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Foreword

Gordon Shepherd
Department of Neurobiology
Yale University School of Medicine

It is a pleasure to open this volume with a few words of praise for its editor,
Ray Paton.

We became acquainted a number of years ago when Ray contacted
me about joining him in the effort to bring together investigators who
were developing methods for applying theoretical approaches to biology
and medicine. The present volume is a testimony to his vision and per-
sistence. Although younger investigators may take theory in these fields
for granted, it was not always so. The magnitude of Ray’s achievement
can be appreciated with a brief perspective on where he started.

Traditionally, biology and medicine have been driven by inventions of
new experimental instruments and methods, as expressed by the byword of
the nineteenth century, “Teknik ist alles”. While fundamental insights in
physics could be obtained by a combination of mathematics and relatively
simple mechanical instrumentation until well into the nineteenth century,
biology had to wait for the development of a combination of highly sophis-
ticated technical advances in chemistry, optics, and electromagnetism,
among others. No real biology could be done until the cell could be seen,
no real understanding of the nervous system was possible until electrical
activity could be recorded, as occurred in the middle of the nineteenth
century.

This focus on technique yielded the birth of biologically based medicine,
which continued to build into the twentieth century. It was however
significant that, from the start, this new field differed from physics in
a crucial aspect. Whereas the rise of physics had been driven by a
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combination of experiment and theory, biology lacked the kind of
theoretical basis that had been essential for physics, as expressed in the
well-known observation, “You can’t understand a fact without a theory™.
This was largely due to the extraordinary complexity of biological
phenomena, a complexity that was only magnified by the need in medicine
to account for both normal and pathological phenomena.

In the twentieth century, theory in biology at first rested on analytical
mathematics, such as the models developed by N. Rashevsky in Chicago
and A. V. Hill in London. For all their sophistication, these theories had
little impact on experimentalists, who by mid-century were engaged in
founding what we call modern biology. The cornerstone of course was the
identification of DNA in 1953 by Watson and Crick. The fact that this
great achievement involved not only the essential experimental evidence
but also a theoretical model — an actual palpable three-dimensional model —
was not the least reason for the persuasiveness of this new insight into the
fundamental nature of biological matter.

Even more persuasive as a harbinger of a new marriage between
experiment and theory in biology and medicine was the model of Hodgkin
and Huxley for the action potential. This has been the foundation for
understanding the structure and function of all membrane channels, which
are the ubiquitous carriers of ion fluxes that are essential to the function-
ing of virtually every cell and organ system in the body. Their medical
importance multiplies daily with the evidence for genetic disorders that
result in channelopathies that affect these functions throughout the body.

The lore of the Hodgkin—Huxley model includes the account of how
Huxley cranked out the differential equations underlying the action
potential on a hand calculator, illustrating the fact that the development
of theory is also methods-limited. These limitations were of course
overcome with the introduction of the digital computer. This did not
happen overnight. For example, many years were required just to get the
H-H model into a digital form that could be widely accessed and used.

During this time, the revolution in modelling methods took place with
the development of the digital computer. The constraints of oversimplified
analytical models were replaced by the arbitrary complexity that could be
built into numerical representations of biological phenomena and medical
applications. Thus, as in the case of experimental biology and clinical
medicine, theory also depended on technical breakthroughs.

Some of the first numerical models were developed in the 1950s to
analyse the passage of radioactively labelled substances injected into
humans through the different body compartments — blood, extracellular
space, intracellular space, cerebrospinal fluid, etc. This involved generic
representations of compartments in terms of capacities and flux rates
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between them. These in turn could be used as the basis for developing other
types of compartmental representations, such as the compartmental
modelling of the functional properties of neuronal dendritic trees by
Wilfrid Rall. Our work on the functional interactions between dendrites
had its origins in the Hodgkin—Huxley model for the action potential, and
looked forward to the increasing use of models today for analysing
dendritic, neuronal and circuit functions in the brain. This software is
now easily accessible at websites for NEURON and GENESIS.

Establishing modelling as an essential theoretical component to the
interpretation and guidance of experimental studies during this time had
to overcome often strong opposition from experimentalists, for several
reasons. Most experimentalists are convinced they don’t need theory,
although all studies are motivated and interpreted within a theoretical
framework, whether explicit or not. Many experimentalists who might
be interested in applying theory are critical of available models as too
simplistic, or too recondite. Many theories that explain the data do not
offer hypotheses that can be tested in the real world. And there are often
gulfs of communication and terminology between experimentalists and
theorists, as well as between those working in different systems.

All of this is relevant to understanding the huge challenges that Ray
Paton faced as he began the task of encouraging the application of theory
to problems in medicine. One of the cardinal aspects of his approach was to
base it broadly on bringing people together from many different fields.
Thus, he recognised that biology involves many levels of organisation, from
molecules and cells to systems and behaviour. He recognised that it involves
many disciplines, from molecular biology through the basic sciences to the
clinical disciplines. And he recognised that it required bringing people
together with these disparate backgrounds and interests, at meetings and in
volumes such as this, in order to begin to put together coherent concepts
of how the body functions and how medicine can bring modern technical
advances to bear on correcting pathologies of body functions.

All these qualities were found in the international meetings that he
organised over the past more than a decade, and all are on display in this
volume. Readers can find here a rich harvest of articles. Topics covered
include practical applications of theory to genotypes and phenotypes of
disorders of haemoglobin, T cell activation and beyond, vasopressin and
homeostasis, cardiac arrhythmias, angiogenesis, and liver fibrosis in biopsy
specimens. They include fundamental biological concepts of molecular
evolution and its implications for medicine, modelling stochastic neural
systems, physiological modelling, systems biology, and tissue as a network.
They include theory behind medical imaging. They include new informatics
approaches such as advanced data mining and personalised medicine,
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and data mining applied to studies of hepatitis. They include topics in the
theoretical basis of medicine itself, such as the basis of medical decision
making, what is a medical theory, expert systems, and reliability of
measurements. They include moral issues such as medicine and moral
epistemology, and hope and despair in tissue engineering. And they include
topics in medical education and educational theory.

This volume therefore is an excellent representative of Ray Paton’s
concept of theory in medicine. It includes the kinds of theories that he
wanted to see developed for all aspects of medicine, across the different
biological levels, the different technical disciplines, and the different
medical fields. It expresses his steady commitment to an integrated
approach, bringing together theory and experiment for the benefit of
biology and medicine, just as they had and continue to do for physics
and chemistry in the preceding century. It is a testament to a loyal friend,
warm colleague, skilled theorist, and a true visionary.

Gordon M. Shepherd
December 15, 2004
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