
Supplementary Methods 1 
 

Liquid Chromatography Tandem Mass Spectrometry (LC-Tandem MS) 
 

Sample preparation 

Steroid profiling was performed by LC-Tandem MS, as previously described by us in detail 

[1, 2]. Materials came from Merck (Darmstadt, Germany), unless stated otherwise. Blood was 

drawn via heart puncture at the time of sacrifice. Blood was stored at 4°C overnight, 

centrifuged at 3500 U/min for 15 min and serum was stored at -80°C until further analysis. 

Our prequels showed that serum levels of pregnenolone, 17OH-pregnenolone, 17OH-

progesterone, 21OH-progesterone, androstenedione, testosterone and estradiol were below 

the range of detection, while serum levels of dehydro-epiandrosterone (DHEA), dehydro-

epiandrosterone sulfate (DHEAS) lay close to the detection limit. Hence, the levels of the 

hormones progesterone, corticosterone, deoxycorticosterone, dehydrocorticosterone, DHEA 

and DHEAS were determined in 100µl serum. Cortisol-d4, DHEAS-d5, corticosterone-d8 and 

progesterone-d9 (in 2 mM ammonium acetate and methanol 1:1 at a concentration of 

150µg/l) served as internal standards. Maternal serum served as a positive control. 7 

calibrator standards were used per run. The substrates were stored at 4°C until usage. 

Incubation with standards (20µl) was performed at room temperature for 30 min, followed by 

precipitation with 200µl of a 1:1 H2O-solution of methanol and ZnSO4 (50 g/l). After 

incubation of 15 min at 4°C samples were spun down for 10 min at 18°C at 15.000 U/min. 

Supernatants at a final volume of 250µl were transferred onto a microtiter plate (Greiner BIO-

ONE, Frickenhausen, Germany) for further massspectrometrical analysis at 15°C. 

 

Chromatographic conditions 

LC-Tandem MS was performed using an online SPE-HPLC-MS/MS assay developed by 

Rauh et al. [1, 2] allowing quantitative analysis of steroid hormones in 100 µL serum with 

atmospheric pressure chemical ionization in the positive ion mode. For online SPE was a 

Chromolith extraction column (4.6 x 50 mm) coupled to a Chromolith HPLC column (RP-18e, 

100 x 3 mm, Merck) was used. The autosampler (HTC PAL, CTC Analytics) was fitted with a 

250 µL sample loop. HPLC MS/MS was performed with a Shimadzu LC-20AD HPLC unit and 

a quaternary pump (HPLC1200 series, Agilent Technologies, Waldbronn, Germany). 

Samples were washed methanol (5%) and eluted with 2 mM ammonium acetate/MeOH 

(50:50, v/v) onto the analytical column in back-flush. Mobile phase A consisted of MeOH and 

water (with 2.0 mM ammonium acetate) in a mixture of 90:10 (v:v). The mixture of mobile 

phase B consisted of water (with 2.0 mM ammonium acetate; pH set to 4.5 via acetic acid) 



and MeOH in a ratio of 95:5 (v:v). The total flow rate of the binary gradient module was 

maintained at 1 ml/min. The starting conditions (50% A) were raised via a linear gradient to 

56% A after 1.0 min in 3.8 min, followed by linear gradient to 90% A in 1.7 min and a return 

to initial conditions after 7.5 min. The SPE-HPLC-MS/MS analysis time per sample was 9 

min total. Column temperature was set at 40 °C. The injection volume was 200 µL. MRM 

based mass spectrometric detection was performed with a 4000QTrap® triple quadrupole 

mass spectrometer (AB Sciex, Toronto, Canada) equipped with an APCI source in positive 

mode. For sample analysis multiple-reaction monitoring mode was used. For Quantification 

transitions outlined in Figure I were chosen. Mass spectrometric parameters were as follows: 

Collision assisted dissociation Gas (CAD) at 7, Curtain Gas (CUR) at 30, sheath Gas (GS1) 

at 55, nebulizer current (NC) at 5.0, temperature (TEM) at 550 °C and resolution at unit. 

Figure I lists the intensity, multiple reaction monitoring results and retention time parameters 

for the respective hormones. Samples quantification was performed via linear regression and 

1/x-weighing, based on the 7 calibrator samples as previously described [3]. 

  



 

 

 

 

 

Figure I) LC-Tandem MS: A) Representative display of mass spectrometric intensity in 

relation to time (min). B) Properties of steroidal hormones. Legend: cps = counts per second 

(intensity); MRM = multiple reaction monitoring; RT = retention time; MW= molecular weight 

(in Da). 
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