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Steroids influence brain development, behavior, cognition, neuroplasticity and neuroinflammation, and
can be synthesized within the brain from a cholesterol backbone (a planar tetracyclic ring). Steroid
hormones are enzymatically transformed into different classes of steroids, including estrogens as female
reproductive steroids, androgens as male reproductive steroids, progestogens as pregnancy steroids and
corticosteroids as stress steroids. Each class plays important roles in brain development, adult
neuroplasticity, behavior and neuroinflammation. In order to get insights into these biological events or
functional evidence, identification and quantitation of those steroids is of great importance.

Liquid chromatography-tandem mass spectrometry (LC-MS/MS) has often been used to analyze the
steroids for its high sensitivity and throughput. Especially, a combination of LC and MS/MS could give
efficient performance on separation of a complex mixture such as a biosample even in case that LC could
not allow complete separation of each target component.

Steroids that contain a 3-hydroxyl group (3-OH steroids) easily become dehydrated in the electrospray
ion (ESI) source while protonated, which results in dispersion of a precursor ion into several peaks,
leading to a lower sensitivity of detection. 3-OH steroids are distributed over all classes of steroids,
including estrogens, androgens, progestogens and corticosteroids. A method for the quantitation of 3-OH
steroids by LC-MS/MS coupled with the post-column addition of lithium ions in the mobile phase was
developed and applied for profiling steroids in mouse brain tissue. The idea is based on the fact that Li ion
has high affinity to the keto group of steroids, stabilizing their structures during ionization. It permits those
steroids to be detected solely as the lithiated forms with higher sensitivity. This is in contrast to the normal
method using positive-ion mode with a protonic solvent, in which those steroids are detected as various
ion species such as dehydrated, sodiated ions, etc. Lithium ions not only improve the intensities of the
precursor ions, but also promote the formation of lithiated fragment ions. It made quantitation by
multiple-reaction monitoring (MRM) more sensitive and stable, as evidenced by the enhanced detection
sensitivity of eleven steroids, which contain one keto and two hydroxyl groups among sixteen different
3-OH steroids, by 1.78-188 times. The limit of quantitation (LOQ) for the 11 steroids in mouse brain tissue
matrix ranged 0.024-1.213 pg mg-1. Finally, the method was used to analyze a profile of the steroids in
mouse whole brain, and allowed six steroids to be identified from one mouse brain tissue sample, among
which 16-hydroxyestrone, tetrahydrocorticosterone and 17a-hydroxypregnenolone were detected for the
first time.

Meanwhile, steroids that contain a 3-keto group (3-keto steroids) could be protonated while the
dehydrated ions were not formed in the ion source. Thus, a method for quantitation of 3-keto steroids was
also established. The sample pretreatment for each method is the same as the above. A combination of
the two methods practically allowed the detection of twenty-eight steroids within two injection. The LOQs
for those steroids were 0.024-3.433 pg mg-1. Finally, the method was applied for profiling the steroids in
mouse whole brain tissue, allowing thirteen steroids to be identified from one mouse brain tissue sample.
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