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·     Visual System

· What you see is not what you get

· System= active process

· We predispose our own knowledge onto what we perceive

· What’s actually out there is not what you are perceiving

· Light Enters the Eye and Reaches the Retina

· If there is no light(no vision

· Light is though of in 2 ways

1. discrete particles of energy (photons) traveling through space at about 300,000 kilometers per second

2. waves of energy

· light = waves of energy between 380 and 760 nanometers in length

· wave length and intensity are important components of light

· wavelength= role in perception of color 

· intensity= perception of brightness

Pupil and the Lens

· amount of light reaching retina ( regulated by the irises which give our eyes characteristic color

· light enters through pupil (1st stage) the hole in the iris

· adjustment of pupil size in response to changes in illumination represents a compromise between sensitivity (ability to detect presence of dimly lit objects) and acuity (ability to see the details of objects)

· illumination is high; pupils constrict

· constriction= greater depth of focus

· greater range of depths are simultaneously kept in focus on the retinas

· illumination is low( pupils dilate to let in more light 

· sacrifices depth of focus

· dilate to let more light in

· behind pupil ( is the lens

· ciliary muscles decides the tension of ligaments holding each lens in place 

· when we gaze something near the lens assumes natural cylindrical shape 

· this increases ability of lens to refract (bend) light and bring close objects into sharp focus

· focus on close  object= lens is flattened

· accommodation is the process of adjusting the configuration of the lenses to bring images into focus on the retina 

Eye Position and Binocular Disparity

· vertebrates can see more w/out moving head bc eyes are on both sides

· sacrifices ability to see behind

· this arrangement allows us to create 3-D perceptions (see depth) from 2-D retinal images

· converge- turn slightly inward

· greatest when you are inspecting things that are close

· binocular disparity- difference in the position of the same image on the two retinas

· greater for close objects than distant objects

· visual system uses the same degree of binocular disparity to construct one 3-D perception from two 2-D retinal images

Light(pupil(lens(retina

************************

Light travels to primary visual cortex to retina via cornea(aqueous humor(pupil(lens(vitreous humor=retinal-geniculate striate system
Retina= conversion of light energy to something detected in nervous system 

· photo receptors= convert light into neural activity

· ganglion= sensory cell that sends axon into CNS

· light passes this layer first

The Retina and Translation of Light into Neural Signals

· retina converts light into neural signal, conducts them toward the CNS and participates in the processing of the signals

· retina= 5 layers of different neurons

1. receptors

2. horizontal cells

3. bipolar cells

4. amacrine cells

5. retinal ganglion cells

· amacrine and horizontal cells are specialized for lateral communication (communication across the major channels of sensory input)
· retina is in a sense inside-out( light reaches the receptor layer only after passing through other 4 layers
· neural message is transmitted back out through the retinal layers to the retinal ganglion cells, whose axons project across the inside of the retina before gathering together in a bundle and exiting the eye ball
· neural message(retinal layers(retinal ganglion cells(inside of retina(exit through eyeball
· inside out causes 2 problems:
1. incoming light is distorted by the retinal tissue through which it must pass before reaching receptors

2. for the bundle of retinal ganglion cell axons to leave the eye there must be a gap in the receptor layer( gap= blind spot
· blind spot= point in retina w/no visual input
· where axons leave cell (ganglion) there are no rods or cones (blindspot
· these 2 problems are minimized by fovea
· fovea=indentation (0.33 cms in diameter) at the center of the retina; area of retina specialized for high acuity vision (seeing fine details)  

· no axons cover fovea

· foveal center: increased spatial acuity

· increased activity due to decrease in tissue that light passes through on way to retina

· Ganglion cells detect change
· thinning of retinal ganglion cell layer at fovea reduces the distortion of incoming light

· completion: filling in

· visual system uses information provided by the receptors around the blind spot to fill in the gaps in your retinal images

· when the visual system detects a straight bar going into one side of the blind spot and another straight bar leaving the other side, it fills in the missing bit for you; what you see is a continuous straight bar, regardless of what is actually there

· when you look at an object, your visual system does not conduct an image of that object from your retina to your cortex

· instead it extracts key info about object

· info about edges and their location

· conducts that info to cortex

· a perception of entire object is made based on that partial information

· color and brightness of a large unpatterned surfaces are not perceived directly but are filled in (completed) by a completion process known as surface interpolation( process by which we perceive surfaces; the visual system extracts information about edges and from it infers the appearance of large surfaces

Cone and Rod vision

· cones- cone shaped receptors

· short 

· fat

· less sensitive to light

· used in day light

· center of visual field

· rods- rod shaped receptors

· long

· cylindrical

· more sensitive to light

· used at night time

· peripherary area of visual field
· more cones in the ecenter of visual field

· under normal light cones are mostly used

· they don’t saturate under high intense light

· duplexity theory- cones and rods mediate different kinds of vision

· photopic vision- cone mediated; predominates in good lighting and provides high acuity colored perceptions of the world

· few cones converge on each retinal ganglion cell

· few:many

· scotopic vision- rod mediated predominates, more sensitive, lacks both the detail and the color of photopic vision

· output of several hundred rods converge on a single retinal ganglion cell

· many:single

· effects of dim light simultaneously stimulating many rods can summate (add) to influence the firing of the retinal ganglion cell onto which the output of the stimulated rods converges

· effects of same dim light applied to sheet of cones cannot summate to the same degree, and the retinal ganglion cells may not respond at all to the light

· Fovea

· No rods at all
· Only cones

· At the boundaries of the foveal identation the proportion of cones declines and increase in rods

· Density of rods is greatest at 20(
· More rods at nasal hemiretina (half of each retina next to the nose) than in temporal hemiretina (half next to the temples)

Spectral Sensitivity

· Lights of same intensity but of different wave lengths can differ markedly in brightness

· Spectral sensitivity curve(relative brightness of lights of the same intensity presented at different wave lengths

· Photopic spectral sensitivity curve can be determined by having subjects judge the relative brightness of different wave lengths of light shone on the fovea
· Maximally sensitive to wave lengths of about 560 nanometers

· Light at 500 nanometers would have to be much more intense than one at 560 nanometers to be seen as equally bright 

· Scotopic spectral sensitivity curve(determined by having subjects judge the relative brightness of different wavelengths at light shone on the peripherary of the retina at an intensity too low to activate the few peripheral cones located there

· Maximally sensitive at 500 nanometers

· A light of 560 nanometers would have to be much more intense than one at 500 nanometers to be seen as equally bright

· Purkinje effect: during day( yellow and red appear mucgh brighter compared to blues; during night(blue appears brighter than yellow and red

Eye Movement

· Our visual perception at any instant is a summation of recent visual information 

· Temporal integration allows the world to not vanish momentarily every time we blink

· when we fix our gaze on an object, our eyes continuously move(fixational eye movements
1. tremor

2. drifts

3. saccades

· saccades- small jerky movements, or flicks

· KEY: fixational eye movements enable us to see during fixation by keeping the images moving on the retina

Visual Transduction: The Conversion of Light to Neural Signals

· Transduction- conversion of one form of energy to another

· Visual transduction- conversion of light to neural signals by the visual receptors

· Rhodopsin- pigment

· when rhodopsin is exposed to continuous intense light, it was bleached (lost its color), and it lost its ability to absorb light

· when returned to dark, it regained both its redness and its light-absorbing capacity

· degree to which rhodopsin absorbs light in various situations predicts how humans see under the very same conditions

· degree to which rhodopsin absorbs lights of different wave lengths is related to ability of humans with rods to detect the presence of different wave lengths of light under scotopic conditions

· absorption spectrum- in dim light our sensitivity to various wave lengths is a direct consequence of rhodopsin’s ability to absorb them

· rhodopsin is a G-protein coupled receptor that responds to light rather than neurotransmitter molecules

· like other G-Protein receptors they initiate a cascade of intracellular events when activated

· rods in darkness open their sodium channels partially

· keep the rods slightly depolarized and allows a steady flow of excitatory glutamate neurotransmitter molecules to emanate from them

· when rhodopsin is bleached by light(resulting cascading events 

· close the sodium channels

· hyperpolarize the rods

· reduces release of glutamate

· signals are transmitted via inhibition

Retina to Primary Visual Cortex

· retina-geniculate striate pathways- conduct signals from retina(primary visual cortex or

· or retina( striate cortex via the lateral geniculate nuclei  of the thalamus
· signals from left visual field reach the right primary visual cortex (left field(right cortex)
1. either ipsilaterally from temporal hemiretina of the right eye

2. or contralaterally from nasal hemiretina of left eye 

· opposite is true for right visual field

· each lateral geniculate nucleus receives visual input only from the contralateral visual field

· 3 layers receive input from one eye, and three from the other eye

· most lateral geniculate neurons that project to the primary visual cortex terminate in the lower part of the cortical layer IV

· this produces a stripe or striation when viewed in cross section

Retinotropic Organization

· retina-geniculate-striate system is retinotropic
· each level of the system is organized like a map of the retina

· two stimuli presented to adjacent areas of the retina excite adjacent neurons at all levels of the system

· disproportionate representation of the fovea

The M and P Channels

· two parallel channels of communication flow through each lateral geniculate nucleus 

· one channel runs through top 4 layers

· parvocellular layers (P layers)- composed of neurons with small cell bodies

· sensitive to color, fine pattern details, and to stationary or slowly moving objects

· cones  provide majority of input

· other channel runs through bottom two layers

· magnocellular layers (M layers)- composed of neurons with large cell bodies

· responsive to movement
· rods provide majority of input

· Seeing Edges

· Edges are the most informative features of any visual display because they define the extent and position of the various objects in it 

· Merely a place where two different areas of a visual image meet
Lateral Inhibition and Contrast Enhancement

· Mach bands- non existant stripes of brightness and darkness running adjacent to the edges
· Enhance the contrast at each edge and make the edge easier to see
· Contrast enhancement- every edge is highlighted for us by the contrast enhancing mechanisms of our nervous systems
Horseshoe Crabs

· If a single ommatidium is illuminated, it fires at a rate that is proportional to the intensity of light striking it
· When a receptor fires it inhibits its neighbors via lateral neural network; this inhibition is called lateral inhibition since it spreads across the array of receptors
· Ex) edge created with intense and dim light
· Increased firing where intense meets dim
· It receives as much stimulation but less inhibition from its neighbors
· Deceased firing compared to rest of dim side at the edge
· Its receiving the same excitation but more inhibition from its neighbors
· See P. 145 for diagram
Receptive Fields of Visual Neurons

Hubel and Wiesel

· Studied single neurons of visual field in lab rats

· 1) Tip of electrode is positioned near a single neuron in the part of the visual system that is under investigation

· 2) Eye movements are blocked (paralyzing eye muscle)

· 3) Images on a screen are focused shaply on retina

· 4) Attempt to identify receptive field

· Receptive field is the area of visual field within which it is possible for a visual stimulus to influence the firing of that neuron

· 5) record the responses of the neuron to various stimuli within its receptive field in order to characterize the types of stimuli that most influence activity

· They mapped out primary visual cortex doing this

· Cells outside layer 4 had increasingly complex qualities

· Simple cells – respond to “bars” of light of a particular width (spatial frequency) and of a particular orientation (orientation selective)

· Orientation timing- cell is tuned to detect lines with specific orientation

· Complex cells- respond to “bars” of light of a particular width (spatial orientation) or a particular orientation and moving in a particular direction (direction selective)

· General strategy is to study neurons near the receptor and gradually work up through “higher and higher” levels of the system to understand the increasing complexity of the system

Receptive Fields: Neurons of the Retina-Geniculate Striate System

· Receptive fields in the foveal area of retina were smaller  than peripherary

· All neurons had circular receptive fields

· All neurons were monocular(each neuron had a receptive field in one eye but not the other

· Many neurons had receptive fields that comprised an excitatory area and an inhibitory area separated by a circular boundary

Hubel and Wiesel

· Neuron responds with “on” firing or “off” firing depending on location of the spot of light in the receptive field

· Neuron either burst of firing when light was turned “on” or

·  displayed an inhibition of firing when light was turned on and a burst of firing when turned “off”

· on center cells- respond to lights shone in the central region of their receptive fields with “on” firing and and off response to lights shone in the peripherary of their receptive fields with inhibition followed by “off” firing when the light is turned off

· off-center cells- inhibition and “off” firing in response to lights in the center of their receptive fields and with “on” firing to lights in the peripherary
· they both respond best to contrast

· level of activity influences how the cells respond to stimulus

Receptive Fields: Simple Cortical Cells

· simple cells- have receptive fields that can be divided into antagonistic “on” and “off” regions and are unresponsive to diffuse light

· borders between on and off regions of the cortical receptive fields of simple cells are straight lines  rather than circles

Complex cortical cells

· more numerous than simple cells

· have rectangular receptive fields, respond best to straight-line stimuli in a specific orientation, and are unresponsive to diffuse light

· have larger receptive fields

· not possible to divide receptive fields into “on” and “off” regions

· if a stimulus that produces “on” firing is swept across that receptive field the cell will respond continuously to it as it moves across the field

· many are binocular  (respond to stimuli of either eye)

· ocular dominance- they respond more robustly to stimulation of one eye than they do to the same stimulation of the other

· respond best to retinal disparity 

· play a role in depth perception

Columnar Organization of Primary Visual Cortex

· characteristics of receptive fields are attributed to flow of signals from neurons w/simpler receptive fields to those of more complex fields

· signals flow from “on” center and off center in lower layer IV to simple cells and from simple(complex

· primary visual cortex neurons are grouped in functional vertical columns 

· Vertical 

· If electrode is advanced vertically

· Each cell in column has a receptive field in the same area of the visual field

· Monocular dominance columns

· Straight line stimuli

· Horizontal

· Each successive cell encountered is likely to have a receptive field in a slightly different location and to be maximally responsive to straight lines of a slightly different orientation

· And tip passes alternately through left eye and right eye dominance( ocular dominance columns

· Orientation shifts systematically

Plasticity of Receptive Fields of Neurons in the Visual Cortex

· They are plastic

· Seeing Color

· Black= absence of light

· White= intense mixture of wide range of wavelengths in roughly equal proportions

· Gray= same mixture as white at lower intensity

· Color= dependent on the wavelengths of light it reflects into the eye

Component and Opponent Processing

· Component theory- (trichromatic theory)- Thomas Young and Helmholtz delared that there are 3 different kinds of color receptors (cones), each with different spectral sensitivity, and the color of stimuli is encoded by the ratio fo activity in the 3 kinds of receptors

· Any color can be matched by a mixing together of 3 different wave lengths

· Opponent process theory- Hering said 2 different classes of cells in the visual system exist for encoding color and another encoding brightness

· Each of the 3 classes of cells encoded two complementary color perceptions

· One class signaled red by changing its activity in one direction (hyperpolarization)

· Then signaled red’s complementary color (green) by changing its activity in the other direction

· Complementary colors are pairs of colors that produce white or grey when combined equally 

· No such thing as bluish yellow

· There are cones that respond to short wave length

· Cones that respond to medium wave length

· Cones that respond to long wave length

· Cells respond in one direction to one color and opposite direction to the other color (complementary color)

· Most primates are trichromats

· Mammals are dichromats mostly

· Difficulty seeing red

· A 4th chromat allows snakes to see ultraviolet waves

Color Constancy and the Retinex Theory

· Color constancy- perceived color of an object is not a simple function of the wavelengths reflected by it

· The tendency for an object to stay the same color despite major changes in the wavelengths of light that it reflects

· Color vision would have little survival value w/out it

· We are unaware of it normally

· The essence of color vision

· Improves our ability to tell objects a part in a meaningful way

· Land’s experiment

· He adjusted wavelengths of different colors to be exactly the same by changing the intensity of light emitted by projections

· Despite changes the colors remained the same 

· Proves color consistency

· Retinex theory- color of an object is determined by its reflectance(proportion of light of different wave lengths that a surface reflects

· Our visual system perceives color by comparing the light reflected by adjacent surfaces in 3 different wave lengths

· Dual opponent color cells- respond w/vigorous “on” firing when the center of their circular receptive field is illuminated with one wavelength and the surround (peripherary) is simultaneously illuminated with another wavelength 

· Dual opponent color cells respond to the contrast between wavelengths reflected by adjacent areas of their receptive field

· Many of these neurons are rich in cytochrome oxidase(mtiochondrial enzyme

· Their distribution in visiual cortex can be visualized by staining slices of tissue

· Blobs- peglike, cytochrome ovidase rich, dual-opponent color columns

· Located in the midst of ocular dominance

· Cortical Mechanisms of Vision and Awareness

· Primary visual cortex( receives most input from visual relay nuclei of thalamus
· Secondary visual cortex( most input from primary visual cortex

· Visual association cortex( input from areas of sexondary visual cortex and other senory system areas

· Prestriate cortex( band of tissue in the occipital lobe that surrounds the primary visual cortex

· Inferotemporal cortex( cortex of inferior temporal lobe

· Posterior parietal cortex( largest single area

· as you move thru neurons have larger receptive field and become more specific and complex

Damage to Primary Visual Cortex: Scotomas and Completion

· scotoma- area of blindness

· perimetry test- head is motionless and restrained, stare at fixation point, small dot is flashed across screen, patient presses button when dot is seen

· visual map that indicates spots of blindness

· most people w/scotomas are unaware of them

· completion

· hemianopsic- having scotoma cover half of visual field

Damage : Scotomoas

· conscious awareness- you assume that if a person sees something, he or she will be consciously aware of seeing it

· blindsight- ability of such patients to respond to visual stimuli in their scotoma even they they have no conscious awareness of them

Dorsal and Ventral Streams

· most info enters visual cortex via lateral geniculate nuclei
· dorsal stream- primary visual cortex(dorsal prestriate cortex(posterior parietal cortex

· spatial stimuli are responded to most

· locations of objects or direction of movement

· where objects are

· direct behavioral interactions with objects

· control

· ventral stream- primary visual cortex(ventral prestriate cortex(inferotemporal cortex

· color

· shape

· what objects are

· mediate conscious perception

· conscious

Prosopagnosia

· Prosopagnosia- agnosia for faces
· Specific for faces
· Can recognize other objects
· Damage to ventral stream
· Between occipital and temporal lobes
· Bilateral damage 
· Visual agnosia- visual stimuli agnosia

Akinetopsia

· Deficiency in ability to see movement progress in a normal smooth fashion
· Triggered by antidepressants

· Damage to middle temporal (MT) area of cortex
· Function of MT= perception of motion

· Each MT neuron has a large binocular receptive field allowing it to track movement over a wide range

· 5.1

· x ray beam is passed through an object onto photographic plate

· each molecules through which the beam passes absorbs some of the radiation

· only unabsorbed portions reach the plate

· brain is not dense enough

· only skull shows up

Contrast X Rays

· injecting into one compartment of the body a substance that absorbs X-rays either less than or more than the surrounding tissue

· substance then heightens the contrast between the compartment and surrounding tissue during X ray

cerebral angiography- uses the infusion of a radio-opaque dye into a cerebral artery to visualize the cerebral circuitry system during X ray photos

· most useful for localizing vascular damage

· MONIZ developed this

· Inject person w/iodine
· displacement of blood vessels from their normal position also can indicate the location of a tumor

X Ray Computed Tomography

· computed tomography-used to visualize brain and internal structures

· uses a rotating x ray tube and x ray detector on opposite sides

· rotates around patient’s head

· takes thousands of x rays while rotating

· uses a computer to generate the image

· provide 3-D image

Magnetic Resonance Imaging

· better than CT scan

· stronger than Earth’s magnetic field

· attempts to align hydrogen atoms
· body has different levels of hydrogen and water levels in body and these scans show those differences

· shows where lesion is before patient dies

· high-resolution images are constructed from the measurement of waves hydrogen atoms emit when activated by radio frequency waves in a magnetic field

· 2-D image

· spatial resolution- ability to detect and represent differences in spatial location

· high for MRI

Positron Emission Tomography

· PET scan- first technique to show images of brain activity (functional imaging)

· Radioactive 2-deoxyglucose (2-DG) is injected into the carotid artery 

· 2-DG is taken up by active cells

· it can’t be metabolized

· accumulates in active neurons (astrocytes)

· gradually is broken down 

· fluorine-18= most commonly used substance

· each PET scan is an image of levels of radioactivity in various parts of one horizontal level of brain

· shows increased glucose consumption
Functional MRI

· better than PET

· produce images representing incease in oxygen flow in the blood to active areas of the brain

· active areas take up more oxygenated blood than they need for their energy requirements 

· oxygenated blood accumulates in active areas of brain

· oxygenated blood has magnetic properties (oxygen influences effect of magnetic fields on iron in the blood)

· signal recorded by FMRI= BOLD signal- blood-oxygen-level- dependent signal

· Advantages over PET

· Not invasive

· Structural AND functional info

· Spatial resolution is better

· 3-D image over entire brain

Magnetoencephalography

· MEG- measures changes in magnetic fields on the surface of the scalp that are produced by changes in underlying patterns of neural activity

· Temporal resolution- can record changes in neural activity

· Advantage over FMRI

Transcranial Magnetic Stimulation

· Other methods can’t prove that the brain activity caused the cognitive activity

· TMS- affecting the activity in an area of the cortex by creating a magnetic field under a coil positioned next to the skull

· Temporarily turns off part of brain while effects on disruption on cognition and behavior are assessed

· 5.2

Scalp Electroencephalography

· EEG- measure of gross electrical activity of the brain

· Recorded through large electrodes by a device

· Action potentials, postsynaptic potentials, and skin, muscle, blood, and eye movement

· Alpha waves- regular, 8-12 second high amplitude waves that are associated with relaxed wakefulness

· EEG signals decrease in amplitude as they travel

· Comparison of signals recorded from various sites on scalp can sometimes indicate origin of waves

· Accompanying EEG waves= event related potentials (ERPs)
· Sensory evoked potential- change in cortical EEG signal that is elicited by momentary presentation of a sensory stimulus

· 2 components:

· 1) signal of response to stimuli

· 2) the ongoing background EEG activity (noise)

· method used to reduce noise= signal averaging 
· the response to stimuli is recorded many times

· computer identifies the millivolt value of each of the set # of responses 

· calculates the mean

· then calculates the mean 1 millisecond from start

· averages are plotted

· noise is canceled out by averaging

· P300 wave- positive wave that occurs about 300 milliseconds after a momentary stimulus 

· Farfield potentials- small waves recorded from scalp but originate far away in the sensory nuclei of the brain stem

Muscle Tension

· Electromyography- EMG activity is recorded between two electrodes taped to the surface of the skin over muscle of interest

· Increase in muscle tension(increase in amplitude of EMG signal(reflects the # of muscle fibers contracting at one time

· Most people do not work w/raw EMG signals; they convert them

Eye Movement

· Electrooculography- EOG; steady potential difference between from (positive) and back (negative) of the eyeball

· when eye moves( change in electrical potential between  electrodes placed around eye is recorded

· electrodes placed left and right of eye= horizontal movement

· electrodes placed above and below= vertical movement

Skin Conductance

· emotional thoughts and experience(increases in ability of skin to conduct electricity

· skin conductance level (SCL)- measure of background level of skin conductance associated with particular situation

· skin conductance response (SCR)- measure of transient changes in skin conductance that are associated with discrete experiences

Cardiovascular Activity

· 2 parts

1) blood vessels

2) heart

· system that distributes oxygen and nutrients 

· removes metabolic waste

· transmits chemical messages

Heart Rate

· electrocardiogram (ECG)- 

· average = 70 beats/min
Blood Pressure

2 components

1.  measurement of peak pressure during periods of heart contraction( systoles

2) measurement of minimum pressure during periods of relaxation(diastoles

· ratio of systolic over diastolic in millimeters of mercury
· normal resting pressure= 130/70
· hypertension= 140/90
Blood Volume

· plethysmography- measures changes in blood of various body parts

1) record volume of target tissue by wrapping a strain gauge around it

2) shine light thru tissue and measure amount of light absorbed by it

· more blood=more light absorbed

· 5.3 Invasive Physiological Measures

Stereotaxic Surgery

· means by which experimental devices are precisely positioned in the depths of the brain

Requirements

1. atlas to provide directions to target site

2. instrument to get there

· stereotaxic atlas- used to locate brain structures the same way a geog atlas is used

· bregma- point on top of skull where two of the major sutures (seams) intersect

· stereotaxic instrument( 2 parts
1. head holder(firmly holds subject’s brain in position and orientation

2. electrode holder(holds device to be inserted

allows electrode holder to be moved in 3 dimensions

· anterior-posterior

· dorsal-ventral

· lateral-medial

Lesion Methods

Aspiration Methods

· aspiration(choice used when cortical tissue is accessible ot the eyes and instruments of surgeon; tissue is drawn off by suction through a fine tipped handheld glass pipette

· peels off layers of cortical tissue from the surface of the brain

· leaves underlying white matter and major blood vessels undamaged

Radio Frequency Lesions

· high frequency current is run through cortical tissue via tip of electrode

· heat destroys the tissue

· size and shape of lesion decided by duration and intensity

Knife Cuts

· eliminates conduction in a nerve or tract

· tiny well placed cut

· does not damage other parts of tissue

Cyrogenic Blockade

· coolant is pumped through implanted cryprobe 

· neurons on tip are cooled until they stop firing
· temperature is maintained above freezing to prevent damage

· eliminates contribution of a particular area of the brain to ongoing behavior

Interpreting Lesion Effects

· difficult to interpret

Bilateral= worse than unilateral

Electrical Stimulation

· electrical stimulation increases firing of neurons near the tip of the electrode

· often has behavioral effects, usually opposite to those produced by lesion to same area

Invasive Electrophysiological Recording Methods

Intracellular Unit Recording

· provides moment-moment record of graded fluctuations in one neuron’s membrane potential 

· animal must be immobilized

Extracellular recording

· microelectrode tip placed in extracellular fluid and records each time neuron fires(electrical disturbance and a blip is recorded

· records action potentials

· provide info about firing of neuron, but NO info about neuron’s membrane potential
Multiple Unit Recording

· electrode tip is much larger

· records multiple neuron firing 

· records slight shifts in its position
· movement of subject = little effect

· many action potentials are recorded and fed into integrating circuit which adds them together

Invasive EEG Recording

· large implanted electrodes

· EEG through screws and wire electrodes

· 5.4 Pharmacological Research Methods

· drugs are administered that either increase or decrease effects of neurotransmitters to record behavioral consequences

Routes of Drug Administration

1. fed to subject

2. injected through a tube into stomach (intragastrically)

3. injected  hypodermically into abs (intraperitoneally)

4. into fatty tissue beneach skin

5. into large surface vein

· many drugs do not pass through blood brain barrier

· to overcome this:

· drugs can be administered in small amounts through a fine hollow tube (cannula) that has been stereotaxically implanted into the brain

Selective Chemical Lesions

· difficult to interpret bc they affect surrounding tissue

· neurotoxins- (neural poisons) make it easier to make more selective lesions 

Measuring Chemical activity of Brain

2-DG Technique

· place animal which has been injected w/ 2-DG in a test situation in which it engages in activity of interest

· neurons activate during test absorb it at a high rate but do not metabolize it 

· subject is killed and brain removed and sliced

· slices are subjected to autoradiography
· coated w/photographic emulsion, stored in dark for days, and developed like film

· areas w/ 2-DG during test appear black

· density of spots can be color coded

Cerebral Dialysis

· method of measuring extracellular concentration of specific neurochemicals in behaving animals

· implant tubes in brain w/short semipermeable section

· semipermeable section is positioned in brain structure of interest so that extracellular chemicals from structure will diffuse into the tube

· once in the tube they can be collected

Locating Neurotransmitters and Receptors in the Brain

Immunocytochemistry

· when foreign protein (antigen) enters body, the body creates antibodies that bind to it and help the body remove or destroy it= immune reaction

· immunocytochemistry= procedure for locating particular neuroproteins in the brain by labeling their antibodies with a dye or radioactive element and exposing slices of brain tissue to the labeled antibodies

· regions of dye or radioactivity accumulation in the brain slices mark the locations of the target neuroprotein

· used to locate neurotransmitters by binding to their enzymes

· done by exposing brain slices to labeled antibodies that bind to enzymes located in only those neurons that contain the NT

In Situ Hybridization

· in situ hybridization- takes advantage that all peptides and proteins are transcribed from sequences of nucleotide bases on strands of messenger RNA

1. hybrid RNA strands with the base sequence complementary to that of the mRNA that directs the synthesis of the target neuroprotein are obtained

2. next hybrid RNA are labeled w/ a dye or radioactive element

3. brain slices are exposed to labeled hybrid RNA strands

4. they bind to complementary mRNA strands, marking the location of neurons that release the target neuroprotein

· 5.5 Genetic Engineering

Gene Knockout Techniques

· procedures for creating organisms that lack a particular gene under investigation

· allows us to see which genes are responsible for certain behavior and which are not

Gene Replacement Techniques

· genes can be inserted from human cells into other animals 

· transgenic mice= mice with genetic material of other animals

Fantastic Fluorescence and the Brainbow

· Green fluorescent protein (GFP)- protein that exhibits bright green fluorescence when exposed to blue light

· Goal is to activate GFP in only the cells under investigation so they can be readily visualized

1) insert GFP gene in only target cells 

2) Introducing GFP gene in all cells but expressing the gene in only target cells

· Minor alterations to GFP gene results in synthesis of proteins that fluoresced in different colors

· Each neuron produces different amounts of three proteins

· Brain bow technique
· Pathways of neural axons could be traced to their destinations through the cellular morass

· 5.6 Neuropsychological Testing

· neurologist= asseses simple sensory and motor functions

· neuropsychologist= changes in perceptual, emotional, motivational, or cognitive functions 

Modern Approach to Neuropsychological Testing

Single Test

· unsuccessful

· no single test is sensitive to all varied and complex psychological symptoms 

Standardized Test Battery Approach

· Halsteid-Reitan Neuropsychological Test Battery
· Performed poorly by brain damaged patients

· Marginally successful

Customized-Test-Battery Approach

· Goal= characterize the nature of the psychological deficits of each brain-damaged patient

1. newer tests are designed to measure aspects of psychological function that have been spotlighted by modern theories and data

2. interpretation of the results often does not rest entirely on how well the patient does(allows psychologist to assess cognitive strategy patient employs performing the test

3. requires more skill and knowledge on part of psychologist

Tests of Common Neuropsychological Test Battery

Intelligence

· IQ= poor measure

· Assessments begin with Wechsler Adult Intelligence Scale (WAIS)
· Often the first test

Memory

· WAIS often fails to detect problems with memory

· Digit span test- identifies longest sequence of random digits that a patient can repeat correctly 50% of the time (most people=7

Language

· Token test- 20 tokens of two different shapes (squares and circles), two different sizes (large/small), and 5 different colors (white, black, yellow, green, and red)

· Subjects are instructed what to pick up (progressively difficult)

Language Lateralization

· LH= language sometimes but other = RH

· Knowing which hemisphere is dominant in language is useful for interpreting other tests

· Sodium amytal test- injecting anesthetic into either the left or right carotid artery 

· Leaves one hemisphere paralyzed while other is unaffected

· If you anesthize the language size you are mute for a few minutes

· Non dominant side= minor speech problems

· Invasive(only used for medical reasons

· Dichotic listening test- sequences of spoken digits are presented to subjects through stereo headphones(3 digits are presented to one ear; 3 different digits to the other ear

· You report more digits heard by ear contralateral (other side) 

Tests of Specific Neuropsychological Function

Memory

· Repetition priming tests- (fragments of words)
· shown a list of words and asked to study them

· not asked to remember them

· asked to complete list of word fragments (some of them fragments from previous test)

· amnesic patients will often complete the fragments 

· often have no conscious memory of words from first list

· display implicit memory of experiences without explicit memory

Language

· phonology= rules governing sounds of language

· syntax= grammar of language

· semantics= meaning of language

Frontal Lobe Function

· Wisconsin Card Sorting Test- customized of many test batteries

· Performance is sensitive to frontal lobe damage

· Either a 1, 2, 3 , or 4 identical symbols

· Correctly sort cards from a deck into piles in front of the stimulus cards

· Patient does not know whether to sort by form, color, or number

· Begins by guessing and is told after if correct

· Sorting principles change after each test

· 5.7

· cognitive neuroscience- based on 2 assumptions

1. each complex cognitive process results from the combined activity of simple cognitive processes (constituent cognitive processes)

2. each ccp is mediated by neural activity in a particular area of the brain

· main goal= identify the parts of the brain that mediate various constituent cognitive processes

· paired-image subtraction technique- key research method

· involves obtaining PET or fMRI images during several different cognitive tasks

· brain activity associated with that task can be estimated by subtracting the activity in the image associated w/one of the two tasks from the activity in the image associated with the other

· when you subtract you create a difference image
· allows you to specifically locate a ccp associated with task

· complicated by brain’s default mode(brain activity when human subjects sit quietly and let minds wander

· default mode network(brain structures active in the default mode

· 5.8: Animal Behavior

Paradigms for Assesment of Species-Common Behaviors

· species-common behaviors- displayed by virtually all members of a species

Open Field Test

· subject is placed in large barren chamber and activity is recorded

· lines are drawn in chamber and crossings over lines are counted

· low activity scores and high boluses (excretement) are signs of fearfulness

· fearful rats are thigmotaxic(rarely venture away from the walls of the test chamber and rarely engage in rearing or grooming

· fearfulness declines w/repeated exposure

Tests of Aggressive and Defensive Behavior

· colony-intruder paradigm- dominant male= aggressive; intruder= defensive

· alpha male moves sideways with hair erect

· delivers bites to back of defensive intruder

· defender tries to protect back by rearing up hind legs and pushing attacker away

· elevated plus maze- 4-armed, plus sign-shaped maze that is typically mounted 50 cms above the floor; test of defensiveness to study anxiety reducing effects

· 2 arms have sides

· 2 do not

· rats spend time in protected closed arms compared to open arms

· many new drugs prove effective to reduce rat’s defensiveness

Test of Sexual Behavior

· common measure= # of mounts required to achieve intromission (ejaculation) and the interval between ejaculation and reinitiation of mounting

· common measure for female= lordosis quotient (proportion of mounts that elicit lordosis)

Traditional Conditioning Paradigms

· Pavlovian conditioning paradigm( experimenter pairs an initially neutral stimulus (CS) w/ a unconditioned response (UR) 

· Eventually stimulus acquires capacity to elicit CR

· Operant conditioning paradigm( rate at which a particular voluntary response is emitted is increased by reinforcement or decreased by punishment

· Self-stimulation paradigm( animals press a lever to deliver electrical stimulation to particular sites in their own brains

· These structures support self stimulation are called pleasure principles
Seminatural Animal Learning Paradigms

Conditioned Taste Aversion

· Avoidance response that develops to tastes of food whose consumption has been followed by illness

· Rats receive naseau inducing drug after they consume a food w/unfamiliar taste

· Learn to avoid taste

· Rats are neophobic(afraid of new things

· When they discover new food they consume in small quantities

· This challenged the view that animal conditioning is a gradual step-by-step process

· Showed that temporal contiguity is not essential for conditioning

· Rats acquire aversions even when they do not become ill

· Challenged the principle of equipotentiality(view that conditioning proceeds in basically the same manner regardless of particular st

Intro

· exteroceptive systems- auditory, somatosensory, olfactory, and gustatory

7.1

· visual system= most widely studied

· primary sensory cortex- area of sensory cortex that receives most of its input directly from the thalamic relay nuclei of that system

· secondary sensory cortex- comprises the areas of the sensory cortex that receive most of input from the primary sensory cortex of that system or from other areas of the secondary sensory cortex

· association cortex- any area of cortex that receives input from more than one sensory system  

· most input from the areas of secondary sensory cortex
Hierarchial Organization

· hierarchial organization- system whose members can be assigned to specific levels or ranks in relation to one another

1) association cortex

2) secondary cortex

3) primary sensory cortex

4) thalamic relay nuclei

5) receptors

ASPTR

· each level receives most input from lower level and adds another layer of analysis before passing it on up 

· higher the level of damage=more specific and complex the deficit

· general process of perceiving:

1) sensation- process of detecting the presence of stimuli

2) perception- higher order process of integrating, recognizing, and interpreting complete patterns of sensations

Functional Segregation

· characterizes the organization of sensory systems
· 3 levels of cerebral cortex

1. primary

2. secondary

3. association

Parallel Processing

· sensory systems= hierarchial, functionally segregated, and parallel

· binding problem- complex stimuli are normally perceived as integrated wholes, not as combinations of independent attributes

· How does the brain combine individual sensory attributes to produce integrated perceptions?

Solutions

· Single area of cortex at the top of hierarchy that receives signals from all other areas and puts them together

· However, there is no such area

· Perceptions must be a product of combined activity of different interconnected cortical areas
· Most sensory neurons carry info lower(higher, but some do the opposite

· Top-down signals

· 7.2 Auditory

· humans hear vibrations between 20-20,00Hz (cycles/second)
· amplitude, frequency, and complexity of molecular vibrations are most closely linked to perceptions of loudness, pitch, and timbre
· pure tones- sine wave vibrations that only exist in labs and recording studios; in real life sound is always associated w/complex patterns of vibrations

· fourier analysis(math procedure for breaking down complex waves into their component sine waves

· pitch of such sounds is related to fundamental frequency (highest frequency of which the various component frequencies of sound are multiples)

· pitch=frequency
· sound that is a mixture of 100, 200,300 Hz has a pitch related to 100 Hz bc 100 Hz is the highest frequency of which the three components are multiples

· 200, 300, and 400 have a pitch of 100 Hz( which is the missing fundamental
The Ear

· sound waves travel from outer ear down the auditory canal and cause the tympanic membrane (eardrum) to vibrate

· vibrations are transferred to (3 ossicles (small bones of the middle ear

1. malleus (hammer)

2. incus (anvil)

3. stapes (stirrup)

· vibrations trigger vibrations of membrane called the oval window(transfers vibrations to fluid of the snail shaped cochlea

· cochlea( long, coiled tube w/an internal membrane running across almost to its tip
· organ of Corti= internal membrane composed of 2 structures
1. basilar membrane

2. tectorial membrane

· auditory receptors, hair cells, are mounted in the basilar membrane and the tectorial membrane rests on the hair cells

· deflection of organ of Corti produces shearing force that stimulates hair cells(increasing firing in axons of auditory nerve(branch of cranial nerve VIII

· vibrations of cochlear fluid are dissipated by the round window (an elastic membrane in cochlea wall)

· cochea= sensitive

· we can hear differences in pure tones that differ in frequency of 0.2%

· different frequencies produce maximal stimulation of hair cells at different points along the basilar membrane

· higher frequencies produce greater activation closer to the windows

· lower frequencies producing greater activation at the tip of the basilar membrane

· most structures are arrayed according to frequency

· organization of auditory system is tonotopic
· semicircular canals- receptive organs of the vestibular system

· vestibular system- carries info about the direction and intensity of head movements(helps us maintain our balance
Ear to Primary Auditory Cortex

· no major pathway comparable to visual system

· axons of each auditory nerve synapse in the ipsilateral cochlear nuclei ( projections lead to superior olives on both sides of the brain stem at the same level

· axons of olivary neurons project via the lateral lemniscus to the inferior colliculi  where they synapse on neurons that project to the medial geniculate nuclei of the thalamus
· ipsilateral cochlear nuclei(superior olives(lateral lemniscus(inferior colliculi(medial geniculate nuclei (primary auditory cortex

Subcortical Mechanisms of Sound Localization

· localization is mediated by lateral and medial superior olives

· medial superior olives deal w/differences in time of arrival
· lateral superior olives deal w/differences in amplitude
· medial and lateral superior olives project to superior colliculus as well as inferior colliculus (tectum)
· GENERAL FUNCTION OF SUPERIOR COLLICULI= locating sources of sensory input in space
Auditory Cortex

· Primary auditory cortex(
·  receives majority of input from medial geniculate nucleus 
· Is located in the temporal lobe
· Hidden from view in lateral fissure
· Part of the core region

· Surrounding core region is a band called the belt
· Secondary auditory cortex outside the belt is called the parabelt
Organization of Primate Auditory Cortex

· Organized in functional columns
· All neurons encountered during a vertical microelectrode penetration of primary auditory cortex tend to respond optimally to sounds in same frequency

· Auditory cortex is organized tonotopically
· Organized on basis of frequency
What Sounds Should Be Used to Study Auditory Cortex?

· Neural responses of secondary auditory cortex tend to be more complex and varied than those of primary auditory cortex

· BUT; responses at even the lowest cortical level of auditory analysis, the primary auditory cortex, are so complex and varied that progress has been limited

· Dificult Question the answer

Two Streams of Auditory Cortex

· Auditory signals are conducted to two large areas of association cortex

1. PFC

2. Posterior Parietal Cortex

· Anterior auditory pathway is more involved in identifying sounds (what) 
· Posterior auditory pathway is involved in locating sounds (where)
Auditory Visual Interactions

· Sensory interactions do occur in association cortex

· Sensory interactions at the lowest level of the sensory cortex hierarchy

Where Does the Perception of Pitch Occur?

· Area anterior to primary auditory cortex
· Bendor and Wang( this area is where frequency of sound is converted to the perception of pitch 

Effects of Damage to the Auditory System

1. provides info about how system works

2. serves as a source of info about causes and treatment of clinical deafness

Auditory Cortex Damage

· most common area of damge=lateral fissure
· bilateral lesion= complete loss of hearing

Deafness in Humans

· 1% prevalence

· if one auditory brain structure is destroyed, alternative pathways where info flows remain

1. damage to ossicles  (conductive deafness) and those 

2. damage to the cochlea or auditory nerve (nerve deafness)
· MORE concern with nerve deafness
· Major cause= loss of hair cell receptors

· Charchteristic of age related hearing loss

· Tinnitus- ringing of the ears

· When 1 ear is damaged ringing is perceived as coming from that ear

· Cutting the nerve from ringing ear has no effect on ringing

· Cochlear implants( bypass damage to the auditory hair cells by converting sounds picked up by a microphone on the patient’s ear to electrical signals(carried to the cochlea by a bundle of electrodes(excite the auditory nerve

· Do not restore normal hearing

· Sooner the better after damage

Somatosensory

· 3 separate systems

1. exteroceptive system- senses external stimuli applied to skin

2. proprioceptive system- monitors info about the position of the body that comes from receptors in the muscles, joints, and organs of balance

3. interoceptive system- provides general information about conditions within the body

· Primary focus is exteroceptive system(divided in two parts

1. mechanical stimuli  (touch)
2. thermal stimuli (temperature)
3. nociceptive stimuli (pain)
Cutaneous Receptors

· simplest cutaneous receptors(free nerve endings(neuron endings w/no specialized structures on them

· sensitive to temperature change and pain

· largest and deepest cutaneous receptors(Pacinian corpuscles
· adapt rapidly

· respond to sudden displacements of skin but not to constant pressure

· stereognosis- identification of objects by touch

· BASIC FORMULA(stimuli applied to skin deform or change the chemistry of the receptor(changes the permeability of the receptor cell membrane to various ions= NEURAL SIGNAL

Cortical Areas of Somatosensory

· Penfield

· Primary somatosensory cortex is somatotopic(organized according to a map of the body surface

· Somatic map is Commonly referred to as the somatosensory homunculus
· 2nd somatosensory organized area

· ventral to SI

· extends into lateral fissure

· SII receives most input from SI 

· Input from both sides
· Output of SI and SII goes to posterior parietal lobe
· Each cell of particular column of primary somatosensory cortex has receptive field on same part of the body 

· Somatosensory cortex is composed of 4 functional strips

· Each similar but separate somatopic organization

· Each strip is most sensitive of a different kind of somatosensory input

· 2 streams proceed from SI

· dorsal stream( projects to posterior parietal cortex and participates in multisensory integration and direction of attention

· ventral stream( projects to SII and participates in perception of object’s shapes

Effects of Damage to the Primary Somatosensory Cortex

· often mild effects due to numerous parallel pathways

Somatosensory System and Association Cortex

· Posterior parietal cortex contains bimodal neurons (they respond to activation of two different sensory systems)

· Respond to both somatosensory and visual stimuli

· Visual and somatosensory receptive fields of each neuron are spatially related

Somatosensory Agnosias

· Astereognosia- inability to recognize objects by touch

· Asomatognosia- failure to recognize parts of one’s own body

· Usually unilateral

· LEFT side of body

· Damage to right PARIETAL lobe

· Anosognosia- failure of neuropsychological patients to recognize their own symptoms

· Contralateral neglect- tendency not to respond to stimuli that are contralateral to a RH injury

Perception of Pain= 3 paradoxes

Adaptiveness of Pain

· Important for survival

· Response to harmful stimuli

· Warns us to stop engaging in harmful activities

· Paradox= something bad is good

Lack of Clear Cortical Representation of Pain

· No obvious cortical representation for pain

· Pain activates many areas that differ from person to person

· Most frequently linked= anterior cingulated cortex( cortex of anterior cingulated gyrus

· Involved in emotional reaction to pain, rather than the perception of pain

· Paradox= no obvious cortical representation

Descending Pain Control

· Paradox= it is suppressed by cognitive and emotional factors

· Gate control theory- ability for cognitive and emotional factors to block pain

· Signals descending from brain can activate neural gating circuits in the spinal cord to block incoming pain signals

· PAG

1) Electrical stimulation of periaqueductal area (PAG)  has analgesic (pain blocking) effects

2) PAG and other areas contain receptors for opiate analgesic drugs such as morphine

3) Isolation of several endogenous (internally produced) opiate analgesics (endorphins) 

· Output of PAG excites the serotonergic neurons of the raphe nuclei which in turn project down the dorsal columns of the spinal cord and excite interneurons that block incoming pain signals in the dorsal horn

Neuropathic Pain

· Neuropathic pain is severe chronic pain in the absence of a recognizable pain stimulus

· Develops after an injury

· Can be triggered by innoculus stimuli(gentle touch

· Caused by abnormal activity in the CNS 

· Cutting nerves from the perceived location of pain often brings little to no comfort

· Chemical Senses: Smell and Taste

· Function= monitor the chemical content of the environment

· Smell= response of olfactory system to airborne chemicals drawn in by inhalation over receptors in nasal passage

· Taste= response of gustatory system to chemicals in solution in the oral cavity

· Food excites both smell and taste receptors and produce an integrated sensory impression termed(flavor
· Main adaptive role of chemical senses is flavor recognition

· Also play a role in social interactions

· Pheremones- chemicals that influence the physiology and behavior of conspecifics 
· no direct evidence that humans detect pheremones

· Olfactory System

· olfactory receptor cells are located in upper part of nose
· they’re embedded in the olfactory mucosa
· dendrites located in nasal passages

· axons pass through a portion of the skull(cribiform plate)(and enter the olfactory bulbs(where they synapse on neurons that project via the olfactory tracts to the brain

· each olfactory receptor cell only contains one type of receptor protein molecule

· olfactory receptor proteins are in the membranes of the dendrites of the olfactory receptor cells

· there they can be stimulated by circulating airborne chemicals in the nasal passages

· all of the receptors that contain the same receptor protein project to the same general location in olfactory bulbs

· olfactory receptor axons terminate in the discrete clusters of neurons near the surface of olfactory bulbs

· these clusters = olfactory glomeruli
· each glomeruli receives input from thousands of olfactory receptors all w/same protein

· olfactory receptor cells differ from receptor cells of other sensory systems in one important way:

· new olfactory receptor cells are created throughout each individual’s life to replace those that have deteriorated

· piriform cortex- an area of medial temporal cortex adjacent to the amygdala

· TWO major olfactory pathways leave the amygdala piriform area

· one projects to the limbic system via the medial dorsal nuclei
· mediate emotional response to odor

· one to the  thalamus via the orbitofrontal cortex
· mediate the conscious perception of odors

Gustatory System

· cluster of 50 taste receptors = taste buds
· DO NOT have their own axons

· Sweet

· Bitter 

· Salty

· Umami

· SBSU

· Each taste is a combo of these 5

· Gustatory afferent nerves leave the mouth as part of the:

· Facial (VII)

· Glossopharyngeal (IX)

· Vagus (X)

· They carry info from front of tongue(back of tongue( back of oral cavity

· Fibers terminate in the solitary nucleus of the medulla

· Projections are primarily ipsilateral 

Brain Damage and the Chemical Senses

· Anosmia(inability to smell

· Blow to head(displacement of brain(shearing olfactory nerves where they pass through cribiform plate

· Ageusia(inability to taste

· Rare

· Sensory signals from path travel via 3 pathways

· Selective Attention

· Selective attention- we consciously perceive only a small subset of the many stimuli that excite our sensory organs at any one time and largely ignore the rest

· Improves perception of stimuli that are its focus

· Interferes with the perception of the stimuli that are not its focus

· Attention is focused in 2 ways

1. endogenous attention( internal cognitive processes

· mediated TOP-DOWN neural mechanisms

· PFC

· PPC

2. exogenous attention( external events

· mediated by BOTTOM-UP neural mechanisms

· cocktail party phenomenon( even when you are focusing on a conversation and unaware of surrounding conversation, the mention of your name will immediately gain attention in your conscious

Change Blindness

· spatial attention is plastic

· previously thought to be static

· can shift the location of receptive fields

Simultagnosia

· difficulty attending to more than one object at a time
· damage to DORSAL stream

· Bilateral damage

· 9.1 Phases of Neural Development

· Beginning= ZYGOTE( single cell fromed by the amalgamation of an ovum and a sperm
· Zygote divides

· Forms two daughter cells

· Two divides to four, four divide to eight, etc

· Final product= mature organism

1) But our cells must differentiate 

· Some become muscles

· Others become glial cells

2) Cells must make their way to appropriate sites and align themselves with the cells around them to form particular structures

3) cells must establish appropriate functional relations with other cells

Induction of Neural Plate

· 3 weeks after conception(tissue destined to develop into human nervous system becomes recognizable as

· neural plate- small patch of ectodermal tissue on the dorsal surface of the developing embryo

· ectoderm- outermost of 3 layers of embryonic cells: ectoderm, mesoderm, and endoderm
· development of neural plate is induced by chemical signals from an area of the underlying mesoderm layer( area consequently referred to as an organizer
· tissue from dorsal mesoderm of one embryo (donor) and implanted beneath the ventral ectoderm of another embryo (receiver)

· this induces the development of an extra neural plate on the ventral surface of the host

· earliest cells of neural plate are totipotent(have the ability to develop into any type of cell in the body if transplanted to the appropriate site

· As embryo develops the destiny of many various cells becomes more specified
· When neural plate develops its cells lose potential to become other cells

· Each cell can still develop into most types of cells but it cannot normally develop into other types(multipotent 
· Stem cells- meet 2 criteria

1) unlimited capacity for self-renewal in correct environment

2) ability to develop into different types of mature cells

· stem cells can continue to reproduce via mitosis but erros occur which eventually disrupt process

· neural plate folds to form(nerual groove
· the neural groove’s lips fuse to form the neural tube
· inside of neural tube becomes( cerebral ventricles and spinal cord (40 days)

· at the end of neural tube there are 3 swellings

1. forebrain

2. midbrain

3. hindbrain

Neural Proliferation

· cells of tube begin to proliferate (increase greatly in number)

· neural proliferation does not occur simultaneously or equally

· most division occurs in ventricular zone (region adjacent to ventricles (fluid filled center of neural tube)

· floor plate and roof plate control proliferation

Migration and Aggregation

Migration

· after cells are created in ventricular zone they migrate to appropriate location(migration
· cells are still immature 

· lack processes 

· time and location control migration (lol)

· radial migration- proceeds from ventricular zone in a straight line out toward outer wall of tube

· tangential migration- right angle migration parrelel to tube’s wall

· somal translocation- extension grows from developing cell in the general direction of the migration

· extension explores environment for attractive and repulsive cues as it grows

· glia mediated migration- after neural proliferation and walls of neural tube thicken, temporary network of glial cells of radial glial cells is created

· Majority of cells engage in radial migration

· Inside out migration(most cells migrate via lower layers of cortex before reaching destination

· Neural crest( structure situated dorsal to neural tube

· Formed from cells that break off from neural tube during its formation

Aggregation

· Alignment of identical cells in target areas

· Cell adhesion molecules- mediate aggregation and migration (located on surfaces of neurons

· They have the ability to recognize molecules on other cells and adhere to them

· Gap junctions are prevalent in brain development

· Points of connection between adjacent neurons

· Not as wide as synapses

Axon Growth and Synapse Function

· Once aggregated axons begin to grow

· Their projections must grow to appropriate targets

· At each growing tip of axon or dendrite there is an amoebalike structure (growth cone
· This extends and retracts fingerlike cytoplasmic extensions called filopodia

· Most cones reach their  target locations

Sperry

· Cut optic nerves of frogs and rotated them 180

· The retinal ganglion cells which compose optic nerve regenerate

· Their visual world also rotated 180 

· Proposed the chemoaffinity hypothesis( each postsynaptic surface in the nervous system releases a specicifc chemical label  and each growing axon is attracted to that label to its postsynaptic target during both development and regeneration

· Partly true but mostly proven false

· Growing axons are not attracted to targets by single specific attractant

· Instead theuy are influenced by series of chemical instructions

· Pioneer growth cones- first growth cones to travel along route in developing nervous system

· Fasciculation(tendency for axons to follow the blazed path of pioneer cells

· Neurons begin to align topographically

· Minimizes volume of neural connections in brain

· Allows neurons to be as close as possible to each other

· Axons do not grow following chemical labels rather they grow to fill space in an orderly fashion

· Topographic gradient hypothesis- explains accurate axonal growth involving topographic mapping in developing brain

· Axons grow from one topographic surface to another

· They are guided to specific targets that are arranged on the terminal surface in the same way as the axons cell bodies are arranged on the original surface

· Growing axons are guided to destinations by intersecting signal gradients

Synapse Formation

· Coordinated activity in at least 2 neurons to create a synapse between them

· Synaptogenesis- formation of new synapses

· Depends on presence of glial cells

· Retinal ganglion cells create more synapses when ASTROCYTES are present

· High levels of cholesterol are needed

· ASTROCYTES provide cholesterol

· ASTROCYTES

· Process

· Transfer

· Store 

· Info supplied by neurons

· Neurons will form synapses with any other type of neuron

Neuron Death and Synapse Rearrangement

Neuron Death

· Death occurs in various parts during development

· Cell death is usually active
· Passive cell death (necrosis
· More dangerous

· Cells split apart and spill contents into extracellular fluid

· Potential harmful flammation

· Active Cell death= apoptosis
· Safer

· DNA and internal structures are cleaved apart and packaged in membranes before the cell breaks apart

· These membranes contain microglia and molecules that stop flammation

· Removes neurons in safe, neat, orderly way

· If programs prevent apoptosis( cancer is a risk

· Can also cause neurodegenerative disease

· Some cells are programmed for early death

· Once they fulfill function, groups will die without causation

· Other cells die bc they lack life preserving chemicals once they reach targets

· Life preserving chemicals

· Neruotrophins
· Nerve growth factor (NGF)
· Fist neurotrphin to be isolated

· Promote growth 

· Survival 

· Stimulate synaptogenesis

· Act as axon guiding molecules

Synapse Rearrangement

· Neurons that have established incorrect connections( most likely to die

· Their missing space is filled by axon terminals of surviving neurons

· Cell death causes rearrangement of synaptic connections

Postnatal Cerebral Development of Infants

· Human brain grows more slowly than other animals

· PFC is last part to mature

Postnatal Growth

· Volume quadruples

· 3 types of growth

· synaptogenesis 

· myelination of axons

· increased branching of dendrites

· Myelination

· Increases speed of axonal conduction

· Dendritic  branching

· Regressive growth also occurs

· White matter(grows slowly and steadily

· Grey matter( inverted U high at beginning and adulthood but low during adolescence

Development of Prefrontal Cortex

Roles

· 1) working memory

· 2) planning and carrying out actions

· 3) inhibit responses inappropriate to context

· 4) follow rules for social behavior

· Perservation- continue making former correct response despite new conditions which make it incorrect

· Effects of Experience on Development, Maintenance, and Reorganization of Neural Circuits

· Permissive Experiences- those necessary for info in genetic programs to be manifested
· Instructive experiences- contribute to direction of development
· Development is time dependent
· Effect of an experience depends on timing
· Critical for an experience to occur for development (critical development

· Experiences that have great effect during certain interval and weak effect outside interval( sensitive period

· Majority of experiences are sensitive periods
· Neural circuits that are not used do not function normally
· Use it or lose it

Early Studies of Experience and Neurodevelopment: Deprivation and Enrichment

· Rats reared in dark have fewer synapses and dendritic spines in visual cortex

· Deficits in depth and pattern vision

· Rats in enriched program( thicker cortexes and more synapses and dendrites

Comparative Nature of Experience and Neurodevelopment: Ocular Dominance Columns

· Blindfold eye= one eye gets worse other better

· Width of columns of input from deprived eye is decreased 

· Wide of columns of nondeprived eye is increased

Effects of Experience on Topographic Sensory Cortex Maps

· If you alter the axons synapse from visual cortex to meduial geniculate straite of auditory synapse those axons become organized tonotropically

· Prism goggles on owls alters their vision permanently 

· Musical training expands auditory cortex

Experience Fine-Tunes Neurodevelopment

· Long before nervous system is developed neurons fire spontaneously  and interact with environment

· Experience can influence gene expression

· Neuroplasticity in Adults

· Mature brains are constantly changing

Neurogenesis in Adult Mammals

· Adult experience can cause reorganization of cortex

· Tinnitus produces profound change in auditory cortex

· Brain adapts to the environment

Disorders

Autism

· Difficult to diagnose

· Reduced ability to communicate

· Reduced ability to detect emotions and intentions of others

· Preoccupation with a single object

· 80% males

· 50% are MR

· 35% suffer seizures

· regarded as spectrum disorder

· group of related disorders

· asperger’s syndrome
· mild autism spectrum disorder

· cognitive and linguistic functions are intact

· delayed language development 

· Autism

· Square shaped ears too low on head and rotated slightly backwards

· Most prevalent childhood disorder

· Difficult to treat

· Bevaioral therapy

· Difficult for them to live independently

Heterogenous Disorder

· Afflicted people may be severly impaired in one sense

· But may be OK in other parts

Savants

· Savants- intellectually handicapped individuals that display amazing abilitites

· 10% of autisitcs

· 50% of savants have autism

· can’t explain powers

Genetic Basis of Autism

· siblings= 5% chance

· MZ twins= 60%

Neural Mechanisms 

· Large studies are required to identify neuropathology

· Spend less time looking at faces (especially eyes
· Less fMRI activity looking at faces

William’s Syndrome

· Associated with MR and heterogenous pattern of abilities and disabilities

· Sympotms

· Sociable

· Empathetic

· Talkative

· Opposite to Autism

· 1 out of 7,500 births

· delay of language development and language defecits

· low IQ( 60

· most don’t learn to read music but some have near perfect ryhtmn and pitch

· VERY GOOD ability to recognize FACES

· Spatial abilites are terrible

· Mutation of chromosome 7
· Controls synthesis of elastin(protein that imparts elasticity to many organs and tissues

· Absent in 95% of those diagnosed

· Thinning of cortex and white matter

· Cortical thinning greatest at:

1) boundary of parietal and occipital cortex

2) orbitofrontal cortex
· impairment of spatial cognition and hypersociability, 
· thick cortex in 1 area(superior temporal gyrus
· primary and secondary auditory cortex

· ELF analogy

