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Metabolomics applications in disease diagnosis, treatment, and
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Metabolomics-based discovery has an important role in disease diagnosis,
discovery of drug, and treatment expansion. This tool is a novel biomarker that
can provide a biochemical insight into disease stages and could estimate the
activity of certain drugs; it can observe the preclinical and clinical cases, leading to
discovery of more efficient methods for treatment approach. This review discussed
the potential of metabolomics technology as a very important approach in disease
diagnosis, therapy, as well as new drug discovery.
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Introduction
Metabolic analysis provides a biochemical snapshot of
molecules that are produced during cell metabolism
and can directly reflect physiological situation
that improves both preclinical and clinical trials,
efficiency of drug, and success of therapy [1].
Metabolomics may be subdivided into targeted or
untargeted metabolomics [2], fluxomics [3],
lipidomics [4], and xenometabolomics [5,6].

Metabolomics can detect a specific biomarker(s) in
diseases after genetic or environmental interference,
which cannot be obtained from other omics technology
[7]. Metabolomics helps in diagnosing cancer at early
stage[8], diabetes [9], cardiac as well as vascular
diseases [10], and neonatology [11–13]. Nowadays,
pharmaco-metabolomics is termed as the most novel
technique to denote efficacy of the drug, in addition to
classify patients into responsive or nonresponsive
patients to develop clinical trials [14]. It is a new
tool that includes metabolic signature and chemo-
informatics to predict drug target, toxicity, and
efficiency [15], in addition to providing an efficient
and cheap technique [16,17]. Increasing knowledge
about metabolic profiling in addition to the other
omics technologies could be an important tool
indetermination of safety margin for new drugs [18].
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Target and nontarget metabolomics
Nontarget metabolomics can allow a hypothesis-free
global overview of more important metabolite that is
influenced by a disease or experimental disorder.
However, targeted metabolomics provide us
knowledge about metabolic pathways that help in
evaluating the drug efficiency candidate on
metabolite regulations [19].
Wolters Kluwer - Medknow
Platforms technology of target metabolites depends on
distinct optimizing strategy for analysis of various
pathways. This technology can clarify
accommodation in addition to the wide variation in
stability and physiochemical makeup [20].
Metabolomic platforms
Metabolomics is the most accurate technology
as compared with other omics technologies. There
are three main metabolomic platforms: gas
chromatography, liquid chromatography (LC-MS),
and nuclear magnetic resonance (NMR) [21,22].
Advantages and disadvantages of different
metabolomics technologies
Nuclear magnetic resonance spectroscopy

NMR spectroscopy has different advantages. This
technique is quantitative, nondescriptive, and fast
(2–3min/sample) [20]. It does not require
derivatization or separation. Furthermore, it has the
ability to identify novel chemicals. It could be fully
automated in addition to its ability to be compatible
with liquid, sand, and solids. This instrument has long
lifetime (over 20 years) [22].

On the contrary, NMR spectroscopy is not sensitive, in
addition to its high startup cost (>US$1 million). It
cannot detect or identify salt sand inorganic ions. It
cannot detect nonprorogated compounds. NMR
spectroscopy requires larger sample volumes
(0.1–0.5ml) [20].
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Gas chromatography

It can be considered as robust, mature technology with
moderate startup cost (∼$150 000).

It requires modest sample volume with good sensitivity.
It has large body of software and databases. This
technology has excellent separation reproducibility. It
can bemostly automated and compatible with gases and
liquids [20]. Although several advantages are detected
with gas chromatography, it declares different
disadvantages. It is a descriptive technology (sample
Notre coverable). It requires sample derivatization and
separation. It could be slow for sample analysis
(20–40min/sample). Furthermore, it cannot be used
in imaging. It is not compatible with solids.
Furthermore, this technique has difficulty in
identifying novel compounds [20].
Liquid chromatography

LC-MS is supersensitive (LOD=0.5 nmol/l). It is a
very flexible technology. It can detect most organic
and some inorganic molecules. LC-MS requires
small sample volumes (10–100 μl). It can be
done without separation (direct injection). This
technology has the potential to detect the largest
portion of metabolomics. It can be mostly
automated and is compatible with solid, sand, and
liquids [21].

On the contrary, LC-MS has a few disadvantages, as
it is destructive (sample not recoverable).
Furthermore, it is not very quantitative. It has high
cost (>$300 000). This technique is slow (15–40min/
sample). It usually requires separation, with poor
separation resolution. It is not compatible with
gases. Most spectral features are not yet
identifiable. In addition, novel compound
identification is difficult. The instrument lifetime is
short (< 9 years) [20,21].
Metabolomics applications in human disease
diagnosis
Gene expression analysis is the first step in molecular
information flow from the genome to the proteome
then to metabolomics. Proteomics may asses the
discovery of functional proteins that regulate
metabolic pathways, ‘their synthesis and degradation,
and their modification of both physiological and
pathological conditions’ [3]. So, it could provide
valuable, complementary information about the
pathways that may be affected by both early
prognosis and diagnosis through different samples
(saliva, sputum, serum, plasma, blood, urine, tissue,
fecal water, or feces) [1].
Metabolomics workflow and parameters influencing
research into human diseases
Metabolomics is often applied in the assessment of
biological system disturbances resulting from diseases
where the disease stage can be indicated according to
changing of metabolite concentrations [1].

Cancer

Metabolomics showed that the metabolite profiles of
various tumors are correlated with the type of the
tumor [7]. Metabolites biomarkers in cancer have
been established as follows.

Central nervous system and brain

The most abundant metabolites were valine, proline,
alanine, total choline compounds, myoinositol, creatine,
taurine, glutamate, glutamine, γ-aminobutyric acid,
malate, N-acetyl-aspartate, and acetate [23].

Cervical carcinoma

Cervical carcinoma was linked to phosphocholine,
choline, glycerophosphocholine, creatine, taurine,
glucose, and lactate [24].

Breast cancer

Methylated nucleosides, like 5-hydroxymethyl-2-
deoxyuridine, and 8-hydroxy-2-deoxyguanosine, are
potential tumor markers for early diagnosis of breast
cancer. 3-N-acetyl-glycine, hydroxybutyrate, 3-
hydroxy-2-methyl-butanoic acid, and nonanedioic
acid have been identified in this disease also [25].
Lung cancer

HPLC allowed the identification of 11 biomarkers
(eight amino acids and their metabolites, one bile
acid, one dipeptide, and one organic acid), which
underwent a significant modification (P<0.05, t test)
of their urinary concentration in patients with lung
cancer relative to healthy volunteers [26,27].
Hepatocellular carcinoma

In benign hepatic disease, creatine increased and
glutamine was the only metabolite in common with
hepatocellular carcinoma [28,29].
Hypertension

Hypertension is associated with increasing in alpha-1-
acid glycoproteins and choline. In urine, the
discriminatory metabolites include alpha-1-acid
glycoproteins and choline format [30].
Alzheimer’s

Alterations of the lecithin, amino acid, and
phospholipids metabolism in Alzheimer’s disease
may be very relevant for clinical diagnosis and
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treatment. Besides, bile acid and lipid components may
play an important role in Alzheimer’s disease through
cell signaling mechanisms, cholesterol homeostasis,
and metabolism of amyloid [31].
Drug discovery
It includes discovery of new compounds or
determination of a lead compound that can lead to a
real drug. It is well-known that innovating or designing
a new drug from herbal or synthetic origin to lunch a
finished product is a very difficult pathway. The total
cost of drug discovery or development ranges fromUS$
897 million to US$ 19 billion and the typical
development time taken for this process is 10–15
years [12]. Searching for a target can arise from a
diversity of sources. It can take number of years to
make a strong proof before assigning a target. Once a
target has been known, the pharmaceutical companies
have streamlined a number of early processes to identify
molecules that possess suitable characteristics to make
acceptable drugs [22,32].

The drug discovery program is the cornerstone of the
pharmaceutical research in industry. It is the process that
encompasses early stages of research, from target
discovery to validation of lead compound or drug
candidate. During lead discovery, a thorough searched
is performed to find a small, drug-like molecule or
biological drug candidate, the likes of which can be
progressed into later stages starting by preclinical and
finally clinical trials. Well thought-out and thorough
analysis at this early stage will reduce risks and increase
the chances of success throughout the drug
development pipeline (http://www.combichemistry.
com/drug-discovery.html, http://chiesipakistan.com/
index.php?page=R%26D+Pharmaceutical+Industry).
Stages of drug discovery
Target identification and validation

The target is the naturally existing cellular or modular
structure that appears to have an important role in a
particular disease pathway and will be targeted by the
drugs that will subsequently be developed.

A significant target needs to be safe and efficacious, be
accessible by the drug module. Some drug molecules
elicit a biomedical response upon binding to the target,
such as antibodies binding with proteins to block and
prevent protein–-protein interactions [19]. Good
validation is essential in increasing confidence in the
relationship between the target and disease and allows
exploring whether the target will be responsive to
development of novel medicines designed to elicit a
specific therapeutic result [19].
Target validation provides a deep understand if and
how your lead candidates are performing. It ranges
from in-vitro study to in-vivo methods and continue
into drug development where phase III clinical trials
are the ultimate test [19].

High-throughput screening

High-throughput screening is define as screening a
compound or candidate library directly against the
target which is the most popular method as it allows
the assaying of a large number of potential molecules
against the chosen targets [33].
A knowledge-based approach

When enough knowledge on the identified target is
available, it must be analyzed and assessed.
Alternatively, we can use any existing compounds to
focus a screen, potentially reducing cost or aid the
development of a virtual screen [34].
Virtual screening

It provides coverage across a wide chemical space using
computer-assisted analysis to reduce the number of
compounds screened, and potentially reduce costs.
Such virtual screening can provide the starting
chemical structures for a focused screen, without the
need to physically screen a large, expensive compound
library screen [35].
Hit identification and validation

Compound screening assays are developed following
target phases of the drug discovery process. Hit
molecules can mean slightly different things
according to different researches. Hits can be
identified through several techniques, which depend
on the target and what previous knowledge exists [33].
Absorption, disposition metabolism, excretion and toxicity
screening

Absorption, disposition metabolism, excretion and
toxicity screening acts as a screening tool and utilization
approach in drug discovery and development [34,35].

Metabolomics and drug discovery
Applications in targeted metabolite identification

Targeted determination is an important step in drug
discovery and metabolites are considered definitive
targets of drug discovery such as receptors, enzymes,
ion channels, and transporters except for few cases,
such as uric acid [36].

The efficacy of metabolomics in the identification of
protein and gene targets is well illustrated by the
following.
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Improving an aberrant metabolism is a common target
for several drug discovery trials for controlling diseases
caused by metabolic problems.

Regulators of deranged metabolism in many diseases
are perfect goals for phamacotherapies. Bidirectional
interaction commonly occur among the alterations in
gene, protein expression, and metabolites clarifying
early and specific metabolic perturbations caused by
the breakdown of biosystems; this allows identification
of targets, which are functionally necessary in
pathogenesis.

However, the metabolic system is complex and
unpredictable. Common targeted metabolite analyses
are limited to detect different changes in case no
reliable hypothesis is available.

It is greatly probable that the usage of metabolomics
approach in the research of uncommon medical status
and rare diseases will enable the development of new
drug targets.

These biomarkers may be applied for detecting
diseases, toxicity, and efficiency besides the different
targets of drug discovery [37].
Applications in command development

Anewchemical structuredeterminedbythisapproachmay
bedefinedasanovel chemical entity.Effortsbasedonthese
misanalysescouldresult inthepromisingdiscovery leadsfor
further progress [38]. Promising compounds include
synthesized and natural compounds. Metabolomics has
been previously applied for discovering novel synthesized
and other active compounds in plant, marines, and
microbial extracts [38,39].
Preclinical trials

Preclinical trials, which employ in-vivo and in-vitro
studies, have to be undertaken to elucidate biosafety
before being used clinically [18]. These trials are
needed to elucidate risk factors and to determine
safety and efficacy of lead compounds. Both drug
and endogenous metabolism are critical for
pharmacokinetics. Before treatment, metabolites are
not detectable, and this on the contrary regarding
enzootics. Exogenous metabolites are considered the
main factors in the differentiation between treatment
and control samples [40,41].
Applications in clinical testing

Metabolomic-based techniques can aid in many fields
of clinical trials on an investigational new drug (IND),
similar to their usage in targeted determination and
preclinical trials; a direct sage of this technique in
human research is to detect the biomarkers of
efficacy and toxicity besides the exogenous
metabolites. In this respect, a new metabolite of
ethambutol, a medication for tuberculosis, and other
metabolites from herbal sources were detected through
a metabolomics assay [42,43].

In addition to determination of the metabolic end
product of drugs, metabolic profile could be used to
forecast pharmacokinetics and adverse effects of
treatment, shown by the proof-of-concept research
on tacrolimus [44].Comparing preclinical and
clinical trials, the latter has greater uncertainty and is
thus more expensive and time-consuming in drug
discovery. This is owing to uncertainty in the
genetic and epigenetic variations of human patients,
opposite to the uniformity of animal and in-vitro
studies used in preclinical trials.

Hence, choosing the appropriate study patients who
could benefit from therapeutic applications of IND is
vital for the success of a clinical trial. Pharmaco-
metabolomics assay has been effective for patient
stratification [45]. The metabolomics assay of serum
samples from healthy participants and those with
arthritis was capable of classifying four main forms
of this disease [45]. Using this technique, certain
biomarkers of different diseases could be used as a
guideline for patient screening. As the metabo-
phenotypes identified could act as the link between
the genotypes and the responses to therapy, it may help
in the development of personalized therapy [46].
Metabolic analysis was previously used to define the
treatment biomarkers of escitalopram, a selective
serotonin reuptake inhibitor for treating depression.

By comparing plasma samples from responders and
non-responders to escitalopram, glycine was negatively
correlated with treatment. Subsequent pharmaco-
genomic analysis indicated that a single nucleotide
polymorphism in glycine dehydrogenase gene is
related to outcome of this drug [47,48].
Metabolomics sets up a basis for personalized usage
of drugs in practice, which will likely improve the
success rate of IND in achieving new therapeutics [48].
Conclusion
Metabolomics has unique properties to elucidate how
we need to target drug discovery and development. It is
through its applications originally developed for the
drug industry that we can reach the benefits that this
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technique can bring to precision medicine. Metabolic
technology is thus of prime importance for early
diagnosis of different diseases and hence for
attainment of the different biomarkers targeted for
suitable treatment intervention. Metabolomics will
give a new insight for drug discovery, which will
help in drug industry and improving the economic
situation.
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