ISSN: 2155-9929,

& Diagnosis

Journal of Molecular Biomarkers

Chakravarti and Chakravarti, J Mol Biomark Diagn 2015, 6:5
DOI: 10.4172/2155-9929.1000244

Open Access

Liquid Chromatography - Tandem Mass Spectrometry - Application for

Clinical Chemistry Laboratory

Bulbul Chakravarti'?® and Deb N. Chakravarti®

"Department of Chemistry and Chemical Technology, Bronx Community College, The City University of New York, Bronx, New York, USA
2Department of Biology, York College, The City University of New York, Jamaica, New York, USA
3Department of Chemistry, York College, The City University of New York, Jamaica, New York, USA

Introduction

Liquid chromatography/tandem mass spectrometry (LC/MS/MS)
has become an important tool to complement traditional methodologies
used in the clinical chemistry laboratory. In early 1970s, majority of the
mass spectrometric analyses of clinical samples utilized the application of
gas chromatography/mass spectrometry (GC/MS) which is particularly
suitable for analytes that are small molecules and volatile. However,
many biomolecules have high molecular mass, are thermolabile and/
or extremely polar. Sample extraction and derivatization required for
GC/MS analysis of clinical samples is usually extensive, complicated as
well as laborious. Not only such sample preparation is difficult, quite
often it is not possible to perform on certain analytes of interest. On
the other hand, LC/MS can be easily performed on biological samples
(primarily body fluids such as blood, urine, cerebrospinal fluid) which
are often extremely hydrophilic and include compounds with a wide
range of molecular masses such as amino acids, fatty acids, bile acids
that are less than 500 Da as well as peptides, proteins, glycoproteins
and oligonucleotides with high molecular masses. A significant
research effort has been spent on coupling of high performance liquid
chromatography (HPLC) with MS since HPLC is a better separation
technique compared to GC for most biological samples. In GC-MS, it is
necessary to make volatile derivatives which can be ionized by electron
ionization (EI) or chemical ionization (CI) techniques. Although other
ionization methods such as fast atom bombardment can be used, EI
and CI are the most common methods of ionization used for GC/MS
analysis of clinical samples. In GC/MS analysis, a single mass analyzer
(a mass spectrometer) records the fragmentation pattern produced
during the ionization process and records the mass spectrum which
in turn helps to identify the chemical identity of the compound. It is
highly specific and sensitive but has the disadvantages described above.

LC/MS/MS Methodology

In current LC/MS/MS techniques, ionization of the sample is carried
out under atmospheric pressure (atmospheric pressure ionization (API)
which is separated from the high vacuum portion of the mass analyzer.
Two commonly used methods of atmospheric pressure ionization
involve electrospray ionization (ESI) and atmospheric pressure chemical
ionization (APCI) of the molecules to be analyzed. Tandem mass
spectrometry, usually referred to as MS/MS, involves multiple stages
of mass analysis usually with ion selection followed by fragmentation
of the ion(s) and subsequent mass analysis of the fragment ions. In
essence, the first mass analysis step selects ions (parent ions) with
particular mass (m)/charge (z) ratio. The parent ion following collision
with a neutral gas (such as Ar) dissociates into product fragment ions
and a second mass analysis step is used for these fragment ions. The first
and the last mass analyzers can be set to scan at constant m/z value or
scan across a range of m/z value. By these two selection processes of the
parent ions and product fragment ions, the tandem mass spectrometer
can produce highly selective mass spectrum/chemical signature of a
molecule or analyte of interest. One of the ways to perform MS/MS is by
tandem-in-space mass spectrometry in which individual mass analyzers

are separated in space, such as, a triple quadrupole instrument (Triple
Quad) that contains 3 quadrupoles in tandem as the mass analyzer. MS/
MS can also be performed by tandem-in-time mass spectrometry using
a single mass analyzer in which MS steps are separated in time, such as
Collision Induced Dissociation (CID) MS/MS in a quadrupole ion-trap
instrument.

Applications of LC/MS/MS in Clinical Laboratories -
Its Potential Advantages and Drawbacks

Currently there are numerous applications of LC/MS or LC/MS/
MS in clinical diagnosis such as screening of newborns for congenital
metabolic diseases which involve amino acid disorders (such as
phenylketonuria, maple syrup disease), fatty acid disorders (such as
carnitine/acylcarnitine translocase deficiency, medium chain acyl-
Coenzyme A dehydrogenase (MCAD) deficiency), organic acid
disorders (such as 2-methyl-3-OH butyric aciduria, propionic acidemia
etc.), lysosomal storage disease etc. [1-7]. The effect of therapeutic
intervention of some of these diseases can also be studied. LC/MS/MS
is also used for therapeutic drug monitoring such as immunosupressants
(Sirolimus, Tacrolimus etc.) [8,9] anti-cancer drugs (Vincristine,
Tamoxifen etc.) [10-13], anti-HIV therapeutics (Abacavir, Ritonavir
etc.) [14-18], antidepressant [19], attention deficit disorder [20,21].
Some other applications of LC/MS or LC/MS/MS involve analysis of
vitamin D metabolites [22-24] and steroids (testosterone, estradiol,
17 alpha hydroxyl progesterone etc.) [25-27] etc. In fact, due to the
superiority of analytical results obtained by LC/MS/MS for analysis of
steroids especially for low levels of these analytes, American Endocrine
Society has recommended LC/MS/MS for the determination of
endogenous levels of steroid hormones such as testosterone over more
traditional technologies using immunoassays. Standardization and
harmonization of measurement among different clinical laboratories
have relied on the use of LC/MS/MS technology.

Many of the routinely used technologies in clinical laboratories
involve immunoassay which is easy to perform. However, it is less
specific than mass spectrometric methods and requires specific
antibody for each analyte to be detected, and sometimes the reagents
can be extremely expensive, and may not be available. In addition, due
to cross-reactivities of some of the available antibodies, the specificity
of these assays can be questionable. The advantages of LC/MS/MS
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include easier and faster assay development compared to traditional
immune-assay technologies, lower cost-per-assay whether there is one
or many analytes in a single sample, high specificity and sensitivity, no
requirement of costly analyte specific reagents.

The benefit of the cost effective part of LC/MS/MS is particularly
evident when multiple analytes are measured simultaneously in the
same sample. It can be applied from one test-one disorder to one test-
many disorders. Unlike GC/MS, LC/MS/MS usually does not require
derivatization of the samples. However, in spite of the advantages of
LC/MS/MS over traditional biochemical and immunoassays, in routine
diagnostic laboratories, the traditional methodologies are still used
regularly. In fact, there are some disadvantages of LC/MS/MS as well.
The capital cost of these instruments is high and operation of this
complex instrument as well as data interpretation requires specially
trained individuals. The level of automation achieved in this instrument
is often lower compared to other clinical diagnostics instruments. For
identification of trace amounts of analytes that are present in biological
samples, sample preparation is necessary in order to avoid interference
with the ionization of the analyte (ion suppression) due to co-elution of
high levels of peptides, salts and lipids with it. Removal of impurities is
also required to increase the life of the LC column. Sample preparation
methods that are currently available include solid phase extraction,
liquid liquid extraction, protein precipitation and all of these are usually
performed manually although high throughput methods are becoming
available. Attempts are under way for on-line sample preparation.
However, all these disadvantages have limited the routine use of LC/
MS/MS in the clinical diagnostics laboratory.
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