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MODULE 1.1 – THE BIOLOGICAL APPROACH TO BEHAVIOUR
· Gottfried Leibniz  “Why is there something rather than nothing”
· Mind-body problem (mind-brain problem)
· If universe is composed of matter and energy, how is there consciousness? How did brain activity become conscious? What is the relationship between mental experience and brain activity?
· Consciousness as fundamental property: can’t be reduced to something else
· Biological psychology
· study of physiological, evolutionary and developmental mechanisms of behaviour and experience; relate biology to psychology. Think/act as we do because brain mechanisms survived and reproduced better than animals with other mechanisms
· Biological psychology concerns brain functioning; two kinds of cells:
1. Neurons: convey messages to one another and to muscles/glands
2. Glia: smaller; functions without message transmission 
Biological Explanations of Behaviour
· Explanations refer to intentional goals, don’t always know reasons for their own behaviours
· Biological explanations of behaviour 4 categories:
1. Physiological: relates behaviour to brain activity and other organs; deals with machinery of the body
2. Ontogenic: how a structure of behaviour develops, influence of: genes, nutrition, experiences, interactions
3. Evolutionary: reconstructs evolutionary history of a structure/behaviour; characteristics of animals are modifications found in ancestral species. 
4. Functional: describes why a structure/behaviour evolved as it did. A gene that is prevalent in a large population provides some advantage; gene can spread through process called genetic drift
MODULE 1.2 – GENETICS AND BEHAVIOUR
Mendellian Genetics
· Before 19th C, scientists thought inheritance occurred by a blending of the sperm and egg
· Gregor Mendel: inheritance occurs through genes (units of heredity, maintain structural identity from one generation to another)
· Genes come in pairs because aligned along chromosomes (strands of genes). Gene is part of chromosome, composed of DNA. Some genes overlap between chromosomes, other outcome depends on 2+ genes. 
· DNA serves as template for RNA, single stranded molecule, that codes for protein
· DNA contains 4 bases – A, G, C, T; order of bases determines order of bases along an RNA molecule, which determines amino acids that compose a protein. 
· Proteins consist of 20 amino acids. 
· Some proteins part of body structures, others enzymes (biological catalyzes that regulates chemical rxns in body)
· Homozygous: identical pair of genes on 2 chromosomes
· Heterozygous: unmatched pair of genes
· Dominant: strong effect in a homozygous or heterozygous
· Recessive: effects only in homozygous conditions
Sex-Linked and Sex-Limited Genes
· Sex-linked genes
· Present in both sexes, genes on sex chromosomes (X and Y), all other chromosomes are autosomal chromosomes
· Females (two X chromosomes); Males (X and Y chromosome)
· Sex-limited genes
· Present in both sexes, generally on autosomal chromosomes, but active mainly in one sex (sex hormones activate in one sex or other)
Genetic Changes
· Genes change in several ways
· Mutation: heritable change in a DNA molecule. Evolution selected best makeup of every gene, new mutation is rarely advantageous
· Duplication/deletion: part of a chromosome that should appear once, appears twice or not at all
· When this happens to just a tiny portion of a chromosome, it’s called microduplication or microdeletion 
· Can be a possible explanation of schizophrenia 
· Epigenetics: changes in gene expression without modification of DNA sequence; certain genes active in certain types of cells, or only at a particular time of life
· Various experiences can also turn a gene on or off
· Changes in gene expression are also central to learning and memory and to brain changes resulting from drug addiction
· Epigenetics is new, growing field that will play increasingly important role in our understanding of behavior 
· An experience can modify gene expression; proteins called histones bind DNA into a shape that’s like a string around a ball; the loose ends allow chemical groups to attach. To activate a gene, the DNA must partially unwind from the histones. 
· Result of experience  new proteins into cells/alter chemical environment 
· Removal of acetyl group causes histone to tighten grip on DNA  turns gene off
· Adding methyl group to promotes  turns genes off; removing them  turns gene on
Heredity and Environment
· To determine contributions of heredity and environment, rely on:
· Monozygotic: from one egg (identical twins)  same gene
· Dizygotic: from two eggs (twins)  not same gene
· Adopted children: if children resemble their biological parents, there is high heritability. If children are similar to adopted parents, any similarity is due to environmental influences.
· Virtual twins: children of the same age, adopted at the same time into a single family; grow up in same environment from infancy, but without any genetic similarity
· Genes linked to a behaviour
· Evidence for heritability for almost every behaviour; estimate of heritability for a trait is specific to the population
Environmental Modification: a trait with high heritability can be modified by environmental interventions; the effect of a gene depends on the person’s environment
· How genes affect behaviour: hard to explain how gene increases probability for given behaviour; some directly control brain chemicals, others have indirect affect.
The Evolution of Behaviour
· Evolution: change over generations in the frequencies of various genes in a population
· Any change in gene frequencies
· Do species evolve? Offspring resemble parents; recombination’s, microduplications, and mutations introduce new heritable variations that help or harm chance of survival; certain individuals reproduce more successfully then others, so the new generations will more closely resemble them.
· Artificial selection: choose individuals with desired trait, make them parents to the next generation. 
· Charles Darwin  nature also selects
Common misunderstandings about evolution
· Failing to use some body structure doesn’t change the genes
· Lamarckian Evolution: inheritance of acquired characteristics; evidence not found for theory
· Evolution depends on reproduction, not just survival
· Evolution doesn’t mean improvement; fitness means number of genes that survive to the next generation – this can be positive and one point, but negative in the future
· Genes of current generation evolved because they were fit for previous generations
· Evolution doesn’t benefit the individual, it benefits the genes
Evolutionary Psychology
· How behaviours evolved
· Presumed genes of ancestors and why natural selection might favour genes that promote certain behaviours
· Assume any behaviour arose through natural selection and provided some advantage. 
· BUT some characteristics of species have less relationship to natural selection
· Altruistic behaviour: action that benefits someone else; help other individuals spread genes
· Common among humans, less in animal world; may cost little, but still has cost & altruistic behaviour may benefit species, but not gene in the individual. 
· Group selection: altruistic groups survive better  but this is unstable
· Kin selection: select for a gene that benefits the individual’s relatives
· Helpful behaviour is more common towards relatives
· Reciprocal altruism: individuals help those that will return the favour
MODULE 1.3 – THE USE OF ANIMALS IN RESEARCH
· Debate about the use of animals in research
· Research on animals is responsible for a lot of knowledge on brain and behaviour but we want to minimize animal distress
Reasons for Animal Research
· Study non-humans: 
1. Underlying mechanisms of behaviour similar across species, easier to study 
· Brains and behavior of nonhuman vertebrates resemble those of humans in chemistry and anatomy
2. Interested in animals for own sake
· Wider variety of species, relating behaviors of each animal 
3. What is learnt about animals sheds light on human evolution 
· Comparing species
4. Legal or ethical restrictions prevent certain types of research on humans
· If research unacceptable with humans, is it also unacceptable with other species?
The Ethical Debate
· In some cases, researchers just observe animals. in others, animals are subject to brain damage, injections that aren’t for their own benefit
· In many areas, there wouldn’t be as much advancement without animal research
Degrees of Opposition
· “Minimalists”
· Tolerate some animal research but not others, depends on value of research, amount of distress to animal, type of animal
· Favour firm research regulations 
· Legal Standard Emphasizes:
1. Reduce animal numbers 
2. Replace animals with substitutes (using computers)
3. Modify procedures to reduce pain/discomfort
· Every institution that performs animal research must have committee to evaluate proposed experiments, suggests changes, ensure there are standards of cleanliness and animal care
· “Abolitionists”
· Animals have same rights as humans; killing is murder, animals in cages are slaves. humans have no rights to use animals for research, even if useful
· Because animals can’t give informed consent, abolitionists insist it’s wrong to use them regardless of circumstances
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MODULE 2.1 – THE CELLS OF THE NERVOUS SYSTEM
Anatomy of Neurons and Glia
· Nervous system contains 2 kinds of cells: 
1. Neurons: receive info and transmit it to other cells 
2. Glia: many functions
· Brain is composed of individual cells; small gap that separates tips of one neuron’s fibers from the surface of next neuron (~ 100 billion neurons)
The Structure of an Animal Cell
· Neurons have a lot in common with the rest of the body cells. 
· Membrane (Plasma membrane): surface of a cell; separates inside and outside of cell; 2 layers of fat molecules (phospholipids). Most molecules can’t cross membrane, some specific ion channels exist for important molecules.
· All animal cells have a nucleus – except for mammalian red blood cells
· Mitochondrion: performs metabolic activities, provides energy for cell, requires fuel and oxygen to function
· Ribosomes: cell synthesizes new protein molecules; provides building material for cell and facilitate chemical reactions
· Endoplasmic reticulum: network of thin filaments that transport newly synthesized proteins to other locations
The Structure of a Neuron
· Shape of a neuron can vary; they have long branching extensions
· Larger neurons have 4 components: 
1. Dendrites 
2. Cell body 
3. Axon 
4. Presynaptic terminals
· Tiny neurons lack axons, and some well-defined dendrites
· Motor neuron: soma in spinal cord, receives excitation from other neurons through the dendrites and conducts impulses along axon to muscle
· Sensory neuron: specialized at 1 end to be highly sensitive to certain stimulation
· Dendrites: branching fibers, get more narrow at end; surface lined up with specialized synaptic receptors that receive info from other neurons. Some contain dendritic spines, outgrowths that increase SA for synapses
· Cell body: contains nucleus, ribosomes, mitochondria. Covered with synapses on its surface in many neurons
· Axon: fibre of constant diameter, sends info, convey impulse toward other neurons
· Myelin sheath: insulates axons, interruptions called Nodes of Ranvier. 
· Presynaptic terminal: Axon has many branches swelling at the tip; where axon releases chemicals that cross through the junction 
· A neuron can have many dendrites, but only one axon.
· Afferent axon: bring info into a structure
· Efferent axon: carries info away from structure
· Every sensory neuron is afferent to rest of NS and every motor neuron is an efferent from NS. A neuron is efferent from one and afferent to another structure.
· Interneuron/intrinsic neuron: if a cell’s dendrites and axon are entirely contained within a single structure
Variations Among Neurons
· Vary in size, shape and function; shape determines connections with other neurons and determines its function/contributions to the nervous system. More branching = connect with more targets
Glia (Neuroglia)
· Don’t transmit over long distances, smaller and higher in number than neurons
· Several types of glia:
1. Astrocytes: (star-shaped) wrap around presynaptic terminal of group of functionally related axons. Take up ions released by axons, release them back to axons  helps synchronize activity of axons  send messages in waves. Remove waste material created when neurons die, control blood flow to each brain area; during periods of heightened activity in some brain areas  dilate blood vessels so more nutrients travel to that area
2. Microglia: small cells; remove waste materials, viruses, fungi, other microorganisms; function like immune system
3. Oligodendrocytes: in brain and spinal cord
4. Schwann cells: periphery of body; build myelin sheaths that surrounds and insulate vertebrate axons
5. Radial glia: guide migration of neurons, axons, and dendrites during embryonic development. Most will differentiate into neurons or other glia
The Blood-Brain Barrier
· Brain needs nutrients from the blood, most chemicals can’t cross the blood to brain
Why we need a blood-brain barrier
· When a virus invades a cell, cell will extrude virus particles through membrane so that the immune system can find them. 
· When immune system cells identify a virus, they kill it and cell that contains it
· To minimize risk of brain damage  body builds a wall along sides of brain’s blood vessels  keeps out viruses, bacteria and harmful chemicals
· Some viruses that invade brain can lead to death, some killed by glia, but a virus that enters the NS will stay with you for life
How the Blood-Brain Barrier Works
· Depends on endothelial cells that form walls of capillaries 
· Outside brain, cells separated by small gaps; in brain, they are joined close so nothing passes. Barrier keeps out useful and harmful chemicals
· For brain to function  body needs mechanism to get chemicals across 
· Mechanisms are: 
1. Small uncharged molecules cross freely
· Special protein channels in wall of endothelial cells (water) 
2. Molecules that dissolve in fats of membrane cross passively 
3. Active transport: protein-mediated process, expends energy to pump chemicals from the blood to the brain
· Essential to health; people with Alzheimer’s or similar conditions, endothelial cells lining brain’s blood vessels shrink and harmful chemicals enter brain
Nourishment in Vertebrate Neurons
· Glucose  vertebrate neurons depend entirely on it
· Metabolic pathway requires O2; brain uses 20% of O2 consumed
· Glucose is only nutrient that crosses the blood-brain barrier after infancy; except for ketones
· Glucose deficiency is rare (only inability to use); to use glucose  body needs vitamin B1 (Thiamine)
· Korsakoff’s syndrome  death of neurons by prolonged thiamine deficiency (alcoholism)  severe memory impairments
MODULE 2.2 – THE NERVE IMPULSE
· Axon doesn’t conduct electrical impulse, it regenerates impulse at each point; impulse travels without weakening; axons transmit info at moderate speeds; properties of impulse conduction in axon adapted to exact needs of info transfer in NS
· In vision, brain needs to know whether one stimulus began slightly before/after another one unlike touch sense
The Resting Potential of the Neuron
· Neuronal messages develop from disturbances of the resting potential
· All parts of membrane covered by membrane composed of 2 layers of phospholipid molecule; among phospholipids are protein molecules, so chemicals can pass.
· Structure flexibility and firmness, controls flow of chemicals
· Electrical gradient (polarization): difference in electrical charge between inside and outside of cell; neuron inside membrane has –ve charge compared to outside
· Resting potential: difference in voltage in a resting neuron
· Measure resting potential by inserting microelectrode into the cell body; a reference electrode outside the cell completes the circuit; typical level -70mV
Forces Acting on Sodium and Potassium Ions
· If charged ions could cross membrane freely  would depolarize
· Selectively permeable: membrane; chemicals pass freely  O2, CO2, H2O through channels; large or electrically charged ions don’t cross; Na/K/Cl cross through membrane channels
· When membrane is at rest, Na channels are closed, K almost closed
· Na-K pump: transports 3 Na ions out of cell, drawing in 2 K ions in cell
· Active transport that requires energy. Na more concentrated outside, K inside
· Effective due to selective permeability of membrane
· Selective permeability prevents Na to come back in; some K leak out (carrying +ve charge)  increases electrical gradient
· When neuron at rest 2 forces push Na into the cell
1. Electrical gradient: Na+ wants to enter -ve cell; Na +ve charged and inside –ve charged 
2. Concentration gradient (difference in distribution of ions across a membrane); Na higher outside cell  wants to come in, but Na channels closed when cell is at rest, so no Na+ enters the cell
· K+ electrically wants to move in, but K more concentrated inside cell  gradient drives it out; if K channels open, K would leave in small quantities. Na/K pump pulls more K into cell
· Negative anions inside the cell are responsible for membrane’s polarization (Cl-)
Why a Resting Potential?
· Prepares neuron to respond rapidly
· Exciting neuron opens channels that allow Na to enter cell fast (as membrane maintained concentration gradients for Na already)
The Action Potential
· Action potential: messages sent by axons
· When a membrane is at rest, there is a –ve potential inside cell
· Hyperpolarization: further increase of –ve charge; increased polarization; stimulation ends  charge returns to original resting level
· Depolarization: neuron reduces polarization toward 0
· Threshold of excitation: produces massive depolarization of membrane; opens Na+ channels, Na+ floods into cell; rapid depolarization  reversal = action potential that peaks at +30mV
· Sub-threshold stimulation: small response proportional to the current
Molecular Basis of the Action Potential
1. Start  Na+ mostly outside, K mostly inside
2. When membrane depolarized  Na/K channels open
3. At peak of AP  Na channels close
· Membrane has many channels that can open or close
· Voltage-gated channels: regulates Na/K; permeability depends on voltage difference across the membrane,
· At rest, Na channels are closed, K channels are almost closed
· Opening of K channels does little difference because electrical and concentration gradient almost balanced; Na channels make a big difference, as both gradients allow Na to enter
· When depolarization reaches threshold, Na channels open wide  Na enters cell rapidly until there is a reversed polarization  Na channels shut
· When many Na ions cross membrane, inside of the cell is slightly +ve  K driven out of the cell  temporary hyperpolarization; membrane returns to resting potential; inside has more Na and less K; Na/K pump restores the correct gradient (excessive Na build up toxic to cell)
· Local anaesthetic attach to Na channels, prevent Na from entering cell; stop APs
The All-or-None Law
· AP starts in an axon  propagates without loss along an axon
· Once started, “back-propagate” to cell body and dendrites  don’t conduct AP’s in same way as axons, but passively register electrical event
· When voltage across axon membrane reaches threshold, voltage-gated Na channels open, Na depolarizes membrane  AP.
· All AP are equal in intensity and velocity, all-or-none law: amplitude and velocity of AP independent of intensity of triggering stimulus.
· AP may vary between neurons
· More frequent APs (NOT more intense AP)  greater intensity of stimulus
The Refractory Period
· While potential returning from peak towards rest  still above threshold
· Refractory Period: Right after AP, resists production of new AP (Na channels are closed, K flowing outside the cell at a fast rate)
· Absolute refractory period: membrane can’t produce AP, regardless of stimulation
· Relative refractory period: stronger than usual stimulus  initiates AP
Propagation of the Action Potential
· In motor neuron, AP starts at axon hillock  where Na enters axon. This spot is temporarily +ve compared to other areas on axon  +ve ions flow to nearby regions, slightly depolarizing next area  area reaches threshold, opens Na+ channels  AP regenerates at that point
· AP near center of axon doesn’t trigger another AP in areas it passed already because those areas are in refractory period
· Area of axon reaches threshold  Na + K channels open  K channels little affect at 1st  Na channels opening causes Na to rush into cell  +ve charges flow down axon, open nearby Na channels  at peak of AP, Na channels close (depolarization)  K channels open  K ions flow out (regular potential)  K channels close
The Myelin Sheath and Saltatory Conduction
· Increasing diameter of an axon  faster conduction/velocity
· Myelin: insulating material composed of fat and protein
· Myelinated axons: those covered with myelin sheath; interrupted periodically with Nodes of Ranvier
· After AP occurs at node, Na+ enters axon, push ions to next node  regenerate AP
· Saltatory conduction: jumping of AP from node to node; rapid conduction of impulses, conserves energy
Local Neurons
· Axons produce AP
· Neurons without axons exchange info with only close neighbors  local neurons
· Don’t follow all-or-none law because no axons; after receiving info from other neurons, it has a graded potential: membrane potential that varies in magnitude in proportion to intensity of stimulus
· Change in membrane potential conducted to adjacent areas of cell, weaken with time; areas of cell contact other neurons, then excite/inhibit other neurons through synapses
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MODULE 3.1: THE CONCEPT OF SYNAPSES
· Cajal: anatomically demonstrated narrow gap separating neurons
· Sherrington: physiologically demonstrated communication between neuron and next differs from communication along single axon
· Synapse --> specialized gap between neurons
The Properties of Synapses
· Reflexes: autonomic muscular responses to stimuli. In leg flexion reflex, sensory neuron excites 2nd neuron  excites motor neuron  excites muscle
· Reflex arc: circuit from sensory neuron to muscle response 
· Reflex must require communication between neurons
· Properties of reflexes suggest special process at junction between neuron
1. Reflexes slower than conduction along axon 
2. Several weak stimuli presented at slightly different times/locations produce stronger reflex than single stimulus 
3. When one set of muscles becomes excited  different set relaxes
Speed of a Reflex and Delayed Transmission at the Synapse
· Impulses have to travel up an axon from skin receptor to spinal cord, then impulse travels from spinal cord back down leg to the muscle
· Speed of conduction through reflex arc ~15 m/s; conduction down an axon is 40 m/s (AP velocities along sensory/motor nerves)  delay must occur where one neuron communicates with another
Temporal Summation
· Repeated stimuli within brief time has cumulative affect (summation over time)
· Presynaptic neuron: delivers transmission
· Postsynaptic neuron: neuron receiving transmission
· Sub-threshold excitation in postsynaptic neuron decays over time, can combine with 2nd excitation that follows quickly
· With rapid successions of pinches, each adds effect, until combo exceeds threshold of the postsynaptic neuron  AP
· After brief stimulation of axons of presynaptic neurons  slight depolarization of the membrane of postsynaptic cell
· Slight depolarization is graded potential; can be excitatory depolarization, excitatory post-synaptic potential (EPSP), or inhibitory hyperpolarization
· Results from flow of Na ions into neuron
Spatial Summation
· Synaptic inputs from separate locations combine effects on a neuron (summation over space)
· Pinching 2 points activated separate sensory neurons  axons converged onto neuron in spinal cord (not enough to reach threshold)  combo of excitations exceeded threshold, produced AP. 
· EPSPs from several axons summate their effects on a postsynaptic cell
· Sensory input to brain arrives at synapses  individually produce weak effects; each neuron receives many incoming axons that produce synchronized responses  ensures sensory stimulus stimulates neurons enough to activate them
· Temporal and spatial summation usually occur together; neuron might receive input from several axons at approx. same time; different order  different results
Inhibitory Synapses
· Interneuron: (intermediate neuron) in spinal cord  excite motor neurons connected to flexor muscles of leg
· At these synapses, input from axon hyperpolarizes postsynaptic cell; increases -ve charge within cell, move it further from threshold, decrease probability of AP
· Inhibitory Postsynaptic Potential (IPSP): temporary hyperpolarization of a membrane; resemebles EPSP; occurs when synaptic input selectively opens gates for K+ ions to leave cell or Cl- ions to enter cell
Relationship Among EPSP, IPSP and Action Potentials
· NS full of complex patterns of connections, produce variety of responses
· Synapses vary in duration of effects
· Effect of two synapses at same time can be more than double effect of either one, or less than double
· Spontaneous firing rate: periodic production of APs without synaptic input. EPSPs increase frequency of APs above spontaneous rate, IPSPs decrease it
MODULE 3.2: CHEMICAL EVENTS AT THE SYNAPSE
The Discovery of Chemical Transmission at Synapses
· Sympathetic NS (set of nerves) accelerates heart beat, relax stomach muscles, dilate pupils, regulate organs; sympathetic nerves stimulate muscles by releasing adrenaline (or a similar chemical)
· Nerves send messages by releasing chemicals
· Chemical transmission predominates over electrical synapses in the nervous system
The Sequence of Chemical Events at a Synapse
· Major Events:
1. Neuron synthesizes chemicals that serve as neurotransmitters (synthesizes smaller neurotransmitters in axon terminal and neuropeptides in cell body)
2. AP travel down axon. At presynaptic terminal, AP allows Ca to enter cell; Ca releases neurotransmitters from terminals into synaptic cleft (space between pre and postsynaptic neuron)
3. Released molecules diffuse across cleft  attach to receptors  alter activity of postsynaptic neuron
4. Neurotransmitter molecules separate from receptors
5. Neurotransmitter molecules taken back into presynaptic neuron for recycling or may diffuse away
6. Some postsynaptic cells send reverse messages to control further release of neurotransmitter by presynaptic cells
Types of Neurotransmitters
· Neurotransmitters: neuron releases chemicals that affect another neuron
· Amino acids: contain amine group (NH2)
· Monoamines: chemicals formed by change in amino acids
· Acetylcholine: chemical similar to amino acid, but contains a N(CH3)3
· Neuropeptides: chains of amino acids
· Purines: category includes: adenosine and several of its derivatives
· Gases: nitric oxide and others
· Nitric oxide: (NO) gas released by small local neurons; many neurons have enzyme that allows them to make if efficiently. When brain area active, blood flow to area increases; neurons release nitric oxide when stimulated, acts as signal, dilates nearby blood vessels, increasing blood flow to that area
Synthesis of Transmitters
· Neurons synthesize all neurotransmitters from amino acids, from proteins 
· Catecholamine: contain a catechol and amine group (epinephrine, norepinephrine, and dopamine)
· Tryptophan (precursor to serotonin) cross blood-brain barrier by special transport system (compete with larger/abundant amino acids)  amount of tryptophan in diet controls amount of serotonin in brain
Storage of Transmitters
· Most neurotransmitters synthesized in presynaptic terminal (near point of release); stores high concentrations of neurotransmitters in vesicles and many outside vesicles
· Neuron can have excess neurotransmitters (ex: neurons that release serotonin, dopamine or norepinephrine contain MAO (monoamine oxidase): breaks down transmitters into inactive form
Release and Diffusion of Transmitters
· At end of axon, AP doesn’t release neurotransmitter; depolarization opens voltage-dependent Ca gates in presynaptic terminal  causes exocytosis (release of neurotransmitter in bursts from presynaptic neuron into synaptic cleft; separates one neuron from another). AP often fails to release any neurotransmitter  amount can vary
· Neurotransmitter diffuses across synaptic cleft to postsynaptic membrane; attaches to receptor
· Most neurons release a combo of 2 or more transmitters
· Motor neurons in spinal cord have one branch to muscles  release acetylcholine and another branch to other spinal cord neurons  release Ach and glutamate
· Combo makes neuron’s message complex (brief excitation  prolong inhibition)
· A neuron can receive and respond to many neurotransmitters at different synapses
Activating Receptors of the Postsynaptic Cell
· Sherrington’s concept: input produced excitation/inhibition (on/off)
· Effect of neurotransmitter depends on receptor on postsynaptic cell
Ionotropic Effects
· Brief on/off effects. When neurotransmitter binds to ionotropic receptor, twists receptor enough to open central channel; shape lets certain ion pass through
· Transmitter/ligand-gated channels: controlled by neurotransmitter; when it attaches, the gate opens (ligand binds to other chemicals)
· Used to convey visual/auditory info and anything that needs to be updated quickly
· Glutamate: most abundant (excitation)
· GABA: (inhibitory) opens chloride gates so Cl- ions enter membrane fast
· Glycine: (inhibitory) found mostly in spinal cord
· Acetylcholine: (excitatory) outer portion embedded in neuron’s membrane, inner portion surrounds Na+ channel. When receptor at rest, inner portion coils together to block Na passage. When Ach attached, receptor folds outwards, opening the Na+ channel
Metabolic Effects and 2nd Messenger Systems
· Initiate sequence of metabolic reactions; slower/longer lasting than ionotropic effects
· Many neurotransmitters (dopamine, norepinephrine, serotonin, glutamate, GABA)
· When neurotransmitter attaches to metabotropic receptor, bends receptor protein that goes through membrane of cell. Other side of receptor attached to G protein (protein coupled to GTP, energy-storing molecule)
· Bending detaches G protein (take energy elsewhere)  increased conc. of 2nd messenger (communicates to many cell areas; 1st messenger: carry info to postsynaptic cell)  open/close ion channels in membrane or activate part of chromosome. 
· Influences activity in much/all of the cell over a long time
· Better suited for enduring effects (ex: taste, smell, pain, arousal, attention, pleasure, emotion)
· Receptors differ in chemical properties, responses to drugs, and roles in behaviour
Neuropeptides
· Neuromodulators  synthesizes neuropeptides in cell body, slowly transports to other parts of cell; released by dendrites, cell body and sides of axon (neurotransmitter synthesized in the presynaptic terminal)
· Neuropeptide release requires repeated stimulation; after a few dendrites release, primes other dendrites to release same neuropeptides
· Don’t release often, but when released  in large amounts
· Diffuse widely, affect many neurons in brain area
· Involved in hunger, thirst, pain, LT changes in behaviour and experience
· Neurogliaform cell: release GABA, form “cloud”, spreads to neurons in area  widespread inhibition
Hormones
· Secreted by cells in 1 part of body, conveyed by blood to influence other cells (neuropeptides intermediate, diffuse only within brain)
· Endocrine glands (hormone-producing)
· Useful to coordinate long-lasting change in many parts of body
· Protein hormones/Peptide hormones: chains of amino acids (proteins longer; peptide shorter) attach to membrane receptors, activate a 2nd messenger within cell
· Hormones secreted by brain control secretion of many other hormones
· Pituitary gland: attached to hypothalamus, consists of 2 glands
1. Anterior pituitary: made of glandular tissue; synthesizes 6 hormones (hypothalamus controls release); hypothalamus secretes releasing hormones (flow through blood to the anterior pituitary)  stimulate/inhibit release of many hormones
2. Posterior pituitary: made of neural tissue, extension of hypothalamus; neurons in hypothalamus synthesize oxytocin and vasopressin (antidiuretic hormone) migrate down axons to posterior pituitary  then released to blood
· Hypothalamus maintains constant circulating levels of certain hormones through negative feedback system.
Inactivation and Reuptake of Neurotransmitters
· After Ach activates receptor, broken down by acetyl-cholinesterase (acetate and choline); choline diffuses back to presynaptic neuron, takes it up, reconnects it with acetate already in cell to form Ach again (rapid series of APs can deplete neurotransmitter faster than presynaptic cell can replenish it
· Serotonin and catecholamine don’t break down into inactive fragments at postsynaptic membrane; just detach from receptor
· Reuptake: In some brain areas, presynaptic neuron takes up most of released neurotransmitter intact and reuses them; occurs through membrane proteins, transporters (differ in function, abundance)
· Dopamine: some areas transporters efficient, in others, slower: if dopamine released fast into areas, COMT breaks down excess to inactive chemicals that can’t stimulate dopamine receptors; products wash away in blood/urine; neurons diminish supply of dopamine, can’t release dopamine rapidly for long
· Neuropeptides diffuse away; because resynthesized slowly, neuron can temporarily use up supply
Negative Feedback from the Postsynaptic Cell
· Presynaptic terminals have receptors sensitive to same transmitter released (auto-receptors  respond to released transmitter by sending chemicals that travel back to presynaptic terminal and inhibit further synthesis/release)
Electrical Synapses
· Some synapses operate electrically; faster than chemical transmission in cases where need exact synchrony between 2 cells
· Gap junction: At electrical synapse, membrane of 1 neuron comes into direct contact with membrane of another (contact) 
· Large pores of membrane of 1 neuron line up with pores in membrane of other cell (large enough so ions pass through); always open. When 1 neuron depolarized, Na+ ions from cell pass quickly into other neuron and depolarize it too
MODULE 3.3: SYNAPSES, DRUGS AND ADDICTIONS
· Nearly every drug with psychological effects acts at synapses 
· Most of the commonly abused drugs derive from plants
· Nearly all neurotransmitters/hormones same in humans and other species
Drug Mechanisms
· Antagonist: blocks neurotransmitter (inhibit transmission)
· Agonist: mimics/increase effects, can be mixed agonist- antagonist
· Drug can: increase/decrease synthesis of neurotransmitter, leak from vesicles, increase release, decrease reuptake, block breakdown into inactive chemicals, act on postsynaptic receptors 
· Affinity: drug will bind to the receptor (key in lock)
· Efficacy: tendency to activate the receptor (drug that binds to receptor but fails to stimulate has high affinity but low efficacy
· Effectiveness/side effects of drugs vary between people, drugs affect many receptors and people vary in # of each kind of receptor
A Survey of Abused Drugs
What Abused Drugs have in common
· Nucleus Accumbens: areas with axons that directly/indirectly increase release of dopamine/norepinephrine; central to reinforcing experiences (ex: sexual excitement, sugar, imagine something pleasant)
· Reinforcement involves wanting (motivation; more brain) and liking (pleasure)
· Addictive drugs activate nucleus accumbens by releasing dopamine or norepinephrine; show drive to obtain drug even if it doesn’t provide pleasure (liking-wanting)
Stimulant Drugs
· Increase excitement, alertness, activity while elevating mood and decreasing fatigue
· Amphetamine/cocaine stimulate dopamine synapses in nucleus accumbens by increasing the presence of dopamine in presynaptic terminal
· Presynaptic terminal usually reabsorbs released dopamine through dopamine transporter; drugs inhibit transporter, decreasing reuptake, prolonging effects of dopamine
· Amphetamines have similar effects on serotonin/norepinephrine receptors, methamphetamines have similar effects but stronger
· Stimulant drugs increase accumulation of dopamine in synaptic cleft; excess dopamine in synapse washes away faster, presynaptic cell makes more to replace it. After use, deficit of neurotransmitters  withdrawal (reduced energy, motivation and depression)
· Varied behavioural affects; low doses: increase attention (treat ADHD); high doses: impair attention and learning, alters blood flow thereby increase risk of stroke and epilepsy
· Methylphenidate (Ritalin)  (stimulant) prescribed for ADHD  block reuptake of dopamine; same affect as cocaine, but cocaine produces a rush effect on brain when sniffed, Ritalin has gradual increase in concentration then slow decline.
· Those with ADHD more likely to abuse tobacco, alcohol, other drugs
Nicotine
· Compound in tobacco, stimulates Ach receptors (nicotine receptors); many exist on neurons that release dopamine in nucleus accumbens; decreased dopamine release; Nicotine increases dopamine release in same cells cocaine stimulates (Nicotine enhances reward)
· Repeated exposure to nicotine  receptors in nucleus accumbens become more sensitive to nicotine; less responsive to other kinds of reinforcement
Opiates
· Derived from opium poppy (morphine, methadone, heroin) heroin enters brain faster than morphine  bigger rush of effect/more addictive
· Relax people, decrease attention, decrease pain sensitivity 
· Used as painkillers
· Opiates attach to specific receptors in brain meant for certain neuropeptides called endorphins (relieve pain by acting on receptors)
· Endorphins indirectly activate dopamine release; synapses inhibit neurons that release GABA (inhibit dopamine)  increase dopamine release
· Endorphins have rewarding effects too, and also depend on dopamine
Marijuana
· Contain THC and cannaboids (used to relieve nausea, combat glaucoma)
· Psychological effects: intense sensory experience, illusion time slowed down, impaired memory and cognition
· Cannaboids receptors abundant (not in medulla; controls breathing/heart)
· 2 chemicals that bind to cannaboids receptors: anandamide, and 2-AG
· Cannaboid receptors located on presynaptic neuron: when certain neurons depolarized, release chemicals as retrograde transmitters that travel back to incoming axons, inhibit further release of glutamate or GABA. Tell presynaptic cell that message received, even though nothing released; chemicals in marijuana decrease excitatory/inhibitory messages
· Cannaboids increase release of dopamine indirectly; inhibit GABA in midbrain (major source of axons that release dopamine in nucleus accumbens); increases activity of neurons that release dopamine
· Relieve nausea, stimulate receptors that increases rewarding value of a meal
Hallucinogenic Drugs
· Distort perception (ex: LSD resemble serotonin and provide stimulation at inappropriate times/longer duration)
· MDMA (ecstasy): stimulant at low doses  increase dopamine release; higher doses --> releases serotonin, alters perception and cognition; side-effects: lethargy, depression, increased body temperature
· Repeated users: long-term loss of serotonin receptors  depression, anxiety, impaired learning/memory 
Alcohol and Alcoholism
· Habitual use of alcohol despite medical/social harm (most common of abused drugs)
· Moderate amounts: relaxes people, decrease anxiety; larger amounts: causes health problems, impairs judgement
· Affect on neurons: response at GABA receptor (inhibitory: risky behaviors), blocks glutamate receptors (excitatory: increase stimulation of dopamine receptors)  decreased brain activity. 
Genetics
· Type I (A): develop alcohol problems gradually, 25+, may/may not have relatives with history of alcohol abuse
· Type II (B): rapid onset, before 25, close relatives with alcohol problems
· Genes influences chance of alcoholism in many ways (ex: dopamine type 4 receptor has 2 forms, long form less sensitive  craves more alcohol)
· Gene controls COMT (enzyme breaks down dopamine after release); active form  breaks down more dopamine  decrease reinforcement  more impulsiveness 
· Genes influence alcohol: effects on risky behaviour, responses to stress, reactions to anxiety-provoking situations
· Prenatal environment contributes to risk of alcoholism: if mother drinks alcohol during pregnancy  increase chance child will be an alcoholic
· Biological forces interact with stressful experiences, opportunities for alcohol use and other environmental factors
Risk Factors
· People at risk: impulsive, risk-taking, easily bored, sensation seeking, outgoing
· Sons of alcoholics often alcoholics themselves: less intoxication after drinking, decreases stress more (in sons of alcoholics), smaller amygdala in right hemisphere (predisposition to alcohol abuse)
Addiction
· Habit does more harm than good, pleasure becomes weaker while risks increases; still difficult to quit
Tolerance and Withdrawal
· Tolerance: As addiction develops, many effects decrease; learned response
· Withdrawal: As body expects a drug, reacts strongly when absent
· Effect of drug cessation (anxiety, sweating, diarrhea, irritability, fatigue, convulsions, insomnia, headache, distress)
· Addiction is seen as an attempt to avoid withdrawal symptoms
· Someone with an addiction learns to use substance to cope with stress
· Receiving a drug in withdrawal period is powerful; user learns drug relieves distress caused by withdrawal  generalizes to other situations  learn to crave the drug during all types of distress
Cravings in Response to Cues
· User learns to associate cues with a drug; after abstinence, exposure to cues triggers renewed craving; drug-related cue increases activity in nucleus accumbens and several related areas, but after instruction to inhibit craving, people can decrease arousal
Brain Reorganization
· Addiction hijacks person’s motivation  changes brain so reinforcing experiences become less powerful and less able to compete with the drug
· Events change expression of genes
· Cocaine increases certain genes that control changes in dendrites within nucleus accumbens  drug stimulates more dendrites, other events stimulate fewer, sexual stimulation less rewarding, induce changes that impair extinction (drug-seeking response of reinforcement ceases, even if drug less enforcing, responding persists)
Medications to Combat Substance Abuse
· Overcome substance abuse: AA, NA, psychotherapy, medication available
Medications to Combat Alcohol Abuse
· After someone drinks ethyl alcohol, enzymes in liver metabolize it to acetaldehyde (poison); acetaldehyde dehydrogenase, converts acetaldehyde to acetic acid (chemical body uses for energy)
· People with weaker gene for acetaldehyde dehydrogenase, metabolize acetaldehyde slower  accumulate enzyme  flushed face, increased heart rate, impaired breathing, tissue damage
· Disulfiram (Antabuse): antagonize effects on acetaldehyde dehydrogenase, binding it to copper ion  lead to illness/vomiting; works when supplements alcoholic’s commitment to stop drinking (take daily pill)
· Drink alcohol then take a drug that produces nausea  learned aversion to the taste of alcohol. Effective, but not for long-term
· Naloxone: blocks opiate receptors, decrease pleasure from alcohol; works with people motivated to quit; more with Type II then I
Medications to Combat Opiate Abuse
· Switch to methadone: taken orally, gradually enters blood stream and brain, effects slowly, withdrawal symptoms more gradual, avoid use of injection 
· LAAM (similar to methadone) used to treat opiate addiction; produce long-term effect  visit clinic 3x/week (not daily)  live healthier and longer, easier to hold a job
[bookmark: _WNSectionTitle_3][bookmark: _WNTabType_2]Synapses	Sept. 18/14
· These drugs don’t end addiction, just satisfy craving in a safer way
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MODULE 4.1 – STRUCTURE OF THE VERTEBRAE NERVOUS SYSTEM
Terminology to Describe the Nervous System
· CNS (central nervous system): brain and spinal cord
· PNS (peripheral nervous system): connect brain and spinal cord to rest of body
· Somatic NS: axons convey messages from sense organs to CNS and from CNS to muscles; axons to muscles are extensions of cell bodies in spinal cord; part of each cell in CNS, part in PNS 
· Autonomic NS: controls heart, intestines, other organs; some cell bodies within brain or spinal cord, some in clusters along sides of spinal cord
Anatomical Terms Referring to Direction
· Dorsal: top of brain -- Ventral: bottom of brain
· Anterior: front -- Posterior: rear
· Superior: above another part -- Inferior: below another part
· Lateral: toward side -- Medial: toward midline
· Proximal: close to point of origin -- Distal: distant from point of origin
· Ipsilateral: same side of body -- Contralateral: opposite side of body
· Coronal plane: brain structure from front -- Sagittal plane: side
· Horizontal plane: seen from above (transverse plane)
Terms Referring to Parts of NS
· Lamina: layer of cell bodies separated from other cell bodies by layer of axons and dendrites
· Column: set of cells perpendicular to surface of cortex, similar properties
· Tract: (projection) set of axons within CNS
· Nerve: set of axons in periphery, from CNS to muscle/gland or from sensory organ to CNS
· Nucleus: cluster of neuron cell bodies w/in CNS
· Ganglion: cluster of neuron cell bodies, usually outside CNS
· Gyrus: protuberance on surface of brain
· Sulcus: fold that separates one gyrus from another
· Fissure: long, deep sulcus
The Spinal Cord
· Part of CNS within spinal column; communicates with all sense organs and muscles (except those of head); segmented; each segment has sensory and motor nerve on each side
· Bell-Magendie law: 1st discoveries about functions of NS; entering dorsal roots (axon bundles) carry sensory info, and exiting ventral roots carry motor info
· Axons to and from the skin and muscles are the PNS
· Dorsal Root Ganglia: Cell bodies of sensory neurons in clusters of neurons outside spinal cord; cell bodies of motor neurons inside spinal cord
· Gray matter: (H-shaped) center of cord; densely packed with cell bodies and dendrites; many neurons of spinal cord send axons from gray matter to brain or other parts of spinal cord through white matter (mostly myelinated axons)
· Each segment of spinal cord sends sensory info to and receives motor commands from brain; all info passes through tracts of axons in spinal cord
The Autonomic Nervous System
· Neurons that receive info from & sends commands to heart & intestines 
1. Sympathetic NS:
· Network of nerves prepare organs for “fight or flight”; chains of ganglia to left and right of spinal cord’s central regions (thoracic and lumbar). 
· Ganglia connected by axons to spinal cord; closely linked, often act as single system in sympathy with each other; various events activate some parts more than others
· Sweat glands, adrenal gland, muscle that constrict blood vessels, muscles that erect hair have ONLY sympathetic input
2. Parasympathetic NS
· Facilitates nonemergency responses; opposite of sympathetic activities
· Craniosacral system: cranial nerves and nerves from sacral spinal cord
· Unlike ganglia in sympathetic system, parasympathetic ganglia not arranged in chain near spinal cord
· Long preganglionic axons extend from spinal cord to parasympathetic ganglia close to each internal organ; shorter postganglionic fibers extend from parasympathetic ganglia into organs (Ganglia aren’t attached, can act independently)
· Postganglionic axons release Ach, most postganglionic synapses of sympathetic NS use norepinephrine; certain drugs excite/inhibit different systems
The Hindbrain (rhombencephalon)
· Posterior part of brain: medulla, pons, cerebellum
· Brain stem: medulla, pons, midbrain, some central structures of the forebrain
· Medulla: above spinal cord, extension of spine into skull; controls vital reflexes  breathing, heart rate, vomiting, salivation, coughing, through cranial nerves 
· Cranial nerves: control sensations from head, muscle movements in head, most of parasympathetic output to organs
· Some include both sensory and motor, others just one; receptors and muscles of head and organs connect to brain by 12 pairs of cranial nerves (one on right, one on left); each cranial nerve originates in nucleus that integrates sensory info, regulates motor output or both;
· Cranial nerve nuclei for nerves V through XII are in medulla/pons, I through IV in midbrain/forebrain
· Pons: anterior and ventral to medulla; contains nuclei for several cranial nerves; axons from each half of brain cross to opposite side of spinal cord  left hemisphere controls muscles on the right side of body and vice versa
· Medulla and pons contain
· Reticular formation: descending (1 of several brain areas that control motor areas of spinal cord) portions and ascending (sends output to much of cerebral cortex, selectively increasing arousal/attention in certain areas) portions 
· Raphe System: sends axons to much of forebrain, modify brain’s readiness to respond to stimuli
· Cerebellum: large, many deep folds; contributes to control of movement, balance, coordination; damage causes trouble with shifting attention from auditory and visual stimuli, sensory timing. 
The Midbrain (mesencephalon)
· Middle of the brain, surrounded by forebrain (birds, reptiles, fish, amph.)
· Tectum: roof of midbrain
· Superior (vision)/inferior (hearing) colliculus: swellings on each side of tectum; important for sensory processing
· Tegementum: under tectum; intermediate level of midbrain; covers other midbrain structures
· Includes nuclei for 3rd and 4th cranial nerves, parts of reticular formation, extension of pathways between forebrain and spinal cord/hindbrain
· Substantia nigra: dopamine-containing pathway; readiness for movement
The Forebrain (prosencephalon)
· Most prominent part of mammalian brain
· 2 cerebral hemispheres, each organized to receive sensory info; mostly from opposite side of body, control muscles on contralateral side, by way of axons to spinal cord and cranial nerve nuclei
· Cerebral cortex: outer portion
· Limbic system: interlinked structures, form border around brainstem; important for motivations and emotions (ex: eating, drinking, sexual activity, anxiety, aggression
· Includes: olfactory bulb, hypothalamus, hippocampus, amygdala, cingulate gyrus
Thalamus
· Thalamus and hypothalamus form the diencephalon 
· Pair of structures in center of forebrain, one in each of the hemispheres
· Most sensory info goes here 1st, which processes it, sends output to cerebral cortex
· Exception: olfactory info  progresses from olfactory receptors to olfactory bulbs, then directly to cerebral cortex
· Many nuclei of thalamus receive input from a sensory system, transmit info to single area in cerebral cortex; cerebral cortex sends info back to thalamus, prolong certain kinds of input and expense of others  focus attention on stimuli
Hypothalamus
· Small area near base of brain; ventral to thalamus, connections with rest of forebrain and midbrain (contains many distinct nuclei)
· Through nerves and hypothalamic hormones, conveys messages to pituitary gland, alerting its release of hormones
· Damage to hypothalamic nuclei  abnormalities in motivated behaviours 
Pituitary Gland
· Endocrine gland attached to base of hypothalamus by a stalk that contains neurons, blood vessels and connective tissue
· In response to messages from hypothalamus, synthesizes hormones that blood carries to organs throughout the body
Basal Ganglia
· Group of subcortical structures lateral to thalamus, includes: 
· Caudate nucleus, putamen and globus pallidus 
· Subdivisions that exchange info with different parts of cerebral cortex
· Set of structures important for certain aspects of movement
· Involved in learning, remembering how to do something, attention, language, planning, other cognitive functions
Basal Forebrain
· Lies on ventral surface of forebrain
· Nucleus basalis: receives input from hypothalamus and basal ganglia  sends axons that release Ach to areas in cerebral cortex; part of brain’s system for arousal, wakefulness and attention
Hippocampus
· Large structure between thalamus and cerebral cortex, posterior of forebrain
· Critical for storing memories, especially of individual events
· Damage: can’t store new memories, don’t lose memories before damage
The Ventricles
· NS begins development as a tube surrounding a fluid canal  canal persists into adulthood as central canal (fluid-filled channel in center of the spinal cord) and as ventricles (4 fluid-filled cavities in the brain)
· Each hemisphere contains 1 of 2 large lateral ventricles; towards posterior, connect with 3rd ventricle (positioned at midline), separating right and left thalamus; 3rd ventricle connects to 4th in center of medulla
· Cells called choroid plexus inside 4 vesicles produce cerebrospinal fluid (CSF) (clear fluid similar to blood plasma); CSF fills ventricles, flowing from lateral ventricles to 3rd and 4th  from 4th ventricle, some flows into central canal of spinal cord, more goes into narrow spaces between brain and thin meninges (membrane that surrounds the brain and spinal cord) 
· In one of narrow spaces, subarachnoid space, blood gradually reabsorbs CSF; brain has no receptors, but meninges do (inflammation is painful) 
· Cerebrospinal fluid cushions brain against mechanical shock when head moves; provides buoyancy; supports weight of brain; reservoir of hormones and nutrition for brain and spinal cord
· If flow of CSF obstructed  accumulates within ventricles or in subarachnoid space, increasing pressure on brain
MODULE 4.2 – THE CEREBRAL CORTEX
· Consists of cellular layers on outer surface of cerebral hemisphere; cells are grey matter, and axons extending inward are white matter
· Neurons in each hemisphere communicate with neurons in other part of brain, through 2 bundles of axons: corpus callosum and anterior commissure; other commissures (path across midline), link subcortical structures
· Cerebral cortex forms higher % in brain of primates, than other species of same size; as size devoted to forebrain increases, relative size of midbrain/medulla decrease. 
Organization of the Cerebral Cortex
· Microscopic structure of cells of cerebral cortex vary from one cortical area to next, correlate with differences in function
· In humans and other mammals, cerebral cortex contains up to 6 distinct laminae (layers of cell bodies parallel to surface of cortex, separated by layers of fibre)
· Vary in thickness and prominence between brain areas, can be absent
· Lamina V: sends long axons to spinal cord and other distant areas; thickest in motor cortex (greatest control of muscles)
· Lamina IV: receives axons from various sensory nuclei of thalamus is prominent in all primary sensory areas, absent in motor cortex
· Cells of cortex organized into columns of cells perpendicular to the laminae; cells within a column have similar properties
The Occipital Lobe
· Posterior (caudal) end of cortex, main target for visual info.
· Posterior pole of occipital lobe  primary visual cortex (striate cortex)  destruction causes cortical blindness in that part of visual field (ex: normal eyes and pupillary reflexes, but no conscious visual perception or visual imagery – not even dreams)
· People with eye damage become blind, an intact occipital cortex and previous visual experience  imagine visual scenes
· Eyes provide stimulus, and visual cortex provides the experience
The Parietal Lobe
· Lies between occipital lobe and central sulcus (deepest grooves in surface of cortex); area just posterior to central sulcus; postcentral gyrus (primary somatosensory cortex)  receives sensations from touch, muscle-stretch, joint receptors
· Postcentral gyrus includes 4 bands of cells parallel to central sulcus
· Separate areas along each band receive simultaneous info from different parts of body; 2 receive mostly light-touch info; one receives deep pressure info; one receives a combo of both 
· Postcentral gyrus represents the body 4 times
· Info about touch and body location important for interpreting visual and auditory info; parietal lobe monitors all info about eye, head, and body positions and passes it on to brain areas that control movement
· Lobe not only essential for spatial info, also essential for numerical info
The Temporal Lobe
· Lateral portion of each hemisphere, near the temples
· Primary cortical target for auditory info; left temporal lobe (human temporal lobe) essential to understand spoken language
· Lobe contributes to complex aspects of vision  perception of movement, recognition of faces. 
· Tumour here can give rise to hallucinations (auditory/visual); tumour in occipital lobe involve simple sensations (flashes of light)
· Important for emotional and motivational behaviour
· Damage  Kluver-Bucy Syndrome (behavioural disorder; don’t experience normal fears and anxiety; possibly due to emotional/cognitive change)
The Frontal Lobe
· Primary motor cortex and prefrontal cortex; extends from central sulcus to anterior limit of brain
· Posterior portion of frontal lobe just anterior to central sulcus is precentral sulcus (specialized for control of fine movements – moving one finger at a time)
· Separate areas responsible for different parts of body, mostly on contralateral, sometimes slight control of ipsilateral side)
· Prefrontal cortex: most anterior portion of frontal lobes; integrates much info
Modern View of the Prefrontal Cortex
· Different parts perform different functions
· Major function is working memory; ability to remember recent events
· Damage to prefrontal cortex  trouble on delayed-response task (see/hear something, then have to respond after delaying)
· Making decisions and planning movements; behaviors depending on context
· Prefrontal cortex damage  fail to adjust context (behave inappropriately) 
Rise and Fall of Prefrontal Lobotomies
· Prefrontal lobotomy: surgical disconnection of prefrontal cortex to the rest of the brain  damaging prefrontal cortex/cutting connection with rest of cortex
· Make patients tamer without impairing sensation or coordination
· Consequences: apathy, loss of ability to plan, memory disorders, loss of emotion
· Discontinued with the invention of psychotropic drugs
How do the parts work together?
· Binding problem: (large-scale integration) how various brain areas produce perception of a single object; association areas perform advanced processing on certain sensory system; few cells combine senses
· Binding: occurs when perceive 2 sensations as happening at same time, in same place
· Simultaneity of lights and sounds causes you to bind them and perceive an illusion
· Binding depends on perceiving 2 or more aspects of stimulus as coming from approximately same location 
MODULE 4.3 – RESEARCH METHODS
Effects of Brain damage
· Broca: damage to left frontal cortex; lose ability to speak
· Reports of behavioural impairments after brain damage; inability to recognize faces or perceive motion, shift in attention to right side of body and world, increased/decreased hunger, change in emotional responses, memory impairments, etc.
· Human studies have limitations: few people have damages confined to one area, and no 2 people have exact same damage
· Produce localized damage in animals
· Ablation: remove brain area (surgical knife)
· Lesion: damage to inner brain area, with a stereotaxic instrument (device for precise placement of electrodes in brain, to damage a specific area)
· Gene-knockout: biochemical methods to direct a mutation to particular gene that is important for certain types of cells, transmitters or receptors
· Transcranial magnetic stimulation: apply intense magnetic field to a portion of the scalp, temporarily inactivates neurons below the magnet 
· After any damage/inactivation, need to specify exact behavioural deficit
Effects of Brain Stimulation
· If brain damage impairs some behaviour, stimulation should increase it; insert electrodes to stimulate brain areas
· Optogenetics: turn on activity in targeted neurons by device that shines laser light within brain
· For humans, insert electrodes into already exposed brain OR apply magnetic field to scalp to stimulate brain areas beneath it (less invasive)
· Limitation  complex behaviors/experiences depend on temporal pattern of activity across many brain areas not just general increase of activity in 1
· Artificial stimulation  artificial response. 
Recording Brain Activity
· Damage to some brain area impairs behavior and stimulation of area increases behaviour
· In animals, insert electrodes to record brain activity or record activity of many individual neurons at same time
· EEG (electroencephalograph): records electrical activity of brain through electrodes attached to scalp that measure average activity at any moment of population of cells under it; output amplified and recorded; 
· Evoked potentials/responses: results of device recording spontaneous brain activity/activity response to 
· MEG (magnetoencephalograph): measures faint magnetic fields generated by brain activity; identifies approximate location of activity to close range; identify times at which various brain areas respond, trace a wave of brain activity to point of origin to all areas that process it
· PET (positron-emission tomography): high-resolution image of activity in living brain by recording emission of radioactivity from injected chemicals 
· Receive injection of chemical containing radioactive atoms; when radioactive atom decays  releases positron that collides with nearby electron, emitting 2 gamma rays in opposite directions; 
· Head surrounded by gamma ray detectors; when 2 detectors record gamma rays at same time, identify a spot half-way between as point of origin; computer uses info to determine how much radioactive chemical is located in each area; ones with most radioactivity  most blood flow  most brain activity
· fMRI (functional magnetic resonance imaging): PET scans replaced by fMRI’s (less expensive/risky); regular MRIs record energy released by H2O molecules after removal of magnetic field; fMRI based on haemoglobin (with O2 reacts to magnetic field differently then without O2) 
· When brain area active; blood vessels dilate to allow more blood flow; as brain area uses O2, % of haemoglobin without oxygen increases
· Complex to interpret; given area can have many functions; if we think we know what an fMRI pattern means, use pattern to identify what someone is doing or thinking
Correlating Brain Anatomy with Behaviour
· Early ways to study brain function was to find someone with unusual behavior and look for unusual features in brain
· Phrenology: relating skull anatomy to behaviour; problem  lack of sample size, skull shape doesn’t relate to brain anatomy today, examine detailed brain anatomy
· CAT (computerized axial tomography): inject dye to blood, place head in CT scanner; X-rays passed through head  recorded by detectors on opposite side; scanner rotated slowly until measurement taken at each angle over 180 degrees. From measurements, construct image of brain
· MRI (magnetic resonance imaging): atom with odd atomic weight has axis of rotation; MRI applies powerful magnetic field to align all axes of rotation  tilts with brief radio frequency field; when radio turned off, atomic nuclei release electromagnetic energy as they relax and return to original axis; by measuring energy, MRI forms image of brain; shows small anatomical details; problem  need to lie still (motionless)
Brain Size and Intelligence
· Brain size isn’t strongly related to intelligence
Comparisons Across Species
· All mammal brains have same organization, but differ in size
· Humans don’t have largest brains; intelligence may rely on brain-to-body ratio (ex: humans have largest brains in proportion to our body  most intelligent)
· Problem: 1) brain-to-body ratio not accurate 2) lack meaning of animal intelligence
Comparisons among Humans
· Studies of brain size/intelligence  correlations barely above 0, based on skull size, not measured well; today, correlation ~0.3 between brain size/intelligence
· Certain brain areas more important than others for intelligence
· Problems with this research  if record all brain areas during task, evidence may confirm some by chance and task may activate different parts in different people because they approach task differently
Comparisons of Men and Women
· Men have on average bigger brains that women, but equal IQs
· Although male and female brains differ, behavioral differences small 
· In countries where men/women have equal opportunities, perform same on tests
· Women have deeper sulci on the surface of cortex, especially in frontal and parietal area; surface area of cortex equal for men and women; because surface lined with neurons, sexes have same number of neurons despite differences in brain volume but intelligence also depends on white matter
· Conclusion: men and women’s brain structurally different, accomplish same thing 
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· Human NS requires a lot of assembly, “axons and dendrites here, keep connections that work, discard others, make new connections, keep only the successful ones”
· Brain’s anatomy is plastic: changes rapidly in early development, continues changing throughout life
MODULE 5.1: DEVELOPMENT OF THE BRAIN
Maturation of the Vertebrae Brain
· Human CNS begins to form when embryo is 2 weeks old; dorsal surface thickens, long thin lips ride, curl, form, merge, forming neural tube surrounding fluid-filled cavity
· As tube sinks under skin surface, forward end enlarges and differentiates into hindbrain, midbrain and forebrain; rest becomes spinal cord
· Fluid-filled cavity within neural tube becomes central canal of spinal cord and 4 ventricles of brain, containing cerebrospinal fluid (CSF).
Growth and Development of Neurons
· Proliferation: production of new cells; early in development, cells lining ventricles of brain divide; some cells remain (as stem cells) and continue to divide; others become primitive neurons and glia that start to migrate to other locations; proliferation similar across vertebrate’s, differ in number of cell divisions
· After cells differentiated as neurons/glia  migrate; some move faster than others; some move radially from inside brain to outside; some move tangentially along surface of brain; some move in both directions
· Immunoglobins/chemokine’s: guide neuron migration
· Deficit  impaired migration, decreased brain size, decreased axon growth, mental retardation
· At 1st, neuron looks like any cell; gradually, neuron differentiates, form axon and dendrites; axon grows 1st; tip remains at, near or towards target; after reaching destination, dendrites grow
· Later, slower stage is myelination (glia produce insulating fatty sheaths that accelerate transmission in vertebrate axons); myelin forms 1st in spinal cord, then in: hindbrain, midbrain, forebrain (continues gradually for years)
· Synaptogenesis: formation of synapses; continues from before birth throughout life as neurons form new synapses and discard old ones
New Neurons Later in Life
· Vertebrates’ brains formed all neurons in embryonic development or early infancy; neurons can modify shape but not develop new neurons
· Exceptions: 1) Olfactory receptors: exposed to outside world, have short half-life; stem cells in nose remain immature, periodically they divide to replace dying receptors; it grows an axon back to appropriate site in brain. 2) Stem cells in interior of brain divide to form “daughter” cells that migrate to olfactory bulb and transform into glia cells/neurons. 3) Area of songbird brain needed for singing 4) Adult hippocampus of birds and mammals; new memory formation
· Animals learn easily when young; with age neurons become less changeable (less able to integrate to new circuits that represent new memories); more newly formed neurons survive during times of new learning
· Formation of new neurons in mature primate cerebral cortex is controversial; research shown in mammal’s cerebral cortex there are no/few new neurons after birth, under normal circumstances
· After brain damage or stroke, cerebral cortex on contralateral side gradually reorganizes  new neurons form
Pathfinding by Axons
Chemical Pathfinding by Axons
· Early experiments: each axon doesn’t find way to exactly correct muscle in extra limb; nerves attached to muscles at random, then sent variety of messages, each one tuned to different muscles; each muscle received many signals, responded only to 1 
Specificity of Axon Connections
· Later research showed each axon has regenerated to same place where it had originally been, presumably by following a chemical trail
Chemical Gradients
· Humans have 30,000 genes, not enough to provide a specific target for each nerve; but still axons find their correct targets with precision 
· Growing axon follows path of cell-surface molecules; attracted by some chemicals, repelled by others, in process that steers axon in correct direction; eventually, axons sort themselves over surface of target area by following gradient of chemicals
Competition Among Axons as a General Principle
· When axons initially reach targets, chemical gradients steer them to approximately their correct location, but not with perfect accuracy
· Rather each axon forms synapses onto many cells in approximately right location; each target cell receives synapses from many axons  over time each postsynaptic cell strengthens some synapses (most appropriate ones), eliminates others, adjustment depends on pattern of input from incoming axons
· Neural Darwinism: in development of NS, start with more neurons and synapses than we can keep; synapses form with approximate accuracy, then selection process keeps some and rejects others; most successful axons and combinations survive
Determinants of Neuronal Survival
· Getting right number of neurons for each area of NS is complicated
· Past: muscles send chemical messengers to tell ganglion how many neurons to form; now: muscles don’t determine how many axons form, rather how many survive
· Initially, sympathetic NS forms more neurons than needs; when 1 of neurons forms a synapse onto muscle, muscle delivers protein called nerve growth factor (promotes survival and growth of axon)
· Cell that doesn’t receive NGF degenerates, cell body dies; if axon doesn’t make contact with appropriate postsynaptic cell or by certain age, neuron kills itself through apoptosis
· Brain’s system of overproducing neurons, then applying apoptosis enables CNS to match number of incoming axons to number of receiving cells 
· Each brain area has period of massive cell death; natural part of development, may indicate maturation of successful cells (loss of less successful ones)
· NGF is neurotrophin (chemical that promotes survival and activity of neurons); not necessary for survival of brain neurons, essential for growth of axons/dendrites, formation of new synapses, learning (BNDF: brain-derived neurotrophic factor)
· For immature neuron to avoid apoptosis and survive  receive neurotrophins from target cells and incoming axons; when neurons release neurotransmitters, also release neurotrophins
The Vulnerable Developing Brain
· If problems in early embryonic development  problems later on
· Early stages of brain development critical; mutation in 1 gene can lead to many brain defects; developing brain sensitive to malnutrition, toxic chemicals, and infections that would produce milder effects at later age
· Fetal alcohol syndrome: (Infant brain vulnerable to damage from alcohol) children of mothers who drink heavily during pregnancy: hyperactivity, difficulty maintaining attention, mental retardation, motor problems, heart defects; to prevent apoptosis, neuron must receive neurotrophins from incoming axons and from axon’s own target cell; alcohol suppresses release of glutamate (brain’s excitatory transmitter); neurons receive less excitation/neurotrophins, undergo apoptosis; alcohol alters migration pattern of small neurons, alter brain developing
· Prenatal exposure to cocaine, cigarettes  increase ADHD and behavioral deficits
· Antidepressant drugs  increased risk of heart problems
· Immature brain responsive to influences from mother; if she is stressed, child will be too (ex: increased problems in academic and social lives)
Differentiation of the Cortex
· Neurons in different brain areas differ in shape and chemistry
· Immature neurons moved to different part of cortex develop properties of new locations whereas neurons moved at a later stage develop some new; retain some old properties
Fine-Tuning by Experience
· Unpredictability in life, brains have ability to remodel themselves (within limits) in response to experience 
Experience and Dendritic Branching
· In past, researchers doubted adult neurons can change their shape much
· We know axons/dendrites continue to modify structure throughout life
· Experiences guide neuronal changes (ex: more stimulation  thicker cortex, more dendritic branching, improved learning)
· Neuronal changes (in rats) in an enriched environment depend on new and interesting experiences (ex: after practice, connections relevant to skills proliferate, enhancement is due to physical activity  enhances growth of axons and dendrites)
· “far transfer”: teach one task and find improvement on similar tasks lacks proof; often improved on tasks that were trained in, but not others
· To maintain intellectuality into old age, perform physical activity  enhance cognitive processes and brain anatomy
Effects of Special Experiences
· Prolonged experience of certain type can enhance brain’s ability to perform same function again 
Brain Adaptations in People Blind since infancy
· Blindness doesn’t change touch/hearing receptors, rather increases attention to touch and sound, so brain adapts to that attention
· Substantial activity in occipital cortex of blind people when reading Braille; touch info activated cortical area, ordinarily devoted to just vision; in people blind from birth, auditory stimuli produce increased responses in what are usually visual areas of brain
· Blind people use occipital cortex to help identify what they feel
· What happens in blind people is extreme case of what can happen to anyone
Learning to Read
· Those who learn to read have more grey mater (expanded neuron cell bodies/dendrites); in 5 gyri of cerebral cortex and greater thickness in part of corpus callosum then those that never learnt to read at young age
Music Training
· People who have experts in an area, spend much time practising
· Musicians: 1) brain areas responding for hearing and finger control 2) numerous/easy to find
· Area of temporal cortex in right hemisphere is larger than for normal population; enhanced responses in subcortical structures to musical and speech sounds
· Grey matter is thicker in professional musicians; areas of hand control and vision
· Larger than normal postcentral gyrus in right hemisphere devoted to fingers on left hand used to control strings (strongest for those who began musical study early)
· Practicing skill reorganizes brain to maximize performance of skill or people born with brain characteristics attracting them to certain profession; studies have shown brain differences result of training in music (not cause of it)
· Issue is whether music produces bigger effects if it begins early in life, when brain is easier to modify; those who start younger show an advantage, regardless if number of years of study is equivalent
When Brain reorganization goes too far
· When people play instrument for years, representation of hand increases in somatosensory cortex; stimulation of 1 finger excites mostly same cortical areas as another finger  if can’t feel difference between fingers, hard to move independently; representation of middle finger expands (changing motor cortex); overlap and displace index/little finger
· Focal hand dystonia: (musicians cramp  end career) fingers go into constant contraction; need to bind appropriate brain retraining; problem not in hands; give bursts of vibrations to various hand muscles, in random sequence; instructing people with cramp to attend carefully to stimuli and any changes in vibration frequency
Brain Development and Behavioural Development
Adolescence
· Impulsive and prone to seek immediate pleasure; leads to risky driving, sex, drinking (Impulsiveness means difficulty in inhibiting an impulse)
· Antisaccade task: look away from a powerful attention-getter; saccade (voluntary eye movement away from normal direction); improves between 7-11; gradually improves during teen years, depending on areas of prefrontal cortex that mature slowly
· Teens prefer smaller pleasure now, more than larger reward later
· Teens not equally impulsive in all situations; make mature decisions when have time to consider options, impulsive when making quick decisions with peer pressure
· Teen brains show stronger responses than adults when anticipating rewards; weaker responses in areas of prefrontal cortex responsible for inhibiting behaviour
· Most research reports that teens prefrontal cortex is relatively inactive in certain situations, so doesn’t sufficiently explain behaviour
Old Age
· On average, people’s memory and reasoning fade beyond age 60
· Neurons alter synapses slowly; thickness of temporal cortex shrinks each year; volume of hippocampus gradually declines (memory decline), frontal cortex thins
· Research underestimates older people: 1) people vary in level of deterioration 2) as people age, slow in intellect, but greater base of knowledge and experience 3) older people find ways to compensate for losses; activate more brain areas to make up for less efficient activity
MODULE 5.2 – PLASTICITY AFTER BRAIN DAMAGE
· All survivors of brain damage show behavioural recovery to some degree; some mechanisms rely on growth of new branches of axons and dendrites 
Brain Damage and Short-Term Recovery
· Causes of brain damage: tumours, infections, exposure to radiation or toxins, degenerative conditions, closed head injury (sharp blow to the head resulting from accident or assault that doesn’t puncture brain)
· Most children sustain mild blows to the head, repeated injuries are worrisome, after severe brain injury recovery is slow and incomplete
· Damage after closed head injury: rotational forces that drive brain tissue against inside of skull, or blood clots that interrupt blood flow to the brain
Reducing the Harm from a Stroke
· Common cause of brain damage is temporary interruption of normal blood flow to brain area during stroke (cerebrovascular incident); barely noticeable to fatal
· Common, ischemia: result of a blood clot or other obstruction in artery; neurons deprived of blood lose much oxygen and glucose supply
· Less common, haemorrhage: result of ruptured artery; neurons flooded with blood and excess oxygen, calcium and other chemicals
· Both lead to: edema (accumulation of fluid) that increases pressure on brain, increases chance of future strokes, impair Na-K pump  leads to accumulation of Na inside neurons  excess release of glutamate, over stimulates neurons  Na and other ions enter neurons faster than pump can remove them  excess +ve ions block metabolism and kill neurons  microglia proliferate  remove products of dead neurons and supplying neutrophins that promote survival of neurons
Immediate Treatments
· Ischemia: use tissue plasminogen activator: breaks up blood clots; if receive within 3 hours of a stroke, get most significant benefit, slightly useful after that time 
· Hard to determine which type of stroke patient had, use MRIs (time-consuming); tPA can make situation worse if it’s haemorrhage, but it’s rare and most often fatal 
· Strokes kill neurons by overstimulation, objective is to decrease stimulation by blocking glutamate synapses, blocking Ca entry, or other means  helpful on animals
· To prevent brain damage after strokes is to cool brain; slows harmful processes
· Exposure to cannaboids minimizes damage caused by strokes; decrease release of glutamate, exert an anti-inflammatory effects, alter brain chemistry to protect against damage  effective only within 1st few hours of stroke
Later Mechanisms of Recovery
· After 1st few days following brain damage, surviving brain areas increase in size or reorganize activity; one area may take over function of another or surviving brain areas don’t take over functions of damaged area, but compensate in other ways
Increased Brain Stimulation
· Behavioural deficit after brain damage reflects; cells that died, other areas of  brain that lose normal input (from damaged area) become less active. 
· Recovery from stroke depends on increasing activity for opposite side of brain
· Diaschisis: decreased activity of surviving neurons after damage to other neurons; increased stimulation of brain can lead to improvements
· Stimulant drugs promote recovery; amphetamines enhance movements and depth perception for long-term; too risky with humans, use drugs that block release of GABA (brain’s inhibitory transmitter); promote recovery after stroke 
Regrowth of Axons
· Destroyed cell body can’t be replaced, damaged axons can grow back
· Neuron in peripheral NS has its cell body in spinal cord (motor neurons), or in ganglion near spinal cord (sensory neurons); axons extend into 1 of limbs; crushed axon grows back toward periphery; following its myelin sheath to original target; if axon is cut, myelin of 2 sides of cut may not line up correctly; regenerating axon doesn’t have sure path to follow (motor nerve may attach to wrong muscle)
· In mature mammal brain/spinal cord, damaged axons don’t regenerate, or do so slightly; in many fish, axons regenerate across cut in spinal cord 
· Limit axon regeneration in mammals: 1) cut in NS causes a scar to form, create mechanical barrier, block regrowth of axons 2) neurons on 2 sides of cut pull apart 3) glia cells that react to CNS damage release chemicals that inhibit axon growth
· Build protein bridge  path for axons to regenerate across scar-filled gap
· Inject neurotrophins at appropriate locations to help axons grow and establish normal synapses 
· Infant axons grow under influence of mTOR; with maturity; mTOR levels decreases and axons in spinal cord lose their capacity for regrowth; deleting a gene that inhibits mTOR enables regrowth of axons in adult spinal cord
Axon Sprouting
· Usually, surface of dendrites and cell bodies covered with synapses, vacant spot doesn’t stay so for long; after cell loses input from an axon, secretes neurotrophins induce other axons to form new branches or collateral sprouts that take over vacant synapses; in area near damage, new synapses form at high rate
· Process is helpful if sprouting axons convey info similar to those they replace; if it displays different info, sprouting interferes with behaviour and prevents recovery
· Can be useless or even harmful
Denervation Supersensitivity
· Neurons make adjustments to maintain a nearly constant level of arousal; after learning strengthens one set of synapses, other synapses weaken 
· Happens after brain damage (ex: if axons that transmit dopamine to some brain area die or become inactive, remaining dopamine synapses become more responsive  more easily stimulated)  denervation supersensitivity 
· Helps compensate for decreased input; allow people to have near normal behavior after losing most axons in some pathway but can lead to increased pain (mild input  enhanced responses)
Reorganized Sensory Representations and the Phantom Limb
· If brain area loses a set of incoming axons, expect a combo of increased response by remaining axons and collateral sprouting by other axons that usually attach to another target
· Each section of somatosensory cortex receives input from different part of body (ex: if amputate one finger of a monkey, cortical cells that usually respond to it lose input and soon become more responsive to other fingers or palm)
· If an arm is amputated, previously assumed: arm would remain silent as axons from other areas couldn’t sprout far enough to reach area representing arm
· However: found stretch of cortex previously responsive to limb now responsive to face; after losing sensory input from forelimb, axons representing forelimb degenerated, leaving vacant synaptic sites at several levels of CNS. Axons representing face sprouted in those sites on spinal cord, brainstem and thalamus or axons from face were present but stronger through denervation supersensitivity 
· Reorganization can also occur in other brain areas that respond to skin sensations
· When something activates cells that used to respond to arm stimulation, but receive info from the face  it feels like stimulation from the arm 
· Phantom limb: continuing sensations of amputated body part; tingling to pain
· Phantom limbs develop only if relevant portion of somatosensory cortex reorganizes and becomes responsive to alternative inputs (ex: axons representing face come to activate cortical area previously devoted to amputated hand; touch on face now produces a facial sensation and a sensation in phantom hand)
· To relieve painful phantom sensation: learn to use artificial limb, attribute sensations to artificial limb; displacing abnormal connections from face 
Learned Readjustments in Behaviour
· Much recovery from brain damage is based on learning
· Someone with brain damage may lose some ability totally, or find it with enough effort; recovery from brain damage depends on learning to make better use of abilities that were spared
· Person/animal will brain damage appears unable to perform a task, may in reality just not be trying 
· Deaffinated: lost afferent (sensory) input (ex: monkey has 1 deaffinated limb, fails to use it; when there are 2 deaffinated limbs, it uses it when there is no other option)
· Lesion to visual cortex doesn’t destroy memory trace, just impairs ability to find it; as animal recovers, it regains access to misplaced memories
· Therapy for people with brain damage focuses on practice of skills that impaired but not lost; treatment starts with observation of patient’s abilities and disabilities (evaluations conduced by neuropsychologists to pinpoint problem); after identifying problem (hearing, memory, language, muscle control), refer patient to physical or occupational therapist who helps patient improve on impaired skills; get best results if start soon after a patient’s stroke; brain has increased plasticity during the 1st few days after damage 
· [bookmark: _GoBack]Behaviour recovered after brain damage is effortful, recovery is precarious; person with brain damage who appears to function normally, works harder than usual person; recovery deteriorates after alcohol, physical exhaustion, stress or old age
33



40


The Major Issues Sept. 11/14

Gotired > Wy s hre somethny e thn e
it bodyproblem (mind-brai problem)
Cacoanes 35 undamenta rapety: ot b e o s e
Bitosical pychotony
e and e, et SR 0y, K 5 e
Belopcal oy concame bran i ki ol
Jogcn Explantons of sabacour
. Puvseoca: rales bt i Sy 3 cths asas; 0o
i e of o oy
2 Ontogenic: o sucrs o b devip,ferce of:gres,
5. Evsutionay: econstrcs evluonary ity o 3 Sucrearvir
. Funclona. sscros why e s ¢ % 065
s 19 € st thovan netanc crsd b e of e s
Crapor Mt hrtance o o genes (s o ey, s
Sty o e gevrsion s a0




