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This article discusses biologically important
steroid measurements which have, in the
past, seen a lack of analytical sensitivity.
Examples include determination of
testosterone levels in women and children
and oestrogen levels in post-menopausal
women. The article gives insight into the
analysis of free testosterone at
physiologically relevant levels in plasma
ultra-filtrate, concentrating on the
sensitivity, specificity, precision and

Although highly
efficient for the
analysis of complex
mixtures, GC-MS/MS
could not address
the requirement of
the industry for the
analysis of larger
non-volatile
molecules...

accuracy advantages offered by GC-MS/MS.

Author Details:

By Rohan A. Thakur, Clark Williard
and Agnita Rajasekaran

Taylor Technology - a subsidiary

of PharmaNet Development
Group, Princeton, NJ

Using GC-MS/MS for Superior Sensitivity,
Specificity and Precision in Free Testosterone Analysis

INTRODUCTION

Until 1955, mass spectrometry (MS) was most commonly
used for the direct analysis of volatiles. Gas
chromatography (GC) was coupled to MS for the first time
at Dow Chemical Company with the aim to expand the
analytical capabilities of MS to cover complex mixtures of
unknowns [1]. Subsequent technological developments
involved the introduction of hybrid mass analyzers such as
the triple stage quadrupole (TSQ) mass spectrometers and
the use of tandem MS (MS/MS or SRM) as a high specificity
technique for routine quantitative analysis of complex
mixtures. GC-MS/MS was quickly established as the
technology of choice for bioanalytical applications.

Although highly efficient for the analysis of complex
mixtures, GC-MS/MS could not address the requirement of
the industry for the analysis of larger non-volatile
molecules. To overcome this new challenge, high
performance liquid chromatography (HPLC) was coupled to
MS/MS (LC-MS/MS) leading to the development of the
atmospheric pressure based ionisation (API) technique of
electrospray (ESI). This new method soon was soon
adopted as the preferred technology for bioanalysis [2].

In addition, LC-MS/MS was seen as offering a number of
advantages that allowed for easy, uncomplicated
bioanalysis of small molecules. Compared to GC-MS/MS,
the technique requires very little sample preparation while
delivering good detection limits and is also capable of
analysing a wider range of compound classes and
molecular weights. Latest advances have seen the
introduction of TurboFlow, on-line solid phase extraction
(SPE) and other chromatographic techniques that facilitate
direct injection of biological fluids into LC-MS/MS systems,
eliminating sample preparation [3]. These methods are
particularly beneficial for high-throughput laboratories,
where rapid analysis of thousands of samples is needed.
However, in applications where assay precision and
accuracy are of utmost importance, LC-MS/MS may not
always deliver the required results. Indeed for the highly
sensitive and specific detection of steroids for example, it
has been suggested that GC-MS/MS might actually be the
preferred technique.

Oestrogens (oestradiol and oestrone) and androgens
(testosterone and androstenedione) are a class of
biologically important endogenous compounds that
routinely require reproducible results at very low detection
limits (attogram level). Endogenous and exogenous
oestrogens are associated with the pathogenesis of breast
cancer [4] whereas testosterone affects major biological
functions and is used as a therapeutic agent for the
treatment of hypogonadism, the stimulation of
erythropoiesis and hereditary angioneurotic edema [5]. As a
consequence, measurements of oestrogens and androgens
is of high biological importance, determining for example
testosterone levels in women and children and estrogen
levels in post-menopausal women [6,7]. Analytical
sensitivity and specificity play major roles in the
interpretation of steroid measurements. Sample
preparation is critical for the sensitivity, precision and
accuracy of results. lon suppression can be directly related
to inadequate sample preparation and is a major problem
with ESI based LC-MS/MS techniques [8].

The limitations of LC-MS/MS related to accuracy, precision,
specificity and sensitivity have been significant enough to
initiate an inter-laboratory comparison study of serum total
testosterone measurements performed by mass
spectrometric methods [6]. Recent data indicates that GC-
MS/MS offers three key advantages over LC-MS/MS when
it comes to this type of analysis. The derivatisation
technique improves sensitivity (Neg lon CI dramatically

reduces chemical noise), the high number of theoretical
plates of a GC column results in highly focused
chromatographic peaks (approximately 3 seconds or less),
and the entire column eluent enters the ion source (unlike
LC-MS/MS ion sources which sample 5% of the LC eluent)
. As a result, GC-MS/MS provides the specificity, sensitivity
and precision required to reliably interpret physiologically
relevant levels of free testosterone in plasma.

An experiment was developed to demonstrate the high
sensitivity, precision and accuracy offered by GC-MS/MS. A
bioanalytical method was used for the analysis of free
testosterone at physiologically relevant levels in plasma
ultra-filtrate (UF) from post-menopausal women.

EXPERIMENTAL

EDTA (ethylenediaminetetraacetic acid) plasma from post-
menopausal women was stored at -20°C and used to form
quality control samples (QCs). The plasma was also stripped
with charcoal to prepare calibration standards (STDs).
Plasma UF was prepared using a centrifugal filter device
(Centricon YM-30, Millipore Corporation, Billerica, MA).
Sample preparation was completed in three steps. First, a
penta deuterated testosterone (d5- testosterone) solution
was added to 0.5mL of the plasma UF, followed by
liquid:liquid hexane/ethyl acetate extraction. Oxime of the
steroids was then prepared by evaporating a volatile
extraction solvent with N2 and derivatising with O-
(2,3,4,5,6 pentafluorobenzyl)-hydroxylamine HCI.

Silylation of the OH group was enabled using
N-Methyl-N-trifluoroacetamide (MSTFA).

A gas chromatograph (Varian 3400, Varian, Inc., Walnut
Creek, CA) was implemented together with a 15m x
0.250mm DB-1 fused silica capillary column (J&W
Scientific, Folsom, CA). The split flow rate was 50:1 and
the temperature program spanned from 210°C to 303°C.
A triple stage mass spectrometer (Finnigan TSQ-7000,
Thermo Fisher Scientific, San Jose, CA) was also used,
operated in negative ion chemical ionisation (NICI) mode.

RESULTS AND DISCUSSION

The assay range of the GC-MS/MS method was determined
to be between 0.250 and approximately 100 pg/mL. The
calibration standard curves yielded consistent regression
slopes and all acceptance criteria were met. Table 7
demonstrates the intrarun and interrun precision and
accuracy results whereas Figure 1 shows the chromatograms
that were derived over the course of the experiment.
Recovery was 78-79%. UF samples were stable after three
freeze/thaw cycles, after 30.5 hours at ambient temperature,
after 42 days at -20°C and after 46 days at -70°C. Extracts
were stable in the autosampler after 239 hours. Testosterone
levels were stable in human plasma stored at -70°C for at
least 62 days and -20°C for at least 42 days.

GC-MS/MS was able to routinely and reproducibly deliver
results at a LOQ of 3 femtograms on column, considerably
lower than most LC-MS/MS systems can routinely deliver.
The liquid-liquid extraction technique used for this assay is
proven to reduce matrix effects, resulting in the analytical
column always being exposed to the cleanest possible
biological samples. As a result, build-up of problematic
matrix components such as phospholipids, polar
metabolites and other polar interferences was reduced. (8)
In addition, the derivatisation step required to make
compounds volatile for injection into the GC offered some
degree of specificity.

The GC column provided increased efficiency of
chromatographic separation, generating highly focused
peaks. Since the majority of the analyte was
chromatographically concentrated in a narrow peak (3



seconds or less at base), separation from background noise became Table 1. Intrarun/interrun Precision and Accuracy. LLOQ is the lower w
easier, resulting in clear delineation as to when the signal started and limit of quantitation and ULOQ is the upper limit of quantitation. -
ended. Consequently, precision was improved since peak inflection and O
deflection points were easier to assess through automated peak LLOQ Low Medium uLoQ LCLD_
integration algorithms. 0.250 pg/mL 1.29 pg/mL 9.56 pg/mL 96.1 pg/mL
The entire column effluent from the GC column entered the MS ion S:
source making it far more efficient than atmospheric pressure ionisation Intrarun o
(API) techniques employed by LC-MS/MS. API sources (ESI/APCI) are Run 1 Mean 0.242 137 936 94.9 ()
usually 1-10% efficient in transferring the ions from the LC eluent into wn
the MS. This means while close to 100% of the column eluent enters the V(%) 148 6.69 /.18 4.58 @)
GC-MS/MS ion source, exactly the opposite occurs in an LC-MS/MS API Bias (%) -3.2 6.20 -2.09 -1.25 b
ion source. Until this sampling rate is improved, it appears that GC- N 5 6 6 6 (®)
MS/MS will be more efficient and this has a direct impact on sensitivity. &
Run 2 Mean 0.222 1.25 9.61 96.1 o
CONCLUSION CV (%) 10.4 3.26 2.26 6.50 W
Bias (%) -11.2 -3.10 0.523 0.00
Choosing whether to implement LC-MS/MS or GC-MS/MS for bioanalysis N 6 6 6 6
depends on the specific application requirements. LC-MS/MS is the
preferred technique for simple bioanalysis of an extended range of Run 3 Mean 0.207 1.25 973 97.3
compound classes and molecular weights from small to large non-volatile CV (%) 225 7.00 0.741 270
molelclu.IeS. Howeve'r,l the method does noF foer the gccurfacy, precmon, Bias (%) 172 310 178 135
specificity and sensitivity required for specific applications including the
analysis of steroids (estrogens and androgens). A highly sensitive GC- N > > 6 6
MS/MS bioanalytical assay for free testosterone in UF plasma from post- Interrun
menopausal women has been successfully implemented to help elucidate
the pharmacokinetic parameters of testosterone-related therapy and the Mean 0.224 1.29 9.56 96.1
monitoring of endogenous testosterone as a pharmacodynamic biomarker. CV (%) 16.1 716 4.36 4.66
Bias (%) -10.4 0.00 0.00 0.00
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Note: in each panel, the first chromatogram is a trace of the IS ion channel; the second is
a trace of the ion channel for testosterone. The second peak in the LLOQ and ULOQ
We would like to acknowledge Robert White, Randy Weintraub, Bhaskar chromatograms is due to the testosterone isomer formed during derivatisation.

Sundaram, James Settlage, and Susan Ohorodnik. Figure 1. Chromatograms of Extracted Standards that are: a) blank, b) at the LLOQ, and c) at the ULOQ.

High Pressure Chemical Reactors

Supercritical Fluid Technologies introduces a new series of stirred reactors for high-pressure chemistry. The HPR Series Reactors have been
designed for researchers who are interested in performing pressurised chemical reactions in their laboratories. Whether it is high-pressure
chemical synthesis or process development, the HPR Series is an excellent unit for those applications. The reactors range in size from 50m|
to 4 litres and may be operated up to 10,000 psi and 350°C. The reactors have a magnetically coupled impeller for optimal mixing. All high-
pressure components are ASME rated and protected by a rupture disc for safe operation. These laboratory bench top models are ideal for
applications where repetitive use makes convenience a necessity, such as catalytic studies, polymerisation, hydrogenation, oxidation,
isomerisation, and dehydrogenation. All sizes are supplied as ready-to-use instruments requiring only utility connections prior to operation.
The reactors are compact instruments that fit easily into a fume hood. Their modular design makes it simple and cost-effective to alter the
unit's basic configuration to adapt to new or evolving application needs.

All functions for the HPR Series Reactor are controlled by choices of two integrated processors (RxTrol Jr. or RxTrol Sr.) with a full colour touch
screen. RxTrol Jr. consists of (2) temperature sensors (wall/interior mounting), and fuzzy logic PID temperature controls and mixing controls
in a table top assembly. RxTrol Sr. offers many more advanced features utilising a microcontroller to perform all PID, ramp/soak, process
trending, and interlock functions. Additional options include vessel windows (<150°C operation only), additional ports, cooling coils, sample
loops, stand alone pressure transducers, supercritical fluids pumps and reagent addition modules.
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New FTIR Spectral Libraries Aid Identification of Rocks and Minerals

A2 Technologies' has announced the availability of two new diffuse reflectance mid-infrared spectral libraries of rocks and minerals further extending the
utility of their innovative Exoscan and FlexScan handheld FTIR analysers for geoscience applications. The first library contains spectra of general rocks and
minerals sourced from around the world, while the other is focused on commercially important or strategic minerals.

FlexScan and Exoscan are the world's first FTIR analysers that have the performance and robustness to be applicable to field based geoscience investigations.

The analysers are equipped with diffuse reflectance sampling interfaces, thus enabling rocks, minerals and soils to be analysed with minimal, or no sample i ‘
preparation. Now, minerals of interest located in outcroppings, ore bodies, drill cores, and mines can be analysed directly at the locale. The capability of FTIR :

to elucidate how atoms are bound together to form the chemistry of rocks and minerals is an important complement to widely used hand-held XRF analysers,

which identify the elements that comprise the geological sample.

The diffuse reflectance infrared spectra of rocks and minerals are different than those that are contained in classical transmission IR libraries that already exist. For this reason, A2 Technologies
is building, and will continue to build, these unique diffuse reflectance libraries in support of its efforts to bring FTIR analysers to geoscience applications. Since the chemistry of rocks and
minerals is complex and highly dependent on the specific locale and condition of formation, A2 Technologies analysers permit users to easily create their own diffuse reflectance IR libraries

to meet the requirements of their particular area of interest. -~
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