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Introduction

What is metaplasticity?

Heterosynaptic metaplasticity

Learning-associated metaplasticity



Definition of metaplasticity

Metaplasticity refers to activity-dependent changes in neural 
function that modulate subsequent synaptic plasticity such as 
long-term potentiation (LTP) and long-term depression (LTD). 

Safeguards prevent saturation of LTP and LTD

Saturation could compromise the ability of networks to discriminate 
events and store information

How is the proper balance of LTP and LTD maintained?

Metaplasticity, because neural activity at one point in time can 
change cells or synapses such that their ability to exhibit LTP and 
LTD after a later bout of activity is altered 

Metaplasticity entails a change in the physiological or biochemical 
state of neurons or synapses that alters their ability to generate 
synaptic plasticity
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Definitions

Synaptic plasticity is the ability to change synaptic strength

Changes in strength includes neurotransmitters

Important neurochemical base of learning and memory

Long-term potentiation (LTP) is the increase in synaptic strength

Requires activation of glutamate receptors or other subtypes of 
other receptors

Long-term depression (LTD): Reverse to LTP and is the persistent 
decrease in synaptic strength
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Slow afterhyperpolarization

Slow afterhyperpolarization (slow AHP):

Afterhyperpolarization describes the part of the hyperpolarization 
phase of an action potential where the membrane falls below the 
normal resting potential

 Membrane hyperpolarization last for seconds. 
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Standard Paradigm for studying Metaplasticity

Episode of priming activity:

Electrical stimulation of neural activity

Pharmacological activation of specific transmitter receptors

Hormone release in addition to neural activity

Essential aspect is a change in neural function or washout of the 
priming stimulus and that alters the response to a subsequent 
plasticity-inducing event

Degree of persistence for metaplasticity range from minutes to 
many days.
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Methodological Consideration
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Bienenstock, Cooper Munro model

BCM is a computational model

Describes the extent of LTP or 
LTD as a function of the 
degree 

If afferents are active during low 
postsynaptic activity, those 
inputs are depressed

Conversely, during high 
postsynaptic activity those 
inputs are potentiated
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Function of BCM

Stability in the network is given 
by diversifying the crossover 
point between LTP and LTD

If firing levels are maintained at 
high level, the modification 
threshold shifts to the right

The BCM model predicted 
heterostatic metaplaticity
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Heterosynaptic metaplasticity

Metaplasticity is normally in synapse which was stimulated before

But activity at one set of synapses can also affect subsequent 
plasticity at neighboring synapses.

This is called heterosynaptic metaplasticity

Cell-wide modifications in the threshold are driven by the history of 
postsynaptic cell firing

Cell-wide homeostatic process adjust plasticity thresholds to keep 
the overall level of synaptic at one cell within a range
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Heterosynaptic metaplasticity
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Learning associated metaplasticity

Does learning cause metaplasticity that influences the learning of 
new information in the future?

Stressful stimuli or enriched environments can affect synaptic 
plasticity

Link between learning and metaplasticity remains unclean

Learning-induced longterm alterations in AHPs might directly affect 
new learning

Training can reduce the slow AHP and can increase cell firing

Such changes might be important for learning

Other mechanism can also be included
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Behavioral relevance of metaplasticity

Environmental stimuli, such as enriched environment or stressful 
events can effect synaptic plasticity

Such regulation could in principle be considered as a form of 
metaplasticity

However, it is often difficult to distinguish modulation of plasticity, 
generated by the presence of released hormones or 
neurotransmitter, from metaplasticity
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Learning-associated Metaplasticity

Eye-blink conditioning is a classical conditioning paradigm that is 
used for the study of learning

Eye-blink conditioning is a simple associative task in which a 
conditioned stimulus (CS) is paired with an unconditioned 
stimulus (US), which elicits a reflexive eye-blink

Initially, the CS fails to elicit eye-blink responses reliably, however, 
after several pairings of the CS with the US, the CS alone comes 
to elicit eye-blink responses reliably

 Eye-blink conditioning in rabbit, learning-induced reductions in the 
slow AHP and increase in cell firing which lasted for up to 5 days.

By taking the same conditioned and unconditioned stimuli but in 
random order no changes were observed
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Learning-associated Metaplasticity

Example: olfactory discrimination

Reduction of slow AHP might be critical for learning process 
because this metaplasticity effect lower the threshold for LTP

On the other hand this change in the neural state might provide an 
important environment for new learning

Slow AHP reduction occurred before there was any behavioral 
evidence that the discrimination rule had been learned

The slow AHP reduction was reversed after the learning was done
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Conclusion

Synaptic-specific regulation provides local control

Heterosynaptic metaplasticity and network changes provide more 
global regulation

Metaplasticity processes represent a form of adaptation that keep 
synaptic changes within a dynamic range and larger neural 
networks in the appropriate state for learning. 

Metaplasticity is a young field and more extensive studies are 
required
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Thanks for your attention
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