	Cortical Area
	[image: image43.png]


Function
	Broca's Area

Wernicke's Area
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Images courtesy of Slice of Life.

	Prefrontal Cortex
	Problem Solving, Emotion, Complex Thought
	

	Motor Association Cortex
	Coordination of complex movement
	

	Primary Motor Cortex
	Initiation of voluntary movement
	

	Primary Somatosensory Cortex
	Receives tactile information from the body
	

	Sensory Association Area
	Processing of multisensory information
	

	Visual Association Area
	Complex processing of visual information
	

	Visual Cortex
	Detection of simple visual stimuli
	

	Wernicke's Area
	Language comprehension
	

	Auditory Association Area
	Complex processing of auditory information
	

	Auditory Cortex
	Detection of sound quality (loudness, tone)
	

	Speech Center
(Broca's Area)
	Speech production and articulation
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	Brain Structures

	Cerebral
Cortex 

Functions:

· Thought 

· Voluntary movement 

· Language 

· Reasoning 

· Perception
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The word "cortex" comes from the Latin word for "bark" (of a tree). This is because the cortex is a sheet of tissue that makes up the outer layer of the brain. The thickness of the cerebral cortex varies from 2 to 6 mm. The right and left sides of the cerebral cortex are connected by a thick band of nerve fibers called the "corpus callosum". In higher mammals like humans, the cerebral cortex looks like it has many bumps and grooves. A bump or bulge on the cortex is called a gyrus (the plural of the word gyrus is "gyri") and a groove is called a sulcus (the plural of the word sulcus is "sulci"). Lower mammals like rats and mice have very few gyri and sulci. 

	Cerebellum 

Functions:

· Movement 

· Balance 

· Posture 
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The word "cerebellum" comes from the Latin word for "little brain". The cerebellum is located behind the brain stem. In some ways, the cerebellum is a bit like the cerebral cortex: the cerebellum is divided into hemispheres and has a cortex that surrounds these hemispheres. 

	Brain stem 

Functions:

· Breathing 

· Heart Rate 

· Blood Pressure 
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The brain stem is a general term for the area of the brain between the thalamus and spinal cord. Structures within the brain stem include the medulla, pons, tectum, reticular formation and tegmentum. Some of these areas are responsible for the most basic functions of life such as breathing, heart rate and blood pressure.

	Hypothalamus 

Functions:

· Body Temperature 

· Emotions 

· Hunger 

· Thirst 

· Circadian Rhythms 
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The hypothalamus is composed of several different areas and is located at the base of the brain. It is only the size of a pea (about 1/300 of the total brain weight), but it is responsible for some very important behaviors. One important function of the hypothalamus is the control of body temperature. The hypothalamus acts as like a "thermostat" by sensing changes in body temperature and then sending out signals to adjust the temperature. For example, if you are too hot, the hypothalamus detects this and then sends out a signal to expand the capillaries in your skin. This causes blood to be cooled faster. The hypothalamus also controls the pituitary.

	Thalamus 

Functions:

· Sensory Integration 

· Motor Integration 
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The thalamus receives sensory information and relays this information to the cerebral cortex. The cerebral cortex also sends information to the thalamus which then transmits this information to other areas of the brain and spinal cord.
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	Left
Hemisphere
· Language 

· Math 

· Logic
	Cerebral Dominance

Each hemisphere of the brain is dominant for other behaviors. For example, it appears that the right brain is dominant for spatial abilities, face recognition, visual imagery and music. The left brain may be more dominant for calculations, math and logical abilities. Of course, these are generalizations and in normal people, the two hemispheres work together, are connected, and share information through the corpus callosum. Much of what we know about the right and left hemispheres comes from studies in people who have had the corpus callosum split - this surgical operation isolates most of the right hemisphere from the left hemisphere. This type of surgery is performed in patients suffering from epilepsy. The corpus callosum is cut to prevent the spread of the "epileptic seizure" from one hemisphere to the other.
	Right
Hemisphere
· Spatial abilities 

· Face recognition 

· Visual imagery 

· Music
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	Cranial Nerves
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	The cranial nerves are 12 pairs of nerves that can be seen on the ventral (bottom) surface of the brain. Some of these nerves bring information from the sense organs to the brain; other cranial nerves control muscles; other cranial nerves are connected to glands or internal organs such as the heart and lungs. 
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	Cranial Nerves

	Number
	Name
	Function
	Location

	I
	Olfactory Nerve
	Smell
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	II
	Optic Nerve
	Vision
	[image: image8.jpg]




	III
	Oculomotor Nerve
	Eye movement; pupil dilation
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	IV
	Trochlear Nerve
	Eye movement
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	V
	Trigeminal Nerve
	Somatosensory information (touch, pain) from the face and head; muscles for chewing.
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	VI
	Abducens Nerve
	Eye movement
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	VII
	Facial Nerve
	Taste (anterior 2/3 of tongue); somatosensory information from ear; controls muscles used in facial expression.
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	VIII
	Vestibulocochlear Nerve
	Hearing; balance
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	IX
	Glossopharyngeal Nerve
	Taste (posterior 1/3 of tongue); Somatosensory information from tongue, tonsil, pharynx; controls some muscles used in swallowing.
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	X
	Vagus Nerve
	Sensory, motor and autonomic functions of viscera (glands, digestion, heart rate)
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	XI
	Spinal Accessory Nerve
	Controls muscles used in head movement.
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	XII
	Hypoglossal Nerve
	Controls muscles of tongue
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	Note: the olfactory "nerve" is composed of the rootlets of olfactory hair cells in the nasal mucosa and is not visible on the ventral surface of the brain. The rootlets end in the olfactory bulb. The olfactory tract contains nerve fibers projecting out of the olfactory bulb to the brain.


Functions of the BBB

The BBB has several important functions: 

1. Protects the brain from "foreign substances" in the blood that may injure the brain. 

2. Protects the brain from hormones and neurotransmitters in the rest of the body. 

3. Maintains a constant environment for the brain. 

	General Properties of the BBB

1. Large molecules do not pass through the BBB easily. 

2. Low lipid (fat) soluble molecules do not penetrate into the brain. However, lipid soluble molecules, such as barbituate drugs, rapidly cross through into the brain. 

3. Molecules that have a high electrical charge to them are slowed.


	The BBB can be broken down by:

1. Hypertension (high blood pressure): high blood pressure opens the BBB 

2. Development: the BBB is not fully formed at birth. 

3. Hyperosmolitity: a high concentration of a substance in the blood can open the BBB. 

4. Microwaves: exposure to microwaves can open the BBB. 

5. Radiation: exposure to radiation can open the BBB. 

6. Infection: exposure to infectious agents can open the BBB. 

7. Trauma, Ischemia, Inflammation, Pressure: injury to the brain can open the BBB.
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Circumventricular Organs
There are several areas of the brain where the BBB is weak. This allows substances to cross into the brain somewhat freely. These areas are known as "circumventricular organs". Through the circumventricular organs the brain is able to monitor the makeup of the blood. The circumventricular organs include: 

Pineal body 

Secretes melatonin and neuroactive peptides. Associated with circadian rhythms. 

Neurohypophysis (posterior pituitary) 

Releases neurohormones like oxytocin and vasopressin into the blood. 

Area postrema 

"Vomiting center": when a toxic substance enters the bloodstream it will get to the area postrema and may cause the animal to throw up. In this way, the animal protects itself by eliminating the toxic substance from its stomach before more harm can be done. 

Subfornical organ 

Important for the regulation of body fluids. 

Vascular organ of the lamina terminalis 

A chemosensory area that detects peptides and other molecules. 

Median eminence 

Regulates anterior pituitary through release of neurohormones. 

	Your 3 pound (1.4 kg) brain needs a home...your skull! 

	Your brain is protected by several bones. There are eight bones that surround your brain: one frontal bone; two parietal bones, two temporal bones, one occipital bone, one sphenoid bone and one ethmoid bone. These eight bones make up the cranium. 

Another 14 bones in the face make up the entire skull. There are also 3 small bones in each ear. Also protecting your brain are 3 layers of tissue called the meninges. A few of the bones have been colored in the diagram to the right.
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	There is a large opening, called the foramen magnum, located in the back of the occipital bone. This is where the medulla ends and projects out of the skull. Smaller holes in the skull, called foramina, allow nerves and blood vessels to enter and leave the cranium. The picture on the left shows the base of the skull. 

The places in the skull where the bones come together are called sutures. These sutures are flexible in young children, but become fixed as you age. 


	The Ventricular System and CSF
(Cerebrospinal Fluid) 
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	The entire surface of central nervous system is bathed by a clear, colorless fluid called cerebrospinal fluid (CSF). The CSF is contained within a system of fluid-filled cavities called ventricles. The ventricles are shown in blue on the following midsagittal section of the brain. 


The Ventricles 
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CSF is produced mainly by a structure called the choroid plexus in the lateral, third and fourth ventricles. CSF flows from the lateral ventricle to the third ventricle through the interventricular foramen (also called the foramen of Monro). The third ventricle and fourth ventricle are connected to each other by the cerebral aqueduct (also called the Aqueduct of Sylvius). CSF then flows into the subarachnoid space through the foramina of Luschka (there are two of these) and the foramen of Magendie (only one of these). 

Absorption of the CSF into the blood stream takes place in the superior sagittal sinus through structures called arachnoid villi . When the CSF pressure is greater than the venous pressure, CSF will flow into the blood stream. However, the arachnoid villi act as "one way valves"...if the CSF pressure is less than the venous pressure, the arachnoid villi will NOT let blood pass into the ventricular system. 

	Ok..so there is CSF flowing through the ventricles...what does the CSF do? The CSF has several functions including: 

1. Protection: the CSF protects the brain from damage by "buffering" the brain. In other words, the CSF acts to cushion a blow to the head and lessen the impact. 

2. Buoyancy: because the brain is immersed in fluid, the net weight of the brain is reduced from about 1,400 gm to about 50 gm. Therefore, pressure at the base of the brain is reduced. 

3. Excretion of waste products: the one-way flow from the CSF to the blood takes potentially harmful metabolites, drugs and other substances away from the brain. 

4. Endocrine medium for the brain: the CSF serves to transport hormones to other areas of the brain. Hormones released into the CSF can be carried to remote sites of the brain where they may act. 
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Coverings (Meninges) of the Brain:

There are several layers of tissue that separate your brain from the outside world. First, there is your skin (scalp). Beneath the skin is bone (your skull). Below the skull are three special coverings called the meninges. You may have heard of the illness called meningitis. Meningitis is an infection of the meninges. 

The outer layer of the meninges is called the dura mater or just the dura. The dura is tough and thick and it can restrict the movement of the brain within the skull. This protects the brain from movements that may stretch and break brain blood vessels. 

The middle layer of the meninges is called the arachnoid. The inner layer, the one closest to the brain, is called the pia mater or just the pia. 

The Coverings of the Brain
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Here is an easy way to remember the order of the meninges: 

"The meninges PAD the brain." 

Pia; Arachnoid; Dura.

	The Blood Supply of the Brain
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Food and oxygen are carried to the brain by many blood vessels. These vessels are found on the surface of the brain and deep within the brain. The blood vessels (and nerves) enter the brain through holes in the skull called foramina (red arrows in the picture on the right). 

Although the brain is only about 2% of the total body weight in humans, it receives 15-20% of the body's blood supply. Because brain cells will die if the supply of blood which carries oxygen is stopped, the brain has top priority for the blood. Even if other organs need blood, the body attempts to supply the brain with a constant flow of blood. 


The blood brings many materials necessary for the brain to function properly. The blood also removes materials from the brain. 
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	Blood is supplied to the entire brain by 2 pairs of arteries: the internal carotid arteries and vertebral arteries. As you can see in the figure below, the right and left vertebral arteries come together at the base of the brain to form a single basilar artery. The basilar artery joins the blood supply of the internal carotid arteries in a ring at the base of the brain. This ring of arteries is called the circle of Willis. The circle of Willis provides a safety mechanism...if one of the arteries gets blocked, the "circle" will still provide the brain with blood. 
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Base of the brain 
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Only some of the vessels that exist in a real brain have been labeled.
There are two major causes of a stroke: 

· Blockage of a blood vessel (in the brain or neck) caused by: 

· a blood clot in the brain or neck (this is called a thrombosis) 

· a blood clot from somewhere else that has moved and now blocks a blood vessel in the brain or neck (this is called an embolism) 

· constriction or narrowing of an artery in the head or neck (this is called a stenosis)

· Bleeding of a blood vessel (this is called hemorrhagic stroke) 

There are several warning signs that occur with a brain attack:
Reprinted with permission from The National Institute of Neurological Disorders and Stroke 

· Sudden weakness or numbness of the face, arm, or leg on one side of the body. 

· Sudden dimness or loss of vision, particularly in one eye. 

· Sudden difficulty speaking or trouble understanding speech. 

· Sudden severe headache with no known cause. 

· Unexplained dizziness, unsteadiness, or sudden falls, especially with any of the other signs.

There are several conditions linked to stroke:
Reprinted with permission from The National Institute of Neurological Disorders and Stroke 

· High blood pressure - Eat a balanced diet, maintain a healthy weight, and exercise to reduce blood pressure. Drugs are also available. 

· Cigarette smoking - Don't start smoking and if you do smoke, quit! 

· Heart disease - Your doctor will treat your heart disease and may also prescribe medication to help prevent the formation of clots. 

· Diabetes - Treatment can delay complications that increase the risk of stroke. 

· Transient ischemic attacks - These are brief episodes of stroke's warning signs and can be treated with drugs or surgery. 

	How the Nervous System Interacts
with Other Body Systems
	[image: image32.jpg]




	All of the systems within the body interact with one another to keep an organism healthy. Although each system has specific functions, they are all interconnected and dependent on one another. The nervous system controls various organs of the body directly. The brain also receives information from many organs of the body and adjusts signals to these organs to maintain proper functioning.


	SYSTEM
	FUNCTION
	ASSOCIATED ORGANS
	INTERACTION WITH THE NERVOUS SYSTEM

	Skeletal System 
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	The skeletal system makes up the framework of the body and allows us to move when our muscles contract. It stores minerals (e.g. calcium, phosphorous) and releases them into the body when they are needed. The skeletal system also protects internal organs and produces blood cells. 
	Bones (e.g., skull, vertebrae)
	· Bones provide calcium that is essential for the proper functioning of the nervous system. 

· The skull protects the brain from injury. 

· The vertebrae protect the spinal cord from injury. 

· Sensory receptors in joints between bones send signals about body position to the brain. 

· The brain regulates the position of bones by controlling muscles. 

	Cardiovascular System 
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	The cardiovascular system delivers oxygen, hormones, nutrients and white blood cells around the body by pumping blood, and it removes waste products. 
	Heart, blood vessels
	· Endothelial cells maintain the blood-brain barrier. 

· Baroreceptors send information to the brain about blood pressure. 

· Cerebrospinal fluid drains into the venous blood supply. 

· The brain regulates heart rate and blood pressure. 

	Muscular System 

[image: image35.png]



	Different types of muscles enable motion, generate heat to maintain body temperature, move food through digestive tract and contract the heart. 
	Muscles (smooth, skeletal and cardiac muscles) 
	· Receptors in muscles provide the brain with information about body position and movement. 

· The brain controls the contraction of skeletal muscle. 

· The nervous system regulates heart rate and the speed at which food moves through the digestive tract. 

	Endocrine System 
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	The endocrine system secretes hormones into blood and other body fluids. These chemicals are important for metabolism, growth, water and mineral balance, and the response to stress. 
	Pineal body, pituitary gland, hypothalamus, thyroid, parathyroid, heart, adrenal gland, kidney, pancreas, stomach, intestines, ovary
	· Hormones provide feedback to the brain to affect neural processing. 

· Reproductive hormones affect the development of the nervous system. 

· The hypothalamus controls the pituitary gland and other endocrine glands.

	Lymphatic System 
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	The lymphatic system protects the body from infection. 
	Adenoid, tonsils, thymus, lymph nodes, spleen
	· The brain can stimulate defense mechanisms against infection.

	Respiratory System 
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	The respiratory system supplies oxygen to the blood and removes carbon dioxide.
	Lungs, larynx, pharynx, trachea, bronchi
	· The brain monitors respiratory volume and blood gas levels. 

· The brain regulates respiratory rate.

	Digestive System 
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	The digestive system stores and digests foods, transfers nutrients to the body, eliminates waste and absorbs water. 
	Stomach, esophagus, salivary glands, liver, gallbladder, pancreas, intestines
	· Digestive processes provide the building blocks for some neurotransmitters. 

· The autonomic nervous system controls the tone of the digestive tract. 

· The brain controls drinking and feeding behavior. 

· The brain controls muscles for eating and elimination. 

	Reproductive System 
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	The reproductive system is responsible for producing new life. 
	Testes, vas deferens, prostate gland, ovary, fallopian tubes, uterus, cervix
	· Reproductive hormones affect brain development and sexual behavior. 

· The brain controls mating behavior.

	Urinary System 
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	The urinary system eliminates waste products and maintains water balance and chemical balance. 
	Bladder, urethra, kidney
	· The bladder sends sensory information to the brain. 

· The brain controls urination. 

	Integumentary System 

[image: image42.png]



	The integumentary system reduces water loss, contains receptors that respond to touch, regulates body temperature, and protects the inside of the body from damage. 
	Skin, hair
	· Receptors in skin send sensory information to the brain. 

· The autonomic nervous system regulates peripheral blood flow and sweat glands. 

· Nerves control muscles connected to hair follicles.


Neurological Disorder Resources

	Alzheimer's Disease
	Aphasia
	Bell's Palsy
	Creutzfeldt-Jakob Disease

	Epilepsy
	Huntington's Disease
	Neuromuscular Disorders
	Neuro-oncology 

	Neuro-immunology
	Neuro-otology
	Pain 
	Parkinson's Disease and other movement disorders 

	Pediatric Neurology
	Phobia List
	Sleep Disorders
	Tourette Syndrome 


Tourette Syndrome Fast Facts

· The symptoms of TS generally appear before the age of 18, with the median age of onset being 7 years of age. 

· The first symptoms are usually facial tics, such as eye blinks. 

· Although there are treatments, there is as yet no cure for TS and symptoms can last throughout one's life. 

· The symptoms of TS generally decline in severity after puberty. In 20-30% of cases, the symptoms disappear entirely as the person with TS ages into their 20s. 

· People with TS have a normal life span. 

· TS does not affect a person's IQ. 

· Tics decrease in frequency and intensity during sleep. 

· TS is seen in all ethnic groups. 

· Males are affected by TS three to four times more often than females. 

· The majority of cases of TS are classified as mild, although specific symptoms and their severity vary from person to person. 

· Most people with TS are able to hold jobs and lead full lives

The brain
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