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Module 1.1 The Cells of the Nervous System
Neurons 
Receive info and transmit to other cells
Approx. 100 billion (exact number varies person to person)
Doubted the idea of individual cells in the body until the eatly 1900’s
Santiago Ramon y Cajal & Charles Sherrington
Pioneers of neuroscience
 Cajal
stained the brain & nervous cells with silver salts and saw that small gaps separate neurons, 1800’s
imprisoned in a solitary cell at the age of 10 for not paying attention in class
wanted to be an artist, father made him take up medicine, he drew very detailed drawings of the nervous sytem 
Structure of Animal Cells
Surface of a cell is the membrane  contain protein channels 
All mammalian cells contain a nucleus (except for the red blood cell) which also contain the chromosomes
Mitochondrion, performs metabolic activities, provides energy
Ribosomes, synthesis of new protein molecules, some float freely and others are attached to the endoplasmic reticulum
The Structure of a Neuron
Shape varies enormously from one neuron to another 
Most have long branching extensions
Larger neurons have dendrites, an axon, and presynaptic terminals
The smaller they get the less likely they are to have an axon or well-defined dendrites 
A motor neuron has it’s soma (cell body) in the spinal cord, receives info through it’s dendrites and conducts impulses along axons to the muscle
A sensory neuron is specialized at one end and highly sensitive to a particular type of stimulation (light, touch, sound)
Dendrites are branching fibers that get narrower near the ends and is lined with synaptic receptors to receive information from other neurons, the larger the SA the more info received
Dendritic spines are short outgrowths that increase the SA 
Cell body or Soma contains the nucleus, ribosomes and mitochondria  most metabolic work occurs here
The axon is thin with constant diameter, conveys an impulse towards other neurons 
Can be more than 1m in length
Covered with a myelin sheath with interruptions called nodes of ranvier
Invertebrate axons do not contain myelin sheaths
Presynaptic terminals or “end bulb” are a swelling at the tip of axons where chemicals are released across junctions 
Afferent  bring information into a structure  sensory neurons
Efferent  carries information away from a structure  motor neurons
Interneuron: if a cell’s dendrites and axons are contained entirely in a single structure e.g., intrinsic neuron of the thalamus
Glia
Derived from the Greek word meaning glue, originally though glia held neurons together 
Several types of glia:
Star shaped are called astrocytes, they wrap around the presynaptic terminals of a group of functionally related axons. Astrocytes take up chemicals and release them back which synchronizes activity of the axons and sends info in waves 
They also remove waste material when neurons die and control blood flow (dilate blood vessels to bring more nutrients to that area)
Tripartite synapse: a hypothesis that the tip of an axon releases chemicals that cause the neighboring astrocyte to release chemicals of its own, thus magnifying or modifying the message to the next neuron
Microglia act as part of the immune system, removing  waste material and viruses
Necessary for the survival of certain neurons early in life and contribute to learning by removing weak synapses 
Ogliodendrocytes (brain and spinal cord) and Schwann cells (periphery of the body) build the myelin sheaths that surround axons, they also supply it with nutrients 
Radial Glia guide the migration of neurons and their axons and dendrites during embryonic development, they differentiate later into mostly neurons or astrocytes/oligodendrocytes
The Blood Brain Barrier
Many chemicals cannot cross from the blood to the brain…
Important as the vertebrate brain, with some exceptions, does not replace brain tissues if infected with viruses or damaging chemicals 
The BBB depends on endothelial cells that form the walls of the capillaries that are bound so tightly they block viruses, bacteria and chemicals from passing through
The barrier can also keeps out useful chemicals such as fuel, amino acids and proteins.  
Mechanisms for crossing:
Small, uncharged molecues such as O2 and CO2 ass freely
Water crosses through special protein channels in the endothelial cells 
Fat soluble molecules cross easily (Vitamins A and D)
Active Transport: protein mediated process to pump chemicals such as glucose, amino acids, purines, choline, some vitamins, iron and certain hormone s
Brain cancer is difficult to treat due to the BBB and chemo not reaching there
Nourishment of Neurons
Dependent most entirely on glucose 
Need a steady supply of O2
Brain uses about 20% of the body’s O2 for being only 2% the body’s weight
Glucose is the only nutrient that crosses the BBB in large quantities, if not available the brain can rely on ketones and lactate
To use glucose, the body needs Vitamin B, thiamine  lose this in chronic alcoholism and leads to a condition called Korsakoff’s syndrome, marked by memory impairments 
Module 1.2 The Nerve Impulse
The Resting Potential of the Neuron
Electrical gradient is maintained at rest, also known as polarization, a difference in electrical charge between the inside and outside of the cell: inside is slightly negative relative to outside in the cell  due to negatively charged proteins 
measure this potential using a very thin microelectrode inserted into the cell body 
Forces acting on Sodium and Potassium Ions
Selectively permeable membrane 
O2, CO2, urea, water, cross freely through channels that are always open
Sodium, potassium, calcium and chloride pass through channels that are sometimes open or closed 
Sodium Potassium Pump
At rest, sodium and potassium channels are closed, permitting almost no flow of these two 
The sodium potassium pump, a protein complex, repeatedly transports 3 sodium out of the cell for every 2 potassium in brings in, as a result, sodium ions are more than 10x more concentrated outside the cell
Some potassium ions slowly leak out of the neuron afterwards, which increases the electrical gradient
Sodium
at rest two forces act on sodium, both pushing it into the cell
the electrical gradient (sodium is +, and inside the cell is -)
the concentration gradient (sodium is more concentrated outside than inside)
Potassium
Electrical gradient: + charged ion and inside the cell is -, so being pulled in
Concentration gradient: more concentrated in the cell than outside, so wants to be pushed out 
There would be a small net flow out of the cell if all potassium channels were open 
Chloride Ions
– charged ions
mainly outside of the cell 
The Action Potential
At rest: negative potential
Hyperpolarization: further increasing this negative charge
Depolarize: reduce the polarization towards zero 
Threshold of excitation: -60 mv produces massive depolarization, sodium channels open and the potential shoots up far beyond the stimulus
1. At the start, there is more sodium outside and potassium inside the cell
[bookmark: _GoBack]2. When the membrane is depolarized, sodium and potassium channels in the membrane open
3. At the peak of the action potential, sodium channels close 
Sodium and Potassium have voltage gated channels
After so many positive ions enter the cell, the slightly + charge causes sodium channels to close and potassium is driven out of the cell as the channels remain open longer than sodium
As the potassium continues to leave it causes a momentary hyperpolarization
After all this is complete, the cell uses the sodium-potassium pump to restore the original balance of sodium and potassium ions in the cell 
Local anesthetic drugs, such as novacaine, attach to sodium channels preventing ions from entering stopping action potentials and the sensation of pain
The All or None Law
the amplitude and velocity of an action potential are independent of the intensity of the stimulus that initiated it provided that the stimulus reaches the threshold 
Only timing can change to send faster and bigger action potentials 
The Refractory Period
A point in which the cell resists the production of further potentials 
The absolute refractory period, the membrane cannot produce an action potential regardless of the stimulation (1ms)
The relative refractory period, a stronger than usual stimulus is necessary to evoke this (2-4ms)
Propagation of an Action Potential
Each synapse depolarizes the next cell and so on and so forth until the destination is reached
The absolute refractory period prevents the charge from travelling backwards from where it just came 
Nodes of ranvier help speed up action potentials propagation  referred to as salutatory conduction
Conserves energy and “jumps” the action potential from node to node 
In multiple sclerosis, myelin sheaths are destroyed causing slow impulses or impulses that die out before reaching their target 
Local Neurons
Neurons with no axons exchange information with their local neighbour
They do not follow the all-or-none law 
A graded potential, a membrane potential that varies in magnitude in proportion to the stimulus intensity 
It is conducted to all areas adjacent to the cell and gradually decays as it travels 
This then excites or inhibits other cells near it 
Not much also is known about local neurons as they are difficult to study 
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