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Introduction

Components:



neural tissue



  neurons



  neuroglia


  Coordination and regulation of body activities:



Nervous system -



Endocrine system -


A.   Divisions



1.  Central Nervous System (CNS)




- consists of:



2.  Peripheral Nervous System (PNS)




- consists of



Afferent = sensory




Efferent = Motor




	RECEPTORS
	EFFECTORS



	Special sensory receptors:


	Somatic Nervous System:
                        ==> skeletal muscles

	Somatic sensory receptors:

	Autonomic Nervous System:                                                                                                               [Parasympathetic & Sympathethic]                                                         



	Visceral sensory receptors:

	                  ==> smooth muscles
                  ==>  cardiac muscle


        ==> glands

 








Sympathetic Divsions]


The Neuron

A.  Structures of the Neuron



1.  Cell body (soma)



- perikaryon 




- Nissl bodies



2.  Dendrites



3.  Axon




- initial segment




- axon hillock




- synaptic terminals



4.  Synapse:




- presynaptic cell




- postsynaptic cell




- neurotransmitters




neuro-neuronal junction:




NMJ: 




neuroglandular junction:


B.  Classification of Neurons



1.  Structural




- based on number of cytoplasmic extensions




a.  Bipolar neurons




b.  Unipolar neurons




c.  Multipolar neurons



2.  Functional Classification




- based on function




a.  Sensory neurons





- exteroreceptors





- proprioceptors





- interoreceptors




b.  Motor neurons





- somatic motor neurons





- visceral motor neurons




c.  Interneurons (association neurons)

Neuroglia

A. Central nervous system neuroglia



1.  Ependymal cells



2.  Astrocytes



3.  Oligodendrocytes



4.  Microglia


B.  Peripheral nervous system neuroglia



1.  satellite cells (amphicytes)


2.  Schwann cells (neurilemmal cells or neurilemmocytes)




neurilemma




myelin


C. Neural Response to Injury



1.  Peripheral nerve regeneration




Wallerian degeneration -



2.  CNS regeneration - very limited

Neurophysiology


A.  Transmembrane potential





-




-




-



1.   Passive forces:




Chemical gradients:





ECF





ICF




Electrical gradients:





Positive charge





Negative charge




Resting potential (resting membrane potential):





neurons =  -70 mV



2.  Active forces:




Sodium-Potassium exchange pump





- exchange of 3 Na+ for every 2 K+





[ moves 3 Na+ out of the cell; moves 2 K+ into the cell;





  uses ATP as  energy source to move these ions]


B.  Changes in Transmembrane Potential


         1.   Ion channels




Leak channels (passive) 





-





-




Gated channels (active) 


C.  Graded (or local) Potentials



- do not spread far from site of stimulus



- depolarization



- hyperpolarization



- repolarization


D.  Action Potentials



1.  Def. 



2.  Threshold 



3.  All-or-none principle:  stimulus produces an AP or not at all



4.  Steps in generation of AP




a.  Start with resting membrane potential (-70mV)




b.  Depolarization to threshold  (-60 mV)




c.  Na+ influx :  Wave of depolarization





-   Na+ channels open





-   membrane has increased permeability to Na+





-   transmembrane potential goes from  -60 mV  to  +30 mV




d.   K+ efflux:  Repolarization




-  Na+ channels close





-  K+ channels open





-  increased permeability to K+




e.  Return to normal permeability (resting membrane potential)





- K+ channels close



5.  Refractory Period



6.  Na+/ K+ exchange pump




- over time this pump will return ions to their prestimulation levels





on appropriate side of membrane



7.  Propagation (or conduction) of AP




- continuous propagation:




- saltatory propagation:





myelinated axon







nodes



8.  Axon Diameter & Speed of Conduction




Type A fibers




Type B fibers




Type C fibers

Synaptic Transmission

A.  Chemical Synapses



presynaptic neuron  --->  synaptic cleft  --->  postsynaptic neuron



1.  Neurotransmitters




a.  Excitatory or inhibitory




b.  Cholinergic synapses





ACh




c.  Other Neurotransmitters





Norepinephrine (NE)






- adrenergic






- released at most SNS post-ganglionic fibers





Dopamine





Serotonin






SSRI





GABA (gamma aminobutyric acid)






- inhibitory





Neuromodulators:






endorphins

Spinal Cord and Spinal Nerves

A.  Organization



"white matter"



"gray matter"



1.  In PNS




a.  nerves 




b.  ganglia




2.  In CNS




a.  tract (column)




b.  nucleus (center)


B.  Spinal Cord



1.  Description




- extends from foramen magnum to approx. L1 and L2 vertebrae





 (~ 45 cm )




- conus medullaris




- filum terminal (“terminal thread”)


2.  Sectional anatomy





white matter




gray matter




central canal




horns




columns






3.  Spinal Meninges





Epidural space




Dura mater




Arachnoid





Subarachnoid space




Pia mater

C.  Spinal nerves



1.  Number and naming of spinal nerves




31 pairs exit through intervertebral foramina





  8  pr. cervical   nerves





12  pr. thoracic  nerves





  5  pr. lumbar  nerves





  5  pr. sacral  nerves





  1  pr. coccygeal  nerves





_______________





31  pair  spinal nerves




cauda equine (“horse’s tail”)



spinal tap



2. Peripheral Nerve (Spinal nerve)




a.  2 points of  attachment to SC:




posterior       &       anterior       unite ====>   spinal nerve



     (sensory fibers)      ( motor fibers)
     
    MIXED NERVE





b.  Connective tissue





epineurium - outermost layer





perineurium - surrounds fascicles





endoneurium - surrounds individual axons



3.  Plexuses




cervical plexus (C1 - C5):  innervates neck muscles, diaphragm,







skin of neck  & upper chest




          spinal segment




C1 - C4 :  larynx, muscles of neck





C2 - C3:   skin of upper chest, shoulder, neck, ear





C3 - C5:   Phrenic nerve 




C1 - C5:   neck and back muscles




brachial plexus  (C5 - T1):  innervates shoulder, upper arm, 





axillary nerve - deltoid





radial nerve - extensors of arm & forearm





musculocutaneous nerve - flexors of arm





median nerve - flexors on forearm & lateral surface of hand





ulnar nerve - flexors on forearm &  medial surface of hand




lumbosacral plexus




lumbar plexus (T12-L4):  femoral nerve




sacral plexus (L4 - S4):  sciatic nerve



4.  Reflexes




a.  Def. - rapid, automatic response to a stimulus




b.  Reflex arc:





Receptor 





Afferent (sensory) neuron 




 
CNS 





Efferent (motor) neuron





Effector




c.  Monosynaptic:





stretch reflex 





Ex.  patellar reflex (or knee jerk reflex)




d.  Polysynaptic reflex





withdrawal reflex





Ex.  flexor reflex
Brain and Cranial Nerves

A.  Overview of Brain



Forebrain:  cerebrum, thalamus, hypothalamus, pineal gland



1.  Cerebrum



cerebral hemispheres





right and left





cerebral cortex






gyrus






sulcus






longitudinal fissure





lobes:






frontal -






parietal -






temporal -






occipital -



2.  Thalamus


3.  Hypothalamus


4.  Pineal gland


5.  Midbrain:  




corpora quadrigemina





auditory





visual




cerebral peduncles


Hindbrain:  Pons, Medulla, Cerebellum



6.  Pons


7.  Medulla Oblongata


8.  Cerebellum




[Brainstem =  medulla, pons, midbrain]


B.  Protection  and  Support  of the Brain



Brain is protected by :




- 




- 




-



1.  Cranial Meninges




a.  3 layers:





dura mater





arachnoid mater





pia mater



2.  Cerebrospinal Fluid (CSF)




a.  Functions





b.  Formation





choroid plexus




c.  Circulation of CSF





- in ventricles ( 2 lateral ventricles I  & II --->  III  -->IV)





- in subarachnoid space





- in central canal of SC





reabsorbed through arachnoid villi




d.  Hydrocephalus





- blocked cerebral aqueduct 





- excess production CSF





- treatment with placement of a shunt



3.  Blood Supply to Brain




internal carotid arteries




vertebral arteries




blood-brain barrier




CVA (cerebrovascular accident)


C.  Cranial Nerves - 12 Pair
    Name




Major Function
    I.  OLFACTORY



S only:  Smell

   II.  OPTIC




S only:  Sight

  III.  OCULOMOTOR



S:  Receptors that influence pupil size







M:  Muscles that move eye







        (except sup. oblique, lat. rectus)

  IV. TROCHLEAR



S:  Muscle sense (eye muscles)





 

M:  Superior oblique eye muscle

   V. TRIGEMINAL



S:  Sensations of head, face







M:  Muscles of mastication

  VI. ABDUCENS



S:  Muscle sense (eye muscles)







M:  Lateral rectus eye muscle

 VII. FACIAL




S:  Tastebuds (anterior 2/3 tongue)







M:  Muscles for facial expressions 

VIII. VESTIBULOCOCHLEAR

S only:  Sense of balance, hearing


(or AUDITORY)



 

 IX.  GLOSSOPHARYNGEAL

S:  Tastebuds (posterior 1/3 tongue)







M:  Muscles for swallowing

  X.  VAGUS




S:  Pharynx, thoracic & abdominal viscera







M:  Major PSN nerve to thoracic & abdominal









viscera

 XI.  ACCESSORY (SPINAL)


S:  Proprioception from head, neck, shoulder

 







muscles







M:  Head and shoulder movements

XII.  HYPOGLOSSAL



S:  Proprioception from tongue 







M:  Tongue movement and swallowing
Autonomic Nervous System (ANS)


1.  Part of PNS




a.  visceral efferent (motor)




b.  hypothalamus




c.  automatic



2.  Effectors




a.  cardiac




b.  smooth muscle




c.  glands



3.  Comparison of Somatic & Autonomic




a.  ganglion = collection of nerve cell bodies (outside of CNS)




b.  type of stimulation





1)  somatic





2)  autonomic



4.  Divsions of ANS




a.  Sympathetic (thoracolumbar)





"fight or flight"




b.  Parasympathetic (craniosacral)





"rest and repose"

Clinical Situations

A.  Multiple sclerosis


B.  Parkinson's disease


C.  Cerebral palsy


D.  Amyotrophic lateral sclerosis (ALS)


E.  Alzheimer's disease
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