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Determination of endogenous steroids in urine by liquid
chromatography-tandem mass spectrometry
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Abstract A method was developed for the determination of endogenous steroids in urine using
liquid chromatography-tandem mass spectrometry LC-MS/MS with methyltestosterone as in-
ternal standard. After enzymatic hydrolysis by g-glucuronidase and liquid-liquid extraction the
urine sample was chromatographed on a Cosmosil C,; column with a mixture of methanol and
ammonium acetate-formic acid 68:32 v/v as mobile phase then detected using MS/MS sys-
tem with electrospray ionization ESI in multi-reaction monitoring MRM mode. The detec-
tion limits ranged from 0.01 ng/mL to 10 ng/mL. The recoveries ranged from 96.7% to
106. 5% and the intra- and inter-day precisions measured as relative standard deviations
were less than 7% and 11% respectively. With simple and fast sample preparation the method
was sensitive and specific for simultaneous determination of these 5 kinds of endogenous ster-
oids in urine. The method has been successfully applied in pharmacokinetic study and is thus a
potential alternative for gas chromatography-mass spectrometry GC-MS based procedures in
routine analysis of endogenous steroids such as DHEA in human urine.
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API 4000 LC-MS/MS
Applied Biosystem
Agilent 1100

Agilent 1100

DHEA
Cerilliant
Fluka
1.2
6 3 3
120 mg DHEA
0~24h -20 C
1.3
2.0 mL 5 ng
2.0 mL pH 6.8 150 pL
B- 3000 U 80 C
3h 3.5 mL
60 C
100 pL LC-MS/MS
1.4
Cosmosil C 150 mm
x2mm 5 pm Phenomenex C,;
-0. 1% 0. 02 mol/L
68:32 200 pL/min

ESI
MRM CAD
48 263 Pa CUR 68 948 Pa
GSl1 241 317 Pa GS2
275790 Pa 5500 V
TEM 500 C
/
CE DP
/
5
1
1
Table 1 Optimized parameters for analysis of endogenous

steroids using MS/MS with MRM mode

Precursor Product

. . DpP/ CE/
Compound ion ions
A% eV
m/z m/z
Testosterone 289.2 109.2 80 35
97.1 35
Epitestosterone 289.2 109.2 80 37
97.1 34
Dehydroepiandrosterone DHEA 289.3 271.3 70 11
253.1 17
Etiocholanolone 291.2 273.3 70 13
255.0 21
Androsterone 291.2 273.3 70 13
255.0 21
Methyltestosterone IS 303.2 109.2 75 39
97.1 38
DP declustering potential CE collision energy.
1.5
Choi "
DHEA 1 mg/mL
10 pL 1 mL 10
wg/mL
0.01 0.02 0.05
0.10.20.5125 10 20 50 ng/mL
DHEA
5 10 20 50 100 200 500 1000 2 000
5000 ng/mL “1.3”
“ 147
2 mL
DHEA
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Cosmosil C,,
0.25 25 50 ng/mL DHEA
200 1 000 5000 ng/mL -
" 1‘3” “ 1'4” 8:2
- 68:
2
32
2.1 0. 04 mol/L
ESI + 0.1%
M+H ° 0. 06 mol/L
ESI 0.2% 0. 02 mol/L
APCI Guan 0.1%
1 16 min
LC-MS/MS
“« 1 3»
TIC 2
A 5 C 10 C “1.3"
1 m/z 97. 1 m/z 303.2/109.2
m/z 109.2 DHEA MRM 3
DHEA 100 ng/mL
m/z 271.3 m/z 253. 1 “ 1.3 MRM
m/z 9000
273.3 m/z 255.0
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Fig. 1 Chemical structure of testosterone 14 16
and epitestosterone +/min
a. testosterone b. epitestosterone. ,
Fig. 2 TIC chromatogram of a blank distilled
2.2 water sample
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Agilent C,q Cy Restek IBD Fig. 3 MRM chromatograms of m/z 303.2/109. 2
Cosmosil Cls 3 in a healthy human’ s urine

a. blank urine with I. S.  b. blank urine.
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Fig. 4 MRM chromatograms of a blank distilled water
sample spiked with endogenous steroids
a. m/z289.2/109.2 b. m/2289.3/271.3 c. m/z291.2/
273.3. 7 0.992

1. testosterone 2. epitestosterone 3. DHEA 4. etio- «

1.3”
cholanolone 5. androsterone.
S/N 3
2.3 LOD S/N 10
LOQ 2 LOD
LOQ DHEA
2 DHEA
LOD 5 ng/mL
LC-MS/MS Analystl1. 4 3
2
Table 2 Statistics of the calibration curves LOD and LOQ for endogenous steroids
Compound Linear equations' 7’ Linear range/ ng/mL LOD? / ng/mL LOQ’ / ng/mL
Testosterone y=0.77192 +0. 0067 0.9960 0.025 -0.5 0.01 0.025
y =0.3879x +0.3769 0.9920 0.5 -50
Epitestosterone y =0.3014x +0.0057 0.9969 0.025-0.5 0.01 0.025
y =0.2846x +0.014 0.9966 0.5-50
DHEA ¥ =0.0054x +0.0746 0.9971 10 -250 5 10
¥ =0.0042x +0.311 0.9996 250 - 5000
Etiocholanolone y =0.003x +0.0342 0.9973 25 =500 10 25
¥ =0.0027x +0. 154 0.9996 500 - 5000
Androsterone y=0.01822 +0.02 0.9973 10 - 250 5 10
y=0.014x +1.3 0.9984 250 - 5000

1 y peak area ratio of analyte to internal standard « concentration of analyte. 2 S/N>3. 3 S/N>10.
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2.4 3
3 3
3 RSD n=5
Table 3 The precisions RSD accuracies and recoveries n =5
RSD/%
Compound Added/ ng/mL Accuracy/% Recovery/%
inter-day intra-day
Testosterone 0.25 0.01 5.3 97.9 91.8
25 1.8 4.7 91.8 112.9
50 1.3 4.2 112.9 101.3
Epitestosterone 0.25 3.3 9.2 100.2 100.2
25 3.5 3.9 98.7 93.2
50 2.4 3.2 93.2 96.8
DHEA 200 4.3 2.8 109.4 109.4
1000 5.2 8.8 92.2 106. 6
5000 4.8 4.2 106. 6 103.5
Etiocholanolone 200 6.1 5.5 95.3 98.9
1000 5.6 11.0 91.8 105. 1
5000 4.4 3.9 105.1 98.3
Androsterone 200 6. 1 7.4 98.9 95.3
1000 6.4 7.9 93.2 104.2
5000 4.4 8.8 104.2 101.4
2.5 GC-MS DHEA
‘1.2
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