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ENGLISH SUMMARY

Cognitive control allows us to direct our behavior in line with our internal goals. 
This is a crucial ability to be successful in society. Two forms of cognitive control 
are proactive inhibitory control (i.e. the ability to suppress behavior until appro-
priate to execute) and attention (i.e. de ability to be alert and filter out important 
environmental sensory information). Inhibitory control and attention are both 
dependent on the prefrontal cortex (PFC). It is thought that the PFC learns to 
represent the ‘rules’ of the environment (e.g. action-outcome associations) and 
provide an instructive signal to downstream brain areas how to act in line with your 
current goal. This instructive signal is primarily provided by so called pyramidal 
shaped neurons, called pyramidal neurons, which extend far in to the brain. These 
pyramidal neurons communicate with other brain areas using short electrical 
signals, called action potentials. De PFC contains a range of different pyramidal 
neuron types, with extensions (called axons) to all different kinds of brain areas. 
The PFC can also be functionally and anatomically divided along a vertical axis 
(or dorsoventral axis), where the dorsal and ventral part contribute differentially 
to cognitive control. How the different pyramidal projections neurons across the 
dorsoventral axis of the PFC are involved in inhibitory control and attention is 
poorly understood. In my thesis we use very precise, projection-neuron specific, 
techniques to investigate the role of projection neurons in the medial region of the 
PFC (mPFC) in inhibitory control and attention using rats. In chapter 1 I introduce 
all scientific concepts that are used within this thesis.

We start by investigating the role of the entire pyramidal neuron population 
across the dorsoventral axis of the mPFC in inhibitory control and attention 
(chapter 2). We do this using rats that are performing in a behavioral task that 
measures inhibitory control and attention, called the 5-choice serial reaction 
time task (5-CSRTT). In this behavioral task rats have to wait until one of five 
stimulus lights in a random position in a curved wall is presented. Then they have 
to respond to the lit stimulus hole in order to earn a food reward. Sometimes the 
rat fails to wait and responds prematurely. This is seen as a failure of inhibitory 
control. Sometimes the rat fails to respond in to correct hole and respond to the 
incorrect hole or omits a response at all. This is seen as a failure in attention. The 
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cycle of waiting and responding can be repeated up to hundreds of times per day 
and when average over the day provides an indication of how well the rat can 
exert inhibitory control and attention. We show that along the dorsoventral axis 
pyramidal neurons contribute differentially to inhibitory control and attention on 
different times during the task. Using light-sensitive proteins (optogenetics) we 
impaired the activity of pyramidal neurons temporarily during execution of the 
5-CSRTT. We show that dorsal mPFC pyramidal neurons are involved in attention 
on a long timescale, seconds before the stimulus light is presented until a response 
is made. De ventral mPFC pyramidal neurons are involved in both inhibitory 
control and attention, but on a shorter timescale just before the presentation of the 
stimulus light. Because we used a fixed delay time between the start of the trial and 
presentation of the stimulus and a relatively long time of stimulus presentation, it 
remains possible that the rat knows exactly when he has to respond and how much 
attention is required. Thereby, the rats likely only needed a low level of inhibi-
tory control and attention, resulting in an impaired ability to detect behavioral 
impairments.

Therefore, in chapter 3, we introduced a homecage-based version (CombiCage) of 
the 5-CSRTT where we had sessions with variable longer delay to stimulus times 
and variable shorter stimulus presentation times. Making the delay period variably 
longer resulted in increased premature responses and making the stimulus presen-
tation period variably shorter resulted in more errors in detecting the stimulus 
light. Because we made the 5-CSRTT homecage-based, we could also make the 
training semi-automatic and self-paced, resulting in minimal intervention from the 
experimenter. This lead to a big improvement in training times in comparison to the 
conventional way of training, as used in chapter 2. Moreover, the rats could do many 
more repetitions of the task, resulting in larger statistical power.

In chapter 4 we used the improved CombiCage 5-CSRTT to investigate the role of 
different projection neurons across the dorsoventral axis of the mPFC in inhibitory 
control and attention. We looked at a two relatively large groups of projection 
neurons to different brain regions that are involved in inhibitory control and 
attention, the striatum and mediodorsal thalamus (MD). It remains unknown how 
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these topographically projection neurons across the dorsoventral axis to subre-
gions of the striatum and MD are involved in inhibitory control and attention. 
Possibly, the role of the mPFC in inhibitory control and attention can be attributed 
to projection neurons to other brain regions than the striatum and MD. Using 
projection-specific impairment of neuronal activity in the 5-CSRTT with chemo-
genetics, we investigated their contribution to inhibitory control and attention. 
When and how these projection neurons were active, we measured using fiber 
photometry. To investigate what type of neurons within the subregions of the stri-
atum and MD, that receive topographical input from the dorsal or ventral mPFC, 
and what type of synaptic input they receive, we used patch-clamp electrophysi-
ology in brain slices. We found that disturbing the activity of projection neurons 
from the dorsal mPFC to the lateral MD, lead to fewer premature responses 
and more omission of responses. This indicates that this pathway is involved in 
keeping a working memory trace about the general task-rules active within the 
mPFC, and not so much inhibitory control or attention. Otherwise, disturbing the 
activity of ventral mPFC to medial MD projection neurons resulted in an increase 
in premature responses. This indicates that this pathway is involved in inhibitory 
control and functions as a break on behavior. Disturbing the activity of dorsal 
mPFC projection neurons to the dorsomedial striatum resulted in more premature 
responses. This indicates that this pathways is also involved in inhibitory control 
and acts as a brake on behavior. Only projections from the ventral mPFC to the 
ventromedial striatum had a role in behavior. Recordings of the activity of these 
four projection populations during the 5-CSRTT showed that both dorsal mPFC 
projection neuron groups were longer engaged during the delay period, before 
the presentation of the stimulus light, than both ventral mPFC projection neuron 
groups. Moreover, the activity was also linked to the behavioral performance. 
Neurons within the striatal and MD subregions, that received input from the 
respective dorsal or ventral mPFC projection neurons, also showed differential 
electrophysiological properties. Together, this indicates that cognitive control, and 
specifically inhibitory control and attention, are differentially regulated by specific 
dorsoventrally organized mPFC pathways.
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In chapter 5 we look with even greater detail how dorsal mPFC projection neurons 
to the dorsomedial striatum are involved in inhibitory control. Measurements 
of the activity of single neurons, using in-vivo electrophysiology in combination 
with optogenetic identification, showed how activity of these projection neurons 
is linked to inhibitory control in the CombiCage 5-CSRTT. During the delay 
period, while waiting for the presentation of a stimulus light, about half of these 
frontostriatal projection neurons is persistently activated, while about the other 
half is persistently silenced, and a small fraction is non-responding. Compared 
to neighboring non-optogenetically identified neurons, this activity pattern was 
unique, indicating that this group was specifically involved in inhibitory control 
using persistent changes in firing rate. When the activity of these frontostriatal 
projection neurons during the delay period was compared between correct and 
premature trials, we observed that during premature trials the change in activity 
was lower for both persistently activated and silenced neurons. This indicates that 
dorsomedial striatum projection neurons from the dorsal mPFC are specifically 
involved in inhibitory control by means of persistent changes in activity.

In conclusion, we show that cognitive control, and specifically inhibitory control 
and attention, are regulated by different types of projection neurons across the 
dorsoventral axis of the rat mPFC, that topographically project to the striatum or 
MD. In chapter 6 I discuss how this fits in the literature.




