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Introduction
• Unproductive behaviour is behaviour that serves 

no purpose and yields no positive effect 

• Compulsions and tics are examples of unproductive 
behaviour – hence, the inability to suppress 
unproductive behaviour may underlie disorders such 
as OCD and Tourette syndrome 

• The nucleus accumbens (NAc) is a brain structure 
important in both the reinforcement and suppression 
of behaviour 

• 2 types of NAc neurons: 
D1 medium spiny neurons
D2 medium spiny neurons 

• The classic model:
D1 neurons drive behaviour “GO”
D2 neurons suppress behaviour “STOP”

• Questions:
How do D1 and D2 neurons behave while animals 

…………….are suppressing unproductive behaviours? 
Is the classic model correct, or must it be revised? 

• Experiment: Measure the activity of D1 and D2 
neurons while mice are suppressing unproductive 
lever pressing 

• Hypothesis: D1 activity will decrease and D2 activity 
will increase during behavioural suppression
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• Our results contradict the classic model, 
where D1 is “GO” and D2 is “STOP”

• Inconsistent with our hypothesis, we 
found that suppression of unproductive 
behaviour requires an increase in both D1 
and D2 neuronal activity

• D1 and D2 neurons work together to
suppress behaviour, rather than opposing 
each other 

• The decrease in neuronal activity seen 
during food availability periods is 
consistent with previous work done in our 
lab showing that neuronal activity in the 
NAc decreases during feeding 

• Further study is needed 
• to elucidate the downstream 

circuits controlled by D1 and D2 
NAc neurons 

• to revise the classic model of 
D1 and D2 neuronal behaviour 

• to bring to light the connection 
between D1 and D2 activity and 
disorders such as OCD and 
Tourette syndrome 
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• Alternating time periods during which a lever press 
either gives or does not give a reward 

• Mice learn to press when reward is available and 
suppress the urge to press when reward is 
unavailable 

Results

• Calcium imaging is a technique used to measure and record neuronal activity while 
animals engage in a task

• Calcium imaging uses special 
proteins (e.g. GCaMP) which emit 
light in the presence of calcium

• When neurons express GCaMP, 
they fluoresce whenever an action 
potential occurs

• When a brain cell (neuron) is 
active, electricity flows 
through it and calcium (Ca2+) 
enters it – this is called an 
action potential

Calcium enters the neuron during an action potential

GCaMP emits light when bound by calcium GCaMP is injected into D1 
or D2 neurons in the NAc

GCaMP recordings of D1 and D2 activity  

• Once mice learn the task (late training), 
both D1 and D2 neurons show 
increased activity during periods of 
reward unavailability and decreased 
activity during periods of reward 
availability 

• For both D1 and D2 neurons,
periods with fewer lever presses
see increased GCaMP fluorescence 
and periods with more lever 
presses see decreased GCaMP 
fluorescence 

When reward is available
• lever presses increase
• D1 and D2 neuronal activity decreases 

When reward is unavailable
• lever presses decrease
• D1 and D2 neuronal activity increases


