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Abstract: Quantifying life-saving drugs in complex biological and environmental matrices is critical for
therapeutic monitoring, pharmacokinetic studies, and toxicology. Traditional analytical methods often
lack the sensitivity, selectivity, or speed required for modern applications. Recent advances in
chromatographic techniques including High-Performance Liquid Chromatography, Ultra-High
Performance Liquid Chromatography, Gas Chromatography, and hyphenated techniques such as
LC-MS/MS and GC-MS/MS have significantly enhanced analytical performance. This review summarizes
these advances, discusses methodological challenges, and provides a comparative framework for
selecting the most appropriate techniques.
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