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Chapter II 

Measurement of dehydroepiandrosterone sulphate (DHEAS) 

in serum and cerebrospinal fluid by ID-LC-MS/MS  
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In steroid hormone analysis isotope-dilution liquid chromatography- tandem mass 

spectrometry (ID-LC-MS/MS) is more and more commonly used, due to its superiority in sensitivity 

and specificity in comparison with currently available immunoassays [1]. This letter describes a novel 

and sensitive ID-LC-MS/MS method to determine dehydroepiandrosterone sulphate (DHEAS) in 

serum and cerebrospinal fluid (CSF). DHEAS, which is produced in the adrenal glands, is the most 

abundant steroid hormone in serum in humans with concentrations in the low micro molar range [2]. 

DHEAS is a marker of adrenal gland function. Its assessment is indicated in diseases of the adrenal 

gland, such as adrenal tumours, adrenal insufficiency and congenital adrenal hyperplasia [3;4]. 

Previous research has also suggested a role of DHEAS in a variety of disease states, for example 

cardiovascular disease, immunological disorders, mental diseases as well as aging processes [5]. 

Recently there has been great interest in DHEAS in neurodegenerative diseases such as Alzheimer’s 



disease (AD) [6;7]. Determination of DHEAS in CSF and brain tissue of AD patients has revealed some 

interesting results [8-10] which need further study. Therefore, an accurate analytical method to 

assess DHEAS in CSF is required. Determination of DHEAS in CSF demands for a very sensitive assay, 

because its levels in CSF are usually below 10 nmol/L [11]. ID-LC-MS/MS analysis provides the needed 

sensitivity and specificity to assess DHEAS in serum as well as in CSF. 

Preparation of serum samples was initiated by the addition of 0.44 nmol [
2
H6]-DHEAS (Sigma-

Aldrich, Zwijndrecht, The Netherlands), serving as internal standard, to 25 µL of serum followed by 

protein precipitation using acetonitrile. The supernatant was injected onto a Symbiosis online solid 

phase extraction (SPE) system (Spark Holland, Emmen, The Netherlands). Online SPE with C18-

cardridges (Spark Holland) was performed for further purification of the samples. The analyte was 

eluted from the cardridge with 50% acetonitrile-50%H2O in three minutes and focussed on the 

Kinetex C18-column (Phenomenex, Utrecht, The Netherlands), which was equipped with a C18-guard 

column (Phenomenex). A linear binary gradient from 5 to 52% acetonitrile was applied in 2.7 

minutes, consisting of mobile phase A (150 mg/L ammonium formate in MilliQ water (Millipore 

ReferenceA+)) and B (150 mg/L ammonium formate in acetonitrile), after which the acetonitrile 

content was increased to 95%. DHEAS and its internal standard eluted at a retention time of 6.6 

minutes. The total run time was 8.1 minutes. A Quattro Premier XE tandem mass spectrometer 

(Waters Corp., Milford, MA) served as detection instrument which operated in the electrospray 

negative ionization mode. Further operating conditions were as follows: capillary voltage, 0.5 kV; 

cone voltage, 50 V; source temperature, 135 °C. Argon was used as collision gas and the collision 

energy was set at 30 eV. DHEAS and [
2
H6]DHEAS were measured using the transitions (Q1>Q3) m/z- 

367.05>-97.0 and m/z -373.1 >-98.0 for DHEAS and [
2
H6]-DHEAS, respectively. Slightly modificated, 

this ID-LC-MS/MS method was also used to determine DHEAS in CSF samples. 0.12 nmol [
2
H6]-DHEAS 

was added to 100 µL sample, after the sample was centrifuged for 30 minutes. 75 µL of the sample 

was injected onto the SPE-system, which was operated as described above. 

Intra- and interassay coefficients of variation (CV’s) in serum were 7 and 10% respectively, at 

the level of 0.06 µmol/L and <4% between 0.5 and 30 µmol/L DHEAS. In CSF the intra- and inter-assay 

CVs were at the level of 0.5 nmol/L <5.2% and <8.8%, respectively. Recovery, as judged by the 

recovery of spiked DHEAS, was found to be appropriate in serum as well as in CSF (recoveries in 

serum were between 87-103% and in CSF were between 79-115%). Calibration curves from 0 to 28.8 

µmol/L for serum and from 0 to 57.6 nmol/L for CSF were linear (mean r
2
 was 0.9995 and 0.9989, 

respectively). Linearity was tested by dilution between 0.21 and 9.81 µmol/L in serum (mean r
2
 was 

0.9988) and between 4.3 and 0.4 nmol/L in CSF (mean r
2
 was 0.9959). Ion suppression was tested in 

eight serum samples. Two of them showed a slight suppression of the signal at the elution time of 

DHEAS. Subsequently performed recovery experiments in these samples revealed recoveries 

between 93 and 98%.  Although, APCI is superior to ESI for those analytes which are more difficult to 

ionize, DHEAS however contains a sulphate-group which is easily ionized, allowing ionization with the 

ESI source. We have shown that the potential drawback of ESI i.e. ion-suppression is not significant at 



the elution time of DHEAS in our proposed assay. Testosterone sulphate, which has an identical mass 

as DHEAS, was separated chromatographically from DHEAS.  

Figure 1: Bland-Altmann bias plot: Method comparison ID-LC-MS/MS and RIA for serum DHEAS measurement. 

Our ID-LC-MS/MS method showed a good correlation with a commercially available 

radioimmunoassay (RIA) (Siemens Diagnostics, Deerfield, IL) to measure DHEAS in serum. A Passing 

and Bablok analysis revealed the following equation:  [DHEAS]ID-LC-MS/MS  = -0.2866  + 1.0703 

[DHEAS]RIA. Pearson’s correlation coefficient (r) was 0.9883. Although this RIA has a good correlation 

with our ID-LC-MS/MS method in serum, it lacks the sensitivity to determine DHEAS in CSF.  The 

Bland-Altman bias plot (Fig. 1) shows an increasing difference between concentrations measured by 

RIA and ID-LC-MS/MS in the low concentration range.  

Chadwick et al. [12] have described a ID-LC-MS/MS method to measure DHEAS in serum, 

which determines the same transitions as our method. However, their method’s lower limit of 

quantitation of 1 µmol/L does not allow the assessment of DHEAS in CSF.  

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

measure serum DHEAS concentrations, which requires a small sample volume and a simple sample 

pre-treatment. Due to the high sensitivity obtained with our method, accurate determination of 

DHEAS in CSF is also possible. 

 

Acknowledgement 

We thank Frans Martens for his excellent technical assistance.  



  



References 

1.   Soldin SJ, Soldin OP. Steroid hormone analysis by tandem mass spectrometry. Clin Chem 2009 Jun;55(6):1061-6. 

2.   Sulcova J, Hill M, Hampl R, Starka L. Age and sex related differences in serum levels of unconjugated 

dehydroepiandrosterone and its sulphate in normal subjects. J Endocrinol 1997 Jul;154(1):57-62. 

3.   Holst JP, Soldin OP, Guo T, Soldin SJ. Steroid hormones: relevance and measurement in the clinical laboratory. Clin 

Lab Med 2004 Mar;24(1):105-18. 

4.   Holst JP, Soldin SJ, Tractenberg RE, et al. Use of steroid profiles in determining the cause of adrenal insufficiency. 

Steroids 2007 Jan;72(1):71-84. 

5.  Leowattana W. DHEAS as a new diagnostic tool. Clin Chim Acta 2004 Mar;341(1-2):1-15. 

6.   Aldred S, Mecocci P. Decreased dehydroepiandrosterone (DHEA) and dehydroepiandrosterone sulfate (DHEAS) 

concentrations in plasma of Alzheimer's disease (AD) patients. Arch Gerontol Geriatr 2010 Jul;51(1):e16-e18. 

7.   De Bruin VMS, Vieira MCM, Rocha MNM, Viana GSB. Cortisol and dehydroepiandosterone sulfate plasma levels and 

their relationship to aging, cognitive function, and dementia. Brain Cogn 2002 Nov;50(2):316-23. 

8.   Naylor JC, Hulette CM, Steffens DC, et al. Cerebrospinal fluid dehydroepiandrosterone levels are correlated with 

brain dehydroepiandrosterone levels, elevated in Alzheimer's disease, and related to neuropathological disease 

stage. J Clin Endocrinol Metab 2008 Aug;93(8):3173-8. 

9.   Weill-Engerer S, David JP, Sazdovitch V, et al. Neurosteroid quantification in human brain regions: comparison 

between Alzheimer's and nondemented patients. J Clin Endocrinol Metab 2002 Nov;87(11):5138-43. 

10.   Kim SB, Hill M, Kwak YT, Hampl R, Jo DH, Morfin R. Neurosteroids: Cerebrospinal fluid levels for Alzheimer's disease 

and vascular dementia diagnostics. J Clin Endocrinol Metab 2003 Nov;88(11):5199-206. 

11.  Guazzo EP, Kirkpatrick PJ, Goodyer IM, Shiers HM, Herbert J. Cortisol, dehydroepiandrosterone (DHEA), and DHEA 

sulfate in the cerebrospinal fluid of man: relation to blood levels and the effects of age. J Clin Endocrinol Metab 

1996 Nov;81(11):3951-60. 

12.   Chadwick CA, Owen LJ, Keevil BG. Development of a method for the measurement of dehydroepiandrosterone 

sulphate by liquid chromatography-tandem mass spectrometry. Ann Clin Biochem 2005 Nov;42(Pt 6):468-74. 

 


