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Foreword

Biological systems which underpin life itself are continuously yielding their secrets
as our ability to isolate processes and analyse their component parts improves. Recent
advances have tended to focus on macromolecules — DNA, RNA and proteins — and
there is considerable optimism that understanding the make up of our chromosomes
and the differential expression of genes will lead to much better understanding of
disease. It is also believed that we will soon be able to predict a person’s likelihood
of developing a disease during their lifetime and tailor curative or preventative
treatment more effectively.

Whilst 1 believe that much of this optimism is well founded, it is clear that
study of the behaviour of macromolecules will only give part of the information we
need to observe the response of a complex organism, such as man, to a changing
environment. To give a more complete picture, we need to be able to observe
dynamic markers of biological status — real-time signals which reflect the integrated
function of the organism in ways which allow diagnosis and prediction. This is
where metabonomics is now demonstrating enormous potential.

Metabonomics was pioneered by a group of scientists now based at Imperial and
headed by Jeremy Nicholson. Whilst the technological platform is only now starting
to be recognised as a tool of major importance, the foundation studies involving
NMR spectroscopy of biological fluids dates back to the mid-1980s. Metabonomics
is based on the demonstration that correlation of changes in metabolite pool patterns
with changes in the function of integrated biological pathways can lead to ways of
predicting outcomes such as the magnitude of response to a drug, potential toxicity
or even the path of a disease process.

That the concepts and mathematical algorithms being developed are of major
significance is well evidenced by the keen interest being shown by the bio-
pharmaceutical industry and regulatory agencies. Both sectors share the goal of
identifying surrogate markers of biological or clinical outcome which are well vali-
dated and lead to speedier, cheaper ways of identifying which drug candidates may
be efficacious or toxic and in which populations. In fact, the management of attrition
in the drug discovery—drug development pipeline is one of the most challenging for
the industry as development costs and our ability to produce candidate molecules
escalate.

The regulators are caught in a difficult position — needing to help important new
medicines reach needy patients quickly and also protecting the public at large. Any
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viii Foreword

tools which can help to predict potential toxicity in particular populations, in speedy
cost-effective ways, will undoubtedly be scrutinised closely to see whether they
should become a standard part of the drug approval process.

Economic considerations will also raise the potential importance of metabonomic
tests in the clinical setting. Huge opportunities exist wherever non-invasive tests
costing just a few dollars can be shown to replace invasive tests which are nearly
always more expensive.

It would be wrong to leave the impression that metabonomics is only of value
in the field of human healthcare. In fact, the technologies are applicable to plant
science, animal health and development of model organisms for research (yeast,
bacteria or in vitro cell systems). The state of the art of metabonomics is now such
that some of these possibilities — and more — are verging on being realities. It is
thus timely for a comprehensive book on the subject to appear in print. For those
closely engaged in the subject, the book will serve as a definitive reference; for
those seeking to learn for the first time, the book will open a fascinating new world
containing a plethora of possibilities for application.

Richard B. Sykes FRS
London



Preface

Since the 1990s and particularly since the determination of the human genome,
there have been dramatic changes in the scientific techniques and approaches used
in molecular biology and biochemistry. The accompanying change in mindset has
appeared to lead to a pervasive attitude that genetic differences might be able
to account for all disease processes, and that this would lead to new diagnostic
approaches and thence to much better targeted therapies. The revolution in molec-
ular biology really took off with the availability of automated micro-array methods
for detecting changes in gene expression, leading to the new discipline of transcrip-
tomics. The subsequent expansion in the ability to assay and then identify, using
mostly mass spectrometry—based methods, the proteins in a system has led to the
term “proteomics” being coined. However, during the past few years the full com-
plexity of molecular biology has been realised and the complex interactions between
genetic make-up and environmental factors have now been recognised. It is now
accepted that understanding of these interactions is impossible at the transcriptomic
level and difficult at the proteomic level.

The reality is that the small molecules involved in biochemical processes provide a
great deal of information on the status and functioning of a living system under study
both from effects caused by changes in gene expression, and also by differences in
life style and diet in humans and other mammals. The process of monitoring and
evaluating such changes is termed “metabonomics”. A parallel approach has also
been under way, mostly in model organisms and in plant systems, and that has led
to the term “metabolomics”. Metabonomics really grew out of work using NMR
spectroscopy of biofluids going back to the mid-1980s, and which was subsequently
combined with the use of pattern recognition and multivariate statistics investigation
of the complex data sets. The term was not coined until much later and was
formally defined in 1999 by Jeremy Nicholson and colleagues as “the quantitative
measurement of the dynamic multiparametric metabolic response of living systems
to pathophysiological stimuli or genetic modification”. A little later, in 2001, the term
“metabolomics” was introduced by Oliver Fiehn and defined somewhat differently
as “a comprehensive and quantitative analysis of all metabolites” in a system.
Although there remain some differences in concept, there is now a great deal of
overlap in the philosophies and methodologies, and the two terms are often used
interchangeably by scientists and organisations. In this volume, we have allowed
authors to use their term of preference.
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Metabolic analyses provide a data-dense approach to biochemistry by monitoring
simultaneously the changes in concentrations (and in some cases, molecular dynam-
ics and compartmentation) of a wide range of molecules. To aid the observation
and understanding of those differences that are really significant between classes,
it has been necessary to use multivariate statistics extensively and interpretation of
such calculations leads directly to the real biochemical differences between sample
classes and hence identification of biomarkers of the process under study.

The main aim of this book is to provide a state-of-the-art picture of where metabo-
nomics and metabolomics stand today, to give authoritative education and guidance
on the analytical and statistical techniques used, and to identify and review the main
current areas of application. The main analytical techniques of NMR spectroscopy
and chromatography linked to mass spectrometry are explained and reviewed in
detail, as are the various chemometrics and statistics approaches that are widely
used. In addition we have taken the opportunity to provide information on the recent
attempts at setting standards in designing and reporting metabolic experimental
studies. We have invited articles to cover a wide range of biological applications.
These range from plants and model organisms through to pre-clinical and clinical
pharmaceutical studies and human disease and epidemiological investigations.

We greatly appreciate the efforts of all of the authors of the chapters who have
consistently provided excellent articles. These have a high educational content as
well as providing reviews of very current and cutting-edge literature. We hope and
believe that this provides a balanced view of the subject with both the advantages
and the shortcomings of the various methodologies being explored. Each chapter
also includes a relevant and comprehensive set of references for further reading.

The field of endeavour is expanding rapidly, but we believe that now is a good
time to review the achievements in the area of metabonomics and metabolomics
and for the scientific community to set standards for the future. Our intention is that
this book will serve as the authoritative reference work for scientists entering the
field and for those already conducting metabolic studies. We believe that it also has
a substantial educational role and will be of use to postgraduate students. It should
be of interest to analytical scientists and to those working in application areas as
diverse as plant science, environmental science and human clinical medicine. In
summary we believe that this volume should prove educational, informative, critical
and thought-provoking.

John C. Lindon
Jeremy K. Nicholson
Elaine Holmes
London, UK

May 2006
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Figure 1.5. One-dimensional STOCSY analysis to identify peaks correlated to that at the chemical
shift, §2.51. The degree of correlation across the spectrum has been colour-coded and projected
on the spectrum. (a) Full spectrum; (b) partial spectrum between 67.1 and 7.5; (c) partial spec-
trum between 82.4 and 3.0. The STOCSY procedure enabled the assignment of this metabolite as
3-hydroxyphenylpropionic acid. Reproduced with permission from Cloarec et al. [63].



