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Have you ever wondered how different foods in your diet affect your
brain? The brain is an extraordinary organ in charge of an astounding

E‘éﬁéﬁ:ﬂ number of functions in your body. This is why the brain requires high-
SCHOOL quality nutrients found in the food you eat. But what happens to your
AGES:10-14 brain when you eat processed foods high in fat and sugar? To answer

this question, we fed rats a diet high in fat and sugar and then studied

'w | MAXWELL its effects in a part of the brain important for memory and learning,
» | AGE:12 known as the hippocampus. Surprisingly, we found out that eating

foods high in fat and sugar, even for short periods of time, produces
several harmful changes in the hippocampus. We think that these
changes could have a negative impact on memory and learning.
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The condition of being
excessively overweight.
In most cases, obesity
is due to eating an
unhealthy diet and lack
of exercise.

A disease with elevated
levels of glucose in the
blood, due to the body's
inability to produce the
hormone insulin (type
1), or to respond to
insulin (type 2).

A disease characterized
by mental deterioration
and loss of memory. It
is also known as
dementia or senility and
itis present in old age.

The brain region in
charge of storing
memories and learning.
It is made up of
neurons and glial cells.

A nerve cell found in
the brain and the spinal
cord that receives,
processes, and
transmits information
through electrical and
chemical signals.

Support cells in the
brain. There are two
types of glial cells,
called astrocytes and
microglia. Glial cells
nourish, protect and
give stability to neurons
and become activated
to protect neurons
from inflammation.
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DIETS HIGH IN FAT AND SUGAR AFFECT THE BODY
AND THE BRAIN

You may know that a nutritious diet full of whole grains, fruits, vegeta-
bles, dairy, nuts, seeds, and protein is good for your health. This type
of diet is not only delicious, but it also makes people grow strong and
healthy. In contrast, eating processed foods and beverages high in
saturated animal fat and sugar, like processed meats, cookies, candy,
sugary drinks, and potato chips, can be very harmful to your health. Did
you know that eating these types of foods regularly can cause diseases,
such as obesity and type 2 diabetes? [1]. Because processed foods,
sugary drinks, and candy are very easy to find and can be tasty (who
does not like a candy bar, or a slice of pepperoni pizza?) it is no surprise
that obesity and diabetes are two of the most common diseases in the
world. Today, around 650 million people are obese, and 422 million
people are diabetic—are not these numbers astonishing? Something
that is also surprising is that foods high in fat and sugar can do more
than make us obese or diabetic—they can also affect our brains! In fact,
scientists around the world have noticed that people who are obese
or diabetic are more likely to develop memory loss and even dementia
or Alzheimer's disease when they get older [2]. Can you believe this?

Fun fact: Did you know that there are two types of diabetes? The most
common, type 2 diabetes, occurs when the body gradually stops
responding to the hormone insulin. Scientists and physicians believe
that this happens because of eating diets high in fats and sugar, and lack
of exercise. Type 1 diabetes occurs when someone’s pancreas stops
producing insulin. Type 1 diabetes is not caused by diet.

THE HIPPOCAMPUS IS THE REGION WHERE MEMORIES
ARE STORED IN THE BRAIN

Did you know that our brains contain highly specialized regions for
performing different tasks? For example, there are different areas of the
brain for talking, walking, hearing, etc. One of these very specialized
regions, known as the hippocampus, is in charge of storing memories
and helping us learn [3]. The hippocampus, like all other areas of the
brain, is made up of two main types of cells: neurons and glial cells.
Neurons in the hippocampus make memories by communicating with
one another through very small structures called synapses; these tiny
structures are located on long, branch-like structures called dendrites.
Did you know that neurons can transmit electrical signals, like the elec-
trical wires you see along the street? These signals are transmitted
through the dendrites, and this allows the messages in the brain to
travel very quickly. The other types of cells in the brain, glial cells, have
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Figure 1

The hippocampus is
the brain region where
memories are made
and stored. The
location of the
hippocampus in the rat
brain is shown in
purple. If we look at the
hippocampus under a
microscope, we can
see that it is made up
of neurons and glial
cells. There are two
types of glial cells:
astrocytes and
microglia. Neurons
have many specialized
regions that allow them
to receive and send
messages and thus
communicate with
other neurons.
Dendrites are long,
branch-like structures
that transmit electrical
signals in the brain.
Synapses are tiny
structures at the end of
dendrites that help
neurons communicate.

Small structures used
for neuronal
communication,
located on dendrites.

Long, branch-like
structures of neurons
that transmit signals at
a very fast speed.
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multiple functions. Glial cells nourish, protect, and give stability to neu-
rons. In the hippocampus, both neurons and glial cells are critical for
storing memories and helping us learn (Figure 1).

Fun fact: Did you know that, when neurons in the hippocampus get dam-
aged or die, memory loss and learning difficulties arise? Neuron damage
can happen after a severe blow to the head, like a concussion, and in
some neurodegenerative diseases, such as dementia and Alzheimer's.

OUR EXPERIMENT: STUDYING THE EFFECTS OF FOODS
HIGH IN FAT AND SUGAR IN THE BRAINS OF RATS

We know that eating diets high in fat and sugar can cause obesity and
diabetes, and that millions of people worldwide have these diseases.
We also know that obesity and diabetes increase the risk of memory
loss or dementia as we age. So, we asked the following question: does
consuming diets high in fat and sugar affect the brain region that stores
memories, the hippocampus? To answer this question, we fed rats a
diet high in fat and sugar and did various experiments to look what
happened to their hippocampi after they ate this diet. We divided the
rats into two groups and gave one group a normal diet (the control
group) and the other group a high-fat-and-sugar diet. Having a control
group was important, because we needed to compare the hippocampi
between rats eating the two diets, in order to see changes. It was also
important to have several rats in each group, because the hippocampus
may look slightly different in each individual rat. We used 20 rats for
our control group and 22 rats for our high-fat/high-sugar group. The
control group ate diet consisting of a balanced and nutritious rat food
used in laboratories; as well as plain water to drink. The second group
ate diet with lard (pork fat used for cooking) added to their normal food,
and fructose (the main sugar present in sugary drinks) added to their
drinking water. Both groups ate these diets for /7 days, and had as much
food and water as they wanted. Rats that ate the high-fat-and-sugar
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Figure 2

We studied what
happens to the hippo-
campus after rats ate a
high-fat-and-sugar diet
for 7 days (bottom half)
and compared it to rats
eating a normal diet
(upper half):

(1) Neurons have fewer,
shorter, and thinner
dendrites; (2) Neurons
had fewer synapses;
and (3) Glial cells
became activated by
inflammation in the
brain. We concluded
that eating a diet high
in fat and sugar for
seven days caused
obesity and produced
negative effects on the
neurons and glial cells
of the hippocampus.
We believe that these
neuronal and glial
changes could have a
negative effect on
memory and learning.
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diet became obese, ate more food, and drank more water than rats
that ate a normal diet. These results show that rats like and consume
lots of fatty and sugary foods, and become obese after eating those
foods, similar to humans.

EATING A DIET HIGH IN SUGAR AND FAT HAS A NEGATIVE
EFFECT ON NEURONS IN THE HIPPOCAMPUS

For our first experiment, we stained the neurons of the hippocampus
with different types of dyes, in order to study their size, shape, and
structures under a microscope. We compared rats that ate the high-
fat-and-sugar diet with rats that ate the normal diet and looked for
changes in the neurons (Figure 2 upper half). Astoundingly, we found
that neurons from rats that ate the high-fat-and-sugar diet had shorter
and thinner dendrites (Figure 2 bottom half, left panel). Amazingly, we
also found that the neurons of these rats had fewer synapses at the ends
of their dendrites! (Figure 2 bottom half, middle panel). Remember that
dendrites and synapses are necessary for neuronal communication and
memory formation, because dendrites transmit signals and synapses are
the actual sites of neuronal communication. These results showed us
that eating high-fat-and-sugar diet had a negative effect on neurons in
the hippocampus. What were our conclusions from this experiment?
Think about this: if neurons in the hippocampus of rats that ate the high-
fat-and-sugar diet have fewer and thinner dendrites, it is possible that
those neurons are not very efficient at transmitting information. Also,
because these neurons have fewer synapses, they will probably be unable
to communicate effectively with other neurons. We believe that these
negative effects of a high-fat-and-sugar diet could result in memory
loss and learning problems. How can this happen? The brain is an organ
that changes rapidly, constantly forming new synapses as we learn and
form memories, and diets high in saturated fats and sugar interfere with
the brain’s ability to change and adapt quickly. Thus, it is necessary for
neurons to receive quality nutrients from a healthy, balanced diet.
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EATING A DIET HIGH IN FAT AND SUGAR CAUSES
BRAIN INFLAMMATION

Do you remember that the hippocampus is made out of two types of
cells—neurons and glial cells? Because glial cells are very important to
support the function of neurons, we wanted to know if glial cells were
also affected by eating a high-fat-and-sugar diet. To do this, we stained
two types of glial cells, called astrocytes and microglia, and studied
their size and shape. Amazingly, we found that rats that ate the high-
fat-and-sugar diet had astrocytes and microglia that were larger and had
changed to a state that is called “activated.” Astrocytes and microglia
normally become activated by inflammation, in order to protect neurons
from harm. You may be familiar with inflammation and how it looks
in your body. Inflammation is a local response to injury or infection.
Sometimes the inflamed body part becomes swollen, red, and painful.
In the brain, inflammation may look and feel a little different than in
other parts of the body, and glial cells are responsible for responding to
inflammation in the brain and helping the neurons recover. When astro-
cytes become activated by inflammation, they multiply and become
larger and darker (Figure 2 bottom half, right panel). When microglia gets
activated, they also become larger and more branched. What was our
conclusion? Our results showed us that eating a high-fat-and-sugar diet
produced inflammation in the hippocampus, because astrocytes and
microglia became activated in response to the harmful environment.

OUR CONCLUSIONS: A NUTRITIOUS, BALANCED DIET IS
FUNDAMENTAL FOR OUR BRAIN HEALTH AND FOR
AVOIDING MEMORY LOSS IN THE FUTURE

In our study, we observed that eating a diet high in fat and sugar, even for
very short periods of time, causes obesity and can have negative effects
on the hippocampus [4]. Because the hippocampus is an important
brain region for memory formation, we believe that these neuronal
and glial cell changes could have a negative effect on memory and
learning. Other scientists have studied the effects of eating high-fat
diets for longer periods of time, and have observed memory loss and
learning difficulties in rats and mice. Why are these results important
to us? Although we are not rats, we have similarities in the way we
process nutrients from food and how these nutrients affect our health.
Do you remember that scientists also found that humans who ate high-
fat diets regularly and became obese or diabetic had a higher chance
of experiencing memory loss and dementia? These results could help
explain why that happens! Other studies done by us and by other
scientists have found that a type of fat called saturated fats, which
is very abundant in processed foods, can directly damage neurons
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by changing the way they use energy and by increasing molecules
that cause stress and inflammation [5, 6]. All these amazing scientific
studies back up what your parents and doctors always tell you: eating
a nutritious, balanced diet low in processed foods and sugar is very
important for staying healthy, strong, and smart!
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