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ABSTRACT

Purpose: For detailed studies, scientists need to quantitate ever lower concentrations of estrone and
estradiol in serum samples. Here we demonstrate a method capable of detecting low pg/mL of both
estrone and estradiol in human serum for clinical research.

Methods: Samples were prepared by liquid-liquid extraction (LLE). Following chromatographic
separation by a reversed-phase high performance liquid chromatographic (HPLC) gradient, analytes
were detected on a triple quadrupole mass spectrometer. Precision was determined by analyzing
replicate concentrations over three days. Accuracy was determined by analyzing Center for Disease
Control (CDC) Hormone Standardization (HoSt) Program Phase 1 samples.

Results: Both estrone and estradiol were able to be quantitated down to 2 pg/mL. Inter-assay
precisions of replicate samples across the calibration range were better than 8.4% Accuracy of
estradiol analysis was demonstrated using the CDC HoSt samples with 90% of the samples agreeing
within 15% of reference values.

INTRODUCTION

Liquid chromatography coupled with tandem mass spectrometry (LC-MS/MS) has been widely adopted
as an analytically sensitive and selective technique for measuring estrone and estradiol in complex
matrices such as human blood plasma or serum. Quantitation of these steroids down to low-picogram
per milliliter levels are required by many clinical researchers. We endeavored to achieve this using a
triple-stage quadrupole mass spectrometer with the most efficient production, isolation and transmission
of precursor ions and fastest selective reaction monitoring.

RESULTS
Limit of Quantitation

The limit of quantitation as defined above for both estrone and estradiol in this clinical research method
was 2 pg/mL using 200 pL of matrix. Preliminary studies indicate the LOQ can be 1 pg/mL if starting
with 500 pL of matrix (data not shown).

Figure 3 shows representative calibration curves for estrone and estradiol. Figure 4 shows
representative chromatograms of the 2 pg/mL calibrator (LOQ) with both the quantifying and confirming
lons for both estrone and estradiol. All ion ratios passed within 20% relative of target.

Precision

The % RSD of calculated concentrations for all control levels (5, 20 and 200 pg/mL) across all three
days (n = 6 each day for n = 18 total) was less than 8.41% and 7.84% for estrone and estradiol,
respectively. This indicates the method is reproducible. Table 4 shows results for Intra- and Inter-day
calculations.

Recovery

Recovery as calculated by ratio of internal standard peak area spiked after processing to peak area
spiked before processing showed excellent recovery for all 10 lots of human matrix as well as the
surrogate BSA matrix. Recoveries were all slightly positive. Results are shown in Table 5.

Matrix Effects

Matrix effects as demonstrated by comparing internal standard peak areas of ten CDC HoSt Program
samples to the mean peak area in the calibrators indicates there are little to no effects. Results are

Table 5. Relative Recovery of Internal Standards in 10 different lots of human plasma and serum.
Value is ratio of internal standard area in processed then spiked sample versus spiked then

processed sample.
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Table 6. Matrix Effects compare the peak areas of internal standards in ten different lots of CDC

HoSt samples to the mean peak area of the calibrators.
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Chromatographic separation was performed using a Thermo Scientific™ Vanquish Horizon™ HPLC
system equipped with a Thermo Scientific™ Accucore™ Bi-Phenyl, 2.6 uym, 50 x 2.1 mm reversed
phase column heated to 50°C. Mobile Phases A and B were 0.2 mM ammonium fluoride in Thermo
Scientific™ UHPLC-grade water and methanol, respectively. The gradient conditions for the optimized
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Table 7. Accuracy as determined by comparing the calculated concentration with the CDC HoSt
reference value. Results indicate this method is capable of generating accurate results.
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Method Performance Evaluation

Limit of Quantitation (LOQ) was defined as the lowest calibrator concentration that had a back-
calculated concentration within 20% of theoretical and an ion ratio within 20% (relative) of the target
(mean of the calibrators’ values).

Precision was evaluated by preparing and analyzing a single calibration curve along with six replicate
Injections of controls at 5, 20 and 200 pg/mL on three successive days. %RSD was then determined for

the calculated concentrations within (intra-assay) and between (inter-assay) days.

Recovery was evaluated by spiking internal standards into multiple different lots of processed blank
matrix and comparing response to that in a spiked, then processed sample.

Matrix Effects were evaluated by comparing the internal standard peak areas in ten different CDC

HoSt samples with the mean internal standard peak area in the calibrator samples that were prepared in

0.05% BSAin PBS.

Accuracy was evaluated by analyzing ten CDC HoSt Program Phase 1 samples and comparing the
calculated concentrations with the reference concentrations.

Table 4. Intra- and Inter-Assay Precision for Estrone and Estradiol (n=6 on 3 days, n= 18 total).

Estrone Estradiol

Concentration

Level DEVAE Day 2 Day 3 Days 1-3 Dayl DE\AV DEVAK!

QC1 (5 pg/mL) 7.73% 841% 7.22% 8.38% 451% 573% 6.14% 7.84%
QC2 (20 pg/mL) 3.73% 154% 440% 3.74% 6.74% 4.17% 7.48% 6.16%
QC3 (200 pg/mL) 0.750% 0.990% 3.85% 2.48% 1.38% 2.23% 3.64% 3.75%
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We have demonstrated a sensitive, precise and accurate method for the quantitation of estrone and
estradiol in human matrix for clinical research.

A detection limit of 2 pg/mL with ion ratio confirmation was achieved for both estrone and estradiol
using a TSQ Altis triple quadrupole mass spectrometer.

Accuracy of the method was demonstrated by analysis of CDC HoSt program Phase 1 samples.
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