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Abstract Small molecule biomarkers provide insight into metabolic pathways
related to therapeutic treatment and can help explain the mechanism of action
during drug development. LC-MS-MS method approaches parallel those for drug
pharmacokinetic analyses; the optimization of detection, chromatographic system,
and extraction are similarly important to achieving good quantitation. Endogenous
presence of small molecule biomarkers presents a unique challenge for developing
and validating an LC-MS-MS assay and several strategies are available to address
it. Additional challenges for small molecule biomarker assays are sensitivity, ion
suppression/matrix effects, and assay selectivity. Innovative solutions for over-
coming these hurdles are discussed in this chapter.
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Introduction

Biomarkers come in all shapes and sizes. A lot of emphasis has been placed on
proteins and genetic processes, but small molecules can provide information not
found with larger molecules with regard to metabolic pathways, pathology, causes,
and potential treatment. In this chapter, the role of small molecule biomarkers will
be discussed briefly, followed by what comprises a liquid chromatography mass
spectrometric (LC-MS-MS) assay. The challenges inherent to LC-MS-MS bio-
marker analyses and some examples of current small molecule biomarker assays
will also be covered.
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Drug Development—Efficacy

Metabolomics provides a vast number of potential biomarkers for measuring how
well a pharmaceutical compound is working. Energy substrates and metabolites are
monitored for changes in diabetics during treatment. Cholesterol and lipid levels
provide feedback for the progress cardiac patients are making on lipid lowering
medications. For new drugs under testing, these same markers are valuable tools for
establishing how they are producing their effect as well as allowing a comparison
with established treatment lines.

Drug Development—Safety

Biomarkers related to drug safety is a relatively new area in drug development with
only a few recognized and validated protein compounds targeting renal and liver
function. Small molecule safety biomarkers are of interest, but not well investi-
gated. Any compound that may be linked to morbidity and mortality are candidates
to be used. Blood lipids are an example of potential safety indicators for long-term
effects related to cardiovascular disease.

Advantages of LC-MS-MS Measurements

Sensitivity

Tandem mass spectrometry brings extreme sensitivity to detection of analytes when
coupled to HPLC applications. Background noise is greatly reduced by the selec-
tivity of single ion mass monitoring (SRM or MRM mode), elevating the
signal-to-noise ratio over less selective detectors.

Selectivity/Specificity

While signal-to-noise is increased, interferences are reduced through the filtering of
all but the target mass ranges of interest. Comparisons of HPLC-UV and
LC-MS-MS demonstrate the much shorter chromatographic run times of
LC-MS-MS techniques [1].
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Development of LC-MS-MS Assays

Mass Spec Optimization

Just as in the bioanalysis of an exogenous compound, endogenous biomarker
analysis by LC-MS-MS first begins with the optimization of the mass spectrometer
in order to detect the compound of interest. Mass selection (of precursor and
product ions) and settings optimizations are the tasks involved in order to give the
best response for a given amount of material. This can be accomplished through
flow injection or constant infusion of the compound while monitoring in a scanning
mode. Lens settings are ramped in order to find the optimal settings that promote
the greatest signal for the masses found.

Liquid Chromatography (LC) Optimization

Of course the optimizing of the LC system provides an important aspect of the
selectivity of the overall method by separating potential interferences from the
analyte of interest through the orderly retention and elution from the LC column.

However, the selection of the HPLC parameters used in tandem with mass
spectrometric detection can have a significant effect on sensitivity as well.
Specifically, mobile phase composition and flow rate can either improve or inhibit
the response of the analyte, depending on what additives and parameters are used.
Generally, mobile phase additives that promote an easier evaporation (desolvation)
when the liquid stream is nebulized in the mass spectrometer source, improves the
transmission of ions to the mass spectrometer analyzer.

The decisions regarding the LC system for a given method will have an
extensive effect on the sensitivity. Compounds that are very polar that retain poorly
on a reverse phase column (C18) typically run at a mobile phase composition of
10 % organic solvent (methanol, acetonitrile) and 90 % aqueous solvent (water).
The sensitivity of these compounds suffers under these conditions as the nebulized
droplets from the LC flow struggle to evaporate and reduce in size. However, these
same compounds are more retained on the polar ligands of normal phase or HILIC
columns, and the mobile phase compositions at elution tend to be in the 80–90 %
organic solvent range. The higher organic solvent composition makes it easier for
desolvation in the mass spec source and improves sensitivity.

Some compounds show signal sensitivity to acid and base additives in the
mobile phase as well. This may be due to ion pairing with the analyte, competitive
protonation (in positive ion mode), or surface tension effects of the nebulized
droplets in the mass spectrometer source. Regardless of the etiology, it is worth-
while to screen for these responses to mobile phase composition if sensitivity of the
biomarker method is going to be one of the major challenges of development.
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Sample Preparation Techniques

The simplest preparation technique is the direct injection of sample, presumably
plasma or urine, into the LC solvent stream where it is cleaned up on-line through a
trapping column or in-line solid phase extraction (SPE) [2]. This type of technique
produces challenges in preserving the stability of the thawed, unaltered sample as it
waits for processing in the sequence queue. However, it is the simplest form of
manual preparation, as the sample is placed directly into the system where aliquot
aspiration and processing are completely automated.

Most forms of sample preparation fall under the categories of sample dilution or
protein precipitation (plasma samples), liquid–liquid (two-phase) extraction, or
solid phase extraction (SPE).

Sample dilution of non-protein containing samples is a process where a quan-
titative aliquot of sample (urine) is combined with an internal standard and further
diluted with a reagent compatible with injection. The advantages are that there is
very little manipulation leading to little going wrong in the extract preparation. This
technique is used for assays that have relatively high quantitative ranges where the
detector signal can afford to be diluted.

Key Term 1
Internal Standard: A related compound added at predefined stage of the sample
preparation process to provide a method for normalizing variations in analyte
recovery, autosampler injection, and instrument response. The same amount is
added to all samples within a batch and the ratio of analyte response divided by the
internal standard response is used for regression analysis and quantitation of
samples.

For protein containing samples (plasma, tissue homogenate), there is the
potential for protein to precipitate as the diluted sample is introduced to the solvent
stream of the LC system. This causes the HPLC column to clog and give high back
pressure to the pumping system and can cause secondary chromatographic artifacts
in the form of peak shape aberrations. Therefore, protein precipitation of these
samples off-line, prior to injection, is performed as part of the extract preparation.
The tertiary structure of the protein is forced to rearrange and fold in on itself by
using a reagent, leading to insolubility and precipitation. The supernatant of the
precipitated sample can be injected directly onto the LC system, or it can be
evaporated to dryness and reconstituted in a more appropriate solvent. The reagents
preferred for LC-MS applications are aqueous soluble solvents such as acetonitrile,
methanol, and acetone. Strong acids such as trichloroacetic acid, perchloric acid,
and trifluoroacetic acid are usually avoided as precipitating reagents due to their
effects on ionization or their poor volatility in the instrument source.

Liquid–liquid extraction utilizes an immiscible organic solvent to form two
layers of liquid separated by an interface. The analyte of interest starts out in the
aqueous layer of the sample aliquot and diffuses across the interface until equi-
librium is reached. The organic solvent is then removed and evaporated to dryness

102 M.P. Sullivan



before reconstituting for injection. Numerous buffers can be added to the sample to
encourage a greater partitioning to the organic solvent. Different forms of mixing
are used to accelerate the equilibration process. This type of extraction produces a
very clean final extract, as a lot of interferences, proteins, and phospholipids are left
behind with the aqueous layer. It also allows for a fast and easy process for con-
centrating the sample when additional sensitivity is required.

Solid phase extraction (SPE) is a technique where a mixed liquid sample is
applied to a solid resinous sorbent contained in either a plastic cartridge or the well
of a 96-well extraction plate. The sorbent may contain one of several types of
chemical ligands that function to interact and retain compounds with certain
functional groups or chemical properties. An SPE reverse phase sorbent will have
affinity for lipophilic components of the sample. An SPE strong cation exchange
sorbent will attract and retain compounds with basic functional groups. Once the
analyte is adsorbed to the solid phase of the cartridge/well, other components of the
sample can be rinsed away with selected wash reagents. When it is time to recover
the analyte from the sorbent, an eluting solution is passed through the cartridge/well
and the adhered compound releases and collects in a test tube or 96-well block. This
eluate is often evaporated to dryness and reconstituted before injection, but on
certain occasions it can be injected without evaporation. This technique can produce
a very clean extract and is very effective for more polar compounds, which can
otherwise be difficult to extract without significant loss of recovery.

Challenges of Biomarker Analysis by LC-MS-MS

Most of the challenges with small molecule biomarker analysis relate to their being
endogenous to the control matrix that would otherwise be used for calibration and
quality control samples of targeted concentration. The underlying native concen-
tration of the compound makes it difficult to determine the accuracy of any
preparations used for quantitative assessments.

Calibration samples that are fortified to a target concentration will be biased by
the endogenous level present in the lot of control matrix used. This can be sub-
tracted from each sample to give an adjusted regression of the calibration curve, but
it must be recalculated with each change in control matrix lot, and can often raise a
question about the true quantitation/detection limit of the analysis if the background
contribution is high compared to the lowest target concentration. The run–to-run
variability related to background subtraction is the reason other alternatives are just
as popular for addressing the quantitation of endogenous compounds.

To avoid background subtraction of endogenous compounds, calibration sam-
ples need to be prepared in a comparable matrix (to the experimental samples)
which is free of the analyte being measured. This can be achieved in a few different
ways. Matrix lots can be screened for suitably low levels (below detection or
quantitation) of the endogenous compound. The control matrix can be altered to
remove or destroy the endogenous compound before using for calibration sample
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preparation. An alternative species can be used as a control matrix source if the
presence of the analyte is species dependent. Also, a proxy matrix can be prepared
that is free of the endogenous compound [3, 4]. In all of these cases where a
substitute matrix is used, testing to ensure comparable accuracy is achieved
between the authentic matrix and the surrogate by way of standard addition to the
authentic matrix and measuring the accuracy of the addition [3, 5]. Parallelism of
calibration curves prepared in the authentic and surrogate matrix provides similar
support for the alternate matrix [6].

Determining the quantitative range of a small molecule biomarker assay can
sometimes be difficult compared to selecting the upper and lower limits of a
pharmacokinetic assay. When an assay is used for drug development purposes,
more is needed than simply having a positive or negative response from the bio-
marker. A quantitative measure is typically needed in order to be able to apply
statistical analyses when looking at effectiveness of a treatment. This requires
measuring baseline levels under normal conditions as well as under conditions of
upregulated or downregulated influence.

Where an inhibited response is expected under treatment, sensitivity for the
biomarker then becomes an issue. Measures to optimize sensitivity, such as low
flow rates, high organic composition of mobile phase, increased sampling size, or in
extreme cases derivatization of the analyte may need to be employed. Where an
enhanced response is expected under treatment, determining the highest responses
becomes the challenge in order to set the upper limit of the assay. With larger
dynamic calibration ranges comes issues with linearity of the detector and
contamination/carryover from automation equipment and injection instrumentation.

Key Term 2
Derivatization: A process used in analytical methods to change the molecular
structure of a compound with a reagent that reacts with one or more functional
groups on the analyte. Examples of derivatized products are esters, amides, oximes,
and hydrazones. This process can help change the characteristics of the compound
for the purpose of analysis. For example, a derivative may be employed in order to
improve the chromatographic behavior of a compound.

Current Small Molecule LC/MS Methods

Existing methods for small molecule biomarker analysis by LC-MS are numerous,
and the details of these methods are not always available through publication.
Table 1 includes a listing of methods found across several therapeutic areas.
Additionally, selected methods are discussed with the details of how the inherent
difficulties of the compounds were overcome.
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Neurotransmitters

Monoamine neurotransmitters (Fig. 1) have been used as markers of neurological
health and function. Biologically, they are easily synthesized from simple amino
acid reserves to yield the active signal transmitters. These active compounds
include norepinephrine, epinephrine, dopamine, and serotonin, among others.
Measurements of their metabolites are also very helpful in determining mechanism
of action of certain therapeutic agents (reuptake inhibitors) and serving as markers
themselves in various pathological states (DOPAC and DHPG in Parkinson’s
Disease).

Traditionally, neurotransmitter analysis has been accomplished through the
application of HPLC with electrochemical detection, due to the majority of analytes
having very little absorbance activity for UV detection and their sensitivity to
oxidation. However, these methods often suffered from poor sensitivity, interfer-
ences from complex samples, and extremely long analysis times [7]. More recent
applications using LC-MS-MS have improved these areas of their analyses.

From an analytical perspective, neurotransmitters are very small and polar in
nature. Their elution profiles on reverse phase HPLC shows them eluting early,
under very weak chromatographic conditions. Extraction methods used for sample
preparations for HPLC applications utilized alumina SPE, taking advantage of the
polar diol functional groups of the catechol structure [8].

These characteristics make the analysis of this class of compounds difficult. For
an LC-MS-MS application, a low molecular weight produces a high noise level,
reducing sensitivity, and selectivity. Poor retention on reverse phase LC systems
produces a poor desolvation condition, further limiting sensitivity.

Table 1 Other small molecule biomarkers by LC-MS

Disease area Disease Compound Matrix Reference

Neurology PD, PAF, Depression DOPAC, DHPG CSF [23]

Serotonin, 5-HIAA CSF [24–26]

Oncology Melanoma 5-S-Cysteinlydopa Plasma [27]

Intestinal carcinoid tumor 5-HIAA Urine [2]

Metabolism Fatty acid amide hydrolase
inhibition

Ethanolamides Plasma [28]

In vivo CYP3A4/5 activity 4b-Hydroxycholesterol/
cholesterol

Plasma [3]

Cardiology Atherosclerosis Eicosanoids Plasma [4]

Environmental Toluene exposure Hippuric acid Urine [29]

Pulmonary
Disease

COPD Desmosines Plasma,
urine

[30]

Abbreviations DOPAC = dihydroxyphenylacetic acid, DHPG = dihydroxyphenylglycol,
5-HIAA = 5-hydroxyindoleacetic acid, PD = Parkinson’s Disease, PAF = pure autonomic
failure, COPD = chronic obstructive pulmonary disease
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By using derivatization with dansyl chloride, issues with sensitivity can be
improved [9]. The dansyl derivative leaves a larger molecule for chromatographic
and mass spectrometric analyses. With better retention and lower noise from the
higher ion transitions, sensitivity and selectivity are improved. In addition, several
acid metabolites can also be analyzed under the same conditions that would
otherwise require the opposite ionization polarity (negative ion electrospray).
A similar solution to LC-MS-MS chromatographic retention and sensitivity through
ethylation of epinephrine and norepinephrine after alumina extraction has been
used. This allowed for a sensitive assay achieving detection limits to the low pg/mL
level in plasma [10].

Derivatization of low molecular weight compounds or poorly ionized com-
pounds can provide a powerful leverage to improve sensitivity by LC-MS-MS.

Vitamin D

Vitamin D analysis is a recent addition to LC-MS-MS techniques. Vitamin D levels
in plasma are measured to assess the status of the individual, where low levels are
associated with heart disease, diabetes, cancer, autoimmune disorders, and of course
bone growth disorders [11].

Fig. 1 Chemical structures of neurotransmitters (Norepinephrine, Serotonin, Dopamine,
Epinephrine)
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Vitamin D originates from both endogenous (vitamin D3) and dietary (vitamin D2)
sources. Both forms are quickly metabolized in the liver to 25-hydroxyvitamin D
forms (25-(OH)D3 and 25-(OH)D2) which circulate with relatively long half-lives
until they are converted to their active 1,25-dihydroxyvitamin D forms in the kidney.
The active dihydroxy forms have a very transient existence and are present at
extremely low levels. For these reasons, the concentrations of plasma 25-(OH)D2

and 25-(OH)D3 are considered the reference biomarkers for vitamin D nutritional
status [11].

LC-MS-MS analysis of vitamin D provides all the expected advantages the
hyphenated technique brings to other assays, which include improved sensitivity
and selectivity, reduced processing and run times, and the ability to measure
multiple analytes in a single analysis. However, limitations of the technique are
demonstrated in the case of vitamin D. Common, nonspecific water loss product ion
fragments make interferences from analogous compounds a potential problem.
Also, an epimer of 25-(OH)D3 is known to interfere on LC-MS-MS assays, while
there is no such interference with immunoassays for vitamin D. These challenges
are overcome with careful selection of mass spec settings and chromatographic
conditions [11, 12].

For the analysis of 25-(OH)D2 and 25-(OH)D3 (Fig. 2), assays utilizing many
different variables and setups have been successfully validated and used for clinical
and drug development purposes. Electrospray as well as atmospheric pressure
chemical ionization (APcI) sources have been used. Electrospray is known to be
more susceptible to ion suppression events during analysis, and APcI used with
vitamin D analysis has been shown to provide better precision of results presumably
due to less suppression effects [12].

Product ion fragments using water loss have been commonly used for high
signal response, but they have been subject to interferences not experienced with
more substantial structural fragmentations. LC-MS-MS can easily distinguish
between the precursor ions of 25-(OH)D2 and 25-(OH)D3 (413 and 401, respec-
tively). However other hydrophobic lipids or structurally similar sterols have the
potential to share these masses and a water loss transition is not unusual for this
class of compounds. Listed transitions for 25-(OH)D2 that have been used are
413 > 395, 413 > 377, 413 > 355, 413 > 337, 413 > 83, and for 25-(OH)D3 are
401 > 365, 401 > 257, 401 > 159. During APcI ionization, the use of precursor
masses with nominal water loss (395 for 25-(OH)D2 and 383 for 25-(OH)D3) is also
common [12–14].

Sample preparation techniques used for vitamin D analysis include protein
precipitation, liquid–liquid extraction, and solid phase extraction. The simpler
extraction methods give shorter sample processing times, but often require more
involved chromatographic separation and run time. One example of a method
utilizing acetonitrile precipitation and filtering of the extract still required an LC
system incorporating a switching valve and trapping column to effectively remove
phospholipid interferences [13]. Liquid–liquid extraction techniques have been very
effective for eliminating phospholipid interferences and allowing for shorter LC
analysis times [12–14].
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Steroids

Endogenous steroids are generally very lipophilic compounds that tend to ionize
poorly, making them difficult to measure by LC-MS-MS, and yet, it is becoming the
method of choice for steroid analysis. Advantages in analysis time, specificity, and
performance at low concentrations make LC-MS-MS preferred over immunoassays.

The main challenges in steroid analysis by LC-MS-MS are poor ionization for
sensitivity and susceptibility to interference from isobaric compounds. Recent
methods have brought innovative approaches to deal with these problems.

In the analysis of estrone and estradiol (Fig. 3), very low detection limits are
needed to quantify plasma samples in pre-pubescent females, men, and post-
menopausal women. Methods that measure as low as 1 pg/mL are needed to detect
even normal basal levels for the purpose of clinical analysis or drug development.
Although both analytes are lipophilic, their chemical structures contain a phenolic
hydroxyl group that can ionize in negative ion mode. This is a weakly acidic
functional group, but the addition of ammonium fluoride in the mobile phase has
been shown to improve the sensitivity of monitoring the native estrogen compounds
presumably through improved ionization in negative ion mode [15, 16].

Liquid–liquid extraction appears to be the sample preparation of choice to give
as clean an extract as possible [15]. Serial extraction is also sometimes employed to
achieve improved recovery [16]. With such a low detection limit, further clean up
with a trapping column prior to separation on the analytical LC column has also
been used [16]. Dansyl derivatization of the phenolic hydroxyl group after
extraction has been applied to estrone and estradiol in order to give an easily
ionizable group to the structure [17]. This provides a way to improve the detection

Fig. 2 Chemical structures ofVitaminD analytes (25-HydroxyvitaminD2, 25-HydroxyvitaminD3)
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sensitivity, but all applications seem to require a very selective chromatographic
system in order to ensure required resolution between estrone and estradiol, as well
as other potential isobaric interferences [15–17]. Other endogenous steroid methods
follow similar schemes; extremely low detection limit, lipophilic extraction and
concentration, derivatization (dansyl chloride, hydroxylamine), and a very selective
chromatographic system often utilizing UHPLC [15, 18] to avoid isobaric
interferences.

Key Term 3
UHPLC (Ultra High Pressure/Performance Liquid Chromatography): A
chromatographic system similar to HPLC, but uses a smaller particle packing in the
column (usually <2 microns). The smaller particles are closely packed and cause a
high back pressure from the column, but peaks are sharper and resolution of peaks
is obtained more rapidly.

Nicotine/Cotinine

Environmental tobacco smoke exposure is a concern from a clinical perspective due
to its general effects on health (risk factor for cardiovascular diseases, cancers, and
deaths) and in particular its impact on organ transplant. Smoking cessation efforts
are considered an integral part of optimal solid organ transplant for tissue donors
and recipient candidates. As an alternative to self-reporting, nicotine status is
proposed as a biomarker for tobacco smoke exposure. Nicotine is one of the major
components of tobacco which is quickly absorbed when inhaled and distributed in
the blood. It is metabolized within a couple of hours to cotinine in the liver.
Cotinine has a relatively long half-life in circulation (approximately 6–22 h), which
gives it one advantage as a biomarker over short-lived candidates [19, 20].

Nicotine and cotinine (Fig. 4) are very small molecules, which makes their
detection by LC-MS-MS as challenging as the neurotransmitters discussed earlier.

Fig. 3 Chemical structures of estrone and estradiol (Estrone, Estradiol)
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Having low molecular weights allows for many interferences from the low end of
the mass scale and provides background noise that limit sensitivity. Fortunately, the
detection limits for the purpose of tobacco exposure are relatively high
(1–2 ng/mL) which allows for the monitoring of the native underivatized structures.
Common transitions used are 163 > 130 for nicotine and 177 > 80 for cotinine
using electrospray positive ion mode. Chromatographic conditions are oriented
toward reverse phase on long (>100 mm) HPLC columns under gradient elution.
Sensitivity of the detector response to mobile phase components is not an issue, as
mobile phase compositions tend toward traditional preparations; acetonitrile,
methanol, and water, with and without formic acid and acetate salts [19–21].

Extractions for combined assays of nicotine and cotinine usually are performed
using both ion exchange and reverse phase SPE. Due to the sensitivity require-
ments, the extracts are concentrated through evaporation prior to injection. Nicotine
can be volatile compared to other small molecules, so in some cases an acid keeper
(hydrochloric acid) is added before the drying step [19–21].

One of the more challenging aspects of the analysis of nicotine and its metabolites
is finding clean matrix for use with calibration samples. Conceivably, identifying
nonsmoking individuals should be sufficient to harvest nicotine-free plasma, but the
presence of second-hand exposure to tobacco smoke, as well as potential dietary
sources of nicotine are enough to produce responses that bias the lower level cali-
brators. For some, the use of pre-screened matrix from commercial sources is suf-
ficient for use, but others found the need to scrub serum or purchase a nicotine-free
synthetic matrix to have acceptably clean control blank samples [19–21].

When comparisons of different nicotine methods by LC-MS-MS have been
made through analysis of common samples, good reproducibility of results has been
reported [19]. This suggests the analysis of nicotine and cotinine is very reliable,
even across different sample preparation and chromatographic conditions, once the
sensitivity and endogenous presence challenges are under control. Correlation
between nicotine response and cotinine response (corrected for sampling time) after
dosing (nicotine patch) has been demonstrated to be good, confirming the utility of
cotinine analysis as a nicotine status indicator [21].

Fig. 4 Chemical structures
of nicotine and cotinine
(Nicotine, Cotinine)
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The Future of Small Molecule Biomarker Analysis by LC/MS

As small molecule biomarkers become a greater part of the drug development
process, the future holds several areas of expansion. One is the standardization of
validation approaches for establishing a biomarker. In a regulated environment,
specific recommendations are going to be made on how to approach the preparation
of calibration curves for endogenous compounds and how to evaluate method
validation parameters such as selectivity, limit of quantitation, and matrix effects. In
addition, instrumentation capabilities are bound to improve. As technology
improves in LC-MS-MS detectors, quantitation of very low level metabolites will
be possible. This will open up the scope of possible biomarker candidates available
for evaluation, expanding an already plentiful metabolome database [22].
Regardless of those advances, exploring the existing contents of the blood, CSF,
and urine metabolomes brings more small molecule biomarker methods to light.

Key Term 4
Matrix Effect: The influence on analytical response (of the detector) by the pres-
ence of plasma, urine, or CSF (matrix) components in an extracted sample, as
compared to a sample containing only solvent (no matrix). The presence of matrix
can effect LC-MS ionization and it can also influence extraction recovery. This term
is used to help explain inconsistencies of chromatographic peak responses from
different samples during analysis.

Chapter Summary

• Small molecule biomarkers provide insight into metabolic pathways related to
therapeutic treatment and can help explain the mechanism of action during drug
development.

• LC-MS-MS method approaches parallel those for drug pharmacokinetic anal-
yses; optimizations of detector, chromatographic system, and extraction are
similar.

• Endogenous presence of small molecule biomarkers present a unique challenge
for developing and validating an LC-MS-MS biomarker assay compared to
excipient compounds.

• Other challenges and innovative solutions for small molecule biomarker assays:

– Sensitivity—derivatization and optimized mobile phase composition are
strategies that can improve signal response in the mass spectrometer.

– Ion suppression—use of APcI can reduce ion suppression effects seen in
electrospray ionization.
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Selectivity—use of alternate phases (ion exchange, HILIC) besides reverse phase
chromatography provides retention and separation based on different characteris-
tics. UHPLC can increase throughput by resolving critical peak pairs in short time
frames.

References

1. Georgita C, Sora I, Albu F, Monciu CM (2010) Comparison of a LC/MS method with a
LC/UV method for the determination of metformin in plasma samples. Farmacia 58(2):
158–169

2. Perry H, Keevil B (2008) Online extraction of 5-hydroxyindole acetic acid from urine for
analysis by liquid chromatography-tandem mass spectrometry. Ann Clin Biochem 45(2):
149–152

3. Xu Y, Yuan Y, Smith L, Edom R, Weng N, Mamidi R, Silva J, Evans DC, Lim HK (2013)
LC-ESI-MS/MS quantification of 4b-hydroxycholesterol and cholesterol in plasma samples of
limited volume. J Pharm Biomed Anal 85:145–154

4. Rago B, Fu C (2013) Development of a high-throughput ultra performance liquid
chromatography-mass spectrometry assay to profile 18 eicosanoids as exploratory
biomarkers for atherosclerotic diseases. J Chromatogr B 936:25–32

5. Wilson SF, James CA, Zhu X, Davis MT, Rose MJ (2011) Development of a method for the
determination of glycine in human cerebrospinal fluid using pre-column derivatization and
LC-MS/MS. J Pharm Biomed Anal 56:315–323

6. Houghton R, Pita CH, Ward I, Macarthur R (2009) Generic approach to validation of
small-molecule LC-MS/MS biomarker assays. Bioanalysis 1(8):1365–1374

7. de Jong WHA, de Vries EGE, Kema IP (2011) Current status and future developments of
LC-MS/MS in clinical chemistry for quantification of biogenic amines. Clin Biochem 44:
95–103

8. HolmesC, EisenhoferG,GoldsteinDS (1994) Improved assay for plasma dihydroxyphenylacetic
acid and other catechols using high-performance liquid chromatography with electrochemical
detection. J Chromatogr B Biomed Sci Appl 653(2):131–138

9. Cai HL, Zhu RH, Li HD (2010) Determination of dansylated monoamine and amino
acid neurotransmitters and their metabolites in human plasma by liquid chromatography-
electrospray ionization tandem mass spectrometry. Anal Biochem 396:103–111

10. Zhang G, Zhan Y, Ji C, McDonald T, Walton J, Groeber EA, Steenwyk RC, Lin Z (2012)
Ultrasensitive measurement of endogenous epinephrine and norepinephrine in human plasma
by semi-automated SPE-LC-MS/MS. J Chromatogr B 895–896:186–190

11. El-Khoury JM, Reineks EZ, Wang S (2011) Progress of liquid chromatography-mass
spectrometry in measurement of vitamin D metabolites and analogues. Clin Biochem 44:
66–76

12. Couchman L, Benton CM, Moniz CF (2012) Variability in the analysis of 25-hydroxyvitamin
D by liquid chromatography-tandem mass spectrometry: the devil is in the detail. Clin Chim
Acta 413:1239–1243

13. Thibeault D, Caron N, Djiana R, Kremer R, Blank D (2012) Development and optimization of
simplified LC-MS/MS quantification of 25-hydroxyvitamin D using protein precipitation
combined with on-line solid phase extraction (SPE). J Chromatogr B 883–884:120–127

14. van den Ouweland JMW, Beijers AM, Demacker PNM, van Daal H (2010) Measurement of
25-OH-vitamin D in human serum using liquid chromatography tandem-mass spectrometry
with comparison to radioimmunoassay and automated immunoassay. J Chromatogr B
878:1163–1168

112 M.P. Sullivan



15. Keevil BG (2013) Novel liquid chromatography tandem mass spectrometry (LC-MS/MS)
method for measuring steroids. Best Prac Res Clin Endocrinol Metab 27:663–674

16. Fiers T, Casetta B, Bernaert B, Vandersypt E, Debock M, Kaufman JM (2012) Development
of a highly sensitive method for the quantification of estrone and estradiol in serum by
liquid chromatography tandem mass spectrometry without derivatization. J Chromatogr B
893–894:57–62

17. Kushnir MM, Rockwood AL, Bergquist J, Varshavsky M, Roberts WL, Yue B, Bunker AM,
Meikle AW (2008) High-sensitivity tandem mass spectrometry assay for serum estrone and
estradiol. Clin Chem 129:530–539

18. Keski-Rahkonen P, Huhtinen K, Poutanen M, Auriola S (2011) Fast and sensitive liquid
chromatography-mass spectrometry assay for seven androgenic and progestagenic steroids in
human serum. J Steroid Biochem Mol Biol 127:396–404

19. Shu I, Wang P (2013) Simultaneous serum nicotine, cotinine, and trans-3’-hydroxycotinine
quantitation with minimal sample volume for tobacco exposure status of solid organ transplant
patients. J Chromatogr B 928:139–145

20. Miller EI, Norris HRK, Rollins DE, Tiffany ST,Wilkins DG (2010) A novel validated procedure
for the determination of nicotine, eight nicotine metabolites and two minor tobacco alkaloids in
human plasma or urine by solid-phase extraction coupled with liquid chromatography-
electrospray ionization-tandem mass spectrometry. J Chromatogr B 878:725–737

21. Baumann F, Regenthal R, Burgos-Guerrero IL, Hegerl U, Preiss R (2010) Determination of
nicotine and cotinine in human serum by means of LC/MS. J Chromatogr B 878:107–111

22. Wishart DS, Tzur D, Knox C, Eisner R, Guo AC, Young N, Cheng D, Jewell K, Arndt D,
Sawhney S, Fung C, Nikolai L, Lewis M, Coutouly MA, Forsythe I, Tang P, Shrivastava S,
Jeroncic K, Stothard P, Amegbey G, Block D, Hau DD, Wagner J, Miniaci J, Clements M,
Gebremedhin M, Guo N, Zhang Y, Duggan GE, MacInnis GD, Weljie AM, Dowlatabadi R,
Bamforth F, Clive D, Greiner R, Li L, Marrie T, Sykes BD, Vogel HJ, Querengesser L (2007)
HMDB: the human metabolome database. Nucleic Acids Res 35:D521–D526

23. Goldstein DS, Holmes C, Sharabi Y (2012) Cerebrospinal fluid biomarkers of central
catecholamine deficiency in Parkinson’s disease and other synucleinopathies. Brain 135
(6):1900–1913

24. Goldstein DS, Holmes C, Bentho O, Sato T, Moak J, Sharabi Y, Imrich R, Conant S,
Eldadah BA (2008) Biomarkers to detect central dopamine deficiency and distinguish
Parkinson disease from multiple system atrophy. Parkinsonism and related disorders 14:
600–607

25. Hou C, Jia F, Liu Y, Li L (2006) CSF serotonin, 5-hydroxyindolacetic acid and neuropeptide
Y levels in severe major depressive disorder. Brain Res 1095:154–158

26. Vincent S, Bieck PR, Garland EM, Loghin C, Bymaster FP, Black BK, Gonzales C,
Potter WZ, Robertson D (2004) Clinical assessment of norepinephrine transporter blockade
through biochemical and pharmacological profiles. Circulation 109:3202–3207

27. Martin G, Mansion F, Houbart V, Paquet P, Rorive A, Chiap P, Crommen J, Servais AC,
Fillet M (2011) Pre-study and in-study validation of a SPE-LC-MS-MS method for the
determination of 5-S-cysteinyldopa, a melanoma biomarker, in human plasma. Talanta
84:280–286

28. Jian W, Edom R, Weng N, Zannikos P, Zhang Z, Wang H (2010) Validation and application
of an LC-MS/MS method for quantitation of three fatty acid ethanolamides as biomarkers for
fatty acid hydrolase inhibition in human plasma. J Chromatogr B 878:1687–1699

29. Penner N, Ramanathan R, Zgoda-Pols J, Chowdhury S (2010) Quantitative determination of
hippuric and benzoic acids in urine by LC-MS/MS using surrogate standards. J Pharm Biomed
Anal 52:534–543

30. Miliotis T, Lindberg C, Semb KF, van Geest M, Kjellstrom S (2013) Quantitative
high-performance liquid chromatography-tandem mass spectrometry method for the analysis
of free desmosines in plasma and urine. J Chromatogr A 1308:73–78

LC/MS Methods for Small Molecule Biomarkers 113


	10 LC/MS Methods for Small Molecule Biomarkers
	Abstract
	Introduction
	Drug Development—Efficacy
	Drug Development—Safety

	Advantages of LC-MS-MS Measurements
	Sensitivity
	Selectivity/Specificity

	Development of LC-MS-MS Assays
	Mass Spec Optimization
	Liquid Chromatography (LC) Optimization
	Sample Preparation Techniques
	Challenges of Biomarker Analysis by LC-MS-MS

	Current Small Molecule LC/MS Methods
	Neurotransmitters
	Vitamin D
	Steroids
	Nicotine/Cotinine
	The Future of Small Molecule Biomarker Analysis by LC/MS

	Chapter Summary
	References


