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Fear can sometimes paralyze us, and it can sometimes be exciting; for 
some people, fear is so crippling it can significantly mix up their lives. 
We understand a little bit about how the brain acts when we are afraid, 
mainly by studying the brains of animals. Recently, surprising findings 
were made using a humble animal, the zebrafish—a small aquarium 
fish that, in the past, has helped scientists figure out how our organs 
develop. Zebrafish are useful because they develop quickly, reproduce 
easily, and have brains that are similar to ours. They also produce what 
we call an “alarm substance” that alerts their shoalmates when one of 
them has been injured. When nearby zebrafish smell this substance in 
the water, they act as if they are very scared. At the same time, they 
release a substance called serotonin in their brains, which acts as a 
light switch, making them less afraid but more cautious—as if they are 
trying to figure out if a predator is close by or not. Hopefully, finding 

YOUNG REVIEWERS:

DARREN

AGE: 12

JENAE

AGE: 12

https://www.frontiersin.org/article/10.3389/frym.2019.00012
https://www.frontiersin.org/article/10.3389/frym.2019.00012
https://www.frontiersin.org/article/10.3389/frym.2019.00012
https://kids.frontiersin.org/
https://kids.frontiersin.org/
https://www.frontiersin.org/article/10.3389/frym.2019.00012
https://www.frontiersin.org/article/10.3389/frym.2019.00012
https://doi.org/10.3389/frym.2019.00012
https://www.frontiersin.org/article/10.3389/frym.2019.00012
https://loop.frontiersin.org/people/678840/overview
https://loop.frontiersin.org/people/678806/overview
https://loop.frontiersin.org/people/678815/overview
https://loop.frontiersin.org/people/678787/overview
https://loop.frontiersin.org/people/678793/overview
https://loop.frontiersin.org/people/678825/overview
https://loop.frontiersin.org/people/117838/overview


Pyterson et al. Frightened Fish

February 2019 | Volume 7 | Article 12  | 2kids.frontiersin.org

out more about how zebrafish brains process this serotonin signal will 
help scientists develop better treatments for mental disorders that are 
associated with fear.

WHY IS FEAR IMPORTANT?

In our everyday experience, we very often feel afraid: of dangerous stuff, 
like snakes and other venomous animals, of heights, of bad people, 
and so on. Fear is an emotion observed in all animals, which allows a 
quick and momentary state of alertness when an animal is perceiving 
something that can do it harm. An animal’s reaction to feeling fear 
serves to protect it when it is in a dangerous situation. Fear is gener-
ated by parts of the brain, such as the amygdala, the cingulate cortex, 
and a region of the midbrain called the periaqueductal gray area, that 
act together with the senses (sight, hearing, smell, touch, and taste) to 
produce a response to danger [1]. Our senses can alert us to the pres-
ence of something potentially dangerous, by causing us to feel fear. 
For example, who among us has not been startled by a loud noise or 
by a shadow we briefly thought was an animal, no matter how irrational 
that was? In this context, fear has an important role in the everyday life 
of animals, because it serves as a type of instinctive protection, helping 
the animal to recognize both potential and actual risks.

Fear is also important because, when it is excessive, it can be part of 
many different mental disorders called anxiety disorders. While many 
researchers argue that fear and anxiety are different things, both involve 
this negative feeling of danger. Anxiety is what happens when we are 
expecting something bad to happen; fear is what happens when we 
actually experience something bad. Anxiety disorders are one of the 
major health problems in the world today, and the treatments that are 
currently available are not very good. New discoveries about fear and 
the brain could help to treat people with anxiety disorders.

USING ANIMALS TO STUDY FEAR

We know a little bit about fear from studying humans—for example, 
by using neuroimaging (methods which allow neuroscientists to see 
what is happening inside the living human brain) to try to figure out 
what is going in the brains of people while they are feeling scared  
(Figure 1)—but this is not an easy task. First, current neuroimaging tech-
nology can only measure activity up to a certain depth into the brain, so 
deeper regions of the brain (including regions important for fear, such 
as the midbrain) are difficult to observe with the current techniques. 
Also, it is actually difficult to safely make people feel afraid in the lab so 
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that we can study their responses to fear, because most of the things 
that make us feel very afraid can also damage us somehow. Finally, it is 
very hard to find people to volunteer for these kinds of experiments. As 
a result, much of what we know about fear and how the brain controls 
this emotion comes from research on animals.

Animals are used in scientific research as an easier way to study behav-
iors that are also seen in humans. While we tend to think of rats and 
mice when we think of lab animals, many different species are used 
for this kind of research, including flies, rabbits, dogs, and fish. Some 
researchers argue that focusing only on rodents (rats and mice) limits 
what we can learn about the human brain [2]. These ideas prompted 
neuroscientists (scientists who study the structure and function of the 
brain) to look for other animal species that respond like humans. The 
zebrafish, an animal widely used for research in the fields of genetics, 
embryology, and behavior, is now “emerging” as a research animal in 
neuroscience, too. Zebrafish have both genetic (DNA) and physical 
similarities with humans (for example, similar brains), and these simi-
larities make them a good model for studying human anxiety disorders 
(Figure 2).

THE ALARM SUBSTANCE OF ZEBRAFISH

One of the many advantages of using zebrafish to study fear is that, like 
other similar fish, they produce a special alarm substance in their skin 

Figure 1

Regions of the human 
brain that are involved 
in fear. These images 
were taken with various 
neuroimaging tools. 
The areas of the brain 
involved in fear are 
shown in red and 
circled. D, dorsal 
(“top”); V, ventral 
(“bottom”); A, anterior 
(“in front”); P, posterior 
(“in the back”); L, left; R, 
right.
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when they are injured. This substance is produced by cells called club 
cells, and the purpose of the substance is to signal to other members 
of the school that a fish has been injured. When the skin of a fish is 
damaged by a predator, for example, the alarm substance is released, 
and other fish can smell it. The “smell of danger” causes the other fish 
to be more cautious and to behave as if they are afraid. When they 
sense this alarm substance, the other zebrafish swim in tight groups to 
increase protection. They also swim more erratically (in a zig–zag pat-
tern), to both decrease the likelihood of being eaten and to stir up the 
sediments (pieces of leaves, sand, or earth on the ocean floor) to make 
the water cloudy. Sometimes the zebrafish also freeze in place, decreas-
ing the likelihood that the predator will see them [3]. Neuroscientists 
and behavioral scientists can watch for these behaviors to determine 
whether the fish are afraid or not, and then use this information to bet-
ter understand how the brain acts when it is frightened.

One of the findings made on zebrafish focuses on a substance called 
serotonin. Serotonin—also called “5-HT,” shorthand for its chemical 
name, 5-hydroxytryptamine—is a type of chemical called a neuro-
transmitter. Neurotransmitters are special chemicals that are released 
by neurons (nerve cells) and other brain cells when these cells are 
excited. The neurotransmitters allow nerve cells to communicate with 
each other and to communicate with muscle cells or cells that release 
hormones into the bloodstream. Serotonin is perhaps best known as 
the “happiness hormone,” because the medications for depression and 
anxiety work by stimulating serotonin activity in the brain. However, 
nothing could be further from the truth: in fact, there is good evidence 
that serotonin increases anxiety (i.e., we suffer more when we expect 
something bad to happen), although it seems to decrease fear (i.e., we 
are less afraid of something that is actually there).

Researchers now believe that serotonin is involved in the fear gener-
ated when zebrafish smell the alarm substance. In 2014, researchers 
discovered that the alarm substance causes the release of serotonin 
in the zebrafish brains when the fish no longer smell the substance [4], 

SEROTONIN

A neurotransmitter that 
is released by brain cells 
to produce effects on 
other brain cells.

Figure 2

The zebrafish. This 
small fish is becoming 
important in 
neuroscience and 
pharmacology, due to 
its small size and rapid 
reproduction. The 
animal from the picture 
has about 4 cm (≈1.6 
in) in length! Source: 
https://commons.
wikimedia.org/w/index.
php?curid=260841
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and this makes the fish more cautious, as if they are trying to determine 
whether or not there is a predator around. But how does serotonin 
produce this effect?

In order for serotonin to act in the brain, it must bind to a molecule 
called a receptor—a special protein in our cells that, when bound to 
a neurotransmitter, begins a response inside the cell, like a key going 
into a lock. Serotonin has several different receptors that produce 
different effects. When fish first smell the alarm substance, they act 
as if they are afraid, swimming wildly and sometimes even freezing 
in place; when the substance is no longer detectable, they are no 
longer afraid, but act “extra cautious” (i.e., anxious) to be sure that the 
danger is no longer there. Researchers found that one of serotonin’s 
receptors, called 5-HT1A, does not seem to be involved in this “extra 
caution” that appears after the alarm substance is no longer detectable 
[4]. Evidence for the participation of this receptor comes from another 
study [5] that found that injecting a drug that block the receptor—
meaning they do not allow serotonin to produce its usual effect—made 
fish more afraid when they smelled the alarm substance, but not after 
the substance is no longer there. This group also found that blocking 
other serotonin receptors produces a similar effect, suggesting that 
serotonin decreases fear, but may also be involved in increasing the 
subsequent cautiousness that is observed when the substance is no 
longer present (Figure 3).

RECEPTOR

A protein in our cells 
that specifically bind to 
a substance, such as a 
hormone or a 
neurotransmitter, 
making the cell respond 
to the binding.

Figure 3

The neurotransmitter 
serotonin (5-HT) acts 
as a sign that the alarm 
substance is no longer 
present. The black line 
in the upper left of the 
figure represents a 
temporal order, with 
the lines indicating 
when the alarm 
substance is detectable 
in the water (“alarm 
substance ‘ON’”), and 
when it is no longer 
detectable (“alarm 
substance ‘OFF’”). In a 
special region of the 
neuron called a 
“synapse,” where one 
neuron meets up with 
another neuron, the 
neurotransmitter 
serotonin is released 
when the alarm 
substance is no longer 
present (“alarm 
substance ‘OFF’”), but 
not when it the alarm 
substance is present. 
Serotonin then turns on 
special proteins called 
receptors, resulting in 
less fear (in zebrafish, 
less wild swimming and 
freezing), but more 
cautiousness (in 
zebrafish, more 
cautious approach and 
exploration of the tank).
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CONCLUSION

Our brains (and the brains of zebrafish) deal with scary situations 
every day. Your brain and your body are always at the ready to deal 
with frightening things in a way that protects you but does not make 
you “cry wolf” when a threat is not certain. With the help of serotonin, 
we can switch between two strategies for dealing with scary situa-
tions: running away from a known danger, or cautiously investigat-
ing—and worrying about—whether there is actual danger. It is possible 
that studying more about serotonin and other neurotransmitters in 
zebrafish brains will help us produce new medications to treat diseases 
of fear. Hopefully, these insights will help us find a cure for anxiety 
disorders.
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