Column: Thermo 3CM. 

o Mobile Phase: 60% 0.2% formic acid in water (A) and 40% acetonitrile (C). 

o Flow Rate: 0.8 mL/min. 

o Transfer to MS: Analytes from the first dimension were transferred to the second dimension’s 

loop (200 µL) during a 1.6–2.0 min window. 

Mass Spectrometry Conditions 

• Ionization Mode: ESI Negative. 

• Source Settings:  

o Capillary Voltage: 4.0 kV. 

o Cone Voltage: 25 V. 

o Extractor: 1 V. 

o RF Lens: 0.3 V. 

• Desolvation Settings:  
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o Source Temperature: 120°C. 

o Desolvation Temperature: 400°C. 

o Desolvation Gas Flow: 1200 L/h. 

o Cone Gas Flow: 150 L/h. 

Compound MRM Transition Cone Voltage (V) Collision Energy (eV) 

UDCA 391.3 > 391.3 55 10 

Valsartan (IS) 434.2 > 179.2 35 20 

Sample Preparation 

1. Plasma Sample Preparation: 

o Transferred 500 µL of blank plasma into a 2 mL microtube. 

o Added 50 µL of the appropriate calibration standard or QC solution. 

o Spiked with 10 µL of valsartan IS solution (3 ppm). 

o Vortexed for 2 minutes and allowed to stand for 5 minutes. 

2. Protein Precipitation: 

o Added 1 mL of acetonitrile to precipitate plasma proteins. 

o Vortexed for 5 minutes and centrifuged at 15,000 rpm at 4°C for 10 minutes. 

o Transferred the supernatant to a clean microtube for LC-MS/MS analysis. 

Validation Parameters 

1. Linearity: 

o Assessed across the 50–8000 ppb range for UDCA. 

o Calibration curves were constructed using weighted (1/x) linear regression. 

2. Sensitivity: 

o Limit of Detection (LOD) and Limit of Quantitation (LOQ) determined based on a signal-to-

noise ratio (S/N) of 3:1 and 10:1, respectively. 

3. Precision and Accuracy: 

o Intra-day and inter-day precision expressed as %RSD. 

o Accuracy calculated as the percent difference from nominal concentrations. 

4. Matrix Effects: 

o Evaluated by comparing responses in spiked plasma samples against those in pure standard 

solutions. 

5. Recovery: 

o Assessed by comparing analyte responses from pre-spiked plasma samples to post-spiked 

samples. 

Results Summary (Example Table) 

Parameter UDCA 

Calibration Range 50–8000 ppb 

R² (Linearity) > 0.99 

LOD 10 ppb 

LOQ 50 ppb 

Intra-Day Precision < 5% RSD 

Inter-Day Precision < 10% RSD 

Recovery (%) 95–102 

Matrix Effects (MEF) > 90% 

This detailed methodology ensures the robust and reliable quantification of UDCA in plasma, meeting 

all analytical validation standards required for clinical pharmacokinetic studies. 
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Discussion 

 

The findings of this study highlight the successful development and validation of a two-dimensional 

liquid chromatography-tandem mass spectrometry (2D-LC-MS/MS) method for the quantitative determination 

of Ursodoxycholic Acid (UDCA) in human plasma. This method stands out for its precision, sensitivity, and 

reproducibility, adhering to the rigorous standards set by the International Council for Harmonisation (ICH) 

M10 guidelines. The use of a two-phase separation system and electrospray ionization (ESI) operating in 

negative ionization mode significantly enhances the method’s analytical performance. 

Methodological Advancements 

One of the most significant contributions of this study is the integration of two chromatographic columns 

(Thermo 5CM and 3CM), which facilitates superior separation of UDCA from plasma matrix components and 

other bile acids. The introduction of Valsartan as an internal standard ensured consistency and minimized 

variability across calibration and quality control samples. The linear calibration range (50–8000 ppb) with R² 

> 0.99 exemplifies the method’s suitability for detecting both low and high concentrations of UDCA, an 

essential feature for pharmacokinetic studies where plasma levels may vary significantly. 

Previous studies have often relied on traditional high-performance liquid chromatography (HPLC) 

methods coupled with ultraviolet (UV) detection or single-dimensional LC-MS/MS methods. While effective 

for simpler applications, these methods lack the sensitivity and specificity required for complex biological 

matrices. By employing a 2D-LC-MS/MS system, this study addresses limitations such as ion suppression and 

co-elution, which are common challenges in plasma sample analysis. The results demonstrate the robustness 

of this approach, with matrix effect factors (MEFs) exceeding 90%, indicating minimal interference from 

endogenous plasma components. 

Validation Outcomes 

The method validation process adhered to all critical parameters outlined in the ICH M10 guidelines, 

including linearity, accuracy, precision, sensitivity, and matrix effects. The relative standard deviation (RSD) 

values remained below 10% for both intra-day and inter-day analyses, emphasizing the method’s 

reproducibility. Additionally, the recovery rates ranging from 95% to 102% align with the acceptable limits 

for bioanalytical methods. Such results validate the reliability of this method for consistent quantification of 

UDCA in human plasma. 

The use of weighted regression (1/x) for calibration curve construction further strengthened the 

method’s accuracy at lower concentrations, addressing a critical challenge in pharmacokinetic studies. The 

limit of detection (LOD) and limit of quantitation (LOQ) were determined to be 10 ppb and 50 ppb, respectively, 

highlighting the method’s sensitivity and its potential for detecting trace levels of UDCA. 

Clinical Relevance 

The validated method’s application to clinical plasma samples from trial participants underscores its 

practical utility in real-world scenarios. Accurate quantification of UDCA levels is critical for evaluating drug 

absorption, distribution, metabolism, and excretion (ADME). This study provides a reliable analytical tool for 

such assessments, ultimately contributing to more effective therapeutic monitoring and individualized 

treatment strategies. 

Comparatively, this method offers several advantages over previously reported approaches, including 

improved resolution, reduced matrix effects, and higher throughput. The ability to process multiple samples 

efficiently without compromising analytical accuracy is particularly beneficial for large-scale 

pharmacokinetic studies and bioequivalence trials. 

 

Conclusion 

 

This study successfully developed and validated a novel 2D-LC-MS/MS method for the quantification 

of Ursodoxycholic Acid in human plasma. The method’s integration of dual chromatographic columns and 

advanced mass spectrometric detection addressed key challenges associated with plasma sample analysis, 

including co-elution and matrix effects. Adherence to ICH M10 guidelines throughout the validation process 

ensured the method’s reliability and applicability for clinical and pharmacokinetic studies. 

The method’s robustness is evidenced by its exceptional linearity (R² > 0.99), low RSD values (<10%), 

and high recovery rates (95–102%). These attributes confirm its suitability for precise and accurate 

quantification of UDCA across a wide concentration range (50–8000 ppb). Furthermore, the incorporation of 

Valsartan as an internal standard enhanced the method’s accuracy and reproducibility. 
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From a clinical perspective, this validated method provides a valuable tool for therapeutic drug 

monitoring and pharmacokinetic profiling of UDCA. Its sensitivity and specificity make it particularly 

advantageous for assessing low plasma concentrations, enabling a better understanding of UDCA’s 

pharmacological behavior in diverse patient populations. 

 

Future Directions 

 

While the method demonstrated significant improvements in sensitivity and specificity, future studies 

could explore its application to other bile acids and metabolites. Expanding the method’s scope to include 

multi-analyte detection would further enhance its utility in clinical and research settings. Additionally, 

investigating its applicability in pediatric and geriatric populations may provide insights into age-related 

variations in UDCA pharmacokinetics. 

The findings from this study have broader implications for bioanalytical method development, 

particularly in addressing challenges related to matrix effects and analyte stability. By setting a benchmark 

for high-precision analytical methods, this study contributes to the advancement of pharmacokinetic research 

and therapeutic drug monitoring practices. The validated 2D-LC-MS/MS method represents a significant step 

forward in the quantitative analysis of UDCA, ensuring accurate and reliable data for clinical decision-making 

and research applications. 
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