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In What is Mind? Abhijit Naskar, bestselling author and one of the world’s celebrated neuroscientists offers a fascinating account of the cellular building blocks of mind. He boldly reveals, Neuron is to Mind, what Gene is to Life. With a researcher’s flair for fresh approaches to ancient questions, Naskar tackles the most controversial problem in the history of philosophy - how physical processes in the brain give rise to our lavishly colored mental lives enriched with ecstasies and agonies?
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In Memoriam

Santiago Ramón y Cajal (1852-1934)

“As long as our brain is a mystery, the universe, the reflection of the structure of the brain will also be a mystery.”
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A book that attempts to solve the apparently insoluble problem of the history of philosophy, can never be a creation of one scientist. Here, I may have given several fresh scientific approaches towards solving the hard problems of human mind, that have tormented the philosophers for millennia, but I – Naskar is the product of almost a century of rigorous neuroscientific studies and experiments.

I am simply the expression of Neuroscience itself.

And behind this scientist who does nothing but pursue complicated problems of the human mind with a naïve perspective, there are many scientific minds and one non-scientific mind at play. And, not mentioning them would only make me feel that the book is not complete in some way.

Michael A. Persinger is the first one to mention because, without him I might have always remained ignorant of the astounding Science of the Brain. Until I came across his work, I barely knew anything about the term Neuroscience. He made me realize that it is no other field of Science but Neuroscience that holds the key to solving the quintessential problems of life. He coaxed me into the science of the neurons and the rest is history. Without Persinger, Naskar and Neuroscience would never have been linked together.

Then there are Charles Darwin, Roger Penrose, and Erwin Schrodinger. And my dear friends Andrew Newberg, V.S. Ramachandran and Ronald Cicurel whose unique perspective of the mind have been immensely helpful.

And the one childishly non-scientific mind who molded a childish brain into an excessively curious one is Gadadhar Chatterjee. Without this man, I’d have remained a rat in the race. Without this man, Naskar would have never been truly awakened from the deep sleep of ancient ignorance. He didn’t have even the basic literacy to understand the English alphabets, yet to me he’s The Philosopher of All Philosophers, and the Thinker of All Thinkers. A thousand Platos, Socrateses and Descarteses would have to merge, for one Gadadhar to be born.
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We humans cherish ourselves to be the smartest species on earth. Our vanity is in our uniqueness. Our vanity is in our unpredictability. Our vanity is in our rich, vivid and unique mental lives. Hence, nothing is more chastening to that vanity than the very realization that the richness and vividness of our mental universe, with all our personal thoughts, feelings, emotions and the very sense of our intimate selves, arises exclusively from the activity of little wisps of protoplasm in the brain.

Every time, we Neuroscientists utter “we are but a bunch of neurons”, the very vanity of the human species somehow gets aggravated. We take immense pride in our uniquely advanced human consciousness. Hence, the very thought that, the Advanced and Unique Human Consciousness is after all the product of various complex physiological processes, is frightening to many, especially the philosophers.

For a long time, the philosophers have been keeping the domain of understanding the human consciousness a glaring mystery due to their own lack of comprehension into the matter. For their personal inability to understand consciousness, they have been referring to it as the hard problem. After all, philosophy may enable you to think in a different way, but it is the method of Science, that enables us to understand the underlying mechanism of every phenomenon of this universe.

The so-called hard problem of consciousness is the question of how physical processes in the brain give rise to subjective experience. A similar problem used to haunt every biologist until about half a century ago, i.e. what is life? And the fascinating discovery of the structure of DNA by James Watson and Francis Crick in 1953 put an end to that hard problem of life.

This discovery was something so enormous, that it revolutionized biology, giving it an intellectual framework for understanding how information from the genes controls the functioning of the cell. That discovery led to a basic understanding of how genes are regulated, how they give rise to the proteins that determine the functioning of cells, and how development turns genes and proteins on and off to determine the body plan of an organism. With these extraordinary accomplishments behind it, biology assumed a central position in the constellation of sciences, one in parallel with physics and chemistry.

And the person who put the first stepping stone in the path towards solving the hard problem of consciousness, was the great Spanish anatomist Santiago Ramón y Cajal. He formulated the neuron doctrine, the basis for all modern thinking about the nervous system.

Cajal was the first one in our line of Neuroscientists. And we have come a long way since his formulation of the neuron doctrine. Rhetorically speaking, in the field of Neuroscience, we have advanced from canoes to galleys to steamships to space shuttles. And our relentless venture into the human brain has led us to the conclusion, that – Neuron is to the Mind, what Gene is to Life.

Neurons are the building blocks of mind. And in this book you shall witness how the physical processes of these building blocks construct every human’s unique, individualistic and rich mental life. 

I have written this book in the purpose of explaining the biological origin of mind for the readers from all walks of life. The science of the mind not only gives us insight into how we perceive, learn, remember, feel and behave – but also it gives us new perspective of ourselves in the context of biological evolution. It makes us appreciate every single biological element that works harmoniously with each other to construct something so fascinating as the human mind. Therefore, the sole purpose of this book is to contribute to the well-being of the society, by making the biology of mind accessible to every single person. 



	[image: ]

	 
	[image: ]





[image: ]


CHAPTER I

NEURON
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Human Mind - it all begins with the Neuron - about a hundred billion of them – sending and receiving electrochemical signals among each other, thus constructing a complicated mesh of inexplicable features. Just imagine, this very network is the birthplace of all your emotions, ambitions, conscious awareness and experiences. This network made you fall head over heels in love when you had your first crush at school. This network made you cherish the taste of human lips when you had your first kiss. This network made you feel special when you had your first computer. Every single human experience that you can think of right at this very moment, has been the product of electrochemical impulses running through the byzantine web of nerve cells or neurons inside your brain. In this chapter I present an empirically fresh approach towards understanding the Mind. Through the investigation of the activity of nerve cells throughout the entire nervous system, I propose that our perception of every single element of our mental life – or simply the Human Mind – is the collective expression of a hundred billion nerve cells working harmoniously with each other. This very expression is composed of various cognitive features, that ultimately reflect our environment through us, and in the process constructs our illusory realm of the mind. The Human Mind is merely a biological mirroring mechanism, that mirrors our external world.

INTRODUCTION

“The Human Brain” as most of us neuroscientists keep seeking opportunities to say out loud “is the most complexly organized structure in the universe”. To appreciate this you just have to look at some numbers. The brain is made up of one hundred billion neurons, which form the basic structural and functional units of the nervous system. Each neuron makes something like one thousand to ten thousand connections with other neurons and these connecting points are known as synapses. It is here in the synapses, that exchange of information occurs, that ultimately gives rise to your colorful mental life.

Based on this information, it has been calculated that the number of possible permutations and combinations of brain activity, or in other words, the number of brain states, exceeds the number of elementary particles in the known universe. Even though it is common knowledge in our field of Neuroscience, it never ceases to amaze me that everything we experience is simply the activity of these little specks of jelly in our heads. Our entire mental life is born from relentless physical processes of these neurons. Neurons are the building blocks of our mind. There is nothing else.

NEURON – THE BUILDING BLOCK OF MIND

Given this staggering complexity, one must start with the anatomy of the very biological unit of the mind – the Neuron.

The biology of neurons is founded upon three principles:


	The Neuron Doctrine

	The Ionic Hypothesis

	The Chemical Theory of Synaptic Transmission



All these three principles emerged for the most part during the first half of the twentieth century. And till this day they construct the very core of our understanding of the brain's functional organization.

The Neuron Doctrine, which many of us Neuroscientists like to call The Cell Theory of The Brain, states that the nerve cell or neuron is the fundamental building block and elementary signaling unit of the brain.

The Ionic Hypothesis focuses on the transmission of information within the nerve cell. It describes the mechanisms whereby individual nerve cells generate electrical signals, called action potentials, that can propagate over a considerable distance within a given nerve cell.

The Chemical Theory of Synaptic Transmission focuses on the transmission of information between nerve cells. It describes how one nerve cell communicates with another by releasing a chemical signal called a neurotransmitter. The second cell recognizes the signal and responds by means of a specific molecule in its surface membrane called a receptor.

All these three principles focus on individual neurons. And when we bring billions of neurons together they construct the nervous system. You can think of the neuron as a miniature self-contained information processor. It receives inputs, processes information, and generates outputs. The structure most associated with receiving is called the dendrite, the structure most associated with processing is called the cell body, or soma, and the structure most associated with the output is known as axon.

MIND – NATURE’S OWN MIRROR

Like any other cell, a neuron or a nerve cell has a cell body wrapped inside a cell membrane. It has a nucleus that contains the chromosomes which constitute the genetic information. The nucleus can range from 3 to 18 micrometers in diameter. The cell body also has other standard cellular components such as mitochondria, golgi bodies, nissil bodies, endoplasmic reticulum and so on. But what distinguishes a neuron from most other cells is the rich and elaborate wiring (axon and dendrite) that emerges from the cell body.

The wiring conveys the electrical message, whereas the cell body, or to be more specific the nucleus of the cell body, is where the processing of information occurs. This way, you can think of the nucleus as the brain of the neuron. In the nucleus many important cellular activities are initiated.

Based on the functional characteristics of the neurons, we can classify them into three types – sensory neuron, motor neuron and interneuron.

Neurons that directly or indirectly carry electrical signals or messages from the outside world to the spinal cord and brain are called sensory neurons. 

Neurons that carry messages to the outside world in order to control the movement of muscles and activities of glands are called motor neurons.

Other than these two specialized groups of neurons, there is a large group of neurons which do not form connections with sensory receptors or muscles or glands, but just with other neurons. They are called interneurons.

Now let me elaborate a little more on the functioning of these three types of neurons.

Sensory neurons convey various sensory information such as sight, taste, smell, touch, hearing etc. from the outside world to the inside domain of human mind. These nerve cells of the nervous system are responsible for converting external stimuli from the environment into internal electrical impulses.

Motor neurons carry electrical signal from the spinal cord to the effector organs, mainly muscles and glands. Cell body of a motor neuron is located in the spinal cord and its axon that consists of efferent nerve fibers projects outside the spinal cord to directly or indirectly control the effectors.

The interneurons act as middlemen between sensory or motor neurons and the central nervous system (brain and the spinal cord).

The exclusive features of all neurons are the processing and transmission of cellular signals. Given their diversity of functions performed in different parts of the nervous system, there is, as expected, a wide variety in their shape as well as size. For instance, the cell body of a neuron can vary from 4 to 100 micrometers in diameter.

Neurons also come in various shapes. However, the typical neuron has multiple dendritic projections and one axon from the cell body. This is called a multipolar neuron.

But there are also neurons that have only one dendritic projection and these are called bipolar neurons, and some that only have one projection that includes both the dendrite and axon and these are called unipolar. To some extent the shape represents the function. For example unipolar and bipolar neurons are more typically sensory neurons, while multipolar neurons are more typically motor or interneurons.
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Figure 1.1 A Typical Neuron

On a closer look, you can distinguish two distinct portions in the wiring system of the structure of a typical neuron: one portion has shorter, more densely distributed wiring, known as the dendrites, the other portion, consisting typically of a single long wire, known as an axon, branches out into smaller axon terminals at the far end. Neurons use these dendrites and axons to receive and transmit signals to each other. 

Signals from other neurons are received by the dendrites, while signals to other neurons are transmitted by axon and its terminals. Thus in a neural wiring the dendrites act as the inputs and the axon terminals as its outputs. Signals from one neuron to another are transmitted across a small gap, between the axon terminal of one neuron and the dendrite of another neuron, known as the synapse.

A vital feature of the axon terminals is that they contain the chemical messengers, known as neurotransmitters, that are responsible for communication of neurons. And this fascinating communication among neurons gives rise to our mental universe.

SANTIAGO RAMÓN Y CAJAL – THE FIRST NEUROSCIENTIST

Now let me tell you about the person who made it possible for us to study mental life at a cellular level. This person was, the Spanish anatomist Santiago Ramón y Cajal. He laid the foundation for the modern study of the nervous system and is arguably the most important brain scientist who ever lived. He had originally aspired to be a painter. To become familiar with the human body, he studied anatomy with his father, a surgeon, who taught him by using bones unearthed from an ancient cemetery. A fascination with these skeletal remains ultimately led Cajal from painting to anatomy, and then specifically to the anatomy of the brain. In turning to the brain, he was driven by the same curiosity that almost more than a century later drove me. Cajal wanted to understand the cellular processes of the mind.

He thought, the first step was to have detailed knowledge of the cellular anatomy of the brain. This is what Freud wanted to do in his early career and being unable to do so, he moved on to a more abstract field of what was then called science of the mind. Freud didn’t make enough efforts to have a detailed understanding of the brain, hence he ended up cooking up the theory of psychoanalysis. Cajal on the other hand wanted to develop a true "rational psychology", which his contemporary Sigmund Freud, was unable to do.

[image: image]

Figure 1.2 Santiago Ramón y Cajal (1852-1934), the great Spanish neuroanatomist, formulated the neuron doctrine that is the basis for all modern thinking about the nervous system. (Courtesy of the Cajal Institute.)

Cajal was a brilliant blend of artistic and scientific genius. And this strange fusion enabled him to visualize the scenes under his microscope, as if they were vividly alive. He brought to his task of developing a “rational psychology” that very bizarre ability to infer the properties of living nerve cells from static images of dead nerve cells.

This leap of imagination, was founded upon his artistic knack. And this very imagination enabled him to capture and describe in vivid terms through beautiful drawings the essential nature of any observation he made under the microscope. The noted British physiologist Charles Sherrington would later write of him:

"in describing what the microscope showed, (Cajal) spoke habitually as though it were a living scene. This was perhaps the more striking because ... his preparations (were) all dead and fixed."
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Figure 1.3 Sketch of a Neuron drawn by Cajal

Sherrington went on to say: 

“The intense anthropomorphic descriptions of what Cajal saw in stained fixed sections of the brain were at first too startling to accept. He treated the microscopic scene as though it were alive and were inhabited by beings which felt and did and hoped and tried as we do. ... A nerve cell by its emergent fiber "groped to find another"! . . . Listening to him, I asked myself how far this capacity for anthropomorphizing might not contribute to his success as an investigator. I never met anyone else in whom it was so marked.”

Prior to Cajal's entry into the field, biologists were thoroughly confused by the shape of nerve cells. Unlike most other cells of the body which have a simple shape, nerve cells have highly irregular shapes and are surrounded by a multitude of exceedingly fine extensions known at that time as processes. Biologists did not know whether those processes were part of the nerve cell or not, because there was no way of tracing them back to one cell body or forward to another and thus no way of knowing where they came from or where they led. In addition, because the processes are extremely thin (about one-hundredth the thickness of a human hair), no one could see and resolve their surface membrane. This led many biologists, including the great Italian anatomist Camillo Golgi, to conclude that the processes lack a surface membrane. Moreover, because the processes surrounding one nerve cell come in close apposition to the processes surrounding other nerve cells, it appeared to Golgi that the cytoplasm inside the processes intermingles freely, creating a continuously connected nerve net much like the web of a spider, in which signals can be sent in all directions at once. Therefore, Golgi argued, the fundamental unit of the nervous system must be the freely communicating nerve net, not the single nerve cell.

In the 1890s Cajal tried to find a better way to visualize the nerve cell in its entirety. He did so by combining two research strategies. The first was to study the brain in newborn rather than adult animals. In newborns, the number of nerve cells is small, the cells are packed less densely, and the processes are shorter. This enabled Cajal to see single trees in the cellular forest of the brain. The second strategy was to use a specialized silver staining method developed by Golgi. The method is quite capricious and marks, on a fairly random basis, only an occasional neuron—less than 1 percent of the total number. But each neuron that is labeled is labeled in its entirety, permitting the viewer to see the nerve cell body and all the processes. In the newborn brain, the occasionally labeled cell stood out in the unlabeled forest like a lighted Christmas tree. Thus Cajal wrote: 

“Since the full grown forest turns out to be impenetrable and indefinable, why not revert to the study of the young wood, in the nursery stage, as we might say? ... If the stage of development is well chosen . . . the nerve cells, which are still relatively small, stand out complete in each section; the terminal ramifications . . . are depicted with the utmost clearness.”

These two strategies revealed that, despite their complex shape, nerve cells are single, coherent entities. The fine processes surrounding them are not independent but emanate directly from the cell body. Moreover, the entire nerve cell, including the processes, is fully enclosed by a surface membrane, consistent with the cell theory. Cajal went on to distinguish two sorts of processes, axons and dendrites. He named this three-component (cell body, axon and dendrites) view of the nerve cell the neuron. With rare exceptions, all nerve cells in the nervous system have a cell body that contains a nucleus, a single axon, and many fine dendrites.

THE BIG PICTURE

Now let’s speed things up a notch and look at the big picture – the nervous system. Activity of billions of neurons throughout the entire nervous system gives rise to the functional product of the psychological system known as the human mind.

The nervous system has three main functions: sensory input, processing of data and motor output. Sensory input is when the body gathers information or data, by way of neurons, glia and synapses.

The system is composed of excitable neurons. The neurons convey electrical impulses from sensory receptors to the brain and spinal cord. The data is then processed in various neural regions of the brain. After the brain has processed the information, impulses are then conveyed from the brain and spinal cord to muscles and glands, which is called motor output.

Other than the nerve cells there is another type of cells that are found in the brain and the spine. These are called “Glia cells”. The glial cells are not excitable, but they surround the neurons and provide support for and insulation between them. These cells are the most abundant cell types in the central nervous system.
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Figure 1.4 The Central and Peripheral Nervous Systems. The central nervous system, which consists of the brain and the spinal cord, is bilaterally symmetrical. The spinal cord receives sensory information from the skin through bundles of long axons that innervate the skin. These bundles are called peripheral nerves. The spinal cord also sends motor commands to muscles through the axons of the motor neurons. These sensory receptors and motor axons are part of the peripheral nervous system.

The nervous system is comprised of two major parts, or subdivisions: the central nervous system (CNS) and the peripheral nervous system (PNS). The CNS includes the brain and spinal cord. The brain is the body's control center. The CNS has various centers located within it that carry out the sensory and motor processing of data.

The Peripheral Nervous System or PNS is a vast network of spinal and cranial nerves that are linked to the brain and the spinal cord. It contains sensory receptors which help in processing changes in the internal and external environment. This information is sent to the CNS via afferent nerve fibers. The PNS is subdivided into the autonomic nervous system and the somatic nervous system.

The autonomic system handles all the involuntary control of internal organs, blood vessels and cardiac muscles. These are the biological processes that go on inside your body without your voluntary involvement and conscious awareness. The somatic system handles all the voluntary control of skin, bones, joints, and skeletal muscle. 

These two systems function together, by means of nerves from the PNS entering and becoming part of the CNS, and vice versa.

The Central Nervous System and the Peripheral Nervous System together have a fundamental role in everything you experience, do or feel. They construct your entire neurobiology, which is the birthplace of your very perception of being alive and being yourself. And all of this happens through the transmission of electrical signals in the tiny wonders, that we call neurons.

THE GIANT INPUT-OUTPUT SYSTEM

Our entire neurobiology acts as a giant input-output system (comprised of billions of tiny input-output systems, known as the neurons), that receives information from the outside world, processes that information and makes a person react accordingly. The physical processes of the neurons do not create anything completely on their own, rather they merely react according to the outside world. This way, our entire perception of the outside world is only a reflection of the things we can physically perceive with our senses. And if we turn off all the input channels of our neurobiology there will be no way for us to respond to the outside world because we cannot sense it in the first place.

The evolutionary cause behind any living organism’s ability to respond to its environment is to sense the changes in the environment and thereby adapt to it by a suitable biological response, in the ultimate pursuit of survival. The same goes for the most advanced living organism on this planet – the Homo sapiens.

This basic ability to interact with the environment is what the philosophers so mysterious venerate as Consciousness. It is a fundamental element of the human mind, and an exclusive possession of the neurons. No other species on earth may possess a beautiful and inexplicable mind like ours, but every living species possesses consciousness. Consciousness is a crucial element of sustaining life. In fact, Life and Consciousness go hand in hand. One cannot survive without the other. Without the presence of consciousness, life doesn’t exist. Without consciousness we won’t exist.

Without our sensory perceptions we cannot survive on our own even for a few days. One way or another our inability to interact with the environment, shall lead us to our death. I’ll illustrate this scenario with a thought experiment.

THE ISOLATION CONUNDRUM (THOUGHT EXPERIMENT)

Let’s imagine, in a near future, our planet is hit by a medium sized asteroid. The asteroid itself is not the problem here. Rather, it possesses a strange virus, that is going to cause a mass extinction event on the planet by damaging all the sensory regions of the human brain. Soon it spreads throughout the globe in the form of an epidemic. Slowly it causes the entire humankind to lose all sensory perceptions one by one.

Humans begin to lose their senses one at a time. Each loss is preceded by heightened activity in the emotional center of the brain, the amygdala, which leads to various intense emotions right before the loss of each sensory perception.

First, people begin to suffer from an uncontrollable urge to cry, that is soon followed by the loss of their sense of smell. Then an outbreak of irrational panic and anxiety is followed by the loss of taste. Now as people have lost two of their senses their brains try to adapt to the loss. The brains attempt to fight back the loss of two senses by generating more neural connections to strengthen rest of the sensory perceptions through the process of neuroplasticity.

However, the epidemic does not stop there. Loss of hearing comes next, followed by an outbreak of extreme rage. Like what any other living organism would do, humans struggle to adjust and to go on living, with an intensified sensory perception of vision and touch. Then one day people feel an extreme sense of fear, and immediately after that the whole world goes blind.

Now the only available sensory perception of the human mind, is the sense of touch. Even when you are blind and deaf, you can still distinguish humans from the animals or any other element of the nature, by touching them. You can even tell whether it is a child or an adult. You can also tell whether it is a male or a female. So, there is still a way for you to survive by depending on your one sensory perception. If you are a young adult, you can still find another consensual young adult of the opposite sex, to mate with. You can gather food and water, by recognizing them in the nature with your sense of touch. So, with that one means to interact with your environment you still have a diminished form of consciousness. You’d struggle at first, but in time you’d get used to survive as primitive human beings only upon the reliance of one sensory perception.

Now comes the worst and final hit of the epidemic. One day, every human being on planet earth experiences a feeling of extreme euphoria. And followed by this global euphoria, humankind loses its last trace of sensory perception – the sense of touch. And with this loss of the only remaining sensory perception of the human species, you become completely isolated from the environment. Now you have literally no way of communicating with your external world. Just imagine, you don’t have any means to recognize even a single element of your external world, because the physical senses that construct the mind’s perception of the elements in your surroundings are not working. With the use of your motor control of the muscles, you extend your hand a little. But, because you have no sense of touch, you don’t have any idea whether you are touching anything at all or not, let alone recognizing what you are touching. If not due to accidents, (like falling off a roof, falling into a body of water, etc.) you’d soon die out of hunger and thirst, because you are neurologically incapable of interacting with the environment. It means, you are also incapable of gathering food and water.
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