The Brain

The Control Center of the Body
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   The brain is the most important organ in the human body.  Though it is small, it can do more tasks than the most powerful computer. Hidden inside all of its curves is the miracle of being human. The adult human brain weighs about 3 pounds and is made up of grayish-pink jelly-like tissue made up of about 100 billion nerve cells or neurons, supporting-tissue cells, and blood-carrying tissues and other tissues.

   Scientists who study the brain have traditionally stuck a recording electrode into a nerve cell to see what happens. This is the basis of Neurophysiology. Newer techniques study the living brain by displaying the behavior of neurons. These neuroscientists measure the extra blood that flows to electrically active regions. And at the level below the neuron, modern genetics help reconstruct the hereditary programs that make up the cell’s operation.

Neurons
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   The nerve cells, or neurons, are the building blocks of the nervous system. They specialize in carrying messages through an electrochemical process. The human brain has about 100 billion neurons. Neurons range in size from 4 microns to 100 microns wide. Neurons are similar to others cells in that they are surrounded by a cell membrane, have a nucleus that contains genes, contain cytoplasm, mitochondria, and other organelles, and carry out basic cellular processes such as protein synthesis and energy production.
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   Each neuron consists of three parts: the cell body, axon, and dendrites. The cell body consists of a nucleus sheathed by a sticky fluid. The power of the neurons is in their axon and dendrites.  The axon is a long stem that grows out of the cell. The point where axons touch is called a synapse. It is at the synapse where neurons communicate with each other. The brain is constantly bombarded with these communications, or signals. Only the neuron’s information processing ability keeps the right signal on the right path. The dendrites of the neuron act as information receivers.

   The Italian anatomist, Camillo Golgi, was a pioneer in the field of brain research. He devised a unique stain to highlight these nerve cells.
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The Nervous System

   Billions of neurons are linked throughout the body in networks that make up the two main parts of the nervous system; the central nervous system (CNS) and the peripheral nervous system (PNS). The CNS consists of the brain and spinal cord.  The skull protects the brain, and the bones in the spine protect the spinal cord. The PNS is the network of nerves outside the brain. 

Within the PNS is the autonomic nervous system (ANS). The ANS controls many organs and muscles within the body. Mostly, we are unaware of the ANS because it works in an involuntary, reflexive manner.  The ANS is divided into three parts: the sympathetic nervous system, the  parasympathetic nervous system, and the enteric nervous system.

The sympathetic nervous system is called into action in “Fight or Flight” situations. It expends energy to increase blood pressure, causes the heart to beat faster, and slows down digestion.

The parasympathetic nervous system does the opposite of the sympathetic nervous system. It is called into action in “Rest and Digest” situations. It saves energy – blood pressure decreases, the heart beats slower, and digestion can begin.

The enteric nervous system is a meshwork of nerve fibers that innervate (supply or stimulate) the viscera (gastrointestinal tract, pancreas, and gall bladder).

The Skull

[image: image11.png]


   The skull is made up of twenty-eight bones. Eight of the bones fit together like pieces of a jigsaw puzzle. They form a strong eggshell shape that protects the brain. These bones make up the braincase, also called the cranium. The other twenty bones help shape the jaw and face.
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   Inside the skull, the brain is bathed by a clear liquid called cerebrospinal fluid. It fills a series of four cavities called ventricles located in the center of the brain. This liquid protects the inside portion of the brain from changing pressures within the brain and spinal cord tissue and carries chemical substances within the nervous system.
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   At birth, the cranium is not fully formed. The brain continues to grow until a person is seven years old. The human brain is not the biggest brain among animals; a whale’s brain is much larger. But a human brain is the biggest compared to body size.

The Membranes

   Between the brain and the skull are three protective membranes, or meninges. The toughest and thickest membrane is the outer membrane, the dura mater (“tough mother”). It is leathery and gives good support. Below it is the middle membrane, a spongy substance named the arachnoid mater (“spiderlike”). Inside the arachnoid layer is a space filled with cerebrospinal fluid that provides cushioning and supplies nutrients to the brain. The inner membrane is the pia mater (‘tender matter”). It is thinner and is made up mostly of small blood vessels and follows the bumps and wrinkles on the surface of the brain.

The Spinal Cord
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   The spinal cord is the main nerve pathway between the brain and the rest of the body. It starts from the base of the skull, just below the brainstem, and runs two-thirds of the way down the back. It is made up of gray and white matter, like the brain. The gray matter in the center of the cord contain the cell bodies of the motor neurons that pass signals to the muscles of the body. There’s a thick layer of white matter containing the nerve fibers that pass signals to and from the brain around the gray matter. Each nerve contains sensory and motor neurons. 

   White matter is the mass of closely packed axons, and makes up most of the interior of the brain, and the outside of the spinal cord. Gray matter is the part of the nerve tissue in which the bodies of the neurons are situated, and is mostly on the outside of the brain, and inside of the spinal cord.

The Spine

   The spine is made up of thirty-three separate bones, called vertebrae. The spine helps protect the spinal cord. Spinal nerves branch out between the vertebrae and travel to all parts of the body. Each of the thirty-one pairs of spinal nerves contains thousands of sensory and motor neurons. These neurons allow messages to travel from the body to the spinal cord and brain, and back again.
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   The spine also holds the skeleton together and supports the whole body. It helps us to stand up, move, and carry things. Animals with spinal cords and backbones are called vertebrates, and animals without spinal cords and backbones are called invertebrates.

Divisions of the Brain

   The brain is divided into three main parts, from the oldest to the newest (in an evolutionary sense), containing portions of the brainstem, which is the most ancient and lowest part of the brain. The brainstem is the center of the body’s autonomic, or involuntary, activities, such as breathing, heartbeat, and sleeping. The oldest part is the hindbrain, which contains two-thirds of the brainstem. The next oldest is the midbrain, which contains the other third of the brainstem. The most recent is the forebrain, composed of the cerebral hemispheres. Primitive instincts and automatic responses, developed before the evolution of human thinking and learning, are found in the hindbrain and the midbrain.
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The Hindbrain
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Less than three inches long, the lower two-thirds of the brainstem is called the hindbrain. The major components of the hindbrain are the medulla, cerebellum, pons, and the reticular activating system.

Medulla: The oblong structure at the top of the spinal cord that connects the brain to the top of the spinal cord and is the control center of the brain. It registers injury, monitors blood pressure, and activates reflexes like laughing and sneezing. As the link to the spinal cord, the medulla is the switching station for all the nerve impulses between the body and the brain. 

Cerebellum: Located at the rear of the brain and behind the pons, the cerebellum, which means “little brain”, is tucked between the cerebral hemispheres and the brainstem. By evolutionary studies, it is known as the “oldest” region of the brain. It accounts for around 1/10th of the brain’s weight, and is second in size to the cerebrum. It does not initiate action. Rather, it receives motor and sensory nerve impulses from the body, and signals the appropriate body motion, according to orders by the cerebrum in the forebrain. The cerebellum has memory storage for basic learned responses, and may even keep the emotions in harmony.

Pons: The pons, which means “bridge”, is located above the medulla. A band of nerve fibers that look like a bridge of white matter only an inch wide, hang over the medulla, connecting the lower brain regions with the higher brain regions. One-third of the cranial nerves, considered the most important nerves in the body, arch out from this point. The pons act like a relay station that passes information between the two regions of the cerebellum and between the cerebellum and the medulla. The pons also help regulate sen​sory information and facial expressions. 

Reticular Activating System: At the back of the medulla rests the reticular formation. This bundle of fibers and nerve cells is the body’s watchdog, alerting the brain of danger. Sensory signals pass through this structure. It stimulates responses from the cortex in the forebrain ranging from sleep and wakefulness, to conscious decision making.
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The Midbrain

   The midbrain is the smallest of the three parts of the brain. It is located at the top of the brainstem. No longer than a fingertip, the midbrain is a connecting station of nerve fibers and nuclei for sensory signals entering from one place and going to the next. It controls some reflex actions and is partly responsible for voluntary movements. Even elementary forms of seeing or hearing are possible in the midbrain.

The Forebrain
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   The forebrain is the most evolved and complex of the brain divisions. The Greek name for the forebrain is “prosencephalon”, which means “forward brain”.  The five main structures of the forebrain are: the limbic system, the hypothalamus, the thalamus, the basal ganglia, and the cerebrum.

   The limbic system is located right above the brainstem in the center of the brain. It comprises the sea horse-shaped hippocampus (Greek for “sea horse”), the almond-shaped amygdala (Greek for “almond”), the hypothalamus, and the thalamus. The emotions generated in the limbic system have to do with survival (“fight-or-flight urges”), and is responsible for maintaining internal stability by regulating heart rate, blood pressure, body temperature, and blood sugar levels. The limbic system differentiates warm-blooded mammals from cold-blooded creatures, because it helps the body to adjust its internal climate to the outside climate. Finally, the limbic system will go on automatic pilot to maintain vital bodily functions, with the aid of the brainstem, if the body is in a state of comatose.
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   The thalamus, which means “inner room” in Latin, is like a relay station between the spinal cord and the cerebrum. The thalamus receives messages for sensations like pain, pressure, and temperature from the sensory neurons. These messages are then sent to the cerebrum. Outgoing motor signals from the cerebral cortex are also sent to the thalamus, which are then sent to the spinal cord and to the motor neurons in the muscles. The sense receptors for taste, touch, sight, and sound send messages to the thalamus as the first stop in the brain.

   The hypothalamus is located just below the thalamus. Hypo means “under”, so hypothalamus means “under the inner room”. It is about the size of a bean and weighs only 1/300th of the brain. Though small, it is an important monitor for many functions. It keeps the body’s temperature around 98.6( Fahrenheit. It signals hunger, thirst, sleep, anger, fear, and happiness. It also controls the pituitary, or “master gland”, which regulates growth, and other important process in the body. The hypothalamus does more per unit of weight than any other part of the brain.
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   The basal ganglia, which looks like large clusters of nerve cells, assist in helping the body coordinate its physical movements. All physical activities are initiated by the basal ganglia.

The Cerebrum
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   The cerebrum, which means “brain” in Latin, fills the whole upper part of the skull, and is about nine-tenths of the whole brain. It is made up of mostly white matter, and has more nerve cells than any other part of the brain. Its higher functions are the subject of the most advanced studies in neuroscience. It controls all actions, thoughts, and memory and gives us intelligence. The cerebrum is split into a right and left half, called cerebral hemispheres.

The Hemispheres of the Brain

[image: image21.png]


   These two dome-like structures make up most of the cerebrum. The two hemispheres of the brain are linked to each other by a thick bundle of nerve fibers called the corpus callosum. Each hemisphere controls the muscles of the opposite side of the body. In most people, one side becomes more developed than the other side. For example, if you write with your right hand, then your left hemisphere is in control.

   In general, the left hemisphere is used for understanding, and controls the ability to read, speak, and do mathematical problems. The right hemisphere deals with the things that you know without having to think about them. It includes how you feel and things you imagine. It is the center of musical and artistic creation, and the ability to understand shape and form – even to have a sense of humor.

The Cerebral Cortex
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   Covering the cerebrum is a wrinkled gray surface called the cerebral cortex, or just cortex. The cortex is less than a quarter-inch thick and its total surface area is about two and a half square feet. The cortex is made up of ten to fourteen billion neurons. These neurons and cell bodies are called gray matter and gives the cerebrum a wrinkled appearance. Scientists have discovered that it is responsible for receiving, analyzing, comparing, recording, and making decisions. From the outermost to the innermost layers are the molecular layer, the external granular layer, the outer pyramidal layer, the internal granular layer, the ganglionic layer, and the multiform layer.

   Richard Restak, author of The Brain, has this to say about the cortex: “The cerebral cortex furnishes us with our most human qualities: our language, our ability to reason, to deal with symbols, and to develop a culture.” Only mammals have a true cortex, which allows more complex mental activities than reflex reactions and instincts. And only human beings have such an intricately folded cerebral surface, stretching over and around the rest of the brain. Scientists have theorized that the folding of the brain has evolved to enable an organ capable of advanced functioning to fit in an infant-size skull.

The Lobes of the Brain
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   Brain researchers have mapped some of the specialized parts of the cortex, and divide it into four regions called lobes. The four lobes are the frontal lobe, the occipital lobe, the parietal lobe, and the temporal lobe. These four lobes form the cortex. Furthermore, the lobes are designated as right or left, as each is a region of both hemispheres.
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Frontal Lobe

   The frontal lobe is located behind the forehead and is the largest of the lobes. It occupies the anterior of the cortex and is bounded posteriorly by the central fissure. It controls the ability to reason, plan, comprehend an idea or action, and adapt to new situations. It is also concerned with parts of speech and voluntary movement (motor cortex), and emotions. Some experts believe this lobe is what makes you an individual.
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Occipital Lobe

   The occipital lobe of the brain is located at the rear of each hemisphere.  "Occiput" means "back of the head". (Caput means "head".) Because it is concerned with many aspects of vision, it is often called the visual cortex. Damage to the occipital lobes can result in blindness. Scientists learned much about the occipital lobe from examining brain wounds during World Wars I and II.
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Parietal Lobe

   The parietal lobe of the brain is located at the top and rear of the brain, and is named for the bone on the side of the head. Its anterior boundary is the central fissure. It includes the postcentral gyrus. It is concerned with perception of stimuli related to touch, pressure, temperature and pain. Damage to this lobe may lead  a person to be unaware or unfamiliar with parts of their body.
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Temporal Lobe

   The temporal lobe of the brain is named for the temporal bone at the temple, just above the ear canal. Its dorsal boundary is the lateral fissure. In both hemispheres, part of the temporal lobe controls hearing. It is called the auditory cortex. Other functions of the temporal lobe are perception and recognition of auditory stimuli (hearing) and memory (hippocampus). Damage to this area can result in hallucinations, aphasia, and loss of language.

Cranial Nerves

   The cranial nerves are twelve pairs of nerves that can be seen on the ventral (bottom) surface of the brain. Some of these nerves gather information from the sense organs to the brain. Other cranial nerves control muscles, while others are connected to glands or internal organs (like the heart and lung). The cranial nerves are named below.
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	Number
	Name
	Function

	I
	Olfactory Nerve
	Smell.

	II
	Optic Nerve
	Vision.

	III
	Oculomotor Nerve
	Eye movement, Pupil dilation.

	IV
	Trochlear Nerve
	Eye movement.

	V
	Trigeminal Nerve
	Somatosensory information (touch, pain) from the face and head; muscles for chewing.

	VI
	Abducens Nerve
	Eye movement.

	VII
	Facial Nerve
	Taste (anterior 2/3 of tongue); Somatosensory information from ear; Controls muscles used in facial expression.

	VIII
	Vestibulocochlear Nerve
	Hearing and balance.

	IX
	Glossopharyngeal Nerve
	Taste (posterior 1/3 of tongue); Somatosensory information from tongue, tonsil, pharynx; Controls some muscles used in swallowing.

	X
	Vagus Nerve
	Sensory, motor and autonomic functions of viscera (glands, digestion, heart rate).

	XI
	Spinal Accessory Nerve
	Controls muscles used in head movement.

	XII
	Hypoglossal Nerve
	Controls muscles of tongue.


Memory

   In the length of a person’s life, memory is what connects that person’s childhood to their old age. Memory is the store of things you’ve seen, done, and learned. It is made up of three stages. First you feed the information you wish to remember to the brain; second is storing it there in some form; and the third stage is remembering it for later use. Two types of memory are short-term and long-term memory.

   Short-term memory is remembering something like a person’s name or phone number. The brain blocks other data entering short-term memory so that it doesn’t let that important piece of information slip while it is being thought of or rehearsed. It can last from one minute to a couple days. The brain is always deleting information and letting in information. Researchers have discovered that about six or seven pieces of information can be remembered in short-term memory. If the piece of information is practiced many times or thought about long enough, it is admitted into permanent memory. Things in long-term memory can be forgotten, but the more important the information, the less likely it will be forgotten.  One theory is that the strongest memories are those with the highest emotions, which means the hippocampus plays a role in long-term memory.
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   Long-term and short-term memory are subdivided into other groups. Procedural memory recalls information essential in the course of doing something, like driving a car. Stimulus response memory makes someone react to a stimulus by instinct, like stopping at a stop sign or red light. Event memory deals with situations, locations, and dates. Semantic memory deals with ideas, language, and facts. And abstract memory is concerned with a thing’s meaning, like knowing what a TV does. 

   Scientists believe that the area in front of the cortex deals with short-term memory, while the rest of the cortex deals with both long and short-term memory. The actual memories seem to be stored in the chemicals found in nerve cells. One theory is that a change happens in the chemicals that relay nerve impulses. Another theory is that there is a change in the cell’s internal chemistry, called RNA.
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   This image, using functional magnetic resonance imaging (fMRI), shows activity in the frontal and parietal brain areas (in orange) when a subject held a series of letters in working memory. This research was supported by The National Institute of Mental Health (NIMH).

Sleep and Dreams

   Even during the night, the brain is still working. It is still conscious of the world around it, even if the person isn’t. You may think and feel things that you remember as dreams. Researchers do not yet know why we dream. Some people think that the brain is helping us work out our troubles or it’s trying to serve as a guideline, while other people think that the brain cells are being repaired. Ancient prophets interpreted dreaming as crystal balls into the future.

   Each night, a sleeper goes through about four of five dream periods. Someone who sleeps eight hours may experience a dozen dreams or more. After falling asleep, you enter stage 1 sleep. Your eyes begin to roll from side to side while the brain shuts off what the eye records. Even if you woke up and opened your eyes, you wouldn’t see anything. Only bright lights would cause you to see something. After that, you enter stage 2. The body relaxes more and your eyes change from irregular to almost straight. This time, only a loud noise would awaken you. In stage 3, heartbeat, breathing, and blood pressure fall further, as does body temperature, and muscles become more relaxed. After 20 to 30 minutes, you enter stage 4, where you are now deeply asleep. This is the time when you might start to talk or sleepwalk.

   Over the next 30 to 40 minutes this pattern is reversed. This stage is very different than the stage that occurred at the beginning of sleep. You are about to start dreaming. This dreaming period is known as the REM period, rapid eye movement. Your brain shifts into this period every ninety minutes. Breathing becomes irregular, eyes start darting from side to side, and you start tossing and turning. Dreaming becomes more intense and you are the farthest from awakening than you would ever be during your sleep. The more rapidly your eyes flicker, the more vivid the dream is. Periods of REM sleep alternate with NREM (non-REM) in a 90-minute cycle. Your body becomes more normal and peaceful, and your eyes just begin to roll back and forth, and breathing and heartbeat slow down. The REM portion becomes longer each time, while non-REM one shortens. After the fourth or fifth period, REM sleep might last only one hour. Finally, sleep becomes shallower, and you are awake.

   The brain needs a certain amount of dreaming, just like sleep. People who do not dream one night will dream the next night until the brain reaches the satisfaction point it needs. Psychologists believe people dream of unconscious desires. In fact, Sigmund Freud, the founder of psychoanalysis, believes that much of what cannot be explained about human behavior is caused by “repressed emotions”, and that the feelings and desires that a person cannot consciously accept are released at night in dreams. However, in the view of neurologists, dreams simply have a physiological basis. Specifically, the pons of the brainstem secrete a chemical called acetylcholine that alerts the dormant cortex and activates dreaming. Another part of the brainstem, the locus coeruleus, produces another chemical, noradrenalin, which starts REM sleep. The REM sleep then allows the brain to unravel the neural nets that have been connecting throughout the day.

Diseases and Disorders of the Brain

   The brain is vulnerable to many disorders and ailments. Some disorders affect the newly-born, such as Down’s syndrome. Others occur later in life, such as Alzheimer’s disease. Sometimes brain disorders are caused by germs, injuries, or disease. 
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    Down’s syndrome is a disorder found in about one-third of all seriously mentally retarded children in America. Named after Langdon Down, an English physician, it is a genetic defect resulting from an extra chromosome in early development. A slant to the eyes, pug-shaped nose, and a large tongue and defects of the heart and lungs are some of the defects of a child born with Down’s syndrome.
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   Other newborn defects include hydrocephalus and anencephaly. Hydrocephalus is when cerebrospinal fluid is trapped inside the baby’s head, causing it to become enlarged. It can be treated, but can cause blindness, paralysis, and death if the fluid isn’t drained. Anencephaly is when a baby is born without a brain. This condition is extremely fatal. Even if these disorders are treated, mental retardation or the loss of muscle control may result. 

Alzheimer’s Disease

[image: image30.png]


   Alzheimer’s disease is the fourth leading cause of death in America, with over four million people in the United States suffering from it. Described first by Alois Alzheimer in 1909, it is part of an overall disorder called dementia. Alzheimer proved that dementia is related to specific damage in the brain. Dementia is associated with forgetfulness, lack of recall, and in the later stages, instability, paranoia, confusion, lack of body control, inability to perform simple tasks, and general helplessness. This disease is the main reason for confining the elderly to a nursing home.

   Scientists are not sure what causes Alzheimer’s, but know that filaments in the cerebral cortex and the hippocampus become twisted and tangled, and that acetylcholine, a brain chemical neurotransmitter involved in memory, also appears to be affected. Only in the last forty years have scientists begun to understand that most mental illnesses, including schizophrenia and depression, are products of biochemistry in the brain, specifically neurotransmitters, substances which help send messages between nerve cells. When these messages no longer work, a person’s moods and emotions can change.

Degenerative Diseases

Besides Alzheimer’s disease, other degenerative diseases include Parkinson’s disease, multiple sclerosis, and Huntington’s chorea. Parkinson’s disease mainly affects people between the ages of fifty and seventy-five, with as many as half a million Americans suffering from it. It causes uncontrollable trembling, handwriting becomes cramped, and the voice quavers. Multiple sclerosis (MS) affects mostly the young, where it attacks the nerves of the spinal cord, brainstem, cerebral hemispheres, and the optic nerve. It breaks down a part of the nerve cell called the myelin sheath, a fatty, soft matter that insulates the nerve fibers. Its cause is unknown, and there is no cure. Huntington’s chorea is a degeneration of the cerebrum and basal ganglia. Symptom’s include uncontrollable movements, compulsive clenching, and forgetfulness. There is no cure.

Infections

   Encephalitis and meningitis are the two main types of infections that affect the central nervous system. Encephalitis invades the brainstem, basal ganglia, and the cerebral cortex, injuring the nerve cells. Symptoms include fever, vomiting, and stiff neck and back. No cure exists, but medicine can relieve the symptoms. Meningitis afflicts the inner meningeal coverings of the brain. Symptoms include fever, intracranial pressure, and muscle spasms. The most common type is viral meningitis and is mild enough to have a duration period of only two weeks. Bacterial meningitis is more serious, and can cause a coma. Untreated, it can leave brain damage. Unlike encephalitis, all types of meningitis can be totally cured, if caught early enough.

   Other infections that affect the brain are rabies and polio. Rabies travels through the nervous system until it reaches the cerebellum, hippocampus, and the medulla. It destroys nerve cells, leaving behind Negri bodies, small trace particles. As rabies continues, it reaches a stage called hydrophobia. This is when the patient develops a very intense fear of water. The patient may even be unable to swallow saliva. Fortunately, there is a vaccine developed from duck embryos to cure this disease.

   Polio is a disease that causes wasting of muscles and paralysis.  A virus that consumed the motor neurons in the spinal cord triggered this disease. Sometimes, polio affects the heart and lungs, making patients have to spend time in a tube like machine.

Schizophrenia

   Schizophrenia is a split personality disorder. There are four sets of symptoms for schizophrenia: indecision, obsessive withdrawal, illogical associations, and inappropriate emotions. This illness affects about one percent  of the American population. The drug chlorpromazine helps in treating this illness. Chlorpromazine reduces the amount of dopamine, a neurotransmitter produced by the brain, especially in those parts close to the limbic system, known to be pivotal in creating emotions.

Depression

   Depression is another mental disorder that scientists now understand is partially hereditary. It is a chronic disorder for which there may be no external cause, and is linked to a deficiency of two vital neurotransmitters, norepinephrine and serotonin. Scientists believe these neurotransmitters break down or are not properly released in the hypothalamus and limbic system, the brain’s pleasure centers, causing mood changes. Antidepressants that increase the level of either or both of these neurotransmitters have proven effective in leveling out depression.

Tumors

   A tumor is a swelling caused by a sudden growth of cells. Benign tumors grow more slowly than malignant tumors. Malignant tumors can come about so quickly, it can kill someone in a couple of months. Most brain tumors are cancerous. An untreated tumor presses against the brain, eliminating brain cells. Most brain tumors are removed surgically.

Strokes
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   Strokes, which Hippocrates called “apoplexy”,. are the most common cause of serious physical disability in the United States and are the third largest cause of death after heart attack and cancer. Strokes occur when there is a blocking of blood supply to the brain or leaking of cerebral blood vessels. The brain doesn’t get enough oxygen and glucose, resulting in damage to the nerve cells. Victims of stroke experience dizziness, slurred speech, and usually temporary or permanent paralysis. 

   There are three types of strokes; cerebral hemorrhage, cerebral thrombosis, and cerebral embolus. A cerebral hemorrhage is when the brain’s blood vessels burst. A blood clot that causes neural damage forms when blood is being pumped to the brain tissue. A big enough stroke like this may cause unconsciousness or even death. Cerebral thrombosis is caused by blockage in one of the brain’s blood vessels, injuring a specific area of the brain and causing specific functional impairment. The third type is cerebral embolus, where a clot gets lodged in a brain blood vessel.

Epilepsy

   Epilepsy is caused by abnormal electrical discharges of the brain. Epileptic seizures can be triggered for various reasons - stress, overwork, low blood sugar, deep breathing, drinking too much water, even listening to the wrong musical notes. A person that gets an epileptic attack will fall down and their body will start shaking very hard, but while they have this attack, they do not know they are experiencing this stroke. Epilepsy is defined by the type of seizure. A petit mal seizure is less severe, where the victim may not even be aware of it. The most severe form is the grand mal, where the victim loses consciousness immediately, falls to the ground, and the body has spasms alternating between stiffness and relaxation. The tongue may be bitten, and the victim may foam at the mouth. As the neuron firing decreases, the attack slows down. 

Glossary

Acetylcholine: A neurotransmitter that carries nerve impulses across a synapse from one neuron to another or from a neuron to a muscle.

Adrenal gland: One of a pair of glands which are found near the kidneys. The adrenal glands make a substance which helps the body work faster in an emergency.

Adrenalin: A substance in the body that helps the body to react quickly to danger. Adrenalin increases the amount of blood going to the heart, muscles, and brain.

Afferent: Carrying something (like a nerve impulse) toward the central part. 
Amygdala: A part of the brain (and part of the limbic system) that is used in emotion. 

Anterior: Towards the front. 

Anterior commissure: A small fiber that connects the right and left cerebral hemispheres of the brain. 

Arachnoid: One of the three membranes that protects the brain and spinal cord.

Association cortex: Any part of the cortex in which information is analyzed, processed, or stored. 

Astroglia or astrocyte: A type of glial cell that supports neurons. 

Autonomic nervous system: Controls our life support systems that we don't consciously control, like breathing, digesting food, blood circulation, etc. 

Axon: The long extension of a neuron that carries nerve impulses away from the body of the cell. 

Axodendritic synapse: A synapse formed by contact between a presynaptic axon and a postsynaptic dendrite. 

Basal ganglia: Groups of hundreds of thousands of neurons at the base of the cerebrum and in the upper brainstem; they help control well-learned movements (like walking) and sensation. 

Blood-brain barrier: Protects the brain from chemical intrusion from the rest of the body. Blood flowing into the brain is filtered so that many harmful chemicals cannot enter the brain. 

Brain: The organ responsible for thought, memory, sensory interpretation, movement, etc. 

Brain waves: Electrical signals the brain gives off when asleep, resting, or thinking.

Brainstem or brain stem: The base of the brain, this part of the brain connects the brain's cerebrum to the spinal cord. The brain stem controls many automatic and motor functions.

Broca’s area: The area within the left frontal lobe that monitors speech production.

Cartilage: A tough material that helps support parts of the body.

CAT scan: A picture obtained by a computerized axial tomography scanner, in which a series of images are taken by weak X-rays and processed by computer to show a “slice” through the body.

Cauda equina: (meaning horse's tail) The bundle of nerve roots below the end of the spinal cord. 

Caudal: Toward the tail. 

Cell: A very small part or unit. Most living things are made of millions of cell.

Cell body (soma): The cell body of the neuron; it contains the nucleus. 

Central nervous system (CNS): The brain and spinal cord.

Central sulcus: A large groove in the brain that separates the frontal and parietal lobes.

Cerebellum: The part of the brain below the back of the cerebrum. It regulates balance, posture, movement, and muscle coordination. 

Cerebral aqueduct: The part of the ventricular system that connects the third and fourth ventricles.

Cerebral cortex: The outer layer of the cerebrum, composed of six cell layers of deeply folded and ridged gray matter. 

Cerebral hemisphere: One side of the cerebrum, the left or right side of the cerebrum. The right side of the brain controls the left side of the body, and vice versa.

Cerebrospinal fluid (CSF): A clear, watery liquid that surrounds and protects the brain and spinal cord, and is also found throughout the ventricle (brain cavities and tunnels). The CSF cushions the brain and spinal cord from jolts. This fluid circulates through the brain and the spinal canal. 

Cerebrum: The largest and most complex portion of the brain. It controls thought, learning, and many other complex activities. It is divided into the left and right cerebral hemispheres that are joined by the corpus callosum, which communicates between the two hemispheres. Each cerebral hemisphere is divided into four lobes. 

Chemical: Any substance which can change when mixed with another substance.

Choroid plexus: Vascular structures within the ventricular system that produce cerebrospinal fluid. 

Coma: A very deep unnatural sleep caused by illness or injury.

Corpus callosum: A large bundle of nerve fibers that connect the two cerebral hemispheres. 

cortex - The outer layer of the cerebrum, composed of six cell layers of deeply folded and ridged gray matter. 

Cranial nerves: 12 pairs of nerves that carry information to and from sense organs, muscles and internal organs.
Cranium: The top of the skull; it protects the brain. The cranium and the facial bones make up the skull. 

Dementia: Any kind of mental illness where the patient can no longer remember or think properly.

Dendrites: The branching structure of a neuron that receives messages. 

Depression: A feeling of sadness that does not go away.

Disk: A round, flat spongy object found between the bones in the spine.

Dorsal: On the back or upper surface. 

Dorsal root: A bundle of nerve fibers that bring information to the spinal cord. 

Down’s syndrome: A condition in which children are severely handicapped from birth.

Dura matter: A tough, translucent membrane that protects the brain and spinal cord. 

Efferent: Carrying something (like a nerve impulse) away from the central part. 

Electroencephalogram (EEG): A graphical record of the electrical activity of the brain. Electrodes are placed on the scalp to obtain this information. 

"Eloquent" brain: The parts of the brain that control the senses, speech, and motor functions. 

Encephalitis: An illness of the brain caused by germs.

Endocrine gland: Ductless glands that secrete endocrine hormones; Includes the pituitary and thyroid. 

Engram: A permanent memory trace in the brain.

Epilepsy: A disease of the brain causing someone to fall down, sometimes with violent movement.

Fibril: A very tiny fiber, or hair-like structure at the end of an axon.

Fornix: A pathway that connects the hippocampus and the mamillary bodies. 

Frontal lobe: The top, front regions of each of the cerebral hemispheres. They are used for reasoning, emotions, judgment, and voluntary movement. 

Ganglion: A group of neuron bodies (not in the brain or spinal cord).

Gland: A part of the body which makes a substance for other parts of the body to use.

Glial cells: Nerve cells that form a supporting network for the neurons in the brain. 

Gray matter: Central nervous tissue that is relatively dark in color (in contrast to white matter) because of the relatively high proportion of nerve cell nuclei present.

Gyrus (plural is gyri): These are high areas on the brain that are separated by fissures. 

Hemispheres: The two dome-like structures that make up most of the cerebrum. Also called cerebral hemispheres.

Hippocampus: A curved formation in the limbic system, thought to play a role in memory.

Hormones: Biochemical substances that are produced by specific cells, tissues, or glands in the body. Hormones regulate the growth and functions of cells and tissues in the body. A examples of a hormone is insulin, which is secreted by the pancreas. Hormones were first discovered by the British scientists William Bayliss and Ernest Starling in 1902. 

Hypothalamus: A region in the upper part of the brainstem that acts as a relay to the pituitary gland - it controls body temperature, circadian cycles, sleep, moods, hormonal body processes, hunger, and thirst. The hypothalamus is part of the limbic system and works with the pituitary gland. 

Ion: An electrically charged particle.

Impulse: The electric signal that flows through nerves.

Inferior colliculus: A structure in the midbrain that is used in hearing.

Lateral: To the side.

Left hemisphere: The left half of the cerebrum - it is the center for speech and language. In some left-handed people, however, the right hemisphere controls speech. 

Limbic system: The interconnected areas of the brain that are used in emotions and some other behaviors. 

Lobes: The four major sections of the cortex.

Mania: A mental illness which makes people act excited and sometimes violent.

Medulla oblongata: The lowest section of the brainstem (at the top end of the spinal cord); it controls automatic functions including heartbeat, breathing, swallowing, etc. 

Membrane: A thin, skin-like material that lines, protects, or connects parts of an animal or plant.

Meninges: A series of three protective membranes (the dura matter, the arachnoid, and the pia) that cover the brain and the spinal cord. 

Meningitis: Inflammation and swelling of the meninges, often caused by germs such as bacteria or viruses. In severe causes it can be fatal.

Mental illness: Any illness of the mind.

Microglia: A type of glial cell in the CNS.

Midbrain (mesencephalon): A middle area of the brainstem that contains many important nerves (including the origins of the third and fourth cranial nerves which control eye movement and eyelid opening). 

Mind: The part of the brain that thinks, remembers, and solves problems.

Motor cortex: The part of both frontal lobes of the brain that controls voluntary muscle movements. 

Motoneurons (multipolar neurons): Neurons responsible for movement - the cell bodies of these neurons are located within the brain or spinal cord and the axons are located in muscle fibers 

Muscle: A type of material in the body which can shorten itself to produce movement.

Myelin: A fatty substance that covers axons and dendrites. 

Myelin sheath: A fatty substance that surrounds and protects some nerve fibers. 

Nerve: A tiny “cable” which passes messages between all parts of the body and the brain.

Nerve fiber: Structures of a neuron, aside from the cell body. Nerve fibers are things like dendrites and axons.

Nervous system: A network of nerves, the spinal cord and the brain that controls the body.

Neuroglia: Connective or supporting tissues of the nervous system. 

Neuron: A nerve cell. Neurons have specialized projections (dendrites and axons) and communicate with each other via an electrochemical process. 

Neuroscience: The study of the brain and the nervous system. 

Neurosurgeon: aAdoctor who specializes in operating on the brain, spinal cord, or nerves.

Neurotransmitters: Chemicals that transmit nerve impulses between neurons. Some neurotransmitters include acetylcholine, dopamine, endorphin, epinephrine, serotonin, and histamine. 

NMR scan: A picture obtained by a nuclear magnetic resonance scanner (also called nuclear imaging), showing the structure and level of chemical activity in certain parts of the body.

Node of Ranvier: One of the many gaps in the myelin sheath - this is where the action potential occurs during saltatory conduction along the axon.

NREM sleep: The stages of sleep as it deepens and brain activity and bodily processes decline.

Nucleus: The organelle in the cell body of the neuron (and all cells) that contains the genetic material of the cell (DNA in chromosomes). It is where DNA (deoxyribonucleic acid) replicates itself, and where RNA (ribonucleic acid) is made. 

Occipital lobe: The region at the back of each cerebral hemisphere that contains the centers of vision and reading ability. 

Optic chiasm: Controls vision and the optic nerve. It is the area in the front of the brain where the optic nerves cross one another. 

Optic nerve: The main nerve leading from the eye to the brain. Optic means “of the eye.”

Organ: A part of the body which has a particular job, such as the brain or the stomach.

Paleoneuroloy: The study of fossils brains (from brain casts, called endocasts). 

Parasympathetic nervous system: Part of the autonomic nervous system which influences the pupil of the eye, pulse rate, breathing, and digestion. Its action is opposite to the Sympathetic nervous system.

Parietal lobe: The middle lobe of each cerebral hemisphere between the frontal and occipital lobes; it contains important sensory centers. 

Parkinson’s disease: An illness affecting nerve cells in the brain.

Peripheral nervous system: The part of the nervous system that includes the cranial nerves and the spinal nerves. 

Pia: The innermost layer of the meninges. It is adjacent to the surface of the brain and the arachnoid. 

Pineal body: A pinecone-shaped gland-like structure located in the brain. It produces melanin and influences the onset of puberty. 

Pituitary gland: A gland attached to the base of the brain that secretes hormones. 

Plexus: A network of nerves or veins.

Pons: The part of the brainstem that joins the hemispheres of the cerebellum and connects the cerebrum with the cerebellum. It is where the four pairs of cranial nerves originate: the fifth (facial sensation); the sixth (eye movement); the seventh (taste, facial expression, eyelid closure); and the eighth (hearing and balance).

Posterior: Towards the back.

Posterior fossa: The part of the skull that contains the brain stem and the cerebellum. 

Proprioception: The response to internal stimuli. 

Pseudounipolar cells: A type of neuron that has two axons (instead of one axon and one dendrite). One axon is oriented towards the spinal cord, the other axon is oriented toward either skin or muscle. 

Psychiatry: The study of and treatment of illnesses of the mind.

Psychology: The study of the human mind and behavior.

Psychotherapy: A treatment for illnesses of the mind which studies a person’s behavior by talking with the person.

Receptor: Something which receives information.

Reflex: An action you do without thinking about it first.

REM (rapid eye movement) sleep: A stage during which the eyes flicker back and forth under closed lids, and dreams are thought to occur.

Reticular formation: A network of nerve cells in the brainstem that are involved in maintaining sleep or wakefulness. Also known as the reticular activating system or RAS.

Right hemisphere: The right half of the cerebrum - it processes visual information. 

Schizophrenia: A mental illness in which people cannot always tell what is real or imaginary.

Schwann's cells: Cells that produce myelin.

Sense: One of the natural powers which help a creature to be aware of its surroundings. The five human senses are sight, hearing, touch, smell, and taste.

Sensory cortex: Any part of the brain that receives messages from a sense organ (like the eyes, nose, tongue, or ears) or messages of touch and temperature from anywhere in the body. 

sensory neuron (bipolar neuron) - an afferent nerve cell that carries sensory information (like sound, touch, taste, smell, or sight) to the central nervous system. 

Skull: The bones that comprise the head. 

Soma: see cell body.

Somatosensory cortex: An area of the sensory cortex in the parietal lobes that receives messages of touch, temperature, and certain other bodily sensations. 

Spinal cord: A thick bundle of nerve fibers that runs from the base of the brain to the hip area, running through the spine (vertebrae). 

Spine: The line of bones that go down the middle of the back of all vertebrates and supports the body.

Split brain: The surgical separation of the brain into independent left and right cerebral hemispheres.

Stroke: When the supply of oxygen to the brain becomes blocked, it results in a very sudden loss of movement and feeling, usually on one side of the body.

Stereognosis: The appreciation of form through touch.

Sulcus (plural sulci): A long groove on the surface of the brain.

Suprachiasmatic nucleus: The area of the hypothalamus that controls circadian rhythms (day and night cycles and the biological clock) and reproduction cycles. 

Sympathetic nervous system: Part of the autonomic nervous system influencing pulse rate, breathing, and other functions. Its actions are opposite the parasympathetic nervouse system.

Synapse: A structure where an impulse passes from one neuron to another across a gap. 

Tactile sensation: The sense of touch.

Tectum: The dorsal (top) portion of the midbrain (mesencephalon).

Tegmentum: Ventral (bottom) part of the midbrain (mesencephalon).

Temporal lobe: The region at the lower side of each cerebral hemisphere; contains centers of hearing and memory. 

Thalamus: A small structure at the top of the brainstem that serves as a relay center for sensory information, pain, attention, and alertness. 

Thyroid gland: The part of the body which sends out substances to control how the body uses energy. The thyroid gland is at the front of the neck.

Tumor: A growth in the body in which healthy cells are destroyed by unhealty ones.

Ventral: Lower or underneath.

Ventricle: Four small hollow spaces in the brain that are filled with cerebrospinal fluid - they contain the choroid plexus, which produce cerebrospinal fluid (CSF). 

Vertebra (plural vertebrae): One of many small bones that make up the spine. The spinal cord runs through the vertebrae. 

Viscera: Organs in the body.

Wernicke’s area: A specific part of the left hemisphere specialized in the understanding of speech.

White matter: Heavily myelinated central nervous tissue that is light in color (in contrast to gray matter) - it consists mostly of axons covered with the insulating lipid-protein sheath myelin. 

X-ray: A light ray we cannot see which can be used to photograph the inside of the body from the outside.
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