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Metabolic profiling

(metabonomics/metabolomics)

Global analysis of metabolite levels in a
biological samples using NMR or Mass
Spectrometry (MS)...

...to generate novel hypotheses about how
metabolism relates to gene function or (patho-
)physiological endpoints

...for biomarker discovery
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Why profile metabolites?
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e Metabonomics works at the metabolic interface
between a system’s biology and its environment

Constant exogenous input to the ‘metabolome’ mediating
environmental interactions



Body fluid metabolic profiles reflect
the site and mechanism of toxicity

Renal glomerulus
— Diagram of mammalian r:ephror\—|

Acetate

Glomerulus

Glycine O-acetyl Lactate
glycoprotein = Branch of
Elhano\ g _acetyl Alanine 1 Ethanol renal artery > Collecting
l q\ycop;o tein| 1 ﬂ %, Distal tubule  duct
L_..q_n“""ﬁL A‘JLLJ.\,J"-\.\L_“_.L!_J"( W‘L"‘A_J‘J L“JL--"’HF\ =y e
T T T 1
4.5 4( 3. b 3. z.a 20 1.5 1.0 05 Branch of
renal veln
Renal cortex ?
G\ucose_| Glucose  Glutamine Bowman's
» | + glutamate [-hydroxybutyrate capsule
Creatinine i
Glutamine PR
e roximal tubule
 Lysine Glutamate A
_ Uranyl nitrate ?
0 Alanine
L}’Sine i Valine
i AL
e n ! L.fn.Jw ?
I T I I I I I 1
45 4.0 35 3.0 2.5 20 1.5 1.0 05
Renal medulla
Glutaric acid
G At
Adipic acid L?op
Citrate of Henle
IJW IJW Lactate 2-bromoethanamine
M % <
Tt
'-?L”“M)'btjw .
Ly e b Ak '
T T T T T 1



Human metabolic phenotype diversity and its
association with diet and blood pressure

Elaine Holmes'*, Ruey Leng Loo"**, Jeremiah Stamler’, Magda Bictash'?, Ivan K. S. Yap'?, Queenie Chan?,
Tim Ebbels', Maria De lorio?, lan J. Brown?, Kirill A. Veselkov', Martha L. Daviglus’, Hugo Kesteloot?,
Hirotsugu Ueshima’, Liancheng Zhao®, Jeremy K. Nicholson' & Paul Elliott”
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A metabolic profiling study of the effects of
heavy metal exposure in a UK population

« Avonmouth was the site of
one of the world’s largest
heavy metal smelters and
significant amounts of Cd,
Pb and Zn were released
into the local environment

« Significant relationship
observed between U-Cd
and renal toxicity marker
(NAG) in 180 volunteers

Thomas et al. EHP 2008

*\We sought to define the link between Cd/heavy metal
exposure and metabolic effects, to demonstrate proof-of-
principle for the use of metabonomics in the study of

environmental exposures
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Endogenous urinary metabolites
correlate to Cd exposure

2

L J *2-0oxoisovalerate 0.15
g |
Q
§ 3-hydroxyisovalerate 70.1
(@)
°
e
c ~
S [T
< —dl _
@ ~ dimethylglycine
S 0.05
)
q>) | " — 7. — N
= ] — citrate
(o)) " e
(¢B] | /
cVY /

i U | 0
y 2] 1. 1.0
TR T T T T ‘ P T ) ‘,; R T T T | 3 = T i = g 51H
R=-0.34, p=0.0001 R=-0.36, p<0.0001 R=-0.24, p=0.052

HO CH O H,C

/ 3

NT _ CH, ]

i dimethylglycine 3-hydroxyisovalerate
HO

0 CH, OH



CEFIC LRI Innovative Science
Award: Our aims

 To improve our
understanding of the

mechanisms underlying our
current observations with

Cd exposure
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 To develop metabolic
sighatures for exposure
other ‘model’ toxicants in
man

e To explore the application
of metabonomics to study
In utero exposure via a
birth cohort (RHEA)



