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Preface



I love brains. I love your brain. The most interesting part of anyone I meet is, without doubt, their brain. And I am lucky enough to have been in the right place at the right time to get to look at brains for a living. For a lot of human history, brains have not always been considered very interesting – Aristotle thought that the heart was the organ for sensation and experience, and that the brain was for cooling the body. In Aristotle’s defence, it does feel like we experience things in our bodies – when I am happy, I feel it in my heart; when I get the first inkling that something is horribly wrong, I feel that sinking feeling in my stomach. Now, of course, we know that everything we experience is our brain’s best guess at both what is out there in the world, and what is going on in our bodies. Furthermore we know that the brain maps out many things (like emotions) in the body itself.


Another reason Aristotle thought that the brain was not very important is that when the brain itself is exposed, it has no sensation – if you touch the surface of an exposed brain (please don’t), the owner of the brain will not feel that touch. The brain itself has no way of perceiving the world directly – it gathers information from our sensory organs (as we will see in this book), and continually uses this to try and construct our reality.


A further reason why Aristotle and others were unimpressed by the brain was because doing anatomical investigations on the brain was very tricky: in its natural state, the brain is not very solid. It has a texture like a rather unprepossessing grey, watery jelly. Although TV detective programmes like to show the whole brain being taken out and passed around, post-mortem, in reality a variety of different techniques are used to make the brain solid enough to make an anatomical investigation possible.


Not everyone agreed with Aristotle about the brain, and despite the difficulties in working with brains, some impressive discoveries were made. In 500 bc, Alcmaeon of Croton discovered the optic nerve and described phosphenes – visual images that are caused by activity in the optic nerve. Plato wrote that the brain was ‘the divinest part of us and master over all the rest’ (where ‘the rest’ are the chest and the liver). However, the growing scientific consensus around how the brain worked focused on the ven­tricles, not on the brain itself: the brain floats inside the skull, and the fluid in which it floats flows into the gaps between different parts of the brain. These gaps, called ven­tricles, were considered the seat of the brain’s abilities, rather than the manky, gooey tissue surrounding them.


Many more discoveries about the brain were made over the next centuries, including those by Abuˉ Bakr Muhammad Ibn Zakariya al-Raˉzıˉ, the Persian scientist, medic and philosopher who in AD 900 determined that nerves either had sensory or motor functions, and was able to relate symptoms to the location of brain damage. But the ventricular theory of the brain still held sway in Western medicine – when Da Vinci drew the brain, he emphasised the ventricles. It was not until 1538 that the influential medic Andreas Vesalius overthrew the ventricular theory, and the concept that it was the brain itself that was critical to mental processes started to dominate Western medicine.


From here, our understanding of the brain developed in pace with technology. The development of the microscope led to the discovery of cells by Robert Hooke in 1665, and the proposal by Theodor Schwann that all living things were made up of cells. The brain, for a long time, seemed to be an exception to this theory – there were certainly cells in there, but what was all this fibrous matter that also seemed to be there in abundance? A scientist named Camillo Golgi invented a staining technique that enabled him to see (using a microscope) that these fine strands were connected to, and formed part of, brain cells (neurones – more on what these are later). Golgi (incorrectly) thought that these projections formed one huge, continuous network. Using the same staining technique, the Spanish neuroscientist Santiago Ramón y Cajal identified that the neurones in the brains of birds were not one large mesh, but made of individual cells – and thus that, like the rest of life on earth, the brain was also made up of individual cells.


During the nineteenth century, there were also big developments in the understanding of how the brain controls behaviour. German and French neurologists mapped out where language processes were found in the left hemisphere, with such accuracy that, although we have developed our understandings of the brain mechanisms involved, we are still working in the same brain areas they described. In the mid-twentieth century Walter Penfield in Montreal performed studies on the exposed brains of patients who were having brain surgery to relieve intractable epilepsy, and showed that gentle electrical stimulation of different brain areas would lead to different kinds of perceptions or actions.


Towards the end of the last century, there was an explosion in the techniques of brain science, meaning that we could make images of brain structure, and examine human brain function, without anyone needing to die or have brain surgery. Techniques like magnetic resonance imaging and EEG/MEG are now standard tools for both clinical investigation of and basic research into the human brain. In my career, I have been honoured to work with patients with brain damage, and to study brains using brain imaging, since the 1990s, and I still consider that I have the best job in the world. I have learned something from every brain I have met. And that is because, as we will see in this book, the brain – your brain – is one of the most miraculous structures in the known universe.
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Why Are You Still You?


Look at a photo of you as a baby. Almost every part of you in that photo isn’t there anymore, because not many things stay with you for your whole life. Hairs fall out, nails grow, cells throughout your body die and are replaced by new ones. This cycle of death and renewal in the body leads to the stunning claim that every ten years or so, you have a whole new body. However, this is not quite true. Two kinds of cells in your body do not die and get replaced. The cells in the lenses of your eyes are with you for life, and so are the nerve cells (neurones) in your central nervous system. Your central nervous system consists of the nerves in your spine and in your brain. It’s quite dizzying to think that when each of us was born, we already had almost all the nerve cells in our brains that we would ever have. When you are looking at the photo of you as a baby, you are looking at someone with the same brain cells as you, and a completely different body.


And there are so many of these neurones. The human brain contains some 86 billion neurones, which are highly specialised to power your mental processes.


The neurones in your brain do not form a single mass: they are highly structured into a very complex and distinctive pattern of brain areas, forming huge and extremely complicated networks. When I was an undergraduate first studying the brain, this structure seemed pointlessly, incomprehensively complex. What on earth could justify such impenetrable anatomical detail? It took me a long while to realise that it’s because your brain is not just responsible for everything you do, and for storing everything you learn: it is also responsible for everything you experience, everything you remember, everything you look forward to: in short, it’s responsible for you being you. Indeed, everything you know, every skill you have, every memory you have, every fact you know, is encoded in networks of these neurones. Which is why all those billions of neurones need to stay with you for the long haul – you can change all the cells in the lining of your gut every two to four days, or all your red blood cells every four months, and remain the same person: switch out all your neurones, and you would be a whole new person.


Within the brain, neurones form networks, where they can connect with each other and talk to each other. This property underlies the unusual shape of neurones, which look very different to other cells in the body. Obviously, different cells throughout the body are vastly different from one another, in ways that reflect their functional roles: muscle cells look and behave differently from skin cells, for example. Some cells are highly distinct: the hair cells in your ear have moving parts that let them change vibrations into sounds, and red blood cells are flat and flexible, so that oxygen can permeate into them, and so that they can squeeze through tiny capillaries and carry that oxygen around the body. Even among this strange menagerie, however, neurones are quite extraordinary. Some look like trees; some look like cornflowers with long stalks and spikey petals. They bristle with filaments that project from the cell body, some long, some short. The structure of neurones lies at the heart of the neurones’ special abilities, allowing them to connect to other neurones, and thus to communicate with each other in large networks.


There are three properties of neurones that mean they can talk to each other in these networks. First, the neurones can form connections with each other. Second, the neurones can be activated. Third, when they are active, they can pass on messages to the other neurones to which they are connected.


We find the connections between neurones when we examine the fine projections that sprout from the cell bodies. The ends of these projections flatten out into little buttons, which abut the flat buttons at the ends of other neurones. The buttons do not quite touch, but have a tiny gap between them. These junctions between neurones are called a synapse; synapses are the ways that neurones form and maintain connections with one another.


When a neurone is activated, or ‘fires’, it creates an electrical discharge that spreads across the whole neurone and all its projections. In other words, communication within a neurone is caused by electrical signalling. You have probably had a lot of experience with electricity – current electricity in your home that powers your light bulbs and your fridge, and static electricity that makes your hair stand on end when you rub it with a balloon. Both these kinds of electricity rely on the movement of electrons. A third kind of electricity – biological electricity – creates electrical charges across cell membranes by moving ions around (ions are atoms or molecules that carry an electrical charge). In our neurones, an electrical charge is built up by changing the concentrations of sodium and potassium ions on either side of the cell membranes that coat the neurones.


The electrical message moves extremely quickly from one end of the neurone to the other – across the short projections from the neurone (the dendrites) and the long projections (the axons). Small pores or holes in the cell membrane operate as gates, and when a neurone is activated, these gates open, allowing sodium ions to flood in. This generates an electrical pulse, called an action potential. This pulse activates the neurone and enables it to communicate with other neurones. Not all nerve cells are in your brain, and this electrical pulse is the way nerve cells throughout your body transmit information. This is why if you’ve ever had the misfortune to grab hold of an electric fence, your muscles contract very fast as the electricity stimulates the peripheral nerves in your arms and hands (as well as hurting like hell).


But how do neurones talk to each other? This happens back in the synapses – the connections between neurones. Neurones are stimulated – made to create an action potential that passes along the cell – by chemicals called neurotransmitters. These neurotransmitter chemicals are produced in the little buttons at the ends of axons and dendrites; when the nerve cell is activated, these are released into the gap between the two buttons, called a synaptic cleft. The chemicals move across the gap to the other button, where they bump into receptors in the surface, and affect the activity in that next nerve cell. The neurotransmitter can be excitatory, meaning it causes an action potential to be discharged by the next cell, which will pass the signal across further synapses. Or it can be inhibitory, meaning it prevents an action potential from happening. In addition to the complexities made possible by the creation or the prevention of action potentials, there are many different neurotransmitters in the brain, and any one neurone will be part of one neurotransmitter system. Changes to the brain’s neurotransmitter systems can change the ways in which the brain works.


Thus, the neurones form networks, with synapses forming connections between neurones. Within a neurone, information is transmitted using electrical charges. Between neurones, information is transmitted chemically.
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