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ABSTRACT

Purpose: An LC-MS/MS analytical method was developed and verified for the quantitation of endogenous
Androgenic and Estrogenic steroids in serum for research use. Simple sample preparation techniques including
protein crash and liquid-liquid extraction with and without derivatization were evaluated. A Thermo Scientific™ TSQ
Quantiva triple quadrupole mass spectrometer in positive and negative Electrospray mode with a Thermo
Scientific™ Dionex™ Vanquish™ Horizon HPLC system was used.

Methods: 200 uL (PPX) and 500 uL (LLE) of serum were used for the analysis of the androgenic and estrogenic
steroids. Various columns were evaluated and a Thermo Scientific™ Accucore™ C18, 100 x 2.1 mm, 2.6 um with

Method

HPLC Conditions-

Vanquish Horizon HPLC binary pump, well plate, thermostatted column compartment

Column:

Column Temperature:
Injection Volume:
Sampler Temperature:
Needle Wash:

Mobile Phase A:

Accucore C18, 100 x 2.1 mm, 2.6 um

50 °C
5 uL (PPX), 10 pL (LLE)
4 °C

Flush port (50%Methanol:50%Water) 10 seconds

0.2mM Ammonium Fluoride in Water

Accuracy

The accuracy was determined by the analysis of pooled sample control material as the percentage deviation from the
targeted mean and the results were <15% for all levels in each matrix. The serum pooled control material concentrations
were 250 pg/ml, 25 ng/nl and 250 ng/ml. Therefore, the analytical method can achieve research laboratory required
accuracy for the analysis of the androgenic and estrogenic steroids in serum.

Precision/Specificity
The intra—assay precision (%CV) of the steroids in serum were determined by extracting and gquantifying three replicates

of the pooled sample control material. The inter-assay precision was determined over 3 consecutive days and was found
to have a %CV <15% for each steroid within their respective linear range for the three levels of pooled serum sample
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guantitation were determined to the pg/ml levels with very good reproducibility observed for all compounds. 10.1 Min-50%A-50%B Figure 1. Chromatograms
|NTRODUCT|ON Run time: 11.0 mins
Endogenous steroids are a class of diverse chemical compounds that are classified as androgenic or estrogenic MS and lon Source Conditions- F:\Steroid-1-8-2017-PPX\100ngml 01/17/17 00:21:34
depending on their chemical structure and physiological impact. There are many different kinds which are active Quantiva triple quadrupole mass spectrometer _
parent and inactive forms that are then converted to their active parent and as well as active metabolites which can lon mode: Positive and Negative Electrospray (H-ESI) Mode O AN O e s
have a significant influence on the body. Vaporizer Temperature: 300 °C AA: 425138 AA: 5249554 AA:254009  TICF:+CESISRM ms235.068
o _ o _ lon Transfer Tube Temperature: 225 °C SN:1950 e SN. 8374 1D isol 0 SN: 285 (279 BO215.52, 297 10-297.12] MS
Therefore in this case, we evaluated various columns and solvent combinations as well as simple and easy sample Sheath Gas: 60 “LeOXYCOriSo !
preparation techniques in order to develop an LC-MS/MS analytical method that can demonstrate the Aux Gas: 25 5 17-OH-Pregnenolone
chromatographic separation, detection and quantification of the most common androgenic and estrogenic steroids Sweep Gas: 0 RT: 2.59 RT: 1.98 0 :
- - - - p as: AA: 145543 AA: 6175817 RT: 4.97 NL:172E4
and metabolites in serum for research. The steroids analyzed include Aldosterone, Allopregnanolone, Spray Voltage: Positive lon (V):3000 V/ Negative lon (V): 3000V SN: 692 SN: 4004 AA 142888 TICF:+CESISRM ms2291220
Androstenedione, Androsterone, Corticiosterone, Cortisol, Cortisone, 11-Deoxycorticosterone, 11-Deoxycortisol, 21- 01/Q2 Resolution: 0.7 (FWHM) Estradiol * 11-Deoxycartisol 0 SN: 168 oo EEER OIS
Deoxycortisol, 18-Hydroxycorticosterone, Dehydroepiandrosterone, Dehydroepiandrosterone-Sulfate, Cycle time (sec): 05 :
Dihydrotestosterone, Etiocholanolone, Pregnenolone, 17-Hydroxy-Pregnenolone, Progesterone, 17-Hydroxy- CID Gas (mTorr): 2 RT:0.76 RT: L85 DHT
Progesterone, Testosterone, Estradiol, Estriol and Estrone. The sample preparation choices were kept simple and Chromatographic Peak Width: 6 secs éﬁ %23326 22;2325122 0 RT:6.30  NL167Es
included protein crash and a one step liquid-liquid extraction with and without derivatization. The methodologies Estriol % Corticosterone %0 08767058 18087 08056 M
were developed on a Quantiva triple quadrupole mass spectrometer in positive and negative Electrospray ionization Table 1. Scan Parameters- SRM Table 10 (CIS ongm
modes with a Vanquish Horizon HPLC system with a 11 minute analytical gradient. RT 0.73 RT:2.72 5 . f080585 Progesterone
| Precursor Collision Energies | RF Lens AR 971358 AR 11995022 SN: 21
Compound Polarity | SN: 40377 SN: 21762 0 L 853K
MATERIALS AN D M ETHODS (m/z) DHEA-Sulfate Androstenedione AA: 707217 TIC Fi+c ESISRM ms2273.239
Estriol 0.75 | Negative | 287.2 145/171.1 41/37 149 ) e 0 R S
Standards . RT:0.87 RT:3.12
DHEA-Sulfate 0.76 Negative 372.3 79.9/96.9 50/32 98 AA: 111647 AA: 11367581 5 « Etiocholanolone
The following analytical reference standards and Internal standards were obtained from Isosciences, LLC., (King of Aldosterone 0.86 Negative 359 2 189.1/331.2 19/16 67 S’ﬁ 855 . SF:“EGD | .
PI’USSIa, PA) ' - . . % | osterone % \ -Deoxycorticosterone NL:l]:Jlfi N |
18-OH-Corticosterone 1 Positive 363.3 121.1/269.1 28/16 73 Rl; - FF{TWS . N é%%;;?]l;?s,\gmésgzgﬁzz]G?WS
. _ . . “L ngm
Aldosterone: 100 pg Aldosterone-D7: 100 pg Cortisone 1.01 | Positive | 3613 |121.1/163.1 31/24 73 s 2oeares o 29035 s J] *  Androsterone
Allopregnanolone: 100 ug Allopregnanolone-D5: 100 ug _ — % L8O Corticosterone o i
estosterone
Androstenedione: 100 ng Androstenedione-13C3: 100 ng Cortisol 1.18 Positive 363.3 121.1/327.2 26/16 66 % m % mﬁ ’ RT:8.02  NL:195E4
Androsterone: 100 pg 21-Deoxycortisol 1.62 | Positive | 347.3 | 121.1/269.2 27/19 63 RTL0L D 10 [BOI059.2, B1B028152,
: . - . AA: 2772070 AA: 2609359 10 T 299.64-299.66] MS ICIS DOngml
Corticosterone: 100 pg Corticosterone-Da4: 100 pg 11-Deoxycortisol 1.95 | Positive | 347.3 | 96.9/109.1 24/28 67 SN 15496 | SN 10600
Cortisol: 100 pg Cortisol-D4: 100 pg _ » * Cortisone RT: 332 ’ Pregnenolone
. _ . _ Corticosterone 1.85 Positive 347.3 121.1/329.1 24/15 63 AA:13486 | 17-OH-Progesterone 0
Cortisone: 100 ug Cortisone-D8: 100 ug SN:53 1 RT. 8.77  NL:7.68E4
. : : RT 121 RT: 3.84 : +C ms
]_]__Deoxycortmosterone: 100 ug Estradiol 2.53 Negative 271.2 145.1/183.1 39/41 129 AA 3005562 AA 161795 gﬁ 222577 [Tl|3%|1:101353|2858,\g219222212228]]8M8
. . . 10 ~ | ICIS 100ngm|
11-Deoxycortisol: 100 nug 11-Deoxycortisol-D5: 100 pg Estrone 2.65 Negative 269.2 145.1/183.1 38/38 103 P Cortisol N T DHEA s :
21-Deoxycortisol: 100 pg 21-Deoxycortisol-D8- 100 pg . ” % ‘ * OrtSO % ) ° SN: 85 Allopregnanolone
_ Androstenedione 2.69 Positive 287.3 97.1/109.1 22125 62 ‘
18_Hydroxycortlcosterone 100ug . — 0456789 0123W456789 00 T \g\ T
Dehydroepiandrosterone: 100 pg Dehydroepiandrosterone-D5: 100 pg 1-Deoxycorticosterone | 3.07 | Positive | 331.3 | 97.1/109.1 23/26 65 Time (min) Time (min) Time (min)
Dehydroepiandrosterone-Sulfate:100 ug Dehydroepiandrosterone-Sulfate-D5: 100 ug Testosterone 3.19 Positive 289.2 97.1/109.1 22125 64
Dihydrotestosterone: 100 pg Dihydrotestosterone-D3: 100 ng 17-OH-Progesterone 3.75 Positive 331.3 96.9/109.1 24/28 64
Etiocholanolone: 100 png Etiocholanolone-D5: 100 ng - F:\Steroid-1-10-2017-LLE-DC\100ngml 01/17/17 23:16:19
Pregnenolone: 100 ug Pregnenolone-13C2,14N2: 100 ug DHEA 3.79 Positive 271.1 253.1/213.1 13/17 57 -
17-Hydroxypregnenolone: 100 ug 17-Hydroxypregnenolone-13C2,14N2: 100 ug 17-OH-Pregnenolone 3.79 Positive 315.1 297.1/279.2 10/15 58 ;e;: 3.233325 NL: 3.54E7
: TIC MS ICIS 100 I
Progesterone: 100 pg Progesterone-D9: 100 pg DHT 4.9 Positive 291.2 159.1/255.2 23/16 57 100 SN: 253064 o
17-Hydroxyprogesterone: 100 ug 17-Hydroxyprogesterone-DS8: 100 ug — N ot 307
Testosterone: 100 pg Testosterone-13C3: 100 g Progesterone 6.25 Positive 315.3 97.1/109.1 23/25 65 50 RT:0.78 RT:186 967904 RT: 3.90 21:_3.355086 RT: 8.72 RT: 948
. - . : . - AAI661 AA:579625 gN:49119 AA: 9091 : AA: 48594 AA: 51021
Estradiol: 50 ug Estradiol-13C3: 50 ug Etiocholanolone 6.6 Positive 273.2 215.1/255.1 14/13 53 | SN:28  SN:16027 SN 544 SN: 28304 SN: 2326 SN 2572
. 0 e g b 2 0T VT st S ER et .
Estriol: o0 ng Androsterone 6.78 | Positive | 273.3 | 255.1/147.1 13/20 54 NS N0
Estrone: 50 ng Estrone-13C3: 50 ng » SN: 155293 504.300
Pregnenolone 7.93 | Positive | 299.5 | 281.2/159.1 12/21 61 100 156.110-156.112,
Reagents " ] Estrone-Dansy! 171.039-171.041] MS
_ _ o _ Allopregnanolone 8.76 Positive | 301.288 | 283.2/135.1 12/18 58 50 RT-8.93 | RT:9.87 ICIS 100ngml
The following Fisher Scientific™ acids, reagents and solvents were used ] AA- 63158 | AA- 37181
HPLC grade Water Methyl-Tert-Butyl Ether 0" SN: 1:%9 43Sb'mill7 L 2 985
Methanol Acetonitrile R ES U LTS AA: 74695940 TIC- |: +c ESISRM ms2
Ammonium Fluoride Dansyl Chloride Table 2. Sensitivity. 100 | SN: 182457 e 156,041
Sodium Bicarbonate . Estradiol-Dansyl| 171.039-171.041] MS
Protein Crash LLE- LLE- 50 RT:9.28 RT: 9.87 ICIS 100ngml
Sample Preparation- Protein Crash Compound LOD/LOQ Underiatized Derivatized ] éﬁ 5613294 éﬁ %2812
e 200 uL of Serum/BSA mixture calibrators, controls and serum sample were added to 1.5 ml eppendorf tubes and (pg/ml) LOD/LOQ LOD/LOQ 0 RT: 8.94 — NL: 3.54E7
' i (pg/ml) (pg/ml) AA: 85319044 TIC F: + ¢ ESI SRM ms2
10 pL of Steroid ISTD at 500 ng/mL were added to each tube and vortexed briefly SN: 226743 Eo9 318
e 400 uL of Acetonitrile was added to each tube and vortexed for 1 min prior to centrifugation for 10 minutes at Estriol 1000/2500 100/250 DC-1/2.5 100 [156.039-156.041.
13000 rpm DHEA-Sulfate 25/50 1000/2500 Interferences 50 Estriol-Dansyl =T 856 | RT9.19 CIS 100ngmi !
 The supernatant was transferred to an MS vial and 200 uL of water was added to each vial and capped. Aldosterone 1000/2500 100/250 500/1000 n éﬁ 52274 éﬁ 322451925
« Allin-house calibrators were prepared in drug-free serum and bovine serum albumin mixture (Golden West 18-OH-Corticosterone 50/100 10/25 50/100 00 T é T é T é BEERRRR é T é =T ‘1‘0‘ RN
Biological, Inc) Cortisone 50/100 10/25 50/100 Time (min)
Sample Preparation- Liquid-Liquid Extraction Underivatized Cortisol 100/250 25150 1000/2500
» 500 pL of Serum/BSA mixture calibrators, controls and serum samples were added to a test tube and 25 pL of 21-Deoxycortisol 50/100 10/25 25/50
Steroid ISTD at 500 ng/mL were added to each and vortexed briefly 11-Deoxycortisol 50/100 5/10 100/250*
» 3 pL of Methyl-Tert-Butyl Ether was added to each tube and vortexed for 1 min prior to centrifugation for 10 Corticosterone 25/50 10/25 50/100
minutes at 13000 rpm | | Estradiol 1000/2500 100/250 DC-1/ 2.5% CONCLUSIONS
 The upper organic layer was transferred to a new test tube and dried down under nitrogen at room temperature Est 250/500 50/100 DC-1/ 25
« The extract was reconstituted in 200 puL of water and methanol (100 uL of each) strone : = - Baseline separation of the androgenic and estrogenic steroids with good LOD/LOQ was achieved in serum
Androstenendione 25/50 1/ 2.5 2.5/5

» The supernatant was transferred to an MS vial and capped. « Simple sample preparation achieved desirable LOD/LOQ to the relevant levels with further work to be carried out to

_ o o _ o 11-Deoxycorticosterone 25/50 5/10 0.5/0.5 fine tune these techniques to obtain more sensitive results and to remove the interferences and achieve better
Sample Preparation- Liquid-Liquid Extraction Derivatized Testosterone 25/50 1/ 2.5 10/25 separation particularly for Etiocholanolone and Androsterone while maintaining ease of use and low cost
e 500 puL of Serum/BSA mixture calibrators, controls and serum samples were added to a test tube and 25 pL of _OH.-
H P H 17-OH-Progesterone 25/50 1/25 2.5/5 » Good linearity of calibration curves with acceptable accuracy, precision and reproducibility in positive and negative

Steroid ISTD at 500 ng/mL were added to each and vortexed briefly ) R - . .

. 3 ul of Methvl-Tert-Butvl Ether was added to each tube and vortexed for 1 min brior to centrifugation for 10 DHEA 1000/2500 100/250 100/250 mode was achieved <15% for %CV for each steroid within their linear range and the sample preparation techniques
M y ury W . voriex n pri THgat 17-OH-Pregnenolone 2500/5000 100/250 500/1000 and analytical methodologies will be further verified and optimized

minutes at 13000 rpm
 The upper organic layer was transferred to a new test tube and dried down under nitrogen at room temperature DHT 100072500 100/250 250/500
« 50 ul of a 1g/L Dansyl Chloride in acetonitrile and 50 pl of 100 mM Sodium Bicarbonate at pH 10.5 was added to Progesterone 50/100 10/25 10/25 REFERENCES

each tube, vortexed briefly and capped Etiocholanolone 2500/5000 250/500 250/500 1. Standardized LC-MS/MS based steroid hormone profile-analysis
« The tubes were then incubated at 70°C for 10 minutes then allowed to cool and then 100 pl of a 50%:50% Androsterone 1000/2500 100/250 100/250 Journal of Steroid Biochemistry & Molecular Biology 129 (2012) 129— 138

Water:Acetonitrile mixture were added to each tube. Pregnenolone 1000/2500 100/250 500/1000 Therese Koal et al
« The supernatant was transferred to an MS vial and capped. Alopregnanolone 1000/2500 1000/2500 1000/2500 2. Fast, Sensitive, and Simultaneous Analysis of Multiple Steroids in Human Plasma by UHPLC-MS-MS

LCGC, Mar 1, 2015, Pg 186
Mikael Levi, et al

TRADEMARKS/LICENSING

© 2017 Thermo Fisher Scientific Inc. All rights reserved. All trademarks are the property of Thermo Fisher Scientific and
its subsidiaries. This information is not intended to encourage use of these products in any manner that might infringe the
intellectual property rights of others.

The calibration curves ranged from 0.1 pg/mL to 1000 ng/mL and various pooled samples were used as control

material * Interferences present in matrix. LOD/LOQ achieved with 5%BSA/PBS only
1al.

Linearity/Sensitivity

The linear range of the steroids in serum/BSA matrix was from 10 pg/ml to 100 ng/ml. The linearity of each matrix was
determined in triplicate over 3 days and the results are shown with LOD and LOQ being determined as 3:1 and 10:1 of
signal to noise respectively where possible and the mean coefficient of determination (R2) > 0.98 for each matrix and
the %CV for each calibration point were all <15%.

Data Analysis

The software used included for this method included the Thermo Scientific™ Xcalibur™ 3.1 SW, Thermo
Scientific™ TSQ Endura Tune™ 2.1 SW, and Thermo Scientific™ Tracefinder™ 4.1 SW
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