Neuroscience Objectives

Fall 2003


Lecture 7 Neuroimaging I
1. Know the major axes describing the major orientations of its parts, and the section planes used in neuroimaging of the Central Nervous System
Rostral/Caudal, Dorsal/Ventral, Medial/Lateral


Coronal, Horizontal, Sagittal

2. Know the basics of MRI images, including the differences between T1 & T2 weighted images and be able to identify basic components on both.

	
	T1
	T2

	CSF
	Black
	White

	Gray Matter
	Gray
	Gray

	White Matter
	White
	Black


3. Know the five parts of the brain and their major structures, and their relationship to CSF compartments, and be able to identify these structures on sagittal, coronal and horizontal sections.

	Brain Parts
	Associated Terms/Structures
	Ventricular System

	Telencephalon
	Cerebral Hemispheres

Cerebral Cortex

Basal Ganglia
	Lateral Ventricles

Interventricular Foramen (of Monroe)

	Diencephalon
	Thalamus
Hypothalamus

Pituitary Gland

Mammillary Bodies
	Third Ventricle

	Mesencephalon
	Midbrain
Cerebral Peduncles (crura cerebri)

Corpora Quadrigemina (colliculi)
	Cerebral Aqueduct (of Sylvius)

	Metencephalon
	Pons
Cerebellum
	Upper Fourth Ventricle

	Myelencephalon
	Medulla Oblongata
Pyramids

Olive
	Lower Fourth Ventricle (Foramen of Magendi & Luschka)


Lecture 8 Organization of CNS

1. Know the components of nervous system, CNS, PNS, SNS, ANS


Nervous System = CNS + PNS + SNS + ANS

2. Know the components of the CNS and the lobes of the cerebral hemisphere

Cerebral Hemispheres, Diencephalon, Midbrain, Pons, Medulla, Cerebellum, Spinal Cord


Lobes: Frontal, Parietal, Temporal, Occipital, Insular

3. Know the structural and functional features of the cerebral cortex and its connections with other parts of the CNS.

	
	Layer
	Functional Feature

	1
	Molecular (plexiform) layer
	Receives impulses from pyramidal and multiform cells of other brain areas

	2
	External Granular Layer
	Local inhibitory interneurons that inhibit other interneurons in the cortex

	3
	External Pyramidal Layer
	Large Pyramidal Neurons projecting out of cortex

	4
	Internal Granular Later
	Receive thalamic input and projecting to layers 2 & 3

	5
	Ganglionic Layer
	Projects subcortically

	6
	Multiform Later
	Receive thalamic input and input from collateral fibers from projection neurons in layers 2, 3,& 5


4. Know the anatomy of the spinal cord and the distribution of the white and gray matter at the different spinal cord levels.
See Atlas

5. Know the structure of peripheral nerve.


See Picture and Atlas

6. Know the cranial nerves and whether they are sensory, motor or both.  


See Cranial Nerve Sheet

Lecture 10 Circulation of CNS

1. Know the structures of the meninges in the brain and the spinal cord.

Brain

2 Layers of Dura Mater




1 Layer of Arachnoid Mater




1 Layer of Pia
Mater
Spinal Cord 
1 Layer of Dura Mater




1 Layer of Arachnoid Mater




1 Layer of Pia
Mater

2. Know the arterial supply to the brain, brainstem and spinal cord.


Brain

See Brain Artery Sheet


Spinal Cord
Spinal Arteries

3. Know the territories of the arterial supply to the cerebral hemispheres, brainstem & spinal cord


See Brain Artery Sheet

4. Consider the likely functional losses arising from obstruction of the arterial supply to the cerebral hemispheres, brainstem & spinal cord.


See Brain Artery Sheet for Arterial Supply


See Page 10 of handouts Figure of Brain for Effects of Blood Loss

5. Know factors that affect blood flow in CNS


Autoregulation:  cerebral arteries can change diameters
a. constrict when systemic pressure is raised

b. dilate when systemic pressure is lowered

c. dilate when arterial CO2 raised (pH lowered)

d. constrict when arterial O2 (pH) raised


Lecture 11 Brain Fluid Balance
1. Be aware of the Fluid compartments of the brain.


Blood Plasma 
  70 mL


Interstitial Fluid
260 mL


CSF

150 mL


ECF

480 mL


ICF 

720 mL


Total
          1200 mL

2. Know the site of BBB and Blood-CSF Barrier


BBB 
Tight Junction between capillary endothelial cells


BCSFB
Tight Junctions between epithelial cells in Choroid Plexus

3. Understand the mechanisms of solute transport across the BBB.


All solutes must cross both cell membranes of the capillary endothelial cells.

BBB capillary walls allow passive transport of lipid soluble molecules and facilitated diffusion and primary and secondary transport mechanisms.

4. Know that the endothelial cells of the Blood capillaries have transport proteins for glucose and some amino acids.


GLUT-1

Facilitated diffusion of Glucose


L-system

Facilitated diffusion of Neutral A.A.’s (No Na needed)


A-system

Secondary Active Transport of Glycine (Na Dependent)

5. Understand the role of the choroid plexus in CSF formation and the arachnoid villi in CSF drainage.


Choroid Plexus
Located Lateral, 3rd, 4th Ventricles




Secretes Isotonic Fluid (CSF) 





CSF moves due to beating of cilia by ependymal cells


Arachnoid Villi
Absorb CSF and drain it into venous system (Pg. 9)
6. Understand the differences between solute (and water) transfer across the BBB and BCSFB and across the ependymal cells of the ventricles.

BBB 
Tight Junction between capillary endothelial cells


BCSFB
Tight Junctions between epithelial cells in Choroid Plexus


All solutes must cross both cell membranes of the capillary endothelial cells.

BBB capillary walls allow passive transport of lipid soluble molecules and facilitated diffusion and primary and secondary transport mechanisms.

7. Know the main components of the CSF and the normal values of the intracranial pressure.  Be aware of changes in the composition in CSF in the examples of disorders cited in lecture.

	Component
	CSF

	Water content (%)
	99

	Protein (mg/dl)
	35

	Glucose (mg/dl)
	60

	Osmolarity (mOsm/L)
	295

	Na (meq/L)
	138

	K (meq/L)
	2.8

	Ca (meq/L)
	2.1

	Mg (meq/L)
	0.3

	Cl (meq/L)
	119

	pH
	7.33



Intracranial pressure is 5 to 15 mmHg (60 to 200 mmH20)

	Condition
	Cells (per cubic mm)
	Protein (mg/dL)
	Glucose (mg/dL)

	Normal
	Less than 5
	35
	60

	Bacterial Meningitis
	High (1000) Neutrophils
	High (500)
	20

	Brain Tumor/Abscess
	High (500) Lymphocytes
	High (500)
	Normal (Low in Some Tumors

	Multiple Sclerosis
	Normal (IgG Increased)
	Normal
	Normal

	Guillain-Barré  Synd.
	< 10 Mononuclear Leukocytes
	> 50
	Normal


8. Understand the basis of brain edema and hydrocephalus.


Hydrocephalus
Increase in ventricular volume.

	Noncommunicating
	Obstructive, Most Frequent
	CSF is unable to reach subarachnoid space due to blockage in:

1. IV foramen(s)

2. Cerebral Aqueduct

3. Outflow Foramen(s) of Fourth Ventricle

Enlargement of lateral ventricles occurs

	Communicating
	Normal Pressure, Impaired CSF absorption
	CSF obstruction occurs in subarachnoid space due to thickening of arachnoid. 

Enlargement of All Ventricles


Brain Edema
Vasogenic


Most Common


Due to increased permeability of brain capillaries


Increased volume of extracellular fluid


Causes:



Local

Infarct or Tumor



General
Head Injury or Meningitis

Cytotoxic


Due to hypoxia because of ischemia


Intracellular maintenance failure because Na/K Pump has no energy


Increased Intracellular fluid volume


May accompany Vasogenic edema
Lecture 12 Neurons & Glia
1. Know the structural classification of neurons.


Pseudounipolar
in Dorsal Root Ganglia


Bipolar Neuron
a part of sensory neurons and have NO action potentials


Multipolar

can propagate action potentials over long distances

2. Know the difference between afferent, efferent and interneurons and the anatomical locations of their cell bodies.


Afferent 

Sensory
Found in DRGs


Efferent

Motor

Ventral Horn


Interneuron
Both
3. List the main structural features of a neuron and understand how these features are related to neuronal function.

	Structure
	Function

	Cell Body (Soma, Perikaryon)
	Metabolic Activities

	Dendrites
	Receive stimulus

	Dendritic Spines
	Always sign of excitatory synapse

	Nucleus
	Genetic Code (See Chadwell’s DNA Notes)

	Nissl Granules
	Rough ER ( Increased translation

	Axon Hillock/Initial Segment
	Most excitatory to initiate synapse

	Axon/Collateral Axon
	Conduct Impulse

	Terminal Bouton
	Secrete Neurotransmitters


4. Understand the roles of microtubules, neurofilaments and microfilaments as components of the neuronal skeleton.

Microtubules
composed of 13 protofilaments



Each protofilament has several pairs of A & B tubulin subunits




Grow by adding tubulin dimers to positive end




MAPS stabilize tubules (e.g. tau proteins)

Neurofilaments
Most Common




Undergo little turnover (fairly stable)




Determines diameter of axons




Scaffolding for cytoskeleton

Microfilaments
Actin participates in growth
5. Understand the electrical signaling mechanism in neurons.
	Efferent Neurons
	Afferent Neurons

	Excitatory Synaptic Potential (produced by neurotransmitter)
	Rest Receptor Potential (excitatory) (produced by stimulus)

	Passive Spread (Axon Hillock)
	Passive Spread

	Integration of Synaptic Potentials and Initiation of Action Potential in Axon Hillock
	Integration of Receptor Potentials and Initiation of Action Potential

	Propagation
	Propagation

	Action potentials invade endings
	Action Potential Invades Endings

	Exocystosis of Neurotransmitters (Acetylcholine)
	Exocytosis of Neurotransmitters (epinephrine/norepinephrine)

	Neurotransmitters excite/inhibit effector cell (neuron, muscle or gland)
	


6. Know the types of glial cells and their functions in the CNS and PNS.

	Type of Cell
	Subset
	Location
	Function

	Astrocytes
	
	CNS
	Regulation of BBB

Regulation of [K]out

Uptake of Neurotransmitters

Storage of Glycogen

	
	Fibrous
	Between Axons in White Matter
	

	
	Protoplasmic
	Near Cell Bodes, Dendrites & Synapses in Gray Matter
	

	Oligodendrocytes
	
	CNS
	Myelinates Several Axons

	
	Intrafascicular
	White Matter
	

	
	Satellite
	Near Cell Bodies in Gray Matter
	

	Ependymal Cells
	
	CNS
	

	
	Group 1
	Choroid Plexus
	Secretory, grouped by tight junctions

	
	Group 2
	Ventricles & Central Canal
	Assists in CNS CSF circulation.  Joined together by gap junctions.

Solutes pass paracellularly

	Microglia
	
	CNS
	Phagocytosis

	Schwann Cells
	
	PNS
	Myelinate PNS axons


7. Examine the Clinical Correlations listed at the end of the lecture.


Read Clinicals!
Lecture 13 Action Potential, Initiation and Conduction
1. Know the basic features of the myotactic reflex.

1. Sensory Transduction in Afferent Neurons

2. Initiation and Conduction of Impulse in Afferent Neurons

3. Excitatory Synaptic Transmission In Spinal Cord

4. Initiation and Conduction of Impulse in Efferent Neurons

5. Transmission at the Skeletal NMJ

6. Initiation and Conduction of Impulse at Muscle Fiber

2. Understand that the muscle spindle monitors changes in muscle length.


Muscle Spindle:  

Mechanoreceptor comprised of a capsule containing a bundle of intrafusal muscle fibers

Attach to extrafusal fibers

3. Understand the concept of receptor potential and how it is produced in the endings of 1A afferents in muscle spindles.

1A afferents have mechanoreceptor endings which stretch gated ion channels that open to produce a depolarization receptor potential.

4. Know the factors influencing action potential propagation.


Axon radius


Resistance to flow along axon (within the cytoplasm)


Resistance of Current flow along cell membrane
5. Understand the concept of length constant.

The distance over which a localized graded potential declines to 1/e (37%) of its original size in an axon or skeletal muscle fiber.  In English, if length constant is short, then decrease of electrical signal is rapid, and if it’s long, decrease is slow.

6. Understand the roles of myelin and ion channel distributions in saltatory conduction in myelinated axons.


Role of Myelin



Faster conduction



Larger length constant



Energy Saving


Ion Distribution



Na ion pocket in Node


K around Node, but not IN node

7. Know the relations between conduction velocities and fiber diameters for myelinated and non myelinated axons

Myelinated axons in the PNS and CNS propagate action potentials by saltatory conduction, with conduction velocities that linearly depend on diameter.



8. Know the sites of action and actions of TTX, STX, Scorpion α-toxin, local anesthetics, and 4-aminopyridine on voltage gated ion channels.


See Chart on Page 11 of handouts

9. Understand how demyelination influences impulse conduction.

Impulses are propagated by continuous conduction along unmyelinated fibers with conduction velocity that linearly depends on fiber diameter.

Lecture 14 Synaptic Transmission in the Spinal Cord

1. Know that 1A afferents excite motor neurons and local interneurons in the spinal cord by releasing glutamate.

α-motor neurons are excited by glutamate released by terminals of 1A afferents during myotactic reflex.  


Glutamate binds Non-NMDA receptors

2. Understand the excitatory transmitter evokes an EPSP by activation of ionotropic receptors which are CATION channels

Receptor is CATION channel that allows influx of Na, which leads to graded synaptic potential (Excitatory Post Synaptic Potential – EPSP)

3. Know that most excitatory synapses in the CNS have the same ionic basis.
Cations, mainly Na, enter the post synaptic cell, causing membrane potential to shift more positive, with a slow repolarization.  

EPSP with decrement.

Axon Hillock has the lowest threshold, thus allowing an action potential to be reached easier.

4. Know that the local inhibitory interneurons, excited by glutamate, released by 1A afferents, release glycine.  Know that many other inhibitory interneurons in the spinal cord release glycine, and that some release the inhibitory neurotransmitter, GABA.

Glycine released in ventral horn and binds to motor neuron.  

Glycine channel is an ANION channel allowing Cl to enter.
This creates a greater synaptic potential called (Inhibitory Post Synaptic Potential)

5. Know the ionic basis of IPSP evoked by glycine, or GABA, reflects the activation of ionotropic receptors which are chloride channels


See Above.

6. Understand the process of spatial and temporal summation.


Spatial Summation is the additive effect of neurons from different locations


Temporal Summation is the additive effect of neurons from the same location.

7. Know the general features of synaptic transmission (chemical and electrical transmission, location and roles of synapses, ionotropic and metabolotropic receptors, for removal of transmitter from synaptic cleft).

Ionotropic receptors mediate fast, brief synaptic potentials at excitatory and inhibitory synapses in nervous system and transmitter action is terminated rapidly by various mechanisms.
Lecture 15 Transmission at Skeletal NMJ
1. Know what a motor unit is.


Motor Neuron plus the muscle fibers that it activates

2. Know the distribution of channels in the motor nerve endings, muscle end plate and the rest of the muscle membrane.

Motor axon has voltage gated channels at Nodes of Ranvier and synaptic boutons.  The muscle fiber has ACh gated channels at end plate and voltage gated channels distributed widely in the cell membrane.

Voltage Gated Na Channels
Nodes of Ranvier






Junctional Folds of Muscle Membrane






In Muscle Membranes

Voltage Gated K Channels
In Muscle Membranes

Voltage Gated Ca Channels
Membrane of Nerve Ending

ACh gated Channels

Tips of Junctional Folds in Muscle Membrane

3. Understand the ionic basis of the EPP and that the EPP normally exceeds the threshold of the muscle.

ACh released by a motor nerve action potential produces a graded depolarization called the end plate potential (EPP) normally sufficiently large to exceed threshold for a muscle action potential.
4. Know the fate of ACh in synaptic cleft.

Acetylcholinesterase breaks ACh down into choline and acetate.  Choline is taken back up by integral protein (cotransport with Na – secondary active) and reused.

5. Know the sites of action and understand the mechanism of action of drugs and toxins at the NMJ.


See Page 8 & 9

