Anatomy Final Exam Review
Physiology of the Nervous System: resemblance 
Neurophysiology:

· Neurons are highly irritable. When an impulse is generated a response, called an action potential is fired.

· Voltage: Measure of potential energy generated by separated charge.  Volts or millivolts (1mV = 0.001 V).

· Current: Flow of electrical charge from one point to another. 

· Resistance: Hindrance to charge flow provided by substances through which the current must pass. 

· Substances with high electrical resistance are called insulators and those with low resistance are called conductors.

· Ohm’s Law: Relationship between voltage, current and resistance. Current is directly proportional to voltage. No net current flow between points that have the same potential. Current is inversely related to resistance.

· Current (I) = Voltage (V)
        Resistance (R)

Role of Membrane Ion Channels:

· Ion channels are large proteins, often with several subunits whose amino acid chains snake back and forth across the membrane. 

· Chemically gated channels open when the appropriate chemical binds.

· Voltage-gates channels open and close in response to changes in the membrane potential.

· Mechanically gated channels open in response to physical deformation of the receptor.

· When gated ion channels are open, ions diffuse quickly across the membrane following their electrochemical gradients, creating electrical currents and voltage changes. 

· Ions move along chemical concentration gradients when they diffuse from an area of high concentration to an area of low concentration and along electrical gradients when they move toward an area of opposite electrical charges. Electrochemical gradient. 

Resting Membrane Potential:

· Potential difference in a resting neuron. Membrane is said to be polarized.
· Value of the resting membrane potential varies (from -40 mV to -90 mV).

· Resting membrane potential is generated by differences in the ionic makeup of the intracellular and extracellular fluid. 

· Extracellular fluid, positive charges of sodium and other cations are balanced by chloride ions. 

· Negatively charged (anionic) proteins help to balance the positive charges of intracellular cations. 

· Potassium ions diffuse out of the cell along their concentration gradient. 

· K+ flowing out of the cell caused the cell to become more negative inside.

· At resting membrane potential, the negative interior of the cell is due to much greater diffusion of K+ out of the cell than Na+ diffusion into the cell. 

· ATP=driven sodium-potassium pumps first ejects three Na+ from the cell and then transports two K+ back into the cell, stabilizes the resting membrane potential. 

· Signals are produced by a change in membrane potential: graded potentials, which are usually incoming signals operating over short distances and action potentials, which are long-distance signals of axons. 
· Depolarization: Reduction in membrane potential. Inside of the membrane becomes less negative. 

· Hyperpolarization: Occurs when the membrane potential increases.

· Graded Potentials: Short-lives, localized changed in membrane potential that can be either depolarizations or hyperpolarizations.

· Stronger stimulus, the more the voltage changes and the farther the current flows.

· Receptor of a sensory neuron is excited by some form of energy (heat, light) is called a receptor potential.

· Stimulus is a neurotransmitter released by another neuron is called a postsynaptic potential. 

· Current flow on both sides of the membrane between the depolarized (active) membrane area and the adjacent polarized (resting) areas. 

· Inside the cell, positive ions (K+) move away from the depolarized area.

· Positive ions on the outer membrane face are moving towards the region of reversed membrane polarity (depolarized region).

· Inside becomes less negative and the outside becomes less positive. 

Action Potentials:

· Principle way neurons send signals over long distances. 
· Transition from local graded potential to action potential takes place in the axon hillock.

· Changed in membrane permeability resulting from the opening and closing of voltage-gated ion channels, all induced by depolarization of the axon membrane. 

1. Resting state: Voltage-gated channels closed:

· Na+ channel has two gates: voltage sensitive activation gate that is closed at rest and responds to depolarization by opening, and an inactivation gate that blocks the channel once it’s open.

· Depolarization open and then inactivated sodium channels.

2. Depolarizing phase: Increase in Na+ permeability and reversal of membrane potential. 

· Sodium channels open and Na+ rushed into the cell. When depolarization reached threshold, it continues by positive feedback.

· Membrane potential becomes less and less negative and then overshoots to about +30 mV as Na+ rushed in along its electrochemical gradient. 

3. Repolarizing phase: Decrease in Na+ permeability:

· Membrane permeability to Na+ declines to resting. AP spike stops rising and reverses direction. 

       Repolarizing phase: Increase in K+ permeability: K+ rushes out of the cell. Internal negativity of the resting neuron is restored, repolarization.

4. Hyperpolarization: K+ permeability continues:

· Na+ channels begin to rest back to their original position by changing shape to reopen their inactivation gates.

· Ion redistribution is accomplished by the sodium-potassium pump. 

Refractory Periods:
· Absolute refractory period: Period from the opening of the Na+ channels until the Na+ channels begin to reset to their original resting state.

· Relative refractory period: Interval following the absolute refractory period. Most Na+ channels have returned to their resting state, some K+ channels are still open and repolarization is occurring. 

· The rate of impulse propagation depends largely on the two factors: 

1. Axon diameter: The larger the axon’s diameter, the faster it conducts impulses. Larger axons offer less resistance. 

2. Degree of Myelination: Presence of a myelin sheath dramatically increases the rate of AP propagation because myelin acts as an insulator, allowing the membrane voltage to change more rapidly. Current can pass only at the nodes of Ranvier. All voltage-gated Na+ channels are concentrated at the nodes. APs are triggered only at the nodes, saltatory conduction because electrical signal jumps from node to node along the axon. This is 30 times faster than continuous conduction.
The Synapse:

· Junction that mediates information transfer from one neuron to the next or from a neuron to an effetctor cell- it’s where the action is.

· Presynaptic neuron: Neuron conducting impulses toward the synapse. Information sender.

· Postsynaptic neuron: Transmitting the electrical signal away from the synapse. Information receiver.

· Electrical synapse: Gap junctions found between certain other body cells. Contain protein channels that connect the cytoplasm of adjacent neurons. Transmission is very rapid. Found in regions of the brain responsible for certain jerky movements. 

· Chemical synapse: Specialized for release and reception of chemical neurotransmitters. 

· Knoblike axon terminal of the presynaptic neuron contains many tiny membrane bounded sacs.

· Neurotransmitter receptor region. 
· Always separated by a synaptic cleft. 

· Chemical synapses effectively prevent a nerve impulse from being directly transmitted from one neuron to another. Depends on the release, diffusion, and receptor binding of neurotransmitter molecules, results in unidirectional communication. 

· When a nerve impulse reaches and axon terminal:

1. Calcium channels open in the presynaptic axon terminal. 

· Membrane depolarization opens not only Na+ channels but voltage-gated Ca2+ channels. 

2. Neurotransmitter is released.
· Ca2+ acts as an intracellular messenger, directing synaptic vesicles to fuse with the axon membrane. It is then quickly removed from the terminal.
3. Neurotransmitter binds to postsynaptic receptors.

· Neurotransmitter diffuses across the synaptic cleft and bind reversibly to specific protein receptors clustered on the postsynaptic membrane.

4. Ion channels open the postsynaptic membrane.

· For each nerve impulse reaching the presynaptic terminal, many vesicles are empties into the synaptic cleft. More intense stimulus, the greater number of synaptic vesicles. 

5. Neurotransmitter effects are terminated.

· Degradation by enzymes, reuptake by astrocytes and diffusion away from the synapse.

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

Mechanism of Action of G Protein-Linked Receptors:

· Indirect, slow, complex and often prolonged. 
· Transmembrane protein complexed and include muscarinic Ach and those that bind the biogenic amines and neuropeptides. 

· Controlling the production of second messengers such as cyclic AMP, cyclic GMP, diacylglycerol or Ca2+. 

· Regulate (open or close) ion channels or activate kinase enzymes that initiate a cascade of enzymatic reactions in the target cells. 

The Peripheral Nervous System:

· Provides links from and to the world outside our bodies, enabling the CNS to receive information and to carry out its decisions. 
· Sensory receptors, peripheral nerves and their associated ganglia and efferent motor endings. 

· PNS receives input from peripheral sensory receptors. 

Sensory Receptors:

· Sensory receptors are specialized to respond to changes in their environment, called stimuli. 

· Sensation (awareness of stimulus) and perception (interpretation of the meaning of the stimulus) occur in the brain. 

· Unencapsulated nerve endings are abundant in epithelia and connective tissues. Unmyelinated, small-diameter C fibers have small knoblike swellings. Respond to temperature and painful stimuli.

· Nerve endings that respond to cold are located in the superficial dermis. Those that respond to heat are found deeper in the dermis.

· Disc-shaped epidermal cells (Merkel cells) form Merkel discs, lie in the deeper layers of the epidermis and function as light touch receptors. 

· Hair follicle receptors wrap basketlike around hair follicles, light touch receptors that detect bending of hairs. 

· Encapsulated nerve endings consis of one or more fiber terminals of sensory neurons enclosed in a connective tissue capsule. Mechanoreceptors.

· Meissner’s corpuscles are small receptors surrounded by Schwann cells and then by a thin egg shaped connective tissue capsule. Receptors for discriminative touch.

· Pacinian corpuscles are mechanoreceptors stimulated by deep pressure only when the pressure is first applied. Also monitor vibration. 

· Ruffini spindles are proprioceptors that detect muscle stretch and initiate a reflex that resists the stretch. 

Sensation to Perception:

· Somatosensory system: Body wall and limbs. Receives inputs from exteroceptors, proprioceptors and interoceptors. 
· Receptor level: Sensory receptors.

· Circuit level: Ascending pathways.

· Perceptual level: Neuronal circuits in the cerebral cortex.

Processing at the Receptor Level:

· The more complex the sensory receptor, the greater the specificity.

· Stimulus must be applied within a sensory receptor’s receptive field. Smaller the receptive field the better.

· Transduction: Stimulus energy must be converted into the energy of a graded potential, receptor potential.

· Generator potentials: Membrane depolarizations that summate and directly lead to generation of action potentials in an afferent fiber.

· Stimulation, such a depolarizing receptor cell produces a receptor potential, which causes it to release a neurotransmitter that in turn excited the associated afferent neuron. 
· Must reach threshold so that voltage-gated sodium channels on the axon are opened and nerve impulses are generated and propagated to the CNS. 

· Adaptation: Change in sensitivity in the presence of a constant stimulus. 

· Phasic receptors: Fast adapting bursts of impulses at the beginning and at the end of the stimulus.

· Tonic receptors: Sustained response with little or no adaptation.

Processing at the Circuit Level:

· Deliver impulses to the appropriate region of the cerebral cortex for stimulus localization and perception.

· Fibers in the nonspecific ascending pathways transmit pain, temperature, and coarse touch impulses. Give off numerous branches to the reticular formation and thalamus on the way up; and information sent to “headquarters” is general and heavily involved in emotional aspects of perception (pleasure, pain etc.). 

· First-order neurons: Reside in dorsal root or cranial ganglia and conduct impulses from the skin to the spinal cord or brain stem. 

· Second-order neurons: Reside in the dorsal horn of the spinal cord or medullary nuclei and transmit impulses to the thalamus or cerebellum.

· Third-order neurons: Located in the thalamus and conduct impulses to the somatosensory cortex of the cerebrum. 

Processing at the Perceptual Level:

· Projection: The exact point in the cortex that is activated always refers to the same “where,” regardless of how it is activated. 
· Perceptual detection: Ability to detect a stimulus has occurred. Several receptor impulses must be summed for perceptual detection to occur.

· Magnitude discrimination: Identify the site or pattern of stimulation. 

· Adaptation occurs when sensory receptors are subjected to an unchanging stimulus. 

· Receptor membranes become less responsive.

· Receptor potentials decline in frequency or stop.

· Helps prevent sensory overload.

· Receptors responding to pressure, touch and smell adapt quickly.

· Receptors responding slowly inclue Merkel’s discs, Ruffini’s corpuscles and interoceptors that respond to chemical levels in the blood.

· Fine touch primary afferent axons enter the spinal cord and ascend in the dorsal columns (white matter bundles) of the spinal cord and synapse on second order neurons in the medulla.  

· Pain afferent neurons enter the spinal cord and synapse on the second order neurons in the dorsal horn.

· For the body there is a fine touch component for the face which ends in the principle sensory nucleus of the trigeminal – similar to the dorsal column nuclei.

· There is a pain component for the face which ends in the spinal nucleus of the trigeminal – similar to the spinal cord grey matter. 

· Descending pathways from the 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. 

Regeneration of Nerve Fibers:

· Immediately after the peripheral axon has been severed or crushed, the separated ends seal themselves off and then swell as substances being transported along the axon begin to accumulate.
· Wallerian degeneration: Axon and its myelin sheath begin to disintegrate because they cannot receieve nutrients. 

· Surviving Schwann cells proliferate in response to mitosis-stimulating chemicals and they migrate to the injury site. They release growth factors and begin to express cell adhesion molecules. 

· Form a regeneration tube, that guide the regenerating axon “sprouts” across the gap and to their original contacts. Also protect, support and remyelinate the regenerating axons. 

· Axons regenerate at the approximate rate of 1.5 mm a day. 

Nerves and Associated Ganglia:
· Extrafusal fibers (the main bulk of the muscle) are innervated by large motor neurons called alpha motor neurons. To maintain the sensitivity of the muscle spindle stretch receptor when you contract a muscle you need to contract the intrafusal muscle fibers (inside the muscle spindle) as well. These are innvervated by smaller motor neurons in the ventral horn of the spinal cord called gamma motor neurons. 

The Chemical Senses: Taste and Smell:
· Taste (gestation), smell (olfaction) = chemoreceptors.

· Olfaction detects chemicals (odarants) in solution. The organ of smell is a yellow-tinged patch called the olfactory epithelium.

· The olfactory epithelium covers the superior nasal concha on each side of the nasal septim and contained millions of bowling pin-shaped olfactory receptor cells.

· These are surrounded and cushioned by supporting cells and make up the bulk of the epithelial membrane.

· Base of the epithelium lie the short basal cells. 

· Olfactory cilia increase the receptive surface area and are covered by a coat of thin mucus produces by the supporting cells.  Captures and dissolves air-borne odarants. 

Physiology of Smell:

· To smell, it must be in the gaseous state as it enters the nasal cavity.

· Dissolved odorants stimulate the olfactory receptors by binding to protein receptors in the olfactory cilium membranes opening cation channels. 

Transduction:

· Transduction of odorants uses a receptor linked to a G protein.

· Odorant binds to a receptor, which activates a G protein, which activated enzymes that synthesize cyclic AMP.

· Causes the cation channel to open, allowing Na+ and Ca2+ to enter. Na+ influx leads to depolarization. Ca2+ influx causes the transduction mechanism to adapt, decreasing its response to a sustained stimulus.

Transmission:
· Axons of the olfactory receptor cells ascend through the bony roof of the nasal cavity via tiny holes in the cribiform plate of ethmoid bone into the cranial cavity.

· They reach the olfactory bulbs and synapse with neurons called mitral cells. It is the axons of mitral cells that form the olfactory nerve (not a true nerve) – more properly named the olfactory tracts.

· Olfactory tracts have two destinations- the olfactory cortex (inferior frontal lobe), smells are interpreted and identified. The limbic system where memories and emotions associated with the smell are identified. 

Taste Buds and the Sense of Taste:

· Taste buds are scattered on the soft palate, inner surface of the cheeks, pharynx and epiglottis of the larynx. Most are found in papillae- give the tongue surface a slightly abrasive feel. 

· Located mainly on the tops of fungiform papillae and the epithelium of the side walls of the foliate papillae and the large round circumvallate.
· Each flask-shaped taste bud consists of 50-100 epithelial cells.

· Gustatory hairs extend through a taste pore to the surface of the epithelium, where they are bathed in saliva. 

· Gustatory hairs are sensitive portions of the gustatory cells.

· Sensory dendrites are the gustatory pathway to the brain. 

· Basal cells act as stem cells to produce new gustatory cells.

· Sour taste is produced by acids, specifically their hydrogen ions. Salty taste is produced by metal ions. Bitter taste is from alkaloids (nicotine, caffeine) and umami is from beef taste.

Physiology of Taste:

· Must dissolves in saliva, diffuse into the taste port and contact the gustatory hairs.
· Receptors induce a graded depolarizing potential, causes the release of the synaptic vesicle contents, neurotransmitter.

· Associated sensory dendrites triggers generator potentials that elicit action potentials in these fibers.

· Bitter receptors detect substances present in minute amounts.

Transduction:

· An increase in intracellular Ca2+, increases neurotransmitter release. 

· Salty taste is due to Na+ influx through apically located Na+ channels, depolarizes the gustatory cell.

· Sour is mediated by H+, directly enters the cell, or opens the channels that allow other cations to enter, or by a blockade of K+.

· Bitter, sweet and umami – G protein-dependent mechanisms.

· Bitter causes Ca2+ release- sweet causes closure of K+ channels.

Gustatory Pathway:

· Afferent fibers carrying taste information – branch of the facial nerve (VII), the chorda tympani, transmits impulses from taste receptors in the anterior two thirds of the tongue.

· Glossopharyngeal nerve (IX), posterior third and the pharynx.
· Taste impulses are conducted primarily by the vagus nerve (X). Synapse in the solitary nucleus and stream to the thalamus and ultimately to the gustatory cortex.

· Saliva contains mucus that moistens food and digestive enzymes that begin the digestion of starch. 

Vision:

Eyebrows:

· Eyebrows are short, coarse hairs that overlie the supraorbital margins of the skull. 
· Shade the eyes from sunlight, prevent perspiration from reaching the eyes.

· Obicularis oculi depresses the eyebrow and corrugators muscles moves the eyebrow medially. 

Eyelids:

· Anteriorly protected by the mobile eyelids (palpebrae). Eyelids are separated by the palpebral fissure. 
· Medial canthus sports a fleshy elevation called the lacrimal caruncle. Caruncle containes sebaceous and sweat glands and produces the whitish oily secretion.

· Supported internally by connective tissue sheets called tarsal plates. 

· Levator palpebrae superioris is responsible for mobility and it raises the eyelid to open the eye.

· Eyelashes trigger reflex blinking.

· Tarsal glands embedded in the tarsal plates ducts open at the eyelid edge just posterior to the eyelashes. Produce an oily secretion that lubricates the eyelid and prevents the eyelids from sticking together.

Conjunctiva:

· Transparent mucous membrane.

· Palpebrae conjunctiva reflects over the anterior surface of the eyeball as the bulbar conjunctiva.

· Blood vessels are clearly visible beneath it. 

· Conjunctival sac is where the contact lens lies.

· Prevents the eyes from drying out.

· Pink eye is inflammation of the conjunctiva.

Extrinsic Eye Muscles:

· Controlled by six straplike extrinsic eye muscles.
· Allow the ete to follow a moving object and help maintain the shape of the eyeball and hold it in orbit.

· Four rectus muscles originate from an annular ring and run straight to their insertion on the eyeball. 

· Superior, inferior, lateral and medial rectus muscles.

· Two oblique muscles move the eye in the vertical plane when the eyeball is already turned.

· Superior oblique muscle runs along the medial wall and passes through a fibrocartilaginous loop suspended from the frontal bone called the trochlea. Rotates the eye downward.

· Inferior oblique muscle rotates the eye up and laterally.

· Superior and inferior recti cannot elevate or depress the eye without also turning it medially because they approach the eye from a postero-medial direction.

Lacrimal Apparatus:

· Consists of the lacrimal gland and associated ducts.

· Lacrimal glands secrete tears.

· Tears contain mucus, antibodies and lysozyme.

· Enter the eye via superolateral excretory ducts.

· Exit the eye medially via the lacrimal punctum.

· Drain into the nasolacrimal duct. 

Structure of the Eyeball:

· Slightly irregular hollow sphere.
· Wall is composed of three layers. Fibrous, vascular and sensory layers.

· Its internal cavity is filled with fluids called humors, help to maintain its shape.

· Lens, the adjustable focusing apparatus of the eye.

Fibrous Layer 

· The fibrous layer is the outermost coat of the eye. Composes of dense avascular connective tissue. 
· Sclera is glistening white and opaque. Tough, tendon-like, protects and shapes the eyeball. It is continuous with the dura mater of the brain.

· Transparent cornea bulges anteriorly from its junction.

· Forms a window that lets light enter, light-bending apparatus. 

· Cornea is covered by epithelial sheets. External sheet- squamous epithelium that helps protect the cornea from abrasion.

· Deep corneal endothelium has active sodium pumps, maintain the clarity of the cornea by keeping the water content of the cornea low.  Nerve endings that are pain receptors.

Vascular Layer (Uvea):

· Middle coat. Has three regions: choroid, ciliary body and the iris.
· Choroid: Highly vascular, dark brown membrane. Blood vessels provide nutrition to all eye layers. Brown pigment, produced by melanocytes- absorb light.

· Anteriorly is become the ciliary body, a thickened ring of tissue that encircles the lens. Consists of ciliary muscles- controlling lens shape.

· Iris: Visible colored part of the eye. Lies between the cornea and the lens.

· Pupil: Allows light to enter the eye. 

· In close vision and bright light, the sphincter pupillae contracts. In distant vision and dim light, the dilator papillae contracts and the pupil dilates. 

The Inner Layer (Retina):

· Innermost layer of the eyeball. Two layered retina.

· Outer pigmented layer. Pigmented epithelial cells absorb light and prevent it from scattering in the eye. Store vitamin A needed by the photoreceptor cells.

· Transparent inner neural layer. Junction is called the ora serrata. 

· Neural layer is composed of three main types of neurons: Photoreceptors, bipolar cells and ganglion cells. 

· Signals are produced in response to light and spread from the photoreceptors to the bipolar neurons and then to the innermost ganglion cells, action potential is generated.

· Optic disc is where the optic nerve exits the eye- also called the blind spot.

· More numerous rods are for dim light and peripheral vision receptors. More sensitive to light and do not provide either sharp images or color vision.

· Cones operate in bright light and provide high-acuity color vision.

· Eye’s posterior pole- an oval region called the macula lutea. Allows light to pass almost directly to the photoreceptors rather than through several retinal layers. Enhances visual acuity. 

· Fovea contains only cones, macula contains mostly cones.

· Retina periphery contains mostly rods.

· Neural retina receives its blood supply from two sources. Outer third is supplied by vessels in the choroid. 

· Inner two thirds- central artery and central vein of the retina, which enter and leave through the center of the optic nerve.

Light and Optics:

· Electromagnetic radiation includes all energy waves from long radio waves to very short gamma waves and X rays. Respond to the part of the spectrum called visible light (400-700 nm). 
· Packets of light called photons or quanta.

· Beam of light is dispersed and a visible spectrum or band of colors is seen.

· Red wavelengths are the longest and have the lowest energy, violet wavelengths are the shortest and are most energetic. Objects have color because they absorb some wavelengths and reflect others. 

· Reflection of light by objects accounts for most of the light reaching our eyes.

· Refraction of a light ray occurs when it meets the surface of a different medium at an oblique angle rather than at a right angle.

Focusing Light on the Retina:

· Light passes from air into the eye- cornea, aqueous humor, lens and vitreous humor and then passes through the entire thickness of the neural layer of the retina to excite the photoreceptors.
· Light is bent three times: as it enters the cornea, on entering and leaving the lens.

· Light bending power can be actively changed to allow fine focusing of the image. 

· Light from a distance needs little adjustment for proper focusing. 
· Far point of vision is the distance beyond which no change in lens shape is needed for focusing. 

· Close vision demands that they eye make active adjustments. 

· To restore focus; three processes.

1. Accommodation of the lenses: Increases the refractory power of the lens. Ciliary body is pulled anteriorly and inward toward the pupil and releases tension. Elastic lens recoils. Shorter focal length needed to focus the image of a close object on the retina. The closes point on which we can focus- near point of vision.

2. Constriction of the pupils: Spinchter pupilae muscles enhance the effect of accommodation by reducing the size of the pupil. Accommodation pupillay reflec prevents the most divergent light rays from entering the eye.

3. Convergence of the eyeball: Medial rotation of the eyeballs by the medial rectus muscles. The closer that object, the greater the degree of convergence required. 

Phototransduction

· Process by which light energy is converted into a graded receptor potential. 

· Photoreceptors resemble tall epithelial cells turned upside down with their tips immersed in the pigmented layer of the retina.

· Rods and cones have an outer segment joined to an inner segment.

· The inner segment connects to the cell body. Outer segment of the rods is slender and rod shaped.

· Inner segment connects to the cell body of the outer fiber.

· Outer segments contain visual pigments (photopigments) that change shape as they absorb light. 

· Rods- the discs are discontinuous. Cones- the disc membranes are continuous. 

Excitation of Rods:

· Visual pigment of rods is a deep purple pigment called rhodopsin.
· Forms and accumulates in the dark in the sequence of reactions. Vitamin A is oxidized to the 11-cis retinal form combined with opsin to form rhodopsin.

· When rhodopsin absorbs light, retinal changes shape to all-trans isomer allowing retinal and opsin to separate (bleaching of the pigment). 

· Light-struck all-trans retinal detaches from opsin, it is reconverted by enzymes within the pigmented epithelium to its 11-cis isomer (ATP process). 

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 the optic nerve.

Excitation in Cones:

· Visual pigments in cones are similar to rods. 

· There are three types of cones: blue, green and red.

· Intermediate colors are perceived by activation of more than one type of cone.

· Method of excitation is similar to rods.

Light and Dark Adaptation:

· Adaptation to bright light involves- dramatic decreases in retinal sensitivity (rod function is lost).

· Switching from the rod to the cone system- visual acuity is gained.

· Adaptation to dark is the reverse. Cones stop functioning in low light. Rhodopsin accumulates in the dark and retinal sensitivity is restored. 

Visual Pathways to the Brain:

· X-shaped optic chiasma fibers from the medial aspect of each eye cross over to the opposite side and then continue on via the optic tracts. 
· Optic tracts contain fibers from the lateral aspect of the eye and fibers from the medial (nasal) aspect of the opposite eye and carries all the information from the same half of the visual field. 

· Left optic tract carries a complete presentation of the right half of the visual field.

· Paired optic tracts send most of their axons to the synapse with neurons in the lateral geniculate body of the thalamus.

· Axons of the thalamic neurons project through the internal capsule to form the optic radiation of fibers in the cerebral white matter. 

· Fibers project to the primary visual cortex in the occipital lobes- conscious perception of visual images (seeing) occurs.

· Visual pigment melanopsin responds directly to light stimuli independent of vision.
· Project to the suprachiasmatic nucleus of the hypothalamus- timer to set out daily bio-rhythms. 

· Cortical fusion of the slightly different images delivered by the two eyes provide depth perception. 

Thalamic Processing:

· LGN of the thalamus relay information on movement, segregate the retinal axons in preparation for depth, perception, emphasize visual inputs from the cones and sharpen the contrast information received from the retina. 

Cortical Processing:

· Primary visual cortex is thick with fibers coming in from the LGN. Contains an accurate topographical map of the retina.

· Striate cortex also provides form, color, and motion inputs to visual association areas collectively called the prestriate cortices. 

· Visual information then proceeds anteriorly to the: Temporal lobe (process identification of objects) and the parietal cortex and postcentral gyrus (processes spatial location).

The Ear:

Inner Ear:

· Lies deep in the temporal bone behind the eye socket and provides a secure site for all of the delicate receptor machinery housed there.
· Bony labyrinth is a system of channels worming through the bone.

· Three regions; vestibule, cochlea and semicircular canals. 

· Membranous labyrinth is a continuous series of membranous sacs and ducts contained within the bony labyrinth. 

· Filled with perilymph, a fluid similar to cerebraospinal fluid.

· Interior contains endolymph, chemically similar to K+- rich intracellular fluid. Conduct the sound vibrations and respond to the mechanical forces occurring during changes in body position and acceleration. 
The Cochlea:

· Spiral, bony chamber about the size of a split pea. 

· Running through its center is the cochlear duct which houses the spiral organ- the receptor organ for hearing. 

· Scala vestibule is continuous with the vestibule and abuts the oval window. The middle scala media is the cochlear duct itself. Scala tympani, terminates at the round window, is inferior to the cochlear duct. 

· Scala vestibule and the scala tympani, both contain perilymph. 

· Vestibular membrane: Roof of the cochlear duct.

·  Floor of the cochlear duct, composed of bony spiral lamina and the basilar membrane, supports the spiral organ and plays a critical role in sounds reception.

· Cochlear nerve, a division of the vetibulocochlear nerve, runs from the spiral organ through the modiolus on its way to the brain. 

The Vestibule:

· Central egg-shaped cavity in the bony labyrinth. 

· Suspended in its perilymph are two sacs: the saccule and the utricle.

· Saccule extends to the cochlea. 

· Utricle extends to the semicircular canals.

· Sacs house the receptor cells called maculae. 

Semicircular Canals:

· Membranous semicircular ducts line each canal and communicate with the utricle.

· Ampulla is the swollen end of each canal and it houses equilibrium receptors in a region called the crista ampullaris. 

· Respond to angular movements of the head.

Properties of Sound:
· Sound: Pressure disturbance produced by a vibrating object and propagated by the molecules of the medium.

· Compressions and rarefactions are called a sound wave.

· Outward moving molecules give up kinetic energy to the molecules they bump, energy is always transferred in the direction the sound wave is traveling. 

· Frequency: Number of waves that pass a given point in a given time.

· Wavelength: Distance between two consecutive crests. Constant for a particular tone. Shorter the wavelength, the higher the frequency of the sound. Ears are most sensitive to frequencies between 1500 and 400 Hz.

· Pitch: Higher the frequency, the higher the pitch. 

· Quality: Distinguish between the same musical note.

· Amplitude: Height of the sine wave crests reveals sounds intensity. Energy or the pressure differences between its compressed and rarefied areas.

· Loudness: Subjective interpretations of sound intensity. Measured in decibles.

Transmission of Sound to the Internal Ear:

· Hearing occurs when the auditory area of the temporal lobe cortex is stimulated. 

· Sound waves must be propagated through air, membranes, bones, and fluids to reach and stimulate receptor cells in the spiral organ of Corti.

· Airborne sound entering the external meatus striked the tympanic membrane vibrating at the same frequency.

· Motion of the tympanic membrane is amplified, transferred to the oval window by the ossicle lever system.

· Increased pressure overcomes the stiffness and inertia of the cochlear fluid and sets it into wave motion.

Resonance of the Basilar Membrane:

· Perilymph in the scala vestibule into a similar back and forth motion and a pressure wave travels through the periplymph from the basal end toward the helicotrema.

· Complete route through the cochlea- scala vestibule, around the helicotrema and back toward the round window through the scala tympano.

· Sounds on higher frequency are transmitted through the cochlear duct into the perilymph of the scala tympani.

· Pressure wave descends through the flexible cochlear duct, it sets the entire basilar membrane into vibration.

· Sound signals are mechanically processed by the resonance of the basilar membrane, before ever reaching the receptors. 

Excitation of Hair Cells in the Spiral Organ:

· Spiral organ of Corti is composed of supporting cells called cochlear hair cells.

· One row of inner hair cells and three rows of outer hair cells.
· Hair cells have numerous stereocilia and a single kinocilium protruding from their apices. The “hairs” of the hair cells are stiffened by actin filaments and linked together by fine fibers called tip-links.

· Protude into the K+ rich endolymph and the longest of them are in the overlying, stiff gel-like tectorial membrane.

· Tension on the tip-links opens the cation channels in the adjacent shorter sternocilia. Results in an inward K+ and Ca2+ current and a graded depolarization.

· Bending the cilia away from the tallest cilium relaxes the tip-links, closes the mechanically gated ion channels and allows for repolarization and graded hyperpolarization. 

· Causes the afferent cochlear fibers to transmit a faster stream of impulses to the brain for auditory interpretation.

· Outer hair cells depolarize and hyperpolarize as the basilar membrane moves, they contract and stretch. 

· Changes the stiffness of the basilar membrane, alters its motion and amplifies the responsiveness of the inner hair cells.

Auditory Pathway to the Brain:

· Impulses generated in the cochlea pass through the spiral ganglion, along the afferent fibers of the cochlear nerve to the cochlear nuclei of the medulla.
· Impulses are sent to the superior olivary nucleus via the lateral lemniscal tract to the inferior colliculus (auditory reflex centre in the midbrain) and the auditory cortex (which provides for conscious awareness of sound) in the temporal lobe.

· Relays also communicate with the medial geniculate body of the thalamus and the superior colliculus of the midbrain. 

· Colliculi act together to initiate auditory reflexes to sound.

· Perception of pitch: Impulses from specific hair cells are interpreted as specific pitches. Several populations of cochlear hair cells and cortical cells are activated simultaneously- perception of multiple tones. 

· Detection of Loudness: Louder sounds cause larger movement of the tympanic membrane, auditory ossicles and oval window and pressure waves of greater amplitude in the fluid of the cochlea. Larger movements of the basilar membrane, larger deflections of the hairs on the hair cells, larger graded potentials of the hair cells. More neurotransmitter is released and action potentials are generated. 

· Localization of Sound: Superior olivary nuclei help us localize sound’s source. Depends on relative intensity and relative timing of sound waves. Sound source is directly in front, back or over the midline of the head, intensity and timing cues are the same for both ears. Sound comes from one side, receptors of the nearer ear are activated slightly earlier.

Mechanisms of Equilibrium and Orientation:

· Responds to various head movement. 
· Equilibrium receptors in the semicircular canals and vestibule- vestibular apparatus, send signals to the brain that initiate reflexes needed to make the simplest changes in position.

· Equilibrium receptors of the internal ear can be divided into two functional arms, with the receptors in the vestibule and semicircular canals monitoring static and dynamic equilibrium.

Maculae and the Static Equilibrium:

· Maculae: Sensory receptors. Monitor the position of the head in space. Play a key role in the control of posture. Respond to linear acceleration forces.

· Anatomy:

· Flat epithelial patch containing hair cells. Surrounded by supporting cells embedded in the overlying otolithic membrane, jelly-like mass studded with tiny stones called otoliths. 

· Utricular maculae respond best to acceleration in the horizontal plane and tilting the head to the side.

· Saccule, the macula is nearly vertical and hairs protrude horizontally, respond best to vertical movements and sudden acceleration upwards or downwards (elevator). 

Crista Ampullaris and Dynamic Equilibrium:

· Crista Ampullaris: Receptor for dynamic equilibrium. Excited by head movement, major stimuli are rotary (angular) movements.

· Anatomy:

· Composed of supporting hair cells, stereocilia plus one kinocilium project into a gell-like mass called cupula.

· Dendrites of vestibular nerve fibers encircle the base of the hair cells.

· Respond to changes in velocity. Haird are bent, hair cells depolarize and impulses reach the brain. Bending the cilia in the opposite direction hyperpolarize, reduces impulse generation. 

· Result is that the brain is informed of rotational movements of the head. 

· Rotary head movement: Paried semicircular canals work together to provide bilateral information on rotary head movements. Cupula bends in the direction of the fluid flow, which is opposite to the direction of head movement. 

Effect of Gravity on Utricular Receptor Cells:

· Otolithic movement in the direction of the kinocilia depolarizes vestibular nerve fibers and increases the number of action potentials generated. 

· Movement in the opposite direction hyperpolarizes vestibular nerves and reduces the rate of impulse propagation.

Balance and orientation Pathways:

· There are three modes of input for balance and orientation:

· Vestibular, visual and somatic (skin, muscle and joint) receptors. Transmit impulses to two major processing areas- the vestibular nuclei of the brain stem and the cerebellum. 

· After vestibular nuclear processing, impulses are sent to one of two major output regions- areas controlling eye movement or those controlling the skeletal muscles of the neck. 
Motor Endings and Motor Activity:

Innervation of a Skeletal Muscle:

· Terminals of somatic motor fibers that innervate voluntary muscles from elaborate neuromuscular junctions.
· Each axon branch reaches its target, ending splits into a cluster of axon terminals.

· Contain mitochondria and synaptic vesicles filled with a neurotransmiteer acetylcholnine.

· ACh is release by exocytosis, diffuses across the fliud-filled synaptic cleft, and attaches to Ach receptors. 

· Results in the opening of ligand-gated channels that allow both Na+ and K+ to pass. More Na+ enters the cell, muscle cell interior depolarizes producing a grade potential called an end plate potential.

· Triggers the opening of voltage gated sodium channels. Leads to propagation of an action potential, stimulates the muscle fiber to contract.

· Basal lamina contains acetylcholinesterase, the enzyme that breaks down Ach almost immediately after it binds.

Reflex Arc:

· Intrinsic reflex is rapid, predictable motor response to a stimulus. Unlearned and involuntary and may be considered as built into out neural anatomy.
· Visceral reflexes, which are regulated by the subconscious lower regions of the CNS, brain stem and the spinal cord.

· Acquired reflexes result from practice or repetition.

· Withdrawal reflex is serial processing mediated by the spinal cord and pain awareness reflects simultaneous parallel processing of the sensory input. 

Components of a Reflex Arc:

· Receptor site: Site of stimulus action.
· Sensory neuron: Transmits afferent impulses to the CNS.

· Integration center: Single synapse between sensory neuron and a motor neuron. Multiple synapses with chains of interneurons. Always within the CNS.

· Motor neuron: Conducts efferent impulses from the intergration center to an effector organ.

· Effector: Muscle fiber responds to the efferent impulses. 

· Somatic reflexes activate skeletal muscles. Autonomic (visceral) reflexes activate visceral effectors (smooth or cardiac muscles).

Stretch and Golgi Tendon and Reflexes:

· Coordinate skeletal muscular activity. Amount of tension in the muscle provided by the Golgi tendon organs. 

· Length of muscle provided by the muscle spindles.

· Role in spinal reflexes and also provide essential feedback to the cerebral cortex and cerebellum. 

· Functional Anatomy of Muscle Spindles:

· Three to ten intrafusal muscle fibers enclosed in a connective tissue capsule.

· Extrafusal muscle fibers (the effector fibers of the muscle).

· Central regions of the intrafusal fibers are the receptive surfaces of the spindle. Wrapped by two types of afferent endings that send sensory inputs to the CNS.

· Primary sensory endings of large type Ia fibers, innervate the spindle center, stimulated by both the rate and degree of stretch.

· Secondary sensory endings of small type II fibers supply the spindle ends and are stimulates only by degree of stretch.

· Areas that contain actin and myosin myofilaments are innervated by gamma efferent fibers. Maintain spindle sensitivity and are distinct from the alpha efferent fibers of the large alpha motor neurons that stimulate the extrafusal muscle fibers to contract. 

· Muscle spindle is stretched and excited in one of two ways: applying an external force that lengthens the entire muscle. Activating the gamma motor neurons that stimulate the distal ends of the intrafusal fibers to contract.
The Stretch Reflex:

· Makes sure that the muscle stays at that length. Maintaining muscle tone and adjusting it reflexively.
· Muscle spindles activated by stretch, sensory neurons transmit impulses to the spinal cord. Sensory neurons synapse and rapidly excite the extrafusal muscle fibers of the stretch muscle.

· All stretch reflexes are monosynaptic and ipsilateral- involve a single synapse and motor activity on the same side of the body.

Operation of a Muscle Spindle:
· Action potentials in unstretched muscle are generated at a constant rate in the associated sensory Ia fiber.
· Stretching the muscle activates the muscle spindle increasing the rate of AP generation.

· Activation of gamma motor neurons alone causes contraction of extrafusal muscle fibers only. The muscle spindle becomes slack and unable to signal further length changes. 

Superficial Reflexes:

· Initiated by gentle cutaneous stimulation produced by stroking skin with a tongue. 
· Plantar and abdominal reflexes.

· Plantat reflex tests the integrity of the spinal cord from L4 to S2 and determines if the corticospinal tracts are functioning properly.

· Babinski’s sign: Plantar reflex if replaces by an abnormal reflex.

· Abdominal reflexes: Check the integrity of the spinal cord and ventral rami from T8 to T12.

Decsending Motor Pathways:

· Decsending tracts deliver efferent impulses from the brain to the spinal cord. And are divided into two groups. 

· Direct pathways equivalent to the pyramidal tracts.

· Indirect pathways, essentially all others.

· Upper motor neuron is in the motor cortex.
· Lower motor neuron is a spinal motor neuron or a cranial nerve motor neuron.

Direct Pathway:

· Direct pathway originate with the pyramidal neurons in the precentral gyri.

· Impulses are sent through corticospinal tracts and synapse in the anterior horn. 

· Stimulation of the anterior horn neurons activate skeletal muscles.

· Parts of the direct pathway called corticobulbar tracts, innervate cranial nerve nuclei.

· The direct pathway regulates fast and fine (skilled movement).

Indirect System:

· Includes the brain stem, motor nuclei and all motor pathways not part of the pyramidal system.

· Cortex send direct and indirect projections to the spinal cord. 

· Movement is initiated in the basal ganglia which then projects to the motor cortex.

· Movement is regulated by the cerebellum which then projects to the motor cortex.

· Basal ganglia: Movement initiation. Receives input from widespread regions of the cortex, relay information (via thalamus) back to premotor cortex. Disorders result in too much or too little movement (Parkinson’s disease).

Motor Areas:

· Primary motor cortex: Located in the precentral gyrus of the frontal lobe (brodmann area 4). Pyramidal cells allow us to consciously control the precise or skilled voluntary movements of our skeletal muscles. Long axons are pyramidal tracts.

· Premotor cortex: Anterior to precentral gyrus in the frontal lobe. Controls learned motor skills of a repititous or patterned nature. Coordinates the movement of several muscle groups either simultaneously or sequentially by sending activating impulses to the primary motor cortex.

· Broca’s area: Anterior to the inferior region of the premotor area and overlaps Brodmann area 44 and 45. Motor speech area and active as we prepare to speak and even think about many voluntary motor activities other than speech.

· Frontal eye field: Brodmann area 8, controls voluntary movement of the eyes.

Cerebellum:
· 11 % of total brain mass. Located dorsal to the pons and medulla. 

· Provides the precise timing and appropriate patterns of skeletal muscle contraction for smooth, coordinated movements and agility needed for our daily living.

· Anatomy:

· Two cerebellar hemispheres connected by the wormlike vermis.

· Heavily convoluted with fine folia. Deep fissures subdivide each hemisphere into anterior, posterior and flocculonodular lobes. 

· Gray matter, internal white matter and scattered nuclei. 

· Neurons including stellate, basket, granule and Purkinje cells.

· Purkinje are cortical neurons that send axons through the white matter to synapse with the central nuclei of the cerebellum.

· Anterior and posterior lobes coordinate body movement.

· Intermediate parts of each hemisphere are concerned with the distal parts of the limbs and skilled movements.

Cerebellar Peduncles:

· Connect the cerebellum to the brain stem.

· Superior cerebellar peduncle connecting cerebellum and midbrain carry instructions from neurons in the deep cerebellar nuclei to the cerebral motor cortex via the thalamic relays.

· Middle cerebellar peduncles carry one-way communication from the pons to the cerebellum.

· Inferior cerebellar peduncle connect the medulla and cerebellum. Convery sensory information to the cerebellum from muscle proprioceptors and vestibular nuclei of the brain stem concerned with equilibrium and balance. 

Cerebellar Processing:

· Motor areas notify  the cerebellum of intent to initiate voluntary muscle contraction.

· Cerebellum receives information from proprioceptors regarding tension and joint position. Enables the cerebellum to evaluate body position.

· Calculates the best way to coordinate the force, direction and extent of muscle contraction to prevent overshoort, maintain posture, and ensure smooth, coordinated movements. 

· Via the superior peduncles give the “blueprint” for coordinating movement. Send information to brain stem nuclei, which influence neurons of the spinal cord. 

Cognitive Function of the Cerebellum:

· Cerebellum recognizes and predicts sequences of events so that it may adjust for the multiple forces exerted on a limb during complex movements. 

The Autonomic Nervous System:

· Innervates smooth and cardiac muscle and glands.

· Shunts blood to “needy” areas, speeds or slows down heart rate, adjusts blood pressure and body temperature and increases or decreases stomach secretions. 

· Involuntary nervous system- subconscious control.

Efferent Pathways and Ganglia:

· Somatic motor fibers are typically thick, heavily myelinated grouop A fibers that conduct nerve impulses rapidly. 

· Cell body of the first neuron, the preganglionic neuron, resides in the brain or spinal cord. Its axon, the preganglionic axon, synapses with the second motor neurons, the ganglionic neuron, in an autonomic ganglion outside the CNS.

· Axon of the ganglionic neuron, postganglionic axon, extends to the effector organ.

· Preganglionic axons are lightly myelinated thin fibers, postganglionic axons are even thinner and are unmyelinated. 

ANS Divisions:

· Cause essentially opposite effects.

· Two divisions counterbalance each other’s activity to keep the body systems running smoothly. Sympathetic division mobilizes the body during activity and the parasympathetic arm promotes maintenance functions and conserves body energy.

Role of the Parasympathetic Division:

· Keeps body energy use as low as possible. 

· Relax after a heavy meal. Involves the D activities, digestion, defecation and diuresis. 

Parasympathetic Outflow:

Cranial Outflow:

1. Oculomotor nerves:

· Innervate smooth muscles in the eye that cause the pupils to constrict and the lenses to bulge- actions needed to focus on close objects. 

· Preganglionic axons issue from the accessory oculomotor nuclei in the midbrain. Cell bodies with the ganglionic neurons are the ciliary ganglia within the eye orbits.

2. Facial nerves:

· Fibers that activate the nasal glands and the lacrimal glands of the eyes originate in the lacrimal nuclei of the pons. Ganglionic neuron is the pterygopalatine ganglia. Salivary glands.

3. Glossopharyngeal nerves:

· Originate in the inferior salivatory nuclei of the medulla and synapse with the otic ganglia. Cranial nerves III, VII, IX supply the entire parasympathetic innervations of the head.

· Distal ends of the preganglionic fibers jump over to branches of the trigeminal nerves to synapse. 
4. Vagus nerves:

· Provide fibers to the neck and nerve plexus that serve virtually every organ in the thoracic and abdominal cavities. Heart, lungs and most visceral organs.

Sacral Outflow:

· Large intestines and the pelvic organs. 

· Arises from neurons located in the lateral gray matter of spinal cord segments S2-S4. 

· Branch off to form pelvic splanchnic nerves, which pass through the inferior hypogastric plexus in the pelvic floor. 

Role of the Sympathetic Division:

5. Flight or fight system. 

6. Excited or emergency situations. 

7. Involves E activities, exercise, excitement, emergency, embarrassment.

8. Promotes adjustments during exercise, blood flow to organs is reduced. Flow to muscles is increased. 

9. Activity is illustrated by a person who is threatened. Heart rate increases and breathing is rapid and deep. 
Sympathetic Outflow:

10. Preganglionic fibers of the sympathetic division arise from cell bodies of preganglionic neurons in the spinal cord segments T1 through L2. 

11. Presence of numerous preganglionic sympathetic neurons in the gray matter of the spinal cord produces the lateral horns. 

12. Posterolateral to the ventral horns that house somatic motor neurons.

13. Preganglionic sympathetic fibers pass through a white ramus communicans to enter adjoining sympathetic trunk ganglion forming part of the sympathetic trunk.

14. Sympathetic fibers arise only from the thoracic and lumbar cord segments.

15. Preganglionic axon reaches a trunk ganglion it can:

16. Synapse with a ganglionic neuron in the same trunk ganglion.

17. Ascend or descend the sympathetic trunk to synapse in another trunk ganglion.
18. Pass through the trunk ganglion and emerge from the sympathetic trunk without synapsing.

Neurotransmitter Effects:
· Somatic motor neurons release acetylcholine at their synapses with skeletal muscle fibers. 

· Stimulation reaches threshold, the muscle fibers contract.

· Norepinephrine secreted by most sympathetic fibers and Ach released by parasympathetic fibers. 

Neurotansmitters and Receptors:
· Most sympathetic postganglionic axons release NE and are classified as adrenergic fibers. 

· Ach is released by all preganglionic axons and all parasympathetic postganglionic axons. 

· Cholinegic fibers- Ach releasing fibers.

· Adrenergic fibers- sympathetic postganglionic axons that release NE. 

· Neurotransmitter effects n be excitatory or inhibitory depending upon the receptor type. 

Cholinergic Receptors:

· Nicotinic receptorsm mushroom poison, activates a different set of Ach receptors, named muscarinic receptors.

· Found on motor end plates of skeletal muscle cells, all ganglionic neurons, both sympathetic and parasympathetic and hormone-producing cells of the adrenal medulla.

· The effect of Ach binding to nicotinic receptors anywhere is always stimulatory.

· Muscarinic receptors occur on all effector cells stimulated by postganglionic cholinergic fibers.

· ACh to cardiac muscle receptors slows heart activity, ACh binding to receptors on smooth muscle of the gastrointestinal tract increases its motility. 

Effects of Drugs:

· Atropine: Blocks parasympathetic effects. Administered before surgery to prevent salivation and to dry up respiratory system secretions. Also dilates pupils for eye examination. 

· Neostigmine: Inhibits acetlycholinesterase and is used to treat myasthenia gravis, a condition in which skeletal muscle activity is impaired for lack of ACh stimulation. 

· Drugs that prolong the activity of NE help relieve depression.

· Over the counter drugs for colds stimulate adrenergic receptors. 

· Beta-blockers attach mainly to B1 receptors and reduce heart rate.

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. 

Sympathetic Tone:

· The sympathetic division controls blood pressure and keeps the blood vessels in a continual state of partial constriction.

· This sympathetic tone (vasomotor tone):

· Constricts blood vessels and causes blood pressure to rise as needed. 

· Prompts vessels to dilate if blood pressure is to be decreased.

· Alpha-blocker drugs interfere with vasomotor fibers and are used to treat hyper tension. 

Parasympathetic Tone:
· Slows the heart and dictates normal activity levels of digestive and urinary systems. 

· Sympathetic division can override these effects during times of stress.

· Drugs that block parasympathetic responses increase heart rate and block fecal and urinary retention.

Thermoregulatory Responses to Heat:

· Applying heat to the skin causes reflex dilation of blood vessels.

· Systemic body temperature elevation results in widespread dilation of blood vessels.

· This dilation brings warm blood to the surface and activates sweat glands to cool the body.

· When temperature falls, blood vessels constrict and blood is retained in deeper vital organs. 

Referred Pain:

· Pain stimuli arising from the viscera are perceived as somatic in origin. 

· This may be due to the fact that visceral pain afferents travel along the same pathways as somatic pain fibers. 

Levels of ANS Control:

· The hypothalamus stands at the top of the control hierarchy as the integrator of ANS activity. 

· Subconscious cerebral inputs via limbic lobe connections influence hypothalamic functioning.

· Other controls come from cerebral cortex, the reticular formation and the spinal cord.

Consciousness:

· Perception of sensation, voluntary initiation and control of movement and capabilities associated with higher mental processing.

· Involves simultaneous activity of large areas of the cerebral cortex.

· Superimposed on other types of neural activity.

· Clinical consciousness is defined on a continuum that grades levels of behaviour, alertness, drowsiness, stupor and coma. 

The Reticular Formation:

· Extends through the central core of the medulla oblongata, pons and midbrain. 
· Composed of loosely clustered neurons in what is otherwise white matter.

· Medial (large cell) group, the midline raphe nuclei and the lateral (small cell) group of nuclei.

· Individual reticular neurons project to the hypothalamus, thalamus, cerebellum and spinal cord.

· Ideal for governing the arousal of the brain as a whole.

· Reticular activating system (RAS). Impulses from all the great ascending sensory tracts synapse with RAS neurons, keeping them active and enhancing their arousing effect on the cerebrum. 

· Acts like a filter for this flood of sensory input.

· Drug LSD interferes with these sensory dampers, promoting an often overwhelming sensory overload.

· Depressed by alcohol, sleep inducing drugs and tranq.

· Bilateral damage can lead to permanent coma.

· Control respiration, cardiac rhythms, and other essential functions.

Brain Waves:

· Electroencephalogram (EEG): Made by placing electrodes on the scalp and then connecting the electrodes to an apparatus that measures electrical potential differences between various cortical areas.
· Brain waves are generated by synaptic activity at the surface of the cortex, rather than by action potentials in the white matter.

· Alpha waves: Relatively regular and rhythmic, low-amplitude waves. Indicate that the brain is idling- in a calm and relaxed state.

· Beta waves: Rhythmic, but they are not as regular as alpha. Mentally alert and concentrating on some problem or visual stimulus.

· Theta waves: More irregular, common in children.

· Delta waves: High-amplitude waves seen during deep sleep. Reticular activating system is damped- during anaesthesia. 

Types of Sleep:

· Two major types of sleep- non rapid eye movement (NREM) and rapid eye movement (REM).

· During the first 30-40 minutes we pass through four stages of NREM sleep.

· About 90 minutes after sleep begins, EEG patterns change abruptly. Brain wave is coupled with increases in heart rate, respiratory rate and blood pressure and a decrease in gastrointestinal motility. 

· Dreaming occurs in REM sleep.

· Stage 1: Eyes are closes and relaxation occurs. EEG shows alpha waves.

· Stage 2: EEG pattern is irregular with sleep spindles.

· Stage 3: Sleep deepens; theta and delta waves appear; vital signs decline. Dreaming is common.

· Stage 4: EEG pattern is dominated by delta waves; skeletal muscles are relaxed. 

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.

· Brain is actively guided to sleep.

· The nuclei of the hypothalamus regulate the sleep cycle. 

· Typical sleep pattern alternates between NREM and REM. 

Importance of Sleep:

· Slow-wave sleep is presumed to be the restorative stage. 

· Those deprived of REM sleep become moody and depressed.

· REM sleep may be a reverse learning process where superfluous information is purged from the brain. 

Memory:

· Storage and retrieval of information. 

· Three principles of memory are:

· Storage: Occurs in stages and is continually changing.

· Processing: Accomplished by the hippocampus and surrounding structures. 

· Memory Traces: Chemical or structural changes that encode memory.

Stages of Memory:
· Short term memory: A fleeting memory of events that continually happen.

· Long term memory: Limitless capacity.

· Transfer of STM to LTM:

1. Emotional State: We learn best when we are alert, motivated and aroused.

2. Rehearsal: Repeating or rehearsing material enhances memory.

3. Association: Associating new information with old memories in LTM enhances memory.

4. Automatic Memory: Subconscious information stored in LTM.

Categories of Memory:

· Fact memory: Learning explicit information, such as names, faces, words and dates. Ability to manipulate symbols and language. 

· Involves the hippocampus, amygdala and both limbic system structures. Specific areas of the thalamus and hypothalamus. Ventromedial prefrontal cortex and the basal forebrain. 

· Skill memory: Less conscious than fact memory and involves motor activity. Do not retain the context in which they are learned.

· Involves corpus striatum (basal ganglia)- mediates the automatic connections between a stimulus and a motor response.

· Portion of the brain receiving stimulus.

· Premotor and motor cortex.

Mechanisms of Memory:

· Neuronal RNA content is altered and newly synthesized mRNAs are delivered to axons and dendrites.
· Dendritic spines changes shape.

· Unique extracellular proteins are deposited at synapses involved in LTM.

· Number and size of presynaptic terminals may increase.

· More neurotransmitter is released by the presynaptic neurons.

· Aspect of long term potentiaion, crucial for memory formation. Persistant increase in synaptic strength. 

· NMDA receptor acts as a calcium channel and initiates the cellular changes that bring about LTP.

· Neurotrophic factor called BDNF (brain-derived neurotrophic factor) is required for the protein synthesis phase of LTP. 

· These changes create long-lasting increases in synaptic strength that are believed to underlie memory.

