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Foreword

No other tissue in the human body can vary its metabolic rate so
dramatically as skeletal muscle. In fact, active muscles can increase
their oxidative processes to more than 50 times the resting level. Such
an enormous variation in metabolic rate necessarily creates problems
for muscle cells because, while consumption of oxygen and fuel (sub-
strates) increases 50-fold, the rate of removal of produced heat, carbon
dioxide, water and “waste products” must be similarly increased. To
maintain the chemical and physical equilibrium within the body, there
must be a tremendous increase in the exchange of molecules between
the inside and outside of the muscle cells. When muscles are thrown
into vigorous activity, the ability to maintain the internal equilibrium
at a level permitting continuous exercise is entirely dependent on
those organs that service the muscles. This dependence is especially
true in the case of respiration and circulation, but certainly food
intake, digestion and handling of substrates, kidney function, temper-
ature regulation, water balance regulation and the effect of various
hormones are also affected by variations in the metabolic rate caused
by more or less intensive physical activity.

There is a definite tendency for new scientific frontiers like micro-
biology, genetics, immunology, developmental biology and neuro-
science to dominate both in the award of research grants and in
the teaching of medicine, medical science, biochemistry and biology.
However, such emphasis on subject specialities by enthusiasts is not
without risk. Other sectors of biology and medicine that may in the
future become more important run the risk of being neglected. These
risks have been emphasized by the American and British Physiological
Societies. It is very important that physiologists and biologists convert
the lifeless pieces of molecular and cellular biology into living systems.

In my opinion, “exercise physiology” is from these viewpoints parti-
cularly important because an exercise situation in various environ-
ments provides unique opportunities to study how different functions
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of the body are regulated and integrated. As stated above, most
functions and structures in the body are in one way or another affected
by acute and chronic (i.e. training) exercises. Therefore, exercise physi-
ology is to a high degree an integrated science that has as its goal the
identification of the mechanisms of overall bodily function and its
regulation. It is therefore regrettable therefore, that so few pages in
standard textbooks in biochemistry and physiology for medical stu-
dents are devoted to discussions of the effects of physical activity on
different structures and functions.

Newsholme, Leech and Duester have written an excellent and
highly needed example of a text that illustrates the importance of
a broad, holistic approach when analysing human structures and
functions. Walking and running are activities developed millions of
years ago during evolution of the hominid family. We have been
hunters and gatherers, i.e. nomadic people, during more than 99%
of our existence as hominids! Therefore “service systems” securing an
optimal internal environment, function and performance during walk-
ing and running were developed, modified and adapted. It is very
logical to choose running when discussing human biochemistry and
physiology because it is a situation in which cells and organs are
following the Three Musketeer principle in their functional strategies:
“All for one and one for all!” Running can stress the body and mind to
its limit and it is important and fascinating to analyse limiting factors,
risks of overload, prevention of such risks and treatment of the con-
sequences of overload. These aspects of human athletic achievement
have high priorities in this volume.

The text is highly educational and it will serve professional teachers
in physiology and medicine. At the same time, the authors have
successfully presented and discussed complicated scientific events
in a fluent and didactic style so that it can be enjoyed and understood
by athletes and general readers with no formal background in
biochemistry and physiology. The only prerequisite is curiosity about
the function of the human body and this curiosity should have a high
priority.

Per-Olof Astrand



Preface

Most people have a greater understanding of how their car works than
how their body works, although this is less likely to be true for
athletes, who, in the process of pushing their bodies to the limit,
acquire much information about themselves. Many runners will have
had little in the way of scientific education and need to work hard if
they are to assimilate all the biochemical, nutritional, physiological
and psychological information that is now available. The reward for
this effort, however, is now considerable, with the real possibility of
using the information to improve performance. But even if this were
not so, knowledge of what is going on ‘under the bonnet’ can add
greatly to the pleasure of running even for those of us who will gain
no medals.

This book has been written for athletes, at any stage of their career,
for coaches, for physicians and for anyone who wishes to understand
more about the scientific basis of running. It is also intended to help
students of sports science, especially those without a strong back-
ground in science. For the most part we have emphasized ideas rather
than details and, where possible, have presented biochemistry without
the equations and physiology without the mathematics.

Understandably the athlete has a muscle-centred view of his or her
body and it is with muscles that we begin in Chapter 2. Human
muscles can no more defy the laws of physics than can the internal
combustion engine so to continue working they require a source of
energy. How this is stored, made availabie and can limit performance
in different events is described in the following chapters. To be used,
these fuels and the oxygen needed for their combustion must reach the
muscles, and an understanding of the body’s supply lines, described in
Chapter 7, has always been an important aspect of sports science.
Although female participation in all track and road events is now
accepted, the history of women’s running is short and in Chapter 8 we
consider some of the few ways in which female runners are different.
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The modern holistic approach to training acknowledges that the
body as a whole must be trained and that this includes the mind.
Although our understanding of the scientific basis of behaviour lags
far behind our physiological knowledge, the scientific approach is
maintained in Chapter 10. In contrast, much more is known about the
connection between diet and human energy metabolism and in Chap-
ter 11 we explore these links, seeking to correct misconceptions and
show how the athlete’s dietary needs are somewhat different from
those of the average person. It is an unfortunate fact that most athletes
will have to endure some spell of injury during their career and in
Chapter 12 we attempt to explain the nature of common injuries.
Whereas dietary manipulations are an accepted part of race prepara-
tion, the use of drugs is not and in the final chapter of Part I we present
some of the reasons for this.

Above all, we hope to have not lost sight of the practical application
of science to running and in Part II offer specific advice, beginning with
a set of training schedules for a whole range of distances which can be
modified to suit individual requirements. Readers may be surprised to
find recipes in a book on scientific principles but any runner trying to
cope with the special demands of intense training schedules, and the
problem of finding time to prepare satisfactory ‘athletic meals’, should
find them very useful. Part II also contains advice on many other
aspects of race preparation, from learning to relax to choosing a bra.

It is, of course, not possible to write a book of this kind without a
great deal of help from others. Much of this has been garnered from
the written page—that repository of shared knowledge characteristic
of scientific endeavour. Many of our sources have been listed as
‘Further Reading’ but there are inevitably many other pieces of pub-
lished work which we have made use of, consciously and uncon-
sciously. We are particularly grateful to Craig Sharp and to Priscilla
Clarkson, who commented so generously and helpfully on the manu-
script and helped us to avoid at least some of the more embarrassing
errors. Help with particular parts of the book was provided by C. Pond,
Open University, T.F.R.G. Braun, Merton College and J.A.N. Railton,
Oxford University Committee for Sport. We would also like to thank
the typists who have been involved with the preparation of this book,
particularly Judith Kirby and Shirley Greenslade. We thank Brian
Taylor, librarian of the Department of Biochemistry, University of
Oxford, for his help in obtaining books and journals to aid our access
to the information, so that we had more time for preparation of the
book. We also thank Stanley Greenberg, honorary statistician to the
British Athletic Federation and BBC TV Athletic Statistican for
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provision of information on current British, Olympic and World
records for track and field athletic events and the marathon.

Finally we thank our families for their patience and support during
the long periods of writing and preparation of the book.
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Chapter 1

Running In

And it is right that in your Congress here you should study the ‘making
of a champion’, if I may borrow the title of the monumental book written
here at Laval University. It is right that you should study the making of
a champion, but it is also right that you should fulfil another and a greater
task. Two centuries ago, the French Revolution gave us the concept of the
rights of man. A century later, a great French statesman, Baron Pierre de
Coubertin, added another right to those demanded by Jean-Jacques
Rousseau and Robespierre; he added the right to play, to physical educa-
tion, to unity of mind and body, to education in the Hellenic Gymnasium
and in the playing fields. Baron de Coubertin not only created the Olympic
Games, the magnificent assembly of the great élite, he propounded, first
and lively to all mankind, the policy of sport for all.

From a speech by Philip Noel-Baker, Director General of UNESCO, at
the opening ceremony of an International Congress of Physical Activity
Sciences in 1976 in Quebec City, prior to the Olympic Games in Mon-
treal. Philip Noel-Baker won the silver medal in the 1500 m event at the
Antwerp Olympic Games in 1920.

For many animals the ability to survive depends on ability to run,
either from danger or to capture food; and human beings have most
certainly survived for they are not only good runners but also versatile
ones. This ability is still to be seen in modern times although we rarely
have to run for survival. In the 1988 Olympic Games Carl Lewis won
the gold medal in the 100 m, running at 43 km/h, and Gelindo Bordin
won the marathon (42.195 km) in 2 h 10 min 32 s. In 1989 Tony Rafferty
covered 1000 miles on the track in 14 days 11 h 59 min. These athletes
were running not for survival but for pleasure—the pleasure of com-
peting and the pleasure of winning. Many more men and women gain
pleasure from maintaining their bodies in an optimal state of fitness,
indeed the running ‘high’ has been likened to a state of drug-induced
euphoria. Such pleasures are not new; two and a half thousand years
ago professional Greek athletes, with their professional coaches,
competed in organized competition for rich rewards.

Competition implies training—techniques and behaviour practised
to improve performance. For, in contrast to machines, which begin to



