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Metabolomics

Studi of “…the complete set of 
metabolites/low-molecular-weight 

intermediates, which are context dependent, 
varying according to the physiology, 

developmental or pathological state of the 
cell, tissue, organ or organism…”

Oliver, 2002



4A partial list of “-omics” terminologies

agrigenomics, agronomics, antigenomics, aquagenomics, bacteriomics,

behaviouromics,bibliomics, biogenomics, biomics, bionomics, cardiomics, cardioproteomics,

chemoproteomics, chomics, choomics, cardiogenomics, cellomics, chemogenomics,

chromonomics, chondriomics, chronomics, clinomics, complexomics, cryptomics,

crystallomics, crystalomics, cytomics, degradomics, diagnomics, embryogenomics, economics,

enzymomics, epigenomics, epitomics, expressomics, fluxomics, foldomics, fragmentomics,

functomics, gastrogenomics, genomics, glycomics, glycoproteomics, hybridomics,

immunomics, immunoproteomics, inomics, integromics, ionomics, interactomics, kinomics,

ligandomics, liganomics, linkomics, lipidomics, lipoproteomics, localizomics, metabolomics,

metabonomics, metallomics, metalloproteomics, methylomics, microbiomics, microgenomics,

mitochondriomics, neuropharmacogenomics, neuroproteomics, nucleomics, nutragenomics,

nutrigenomics, oncogenomics, oncopharmacogenomics, operomics, orfeomics, parasitomics,

pathogenomics, peptidomics, pharmacogenomics, pharmacometabolomics,

pharmacometabonomics, pharmacomethylomics, pharmacophylogenomics,

pharmacoproteomics, phenomics, phosphatomics, phosphoproteomics, phylogenomics,

phyloproteomics, physiogenomics, physiomics, phytogenomics, phytoproteomics,

postgenomics, predictomics, promoteromics, proteogenomics, proteomics, pseudogenomics,

regulomics, resistomics, ribonomics, riboproteomics, Rnomics, saccharomics, secretomics,

separomics, sialomics,signalomics, somatonomics, stereomics, systeomics, toponomics,

toxicogenomics, toxicomics, toxiconomics, toxicoproteomics, transcriptomics, transgenomics,

translatomics transportomics, unknomics, vaccinomics, variomics, virogenomics,viromics
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Economics: 1.990.000.000

Metabolomics: 42.000.000

Genomics: 281.000.000

GOOGLE Search
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7• KEY POINTS

• Metabolomics enables the parallel assessment of the levels of a broad

range of metabolites found within a cell, tissue, biofluid, or organism

• It has been shown to have a great impact in classifying phenotypes,

investigation of physiological status, diagnosing diseases, measuring the

response to treatment, discovering biomarkers, identifying perturbed

pathways due to disease or treatment, and characterisation of natural

products.

• No single analytical tool can measure all metabolites within an organism,

but NMR and MS can profile wide ranges of metabolites

• Metabolomics is hypothesis-generating rather than hypothesis- based.
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Metabolomics is now adult, but….

despite this maturity, the literature is unfortunately saturated
with small-scale preliminary-type studies with many suffering
from being poor in experimental design and thus any findings
are likely to be false as they lack statistical robustness and
validity.

Few biomarkers have made it into the clinic.
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Is metabolomics already in the clinic?
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New Horiz Transl Med. 2017 Mar; 3: 294–305.
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From David Wishart
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New Horiz Transl Med. 2017 Mar; 3: 294–305.
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New Horiz Transl Med. 2017 Mar; 3: 294–305.
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New Horiz Transl Med. 2017 Mar; 3: 294–305.
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…..or

Clinical Metabolomics: the new clinical chemistry?
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Albus color ut aqua fontis

White as wellwater, i.e. clear

Glaucus color ut cornu lucidum 

Light blue/green/grey as lucid horn

Lacteus color ut serum lactis 

Milky as whey of milk

Caropos color ut vellus cameli 

Bluish-grey as camel skin

Subpallidus color ut succus carnis

semi- coctus non remisse

Slightly pale as a not reduced juice of 

meat

Remissus pallidus ut succus carnis

semi- coctus remissi

Reduced pale as reduced juice of 

meat

Subcitrinus ut pomi subcitrini non 

remissus

Pale yellow as of a not reduced lemon

Citrinus color ut pomi citrini remissi

Yellow as of a reduced lemon

Subruffus color ut aurum remissum

Slightly ruddy as an alloy of gold

Subrubicundus color ut crocus

occidentalis

Slightly red as occidental saffron

Rubeus ut crocus orientalis

Red as oriental saffron

Subrubicundus ut flamma ignis 

remissa 

Slightly red as a lowered flame 

of fire

Rubicundus ut flamma ignis non 

remissa 

Red as a flame of fire not 

lowered

Inops color ut epatis animalis

Wine-red as of animal liver

Kyanos color ut vinum bene 

nigrum

Deep blue as very dark wine

Viridis color ut caulis viridis

Green as green cabbage

Lividus color ut plumbum

Livid as lead

Niger ut incaustum

Black as ink

Niger ut cornu bene nigrum

Black as very dark horn
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Metabolomics of the past
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Considering the number of metabolites used in a clinical setting as biomarkers
of disease onset and/or progression, the picture appears to be rather diverse.

•In traditional clinical chemistry a very limited number of small metabolites
such as glucose, cholesterol, creatinine, urea, etc., is being used for decades to
assess an individual's physiopathological condition.

•In the new clinical chemistry, towards precision medicine, there is an urgent
need for new/different types of biomarkers. Metabolomics is in principle very
well suited to identify and deliver biomarkers for clinical use.
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•To treat disease clinicians and health workers require
diagnostic indicators of disease, which can be used not
only to diagnose disease but also to assess the
applicability of therapeutic interventions.

•These indicators are referred to as biomarkers and the
NIH definition of a biomarker is:

“A characteristic that is objectively measured and
evaluated as an indicator of normal biological
processes, pathogenic processes, or pharmacologic
responses to a therapeutic intervention.”
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Metabolomics has the potential to:

• deliver diagnostic biomarkers for the detection and
prognosis of diseases, and the prediction of the efficacy
and safety of pharmaceutical interventions

•provide insights into the biochemical mechanisms of
diseases and the modulation by drugs.

It has become clear that health and disease are optimally
studied from a system perspective. Such an approach
will allow a personalized medicine approach and will play
an important role in the future to follow the health state of
an individual.

At present, there are still significant challenges in
answering biological questions.
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How does it work?
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• Ductal carcinoma in situ

• Invasive ductal carcinoma

• Invasive lobular carcinoma

• Mucinous carcinoma

• Medullary carcinoma

• Inflammatory breast cancer

• Triple-negative breast cancers

• Paget's disease of the nipple

• Adenoid cystic carcinoma

• Lobular carcinoma in situ

• Papillary carcinoma

• Phyllodes tumor

• Angiosarcoma

• Tubular carcinoma

Different types of breast cancer



Is this one Class? 

Are they the same Authors?

28/11/2023 Cagliari 2016
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Giuseppe Arcimboldo
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Giuseppe Arcimboldo?
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Giuseppe Arcimboldo?

?

?

False negative

False positive
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Spiaggia del Principe

Spiaggia Capriccioli Spiaggia la Celvia

?
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What do we see?

Does it make sense?

Rachel Ruysch: 
«Natura morta con 
fiori» (1716) 
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Rachel Ruysch: 
«Natura morta con 
fiori» (1716) 
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How to look at the stars?
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How to look at the stars?

North Star

Ursa maior

Milky Way

Metabolite targeted analysis

Metabolic profiling

Metabolic fingerprinting
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Metabolomics Workflow



32Workflow Metabolomics
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Few examples from the Cagliari experience

to show what we learnt

by using the metabolomic approach



Metabolomic and drug-resistant epilepsy
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Metabolomic Evaluation of the 

Pharmacological Treatments in Patients 

Affected by Multiple Sclerosis
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Basal

metabolic

profile of

disease

Metabolic changes

related to

pharmacological

treatments

❑INF-β

❑Fingolimod

❑Ocrelizumab

❑Cladribina

❑Dymethyl

Fumarate

❑Teriflunomide

Multiple Sclerosis

Phenotypes and 

Prognosis

❑Relapsing-remitting

❑ Progressive

❑Neuroradiological

and clinical features

(active and inactive)

Metabolic changes

related to the gender 

and life stage of 

women

❑ Adolescence

❑ Maternity

❑ Menopause

Metabolomic Evaluation of the Pharmacological 

Treatments in Patients Affected by Multiple Sclerosis
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Control vs Multiple Sclerosis

1.2-Hydroxyisovalerate; 2. 3-methyl-2-Oxoglutarate; 3. 2-
Hydroxybutirate; 4.Branched Aminoacids: Valina,
Leucine, Isoleucine, 5. 2-Methylglutarate; 6. 3-
Hydroxybutirate; 7. Lactate; 8.Threonine; 9. Alanine; 10.
Lysine; 11. Arginine; 12. Acetate; 13. Proline; 14. N-
acetyl-Groups; 15. Methionine; 16. Glutamine; 17.
Acetone; 18. Glutamate; 19.Pyruvate; 20.
Pyroglutamate; 21. Citrate; 22. Dimethylamine; 23.
Aspartate; 24. Asparagine; 25. Creatine; 26. Creatine
phosphate; 27. Creatinine; 28: Ornithine; 29. Choline;
30. Glucose; 31. Betaine; 32.TMAO; 33. Glycine; 34.
Glycerol; 35. Serine; 36. Fructose; 37. Myo-Inositol; 38.
Mannose; 39.Tyrosine: 40. Histidine; 41. Phenylalanine;
42. Tryptophan; 43. τ methyl-Histidine; 44. Formate



Control vs Multiple sclerosis



40Main canonical pathways, biofunction and diseases identified with significant metabolites
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Pathways analysis

This pathway if over-activated leads to the

generation of neurotoxic compounds such as

quinolinic acid. Moreover a direct effect of the

tryptophan has been observed on the immune system

and in particular on the Treg, suggesting its pyvotal

role in immune sistem regulation

The catabolism of tryptophan to immunosuppressive and

neuroactive kynurenines is a key metabolic pathway

regulating immune responses and neurotoxicity

Lorefice, et al. 2019

Basal

metabolic

profile of 

MS



Assessing the Metabolomic Profile of Multiple 

Sclerosis Patients Treated with Interferon Beta 
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Responder vs Non- responder
at T0 after Interferon beta



Metabolic changes in the patients with hyperthyroidism and hypothyroidism may persist after normalization
of serum levels of FT3, FT4, and TSH, which currently represent the gold standard in laboratory testing for diagnosis and
evaluation of thyroid pathology. This suggests that TSH, FT3 and FT4 assays may not be sufficient to detect long lasting 
peripheral effects of the thyroid hormones action. 
So, the metabolomics approach may contribute to integrate classical hormone assays and to determine the euthyroid
status achievement with greater efficacy.

Metabolomic profiles in the patients with 
hyperthyroidism and hypothyroidism after 

treatment



Inflammatory bowel diseases and 

microbiome



PLASMA ANALYSIS

Healthy

IBD

OPLS-DA model: R2X=0,2; R2Y=0,632; Q2=0,563

The altered metabolites in IBD plasma were all involved in

the energetic metabolism as part of different metabolic

pathways such as glycolysis, ketone bodies, purine

metabolisms, the tricarboxylic acid (TCA) cycle, and the

urea cycle

Normal IBD 

colon

Inflamed IBD 

colon

The biopsies metabolomic profile was different:

- Between inflamed and normal colon biopsies from UC

patients

- Inflamed and normal colon biopsies and inflamed and 

normal ileum biopsies in CD patients

BIOPSIES ANALYSIS



• Produced both by the host and by intestinal flora bacteria

• Elevated levels of polyamines seem to have a toxic effect and are associated 

with several diseases

• Oxidative stress caused by polyamines catabolism 

Biogenic amines

B group vitamins

• Generated by anaerobic bacteria

• One previous study has found that TMAO promotes inflammation by recruiting 

leukocytes

Trimethylamine N‐oxide (TMAO)

• Nicotinic acid (vitamin B3) may exert a beneficial effect on the mucosa of the 

colon, reducing inflammation 

• Pantothenic acid (vitamin B5) may have a protective effect against oxidative 

stress in mammalian tissues





Nature Review Cardiology 8, 630–643 (2011)

Metabolomic profiles in cardiovascular 
disorders



Metabolic fingerprint of healthy coronary arteries is considerably different from that of
artherosclerotic vessels.

In addition, the metabolic profile of microvascular dysfunction is distinguishable from that of
stenotic disease, despite of the presence of comparable cardiovascular risk factors suggesting
different underlying pathways or their different modulation.

This approach may hep to discover new biomarkers and therapeutics target to modulate
endothelial response and affect the progress of the CAD (i.e. coronary stent eluting specific
metabolites with demonstrated anti-atherogenic effects on endothelium).

Evidence of correlation between metabolomic changes and heart failure severity.

This data may help to clarify the reason for different individual susceptibility to the

development of atherosclerosis and the mechanims of heart failure progression.
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Metabolomics and fibromyalgia
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The application of a metabolomic approach discriminated FMS patients
from controls, with an increase of PC(14:0/0:0) and PC(16:0/0:0)
compounds in the metabolic profiles. These results and the modeling of
metabolite-PAFr interaction, allowed us to hypothesize that lipids oxidative
fragmentation might generate lysoPCs in abundance, that in turn will act as
PAF-like bioactivators.

If this is the case:

• New Biomarkers?

• Potential therapeutical targets
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Metabolomics and mechanisms of cell growth
in cultured cells



What is the “control”?

28/11/2023 54



EXPERIMENTAL PROTOCOL

DENA

2–AAF

Partial hepatectomy

2 wks 3 wks 4 wks 7 wks

NaCl

2–AAF

Partial hepatectomy

2 wks 3 wks 4 wks 7 wks

TREATED GROUP (T)

UNTREATED GROUP (T)

LIVER 

SAMPLE

S

NMR

KILL

KILL

28/11/2023 55



FLOW SHEET 

SUPERVISED 

APPPROACH 

(PC-LDA)

PCA ON 

THE 

COMPLETE 

DATASET

LDA AND 

ESTIMATION 

OF DLDA

EVALUATION OF 

THE 

PERFORMACES OF 

CLASSIFICATORS

CORRELATION 

WITH THE 

HYSTOLOGICAL 

PARAMETERS

VARIABLES 

SELECTION AND 

BIOMARKER 

IDENTIFICATION

STATISTI

CAL 

CONTROL

PCA ON 

THE 

CONTROL 

GROUP

ESTIMATION 

OF T2 AND Q 

STATISTICS



PC-LDA

The Linear Discriminant Analysis generates

the plane reported in figure. One should

notice that only one treated sample is

wrongly classified (T9) and the two samples

T8 and T2 are very close to the separation

plane. The distance of each sample was used

to build a two class classifier.

As one can see 

from the ROC 

curve, the distance 

from the plane 

(DLDA) allows to 

build a very good 

classifier.



Two Class
VARIABLES SELECTION

numbe

r

metabolites
increase/decre

ase

1 glycine +

2 succinate +

3 glutamate +

4 glutathione +

5

phosphoethanola

mine
+

6 UDP glucose +

7 acetate +

10 choline -

11 alanine -

9 carnitine -

8 glycerol -

14 betaine -

12 phosphocholine -

13 inosine -

15 AMP +

16 ADP -

17

1,7dimethylxant

hine
+

18 dimethylurate -

19 glutamine -

20 cadaverine +

21 lactate +

22 glycocholate +

It is important to understand that a

supervised approach forces the separation

between the members of the two classes.

Occurrence of false positive (false

negative) may influence the variable

selection. Indeed, when dealing with

false positive, variables not related to

the treatment may be incorrectly

chosen in order to force the separation.

28/11/2023 58



Using the SPE statistics leads to a quite good binary classifier 
classifier.

STATISTICAL CONTROL
Square Prediction Error statistics

Looking to the ROC curve one can say that the supervised approach 

works better, but T2, T8 and T9 are false positives!



Individual
VARIABLES SELECTION

A different set of important variables

for each sample. The first 22

metabolites reported on the table

were identified also with the class

approach, however it is easy to

understand that not all these

metabolites are important for all the

samples in the treated group.

SPE

numb

er
metabolite T6 T1 T7 T3 T4 T10 T5 T2 T8 T9

1 glycine + + + + + + + + + +

2 succinate + + + + + + + + + +

3 glutamate + + + + + + + + = =

4 glutathione + + + + + + + = = =

5

phosphoethanola

mine
+ + + + + + + = = =

6 UDP-glucose + + + + + + + = = =

7 acetate + + = + + + = = = =

8 choline - - - - - - - - - =

9 alanine - - - - - - - - - =

10 carnitine - - - - - - - - = =

11 glycerol - - - - - - - = = =

12 betaine - - - - = - - = = =

13 phosphocholine - = - - - - = = = =

14 inosine = - - - = - - - - =

15 AMP + = = = + + + = = =

16 ADP = = = = - = - = = =

17

1,7dimethylxant

hyne
= + + + - = + + = =

18 dimethylurate = = - = = = - = - =

19 glutamine = = = + = = = - - =

20 cadaverine = + = = = = = = = =

21 lactate = + = = = = = = = =

22 glycocholate = + + + + = = = = +

23 sarcosine = - - = = = = = = =

24 aspartate = - = = = = = - = =

25 tyrosine = - = = = = = = = =

26 pyridoxine = = - = = = = = = =

27 carnosine = = = = + = = = = =

28 uridine + = = = + = + = = =

29 dimethylamine = + = = = = = = = =

28/11/2023 60
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SWOT Analysis

Strenghts, weakness, opportunities, 
threats of metabolomics
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Strenghts

• Robust platform

• Minimally invasive

• Holistic approach

• Low cost per samples

• Final product evaluation
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Weakness

• Multiple platform

• Sensitivity

• Complex analysis

• High starting cost
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Opportunities

• -omics integration

• Central lab approach

• Sharing data

• Multidisciplinary approach
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Threat

• Disadvantage of central lab

• Non-hypothesis driven studies

• Different clinical chemistry approach

• Lack of trained scientists
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Conclusions



67



68The metabolomic approach:

1. To identify significantly altered metabolic pathways in diseases

2. To classify pathological conditions

3. Metabolic changes can be used to predict the prognosis

4. To identify specific alterations in the metabolic profile of different pathological

conditions and correlate them with the microbiome

5. After treatment with different drug, we can identify metabolic changes between

responders and non –responder at T0 and later

6. Clinical response to the drug does not necessarily mean similar metabolomic profile to

the control

7. Metabolic changes suggest possible treatment

8. All together these data may lead to the development of new strategies for the early

disease prediction and promote the development of novel targeted therapies
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• Metabolomics represent a paradigm shift in metabolic research and clinical

chemistry, away from approaches that focus on a limited number of reactions or

single pathways, to approaches that attempt to capture the complexity of metabolic

networks.

• It is reasonable to expect that the metabolomics approach, together with functional

genetics and proteomics, will have substantial impact on disease classification and

prevention, developing therapeutics and biotechnology drugs in a more personalised

manner.

• In addition to reducing times and costs of research and experimentation with new

drugs, metabolomics may predict new indications for drugs already in production

based on the individual metabolic profile.

• Finally, metabolomics is hypothesis-generating rather than hypothesis-based.

Therefore, one has to be really open-minded about the results obtained.
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