Classical conditioning

And unconditioned stimulus, which gives rise automatically to an unconditioned response, is paired with a conditioned stimulus, which at the start of conditioning gives rise to no response. Eventually, the conditioned stimulus also gives rise to a response, the conditioned response, which is often similar to the unconditioned response.


In delay conditioning the CS and US overlap in time.


In trace conditioning a short interval separates the CS and the US.

Nonassociative learning

Habituation is the reduction in the response to a stimulus that is delivered repeatedly.


Dishabituation is the restoration of a response due to the presentation of another stimulus.


Sensitization is the enhancement of a response produced by the presentation of a strong stimulus.

LTP

Hebb’s postulate states that if axon A connects to cell B and repeatedly takes part in firing it, the connection between axon A and cell B will be strengthened. “Cells that fire together, wire together.”


Long-term potentiation was first studied in the hippocampus. Recordings were made from a neuron in the CA1 field. Brief electric pulses were delivered to axons connecting to this neuron, and the EPSPs that resulted were measured. A brief series of high-frequency pulses delivered to the same axons then caused the neuron to fire repeatedly. Afterwards, the same electric pulses cause larger EPSPs.


“Classical” LTP exhibits three important properties:


Cooperativity refers to the fact the more axons connecting to a neuron that are stimulated, the more likely LTP is.


Associativity refers to the fact that the firing of weak inputs to a cell must be correlated with the firing of strong inputs for the weak connection to be strengthened.


Input specificity means that only inputs that are stimulated can be strengthened.

NMDA channels

Induction of LTP requires an increase in the concentration of calcium inside the cell. NMDA channels appear to be one of the ways in which synapses undergo Hebbian learning.


NMDA channels are blocked by a magnesium ion that is only removed if the post-synaptic potential rises above a certain value--this ensures that the post-synaptic cell has fired. These channels are also gated by glutamate, which ensures that the pre-synaptic cell has fired. NMDA channels, when opened, allow calcium to flow into the cell, which causes a variety of changes that lead to the strengthening of the synapse.


Other voltage-gated calcium channels besides NMDA are also involved in LTP in some parts of the brain. LTP can also be caused by the metabotropic glutamate receptor, which can cause calcium to be released from stores already inside the cell.

LTP expression

The events that cause strengthening of a synapse are still debated, but possibilities include:


1) Increasing the probability of release of neurotransmitter


2) Increasing the number of release sites


3) Increasing the number of vesicles (and, therefore, the total amount of neurotransmitter that can be released)


4) Increasing receptor sensitivity


5) Increasing the number of receptors


6) Formation of new synaptic contacts between the same pair of neurons


The maintenance of LTP over the long-term requires changes in gene expression and protein synthesis. Therefore, proteins must be sent back from the cell body to the correct synapse, which is presumably labeled so that the proteins arrive at the appropriate spot.

