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Chapter 8 – Development, abnormal development
Model sensory system: audition 10
Language 10
Sleep 13
Sleep disorders and circadian system 13
Learning and memory (and plasticity) 14, 14

How does the nervous system develop and adapt?
Chapter 8

Research focus – linking serotonin to SIDS
Sudden infant death syndrome (SIDS)
Unexplained death while asleep of seeming healthy infant less than 1 yr old
Kills 2500 yrly in US alone
Autopsies have historically failed to identify clear cause of death
SIDS victim more likely to have particular gene variation that makes 5-HT transporter unusually efficient

3 perspectives on brain development
as brain develops neurons become more intricately connected, increasing complex underlies increasing complex behaviour
observations enable neuroscientists to study relation btwn brain and behaviour development from 3 perspectives
1. structural development can be studied and correlated w the emergence of behaviour
2. behaviour development can be analyzed and predictions made about what underlying circuitry must be emerging
3. factors that influence both brain structure and behavioural development, such as language or injury, can be studied

Predicting behaviour from brain structure
correlate structural development of NS with emergence of specific behaviour
visual system – neural structure that develops quick, exhibit functions sooner than structures that develop slow e.g. for speech 
Frontal lobes – cognitive behaviours controlled are among last to develop here
Tower of Hanoi – shows how planning skills can be measured in lab
Adolescents can appear disorganized and lack ability to plan their activities in way that fully mature adults can
Adults w frontal-lobe injuries also fail to perform well on Tower of Hanoi test

Correlating brain structure and behaviour
Language emerges in young child, we expect to find corresponding changes in neural structures that control language
As language emerges in a child, speech-related structures in the brain undergoing necessary maturation
Frontal lobe development: as the structures here mature thru adolescents and into early adulthood we look for related changes in behaviour
Also do reverse, observe new abilities emerging in teen yrs and later we infer they must be controlled by late-maturing neural structures & connections
Neural plate:
Thickened region of ectodermal layer gives rise to neural tube
Neural tube:
Structure in early stage of brain development from which brain and spinal cord develop

Influences on brain and behaviour
3rd way to study interrelations btwn brain and behavioural development is to identify and study factors that influence both
some events that influence brain are sensory experience, actions of hormones & genes, injuries

8-2 neurobiology of development
Preformation
Embryo is an adult mini, task of development is simply to grow bigger

Gross development of Human NS – major events

	Day
	Growth

	Fertilization – 2 weeks
	Zygote

	2-8 weeks
	Embryo

	15th day
	Fried egg embryo
Embryonic disc – raised area in middle begins to form

	9 weeks – birth
	Fetus

	18 day
	Neural plate (primitive neural tissue)

	21 day (3 weeks after conception)
	Primitive neural tissue, neural plate occupies part of outermost layer of embryonic cells

	23 days
	Neural groove, closing to form neural tube

	23 days
	Anterior neural folds (close to form brain)

	24 days
	Embryo with neural tube, developing heart, developing forebrain

	49 days
	Embryo begins to resemble a mini person

	60 days (2 months)
	Sexual differential of genitals and brain regions

	100 days
	Brain looks distinctly human

	7 months
	Gyri & sulci form

	9 months
	Brain looks like an adult human


Neural plate  groove  tube

Origins of neurons and glia
Cells in brain begin as multipotential stem cells, develop into precursor cells, then produce blasts that finally develop into specialized neurons or glia
Chemical signal  turns genes on  specific proteins are made  specific cells

Neural stem cells
Lining neural tube have an extensive capacity of self-renewal
When stem cell divides it produces two stem cells, one dies and other lives to divide again
Subventricular zone 
Lining of neural stem cells surrounding the ventricles in adults
Progenitor cells (precursor cells)
Precursor cell derived from a stem cell
Migrates and produces a neuron or a glial cell
Provide neuronblasts and glioblasts
Blasts
Mature into neurons and glia
Neuroblast: product of progenitor cell that gives rise to any of the diff types of neurons
Glioblast: produ ct of progenitor cell that gives rise to different types of glial cells
Specialized cells 
Multipotent neural stem cells 
Neurons and glia differentiate

Stem cell production
Female mice pregnant, level of the neuropeptide prolactin increases and this stimulates brain to produce more neurons

Stem cell know how to become a neuron rather than a skin cell?
Gene expression means that a formerly dormant gene becomes activated, resulting in cell making a specific protein

Gene methylation
Common epigenetic mechanism that suppresses gene expression during development
Or DNA methylation
Methyl group attaches to DNA sequence resulting in suppression of gene expression
Prenatal stress can reduce gene methylation

Neurotrophic factors
Class of compounds that signal cells to develop in particular ways, support growth and differentiation in developing neurons and may act to keep certain neurons alive in adulthood
Epidermal growth factor (EGF) added to cell culture stimulates stem cells to produce progenitor cells 
Basic fibroblast growth factor stimulates progenitor cells to produce neurobalsts

Growth and development of neurons
Stages of brain development
1. Cell birth (neurogenesis; gliogenesis)
2. Cell migration
3. Cell differentiation
4. Cell maturation (dendrite and axon growth)
5. Synaptogenesis (formation of synapses)
6. Cell death and synaptic pruning
7. Myelogenesis (formation of myelin)

1. cell birth – neurogenesis; gliogenesis
Begins about 7 weeks after conception
Complete after (20 weeks) 5 months of gestation (except hippocampus continues to develop new neurons thru life)
Until full term birth fetal brain is delicate, vulnerable to tenatogens (chemicals causing malformation) and trauma
Can easily cope w injuries earlier during neurogenesis than in cell maturation

2 & 3 cell migration, differentiation
begins after 1st neurons are generated (approx. 8 weeks after conception) and continues for 6 weeks in cerebral cortex and longer in hippocampus
neuroblasts become specific types of neurons
complete at birth (29 weeks)
more serious consequence for damage at this stage
How arrangement of differentiated areas created during development?
Subventricular zone contains a primitive map of cortex that predisposes cells formed in a certain ventricular region to migrate to certain cortical location
How do cells know where these diff parts of cortex are located?
Follow path made by:
Radial glial cell
Path-making cell that a migrating neuron follows to its appropriate destination
Fiber from each of these path-making cells extends from subventricular zone to surface of the cortex
Migration
Cells migrate to inner layers then to outer (6, 5, 4, 3, 2, 1)
How do neurons determine how thick cortical layer should be?
Local environment signals – chemicals produced by other cells 
Genetic instructinos, timing and signals from others

Neuronal migration
A) neuroscientists hypothesize that the map for the cortex is represented in the subventricular zone
B) radial glial fibers extend from the subventricular zone to the cortical surface
C) neurons migrate along radial glial fibers which take them from the protomap in subventricular zone to corresponding region in the cortex

Injury here:
Faculty connections may produce range of problems
E.g. Schizophrenia – disorganized pyramidial neurons in the hippocampus
Too many synapses (failure pruning) can also produce neural dysfunction

4. cell maturation
begins about week 20 continues long after birth
Maturing neurons mature in two ways:
1. grow dendrites to provide surface area for synapses with other cells
2. extend their axons to appropriate targets to initiate synapse formation

Two events take place in development of dendrite:
1. Arborization (branching)
1st 2 years of life dendrites develop increasingly complex extensions that look much like leafless branches and undergo aborization, dendrites then form spines where most synapses are located
2. growth of dendritic spines

Axonal growth
Growth cone
Growing tip of an axon
Filopod
Process at end of a developing axon that reaches out to search for potential target or to sample intercellular environment
Growth cones responsive to 2 cues:
Cell adhesion molecule (CAM)
Chemical to which specific cells can adhere thus aiding in migration
Cell manufactured molecules that lie on target cells surface or secreted into intercellular space
Some CAMs provide a surface to which growth cones can adhere, hence their name
Others serve to attract or repel growth cones
Tropic molecule
Signaling molecule that attracts or repels growth cones
Which growth cones respond
Produced by targets being sought by axons
Tell growth cones to come over here, and tell other growth cones seeking targets to keep away
Predictd by Cajal
Netrins have been identified – member of only class of tropic molecules isolated

5. synaptic development – (synaptogenesis formation of synapses)
5h gestational month: human fetus display simply synaptic contacts
7th gestational month: synaptic development on deepest cortical neurons is extensive
after birth: number of synapses increases rapidly
in visual cortex synaptic density doubles between 2 months and 4 months of age then continues to increase until age 1

6. cell death & synaptic pruning
How brain eliminates excess neurons?
Neural Darwinism
Darwin believed key to evolution is variation it produces in traits possessed by a species
Environment can then select certain traits favorable aiding survival
Hypothesis cell death and synaptic pruning are like natural selection in species, outcome of competition among neurons for connections and metabolic resources in a neural environment
Neurons die because target cells produce neurotropic factors that are absorbed by axon terminals and function to regulate neuronal survival
Nerve growth factor (NGF)
E.g. made by cortical cells and absorbed by cholinergic neurons in basal forebrain
Apoptosis
Genetically programmed cell death
Neurons deprived of a neurotrophic factor, certain genes seem to be expressed resulting in a msg for cell to die
Accounts for death of overabundant nerves but not synaptic pruning from cells that survive
Jean Changeux
Synapses persist into adulthood only if they have become members of functional neural networks, it not they are eliminated from the brain
Synaptic pruning
May allow brain to adapt flexibly to evnrionmental demands
May also be precursor related to different perceptions that ppl develop about the world
Synaptic connections not part of functional network are pruned away in experience – dependent manner (especially after 1st bday) but others constantly being born

Paul Thompson (UCLA)
Brain seeks most efficient use of
Space
Energy
Short term: glucose and NT’s
Long term: cellular growth and maintenance
Big brains may be sign of pathology (autism)
But small brain may be sign of pathology (schizophrenia)


Unique aspects of frontal-lobe development
Frontal lobe is last brain region to mature
Frontal lobe maturation extends far beyond age 20
Two important correlates attend slow frontal lobe development:
1. frontal lobe sensitive to epigenetic influences
2. trajectory of frontal lobe development correlates with adult intelligence
thickness of frontal cortex in adulthood predicts IQ score but change in trajectory of cortical thickness

7. myelogenesis (formation of myelin)
Glial development
Astrocytes and oligodendrocytes begin to develop after most neurogenesis is complete and continue to develop thru life and form myelin
Normal adult function attained after myelination complete
Myelination is useful rough index of maturation
Fleschig hypothesized
Earliest myelinating areas (darker) control simple movements or sensory analyses where latest myelinated areas (lighter) control highest mental functions
Thickeness of white matter in cortex largely does correspond to progress of myelination
Myelination continues until 20 yrs

8-3 correlating behaviour with nervous system development
Motor behaviours
2 months
orient hand toward and objects and gropes to hold it
4 months
grasps appropriately shaped object w entire hand
10 months
uses pincer graps w thumb and index finger opposed 
development of dendritic aborizations and in connections btwn neocortex and spinal cord
correlation btwn myelin formation and ability to grasp
MRI study in changes of cortical thickness show increased motor dexterity is associated w decrease in cortical thickness in hand region of left motor cortex of right handers

Language development
Language onset 1-2 yrs
Language acquisition completed by age 12

Neural changes during this time:
Increased dendritic complexity and interconnections
Increased myelination and speech areas
Wholesale shifting of cortical networks
Language is in left hemisphere
Speech development progressed significantly by age 3-4yrs 
Children start vocab by 12 months 
5-10 word repertoire doubles over 6 months
2 years this vocab = 200-300 words
3 years vocab = 1000 words and simple sentences
6 yrs – 2500 words and understand more than 20,000 words en route to adult vocab of 50,000 words
age 2 cell division and migration are complete in language zones of cerebral cortex
major changes btwn age 2-12 are in neuronal connectivity and myelination of the speech zones
Broca’s area – axons and dendrites of this speech zone are simple at birth grow dramatically more dense btwn 15-24 months  of age
Thinning of cortex related to vocabular
Thickening of left interior frontal cortex (Broca’s area roughly) associated w enhanced phonological processing (understanding speech sound)
Associated w better vocabulary, regions outside language area, vocabulary best predictor of general intelligence

Development of problem-solving ability
Piaget:
Cognitive development is continuous process
Four major stages of cognitive development
1. Sensorimotor period
i. Birth – 18/24 months of age
ii. Babies learn to differentiate themselves from external world, realize object permanence
iii. Stranger anxiety
2. Preoperational period
i. 2-6yrs of age
ii. children gain ability to form mental representations of things in their world and to represent those things in words and drawings
iii. egocentrism, pretend play, language development
3. Concrete operations
i. 7-11yrs
ii. children mentally manipulate ideas about material (concrete) things like volumes, liquids, 3D
iii. conservation, math
4. Formal operations
i. After 11 yrs
ii. Able to reason in abstract not just concrete terms
iii. Potential for mature moral reasoning

Growth spurt
Sporadic period of sudden growth that lasts for finite time
Glia and synapses increase in number 
Correlate with Piaget’s stages of cognitive development

Experiment 8-1
Displacement task
Two tasks believed to measure functioning of temporal lobes and basal ganglia
Nonmatcing to sample task
Measure object recognition, function of temporal lobes
Concurrent discrimination
Trial and error, function of basal ganglia
Results
Basal ganglia, critical area for concurrent discrimination task, mature quickly than temporal lobe the critical region for nonmatching-to-sample task

Caution linking correlation to causation
This section implies changes in brain cause change in behaviour
Major challenge in relating changes in brain development in emergence of behaviour

8-4 Brain development and environment
Experience and cortical organization
Hebb (1947)
Took lab rats how to grow up in kitchen
Took control group to grow up in University lab
Hebb-William mazes
Home rats performed better, experience must influence intelligence
Home rats have larger and more synapses & astrocytes
Ppl reared in stimulating environment will maximize their intellectual development
Tactile stimulation improves recovery from brain injury incurred early in development
Increased cortical activation for second languages
Distinct language specific areas exist in language regions of forntal and temproparietal regions

Experience and neural connectivity
Chemoaffinity hypothesis
Roger Sperry (1963)
Idea specific molecules in diff cells in various regions of midbrain give each cell a distinctive chemical identity
Each cell has an identifiable biochemical label
Problem: chemical affinity directs incoming acons only to general location
To return to adjacent retinal cells how do they place themselves in precisely correct position?
Postnatal experience
Fine tuning of neural placement is believed to be activity dependent 
Cells in same are more likely to be active together than separate cells in diff eyes
Net effect is that inputs from two eyes tend to organize themselves into neural bands called columns that represent same region of space in each eye
Suturing one eye closed has most disruptive effect on cortical organization in kittens btwn 30-60 days after birth
Amblyopia
Condition in which vision in one eye is reduced as a result of disuse; usually by failure of two eyes to point in same direction

Critical periods for experience & brain development
Critical period
Developmental window, during which brain development is most sensitive to a specific experience – some event has long-lasting influence on the brain during this period
Sensitive period
Imprinting
Process that predisposes an animal to form an attachment to objects or animals at critical period in development
In chickens its usually after hatching
Konrad Lorenz (1970)
1st animal or object baby goslings encounter is a person they will imprint 
synapses in brains of chicks during imprinting show that synapses in specific region of forebrain englarge w imprinting

Abnormal experience and brain development
Restricted brain experiences will likely retard brain growth and behaviour
Donald Hebb
Placed dogs in dark with little stimulation
Their behaviour was unsualy after removed – no reactions, loss sense of pain
Absence of visual stimulation results in atrophy of dendrites on cortical neurons
Romanian Orphans
Abnormal development experiences can alter brain irrevocably
Brain imaging studies showed children adopted older has smaller than normal brains
Smaller cortical gray matter volume
Age of adoption was important, before 24months was critical age 
May be able to recover but after 6 months some abnormalities cannot be overcome
Early childhood home predict frontal and temporal cortical thickness in young adult brain
Stress
Including prenatally can have effect
Stress alter expression of certain genes e.g. serotonin reuptake
Depression
Stress can leave lasting imprint on brain structure
Amygdala is enlarged and the hippocampus is reduced in size 
Decreased hippocampal volumes


Hormones and brain development
Androgen
Class of hormones stimulates or control masculine characteristics
Masculinization
Exposure to androgens (male sex hormones) alter brain, rendering it identifiably male
Estrogens
Responsible for female characteristics
Testosterone
Affects number of neurons formed in certain brain areas, reduces number of neurons that die, increases cell growth

Lifelong effects of gondal hormones
Removal of ovaries = marked growth of dendrites and production of more glial incortex
Alter basic development of neurons, shape nature of experience-dependent changes in brain, influence structure throughout life
Prenatal stress produce changes in gene expression in frontal cortex

Adolescent onset of mental disorders
peak age is 14 yrs estimated

Injury and brain development
Humans:
Worst time for injury is last half of intrauterine period, and first few months after birth
Better time is first few years after birth, more resilient to deficits (e.g. language) when damage occurs in adulthood

Adulthood?
Learning to juggle over 3 months increases grey cortical matter

Drugs and brain development
ADHD associated w prenatal exposure to drugs like nicotine or caffeine 

Other abnormal brain development
Spina bifida
Condition in which genetic blueprint goes awry the neural tube does not close completely leading to incomplete spinal cord formation
Serious motor probs
Ancephaly
Failure of forebrain to develop because genetic abnormality caused the front end of neural tube not to close properly
Seizures – Schizophrenia
If cells don’t migrate to correct locations
And if those cells don’t die
Developmenta disabilities
Neurons fail to produce long dendrites or spines = abnormal brain connectivity
Excitatory synapse
In wrong location can short-circuit neuron function
Schizophrenia
Brain weigh less than normal, englarged ventricles
Smaller frontal lobes
Thinner parahippocampal gyri
Haphazard organization
Disorganized pyramidial neurons
Environmental insults or abnormal gene activity in 4-6 month of fetal development
Abnormal cortical development in frontal lobes

How does any of us develop a normal brain?
Human brain plasticity regenerative powers overcome minor developmental deviations
Overproducing neurons and synapses to maintain brain function thru life
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10 – 1 Sound waves: stimulation for audition
Sound wave
Undulating displacement of molecules caused by changing pressure

Physical properties of sound waves
Three attributes to sound wave energy: 
Frequency
Amplitude
Complexity

Sound-wave frequency
Number of cycles a wave completes in a given amount of time
Measured in cycles per seconds called hertz (HZ)
1 hertz = 1 cycle per second, 50 hertz = 50 cycle per second etc.
low pitch = slower wave frequency
high pitch = faster wave frequency
low freq travel long distance in water
high freq sound wave create echoes and form basis of sonar

Sound-wave amplitude
Strength, intensity of a stimulus in audition, roughly equivalent to loudness, graphed by increasing height of a sound wave
Measured in decibels (dB) – unit of measuring relative physical intensity of sounds
Normal speech = 40dB
Loud = 70dB
Quiet = 20dB

Sound wave complexity
Single freq wave are pure tones
Sound mix wave in combos called complex tones
Fourier analysis
Mathematical technique
Break complex tone into many component pure tones
Wave 1
Fundamental frequency
Rate which complex waveform pattern repeats
Wave 2-20
Over tones
Set of higher-frequency sound waves that vibrate at whole-number (integer) multiples of the fundamental frequency
Wave 5
Low amplitude
Wave 2
High amplitude
Sounds aperiodic or random = noise

Perception of sound
Frequency of the waves determines pitch of the sound heard by the brain
Height (amplitude) of the waves determines the sound’s loudness
Threshold of human hearing, detect air molecules 10 picometers

Properties of language & music as sounds
brain has evolved systems that analyze sounds for meaning
speech in left temporal lobe
music in right temporal lobe
innate presence of speech and music cues
language facilitates communication
music helps regulate own emotions to affect emotions of others
characteristic that distinguishes speech and musical sounds from other auditory inputs
delivery speed
nonspeech, nonmusic = 5 segments/second = a buzz
normal speech = 8-10 seg/second
capable of understanding 30 seg/second

Properties of language
Sound is tendency to hear variations of a sound as if they were identical
Perceive pronunciation to be same d sound, like deep, deck, duke
Auditory system have mechanism to categorize sounds as being same despite small pronunciation difference
After age 10 difficult to master another language, categories of sound are treated equivalent

Properties of music
Subjective properties:
Loudness
Magnitude of sound as judged by a person
Related to amplitude of a sound wave and is measured in decibels, but loudness is also subjective
Pitch
Position of each tone on a musical scale as judged by the listener
Clearly related to sound-wave frequency, more to it

Any note can be defined by fundamental frequency
Lowest frequency of a sound-wave pattern or rate at which the overall pattern is repeated
C is same note whether on piano or guitar
Right temporal lobe
Special function in extracting pitch from sound (speech or music)
Prosody
In speech, pitch contributes to perceived melodical tone of a voice or prosody

Final property of musical sound:
Quality, timbre
Perceived characteristics that distinguish a particular sound from all others of similar pitch and loudness
Quality of sound differ of violin and trombone

10-2 Functional anatomy of the auditory system
Summary*

10 – 3 neural activity and hearing
Summary**


10-4 anatomy of language & music
musical ability = right hemisphere specialization
language ability = left hemisphere specialization

Processing language
Uniformity of language structure
Chomsky: All language have common structural characteristics stemming from genetically determined constraint
Built-in-capacity for creating and using language
Language = universal
Chomsky: cite for genetic basis of human language is humans learn language early in life and w/o effort
12 months kids speak
19 combining words
3yrs rich language capability
Chomsky: process of language acquisition (theory of innateness) 
Sensitive period for language acquisition 1-6yrs
Critical period
Two languages learned share same part of Broca’s area
Broca’s area
Anterior speech in left hemisphere that functions w motor cortex to produce movements needed for speaking
Chomsky: many basis structural elements that all languages have in common
All languages employ  grammar & syntax
Creolization
Existence of 2 structural pillars in human language seen in this
Development of new language from what was formerly rudimentary language or pidgin

Wernicke model of speech recognition
Spoken word  A1  wernicke’s (contains sound images of words)  comprehend word heard

Speech produced
Thought  Wernicke  Broca’s area (stores motor programs for speaking words)  Facial area of motor cortex  cranial nerves  speak

Localizing language in the brain
Paul Broca
Confirmed language functions localized in left hem
Language is in left frontal lobe, anterior to central fissure
Damage here unable to speak

Wernicke
Broca’s area may be only one of several left-hem regions that control language
Relation btwn hearing and speech
Patients who had difficult comprehending language after injury to posterior region of left temporal lobe identified as Wernickes area
Speech zone – regulate language comprehension

Aphasia
Damage to any speech area produces inability to comprehend or produce language despite presence of normal comprehension and vocal mechanism

Wernickes aphasia
Speak fluent but language = confused, no sense, no idea what they are saying
Trouble mapping sound to meaning
Surprised by unperturbed by lack of own and others’ understanding

Broca’s aphasia
Cannot speak despite normal comprehension and intact physiology
Anomia: lack of words
Mainly content words
Poor use grammar and function words
Often pause to seek the right word
Common overlearned words “yes”


Theory
images of words encoded by sounds and stored in left posterior temporal cortex, when we hear a word that matches one of those sound images we recognize it and that’s how Wernickes area contributes to speech comprehension

Broca’s area
To speak
Anterior speech area in left hem
Motor program to produce each word stored in this area
Msg travel to Broca from Wernicke through arcuate fasculus, path that connects 2 regions
Controls articulation of words by vocal apparatus 

Auditory and speech zones mapped by brain stimulation
Wilder Penfield
Language areas of left hem clearly and accurately mapped in his studies
Electrical stimulation of either region disrupts both processes
Stimulating auditory cortex: patient report various sounds, ringing doorbell, buzzing, birds
Result is consistent with later studies of single-cell recordings from auditory cortex = role in pattern in recognition 

Four important cortical regions that control language
1. Broca’s Area
2. Wernicke’s area

3. Dorsal Area of frontal lobes
Supplementary speech area
Speech production region on the dorsal surface of the left frontal lobe
Stimulation produces speech arrest

4. Areas of motor and somatosensory cortex
Facial, tongue, throat muscles, sensations

Left hemisphere takes part in audition

Disrupting speech
Electrical stimulation of supplementary speech area on dorsal surface of frontal lobes can stop ongoing speech completely
Speech arrest

Eliciting speech
Supplementary speech area produced a cry
Facial areas in motor cortex, somatosensory cortex produces some vocalization related to movements of mouth and tongue

Auditory cortex mapped by positron emission tomography
PET
Brain-imaging technique detects changes in blood flow by measuring changes in the uptake of compounds such as oxygen or glucose to study metabolic activity of brain cells engaged in processing language
Angelo Mosso
When performing calculation, increase brain pulsation and blood flow was immediate

PET used while ppl listen to sounds?
Robert Zatorre
Hypothesize auditory stimulation like bursts of noise, analyzed by area A1
Complex auditory stimulation like speech syllables analyzed in adjacent secondary auditory areas
A1
Analyze all incoming auditory signals, speech, nonspeech
Passively listening to noise bursts
Secondary auditory areas: listening to melodies
Responsible for some higher-order processing for analyzing language and sound patterns
Right frontal lobe
Comparing pitches
Wernickes
Listening to words
Broca’s area
Discriminating speech sounds 
Speech-sound perception require match w motor behaviours associated with making that sound
Phonetic discrimination activates frontal region including Broca’s

Processing music
Music is right hem
Language is largely left hem
May be innate
Infants show prefernces for musical scales vs random notes

How brain carries perceptual side of music processing?
Zatorre conducted PET studies
Heschl’s gyrus
Activated to noise burst not melodies
Melodies trigger activation in right hem auditory cortex in front of Heschl’s gyrus
Language: frontal lobe plays role in auditory analysis when short-term memory is required
A) passively listening to bursts = Hescle’s gyrus
B) melodies = secondary auditory cortex
C) relative pitch judgments about 2 notes of each melody = right frontal-lobe area

Music as therapy
Effectiveness lies in studies of motor disorder such as stroke and Parkinsons
Depression treatment
Parkinsons patient who step to beat can improve their gait length and walking speed

What is the right hemisphere doing?
Lehericy (200)
Word generation
Listening to a story
Silent sentence repetition
If you only saw left lateral view you would think imaging fits well w lesion data
On axial slices, note activation looks almost bilateral
Why would brain work in right hem if it doesn’t have to?

10-5 auditory communication in nonhuman species
Birdsong
Attracting mates, usually employed by males demarcating territories and announcing location or even mere presence

Paralleles btwn birdsong and language
Gene experience interactions are epigenetic mechanisms
Brain area that controls singing in sparrows show altered gene expression in spring as the breeding and singing season begin
Both human language and birdsong innate sculpted by experience
Both human lang and birdsong is great diversity
Both human lang and birdsong develop similarly – heavily influence development by experience during critical period
Subsong (fledgling noises in birds) compared to babbling of human infants 

Neurobiology of birdsong
Higher vocal control center (HVC)
Nucleus robustus archistrialis (RA)
Axons of HVC connect to RA which in turn send axons to 12th cranial nerve
This nerve controls muscles of syrinx – produces the song

Characteristics of HVC and RA
Asymmetrical 
Larger structure in left hem
Sexually dimorphic
Larger in males than females
Due to testosterone
Size of birdsong controlling nuclei is related to singing skill
HVC and RA containing not only cells that produce birdsong but also cells responsive to hearing song, especially the song of a bird’s own species
Avian neural anatomy is comparable to overlapping roles of Broca’s and Wernicke’s areas in language perception and production in humans

Echolocation in bats
Two general groups of bats:
1. smaller echolocating bats (microchiroptera) 
2. larger fruit-eating, flower-visiting bats (megachiropetera)
Soundwaves to navigate to hunt, and communicate
Echolocation works like sonar
Auditory system has a cochlear fovea (maximally sensitive area in organ of Corti) that corresponds to that frequency range
Our visual system dedicates more neurons to retina’s fovea, the area responsible for our most detailed vision
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     Chapter 14

The brain is plastic
Changes thru life, allowing us to modify our behaviour to adapt and learn and to remember
List of experiences that must change the brain:
Profound changes during development
Acquisition of culture
Preferences among good
Ability to cope

14-1 Connecting learning and memory
Learning
Relatively permanent change in an organisms behaviour as a result of experience
Memory
Ability to recall or recognize previous experience
Memory implies mental representation of previous experience aka memory trace 
Corresponds to some physical change in brain involving synapses

Studying learning and memory in the lab
Mazes, pools used for rats 
Monkeys look under objects for food or at TV
Birds are the subjects, singing is used
Humans – paper and pencil tests

Pavlovian conditioning
Respondent conditioning, CC
Learning procedure whereby a NS elicits a response because of repeated pairing with some event 
Circuits in cerebellum mediate Pavlovian learning

Eyeblink conditioning
Neural circuits in cerebellum mediate this for of SR learning
Experimental technique in which subjects pair formerly NS with a defensive blinking response
Used in rabbits and ppl
Circuits in cerebellum mediate Pavlovian learning

Conditioned stimulus
Originally a NS after association w an US triggers CR becoming a CS

US
Innate, automatic response

UR
Unlearned, naturally occur response

CR
Learned response to formerly neutral CS

Fear conditioning
Noxious stimulus used to elicit fear, emotional response
Learned association, conditioned emotional response btwn a NS and noxious event such as a shock
Circuits of amygdala rather than cerebellum mediate fear conditioning

Operant conditioning
Thordike interested in how animals solve problems
Skinner used similar strategy of reinforcement to train rats to press bars or pigeons to peck keys to get food
Operant conditioning
Learning procedure in which consequences (punishment or reinforcer) of a particular behaviour increase or decrease probability of the behaviour occurring again, aka instrumental conditioning 
Olfactory tasks involve olfactory related structures like orbitofrontal cortex and amygdala
Spatial tasks recruit hippocampus
Motor tasks require basal ganglia

Two categories of memory
Implicit memory
Unconscious memory
Subjects can demonstrate knowledge such as a skill, conditioned response, or recalling events on prompting but can’t explicitly retrieve the info
Amnesia
Dissociation, disconnect occurs btwn memory of unconscious (implicit) learning and explicit memory
Partial, total memory loss

Explicit memory
Conscious recollection of training, subjects can retrieve an item and indicate that they know that the retrieved item is the correct one
E.g. Cat staring at missing ball where it was placed, even tho ball not visible

Declarative memory
Specific contents of specific experiences that can be verbally recalled (times, places, circumstances)

Procedural memory
Ability to perform a task

Learning set
“rules of the game”
implicit understanding of how a problem can be solved a w rule that can be applied in many diff situations

What makes explicit and implicit memory different?
Each housed in diff set of neural structures
Info is processed differently

Encoding memories
Implicit memory
Encoded same way perceived
Data driven, bottom-up processing
Info enters brain thru sensory receptors and processed in serious of subcortical and cortical regions
E.g. visual info about an objects goes from visual receptors (the bottom) to thalamus, the occipital cortex then thru ventral stream to temporal lobe (on top) where object is recognized

Explicit memory
Depends on conceptually driven, or top-down processing
Person reorganizes data
E.g. searching for your keys, ignore other objects
Top down process because circuits in temporal lobe (the top) form an image that influences how incoming visual info (the bottom) is processed which in turn greatly influences info recalled later

Priming
Using a stimulus to sensitize the NS to a later presentation of the same or similar stimulus 
Internal cues
Implicit memory is imperfect
Ease with which we can form false memories and defend their veracity with certainty

Processing memories
Visual and auditory info is processed by diff neural areas, reasonable to assume that auditory memories are stored in different brain regions from the regions that store visual memories

Distinction btwn information stored:
Short-term memory
Held only for brief few minutes at most then discarded
Frontal lobe plays important role
Long-term memory 
Held indefinitely 
Temporal lobe plays central role n long term storage of verbal info

Storing memories
Areas that process that info, house the memory of that info

Alex Martin – PET STUDIES
Confirmed prediction that since temporal lobes have specialized regions for processing colour, shape, other characteristics of an object we can predict that the memory for various visual attributes of objects is stored separately
Processing colour and motion are carried out in diff locations in temporal lobe
Colour: activates region in ventral temporal lobe anterior to area controlling color perception
Recall of action words: activates region in middle temporal gyrus anterior to area controlling motion perception
Distribution of neural activation shows not only that object memory is at least partly located in temporal lobes but also that it is found in regions associated w the original perception of the objects

What is special about personal memories? 
Episodic memory
Personal, autobiographical memory
Include not only record of events (episodes) that took place but also a record of our presence and role in the events
Frontal lobe injuries
Lost our personal memories, we will still recall events that took place but unable to see our role in them
Episodic amnesia
Not all have brain injury
Some massive memory disturbances resulting from psychiatric or psychogenic disorder – cant recall personal experiences, but knows facts e.g. KC motor cycle accident
Transforms brain into time machine
Unique to humans due to some development of frontal lobe
Psychogenic amnesia
Massive reduction in brain activity in frontal regions similar as seen in neurological patients w psychogenic amnesia
These patients have dysfunction of frontal-brain activity that acts to block the retrieval of autobiographical memory

Hyperthymestic syndrome
Ppl with superior autobigoraphhical memory
Personal memory dominates life

14-2 dissociating memory circuits
Lashley
Karl Lashley searched for neural circuits underlying memories for solutions to mazes learned by lab rats and monkeys
Lashley hypothesized: memories must be represented in perceptual and motor circuitry used to learn solutions to problems
If he removed bits of circuitry or disconnected, amnesia should result
Found severity of memory disturbance was related to size of injury than to its location
Lashley searched for explicit memory in perceptual motor systems of his animal subjects using tests designed mostly for implicit memory

William Scoville 
Performed bilateral medial-temporal-lobe resection on Henry Molaison
Severe epilepsy not controlled by medication
Seizures originated from amygdala, hippocampal formation, subcortical structures like adjacent cortex

Organic amnesia
Behavioural deficits limited to long-term memory functions
Intact intellectual function and normal or near normal immediate/short-term/working memory
Can be produced by damage to:
Hippocampus and related cortical areas – etorhinal, perihinal, parahippocampal region)
Basal forebrain
Certain thalamic strutures
Damage to prefrontal cortex does not produce severe amnesia

Disconnecting explicit memory
Brenda Milner
50 yr study
HM had severe amnesia, unable to recall anything that happened since surgery in 1953
Childhood and school intact, well mannered, lacking explicit memory
No recall of specific info just presented
Implicit memory was nearly intact – normal performance on tests like incomplete figure or pursuit-rotor tasks
Face recognition depends on parahippocampal gyrus (partly intact on HM right side)

Disconnecting implicit memory
Lashleys test were mostly measures of implicit memory
Lashley should have looked in basal ganglia for deficits that his tests of implicit memory revealed
Basal ganglia play central role in motor control
e.g. implicit memory examples of motor learning are driving, playing musical instruments, online games

Impaired implicit memory w intact explicit memory
Patient J.K.
Above average intelligence
Show symptoms of Parkinson’s mid 70s
In which projections from dopaminergic cells of brainstem to basal ganglia die
Could recall explicit events as wel as most men his age and speak intelligently
Intact long term memory is different than HM who would not remember anyone is coming after 5 mins of being told
Parkinsons primarily affects basal ganglia
JK deficit in implicit memory related to basal ganglia dysfunction
Still recall explicit events

Patient M.S.
Occipital lobe resection to treat intractable epilepsy
Intact recall and recognition memory for words but impaired repetition priming

14-3 neural systems underlying explicit and implicit memories
Neural circuits for explicit memories
Prime structures for explicit memories include medial temporal region and the frontal cortex

Explicit memory areas
In addition to subcortical hippocampus, amygdala, 

3 areas in medial temporal cortex take part in explicit memory
Entorhinal cortex
Located on medial surface of temporal lobe
Provides a major route for neocortical input to the hippocampal formation
Degenerates in Alzheimer’s disease
First area to show cell death in Alzheimers’ – form of dementia characterized by severe deficits in explicit memory
“gatekeeper”
Parahippocampal cortex
Cortex located along dorsal medial surface of temporal lobe – spatial info from dorsal stream
Connections from parietal cortex
Role in visuospatial memory/processing
Perirhinal cortex
Cortex lying next to rhinal fissure on base of brain
Connections from visual regions of ventral stream – input from ventral (object identity stream)
Prime candidate for visual object memory
So when you have an explicit memory everything is bound and linked

Sequential arrangement of 2-way connections project from major cortical regions
Input from sensory corticles flows to parahippocampal and perirhinal regions
Then to entorhinal cortex, then to hippocampus which feeds back to medial temporal regions and back to sensory regions in neocortex

Visuospatial memory
Using visual info to recall and objects location in space

Alzheimers disease – clinical focus 14-3
Two principle neuronal changes take place in Alzheimers
1. Loss of chinolinergic cells in basal forebrain
medication to increase ACTyl
2. Development of neurtric plaques in cerebral cortex: neutric plaque consists of central core of homogeneous protein material (amyloid) surrounded by degenerative cellular fragments.
Early impairments
Memory
New learning (encoding)
Word name finding (retrieval)
Attention
Later..
Working memory, remote memory
Language
Visusospatial and perceptual abilities
Praxis
Genetic risk factors:
General health/senescene
FOXO3A (sugar/growth)
Memory/hippocampal function
KIBRA (synaptic function)
Plaques
APOE (fat/cholesterol processing)
Tangles
Tau (microtubules)
Other cellular functions
CR1, BIN1, CLU, PICALM
Neurotransmitters
Environmental risk factors:
Head injury
Poor vascular health/stroke
High blood pressure, heart disease, high cholesterol
Diabetes
Low education, lack of mental social stimulation?
Pathology
Plaques and tangles, arteriorsclerosis (drawn by Alzheimer and colleagues)
Massive cell loss, beginning in MTL but moving to other areas especially of neocortex
Including basal forebrain

Basal forebrain
Maintenance of appropriate levels of activity in the forebrain structures so that they can process information
ACH important in learning and attention – so this may be a reason of Alzheimers loss of ACH have problems with attention, learning and memory
Production of Ach which is then distributed widely thru the brain
Ach affects ability of brain cells to transmit info to one another and encourages plasticity or learning
Damage to basal forebrain can reduce amount of Ach in brain and impair learning and memory

Acetylcholine 
1. Acetate and choline synthesis:
acetyl coA
ChAT
Steps: 
1. Acetyl CoA carries acetate to the transmitter synthesis site
2. ChAT transfers acetate to choline
3. In synaptic cleft, AChE detaches acetate from choline
4. Produts of the breakdown can be taken up and resused

Breakdown
Enzyme: AChE
AD: anti-cholinerase

Medial temporal system – hippocampus and spatial memory
Hippocampus may be particularly important for spatial memory
Engaged in visuospatial memory processes required for places, such as recalling the location of an object
Lesions produce deficits in processing of info regarding the memory for places, locations of objects (visuspatial learning) (e.g. objects)
Larger in food storing birds and rodents than in those who don’t store food
Visual recognition task
Monkey trained to displace an object to obtain a food reward
Monkey shown 2 objects and task is to displace new object to get reward
Task is a test of explicit visual object memory
Monkeys w perirhinal lesions are impaired at the task
Object-position task
Monkey is shown one object to be displaced to obtain a food reward
This task is a test of explicit visual object memory
Monkeys with perirhinal lesions are impaired at the task
Results
Predict animals w especially good spatial memories should have bigger hippocampi than those with poorer spatial memory

David Sherry – tested in birds
Hippocampal formation larger in birds that cache food than in birds that don’t
Hippocampi of food storing birds are twice as large for birds of their brain size and body weight
Similar relation w food storing rodents
Hippocampal size related in both birds and mammals to cognitive demands of 2 highly spatial activities, foraging and storing food

Reciprocal connections for explicit memory
Temporal path of explicit memory is reciprocal: conenctions from neocortex run from enthorhinal cortex and back to neocortex
Reciprocal connections have two benefits
1. Signals from medial temporal regions back to cortical sensory regions keep the sensory experience alive in the brain: the neural record of an experience outlasts the actual experience
2. The pathway back to the neocortex means that it is kept apprised of information being processed in the medial temporal regions
Ppl w frontal lobe injuries not amnesic like HM or JK, but have difficulties w memory for temporal (time) order of events

Tracing the explicit memory circuit
Role of diencephalon in memory:
Korsakoff’s syndrome – clinical focus 14-4
Chronic alcoholism
Perma loss of ability to learn new info (anterograde amnesia) and retrieve old info (retrograde amnesia)
Tend to make up stories then admitting they don’t remember
Caused by diencephalic damage resulting from alcoholism or malnutrition that produces vitamin B deficient  - death in cells in midline diencephalon including medial regions of the thalamus and the mammillary bodies of the hypothalamus
Frontal lobes of 80 percent show cortical atrophy (loss of cells)
Damage in diencephalon (medial thalamus and the mammillary bodies of hypothalamus) and frontal cortex

Retrograde amnesia
Inability to remember events that took place before onset of amnesia
Poor explicit memory for time before lesion

Anterograde amnesia
Inability to remember event subsequent to a disturbance of the brain such as head trauma, electroconvulsive shock or certain neurodegenerative diseases
Poor explicit memory for time since lesion

Medial thalamus implicated in Korsakoff’s syndrome and basal forebrain activating systems that are implicated in Alzheimers:
Sensory neocotical areas send their connections to medial temporal regions, which are in turn connected to medial thalamus and prefrontal cortex
Basal forebrain structures are hypothesized to paly role in maintain appropriate levels of activity in the forebrain structures so that they can process information
Temporal lobe structures are hypothesized to be central to formation of long-term explicit memories
Prefrontal cortex is central to maintenance of temporary (short-term) explicit memories as well as memory for recency (chronological order) of explicit events


Consolidation of explicit memories
Amnesia time-dependent
HM e.g. unable to form new explicit memories but he appeared to have good recall of facts and events from time periods remote from his surgery, such as his childhood
Findings led to idea that medial temporal region could NOT be ultimate storage site for long term memory, likely to be neocortex
Hippocampus consolidates new memories, process that makes them permanent
Consolidation
Process of stabilizing a memory trace after learning
Reconsolidation
Process of restabilizing a memory trace after it is revisited
Implication of reconsolidation is it out to be possible to erase negative memories by using amnesic agents when the memory is revisited 

Neural circuit for implicit memories 
Basal ganglia central to implicit memory
Basal ganglia receive input from entire neocortex, sending projection to ventral thalamus and then to premotor cortex
Basal ganglia receive projections from dopamine producing cells in substantia nigra
Sensory and motor information go to rest of cortex  basal ganglia  ventral thalamus  premotor cortex
Dopamine necessary for circuits in basal ganglia to function and may indirectly participate in implicit memory formation
Connection flows in one direction
Basal ganglia dysfunction in Parkinson’s have deficits in implicit memory

Unconscious nature of implicit memory
Mishkin believes that implicit memories are unconscious b/c the connections btwn the basal ganglia and cortex are unidirectional
Basal ganglia receives info from the cortex, but does not project back to the cortex
Information is just one way – hallmark of implicit memory
For memories to be conscious, there must be feedback to the cortex
Medial temporal lobes projects back to the cortex, so explicit memories are conscious
Sensory and motor info  rest of cortex  basal ganglia  ventralthalamus  premotor cortex
Substrantia nigra dopamine  basal ganglia

Normal aging
The cognitive neuroscience of aging
Cheryl Grady
Some cognitive areas worsen or get better with age
Semantics and language – grandma may outperform you
Building of vocabulary stay in good shape
Changes in gray matter, white matter, vasculature, neurotransmitters (brain structure) these have implications for activity for brain in terms of connections we see btwn one part of brain and another
Activity, variability, functional connectivity
Other factors that make a backdrop in which you end up looking at, like stress, genetics, educations, life experience etc.
Explaining what happens in normal aging in brain and what it means for behaviour – difficult

Normal healthy aging vs dementia  Alzheimers 
Alois Alzheimer reported in 1906
51 yr old women
memory impairment, aphasia, erratic behaviour, paranoid, auditory hallucinations

Alzheimers disease – clinical focus 14-3
Two principle neuronal changes take place in Alzheimers
1. Loss of chinolinergic cells in basal forebrain
medication to increase ACTyl
2. Development of neurtric plaques in cerebral cortex: neutric plaque consists of central core of homogeneous protein material (amyloid) surrounded by degenerative cellular fragments.
Early impairments
Memory
New learning (encoding)
Word name finding (retrieval)
Attention
Later..
Working memory, remote memory
Language
Visusospatial and perceptual abilities
Praxis
Genetic risk factors:
General health/senescene
FOXO3A (sugar/growth)
Memory/hippocampal function
KIBRA (synaptic function)
Plaques
APOE (fat/cholesterol processing)
Tangles
Tau (microtubules)
Other cellular functions
CR1, BIN1, CLU, PICALM
Neurotransmitters
Environmental risk factors:
Head injury
Poor vascular health/stroke
High blood pressure, heart disease, high cholesterol
Diabetes
Low education, lack of mental social stimulation?

Neural circuit for emotional memories
Emotional memory
Memory for affective properties of stimuli or events
Panic disorder common pathology of emotional memory
Ppl show anxiety but cant identify specific cause
Amygdala seems to evoke our feeling of anxiety toward stimuli that by themselves would not normally produce fear
Damage to amygdala affects emotional memory
Sends projections to brainstem structures that control autonomic responses like blood pressure, heart rate to hypothalamus that controls hormonal systems and to periaqueductal gray matter (PAG) that affects more perceptions of pain
Amygdala hooks thru implicit memory thru connections w basal ganglia
Emotionally arousing experiences tend to be vividly remembered
Emotionally significant experiences (good or bad) must activate hormonal brain systems that act to “stamp in” these vivid memories
Basolateral part of amygdala is critical
General idea is that emotionally drawn hormonal and neurochemical activating systems (cholinergic, noradrenergic) stimulate the amygdala, then amygdala modules laying down of emotional circuits in rest of brain especially in medial temporal and prefrontal regions and basal ganglia

Two key structures to explicity memory are: hippocampus and neocortex
Implicit memory is: basal ganglia
Emotional memory is amygdala 
Progressive stabilization of memories is known as the: consolidation
Emotional experiences: stimulate hormonal and neurochemical activating systems that stimulate amygdala
Amygdala in turn modulates the laying down of memory circuits in the rest of the brain

14-4 structural basis of brain plasticity
Cajal
Learning might produce prolonged morphological (structural) changes in the efficiency of the synapse activated in learning process
Neuron theory
Neurons are functional units of NS

“Plasticity”
ability to change
ability to change connection strengths among neurons
adaptability and potential for self-repair

Structural basis of brain plasticity
Learning and memory are associated w changes at synapse
Where one neuron influences another neuron
3 main kinds of changes:
Habituation
Response to a stimulus decreases w repetition
Sensitization
Response to a stimulus increases with repetition
Association
Hebb: “cells that fire together, wire together”
Linkage of 2 or more unrelated stimuli to elicit a behavioural response
Postsynaptic cell after an excitatory signal, EPSP, from presynaptic cell crosses synaptic gap

Measuring synaptic change
Modifying existing circuits
Neurons change their structure in response to their changing experiences
In pyramidal cells, 95% synapses are on the dendrites
Changes in the number of dendrites can be used to infer synaptic changes
More dendrites = more connections
New synapses can form btwn neurons that are already connected or btwn neurons that were not previously connected
Growth of new synapses indicates modifications to basic circuits already in brain

Creating novel circuits
Predominant view prior to mid-1990s
Mammalian brain does not make new neurons in adulthood
There is now evidence that neurogenesis does occur in the mammalian brain
Olfactory bulb, hippocampal formation, possibly neocortex
Reason for neurogenesis is still unclear

Enriched experience and plasticity
Raising rats in enriched enclosures is associated with increased
Brain weight
Dendritic length
Astrocyte processes
Vascular volume (more blood vessels)
# synapses per neuron
mitochondrial volume
marker of greater metabolic activity
preliminary evidence for increased neurogenesis

Manipulating experience experimentally
Nudo et al 1997
Had monkeys retrieve food from small or large food wells
Small wells required dexterous movement of 1-2 fingers
Large wells monkeys could put entire hand
Digit representation on the motor cortex was larger for animals that had to retrieve food from the smaller wells

Question: does the learning of a fine motor skill alter the cortical map?
Conclusion: the digit representation  in the brain of the animal with the more difficult task is larger, corresponding to the neuronal changes necessary for the acquired skill

Sensory or motor training and plasticity 
Experience-dependent changes
Scheibel et al 1993
Hypothesis confirmed:  cell complexity is related to the computational demands required of the cell
Neurons that represent the trunk area of the body have relatively less computational demand than do cells representing finger region, in turn, cells engaged in more-cognitive functions (such as language as in Wernickes area) have greater computational demand than do those engaged in finger functions
Relationship btwn the complexity of dendritic branching and the nature of the computational tasks performed by a brain area
Neurons receiving input from fingers versus the chest wall
Life experience alters dendritic morphology
Career word processors have greater differences btwn finger and trunk neurons than salespersons
Specific experiences produce localized changes in synaptic organization of the brain and that such changes form the structural basis of memory

Epigenetics of memory
Epigenetic: specific sites in DNA of neurons involved in specific memories might  exist in either methylated on nonmethylated states
Miller, Sweatt – conclude epigenetic mechanisms mediate synaptic plasticity broadly but especially in learning and memory
Implication of results is that cognitive disorders including memory defects could result from aberrant epigenetic modification

Plasticity, hormones, tropic factors and drugs
Synapse = key site of neural communication and learning
For most part synaptic transmission is chemical
Because synaptic change = key to behavioural change, factors that enhance or diminish synaptic change (e.g. neurotropic factors, drugs, hormones, experiences) will stimulate or retard behaviour change

Hormones
Estrogen
Levels alter structure of neurons and astrocytes in neocortex and hippocampus
As estrogen levels rise, number of synapses rises, as estrogen drops, synapses decline
Ovaries removed, estrogen levels drop producing increase in number of spines on pyrimidial cells thru neocortex but decrease in spine density in hippocampus
Glucocorticoids
Released from adrenal cortex in times of stress
Assist in metabolism of proteins and  carbs and control of sugar levels in the blood and cells
Steady levels of glucocorticoids that are seen with prolonged stress may be neurotoxic
kill hippocampal cells

Neurotropic factors
Chemical compounds that signal stem cells to develop into neurons or glia, act to reorganize neural circuits
Nerve growth factor
Neurotropic factor that stimulates neurons to grow dendrites and synapses and in some cases promote survival of neurons
Discovered in peripheral nervous system
Nourishing in the sense that it stimulates neurons to grow dendrites and synapses some case promotes survival of neurons

Brain-derived neurotropic factor
May enhance plastic changes such as the growth of dendrites and synapses
Increased levels when animals learn to solve problems e.g. mazes

Behaviour sensitization
Escalating behavioural response to the repeated administration off a psychomotor stimulant such as amphetamine, coke, nicotine, also called drug induced behavioural sensitization

Metaplasicity
Interaction among diff plastic changes in the brain

14-5 recovery from brain injury
- 3 possible ways to recover from brain injury
learn new ways to solve problems
reorganize the brain to do more w less
generate new neurons to produce new circuits
- either spontaneous or actively encouraged by therapy (training, drugs, etc.)

Spontaneous recovery
Relatively spontaneous recovery
Speech
Two case studies of hemispherectomy
What should happen if you sustain extensive LH damage?
Little spontaneous recovery
Amnesia

Jill Bolte Taylor at TED
Illustrates
These cases are real ppl
Recovery possible
Spontaneous recovery must be understood and effective, efficient therapies must be encouraged
Talking point: do you take her story at face value?

Three-legged cat solution
When a cat loses a leg, usually be able to compensate by learning how to walk w only 3
Same ability to compensate also in humans
Right handed person switch to left hand if unable to write
Behavioural compensation – presupposes that some changes in nervous system underlie this new skill

New circuit solution
Second way to recover from brain damage is for brain to form new connections that allow it to “do more with less”

How motor cortex damage affects movements
Nudo et al 1996
Damaged part of motor cortex that controlled the hand in monkeys
Without rehab
The hand area of motor cortex became smaller where elbow and shoulder area became larger
Monkeys lost ability to move the hand
With rehab
Hand area of motor cortex retained size
Monkeys retained some ability to move hand

Lost-neuron-replacement solution
Fetal tissue implantation
Limited success
Suited where only small number of cells needed
E.g. dopamine producing cells in substantia nigra for Parkinsons patients
Or in suprachiasmic cells to restore circadian rhythms

Replace Lost Cells
Adult stem cells to replace lost neurons
Reynolds and Weiss
Demonstrated that if the correct trophic factors are added, the cells begin to divide and can produce new neurons and glia
If trophic factors, particularly EGF are infused into ventricle of living animal, subventricular zone generates cells that migrate into the striatum and eventually differentiate into neurons and glia

Epidermal growth factor
Neurotropic growth factor that stimulates the subventricular zone to generate cells that migrate into the striatum and eventually differentiate into neurons and glia
Its possible that in future trophic factors may be useful in treatment of brain injury

Hippocampus and olfactory bulb
Among the regions that normally produce new neurons in adulthood and experience can influence # neurons produced

Guiding principles of brain plasticity
1. Behavioural change reflect change in brain
a. Primary fnc of brain is to produce behaviour, behaviour not static
b. To change behaviour we must change the brain
2. All nervous systems are plastic in the same general way
a. C.elegans roundworm can show simple learning that correlates w neuronal plasticity
3. Plastic changes are age specific
a. Brain responds to same experiences different @ diff ages especially during development
4. Prenatal events can influence brain plasticity thru life
a. Prenatal exposure to drugs, or positive experiences like tactile stimulation of moms skin may alter gene expression or produce epigenetic effects and enduring effects on brain organization
5. Plastic changes are brain-region dependent
6. Experience-dependent changes interact
a. Metaplasticity is property of a lifetimes interaction among diff plastic changes in the brain
7. Plastic events are not always a good thing


10 principles of the nervous system
1. Nervous system’s function is to produce behaviour
2. Nervous system function constantly changing
3. Many of brains circuits are crossed
4. Central nervous functions on multiple levels
5. Brain both symmetrical and asymmetrical
6. Brain systems are organized both hierarchically and parallel
7. Sensory and motor divisions exist thru the nervous system
8. Sensory input to the brain is divided: object recognition and motor control
9. Functions in the brain are both localized and distributed
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10. Nervous system works by juxtaposing excitation and inhibition

Adaptive role of synapses in learning

Synapse
Greater adaptability happens because experience alters the synapse
Synapse versatile in structure and function
Also are plastic, can change
Synapse provide site for neural basis of learning

Hebb theory – Hebb synapase 
When an axon of cell A is near enough to excite a cell B and repeatedly or persistently takes part in firing it, some growth process or metabolic change takes place in one or both cells such that A’s efficiency, as one of the cells firing B, is increased
Synapse that physically adapts in this way is called a Hebb synapse

Kandel
Subject is marine snail, Apylsia californica
Studied habituation and sensitization, both called unconscious for humans

Habituation response
Response to a stimulus weakens w repeated presentations of the stimulus
Aplysia habituates to waves in shallow tidal zone where it lives

Experiment 5-2
What happens to gill response after repeated stimulation?
1. gill withdraws from water get
2. gill no longer withdraws water jet, demonstrating habituation
Results: sensory neurons stimulates the motor neuron to produce gill withdrawal before habituation

1. with habituation the influx of calcium ions is response to action potential decreases
2. resulting in less neurotransmitter released at the presynaptic membrane…
3. and less depolarization of the postsynaptic membrane

Conclusion: 
Withdrawal response weakens with repeated presentations of water jet (habituation) owing to decreased Ca2+ influx, subsequently less NT release from presynaptic axon terminal

Neural basis of habituation
Habituation does not result from inability of either sensory/motor neuron to produce action potential
Response to direct electrical stimulation, both sensory and motor neuron retain ability to generate action potential even after habituation
Electrical recordings from motor neuron show as habituation develops, the excitatory postsynatpci potentials in motor neuron become smaller
If less neurotransmitter is received then changes accompanying habituation must be taking place in presynaptic axon terminal of sensory neuron

Calcium channels habituate 
Verified less NT is in fact released from habituated neuron
Release of a NT in response to an action potential requires influc of Ca2+ ions across presynaptic membrane
Neural basis of habituation lies in change in presynaptic calcium channels
Reduced sensitivity of Ca2+ channels and consequence decrease in release of a NT
Habituation linked to specific molecular change as summarized in this conclusion
Withdrawal response weakens w repeated presentation of water jet (habituation) owing to decreased Ca2+ influx and subsequently less NT relase from presynaptic axon terminal

Sensitization
- learning behaviour in which the response to a stimulus strengthens with repeated presentations of that stimulus because the stimulus is novel or because stimulus is stronger than normal – e.g. after habituation has occured
An enhanced response to some stimulus, is the opposite of habituation
Organism becomes hyper responsive to a stimulus rather than accustomed to it
Sensitization occurs within a context
Sudden novel stimulus heightens our general awareness and often results in larger than normal responses to all kinds of stimulation
PTSD – physiological arousal related to recurring memories and dreams surrounding a traumatic event persists for months/years after event
Characteristic PTSD: heightened response to stimuli, suggesting disorder is part related to sensitization
Aplysia – sudden novel stimuli can heighten a snails responsiveness to familiar stimulation
E.g. attacked by predator – snail displays heightened responses to many other stimuli in its environment

Neural basis of sensitization
Experiment 5-3
What happens to gill response in sensitization?
Procedure:
Single shock to tail enhances gill-withdrawal response (sensitization)
Results:
An interneuron receives input from a “shocked” sensory neuron in the tail and releases serotonin onto the axon of a siphon sensory neuron
1. Serotonin reduces K+ effluc thru potassium channels, prolonging action potential on the siphon sensory neuron

2. The prolonged action potential results in more Ca2+ influx and increased transmitter release

3. ..causing greater depolarization of the postsynaptic membrane after sensitization

Conclusion: 
Enhancement of withdrawal response after a shock is due to increased Ca2+ influx and subsequently more NT release from presynaptic axon terminal

Neural basis of sensitization
Interneuron responsible for sensitization
Axon terminal contains serotonin
Interneuron receives input from a sensory neuron in the tail (so carries info about the shock) makes axoaxonic synapse with a siphon sensory neuron
In response to the shock the tail sensory neuron activates the interneuron which releases serotonin onto axon of siphon sensory neuron
Withdrawal response is amplified by interneuron’s action in releasing serotonin onto presynaptic membrane of sensory neuron
Serotonin released binds to metabotropic serotonin receptor on axon of siphon sensory neuron
This binding activates second messengers in sensory neuron, coupled thru its G protein enzyme adenyl cyclase
This enzyme increases concentration of second messenger cAMP 
cAMP attaches phosphate molecule to potassium channels, phosphate renders potassium channels less responsive
potassium channels slow to open
K+ (potassium) ions cant repolarize the membrane as quickly so action potential lasts longer than it usually would

Potassium channels sensitive
Long lasting action potential occurs because potassium channels slower to open, prolong inflow of Ca2+
Ca2+ influx necessary for NT release
So more Ca2+ influc results in more NT from sensory synapse onto motor neuron
Increase NT = greater activation of motor neuron and larger than normal gill withdrawal response
cAMP may mobilize more synaptic vesicles making more NT ready for release as well 

Sensitization
Ca2+ influx results in more transmitter being releases
Changes take place in potassium channels
Habituation
Less Ca2+ influx results in less NT being released
Changes take place in calcium channels

Learning as a change in synaptic number
How can synapses be responsible for long-term changes associated with learning & memory?
Repeated stimulation produces habituation and sensitization that can persist for months
Brief training produce short term memory
Longer training period produce more enduring learning
Craig bailey, Mary Chen
found number of size of sensory synapses change in well-trained, habituated and sensitized Aplysia
number of size of synapses decrease in habituated animals
number of size of synapses increase in sensitized animals

Figure 5-19 physical basis of memory
Relative to control neuronal connection (left) the number of synapses btwn Aplysia’s sensory neuron and a motor neuron declibe as a result of habituation and increase as a result of sensitization. Such structural changes may underlie enduring memories

trigger process in sensory cell that result in loss or formation of synapse
transcription and translation of nuclear DNA initiate structural changes, form of new synapses and dendritic spines
cAMP
carrying out instructions regarding these structural changes to nuclear DNA
comes from studies of fruit flies, Drosophila
two genetic mutations can produce the same learning deficiency
Figure 5-20
Two mutations inactivate the second messenger, disrupting learning
mutation 1: dunce: lacks enzymes needed to degrade cAMP, so fruit fly has high cAMP levels
mutation 2: rutabaga: reduces level of cAMP 
new synapses seem to be required for learning to take place, second messenger cAMP seems to be needed to carry instructions to form them

5-4 Review
1. Experience alters the  synapses, the site of the neural basis of learning, a relatively permanent change in behaviour that results from experiences
2. Aplysias synaptic function mediates two basic forms of learning, habituation and sensitization.
3. changes that accompany habituation take place within the, presynaptic axon terminal of the sensory neuron, mediated by calcium channels that grow less sensitive with use.
4. The sensitization response is amplified by interneurons that release serotonin onto the presynaptic membrane of the sensory neuron, changing the sensitivity of presynaptic potassium channels and increasing influx of calcium ions, Ca2-.
5. One characteristic of PTSD, defined as physiological arousal related to recurring memories and dreams surrounding a traumatic event that persists for months or years after the event, is heightened response to stimuli. This suggest the disorder is in part related to sensitization.
6. Describe the benefits and/or drawbacks of permanent habituation and sensitization.
Permanent responses to frequently occurring stimuli are biologically (or behaviourally and/or metabolically) efficient, but if stimuli change suddenly, a lack of flexibility becomes maladaptive
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1. incoming sound wave vibrates ear dum, which in turn vibrates ossicles or hammer/anvil/stirrup
2. auditory receptors known as hair cells found in the cochlea
3. cochlear fluid causes displacement of basiliar and tectorial membranes
4. axons of bipolar cells from cochlea form auditory cochelear nerve which is the 8th or auditory vertibular cranial nerve
5. brain stem to inferior collicocus in mid brain to medial geniculate nucleus in thalamus
assymetrical structure of auditory cortex
the planum template is larger in left hemisphere and hescl gyrus is larger in the right hemisphere. This anatomical asymmetry is correlated to a functional asymmetry in left cortex analyzes languages related sounds where right temporal cortex analyzes music related ones
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10-3
1. tonotopic maps that code sound wave frequencies
2. loudness is detected by firing of rate of cells in cochlea
3. detecting location of a sound is function of neurons in superior olive and trapezoid body at brain stem
4. action for audition – function of dorsal auditory pathway
5. how brain detects a sound location. 2 mechanisms 1. Neuron in brain stem (hind brain) compute time difference in sound waves arrival at each ear, 2. Other neurons in brain stem compute the different in sound amplitude (loudness) in each ear
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