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Metabolomics is the latest trend in the “-omics” sciences, of which technologies are widely used today in all life
sciences. Metabolomics gave impetus to the description of biochemical processes that occur in many organisms by
means of measuring of low molecular compounds by high-throughout technologies, search for new biomarkers of
disease, and laid the foundation for new clinical laboratory diagnostics. The purpose of this entry is to show how
metabolomics is represented in the science and to demonstrate the successes and main achievements of

scientists in this field.

metabolomics mass spectrometry blood diagnostics aging diseases

| 1. Introduction

Metabolomics is known as a science in which technology platforms are aimed at identifying and quantifying low
molecular weight compounds (metabolites). Metabolites are substrates and products of almost all biochemical
reactions taking place in the body, play a key role in energy generation, signal transmission in the cell, and carry
information about the physiological state of a living organism and ongoing pathological processes W3]
Metabolomics is a relatively new science and the youngest of the triad of basic “-omics”, including genomics and
proteomics, which systematically describe biological objects (Figure 1).
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Figure 1. The sequential interconnection of “-omes” in a living system, which reflects the flow of information

encoded in genes to the molecular phenotype of an organism—a metabolome.

The term “metabolome” was first introduced in 1998, but the main development of metabolomics was observed
after 2010 M, largely due to the use of new, constantly improving high-performance analytical methods and
comprehensive bioinformatics data processing 28, Along with other “-omics”, metabolomics research focuses on
directions where achievements can bring significant benefits to humanity. Generally, metabolomics studies are able
to give a representation of the biochemical processes that underlie the body’s reaction to internal and external

stimuli.

| 2. Current Trends in Metabolomics

Over the past decade, metabolomics has closed an important gap in the post-genomic research 4. Determining
the flow of information from the genome to the transcriptome, proteome and, finally, the metabolome allows, for the
first time, to comprehensively describe living systems. However, to create models and datasets for accurate
modeling, metabolic pathway reconstructions and highly efficient empirical metabolomic research technologies are
essential.

A large number of scientists around the world have focused on metabolomics and the research methods and
application of metabolomics have been optimized 8. The Metabolomics Society was created in 2004 as a result of
the growing interest in metabolomics. It was established to bring together, under one roof, scientists from the study
areas representing metabolite target analysis, metabolic profiling, including metabolic fingerprinting or footprinting,
metabolic flux analysis, biochemical modeling, and related bioinformatics fields. In 2007, the Metabolomics

Standards Initiative (MSI) formed a general consensus on minimum reporting standards for metabolomics
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experiments . Until now, all over the world these standards are used to monitor and develop protocols for

standardization of the metabolic studies workflow and general analysis approaches [RILL1I[12]

2.1. Diseases Diagnostics

With continuous optimization and improvement of high-tech research methods, metabolomics has become a wide
area for the use of “-omics” technologies for medical purposes, the results of which are promising for future
implementation 231411151 \vjith the support of the National Cancer Institute (NCI), Food and Drug Administration
(FDA), and others, the Institute of Medicine (IOM) has been called upon to define the criteria and procedures for
assessing the validity of tests created for the clinic. The IOM appointed the Committee on the Review of Omics-
Based Tests for Predicting Patient Outcomes in Clinical Trials composed of the experts with wide range of
knowledge and experience, including experts in “-omics” technologies. The committee presented the results of its
activities in the book “Evolution of Translational Omics: Lessons Learned and the Path Forward”, published in 2012
(161 As a result of the committee’s work, the criteria for preparing of “-omics” tests for clinical trials in humans have
been created. The creation of “-omics” tests in accordance with these criteria, in particular, the writing of new
protocols for them, reflects the modern understanding of the way to implement these tests into clinical practice. The
studies of scientists on the development of laboratory tests for Parkinson’s disease, impaired glucose tolerance,
lung cancer and prostate cancer, obesity made a great contribution to this direction [LZI18][19][20][21][22]23][24][25][26]

It is worth noting another one initiative recently formed by The Metabolomics Society due to the fact that the study
of metabolism at the global or “-omics” level is a rapidly growing field that has the potential to have a profound
impact upon medical practice 2. However, today clinicians utilize only a very small part of the information
contained in the metabolome, as they routinely measure only a narrow set of blood chemistry analytes to assess
health and disease states [Z7. It is expected that “the narrow range of chemical analyses in current use by the
medical community today will be replaced in the future by analyses that reveal a far more comprehensive
metabolic signature. This signature is expected to describe global biochemical aberrations that reflect patterns of
variance in states of wellness, more accurately describe specific diseases and their progression, and greatly aid in
differential diagnosis” [27. The work of scientists dedicated to metabolomic blood analysis, human digital imaging,

and label-free data standartization for clinical metabolomics is aimed at supporting this initiative [28][22[30][31(32]

One of the potential uses of metabolomics is the identification of metabolic profiles in body fluids that can predict
the effectiveness and toxicity of drugs, the so-called pharmacometabonomics focused on the personalization of
drug therapy [23l. The metabolic profile reflects the metabolism of xenobiotics in the body. That is, the metabolic
profile contains all information necessary to calculate the effective dose of a drug for a particular patient, taking into

account not only the characteristics of the individual pharmacokinetics of the drug, but also the body’s response to
it [341[351[36](37]

2.2. Metabolomics of Aging
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Today, no one doubts that metabolomics is a promising tool for studying aging, since it is a powerful tool for
cataloging changes in the body that occur over time at the molecular level. Aging is a determined process in living
organisms, which is characterized by a gradual decrease in physiological activity and reproductive ability, as well
as an increase in the frequency of mortality over time. Nevertheless, aging remains one of the most mysterious and
not yet fully studied biological phenomena. By measuring numerous small molecules that represent the entire

spectrum of metabolic pathways metabolomics can potentially help identify processes that are associated with
aging or even lead to it [28[39][40][41][42]

2.3. Diseases Pathogenesis

Metabolomics studies the biochemical and photochemical processes that occur in living organisms and are
responsible for the development of diseases. One of the areas of laboratory research is the study of the
metabolomic composition of human and laboratory animals (rat, rabbit, calf, fish) tissues, since the development of
pathological processes leads to significant changes in the metabolomic composition of the tissue: a decrease or
increase in the concentration of various metabolites. Changes in the metabolomic content of tissue are studied by
chromatography, mass spectrometry, and nuclear magnetic resonance (NMR) spectroscopy. The main attention is
focused on tissues and biological fluids. Using metabolomic information, one can understand the mechanisms of

the formation and development of undesirable processes and evaluate the effectiveness of drugs for the prevention
and treatment of diseases [4311441[45]146][47]

2.4. Plant Metabolomics

The metabolic processes occurring in plants are widely studied. According to the FAO (Food and Agricultural
Organization of the United Nation), potatoes, rice, wheat, corn represent the most important food crop in terms of
production. The importance of these plants is difficult to overestimate; it is a valuable source of carbohydrates,
antioxidants, and vitamins. In recent years, a large number of studies have focused on the study of the plant
metabolome for deciphering the mechanisms responsible for the productivity and accumulation of compounds that
determine the taste and nutritional qualities, while maintaining the quality of tubers, plant resistance, etc. [48142][50],
Complex studies of metabolic diversity using modern chromatographic approaches and high-precision NMR
spectroscopy and mass spectrometric detection of individual compounds have revealed the specificity of
metabolomic spectra both at the cellular and organism levels under the influence of both internal and external
stimuli. Metabolomic approaches are used for phenotyping available lines and varieties of plants, assessing the
resistance of plants to environmental factors, and detecting changes in tubers during long-term storage.
Metabolomic profiling is widely used to study the differences between genetically modified forms and non-
transformed parent plants. In the future, studies of plant metabolome will be able to complement traditional and

molecular genetic approaches to breeding to create new lines and varieties that carry valuable features (4811491501
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