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Summary

  The most effective methods of analysis of organic compounds in biological fluids are coupled 
chromatographic techniques. Capillary gas chromatography/mass spectrometry (GC-MS) allows 
the most efficient separation, identification and quantification of volatile metabolites in biologi-
cal fluids. Liquid chromatography-mass spectrometry (LC-MS) is especially suitable for the analy-
sis of non-volatile and/or thermally unstable compounds. A major drawback of liquid chromatog-
raphy-mass spectrometry is that no standard spectral libraries such as NIST and Wiley for GC-MS 
are available to facilitate the identification of unknown compounds. Moreover, the identification 
of potential new compounds, especially new biomarkers in LC-MS, is much more challenging than 
in GC-MS. Capillary electrophoresis coupled with mass spectrometry (CE-MS) has been widely used 
to characterize metabolomes. Capillary electrophoresis is a powerful technique for the separation 
of charged metabolites, offering high analyte resolution. The advantages of CE-MS are applicabil-
ity for hydrophilic metabolites, robust separation efficiency and short duration of analysis.

  This review provides an overview of current chromatographic methods – gas chromatography – 
mass spectrometry, liquid chromatography – mass spectrometry and capillary electrophoresis-mass 
spectrometry – and their applications in current medical research. The focus is on the description 
of metabonomics research, strategies for biomarkers identification, medical diagnoses of diseases 
and research of drugs.
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Background

Current medical research (research connected with the mon-
itoring of the concentration of metabolites in body fluids, 
tissue or breathing, as well as research looking for markers 
necessary in correct diagnosing and interference of many 
diseases) would be impossible without modern instrument 
techniques, especially those based on the use of chroma-
tography and electrophoresis coupled with mass spectrom-
etry. The techniques most often used in clinical research 
are as follows: gas chromatography – mass spectrometry 
(GC-MS), gas chromatography – tandem mass spectrometry 
(GC-MS/MS), liquid chromatography – mass spectrometry 
(LC-MS), liquid chromatography – tandem mass spectrom-
etry (LC-MS/MS), ultra-performance liquid chromatogra-
phy – mass spectrometry (UPLC-MS), nuclear magnetic res-
onance – mass spectrometry (LC-NMR-MS) and capillary 
electrophoresis – mass spectrometry (CE-MS). These tech-
niques are used not only in diagnosing and early medical 
intervention, but also in research on pharmacokinetics and 
pharmacodynamics of drugs, metabolomics and metabol-
ic profiling analysis. GC-MS is a hyphenated technique for 
the analysis of volatile and semi-volatile compounds, suit-
able for chemical derivatization in order to increase volatil-
ity and thermal stability of these compounds. The combina-
tion of gas chromatography with electron impact ionization 
MS (EI-MS) provides high-chromatographic metabolite res-
olution, analyte-specific detection, and quantification of 

metabolites, as well as the ability to identify unknown com-
pounds. Electron ionization (EI) in GC-MS is quite repro-
ducible and is less affected by ion suppression during ioniza-
tion than are other ionization methods. The characteristic 
and constant fragmentation patterns for certain compounds 
provided by electron ionization facilitate structural identi-
fication through the search for spectral reference libraries 
such as NIST, EPA and Wiley mass spectral databases [1]. 
Unlike GC-MS, liquid chromatography-mass spectrometry 
(LC-MS) is especially suitable for the analysis of non-vola-
tile and/or thermally unstable compounds.

Currently, a major drawback of LC-MS is that no standard 
spectral libraries such as NIST and Wiley for GC-MS are avail-
able to facilitate the identification of unknown compounds. 
Thus, the identification of potential new compounds, espe-
cially new biomarkers in LC-MS, is much more challenging 
than in GC-MS [2]. In recent years capillary electrophore-
sis coupled with mass spectrometry (CE-MS) has been wide-
ly used to characterize metabolomes. CE is a powerful tech-
nique for the separation of charged metabolites, offering high 
analyte resolution. The advantages of CE-MS are applicability 
for hydrophilic metabolites, robust separation efficiency and 
short duration of analysis. Tables 1 and 2 present general char-
acteristics of coupled techniques used in medical research.

Current gas methods of chromatography-mass spectrome-
try, liquid chromatography - mass spectrometry and capillary 
electrophoresis-mass spectrometry and their current appli-
cations in medical research are summarized in this review.

coupled Techniques in currenT MeTaBoloMics and 
Medical disease diagnosis

Metabolomics research currently plays the most significant 
role in clinical chemistry. The analyses of human metabo-
lome or metabolites present in cells in the form of organ-
ic compounds (amino acids, organic acids, fatty acids, car-
bohydrates, vitamins and fats) are the subject of interest of 
many contemporary scientists. Techniques coupled with 

Technique Sensitivity Throughput Comprehensiveness

GC-MS High High High

LC-MS Medium High High

CE-MS High Medium High

Table 1.  Coupled techniques used in medical research and their 
characteristics [1,3,11].

Analysis 
technique Application Advantages Disadvantages

GC-MS Separation, identification, 
quantification of different compounds 
(volatile and non-volatile) in a single 
analysis. The type of analysis is defined 
by switching the detection between 
the SIM and SCAN modes

High resolution, ideal to resolve 
complex biological samples. Possible 
simultaneous analysis of different 
compounds classes

Impossible analysis of thermolabile 
compounds (metabolites). Non-volatile 
metabolites must be derivatized before 
analysis. Difficulties in identification 
of unknown compounds after 
derivatization

LC-MS Separation, identification, 
quantification of a very broad group 
of compounds. Limited potential 
in identification unless the MS/MS 
technique is used

High sensitivity, average to high 
chromatographic resolution, 
derivatization is unnecessary, possible 
analysis of thermolabile compounds 
(metabolites)

A few restrictions on
LC eluents. De-salting may be needed. 
Limited structural information. Matrix 
effect

CE-MS Separation, identification, 
quantification of polar compounds, 
using small sample volumes

Useful for complex biological samples. 
Small volumes. High resolution

Complex methodology and 
quantification. Buffer incompatibility. 
Difficulties in interfacing. Further 
development is necessary

Table 2. Comparison of analytical methods: GC-MS, LC-MS, CE-MS [1,2,11].
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chromatography and electrophoresis make it possible to ob-
serve changes in the concentrations of metabolic products in 
biological samples such as body fluids and tissue. The con-
tents of metabolites in these matrices may exceed the esti-
mated magnitude value of 10–7–10–9. In the case of metabolo-
mics, the GC-MS technique is described as a gold standard, 
although it is inconvenient for the non-volatile metabolites 
with high molecular mass [3]. The LC-MS instruments do 
not allow obtaining the high degree of reliable results possi-
ble with GC-MS; however, LC-MS instruments are approved 
in analyses of materials which are too volatile or thermally 
unstable. LC-MS is the method with higher potential appli-
cability and easier preparation of samples before analysis. 
Coupling of chromatography with tandem mass spectrom-
etry (GC-MS and LC-MS) improves the sensitivity of analy-
sis and its specificity. These techniques are used in analyses 
of complex mixtures, making it possible to identify dozens 
of compounds in a sample [2]. In the case of CE-MS, sep-
aration of a compounds mixture may be controlled by the 
change of pH. This technique is useful when other meth-
ods do yield repeatable results. CE-MS coupling results in a 
potential increase in sensitivity and specificity and enables 
potential identification of unknown compounds. This tech-
nique does not require any complicated preliminary prep-
arations of samples for analysis [4].

coupled Techniques in The diagnosis of MeTaBolic 
disorders

Coupled techniques are applied in the diagnosis of met-
abolic disorders. Inborn Errors of Metabolism (IEM) are 
genetic disorders caused by alterations of a specific chemi-
cal reaction in the metabolism. Currently, there are about 
400 defects related to pathology, and about 1 infant in 200 
is affected. The pathogenesis of IEM can generally be at-
tributed to the loss or gain of function of mutant proteins 
(usually an enzyme or transporter) [5,6]. A diagnostic pro-
cedure with an application of highly sensitive GC-MS analy-
sis of urine metabolome is useful for screening and chemical 
diagnosis of IEM. Metabolite analysis can comprehensive-
ly detect enzyme dysfunction caused by a variety of abnor-
malities. Mutations may be uncommon or unknown. The 
lack of coenzymes or activators and the presence of post-
translational modification defects and subcellular localiza-
tion of abnormalities are also reflected in the metabolome. 
This non-invasive and practical urine metabolome analysis, 
which uses urease pretreatment, partial adoption of stable 
isotope dilution, and GC-MS technique, can be applied in 
detection of more than 130 metabolic disorders, and can 
also detect an acquired abnormal metabolic profile. Many 
inborn errors of metabolism classified as organic acidurias, 
in which organic acids are present in urine and amino ac-
ids are present in metabolism disorders, can be discovered 
with the application of GC-MS [5–7]. For example, it en-
ables recognition of the following diseases: methylmalonic 
aciduria, propionic acidemia, isovaleric aciduria, glutaric 
aciduria Type 1 and Type 2, urea cycle disorders, dicarbox-
ylic aciduria, lactic aciduria, maple syrup urine disease, ty-
rosinemia, phenylketonuria, alkaptonuria, hypermethionin-
emia, cystinuria, galactosemia, and mitochondrial fatty acid 
oxidation disorders [8,9]. Apart from the analysis of urine, 
the diagnosis of organic acids disorders may be made pre-
natally through the analysis of amniotic fluid. In this case, 
the GC-MS technique enables a 100% accuracy of diagnosis, 

which is confirmed later by postnatal examination of urine. 
This helps to avoid accidents of sudden and unexpected in-
fant death due to organic acidurias [8].

LC-MS/MS is a second, powerful tool for the study of met-
abolic disorders. The analysis of acylcarnitine profile in 
plasma, in order to diagnose deficiencies connected with 
metabolism of fatty acid oxidation disorders and organic ac-
idemias, is possible with the application of LC-MS/MS [9]. 
The simultaneous analysis of amino acids and acylcarnitine 
panels with LC-MS/MS provides information on about 40 
metabolic disorders such as phenylketonuria (PKU) and me-
dium chain Acyl-CoA Dehydrogenase Deficiency (MCAD). A 
simple flow-injection analysis gives results in 2 minutes with 
minimal sample preparation. Researchers have recently ex-
tended the applicability of LC-MS/MS for determination of a 
very long chain of fatty acids for characterizing Peroxisomal 
Disorders and other clinically relevant markers such as the 
panel 17-OH progesterone/Androstenedione/Cortisol for 
characterizing Congenital Adrenal Hyperplasia (CAH) [10].

Capillary electrophoresis – electrospray ionization-mass 
spectrometry (CE-ESI-MS), applied first in 2009, offers a 
convenient platform for the direct analysis of amino acids, 
acylcarnitines, and their stereoisomers from dried blood 
spot (DBS) extracts without chemical derivatization [11].

coupled Techniques in oTher currenT Medical 
diagnoses of diseases

The coupling gas chromatography with mass spectrome-
try is used to determine homovanillic acid (HVA), (dopa-
mine metabolite) and vanilmandelic acid (VMA) (adrena-
line, noradrenaline metabolites) in urine of patients with 
Costello syndrome, which is a genetic disorder that affects 
many parts of the body, characterized by delayed develop-
ment and mental retardation, distinctive facial features, 
loose folds of extra skin (especially on the hands and feet), 
unusually flexible joints, and higher risk of cancers includ-
ing neuroblastoma [12]. The level of HVA acid is also very 
essential in the case of people with neurological disorders 
such as autism and some other related disorders [13,14]. 
Another mental retardation syndrome associated with de-
ficient cholesterol synthesis is Smith-Lemli-Opitz syndrome 
(SLO), caused by inactivity of the enzyme 7-dehydrosterol-
D7-reductase, which catalyses the terminal transformation 
in cholesterol synthesis. An increased level of 7-dehydro-
cholesterol in blood and tissues of patients, and also an in-
creased level of 8-dehydrocholesterol, were found to be due 
to the presence of an active D8–D7 isomerase. A major con-
sequence of these biochemical abnormalities is the altera-
tion of normal embryonic and fetal somatic development, 
resulting in postnatal abnormalities of growth, learning, 
language and behavior. SLO syndrome is easily recognized 
with the application of GC-MS technique [15].

Coupled chromatographic techniques based on mass spec-
trometry are successfully used in the diagnosis of digestive 
system diseases. A method for the separation and simulta-
neous determination of urinary D- and L-lactic acid enan-
tiomers by (HPLC-MS/MS) is recommended. A higher lev-
el of D-lactic acid found in human urine often proves the 
presence of bacteria in the human gastrointestinal tract or 
intestines [16]. LC-MS/MS is also a technique convenient 
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for the determination of 17 alpha-hydroxyprogesterone, and 
enables early and higher determination of levels of congen-
ital adrenal hyperplasia (CAH) markers. This disease may 
lead to death, and cure is possible only with an early diag-
nosis. Sensitivity and specificity of LC-MS/MS give more ac-
curate results than when conventional biochemical investi-
gations are made [17].

Colon cancer is one of the main causes of death worldwide. 
Thus, it is important to find a new prognostic and diagnos-
tic marker of this disease, as well as to elucidate the special 
metabolic pathways of colon cancer cells. Zimmermann and 
co-workers were the first to determine some qualitative dif-
ferences in the profiles of the volatile metabolites of colon 
cancer cell lines among themselves and in comparison with 
the normal colon cell line. The discrepancies were connect-
ed with ketones and alcohols, which were determined by 
applying solid phase microextraction (SPME) and GC-MS 
methods. For the first time, the compounds like undecan-
2-ol and pentadecan-2-one were associated with the human 
metabolism. These findings indicate that the metabolism 
of colon cancer cells differs extremely from the metabo-
lism of healthy cells, and it changes during the progress of 
the disease [18].

GC-MS have also made it possible to determine volatile bio-
markers of pulmonary tuberculosis in human breath. The 
identified compounds are as follows: naphthalene, 1-methyl-, 
3-heptanone, methylcyclododecane, heptane, 2,2,4,6,6-pen-
tamethyl-, benzene, 1-methyl-4-(1-methylethyl)-and cyclo-
hexane, 1,4-dimethyl. The volatile biomarkers determined 
in breath were sensitive and specific for pulmonary tuber-
culosis – the breath test distinguished between ‘‘sick versus 
well’’ (i.e., between normal controls and patients hospital-
ized due to suspicion of pulmonary tuberculosis), and be-
tween infected versus non-infected patients (i.e., between 
those whose sputum cultures were positive or negative for 
Mycobacteria) [19].

Coupled techniques are also applied in the diagnosis of car-
diovascular diseases. GC-MS allows measuring the level of 
isoprene, reputed to reflect oxidative stress, which plays a 
critical role in chronic heart failure. Oxidative stress plays a 
crucial role in carotid atherosclerosis. To determine markers 
of oxidative stress, the contents of erythrocyte membrane 
lipids in the case of people with Type 2 diabetes were ana-
lyzed [20]. 8-Hydroxy-2’-deoxyguanosine (8OHdG) is con-
sidered to be an excellent marker of oxidative DNA damage. 
Studies showed that urinary 8-OHdG is a good biomarker 
for risk assessment of various cancers such as breast cancer 
[21], and degenerative diseases. Both GC/MS and LC/MS 
are widely used in the detection of 8-OHdG. The biomarker 
has been used to estimate the DNA damage in humans after 
exposure to cancer-causing agents such as tobacco smoke, 
asbestos fibers, heavy metals, and polycyclic aromatic hy-
drocarbons [22]. The National Institute of Environmental 
Health Sciences (NIEHS) has a mission to reduce the bur-
den of human illness and disability by understanding how 
the environment influences the development and progres-
sion of human disease, and has established an initiative to 
conduct a comparative study of biomarkers of oxidative 
stress (BOSS) in order to find out whether a fingerprint 
for measurement of oxidative stress exists. To evaluate the 
available methodology for measuring oxidative stress with 

potential application to human studies, NIEHS has taken 
the lead in organizing the first international multi-labo-
ratory comprehensive comparative study for determining 
which of the available biomarkers of oxidative stress are the 
most specific, sensitive and selective. The aim of BOSS is 
to determine measurable, sensitive, and specific biomark-
ers for oxidative damage in rodents, non-human primates, 
and humans, resulting from multiple types of oxidative in-
sults and to understand the relationships among markers, 
which will be useful for choosing an appropriate marker in 
a given study [23].

Isoprostanes are derivatives of 1 specific lipid – arachidon-
ic acid – after lipid peroxidation. Several isoprostanes have 
been identified in biological tissues and fluids, including 
8-iso prostaglandin F2alpha (8-iso-PGF2alpha, 8-epi-PGF2al-
pha, iPF2alpha-III, 15-F2t-IsoP) and its metabolite, 2,3-di-
nor-4,5-dihydro-8-iso-PGF2alpha. Isoprostanes are reliable 
in vivo markers of lipid peroxidation in humans. The deter-
mination of isoprostanes using HPLC, LC-MS/MS, GC-MS 
and GC-MS/MS can be exemplified in the field of cardiovas-
cular research. The results of studies indicate that isopros-
tanes are surrogate parameters of oxidative stress in cardio-
vascular disease [24,25]. Other research [26] suggests that 
the amount of carbonyl groups and 3-nitrotyrosine in plas-
ma proteins may be important indicators of protein dam-
age in vivo in schizophrenia.

Mounting evidence suggests the role of oxidative stress in 
the development and clinical manifestation of autism. There 
is evidence of the disruption of antioxidant defense mech-
anisms in autism, manifested by lower than control levels 
of glutathione peroxidase (GSPHx), as evidenced by lower 
levels of plasma glutathione and higher ratios of oxidized 
glutathione to reduced glutathione. 8 -Hydroxyguanine 
(8-OHG) is one of the oxidative stress urine markers of RNA 
oxidation in mitochondria. Monitoring of plasma glutathi-
one levels and 8 -Hydroxyguanine in urine of autistic chil-
dren is possible with an application of 2 chromatographic 
methods: GC-MS and LC-MS [27,28].

Alzheimer’s disease (AD) is a neurodegenerative disorder, 
pathologically characterized by the progressive deposit of 
a specific form of amyloid and amyloid-b peptides (Ab) 
(marker Alzheimer’s disease) in the brain. LC-MS and 
CE-MS coupled with MS are used to find the specific form 
of amyloid in plasma. Capillary electrophoresis (CE) cou-
pled with mass spectrometry (MS) is a powerful separation 
technique, but its low sensitivity limits its use in the analy-
sis of biological matrices. Thus, LC-MS is a more suitable 
technique in monitoring of amyloid-b peptides (Ab) [29].

coupled Techniques in cancer Therapies

Chromatographic techniques coupled with MS can be ap-
plied in monitoring of cancer therapies. LC-MS/MS meth-
od was developed for the evaluation of motexafin gadolini-
um (MGd) pharmacokinetics and biodistribution in plasma 
and tissues. Motexafin gadolinium is a synthetic, pentaden-
tate, aromatic Gd-containing macrocyclic complex used in 
treatments of children’s brain tumors and pancreatic cancer. 
The method, which shows a fast runtime and high selectivi-
ty, was used for routine clinical plasma sample analysis [30]. 
Vinorelbine is a semi-synthetic vinca alkaloid compound, 
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which was introduced as an antineoplastic agent. The ap-
plication of the agent in an oral form requires information 
about its metabolic pathway, and in consequence, higher 
sensitivity and specificity of the analytical method. Liquid 
chromatography method coupled with tandem mass spec-
trometric detection appears to be best in the clinical anal-
ysis of vinorelbine and its metabolites in blood, plasma, 
urine and faces [31].

Boron neutron capture therapy (BNCT) is a promising bina-
ry treatment for cancer, based on nuclear fission that occurs 
when non-radioactive 10B absorbs thermal neutrons. One 
of the 2 boron compounds currently used in clinical trials 
for this therapy is BSH (closo-undeca- hydro-1-mercaptodo-
decaborate) disodium salt. To ensure differentiated reten-
tion in the tumor versus normal tissue prior to treatment, 
routine analytical methods of pharmacokinetics determina-
tion must be available. For this purpose, CE-ESI-MS meth-
od was used in separation of boron derivatives. In compar-
ison with other techniques, it has some advantages – simple 
sample preparation, high selectivity and negligible matrix 
interference, high sensitivity and short analysis time [32].

coupled Techniques in The invesTigaTion of new drugs

The World Health Organization (WHO) estimated that in 
2009 about 132 million people in developed countries lived 
with diabetes, and it is estimated that in 2025 227 million 
people will have this disease [33]. Thus, there is great so-
cial and economic need for an adequate treatment. R483, a 
new insulin sensitizer, belongs to the thiazolidinediones (or 
glitazones), representing a new class of orally active drugs 
that reduce insulin resistance. In order to develop a race-
mic drug, the pharmacological effects of each enantiomer 
should be evaluated, because different enantiomers can 
have different pharmacodynamic effects. In the best case, 
one of the enantiomers has an equal or less pronounced ef-
fect than the other, and in the worst case it is toxic. Chiral 
HPLC with electrospray tandem mass spectrometric detec-
tion seems to be the best method for the determination of 
the enantiomeric composition of a new insulin sensitizer in 
plasma samples [34]. The plasma concentration of olmesar-
tan (the prodrug of olmesartan medoxomil) was determined 
using high-performance liquid chromatography coupled 
with electrospray tandem mass spectrometry (LC-MS/MS).

Olmesartan medoxomil is a drug used in the treatment of 
high blood pressure (hypertension), and is a type of a drug 
called an angiotensin II receptor blocker. It may be used 
alone or with other drugs in the treatment of high blood 
pressure. The LC-MS/MS method was successfully applied 
in a bioequivalence study of an olmesartan formulation af-
ter administration as a single oral dose [35].

LC-MS/MS is a simple, sensitive and highly selective meth-
od used in the therapy of allergic diseases for simultane-
ous identification of pseudoephedrine and cetirizine in 
human plasma. The advantage of this method is the mini-
mal sample preparation, as the procedure is only one-step 
protein precipitation [36]. A simple, sensitive and highly 
selective liquid chromatography/tandem mass spectrome-
try (LC-MS/MS) method was developed to simultaneous-
ly determine the concentrations of pseudoephedrine and 
cetirizine in human plasma.

A simple analytical method was developed in plasma for the 
simultaneous assay of the 7 nucleoside/nucleotide reverse 
transcriptase inhibitors (abacavir, didanosine, emtricitabi-
ne, lamivudine, stavudine, tenofovir, and zidovudine) cur-
rently used for the treatment of HIV-infected patients. The 
method has been used to assess plasma concentrations in 
HIV-infected patients and was found to be suitable for ther-
apeutic drug monitoring [37].

Zolmitriptan is a novel 5-HT1B/1D receptor agonist devel-
oped for the acute oral treatment of migraine. A highly sen-
sitive LC-MS/MS assay has been developed for quantifica-
tion of plasma concentrations in the case of zolmitriptan 
and its active metabolite – N-desmethylzolmitriptan. The 
validated method can be applied in pharmacokinetic and 
bioequivalence studies [38]. Shortage of vitamin K causes 
a decrease in mineral density and an increase in bone re-
sorption. GC-MS and LC-MS are among the important de-
termination methods of the pharmacokinetics and pharma-
codynamics of vitamin K capsules in human plasma [39].

coupled Techniques in environMenTal risk evaluaTion 
and BioMoniToring

Biological fluids such as urine, plasma, cerebrospinal flu-
id and tissue are great matrices for the clinical investiga-
tions of the environmental risk evaluation in which chro-
matographic techniques coupled with mass spectrometry 
are used. A new method based on liquid chromatography 
tandem mass spectrometry was developed for the direct de-
termination of nicotine, cotinine, trans-3’-hydroxycotinine, 
their corresponding glucuronide conjugates as well as nor-
nicotine, norcotinine, cotinine-N-oxide and nicotine-N’-ox-
ide in the urine of smokers. The high range of limit detec-
tion and high sensitivity of this method make it possible to 
examine the nicotine dose in large-scale human biomoni-
toring studies [40].

Manganese (Mn) at high concentrations can have adverse 
effects on health, mainly because of its toxicity to the cen-
tral nervous system, resulting Parkinson’s disease. Health 
impacts of Mn are known mostly from occupational health 
studies, but the exact mechanisms of how Mn being bound 
to transferrin (TF) in the blood enters the brain are un-
known. Mn speciation at the neural barriers can help to ob-
tain more information about the pathways and carriers [41].

Urinary trans, trans-muconic acid (t,t-MA) is a biomarker 
of benzene exposure. Usually, a biomarker of benzene ex-
posure was determined by LC-UV methods, but recently 
LC-MS/MS method with isotopic dilution for quantitative 
determination of trans, trans-muconic acid in urine samples 
of workers exposed to low benzene concentrations was de-
veloped. This method makes it possible to distinguish sam-
ples coming from different environmental high risk groups 
including cigarette smokers and their different combina-
tions [42]. Tyrosine metabolism disorders may be the result 
of inborn errors metabolism and they can also be caused by 
the activity of xenobiotics. Dichloroacetate (DCA) is a part 
of environmental pollution, as it is a by-product of water 
chlorination and industrial degreasing agents (e.g., trichlo-
roethylene). In certain diseases, it may be used as a drug. 
A GC-MS/MS method was used in the quantitative analy-
sis of low levels of the tyrosine metabolites maleylacetone, 

Med Sci Monit, 2011; 17(5): RA117-123 Kałużna-Czaplińska J – Current medical research and coupled techniques

RA121

RA



succinylacetone, and the tyrosine metabolism dichloroace-
tate inhibitor in biological fluids and tissues [43].

conclusions

The coupled techniques based on chromatography, spec-
trometry and related techniques are widely used in different 
medical analyses. Coupling of these techniques improves 
their specificity and sensitivity. They allow performing a fast 
and simple analysis, and in most cases do not require any 
preliminary preparation of samples. They are more reliable 
and suitable to determine trace concentrations of substanc-
es present in biological fluids than are classical biochemi-
cal examinations.

An increasing interest is anticipated in the near future in 
chromatographic methods coupled with spectrometry in 
medical research is not only connected with high resolution 
but it also improves the limit of detection and potential bio-
marker identification. Figure 1 shows the frequency of to-
tal medical studies with application of GC-MS, LC-MS, and 
CE-MS methods in the period from 2005 to 2009.
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