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Inside our heads, weighing about 1.5 kg, is an astonishing living organ consisting of
billions of tiny cells. It enables us to sense the world around us, to think and to talk.
The hman brain is the most complex organ of the body, and arguably the most
complex thing on earth. This booklet is an introduction for young students.

In this booklet, we describe what we know about how the brain works and how much
there still is to learn. Its study involves scientists and medical doctors from many
disciplines, ranging from molecular biology through to experimental psychology, as
wdl as the disciplines of anatomy, physiology and pharmacology. Their shared
interest has led to a new discipline calle+!

The braimlescribed in our booklet can do a lot but not everything. It has nerve cells

- its building blocks - and these are connected together in networks. These
networks are in a constant state of electrical and chemical activity. The brain we
describe can see and feel. It can sense pain and its chemical tricks help control the
uncomfortable effects of pain. It has several areas devoted to co-ordinating our
movements to carry out sophisticated actions. A brain that can do these and many
other things doesnOt come fully formed: it develops gradually and we describe some
of the key genes involved. When one or more of these genes goes wrong, various
conditions develop, such as dyslexia. There are similarities between how the brain
develops and the mechanisms responsible for altering the connections between
nerve cells later on - a process called neuronal plasticity. Plasticity is thought to
underlie learning and remembering. Our bookletOs brain can remember telephone
numbers and what you did last Christmas. Regrettably, particularly for a brain

that remembers family holidays, it doesnOt eat or drink. So itDs all a bit limited.

But it does get stressed, as we all do, and we touch on some of the hormonal and
molecular mechanisms that can lead to extreme anxiety - such as many of us feel in
the run-up to examinations. ThatOs a time when sleep is important, so we let it have
the rest it needs. Sadly, it can also become diseased and injured.

New techniques, such as special electrodes that can touch the surface of cells,
optical imaging, human brain scanning machines, and silicon chips containing
artificial brain circuits are all changing the face of modern neuroscience.

We intioduce these to you and touch on some of the ethical issues and social
implications emerging from brain research.
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The Np/ous
System

Human central nervous system showing the brain and
spinal cord

Basicstructure

The nervous system consists of the brain, spinal cord and
peripheral nerves. It is made up of nerve cells, called
neurons, and supporting cells called glial cells.

Thereare three main kindsmméuronsSensoryneuronsare
coupled to receptors specialised to detect and

respond to differenattributes of the internal and external
environment. The receptors sensitive to changes in light,

sound, mechanical and chemical stimuli subserve the sens

modalities of vision, hearing, touch, smell and taste.
When mechaal, thermal or chemical stimuli to the skin
exceed a certain intensity, they can cause tissue damage
and a special set of receptors called nociceptors are
activated; these give rise both to protective reflexes and to
the sensation of pain (see chapter 5 on Touch and Pain).
Motor neurons which control the activity of muscles, are
resporsible for all forms of behaviour including speech.
Interposed between sensory and motor neurons are
Interneurones. These are by far the most numerous (in the
human brainnterneuronsmediate simple reflexes as well
as being responsible for the highest functions of

the brainGlial cells long thought to have a purely

supporting function to the neurons, are now known to make

an important contribution to the development of the
nervous system and to its function in the adult brain.
Whle much more numerous, they do not transmit
information in the way that neurons do.
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Neurons have an architecture that consists oélabody

and two sets of additional compartments called
Oprocesses@ne of these sets are called axons; their job is
to transmit information from the neuron on to others to
which it is connected. The other set are aledrites-

their job is to receive the information being transmitted by
the axons of other neurons. Both of these processes
participate in the specialised contacts cabgdapses

(see the Chapters 2&3 on Action Potential and Chemical
Messengers). Neurons are organised into_complex chains
and networks that are the pathways through which
information in the nervous_system-is transmitted.

The braiand spinal cord are connected to sensory
receptors'and muscles through long axons that

make up the peripheral nervessphmal corchas two

functions: it is the seat of simple reflexes such as the knee
jerk and the rapid withdrawal of a limb from a hot object or a
pinprick, as well as more complex reflexes, and it forms a
highway between the body and the brain for information
travelling in both directions.

Thee basic structures of the nervous system-are the same

in all vertebrates. What distinguishes the human brain-is'its
large size in relatidn body size. This is due to an enormous
increase:in the number of interneurons over the course_of
evolution, providing-humans with an immeasurably wide choice
of reactions to the environment.

Anatomy of the Brain

The brain coists of thebrain stemand thecerebral
Qr%mispheres.

The brain &m is divided into hind-brain, mid-brain and.a
Obetween-brainO called the diencephalon. The hind-brain is an
extension of the spinal cord. It contains networks of

neurons that constitute centres for the control of vital

functions such as breathing and blood pressure. Within

these are networks of neurons whose activity controls these
functions. Arising from the roof of the hind-brain.is the
cerebdlum which plays an absolutely central role in the

control and timing of movements (See Chapters on

Movement and Dyslexia).

The midbrain otains groups of neurons, each of which seem
to usepredominantly a particular type of chemical
messenger, but all of which project up to cerebral
hemispheres. It is thought that these can modulate the
activity of neurons in the higher centres of the brain




to'mediate suclfunctions as sleep, attention or reward.
The dincephalon is divided into two very different areas
cdled thethalamusand thehypothalamus The thalamus
relays implses from all sensory systems to the cerebral
cortex, which in turn sends messages back to the thalamus.
This bacland-forward aspect of connectivity in the brain is
intriguing - information doesnOt just travel one way.

The hypthalamus controls functions such as eating and
drinking, and it also regulates the release of hormones
involved in sexual functions.

Thecerebral henispheresconsist of a core, theasal
gangliaand an extensive but thin surrounding sheet of
neurons making up the grey matter of the/cerebral cortex.
The basal ganglia play a central role in the initiation and
control of movement. (See Chapter 7 on'Movement).
Packed intdhe limited space of the skull; the cerebral cortex
is thrown into folds that weave in and out.to enable a much
larger surface area for the sheet of neurons than would
otherwise be possible. This cortical tissue is the most highly
developed area of the brain in humans - four times bigger
than in gorillas. It is_divided into.a large number of discrete
areas, each distinguishablein terms of its layers and
connections. The functions of many. of these areas are
known - such.as the visual, auditory,.and olfactory areas, the
sensory areas receiving from the skin'(called the
somaesthetic areas) and various motor areas.
Thepathways from the sensory receptors-to the cortex and
from cortex to the muscles/cross over from one side to the
other. Thus movements of the right side of the body are
controlled by the left side of the cortex (and vice versa).
Similarly, the left half of the body sends sensory signals to
the right hemisphere such that, for example, sounds in the
left ear mainly reach the right cortex. However, the two
halves of the brain do not work in isolation - for the left and
right cerebral cortex are connected by a large fibre tract
cdled thecorpuscalosum.

The cerebralortex is required for voluntary actions,
language, speech and higher functions such as thinking ang
remembering. Many of these functions are carried out by
both side of the brain, but some are largely lateralised to
one cerebral hemisphere or the other. Areas concerned wit
some of these higher functions, such as speech (which is
lateralised in the left hemisphere in most people), have bee
identified. However there is much still to be learned,
particularly about such fascinating issues as consciousness
and so the study of the functions of the cerebral cortex is
one of the most exciting and active areas of research

in Neuroscience.

Side view of the brain
showing division between
the cerebral hemisphere
and brain stem, an
extension of which is the
cerebdlum
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The fatter of modern
neuroscience, Ramon y
Cajal, at s microscope

in 1890.

CajalOs fitpictures
of neurons and their
dendrites.

CajalOs quisite
neuron drawings -
these are of the

cerebdlum.

Internet Links: http://science.howstuffworks.com/brain.htm

http://faculty.washington.edu/chudler/neurok.html

http://psych.hanover.edu/Krantz/neurotut.htg







Receiing and deciding The actionpotential

On the receiving side of the cell, the dendrites have close To conmunicate from one neuron to another, the neuronal
contacts with incoming axons of other cells, each of which isignal has first to travel along the axon. How do neurons
separated by a miniscule gap of about 20 billionths of metredo this?

A dendrite may receive contacts from one, a few, or even

thousands of other neurons. These junctional spots are ~ The anser hinges on harnessing energy locked in physical
namedsynapses from classical Greek words that mean Oto and chemical gradients, and coupling together these forces
clasp togetherO. Most of the synapses on cells in the in an efficient way. The axons of neurons transmit electrical

cerebral cortex are located on the dendritic spines that pulses calledction potentials. These travel along nerve
stick out like little microphones searching for faint signals. fibres rather like a wave travelling down a skipping rope.
Canmunication between nerve cells at these contact points This works becaeishe axonal membrane contaoms

is referredto assynaptic transmissionand it involves a channelsthat can open and close to let through electrically
chemical process that we will describe in the next Chapter. charged ions. Some channels let through sodium idhs (Na
When tle dendrite receives one of the chemical messengerswhile others let through potassium ion§)(KWhen channels
that has been fired across the gap separating it from the  open, the Naor K' ions flow down opposing chemical and
sending axon, miniature electrical currents are set up insideelectrical gradients, in and out of the cell, in response to
the receiving dendritic spine. These are usually currents  electrical depolarisatiorof the membrane.

that come into the cell, callexcitation, or they may be
currents that move out of the cell, cailgibition All these
positive and negative waves of current are accumulated in
the dendrites and they spread down to the cell body. If they
donOt add up to very much activity, the currents soon die
down and nothing further happens. However, if the currents
add up to a value that crosses a threshold, the neuron will
send a message on to other neurons.

So a neuron is kind of miniature calculator - constantly
adding and subtracting. What it adds and subtracts are the
messages it receives from other neurons. Some

synapses produce excitation, others inhibition. How these
signals constitute the basis of sensation, thought and
movement depends very much on the network in which the
neurons are embedded.

The actiorpotential























































connected sheets of dividing cells. A small patch of cells or
the upper surface of the bilayer is instructed to make the
entire brain and spinal cord. These cells form a tennis racke
shaped structure called theeural plate the front of which

is destined to form the brain, the rear to be the spinal cord.
Signals directing the destiny of these cells come from the
layer beneath that goes on to form the midline skeleton and
muscles of the embryo. Various regions of the early nervou
system express different subsets of genes, presaging the
emergence of brain areas - forebrain, midbrain and hindbrai
with distinct cellular architecture and function.

A week later, the neural plate rolls up, closes into a tube ant
sinks into the embryo, where it becomes enveloped by the
future epidermis. Further profound changes happen in the
next few weeks, including changes in cell shape, division ar
migration, and cell-cell adhesion. For example, the neural ti
flexes such that the head region is bent at right angles to
the trunk region. This patterning progresses to finer and

neural groove

. neural crest
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NMDA receptors (red) are the molecular machinery for
learning. Transmitter is released during both baseline
activity and the induction of LTP (top left). The site whe
Mg2* (small black circle, top right) blocks the2€ahannel
is inside the cell membrane and it is displaced by intens

depolarization (next diagram down). This happens whe
neurons need to change their connectivity with other
neurons. LTP can be expressed as either a larger numb
AMPA receptors (yellow receptors, bottom left) or as mo
efficient AMPA receptors (bottom right).

NMDA receptors: molecular machines
for triggering plasticity.

Glutamate also binds to NMDA receptors on the
postsynaptic neuron. These are the critical molecular
machines that trigger synaptic plasticity. If the synapse is
activated quite slowly, the NMDA receptors play little or no
role This is because as soon as NMDA receptors open their
ion channels these channels become plugged by another ion
present in the synapse B magnesiumd* M@ut, when
synapses are activated by several pulses very quickly to a
set of inputs on to a neuron, the NMDA receptors
immediately sense this excitement. This greater synaptic
activity causes a large depolarisation in the postsynaptic
neuron and this dispels the Mffom the NMDA ion

channels by a process of electrical repulsion. NMDA
receptors are then immediately able to partake in the











































require radioact&vsubstances. This allows people of any age
to be scaned. MRI can be used to provide very fine-grained
images of brain structure, and a recent development called
diffusion tensor imaging (DTagrmits detailed images of

the white matter tracts of fibres that connect brain regions.

One of the most exciting applications of MRI technology
provides images of brain function: this is daifedional

Magnetic Resonance Imaging (fMRbis technique is

based on the difference in magnetic properties of
oxyhaemoglobin and deoxygenated haemoglobin in blood
(hence the signal in fMRI is calledtbed-Oxygenation-
Level-Dependersignal ® BOLD)As increased neuronal

activity leads to movements of ions that activate
energy-requiring ion pumps, there is an increase in energy
metabolism and oxygen consumption. This leads to an
increase in deoxygenated haemoglobin and a decrease of the
Images of blood vessels in the brain. Changes in blood magnetic signal. However increased oxygen consumption is
can be detected and serve as index of neural activity. followed within seconds by an increase in local cerebral blood
flow. The increase in cerebral blood flow exceeds the increase
in oxygen consumption; there is therefore a relative increase
in oxyhaemoglobin and the size of the signal. The exact
mechanism of the increased cerebral blood flow is still
unclear, but neurotransmitterbrelated signalling is now
thought to be responsible.

Puting it to use

YouQre probapigtty good at subtracting numbers. But

have you ever tried subtracting brains? No wonder the boy
looks confused (cartoon). Subtracting brain images in 2- and
3 - dimensions turns out to be critical for the data analysis.
Most fMRI studies involve measuring the BOLD signal while
people are engaged in carefully controlled tasks. During a
scan, subjects lie within the bore of a magnet, and their
behawural responses to stimuli are monitored. A wide range
of stimuli can be presented, either visually, projected onto a

With computer technology, the images obtained by PET

MRI scanners show exactly where the changes in blood

occur within the brain. screen for the subject to view, or in the auditory domain via
headphones. It is possible to examine covert phenomena














































“Men ought to know that from the brain, and from the brain only,
arise our pleasures, joys, laughters and jests,
as well as our sorrows, pains, griefs and fears.
Through it, in particular, we think, see,
hear and distinguish the ugly from the beautiful,
the bad from the good,
the pleasant from the unpleasant”

Hippocrates- 5th Century B.C.
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