
Biology as Main Discipline. Neuroscience. 

 

Question 1 (4 points).  

Plasticity of synaptic transmission (long-term potentiation and long-term depression) has been 

proposed to be the cellular substrate for learning and memory.  

Propose a set of experiments (or several) capable of demonstrating a causal link between 

synaptic and behavioral modifications. 

 

Question 2 (6 points).  

Sharp wave–ripple (SPW-R) complexes in the hippocampus-entorhinal cortex are believed to be 

important for transferring labile memories from the hippocampus to the neocortex during sleep for 

long-term storage. The following experiments are aimed at testing this hypothesis. 

The authors perform simultaneous extracellular recordings of several neurons (also said "units"). They 

can also use the electrode to deliver strong electric discharges (evoked stimulation). 

Describe schematically the circuitry of the hippocampus. 

 

Figure 1. 

(a) Local field potential (LFP, black) in the hippocampus and spiking activity (vertical ticks) of 

pyramidal cells (Pyr; hippocampus, dark blue; sensorimotor cortex, red) and interneurons (Int; 



hippocampus, light blue; sensorimotor cortex, orange). Left, an intact ripple and the associated spiking 

activity. Vertical dashed lines and arrowheads represent stimulation times.  

(b) Duration of unit activity suppression as a function of the magnitude of the evoked field response.  

Pseudo-color plots (warmer colors indicate stronger spiking activity) show the scores of multiple unit 

activity with increasing levels of stimulation (ordinate). (The increased activity before the stimulus is a 

result of the buildup of ripple-associated discharge).  

Describe the effect of the stimulation on the hippocampal activity. Which is the effect on cortical 

activity? 

Ripples happen in irregular patterns at low frequency (1-5 Hz). How can stimulation be 

triggered specifically during ripples? 

 (c) Example SPW-R in a test rat and a control rat (left). In the control rat (lower right), stimulation 

was triggered after a 100ms delay. Scale bars represent 20 ms and 0.2 mV.  

(d) Cross-correlograms of stimulations and offline-detected SPW-Rs in test and control rats.  

Which is the meaning of the control shown in c and d?  

(e) Average random eye movement (REM) sleep/slow-wave sleep (SWS) ratios in a random subset of 

test and control sessions (t -test, not significant (P > 0.05)). 

Why checking for REM/SWS ratio? 

 

 

Figure 2. 

Rats were trained during 15 days in a radial maze task to check for their memory acquisition 

capability. The three groups are test rats (red) control rats (blue, stimulated controls) and black, 

unimplanted controls (error bars represent s.e.m.). Grey shading indicates the chance zone. The 

average standard deviations of the performance index were 0.18 (unimplanted controls), 0.18 

(stimulated controls) and 0.19 (tests). 

What conclusions can be drawn from this experiment? 

 


