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1H-NMR spectrum of biofluid  ~ « metabolic signature? »
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Nicholson JK Nat rev Drug Disc 1(2):153-161 (2002)

 Due to complexity of generated data , need
multivariate data analysis

 Spectroscopy (1H-NMR, MS, …) + Multivariate
data analysis

 METABONOMICS concept
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Biomarkers ID

Plasma &t urine : clinical chemistry parameters

Chemometric analysis

Pattern recognition

Metabolic cages on refrigerated
& automated racks

Spectroscopy:
NMR, MS, IR, …
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 Animals placed in metabolic cages for urine collection 
 Acclimatation (at least 2 days) to minimize stress
 Water and food ad libitum or controlled if necessary

Avoid bacterial contamination !
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Wrong data interpretation due to bacterial 
co,ntamination…

Urine collected
at 4°C + NaN3

Bacterial
contamination

4.00 3.50 3.00 2.50 2.00 1.50 1.00

lactate

acetate

lactate

acétate
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 After drug administration, urine fractions collected 
over first 0-8h period to remove spectral 
contamination from exogenous molecules (parent 
compound + potential DRC’s)

 Next, urine collection over time

 In healthy Sprague-Dawley rat, daily urine volume ~ 
15 ml
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 Urine
 Blood (Plasma / Sérum)
 CSF
 Bile
 Saliva
 ...

Mixing of various substances 

(Metabolites, proteins,
sugars, lipids, salts)

+

H2O

What biofluids?
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Spectroscopic techniques
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Serum
+ 10% D2O

Correction de 
phase

Correction de la

ligne de base

… et du traitement des 
spectres

Importance de l’acquisition des spectres
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In NMR peak identification remains weak

… multivariate data set
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Multivariate data analysis

Supervised

• At least one information provided 
to the system (for instance 
classification) 

• PLS-DA  

• …

Non supervised

• No information on individual 
sample provided to the system 

• PCA (principal component 
analysis)

• …

Two basic approaches :
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Projection methods …
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Projection methods…
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Pays Café
moulu

Café
instantané thé

Édulco
rant biscuit poisson légume pommeorange fruit jambon ail beurre margarine huile yoghurt crackers

Allemagne 90 49 88 19 57 27 21 81 75 44 71 22 91 85 74 30 26

Italie 82 10 60 2 55 4 2 67 71 9 46 80 66 24 94 5 18

France 88 42 63 4 76 11 5 87 84 40 45 88 94 47 36 57 3

Hollande 96 62 98 32 62 14 14 83 89 61 81 15 31 97 13 53 15

Belgique 94 38 48 11 74 13 12 76 76 42 57 29 84 80 83 20 5

Luxembourg 97 61 86 28 79 26 23 85 94 83 20 91 94 94 84 31 24

Angleterre 27 86 99 22 91 20 24 76 68 89 91 11 95 94 57 11 28

Portugal 72 26 77 2 22 20 3 22 51 8 16 89 65 78 92 6 9

Australie 55 31 61 15 29 15 11 49 42 14 41 51 51 72 28 13 11

Suisse 73 72 85 25 31 19 15 79 70 46 61 64 82 48 61 48 30

Suède 97 13 93 31 54 45 56 78 53 75 9 68 32 48 2 93

Danemark 96 17 92 35 66 51 42 81 72 50 64 11 92 91 30 11 34

Norvège 92 17 83 13 62 30 15 61 72 34 51 11 63 94 28 2 62

Finlande 98 12 84 20 64 18 12 50 57 22 37 15 96 94 17 64

Espagne 70 40 40 62 23 7 59 77 30 38 86 44 51 91 16 13

Irlande 30 52 99 11 80 5 3 57 52 46 89 5 97 25 31 3 9

Yearly consumption (kg/year) of various nutriments in Europe

Principal component analysis (PCA)

Eriksson et al. Multi- and Megavariate Data Analysis. Principles and Applications.  Umetrics Academy, 2001.

Initial variables
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Eriksson et al. Multi- and Megavariate Data Analysis. Principles and Applications.  Umetrics Academy, 2001.
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Food usages in Europe

Ellipse: Hotelling T2 (0.95) 
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SIMCA-P+ 10.5 - 11/23/2005 1:49:14 PM

PC1

Principal component analysis (PCA)
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Eriksson et al. Multi- and Megavariate Data Analysis. Principles and Applications.  Umetrics Academy, 2001.
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Principal component analysis (PCA)
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SIMCA-P+ 10.5 - 11/23/2005 1:51:03 PMEriksson et al. Multi- and Megavariate Data Analysis. Principles and Applications.  Umetrics Academy, 2001.

PC1

Principal component analysis (PCA)
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PCA on 1H-NMR data ? 

“Binning” procedure 
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Spectre

1

0 à 0.02 … 9.98 - 10

Spectre

3

Spectre

2

Spectre

n

250 variables 

or

descriptors

SCORES

LOADINGS

0.04 

ppm

0.04 

ppm

BinningBinning

0.3

1.2

10 ppm divided in 250 regions of 0.04 ppm
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15/10/2018 Munster 24
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Creatine

Taurine

Principal component analysis (PCA)

Loadings plot : what variables responsible for  separation or 
gathering of observations
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Each line = 1H-NMR spectrum of urine sample

Median chemical shift of the
descriptor  9.86 to 9.90 ppm 

AUC of descriptor

Two-entries Excel file
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How to apply MBX in preclinical toxicology …

Azathioprine 

Azathioprine 
Immunosuppresion drug 

But … 
Liver toxicity (vascular damages)

Sprague-Dawley rats receiving azathioprine in food for 3 to 4 weeks  liver 
necrosis with mitochondrial and endoplasmic proliferation

LD50 in rat = 400 mg/kg p.o. et 300 mg/kg i.p.

N

N N
H

N

S

NN CH3

O2N
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Three groups of 10 rats :

• Control group : vehicle

• Low dose group : 30 mg/kg azathioprine 
(pharmacological dose) 

• High dose group : 300 mg/kg azathioprine (toxic 
in chronic exposure)

MBX prediction of azathioprine liver toxicity 
after one single dose ? 
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• group 3 = high dose (300 mg/kg)
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Biomarkers Identification
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Pretest
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24h

48h

N
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Phospholipidosis

Phenylacetylglycine

Biomarker of drug toxicity
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Metabonomics in humans? 


