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The brain is wired to find good things that are important for survival – things like 
food and potential mates. 

This includes both recognizing the rewards themselves, as well as recognizing 
things associated with the rewards - environmental or situational cues that tell us 
the rewards are available or nearby.

Closely tied to this is the tendency for the brain to lead us to get the rewards – this 
includes movement.
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There are brain circuits that promote this reward-seeking behavior, which we can 
call the “Go!” system. This is a view of the middle of the human brain (the front of 
the brain is on the left and the back is on the right).  The go system is 
phylogenetically very old – reptiles have it, mammals have it – all brains have it, 
because it’s super important. BUT - sometimes it’s a not a good idea to go get food, 
say when a predator is nearby. So the frontal cortex provides that executive control 
– it puts the brakes on the go system. All mammals have this part of the brain. So 
there ends up being a balance between the Stop and Go systems in the brain.
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Alcohol is a drug, and it pharmacologically activates the Go system. So the brain 
encodes it as a reward.
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Addictive drugs are pharmacologically different, and they have different targets in 
the brain. But one common mechanism of action is to activate the Go system by 
enhancing dopamine transmission, and most of them also dampen executive control 
by impairing the Stop system.
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What does this mean for addiction?

Alcohol can activate the Go system, and over time, cues that tell the brain that 
alcohol is available can also activate the Go system.

Is this addiction? It certainly contributes to it, but I would argue that these are 
normal process of the brain – it’s the normal reward system. 
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But it’s important to understand it, so that when you plan to “only have one drink,” 
that drink is likely to make you want to continue drinking.
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The younger brain is well suited to be a student! Learning comes easier to the 
adolescent brain.
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What’s still developing? The brain develops from the bottom up and the back 
forward, so the last part of the brain to develop is the prefrontal cortex, or the Stop 
system. All of the hardware is there, but it become more effective with age. In the 
younger brain, the Stop system is less effective to control the Go system, especially 
during “hot” situations, like emotional or social situations.
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The specific brain changes occurring in adolescence an young adulthood lead to 
some characteristic behaviors, such as inflating the likelihood of positive outcomes 
and downplaying negative outcomes, as well as increased risk-taking and sensation 
seeking. Importantly, these characteristics, even the increased importance of peers, 
is seen in adolescent rats as well as people. Why is this? Biologically, it’s a critical 
time for animals or people to leave home, become individuals and make their own 
life. This can be scary and risky, so it’s important to have that biological boost. But 
these same brain changes that can be adaptive also carry vulnerabilities. For 
example, people are much more likely to try drugs and alcohol. 
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Drinking is prevalent in the USA, even in 14 year olds (8th graders). And many youth 
who drink also binge drink.
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It is more than psychological – there are real biological differences in the 
adolescent brain compared to the adult. Let’s consider the response to a heavy 
dose of alcohol. Here is the adolescent response…

And here is the adult response…

And you see the same thing in rats. Across species, we see that adolescents are 
more sensitive to alcohol reward and the stimulating effect of alcohol, and less 
sensitive to alcohol intoxication or sedation.
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Let’s take a look at memory, as learning and memory is what teenagers do when 
they are in school. It’s their job.

Subjects were given a certain amount of alcohol to drink, to reach the legal driving 
limit.
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They had a period of time to look at a picture like this, and then they had to 
remember features of the picture a short time later or a longer time later.
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When alcohol was on board – and not even enough to reach the legal driving limit –
memory was dramatically impaired, both in the short term and in the longer term. 
This was only seen in the late adolescent group, or the 21-24 year olds – not in the 
25-29 year olds.
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Scott Swartzwelder at Duke found similar results in rats. You can test memory in 
rats by teaching them to find a hidden platform in a big tub of water. They don't 
particularly want to be swimming around, so they are motivated to find the platform. 
Once they find it, they remember all the cues and contexts in teh room – pictures, a 
clock, an experimenter – that they use to help them find the platform faster the next 
time.
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Normally adolescent rats are a little better than adults at learning this task. But 
when alcohol is on board – at levels that are around the legal driving limit or higher 
– alcohol impairs them more than it does adults.

So adolescents are particularly vulnerable to the disruptive effects of alcohol on 
memory.
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In this study rats were treated with binge-like alcohol during adolescence or 
adulthood, and then tested in adulthood, weeks after treatment.

Again, younger rats are better at this than older adults (saline condition). However, 
the rats that had binge-like alcohol in adolescence took longer to learn the task than 
those who had the alcohol exposure as adults. So the learning deficits of repeated 
binge alcohol can be long-lasting.

22



Lots of “natural experiments” in progress as marijuana becomes decriminalized in 
many states
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THC slows learning in adult and adolescent rats, but whie the adult rats eventually 
learn as well as the placebo group, the adolescent rats never reach that level of 
performance.
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Often times, it’s hard to separate out characteristics that may lead 
someone to use marijuana from the consequences of that use. If you 
just compare people who uise marijuana with their non-using peers, you 
don’t know whether the differences were already there or resulted from 
the use. 
In this study, they avoid this by recruiting youth who were already 
regular cannabis users, than asked half of them to be abstinent for 30 
days and the others to keep using.
1. Memory, but not attention, improved more among adolescents and 

young adults who abstained from cannabis compared to those who 
continued to use

2. Declarative memory, particularly learning new information, was the 
aspect of memory most impacted by cannabis abstinence.

3. This study provides convincing evidence that adolescents and young 
adults may experience improvements in their ability to learn new 
information when they stop using cannabis
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Another way that alcohol and other drugs can impair memory is by disrupting sleep. 
Sleep is critical for “stamping in” new information, and when it is disrupted, memory 
is impaired. So Alcohol can affect learning and memory directly and also by sleep 
disruption.
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The adolescent/young adult sensitivity to alcohol reward (making them want to drink 
more) and memory impairment, along with the lack of sedation (allowing them to 
keep going despite high levels of alcohol) is the perfect storm for binge drinking and 
blackouts
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Things that happened that people found out they did during a blackout – they didn’t 
remember doing them. This is not like losing your car keys… these are emotional 
events that are normally very memorable. Our brains are designed to remember 
emotional events, and yet they were wiped away. What other kinds of events can 
casue this type of memory disruption? Concussion, stroke, traumatic brain injury, 
Alzheimer’s disease…
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Blackouts are a warning sign for other alcohol-related problems.
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Researchers used MRI to study brain responses in youth before any had started 
drinking alcohol, and there is a typical brain response during risky decision making. 
Later one, they brought the youth back. Those who had initiated binge drinking had 
lost that normal brain activity during decision making (red), while their peers who 
had not started drinking retained the typical brain response (blue). Looking at 
individuals, we see that greater drinking days was correlated with less brain 
response – so it’s dose-dependent.

34



In the UNC Alcohol Center, many researchers are interested in the long-term effects 
of underage binge drinking. To study this, we use animals, where we can control 
how much alcohol they get during adolescence and then let them grow up to 
adulthood, and we measure how brain systems and behaviors have changed. Some 
of the effects we have found are also observed in people and correlated to binge 
drinking.
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Some of these outcomes can be reversed or prevented by abstinence and exercise.
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