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Story: Ryan B with seizures
· Had seizures that kept getting worse
· Was put on more medication but disrupted his ability to concentrate
· Had seizure focus surgery to remove the scar tissue of his brain that caused him to have the seizures
· Had to be awake and his skull opened up
· Dr stimulated parts of the brain around and caused them to stop functioning temporarily with a metal probe delivering an electrical current, to see what they did so that they didn't by accident remove important areas
· Operation was successful and stopped his seizures!
 
Basic Features of the Nervous System
 
· Directions in the nervous system are described relative to the neuraxis = an imaginary line drawn through the center of the length of the central nervous system from the bottom of the spinal cord to the front of the forebrain
· An alligator has a straight neuraxis
· Anterior = located near or toward the head. Front end
· Posterior = located near or toward the tail
· Rostral = toward the beak = in a direction along the neuraxis toward the front of the face. Referred specifically to the brain. Same in a person or alligator as anterior
· Caudal = toward the tail = in a direction along the neuraxis away from the front of the face. Referred specifically to the brain. Same in a person or alligator as posterior
· Dorsal = toward the back = in a direction perpendicular to the neuraxis toward the top of the head or back 
· Ventral = toward the belly = in a direction perpendicular to the neuraxis toward the bottom of the skull or the front surface of the body
· Directions more complicated in humans: because we stand upright, our neuraxis bends so the top of the head is perpendicular to the back 
· Superior = located above the inferior 
· Lateral = toward the side of the body, away from the middle
· Medial = toward the middle of the body, away from the side
· Ipsilateral = refers to the same side of the body. Ex: olfactory bulb sends signals to the ipsilateral hemisphere means the left olfactory bulb sends signals to the left hemisphere
· Contralateral = refers to structures on the opposite side of the body. Ex: particular region of the left cerebral cortex controls movements of the contralateral hand means that the region controls the movements of the right hand
· To see what's in the nervous system we cut it open in a standard way so that it conveys information about what we find. We slice it in 3 ways:
1. Frontal section = when we slice transversely like a salami giving these cross sections
· Because we are upright, transverse sections of the spinal cord are parallel to the ground 
1. Horizontal section = parallel to the ground 
1. Saggittal section = perpendicular to the ground and parallel to the neuraxis. Midsaggittal plane = a saggittal section that divides the brain into 2 symmetrical halves 
 
An Overview
 
· Central Nervous System (CNS) = brain and spinal cord
· Encased in bone: brain covered by skull and spinal cord in vertebral column 
· Brain cells are neurons, glia cells, and other supporting cells
· Brain is the most protected organ of the body in a tough, bony skull and floating in cerebrospinal fluid
· Brain receives a lot of blood and is protected by the blood-brain barrier
· Brain continuously receives 20% of blood flow from the heart: whereas other parts of the body like skeletal muscles or digestive system, receive varying amount of blood depending on how much they need it in relation to other regions
· Brain can't store its fuel (mostly glucose) and can't temporarily extract energy without oxygen, like muscles can, so continuous blood flow is needed
· 1 second interruption of the blood flow to the brain uses up much of the dissolved oxygen and a 6 second interruption renders you unconscious. Permanent damage begins within a few mins
· Peripheral Nervous System (PSN) = cranial nerves, spinal nerves, and peripheral ganglia 
 
Meninges
 
· The entire nervous system, CNS+PNS, is covered by tough connective tissue
· The protective covering around the brain and spinal cord (CNS) are meninges = the 3 layers of tissue that encase the central nervous system: the dura mater, the arachnoid membrane, and pia mater
· Dura mater = "hard mother" = outer layer that is thick, tough, and flexible but unstretchable
· Arachnoid membrane = middle layer of meninges= name from weblike appearance of arachnoid. It is soft and spongy
· Pia mater = "pious mother" = closely attached to the brain and spinal cord. Contains the smaller surface blood vessels of the brain and spinal cord. Thin and delicate
· Subarachnoid space = located between the pia mater and arachnoid membrane. A gap. Filled with cerebrospinal fluid. Cushions the brain
· Cerebrospinal fluid = a clear fluid like blood plasma, that fills the ventricular system of the brain and the subarachnoid space surrounding the brain and spinal cord
· The peripheral nervous system is covered with 2 layers of meninges: has no arahcnoid membrane with subarachnoid space. Instead, the dura mater and pia mater fuse to form a sheath that covers the spinal and cranial nerves and the peripheral ganglia 
 
The Ventricular System and Production of CSF
 
· The brain is soft and jellylike
· Brain weighs 1400g and is delicately constructed so that it is protected from shock
· A human brain can't even support its own weight well: it is hard to remove and handle a fresh brain from a recently dead person without damaging it
· Brain is well protected: floats in pool of CSF contained in the subarachnoid space and because immersed in liquid, its net weight is reduced to 80g (you know how things are lighter to carry in water)--> so the pressure on the base of the brain is diminished
· CSF surrounding brain and spinal cord also reduces the shock to the CNS that would be caused by sudden head movements
· The brain contains a bunch of hollow, interconnected chambers filled with CSF called ventricles = little bellies
· Lateral ventricle = counts as first and second ventricles. one of the 2 ventricles located in the center of the telencephalon. Largest chambers and connected to third ventricle
· Third ventricle = located in the center of the diencephalon. Located at the midline of the brain and its walls divide the surrounding part of the brain into symmetrical halves. Massa intermedia crosses through the middle of the third ventricle and serves as a reference point
· Cerebral aquaduct = long tube that connects the third and fourth ventricles. Located in center of mesencephalon
· Fourth ventricle = ventricle located between cerebellum and dorsal pons in the center of the mesencephalon
· Choroid plexus = makes CSF. Has rich blood supply and highly vascular tissue. Protrudes into all 4 ventricles 
· Total volume of CSF is 125 mL
· CSF is produced continuously: the half life, time it takes for half of the CSF in the ventricular system to be completely replaced, is 3 hours
· This shows that several times the 125 mL is produced each day
· CSF is produced by the choroid plexus of the lateral ventricles --> flows into the third ventricle where more CSF is produced by its choroid plexus--> cerebral aqueduct--> fourth ventricle where more CSF is produced by its choroid plexus--> leaves through small openings that connect with the subarachnoid space surrounding brain--> flows through subarachnoid space around central nervous system--> reabsorbed into the blood supply through the arachnoid granulations = small projections of arachnoid membrane through the dura mater into the superior sagittal sinus
· Superior sagittal sinus = a venous sinus located in the midline just dorsal to the corpus callosum between the 2 cerebral hemispheres. Drains into the veins serving the brain
· Interrupting the flow of CSF: Ex: If it grows in the midbrain it may push against the cerebral aqueduct blocking its flow or infant may be born with cerebral aqueduct that's too small. Occlusion results in greatly increased pressure in ventricles because the choroid plexus continues to produce CSF. The walls of the ventricles then expand and produce a condition called obstructive hydrocephalus. If nothing's done to fix it, the blood vessels will be occluded and permanent and maybe fatal brain damage will occur 
· To fix it: a brain surgeon can drill a hole through the skull and insert a shunt tube into one of the ventricles. It's placed beneath the skin and connected to a pressure relief valve that is implanted in the abdominal cavity: the CSF escapes into the abdomen where it is reabsorbed into the blood supply
 
The Central Nervous System
 
Development of the Central Nervous System
 
· Central nervous system develops early as a hollow tube and maintains this shape even after fully developed
· During development: parts of the tube elongate, pockets and folds form, and the tissue around the tube thickens until the brain reaches its final form
 
An Overview of Brain Development
 
· 18th day after conception: development of the nervous system begins. Part of the ectoderm (outer layer) of the back of the embryo thickens and forms a plate--> edges of the plate form ridges that curl inward along a longitudinal line running in a rostral-caudal direction
· 21st day after conception: ridges touch each other and fuse together forming the neural tube = hollow tube, closed at the rostral end, that forms from the ectodermal tissue early in embryonic development. Origin of the nervous system: brain and spinal cord
· The top part of the ridges break way from the neural tube and become the ganglia of the autonomic nervous system
· 28th day after conception: neural tube is closed and rostral end contains 3 interconnected chambers. These become ventricles and the tissue that surrounds them become the 3 major parts of the brain: the forebrain midbrain, and the hindbrain
· As development proceeds, the rostral-most end  (forebrain) divides into 3: become the 2 lateral ventricles + the third ventricle
· The region around the lateral ventricles becomes the telencephalon = "end brain" and the region around the third ventricle becomes the diencephalon = "inter brain"
· In its final form, the chamber inside the midbrain (mesencephalon) becomes narrow forming the cerebral aqueduct and 2 structures develop in the hindbrain: the metencephalon = "afterbrain" and the myelencephalon = "marrow brain"
 
Details of Brain Development
 
· Where do cells come from and what controls their growth?
· Most is known about the cerebral cortex
· Cortex = "bark" (tree)
· Cerebral cortex = the outermost layer of gray matter of the cerebral hemisphere. 3mm thick and surrounds cerebral hemispheres like bark of tree. Larger in humans than in any other species
· Ventricular zone = a layer of cells that line the inside of the neural tube contains progenitor cells that divide and give rise to cells of the central nervous system
· Cerebral cortex develops from inside, out!: the first cells produced in the ventricular zone migrate a little distance and establish the first, deepest layer. The next wave of new cells pass through the first layer and form the second.... Until all 6 layers of the cerebral cortex are laid down. The last cells to be produced must pass through all the ones born before them 
· Progenitor cells = "direct ancestor of a line of descendants" = cells in ventricular zone that give rise toe the cells of the brain 
 
First phase of development
· Symmetrical division = progenitor cells divide, making 2 identical progenitor cells and increasing the size of the ventricular zone
 
Second phase: 7 weeks after conception
· Asymmetrical division = progenitor cells form 2 different kinds of cells as they divide: another progenitor and a brain cell
· Radial glia = first brain cells produced through asymmetrical division. Their cell bodies remain in the ventricular zone but their fibers extend outward and end in cuplike feet that attach to the pia mater located at the outer surface of what becomes the cerebral cortex 
· As the cortex becomes thicker: glia fibers grow longer and stay connected to pia mater
· Cajal-Retzius (C-R) cells = next set of cells produced by asymmetrical division. Establish themselves in a layer near the terminals of the radial glia just inside the pia mater
· Second set of neurons is produced and forms a layer just beneath the C-R cells: these neurons make up the first and innermost layer of the 6 layers total of the cerebral cortex
· As neurogenesis continues: the cells leave the ventricular zone--> pass the first layer of neurons, and establish themselves just inside the layer of C-R cells. Each wave travles past the neurons that were born previously and establishes themselves on top of the previous layer
· Radial glial cells guide the travel of the newly produced neurons: neurons crawl along the radial fibers like amoebas--> push their way through neurons that were born earlier--> come to rest against the layer of C-R cells 
· Chemicals secreted from the C-Rs detach the neurons from the radial glia fibers and allow them to establish themselves in the outtermost layer of the cortex
· Asymmetrical division period lasts 3 months: cerebral cortex contains 100 billion neurons and 1 billion neurons migrate each day. The migration path of the earliest neurons is the shortest and takes 1 day. The outermost layer takes 2 weeks 
 
End
· The end of cortical development happens when the progenitor cells receive a chemical signal that causes them to die = apoptosis (go pop! And die) : molecules of the hemical that conveys this signal bind with receptors that activate killer genes within the cells. NOTE: all cells have the killer genes but not all have the receptors that respond to the chemical signals that turn them on. Some radial glia undergo apoptosis also, but many are transformed into astrocytes or neurons
 
Forming Synaptic Connections:
· Once neurons are in their final places, they start forming connections with other neurons: grow dendrites and axons
· Neurons also can extend their dendrites and axons laterally: connecting adjacent columns of neurons or neurons that are far from each other
· Once growing ends of axons reach their targets, they form a bunch of branches --> the branches find free space on the membrane of a type of postsynaptic cell--> groww a terminal button--> establishes a synaptic connection
· Different types of cells/different parts of a cell, secrete difference chemicals which attract different types of axons 
· Connections also depend on postsynaptic neuron: this cell must contribute its parts to the synapse, including postsynaptic receptors
· Ventricular zone produces many more neurons than needed and they compete to survive: 50% of axons of these neurons don't find a vacant postsynaptic cell of their type so they can't form a synaptic connection and die by apoptosis: when a presynaptic neuron makes a synaptic connection, it receives a signal from the postsynaptic neuron allowing it to live
· This seems wasteful, but apparently the best way was to produce too much of the cells and let them compete instead of just producing the right amount of cells
 
Specialized Areas:
· Different regions receive different inputs, contain different types of circuits and have different outputs. What controls this?
· Some is programmed genetically: neurons produced by asymmetrical division of progenitor cells all follow a particular radial glial fiber and end up in the same column. So if progenitor cells in different areas of the ventricular zone are different, then the neurons they produce will carry these differences and be grouped together by similarity
· Kurbitzer: a particular region's specialization can be due to the axons that are the input to that region. Used opossums because they are bron during an early stage of brain developemtn: removed some of the cerebral cortex of an oposum before the cortex received input from the thalamus. After brain development was complete, they used microelectrodes to record the activity of neurons in various regions and examined their neural circuitry. RESULTS: found all the regions were present but there were squeezed into the available space. So the growth of axons from thalamus to particular regions of the cerebral cortex affects the development of the cortical regions that they served.
· Experience also affects brain development: Ex: stereopsis. If an infant is born with eyes that don't move together properly- that are not direted to the same place in the environment or the eyes are crossed- the infant never develops stereoscopic vision because it hasn't view objects with both eyes. This happens even if the eyes are later corrected by surgery on the eye muscles. This occurs between 1-3 years old. 
· Evidence that neural rewiring can be accomplished in the adult brain. Ex: after a person's arm has been amputated, the region of the cerebral cortex that was previously responsible for sensory info from that missing part, soon begins to shift analyzing to the stump of the arm or the trunk or the face. These places therefore become more sensitive than before. Ex: musician who play stringed instruments have a larger cortical region devoted to left hand than most people. Blind people who read Braille have enlargement of feeling on their fingers. 
· The adult brain can undergo neurogenesis: it contains stem cells that are like progenitor cells that can divide and produce neurons
· Detection of newly produced cells is used by using a radioactive form of one of the nucleotide bases of the DNA that is needed for neurogenesis: the next day, the brains are removed and found neurogenesis occurs in 2 parts of the brain: hippocampus- involved in learning, and olfactory bulb- for smell
· So exposure to new odours can increase the survival rate of new neurons in olfactory bulbs and training on a learning task can enhance neurogenesis in the hippocampus 
· Depression or exposure to stress can  also suppress neurogenesis in the hippocampus and drugs that reduce stress and depression can reinstate neurogenesis
· No evidence that growth of new neurons can repair the effects of brain damage
 
Evolution of the Human Brain
 
· Early vertebrate brains were smaller and less complex than those of later animals: evolution made brains more complex and more interconnections 
· Genetic duplication over evolutionary time
· Lewis: most of the genes a species has perform important funtions. If a mutation causes one of the genes to do something different, then the animal might not survive. However genes sometimes duplicate themselves so that if they occur with cells that make up ova or sperm, then the duplication can be passed on to further generations. This means the offspring will have one of the original genes to perform the important function and the other to experiment with. Mutation in an extra gene still keeps old gene and the important function is still there. 
· Human brain larger than any other large animal when corrected for body size, more than 3 times larger than that of chimpanzee: what types of genetic info is required for a large brain?
· Rakic: ultimate size of the brain is determined by the size of the ventricular zone. Each symmetrical division doubles the number of progenitor cells and doubles the size of the brain. Human brain ten times larger than rhesus monkey: between 3 and 4 additional divisions could account for this. Stage of symmetrical division is 2 days longer in humans which is enough time for 3 more divisions.
· Period of asymmetrical division is also longer which accounts for the human cortex being 15% thicker 
· So delay in stop time of symmetrical and asymmetrical divisions can cause an increased size of the human brain: maybe caused by mutations of genes that control timing of braing development 
· Other factor that controls brain size: protein called B-catenin involved in regulation of cell division and tissue growth. Controls symmetrical division. 
· Chenn and Walsh: experiment resulted in higher levels of B-catenin in neural progenitor cells in mouse fetuses. More progenitor cells--> larger brains and larger heads to accommodate them. Developed complex convolutions (like brain designs). Interfering with B-catenin signaling in the ventricular zone led to small cerebral cortex. Maybe mutations in human genome led to larger brains by affecting production of B-catenin levels 
 
The Forebrain
 
· Forebrain = most rostral of the 3 major divisions of the brain. Contains telencephalon and diencephalon
 
1. Telencephalon
 
1. Telencephalon contains most of the 2 symmetrical cerebral hemispheres = 2 major portions of the forebrain, covered by cerebral cortex and make up the cerebrum. Contain limbic system and basal ganglia which are in the subcortical regions = located within the brain beneath the cerebral cortex
 
Cerebral Cortex
 
1. Surrounds the cerebral hemispheres like the bark of a tree
1. Very convoluted! These convolutions consist of sulci = small grooves, fissures = large grooves, and gyri = bulges between adjacent sulci or fissures. They all enlarge the  surface area of the cortex compared to a smooth brain of the same size
1. 2/3 of the surface of the cortex is hidden in the grooves so triples the area of the cerebral cortex: total surface area is 2360 cm2 and 3mm thick
1. Cerebral cortex consists mostly of glia and cell bodies, dendrites, and interconnecting axons of neurons. Because mostly cell bodies = gray matter
1. Beneath the cerebral cortex, mostly axons that connect the neurons with myelin that's opaque = white matter 
1. 3 areas of the cerebral cortex receive information from sensory organs: 
1. primary visual cortex : receives visual information. located at back of brain region of the posterior occipital lobe on the inner surfaces of the cerebral hemispheres. Primarily on the upper and lower banks of the calcarine fissure = located in occipital lobe on medial surface of brain 
1. Primary auditory cortex : receives auditory information. Located on the lower surface of the lateral fissure = deep fissure in the side of the brain (that prominent one in temporal lobe). 
1. Primary somatosensory cortex : receives information from the body senses. vertical strip of cortex just caudal to the central sulcus = the sulcus that separates the frontal lobe from parietal
· The base of the somatosensory cortex and the insular cortex = sunken region of the cerebral cortex that is normally covered by the rostral superior temporal lobe and caudal inferior frontal lobe, receive taste information
· Sensory information from the body or environment is sent to the primary sensory cortex of the contralateral hemisphere except in the case of olfaction and gustation (taste): so the primary somatosensory cortex of the left hemisphere learns what the right hand is doing and the left primary visual cortex learns what is happening toward the person's right
· Primary motor cortex = region of the cerebral cortex most involved in the control of movement. Located just in front (rostral) of the primary somatosensory cortex in the region of the posterior frontal lobe. Neurons in different parts of the primary motor cortex are connected to muscles in different parts of the body. Contralateral connections! The left primary motor cortex controls the right side of the body. If this cortex is stimulated with an electrical current it will result in movement of a particular part of the body. Compared to keyboard with each key controlling a different movement
· So cerebral cortex is made up of primary sensory regions (the 3) + the motor cortex + the rest accomplishes what is done between sensation and action: perceiving, learning and remembering, planning, and acting--> these processes take place in association areas 
· Rostral region: involved in movement-related activities like planning and executing behaviours
· Caudal region: perceiving and learning
· Cerebral cortex divided into 4 areas/lobes named for bones of the skull that cover them. Brain contains 2 of each lobe:
1. Frontal lobe =  the front = includes everything in front of the central sulcus. Anterior portion rostral to the parietal lobe and dorsal to the temporal lobe
1. Parietal lobe = the wall = caudal to the frontal lobe and dorsal to the temporal lobe
1. Temporal lobe = the temple = juts forward from the base of the brain, ventral to the frontal and parietal lobes
1. Occipital lobe = in back of the head = lies at the back of the brain, caudal to parietal and temporal lobes
· Each primary sensory area of the cerebral cortex sneds information to adjacent  regions called the sensory association cortex : neurons in these cortices analyze the info received from the primary sensory cortex and so perception takes place and memories are stored there
· The region closest to the sensory association cortex is where it receives its information from. Ex: the region closest to the primary visual cortex analyzes visual information and stores visual memores 
· Sensory association cortex regions located far from the primary sensory areas receive information from more than one sensory system so are involved in different kinds of perceptions and memories. Integrate info from more than one sensory system 
 
Damages:
· If people have damage to the somatosensory association cortex, their damage will be related to somatosensation and to the environment in general like might have difficulty perceiving the shapes of objects when told to touch only without seeing. They might be  unable to name parts of their bodies or not be able to draw maps or follow them
· Damage to the primary visual cortex = blindness. But if they have damage to their visual association cortex only, they won't become blind but will be unable to recognize objects by sight 
· Damage to auditory association cortex have difficulty perceiving speech or producing speech 
· People with damage to regions of the association cortex that connects the 3 posterior lobes where the somatosensory, visual, and auditory systems overlap--> have difficulty reading or writing
 
Story: Bus driver stroke
· Passenger asked the driver a question and he just couldn't understand
· Tried to answer him but could tell on the look of the passenger's face that he wasn't making sense
· Tried to tell everyone to get him help but couldn't say anything: they understood something was wrong
· Had a stroke caused by rupture of blood vessels in the brain that damaged left parietal lobe
· "show me your hand" " my hand... My hand...": touched his forearm
· Could understand what they were asking and could repeat the names of the body parts but couldn't name them
· Autotopagnosia = "poor knowledge of one's own topography"
· Parietal lobes are involved with space: right with external and left with body's personal space 
 
· Frontal association cortex involved in planning and execution of movements
· Motor association cortex (premotor cortex)  = just rostral to primary motor cortex. Controls the primary motor cortex so directly controls behaviour. Piano player of the primary motor
· Prefrontal cortex = the rest of the frontal lobe rostral to the premotor cortex. More involved with formulating plans and strategies
· 2 cerebral hemispheres cooperate but do NOT perform the same functions. some are lateralized = located primarily on one side of the brain
· Left hemisphere: analysis of information, extraction of the elements that make up the whole of an experience. Recognizes serial events that occur one after the other. Ex: verbal activities like talking, understanding the speech of others, reading and writing. Controls sequences of behaviour 
· Right hemisphere: synthesis - puts elements together to perceive things as whole. Ex: ability to draw sketches, read maps, and construct complex objects out of smaller elements
· We are not aware that each hemisphere perceives the world differently: 2 hemispheres do almost same things, our perceptions and memories are unified
· Corpus callosum = large bundle of axons that interconnects corresponding regions of the association cortex on each side of the brain. Because of it, each region of the association cortex knows what's happening in the corresponding region of the opposite side. Also makes some asymmetrical connections that link different regions together
· Neocortex = the cerebral cortex tat covers most of the surface of the cerebral hemispheres including the frontal, parietal, occipital, and temporal lobes. Newest cortex
· Limbic system = another form of cerebral cortex. Locaed around medial edge of the cerebral hemispheres. Border
· Cingulate gyrus = important region of limbic cortex. Just above corpus callosum lining along lateral walls of the groove separating the cerebral hemisphers
 
Limbic System
 
· Papez: a set of interconnected brain structures formed a circuit primarily for motivation and emotion. Includes limbic cortex and interconnected structures surrounding the core of the forebrain
· MacLean : expanded and coined the term limbic system 
Parts of limbic system:
· Hippocampus = forebrain structure of the temporal lobe. Important for limbic system
· Amygdala = almond = located next to the lateral ventrical in the temporal lobe. 
· Fornix = arch = fiber bundle that connects the hippocampus with other parts of the brain including the mammillary bodies of the hypothalamus; part of limbic system
· Mammillary bodies = protrusions on the base of the brain that contain parts of the hypothalamus 
· MacLean also noted: with developement of this simple form of cerebral cortex came development of emotions: hippocampal formation is involved in memory. Amygdala and some regions of limbic system involved specifically involved with emotions, feelings and expressions, emotional memories, and recognition of emotion on others
 
Basal Ganglia
 
· Basal ganglia = collection of subcortical nuclei in forebrain that lie beneath anterior partion of lateral ventricles
· Nuclei = groups of neurons of similar shape 
Parts of basal ganglia:
1. Caudate nucleus = nucleus with a tail
1. Putamen = shell 
1. Globus pallidus = pale globe 
· Involved in control of movement
· Parkinson's disease: degeneration of neurons located in midbrain that send axons to caudate nucleus and putamen. Symptoms are weakness, rigid limbs, poor balance, hard to move
 
1. Diencephalon
 
· Diencephalon = region of forebrain surrounding the third ventricle includes thalamus and hypothalamus 
 
Thalamus
 
· Thalamus = largest part of diencephalon. Dorsal part of it. Located near the middle of the cerebral hemispheres. Medial and caudal to basal ganglia. 2 lobes connected by the bridge, massa intermedia, which pierces the middle of the third ventricle
· Massa can be absent in some people. Serves as reference point
· Most neural input to the cerebral cortex is received from thalamus 
· Projection fibers = sets of axons that have cell bodies located in one region of the brain and synapse on neurons located in another region
· Thalamus divided into nuclei. Some of these receive sensory info from the sensory systems and relay the info to specific sensory projection areas of the cerebral cortex 
· Lateral geniculate nucleus (LGN) = group of cell bodies in lateral geniculate body of thalamus that receives fibers from retina and projects to primary visual cortex 
· Medial geniculate nucleus (MGN) = groups of cell bodies in medial geniculate body of thalamus that receives fibers from auditory system and projects to primary auditory cortex
· Ventrolateral nucleus = doesn't relay sensory info! Receives inputs from cerebellum and sends axons to premotor cortex 
· Thalamic nuclei have widespread projections to all cortical regions to control the general excitation of the cerebral cortex
 
Hypothalamus
 
· Hypothalamus = lies at base of brain. Small but important! Group of nuclei situated beneath the thalamus involved in regulation of autonomic nervous system and endocrine system, control of anterior and posterior pituitary glands and integration of species-survival behaviours. 4 Fs: fighting, feeding, fleeing, and mating (f*cking). Situated on both sides of ventral portion of third ventricle. Has many nuclei and fiber tracts
· Pituitary gland is attached to base of hypothalamus via pituitary stalk 
· Optic chiasm = located in front of pituitary stalk kind of blocking it from lateral view. Half of axons in the optic nerves cross from one side of the brain to the other 
· Hormones produced by cells in the hypothalamus control the endocrine system  
· A bunch of blood vessels directly connect the hypothalamus to the anterior pituitary gland = endocrine gland whose secretions are controlled by hypothalamic hormones 
· Hypothalamic hormones are secreted by specialized neurons called neurosecretory cells located near the base of the pituitary stalk. They also stimulated the anterior pituitary gland to secrete its hormones. Ex: gonadotropin-releasing hormone causes the anterior pituitary gland to secrete gonadotropin hormones
· Most of the hormones secreted by the anterior pituitary gland control other endocrine glands--> anterior pituitary gland = "master gland"
· Hypothalamus also produces the hormones of the posterior pituitary gland and controls their secretion. Ex of these hormones: oxytocin- stimulates ejection of milk and uterine contractions during childbirth. Vasopressin- which regulates urine output by the kidneys 
· Neurons in the hypothalamus have axons that travel down the pituitary stalk and terminate in the posterior pituitary gland--> the hormones are carried in vesicles through the axoplasm of the neurons and collect in the terminal buttons in the posterior pituitary gland --> when these axons fire, the hormone contained within the buttons is released and enters the circulatory system
 
The Midbrain
 
1. Midbrain (mesencephalon) = surrounds the cerebral aqueduct and consists of tectum and tegmentum
 
Tectum
 
· Tectum = roof = located in dorsal portion of mesencephalon 
· Contains superior collicul and inferior colliculi which are like four bumps on the dorsal surface of the brain stem
· Superior colliculi = protrusions on top of midbrain, part of visual system
· Inferior colliculi = protrusions on top of the midbrain, part of auditory system
· The colliculi are primarily involved in visual reflexes and reactions to moving stimuli
· Brain stem = from the medulla to the midbrain (includes it), excluding the cerebellum. Looks like a stem
 
Tegmentum
 
· Tegmentum = portion of the mesencephalon beneath the tectum. Ventral part of the mesencephalon and includes the periaqueductal gray matter, reticular formation, red nucleus, and substantia nigra
· Reticular formation = a large structure with many nuclei. Interconnected network of neurons located in the central region of the brain stem from the medulla to the diencephalon. Plays role in sleep, arousal, attention, muscle, movement, reflexes
· Periaqueductal gray matter = consists mostly of cell bodies of neurons. Surrounds cerebral aqueduct. Contains neural circuits that ontrol sequences of movements like species- type behaviours like fighting and mating. Opiates like morphene decrease an organism's sensitivty to pain by stimuplating receptors in periaqueductal gray matter
· Red nucleus = large nucleus of the midbrain that receives inputs from the cerebell,um and motor cortex and sends axons to motor neurons in the spinal cord
· Substantia nigra = contains neurons whose axons project ot the caudate nucleus and putamen
 
The Hindbrain
 
· Hindbrain = surrounds the fourth ventricle and consists of the metencephalon and myelencephalon. Most caudal of the 3 major divisions
 
1. Metencephalon
 
· Consists of pons and cerebellum
 
Cerebellum
 
· Cerebellum = little brain = contains 2 cerebellar hemispheres covered with cerebellar cortex. Important component of the motor system. Contains deep cerebellar nuclei that project out from cerebellum to toher parts of the brain
· Each hemisphere of the cerebellum is attached to the dorsal surface of the pons by bundles of axons: the superior, middle, and inferior cerebellar peduncles = little feet
· Damage to cerebellum impairs standing, walking, and performance of coordinated movements. Ex: musicians owe a lot to their cerebellum
· Cerebellum receives sensory info and individual muscle movements being directed by the brain. Integrates this info
 
Pons
 
· Pons = bridge = large bulge in brain stem that lies between mesencephalon and medulla oblongata, ventral to cerebellum. Contains some reticular formation. Contains a large nucleus that relays info from the cerebral cortex to cerebellum
 
1. Myelencephalon
 
· Medulla oblongata = most caudal portion of brain. Immediately rostral to spinal cord. Contains part of reticular formation and controls cardiovascular system and respiration regulation 
 
 
 
 

