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Coenzyme Q10: a progress towards the treatment of neurodegenerative
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SUMMARY
Coenzyme Q (CoQ , or ubiquinone) is an electron carrier of the mitochondrial respiratory chain
(electron transport chain) with antioxidant properties. In view of the involvement of CoQ in
oxidative phosphorylation and cellular antioxidant protection a deficiency in this quinone would
be expected to contribute to disease pathophysiology by causing a failure in energy metabolism
and antioxidant status. Indeed, a deficit in CoQ status has been determined in a number of
neuromuscular and neurodegenerative disorders. Primary disorders of CoQ biosynthesis are
potentially treatable conditions and therefore a high degree of clinical awareness about this
condition is essential. A secondary loss of CoQ status following HMG-CoA reductase inhibitor
(statins) treatment has been implicated in the pathophysiology of the myotoxicity associated with
this pharmacotherapy. CoQ and its analogue, idebenone, have been widely used in the treatment of
neurodegenerative and neuromuscular disorders. These compounds could potentially play a role
in the treatment of mitochondrial disorders, Parkinson’s disease, Huntington’s disease, amyotrophic
lateral sclerosis, Friedreich’s ataxia, and other conditions which have been linked to mitochondrial
dysfunction. This article reviews the physiological roles of CoQ , as well as the rationale and the
role in clinical practice of CoQ supplementation in different neurological diseases, from primary
CoQ deficiency to neurodegenerative disorders. These will help in future for treatment of
patients suffering from neurodegenerative disease.
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INTRODUCTION

coenzyme Q10 (CoQ10), is an essential cofactor
involved in mitochondrial oxidative phosphorylation
as well as a potent antioxidant. Strong evidence
has now emerged supporting the role of oxidative
stress and defective energy metabolism in the
pathogenesis of many neurodegenerative disorders,
such as Parkinson’s disease (PD), Huntington’s
disease (HD), and Alzheimer disease (AD). There
is, therefore, a robust scientific rationale for testing

Over the past decade, interest in the roles of
nutritional supplements in neurodegenerative
disease has intensified. One of these supplements,
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this agent as a potential neuroprotective therapy.
Levels of CoQ10 in the brain and other tissues in
humans and animals have been shown to decline
with age, further suggesting a potential therapeutic
role in age-related neurodegenerative disorders.
Moreover, the substantia nigra, in which cell death
results in the disabling motor symptoms of PD, has
the lowest CoQ10 content within the brain. In light
of these findings, in recent years a series of clinical
trials have been undertaken in order to test CoQ10
effects in neurodegenerative disease. Here we review
the most important clinical trials in neurodegenerative disease, their scientific underpinnings,
and their implications for the future of treatment of
patients suffering from neurodegenerative disease.
The Coenzyme Q10 (2,3-dimethoxy-5-methyl-6decaprenil-1,4-benzoquinone) is a liposoluble substance
also known as CoQ10, vitamin Q10, ubidecarenone
or ubiquinone (Figure 1) (Bonakdar et al., 2005;
Schoepp et al., 1999; Pepping et al., 1999). The name
of this supplement comes from the word ubiquitous,
which means “found everywhere.” Indeed, CoQ 10
is found in every cell in the body. It exists in nature
and in the body in two forms: the oxidized form,
called ubiquinone, and the reduced form which is
named ubiquinol. CoQ10 is an essential carrier for
the electron transfer in the mitochondrial respiratory
chain for the synthesis of ATP, and its reduced form
(ubiquinol) acts as an important antioxidant in the
body. Through these functions, CoQ10 supplementation
has beneficial effects in humans for the maintenance
of good health.
Coenzyme Q10 (CoQ10) was first isolated from
bovine heart mitochondria in 1957 by Crane et al.
and his colleagues and the identification of its
chemical structure by Folkers et al. in 1958, it has
been extensively studied for its key role in cellular
energy production, it is involved in the transport of
electrons and protons and in the synthesis of ATP
in the mitochondrial membrane - and acts as an
antioxidant scavenger of free radicals (Kitano et al.
2006; Shinde et al., 2005; Hughes et al., 2002; Nohl et
al., 2001). In 1978, British scientist Peter Mitchell

received a Nobel Prize for his hypothesis about the
role of coenzyme Q10 and the transfer of energy in
the mitochondria.
Meat, poultry and fish are the richest sources of
CoQ10, and the daily intake of these foods provides
between 2 to 20 mg, which does not significantly
increase the levels of CoQ10 in blood and tissues.
Small amounts are found in cereals, soybeans, nuts
and vegetables, particularly spinach and broccoli
(Kitano et al., 2006; Mason et al., 2005). The absorption
of CoQ10 from the diet (or supplements) occurs in
the small intestine and is influenced by the presence
of food and beverages. It is better absorbed in the
presence of foods rich in lipids. After being absorbed,
the CoQ10 is transported to the liver where it is
incorporated into lipoproteins and concentrated in
tissues (Mason et al., 2005).
CoQ10 is produced from tyrosine in all cells of
the body, but especially in the heart, liver, kidney
and pancreas, where it begins its essential role in
intracellular energy production. As all cellular
activities depend on energy, CoQ10 is essential for
the health of all organs and tissues (Ernster et al.,
1995). Several cofactors are involved in its synthesis,
including vitamin B2, vitamin B6, folic acid, vitamin
B12, niacin, panthotenic acid and vitamin C. The
concentration of CoQ10 in human tissues reaches its
peak at the age of twenty years, after which it
progressively decreases. Because CoQ10 is not
classified as a vitamin or mineral, no dietary
reference value or established daily recommended
levels are available. However, some signs and
symptoms are associated with a lack of CoQ10, such
as congestive heart failure, ischemic heart disease,
cardiomyopathy, hypertension, hyperthyroidism
and breast cancer (Quinzii et al., 2007ª). However, it
is unclear whether the lack of CoQ10 contributes to
the development of these diseases or is caused by
the diseases.The deficiency may occur as a result of
low ingestion or inadequate production caused by
aging or due to deficiency of the nutrients needed
for its synthesis. Genetic or acquired defects in its
synthesis or metabolism, and interactions with
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medications such as β-blockers, hydrochlorothiazide, methyldopa, statin and tricyclic antidepressants may also reduce levels of CoQ10 (Quinzii
b
et al., 2007 ).

CLINICAL ASPECTS OF COENZYME Q10
The fundamental role of CoQ10 in mitochondrial
bioenergetics and its well-acknowledged antioxidant
properties constitute the basis for its clinical
applications, although some of its effects may be
related to a gene induction mechanism.Studies
have found that among Co Q10’s benefits is a
beneficial effect regarding migraine headaches.
(Rozen et al., 2002; Sandor et al., 2005). One research
study concluded that coenzyme Q10 has the
potential in hypertensive patients to lower systolic
blood pressure and diastolic blood pressure without
significant side-effects. (Rosenfeldt et al., 2007).
Longer lifespans were noted in rats and
roundworms following CoQ10 supplementation
(Coles et al., 1996; Ishii et al., 2004; Quiles et al.,2004).
Co Q10 benefits in rats were also shown in a 2002
study to include the reduction of radiation damage
in the blood. ( Koryagin et al., 2002). A 2010 study
noted CoQ10’s role in improving circulatory system
function, as well as CoQ10’s role in mitigating
headache symptoms. ( Littarru et al., 2010). In a
2010 Swedish study, mice treated with CoQ10
showed a significantly prolonged swim times,
suggesting that CoQ10 improves physical endurance,
as well as has an anti-fatigue effect.(Fu et al., 2010).
A 2010 Italian study found that there was a deficit
in CoQ10 status in a number of neuromuscular and
neurodegenerative disorders. (Mancuso et al., 2010).
In a 2009 study out of Belgium, major depression
was found to be accompanied by a lowered
antioxidant status. Accordingly, plasma CoQ10 was
significantly lower in depressed patients than in
normal controls. The study concluded that lower
CoQ10 plays a role in the pathophysiology of depression
and stated that it is suggested that depressed
patients may benefit from CoQ10 supplementation.
(Maes et al., 2009). CoQ10’s potential neuro-protective
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effects were found in studies of toxicity of nerve
cells and neurodegenerative disorders. (Spindler et
al., 2009). A Japanese study suggested that CoQ10
protected the skin against oxidative stress and
enhanced the production of components of the
epidermal basement membrane.(Muta-Takada et
al., 2009). In one study, heart failure patients used
50 to 150 milligrams of CoQ10 daily for three
months. Following this period, 80 percent of the
subjects were found to have some type of improvement. (Langsjoen et al., 1993). The results of a 2010
study where subjects used CoQ10 supplementation
showed some performance enhancing effects
(Gokbel et al., 2010).

IMPORTANCE FOR HEALTH
Energy Production
It is well established that CoQ10 is essential for
cellular energy conversion and ATP production in
all cells of the body. Therefore it plays a crucial
physiological role in maintaining good health.
ATP is a high energy phosphate substance
necessary to fuel all cellular functions. The major
part of ATP production occurs in the inner
membrane of mitochondria, where CoQ10 is
located as a vital electron and proton carrier in
the mitochondrial electron transport. CoQ10
supports ATP synthesis in the mitochondrial
inner membrane and stabilises cell membranes,
thus preserving cellular integrity and function
(Dutton et al., 2000; Crane et al., 2001).
Energy And Sporting Activity
CoQ10 is reported to be effective in sporting activity
by improving the physical work capacity (especially,
in aerobic exercise) through activation of energy
supply and favourable effects on lipid metabolism,
and also through its anti-oxidative muscle-protective
action.
Antioxidant Function
It is well established that CoQ10 acts in its reduced
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form (ubiquinol) as an antioxidant. Ubiquinol
represents more than 80% of the total CoQ10 pool in
human plasma and is an important antioxidant in
plasma lipoproteins. Ubiquinol inhibits protein
and lipid oxidation in cell membranes, and it
prevents the initiation of lipid peroxidation,
oxidative injury to DNA and other molecules
(Crane et al., 2001; Thomas et al., 2000). CoQ10 acts
as an antioxidant through several mechanisms
which essentially fall into two categories: direct
reaction with free radicals and regeneration of the
active form of vitamin E by reducing the alphatocopheryl radical (Quinn et al., 1999; Arroyo et al.,
2000). Peroxidation of plasma lipoproteins, namely
LDL, is known to play an important role in the
formation of foam cells and in the development of
the atherosclerotic process. Studies in the last
decade have demonstrated that the content of
CoQ10 in human LDL affords some protection against
the oxidative modifications of LDL themselves,
thereby lowering their atherogenic potency (Stocker
et al. 1991) Studies on isolated serum lipoproteins
point out that CoQ10 is the most reactive antioxidant in
these particles and protects them from oxidative
damage.
CoQ10 As Anti-Aging
The property of CoQ10 to act both as a pro-oxidant
and an antioxidant suggests that it may also be a
modulator of cellular redox state under physiological
or pathological conditions, and particularly, could
play a role in the aging process (Sohal et al., 2007).
During aging, pro-oxidant changes in cellular
redox status take place, with a consequent increase
of oxidative damage in molecules (Sohal et al., 2004).
This hypothesis refers to the imbalance between
the generation of pro-oxidant and antioxidant
defense, and the level of oxidative stress that
increases during aging; the mitochondria play a
critical role in this homeostatic disturbance (Sohal
et al., 1994). The elevation of the stress or oxidative
damage due to increased production of O2/H2O2,
and the decline in mitochondrial ability to synthesize

ATP, reduces the functional capacity of several
physiological systems (Sohal et al., 2007). There is a
hypothesis that CoQ10 is involved in these agerelated changes because it is a carrier of electrons
and is, therefore, involved in the oxidative phosphorylation system as a generator and sequester of
reactive oxygen species (ROS).
The results of several studies in the literature on
age-related changes in levels of CoQ10 do not
support the existence of a common trend. Kalen,
Appelkvist and Dallner (1989) reported loss in
CoQ10 content (related to age) in human tissue
homogenates. (Beyer et al., 1985) studied age-related
changes in the levels of CoQ10 in several tissues and
found no differences in homogenates of brain and
lung of rats. However, there was an increase in the
liver and a decrease in heart, kidney and skeletal
muscles. The differences between the studies may
be due to age of animals or the procedures used for
extraction and quantification of CoQ10, or, differences
between species, lines or diets. (Matthews et al.,
a
1998 ) showed that the intake of CoQ10 by rats with
twelve or twenty-four months of age increased its
content in brain mitochondria and had a
neuroprotective effect against acid 3-nitropropionic
(3-NPA). Several studies in young rats have shown
that administration of CoQ10 by feeding caused an
increase in the quantity of CoQ10 in plasma and
homogenates and mitochondria of liver, heart and
skeletal muscle (Kwong et al., 2002; Kamzalov et al.,
2003; Rebrin et al., 2004).
Heart And Cardiovascular Health
Coenzyme Q10 helps to maintain a healthy cardiovascular system. There is evidence of CoQ10 deficiency
in hypertension, heart failure and in statin-treated
hypercholesterolemic individuals.
Blood pressure
Blood pressure is a well-established biomarker for
heart health. A meta-analysis of 12 clinical trials of
CoQ10 for hypertension has shown that CoQ10 is
effective in lowering systolic blood pressure by up
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to 17 mm Hg and diastolic blood pressure by up to
10 mm Hg without significant adverse events
(Rosenfeldt et al., 2007).
Heart function
There is substantial evidence that heart function is
improved by the supplementation of CoQ10
(Langsjoen et al., 1999; Baggio et al., 1994). A metaanalysis of the use of CoQ10 (60 - 200 mg/day) in
randomised clinical trials in people with congestive
heart failure showed a significant and clinically
relevant improvement in various parameters of
heart function (Soja et al., 1997). A comprehensive
review of the use of CoQ10 (50-200 mg/day for 1-12
months) in cardiovascular indications showed that
the adjuvant supplementation with CoQ10 in people
with chronic heart failure should be recommended
(Tran et al., 2001).
Statins
Statins (HMG Co-A reductase inhibitors; cholesterol
lowering drugs) may decrease body CoQ10 levels
below the threshold that is required for numerous
cellular processes. The depletion of CoQ10 is dose
related and could be particularly important in the
elderly where CoQ10 levels are generally low, but
also in those with pre-existing heart failure. Statininduced CoQ10 deficiency is completely preventable
with supplemental CoQ10, with no adverse impact
on the cholesterol lowering or the anti-inflammatory
properties of the statin drugs (Langsjoen et al., 2003).

COENZYME Q10 AND
NEURODEGENERATIVE DISORDERS
The brain needs high energy and oxygen consumption
(Floyd et al., 1999). As a result, it is also replete with
readily oxidized amino acids and unsaturated fatty
acids, with the easy production of free radicals
(Murata et al., 2008). This makes the brain vulnerable
to oxidative damage, and several recent articles
suggest that oxidative stress plays a major role in
the onset of neurodegenerative diseases related to
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aging.
The key role of CoQ10 in oxidative phosphorylation
emphasizes its importance in the metabolism of
neurons, given the constant and high energy demand
of these cells. The nervous system is exposed to
oxidative stress, and this may emphasize the role
of CoQ10 in the central nervous system (Littarru et
al., 2006). From clinical and pre-clinical studies, it is
clear that oxidative stress and its consequences oxidative damage in lipids, proteins, nucleic acids,
may be the cause, or at least a contributory factor,
of a large number of neurodegenerative diseases
(Coyle et al., 1993; Beal et al., 2005). The
neurodegenerative diseases include common and
debilitating disorders, and are characterized by
progressive and irreversible loss of neurons in
specific regions of the brain. The most common
neurodegenerative disorders are Parkinson’s disease
and Huntington’s disease, where the loss of neurons
in the basal ganglia structures results in changes in
the control of movement; Alzheimer's disease, in
which the loss of neurons in the hippocampus and
the cortex leads to deficiency in memory and cognitive
capacity; and amyotrophic lateral sclerosis, in which
muscle weakness results from the degeneration of
motor, bulbar and cortical neurons (Littarru et al.,
2006).
In several animal models of neurodegenerative
diseases including amyotrophic lateral sclerosis,
Huntington’s disease and Parkinson’s disease, CoQ10
has a beneficial effect, reducing the progression of
disease (Shults et al., 2002; Kwong et al., 2002;
Ferrante et al., 2002; Somayajulu et al., 2005). (Beal et
al., 1994) injected malonic acid in striatum of
laboratory animals, and found that this procedure
induced depletion of ATP and an increase in lactic
acid. The administration of CoQ10 in animals was
able to mitigate the depletion of ATP induced by
malonate while minimizing the increase in
concentrations of lactate.Beal and Matthews also
examined whether CoQ10 can exert antioxidant
effects in brain tissue. They demonstrated that oral
supplementation with CoQ10 (200 mg/kg/day) for
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one month significantly protected against the
increase in the 2.5-dihydroxybenzoic acid (DHBA)
induced by malonate. The DHBA is a biochemical
marker for the generation of potent oxidative species
such as hydroxyl radicals. These data indicate that
experimentally-induced lesion, as well as the changes
caused by oxidative stress, can be neutralized by
oral administration of CoQ10 in animals. It is well
known that the administration of CoQ10 in young
rats leads to a significant increase of CoQ10 in
plasma and the liver (Zhang et al., 1995; Beal et al.,
a
a
1997 ). (Beal et al., 1999 ) found no increased
concentrations of CoQ10 in the brain of young
animals supplemented with CoQ10 and this could
be due to saturation of the membrane by CoQ10 in
animals of this age. Furthermore, we know that
aging in rats and humans leads to a decrease of
CoQ10 in several tissues, including the brain (Beyer
et al., 1985; Kallen et al., 1989). Indeed, (Matthews et
a
al., 1998 ) conducted a study with supplementation
of CoQ10 in twelve-month-old rats and showed an
increase in CoQ9 and CoQ10 in cerebral cortex. The
extent of the increase (30 - 40%) almost restored the
levels to those found in young animals.
Parkinson’s disease
First described by James Parkinson in 1817,
Parkinson’s disease (PD) is a progressive neurological
disorder characterized clinically by tremor, muscle
rigidity, slowness and lack of movement and a
disability of postural balance that leads to changes
in gait and fall. It is one of the most common
neurological conditions the cause of which remains
unknown. The prevalence of PD is approximately
0.3% of the population and of these, 1% is over 60
years of age. The incidence rate is 150 - 200 per
100,000 persons per year, although this is increasing
(de Lau et al., 2006).
The main histopathological feature of PD is the
selective loss of dopaminergic neurons of the
substantia nigra in the central nervous system
(Dawson et al., 2003). The tyrosine hydroxylase, a
key enzyme for the synthesis of dopamine, is also

deficient. From a biochemical point of view it is
known that the activity of mitochondrial complex I
is selectively reduced in the substantia nigra of PD
patients (Parker et al., 1998; Schapira et al., 1990).
This defect can cause a “leakage” of electrons from
mitochondria, leading to an accumulation of ROS
(Reactive Oxygen-Derived Species) that damages
proteins, lipids and nucleic acids (Jenner et al.,
2003). Interestingly, this enzyme activity is reduced
in platelets of patients with PD (Benecko et al.,
1993). The brain of PD patients also shows evidence
of impaired proteasomal function, a defect those
results in increased oxidative stress and decreased
removal of damaged polypeptides oxide (McNaught
et al., 2003; Halliwell et al., 2002; Farout et al., 2006).
Mitochondrial dysfunction and oxidative stress
are considered important in the pathogenesis of
PD. The initial hypothesis that the deficiency in
mitochondrial complex I may be involved in the
etiology of PD came from the discovery that the
complex I mitochondrial inhibitor MPTP (1-methyl4-phenyl-1,2,3,6-tetrahydropyridine) causes a
syndrome indistinguishable from PD and selective
loss of dopaminergic cells in the substantia nigra
(Langston et al., 1983).
The known position of CoQ10 in the respiratory
chain, where it acts as electron acceptors for
complexes I and II/III, led the researchers at the
University of California, San Diego, to check the
level of CoQ10 in the mitochondria of platelets
isolated from patients with PD. The level of CoQ10
mitochondrial in these patients (141.8 ng/mg protein
± 11.3) was lower than in controls (216.3 ± 12.7).
This difference was highly significant, and in
addition, there was a significant correlation
between concentrations of CoQ10 and the activities
of complex I and complex II/III. It is important to
emphasize that the platelets reflect certain biochemical
processes that occur in the brain (Shults et al., 1999;
Sohmiya et al., 2004) had observed some years
before, a deficiency of CoQ10 in the plasma of PD
patients. In order to ascertain whether the treatment
with CoQ10 could benefit patients with PD, (Shults
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et al., 1999) first investigated whether oral
administration of CoQ10 might be beneficial in a
laboratory model of PD. MPTP is a chemical agent
selectively toxic to dopaminergic neurons and the
first to be impaired in PD. A group of one-year-old
rats were treated with CoQ10 (200 mg/kg per day)
and also received MPTP. The levels of dopamine in
the striatum were significantly higher (37%) in the
group of rats treated with CoQ10 and MPTP,
compared to the group treated only with MPTP.
Based on these observations, a preliminary study
was conducted in fifteen PD patients supplemented
with CoQ10 for a month. The complex I citrate
synthase in mitochondria isolated from platelets of
patients after treatment with CoQ10 was higher
than the corresponding activity before treatment,
and similar to the activity found in the control
group.
All these observations in laboratory animals and
patients led to a study with a larger number of
patients (80) to verify if CoQ10 could slow the
progression of PD. This study reported that the
intake of 1200 mg per day of CoQ10 for sixteen
months was associated with 44% less functional
decline in PD patients, including in daily activities
(Shults et al., 2002). Another study in twenty-eight
patients with PD also showed moderate improvement
in symptoms with daily oral administration of 360
mg of CoQ10 (Muller et al., 2003). While these data
are promising, they need to be confirmed in larger
clinical trials before the use of CoQ10 can be
recommended for PD, but support the idea that
high levels of CoQ10 could yield therapeutic benefits.
Alzheimer’s disease
Alzheimer’s disease (AD) is a degenerative disease
of the brain and the most common cause of
dementia in the elderly, affecting approximately
200 million people worldwide and causing cognitive
disabilities with gradual onset (Evans et al., 1989;
Hebert et al., 2001). In general, the first clinical
aspect is memory deficiency, where remote memories
are preserved relatively well in the course of the
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disease. The patient’s degree of alertness or lucidity
is not affected until the disease is very advanced
(Francis et al., 1999). The pathophysiology of AD is
complex and includes a defect in β-amyloid protein
metabolism (Aβ), irregularities in neurotransmission,
and the involvement of inflammatory, oxidative
and hormonal pathways (Cutler et al., 2001).
Oxidative stress, an imbalance between the
formation of free radicals and the antioxidant
system, plays a critical role in the pathogenesis of
AD (Gary et al., 2005; Butterfield et al., 2004;
Kawamoto et al.,2005) conducted a study involving
oxidative stress and AD, and found that patients
with AD compared with elderly controls, showed
an increase in the production of TBARS
(thiobarbituric acid reactive substances), as well as
in the activities of NOS (nitric oxide synthase),
SOD (superoxide dismutase) and Na/K-ATPase.
However, no change was found in the basal
content of cGMP (cyclic guanosine monophosphate).
Thus, they concluded that there is a break in the
modulation of systemic oxidative stress during
aging, and that this disruption is more pronounced.
As oxidative damage is involved in the etiology of
neurologic complications, treatment with antioxidants
has been used as a therapeutic approach in several
types of neurodegenerative diseases, including AD
(Ahmad et al., 2005; Ansari et al., 2004).
It has been shown that CoQ10 improves cognitive
functions, regulates mitochondrial functions and
facilitates the synthesis of ATP (McDonald et al.,
2005). CoQ10 significantly attenuates the depletion
of ATP and malonate-induced increases of lactate
in brain mitochondria of rats (Beal et al., 1994).
Supplementation of CoQ10 in rats increased the
endogenous content of CoQ10 in the brain and
provided antioxidant protection against free radical
generation (Soderberg et al. 1992; Lenaz et al., 1999;
Kwong et al., 2002; Rauscher et al., 2001; Somayajulu
et al., 2005) found increased levels of CoQ10 in most
brain regions of patients with Alzheimer’s disease.
A recent study by (Bustus et al., 2000) found no
significant difference in plasma levels of CoQ10 in
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patients with Alzheimer’s disease and controls.
According to (Isharat et al., 2006), CoQ10
supplementation improves learning and memory
deficits by possibly inhibiting oxidative stress, and
also improves levels of ATP, being an important
therapy in the treatment of AD. Promising
preliminary evidence from studies in humans
suggests that supplementation with CoQ10 may
reduce, but not cure, dementia in individuals with
AD. Additional well-designed studies are needed
to confirm these results before a recommendation
can be made.
Huntington’s disease
Huntington’s disease (HD) is an inherited neurodegenerative disorder. It was given the name of the
physician George Huntington, who described it in
1872. In 1993 the gene causing the disease was
identified (Browne et al., 1999). Huntington’s disease
is an autosomal dominant phenotype, with the
gene called IT15 responsible for the disease, located
at the short arm of chromosome 4. The mutant
gene is constituted by abnormal repetitions of the
sequence of nucleotides cytosine, adenosine and
guanine (CAG), responsible for encoding glutamine
(Beal et al., 1995). The number of CAG repetitions is
considered normal up to thirty, while in HD the
number of repetitions is usually greater than thirtysix. It has been observed that the larger number of
repetitions of the trinucleotide CAG, the earlier the
manifestation of the disease (Goldberg et al., 1994).
The mechanism by which mutations of this gene
causes HD remains undefined, although evidence
of animal models and clinical trials indicate a role
of oxidative stress and impaired mitochondrial
function (Kasparov et al., 2006). The gene defect
may cause a slight reduction in the capacity of
energy metabolism, leading to neuronal degeneration,
primarily in the striatum and then in other regions
of the brain (Jenkins et al., 1998). The impaired
energy production leads to increased intracellular
calcium and generation of free radicals, however
the exact mechanism for the decreased capacity of

energy in HD is unclear. Clinically, this disease is
characterized by psychiatric and behavioral disorders,
cognitive dysfunction (thinking, hearing, memory)
and progressive dementia. The prevalence of HD is
of 3-7 per 100,000, and the annual incidence is 0.2 0.7 per 100,000 (Cardoso et al., 2006). The symptoms
of the disease may appear at any stage of life, but in
most cases, disease onset typically occurs between
forty and fifty years of age with average survival of
fifteen to twenty years (Duyao et al., 1993).
Patients with HD have elevated levels of lactate
in the brain. The measurement of lactate production
in the brains of HD patients done by H-MRS
+
(Proton (H ) Magnetic Resonance Spectroscopy)
has revealed that creatine, cyclocreatine, CoQ10 and
nicotinamide - compounds that increase energy
metabolism - could exert neuroprotective effects in
this disease (Koroshetz et al., 1997; Matthews et al.,
b
b
1998 ; Beal et al., 1999 ). CoQ10 has been shown
effective in reducing the damage produced by
toxins that inhibit complex II, preventing the
depletion of ATP and increases in lactate (Beal et al.,
a
1994; Matthews et al., 1998 ). CoQ10 also prolonged
survival while delaying the onset of motor
impairment in a HD model in transgenic mice
(Ferrante et al., 2002).The neuropathological and
clinical symptoms of HD can be simulated in
animal models, with the systemic administration
of 3-nitropropionic acid (3-NP). (Kasparov et al.,
2006) studied the activity of creatine kinase (CK)
and mitochondrial respiratory chain function in
the brain of aged rats administered with 3-NP,
with and without prior application of antioxidants
CoQ10 + Vitamin E. They found that the content of
CoQ10 in tissues decreased in rats that received
3-NP. Antioxidants CoQ10 + Vitamin E were effective
in preventing the decrease of CoQ10 content in
brain tissue, but failed to prevent the decline in
function of the respiratory chain.
Pre-treatment with α-tocopherol caused no
neuroprotective effect in an animal model of HD
(Beal et al., 1988), and treatment with high doses of
α-tocopherol was effective only in patients in early
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stages of the disease (Peyser et al., 1995). Moreover,
pre-treatment with CoQ10 exerted neuroprotective
effects in a variety of animal models of HD and the
oral administration of CoQ10 significantly reduced
the elevated levels of lactate in patients with HD
b
(Beal et al., 1999 ). Levels of CoQ10 in the serum of
HD patients were significantly lower than in both
healthy controls and patients with HD treated with
CoQ10 (Andrich et al., 2004). A six-month pilot test
assessed the tolerability of CoQ10 (Feigin et al.,
1996). Ten subjects with symptomatic HD received
600 mg of CoQ10 per day, in three doses. The
individuals were assessed three times: before the
administration of CoQ10; and after three and six
months of treatment, using the Scale for the
Assessment of Huntington’s disease, the HD
Functional Capacity Scale, and neuropsychological
tests. All subjects completed the study, with some
mild adverse effects including heartburn, fatigue,
headache, and increased involuntary movements.
When the results of motor and functional scales
obtained before the administration of CoQ10 and
after six months were compared, no significant
effect was observed. However, this study was
small and unable to detect such effects.
As mentioned previously, HD patients have
high levels of lactate in the brain. The administration
of 360 mg/d of CoQ10 for two to eight weeks was
associated with decreased levels of lactate in the
occipital cortex in fifteen out of eighteen subjects
(Koroshetz et al., 1997). Following interruption of
administration of CoQ10, levels returned to baseline
values, indicating that these effects were due to
CoQ10. These results regarding the ability of CoQ10
to change the levels of cortical lactate support the
therapeutic potential of CoQ10 for HD treatment.
Amyotrophic lateral sclerosis
Amyotrophic lateral sclerosis (ALS) is a progressive
neurodegenerative disease characterized by degeneration of motor neurons in the spinal cord,
brainstem and motor cortex, resulting in progressive
muscle weakness and atrophy, observed as loss of
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Fig. 1. Structure of coenzyme Q (2,3-dimethoxy-5methyl 1-6 decaprenil-1,4 benzoquinone).
10

muscle mass with progressive difficulty in performing
movements, and loss of muscle strength. The
incidence of ALS is approximately one to two cases
per 100,000 per year, with onset typically at around
the age of sixty years, with survival of three to five
years (Rowland et al., 2001; Sorenson et al., 2002).
ALS can occur in sporadic or familial form,
which corresponds to only ten percent of cases.
The possible involvement of free radicals in the
etiology of ALS is suggested by the discovery that
mutations in the gene encoding the antioxidant
enzyme superoxide dismutase Cu / Zn (SOD1) are
associated with familial ALS (Rosen et al., 1993). In
both cases (sporadic or familial), although the
etiology of ALS is not well known, several recent
studies suggest an increase in oxidative damage
b
(Bogdanov et al., 2000; Beal et al., 1997 ; Ferrante
et al., 1997). According to (Murata et al., 2008),
mitochondrial oxidative damage contributes to the
pathogenesis of sporadic ALS. The concentrations
of oxidized and reduced CoQ10 in the cerebrospinal
fluid were measured by high performance liquid
chromatography in thirty patients with ALS and
seventeen controls without neurological diseases.
The percentage of oxidized CoQ10 in the cerebrospinal
fluid of patients with ALS was significantly higher
than in controls. High levels of oxidized CoQ10 in
plasma were found in patients with sporadic ALS,
consistent with oxidative stress (Sohmiya et al., 2005).
Given the evidence of mitochondrial dysfunction
and oxidative stress in the pathogenesis of ALS,
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CoQ10 has been studied as a possible therapeutic
approach (Galpern et al., 2007). The development
of non-toxic drugs to block the oxidative injury
may interrupt the process of disease at an early
stage.
Studies using animal models of ALS have
suggested that CoQ10 may be effective in dealing
with this problem. In a transgenic mice model with
a SOD1 mutation, supplementation with 200 mg/kg
of CoQ10 increased survival, suggesting a potential
therapeutic role of CoQ10 in patients (Matthews et al.,
a
1998 ). Recently, a systematic review of candidate
therapeutic agents for ALS was conducted, and
CoQ10 has been identified as one of twenty agents
prioritized for research in clinical trials (Traynor et
al., 2006).

SAFETY OF COENZYME Q10
According to a study published in 2009, CoQ10 is
very well tolerated with minimal adverse effects.
(Spindler et al., 2009). A 2009 report concluded that
the published reports concerning safety studies
indicate that CoQ10 has low toxicity and does not
induce serious adverse effects in humans.Overall,
these data from preclinical and clinical studies
indicate that CoQ10 is highly safe for use as a
dietary supplement. (Hidaka et al., 2008)
According to Karl Folkers, Ph.D., director of the
Institute for Biochemical Research at the University
of Texas, CoQ10 is safe and has no negative side
effects, though it may decrease the need for other
heart medicines.

have not yet clearly demonstrated its effect. One
issue that the studies raise is the barrier to translating
promising animal studies into human neurodegenerative disease. Improvements in animal
models and development of relevant biomarkers
to track disease progression and identify presymptomatic patients are ways in which this barrier
is currently being addressed. It is also possible that
response to CoQ10 may vary not only among
different neurodegenerative diseases but also
among subtypes of these diseases. Small sample
sizes make it difficult to perform any meaningful
regression analyses of the existing trials to stratify
response by subtype. Future studies that will
hopefully have larger sample sizes should aim to
assess responses within subgroups of neurodegenerative diseases, defined either by phenotype,
end phenotype, or genotype. Finally, the therapeutic
range of CoQ10 in neurodegenerative disease may
be much higher than the doses that have been
studied, especially given that the central nervous
system bioavailability of oral CoQ10 in humans is
unknown.

REFERENCES
Ahmad M, Saleem S, Ahmad AS, Yousuf S, Ansari
MA, Khan MB, Ishrat T, Chaturvedi RK, Agrawal,
AK, Islam F. (2005) Ginkgo biloba affords dosedependent protection against 6-hydroxydopamineinduced Parkinsonism in rats: neurobehavioural,
neurochemical and immunohistochemical evidences.
J. Neurochem. 93, 94-104.
Andrich J, Saft C, Gerlach M, Schneider B, Arz A,
Kuhn W, Muller T. (2004). Coenzyme Q serum
levels in Huntington’s disease. J. Neural. Transm.
Suppl. 68, 111-116.
Ansari MA, Ahmad AS, Ahmad M, Salim S, Yousuf
S, Ishrat T, Islam F. (2004) Selenium protects
cerebral ischemia in rat brain mitochondria. Biol.
Trace Elem. Res. 101, 73-86.
Arroyo A, Kagan VE, Tyurin VA, Burgess JR, De
Cabo R, Navas P, Villalba JM. (2000) NADH and
NADPH-dependent reduction of coenzyme Q at
the plasma membrane. Antioxid. Redox. Signal. 2,
10

CONCLUSION
There is an urgent need to identify agents that will
provide neuroprotection and slow disease progression
in neurodegenerative diseases that have an enormous
collective impact on our society. Detailed and
extensive pre-clinical studies have strongly supported
CoQ10 as such a potential agent. This review outlines
results from clinical trials that are encouraging, but

2010 Oriental Pharmacy and Experimental Medicine 10(4), 239-253

Coenzyme Q10: For Treatment of Neurodegenerative Disease

251-262.
Baggio E, Gandini R, Plancher AC, Passeri M,
Carmosino G. (1994) Italian multicenter study on
the safety and efficacy of coenzyme Q as adjunctive
therapy in heart failure. Molec. Aspects. Meds. Suppl.
15, 287-294.
Beal MF. (2005) Mitochondria take center stage in
aging and neurodegeneration. Ann. Neurol. 58, 495505.
Beal MF, Kowall NW, Swartz KJ, Ferrante RJ,Martin
JB. (1988) Systemic approaches to modifying quinolinic
acid striatal lesions in rats. J. Neurosci. 10, 3901-3908.
Beal MF, Henshaw R, Jenkins BG, Rosen BR, Schulz
JB.(1994) Coenzyme Q and nicotinamide blocks
striatal lesions produced by the mitochondrial toxin
malonate. Ann. Neurol. 36, 882-888.
Beal MF. (1995) Aging, energy and oxidative stress in
neurodege-nerative diseases. Ann. Neurol. 38, 357366.
Beal MF, Matthews RT. (1997a) Coenzyme Q in the
central nervous system and its potential usefulness
in the treatment of neurodegenerative diseases.
Mol. Aspects Med.18, 169-179.
Beal MF, Ferrante RJ, Browne SE, Matthews RT, Kowall
NW, Brown RH. (1997b) Increased 3-nitrotyrosine
in both sporadic and familial amyotrophic lateral
sclerosis. Ann. Neurol. 42, 644-654.
Beal MF. (1999a) Mitochondria, NO and neurodegeneration. Biochem. Soc. Symp. 66, 43-54.
Beal MF. (1999b) Coenzyme Q administration and
its potential for treatment of neurodegenerative
diseases. Biofactors. 9, 261-266.
Benecke R, Strumper P, Weiss H. (1993) Electron
transfer complexes I and IV of platelets are abnormal
in Parkinson’s disease but normal in Parkinson-plus
syndromes. Brain. 116, 1451-1463.
Beyer RE, Burnett BA, Cartwright KJ, Edington DW.
(1985) Tissue coenzyme Q (ubiquinone) and protein
concentration over the life span of the laboratory
rat. Mech. Aging Dev. 32, 267-281.
Bogdanov M, Brown JR, RH, Matson W, Smart R,
Hayden D, O' Donnell H, Flint M, Cudkowicz M.
(2000) Increased oxidative damage to DNA in ALS
patients. Free Rad. Biol. Med. 29, 652-658.
Bonakdar RA, Guarneri E. (2005) Coenzyme Q . Am.
Fam. Physician. 72, 1065-1070.
Browne SE, Ferranti RJ, Beal MF. (1999) Oxidative
10

10

10

10

10

249

stress in Huntington’s disease. Brain Pathol. 9, 147163.
Bustus F, Molina JA, Jimenez-Jimenez FJ, GarciaRedondoA, Gomez-Escalonilla C, Porta-Etessam J,
Berbel A, Zurdo M, Barcenilla B, Parrilla G,
Enriquez-De-Salamanca R, Arenas J. (2000) Serum
levels of coenzyme Q in patients with Alzheimer’s
disease. J. Neural. Transm. 107, 233-239.
Butterfield DA. (2004) Proteomics: a new approach to
investigate oxidative stress in Alzheimer’s disease
brain. Brain Res. 1000, 1-7.
Cardoso F, Seppi K, Mair KJ, Wenning GK, Poewe W.
(2006) Seminar on choreas. Lancet Neurol. 5, 589-602.
Coles L, Harris S. (1996) Coenzyme Q-10 and Lifespan
Extension. Advances in Anti-Aging Medicine. 1, 205215.
Coyle JT, Puttafarcken P. (1993) Oxidative stress,
glutamate and neurodegenerative disorders. Science.
262, 689-695.
Crane FL, Hatefi Y, Lester RL, Widmer C. (1957)
Isolation of a quinone from beef heart mitochondria.
Biochem. Biophys. Acta. 25, 220-221.
Crane F. (2001) Biochemical functions of coenzyme
Q . J. Am. Coll. Nutr. 20, 591-598.
Cutler NR, Sramek JJ. (2001) Review of the next
generation of Alzheimer's disease therapeutics:
challenges for drug development. Prog. NeuroPsychopharmacol. Biol. Psychiat. 25, 27-57.
Dawson TM, Dawson VL. (2003) Molecular pathways
of neurodegeneration in Parkinson’s disease. Science.
302, 819-822.
De Lau L, Breteler MB. (2006) Epidemiology of
Parkinson’s disease. Lancet Neurol. 5, 525-535, 2006.
Donald MC, Sohal SR, Forster MJ. (2005) Concurrent
administration of coenzyme Q and alpha-tocopherol
improves learning in aged mice. Free Rad. Biol. Med.
38, 729-73.
Duyao M, Ambrose C, Myers R, Novelletto A, Persichetti
F, Frontali M, Folstein S, Ross C, Franz M, Abbott
M, Gray J, Conneally P, Young A, Penney J. (1993)
Trinucleotide repeat length instability and age of
onset in Huntington’s disease. Nat. Genet. 4, 387-392.
Dutton PL, Ohnishi T, Darrouzet E, Leonard MA,
Sharp RE, Cibney BR. (2000). Coenzyme Q oxidation
reduction reactions in mitochondrial electron
transport. CRC Press, Boca. Raton. 65-82.
Ernster L, Dallner G. (1995). Biochemical, physiological
10

10

2010 Oriental Pharmacy and Experimental Medicine 10(4), 239-253

10

250

Peeyush kumar et al.

and medical aspects of ubiquinone function. Biochim.
Biophys. Acta. 1271, 195-204.
Evans DA, Funkenstein HH, Albert MS, Scherr PA,
Cook NR, Chown MJ, Hebert E, Hennekens CH,
Taulor JO. (1989) Prevalence of Alzheimer's disease
in a community population of older persons: higher
than previously reported. J. Am. Med. Assoc. 262,
2551-2556.
Farout L, Friguet B. (2006) Proteasome function in
aging and oxidative stress implications in protein
maintenance failure. Antioxid. Redox. Signal. 8, 205216.
Feigin A, Kieburtz K, Como P, Hickey C, Claude K.
(1996) Assessment of coenzyme Q tolerability in
Huntington’s disease. Mov. Disord. 11, 321-323.
Ferrante RJ, Browne SE, Shinobu LA, Bowling AC,
Baik MJ, Macgarvey U, Kowall NW, Brown JR, Beal
MF. (1997) Evidence of increased oxidative damage
in both sporadic and familial amyotrophic lateral
sclerosis. J. Neurochem. 69, 2064-2074.
Ferrante RJ, Andreassen OA, Dedeoglu A, Ferrante
KL, Jenkins BG, Hersch SM, Beal MF. (2002)
Therapeutic effects of coenzyme Q and remacemide
in transgenic mouse models of Huntington’s disease.
J. Neurosci. 22, 1592-1599.
Floyd RA. (1999) Antioxidants, oxidative stress, and
degenerative neurological disorders. Proc. Soc. Exp.
Biol. Med. 222, 236-245.
Francis PT, Palmer AM, Snape M, Wilcock GK. (1999)
The cholinergic hypothesis of Alzheimer’s disease:
a review of progress. J. Neurol. Neurosurg. Psychiatry.
66, 137-147.
Fu X, Ji R, Dam J. (2010) Antifatigue effect of coenzyme
Q in mice., J. Med. Food. 1, 211-15.
Galpern WR, Cudkowicz ME. (2007) Coenzyme Q
treatment of neurodegenerative diseases of aging.
Mitochondrion. 7, 146-53.
Gary EG. (2005) Hsueh-Meei, H. Oxidative stress in
Alzheimer’s disease. Neurobiol. Aging. 26, 575-578.
Goldberg YP, Telenius H, Hayden MR. (1994) The
molecular genetics of Huntington’s disease. Curr.
Opin. Neurol. 7, 325-32.
Gokbel H, Gul I, Belviranl M, Okudan N. (2010) The
effects of coenzyme Q supplementation on
performance during repeated bouts of supramaximal
exercise in sedentary men. J. Strength Cond. Res. 1,
97-102.
10

10

10

10

Halliwell B, Ann NY. (2002) Hypothesis: proteasomal
dysfunction: a primary event in neurogeneration
that leads to nitrative and oxidative stress and
subsequent cell death. Acad. Sci. 962, 182-194.
Hebert LE, Beckett LA, Scherr PA, Evans DA. (2000)
Annual incidence of Alzheimer disease in the United
States projected to the years 2000 through 2050.
Alzheimer Dis. Assoc. Disord. 15, 169-173.
Hidaka T, Fujii K, Funahashi I, Fukutomi N, Hosoe K.
(2008) Safety assessment of coenzyme Q (CoQ ).
Biofactors. 32, 199-208.
Hollingsworth Z, Shoulson I, Lazzarini A, Falek A,
Koroshetz W, Sax D, Bird E. (1993) Trinucleotide
repeat length instability and age of onset in
Huntington’s disease. Nat. Genet. 4, 387-392.
Hughes K, Lee BL, Feng X, Lee J, Ong CN. (2002)
Coenzyme Q and differences in coronary heart
disease risk in Asian Indians and Chinese. Free Rad.
Biol. Med. 32, 132-138.
Ishrat T, Khan MB, Hoda MD, Yousuf S, Ahmad M,
Ansari MA, Ahmad AS, Islam F. (2006) Coenzyme
modulates cognitive impairment against
Q
intracerebroventricular injection of streptozotocin
in rats. Behav. Brain Res. 171, 9-16.
Ishii N, Senoo-Matsuda N, Miyake K, Yasuda K, Ishii
T, Hartman PS. (2004) “Coenzyme Q can prolong
C. elegans lifespan by lowering oxidative stress”.
Mech Ageing Dev. 125, 41-46.
Jenkins BG, Rosas HD, Chen YC, Makabe T, Myers R,
Macdonald M, Rosen BR, Beal MF, Koroshetz WJH.
(1998) NMR spectroscopy studies of Huntington’s
disease: correlations with CAG repeat numbers.
Neurology. 50, 1357-1365.
Jenner P. (2003) Oxidative stress in Parkinson’s disease.
Ann. Neurol. 53, suppl. 26-38.
Kalen A, Appelkvist EL, Dallner G. (1989) Age related
changes in the lipid composition of rat and human
tissue. Lipids. 24, 579-584.
Kamzalov S, Sumien N, Forster MJ, Sohal RS. (2003)
Coenzyme Q intake elevates the mitochondrial and
tissue levels of coenzyme Q and α-tocopherol in
young mice. J. Nutr. 133, 175-3180.
Kasparova S, Sumbalova Z, Bystricky P, Kucharska J,
Liptaj T, Mlynarik V, Gvozdjakova A. (2006) Effect
of coenzyme Q and vitam E on brain energy
metabolism in the animal model of Huntington´s
disease. Neurochem. Int. 48, 93-99.
10

10

10

10

10

10

2010 Oriental Pharmacy and Experimental Medicine 10(4), 239-253

Coenzyme Q10: For Treatment of Neurodegenerative Disease

Kawamoto EM, Munhoz CD, Glezer I, Bahia VS,
Caramelli P, Nitrini R, Gorjao R, Curi R, Scavone C,
Marcourakis T. (2005) Oxidative stress in platelets
and erythrocytes in aging and Alzheimer’s disease.
Neurobiol. Aging. 26, 857-864.
Kitano M, Hosoe K, Fukutomi N, Hidaka T, Ohta R,
Yamakage K, Hara T. (2006) Evaluation of the
mutagenic potential of ubidecarenone using three
short-term assays. Food Chem. Toxicol. 44, 364-370.
Koryagin AS, Krylova EV, Lukyanova LD. (2002)
“Effect of Ubiquinone-10 on the Blood System in
Rats Exposed to Radiation”. Bulletin of Experimental
Biology and Medicine, 562-564.
Koroshetz WJ, Jenkins BG, Rosen BR, Beal MF. (1997)
Energy metabolism defects in Hiuntington’s disease
and effects of coenzyme Q . Ann. Neurol. 41, 160-165.
Kwong L, Kamzalov S, Rebrin I, Bayne ACV, Jana
CK, Morris P, Forster MJ, Sohal RS. (2002) Effects of
administration on its tissue
coenzyme Q
concentrations, mitochondrial oxidant generation,
and oxidative stress in the rat. Free Rad. Biol. Med.
33, 627-638.
Langsjoen PH, Klinische W. (1993) Expansion of
antioxidant function of vitamin E by coenzyme Q
Clinical Investigator. 71, 145-149.
Langston JW, Ballard P, Tetrud JW, Irwin I. (1983)
Chronic Parkinsonism in humans due to a product
of mepeidine-analog synthesis. Science. 219, 979980.
Langsjoen PH, Langsjoen AM. (2003) The clinical use
of HMG CoA-reductase inhibitors and the associated
depletion of coenzyme Q : A review of animal and
human publications. Biofactors. 18, 101-111.
Langsjoen PH, Langsjoen AM. (1999) Overview of the
use of CoQ in cardiovascular disease, Biofactors. 9,
273-284.
Lenaz G, Bovina C, Formiggini G, Castelli GP. (1999)
Mitochondria, oxidative stress, and antioxidant
defences. Acta. Biochim. Pol. 46.
Littarru GP. (2006) Coenzyme Q : from biochemistry
to medicine. The Metabolic Approach Forum.
Avaiable at: http://www.st-hs.com. Accessed on
10 oct.2008.
Littarru GP, Tiano L. (2010) Clinical aspects of
coenzyme Q : an update. Nutrition. Mar. 26, 250254.
Mason P. (2005) Potential uses for coenzyme Q .
10

10

10

10

10

10

10

251

Pharm. J. 275, 379-382.
Mancuso M, Orsucci D, Volpi L, Calsolaro V, Siciliano
G. (2010) Coenzyme Q in neuromuscular and
neurodegenerative disorders. Curr Drug Targets. 1,
111-21.
Maes M, Mihaylova I, Kubera M, Uytterhoeven M,
Vrydags N, Bosmans E. (2009) Lower plasma
Coenzyme Q in depression: a marker for treatment
resistance and chronic fatigue in depression and a
risk factor to cardiovascular disorder in that illness.
Neuro Endocrinol. Lett. 4, 462-469.
Matthews RT, Yang S, Browne S, Baik M, Beal MF.
(1998a) Coenzyme Q administration increases
brain mitochondrial concentrations and exerts
neuroprotective effects. Proc. Natl. Acad. Sci. 95,
8892-8897.
Matthews RT, Yang L, Jenkins BG, Ferrante RJ, Rosen
BR, Kaddurah-Daouk R, Beal MF. (1998b) Neuroprotective effects of creatine and cyclocreatine in
animal models of Huntington’s disease. J. Neurosci.
18, 156-163.
Muller T, Buttner T, Gholipour AF, Kuhn W (2003)
Coenzyme Q supplementation provides mild
symptomatic benefit in patients with Parkinson´s
disease. Neurosci. Lett. 341, 201-204.
Murata T, Ohtsuka C, Terayama Y. (2008) Increased
mitochondrial oxidative damage in patients with
sporadic amyotrophic lateral sclerosis. J. Neurol. Sci.
267, 66-69.
Muta-Takada K, Terada T, Yamanishi H, Ashida Y,
Inomata S, Nishiyama T, Amano S, (2009) Coenzyme
Q protects against oxidative stress-induced cell
death and enhances the synthesis of basement
membrane components in dermal and epidermal
cells. Biofactors. 35, 435-41.
Naught MC, Olanow CW. (2003) Proteolytic stress: a
unifying concept for the etiopathogenesisof Parkinson’s
disease. Ann. Neurol. 53, 3-86.
Nohl H, Kozlov AV, Staniek K, Gille L. (2001) The
multiple functions of coenzyme Q. Bio. org. Chem.
29, 1-13.
Parker JR, Boyson SJ, Parks JK. (1998) Abnormalities
of the electron transport chain in idiopathic
Parkinson’s disease. An. Neurol. 26, 719-723.
Pepping J. (1999) Coenzyme Q . Am. J. Health Syst.
Pharm. 56, 519-521.
Peyser CE, Folstein M, Chase GA, Starkstein S, Brandt
10

10

10

10

10

2010 Oriental Pharmacy and Experimental Medicine 10(4), 239-253

10

252

Peeyush kumar et al.

J, Cockrell JR, Blysma F, Coyle JT, Mchugh PR, Folstein
SE. (1995) Trial of D-a-tocopherol in Huntington’s
disease. Am. J. Psychiat. 152, 1771-1775.
Quiles JL, Ochoa JJ, Huertas JR, Mataix J. (2004)
Coenzyme Q supplementation protects from agerelated DNA double-strand breaks and increases
lifespan in rats fed on a PUFA-rich diet. Exp Gerontol.
39, 189-94.
Quinn PJ, Fabisiak JP, Kagan VE. (1999) Expansion of
antioxidant function of vitamin E by coenzyme Q.
Bio. Factors. 9, 149-154.
Quinzii CM, Dimauro S. (2007a) Hirano, M. Human
coenzyme Q deficiency. Neurochem. Res. 32, 723727.
Quinzii CM, Hirano M, Dimauro S. (2007b) CoQ
deficiency diseases in adults. Mitochondrion. 7, 122126.
Rauscher FM, Sanders RA, Watkins JB. (2001) Effects
treatment on antioxidant
of coenzyme Q
pathways in normal and streptozotocin-induced
diabetic rats. Biochem. Mol. Toxicol. 15, 41-46.
Rebrin I, Sohal RS. (2004) Distribution and measurement
of coenzyme Q. Methods Enzymol. 378, 146-151.
Rosenfeldt FL, Haas SJ, Krum H, Hadjm AK, Leong
JY, Watts GF. (2007). Coenzyme Q in the treatment
of hypertension: a meta-analysis of the clinical
trials. J. Human Hypertension. 21, 297-306.
Rosen DR, Siddique T, Patterson D, Figlewicz DA,
Sapp P, Hentati A, Donaldson D, Goto J, O’regan JP,
Deng HX, Rahmani Z, Krizus A, Mckenna-Yasek,
D, Cayabyab A, Gaston SM, Berger R, Tanzi RE,
Halperin J. (1993) Mutations in Cu/Zn superoxide
dismutase gene are associated with familial
amyotrophic lateral sclerosis. Nature. 362, 59-62.
Rowland LP, Shneider NA. (2001) Amyotrophic
lateral sclerosis. N. Engl. J. Med. 344, 1688-1700.
Rozen T, Oshinsky M, Gebeline C, Bradley K, Young
W, Shechter A, Silberstein S. (2002) Open label trial
of coenzyme Q as a migraine preventive. Cephalalgia.
22,137–41.
Sandor PS. (2005) Efficacy of coenzyme Q in migraine
prophylaxis: A randomized controlled trial. Neurology.
64, 713-715.
Schapira AH, Mann VM, Cooper JM, Dexter D,
Daniel SE, Jenner P, Clark JB, Marsden CD. (1990)
Anatomic disease specificity of NADH CoQ redutase
(complex I) deficiency in Parkinson’s disease. J.
10

10

10

10

10

10

1

Neurochem. 55, 2142-2145.
Schoepp G. (1999) Is coenzyme Q (ubiquinone)
effective for the treatment of heart failure Pharm.
Pract. 13, 31-32.
Shinde S, Patil N, Tendolkar A. (2005) Coenzyme Q :
a review of essential functions. Internet J. Nutr.
Wellness, v.1, n.2.
Shults CW, Oakes D, Kieburtz K, Beal MF, Haas R.
(2002) Effects of coenzyme Q in early Parkinson
disease: evidence of slowing of the functional
decline. Arch. Neurol, 59, 1541-1550.
Shults CW, Haas RH, Beal MF. (1999) A possible role
of coenzyme Q in the etiology and treatment of
Parkinson’s disease. BioFactors, 9, 267-272.
Soderberg M, Edlund JA, Alafuzoff I, Kristensson K,
Dallner G. (1992) Lipid composition in different
regions of the brain in Alzheimer’s disease/senile
dementia of Alzheimer’s type. J. Neurochem. 59,
1646-1653.
Soja AM, Mortensen SA. (1997) Treatment of congestive
heart failure with coenzyme Q illuminated by
meta-analyses of clinical trials. Mol Aspects Med 18,
159-168.
Sohal RS. (2004) Coenzyme Q and vitamin E
interactions. Methods Enzymol. 378, 146-151.
Sohal RS, Dubey A. (1994) Mitochondrial oxidative
damage, hidrogen peroxide release and aging. Free
Rad. Biol. Med. 16, 621-626.
Sohal RS, Forster MJ. (1997) Coenzyme Q, oxidative
stress and aging. Mitochondrion. 7, suppl.103-111.
Sohmiya M, Tanaka M, Tak NW, Yanagisawa M,
Tanino Y, Suzuki Y, Okamoto K, Yamamoto Y.
Redox status of plasma coenzyme Q indicates
elevated systemic oxidative stress in Parkinson's
disease. J. Neurol. Sci. 223, 161-166.
Somayajulu M, Mccarthy S, Hung M, Sikorska M,
Borowy-Borowski H, Pandey S. (2005) Role of
mitochondria in neuronal cell death induced by
oxidative stress; neuroprotection by Coenzyme Q .
Neurobiol. Dis. 18, 618-627.
Sorenson EJ, Stalker AP, Kurland LT, Windebank AJ.
(2002) Amyotrophic lateral sclerosis in Olmsted
County, Minnesota. Neurology, 59, 280-282.
Spindler M, Beal MF, Henchcliffe C. (2009) Department
of Neurology, Coenzyme Q effects in neurodegenerative disease. Neuropsychiatr Dis. Treat. 5, 597610.
10

10

10

10

10

10

10

10

2010 Oriental Pharmacy and Experimental Medicine 10(4), 239-253

Coenzyme Q10: For Treatment of Neurodegenerative Disease

Stocker R, Pollicino C, Gay CA. (1991) Neither plasma
coenzyme concentration, nor its decline during
pravastatin therapy, is linked to recurrent
cardiovascular disease events: A prospective casecontrol study from the LIPID study.
Tran MT, Mitchell TM, Kennedy DT, Giles JT. (2001)
Role of coenzyme Q in chronic heart failure,
angina, and hypertension. Pharmacother. 21, 797-806.
Thomas SR, Stocker R. (2000) Mechanisms of antioxidant
action of ubiquinol-10 for low density lipoprotein.
10

253

pp 131-150 in Coenzyme Q: Molecular mechanisms
in health and disease. 9, 131-150.
Traynor BJ, Bruijn L, Conwit R, Beal FO, Neill G,
Fagan SC, Cudkowicz ME. (2006) Neuroprotective
agents for clinical trials in ALS: a systematic
assessment. Neurology. 67, 20-27.
Zhang Y, Aberg F, Appelkvist EL, Dallner G, Ernster
L. (1995) Uptake of dietary coenzyme Q supplement
is limited in rats. J. Nutr. 125, 446-453.

2010 Oriental Pharmacy and Experimental Medicine 10(4), 239-253

