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Abstract

This application brief demonstrates to successfully develop a UPLC-MS/MS method for the low-level 

quantification of 19 steroid hormones using the Xevo TQ-XS Tandem Mass Spectrometer, while separating 

isobaric steroid hormones to minimize mass detection interference.

Benefits

A method for the analysis of 19 steroid hormones has been successfully developed, utilizing UPLC to 

separate isobaric steroid hormones, allowing for low level quantification using the Xevo TQ-XS from only 

200 μL of serum.

Introduction

Steroid hormones play a central role in many biochemical processes, which include controlling 

metabolism, inflammation, immune functions, salt and water balance, development of sexual 

characteristics, and the ability to withstand illness and injury. Enzymes that form part of the steroid 

biosynthesis pathway are pivotal in these metabolic processes and their dysfunction can be examined for 

clinical research through steroid hormones in the pathway.

Measurement of these steroids by immunoassay is prone to analytical interference as a result of cross 

reactivity of assay antibodies with structurally related steroid hormones and synthetic derivatives. Liquid 

chromatography-tandem mass spectrometry (LC-MS/MS) can provide analytically sensitive, accurate, and 

precise measurement of these steroid hormones.



Figure 1. Waters ACQUITY UPLC I-Class System and Xevo TQ-XS Mass Spectrometer.

Results and Discussion

Here we describe a clinical research method for the extraction and analysis of 19 steroid hormones by 

UPLC-MS/MS from serum. Chromatographic separation utilizing Waters ACQUITY UPLC BEH Technology 

enables isobaric steroid hormones to be resolved, allowing for selective quantification at low levels using 

the Xevo TQ-XS Tandem Mass Spectrometer.

Sample Preparation and Analysis

Stable labeled internal standards were added to 200 μL of calibrator, QC, or sample prior to liquid/liquid 

extraction using an ethyl acetate/hexane solution.

Following centrifugation, the top organic layer was transferred to an 800-μL round well collection plate and 



evaporated to dryness. Samples were reconstituted in 100 μL of a water/methanol/ammonium fluoride 

solution.

An ACQUITY UPLC I-Class PLUS System was used to separate steroid hormones, including the isobaric 

species using an ACQUITY UPLC BEH C8 Column (1.7 μm, 2.1 x 50 mm, p/n: 186002877) and an ACQUITY 

UPLC BEH C8 VanGuard (1.7 μm, 2.1 x 5 mm, p/n: 186003978) with a water, methanol, and ammonium 

fluoride gradient, and analyzed on a Waters Xevo TQ-XS Mass Spectrometer

Results

Separation of all isobaric steroids, such as aldosterone, cortisone, and cortisol, and 21-deoxycortisol, 

corticosterone, and 11-deoxycortisol was achieved using the ACQUITY UPLC BEH C8 Column technology 

described. An example chromatogram is shown in Figure 2 for a pooled serum sample, demonstrating a 

runtime of <10 minutes injection-to-injection.

Figure 2. Chromatogram of an extracted pooled serum sample supplemented with a low concentration of each 

steroid hormone in the panel (peak highlighted in blue). Chromatogram legend includes MRM transitions and 

calculated concentration.



Over five days, all calibration curve correlation coefficients (r2) were >0.99 for all steroid hormones across 

the concentration ranges shown in Table 1.

Table 1. Performance test data for 19 steroid hormones in serum.

Total precision and repeatability of the method was assessed by extracting and quantifying stripped serum 

samples using five replicates fortified at low, mid, and high concentrations across five days (n=25). A serum 

pool was also supplemented at a low concentration and five replicates were quantified across five days 

(n=25). All results are shown in Table 1.

Analytical sensitivity was assessed by extracting 10 replicates of stripped serum samples spiked at low to 

high concentrations over three days (n=30). A precision of <20 %CV was obtained at the concentrations 

listed in Table 1.

Extraction recovery was evaluated by spiking stripped serum samples at mid and high concentrations 

before and after extraction and results compared.

Conclusion



A selective UPLC-MS/MS clinical research method has successfully been developed for the analysis of 19 

serum steroid hormones. Chromatographic separation utilizing Waters ACQUITY UPLC BEH Technology 

enabled all isobaric steroid hormones in the panel to be resolved in under 10 minutes, allowing for 

selective quantification at low levels using the Xevo TQ-XS Tandem Mass Spectrometer from only 200 μL of 

serum.
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