Neuro Review for Quiz 1 (lectures organized according to 2004’s note service, does not correspond exactly to 2005)

Please note: these notes are by no means exhaustive of the material covered, nor are they necessarily 100% accurate. They are selective points of interest taken largely out of context. Please use at your own discretion. They are simply select points of interest that I chose to write down because I thought they were extra important, difficult terms...they are certainly not the only important points that we need to know and because it’s from last year’s transcripts, may contain a bit of extra material (unlikey though)

Lecture 1 Intro/overview

· pigmented neuron of substantia nigra involved in Parkinsons

· commissure – tract connecting two sides of the nervous system (ie. Corpus collossum)

· dura is on mesenchymal origin

· together, the pia and arachnoid form leptomeninges, or slender meninges. They are of ectodermal origin.

· a herniation is an accumulation of material, or the swelling or expansion of one compartment of brain, brain tissue will shift into another compartment where it does not belong. Brain may pop over teintorium cerebelli, below falx cerebri or through foramen magnum.

· Purkinje cells of cerebellum are a type of neuron

Lecture 2 Intro to Nervous System

· with subdural hematoma (between dura and arachnoid), blood does not dip down into the folds of the brain because the arachnoid is intervening

· Meninges of spinal cord similar to brain except for pial protrusions called denticulate ligaments that connect pia to spinal dura.

· There are5 main subdivisions of adult brain, named from embryological derivatives:

· 1) Telencephalon – cerebral hemispheres and basal ganglia, “C” shaped

· 2) Diencephalon – thalamus, hypothalamus, epithalamus (pineal gland)

· 3) Brainstem – midbrain (mesencephalon), pons, medulla, cerebellum. Pons + cerebellum=metencephalon

· 4) Cerebral hemispheres-  FPOT. 

· 5) Limbic Lobe -  sometimes considered lobe of cerebral hemishpheres

· gyrencephalic- brain with alot of gyri or ridges (ie. Human brain)

· lissencephalic – smooth brain (rats, frogs, fetal humans)

· posterior border of temporal lobe is a line drawn from preoccipital notch to splenium of corpus collossum

· magnification factor – more refined movements have greater amounts of cerebral cortex devoted to their control.

· Cortex devoted to leg movement has been found to be medial side of PMC (primary motor cortex), which has different blood supply than rest of PMC.

· Primary somatosensory cortex (PSC) located in post central gyrus of parietal lobe

· Supramarginal gyrus -  draped over upward turn of Sylvian fissure.

· Angular gyrus -  posterior to supramarginal gyrus

· Inferior Parietal Lobule = supramarginal gyrus + angular gyrus, important language area (Wernicke’s)

· Paracentral lobule – medial aspect of pre and post central gyri. Lesions will affect contralateral leg in motor or sensory function.

· Primary auditory cortex (PAC) sits on top of superior temporal gyrus (can only be seen if temporal lobe is pushed down). PAC received info bilaterally, and there is an orderly representation of tones.

· Parahippocampal gyrus -  most medial of temporal gyri, uncus is medial part of parahippocampal gyrus. Uncus can herniate through tentorium cerebelli and compress med-hind brain

· All tissue surrounding calcarine sulcus is Primary Visual Cortex (PVC). 

-central vision found posteriorly (in the PVC)

-peripheral vision found anteriorly 

-inferior vision found superiorly

-superior vision found inferiorly

· limbic lobe -  a ring of structures located on medial aspect of cerbral hemispheres, such as cingulate and parahippocampal gyri. 

Lecture 4

This lecture is about structures that we have find in lab

Lecture 5 Peripheral Nerves

This lecture is mostly a review of electric physiology of membranes...

· action potentials are important for the signaling properties of cells. Synaptic potentials are important for the transmission of information between cells.

· Chemical and electric potentials are equal and opposite in direction for a respective ion.

· Equilibrium of K = -75 mV, Ena = +55 mV

· We don’t change ENa or EK, rather we change the membrane’s conductance or permeability to either Na or K. 

· If the Na/K pump is poisoned, eventually (minutes to hours? Because each individual AP only changes concentrations by a minute amount) concentrations become equal and there is no membrane potential. In this case equilibrium potentials have changed, not permeabilities.

· Tetraethylammonium (TEA) is used to block K current.

· Tetrodotoxin (TTX) blocks Na current.

· The Na and K currents are independent of each other

· Both channels are voltage sensitive and are activated by depolarization of the cell. K current opposes the depolarization (it flows out of the cell) and is thus a negative feedback system. Na current is increased, which leads to further depolarization, thus it is a positive feedback system.

· Threshold is defined as I Na (sodium current) in = I K out

· Negative afterpotential (Undershoot) – termination of AP by Na inactivation and by delayed increase in K permeability. This ends positive feedback cycle.

· The space constant relates the change in membrane potential to the distance along the cell.

· Membrane can theoretically conduct in either direction (ie. Artificially) but the refractory period of the previous AP prevents it going in opposite direction.

· Unmyelinated fibers conduct at about  1m/s while myelinated fibers may conduct at between 2 m/s to 100 m/s.

· Larger diameter axons conduct faster because internodal areas are bigger (and hence nodes of Ranvier of further apart and fewer APs are needed and because of less resistance to current in a larger axon

· Smaller diameter fibers have a much higher threshold, they require more current to be activated. This is probably because current will tend to flow through larger fibers first (less resistance), depolarizing faster and reaching threshold faster. The opposite is true for small diameter fibers.

Lecture 6 Action Potentials and Synapses

· Pain stimuli tend to have slower conduction velocities than non-painful stimuli

· Electrical synapses involve gap junctions in close proximity to each other

· EPP (end plat potential) of about .4 mV represents a release of one quanta or neurotransmitter

· Acetylcholine causes an increase in both sodium and potassium permeability but sodium dominates becasue it is most out of equilibrium. 

· Reversal potential – no flow upon activation of the channel, is there a membrane potential? It does not have to be zero. But it is zero in the case of Na and K.

· Cl does not affect resting potential but increased Cl permeability will tend to hyperpolarize the cell, thereby making it harder for cell to depolarize.

· Ach is always excitatory at the NMJ (neuromuscular junction), but could be inhibitory (ie. The heart)

· At the NMJ, Ach increases the permeability of Na and K simulataneously. This is different from an action potential, where there is an initial increase in the permeability of sodium, and a subsequent increase in the permeability of potassium.

· Glutamate and aspartate are generally excitatory. GABA and glycine are generally inhibitory.

· Pre-synaptic inhibition affects transmitter release via an “axo-axonal” synapse.

· In a synaptic potential, conductance changes are simultaneous because you can get a reverse potential. In AP’s, conductance changes are not simultaneous.

· Action potential is non-decremental, each one is as big as the next one, Synaptic potential is decremental because the signal eventually dies out according to the value of the space constant (length constant?)

Lecture 7 Chemical Neuroanatomy

· We don’t want a binary system (ie. Excitatory or inhibitory). Neurotransmitters fine-tune the sytem, adapt to stimuli (incredible modulatory acitvity in nervous system.

· Neurotransmitters:

-must be found inside neuron

-must be produced inside the neuron

-must be released in a matter consistent with nervous system function (ie. Ca dependent, synaptic vesicles fuse with plasma membrane...)

-msut be released when electrical stimulation applied (ie. AP)

-Inactivate quickly! (otherwise we lose info being sent along axon)

· different inactivation strategies for different neurotransmitters

· neuropeptides inactivated via enzymatic removal of their sulfate group

· neurohormones travel further than neurotransmitters.

· Amine transmitters (Ach, adrenaline, noradrenaline, dopamine, serotonin) come from precursors in diet but active form must be produced in neuron (?)

· Serotonin – low levels associated with depression (?)

· Glial cells convert Glutamate to Lactate, which it uses as energy source. Glial cells will provide Glutamare precursor, Glutamine ( Glial cells sense and modulates metabolic activity of neuron (via Glutamate)

· Receptors:

-need to be specific for neurotransmitter substances

-need to be saturable

-must be reversible (toxins are not reversible, thus decreasing the number of active receptors)

Receptors:

-Ligand-gated ion channel (rapid, not affected by voltage changes)

-G-protein-coupled (Metabotrophic) receptors (slow to activate, longer to shut off, amplification of signal via cascade of events, not voltage gated)

· all neurotransmitters can interact with multiple receptor subtypes and can have opposing effects in different areas of the body. It is the RECEPTOR which determines whether post-synaptic response will be excitatory or inhibitory.

· Acetylcholine receptors – muscarinic metabotrophic cause hyperpolarization (inhibition). Nicotinic ligand-gated cause depolarization (excitation)

· Ach system found in Basal Nucleus of Meynert (originally thought to be linked to Alzheimer’s Disease but not really shown), parabrachial nucleus (in hindbrain next to superior cerebellar peduncle), septal nuclei (along base of Septum Pellucidum)

· Serotonergic system found in raphe nuclei (up and down pons and medulla in midline)

· Norepinephrine system found in locus coruleus

· Dopaminergic system in Substantia Nigra and Ventral Tegmental Area

· In unstained brain section, it is the melanin that appears black (in norepinephrine and dopamine areas)

· Glutamate and aspartae are used almost everywhere (they are excitatory). Rapid action through AMPA receptors and potential for modulation via AMPA and NMDA receptors.

Lecture 8 Sensory Receptors

· Receptors transduce different energies into a signal that the nervous system will understand (ie. Depolarization or hyperpolarization)

· If generator potential reaches threshold, it will produce an action potential.

· Generator is like a synaptic potential. It is a graded potential (ie. Two successive generator potentials may be enough to generate an AP when added together) and a pre-requisite for an AP.

· Thalamus is the “guard center” of the cerebral cortex.

· Instead of organizing a topographical map of our world, the auditory system is good at picking up queues. A sound in one area may reach you faster than from another area. Brain compares time differences and builds a map of where sounds are coming from.

· Olfactory sensation is not well localized

· Strength of stimulus related to number of receptors that are recruited and frequency of AP.

· Receptors are “best suited” to a particular type of energy but can often be stimulated by other forms as well. (ie. Photoreceptors best suited ot light, but can be activated mechanically)

· Receptors are generally just specialized neurons. Pascinian for vibration, Meysner’s for pressure.

· Pain receptors (nociceptive receptors) are not just alot stimulus to mechano receptors. They are a separate class of recepotrs. Pain can be a subjective experiene based on context so it is defined as potential damage to tissues. It is also linked to emotional centers.

· Stretch receptors wrap around specialized muscle spindles.

· Contraction receptors (Golgi Tendon Organs) wrap around tendon. Contraction of muscle puts mechanical force on tendon and this activates contraction receptors.

· APs in sensory neurons don’t necessarily have to start at the beginning of an axon.

· Hair cells in the ear (when they are moved) cause potassium channels to open. This causes the depolarization. When hair cell moves the other way, channel is physically closed.

· Tonotopic organization (responds to certain tones) – specificity is not in receptor type,  it depends on the are of ear (a non-neuronal component) that the hair cells are situated on.

· Semicircular canals (vestibular function) – hair cells bend one way to open channels, other way to close channels.

· Cones in light, rods in dark.

· Rods are always depolarized in the dark, when light hits them, they hyperpolarize and shut off (via rhodopsin disassociating into retinine and opsin, rhodoposin controls the Na channels in rods)

· Different types of opsin allow us to see different colors (?)

· Different chemical receptors respond to different odors but work best when different receptors work together to respond to a single odor (Population Coding).

· CNS is big on change and likes to respond to change, not gradual events. Adaptation (does NOT equal desensitization) is when receptors get bored with a prolonged stimulus and stop responding to it.

· Rapid adaptation/phasic receptors – ie. Pascinian Corpuscles and Merkel disces. They both respond to vibrations and adapt in about 1 millisecond. Tells us something happened and get ready for next stimulus quickly, but difficult to tell how strong stimulus was or for how long.

· Slow adaptation/tonic receptors -  good for telling us how strong and how long stimulus is. (strength and duration)

· It is the “onion” covering of Pascinian corpuscle that makes it fast adapting. It sis the dampening properties of axon that make it responsive to vibrations.

Lecture 9 CNS Development

· permissive – tells cells to differentiate, but not what to become

· instructive -  tells cells what to become

· blastopore lip induces formation of notochord (this is permissive because it coud be accomplished using a wide range of stimuli). Notochord induces overlying ectoderm to become neural plate.

· Inducing agents: noggin and chordin. They translocate into the cell nucleus where they block transcription factors. It is the default pathway of cells to become the nervous syste, so when n and g block transcription factors from differentiating these cells, by default, they become nervous system.

· Morphogenic changes are strictly shape changes (not the type of cell). They have to do with differential growth rates, and the ability of cells to stick to like cells and reject their neighbors who are unlike them.

· Cells clump together by cell adhesion molecules

· Integrins on the surface of cells act as the lock and connective tissue like collagen acts as the key.

· Cadherins (like groups stick to like groups), N-CAM (neural cell adhesion molecules), NG-CAM (neuron-glial cell adhesion molecules)

· Pattern of regional segmentation in hindbrain is like beads on a string, rhombomeres. Forebrain is composed of neuromeres.

· Principle of Colinearity

-Along anterior-poserior axid, there are HOX genes (master controllers) that involve a whole slew of genes downstream, involved in development of whole structures.

-one major TF (transcription factor) controlling HOX is retinoic acid

-in posterior end of nervous system is Hensen’s Node, which secretes retinoic acid.

-HOX genes lined up along chromosome (3’ ( 5’) differntially stimulated by retinoic acid

-HOX genes at 3’ end require little RA

-HOX genes at 5’ end require large amounts of RA

-5’ genes get what they need at posterior (Hensen’s Node is in posterior)

-3’ genes get what they need in rostral regions (ie. Low retinoic acid because far away from hensen’s node)

( differential anterior/posterior turning on and off of HOX genes =  principle of colinearity

· Dorsoventral Partitioning

-notochord secretes sonic hedgehog protein (shh)

-shh gets expressed on cell surface (it is N-terminus?)

-shh on the notochord induces portion of neural tube to become the ventral floor plate because of close proximity between notochord and neural tube.

-notochord also secretes shh laterally to cells that become motoneurons.

· neurons are mitotically active (dividing) on the ventricular surface

· once neurons have completed their final division,they are considered “born” as neurons and they leave the ventricular system forever.

· Radial glia serve as guideposts for newly born neurons. A young neuron wraps around a radial glia and migrates along it like a scaffolding.

· A pocket of mitotically active cells found away from the ventricular zone is the rhombic lip (a type of secondary germinal matrix). These cells become granule cells of the cerebellum. These are the most numerous cell type in the brain. They use Bergman glia to get to their proper locationCerebellum forms roof of 4th ventricle. 

· Hippocampal cortex granule cells also arise from a secondary germinal matrix (rhombic lip?)

· Hippocampal and cerebellar cortices have only 3 layers, they are phologenetically older than neocortex and they don’t use radial glial cells to get to their locations. 

· The SA progenitor cells (neural crest derivative) can become either sympathetic neurons or chromaffin cells (secrete norepinephrine) if they are near adrenal medulla in the presence of glucocorticoid hormones. The environment of the embryo and it’s cells is very important to the developmental fate of these cells.

· Uncommitted precursor cells, the neural ectoderm, is responsive to a number of external types of stimuli. 

Lecture 10 CNS Development 2

· Guidance Mechanisms

1) guidepost cells (ie. Radial glia)

2) pioneer axons- one axon makes it to target and others follow. Involves selective fasciculation (aggregation of neuronal processes to form a nerve bundle) and cadherins (N-CAM and NG-CAM)

3) extracellular matrix ineractions- integrins collagen and laminim, proteoglycans are inhibitory

4) cell surface molecules – cells can secrete attractive or repellant substances onto their own cell surfaces (ie. Semaphorins, ephrins, cadherins)

5) secreted proteins – secreted molecules from the cell diffuse and create a gradient (ie. semaphorin)

· growth cone – “a blood hound sniffing around its environment with many noses” all of the above influences contribute to which direction the neuron will go in.

· Generally, all of the above mechanisms work  in concert to help the axon find its place.

· The nervous system develops via a system of overproduction and elimination

· Synapse localization occurs through activity only. (ie. Agrin is a protein that is released each time neurotransmitter is released. Through local interactions it will segregate the Ach receptors) synapses that are used are strengthened and maintained.

· The Hebbian Rule: the coincident pattern of activity (between pre- and post synaptic neurons) determines which synapses are strengthened and which are eliminated.

· Synaptic targets secrete trophic agents when they are fired on that keep the neuronal population alive. Afferent input is important to a neuronal population but not as important as the synaptic targets. 

· Apoptosis happens much faster than necrosis, they are not the same. Necrotic cells are identifiable, often apoptotoc cells are gone before they can be identified.

· Critical period – temporal windown of opportunity during development when alot of change can be exerted on the final development of the nervous system, after which , things will become cemented in place.

· The normal pattern of response is ...ie. some neurons respond to one eye, some to the other, and some to both. If  you suture an eye shut during a critical period and later unsutured it, the cells that received inputs from the previously sutured eye will not be able to respond to inputs, nor will cells that received inputs from both eyes respond. Only the cells that receive inputs exclusively from the unsutured eye will be able to respond.

· If you suture an eye later in life (ie. Not during critical period?), you can dampen excitation, but not change the pattern or response.

· In strabismus, the eyes cannot converge on a focal point, so there is two visual worlds and no coincident pattern of stimulation. There will be a gross exaggeration of the number of neurons that receive input from one eye or the other. This example holds true for other cells throughout the nervous system (the idea and importance of a critical period)

· Stem cells – new evidence that cells in the brain are mitotically active throughout life, ut only a few at a time. Found  out with Bromodioxyuridine (BrDU) laberled cells that were mitotically active in cerebral cortex. Glial cells are also mitotically active.

Lecure 11 Thalamus

· thalamus – epithalamus, dorsal thalamus, ventral thalamus (all segments based on embryological origin, not necessarily location)

· epithalamus: consists of habenula, pineal gland. Not involved in thalamocortical exchange of info.

· Dorsal thalamus: Specific/dense, Diffuse/intralaminar

· Specific/dense – 

-one to one relationship with cerebral cortex, project densely 

-project mainly to layer 4 of cc (cerebral cortex).

· Diffuse/intralaminar – 

-embedded in fiber casules

-project broadly to cc, typically layer 1

-provide input to basal ganglia

· Ventral thalamus: Thalamic Reticular Nucleus (TRN), Ventral division of LGN

TRN- does not project to cc

· only GABAergic 

· cortical neurons in layer 6 projecting to thalamus sent collateral to innervate and excite GABAergic neurons, perhapy modulatory role.

Ventral Division of LGN – extension of reticular nucleus around LGN

· projections from thalamus to cortex are ipsilaterally organized, sensory and motor systems are contralaterally organize.

· Thalamus  forms lateral walls of 3rd ventricle

· Pulvinar most posterior portion of thalamus

· Laminae are groups of fibers making way in and out of thalamus

· Lateral ventricles communicate with 3rd ventricle via Foramen of Monroe.

· Nucleus accumbens conjoins caudate and putamen.

· Hypothalamus surrounds ventral portion of 3rd ventricle.

· Anterior nucleus involved in limbic system, which integrated emotional responses to the environment.

· Ventral anterior nucleus relays motor info to supplementary/premotor (preparation, planning) areas of cortex, and to basal ganglia (plans complex movements)

· Mamillothoracic tract (connects mamillary bodies to anterior nucleus) indicated position in rostral thalamus

· Anterior group nucleus looks like almond (both start with a’s)

· When you can see MD nucleus, we can see VL (not VA)

· MD talks to cerebellum and primary motor cortex, and targets prefrontal cortex (planning, memory). Olfaction passes through MD on its way to orbitofrontal cortex.

· Ventral Basal complex (VB) consists of VPL and VPM. Info from head  and face (trigeminal) goes to VPM.

· CM (central median nucleus) sits between VPL and VPM.

· LGN relays visual info via monocular neurons (inputs from the two eyes are segregated)

· MGNn relays auditory info. Responds to neurons  from both ears. (form cochleart forward)

· Pulvinar talks to secondary visual areas and to an association area.

· Thalamus serves to relay info and to modulate by serving as a gate function for sensory info.

· TRN modulated cortical activity (by trying to inhibit)

· Diffuse brainstem inputs to the thalamus also provide a gating function.

· The Parabrachial nucleus (cholinergic projection from brainstem) is part of a reticular activating system. Synapses on: 

· inhibitory, GABAergic neurons with muscarinic receptors (TRN, GABAergic interneurons of specific thalamic nucleus)

· excitatory glutamate containing cells with nicotinic receptors (relay neurons)

· Awake : reticular activating system active ( inhibitory interneurons and reticular nucleus inhibited( depolarization of neuron in pathway….

· Asleep: ret activ system not active (hyperpolarizing (inhibitory) influences(inhibition ( so a stronger stimulus is necessary to get perception)

Lecture 12 Cerebral Cortex

· cortical excitation is necessary for perception. Activity may have occurred, we just wouldn’t be aware of it.

· Hippocampus is considered a cortex

· Neocortex has 6 layers

· Lissencephalic cortex is smooth (ie. Rat brain)

· Two hemishpheres of the same person show variability

· Two general cell types in cortex, pyramidal and non-pyramidal (glial cells also there to provide metabolic suppost)

· Pyramidal cells (spiny neurons) have long apical and short basal dendrites. They are excitatory and use glutamate as a transmitter.

· Non-pyramidal are smooth cells (no spines), use GABA, inhibitory. The exception is spiny stellate cell neurons (look like non-pyramidal, excitatory, located exclusively in level 4 sensory cortical area.

· Pyramidal cells generally project over long distances, but can locally across the 6 layers as well. Non-pyramidal cells are only local, they modulate excitation

· Dendritic spines act as boosters to synaptic inputs that come upon them

· End knot operation – inhinitory input into a spine prevents subsequent input from gong anywhere

· Motor Cortex

· layer 1: gets projections from diffuse thalamic nuclei, very little cells, all GABAergic

· layer 2: small pyramidal tightly packed cells (interconnect cortical areas)

· layer 3: pyramidal cells larger and more spread out

· layer 4: none (because motor cortex is AGRANULAR)

· layer 5: Large pyramidal cells (Betz cells)

· layer 6: low density, large and small pyramidal 

· layers 2 and 4 have densely packed small cells. They are granular layers.

· Hippocampus has three layered archicortex, paleocortex has three to five layers. Variation among cortices lies not in different cell types, but in packing densities and distributions.

· Neurons destined to become part of cortex seek out their molecular marker.

· Cortex develops in an inside-out manner. Deep layers develop earlier in embryological life than outer layers.

· Broadman areas: 1,2,3 = psc
41,42 = primary auditory cortex (pac)    17 = striae (pvc)   4 = pmc

· Broca -  motor, Wernicke –perception

· Broca’s aphasia – can’t produce speech, can’t do sign language, can’t write

· Wernicke’s aphasia – can speak sign language but makes no sense (word salad)

· A subunit within the motor or somatosensory cortex is devoted to a common computational theme

· Layers 2,3 – cortical ( cortical

· Layer 4 – thalamus ( cortical
· Layer 5,6 – cortical ( subcortical
· Layer 5 – cortical ( motor superior colliculus, spinal cord, basal ganglia
· Layer 6 – cortical (  thalamus
Lecture 13 Spinal Cord Organization

· alar plate gives rise to sensory doral horn

· basal plate gives rise to motor ventral horn

· there are 10 distinct Rexed’s Laminae in the gray matter

· Lamina I = posteromarginal nucleus

· Small myelinated A-d fibers (high threshold mechanoreceptors)

·  High threshold Nociceptive fibers

· Lamina II = substantia gelatinosa

· looks clear because of unmyelinated fibers

· nociceptive,  unmyelinated C fibers (II outer), non-nociceptive in II inner.

· involved in spinal reflexes to pain (not perception of pain)

· Lamina III-V = nucleus propreus (all sensory info)

- large diameter myelinated Ab and Ad fibers, non nociceptive, low threshold

· lamina V is Wide Dynamic Range Cells, including Ab and Ad. Ad are nociceptive high threshold mechanoreceptors.

· Lamina VII = Intermediate horn

· only in thoracic sections

· neurons are in Dorsal Nucleus of Clarke (first relay point for proprioceptive {where you are in space} info, not all DNC is in thoracic levels

· Lamin IX = ventral horn ( motor

· Dorsal column/Medial Lateral Systen – touch and pressure system, ipsilaterally organized

· Info about body position hitchhikes along dorsal column, but ends up going off on dorsal cerebellar tracts.

· It is the 2nd order neuron that crosses the midline

· Anterolateral or Spinothalamic System: Pain and Temperature System, contralaterally organized
· Generally lateral running motor tracts are more devoted to fine musculature, medial ones are devoted to antigravity, postural muscle.
· Brown-Sequard Syndrome – ipsilateral loss of (from below injury) dorsal column sensation, contralateral loss of spinothalamic sensation (also, below the level of injury). At the level of injury, ipsilateral pain will be lost as well (because it’s trying to decussate right there, at the level of injury)
· Crude sense of touch/pressure ascends in spinothalamic (anterolateral) 
· Anterior spinal arteries (off of vertebral a.) merge to form one artery, Posterior spinal arteries (also off of vertebral a.) remain separate.
Lecture 14 Central Synaptic Transmission

· In a neuron, receptor portion( spike generating zone ( axon ( synaptic terminal

· Synaptic potentials and generator potentials are decremental (they decay over distance)
· The cell body (metabolic factory) plays no role in AP transmission
· The AP is initiated at the trigger zone (has a clustering of of voltage-sensitive channels)
· Physiologic pain is a stimulus that has the potential to cause tissue damage
· As magnitude of stimulus increases, frequency of discharge of individual nerve terminals innervating that region increase as well.
· Smaller receptive fields in distal areas of body, but more cortical tissue devoted to them. (there are more receptive fields for a given area in distal parts)
· Receptive fields increasingly overlap as they move proximally.
Lecture 15 Somatosensory and Pain

· Kinesthesis -  where your limbs are in space, controlled by dorsal column, medial lemniscal system

· Slowly adapting neurons respond to the onset of a stimulus and then continue firing at a moderated rate related to the degree of the stimulus.

· Fast adapring neurons fire initially but then stop, even if the stimulus remains. This allows them to fire at a higher frequency

· Non adapting neurons build up slowly to a firing rate at which they level off. (“on-off”)

· Adaptation -  a decrease in the firing rate after the initial burst. Receptor responds to initial change in conditions, and then there’s some kind of change in the receptor, related to the magnitude of the constant stimulus exerted on it.

· Mr. Meissner (flutter pressure) and Pascinian (vibration) are both fast-adapting

· Merkel sensitive to steady stimulus, steady pressure, it is non-adapting and able to discern a pattern

· The “heat pain threshold” is the point at which the thermal receptors (warm) cut out and the thermal (heat) nociceptors take over, about 45 C. 

· Nerves are made up of many nerve fibers, which are individual cells. A nerve innervates a single receptor field (a region of skin with many dermatomes). A dorsal root innervates a dermatome.

· If you cut a peripheral nerve, you would deinnervate the region but if you cut a dorsal root, there would just be a reduction of input from the region because of overlapping of regions innervated by neighboring dorsal roots.

Lecture 16 Somatosensation/Pain

· small fibers carry nocicption, run laterally in dorsal root and can be found in Lissauer’s Tract.

· Larger fibers carry mechanosensation and can be found more medially in the dorsal column.

· Nucleus gracilis and cuneate nucleus are located in the medulla.

· In the thalamus, info from legs synapses most laterally, from the face most medially, and from the arms in-between.

· In PSC, leg info projects medially, face and hands more laterally 

· Parallel processing – stimulus delivered to skin has many components and can trigger both mechanoreception and nociception ( input to the thalamus from medial lemniscus and from spinothalamic tract.

· A whole column of cerebral cortex (through all the layers) generally has the same receptive field accoding to location and kind of input that they receive.

· Cortex layer 5 is major output through pyramidal cells.

· Major input from thalamus is to cortex layer 4. 

· Cortex Layer 6 has specialized output to thalamus

Lecture 17 Somatosensation/Pain

· neurons receiving inputs later in cortical processing have larger receptive fields. They receive inputs from thalamus and adjacent cortical areas (serial organization), because they are incorporating a lot of information.

· Modality specific cells (slow adapting, fast adapting, superficial tissues, deep tissues…) get organized into cortical columns.

· Cortical columns are specific for modality and location

· Parallel processing -  a given region projects to multiple post-synaptic targets.

· Serial processing – info into one target get transmitted to an adjacent one which gets transmitted to another adjacent one…

· Much of what allows us to discriminate between two pin pricks (tactile discrimination) is Lateral Inhibition (inhibitory surround) – an excitatory input get inhibited on either side so that only a narrow zone of excitation reaches the brain and the excitatory signal doesn’t spread out all over the place.

· Receptive fields become larger as you move closer to the brain (because of convergence of primary afferents?)

· Long lasting pain – ie. Sunburn when you get out of the sun or broken bone that you put in a cast. This is an adaptive response.

· Persisten/chronic pain – outlast the initiating process for no apparent reason. Ie. Phantom limb pain, neuralgia after herpes infection. This is a maladaptive response and usually debilitating.

· Ad fibers:

· small diameter

· lightly myelinated

· innervate high threshold mechanoreceptors

· sense sharp, moderately unpleasant pain

· C fibers:

· very small diameter

· unmyelinated

· polymodal nociceptors ( sensitive to cold, heat, pressure, chemical, combo of these)

· sense dull, very unpleasant pain

· C outer in polymodal nocicption, C inner is low threshold mechanoreceptors.

*Only nociceptors (transmitters of Ad and C fibers)  utilize peptide transmitters (ie. CGRP, Substance P). Nociceptors also use glutamate

· NMDA receptors (for glutamate) for the nociceptive fibers are in cortical laminae I and II.

· Laminae III, IV, V receive primary input from Ab (non-nociceptive) and Ad (nociceptive) fibers. This region is there therefore called Wide Dynamic Range (WDR)

· Spinothalamic fibers (not “anterolateral fibers”) rise in spinothalamic or anterolateral tract.

· Laminae I and V  (and VII) are cells of origin of the spinothalamic (anterolateral) tract.

· There are also inter-laminar connections (ie. Interneurons in Lamina I project to Lamina V, providing Lamina V with additional nociceptive input).

· Ad fibers terminate in Lamina I and V, C fibers terminate in Lamina II.
Lecture 18 Pain

· referred pain (convergence of visceral and somatic pain in lamina V) is not reciprocal. Somatic pain is not perceived as visceral pain.

· Agonists ere found in the body-natural opiates:

· enkephalins – peptides released as transmitters (local)

· B-endorphins – similar, but circulating (like hormones)

( descending control of pain transmission. Involves serotonergic and noradrenergic  fibers. Serotonergic fibers have cell bodies in raphe nucleus (of medulla) which descend (via dorsolateral fasciculus) and activated dorsal horn interneurons in spinal cord that elicit presynaptic inhibition (noradrenergic system does postsynaptic inhibition) on sensory input. We also have some voluntary control via somatosensory cortex. * a descending monoadrenergic system activates cells taht can influence the release of transmitters  via opiates and opiate receptors. This system affects mainly small, nociceptive cells.

· Gate theory of Pain – you can open the gate  of Lamina V T cells by activating Ad fibers and you can close the gate by avtivating Ab fibers.

· Peripheral sensitization – local nerve fibers are affected and “increase their drive” into the spinal cord. Molecules involved are bradykinin and prostaglandin (aspirin works as a pain reliever by inhibiting prostaglandin synthesis)

· Central sensitization – occurs in spinal cord. Windup refers to increased firing on C fibers with successive, low frequency stimulation (C fibers have glutamate [with ampar receptors] and peptides like CGRP and Substance P that prolong the EPSP).

· NMDA receptors of the dorsal horn become disinhibited when depolarized by nociceptive afferents. As a result, the effects spread beyond the “flare zone”

· Primary hyperalgesia involves damaged area, secondary hyperalgesia involves area ouotside damaged area, mechanical hyperalgesia is in area outside of flare response (reddened inflammation, inner circle) and does not change threshold response, probably changes something at a more central location.

· Primary hyperalgesia is mechanical (largely central) or thermal (largely peripheral)

· Secondary hyperalgesia can only be mechanical, not thermal

· Due to branching of fibers, an axon reflex spreads the effect of an injury beyond a specific site.

· Sympathetic release of noradrenergic transmitters exacerbates an injured nerve (neuropathic pain)

· In neuropathic pain, non-nociceptive fibers from laminae III,IV,V may sprout into Lamina II (substantia gelatinos) making normal mechanical stimuli feel painful.

· Neuroma – tangle of nerves (caused by damaged nerve growing back) sinsitive to mechanical stimuli.

Lecture 19 Chemical Senses

· mesencephalic nucleus = proprioceptive nucleus

· with a unilateral problem in the trigeminal system, you can get bilateral pain 

· Umamin probably not involved much in taste, but is involved in  keeping track of caloric or nutritional value of food you’re eating. It is ligand dependent ion chnnel (like an AMPA receptor)

· Salt (NaCl) and Sour (HCl) are not recpetor mediated. They break down into component ions and go right through channel.

· Biter uses Ligand dependent ion channel and metabotropic receptors (IP3 releases intracellular calcium stores).

· Sweet uses a metabotrobic receptor by controlling PKA

· Biiter, Sweet, and Salt/Sour all block the K channel

· Taste afferents ( solitary nucleus of brainstem ( insula and frontal cortex ( amygdala
· Nucleus ambiguous and postrema are the vomit centers
· Taste system, like paon adn olfactory systems, has hedonic properties associated with it.
· Amygdala is involved in emotion and hypothalamus involved in motivation
· Gustatory system is associated with VPM of thalamus. Primary gustatory corted is located in insular cortex.
· Labeled line system – taste receptor like salt, or sweet, or... Taste receptors are specific for the different physiochemical properties of different taste molecules. Brain says, “oh, that must salt...” (input is ‘labeled’)
· A receptor’s discrimination for a particular taste is NOT absolute.
· How do we really discriminate tastes? Cross-fiber patterns of activity ( population coding
· Taste cells use receptor potential (do not propagate info) in order to set up a generator potential
· Olfactory cells use genertor potentials (will propagate info).
· Taste system has 5 receptor subtypes with multiple intracellular mechanisms for transduction (ligand gated, metabotropic...)
· Olfactory system has hundreds of differetn receptors with only 1 intracellular mechanism (Metabotropic with its own G protein, olfactory G-protein, GOLF)
· Second order neurons of olfaction are called mitral cells.

· Second order neuron for olfaction does not make a direct projection onto thalamus (later on to the MD)

· Olfactory perception takes place in the orbitofrontal cortex, but we call the pyriform cortex the primary olfactory cortex

· Olfactory system also uses population coding.

· Additional tagets of olfaction are hypothalamus (motivation), amygdala, etorhinal cortex to the hippocampal formation (emotion). Hippocampus is involved in memory so we smell, don’t like, remember not to smell again.

Lecture 20 Visual

· colorblindness is a deficit in discrimination between two wavelengths.

· Blood supply of choroid (which is highly vascular) provides nutrition to the retina.

·  Detached retina is the pathologic detachment of the retina from the choroid.

· Optic disk is located on “nasal (half of) retina”

· In the eye, most focusing comes from the cornea, the lens just does the fine tuning.

· Image in space is focused through lens and projected upside down. Then the brain creates an upright world.

· Accomodation – constricting of iris (and pupil) to focus on near objects
· Pupillary reflex – dilation of pupil in low light

· Ciliary body is composed of ciliary muscle and ciliary process (makes the aqueous humor of the anterior chamber)

· Emmetropia – normal ability to focus distant light

· Myopia occurs when the eyeball is too long and the image is focused in front of the retina. Treatment with concave lens

· Hypermetropia – occurs when the eyeball is too short causing the image to be focused behind the retina. Treatment with convex lens

· Presbyipia – caused by a gradual loss of flexibility in the lens as a function of age. Lens get fixed ian a position that only allows distance vision.

· Astigmatism is caused by an irregular curvature of th ecornea. Resuts in a discrepancy in distance between cornea and retinal. Treatment requires irregularly shaped lens to conteract defect in corneal curvature.

· LASIK can correct myopia, hypermetropia and astigmatism, but NOT presbyopia.

· Visual system is “diffraction limited” (works at maximum possible resolution) due to high degree of neural processing at the retina.

· 5 retinal neuron types: Photoreceptor, Horizontal, Bipolar, Amacrine, Ganglion

· Vertical pathway: photoreceptor (absorbs photon) ( bipolar (or horizontal) ( ganglion

· Horizontal pathway: horizontal cells <--- ( receptor cells (communicate with each other)

And bipolar cell ( amacrine ( ganglion

· only one layer of photoreceptors at the fovea, all else is pushed aside thereby increasing resolution.

· As you move peripherally from fovea, retina gets thinner

· Cones not sensitive to light, but good resolution

· Rods are sensitive to light, but poor resolution

· Fovea is packed with cones and periphery is packed with rods.

· Rhodopsin (absorbs photon and changes configuration) ( activates transducin (2nd messenger) ( activates phosphodiesterase ( hydrolizes cGMP ( [cGMP]intracellular, goes down ( fewer open channels( hyperpolarization.

Lecture 21 Visual 2

· there are no photoreceptors at the optic disc so it is insensitive to light. This is the blind spot.

· The opthalmic vessels enter or leave the eye at the optic disc

· Macula is region of retina with highest visual acuity. It is related to a condition known as age-related macular degeneration (AMD). Fovea is a depression that lies at center of macula.

· Ganglion cells exit the retina at the optic disc and bundle together to form the optic nerve.

· Optic disc is very susceptible to pressure changes (ie. It is often the first sign of glaucoma)

· Pigment epithelium is the outermost layer of the retina. It provides metabolic support and phagocytosis of debris for the photoreceptors. 

· Reitinitis pigmentosa – an auto-immune disease in which pigment epithelium no longer recognizes the photopigment, so photopigment just bottles up and is no longer destroyed. Major cause of progressive blindness.

· Lateral interneurons convey info laterally (not between layers) within the layer:

· Horizontal cells: in outer plexiform layer, where photoreceptors contact bipolar cells (allows sensibility to fine details in contrast

· Amacrine cells: in inner plexiform layer, where bipolar cells contact ganglion cells 

· Muller’s Cell – a major glial cell and supporting structure of the retina. Important in maintaining K, glutamate, and GABA homeostasis in retina.

· Bipolar “on” and “off” cells are functionally and spatially separate from each other.

· When light strikes a photoreceptor, we get HYPERPOLARIZATION.

· Iontropic receptor – receptor that also acts like an ion channel

· Receptive fiend for vision – the region of the retina which, when stimulated by light, causes the cell you are recording from to change activity level.

· Spike rate in ganglion cells is comparable to depolarization/hyperpolarization in bipolar and horizontal cells (photoreceptors?)

· Horizontal cells are always inhibitory. Bp cells have center/surround receptive field. 

· A horizontal cell gets input from many photoreceptors

· A bipolar cell has very restricted visual field. One photoreceptor contacts 2 bp cells, an then 2 ganglion cells (the Midget System)

· W type of ganglion cell does not have a center surround organization.

· X=P ganglion cell has the ability to distinguish color

· Y=M ganglion cell

· X and Y ganglion cells are the “newer” cell types, they are center- surround, and human retinas are mostly X and Y, and they are the only retinal ganglion cells to project to LGN

Lecture 22 Visual III

· Visual Modalities:

· photopic: comes from retinal cones, distinguishes color, tricomatric (three diff. Cones for diff colors), day vision, concentrated in fovea, high acuity (resolution?)

· scotopic: comes from retinal rods, night vision, color blind, bleached out by bright lights, low acuity, found away from fovea predominantly.

· Form: what is pathway, parvocellular pathways (small, X cells), starts at P (parvo=small) ganglion cells in retina, relays to P layers in LGN, high acuity, color sensitive, expanded in inf. Temporal cortex in higher expression

· Spacial: Magnocellular pathways (big, Y cells), sensitive to motion, color blind, expands ot post. Parietal cortex in higher expression

· 3-D Depth perception is defined by the fact that the visual system does not mix the info from the two eyes until it gets to cortical levels. Depth can be detected via one or both eyes.

· Stereopsis uses offset of image location on each eye (binocular disparity)

· Monocular cues include perspective and motion paralox (how fast objects are moving may tell you how far apart they are)

· Accessory Optic System:

· optic tectum – superior colliculus in midbrain. Vestigial in primates, it is responsible for pupillary light reflex, opto-kinetic response (don’t know we need to know opto-kinetic reponse yet)

· suprachiasmatic nucleus in hypothalamus – involved in Cyrcadian Rythms

· output neurons of the retina are the ganglion cells

· LGN sends optic radiations to Primary Visual Cortex

· Human LGN has 6 layers. Each layer received input from one eye only. Layers 3-6 are Parvocellular. Layers 1-2 are Magnocellular

· From LGN, P and M signals go to separate sublayers of layer 4 of PVC. They do mix in the PVC later on.

· Scotoma -  a loss of a spot in the visual field

Lecture 23 Physiology of Visual System

· People with normal color vision are trichromats because they have three photo pigments (blue, green, red)

· Retino-ganglion cells use antagonistic center/surround organization.

· Info from retina to LGN is encoded as red/green and blue/yellow opponents for P-cells, and luminance (light vs. Dark) for M-cells.

· Receptive field of LGN is also center/surround

· Only about 10% of synapses on LGN come from retina. 

· LGN is mostly a relay and info processing is not really visual, more of whether you are asleep or awake, attention status...

· Our visual system is very good at determining edges and contrast but very poor at determining absolute levels of luminescence. 

· Cells outside of layer IV of PVC receive converging inputs from both eyes (binocularly driven – that is, excitation in either eye will excite it)

· Cells within a column receive stimuli with the same orientation, except in layer IV where cells are center/surround only

· Cells in the striate cortex (PVC)that stain with the enzyme cytochrome oxidase are called cytochrome oxidase blobs. They are in layer II and III.

· After teh striate cortex, pathways that go to parietal cortex are related to spatial vision. Infratemporal cortex is related to recognition (ie. Recognition of faces). Someone with infra-temporal lesions seems to neglect the contralateral side of their face.

Lecture 24 Auditory 1

· compression is when the membrane bows out, increasing the local air pressure

· rarefaction is when the membrane caves in, decreasing local air pressure

· the pressure changes spread out from the membrane like a ripple of water away from its source

· low frequencies pervceived as low pitch, high frequencies perceived as high pitch.

· For every cycle elapsed, time period is called period. Frequency is equal to 1/period.

· Humans hear in range of 20Hz to 20 kHz. Human speech falls into the range of 1000 to 5000 Hz.

· Wavelength determines whether a sound wave will be altered by objects on its path. Small wavelength (large frequency) will be absorbed or reflected by an object larger than it. A large wavelength (small frequency), larger than the object it is encountering, will continue on its way.

· Frequency tells you about wave speed and length

· Amplitude describes size of a sound wave and is involved in loudness. Unit is decibel. 

· Perception of loudness is a combination of sound amplitude and frequency

· Presbyacusis -  the auditory anlog of presbyopia in the eye. Presbyacusis is when the auditory equipment becomes stiffer with age and less able to detect sounds at the extremes.

· Helicotrema is a hole in the cochlear apex allowing inner ear pressure to be equalized

·  Impedance mismatch is the basic idea that when sound is traveling along (say, in air) and hits a medium with a different density (say, water), only a small fraction of the wave is completely transmitted through the water.
· Use of bones and differential membrane size (tympanic much bigger than oval), sound wave force is increased at the inner ear.
· Because of the inherent, resonant frequency of the auditory canal, sound waves can get amplified at the external ear (in addition to at the middle ear)
· Stapedius and tensor tympani muscles are active during speech and REM sleep. When they contract, they cause the middle ear resonance to go up, enhancing our ability to hear frequencies within the speech range.
· Concept of resonance frequency is basis of pitch detection by the basilar membrane (of the cochlea). Higher frequencies vibrate best toward the base of the cochlea and lower frequencies vibrate best toward the apex of the cochlea.
Lecture 25 Auditory 2

· Perilymph lives in the two scala compartments and is similar to extracellular fluid

· Endolymph lives in the scala media and is similar to intracellular fluid

· Kinocilium on the apical membrane is the longest cilia

· Inner hair cells are the actual sensory receptors. They produce graded potentials, not action potentials (?)

Quick anatomy summary: (thanks to Gerald Behr, 04’)

· Reissner’s membrane separates scala vestibuli and scala media.  

· Tectorial membrane underlies this in the scala media

· The organ of corti sits on the basilar membrane

· The Basilar membrane forms membrane between scala media and tympani

· Spiral Ganglion contains the cell bodies (bipolar neurons) of CN VIII.  Peripheral processes of afferent neurons contact hair cells at the spiral ganglion.  The central processes leave the ganglion to form CN VIII.  (called the spiral ganglion because the cell bodies spiral around the center of the coiled cochlea).

· how much the hair cell bends relates to how much transmitter is released, and by extension, the loudness or amplitude.

· Depolarization from cations comes from influx of K (!!!). this is because of low K concentration in the fluid bathing the basilar side of the cell and high K outside. Then K influx is followed by an influx of Ca followed by more K (?). this is the Ca dependent K channel
· Hair cells are tuned mechanically and electrically
· There are many more outer hair cells than inner hair cells but almost all of the afferent info to the brain comes from the inner hair cells.
· Cochlear amplification – upon depolarization, cochlear proteins change the length of the outer hair cells allowing the basilar membrane to vibrate more effectively at the point where the cilia are longer.
· Outer hair cells adjust basilar membrane responsiveness by adjusting their length in response to K influx (depolarization) and to brain input
· Tinnitus – outer hair cells become unstable and patient ends up hearing a constant frequency. No effective treatment as of yet.
· Octoaccoustic emissions test – tests for cochlear hearing by making a sound and then recording reverse pathway of the sound. (from cilia( tectorial membrane( lymph fluid ( oval window etc.)
· Place code – brain keeping track of where each cell is
· Period principle – relies on property of cell. It vibrates in response to membrane vibrations and frequency of firing should be same as incoming sound frequency
· Phase locking – central neuron only fires when theres a convergence of many inputs from afferent cells. This is because the period principle does not always work as well as it sounds in theory.
· …  Let me quote from  the prof: “the anatomy of the auditory system is fairly complicated, but you don’t need to learn details of all that.  You need to have a feeling for what happens: the signal comes in, goes to the cochlear nucleus.  From the cochlear nucleus, they go down to the superior olive and up through the lateral meniscus into the inferior colliculus and from the inferior colliculus to the medial geniculate body and from there into temporal cortex” (thanks to Gerald Behr, 04’)

· cochlear nucleus only receives signals from ipsilateral side

· superior olive is first place where bineural stuff takes place

· dorsal acoustic stria deals with patterns. Ventral pathways deal with location of sounds in space

· where  is sound in space?

· sound intensity (used at higher frequencies)

· time difference (used at low frequencies)

· coincidence detectos use a delay line (ie. If sound comes in left ear first it will have more time to travel adn meet right ear sound to the right of the midline) this is for horizontal (?)

· Depending on the vertical position of where sound is coming from, waves take different amounts of time reflecting off the curls on the outside of your ear. Brain learns these patterns for awareness of vertical location of sound

· Need both ears for horizontal position, need only one ear for vertical.d

