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Sunday 17/4 
Fundamentals 
Moderators: 

Kvalheim/Mougios/Wilson 

Speaker 

Institution 

8:30 9:15 Registration   

9:15 9:30 Introduction and Overview G. Theodoridis Aristotle 
Univ. 

9:30 10:05 The Path from Profile to 
Mechanistic Understanding 

I.D. Wilson Imperial 
College 

10:05 10:35 Endogenous Metabolic 
 Personalized Theranostics 

T. Lundstedt Uppsala 
Univ. 

10:35 11:00 MultiOmics for Exposome 
Analysis 

D. Sarigiannis Aristotle 
Univ. 

11:00 11:30 Break   

11:30 12:00 Analysis of Metabolomics Data O. M. Kvalheim Bergen  Univ. 

12:00 12:30 Metaboscape – A Metabolite 
Profiling Pipeline Driven by 
Automatic Compound 
Identification, or   
How to Link Hram QTOF Plant 
Metabolomics Data to Biology 

A. Barsch Bruker, 
Germany 

12:30 13:00 A Novel Lipid Screening 
Platform Allowing a Complete 
Solution 

D. Merkel Sciex 
Europe 

13:00 14:30 Lunch/ Poster Session   

14:30 15:00 The Importance of Human 
Volatilome 

A. Agapiou Univ. 
Cyprus 

15:00 15:05 Introduction to Seminars G. Theodoridis Aristotle 
Univ. 

15:05 16:10 Seminar 1 
Metabolite Identification 

M. Witting Helmholtz Inst. 
Munich 

16:10 16:40 Break   

16:40 17:45 Seminar 2 
Data Treatment: Freeware and 
Commercial Software 

P. Franceschi FEM IASMA 
Trento 

17:45 18:00 Closure Wrap-Up   
 



 

 

 

Monday 18/4 
Life Sciences 
Moderators: 

Kaklamanos/Raikos/Franceschi 
Speaker Institution 

9:00 9:30 Exercise Metabonomics V. Mougios Aristotle 
Univ. 

9:30 9:55 Feature Selection Methods for Early 
Predictive Biomarker Discovery Using 
Untargeted Metabolomic Data 

E. Pujos-
Guillot 

INRA, 
France 

9:55 10:20 Utilizing an IMS-DIA-MS Workflow 
to Characterize and Quantify the 
Lipidome of a Patient Cohort Clinically 
Diagnosed with Obesity or Diabetes 

I. Edwards Waters 
UK 

10:20 10:40 Mitochondria and Brain Disorders: 
A Systems Biology Approach 

M. Filiou Max Plank 
Psychiatry 

10:40 11:00 Pharmacometabolomics-Guided 
Pharmacogenomics in  Precision 
Medicine 

T. Katsila Univ. 
Patras 

11:00 11:30 Break   
 11:30 12:00 Metabolomics as Part of an Integrated 

Approach for the Identification of 
Predictive Markers of Type 2 Diabetes 

B. Comte INRA, 
France 

12:00 12:30 Metabo-Auto, 
A Novel Platform for Automated 
Metabolomic GC-MS Profiling 

P. Simek Biology 
Centre, CZ  

12:30 13:00 Metformin treated rats show alterations 
in the gut microbiome and plasma levels 
of bile acids, lipids and small molecules 

P. Vorkas Imperial 
College  
 

13:00 14:30 Lunch/ Poster Session   
 14:30 14:45 St1:  Biomarker Discovery in 

Embryometabolomics Project 

C. Virgiliou Aristotle 
Univ. 

14:45 15:00 St2: A Study of Exercise and Ageing 
Through Metabolomics-based Analysis 

O. Deda Aristotle 
Univ. 

15:00 15:15 St3: Neonatal Sepsis  Biomarker 
Discovery 

C. 
Chatziioannou 

Aristotle 
Univ. 

15:15 16:15 Seminar3 Untargeted / SemiTargeted 
LC-MS  Metabolomics 

P. Vorkas 
A. Pechlivanis 

Imperial 
College 

16:15 16:40 Break   
 16:40 17:40 Seminar 4 

Targeted Metabolomics LC-MS/MS 

F. 
Michopoulos 

C. Virgiliou 

AZ UK/ 
Aristotle 
Univ. 

17:40 17:55 Closure Wrap-Up   
 

Tuesday 19/4 
Plant/Food/Nutrition 

Moderators:      
Simek/Kalogiannis/ /Klapa 

Speaker Institution 

9:00 9:30 Fingerprinting the Salinity Effect 
on Large-Scale Hydroponic Tomato 
Cultures Using Integrated GC- and 
LC-MS Metabolomics 

M. Klapa FORTH 
Patras 

9:30 10:00 Metabolomics in Systems Biology, 
Integrating Multiomics Data 

K. Aliferis Athens 
Agricult. 

Univ. 

10:00 10:30 Challenges on analysing double-
blind crossover experiments. A 
nutri-metabolomics example 

N. Lemonakis Athens 
Univ. 

10:30 11:00 Food Analysis and Authentication 
Using NMR Based Metabolomics 

A. Spyros Univ. of 
Crete 

11:00 11:30 Break   

11:30 11:55 Recent   Developments in Food 
Screening by NMR 

C. Napoli Bruker, 
Italy 

11:55 12:20 LC-MS Metabolomics Shows a 
Smart Way to Reduce  Sulfites in 
Wine 

P. Arapitsas FEM 
IASMA 
Trento 

12:20 12:40 Bioactive Properties, Mineral 
Contents, Phenolic Compounds 
and Fatty Acid Composition of 
Rose, Blackberry and Redberry 
Fruits Growing in Belarus 

M. M. Özcan Univ. 
Selcuk, 
Turkey 

12:40 13:00 Advanced  Metabolomics Study of 
Fungal Metabolism and its 
Regulation 

I. Kalabokis Athens 
Agricult. 

Univ. 

13:00 14:30 Lunch/ Poster Session   

14:30 15:15 Round Table: Users Needs a 
Bottom Up Approach 

Food Sciences and Regulation   
Scientists 

15:15 16:00 Seminar 5:  NMR Based 
Metabolomics. Tips And Tricks 

D. Benaki 
A. Pechlivanis 

Athens 
Univ./ 

Imperial 
College 

16:00 16:25 Break   

16:25 17:30 Seminar 6:  GC-MS Metabolomics: 
Best Practice for Data Acquisition, 
Normalization and Analysis 

G. Tooulakou 
C. Magka 

FORTH 
Patras 

17:30 17:45 Closure Wrap-Up,  Farewell   



POSTERS 

1. A novel platform for automated GC-MS based metabolomics. Opekarová I., Moos M., Řimnáčová 

L., Zahradníčková H., Hušek P., Šimek P. 

2. A sample preparation approach for metabolic profiling of human saliva of smokers and 

nonsmokers by high performance liquid chromatography. E. Barda, V.Sakkas, T. Albanis 

3. Assessment of a fast analytical methodology for urinary metabolomic biomarkers by liquid 

chromatography – mass spectrometry. S. Vika, V. Sakkas, A.Makis, T. Palianopoulos, T. Albanis 

4. Boron nitrogen coumarin derivatives: Three metabolite building blocks in one small 

molecule. K. Theodoridis, H. G. Gika, E. Kotali, P.A. Harris, A. Kotali  

5. Analysis of the vector’s bias in the spread of Malaria in the different incidence rates. 

Sungchan Kim, Sungchan Kim, Il Hyo Jung 

6. Dynamical behavior of tumor viral therapy with immune response: Deterministic and 

stochastic analysis. Kwang Su Kim, Sangil Kim and Il Hyo Jung  

7. The effect of electronic cigarettes smoking cessation: A mathematical modeling approach. 

Jae Hun Jung, Il Hyo Jung 

8. Exploring the link between maternal dietary protein intake and the metabolic profile of 

second trimester amniotic fluid. Fotiou M., Fotakis Ch.,  Tsakoumaki F., Kyrkou Ch., Athanasiadou E., 

Tsiaka T., Dimitropoulou A.,  Menexes G., Tarlatzis C.B., Biliaderis G. C., Athanasiadis P.A., 

Zoumpoulakis P., Michaelidou A.M. 

9. LC-MS/MS metabolic profiling study of shikonin’s cytotoxicity on Huh-7 cell line. E.D. Spyrelli, 

A. Nakas, C. Virgiliou, A.E. Koletti, H. Gika, G. Mossialos, V.P. Papageorgiou, A.N. Assimopoulou 

10. NMR Metabolomics-based study of DSS induced colitis in rats and effect of shikonin. A. 

Nakas, O. Deda, I. Taitzoglou, T. Poutahidis, G. Theodoridis, V.P. Papageorgiou, A.N. Assimopoulou, H. 

Gika 

11. Metabolomics in epidemiologic studies of type II diabetes mellitus: Implications for the 

exposome. Xanthi D. Andrianou, Stephanie Gaengler, Konstantinos C. Makris 

12. Determination of tungsten in plant and soil samples by inductively coupled plasma-mass 

spectrometry. Ümran Seven Erdemir, Hülya Arslan, Gürcan Güleryuz, Seref Güçer 

13. ICP-MS as a holistic analytical method for the study of phytoaccumulation of heavy metal: 

A case study of erysimum pulchellum (wild) gay. Ümran Seven Erdemir, Hülya Arslan, Gürcan 

Güleryuz, Seref Güçer 

14. QSRR  modeling  for  metabolite  standards  analyzed  by two  different  chromatographic  

columns  and  by  using multiple  linear  regression (MLR). Ch. Zisi, I. Sampsonidis, A. Pappa-

Louisi, P. Nikitas, M.  Witting, H. Gika, S. Kalogiannis, G. Theodoridis 

15. NMR-driven identification of biomarkers related with blood neoplastic diseases –Analysis 

of data acquired in two different magnetic fields   (600&700MHz). S.A. Chasapi, L. Tenori, A. 

Karela, S.E. Bariamis, K. D. Marousis, A. Spyridonidis, C.Luchinat, G A. Spyroulias  

16. Comprehensive two-dimensional gas chromatography coupled with ToF-MS, a powerful 

tool for analysis of the volatomes of grapes and wines. S. Carlin, K. Suklje,
 
F. Mattivi, 

 
U. Vrhovsek  

17. “Continuous or Interval Aerobic Training” A comparative H
1 

–NMR metabonomics study 

on athletes. C.A. Chatziioannou, A. Zafeiridis, H. Sarivasiliou, K. Dipla,  I. S. Vrabas,  P. Zoumpoulakis, C. 

Baskakis,  A. Pechlivanis,  G.Theodoridis 

18. Retention index determination of 94 metabolites with LC-MS/MS: Preliminary Data O. 

Begou, H. G. Gika, G. Theodoridis, M. Witting, M. Quilliam. 

19. Assessing validation parameters in multitargeted LC-MS/MS method for metabolite 

profiling application E. Tsakelidou, C. Virgiliou, H. Gika, N. Raikos, G. Theodoridis 

20. Untargeted and targeted metabolomics of rat caecum extracts for the discovery of 

exercise biomarkers. O. Deda, T. Panagoulis, H. Gika, I. Taitzoglou, V. Mougios, G. Theodoridis 

21. Study of derivatization reactions prior to GC-MS metabolomics analysis. Preliminary 

Results G. Moros, A.C Chatziioannou, H. Gika, N. Raikos, G.Theodoridis 



22. Development of a Multi–Analyte hydrophilic interaction Liquid Chromatography-Mass 

Spectrometry (HILIC-UPLC-MS/MS) method for the quantitation of polar metabolites in Bee 

products Pina A., Theodorou H., Begou O., Kalogiannis S., Tananaki C., Thrasyvoulou A., Zotou A., Gika 

H., Theodoridis G. 

23. Application of HILIC-UPLC-MS/MS method for the analysis of polar metabolites in honey 

and crude royal jelly  Theodorou H., Pina A., Begou O., Kanelis D., Dimou M., Kalogiannis S., 

Tananaki C., Thrasyvoulou A., Zotou A., Gika H., Theodoridis G. 

24. Differences in metabolomics profile of three exercise modes in individuals with metabolic 

syndrome  Siopi, A., Deda, O., Manou, V., Kellis, S., Theodoridis, G., Christoulas, K., Mougios, V 

25. Urinary Metabolomics profile of newborns of the western Greece region through high-

definition NMR analysis. S. E. Bariamis, I. Georgakopoulou, S.A. Chasapi, Κ. Marousis, S. Fouzas, A. 

Tsidoni, M. Spraul, H. Schäfer, C. Luchinat, A. Varvarigou, G.A. Spyroulias 

26. Understanding the effects of non-saccharomyces yeasts on sauvignon blanc aroma profiles using 

metabolomics and sensory analysis.             M. E. Beckner Whitener, J. Stanstrup, V. Panzeri, S. Carlin, 

B. Divol,  M. Du Toit, U. Vrhovsek 

27. M-IOLITE: An Integrated suite for the streamlining metabolomic analysis. C. Maga-Nteve, M.I.Klapa 

28. Metabolomics in brain research; a case study of adult onset hypothyroidism reveals brain regional 

variation and sex differentiation. Vasilopoulou C.G.,  Margarity M., Klapa M.I. 

29. Studying the effects of combined high salinity and elevated CO2 on tomato development using GC-

MS and LC-MS metabolomic analysis 

M.E. Papadimitropoulos,  G.Tooulakou, I. Giannakos, C. Kittas, P. Kalaitzis,
 
 M. I. Klapa 

30. NMR and LC-HRMS based metabolomics for the discovery of novel bio-active small molecules from 

marine synbionts. E.Baira, D. Benaki, E. Gikas, E. Mikros, N. Fokialakis 

31. A new data processing procedure of UPLC-ESI(-)-HRMS untargeted metabolomics employing 

spectral slicing and stitching Baira E., Siapi  E., Zoumpoulakis P
 
., Deligeorgis S-G., Skaltsounis A-L., 

Gikas E. 

32. XCMS optimization in high-throughput LC-MS. C. Beirnaert,  M.Cuykx, A.Covaci,  K.Laukens.  

33. Exploitation of global microbial biodiversity for the discovery of Novel Cosmeceuticals using LC-

HRMS based metabolomics C. Almeida, N. Lemonakis, Jose Perez del Palacio,
 

N.Tsafantakis, V. 

González-Menéndez, I. González, F. Reyes E.Gikas, N. Fokialakis, O. Genilloud  

34. How do I analyze a double-blind crossover study? A nutri-metabolomics example. N. Lemonaki., M. 

Halabalaki., V. Mougios., E. Mikros
 
., N. Bliziotis

 
.,A.L. Skaltsounis

 
E. Gikas

 
. 

35. Alteration in the liver metabolome of rats with metabolic syndrome after treatment with 

hydroxytyrosol. An MS and NMR based metabolomics study. I.V.Dagla, N. Lemonakis, H. Poudyal, L. 

Brown, D. Benaki, Al. Skaltsounis, E. Mikros, E. Gikas 

36. A metabolomic study for the discovery of multiple sclerosis biomarkers in cerebrospinal fluid by 

HRMS and NMR C. Tsiagkas, D. Benaki, N. Lemonakis, A. Ioannidis
,
 S. Chatzipanagiotou, C. Nikolaou, M. 

Anagnostouli, E. Mikros, E. Gikas 

37. Could pharmacometabolomics uncover the resistance to clopidogrel? A.I. Milioni, D. Benaki, M.E. 

Tsoumani, N. Lemonakis, E. Gikas, A.D. Tselepis, E. Mikros 

38. Integrated NMR and LC-MS plant metabolomics strategies for the investigation of acronychia genus. 

E. Kouloura, O. Werz, S. Michel, M. Litaudon, D. Benaki, E. Mikros, L. Skaltsounis, M. Halabalaki.  
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ENDOGENOUS METABOLIC PROFILING AS A FUNDAMENT IN 

PERSONALIZED THERANOSTICS. 
 

Torbjörn Lundstedt 
1,2,7

, Hari Shanker Sharma
3
, Thomas Moritz

4,7
, Frida Troell

5
, Kate Bennett7 Katrin 

Lundstedt-Enkel
6,7

 and  Johan Trygg
5,7

  

E.mail: torbjorn.lundstedt@acurepharma.com, johan.trygg@chem.umu.se, www.acureomics.com 

 
1, Department of Pharmaceutical Chemistry, Uppsala University, Sweden, 2, AcurePharma, Uppsala, Sweden, 

3, Department of Surgical Sciences, Division of Anesthesiology and Intensive Care Medicine, University 

Hospital, Uppsala University, Sweden, 4, Plant Science Centre, Swedish University of Agricultural Science, 

Umeå, Sweden. 5, Umeå Research group for Chemometrics, Institute of Chemistry, Umeå University, Sweden. 

6,Department of Environmental Toxicology, Uppsala University, Sweden.7. Acureomics AB Umeå 
 

Metabolomics has grown into an established tool in research as; 

A.  Diagnosis, i.e. classification 
B.   Identification of  biomarkers in relation to e.g. diseases. 

C.   Dynamic studies i.e. to identify effects from e.g. medical treatment, changes in food intake, 

environmental or genetically changes to a living species such as human, animal, or plants. 
 

In this presentation the use of metabonomics as a tool in drug discovery and theranostics will be 

highlighted. In the first part the differences in biochemical profile between healthy volunteers and 
persons with the diagnosis rheumatoid arthritis (RA) are discussed and identification of novel 

biochemical pathways for understanding the underlying factors of the disease is discussed. 

In the next part a comparison to different animal models is made, in order to identify the most relevant 

for describing the disease in humans to be used for evaluation of novel treatments, can be drugs 
nutrition…. 

In the last part an attempt to understand the origin of the endogenous metabolites we observe in the 

circulating blood will be discussed. 

 

 



 

THE IMPORTANCE OF HUMAN VOLATILOME 
 

Agapios Agapiou 

 

Department of Chemistry, University of Cyprus, P.O. Box 20537, Nicosia 1678, Cyprus 

*E-mail: agapiou.agapios@ucy.ac.cy 
 

 

A pattern of volatile organic compounds (VOCs) is daily produced and released by humans as a result 
of their daily normal activity. VOCs are emitted from various biological fluids and tissues; exhaled 

breath, skin emanations, urine, feces and saliva. This aerial chemical fingerprint is of particular 

importance for the researchers, as it can provide inside medical information for the status of the human 

body, non-invasively and in real-time. A blend of VOCs can reveal infections, cancer development, 
metabolic disorders, progression of therapeutic intervention, as well as individual‟s exposure to 

environmental pollutants, or toxins. The flagship of human volatilome is exhaled breath, a continues 

and dynamic source, producing hundreds of VOCs per hour. Various state-of-the-art analytical 
instruments are currently used to study human VOC biomarkers on-line or off-line (e.g. GC-MS, PTR-

MS, SIFT-MS, MCC-IMS, FAIMS and sensor based systems). Nevertheless, the big challenge is the 

detection of VOCs outside the lab, in the hospital or in the field, by developing personalized 
monitoring devices. In this context, the latest research on the use of VOCs for identifying alive [1] or 

deceased [2] individuals after man-made or physical disasters will be presented and discussed, as an 

alternative method to the use of canines. Without doubt, the particular research updates and enhances 

crucial aspects of humans‟ daily routine; that of safety and security fields (search, rescue and 
emergency applications). 

 

 
KEYWORDS: Volatile organic compounds (VOCs), odor, scent, search and rescue, medical 

applications. 
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FEATURE SELECTION METHODS FOR EARLY PREDICTIVE BIOMARKER DISCOVERY 
USING UNTARGETED METABOLOMIC DATA 

Dhouha Grissa
1
, Mélanie Pétéra

2
, Marion Brandolini

2
, Amedeo Napoli

3
, Blandine Comte

1
 and Estelle 

Pujos-Guillot
1,2

* 

1
INRA, UMR1019, UNH-MAPPING, 63000 Clermont-Ferrand, France 

2
INRA, UMR1019, Plateforme d‟Exploration du Métabolisme, 63000, Clermont-Ferrand, France 

3
LORIA, B.P. 239, 54506 Vandoeuvre-lès-Nancy, France 

*E-mail:  estelle.pujos@clermont.inra.fr 
 

Untargeted metabolomics is a powerful phenotyping tool for better understanding biological 

mechanisms involved in human pathology development and identifying early predictive biomarkers. 

This approach, based on powerful analytical platforms, such as mass spectrometry, chemometrics 

and bioinformatics, generates massive and complex data that need appropriate analyses to extract 

biologically meaningful information [1]. In this context, this work consists in designing a workflow 

describing the general feature selection process, using knowledge discovery and data mining 

methodologies to propose advanced solutions for predictive biomarker discovery. 

Data were collected from a mass spectrometry-based untargeted metabolomic approach performed 

on subjects from a case/control study within the GAZEL French population-based cohort. Different 

feature selection approaches were applied either on the original metabolomic dataset or on reduced 

subsets. The strategy was focused on evaluating a combination of numeric-symbolic approaches for 

feature selection with the objective of obtaining the best combination of metabolites, producing an 

effective and accurate predictive model. Relying first on numerical approaches, and especially on 

machine learning methods (SVM and RF-based methods) and on univariate statistical analyses 

(ANOVA), a comparative study was performed on the original metabolomic dataset and reduced 

subsets. As resampling method, LOOCV was applied to minimize the risk of overfitting. The best k-

features obtained with different scores of importance from the combination of these different 

approaches were compared and allowed determining the variable stabilities using Formal Concept 

Analysis.  

The results revealed the interest of RF-Gini combined with ANOVA for feature selection as these 

two complementary methods allowed selecting the 48 best candidates for prediction. Using linear 

logistic regression strategy on this reduced dataset enabled us to obtain the best performances in 

terms of prediction accuracy and number of false positive with a model including 5 top variables. 

Therefore, these results highlighted the interest of feature selection methods and the importance of 

working on reduced datasets for the identification of predictive biomarkers issued from untargeted 

metabolomics data. Even if they are still not usually applied, these data mining methods are essential 

tools to deal with massive datasets and contribute to elucidate complex phenomena associated with 

chronic disease development. With this help, the experts of the scientific field will go deeper in 

interpretation, attesting the success of the knowledge discovery process.  

Project funded by the INRA DID‟IT Metaprogramme. 

KEYWORDS: feature selection, untargeted metabolomics, biomarker discovery, prediction 
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MITOCHONDRIA AND BRAIN DISORDERS: A SYSTEMS BIOLOGY 

APPROACH 

Michaela D. Filiou* 

Department of Stress Neurobiology and Neurogenetics, Max Planck Institute of Psychiatry, Munich, 

Germany 
*mfiliou@psych.mpg.de 

Data-driven systemic approaches are pivotal to identify candidate biomarkers for disorders with no 

fully understood underlying molecular mechanisms. Here, we present a multi-omics platform based on 

quantitative proteomics, SRM-based metabolomics and in silico pathway analysis to identify affected 

molecular systems in mouse models of brain disorders.  

We discuss the application of this platform in two animal models of stress-related pathologies. 

Hypothesis-free analysis of brain tissue revealed implication of mitochondria in stress-related 

phenotypes. Selective mitochondrial targeting resulted in attenuation of stress-related symptoms and 

metabolomics analysis revealed brain and plasma signatures relevant to these stress-relieving effects.  

This work highlights the potential of combining hypothesis-free, high throughput metabolomic and 

proteomic technologies for biomarker discovery and identification of novel therapeutic targets. 

 

KEYWORDS: SRM metabolomics, quantitative proteomics, mitochondria, pharmacological targeting, 

biomarker discovery, neuropsychiatric disorders 
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PHARMACOMETABOLOMICS-GUIDED PHARMACOGENOMICS IN 

PRECISION MEDICINE 

Theodora Katsila and George P. Patrinos 
University of Patras, School of Health Sciences, Department of Pharmacy, University Campus, Rion, 

26504, Patras, Greece; Email: thkatsila@upatras.gr 

Inter-individual variability has been a major hurdle to optimize disease management. Precision 

medicine holds promise for improving health and healthcare via tailor-made therapeutic strategies. 

Herein, we outline the paradigm of pharmacometabolomics-guided pharmacogenomics. We envisage 

merging pharmacometabolomic and pharmacogenomic data (to address the interplay of genomic and 

environmental influences) with information technologies to facilitate data analysis as well as sense- 

and decision-making on the basis of synergy between artificial and human intelligence. Humans can 

detect patterns, which computer algorithms may fail to do so, whereas data-intensive and cognitively 

complex settings and processes limit human ability. We propose that better-informed, rapid and cost-

effective -omics studies need the implementation of holistic and multidisciplinary approaches.  

 

KEYWORDS: PHARMACOGENOMICS, PHARMACOMETABOLOMICS, PRECISION 

MEDICINE 
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METABOLOMICS AS PART OF AN INTEGRATED APPROACH FOR THE 

IDENTIFICATION OF PREDICTIVE MARKERS OF TYPE 2 DIABETES 

 

E Pujos-Guillot
a,b

, M Brandolini
a
, D Grissa

b
, Y Liu

b
, M Pétéra

a
, C Joly

a
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a
, S Czernichow
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Zins
c
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c,f
, B Comte

b*
 

aINRA, UMR1019, Plateforme d‟Exploration du Métabolisme, UNH, F-63000 Clermont-Ferrand, France; 

bINRA, UMR1019, UNH-Mapping, F-63000 Clermont-Ferrand; cUMS11 Cohortes en population, 

INSERM/UVSQ, Villejuif, France; dService de Nutrition, Hôpital A. Paré, APHP, Boulogne-Billancourt, 

France ; eUniversité Versailles Saint Quentin, Versailles, France, fUniversité Paris Descartes, France. 

*E-mail: blandine.comte@clermont.inra.fr 

The trajectory and underlying mechanisms of human health are determined by a complex interplay 
between intrinsic and extrinsic factors. Its evolution is a continuum of transitions, involving 

multifaceted processes at multiple levels and there is an urgent need for integrative biomarkers that 

can characterize and predict health status evolution. The objective of the present study was to 
identify accurate and robust multidimensional markers, predictive of type 2 diabetes (T2D). A case-

control approach was used within the French population-based cohort GAZEL (n~20,000) [1]. Male 

overweight subjects (n=112, 25≤BMI<30 kg/m², 52-64 y.o.), free of T2D at baseline, were selected. 
Cases were defined as having developed T2D at follow-up (5 years later) and were compared for 

several parameters (clinical, biochemical parameters, and food habits) with Controls matched for 

BMI, age, and sex. Baseline serum samples were analyzed using mass spectrometry-based 

untargeted metabolomics [2]. Data mining methods were used to select the best candidate for 
prediction. Models were built using linear logistic regressions on the resulting reduced dataset and 

their performances were determined by calculating the area under the receiver operating 

characteristics curve (AUC), along with their 95% confidence intervals (CI), as well as sensitivity 
and specificity values. Metabolomic data were integrated with the different parameters from the 

database in order to determine whether multidimensional models improve prediction. Associations 

between food habits, clinical parameters and serum metabolites were investigated using correlation 

networks. Clinical data showed significant differences between Cases and Controls regarding several 
parameters: body mass index (p=0.046), waist/hip ratio (p=0.005), blood pressures (p=0.005), 

fasting blood glucose level (p=5E-9), and consumption frequencies of vegetables (p=0.016) and 

sugar (p=0.0003). Thanks to its broad phenotyping power, the untargeted metabolomics approach 
allowed the identification of 5 predictive biomarkers. The resulting metabolite-only model showed 

better performances than the one built with clinical data: a lower misclassification rate (18% vs 

26%) and a higher AUC (0.82 vs 0.74; CI: [0.748-0.892] vs [0.659-0.823]). Integration of 
metabolomic data with the available clinical and biochemical parameters allowed optimizing the 

prediction performances (10.8% misclassification, AUC=0.89, CI: [0.833-0.950]). Correlation 

network analyses contributed to explore the links between metabolic, clinical parameters, and food 

habits. Therefore, metabolomic markers when combined with clinical characteristics appeared to 
offer the possibility of better prediction of disease development. These results show the interest of an 

integrated approach including untargeted metabolomics in the discovery of predictive biomarkers 5 

years before T2D occurrence. They should provide new tools to better stratify at-risk populations, as 
well as additional knowledge on T2D understanding. Project funded by the INRA DID‟IT 

Metaprogramme. 
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A novel fully automated platform called MetaboAuto has been developed for comprehensive 

metabolite profiling. A modular design constructed on the RCT autosampler corpus (CTC, Analytics, 

Zwingen, Switzerland) enables fully unattended processing of liquid samples by their in-situ treatment 

with an alkyl chloroformate and concurrent liquid liquid microextraction of the metabolites for GC-

MS as well as LC-MS analysis. The in-house written program called Robolab controls about 30 

operations involving sample aliquot transfers, addition of internal standards, reagents, vortexing, 

dilution, mixing, withdrawal of an organic layer, exchange and cleaning of syringes followed by 

injection of the final sample extract. The designed sample preparation workflow and instrumental 

analysis proceed simultaneously in less than 20 min, thus enabling unsupervised GC-MS or LC-MS 

analysis of at least 72 samples per day. The analytical platform performance has been evaluated on 

profiling of more than 200 metabolites by various MS instruments in biofluids and tissue extracts with 

the option chiral amino acid analysis. 

Financial support: the Czech Technology Agency, project No.TA04011751. 
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Background: Type 2 diabetes is one of the greatest threats to public health. The beneficial effects of 

the metformin drug towards mitigating disease manifestation and reducing hyperglycaemia have been 

connected to gut microbiota and inflammation onset. At the same time metformin has been suggested 

as an anti-cancer and anti-ageing drug. To our knowledge, this is the first study using comprehensive 

metabolic profiling in combination with gut microbiota metataxonomic information on metformin 

treatment. 

Materials and Methods: A total of 12 animals were treated with metformin for 5 weeks and 12 were 

used as controls. Treatment was preceded by a two-week acclimatization period and followed by a 

two-week recovery period. Plasma and faecal samples were collected every week. Two untargeted 

UPLC-TOF-MS methods were used for analysing the plasma samples: a reversed-phase lipid profiling 

method and a polar metabolic phenotyping method using hydrophilic interaction liquid 

chromatography. A semi-targeted UPLC-TOF-MS method was utilised for bile acid profiling. MiSeq 

sequencing on faecal DNA was employed for assessing gut microbiome alterations. Data were 

deconvoluted and analysed by time series statistical analysis. 

Results and Discussion: Alterations in the composition of the gut microbiome and conjugated 

secondary bile acids were observed from the first week of treatment. Small metabolites and lipids 

demonstrated significant alterations at a later stage (2nd–3rd week). Significantly altered bacterial 

species were highly correlated to sulfated and tauro-conjugated bile acids. Furthermore, 

phosphatidylcholines, monoglycerols and free fatty acids were significantly altered and correlated to 

the gut microbiome changes. In concordance with literature, pro- and anti-inflammatory lipid 

precursors were reduced in plasma. In general, levels of altered metabolites appeared to recur to 

control levels after the two week recovery period. This study may provide further insights in the 

molecular mechanisms (host and microbe-host) underlying metformin action, as well as plasma 

markers reflecting modifications in gut microbiota. 
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The object of embryometabolomics project is the investigation of the potential of metabolomic 

profiling as a diagnostic tool for the assessment of embryo viability before implantation in IVF and its 

growth during pregnancy. In-vitro fertilisation (IVF) represents a major sector of health industry, 

however success rates remain relatively low. The metabolic content of human embryo culture media 

could provide information related to embryo viability and biochemical markers that could aid to the 

selection of embryos with highest implantation potential. Pre-term birth represents an important health 

problem that can occur for a variety of reasons such as multiple pregnancies, infections and chronic 

conditions. Mapping different biological fluids, obtained from pregnant women, could allow useful 

correlations with the fate of the pregnancy. In Embryometabolomics project more than 2000 samples 

(IVF culture medium, maternal blood/urine, amniotic and coelomic fluid) were analysed using 

different instrumentation techniques in Holistic and targeted analysis modes. Data was treated with 

advanced bioinformatics tools in order to find underlying trends in biocemistry and reveal 

differentiating biomolecules. Multivariate statistical analysis principal component analysis (PCA), 

Partial least squares discriminant analysis (PLS-DA) and advanced visualisation tools were used for 

data scrutiny, visualisation and evaluation of findings. 

A hydrophilic interaction liquid chromatography (HILIC) MS/MS method was developed in our 

laboratory for profiling and quantitation of key end- point metabolites in complex matrices. The 

method provides quantitative data for circa 100 metabolites on MRM mode. The list of analytes 

included carbohydrates, amino -acids, organic acids and amines. The method was validated in terms 

of accuracy, precision, repeatability linearity and detection sensitivity. Holistic approach was 

conducted by the use of UPLC-HRMS-TOF-MS in both RP and HILIC modes for complementary 

assessment of the metabolic content of biological fluids in untargeted analysis mode. Spent IVF 

culture media were additionally analysed by applying an untargeted method, specifically developed 

for that particular matrix, using GC-MS.  

Results from both targeted and untargeted analysis reveal trends relating to the metabolic content of 

the analysed samples with the study hypothesis. Embryo‟s developmental potential is reflected in the 

metabolic content of IVF spent culture media. Clear differences were observed in the metabolic 

content of bio-fluids from women with full versus those with pre-term delivery. Both amniotic fluid 

and serum proved promising for the identification of biomarkers related to the fate of the pregnancy 

and embryo growth.  
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Holistic analysis provides new perspectives in metabolic studies and in their application in exercise sciences [1]. 

The fact that physical exercise modifies both human and animal metabolome has been in the focus of recent 

research. Urine, plasma, skeletal muscle, liver and other tissues have been analyzed to reveal metabolic changes 

between exercise and sedentary condition. Recently fecal metabolomics is attracting interest in clinical 

biochemistry for the investigation of the effect of gut microbiota symbiosis with host. It has also been reported 

that gut microbiota is altered in exercised rats [2]. For examples exercise in combination with diet intervention 

reduces secondary bile acids in rat feces and the risk of colorectal cancer [3]. Moreover, the ageing process 

constitutes another important modifier of the metabolome. Low-intensity swimming presents some benefits in 

contrast to age-related changes in the metabolome of rat model [4].  

The present metabolomics study aimed in the investigation of the alterations of metabolic profiling derived from 

life-long low-intensity swimming of rats. Longitudinal sampling helped to reveal age-related metabolic changes 

in both exercise and control groups. Sixty female Wistar rats were divided into 4 groups; life-long training, no-

exercise, training until the age of 15th month and training from the 15th until the 21st month of age. The training 

protocol consisted of swimming, 18-20 min per day, 3-5 days per week, with load of 0-4% of their weight 

attached to their tail, depending on their age.  

To investigate the connection of metabolic pathways of exercise and ageing, targeted HILIC-MS/MS 

metabolomics-based analysis was performed. Peak tables and quantitative data were analyzed in multivariate 

statistical analysis. Exercise intervention separated rat metabolic profiles (exercised versus controls) of the tested 

biosamples (urine, whole blood, fecal samples and gut tissues). Rat feces differed not only due to exercise, but 

also due to ageing along the 3 sampling time points, showing a clear effect of age on rats‟ fecal metabolome. The 

way exercise, ageing and their combination reflect on the metabolome is challenging to clarify. The associated 

biochemical mechanisms offer promising target for intervention. 

Key words: Metabolomics, LC-MS, rats, fecal samples, exercise, ageing 
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Despite advances in neonatal care over the last decades, neonatal sepsis remains a very serious 

threat for the health and life of neonates. The main difficulty in diagnosing microbial late-onset (LOS) 

sepsis is the fact that its symptoms are similar to several non-infectious conditions. Most of the 

known biomarkers evaluated in LOS lack high diagnostic accuracy hindering early and prompt 

initiation of treatment. Although antibiotics remain the cornerstone of sepsis treatment, their 

rational use is also very significant, given the adverse effects and antimicrobial resistance. Thus, early 

and accurate diagnosis of neonatal sepsis is crucial for its management. The aim of our project was to 

determine significant changes of the metabolites in septic neonates as compared to non-septic ones 

(controls) hospitalized in the NICU setting using liquid chromatography-tandem mass spectrometry 

(LC-MS/MS). Development of such profile could possibly enable fast analysis with robust and reliable 

results assisting thus clinicians in decision making. 

Urine samples were collected at the time of initial diagnosis of LOS from 18 neonates with LOS and 

18 neonates controls. All metabolites were analysed by UHPLC-MS/MS involving extraction of 50 μL 

urine with acetonitrile (deproteinization). Chromatographic separation was performed on a Acquity 

BEH Amide column (150×2.1mm i.d., 1.7 μm) with a flow rate of 0.5 mL/min. Mass spectrometry 

parameters were optimized for each of the 108 pre-selected analytes (the set included aminocadis, 

organic acids, sugars, nucleosides, amines and other molecules). Data were processed with 

multivariate (SIMCA 13) and univariate statistics (ANOVA). 

PLS-DA showed clear separation between septic and control neonates. Statistical models were 

controlled for validity with permutation and other tests. Visualisation plots (S-plots, VIP, box plots) 

and ANOVA tests verified noteworthy variations in the levels of 24 metabolites. 

Results of the metabolomics analysis showed that neonates with LOS show different metabolic 

profiles from those without sepsis allowing their discrimination with the use of LC-MS/MS-based 

urine metabolomic analysis. Monitoring and quantitation of specific metabolites could help clinicians 

in applying the optimal treatment in septic neonates. 

Keywords: sepsis, metabonimics, neonatal 
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The complexity of the metabolism of a biological system necessitates the employment of multi-level 

approaches and integration of the obtained information for a comprehensive understanding of its 
regulation and responses to biotic or abiotic stimuli. Such integration requires solid expertise in state-

of-the-art statistical methods and/or bioinformatics software. According to the “guilty-by-association” 

principle, sets of transcripts, proteins, and metabolites, is expected to be under the control of a shared 

regulatory mechanism. In other words, the discovery of functional links between transcripts, proteins, 
and metabolites whose levels follow a similar stimulus-specific pattern is foreseen. Based on the 

central dogma of molecular biology, genomics, transcriptomics, and proteomics provide information 

on what is expected to happen in a biological system, whereas metabolomics represents the level that 
best describes what is actually happening being closest to the phenome. Therefore, metabolomics 

should be a key element in multi-level “omics”-based research. Here, an example on the integration of 

metabolomics with transcriptomics data sets, which represent the upper and lower ends of “omics” 
hierarchy, respectively, of a plant-pathogen pathosystem applying orthogonal 2 projection to latent 

structures (O2PLS), is presented. O2PLS is bidirectional (i.e., X↔Y) enabling high-level data fusion 

and the discovery of trends between “omics” data sets (1-3). The main objective of such approach is 

the detection of the joint (or predictive) variation between metabolomics and transcriptomics data sets. 
This approach reveals structures of metabolite and RNAseq data sets that are possibly under the 

control of a shared regulatory mechanism. Details on data pre-processing and analyses are presented. 

Applying a reverse genetics approach, the discovery of the joint systematic variation and the 
assignment of transcript-to-metabolite links employing powerful bioinformatics tools for the 

visualization and processing of complex networks, facilitates the in depth understanding and global 

overview of metabolism and the regulatory networks in the plant-pathogen pathosystem being studied. 
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The excellent analytical capabilities of NMR spectroscopy have transformed it to indespensable 

tool in food analysis during the last few decades. [1] Apart from the qualitative and quantitative 

chemical characterization of food ingredients, which is important from a nutritional and quality 

control point of view, NMR spectroscopy has found increased use by providing spectroscopic 

input data for multivariate statistical analysis techniques that can be employed to study a broad 

range of food analysis problems, including authenticity, protected denomination of origin, 

adulteration, sensory evaluation, etc. [2] 

In this contribution we will present some applications of NMR metabolomics currently in progress 

in our laboratory, including the metabolic profiling, authentication, quality control and sensory 

evaluation of several foods of special importance for the local Cretan island economy (wine, 

graviera cheese, olive leaves, tsikoudia and juices). 

 

 

Figure: OPLS modeling of red wine aging by NMR metabolomics 

KEYWORDS: NMR spectroscopy, food analysis, multivariate statistical analysis models 
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What does happen in wine in the presence of oxygen? What is the fate of exogenous antioxidants such 

as SO2? A consortium between a winery, a wine stopper producer and a MS metabolomics laboratory, 

was built to answer the above questions towards an ambitious project. The experimental design 

included 216 bottles of 12 different white wines produced from 6 different cultivars (Inzolia, Muller 

Thurgau, Chardonnay, Grillo, Traminer and Pinot gris). Half of them were bottled using the standard 

industrial process with inert headspace and the other half without inert gas and with extra headspace. 

After 60 days of storage at room temperature, the wines were analysed using an untargeted LC–MS 

method [1].  

The use of a detailed holistic analysis workflow, with several levels of quality control and marker 

selection, gave 35 metabolites putatively induced by the different amounts of oxygen.  These 

metabolite markers included ascorbic acid, tartaric acid and various sulfonated compounds observed in 

wine for the first time (e.g. S-sulfonated cysteine, S-sulfonated glutathione and S-sulfonated 

pantetheine, sulfonated indole-3-lactic acid hexoside and sulfonated tryptophol). The consumption of 

SO2 mediated by these sulfonation reactions was promoted by the presence of higher levels of oxygen 

on bottling [1].   

The reaction between SO2 and other antioxidants present in wine, like glutathione, results in depleting 

each other concentration [1]. So instead to have a synergic or additive protection due to the presence 

of multiple antioxidants, the wine is less protected from oxidations because of the antagonism between 

the antioxidants. This phenomenon, unknown until today, was pushing often winemakers to increase 

the added dose of SO2 without knowing why, and as result to increase sulfites concentration in wine. 
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In the post-genomic era metabolomics have emerged as a powerful bioanalytical tool for the study of 

the metabolism of biological systems and its fluctuation in response to biotic and abiotic stimuli. 

Being closer to the phenome compared to other “omics”, metabolomics can provide valuable 
information that could be further exploited towards the unravelling of the missing functional links 

between the various levels of metabolism, and ultimately, could lead to the understanding of global 

metabolism regulation. Since its relatively recent emergence, metabolomics has been applied in 
various scientific disciplines such as, microbiology, food science, crop protection, and plant 

biotechnology
1,2

. During the last ten years we have been developing cutting-edge metabolomics 

protocols for applications in environmental sciences and crop protection, by using and integrating data 

derived by analytical platforms such as, GC/EI/MS/MS, Orbitrap-MS/MS, and NMR. The biological 
interpretation of the vast amount of the obtained information from such analyses, necessitates the 

utilization of bioinformatics software for data mining, and metabolite network construction and 

visualization (e.g., Cytoscape, SIMCA, MATLAB, BIOCYC). Focusing on fungi, we have developed 
advanced metabolomics protocols for, among others, the study of fungal metabolism and physiology

3
, 

fungal chemotaxonomy
4
, and plant-fungal

5,6,7
 and fungal-fungal interactions

8
. The discovery of the 

functional links between genomes and phenomes of mycotoxin producing plant-pathogenic fungi 
applying metabolomics, represents a largely unexplored field of high importance towards improved 

crop protection and consumers‟ health. Currently, we are developing metabolomics protocols for the 

study of the effects of multidrug resistance of Aspergillus species to fungicides on their global 

metabolism regulation and mycotoxin-biosynthetic capacity. Also, metabolomics is being developed 
for the study of the effects of point mutations on Aspergillus metabolism and the discovery of the links 

between genomes and phenomes. For this purpose, experiments are being conducted using Aspergillus 

nidulans as the model organism. Resistant strains, obtained by applying molecular biology 
approaches, such as, knockout and Minos-transposon mutagenesis

9,10,11
, will have their metabolomes 

compared to those of sensitive parental strains, employing metabolomics. The developed protocols 

will be further adapted in the study of mycotoxin-producing Aspergillus species such as A. flavus. 

Results of these studies will provide insights into the effects of fungal resistance to pesticides on their 
metabolic function and is highly foreseen that will reveal links between gene function and metabolism 

regulation. 
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A novel, completely automated analytical method has been developed for GC-MS based 

metabolomics. The liquid-liquid microextraction (LLME) and alkylchloroformate (RCF) 

derivatization based sample preparation protocol proceeds unattended on a modified platform (CTC 

Analytics, Zwingen, Switzerland) which was programmed by an in-house software in 30 consecutive 

steps involving a sample transfer, addition of internal standards, addition of buffers, reaction and 

organic media, vortexing after each step, an exchange and cleaning of syringes dedicated separately 

for sample preparation and GC injection, withdrawal of an organic layer and a final aliquot injection 

into a gas chromatograph. The derivatized metabolites (esters, N-carbamates and (S,O)-carbonates) are 

efficiently separated and ionized by EI or isobutane PICI or APCI mass spectrometry and 

automatically processed by in-house SW platform called Metabolite Mapper which enables automatic 

metabolite identification against an in-house MS spectral database and quantitative determination of 

targeted metabolites.  

The developed analytical platform was successfully applied to the GC-MS analysis of protic 

metabolites in human plasma [1-3] and urine [4].  Novel heptafluorobutyl chloroformate (HFBCF) and 

trifluoroethyl chloroformate (TFECF) based sample preparation protocols have  enabled GC-MS 

analysis of protic plasma metabolites involved in one carbon metabolism [1],  35 amino acid 

enantiomers in plasma [2], 16 plasma steroids, sterols and tocopherols [3] and 132 amino-carboxylic 

metabolites in urine [4].  

Financial support: the Czech Technology Agency, project No.TA04011751. 
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Endogenous metabolites such as intermediates and end products of biological processes in humans are 

most predictable for the phenotype of an organism
1
. However, endogenous alteration of metabolic 

pathways evoked by smoking are investigated to a much lesser extent. Research on smoking-related 

changes at the molecular level could contribute to the understanding of the underlying physiological 

mechanisms and might, therefore, lead to the identification of potential biomarkers of effect.  Saliva 

contains an interesting number of biochemical components that may be useful for 

diagnosis/monitoring of metabolic disorders, and as markers of cancer or heart disease
2
. In the present 

study, we demonstrated that saliva, as a noninvasively accessible body fluid, is a suitable biological 

matrix for the determination of adenine, uridine and adenosine in significantly different levels between 

smokers and nonsmokers obtained from a strictly diet controlled smoking study. Saliva collected from 

all the participants was re-aliquoted as 500 μL aliquots into microcentrifuge tubes. Prior to LC 

analysis, each saliva sample was vortexed for 30 s followed by ultra-sonication for 1 min to 

breakdown mucous substances in saliva and to improve homogeneity. Protein precipitation was 

achieved by the addition of 0.5 mL acetonitrile. The mixture was vortexed for 30 s followed by ultra-

sonication for 1 min and then subjected to centrifugation at 10,000 g for 10 min at ambient 

temperature. Precipitated proteins from the sample were removed as a pellet at the bottom of the 

microcentrifuge tube. The supernatant was transferred to a fresh microcentrifuge tube and evaporated 

to dryness prior to being reconstituted in 500 μL water.  
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The measurement of metabolite levels and their variation in biofluids may offer many insights into 

disease processes, drug toxicity as well as response to therapeutic intervention, while at the same time 

providing information regarding the effects of growth and aging, diurnal variation, nutrition and 

exercise on metabolism
1
. Urine poses several analytical challenges for metabolic profiling, due to 

large variations in ionic strength, pH etc especially under conditions of stress. Moreover, urine 

possesses a wide dynamic range of metabolite concentrations, as well as being subject to variable and 

unpredictable dilution. 

In the present study, an analytical method was developed to efficiently analyze urine samples by liquid 

chromatography – mass spectrometry (LC/MS) for the determination of adenosine, alanine, proline, 

valine and arginine. The protocol was applied in patients with beta Thalassemia Disease as well as 

healthy individuals served as controls. Urine samples were collected, aliquoted on the day of sampling 

and stored at −80 
◦
C until use. Prior to LC/MS analyses, urine samples were diluted 1:10 with 

acetonitrile (ACN), and centrifuged at 13,000 × g. Precipitated proteins from the sample were 

removed from the bottom of the microcentrifuge tube and the supernatant was transferred to a fresh 

microcentrifuge tube.  
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Coumarins are one of the most important secondary metabolites of plants and are known as naturally 

occurring benzo-α-pyrone derivatives from metabolism of phenylalanine.
1a 

Furthermore, the 

importance of hydrazone derivatives is well known because of their biological properties.
1b

 On the 
other hand, small molecules containing boron have been found to have significant biological 

properties and recently naturally-occurring boron metabolites have been identified.
1c

 On this basis we 

designed the synthesis of 4 and 5 and produced them following our protocol.
1d

  Derivatives 4 and 5 

combine the cumarin, hydrazone and boron features and were analysed via LCMS.   
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It was demonstrated that infectious individuals are more attractive to the mosquitos and it is called as 

the vector-bias effect. The aims of this paper are turning out how the vector-bias effect affects i) the 

changes of dynamics in malaria transmission and ii) the changes of optimal control strategy and its 

execution costs in the different transmission rates (different areas). The researches of the vector-bias 

effect, which includes i) and ii)  is well-estabilished by Chamchod, Britton and Bruno. But their works 

are the results in some typical region. In this paper, we paid attention to show differences in between 

two area: one is high transmission area and the other is low transmission area (as classified by R0). 

Our work asserts that the dynamics in the two area is different as bias increases and this is because the 

size of R0 and cost-effectiveness is more and more decreasing when bias is getting high in any region. 

So our work suggests that considering the vector-bias effect in suitable area helps forecasing the future 

dynamics and making a well-made policy decision.  

KEYWORDS: malaria transmission dynamics; the vector-bias effect; endemic-size; low transmission; 

high transmission; optimal control; cost-effectivity  
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Over the past few years, several studies have been made on cancer viral therapy. Recent investigators 

suggest that cancer can be treated by viral therapy. But, since there are many species of virus, it is 

important to select virus for cancer viral therapy. So our main problems are " Which virus should we 

take for more effective treatment?" and “How to avoid failure of viraltherapy?”.  Towards  solving this 

problem, we construct deterministic and stochastic model of tumor-viral dynamics. For find conditions 

of viraltherapy failure, local asymptotic stability and global asymptotic stability of viraltherapy failure 

equilibrium are studied. By using basic reproductive ratio, we investigate its sensitivity to the 

parameter values about characteristics of viruses. We derive a system of stochastic differential 

equations that based on the deterministic model and explore probability of uninfected tumor and 

infected tumor extinction depends on changing parameter values. The results of this study suggest that 

we need virus which have high infection rate and optimal cytotoxicity for effective treatment. 
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Smoking has a large problem all over the world. Despite overwhelming facts about the risks, smoking 

is still a bad habit widely spread and is the legalization of drug that kills many of users. Nowadays, 

smoking has become a matter of common interest of fashionable interpersonally and people fall into 

temptation of smoking due to peer influence. 

Thus, electronic-cigarettes (e-cigarettes) can deliver nicotine and mitigate tobacco withdrawal and are 

used by many smokers to assist quit attempts. We investigated whether there is an effect on smoking 

e-cigarettes. In this point of view, we proposed and analyzed a nonlinear mathematical model to study 

the effect of e-cigarettes on smoking cessation. The equilibrium point of the model obtained and the 

stability discussed. The analysis shows that on changing parameters of the system. Numerical 

simulation also supports the analytically obtained results. 
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Aim: The aim of the present study was to examine the link between maternal habitual dietary 

protein intake and second trimester amniotic fluid (AF) metabolomic profile. 

Methodology: Sixty-five singleton pregnant women, undergoing amniocentesis for prenatal 

diagnosis between 18 and 24 gestation weeks, participated in the study. Dietary assessment 

was carried out using a semi-quantitative food frequency questionnaire. Hierarchical cluster 

analysis (HCA) was used to identify homogenous groups of participants on the basis of 

habitual protein intake (percentage of energy intake). Cluster construction was based on 

Ward‟s minimum variance criterion, while the squared Euclidian distance was used as a 

dissimilarity measure between the participants. The statistical significance of the cluster 

solution was evaluated with the upper-tailed rule. A holistic metabolomics approach was 

employed using a 600MHz Varian NMR spectrometer with CPMG pulse sequence to 

suppress protein signals of the untreated samples. All NMR spectra were phase and baseline 

corrected, reduced into spectral buckets of 0.0001 ppm and aligned using the MestReNova 

software. Multivariate data analyses were performed with SIMCA-P 14.0 software. Principal 

Component Analysis (PCA) and Orthogonal Partial Least Squares Discriminant Analysis 

(OPLS-DA) models were extracted on the dietary clusters, in order to explore the differences 

between them. S-line plots and contribution plots were used to delineate the most important 

metabolites for sample classification. All models have been validated with the use of external 

data sets, permutation testing and ROC curves.  

Results: A 2-group interpretable and statistically significant clustering of participants was 

identified and characterized on the basis of protein intake (% of energy intake) from different 

food groups. A total of 29 women were in cluster 1 (C1) and 36 in cluster 2 (C2). C1 was 

characterized by a significantly higher energy contribution from sweets and confectionery 

mailto:pzoump@eie.gr
mailto:amichail@agro.auth.gr


proteins, while C2 had a higher energy contribution from meat/meat products, whole milk, 

and yellow cheeses proteins. The implementation of Chemometrics on the AF NMR spectral 

data allowed the identification of metabolites associated with different protein intake. 

Specifically, the holistic NMR metabolomics approach indicated that AF specimens of 

women in C2 were characterized by increased creatine, histidine, and branched-chain amino 

acids concentrations.  

Conclusion: The data presented in this study suggest that maternal habitual dietary protein 

intake is reflected in the AF metabolomic profile.  

KEYWORDS: amniotic fluid, habitual dietary protein intake, metabolomics 
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Metabolic profiling in cells can provide information on cell‟s functions, phenotype and response to 

interventions thus is a promising tool for studying the mechanisms involved under treatment. By this 

approach changes in the context of the global network of metabolic pathways in a cell can be 

identified. In this study the inhibitory effect of shikonin on human hepatocellular cell line (Huh-7) was 

studied by LC-MS/MS profiling method. The aim was to identify primary metabolites affected in the 

intracellular and cell culture medium and shed light in its mechanism of action. Shikonin, alkannin and 

their esters deriving mainly from the roots of the Boraginaceae plant family such as Alkanna tinctoria, 

Lithospermum erythrorhizon etc, have been shown to exhibit among others significant cytotoxic 

effect
1-3

 and multiple mechanisms of action involved have been proposed
1-4

.  

Shikonin exhibited an antiproliferative effect in a dose and time dependant manner with an IC50 of 5 

μM. Shikonin-treated cell cultures exhibited gradual accumulation of non-viable cells that started 24 h 

after treatment and reached the maximum value of over 50% at 96 h. A snapshot of the metabolic 

phenotype of the cells upon treatment (48 h) with IC50 was acquired by a LC-MS/MS targeted 

metabolic profiling method capable to determinate 105 primary metabolites
5
. Extracellular and 

intracellular material was extracted from Huh-7 cell cultures were analysed by LC-MS/MS. An 

ACQUITY HILIC, BEH amide column (2.1 × 150 mm, 1.7 μm) was used at 40 
o
C, with gradient 

elution of solvent A (95-5% acetonitrile/water) over solvent B (30-70% acetonitrile/water, 0.01% 

ammonium formate). Flow rate was 0.5 mL/min and injection volume was 5 μL. Electrospray 

ionization in both positive and negative mode (polarity switching mode) was applied. 

Our results show that the inhibitory effect of shikonin reflects perturbations both in the cell 

metabolome and in the extracellular medium. Differences of uptake of substrates or excretion of 

metabolites is been detected in the cell medium e.g. for aminoacids (arginine and proline), while more 

significant effects are revealed in the intracellular metabolites in response to shikonin intervention.  

The study demonstrates the potential of metabolomics to improve the knowledge on the response of 

hepatocarcinoma cell line to shikonin exposure and could be further used as a roadmap for shikonin, 

alkannin and other cytotoxic compounds on several cancer cells and in vivo experiments. 

Acknowledgements: We acknowledge A. Kyriazou for technical assistance on cell culturing.  
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Investigating the association between environmental and lifestyle factors and non-communicable 

diseases, such as type II diabetes mellitus (T2D), is gradually shifting away from studying a single 

disease risk factor to exploring the exposome, i.e., the totality of all human exposures during the whole 
lifetime, both exposures external to the person, and internally as assessed by biomarkers1. Large 

prospective cohorts with biobanks present the unique opportunity to implement metabolomics 

methodologies on epidemiologic study designs aiming to assess risk factors of T2D2.  

We conducted a systematic literature review to evaluate the use of metabolomics within the context of 
population health studies of T2D. The search was conducted using Web of Science, PubMed, and 

Google Scholar up to March 2016. General population health studies of T2D that incorporated either 

targeted or untargeted metabolomics protocols were selected. Animal, in vitro or studies not referring 
to the general population (such as case studies or convenience samples) were excluded; conference 

proceedings, books or book chapters, editorials or commentaries, as well as studies not written in 

English were also excluded.  

In total, about 1300 unique titles and abstracts of the retrieved records were screened. A total of 131 
full-text records (including reviews) were retrieved and assessed for relevance. General population 

studies that applied metabolomics protocols and linked metabolic profiles to the assessment of T2D as 

the outcome of interest were summarized.  
Study designs that allow for the prospective monitoring and follow up of healthy individuals during 

critical life stages have not yet been widely implemented. The coupling of external environmental and 

lifestyle exposures with internal exposure metrics and endogenous metabolites would allow for the 
testing of novel hypotheses of T2D disease process within the framework of the exposome concept.  

 

KEYWORDS: metabolomics, type 2 diabetes, epidemiology, prospective studies  

 
REFERENCES:  

1. Wild, C. P. Complementing the genome with an „exposome‟: the outstanding challenge of 
environmental exposure measurement in molecular epidemiology. Cancer Epidemiol. Biomarkers 

Prev. 14, 1847–50 (2005).  

2. Drogan, D. et al. Untargeted Metabolic Profiling Identifies Altered Serum Metabolites of Type 2 

Diabetes Mellitus in a Prospective, Nested Case Control Study. Clin. Chem. 61, 487–497 (2015). 



DETERMINATION OF TUNGSTEN IN PLANT AND SOIL SAMPLES BY 

INDUCTIVELY COUPLED PLASMA-MASS SPECTROMETRY 

Ümran Seven Erdemir
A
, Hülya Arslan

B
, Gürcan Güleryuz

B
, Seref Güçer

A 

A 
Uludag University, Faculty of Arts and Sciences, Department of Chemistry, 16059, Bursa, Turkey 

B 
Uludag University, Faculty of Arts and Sciences, Department of Biology, 16059, Bursa, Turkey 

E-mail: useven@uludag.edu.tr 

Tungsten (W) present at low concentrations in soils and sediments, naturally.
(1)

  However, many 

anthropogenic activities related to W such as mining, production processes or fertilizers in agricultural 

fields may significantly increase tungsten concentration at substantial levels in environmental systems 

that may lead W accessibility from ecosystem to humans.
(1-4)

 So, recent studies indicate that the 

historical view of tungsten as an “environmentally inert” metal must be reevaluated and environmental 

regulations of tungsten are needed.
(5)

 

The aim of this work was to propose an analytical approach for leaching the W from plants and soils 

taken from surroundings of abandoned wolfram mining area in Uludag-Bursa. Samples were digested 

in Kjeldahl system using acide mixtures. W contents in soil and plant materials were determined by 

inductively coupled plasma mass spectrometry (ICP-MS) and accuracy was evaluated using recovery 

studies.  
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Industrial activities are the main sources of environmental pollution globally due to the 

production of increased levels of metals. Plant species which are capable to accumulate 

metals are taking increased attention for remediation of soils (1). Plants with exceptional 

metal-accumulating capacity are known as hyperaccumulators. The aim of this study is to 

evaluate the elemental (B, Cd, Co, Cr, Cu, Fe, Mn, Mo, Pb, W, Zn) composition of Erysimum 

pulchellum spread around the abandoned tungsten mining area of Uludağ Mountain. The 

plants and their soil samples were analyzed and holistically interpreted by inductively coupled 

plasma mass spectrometry (ICP-MS) after an acid digestion process. ICP-MS is capable to 

analyze many elements simultaneously which may show to whole picture of plant systems 

and their environment. Transport mechanisms can be used for further assessment of 

phytochelatin ligands and enzyme activities (2). 
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The use of retention data is of great help for metabolites identification in Metabolomics. In this 

context, quantitative structure-retention relationship (QSRR) models, based on metabolite molecular 

descriptors (MDs), are used more frequently lately. In the present study, a 7-parameter alternative 

QSRR model was developed based on a dataset composed of 94 metabolite standards. This model is 

differentiated from a common QSRR model by adding an extra variable which is the metabolite 

retention time measured under the same gradient conditions, but in a different chromatographic 

column. Multiple linear regression (MLR) was applied to construct the linear QSRR models based on 

statistical significant molecular descriptors among a variety of 309 theoretical molecular descriptors. 

The derived regression equations include six descriptors and are formally given bellow 

tR(Α)=a1MD1 + a2MD2 + … + anMDn + btR(Β)    

where tR(A), tR(B) are the metabolites retention times measured under the same gradient conditions in 

two different hydrophilic interaction chromatographic columns, MD1,…,MDn are the statistically 

significant molecular descriptors and a1, a2, .., an, b are the adjustable parameters. The predictive 

capability of the developed QSRR models, which relate structural parameters of investigated 

compounds with their retention data obtained by two different chromatographic columns, is 

impressively improved in comparison to a classic QSRR model. Moreover, in case the dataset 

consisting of 94 metabolites was classified into five groups of chemically related compounds and 

QSRR models were separately developed for each chemically similar metabolite class, the predictive 

ability of the derived models would be further improved.  

 

KEYWORDS: HILIC retention data, retention data prediction, quantitative structure-retention 

relationships, metabolite identification 
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The incidence of neoplastic diseases is increasing every year and since cancer cells are known to 
possess a highly unique metabolic phenotype, development of specific biomarkers is possible. To date, 

a metabolic snapshot (single sample) approach is generally used to study correlations between 

pathologies and the metabolome [1]. Advances in biochemical data obtained from NMR spectra allow 
us to observe the metabolome in a very accurate manner and thus estimate the complex index of the 

health state of a human organism.  

The aim is to gain insights into the molecular pathogenesis regarding a set of different types of 

Leukaemia by analysing plasma and serum samples from healthy individuals and patients. Detecting 

the response of the metabolic profile to malignant transformation during cancer growth, therapy 

treatment and transplantation along with identification of the metabolites that are uniquely correlated 
with a specific time point of the pathological state, may contribute to the diagnosis and follow up of 

transplanted patients. Analysis of the NMR spectra of blood samples (serum and plasma) provide a 

clear picture for the similarities and differences in metabolites present in each sample (data suggest 
that serum and plasma of the same individual maintain similar biomarkers‟ fingerprint) and a 

correlation between the metabolic fingerprints observed is attempted in order to correlate different 

biomarkers with blood disease type. 

The present study illustrates the comparison of human serum/plasma samples by 
1
H NMR 

spectroscopy across two different laboratories and within those, utilizing instruments with RT probe 

and cryoprobe along with different magnetic fields 600 MHz and 700 MHz, respectively. Data 
obtained in these two magnetic fields were amenable to comparative analysis through a multivariate 

statistics approach suggesting a better discrimination among the classes of samples in 700 MHz NMR 

instrument.  
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Comprehensive two-dimensional gas chromatography has emerged as a powerful analytical technique 

and it is an excellent tool for unravelling the composition of complex matrices. 

This work will present some applications of this technique in the oenological field. The first of these 

involved comprehensive mapping of volatile compounds in a large sample of 70 sparkling wines, 

produced by 48 different wineries and from 6 vintages and representative of the two main production 

areas for premium Italian sparkling wines (Franciacorta (FC) and Trentodoc (TN)), using HS-SPME 

followed by GCxGC-Tof-MS and multivariate analysis [1]. The results of PCA performed on the 

biomarkers showing that the two groups of wines are well separated. 

A temporal and spatial investigation of Shiraz wines fermented in controlled triplicates from grapes 

collected from climatically diverse (warm/hot versus cold/temperate) regions of Australia (New South 

Wales) was made using HS-SPME followed by GCxGC-TOF-MS (LECO Pegasus 4). Wine volatile 

profiles from warm/hot and cool/temperate climate could be distinguished according to the first two 

principal components. Wines from cool/temperate climate were characterised by higher levels of 

several terpenes such as alpha terpineol, linalool oxide, trans-hotrienol, citronellol acetate, 1-p-

menthen-9-al, cis-rose oxide) and sesquiterpenes, whereas trend for norisoprenoids was less 

consistent. Higher TDN levels in wines from warm/hot climate were observed, confirming current 

literature.  

The last application was the use of this technique in association with multivariate analysis to 

investigate the volatile composition of different wines according to their original grape cultivars and 

also to find potential markers of these grape cultivars. These results may help the wine industry to 

develop more effective quality control methods, in order to produce added value wines. Analysis of 

four types of wines carried out on 18 samples of Müller Thurgau, 48 samples of Pinot Gris, 36 

samples of Chardonnay and 18 samples of Gewürztraminer allowed very good separation of the 4 

varieties. 
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Continuous and interval aerobic training are the most commonly used training regimes for the 
development of cardiorespiratory fitness in clinical and sport settings. Both methods are also 

applicable to the management of chronic diseases and metabolic disorders. Intensity, duration 

and work to rest transitions may affect metabolic pathways for energy production. 

The idea of applying metabolomics in the field of physical exercise in humans came up of the 
necessity to characterize the metabolomic profile of the two training methods to obtain a 

comprehensive view of overall metabolic stress and of the individual metabolic pathways 

involved in each type of training. 
Blood plasma was retrieved from healthy men (aged 20.5±2.0 years) that trained in soccer 

four times per week. Each athlete performed on separate days (within two weeks) in random 

order three aerobic exercise protocols: heavy continuous, long interval (3-min bouts) and 
short interval (30-sec bouts). The three protocols were matched for overall effort. The 

analysis of all samples was accomplished utilizing a 600MHz Varian NMR spectrometer by 

applying CPMG pulse. PCA and OPLS-DA models were utilized to detect separations 

between pre- and post-exercise samples, as well as to compare the three different exercise 
protocols. 

All aerobic exercise protocols revealed clear separations of the metabolic profiles before and 

after exercise. When comparing the exercise protocols in pairs, no statistically robust 
separation could be achieved. These findings indicate that aerobic exercise protocols matched 

for overall effort produce comparable overall metabolic stress and may engage similar 

metabolic pathways for energy production. 
 

KEYWORDS: NMR, metabolomics, physical exercise, blood plasma, training, aerobic, 
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High resolution liquid chromatography separation followed by mass spectrometry (MS
n
) detection is 

extensively used for the determination of different compounds, such as drugs, endogenous 

metabolites, pesticides etc. The determination of chromatographic retention times (RTs) is of great 

importance for the confirmation of analytes in complex matrices. The identification of a compound in 

real samples is usually based on a match of both mass and chromatographic retention time data from 

the analysis of the sample with those obtained from the analysis of reference standards. However, 

concerning liquid chromatography (LC), RTs may show variability among different laboratories and 

instrumentation systems, even between days in the same lab or among the laboratory staff. This 

problem often requires the analysis of a chemical mixture (reference standard) with each sample for 

better matching for the identification of RT of each analyte, a fact that increases the cost of the 

analysis. Thus, in order to report retention data for different analytes, the establishment of a retention 

time system is needed.  

In the present study 94 metabolites (amino acids, organic acids, e.t.c.) were analyzed using liquid 

chromatography tandem mass spectrometry (LC-MS/MS) in both positive and negative ionization 

(ESI). The metabolites were separated in groups of 10 in concentration level of 10 μg/mL where the 

reference standard was added, as well, in ratio 9:1. Chromatographic separation was performed on an 

Aquity BEH C18 column (2.1 x 100 mm, i.d. 1.7 μm) and the mobile phase was consisted of A: Water 

(+0.1% F.A.) and B: Acetonitrile (+0.1% F.A.). The flow rate was 0.4 mL/min. The selected reference 

standard included a homologous series of 20 substances based on 1-alkylpyrinium-3-sulfonate (APS) 

with specific characteristics, as high sensitivity and retention times relative to the metabolites 

measured. Mass parameters were optimized for each analyte separately (SRM).  

Each analyte was measured 6 times and the retention time of the 6 replicates was reported. Retention 

times for the reference standard were also reported. An interpolation of analyte retention times into a 

fitted curve of the plot of retention time vs. retention index value for the reference compounds results 

in a retention index value for each analyte. 
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 The scope of this study is the validation of a multi-targeted method capable to detect 86 

endogenous metabolites (amines, carbohydrates etc) in human urine. Method validation in targeted 

metabolomics presents limitations due to the absence of analyte free matrix. Complex biofluids 

including urine contain endogenous metabolites that can decrease or increase the instrumental 

response (Matrix Effect). Matrix Effects vary and it‟s difficult to be measured or predicted. Thus, 

validation of a multi-targeted method for endogenous compounds becomes difficult. In this study, 

efforts were made to cover most of the common validation parameters including MF, LOD, LOQ, 

within-run precision and between run precision were determined by applying 3 replicate injections of 

each calibration standard (9 standards). In order to evaluate between-run precision, standard mixtures 

were analyzed in between a sample set of real samples (27 urine samples from healthy women). For 

the estimation of matrix factors pooled samples were fortified with known amount of the standard 

solutions after the extraction step. The responses were compared to the responses of equally 

concentrated standard solutions.   Only 10 out of 86 detected compounds were found within acceptable 

limits of matrix factors. Therefore, in order to confirm the results for matrix effect a dilution study was 

made. Finally, results from this study confirmed that there are analytes with the potential to be 

quantified using the external calibration curve.  
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Metabolomics has been used to enlighten exercise biochemistry. Urine, plasma, skeletal muscle and 

liver samples, collected pre- and post-exercise, have been the specimens of strongest interest. The 

metabolic alteration caused by exercise in gut tissues has not yet been studied. However, there is one 

study that investigates the alteration of the cecal microbial environment due to exercise which suggests 

beneficial effects against gastrointestinal disorders [1]. The fact that microbiota composition is 

different between exercised and sedentary rats is of increasing interest [1]. Rat caecum tissues were 

analyzed in order to investigate the effect of life-long exercise versus sedentarism. Caecum tissue was 

chosen over colon because of the presence of microflora that break down food material in the latter 

and due to the fact that colon has been very commonly analyzed so far. Wistar rats were divided in 

life-long exercise and control groups. The training protocol consisted of swimming, 18-20 min per 

day, 3-5 days per week, with a load of 0-4% of body weight attached to the tail, depending on age. 

Both untargeted and targeted metabolomics analyses were performed. Caecum tissues were 

homogenized in acetonitrile - 1-propanol - water 3:3:2 (v/v/v) in a 1:20 w/v ratio. After ultra-

centrifugation, the supernatants were analyzed immediately using a metabolomics-based HILIC-

MS/MS method. For the untargeted GC-MS metabolic profiling methoxyamination and silylation 

derivatization were conducted prior to analysis. Both metabolomics approaches revealed metabolic 

changes deriving from exercise. Targeted metabolomics provided data on 35 metabolites, while seven 

amino acids changed significantly. Untargeted GC-MS data were evaluated using ChemStation and 

XCMS software. Based on both areas and number of features, the metabolic fingerprint of the 

exercised group was separated from that of the control group using principal component analysis. 

Arachidonic acid, urea, lactic acid and inositol seemed to be responsible for this separation. The exact 

biochemical pathways through which exercise affects the metabolome continue to provide a challenge 

for further research. 

Key words: Caecum, Cecal extracts, Rats, Metabolomics, GC-MS, LC-MS   

Reference 

1.  Matsumoto M, Inoue R, Tsukahara T, Ushida K, Chiji H, Matsubara N, Hara H (2008) 

Voluntary running exercise alters microbiota composition and increases n-butyrate concentration in 

the rat cecum. Biosci Biotechnol Biochem 72:572–576. doi: 10.1271/bbb.70474 

  



STUDY OF DERIVATIZATION REACTIONS PRIOR TO GC-MS 

METABOLOMICS ANALYSIS. PRELIMINARY RESULTS 

G. Moros
a*

, A.C. Chatziioannou
a
, H. Gika

b
, Ν. Raikos

b
, G. Theodoridis

a
, 

a School of Chemistry, Aristotle University of Thessaloniki 54124,  

Thessaloniki Greece 

b Laboratory of Forensic Medicine and Toxicology, School of medicine, Aristotle University of 

Thessaloniki 54124, Thessaloniki Greece 

* E-mail: geomoro@hotmail.gr 

GC-MS is restricted to the analysis of thermally stable low molecular weight compounds with high or 

moderate volatility. Derivatization reactions are used prior to GC in order to alter chemically the 
analytes to produce compounds with properties, more amenable to chromatographic separation and 

spectrometric detection. Thus, derivatization is one of the most crucial steps of experimental  

procedure. In the literature many different methods dealing with the standardization of derivatization 
protocols have been reported. However there is still lack of a universally  accepted protocol. The 

objective of the present work is to study the derivatisation reaction conditions and suggest a protocol 

including derivatization agent and conditions for GC-MS metabolomics analysis. 
A variety of derivatization agents exist in bibliography. Nevertheless a two-step derivatization 

procedure, methoxymation followed by silylation, is a quite common method for GC–MS analysis of 

polar metabolites. In the present study, the most frequently used silylation agents for GC-MS 

metabolomics analysis (MSTFA, BSTFA with 1% TMCS and MSTFA with 1% TMCS) were tested in 
plasma samples followed by a standard experimental protocol. The optimization of the selected 

methoxymation step was examined through different conditions in the same standard extract, 

consisting of 60 different compounds belonging to several chemical classes which mainly occur in 
endogenous metabolites. The degree of completion of the methoxymation reaction depends on 

reaction time and temperature. Both parameters were examined in the most common conditions found 

in literature. An additional experiment was then conducted in the same standard extract testing the 

time and the temperature during silylation. Preliminary results extracted with XCMS, AMDIS and 
Chemstation software from the GC-MS raw data will be presented, followed by extensive statistical 

analysis and discussion. 
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Honey and royal jelly represent high value food commodity with recognized nutraceutical properties. 

A primary driver of the value of such products is their authenticity and verification of floral origin. 

Identification of the floral origin of honey by melissopalynological analysis, sensory and physic-
chemical analysis requires a high degree of skill. Further to this, verification of geographical origin 

and authenticity requires solid data and unambiguous results. Therefore, there is an ongoing need to 

develop reliable, practical, and information-rich instrumental methods for the analysis of honey 
products. As such chromatographic methods have been used, but these require derivatisation prior to 

analysis since the majority of the analytes of interest are small polar molecules. Hydrophilic 

interaction liquid chromatography (HILIC) has found use in the analysis of polar molecules, and for 
this reason HILIC was selected as the separation mode for this work.  

A HILIC-MS/MS method was developed for the efficient separation and quantification of small polar 

molecules, mostly primary metabolites. The method was based on an ultrahigh performance liquid 

chromatography (UHPLC) separation system coupled with Heated Electrospray Ionization (HESI) 
mass spectrometry on a triple quadrupole mass spectrometer, operating in both positive and negative 

ionization mode using polarity switching.  

The list of target metabolites was comprised by studying the literature; the idea was to develop a 
method to cover the quantitative analysis of metabolites present in honey and royal jelly. The list 

included aminoacids, sugars, organic acids, nucleo-bases, amines, vitamins and other molecules.  

Chromatography was optimized to achieve separation of 86 selected metabolites over a period of 21 
min. Multiple Reaction Monitoring (MRM) MS/MS mode was selected for accurate quantification. 

Chromatography was performed on an ACQUITY BEH Amide analytical column with a mobile phase 

of 15mM ammonium formate in water and acetonitrile, at a flow rate of 0.4 mL.  

The method was validated by studying the detection (LOD) and quantification limits (LOQ), the 

linearity ranges and the intraday- and interday-precision of the analysis. 
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Bee products, such as honey and royal jelly, are important functional foods that possess several health 

promoting properties. Both have been widely used in commercial medical products, healthy foods and 

cosmetics in many countries. The chemical composition of honey and royal jelly has been studied by 
several authors, but data available in the literature are highly variable due to the intrinsic variability of 

those products and the use of different analytical methods, since no reference methods have been 

established so far. In food science, metabolomics has recently risen as a tool for quality, processing 
and safety of raw materials and final products  

An LC-MS/MS method has been developed for the efficient separation and quantification of small 

polar molecules. The method was based on an ultrahigh performance liquid chromatography (UHPLC) 
separation system coupled with Heated Electrospray Ionization (HESI) mass spectrometry on a triple 

quadrupole mass spectrometer. With the developed method quantitation of 86 compounds belonging 

in four major classes of polar compounds (sugars, amino-acids, organic acids amines and other 

compounds) was achieved in a single run of 21 min. The method found application in the analysis of 
honey and royal jelly samples with the aim to provide additional information on these matrices 

primary metabolite content.  

Focus was given to the sample pre-treatment which is crucial for accurate and reliable analysis. Due to 
lack of literature information related to sample preparation for both matrices, a simple treatment 

approach, compatible with the analytical method was tested. Honey samples were diluted with a mix 

of acetonitrile, methanol and water, centrifuged, and filtered before injection, while crude royal jelly 

samples were diluted with a mix of methanol and water, centrifuged, and filtered before injection as 
well.  

Due to the extremely high content of some metabolites, such as sugars, in both honey and royal jelly 

samples, and in order to avoid instrument contamination, special attention was also given to the 
dilution of real samples.  

The results were satisfying and a large number of metabolites were detected in both matrices (57 in 

honey and 58 in royal jelly). Analysis of such a large number of metabolites allows application of the 

method for the analysis of bee samples for their characterization: for honey samples with regard to 

different percentages of pollen and for rude royal jelly samples with regard to feeding experiments. 
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Exercise is very important in the prevention and treatment of the metabolic syndrome (MetS), a cluster 

of cardiometabolic risk factors that raises morbidity. A metabolomics study was performed to 

investigate whether the response of the human urinary metabolic profile to exercise depends on the 
presence of MetS or the type of exercise performed. Twenty-three sedentary men were divided into 

two groups: healthy (n = 14) and MetS (n = 9). All participants completed four trials randomly: rest, 

high-intensity interval exercise (HIIE), continuous moderate-intensity exercise (CMIE) and resistance 
exercise (RE). Urine samples were collected pre-exercise and 1, 3 and 24 h post-exercise for targeted 

metabolomic analysis by liquid chromatography-mass spectrometry (HILIC-UPLC-MS/MS). A 3 

(exercise mode) x 4 (time) x 2 (group) repeated-measures ANOVA, followed by post-hoc tests, was 

performed on the 62 identified metabolites after each metabolite‟s peak area was normalized to the 
respective value in the control trial (rest). No significant three-way interactions were observed. The 

amino acid, citrulline; the monosaccharides, glucose, sucrose and xylose; the nucleic acid components, 

cytidine and uracil; as well as choline presented significant trial x group interactions. Trimethylamine-
N-oxide was the only metabolite to exhibit a significant time x group interaction. The amino acids, 

alanine and homocysteine; the purines, guanine, hypoxanthine, and inosine; the nucleoside, uridine; 

the carboxylic acids, lactate and pyruvate; the amines, trimethylamine and tryptamine; as well as 

riboflavin, presented significant trial x time interactions. These interactions were mainly due to 
differences at first post-exercise time point, where RE caused the highest increases. Overall, 

glutamine, riboflavin, lysine and betaine were found significantly different between groups, 12 

metabolites were significantly different between trials, and 47 metabolites changed significantly over 
time. The effect of time was predominantly located in the comparison of the first post-exercise sample 

with all others. Our findings show diverse responses of the urinary metabolic fingerprint to different 

types of exercise in men with and without MetS. These results indicate changes in several metabolic 
pathways (such as glycolysis, gluconeogenesis, the urea circle, as well as carbohydrate, protein, purine 

and pyrimidine metabolism) and support the value of urinary metabolic profiling in the study of 

exercise metabolism. 

KEYWORDS: exercise mode, metabolomics, metabolic syndrome 
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Metabolic profiling provides a new opportunity to explore the global metabolic effects of 

many conditions on complex biological systems. High-resolution proton nuclear magnetic 

resonance (1H-NMR) spectroscopy is widely used to quantitatively analyze metabolic profiles, due 
to its reliability and relatively straightforward sample preparation. The metabolites in urine provide a 

fingerprint for each individual, containing significant information about age, sex, lifestyle, dietary 

intake, and disease history.[1,2] 
The field of pediatric metabolomics is still being pioneered and is important to understand 

the dynamic metabolic changes, which occurs from the moment that a child is delivered. Through 

our present study, we goal to gain knowledge into the metabolic profile of term newborns of the 

Western-Greece region, in order to correlate our identification and quantification findings with 
metadata like day of collection, delivery mode, mother‟s diabetic station and pathogenic statements 

like jaundice and asthma. 

This work was supported by the a) EU FP7-REGPOT-2011 “SEE-DRUG” (nr. 285950) and b) Research 

committee of the University of Patras, Greece, Program “Constantin Carathéodory” (Grant No E068) 
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This study sought to compare untargeted volatile compound profiles from SPME-GCxGC-TOF-MS 

and sensory analysis data of Sauvignon blanc wine fermented with six different non-Saccharomyces 

yeasts. The yeasts were allowed to ferment to 2% ethanol; Saccharomyces cerevisiae (SC) was then 

added to finish the fermentation. The control was SC only. Four of the non-Saccharomyces yeasts 

were commercial starter strains, Torulaspora delbrueckii (TD), Lachancea thermotolerans (LT), 

Pichia kluyveri (PK) and Metschnikowia pulcherrima (MP), while the other two species, Candida 

zemplinina (CZ) and Kazachstania aerobia (KA), were isolated from wine grape. Each fermentation 

produced a highly distinct profile both sensorially and chemically. The wines were evaluated for the 

basic tastes as well as 16 different aromas. Each fermentation was identified as sensorially unique and 

PCA indicated the dominant flavor and aroma profiles of the yeasts. The SC control and CZ-SC mixed 

fermentations were the most distinctly different. SC was characterized by guava, grapefruit, banana, 

and pineapple aromas while CZ-SC was driven by fermented apple, dried peach/apricot, and stewed 

fruit as well as sour flavor. Chemically over 300 unique features were identified as significantly 

different across the fermentations. When clustered hierarchically all of the biological replicates 

grouped together displaying strain specific profiles. Variances in esters, alcohols and terpenes were the 

main drivers of chemical differentiation. The SC profile was dominated by esters but all the yeasts had 

distinct ester profiles likely due to variation in acetyl- and acyltransferase activities between the yeasts. 

CZ-SC displayed the highest number of terpenes and sesquiterpenes of all the fermentations but also 

produced a large amount of acetic acid. KA-SC was second highest in terpenes and showed a number 

of as yet unidentified analytes. TD-SC had few esters but three distinctly higher thiol compounds. The 

LT-SC showed a relatively high number of ketones and acetate esters. The PK-SC and MP-SC 

fermentations had high levels of different methylbutyl, methylpropyl, and phenethyl esters. Overall, 

the sensory and chemistry methods complemented each other well, giving a much more detailed 

profile of these yeast than anything previously reported.  

KEYWORDS: Non-Saccharomyces, Sauvignon blanc, Torulaspora delbrueckii, Lachancea 

thermotolerans, Pichia kluyveri,  Metschnikowia pulcherrima, Candida zemplinina, Kazachstania 

aerobia, SPME-GCxGC-TOF-MS, Sensory analysis  
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The mass spectrometry (MS) metabolomics workflow is a multistep procedure involving 

analytical and computational parts. As the metabolomic analysis application is expanding to 

various biological systems and contexts, there is a need for a safely standardized data 

repository for all types of biological samples. Moreover, MS analysis produces a vast 

amount of unidentified compound data, so there is a need for unknown peak identification 

methods. The computational steps of the MS workflow include data normalization, 

validation and filtering methods, while it is imperative that the acquired metabolic profiles 

are studied in the context of metabolic network. In the case of Gas Chromatography (GC)-

MS metabolomics, the additional metabolite extract derivatization step introduces needs for 

specialized normalization and data validation methods. In this context, there is a need for 

the development of software suites that can assist the user to safely deposit data in a 

standardized way and then carry out all the normalization, analysis and network 

reconstruction processes. While a number of tools offer new opportunities for data 

processing, there is no computational platform that emerges as a standardized approach 

which includes specialized normalization methods for GC-MS and which incorporates the 

metabolic network analysis into data interpretation. To address these issues, as the datasets 

obtained from metabolomics experiments still remain extremely large and dense, we 

designed M-IOLITE.  

 

This study was granted by EC FP7 research project STREPSYNTH (n° 613877). 
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The mammalian brain is a highly complex organ that integrates multiple regions with diverse roles, 

biochemical characteristics and physiological dynamics. Today, there is need to study brain physiology 

in a systemic and systematic way in the context of brain regional variation. Although brain was 
considered as metabolically nonresponsive to perturbations in the thyroid hormone (TH) levels, a large 

number of studies have provided evidence that the mammalian brain is a TH target tissue. The aim of 

the presented work is to study the metabolic physiology of the brain under AOH based on the 
integrated analysis of the metabolic profile of five brain regions, i.e. cerebral cortex, cerebellum, 

midbrain, striatum and hippocampus in both sexes of an AOH Balb/cJ mouse model under perfused or 

not conditions. AOH is induced chemically by administration of 1% w/v KClO4 in the drinking water 

of 2 month old mice for 60 days. The metabolic profiles were measured using Gas Chromatography-
Mass Spectrometry GC-MS) metabolomics. Our results validated the significant variation in the 

metabolic profiles between the various brain regions, confirming the need for this variation to be 

considered in the interpretation of the metabolomic data in the context of AOH; the same holds true for 
sex differentiation.  
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High soil or water salinity is a major abiotic stress and a substantial constraint for crop production 
worldwide. Physiological studies have shown that elevated CO2 can alleviate the negative effects of 
salinity stress on plants [1]. Combined metabolomic and transcriptomic analysis on Arabidopsis 
thaliana plants under salt stress has confirmed the alleviating effects of elevated carbon dioxide and 
has provided insights of the molecular mechanisms related to stress responses [2]. However, so far no 
relevant omic analyses have been carried out on more complex plants with commercial value.  

The aim of our project is to investigate the effects and identify relevant biomarker of high salinity and 
the alleviating potential of elevated carbon dioxide on hydroponically grown tomato plants in 
controlled studies in growth chambers and field experiments in green houses, through integrated 
metabolomic, transcriptomic and leaves reflectance analyses. In the present study, we present the 
metabolomic analysis results from a time series experiment, in which high salinity and elevated carbon 
dioxide perturbations were applied for five days continuously either individually or in combination on 
the salinity resistant Solanum lycopersicum cultivar Elpida in the controlled environment of a large-
scale growth chamber. The metabolic profiles of leaves harvested at the end of each day were 
measured by Gas Chromatography - Mass Spectrometry (GC-MS) and Liquid Chromatography - Mass 
Spectrometry (LC-MS) and analyzed by multivariate statistics. The salinity stress is harsher than the 
elevated CO2 perturbation and becomes apparent at the molecular level from the first day of treatment, 
enhancing thus conventional physiological measurements. Furthermore, our results validated the 
alleviating effect of elevated CO2 in the growth environment of salinity-stressed plants. 
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TASCMAR is an EU funded project that aspires to develop new tools and strategies in order to 

overcome existing bottlenecks in the bio-discovery and industrial exploitation of novel marine derived 

bio-molecules with applications in pharmaceuticals, nutraceuticals and cosmeceuticals as anti-aging 

ingredients. Exploitation of neglected and underutilized marine invertebrates and symbionts from the 

under-investigated mesophotic zone, of existing and targeted new collections from global marine 

biodiversity hotpots has been combined with innovative approaches for the cultivation and extraction 

of marine organisms from lab to pilot-scale. These novel improvements will ensure sustainable supply 

of biomass and promote the production of high added value biomolecules. An integrated, holistic 

technological approach including NMR- and MS-based metabolomics approaches has be applied, in 

conjunction with bioactivity profiling, as a filtering and a bio-prioritization tool. Moreover, state-of-

the-art analytical instrumentation and commercially available, in-house databases and structure 

identification software will be employed for the dereplication procedures and the extensive 

characterization of the biomolecules of interest.  

In the frame of the project 40 samples generated from the extracts of invertabrates and associated 

microorganisms collected mainly from the Indian Ocean, have been analysed by a strategy combining 

UHPLC/Orbitrap-HRMS, in positive and negative ion modes and NMR. For the NMR metabolomics, 

sample profiles were described by means of noesypr1D and J-resolved spectra recorded under an 

optimized standard procedure. For the MS-based metabolomics all derived chromatograms and spectra 

have been analyzed using the XCMS package as implemented in the R statistical language. After the 

analysis, the data were normalized according to multiple internal standards in order to remove 

undesired variation. Statistical evaluation of the results was performed by multivariate analysis 

(MVA) e.g. PCA, PLS-DA, OPLS. The most statistically diversified metabolites recognized were 

subjected to tentative structural elucidation in order to clarify the biological meaning to the results. 

The identification pipeline combined the computation of the Pearson‟s correlation coefficient (PCC) of 

the covariance of the low energy fragmentation mass spectra and the results by the CAMERA 

package. Various on-line mass spectral data bases have been used for the final structural assignment of 

the features identified to chemical structures. 

Acknowledgements:  This work has been financially supported by EU under the frame of TASCMAR 

project (H2020-BG-03-2014, Grant agreement: 634674). 
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In the case of the MS-based metabolomics a fundamental problem is the large number of false 
positives. The aim of this study is to develop a new strategy, which highlights true positives by 

applying data processing in multiple narrow mass ranges instead over a wide mass range.  

Blood samples from 20 chickens, which were administrated with Naringin in their nutrition and 9 

samples from control, were analyzed by UPLC-HRMS (Orbitrap Velos).  
Two methodologies have been applied for data processing. In the first one (classical approach), all 

data i.e. in the 100-900 m/z were included in the data processing procedure. To the newly developed 

methodology, the data were shred in 100 Da slices generating 8 datasets, which has been subjected to 
the downstream MS data processing. Each dataset was treated as separate and mz/tR features obtained 

by either the VIP‟s or the t-test values were used as input for the construction of the general model. 

Comparing the two methodologies, 35 true positives according to the t-test and 36 using the VIPs 

score in the slicing methodology were identified. These features were not detected in the 100-900 m/z 
analysis. 

A new workflow for a metabolomic data processing was developed. Slicing the LC/MS area using 

multiple narrow filters, increases the number of the identified true features since specific parameters 

were used is for each sliced area. 
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In the field of metabolomics XCMS[1] is arguably the most common used open-source software for 

the pre-processing of metabolomics data in R. However, the output of XCMS is highly dependent on 

the input parameters, a fact that is often ignored. Often the default parameters are chosen or they are 

adapted to the intuition of the researcher. A few algorithms have been constructed to optimize the 

parameters by using a dilution series[2] or by using the isotopes of carbon[3]. Nonetheless even with 

optimized parameters there is still a lot of output which is of no interest. This work aims to optimize 

the output of XCMS by building further upon the existing algorithms but adding an extra layer of 

quality control to the output of XCMS by also including the often discarded profile data (through the 

mzR package[4]). The eventual goal is to aggregate high quality results by performing multiple 

XCMS runs and keeping relevant data. The discrimination between relevant and irrelevant data is 

made by combining the centroid data and the profile data to find the isotopic profile of every peak by 

using wavelets to scan in the m/z dimension and gaussian fits in the RT dimension. With this method 

we are able to quantify every peak and every isotope not only in retetention time and intensity but also 

in the m/z dimension (resolving power), something which is not possible with only the centroid data. 

The first part of this research focusses on the integration between centroid and profile data and the 

quantification of isotopes. This is compared to the standard way of finding isotopes in an XCMS data 

analysis workflow namely by using the CAMERA[5] package.  

Preliminary results indicate that the results from this workflow are complementary to the standard 

workflow for isotope identification (XCMS + CAMERA). Whereas in the standard workflow a lot of 

background signals are identified by XCMS as a collection of unique peaks, resulting in vertical 

stripes in Fig. 2, it is clear that with the new workflow a lot of these background peaks are 

automatically filtered out (Fig. 3). The reason for this is that the combined centroid & profile 

workflow starts with peak  quantification in the m/z dimension followed by peak quantification in the 

RT dimension (whereas in XCMS there is only peak quantification in the RT dimension), and since 

for a certain background signal there is no such thing as a peak in the RT dimension (just a quasi 

continuous changing signal) this signal is discarded.  

 

Fig. 2: Number of samples represented in each peak group (an 

isotope is a separate group in this representation) for the XCMS + 

CAMERA method. 

 

Fig. 3: Number of samples represented in each peak group (an 

isotope is a separate group in this representation) for the XCMS + 

profile data analysis method. 
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Discussion 

As can be seen from Figures 2-3 the standard method and the profile data method deliver different 

results. The profile data method retains less background signals and also more isotopes (877 vs 109). 

However nearly all peaks found by the standard method are peaks which are present in at least 3 of 5 

samples analysed whereas the new method identifies a lot of peaks only present in 1 or 2 samples, 

which also indicates why more isotopes are found since they are not well grouped and might be larger 

groups broken up into several smaller groups. Current work focusses on this grouping and better 

quantification of the differences between the standard method and the method presented 

 

KEYWORDS: xcms, centroid data, profile data, high-throughput lc-ms analysis 
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MICROSMETICS, is an EU funded project aiming to discover and bring to development innovative 

products in the area of anti-ageing cosmeceuticals, originating from microbial biodiversity and using emerging 

and state of the art technologies in the field of biotechnology, natural products chemistry and applied 
microbiology.  

The proprietary microbial collection of Fundación MEDINA (over 116.000 strains) is being exploited by 

incorporating modern high throughput screening platforms (in silico & in vitro) for the rational and targeted 
selection of the most promising strains. Advanced analytical approaches and techniques are being applied for 

the efficient, accelerated and advantageous isolation and identification of natural constituents, as well as the 

quality assessment of the lead products. A broad spectrum of bioassays and metabolomics approaches are being 

incorporated for the evaluation of anti-ageing, more specifically anti-oxidant, skin-protecting, and skin-
whitening activity of all derived molecules.  

In the frame of MICROSMETICS more than 110 potential candidate strains identified from a Rational Drug 

Design Tool (using a functional prediction model, virtual screening and similarity search) were selected to be 
studied. Among them 55 fungi and 55 ascomycetes were cultivated under “nutritional arrays”. Approximately 

1100 extracts have been generated and evaluated for their biological activity. Among them the top 100 were 

selected and a strategy combining UHPLC/Orbitrap-HRMS, in positive and negative modes, with multivariate 

statistical methods was applied. All derived chromatograms have been analyzed and a positive correlation 
between the profiles of the extracts with the aforementioned bioassays was observed. Thus, the 10 most 

promising extracts that represent the clusters generated in metabolomics have been forwarded for large-scale 

cultivation and bioguided isolation of novel molecules. Based on these results, the potentiality of these extracts 
was discussed.  
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Oleuropein is a secoiridoid glycoside that occupies a central role in the diet of the Mediterranean 

basin, presenting several pharmacological properties. In vitro assessments, as well as studies on 

experimental animal models, have shown that oleuropein possesses among others, hypolipidemic and 

antioxidant properties. Based on these findings, it is evident that the study of its impact on the 

metabolome is of paramount importance. In this study, MS nutri-metabolomics has been employed to 

assess the effect of administering oleuropein to healthy volunteers. 

Oleuropein was administered to healthy volunteers and blood and urine were collected by a 

randomized, balanced, double-blind crossover study. The samples were analyzed by UHPLC-ESI 

LTQ-Orbitrap in both positive and negative ion mode and the resulting data have been explored by 

various peak-picking algorithms. The resulting data were subjected to multivariate data analysis 

employing various algorithms and the corresponding loadings were inserted to on-line databases for 

the investigation of the metabolites. In addition, possible changes in the lipidemic profile and the 

blood and urine redox status were investigated. 

The impact of the peak peaking algorithms (centwave, centroidPicker and mzmatch) have been 

investigated giving similar results. The statistical evaluation revealed that the intra-subject variation 

was large and could obscure the final results; therefore, a multilevel approach using sparse-pls-da has 

been used in order to analyze the impact of oleuropein supplementation on the metabolism. It has been 

found that the metabolism is affected in each individual and there is significant discrimination between 

the groups serving as control and the treatment. Subsequent metabolic pathway analysis of the 

significant features discovered has revealed that the tryptophan and the acylcarnitines biochemistry 

have been mostly influenced.  
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Metabolic syndrome (MetS) represents a group of abnormalities that raises the risk for cardiovascular 

disease, diabetes and stroke. The Mediterranean diet seems to be an important dietary pattern which 
reduces the incidence of MetS. Hydroxytyrosol (HT) - a simple phenol found in olive oil - has 

received increased attention for its antioxidant activity. In this study, an experimental protocol has 

been setup including isolated HT administration in a diet induced model of MetS in young Wistar rats 
in order to find out whether HT can be considered as an active compound that has a protective effect 

against MetS.  

Rats were randomly divided into four groups nurtured by cornstarch (CS) (normal diet), cornstarch + 

HT (CSHT), high-carbohydrate high-fat (HF) (Met inducing diet) and high-carbohydrate high-fat + 
HT (HFHT). HT (20 mg/kg/d oral gavage, water vehicle) was administered for 8 weeks on the basal 

diet (CS or HF). Following the pharmacological data, where the hepatic steatosis was reduced and the 

inflammatory cells into the liver were infiltrated, extracts of liver tissues were analyzed using 
UHPLC-HRMS (Orbitrap Discovery) and NMR spectroscopy (Bruker Avance III 600 MHz) followed 

by multivariate analysis, in order to gain insight on the metabolic effects of HT administration on the 

liver metabolome. Due to the complexity of the analysis various normalization methodologies i.e. QC-

RLSC, Loess normalization etc. have been applied. HFHT rats were clearly distinguished from HF in 
PLS-DA, showing a difference in the liver metabolome between the groups and specific biomarkers 

were determined supporting the pharmacological findings. 
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Multiple sclerosis (MS) involves an immune-mediated process where the immune system reacts 

against myelin as well as the nerve fibers themselves. The symptoms are severe including physical, 

mental and sometimes psychiatric problems. It can be thought as a disease threatening the general 

population with a high frequency i.e. by the end of 2008, between 2 and 2.5 million people are 

affected globally. As there is no clinical diagnostic marker e of the disease, the discovery of such 

could be of major importance for the correct diagnosis. Thus 65 samples from patients suspect for the 

disease (as found from IgG levels in cerebrospinal fluid compared to that of blood) have been 

analyzed by UHPLC – HRMS (Orbitrap Discovery) as well as by NMR (Bruker Avance 600 MHz). 

The results of measurements by both methodologies have been statistically evaluated using 

multivariate analysis. Furthermore the results have been compared and we were able to show that a 

number of metabolites were altered in MS patient samples, among them myo-inositol, glutamine, and 

tyrosine. Both methodologies converged providing evidence that tyrosine can be considered as a 

biomarker related to Multiple Sclerosis. 
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Nowadays, it is clear that the concept “the same drug for all patients with the same disease” is going to 

be replaced due to the different response of each person. It is observed that individuals with the same 

disease following the same drug therapy respond in a different way on this. For that reason, 

pharmaceutical science turns the interest to the field of personalized medicine. This term concerns the 

selection of the appropriate drug treatment according to the special characteristics, such as genotype 

and phenotype, of a patient in order to improve the efficacy of the administration. 

Pharmacometabolomics, a recently developed approach, shed light on the personalized response. In 

this work we present the correlation of the metabolic profile of patients suffering from acute coronary 

syndrome (ACS) with the resistance developed to clopidogrel treatment and the effort of emerging a 

potent biomarker to predict the resistance prior to antiplatelet therapy. 

The metabolic profile of platelets was exemplified by MS and NMR spectra of aqueous extracts. 

Specifically, platelets from ACS patients were collected prior and after a 5-day treatment with 75mg 

clopidogrel. Metabolites were extracted from washed platelets and subsequently lyophilized, 

reconstituted in proper solvents and MS and NMR spectra were recorded. Aqueous extracts were 

measured using Ultra Performance Liquid Chromatography –High Resolution Mass Spectrometry 

(UPLC-HRMS) in (+) and (-) ionization, at 30000 resolution on a UPLC- LTQ Orbitrap. Furthermore, 

the one-dimensional (1D) noesypr1d pulse sequence and J-Resolved were performed on a Bruker 

Avance III 600 MHz at 300 K. The statistical analysis of data was performed by supervised 

multivariate method Partial Least Square-Discriminant Analysis (PLS-DA). Clopidogrel resistance 

information, determined by VASP phosphorylation (values PRI, platelet reactivity index) of the 5-day 

platelet samples, was used to create two data sets, i.e. the clopidogrel resistant and the one showing 

good response to the treatment. The multivariate statistical analysis resulted in a well defined 

separation of two groups in both treated and non treated data sets. The analysis revealed formate as the 

major metabolite responsible for the separation between the two groups. Finally, biomarker analysis 

based on ROC curve was performed in order to elucidate the capability of formate to predict the 

resistance. 

Our results demonstrate that using a UPLC-HRMS and NMR based pharmacometabolomic analysis of 

platelets provide a valuable tool in the understanding of individual responses to antiplatelet therapy 

and more importantly in the forecast of resistance. 
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