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Introduction

The heart is the most susceptible of
all the organs to premature aging and free
radical oxidative stress.' Clinical research
has clearly documented the role of
oxidative stress and free radical-induced
tissue injury and the progression of nu-
merous degenerative diseases, particularly
cardiovascular disease. This may be the
result of acute ischemia-reperfusion injury,
endothelial damage of hyperhomo-
cysteinemia, as well as chronic oxidative
damage secondary to lipid peroxidation.**

Coenzyme Q10: History and Development
Coenzyme Q10, a lipid soluble ben-
zoquinone, has been demonstrated to
possess excellent antioxidant and mem-
brane stabilizing properties in the cardiac
tissues’. Coenzyme Q10 was first isolated
in pure form by Professor F. L. Crane
and his group at the University of Wis-
consin in 1957.¢ The well known medici-
nal chemist Dr. Karl Folkers re-isolated
coenzyme Q10 from beef muscle, char-
acterized and elucidated its structure, and
synthesized the pure compound by fer-
mentation.”® He further demonstrated
that this compound is no way less than
an essential vitamin supplement for the
maintenance of cardiovascular and immu-
nological health.”” In 1960, Dr. Folkers
hypothesized that Coenzyme Q10 was
essential to the body’s production of en-
ergy in the form of adenosine triphos-
phate (ATP ).”® Furthermore, Dr. Folkers
established his hypothesis that all vita-
mins as well as Coenzyme Q10 are com-
ponents of the enzyme or antioxidant
complexes involved in respiration and are
absolutely essential for human life.®
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Coenzyme Q10 has been used as nu-
tritional supplements for humans in Japan
since the mid-1960s to treat cardiovascu-
lar dysfunctions. Their results were over-
whelming positive. It is now distributed
in Japan under the name of “ubide-
carenone,” and has become one of the top
six pharmaceuticals consumed in Japan.
Today, a large fraction of Japanese include
Coenzyme Q10 in their nutritional regi-
men. Later, Coenzyme Q10 was intro-
duced in the United States as a nutritional
supplement.

Coenzyme Q10: Occurrence and Chem-
istry

Coenzyme Q10 is a naturally occur-
ring nutrient which occurs in beef mus-
cle, beef heart and eggs.'® Unfortunately,
these items are also high in cholesterol
and saturated fat. Coenzyme Q10 occurs
in lesser quantities in spinach, grains,
beans and specific oils. With aging, the
body loses its ability to assimilate and syn-
thesize sufficient Coenzyme Q10 from
foods. Since, the supplementation of
Coenzyme Q10is usually inadequate from
natural sources, researchers and doctors
recommend Coenzyme Q10 as the pre-
ferred source of supplementation.
Bliznakov has demonstrated® that aged
mice exhibit an abnormally low content
of Coenzyme Q10 in the thymus and the
size of the thymus is abnormally small.
However, with Coenzyme Q10 supple-
mentation, the shrinking of the thymus
was reduced and the average lifespan of
the mice was significantly extended.”®
Folkers ez al”® studied eight aging patients
under treatment with Coenzyme Q10 for
heart and blood vessel disease, diabetes and
cancer. The study revealed that after the
patients received Coenzyme Q10, seven of
the eight showed an elevated increase in
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antibody levels.” Similar findings were dem-
onstrated by the researchers of the Osaka
University Medical School, Japan.”"" Fur-
thermore, it has been demonstrated by
Scientists that people afflicted with can-
cer and heart disease have an alarmingly
low supply of Coenzyme Q10.5" Thus, it
is very important to supplement Co-
enzyme Q10. In an article published by
the Linus Pauling Institute of Science and
Medicine, it has been stated that supple-
mentation of Coenzyme Q10 strengthens
the heart, even without exercise; normal-
izes blood pressure; elevates energy levels,
and contributes to life extension. Other
studies have indicated that supplementa-
tion of Coenzyme Q10 can replenish de-
pleted Coenzyme Q10 stores, increase
stamina and energy, and heighten the ef-
fectiveness of the immune system.

Coenzyme Q10: Bioavailability and
Health Benefits

The human body is made of trillions of
cells. Each individual cell performs various
vital biochemical functions of the body.
Thus, without the production of energy at
the cellular level, life cannot exist. Coenzyme
Q10 acts as the catalyst that allows the body
to produce energy at the cellular level. This
energy enhances the immune system, the
body’s primary line of defense against dis-
ease. Without adequate enhancement, the
immune system can no longer prevent ill-
ness. Coenzyme Q10, also known as ubiq-
uinone, is a naturally occurring substance
that is essential component of the mitochon-
drial respiratory chain where aerobic energy
is produced.>® It is an important regulator of
the cardiovascular system. Nutritional re-
searchers describe coenzyme Q10 as a re-
storative for homeostasis in the heart and
blood vessels.”"!

Coenzyme Q10 is indispensable to bio-
chemical mechanisms of bioenergetics, and
it has a specific role as an antioxidant,™"
Coenzyme Q10 has demonstrated a
hematological activity for the human and
has shown an influence on the host defense

system. Coenzyme Q10 potentiates trans-
plasma membrane electron transport system
which influences healthy tissue regeneration,
cell growth and viability.'>* The human spe-
cies is not genetically adapted to survive past
middle age, and it appears that supplemen-
tation of Coenzyme Q10 and other antioxi-
dants is required to ensure a more healthy,
elderly population.*"" Coenzyme Q10 has
been identified to have a profound benefi-
cial effects in the following areas.*"

1) Acts as a novel antioxidant

2) Enhances stamina, endurance and en-
ergy levels

3) Helps to reduce body weight

4) Normalizes blood pressure

5) Attenuates immune function

6) Protects against cardiovascular dysfunc-
tion

7) Reverses periodontal disease

8) Increases effectiveness of various chemo-
therapeutic agents and anti-malarial drugs

Coenzyme Q10: Recent Clinical Obser-
vations

The cardioprotective abilities of
Coenzyme Q10 have been extensively
documented. Furthermore, the following
data and knowledge have recently been
gathered from biochemical, biomedical
and clinical research on Coenzyme Q10:

Coenzyme Q10 Supplementation Protects
Lipoprotein Lipids, and Induces Energy
Conserving and Free Radical Scavenging
Properties in Humans.'*"

Coenzyme Q10 supplementation to 22
human volunteers resulted in a higher
plasma level of reduced Coenzyme Q10,
significant decrease in hydroperoxide level
and a decreased lipid peroxidation level,
but sparing of other plasma antioxidants
(i.e. vitamin C and vitamin E) was not
observed. Coenzyme Q10 has been shown
to protect lipoprotein lipids against free
radical-induced oxidative damage. Low
density lipoproteins (LDL) isolated from
Coenzyme Q10 supplemented volunteers
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are more resistant to oxidative damage in-
duced by free radicals. Coenzyme Q10 has
been demonstrated to protect isolated en-
zymes and erythrocyte membrane bound
enzymes from the inactivating effect of free
radicals. Following Coenzyme Q10 sup-
plementation, all the three LDL
subfractions namely LDL; LDL, and
LDL;, had significantly increased
Coenzyme Q10 levels. Thus, Coenzyme
Q10 endowment in the subfractions of
LDL affects their oxidizability, and have
important implications for the treatment
of diseases. Coenzyme Q10 has also been
demonstrated to protect very low density li-
poprotein (VLDL) against free radical in-
duced injury. These data have important im-
plications for the development of new strat-
egies for daily supplementation of Coenzyme
Q10 for the amelioration of the energy de-
cline that occurs in mitochondrial disease and
during the human aging process.

Breast Cancer and Regression of Metastases
with Coenzyme Q10 Therapy':
Coenzyme Q10 has been shown to overt
complete regression of the tumors in five
cases of breast cancer. Conventional pro-
tocol of this therapy included a daily oral
dosage of 390 mg of Coenzyme Q10 dur-
ing the complete trials over 3-5 years. The
numerous metastases in the liver of a 44-
year-old patient disappeared and no signs
of metastases were found elsewhere follow-
ing treatment with Coenzyme Q10. A 49-
year-old patient, on a dosage of 390 mg
of Coenzyme Q10, revealed no signs of
tumor in the pleural cavity after six
months, and her condition was excellent.
A 75-year-old patient with carcinoma on
one breast, after lumpectomy and 390 mg
of Coenzyme Q10 therapy, showed no
cancer in the tumor bed or metastases.

Muscular Dystrophies and Neurogenic
Atrophies with Coenzyme QI0
Therapy'”'®

Clinical trials were conducted with 27
patients, ranging from 7-69 years of age,
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having diseases including the Duchenne,
Becker, and the limb-girdle dystrophies,
myotonic dystrophy, Charcot-Marie-
Tooth disease, and the Welander disease.
Since cardiac disease is established to be
associated with these muscle diseases, car-
diac function was blindly monitored.
Coenzyme Q10 was shown to definitely
improve the physical performance of these
patients. In retrospect, a dosage of 100 mg
was too low, although effective and safe.
Clinicians recommended that patients suf-
fering from these muscle dystrophies and
the like should be treated with Coenzyme
Q10 indefinitely. Coenzyme Q10 was also
found to be therapeutically beneficial in
the improvement in soleus muscle func-
tion in animals.

Retinal Degeneration and Coenzyme Q10
Supplementation'

Coenzyme Q10 can improve mito-
chondrial functionality in the brain and
skeletal muscle of patients with retinitis
pigmentosa (retinal degeneration disease).
Oral supplementation of Coenzyme Q10
(100 mg/day) to the patients with retini-
tis pigmentosa resulted in a larger brain
energy reserve capacity.

Human Seminal Fluid and Coenzyme
Q10 Therapy®

Clinical data suggest a pathophysi-
ological role of Coenzyme Q10 in human
seminal fluid and a molecular defect in the
spermatozoa of varicocele or infertile pa-
tients. Coenzyme Q10 measurement in
seminal fluid may represent an important
examination in infertile patients.
Coenzyme Q10 supplementation has been
suggested as a possible treatment of
dyspermic patients.

The Activities of Coenzyme Q10 on Im-
mune Response"?

The blood levels of IgG and T4
lymphocytes increased significantly follow-
ing supplementation of Coenzyme Q10
and vitamin B¢ to humans. Increases of
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IgG and Tslymphocytes levels indicate
boosting of the immune system. The in-
creasing ratios of T4/Ts lymphocytes in the
human following treatment with
Coenzyme Q10 constitute a rationale for
new clinical trials on treating patients with
AIDS, ARC and diverse malignancies with
Coenzyme Q10

These findings definitely warrant the
importance of daily supplementation of
Coenzyme Q10 to humans, which has a
broad spectrum of nutritional and thera-
peutic potential.

Coenzyme Q10: New Findings

The major target of free radicals in-
clude lipids, proteins and biological mac-
romolecules, antioxidant enzymes and
DNA. Since various cardiac disorders are
associated with oxidative stress, we have
recently evaluated” ethanol-induced
oxidative stress and DNA damage in cul-
tured cardiac cells 772 vitro, and determined
the protective ability of Coenzyme Q10.
In a recent study, we have isolated and cul-
tured cardiac cells from fertile chicken
eggs, and assessed the concentration-de-
pendent cardioprotective ability of
Coenzyme Q10 in ethanol-induced en-
hanced lipid peroxidation and DNA dam-
age in cultured cardiac cells. Lipid
peroxidation was determined based on the
formation of thiobarbituric acid reactive
substances (TBARS), while DNA damage
was determined by quantitating DNA
fragmentation. Ethanol-induced enhanced
production of free radicals including
superoxide anion and hydroxyl radicals,
were determined by cytochrome c reduc-
tion and HPLC assay, and the protective
ability of Coenzyme Q10 was assessed.
Furthermore, ethanol-induced changes in
cell morphology and modulation of intra-
cellular oxidized states in cultured cardiac
cells were measured by laser scanning
confocal microscopy. DNA fragmentation
and laser scanning confocal microscopic
techniques have recently been considered
as markers of apoptopic cell death. Our
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results indicate that Coenzyme Q10 can
significantly ameliorate ethanol-induced
oxidative stress and pathophysiology in
cultured cardiac cells.

In a separate series of experiment, we
have assessed the in vivo cardioprotective
ability of Coenzyme Q10.%Since ischemia
and reperfusion are associated with the
development of oxidative stress and lipid
peroxidation, and free radical scavengers/
antioxidants have been shown to be ben-
eficial for ischemic myocardium, we hy-
pothesized that stimulation of Coenzyme
Q10 may protect hearts from ischemia-
reperfusion injury. To test this hypothesis,
a group of adult pigs were fed Coenzyme
Q10-supplemented diet for four weeks,
while another group of pigs were fed regu-
lar diets for the same period of time. Not-
mothermic regional ischemia was induced
for 60 minutes by LAD occlusion followed
by 60 minutes of reperfusion. The effects
of Coenzyme Q10 were evaluated by meas-
uring left ventricular functions and creat-
ine kinase (CK) and malondialdehyde
(MDA) releases as well as by assessing the
infarct size. Coenzyme Q10 improved the
systolic and diastolic function in the
postischemic hearts and reduced CK and
MDA release suggesting lowering of tis-
sue injury and oxidative stress. Infarct size
of the LAD region was also reduced by
Coenzyme Q10 supplementation. Meas-
urement of Coenzyme Q10 in hearts re-
vealed an increased amount of Coenzyme
Q10 in mitochondria in the Coenzyme
Q10-supplemented animals compared to
that of control. The results of this study
demonstrated an increased amount of
Coenzyme Q10 in mitochondria in the
Coenzyme Q10-supplemented animal
in concert with reduced formation of
malondialdehyde, a presumptive bio-
marker for lipid peroxidation, and im-
proved post-ischemic ventricular recovery.
Thus, Coenzyme Q10 salvaged the pig
hearts from ischemia reperfusion injury by
reducing the oxidative stress. Furthermore,
Coenzyme Q10 supplementation has been
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demonstrated to upregulate ubiquitin gene
expression in the cardiac tissues of
Coenzyme Q10-supplemented animals.
The size of the three different transcripts
are UbA 1.3 kb, UbB 2.5 kb and UbC 3.5
kb. Upregulation of ubiquitin gene expres-
sion in the hearts of Coenzyme Q10-sup-
plemented animals definitely predicts a
superior cardioprotection through
Coenzyme Q10 supplementation.

Coenzyme Q10: Mechanism of Cytopro-
tection

Coenzyme Q10 possesses antioxidant
and as well as excellent membrane stabi-
lizing properties.” Through its antioxidant
capacity, Coenzyme Q10 would act as an
oxygen radical scavenger whenever oxygen
free radicals are generated. In addition,
exogenous Coenzyme Q10 has been
shown to be inhibitory to the cellular
phospholipases responsible for degrading
cell membranes.'" Exogenous administra-
tion of Coenzyme Q10 has been shown
to be a potent blocker of lipid perox-
idation.” Coenzyme Q10 is a potent anti-
oxidant and in its reduced form,
ubiquinol, acts as a free radical scavengers.

Bioenergetic mechanisms have estab-
lished that heart failure is caused by pre-
dominant deficiency or systemic dysfunc-
tions of Coenzyme Q10. It can also en-
hance cardiac functional recovery by re-
ducing intracellular Ca** overloading,” It
has been reported that Coenzyme Q10
therapy reverses the myocardial Coenzyme
Q10 deficiency in patients with ischemic
heart disease.?® Evidence also exists that
myocardial Coenzyme Q10 is deficient in
patients with congestive heart failure and
that the supplementation of Coenzyme
Q10 benefits such patients.”” In a recent
study, Weber ez 2/* demonstrated that fol-
lowing a supplementation of Coenzyme
Q10 for one week the total amount of
plasma Coenzyme Q10 increased signifi-
cantly while the redox status (reduced
CoQ10/total CoQ10) remained constant.
The levels of lipid peroxidation decreased
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significantly during the first two weeks of
Coenzyme Q10 administration. The de-
crease of lipid peroxidation and the pres-
ence of the majority of the orally supple-
mented Coenzyme Q10 in the reduced
form in plasma seem to strengthen the
antioxidant role of Coenzyme Q10 in
blood plasma.? Two different mechanisms
of Coenzyme Q10 antioxidant function
are known to exist:

1. It may act independently as chain-
breaking antioxidants, providing hydro-
gen atoms to reduce peroxyl and/or
alkoxyl radicals; and/or

2. A redox interaction may exist between
Coenzyme Q10 and another lipid soluble
antioxidant such as alpha-tocopherol, in
its one-electron oxidized form, vitamin E
phenoxyl radical.

It has now been widely recognized that
Coenzyme Q10 (ubiquinone), in addition
to its function as a component of the res-
piratory chain, acts in its reduced form
(ubiquinol) as an antioxidant. It has been
demonstrated that ubiquinol is the only
known lipid soluble antioxidant that is
synthesized de novo in living cells and for
which there exist enzymic mechanisms by
which it can be maintained in the reduced
state. Ubiquinone, partly in the reduced
form, has been shown to occur in various
types of cellular membranes as well as in
low-density lipoprotein. Ubiquinol has
been shown to protect membrane
phospholipids and low-density lipoprotein
(LDL) and very low-density lipoprotein
(VLDL) from lipid peroxidation.”
Ubiquinol is also known to potentiate the
effect of vitamin E by regenerating vita-
min E from its oxidized form.* Exogenous
Coenzyme Q10 has been shown to be in-
hibitory to the cellular phospholipase re-
sponsible for degrading cell membranes.
In studies with beef heart submitochon-
drial fractions it has been demonstrated
that endogenous ubiquinol prevents lipid
peroxidation induced by ascorbate and
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ADP-Fe*, and that this effect is independ-
ent of the presence of vitamin E.*' Supple-
mentation of Coenzyme Q10 has been
shown to be a potent blocker of lipid
peroxidation in biological systems.??!
Coenzyme Q10 is thus a potent antioxi-
dant and in its reduced form, ubiquinol,
acts as a free radical scavenger®!!.

In mitochondria, Coenzyme Q10 acts
as a mobile distributor of reducing equiva-
lents between the NADH dehydrogenase,
succinate dehydrogenase, and cytochrome
b-c1 segment of the electron transport chain
and as participants of the proton motive Q
cycle responsible for the transfer of protons
across the coupling membrane.5!?

Conclusion

These findings indicate a close rela-
tionship between oxidative tissue injury,
lipid peroxidation and modulation of in-
tegral membrane proteins in the mito-
chondrial inner membrane, and an im-
portant role of endogenous ubiquinol in
attenuating these effects. The physiologi-
cal implications of these results may not
necessarily be restricted to the inner mi-
tochondrial membrane, because it is well
established that protein modification ac-
companying lipid peroxidation and DNA
damage can also occur in other biologi-
cal membranes and cellular sites, as well
as in serum low density lipoprotein
(LDL), and that ubiquinol is present in
all of these locations and serve as a po-
tent antioxidant.

Thus, Coenzyme Q10 has been iden-
tified as a novel antioxidant and a “mira-
cle” nutrient. Because of its ability to boost
the human immune system, extensive re-
search continues apace in the fields of myo-
cardial ischemia-reperfusion injury, con-
gestive heart failure, diabetes, transplant
surgeries, coronary angioplasty, muscular
dystrophies and neurogenic atrophies, reti-
nal degeneration, treatment of dyspermic
patients, breast cancer and regression of
metastases, AIDS and immune system.
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