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			Many of the views which have been advanced are highly speculative, and some no doubt will prove erroneous; but I have in every case given the reasons which have led me to one view rather than to another.… False facts are highly injurious to the progress of science, for they often endure long; but false views, if supported by some evidence, do little harm, for every one takes a salutary pleasure in proving their falseness.

			Charles Darwin, The Descent of Man
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			I know full well that the reader has no great desire to know all this, but I have the desire to tell them of it.

			Jean-Jacques Rousseau

		

		Perhaps the two greatest scientific questions of this century are “How did the universe come into being?” and “How does the brain work?” Through a combination of my surroundings and chance, I became fascinated by the second question.

		I grew up in a household where I overheard such enthralling conversations about every aspect of medicine that it became impossible to escape going into the profession. My father was a gynecologist who devoted his working life to many aspects of reproduction that were then highly controversial, like male infertility, artificial insemination, and the contraceptive pill. He received a stream of visits from friends whom I only later realized were pioneers in their fields. As a small child I got my first lessons in endocrinology from Dries Querido, who later set up Rotterdam’s medical faculty. When I noticed our family dog cock his leg against a tree as we took it for a walk, Professor Querido explained that his behavior was caused by the effect of sex hormones on the brain. Coen van Emde Boas, the first Dutch professor of sexology, used to drop by in the evenings with his wife for a drink. His stories were gripping, particularly for a small boy. I recall an anecdote he told about a patient with whom he was having trouble communicating. Finally the man came out with what had been bothering him: He had heard that Van Emde Boas was a homosexual! Van Emde Boas put an arm around his shoulders and said, “But my dear, surely you don’t believe that?” We laughed uproariously when he described the look on the patient’s face. It was a household in which there was no question you couldn’t ask, and during the weekends my father let me look at his medical books and peer through his microscope at plant cells and unicellular creatures fished out of local ditches.

		When I was in secondary school, my father took me with him on a lecture tour of the country. I will never forget the hostile response he got from very religious members of the audience when he lectured on the contraceptive pill, which was going to be tested in the Netherlands for the first time. Despite the insults hurled at him, he went on arguing his case, remaining outwardly calm, while I sat sweating next to him, in an agony of embarrassment. In retrospect it was good training for the extremely heated reactions that my own research would later spark. An occasional visitor to our house at that time was Gregory Pincus, the developer of the contraceptive pill. I got my first sight of a laboratory when I was taken along with him on a visit to Organon, the pharmaceutical factory where the pill was produced.

		With such a background it seemed to me self-evident that I would study medicine. At meals I would enthusiastically discuss medicine with my father so directly and in such detail that my mother would regularly beg us to stop, even though, having worked as an operating theater nurse and at the front during the war between Russia and Finland in 1939, she was hardly squeamish.

		As my medical studies progressed, I was taken aback to discover that I was no longer expected merely to ask questions but also to provide answers. Suddenly everyone around me saw me as an expert on all kinds of health problems and expected free consultations. At one point I was so fed up with hearing about my aunt’s nagging pains that I silenced an entire family birthday party with a loud, “How interesting, Aunt Jopie! Take your clothes off, and let’s have a look at it!” It worked like a charm; she never bothered me again. The other relatives, though, proved harder to deter, and they continued to seek my advice.

		During my studies I wanted to find out more about the experimental work that underpins medical knowledge. I also wanted to pay my own way through school, an idea to which my parents were very much opposed. There were two places in Amsterdam that would take you on as a part-time researcher once you got a basic medical degree after three years of study: the Department of Pharmacology and the Netherlands Institute for Brain Research. The first vacancy to come up just happened to be at the latter. So much for career planning. At the Institute for Brain Research I chose the logical area of focus, given my background: the new field of neuroendocrinology, involving research into hormone production by brain cells and the effect of hormones on the brain. During my interview with the institute’s director, Hans Ariëns Kappers, I mentioned that my main interest lay in neuroendocrinology, so the in-house expert, Hans Jongkind, was called in. He revealed my considerable ignorance on the subject with a series of probing questions. But to my surprise, Hans Kappers then said, “Well, we’ll give you a trial,” and I got the job.

		For my PhD I carried out experiments to determine the functions of hormone-producing neurons. I did this research while continuing to study medicine, which kept me busy around the clock. It was with some difficulty that in 1970, while working as an intern in a surgical department, I obtained the afternoon off to defend my PhD thesis. After qualifying as a general physician in 1972, I decided to continue with brain research. In 1975 I became deputy director of the Netherlands Institute for Brain Research (see chapter 15) and in 1978 its director. In 1979 I also took on the chair of neurobiology at the University of Amsterdam’s medical faculty. Despite holding these administrative posts for thirty years, hands-on research remained my main focus. After all, that was why I chose the profession. In my research group I’ve profited immensely from the knowledge of a host of talented and critical students, PhD students, postdocs, and staff members from over twenty countries, whom I still encounter in brain research centers and clinics all over the world; it’s a learning process that continues to this day. In turn, all of those academics owe much to the excellent technicians who have developed and perfected new research skills.

		Meanwhile, I was getting more and more requests for information, including about issues outside of my own field. As a doctor, even if you’re engaged in research rather than general practice, people will come to you with pressing questions. There’s no aspect of life that brain disorders don’t touch, so my advice was solicited on the most serious issues. One Sunday morning, for instance, the son of an acquaintance knocked on my door with a few scans under his arm. He said, “I’ve just been told that I only have three months to live—how can that be?” When I looked at the scans, it seemed incredible that he’d even been able to visit me and ask this question: The front of his brain was one giant tumor, and indeed he did die shortly afterward. At such times all I can do is listen, explain the results of tests, and help desperate people to find their way through the medical jungle. The only accurate judges of my capacities were my children, who, when they were feverish and saw me appear at their bedside with a worried air and a stethoscope, would always insist that they wanted a “real” doctor.

		When I set up the Netherlands Brain Bank in 1985 (see chapter 19) and became known for examining the brains of dead people, I was again surprised to find myself the focus of a great many questions on every subject relating to the final stage of life: euthanasia, assisted suicide, and the donation of brains and bodies to science; in short, everything connected to life and death (see chapter 19). My research became intertwined with personal and social issues relating to my field. I spoke with the courageous mothers of schizophrenic children who had committed suicide; they responded by setting up a national support network. At international conferences on Prader-Willi syndrome, I also discovered how often the relatives know more than the researchers do. At those conferences, the parents brought their morbidly obese children from every corner of the globe, taught researchers a great deal about the condition, and encouraged us greatly in our attempts to find out why sufferers eat themselves into an early grave. Interacting directly with researchers is an approach that more patient groups should emulate.

		My research group was also involved in setting up the first study on Alzheimer’s disease in the Netherlands, at a time when the epidemic proportions of the disease were merely conjecture. Our observation that some brain cells could withstand the aging process and Alzheimer’s unscathed while others were destroyed was important in guiding our research of therapeutic strategies for the disorder (see chapter 18). Demographic aging means that many of us now have to see loved ones deteriorate during the last stage of life as a result of dementia. Most of us also experience the huge pressure that psychiatric disorders impose on the lives of patients, relatives, and carers. The questions about these conditions that I am confronted with as a brain researcher go so deep that I can’t avoid them.

		The general public, blissfully unaware of our daily battles with the technical problems of research, assumes that we know everything about the brain. People want answers to the big questions about memory, consciousness, learning and emotion, free will, and near-death experiences. As a researcher, if you don’t fend off those types of queries, you’ll get sucked into them sooner or later and discover that they are riveting.

		Discussions about the brain always reveal how firmly convinced people are of “facts” whose origins are a mystery to me. Take the myth that we use only 10 percent of our brains. You might well be forgiven for thinking this in the case of certain people, but I haven’t the faintest idea what prompted this crazy theory. The same goes for the claim that millions of our brain cells die off every day. But lack of expertise can also be refreshing. When I give lectures, I often get asked intriguing questions by members of the audience. Sometimes even children raise the most thought-provoking issues. One Dutch girl of Japanese origin wanted to write a school assignment on the difference between European and Asian brains—differences that do exist but are rarely acknowledged.

		On top of general inquiries, I also had to contend over the years with an avalanche of questions and a heated public response to my own research on the human brain, prompting the need for explanation and debate on issues like gender-based differences in the brain, sexual orientation, transsexuality, brain development, and brain disorders like depression and eating disorders (see chapters 1, 2, 3, and 5).

		In the forty-five years that I’ve been active in this field, brain research has developed from the preserve of a few mavericks into a global discipline that has rapidly brought a host of new insights, thanks to the efforts of many tens of thousands of researchers representing many different disciplines and employing highly diverse techniques. The general neurophobia of the old days has been transformed into an overwhelming fascination with everything connected to the brain, partly thanks to excellent science journalism. Unable to escape the questions that the public was posing, I found myself constantly compelled to step aside from my own line of research to think about every conceivable aspect of the brain and how it could all be explained to a general readership. In this way I developed my own views on features of the brain and our emergence as humans, on the way in which we develop and age, on the origins of brain disorders, and on life and death. Over the course of time my own little answers to and ideas about the big brain questions took shape. They are set out in this book.

		The question I am most frequently asked is whether I can explain how the brain works. That’s a conundrum that has yet to be fully solved, and this book can of course provide only a partial answer. It shows how our brains differentiate into male and female brains, what goes on in the adolescent mind, how the brain preserves the individual and the species, how we age, how we suffer from dementia and die, as well as how the brain evolved, how memory works, and how moral behavior developed. But the book also shows how things can go wrong. It looks at disorders of consciousness, brain damage caused by boxing, and diseases of the brain like addiction, autism, and schizophrenia, as well as the latest medical advances and possibilities for recovery. Finally, it looks at the relationship between the brain and religion, the soul, the mind, and free will.

		The various sections of this book can be read separately. In such a short space that deals with so many different subjects, it’s impossible to arrive at deep scientific conclusions. These thoughts are intended to prompt further debate about why we are as we are, how our brains develop and function, and how they can malfunction. I hope that this book can provide a general readership with answers to many frequently asked questions about the brain. I also hope it will give students and young brain researchers an introduction to neuroculture, encouraging them to cross the borders of their research and engage in dialogue with the general public. That this is necessary is self-evident, not just in view of the social impact of brain research but also because of the support that we, for our part, ask from society for our research.
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		FIGURE 1. The brain seen from the side, facing left, with the parts of the cerebral cortex labeled. F is the frontal lobe (planning, initiative, speech, motor system), which contains the primary motor cortex (fig. 22). P is the parietal lobe, which contains the primary sensory cortex (fig. 22) and integrates sensory information (sight, touch, navigation). This part of the brain is also used for reasoning and calculation, and stores information on the significance of numbers as well as an inner body map. O is the occipital lobe (visual cortex). T is the temporal lobe (memory, hearing, language; fig. 21). At the base is C, the cerebellum (automatic movements and coordination), and B, the brain stem (regulates breathing, heartbeat, temperature, waking and sleeping).
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		WE ARE OUR BRAINS

		
			It should be widely known that the brain, and the brain alone, is the source of our pleasures, joys, laughter, and amusement, as well as our sorrow, pain, grief, and tears. It is especially the organ we use to think and learn, see and hear, to distinguish the ugly from the beautiful, the bad from the good, and the pleasant from the unpleasant. The brain is also the seat of madness and delirium, of the fears and terrors which assail us, often at night, but sometimes even during the day, of insomnia, sleepwalking, elusive thoughts, forgetfulness, and eccentricities.

			Hippocrates

		

		Everything we think, do, and refrain from doing is determined by the brain. The construction of this fantastic machine determines our potential, our limitations, and our characters; we are our brains. Brain research is no longer confined to looking for the cause of brain disorders; it also seeks to establish why we are as we are. It is a quest to find ourselves.

		The brain is built from nerve cells called neurons. Weighing around three pounds, the brain contains 100 billion neurons (fifteen times the number of people on earth). And the neurons are outnumbered ten to one by glial cells. It was formerly thought that they were only there to hold neurons together (glia comes from the Greek word for “glue”). But recent studies show that these cells, of which humans possess more than any other organism, are crucial to the transfer of chemical messages and therefore to all brain processes, including the formation of long-term memory. That sheds interesting light on the finding that Einstein’s brain contained unusually many glial cells.

		The product of the interaction of all these billions of neurons is “mind.” Just as kidneys produce urine, the brain produces mind, as Jacob Moleschott (1822–1893) so inimitably put it. But now we know what this process actually entails: electrical activity, the release of chemical messengers, changes in cell contacts, and alterations in the activity of nerve cells (see above and chapter 14). Brain scans are used not only to trace diseases of the brain but also to show which areas light up during different activities, so that we know which parts we use to read, think, calculate, listen to music, have religious experiences, fall in love, or become sexually excited. By observing changing patterns of activity in your own brain, you can train it to function differently. With the aid of a functional scanner, for instance, patients suffering from chronic pain can be coached to control activity in the front of the brain, thereby reducing their pain.

		Malfunctions in this efficient information-processing machine cause psychiatric and neurological disorders. Paradoxically, these disorders tell us much about the way in which the brain normally functions. Effective therapies have already been devised for some of these conditions. Parkinson’s disease has been treated with L-dopa for a long time now, and combination therapy for AIDS now staves off dementia. Genetic and other risk factors for schizophrenia are being rapidly charted: Under the microscope you can see that brain development in schizophrenia sufferers is impaired before they are even born. Schizophrenia can now be treated with medication.

		Until recently, neurologists could do little more than pinpoint the exact location of the brain defect you were stuck with for life. Nowadays, the clots that cause strokes can be broken down, hemorrhages stanched, and stents inserted into clogging arteries. Over 3,500 people have donated their brains to the Netherlands Brain Bank (www.brainbank.nl), leading to new insights in the molecular processes that cause diseases like Alzheimer’s, schizophrenia, Parkinson’s, multiple sclerosis, and depression. The search for new approaches to medication is also in full swing. But research of this kind will only bear clinical fruit for the next generation of patients.

		Stimulation electrodes, implanted at exactly the right spot inside the brain, are proving effective. They were first tried on patients with Parkinson’s disease (fig. 23). It’s impressive to see how violent tremors suddenly disappear when the patients themselves press the button of the stimulator. Depth electrodes are already being used to treat cluster headaches, muscle spasms, and obsessive-compulsive disorder. They help patients who had previously washed their hands hundreds of times a day to lead a normal life. A depth electrode was even used to revive someone who had spent six years in a minimally conscious state. Attempts are being made to treat obesity and addiction with depth electrodes. As always, it takes a while before not only the effects but also the side effects of a new therapy come to light—as is now happening with deep brain stimulation (see chapter 11).

		Magnetic stimulation of the prefrontal cortex (fig. 15) has been successfully used to treat depression, and stimulation of the auditory cortex silences the incredibly annoying tunes that can suddenly start playing in the heads of people with inner ear hearing loss. Transcranial magnetic stimulation (see chapter 10) has proved effective in treating hallucinations provoked by schizophrenia.

		Neuroprostheses are getting better and better at replacing our senses. At present, over one hundred thousand people have cochlear implants that enable them to hear surprisingly well. Trials are being concluded with electronic cameras that transmit information to the visual cortex (fig. 22) of blind patients. A tiny square with ninety-six electrodes was implanted in the cerebral cortex of a twenty-five-year-old man who had become completely paralyzed after being stabbed in the neck. Merely by thinking of movements he could use a computer mouse, read his email, and play electronic games. The power of thought has even been used to control a prosthetic arm (see chapter 11).

		Attempts are being made to carry out cerebral repairs by transplanting pieces of fetal brain tissue into the brains of patients with Parkinson’s disease and Huntington’s disease. Gene therapy is already being tested on people with Alzheimer’s. Stem cells appear highly suitable for repairing brain tissue, but considerable problems, like the possible growth of tumors, still need to be overcome (see chapter 11).

		Disorders of the brain are still very difficult to treat, but the era of defeatism has given way to excitement at new insights and optimism about new methods of treatment in the near future.

		METAPHORS FOR THE BRAIN

		Throughout the ages people have tried to articulate the brain’s function in terms of the latest technological advances. In the fifteenth century, for instance, during the Renaissance, at a time when printing was being developed in Europe, the brain was described as “a book containing everything” and language as “a living alphabet.” In the sixteenth century the working of the brain was compared to a “theater in the head,” and a parallel was also drawn between the brain and a cabinet of curiosities, or a museum in which you could store and view everything. The philosopher Descartes (1596–1650) regarded the body and the brain as a machine, famously comparing the brain to a church organ. He likened the air pumped into the organ by the bellows to the subtlest and most active particles in the blood, “the animal spirits,” which he thought were pushed into the cavities of the brain via a system of blood vessels (now known as the choroid plexus). Hollow nerves then transported the animal spirits to the muscles. The pineal gland played the part of the keyboard. It could direct the animal spirits into “certain pores,” just as an organist can direct air into certain pipes by pressing a particular key. As a result Descartes has gone down in history as the founder of mind-body dualism, a school of thought that bears his Latinized name: Cartesianism. The ancient Greeks, however, should be credited as the real inventors of dualism, as they already distinguished between body and spirit.

		If you regard the brain as a rational, information-processing, organic machine, then the computer metaphor of our time isn’t such a bad one. It’s a comparison that’s hard to avoid, especially if you consider the impressive figures about our brains’ building blocks and their connections. There are 1,000 times 1,000 billion points at which neurons connect with one another—or, as Nobel Prize winner Santiago Ramón y Cajal put it, “hold hands”—through junctions called synapses. The neurons are linked by over sixty thousand miles of nerve fiber. The staggering number of cells (see above) and contacts works so efficiently that a typical brain’s energy consumption is equal to that of a fifteen-watt lightbulb. Neuroscientist Michel Hofman has calculated that the total energy bill of a single brain during an entire lifetime of eighty years wouldn’t exceed $1,500 at today’s rates. You certainly couldn’t get a decent computer for that price, nor would it last anywhere near as long. For a mere fifteen hundred dollars you can power a billion neurons for your entire lifetime! And your skull comes fitted with a fantastically efficient machine with parallel circuits that can process images and associations better than any computer yet built. It’s always an awe-inspiring moment when you carry out a postmortem and hold a person’s brain in your hands. You’re conscious that you’re holding someone’s entire life. Of course, you’re also immediately aware of how very “soft” the “hardware” of our brain actually is. This gelatinous mass contains everything that this person thought and experienced, coded and recorded in structural and molecular changes to the synapses.

		A better metaphor comes to mind when you visit the underground command center in the heart of London where, starting in 1940, Winston Churchill led his war cabinet and a huge staff night and day in efforts to defeat Adolf Hitler. The war rooms are covered in maps displaying all the information (coded and uncoded) that came in from a vast network of lines of communication spanning the globe. Priority was given to the most up-to-date reports, which were checked, evaluated, processed, and stored by a host of well-coordinated departments. Using the information selected (by the front part of the brain, the prefrontal cortex, fig. 15) a draft plan was drawn up, elaborated, and tested based on assessment of all available data. Constant consultations were carried out with an army of specialists, both internal and external, connected by a direct link with America. After weighing all the opinions and information, a plan was either given the green light or shelved. Plans could be carried out by the army (the motor functions), the navy (hormones), units operating stealthily behind the lines (the autonomic nervous system), or the air force (neurotransmitters, cleverly targeting a single brain structure). Most effective of all, of course, was a coordinated operation involving all branches of the service. Yes, our brains are much more like a complicated command center, equipped with the latest apparatus, than a telephone switchboard or a computer with simple one-on-one connections. The command center is engaged in a lifelong battle, first to be born, then to pass exams, to obtain some means of subsistence, to fight off competition, to survive in a sometimes hostile environment, and ultimately, to die as one would wish. It’s protected not by the bombproof concrete of Churchill’s underground headquarters but by a skull strong enough to survive some very hard knocks. Churchill himself hated his shelter and would stand on the roof during air raids, following the action. He was happy to take risks, an innate quality of some brains.

		One could also think of more peaceful metaphors, like the air traffic control center of a large airport. But if you look back at all the metaphors of previous centuries, you realize that you’re simply comparing the most recent technology devised by our brains to the brain itself. Indeed, there appears to be nothing more complex than that fantastic machine.

		
			[image: ]
		

		FIGURE 2. Cross section of the brain. (1) The cerebrum, with the convoluted cerebral cortex. (2) The corpus callosum, a bundle of neural fibers connecting the left and right sides of the brain. (3) The pineal gland, which at night secretes the sleep hormone melatonin, a substance that also inhibits puberty in young children. (4) The fornix, which transports memory information from the hippocampus to the mammillary bodies at the base of the hypothalamus (fig. 25), after which it travels on to the thalamus (5) and cortex (1). (5) The thalamus, where sensory information and memory information are sent. (6) The hypothalamus, which is crucial to the survival of the individual and the species. (7) The optic chiasma, where the optic nerves cross. (8) The pituitary gland. (9) The cerebellum. (10) The brain stem. (11) The spinal cord.
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		Development, Birth, and Parental Care
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		THE SUBTLE INTERACTION BETWEEN MOTHER AND CHILD AT BIRTH

		
			Birth is too important to be left entirely to your mother.

			I congratulate my mother on this anniversary of her suffering and thank her for bringing me into the world.

			Text message on the occasion of her birthday
from a Chinese daughter to her mother

		

		Somebody once suggested that I went in for brain research because my father was a gynecologist, the theory being that I chose the organ that lay as far as possible from his field of work. This psychoanalytical explanation fails to take account of the research I’ve done in the function of the brains of both mother and child during childbirth, working with gynecologists like Kees Boer at Amsterdam’s Academic Medical Center. The conclusion of Boer’s PhD thesis was that smooth childbirth requires good interaction between the brains of mother and child.

		Both brains play a role in speeding up labor by secreting a hormone, oxytocin, into the bloodstream that makes the uterus contract. The mother’s biological clock imposes a day-night rhythm on the birth process, which explains why most children are born during the quiet phase, at night and in the early hours of the morning. That’s also the time when birth progresses fastest and requires the least assistance.

		Labor starts when the baby’s blood sugar level starts to drop—a sign that the mother can no longer provide the growing child with sufficient nourishment. Michel Hofman has calculated that labor is triggered at a stage when the child accounts for around 15 percent of the mother’s metabolism. That point is reached earlier by twins, triplets, and so on, which is why they are born prematurely. While still in the womb, the brain cells in the child’s hypothalamus respond to a drop in blood sugar level in the same way that they later respond to a lack of food in adulthood, by stimulating the stress axis. This induces a series of hormonal changes, making the uterus contract (fig. 3). The contractions, stimulated by oxytocin, make the baby’s head press against the cervix. This in turn triggers a reflex, via the mother’s spinal cord, which causes the release of yet more oxytocin. The baby’s head then exerts more pressure, triggering the same reflex. The child can only escape from this chain reaction by being born.

		Various psychiatric disorders are associated with a difficult birth. It has long been known that a high percentage of patients with schizophrenia experienced problems at birth, such as delivery by forceps or vacuum pump, low birth weight, premature birth, premature breaking of the waters, or time spent in an incubator. It was once thought that difficult births caused brain damage, leading to schizophrenia. We now know that schizophrenia is an early developmental brain disorder largely caused by genetic factors (see chapter 10). So a difficult birth can be seen as a failure of interaction between the brains of mother and child and thus as the first symptom of schizophrenia, even though the disease doesn’t develop fully until puberty. The same applies to autism, another early developmental brain disorder (see chapter 9) that also often goes hand in hand with birth-related problems. Recent studies have shown that girls who suffer from the eating disorders anorexia and bulimia nervosa often had problems at birth, including low birth weight. The more numerous such problems are, the earlier eating disorders manifest themselves in young adults. One wonders whether their hypothalami started out unable to deal well with glucose levels, given that a decrease in them signals the start of labor. So here, too, birth-related problems of this type could be seen as the first symptoms of a malfunction of the hypothalamus, later taking the form of an eating disorder.
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		FIGURE 3. When the growing fetus registers that the mother can no longer provide sufficient nourishment, the stress axis in its hypothalamus is activated. Its adrenal gland is stimulated by ACTH to produce cortisol. This reduces the effect of progesterone from the placenta and causes estrogen production to increase. As a result, the uterus becomes more sensitive to oxytocin, activating labor pains and starting the birth process.

		A child with a developmental brain disorder can’t fulfill its essential role during labor. Extremely delicate interaction is needed between mother and baby for birth to proceed well. Thinking about birth in this way takes a bit of getting used to because it means that a child’s say in life starts right from birth.

		A DIFFICULT BIRTH AS THE FIRST SYMPTOM OF A DEVELOPMENTAL BRAIN DISORDER

		
			When there is no more food for the young in the egg and it has nothing on which to live it makes violent movements, searches for food, and breaks the membranes. In just the same way, when the child has grown big and the mother cannot continue to provide him with enough nourishment, he becomes agitated, breaks through the membranes, and incontinently passes into the external world, free from any bonds.

			Hippocrates

		

		In one-third of cases, brain disorders that manifest themselves as a child develops are wrongly ascribed to a difficult birth. In fact, the brain defects that cause such conditions as learning disabilities and spasticity often come into being long before birth.

		The English surgeon William John Little is credited as the first person to identify spastic diplegia (a form of cerebral palsy), having described the condition in forty-seven children in 1862. His conviction that it was caused by birth trauma is still held by many to this day. Strangely enough, little attention has been paid to the opposing view held by Sigmund Freud, who, after a careful study in 1897, concluded that a difficult birth couldn’t cause spasticity but that both the neurological condition and the difficult birth should be seen as the consequence of a developmental disorder of the fetal brain. Problems at birth are often also blamed in the case of children with learning disabilities. Prader-Willi syndrome is a genetic disorder that causes morbid obesity over the course of time (see chapter 5). Many children with this syndrome have a difficult birth and go on to have learning disabilities. These aren’t caused by birth-related problems but by the genetic abnormality that was present from conception.

		In only 6 percent of children born at due date with spasticity and a mere 1 percent of children with learning disabilities can the disorder be attributed to a lack of oxygen at birth. The vast majority of children with these conditions experience problems long before birth, as is evident from their slow growth and lack of movement in the womb. Spasticity has many different causes, ranging from genetic abnormalities and intrauterine infections to exposure to chemicals, iodine deficiency, and long-term oxygen deficiency in the womb. Conversely, it’s striking that serious brain damage often does not result when a normal fetus is suddenly deprived of oxygen at birth, as Freud already noted. To understand why he was right, you need to be aware of the active role played by the fetus in the birth process. Its brain plays a crucial part, both in initiating labor and during its course. The relationship between a difficult labor and impaired brain function is usually the opposite of what is generally assumed. A difficult labor or premature or delayed labor tends to be the consequence of a problem in fetal brain development. And that deficiency can in turn be caused by genetic factors, lack of oxygen in the womb, infections, or exposure to medication or addictive substances ingested by the mother, like morphine, cocaine, or nicotine. So efforts to establish the cause of premature or difficult birth are incomplete without examining the child’s brain.

		That a child’s brain plays a very active role in labor is something we established thirty-five years ago, in a study with the gynecologist W. J. Honnebier. We looked at the births of 150 anencephalic infants (children born with most of their brain missing, fig. 4). Babies with this condition are usually born extremely prematurely or very overdue, and labor proceeds much more slowly than normal. That birth takes twice as long (and the birth of the placenta three times as long) is due to the absence of oxytocin in the child’s brain. Half of these babies don’t survive, which shows how important a well-functioning fetal brain is to the process of labor. Another hormone secreted by the fetal brain, vasopressin, ensures that blood is mainly directed to those organs that are crucial to survival during birth, like the heart, the adrenal gland, the pituitary gland, and the brain. This involves depriving less vital areas like the intestines. Animal studies have revealed the many complex chemical steps that are necessary for the birth process. But it all starts when a child’s brain registers that the maternal food supply is becoming inadequate, causing it to give the signal for the onset of labor, just as the Greek doctor and philosopher Hippocrates noted over two thousand years ago.
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		FIGURE 4. An anencephalic newborn, a child born with most of its brain missing. To establish whether the mother’s brain or the child’s brain initiated the birth process, we studied the birth of 150 anencephalic babies. Their births were usually either extremely premature or extremely overdue, the normal precise timing of birth (around the fortieth week of pregnancy) having been completely disrupted. The birth process itself took twice as long as normal, and the placenta took three times as long to appear. In normal circumstances, a baby’s brain determines the moment of birth and speeds up the birth process.

		MATERNAL BEHAVIOR

		
			Behold two horses that appear of the same size and shape: How do you know which is the mother and which the son? Give them hay. The mother will nudge the hay toward her son.

			The Teachings of Buddha

		

		A woman’s brain starts being programmed for maternal behavior right from the onset of pregnancy. Hormones alter the brain in ways that are reinforced after the birth by the presence of the child. The changes in the mother’s brain are long-term, perhaps even permanent. Adults sometimes lament that the umbilical cord attaching them to their mothers has never really been cut, while mothers can be burdened by concern about their offspring well after they’ve grown up. If something happens to their child, some will claim they felt a premonition the previous day—which is true, for the simple reason that they worry about their children on a daily basis.

		During pregnancy the pituitary gland secretes the hormone prolactin, which prompts nesting behavior. There’s an urge to clean the house and paint the baby’s room. Once, when I went to check on my laboratory rats as a PhD student, I was sure that someone had swapped my cages with adult male rats for ones with pregnant rats. Each of the rats had built an enormous nest of sawdust. They were, in fact, my male rats—they had built the nests because the previous day I’d given them a dose of prolactin. Similarly, during his stay in Amsterdam’s Wilhelmina Gasthuis hospital, a male patient with a pituitary gland tumor that produced prolactin was never happier than when helping staff clean the bedside lockers.

		At the end of pregnancy, both the mother’s and the child’s brain cells produce oxytocin and release it into the bloodstream. This hormone has many functions. Doctors use oxytocin to induce labor, and some women are given nasal spray containing oxytocin to boost milk release after giving birth. Its role at the end of pregnancy is to stimulate and speed up labor. The mother’s brain secretes more oxytocin at night, when the uterus is most sensitive to the hormone, which encourages labor to start while the body is at rest. During labor, extra oxytocin is released when the child’s head presses down on the cervix. This signal is passed on to the mother’s brain via the spinal cord, triggering the release of more oxytocin to heighten labor. If a woman is given an epidural to offset labor pains, the signal no longer reaches her brain, causing her pituitary gland to release less oxytocin. In such cases women often need an oxytocin drip to restore the strength of their contractions.

		After birth, oxytocin ensures that the mother secretes enough milk. When the child sucks at the nipple, it stimulates its mother’s brain to release oxytocin, causing milk to be expressed from the mammary gland. After a time, it’s sufficient for the child to cry to trigger this reflex. Such a strong dose of oxytocin is produced that milk spurts from the breasts—a potentially embarrassing state of affairs in company. Farmers have known about this reflex for centuries, having seen how milk will spurt from the cow’s udders when they come into the cowshed rattling a milk bucket.

		Studies are increasingly revealing the importance of oxytocin in many forms of social interaction. One of the new names given to it is the “bonding hormone” because of the tie it creates between mother and child. This process starts in late pregnancy, when oxytocin levels surge, peaking during birth. When delivery is by Caesarean section that peak does not occur, which might explain why the mother’s brain reacts less strongly to the child’s crying and maternal behavior takes longer to manifest itself. Nursing and playing with the child causes the mother’s brain to be calmed by oxytocin, which also stimulates her warm interaction and close bond with the child. A mother who hasn’t formed a close attachment to her child doesn’t experience a rise in oxytocin levels when she plays with it. Children who grew up in an orphanage have lower levels of oxytocin in their blood than children who grew up in a family. Even three years after being adopted, children who were neglected early in their development don’t experience a normal surge of oxytocin during affectionate bodily contact with their carers. In other words, their ability to bond is impaired on a long-term basis, sometimes even permanently. A recent study of women who had been emotionally neglected or physically or sexually abused showed greatly reduced oxytocin levels in their cerebral fluid, causing concern that their problems would be passed on to the next generation. Oxytocin also inhibits the stress axis. When girls between the ages of seven and twelve underwent the stressful experience of giving a talk to a group of strangers, reassuring input from their mothers led to the release of oxytocin. It made no difference whether the child was cuddled or simply reassured by a telephone conversation with the mother.

		These findings seem to suggest that it’s possible to inhibit that excessive motherly concern that can be so annoying to adult children. Maternal behavior in apes was experimentally blocked with a substance that inhibited oxytocin’s effect on the brain. It would seem to be the perfect medication for mothers who simply can’t accept the fact that their children can function perfectly well independently. Unfortunately, however, the substance reduces apes’ interest not only in their offspring but also in sex.

		Thirty years ago, our research group investigated the effect of oxytocin on the brain and behavior. We created oxytocin antibodies, staining them so that they would show up in the brain, and looked for the locations where oxytocin is produced and secreted. We found extensive networks of brain cells and axons containing oxytocin in a number of brain structures (fig. 5). Those fibers made contact with other neurons, transferring oxytocin to them in the form of a chemical messenger. Examination with an electron microscope revealed that transmission locations looked just like the synapses (cell contact points) where other chemical messengers are passed from one neuron to another (fig. 6). These form the basis for oxytocin’s behavioral effects.

		Different social contexts prompt the release of oxytocin in specific parts of the brain, triggering different types of behavior. It has been identified as the messenger of affection, generosity, tranquility, trust, and attachment. Oxytocin has also been found to suppress fear by affecting the amygdala, the center of fear and aggression. When affectionate social interaction like hugging takes place, not only do oxytocin levels in the blood rise but more oxytocin is also released in the brain. It’s also the messenger that tells your brain when you’ve had enough to eat. Oxytocin affects not only maternal behavior but also adult relationships, influencing our responses to social stress and sexual contact. As a result it has been dubbed the “love hormone.” Yet again, this is nothing new to farmers, who have been aware of its effects for centuries, long before anyone had ever heard of the hormone. When an orphan lamb is placed with a foster mother, the farmer stimulates the sheep’s vagina and uterus, causing oxytocin to be released and the ewe to bond with the strange lamb.

		The brain also produces a closely related substance: vasopressin. Just like oxytocin, vasopressin plays a crucial role in maternal behavior, including maternal aggression prompted by threats to offspring. It’s also involved in other aspects of social behavior, like pair bonding. Men with a tiny variation in a DNA building block for the vasopressin receptor (the protein that receives vasopressin’s message in the brain) are twice as likely to experience marital difficulties and divorce and twice as likely to be unfaithful. If men are shown an image of a strange man after being given vasopressin, they perceive the facial expression as unfriendly, making them more hostile. In the case of women, exactly the opposite occurs. Vasopressin makes them more likely to approach strangers, because they are better at distinguishing friendly features. It’s tempting to imagine how society might be improved by giving men a whiff of oxytocin and women a whiff of vasopressin.

		A link has recently been found between autism and malfunctions in the brain’s vasopressin and oxytocin systems. People with autism often find it hard to interpret other people’s emotions and intentions from their gestures and facial expressions or to feel empathy. Some don’t understand what is going on, for instance, when another child cries, or can’t detect emotion in a person’s voice. Temple Grandin, a professor of animal science with autism, has described her emotional circuitry simply as being disconnected. Indeed, abnormal blood levels of vasopressin and oxytocin have been found in people with autism. They also display small genetic variations in the proteins that are the brain’s vasopressin and oxytocin receptors. Conversely, their ability to “read” emotions and predict behavior through facial cues improves when they are given oxytocin. It also helps them to detect emotion in someone’s voice and to grasp the emotional significance of intonation. So both oxytocin and vasopressin can play a part in autism, but to regard these two chemical messengers as the “social brain” is a huge oversimplification. Many more messengers and brain structures are involved in social behavior.

		There would seem to be considerable scope for capitalizing on our knowledge of the effects of these substances. Psychological experiments with games involving financial payment have shown a link between high oxytocin levels and trust in others, including strangers. That trust remains even if you get cheated a few times. The commercial potential was immediately spotted, and you can now buy “Liquid Trust” online, little bottles of oxytocin that you spray on your clothes to induce confidence in your partner, boss, co-workers, and customers. Since you can only expose people to very tiny amounts in this way, this is at best a placebo (acting via the person who has sprayed the compound on his clothes), if not a downright rip-off.

		It’s also debatable whether a direct dose of oxytocin in the form of nasal spray can replicate the normal brain processes. After all, the brain produces very precise and limited amounts of oxytocin at a very specific location in response to certain circumstances. Just inhaling the substance may have a completely different effect. And that’s actually a general problem when treating disorders of the brain. You can’t replace the highly specialized functions of nerve cell systems just by administering their messengers, any more than you can replace a calculator by means of the figures that it produces.
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		FIGURE 5. The localization of oxytocin and vasopressin in the brain. The two hormones are produced in two regions of the hypothalamus, the paraventricular nucleus (PVN) and the supraoptic nucleus (SON), and released into the bloodstream as neurohormones in the posterior pituitary. Oxytocin causes contractions of the uterus during labor and contractions in the mammary gland during suckling. Vasopressin regulates the body’s retention of water by acting on the kidneys. Oxytocin and vasopressin are also transported to many brain areas that we know of (indicated here with abbreviations) and to as yet unknown brain areas, and are released in those locations from synapses as neurotransmitters (chemical messengers).

		PATERNAL BEHAVIOR

		
			A son can never show sufficient gratitude to his parents for their loving kindness, even were he to carry his father on his right shoulder and his mother on his left shoulder for 100 long years.

			The Teachings of Buddha

		

		We all know cases of mothers who just haven’t managed to sever the umbilical cord. Their children might be long grown up, but they are constantly concerned about them and want to know exactly what they are doing, even when they’re on the other side of the globe. The tie between mother and child remains a special one. No matter what country he fights for, a wounded soldier on a battlefield will always call for his mother, not his father.

		In the case of chimpanzees, females are responsible for teaching cultural skills. So I always thought that a father’s role was confined to fertilization, the moment at which less than half the child’s DNA has to be delivered, a job that can be done in a few minutes. We fathers could then hide behind the newspaper and leave the child’s care and upbringing to the mother. But it turns out that fathers can’t get off that lightly. The animal kingdom provides examples of paternal behavior that replicate every aspect of maternal behavior. There is even a male bat that produces milk!

		Humans do occupy a special place in the animal world in terms of their focus on the family. The family is the building block of our society, which is not the case with great apes like chimpanzees or bonobos. It’s not so much pair formation that’s unusual—you see that in gibbons, birds, and voles—but in those species families live isolated from each other. The family-based society is unique to our species. As far back as two million years ago, our ancestors gave birth to offspring that weighed twice as much as those of chimpanzees. Since those heavy, helpless babies couldn’t be transported easily, shared child care was crucial to ensure sufficient food for the mother and a chance for her to suckle her offspring. Patriarchy—male dominance within the family—is thought to have developed when our ancestors had to exchange the protection of the jungle for a more vulnerable life in the savanna. In those wide-open spaces it was crucial for the male to protect the female and her child. Incidentally, these human ancestors, who walked on their knuckles, ate fruit, hunted, and used tools, didn’t leave the jungle of their own volition, as is so often claimed. The jungle disappeared around them as a result of drastic climate change. Vast tracts were gradually transformed into dry savanna. The male’s protection of the female and her child had an evolutionary advantage: Humans were able to reproduce every two to three years, while female chimpanzees, who were solely responsible for their young and therefore had to look after them and feed them for much longer, could reproduce only every six years.

		That protective role of the male isn’t confined to primates but extends to the entire animal kingdom. A pair of coots have once again built a large nest in the middle of the canal opposite our house. From the moment that the female started to sit on the nest, the male became incredibly aggressive toward any other birds in the vicinity. Not a single egg had yet been laid, but the coot managed to scare off much larger crows and ducks with a great deal of noise and flapping of wings.

		A man, too, is prepared for his role as a father during his partner’s pregnancy. Hormonal changes take place that affect the brain, making prospective fathers not only behave differently but also feel differently. Even before the child is born, the father’s prolactin level increases. That hormone is important for the mother’s milk production, but in both women and men it stimulates caring behavior. Conversely, the father-to-be’s level of the male sex hormone testosterone declines, reducing aggression toward the child and the urge to procreate—a universal mechanism that affects prospective fathers from New York to Beijing. As a result, even before their child is born, many men feel that something special is happening to them. How those behavioral changes are induced isn’t clear, but scents given off by the pregnant partner may play a role. After the birth, prolactin and oxytocin play a role in paternal behavior and bonding between father and child. When playing with their children, an increase in the bonding hormone oxytocin is seen only in fathers who display affectionate and nurturing behavior.

		In some animal species, the father has been allotted an extreme role. In the case of the Greater Rhea, an ostrich-like bird, the males incubate the eggs in a nest that they have scraped out themselves, while male seahorses carry their eggs in a pouch until they hatch. Caring paternal behavior comparable to that of humans is seen in a few other species, allowing us to study the changes in the brain that provoke it. Marmoset fathers look after their offspring by carrying them, protecting them, and feeding them. Fatherhood induces changes in the prefrontal cortex. The number of synapses in this area of the brain increases, suggesting a reorganization of the local network. It also becomes more sensitive to vasopressin, the chemical messenger that promotes social behavior and aids fathers in their new tasks.

		As children grow up, their fathers may inspire them and affect the course of their lives. This can take many different forms. My grandfather was a doctor, and he succeeded in interesting his son in his profession. My father became a gynecologist, and I knew from the age of six that I would study medicine. My son was uncertain about his choice of studies for a long time, but he knew from an early age that it would not be medicine or biology. He, too, was reacting to his father, albeit in a different way. We later discovered a shared interest in behavioral differences between the sexes and both published findings on this subject (see chapter 21).

		Alas, the father’s role doesn’t confine itself to noble actions like care, protection, and inspiration. Examples of the primitive aggression that males are capable of in the name of fatherhood are common both in the animal kingdom and among humans. Male primates can take over an entire harem of females from another group by chasing away the dominant male. As a rule, they then kill all the young. When a lion takes over a pride of lions, he kills the cubs, despite the lioness’s desperate attempts to defend them. This stops her milk production, making her fertile more quickly, ensuring that her young are the offspring of the new dominant male. And human history shows us to be no exception, to judge by what we read in the Bible: “But Moses was angry with the officers of the army, with the captains … who had come from the battle [and] said to them: ‘… Now therefore, kill every male among the little ones, and kill every woman who has known a man intimately. But keep alive for yourselves all the young girls who have not known a man intimately’ ” (Numbers 31:14–18).

		Even in this day and age, we haven’t yet managed to escape these cruel biological mechanisms. Infanticide and child abuse are more commonly perpetrated by stepfathers than biological fathers, and children of women captured during wars are still regularly killed. Female chimpanzees keep far away from groups of other chimpanzees for years after giving birth—a good strategy for ensuring that their young aren’t killed by males who doubt their paternity. The “solution” devised by bonobo females to prevent infanticide is an original one. They mate with all males, so that no single male can ever be certain that he’s not a youngster’s father. But in the case of humans, mothers must remain vigilant, alert to all the dangers that might threaten their children—a state they remain in for the rest of their lives.
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		FIGURE 6. A synapse as seen under an electron microscope. Oxytocin and vasopressin appear as black granules. When released in the brain, these substances influence behaviors—for instance, social interaction. From Buijs and Swaab, Cell Tiss. Res. 204 (1979): 355–65.

		THE IMPORTANCE OF A STIMULATING ENVIRONMENT FOR EARLY BRAIN DEVELOPMENT

		
			A good environment is not a luxury, it is a necessity.

			R. Wollheim

		

		You come into the world with a brain that your genetic background and your development in the womb have made unique and in which your character, talents, and restrictions have largely been determined (see chapters 3 and 8). For the brain to grow optimally after birth, the developing child needs a safe, stimulating environment that imposes achievable demands on it. Back in 1871, Darwin had already found that the brains of hares and rabbits that grew up confined in boring hutches were 15 to 30 percent smaller than those of their wild counterparts. Conversely, when animals are placed in an “enriched environment,” a large enclosure full of objects that are renewed each day and in which they can play with one another, their brains grow and develop more synapses. Children who are seriously neglected during their early development also have smaller brains (fig. 7); their intelligence and linguistic and fine motor control are permanently impaired, and they are impulsive and hyperactive. Their prefrontal cortices can be particularly undersized. Studies have shown that orphans adopted before the age of two go on to develop normal IQs (averaging 100), while children who are not adopted until between the ages of two and six attain average IQs of 80.

		The American child psychiatrist Bruce Perry described the case of a grossly neglected six-year-old boy named Justin, who lost his mother and grandmother as a baby and grew up in the care of a dog breeder, who treated him like one of his dogs, keeping him in a cage. He made sure that Justin was fed and changed, but he hardly spoke to him and never cuddled him or played with him. When Justin was later hospitalized, he was unable to speak or walk. He threw his feces at the medical staff. A scan showed his brain to be much too small; it resembled that of someone with Alzheimer’s. In the stimulating environment of a foster family, he started to develop, and by the age of eight was able to go to nursery school. It isn’t known what lasting damage he has suffered.

		In his book Émile; or, On Education, published in 1778, the Enlightenment philosopher Jean-Jacques Rousseau (1712–1778) set out his theory of the “noble savage.” He believed that children were innately good but were subsequently corrupted by society. However, interaction with one’s surroundings is necessary for normal brain development, as is clear from Justin’s story and the well-documented tale of the Wild Boy of Aveyron, a feral child discovered in the woods of the region of Languedoc in southern France in 1797. It took three full years before the child was captured by hunters and brought to the local town. At the time he was around ten; having been abandoned at a very young age, he had kept himself alive on a diet of fruit and small animals. A young doctor, Jean Marc Gaspard Itard, took on the task of educating the boy (whom he named Victor), sending lengthy reports on his progress to the French government department for internal affairs. Despite Dr. Itard’s best efforts, Victor never developed fully as a person, and the only word he learned to say was lait (milk). It makes one wonder about the achievements of those other famous feral children, Romulus and Remus.

		The acquisition of our mother tongue also shows how certain brain systems continue to be programmed by the environment after birth. A child’s first language isn’t determined by its genetic background, only by the surroundings in which it grows up during that critical period of language acquisition. Not only does acquiring language have a very marked effect on the brain, it’s also crucial to many other aspects of a child’s development. In 1211, the Holy Roman Emperor Frederick II of Germany, Italy, Burgundy, and Sicily tried to establish what language God spoke to Adam and Eve. He believed that children would spontaneously speak it if they were not exposed to other languages and set up a rigorous experiment in which dozens of children were brought up by nurses ordered never to speak to them. However, his hopes were met with disappointment. The children couldn’t speak at all, and they all died at a young age. Likewise, one in three orphans brought up in severely understaffed children’s homes in World War II died from the consequences of physical and emotional neglect, and those who survived were psychologically scarred. So proper interaction with one’s surroundings isn’t just a precondition for normal brain development, it’s actually crucial to survival.

		During the first few years after birth, our surroundings determine the configuration of the brain’s language systems. After a certain critical period these systems become fixed. Any attempts to learn a second language are made with, say, Romanian, Uzbek, Dutch, or Italian brains, causing us to speak with an accent. In children between the ages of nine and eleven, the brain areas that process words and visual information still overlap. By adulthood, specialization has taken place, and the two types of information are processed in separate areas. The language environment creates permanent differences in brain structures and functions. Depending on whether your mother tongue is Japanese or a Western language, vowels and animal sounds are processed in the left or right cortex, irrespective of your genetic origins. The frontal cortex is the site of Broca’s area, which is crucial for language (fig. 8). When adults learn a second language, another sub-area of this region is involved. But if children are brought up bilingually from an early age, both languages use the same frontal areas. In such cases, the left caudate nucleus (fig. 27) checks which language system is being used.

		Our linguistic and cultural environments don’t determine only which brain systems are involved in language processing but also how facial expressions are interpreted and how we scan images and their surroundings. Japanese and New Guineans, for instance, find it difficult to distinguish between a face expressing fear and a face expressing surprise. When surveying a scene, Chinese individuals, unlike Americans, don’t focus on a single object at a time but look at it in relation to its surroundings. When doing mental arithmetic, the Chinese use different parts of the brain than Western Anglophones. Both use the same Arabic numerals and the lower region of the parietal lobe (fig. 1), but English speakers make more use of language systems to process numbers, while Chinese speakers make more use of visual motor systems. This can be explained by the fact that Chinese grow up learning characters. (The Chinese abacus is no longer so influential in modern China.)

		The notion that the environment stimulates brain development was suggested early on by Maria Montessori, who discovered a link between socioeconomic environment and brain development, which she described in her Handbook (1913). Socioeconomic status is also an important factor in stimulating the development of children with a disadvantage, like being underweight at birth. A highly stimulating “enriched” environment promotes recovery after a developmental brain disorder. Studies have shown that children whose early development is disrupted by malnourishment or emotional neglect can improve radically if placed in a more stimulating environment early on. Children with Down syndrome, too, respond well to intense stimulation in their environment. So children with learning disorders should not be incarcerated in institutions where they receive little stimulation. On the contrary, they have an extra need for stimulus, which will positively affect the rest of their lives.

		
			[image: ]
		

		FIGURE 7. On the left, a scan of the brain of a three-year-old child who was brought up normally. On the right, the brain of a three-year-old child who was severely neglected. The neglected child has a much smaller brain, with larger ventricles (the brain cavities, shown in black). There are also much larger spaces between the convolutions of the brain due to shrinking of the cerebral cortex. Based on B. D. Perry, 2002.

		
			[image: ]
		

		FIGURE 8. Broca’s area (frontal, associated with the ability to speak) and Wernicke’s area (temporal, associated with the ability to understand language). These centers are also closely involved in processing music and singing. Music and language are very much interrelated.

		MEMORIES FROM THE WOMB

		
			When Elizabeth heard Mary’s greeting, the baby leaped in her womb.

			Luke 1:41

		

		The brain circuitry necessary for our memory matures only in our first years of life, and conscious memories mostly start from the age of two. There are exceptions; some people have very detailed, verifiable memories of events that go back further. But the general absence of memory prior to the age of two doesn’t mean that information from the outside world doesn’t penetrate a child’s brain. It’s a fact that unborn babies respond to external stimuli, but their ability to retain memories from this time hasn’t been demonstrated. Are we indeed born as a tabula rasa, a blank slate, as the early Enlightenment philosopher John Locke thought, or with a treasure trove of memories of the best time of our lives, as the painter Salvador Dalí would have us believe?

		There’s no lack of speculation about the mental baggage we bring with us into the world and the influence that our time in the womb allegedly has on the rest of our lives. “Prenatal universities” have been set up in the United States, at which mothers learn to interact with their unborn children. It’s true, your intrauterine history determines your risk of many psychiatric disorders, like schizophrenia and depression. But some therapists go too far when they maintain that traumatic memories from the fetal period are the cause of very specific psychiatric problems later in life. It’s been claimed that some headaches in
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