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Our everyday lives depend on the cooperation of about 100 billion
brain cells called neurons. Neurons are vital for every action, from
breathing to moving to thinking. Regardless of the complexity and
importance of the brain, it is still susceptible to diseases called
neurodegenerative disorders. These terrible illnesses involve the
death of neurons in particular parts of the brain. There are many
neurodegenerative diseases, however, Parkinson’s disease is among
the most common and causes the most severe movement problems.
Although a lot has been learned about Parkinson’s disease, there
is still no cure. Recently, studies have shown that small molecules
found in many fruits and vegetables might help protect the brain from
neurodegenerative disorders.
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NEURONS

Special cells in the
brain and nervous
system that send and
receive messages to
help you think, speak,
feel, and move.

NEURODEGENE-
RATIVE DISEASES

Illnesses that affect the
neurons, preventing
the brain from
working properly.

Figure 1

Spotting Parkinson'’s
symptoms. The most
common symptoms of
Parkinson'’s disease can
be divided into
movement related
symptoms (left side) or
non-movement related
symptoms (right side).
Each colored dot
represents the
symptom listed in the
same color and where
to look for it in the
body.

DOPAMINERGIC
NEURONS

Special neurons that
release dopamine, a
chemical that helps
control movement,
mood, and feelings
of reward.

WHEN THE BRAIN GETS SICK

The human brain is an extremely complex organ made of billions
of interconnected cells. This network enables us to breathe, walk,
think, or feel—we depend on our brains every second of every day.
If the brain is healthy, it can do all these tasks properly. But when
the brain “gets sick”, people experience problems in their everyday
lives. Because of the brain's complexity, disorders can arise from
very small miscommunications between brain cells called neurons.
Neurodegenerative diseases are complicated illnesses that hinder the
brain’s function.

Examples of neurodegenerative diseases include Alzheimer’s disease,
Parkinson’s disease, and Huntington's disease. As for Parkinson's
disease, the number of cases in industrialized countries ranges from
10 to 18 per 100,000 people every year. Age is the biggest risk factor,
but the causes are not fully understood. Only about 10% of cases
have been linked to changes in specific genes, and exposure to some
toxins or chemicals (particularly pesticides, herbicides, or solvents) can
increase the risk of developing Parkinson'’s disease.

Parkinson’s disease symptoms are mainly motor (movement) problemes,
such as tremors, slow movement, stiff muscles, and loss of
balance and coordination. However, Parkinson’'s disease can also
cause memory loss, depression, hallucinations, sleep problems, and
constipation, among other serious symptoms (Figure 1).
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Figure 1

All people affected with Parkinson’s lose brain cells in a part of the
brain called the substantia nigra pars compacta (Figure 2). It sits in
the middle of the brain and is packed with cells called dopaminergic
neurons. These neurons send signals to parts of the brain that control
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Figure 2

Spotting differences in
healthy and Parkinson'’s
disease brains. The loss
of cells called
dopaminergic neurons
during Parkinson'’s
disease can be
observed in a specific
region of the brain—the
substantia nigra pars
compacta. This small
brain region is located
in the midbrain, and in
Parkinson's it gets
thinner and loses its
characteristic dark
color due to the death
of dopaminergic
neurons. Dopaminergic
neurons from the
substantia nigra pars
compacta are
important because they
send information to
other brain structures
that help to regulate
movement.

PATHOLOGICAL
PROTEIN
AGGREGATION

When proteins with an
abnormal shape stick
together in clumps,
which makes them
toxic to cells.

ALPHA-SYNUCLEIN

The main protein that
gets folded incorrectly
in Parkinson'’s disease.

movement. It is estimated that by the time a person starts showing
movement problems, 50-70% of the dopaminergic neurons in the
substantia nigra pars compacta have already died.

Brain (bottom view)

Loss of

dopaminergic neurons
in substantia nigra
pars compacta

HEALTHY PARKINSON’S DISEASE

Figure 2

FEATURES OF PARKINSON'S DISEASE

Multiple events contribute to the death of neurons in Parkinson'’s
disease (Figure 3). One is related to proteins—the building blocks
of each cell, tissue, and organ in the body. Without these crucial
molecules, the body could not function. Proteins must fold into the
right shapes to work correctly. However, sometimes proteins fold
incorrectly and lose their normal functions. They can also attach to
each other (aggregate), which makes them toxic for cells. This is called
pathological protein aggregation [1].

Alpha-synuclein is a protein found Iin neurons that regulates
communication between these cells, making it essential for brain
functioning. However, when alpha-synuclein aggregates, it makes the
neurons sick, causing their death [2].

PROBLEMS AT THE POWERHOUSE

Another problem in Parkinson’s disease involves producing enough
energy for normal brain functioning [1, 3]. Energy comes from
mitochondria—structures within cells that break down nutrients to
produce energy. Every cell has a different number of mitochondria.
Since dopaminergic neurons in the substantia nigra pars compacta are
highly active cells, they need a lot of mitochondria. In the brains of
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Figure 3

What happens inside
the brain in Parkinson'’s
disease? Several
problems within the
brain, including issues
with energy production
by mitochondria,
neuroinflammation,
and pathological
protein aggregation,
can lead to the death of
neurons and
consequently to the
development of
Parkinson'’s disease
symptoms.

BRAIN GLIAL CELLS

Cells in the brain that
support and protect
neurons, keeping the
brain healthy and
functioning well.

NEUROINFLAM-
MATION

When the brain’s
immune cells become
active to fight off
threats, but if this goes
on too long, it can
harm the brain.
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Figure 3

people with Parkinson’s disease, mitochondria change their form and
function. So, instead of producing energy, they start producing toxic
molecules that affect numerous cellular processes, ultimately causing
cell death [3].

WHEN A FRIEND BECOMES A FOE

Although neurons are the most important cells in the brain, they are
not alone. There is an entire class of cells called glial cells that are
usually the keepers of brain health and function. There are several
types of glial cells, but the most affected in Parkinson’'s disease are
microglia and astrocytes [1].

Microglia are natural immune cells of the brain that work very hard
to protect us from sickness. When there is no threat, microglia are
just doing surveillance. However, when something attacks the brain,
like bacteria or toxic proteins, these cells become active and start
releasing molecules that can cause neuroinflammation, in which
the brain’'s immune cells get activated to fight off the invaders or
repair damage. If neuroinflammation is temporary, it helps the brain to
remove the threat. However, if it lasts longer, as in Parkinson'’s disease,
neuroinflammation becomes toxic for the brain, causing damage and
death of neurons [4].
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POLYPHENOLS

A type of compounds
found in healthy foods
and drinks, like fruits,
vegetables, natural fruit
juices, and tea. They
are broken down in the
gut to become

polyphenol metabolites.

Microglia also closely interacts with astrocytes. In a healthy brain,
astrocytes provide nutrients to neurons, maintain a healthy brain
environment, and provide structural support. In Parkinson'’s disease,
however, astrocytes do not function properly, and they start releasing
substances that lead to neuroinflammation.

It is not hard to imagine how difficult Parkinson’s disease can
be for neurons. With multiple problems happening at the same
time, including abnormal alpha-synuclein, thousands of dysfunctional
mitochondria, and overactivated microglia and astrocytes, the
neurons in the substantia nigra pars compacta suffer the most and
start dying [1].

CURE, PLEASE!

Although scientists have learned a lot about Parkinson'’s disease over
the years, there is much more to discover to find a cure. The therapies
developed so far can help patients with their movement disorders,
but these therapies have harsh side effects when used for a long
time. Current therapies also do not help with pathological protein
aggregation, neuroinflammation, or mitochondria dysfunction. Since
these processes cause the movement problems seen in Parkinson'’s
disease patients, it is really important to find a cure that can affect
these processes. That is why scientists are trying to find new therapies
that are better and safer. Luckily, more and more scientific evidence is
showing that there is a class of natural molecules that can help protect
the brain from the changes that lead to Parkinson’s disease.

FOOD SHIELD

Have you heard the saying “you are what you eat”? Well, studies
show that food can help when it comes to neurodegenerative
diseases like Parkinson’s. One class of nutrients in foods is called
polyphenols. Polyphenols are present in fruits, vegetables, cocoa, tea,
and coffee, among others. When polyphenols are digested by the
normal bacteria in the gut, their chemical structure changes and they
become polyphenol metabolites. Polyphenol metabolites can then
cross the intestinal barrier, reach the blood circulation, and reach
various organs in the body, including the brain.

Polyphenol metabolites can have positive effects on blocking
or dampening dangerous inflammation. They can also improve
mitochondrial function [5]. Some polyphenol molecules also seem to
be able to slow down or prevent the incorrect folding and aggregation
of alpha synuclein [6]. Overall, polyphenols seem to work in various
ways to protect brain cells and reduce the death of neurons. Recent
studies have shown that an everyday diet rich in polyphenols from
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fruits can postpone and ease most of the pathological features of
Parkinson's disease [7/].

However, most of the results showing how polyphenols affect
Parkinson’'s disease come from studies done in animals. While these
studies show great possibilities of polyphenols, there are still no studies
done on humans with Parkinson'’s disease. Therefore, more studies are
needed to explore the effects of polyphenol metabolites on the human
brain. Some very recent studies done in humans with other types of
diseases are showing that polyphenol-rich foods are very powerful
in reducing neuroinflammation and mitochondria problems [8]. This
is very good news, as these processes also play important roles in
Parkinson’'s disease. We hope that, in the near future, studies will be
done involving people with Parkinson’s to test how a polyphenol-rich
diet affects the progression of the disease. For now, scientists are still
busy unraveling the multitude of effects polyphenol metabolites have
on the brain. While much of this work is still at very early stages, initial
evidence has scientists excited about the future.
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YOUNG REVIEWERS

ISAAC, AGE: 15
When | am not in school, you can find me playing basketball, running, reading or
listening to music.

JOSEPH, AGE: 13

This Young Reviewer is a 13-year-old boy with unnecessarily long hair and amusing
friends. He quotes, ‘I like grass, but | am too lazy to go out and touch it". He
is well-known for his astonishingly “chad” face and a last name that is frequently
mispronounced. Often found putting his dexterous skills into action, he has hobbies
of playing the drums and crafting with electronics.
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LOUIS, AGE: 11
Louis likes to read, travel, and write down his dreams in his dream journal.
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