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Introduction


The human brain is the most complex object we know. Encapsulating around 100 trillion interconnections, it may be so complicated that it will never fully understand itself. Nonetheless, increasing numbers of scientists are attempting to penetrate the brain’s mysteries. Fifty years ago neuroscience was a barely recognized academic discipline while, today, twice as many neuroscience doctorates emerge yearly from universities as those in any other branch of science.


The neuroscientific revolution took off in the 1990s when new brain-imaging technology allowed researchers, for the first time, to look at a brain while it was working. Until then, the only brains that could be scrutinized were taken from the deceased.


The organ’s gross anatomy was well enough known; Freud was one of many dedicated scientists who dissected dead brains and painstakingly noted how they were built. The way
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it functioned, however, could only be deduced. Methods involved stimulating animal brains in various ways and seeing how the organisms responded, and noting odd behaviour in a person and, after their death, examining their brain for physical damage. Remarkable discoveries were made this way – at the beginning of the 20th century, for example, Broca and Wernicke identified the language areas in the brain – but it was slow work. It’s often said that we now learn more about the brain each year than we knew in total before the millennium.


The deluge of brain research can make neuroscience a daunting subject. The ambition of this book, therefore, is to provide an introduction to the subject in a quick and readily understood way. Its broad scope offers an overarching perspective on the human brain’s efforts to comprehend itself, incorporating both historic discoveries and all the latest research.


I hope you will find it fascinating and surprising, and perhaps even a launchpad for further exploration of this strange and wonderful organ.


Rita Carter
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Origin of the brain


The earliest life forms were little bags of chemicals which perished easily. Some formed more robust colonies, keeping together by exchanging chemical signals. Some bound so tightly they became multicellular organisms. About 600 million years ago, electrical cells evolved – an improvement on chemical signalling because they transmit information much faster. Now known as neurons, electrical cells formed systems which help the organisms adapt to changes in the environment. Primitive nervous systems are loose, distributed networks – jellyfish, for instance, have sensory fibres that react to touch, light and chemicals, while linked motor neurons move the body in response. In more complex organisms, neurons clustered together for better communication. These neuronal bundles became the central nervous system (CNS), the forward part of which is the brain. The more densely interconnected an animal’s CNS, the more complicated its reactions. The human brain takes in millions of signals every second, causing its owner to behave in ways that range from brilliant to baffling.
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Nervous systems with centralized processing units evolved from more dispersed neural networks, such as those of jellyfish. In ‘higher’ animals, the forebrain dominates.
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Triune brain


The human brain can be thought of as three brains stacked one on top of the other. The bottom one is the reptilian brain, consisting of the brainstem and midbrain structures that control basic survival mechanisms. In the middle is the mammalian brain, broadly synonymous with the limbic system regions under the cortex (see page 58), and responsible for emotions. At the top sits the rational brain, comprising the cortex and frontal lobes. This ‘triune’ structure was proposed in the 1960s by neuroanatomist Paul D MacLean. He thought it reflected the evolutionary history of our brains, from the purely reactive survival mechanism that dominates primitive animals, through to the conscious, thinking organ that is most fully evolved in humans. MacLean’s model is popular and useful, but is misleading in many ways. For instance, all creatures with a central nervous system have three parts to their brain, albeit with differing proportions. And, although MacLean’s divisions do act roughly as he says, they also fulfil a wide range of other functions.
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Reptilian brain
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Responsible for ‘autopilot’ functions, the reptilian brain is the earliest structure in evolutionary terms. The mammalian brain confers emotions and memories, while the rational brain brings the ability to reason.
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Ape to man


Human brains have evolved far beyond those of our primate ancestors, most obviously in size. They are three times larger than those of our nearest relatives, and almost ten times as many neurons are packed into the space between our ears. The massive number of potential interconnections allowed greatly enhanced brain power to emerge. Perhaps the most important evolutionary change, however, is the expansion of the frontal lobes, the seat of ‘higher’ cognitive functions, such as thinking, judging and planning. Enlarged temporal lobes and the cerebellum also had a role in the development of language.


The reasons for this transformation in our evolutionary history is unknown. It might have begun with a chance genetic mutation. Or – more likely – it may have been caused by a complex intermixture of social and physical changes, including the pressures of group living, the nutrient benefit of meat-eating, the necessary adaptions that came from standing upright and the switch from eating leaves to fruit.
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Comparative size of human and chimpanzee brains


Despite the differences in size, chimpanzee brains have a similar proportion of cerebral cortex. Our abilities may be down to our brains’ stronger and more richly interconnected substructure.
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Human versus animal brains


All brains of vertebrate animals are similar in that they are made up of three parts (see page 10), which fulfil broadly the same functions in all species. However, the size, structure, interactions and interconnections of these areas vary greatly from one animal to another.


In general, brains get bigger as the size of the animal increases. Hence, the largest brains – about 7.8 kg (17 lb) – are found in sperm whales. Elephants come second, averaging 4.8 kg (10.6 lb). This compares with about 1.4 kg (3 lb) for the average human brain. Size is not a very good indicator of intelligence, though. The ratio of brainweight to bodyweight is a little better. In humans, this ratio is about 1:50, compared with a hippo’s 1:2700. Even so, this measure does throw up strange results, such as ants with a ratio of just 1:7. Perhaps the most distinctive things about the human brain, compared to those of other animals, are the relatively large frontal lobes, and the complexity and greater size of the cortex.
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Comparative brain sizes of mammals
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Genes


A gene is a short sequence of DNA, the iconic double-spiral molecule curled up in your cells. Scientists have only recently begun to tease out the contribution of genetics to a person’s behaviour and personality. Humans have about 20,000 genes, of which around 1,500 are concerned with building the brain. Research has focused mainly on gene polymorphisms – different versions of the same gene. One variant of a gene called CADM2, for example, seems to promote risk-taking, while a variation of the VMAT2 gene predisposes people to spiritual or religious beliefs, and one type of MAO gene is known popularly as the ‘warrior’ gene because of its association with aggression. Few, if any, gene mutations are solely responsible for behaviour, since most of the development of the human brain occurs after birth. Nurture may cancel out, or amplify, the effect of a particular gene variant. For instance, the reckless aggression associated with the MAO variation seems to manifest only if a person has experienced childhood abuse or drinks heavily. In others, it may create positive risk-taking and leadership qualities.
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Almost every cell in the body contains the double-spiral molecule DNA in its nucleus. The DNA is wrapped tightly onto structures called chromosomes. Each cell contains 23 pairs. Genes themselves are sequences of base pairs contained within the DNA’s spirals.


A chromosome in the process of duplicating takes on an X-shape
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Ranging from a few hundred bases to more than 2 million, genes are sequences of DNA that encode a particular function
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Epigenetics


Brain development largely takes place after birth. Since genes work in concert with the environment, behaviour is due to both nature and nurture. However, long-term changes in the functioning of a gene can be inherited. These occur without any alterations to the DNA sequence, thanks to socalled ‘epigenetic’ chemical changes that affect the way the genes are activated, or ‘expressed’.


Some experiences – childhood abuse or famine, for example – are known to provoke epigenetic changes. When these changes affect genes that express in the brain they are likely to alter behaviour. Some people who commit suicide have a disproportionate number of epigenetic markers in genes that express in the hippocampus (see page 92), suggesting that certain types of bad memories can later produce self-destructive behaviour. Like genetic mutations, epigenetic changes can be inherited and passed on to offspring. They fall away, but some changes can persist for up to four generations.
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Epigenetic markers are chemicals, such as methyl groups, that attach to DNA and affect how it functions.


DNA double helix


Methyl group









[image: image]





Pre-natal development


Brain development begins in the human fetus within three weeks of conception. The first stage is the formation of the neural plate – a sheet of primitive nervous tissue. This lengthens, then folds into itself and creates a groove, then a tube. Around five weeks, the neural tube forms three bulges, which become the forebrain, midbrain and hindbrain. The bulges enlarge and start to divide into the major parts of the brain.


The neural tube is lined with stem cells, which divide and multiply to form neurons and the supporting, insulating glial cells that surround them (see page 78). During this period up to a quarter of a million neurons may be formed every minute. The newly generated neurons migrate to different parts of the developing brain where they grow into various brain structures. Once in place, neurons extend axons – long tendrils – to connect with other nerve cells, some of which reside in distant parts of the brain. This begins the process of wiring up the brain so that information flows from one part to another.


20 EVOLUTION AND DEVELOPMENT OF THE BRAIN







see page 78









[image: image]





Prenatal development of the human brain
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The infant brain


In order to get through the narrow maternal pelvis of a bipedal animal, human babies are born at a much earlier stage of maturity than other animals. This size restriction results in an infant brain with much developing to do. Apart from being much smaller than an adult brain, the infant brain is rudimentally ‘wired’, and many crucial areas are not yet working. They include the circuits that will later allow experiences to be laid down and retained as memories, as well as the frontal areas involved in thinking, judging and calculating.


Babies’ brains grow rapidly in the first three years after birth, mainly due to the great density of new neuronal connections formed. Many of these connections are subsequently ‘pruned’, leaving only those that are useful. The pathways between retained connections are then sheathed by a fatty substance called ‘myelin’, which greatly increases the speed at which signals travel along them. Myelinization continues throughout childhood and early adulthood, until the brain is fully mature.
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Synapse pruning


Babies’ brains are a mere third of the mass of adults’, but contain nearly as many neurons. After the age of two, a process of pruning begins to thin out the connections and make them stronger.
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The adolescent brain


The brain matures from back to front, starting with the areas dealing with perception, and ending with those responsible for judgment, thinking and impulse inhibition. The back of the brain is fairly mature by the time a person reaches puberty, but throughout adolescence the frontal areas undergo massive changes. New neural connections are made and remade at an extraordinary rate.


New and changing neural connections are the basis of learning, so teenagers are able to absorb huge amounts of information and learn – then relearn – with great speed. At the same time their neurons become ultra-sensitive to the effect of dopamine, the neurotransmitter which promotes pleasure-seeking and thrills. The result of this dramatic reconfiguration is behaviour that is changeable, thrill-seeking and often challenging. Although most people’s brains stabilize somewhat in late adolescence, the frontal lobes do not fully mature until the age of 25 or more.
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Fibres in the rear regions of the brain are myelinated first. Maturation spreads in waves toward the frontal parts.
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Ancient ideas


You can’t tell what the brain does just by looking at it. Hearts beat; lungs expand and contract; even the liver oozes interesting substances. To the naked eye, however, the brain is just a lump of barely differentiated tissue.


It is only in the last 50 years, mainly due to sophisticated imaging technology, that we have begun to make visible its extraordinary processes.


It’s not surprizing that our ancestors failed to grasp the brain’s importance. Ancient Egyptians didn’t even rate it highly enough to send with its owner to the next world; embalmers hooked it out of their clients’ noses and filled the gap with resin. Aristotle thought it was some kind of refrigerator for cooling the blood, and Descartes imagined it was a hydraulic machine, distinguished only as the place where spirit stuff interacted with the body. Things changed in the late 19th century when Santiago Ramón y Cajal discovered that the brain was made of electrical nerve cells and thus laid the foundations of neuroscience.
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Mummified head of pharaoh Ramses III. The brain was usually – but not always – removed from the body. A long, hooked tool was introduced through the nose and vigorously swirled to liquefy the brain. The contents of the skull were then poured out through the nose.
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Trepanation


Trepanation (or trepanning) involves drilling a hole through the skull to reveal the brain. It is a routine procedure during brain surgery, allowing access to the brain. The term is better known, however, for its intriguing history. Thousands of skulls – dating back to the Stone Age and from dozens of different countries – have been found with neatly rounded holes that could only have been made deliberately.


There is no way of telling why the procedure was done.


It may have been for pain relief or to remove splinters


of bone from people with head injuries. More likely it was ritualistic, perhaps to release spirits from people thought to be possessed, or to bring about some kind of spiritual transformation. In the 1960s, self-trepanation became a minority cult, adherents claiming that releasing the pressure on the forebrain put them in a state of higher consciousness. Some of those who did it are still alive today, though whether they still enjoy elevated consciousness is less certain.
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An illustration from a medieval French medical manual shows a doctor opening a patient’s skull.
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Dualism


Dualism is a philosophical theory first formally proposed by the French philosopher René Descartes (1596–1650).


He argued that the mind and body were distinct and separable. The body worked like a hydraulic-powered machine, but the mind (or soul) was nonmaterial and free of the laws of nature. The mind, he suggested, could control the body by interacting with it via the pineal gland. This tiny organ, found on the midline of the brain, looks to the naked eye to be singular (as opposed to every other brain organ which is duplicated in both hemispheres).


Dualism persists to this day and is the basis of much religious thought. It feels intuitive because consciousness – which to many is synonymous with mind – seems quite different from the material world. It is therefore easy to think of it as something in, or from, a different dimension. No one, however, has satisfactorily overcome the ‘interaction’ problem of how a nonmaterial entity (mind) could affect a material system (body).
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Drawing from Descartes’Treatise of Man explaining the function of the pineal gland, which he regarded both as the place where thoughts form and the principal seat of the soul.
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Phineas Gage


Phineas Gage was an American railway worker who, in 1848, blew a huge hole through his skull while dynamiting rocks along the route of a new track. The iron rod he used to tamp down explosive ignited the charge, which blew the 4-ft-long rod through his left cheek and out of the top of his head. It took with it a large part of Gage’s frontal lobes.


Astonishingly, Gage barely lost consciousness and, over the next few years, made a near-full physical recovery. He retained most of his intellectual ability, but his personality was never the same. From being conscientious, polite and thoughtful, he became foul-mouthed, impulsive and irresponsible. Gage’s transformation presented the earliest evidence that ‘higher faculties’ – judgment, inhibition control and thoughtfulness – arose in the frontal lobes. A computer reconstruction of the injury shows that the affected areas of the brain correspond precisely with those found in modern imaging studies to be responsible for the qualities that Gage so dramatically lost.
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3D model of the tamping iron’s path through Phineas Gage’s skull and resulting damage to cerebral pathways.
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Freud


Sigmund Freud (1856–1939) began his career as a neuroscientist and spent many years dissecting animal and human brains. His meticulous observations helped establish the cellular structure of nervous tissue. Freud believed that neuroscience could explain human behaviour in terms of connections between neurons, and in 1895 he started to write Project for a Scientific Psychology. The paper was never completed because Freud realized that it was wildly overambitious for the time. Instead, he abandoned neuroscience and developed his concept of the unconscious and the id, ego and superego. The success of Freudian psychoanalysis arguably held back biological psychiatry for more than half a century. The arrival of brain imaging in the late 20th century brought his dream to fruition but, somewhat ironically, largely eclipsed psychoanalysis and Freud was rather discredited. Now, however, neuroscientists are discovering that Freud’s theoretical psychological structure matches almost perfectly with the brain processes they see in their scans.


34 HISTORY OF BRAIN SCIENCE









[image: image]







[image: image]





Brodmann’s areas


Brodmann’s areas are patches of cortex (the grey, wrinkled surface of the brain), which are distinguished by microscopic differences in their architecture. Most of them have distinct functions. Each area has its own number, from 1 to 52, the same on each hemisphere. They are generally written as BA1, BA2 ... etc.


The German anatomist Korbinian Brodmann (1868–1918) identified the areas by staining the cells of the cortex to show patches of differing cellular organization. He numbered and published them in 1909. Since then, some Brodmann areas have been subdivided, and many have also gained names as their functions have become clearer. For example, BA6 is the supplementary motor cortex (SMA), an area where actions are planned, and BA1, 2 and 3 together make up the primary somatosensory cortex, where sensations from the body are processed. Now more than a century old, Brodmann’s map remains the best-known location finder for the cortex.
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Brodmann’s original detailed map of different functional areas of the human brain (1909).
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Broca’s area


Broca’s area is the part of the brain that articulates speech. It lies just inside the frontal lobe on the lower side of the head. In the vast majority of people it lies on the left side, though in some (mainly left-handed) people it is on the right.


Broca’s was the first functional brain area to be identified. The discovery was made by a French physician, Pierre Paul Broca (1824–80), in 1861. Broca had a patient, Louis Victor Leborgne, who was known as ‘Tan’. Despite understanding words, ‘tan’ was the only syllable Leborgne could utter. When Tan died, Broca examined his brain and found an area of damage on the left side, which he deduced was the cause of the speech problem. Broca’s area lies on a bulge in the brain called the ‘inferior frontal gyrus’, roughly corresponding to Brodmann areas 44 and 45. His discovery not only revealed the brain area responsible for speech articulation, but also showed for the first time that the two hemispheres of the brain differed in their functions.
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Wernicke’s area


Wernicke’s area is the part of the brain that makes speech comprehensible. It lies on the back part of the superior temporal gyrus, which is a bulge on the temporal lobe, just behind and above the ear. It lies in the dominant hemisphere, which is on the left in about 95 per cent of people.


The function of this part of the brain was discovered in 1874 by German neurologist Carl Wernicke (1848–1905). Like his contemporary, Paul Broca (see page 38), he worked out what it did by linking speech problems among his patients to brain damage he observed after their death.


People with damage to Wernicke’s area suffer a speech defect known as Wernicke’s or ‘fluent’ aphasia. Patients speak clearly and at a normal pace but what they say does not make any sense. Instead, those affected produce a stream of unconnected words, referred to sometimes as ‘word salad’.
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Wilder Penfield


Wilder Graves Penfield (1891–1976) was an American– Canadian neurosurgeon who pioneered electrical neural stimulation, a way of mapping brain functions in living people. He was one of the first surgeons to treat epilepsy patients by destroying nerve cells in the area responsible for the seizures. Before operating, Penfield stimulated neighbouring brain areas with electrodes, in order to target the seat of the seizure and avoid damaging healthy tissue. The stimulation was done while the patient was conscious, and depended on them describing the effect of the stimulation as it happened. Since there are no pain sensors in the brain, this procedure did not hurt.


Penfield discovered that stimulating some areas produced vivid memories while others produced movements or sensations. By charting these responses he produced the first detailed brain maps, including the ‘homunculus’, which represents the body in the motor and sensory cortices (see page 66). His maps are still used today, practically unaltered.
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Lobotomy


Also known as leucotomy, lobotomy is a surgical procedure that became a popular treatment from the 1930s to the 1960s. The crude version of the operation involved severing fibres between the frontal lobes and other brain areas. Used on hundreds of thousands of mental patients, its gross overuse is now considered an outrage. At one stage a leading proponent of the procedure, surgeon Walter Jackson Freeman II (1895–1972), drove with his tools from one mental hospital to another, lobotomizing dozens of patients at a time. Separating the frontal lobes usually calms down agitated and violent patients, which made it a popular treatment with those tasked with looking after distressed and unruly patients. The cost to the patients, however, was often immense. Typically, they were left in a dulled state, emotionally and intellectually deadened, and socially inept. About 5 per cent of patients died after the operation, some of them by suicide. A few benefited from the procedure, and a refined version of lobotomy remains the last-ditch intervention in cases of very severe depression.
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Transorbital lobotomy
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The nervous system


The brain is part of a larger system of nerves that stretches from the top of your head to the tips of your toes. This system is divided into the central nervous system (CNS) – the brain and spinal cord – and the peripheral nervous system (PNS) – the nerves extending to every other part of your body.


The nerves of the PNS carry sensory information from the extremities to the CNS, and motor instructions in the other direction. It can be subdivided into the somatic and autonomic systems. The somatic nervous system (SNS) controls voluntary body movements, while the autonomic nervous system (ANS) controls unconscious functions, such as heart rate and digestion. The ANS can be further subdivided into the sympathetic and parasympathetic systems. The main purpose of the first is to activate the response of the body during stressful situations, including the fight-or-flight mechanism. The parasympathetic nervous system is responsible for stimulation of ‘rest-and-digest’ or ‘feed-and-breed’ activities.
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Introduction

he human brain is the most complex ohject we know.
Encapsulating around 100 trillion interconnections, it
may be so complicated that it will never fully understand
itself. Nonetheless, increasing numbers of scientists are
attempting to penetrate the brain’'s mysteries. Fifty years ago
neuroscience was a barely recognized academic discipline while,
today, twice as many neuroscience doctorates emerge yearly
from universities as those in any other branch of science.

The neuroscientific revolution took off in the 1990s when
new brain-imaging technology allowed researchers, for the
first time, to look at a brain while it was working. Until then,
the only brains that could be scrutinized were taken

from the deceased.

The organ’s gross anatomy was well enough known; Freud
was one of many dedicated scientists who dissected dead

brains and painstakingly noted how they were built. The way
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it functioned, however, could only be deduced. Methods
involved stimulating animal brains in various ways and seeing
how the organisms responded, and noting odd behaviour in

a person and, after their death, examining their brain for
physical damage. Remarkable discoveries were made this way
—at the beginning of the 20th century, for example, Broca and
Wernicke identified the language areas in the brain — but it was
slow work. It's often said that we now learn more about the
brain each year than we knew in total before the millennium.

The deluge of brain research can make neuroscience a
daunting subject. The ambition of this book, therefore, is to
provide an introduction to the subject in a quick and readily
understood way. Its broad scope offers an overarching
perspective on the human brain’s efforts to comprehend
itself, incorporating both historic discoveries and all the
latest research.

| hope you will find it fascinating and surprising, and perhaps
even a launchpad for further exploration of this strange and
wonderful organ.

Rita Carter

=
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Origin of the brain

he earliest life forms were little bags of chemicals which

perished easily. Some formed more robust colonies, keeping
together by exchanging chemical signals. Some bound so
tightly they became multicellular organisms. About 600 million
years ago, electrical cells evolved —an improvement on
chemical signalling because they transmit information much
faster. Now known as neurons, electrical cells formed systems
which help the organisms adapt to changes in the environment.
Primitive nervous systems are loose, distributed networks —
Jellyfish, for instance, have sensory fibres that react to touch,
light and chemicals, while linked motor neurons move the body
in response. In more complex organisms, neurons clustered
together for better communication. These neuronal bundles
became the central nervous system (CNS), the forward part
of which is the brain. The more densely interconnected an
animal's CNS, the more complicated its reactions. The human
brain takes in millions of signals every second, causing its
owner to behave in ways that range from brilliant to baffling.

8 EVOLUTION AND DEVELOPMENT OF THE BRAIN





OEBPS/images/page030.jpg
Dualism

ualism is a philosophical theory first formally proposed

by the French philosopher René Descartes (1596-1650).
He argued that the mind and body were distinct and separable.
The body worked like a hydraulic-powered maching, but the
mind (or soul) was nonmaterial and free of the laws of nature.
The mind, he suggested, could control the body by interacting
with it via the pineal gland. This tiny organ, found on the
midline of the brain, looks to the naked eye to be singular
(as opposed to every other brain organ which is duplicated
in both hemispheres).

Dualism persists to this day and is the basis of much religious
thought. It feels intuitive because consciousness —which

to many is synonymous with mind —seems quite different

from the material world. It is therefore easy to think of it as
something in, or from, a different dimension. No one, however,
has satisfactorily overcome the ‘interaction’ problem of how a
nonmaterial entity (mind) could affect a material system (body).
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Drawing from Descartes’ Treatise of Man explaining
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both as the place where thoughts form and the
principal seat of the soul.
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Freud

vigmund Freud (1856-1938) began his career as a
euroscientist and spent many years dissecting animal
and human brains. His meticulous observations helped
establish the cellular structure of nervous tissue. Freud
believed that neuroscience could explain human behaviour

in terms of connections between neurons, and in 1895 he
started to write Prgject for a Scientific Psychology. The

paper was never completed because Freud realized that it
was wildly overambitious for the time. Instead, he abandoned
neuroscience and developed his concept of the unconscious
and the id, ego and superego. The success of Freudian
psychoanalysis arguably held back biological psychiatry for
more than half a century. The arrival of brain imaging in the
late 20th century brought his dream to fruition but, somewhat
ironically, largely eclipsed psychoanalysis and Freud was rather
discredited. Now, however, neuroscientists are discovering that
Freud's theoretical psychological structure matches almost
perfectly with the brain processes they see in their scans.
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Phineas Gage

hineas Gage was an American railway worker who, in 1848,

blew a huge hole through his skull while dynamiting rocks
along the route of a new track. The iron rod he used to tamp
down explosive ignited the charge, which blew the 4-ft-long
rod through his left cheek and out of the top of his head. It
took with it a large part of Gage’s frontal lobes.

Astonishingly, Gage barely lost consciousness and, over the
next few years, made a near-full physical recovery. He retained
most of his intellectual ability, but his personality was never
the same. From being conscientious, polite and thoughtful,

he became foul-mouthed, impulsive and irresponsible. Gage’s
transformation presented the earliest evidence that ‘higher
faculties’ — judgment, inhibition control and thoughtfulness —
arose in the frontal lobes. A computer reconstruction of the
injury shows that the affected areas of the brain correspond
precisely with those found in modern imaging studies to be
responsible for the qualities that Gage so dramatically lost.
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Broca’s area

roca’s area is the part of the brain that articulates speech.

It lies just inside the frontal lobe on the lower side of the
head. In the vast majority of people it lies on the left side,
though in some (mainly left-handed) people it is on the right.

Broca’s was the first functional brain area to be identified.
The discovery was made by a French physician, Pierre Paul
Broca (1824-80), in 1861. Broca had a patient, Louis Victor
Leborgne, who was known as ‘Tan’. Despite understanding
words, ‘tan’ was the only syllable Leborgne could utter. When
Tan died, Broca examined his brain and found an area of
damage on the left side, which he deduced was the cause of
the speech problem. Broca’s area lies on a bulge in the brain
called the ‘inferior frontal gyrus’, roughly corresponding to
Brodmann areas 44 and 45. His discovery not only revealed
the brain area responsible for speech articulation, but also
showed for the first time that the two hemispheres of the
brain differed in their functions.
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Brodmann’s areas

B rodmann’s areas are patches of cortex (the grey,
wrinkled surface of the brain), which are distinguished by
microscopic differences in their architecture. Most of them
have distinct functions. Each area has its own number, from
1 to 52, the same on each hemisphere. They are generally
written as BA1, BA? ... etc.

The German anatomist Korbinian Brodmann (1868-1918)
identified the areas by staining the cells of the cortex to show
patches of differing cellular organization. He numbered and
published them in 1909. Since then, some Brodmann areas
have been subdivided, and many have also gained names as
their functions have become clearer. For example, BAG is the
supplementary motor cortex (SMA), an area where actions
are planned, and BA1, 2 and 3 together make up the primary
somatosensory cortex, where sensations from the body are
processed. Now more than a century old, Brodmann’s map
remains the best-known location finder for the cortex.
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Wilder Penfield

ilder Graves Penfield (1891-1976) was an American—

Canadian neurosurgeon who pioneered electrical neural
stimulation, a way of mapping brain functions in living people.
He was one of the first surgeons to treat epilepsy patients by
destroying nerve cells in the area responsible for the seizures.
Before operating, Penfield stimulated neighbouring brain areas
with electrodes, in order to target the seat of the seizure and
avoid damaging healthy tissue. The stimulation was done while
the patient was conscious, and depended on them describing
the effect of the stimulation as it happened. Since there are
no pain sensors in the brain, this procedure did not hurt.

Penfield discovered that stimulating some areas produced
vivid memories while others produced movements or
sensations. By charting these responses he produced the
first detailed brain maps, including the ‘homunculus’, which
represents the body in the motor and sensory cortices (see
page 66). His maps are still used today, practically unaltered.
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Wernicke’s area

Wernicke’s area is the part of the brain that makes speech
comprehensible. It lies on the back part of the superior
temporal gyrus, which is a bulge on the temporal lobe, just
behind and above the ear. It lies in the dominant hemisphere,
which is on the left in about 95 per cent of people.

The function of this part of the brain was discovered in 1874
by German neurologist Carl Wernicke (1848-1905). Like his
contemporary, Paul Broca (see page 38), he worked out what
it did by linking speech problems among his patients to brain
damage he observed after their death.

People with damage to Wernicke’s area suffer a speech
defect known as Wernicke’s or ‘fluent’ aphasia. Patients
speak clearly and at a normal pace but what they say does
not make any sense. Instead, those affected produce

a stream of unconnected words, referred to sometimes
as ‘word salad’.
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The nervous system

he brain is part of a larger system of nerves that stretches
from the top of your head to the tips of your toes. This
system is divided into the central nervous system (CNS) -
the brain and spinal cord — and the peripheral nervous system
(PNS] —the nerves extending to every other part of your body.

The nerves of the PNS carry sensory information from the
extremities to the CNS, and motor instructions in the other
direction. It can be subdivided into the somatic and autonomic
systems. The somatic nervous system (SNS) controls voluntary
body movements, while the autonomic nervous system

(ANS] controls unconscious functions, such as heart rate

and digestion. The ANS can be further subdivided into the
sympathetic and parasympathetic systems. The main purpose
of the first is to activate the response of the body during
stressful situations, including the fight-or-flight mechanism.
The parasympathetic nervous system is responsible for
stimulation of rest-and-digest’ or ‘feed-and-breed’ activities.
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Lobotomy

Iso known as leucotomy, lobotomy is a surgical procedure
that became a popular treatment from the 1930s to the

1960s. The crude version of the operation involved severing
fibres between the frontal lobes and other brain areas. Used
on hundreds of thousands of mental patients, its gross
overuse is now considered an outrage. At one stage a leading
proponent of the procedure, surgeon Walter Jackson
Freeman Il (1895-1972), drove with his tools from one mental
hospital to another, lobotomizing dozens of patients at a time.
Separating the frontal lobes usually calms down agitated and
violent patients, which made it a popular treatment with those
tasked with looking after distressed and unruly patients. The
cost to the patients, however, was often immense. Typically,
they were left in a dulled state, emotionally and intellectually
deadened, and socially inept. About 5 per cent of patients died
after the operation, some of them by suicide. A few benefited
from the procedure, and a refined version of lobotomy remains
the last-ditch intervention in cases of very severe depression.
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Cerebrum

he brain is commonly depicted as a walnut-like structure
with a greyish-pink corrugated surface. This familiar icon
is the cerebrum which, in humans, makes up the upper part
of the central nervous system. It excludes the cerebellum —the
little brain, tucked under the main structure at the back —and
the brainstem at the top of the spinal cord.

The cerebrum consists of two mirror-like hemispheres divided
lengthways by a long, deep groove called the ‘longitudinal
fissure’. Each hemisphere is further divided into four lobes —
frontal, temporal, parietal and occipital. The wrinkled surface is
the cortex or ‘grey matter’, which consists of several layers of
densely packed cell bodies. Many of these cells are connected
to others by tendrils (axons) covered in a pale fatty substance
called ‘myelin’. This connective tissue lies mainly beneath the
cortex and is known as ‘white matter’. In the centre of each
cerebral hemisphere lies a cluster of strange-looking organs
which together make up the limbic system (see page 58).

48 ANATOMY





OEBPS/images/page012.jpg
Ape to man

H uman brains have evolved far beyond those of our primate
ancestors, most obviously in size. They are three times
larger than those of our nearest relatives, and almost ten
times as many neurons are packed into the space between our
ears. The massive number of potential interconnections allowed
greatly enhanced brain power to emerge. Perhaps the most
important evolutionary change, however, is the expansion of
the frontal lobes, the seat of ‘higher’ cognitive functions, such
as thinking, judging and planning. Enlarged temporal lobes and
the cerebellum also had a role in the development of language.

The reasons for this transformation in our evolutionary
history is unknown. It might have begun with a chance
genetic mutation. Or —more likely — it may have been caused
by a complex intermixture of social and physical changes,
including the pressures of group living, the nutrient benefit
of meat-eating, the necessary adaptions that came from
standing upright and the switch from eating leaves to fruit.
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Comparative size of human
and chimpanzee brains

Despite the differences
in size, chimpanzee
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Triune brain

he human brain can be thought of as three brains stacked

one on top of the other. The bottom one is the reptilian
brain, consisting of the brainstem and midbrain structures
that control basic survival mechanisms. In the middle is the
mammalian brain, broadly synonymous with the limbic system
regions under the cortex (see page 58), and responsible for
emotions. At the top sits the rational brain, comprising the
cortex and frontal lobes. This ‘triune’ structure was proposed
in the 1960s by neuroanatomist Paul D Maclean. He thought
it reflected the evolutionary history of our brains, from the
purely reactive survival mechanism that dominates primitive
animals, through to the conscious, thinking organ that is most
fully evolved in humans. MaclLean’s model is popular and useful,
but is misleading in many ways. For instance, all creatures
with a central nervous system have three parts to their brain,
albeit with differing proportions. And, although Maclean’s
divisions do act roughly as he says, they also fulfil a wide range
of other functions.
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Genes

gene is a short sequence of DNA, the iconic double-spiral
molecule curled up in your cells. Scientists have only recently

begun to tease out the contribution of genetics to a person’s
behaviour and personality. Humans have about 20,000 genes,
of which around 1,500 are concerned with building the brain.
Research has focused mainly on gene polymorphisms — different
versions of the same gene. One variant of a gene called CADM2,
for example, seems to promote risk-taking, while a variation
of the VMAT?2 gene predisposes people to spiritual or religious
beliefs, and one type of MAQ gene is known popularly as the
‘warrior’ gene because of its association with aggression. Few,
if any, gene mutations are solely responsible for behaviour, since
most of the development of the human brain occurs after birth.
Nurture may cancel out, or amplify, the effect of a particular
gene variant. For instance, the reckless aggression associated
with the MAO variation seems to manifest only if a person has
experienced childhood abuse or drinks heavily. In others, it may
create positive risk-taking and leadership qualities.
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Human versus
animal brains

Il brains of vertebrate animals are similar in that they are
made up of three parts (see page 10), which fulfil broadly
the same functions in all species. However, the size, structure,
interactions and interconnections of these areas vary greatly
from one animal to another.

In general, brains get bigger as the size of the animal
increases. Hence, the largest brains —about 7.8 kg (17 Ib) —

are found in sperm whales. Elephants come second, averaging
4.8 kg (10.6 Ib). This compares with about 1.4 kg (3 Ib) for

the average human brain. Size is not a very good indicator

of intelligence, though. The ratio of brainweight to bodyweight
is a little better. In humans, this ratio is about 1:50, compared
with a hippo’s 1:2700. Even so, this measure does throw up
strange results, such as ants with a ratio of just 1:7. Perhaps
the most distinctive things about the human brain, compared
to those of other animals, are the relatively large frontal lobes,
and the complexity and greater size of the cortex.

14 EVOLUTION AND DEVELOPMENT OF THE BRAIN






OEBPS/images/page015.jpg
Comparative brain sizes of mammals

Elephant

Dog

: Mouse
Dolphin Macaque





OEBPS/images/page018.jpg
Epigenetics

B rain development largely takes place after birth. Since
genes work in concert with the environment, behaviour is
due to both nature and nurture. However, long-term changes
in the functioning of a gene can be inherited. These occur
without any alterations to the DNA sequence, thanks to so-
called ‘epigenetic’ chemical changes that affect the way the
genes are activated, or ‘expressed.

Some experiences — childhood abuse or famine, for example
—are known to provoke epigenetic changes. When these
changes affect genes that express in the brain they are likely
to alter behaviour. Some people who commit suicide have

a disproportionate number of epigenetic markers in genes
that express in the hippocampus (see page 92), suggesting
that certain types of bad memories can later produce self-
destructive behaviour. Like genetic mutations, epigenetic
changes can be inherited and passed on to offspring. They fall
away, but some changes can persist for up to four generations.
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Pre-natal development

B rain development begins in the human fetus within three
weeks of conception. The first stage is the formation of
the neural plate —a sheet of primitive nervous tissue. This
lengthens, then folds into itself and creates a groove, then

a tube. Around five weeks, the neural tube forms three bulges,
which become the forebrain, midbrain and hindbrain. The bulges
enlarge and start to divide into the major parts of the brain.

The neural tube is lined with stem cells, which divide and
multiply to form neurons and the supporting, insulating glial
cells that surround them (see page 78). During this period up
to a quarter of a million neurons may be formed every minute.
The newly generated neurons migrate to different parts

of the developing brain where they grow into various brain
structures. Once in place, neurons extend axons — long tendrils
—to connect with other nerve cells, some of which reside in
distant parts of the brain. This begins the process of wiring up
the brain so that information flows from one part to another.
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The adolescent brain

he brain matures from back to front, starting with the

areas dealing with perception, and ending with those
responsible for judgment, thinking and impulse inhibition.
The back of the brain is fairly mature by the time a person
reaches puberty, but throughout adolescence the frontal
areas undergo massive changes. New neural connections
are made and remade at an extraordinary rate.

New and changing neural connections are the basis of learning,
so teenagers are able to absorb huge amounts of information
and learn — then relearn — with great speed. At the same

time their neurons become ultra-sensitive to the effect of
dopamine, the neurotransmitter which promotes pleasure-
seeking and thrills. The result of this dramatic reconfiguration
is behaviour that is changeable, thrill-seeking and often
challenging. Although most people’s brains stabilize somewhat
in late adolescence, the frontal lobes do not fully mature until
the age of 25 or more.
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The infant brain

n order to get through the narrow maternal pelvis of a

bipedal animal, human babies are born at a much earlier
stage of maturity than other animals. This size restriction
results in an infant brain with much developing to do. Apart
from being much smaller than an adult brain, the infant brain is
rudimentally ‘wired’, and many crucial areas are not yet working.
They include the circuits that will later allow experiences to
be laid down and retained as memories, as well as the frontal
areas involved in thinking, judging and calculating.

Babies’ brains grow rapidly in the first three years after birth,
mainly due to the great density of new neuronal connections
formed. Many of these connections are subsequently ‘pruned’,
leaving only those that are useful. The pathways between
retained connections are then sheathed by a fatty substance
called ‘'myelin’, which greatly increases the speed at which
signals travel along them. Myelinization continues throughout
childhood and early adulthood, until the brain is fully mature.
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Mummified head of pharaoh Ramses Ill. The brain was usually
—but not always-removed from the body. A long, hooked
tool was introduced through the nose and vigorously
swirled to liquefy the brain. The contents of the skull were
then poured out through the nose.
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Trepanation

repanation (or trepanning) involves drilling a hole through

the skull to reveal the brain. It is a routine procedure during
brain surgery, allowing access to the brain. The term is better
known, however, for its intriguing history. Thousands of skulls
—dating back to the Stone Age and from dozens of different
countries — have been found with neatly rounded holes that
could only have been made deliberately.

There is no way of telling why the procedure was done.

It may have been for pain relief or to remove splinters

of bone from people with head injuries. More likely it was
ritualistic, perhaps to release spirits from people thought

to be possessed, or to bring about some kind of spiritual
transformation. In the 1960s, self-trepanation became a
minority cult, adherents claiming that releasing the pressure
on the forebrain put them in a state of higher consciousness.
Some of those who did it are still alive today, though whether
they still enjoy elevated consciousness is less certain.
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Ancient ideas

ou can’t tell what the brain does just by looking at it.
Hearts beat; lungs expand and contract; even the liver
oozes interesting substances. To the naked eye, however,
the brain is just a lump of barely differentiated tissue.
It is only in the last 50 years, mainly due to sophisticated
imaging technology, that we have begun to make visible its
extraordinary processes.

t's not surprizing that our ancestors failed to grasp the brain’s
importance. Ancient Egyptians didn’t even rate it highly enough
to send with its owner to the next world; embalmers hooked it
out of their clients’ noses and filled the gap with resin. Aristotle
thought it was some kind of refrigerator for cooling the blood,
and Descartes imagined it was a hydraulic machine, distinguished
only as the place where spirit stuff interacted with the body.
Things changed in the late 19th century when Santiago Ramén

y Cajal discovered that the brain was made of electrical nerve
cells and thus laid the foundations of neuroscience.

26 HISTORY OF BRAIN SCIENCE






OEBPS/images/page029.jpg
An illustration
from a medieval
French medical
manual shows a
doctor opening a
patient’s skull.





