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8. English summary 
Writing a thesis. Anyone who has ever set himself up for such a task knows that 
patience, attention and concentration are important ingredients to bring this to a 
good end. Many years of research have taught us that these behaviors are for a 
large part based on the signals that take place in the prefrontal cortex. 

The prefrontal cortex can be regarded as a junction on the highway of various 
neurotransmitter and neuromodulator routes. These neurotransmitters and 
neuromodulators ensure the correct transmission of signals. Important, because 
without the right amount of signals that are sent at the right time, behaviors such 
as concentration and patience would not be possible. Neurotransmitters provide 
the signal transfer, whereas neuromodulators refine these signals, so that these 
indeed arrive at the right time and in the right amount at the receiving brain cell. 
Because the prefrontal cortex is a junction for neurotransmitter and 
neuromodulator routes, it is ideally suited for integrating information to regulate 
complex cognitive behavior. The two neuromodulators that are central to this 
thesis, adenosine and acetylcholine, are released in this brain region and play an 
important role in these processes. 

Although the role of both adenosine and acetylcholine on cognitive behavior has 
been known for some time, underlying mechanisms are still poorly understood. 
The aim of this thesis is therefore to better understand the functioning of these 
two neuromodulators and their short and long-term effect on brain cell 
communication in the cortex. 

Part of this interest was raised because many of us use caffeine to give a boost to 
the day. Caffeine is an antagonist: it blocks the action of adenosine and is thus able 
to activate brain cells where adenosine would de-activate them. However, we had 
no idea how caffeine would affect communication between human brain cells. To 
better understand this process, we measured the signals between brain cells in the 
human cortex under the influence of an amount of caffeine that would normally 
occur in the brain after drinking a strong cup of coffee. We saw that caffeine is 
very well able to block adenosine, especially on the side of the receiving brain cell 
(postsynaptically). This is special, because previously, on the basis of animal 
research, caffeine was thought to have an effect on the side of the sending brain 
cell (presynaptically). Caffeine in itself had no effect, the effect only became visible 
when adenosine was also administered. Possibly these mechanisms may explain 
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the moderate effect of caffeine as a stimulant and provide indications that caffeine 
will only work if there is already a fatigue signal in the brain. 

Apart from influencing brain signals in the short term, caffeine and adenosine also 
have long-term effects on the brain, namely in building contact points between 
brain cells. Although we knew from previous research that a certain recipient of 
the adenosine signal, the A2A receptor, is involved in these processes and can, for 
example, influence the course of Alzheimer's disease, we knew little about the role 
of this receptor in the cortex. Through recordings on both individual brain cells and 
groups of brain cells we were able to demonstrate that the A2A receptor has a very 
specific influence on the build-up of contact points to a specific type of brain cell, 
the fast-spiking interneurons. These are neurons that fire many fast action 
potentials and thus have intensive communication with other brain cells. These 
interneurons are involved in working memory, cognitive tasks and attention. The 
influence of the A2A receptor on the build-up of contact points to these fast-spiking 
interneurons thus indicates that adenosine could influence attention through this 
mechanism, although follow-up research is needed to elucidate that. 

The other neuromodulator acetylcholine is released in the prefrontal cortex in 
cognitive tasks, such as memory and attention. The released acetylcholine can 
activate a certain type of brain cells, the low-treshold spiking interneurons, and 
trigger action potentials in these neurons. These interneurons are closely 
intertwined in a network of other brain cells. In this network they ensure that the 
communication of one brain cell that causes activity in a network of brain cells is 
inhibited, a necessary mechanism to ensure that individual signals from brain cells 
remain sparse and meaningful. We assumed that these interneurons would 
become even more involved in this process if they were under the influence of 
acetylcholine. Indeed, we saw that acetylcholine, by acting on these interneurons, 
can ensure that a brain cell can slow down neighboring brain cells faster, longer 
and stronger. This mechanism is evolutionary conserved, as it existed both in 
rodent as well as in human brain. 

Together, these results offer substantial insights into the actions of the 
neuromodulators adenosine and acetylcholine on cortical signaling. 

  


