
General presentation
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Science must confront many challenges. The most difficult and
certainly the most exciting in coming decades will be understanding how
the brain works. In particular, we expect to elucidate the biological basis of
consciousness and cognitive processes that form the foundation to action,
forethought, learning and communication. Such understanding is
indispensable to understanding ourselves. It can only be attained by
studying the primary functions of nerve cells, sensory and motor functions,
integrated behaviors and cognitive processes that are specific to our
species. These functions determine thought, language and the acquisition
of writing and culture. Consequently, they also determine how man sees
himself and his relation to his peers and the world surrounding him.

From this point of view, this report highlights some of the essential
notions. Here we provide a brief summary with specific examples from
some of the best laboratories.

Advances in the neurosciences influence progress in neurology,
psychiatry, the study of normal and pathological development of the
nervous system and psychology. Our understanding of the normal
function of the nervous system and the causes leading to pathological
states and major diseases (neurodegenerative diseases such as
Parkinson, Alzheimer, epilepsy as well as toxicomania) has recently
advanced and opened horizons that were inconceivable only thirty years
ago. Some of the most spectacular fundamental and therapeutic
advances are described in this report. Many industries, not only
pharmaceutical but also those involved in instrumentation and
information technology, have also depended on and benefited from this
fantastic progress. Each chapter in this report was written following
one common guideline: to illustrate the novel and essential
contribution of fundamental research in neurology and psychiatry.
Such contributions were unimaginable only a short time ago even
to the most optimistic among us.©
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The data that has been already accumulated in the field of
neurosciences is considerable. Its quantity and diversity, due to the
complexity of the nervous system and its hierarchical nature, pose specific
and entirely new problems of management and exploitation. Treatment of
such diverse data can only be overcome by relying on information
technology, especially on a new field termed neuro-computing, and on
theoretical sciences dealing with the brain. Results from such an
approach will lead to new progress in the field and better communication
with the general public. We will illustrate the necessity of this methodology
with the help of several examples showing cerebral activities required for
normal cognitive functions and those that arise when function is defective.
In this report, we emphasize the importance of other disciplines such as
genetics, cellular and molecular biology, biophysics, biochemistry and
imaging the spectacular progresses of which are currently revolutionizing
neurobiology. No theory of the brain, even a partial one, can be developed
without relying on disciplines ranging from mathematics to human
sciences. The following contributions are a plea to break down the
boundaries that often still compartmentalize these different fields.

The brain is characterized by multiple levels of organization ranging
from molecules to consciousness. Because of its complexity and
parallelism, experimental approaches have until recently been essentially
descriptive. The first period of discovery, from the 1960s to the 1980s,
benefited from the guiding force and the crucial support of the DGRST.
Neuro-anatomy, electrophysiology, biochemistry and molecular biology
techniques made it possible for French scientists to study the detailed
physiology of the muscle, the elementary mechanisms of synaptic
transmission, to establish detailed paths of neuro-neuronal connections
in the brain and to develop invertebrate (sensory and motor nodes of
unsuspected complexity) and vertebrate (cerebral cortex) models. Entire
new fields were opened when the first neuromediator (nicotinic) receptor
was identified and its functional properties were described. The first
biochemical maps of the brain, which revealed the importance of
mediators such as dopamine in the cortex and serotonine, were
established. Structure-function relations of synapses that ensure the
transmission of information between neurons were studied for the first
time. Simultaneously, other groups concentrated on electrophysiological
studies of alert animals. They described the basal activities, spontaneous
and induced, that accompany the awaken state and sleep (in particular
the so-called “paradoxical” sleep that characterizes dreams). The
different electrical rhythms that reflect the activity of neuron groups
identified during the alert state, the activation of certain sensory systems
and specific motor behaviors were also characterized. These advances
that form the basis of what is now called “functional and cognitive
physiology” (following Sherrington’s traditional “integrated” physiology)
explain why the French community of neurobiologists has been, and still
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is in the case of some of its pioneers and their students, at the forefront of
the international competition.

Since the 1980s, advances in molecular biology and biophysics have
led to an even more detailed understanding of cellular mechanisms.
Among these were the detailed understanding of membrane and
synaptic channels, the analysis of primary ligand-receptor interactions,
the pharmacology of receptors and the identification of the intracellular
messenger systems involved in signal transduction. Using genetic
engineering techniques, it has been possible to evaluate at the level of
the neuron the consequences of site-specific genetic modifications. The
functional expression of such mutations can be induced or suppressed
selectively, for example during specific developmental stages (this study
has progressed greatly when the extraordinary potential of experimental
embryology was used in Nogent) or in protocols of behavioral
conditioning that are being continuously refined. These major advances,
to which French researchers have made first rate contributions, have
been important not only in establishing a molecular map and the
integrative power of the neuron but also because of the unexpected
discovery of the remarkable plasticity of interneuronal connections.

Unfortunately, the French public authorities, the major research
institutions and the scientific community itself have not always correctly
appreciated the implications of the scientific revolution unfolding before
their eyes nor have they instituted the necessary reforms required by it.
This has happened in spite of the fact that neurosciences, which has
flourished in France since the 1950s, is a particularly active field and
has at its disposal the strong potential of young researchers who only
needed to be supported and mobilized. In our eyes, the CNRS (about
350 purely CNRS laboratories and mixed CNRS-university
laboratories), INSERM (national institute for health and medical
research), the Life Sciences department of the CEA (atomic energy
commission) and INRA (national institute for agronomy research) are all
guilty of such lack of foresight. This unfortunate neglect has occured in
spite of the fact that the French Society for Neurosciences society has
nearly 2000 active members distributed all over the country.

Since the 1980s, the novel approaches for studying the brain have
given a new direction to neurosciences in Japan, the United States and
in Germany. For example in both humans and primates, imaging has
been able to bridge the gap between classical neurobiology, behavioral
studies and neuropsychology. In animals, it covers a vast field, mainly at
the molecular level but also in developmental biology and integrated
physiology. Another example is the possibility of simultaneously
monitoring several cells and treating the data using algorithms derived
from non-linear dynamics. With the latter techniques, it becomes possible
to evaluate the coupling between neurons that act as partners within a
neuronal group and the emergence of their collective properties and to

General presentation XXXV

©
La

vo
is

ie
r 

– 
La

 p
ho

to
co

pi
e 

no
n 

au
to

ris
ée

 e
st

 u
n 

dé
lit

3337_08_General  29/10/03  16:15  Page XXXV > STDI Normalizer Couleur



link the activity of the group of neurons thus identified with perception
and complex behaviors in alert animals, in particular in primates. This
trend, which ultimately makes it possible to understand the macroscopic
level of functional brain organization, language, different forms of
memory, emotions and consciousness, has not in France received the
support it deserved in spite of efforts from some leading researchers.
This is true for the development of models of the nervous system and the
so-called computational neurosciences. The result has been a dramatic
decline in integrative neurosciences and in the study of the major brain
functions, coding and treatment of sensory information, the
establishment of models for action and alert states. As a consequence,
clinical research associated with these, both pharmaceutical and
industrial, has also diminished. This decline and its underlying dangers to
science and public health has been emphasized without success in
numerous previous reports, even though some of them were sollicited by
successive ministers of research and by the President of the Republic
(January 2000). This lack of attention is surprising because the talent
available in our country is plentiful, in all fields of expertise, and these
scientists need to be mobilized and brought together. This overhaul
requires immediate efforts to strengthen collaborations between
disciplines (mathematics, physics, engineering, experimental psychology
and clinical and fundamental neurosciences). These fields are still taught
individually in our schools without any attempts to relate one to another
and they are always supported and evaluated separately by the
“specialized” committees of our main research organizations.

This growing gap will have an effect on the new scientific era of post-
genomics which France will be able to meet successfully because of the
significant expertise and financial support that already exist in the field of
molecular and cellular biology. The sequencing of the human genome
has shown that there are only 30 000 genes. The application of this
discovery, in conjunction with the identification of all the principal
molecules of the brain will allow us to address many new problems
(which would be worthy of a separate report). First, at the fundamental
level, the enigma posed by such a small number of genes will need to be
addressed in the view of the extraordinary complexity of the brain and its
functions. It will also be possible to investigate the difficult question
regarding the relationship between genes, ionic channels and receptors
in the development of the nervous system as well as cognitive functions
and consciousness. In biotechnology, these discoveries will lead to
numerous therapeutic spin-offs, both in pharmacology and gene therapy.

This report does not claim to be exhaustive 1. Some parts were
written by researchers belonging to groups that are still in the process of

Neurosciences et maladies du système nerveuxXXXVI

©
La

vo
is

ie
r 

– 
La

 p
ho

to
co

pi
e 

no
n 

au
to

ris
ée

 e
st

 u
n 

dé
lit

1. Certain research fields have been completely omitted in this report. For instance,
cellular, molecular and developmental neurosciences, which are examined in detail in 
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being established. Others report on the present state of research
projects that are still in their early stages and that might not yet have
fulfilled their promises. These contributions were included to illustrate
the more general ideas and to emphasize the directions the most urgent
institutional efforts and financial support should take. They are not
complete because areas such as mathematical neurosciences, the
importance of which keeps growing both at the level of theory and
analysis of experimental data, and functional physiology, as defined in
this report, have been omitted. The administrative efforts and financial
investments required are the focus of the recommendations presented
at the end of this report.
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(suite de la note 1 de la page précédente) separate reports of the Academy of Sciences,
as well as neuroepidemiology which is however treated indirectly in a number of
contributions. Other fields are insufficiently developed in France, for example, clinical
research, which is currently evolving rapidly and for which we must at least underline the
ethical requirements; structural biology; neuroanatomy and neurochemistry; some
psychiatric diseases; and the effects of hormones and other steroids. Also the absence of
the so-called computational neurosciences should be noted. The purpose of this list is to
point out how urgent it is to realize how serious a handicap this gap in research
constitutes for the future of French neurosciences.
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