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English Summary 

 
Title thesis: 
Dendrites: modulation and maturation of dendritic excitability and synaptic plasticity 
 
The brain consists of millions of neurons that together, by a complex combination of 
connections, enable us to recognize a voice, remember an event, and think about the way 
of life. One such a neuron shows a remarkably complicated shape and function enabling it 
to perform the first step of recognition or remembering within this large neuronal 
network. This thesis has looked at both the role of the shape of the neuron and its 
function in neuronal information processing.  
A neuron has many protrusions, called dendrites, at which it receives input signals from 
other neurons. These dendrites span a large area of space, enabling a large number of 
neuronal contacts. The shape and extent of these dendrites, referred to as the dendritic 
tree, is cell-type specific and dependent on the function of the neuron.  
Neuronal inputs on distal dendrites located far away from the cell body have an intrinsic 
problem: By the time their electrical input signals have travelled from the site of contact 
along to the cell body and the axon, where the output signal of the neuron is determined, 
these inputs have attenuated substantially due to electrical filtering, similar to the fading 
of a sound as it travels further away. To solve this signalling problem and allow the distal 
inputs to still play a role in determining neuronal output, neurons show many different 
compensatory mechanisms. This is one of the subjects of this thesis.   
Dendrites not only receive signals from other neurons, but also receive signals from its cell 
body which is a feedback signal which ‘informs’ the dendrites about the output of the cell. 
This is essential for plasticity and dendritic computation. This signal can be modulated by 
different factors. Specifically, inhibitory inputs are highly capable of reducing neuronal 
activity. However how this inhibition takes place within the dendrites is unknown. Finally, 
mature dendrites show this complex dendritic physiology and morphology. However how 
this is established during development is not clear.  
The role of distal synapses, the modulation by inhibitory inputs and the development of 
dendritic excitability and the direct effects upon dendritic computation are addressed in 
this thesis and are introduced and discussed in chapter 1.  
In chapter 2 I studied pyramidal neurons in the hippocampus, an area involved in 
formation of new memories. These cells have stronger distal inputs compared to inputs 
near the cell body, thereby compensating for the large attenuation. But how does an input 
regulate how strong it has to be? This implies that an input needs to “know” where it is 
located within the dendritic tree to adjust its strength accordingly. In this chapter I have 
looked at how such as system can be established across the dendritic tree of a neuron 
using an experimental and modelling approach. We show that the level of calcium, an 
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electrostatic molecule essential for cell function and changing input strength, is predictive 
for distance from the soma to the input location. This distance-dependent change in 
calcium level could regulate the local protein production, thereby modulating the 
amplitude of the input signal. This ensures that also the distal inputs were heard.  
Different neuron types across the brain use different strategies to modulate how incoming 
information travels from one location to another. Pyramidal neurons in the prefrontal 
cortex, involved in attention behaviours and forward-planning, have a very different 
mechanism to enable them to listen to its distal input signals, as shown in chapter 3. Here, 
the dendrites themselves are able to summate the nearby input signals to produce local 
firing, referred to as ‘dendritic spikes’. In isolated brain tissue sections, dendritic spikes are 
generated at high frequencies of somatic firing. However it is not clear if these high 
frequencies are physiological. In chapter 3, we looked if dendritic spikes occur in the 
prefrontal cortex of an awake animal. We show that although cortical neurons are only 
sparsely active in the awake animal, they fire spikes in clustered bursts of activity which 
are sufficient for firing of dendritic spikes. This firing pattern was specific for one type of 
cell, layer 5 pyramidal neurons, while neurons in layers 2/3 of the prefrontal cortex did not 
reach dendritic spike frequencies.  
Neuronal inputs on the dendrites can come in two flavours: exciting or inhibiting, resulting 
in increased and decreased neuronal firing, respectively. Together, this combination of 
excitation and inhibition allow for a fine control of neuronal activity. In chapter 4 I 
determined whether this excitation/inhibition ratio remains constant during neuronal 
development in the hippocampus. We also looked at how the dendritic tree morphology 
changed during this time period. I showed that the excitatory inputs on the dendrites 
reach maturation before the inhibitory inputs, resulting in a changing excitation/inhibition 
ratio. Morphology also showed a similar slow maturation.    
In chapter 5 I examined the implications of this delayed inhibitory maturation on dendritic 
function in hippocampal pyramidal neurons. I show that a specific form of tonic inhibition, 
which exerts a long lasting inhibitory effect, highly modulates dendritic activity. By the use 
of different selective drugs I could show that this was specific for the α5 GABA-A subunit. 
This observation was developmentally-regulated because only mature neurons showed 
this modulation. This explained the previous observed differences in learning rules 
between young and mature neurons. Intriguingly, this inhibitory modulation was specific 
for distal dendrites, showing a restricted compartmentalisation of tonic inhibition on 
inputs farther away from the cell body.  
 
The general implications of my thesis are discussed in chapter 6. Here I discuss the results 
of this thesis in the light of current literature. Specifically I have discussed the need of  
having different compartments with different functions within the dendritic tree and the 
link with synaptic learning. In addition I discussed dendritic development and how a cell 
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can keep its baseline dendritic activity during development while multiple functional 
changes take place simultaneously. Furthermore, I discussed the role of tonic inhibition in 
dendritic computation and its link with recent pharmacological drug development. Finally I 
propose new experiments to further unravel our knowledge on dendritic excitability and 
computation in the brain 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


