
THE BRAIN
AND ITS
MYSTERIES

Term 3

Welcome back! Today we’re going to talk about some really interesting brain 
science, but also some difficult topics like drug addiction and gambling.
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How do we make sure we get what we need to survive? This is a challenge for all 
organisms, and evolution has found interesting ways to do this.
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REWARD

There are lots of different things that we find rewarding – some are intrinsic, like 
feelings of pride or satisfaction. Other very recognisable rewards are extrinsic, 
like money or social approval. The key point here is that each of these has a 
survival imperative behind it – we find food rewarding because we need energy to 
power our body. We like social interaction because being part of a cohesive tribe 
was incredibly important to survival over the millions of years that humans have 
evolved. 
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So it’s all driven by evolution! But how does our body make us want what we 
want? How has evolution pulled off this feat?
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Enter: dopamine, the ‘feel good’ chemical. Dopamine is a neurotransmitter, and 
you might have heard of it as the molecule that’s released when we achieve 
something, or get something we want. By diving into the biology of dopamine, I’m 
hoping to add a few more layers to our understanding of dopamine.
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We know that dopamine is a neurotransmitter, which means it is released by 
neurons and received by others that are connected – this influences when 
neurons fire their all-or-nothing electrical signals. Each neurotransmitter has a 
cycle of signalling – it’s released, it binds to receptors on the next neuron, and 
then it is either degraded or (in the case of dopamine) taken back up into the first 
neuron and recycled. This ensures that there isn’t too much leftover dopamine in 
the space between neurons.
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Zooming out to the level of the brain, dopaminergic pathways allow dopamine to 
be released in many parts of the brain. One pathway starts in the substantia nigra 
and drives motor activity, and this is the pathway that degenerates in Parkinson’s 
disease. Other pathways like the mesolimbic and mesocortical pathways are 
important for signalling when a reward is received. 
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en passant = ‘in passing’

There is a strange chess move called ‘en passant’, which allows you to capture a 
piece by moving to a square that the black pawn isn’t really standing on. There is 
also a strange kind of connection (synapse) in the brain called an en passant 
synapse, which has buds that can release dopamine even though they aren’t at 
the end of the neuron. This allows for widespread dopamine signalling 
throughout the brain!
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Now, to get you in the mood for the experiment that changed our minds: imagine 
your greatest achievement. Imaging what it felt like when his happened, really 
bring yourself back to that moment. Now, what if you could feel that way just by 
pressing a button? Would you do it? 
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In this experiment in 1954, an electrode was implanted in a particular part of a 
rat’s brain. In the rat’s cage, they had a button that they could press which would 
cause the electrode in their brain to electrically stimulate the neurons that it was 
close to. This meant that the rat had direct influence over the activity in this part 
of their brain.
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Here you can see the electrode implanted inside the rat’s brain– the twist is that 
it was implanted specifically in the reward centre of the brain, releasing 
dopamine whenever the rat achieved a goal or satisfied a need.
The researchers found that, not only would the rats press this button over and 
over again, they would sometimes starve to death because they would rather 
press this button than eat or drink. They prioritized stimulating this reward centre 
over their basic biological needs, the ones that evolution built this reward system 
for in the first place!
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The part of the rat brain is analogous to the nucleus accumbens in our brain, 
which activates a region called the ventral tegmental area, which in turn 
activates the mesolimbic dopamine pathway. This is why the rats found it so 
pleasurable, because it was like they were fulfilling all of their needs by pressing 
this button!
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Cocaine…?

Cocaine takes this beautiful biological system, which normally helps us to 
achieve our goals, and hijacks it. Cocaine increases the transmission of 
dopamine, and therefore increases the sensation of pleasure that we feel. This 
makes it incredibly addictive.
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Dopamine transporter

Cocaine

Here we can see how it works at the biological level: cocaine blocks the 
transporters that clean up dopamine, which leads to too much dopamine being 
left in the space between neurons. This means too much of it binds to receptors, 
which increases dopamine signalling above normal levels.

But many rewards feel great, but then have an end – when we have delicious 
food, we don’t just keep eating it until infinity! So why doesn’t the same thing 
happen with cocaine, why doesn’t it feel like there is a limit where someone has 
had too much of a good thing?
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To understand why cocaine is so addictive, we need to add another wrinkle to our 
understanding: the concept of reward prediction.
In the first scenario, a reward is given when there was no expectation for one and 
there is a spike of dopamine. This makes sense to us already, because dopamine 
follows rewarding experiences. This would happen if you were talking to 
someone when they clapped their hands and then gave you $100. Very 
rewarding!
If this happened a few times in a row, you’d learn that every time this person 
clapped, they would give you $100. Now, your brain predicts this reward and the 
spike of dopamine occurs after the clap, before the $100. This is like the scenario 
at the bottom, where the ‘predictive stimulus’ is the clap and the reward is $100.
The final scenario is the cruel one. After you’ve learned that a clap = $100 and 
you have the spike of dopamine when you hear this clap, what happens when 
you aren’t given the money you expect? In the top right, we see that there is 
actually a dip in dopamine release, because the prediction that the brain made 
about the reward was wrong.
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Dopamine transporter

Cocaine

That probably seemed quite complex and that’s because it is! But the bottom 
line is that cocaine hijacks our reward system so that it’s always better than our 
brain predicts it will be. That means it becomes more pleasurable than other 
activities and the novelty doesn’t wear off like it often does with other pursuits.
Amphetamines work in a similar way, but also increase the amount of dopamine 
being released into the space between neurons, adding even more dopamine to 
the mix.
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Gambling also tries to hijack our reward system, but unlike cocaine it doesn’t 
have access to the inside of our brains. Instead, gambling uses unexpected 
rewards to cause increases in dopamine signalling that are closely associated 
with the act of playing the game. Near misses are also used to create the 
expectation of a reward and the feeling that a win is close. This leads to chasing 
more and more wins by playing more and more games, because you never know 
when these rewards will occur!
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To end on a more uplifting note, why do we like the hobbies that we do?
This is very complex and not all attributable to biology – there are of course many 
environmental factors that influence what we like. However, let’s see what we 
can learn from the dopamine system about what we like to do:
- Something that is enjoyable (especially more enjoyable than we expect!)
- Something that we receive positive social reinforcement/approval for
- Something that we are proficient at (because this means we can be more 
certain of a reward coming from that activity)
- Something that is novel and exciting enough to hold the possibility for new 
rewards
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Phew, that was a lot! Hopefully you know more about dopamine than you did 
before today, and that it’s more than just a pleasure chemical! Dopamine 
motivates us to achieve our goals but can be taken advantage of, so watch out 
for your own biology playing tricks on you!
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