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Preface to the Second Edition

It seems only a short time since the first edition of this book appeared. In reality,
it is six years. In that time, there have been many major advances in the field
of exercise biochemistry, and there have also been a few retreats. Many of these
have come from the application of new techniques to the study of old problems,
and from the cross-fertilization of ideas from different areas of specialization.
Molecular biology continues to develop rapidly and to provide insights into
the mechanisms operating at the sub-cellular level that underpin many of the
responses and adaptations to different types of exercise stress. The cytokines,
for example, are now recognized as having a wide range of roles in intracel-
lular signalling pathways. Likewise, free radicals, formerly thought of as being
exclusively harmful to cells, are seen to play important roles in a range of cellular
processes. The rapid developments in gene therapy, with their implications for
abuse in sport, offer the prospect of tissue engineering in ways that did not seem
possible even a few years ago.

In revising the text, we have tried to take account of the new information that
has emerged, and some substantial new sections have been added. At the same
time though, we have tried not to lose sight of our original aim, which was ‘to
introduce students of sports science or exercise physiology to the biochemical
processes that underpin exercise performance and the adaptations that occur
with training’ As pointed out in the preface to the first edition, we have tried to
maintain the focus on physiological chemistry—the processes that occur in the
living body under physiological conditions rather than those that can occur in
the test tube.

We have added many new references to the further reading lists at the end of
each chapter to illustrate recent advances in knowledge. We have, however, also
retained, and even added, many older references. We have done this as we believe
that students should not lose sight of the development of the subject: many of
these older references highlight major developments as they occurred and they
are still relevant today.

This second edition has benefited from the many comments made by col-
leagues and former students. The fact that these have been generally positive has
encouraged us in the preparation of a new edition.

Ron Maughan
Mike Gleeson
Loughborough University, 2010



Preface to the First Edition

Some understanding of the biochemistry of exercise is fundamental to any study
of the factors that contribute to sports performance. It is the physical, chemical
and biochemical properties of cells and tissues that determine the physiological
responses to exercise, and yet the teaching of exercise biochemistry is poorly
developed compared with exercise physiology. Where the subject is taught at
all, the student often finds the approach somewhat daunting, with its focus on
thermodynamics, chemical structures and metabolic pathways. Many students
find the subject difficult, when it should not be so.

The aim of this book is to introduce the student of sports science or exercise
physiology to the biochemical processes that underpin exercise performance
and the adaptations that occur with training. The focus is on skeletal muscle
metabolism and the provision of energy for working muscles. This is strictly
physiological chemistry—the study of the biochemical or metabolic processes
that occur in the whole organism—as opposed to those that might occur in the
test-tube under non-physiological conditions. Although the factors that cause
fatigue during exercise are not well understood, it seems likely that they have
a biochemical rather than a physiological basis. Students of sport and exercise
science do not require a deep understanding of biochemistry, but do need to be
familiar with the main concepts.

We have tried in this book to introduce the principles of exercise biochemistry
in a context that is immediately relevant to the student of sports science. This has
meant abandoning the traditional approach of working through the main classes
of biomolecules and the major metabolic pathways. Instead, we have tackled the
subject by considering the biochemical processes involved in energy provision
for different sports events and the way in which limitations in the energy supply
can cause fatigue and thus limit performance. Recovery from exercise is impor-
tant for athletes who train and compete with only a limited rest period, and the
biochemical processes that influence recovery and restoration of performance
capacity are also addressed in this book.

The subject matter lends itself well to this approach. The weightlifter is con-
cerned only with force production, but the sprinter needs to sustain high-power
outputs, albeit only for short periods of time. The endurance athlete must pro-
duce only a moderate power output, but this rate of work must be sustained for
long periods. The biochemical processes that fuel the different activities that
contribute to sport are the focus of this book, together with the changes that
occur with training and the role of diet in providing the necessary fuels. Sporting
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talent is a rare gift inherited by the elite athlete from his or her parents, and a
brief description of the basis of heredity is included.

The authors both teach undergraduate courses in exercise biochemistry,
physiology and nutrition and bring their experience of research and teaching to
this book in the hope that it will stimulate the interested student to pursue this
fascinating subject.

Ron Maughan
Mike Gleeson
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Introduction:
The biochemical basis
of exercise and sport

Historical perspective 3
Evolution of records 3
The appliance of science n
The abuse of science 12

Learning objectives
After studying this chapter, you should be able to .. .

1. appreciate why knowledge of biochemistry is important to our
understanding of the factors that determine success in sport;

2. describe some of the factors that have contributed to the improve-
ment of world records in sports events over the last century;

3. understand the limitations of extrapolating from the changes in
previous world records to predict the pace of future improvements;

4. describe some of the factors that limit exercise performance and
determine success in sport;

5. describe the concept of failure of ATP supply as a biochemical cause
of fatigue.
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INTRODUCTION: THE BIOCHEMICAL BASIS OF EXERCISE AND SPORT

Introduction

The innate level of ability and the ability to respond to training with an
improvement in performance are the keys to success in sport

All sports activities involve muscular activity, and for each one of us there is an
upper limit to our ability to perform any task involving muscular effort. When
we try to do more, fatigue intervenes: when this happens, we have to slow down
or stop,and skill and coordination deteriorate. This applies to all activities involv-
ing strength, speed, stamina, and skill. It is these differences in physical capacity
between individuals that form the basis of sporting contests as each competitor
strives to reach those limits. The limitations to exercise performance are many
and varied, but no matter what our event or our level of performance, we can
improve with appropriate training. These two factors, the innate level of ability
and the ability to respond to training with an improvement in performance, are
the keys to success in sport.

The genetic material dictates the formation of proteins and these in turn
control metabolism

Both of these factors are essentially determined by our body’s biochemical
make-up. Our genetic material, which is made up of deoxyribonucleic acid
(DNA), dictates the formation of proteins and these in turn control the metabo-
lism of all the other chemical elements and compounds that make up our cells
and tissues. The human body is nothing more than a collection of biochemicals
that interact with each other to provide both structure and function. The struc-
ture is important: it determines our height, weight, external appearance, and
all our other physical characteristics. Function is even more important as this
determines strength, speed, stamina, and skill. The nature of the mind, of thought
processes or even of simpler human attributes such as memory, is not well under-
stood, but all of these phenomena must also have a biochemical basis. Physiology
and medicine are no more than the physical manifestations of the underlying
biochemistry. Some would argue that psychology falls into the same category.

Understanding the body's responses to exercise is important for the athlete
who seeks to perform well

Sport takes many different forms, and offers as many opportunities for those who
simply want to participate in a pleasurable recreational or social activity as it does
for those who want to compete at the highest level. The recreational participant
can benefit from long-term improvements in physical and mental well-being
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and in functional capacity as well as the immediate pleasure of participation.
Understanding the body’s responses to exercise is important for the athlete who
seeks to perform well, but it is also a crucial element in the development of suc-
cessful physical activity programmes that can tackle the growing prevalence of
the diseases that accompany a sedentary lifestyle.

An understanding of biochemistry—the chemistry of life—is fundamental to
all of these aspects and it will become even more so as science progresses from
simple descriptions of phenomena based on observation to a detailed under-
standing of the mechanisms that control bodily function.

Historical perspective

In team sports, there are few opportunities to set records, and the standards by
which participants are judged are relative rather than absolute. The aim is simply
to beat the opposition. Even in these sports, however, meticulous records of team
and individual performances are kept, and the exceptional ability of outstanding
individual players is recognized. Baseball players such as Joe DiMaggio, cricket-
ers such as Don Bradman, and Pele from the world of soccer are remembered
for the statistics they generated, but much more for their individual brilliance. To
the younger generation this is seen only from film or television recordings, but
memories of earlier days, before film records were kept, still persist. The great
cricketer WG Grace, who was at his peak in the 1870s and 1880s, was filmed
only in his declining years, and the few photographs available can convey little of
his skills. We know, however, that Walter George set a world record for the mile
in 1886 and that his time was recorded as 4 min 12.75 s. That may sound slow
compared with today’s performances, but it remains a creditable performance,
given the state of the tracks on which he ran, the shoes he wore, and the limited
training that he undertook.

Evolution of records

In some sports, the rules or the equipment have changed, making historical
comparisons inappropriate

In sports where performance can be measured, it is possible to record the evo-
lution of records, and the world record is a measure of the limit of what was
achieved at any particular time in the history of sport. In some sports, the rules
have changed or the equipment has changed, making historical comparisons
inappropriate. The length and weight of the javelin, for example, were changed
when the distances achieved by the top throwers became so great that they
could not be contained within the confines of an athletics stadium. Likewise, the

3
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INTRODUCTION: THE BIOCHEMICAL BASIS OF EXERCISE AND SPORT

Figure 1.1

Evolution of world record times
for the 100-m sprint for men
and women since official record
keeping began.

introduction of aluminium and then fibreglass poles in the pole vault has made
historical comparisons inappropriate. Most events, however, have not undergone
fundamental changes, although it could be argued that the introduction of syn-
thetic running tracks and improved shoe design have altered even the simple
activity of running from A to B as fast as possible.

In the 100-m sprint, the men’s record has always been better than the
women'’s record

In an event such as the 100-m sprint on the track, successful performers must
react rapidly to the starter’s gun and generate high power to accelerate from the
blocks. They must then maintain peak speed for as long as possible and slow
down as little as possible in the later stages of the race. Improvements in perform-
ance may come from faster reaction times, better ability to generate power in
the active muscles, improved resistance to fatigue, or some combination of these.
Figure 1.1 shows how performances in the 100-m sprint have improved for men
and women since records were first officially recognized in 1912. A number of
factors are apparent from these graphs:

« there has been a steady improvement in performances for as long as
records have been kept;

» there is no obvious indication that the rate of improvement has
slowed—progress has been more or less linear at a rate of about
0.1 s per decade;

« the men’s record has always been better than the women’s record
and even though the gap has narrowed somewhat, there is still a
large (about 10%) difference.
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There must be a limit to performance and at some point in the future there
will be no further improvement

Although much can be learned from looking at a simple graph such as Figure
1.1, it is easy to over-interpret or misinterpret the information and to reach inap-
propriate conclusions. It is clear that there must be a limit to performance and
at some point in the future there will be no further improvement. If we consider
only the data for men, we can apply a linear regression analysis, which shows
that there is no sign of the rate of progress falling off; the correlation coefficient
is 0.948. This predicts that the world record will be 9.62 s in 2020 and 8.99 s in
2100 (Figure 1.2a). Clearly, however, the equation is not quite right as the World
Record already exceeds that time—Usain Bolt having run a time of 9.58 s in 2009.
That is the trouble with this type of analysis—progression is not linear, with peri-
ods of rapid improvement and other times when performances seem to stagnate.
The women’s record has not improved since 1988, a period of more than 20 years.
It is clear that this time will be broken at some stage, but there is no way of know-
ing when this will happen. Another problem with the linear analysis model is the
assumption that performances will continue to improve. A time of 8.99 s for the
men’s 100 m seems possible, but extending this extrapolation further suggests
that at some stage in the future (in fact in the year 3276) the world record will be
0.00 s. The year after it will be negative—i.e. the runner who wants to break this
record must finish before he has started. This is clearly absurd and will not hap-
pen, illustrating some of the difficulties with projections based on linear analyses.
However, if we analyse these data differently and apply a non-linear equation to
fit the best line, this fits just as well and indicates a gradual slowing of the rate of
improvement. This analysis of the same information predicts that the ultimate
limit will lie somewhere around 9.2 s, (Figure 1.2b) but it fails because it does not
allow for an athlete like Usain Bolt, who was responsible for lowering the record
by 0.16 s in less than 2 years. Only time will tell where the limit lies, and we can-
not predict what impact new developments in track surfaces, shoes, and other
factors may have on performance. Most predictions have been proved wrong by
subsequent developments, but it seems safe to say that no man or woman will
ever run 100 m in under 8 s. If that is accepted, then the ultimate limit must lie
somewhere between the current record and the 8-s mark.

It is common to read that performance improvements will become progres-
sively smaller, but there is no sign of that in some events. Even if the rate of
progress does slow, measurement methods are becoming more precise, and per-
formance can be measured to hundredths or even thousandths of a second. This
can be seen with the 100-m world record mark. When times were recorded to
0.1 s, the record was broken only five times between 1912 and 1960: with the
advent of electrical timing systems and the recording of times to 0.01 s, the record
has been broken 14 times since 1960. Another example of this can be seen in the
results of the Oxford—Cambridge University boat race, which has been contested
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