Neurophysiology 346 RHS

Organization  of the Nervous system.
Nervous system is composed of 2 divisons:
1) Central Nervous system(CNS): Brain & Spinal cord

2) Peripheral Nervous system(PNS): Sensory receptors, sensory nerves, & ganglia.

 [image: File:Central nervous system.svg]    				 The central nervous system (2) is a combination of the brain (1) and the spinal cord Brain 
[image: http://facultypages.morris.umn.edu/~ratliffj/images/brain_slides/nervous_system.gif]
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Nervous system
1) Sensory or Afferent division 2) Motor or Efferent division [image: http://legacy.owensboro.kctcs.edu/gcaplan/anat/images/Image456.gif]

Brain:
[image: http://www.brainharmonycenter.com/images/brain-diagram-02.png]

Spinal cord: spinal cord is segmented and contains 31 pairs of spinal nerves, which contains both sensory and motor nerves. [image: http://www.neurosurgical.com/Images/07_Med_Info/Full%20Spine%20with%20Labels%20copy.jpg]

Ascending pathways & Descending pathways

[image: http://withealth.net/wp-content/uploads/1134815-1148570-1177.jpg]

Brainstem: The medulla, pons, and midbrain are collectively called the Brainstem.
Medulla: Contains autonomic centers that regulate breathing and blood pressure as well as centers for swallowing, coughing, and vomiting reflexes.
Pons: participates in regulation of breathing, relays info from cerebral cortex to cerebellum.
Midbrain: participates in control of eye movements.
                                 [image: http://t0.gstatic.com/images?q=tbn:ANd9GcQ6N2EdP3xWFaof0TmXz_ZjK1iFjj7Ta7d6e3fbYwb9wv3Vsm6h]
	

[image: http://t0.gstatic.com/images?q=tbn:ANd9GcSY4tzzy6Xo76dJK-5AYorKAl-vlcm8--DBZrl1lV7GOJ4C6906EQ]
	



Cerebellum: cerebellum (Latin for little brain) is a region of the brain that plays an important role inmotor control. It may also be involved in some cognitive functions such as attention andlanguage, and in regulating fear and pleasure responses
The cerebellum does not initiate movement, but it contributes to coordination, precision, and accurate timing. It receives input from sensory systems and from other parts of the brain and spinal cord, and integrates these inputs to fine tune motor activity
                                                            [image: http://t3.gstatic.com/images?q=tbn:ANd9GcRyXlMs9oyPhP-vwSjo-kOdI2FC14nmE6f155ehNqibIozYdU32] 


[image: http://upload.wikimedia.org/wikipedia/commons/thumb/4/43/CerebellumDiv.png/380px-CerebellumDiv.png] 



Thalamus and Hypothalamus(Diencephalon):
Thalamus : Processes almost all sensory information.
Hypothalamus:  Regulate body temperature, food intake and water balance, controls secretion of the pituitary gland.

[image: http://www.csuchico.edu/~pmccaffrey/syllabi/CMSD%20320/images/U5MedialView.jpg]
Cerebral hemispheres:
Consists of cerebral cortex and 3 deep nuclei(basal ganglia, hippocampus and amygdale)
Function: perception, higher motor functions, memory and emotion.
Cerebral cortex: consists of 4 lobes.
1)Frontal  2)parietal 3)Temporal 4)Occipital
Sensory and Motor areas of the cortex are designated as
Primary, secondary and tertiary
Association areas.
[image: http://www.sciencecases.org/split_brain/brain.gif]
Basal ganglia: consist of caudate nucleus, the putamen and globus pallidus.
 Function: assists in regulating movement.

Hippocampus & Amygdala: Part of limbic system
Function: Hippocampus involved in memory and amygdale involves with emotion (eg; effect of emotions on heart rate, pupil size and hypothalamic hormone secretion.

[image: http://webspace.ship.edu/cgboer/limbicsystem.gif]







BASAL GANGLIA &  INTERCONNECTIONS.
[image: http://www.macalester.edu/psychology/whathap/UBNRP/parkinsons/corto-basal%20pic2]
	

GENERAL FEATURES OF SENSORY AND MOTOR SYSTEMS:
Synaptic Relays:
Consist of different types of neurons including local inter neurons and projection neurons.
Topographic organization:  Information  is encoded in neural maps




Somatotopic map:
[image: http://thebrain.mcgill.ca/flash/a/a_06/a_06_cr/a_06_cr_mou/a_06_cr_mou_1b.jpg]
Retinotopic  map:
[image: http://thebrain.mcgill.ca/flash/d/d_02/d_02_cr/d_02_cr_vis/d_02_cr_vis_3d.jpg]
Tonotopic map: [image: http://www.d.umn.edu/~jfitzake/Lectures/UndergradPharmacy/SensoryPhysiology/Audition/Figures/ColoradoA1TonotopicMap.jpg]
Classification of Nerve fibers: [image: http://img.medscape.com/slide/migrated/editorial/cmecircle/2004/3080/images/wright/slide010.gif]
[image: http://img.medscape.com/fullsize/migrated/565/795/endo565795.fig1.gif]
Sensory systems: 
Somato-Sensory pathways-
[image: http://alexandria.healthlibrary.ca/documents/notes/bom/unit_6/unit6.images/somatosensory%20fig%201.jpg]
[image: http://www.cmdt.info/source/chapter%2024.%20nervous%20system%20disorders_files/loadbinarycasfyom3.jpg]
1) Sensory receptors
2) First order sensory afferent neurons
3) Second order sensory afferent neurons
4) Third order sensory afferent neurons
5) Fourth order sensory afferent neurons

Sensory receptors [image: http://upload.wikimedia.org/wikipedia/commons/thumb/1/17/Structure_of_sensory_system_(4_models)_E.PNG/618px-Structure_of_sensory_system_(4_models)_E.PNG]
Types of sensory Receptors: [image: http://click4biology.info/c4b/E/images/E2/e2.1.jpg]
Mechanoreceptors: Activated by pressure
          Modality-touch, audition, vestibular
          Receptor-Pacinian corpuscle in subcutaneous tissue, Meissners corpuscles in non hairy    skin, baroreceptors in carotid sinus, hair cells in organ of corti 



By Morphology:

[image: http://www.utdallas.edu/~tres/integ/sen1/5_05.jpg]
· Ruffini's end organs detect tension deep in the skin.
· Meissner's corpuscles detect changes in texture (vibrations around 50 Hz) and adapt rapidly.
· Pacinian corpuscles detect rapid vibrations (about 200–300 Hz).
· Merkel's discs detect sustained touch and pressure.
· Mechanoreceiving free nerve endings detect touch, pressure and stretching
·   Hair follicle receptors are located in hair follicles and sense position changes of hairs.
 
By rate of adaptation
· Slowly adapting: Slowly adapting mechanoreceptors include Merkel and Ruffini corpuscle end-organs, and some free nerve endings.
· Slowly adapting type I mechanoreceptors have multiple Merkel corpuscle end-organs.
· Slowly adapting type II mechanoreceptors have single Ruffini corpuscle end-organs.
· Intermediate adapting: Some free nerve endings are intermediate adapting.
· Rapidly adapting: Rapidly adapting mechanoreceptors include Meissner corpuscle end-organs, Pacinian corpuscle end-organs, hair follicle receptors and some free nerve endings.
· Rapidly adapting type I mechanoreceptors have multiple Meissner corpuscle end-organs.
· Rapidly adapting type II mechanoreceptors (usually called Pacinian) have single Pacinian corpuscle end-organs.

Photoreceptors: 
   Modality- vision
   Receptor- rods & cones
   Location – retina[image: C:\Documents and Settings\ganeshwar\Desktop\rods and cones.jpg]
Chemoreceptors:
    Modality- Olfaction, Taste, Arterial Po2, pH of CSF.
    Receptor- Olfactory receptor, Taste buds.
    Location- Olfactory mucosa, Tongue, Carotid & Aortic bodies, Ventrolateral medulla.
Thermoreceptors:
    Modality- Temperature
    Receptor- Cold  & Warm receptors.
    Location- Skin.

Nociceptors:
    Modality- Pain and Temperature
    Receptor- Thermal & polymodal  nociceptors.
    Location – Skin.

Sensory Transduction and Receptor potentials
Sensory Transduction is the processes by which an environmental stimulus( eg; pressure, light, chemicals) activates a receptor and is converted into electrical energy.
Current flow then leads to a change in membrane potential, called a receptor potential.(Depolarization or Hyperpolarization).
Receptor potentials are graded in amplitude and amplitude correlate with size of stimulus. [image: C:\Documents and Settings\ganeshwar\Desktop\action potenial.gif]
Receptive fields: Defines an area of body that when stimulated results in a change in firing rate of a sensory neuron.
Excitatory  or  Inhibitory.
Lateral inhibition.
Sensory coding: Sensory neurons are responsible for encoding stimuli in the environment.
The features that can be encoded include sensory modality, spatial location, frequency, intensity, threshold and duration of stimulus.
Adaptation of Sensory receptors: Is observed when a constant stimulus is applied for a period of time.
Tonic receptors.
· Slow or no adaptation 
· Continuous signal transmission for duration of stimulus
· Monitoring of parameters that must be continually evaluated, e.g.: 	baroreceptors 
· Encode stimulus intensity and Duration.  
Phasic receptors
· Rapid adaptation
· Cease firing if strength of a continuous stimulus remains constant
· Allow body to ignore constant unimportant  information, e.g.Smell	
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Spinal Cord Crossection: Detailed Anantomy
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MEDIAL VIEW OF BRAIN
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Nerve Fiber Types

Fiber Function Diameter | CV
type (mu) | (mis)
A Proprioception, somatomotor 12-20 100
Toush, pressure 5-12 |30-70
+_|Motorto muscle spindie 3-6 [15-30
8 |Pain esp. cold, touch 2-5 12-30
B | |Preganglionic autonomic <3 [3-15
c “Thermal pain, mechanoreceptor 04-12 | 05-2
Postganglionic autonomic 03-13 [0.7-23]
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Sensory Receptors of Humans

Receptors Function
Mechanareceptor + Transforms medhanical or moverment smull into nerve mpulses.
+ Oftentakes the form of pressure.
e.g.ear - Soundwaves.
« Blood pressure.
- Airpressure.
- Touch
- Gravity
+ Stretch receptors
Often stimulation changes the permesability of the receptor membrane resulting
in a depolarisation or hyperpolarisation.
Chemoreceptor Chemical sBmull Transformed o & nerve Tmpulse
« Chemical might be dissolved (taste)
+ Chemical might be as a vapour (smell)
e.g. tongue « BloodpH
+ 0;and CO; receptors
These receptors fallinto two categories base on their response to sither:
A specific molecule e.g. glucose
+ The total solute concentration e.g. Osmoregulators of the
hypothalamus
Pain receptors (nociceptors): Duringtissue damage the cells release chermicals
called a prostaglandins. These prostaglandins increase the sensitivity of the
Rociceptors hence the pain feels wrse. Aspirin and ibuprofen are commanly
used for pain relief 35 they inhibit the release of prostaglandins.
Thermoreceptor ‘Changes in temperature produce nerve impulses that are sent to the posterior
hypothalamus (body's thermostat).
e.g. skin " Found in the skin
* Anterior Hypothalamus
In the hypothalamus High temperatures change the permeability of the sensory.
cellto calcium.
Interestingly, the chemical capsaicin (Jalapeno and Cayenne peppers) also
‘causes these changes and accounts for why we think foods containing these are
hot'.
Ever wondered why menthol chewing gum has 3 "cool” flavour, then find out
about the TRP Lon channel proteins which are found on other thermoreceptors.
Photoreceptors “ATternatvely Known 25 Eleciromagneic Feceptors
Transform visible light into nerve impulses.
g eve + Rods
+ Cones

These are covered in more detailin section E.2.3 and E.2.4
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