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INTRODUCTION

Access to energy is the foundation
of any healthy city. Without energy
nothing happens. The same is true
of the cell. The capacity to produce
abundant energy is a characteristic
of every healthy cell. Energy deficit
is an identifying characteristic of any
sick or diseased cell. The cell pro-
duces energy in a special power plant
called the mitochondrion. Every cell
has many mitochondria, the greater
the energy requirement the greater the
number of these important structures
within the cells.

Mitochondria are totally inherited
from one’s mother. This is because
the mother’s egg contains mitochon-
dria but sperm do not.

Cells have from one to thousands
of mitochondria. Liver cells have
1,000 to 2,000 mitochondria which
take up one fifth of the volume of the
cell. The heart and muscle cells also
have large numbers of mitochondria
which increase in number and effi-
ciency in response to exercise.

The mitochondria have an inner
and an outer membrane. The outer
membrane allows small molecules to
freely pass. The inner membrane is
largely impermeable unless special
transport molecules are used. The in-
ner membrane contains large quanti-
ties of proteins which play a key role
in energy production. The inner mem-
brane contains an unusual phospho-
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lipid, cardiolipin, which helps make
the inner membrane impermeable.
The surface area of the inner mem-
brane is about five times as great as
the outer membrane due to special
structures called cristae. The follow-
ing page contains an image of cristae

The capacity to produce abun-
dant energy is a characteristic
of every healthy cell.

captured from a liver mitochondrion
of arat. (Work done at the Wadsworth
Center’s Resource for Visualization
of Biological Complexity.) Cristae are
tubular projections connected to each
other and to the inner membrane.

Cells that have a greater demand
for energy have mitochondria with
greater numbers of cristae. The cristae
increase the surface area where ener-
gy producing reactions can take place.
The space within the inner membrane
is called the matrix.

COPYRIGHT © 2013 BY JIM MCAFEE. ALL RIGHTS RESERVED.

Volume 9: Issue 1

The mitochondria utilize about
85% of the oxygen consumed by the
cell to generate ATP. Due to this high
oxygen consumption, the mitochon-
dria are an important source of inter-
nally generated free radical oxygen
species which can potentially damage
not only the mitochondria, but also
other parts of the cell.

Two classes of nutrients assume
great importance in the functioning of
the mitochondria. The first is the vi-
tamins and minerals essential for the
generation of energy. The second is a
sufficient antioxidant supply to curtail
potential free radical damage in the
process of this energy production.

Perhaps an illustration can clarify
this. Think of the energy production
of the mitochondria as a fire in a fire-
place. The fuel would be the carbohy-
drates, proteins and fats we consume.
The fire itself would incorporate the
vitamins and minerals involved in the
production of energy.

A fire emits sparks which can
start a fire in the home. This is why
a fireplace has a screen to contain the
sparks. The screen mops up sparks just
as antioxidants inactivate free radicals
generated in the process of energy
production in the mitochondria.
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ENERGY PLUS

The role the mitochondria play in
cellular health goes far beyond that of
energy production. Mitochondria also
play a key role in cellular communi-
cation or signaling.

As cells develop they take on the
characteristics of the tissues to which
they belong. Thus we have cells in the
liver, lung, and muscle. Each of these
cells has unique characteristics. The
development of cells into specific tis-
sue types is called cellular differentia-
tion.

Cellular differentiation requires
healthy mitochondria. Loss of cel-
lular differentiation is a characteristic
of cancer. The weaker the process of
differentiation, the more aggresive a
cancer tends to be.

Another important cellular pro-
cess is apoptosis or cell suicide. Cells
normally commit suicide when they
become damaged to the point where
they can no longer function properly.
Mitochondria are involved in the pro-
cess of apoptosis.

Mitochondria also play a role in
cell growth and cell division. Cell di-
vision is particularly demanding on
the nutritional resources available.
The cell must first accumulate suffi-
cient structural materials in the form
of lipids and amino acids to produce a
new cell for division before replica-
tion can take place.

Cell replication is particularly fre-
quent among the cells which line the
digestive tract and the immune cells
when the body is under attack by in-
vaders. Thus digestive problems or

immune compromise can result from
mitochondrial dysfunction or inad-
equate intake of the nutrients neces-
sary for cellular replication..

MITOCHONDRIAL DNA

The mitochondria contain DNA
just like the nucleus of the cell. Dam-
age to this DNA damages the func-
tioning of the mitochondria. Mutation
of the mitochondrial DNA takes place
at a much higher rate than damage to
chromosomal DNA. Not only is dam-
age to mitochondria more extensive
than damage to chromosomal DNA,
but the damage also persists longer.

Exercise enhances not only pro-
duction of more mitochondria, but
it also activates repair mechanisms
for mitochondria and improves their
health.
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B VITAMINS

The energy produced by the mito-
chondria is stored as ATP. The set of
reactions necessary to produce the en-
ergy is called the citric acid cycle or
the Krebs Cycle many of us became
familiar with in high school biology
class.

The entire vitamin B complex is
essential for the mitochondria to pro-
duce energy. In addition, the B com-
plex factors prevent mitochondrial
toxicity. The B complex factors which
play an important role include B1, B2,
B3, B5, B6, B7 or biotin, folate and
B12.

Thiamine or vitamin Bl is criti-
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cal for energy production in the mito-
chondria. Carbohydrate conversion to
energy is almost impossible without
thiamine.

Deficiency is associated with brain
damage in alcoholics (Wernicke’s en-
cephalopathy). The lack of thiamine
allows glutamate to accumulate in
the brain. Excessive levels of gluta-
mate can kill brain cells. Deficiency
of thiamine is associated with beri-
beri which is characterized by severe
nerve damage.

Rats deprived of riboflavin or vita-
min B2 rapidly lost the ability to burn
fat to produce energy. A key enzyme
in fat utilization was reduced by 35%
within one day and by 75% after 28
days. Riboflavin’s ability to increase
mitochondrial energy efficiency has
led to the suggestion that it be used
as a prophylactic to prevent migraine.
Deficiency can lead to easy fatigabil-
ity and intolerance to exercise.

A recent paper by Sheila Seybolt
suggests reassessing the use of al-
pha lipoic acid and niacinamide (B3)
in therapy for schizophrenia. The
combination of nutrients not only
improves mitochondrial function,
but also increases glutathione levels
which reduces risk of mitochondrial
dysfunction and oxidative damage.
Niacinamide treatment for schizo-
phrenia was advocated and used suc-
cessfully by Abram Hoffer, the father
of orthomolecular psychiatry.

Pellagra, the deficiency disease as-
sociated with insufficient vitamin B3,
is characterized by the four D’s: der-
matitis, diarrhea, dementia, and death.
Marginal deficiencies of the nutrient
can contribute to skin conditions, di-
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gestive difficulty, and

mental deterioration.

Vitamin B5 or pan-
tothenic acid has been
shown to protect the
mitochondria from free
radical oxygen damage
by increasing antioxi-
dant activity (glutathi-
one). Pantothenic acid
increases energy produc-
tion which leads to increased antioxi-
dant protection of the mitochondria.

Vitamin B6 plays a central role
in the conversion of protein, fat and
carbohydrate to energy in the mito-
chondria. Deficiency of the nutrient is
common due to the many vitamin B6
antagonists in the diet and environ-
ment. Deficiency can lead to cracks
at the corner of the mouth, a shiny
tongue, and inflammatory skin condi-
tions. Deficiency can also negatively
impact the nerves leading to irritabil-
ity, depression and confusion.

Vitamin B6 works with folic acid
and vitamin B12 in preventing the
accumulation of homocysteine in the
circulatory system. This compound is
associated with heart disease, partially
due to its ability to severely damage
mitochondria.

One research group concluded
that homocysteine accumulation is a
clear risk factor for damage to the mi-
tochondria as follows: “In summary,
these studies demonstrate that homo-
cysteine alters mitochondrial gene
expression, structure, and function.
In addition, homocysteine and H202
(hydrogen peroxide) act synergistical-
ly to promote mitochondrial damage,
possibly by increasing the susceptibil-
ity of cells to oxidative stress.”

Biotin is involved in a number of
important activities in the mitochon-
dria including glucose utilization.
The nutrient has been shown to ben-
efit diabetics. Biotin is found in few
foods (egg yolk, liver, and cheeses).
It is normally synthesized by bacteria

in the digestive tract, but use of an-
tibiotics can dramatically alter biotin
status. Insufficient biotin can result in
loss of coordination, skin conditions,
tremor, and seizures.
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VITAMIN E &
CAROTENOIDS

High concentrations of vitamin E
are found on the inner membrane of
the mitochondria. Both vitamin E and
internally synthesized coenzyme Q10
are essential for supporting the func-
tions and integrity of mitochondria.
Modest vitamin E supplementation
enhanced CoQ10 levels in mice. Ibra-
him and associates determined that in
rodents vitamin E was a key determi-
nant of CoQ10 status. Unfortunately,
statin medications used to treat heart
disease block the metabolic pathway
involved in synthesis of CoQ10.

The carotenoids are even more
important than vitamin E for preserv-
ing the health and functioning of the
mitochondria. The carotenoid astax-
anthin has been shown to protect the
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mitochondria of vitamin E-deficient
rats. The researchers wrote, “The
inhibitory effect of astaxanthin on
mitochondrial lipid peroxidation is
stronger than that of a-tocopherol....
This inhibitory effect of astaxanthin
being 100 to 500 times stronger than
that of vitamin E.” Chew points out
that other carotenoids such as lutein
and B-carotene have an affinity for the
mitochondria as well.
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ALCOHOL

Alcohol can do serious damage
to the mitochondria. The effects are
most dramatic in the liver where al-
cohol is detoxified. It is damage to the
mitochondria which leads to the liver
disease associated with excessive al-
cohol intake.
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DISEASES

Damage to the mitochondria tends
to lead to damage to tissues with the
highest energy requirements. Since
the brain and nervous tissue have very
high energy requirements, it should
not be surprising that faulty function-
ing of the mitochondria can lead to
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degenerative conditions of the nerve
and brain tissue. Mitochondrial dys-
function has been implicated in Par-
kinson’s disease, Alzheimer’s, ALS,
and Huntington’s disease.

Excess saturated fat in the diet or
simply a deficiency of essential fatty
acids has been suggested as one con-
tributor to mitochondrial dysfunction
in Parkinson’s disease. Excess satu-
rated fat may interfere with the incor-
poration of essential fatty acids in the
mitochondrial membranes leading to
a failure to function properly.

The heart requires enormous quan-
tities of energy to function properly.
Mitochondria play a critical role in
protecting heart function and defects
are associated with heart failure.

Age related deterioration of the
functioning of the mitochondria has
also been associated with the devel-
opment of osteoarthritis.
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MAGNESIUM

Magnesium is probably the most
important cofactor or substrate in-
volved in energy metabolism. It is
involved in literally hundreds of en-
zymatic reactions. Among the earliest
signs of magnesium deficiency are fa-
tigue, lethargy and weakness as ener-
gy production is compromised. Mus-
cle tightness or cramping are common
signs of magnesium deficiency.

Magnesium deficiency compro-
mises the ability of rats to produce
energy within the mitochondria with-
in 4 days and achieves maximum in-
hibition within 8 days. This study also
showed that thyroid hormone which
increases the metabolic rate can com-
promise the functioning of the mito-
chondria of heart tissues. Magnesium
supplementation prevented the dam-
aging effects of thyroid hormone. This
raises the possibility that low thyroid
function might be contributed to by
low magnesium status. The lowered
thyroid function would protect the
heart since the mitochondria would
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not have to work as hard to keep the
heart beating.
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DISCLAIMER

This publication contains the opinions
and ideas of its author. It is intended to pro-
vide helpful and informative material on the
subjects addressed in the publication. It is
provided with the understanding that the au-
thor and publisher are not engaged in render-
ing medical, health, or any other kind of per-
sonal professional services in this newsletter.
The reader should consult his or her medical,
health or other competent professional before
adopting any of the suggestions in this news-
letter or drawing inferences from it.

The author and publisher specifically dis-
claim all responsibility for any liability, loss,
or risk, personal or otherwise, which is in-
curred as a consequence, directly or indirectly,
of use and application of any of the contents of

this newsletter.




