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Foreword

This excellent and highly acclaimed textbook by
Hammond and co-authors, now in its third edition,
remains faithful to its central philosophy that teaching
science cannot simply rely on the presentation of facts,
but must also include the intellectual journey that gives
birth to key discoveries and results in the solution of
long-standing puzzles. Science is in constant motion,
and neuroscience, in particular, cannot be understood
without appreciating how ground-breaking experi-
ments were designed to test novel hypotheses using a
combination of intuition, knowledge and experience.
Readers will greatly appreciate this book for several
reasons. Chief among them is that the text introduces
them to the core scientific process, beyond simply pre-
senting solutions to problems. A unique aspect of this
textbook is that most figures are reproduced from the
original papers that first demonstrated a given finding.
This is an excellent didactic approach, because these
original figures not only convey information concern-
ing particular experimental arrangements and results,
but they also introduce students to the history of neu-
roscience first hand. At the bottom of each figure leg-
end, for example, readers will find the full reference

including the authors, title, and journal for the paper
that reported the particular discovery. There is no better
way to teach students integrity and self-confidence
than to introduce them to the original papers.

Because the current edition contains many updated
chapters and appendices, students will learn about
experiments performed by pioneering authors whom
they can actually meet in person at scientific conferences.
This is where the true power of the book lies, as this
approach enables students to familiarize themselves
with the ever-changing, flesh-and-blood frontlines of
cutting-edge research, while they are still in the process
of studying the key concepts of molecular and cellular
neuroscience. The topics range from elementary proper-
ties of excitable cells to detailed discussions of ion chan-
nels, receptors, and synaptic transmission, all the way to
dendritic integration and various forms of neuronal
plasticity. This book is a concise, yet in-depth, highly
informative text that will continue to inspire present and
future practitioners of neuroscience.

Ivan Soltesz, PhD
University of California, Irvine
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CHAPTER

1

Neurons

By using the silver impregnation method developed
by Golgi (1873), Ramon y Cajal studied neurons, and
their connections, in the nervous system of numerous
species. Based on his own work (1888) and that of others
(e.g. Forel, His, Kolliker and Lenhossék) he proposed
the concept that neurons are isolated units connected
to each other by contacts formed by their processes:
‘The terminal arborizations of neurons are free and are
not joined to other terminal arborizations. They make
contacts with the cell bodies and protoplasmic processes
of other cellular elements.’

As proposed by Cajal, neurons are independent
cells making specific contacts called synapses, with
hundreds or thousands of other neurons sometimes
greatly distant from their cell bodies. The neurons con-
nected together form circuits, and so the nervous sys-
tem is composed of neuronal networks which transmit
and process information. In the nervous system there
is another class of cells, the glial cells, which surround
the various parts of neurons and cooperate with them.
Glial cells are discussed in Chapter 2.

Neurons are excitable cells. Depending on the infor-
mation they receive, neurons generate electrical sig-
nals and propagate them along their processes. This
capacity is due to the presence of particular proteins
in their plasma membrane which allow the selective
passage of ions: the ion channels.

Neurons are also secretory cells. Their secretory
product is called a neurotransmitter. The release of a
neurotransmitter occurs only in restricted regions, the
synapses. The neurotransmitter is released in the extra-
cellular space. The synaptic secretion is highly focal-
ized and directed specifically on cell regions to which
the neuron is connected. The synaptic secretion is then
different (with only a few exceptions) from other secre-
tory cells, such as from hormonal and exocrine cells

which respectively release their secretory products
into the general circulation (endocrine secretion) or the
external environment (exocrine secretion). Synapses
are discussed in Chapter 6. ’

Neurons are quiescent cells. When lesioned, most
neurons cannot be replaced, since they are postmitotic
cells. Thus, they renew their constituents during their
entire life, involving the precise targeting of mRNAs
and proteins to particular cytoplasmic domains or
membrane areas.

1.1 NEURONS HAVE A CELL BODY FROM
WHICH EMERGE TWO TYPES OF
PROCESSES: THE DENDRITES
AND THE AXON

Although neurons present varied morphologies,
they all share features that identify them as neurons.
The cell body or soma gives rise to processes which
give the neuron the regionalization of its functions, its
polarity and its capacity to connect to other neurons, to
sensory cells or to effector cells.

1.1.1 The somatodendritic tree is the
neuron’s receptive pole

The soma of the neuron contains the nucleus and its
surrounding cytoplasm (or perikaryon). Its shape is vari-
able: pyramidal soma for pyramidal cells in the cerebral
cortex and hippocampus; ovoid soma for Purkinje cells
in the cerebellar cortex; granular soma for small mult-
polar cells in the cerebral cortex, cerebellar cortex and
hippocampus; fusiform soma for neurons in the pallidal
complex; and stellar or multipolar soma for motoneurons
in the spinal cord (Figure 1.1).
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FIGURE 1.1 The neurons of the central nervous system present different dendritic arborizations.

(a) Photomicrographs of neurons in the central nervous system as observed under the light microscope.
A - Purkinje cell of the cerebellar cortex; B — pyramidal cell of the hippocampus; C — soma of a motoneuron of
the spinal cord. Golgi (A and B) and Nissl (C) staining. The Golgi technique is a silver staining which allows
observation of dendrites, somas and axon emergence. The Nissl staining is a basophile staining which displays
neuronal regions (soma and primary dendrites) containing Nissl bodies (parts of the rough endoplasmic retic-
ulum). (b) Camera lucida drawings of neurons in the central nervous system of primates, revealed by the Golgi
silver impregnation technique and reconstructed from serial sections: ST, medium spiny neuron of the stria-
tum; GP, neuron of the globus pallidus; TH, thalamocortical neuron; STN, neuron of the subthalamic nucleus;
OL, neurons of the inferior olivary complex; PU, Purkinje cell of the cerebellar cortex; SNC, dopaminergic neu-
ron of the substantia nigra pars compacta. All these neurons are illustrated at the same magnification.
Photomicrographs by Olivier Robain (aA and aB) and Paul Derer (aC). Drawings by Jérome Yelnik, except OL
and PU by Ramon Y Cajal (1911).



