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Chapter IV 

Simultaneous measurement of testosterone, 

androstenedione and dehydroepiandroste-rone (DHEA) in 

serum and plasma using ID-LC-MS/MS 
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Abstract 

The adrenal and gonadal androgens testosterone, androstenedione and 

dehydroepiandrosterone (DHEA) play an important role in sexual development as well as in other 

processes. We developed a method for simultaneous quantitative analysis of serum and plasma 

testosterone, androstenedione and DHEA levels using Isotope-Dilution Liquid-Chromatography 

Tandem Mass Spectrometry (ID-LC-MS/MS). Samples underwent liquid-liquid extraction and were 

analyzed on an Acquity 2D-UPLC-system and a Xevo TQ-S tandem mass spectrometer (Waters).  

The intra-assay and inter-assay coefficients of variation were <4.0%, <6.3% and <7.0% and 

<6.0%, <8.1%  and <7.7%  for testosterone, androstenedione and DHEA, respectively. Inter-assay CVs 



at the lower limit were 10.6%, 16.9% and 9.0% for testosterone (0.10 nmol/L), androstenedione (0.10 

nmol/L) and DHEA (1.0 nmol/L). Recoveries of spiked analytes were 93-107%. 

The present testosterone method compared well (y = 1.00x - 0.04; r = 0.998) to a published 

ID-LC-MS/MS method for testosterone in our lab. The latter method being concordant with a 

published reference method (Bui et al. 2013). The present method compared well to a published ID-

LC-MS/MS method (Kushnir et al. 2010) (y = 1.06x - 0.06; r = 0.996 for testosterone; y = 1.04x - 0.04; r 

= 0.995 for androstenedione and y = 1.03x + 0.01; r = 0.991 for DHEA). 

In conclusion, we developed a sensitive and accurate ID-LC-MS/MS method to 

simultaneously measure serum testosterone, androstenedione and DHEA in serum and plasma. 

  



Dehydroepiandrosterone (DHEA) and androstenedione are androgenic precursors of the 

biologically active male and female sex steroids testosterone, dihydrotestosterone and estradiol. 

DHEA is mainly produced in the adrenal glands, whereas androstenedione is produced by the 

adrenals as well as the gonads [1;2]. Testosterone is produced in the gonads and the adrenals as well 

as converted from androstenedione in peripheral tissues. These hormones play an important role in 

sexual development and fertility as well as in development and function of bone and muscles [1]. 

Male and female subfertility, prostate cancer and adrenal diseases are only a few of the many 

indications to measure androgens in clinical practice [2]. The simultaneous determination of multiple 

androgens can be helpful in the clinical workup of androgen excess in children and females as well as 

in other androgen related diseases and in several research settings.  

Due to the structural similarity of the steroid hormones, immunoassays for androgens are 

susceptible to cross reactivity with other steroid hormones [3-5]. Isotope-Dilution Liquid-

Chromatography Tandem Mass Spectrometry (ID-LC-MS/MS) is more and more commonly used in 

steroid analyses, mainly due to its greater specificity [6]. In addition, ID-LC-MS/MS offers the 

possibility to determine multiple compounds simultaneously from a single sample. This paper 

describes a novel method for simultaneous quantitative analysis of testosterone, androstenedione 

and DHEA in serum using ID-LC-MS/MS.  

Sample preparation was initiated by the addition of 0.03 nmol [
13

C3]-testosterone (Ceriliant 

(lot: FE060911-01), Round Rock, Texas), 0.03 nmol [
13

C3]-androstenedione (Ceriliant (lot: FE051811-

01), Round Rock, Texas), and 0.09 nmol [
2
H6]-DHEA (Isoscience (lot: SJ3-2011-13C1), King of Prussia, 

USA), serving as internal standards, to 100 µL serum, followed by a liquid-liquid extraction using 3 mL 

hexane: diethylether (4:1). The organic phase was evaporated under nitrogen and the residues were 

redissolved in 50 µL acetonitrile: water (Millipore ReferenceA+) (1:1) and transferred to a 96-wells 

plate. The samples were injected onto an Acquity 2D-UPLC system (Waters Corp., Milford, MA) 

equipped with a BEH 300 C4-column (1,7 µm (2,1x50 mm) (Waters Corp.)) and a Kinetex 

Fluorophenyl-column (1.7 µm (2,1x100 mm) (Phenomenex, Utrecht, the Netherlands)) as first and 

second dimension column, respectively. Using isocratic chromatography with water and acetonitrile 

(80:20) as mobile phases, the analytes eluted after 4.0 minutes from the first dimension column to 

enter the second column. Mobile phases for the second dimension separation were water containing 

0.2% formic acid and acetonitrile. After focussing on the second column the analytes were separated 

using a binary gradient from 20 to 50 % acetonitrile in 4.0 minutes, followed by cleaning of the 

columns using 95% acetonitrile and reequilibration to the initial conditions.  The retention times 

were 8.01, 8.32 and 8.16 minutes for testosterone, androstenedione and DHEA, respectively. The 

total run time was 9.1 minutes. A Xevo TQ-s tandem mass spectrometer (Waters Corp.) which served 

as the detection instrument, was operated in the electrospray positive ion mode. Further operating 

conditions were as follows: capillary voltage 0.8 kV, cone voltage 25 V, desolvation temperature 600 

°C and source temperature 150 °C. The collision energy was optimized between 10 and 30 eV for all 

analytes and Argon was used as collision gas. Two mass transitions were monitored for each analyte, 



and the internal standards. The first transition was used for quantification, the second for 

confirmation. The transitions (Q1>Q3) were m/z 289 > 97 and m/z 289  >  109 for testosterone; m/z 

292 > 100 and m/z 292 > 112 for [
13

C3] testosterone; m/z 287 > 97 and m/z 287 > 109 for 

androstenedione; m/z 290 > 100 and m/z  290 > 112 for [
13

C3]  androstenedione; m/z 271 > 253 and 

m/z  271 > 213 for DHEA and m/z 277 > 259 and m/z  277 > 219 for [
2
H6 ]- DHEA.  

Quantitative calibration was performed with every batch of samples. The calibration curve 

was made using the following standards: Testosterone was purchased from Riedel de Haën ((lot: 

5117X), Buchs, Switzerland) and DHEA from Sigma Aldrich ((lot: 067K0081), Zwijndrecht, the 

Netherlands). We found that several androstenedione standards contained 0.5-1.0 % testosterone 

(Sigma Aldrich (lot: 93F-0084), Steraloids ((lot: A6030-000), Newport, RI), Riedel-de Haën (lot: 

4126X), Ceriliant (lot: FE082712-06). Androstenedione from Steraloids (lot A6030-100, batch L1712) 

was found to be free of testosterone and was used in the present method. Standards were weighed 

in and concentrations were confirmed by spectrophotometry. Data were processed using Masslynx 

4.1 software (Waters Corp.).  

Figure 1: Comparison of 

the present testosterone method with a published ID-LC-MS/MS method for testosterone [7]: for 

concentrations up to 25 nmol/L (A) and for concentrations < 2.5 nmol/L (B).  Dotted lines show the 95% 

confidence interval of the equation. 

 

The intra-assay coefficients of variation (CVs) were <4.0%, < 6.3% and <7.0% for testosterone, 

androstenedione and  DHEA, respectively. The inter-assay CVs were  <6.0%, <8.1%  and < 7.7%  for 

testosterone,  



Figure 2: Comparison of the 

present method for testosterone (A), androstenedione (B) and DHEA (C) with a published ID-LC-MS/MS method for these 

analytes (8). Dotted lines show the 95% confidence interval of the Passing-Bablok equation. 

 

androstenedione and DHEA, respectively. At the lower concentration the inter-assay CVs were 10.6 

%, 16.9 % and 9.0 % for testosterone (0.10 nmol/L), androstenedione (0.10 nmol/L) and DHEA (1.0 

nmol/L), respectively. Recovery, as judged by the recovery of spiked analytes, was 92-106% for all 

analytes. Linearity was shown by 2-, 4-, 8- and 16-fold dilution (mean r was > 0.999 for all analytes).  

 



 

Figure 3: Comparison of the present method for androstenedione with a RIA (DSL). Dotted lines show the 95% 

confidence interval of the Passing-Bablok equation. 

 

This method tested negative for interferences from other steroids such as 

dihydrotestosterone, epi-testosterone, DHEA-sulphate and estrone. There were no signs of ion 

suppression observed at the retention time of the analytes. Additionally, this method was shown to 

be suitable for analysis of serum as well as EDTA and heparin plasma. The present testosterone 

method compared well (y  =  1.00x - 0.04; r = 0,998) to another ID-LC-MS/MS method for 

testosterone in our lab (Figure 1). The latter method being concordant with a published reference 

method [7]. The present method compared well to a published ID-LC-MS/MS method for the same 

analytes [8] (y  =  1.06x - 0.06; r = 0,996 for testosterone; y  =  1.04x - 0.04; r = 0,995 for 

androstenedione and y  =  1.03x  + 0.01; r = 0.991 for DHEA) (Figure 2A, B and C). Comparison of the 

present androstenedione method with a radioimmunoassay for androstenedione (Diagnostic 

Systems Laboratories, Fullerton, CA) showed a clear difference as indicated in Figure 3 (y = 0.62x + 

0.09; r = 0.931). It is possible that this difference is caused by cross reaction in the RIA or due to a 

difference in standardization. 

In conclusion, we developed a sensitive and accurate method for simultaneous measurement 

of testosterone, androstenedione and DHEA in serum and plasma.  
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