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Metabolomics applied to Toxicology :
The Aristolochic Acids Nephropathy Case
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What is our in-house workflow?
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QSAR approaches
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BIOPROFILING PLATFORM IN A FEW WORDS …

 Financial support from the European Union and
Wallonia under the ERDF-ESF 2014-2020
program

 Interuniversity project (Brussels-Wallonia region)

 3,4M€ for equipment acquisition

 Located at UMONS (Mons, Belgium)

 Open to all actors in the biotechnology sector
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Two complementary platforms : 

Meta-Vision

• Small molecules
• NMR-based

MS-Quanta

• Macromolecules
• MS-based
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Equipment

NMR Spectrometer
600 MHz Bruker AVANCE™
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1. High Resolution mass Spectrometers :

Exploratory quantitative analysis in DDA and DIA mode

Relative quantitative profile of more than 2000 targets
Triple TOF 3600+ (SCIEX) Q Extractive (Thermo Scientific)

Triple TOF 6600 (Sciex) Q Extractive Plus (Thermo Scientific)

2. High sensitivity and high speed mass spectrometers :

SRM/MRM/PRM analysis

Simultaneous quantification (multiplex mode) > 50 targets
Qtrap 6500+ (Sciex) Xevo TQ-S (Waters)

3. High resolution mass spectrometers in mass or space :

FT-ICR SolarX XR (Bruker)

MALDI-TOF/TOF Rapiflex (Bruker)

MS-Quanta
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Monitoring of transition (precursor ion + fragment ion) 

along LC separation of peptides

Multiple Reaction Monitoring
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Absolute quantification based on internal (heavy) standard peptide

MRM case study: 

absolute quantification
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MRM

Validation/

Quantitation

2D-NMR
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PRECLINICAL development : 

• The COMET Initiative

• Rodent AAN Models
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CLINICAL Cases : 

• BEN (Balkan Endemic

Nephropathy)

• AA-contaminated slimming pills

Applying Metabolomics to 

Aristolochic Acids Nephropathy (AAN) :

A Case Study
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Nicholson JK Nat rev Drug Disc 1(2):153-161 (2002)
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Potential biomarkers

Pattern recognition

Metabolism cages on
refrigerated racks

1H NMR

BloodUrine
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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

Binning

0.3

1.2

10 ppm divided in 250 regions of 0.04 ppm
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Creating an Excel table 

Median Chemical Shift of the 
descriptor 9.86 to 9.90 ppm 

Each line = 1H-NMR spectrum

AUC in a descriptor

22



31/10/2019

12

Université de Mons

Multivariate MBX data analysis
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Imperial College-London
BMS Lilly Novo Pfizer Pharmacia Roche

Consortium on Metabonomic in Toxicology

Acute dosing
1H-NMR analysis Database

+
Chemometrics models

for toxicity prediction

147 prototoxicants

2001-2004
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 4521 “normal” urine samples
 PCA-based approach
 Determine the distance to the model (DmodXPS+) as well as the 
probability of belonging to the model (PmodXPS+):

COMET: Control Model

Identifying abnormal urine 
samples

Test sample *

• Normal

• Marginal: 95%<x< 99%
• Abnormal: <95%

Prediction and Classification of Drug Toxicity Usin g Probabilistic

Modeling of Temporal Metabolic Data: The Consortium  on

Metabonomic Toxicology Screening Approach

T. Ebbels, H. Keun, O. Beckonert, M. Bollard, J. Lindo n, E. Holmes,

and Jeremy K. Nicholson

Journal of Proteome Research/2007

25

COMET: CLOUDS Model
(Classification Of Unknowns

by Density Superposition)

 PNN-based model (Probabilistic Neural Network – Specht 1990)

Identifying toxicity type

Prediction and Classification of Drug Toxicity Usin g Probabilistic

Modeling of Temporal Metabolic Data: The Consortium  on

Metabonomic Toxicology Screening Approach

T. Ebbels, H. Keun, O. Beckonert, M. Bollard, J. Lindo n, E. Holmes,

and Jeremy K. Nicholson

Journal of Proteome Research/2007

Cardiac toxicity

Renal toxicity

Liver toxicity

Test sample

26
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Clouds approach 

Classification
based on similarity
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Aristolochic Acid I 
(AAI)

Aristolochic Acid II 
(AAII)

+

Aristolochic Acids Nephropathy

Mixture

28
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Aristolochia Asarum

www.fr-academic.ru

Braganti
a

etc.usf.eduwww.afleurdepau.com

Active compounds from Aristolochiaceae
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>> >

Rhizomes :

- Gastric stimulant 
- Fever
- Malaria 

Racines :

- Type II diabetes
- Snake bite

Leaves :

- Skin troubles
- Digestive troubles
- Leishmaniasis

Rods :

- Anti-inflammatory
- Diuretic
- Poor blood cirulation

Fruits :

- Respiratory disesas
- Wounds
- Malaria 

Seeds :

- Liver troubles
- Abdominal pain

Flowers :

- Diuretic

Natural Remedies in traditional medicines

30
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Toxicity of Aristolochic Acids

 Kidneys (Nephrotoxicity) 

Glomerulus

Proximal Tubule 

Loop of Henle

Distal Tubule

Collecting Duct

Interstitial Fibrosis

Tubular atrophy

Nephron

32
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CHRONIC RENAL FAILURE

Dialysis

Transplantation
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Carcinogenicity

Kidney

Ureter

Bladder

Urethra

Urothelial cancers

DNA adducts

Genetic mutations

Cancer lesions

AAI Nitrenium ion

34
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Grollamn. Proc. Natl. Acad. Sci. 2007  
;  Stefanovic and Radovanovic, 2008 

Chronic renal disease

 Interstital Fibrosis

Tubular atrophy

Proteinuria

DNA adducts

Urothelial cancers

Balkan Endemic Region

Environmental intoxication

Aristolochia Clematitis

 AA’s contaminated bread

 Diseased inhabitants > 100 000

Balkan Endemic Nephropathy (BEN)
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 90’s in Belgium

 > 100 female patients

 Ingestion of slimming pills

 Chinese herbs

 Formulation error

 Stephania Tetrandra Aristolochia Fanghi

Debelle et al., Kidn.Int. 2008

A belgian clinical case of AAN

36
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Unveil molecular & cellular

modes of action of AAs

New therapeutic targets

Identification of early and

non-invasive biomakers

Early screening of AAN

Metabonomic

MODE of ACTION (MOA) of AAs →→→→ Biomarkers

Experimental Clinical

37
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Acute

(sub)-Chronic

Rodent models of AAN

Blood sampling
Euthanasia
Urine collection

D0
D4

pretest

D0
D35

Pretest

38
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Rodent models of AAN

1H NMR

[BUN]
[Creatinine]

[Proteins]
[Albumin]

[Urea]

39
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Urine samples from rat exposed to AAI over time

40
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Duquesne et al., J Cancer Sci Ther 2012, S18
DOI: 10.4172/1948-5956.S18-002

Université de Mons

AAI versus mixture (AAI + AAII)

42
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Duquesne et al., J Cancer Sci Ther 2012, S18
DOI: 10.4172/1948-5956.S18-002

Université de Mons 44

Controls

IFOSFAMIDE

Cis-Platine

Gentamycine
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Ifosfamide-induced Fanconi syndrome

45

• Proximal tubular necrosis

• Hemorrhagic cystitis

• Oxidative stress 

• Role of free radicals

• with depletion of glutathione (GSH) 
• Hypoxia episodes

Metabonomic findings in rats : 

Université de Mons 46

Healthy volunteers
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Duquesne et al., J Cancer Sci Ther 2012, S18
DOI: 10.4172/1948-5956.S18-002

Université de Mons

 Renal impairment reminding of Fanconi

syndrome

 Oxidative stress (mitochondrial dysfunction)

 Cognitive disorders (♀ : β-hydroxybutyrate &

Methylguanidine)

Clinical findings 
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 Better understanding of molecular and cellular MOA

 Dynamic evaluation of the successive adverse effects

affecting the kidneys (low vs high doses + acute vs

chronic exposure)

 Evaluation of possible antidotes

 Identification of transposable biomakers

Experimental models
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 Identify metabolic changes which are specific of the

type and stage of renal lesions

 Propose a classification of patients that is closer to the

progression of the renal disease

 Identify early and non-invasive biomarkers of AKD and

CKD with a better understanding of the AKD-to-CKD

transition (potential for new therapeutic strategies)

Clinical

50
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ULB, Brussels 

Belgium

Prof. Joelle

Nortier

University of 

Zagreb, Zagreb 

Croatia

Prof. Bojan 

Jelakovic

UMONS, Mons 

Belgium

All my

colleagues
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