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PREFACE

Neuroscience is one of the most rapidly advancing areas of science and, as a consequence, spawns a lit-
erature which is growing dramatically. At one level it attempts to provide a mechanistic account of the
most complex ‘device’ in the known Universe, the human brain. Moreover, neuroscience is multidisci-
plinary, having contributions from biochemistry and molecular biology, physiology, anatomy, psy-
chology and clinical medicine, to name the most obvious. For these reasons, it is becoming increasingly
difficult for lecturers and textbook authors to present neuroscience in a way that manages to be com-
prehensive, up-to-date and accessible, while still being sufficiently rigorous to prepare students to be
successful explorers of the literature for themselves. Instant Notes Neuroscience is not intended as a
replacement for lectures or the standard textbooks, but as an affordable text to supplement them, which
is of a manageable size and in a format which aids learning.

The text is designed to provide the core of the subject in 18 sections containing 93 topics. When com-
ing to a new subject, it is my experience that students commonly express two concerns: first, how to
sort out the important ideas and facts from the wealth of detail, and second, how to get to grips with
the unfamiliar terminology. Lecturers, in addition, will want students (especially later in their studies)
to be able to integrate their knowledge across the subject. Instant Notes Neuroscience attempts to address
each of these issues. Each topic is supported by a ‘Key Notes’ panel which gives a concise summary of
the crucial points. Whenever a term appears for the first time it is in bold and immediately followed by
a definition or explanation. Extensive cross-references are provided between topics so that students can
forge the links that are important for integration.

This is a much slimmer volume than most neuroscience texts, which can be dauntingly large. A num-
ber of features contribute to this. First, I have tried to minimize the amount of detail without compro-
mising the need for a database for further study. Second, while many of the methods used by
neuroscientists are included, individual experiments or items of evidence are included only where I
thought it essential to illustrate a point, or on matters that would need some justification to be con-
vincing. Third, with a few exceptions, I have restricted examples to those most appropriate to the human
condition. In so doing 1 have always qualified the species, since species differences matter. If not, then
rats and cats would behave as humans do, which clearly they do not!

Section A introduces the cells of the nervous system, showing how they are specialized for the func-
tions they serve. The next three sections are essentially cellular neuroscience. Section B is concerned
mostly with action potentials, Section C with synapses, while Section D deals with how nerve cells act
as information processors. These sections provide an introduction to the electrophysiological techniques
used to study nerve cells, and say something about the molecular biology of the ion channels and recep-
tors that govern their behavior. Section E takes a broad view of neuroanatomy and summarizes tech-
niques, such as brain imaging, used to investigate nervous system structure. How information is
encoded by the firing and connectivity of neurons is considered in Section F. All the material thus far
might reasonably be found in first-year courses.

The next seven sections (G-M) form the core of systems neuroscience. Section G reviews the body
senses, touch, pain and balance. Sections H and I deal with vision and hearing, respectively, while
Section J looks at the chemical senses, smell and taste. The properties of skeletal muscle, motor reflexes,
and the cortical control of voluntary movement are the subject of Section K, while the involvement of
the cerebellum (including proprioception) and the basal ganglia in movement is covered in Section L.
Neuroendocrinology, and both peripheral and central aspects of the autonomic nervous system appear
in Section M, which also (and unusually for standard neuroscience texts) includes the functions of
smooth and cardiac muscle, and the enteric nervous system. A short Section N describes the essential
features of amine transmission, the basis for much neuropharmacology, and paves the way for under-
standing aspects of behavior, such as motivation and sleep that are included in Section O. Section P is



xii Preface

an overview of how the embryonic nervous system develops, ranging from how the basic plan is genet-
ically specified, to how differences between male and female brains might arise. Section Q addresses
how the nervous system continues to rewire itself on the basis of experience (i.e., learning and mem-
ory). Finally, although quite a number of nervous system disorders are considered at appropriate places
throughout the book, section R takes the four most common neuropathologies, stroke, epilepsy,
Parkinson’s disease and Alzheimer's dementia and looks in some detail at what has gone amiss and
what current and future treatments may do. Space precluded the inclusion of topics on two major psy-
chiatric disorders (schizophrenia and depression) in the text; it is intended that these topics will be made
available on the BIOS website free of charge. At the end of the book is a reading list for those who wish
to take their studies further.

As a student, how should you use this book? Restrict your reading only to the sections and topics
covered by your current course. That said, Sections A-F are likely to appear in, or be required knowl-
edge for, just about any neuroscience program; you will probably need to work through these first. Later
sections can be dipped into in any order. Read the main sections thoroughly first, making sure that you
understand the ideas, and use the ‘Related topics’ to make links, just as you would if you were surfing
the internet. Where appropriate, reference is made to areas that are covered in more detail in the com-
panion volumes, Instant Notes in Biochemistry, 2nd edn, and Instant Notes in Molecular Biology, 2nd edn.
At this stage you can incorporate additional material from lectures or other textbooks in the gaps at the
end of topics, or highlight things which seem to be particularly important for your course. Studying
Instant Notes Neuroscience ‘little but often” is a good strategy. The information density in the text is high,
so many short, concentrated, bursts are much mare effective than a few eight-hour stints. The more
times you work through a topic, the better your understanding, and the more likely you will be to
remember it clearly. When it comes to revision, use the ‘Key Notes’ as a prompt. In addition, you should
aim to be able to write, from memory, a few sentences about each of the terms that appears in bold in
the main text. Being able to reproduce the simpler diagrams is also an effective way of getting your
point across in an exam. Neuroscience is an extraordinary endeavor because it aims to reveal what, in
essence, it is to be human; how we behave, think and feel as we do. At the moment we are a long way
from being able to give a coherent account of any of these faculties; that there is so much still to be done
is one reason that this science is so exciting. This book is an account of the remarkable progress made
so far. I hope you find that it serves your needs well and that, like me, you enjoy discovering neuro-
science.
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Section A - Brain cells

A1 NEURON STRUCTURE

Key Notes

© Cell body

] The neuron cell body contains all the subcellular organelles found in a

Neurites

cutites: ”M] Neurites are long projections from the cell body. There are two types of

typical animal cell but it is specialized to maintain high rates of protein
synthesis, as shown by the ribosome-packed Nissl bodies.

o
¢

| " Axon or dendrite? ] The two neurites can be distinguished on structural grounds. Dendrites

neurite, dendrites and axons. Dendrites are large extensions of the cell
body and receive most of the synaptic inputs impinging onto the cell.
Neurons may have one or many dendrites. Neurons have a single axon
arising from the axon hillock. Axon terminals form the presynaptic
components of synapses.

Related topic

contain many organelles and are capable of protein synthesis. By
contrast, axons cannot synthesize protein, so axonal proteins are derived
from the cell body. Axons and dendrites both have mitochondria.
Organelles are transported into neurites via microtubules.

Morphology of chemical synapses (A3)

Cell body

Neurites

The cell body (soma and perikaryon are synonyms) of a neuron (see Fig. 1)
contains the nucleus, Golgi apparatus, ribosomes and other subcellular
organelles, and is responsible for most of its routine metabolic ‘housekeeping’
functions. The neuronal perikaryon is not so different from non neuronal cells
although structurally it.is specialized to maintain high levels of biosynthetic
activity. The rough endoplasmic reticulum, for example, is so densely packed as
to produce distinct structures called Nissl bodies which are extremely rich in
ribosomes. This reflects the high rates of protein synthesis of which neurons are
capable.

Because there is a great variety of types of neurons, their cell bodies vary in
size considerably. The smallest are some 5-8 pm in diameter, the Jargest 120 pm
across.

Neurons are distinguished from other cells by neurites, long (relative to the cell
body) cylindrical processes that come in two varieties, dendrites and axons.
Dendrites are highly branched extensions of the cell body, may be up to 1 mm
in length and account for up to 90% of the surface area of many neurons.
Dendrites on some neurons are covered with hundreds of tiny projections
termed dendritic spines on which synapses (see below) are made. Nerve cells
with spines are sometimes called spiny neurons, those lacking them aspiny
neurons. A neuron may have one or many dendrites, arranged in a pattern
which is cell typical and collectively referred to as the dendritic tree. The
majority of synaptic inputs from other neurons are made on dendrites.
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Section A -~ Brain cells

A1 NEURON STRUCTURE

Key Notes

Cell body

l The neuron cell body contains all the subcellular organelles found in a

typical animal cell but it is specialized to maintain high rates of protein
synthesis, as shown by the ribosome-packed Nissl bodies.

Neurites

] Neurites are long projections from the cell body. There are two types of

~ Axon ordendﬂle" l The two neurites can be distinguished on structural grounds. Dendrites

neurite, dendrites and axons. Dendrites are large extensions of the cell
body and receive most of the synaptic inputs impinging onto the cell.
Neurons may have one or many dendrites. Neurons have a single axon
arising from the axon hillock. Axon terminals form the presynaptic
components of synapses.

Related topic

contain many organelles and are capable of protein synthesis. By
contrast, axons cannot synthesize protein, so axonal proteins are derived
from the cell body. Axons and dendrites both have mitochondria.
Organelles are transported into neurites via microtubules.

Morphology of chemical synapses (A3)

Cell body

Neurites

The cell body (soma and perikaryon are synonyms) of a neurcn (see Fig. 1)
contains the nucleus, Golgi apparatus, ribosomes and other subceliular
organelles, and is responsible for most of its routine metabolic ‘housekeeping’
functions. The neuronal perikaryon is not so different from non neuronal cells
although structurally it.is specialized to maintain high levels of biosynthetic
activity. The rough endoplasmic reticulum, for example, is so densely packed as
to produce distinct structures called Nissl bodies which are extremely rich in
ribosomes. This reflects the high rates of protein synthesis of which neurons are
capable.

Because there is a great variety of types of neurons, their cell bodies vary in
size considerably. The smallest are some 5-8 pm in diameter, the largest 120 ym
across.

Neurons are distinguished from other cells by neurites, long (relative to the cell
body) cylindrical processes that come in two varieties, dendrites and axons.
Denderites are highly branched extensions of the cell body, may be up to 1 mm
in length and account for up to 9% of the surface area of many neurons.
Dendrites on some neurons are covered with hundreds of tiny projections
termed dendritic spines on which synapses (see below) are made. Nerve cells
with spines are sometimes called spiny neurons, those lacking them aspiny
neurons. A neuron may have one or many dendrites, arranged in a pattern
which is cell typical and collectively referred to as the dendritic tree. The
majority of synaptic inputs from other neurons are made on dendrites,
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Axon or dendrite?

\%j*/ Apical
dendrite
N
Cell body
Basal dendrite
Axon hillock

Axon collaterals

\ Axon entering

| white matter
S50 um

Fig. 1. Key features of a neuron. A drawing of a pyramidal cell shawing the distribution of
neurites (dendrites and axon).

Nerve cells usually have only one axon which arises typically from the cell
body but may emerge from a proximal dendrite (the end of a dendrite closest to
the soma). In either case, the site of origin is termed the axon hillock. Axons
have diameters ranging from 0.2 to 20 pm in humans (though axons of inverte-
brates can reach 1 mm) and vary in length from a few pm to over a meter. They
may be encapsulated in a myelin sheath. Axons usually branch, particularly at
their distal end (furthest from the soma). These branches are referred to as axon
collaterals. The ends of an axon are swollen terminals (or boutons) and usually
contain mitochondria and vesicles. Some axons have a tuft of branches (a
terminal arbor) at their tip, each with its terminal bouton, some have boutons
along their length where they are described as varicosities. Axon terminals form
the presynaptic component of chemical synapses.

Axons can be distinguished from dendrites on structural grounds. Axons tend
to be long, untapered, less highly branched, never spiny and may have a myelin
sheath, whereas dendrites are shorter, tapered, highly branched and may bear
spines. Dendrites are extensions of the cell body in that they contain Golgi appa-
ratus, rough endoplasmic reticulum and ribosomes - organelles not seen in
axons. By contrast both axons and dendrites have mitochondria. Since axons do
not possess protein synthetic machinery, proteins in axons must be made in the
cell body and subsequently moved into and along the axon by a mechanism
called axoplasmic transport. Axon terminals are often rich in mitochondria
which indicates their high requirement for metabolic energy.
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- Neuron structure

Differences in organelle composition are thought to result from the differing
arrangements of microtubules in the two types of neurite. Microtubules are
long protein polymers that are part of the internal scaffolding of cells called the
cytoskeleton. Microtubules act as ‘tramlines’ along which organelles are moved
within the cell. The two ends of a microtubule are different, designated + and ~;
thus microtubules have a distinct polarity which means that organelles move
along them in a specific direction. Mitochondria move in the — to + direction
whereas other organelles move in the + to — direction. Both dendrites and axons
have microtubules, but whereas dendrites have them orientated in either direc-
tion, those in axons are always arranged with their + ends away from the cell
body. Thus axonal microtubules can transport mitochondria out of the cell body
into the axon but cannot transport other organelles. Because microtubules are
orientated in both directions in dendrites, all organelles are transported into
these neurites.

When a neuron develops, it first grows a number of processes which are
indistinguishable. It is not yet known how one of these is subsequently selected
to differentiate into an axon. The first sign that a process will become an axon is
that it grows at a much faster rate than those which are destined to be dendrites.
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A2 CLASSES AND NUMBERS OF

NEURONS

Key Notes

Neuron clmiﬁcaﬁoni Neurons may be classified by their morphology, function or by the

Neuron numbers l The human nervous system may contain 300-500 billion neurons. Neuron

neurotransmitter they secrete. Cells with one, two or three or more
neurites are classed as unipolar, bipolar or multipolar respectively. The
shape of the dendritic tree, or whether the dendrites have dendritic
spines and the length of the axon have proved useful in categorizing
neurons. Functional classification distinguishes between sensory neurons
which respond directly to physiological stimuli and motor neurons which
synapse with effectors.

Related topics

density is quite constant across the cerebral cortex and between cerebral
cortices of different mammals. Smaller brains have fewer neurons.

Organization of the peripheral nervous system (E1)
Organization of the central nervous system (E2)

Neuron
classification

There is no such thing as a ‘typical’ neuron. Nerve cells come in a wide
variety of shapes and sizes with widely differing numbers and patterns of
synaptic contacts using distinct neurotransmitters. Hence neurons are classi-
fied either according to morphology, function or by their neurotransmitters,
and the assumption is that all neurons falling into a single class have similar
functions.

Structural considerations to classifying a given cell inctude the size of the cell
body, the number of neurites it has, the pattern of its dendritic tree, axon length
and the nature of the connections it makes. A neuron with a single neurite is
unipolar, one with two neurites is bipolar while a neuron with three or more
neurites is said to be multipolar (Fig. 1). The majority of neurons in the verte-
brate nervous system are multipolar but there are important exceptions. For
example, a population of neurons in the regjna which synapse with photorecep-
tors are bipolar and sensory neurons in the dorsal root ganglion are described as
pseudounipolar; technically they are bipolar because they start life with two
processes but these subsequently fuse. Invertebrate nervous systems are domi-
nated by unipolar neurons.

Dendrites are used to classify neurons on the basis of whether or not they
have dendritic spines and the overall pattern of their dendritic tree. The shape
of any dendritic tree helps to determine the efficacy of its synaptic connections
and so to the functioning of the cell. Pyramidal cells, so-called because of the
shape of their cell bodies, comprise some 60% of neurons in the cerebral cortex
and have dendrites which extend to fill a pyramidal space. A second population
of cortical cells are termed stellate cells because of the star-like appearance of



