Physiology 605 Objectiives
NEUROPHYSIOLOGY  SECTION I

GRADED POTENTIALS AND SYNAPTIC TRANSMISSION

· Name the two subdivisions of the nervous system and tell what they comprise

· Name the two major types of cells in the nervous system and tell which is dividing and which is non-dividing 

· Describe the general role of neurons and how they work as integrators

· Describe  the general function of each part of a neuron

· Describe the general functions of each type of glial cell
· List characteristics of graded potentials

· Compare/contrast graded potentials to action potentials

· Compare/contrast chemical synapses to electrical synapses

· Compare excitatory and inhibitory postsynaptic potentials including the ionic fluxes responsible for each

· Define: synapse, transduction

· Compare/contrast synaptic transmission at electrical and chemical synapses

· Describe the structure of a chemical synapse and the process of synaptic transmission at a chemical synapse

· Compare the ion fluxes during excitatory and inhibitory postsynaptic potentials

· Explain what is meant by integration of electrical activity by a postsynaptic neuron

· Describe how the trigger zone serves as the integrative component of a neuron.

· Give examples of trigger zone locations in two different types of neurons 

· Describe temporal & spatial summation.

· List different types of synaptic contact 

· Explain presynaptic facilitation/inhibition at axoaxonic synapses. Why are somatic synapses often very influential?

· Explain the role of autoreceptors on a presynaptic neuron
NEUROPHYSIOLOGY SECTION II

NEUROTRANSMITTERS/-MODULATORS AND ACETYLCHOLINE

· Compare the characteristics of neurotransmitters and neuromodulators.

· Describe the synthesis of acetylcholine and mechanisms for its removal from a synapse.  Give examples of neurons that release Ach.  Describe the 2 main categories of Ach receptors and blockers for each type.  Describe 2 disease states where there are problems of cholinergic transmission

· Describe the origin of the biogenic amines.  List the 3 catecholamine biogenic amines.  Describe the steps in catecholamine biosynthesis.  Describe how  the action of the catecholamines is terminated.   Give examples/locations of neurons that release each of the catecholamines.  What types of drugs target dopaminergic synapses?  

· Describe the synthesis of serotonin.  Describe how  its action at a synapse is terminated.  Give examples/locations of neurons that release serotonin as a transmitter and what functions are served by serotonergic pathways.  Give examples of mood-altering drugs that act at serotonergic synapses.

· Where is histamine found as a NT and what function do these pathways serve?

· Name the excitatory amino acid NT’s and describe the effects of their binding to their receptors (ionic currents involved). 

· Describe the primary function of the N-methyl-D-asparate class of receptor.  Describe what happens in excitotoxicity and give examples of neuropathological states where this occurs.  Describe the importance of Ca+2 in NMDA receptor function and excitotoxicity.  

· Name the two inhibitory amino acid transmitters and the parts of the nervous system where they act.  

· Name the two classes of GABA receptors and describe the ion channels they control.  Describe the effects of barbiturates and benzodiazepines on GABAA receptors. 

· Describe the type of ion channel controlled by the glycine receptor.  Name a blocking agent for the glycine receptor.
NEUROPHYSIOLOGY SECTION III
OVERVIEW OF NEUROANATOMY, BLOOD-BRAIN BARRIER AND CEREBROSPINAL FLUID

· Define:  Central/Peripheral Nervous System, nerve fiber, nerve, pathway/tract, commissure, nucleus, ganglion, gray matter white matter, sulcus (sulci), gyrus (gyri), homeostasis, perception

· Locate the following structures on a diagram:  forebrain, cerebrum, basal ganglia, corpus callosum, Sylvian (lateral) fissure, central sulcus, diencephalon, thalamus, hypothalamus, limbic system, midbrain, hindbrain, pons, cerebellum, medulla, brainstem, frontal lobe, parietal lobe, temporal lobe, occipital lobe.  Be sure you understand which structures are subdivisions of other structures on this list.

· Be able to locate the following structures on a diagram of a cross section of the spinal cord: Gray H, dorsal/ventral roots of spinal nerves, dorsal/ventral horns of spinal cord, dorsal root ganglion.

· List the general functions of the cerebrum, basal ganglia, thalamus, hypothalamus, cerebellum, brainstem

· List the components of the PNS.  Describe the divisions and subdivisions of the PNS and the types of cells/structures they innervate.  Describe the basic arrangements of the neurons and their targets in the PNS and CNS. 

· Describe the importance of a continuous blood supply to the brain and the consequences of glucose or oxygen deprivation on the brain.  Define stroke.

· Describe the differences between capillaries in the brain and in other tissues and explain the necessity of the BBB for CNS function.  Explain the function of the astrocytic endfeet.    

· List the substances that cross the BBB.  Describe the ability of the following substances to cross the BBB and explain why the can/cannot cross it readily:  small ions, penicillin, morphine, heroine, nicotine, diazepam, L-dopa, ethanol,  and barbiturates. List some conditions that can cause a breakdown of the BBB 
· Briefly describe the following: the meninges, dura mater, arachnoid, pia mater, subarachnoid space. 

· List the ventricles and describe their locations

· Briefly describe the cerebrospinal fluid.  Describe the formation of the CSF, how  its composition differs from that of serum, the functions of the CSF, its circulation around the brain and and SC, and its fate.

· What is hydrocephalus?
NEUROPHYSIOLOGY SECTION IV

FUNDAMENTALS OF SENSORY SYSTEMS

· Define:  sensory system, sensory information, sensation, perception, transduction, adequate stimulus, electrotonic, adaptation, receptor potential, receptive field, sensory unit

· Finish the sentence:  Sensory stimuli are forms of   __energy____.
· List the general categories of sensory receptors and tell what they detect.

· Describe the ways in which sensory receptors are specific for particular stimuli.

· Describe/draw the 2 basic receptor arrangements. 

· Describe the location of the specialized receptor membrane and how the receptor potential is produced. Receptor and generator potentials are types of _graded_ potentials. Describe how a sensory stimulus may trigger an AP in a primary afferent.

· Describe the relationship between stimulus intensity, receptor potential magnitude and AP firing frequency of a primary afferent.

· Describe the factors that affect receptor potential magnitude 

· Explain why sensory pathways are called “ascending”

· Define:  sensory unit, acuity, receptive field, primary afferent/first order neuron, second order neuron, etc., dermatome, recruitment, convergence, divergence

· Compare the receptive fields of a sensory unit and a central sensory neuron.

· Describe the course of a simple sensory pathway (location and path of first order, second order, etc., neurons.

· On brain diagram locate the primary sensory cortices.

· Describe the locations and functions of the cortical association areas. Describe the role of the limbic system in sensory information processing.

· Compare specific & non-specific sensory pathways.

· Describe the types of information about a stimulus that are conveyed by sensory pathways to the brain

· Describe the factors in sensory acuity

· Describe how higher levels of the CNS can affect the amount of sensory information that reaches the brain. 

NEUROPHYSIOLOGY SECTION V:   SENSORY SYSTEM

PATHWAYS FOR TOUCH-PRESSURE AND PAIN-TEMPERATURE

· Name and describe the 5 types of touch-pressure receptors

· Locate the dorsal columns on a diagram of the SC in cross section and describe the route of the dorsal column-medial lemniscus pathway

· Name the pathway that carries touch-pressure information from the head and neck

· Define proprioception

· Explain the somatotopic arrangement on neurons in the somatosensory cortex, and describe the principle that governs the amount of cortex devoted to processing sensory information from different parts of the body.

· Name and describe the two kinds of temperature receptors.  Name and describe the two kinds of nociceptors.  Describe what has been learned about the relationship of capsaicin to pain transduction.

· Locate the anterolateral area of the white matter on a diagram of the SC in cross section.  Describe the route of the anterolateral pathway.  Describe the arrangement of neurons in the somatosensory cortex that process information about pain (one word).

· Name the pathway that carries information about painful stimuli from the head and neck.

· Why is pain an unusual sensory modality

· Describe and give the hypothetical explanations for the following painful conditions:  referred pain, phantom limb pain, central pain syndromes

· Describe the role of the endogenous analgesia system, its neuronal components, and how it works

· Describe the mechanisms by which the following treatments are believed to relieve pain:  NSAIDS, opiates, capsaicin-containing products, TENS

· Describe the problem with surgeries, such as anterolateral cordotomy that were designed to relieve pain by interrupting the pain pathway.

NEUROPHYSIOLOGY SECTION VI
VISUAL SYSTEM

· Define the wavelength and frequency of light.  Describe the wavelength range of the visible spectrum.  Name two aspects of light that are distinguished by the eye.

· Identify the following structures on a diagram of the eye and briefly describe the function of each:  iris, pupil, retina, optic nerve, optic disc, lens, cornea, and fovea

· Briefly describe the focusing system of the eye.  What is the importance of the fovea and the macula lutea to visual acuity?

· Briefly describe the following conditions and the cause of each:  hypermetropia, astigmatism, myopia, glaucoma. 

· Define accomodation.  Name and describe the clinical conditions that can develop in the eye with age.

· Compare the characteristics of rods and cones including sensitivity to light, saturation by light, acuity, types of photopigments, etc.  Describe the 3 types of cones, how they relate to color vision and the reason for color blindness.

· Describe the general structure of rhodopsin and the cone pigments.  Briefly describe the process of photoactivation.  Describe visual transduction including:  (1) the generation of the dark current in the unactivated photoreceptor and its inhibition of the transmission of visual information, and (2) the effect of photoactivation on the dark current and the transmission of visual information.  

· Briefly describe what happens in the processes of dark and light adaptation.

· Describe the neural pathway of vision including:  (1) the basic pathway in the retina and (2) the major landmarks along the visual pathway from the retina to the visual cortex.

· Which neurons in the retina generate action potentials and which do not?  What is meant by the retinotopic arrangement of cells along the visual pathway?

· List the regions of the cortex that receive visual information and describe the functions performed by these regions using this information. 

NEUROPHYSIOLOGY SECTION VII

HEARING AND THE VESTIBULAR SYSTEM

· What is sound?  Explain what is meant by the zones of compression and rarefaction in a sound wave

· How is the amplitude of a sound wave measured?  Explain the relationship between the amplitude of a sound wave and loudness.  What is the unit of measure for sound pressure level (SPL)?  Give the decibel levels for:  (a) the threshold of human hearing, (b) the loudness of normal conversation, ( c) producing  damage to the ear, and (d) causing pain.

· Write the equation for calculating sound frequency and the unit of sound frequency.  Describe the frequency range of the human ear and the main frequencies for human speech.  Define noise.

· Identify the following on diagrams:  the external, middle and inner ears; tympanic membrane, ossicles, oval window, round window, cochlea, scala vestibuli, scala tympani, scala media (cochlear duct), helicotrema, basilar membrane, and Organ of Corti.

· Describe the effect of a sound wave on the tympanic membrane.  What is the function of the Eustacian tube?  Describe the function of the ossicles.  Describe how sound pressure is amplified between the tympanic membrane and the oval window.

· Describe the effect of sound pressure waves on the basilar membrane.  Which regions of the membrane are most sensitive to higher frequencies? To lower frequencies?

· Describe the process of sound transduction by a hair cell in the Organ of Corti including the influence of the direction in which the hair cell bends on the membrane potential, the ionic current(s) involved, and the effect on neurotransmitter release.

· What information is signaled by the firing frequency of a primary afferent in the auditory pathway.  How does the brain know the frequency of a sound wave that causes activation of a particular primary afferent?

· Explain why the organization of neurons in the nuclei of the auditory pathway and the auditory cortex is called tonotopic. 

· Explain why neurons in the auditory cortex are said to have binaural receptive fields

· Name and describe three types of hearing loss.  What is tinnitis? 
· Identify the following on diagrams:  semicircular canals, the ampulla, the utricle and the saccule.  Explain what is meant by the labyrinth. 

· Describe the function of the semicircular canals.  Explain the effect of angular acceleration on the hair cells in the ampullae.  Describe the effect of linear acceleration on receptors cells in the utricle and the saccule. 

· Name the cranial nerve that transmits vestibular information.  List the ways that vestibular information is used.

· Briefly explain the following dysfunctions of the vestibular apparatus:  vertigo, motion sickness, Meniere’s disease. 

NEUROPHYSIOLOGY SECTION VIII

CHEMICAL SENSES:  GUSTATION AND OLFACTION

· Describe two fundamental differences between the senses of smell and taste and the other senses

· Define the following terms:  ageusia, hypogeusia.  What can cause these conditions? 

· How many taste buds do humans have and where are the located?  What are the taste papillae and where are they found?  Describe the structure of a taste bud.  Name the four basic taste qualities.  Name some other taste qualities that have been identified.  What food component and taste activate the umami receptor?  How specific are the taste receptor cells for particular taste qualities?  

· In what way do taste receptors differ from most neuronal cells including other receptors?

· Give the numbers and names of the cranial nerves that transmit information about taste.  Describe the route of the taste pathway.  What is unusual about the taste pathway?

· Why is it difficult to understand how the brain can identify the taste qualities that are activating particular primary afferents of the pathway?

· Describe the following conditions and when they occur:  specific hunger, taste aversion 

· Define the following terms:  anosmia, hyposmia.  List some serious consequences of these states and name some of the conditions that can cause them.

· Describe the location of the olfactory receptor cells and draw their general structure.  Describe the function of odorant binding proteins.

· How many odorant receptor types are there and how many odorants can humans distinguish?  What does that tell you?

· List the factors that can affect one’s olfactory acuity.

· Briefly describe the route of the olfactory pathway including the cranial nerves involved, where the second order neurons are located, if there is any cross over, and the two general areas of the brain which receive olfactory information.  Describe the behaviors affected by the olfactory projections to the limbic system.  Describe the purpose of the olfactory pathway projections to the frontal lobe cortex.

NEUROPHYSIOLOGY SECTION IX

MOTOR SYSTEMS PART 1
· Compare and contrast voluntary, reflex and rhythmic motor movements

· List the tasks that the motor system must be able to perform and describe the 2 organizational features of the motor system that allow it to perform these tasks

· Describe the levels of the motor control hierarchy, list the structures that are part of each level, and briefly describe the functions performed by each level.
· Describe the types of interneurons that synapse with motor neurons at the local level of the CNS.  Explain how interneurons act as “switches” to override reflexes. 

· Explain why motor neurons are referred to as the “final common pathway” in motor function.  Define: motor nucleus.  Describe the arrangement of the motor neurons within the SC gray matter, the muscles controlled by the motor neurons located in the medial and lateral motor nuclei of the enlargements, and the types of movement performed by those muscles.

· Define the following terms:  reflex, reflex arc. Describe the structure of the muscle spindle and the type of information about a muscle that is detected by the spindle.

· Describe the myotatic reflex and give one well known example of this reflex. 

· Describe the arrangements for reciprocal innervation and how this arrangement assists the myotatic reflex.  Describe where the other branches of the primary afferents from the muscle spindle terminate and the functions performed by these contacts.  

· Describe the stimuli that trigger a flexion withdrawal reflex and the events that occur in the ipsilateral flexor and extensor muscles.  Explain what happens in the crossed extensor reflex. 

MOTOR SYSTEMS PART 2

· List the areas that are part of the sensorimotor cortex and locate them on a diagram of the brain.  
· Briefly describe the functions of the sensorimotor cortex.  
· To which level(s) of the motor control hierarchy does the sensorimotor cortex belong?  
· Describe the input to and outputs from the sensorimotor cortex.  
· Describe the organization and function of the primary motor cortex.  
· What does the motor homunculus represent and what is the principle that governs the size of the area assigned to a given body region?  
· Describe the motor and readiness potentials, tell where each is generated, and explain the significance of each.

· List the nuclei that compose the basal ganglia and locate them on a cross-sectional diagram of the brain.  Name the other nuclei that are associated with the nuclei of the basal ganglia.  Tell which level of the motor control hierarchy the basal ganglia belong to.  List the inputs/outputs of the basal ganglia.  Briefly describe the functions of the basal ganglia.  List the deficits in Parkinson’s disease, the neuronal loss in Parkinson’s disease, and the standard and experimental treatments for it.  

· List the neuronal types affected in Huntington’s chorea and the deficits that occur.  Briefly describe the characteristics of cerebral palsy and ballism.  In general, how do Huntingtons chorea, ballism and cerebral palsy differ from Parkinsons disease in terms of basal ganglia GABAergic output and effects on motor function.

· Describe the location of the cerebellum and the inputs/outputs to/from it.  List the functions of the cerebellum.  Describe the effects of cerebellar lesions/disease. 

· Name the 2 categories of descending motor pathways.  Describe the neurons these descending pathways contact synaptically.  Briefly describe the effects the descending fibers can have on reflex activity or sensory afferents.

· Give and alternative name for the corticospinal pathway.  Trace the courses of the lateral and ventral corticospinal tracts and the type of skeletal muscle activity each controls.  

· Briefly describe the origins and primary functions of the noncorticospinal pathways.

· List the signs and deficits that manifest initially and 3-4 weeks after a severe spinal cord injury.  Describe the damage (pathways involved) that is responsible for the various kinds of dysfunction that occur after a spinal cord injury.  Describe how spinal cord injury is treated.
NEUROPHYSIOLOGY SECTION X

· List the general characteristics of the electroencephalogram (EEG) waveforms.  
· What is the hypothesized cause of EEG activity?  
· Describe the 4 basic frequency patterns of the EEG.  
· Compare the characteristics of slow wave (NREM) and REM sleep and the number of cycles in a sleeping period.  
· What areas of the brain influence sleep and wakefulness and what transmitters are involved?  
· Describe the EEG pattern in epilepsy.  Describe the two conditions in which there is a total and sustained absence of EEG activity.
· Define directed attention and list the 3 neurological processes involved.  Describe the brain regions involved in directed attention.  Define habituation.  Describe the effect of a lesion on the right or left parietal lobe.  Define motivation.  Describe primary motivated behavior.  Distinguish primary from secondary motivated behavior.  Describe the areas of the brain that play a role in motivation and reward, and name the major neurotransmitter that is involved.
· Define: emotion, mood.  Distinguish inner from outer emotions.  Describe the role of the limbic system in the assignment of emotional meaning in an external stimulus and the generation of emotional behavior.  Describe the occurrence, symptoms, patterns and treatment of schizophrenia  Describe the symptoms and treatment of depression, mania and bipolar affective disorders.  Describe what--if anything--is known about the cause(s) of each of these conditions.

· Define the general mechanism by which psychoactive drugs exert their effects.  Define drug tolerance.  Describe the two facets of drug dependence and the area of the brain involved in dependence.  What are the two current explanations for drug dependence?  

· Define:  learning, memory, memory trace.  Contrast the general characteristics of working memory and long term memory including duration, memory capacity, and the effect of interrupting brain electrical activity (concussion, anesthesia, etc.).  List the types of long term memory and the kind of information each handles.  Describe the brain regions and neurotransmitters involved in working and long term memory.  Describe long term potentiation and long term depression (review notes on NMDA and nitric oxide)  Describe the findings of Marion Diamond regarding the plasticity of the brian of animals placed in enriched environments.

· Describe the asymmetric nature of the brain including:  (1) the specialization of the perisylvian area of the left hemisphere for language,  (2) language deficits caused by damage to Wernicke’s and Broca’s areas (aphasias), (3) changes with age in the ability of the right hemisphere to compensate for damage to the left hemisphere, and (4) other differences in the kinds of information handled by the right and left hemispheres.
