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Preface


I was a Baby Boomer, born into a world of unprecedented and expanding realms of consumerism, health and education, from where the future always beckoned as a bright, shiny place. And the innovation and iconoclastic march of the 1960s reinforced the idea that, for my generation, anything was indeed possible, from material gain to personal development to social progress. At that time it wasn’t so much that I was ‘interested’ in the future from an academic stance – I was simply dying to be a part of it. Then my world tilted.


        In the 1970s the economic gloom was reflected in Britain in strikes, a three-day week and national power cuts. Meanwhile, at the personal level there was suddenly real work to do: after wonderfully unstructured undergraduate days of self-indulgent thinking, reading, writing and dreaming in a library, there were now long hours of routine slog in an unlovely research lab, battling with practical problems and the caprices of grinding experimental procedures. Nature gave up her secrets grudgingly and very, very slowly; most days, things went far from according to plan. And so it was in the wider world. Deaths in Vietnam, then deaths in Northern Ireland, rendered the 1960s’ vision a tinny, tarnished absurdity, as captured in a play we all saw at the time: Kennedy’s Children, by Robert Patrick, in which a handful of characters in a New York bar don’t actually interact, but deliver monologues about how their individual lives have been shaped by the era. We were indeed all on our own.


        The material confidence of the 1980s was somehow unmatched, at least from where I was standing, by a corresponding mindset that could cope with it. Carried away by Filofaxes, shoulder pads, City careers and the mandate to succeed, none of us was really fulfilled for very long, and most of us were anxious. The 1990s were worse in that the personal insecurities continued, undermined further by far less consumer comfort and a scary new high-tech takeover of all aspects of our lives, including even attitudes and expectations.


        When I wrote Tomorrow’s People not long after the millennium, discussion of new technologies and the lifestyle they could bring was far less rehearsed, and therefore seemed to me to be completely crucial to examine – which is what I did. But even over the relatively brief period of time since then, much of what seemed at the time startling has already crept into the warp and weft of our daily lives and raised concerns that everyone now acknowledges, from obesity to literacy standards to then unheard of and unimaginable screen crazes such as Facebook and Second Life.


        Back in 2002, I felt it necessary to flag some of the possible outcomes of an increasingly pervasive and invasive technology. But such predictions as I ventured then tended to be rather negative: the perhaps unhelpful message that things might well be different for the next generation could have been construed as somewhat Luddite as well as lacking in passion and compassion. I was by no means sure of where we as a society, and as individuals, might want to go, given the extraordinary time and facilities and longer lifespan that the new developments were making possible. But since then, these issues have become mainstream.


        In April 2006, we had a debate in the House of Lords on the impact of the latest technology on the way young people might think and learn differently from preceding generations. The diversity of the contributions, with many different issues being raised, convinced me that the time was ripe to face up to the future technologies and explore the impact they would have, in the broadest possible sense, on those born in this century. The big question, it seemed to me, did not stop at how our children and grandchildren might learn: the implications went more deeply, into what kind of people they might become. Would they have options open to them, both good and bad, that had never before confronted humanity? And this issue of a new type of identity in the future inevitably raised questions about our identity today.


        The more I thought about it, the more fascinated I became with how we define ourselves and others, which in turn relates to how fulfilled we are as individuals, which then, or so my fevered thinking ran on, brings us to the big and ancient topics of happiness and the meaning of life. In this book, I want to see if neuroscience can make an important contribution in helping us with the truly big questions, and even offer new insights on the eternal problems that have been with us humans for over a hundred thousand years.


        In his recent book, The Meaning of the 21st Century, James Martin argues that we shouldn’t just ask what is going to happen in the future, but how we are going to shape the future. Neuroscience, I firmly believe, is perfectly positioned as a discipline not only to help explain why we are as we are, but to explore how we might change and be changed. My recurring theme is the dynamism, the ‘plasticity’, of the human brain and the wonderful benefits and terrifying threats that that malleability brings. I want to show how our identity is our brains, or rather our minds: as such we are highly vulnerable, but at the same time could be potentially fulfilled as never before, by future technologies. Lofty goals, agreed – but ones that our children and grandchildren might never forgive us for shunning.


        One of the inevitable challenges of applying brain research beyond its normal context is striking the right balance between the necessary technical detail on the one hand, and on the other, couching somewhat rarefied neuroscientific findings in terms that are clear, relevant, interesting and above all understandable to the non-specialist. Such an exercise can never satisfy everyone, and I ask the forgiveness of my more purist colleagues who could feel offended that I have not given certain scientific nuances the attention they might otherwise deserve. Similarly, I really hope that the general reader will see that there is a point, in the early chapters, in first getting to grips with the basic neuronal nuts and bolts of brain functioning, and the neuroscientific story so far.


        Given the extremely multidisciplinary nature of the subject, I have had to turn to many colleagues and friends for advice and help. In alphabetical order, I would therefore like to thank: Peter Brown, Gordon Claridge, Guy Claxton, Ellie Dommett, Michael Hill, Paul Overton, Jonathan Sharples, Nick Shea, John Stein, Kathleen Turner, Jack Velero, Katja Weich, Martin Westwell and Russell Wilcox. I’m also indebted to Emma and James Arbuthnot for putting up with me as the most anti-social house guest ever when, over Easter 2007, I commandeered their study to press on with the writing, emerging only at mealtimes. Younger friends have also helped, without knowing it, on giving a perspective on the preoccupations of the next generation: Alice Arbuthnot, Phoebe Collins, Merryn Hurley-Rawlins and Amy Irvine.


        I’d also like to thank my publishers Rowena Webb and Helen Coyle for their enormous support and unstinting enthusiasm throughout.


        Finally, however, the biggest debt of gratitude goes to my wonderful friends, for just being there throughout and whenever. In particular, Carolyn and John Lloyd-Davies deserve a special mention. As I write these words, they are facing the biggest challenge, the most overwhelming journey of their lives, as they come to terms with serious illness. I dedicate this book to them, in admiration of their great courage, love, dignity and, above all, humour.


 


        Susan Greenfield


        Oxford


        December 2007
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The Future


The twenty-first-century is promising and threatening much. We now live in a world and at the beginning of an era where nothing, other than huge changes, can be taken for granted. The dire consequences of global warming are finally permeating everyone’s mindset, while the technology now assumed as indispensable and integral to our daily existence is actually becoming ever more pervasive, invasive and startling. But although the instability and insecurity of the environment is a current, constant topic of debate, the impact of twenty-first-century technologies, not so much on our outer lives but on our inner ones – our minds – is not really being questioned. Yet just look at us, and how we are changing.


        Daily the press shake their collective head over binge-drinking teenagers, feral and dysfunctional, of obesity reaching epidemic proportions, and of gun crime and murder among a generation that should have ahead of them a life that is longer and more stimulating than at any previous time in history. Even for the great majority who don’t hide behind hoods, and who do make it routinely to school, there’s a big question mark over what to teach, and how. Increasingly children are turning to sources of authority that they have never met, searching on the internet, socializing on the screen, spending on average six hours a day in two dimensions.


        Meanwhile many older people are facing the prospect of long lives with no obvious purpose. Increasingly freed up from fatal or debilitating diseases, they see decades of post-retirement time stretching out into a solitary and empty end-game. For others less lucky, there is the spectre of neurodegenerative disease, in particular of conditions such as Alzheimer’s disease and the most frightening prospect of all, loss of the mind – of everything that makes you so unique and special.


        And then there’s my generation, the ones in the middle, living life like hamsters in a wheel, bombarded with aspirational goals, desperately worried about how we match up, what we look like, what others think; many are asking, above all, why they are not happy. In his recent survey of global wellbeing, Affluenza, the psychologist Oliver James blames many of such ills in Western society on ‘selfish capitalism’, an unfettered consumerism that has arisen from our shifting, almost a century ago, to a market economy. We have been cajoled all too often into buying things that we don’t need but only want. And the reason we crave more clothes, cars, goods, brands and so on is that they will ‘say something’ about us – symbolize our distinct, preferably superior, identity. But as with all arms races, there is no happy finishing post. Small wonder that the most prevalent disease soon will be not AIDS but depression: the World Health Organization predicts that as the twenty-first century unfolds a staggering one in four people will succumb.


        And small wonder, then, that alternative paths seem highly attractive – paths uncluttered by consumer goods and paved out straight before us, with no confusing diversions or side tracks. In itself, such an option is far from new: the twentieth century was arguably a battleground between a blatantly decadent consumerism and tougher, purer, simpler lifestyles dictated by the blueprints of ideologies, be they political, religious or some cult cocktail of the two. Whether the emphasis lay in the genes, as the Nazis would have it, or the environment, as Marxism preferred, the individual has in both cases been cast in a predictable mould: identity shifts away from the unique person with their idiosyncratic personality in favour of the collective persona, the collective narrative. Now such single-minded devotion has taken on a ferocity and extremism that might even eclipse the gut-wrenching inhumanity of those previous, more overtly political ideologies.


        What do these very different black scenarios none the less have in common? In a word: identity. In two words: identity crisis. How do you see yourself? What defines you? What makes you happy? What do you want from life? These questions, naïve and unoriginal though they may sound, are in my view right up there with the current crisis of climate change as we contemplate how we are going to live out the next few decades and beyond. But this particular problem relates not so much to the outer world as to the inner landscape of the human mind: how you see yourself, and how you think others perceive you.


        Many of the current spate of gun attacks in inner cities are allegedly triggered by an imagined slight, some facial expression or gesture perceived as an insult. Could the far more widespread phenomena of obesity and binge drinking stem from the same basic issue of status? Over-eating or over-drinking might be precipitated by disappointment and frustration in what or who you are, or perhaps by the lure of a pure escapist, hedonistic thrill of anonymity, or by peer pressure or, most likely, by all of the above. If so, as with the more extreme cases resulting in violent crime, such behaviours would all none the less be traceable to the idea of the self, to how that person sees themselves in relation to others. Similarly, the quest for the perfect body, or the perfect home, also reflects an identity defined by a highly specific, though by no means universal, Western cultural manual. Meanwhile, the fulfilment and pleasure of defining oneself in the robust and fixed terms of a fundamentalist rulebook have always been equally, if not more, reassuring.


        But now we can add to the mix a new type of devotion. Now we have a way of subsuming individual identity, or perhaps of developing a false persona, or maybe even of losing one’s identity altogether. Information technology, nanotechnology and biotechnology are already transforming our lives, and they will be pervasive and invasive in unprecedented ways. But there is no point in either hyping or fearing these new technologies as factors that will impinge on the minds of generations to come until we can place them in the context of the workings of the brain itself.


        The cyber-world is already with us, of course. For the moment cyber-technologies are in the main screen-based, be they a mobile, a laptop or an iPod. You might well argue that the TV is, and always has been, a screen and that we’ve managed to accommodate it without human nature undergoing any apparent cataclysmic makeover. But there is a big difference from twentieth-century TV: twenty-first-century screen technologies, including the television, are interactive. This means you can be involved in the world on the screen and play a part in the ongoing narrative to greater or lesser extents. Soap operas, so called because of the industry that originally sponsored them, started out on American radio in the 1930s; they were to prove an early introduction to the experience of living a life vicariously, albeit many stages removed from real life. But still, good enough to offer a sanitizing alternative.


        Reality TV has been the next big pull, going one better by using real people rather than actors, and therefore bringing the events on the screen even greater credibility while still offering the protection of a second-hand voyeurism. The cyber-experience of Second Life is perhaps the ultimate in this line of screen escapism. Emphatically not a computer game, Second Life offers a complete new world, one in which you live out a completely different existence directly, though again not as your ‘real’ self.


        But the new technologies and software are doing more than softening our sense of identity; they are particularly powerful simply because they are so pervasive. In the late twentieth century no one really questioned whether the ability to record TV programmes and the opportunity to log missed phone calls was changing our mentality too much. Taken for granted though the VHS recorder and the Ansaphone now are, at the moment of their original appearance they freed us up for the first time from the inconvenient happenstance of life. We started to be more in control of our time. It was the first step, perhaps a small one, towards piecing together our own individual reality. Now the mobility of the cellphone, the iPod and the lap-top have empowered us further, this time in relation to freedom over our space. The portable screen has put us continuously in touch with one another, interacting and controlling. Increasingly the global cyber-world, accessible at fingertip touch whenever we wish and wherever we are, promises a more reassuring, safer option than the messy, haphazard world of the in-your-face three-dimensional life: a real life of banana skins and elephant traps, however metaphorical.


        But the information technologies are perhaps already blurring the cyber-world and ‘reality’. One particularly depressing anecdote I heard just after 9/11 was that there were some who couldn’t really believe that the planes crashing into the Twin Towers, and the instant conflagration, were actually ‘real’, so similar were the events to some games. This conflation of the cyber and real worlds is starting to impact on two very different aspects of our lives that until now I, for one, have taken pretty much for granted: fun and privacy.


        First, let’s think about having fun. A very understandable current concern is that a whole range of erstwhile demanding intellectual activities are becoming obsolete in favour of the quick fix of a laugh, a rush of adrenalin and the immediacy of the next sensory kick. The worry is that the challenge of understanding Dostoyevsky will be evaluated and found wanting against the new universal yardstick of how much fun you’re having. Just as text messaging doesn’t tap into our abilities to exercise the wide range of vocabulary and expression of previous letter-writing generations, could it be that our very understanding, our sense of reasoning, might now also be diminished and brutalized by the simplistic sensory sensations of the screen experience?


        Fuddy-duddy quibbling though this may sound, we should not dismiss such worries out of hand as being out of step with the lifestyle of today and tomorrow. Having fun has always been on the human agenda, but, intriguingly, not all the time. Just as we might feel sorry for someone who claims they never have any fun, so we would feel a similar sense of sadness for someone who boasted that their life was just one long round of it. But perhaps this balance is shifting in favour of the kind of activities that are normally associated with having easy fun rather than thinking deeply.


        This is not to say that thinking deeply isn’t enjoyable – but the pleasure is of a different type from that of surrendering to sensations. My own view is that the enjoyment of reading Shakespeare or Joyce involves an appreciation and savouring of ‘meaning’: some cerebral light flashes on as you start to see one thing in terms of something else, and place an event or behaviour in a new, wider context. Really ‘understanding’ something, be it in science or literature, usually devolves from that ‘Aha’ moment, from making a connection: by contrast, having fun is usually based on the opposite, on dissolving connections, splitting the here-and-now moment from the past and the future, splitting the sensational taste of the ice cream or chocolate from the ‘significance’ of unhealthy food, splitting the thrill of downhill skiing from the associations of injury, and above all splitting the sense of self, of a particular identity, in favour of abandonment to the raw sensory experience. You ‘let yourself go’. This idea might seem a little far-fetched as my opening premise; but it is a provocative one, and one which we should (as we shall shortly) be considering seriously. Let me be blunt and ask up front: is screen culture jeopardizing good old-fashioned abstract thought?


        The second area that we have taken for granted, at least until recently, is privacy. And the reason that a private life used to be such a clear and unambiguous concept was that until the end of the twentieth century the technology simply wasn’t there to challenge our privacy on a systematic, mass scale. Of course, phone-tapping, private detectives and amoral journalism have been around for as long as there’s been ‘modern’ life. But in the previous century the privacy of the average citizen, conscientiously living out a normal, everyday existence, was assured. Not any longer.


        In the shadow of the current debate in the UK on the desirability or otherwise of identity cards, we are resigned to cyber-profiling as we shop online, as search engines start to collate data on us in our innocent curiosity, as the unscrupulous devise ever more ingenious ways of accessing our credit cards. All of us, all of the time, now have our privacy under siege. We need to take active measures to protect it and be alert to situations where it might be eroded.


        Yet with the advent of cyber-pastimes such as chatting on Facebook, a way of life for many teenagers and young adults, such precautions are becoming ever harder to take. (Just in case you haven’t yet been initiated by your children, Facebook is a social networking site which links friends and strangers and enables them to share conversations, photos, videos and games.) However, such otherwise normal communication is now only conducted via a screen, rather than face to face: more significantly still, it is out there on the web, public. A sixteen-year-old intern in our lab, Amy, introduced my research group of twenty-something-and-upwards geriatrics to Facebook. She summed up her reaction to using it herself like this: ‘I can see that Facebook makes you think about yourself differently when all your private thoughts and feelings can be posted on the internet for all to see. Are we perhaps losing a sense of where we ourselves finish and the outside world begins?’


        Until now these technologies have been screen-based, essentially visual. In and of itself this is an interesting issue: what impact might such a biased input of fast-moving icons to the brain have on the way we think? Yet soon voice-activated devices will be with us, as will computation embedded in clothing, jewellery and spectacles. It seems bizarre to imagine a world of endless spoken cyber-conversations, a kind of wrap-around, purely auditory Google. And while it might stretch credibility to the limit to envisage why you would ever need to ask your sweater the date of the Battle of Hastings or the height of Kilimanjaro, surely it is possible that future technology would enable you to interrogate anything already being carried around on your body – from watches to coat-sleeves – for oral updates, music, price quotes, directions and more.


        No longer anchored to a screen and keyboard, unencumbered by bulky devices, you will meander in a three-dimensional space that is increasingly shaped by a fourth, cyber dimension. The firewall of brain and body will weaken as it is breached each moment by the spoken word monitoring and guiding each step. Will there now be time and place ever just to stand still?


        But it doesn’t stop there. The ever more pervasive becomes invasive, as nanotechnology – devices on the scale of a billionth of a metre – enters our lives. To gain some idea of the vast implications of its arrival, imagine trying to explain the potential of plastics to the medieval inhabitant of a wattle-and-daub hut or a castle. But it’s not just that the material world will have very different properties and possibilities. The impact of nanotechnology touching, as it will, on every aspect of life from crime prevention to energy conservation to healthcare is almost too breathtaking and impossible to contemplate.


        One of the strangest scenarios is that of a brain and body now really opened up to the outside, as nanotechnological devices beyond your skin ensure that levels of hormones, glucose and protein, and blood pressure, are all fed into a second-by-second read-out of the state you are in. Nanotechnology is not promising, or threatening, nanorobots or molecular doctors beavering away in your bloodstream; but it does offer the prospect of completely novel ways of treating disease and devices for precise, targeted drug delivery. Thanks to the unprecedentedly tiny size of the microscopic implants, drugs might in some cases be continuously delivered over long periods of time, revolutionizing treatment.


        Brain cells – neurons – appear to flourish on silicon chips. And this unlikely liaison can also work the other way around: silicon implants can have a powerful effect on brain malfunction. We shall see in more detail later how an implant in the brain can transform the life of a quadriplegic by intervening at the erstwhile mysterious and elusive step from thinking to action. But for now, perhaps it is enough just to ponder on the wide-ranging implications of crossing this final frontier. ‘Between the idea and the reality . . . falls the Shadow’ runs the line in T. S. Eliot’s famous poem ‘The Hollow Men’. Could neuroscience finally be shortening that shadow?


        The brain itself has until now been the final bastion against medical science, not only in clinging on to the secrets of schizophrenia, depression and dementia but more immediately in resisting treatments. Walled in as it is within the thick bone of the skull, the brain is also isolated less obviously, but much more powerfully and subtly, by tight-fisted blood vessels that barricade against indiscriminate trafficking of chemicals with the rest of the body. Yet now not just nanotechnology but biotechnology is overcoming this final hurdle. Drugs acting as Trojan horses can sneak medication into the brain to go only as, where and when it is needed; genetic technologies can help with the conceptualization of new types of treatment; stem cell therapy is introducing a whole new ‘regenerative’ approach, by which ailing cells can be replaced by healthy new ones; and all in all the number of strategies for pharmacological treatment of disease is set to rise tenfold, from some four hundred basic targets for medication throughout the whole body to approximately four thousand.


        Needless to say, it’s not all plain sailing into a clear, bright horizon. One of the many ethical issues that biotechnology is forcing upon us is the question of where to draw the line between therapy and lifestyle: for example, is it best never to be sad? And what goals or scenarios do we actually wish to reach in our lifestyle – assuming they were ever technically possible – by having a better memory, by being more clever or by being less shy? And what, after all, would mental and physical perfection actually be?


        Yet even assuming that biotechnology could deliver a completely healthy human, with no physical defects and a bright brain, the questions don’t stop there. Modern medicine will ensure that the usual cruel criteria for assessing someone’s age – health and appearance – will no longer be so instantly revealing; but other milestones of passing through life will be removed as well. Take reproduction, until now limited to the generations between adolescence and middle age, and again easily demarcating the different phases of life. Perhaps in the not too distant future, genetic material will be extracted from any cell in the body of anyone of any age: by IVF then, at least in theory, anyone of any age or sexual orientation would be able to have a child with anyone else. Leaving aside for the moment the obvious ethical debate that such a scenario mandates, an important knock-on effect would be the homogenizing of generations. Imagine an adulthood stretching over decades where everyone was healthy, looked similar, had children of highly variable ages and had similar, more standardized experiences, mainly removed from the ‘real’ world in favour of its cyber-counterpart.


        In ways, then, that we could never have imagined, the technologies of the twenty-first-century are challenging the most basic compartments by which we have made sense of our environment, and lived as individuals within it. Information technology, nanotechnology and biotechnology are blurring or even breaching every dichotomy that has until now transcended any particular culture, and held firm for every human society: the real versus the unreal; the old versus the young; the self versus the outside world.


        Perhaps the simultaneous blurring of all these compartments could have still wider implications for how we see the world, our lives and our identities. So where do we go from here? There is no precedent in the history of our species that might give us a clue as to what might happen, and what would now be the best course of action. Yes, of course the situation could be alarming – but only if we allow it to be so. The early twenty-first century could also be one of the most exciting eras to be alive – the first era in which we have the time and the technological tools to determine the kind of society that will realize our full potential as individuals, to the maximum.


        First are the immediate issues of education, work and healthcare: what do we actually wish to achieve? But tied in closely with these monumental, and deceptively simple, questions is the issue of what kind of people the next generation will be, what will be their needs, their problems and their abilities? And what kind of society will they want, and be able, to form?


        The reason any options at all can even present themselves here is that the human brain is not like the heart or the liver, fixed and predictable in what it delivers from one century, or even from one millennium, to the next. Rather, we are about to see how the brain, especially of humans, is in a constant dialogue with the outside world, evaluating everything that happens in terms of previous personal experience, and in turn being updated by the happenings of the present moment. So if, as I’m suggesting, life in the mid-twenty-first century is going to be radically different from anything that has ever gone before in human history, it follows that we, or rather the generations about to succeed us, will be very different too.


        You and I are about to set out on a wildly ambitious journey where we try to discover not so much ‘how the brain works’, but rather how your brain and mine gives each of us a sense of unique individuality. We shall trace how banal brain cells develop into a holistic brain, a brain that in turn becomes personalized into a ‘mind’. Then we’ll see just how sensitive and therefore vulnerable that mind is to the happenstance of your particular life narrative.


        These steps will be key to exploring one of the most important questions of all for our current world: how the new technologies might impact on our brains in completely novel ways, thereby actually transforming us as people. There will be a range of possible future scenarios, the potential for different types of identity. One possibility is that human nature is inviolate and that, after all, we shall stay as we are, as struggling individuals. Let’s call this scenario the ‘Someone’ option. But then the new technologies, saturating and penetrating your brain and body as never before, could offer the alternative of endless fun, of physical ease and sensual gratification, as the passive recipient of the senses. I’m calling this the ‘Nobody’ scenario. Finally, as an alternative to either egoism or hedonism a collective identity with a clear narrative and direction might seem much more appealing. This is the ‘Anyone’ scenario.


        Some, perhaps all, of these options will turn out to be radical and unprecedented, perhaps even unpalatable, or, then again, exciting. But what is certain is that if at least we try to understand them and their potential we shall have more chance of shaping the kind of society more specifically to become the kind of individuals, who will truly make the most of the twenty-first century.
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The Brain


What am I expecting? It’s over thirty years ago, and I’m edgy and uncomfortable. Unforgiving fluorescent strips remorselessly show up every grey square metre of the practical class laboratory. There is a whiff of disinfectant chemicals wafting in the air. Banks and banks of benches stretch out to blank walls festooned with the familiar essentials: safety posters, cupboards of tubing and funnels and glass measuring cylinders, the occasional sink. And there we all are, kitted out in stiff white coats, paradoxically excited and cynical, awaiting our first hands-on class in neuro-anatomy. Or, to be more specific, our first dissection of the human brain.


        I hadn’t realised you could study the brain in any meaningful way: surely it was just there, a constant presence behind your eyes and between your ears, encased and inaccessible in your skull. Unlike the heart or lungs, the head has no mechanical moving parts. I don’t understand how cutting up a dead brain is going to reveal how it ‘works’.


        So, what am I expecting and hoping to know? Agreed, the phrase ‘how the brain works’ trips off the tongue easily enough; yet if you think about it, the question as it stands is really quite meaningless. After all, it’s not like asking how a car works, or even a computer. In the case of machines there is a clear output, the end result of a chain of tangible, observable, predictable events. But the brain doesn’t have to have an observable output. It’s ‘working’ when you’re just thinking and when you’re asleep – though there’s surely an enormous and intriguing difference between what must be going on in conscious versus unconscious states.


        It’s actually hard even to specify what the brain ‘does’, what function it has – because it does everything, or at least underpins everything going on in your body. Throughout your life, twenty-four hours a day, seven day a week, your brain is monitoring the dips and surges of glucose in your blood, the distension of your stomach, the pressure in your bowels, the beat of your heart. And every single moment it’s coordinating the interplay of your vital organs, interfacing with your immune and hormonal systems, and orchestrating the tens of thousands of chemical reactions and interactions that enable you not just to stay alive but to run for a bus, dream, remember, reason, plot, grieve, fantasize and love. Above all, your brain gives you that unique consciousness that no one else can hack into, and on top of that a self-consciousness: a continuing experience of your own special identity.


        Enter the demonstrators with trolleys of white plastic Tupperware-type tubs, now being handed out, one to each pair. They instruct us to put on the surgical gloves from the cardboard boxes in front of us, a tight second skin that immediately dulls the intimacy of my hands with the outside world. We’re wearing gloves because the tubs contain the brains that are bathed in formalin, a colourless but highly toxic liquid. Formalin will preserve the dead brain for ever, and simultaneously has converted it from its original state of soft-boiled egg consistency to something much firmer and thus easier to dissect. We prise open the lids of our tubs. I roll up my starched sleeve above my elbow and plunge my hand into the reeking contents, my groping fingers making contact with an object. And now I am holding in one hand what was once the essence of a human being.


        What would happen if I wasn’t wearing the gloves? If the brain tissue, though firmed up by the formalin, none the less gave way under my inexpert heavy hand and some of it lodged under my fingernail? Would that have been what someone loved with? Or perhaps it was a memory, or a bad habit. . . . The enormity of the task ahead makes my mind reel: how to explain how we think and feel, to understand how we are so very different from each other, how we live out tragic, wonderful, boring and courageous life stories all sealed up in this banal off-white substance that could so easily disintegrate under a fingernail.


        Little did I know then that I was at the start of the intellectual journey of a lifetime. And the first, most important concept I was to grasp that morning long ago was that the unique aspect of the brain in my hand, indeed of my brain too, was the power to learn, interact and develop a mind of its own. For more than a hundred thousand years, what has made the human brain so special is our astonishing talent to learn, and thus to change. We don’t run particularly fast, we aren’t particularly strong, we don’t hear or see as well as many other species: but where we excel in the animal kingdom is in our ability to adapt to our environment. No surprise, then, that we occupy more ecological niches than any other species on the planet. This adaptability gives each of us the potential to be different: if you have individual experiences, then you become an individual.


        Just think for a moment about, say, the goldfish. If your children had a pet goldfish, and it sadly died, then you could save them from becoming completely traumatized with a kind deception. While they were at school, you could sneak off to the pet shop and purchase another goldfish of similar size and colour: your offspring would know no difference. Callous though it might sound, let’s face it, goldfish don’t have highly developed personalities. They exhibit no individual repertoire of behaviour that would distinguish one from another. The same could not be said even about a hamster that might have become used to being handled: and you certainly couldn’t pull the same trick with a pet cat or dog, nor indeed – however much your child might hope – with their brother or sister.


        This shift away from the stereotyped, narrow dictates of the genes is not a crude dichotomy of Nature versus Nurture, but rather a continuum along which genes and the environment impact and influence each other to greater or lesser extents. The goldfish is towards one end of the spectrum, we humans are at the other. Human brains are constantly being shaped through incessant changes in the dynamic configurations of the connections between brain cells, by the ceaseless interaction of genes, diverse factors in the micro-environment of the brain, and in turn by events and chance in the wider, external world. Contrary to what you might occasionally read in the sensationalist press, the genes themselves do not set an autocratic agenda but rather are key players in a complex interaction. In fact, while we might expect that a characteristic like being witty or being good at cooking is not trapped miraculously inside the interstices of the DNA molecule, it’s surprising how even traits that one might assume were impervious to interference from the environment are none the less influenced by it.


        A really striking example of Nurture interacting closely with Nature can be seen in a seemingly unlikely observation made a few years ago by Anton Van Dellen and his colleagues, working at the Department of Physiology at Oxford University. The experiment involved mice genetically engineered to have the mouse equivalent of the hereditary movement disorder Huntington’s Chorea. This distressing disease is named after the Greek for ‘dance’ (as in choreography), as the patient is helplessly driven to generate wild, involuntary flinging of the limbs in a grotesque caricature of dance. The underlying problem is the slow but inexorable loss of brain cells in a key brain area relating to movement; this loss or ‘neurodegeneration’ is in turn directly linked to a single rogue gene. If either of your parents passes the genetic aberration on to you, you yourself are 100 per cent certain of suffering from the disease later in life. Accordingly, Huntington’s Chorea is known as a ‘single gene’ disorder, the only such disorder that specifically causes a problem with the function of the brain.


        None the less, this astonishing study demonstrated that, despite the seemingly tight and inextricable link between a gene and a malfunction, the environment could after all make a difference. One group of genetically engineered ‘transgenic’ mice were kept in ‘standard’ laboratory housing; but another group, genetically identical and thus equally doomed to develop the mouse equivalent of Huntington’s Chorea, lived a different life, spending their days in an ‘enriched’ environment. Enrichment for a mouse does not of course mean that they are whisked off to some Caribbean resort, but rather allowed happy access to ladders, wheels and other mice.


        Before we look at how living the more stimulating life actually made a difference for the mice, a brief note of caution about this ‘enrichment’ treatment itself. Many behavioural psychologists point out that, for the average rodent living outside a lab cage, such an interactive environment would be normal. The flip-side of this argument is that the animals in the ‘standard’ lab housing are actually undergoing a form of under-stimulation – in human terms, even deprivation! Yet the important point here is still valid, namely the difference between the two environments, and the difference that the two very different experiences might have on how well the mice moved as they aged. What could be the point of such an experiment? After all, the dysfunctional movements that characterise Huntington’s Chorea are due to one rogue gene only. Anyone, human or mouse, that has that gene is destined eventually to develop the distressing and debilitating signs.


        But now for the surprise: despite the fact that in Huntington’s Chorea, unusually for a brain dysfunction, only one gene is at fault, the mice exposed to the more stimulating conditions showed a far more modest impairment, and a far later onset. Even here, therefore, in the case of a single aberrant gene, a mere mouse brain and some unspectacular environmental influences, the interaction with the environment was the key determining issue. The results showed that the mice exposed to the enriched environment took twice as long to develop the same degree of disability as their non-enriched counterparts and, most importantly, remained at that level; meanwhile the under-stimulated mice became five times worse.


        But it would be as dangerous now to discount genes, Nature, and swing to the opposite extreme in favour of pure Nurture. Genes are necessary for correct functioning of body and brain, but when it comes to determining the individual chemical and anatomical landscape of each individual brain it is important not to confuse necessity with sufficiency. The activation or switching on of a gene will result in the manufacture of a large molecule, a protein. However, we now know that this apparently simple cause and effect is actually far from simple. Even in the humble fruit fly, the activation of one gene can result in any of thirty-eight thousand different proteins. And just as a gene doesn’t have a complete function, or dysfunction, locked away inside its molecular framework, neither does any one of the proteins that it eventually ends up making.


        Instead, the critical issue is how that particular protein in turn works within the circuitry of the brain, how it changes the communication between certain brain cells known as neurons. Once the cross-talk between neurons changes there will be a knock-on effect in the dynamics of ever larger networks of brain cells, and eventually in a whole brain region.


        So before we can go any further, we’re going to need a kind of Executive Summary of how brain cells, and hence brains, work. Since it seems so natural to use the analogy of ‘talking’ and ‘networking’ of neurons when describing the basic operations of the brain, I’ve been really tempted to push the analogy of conversations and relationships to its limits. Once I started to jot down the similarities between a person and a neuron, I was myself surprised at how far the parallels would stretch. Neurons and individuals are isolated units, complete in themselves, with their own internal life support systems, so they can adapt to change, and most of the time are in close interaction with others.
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        But neurons, like people, can only just about survive – and certainly don’t flourish – in isolation. ‘No man is an island, entire of itself’, John Donne’s famous meditation on the interconnected nature of the human condition could just as easily apply to neurons: the brain works through its billions of cells ceaselessly networking with each other. When a neuron is active it generates an electrical blip, a minute electrical voltage lasting a thousandth of a second, that will enable the cell to communicate with its neighbour. But the first conceptual hurdle here is actually a gap. The problem is this: in the most standard scenario, neurons don’t really make contact with each other but are separated by a gap called the synapse, and the electrical blip just cannot breach across this tiny void. An intermediary is necessary to cross between one neuron and another, so a chemical messenger or transmitter is released from one cell and activates the next. As the electrical blip zooms into the end of the neuron it triggers the release of the transmitter, which sails across the synapse and docks into the target cell; and this molecular docking sets off a new electrical blip. The ultimate building-block of brain operations, and therefore the basis of your uniqueness, is this chain of electrical-chemical-electrical events.
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        Although I’ve just compared the physical action of a transmitter to that of a boat, its actual function is much more like a language: an indirect means of communication. Transmitters, like languages, come in many different types, and like languages fit into a taxonomy – though in the case of transmitters this is based on chemical identity, from a tiny gas such as nitric oxide to a large fragment of a protein, a peptide such as the natural opiate enkephalin. But the most important point in all this biochemical chicanery is that the neuron is much more than a passive relay station. When people talk, very few of their conversations consist merely of passing on words, like Chinese Whispers: rather, every conversation is modifying how the listener may subsequently think and behave. And so it is in the brain.


        Neurons are designed to have an analogous, proactive role. Inputs from as many as a hundred thousand other neurons can converge on a single cell, so it has to perform some very sophisticated integration of this incoming tide. This means that there will be a massive dilution of any one of the original inputs as it becomes just one of tens of thousands of further inputs; the integrated signal will in turn itself become yet one of tens of thousands of inputs to the next neuron along. So every synapse is refining the final net message, the final collective output from a large group of neurons.

OEBPS/OPF/id.zoom75.png





