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Aristotle taught that the brain exists merely to cool the blood and is not involved in the process of thinking. This is true only of certain persons.

—Will Cuppy




PART 1
DEVELOPING
YOUR
GREATEST
GIFT


A GOLDEN AGE
FOR THE BRAIN

What do we really know about the human brain? In the 1970s and 1980s, when the authors gained their training, the honest answer was “very little.” There was a saying circulating back then: Studying the brain was like putting a stethoscope on the outside of the Astrodome to learn the rules of football.

Your brain contains roughly 100 billion nerve cells forming anywhere from a trillion to perhaps even a quadrillion connections called synapses. These connections are in a constant, dynamic state of remodeling in response to the world around you. As a marvel of nature, this one is minuscule and yet stupendous.

Everyone stands in awe of the brain, which was once dubbed “the three-pound universe.” And rightly so. Your brain not only interprets the world, it creates it. Everything you see, hear, touch, taste, and smell would have none of those qualities without the brain. Whatever you experience today—your morning coffee, the love you feel for your family, a brilliant idea at work—has been specifically customized solely for you.

Immediately we confront a crucial issue. If your world is unique and customized for you and you alone, who is behind such remarkable creativity, you or the brain itself? If the answer is you, then the door to greater creativity is flung open. If the answer is your brain, then there may be drastic physical limitations on what you are able to achieve. Maybe your genes are holding you back, or toxic memories, or low self-esteem. Maybe you fall short because of limited expectations that have contracted your awareness, even though you don’t see it happening.

The facts of the case could easily tell both stories, of unlimited potential or physical limitation. Compared with the past, today science is amassing new facts with astonishing speed. We have entered a golden age of brain research. New breakthroughs emerge every month, but in the midst of such exciting advances, what about the individual, the person who depends upon the brain for everything? Is this a golden age for your brain?

We detect an enormous gap between brilliant research and everyday reality. Another medical school saying from the past comes to mind: Each person typically uses only 10 percent of their brain. Speaking literally, that’s not true. In a healthy adult, the brain’s neural networks operate at full capacity all the time. Even the most sophisticated brain scans available would show no detectable difference between Shakespeare writing a soliloquy from Hamlet and an aspiring poet writing his first sonnet. But the physical brain is not nearly the whole story.

To create a golden age for your brain, you need to use the gift nature has given you in a new way. It’s not the number of neurons or some magic inside your gray matter that makes life more vital, inspiring, and successful. Genes play their part, but your genes, like the rest of the brain, are also dynamic. Every day you step into the invisible firestorm of electrical and chemical activity that is the brain’s environment. You act as leader, inventor, teacher, and user of your brain, all at once.


       As leader, you hand out the day’s orders to your brain.

       As inventor, you create new pathways and connections inside your brain that didn’t exist yesterday.

       As teacher, you train your brain to learn new skills.

       As user, you are responsible for keeping your brain in good working order.



In these four roles lies the whole difference between the everyday brain—let’s dub it the baseline brain—and what we are calling super brain. The difference is immense. Even though you have not related to the brain by thinking What orders should I give today? or What new pathways do I want to create? that’s precisely what you are doing. The customized world that you live in needs a creator. The creator isn’t your brain; it’s you.

Super brain stands for a fully aware creator using the brain to maximum advantage. Your brain is endlessly adaptable, and you could be performing your fourfold role—leader, inventor, teacher, and user—with far more fulfilling results than you now achieve.

Leader: The orders you give are not just command prompts on a computer like “delete” or “scroll to end of page.” Those are mechanical commands built into a machine. Your orders are received by a living organism that changes every time you send an instruction. If you think I want the same bacon and eggs I had yesterday, your brain doesn’t change at all. If instead you think What will I eat for breakfast today? I want something new, suddenly you are tapping into a reservoir of creativity. Creativity is a living, breathing, ever new inspiration that no computer can match. Why not take full advantage of it? For the brain has the miraculous ability to give more, the more you ask of it.

Let’s translate this idea into how you relate to your brain now and how you could be relating. Look at the lists below. Which do you identify with?

BASELINE BRAIN


       I don’t ask myself to behave very differently today than I did yesterday.

       I am a creature of habit.

       I don’t stimulate my mind with new things very often.

       I like familiarity. It’s the most comfortable way to live.

       If I’m being honest, there’s boring repetition at home, work, and in my relationships.



SUPER BRAIN


       I look upon every day as a new world.

       I pay attention not to fall into bad habits, and if one sets in, I can break it fairly easily.

       I like to improvise.

       I abhor boredom, which to me means repetition.

       I gravitate to new things in many areas of my life.



Inventor: Your brain is constantly evolving. This happens individually, which is unique to the brain (and one of its deepest mysteries). The heart and liver that you were born with will be essentially the same organs when you die. Not the brain. It is capable of evolving and improving throughout your lifetime. Invent new things for it to do, and you become the source of new skills. A striking theory goes under the slogan “ten thousand hours,” the notion being that you can acquire any expert skill if you apply yourself for that length of time, even skills like painting and music that were once assigned only to the talented. If you’ve ever seen Cirque du Soleil, you might have assumed that those astonishing acrobats came from circus families or foreign troupes. In fact, every act in Cirque du Soleil, with few exceptions, is taught to ordinary people who come to a special school in Montreal. At one level, your life is a series of skills, beginning with walking, talking, and reading. The mistake we make is to limit these skills. Yet the same sense of balance that allowed you to toddle, walk, run, and ride a bicycle, given ten thousand hours (or less), can allow you to cross a tightrope strung between two skyscrapers. You are asking very little of your brain when you stop asking it to perfect new skills every day.

Which one do you identify with?

BASELINE BRAIN


       I can’t really say that I am growing as much as when I was younger.

       If I learn a new skill, I take it only so far.

       I am resistant to change and sometimes feel threatened by it.

       I don’t reach beyond what I am already good at.

       I spend a good deal of time on passive things like watching television.



SUPER BRAIN


       I will keep evolving my whole lifetime.

       If I learn a new skill, I take it as far as I can.

       I adapt quickly to change.

       If I’m not good at something when I first try it, that’s okay.

         I like the challenge.

       I thrive on activity, with only a modicum of down time.



Teacher: Knowledge is not rooted in facts; it is rooted in curiosity. One inspired teacher can alter a student for life by instilling curiosity. You are in the same position toward your brain, but with one big difference: you are both student and teacher. Instilling curiosity is your responsibility, and when it comes, you are also the one who will feel inspired. No brain was ever inspired, but when you are, you trigger a cascade of reactions that light up the brain, while the incurious brain is basically asleep. (It may also be crumbling; there is evidence that we may prevent symptoms of senility and brain aging by remaining socially engaged and intellectually curious during our entire lifetime.) Like a good teacher, you must monitor errors, encourage strengths, notice when the pupil is ready for new challenges, and so on. Like a bright pupil, you must remain open to the things you don’t know, being receptive rather than close-minded.

Which one do you identify with?

BASELINE BRAIN


       I’m pretty settled in how I approach my life.

       I am wedded to my beliefs and opinions.

       I leave it to others to be the experts.

       I rarely watch educational television or attend public lectures.

       It’s been a while since I felt really inspired.



SUPER BRAIN


       I like reinventing myself.

       I’ve recently changed a long-held belief or opinion.

       There’s at least one thing I am an expert on.

       I gravitate toward educational outlets on television or in local colleges.

       I’m inspired by my life on a day-to-day basis.



User: There’s no owner’s manual for the brain, but it needs nourishment, repair, and proper management all the same. Certain nutrients are physical; today a fad for brain foods sends people running for certain vitamins and enzymes. But the proper nourishment for the brain is mental as well as physical. Alcohol and tobacco are toxic, and to expose your brain to them is to misuse it. Anger and fear, stress and depression also are a kind of misuse. As we write, a new study has shown that routine daily stress shuts down the prefrontal cortex, the part of the brain responsible for decision making, correcting errors, and assessing situations. That’s why people go crazy in traffic snarls. It’s a routine stress, yet the rage, frustration, and helplessness that some drivers feel indicates that the prefrontal cortex has stopped overriding the primal impulses it is responsible for controlling. Time and again we find ourselves coming back to the same theme: Use your brain, don’t let your brain use you. Road rage is an example of your brain using you, but so are toxic memories, the wounds of old traumas, bad habits you can’t break, and most tragically, out-of-control addictions. This is a vastly important area to be aware of.

Which one do you identify with?

BASELINE BRAIN


       I have felt out of control recently in at least one area of my life.

       My stress level is too high, but I put up with it.

       I worry about depression or am depressed.

       My life can go in a direction I don’t want it to.

       My thoughts can be obsessive, scary, or anxious.



SUPER BRAIN


       I feel comfortably in control.

       I actively avoid stressful situations by walking away and letting go.

       My mood is consistently good.

       Despite unexpected events, my life is headed in the direction I want it to go.

       I like the way my mind thinks.



Even though your brain doesn’t come with an owner’s manual, you can use it to follow a path of growth, achievement, personal satisfaction, and new skills. Without realizing it, you are capable of making a quantum leap in how you use your brain. Our final destination is the enlightened brain, which goes beyond the four roles you play. It is a rare kind of relationship, in which you serve as the observer, the silent witness to everything the brain does. Here lies transcendence. When you are able to be the silent witness, the brain’s activity doesn’t enmesh you. Abiding in complete peace and silent awareness, you find the truth about the eternal questions concerning God, the soul, and life after death. The reason we believe that this aspect of life is real is that when the mind wants to transcend, the brain is ready to follow.

A New Relationship

When Albert Einstein died in 1955 at the age of seventy-six, there was tremendous curiosity about the most famous brain of the twentieth century. Assuming that something physical must have created such genius, an autopsy was performed on Einstein’s brain. Defying expectations that big thoughts required a big brain, Einstein’s brain actually weighed 10 percent less than the average brain. That era was just on the verge of exploring genes, and advanced theories about how new synaptic connections are formed lay decades in the future. Both represent dramatic advances in knowledge. You can’t see genes at work, but you can observe neurons growing new axons and dendrites, the threadlike extensions that allow one brain cell to connect with another. It’s now known that the brain can form new axons and dendrites up to the last years of life, which gives us tremendous hope for preventing senility, for example, and preserving our mental capacity indefinitely. (So astounding is the brain’s ability to make new connections that a fetus on the verge of being born is forming 250,000 new brain cells per minute, leading to millions of new synaptic connections per minute.)

Yet in so saying, we are as naïve as newspaper reporters waiting eagerly to tell the world that Einstein possessed a freakish brain—we still emphasize the physical. Not enough weight is given to how a person relates to the brain. We feel that without a new relationship, the brain cannot be asked to do new, unexpected things. Consider discouraged children in school. Such students existed in every classroom that all of us attended, usually sitting in the back row. Their behavior follows a sad pattern.

First the child attempts to keep up with other children. When these efforts fail, for whatever reason, discouragement sets in. The child stops trying as hard as the children who meet with success and encouragement. The next phase is acting out, making disruptive noises or pranks to attract attention. Every child needs attention, even if it is negative. The disruptions can be aggressive, but eventually the child realizes that nothing good is happening. Acting out leads to disapproval and punishment. So he enters the final phase, which is sullen silence. He makes no more effort to keep up in class. Other children mark him as slow or stupid, an outsider. School has turned into a stifling prison rather than an enriching place.

It’s not hard to see how this cycle of behavior affects the brain. We now know that babies are born with 90 percent of their brains formed and millions of connections that are surplus. So the first years of life are spent winnowing out the unused connections and growing the ones that will lead to new skills. A discouraged child, we can surmise, aborts this process. Useful skills are not developed, and the parts of the brain that fall into disuse atrophy. Discouragement is holistic, encompassing brain, psyche, emotions, behavior, and opportunities later in life.

For any brain to operate well, it needs stimulation. But clearly stimulation is secondary to how the child feels, which is mental and psychological. A discouraged child relates to his brain differently than an encouraged child, and their brains must respond differently, too.

Super brain rests on the credo of connecting the mind and brain in a new way. It’s not the physical side that makes the crucial difference. It’s a person’s resolve, intention, patience, hope, and diligence. These are all a matter of how the mind relates to the brain, for better or worse. We can summarize the relationship in ten principles.

A SUPER BRAIN CREDO
HOW THE MIND RELATES TO THE BRAIN


1. The process always involves feedback loops.

2. These feedback loops are intelligent and adaptable.

3. The dynamics of the brain go in and out of balance but always favor overall balance, known as homeostasis.

4. We use our brains to evolve and develop, guided by our intentions.

5. Self-reflection pushes us forward into unknown territory.

6. Many diverse areas of the brain are coordinated simultaneously.

7. We have the capacity to monitor many levels of awareness, even though our focus is generally confined to one level (i.e., waking, sleeping, or dreaming).

8. All qualities of the known world, such as sight, sound, texture, and taste, are created mysteriously by the interaction of mind and brain.

9. Mind, not the brain, is the origin of consciousness.

10. Only consciousness can understand consciousness. No mechanical explanation, working from facts about the brain, suffices.



These are big ideas. We have a lot of explaining to do, but we wanted you to see the big ideas up front. If you lifted just two words from the first sentence—feedback loops—you could mesmerize a medical school class for a year. The body is an immense feedback loop made up of trillions of tiny loops. Every cell talks to every other and listens to the answer it receives. That’s the simple essence of feedback, a term taken from electronics. The thermostat in your living room senses the temperature and turns the furnace on if the room gets too cold. As the temperature rises, the thermostat takes in that information and responds by turning the furnace off.

The same back-and-forth operates through switches in the body that also regulate temperature. That’s nothing fascinating, so far. But when you think a thought, your brain sends information to the heart, and if the message is one of excitement, fear, sexual arousal, or many other states, it can make the heart beat faster. The brain will send a countermessage telling the heart to slow down again, but if this feedback loop breaks down, the heart can keep racing like a car with no brakes. Patients who take steroids are replacing the natural steroids made by the endocrine system. The longer you take artificial steroids, the more the natural ones ebb, and as a result the adrenal glands shrink.

The adrenals are responsible for sending the message that slows down a racing heart. So if a patient stops taking a steroid drug all at once rather than tapering off, the body may be left with no brakes. The adrenal gland hasn’t had time to regrow. In that event, somebody could sneak up behind you, yell “Boo!” and send your heart racing out of control. The result? A heart attack. With such possibilities, suddenly feedback loops start to become fascinating. To make them mesmerizing, there are extraordinary ways to use the brain’s feedback. Any ordinary person hooked up to a biofeedback machine can quickly learn to control bodily mechanisms that usually run on automatic. You can lower your blood pressure, for example, or change your heart rate. You can induce the alpha-wave state associated with meditation and artistic creativity.

Not that a biofeedback machine is necessary. Try the following exercise: Look at the palm of your hand. Feel it as you look. Now imagine that it is getting warmer. Keep looking and focus on it getting warmer; see the color becoming redder. If you maintain focus on this intention, your palm will in fact grow warm and red. Tibetan Buddhist monks use this simple biofeedback loop (an advanced meditation technique known as tumo) to warm their entire bodies.

This technique is so effective that monks who use it can sit in freezing ice caves meditating overnight while wearing nothing more than their thin silk saffron robes. Now the simple feedback loop has become totally engrossing, because what we can induce merely by intending it may have no limit. The same Buddhist monks reach states of compassion, for example, that depend on physical changes in the prefrontal cortex of the brain. Their brains didn’t do this on their own; they were following orders from the mind. Thus we cross a frontier. When a feedback loop is maintaining normal heart rhythm, the mechanism is involuntary—it is using you. But if you change your heart rate intentionally (for example, by imagining a certain someone who excites you romantically), you are using it instead.

Let’s take this concept to the place where life can be miserable or happy. Consider stroke victims. Medical science has made huge advances in patient survival after even massive strokes, some of which can be attributed to better medications and to the upsurge of trauma units, since strokes are ideally dealt with as soon as possible. Quick treatment is saving countless lives, compared to the past.

But survival isn’t the same as recovery. No drugs show comparable success in allowing victims to recover from paralysis, the most common effect of a stroke. As with the discouraged children, with stroke patients everything seems to depend on feedback. In the past they mostly sat in a chair with medical attention, and their course of least resistance was to use the side of the body that was unaffected by their stroke. Now rehabilitation actively takes the course of most resistance. If a patient’s left hand is paralyzed, for example, the therapist will have her use only that hand to pick up a coffee cup or comb her hair.

At first these tasks are physically impossible. Even barely raising a paralyzed hand causes pain and frustration. But if the patient repeats the intention to use the bad hand, over and over, new feedback loops develop. The brain adapts, and slowly there is new function. We now see remarkable recoveries in patients who walk, talk, and use their limbs normally with intensive rehab. Even twenty years ago these functions would have languished or shown only minor improvements.

And all we have done so far is to explore the implications of two words.

The super brain credo bridges two worlds, biology and experience. Biology is great at explaining physical processes, but it is totally inadequate at telling us about the meaning and purpose of our subjective experience. What does it feel like to be a discouraged child or a paralyzed stroke victim? The story begins with that question, and biology follows second. We need both worlds to understand ourselves. Otherwise, we fall into the biological fallacy, which holds that humans are controlled by their brains. Leaving aside countless arguments between various theories of mind and brain, the goal is clear: We want to use our brains, not have them use us.

We’ll expand on these ten principles as the book unfolds. Major breakthroughs in neuroscience are all pointing in the same direction. The human brain can do far more than anyone ever thought. Contrary to outworn beliefs, its limitations are imposed by us, not by its physical shortcomings. For example, when we were getting our medical and scientific training, the nature of memory was a complete mystery. Another saying circulated back then: “We know as much about memory as if the brain were filled with sawdust.” Fortunately, brain scans were on the horizon, and today researchers can watch in real time as areas of the brain “light up,” to display the firing of neurons, as subjects remember certain things. The Astrodome’s roof is now made of glass, you could say.

But memory remains elusive. It leaves no physical traces in brain cells, and no one really knows how our memories are stored. But that’s no reason to place any limitations on what our brains can remember. A young Indian math prodigy gave a demonstration in which she was asked to multiply two numbers, each thirty-two digits long, in her head. She produced the answer, which was sixty-four or -five digits long, within seconds of her hearing the two numbers. On average, most people can remember only six or seven digits at a glance. So what should be our norm for memory, the average person or the exceptional one? Instead of saying that the math prodigy has better genes or a special gift, ask another question: Did you train your brain to have a super memory? There are training courses for that skill, and average people who take them can perform feats like reciting the King James Bible from memory, using no more than the genes and gifts they were born with. Everything hinges on how you relate to your brain. By setting higher expectations, you enter a phase of higher functioning.

One of the unique things about the human brain is that it can do only what it thinks it can do. The minute you say, “My memory isn’t what it used to be” or “I can’t remember a thing today,” you are actually training your brain to live up to your diminished expectations. Low expectations mean low results. The first rule of super brain is that your brain is always eavesdropping on your thoughts. As it listens, it learns. If you teach it about limitation, your brain will become limited. But what if you do the opposite? What if you teach your brain to be unlimited?

Think of your brain as being like a Steinway grand piano. All the keys are in place, ready to work at the touch of a finger. Whether a beginner sits down at the keyboard or a world-renowned virtuoso like Vladimir Horowitz or Arthur Rubinstein, the instrument is physically the same. But the music that comes out will be vastly different. The beginner uses less than 1 percent of the piano’s potential; the virtuoso is pushing the limits of the instrument.

If the music world had no virtuosos, no one would ever guess at the amazing things a Steinway grand can do. Fortunately, research on brain performance is providing us with stunning examples of untapped potential brilliantly coming to life. Only now are these amazing individuals being studied with brain scans, which makes their abilities more astonishing and at the same time more mysterious.

Let’s consider Magnus Carlsen, the Norwegian chess prodigy. He earned the highest ranking in chess, grand master, at the age of thirteen, the third youngest in history. Around that time, in a speed game, he forced Gary Kasparov, the former world chess champion, to a draw. “I was nervous and intimidated,” Carlsen recalls, “or I would have beat him.” To play chess at this level, a grand master must be able to refer, instantly and automatically, to thousands of games stored in his memory. We know the brain is not filled with sawdust, but how a person is able to recall such a vast storehouse of individual moves—amounting to many million possibilities—is totally mysterious. In a televised demonstration of his abilities, young Carlsen, who is now twenty-one, played ten opponents simultaneously in speed chess—with his back turned to the boards.

In other words, he had to keep in mind ten separate chess boards, with their thirty-two pieces, while the clock permitted only seconds for each move. Carlsen’s performance defines the limit of memory, or a small slice of it. If it is difficult for a normal person to imagine having such a memory, the fact is that Carlsen isn’t straining his brain. What he does, he says, feels completely natural.

We believe that every remarkable mental feat is a signpost showing the way. You won’t know what your brain can do until you test its limits and push beyond them. No matter how inefficiently you are using your brain, one thing is certain: it is the gateway to your future. Your success in life depends on your brain, for the simple reason that all experience comes to us through our brains.

We want Super Brain to be as practical as possible, because it can solve problems that are far more difficult, or even impossible, for the baseline brain. Each chapter will end with its own Super Brain Solutions section, with a host of innovative suggestions for overcoming many of life’s most common challenges.


FIVE MYTHS TO DISPEL

Relating to your brain in a new way is the way you can change reality. The more neuroscientists learn, the more it seems that the brain has hidden powers. The brain processes the raw material of life, as a servant to any desire you have, any vision you can imagine. The solid physical world cannot resist this power, and yet unlocking it requires new beliefs. Your brain cannot do what it thinks it cannot do.

Five myths in particular have proved limiting and obstructive to change. All were once accepted as fact, even a decade or two ago.

The injured brain cannot heal itself

Now we know that the brain has amazing powers of healing, unsuspected in the past.

The brain’s hardwiring cannot be changed

In fact, the line between hard and soft wiring is shifting all the time, and our ability to rewire our brains remains intact from birth to the end of life.

Aging in the brain is inevitable and irreversible.

To counter this outmoded belief, new techniques for keeping the brain youthful and retaining mental acuity are arising every day.

The brain loses millions of cells a day, and lost brain cells cannot be replaced.

In fact, the brain contains stem cells that are capable of maturing into new brain cells throughout life. How we lose or gain brain cells is a complex issue. Most of the findings are good news for everyone who is afraid of losing mental capacity as they age.

Primitive reactions (fear, anger, jealousy, aggression) overrule the higher brain.

Because our brains are imprinted with genetic memory over thousands of generations, the lower brain is still with us, generating primitive and often negative drives like fear and anger. But the brain is constantly evolving, and we have gained the ability to master the lower brain through choice and free will. The new field of positive psychology is teaching us how best to use free will to promote happiness and overcome negativity.

It’s good news that these five myths have been exploded. The old view made the brain seem fixed, mechanical, and steadily deteriorating. This turns out to be far from the case. You are creating reality at this very minute, and if that process remains alive and dynamic, your brain will be able to keep up with it, year after year.

Now let us discuss in detail how to dispel these old myths as they apply to your own experience and expectations.

Myth 1. The injured brain cannot heal itself

When the brain is injured due to trauma in a car accident, for example, or due to a stroke, nerve cells and their connections to each other (synapses) are lost. For a long time it was believed that once the brain was injured, victims were stuck using whatever brain function they had left. But over the past two decades, a major discovery was made, and studies too numerous to count have confirmed it. When neurons and synapses are lost owing to injury, the neighboring neurons compensate for the loss and try to reestablish missing connections, which effectively rebuilds the damaged neural network.

The neighboring neurons step up their game and undergo “compensatory regeneration” of their main projecting parts (the main trunk, or axon, and the numerous threadlike branches, or dendrites). This new growth recoups the lost connections in the complex neural grid of which every brain cell is a part.

Looking back, we found it odd that science had once denied to brain cells an ability that was common to other nerves. Since the late 1700s, scientists had known that neurons in the peripheral nervous system (the nerves running through the body outside the brain and spinal cord) could regenerate. In 1776 William Cumberland Cruikshank, a Scottish-born anatomist, cut a half-inch section from the vagus or “wandering” nerve from a dog’s neck. The vagus nerve runs to the brain along the carotid artery in the throat, and it is involved in regulating some major functions—heart rate, sweating, muscle movements for speech—and keeping the larynx open for breathing. If both branches of the nerve are cut, the result is lethal. Cruikshank cut only one branch and found that the gap he created was soon filled in with new nerve tissue. When he submitted his paper to the Royal Society, however, it met with skepticism and wasn’t published for decades.

By then, other evidence was confirming that peripheral nerves like the vagus can heal when cut. (You can experience the same phenomenon if a deep gash leaves your finger numb; after a time feeling returns.) But for centuries people had believed that nerves in the central nervous system (the brain and spinal cord) lacked the same ability.

It’s true that the central nervous system cannot regenerate with the same robustness and rapidity of the peripheral nervous system.

[image: ]

DIAGRAM 1: NEURONS AND SYNAPSES


Nerve cells (neurons) are true wonders of nature in their ability to create our sense of reality. Neurons connect to each other to form vast and intricate neural networks. Your brain contains over 100 billion neurons and up to a quadrillion connections, called synapses.

Neurons project wormlike threads known as axons and dendrites, which deliver both chemical and electrical signals across the gap between synapses. A neuron contains many dendrites to receive information from other nerve cells. But it has only one axon, which can extend out to over a meter (roughly 39 inches) in length. An adult human brain contains well over 100,000 miles of axons and countless dendrites—enough to wrap around the Earth over four times.



However, due to “neuroplasticity,” the brain can remodel and remap its connections following injury. This remapping is the functional definition of neuroplasticity, which is now a hot-button issue. Neuro comes from neuron, while plasticity refers to being malleable. The old theory was that infants mapped their neural networks as a natural part of their development, after which the process stopped and the brain became hardwired. We now view the projections of nerve cells in the brain like long thin worms continually reconfiguring themselves in response to experience, learning, and injury. To heal and to evolve are intimately linked.

Your brain is remodeling itself right now. It doesn’t take an injury to trigger the process—being alive is enough. You can promote neuroplasticity, moreover, by exposing yourself to new experiences. Even better is to deliberately set out to learn new skills. If you show passion and enthusiasm, all the better. The simple step of giving an older person a pet to take care of instills more willingness to live. The fact that the brain is being affected makes a difference, but we need to remember that neurons are servants. The dissecting knife reveals changes at the level of nerve projections and genes. What really invigorates an older person, though, is acquiring a new purpose and something new to love.

Neuroplasticity is better than mind over matter. It’s mind turning into matter as your thoughts create new neural growth. In the early days, the phenomenon was scoffed at and neuroscientists were belittled for using the term neuroplasticity. Still, many new concepts that will likely be seminal and mainstream decades from now are today judged meaningless and useless. Neuroplasticity overcame a rough start to become a star.

That mind has such power over matter was momentous for both of us in the 1980s. Deepak was focused on the spiritual side of the mind-body connection, promoting meditation and alternative medicine. He was inspired by a saying he ran across early on: “If you want to know what your thoughts were like in the past, look at your body today. If you want to know what your body will be like in the future, look at your thoughts today.”

For Rudy, this paradigm-breaking discovery really hit home when he was a graduate student at Harvard Medical School in the neuroscience program. Working at Boston Children’s Hospital, he was trying to isolate the gene that produces the main brain toxin in Alzheimer’s disease, the amyloid beta protein—the A beta peptide for short—the sticky substance that accumulates in the brain and correlates with neurons becoming dysfunctional and breaking down. Rudy was furiously poring over every paper he could find on Alzheimer’s and this toxic amyloid. It can take the form of the beta-amyloid in Alzheimer’s disease, or the prion amyloid in Mad Cow–related diseases.

One day he read a paper showing how the brain of an Alzheimer’s patient had dealt with the accumulation of beta-amyloid in an effort to remodel the stricken part of the brain responsible for short-term memory, the hippocampus, which is located in the temporal lobe (so called because it is located in the skull beneath the temples).

The fact that the brain could try to find a way to bypass devastating damage changed Rudy’s entire view of the disease he had been studying day and night in a snug lab the size of a small supply room on the fourth floor of the hospital. Between 1985 and 1988, he focused on identifying the gene that makes beta-amyloid accumulate excessively in the brains of Alzheimer’s patients. Every day he worked side by side with his colleague Rachel Neve, while in the background a music soundtrack played, especially by Keith Jarrett, arguably the best jazz pianist who has ever lived.

Rudy loved Keith Jarrett’s concerts for their brilliant improvisation. Jarrett had his own word for it: “extemporized.” In other words, they were on the spot, radically spontaneous. To Rudy, Jarrett expressed in music the way the brain works in the everyday world—responding in the moment in creative directions based on the foundation of a lifetime’s worth of experiences. Wisdom renewing itself in the moment. Memory finding fresh life. It is fair to say that when Rudy discovered the first Alzheimer’s gene, the amyloid precursor protein (APP) in that small fourth-floor lab, his muse was Keith Jarrett.

Against this background enters the paper in 1986 that gave hope for Alzheimer’s patients to regenerate brain tissue. It was an unseasonably cold day even for a Boston winter, and Rudy was sitting in the open stacks on the third floor of the library at Harvard Medical School, breathing the familiar scent of old musty paper—some of these scientific papers hadn’t seen the light of day for decades.

Among the new articles on Alzheimer’s was one in the journal Science, reported by Jim Geddes and colleagues, with the intriguing title “Plasticity of Hippocampal Circuitry in Alzheimer’s Disease.” After glancing through it, Rudy sprinted to the change machine to get a handful of dimes for the copy machine. (The luxury of computerized journals was still in the future.) After carefully reading it together with Rachel, they stared at each other wide-eyed for what seemed hours, finally exclaiming, “How cool is that!?” The mystery of a brain that could heal itself had entered their lives.

The essence of that seminal study was this. In Alzheimer’s disease, one of the first things that goes wrong is short-term memory. In the brain, the key neural projections that allow sensory information to be stored are literally severed. (We are in the same field as Cruikshank when he cut a dog’s vagus nerve.) More specifically, there is a small swollen bag of nerve cells in the brain called the entorhinal cortex, which acts as a way station for all the sensory information you take in, relaying it on to the hippocampus for short-term storage. (If you can remember that Rudy was working with a colleague named Rachel, that’s the hippocampus doing its job.) The hippocampus takes its name from the Latin word for seahorse, which it resembles. Make two C’s out of your thumb and forefinger on each hand facing each other and then interlock them in a parallel plane, and that is roughly the right shape.

Let’s say you come home from shopping and want to tell a friend about some red shoes that would be perfect for her. The image of those shoes, passing through the entorhinal cortex, is relayed via neural projections called the perforant pathway. Now we have arrived at the physiological reason why someone with Alzheimer’s will not remember those shoes. In Alzheimer’s patients the exact region where the perforant pathway pierces the hippocampus routinely contains an abundance of neurotoxic beta-amyloid, which short-circuits the transfer of sensory information. Adding to the damage, nerve endings begin to shrink and break down in the same region, effectively severing the perforant pathway.

The nerve cells in the entorhinal cortex that should be sprouting those nerve endings soon die because they rely on growth factors, the proteins that support their survival, to be shunted up the nerve endings that once connected to the hippocampus. Eventually, the person can no longer achieve short-term memory and learning, and dementia sets in. The result is devastating. As one saying goes, you don’t know you have Alzheimer’s because you forget where you put your car keys. You know you have Alzheimer’s when you forget what they are for.

In his seminal study, Geddes and his colleagues showed that in this area of massive neuronal demise, something nothing short of the magical occurs. The surviving neighboring neurons begin to sprout new projections to compensate for the ones that were lost. This is a form of neuroplasticity called compensatory regeneration. For the first time, Rudy was encountering one of the most miraculous properties of the brain. It was as if a rose were plucked from a bush, and the bush next to it handed it a new rose.

Rudy suddenly had a deep appreciation for the exquisite power and resilience of the human brain. Never count the brain out, he thought. With neuroplasticity, the brain has evolved into a marvelously adaptable and remarkably regenerative organ. Hope existed that even in a brain being damaged by Alzheimer’s, one need only catch it early enough, and neuroplasticity may be triggered. It’s one of the brightest possibilities for future research.

Myth 2. The brain’s hardwiring cannot be changed

During all the time before neuroplasticity was proved to be legitimate, medicine could have listened to the Swiss philosopher Jean-Jacques Rousseau, who argued in the middle 1700s that nature was not stagnant or machinelike but alive and dynamic. He went on to propose that the brain was continually reorganized according to our experiences. Therefore, people should practice mental exercise the same as physical exercise. For all intents and purposes, this may have been the first declaration that our brains are flexible and plastic, capable of adapting to changes in our environment.

Much later, in the middle of the twentieth century, American psychologist Karl Lashley provided evidence for this phenomenon. Lashley trained rats to seek out food rewards in a maze and then removed large portions of their cerebral cortex, bit by bit, to test when they would forget what they had previously learned. He assumed, given how delicate brain tissue is and how totally dependent a creature is on its brain, that removing a small portion would lead to severe memory loss.

Shockingly, Lashley found that he could take out 90 percent of a rat’s cortex, and the animal still successfully navigated the maze. As it turned out, in learning the maze, the rats create many different types of redundant synapses based on all their senses. Many different parts of their brains interact to form a variety of overlapping sensory associations. In other words, the rats were not just seeing their way to the food in the maze; they were smelling and feeling their way as well. When bits of the cerebral cortex were removed, the brain would sprout new projections (axons) and form new synapses to take advantage of other senses, using the cues that remained, however tiny.

Here we have the first strong clue that “hardwiring” should be greeted with skepticism. The brain has circuitry but no wires; the circuits are made of living tissue. More important, they are reshaped by thoughts, memories, desires, and experiences. Deepak remembers a controversial medical article from 1980 entitled, half in jest, “Is the Brain Really Necessary?” It was based on the work of British neurologist John Lorber, who had been working with victims of a brain disorder known as hydrocephalus (“water on the brain”), in which excessive fluid builds up. The pressure that results squeezes the life out of brain cells. Hydrocephalus leads to retardation as well as other severe damage and even death.

Lorber had previously written about two infants born with no cerebral cortex. Yet despite this rare and fatal defect, they seemed to be developing normally, with no external signs of damage. One child survived for three months, the other for a year. If this were not remarkable enough, a colleague at Sheffield University sent Lorber a young man who had an enlarged head. He had graduated from college with a first-class honors degree in mathematics and had an IQ of 126. He had no symptoms of hydrocephalus; the young man was leading a normal life. Yet a CAT scan revealed, in Lorber’s words, that he had “virtually no brain.” The skull was lined with a thin layer of brain cells about a millimeter thick (less than one-tenth of an inch), while the rest of the space in the skull was filled with cerebral fluid.

This is an appalling disorder to contemplate, but Lorber pushed on, recording more than six hundred cases. He divided his subjects into four categories depending on how much fluid was in the brain. The most severe category, which accounted for only 10 percent of the sample, consisted of people whose brain cavity was 95 percent filled with fluid. Of these, half were severely retarded; the other half, however, had IQs over 100.

Not surprisingly, skeptics went on the attack. Some doubters said that Lorber must not have read the CAT scans correctly, but he assured them that his evidence was solid. Others argued that he hadn’t actually weighed the brain matter that remained, to which he drily replied, “I can’t say whether the mathematics student has a brain weighing 50 grams or 150 grams, but it is clear that it is nowhere near the normal 1.5 kilograms.” In other words, 2 to 6 ounces may be involved, but that’s nowhere near 3 pounds. More sympathetic neurologists declared that these results were proof positive of how redundant the brain is—many functions are copied and overlap. But others shrugged off this explanation, noting that “redundancy is a cop-out to get around something you don’t understand.” To this day, the whole phenomenon is shrouded in mystery, but we need to keep it in mind as our discussion unfolds. Could this be a radical example of the mind’s power to have the brain—even a drastically reduced brain—carry out commands?

But we must consider more than brain injury. In a more recent example of neural rewiring, neuroscientist Michael Merzenich and colleagues at the University of California, San Francisco, took seven small monkeys who were trained to use their fingers to find food. The setup was that small banana-flavored pellets were placed at the bottom of small compartments, or food wells, in a plastic board. Some of the wells were wide and shallow; others were narrow and deep. Naturally when a monkey tried to retrieve the food, it would be more successful with the wide, shallow wells and fail at the narrow, deep ones, more often than not. However, as time went on, all the monkeys became extremely skillful, and eventually they succeeded every time, no matter how far their little fingers had to reach to retrieve a pellet.

The team then took brain scans of a specific area known as the somatosensory cortex, which controls the movement of fingers




Myth 3. Aging in the brain is inevitable and irreversible












Myth 4. The brain loses millions of cells a day, and lost brain cells cannot be replaced






Myth 5. Primitive reactions (fear, anger, jealousy, aggression) overrule the higher brain
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