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Neurons and muscles
100 billion/1 trillion are neurons
100 trillion synapses (primarily chemical) 
Electrical happen through gap junction
Aggrations of cells according to their specific cells

Enteric NS
Gastrointestinal tract
Works separately, own NS

Nuclei shown in S5
Hypothalamus
Effect controls behavior in certain organs
Stimulus being monitored (most powerful) those in the body
Chemical and neurocommunication
Cell bodies of neurons along spinal cord are called spinal root ganglion
Most neurons signaling made by sensory
General structure of motor neuron!!
Most receptors found on dendrites
Axon hillock (where axon meets cell body)

Action potentials fire down the terminal
Creates an electrical potential in the cell body
More excited: unpolarized
Groups of axons can be called nerve fibers
Goes on to talk about different shapes
At end bouton is where the transmitter is
Transmitter will move across and communicate with the receptor
Depending on the transmitter, something may be excited or inhibited
A receptor along will bind with the neurotransmitter

What causes the change to create things happening at a specific time?

Everything comes from the cell body
Cells that neurons are connected to will die if the neuron is cut
Spinal cord injury

We use axonal transport to get into neurons
New DNA into specific viruses

Motor neuron differs in the fact that it has a sheath
Preserves the voltage by electrically insulating- Faster

Shapes of structure:
Multipolar
Bipolar
Unipolar
Information in from dendrites, axon will send the information
Unipolar, pseudo unipolar
Longer process- communicates from further away in the body to CNS

There must be a sensor for the sensory information, something has to process the info and a motor neuron must fire a response
Not only physical movement but also triggering of hormones/chemicals

Synapse= like the pool and the swimmer’s in the pool
Millions of different swimmers being put into pool for specific reasons
When they target the receptor, there is an action on the system that the receptor is connected to
Neuron can receive ~1000 cells
Can only be excitatory or inhibitory
Majority rules when we’re looking at positive and negative charges
Primary inhibitory neurotransmitter is GABA
Excitatory= Glutamate

Are the same motor neurons responsible for the conscious movements we make as the involuntary?
11 step thing from ES, sliding filament theory
Are all of the different signals coming from the exact same place- different dendrites, why not the same message?

What dictates and the timing of the neurotransmitter to stop? We don’t know

Resting Membrane potential- NA ions inside and K ions outside, -70mv
Potassium most important for resting potential, more permeable for K
Depolarization- Moving towards 0 (becoming less negative)
Eventually cross threshold potential
Which will trigger action potential

September 19, 2013
Whether or not a neurotransmitter does anything relies on the presence of receptors on the post synaptic side of the synapse
There must also be enough excitatory (depolarization)/inhibitory (hyperpolarization) signals to trigger the culminative action potential
Whether the cell itself will be pushed toward 0 or away from 0 depends on that charge
Graded potential- incoming signals ~31 What is the different between graded and action potential?
Graded are the smaller distances
Goes to axon hillock (graded)
EPSP/ Excitatory postsynaptic potential- Excitatory, depolarized 
IPSP/Inhibitory postsynaptic potential- Inhibitory, hyperpolarization
Single EPSP/IPSP cannot trigger an action potential, however they can summate (add together)
There are multiple types of summation
Temporal: one+ presynaptic neurons transmit impulses in rapid-fire order
Spatial: postsynaptic neuron stimulated simultaneously by large numbers of terminals at the same time

Repeated use of synapse increases ability of presynaptic cell to excite postsynaptic neuron (priming for the potential)

Neurotransmitters:
Are they proteins? Yes, much like hormones but released very differently!! (blood vs neuron)
Many neurotransmitters are hormones and v.v.
Made by neurons
Must be released at a synapse
Must be able to bind on post synaptic side to open up a channel
Must be a mechanism to turn it off/degrade it

Understanding the [] of NO and its affects caused us to change our approaches on healthcare- staining, mapping and identifying the cells that use NO and to test specific levels of NO in the blood
No yet possible for CO

See slide 45:
Indirect actions of neurotransmitters
Go through second messengers, usually G protein pathways
Oversee slow synaptic responses
Broader, longer-lasting effects similar to hormones
Biogenic amines, neuropeptides and dissolved gases

G protein inked receptors- these mechanisms are like a molecular relay race
Ligand (1st messenger)
Receptor
G Protein
Enzyme
2nd Messenger
Much faster, more rapid- see slide 47

Absolute- sodium channels open
which channels involved in generating each
main differences between both
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Nervous Tissue Notes
What is nervous tissue? 
Cells are called neurons
These are branching cells
Cell process extend from the cell body (where the nucleus is located)
Supporting cells are non-excitable
They surround, insulate and protect the neuron(s)
What is the function of nervous tissue?
Transmit electrical signals
From sensory receptors to effectors (i.e. muscles and glands)
Effectors control the activity of muscles and glands
Where is nervous tissue located?
Brain
Spinal cord
Nerves

As the main component of the nervous system (parts of system are above), nervous tissue regulates and controls bodily functions.
Two major cell types
Neurons
Supporting cells
Neurons are highly specialized nerve cells
Generate and conduct nerve impulses
Branching cells with cytoplasmic extensions/processes
Allows them to respond to stimuli (via the dendrites)
Transmit electrical impulses over distances in the body (via the axons)

The Nervous System:
There are 3 functions of this system; “SIM”
Sensory Input: Uses the millions of sensory receptors to monitor changes
Changes inside and outside the body
Gathered information= sensory input
Integration: Processes and interprets sensory input and decides what should be done
Called integration
Motor output: Activates effector organs (muscles and glands) to cause a response
Response is called motor output
Remember this from high school?
Stimulus -> Sensor -> Integrator -> Effector -> Response
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Sectors of the Nervous System:
CNS/Central Nervous System
Brain and spinal cord (in dorsal body cavity)
Integrating and control center
Interprets sensory input and dictates motor output
Bases output on reflexes, current conditions and past experience
PNS/Peripheral Nervous System
Nerves (bundles of axons)
Spinal nerves- which carry impulses to/from spinal cord
Cranial nerves- which carry impulses to/from the brain
These nerves are communication lines that link the entire body to the nervous system
Has 2 functional subdivisions:
Sensory/Afferent division “carrying toward”
Nerve fibers conveying impulses to CNS from sensory receptors in body
SENSORY RECEPTORS to CNS
Somatic sensory fibers
Convey impulses from skin, skeletal muscles and joints
Visceral sensory fibers
Transmit impulses from the visceral organs
Motor/Efferent division “carrying away”
Transmits impulses from the CNS to effector organs that activate; contracting/secreting or effecting (bring about) a motor response
CNS to EFFECTOR ORGANS
Somatic nervous system
Composed of somatic nerve fibers
NF conduct impulses from CNS to skeletal muscles
Voluntary nervous system
Autonomic nervous system (ANS)
Visceral motor nerve fibers
Regulates activity of smooth muscles/cardiac muscles/glands
Involuntary nervous system
The ANS has two subdivisions; sympathetic and parasympathetic divisions
Checking your understanding:
Integration: Processes and interprets sensory input and decides what should be done
The Somatic Nervous System controls voluntary movements; and the Autonomic Nervous System controls all movements that are involuntary.








Histology of Nervous System Tissue:
Consists of mostly nervous tissue and is highly cellular
Cells are therefore densely packed together and intertwined
Made up of two principle types of cells
1) Neuroglia (supporting cells): small cells that surround and wrap the delicate neurons
2) Neurons: Excitable nerve cells (meaning that they respond to stimuli) and that also transmit electrical signals
1) The Neuroglia
Name means “nerve glue” and made of glial cells
There are 6 types; four in CNS, two in PNS
Many functions
CNS Neuroglia:
A) Astrocytes- Sea anemones
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Most abundant and versatile
Connected by gap junctions
Signal one another by taking in calcium, creating slow “calcium waves”
Release extracellular chemical messengers
Influence neuronal functioning, participating in information processing in brain
Numerous processes- cling to neurons, synaptic endings, and cover nearby capillaries
Support and brace neurons, and anchor them to nutrient supply lines
Role in making exchanges between capillaries and neurons
Helping determine capillary permeability
Guide in migration of young neurons
Help with formation of synapses/junctions between neurons
“Mop up” leaked K+ ions, recapture/recycle neurotransmitters
Responds to nearby nerve impulses and released neurotransmitters
B) Microglial Cells- thorns
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Small and ovoid 
Processes touch nearby neurons
Monitors their health
When neurons are injured/in trouble, they migrate toward that them
Invading microorganisms and dead neurons are transformed into special macrophage
The debris is phagocytized
Protective role
Beneficial because immune cells have limited access to CNS
C) Ependymal Cells “wrapping garment”
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Squamous-columnar
Ciliated
Line central cavities of brain and spinal cord
Forms a permeable barrier between cerebrospinal fluid and tissue fluid
Cerebrospinal fluid fills these cavities, cushions brain and spinal cord
Tissue fluid bathes CNS cells
Beating of cilia circulates cerebrospinal fluid
D) Oligodendrocytes
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Branching shape as well, fewer processes (astrocytes > oligodendrocytes)
Line up along thick nerve fibers in CNS
Wrap processes tightly around fibers
Produces myelin sheath
PNS Neuroglia:
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E) Satellite Cells
Surround cell bodies of PNS
Similar properties to astrocytes in CNS
Name derived from resemblance to moons around a planet
F) Schwann Cells/Neurolemmocytes
Surround all nerve fibers in PNS
Form myelin sheath around thicker nerve fibers
Similar to oligodendrocytes in CNS
Vital to regeneration of damaged peripheral nerve fibers
Checking your understanding:
Extracellular fluid cells- CNS: astrocytes
                              PNS: Satellite Cells
Forms Myelin Sheaths- CNS: Oligodendrocytes
                             PNS: Schwann Cells








2) Neurons:
Also called nerve cells
Various structures, all have cell body and 1+ slender processes
Structural units of the nervous system
Large, highly specialized
Conduct messages (nerve impulses) from/to different parts of the body
Other characteristics:
Extreme longevity (life)
In optimal conditions, can function for over 100 years
Amitotic (loss of ability to divide as they mature)
Cannot be replaced if destroyed (there are exceptions)
High metabolic rate
Requires abundant and continuous oxygen and glucose
Cannot survive for more than a few minutes without oxygen
Parts of the Neuron:
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Cell Body:
Or perikaryon (“around” + ”nucleus”)
Or soma
Some cell bodies of neurons contain pigment inclusions
Spherical nucleus (as well as any other organelles)
Nucleolus (clearly visible)
Surrounded by cytoplasm
The fact that other organelles are contained here makes the cell body the “biosynthetic center”
The other organelles are responsible for synthesizing proteins and chemicals
Cell body creates protein and membrane
Cell body is focal point for all outgrowing neuron processes
Embryonic development
Plasma Membrane
Can act as part of receptive region
Most cell bodies are located in CNS
Called nuclei
When located in the PNS, called ganglia (plural: ganglion)
Components:
Clustered free ribosomes 
Rough ER
Probably some of the most active and best developed in body
Called chromatophilic substance “color-loving” 
or Nissl bodies
Stains things darkly with basic dyes
Golgi apparatus
Well developed and forms arc/complete circle around nucleus
Mitochondria
Scattered around with other organelles
Microtubules
Neurofibrils
Bundles of intermediate filaments (neurofilaments)
Maintains cell shape and integrity
Form a network throughout cell body

Processes:
Arm like, extend from the cell body
CNS contains cell bodies and processes, called “tracts”
PNS is mostly processes, called “nerves”
All types of neurons (motor neurons, sensory neurons, CNS neurons) follow a similar process, but they tend to differ in the way they receive and transmit information
Two types of processes:
Dendrites
Short, tapering, branching
Hundreds on a motor neuron
All organelles in the cell body can extend into the dendrites
Main RECEPTIVE regions (input of data) from other neurons
Finer dendrites in areas of the brain tend to be highly specialized for collecting specific information
Have dendrite spines- appendages with bulbous/spiky ends
These are points of close contact, called synapses, with other neurons
Convey messages toward the cell body
Electrical signals are not always action potentials (nerve impulses)
Usually, they are short distance signals called “graded potentials”
Axons
The Structure:
Every neuron has one single axon, that comes from the cell body
Sometimes, there can be long branches off of one axon, but it is still one axon
Branches are called axon collaterals
These branches off (like a fork in a road) will return back to the soma
They point at which the two meet is called the axon hillock
Which will narrow uniformly into the axon
Sometimes, the axon can be very short, other times it can be absent entirely, and other times it makes up the majority of the neuron
Long axons are called nerve fibers
Always branches at the end into multiple terminal branches (10 000+)
Also called “terminal arborizations”
The endings of these branches (what was referred to previously as “terminal knobs”) can be called:
Axon terminals
Terminal boutons

The Functional Characteristics of the Axon
Axon is considered to be the “conducting region”
Generates and transmits impulses
Away from cell body
Along plasma membrane (axolemma)
Generated in the junction between the axon hillock and axon
Called the “trigger zone”
Then proceeds along the axon to axon terminals/boutons
Called the secretory region
When it reaches the terminals, neurotransmitters stored in vesicles are released into the extracellular space
The chemical neurotransmitter will either excite or inhibit the neurons (effector cells) of the axon across the synapse
Receives and sends information, therefore conversing with hundreds of neurons at the same time
Contains organelles found in cell body and dendrites
Exceptions are rough ER and a Golgi apparatus
Protein synthesis and packaging
Axon therefore depends on:
The cell body to renew proteins and membrane components
Transport mechanisms to distribute these protein and membrane components
Quickly decay if cut or damaged

Transport of molecules down the axon is aided by motor proteins and cytoskeletal elements (microtubules and actin filaments)
Substances travel continuously toward and away the cell body
AWAY from cell body is ANTEROGRADE 
Mitochondria, cytoskeletal elements, membrane components, enzymes for making neurotransmitters
Some neurotransmitters are already made [synthesized] in the cell body
TOWARD the cell body is RETROGRADE
 Organelles to be degraded/recycled, vesicles with signal molecules, intracellular communication (“all is good in axon terminals!”)
Transport mechanism that is responsible for axonal transport 
ATP-dependent motor proteins* propel cellular components along the microtubules
*Kinesin and dynein depending on the direction
Myelin Sheath
A whitish and fatty protein-lipoid covering that is found on a collection of nerve fibers that are long or large in diameter
Dendrites are always unmyelinated
Offers protection as well as electrical insulation (increasing transmission speed)
When axon fibers have a myelin sheath, they are referred to as myelinated fibers
In the PNS: 
Formed by Schwann cells
Myelinating cells tend to have less protein
Cells do not have protein channels or carrier proteins
Helps in electrical insulation
However, they do have a different protein that helps them to adhere to neighboring myelin membranes
The Schwann cells do not touch
They are separated with the Nodes of Ranvier
Axon collaterals come out at these points
Separated approximately 1 mm apart
Process:
Loosely wraps around, then cytoplasm is gradually squeezed to form the membrane
Like rings on a tree, the compressed circles of Schwann cell plasma membrane enclose the axon      
Schwann cell remains on axon
Nucleus and cytoplasm end up as a bulge on the outside of the myelin sheath
Called the “outer collar of perinuclear cytoplasm”
Single cells can wrap up to 15 or more axons
Each axon creates a separate break/alcove/recess in the cell
They are almost always thin
They are usually thin fibers
In the CNS:
Comprised of myelinated and nonmyelinated axons
Oligodendrocytes form the sheath
Process:
Oligodendrocytes have many flat processes that coil around many axons at a time
Up to 60 axons at a time
There are gaps like in the PNS
Lack the outer collar of perinuclear cytoplasm
Squeezed out cytoplasm forced back toward the nucleus
Smaller axons are also nonmyelinated
Covered by adjacent glial cells
Regions in the CNS with dense myelinated fibers are called white matter. These are primary fiber tracts.
Regions with nonmyelinated fibers and nerve cell bodies is called gray matter.
Check your understanding
Axon is the fiber of the neuron. Fibers in CT are extracellular proteins for structure. In muscle tissue, muscle cells are the primary fibers.
A nucleus in the brain is a cluster of cell bodies, and a nucleus in a neuron is an organelle and the control center for cellular activities.
Myelin sheaths in the CNS are formed by oligodendrocytes and their processes that extend outwardly wrap the fibers in their plasma membrane. 










Neuron classification:
Structurally:
Grouped according to number of processes extending from soma
Unipolar- One process
More accurately called pseudounipolar neurons
More commonly found in the ganglia of the PNS as sensory neurons
Process divides into “T” shape proximal and distal branches
Distal branch, called “peripheral process,” is the dendrite (called receptive endings in this case) process
Sensory receptor
Proximal branch, called “central process,” is the axon process
Enters CNS
Qualifies as axon because it conducts impulses away from the cell body
Bipolar- Two processes
Opposite sides of the cell body
Example: neurons in the retina
Rare neurons found only in special sense organs
Multipolar- 3+ processes
One axon and the rest are dendrites 
Most common in humans
Major neuron type in CNS
Functionally:
There are sensory neurons, motor neurons and interneurons.
They are classified by the direction in which the impulse travels in respect to the CNS
1) Sensory neurons:
Also called afferent neurons
Transmit from organs to CNS
Sensory neurons are all unipolar, cell body located outside CNS (sensory ganglia)
With the exception of some special sense neurons (retina)
The parts that act as receptor sites are the most distal part of the neuron and the peripheral processes are often very long
2) Motor neurons
Also called efferent neurons
Carry from CNS to effector organs
Examples of effector organs are the muscles and glands
Multipolar, cell body located in CNS
With the exception of some neurons in autonomic nervous system
3) Interneurons
Also called association neurons
Between motor and sensory neurons
Shuttle signals through CNS for integration
99% of neurons in the body
Multipolar
Size and branching patterns can differ

Membrane Potentials:
Voltage (V)- measure of potential energy generated by separated charge (V or mV)
Measured between two points (greater the distance, greater the voltage)
Called potential difference
Current (I)- flow of electric charge from one point to another
Can be used to do work
Amount of charge that moves between the two points depends on voltage and resistance
Resistance (R)- hindrance to charge flow provided by substances through which the current must pass
High electrical resistance= insulator
Low electric resistance= conductor
Ohm’s Law:  
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Tells us three things
Current directly proportional to voltage (the greater the V, the greater the I)
No net current flow between points with the same potential (V=0)
Current inversely related to resistance (the greater the R, the smaller the I)
In the body, it isn’t so much a flow of electricity (electrons) as it is a flow of ions, which happens across cellular membranes.

Ion channels and Membrane Potentials:
Ion channels are selective to specific ions
Membrane channels are large proteins (“protein channels”) with amino acid chains that move back and forth across the membrane
Some channels are always open
Called “leakage” or “nongated” channels
Types of gated channels include:
1) Chemically gated/Ligand gated channels
Open when a specific chemical (neurotransmitter) binds to it
2) Voltage gated channels
Open and close in response to a change in the membrane potential
3) Mechanically gated channels
Chemically gated
Open in response to a physical deformation of the receptor
When the gates on these channels are open, ions will readily flow through them, increasing the electrochemical gradient between the cell and the environment.

Gradients:
Electrical gradient
Moving toward an area of opposite charge
Concentration gradient
High concentration to low concentration
Spraying perfume, it move away from the concentrated area to fill the room up with the smell
Electrochemical gradient
Combined difference in concentration and charge

Resting Membrane Potential:
Usually -70 mV
Cytoplasm inside is negative, resulting in the – sign
Represents potential difference in a resting neuron
Membrane is polarized in this state

Cell cytosol contains lower concentrations of Na+ and higher concentrations of K+
Opposite to extracellular fluid
In the cell, anionic (negatively charged) proteins balance out the positive charges of K+
In the cytosol, it is the negatively charged Cl- ions that balance out the positive charges
K+ is the most important solute in maintaining membrane potential
The Process:
At rest:
Impermeable to large anionic cytoplasmic proteins
Slightly permeable to Na+
25X more permeable to K+
Permeable to Cl-
The conditions above leave the inside of the cell at a negative charge
K+ is leaking out
Na+ is trickling in
However, they never equalize before Na+ pumps stabilize concentration gradient
3 Na+ out and 2 K+ in
Pump is Na+ - K+ ATPase
Check your understanding:
The flow of ions through open channels is dictated by the electrochemical gradient.
K+ is experienced the most leakage as opposed to the other cations present.






Changes in the membrane are the way that neurons communicate to receive, integrate and send information
Produced by anything that alters ion concentrations on either side of membrane
*And, anything that changes membrane permeability to specific ions
These ones are the only important way when transferring information
Two types of signals can be sent when the permeability changes
Graded potentials- incoming signals operated over short distances
Action potentials- long distance signals of axons

Describing changes to the membrane potential
Depolarization- When the membrane becomes less negative, a decrease in the membrane potential
Increases probability of producing nerve impulses
Hyperpolarization- When the membrane becomes more negative, an increase in the membrane potential
Decreases probability of producing nerve impulses

Graded potentials:
Short lived, localized changes in membrane potential (de or hyperpolarization)
No myelin sheath, therefore, voltage is lost
Decrease in the magnitude as the distance increases
Strong stimulus= more voltage= farther current
Triggered by a change in stimulus in the neuron’s environment
Different names depending on where they occur
Stimulus excites by some form of energy
Graded potential is called receptor potential or generator potential
Stimulus is a neurotransmitter from another neuron
Graded potential called a postsynaptic potential
Suppose that a stimulus depolarizes the plasma membrane- the stimulus makes the membrane positive as it fires, negative ions move toward these areas.
Positive ions (K+) move away from the depolarized area and accumulate in negative areas, causing them to become neutral in charge
Positive ions move toward the area of reversed polarity (which is less positive
This reaction spreads, much like a wave
Because the current dissipates very quickly through leaking channels, the graded potential will only be able to fire over a few millimeters

Action Potentials:
Only cells with excitable membranes can generate action potentials
These are neurons and muscle cells
Brief reversal of membrane potential with a change in voltage of 100 mV
Overview, lasts only a few milliseconds:
Depolarization
Peak
Repolarization
Hyperpolarization
Does not decay over time
Nerve impulse (generated only in axons)  will happen only when a neuron is adequately stimulated
The stimulus changes the permeability of the membrane when it opens specific voltage-gated channels along the axon
Voltage gated channels are activated in response to changes in membrane potential. Graded potentials along the dendritic and cell body membranes activate them.
The transition from little stimulating graded potentials to action potentials takes place at the axon hillock
In sensory neurons, action potential is generated by the peripheral axonal process
Generating the action potential:
Resting state- All gated channels are closed
Leakage channels remain open to maintain resting membrane potential
Depolarization opens and inactivates sodium channels
Na+ channel has 2 gates
Voltage sensitive activation gate- closed at rest
Inactivation gate- blocks channel once open
Both gates must be open for sodium to enter
K+ channels are simply voltage gated
Closed in resting state
Depolarization- Na+ channels open
Local currents depolarize the axon membrane
Voltage gated Na+ gate open, Na+ rushes into cell
Resulting positive charge further depolarizes
Opens more Na+ channels
Cell interior becoming less negative (toward positive)
Depolarization reaches a threshold, depolarization begins to self generate
Meaning that it is driven by the ionic current of Na+ flowing into the cell
Eventually, all Na+ channels become open
Permeability to Na+ is ~1000x > resting
Occurs more and more rapidly until ~+30mV
Rapid depolarization and polarity reversal create spike of AP
There is a positive feedback cycle that occurs here
Membrane potential opens channels, increasing permeability to Na+, which creates more of an electrochemical gradient (greater membrane potential), which in turn opens more Na+ channels
Contributes to creating the AP’s peak
Repolarization- Na+ channels inactivate, K+ channels open
Rising phase lasts only one millisecond before repolarization begins
Initiated by the inactivation gates closing on the Na+ channels
Membrane permeability to Na+ declines to resting state
Followed by the slow opening of K+ gates, which initiate repolarization
The K+ channels open in response to the slowing of Na+ into the cell
K+ flows rapidly out of the cell (electrical gradient)
Restores some of the internal negativity seen in the resting membrane
Hyperpolarization- Na+ channels reset, some K+ channels close
Period of K+ permeability lasts longer than needed to restore resting potential
Excessive outflow of K+ before channels close
Hyperpolarization, seen as a dip in the graph, occur
Na+ channels reset to initial position
Closed with open inactivation gates
 Restores resting electrical conditions
Sodium-Potassium pump redistributes ions
Of which there are thousands on the axon membrane

The All-or-None Principle
States that not all local depolarization on the membrane will result in an action potential, it must reach a specific threshold before an action potential will be fired. It will either happen completely or it will not happen at all
One explanation: Threshold is the membrane potential at which the outward current created by K+ movement is exactly equal to the inward recurrent of Na+ movement. Membrane is “in limbo” until another Na+ molecule crosses the membrane and enough depolarization occurs to fire the action potential after a positive feedback loop
Another Explanation: Small and local graded potentials that are a stronger stimuli push the membrane potential to threshold and enough channels open to fire an action potential (strength test with bell and hammer at a fair).
Either way, the All-or-None Principle is a principle that states that there must be an adequate amount of Na+ ions entering the cell to reach threshold and for the action potential to occur. If threshold is not met, there will be no action potential generated.
In order to be at all effective in signaling, the action potential must be transmitted down the axon’s entire length, triggering the opening of voltage gated Na+ channels, and triggering an action potential there.
After AP passes, the sodium channels are temporarily deactivated, away from the point of origin
Follows like dominoes into the next neuron and signaling new AP’s
The repolarization wave to set the axon up for a new AP will have to occur all over the axon- chases the depolarization signal down the axon’s length
Once an axon potential is generated, it is independent of stimulus strength and all AP’s are alike.
How does the CNS then determine the response if the nature of the stimulus (intense/weak) is not known?
Strong stimuli generate impulses at a greater frequency (impulses per second)

Refractory Periods
After the Na+ channels open, the neuron is unable to produce another action potential despite the strength or frequency of the stimulus
This occurs from the point of the Na+ channels opening to when the channels reset to their original state and is called the absolute refractory period
There is an interval that follows the absolute refractory period in which a stimulus that is exceptionally strong may trigger an action potential. Na+ channels would be at resting and some K+ channels would be open. This period is called the relative refractory period
Conduction velocity
These are variable; they depend on a few factors
Fast axons are those found in neural pathways (ex. Postural reflexes)
Slow axons are those found in the GI tract (ex. Gut, glands, blood vessels)
Dependent upon 2 factors:
Axon diameter
Larger the diameter, the faster it can conduct impulses (less resistance)
Degree of myelination
Impulses occur because the voltage gated channels in the membrane respond to support the movement of the action potential
Continuous conduction
Slow AP propagation
Occurs in non-myelinated fibers
Channels must be immediately adjacent
Saltatory conduction
Local depolarizing current does not scatter into nearby membrane regions
These regions are non-excitable
Current passes only at the gaps of the myelin sheath
Almost all voltage gated Na+ channels are located here
Electrical signal jumps from gap to gap along the axon
~30x faster than continuous
Multiple Sclerosis
Degradation of the myelin sheath affecting young adults
Gradual reduction  of sheaths in CNS
Non-functional hardened lesions called scleroses
Shunts and short-circuits the current
Gaps become greater and muscle contraction take more and more time
Eventually, the impulse conduction ceases
Axons are not damaged
More and more voltage gated Na+ channels appear spontaneously
Symptom-free periods and relapse
Symptoms are:
Visual disturbances
Problems with muscle control
Speech disturbances
Urinary incontinence

Nerve Fibers
Classified according to diameter, degree of myelination and conduction speed
Group A:
Somatic sensory and motor fibers
Skin
Skeletal muscles
Joints
Largest diameter, thick myelin sheaths
Conduct impulses at speeds of up to 150 m/s
Group B:
Autonomic nervous system serving visceral organs
Visceral sensory fibers
Small somatic sensory fibers (skin: pain and small touch)
Intermediate diameter, lightly myelinated
Transmits impulses at an average speed of ~15 m/s
Group C:
Autonomic nervous system serving visceral organs
Visceral sensory fibers
Small somatic sensory fibers (skin: pain and small touch)
Smallest diameter, non-myelinated
Incapable of salutatory conduction
Conduct impulses at a maximum of ~1 m/s
Some meds operate by blocking or impairing impulse propagation
Dentist blocks voltage gated Na+ channels
Cold and constant pressure interrupt blood circulation
Stops delivery of oxygen and nutrients
Impairing the conduction of impulses
This leads to “pins and needles” when the impulses can be transmitted again

The Synapse
Chains of neurons are connected by synapses, which mediate information transfer between neurons or from neurons to effector cells
Between axon endings and another neuron’s dendrites
Axodendritic synapses
Between axon endings and another neuron’s soma
Axosomatic synapses
Between axons*
Axoaxonal synapses
Between dendrites*
Dendrodendritic synapses
Between cell bodies and dendrites*
Somatodendritic synapses
* = Far less understood
[image: Macintosh HD:Users:ssimms:Desktop:Screen Shot 2013-09-29 at 1.07.48 PM.png]
Presynaptic neuron- The neuron that is conducting impulses toward the synapse
Passing the baton in the relay race
Postsynaptic neuron- The neuron that is transmitting the signal away from the synapse
Receiving the baton in the relay race
Most neurons function as both
Outside the CNS, postsynaptic cell can be another neuron or an effector cell (muscle or gland cell)
Electrical Synapse
Specialized to allow the flow of ions between neurons
Less common, consists of gap junctions
Contains protein channels, called connexons 
Closely connect the cytoplasm of adjacent neurons and allow ions /small molecules to flow from one neuron directly to the next one
“Electrically coupled” and transmission across is very rapid
Depending on the nature of the synapse, communication can be unidirectional or bidirectional
Simple way of synchronizing activity of all interconnected neurons
In adults: 
ES’s are found in areas of the brain responsible for stereotyped movements (jerky movements of the eyes)
Axoaxonal synapses in the hippocampus (-> emotions and memory)
In embryonic nervous tissue:
Abundant
Permits exchange of guiding sues in early neuronal development
Allowing neurons to connect properly with one another
As development progresses, chemical synapses replace these
Gap junctions also exist between glial cells of CNS
Chemical Synapse
Specialized to allow the release/reception of chemical neurotransmitters
Chemical synapses covert electrical signals to chemical signals (neurotransmitters) that travel across the synapse to postsynaptic cells where they are converted back into an electrical signal
Two parts:
Knoblike axon terminal (presynaptic)
Contains many tiny, membrane-bounded sacs called synaptic vesicles which contain the neurotransmitter molecules
Neurotransmitter receptor region (postsynaptic)
Located on the dendrite or cell body
Separated by the synaptic cleft
Fluid filled
Gap junctions have a space like a door threshold, while a synaptic cleft’s space is like a lake
Prevents nerve impulses from being directly transmitted from one neuron to another
Transmitted via a chemical event
Depends on the release, diffusion, and receptor-binding of the neurotransmitter molecules
Results in unidirectional communication between neurons
The Process:
The AP arrives at the axon terminal
This begins the neurotransmission at the presynaptic axon terminal
Voltage gated Ca+ channels open, Ca+ enters the axon terminal
The AP’s depolarization opens the Na+ channels and the Ca+ channels
Ca+ floods down the electrochemical gradient from the extracellular fluid into the terminal
Ca+ entry causes synaptic vesicles to release neurotransmitter
Happens by exocytosis
Ca+ acts as an intracellular messenger
Sensing protein (synaptotagmin) binds with Ca+ and interacts with SNARE (control membrane fusion) proteins 
Synaptic vesicles fuse with axon membrane and empty contents into synaptic cleft
Approx. 300 vesicles empty into cleft
Greater the number of vesicles that empty, the greater the effect on the postsynaptic cell
Ca+ is quickly removed from the terminal
Taken up by mitochondria or ejected from neuron by Ca+ pump
Neurotransmitter diffuses across the synaptic cleft and binds to specific receptors on the postsynaptic membrane
Binding of neurotransmitter opens ion channels, creating graded potentials
When the binding of the receptor to the neurotransmitter occurs, the receptor changes its 3D shape
Change then opens ion channels and creates graded potentials
Postsynaptic membranes have chemically gated ion channels (receptor proteins and ion channels packed together)
Depending on the receptor protein and the type of channel, postsynaptic neuron can be excited or inhibited
Neurotransmitter effects are terminated
Binding of neurotransmitter and receptor is reversible
While binding occurs, a neurotransmitter will continue to affect membrane permeability and block reception of additional signals
The termination to reset the postsynaptic membrane can happen in one of three ways:
Reuptake
Astrocytes or the presynaptic terminal will store or destroy the neurotransmitter with an enzyme
Ex. Norepinephrine
Degradation
By enzymes on the postsynaptic membrane or present in the synapse
Ex. Acetylcholine
Diffusion
Away from the synapse
Synaptic delay
Although signals can travel incredibly fast down the axon, they are comparatively slow when travelling across the synaptic cleft
This is the slowest step in neural transmission
Explains why transmission along neural pathways with only 2-3 neurons occurs rapidly but transmission along multisynaptic pathways occurs much more slowly

Postsynaptic Potentials and Synaptic Integration
In a chemical synapse, receptors on postsynaptic membranes are specialized to open ion channels (converting chemical signals to electrical signals).
Tend to be insensitive to changes in membrane potential
Cannot become self-amplifying or self-generating (feedback loop as seen in Na+ channels)
Neurotransmitter receptors control the graded potentials that they receive according to the amount of neurotransmitter released and the amount of time it remains in the area
AP’s can be excitatory or inhibitory- depending on how they affect the membrane potential
Excitatory Synapses and EPSP’s
Neurotransmitter binding depolarizes the postsynaptic membrane
Chemically gated ion channels open on postsynaptic membrane (dendrites and neuronal cell bodies)
Channels allow Na+ and K+ to diffuse simultaneously through the membrane (opposite directions)
Electrochemical gradient is steeper in Na+ than K+, which creates the net depolarization, even though there is positive charges moving in and out of the cell at the same time
If enough neurotransmitter binds, depolarization occurs. It can reach well over the threshold for an AP (0 mV)
However, postsynaptic membranes do not normally generate AP’s
Dramatic polarity reversal will not occur in membranes with only chemically gated ion channels because the opposite movements prevent the accumulation of positive charge
As a result, it is local graded depolarization events that occur (not AP’s) on an excitatory postsynaptic membrane
These are called excitatory postsynaptic potentials or EPSP’s
They help to distally trigger an AP at the axon hillock of the postsynaptic neuron
They tend to decline with distance, but they most often make it to the axon hillock
If they are strong enough to depolarize to threshold at the hillock, the voltage gated channels open, generating an AP
Inhibitory Synapses and IPSP’s
Binding here reduces a postsynaptic neuron’s ability to fire an AP
They hyperpolarize the membrane by making it more permeable to K+ or Cl-
K+ moves out and Cl- moves in: more negative charge is building up
Less and less likelihood of firing an AP
Larger depolarizing current will be required to induce an AP
These hyperpolarizing changes are called inhibitory postsynaptic potentials or IPSP’s
EPSP’s and IPSP’s are both examples of graded potentials

Integration and Modification of Synaptic Events
Summation on postsynaptic neuron
Single EPSP can’t generate an AP
But thousands of excitatory axon terminals firing on the same membrane rapidly can induce the depolarization and subsequently, the AP
This essentially means that EPSP’S can summate/add together
Types of Summation:
Temporal summation
Temporal= time
1+ presyn neurons transmit impulses in rapid-fire order, bursts of neurotransmitter released in quick succession
first one results in a small EPSP, successive impulses trigger more, causing a summation
Spatial summation
Occurs when postsyn neuron is stimulated simultaneously by many terminals from one or more presynaptic neurons
Lots of the receptors bind with neurotransmitter and then initiate EPSP’s
Then these summate and produce a rapid depolarization
IPSP’s can summate in the same way, inhibiting the neuron to a greater and greater degree
Neurons receive both excitatory and inhibitory inputs from thousands of neurons, and that axon can form different types of electrical and chemical synapses with other types of neurons.
All of this information needs to be sorted out.
Axon hillock keeps running tab of the summations occurring
EPSP’s and IPSP’s can summate with one another- cancelling each other out
It is the dominating type of postsynaptic potential that will rule the reaction
When neurons are partially depolarized, they are referred to as facilitated
Meaning more easily excited because they are already near the threshold
Axon hillock membranes can function as neural integrators- their potential will reflect the sum of all incoming neural information
Because both EPSP’s and IPSP’s degrade over distance, those that take place closest to the axon hillock are the most effective
Specifically, inhibitory synapses. And it does happen this way, with most inhibitory synapses taking place on the cell body.
Excitatory synapses most often occur on the dendrites
Synaptic Potentiation
Repeated/Continuous use of a synapse enhances the presynaptic neuron’s ability to excite the postsynaptic neuron, which produces larger-than-expected EPSP’s
Can be seen as “priming” the postsynaptic neuron
Phenomena is referred to as “synaptic potentiation”
The presynaptic terminals at these synapses tend to contain higher concentrations of Ca+
This triggers the release of more neurotransmitter
Produces a larger EPSP
Synaptic potentiation also brings in more Ca+ through the dendrites into the postsynaptic neuron
Brief periods of high frequency stimulation partially depolarizes the postsynaptic membrane
Partial depolarization (facilitated) causes certain chemically gated channels (NMDA [N-methyl D-aspartate] receptors) to allow the entry of Ca+
This usually happens only when the membrane becomes depolarized
As Ca+ enters the cell, certain enzymes that promote changes which result in more effective responses to stimuli that follows
In some neurons, the AP’s generated at the axon hillock get transmitted back up into the dendrites
The current flow then alters the effectiveness of the synapse
Opens voltage gated Ca+ channels, allowing Ca+ into the dendrites again
Promotes synaptic potentiation
Viewed as a learning process, increasing efficiency of neurotransmission along a particular pathway
Ex. Hippocampus of the brain exhibits a type of synaptic plasticity, called long-term potentiation
Presynaptic Inhibition
Presynaptic membrane can also influence the postsynaptic activity
Presynaptic inhibition happens when the release of an excitatory neurotransmitter by one neuron becomes inhibited by the activity of another neuron in an axoaxonal synapse
The end result is that less neurotransmitter is released and bound
This forms smaller EPSP’s
This is the opposite of synaptic potentiation.

Neurotransmitters and Receptors
Many factors are controlled and communicated through neurotransmitters, which allow various messages to be sent and received from around the entire body
Most factors that affect synaptic transmission do so by enhancing or inhibiting neurotransmitter release or destruction, or by blocking the receptors for that neurotransmitter
Factors that interfere can short circuit the communication of the brain with the rest of the body
Many neurotransmitters can have several influences instead of just one; the coexistence of neurotransmitters in a single neuron is what makes that possible.

Examples of Neurotransmitters:
Acetylcholine or ACh: 
First identified, best understood
Released at neuromuscular junctions (easier to study than synapses deep in the CNS)
Synthesized from acetic acid and choline by the enzyme choline acetyltransferase
Put into synaptic vesicles for later release at the presynaptic terminal
When released, Ach binds at the receptors, then released and degraded back to its reactants by the enzyme acetylcholinesterase
Choline is recaptured and used to synthesize more Ach
It is released by all neurons that stimulate skeletal muscles and by some neurons in the autonomic nervous system
Released by neurons also found in the CNS
Biogenic Amines
These include catecholamines like dopamine, norepinephrine and epinephrine
Synthesized from the amino acid tyrosine
Common pathway consisting of many steps, shared pathway with epinephrine production
They also include the indolamines like serotonin and histamine
Broadly distributed in the brain
Play a role in emotional behavior, regulate the biological clock
Imbalances can be associated with mental illness
Certain illegal drugs can bind to the receptors of these neurotransmitters and produce halluncinations
Some motor neurons in the autonomic nervous system release catecholamines, particularly norepinephrine
Amino Acids
Occurring in all cells of the human body and important to many biochemical reactions
The amino acids for which a neurotransmitter role is certain include
Glutamate 
Aspartate
Glycine
Gamma (y)-aminobutyric acid (GABA)
Peptides
Neuropeptides (strings of amino acids) include a broad spectrum of molecules with diverse effects
Substance P- important mediator of pain signals
Endorphins
Ex: Beta endorphin, Dynorphins, Enkephalins
Natural opiates that reduce our perception of pain under stressful conditions
Medicinal opiates like morphine bind to the same receptors to produce similar but stronger results
Some neuropeptides, AKA gut-brain peptides are produced by non-neural body tissues and are widespread in the GI tract, like somatostatin or cholecystokinin
Purines
Nitrogen containing chemicals (guanine or adenine) breakdown products (or building blocks) of nucleic acids.
ATP, the most primitive neurotransmitter, is present in the CNS and PNS
Depending on the receptor, the effect can be either excitatory or inhibitory when ATP binds
Adenosine, a component of ATP, is a potent inhibitor in the brain
Gases and Lipids
Gasotransmitters include nitrous oxide, carbon monoxide, and hydrogen sulfide
Defy all known descriptions of neurotransmitters
Synthesized on demand and diffused out of the cells that create them
No surface receptor binding, they go through plasma membranes of other cells to bind with specific intracellular receptors
NO can be beneficial in small quantities, it is actually used in the brain to form memories by increasing the strength of synapses
Endocannabinoids are natural opiate transmitters that are located in the brain
Lipid soluble, synthesized on demand, not stored
Formed by clipping the cell’s own plasma membrane lipids
Retrograde messenger for decreasing neurotransmitter release
Classification of Neurotransmitters by Function
Effects: Excitatory vs. Inhibitory
Actions: Direct vs. Indirect
Direct- a neurotransmitter that binds to and opens ion channels
Provokes rapid responses in postsynaptic cells by altering membrane potential
Indirect- a neurotransmitter that promotes broader, longer lasting effects by acting through intracellular “second messenger” molecules
Action similar to hormones
Biogenic Amines, neuropeptides and dissolved gases are all examples
Neuromodulator- a chemical messenger released by a neuron that does not directly cause EPSP’s or IPSP’s but affects the strength of synaptic transmission
May act presynaptically to influence synthesis, release, degradation or reuptake of neurotransmitter
May act postsynaptically by altering the sensitivity of the postsynaptic membrane to neurotransmitter
Receptors for neuromodulators are not necessarily found at a synapse
May be released from one cell and act on many in a surrounding area
Distinction between neuromodulators and neurotransmitters is not exactly clear, but NO, adenosine and many neuropeptides can be referred to as neuromodulators
Neurotransmitter receptors
For the most part, neurotransmitter receptors are either channel linked receptors, which mediate fast synaptic transmission, or G protein linked receptors, which oversee slow synaptic responses.
Channel linked receptors
Called ionotropic receptors
Ligand gated ion channels that mediate direct neurotransmitter action
Several proteins around a single pore
When ligand binds, the protein changes shape
Opens central channel and allows the ion to pass
Always located on precisely opposite sites of neurotransmitter release
Open immediately after ligand is bound and do not close until it is released
Small ions can pass through the channel linked receptors, but it is the flow of Na+ that contributes the most to the depolarization of the membrane
Happens on excitatory receptor sites
With inhibitory receptor sites, fast inhibition or hyperpolarization of the membrane occurs
G Protein linked receptors
Indirect, complex and slow
Receptors are transmembrane protein complexes
Include muscarinic Ach receptors
Effects of g linked protein receptors tend to bring out widespread metabolic changes, so they are sometimes called metabotropic receptors
When a neurotransmitter binds with this type of receptor, the G protein is activated
G protein then controls conduction of second messengers
The second messengers then go on to regulate ion channels or kinase enzymes- initiating the series of enzymatic reactions in the target cells
Sometimes second messengers modify by attaching phosphate groups
[bookmark: _GoBack]Sometimes they interact with nuclear proteins that activate genes and induce the synthesis of new proteins in the target cell
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