
NEUROSCIENCE
Published: 30 September 2020
doi: 10.3389/frym.2020.510817

MITOCHONDRIA IN BRAIN INJURY: ANTIOXIDANTS

TO THE RESCUE!

Maha Tabet 1†, Samar Abdelhady 1,2†, Nour Shaito 1, Marya El-Kurdi 1, Hiba Hasan 1,3, Reem Abedi 1,

Nawara Osman 1, Riyad El-Khoury 4, Abdullah Shaito 5* and Firas Kobeissy 1*

1Department of Biochemistry and Molecular Genetics, Faculty of Medicine, American University of Beirut, Beirut, Lebanon

2Faculty of Medicine, Alexandria University, Alexandria, Egypt

3Department of Anatomy and Cell Biology, Justus Liebig University of Giessen, Giessen, Germany

4Neuromuscular Diagnostic Laboratory, Department of Pathology and Laboratory Medicine, American University of Beirut

Medical Center, Beirut, Lebanon

5Department of Biological and Chemical Sciences, Lebanese International University, Beirut, Lebanon

YOUNG REVIEWERS:

IAGO

AGE: 13

NOVA

AGE: 8

If you have ever bumped your head, then you may have experienced

a traumatic brain injury (TBI). TBI is brain damage caused by an

outside force. In the long run, TBI may weaken a person’s ability

to think, learn, or remember. In this article, we will learn how the

mitochondria, tiny structures inside our cells, are partly responsible

for the harmful e�ects of TBI. Mitochondria produce most of the

energy our cells need to function properly. This, however, comes

with a cost. Energy production is accompanied by the release of

harmful substances, such as reactive oxygen species (ROS). ROS can

damage components inside our cells and even lead to cell death. In

TBI, damaged mitochondria produce high amounts of ROS. Drugs

called antioxidants may protect the brain following TBI. Antioxidants
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can destroy ROS. However, you should never use these drugswithout

medical guidance.

WHAT IS TRAUMATIC BRAIN INJURY?

Have you ever bumped your head? You most likely have. Your brain is
vulnerable to impacts that can occur while you are practicing sports,
if you have a bad fall, or if you are in a car accident. These impacts
can result in a damage to the brain, which is called traumatic brain

injury (TBI). TBIs can have varying levels of severity. Severe TBI causes

TRAUMATIC BRAIN

INJURY

Damage caused to the
brain by a bump to
the head.

the most damage to the brain. Mild TBI is the most common form
of TBI and typically does not cause permanent symptoms. However,
if you receive repeated mild TBIs, symptoms may persist. TBI may
a�ect several brain functions, including a person’s ability to think,
concentrate, learn, and remember things. In the long run, repeated
mild TBI may also increase the risk of some diseases caused by the
death of main cells of the brain called neurons. Tiny structures inside

NEURON

The main type of cells
in the brain. They serve
to communicate
messages within the
brain and between the
brain and other
body organs.

our cells called mitochondria are partly responsible for these harmful

MITOCHONDRIA

Structures found in our
cells responsible for
producing the energy
our cells need.

long-term e�ects of TBI [1].

WHAT AREMITOCHONDRIA?

Mitochondria are special structures found inside all of body cells.
The main function of mitochondria is the production of the
energy our cells need to function. A mitochondrion is made of
an outer membrane surrounding a space that contains an inner
membrane. The inner membrane surrounds an inner cavity, called the
matrix. The inner membrane contains the elements responsible for
energy production.

Think of themitochondria as the power generators of our cells. Similar
to real generators that release pollutants as they generate power,
mitochondria also produce harmful substances as by-products.
Among those harmful by-products are reactive oxygen species

REACTIVE OXYGEN

SPECIES

Substances produced
by our cells. ROS, in
very high levels, can
interact with and
damage components
inside the cell.

(ROS). ROS can interact with and damage components of our cells.
The cell has several systems to protect itself from excessive ROS.
One protective system consists of substances called antioxidants.

ANTIOXIDANT

Molecules that can be
man-made or found in
nature, such as in fruits.
They can protect the
cell against the harmful
e�ects of ROS.

Antioxidants can control or remove extra amounts of ROS. Under
stressful conditions, such as in TBI, damaged mitochondria generate
huge amounts of ROS. The protective antioxidant systems become
overwhelmed and fail to destroy the excessive ROS. As a result, many
cell components may get damaged, which may lead to death of the
cell [2] (Figure 1).
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Figure 1

Figure 1

What are
mitochondria?
Mitochondria are
organelles found in
almost all of our cells,
including neurons. A
mitochondrion is made
up of an outer
membrane, an
intermembrane space,
an inner membrane,
and a space in the
middle called the
matrix. Mitochondria
are responsible for
producing the energy
our cells need.

WHAT DOMITOCHONDRIA DO DURING TRAUMATIC BRAIN

INJURY?

The bump on the head is the mechanical force that leads to TBI.
Think of it as the force that sets o� the falling of a row of domino
tiles. After the bump on the head, a series of events takes place in
the brain. In the case of a TBI, the mechanical force first causes
damage and injury to neurons and may, later, cause their death. The
mechanical force also leads to the abnormal release of molecules,
called neurotransmitters, used for communication between brain

NEUROTRANSMITTER

A molecule used for
communication
between neurons.

cells. When released, neurotransmitters knock down another domino
tile: they cause the abnormal increase of certain substances inside
neuronswhich, in turn, cause themitochondria to increase production
of ROS. ROS then interact with and damage several components inside
neurons. Damage to cellular components leads to the impairment of
cellular functions. One result of this damage is inflammation in the

INFLAMMATION

It is a protective
biological response
that starts under
harmful conditions,
such as stress. It is one
way your body fights
infection, injury, or
disease. It involves
immune cells, blood
vessels, and many
molecules inside
the cell.

brain. Damaged cells are set to die [3]. Death of brain neurons is the
main problem in TBI (Figure 2).

ANTIOXIDANTS: TO THE RESCUE!

ROS are one of the main culprits causing neuron dysfunction and
death during TBI. If scientists can reduce the levels of ROS in the brain,
they may be able to reduce the symptoms of TBI. Antioxidants can act
like a sponge that absorbs the harmful amounts of ROS andmake them
inactive. This ability of antioxidants to reduce the harmful amounts of
ROS, in the brain, prevents ROS from damaging the neurons.

So where do we find these antioxidants? Some antioxidants are
naturally found in our cells. However, following TBI, antioxidants
availability may decrease and our natural antioxidants become
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Figure 2

Figure 2

Mitochondria in TBI. In
undamaged
mitochondria,
antioxidants help keep
the mitochondria
healthy and the cell’s
energy levels normal.
However, in TBI, ROS
are produced in large
quantities and
antioxidants get
overwhelmed. The
mitochondria get
damaged and energy
production decreases.

overwhelmed. Extra antioxidants can be provided from outside our
body (external antioxidants) in the form of a drug or a supplement.
In fact, several of these external antioxidants have been used in
the treatment of TBI. Scientists have even found ways to guide the
antioxidants to themitochondria. This is important sincemitochondria
are the major source of ROS. For example, in our lab, we have used a
powerful antioxidant called MitoQ for treating TBI. MitoQ is attached
to special guide molecules that can take the antioxidant directly to the
mitochondria where ROS are made. This increases the e�ciency of
the MitoQ drug [3, 4].

CAN HEROES BECOME VILLAINS?

Another way to look at antioxidants is to imagine antioxidants as
heroes that chase the culprits (ROS) and put them in jail in order to
save the cell.

Just like almost everything in life, balance is needed when it comes
to taking antioxidants. Consuming too many antioxidants can be
dangerous. If taken at high dosages, especially when ROS levels
are normal, antioxidants may become toxic to cells. Excessive
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Figure 3

Figure 3

Can heroes become
villains? Despite the
fact that they can
protect neurons from
harmful ROS, it has
been shown that
excessive consumption
of antioxidants may
cause serious diseases,
such as cancer. So, we
should never take any
antioxidant without a
doctor’s permission.

consumption of antioxidants may increase the production of ROS
instead of reducing it. Excessive antioxidants may also increase
the occurrence of some diseases, including cancer. Therefore,
antioxidants should be taken cautiously and under appropriate
guidance from a doctor. We do not want our heroes to turn into villains
[5, 6] (Figure 3)!

CONCLUSION

Traumatic brain injuries are very common. Finding a treatment is
essential to limit their negative consequences. Mitochondria are the
structures responsible for energy production inside our cells. In TBI,
mitochondria become damaged and produce dangerous amounts of
ROS. This can lead to the damage and even the death of the neurons
in the brain. Antioxidants may represent a solution to reduce excessive
amounts of ROS and reduce the harmof TBI. Scientists have developed
ways to target certain antioxidants to the mitochondria to increase
the e�ectiveness of these drugs. Although antioxidants are available
without a prescription, it is always important to seek medical advice
before consuming these powerful drugs.
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YOUNG REVIEWERS

IAGO, AGE: 13

My name is Iago and I am in seventh grade. My favorite subjects are writing, math,

social studies, and science. My hobbies are acting, D&D, and fake-sword fighting. I

think it is important for scientists to write for children, so that kids can learn how to

think critically and ask questions about how the world works. My mom and dad are

“mad” scientists because they stuck a playing card in a brain for a magic trick—good

thing the brain was made of Jell-O!

NOVA, AGE: 8

My name is Nova and I am in third grade. My favorite subjects are writing, science,

social studies, and reading. When I grow up, I would like to be an architect, because I

like art and I also like building. I think it is important for kids to be curious so they can

learn. Albert Einstein said that he did not have a special brain, but he wondered how

the universe worked, so he went out and learned, so he could figure it out.
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