Neurophys review

Please excuse Word’s autocorrect attempting to mess this document up as much as possible… It hates medical terms.  It also decided that it would be a good idea to autoformat random things and make them uncorrectable… so yeah.  Microsoft strikes again…

Equations:

Goldman-Hodkin-Katz for determining resting membrane potential

Emp = RT/F  * ln [(Pko + Pnao + Pcli)/(Pki + Pnai + Pclo)]

the Nernst 

Ek = RT/FZ * ln Ko/Ki = 61logKo/Ki

Ek ~ = -90; Ena ~ = 65

Ohm’s: V=IR  (note conductance g = 1/R)

Rseries = sum(R)

Rparallel = 1/[sum(1/R)]

Driving Force = Emp-Ek Notice that Ik = gk (Emp –Ek)

Membrane length constant: lambda = sqrt( Rmembrane/ Raxial)  By increasing the membrane resistance through myelination we have improved length constant.

This is used in: delta Vx = delta Vo e ^ -x/lambda

Time constant is used to determine how fast a capacitor loses its charge: tconst = RC

Used in dalta Vt = delta Vf ( 1 – e ^ -t/tconst)

Active: action potentials

Passive: graded (temporal summation, special summation)

Metabolism/Circulation

Blood brain barrier (BBB)

Excludes proteins, polar molecules (ie: hormones, NTs)

Include: passively small molecules, lipid soluble molecules; actively sugars and some amino acids, exports (acids, CO2, halides).  This is accomplished by endolethial transporters (esp for D-glucose, L-leucine, l_DOPA, and neutral amino acids)

Formed by endolethial cells [tight junctions, no fenestrations, no micropinocytosis, endolethial-glial association, hyperosmotic injection will shrink the cells of the barrier causing a compromise in the BBB.  Note that since the BBB exists we can inject stuff into arteries to visualize the circulatory system in radiological examination.

Not on pituitary/pineal [endocrine horomones], and other specialized areas,

Development

Although the brain weight relative to the body weight is greatest at birth,, the overall brain weight increases with age slower than the rest of the body decreasing the ratio as one gets older.  At birth, the brain is relatively immature lacking in various connections associated with normal adult neurophysio (hence we have the Babinski reflex, etc.)  In particular the dendritic spines and myelination are relatively undeveloped at this point.  NEURONS CONTINUE TO ARISE IN HIPPOCAMPUS.

Cerebrospinal Fluid (CSF)
The major differences between CSF and serum are that there is overall less protein, glucose, K, and Ca in the CSF owed in part to the BBB (which hedges out protein/glucose) making it “ideal” for electrical activity.  Keep the protein in mind, because if there is an error in the BBB one can see leakage of protein into CSF.  Also Leukocytes can get in there during infection…

CSF arises from the choroids villi in the lateral, third and fourth ventricles.  It is constantly produced, and escapes the CNS through arachnoid granules into the venus sinus in a process called “bulk transfer”.  It can be sampled via lumbar puncture around L3-4, because the spinal cord ends up around L2ish (anatomic variation).  Typically the cauda equina (sp?) nerves move out of the way during lumbar puncture rather than get pierced.  Brain Edema is caused by increased fluid volume in the brain.  Often caused by blockage/backing up of CSF (Hydrocephalus).  (Key term: Monroe Kellie Doctrine discusses brain edema ( results from increase in fluid/tumors ( causes reduction of other space in skull.)

Blood Flow:

Blood enters the skull via the ICA and the vertebral arteries.   The brain receives ~ 15% of the total blood flow (TBF) of the body.  This is unaltered by posture, exercise, or bp (ie it is kept constant through regulatory deals).  However, if Pco2 increases or Glucose decrease then the blood flow must increase to preserve brain cells.  Note that regional flow (rCBF) changes with different thought processes.  In other words, when you are focusing on visual associative tasks you get more rCBF ro your occipital lobe etcetcetc.  As a general rule, increases in metabolism result in increases in blood flow (ie: anesthesia vs epinephrine)  Note that in diseases there can be changes in CBF: sclerosis, coma, and barbiturates decrease flow and metabolism [also old age too] ; convulsion, hypoventilation, and anemia increase flow.

Note that the CBF is so high so that it can accommodate the energy needs of the brain (20% total glucose metabolism of body).  The brain only uses glucose and mannose.  Note that rCBF typically corresponds to metabolism and hence glucose/O2 expenditure.

Imaging techniques

PET: reveals glucose uptake

SPECT: reveals rCBF

MRI: structural, can see metabolism 

Can overlay the above

Synapses and NT release

Gap [electrical] vs NT [Chemical]

Occur in 3 flavors: Axo-dendritic/axonic/somatic

A synapse may be excitatory or inhibitory.  Which one it is depends on the post-synaptic cell and how it interacts with the NT (although there are some common responses to some NT’s such as GABA = major inhibitory)  These receptors are typically transmembrane (think G-protein receptor), reversibly bind the agonist (so that they can receive multiple signals per second), selectivity (steroselective but imperfectly)., saturatable kinetics

Release of NT into synapse is Voltage sensitive and is proportional to depolarization (thus axo-axonal effects.).  Ca++ ( release of NT.

Possibly through Ca sensitive gated channels or vesicular proteins which recognize Ca.

There are a buttload of proteins to remember involved in vesicle fusion.  Some key ones gone over in class: Synapsin which binds actin is released by Ca mediated phosphorylation (so that it can leave the staging area) SNARE complexes (SNAP and Synaptobrevin) aid in fusion.  An alterative to the vesicle process is the Channel hypothesis in which the NTs are released in presynaptic cell and allowed though a gate into the synapse…

Understand AP and saltatory conduction.

Neurotransmitters:

Synthesized in the Soma, the NT’s are sent down microtubules to presynaptic terminal.  In the synaptic cleft, the NT’s act upon receptors and are inactivated through enzymes (oft membrane bound) so that reuptake may occur or they can be washed out of the synapse and prevent overstimulation.  They are transported along microtubules via kinesin for orthograde.  (bi-directional movement possible, but faster orthograde, and therefore it accumulates at the axonal end.)

a. GABA: inhibitory; metabolism is complex:  Gln –(glutaminase)-> Glu –(GAD)->Free GABA.  GABA can be recycled in Kreb’s cycle to get Glu.  This is important, because when glial cells uptake it after transmission via NaClGABA cotransporters, it does this, then additional actions are used to get it back into the nerve (see Glu below).  Note the Vit B6 is important for GAD and GABA T

b. Gly: inhibitory (spinal cord)

c. Glu: excitatory: Can either be reuptaken by nerve or glial cell, if the glial cell does it, then it undergoes glutamine synthetase to be transferred to nerve cell.  The nerve cell uses glutaminase to remove the NH4.

d. Histamine: excitatory

e. ACh: excitatory;  the tracts indicate a lot of stuff from the midbrain migrating all over the CNS.  It is synthesized with ChAT from choline and acetyl CoA.  Since choline appears in concentrations below the Km of this enzyme, there is typically no hindrance in the forward reaction of this enzyme (no worries of Vmax).  It is split by Achase which is in the synapse.  The presynaptic cell can reuptake choline via the Na/choline transporter.  Acetyl CoA is a product of the Kreb cycle.

f. NorEpi:excitatory, Locus Ceruleus projects into the brain.  It’s synthesis finished in the vesicle.  It is a catecholamine and therefore derived from tyrosine.  Tyrosine hydroxylase (TH) is rate limiting  Regulation accomplished through end product inhibition.  Catecholamines are degraded by COMT and reuptaken/recycled by MAO.

g. Epi: excitatory, catecholamine

h. Dopamine: excitatory, caudate nucl, median eminence, arctuate nucl of hypothalamus all important., catecholamine

i. Serotonin [5HT]: excitatory, synthed from Tryptophan. Availability is important.  Tryptophan hydroxylase is rate limiting step.

j. Melatonin: inhibitory, is derived from serotonin by NAT and HIOMT in the pineal, it is inhibited by light.  Related to circadian rhythms and such.

k. Adenosine, ATP, UTP, etc: excitatory

l. Peptide transmitters: both, mostly made from pre-neuropeptide dealies… alright I’m tired.

m. NO, CO: excitatory, gases.

Signal transduction


Ionotropic: Has the properties of ion channels.

 [ex: Nicotinic ACh, 5HT3, GABA, Gly, Glu]

Nic ACh = Na channel, binds two ACh ( opens up pore allowing Na/K to enter/leave.  Also, sometimes Ca

GABAa = Cl channel.  Benzodiazepines incr affinity, picrotoxin blocks it.  Binds loads of other things as well which modulate the reaction

Gly like GABA; Strychnine blocks it.  Others may also be a secondary messenger linked receptor

G protein receptors (secondary messenger linked receptors) have attached cytosolic components that activate upon binding agonist.  Often Adenylyl cyclase transforms ATP to cAMP initiating the cascade.  Alternatively, there is the phospholipase C enzyme which ( IP3, DAG  ( activation of PKC.  G protein receptors may also be attached to ion channels

Receptors may become desensitized by changes in them (via phosphorylation) or by conc of transmitter.  This is homologous desensitization.  By contrast heterologous desensitization oft involves cAMP or other direct effects of G proteins.  Phosphorylation of the gate alters sensitivity; on the channel it could affect the rate of ion flow;  on presynaptic Ca channels it can alter NT release..

Secondary messengers

· cAMP ( PKA

· DAG/ IP3 ( PKC

· Ca( Ca/calmodulin kinase  ( adenylyl cyclase and cyclic nucleotide phosphodiesterase

· cGMP ( PKG

Long term effects can be caused by altering gene expression (see basically my IMM handout) and other changes synaptic form (such as a growth of a dendrite to get and additional input.

THALAMUS is a part of the brain that is the center of a great deal of neurological pathways.  It can be divided into parts that are associated with each different pathway.

· SENSORY: 

· Medial geniculate – hearing (from inf colliculus ( auditory cortex)

· Lateral geniculate – vision (from retina ( visual cortex)

· which will receive input in the order of 900K ganglia (double that number will leave to go back to the primary visual cortex, and 1.8M will also return)  The various axons of from the optic nerves will synapse on at different layers of the thalamus. 1,2 the most ventral are magnocellular [large, receptive fields, nonspecific to wavelength, and synapse in IVCa] whereas 3-6 are parvocellular[small, specific, synapse in IVCb of the primary visual cortex]. 2,3,5 ipsilateral.  It contains a retinopic map.

· Ventral posterior lateral (VPL) – somatosensory body  (DorsalColumnMedialLeminiscus = DCML/Spinothalamic tract ( to specific Somatosensory cortex)

· Ventral posterior medial: - somatosensory head  (From CN V ( SS cortex)

· MOTOR:

· Ventral lateral: input from cerebellum ( motor/premotor cortex

· Ventral anterior: from GP ( premotor cortex

· NONSPECIFIC (other):

· Midline nuclei: limbic function

· Intralaminar nuclei: slow pain

· Reticular nucleus: inhibition of thalamus.

· ASSOCIATIONAL THALAMIC NUCLEI:

· Pulvinar: Sensory integration (sensorimotor/vision/auditory)

· Lateral posterior: sensory integration (parietal)

· Lateral dorsal: Emotion (connects w/ cingulated cortex)

· Medial dorsal: Limbic (prefrontal)

Somatosensory

Touch and pressure (sustained touch).

Proprioception: Body position

Kinesthesia: Awareness of body in space

Nerve types

General comment: speed A alpha > A beta > A delta > C (unmyelinated)

TOUCH

Touch Receptors (A beta afferents)

The mechanism by which touch receptors work:


At rest Na+ channels are too small ( kinetic/stretch results in widening the channels allowing the Na to depolarize the receptor.

As stimulus intensity increases discharge frequency impulses as long as it is above S0 (threshold)

There are two categories of touch receptors:  Slow adapting [Merkel/Ruffini] and fast adapting[Meissner/Pacinian/hair follicules].  Slow adapting sense pressure, whereas fast adapting indicate changes of pressure (ie when something bumps you)  As a general rule to keep in mind fast adapting cells have lots of padding (connective tissue laminae) so that pressure is alleviated, but sudden touch does get to it before the pressure can disperse the effect.


Pacinian (high Hz) and Meissner (low Hz) have different frequencies at which they are affected.


As a general rule, the deeper the sensor the more area it senses.  The M(erkel/eissner) nerves are more superficial.  And in general concentrated on the index/middle finger and thumb.


Know that the spinal level of the nerve fiber determines the dermatome (and how that can be used for determining spinal damage by touch).


Two point discrimination is the ability to differentiate two different points of contact on the skin.  Notably, the skin on the hands and fingers detects differences in a few mm whereas the back can easily be several cm apart before there is a recognition of difference.


Sensitivity also varies over the body.  The face is sensitive to very small changes in pressure followed by the hands  It is coarser over relatively insensitive places (like your feet)

PROPRIOCEPTION

The basic receptor is the muscle spindle (A alpha and beta) when senses stretch/length of the muscle.

Joint receptors (A beta) tell when there is an extreme angle.

KINESTHESIA

Pathway overview of somatosensory:

Entry at Dorsal Root Ganaglion ( Gracile(lower limb)/Cuneate(upper limb) fascicle on the Ipsilateral dorsal column(Medulla where it decussates (crosses from Deca, Roman Numeral X) via Internal Arcuate Fiber ( Ascends in the Medial Leminiscus ( VPL in thalamus (see THALAMUS) ( POSTcentral gyrus (post is sensory, pre is motor)

Cortex

Postcentral gyrus:

· Area 3a/b(anteriorly in the central sulcus) part of S1

· Area 1 (middle (on the outermost part of gyrus) part of S1

· Area 2 (posteriorly in the postcentral sulcus) part of S1

· Also divided top (S1 = primary) to bottom (S2 = secondary)

· The body is represented as a sensory homunculus (little deformed manthing)

· Going from lower lateral up and into the sagittal sulcus we have internal organs – head – hand –body – feet – genitals

Other terms:

Active touch: = manipulation

Stereognosis: = seeing with your hands.  Ie Braille for the blind, or just generic telling a quarter from a nickel in your pocket.

PAIN aka nociception

Pain has a complex variety of responses:  Autonomic, Emotional, Muscle, and Behavioral Modification

Types: 

· Visceral (from the internal organs which is relatively nonspecific)

· Somatic (deep tissue and superficial skin)

· Supf: Skin has two components (fast by A delta’s and slow by myelinated C)

· Deep:  connective tissue/joints/muscle

Pain receptors are much more numerous on the skin than pressure points.

Receptors (both pain and random included in the same lecture)

In general afferents are either A delta (fast) or C (unmyelinated, slow)

1. Nociceptor (pain):  Pain either from mechanical, heat, or chemical.  C fibers (unmyelinated) may be polymoidal (capable of all three).  In addition to this general level of categorization there is another level

a. Fast: A delta’s which result in immediate indication of pain/damage

b. Slow: C fibers indicate soreness/dull aches/burning sensation etc

c. Silent:  These are activated by inflammation, and then they become capable of annoying you.  Ie when you get a bruise, it becomes extra sensitive afterwards for a few days.  Silent nociceptors (and regular ones) can become sensitized through a variety of substances your body produces (such as prostaglandins, leukotrienes, and Substance P)

2. Thermoreceptor: Note that the rate of action potentials is a function of the change in temperature, the absolute temperature, and the time since exposure. (Hence why when you first jump in a cold pool it is more freezing than if you have been in for a while.  Also the whole warm/cold water on two different hands experiment)

a. Cold: A delta and C

b. Hot: C (if it greater than 45 deg C, then it becomes nociception (lest you get burned)

3. Itch Receptor: itch receptors are C fibers, Histamine is the major factor, chemical or kinetic irritants.  Large areas of coverage.

Pathways

Spinothalamic – Spinoreticular- Spinomesenphalic  (all poorly documented in class notes)

Anterolateral System (ALS)

 Understand that in the dorsal horn there are different levels (Going from I to VI where I is most dorsal).  A (delta/beta) fibers touch in I-II and III-V respectively whereas C hits II.

Note also that there is convergence of visceral pain in the ALS.  Specifically that in the dorsal horn, the pain fibers from the viscera synapse on the same ascending fibers in the ALS.  Alternatively, the same pain fiber innervates both.  Thus the brain misinterprets this info.

Injury along pathway may cause the sensation of pain with the associated area (ie spinal disc compression)

Note that there is an axonal reflex to pain causing the wheal and flare through the release of Substance P leading to the Red Flare/Halo around it (this is arteriolar dilation)

Pain modulation Occurs when serotonergic/norepinphrine nerves suppress the pathway 

THALAMUS: 

· VPL sends part of this info to the sensory cortex

· Other some such stuff… the notes are very poor, these need additional book info.

SPECIAL SENSES

Vision

Structure of the eye:

· Cornea – exterior bit in front of lens

· Lens – focuses image on retina; flips said image

· Aqu humor – ant to lens

· Vit humor – post to lens

· Retina – More to come, but in general the receptors are behind this

· Fovea – Focal point, greatest number receptors, only photoreceptors present (none of the other junk you get in the retinal layers (below), only rods (no cones), receptor to bipolar/ganglion cells is 1 to 1 (so very high definition)

· Macula- area right around the above

· Ora serrata

· Optic disk/nerve – (blind spot), lacks photoreceptors, where the information enters CN II

Refraction of light

· Accommodation – ciliary muscles contract which reduces the tension of zonule fibers.  This allows the lens to increase curvature (increasing refraction( focus on closer items)

· emmetropia – perfect vision

· myopia – nearsightedness; the eye is long so that the image appears in front of the lens.  Use glasses with negative refraction to correct.

· hyperopia – farsightedness;  The eye is too small, so the images focus behind the eye.  Glasses that provide additional refraction aid these patients

Retina and the Structure of the retina

· 5 levels you have to know; Light passes through the retina before absorption

· Outer nuclear layer - photoreceptors

· Outer plexiform layer

· Inner Nuclear Layer – bipolar, horizontal, amacrine (these are interneurons)

· Inner Plexifrom Layer

· Ganglion Cell Layer- ganglion

· Fovea as mentioned before is the highest def part (20/20 vision), the rest of the periphery (20/400) is weaker due to the convergence of signals (100 receptors ( 10 bipolar ( 1 ganglion)

· Rods – nightvision vs Cones – Color [blue-green-red]

· Retinal Pigment Epithelial (RPE) cells regenerate 11-cis retinal from trans (carried by IRBP)

Photoreceptors and the visual pathway

· outer segment – location of rhodopsin(rod)/iodopsin(cone) = opsin + ll-cis retinal (( trans and released by light)

· inner segment- mitochondria/golgi and other processing

· nucleus

· fiber

· synaptic ending

· Depolarized by dark, hyperpolarized by light

· Graded change ie not an action potential

· Signal transduction (light00>rhodopsin(transducin(PDE( downcGMP(close channels(hyperpolarization

· Termination of signal  ( phosphorylation of rhodopsin, binding of arrestin, inherent GTPase activity of transducin

· Path

· Photoreceptor cell 

· ( bipolar  (may be ON or OFF depending on the receptor but the NT is Glu), On depolarize (like normal neurons) Off hyperpolarizes.

· Horizontal cells at the ICL (inner cell layer) can modulate the response of a photoreceptor.   They receive feed from photoreceptors.  This leads to center-surround fields.  The essence of this is to understand that if an object appears in the periphery of a field of vision, it inhibits the signal sent, whereas if it appears in the center it enhances the signal, and if it appears in both then there is no net effect.  (For “on center” ganglia; Reverse if the ganglion is “off” center)

· ( ganglia: also two types; same as per bipolar (receives one type of the above),  Action potentials begin here (because the signal must travel much further than passive electrical spread)

ERG (electroretinogram)

· probably not too important.  The A wave (swift response) is the photoreceptors going off, where the B-wave (where it slowly returns to normal) is the post receptor processing, and the C wave (small rapid) is the RPE resetting the  cis retinal.

Visual fields and CN II

Left and right fields = real world

Nasal hemiretina – see temporal field

Temporal hemiretina – see nasal field

The optic nerves (CN II) which is headed to the primary visual cortex partially decussate in the optic chiasm such that the left optic tract (posterior to the decussation) carriers the right field, and the right tract gets the left field.  Ie the nasal hemiretinal fibers decussate.  Here it will synapse in the lateral geniculate nucleus of the thalamus (see THALAMUS)  Lesions along this pathway result in different types of partial blindness.  It ends in the primary visual cortex (aka striate cortex aka area 17 aka V1).  The magno and parvo cellular nerves (see THALAMUS) synapse differently (but both in primarily layer 4) and it too has a retinopic map where the fovea is overrepresented.  Lower layers project back to LGN and upper layers project to higher cortical areas  Other projections include: [V2 (and others) which have a retinoptopic map, V4 colo processing, and V5 motion processing (which is directionally sensitive) with lots of interconnections all around]

Primary vis cortex

Understand:

 Hubel & Wielel categories (ie some cells respond to certain angles (bars); Complex cells respond to movement)

Ocular dominance columns: in bands throughout the PVC either one eye or the other dominates, this alternates right left.  Also note that you can lose ocular dominance columns for an eye by depriving it (ie by putting an eye patch on as a child and leaving it there for months ;) )  Timing is critical for this as the younger the child, the more likely it is that there will be loss of function  particularly if it occurs in the first 4-6 weeks (at least in some models.)

Outside of Area 4 it is binocular (monocular in 4).  Although M & P are still separate.

Auditory

Sound basics: longitudinal wave that moves faster in denser materials (determined by constant for each material; wavelength x frequency is the simple calculation).  Pure tones are simple sine waves with amplitude determining loudness and frequency (1/ period of wavelength) the pitch.  Most sounds are combinations of pure tones (Fourier transformation).  

Decibels (dB)

The large range for sound is expressed in logscale for the human ear for pressure 

decibels = 20 log Pt/Pr where Pt is the test pressure and Pr is the reference at 2x10^-4 dynes/cm^2  ( reference is just audible for most sensitive part of human range [note that hearing is less sensitive outside of the 1-3kHz range];

 0dB is “just audible”, 120 dB is edge of pain.

Anatomy (practice for gross)

Pinna (external) ( external auditory meatus ( tympanic membrane ( malleus ( incus ( stapes ( oval window ( cochlea [scala vestibuli ( reissner’s membrane ( scala media ( basilar membrane* (organ of Corti) ( scala tympani] ( auditory nerve

* site of standing wave( deflection leads to bending the haircell stereocilia  (towards tallest stereocilia = depolarization/opening of K channels, and the opposite)( signal transduction

Signal transduction

A standing wave in the basilar membrane results in deflection which results in the attached hair cell cilia being deflected which may cause and increase or decrease in K influx.  K influx ( depolarization which causes Ca channels to open ( Signal transduction (including opening of Ca gats on the opposite side leading to repolarization of the cell;  Note that the basilar membrane is stiffest closest to the window and thus corresponds to maximum deflection with the highest frequencies (smallest wave length).  This may also me part of why you lose hearing at the higher frequencies more readily than lower ranges.

Hair cells

In addition to what has been said,

 Inner hair cells: predominant/more afferents

 Outer: may be  both receptor/effector; unmyelinated, the motor output of these cells generate vibrations which enhance the basilar membranes ability to hear things (tuning; think of it as concentrating to hear a certain pitch)

Feedback from the brainstem

· efferents to outer hair cells hyperpolarize them with ACh which decreases their motor output causing a dampening affect on hearing.  This dampening elevates the threshold up to about 60 dB, it also causes a decrease in frequency selectively.

· To the inner cells, these synapse to the postsynaptic afferent also hyperpolarizing them.  This essentially also shuts down hearing (up to a point…) like the above, but does so on the nerve.  It doesn’t say so specifically, but I get the impression that this method does not decreases tuning/selectivity.  There may be an associated question.

Coding 
(afferent)

Low freq can be phaselocked.  Ie the frequency on the nerve = freq of wave (<= 500)

Higher freq require a pattern to code for it such as the volley princicple which has a bunch of fibers working together to that together get the same frequency, or the place principle which indicates where on the cochlea the info is coming from (and hence the freq)

This tonotopic organization is at all levels of the pathway.

CNS pathway

 Auditory nerve fibers ( cochlear nucleus ( sup olvary nucl (point of binaural [both ear] input, and place of sound localization) ( inf colliculus ( med geniculate nucl[see THALAMUS] ( primary auditory cortex (Brodmann’s area 41 and 42)

Note: Middle ear muscles can protect from loud noises and dampen response to self initiated noise (ie talking)

Localization: The sound on the closer ear is louder (important for high freq) interpreted in LSO.  The time difference is also important (lower freq) interpreted in MSO (med sup olive).  Head movements and shape of the pinna also help.

Hearing loss: conduction block (middle/external ear), neural (inner/nerve)

Presbycusis = loss w/ age

Tinnitus = ringing in ears = cochlear/8th nerve damage

Vestibular system

Is primarily important for equilibrium.  The basic sensors are hair cells (like auditory) which detect flow in the semicircular canals.  Deflection towards the kinocilium (largest stereocilia) = depolarization and the opposite.  These are tonically active and thus the change in the firing rate determines change in angle [angular acceleration]

Anatomy:

 3 semicircular canals per ear (ant, post, horiz). The ant of one is at the same direction as the post of the other.  The epithelium = crista, the hair cells are in the widening (ampulla) and they are embedded in the cupula.  Accomodates to constant angular velocity.   (try spinning in a chair for a minute( lose your sense of balance.  Try not to bang your head in this experiment)  The duct with in the direction of the turning motion increases firing (ie turning your head left results in the increase in the left horiz duct and a decr in the right)

Utricle/Saccule

· In the macula of the utricle the hair cells are embedded in the otolithic membrane

· Transduces linear acceleration and static head position.

· Horiz in utricle, vert in saccule, but important in all directions

Neuropathways and reflexes

· The vestibulo-ocular reflex allows you to focus on an object while turning your head.  (ie look at the wall straight ahead then turn your head while focusing on that point).  As your head moves to the left side

· Vestibular ganglion ( ipsilateral medial and superior vestibular nuclei ( increases on left, decr on right) ( MLF ( Occipital/Abducens nerve (positve right CN VI and left CN III;  negative for the converse)  ( lateral rectus and medial rectus muscles are tensed or relaxed depending on side of head ( turn eyes to the right.

· CN VIII ( vestibular nuclei

· Vesibular nucleus has reciprocal connections with the labyrinth, sup colliculus, reticular formation, spinal cord and the cerebellum

· Vestibulo spinal: balance, posture.  With lesions leading to Ataxia (unsteadiness)

· Vestibulo-cerebellar: reflexes

· Vestibulo-ocular: eye tracking as before, control of eye movements including vestibulo-ocumotor and nystagmus (slow and fast saccadic eye movements), with pathology: nystagmus with head at rest, or other abnormal eye movements

· Vestibulo-cortical: dizziness/vertigo

· Vestibulo-autonomic: nausea/vomiting

· motion sickness occurs when visual and vestibular systems don’t match up

· meniere’s disease: overproduction of endolymph ( incr pressure in vestibular labyrinth  ( leads to deafness and pathology of vestibule

Spinal Reflexes

The basics of a reflex is a simple path from receptor to effector.  Additional components may be involved in modification (such as concentrating on not pulling away from the noxious stimulus, but the simple reflex is designed to be quick and without conscious thought to protect yourself.

Stretch reflex

The stretch reflex is the simplest spinal reflex which consist of just two neurons in the reflex path:

· Sensor: the muscle spindle in the muscle and consist of three general types of receptors

· Ia: fast; large, myelinated; primary sensor involved in fast reaction;  they measure rapid change in length (stretch)

· II: branched, myelinated, slower than the above, these measure absolute length

· Ib: Golgi Tendon Organ

· Effector (muscle): alpha [large extrafusal muscle innervating]/gamma [small intrafusal muscle innervating] effector neurons.  Small muscles have a 10:1 ratio (alpha to gamma), whereas large muscles are 50:1.  [note this appears 1:10, 1:50 gamma to alpha in the notes]

The reflex is a contraction in response to a stretch.

This pathway can be modified:

· the golgi tendon organ sense tension, in particular when it becomes to great it sends out inhibition (telling the muscle it is safer to give up the battle rather than overexert and damage the joint/muscle/bone)

· the gamma m.n. are the descending control of the muscle, they keep the spindle deformation to a minimum during stretch and contraction (so your muscle doesn’t fight itself, I’m guessing)

· reciprocal inhibition, an important side pathway via interneurons in the reflex is to inhibit the antigonist muscle (tricep for bicep) , likewise synergetic muscle flexion is also activated through interneurons

· feedback inhibition is through renshaw cells

Muscle tone is the resistance to passive stretch.  In relaxed patients it is due to normal elastiticity of tissues, but it increases with conscious thought or anxiety.  It is modified through the gamma motor neurons just mentioned.  “tense” is the condition of being unable to go to “off/relaxed” modes.  Damage to the corticospinal tract discussed later results in hypotonia (as does some cerebellar damage).  In contrast hypertonia = rigidity, and such.

Withdrawal reflex

These are the complicated reflexes involved in damage avoidance.  When in contact with a dangerous/noxious stimulus the body reacts to protect itself by escaping the immediate danger.  (Hand on a hot stove).  This is much more complicated and involves various interneuron pathways to enact a more fullbody response (so muscles on both sides interact to pull the endangered limb away).  Flexion is greatest in the proximal components

General neuronal pathway stuff

A sensory neuron typically has many targets [divergence] whereas the motor neuron typically receives multiple feeds [convergence]

Interneuron gating can lead to inhibition or facilitation.

Spatial vs temporal summation:  Spatial depends on trigger zone and where on the postsynaptic neuron the multiple feeds touch down whereas temporal summation is the summation of closely spaced (in time) EPSPs which can sum to threshold.

EPSP vs IPSP: excitation vs inhibition.  Old news.

Affects may happen pre-synaptically on the end of the axon leading to increase or decrease of NT output (ACh)

You can behaviourly modify the withdrawal reflex.

Spinal cord transection( initial loss of reflex, possible hyperreflexia thereafter (deprivation leads to oversensitization)

I mean spinal interneurons and alpha motor neurons receive input from the higher brain functions allowing you to modify the reflex (augmenting it, by preparing to reflex, or diminishing it by willfully ignoring the stimulus). Gamma motor neurons are also from the desc pathway and may similiarly affect these pathways.

Descending motor control

All of the above is reviewed: Alpha and gamma can be modified by higher levels; these two types of neurons are the final common pathway.

Efference copy: The essential take home point is that the central motor cortex sends a copy of the intended action to the central processing in the CNS so that Central can expect a given change in the muscles’ lengths, positions, etc.

Hennemen’s:  Basically the size principle that was mentioned way back in muscle.  Smaller motor groups are recruited before larger motor groups!  Smaller ones will be more packed with mitochondria for aerobic exercise whereas larger motor groups tend to be for anaerobic workloads.  There are a great many small motor groups which allows for slow transition from one level of output to the next.

Topographical mapping

· the diagram says it all.  (guy flexing mapped on the brain.)

·   The more dorsolateral it appears on the cortex, the more distal the muscle will be (ie fingers). The pathways used are the lateral corticospinal [voluntary] and rubrospinal[voluntary]

·  ventromedial ( trunk muscles. Reticulospinal [postural], vestibulospinal[pos], ventral corticospinal [vol].

LMN lesions: Fasciculations (from hypersensitivity), muscular atrophy, loss of reflex, flaccid paralysis.

Pathways involved

Area 4 is primarily voluntary muscle, whereas area 6 is primarily postural (but not limited to it) The precentral gyrus is the primary source of motor control in the cortex.

· Corticospinal [voluntary]: The primary use of this path is fine motor control particularly things like the hands/fingers. Uncrossed ventromedial portions play a role in postural control.

· Begins in layer V of the cortex from Area 4 [contains giant pyramidal Betz, medium, and small cells], additionally area 6[premotor] and 3,1,2[somatosensory] play roles.

· Decussation of the pyramids (crossing in the medulla)

· Alpha motor neurons (monosynaptic); additionally the antigonist muscle’s alpha motor neuron may be disynaptically inhibited, and the gamma neurons may also be affected

· Ends in the muscle.  

· Lesions of CS tract:
· Paresis (partial paralysis involving just the loss of fine motor control)

· Muscle weakness

· Loss of desc activation of gamma bias…

· BABINSKI REFLEX (toes curling up and out instead of down towards stimulus)

· Rubrospinal [vol] (rubro from red for red nucleus): 

· Reticulospinal [posture]: from reticular formation in pons/medulla

· Vestibulospinal [pos]: From lateral and medial vestibular nuclei which receive information from the labyrinths (see balance and inner ear stuff above)

Components of motor function

1. Plan/motor set (intention):  I want coffee

2. Program (goal directed pattern): Grab cup and lift to lips

3. Exectue program

a. Initiation: reach for it

b. Adjusting on the fly: 32 oz cup heavy than I thought.

c. Postural adjustments to keep body balanced: Standing on one foot not an option with the hot coffee in hand, perhaps I’ll stay seated.

Premotor cortex and supplementary motor cortex are important in planned action

1. the premotor cortex provides readiness potential (getting ready to push a button)

2. Supplementary cortex receives additional blood flow indicating it too plays a role; particularly in complex performances (such as piano playing or typing)  It also is what is activated when you mentally prepare (imagining playing the piano, mental rehearsal)

Posture [general/other]

The neck has its own prewired reflexes that help the body maintain posture.  (ie, twisting of neck causes full body motion to maintain balance)

Stiffening joints = contraction of antigonist and agonist muscles.

Maintenance of tone in “medial” system is important for posture… no idea what that means, but doesn’t sound testable

Know that the order of muscle stabilization is ankle (knee(hip [distal to proximal]

Walking/locomotion

Pattern generation/organization occurs at the SPINAL level  Commands to initiate are from the cortex.  The midbrain also play a part in regulating this.  This pattern evolves with development [baby steps ( normal gait]

Basal Ganglia [side processing in voluntary movement]


The basal ganglia receive input from the somatosensory, motor, and premotor cortex.  It’s parts consist of the Caudate, Putamen, and the Globus Pallidus (GP) w/ associated structure in the Substanstia Nigra [pars reticulara/compacta] and the subthalamic nuclei.  It projects into the VA/VL of the thalamus.

· Caudate [complex] vs Putamen [motor]

	Caudate
	Putamen

	Thought to be motivational/emotional feedback loop since it interacts with the Frontal Association Cortex.
	The motor loop is thought to be midlevel; it controls size and speed.  (so we can use handwriting on a blackboard or a business card.)


· Direct loop

· Enhance cortically driven motor activity

· Frontal association cortex ( Caudate/putamen ( (negatively regulates) GP [internal] ( (negatively regulates) VA/VL of thalamus ( premotor cortex. 

· Nigrastrial pathway

· As per the direct loop, but the dopaminergic cells of the substantia nigra pars compacta (A9) initiate it instead of frontal association cortex.  The target of these are the D1 receptors on medium spiny neurons in the C/P which compose ~ 85% of the striatum to the GP [internal and external].
· Indirect loop
· Antagonizes the Direct Loop.

· The external GP has connections to the subthalamic nuclei

· Nigrostrial pathway [again]

· Retrorubral nucleus [A8 area of the substantia nigra pars compacta] synapses on the D2 receptors, this will reduce the negative feed on the EXTERNAL GP which has two consequences [negative feed on GP internal and negative feed on positive feed from subthalamic], in essence shuts off the indirect loop.  Thus the Nigrostrial pathway enhances cortically driven motor activity via enhancement of direct and inhibition of indirect loops.  THE LOSS OF THESE DOPAMINERGIC CELLS IS THE REASON FOR LOSS OF CORTICALLY DRIVEN MUSCLE CONTROL IN PARKINSON’S.
· Damage to the loops (complex, motor, direct, indirect, nigrostrial is the cause of pathology in basal ganglia associated diseases)

Parkinson’s

· resting tremor

· rigidity (hypertonia in flexor/extensors); cogwheel rigidity

· akinesia (loss of movement) – mask face, difficulty initiating movements

· bradykinesia (slow movement)

· postural reflex impairments.

· Treatment: L-DOPA and Carbidopa (replacement therapy; L-DOPA is a precursor of dopamine which can cross the blood brain barrier, and Carbidopa reduces its degradation/side effects outside the CNS);  to a lesser extent [dopamine agonist, anticholinergic drugs, pallidotomy (ablation of GP, oft unilateral, permanent), deep brain stimulation (cramming electrodes into the skull and turning things on…)]

Huntington’s Chorea

· Loss of function of the INDIRECT LOOP.  This is caused by damage to the Caudate putamen ( decrease in GABA ( loss of medium spiny neurons in the external GP (which governs the Indirect loop).  The end result is unwanted, involuntary movements (dancing)

· Progressive: leads to dementia and death (10-15 years)

· Treatment: Dopamine receptor antagonist since the problem is overstimulation by Dopamine, these reduce the effects.  Chlorpromazine and haloperidol (used for schizophrenia) are examples

· Genetics: Autosomal dominant, chromosome 4, trinucleotide repeat disease for Glu. (Normal range = 9-34;  disease > 38.  Age of onset determined by severity of repeats).  The gene product is huntingtin which binds to GAPDH a key enzyme in Glycolysis.  Unknown why this targets caudate/putamen more than other tissue… [primate model: 3-nitroproprionic acid]

Ballisms

· Damage to SUBTHALAMIC NUCLEUS  ( loss of INDIRECT LOOP.

· Most severe form of involuntary movement disorder (like Huntington’s only more violent flailing).

· Oft due to stroke, and usually unilateral (hemiballismus) which affect the contralateral side.  Patients can and do recover.

· Dopamine antagonists treat the symptoms.  As does sleep.

Athetosis

· damage to GP and putamen

· Invol movement looks wormlike, most striking feature is abnormal position of hand and posture

Tardive Dyskinesia

· associated with Dopamine receptor blockers (ie antipsychotics)

· Causes supersensitivity to dopamine ( invol movement disorder ( typically affects the face/mouth/tongue (buccolingual disorder)

Cerebellum [cerebrocerebellum and side processing of motor activity]

· Inputs / paths [The beginning reads like neuroanatomy]

· Cortical – pontine nucleus = relay station; from premotor/motor/somatosensory/secondary visual.

· Mossy fibers (excitatory) from brainstem nuclei, form glomeruli with granule cell dendrites and golgi cell axons, generates simple spikes in purkinje cells

· Climbing fibers (excitatory) from inf olive, gen’s complex spikes

· Monoaminergic inputs modulate activity: serotinergic from raphe, noradrenergic from locus coeruleus

· Output from deep cerebellar nuclei & vestibular nuclei

· Fastigial (medial most)

· Interposed (intermediate)

· Dentate (lateral most)

· Lat. Vestibular (?)

Cerebellar peduncles = tracts on which axons leave/enter

 The cerebellum contains a somatotopic map in two different regions.(from picture appears to be near the deep cerebellar nuclei and near the cortex.)

You can divide the cerebellum into 3 distinct parts:

· spinocerebellum: ( motor execution (on the fly editing) [{vermis} fastigial ( medial desc system ( proximal musc (ie trunk)]/[{intermediate region} globose/emboliform (interposed) ( distal musc (ie limbs)]

· cerebrocerebellum( motor planning [pons (dentate nucleus ( back up to cerebrum]

· vestibulocerebellum ( balance and eye movements [labyrinth ( lateral vestibular nucl. ( medial systems]

The cerebellum has 5 types of intrinsic neurons (inputs tend to positive whereas these tend to be inhibitory):

· Basket – GABA, molecular/outmost layer, inhibitory interneuron

· Stellate –GABA, mol/outermost, inhibitory interneuron

· Golgi- GABA, granular layer, innermost grey matter, inhibitory interneuron

· Purkinje –GABA: purkinje layer second outermost, only output from cerebral cortex, is targeted by direct input [climbing fiber – complex spikes]/granule cells [mossy – simple] (positive input) and by interneurons (inhibitory)

· Granule- Glu (only excitatory), granular layer, axons = parallel fibers, which run parallel lines across the molecular level innervating the other neurons (most have dendrites reaching into the molecular level)

The cerebellum shows plasticity (ie it can learn)

Lesions and damage to the cerebellum

· Intention tremor.  Tremors occur when attempting action but not at rest, compare with Huntinton’s chorea.

· Incoordination aka Ataxia

· Delay in initiation

· Dysmetria:  will be unable to gauge proper distance [over/under shoots]

· Dysdiadochokinesia: irregular pattern when attempting alternating movements like flipping hands forward and back.

· Hypotonia: decreased resistance to passive movement

Damage to supplementary motor, premotor, or parietal cortex


APRAXIA (loss of /learnedskilled movement, praxis = skill) to be expected because the supplemental motor cortex controls mental rehearsal/program of complex tasks

Decorticate vs decerebrate rigidity

Loss of inhibition from higher centers ( strong excitation of antigravity extensor muscles by reticulo/vestibulospinal [recall these are the posture pathways]

In decorticate there is an exaggerated neck reflex: ie arm flexion.  Damage is above red nucleus, so the signal is very strong excitation of the arm flexor.

In decerebrate the damage is below ( both arms and legs rigid, hands pronated, finger curled.

When decorticate progresses to decerebrate this is a sign of damage spreading down the spinal cord.  DANGER: impending loss of medulla ( loss of respiratory function.

Decerebellate is rare.  Lesion in deep cerebellar nuclei.  Disinhibition of vestibulospinal.  (prob not on test).

Reticular formation

Widespread effects through extra long axons… yay

Serotonin: Raphe Nuclei

· all serotonergic cell bodies  are in the raphe nuclei.  These are involved in pain modulation and sleep wake cycle.

Dopamine: Substanstia Nigra (see basal ganglia) and Ventral Tegmental Area (VTA)

· Nigrostrial: see involvement in direct pathway in basal ganglia.  Damage = parkinson’s.  (Although in Parkinson’s damage is also found in serotonergic and norepinephrine pathways, but these are less important.)

· VTA: to frontal cortex (mesocortical DA pathway) and nucleus accumbens (mesolimbic DA pathway).  Overactive in schizophrenia.  Activated in reward/reinforcement paths (ie drugs and candy)

Norepi: Locus Coeruleus

· inhibitory input in cerebellum/brainstem.

· Arousal: attention, waking

· Intrinsic pacemaker.

ACh: 

· Cholinergic nuclei of pons-midbrain juncture (tpp and dltn)

· arousal and waking by effects on thalamus and cerebral cortex

· active during REM

· Basal forebrain (bas, ms, td nuclei)

· Memory ( degeneration in alzheimers

· ( cerebral cortex, hippocampus.

Neocortex:


In addition to the general functions of the cortical areas, the neocortex contains the prefrontal (association) [Dorsolateral; delayed spatial responses: ie object constancy] and orbitofrontal [Ventromedial; target for frontal lobotomy] cortexes.  Both are large in humans and primates, but very small in other animals.

EEG’s


Sink:  EPSP location


Source: elsewhere.


When the sink (synapse) is close the cell body (deep) then it generates a positive wave on the EEG, wherease the opposite occurs when the synapse occurs near the surface…  EPSPs sum for this;  so if there is a great deal of synchronization you get large deflections, whereas a desynchronized EEG looks squiggly…


The more restful you are the more synchrony occurs.  (NREM = giant waves; alert = rapid thought processes).  The important bit about all of this is that the reticular formation modulate cortical arousal. Which means they can control cortical synchrony (restfulness) or desynchrony (alertness).  The reticular nuclei responsible for this are the cholinergic nuclei of the pons-midbrain juncture, the locus coeruleus, and the raphe nuclei.  They are all active during the wakeful state and depressed during the NREM state.  During REM sleep, the ACh bits are active (PGO waves) while the rest become inactive.  (Additionally Nonspecific thalamic nuclei also play a part.)  

Note: Generalized seizures involve rapid large synchronous waves (grand mal [probably origin = reticular nuclei] faster than petit mal [nonspecific thalamus]).  Partial seizures also show similar spikes. Focal = EEG spikes in motor cortex.  Psychomotor = spikes in temporal lobe.

Sensory evoked potentials can be found when you analyze the sensory cortex for the given sense.  For example, a tap on the knee results in a EEG spike.  Useful for testing sensory paths.  Latency incr with incr in conduction velocity.

Chemosensors[last of the special senses]

Chemosensors are overrepresented in our genome by evolution.  They are amongst the oldest sensors.
Smell

Olfactory epithelium
The olfactory epithelium contains 3 kinds of cells:

· olfactory sensory neurons (OSN): dendritic knob projecting cilia into mucous layer.  Constant replacement (2 mon life span).  Each only expresses one receptor protein.  Discriminate betw odors BUT it is not absolute.  Firing of the AP is dose dependant

· supporting cells: a form of glial cell, they secrete mucus (along with the Bowman’s glands.

· stem (basal) cells:

Receptor proteins:

 Hundreds of varietys; 7 transmembrane domain G-protein receptor

 Standard G-prot receptor function.  The cAMP binds CNG cation channels ( depol the OSN

 7 primary odors: ethereal, camphoraceous, musky, floral, minty, pungent, putrid

Adaptation

  Prolonged exposure ( no more entry of Ca+ via cascade; CNG channels desensitized.

Olfactory bulb

 OSN project directly into the bulb.  It contains 3 type of neurons.

 Mitral = principle neurons,  OSN converge on these

 PeriGlomerular = local inhibitory, OSN may synapse on these too, these have dendritic branches on the Mitral cells allowing them to use this information to convey from one glomerulus to another to help recognize complex odors.

 Granule = local inhibitory, have dendrites on multiple mitral cells, may help integrate information for complex smells.

Glomerulus = glial encapsulated structure containing ~25,000 OSN, and 25 mitral cells.  (convergence).  Note that within each glomerulus, the OSN whose axons project to this unit all have the same receptor protein expressed on their dendritic knob.  (ie they all sense the same smell), AND the glomeruli are arranged in a pattern such that all members in a species have an olfactory map.  (Ie the chemosensors for a mint are in the same part of the olfactory bulb for all humans)  This forms the representation for the brain.  Lateral inhibitory synapses between the glomeruli modulate the incoming signal. (selectively tuned)

Olfactory cortex 

· Wiring: 1M pyramidal cells in the olfactory cortex;  0.5M mitral cells.  Divergence.  This allows you to smell gestalts (combinations)

· Interneurons work to regulate in two ways:

· Feed forward inhibition: modifies the cortex response

· Feedback: regulates the excitability of the pyramidal cells at their output level

· They are much less numerous than the pyramidal cells (5%)

· output from the cortex:

· hippocampus: associate smell with item (Mmm, I smell coffee)

· amygdala: associate smell with emotion (I love that smell)

· basal ganglia: generate motor response with that smell (Buying a cup)

· thalamus and frontal cortex: organizing the action sequence (eg Tracking… uh, a starbuck’s delivery truck)

Taste

Taste buds are located in the fungiform, foliate, and circumvallate papillae.

Innervated by CN VII, IX, and X ( nucleus of the solitary tract[medulla] ( ventral posterior medial nucleus (VPM) [thalamus] ( gustatory cortex

Taste cells are specialized epithelial cells.  They release NTs onto the afferent nerves (of the above mentioned CN)

Receptors: 5 basic taste.

· Salt: Na channels -> depol

· Sour: H dependant cation channels -> depol

· Sweet: G-prot receptor (T1R3/T1R2)( phospholipase C ( IP3 ( TRP channels ( Ca ( depol

· Umami: as before but (T1R3/T1R1)

· Bitter: G-prot (T2R) ( gustducin ( same

Two theories on how taste represented in CNS

Labeled line: degree of activation is maintained by afferent lines leading to brain

Across-fiber pattern: deg of activation on all receptors; brain extracts info computationally.

Sleep: [curiously empty handout…]

	Type
	EEG
	Other physio
	Psych
	Total sleep

	REM
	Low voltage, mixed freq, looks like “awake” patterns, characteristic Saw Tooth
	Motor inhibition (preve sleep walking), autonomic variability, cerebral activity ++, Brain temp ++, Blood flow ++, PENILE TUMESCENCE (check for erectile dysfunction!), Poikilothermia,  Weak CO2  sensitivity, diminished pulmonary stretch receptivity
	Dreaming.  And a whole bunch of maybes…
	20-25%

	NREM stage 1
	Low voltage, mixed freq
	Snoring

Slow eye movement
	Hypnagogic hallucinationa
	1-5%

	Stage 2
	Sleep spindles/ k complexes
	
	Abstract thought
	40-60%

	Stage 3
	Delta waves 20-50%
	Secrete growth horomone
	Abstract thoughts
	10-20%

	Stage 4
	Delta wave > 50%
	
	
	


Learning

Types of learning

· Declarative: Fact based memories.  Such as learning about declarative memory. Further subdivided to: semantic (facts) and episodic (autobiographical).

· Nondeclarative: Implicit.  Such as physical skills [procedural], priming [altering perceptions with prior perceptions], classical conditioning [Pavlov at work], nonassociative learning (habituation/sensitization). 

Amnesias (Soap Operas: your new clinical cases)

· damage to hippocampus or other medial temporal;  most of these have little to no loss of Nondeclarative memory

· anterograde: can no longer produce declarative memory.  Watch Memento! A consolidation period is needed before the short term memory is uploaded to long term (which in this case is lost along the way)

· Midline thalamic nuclei: Case N.A.

· Mamillary bodies: Korsakoff’s syndrome.  Result of thiamine defiency; caused by chronic alcoholism

· Retrograde: loss of declarative memory before precipitating event.  Some patients will develop both.

· Alzheimer’s: impairment of declarative memory.  Beta amyloid plaques in your hippocampus/cortex, degen of cholin. Cells in basal forebrain, neurofibril tangles.

Temporal memory

 Short term = few seconds to minutes

 Intermediate last maybe a day (where did I park my car?)

 Long term is memory from over a day ago or so

 These classifications refer to declarative memory.

Nonassociative learning

Habituation: Continuously repeated inconsequential stimulus becomes ignored.  Tapping head of snail over and over again leads to it no longer retreating into shell.  Results from decr NT ( decr excitation of motor neuron.

Sensitization: class notes tell you to check in Purves…  My guess, do the exact opposite of habituation.

Classical conditioning

 Pavlov had a dog, a bell, food, and patience.  Ring bell feed dog.  Do it again ad nauseum, until ringing the bell causes drooling puppy.  Food = unconditioned stimulus US; Drool = unconditioned response UR.  Bell = conditioned stimulus CS.  Drooly bell = conditioned response CR.  This is associative because you associate 2 stimuli (bell + food).

 In another widely used experiment: eye blink reflex.  Puff of air in eye (US) ( blink (UR);  pair it with tone (CS) to get blinking with tone (CR)  This leads us to what is actually going on in the brain.  

  In the cerebellum:


Convergence of CS + US: Must converge on same Purkinje fiber (seems to be err in notes on paths, but the take home point is convergence on Purkinje fiber = CR).  Climbing fibers + parallel fibers innervating a purkinje cell at same time ( size of parallel fiber EPSP alone weakens.  This is long term depression (LTD) of the Purkinje cell. NOTE: purkinje cells (recall) are inhibitory, so this leads to DISinhibition of the eyeblink response.

Declarative Memory:

  Mechanism not truly understood

  Must be quick (within instants of an event), high capacity, long term retention.

  Long term potentiation  (LTP) meets these requirements.  Persistant enhancement of excitatory synaptic transmission induced by repetitive synaptic activity.  Note that two types of receptors were talked about on the post synaptic cell in class.  AMPA and NMDA.  AMPA is always on, NMDA is closed until opened through LTP.

  Hippocampal neurons have two firing methods which work along these lines

· theta rhythm (5 Hz): opens up NMDA channels (200 msec interval = optimal)

· high freq burst fire.  (blasting away at the drop of the theta rhythm)

Laterilization(Language, emotion, function)
· Broca’s [aphasia/area]: ventroposterior region of left frontol lobe; damage results in aphasia (inability to speak)

· Wernicke’s [aphasia/area]: posterior superior left temporal gyrus;  deficit in comprehension

· Arcuate fasciculous connects the two.  Damage leads to conduction aphasia

· Split brain/commissurotomy/cutting the corpus callosum surgically (confirmed Broca/Wernicke discovered a few more.

· Another trick: Na amobarbital in carotid paralyzes ipsilateral side.  Verified above.

· Planum temporale = anatomic asymmetry.  Wernicke’s area included.  Larger on left side.

· Attention:  lesion in right parietal ( contralateral neglect syndrome.  Ignore the existence of the left side altogether.  Completely unaware of it.

· Handedness:  mechanism not understood

· Emotion: areas on right side corresponding to broca/Wernicke =produce/comprehend emotion.  Deficit = aprosodias.  Also verbal intonations in speech to convey emotion/meaning.  Lesion on left side more likely to cause major depression (this seems backwards, but its what it says in the handout)

Emotion

· Hypothalamus: transection below = loss of emotion; above = retain. Lesions alter behavior.

· Papez circuit: interconnected brain bits = emotional circuit.  Hippocampus, mammillary bodies, ant nucl of dors thalamus, and cingulated cortex.

· Amygdala: Kluver-Bucy Syndrome: loss of aggression after large temporal lobe lesion, experiments narrowed down to amygdala.  Important in social interaction (the monkey experiment) and fear conditioning.  Stimulation ( fear.  Bilateral lesion ( tameness, hypersexuality.  Unilateral ( unilateral loss.  In HUMANS: damage = consistently evaluating others as trustworthy.  (Gullible);  Lesions in the basolateral nucl of this will lead to inability to cause classical conditioning.  Direct input into the basalt nucl ( primitive emotion, LTP can occur here.

· Limbic System

· Intregated theory: Emotions = adaptive responses [cannon-bard], Feelings = perception of these emotions[james-lange]. (Those names not likely important, but just incase)

Hypothalamus and the Limbic System [[NOTE: The class notes are sketchy here so check your coops or what not.  Sorry all]]

· at core of brain, has projections all over it, core function = homeostasis

· Also emotion from above

· Contains many distinct parts:

· Such as suprachiasmatic nucleus, supraoptic nucleus, etc.

· Of note: the interrelation between the hypothalamus and the pituitary.

· Posterior = long axons projecting into it. [notable: vasopressin, aldosterone = control over kidney function / homeostasis]

· Anterior = portal system

· hypothalamus = integration center for autonomic and somatic responses.

· The amygdala is connected to the frontal lobe: left hemi = positive emotions, right hemi = speech nuance, interaction of amygdala and frontal cortex = rational thought, social behavior, and so forth.

· The hypothalamus may control sexual/reproductive behavior.  Sex hormones also play a major role in this.

· Medial Preoptic Area: sexual dimorphic behavior;  where testosterone exerts its effects, destruction of area ( extinction of male sexual behavior

· Note: testosterone ( aggressiveness.  Secretions of androgens early in development primes the system (if no testosterone during development then rat has a reduced response to testosterone.

· Note: there appears to be an anatomical difference between Hetero and Homosexual individuals, although this is controversial

· Ventral Medial Hypothalamus: as above but for female hormones

· Maternal Behavior pathway:

· Med Amygdala ( inhibits maternal behavior in Medial Preoptic Area.  If Estradiol present, inhibition is overthrown and signal is sent to  VTA ( maternal behavior

· circadian rhythm

· pituitary: in particular the suprachiasmatic nucleus (SCN) increase activity during the night time.  Loss of daylight leads to only slightly off cycle.

·   Pineal gland: melatonin; pathway: retina( SCN (spinal cord (sup cervical ganglia ( pineal gland.

· Homeostasis: feedback loops from hell.

· Temp detectors: fire rate = temp. dep.

· Lesion preoptic area = hyperthermia

· Lesion post area = hypothermia

· Fever: IL-6 enters brain, resets preoptic area to raise set point.

· angiotensin path (hypovolemia ( angiotensinogen ( angiotensin I ( II ( aldosterone [Na retention]/ vasopression [H2O retention]/ incr BP/ thirst.

· Lesions in SFO (subfornical organ) == failure to recognize angiotensin ( lack of thirst;  Lesions in OVLT similiar but loss of osmotic thirst

· Also has a set point for body weight: Satiety hormones let you know you are full [cholestokinin PYY], plus all the big players you already know like insulin. And a few others.

· Leptin: human obesity may be the result in failure of leptin signaling

Afterthoughts:

Phineas Gage: was a nice guy.  Then a big ole chunk of metal got crammed in his head.  He was mean afterwards… I don’t know about you, but I’d be pretty unhappy about a having a big piece of metal crammed in my head too.  Serious:  Damage to frontal lobe = loss of personality, inability to perform well with delayed time response tasks (working to earn money for food, or finding a banana that you saw put away earlier).

