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What does it mean to have a developing brain and why do drugs,
o including alcohol, impact adolescents differently than adults? It is
N aLe a common misconception that drugs have the same effects on
AGE: 12 everyone, however the truth is, the biological playing field is not
level—we all have a different susceptibility to drug-related harm. This
is particularly true for young people who are under 25, because their
brains are still under construction. In this article, we investigate the
characteristics of the developing brain and assess the impact alcohol
on the brain. We also summarize some ways that alcohol-related
harm to the brain can be minimized.

YOUNG REVIEWERS:

BASMA
AGE: 7

THE ARCHITECTURE OF THE ADOLESCENT BRAIN

There is a growing body of research indicating that the experiences
we engage in during the period called adolescence, when we are
10-19 years old, pave the way for brain health into adulthood. Over
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ADOLESCENT

Any person aged
between 10 and
19 years.

NEUROPLASTICITY

The ability of the brain
to change continuously
based on experiences.

NEURON

A brain cell.

PRUNING

The removal of

unneeded neural
connections that
occurs with age.

MYELINATION

A process of brain
development that helps
to insulate brain cells to
improve

their communication.

SYNAPTOGENESIS

The birth of new
connections (synapses)
between neurons.

PREFRONTAL
CORTEX

The part of the brain
responsible for
sophisticated,
complex thinking.
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the adolescent years, the brain is constantly responding and adapting
to the world around us, so that it can lose what it does not need and
strengthen what it does need. We strive towards leaner, meaner, and
more efficient brain activity so that our brains can conserve energy
while functioning to the best of their ability. This has been called the
‘useitorloseit’ principle and it is responsible for a phenomenon called
neuroplasticity, which is the brain’s plastic, pliable property that allows
it to change over time.

There are three processes that contribute to high neuroplasticity
during youth. First, we are born with a massive number of jumbled
brain cells called neurons that are not necessarily working together.
This consumes a lot of energy and is not very efficient. Through
a process called pruning, the neurons that we no longer use are
tossed out, similar to a landscaper trimming a wild hedge. Second,
to increase the speed of neuron communication, a process called
myelination occurs, which coats neurons in a fatty outer layer, similar
to insulating a copper wire for more rapid electrical conductance.
Third, another process called synaptogenesis occurs, in which new
connections between neurons, called synapses, are formed. These
three processes—pruning, myelination, and synaptogenesis—help to
connect the different regions of the brain, similar to the way we
pave new roads to connect different suburbs. Did you know that
this process of brain development occurs throughout childhood
and adolescence, and does not wind up until around 25 years of
age [1, 2]?

Interestingly, the brain generally develops from the back to the
front. The back of the brain, called the hind brain, is responsible
for the basic functions we need to survive, like breathing, heart
rate, and coordination. The middle part of the brain, called
the subcortical mid brain, is responsible for primitive instincts
like activating emotions, storing memories, feeling pleasure, and
maintaining a constant internal environment. The front of the brain,
called the fore brain, is responsible for sophisticated, high-level
thinking, reasoning, impulse control, managing emotions, and
decision-making. The fore brain is the last part of the brain to
fully develop. This is easy to remember because development goes
from the most basic to the most complex, moving from back to
front (Figure 1)!

Sitting at the very front of the fore brain is the prefrontal cortex.
During adolescence, the prefrontal cortex is still developing, which
makes it more vulnerable to the negative impacts of things like
drugs and alcohol. Even though adults have less neuroplasticity
and do not learn as quickly as young people do, their brains
are far more protected against the damaging neurological effects
of substances.
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Figure 1

The developing brain.
Three regions of the
brain develop in
succession, from most

basic to most complex,

during adolescence.
First, the hind brain
develops, then the mid
brain, and last, the
fore brain.
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Stage 3 brain
development = The
Fore brain*

*still developing until age 25
years

Stage 1 brain
development > The Hind
brain

Figure 1

ALCOHOL INTOXICATION: WHAT HAPPENS DURING A
NIGHT OUT DRINKING?

Alcohol is a neural depressant, meaning it reduces brain activity. The
more a person drinks, the less active his or her brain becomes, and
this tends to happen from the front of the brain to the back, meaning
the most recently developed, or still developing, part of the brain is
affected first. Symptoms of intoxication result from alcohol inhibiting
different regions of the brain (see Figure 2).

» At first, alcohol reduces activity in the fore brain; the ability to
plan, problem solve, and navigate conflicting emotions is greatly
reduced. People tend to feel less inhibited and might say things
they normally would not.

* Next, alcohol reaches the subcortical mid brain; speech
becomes slurred, emotions can go unchecked, and memories are
not formed well.

» Finally, after excessive drinking, alcohol can reach the hind
brain; coordination plummets, heart rate slows down, and in
extreme cases, alcohol can depress activity in the breathing
center of the brain to dangerously low levels—this can bring on
an alcohol-induced coma and overdose.

Although the precise blood alcohol concentrations that cause these
changes vary between individuals (with food consumption, body
weight, and gender being some of the factors influencing the
breakdown and concentration of alcohol in the body), the higher the
volume of alcohol and higher the rate of consumption, the more likely
it is that alcohol will reach all three brain regions.
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Alcohol intoxication
affects brain activity.
The fore brain is
affected first, followed
by the mid brain and
the hind brain.

Consuming a large
amount of alcohol in a
short period, causing a
blood alcohol
concentration level of
at least 0.08 per 100g
of blood.

Debenham et al. Neuroscience of Adolescent Alcohol Use

1. ALCOHOL IN THE FORE BRAIN
* Reduced inhibitions
* Reduced ability to plan &
prioritize
* Reduced behavioral control

3. THE HIND BRAIN A\

* Reduced coordination

* Slowed breathing

* Slowed heart rate

First and foremost, people who drink should shift gears away from
drinking to excess (called binge drinking), especially if their brains are
still developing! Regardless of your decision to drink or not, it is always
a good idea to devise a plan before entering a social environment.
This is because we tend to make riskier decisions when we are in the
company of friends compared to when we are alone [2]. Because the
same amount of alcohol affects people differently, and even the same
person differently on separate occasions, it is important to be aware of
the signs of intoxication. This way, regardless of the dose of alcohol,
you can identify levels of drunkenness and respond accordingly. Many
people make creative attempts to sober up, such as eating bread
and coffee beans or taking a cold shower, however nothing but time
can bring down blood alcohol concentration and these supposed
cures can do more harm than good [2]. Finally, mixing alcohol with
other drugs can be very dangerous, and this is particularly true for
other depressants, such as prescription pain medication. Mixing other
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depressants with alcohol can lead to increased neural depression in
the hind brain and potentially an overdose. Remember, even if drinking
alcohol is legal, that does not mean it is not harmful! If you are
concerned for someone’s well-being, you can always take that person
to the emergency room, and in a crisis situation, do not hesitate to call
an ambulance.

WHAT HAPPENS WHEN ALCOHOL IS USED
LONG-TERM?

Heavy, long-term alcohol use can have very serious effects on the
brain. Research suggests that binge drinking can cause the brains
of young people to develop more slowly [3]. This is partly because
alcohol may disrupt synaptogenesis, pruning, and myelination, which
may change the structures of certain brain regions. Structural and
functional changes in the fore brain and the subcortical mid brain
are closely linked to heavy alcohol use during adolescence [3]. These
physical changes are often accompanied by changes in the way
people think. Did you know that the earlier a person first uses alcohol,
the higher his or her chances are of developing problems with alcohol
or drugs later in life? It seems that alcohol's impact on the brain is
proportionate to the age of first use, as well as the frequency and
amount consumed.

Over time, the brain learns to cope with excessive long-term alcohol
use through a series of changes, in which it tries to counteract
the constant neural depression by producing increased amounts of
stimulating brain chemicals. Unfortunately, when alcohol is no longer
consumed, the brain still produces the stimulating chemicals and there
can be excessive neural excitation, resulting in a seizure—this can be
fatal [4]. This is the reason why, in many cases, people who have
an alcohol use disorder are carefully medicated off alcohol, so that
they do not experience excessive neural excitation. Luckily, the brain’s
neuroplasticity helps with recovery from excessive alcohol use. There
is evidence that, with abstinence, some of the structural changes in
the brain caused by alcohol might be reversible [4].

CONCLUSION

Research has made it clear that frequent alcohol use during
adolescence is linked to changes in the way the brain looks and
functions. However, we have only just scraped the surface in our
understanding of the brain and the more we learn, the more questions
we have to what extent is it possible for the brain to recover after
heavy alcohol use? What makes some people more vulnerable to
alcohol-related harm than others? These are just some of the many
questions that scientists hope to answer in the coming years. Until
then, it is up to young people to educate themselves and minimize
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the harms of alcohol and drugs in their own lives and the lives of
their peers.
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YOUNG REVIEWERS

ALLIE, AGE: 12

My name is Allie and | am 12 years old. Both of my parents are animal scientists and
my favorite subjects in school are math and science. Outside of school, | love to read
and enjoy running cross country.

BASMA, AGE: 7

lam a 7-years-old girl. | grew up in Lebanon. | love Science and dancing. | know a lot
about agriculture. My favorite sport is karate. My sister reads scientific articles, | think
| understand 50% of the conclusion but sometimes less. My name means “smile,” and
| love it so much.
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