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· ANATOMY EXAM REVIEW

· -in cells, ions are unevenly distributed, even though the body overall is neutral

· -voltage: charge seperation energy measured between two points (aka potential difference or just potential)

· -biological potentials have voltages ranging from -90 to +55 mV

· -flow of charge from point A to B as a result of potential is current

· -amount of current that flows between points depends on resistance (the impediment to current flow)

· -ohms law: current (I)= voltage(V)/ resistance (R)

· -insulators have large R
-conductors have low R

· -a decrease in R= Increase in conductance and allows greater current flow

· -force increases with the quantity of charge

· -force increases with decreasing distance of charge seperation

· -membrane potential is polarized (neg on inside, pos on outside)

· -this provides electrical gradient that drives ion mvmnt across the membranes of excitable cells

· -plasma membrane R is very high (good insulator)

· -ions cross membrane through specialized transmembrane proteins called channels

· -channels are specific for Na, Cl, K, Ca and most cells have only K channels that are open and hence K+ currents can exist

· -these are small in number and create a leakage current

· -K+ potential contributes to membrane potential

· -membrane potential is typically -70mV based on K leakage current

· Primary Active Transport

· The Na+/K+ Pump

· 1-cytoplasmic Na+ binds to pump protein

· 2-Binding of Na+ promotes phosphorylation of the protein by ATP (ATP to ADP to release a phosphate group)

· 3-Phosphorylation causes the protein to change shape, expelling Na+ to outside (3 Na+)

· 4-Extracellular K+ binds to pump proteins

· 5-K+ binding triggers release of the phosphate. Pump protein returns to its original conformation

· 6-K+ is released from the pump protein and Na+ sites are ready to bind Na+ again. The cycle repeats

· -in a neuron at rest only K channels are open and hence only K+ currents and therefore K+ potential contributes to the membrane potential – resting membrane potential -70mV

· stimuli can make the membrane potential to become:

· -hyperpolarizing: more negative

· -depolarizing: more positive

· Graded potentials (short distances)

· -they are graded because current flow varies with stimulus strength

· -short lived, localized changes in membrane potential

· -current flow decreases with distance (decremntal)

· Action potentials (long distances)

· -because of voltage gated ion channels, action potentials can be carried down axons; only found in membrane of excitable tissues

· -action potentials are also known as nerve impulses

· -strength does not decrease with distance bc it is constantly being regenerated

· steps:

· 1-resting state: all gated Na+ and K+ channels closed (Na+ activation gates closed; inactivation gates open)

· 2-depolarization phase: Na+ channels open

· 3-repolarizing phase: Na+ channels inactivating, K+ channels open

· 4-hyperpolarization: K+ channels remain open; Na+ channels resetting

· What happens during an action potential?

· First the Na+ and the K+ gates are closed, as the activation gates are closed and the inactivation gates are opened. Then, when the stimulus reaches the axon, the sodium gates open while the potassium gates are still closed. This makes the membrane potential more positive, as sodium is more positive than potassium. Then the sodium gate closes and the potassium gates open so potassium go out to restore the membrane potential. They remain open and hyperpolerization occurs and Na+ channels resetting.

· What is the difference between graded and action potentials?

· Graded potentials are decremental, meaning that the flow of current decreases with the distance it travels, and they are for short distances. However, Action potentials are for long distances and they are also known as nerve impulses. Also, for action potentials, the voltage gated ion channels are responsible for action potential being carried down the axons. The strength does not decrease with distance because it is contantly being regenerated.

· -the intensity of the stimulus does not increase the height of the action potential

· -the intensity of the stimulus increases the frequency of action potentials

· -the action potential moves in one direction down the axon due to the absolute refractory period,

· -an increase in stimulus intensity can overcome the relative refractory period

· -in myelinated axons, segments of the axon are wrapped in myelin (thick sheets of lipid membrane) which is an electric insulator

· -action potentials can occur only at the un-insulated nodes of Ranvier.

· -current spreads between the nodes by graded potential

· -at the next node of ranvier a new action potential is generated

· (so basically action potentials go from nodes of ranvier to node of ranvier, but at the node of ranvier, the current spreads through graded potentials)

· CNS: myelin is formed from living oligodendrocytes
· PNS: myelin is formed from living Schwann cells

· Dendrites- ligand gated channels are activated by neurotransmitters

· Axons-voltage gated channels are activated by depolarization

· Synaptic terminals- voltage gated calcium channels open to allow neurotransmitter release

· What is the difference between relative and absolute refractory periods?

· During action potentials, absolute refractory period is during depolarization (when Na+ goes inside), and there is absolutely no more possible action potentials that can occur during this time, however, during hyperpolarization, there can be another action potential but the strength of the stimulus must be stronger since the membrane potential is more negative at this point than normal.

· After an action potential has been initiated the concentrations of sodium and potassium become reversed (Sodium enters the cell and potassium exits the cell). At the end of the action potential, the sodium channels are completely closed but the potassium channels are still open, K continues to leave the cell and the inside of the cell becomes more negative (hyperpolarized) than during the resting phase. This is the absolute refractory period. No matter how great the stimulation, an action potential cannot be initiated. In order to re-establish the membrane potential, the Na/K pump is activated, ejecting Na ions from the interior and returning K to the interior. During this phase another action potential can be initiated IF there is sufficient stimulation (greater than is necessary during the resting state).

· -in all but sensory neurons, depolarizations and hyperpolarizations are produced by synaptic transmission.

· The process of exocytosis:

· the membrane bound vesicle migrates to the plasma membrane

· proteins at the vesicle surface (v-SNAREs) bind with t-SNARES (plasma membrane proteins)

· The vesicle and plasma membrane fuse and a pore opens up

· Vesicle contents are released to the cell exterior

· Botox degrades a SNARE protein required for vesicle fusion that releases neurotransmitters from the axon endings

· What happens at the synaptic junction with an action potential?

· calcium goes into the axon of presynaptic neuron, this allows the neurotransmitter to bind to the plasma membrane of the presynaptic membrane and it releases its neurotransmitters to the synaptic cleft which then the neurotransmitters bind to the receptor site on the post synaptic neuron ion channel and it opens the channel and sodium goes in through the chanel and then the neurotransmitter is degraded and no more sodium can go through.

· -neurotransmitters can hyperpolarize (inhibitory action) or depolarize (excitatory action) depending on the ion channels that they open

· EPSP= excitatory postsynaptic potential (causes depolarization)

· IPSP= inhibitory postsynaptic potential (causes hyperolarization or repolarzation)

· GABA= inhibitory neurotransmitter

· Glutamate= excitatory

· ACh= inhib and excit in muscle

· Some channels are receptor mediated, meaning they need a certain element to bind to the receptor site for it to open and allow a flow of ions through the channel.

· When the neurotransmitter (ligand) is released from the axon terminal of the presynaptic neuron, it binds to the receptor, and the G protein binds to the receptor and this makes it phosphorylate into GDP, releasing a phosphate group. 
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***find out what the second diagram (b) is talking about from txtbook***

· Comparison of Action Potentials with Postsynaptic Potentials:

· ***what is this table???***

· [image: image2.jpg]WAEREPA Comparison of Action Potentials

CHARACTERISTIC

ACTION POTENTIAL (AP)

POSTSYNAPTIC POTENTIAL (A TYPE OF GRADED POTENTIAL)

EXCITATORY (EPSP)

INHIBITORY (IPSP)

Function

Stimulus for opening of
ionic gates

Initial effect of stimulus

Repolarization

Conduction distance

Positive feedback cycle
Peak membrane potential

Summation

Refractory period

Long-distance signaling;
constitutes the nerve impulse

Voltage (depolarization)

First opens Na™ channels,
then K* channels

Voltage-regulated;
inactivation of Na* channels
together with opening of
K* channels

Not conducted by local
current flows; continually
regenerated (propagated)
along entire axon; intensity
does not decline with distance
Present

+30 to +50 mV

None; an all-or-none
phenomenon

Present

Short-distance signaling;
depolarization that spreads to

axon hillock; moves membrane

potential toward threshold for
generation of AP

Chemical (neurotransmitter)

Opens channels that allow

simultaneous Na* and
K* fluxes

Short-distance signaling;
hyperpolarization that
spreads to axon hillock;
moves potential away from
threshold for generation
of AP

Chemical (neurotransmitter)

Opens K" or CI™ channels

Voltage independent; occurs when neurotransmitter is no

longer present

0.1-1 mm; local electrical events; intensity declines with distance

Absent

Becomes depolarized; moves
toward 0 mV

Present; temporal or spatial

Absent

Absent

Becomes hyperpolarized;
moves toward —90 mV

Present; temporal or spatial

Absent
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· -subthreshold (no summation)

· -temporal summation : two or more action potentials arrive in rapid succession at the same spot of the neuron

· -spatial summation: sensory summation that involves stimulation of several spatially separated neurons at the same time
· -spatial summation of EPSP and IPSP: summation of inhibitory and exhibitory stimulation in different areas at same time or successively; cancels out 
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· -motor molecules can attach to receptors on vesicles or organelles, and walk the organelles along the microtubles of the cytoskeleton

· -in some types of cell motility, motor molecules attached to one element of the cytoskeleton can cause it to slide over another element, as in muscle contraction and cilia movement

· Membrane proteins perform many tasks:

· -receptors for signal transduction: a membrane protein exposed to the outside of the cell may have a binding site with a specific shape that fits the shape of a chemical messenger, such as a hormone. The external signal may cause a change in shape in the protein that initiates a chain of chemical reactions in the cell.

· G proteins

· 1-Ligand (1st messenger) binds to receptor

· 2-activated recepor binds to a G protein and activates it

· 3- activated G protein activates (or inactivates) effector protein (ex an eznzyme) by causing its shape to change.

· 4-activated effector enzymes catalyze reactions that produce 2nd messengers in the cell

· 5-second messengers activate other enzymes or ion channels

· 6-kinase enzymes transfer phosphate groups from ATP to specific proteins and activate a series of other enzymes that trigger various cell responses

· ligand (1st messenger) ( receptor ( G protein ( enzyme ( 2nd messenger

· Ach at nicotinic receptors opens channels permeable to both sodium and potassium, giving rise to an average of their 2 reversal potentials

· GABA: inhibitory; opens chloride channels

· Glutamate: opens sodium channels and is excitatory

· Endorphins: inhibit pain pathways

· Tachykinins: neurotransmitter in pain pathways

· Nitric oxide: nontraditional neurotransmitter
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NEUROTRANSMITTER

ACETYLCHOLINE

FUNCTIONAL CLASSES

SITES WHERE SECRETED

= At nicotinic ACh receptors
(on skeletal muscles,
autonomic ganglia, and in
the CNS)

= At muscarinic ACh
receptors (on visceral
effectors and in the CNS)

Excitatory

Direct action

Excitatory or inhibitory
depending on subtype of
muscarinic receptor

Indirect action via second
messengers

CNS: widespread
throughout cerebral cortex,
hippocampus, and brain
stem

PNS: all neuromuscular
junctions with skeletal
muscle; some autonomic
motor endings (all
preganglionic and
parasympathetic
postganglionic fibers)
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NEUROTRANSMITTER FUNCTIONAL CLASSES

SITES WHERE SECRETED

COMMENTS

BIOGENIC AMINES

Norepinephrine Excitatory or inhibitory,
depending on receptor type

bound

Indirect action via second
messengers

Excitatory or inhibitory
depending on the receptor
type bound

Indirect action via second
messengers

Dopamine

Serotonin (5-HT)

Mainly inhibitory

Indirect action via
second messengers;
direct action at
5-HT; receptors

Indirect action via second
messengers

Histamine

CNS: brain stem, particularly
in the locus coeruleus of the
midbrain; limbic system;
some areas of cerebral
cortex

PNS: main neurotransmitter
of ganglion neurons in the
sympathetic nervous system

CNS: substantia nigra of
midbrain; hypothalamus; is
the principal
neurotransmitter of
extrapyramidal system

PNS: some sympathetic
ganglia

CNS: brain stem, especially
midbrain; hypothalamus;
limbic system; cerebellum;
pineal gland; spinal cord

CNS: hypothalamus

A “feeling good"” neuro-
transmitter; release
enhanced by amphetamines;
removal from synapse
blocked by tricyclic
antidepressants
[amitriptyline (Elavil) and
others] and cocaine; brain
levels reduced by reserpine
(an antihypertensive drug),
leading to depression

A "feeling good"” neuro-
transmitter; release
enhanced by L-dopa and
amphetamines; reuptake
blocked by cocaine;
deficient in Parkinson’s
disease; may be involved

in pathogenesis of
schizophrenia

Activity blocked by LSD
and enhanced by ecstasy
(MDMAY); may play a role in
sleep, appetite, nausea, mi-
graine headaches, and regu-
lation of mood; drugs that
block its uptake [fluoxetine
(Prozac)] relieve anxiety and
depression

Increases acid secretion in
the stomach; acid secretion
blocked by histamine H,
receptor blockers (cimetidine);
also released by mast cells
during inflammation and
acts as powerful vasodilator
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NEUROTRANSMITTER FUNCTIONAL CLASSES SITES WHERE SECRETED COMMENTS

PURINES

ATP Excitatory or inhibitory CNS: basal nuclei, induces ATP released by sensory
depending on receptor type  Ca®" wave propagation in neurons (as well as that
bound astrocytes released by injured cells)
Direct and indirect actions PNS: dorsal root ganglion provokes pain sensation
via second messengers neurons

Adenosine Inhibitory neuromodulator Throughout CNS

!— Adenosine ——
I

Indirect action via second
messengers

Caffeine (coffee), theophylline
(tea), and theobromine
(chocolate) stimulate by
blocking brain adenosine re-
ceptors; may be involved in
sleep-wake cycle and termi-
nating seizures. Dilates arteri-
oles, increasing blood flow to
heart and other tissues as
needed
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NEUROTRANSMITTER FUNCTIONAL CLASSES SITES WHERE SECRETED
AMINO ACIDS
GABA (y-aminobutyric acid) ~ Generally inhibitory CNS: cerebral cortex,

Direct and indirect actions hypothalamus, Purkine cells
of cerebellum, spinal cord,

Vi nd m nger:
asecond messengers granule cells of olfactory

_ buu)’ e

Glutamate Generally excitatory CNS: spinal cord;
widespread in brain where
it represents the major
excitatory neurotransmitter

Direct action
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NEUROTRANSMITTER
PEPTIDES

FUNCTIONAL CLASSES

SITES WHERE SECRETED

Endorphins, e.g., dynorphin,
enkephalins (illustrated)

Tachykinins: Substance P
(illustrated), neurokinin A
(NKA)

Generally inhibitory
Indirect action via second
messengers

Excitatory

Indirect action via second

CNS: widely distributed in
brain; hypothalamus; limbic
system; pituitary; spinal cord

CNS: basal nuclei, midbrain,
hypothalamus, cerebral cortex

messengers PNS: certain sensory neurons
of dorsal root ganglia (pain
) afferents)
DISSOLVED GASES
Nitric oxide (NO) Excitatory CNS: brain; spinal cord

Carbon monoxide (CO)

Indirect action via second
messengers

Excitatory

Indirect action via second
messengers

PNS: adrenal gland; nerves
to penis

Brain and some
neuromuscular and
neuroglandular synapses
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MASTER ANP POWERPOINT FILE

-Charcot-Marie-Tooth disease (CMT): common, inherited neurological disorder, 1 in 2500, motor and sensory nerves, weakness of foot and lower leg muscles, weakness and muscle atrophy may occur in hands, difficulty with fine motor skills

-Multiple Sclerosis: fatty myelin sheaths around axons of brain and spinal cord are damaged, 2-150 per 100, 000. The body’s own immune system attacks and damages the myelin, when myelin is lost, the axons can no longer effectively conduct signals.

· comparison of structural classes of neurons:

multipolar

-many processes extend from the cell body; all are dendrites except for a single axon

bipolar: two processes extend from the cell body; one is a fused dendrite, the other is an axon

unipolar (pseudounipolar): one process extends from the cell body and forms central and peripheral processes, which together comprise an axon.

Ionotropic: directly linked to opening of a channel so they are fast acting ligand gated; glutamate, GABA, nicotinic Ach

Metabotropic: slower acting and with longer duration; receptors are indirectly linked via metabolic cascades to the opening of channels; often need 2nd messengers

-if you have degraded or no myelin sheath cells in your CNS you have multiple sclerosis

-peripheral demyelination: charcot marie tooth

The key to the physiological process of sensation is transduction
-the conversion of an environmental physical property (stimulus) into a neuronal electrochemical property

receptor classification by stimulus type

mechanoreceptors: respond to touch, pressure, vibration, stretch, itch

thermoreceptors: sensitive to changes in temperature

photoreceptors: respond to light energy (ex. Retina)

chemoreceptors: respond to chemicals (ex smell, taste, changes in blood chemistry)

nociceptors: sensitive to pain-causing stimuli

-input comes from exteroceptors, proprioceptors, and interoceptors

exteroceptors: sensitive to stimuli arising outside the body, so most exteroreceptors are near or at the body surface; touch, pressure, pain, temperature receptors in the skin, aand most receptors of the special senses (vision, hearing, equilibrium, taste, smell)

interoceptors: also called visceroceptors, respond to stimuli within the body, sucha s from the internal viscera and blood vessels; they monitor chemical changes, tissue stretch, temperature, hence causing pain, hunger, discomfort, thirst, usually unaware of it

proprioceptors: like interoceptors, respond to internal stimuli but their location is more restricted; proprioceptors occur in skeletal muscles, tendons, joints, ligaments, CT coverings of bones and muscles, constantly adivse brain of our body movements by monitoring how much the organs containing these receptors are stretched.

-the 3 main levels of neural integration in the somatosensory system:


-receptor level: the sensor receptors

-stimulus energy must match specificity of receptor

-stimulus must be applied within a sensory receptors receptive field (the particular area monitored by the receptor)

-stimulus energy must be converted into the energy of a graded potential called receptor potential in a process called transduction

-membrane depolarizations that summate and directly lead to generation of action potentials in afferent fibers are called generator potentials


-circuit level: ascending pathways

-second level of integration

-task: to deliver impulses to appropriate region of cerebral cortex for stimulus localization and perception

-all the processing at the circuit level going up to the perceptual level synapses at the thalamus

-fibers in the spinothalamic ascending pathways transmit pain, temperature, and coarse touch impulses. They give off branches to the reticular formation and synapse in the thalamus on the way up; emotional aspects of perception

( chains of 3 neurons conduct sensory impulses upward to the brain

-First order neurons: some reside in dorsal root or cranial ganglia, and conduct impulses from the skin to the spinal cord or brain stem

-Second-order neurons:some reside in the dorsal horn of the spinal cord or meduallry nucleus and transmit impulses to thalamus

-second order sensory neurons receive synapses from primary sensory neurons, they send out a message to axons that immediately crosses the midline and projects to the appropriate nucleus of the thalamus.

-second order neurons for pain are in the spinal cord gray matter; second order neurons for fine touch are in brain stem nuclei (dorsal column nuclei in medulla)

-third order neurons: located in the thalamus and conduct impulses to the somatosensory cortex of the cerbrum


-perceptual level: neuronal circuits in the cerebral cortex

-interpretation of sensory input occurs in the cerbral cortex

-identify and appreciate sensations depends on the specific location of the target neurons in the sensory cortex, not on the nature of the message

MAIN ASPECTS of sensory perception:

1-perceptual dection: detect stimulus has occurred

-inputs from several receptors must be summed 

2-magnitude estimation: ability to detect how intense stimulis is

3-spatial discrimination: allows us to identify the site or pattern of stimulation; two point discrimination test (determines how close together 2 points on the skin can be and still perceived as 2 instead of 1; shows map of density of receptors in regions of skin)

-distance btwn perceived points varies from less than 5 mm on highly sensitive body areas (tip of tongue) to more than 50 mm on less sensitive areas (back)

4-feature abstraction: neuron or circuit is tuned to one feature in preference to others; sensation usually involves an interplay of several stimulus properties or features; ex. Velvet

-to perceive the feeling of velvet your nervous system recognizes a certain combination of characteristics of velvet and then the combination would be different for plastic

5-quality discrimination: ability to differentiate submodalities of a particular sensation; each sensory modality has several qualities, or submodalities

-submodalities of taste are sweet and bitter

6-pattern recognition: ability to take in the scene around us and recognize a familiar patter, an unfamiliar one, or one that has special significance for us

-ex. A figure made of dots may be a face, when we listen to music, we hear the melody, not just a string of notes.

-the receptor must have specificity for the stimulus energy

-the great variety of sensory receptors we have, the specific stimulus activates only specific receptors

-the receptors receptive field must be stimulated

-stimulus energy must be converted into a graded potential

-a generator potential in the associated sensory neuron must reach threshold

( descending pathways from neurons in the pariaquductal gray matter of the midbrain descend to the spinal cord and inhibit pain transmission by activating receptors for the peptide neurotransmitter enkephalin

( opiates act to modulate pain transmission by acting at these same receptors

Regeneration of Nerve Fibers

-damage to nerve tissue is serious because mature neurons are amiotic

-if the soma of a damaged nerve remains intact, damage can be repaired

-regeneration: macrophages (remove debris), schwann cells (from regeneration tube and secrete growth factors), axons (regenerate damaged part 1.5 mm/day)

-Chemical senses taste and smell


-chemical senses –gustation (taste) and olfaction (smell)

-their chemoreceptors respond to chemicals in aqueous solution

-taste: to substances dissolved in saliva

-smell: to substances dissolved in fluids of the nasal membranes

physiology of smell: transduction

-olfactory receptors respond to several different odor-causing chemicals

-when bound to ligand these proteins initiate a protein mechanism, which uses camp as a second messenger

-cAMP opens Na+ and Ca2+ channels, causing depolarization of the recepor membrane that then triggers an action potential.

Olfactory transduction process

1-odorant binds to its receptor

2-receptor activates G protein

3-G protein activates adenylate cyclase

4-Adenylate cyclase converts ATP to camp

5-cAMP opens a cation channel allowing Na+ and Ca2+ influx and causing depolarization

-cAMP acts directly on a camp gated ion channel that opens to let Na+ and Ca++ into the cilium and depolarize the olfactory receptor cell

-the Ca++ potential is about

Tasete buds

-most of the 10 000 or so taste buds are found on the tongue

-taste buds are found in papillae (bumps) on the tongue 

Strucutre of a taste bud

-each gourd shaped taste bud consists of 3 major cell tpes:


-supporting cells: insulate the receptor


-basal cells: dynamic stem cells


-gustatory cells: taste cells

gustatory afferents are nerve inding that receive inputs from the gustatory cells- each receives input from several gustatory cells

Gustatory cells- taste cells

-have microvillae called gustatory hairs that extend through the taste pore into the saliva to detect chemicals

-the gustatory hairs have memrane receptors for gustatory chemicals

-gustatory receptor cells are replaced every 7 days

-a tastant (gustatory equivalent of an oderant) binds to specialized receptors on gustatory hairs and causes release of neurotransmitter which activates the gustatory afferent fibers

Taste Transduction

-the stimulus energy of taste is converted to a nerve impulse by:


-Na+ influx in salty tastes


-H+ in sour tastes (by directly entering the cell, by opening cation channels, or by blockade of K+ channels)


-Gustaducin in sweet and bitter tastes

The Retina: Photoreceptors

Rods:

-respond to dim light

-are used for peripheral vision

Cones:

-respond to bring light

-have high-acuity color vision

-are found in the macula lutea

-are concentrated in the fovea centralis

Rods:

Functional characteristics:


-sensitive to dim light (night vision)


-absorb all wavelengths of visible light


-perceived input is in gray tones only


-sum of visual input from many rods feeds into a single ganglion cell


-results in fuzzy and indistinct images

excitation of rods

-the visual pigment of rods is rhodopsin (opsin + 11-cis retinal)

-light phase


-rhodopsin breaks down into all trans retinal + opsin (bleaching of the pigment)

-dark phase


=all trans retinal converts to 11-cis form


-11-cis retinal is also formed from vitamin A


-11-cis retinal and opsin regenerate rhodopsin

Photoreception: functional anatomy of photoreceptors

-photoreception: process by which the eye detects light energy

-rods and cones contain visual pigments (photopigments)


-arranged in a stack of dislike infoldings of the plasma membrane that change shape as they absorb light

Phototransduction

-light energy splits rhodopsin into all trans retinal, releasing activated opsin

the freed opsin activates the G protein trasducin

-transducin catalyzes activation of phosphodiesterase (PDE)

-PDE hydrolyzes cGMP, sodium channels close, the membrane hyperpolarizes, and neurotransmitter cannot be released
Light energy splits rhodopsin into all-trans-retinal releasing activated opsin

The freed opsin activates g protein trasducin

Transducin catalyzes activation of phosphodiesterdase

Pde hydrolyzes cGMP to GMP and releases it from sodium channels

Without bound cGMP, sodium channels close, the membrane hyperpolarizes, and neurotransmitter cannot be released

Chemistry of Visual Pigments

-retinal is a light-absorbing molecule


-combines with opsins to form visual pigments


-similar to and is synthesized from vitamin A


-two isomers: 11-cis and all-trans

-isomerization of retinal initiates electrical impulses in optic nerve

-phototransduction

Resonance of the Basilar Membrane:

-sound waves of low frequency (inaudible)


-travel around the helicotrema

-do not excite hair cells

-audible sound waves:


-penetrate through the cohlear duct

-vibrate the basilar membrane

-excite specific hair cells according to frequency of sound

The organ of corti

-composed of supporting cells and outer and inner hair cells

-afferent fibers of the coclear nerve attach to base of hair cells

-stereocilia (hairs): protrude into the endolymph, touch the tectorial membrane
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· Cranial Nerves

-the optic nerves:

-origin and course: fibers arise from retina of eye to form optic nerve, which passes through optic canal of orbit. The optic nerves converge to form the optic chiasma where fibers partially cross over, continue on as optic tracts, enter thalamus, and synapse there. Thalamic fibers run (as the optic radiatioin) to occipital (visual) cortex, where visual interpretation occurs

fn: purely sensory; carry afferent impulses for vision

Auditory Pathway to the brain

-impulses from the cochlea pass via the spiral ganglion to the cochlear nuclei

-from there, impulses are sent to the superior olivary nucleus and the inferior colliculus (auditory reflex center). From there, impulses pass to the auditory cortex. Auditory pathways decussate so that both corticles receive input from both ears

Pitch is perceived by:

-the primary auditory cortex

-the cochlear nuclei

Loudness is perceived by:

-varying thresholds of cochlear cells

-the number of cells stimulated

Localization is perceived by superior olivary nuclei that determine sound

Effect of Gravity on Utricular Receptor Cells

-otolithic movement in the direction of the kinocilia


-depolarizes vestibular nerve fibers


-increases the number of action potentials generated

Movement in the opposite direction:

-hyperpolarizes vestibular nerve fibers

-reduces the rate of impulse propagation

From this info, the brain is informed of the changing position of the head

Balance and Orientation Pathways

-there are three modes of input for balance and orientation

-vestibular receptors

-somatic receptors

-these receptors allow our body to respond reflexively

Reflex Arc

-There are 5 components of a reflex arc

-receptor: site of stimulus

-sensory neuron: tramsits the afferent impulse to the CNS

-integration centre: either monosynaptic or polysynaptic region within the CNS

-motor neuron: conducts efferent impulses from the integration center to an effector

-effector: muscle fiber or gland that responds to the efferent impulse

-impaired descending control leads to elevation of reflex actions: hypereflexia (overresponsive reflexes)

Descending Motor Pathways:

-descending tracts deliver efferent impulses from the brain to the spinal cord, and are divided into 2 groups


1- direct pathways equivalent to the pyramidal tracts


2-indirect pathways, essentially all others

-motor pathways involve 2 neurons (upper and lower)

-the upper motor neuron is in the motor cortex
-the lower motor neuron is a spinal motor neuron or a cranial nerve motor neuron

INDIRECT SYSTEM

-brain stem, motor nuclei, all motor pathways not part of pyramidal system

-includes rubrospinal, vestibulospinal, reticulospinal, tectospinal tracts.

-the basal ganglia: movement initiation

-receive inputs from widespread regions of the cortex, relay information (via VA thalamus) back to premotor cortex

-requires dopamine for substantia nigra (parkinson’s disease)

Cerebellar Processing

-cerebellum receives impulses of the intent to initiate voluntary muscle contraction

-proprioceptors and visual signals “imform” the cerebellum of the bodys condition

-cerebellar cortex calculates the best way to perform a mvmnt

-a blueprint of coordinated movement is sent to the cerebral motor cortex

Divisions of the ANS

-sympathetic and parasympathetic

-sympathetic: mobilizes body during extreme situations

-parasympathetic performs maintenance activites and conserves body energy

-the 2 divisions counterbalance each other

Neurotransmitters and Receptors:

-acetylcholine (Ach) and norepinephrine (NE) are the 2 major neurotransmitters of the ANS

-Ach is released by all preganglionic axons and all parasympathetic postganglionic axons

-cholinergic fibers: ACh-releasing fibers
-adrenergic fibers: sympathetic postganglionic axons that release NE

-neurotransmitter effects can be excitatory or inhibitory depending on receptor type

INTERACTIONS OF THE AUTONOMIC DIVISIONS

-Most visceral organs are innervated by both sympathetic and parasympathetic fibers

-this results in dynamic antagonisms that precisely control visceral activity

-sympathetic fibers increase heart and respiratory rates, and inhibit digestion and elimination

-parasympathetic fibers decrease heart and respiratory rates, and allow for digestion and the discarding of wastes

Sleep Patterns

-alternating cycles of sleep and wakefulness reflect a natural circadian rhythm

-although RAS activity declines in sleep, sleep is more than turning off RAS

-the brain is actively guided into sleep

-the suprachiasmatic and preoptic nuclei of the hypothalamus regulate the sleep cycle

-a typical sleep pattern alternates between REM and NREM sleep

Stages of memory

-the 2 stages of memory are short term and long term memory

-short term: STM, or working memory: fleeting memory of events that continually happen

-STM lasts seconds to hours and is limited to 7-8 pieces of info

-LTM long term memory has limitless capacity

Mechanisms of memory

-neuronal RNA content is altered

0dendritic spines change shape

-extracellular proteins are deposited at synapses involved in long term memory

-number and size of presynaptic terminals may increase

-more neurotransmitter is released by presynaptic neurons

-new hippocampal neurons appear

Notes for Fortier’s slides

To detect the state of the internal and external milieu, the nervous system uses sensory receptors. 

There are 3 methods to classify the sensory receptors. 

(1) According to the anatomical location of the stimulus. 

This includes:

- exteroceptors (located close to the surface of the body to receive information of the external environment for the sense of hearing, vision, smell, taste, touch, pressure, vibration, temperature and pain), --visceroceptors (located in the blood vessels and the internal organs to provide information for automatic control of the internal milieu without requiring involvement of the conscious areas of the CNS except for nociception which produces referred pain to another part of the body), 

-proprioceptors (located in the muscles and the articulations to provide information on the position of the body. 

(2) According to the type of stimulus. 

This includes:

-mechanoreceptors (detects mechanical stimuli); texture

-thermoreceptors (detects thermal stimuli because temperature changes the energy of the channel molecule which then forms a new stable conformation where channel opening ia altered)

-photoreceptors (detects visual stimuli or photons)

-chemoreceptors (detects molecules),

- nociceptors (detects dangerous stimuli for the organism)

(3) according to the complexity of the structure
 These include :

-complex receptors (sensory organs of the special senses, namely, vision, taste, smell, hearing and balance) 

-simple receptors (all the other receptors which are from the somatic and vegetative systems).

The fact that the initial response of a receptor decreases after a period of time is named adaptation. A phasic receptor adapts quickly while a tonic receptor adapt slowly.

-The surface of the tongue has structures called papillae which gives it a rough texture.  

There are 2 kinds of papillae:  

(1) fungiform papillae which is on the soft palate, internal cheeks, pharynx, epiglottis, and predominantly on the end and sides of the tongue where there are 10000 of them and 

(2) circumvallate papillae which forms a series of 7-12 towards the back of the tongue.  The papillae contain taste buds each consisting of 40-60 epithelial cells forming a taste pore. 

 There are 3 types of epithelial cells:  

(1) supporting cells, 

(2) gustatory cell which is the chemoreceptor containing microvilli which adapts to stimuli in 1-5 minutes (they do not produce an action potential), and 

(3) basal cells which renew the supporting and gustatory cells every 7-10 days. The receptors for the different fundamental flavors are partially mixed on the tongue but we can generally say that as we move from the tip to the back of the tongue there is a change in the chemical sensitivity from salty, to sweet, to sour (acid), and to bitter flavors.  By drinking wine we perceive some flavors from the receptors on the tip of the tongue but then there is a bitter after taste because the wine flows slowly towards the back of the tongue and stimulates the receptors for bitter flavors.

Transduction

Sweet flavors: sugar molecules binds to receptor which stimulates a G protein to increase levels of camp which causes phophorylation of potassium channels which makes them close. Sodium causes depolarization and neurotransmitters are released.

Bitter flavors: 
Several mechanisms since several molecules produce bitter tastes:

1) direct blocking of potassium channel leaving sodium current to produce depolarization and release of neurotransmitter

2) binding to receptor activates a G protein that stimulates increase in IP3 which causes release of intracellular Ca stores to trigger neurotransmitter release

Salty flavors: 
-sodium in food crosses sodium channel to produce depolarization and release of neurotransmitter

Sour flavors:

-hydrogen ions in food can block potassium channels or enter by sodium channels (degree of permeability to sodium is too low to generate a depolarization) producing depolarization and release of neurotransmitter

[Taste: sensory pathway] 

Substances in solution stimulate the chemoreceptors of gustatory cells which then release neurotransmitters to activate neurons of the facial (VII), glossopharyngial (IX), or vagus (X) nerves.  These cranial nerves project to the solitary nucleus in the medulla.  The neurons of the solitary nucleus project to the thalamus which then projects to the insular cortex for perception of taste.

1-substance in soln 

2-chemoreceptors of gustatory cells

3-release neurotransmitters

4-facial (7), glossopharyngial (9), vagus (10)

5-solitary nucleus in medulla

6-thalamus

7-insular cortex  (perception of taste)

 -The sense of smell is responsible for 80 percent of taste sensations 

(n.b. it is for this reason that one loses taste with a cold).  Furthermore, thermoreceptors give the perception of temperature (a hot coffee is preferred) while mechanoreceptors provide perception of the texture of foods (many don't like the fuzz on peaches).  

The spicy tastes come from activation of nociceptors.

-the olfactory organ is in the roof of the nasal cavity

The receptor area of the olfactory system is made of an epithelium which contains 3 kinds of cells: 

(1) olfactory cells with olfactory cilia that detect odors (n.b. the olfactory cells are bipolar neurons forming the first cranial nerve with axons crossing the cribiform plate of the ethmoid bone to reach the olfactory bulb), 

(2) supporting cells 
(3) basal cells that regenerate the other cells (olfactory cells are among the few types of neurons that can be regenerated and occurs about every 60 days).

· [Smell: receptors] There are many olfactory receptors and their mechanisms of transduction are incompletely known. 

· However, the general mechanism is that an odor molecule activates a metabotropic receptor which ultimately causes opening of a sodium channel (or closing of a potassium channel) to depolarize the cell.

-olfactory receptors and their mechanisms of transduction:


-general mechanism: an odor molecule activates a metabotropic receptor which ultimately causes opening of a sodium channel (or closing of a potassium channel) to depolarize the cell.

-metabotropic: cascade

-ionotropic: directly linked to opening channels

· [Smell: sensory pathway] 

· Volatile and water-soluble substances stimulate the olfactory cells which project to the Mitral cells of the olfactory bulb.  

· These then send projections via the olfactory tract to several areas. 

· The projections via the thalamus to the orbito-frontal cortex provide the ability to perceive the quality of odors. 

· The other pathways give rise to emotional responses to odors.
1-olfactory cells

2-mitral cells of olfactory bulb

3-olfactory tract

4-thalamus

5-orbito-frontal cortex (quality of odor)

· [Hearing and Balance: structures] 

· The structures for hearing and balance are together.  

· The ear includes 3 parts:  

· (1) outer ear: starts at the helix which takes its shape from elastic cartilage (the helix forms the thicker cartilaginous edge and the lobule forms the soft part without cartilage), passes along the external auditory canal (has glands that secrete cerumen- brownyellow wax that repels insects) and ends at the tympanic membrane (thin, translucent formed or fibrous conjunctive tissue)

· cerumen-brown yellow wax

· (2) middle ear:  forms tympanic cavity which contains ossicles (malleus, incus, stapes) for transmitting movements of the tympanic membrane to the oval window. The tympanic cavity opens into the pharyngotympanic (auditory) tube that leads to the nasopharynx.
· (3) inner ear also named the labyrinth; in the temporal bone and is formed of a bony labyrinth covered with endostium
-the cochlea, vestibule, semicircular canals are different parts of this bony labyrinth

-bony labyrinth contains a membranous labyrinth

-cochlear duct is the memrabnous labyrinth in the cochlea which transduces sound
-the utricule and saccule are the membranous labyrinth in the vestibule which transduces head posture
-semicircular ducts are the membranous labyrinth in the semicircular canals which transduce head movements.
***cochlea transduces sound!

***utricule and saccule (in the vestibule) transduce head posture
***semicircular ducts transduce head movements
· The membranous labyrinth contains a liquid called endolymph that is similar to the intracellular liquid and which is formed by the stria vascularis of the membrane.  

-the endolymph is made of stria vascularis

· Between the walls of the bony and membranous labyrinth there is perilymph that is a liquid similar to extracellular or cerebrospinal fluid derived from a perilymphatic duct leading to the subarachnoid space.

-sounds are caused by changes in air pressure

· [Hearing: wave amplitude and frequency]

·  Sound waves have an amplitude and a frequency. 

· -A large amplitude wave corresponds to a loud sound of high intensity 

· -small amplitude wave corresponds to a soft sound of low intensity
· -The intensity is measured in decibels (0 dB = threshold of hearing, 50 dB = normal conversation, 90 dB = rock concert, 130 dB = pain) 

· -A short duration wave corresponds to a high frequency sound (high pitch) 

· - long duration wave corresponds to a low frequency sound (low pitch).

· [Hearing: mechanical stimulus]

· Sound waves are variations of air pressure. 

· Waves enter the external auditory canal and apply pressure on the tympanic membrane. Movements of this membrane are transmitted to the malleus, incus, and stapes which strikes the oval window which induces waves in the perilymph propagating through the scala vestibuli, around the helicotrema, and thence the scala tympani ending on the round window (where the energy of the waves are absorbed by its membrane.)
· These waves enduce oscillations of the cochlear duct and its sensory structure called the spiral organ of Corti which is specialized to detect sound waves. 
· The basilar membrane extends from the base of the cochlear membrane (near the tympanic cavity) to the apex or helicotrema.  

-after 40 ms of loud sound, malleus and stapes muscles reduce amplitude of sound wave to reduce damage

· highest frequency sounds vibrate the base of the basilar membrane 

· lowest frequency sounds vibrate its apex (top)

Therefore, dendritic branches of the cochlear nerve at the base of the basilar membrane will transmit information on high frequency waves while dendritic branches at the apex will transmit information on low frequency waves. 

The stronger the sound the greater will be the amplitude of the basilar membrane vibrations and consequently the greater the number of sensory hair cells and cochlear nerve fibers that will be stimulated. 

This leads to the perception of a higher intensity sound. There are muscles on the first and last ossicle (malleous and stapes) which are recruited 40 ms after the beginning of a strong sound to reduce the amplitude of the waves.

· [Hearing: sensory organ]

·  The spiral organ rests on the basilar membrane and it is composed of

· -supporting cells and

· - sensory hair cells  (containing stereocilia that are attached to the tectoral membrane.
· [Hearing: transduction] 

· Movement of the stereocilia cause depolarization of the sensory hair cells.  

· Bending of the stereocilia in one direction leads to opening of potassium channels and depolarization
· -bending in the opposite direction leads to closing of these channels and repolarization 

· (n.b. sensory hair cells are bathed in endolymph which is higher in potassium and lower in sodium ions than the intracellular fluid of these cells thus opening of potassium channels lead to depolarization).  

Depolarization causes neurotransmitter release which excites dendrites of the cochlear nerve (n.b. part of the VIII (8) cranial nerve named vestibulocochlear)

· Fibers of the vestibular nerve join the vestibulocochlear nerve which then branch off to synapse onto cells of the lateral and superior vestibular nuclei.  The latter has some projections to the brainstem to participate in reflexes (e.g. visual) and other bilateral projections to the ventral posterior thalamus which thence projects to the vestibular cortex in the parietal lobe.

· [Hearing and Balance: similar transduction] 

· mechanical transduction of stimuli into electrical activity by the spiral organ of Corti, the maculae, and the crista ampullaris are similar:  there is a membrane with specialized supporting cells and sensory hair cells which are depolarized by displacement of the cilia and thence release neurotransmitter onto the neurofibers.  The differences relate to the structure of the specialized membrane:  for the spiral organ of Corti there is a tectorial membrane, for the maculae there is an otolithic membrane, and for the crista ampullaris cupula.

[Hearing: sensory pathway] 

· Fibers of the cochlear nerve join the vestibulocochlear nerve and then branch off to reach neurons of the cochlear nucleus.  These relay information to the contralateral superior olive which relays in the inferior colliculus and the thalamus which then relays to the auditory cortex in the temporal lobe. 

1-cochlear nerve

2-vestibulocochlear nerve

3-cochlear nucleus

4-contralateral superior olive

5-inferior coliculus

6-thalamus

7-auditory cortex in temporal lobe

· There are 2 kinds of deafness: 

·  (1) a problem with the mechanical transmission of sound waves produces conduction deafness 

· (2) a problem with the transmission of electrical activity produces sensorineural deafness 

-from listening to really loud music so it is permanent 

· (n.b. loud sounds destroy sensory hair cells). 

·  If a patient can hear the sound from a tuning fork placed on the temporal bone then one can conclude that there is conduction deafness and not sensorineural deafness.

(you can still detect a sound but the damage to part of the ear makes you not able to conduct it so it never reaches the auditory cortex so you cannot perceive it) 

-conduction deafness has damage to certain part of the conduction area whereas sensorinueral deafness is damage of stereocilia that detect sounds.

1-external membrane

2-tympanic membrane

3-malleus, incus, strapes

4-oval window

5-perilymph

6-scala vestibuli

7-helicotrema

8-scala tympani

9-round window (waves absorbed)
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10-cochlear duct

11-spiral organ of corti (detects sound)

The cortex has a tonotopic organization where there is an orderly numerical organization of sound frequencies reaching neighboring areas.

· Sound is localized by:

· (1) the temporal difference between the arrival of sound in the two ears 

· (2) the difference in intensity of sound which enters each ear.

· [Static Balance: organ]

· The saccule and utricule each contain a macula.  

· The macula contains an epithelial membrane, containing supporting and sensory hair cells, onto which rests the otolithic membrane which contains crystals called otoliths whose weight on the otolithic membrane causes displacements of the stereocilia and kinocilium according to the orientation of the head.

· [Static Balance: transduction] 

· The force of gravity is the stimulus which acts on the sensory structure named macula which transduces the stimulus into neuronal impulses. Bending of the stereocilia towards the kinocilium produces depolarization (K+ gates open because the enolymph is potassium rich so opening it would depolarize it)

· The position information provided by the macula is of the head since this structure is fixed to the head. 

· The depolarization of the sensory hair cells causes the release of neurotransmitter on the vestibular fibers of the vestibulocochlear nerve which branches off to the vestibular nuclei.
Since the orientation of hair cells differs, only a fraction of the cells will be stimulated by a particular orientation of the head.

· [Dynamic Balance: semicircular channels] There are 3 semicircular canals each directed to detect movement of the head in one of the 3 spatial dimensions.

· [Dynamic Balance: organ] Each canal contains an ampula which contains the sensory organ named crista ampullaris that transduces acceleration of the endolymph into neuronal impulses.  Each crista ampullaris contains an epithelial membrane, formed of supporting and sensory hair cells, on which lies the cupula (a gelatinous mass).

· [Dynamic Balance: transduction] Movement of the head causes movement of the endolymph in the semicircular ducts. The cupula bends under force against the endolymph in the semicircular ducts which causes bending of the stereocilia and kinocilia and evokes depolarization and neurotransmitter release onto vestibular fibers of the vestibulocochlear nerve.

-endolymph is in the membranous labyrinth (inner ear)

-perilymph is in between the bony and membranous labyrinth in the inner ear

· [Dynamic Balance: VOR] The fact that one can read even if the bus strikes a bump is due to the vestibulo-occular reflex triggered by the crista ampullaris.  A brief  movement of the head will produce a brief movement of endoblymph that stimulates the receptors but after continuous motion of the head, as on a merry-go-round, the endolymph is turning with the head and is essentially not flowing around the canals. When the merry-go-round stops, the head stops but the endolymph continues its circular motion and stimulates the receptors which evoke nystagmus (involuntary eye movements) and dizziness.

· [Balance: sensory pathway] Fibers of the vestibular nerve join the vestibulocochlear nerve which then branch off to synapse onto cells of the lateral and superior vestibular nuclei.  The lateral has some projections to the brainstem to participate in reflexes (e.g. visual) and other bilateral projections to the ventral posterior thalamus which thence projects to the vestibular cortex in the parietal lobe.

· 1-vestibular nerve

2-vestibulocochlear nerve

3-lateral and superior vestibular nuclei

4-lateral to brainstem (reflex)

5-bilateral to ventral posterior thalamus to vestibular cortex (parietal lobe)

· [Hearing and Balance: similar transduction] Therefore, mechanical transduction of stimuli into electrical activity by the spiral organ of Corti, the maculae, and the crista ampullaris are similar:  there is a membrane with specialized supporting cells and sensory hair cells which are depolarized by displacement of the cilia and thence release neurotransmitter onto the neurofibers.  The differences relate to the structure of the specialized membrane:  for the spiral organ of Corti there is a tectorial membrane, for the maculae there is an otolithic membrane, and for the crista ampullaris cupula.

Spiral organ of corti- tectorial membrane

Maculae- otolithic membrane

Crista ampullaris-cupula

-the eye has a diameter of 2.5 cm

· -[Vision: eye lubrification] The eye is lubricated by the lacrimal apparatus which includes a lacrimal gland producing a lacrimal secretion (tears containing mucus, antibodies, and lysozyme) which leaves by excretory ducts. The tears normally reach the lacrimal punctum in the nasal corner of the eye leading to the lacrimal canal and nasolacrimal duct which pours in the inferior meatus of the nose.  An excessive secretion overflows and run on the face as tears.

lacrimal apparatus (lubricates eye):

-lacrimal gland 

-lacrimal secretion (tears: mucus, antibodies, lysozyme)

-excretory ducts of lacrimal gland

-lacrimal punctum

-lacrimal canal

-nasolacrimal duct

-inferior meatus

eye is lubricated by lacrimal apparatus. Secretory excretions are produced in the lacrimal gland and excreted through lacrimal ducts into the lacrimal punctum and then they go to the lacrimal canal and then to the nasolacrimal duct and empty into the inferior nasal meatus. 

-surface of eyeball contains a delicate mucous membrane called conjunctiva
· [Vision: tunics of eye] 

· The eye itself is formed of 3 layers or tunics: fibrous, vascular and sensory (retina). 

· The fibrous tunic has a part named cornea which is transparent (can be transplanted without rejection because it does not have any blood vessels to carry immune response cells) and another part named sclera which forms the white of the eyeball.  The sclera is used as anchoring for the ocular muscles and joins the dura mater at the back which forms the envelope of the optic nerve. 

The vascular tunic (also named uvea) includes the iris and the ciliary body anteriorly and the choroid posteriorly (the junction between the ciliary body and the choroid is called ora serrata).  The iris is composed of smooth muscles in radial and circular layout for dilating and constricting the pupil.  The pupil is the opening of the iris which lets light pass into the eye.  The pupillary reflex is a fast contraction of the circular smooth muscles of the iris in response to light.  The ciliary body is made of smooth muscles for changing the shape of the lens to which it is attached via suspensory ligaments.

· The sensory tunic is commonly named the retina.  It includes a pigmented layer and a  neural layer.  

· The pigmentary layer covers the choroid, ciliary body, and the posterior surface of the iris in order to absorb light so that it does not reflect on the interior walls of the eyeball.  

The neural layer covers only the choroid.  By looking into the eye one can see a yellow spot or macula lutea which contains at its center the fovea centralis which is the size of a pin-head and contains only cones (photoreceptors specialized for detecting colors).  The optic disc or blind spot is that part of the neural layer which is deprived of photoreceptors since it is the site for the passage of nerves and blood vessels which irrigate the posterior 2/3 of the retina (the anterior 1/3 is irrigated by the vessels of the choroid).  There are 2 types of photoreceptors:  (1) cones sensitive to color whose presence is numerous in the fovea centralis but decreases towards the periphery and (2) rods insensitive to color but more sensitive to weak light and distributed mostly in the periphery. The photoreceptors synapse onto bipolar cells which in turn synapse with ganglion cells whose axons form the optic nerves.  A ganglion cell receives information only from a single cone or from several rods.

· [Vision: segments of eye] The lens divides the eyeball into a posterior segment (containing the vitreous humor which is a gelatinous substance) and an anterior segment (containing aqueous humor).  

· The anterior segment is divided by the iris into the anterior chamber and the posterior chamber.  The aqueous humor is formed by filtration through the capillaries at the ciliary process.  Evacuation of the aqueous humor is done by the scleral venous sinus (canal of Schlemm).  Blockage of these sinuses leads to glaucoma.
· [Vision: eye muscles] The eyes move in order that the object of interest falls onto the fovea of the retina where sensitivity is greatest. Eye movements are produced by 3 pairs of extrinsic muscles:

·  (1) superior and inferior rectus muscles, 

· (2) medial and lateral rectus muscles, and

· (3) superior and inferior oblique muscles.

-eye muscles are controlled by cranial nerves 3, 4, 6

· The nervous system produces 2 types of eye movements: 

· (1) saccades are fast eye movements to change the point of visual attention 

· (2) smooth pursuit are automatic eye movements to follow the movement of an object in visual attention.

· [Vision: convergence] Convergence of the eyes occurs for close objects so that it falls on the fovea centralis of both eyes to permit stereoscopic vision. The eyes would then diverge to look far away. For other eye movements, both eyes move in parallel fashion.

· [Vision: stereoscopic vision] The brain perceives the distance of an object partly from the convergence of the eyeballs and the location of the object on each retina.

· [Vision: light] The visible spectrum includes electromagnetic wavelengths from 400 Nm (blue) - 700 Nm (red). A prism shows that white light is a mixture of all colors.

· [Vision: reflection] Reflection is the ability of light to be reflected on a surface (the color of an object indicates the color reflected by the object).

· [Vision: absorbed and reflected light] White light is different from the perception of colors when mixed for painting because the color viewed is that which is reflected (a mixture of all colors produces black paint which does not reflect light and is thus is perceived as black).

· [Vision: light path] Light passes through the following structures to reach the photoreceptors:  the cornea, anterior chamber, pupil, posterior chamber, lens, posterior segment, ganglion cells, bipolar cells, and finally photoreceptors.

For light to get to photoreceptor it passes through:

-cornea

-anterior chamber

-pupil

-posterior chamber

-lens

-posterior segment

-ganglion cells

-bipolar cells

-photoreceptor

-an aphthalmoscope allows viewing the fundus of the eye

-the pupil controls amount of light entering the eye

-parasympathetic stimulation causes circular muscles to contract

-sympathetic stimulation causes radial muscles to contract

· [Vision: pupillary light reflex]

· Retinal ganglion cells relay to pretectal nucleus neurons which relay to Edinger-Westphal nucleus neurons, forming third cranial nerve, on both the left and right sides which relay to the ciliary ganglion neurons that innervate the constrictor muscle of the iris.
· - Refraction occurs because the speed of light is slowed down in a medium of greater density.  This phenomenon is used in the fabrication of glasses to correct vision.

· - The process of focusing involves the convergence of point sources. 

· - The lens of the eye causes the image to be inverted on the retina.

· The accommodation reflex bends the light rays on the focal point of the retina so that the visual field is in focus.  

· Relaxation of the ciliary body increases tension on the suspensory ligaments and causes stretching of the lens to permit far vision while contraction of the ciliary body decreases tension of the suspensory ligaments and allows the lens to bulge from its elastic properties to permit near vision. 

· An object that is closer than the  punctum proximum (typically to 25 cm) cannot be seen clearly because accommodation of the lens (bulging of the lens produced by contraction of the ciliary muscles) is at a maximum. 

· An object at the puntum remotum or further (typically 2-6 meters) does not require accommodation of the lens to be seen clearly because the light entering the eye is parallel. 

· Thus, accommodation of the lens is used to clearly see objects that are at a distance between the punctum proximum and remotum.
-stretching of the lens: far vision (relaxing ciliary body increases tension on suspensory ligaments and causes stretching of lens)

-contraction of ciliary body decreases tension of suspensory ligaments and allows lens to bulge from elastic properties to permit near vision.

· [Vision: myopic and hypermetropic] 

· Normal vision (emmetropia) is 20/20 (i.e. distance you must be in order to clearly see object that / a normal subject sees clearly at 20 feet). 

· In myopia, the subject has poor far vision because the image forms in front of the retina thus the correction requires concave lenses (it's not a defect of the lens but rather that the eye is too deep). 

·  In hyperopia the subject has poor near vision because the image forms behind the retina thus the correction requires convex lenses (it's not a defect of the lens but rather that the eye is not deep enough).  

· Astigmatism is due to unequal curvatures of the lens or cornea which requires a combination of both concave and convex lenses to correct vision.

· -presbyopia: decrease in accommodation due to loss of elasticity of lens (with age)

· -The level of accommodation decreases between the ages of 10-50.

· A cataract is an opacity of the lens which clouds and blocks vision.

· [Vision: image on retina] 

-The right visual field reaches the temporal retina of the left eye and the nasal retina of the right eye 
-the left visual field reaches the temporal retina of the right eye and the nasal retina of the left eye 

· It is the photoreceptors of the retina which detect light. 

· The photoreceptors are made of an outer segment (light receiving area) and an inner segment (metabolic area) linked by a connecting stalk. 

·  The outer segment contains visual pigment (molecules) for photoreception.
-photoreceptors are made of:

1-outer segment: receive light

2-inner segment: metabolic area

( linked by a connecting stalk

-visual pigment is made of retinal and opsin 

-rods: scotopsin

-cones: 3 kinds of photopsins (detect blue, green, red)

-retinal is photosensitive

-in the dark the retinal binds to opsins to form visual pigment 

-in the light, the retinal dissociates with opsin (the color absorbed by the retinal depends on the opsin to which it binds)

-visual cycle for rhodopsin (visual pigment of rods):

-light and rhodopsin =scotopsin + all-trans retinal

-dark + all-trans retinal + isomerase +ATP = 11-cis retinal

-Dark + 11-cis retinal +scotopsin = rhodopsin

-vitamin A loses 2 hydrogens to form an external source of 11-cis retinal

-light reduces quantity of visual pigment which reduces the sensitivity to light

-darkness allows regeneration of visual pigment to increase light sensitivity

-adaptation to dark is slower bc ATP and 2 metabolic steps are required to regenerate sufficient quantity of visual pigment
????-photoreceptors are not always active in daylight bc as we glance at diff objects, some photoreceptors would receive the white parts of the object and others would receive the black parts of the object.

· Photons (light waves) transform Rhodopsin of the rods into scotopsin and all-trans retinal.  Scotopsin causes a metabolic cascade which results in conversion of cyclic GMP into GMP.
-photons transform

-rhodopsin of rods into

-scotopsin and all trans retinal

-metabolic cascade

-cGMP to GMP

· -In the dark, there is plenty of CGMP which stimulates opening of the sodium channels and depolarization of the cells, but in the light there is a reduction in cyclic GMP which leads to closing of the sodium channels and repolarisation.

-dark: lots of cGMP, Na channels open, depolarization

-light: less cGMP, Na channels close, repolarization

· -This visible spectrum is detected by the blue, green and red cones.  They are maximally  sensitive for light at at particular wavelength (blue cones = 420, green cones = 530, red cones = 560 Nm) but also respond to lesser extents for light at wavelengths about this maximum sensitivity.

· Perception of colour: colour-opponent mechanism:

·  (1) difference in activity of the red and green cones,

· (2) difference in activity of the blue and combined green and red cones, and (3) the light-dark activity differences of the rods.

· [Vision: red-green perception test] The most common color blindness is a difficulty in distinguishing the colors red and green resulting from a defective X chromosome.

· [Vision: visual fields] The visual field is the width of space which one can see without moving. It is divided by the nose into the left and right visual fields.

· [Vision: synaptic relays] The neuronal circuit which transmits visual information includes:  photoreceptors, bipolar cells, and ganglion cells.

· [Vision: connections to cortex] The ganglion cells project to the lateral geniculate cells of the thalamus whose axons form the optic radiation terminating on cells of the primary visual cortex in the occipital lobe. 

· Information coming from the rods and the blue, green and red cones follow separate pathways to the primary visual cortex without mixing so that one can perceive the different colors.  

The visual cortex receives information from the contralateral visual field.  

The ganglion cell axons between the eye and the optic chiasm (the optic chiasm is the area where the optic nerves of each eye meet and the axons coming from the nasal areas cross towards the contralateral side) is called the optic nerve while the part of the ganglion cell axons between the optic chiasm and the thalamus is called the optic tract. Know A-C

-optic tract: ganglion cell axons between optic chiasm and thalamus

-chiasm: area where optic nerves of each eye meet 

-optic nerve: axons coming from nasal areas towards contralateral side

· [Vision: cortical retinotopy] Inversion of the visual image on the retina is kept inverted along the path to the primary visual cortex.
· -projections towards the lateral geniculate nucleus of thalamus = visual perception

· ganglion cells have other projections towards: 

· (1) the suprachiasmatic nucleus of the hypothalamus which takes part in the biorhythms from the light and dark cycles, 

· (2) the superior colliculi which participates in fast movements (saccades) of the eyes towards a visual stimulus 

· (3) the pretectal nuclei which participates in the pupillary light reflex where light in one eye produces pupillary constriction in both eyes.

· [Somesthesia: skin receptors] The simple receptors in the somatic system detect the stimuli to the body and those in the vegetative system detect stimuli to the internal organs. 

· -simple receptors

· -somatic system: detect stimuli to body 

· -vegetative system: detect stimuli to internal organs

· There are 2 kinds of simple receptors: 

(1) free nerve endings and 

(2) encapsulated dendritic endings.

· 
The free nerve endings include: 

· (a) non-specialized naked or free nerve endings which detect pain, temperature, or strong pressure throughout the body, 

· (b)  Merkel discs which are for the detection of light touch at the bottom of the epidermis 

· (c) hair follicle receptors which detect movement of hair. 


The encapsulated dendritic endings include: 

(a) Meissner's corpuscle which is of greater density in the hands, lips, and nipples where they have a discriminative tactile function,

 (b)  Krause corpuscles which are like Meissner's corpuscle but are located in mucous membranes like the mouth,

 (c) Pacinian corpuscle which is in the dermis and the subcutaneous tissue where they respond to changes in pressure since the capsule partly adapts to maintained pressure, 

(d)  Ruffini corpuscle which is in the dermis, the subcutaneous tissue, and the articular capsules where they respond to stretching, 

(e) Golgi tendon organs which are in the tendon and respond to applied tension 

(f) muscle spindles which have a capsule containing intrafusal muscles surrounded with sensory endings (primary and secondary) that measure the length of the central part of the intrafusal fibers (this is used to provide information on the the length of the extrafusal muscle) and which receives impulses from gamma motoneurons that cause contraction of the extremities of the intrafusal fibers (this provides control of the sensitivity to stretching). 

MKRGMP







