Low-Level LC-MS/MS Analysis of Steroid
Hormones in Human Serum/Plasma
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Key Highlights

o Achieve low-level detection (<10 ng/dL) of 16 steroid hormones across multiple
classes using LC-MS/MS, including challenging estrogens.

o Eliminate hazardous mobile phase additives with a derivatization-based work-
flow that avoids ammonium fluoride, improving lab safety and protecting
column lifetime.

» Improve sensitivity and robustness with inert column hardware and optimized
sample prep, minimizing nonspecific adsorption and enabling accurate quantita-
tion in serum and plasma.

Related Products
Abstract
Analysis of steroid hormones provides clinical insight into many biological + ForcelnertC18,1.8um, 100x 2.1 mm
processes within the body. While LC-MS/MS is the gold standard for this type of (cat.# 9634212-T)
testing, there are several challenges laboratories face when developing a compre- « Resprep VIM-96 Vacuum Manifold for
hensive method for steroid hormone analysis. In this work, we present a complete 96-Well Plates (cat.# 25858)
workflow for the low-level analysis of 16 steroid hormones in serum and plasma by
LC-MS/MS. The workflow described avoids the use of ammonium fluoride due to * Resprep SLE 96-Well Plates, 400 mg/2 mL
potential safety risks and decreased column lifetimes [1,2,3]. (cat.# 28305)

Introduction

Endogenous steroid hormones play a vast role in various physiological processes within the human body. Steroid hormones are of great clin-
ical interest as unstable levels or dysregulation of the processes they are involved in can result in a variety of pathologies including diabetes,
certain cancers, and reproductive disorders [4]. Steroid hormones may be broken into different classes based on their structure and function.
These classes include estrogens, androgens, progestogens, and corticosteroids.

Table I: Steroid Hormone Class, Molecular Weight, and Chemical Structure

Molecular Weight
Compound Name Class

(g/mol) Structure
Estrone (E1) Estrogen 270.16
Estradiol (E2) Estrogen 27217

.
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Table I (continued)

Molecular Weight
Compound Name Class

(g/mol) Structure
Androstenedione Androgen 286.19
Eje:g:)roepiandrosterone Aieleer 288.20
Dihydrotestosterone (DHT) Androgen 290.22
Eje:g:;c))epiandrosterone sulfate Aieleer 368.16
Testosterone Androgen 288.20
Progesterone Progestogen 314.22
17a-Hydroxyprogesterone Progestogen 330.21
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Table I (continued)

Compound Name

Cortisol (hydrocortisone)

Cortisone

Aldosterone

Corticosterone

11-Deoxycorticosterone

11-Deoxycortisol

21-Deoxycortisol

Class

Corticosteroid

Corticosteroid

Corticosteroid

Corticosteroid

Corticosteroid

Corticosteroid

Corticosteroid

Molecular Weight
(g/mol)

362.20

360.19

360.19

346.21

330.21

346.21

346.21
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While immunoassay (IA) and gas chromatography-mass spectrometry (GC-MS) have both been used to measure steroid hormones in
biological samples, liquid-chromatography tandem mass spectrometry (LC-MS/MS) has emerged as the gold standard for this analysis. Even
though LC-MS/MS offers superior detection capabilities over other techniques, analysis of steroid hormones is complex for several reasons.
These compounds must be detectable at extremely low concentrations, with some requiring detection limits of less than 1 ng/dL. This can be
a challenge even for the most sensitive of mass spectrometers. Estrogen compounds can be particularly difficult to analyze as they are known
to ionize poorly due to their chemical properties. The presence of isomers, matrix interferences, and ion effects can all further complicate the
analysis of steroid hormones by LC-MS/MS.

There are several strategies LC-MS/MS method developers may use to improve sensitivity of these compounds. One of the most common
techniques is the use of ammonium fluoride (NH4F) to promote ionization. While ammonium fluoride is highly effective at improv-

ing sensitivity, use of the chemical for this purpose also has its drawbacks. The use of ammonium fluoride can result in the formation of
hydrofluoric acid (HF) both in the source of the MS and in waste containers as a result of mixing with other chemicals, which can become
hazardous to laboratory personnel if not vented or handled properly. Additionally, the use of ammonium fluoride can decrease the lifetime of
HPLC columns due to its corrosive nature [1,2,3].

An alternative technique for improving analyte sensitivity is derivatization. Chemical derivatization works by modifying specific functional
groups in an analyte’s structure, leading to increased ionization efficiency and sensitivity. The overall result is a new molecule that is more
favorable for MS detection. Over the years, a number of derivatization methods have been evaluated for analysis of steroids. Some derivatiza-
tion agents that have been tested include dansyl chloride, methoxyamine, Girard’s Reagent P, hydroxylamine, and methyl piperazine [5,6,7].
Derivatization techniques come with disadvantages as well. Derivatization adds steps to sample preparation and often requires time-con-
suming incubation periods. Additionally, because derivatization techniques target specific functional groups, it can be difficult to find a
derivatizing agent that works effectively for classes of analytes that may have considerable structural differences. For compounds that contain
multiple functional groups that are targeted by the derivatization agent, the formation of stereoisomers may occur, which can complicate
chromatographic separation and quantitation [6].

In this work, we present a complete workflow for the low-level analysis of 16 steroid hormones in human serum/plasma by LC-MS/MS.
Samples are prepared using supported liquid extraction (SLE); derivatized through a simple procedure using 2-fluoro-1-methylpyridinium
p-toluenesulfonate (FMP-TS); and then analyzed by LC-MS/MS methodology, achieving detection limits of <10 ng/dL.

Experimental

Calibration Standards and Control Samples

Blank fetal bovine serum was spiked across the calibration range. Two hundred microliters of sample was added to a microcentrifuge tube.
Each sample was spiked with 10 pL of internal standard solution (100 pg/dL estradiol-d3, testosterone-d3, cortisol-d4, progesterone-d9, and
DHEAS-d5 in methanol) and vortexed.

Patient Samples
Two hundred microliters of serum/plasma sample was added to a microcentrifuge tube. Each sample was spiked with 10 uL of internal stan-
dard solution and vortexed.

~
4q www.restek.com RESTEK



Sample Preparation

Supported Liquid Extraction (SLE)

Two hundred microliters of HPLC grade water was added to each sample. Samples were briefly vortexed and then centrifuged to mix. Using
a Resprep VM-96 Vacuum Manifold (cat.# 25858), 400 pL of each sample was loaded into a 400 mg Resprep SLE 96-Well Plate (cat.# 28305)
with a 2 mL collection plate underneath. Light vacuum was applied to initiate loading the sample into the sorbent bed. The sample was
then allowed to absorb into the sorbent over a period of five minutes. The samples were eluted with three 700 uL aliquots of ethyl acetate.
Each aliquot was allowed to flow under gravity for five minutes. After the third aliquot was added, light vacuum was applied to remove any
remaining extraction solvent.

Post Elution and Derivatization

Samples were dried down under a stream of nitrogen. The derivatization solution was prepared fresh immediately prior to use by dissolving
2-fluoro-1-methylpyridinium p-toluenesulfonate (FMP-TS) to a concentration of 5 mg/mL in a solution of 1% triethylamine in acetonitrile.
Once dried, 50 pL of the derivatization solution was added to each sample. The plate was covered, briefly vortexed, and then incubated at 50
°C for 15 minutes. After incubation, the reaction was quenched by adding 50 uL of methanol to each sample and vortexing.

Reconstitution

The samples were dried down under a stream of nitrogen. Samples were then reconstituted with 100 uL of 60:40 water:methanol, both with
0.1% formic acid (v/v). The plate was covered, briefly vortexed, and centrifuged. The plate was moved to the LC-MS/MS instrument and
then injected for analysis.

Instrument Parameters
The conditions used for this LC-MS/MS method for steroid hormones in serum/plasma are listed in Table II. Analyte and internal standard
MRMs are listed in Table III.

Table II: Instrument Conditions

Column: Force Inert C18,1.8 ym, 100 x 2.1 mm (cat.# 9634212-T)

Injection Volume: 12pL

Column Temperature: 60°C

Mobile Phase A: Water, 2 mM ammonium formate, 0.1% formic acid

Mobile Phase B: Methanol, 2 mM ammonium formate, 0.1% formic acid

Flow Rate: 0.4 mL/min

Gradient: Time (min) %A %B
0.00 60 40
6.00 10 90
6.01 0 100
7.00 0 100
7.01 60 40
8.00 60 40
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Table IlI: Analyte and Internal Standard MRMs

Analyte (Abbreviation) ‘ Precursor lon ‘ Productlon1 ‘ Productlon 2
Androstenedione 2811 971 109.2
Testosterone 289.1 911 109.1
Testosterone-D3 292.3 971 108.9
Progesterone 3151 91.1 109.2
Progesterone-D9 324.2 100.2 1131
17a-hydroxyprogesterone 3311 97.2 109.2
21-Deoxycortisol 3471 3113 1211
Estrone* 362.1 252.2 2382
Estradiol* 364.1 110.1 128.0
DHEAS 361.0 97.0 19.7
Estradiol-D3* 3671 110.1 128.1
DHEAS-D5 3121 97.9 =
DHEA* 380.2 110.1 2112
DHT* 3822 110.1 255.2
11-Deoxycorticosterone* 422.2 1101 1875
Corticosterone* 438.2 110.1 1203
11-Deoxycortisol* 438.2 110.1 3113
Cortisone* 452.1 109.9 =
Aldosterone* 452.1 109.9 3251
Cortisol* 454.1 110.1 142.9
Cortisol-D&4* 458.5 110.1 -

*Analyte is analyzed as an FMP-TS derivative [M+92]+.
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Figure 1: Sixteen Steroid Hormones in Serum on Force Inert C18

Column
Dimensions:
Particle Size:
Pore Size:
Temp.:
Standard/Sample
Diluent:

Inj. Vol.:
Mobile Phase
A:

B:

Max Pressure:
Detector

lon Source:
lon Mode:
Mode:
Instrument

CENoUF W

10.
11
12.
13.
14,
15.
16.

*An

Time (min)
LC_CFO848
Peaks tR (min) Conc. (ng/dL) Precursor
Aldosterone* 1.57 1250 452.1
Cortisone* 2.08 2000 452.1
Estrone (E1)* 2.29 125 362.1
Estradiol (E2)* 236 125 364.1
Cortisol* 2.39 2000 454.1
Corticosterone* 2.56 1250 438.2
11-Deoxycortisol* 2.75 1250 4382
DHT* 2.92 1250 382.2
. 11-Deoxycorticosterone* 2.94 250 4222
DHEA* 2.98 1250 380.2
21-Deoxycortisol 371 1250 3471
DHEAS 3.76 50000 367.0
Androstenedione 449 1250 2811
Testosterone 467 250 289.1
17-Hydroxyprogesterone 4.83 1250 3311
Progesterone 5.66 1250 3151
alyte was analyzed as an FMP-TS derivative [M+92].
Force Inert C18 (cat.# 9634212-T) Sample Preparation
100mmx2.1mmID
1.8pm
100 A
60°C
60:40 Water:methanol, both acidified with 0.1% formic acid
124l
Water, 2mM ammonium formate, 0.1% formic acid
Methanol, 2 mM ammonium formate, 0.1% formic acid
Time (min)  Flow (mL/min) %A %B
0.00 0.4 60 40
6.00 0.4 10 90
6.01 0.4 0 100
1.00 0.4 0 100
101 0.4 60 40
8.00 0.4 60 40
550 bar
Shimadzu 8045 MS/MS
Electrospray
ESI+[ESI-
Scheduled MRM
Shimadzu Nexera X2
Notes

RESTEK

Product 1 Product 2 Polarity
109.9 3251 +
109.9 - +
252.2 238.2 +
110.1 128.0 +
110.1 142.95 +
1101 1203 +
1101 3113 +
110.1 255.2 +
110.1 - +
110.1 211.2 +
3113 1211 +

911 9.7 -
971 109.2 +
971 109.1 +
911 109.2 +
911 109.2 +

Two hundred microliters of sample was added to a microcentrifuge
tube. Each sample was spiked with 10 pL of internal standard solution
and vortexed. Two hundred microliters of HPLC grade water was
added to each sample. Samples were briefly vortexed and then
centrifuged at 3200 RPM for one minute to mix.

Using a Resprep VM-96 Vacuum Manifold (cat.# 25858), 400 pL of
each sample was loaded into a 400 mg Resprep SLE 96-Well Plate
(cat.# 28305) with a 2 mL collection plate underneath. Light vacuum
was applied to initiate loading the sample into the sorbent bed. With
the vacuum turned off, the sample was allowed to absorb into the
sorbent for five minutes. The samples were eluted with three 700

pL aliquots of ethyl acetate. Each aliquot was allowed to flow under
gravity for five minutes. After the third aliquot was added, light
vacuum was applied to remove any remaining extraction solvent.

Samples were dried down under a stream of nitrogen. The deri-
vatization solution was prepared fresh immediately prior to use by
dissolving 2-fluoro-1-methylpyridinium p-toluenesulfonate (FMP-TS)
in acetonitrile containing 1% triethylamine at a concentration of
approximately 5 mg/mL. Once dried, 50 pL of the derivatization
solution was added to each sample. The plate was covered with a well
plate sealing mat, briefly vortexed, and then incubated at 50 °C for 15
minutes. After incubation, the reaction was quenched by adding 50 pL
of methanol to each sample and vortexing.

The samples were dried down under a stream of nitrogen. Samples
were reconstituted with 100 pL of 60:40 water:methanol, both with
0.1% formic acid (v/v). The plate was covered, briefly vortexed, and
centrifuged at 3200 RPM for one minute. The plate was moved to the
LC-MS/MS instrument and then injected for analysis.

The flow was directed to waste before one minute and after six
minutes.
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A column with 1.8 pum particles was chosen for this analysis for the enhanced chromatographic efficiency offered by small particle sizes,
which led to improved analyte sensitivity. The C18 phase column effectively separated all isobar pairs in both derivatized and nonderivatized
forms.

Formic acid has been found to significantly improve the sensitivity of compounds derivatized by FMP-TS and was added to both mobile
phases for this purpose [4]. Derivatized compounds had a permanent positive charge added to the molecule as a result of the reaction.
Ammonium formate was also added to the mobile phases to reduce peak tailing, which may occur on C18 columns due to cationic analytes
interacting with the negatively charged silanol groups on the stationary phase.

Given the chemical nature of these analytes, a column with inert hardware was selected for this analysis. Inert columns can be used in place
of traditional stainless-steel columns to help reduce nonspecific binding/adsorption interactions of chelating analytes. Chelation can lead
to poor peak shapes and reduced sensitivity for affected analytes. The inert column was especially beneficial for the analysis of DHEAS, a
sulfated steroid hormone which is known to exhibit nonspecific adsorption with metal surfaces [8].

Sample Preparation and Derivatization

SLE

SLE is a sample cleanup technique that can be used to remove unwanted materials, such as salts, proteins, and phospholipids from biologi-
cal samples. While multiple solvents were tested for sample pretreatment and elution, using water for pretreatment and ethyl acetate as the
elution solvent was found to be most effective for this analysis. SLE can typically be performed using individual cartridges or as a 96-well
plate format, depending on the laboratory’s throughput needs. It has been reported that steroids may be sensitive to glass surfaces, so glass
consumables. such as vials or test tubes should be avoided when performing this analysis [9]. The 96-well plate format was found to be bene-
ficial for this workflow over the cartridge format. Using the 96-well plate format reduced the number of times samples were transferred
between vessels, limiting potential analyte loss during these steps.

Derivatization

The derivatization procedure employed in this work was adapted from Simkové, Markéta et al [4]. FMP-TS, a 2-halopyridinium salt used in
the synthesis of esters, amines, and thiol esters, was utilized in this workflow for derivatization of primary and secondary hydroxyl (-OH)
groups [10]. An example of the derivatization reaction for the compound estrone is shown in Figure 2. Derivatization resulted in precursor
ions at [M+92]+ for analytes containing hydroxyl groups.

Figure 2: Derivatization of Estrone with FMP-TS

= ACN, 1% TEA P o’
. | 15 min, 50°C @\ HH
N +
'T Nige)

Estrone FMP-TS Estrone FMP-TS Product

Derivatization with FMP-TS was found to be highly effective in improving the sensitivity of steroid hormones. When analyzed underivatized
by the described method, estrone is nearly undetectable at a concentration of 125 ng/dL. When the FMP-TS derivative is analyzed, the signal
increases by more than 4000% at the same concentration. The signal of estrone when it is analyzed derivatized vs. underivatized is depicted
in Figure 3 below.
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Figure 3: Estrone Derivatized vs. Underivatized on Force Inert C18

Ny

e
T T T T T T T T T T T T T T T T T T
150 115 2.00 2.25 2.50 2.15 3.00 325 3.50 3.75 4.00 4.25 4.50 475 5.00 5.25 5.50 5.75
Time (min)
LC_CFO849
Peaks tR (min) Precursor Product 1 Product 2 Polarity
1. Estrone (derivatized) 229 362.2 252.2 238.2 +
2. Estrone (underivatized) 440 2111 2531 157.0 +
Column Force Inert C18 (cat.# 9634212-T) Sample Preparation  Two hundred microliters of sample was added to a microcentrifuge
Dimensions: 100 mmx2.1mmID tube. Each sample was spiked with 10 pL of internal standard solution
Particle Size: 1.8pum and vortexed. Two hundred microliters of HPLC grade water was
Pore Size: 100 A added to each sample. Samples were briefly vortexed and then
Temp.: 60°C centrifuged at 3200 RPM for one minute to mix.
Standard/Sample
Diluent: 60:40 Water:methanol, both acidified with 0.1% formic acid Using a Resprep VM-96 Vacuum Manifold (cat.# 25858), 400 pL of
Conc.: 125 ng/dL each sample was loaded into a 400 mg Resprep SLE 96-Well Plate
Inj. Vol.: 2L (cat.# 28305) with a 2 mL collection plate underneath. Light vacuum
Mobile Phase was applied to initiate loading the sample into the sorbent bed. With
A: Water, 2 mM ammonium formate, 0.1% formic acid the vacuum turned off, the sample was allowed to absorb into the
B: Methanol, 2 mM ammonium formate, 0.1% formic acid sorbent for five minutes. The samples were eluted with three 700
pL aliquots of ethyl acetate. Each aliquot was allowed to flow under
Time (min)  Flow (mL/min) %A  %B gravity for five minutes. After the third aliquot was added, light
0.00 0.4 60 40 vacuum was applied to remove any remaining extraction solvent.
6.00 0.4 10 90
6.01 0.4 0 100 Samples were dried down under a stream of nitrogen. The deri-
7.00 0.4 0 100 vatization solution was prepared fresh immediately prior to use by
701 0.4 60 40 dissolving 2-fluoro-1-methylpyridinium p-toluenesulfonate (FMP-TS)
8.00 0.4 60 40 in acetonitrile containing 1% triethylamine at a concentration of
approximately 5 mg/mL. Once dried, 50 pL of the derivatization
Max Pressure: 550 bar solution was added to each sample. The plate was covered with a well
Detector Shimadzu 8045 MS/MS plate sealing mat, briefly vortexed, and then incubated at 50 °C for 15
lon Source: Electrospray minutes. After incubation, the reaction was quenched by adding 50 pL
lon Mode: ESI+/ESI- of methanol to each sample and vortexing.
Mode: Scheduled MRM
Instrument Shimadzu Nexera X2 The samples were dried down under a stream of nitrogen. Samples
were reconstituted with 100 pL of 60:40 water:methanol, both with
0.1% formic acid (v/v). The plate was covered, briefly vortexed, and
centrifuged at 3200 RPM for one minute. The plate was moved to the
LC-MS/MS instrument and then injected for analysis.
Notes The flow was directed to waste before one minute and after six
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Progesterone, androstenedione, and DHEAS were analyzed underivatized as they do not contain a primary or secondary hydroxyl group
in their structures and, therefore, did not react with the derivatization reagent. 17a-hydroxyprogesterone and 21-deoxycortisol do contain
hydroxyl groups but were found not to effectively react with the derivatization reagent. Due to their location within the chemical struc-
ture, the hydroxyl groups on these compounds are likely to be sterically hindered, preventing the reaction from occurring. For compounds
with multiple hydroxyl groups, complete reaction of all hydroxyl groups would be expected to yield a precursor ion of [M+184]2+ (for
compounds with 2 ~-OH groups) or [M+276]3+ (for compounds with 3 -OH groups). Formation of these precursor ions was not observed,
which is also likely due to steric hindrance of the additional hydroxyl groups [10]. Testosterone did react with the derivatization agent but
was found to exhibit better signal when analyzed underivatized.

Linearity

Linearity was demonstrated using a 1/x2 weighted linear regression, and all analytes showed acceptable 12 values of >0.99. Calibration ranges
and the lower limit of quantitation (LLOQ) for each analyte are listed below. The calibration range encompasses expected clinical levels of
each analyte in serum/plasma specimens. Control matrices were screened to ensure no signals were detected that could be attributed to the
analytes of interest.

Table IV: Calibration Ranges and LLOQs in Serum/Plasma

Analyte ‘ LLOQ (ng/dL) ‘ Calibration Range (ng/dL) ‘ Internal Standard
Estrone 0.5 0.5-500 Estradiol-D3
Estradiol 1 1-500 Estradiol-D3
Testosterone 1 1-1000 Testosterone-D3
11-Deoxycorticosterone 1 1-1000 Estradiol-D3
Corticosterone 5 5-5000 Cortisol-D&
11-Deoxycortisol 5 5-5000 Estradiol-D3
21-Deoxycortisol 5 5-5000 Testosterone-D3
Androstenedione 5 5-5000 Testosterone-D3
17a-hydroxyprogesterone 5 5-5000 Progesterone-D9
Progesterone 5 5-5000 Progesterone-D9
Aldosterone 10 10-5000 Estradiol-D3
DHT 10 10-5000 Estradiol-D3
DHEA 10 10-5000 Cortisol-D&
Cortisone 40 40-40000 Estradiol-D3
Cortisol 40 40-40000 Cortisol-D&
DHEAS 1000 1000-1000000 DHEAS-D5
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Precision and Accuracy

Serum

Accuracy and precision of the method in serum were assessed at four different concentrations (LLOQ, low QC, medium QC, high QC) and
evaluated both intraday and as an average of three days (n=9). Method accuracy was assessed as the percentage of the measured concen-
tration relative to the fortified concentration. The interday precision of the method was assessed using percent relative standard deviation
(%RSD). These results, shown in Table V, demonstrate that the method is accurate and precise over the range studied for the quantitative
analysis of steroid hormones in human serum.

Table V: Method Accuracy and Precision Results in Serum (Interday)

Analyte
‘ %Recovery %RSD ‘ %Recovery ‘ %RSD ‘ %Recovery %RSD ‘ %Recovery

Estrone 96.8 9.7 91.0 4.0 90.5 0.7 90.7 19
Estradiol 89.4 9.7 92.6 8.0 91.8 9.2 92.7 9.2
Testosterone 88.3 135 93.4 43 89.7 2.9 98.0 2.2
11-Deoxycorticosterone 91.0 41 92.2 8.9 95.2 5.0 95.2 2.6
Corticosterone 92.9 81 92.4 6.5 933 12 98.0 2.1
11-Deoxycortisol 917 8.6 93.2 5.4 974 19 97.6 2.0
21-Deoxycortisol 93.8 16 93.5 2.9 94.0 5.8 9.7 13
Androstenedione 86.4 3.6 88.2 23 90.6 2.5 94.9 45
17a-hydroxyprogesterone 915 41 92.2 34 93.8 43 96.3 40
Progesterone 96.8 4.0 88.9 2.1 89.9 14 915 2.5
Aldosterone 96.2 49 97.2 3.6 943 5.6 93.5 8.0
DHT 92.5 6.0 90.2 11.8 96.3 4.0 91.0 31
DHEA 88.4 8.4 915 13 95.0 3.9 89.1 3.9
Cortisone 93.5 12 96.4 3.9 93.6 31 96.8 37
Cortisol 89.4 9.4 93 Lk 974 2.9 92.7 2.4
DHEAS 88.0 19 95.7 5.1 93.8 3.9 94.2 43

As an additional precision and accuracy verification, MassTrak Steroid Serum QC Set 1 (Waters Corporation) was obtained and analyzed
using the developed method. This set of controls contains low, medium, and high matrix-matched QC levels for 12 of the 16 analytes in this
workflow. Each QC level was extracted in triplicate and analyzed using the described method (n=3). Method accuracy was assessed as the
percentage of the measured concentration relative to the fortified concentration as determined by the manufacturer of the QC set. The intr-
aday precision of the method was assessed using percent relative standard deviation (%RSD). The results of this external QC analysis are
shown in Table VI below.

=
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Table VI: Method Accuracy and Precision Evaluation with MassTrak Steroid Serum QC Set 1

Analyte Medium QC
%Recovery
Testosterone 945 35 86.2 36 >ULOQ 79
11-Deoxycorticosterone 90.2 2.2 99.8 0.2 >ULOQ 9.2
Corticosterone 88.2 17 85.2 29 85.8 3.6
11-Deoxycortisol 93.9 6.7 97.6 0.7 98.6 2.0
21-Deoxycortisol 91.6 9.2 88.2 0.9 98.2 2.6
Androstenedione 91.2 8.9 92.5 23 814 0.9
170-hydroxyprogesterone 89.8 13.2 90.5 35 91.6 2.8
Progesterone 853 2.4 86.9 32 93.2 [N
DHT 93.6 8.6 90.1 [ 99.1 13
DHEA 89.5 3.6 9 4 5.0 96.6 12
Cortisol 81.0 0.9 86.0 0.6 91.9 23
DHEAS 99.3 1.0 95.4 5.6 91.8 31
Plasma

A quantitative evaluation was also performed in 2x charcoal stripped plasma to ensure that the method was adaptable to plasma matrix.
Precision and accuracy of the method in plasma were assessed at four different concentrations (LLOQ, low QC, medium QC, high QC)

and evaluated in triplicate within one day (n=3). Method accuracy was assessed as the percentage of the measured concentration relative

to the fortified concentration. The intraday precision of the method was assessed using percent relative standard deviation (%RSD). These
results, shown in Table VII, demonstrate that the method is accurate and precise over the range studied for the quantitative analysis of steroid
hormones in human plasma.

~
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Table VII: Method Accuracy and Precision Results in Plasma (Intraday)

Analyte
‘ %Recovery %RSD ‘ %Recovery ‘ %RSD ‘ %Recovery %RSD ‘ %Recovery
Estrone 976 3.9 979 27 92.6 0.8 89.0 35
Estradiol 90.0 6.5 94.9 3 89.2 3.2 93.0 31
Testosterone 86.5 5.6 914 41 86.3 12 96.2 43
11-Deoxycorticosterone 813 33 96.5 4.8 96.3 36 89.4 41
Corticosterone 86.5 [ 915 3.0 98.1 2.5 81.8 15
11-Deoxycortisol 90.4 114 98.7 18 96.1 41 91.6 35
21-Deoxycortisol 94.0 6.4 921 35 943 1.0 95.6 53
Androstenedione 94.0 10.2 96.0 2.7 88.9 2.6 95.6 49
17o-hydroxyprogesterone 96.8 4.5 95.8 6.0 88.8 4.0 971 4.6
Progesterone 91.8 8.5 883 23 85.7 15 95.4 41
Aldosterone 91.0 14 92.8 8.0 933 8.4 89.4 35
DHT 95.2 11 93.6 45 93.9 3.2 88.2 5.6
DHEA 94.1 21 93.4 23 91.8 2.9 811 4.5
Cortisone 96.4 36 91.8 32 913 18 94.6 39
Cortisol 88.4 3.7 94.4 15 95.0 2.8 91.2 38
DHEAS 933 37 9l 0.4 94.5 Th 96.9 34
Conclusion

In this work, a complete LC-MS/MS workflow was developed for the analysis of 16 steroid hormones in serum and plasma. The 16 steroid
hormones, which came from several different structural classes, were well separated on a Force Inert C18 column. The use of an inert
column was beneficial for chelating analytes, like DHEAS, that may typically lose sensitivity due to metal interactions. This workflow was
developed without using ammonium fluoride, which has the potential to be hazardous to laboratory staff and cause early degradation of
HPLC columns. Following extraction with Resprep SLE Plates, a simple derivatization procedure was employed to improve ionization of the
analytes of interest. This allowed detection limits of <10 ng/dL to be achieved for most analytes, even estrogen compounds which are notori-
ous for poor sensitivity.
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& FOR

PERFORMANCE

Units

= Catalog No. Product Name
Force Inert C18,1.8 ym, 100 x 2.1 mm LC Column ea.

LC(;MME..; § Force Inert C18, 1.8 pum, 100 x 2.1 mm LC Column
; ™s § TMS 9634212-T

Resprep VM-96 Vacuum Manifold, for 96-Well Plates

———
-'"*\_/ Catalog No. Product Name Units
— Resprep VM-96 Vacuum Manifold, for 96-Well Plates ea.

25858

Resprep SLE 96-Well Plates, 400 mg/2 mL Each Well, ea.

Catalog No. Product Name Units
28305 Force Inert C18, 1.8 ym, 100 x 2.1 mm LC Column ea.
=
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