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OBJECTIVES: For the diagnosis and treatment of disorders like congenital
adrenal hyperplasia, the determination of steroids in saliva might form a more
patient-friendly method. Therefore a selective and sensitive LC-MS/MS meth-
od was developed for androstenedione, cortisol, cortisone, 11-deoxycortisol,
21-deoxycortisol, 17a-hydroxyprogesterone, and testosterone in saliva.

METHODS: Saliva was extracted and concentrated. Steroids were determined
by LC-MS/MS, using multiple reaction monitoring upon electrospray ionization.

RESULTS: A method was developed to determine seven steroids in saliva in
one single LC-MS/MS run. Limits of quantification were 0.05 ng/mL for andro-
stenedione, 0.25 ng/mL for cortisol, 0.50 ng/mL for cortisone, 0.125 ng/mL for
11-deoxycortisol, 0.125 ng/mL for 21-deoxycortisol, 0.125 ng/mL for 17x«-hy-
droxyprogesterone, and 0.05 ng/mL for testosterone. The within-run repeatabili-
ty was < 5% and the within-laboratory precision was < 5% for all analytes except
androstenedione, where the saliva used in the validation study contained andro-
stenedione levels below the LOQ.

CONCLUSIONS: A sensitive and selective method was developed for the deter-
mination of a profile of seven steroids in saliva in one analytical run.

KEYWORDS: steroids, profile, LC-MS/MS, congenital adrenal hyperplasia, sa-
liva.

INTRODUCTION

A steroid profile can be used to discriminate between healthy individuals and indi-
viduals with an adrenal disorder, such as Cushing’s syndrome, Addison’s disease
or congenital adrenal hyperplasia [1]. Congenital adrenal hyperplasia (CAH) is a
group of autosomal recessive disorders in which the adrenal cortisol biosynthe-
sis from cholesterol is impaired [2]. The most prevalent enzyme deficiency in CAH
is 21-hydroxylase (>90%), followed by 11B-hydroxylase (5%), with the severity of
the clinical presentation depending on the degree of the deficiency [3]. In many
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countries, CAH is included in the newborn screening program [4]. The Dutch newborn
screening program results in the detection of CAH in 15 to 20 newborns every year [5].
Hormone replacement therapy aims to replace the missing glucocorticoids and miner-
alocorticoids [6]. Clinical diagnosis and monitoring of therapy are usually performed by
repeated blood sampling. Analytical methods exist for the analysis of CAH relevant ste-
roids in dried blood spots, plasma or serum [7-11]. Steroid panels consisting of 3 [7] up
to 16 steroids [9] are described using liquid chromatography coupled to tandem mass
spectrometry (LC-MS/MS). Usually, reversed-phase chromatography is applied using wa-
ter/methanol [7-9] or water/acetonitrile [10,11] gradients. lons are formed by Atmospheric
Pressure Chemical lonization (APCI) [7-9] or Electrospray lonization (ESI) [10,11] and
usually determined as positive ions, except aldosterone [9] and occasionally cortisol and
cortisone [10].

In this study, saliva was chosen as a potential alternative matrix. Saliva can be collected
by non-invasive means, which is more patient-friendly and offers the possibility of repeat-
ed sampling in cases where several venipunctures are impossible or undesirable, espe-
cially in newborns [6]. Moreover, salivary steroid hormone concentrations are thought to
reflect serum free steroid concentrations, which are the biologically active forms. These
advantages of saliva may make it feasible to better tailor cortisol replacement therapy in
CAH patients. Saliva can be collected by passive drooling [3], direct spitting [6,12], or by
using specific collection devices with swabs. The swabs are approved only for a limited
number of steroids [3,13], therefore the direct spitting method was selected in this study.
Since most steroids are present in lower concentrations in saliva compared to blood [14
-17], there is a need for sensitive analytical methodology. LC-MS/MS methods exist con-
cerning the quantification of steroids in saliva, however, some of these are focused on one
or two steroids only, or they include steroids which are not related to CAH [6,12,14,15,18].
A radioactive immunoassay was used to investigate androstenedione and 17a-hydroxy-
progesterone in saliva of CAH patients [6], while others apply derivatization with 2-hy-
drazino-1-methylpyridine prior to determination of steroids in saliva by LC-MS/MS (12).
Different sets of steroids were determined in saliva using liquid chromatography - mass
spectrometry (LC-MS) and applied for various groups of patients [12,14,15,18]. Sample
pretreatment is usually performed by Solid Phase Extraction [12,14,18] or Liquid Liquid
Extraction [15]. A set of 5 steroids was detected in relation to CAH in relatively large vol-
ume saliva samples (10 mL) by the application of Selective lon Monitoring (SIM) of the
most abundant ions [18]. In this research Electrospray lonization combined with tandem
mass spectrometry is applied in saliva for the determination of a panel of seven steroids
which are useful for clinical diagnosis and monitoring of CAH therapy [2,3].

The aim of this study was to develop and validate a sensitive and specific LC-MS/MS
method for the quantification of seven steroids in a single run; androstenedione, cortisol,
cortisone, 11-deoxycortisol, 21-deoxycortisol, 17a-hydroxyprogesterone, and testoster-
one in saliva. Validation parameters were based on the Clinical and Laboratory Standards
Institute EP15-A2 protocol and extended due to recommendations in multiple reviews [19-
22]. Parameters included limits of quantification and detection (LOQ and LOD), precision,
reproducibility, recovery, specificity, stability at different temperatures and matrix effects.

MATERIALS AND METHODS

Chemicals and materials

Reference compounds and internal standards androstenedione, 2,3,4-[**C,]-andro-
stenedione , cortisol, cortisone, 2,2,4,6,6,12,12-[?H_]-cortisone, 11-deoxycortisol (1 mg/
mL in methanol), 2,2,4,6,6-[*°H,]-11-deoxycortisol, 21-deoxycortisol (100 pg/mL in meth-
anol), 2,2,4,6,6,21,21,21-[?H,]-21-deoxycortisol, 17a-hydroxyprogesterone (17a-OHP),
2,3,4-["°C,]-17a-hydroxyprogesterone, testosterone, and 2,3,4-["*C_]-testosterone were
purchased from Sigma-Aldrich (Zwijndrecht, the Netherlands). 1,2-[?H_]-cortisol was pur-
chased from Buchem (Apeldoorn, the Netherlands).
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Purity for all stable isotope labelled internal standards was >98%. Acetonitrile (ACN) and
methanol (both UPLC-MS grade) were purchased from Boom (Meppel, the Netherlands),
formic acid LC-MS grade was purchased from Sigma-Aldrich (Zwijndrecht, the Nether-
lands), and ethyl acetate HPLC grade was purchased from Macron ChromAR (Deventer,
the Netherlands). Water (Milli-Q) was produced using a Millipore Advantage A10 station.

Sample preparation

Saliva samples of varying volumes were centrifuged for 15 minutes at 3000 rpm in a Her-
aeus Sepatech Megafuge 1.0, after which 500 pL of the supernatant was transferred to
another tube and frozen at -20°C, if not used immediately. After thawing, samples were
mixed, followed by addition of 10 pyL of an internal standard (IS) mixture containing all
seven IS at a concentration of 100 ng/mL in 80:20 water:ACN. Saliva was spiked with
11-deoxycortisol, 21-deoxycortisol, 17u-hydroxyprogesterone or testosterone whenever
endogenous concentrations were below the LOQ. Liquid-liquid extraction was performed
using 5 mL of ethyl acetate for each 500 pL saliva aliquot. The samples were centrifuged
shortly for phase separation and the organic layer was transferred and evaporated at 30
°C (pressurized air), followed by reconstitution in 500 pL 80:20 water:ACN.

Instrumental analysis

A 1200 series HPLC from Agilent Technologies (Santa Clara, USA) was used. Separa-
tion was performed on an ACE UltraCore SuperC18 column (L=100 mm, I.D. = 2.1 mm,
particle size 2.5 ym, pore size of 25 A, Advanced Chromatography Technologies Ltd.,
Aberdeen, Scotland).

A flow rate of 0.25 mL/min was applied to the column using a gradient of phase A (0.1 %
formic acid, FA) and phase B (0.1 % FA in acetonitrile). The gradient was initiated with
20% B increasing to 40% B over 5.3 min. which was retained up to 12 minutes, followed
by a direct change to 20% B at 12.01 min. and equilibration (Total run time 16.5 min.).
Column temperature was maintained at 30 °C. The injection volume was 50 pL.

The mass spectrometer was a 6460 triple quadrupole mass spectrometer (Agilent Tech-
nologies), equipped with an electrospray lonization source (ESI, Agilent Jet Stream Tech-
nology), operated in positive mode. The main source settings were: electron multiplier
voltage 400 V, capillary voltage 3500 V, nozzle voltage 0 V, gas temperature 350 °C, gas
flow 5 L/min, nebulizer pressure 60 psi, sheath gas heater 350 °C and sheath gas flow
11 L/min.

Analytes were detected in dynamic multiple reaction monitoring (dMRM) with a cycle time
of 1000 ms. Mass transitions were optimized by Agilent’s Optimizer software and the op-
timum mass transitions for steroids and the respective internal standards are presented
in Table 1.

Data were processed using Masshunter QQQ Quantitative Analysis for LC-MS version
B.07.00, build 7.0.457.0 (2008, Agilent). Calibration graphs were prepared by linear least
squares regression with a weighing factor of 1/x. Microsoft Excel 2013 was used for ad-
ditional data evaluation.

Calibrators and quality control samples

Calibrators were prepared by serial dilution in 80:20 water:ACN. The concentration rang-
es are given in Table 2. Aliquots (500 plL) were transferred to 10 mL polypropylene tubes
and stored at -20 °C. Quality controls (QCs) consisted of 80:20 water:ACN containing all
seven steroids at low (LQC), medium (MQC) or high concentrations (HQC) as presented
in Table 2. All QCs were stored at -20 °C in 500 L aliquots.

Before analysis, internal standards were added (10 pL) of a solution of 100 ng/mL of each
stable isotope labeled IS. On each day, two zero samples were included, which consisted
of a 80:20 water:ACN mixture including 10 pL of internal standards. Blanks consisted of
a 80:20 water:ACN mixture.
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Table 1. Mass transitions monitored for each of the steroids and the internal standards.

Name

Androstenedione

2,3,4-[°C J-androstenedione
Cortisol

1,2-[’H,]-cortisol

Cortisone

2,2,4.,6,6,12,12-PH_]-cortisone
11-Deoxycortisol
2,2,4,6,6-[’H_]-11-deoxycortisol
21-Deoxycortisol
2,2,4,6,6,21,21,21-[PH-21-deoxycortisol
17a-hydroxyprogesterone

2,3,4-[°C J-17a-hydroxyprogesterone
Testosterone

2,3,4-["C ]-testostosterone

MRM'

Precursor ion — Product ion

(m/2)
287.2 — 97.1
287.2 — 109.1
290.2 — 100.1
363.2 — 121.1
363.2 — 327.2
365.2 — 122.0
361.2 — 163.1
361.2 — 121.1
368.2 — 168.1

347.2—97.1
347.2 — 109.1
352.3 — 100.1
347.2 — 311.2
3472 —121.1
355.3 — 319.2
331.2—97.1
331.2 — 109.1
334.3 — 100.0
289.2 — 97.1
289.2 — 109.1
292.2 — 100.1

Retention time
(min.)

5.7

5.8

7.6

7.3

11.6

9.4

"The first mass transition mentioned for each steroid is used for quantification, while the second is used for

confirmation of the identity.

Table 2. Calibration ranges (lowest — highest) and concentrations of the low- (LQC), medium- (MQC) and high (HQC) Quality

Control samples

ng/mL  Androstene- Cortisol

dione
Range 0.015-1.96 0.08 —9.80
LQC 0.05 0.25
MQC 0.2 1
HQC 1.8 9

Cortisone 11-Deoxy-
cortisol

0.15-19.61 0.04 — 4.90

0.5 0.125

2 0.5

18 4.5

21-Deoxy-
cortisol

0.04 —4.90
0.125

0.5

4.5

17«-hydroxy- Testosterone

progesterone

0.04 —4.90 0.015-1.96
0.125 0.05

0.5 0.2

4.5 1.8
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Sample collection

Considering the circadian rhythm of salivary steroids, saliva samples were collected as
early as possible (between 9:00 — 11:00 a.m.) by direct spitting in 10 mL polypropylene
tubes. Saliva donors (>20 years) were asked not to consume a large meal or brush their
teeth within 60 minutes prior to sample collection and not to drink any caffeinated bever-
ages within 15 minutes prior to sample collection. The donors rinsed their mouth with wa-
ter at least 10 minutes prior to sample collection [22]. Prior to saliva donation, the donors
gave written informed consent to participate in this study.

Method performance

The validation was based on the Clinical and Laboratory Standards Institute EP15-A2
protocol [23]. Saliva samples from two donors (A and B) were analyzed daily in triplicate
for five days. Each run also included calibrators, blanks, zero samples, and quality control
samples (two for each level LQC, MQC and HQC).

The saliva used in the validation study (A and B) was spiked with 11-deoxycortisol, 21-de-
oxycortisol and 17a-hydroxyprogesterone at concentrations of 0.6 ng/mL (A) and 1.8 ng/
mL (B). The saliva (B) was additionally spiked with testosterone (0.1 ng/mL).

The linearity of the method was accepted if R? was > 0.99. The limit of detection (LOD)
was calculated using the signal-to-noise ratio (SNR) of the qualifier of the lowest calibrator
for each of the steroids, calculating the corresponding concentration for SNR = 3,0.

The limit of quantification (LOQ) was evaluated at the level of the LQC (in 80:20 wa-
ter:ACN) with 10 scans per peak. For the LOQ, the acceptance criterion was 85 - 115%.
The acceptance criterion for the MQCs and HQCs was 90 - 110%. One QC per day per
steroid was allowed to exceed the acceptance criteria, without rejection of the run.
Method recovery was determined by spiking saliva at LQC and MQC concentrations.
Calculated concentrations were compared to theoretical concentrations after blank sub-
traction. Analyte stability in saliva was evaluated after a 5-day incubation period at 22 °C,
at 3-8 °C and at -20 °C. Saliva from a volunteer was spiked with 10 ng/mL of cortisone, 5
ng/mL of cortisol, 2.5 ng/mL of 17a-OHP, 11-deoxycortisol and 21-deoxycortisol, and 1
ng/mL of testosterone and androstenedione. Triplicate samples were analyzed followed
by a comparison of the before- and after-incubation concentrations. Matrix effects were
evaluated for all steroids. Blank saliva was extracted and the remains were evaporated to
dryness, followed by addition of calibrators with a low, medium and high concentration.
These calibrators were analyzed simultaneously without the addition of the saliva matrix.
The steroid concentrations in pure solvent were then compared to the steroid concentra-
tions in solvent + evaporated saliva matrix after blank subtraction.

Specificity of the method was determined by analysis of relevant potential interferences
including aldosterone, prednisolone, 21-hydroxyprogesterone, corticosterone, 11o-hy-
droxyprogesterone, 11p-hydroxyprogesterone, g-estradiol-6-one, epitestosterone, estriol,
dehydroepiandrosterone (DHEA) and fenofibrate.

RESULTS AND DISCUSSION

Method development

Initially, isocratic elution with methanol as modifier was used to separate all seven ste-
roids, including the critical pair of the isobaric compounds 11-deoxycortisol and 21-de-
oxycortisol. However, full scans of the individual steroids revealed the significant forma-
tion of [M+Na]* ions, as well as [M+H]* ions. Supplemental Figure 1 shows the full
scan MS result of a 100 ng/mL androstenedione solution in 50:50 methanol:water, which
demonstrates the significance of [M+Na]* formation. The [M+H]*:[M+Na]* ratio differed
for each of the steroid (range 1.3 to 8.6), and was dependent on injection volume and the
source and purity of the methanol applied. Ma and Kim [24] described adduct formation
specific for the analysis of steroids and demonstrated how the use of ACN instead of
methanol had overcome [M+Na]* formation. Therefore, methanol was replaced by ACN.
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For this modifier, gradient elution was necessary for separation of the steroids including
the critical pair of isobaric, 11-deoxycortisol and 21-deoxycortisol. Cortisone and cortisol
were not baseline separated, but dMRM was used to distinguish them.

1,2-[?H_]-cortisol internal standard

The internal standard used for cortisol was 1,2-[?H,]-cortisol. Natural isotope ions of cor-
tisol were insignificant at low concentrations but contributed to the peak area of the IS
at higher concentrations, starting from 3 ng/mL. To limit the significance of the natural
isotopes of cortisol, the concentration of the IS was increased from 0.59 ng/mL to 1.96
ng/mL, resulting in a linear range up to a concentration of 10 ng/mL. Several recommen-
dations are given in the literature to use internal standards with three or more isotopic
labels [19,20], which is strongly supported by our findings.

Saliva samples

The chromatogram of saliva (sample A) is presented in Figures 1 and 2. High (Figure
1) and low (Figure 2) intensity peaks are split into two figures. All peaks are baseline
separated except for cortisone and cortisol, which are separated based on their different
mass-to-charge ratios.

Estimation of the appropriate calibration range

To obtain estimates of the concentration ranges of the seven steroids in saliva, nineteen
healthy volunteers donated saliva. The established ranges are presented in Table 3.
Since the method was further developed after this experiment, the results should be
interpreted as indicative.

All steroids were successfully quantified in saliva from the volunteers except for 21-de-
oxycortisol which was not detected in any of the saliva samples. 11-deoxycortisol and,
17a-hydroxyprogesterone (17x¢-OHP) levels were very low and only occurred in a few
samples. Based on these results, appropriate calibration ranges and LQC, MQC and
HQC concentrations were selected for cortisol, cortisone, testosterone and androstene-
dione.

% Cortisone
1051361.2 > 163.1 m/z |

352,3> 100,1 m/z

07
os
06: 11-Deoxycortisol

347,2> 97,1 m/z

21-Deoxycortisol
347,2>109,1 m/z

|
025]361.2> 1211 miz | | 355 3> 3102 miz /\ |
|

I
I |
/

0051368,2 > 168,1 m/z/,’V\; \ T
Gl L

21 Testosterone

290,2 > 100,1 m/z

Androstenedione
290,1 > 100,1 m/z

17a0HP
334,3>100,1 m/z

| 331,2>109,1 m/z
\ / /\\ 331.2 > 97,1 miz

52 54 56 58 6 62 64 66 68 72 74 76 78 & 82 84 86 88 35 82 54
Counts vs, )

Acaisition Time (i

96 98 10 102 104 106 108 11 112 114 116 118 12 122 124 126 128 13

Figure 1. Chromatogram of dynamic multiple reaction monitoring (dAMRM) functions con-
taining the high intensity peaks of saliva from a donor (A).
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Cortisol

i | 363,2>121,1miz

1 363,2 > 327,2miz

21-Deox¥comsol
347,2>311,2miz

075 365,2 > 122,0 m/z

0ss | 347,2>121,1 miz

Testosterone
|| 289.2>97,1miz

|
[l 289,2>109,1 miz
i

fA _Androstenedione
It 287,2 > 97,1 m/z
[l | 287,2>100,1 miz

48 5 52 54 56 58 b 62 64 66 68 7 72 74 76 78 8 82 84 86 88 9 92 94 96 98 10 102 104 106 108 11 112 114 116 118 12 132 124
¥ Counts vs. Acquisition Time (min)

Figure 2. Chromatogram of dynamic multiple reaction monitoring (dMRM) functions con-
taining the low intensity peaks of saliva from a donor (A). In this chromatogram, the qualifier
of androstenedione has a SNR of 2.7.

There were no significant differences between the two sexes, except for testosterone
which was significantly higher in males (average 0.16 ng/mL) than females (0.08 ng/mL,
Student’s t-test, p < 0.05), which was to be expected [25]. The observed values fall within
the concentration ranges described using LC-MS/MS (cortisol 0.20 — 8.50 ng/mL [1, 26],
cortisone 3.06 — 15.64 ng/mL [26], testosterone (in both sexes) 0.01 - 0.11 ng/mL [12, 27,
28], androstenedione 0.08 — 1.22 ng/mL [27, 28]. RIA-based salivary reference ranges
are reported for 17«-OHP, but cannot be compared to LC-MS/MS data since assay in-
terference is a well-recognized problem [28]. To our knowledge, there are no reports of
reference ranges for 21-deoxycortisol and 11-deoxycortisol in healthy subjects in saliva.

Validation of the analytical method

Compound identification

Steroidal structures are very similar and interferences have been reported [29]. Therefore,
in LC-MS/MS-based methods the retention times, mass transitions and MRM ratios are
used for identification.

The retention times were within 1% deviation of the average retention times for all steroids
and were therefore considered stable.

For the MRM ratio, different requirements are suggested in the literature, Honour suggests

Table 3. Concentration ranges (lowest — highest in ng/ml.) found for androstenedione, cortisol, cortisone, 11-deoxycortisol,

21-deoxycortisol, 17a-hydroxyprogesterone, and testosterone in saliva from nineteen healthy volunteers

ng/mL  Androstene- Cortisol Cortisone 11-Deoxy- 21-Deoxy- 17«-hydroxy- Testosterone
dione cortisol cortisol progesterone

Men 0.08 —0.25 0.93-44 45-98 <LOD-<LOQ* <LOD <L.OD - <LOQ’ 0.12-0.23

Women  0.06 —0.21 15-56 506-14 <LOD - <LOQ' <LOD <LOD -0.17! 0.05-0.11*

'detected in n=1, *detected in n=2, *detected in n=3, Note: the values for the LOD and LOQ for the steroids are given in Table
5. *significantly different between sexes (t-test, p<0.05)
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an acceptable deviation of 15% [20] whereas Rauh suggests 30% [28], and Methlie sug-
gests 40% [30]. In this study, all deviations of the MRM ratios of saliva measurements
were below 20%, except for four measurements at lower concentrations where variation
in MRM ratios was below 30%.

Potential interferences were selected based on molecular weight using the KEGG Steroid
biosynthesis pathway, drugs which are commonly used and commercial availability [29,
31]. Interferences were analyzed at 100 ng/mL in water. Supplementary Table 1 shows
the chromatographic results for all interferences tested in this study. Some of the potential
interferences analyzed did not yield a response, showing the selectivity of the dMRM. In
dMRM mass transitions are only determined at specific time frames where the analyte of
interest is expected to elute.

Baseline separation was achieved for all interferences except for corticosterone, which
had an identical retention time as 21-deoxycortisol. The presence of corticosterone in a
saliva sample can be identified by the MRM ratio, which is 0.55 for 21-deoxycortisol and
2.0 for corticosterone.

Calibration function

Calibration curves were constructed using the ratio between the peak area of one MRM
(used as quantifier) and the peak area of the corresponding IS, as a function against the
concentration. A weighing of 1/x was applied to all calibration graphs to emphasize the
effect of the lower calibrators.

A few calibrators could not be quantified accurately due to low SNRs. Those calibrators
were rejected from the calibrator set since accurate quantification could not be guaran-
teed. The lowest calibrator was rejected from the calibrator set of 21-deoxycortisol (0.038
ng/mL) and androstenedione (0.015 ng/mL), resulting in a calibrator set of 7 calibrators.
A contamination with a high concentration of 11-deoxycortisol was present in calibrator
3 (0.306 ng/mL), resulting in the rejection of this calibrator from the calibrator set. All
calibration graphs were linear with R>> 0.998. All calibration functions are given in Sup-
plementary Tables 2a-g.

QC samples and acceptance of the run

A total of ten LQCs, ten MQCs and ten HQCs were quantified for five days. The concen-
trations prepared are given in Table 2. All runs were accepted after evaluation of the
QC’s. All LQC's were within 15% of the nominal value, except for 21-deoxycortisol on day
4(17.3%) and 6 (15.3%), and 11-deoxycortisol on day 6 (15.4%). All MQC and HQC were
within 10% of the nominal value, except MQC of 11-deoxycortisol on day 7 (11.4%).

Recovery, within-run repeatability and within-laboratory precision

Recovery of the extraction procedure varied between 82%-123%. The within-run repeat-
ability and within-laboratory precision were investigated by the repeated analysis of two
collected saliva samples (A and B), measured in triplicate over five days. Part of the
steroids was spiked into these samples. Within-run repeatability and within-laboratory
precision were calculated as described in EP15 [23]. Table 4 shows the average steroid
concentrations quantified in two saliva samples. The within-run repeatability and with-
in-laboratory precision found are within 10%, except for androstenedione in sample B
(14.5 and 19.6 %) which appeared around the limit of detection.

Limit of detection and limit of quantification

The LOD is determined by calculating the theoretical concentration at which the SNR =
3.0, using the lowest measured SNR of all LQC measurements. The LOQ is presented as
the concentration of the LQC sample.

Large differences in SNR were identified when quantifying the lowest calibrator for each
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Table 4. Repeated analysis of validation sample A and B and the within-run repeatability and within-laboratory precision. En-

dogenous steroid concentrations or after spiking (extra) steroid.

Name Validation Steroid concentration Within-run repeat- Within-laboratory
sample (mean * S.D.) ability (%) precision
(ng/mL) %)
A 0.035 = 0.003 9.4 8.5
Androstenedione
B 0.018 = 0.003 14.5 19.6
) A 1.18 = 0.04 34 3.2
Cortisol
B 2.29 = 0.05 2.0 2.0
) A 6.07 = 0.20 1.9 3.5
Cortisone
B 9.60 = 0.28 2.2 3.0
) A 0.61 = 0.02 2.6 2.6
11-Deoxycortisol
B 1.83 + 0.04 1.7 2.1
) A 0.60 = 0.02 3.2 2.8
21-Deoxycortisol
B 1.72 £ 0.05 2.8 2.6
A 0.038 = 0.001 34 4.0
Testosterone
B 0.099 = 0.003 2.1 2.9
17a-hydroxyproges- A 0.62 *+ 0.01 2.2 2.3
terone B 1.77 £ 0.03 1.3 1.8

steroid. On the first validation day, the SNR was much higher than on all other days. Table
5 shows the LOD and LOQ for each steroid. Results for the calibrator with the lowest con-
centration were used for cortisol, cortisone, 11-deoxycortisol, 17¢-OHP, and testosterone.
The lowest calibrator was rejected for androstenedione and 21-deoxycortisol due to SNR
levels below 3.

Analyte stability in saliva

All steroids were stable during storage for five days at 22 °C, 4 8 °C and -20 °C with a
5% variability except for 21-deoxycortisol and 17«-OHP. 21-Deoxycortisol concentrations
were stable when stored at -20 °C, but increased with 14 -18% when stored either at 4-8
°C or 22 °C. The 17a-OHP concentration decreased with 39% following storage at 22 °C,
whereas concentrations remained stable when stored at 4 - 8 °C and -20 °C. In conclu-
sion, saliva samples should always be stored at -20 °C.

Matrix effects

Calibrators with low (calibrator 2), medium (calibrator 4) and high (calibrator 6) concen-
tration were analyzed with and without the addition of evaporated saliva extract. Matrix ef-
fects are limited to 10% at high and medium concentrations. The matrix effect of cortisone
at low and medium concentrations is significant due to the endogenous concentration
(7.52 ng/mL) spiked with 0.61 and 2.45 ng/mL. A similar trend is observed for cortisol at
low concentrations due to the endogenous concentration (1.30 ng/mL) spiked with 0.30
ng/mL. The use of internal standards corrects for matrix effects variations.

CONCLUSION

An LC-MS/MS method was developed for the determination of a steroid profile in saliva
in one analytical run. The profile consists of androstenedione, cortisol, cortisone, 11-de-
oxycortisol, 21-deoxycortisol, 17a-hydroxyprogesterone (17«¢-OHP) and testosterone and
might be relevant for individuals with an adrenal disorder such as congenital adrenal
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Table 5. Limit of Detection (LOD) and Limit of Quantification (LOQ) for seven steroids in ng/mlL.

ng/mL  Androstene-  Cortisol Cortisone 11-Deoxy- 21-Deoxy- 170-hydroxy- ‘Testosterone
dione cortisol cortisol progesterone

LOD 0.014 0.029 0.084 0.028 0.077 0.035 0.011

LOQ 0.05 0.25 0.50 0.125 0.125 0.125 0.05

hyperplasia (CAH) [1]. The method used a reasonable amount of saliva (0,5 mL) and the
concept of dynamic-MRM guaranteed good selectivity and sensitivity for cortisol, corti-
sone, 11-deoxycortisol, 21-deoxycortisol, 17¢-OHP and, testosterone, and was validated
successfully for these steroids. Calibrators were used to assess linearity and to deter-
mine the LOD and LOQ. Salivary samples were used to determine within-run repeatability
and within-laboratory precision. Androstenedione was present in very low concentrations
(around LOD) in saliva samples and could therefore not be validated completely in this
study.

No interferences were found to co-elute except for corticosterone, which could not be
chromatographically separated from 21-deoxycortisol. However, the presence of corti-
costerone was identified using the MRM ratio, since both compounds have identical mass
transitions.

This method has the potential to be used for the determination of a steroid profile in saliva
from CAH patients and would potentially lead to a more patient-friendly method for diag-
nostic or patient management purposes.
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