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Learning (‘encoding’)

Synaptic plasticity as the neurophysiological substrate of learning

Hebb‘s Hypothesis (1949)

•Long-lasting change in the strength of the connections (‘synapses’) between

neurons is the physiological basis of lasting memory.

•Synapses between neurons are strengthened when the neurons are active together:

‘neurons that fire together, wire together‘.
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Recall (‘retrieval’)

Adapted from Fig. 24.4. in Bear, Connors, Paradiso (2014, 4th Ed) Neuroscience: exploring the brain.

Also compare Bast (2007, Rev Neurosci), Fig. 2, specifically focusing on hippocampal synaptic plasticity and its role in place learning.
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Long-term potentiation (LTP) of hippocampal synapses
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LTP of perforant path-dentate gyrus synapses in vivo

Adapted from G Neves, FS Cook, TVP Bliss (2008) Nature Rev. Neurosci. 9, 65-75

TVP Bliss & T Lomo (1973) J. Physiol. 232, 331-356

LTP

LTP = sustained increase in the synaptic efficiency of a monosynaptic excitatory pathway caused by tetanic stimulation of the

pathway, i.e. strong concurrent stimulation of a large proportion of the synaptic connections that make up the pathway (Bliss & 

Collingridge, 1993, Nature). 

All excitatory pathways in the hippocampus show LTP (TVP Bliss & GL Collingridge,1993, Nature 361:31), 



NMDA-type glutamate receptors are required to induce hippocampal LTP

GL Collingridge, SJ Kehl, HT McLennan (1983) 334:33-46

For an in vivo demonstration of the selective contribution of NMDA receptors to LTP induction at 

perforant path dentate gyrus synapes see Bast et al. (2005, J Neurosci).
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NMDA receptors and hippocampal LTP

NMDA receptor activation by concurrent pre- and 

postsynaptic activation

NMDA receptors act as ‘coincidence’ detectors

NMDA receptor activation 

triggers LTP induction

Compare Fig. 25.8 and 25.9. in Bear, Connors, Paradiso (2014, 4th Ed) Neuroscience: exploring the brain

AMPA receptors are required for both induction 

and expression of hippocampal LTP.



Blockade of hippocampal NMDA receptors blocks hippocampal LTP 

and hippocampal learning

Tetanic stimulation
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RGM Morris et al (1986) Nature 319:774

Control NMDA receptor blockade

LTP





http://www.thebrainprize.org/flx/prize_winners/the_brain_prize_winners_2016/

http://www.thebrainprize.org/flx/prize_winners/the_brain_prize_winners_2016/


Which conclusion can we draw from the finding that selective 

blockade of hippocampal NMDA receptors selectively blocks 

hippocampal LTP and hippocampus-dependent place learning?

a) Hippocampal LTP-like synaptic plasticity is necessary for 

such learning.

b) Hippocampal LTP-like synaptic plasticity is sufficient for 

such learning.

c) Both a) and b).

d) None of the above.
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Synaptic plasticity = memory?

SJ Martin, PG Grimwood, RGM Morris Ann Rev Neurosci 23:649

Synaptic plasticity and memory (SPM) hypothesis 

Learning is mediated by synaptic plasticity, i.e. synaptic plasticity is both necessary and 

sufficient for memory

For a recent review of evidence supporting the SPM hypothesis, see Takeuchi, Duskiewicz, Morris

(2014, Phil. Trans. R. Soc. B).



Synaptic plasticity and hippocampal memory – selected reading
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Carlson N (2013,11th ed) Physiology of behavior. Pearson. Chpt. 13: Learning and memory.
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Synaptic plasticity and hippocampal memory – Revision questions

•What was Donald Hebb’s famous hypothesis on the physiological substrate of 

memories? How can it be used to explain memory?

•What is LTP and how is it demonstrated in vitro and in vivo?

•What are the roles of NMDA- and AMPA-type glutamate receptors in LTP?

•Which lines of evidence support that LTP-like synaptic plasticity mechanism mediate 

hippocampus-dependent learning and memory?

•Which criteria would need to be met to conclude that synaptic plasticity within a 

specific brain region, such as the hippocampus, is both necessary and sufficient for 

the memory representations supported by this brain region?
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