Neuroscience Lecture Summary
By Raagula Sivayoganathan
Descartes idea of mind: Dual processes of the brain

Neuron

· Brain made up of 100 billion neurons

· Important for communication – specialized for it because of its unique structure
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Dendrites – involved in receiving information from other neurons (is the receptive zone of a neuron)
Cell body – contains cells machinery and resembles the cell body of other cells

Axon – Conducts impulse toward the axon terminal
Myelin Sheath – allows for faster conduction of impulses. Myelin made up of Schwann cells

Node of Ranvier – allows for regeneration of action potential

Axon terminal – allows for transmission of impulse from one neuron to another (release of neurotransmitter)
How do neurons transmit signals? 

· Through action potential  - created by electrochemical gradient

· Na + outside the cell and K+ inside the cell (electrical imbalance between outside and inside the cell) 

· Imbalance in electrical charges makes inside more negative compared to the outside (inside is 70mV more negative than the outside) This -70mv state is called the resting potential

· Electrical imbalance is due to:

· Diffusion – movement of molecules from low to high concentration 

· Electrostatic forces – charge based phenomenon (like charges repel, opposite charges attract)
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How is an action potential generated?

· First, threshold of -50mv should be reached – this is reached by incoming of ions from the dendrites – remember when an action potential reaches the end of a neuron, neurotransmitters are released into the synaptic cleft, when that is done, these transmitters find their respective receptors and open the channels. Based on the ion channel opened, ions come in. For instance, in order to reach a certain threshold, Na + channels must be opened, and so Na+ rushes inward. If enough Na+ rush in from just the opening of the ion channels on dendrites then threshold can be reached and an action potential will be generated. 
· Once this threshold is reached, Na+ ion channels on the axons open and allows Na+ to  flow  into the cell, this causes the voltage inside the cell to increase leading to an action potential

· Then once action potential is generated, sodium channels close, and potassium channels allows potassium to leave out of the cell (bring the voltage back to -70 mV) but because extra potassium channels are open along with normal (funny channels (also knows as leaky channels) that is open all the time) the voltage reaches below the -70mv. Then the potassium channels close, and later the funny potassium channels that are always open bring the voltage back to -70mv. 

· When sodium channels close that activates refractory period (where another action potential cannot be generated) the refractory period lasts from the high point of action potential to until the threshold level is back to normal. Refractory period allows for action potential to flow in one direction – without refractory period action potential can go both ways and communication between cells will be lost! 

All or none fashion of action potential:

· Once threshold is reached an action potential always occurs (all action potential are of the same intensity  (all are of same firing strength) 

· Frequency of firing determines the strength of a stimuli NOT the height an action potential (this is again because all action potential are of same height)  Why do you think action potential cannot go above ~ 30mV? Because once 30mV is reached, the Na+ channels close so no more Na+ can come in. 
What happens at the end of the axon at axon terminal? 
· When action potential reaches the end of the axon, the axon terminal gets positive this allows for the synaptic vesicles (which contain neurotransmitters) to fuse with the end of the axon and allows for neurotransmitters to be released into the synaptic cleft 
· Neurotransmitters are small molecules that can bind to receptors on the dendrite of the post-synaptic neuron. When it binds to its particular receptor, the receptor ion channel opens and allows a certain ion to come into the dendrite

· There are many neurotransmitters - each is specific to the receptor it will bind to on the post-synaptic neuron’s dendrites.

· For instance Glutamate is a neurotransmitter when released into the synaptic cleft, it binds to receptors that are responsible for opening Na+ ion channels on the dendrites – thus allowing the cell to go toward the threshold

· Another example of a neurotransmitter is GABA, GABA binds to its respective receptor and this ion channel allows Cl- to come in, making the dendrite and the cell more negative than at rest 

· So the point is different neurotransmitter have different effects on the dendrite and they are specific to the receptor the bind to. For instance, glutamate neurotransmitter cannot bind to the receptor for GABA

Pre-synaptic and post-synaptic neurons:

· Pre-synaptic neuron is the neuron that is sending neurotransmitter into the synaptic cleft, post-synaptic neuron is the one receiving the neurotransmitter 

What happens when neurotransmitter vesicles open into the synaptic cleft and release neurotransmitters? 

What happens to the dendrites of the post-synaptic neuron? Receptors on the dendrites do what? 

What is an EPSP? Two ways of creating EPSP?
· EPSP (excitory post synaptic potential) – when dendrites of one neuron gets positive so that an action potential can occur in that neuron

· Two ways to excite the post-synaptic neuron:

· Temporal summation – one pre-synaptic neuron fires action potential constantly over a period of time releasing a lot of neurotransmitter – when a lot of neurotransmitters are released more ion channels open, and so a better chance of reaching threshold 

· Spatial summation – many neurons send their neurotransmitter to the same post-synaptic neuron, this means many neurotransmitters are again available opening many ion channels and so higher chance of reaching the threshold 

Why can’t one set of transmitters be enough?

· Neurotransmitters after a some time in the synaptic cleft, are broken down by enzymes, this enforces the ion channel that the opened to close so this limits the amount of Na+ ions coming in, thus the threshold cannot be reached, so having temporal or spatial summation allows more neurotransmitters into the cleft so more ion channels open and so a lot more Na+ can come in the specified time
What is an IPSP?
· Sometimes neurons need to inhibit the signals sent from one neuron to another. So we need to make sure an action potential is NOT occurring in the post-synaptic neuron so the neurotransmitter released from the pre-synaptic neuron opens Cl- ions channels, this makes the post-synaptic more hyperpolarized making it difficult to reach threshold 
Sodium Potassium Pump:

· Pumps out three Na + for 2 K+ 

· Allows to keep the gradient same 

· Is an active process – requires energy 

Neural Development:
· Neurogenesis: birth of neurons

· Migration: travelling of neurons to their correct location

· Differentiation: transformation of cells into the correct type of cell according to their function

· Affected by genetics and environment
· Maturation: growth of neurons by establishing connections with other neurons 

Development of NS begins after about 18 days of conception; outer layer of embryo thickens forming a plate. Then the curl upward and fuse together to form neural tube. Inside neural tube is ventricular zone which is lined up with founder cells. Founder cells divide once neural tube closes at about 28 days after conception. The founder cells start diving symmetrically then asymmetrically then they migrates outward from the ventricular zone. 
Neural migration occurs from day 42 to about 6 weeks. Most neurons are produced before glial cells, except for radial glial cells. These are fibers that extend outward from ventricular zone like a form of scaffolding and they end at the outer layer of the cortex. Radial glial cells are important for neuron migration. 
Neural connection – every important and can continue into adulthood

· Ventricular zone produces more neurons than necessary, thus neurons that fail to make connection die off. All neurons receive neurotrophic factors from other neurons, which is important for survival of a neuron (is like food for the neuron). But only limited amount of neurotrophic factor exists in the brain, and those who make a lot of connections will survive. 

· More neural connection are made at younger age than older age, the connection decreases with age (they get fine-tuned)

Depression and Neuroscience: 

· Depression: feelings of intense sadness, trouble sleeping, lack of motivation etc. 

· Two neurotransmitter has been implicated in understand of depression: serotonin and norephenephrine 
· Cyclic antidepressants – inhibit reuptake of serotonin and norephenephrine so that it stays longer in the synaptic cleft (why is that important?)

·  Cuyclic antidepressants work on both serotonin and norephenephrine but later MAO-I drugs were introduced that works only on serotonin 
· MAO-I works by inhibitake the enzume monomine oxidase which normally breaks down serotonin

· Cyclic and antidepressants and MAO-I have dangerous side effects – now use SSRI (selective serotonin reuptake inhibitors) 

In some selected areas of brain, new neurons continue to grow throughout live. But in depressed individual this continuation of neurognnis is stunted, and the organizations of neuron in some of these areas are disrupted. This may be due to BDNF(brain-derived neurotrophic factor) 

BDNG seems to be significantly lower in severely depressed individuals

Hyperpolarization – when the voltage inside the cell is more negative than the resting membrane potential – More negative than -70 mV. 





Refractory period – period where there cannot be an action potential in that AREA – designed to prevent BACK FIRING of action potential  - allows for action potential to go in only one direction (toward the end of the axon) 








