
IJEAR Vol. 3, IssuE 1, JAn - JunE 2013

w w w . i j e a r . o r g 56   InternatIonal Journal of educatIon and applIed research

ISSN: 2348-0033 (Online)     ISSN : 2249-4944 (Print)

Quantitative Metabolic Profile & Metabolomics: A Review
1Veneeta, 2Dr. Neelima Jain

CMJ University, Shillong, Meghalaya, India

Abstract
The field of metabolomics is gaining increasing interest 
across all disciplines. As more researchers get ‘tooled up’ for 
metabolomics, the realization that it is easy to generate floods (or, 
more accurately, torrents!) of data will become apparent. Thus, in 
the new postgenomic era of biology, we shall need well-curated 
databases, very good data with which to populate them, and even 
better algorithms with which to turn these metabolome data into 
knowledge. In this paper, we have discussed about Quantitative 
Metabolic profile & Metabolomics
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I. Introduction 
The growing field called Metabolomics detects and quantifies 
the low molecular weight molecules, known as metabolites 
(constituents of the metabolome), produced by active, living cells 
under different conditions and times in their life cycles. NMR is 
playing an important role in metabolomics because of its ability 
to observe mixtures of small molecules in living cells or in cell 
extracts. The words 'Metabolomics' and 'Metabonomics' are often 
used interchangably, though a consensus is beginning to develop 
as to the specific meaning of each. The metabolome is the final 
downstream product of the genome and is defined as the total 
quantitative collection of small molecular weight compounds 
present in a cell or organism which participate in metabolic 
reactions required for growth, maintenance and normal function 
[2]. The goals of Metabolomics are to catalog and quantify the 
myriad small molecules found in biological fluids under different 
conditions. Metabonomics is the study of how the metabolic profile 
of a complex biological system changes in response to stresses 
like disease, toxic exposure, or dietary change [1].

II. Classification of Metabolomics Approaches

A. Metabolite Target Analysis
Analysis restricted to metabolites of, for example, a particular 
enzyme system that would be directly affected by abiotic or biotic 
perturbation [3, 9].

B. Metabolite Profiling
Analysis focused on a group of metabolites, for example, a class of 
compounds such as carbohydrates, amino acids or those associated 
with a specific pathway [9].

C. Metabolomics
Comprehensive analysis of the whole metabolome under a given 
set of conditions [9].

D. Metabolic Finger Printing
Classification of samples on the basis of provenance of either their 
biological relevance or origin [9].

E. Metabolic Profiling
Often used interchangeably with ‘metabolite profiling’; metabolic 

fingerprinting is commonly used in clinical and pharmaceutical 
analysis to trace the fate of a drug or metabolite [10].

F. Metabonomics
Measure of the fingerprint of biochemical perturbations caused 
by disease, drugs and toxins [11].
The terminologies are still evolving and there can be overlaps in 
their definition; however, the above classification highlights the 
options available for monitoring the metabolome and serves as 
a very good starting point. Metabolomics could very easily be 
applied to large populations, because this approach tends to be of 
higher throughput and generally lower cost than transcriptomics 
and proteomics, whilst also providing indications of which area 
of metabolism may be affected by external perturbation [4].
In practice, metabolic profiling has up to now largely been confined 
to fairly stable compounds that can be extracted together. These 
include major primary metabolites (sugars, sugar phosphates, 
amino acids, and organic acids) and certain secondary metabolites 
(e.g., phenylpropanoids, alkaloids) [5-6]. Fig. 1 shows Metabolome 
analysis in the context of functional genomics. Nu, nucleus; Cit, 
cytoplasm.

Fig. 1: Metabolome Analysis in the Context of Functional 
Genomics. Nu, nucleus; Cit, cytoplasm [6]

III. Applications of Metabolomics
Metabolomics has numeral applications in different fields which 
are mentioned below:

Plant breeding and assessment of crop quality• 
Food assessment and safety• 
Toxicity assessment• 
Nutrition assessment• 
Medical diagnosis and assessment of disease status• 
Pharmaceutical drug development• 
Yield improvement in crops and fermentation• 
Biomarker discovery• 
Technological advances in analytical chemistry• 
Genotyping• 
Environmental adaptations• 
Gene-function elucidation• 
Integrated systems biology [7]• 
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IV. Metabolomics Technologies
Different Metabolomics Technologies are as follows:

Atmospheric pressure chemical ionization (APCI)• 
Capillary electrophoresis (CE)• 
Electrospray ionization (ESI)• 
Flow injection analysis/direct infusion analysis (FIA/DIA)• 
Fourier Transform-ion cyclotron resonance-mass spectrometry • 
(FT-ICR-MS)
High performance (pressure) liquid chromatography • 
(HPLC)
Liquid/gas chromatography (LC/GC)• 
Mass spectrometry (MS)• 
Nuclear magnetic resonance (NMR)• 
Principal components analysis (PCA)• 
Photodiode array detection (PDA)• 
Photoionization (PI)• 
Solid phase micro-extraction (SPME)• 
Time of flight (TOF) [8]• 

Some of the above mentioned technologies are discussed 
below:
NMR is non-destructive and very far above the ground throughput, 
although sensitivity is moderate relative to MS-based methods
GC-MS is unsurpassed in severance efficiency and exploits 
commercial disintegration libraries for metabolite identification; 
however, the method requires chemical derivatization and is not 
agreeable to larger, non-volatile molecules.
LC-MS can detect biomolecules in their inhabitant forms without 
substance derivatization; however, non-standardization of 
ionization and disintegration sources makes sharing of in sequence 
difficult

V. Metabolic Profiling and Metabolomic Quantitative 
Technique
In general, metabolic profiling and metabolomic quantitative 
technique can be grouped into two categories: stable-isotope 
classification and label-free approaches. Stable-isotope 
technique, including isotopically labeled internal principles 
and in vivo metabolic labeling of cell cultures, have the benefit 
of nullifying, to some extent, slight changes in sample treatment 
and instrumentation presentation that may have an effect on the 
accuracy of abundance measurements. However, improvement in 
LC and MS technology, as well as the application of arithmetical 
tools, have led to an increase in the use of label-free technique.
Stable Isotope Technique
Metabolite quantitation in customary chromatography-MS-based 
targeted analyses has relied on the use of stable-isotope dilution to 
effectively reduce the uncertainty in the measurement (reviewed 
in). In this come near, stable-isotope-labeled analogues (typically 
labeled with 2H, 13C, or 15N) of the aim analyte(s) are spiked into the 
example prior to treatment, in order to account for both systematic 
error due to the sample processing approach and systematic errors 
encounter during sample analysis by GC- or LC-MS.

B. Label Free Technique
A general advantage of quantitation based on in vivo labeling 
or chemical derivatization of samples is that the accumulation 
of metabolites analyzed by MS from the combined labeled and 
unlabeled sample is one-half that if each illustration were to be 
analyzed separately. Consequently, metabolites in relatively lower 
abundance for one of the balancing samples are often below the 
dynamic assortment of detection, consequential in lower coverage 
of the obtainable metabolome. The trade-off between coverage of 

the metabolome and the correctness of quantitation for biomarker 
discovery has led to greater than before interest in quantitative 
metabolic profiling and metabolomics.

VI. Future Perspective
The future usefulness of liquid chromatography-mass spectrometry 
(LC-MS) in metabolic profiling and metabolomic studies for 
biomarker settle on will be discussed, beginning with a brief account 
of the evolution of metabolomics and the consumption of the three 
most admired analytical platforms in such studies: NMR, GC-MS, 
and LC-MS. Emphasis is positioned on recent developments in 
high-efficiency LC separations, sensitive electrospray ionization 
approaches, and the benefits to incorporating both in LC-MS-
based approaches. The compensation and disadvantages of an 
assortment of quantitative approaches are reviewed, followed 
by the contemporary LC-MS-based tools available for candidate 
biomarker characterization and identification. Finally, a brief 
prediction on the expectations path of LC-MS-based methods in 
metabolic profiling and metabolomic studies is known. This study 
will has been illustrated how spectroscopic techniques can be 
used in combination with psychometrics and econometrics tools 
in order to achieve rapid and straightforward analytical methods 
for the analysis of solutions.

VII. Conclusion
Metabolomics and metabonomics encompass the comprehensive 
and simultaneous systematic profiling of multiple metabolite 
concentrations and their cellular and systemic fluctuations in 
response to drugs, diet, lifestyle, environment, stimuli and genetic 
modulations, in order to characterize the beneficial and adverse 
effects of such interactions [2]. Metabolomics is an emerging field 
that is complementary to the other ‘omics and proving to have 
unique advantages [3].

References
[1] Biological Magnetic Resonance Data Bank, Metabolomics/

Metabonomics, [Online] Available: http://www.bmrb.wisc.
edu/metabolomics/what_is.html

[2] [Online] Available: http://shodhganga.inflibnet.ac.in/
bitstream/10603/3086/16/16_discussion.pdf

[3] Royston Goodacre, Seetharaman Vaidyanathan, Warwick B. 
Dunn, George G. Harrigan, Douglas B. Kell,"Metabolomics 
by numbers: acquiring and understanding global metabolite 
data", TRENDS in Biotechnology Vol. 22, No. 5, May 
2004, [Online] Available: http://www.univie.ac.at/mosys/
Teaching_Downloads_PP_MetabolomicsDepartment/
Goodacre_TibTech_2004.pdf

[4] Katherine Hollywood, Daniel R. Brison, Royston 
Goodacre,"Metabolomics: Current technologies and 
future trends", Proteomics 2006, 6, 4716–4723, [Online] 
Available: http://www.metabolomics2007.org.uk/pubs/pdfs/
Hollywood-Proteomics2006.pdf

[5] Mark Lange,"Metabolomics – General Introduction", 
December 2009, [Online] Available: http://www.
bioinformatics.wsu.edu/bioinfo_course/notes/Lange_
Metabolomics_MassSpectrometry.pdf

[6] Silas G. Villas-Boas, Sandrine Mas, Mats Akesson, 
Jorn Smedsgaard, Jens Nielsen,"Mass Spectrometry in 
metabolome analysis, Mass Spectrometry Reviews 2005, 
Wiley Periodicals, Inc., [Online] Available: http://cmb.
biocentrum.sitecore.dtu.dk/upload/institutter/bic/centre/
cmb/papers_me_se/massspecrev.pdf



IJEAR Vol. 3, IssuE 1, JAn - JunE 2013

w w w . i j e a r . o r g 58   InternatIonal Journal of educatIon and applIed research

ISSN: 2348-0033 (Online)     ISSN : 2249-4944 (Print)

[7] Sofia Moco, Raoul J. Bino, Ric C.H. De Vos, Jacques 
Vervoort,"Metabolomics technologies and metabolite 
identification", Trends in Analytical Chemistry, Vol. 26, 
No. 9, 2007, [Online] Available: http://www.biqualys.nl/
Metabolomics_technologies.pdf

[8] Metabolomics: An important emerging science: Introduction 
to its current status and application", [Online] Available: 
http://homepage.agron.ntu.edu.tw/~menchi/plant%20
metabolomics/Microsoft%20PowerPoint%20-%20
introduction%20to%20metabolomics.pdf 

[9] Fiehn, O.,"Combining genomics, metabolome analysis, and 
biochemical modelling to understand metabolic networks. 
Comp. Funct. Genomics 2, pp. 155–168, 2001.

[10] Harrigan, G.G., Goodacre, R.,"Metabolic Profiling: Its Role 
in Biomarker Discovery and Gene Function Analysis", pp. 
335, Kluwer Academic Publishers, 2003.

[11] Nicholson, J.K. et al.,"Metabonomics: Understanding the 
metabolic responses of living systems to pathophysiological 
stimuli via multivariate statistical analysis of biological NMR 
spectroscopic data", Xenobiotica 29, pp. 1181–1189, 1999.


