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    The term "Neurotheology" was coined by Aldous Huxley in a novel called 'Island' in 1962. In the last thirty years or so, the term is meant for the field of study of correlations of neural phenomena associated with intense spiritual experiences and hypotheses to explain them. This talk is based on what I read in several books meant for laymen, including: 

"Zen and the Brain - Toward an Understanding of Meditation and Consciousness" by James H. Austin, M.D.,  MIT Press, 1999  

"Why God Won't Go Away", by Andrew Newberg, M.D., Eugene D'Aquili, Ph.D. and Vince Rause, Ballantine Books,  2001 

"The Brain That Changes Itself", by Norman Doidge, M.D., Penguin Books,  2007 

"Train Your Mind Change Your Brain", Sharon Begley, Ballantine Books,  2008 

     While we all understand what is meant by the term Brain, the words mind and spirituality mean different things to different people and the contexts in which they are used. Brain is the neural mass in our head which controls most of our functions. Mind in a way is the sum total of all of our states of consciousness. Is it physical or abstract, that is an interesting semantic question. Spirituality is that part of our consciousness which some of us associate with those rare moments of spiritual or religious experience which is hard to describe or define. James Austin in his book on 'Zen and the Brain' has a simplified version of states of consciousness into three ordinary states of consciousness: 1. Ordinary waking state, 2. Sleeping state, 3. Dreaming state and he lumps together different levels reached during concentration and receptive meditative modes which is called the fourth state. He goes on to categorize the meditative experiences to several advanced forms of extraordinary alternate states of consciousness.

There appears to be a sea change of understanding among neuroscientists about the brain and the mind in the last forty years. Evidently many of the Nobel prizes in Medicine and Physiology in the last quarter of the last century went to neuroscientists. U.S. congress declared the last decade of the last century as 'The Decade of the Brain'.   

The book by Norman Doidge describes the changes to our understanding of brain and how it can change itself, through the discoveries of several scientists in the field. Till 1960s most of the scientists believed that our brains were fixed in childhood and after that began the long process of decline. If brain cells declined, injured or died they could not be replaced, nor could brain alter its structure and reassign other parts of brain to take over the functions of damaged brain. From late 1960s onward, neuroscientists made a series of discoveries about the malleability of brain. They found that brain structure could be changed by different activities, by thinking and other mental processes. If part of a brain failed for some reason, they found ways that other parts of brain could take over at least to some extent the functions of the failed region. They call this property of brain, "Neuroplasticity", and it is not limited to just young people. Many older patients as well as young patients have benefited by these discoveries. I briefly mention some of these examples described by Doidge. 

    Michael Merzenich of the University of California, San Fransisco is one of the brilliant scientists who contributed immensely not only to the discoveries and innovations in neuroscience but also to the practical inventions in the field. Early in his career, his group developed the most common design for the cochlear implant, which allows congenitally deaf children to hear. He has done pioneering work in understanding the brain processes of learning-disabled children and developed techniques based on the plasticity of brain which led to a series of successful computer programs called, 'Fast ForWord'. Evidently these programs which are disguised as children's games have helped hundreds of thousands of school children in many school districts in the country. People who have had a lifetime of cognitive difficulties have improved significantly in only thirty to sixty hours of treatment. Even autistic children have been helped with these techniques with a modified version of 'Fast ForWord', which was not expected initially. Merzenich claims that when we learn some thing, not only we enhance what we know; we can actually change the very neural structure of the brain which can assist further learning. He even makes ambitious claims that right type of brain exercises can be as effective or more as drugs for treating diseases as severe as schizophrenia. 

    Merzenich did not start his career to understand how brain changes, but he stumbled onto it through a series of experiments early in his graduate and post-graduate studies. In 1930s, Dr. Wilder Penfield of Montreal did pioneering work on brain mapping especially the sensory and motor parts of the brain. At that time and later, scientists believed that these maps were fixed, immutable and universal, because brains could not change once they have evolved. But Merzenich discovered that these maps were neither immutable nor universal. During his graduate work at Johns Hopkins, he along with his colleagues discovered through a series of brain mapping experiments on kittens that the brain in young animals is plastic in the sense that brain maps can be changed through various interventions. Merzenich's understanding and discoveries of adult brain plasticity was accidental and came about while doing post-graduate work at Madison, Wisconsin. He and his colleagues were investigating interaction between central nervous system and peripheral nervous systems. It was thought that each point on body had a nerve that sent signals to a specific point on the brain map. This point-to-point brain map was the accepted model. They wanted to know what happened if they shuffled the nerve signal process, by cutting a peripheral nerve to the hand of an adolescent monkey and sewing the ends back together but not quite touching. They expected that during the nerve regeneration process, the hand-brain map would get jumbled, but it did not happen. The brain had unshuffled the signals from the crossed nerves. The paper he wrote was not initially accepted and its significance was not initially recognized. Later on, when he was a Professor at University of California he did some remarkable work mapping auditory cortex of different species of animals and helped others invent cochlear implant. Then he started investigating brain plasticity directly in collaboration with a neuroscientist at Vanderbilt, named Jon Kass. Monkey's hands, like human hands have three nerves: the radial, the median and the ulnar. The median nerve sends signals from the middle of the hand and the other two nerves respond to sensations to the sides of hands. Merzenich and Kass cut the median nerve of a monkey to understand how the median nerve brain map would respond when all the direct input is cut off. After a few weeks they found that, when the middle of the hand of the monkey was touched there was no response in the brain map that serves the median nerve, as expected. However, what was surprising was that when the sides of the hands were stimulated the median nerve map responded. The brain maps of the other two nerves have taken over the median nerve region of the brain and almost doubled in their size. This is an example of the allocation of brain processing power and the brain maps are governed by the competition of the inputs received and 'use it or lose it' principle applies. It was a clear demonstration of brain plasticity. Even after this demonstration and several other equally convincing experiments with animals, the broader community of neuroscientists was still skeptical about the adult brain plasticity. It took the acceptance of this phenomenon by a major scientist in the field, Torsten Wiesel who is a Nobel Prize winner, after overcoming his own earlier skepticism, for the larger neuroscience community to accept it. 

    Merzenich and his colleagues have made many other remarkable discoveries related to brain development and changes in children in response to sounds and their influence on language and speech development. These discoveries have led them to develop strategies to help developmentally challenged children including autistic children. They have also discovered that a major cause of 'Alzheimer's disease is that as we age our neglect of intense learning leads our brain's capacity to modulate and control plasticity wastes away. Just as our physical muscles waste away with disuse, so does our neural capacity. They have developed a variety of brain exercises with computers to help the elderly and demonstrated significant increase in memory and other intellectual faculties of the elderly in several controlled tests. 

    Edward Taub is another pioneer in neuroscience. He developed 'constraint-induced movement therapy (CI therapy)' to help stroke patients to recover the lost motor skills in their limbs significantly. Taub Therapy clinic at University of Alabama, Birmingham is now famous for their work with stroke patients and others. However, Taub had a rather circuitous path to where he got because of his unconventional discoveries right from his graduate school days at Columbia. Human beings and monkeys have sensory nerves and motor nerves in our limbs. Sensory nerve sends signals to spine and then to brain. Reflexive movements are spinal responses to certain types of stimulus. When a sensory nerve is cut from a monkey's arm before it goes into spinal cord, earlier experiments found that the monkey stopped using that limb even though its motor nerves were kept intact. Earlier theory was that all movemente were responses to some reflexes to stimuli. Taub, trying to replicate earlier experiments he had the sensory nerve of one of the monkey's arms severed. Then he put the monkey's good arm in a sling, hoping that it might force the monkey to use its nerve severed limb to feed itself. It worked. The results of his experiments, which later in his career he used to help stroke patients, were against the conventional wisdom of the time and his professors denied his Ph.D., which he later obtained from NYU. Later in his career, heading his own lab in Maryland under NIH research sponsorship obtained many significant results with his experiments on monkeys. His lab was sabotaged at some point, by one of his assistants, who was the president of People for the Ethical Treatment for Animals (PETA) and he had to fight legal issues for several years and he lost many years of research because of that episode. Eventually he was cleared and developed his CI therapy and achieved many other accomplishments. Amazingly, the monkeys which were used in Taub's lab before it was closed, eventually helped other researchers such as Merzenich to discover some processes by which brain rewires itself when part of the brain is damaged. 

    UCLA psychiatrist Jeffrey Schwartz has applied the principles of brain plasticity to help patients with Obsessive Compulsive Disorder (OCD). Brain scans of OCD patients show that three parts of brain: orbital frontal cortex, cingulate gyrus and caudate nucleus are involved in obsessions. They become hyperactive and results in what is called OCD 'brain lock'. His treatment involves in teaching patients to recognize and relabel OCD attacks consciously. They tell themselves that they have a problem; it is not some germs, just OCD. This relabeling helps get some distance from the obsession and view it more objectively in somewhat the way Buddhists view suffering in meditation. They observe its effects on them but separate themselves from it. Schwartz gets his patients to refocus on a positive during an OCD attack and helps them concentrate on new behavior intensely in thirty minute segments. After several practice sessions, patients do get better with shorter and shorter OCD episodes and their brain scans show that the three brain segments involved in OCD firing in normal way eventually.

    Alvaro Pascual-Leone is the head of a laboratory for magnetic brain simulations, part of the Harvard Medical school. He and his associates have shown in experiments that we can change our brain anatomy simply by our imagination. He uses a paddled shaped machine, a device that emits transcranial magnetic stimulation, or TMS, which when attached to one side of the head can influence ones behavior. It can be used either to turn on a tiny area of the brain or block it. He uses TMS to map the brain. Pascal-Leone taught piano to two groups of people who have not played piano before. He taught them a sequence of notes, showing the sequence of fingers to move and to hear the notes played. Members of one group, the 'mental practice group' sat in front of an electric piano for two hours a day, for five days, and imagined both playing and hearing the sequence of notes without physically playing the piano. The second group physically practiced playing the sequence of notes for two hours a day for five days. Both groups had their brains mapped before the experiment, each day during the experiment and after the experiment. Then both groups played the sequence of notes after the experiment and computer recordings were made and compared. It turns out that both groups learned to play the notes and they both had similar brain map changes. Just mental practice alone was enough to produce brain map changes which produced the same physical changes in the motor system as in physical practice.

    Other neuroscientists are also discovering ways to use neuroplasticity to help treat patients with sever depression and other mental disorders. 

    For a long time it was thought that our brains are like computers or complex machines which don't grow new parts. The neural stem cell idea was long ignored. Frederick Gage of Salk laboratories in La Jolla, California works with neuronal stem cells. They do exist and help us get new neurons when needed and coaxed to develop. Gage's team demonstrated the production of new neurons in aged mice by coaxing them to exercise in enriched environment. They and other neuroscientist have developed various physical and mental exercise programs for the enhancement of neurons in aging brains. 

    Dalai Lama had been curious about technical gadgets when he was young, which evolved into his curiosity and interest in science and integration of Buddhist thought with modern discoveries related to mind and brain. Mind and Life Institute is an organization built through a collaboration of a North American businessman, Adam Engle and a well know neuroscientist, Francisco Varela who used to work in Paris and Dalai Lama. It was organized to hold yearly conferences in Dharamsala, Dalai Lama's home in India among neuroscientists, Buddhist scholars and monks. The book by Sharon Begley on 'Train Your Mind Change Your Brain' describes some of the scientific results in neuroscience and connections to Buddhist thought reported at these conferences. 

    Meany of McGill University has conducted experiments on rats and aquatic species to understand how genetic expression is affected by the environment in which the young are brought up. Some water fleas evidently have long and spiny tails and helmets. A young water flea in an aquarium does not have a helmet or spiny tail. But a genetically identical water flea when put in an aquarium with the odor of a fish grow helmet and a long spiny tail, apparently in defense to a possible threat of a predator. Newborn rats groomed properly by their mothers develop substantially differently than those which were denied of proper grooming at young age. Evidently the difference gets transmitted to the next generation. According to Meany "Children who are exposed to abuse and neglect are more reactive to stressors. Pretty subtle variations within the normal range of parental care can alter development dramatically." Some neuroscientists mentioned above such Pascual-Leone, Gage and others presented and discussed their results on neuroplasticity and other areas. 

    As a result of some of these conferences, some western neuroscientists received agreement from some Buddhist monks to undergo measurements to understand how thousands of hours of meditation alter the pattern of activity in brain.  A few years ago, Dalai Lama was invited to watch a brain surgery, with the patient's permission. They explained to him that perception, sensation and other mental experiences reflect chemical and electrical signals in the brain. If one accepts mind is what brain does, is a two-way causation possible? He asked whether pure thought could change brain's chemistry and even its structure. The neurosurgeon at that time did not hesitate to dismiss the idea and claimed 'downward' causation from mental to the physical is not possible. Now, many neuroscientists know better. Several Buddhist monks traveled to Richie Davidson's lab in University of Wisconsin-Madison medical school to undergo fMRI scans and EEG measurements during meditative states. One of the goals was to investigate the two-way causal flow, with mind being both the expression and the cause of physical change. Davidson had known from previous studies on brain injured patients damage to the left side of the prefrontal cortex just behind forehead causes the patients not to feel joy and experience increased sadness. Damage to the right side of the prefrontal cortex left people indifferent to their injury and some times laugh at inappropriate times. They discovered after many studies that activity in the brain's prefrontal cortex reflects person's emotional state. The abbot of a Buddhist monastery in India had been fitted with EEG electrodes in Davidson's lab and proceeded through six mental states alternating them with neutral states, on instructions from Davidson, including compassion meditation. During the neutral state his prefrontal cortex showed a slight leftward tilt, but during the compassion meditation the left asymmetry was off the charts, higher than 99.7 percent of everyone measured. Dalai Lama claims that the most powerful influence on mind comes from with in the mind. A series of measurements made on trained Buddhist monks showed that meditation does alter emotional states and mental training can shift happiness set point. 

    In the book 'Why God Won't Go Away', the authors write "At the heart of our theory is a neurological model that provides a link between mystical experience and observable brain function. In simplest terms, the brain seems to have the built-in ability to transcend the perception of individual self. We have theorized that this talent for self-transcendence lies at the root of religious urge. However, we do not mean to imply that all religious beliefs and behaviors are inherently mystical."  ----  "For better or worse much of the attention we have received about our  overall body of work has focused on our brain imaging studies of Tibetan Buddhists and Franciscan nuns. In these studies we examined the kinds of mystical states that people attain only after many years of spiritual practice. Spiritual experience is an important aspect of our theory, but its deeper meaning and its relevance to everyday religious practices have often been overlooked, For one thing, our work tells us that these mystical experiences occur on a continuum. At the far end of this continuum are the profound states of spiritual unity described by saints and mystics. But the same complex brain function that makes such powerful states possible also enables us to feel much milder, and more ordinary sensation of spiritual connection - the sense of uplift or absorption you feel during moments of prayer or contemplation, for example, or while joining in with your congregation to sing a hymn." 

    Bottom line is that neural states of spiritual experience are possible, but it requires motivation and effort on the part of seekers to attain them.
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