
Lecture 21: Molecular mechanisms of memory  
Theoretical Structure of Memory 
Hebb’s Theory: Repetition alters active synaptic strength, laying down a recallable pattern. 
- There is a network of neurons which are all interconnected. 
- The continual reactivation of the neural network by an external stimulus strengthens the connections 

between those neurons. 
        → Over time, you’ll end up with an pattern where you’ll have strong connections between 

those neurons. 
- Now when you deliver a partial stimulus that activates some neurons which in turn will 

activate the whole neural network.  
 → Same response as the original stimulus.  
 
- Individual neuron can participate in several memories. 
- Not associated with a single neuron, but DISTRIBUTED. 
- Located close to region that responded to a specific modality e.g. visual cortex, auditory etc. 

 
Hebbian modification 
- Long term potentiation (LTP): Long term activity-dependent plasticity in which synapses 

strengthen when the presynaptic terminals and postsynaptic neurons are active at the same 
time. 

- Long term depression (LTD): synapses weaken when presynaptic and postsynaptic activity is 
not simultaneous. 

-  LTP and LTD  can happen at the same synapse. 
→ Damage to the hippocampus: amnesia 

 
LTP & LTD in hippocampal neuron 
- The recording is made from the cell body. 
- The apical dendrites of hippocampal pyramidal neurons receive large numbers of  inputs. 
- In this case, stimulation can be to a group of axon known as INPUT 1 and another group known as 

INPUT 2. 
          → Stimulation of two different pathways on the same apical dendrite.  
 
- Input 1 is stimulated with a standard stimulus which is repeated at a low frequency. 

          → The size of the synaptic potentials go up and down. 
- At a point, a tetanic stimulus is applied for a minute. 
- The tetanic stimulus is turned off and the cell is stimulated with its original stimulus strength and 

frequency again. 
          → The size of the synaptic potential is much larger now. Over time, it will decay slightly in terms of    
 size but it will stay high for about a month. The transient increase initially is called post-tetanic     
 potentiation which is due to an increase in the amount of NT release. This is a presynaptic 
phenomena. 
- This is long term potentiation. 

          → TWO FORMS OF LTP: Postsynaptic, presynaptic  
       Different effects and roles within memory formation.  

- Input 2 has been stimulated alternatively to input 1 . 
          → Because it’s not stimulated through the tetanic stimulus, but after the tetanic stimulus was applied 
 to input 1, so it doesn’t change the strength at all. 
          → LTP is confined to the synapses that were active during the time when the strong stimulus was        
 applied.   

Since input 2 was not stimulated at same time as input 1, there’s no LTP. 
There’s LTP after tetanic stimulus, because when it’s stimulate normally, there’s 

increased EPSP. 
 


