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LECTURE 1

· Hair cells in cochlea ( transduce auditory info

· Hair cells in semi-circular canals ( balance

· Retinal cells (cones/rods) ( transduce light

· Every structure has 2 types of neurons:  Local circuit cells and projection cells

· Nerve = tract = peduncle  (PNS, CNS, big tract in CNS)

· Input = sensory;  Output = motor and nueroendrocrine functions (glands)

Neurons




Glial Cells



-definite shape (important)


- amorphous shape (space-filling)

-voltage-gated Na-channels for AP

- no AP (but neurotransmitter present)

-may not have axons and dendrites

- directs transfer of info

-secretory cells, exocytosis


- catabolic cells, endocytosis

-need RER




- has free enzymes


Schwann Cells




Oligodendrocytes


-1:1 insulation in PNS



-1:many insulation in CNS


-if lose- ALS (Lou Gherig’s Disease)

-if lose- MS (Multiple Sclerosis)


-whole axons and pathways lost (rapid)
-parts of axons/pathways lost (slow)

· Astrocytes- brain-blood barrier: protect brain (maintains glucose/nutrient levels)

· Microglial cells- immune processing and house keeping (takes in waste)

· Cortex = fancy name for any structure in NS that as cells in organized layers



LECTURE 2

Dura mater = Parachymeninx  (periosteal and meningeal layers)

· Sinuses, maintains shape of CNS, compartments:  falx cerebri and tentorium cerebelli

· Herniations can occur, usu. Posterior ( causes compression (can be fatal)

Arachnoid mater

· has trabeculae, very snug fit; provides cushion for brain

· has CSF and blood vessels within its subarachnoid space (much nutrient transfer)

Leptomeninges = both arachnoid and pia maters

Cortex = cells arranged in layers (vs. nuclei = no discrete layers, but clusters)

· 2 types:  Cerebral cortex (3-6 layers)  &  cerebellum cortex (3 layers only)

· Insular cortex: taste;  inside lateral sulci (temporal/parietal/frontal lobes)

· Primary motor cortex:  Pre-central (Rolandic) gyrus

· Primary sensory cortex:  post-central gyrus

· Primary visual cortex:  at parietooccipital sulcus (occ/parietal/temporal lobes)

· Primary auditory cortex:  Heschel’s gyrus

· Olfactory – bottom of frontal lobe

· 80% of cortex for things other than primary sensory/motor

· Broca’s and Wernick’s areas – prod. of language (if lesion ( understands but cannot talk (sign); cannot form words) – CAN move mouth (hands-play piano…)

· Hippocampus – a banana-shape thing, in temporal lobe

LECTURE 3

Prosencephalon (forebrain)


Telencephalon ( cerebral cortex, basal ganglia, amygdale, hippocampus


Diencephalon ( thalamus, hypothalamus, epithalaumus, retina

Mesencephalon (midbrain) ( Corpora Quadrigemini, cerebral peduncles, pineal body

Rhombencephalon (hindbrain)


Metencephalon ( cerebellum, pons


Myencephalon ( medulla

· cerebral cortex (neocortex) = highest order fx – disproportionately large in humans

· basal ganglia = plans movements  (caudate nuc. & putamen) ( Parkinsons/Huntingtons

· Amygdala and Hippocampus found in temporal lobe

· Thalamus = relay center for info to cerebral cortex (made up of many nuclei)

· Hypothalamus = master controller of autonomic systems, ventral/rostral to thalamsu

· Corpora quad. = sup/inf. colliculi = integrate head movemts with visual/auditory stimuli

· Pineal body = control melatonin release (circadian rhym-lizard); rostral to s. colliculus

· Pons ( middle cerebellar peduncle (cb of pons = inpontine nuclei)

· Medulla = most posterior brain part

· Mammilary bodies = most post. Nuclei assoc. with hypothalamus

· Infundibular stalk connects pituitary; major access route for NS control over endocrine fx

· Pontine-medullary junction = CN VI, VII, VIII emerge here

· Septum pellucidum = non-neural structure, below corpus collosum, separates brain…

Induction = cell/tissue influence fate of nearby cells by chemical signals

· Notochord ( neural plate ( neural tube ( neural crest

· Blastopore lip needed to induce notochord (permissive step)

· Noggen and cordin (proteins from notocord) interact with BMP receptors to direct induction of ectoderm (preventing it from becoming other things)

· Sonic Hedgehog = protein secreted by notochord ( forms floorplate

Adhesion molecules (to help cells come and go)

· Integrins – bind cells to ECM;  Cadherins – binds like to like

· NG-CAMs – neural-glial cell adhesion molecules & N-CAMs = neural cell adh. molecule

Differentiation = caused by sets of genes turned on differentially – via colinearity

· Rhombomeres = repeated units (hindbrain) and neuromeres = repeated units (forebrain)

· Hox genes (hindbrain) and ox-2/pax-2 genes (forebrain)  = master regulators of develop.

· Hensen’s node ( Retinoic acid which intereact with hox genes and their RA receptors:  3’hox genes ON anteriorly and 5’hox genes ON posteriorly 

· High affinity RA receptors (rostral) and low affinity RA receptors (caudal)



LECTURE 4

Cerebral Cortex Development (conscious stuff)

· Cell division at ventricular surface ( BORN ( cortical plate (via scaffolding cells and radial glia present only devel.) ( marginal zone ( laminar structure of cerebral cortex

· All cells go up to marginal zone, thus push “older” cells down, out of way

· Layer 1 = marginal zone;  2 = cortical plate;  3 = intermediate zone (can be 6 layers)

Cerebellum Cortex Development (unconscious motor stuff)

· Cell division in metencephalon (at rhombic lip) ( cerebellum

· 3 layers:  purkinje (1 cell thick); molecular layer; granular cell layer (3/4 of cells in brain)

· Granule cells = from rhombic lip, migrates and leaves axon trail ( T junctions form

Axonal pathfinding – need cues 

· guidepost cells = axons grow to/from them

· pioneer axons = is path for other axons to follow ( results in fasciculation

· chemotropic agents = chemicals are attractive/repulsive ( growth cone (avg. of signals)

· EMC Interactions (usu. occurs at tissue boundaries)  ex:  laminin, integrin,  NG-CAM…

· Cell Surface Molecule interactions:   ex-  retinoic acid, semaphorins, ephrins, netrins

· Axons seek highest conc. molecule, but action dep. on AXON, not molecule itself (can be attractant/repellant)

Synapse formation – overproduce and then cut back (fine tune later on)

· axon finds target ( pseudo synapses ( if active terminal: Aggrin released ( causes Ach receptors to cluster ( if NT released ( activation/channels open ( synapse forms

· if no NT released ( no activation, no synapse formation

· Critical period = fine tuning and modifications necessary during early years  ex- ocular dominance columns:  where cells respond preferentially to one eye

Apoptosis (programmed cell death)  -  b/c limited nutrients… fine tune and cut back

· also depends on target (if fewer ( apoptosis;  if more ( increase in neurons…)

· clean death, due to proteins, absorbed into tissues quickly, little evidence

Necrosis (sickly death)

· due to vacuoles, contents spills out, lingers around, expand… ugly

Neurogenesis (new neurons)

· occurs in olfactory system and with taste cells (which are in taste buds)

· supposedly none born in adult brain (cerebral cortex?) – glial cells are mitotically active... 



LECTURE 5
· Nernst Equlibrium Potential:  chem. pot. (diffusion pot.) = and opposite to electric pot.

· Steady State:  no change in pot. across membrane,  Ik = Ina  (need energy for this)

· Membrane pot:  due to different conc. of ions across mb (Vm floats between Vk and Vna)

· Control ratio of conductances (permeabilities) to control Vm…. Action potential…

· Resting Potential:  usually -70mV

· Threshold:  net Na influx = net K efflux  (unstable equilibrium)

· Action Potential:  the result of the opening/closing of Na and K channels

· If weak:  can’t reach threshold;  if spastic:  constant discharge

· TTX:  blocks Na channel;    TEA blocks K channels

· Absolute refractory period = inability to have second AP

· Orthodromic flow:  normal direction of AP flow;   Antidromic (the wrong direction)

· Currents themselves are responsible for propagation… AP spreads via longitude. current

· Artificial stimulus ( bidirectional flow (antidromic + orthodromic) can occur

· Conduction velocity – increases with myelin (insulator) and diameter (6x) – low axial resistance, and low threshold value



LECTURE 6
Electrical Synapse




Chemical Synapse 

-involves gap junction




-involves chemical transmission 

-channels between 2 cells



- AP releases NT at synaptic cleft








-NMJ (1:1)  vs. nerve cells (many:1)

· AP ( Ca release ( fusion of synaptic vesicles ( NT release ( permeability of both NA and K increase (Na out of equilibr. the most) ( much influx of Na ( depol.  (EPP)

· If EPP = .4mV (then 1 quanta of NT has been released)

· Mosaic channels used:  electric (Na) and chemical/cholenergic (Ach) channels (see box)

· Inward current ( voltage ( depolarization (EPP)

· Depolarization (inc. Na permeability)  vs.  Hyperpolarization (inc. Cl or K permeability)

· Actions dep. on RECEPTOR, not ACh itself (NMJ = excitatory, but at heart = inhibitory)

· Glutamate = excitatory,  GABA/Glycine = inhibitory

· Summation of EPSP and IPSP….  (temporal/spatial)

· Secondary messenger systems = cAMP,  PI,  arachnodonic acid (usu. due to G-proteins)

· Psychoactive drugs (prozac) = long term effects (thru G-proteins) – work slowly

Synaptic potential




Action potential

-degrades (space and length constant)

-non-decremental

-conductance changes simulataneous


-cond. changes (Na, K) not simul.

-transmitter-sensitive conductances


-voltage-sensitive conductances

-can get reversal potential (i + i = 0) (no voltage change)



LECTURE 7

· Modulation exists for NS – depends on receptors, which alter conductances…

· NT = produced inside neurons; released due to electrical stimulation (Ca); responds to changes (stimuli, ie-shuts off, or else temporal resolution lost) via enzymes or reuptake

Neurotransmitters

· Classic (amines) – dopamine, serotonin, ACh, norepinepherine

· Amino Acid NT – GABA, glutamate, glycine, aspartate

· Neuropeptides – cholecystokinin, neurotensin

Inactivation strategies

· rapid reuptake – for classic and AA NT

· enzymatic removal of a sulfate group – for neuropeptides

· ACh esterase – for ACh (inhibited by AChesterase inhibitors)

Amino Acid NT

· derived from diet; found in ALL cells

· excitatory = glutamate and aspartate 

· inhibitory = GABA (in forebrain) and glycine (in spinal cord and medulla)

· inactivated by reuptake

Amines

· precursors from diet

· (tyrosine ( dopamine ( epinephrine)  - involved in schizophrenia

· (tryptophan ( serotonin)  -  anti-depressants – SSRI – selective serotonin reuptake inhibitors keep serotonin levels up

· inactivated by reuptake

Peptides

· made via de novo synthesis (not from diet)

· neuropeptides found all places in body (very “old”)

· have other actions besides being NT

· opiates = enkephalin, endorphin, dynophin

· gut hormones = cholecystokinin, gastrin

· pituitary peptides = growth hormone, oxytocin, vasopressin

· inactivated by enzymes (remove sulfate group)

Receptors

· must be saturable – linear relationship 

· are specific for NT – lock and key;  2 subtypes for each NT (agonists, antagonists)

· are either reversible or dissociable – or else you lose temporal specificity/resolution

· TOXINS are not reversible – thus they decrease the number of active receptors

Two types of receptors

· ligand-gated ion channel – direct effect; rapid activation, not affected by voltage changes, but will affect whether voltage-gated channels elsewhere get to play

· ligand binds receptor (the ion channel) – this either opens or closes (affects Vm)

· ex = glutamate, GABA-A, ACh nicotinic receptors

· G-protein coupled (metabotrophic) receptors – activates 2nd messenger system

· Indirect effect; Not voltage gated; usu. leads to some phosphorylation (to open/close channel); gene transcription can add receptors to membrane if necessary

· Often involved in long term memory – even though slower to activate, takes longer to shut off; amplification (via cascade) – can changes 100s of channels

· Ex = GABA-B, norephinephrine, ACh muscarinic receptors 

GABA-A receptors

· benzodiazepines or barbiturates = potentiate GABA activity (inc. activity)

Glutamate system  (AMPA and NMDA receptors)

· AMPA receptor = ligand-gated channel leads to AP via Na-influx

· NMDA receptor = inhibited by Mg;  couples with AMPA ( long term potentiation

· Couplings enables you to approach threshold faster, important for PAIN

Acetylcholine receptors (muscarinic and nicontinic)

· muscarinic = metabotrophic – causes hyperpolarization (inhibition)

· nicotinic = ligan-gated – causes depolarization (excitation)

Receptor systems

· Glycine and GABA = inhibitory;  found in local circuit neurons, modulate activity, involved in info-bearing pathways

· ACh, norep, dopamine, serotonin = very modulatory, found in autonomic pathways, made only in discrete nuclei in brain and then they extend far out to modulate… therefore not involved so much in info-bearing pathways  (mood alter too)

Noradrenergic and Dopaminergic systems

· locus coeruleus ( norepinephrine

· substantia niagra and ventral tegmental area ( dopamine

· both norep. and dopamine are rapidly oxidized, packaged with melanin to maintain stability

Serotonergic System

· raphe nuclei (run up/down pons and medulla at midline)

ACh system

· basal nucleus of Meynert (forebrain) – may be linked to alzheimers

· parabrachial nucleus (hindbr) – projects into thalamus (does muscarinic/nicotinic shuffle)

LECTURE 8

Sensory receptors change external energy ( electrochemical energy (via transduction)

· mechanoreceptors = hair cells – to know what is in contact with body, position of joints

· photic transducers = rods and cones for vision

· thermoreceptors = to feel cool and warm only

· chemoreceptors = (usu found in blood) – for smell and taste

· nociceptors = for extreme energy PAIN – this energy causes tissue damage

Labeled lines – a dedicated pathway for a receptor to tell brain nature of stimulus (where/what) 

· transducers have low threshold for specific stimulus energy – but we can be fooled – with intense stimulus, the “wrong” receptor is activated (ie. Pressure on outside of eye stimulates photoreceptors and you see spots)

Pacinian corpuscle – a mechanoreceptor for thermal/pressure stimuli, long and myelinated

· transduction takes place at bare nerve ending (Na channels located here) – so Pacinian corp. is needed for a fast-adapting, transient response – responds only to change in stimulus

· without corpuscle – sustained, slow-adapting response – needed to tell us about the stimulus itself, how strong/weak, long/short, on/off – we’re aware of sustained stimulus

Rods and Cones – slow-adapting

· one type of rod and three types of cones (red, blue, green)

· rods are VERY sensitive to light – become saturated in bright light, (non-fx)

· phototopic vision – bright light, cones only

· scotopic vision – dim light, rods only (cones need a lot to be stimulated)

· mesopic vision – both rods and cones fx

· RESPOND by HYPERPOLARIZATION – (in dark receptors depolarized; in light ( hyperpolarizaion and  rhodopsin splits and Na channels are closed

· Retina is the only transducer that signals over extremely short distances…. AP are so costly

· There are more photoreceptors when depolarized b/c now less NT leaks 

Rhodopsin (transduction here, the first step to seeing)

· has two parts, sits in the membranes of outer segment of rods

· light stikes ( conformational change ( rhodopsin splits into retinene and opsin ( changes in membrane potential ( and now enzymes reform rhodopsin…

· when rhodopsin made = rhodopsin split ( eyes are adapted to environment

· sensitivity of retina depends on rhodopsin concentration (dep. on amount of light)  

Adaptation – lightbulb experiement – eyes are dark-adapted, so it looks like bulb is ON

Gradation – we are poor at perceiving absolute light levels

Through evolution:

· primitive animals had no thalamus/cortex, so our vision TODAY involves both paths 

· need an integrator to compile all the sensory info so we can act… (food vs. predator)

· today – brainstem gathers and processes info, with parallel inputs to thalamus/cortex
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· thalamus = relay center for info to cerebral cortex  (ALL info to cortex is from thalamus)

· mutual relationship – the thalamus received much info from cortex too!

Thalamus parts (named embryonically)

· Epithalamus – habenular nuclei; paraventricular nuclei; pretectal nuclei

· Dorsal thalamus – “the thalamus”  (Pu, MGN, LGN, MDN, VPN, VPL)

· Ventral thalamus – does NOT project to cortex (TRN, ventral LGN, ZI) – the TRN is composed of GABAergic (inhibit) neurons which send projections to dorsal thalamus

· 25% of dorsal thalamus are GABAergic, 75% are relay cells ( project to cortex

Nucleus



Subcortical Input


Projection

Pulvinar (Pu)



Sup. Colliclus, pretectum

Visual cortex (dense)

Medial Geniculate Nucleus (MGN)
Lateral lemniscus


Auditory c. (dense)

Lateral Geniculate Nucleus (LGN)
Optic tract



Visual c. (dense)

Medial Dorsal Nucleus
 (MD)

Olfactory, amygdala


Frontal c. (diffuse)

Ventral Medial Nucleus (VM)

substantia niagra


cortex (diffuse)

Ventral Posteromedial nuc. (VPM)
Trigeminal nerve


Somatosensory (dense

Ventral Posteroateral nuc. (VPL)
Medial lemniscus


Somatosensroy (diff)

Midline Nuclei (MI)


sp.cord, cerebellum, basal ganglia
cortex (diff) & basal g.

Central Medial Nucleus (CM)

sp. cord, cerebellum, basal ganglia
cortex (diff) & basal g.

Intralaminar Nuclei (IL)

sp. cord, cerebellum, basal ganglia
cortex (diff) & basal g.

Lateral Dorsal Nucleus (LD)

fornix




cingulate cortex (dense

Ventral Lateral Nucleus (VL)

cerebellum



motor cortex (dense)

Ventral Anterior Nucleus (VA)
cerebellum, basal ganglia

cortex (diffuse)

Posterior Nuclei (Po)


superior colliculus, sp. cord

insular cortex (dense)

Anterior Nuclei (A)


subiculum, mammailary body

olfactory cortex (dense

· Dense projections – usually thalamic nuclei project to layer 4, spread to 3/5 with secondary focus in layer 6 of cortex

· Diffuse projections – these thalamic nuclei may cover all cortical regions

Projections to/from thalamus and cortex (see notes and diagram)

· Subcortex - (the only info-bearing pathway; everything else is modulatory) – excites relay and interneurons

· Relay cells – then go on to excite TRN and layer 4 of cortex

· TRN - now goes back to inhibit relay cells (as do interneurons)

· Cortex – layer 6 excites TRN, relay cells, & interneurons which then do their given jobs

· Midbrain (PBR) – modulates with ACh - excites relay cells; inhibits TRN & interneurons

Excitation – at nicotinic receptors (opens Na channels)

Inhibition – at muscarinic receptors (opens K channels)

PBR activity depends on how awake you are

· Awake – active neurons, active relay cells & TRN inactivated – weak input get to cortex

· Drowsy – neurons sort of active, some relay cells active, some TRN inactivated – need strong stimulus to get through to cortex (Fire!)

· Asleep – neurons silent, TRN and interneurons are ON… gate to thalamus is closed now

CORTEX 

· Pyramidal cells – large, 2 sets of dendrites (basiliar and apical), with spines;  the major efferent neurons for the cortex, projecting to cortex, subcortex; are also local interneurons

· Stellate cells – smooth GABA, spiny glutamate, a major interneuron, lots of dendrites

· Fusiform cells – bipolar cell body, a major efferent cell, also acts as interneuron

Layers of cortex

· 1- molecular plexiform (zonule) – no cells here, but apical dendrites of pyramidal cells synapse with thalamic cells here

· 2 – external granular – stellate cells here

· 3 – pyramidal or external pyramidal layer (mostly pyramidal cells)

· 4 – Internal granular – more stellate cells

· 5 – ganglionic or internal pyramidal layer (mostly pyramidal)

· 6 – multiform – has all cells of all types

· there is columnar organization – 95% of connections are up and down

LECTURE 10

· columnar organization of visual cortex – within a column, cell are in same orientation

· ea. Column has a gr. of cells organized to analyze the SAME aspect of the visual scene

· layers 2/3 concerned with corticocortical connections, 4-6 with subcortical conncections

- 
Homotypical cortex = typical cortex   vs.  heterotypical cortex = “ab”normal cortex

· Agranular = motor cortex    vs.   granular = sensory cortex

Inputs to cortex




Outputs from cortex

-cortex ( layer 2




-layer 3 ( cortex 

-thalamus ( 4 and 6 (secondary)


-layer 6 ( thalamus

-claustrum ( 6




-layer 6 ( claustrum

-basal forebrain and BRF ( all layers

-layer 5 ( subcortical structures

Conncections within the cortex

· layer 4 ( 2 and 3

· layers 2 and 3 ( 5 (6)

· layer 5 ( 6

· layer 6 ( 4

Brodmann Scheme (50+ areas)  -  we use 100% of our brain… not 10%  (sensory only)

· area 17 = primary visual cortex

· area 4 = primary motor cortex

· area 3,1,2 = primary somatosensory cortex

· area 41,42 = primary auditory cortex

· association cortex = area that is not specific for motor or sensory info  (outdated view)

· frontal cortex (assoc. cortex?) – as it’s the only unaccounted region (but involved in high level emotion, attention, intelligence)

· all occipital, most temporal, much parietal = visual

· rest of parietal = somatosensory/motor;  rest of temporal = auditory

Language – defines hemisphere dominance

· 90% have lang. in left hemisphere (thus left brain dominant),  5% mixed, 5% right….

· Broca region = involved in motor pruduction of language

· Wernicke region = involved in sensing/perceiving language

· Aphasia = loss of lang. ability… can understand, but can not write/speak… vv

· Language is more than communication – produces consciousness for interaction w/ world

Corpus callosum – fiber tract to send info from one hemisphere to the other

· CATS – interocular transfer – even with chiasm cut… b/c cc – covered eye performs ok – info is always shared between the two hemispheres

· HUMANS – cut cc – and only one hemisphere can communicate verbally – mixed up (there is unilateral localization of speech areas) – each hemisphere works independently, but they are coordinated with ea. other via cc.

· b/c of transfer of info, we can get specialization in ea. hemisphere – this interhemispheric asymmetry = cognitive abilities

Spilt-brain – each hemisphere is learning its “own” rules, and NOT communicating with eac other – result is “nonsense”… Ex- Paul
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Spinal Cord – allow brain to keep track of where sensation is coming from

· grouped into repeating segments, dermatomal organization

· Pia – makes dentate ligaments and filum terminale (anchors cord)

· Anchoring of cord ( tension, which can exacerbate a cord injury b/c pulling in either dir.

· Dorsal nucleus of clark = 2nd order neurons for proprioceptive path for lower body

· Cervical regions = dorsal columns (fasciculus gracilis, and fasciculus cuneatus)

· Dorsal columns – touch, pressure, vibration (2nd – sit at jx. of cord and medulla) – UNCROSSED pathway (does not cross in spinal cord itself)

· Spinal cerebellar tracts – proprioception, connects cord and cerebellum

· Anterolateral (spinothalamic) tract – carries pain fibers, cord to thalamus (CROSSED pathway) – 2nd order neurons are in the same segmental level, crossing occurs in cord)

· Corticospinal tract (descending) – major spinal tract

· Sensory = 1st order neurons never cross, 2nd order do cross then go to thalamus/cortex


Region

Nuclei in region

Other

I
Dorsal h.
Marginal zone


receive pain from layer 2

II
Dorsal h.
substantia gelatinosa

pain via C-fibers, spinal reflexes pulls away 






from noxious stimuli, myelin. axons from 






the DRG tend to enter and go more medially

III/IV
Dorsal h.
Nucleus pulposus

V
Dorsal h.
Neck of dorsal horn

VI
Dorsal horn
Base of dorsal horn

VII
Intermed.
N. of clark, intermd. N.

also pregangalionic symp.  (in thoracics)

VIII
Ventral h.
commissural nucleus

IX
Ventral h.
motor nucleus


motor neurons are sitting here

X
GM 

grisea centralis
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· NS involves location, modality/type, magnitude/intensity, duration of stimulus

Receptors in skin

· Pacinian corpuscle – fast-adapting receptor for touch, pressure, vibration

· Merkel disc receptor – slow-adapting

· Meissner corpuscle – fast-adapting for pain

· Bare-nerve ending – slow adapting

· Ruffini ending –

· Mechanoreceptors much increase firing, but some receptors will decrease firing (visual, vestibular systems, and some thermal receptors)

Receptive Fields

- 
Usu. fields overlap, localizes a stimulus as well as determines what the stimulus is

- 
When activated can cause changed in discharge of a neuron (inc/dec)

-
rec. fields are smallest (2pt discrimination good) and most dense distally and superficially

-
spinal cord RF are larger than afferent RF due to convergence of primary afferents

Intensity - measured by discharge frequency, and # of fibers recruited to send info

Amplitude – translated into frequency, response amplitude depends on pressure of stimulus

- 
P=F/A    at a given force, as area dec, the press inc and so do the firing

Rapidly-adapting receptors (RAN) – neurons signals onset/velocity; they fire quickly

· are not good for measuring intensity, only speed;   senses change, ie. Vibrations

· Pacinian (50-60 Hz) and Meissners (300Hz) 

Slowly adapting receptors (SAN) – these neurons signal magnitude/amplitude

· fire quickly and continue to fire throughout stimulus (at lower rate)

· Merkels cells – good for palpating shape  (meissners is so-so at this)

· Useful for magnitude and amplitude

· Sensitivity can be localized to smaller regions in the RF for SA receptors – thus these receptors are good at measuring highly textured stimulus (Braille)
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Temperature sensation

· warm receptors dec. firing if cooling of skin, inc. response with heating (best at 43-44 C)

· cool receptors dec. firing if warming of skin, inc. response with cooling (best at 33degress)

· both responses are minimal at 34-35degrees – Neutral skin temperature

· at 45degrees ( thermonociceptors kick in (PAIN)

Nociceptors – response to damaging stimuli

· blunt… sharp force… pinch ( pain, DAMAGE… “purplenurple” ( PAIN, damage 

· A-alpha (group 1) and A-beta (group 2) are largest fibers…. Fastest

· A-delta (group 3) … so so,  C-fibers (group 4) unmyelinated…. Slowest

· Nociceptors conduct via small axons (A-delta and C-fibers) – small axons are SENSITIV

· Numbered groups = muscle nociceptors and letters are for skin nociceptors

· Conduction velocity – 6x the diameter

Innervation

-
peripheral nerve projects to more than one dorsal root (ie. Innerv. adjacent dermatomes)

-
a single DR innervates one dermatome, but dermatomes of adjacent dorsal roots overlap

-
thus, cutting a peripheral n. ( deinnervation of skin region

-
thus, cutting dorsal root ( reduced sensation only b/c of overlap of innervation 

Spinal Cord

· large myelinated fibers enter medially ( dorsal columns

· small myelinated fibers enter laterally ( lissauer tract

Terminations in Dorsal Horn

· Lamina I – A-delta fibers

· Lamina II – C-fibers

· Laminae III/IV – A-Beta fibers

· Lamina V – A-beta and A-delta

· Superficial Lam. I/II – nociceptive input here

· Deeper lam – low threshold and high threshold inputs…

Dorsal Column = Medial Lemniscal system = UNCROSSED

· 1st order in DRG ( fasciculus gracilis/cuneatus ( 2nd order decussate in medulla at nucleus gracilis/cuneatus ( medial lemniscus ( 3rd order in thalamus

· no nociceptive input here

· ipsilateral in spinal cord (uncrossed)

· low threshold, RAR, kinesthesis (where your limbs are in space), vibration, touch, press

Spinothalamic tract = anterolateral = CROSSED

· 1st order cell in DRG ( 2nd order in spinal (I, V, VI) ( thalamus (VPL/VPM)

· concerned with pain, temperature and crude touch (large receptive field)

· uses small diameter afferents (A-delta, C-fibers)

LECTURE 14

      Most but not all sensory input to cortex projects via the thalamus

      -     VPL – spinal cord       vs.      VPM – face

      -     MGN – auditory

      -     LGN – visual

     Relay nuclei – input into the thalamus both excites and inhibit interneurons

     Primary somatosensory cortex = postcentral gyrus

· this can be further broken down into Brodmann area 3,1,2 (Receptive field >3>2>1)

· Distal structures are disproportionately resented in the sensory nuclei

· Somatotropic organization = the disproportionate amount of cortex devoted to sensation from specific structures (hands, lips, tongue) – represented by the homunculus

· Each sensory modality has its own representation – (ie. Homunculus)

Thalamus = Grand Central Station of CNS – both serial and parallel inputs processed here

· Serial input = inputs from one source arriving simultaneously (continuous)

· Parallel input = many inputs from many soureces arriving simultaneously

· Input = arrives from the thalamus in layers IV and V

· Output = exits from pyramidal cells in layer V

· Modulation of outputs takes place in layers I, II, and III

Habituation and Conditioning

-     cortical sensory input is constantly evaluated and used as a basis for modulation

-     this is a feedback system that uses excit/inhibitory interneurons to modulate output

Somatosensory cortex summary

· Contralateral representation = L. hand sensation ends up in R. cerebral hemisphere

· Multiple represent. = ea. sensory modality has separate organized space in cortex (and organized further within ea. modality too)

· Somatotopic organization = more cortical area devoted to certain structures (homunculus)

· Modality specificity = area of cortex respond only to their specific sensory modality

· Cortical columns = responsive to specific modalities and orientations of that modality

· Parallel processing = many cortical input arrives at same time

· Serial processing = cortical input is continuous

Information Flow – once in cortex, info is processed in “association cortex”

Cingulate cortex processes pain

Hemineglect Syndrome = cortical response is areas 5 & 7 depends on focused atten. of subj.

· damage lies in cortex:  wiring is intact, but processing is defective

· study stroke patients  (drawings)

Input organization – 

-    Convergent excitation = 2nd order have large RF b/c they receive input from many 1st or.

· Lateral inhibition – 1st order neurons inhibit their neighboring cells

· Surround inhibition – the basis for 2-pt discrimination (?)

2-point discrimination 

-    1st order is excitatory to its 2nd order neuron (that is directly in series)

-    1st order is inhibitory to neighboring 2nd order neurons

-    this produces troughs of inhibition when plotted

Inhibition interference = GABA (muscimol) – affects coordination in monkeys (martini ex.)
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PAIN = causes changes in the nervous system; also as EMOTIONAL component (fear)

Temporal Dimensions of Pain

· Acute pain = a response to a stimulus that is potentially damaging to skin (sit on tack)

· Long Lasting pain = in response to ongoing stimulus (pain due to inflammation)

· Persistent pain = pain that outlasts initiating even; difficult to resolve (nerve damage)

Temperature stimuli

· thermoreceptors = activated below 40degress C (NOT above 40)

· thermal nociceptors = activated 40-45 degrees, quite painful at 50 degrees

Nociceptors  (they are NOT pain neurons)

-     specialized neurons which respond to painful stimuli – but just b/c a nociceptor is          

activated, doesn’t mean the pain response will follow

-     they say what the STIMULUS is…  Pain neurons refer to the RESPONSE

-    MECHANICAL nociceptors (via A-delta fibers) activated only by mechanical stimuli

-    POLYMODAL (via C-fibers) activated by mechanical, thermal, chemical…

-    nociceptors are small, but not all small fibers are nociceptors

-    there are NO nociceptors in brain… therefore can not “feel” pain

Small diameter axons (A-delta and C-fibers)

· slow conduction, high threshold, selectively blocked by local anesthetics

· 1) First (initial) pain = well localized, pricking pain  via A-delta

· 2) Second pain = diffuse burning pain  via C-fibers

· there is overlap:  A-delta respond to noxious heat, C-fibers respond to mechanical stimuli

Lateral and Medial division of dorsal root

-     different types of fibers project to diff. laminae… cells in dorsal horn are specialized

· Lateral division = A-delta and C-fibers ( Lissauer’s Tract

· Medial division = A-beta ( dorsal columns

· Superficial regions – receive nociceptive input

· Deep layers – receive non-nociceptive input (but A-delta can project here too – lamina 5)

Fibers

Conduction

   Projection to

Dorsal root division

A-beta

(non-nociceptives)
   Lamina 4 (3,5)
Medial division – dorsal columns

A-delta

First pain (pricking)
   Lamina 1, 5

Lateral division – Lissauers tract

C-fibers
Second pain (diffuse)
   Lamina 2

Lateral division – Lissauers tract






   outer layer 2 – for nociceptive C-fibers






   inner layer 2 – for non-nociceptive C-fibers

     Two populations of spinal neurons

· nociceptives (A-delta and C-fibers)

· wide dynamic range cells – respond to non / noxious stimulation; respond to gentle stimuli; inc. discharge in response to painful stimuli; found in lamina 5 (A-deltas / beta project here)

Lamina

Neuron type



Other

Lamina 1

nociceptives (A-delta)


cells of origin of a. spinothal. tract

Lamina 2 outer
nociceptives (C-fibers)

Lamina 2 inner
non-nociceptives (C-fibers)

Lamina 3,4

non-nociceptives

Lamina 5

same & wide-dynamic ranges

cells of origin of ascend. 









spinothalamic tract

 Spinothalamic tract – most cells are contralateral, BUT about 10% are ipsilateral

· therefore, some eveidence spinothalamic tract has small ipsilateral component (but in general, representation of pain is contralateral = CROSSED)

· may contribute to the EMOTIONAL component of pain (due to MEDIAL comp. of central lateral nucleus of thalamus) – also involves amygdale and other centers of brain

· a complicated tract, with monosynaptic and multisynaptic projections:

· 1) direct spinothalamic

· 2) indirect spinothalamic – via reticular formation of pons (( midline thalamus only)

· 3) projections to periaqueductal gray matter (spinomesencephalic nucleus) – cells contribute to affective vial rostral projections

· all 3 run in anterolateral column – this column contains direct & indirect projections…

Dorsal column = Medial Lemniscal System

· UNCROSSED – cells cross in BRAIN (not spinal cord) and then ascend in the contralateral medial lemniscus

Brown-Sequard Syndrome – following a spinal cord hemisection

· results in ipsilateral loss of 2-pt discrimination, vibration, proprioception b/c dorsal columns have been sectioned…

· results in contralateral loss of temperature and pain b/c cut spinothalamic tract

Gate Theory of Pain – thanks to inhibitory interneurons

· need a balance of C-fibers and A-beta

· C-fibers = activate the projecting neuron and inhibit interneurons (which is itself an inhibitory cell) ( strong projection neuron

· A-beta = activate interneurons thus ( reduced/weak activation of projection neuron

· If you stimulate A-beta ( may be able to reduce pain (via interneurons) ( effectively turn off projections in spinothalamic tract

Stimulation of A-beta (for gate theory of pain)

· A-beta fibers are large and sensitive, need little stimulus, so use LOW intensity stimulation via TENS (Transcutaneous Electrical Nerve Stimulation)

· Also stimulate in dorsal columns (only A-beta there)

Thermal Grill Experiment

· Pain is a perception, not a sensation

· If only 1 hand touches cool or warm stimulus ( NOT painful

· If both hands touch cool & warm simultaneously ( PAIN (cingulated gyrus activated)
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Referred pain – pain in viscera referred to somatic structures in same dermatome

· CNS cannot discern source of input b/c lamina V has both somatic & visceral afferents converge here

· Exteroreceptors (afferents from skin)

· Enteroreceptors (afferents from internal)

· Referred pain is NOT reciprocal, brain “playing the odds?” – most stimuli is somatic

Hyperalgesia = what was painful is even MORE painful now!   (ex- stub toe twice in a row)

Allodynia = non-nociceptive stimuli is now considered painful   (ex- shower after a sunburn)

Sensitization of Nociceptive Pathways - occurs with changes that outlast injury

· 1) peripheral sensitization = primary hyperalgesia = local nerve fibers increase their drive ( more pain than before  (molecules bradykinin and prostaglandin involved)

· 2) central sensitization = occurs ins spinal cord

Inflammatory Hyperalgesia (inflamm. causes release of substances that elicit pain)

· tissue damage ( hyperalgesia extends beyond site of injury (threshold lower now)

· Primary hyperalgesia = at damage site – can be mechanical or thermal hyperalgesia

· Secondary hyperalgesia = beyond damage site – mechanical hyperalgesia ONLY

· Mechanical hyperalgesia = results in outside FLARE response (no change in threshold)

· Thermal hyperalgesia = involves a change in threshold of afferent fibers

Peripheral Sensitization = Primary Hyperalgesia

· Nociceptors contain PEPTIDES (GCRP, Substance P) – peps are made in cell body and released centrally in spinal cord and peripherally in damaged skin areas

· Sympathetic neuron releases noradrenergic transmitters ( affects sensory ending

· pH change( leads to depolarization (excitation) of nociceptor neuron ( peptide release

· Peptides ( active modulation of inflammatory cells (release of cytokines, opioids) ( FLARE response (dilation of blood vessels)

Axon Reflex – due to branching of fibers (spreads effects of injury beyond damage site)

· skin injury ( release of prostaglandins and bradykinins, swelling (tumor), affects mast cells… Substance-P releases ( Flare response (rubor with calor)

· Prostaglandins ( sensitization and activation of nociceptors (aspirin inhibits prostaglandin synthesis)

Recap: change in response of nociceptive afferents includes many factors = serotonin, 
histamine, growth factors, cytokines, peptides, prostaglandins

Central Sensitization = increased response to successive stimuli in small diameter fibers

-     occurs in response to C-fiber Windup Response (small diameter)

· with each successive stimulation the C-fibers get more frequent and last longer; around the 12-15th stimulation, the cell begins to discharge continuously

· you need the right amount of time between stimuli for this to happen

· with A-fiber stimuli:  only 1transmitter operating (glutamic acid via AMPA receptors)

· with C-fibers: the fast glutamate with AMPA receptors is accompanied by peptides…

· Peptides prolong EPSP ( get bigger discharge from cells as you increase input

· TEMPORAL SUMMATION of slow peptidergic EPSP ( relieve Mg block of  NMDA receptors in dorsal horn ( depolarized ( Ca release ( windup spreads beyond flare zone ( larger degree of nocieptor neuron activation in spinal cord ( PAINFUL

· Ca release also causes long-term changes:  pain ( FOS-GENE in dorsal horn on

Tissue/Nerve INJURY ( 

Increased neural activity at site of injury (PERIPHERAL SENSITIZATION) (
Excitatory amino acid release (NEUROPEPTIDE RELEASE) (
Increased depolarization at NMDA receptor sites dorsal horn (CENTRAL SENSITIZATION) ( Expanded receptive field (HYPEREXCITABILITY) (
INCREASED PAIN

In Summary

· Fast response (spikes) are due to glutamatergic AMPA channels

· Slow response (plateaus) are due to peptide responses ( windup

· With sufficient depolarization via peptide release ( NMDA receptors activated ( Ca influx ( second messenger systems and postsyn. sensitization ( increase excitation zone in spinal cord ( enhanced activation of central neurons in brain ( PAIN

· NOTE: Ca-toxicity can occur from sustained depolarization ( Cell death

Descending Control of Pain (monoadrenergic system) – football “pain”

· Enkephalins = peptides released as transmitters (non-circulating, localized at synapses) - causes a reduction in Ca-influx ( blocks neurotransmitter release ( shortened AP ( hyperpolarization of postsynaptic cell ( reduces effects on excitatory neurotransmitter

· B-Endorphins = circulating (like hormones) – causes postsyn. inhibition deeper in spinal cord

· Involves opiates & receptors (on small cells): descending monoadrenergic system control of nociceptive input ( influence opiate/receptor release ( pain control

· Involves serotonergic and noradrenergic fibers: Serotonergic fibers have cell bodies in raphe nucleus (medulla), fibers descend in dorsolateral fasciculus (activate dorsal horn interneurons ( elicits presynaptic (sometimes postsyn.) inhibition of sensory input

· VOLUNTARY control also via somatosensory cortex (periaqueductal gray matter)

Neuropathic Pain = activation of sensory neurons via ephaptic cross-talk in neuroma

· occurs as consequence of direct injury to a nerve, pain worsens with stress ( neuroma ( hypersensitivity to mechanical stimuli (any slight touch exacerbates the pain)

-     NEUROMA = sensitivity to mechanical stimuli; occurs when injured nerve tries to grow 
back – results in a tangle of nerve terminals

· Neuromas can cross-talk (btwn non / nociceptives) thru ephapses (like synapses) where an electrical impulse in one neuron causes an impulse in a second neuron (thus worsens pain)

· They also develop sensitivity to noradrenergic transmitters which can be activated by SYMPATHETIC outflow in the same nerve  (remember in a given peripheral nerve, there are sensory fibers (in) and sympathetic flow (out)…

· With emotional state ( sympathetics activate ( liberates adrenergic transmitters ( pain


-     MALADAPTIVE PAIN due to a peripheral change (a damaging plastic change) = non-
nociceptive fibers that normally end in laminae 3,4,5 can ( lamina 2 = these lamina 2 
cells that usu. report only on pain, will now be activated by gentle mechanical stimulus 
(this can be one cause of ALLODYNIA, due to cross-talking)

· In SUMMARY: accumulation of Na and alpha-adrenergic receptors in neuromas enhances mechanical and sympathetic activation…. Molecules accumulate in membrane ( unusual activation of nociceptors AND non-nociceptors ( increased PAIN

Peripheral Organization of Trigeminal System = innervates FACE/HEAD

· 3 branches = Opthalmic, Maxillary, Mandibular branches

· 3 nuclei = Mesencephalic, Principal, Spinal (see below)

· Trigeminal (semiluna, Gasserian) ganglion present

· Muscle afferents have cell body in mesencephalic ganglion

· MESECEPHALIC nucleus = “displaced DRG” – but these cells bodies are in CNS (medulla) – the are the ONLY primary sensory neurons in the CNS (all others in DRG)

· PRINICPAL nucleus = “analogous to dorsal column nucleus” – receives input form large diameter cutaneous afferents and project ( contralateral VPM

· SPINAL nucleus = receives input from face by spinal tract V from both large and small diameter afferents; conveys pain info about fact to VPM of thalamus/consciousness

Spinal





Trigeminal

Superficial dorsal horn


Spinal nucleus of V

Dorsal column nuclei



Principal sensory nucleus

Medial lemniscus



Trigeminal lemniscus

Spinothalamic tract



Trigeminaothalamic tract

Projects to VPL



Projects to VPM

Cell bodies in DRG



Cell bodies in Mesencephalic nuc. (medulla)
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· both taste and smell have strong links to memory and to each other = defensive strategy

· Gustatory error (poison) corrected via connections btwn gustatory senses & vomit respon

· Both taste and olfactory cells regenerate – (usu. neurons do NOT)

· Both systems are IPSILATERAL

GUSTATORY SYSTEM

· Taste BUDS = non-neuronal element that contains taste cells as well as other supporting cells… shaped like a pore to trap molecules/chemicals for taste cells to test…

· Taste CELLS = neuronal elements involved in perception of taste (apical side has cilia)

· They do NOT have axons of their own (they are simply sensory cell bodies) – instead, axons of gustatory CN (7,9,10) come in very close contact.  Taste can still depolarize and produce receptor potential, and then the CN axons do the rest…

· Taste cells = dark (young) ( intermediate ( light (old)

· Gust. Sys. NOT good at distinguishing taste, need olfactory sys too:  chewing produces an aerosol of the food ( olfactory sys (has 100s of specific receptors)

· POPULATION CODE = brain can put together all the differentially activated taste cells to perceive specific taste (Breyers vs. Dannon)

Five basic tastes – ea. taste cell can detect all, but they prefer one to another

· Salt – on sides of tongue

· Bitter – back of tongue

· Sour – back of tongue

· Sweet – tip of tongue

· Umami (glutamate detection) – may exist to transmit info on nutritive value of foods

Taste molecules trigger signal transduction in taste cells in 2 ways:

1) Direct interactions with ion channels

· SALT – salt dissociates ( Na ion directly enters taste cell though Na-channel on apical side ( voltage change ( depolarization ( activates voltage-dependent Ca-channels ( transmitter release onto primary afferent neurons

· SOUR – sour molecules dissociate ( blocks cation channels (prevents K-outflow) ( causes depolarization ( voltage-dependent Ca-channels open ( transmitter release

· BITTER – some bitter tastants use this mechanism too

2) Receptor mediated interaction 

· BITTER – tastants bind to membrane receptors coupled to G-PROTEINS ( triggers cascade events ( IP3 synthesis ( Ca-release from intracell. Stores ( depolarization

· SWEET – tastants bind to mb receptors coupled to G-PROTEINS ( cascade ( cAMP synthesis ( PKA activation ( Phosphorylation (inactivation) K-channels ( depolarization

· UMAMI – Amino acid tastants bind directly to Na-channels ( Na-channels activate and open ( Na-inflow ( depolarization ( Ca-inflow ( transmitter release

Three major subclasses (of five major taste receptors)

· Salt taste receptor – ions pass directly through the channel

· Ionotrophic – directly interacts with ion channels

· Metabotropic – act thru intermediate to control ion channels

Pathways of Gustatory sys:  afferents from different tongue areas travel on different nerves

· CN VII = chorda tympani branch of facial ( palate and ant. 2/3 of tongue

· CN IX = lingual branch of glossophayngeal ( post. 1/3 tongue

· CN X = vagus nerve ( epiglottis/pharynx

Solitary nucleus = CN afferents of gustatory sys ( solitary nucleus of brainstem

· solitary nuclei are in median part of brain at the medullary level (are tubular shaped)

· its tract is in the center and is actually surrounded by the nucleus

· solitary nucleus ( rostrally to VPM ( primary gustatory cortex (within insular cortex) = this is where taste perception takes place

· solitary nucleus also ( hypothalamus, amygdale, endocrine centers, area posterema = for control of feeding behavior, emotional state:  important for deciding if food is bad/good (may need vomit centers); and signals if you want to eat more/less….

CN VII, IX, X axons ( Solitary nucleus of brainstem

Solitary nucleus ( VPM of thalamus ( insula and parietal cortex (primary gustatory cortex)

Solitary nucleus also ( Amygdala, hypothalamus, endocrine centers and area posterema

OLFACTORY SYSTEM - olfactory cells located in nasal mucosa

· they do HAVE AXONS (unmyelinated) ( olfactory nerve (CN I) ( produce generator potential (not receptor potentials that taste cells produce b/c no axon) ( olfactory bulb where 2nd order neurons are (hundreds of odorant receptor-binding proteins)

· odorant receptors use the same transduction metabotropic mechanism that results in depolarization and transmitter release in olfactory bulb

· Golf (olfactory specific G-protein)  stimulates production ( cAMP which binds to cation channels ( stimulates Ca entry into receptor cell ( transmitter release

· With olfactory bulb = 2nd order neurons = mitral cells ( amygdala & primary olfactory cortex (old, found near amygdale and pyriform)

· Primary olfactory cortex ( medial dorsal nucleus of thalamus ( orbital frontal cortex (this is where perceptions takes place)

· Primary olfactory cortex also ( amygdale, hypothalamus (brings about responses other than perception like memories of scents…)

Olfactory cells (unymelinated axons) + receptors ( Golf ( cAMP + cation channels ( Ca entry into receptor cell ( transmitter release ( Olfactory nerve (CN I) ( generator potential ( Olfactory bulb (2nd, mitral cells) (
Mitral cells ( amygdala + primary olfactory cortex

Primary olfactory cortex ( Medial dorsal nucleus of thalamus ( orbital frontal cortex

Primary olfactory cortex also ( amygdala & hypothalamus
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Light thru eye = cornea ( anterior chamber ( lens ( vitreous body ( retina ( optic nerve

Visual/Eyeball anatomy and functions

· Cornea = transparent, outermost layer; 75% focusing power (is fixed and stable)

· Lens = shape can vary to fine tune focusing; 25% focusing power

· Sclera = continuous with cornea; opaque white; reflects 90% light

· Choroid = deep to sclera; myelinated; pigmented to reflect 10% (remaining)

· The opaquness of sclera/choroids guarantees light ( cornea ( retina

· Note – albinos lack pigment in choroids so some light that hits retina is from other angles (rather than from cornea) ( hinders vision

· Optic nerve = runs out back of eye with blood supply (sits in nasal “half” of eye)

· Iris = reflects light to give eye its color

· Posterior chamber = sits btwn iris and zonule fibers (don’t confuse it with vitreous body)

· Retina = an outpocketing of BRAIN, shares its characteristics (ex- bl/brain barrier…)

Axes

· Optic axis = anatomically and optically divides the eye in half

· Visual axis = goes thru fovea; divides eye into nasal and temporal “halves”

· Angle alpha = angle btwn optic & visual axes;  large angles ( misdiagnosis of strabisma

Eye is like a camera

· uses reflective material (sclera/choroids) to minimize light exposure to the retina

· uses a compound lens (cornea/lens) to adjust for optical aberrations

· produces an inverted image (horizontally and vertically) as it passes thru lens 

Focusing is consensual (if one eye does it, so does the other)

· DEPTH OF FIELD = the distance in front and behind the fixation point that will be in focus (is inversely proportional to the size of the pupil)

· As object moves away form fixation point ( blur circles

· When a blur object is larger than photoreceptor it is hitting ( blurred vision

· Pupil constricts in order to reduce the size of blur circles and to increase depth of field (changes the angle of the light hitting the retina) 

· Distant object:  need short depth of field and thus large pupil

· Closer object:  need longer depth of field and thus small pupil

· As object moves closer ( pupils constrict; lengthen depth of field (see accommodation)

· BUT, quality of image is inversely proportional to depth of field

· the more light let thru pupil ( crisp image on retina (and vice versa…)

Accommodation

· the ability of eye to adjust to bringing a close object into focus

· use both iris and lens to accommodate

· iris:  sphincter pupillae muscles constrict the pupil to adjust depth of field

· lens:  thickens (rounder) to accommodate closer objects

Ciliary muscle and the Lens

· zonule fibers connect the two

· ciliary muscle acts as a sphincter

· constriction of ciliary muscle ( relaxes zonule fibers ( relaxes lens ( rounder and thicker lens ( able to see (focus) close-up objects….

Emmetropia = the ability to focus a distant object

Accommodation = ability to focus a close object

Myopia = nearsightedness - can NOT see far away

· eyeball is too long ( image focused in front of retina ( big blur circles hit retina

· treatment with concave lens to allow for distant vision

· a developmental problem = due to excessive focusing on close objects (reading) ( eye accommodates (thicker lens) ( so to compensate, eyeball lengthens ( now it’s too long

Hypermetropia = farsightedness – can NOT see close up

· weak eye:  eyeball is too short ( so eye is constantly accommodating to see distant objects ( this causes other problems (headaches at very least) ( close vision bad now

· treatment with convex lens to allow for close vision

Presbyopia = farsightedness – can NOT see close up

· due to loss of lens flexibility; occurs with age

· different mechanism from hypermetropia

Astigmatism = irregular curvature of cornea

· there is a discrepancy in distance between cornea and retina, as measured from different point along the cornea

· light rays do NOT focus on the same place

· treatment with a lens that has an irregular shape; the inverse of the corneal curvature
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Retina

· built “inside out” with receptors as innermost layer and cellular layers as most superficial

· light moves from layer 10 ( 1 – must travel thru all layers to get to light sensor

· Layer 1 = Pigment Epithelium - monolayer of cells, absorbs photons not absorbed by the receptors, filter suction btwn blood supply and cells of retina

· Layer 2 = Receptor Layer – the outer segments of photoreceptors here, phototransduction

· Layer 3 = External Limiting Membrane – base of outer segments, MUELLER CELLS send processes that join together to make this membrane-like structure

· Layer 4 = Outer Cell Nuclear Layer – cell bodies of rods and cones here

· Layer 5 = Outer Plexiform Layer – synapses btwn receptors and interneurons

· Layer 6 = Inner Nuclear Layer – cell bodies of interneurons here

· Layer 7 = Inner Plexiform Layer – synapse btwn interneurons and ganglion cells

· Layer 8 = Ganglion Cell Layer – ganglion cell bodies here, produce the OUTPUT cells of the retina ( OPTIC NERVE

· Layer 9 = Optic Fiber Layer – axons from ganglion cells pass thru ( optic nerve

· Layer 10 = Internal Limiting Membrane – opposite of layer 3, where processes of MUELLER CELLS make a membranous layer

· Below Layer 10 = Vitreous body

· Retina has upside structure which results in ( degradation of image, requires foveal pit

Photoreceptors of Retina

· Rods – very SENSITIVE to light (NOT at fovea)

· Cones (three kinds) – not as sensitive to light

· Photoreceptors everywhere EXCEPT optic disc (b/c no retina there)

· Highest density at fovea, and thickness of retina decreases at periphery as cells decrease

Fovea

· cell density highest here, yet CONES ONLY

· has greatest acuity

· look NEXT to a dim start so that you use SENSITIVE RODS ( and you will see the star (look directly at it and you ‘use’ cones, yet star is too dim to stimulate… star disappears)

· FOVEAL PIT = an inpocketing of retina at the fovea (only receptors are here) – so photons don’t have to move thru as much cellular “debris” to get to the receptors…

· Axons from receptors leave pit ( by passing to the sides to reach the cells for synapse

· Pit can be seen with opthalmoloscope

· Acuity at fovea is so good – lots of receptors at fovea (high density), so it is possible to resolve degradation of image caused by light moving through all the layers of the retina

Optic Disc – NO retina here so no receptors here! ( BLIND SPOT (no retina…)

· place where axons of ganglion cells exit the eye ( brain as OPTIC NERVE (layer 9?)

· it is an excavation or an infolding

· can be seen with opthalmoscope

· its structure can change… due to differential pressure within eye and cranium

· BULGE of disc into eye = increased intercranial pressure (cranial bleeds)

· DEEP excavation = increased interocular pressure (glaucoma)

· no retina/receptors ( physiological BLIND SPOT – not conscious of it b/c brain fixes

· Scotoma is a non-physiological blind spot – hard to spot b/c brain fills this in too – can be caused by damage to visual cortex, retinal lesion, optic nerve/tract lesions

Main Cell Types of Retina

· Receptors = project to H-cells, B-Cells

· Horizontal (H)  cells = input from receptors in a wide area;    synapses ( B-cells

· Bipolar Cells (B) = input from H-cells and receptors directly;     projects ( A=cells

· Amacrine (A) Cells = input from B-cells, spread laterally;  synapse ( G-Cells and I-cells

· Ganglion (G) Cells = input from A-cells  (( optic nerve)  ( Via ACTION POTENTIAL

· Interplexiform (I) Cells = input from A-cells; feeds back ( to outer plexiform layer (possible role in the neural portion of adaption)

· There is no ACTION POTENTIAL until GANGLION CELLS (now, need to go far)

Evolution and Retinal Connections

· Older retinal connections = dominated by ganglion cells that receive input from A-Cells (have simpler receptor fields)

· Newer retinal connection = dominated by ganglion cells that receive input from B-Cells (result in more complex receptor fields)

Electrical Stuff

· There are excitatory/inhibitory connections in retina betwn receptors and interneurons

· No AP outside ganglion cells; instead GRADATION btwn receptors and interneurons

· Light ( photoreceptors ( HYPERPOLARIZATION (this decreases neurotr. release)

· If DEPOLARIZATION ( transmitter release

Depolarization ( transmitter release

If transmitter release by receptor at INHIBITORY connection ( (inc. release of inhib. NT)

HYPERPOLARIZATION results in postsynaptic cells

Depolarization ( transmitter release

If transmitter release by receptor at EXCITATORY synapse ( (inc. release of excit. NT)

DEPOLARIZATION in the postsynaptic cells

· Excitatory or inhibitory synapses are dependent on receptor, NOT the NT released (which is glutamate)

· Excitatory connections work thru ligand-gated ion channels (AMPA receptor)

· Inhibitory receptors work thru a G-Protein coupled receptor (metabotropic receptor)

· Receptors can be connected to BIPOLAR CELLS thru excitatory/inhibitory connections so the following can apply:

If receptor and interneuron is at INHIBITORY SYNAPSE ( (sign reversing)

a signal which causes a HYPERPOLARIZATION in RECEPTOR ( (dec. neurotr. release)

causes a relative DEPOLARIZATION in POSTSYNAPTIC CELL (ie. B-cells)

· this is b/c you are decreasing neurotransmitter release from receptor ( you are decreasing amount of inhibition on postsynaptic cell, causing a relative depolarization

· INHIBITORY SYNAPSES are sign REVERSING (hyperpolarization  of receptor ( depolarization of interneuron)

If receptor and interneuron is at EXCITATORY SYNAPSE ( (sign conserving)

A signal which causes a HYPERPOLARIZATION in the RECEPTOR ( (dec. neurotr. release)

Causes a relative HYPERPOLARIZATION in the POSTSYNAPTIC CELL (ie. B-cells)

· this is b/c you are decreasing neurotransmitter release from receptor ( you are decreasing amount of excitation on postsynaptic cell, ( relative hyperpolarization/inhibition

· EXCITATORY SYNAPSES are sign CONSERVING (hyperpolarization of receptor ( hyperpolarization of interneuron)

Receptor Field = the area of transducer containing tissue that causes the neuron to respond

· every sensory neuron has a receptor field

· RF of a visual neuron = area of retina that when stimulated, responds by excit/inhibition

· Light ( hyperpolarization (-) ( response to light in inhibition

· Excitatory connections will lead to (-) in response to light

· Inhibitory connections will lead to (+) in response to light

· On Center Receptor Field = excitatory center with inhibitory surround

· Off Center Receptor Field = inhibitory center with excitatory surround
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On Center Field   vs.  Off Center Field   

· difference is in their response to a stimulus

· Shine light in Center of receptive field

· ON center fires MORE

· OFF center fires LESS

· Shine light in Periphery of receptive field

· On center fires LESS

· OFF center fires MORE

· dark spot – a dark spot shown on a (-) region ( excitatory effect, whereas a dark spot on a (+) region ( inhibitory effect (as opposed to a bright spot)

· the area in the excitatory center is supposed to be equal to the area in the surround

· if you flood the whole response field with light, excitation and inhibition will cancel

· everything else is a proportion of how much stimulus is in the center relative to surround

· all of the visual info we can consciously perceive is encoded by GANGLION CELLS

· we’re bad at detecting overall levels of illumination - need RELATIVE/COMPARISONS

· Visual system is set up to accentuate CONTRASTS

· Grid ex- for ON center cells:  more signal (light) in region of inhibitory surround ( decreased firing rate ( see a dark spot at intersection

· Grid ex- for OFF center cells:  more light in the excitatory surround ( but inhibition b/c it is an off center cell to begin with ( dimness

· Center/surround organization of RF can lead to misinformation getting to cortex in certain situations (illusions)

Three major types of GANGLION CELSS

· W-Cells = “older”, do NOT have center/surround organization to their receptive fields, have large receptive field and responds to transient local changes in illumination

· Y-Cells = larger cell body and dendritic spread than X Cells; they project to the MAGNOCELLULAR layer of LGN of thalamus;  has center/surround organization, has large receptive field and responds best to motion and basic form

· X-Cells = smaller than Y’s; projects to the PARVACELLULAR layer of LGN; has center/surround organization, has small receptive field and responds best to resolution, color and detail

Parallel Processing

· different channels (cell types) are used to analyze different attributes of the visual scene

· characteristics are processed simultaneously to get the “big picture”

Synapses

· within the retinal layers – occurs at both plexiform layers

· but once ganglion cells ( optic nerve ( chiasm (partial decussation) ( optic tract…. There are no synapses until the DIENCEPHALON (thalamus)

Visual and Retinal Fields

· MONOCULAR SEGMENT = nasal retina field is larger (optic nerve exits here) than temporal retina field, so nasal retinal field sees some info the temporal retina does not

· Ganglion cells in nasal retina will cross at optic chiasm to contralateral side

· Ganglion cells in termporal retina will stay on ipilateral side

· Left hemisphere of brain gets info from right half of the outside world… and VV.

· NASOTEMPORAL OVERLAP = a small, vertical strip on fovea where projections to brain are random ( BILATERAL representation in cortex results

Ganglion cell
     Cntr/srrnd
    Receptive Field



     Projection to LGN

W-Cells (old)
       No

    large, responds to transient local changes

Y-Cells (new)        Yes
    large, responds to motion and basic form
     Magnocellular

X-Cells (new)
       Yes
    small, responds to resolution, color, detail      Parvocellular

Layers of Dorsal LGN of Thalamus

· Magnocellular = layers 1,2 (from Y-Cells)

· Parvocellular = layers 3-6 (from X-Cells)

· Layers 1,4,6 = carry info from CONTRALATERAL nasal retina

· Layers 2,3,5 = carry info from IPSILATERAL temporal retina

· This creates 2 parallel streams of info

· No layer get input from both eyes ( MONOCULAR

· These layers contain the first SYNAPSES of ganglion cells onto the relay cells

Ganglion cell

Projection to thalamic nuclei


Layer of dorsal LGN

W-Cells

to SCN, ventral LGN, AON, SC, PT

Y-Cells

to dorsal LGN, SC, PT


Magnocellular  (layers 1,2)

X-Cells

to dorsal LGN




Parvacellular (layers 3-6)

Thalamic nuclei explained

· SCN = suprachiasmatic nucleus – takes in light/dark info related to circadian rhythms

· AON = Accessory Optic Nucleus

· SC = Superior colliculus – involved in pupillary light reflex

· PT = pretectum – involved in papillary light reflex

Axon path from LGN ( Primary Visual cortex (Striate cortex)

· Striate cortex is in occipital lobe and is also assoc. with calcarine fissure (which divides striate cortex in half) – although it is primarily buried within in the occipital  lobe

· MEYER’S LOOP = path is not straight, but passes lateral to the lateral ventricles and then dips into temporal cortex before getting visual cortex in the occipital lobe

· This may be why lesions to temporal lobe results in visual symptoms (b/c primary visual areas (striate cortex) are in occipital lobe

· Lesions in specific areas of cortex will give very specific areas of scotoma

· MAGNIFICATION FACTOR = more cortex is used to analyze info about central vision than is used to evaluate visual info from the periphery.  This magnification begins all they way back at the retina – (more neural density near the fovea vs. periphery)
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· there are more cortical neurons dedicated to central visions than to peripheral vision, even though the visual field (retinal area) devoted to central visions is smaller…

· the LGN is the thalamic nucleus related to this visual cortex

· LGN is divided into magnocellular from Y-Cells (LGN layers 1,2) and parvacellular layers from X-Cells (LGN layers 3-6) – inputs to LGN terminate in non-overlapping layers (no layer gets inputs from both eyes)

· Contralateral nasal retina ( LGN layers 1,4,6

· Ipsilateral temporal retina ( LGN layers 2,3,5

· Inputs related to each eye terminate in a segregated, side-by-side fashion, creating slabs through cortex ( OCULAR DOMINANCE COLUMNS

Inputs to cortex




Outputs from cortex

Cortex ( layer 2 (of cortex)



layer 3 ( cortex

Claustrum ( layer 6




layer 6 ( claustrum

Basal forebrain & BRF ( all layers


layer 5 ( subcortical structures

Thalamus ( 4 and (6)



layer 6 ( thalamus


X ( layers 4a, 4c-gamma, 6


Y ( layers 4c-alpha, 6

· TRN can have inhibitory effect on relay cells and interneurons fo LGN

· LGN controls flow rate of info to cortex (but does not edit info…)

· BRF and basal forebrain inputs are diffuse (to all layers), modulatory input

· Intracortical connections are primarily in layer 4

· Output from layer 6 is 50% to LGN and 50% to claustrum

· Remember cortex as columnar arrangement – so cells within column have similar receptive field properties and so columns represent specific orientations of stimuli…

Receptive Field Properties

· in Retina and LGN – center/surround organization

· in cortex – binocularity and selectivity (for shape, orientation, direction of motion)

· BINOCULARITY= cortex receives input from both contralateral and ipsilateral eyes

· Cortical layer 4 = MONOCULAR inputs!

· OCULAR DOMINANCE also exists – where certain cortical cells are driven by either eye (there are some cells (category 4) that receive inputs equally and thus no dominance

· BINOCULAR DISPARITY – binocular receptive fields do precisely match with the other eye – there is slight disparity (up to 2 degrees)

Stereopsis = binocular depth perception

· based on the fact that 3-D image of world is seen differently in ea. eye (spatial parallax)

· used for close-range (thread needle) – less than 20 ft

· NASOTEMPORAL overlap = contributes to stereopsis along the vertical meridian of visual field (b/c the overlap causes disparate receptive fields) – recall overlap is the small strip on fovea where ganglion cells project randomly to either side of optic chiasm

Monocular depth cues

· need relative size & motion parallax to judge depth perception beyond 20ft  (need 1eye only)

Complexity of visual cortex

· Vision is analyzed by many different cortical areas (35) – and occupy nearly 50% of cortex (more than somatosensory and auditory info)

· These 35-40 visual areas are organized into 6 types of info (color, depth, shape…)

· All visual info is processed in parallel

Visual cortical areas – divided into 2 tiers:

Ventral tier of visual cortex


    Dorsal tier of visual cortex

Analyzes spatial patterns



    Analyzes motion and location of objects

Receives input from Parvocellular

    Receives input from Magnacellular

Projects to IT area in occipital/temporal cortex
    Projects to area 7 in parietal cortex

Superior colliculus is important to normal vision

· Ganglion cells  W and Y ( superior colliculus

· SC is a layered structure (first 3 are purely visual)

· SZ = stratum zonale (zonal layer)

· SGS = stratum griseum superficiale (superficial gray layer)

· SO = stratum opiticum (optic layer)

· The other layers are involved in multimodal stuff (receive somatosensory/auditory/visual inputs of the midbrain reticular formation)

· axons from retina and visual cortex enter the SO laterally from brachium of optic tract and head dorsally to terminate (synapse) mainly in the SGS

· SC input directly from retina (W/Y) – this input is mostly monocular and contralateral

· SC input indirectly from LGN and visual cortex (Y) – this cortical input is binocular

Retinal pathways

· Retina ( LGN (Y) ( Striate/Extrastriate (striate can go ( SC ( Pul ( Striate/Extra)

· Retina ( SC ( Pul ( Striate/extrastriate

Sprague Effect

· the SC gets input from cortex 

· the SC can be inhibited/suppressed by its opposite SC

· thus, by removing Right SC ( Left SC is not suppressed and can now perceive images

· put another way:  remove SC contralateral to the damaged visual cortex… and now you can “see”  (but only nonverbally – you SAY that you can’t see anything)
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· brain develops postnatally, depends on visual development

· brain wt and vol. more than doubles in size, yet the # of neurons stays constant (from birth)

· instead, neurons become more dense by increasing number of synapses and dendrites

· some neurons are influenced by envi… some are not

· remember:  LGN has 6 layers, and each layer only hold one cell type (X,Y)

· LGN layers 1,4,6 receive input from contralateral nasal retina

· LGN layers 2,3,5 receive input from ipsilateral temporal retina

· LGN layer 1,2 = magnacellular layer (Y)

· LGN layers 3-6 = parvacellular layer (X)

Normal development of Striate/Visual Cortex

· at birth, receptive fields in retina and geniculate are “adult-like” with center/surround org.

· at birth, receptive field for cortex is still immature, not yet fully-developed – need visual stimuli (critical period)

Monocular Deprivation - (damage to (Y) binocular – see below)

· open eye develops normally

· closed eye DOES have reticulogeniculate connections (they are already “adult-like” at birth) but there are NO geniculcortical connections! ( basically blind in this eye

Critical Period

· there is a critical period that is necessary for the geniculocoritcal connection development

· this is roughly the first 10 years of human life…maybe even less

· so if born with visual abnormality – do NOT wait to do surgery….

Monocular and Binocular Segments - the visual field can be divided into segments

· BINOCULAR SEGMENT = part of visual field that is viewed by both eyes

· MONOCULAR SEGMENT = part of visual field that is seen by only one eye (exteme)

· not only is retina divided, but so is corresponding LGN and cortex…

· Layer A and A1 of LGN gets binocular input form contralateral eye ( region B of cortex

· Layer A can also receive monocular input ( region M of cortex

· With MONOCULAR DEPRIVATION = damage the Y-Cells of binocular region of LGN and cortex, but monocular segment (both X and Y Cells) and binocular (X) are spared

· Remember that are binocular cells are 2nd order cells

Binocular Competition

· during development of binocular cortex segment – the contra and ipsilateral axons from the LGN compete for synaptic space on the cortex

· deprived eye will lose this “synaptic fight” (less stimulation means less firing) ( degenerate (necrosis) ( connection to cortex is lost

Monocular competition

· DOES NOT EXIST – no competition

· So even deprived eye will develop synapses with cortex

Problems in development

· it is not deprivation per se that leads to problems, but imbalance in competition  (at least for binocular input, b/c there is no monocular competition… they should develop okay but they don’t….

· and it is not just competition that leads to problems…. But lack of visual stimuli from outside envi (for both bi and monocular inputs)

· if deprivation:  no visual stimuli and outcompeted ( blind in that eye

· NEED VISUAL STIMULI and BALANCED COMPETITION for normal visual develop
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· sound is form of physical energy that is transmitted in wave (sin wave)

· Compression = occurs when local air pressure is increased (the (+) peak on wave)

· Rarefaction = occurs when local air pressure is deceresed (the (-) peak on wave)

Frequency – measured in Hz

· no. of cycles of compression and rarefaction per second

· we perceive it as pitch – high pitch has higher frequencies….

· We are sensitive to sounds btwn 20Hz-20kHz

Wavelength – computed as frequency/speed

· distance from compression to compression

· speed of sound = 340 m/s

Amplitude – measured in dB

· how much energy is in a wave (magnitude of pressure change)

· if two waves have equal frequency ( the one with greater Amplitude = louder

Decibels (dB)

· are a log scale – measure amplitude (loudness)

· we hear from 0-140 dB   (threshold for hearing = 0dB;  above 110 = damage)

· dB – 20 log (measured sound pressure / 20 uPascal)

· 20 uPascals – the faintest pressure change that can be heard at 3 kHz which is the frequency that we are most sensitive to

· if you increase Amplitude by 10  (  increase 20dB

· if you double Amplitude  (  6dB

Sensitivity varies across frequencies

· we are sensitive to sounds btwn  20Hz – 20kHz

· > 20kHz = ultrasound (dogs/bats)

· < 20Hz = infrasound (homeing pigeons and elephants)

· sensitivity is the faintest sound that we can hear

· we are not very sensitive to low or high frequencies… best bwtn  1 – 5kHz

· if we hear a sound with varying frequencies but same amplitude:  perception of a sond that goes from faint ( loud as we go from low freq ( high freq.

· then, if we go beyond freq. that we are sensitive to...  faint again

· PRESBYACUSIS = condition of loss of sensitivity (as we age)… usu. at edges of hearing range, esp. loss of sensitivity to high frequencies

Graph of sensitivity

· above line is where we hear

· we are most sensitive at 3kHz (we don’t need a lot of Amp to hear it)

· there is perceptual differences in loudness across frequencies:  draw a horizontal line

Sounds and waves

· all sounds are a summation of different sine waves of varying frequencies

· square waves = sound oscillates bwtn maximum compression/rarefaction instantaneously

· at same high freq, the square wave will be perceived as higher pitch than the sine wave

· but at very high frequencies (outside our sensitivity) – no difference in perception btwn sine and square waves  (we can’t hear the higher square wave pitch)

Reflection – due to impedance = IMPEDENCE MISMATCH

Absorption

· occurs when wavelength is shorter than object it hits ( sound shadow results behind object

· remember frequency is inversely proportional to wavelength:

· low frequency = big wavelength ( reflection (b/c it’s bigger than object) ( can travel far distances

· high frequency = small wavelength ( absorption (it’s smaller than object) ( travels only short distances

Ear components

· Outer ear = pinna, concha, external auditory meatus (ear canal)

· Middle ear = bulla, tympanic membran (ear drum), ossicles, eustachian tube – AIR-filled

· Inner ear = cochlea – is FLUID-filled

Hearing

· Outer ear – ear canal has resonant frequency of 1.2 kHz - at this point, sound will be amplified  (if you match freq. with resonant freq of crystal ( breaks)

· Middle ear is air filled and choclea is fluid filled (impedance mismatch)  so:

· Ossicles are connected to tympanic membrane and oval window ( amplification of pressure by 1.7

· Due to size mismatch:  tympanic mb is large than oval window, so there is greater pressure on the oval window ( amplifies pressure by 17

· Bulla has resonant freq. of 2.5 kHz and can be changed with changes in pressure

· AMPLIFICATION add up to a factor of 29… so only 40% reflection!!  This is better than the expected 97% reflection when there is impedance mismatch

· Tensor tympani (innerv. by V)  and stapedius (innerv. by VII) – both pull on ossicles.  The activity of these muscles reduce the sensitivity to lower frequency and increase sensitivity to higher frequencies (active during talking, loud sounds)

· Inner ear – cochlea (fluid-filled) – has base and apex (hilicotrema)

Basilar Membrane of Cochlea

· it is NOT uniform throughout

· base is stiff and narrow – high frequencies vibrate here

· apex is wide and floppy – low frequencies vibrate here

· so Basilar MB is like a frequency map along its length

3 fluid-filled Spaces in cochlea

· Scala Vestibuli – stapes attached here – filled with perilymph (high in Na, low in K conc)

· Scala tympani – round window attached here – has perilymph (high Na, low K conc.)

· Scala media – is filled with endolymph (high in K, low Na concentrations)

Organ of Corti = the actual organ of hearing

· Sits on Basilar membrane which vibrates

· Tectorial membrane (does not move) with cilia is above Organ of corti

Hair Cells (of Organ of Corti)

· Hair cells DEPOLARIZE when cilia move towards kinocilium

· Hair cells HYPERPOLARIZE when cilia moves away form kinocilium

· Hair cells do NOT produce action potentials, but only graded responses

· Hair cells have sterocilia and a long kinocilium

Outer Hair Cells




Inner Hair Cells

More (3:1)





Fewer (3:1)

Contact only 10 diff. afferents


Contact about 20 different afferents

Contribute to only 10% afferents


Contribute to 90% of afferents

Nerv. Sys “ignores”



Nervous System listens to these cells

Has mechanical, modulatory function thru 


the manipulation of tectoial membrane

Sensory Transduction in Cochlea - occurs with the 3 scala and organ or corti

Sound ( Basilar Membrane vibrates ( stereocilia (of haircells) bend toward kinocilium ( K flows into/out of Outer Hair Cell ( causes Depolarization ( Ca-channel opens and Ca-influx results ( vesicle fusion ( NT release ( depolarizes afferents ( CN VIII

· K flow also increases amount of bending that the cilia of the Inner Hair Cells will receive ( causes a cochlear amplification and tuning of the response

· Input from superior olive ( Outer Hair Cells also changes cilia length  ( causing vibrations which travel back out of cochlea ( OTOACOUSTIC EMISSIONS

Otoacoustic Emissions - a test of inner ear damage

· emission is produced only if proteins and cochlea amplifier is okay… (does cilia change length so that vibrations travel back out of cochlea??)

Place Principal

· brain pays atten. to where the hair cells come from (different frequencies vibrate different parts of the basilar membrane

· best at 5000 – 20000Hz

· not so good with sounds of large amplitude b/c these signals deflect the basilar membrane over a large area, making discrimination difficult

· cochlear implants use this principal

Period Principal

· brain can detect frequency via rate of firing b/c of phase locking phenomenon

· neurons fire at same rate as the signal by firing at the same place on the wave form = PHASE LOCKING phenomenon

· at high freq. a single neuron cannot fire at the same rate as the stimulus (b/c of kinetic properties of the AP)… but a group of these neurons will appear to be phase locked

· best at 20 – 1400 Hz

Frequency range


Principal used

20 – 1400 Hz



Period Principal

1400 – 5000 Hz


BOTH

5000 – 20,000 Hz 


Place Principal
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· the visual system processes all of its sensory info in the retina

· the auditory sys. processes all of its sensory info in the brain

· cochlea has spiral ganglion which produces the auditory nerve

Sound stimulus ( CN VIII ( Spiral Ganglion ( auditory n. ( ipsilateral cochlear nucleus 

Cochlear nucleus (3 types) = dorsal cochlear, posteroventral, anteroventral – project to (
- superior olive nuclei ( inferior colliculus (
- nucleus of lateral lemniscus ( inferior colliculus (
- inferior colliculus (
Inferior colliculus ( MGN ( primary auditory cortex (Brodmans 41,42)

· all axons from cochlear nucleus and superior olive ( go thru the lateral lemniscus

· cochlear nucl. & nuc. of lateral lemniscus are the ONLY places to hear form ONE ear…

· you can hear from BOTH ears starting at the superior olive

· Dorsal cochlear nucleus ( ipsilateal lateral superior olive 

· 2 ventral cochlear nuclei ( contralateral & ipsilateral medial superior olive

Superior Olive

· Essential for sound localization (see below)

· 3 nuclei:  medial nucleus of trapezoid body, medial superior olive, lateral superior olive

· these nuclei are the first site of interactions between both ears = BINAURAL interaction

· receive contralateral and ipsilateral input from cochlear nucleus

· you can have a lesion in the tracts after the superior olive ( you can still from both ears

Inferior Colliculus

· receives contralateral input from cochlear nucleus and bilateral input from superior olive

· 3 nuclei make up inferior colliculus

· central (gets all info) ( Ventral MGN ( primary auditory cortex 

·  external (sound localization)

· pericentral nucleus ( Dorsal MGN ( input to secondary auditory cortex

Auditory stuff

· Binaural interactions start of superior olive

· superior olive tells position of stimuli in acoustic space

· cochlear nucleus tells pattern of stimuli in acoustic space

· there is extensive feedback:  the primary auditory cortex ( back into MGN ( LGN

· different kinds of auditory info is processed in parallel (ex- some stuff to primary auditory cortext… some stuff to secondary auditory cortex…)

Brainstem Auditory Evoked Potentials

· it is possible to record short latency neural activity in response to auditory stimulation at all brainstem levels - 

· need 1000’s of repetitions – but eventually get a clean signal

· you can determine the site of lesion (small sine waves are produced, look at where you get most delay)

Localizing Sounds (in superior olive)

· we can localize sound in the horizontal and vertical planes (but this is done differently)

Horizontal plane

· need both ears to localize sound on the horizontal plane

· if sound is directly in front of you, then there is no time delay/intensity difference – but:


1) 
interaural (sound) time delay – look at difference of how long it takes for the sound to 
reach both ears – brain can resolve differences of about 10usec.

· works for continuous tones at low frequencies (below 1400 Hz)

· remember the medial superior olive is getting input from both ipsilateral and contralateral cochlear nucleus, so MEDIAL SUPERIOR OLIVE can use the PHASE LOCKED auditory afferents from both ears to compare when the AP gets there

· at first the 2 AP will be generated at different times (depending on when the sound arrives), but eventually (DELAY) – they will coincide (brain interprets this delay) 

· the medial superior olive compares the 2 inputs via the DELAY LINE SYSTEM – where each neuron codes a different delay and consequently a different location in the horizontal plane  (if 2 AP meet to the right, the signal was heard with your left ear first)

2) interaural intensity difference - 

· used at higher frequency sounds (above 1400 Hz)  and thus for smaller wavelengths (large wavelengths wont’ be absorbed/processed)

· the olivary nucleus uses a combination of excitatory and inhibitory inputs to determine interaual intensity differences

· neurons that decipher intensity difference are in the LATERAL SUPERIOR OLIVE

· the lateral superior olive gets excitatory input from ipsilateral cochlear nucleus

· lat. sup. olive gets inhibitory onput from MNTB (from contralateral cochlear nucleus)

· ex) if intensity at contralateral ear is larger, then neuron exhibits a net excitation

· if the intensities are equal, then the excitatory/inhibitory inputs cancel each other out

Vertical Plane

· the shape of the pinna (outer ear) is critical to localizing sounds in the vertical plane

· brain calculates delay btwn direct sound & sound reflected from different points off the pinna

· need only one ear to do this

