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Chapter VII 

Simultaneous measurement of testosterone and 

androstenedione in saliva: a comparison of three Liquid-

Chromatography Tandem Mass Spectrometry (LC-MS/MS) 

methods  
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Abstract 

This paper describes three Liquid-Chromatography Tandem Mass Spectrometry (LC-MS/MS) 

methods for the simultaneous measurement of salivary testosterone and androstenedione 

concentrations. The methods were developed in three different laboratories using different sample 

preparations and instruments. All methods showed intra-assay CVs below 7.2% and inter-assay CVs 

below 8.8% for both analytes. Recoveries were between 84-115%. The Lower Limits of Quantitation 

allows all methods to determine both steroids in males, females as well as children. Thirty samples of 

healthy adult male and female volunteers were measured using all three methods. Pearson’s 

correlation coefficients were calculated and Passing-Bablok regression analyses performed to 

investigate the agreement of the three methods. The methods were found to show a good 

agreement (slopes of the regression line were 0.98 - 1.02 and 0.98 - 1.04; r were > 0.998 and > 0.995, 

for testosterone and androstenedione, respectively). The good agreement found between these 

three LC-MS/MS methods for salivary testosterone and androstenedione allows the use of the same 

reference intervals as well as the comparison of research data obtained with these assays. This was 

not possible earlier using immunoassays and is thus a clear improvement in salivary steroid testing 

for both clinical diagnostics and research purposes. In conclusion, we describe three well validated 

LC-MS/MS methods for salivary testosterone and androstenedione measurements that show a good 

agreement. These findings hold the promise of more LC-MS/MS assays with comparable agreement 

becoming available in future, allowing further comparability of research studies on salivary steroids 

as well as the use of the same reference values in various hospitals. 

  



Introduction  

The measurement of steroid hormones, such as testosterone and androstenedione, in saliva, 

is an attractive alternative to serum analysis due to the simple and non-invasive sample collection. 

Saliva samples are easily collected by the patients themselves by drooling their saliva in a simple 

polypropylene tube. This procedure needs no special training, is also suitable for older children as 

well as sampling at home or in field studies [1].  

Salivary steroid concentrations are thought to reflect the serum concentrations of these 

hormones and are therefore used to diagnose and monitor patients with alterations in androgen 

levels. In addition they can be used to investigate the relationship between hormone biology and 

many aspects of human life, such as psychology [2]. Salivary testosterone is one of the steroid 

hormones which is, next to cortisol, often requested in clinical diagnosis. In children and adolescents 

testosterone is mainly measured to investigate whether puberty has started or not [3], to diagnose 

hypogonadism [4], or in the follow up of testosterone suppletion [5]. Salivary androstenedione is 

mainly measured during the follow-up of patients with Congenital Adrenal Hyperplasia (CAH) [6-8]. 

Unlike the simple sample collection, steroid hormone measurement in saliva is complex. This 

is mainly due to the low steroid concentrations in saliva and the structural similarity of the several 

steroid hormones, which can cause cross reaction in the assays. Highly sensitive and specific methods 

are thus needed to obtain reliable results. Because of its superiority in specificity over 

immunoassays, Liquid-Chromatography Tandem Mass Spectrometry (LC-MS/MS) is nowadays 

recommended for steroid analysis [9]. Although, LC-MS/MS methods for salivary steroids have been 

described [10;11], little is known about the agreement of LC-MS/MS methods for salivary steroids. 

This article describes three LC-MS/MS methods for the simultaneous measurement of salivary 

testosterone and androstenedione concentrations. These three methods were developed and 

validated in separate laboratories and were compared in this study.  

Method characteristics method A (Amsterdam)  

A six-point calibration series was prepared in active-coal treated saliva (using testosterone 

(Riedel de Haën, Buchs, Switzerland) and androstenedione (Steraloids, Newport, RI), aliquotted and 

stored at -20 ⁰C until analysis. Every run one aliquot per calibration point was used. The calibration 

samples, in-house salivary Quality Controls (QCs) as well as samples were prepared in duplicate. 

Preparation of samples was initiated by the addition of a mixture of [13C3]-testosterone (Ceriliant, 

Round Rock, Texas) and [13C3]-androstenedione (Ceriliant, Round Rock, Texas), serving as internal 

standards, to 100 µL of saliva. Testosterone and androstenedione were derivatized using 

methoxylamine hydrochloride (MOX) to improve assay sensitivity. After incubation (60 minutes, at 60 

⁰C) with MOX, a liquid-liquid extraction using hexane : diethylether (4:1) was performed. The organic 

phase was evaporated under nitrogen and extracts were dissolved in 100 µL methanol : MilliQ-water 

(1:1). 60 µL of this exctract was 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 BEH C18-column 

(1.7 µm (2.1x50 mm) (Waters Corp.)) as first and second dimension column, respectively. 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 

1.2 kV, cone voltage 100 V, desolvation temperature 500 °C and source temperature 150 °C. The 

collision energy was optimized between 27 and 35 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 318 > 126 and m/z 318 > 138 for testosterone; m/z 321 > 129. and m/z 321 > 141 for [13C3] 

testosterone; m/z 345 > 126 and m/z 345 > 138 for androstenedione; m/z 348 > 129 and m/z  348 > 

141 for [13C3]  androstenedione. Due to the MOX-derivatization every analyte gave two peaks in the 

chromatogram. The retention times were 6.70 and 6.80 minutes; and 7.60 and 7.73 minutes for the 

first and second peak of testosterone and androstenedione, respectively. The total run time was 8.0 

minutes. For quantification the latest and most intense peak was used for all analytes. Intra-assay CV, 

based on duplicate measurements, was <4.6% and <4.2% for testosterone and androstenedione, 

respectively. Interassay CVs, Lower Limits of Quantitation (LLOQs) and recoveries, as  judged by the 

recovery of spiked analytes, are shown in Table 1. Method A was found to be linear and there was no 

cross reaction found. LLOQ for androstenedione was estimated at 15 pmol/L. There are almost no 

samples with androstenedione concentrations below this concentration and we were not able to find 

enough samples at this concentration to determine interassay CVs at this level. However, the 

interassay CV at 47 pmol/L was < 5.8% and the mean Signal-to-noise ratio of a calibrator prepared in 

active-coal treated saliva at 1.9 pmol/L was 44, both allowing to estimate the LLOQ for 

androstenedione at 15 pmol/L and giving the ability to quantify androstenedione concentrations in 

almost all samples. 

Method characteristics method B (Bologna) 

Method B is a steroid profiling method for the simultaneous measurement of salivary 

testosterone, androstenedione, dehydroepiandrosterone (DHEA) and 17-hydroxyprogesterone 

concentrations. This article focuses on the measurement of testosterone and androstenedione. A 

total of 7 calibrators were prepared in every batch by serial dilution using testosterone  and 

androstenedione (both from Steraloids). Preparation of saliva samples was initiated by the addition 

of [2H5]-testosterone (CDN Isotopes, Pointe Claire, Canada), serving as internal standard for both 

testosterone and androstenedione, to 500 µL of saliva followed by a liquid-liquid extraction using 

hexane : ethyl acetate (8:2). The organic phase was dried under nitrogen and reconstituted with 100 

µl of Methanol : MilliQ-water. (3:1). Calibrators as well as samples were prepared in duplicate, while 

two in-house Quality Controls (QCs), respectively at female and male steroid levels, were processed 

and run in triplicate at the beginning, in the middle and at the end of the batch. 75 µl were injected 

into a HPLC Series 200 (PerkinElmer, Waltham, MA) operating in a 2D configuration equipped with a 

POROS R1/20-perfusion column ((2.1mm×30mm) (Life Technologies, Carlsbad, CA)) for further 



purification of the sample, and a ZORBAX Eclipse XDB-C18-column (3.5µm (100mm×3.0mm)(Agilent 

Technologies, Santa Clara, CA)) equipped with a RP-C18-guardcolumn ((4mm×2mm) (Phenomenex, 

Torrance, CA) as analytical column. Analytes were revealed by positive electrospray ionization 

followed by multiple reaction monitoring (MRM) on an API 4000-QTrap (AB-Sciex, Toronto, Canada) 

mass spectrometer operated in triple-quadrupole mode. Source temperature was set at 650 ◦C, ion 

spray voltage at 5500 Volt, nebulising at 65 psi, heater gas at 40 psi, curtain gas at 20 psi. Collision 

activated dissociation (CAD) gas was N2 set at “medium”. Two transitions, one used for quantitation 

and one used for confirmation, were monitored for [2H5]-testosterone, testosterone and 

androstenedione. Q1 > Q3 m/z, declustering potential (V) , collision energy (V) and cell exit potential 

(V), were 294 > 100., 50, 35, 4 and 294 > 113, 50, 35, 5 for [2H5]-testosterone; 289 > 97, 90, 35, 4 and 

289 > 109, 90, 35, 10 for testosterone; 287 > 97, 140, 35, 3 and 287 > 109, 140, 35, 6 for 

androstenedione. Retention times were 4.42 minutes for testosterone and 5.01 minutes for 

androstenedione. Chromatographic resolution was achieved between the isobaric pair testosterone 

and DHEA and between the two of them and androstenedione, which displays a 2 amu difference in 

the molecular weight and can cause isotopic distribution dependent interference. Total run time was 

9 minutes. Intra-assay CV was assessed on 3 replicates of  the low and high QC in the same batch and 

was found to be < 6.8% and < 7.2%, for testosterone and androstenedione, respectively. Interassay 

CVs , Lower Limits of Quantitation (LLOQs) and recoveries, as judged by the recovery of spiked 

analytes, are shown in Table 1. Method B was found to be linear and there was no cross reaction 

found. Specificity in test samples was checked by means of the ratio between peak area obtained by 

quantitative and reference transition (ion ratio, IR) for each analyte and for the internal standard. A 

deviation from the expected IR above or below the 20% made the result not acceptable and thus 

discarded. 

Method characteristics method C (Nijmegen) 

Method C is a steroid profiling method for the simultaneous measurement of salivary 

testosterone, androstenedione, cortisol, 11-deoxycortisol, progesterone and 17-

hydroxyprogesterone concentrations. This article focuses on the measurement of testosterone and 

androstenedione. A nine-point calibration series was prepared (using testosterone and 

androstenedione (both from Steraloids)), aliquotted and stored at -40 ⁰C until analysis. Every run one 

aliquot per calibration point was used. Calibrators, In-house saliva QCs as well as samples were 

prepared in duplicate. Sample preparation consisted of internal standard addition [13C3]-testosterone 

(Isoscience, King of Prussia, PA)  and, [13C3]-androstenedione (Isoscience) to 500 µL saliva and solid 

phase extraction using Oasis® MCX 1cc cartridges (Waters Corp.). Purified calibrators, quality controls 

and samples were injected into an Agilent Technologies 1290 Infinity VL UHPLC-system (Agilent 

Technologies, Santa Clara, CA), equipped with a BEH C18 (1.7μm 2.1 X 50mm) analytical column 

(Waters Corp.). A Agilent 6490 tandem mass spectrometer (Agilent Technologies) which served as 

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

conditions were as follows: capillary voltage 3.5 kV,  fragmentor voltage 380 V, sheath gas 



temperature 350°C and gas temperature 150 °C. The collision energy was optimized between 21 and 

35 eV for all analytes and Nitrogen 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 > 109 and m/z 289 > 97 for 

testosterone; m/z 292 > 112 and m/z 292 > 100 for [13C3]-testosterone; m/z 287 > 109 and m/z 287 > 

97 for androstenedione; m/z 290 > 112 and m/z  290 > 100 for [13C3]-androstenedione.  Total run 

time was 8 minutes. Intra-assay CV, based on duplicate measurements, was <2.3% and <4.2% for 

both testosterone and androstenedione. Interassay CVs , Lower Limits of Quantitation (LLOQs) (total 

CV 10%) and recoveries, as  judged by the recovery of spiked analytes, are shown in Table 1. Method 

C was found to be linear and there was no cross reaction found. 

    Method A Method B Method C 

Inter-assay CV (%) Testosterone < 7.1% < 3.8% < 4.3% 

Androstenedione < 5.8% < 8.8% < 4.1% 

LLOQ (pmol/L) Testosterone 1.8 8.3 10 

Androstenedione 15* 17 17 

Recovery (range)  (%) Testosterone 97-114% 99-109% 99-102% 

Androstenedione 98-115% 84–104% 100-103% 

Table 1: Inter-assay CV, Lower Limit of Quantitation (LLOQ) and recovery of spiked analytes per method. *LLOQ was 

estimated. 

Method comparison 

Saliva samples were taken from 30 healthy adult men and women (age between 21 and 60 

years). All subjects gave written informed consent. Every subject drooled 5 mL unstimulated saliva 

directly into a simple polypropylene tube. All samples were anonymized and handled identically. 

Samples were frozen for at least 24 hours at -20⁰C to break down the mucopolysaccharides in order 

to allow proper aliquotting for the different hormone analyses. Samples were subsequently re-

thawed and centrifuged for 30 minutes at 3000 rpm. The clear supernatant was divided into aliquots 

and frozen again at -20⁰C. The samples were sent frozen on dry ice to the three laboratories and kept 

frozen until analysis. All samples were analyzed in duplicate by each of the three methods for 

testosterone and androstenedione described above, according to the standard procedures 

concerning calibration and QC in each of the laboratories. 

The overall median concentration per analyte in each sample was calculated using the 

measured concentration by the three methods. Using the mean concentrations calculated from the 

duplicate measurements of each sample, we performed a Passing Bablok regression analysis and 

calculated a Pearson’s correlation coefficient to assess the agreement of method A to C with the 

overall median concentration. All statistical analyses were performed using MedCalc 11.6, GraphPad 

Prism 6 and Microsoft Excel 2010. 

Median concentrations were between 3.5 and 334 pmol/L and between 65 and 256 pmol/L 

for testosterone and androstenedione, respectively. Method B detected a complicated noise profile, 



characterized by elevated baseline and by adjacent peaks, in the MRM transitions used for [2H5]-

testosterone and, to a lower extent, for testosterone detection. Moreover, an unacceptable IR was 

observed in 7 samples for [2H5]-testosterone, in 7 samples for testosterone and in 12 samples for 

androstenedione; overall, among the 30 test samples, results were obtained in 20 samples. For 

testosterone and for androstenedione in one and seven samples, respectively, only one 

measurement was reliable. Of these samples these single measurements were used for further 

analysis. Passing–Bablok regression analyses and Pearson correlation coefficients are shown in Figure 

1.  

 

Figure 1: Passing-Bablok 

regression analyses and Pearson’s correlation coefficient for salivary testosterone and androstenedione. Testosterone 

and androstenedione concentration as measured by each of the methods A to C are plotted against the median 

testosterone and androstenedione concentration. 

 

 



Discussion  

In this paper three LC-MS/MS methods for the simultaneous measurement of testosterone 

and androstenedione in saliva were described. All methods underwent thorough validation proving 

their sensitivity and accuracy and were found to show a good agreement (slope was 0.98-1.04; r was 

> 0.995). The Lower Limits of Quantitation allowed all methods to determine both steroids in males, 

females as well as children accurately.  

The interference seen by method B was never observed before nor after this study in more 

than 300 saliva samples collected by direct spitting. Although we do not know where this 

interference derived from, we suppose that it comes from disposable used for sample collection or 

storage. Due to sample shortage it was unfortunately not possible to reanalyse the study samples. 

The fact that only method B was affected by interference could depend on the fact that methods 

used other chromatographic conditions, as well as other internal standards and different m/z 

transitions for analytes and for internal standards. This phenomenon underlines the importance of a 

proper pre-analytical validation, since collection and processing procedure can influence method 

performance and result reliability even more than the analytical method itself. Besides, it also 

highlights the importance of the ability of LC-MS/MS to monitor the specificity for each analyte in 

each sample, allowing to reject the result whenever specificity requirement such as the ion ratio is 

not satisfied. This is not possible with immunoassays, where the results are not supported by any 

sample-specific specificity verification. 

Although the number of samples used in this comparison study was rather low [12], this 

comparison demonstrated that LC-MS/MS assays for salivary testosterone and androstenedione can 

have a good agreement. The results are even more appreciable if considering the severe interference 

observed by method B, thus implying that IR monitoring is a robust tool to assess specificity.  

This is in contrast to earlier comparisons between immunoassays and between 

immunoassays and LC-MS/MS methods, which showed a clear disagreement [11;13]. Next to 

standardization differences, many immunoassays show a high variation. One of the most prominent 

causes of this high variation is cross reactivity, but in addition lot-to-lot variability and sample matrix 

effects can play a role. Due to its superiority in specificity LC-MS/MS has now become the method of 

choice for salivary steroid measurement, as was already claimed for the measurement in serum 

[9;14]. Although LC-MS/MS methods can have standardization problems and a high variation as well, 

their agreement is usually better than among immunoassays [15].  

The good agreement found between these three LC-MS/MS methods for salivary 

testosterone and androstenedione allows the use of the same reference intervals as well as the 

comparison of research data obtained with these assays. This is not possible for the immunoassays 

reported earlier [11;13], and is thus a clear improvement in salivary steroid testing for both clinical 

diagnostics and research purposes. The agreement between these three methods in the current 



study holds the promise of more LC-MS/MS assays with comparable agreement becoming available 

in future, allowing further comparability of research studies on salivary steroids as well as the use of 

the same reference values in various hospitals.  

In conclusion, we developed three sensitive and accurate LC-MS/MS methods for the 

simultaneous measurement of salivary testosterone and androstenedione concentrations, which 

show a good agreement and allow the use of the same reference intervals.  
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