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This doctoral dissertation comprises five chapters. Chapter 1 outlines the
principles and background of steroid hormone analysis in clinical laboratory
testing. Immunoassay techniques based on antigen—antibody reactions are widely
used, but cross—reactivity can reduce diagnostic accuracy, revealing limitations
in specificity and sensitivity. Mass spectrometry has emerged as a promising
alternative and is increasingly recognized as a gold standard. However, some
vitamin D (VD) and estrogen metabolites exist at very low concentrations and show
poor ionization efficiency, while the separation of structurally similar isomers
remains  challenging. This study focuses on two metabolites—1a«a, 25—
dihydroxyvitamin Ds (1 @, 25(0H):Ds) and 2-methoxyestradiol (2ME)—and describes
the development and validation of a precise LC-MS/MS quantification method.
Chapter 2 describes the synthesis of a practical derivatization reagent for VD.
A Cookson—type reagent, 4-(4’ -dimethylaminophenyl)-1, 2, 4-triazoline—3, 5—dione
(DAPTAD), was caged with 9-phenylanthracene to afford 14-(4-dimethylaminophenyl)-
9-phenyl1-9, 10-dihydro—9, 10-[1, 2] epitriazoloanthracene—13, 15-dione (DAP-PA),
resulting in improvement of its solution—phase stability. Upon thermal activation,
DAP-PA undergoes deprotection and reacts simultaneously with the diene moiety of
VD metabolites, enabling simple operation and excellent reproducibility in
clinical laboratory settings

Chapter 3 details the development of a highly sensitive LC-MS/MS method for
quantifying 1, 25(0H) :Ds, a key biomarker of bone metabolism. Its trace-level
presence in serum and interference from other structurally similar
dihydroxyvitamin Ds isomers pose challenges for conventional methods. By combining
protein precipitation and solid-phase extraction (PP-SPE) with a PFP-C18 mixed-
mode column, 1ea,25(0H):Ds was successfully separated from 4 /4, 25(0H):Ds.
Experimental validation also confirmed separation of other potentially interfering
isomers, 14, 3-epi-la, 2a, 2/, and 4@ forms. The resultant method achieved
a lower limit of quantification of 2.5 pg/mL in human serum, demonstrating its




suitability for clinical diagnostics.
Chapter 4 extends the established methodology to the analysis of 2ME, an estrogen

metabolite. Derivatization with 1-(2, 4-dinitro-5-fluorophenyl)—4, 4
dimethylpiperazinium iodide (MPDNP-F) enabled chromatographic separation of its
regioisomers, 3-0—methyl—-2-hydroxyestradiol (3M20H) and 3-0-methyl—-4-

hydroxyestradiol (3M40H). This facilitated accurate quantification of 2ME in human
serum.

Chapter 5 presents the conclusions of this study. I developed DAP-PA as a stable
derivatization reagent, enabling a robust LC-MS/MS method for the accurate
quantification of 1a,25(0H):Ds in human serum. The method reliably separated
other dihydroxyvitamin Ds isomers and showed strong correlation with conventional
immunoaffinity extraction pretreatment. This analytical methodology was also
successfully applied to the quantification of 2ME. Overall, the study demonstrates
that derivatization significantly enhances sensitivity and selectivity in steroid
metabolites analysis, allowing their precise quantification from biological
samples and offering broad utility in both clinical diagnhostics and biomedical

research.




