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ABSTRACT

The pharmaceutical industry relies heavily on
advanced analytical techniques to ensure the
quality, safety, and efficacy of drugs. Quality by
Design (QbD) has emerged as a systematic and
scientific  approach to analytical method
development, emphasizing understanding and
control of variability to achieve predefined
objectives. This study focuses on the development
and validation of a reverse-phase high-performance
liquid chromatography (RP-HPLC) method for
quantifying Rimegepant, a calcitonin gene-related
peptide (CGRP) receptor antagonist, used in
treating migraines.

The QbD framework was applied to optimize
critical analytical parameters, including mobile
phase composition, pH, flow rate, and detection
wavelength. Using tools like Failure Mode and
Effect Analysis (FMEA) and Design of
Experiments (DoE), critical method variables were
identified, optimized, and evaluated within a design
space. The method was validated as per ICH
Q2(R1) guidelines, assessing parameters like
specificity,  accuracy,  precision, linearity,
robustness, and sensitivity.

The validated method demonstrated excellent
performance, meeting all regulatory requirements,
and was successfully applied for routine analysis of
Rimegepant in bulk and pharmaceutical
formulations. This approach provides a robust,
efficient, and regulatory-compliant framework for
method development, ensuring reproducibility and
reliability.

Keywords: Rimegepant, Reverse-Phase High-
Performance Liquid Chromatography, Quality by
Design, Analytical Validation, Migraine Therapy

l. INTRODUCTION
e The pharmaceutical industry prioritizes the
development of robust analytical methods to

ensure the safety and efficacy of therapeutic
drugs.

e Analytical techniques like RP-HPLC are
widely employed for quality control due to
their  high  sensitivity, accuracy, and
reproducibility.

e Traditional method development often relies
on trial-and-error approaches, which can lead
to inefficiencies and inconsistencies.

e Quality by Design (QbD) offers a structured,
risk-based, and scientifically driven approach
to analytical method development.

e Rimegepant, a CGRP receptor antagonist,
represents a significant advancement in acute
migraine therapy. Its precise quantitation is
essential for quality control.

e The application of QbD principles ensures that
critical method parameters are systematically
optimized, resulting in a robust and reliable
method for Rimegepant quantitation.

Principle

e RP-HPLC operates on the principle of
separating compounds based on their
hydrophobic interactions with a nonpolar
stationary phase and a polar mobile phase.

e Rimegepant, being hydrophobic, is well-suited
for separation using RP-HPLC.

e The QbD framework enhances the traditional
RP-HPLC method by identifying and
optimizing critical quality attributes (CQAS)
and critical process parameters (CPPs) to
minimize variability.

e Risk assessment tools like FMEA identify
potential sources of variability, and DoE helps
determine the optimal conditions within a
predefined design space.
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Quantitation of Rimegepant in bulk drug
samples.

Quality control analysis of Rimegepant in
pharmaceutical dosage forms.

placebo, with recoveries ranging from 98% to
102%.

Precision: Both repeatability and intermediate
precision showed %RSD values below 2%,
indicating high precision.

Robustness: Variations in flow rate, pH, and
mobile phase composition had minimal impact
on method performance.

Sensitivity: The limits of detection (LOD) and
quantitation (LOQ) were determined as 2.5
pg/mL and 7.5 ug/mL, respectively.
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Parameters

[1].

2.

[3].

[4].

[5].

Mobile Phase Composition: Acetonitrile:
Phosphate buffer (60:40 v/v)

Stationary Phase: C18 column, 250 mm x 4.6
mm, 5 um particle size

Flow Rate: 1.0 mL/min

Column Temperature: 25°C

Detection Wavelength: 280 nm

Injection Volume: 20 pL

RESULTS AND CONCLUSION
The QbD-based RP-HPLC method
demonstrated excellent specificity, accuracy,
and precision for the quantitation of
Rimegepant.

Linearity was achieved across a broad
concentration range, with a correlation
coefficient of 0.999.

Robustness was confirmed by evaluating the
method under varying conditions, ensuring
consistent performance.

Sensitivity studies confirmed the method's

ability to detect and quantify low
concentrations of Rimegepant.
The developed method is reliable,

reproducible, and suitable for routine analysis
in quality control laboratories.

This QbD-based approach offers a systematic
framework for method development, ensuring

regulatory compliance and  minimizing
variability.
REFERENCES
International Conference on

Harmonisation. ICH Q8(R2) Guidelines:

Pharmaceutical Development. Geneva:
ICH Secretariat.
International Conference on

Harmonisation. ICH Q9 Guidelines:
Quality Risk Management. Geneva: ICH
Secretariat.

International Conference on
Harmonisation. ICH Q10 Guidelines:
Pharmaceutical Quality System. Geneva:
ICH Secretariat.

FDA Guidance for Industry: Analytical
Procedures and Methods Validation for
Drugs and Biologics. Silver Spring, MD:
U.S. Food and Drug Administration.
Bakshi, M., & Singh, S. (2002).
Development of stability-indicating assay
methods—a review. Journal of
Pharmaceutical and Biomedical Analysis,
28(6), 1011-1040.

[6].

[7].

8.

[9].

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

Blessy, M., Patel, R. D., Prajapati, P. N., &
Agrawal, Y. K. (2014). Development of
forced degradation and stability-indicating
studies of drugs—A review. Journal of
Pharmaceutical Analysis, 4(3), 159-165.
Snyder, L. R., & Kirkland, J. J. (2009).
Introduction to Modern Liquid
Chromatography. Wiley.

Lionberger, R. A., Lee, S. L., Lee, L. M,,
& Yu, L. X. (2008). Quality by Design:
Concepts for ANDAs. AAPS Journal,
10(2), 268-276.

Beckett, A. H., &Stenlake, J. B. (2001).
Practical ~ Pharmaceutical ~ Chemistry.
Athlone Press.

Meyer, V. R. (2013). Practical High-
Performance Liquid Chromatography.
Wiley.

Mallick, S., &Basak, A. (2017). QbD-
based approach in analytical method
development: An overview.
Pharmaceutical Research, 8(3), 124-134.
Patel, H. P, & Patel, N. M. (2015).
Application of QbD in RP-HPLC method
development and validation of
pharmaceutical formulations. Journal of
Chromatographic Science, 53(5), 707-
717.

Singh, S., &Bakshi, M. (2000). Guidance
on conduct of stress tests to determine
inherent stability of drugs. Pharmaceutical
Technology, 24(2), 1-14.

Blessy, M., Ruchi, P., & Agrawal, Y. K.
(2013). Stability-indicating HPLC method
development. Journal of Pharmaceutical
Analysis, 3(4), 225-232.

Martin, A., & Bustamante, P. (2011).
Physical Pharmacy: Physical Chemical
Principles in the Pharmaceutical Sciences.
Lippincott Williams & Wilkins.

Qureshi, D., & Qureshi, A. (2019). Trends
in Quality by Design (QbD) in
pharmaceutical development. International

Journal of Pharmaceutical Research,
11(2), 1-10.

Blessy, M., &Prajapati, P. (2014).
Analytical method development and

validation: Critical steps for drug analysis.
Arabian Journal of Chemistry, 7(1), 227—
233.

Snyder, L. R,
&Schoenmakers, P. J.
Performance  Gradient

Dolan, J. W,
(1997). High-
Elution: The

DOI: 10.35629/4494-1002942945

Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 944



» . International Journal of Pharmaceutical Research and Applications
J Volume 10, Issue 2 Mar — Apr 2025, pp: 942-945 www.ijprajournal.com

BN

JPRA Journal

Practical Application of the Linear-
Solvent-Strength Model. Wiley.

[19]. Lionberger, R. A., & Yu, L. X. (2009).
Regulatory expectations for QbD-based
analytical methods. AAPS PharmSciTech,
10(4), 881-890.

[20]. Blessy, M. et al. (2016). Robustness
studies in analytical method validation: A
review. Journal of Analytical Science and
Technology, 7(1), 1-10.

[21]. Patel, H. et al. (2017). Stability-indicating
method development for pharmaceutical
products: An overview. International
Journal of Pharmaceutical Sciences
Review and Research, 47(1), 36-42.

[22]. Meyer, V. R. (2014). Advances in HPLC
techniques and their application in drug
analysis. Journal of Liquid
Chromatography & Related Technologies,
37(9), 1227-1240.

[23]. Snyder, L. R., & Dolan, J. W. (2006).
Optimization of the RP-HPLC method for
pharmaceutical —analysis. Journal of
Chromatography A, 1108(1), 1-25.

[24]. Mallick, S., &Basak, A. (2016). Design of
experiments in  method development:
Applications and implications.
International Journal of Pharmaceutical
Sciences, 8(5), 221-228.

[25]. Meyer, V. R. (2013). The role of QbD in
liquid chromatography method validation.
Journal of Analytical Chemistry, 88(7),
345-356.

[26]. Qureshi, A. (2018). Analytical tools for
QbD in HPLC methods. Critical Reviews
in Analytical Chemistry, 48(6), 562-574.

[27]. Snyder, L. R, & Dolan, J. W. (2011).
Advances in RP-HPLC instrumentation
for pharmaceutical analysis. Journal of
Chromatography B, 879(13-14), 1067-
1085.

[28]. Patel, N., & Shah, A. (2019). Role of
regulatory guidelines in analytical method
validation. Journal of Pharmaceutical
Analysis, 9(3), 143-153.

[29]. QbD-Based Analytical Method
Development. (2015). AAPS Journal,
17(3), 543-550.

[30].  Stability Studies in HPLC. (2017).
International Journal of Pharmaceutical
Sciences and Research, 8(4), 1210-1216.

DOI: 10.35629/4494-1002942945 Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 945



