Nervous System

•      The master controlling and communicating system of the body

Functions:

•    Sensory input – monitoring stimuli occurring inside and outside the body  

•    Integration – interpretation of sensory input

•    Motor output – response to stimuli by activating effector organs  

Organization of the Nervous System

Central nervous system (CNS) 

•    Brain and spinal cord

•    Integration and command center 

Peripheral nervous system (PNS)

•    Paired spinal and cranial nerves

•    Carries messages to and from the spinal cord and brain

Peripheral Nervous System (PNS): 
Two Functional Divisions

Sensory (afferent) division

•    Sensory afferent fibers – carry impulses from skin, skeletal muscles, and joints to the brain

•    Visceral afferent fibers – transmit impulses from visceral organs to the brain 

Motor (efferent) division 

•    Transmits impulses from the CNS to effector organs (Glands or muscles)
Motor Division: Two Main Parts

Somatic nervous system

•    Conscious control of skeletal muscles

Autonomic nervous system (ANS)

•    Regulate smooth muscle, cardiac muscle, and glands

•    Divisions – sympathetic and parasympathetic

Histology of Nerve Tissue

•   The two principal cell types of the nervous system are:

•    Neurons – excitable cells that transmit electrical signals

•    Supporting cells – cells that surround and wrap neurons

Supporting Cells: Neuroglia

•    The supporting cells (neuroglia or glia):

•    Provide a supportive scaffolding for neurons

•    Segregate and insulate neurons

Astrocytes

•      Most abundant, versatile, and highly branched glial cells which cling to neurons and cover capillaries

Functionally, they:

•    Support and brace neurons

•    Anchor neurons to their nutrient supplies

•    Control the chemical environment

Oligodendrocytes & Schwann Cells
•      Oligodendrocytes – branched cells that wrap CNS nerve fibers 

•      Schwann cells (neurolemmocytes) – surround fibers of the PNS

Neurons (Nerve Cells)

•    Structural units of the nervous system

•    Composed of a body, axon, and dendrites

•    Long-lived, a-mitotic, and have a high metabolic rate

•   Their plasma membrane functions in electrical signaling 

Nerve Cell Body (Soma)

•      Contains the nucleus and a nucleolus 

•      Major biosynthetic center 

•      There are no centrioles (hence its amitotic nature)

•      Well developed Nissl bodies (rough ER)

•      Axon hillock – cone-shaped area from which axons arise

Processes

•      Arm-like extensions from the soma

•      Called tracts in the CNS and nerves in the PNS

•      There are two types: axons and dendrites 

Dendrites of Motor Neurons

•      Short, tapering, and diffusely branched processes

•      They are the receptive, or input, regions of the neuron 

•      Electrical signals are conveyed as graded potentials (not action potentials)

Axons: Structure 
•      Slender processes of uniform diameter arising from the hillock

•      Long axons are called nerve fibers

•      Usually there is only one unbranched axon per neuron

•      Rare branches, if present, are called axon collaterals
•      Axonal terminal – branched terminus of an axon

Axons: Function

•      Generate and transmit action potentials

•      Secrete neurotransmitters from the axonal terminals

Myelin Sheath

•      Whitish, fatty (protein-lipid), segmented sheath around most long axons

It functions in:

•    Protection of the axon

•    Electrically insulating fibers from one another

•    Increasing the speed of nerve impulse transmission (Saltatory conduction)
Myelin Sheath and Neurilemma: Formation

•      Formed by Schwann cells in the PNS

A Schwann cell:

•    Envelopes an axon in a trough

•    Encloses the axon with its plasma membrane

•    Concentric layers of membrane make up the myelin sheath 

Nodes of Ranvier (Neurofibral Nodes)

•      Gaps in the myelin sheath between adjacent Schwann cells

•      They are the sites where collaterals can emerge

Unmyelinated Axons

•      A Schwann cell surrounds nerve fibers but coiling does not take place

Axons of the CNS

•      Both myelinated and unmyelinated fibers are present

•      Myelin sheaths are formed by oligodendrocytes

•      Nodes of Ranvier are widely spaced

Regions of the Brain and Spinal Cord

•      White matter – dense collections of myelinated fibers

•      Gray matter – mostly soma and unmyelinated fibers

Neuron Classification

Structural:  

•    Multipolar

•    Bipolar

•    Unipolar

Functional:  

•    Sensory (afferent)

•    Motor (efferent)

•    Interneurons (association neurons)

Neurophysiology

•      Neurons are highly irritable

Action potentials, or nerve impulses, are:

•    Electrical impulses carried along the length of axons

•    Always the same regardless of stimulus

•    The underlying functional feature of the nervous system

Electrical Definitions

•      Voltage – measure (mV) of potential energy generated by separated charge

•      Potential difference – voltage measured between two points

•      Current (I) – the flow of electrical charge between two points

•      Resistance (R) – hindrance to charge flow

•      Insulator – substance with high electrical resistance

•      Conductor – substance with low electrical resistance

Electrical Current and the Body

•    Reflects the flow of ions rather than electrons

There is a potential on either side of membranes when:

•    The number of ions is different across the membrane

•    The membrane provides a resistance to ion flow

Role of Ion Channels

Types of plasma membrane ion channels:

•    Passive, or leakage, channels – always open

•    Chemically gated channels – open with binding of a specific neurotransmitter

•    Voltage-gated channels – open and close in response to a change in membrane potential

Operation of a Gated Channel

Example: Na+-K+ gated channel

•    Closed when a neurotransmitter is not bound to the extracellular receptor
•    Na+ cannot enter the cell and K+ cannot exit the cell
· Open when a neurotransmitter is attached to the receptor
•    Na+ enters the cell and K+ exits the cell

Operation of a Voltage-Gated Channel

Example: Na+ channel

•    Closed when the intracellular environment is negative 

•    Na+ cannot enter the cell

•    Open when the intracellular environment is positive 

•    Na+ can enter the cell
Gated Channels

When gated channels are open: 

•    Ions move quickly across the membrane 

•    Movement is along their electrochemical gradients

•    An electrical current is created

•    Voltage changes across the membrane

Electrochemical Gradient

•      Ions flow along their chemical gradient when they move from an area of high concentration to an area of low concentration

•      Ions flow along their electrical gradient when they move toward an area of opposite charge

•      Electrochemical gradient – the electrical and chemical gradients taken together

Resting Membrane Potential 
•      The potential difference (–70 mV) across the membrane of a resting neuron

•      It is generated by different concentrations of Na+, K+, Cl(, and protein anions (A()

Ionic differences are the consequence of:

•    Differential permeability to Na+ and K+
•    Operation of the sodium-potassium pump (3Na+ exchanged for 2K+)
Membrane Potentials: Signals

•      Used to integrate, send, and receive information

Membrane potential changes are produced by:

•    Changes in membrane permeability to ions
•    Alterations of ion concentrations across the membrane

Changes in Membrane Potential

Caused by three events:

•    Depolarization – the inside of the membrane becomes less negative 

•    Repolarization – the membrane returns to its resting membrane potential

•    Hyperpolarization –the inside of the membrane becomes more negative than the resting potential

Action Potentials (APs)

•      A brief reversal of membrane potential with a total amplitude of 100 mV

•      Action potentials are only generated by muscle cells and neurons

•      They do not decrease in strength over distance

•      They are the principal means of neural communication

•      An action potential in the axon of a neuron is a nerve impulse

Action Potential: Resting State

•      Na+ and K+ channels are closed
•      Leakage accounts for small movements of Na+ and K+
Action Potential: Depolarization Phase

•      Na+ permeability increases; membrane potential reverses

•      Na+ gates are opened; K+ gates are closed

•      Threshold – a critical level of depolarization (-55 to -50 mV)

•      At threshold, depolarization becomes self generating

Action Potential: Repolarization Phase

•      Sodium gates close

•      Membrane permeability to Na+ declines to resting levels

•      As sodium gates close, voltage sensitive K+ gates open

•      K+ exits the cell and internal negativity of the resting neuron is restored

Action Potential: Undershoot

•      Potassium gates remain open, causing an excessive efflux of K+ 

•      This efflux causes hyperpolarization of the membrane (undershoot)

Action Potential: Role of the Sodium-Potassium Pump

Repolarization 

•    Restores the resting electrical conditions of the neuron

•    Does not restore the resting ionic conditions

•      Ionic redistribution back to resting conditions is restored by the sodium-potassium pump

Phases of the Action Potential

•      1 – resting state

•      2 – depolarization 

phase

•      3 – repolarization 

phase

•      4 – undershoot

Threshold and Action Potentials

•      Threshold – membrane is depolarized by 15 to 20 mV

•      Established by the total amount of current flowing through the membrane 

•      Weak (sub-threshold) stimuli are not relayed into action potentials

•      Strong (threshold) stimuli are relayed into action potentials

•      All-or-none phenomenon – action potentials either happen completely, or not at all

Coding for Stimulus Intensity

•      All action potentials are alike and are independent of stimulus intensity

•      Strong stimuli can generate an action potential more often than weaker stimuli

•      The CNS determines stimulus intensity by the frequency of impulse transmission

Conduction Velocities of Axons

•      Conduction velocities vary widely among neurons

Rate of impulse propagation is determined by:

•    Axon diameter – the larger the diameter, the faster the impulse

•    Presence of a myelin sheath – myelination dramatically increases impulse speed

Saltatory Conduction

•      Current passes through a myelinated axon only at the nodes of Ranvier

•      Voltage regulated Na+ channels are concentrated at these nodes

•      Action potentials are triggered only at the nodes and jump from one node to the next

•      Much faster than conduction along unmyelinated axons

Synapses

•      A junction that mediates information transfer from one neuron:

•    To another neuron

•    To an effector cell

•      Presynaptic neuron – conducts impulses toward the synapse

•      Postsynaptic neuron – transmits impulses away from the synapse

Electrical Synapses

•    Are less common than chemical synapses

•    Correspond to gap junctions found in other cell types

•    Contain intercellular protein channels 

•    Permit ion flow from one neuron to the next

•    Are found in the brain and are abundant in embryonic tissue

Chemical Synapses

•      Specialized for the release and reception of neurotransmitters

•      Typically composed of two parts: 

•    Axonal terminal of the presynaptic neuron, which contains synaptic vesicles 

•    Receptor region on the dendrite(s) or soma of the postsynaptic neuron

Synaptic Space (Cleft)
•      Fluid-filled space separating the presynaptic and postsynaptic neurons

•      Prevent nerve impulses from directly passing from one neuron to the next

•      Transmission across the synaptic cleft: 

•    Is a chemical event (as opposed to an electrical one)

•    Ensures unidirectional communication between neurons
Synaptic Cleft: Information Transfer

•      Nerve impulse reaches axonal terminal of the presynaptic neuron

•      Neurotransmitter is released into the synaptic cleft

•      Neurotransmitter crosses the synaptic cleft and binds to receptors on the postsynaptic neuron

•      Postsynaptic membrane permeability changes, causing an excitatory or inhibitory effect

Termination of Neurotransmitter Effects

•    Neurotransmitter bound to a postsynaptic neuron: 

•    Produces a continuous postsynaptic effect

•    Blocks reception of additional “messages” 

•    Must be removed from its receptor

Removal of neurotransmitters occurs when they:

•    Are degraded by enzymes

•    Diffuse from the synaptic cleft

Neurotransmitters

•      Chemicals used for neuronal communication with the body and the brain

•      50 different neurotransmitter have been identified

•      Classified chemically and functionally

Neurotransmitters: Acetylcholine
•      First neurotransmitter identified, and best understood

•      Released at the neuromuscular junction

•      Synthesized and enclosed in synaptic vesicles

•      Degraded by the enzyme acetylcholinesterase (AChE)

Released by:

•    All neurons that stimulate skeletal muscle

•    Some neurons in the autonomic nervous system

Functional Classification of Neurotransmitters

•      Two classifications: excitatory and inhibitory

Excitatory neurotransmitters cause depolarization 
Inhibitory neurotransmitters cause hyperpolarization
•    Determined by the receptor type of the postsynaptic neuron 

Central Nervous System (CNS)
Central Nervous System (CNS)

•      CNS – composed of the brain and spinal cord

•      Cephalization

•    Elaboration of the anterior portion of the CNS

•    Increase in number of neurons in the head

•    Highest level has been reached in the human brain
The Brain

•      Composed of wrinkled, pinkish gray tissue

•      Surface anatomy includes cerebral hemispheres, cerebellum, and brain stem
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Basic Pattern of the Central Nervous System

Spinal Cord 

•    Central cavity surrounded by a gray matter core 

•    External to which is white matter composed of myelinated fiber tracts

Brain

•    Similar to spinal cord but with additional areas of gray matter

•    Cerebellum has gray matter in nuclei

•    Cerebrum has nuclei and additional gray matter in the cortex

Cerebral Hemispheres

•      Form the superior part of the brain and make up 83% of its mass

•      Contain ridges (gyri) and shallow grooves (sulci)

•      Contain deep grooves called fissures

•      Are separated by the longitudinal fissure

•      Have three basic regions: cortex, white matter, and basal nuclei

Major Lobes, Gyri, and Sulci of the Cerebral Hemisphere

•      Deep sulci divide the hemispheres into four lobes:

•    Frontal, parietal, temporal, occipital
•      Central sulcus – separates the frontal and parietal lobes

•      Parietal-occipital sulcus – separates the parietal and occipital lobes

•      Lateral sulcus – separates the parietal and temporal lobes

•      The precentral and postcentral gyri border the central sulcus

Cerebral Cortex

•      The cortex – superficial gray matter; accounts for roughly 40% of the mass of the brain

•      It enables sensation, communication, memory, understanding, and voluntary movements

•      Each hemisphere acts contralaterally (controls the opposite side of the body)

•      Hemispheres are not equal in function

•      No functional area acts alone; conscious behavior involves the entire cortex

Functional Areas of the Cerebral Cortex

Three types of functional areas are:

•    Motor areas – control voluntary movement

•    Sensory areas – conscious awareness of sensation

•    Association areas – integrate diverse information
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Cerebral Cortex: Motor Areas
•      Primary (somatic) motor cortex

•      Premotor cortex

•      Broca’s area (Speech)
Primary Motor Cortex

•      Located in the precentral gyrus

•      Composed of pyramidal cells whose axons make up the corticospinal tracts 

•      Allows conscious control of precise, skilled, voluntary movements

Motor homunculus – caricature of relative amounts of cortical tissue devoted to each motor function
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Premotor Cortex

•      Located anterior to the precentral gyrus

•      Controls learned, repetitious, or patterned motor skills

•      Coordinates simultaneous or sequential actions  

•      Involved in the planning of movements

Broca’s Area 
•     Located anterior to the inferior region of the premotor area

•    Present in one hemisphere (usually the left)

•    A motor speech area that directs muscles of the tongue

•    Is active as one prepares to speak

Cerebral Cortex: Sensory Areas
•      Primary somatosensory cortex

•      Somatosensory association cortex

•      Visual areas 

•      Auditory areas 

•      Olfactory cortex 

•      Gustatory cortex 

Primary Somatosensory Cortex

Located in the postcentral gyrus, this area:

•    Receives information from the skin and skeletal muscles

•    Exhibits spatial discrimination

Somatosensory homunculus – caricature of relative amounts of cortical tissue devoted to each sensory function
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Somatosensory Association Area

•      Located posterior to the primary somatosensory cortex

•      Integrates sensory information

•      Forms comprehensive understanding of the stimulus

•      Determines size, texture, and relationship of parts

Visual Area

Primary visual cortex

•    Located on the extreme posterior tip of the occipital lobe

•    Receives visual information from the retinas

Visual association area

•    Surround the primary visual cortex

•    Interprets visual stimuli (e.g., color, form, and movement)

Auditory Areas

Primary auditory cortex

•    Located at the superior margin of the temporal lobe

•    Receives information related to pitch, rhythm, and loudness

Auditory association area

•    Located posterior to the primary auditory cortex

•    Stores memories of sounds and permits perception of sounds

Association Areas

•      Prefrontal cortex

•      Language areas

•      General (common) interpretation area

•      Visceral association area

Prefrontal Cortex

•      Location – anterior portions of the frontal lobe

•      Involved with intellect, cognition, recall, and personality

•      Necessary for judgment, reasoning, persistence, and conscience

•      Closely linked to the limbic system (emotional part of the brain)

Language Areas

•      Located in a large area surrounding the left (or language-dominant) lateral sulcus

Major parts and functions:

•    Wernicke’s area – involved in sounding out unfamiliar words

•    Broca’s area – speech preparation and production

•    Lateral prefrontal cortex – language comprehension and word analysis

•    Lateral and ventral temporal lobe – coordinate auditory and visual aspects of language

General (Common) Interpretation Area

•      Ill-defined region including parts of the temporal, parietal, and occipital lobes

•      Found in one hemisphere, usually the left

•      Integrates incoming signals into a single thought

•      Involved in processing spatial relationships

Lateralization of Cortical Function

•      Lateralization – each hemisphere has abilities not shared with its partner

•      Cerebral dominance – designates the hemisphere dominant for language

•      Left hemisphere – controls language, math, and logic

•      Right hemisphere – controls visual-spatial skills, emotion, and artistic skills

Cerebral White Matter

•      Consists of deep myelinated fibers and their tracts

It is responsible for communication between: 

•    The cerebral cortex and lower CNS center, and areas of the cerebrum

Types include:

•    Commissures – connect corresponding gray areas of the two hemispheres

•    Association fibers – connect different parts of the same hemisphere
[image: image12.jpg]White matter

Gray matter





Basal Nuclei

•      Masses of gray matter found deep within the cortical white matter

Functions of Basal Nuclei

•    Regulate attention and cognition

•    Inhibit antagonistic and unnecessary movement

Thalamus

•      Contains four nuclei which project and receive fibers from the cerebral cortex

Thalamic Function

•      Afferent impulses from all senses converge and synapse in the thalamus

•      Impulses of similar function are “sorted out,” edited, and relayed as a group

•      All inputs ascending to the cerebral cortex pass through the thalamus

•      Plays a key role in mediating sensation, motor activities, cortical arousal, learning, and memory

Hypothalamus

•    Located below the thalamus, it caps the brainstem 
•    Relay station for olfactory pathways

Hypothalamic Function

•      Regulates blood pressure, rate and force of heartbeat, digestive tract motility, rate and depth of breathing, and many other visceral activities

•      Is involved with perception of pleasure, fear, and rage

•      Controls mechanisms needed to maintain normal body temperature

•      Regulates feelings of hunger and satiety 

•      Regulates sleep and the sleep cycle
•      Choroid plexus – a structure that secretes cerebral spinal fluid (CSF)

Brain Stem

•      Consists of three regions – midbrain, pons, and medulla oblongata

•      Similar to spinal cord but contains embedded nuclei

•      Controls automatic behaviors necessary for survival

•      Provides the pathway for tracts between higher and lower brain centers

•      Associated with 10 of the 12 pairs of cranial nerves

Midbrain

•      Located between the diencephalon and the pons

Midbrain structures include:

•    Cerebral peduncles – two bulging structures that contain descending pyramidal motor tracts

•    Cerebral aqueduct – hollow tube that connects the third and fourth ventricles

Pons

•      Bulging brainstem region between the midbrain and the medulla oblongata

Fibers of the pons:

•    Connect higher brain centers and the spinal cord

•    Relay impulses between the motor cortex and the cerebellum

Medulla Oblongata

•      Most inferior part of the brain stem

•      Pyramids – two longitudinal ridges formed by corticospinal tracts

•      Decussation of the pyramids – crossover points of the corticospinal tracts

•      Cardiovascular control center – adjusts force and rate of heart contraction

•      Respiratory centers – control rate and depth of breathing

The Cerebellum

•      Located dorsal to the Pons and medulla

•      Protrudes under the occipital lobes of the cerebrum

•      Makes up 11% of the brain’s mass

•      Provides precise timing and appropriate patterns of skeletal muscle contraction

•      Cerebellar activity occurs subconsciously

•      Arbor vitae – distinctive treelike pattern of the Cerebellar white matter

Cerebellar Processing

•      Cerebellum receives impulses of the intent to initiate voluntary muscle contraction

•      Proprioceptors and visual signals “inform” the cerebellum of the body’s condition

•      Cerebellar cortex calculates the best way to perform a movement

•      A “blueprint” of coordinated movement is sent to the cerebral motor cortex

Cerebellar Cognitive Function

•      Plays a role in language and problem solving

•      Recognizes and predicts sequences of events

Functional Brain System

•      Networks of neurons working together and spanning wide areas of the brain

The two systems are:

•    Limbic system

•    Reticular formation

Limbic System

Parts especially important in emotions:

•    Amygdala – deals with anger, danger, and fear responses

•    Cingulate gyrus – plays a role in expressing emotions via gestures, and resolves mental conflict

•      Puts emotional responses to odors – e.g., skunks smell bad

Limbic System: Emotion and Cognition

The limbic system interacts with the prefrontal lobes, therefore:

•    One can react emotionally to conscious understandings

•    One is consciously aware of emotion in one’s life

•    Hippocampal structures – convert new information into long-term memories

Reticular Formation

•      Composed of three broad columns along the length of the brain stem

Reticular Formation: RAS and Motor Function

•    RAS – reticular activating system 

•    Sends impulses to the cerebral cortex to keep it conscious and alert

•    Filters out repetitive and weak stimuli

Protection of the Brain

•      The brain is protected by bone, meninges, and cerebrospinal fluid

•      Harmful substances are shielded from the brain by the blood-brain barrier

Meninges

•      3 membranes that lie external to the CNS – dura mater, arachnoid mater, and pia mater

Functions of the meninges include:

•    Cover and protect the CNS

•    Protect blood vessels and enclose venous sinuses

•    Contain cerebrospinal fluid (CSF)

•    Form partitions within the skull
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Meninges

Dura Mater

•      Leathery, strong membrane composed of two fibrous connective tissue layers 

Arachnoid Mater

•      The middle membrane, which forms a loose brain covering

•      It is separated from the dura mater by the subdural space

Pia Mater

•      Deep membrane composed of delicate connective tissue that clings tightly to the brain
Cerebrospinal Fluid (CSF)

•      Watery solution similar in composition to blood plasma

•      Contains less protein and different ion concentrations than plasma

•      Forms a liquid cushion that gives buoyancy to the CNS organs

•      Prevents the brain from crushing under its own weight (reduces brain weight by 97%)
•      Protects the CNS from blows and other trauma

•      Nourishes the brain and carries chemical signals throughout it

Choroid Plexuses

•      Clusters of capillaries that form tissue fluid filters
•      Have ion pumps that allow them to alter ion concentrations of the CSF

•      Help cleanse CSF by removing wastes

Cerebrovascular Accidents (Strokes)

•      Caused when blood circulation to the brain is blocked and brain tissue dies

•      Most commonly caused by blockage of a cerebral artery

•      Other causes include compression of the brain by hemorrhage or edema, and atherosclerosis

•      Transient ischemic attacks (TIAs) – temporary episodes of reversible cerebral ischemia

Spinal Cord

•      CNS tissue is enclosed within the vertebral column from the foramen magnum to L1
•      Provides two-way communication to and from the brain

•      Protected by bone, meninges, and CSF

•      Epidural space – space between the vertebrae and the dural sheath (dura mater) filled with fat and a network of veins

•      Conus medullaris – terminal portion of the spinal cord

•      Filum terminale – fibrous extension of the pia mater; anchors the spinal cord to the coccyx

•      Denticulate ligaments – delicate shelves of pia mater; attach the spinal cord to the vertebrae

•      Spinal nerves – 31 pairs attach to the cord by paired roots

•      Cauda equina – collection of nerve roots at the inferior end of the vertebral canal

Gray Matter and Spinal Roots
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•      Gray matter consists of soma, unmyelinated processes, and neuroglia

•      Gray commissure – connects masses of gray matter; encloses central canal

•      Posterior (dorsal) horns – interneurons

•      Anterior (ventral) horns – interneurons and somatic motor neurons

•      Lateral horns – contain sympathetic nerve fibers

Gray Matter: Organization

•      Dorsal half – sensory roots and ganglia

•      Ventral half – motor roots

•      Dorsal and ventral roots fuse laterally to form spinal nerves 

White Matter in the Spinal Cord

•    Fibers run in three directions – ascending, descending, and transversely

•    Fiber tract names reveal their origin and destination

•    Fiber tracts are composed of axons with similar functions
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White Matter: Pathway Generalizations

•      Pathways decussate

•      Most consist of two or three neurons

•      Pathways are paired (one on each side of the spinal cord or brain)
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Spinal Cord Trauma: Paralysis

•      Paralysis – loss of motor function

•      Flaccid paralysis – severe damage to the ventral root or anterior horn cells

•    Lower motor neurons are damaged and impulses do not reach muscles

•    There is no voluntary or involuntary control of muscles 

•      Spastic paralysis – only upper motor neurons of the primary motor cortex are damaged

•    Spinal neurons remain intact and muscles are stimulated irregularly

•    There is no voluntary control of muscles

Spinal Cord Trauma: Transection

•      Cross sectioning of the spinal cord at any level results in total motor and sensory loss in regions inferior to the cut

•      Paraplegia – transection between T1 and L1
•      Quadriplegia – transection in the cervical region

Poliomyelitis

•      Destruction of the anterior horn motor neurons by the poliovirus

•      Early symptoms – fever, headache, muscle pain and weakness, and loss of somatic reflexes

Amyotrophic Lateral Sclerosis (ALS)

•      Lou Gehrig’s disease – neuromuscular condition involving destruction of anterior horn motor neurons and fibers of the pyramidal tract

•      Symptoms – loss of the ability to speak, swallow, and breathe

•      Death occurs within five years

Peripheral Nervous System (PNS)

Peripheral Nervous System (PNS)

•      PNS – all neural structures outside the brain and spinal cord

•      Includes: sensory receptors, peripheral nerves, associated ganglia, and motor endings

•      Provides links to and from the external environment

Sensory Receptors

•      Structures specialized to respond to stimuli

•      Activation of sensory receptors results in depolarizations that trigger impulses to the CNS

•      The realization of these stimuli, sensation and perception, occur in the brain

Receptor Classification by Stimulus

•      Mechanoreceptors – respond to touch, pressure, vibration, stretch, and itch

•      Thermoreceptors – sensitive to changes in temperature

•      Photoreceptors – respond to light energy (e.g., retina)

•      Chemoreceptors – respond to chemicals (e.g., smell, taste, changes in blood chemistry)

•      Nociceptors – sensitive to pain-causing stimuli

Receptor Class by Location: Exteroceptors

•      Respond to stimuli arising outside the body

•      Found near the body surface

•      Sensitive to touch, pressure, pain, and temperature

•      Includes the special sense organs

Receptor Class by Location: Interoceptors

•      Respond to stimuli arising within the body

•      Found in internal viscera and blood vessels

•      Sensitive to chemical changes, stretch, and temperature changes

Receptor Class by Location: Proprioceptors

•      Respond to degree of stretch of the organs they occupy

•      Found in skeletal muscles, tendons, joints, ligaments, & connective tissue coverings of bones & muscles

•      Constantly “advise” the brain of one’s movements

Receptor Classification by Structure

•      Receptors are structurally classified as either simple or complex

•      Most receptors are simple and include encapsulated and un-encapsulated varieties

•      Complex receptors are special sense organs

Simple Receptors: Un-encapsulated 
•      Free dendritic nerve endings

•      Merkel discs

•      Root hair plexuses

Simple Receptors: Encapsulated

•      Meissner’s corpuscles and Krause’s end bulbs 

•      Pacinian corpuscles 

•      Muscle spindles, Golgi tendon organs, and Ruffini’s corpuscles

Structure of a Nerve

•      Nerve – cordlike organ of the PNS consisting of peripheral axons enclosed by connective tissue

•      Connective tissue coverings include:

•    Endoneurium – loose connective tissue that surrounds axons

•    Perineurium – coarse connective tissue that bundles fibers into fascicles

•    Epineurium – tough fibrous sheath around a nerve
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Classification of Nerves

•      Sensory and motor divisions

•      Sensory (afferent) – carry impulse to the CNS

•      Motor (efferent) – carry impulses from CNS

•      Mixed – sensory and motor fibers carry impulses to and from CNS; most common type of nerve

Peripheral Nerves

•      Mixed nerves – carry somatic and autonomic (visceral) impulses

The four types of mixed nerves are:

•    Somatic afferent and somatic efferent

•    Visceral afferent and visceral efferent

•      Peripheral nerves originate from the brain or spinal column

Regeneration of Nerve Fibers

•      Damage to nerve tissue is serious because mature neurons are a-mitotic

•      If the soma of a damaged nerve remains intact, damage can be repaired 

     Motor Endings

•      PNS elements that activate effectors by releasing neurotransmitters at:

•    Neuromuscular junctions 

•    Varicosities at smooth muscle and glands

Cranial Nerves

•      Twelve pairs of cranial nerves arise from the brain 

•      They have sensory, motor, or both sensory and motor functions.

•      Each nerve is identified by a number (I through XII) and a name

•      Four cranial nerves carry parasympathetic fibers that serve muscles and glands

Summary of Function of Cranial Nerves

Cranial Nerve I: Olfactory

•      Arises from the olfactory epithelium

•      Fibers run through the olfactory bulb and terminate in the primary olfactory cortex

•      Functions solely by carrying afferent impulses for the sense of smell

Cranial Nerve II: Optic

•      Arises from the retina of the eye

•      Optic nerves pass through the optic canals and converge at the optic chiasm

•      They continue to the thalamus where they synapse

•      Functions solely by carrying afferent impulses for vision

Cranial Nerve III: Oculomotor

•      Functions in raising the eyelid, directing the eyeball, constricting the iris, and controlling lens shape
Cranial Nerve IV: Trochlear

•      Primarily a motor nerve that directs the eyeball

Cranial Nerve V: Trigeminal

•      Composed of three divisions: ophthalmic, maxillary, and mandibular 

•      Conveys sensory impulses from various areas of the face and supplies motor fibers for mastication

Cranial Nerve VI: Abducens

•      Primarily a motor nerve which abducts the eyeball (Turns it laterally)
Cranial Nerve VII: Facial

•      Mixed nerve with five major branches

•      Motor functions include facial expression, and the transmittal of autonomic impulses to lacrimal and salivary glands

•      Sensory function is taste from the anterior two-thirds of the tongue

Cranial Nerve VIII: Vestibulocochlear

•      Two divisions – cochlear (hearing) and vestibular (balance)

•      Functions are solely sensory for balance & hearing

Cranial Nerve IX: Glossopharyngeal

•      Nerve IX is a mixed nerve with motor and sensory functions

•      Motor – innervates the tongue and pharynx, and provides motor fibers to the parotid salivary gland

•      Sensory – fibers conduct taste and general sensory impulses from the tongue and pharynx

Cranial Nerve X: Vagus (literally “wanderer or vagabond”)
•      The only cranial nerve that extends beyond the head and neck to the abdomen
•      The vagus is a mixed nerve

•      Most motor fibers are parasympathetic fibers to the heart, lungs, and visceral organs

•      Its sensory function is in taste

Cranial Nerve XI: Accessory

•    Primarily a motor nerve supplying: 

•    Fibers to the larynx, pharynx, and soft palate

•    Innervates the trapezius and sternocleidomastoid, which move the head and neck
Cranial Nerve XII: Hypoglossal

•    Innervates both extrinsic & intrinsic muscles of the tongue, which contribute to swallowing and speech

________________________________________________________________________________
Spinal Nerves

•    31 pairs of mixed nerves arise from the spinal cord & supply all parts of the body except the head

•    They are named according to their point of issue

•    8 cervical (C1-C8)

•    12 thoracic (T1-T12)

•    5 Lumbar (L1-L5)

•    5 Sacral (S1-S5)
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•    1 Coccygeal (C0)
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Spinal Nerves: Roots

•      Each spinal nerve connects to the spinal cord via two medial roots

•   Ventral roots arise from the anterior horn and contain motor (efferent) fibers
•      Dorsal roots arise from the dorsal root ganglion and contain sensory (afferent) fibers
Nerve Plexuses

•      All ventral rami except T2-T12 form interlacing nerve networks called plexuses
•      Plexuses are found in the cervical, brachial, lumbar, and sacral regions

•      Each resulting branch of a plexus contains fibers from several spinal nerves

•      Fibers travel to the periphery via several different routes

•      Each muscle receives a nerve supply from more than one spinal nerve

•      Therefore damage to one spinal segment cannot completely paralyze a muscle
Dermatomes

•      A dermatome is the area of skin innervated by the cutaneous branches of a single spinal nerve

•      All spinal nerves except C1 participate in dermatomes
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Reflexes

•      A reflex is a rapid, predictable motor response to a stimulus

•      Reflexes may: 

•    Be inborn or learned (acquired)

•    Involve only peripheral nerves and the spinal cord 

•    Involve higher brain centers as well
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Reflex Arc

•      There are five components of a reflex arc

•    Receptor – site of stimulus

•    Sensory neuron – transmits the afferent impulse to the CNS

•    Integration center – either monosynaptic or polysynaptic region within the CNS (Spinal cord)
•    Motor neuron – conducts efferent impulses from the integration center to an effector

•    Effector – muscle fiber or gland that responds to the efferent impulse
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Superficial Reflexes

•      Initiated by gentle cutaneous stimulation

•      Example:  

•    Plantar reflex is initiated by stimulating the lateral aspect of the sole

•    The response is downward flexion of the toes

•    Indirectly tests for proper corticospinal tract functioning

•    Babinski’s sign: abnormal plantar reflex indicating corticospinal damage where the great toe dorsiflexes and the smaller toes fan laterally

Autonomic Nervous System (ANS)

Autonomic Nervous System (ANS)

•      The ANS consists of motor neurons that: 

•    Innervate smooth and cardiac muscle and glands

•    Make adjustments to ensure optimal support for body activities

•    Operate via subconscious control

•    Have viscera as most of their effectors

ANS Versus Somatic Nervous System (SNS)

•      The ANS differs from the SNS in the following three areas

•    Effectors

•    Efferent pathways

•    Target organ responses

Effectors

•      The effectors of the SNS are skeletal muscles

•      The effectors of the ANS are cardiac muscle, smooth muscle, and glands

Efferent Pathways

•      Heavily myelinated axons of the somatic motor neurons extend from the CNS to the effector

•      Axons of the ANS are a two-neuron chain

•    The preganglionic (first) neuron with a lightly myelinated axon

•    The gangionic (second) neuron that extends to an effector organ

Neurotransmitter Effects

•      All somatic motor neurons release ACh, which has an excitatory effect

•      In the ANS:

•    Preganglionic fibers release ACh

•    Postganglionic fibers release norepinephrine or ACh and the effect is either stimulatory or inhibitory

•    ANS effect on the target organ is dependent upon the neurotransmitter released and the receptor type of the effector

Divisions of the ANS

•      The two divisions of the ANS are the sympathetic and parasympathetic

•      The sympathetic mobilizes the body during extreme situations

•      The parasympathetic performs maintenance activities and conserves body energy 

•      The two divisions counterbalance each other’s activity

Role of the Parasympathetic Division

•      Concerned with keeping body energy use low

•      Involves the D activities – digestion, defecation, and diuresis

•      Its activity is illustrated in a person who relaxes after a meal

•    Blood pressure, heart rate, and respiratory rates are low

•    Gastrointestinal tract activity is high

•    The skin is warm and the pupils are constricted

Role of the Sympathetic Division

•      The sympathetic division is the “fight-or-flight” system

•      Involves E activities – exercise, excitement, emergency, and embarrassment

•      Promotes adjustments during exercise – blood flow to organs is reduced, flow to muscles is increased

•      Its activity is illustrated by a person who is threatened

•    Heart rate increases, and breathing is rapid and deep

•    The skin is cold and sweaty, and the pupils dilate
Sympathetic Outflow

•      Is from nerves T1 through L2
•      Sympathetic neurons produce the lateral horns of the spinal cord

•      Preganglionic fibers pass through the white rami communicantes and synapse in the paravertebral ganglia

•      Fibers from T5-L2 form splanchnic nerves and synapse in collateral ganglia 

•      Postganglionic fibers innervate the numerous organs of the body

Sympathetic Trunks and Pathways

•      Preganglionic fibers pass through white rami communicantes and enter paravertebral ganglia

•      The paravertebral ganglia form part of the sympathetic chain

•      Typically there are 23 ganglia – 3 cervical, 
11 thoracic, 4 lumbar, 4 sacral, and 1 coccygeal

•      A pregangiolonic fiber follows one of three pathways upon entering the paravertebral ganglia:

•    Synapse with the ganglionic neuron within the same ganglion

•    Ascend or descend the 
sympathetic chain to 
synapse in another 
chain ganglion

•    Pass through the chain 
ganglion and emerge 
without synapsing
Pathways with Synapses in a Chain Ganglion
•      Postganglionic axons enter the ventral rami via the gray rami communicantes

•      These fibers innervate sweat glands and arrector pili muscles

•      Rami communicantes are associated only with the sympathetic division

Pathways to the Head
•      Preganglionic fibers emerge from T1-T4 and synapse in the superior cervical ganglion

•      These fibers:

•    Serve the skin and blood vessels of the head

•    Stimulate dilator muscles of the iris

•    Inhibit nasal and salivary glands

Pathways to the Thorax
•      Preganglionic fibers emerge from T1-T6 and synapse in the cervical chain ganglia

•      Postganglionic fibers emerge from the middle and inferior cervical ganglia and enter nerves C4-C8
•      These fibers innervate the heart via the cardiac plexus, as well as innervating, the thyroid and the skin

•      Other T1-T6 preganglionic fibers synapse in the nearest chain ganglia

•      Postganglionic fibers directly serve the heart, aorta, lungs, and esophagus 

Pathways with Synapses in a Collateral Ganglion
•      These fibers (T5-L2) leave the sympathetic chain without synapsing

•      They form thoracic, lumbar, and sacral splanchnic nerves 

•      Their ganglia include the celiac, the superior and inferior mesenterics, and the hypogastric 

Pathways to the Abdomen
•      Sympathetic nerves innervating the abdomen have preganglionic fibers from T5-L2
•      They travel through the thoracic splanchnic nerves and synapse at the celiac and superior mesenteric ganglia

•      Postganglionic fibers serve the stomach, intestines, liver, spleen, and kidneys

Pathways to the Pelvis
•      Preganglionic fibers originate from T10-L2
•      Most travel via the lumbar and sacral splanchnic nerves to the inferior mesenteric and hypogastric ganglia

•      Postganglionic fibers serve the distal half of the large intestine, the urinary bladder, and the reproductive organs

Pathways with Synapses in the Adrenal Medulla
•      Fibers of the thoracic splanchnic nerve pass directly to the adrenal medulla

•      Upon stimulation, medullary cells secrete norepinephrine and epinephrine into the blood

Visceral Reflexes

•      Visceral reflexes have the same elements as somatic reflexes

•      They are always polysynaptic pathways

•      Afferent fibers are found in spinal and autonomic nerves

Referred Pain

•      Pain arising from the viscera but is 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

Neurotransmitters and Receptors
•      Acetylcholine (ACh) and norepinephrine (NE) are the two 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 upon the receptor type 

Cholinergic Receptors
•      The two types of receptors that bind ACh are nicotinic and muscarinic

•      These are named after drugs that bind them and mimic ACh effects

Nicotinic Receptors
•      Nicotinic receptors are found on:

•    Motor end plates (somatic targets)

•    All ganglionic neurons of both sympathetic and parasympathetic divisions

•    The hormone-producing cells of the adrenal medulla

•      The effect of ACh binding to nicotinic receptors is always stimulatory

Muscarinic Receptors
•      Muscarinic receptors occur on all effector cells stimulated by postganglionic cholinergic fibers

•      The effect of ACh binding: 

•    Can be either inhibitory or excitatory

•    Depends on the receptor type of the target organ

Adrenergic Receptors
•      The two types of adrenergic receptors are alpha and beta

•      Each type has two or three subclasses ((1, (2,  (1, (2 , (3)

•      Effects of NE binding to: 

•    ( receptors is generally stimulatory

•    ( receptors is generally inhibitory

•      A notable exception – NE binding to ( receptors of the heart is stimulatory

Effects of Drugs
•      Atropine – blocks parasympathetic effects

•      Neostigmine – inhibits acetylcholinesterase and is used to treat myasthenia gravis

•      Tricyclic antidepressants – prolong the activity of NE on postsynaptic membranes

•      Over-the-counter drugs for colds, allergies, and nasal congestion – stimulate (-adrenergic receptors

•      Beta-blockers – attach mainly to (1 receptors and reduce heart rate and prevent arrhythmias

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 hypertension

Parasympathetic Tone
•      Parasympathetic tone:

•    Slows the heart

•    Dictates normal activity levels of the digestive and urinary systems

•      The sympathetic division can override these effects during times of stress

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

Cooperative Effects
•      ANS cooperation is best seen in control of the external genitalia

•      Parasympathetic fibers cause vasodilation and are responsible for erection of the penis and clitoris

•      Sympathetic fibers cause ejaculation of semen in males and reflex peristalsis in females

Unique Roles of the Sympathetic Division
•      Regulates many functions not subject to parasympathetic influence

•      These include the activity of the adrenal medulla, sweat glands, arrector pili muscles, kidneys, and most blood vessels

•      The sympathetic division controls:

•    Thermoregulatory responses to heat

•    Release of renin from the kidneys

•    Metabolic effects

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

Release of Renin
•      Sympathetic impulses activate the kidneys to release renin

•      Renin is an enzyme that promotes increased blood pressure

Metabolic Effects
•      The sympathetic division promotes metabolic effects that are not reversed by the parasympathetic division

•    Increases the metabolic rate of body cells

•    Raises blood glucose levels

•    Mobilizes fat as a food source

•    Stimulates the reticular activating system (RAS) of the brain, increasing mental alertness

Localized Versus Diffuse Effects
•      The parasympathetic division exerts short-lived, highly localized control 

•      The sympathetic division exerts long-lasting, diffuse effects 

Effects of Sympathetic Activation
•      Sympathetic activation is long-lasting because NE:

•    Is inactivated more slowly than ACh

•    Is an indirectly acting neurotransmitter, using a second-messenger system

•    NE and epinephrine are released into the blood and remain there until destroyed by the liver

Levels of ANS Control

•      The hypothalamus is the main integration center of ANS activity

•      Subconscious cerebral input via limbic lobe connections influences hypothalamic function

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

Hypothalamic Control
•      Centers of the hypothalamus control:

•    Heart activity and blood pressure

•    Body temperature, water balance, and endocrine activity

•    Emotional stages (rage, pleasure) and biological drives (hunger, thirst, sex)

•    Reactions to fear and the “fight-or-flight” system

Embryonic Development of the ANS
•      Preganglionic neurons are derived from the embryonic neural tube

•      ANS structures in the PNS–ganglionic neurons, the adrenal medulla, and all autonomic ganglia–derive from the neural crest

•      Nerve growth factor (NGF) is a protein secreted by target cells that aids in the development of ANS pathways

Developmental Aspects of the ANS
•      During youth, ANS impairments are usually due to injury

•      In old age, ANS efficiency decreases, resulting in constipation, dry eyes, and orthostatic hypotension

•    Orthostatic hypotension is a form of low blood pressure that occurs when sympathetic vasoconstriction centers respond slowly to positional changes

Neural Integration

Sensory Integration
•      Survival depends upon sensation and perception

•      Sensation is the awareness of changes in the internal and external environment

•      Perception is the conscious interpretation of those stimuli

Organization of the Somatosensory System

•      Input comes from exteroceptors, proprioceptors, and interoceptors

•      The three main levels of neural integration in the somatosensory system are:

•    Receptor level – the sensor receptors

•    Circuit level – ascending pathways

•    Perceptual level – neuronal circuits in the cerebral cortex

Processing at the Receptor Level

•      Receptor potential – a graded potential from a stimulated sensory receptor 

•      Generator potential – depolarization of the afferent fiber caused by a receptor that is a separate cell (e.g., hair cell of the ear’s hearing receptor)

•      If the receptor potential is above threshold, an action potential is sent to the CNS

•      Strength of stimulus is determined by the frequency of action potentials 

Adaptation of Sensory Receptors

•      Adaptation occurs when sensory receptors are subjected to an unchanging stimulus

•    Receptor membranes become less responsive

•    Receptor potentials decline in frequency or stop

•      Receptors responding to pressure, touch, and smell adapt quickly

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

Processing at the Circuit Level

•      Chains of three neurons (1st, 2nd, and 3rd order) conduct sensory impulses upward to the brain

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

•      Second-order neurons – soma 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

Main Ascending Pathways

•      The central processes of fist-order neurons branch diffusely as they enter the spinal cord and medulla

•      Some branches take part in spinal cord reflexes

•      Others synapse with second-order neurons in the cord and medullary nuclei

•      Pain fibers synapse with substantia gelatinosa neurons in the dorsal horn 

•      Fibers from touch and pressure receptors form collateral synapses with interneurons in the dorsal horns

Three Ascending Pathways

•      The nonspecific and specific ascending pathways send impulses to the sensory cortex

•    These pathways are responsible for discriminative touch and conscious proprioception

•      The spinocerebellar tracts send impulses to the cerebellum and do not contribute to sensory perception

Specific and Posterior Spinocerebellar Tracts

•      Specific ascending pathways within the fasciculus gracilis and fasciculus cuneatus tracts, and their continuation in the medial lemniscal tracts 

•      The posterior spinocerebellar tract

Nonspecific Ascending Pathway

•      Nonspecific pathway for pain, temperature, and crude touch within the lateral spinothalamic tract

Processing at the Perceptual Level

•      The thalamus projects fibers to: 

•    The somatosensory cortex

•    Sensory association areas

•      First one modality is sent, then those considering more than one

•      The result is an internal, conscious image of the stimulus

Main Aspects of Sensory Perception

•      Perceptual detection – detecting that a stimulus has occurred and requires summation

•      Magnitude – how much of a stimulus is acting

•      Spatial discrimination – identifying the site or pattern of the stimulus

•      Feature abstraction – used to identify a substance that has specific texture or shape

•      Quality discrimination – the ability to identify submodalities of a sensation (e.g., sweet  or sour tastes)

•      Pattern recognition – ability to recognize patterns in stimuli (e.g., melody, familiar face)

Motor Integration

•      In the motor system:

•    There are effectors (muscles) instead of sensory receptors

•    The pathways are descending efferent circuits, instead of afferent ascending ones

•    There is motor behavior instead of perception

Levels of Motor Control

•      The three levels of motor control are:

•    Segmental level

•    Projection level

•    Programs/instructions level

Segmental Level

•      The segmental level is the lowest level of motor hierarchy

•      It consists of segmental circuits of the spinal cord

•      Its circuits control locomotion and specific, oft-repeated motor activity

•      These circuits are called central pattern generators (CPGs)

Projection Level

•      The projection level consists of: 

•    Cortical motor areas that produce the direct (pyramidal) system

•    Brain stem motor areas that oversee the indirect (mulitneuronal) system

•      Helps control reflex and fixed-pattern activity and houses command neurons that modify the segmental apparatus

Descending (Motor) Pathways

•      Descending 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

•      Motor pathways involve two neurons (upper and lower)

The Direct (Pyramidal) System

•      Direct pathways originate with the pyramidal neurons in the precentral gyri

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

•      Stimulation of anterior horn neurons activates skeletal muscles

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

•      The direct pathway regulates fast and fine (skilled) movements

Indirect (Extrapyramidal) System

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

•      This system includes the rubrospinal, vestibulospinal, reticulospinal, and tectospinal tracts

•      These motor pathways are complex and multisynaptic, and regulate:

•    Axial muscles that maintain balance and posture

•    Muscles controlling coarse movements of the proximal portions of limbs

•    Head, neck, and eye movement

Extrapyramidal (Multineuronal) Pathways

•      Reticular nuclei – maintain balance

•      Vestibular nuclei – receive input from the equilibrium apparatus of the ear and from the cerebellum

•      Vestibulospinal tracts – control the segmental apparatus during standing

•      Red nuclei – control flexor muscles

•      Superior colliculi and tectospinal tracts mediate head movements

Programs and Instructions Level

•      The program/instructional level integrates the sensory and motor systems

•      This level is called the precommand area

•      They are located in the cerebellum and basal nuclei  

•    Regulate precise start/stop movements and coordinate movements with posture

•    Block unwanted movements and monitor muscle tone
Brain Waves

•      Normal brain function involves continuous electrical activity

•      An electroencephalogram (EEG) records this activity

•      Patterns of neuronal electrical activity recorded are called brain waves

•      Each person’s brain waves are unique

Types of Brain Waves

•      Alpha waves – low-amplitude, slow, synchronous waves indicating an “idling” brain

•      Beta waves – rhythmic, more irregular waves occurring during the awake and mentally alert state

•      Theta waves – more irregular than alpha waves; common in children but abnormal in adults

•      Delta waves – high-amplitude waves seen in deep sleep and when reticular activating system is damped

Brain Waves: State of the Brain

•      Brain waves change with age, sensory stimuli, brain disease, and the chemical state of the body

•      EEGs can be used to diagnose and localize brain lesions, tumors, infarcts, infections, abscesses, and epileptic lesions

•      A flat EEG (no electrical activity) is clinical evidence of death

Epilepsy

•      A victim of epilepsy may lose consciousness, fall stiffly, and have uncontrollable jerking, characteristic of epileptic seizure

•      Epilepsy is not associated with, nor does it cause, intellectual impairments

•      Epilepsy occurs in 1% of the population

Epileptic Seizures

•      Absence seizures, or petit mal – mild seizures seen in young children where the expression goes blank

•      Temporal lobe epilepsy – the victim loses contact with reality and may experience hallucinations, flashbacks, and emotional outburst

•      Grand mal seizures – victim loses consciousness, bones are often broken due to intense convulsions, loss of bowel and bladder control, and severe biting of the tongue

Control of Epilepsy

•      Epilepsy can usually be controlled with anticonvulsive drugs

•      Valproic acid, a nonsedating drug, enhances GABA and is a drug of choice

•      Vagus nerve stimulators can be implanted under the skin of the chest and can keep electrical activity of the brain from becoming chaotic

Consciousness

•      Encompasses 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

•      Is superimposed on other types of neural activity

•      Is holistic and totally interconnected

•      Clinical consciousness is defined on a continuum that grades levels of behavior – alertness, drowsiness, stupor, coma

Types of Sleep

•      There are two major types of sleep:

•    Non-rapid eye movement (NREM)

•    Rapid eye movement (REM)

•      One passes through four stages of NREM during the first 30-45 minutes of sleep

•      REM sleep occurs after the fourth NREM stage has been achieved

Types and Stages of Sleep: NREM

•      NREM stages include:

•    Stage 1 – eyes are closed and relaxation begins; the EEG shows alpha waves; one can be easily aroused

•    Stage 2 – EEG pattern is irregular with sleep spindles (high-voltage wave bursts); arousal is more difficult

•    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; arousal is difficult

Types and Stages of Sleep: REM

•      REM sleep is characterized by:

•    EEG pattern reverts through the NREM stages to the stage 1 pattern

•    Vital signs increase

•    Skeletal muscles (except ocular muscles) are inhibited

•    Most dreaming takes place

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

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

•      Daily sleep requirements decline with age

Sleep Disorders

•      Narcolepsy – lapsing abruptly into sleep from the awake state

•      Insomnia – chronic inability to obtain the amount or quality of sleep needed

•      Sleep apnea – temporary cessation of breathing during sleep

Memory

•      Memory is the storage and retrieval of information

•      The 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

•      The two stages of memory are short-term memory and long-term memory

•      Short-term memory (STM, or working memory) – a fleeting memory of the events that continually happen

•      STM lasts seconds to hours and is limited to 7 or 8 pieces of information

•      Long-term memory (LTM) has limitless capacity

Transfer from STM to LTM

•      Factors that effect transfer of memory from STM to LTM include:

•    Emotional state – we learn best when we are alert, motivated, and aroused

•    Rehearsal – repeating or rehearsing material enhances memory

•    Association – associating new information with old memories in LTM enhances memory

•    Automatic memory – subconscious information stored in LTM

Categories of Memory

•      The two categories of memory are fact memory and skill memory

•      Fact (declarative) memory: 

•    Entails learning explicit information

•    Is related to our conscious thoughts and our language ability

•    Is stored with the context in which it was learned

Skill Memory

•      Skill memory is less conscious than fact memory and involves motor activity

•      It is acquired through practice

•      Skill memories do not retain the context in which they were learned

Structures Involved in Fact Memory

•      Fact memory involves the following brain areas:

•    Hippocampus and the amygdala, both limbic system structures

•    Specific areas of the thalamus and hypothalamus of the diencephalon

•    Ventromedial prefrontal cortex and the basal forebrain

Major Structures Involved with Skill Memory

•      Skills memory involves:

•    Corpus striatum – mediates the automatic connections between a stimulus and a motor response

•    Portion of the brain receiving the stimulus (visual in this figure)

•    Premotor and motor cortex

Mechanisms of Memory

•      The engram, a hypothetical unit of memory, has never be elucidated

•      Changes that take place during memory include:

•    Neuronal RNA content is altered

•    Dendritic spines change shape

•    Unique extracellular proteins are deposited at synapses involved in LTM

•    Presynaptic terminals increase in number and size, and release more neurotransmitter

The Special Senses

Chemical Senses

•      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

Taste Buds

•      The 10,000 or so taste buds are mostly found on the tongue

•      Found in papillae of the tongue mucosa

•      Papillae come in three types: filiform, fungiform, and circumvallate

•      Fungiform and circumvallate papillae contain taste buds

Anatomy of a Taste Bud

•      Each gourd-shaped taste bud consists of three major cell types

•    Supporting cells – insulate the receptor 

•    Basal cells – dynamic stem cells 

•    Gustatory cells – taste cells

Taste Sensations

•      There are four basic taste sensations

•    Sweet – sugars, saccharin, alcohol, and some amino acids

•    Salt – metal ions

•    Sour – hydrogen ions

•    Bitter – alkaloids such as quinine and nicotine

Physiology of Taste

•      In order to be tasted, a chemical:

•    Must be dissolved in saliva

•    Contact gustatory hairs

•      Binding of the food chemical:

•    Depolarizes the taste cell membrane, releasing neurotransmitter

•    Initiates a generator potential that elicits an action potential

Taste Transduction

•      The stimulus energy of taste is converted into a nerve impulse by: 

•    Na+ influx in salty tastes

•    H+ and blockage of K+ channels in sour tastes

•    Gustducin in sweet and bitter tastes

Gustatory Pathways

•      Cranial Nerves VII  and IX  carry impulses from taste buds to the solitary nucleus of the medulla

•      These impulses then travel to the thalamus, and from there fibers branch to the:

•    Gustatory cortex (taste)

•    Hypothalamus and limbic system (appreciation of taste)

Influence of Other Sensations on Taste

•      Taste is 80% smell

•      Thermoreceptors, mechanoreceptors, nociceptors also influence tastes

•      Temperature and texture enhance or detract from taste

Sense of Smell

•      The organ of smell is the olfactory epithelium, which covers the superior nasal concha 

•      Olfactory receptor cells are bipolar neurons with radiating olfactory cilia

•      They are surrounded and cushioned by supporting cells

•      Basal cells lie at the base of the epithelium

Physiology of Smell

•      Olfactory receptors respond to several different odor causing chemicals

•      When bound to ligand these proteins initiate a G protein mechanism, which uses cAMP as a second messenger

•      cAMP opens sodium channels, causing depolarization of the receptor membrane that then triggers an action potential

Olfactory Pathway

•      Olfactory receptor cells synapse with mitral cells

•      Glomerular mitral cells process odor signals

•      Mitral cells send impulses to:

•    The olfactory cortex 

•    The hypothalamus, amygdala, and limbic system

Eye and Associated Structures

•      70% of all sensory receptors are in the eye

•      Photoreceptors – sense and encode light patterns

•      The brain fashions images from visual input

•      Accessory structures include:

•    Eyebrows, eyelids, conjunctiva

•    Lacrimal apparatus and extrinsic eye muscles

Eyebrows

•      Coarse hairs the overlie the supraorbital margins

•      Functions include:

•    Shading the eye

•    Preventing perspiration from reaching the eye

•      Orbicularis muscle – depresses the eyebrows

•      Corrugator muscles – move the eyebrows medially

Palpebrae (Eyelids)

•      Protect the eye anteriorly

•      Palpebral fissure – separates eyelids 

•      Canthi - medial and lateral angles (commissures)

•      Lacrimal caruncle – contains glands that secrete a whitish, oily secretion (“Sandman’s eye sand”)

•      Tarsal plates of connective tissue support the eyelids internally

•      Levator palpebrae superioris – gives the upper eyelid mobility

Accessory Structures of the Eye

•      Eyelashes

•    Project from the free margin of each eyelid

•    Initiate reflex blinking

•      Lubricating glands associated with the eyelids

•    Meibomian glands and sebaceous glands

•    Ciliary glands

Conjunctiva

•      Transparent membrane that:

•    Lines the eyelids as the palpebral conjunctiva

•    Covers the whites of the eyes as the ocular conjunctiva

•    Lubricates and protects the eye

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

Extrinsic Eye Muscles

•      Six straplike extrinsic eye muscles

•    Enable the eye to follow moving objects

•    Maintain the shape of the eyeball

•      The two basic types of eye movements are:

•    Saccades – small, jerky movements 

•    Scanning movements – tracking an object through the visual field

Summary of Cranial Nerves and Muscle Actions

•      Names, actions, and cranial nerve innervation of the extrinsic eye muscles
Structure of the Eyeball

•      A slightly irregular hollow sphere with anterior and posterior poles

•      The wall is composed of three tunics – fibrous, vascular, and sensory

•      The internal cavity is fluid filled with humors – aqueous and vitreous

•      The lens separates the internal cavity into anterior and posterior segments

Fibrous Tunic

•      Forms the outermost coat of the eye and is composed of: 

•    Opaque sclera (posterior)

•    Clear cornea (anterior)

•      Sclera – protects the eye and anchors extrinsic muscles

•      Cornea – lets light enter the eye 

Vascular Tunic (Uvea): Choroid Region

•      Has three regions: choroid, ciliary body, and iris

•      Choroid region

•    A dark brown membrane that forms the posterior portion of the uvea

•    Supplies blood to all eye tunics

Vascular Tunic: Ciliary Body

•      A thickened ring of tissue surrounding the lens

•      Composed of smooth muscle bundles (ciliary muscles)

•      Anchors the suspensory ligament that holds the lens in place

Vascular Tunic: Iris

•      The colored part of the eye

•      Pupil – central opening of the iris

•    Regulates the amount of light entering the eye during: 

•   Close vision and bright light – pupils constrict

•   Distant vision and dim light – pupils dilate

•   Changes in emotional state – pupils dilate when the subject matter is appealing or requires problem solving skills

Sensory Tunic: Retina

•      A delicate two-layered membrane

•      Pigmented layer – the outer layer that absorbs light and prevents its scattering

•      Neural layer, which contains:

•    Photoreceptors that transduce light energy

•    Bipolar cells and ganglion cells

•    Amacrine and horizontal cells

The Retina: Ganglion Cells and the Optic Disc

•      Ganglion cell axons:

•    Run along the inner surface of the retina

•    Leave the eye as the optic nerve

•      The optic disc:

•    Is the site where the optic nerve leaves the eye

•    Lacks photoreceptors (the blind spot)

The Retina: Photoreceptors

•      Rods:

•    Respond to dim light

•    Are used for peripheral vision

•      Cones:

•    Respond to bright light

•    Have high-acuity color vision 

•    Are found in the macula lutea 

•    Are concentrated in the fovea centralis

Blood Supply to the Retina

•      The neural retina receives it blood supply from two sources

•    The outer third receives its blood from the choroid

•    The inner two-thirds are served by the central artery and vein

•      Small vessels radiate out from the optic disc and can be seen with an ophthalmoscope

Inner Chambers and Fluids

•      The lens separates the internal eye into anterior and posterior segments

•      The posterior segment is filled with a clear gel called vitreous humor that:

•    Transmits light

•    Supports the posterior surface of the lens 

•    Holds the neural retina firmly against the pigmented layer

•    Contributes to intraocular pressure

Anterior Segment

•      Composed of two chambers

•    Anterior – between the cornea and the iris

•    Posterior – between the iris and the lens

•      Aqueous humor

•    A plasmalike fluid that fills the anterior segment

•    Drains via the canal of Schlemm

•      Supports, nourishes, and removes wastes 

The Lens

•      A biconvex, transparent, flexible, avascular structure that:

•    Allows precise focusing of light onto the retina

•    Is composed of epithelium and lens fibers

•      Lens epithelium – anterior cells that differentiate into lens fibers

•      Lens fibers – cells filled with the clear protein crystalline

•      With age, the lens becomes more compact and dense and loses its elasticity

Light

•      Electromagnetic radiation – all energy waves from short gamma rays to long radio waves

•      Our eyes respond to a small portion of this spectrum called the visible spectrum
•      Different cones in the retina respond to different wavelengths of the visible spectrum

Refraction and Lenses

•      When light passes from one transparent medium to another its speed changes and it refracts (bends)

•      Light passing through a convex lens (as is in the eye) is bent so that the rays converge to a focal point

•      When a convex lens forms an image, the image is upside down and reversed right to left
Focusing Light on the Retina

•      Pathway of light entering the eye: cornea, aqueous humor, lens, vitreous humor, and the neural layer of the retina to the photoreceptors

•      Light is refracted:

•    At the cornea

•    Entering the lens

•    Leaving the lens

•      The lens curvature and shape allow for fine focusing of an image

Focusing for Distant Vision

•      Light from a distance needs little adjustment for proper focusing

•      Far point of vision – the distance beyond which the lens does not need to change shape to focus (20ft)

Focusing for Close Vision

•      Close vision requires:

•    Accommodation – changing the lens shape by ciliary muscles to increase refractory power

•    Constriction – the pupillary reflex constricts the pupils to prevent divergent light 
rays from entering the eye

•    Convergence – medial rotation of the eyeballs toward the object being viewed

Problems of Refraction

•      Emmetropic eye – normal eye with light focused properly

•      Myopic eye (nearsighted) – the focal point is in front of the retina

•    Corrected with a concave lens

•      Hyperopic eye (farsighted) – the focal point is behind the retina

•    Corrected with a convex lens

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 
disklike infoldings of the plasma membrane that change shape as they absorb light

Rods

•      Functional characteristics

•    Sensitive to dim light and best suited for night vision

•    Absorb all wavelengths of visible light

•    Perceived input is in gray tones only

•    Sum visual input from many rods feed into a single ganglion cell 

•    Results in fuzzy and indistinct images

Cones

•      Functional characteristics 

•    Need bright light for activation (have low sensitivity)

•    Pigments that furnish a vividly colored view

•    Each cone synapses with a single ganglion cell

•    Vision is detailed and has high resolution

Chemistry of Visual Pigments

•      Retinal – 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 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 + opsin regenerate rhodopsin

Excitation of Cones

•      Visual pigments in cones are similar to rods (retinal + opsins)

•      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
Phototransduction

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

•      The freed opsin activates the G protein transducin

•      Transducin catalyzes activation of phosphodiesterase (PDE)

•      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

Adaptation

•      Adaptation to bright light (going from dark to 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

•      Axons of retinal ganglion cells form the optic nerve 

•      Medial fibers of the optic nerve decussate at the optic chiasm

•      Most fibers of the optic tracts continue to the lateral geniculate body of the thalamus

•      Other optic tract fibers end in superior colliculi (initiating visual reflexes) and pretectal nuclei (involved with pupillary reflexes)

•      Optic radiations travel from the thalamus to the visual cortex

Depth Perception

•      Achieved by both eyes viewing the same image from slightly different angles

•      Three-dimensional vision results from cortical fusion of the slightly different images

•      If only one eye is used, depth perception is lost and the observer must rely on learned clues to determine depth

Retinal Processing: Receptive Fields of Ganglion Cells

•      On-center fields

•    Stimulated by light hitting the center of the field

•    Inhibited by light hitting the periphery of the field

•      Off-center fields have the opposite effects 

•      These responses are due to receptor types in the “on” and “off” fields

Thalamic Processing

•      The lateral geniculate nuclei of the thalamus:

•    Relay information on movement

•    Segregate the retinal axons in preparation for depth perception

•    Emphasize visual inputs from regions of high cone density

•    Sharpen the contrast information received by the retina

Cortical Processing

•      Striate cortex processes 

•    Basic dark/bright and contrast information

•      Prestriate cortices (association areas) processes

•    Form, color, and movement 

•      Visual information then  proceeds anteriorly to the:

•    Temporal lobe – processes identification of objects

•    Parietal cortex and postcentral gyrus – processes spatial location

The Ear: Hearing and Balance

•      The three parts of the ear are the inner, outer, and middle ear

•      The outer and middle ear are involved with hearing

•      The inner ear functions in both hearing and equilibrium

•      Receptors for hearing and balance: 

•    Respond to separate stimuli

•    Are activated independently

Outer Ear

•      The auricle (pinna) is composed of:

•    Helix (rim)

•    The lobule (earlobe)

•      External auditory canal

•    Short, curved tube filled with ceruminous glands

•      Tympanic membrane (eardrum)

•    Thin connective tissue membrane that vibrates in response to sound

•    Transfers sound energy to the middle ear ossicles 

•    Boundary between outer and middle ears

Middle Ear (Tympanic Cavity)

•      A small, air-filled, mucosa-lined cavity 

•    Flanked laterally by the eardrum

•    Flanked medially by the oval and round windows

•      Epitympanic recess – superior portion of the middle ear

•      Pharyngotympanic tube – connects the middle ear to the nasopharynx

•    Equalizes pressure in the middle ear cavity with the external air pressure

Ear Ossicles

•      The tympanic cavity contains three small bones: the malleus, incus, and stapes

•    Transmit vibratory motion of the eardrum to the oval window

•    Dampened by the tensor tympani and stapedius muscles

•Loudness is perceived by:

Varying thresholds of cochlear cells 
The number of cells stimulated 
The Organ of Corti

•      Is composed of supporting cells and outer and inner hair cells

•      Afferent fibers of the cochlear nerve attach to the base of hair cells

•      The stereocilia (hairs): 

•    Protrude into the endolymph

•    Touch the tectorial membrane

Excitation of Hair Cells in the Organ of Corti

•      Bending cilia: 

•    Opens mechanically-gated ion channels

•    Causes a graded potential and the release of a neurotransmitter (probably glutamate)

•      The neurotransmitter causes cochlear fibers to transmit impulses to the brain, where sound is perceived

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 

•    Inferior colliculus (auditory reflex center)

•      From there, impulses pass to the auditory cortex 

•      Auditory pathways decussate so that both cortices receive input from both ears

Auditory Processing

•      Pitch is perceived by: 

•    The primary auditory cortex

•    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

Deafness

•      Conduction deafness – something hampers sound conduction to the fluids of the inner ear (e.g., impacted earwax, perforated eardrum, osteosclerosis of the ossicles)

•      Sensorineural deafness – results from damage to the neural structures at any point from the cochlear hair cells to the auditory cortical cells

•      Tinnitus – ringing or clicking sound in the ears in the absence of auditory stimuli

•      Meniere’s syndrome – labyrinth disorder that affects the cochlea and the semicircular canals, causing vertigo, nausea, and vomiting

Mechanisms of Equilibrium and Orientation

•      Vestibular apparatus – equilibrium receptors in the semicircular canals and vestibule

•    Maintain our orientation and balance in space

•    Vestibular receptors monitor static equilibrium

•    Semicircular canal receptors monitor dynamic equilibrium

Anatomy of Maculae 

•      Maculae – the sensory receptors for static equilibrium

•    Contain supporting cells and hair cells

•    Each hair cell has stereocilia and kinocilium embedded in the otolithic membrane

Anatomy of Maculae 

•      Otolithic membrane – jellylike mass studded with tiny CaCO3 stones called otoliths

•      Uticular hairs respond to horizontal movement

•      Saccular hair respond to vertical movement

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 information, the brain is informed of the changing position of the head
Crista Ampullaris and Dynamic Equilibrium
•      The crista ampullaris (or crista):

•    Is the receptor for dynamic equilibrium

•    Is located in the ampulla of each semicircular canal

•    Responds to angular movements
•      Each crista has support cells and hair cells that extend into a gel-like mass called the cupula

•      Dendrites of vestibular nerve fibers encircle the base of the hair cells

Transduction of Rotational Stimuli
•      Cristae respond to changes in velocity of rotatory movements of the head

•      Directional bending of hair cells in the cristae causes either:

•    Depolarizations and rapid impulses reach the brain at a faster rate

•    Hyperpolarizations and fewer impulses reach the brain

•      The result is that the brain is informed of rotational movements of the head
Balance and Orientation Pathways
•      There are three modes of input for balance and orientation

•    Vestibular receptors

•    Visual receptors

•    Somatic receptors

•      These receptors allow our body to respond reflexively 

Developmental Aspects

•      All special senses are functional at birth

•      Chemical senses – few problems occur until the fourth decade, when these senses begin to decline

•      Vision – optic vesicles protrude from the diencephalon during the 4th week of development

•    These vesicles indent to form optic cups and their stalks form optic nerves

•    Later, the lens forms from ectoderm

•      Vision is not fully functional at birth

•      Babies are hyperopic, see only gray tones, and eye movements are uncoordinated

•      Depth perception and color vision is well developed by age five and emmetropic eyes are developed by year six

•      With age the lens loses clarity, dilator muscles are less efficient, and visual acuity is drastically decreased by age 70

•      Ear development begins in the 3rd week

•      Inner ears develop from otic placodes, which invaginate into the otic pit and otic vesicle

•      The otic vesicle becomes the membranous labyrinth, and the surrounding mesenchyme becomes the bony labyrinth

•      Middle ear structures develop from the pharyngeal pouches

•      The branchial groove develops into outer ear structures

