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Analysis of Vitamin D and its Metabolites: Derivatization and Detection by Electrospray

lonization Mass Spectrometry

Stephen R. Wilson,* Qingyi Lu, Michael L. Tulchinsky and Yunhui Wu
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N-(Benzo-15-crown-5)-1,2,4-tyriazol-3,5-dione is used to prepare an ‘electrospray active’ derivative of vitamin D; this
general method could be applied to electrospray ionisation mass spectrometry of biomedically important products,

which are not normally observable.

Vitamin D 1 is synthesized in the skin and is metabolized in the
liver and kidneys to its hormonal form calcitriol 2 (1,25-
dihydroxyvitamin D).! Further metabolism to a major degra-
dation product, calcitroic acid 3,2 has also been established.
Understanding the critical role of vitamin D and its active
metabolites in biology however, requires effective and reliable

methods for determination of the identity and levels of the
compounds in serum. To the best of our knowledge, there is
no general method to determine directly vitamin D and its
metabolites under near-physiological (sub-micromolar) con-
centrations.3

Electrospray ionization mass spectrometry (ESIMS) is a
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Fig. 1 Diels—Alder adduct 5 at ca. 10-5 mol dm~3 in methanol
containing 0.5% NaClOy ([M + Na]*, m/z = 805)

new MS technique, which has revolutionized analysis of large
biopolymers.# Studies of small organic molecules are less
frequent.3-6 Recent reports of subfemptogram sensitivity? for
ESIMS suggest that selective online derivatization methods
combined with ESIMS would provide a powerful new
technique for monitoring biological systems. In order to
observe signals by ESIMS, the molecules must be charged, so
vitamin D compounds 1 and 2 do not show up in ESIMS. We
have developed several tagging reagents that (i) are selective
for derivitization of the vitamin D triene system, (if) vastly
increase their ESIMS signal and (iii) are suitable for online
analysis at physiologically relevant concentrations.8
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Recently, we have reported that crown ether complexes are
excellent substrates for detection by ESIMS. The new
compound N-(benzo-15-crown-5)-1,2,4-triazole-3,5-dione 4
has been prepared by modification of a known route.?
Reagent 4 is a powerful dienophilel? and smoothly introduces
a crown ether binding site into a diene such as vitamin D. (The
adduct of 1 and 4 was isolated in 45% yield after alumina
chromatography and completely characterized.) When a red
solution of 4 was allowed to contact 1,25-dihydroxyvitamin D
2, instantaneous decolourization indicated formation of the
Diels-Alder adduct 5. ESIMS analysis of adduct 5 (in/z = 805)
in the presence of an excess of NaClO, is shown in Fig. 1.
Detection limits with our current system are less than ca. 10—
mol dm~—3 for 5, close to physiological concentrations. Similar
reactions with vitamin D 2 and metabolite 3 gave adducts
showing [M + Na]* peaks at m/z 773 and 761, respect-
ively. i1t
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+ Positive ion ESIMS spectra were obtained on a Vestec Model M-200
quadrupole ESIMS instrument!! by infusing a ca. 10~4 mol dm~3
methanol solution at 3-5 ul min—?! with typical settings [ref. 6(b)].

1 Additionally, we have prepared 4-(N-maleimido)benzo-15-crown-5,
a stable easily handled compound. Although this reagent showed
much less reactivity in the Diels—Alder reaction, it proved to be an
excellent Michael acceptor. For example, derivatization of gluta-
thione (GSH) affords an adduct which displays a peak at m/z = 693 in
the presence of Na* ions. Derivatization both enhances signals of
GSH and makes them pH-independent.





