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A TOUR OF THE TERRITORY 

Zoom in close enough on a section of brain 

and you will see a dense network of cells. 

Most of them are glial cells - relatively simple­

looking structures whose main known purpose 

is to glue the whole construction together and 

maintain its physical integrity. It is possible that 

glial cells also play a role in amplifying or syn­

clu·onizing electrical activity within the brain, 

but that, to date, is speculation. 

The cells that actually create brain activity -

about one in ten of the total - are neurons, 

cells which are adapted to carry an electrical 

signal from one to another. There are long 

thin ones that send single snaking tendrils to 

the far reaches of the body; star-shaped ones 

that reach out in all directions; and ones that 

bear a dense branching crown like absurdly 

overgrown antlers. Each neuron connects 

with up to ten thousand neighbours. The bits 

that join up are the branches, of which there 

Cell body-

are two kinds: axons, which conduct signals 

away from the cell nucleus, and dendrites, 

which receive incoming information. 

If you zoom in even closer, you will see that 

there is a tiny gap where each axon meets a 

dendrite. This gap is called the synapse. In 

order for the current to cross the synapse 

each axon secretes chemicals, called neuro­

transmitters, that are released into the space 

when the cell is suitably fired up. These 

chemicals trigger the neighbouring cell to 

fire, too, and the resultant chain effect pro­

duces simultaneous activity in millions of 

connected cells. 

The things that happen down here among 

cells and molecules create the foundations of 

our mental lives and it is by manipulating 

them that most existing physical psychiatric 

therapies work. Antidepressants, for exam­

ple, work on neurotransmitters - mainly 
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enhancing the action of serotonin. Research 

into microscopic brain processes is currently 

helping to develop drugs to relieve dementia, 

Parkinson's disease and stroke damage. Some 

scientists believe the secret of consciousness 

is to be found here or even at a more fun­

damental level in the quantum processes 

thought to occur in the tiniest recesses of 

brain cells. 

For our purposes, though, we need to zoom 

out again. The human brain is as big as a 

coconut, the shape of a walnut, the colour of 

uncooked liver and the consistency of chilled 

butter. It has two hemispheres, which are cov­

ered in a thin skin of deeply wrinkled grey tis­

sue called the cerebral cortex. Each infold on 

this surface is known as a sulcus, and each 

bulge is known as -a gyrus. The surface land­

scape of each individual's brain is slightly dif­

ferent, but the main wrinkles like 

nose-mouth grooves and crow's feet on an 

ageing face - are common to all and are used 

as landmarks. At the very back of the main 

mass of brain, tucked under its tail and partly 

fused to it, lies the cerebellum - the 'little 

brain'. Aeons ago, this was our mammalian 

ancestors' main brain but now it has been 

superseded by the larger area, the cerebrum. 

Each half of the cerebrum is split into four 

lobes, their divisions marked by various 

folds. At the very back lies the occipital lobe; 

the lower side, around the ears, is the tem­

poral lobe; the top section is the parietal 

lobe; in front of that is the frontal lobe. 

Each lobe processes its own clutch of things: 

the occipital lobe is made up almost entirely 

of visual processing areas; the parietal lobe 
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deals mainly with functions connected with 
movement, orientation, calculation and cer­

tain types of recognition; the temporal lobes 

deal with sound, speech comprehension (usu­

ally on the left only) and some aspects of 

memory; and the frontal lobes deal with the 

most integrated brain functions: thinking, 

conceptualizing and planning. They also play 

a major part in the conscious appreciation of 

emotion. 

If you slice the brain in half down the centre 

line so that the two hemispheres fall apart, 

you see that beneath the cortex lies a corn-
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plex conglomeration of modules: lumps, 
tubes and chambers. Some of them can be 

likened in size and shape to nuts, grapes and 

insects, but many of them look like nothing 

you have ever seen. Each one of these mod­
ules has its own function or functions, and 

they are all interconnected by criss-crossing 

ropes of axons. Most modules are greyish -

a colour lent by the densely packed neuron 
bodies. The bands that connect them, how­

ever, are lighter because they are covered in 

a sheath of white substance called myelin, 

which acts as insulation, allowing electricity 

to flow swiftly and directly along them. 

Apart from a single little bit - the pineal 

gland in the centre base of the brain - every 

brain module is duplicated in each hemi­

sphere. Throughout this book each module is 
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referred to in the singular but in fact there 
are always two. When it is necessary to dis­

tinguish between the two it is made clear 
which one is indicated. 

Looking sideways on at the sliced brain, the 
most noticeable thing is a curved band of 

white tissue that forms a curvaceous division 

between the folded cortex and the mass of 

modules beneath. The corpus callosum itself 

joins the two hemispheres and acts as a 

bridge between them, constantly shunting 

information back and forth so that most of 

the time they are effectively one. The mod­

ules that nestle beneath the corpus callosum 

are generally known as the limbic system. 
This area is older than the cortex in evolu­

tionary terms and is also known as the mam­

malian brain because it is thought to have 

first emerged in mammals. This part of the 
brain - and the even older areas below it -

is unconscious, but it has a profound effect 

on our experience because it is densely con­

nected to the conscious cortex above it and 

constantly feeds information upwards. 
Emotions - our mo~t basic cerebral reactions 

- are generated in the limbic system, along 

with most of the many appetites and urges 

that direct us to behave in a way that (usu­

ally) helps us to survive. But the limbic mod­

ules have many other functions besides: the 

thalamus is a sort of relay station, directing 

incoming information to the appropriate part 

of the brain for further processing. Beneath 

it the hypothalamus, together with the pitu­

itary gland, constantly adjusts the body to 

keep it optimally adapted to the environ­

ment. The hippocampus (named after a sea­

horse but actually looking more like a giant 
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paw) is essential for the laying down of long­

term memory. The amygdala, in front of the 

hippocampus, is the place where fear is reg­

istered and generated. 
Going down even further you get to the 

brainstem. This is the most ancient part of 
the brain - it evolved more than 500 million 

years ago and it is rather like the entire brain 

of present-day reptiles. For that reason it is 
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often called the reptilian brain. The brain­

stem is formed from the nerves that run up 

from the body via the spinal column and it 
carries information from the body into the 

brain. Various clumps of cells in the brain­

stem determine the brain's general level of 

alertness and regulate the vegetative pro­

cesses of the body, such as breathing, heart­
beat and blood pressure. 



RIVERS OF THE MIND 

Different types of cells secrete different neu­

rotransmitters. Each brain chemical works in 

widely spread but fairly specific brain loca­

tions and may have a different effect accord­

ing to where it is activated. Some fifty dif­

ferent neurotransmitters have been identified, 

but the most important seem to be: 

Dopamine: controls arousal levels in many 

parts of the brain and is vital for giving phys­

ical motivation. When levels are severely 

depleted - as in Parkinson's disease - people 

may find it impossible to move forward vol­

untarily. Low dopamine may also be impli­

cated in mental stasis. Overly high levels 

seem to be implicated in schizophrenia and 

may give rise to hallucinations. Hallucinogenic 

drugs are thought to work on the dopamine 

system. 

Serotonin: the neurotransmitter that is enhanced 

by Prozac, and has thus become knmvn as the 

'feel-good' chemical. Serotonin certainly has a 

profound effect on mood and anxiety - high 

levels of it (or sensitivity to it) arc associated 

vvith serenity and optimism. However, it also 

Dopamine pathways 
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has effects in many other areas, including sleep, 

pain, appetite and blood pressure. 

Acetylcholine (A Ch): controls activity in brain 

areas connected with attention, learning and 

memory. People vvith Alzheimer's disease typ­

ically have low levels of ACh in the cerebral 

cortex, and drugs that boost its action may 

improve memory in such patients. 

Noradrenaline: mainly an excitatory chemical 

that induces physical and mental arousal and 

heightens mood. Production is centred in an 

area of the brain called the locus coeruleus, 

which is one of several putative candidates 

for the brain's 'pleasure' centre. 

Glutamate: the brain's major excitatory neuro­

transmitter, vital for forging the links 

between neurons that are the basis of learn­

ing and long-term memory. 

Enkephalins and Endorphins: endogenous opi­

oids that - like the drugs - modulate pain, 

reduce stress and promote a sensation of 

floaty, oceanic calm. They also depress physi­

cal functions like breathing and may produce 

physical dependence. 

Serotonin pathways 
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EVOLUTION 

The human brain carries the story of its evolu­

tion in its anatomy. It began in water ,vlwn fish 

developed a tube to carry nerves from the dis­

tant parts of their body to a central control 

point. First then' was just a bulge on top of the 

spine, then the nerves started to sort 

themselves into specialized mod­

ules. Some became sensi­

tive to molecules and 

forn1ed what is now our 

smell brain. Others 0 
became light scnsiti vc O fish brain 

and fanned eyes. These 

wen' connected to a clump that contTolled 

movement ~ the cerebellum. This collection 

formed the reptilian brain, 

nwchanical and unconscious. Its 

basic parts are still intact and 

fonn the lowest of the three­

tier svstem that has <level-, 
oped since. 

On top of this, reptilian brain 
more modules devel-

opPd: the thalamus, allowing 

sight, smell and hea1ing to be used together; the 

amygdala and hippocampus, creating a crude 

memory system; and the hypothalamus, making 

it possible for the organism to react to more 

stimuli. This is the mammalian brain, knovm 

as the limbic system. Emotions are generated 

many neural connections to be fonned between 

them \vith only a small increase in size. This skin 

became the cortex and it is from this that con­

sciousness emerged. 

The mammals that were 

to evolve into humans 

devclopC'd an ever­

larger cortex, 

pushing the cere­

bellum back to 

the position it 
now occupies. 

Australopithecus 

Ajricanus had 

fairly human-shaped brain 

300 million years ago, but it 

was only a third the size of a 

modem brain. One and a half 

million years ago th<:' hominid 

human brain 

brain undenvent an explosive enlargement. So 

sudden was it that the bones of the skull vvere 

pushed outwards, creating the high, flat fore­

head and domed head that distinguish us from 

primates. The are_as that expanded most are 

those concerned "·ith thinking, planning, orga­

nizing and communicating. 

The development of language was almost cer­

tainly the springboard for the leap from 

hominid to human. It gave our ancestors lots to 

think about, and new brain tissue ,vas needed. 

here but not experienced here as it The frontal lobes of the brain duly expand-
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eel by some 40 per cent to create large areas is not conscious. 

During mammalian 

evolution the sense 

modules tJiggcred 

development of a thin 

matrix of cells, whose 

shape allovvecl for 

mammalian 
brain 

of new grey matter: the neocortex. This spurt 

was most dramatic at the very front, in what 

arc known as the prefrontal lobes. These jut 

out from the front of the brain, and their 

development pushed the forehead and frontal 

dome of the head fonvard, reforming it to 

the shape of a modem skull. 
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