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PREFACE
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Many people are intrigued by the brain. However, they have no immediate means of discovering even the most basic and well-established facts. Only technical books are currently available, more appropriate to students in the biomedical sciences with the necessary background knowledge: the average person would be, and is, readily discouraged by the plethora of specialist terminology. At the same time, the brain holds an urgent fascination for virtually everyone since it encompasses a wide range of issues, at least one of which has interested each of us personally: for example, infant development, use and abuse of drugs, strokes, schizophrenia, brain scans, or the physical basis of consciousness.

I have written this book to introduce not just non-biologists but non-students to what lies within their skull. My aim is to show people what we already know about the brain and mind, and what questions we can realistically answer with our current expertise. Although I had long contemplated such a book, two experiences finally jolted me into action. In 1994 I was asked to give the Royal Institution Christmas Lectures for that year. These lectures, on a wide range of scientific subjects, have been enthralling audiences of young people since 1826, and for the last thirty or so years they have been televised by the British Broadcasting Corporation (BBC). The programmes are an established part of British life not least because they are so different from conventional lectures: since the time of the founding speaker, Michael Faraday, there has been an emphasis on live demonstrations involving audience participation, working models, antique props, and all varieties of exotic animals.

The five chapters in this book have been very broadly inspired by each of the five lectures. However, although I have endeavoured to incorporate some of the spirit, and indeed material, of the Christmas Lectures, there are some very basic differences. Whereas the lectures were aimed at an audience of teenagers, I have directed this book to an adult readership. Moreover, the impact of a live eagle and owl, or the amusement of a reaction-times contest, does not translate effectively to the printed page. I have therefore put far less emphasis here on giving a wide range of examples of phenomena and principles, and have turned my attention to the more ‘philosophical’ implications of studying the brain. In short, I have taken the liberty of indulging in all manner of speculations as to how the ‘mind’ might arise from the brain. These ideas are not intended to be taken as hard facts but rather to excite readers into an active line of questioning and thought of their own.

This approach has been nurtured further by the second opportunity I have had to talk about the brain to the general public. In 1995 I was elected to the Chair of Physics at Gresham College, London. In accordance with the will of an Elizabethan financier, Thomas Gresham, the eight professors representing each branch of what was then perceived as the ‘new learning’ were obliged to lecture to the public free of charge within the City of London. Accordingly, I have been giving introductory lectures on the brain for the last two years in a style which, I hope, is comprehensible to everyone who walks through the door, even if they are attending the lectures for the first time. I have thus had a marvellous chance to observe firsthand the kind of questions people ask and to appreciate the particular subjects that interest them. These experiences have contributed a great deal to helping me with the selection of material and its presentation.

In Chapter 1 we survey the brain with nothing but the naked eye and explore the relevance of different brain regions. Does each have a different function? In Chapter 2 the problems of localization of brain functions are approached by examining certain familiar functions such as movement and vision, and attempting to see how they are accommodated in the brain. In Chapter 3 the emphasis shifts from gross brain regions to the brain under a microscope. We see how the basic building blocks of the brain – brain cells – communicate with each other, and how such communication can be modified by drugs. In Chapter 4 we trace how a brain is made from a single fertilized egg. The fate of the brain is followed through life as we see how it constantly changes as a result of experience to provide the essence of a unique individual. In the fifth chapter we follow up this idea of individuality by asking what memory is, how it works, and where it occurs in the brain. It is through memory that we finally have a glimpse of the physical basis for the mind.

The brain still remains a tantalizing mystery: to those of us who have been studying it for most of our lives it often seems that the more we learn, the more there is still to learn. It is a little like the monster of Greek mythology, the hydra: once one head was cut off, seven grew in its place. This book offers no magic bullets to the secret of individuality or consciousness, nor does it promise easy answers. However, it will, I hope, help foster curiosity and appreciation of the most exciting entity in the universe.


CHAPTER 1
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BRAINS WITHIN BRAINS

How does the brain work? What does it actually do? These questions have fascinated and challenged countless human beings over many centuries. At last, however, we now have the expertise to tackle what might arguably be regarded as the final frontier in human understanding. We also have the motivation.

People are living longer, but not necessarily better. The devastating illnesses of old age that attack the brain, such as Parkinson’s and Alzheimer’s diseases, are becoming more prevalent. Moreover, the pressures of modern life have led to a huge increase in psychiatric illnesses such as depression and anxiety. In addition, there is a growing dependence on mood-modifying drugs. Therefore, we are faced with an urgent need to understand as much as we can about the brain. On July 17, 1990, the then president of the United States, George Bush, proclaimed that every effort should be made to ‘enhance public awareness of the benefits to be derived from brain research.’ We are currently in the middle of the ‘Decade of the Brain.’ A general interest in the brain is official.

Remote from the rest of the body in its own custom-built casing of skull bone, the brain has a consistency similar to a soft-boiled egg and has no intrinsic moving parts. Thus, it is obviously not destined to take any physical strain or participate in any large-scale mechanical actions. The Greeks came to the conclusion that this insubstantial and secretive substance was the perfect site for the soul. Most importantly, soul was immortal: it had nothing to do with thinking. In fact, all the abilities we now attribute to the brain, the Greeks localized in the heart or the lungs (there was never total agreement about the precise location). The immortal ‘soul’ was of course so sacred and elusive that the silent, remote grey home provided for it by the brain presented a serious focus with almost mystical properties: the Greeks imposed strict taboos against eating the brains of any animal. The soul in this case was quite explicitly a different entity from ‘consciousness’ and the ‘mind’ and all the other interesting properties that we now associate with our individuality and personality.

Such quirky reasoning, where normal mental activities were not associated at all with the brain, changed with a great discovery made by Alcmaeon of Croton. Alcmaeon showed that there were actual connections leading from the eyes to the brain. Surely, he claimed, this area must be the seat of thought. This revolutionary idea tied in with observations made by two Egyptian anatomists, Herophilus and Erasistratus, who managed to trace nerves – obviously not identified as such at the time – leading from the rest of the body into the brain. But if the brain was the centre for thinking, what about the soul?

The Greek physician Galen (A.D. 129–199) pointed to a part of the brain that was the least solid, the most ethereal, and clearly discernible to the naked eye. Deep within the brain is a labyrinth of interconnecting cavities, formed during development in the womb and containing a colourless fluid. This insubstantial-seeming fluid bathes the whole of the outer surface of the brain and spinal cord and is known as cerebrospinal fluid (CSF). It is often used in the diagnosis of various neurological problems when sampled from the lower portion of the spinal cord in a lumbar puncture. Normally, however, the CSF is reabsorbed into the blood supply, so that fresh fluid is constantly being produced (about 0.2 millilitres per minute in humans) and is thus constantly circulating.

It is easy to imagine how this mysterious swirling substance, as opposed to the sluggish slurry of brain, might have been a good candidate for the substance of the soul. We now know that the CSF contains merely salts, sugars, and certain proteins. Far from being the seat of the soul, it has even been disparagingly referred to as ‘the urine of the brain.’ No one, even those who believe in an immortal soul, now expects to find it in the brain. The mortal brain, which everyone regards as obviously responsible for all our thoughts and feelings, presents in itself the most tantalizing of riddles.

In this book we are going to see how far we can progress with answering the question: How does the brain work? But this question is far too global and vague to have any meaning in terms of actual experiments or observations. What we need to do instead is to tackle more specific sub-questions that nonetheless make a contribution to a final understanding of this secretive mass of tissue in which, somehow, the essence of our personalities is locked away.

The first topic we shall explore in this chapter is the physical appearance of the brain. Imagine you were looking at a brain in your hands: what you would be holding would be a creamy coloured, wrinkled object weighing just over 1 kilogram, on average about 1.3 kilograms. (See Figure 1.) The first feature you would notice is that the strange-looking object, small enough to be supported in one cupped palm, is made up of distinct regions of a particular shape and texture that fold around each other and interlock according to some grand scheme that we are only now beginning to discern.

The brain has the consistency of a raw egg with an overall ground plan that is always the same. There are two clear halves, called hemispheres, that seem to sit around a kind of thick stalk (brain stem). This brain stem eventually tapers down into the spinal cord. At the back is a cauliflower-shaped extrusion, a ‘little brain’ (cerebellum) that protrudes precariously behind the main brain (cerebrum).

If you were to look at the cerebellum, the brain stem, and the surface of these hemispheres, you would see that they are all different in surface texture, as well as varying slightly in colour along the cream–pink-brown spectrum. Furthermore, if you turned the brain over and looked at the underside, it would be easy to see still further different regions again distinguishable by colour, texture, and shape. For the most part, each region is duplicated on either side of the brain so that you could draw a line down the middle as an axis, about which the brain would be symmetrical.
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FIGURE 1

A cross-section of the human brain within the head. Note how the brain is composed of different gross regions easily discernible to the naked eye, and how it is continuous with the spinal cord. (From M. A. England and J. Wakely, A Colour Atlas of the Brain and Spinal Cord, Wolfe Publishing, 1991.)

The different regions of the brain pile around the stalk-like brain stem and are divided up by neuroscientists in an ordered anatomical scheme. One way to think of these brain regions is as countries distinguished by boundaries. Often these boundaries are very obvious: one might be a fluid-filled ventricle where we saw the soul was once thought to lurk, another might be subtly changed in texture or colour. According to the recognized scheme, each region has a different name, but we will be gathering such labels (for example, cerebellum or brain stem) only as we need them. Rather than a detailed documentation of the anatomy of the brain, our prime concern here is to discover how certain regions contribute to the feats of survival in the outside world as well as to consciousness of that inner world, one’s most private place of thoughts and feelings. These issues have tantalized people since long before the dawning of the Decade of the Brain.

For some, such as Marcello Malpighi in the seventeenth century, the brain functioned homogeneously, as a huge gland. Malpighi’s vision was that the nervous system was like an inverted tree. The trunk was in the spinal cord, with the roots in the brain and the branches in the nerves extending throughout the body. A little later, in the first part of the eighteenth century, Jean-Pierre-Marie Flourens also concluded that the brain was homogeneous, from the results of his rather ghoulish experiments. Flourens employed a very simple rationale: to remove different parts of the brain and see what functions remained. He experimented on a variety of laboratory animals, methodically removing more and more of their brains and observing the effects. What he found was that all functions grew progressively weaker, rather than selective functions becoming specifically impaired. With undeniable logic, Flourens decided that distinct functions could not be localized as such within selective parts of the brain.

This scenario of a uniform brain with no specialist parts inspired the concept of mass action. It is an idea that still persists today, in a less extreme form, in order to explain a seeming miraculous but fairly frequent occurrence: when parts of the brain are destroyed, say by stroke, then after a while other intact parts appear to take over, so that at least some of the original function is restored.

In complete contrast to this idea is the view that the brain can be divided into rigid compartments, each with a highly specific function. The most famous proponent of this vision was Franz Gall, a doctor born in Vienna in 1758. Gall was very interested in the human mind, but he considered it too delicate to probe surgically. Given the techniques of the time, he was probably quite right. Instead, Gall hit upon another, seemingly more subtle way of studying the brain. He developed the theory that if he studied the skulls of the dead and then saw how these matched up with the alleged characters of those people, then perhaps he could identify a physical trait that corresponded with certain aspects of character. The aspects of the brain that Gall chose to match up were the most easy feature to detect: the bumps on the surface of the skull.

Gall concluded that there were twenty-seven different character traits. These purported building blocks of personality actually turned out to be rather sophisticated features of the human mind: instinct of reproduction, love for one’s offspring, attachment and friendship, defensive instinct of oneself and one’s property, instinct for cruelty, cleverness, feeling of possessiveness and inclination to steal, pride and love of authority, vanity, circumspection and foresight, memory of things and facts, sense of spatial relations, memory for people, sense of words, sense of the spoken word, sense of colour, sense of tonal relations, sense of the relationship of numbers, sense of mechanics, comparative wisdom, depth of thought and metaphysical spirit, sense of humour and sarcasm, poetic talent, goodness, faculty of imitating, God and religion, steadfastness.

With these different qualities – which were eventually expanded to thirty-two to include, for example, banality – a map of the surface of the head was produced, where the functions were localized to greater or lesser degrees, according to whether the lumps were small or large in each individual. The nagging and still unanswerable question was not even raised of how a specific mental state might ever be associated with a physical infrastructure, let alone one as remote from brain tissue as a bump on the skull.

The apparatus that Gall used to make his analyses was a kind of hat. When placed on the skull, movable pins were displaced by the bumps on the surface of the skull so that they were pushed upward to pierce through paper. The particular pattern of perforations in the paper thus gave a somewhat primitive readout of an individual’s character. Johann Caspar Spurzheim, one of Gall’s colleagues, coined the Greek term phrenology, ‘the study of the mind,’ to describe the procedure and its underlying philosophy. It offered a new way of looking at the brain, and because it relied on objective measurements, it had all the lustre of a true science – as such it rapidly captured the spirit of the times. Phrenology became popular because it seemed to present people with a more ‘scientific’ approach as well as with a new basis for morality, something that could be measured and did not entail
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