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A BOUT THE AUTHOR 

About the Author

Gian Paolo Littarru graduated as an M.D. at the Catholic 
University Medical School, Rome, in 1967. From 1969 
to 1972, he was a postdoctoral fellow at the Institute for 
Biomedical Research, the University of Texas at Austin, un-
der the direction of Prof. Karl FoIkers. He was a professor 
in cellular biochemistry at the Catholic University in Rome 
until 1986 and then he moved to the Polytechnic University 
of the Marche, Ancona, where he taught medical che-
mistry and clinical biochemistry to medical students until 
his recent retirement. In 1997 he founded the International 
CoQ Association, of which he was the chairman until 2013. 
Professor Littarru’s main research interest has always been 
Coenzyme Q. He became interested in this molecule back 
in 1968 when he first studied the structural specificity of 
Coenzyme Q in the respiratory chain of mitochondria from 
different animal species. He soon extended his research to 
humans. In the early ‘70’s, in cooperation with cardiac sur-
geons and neurologists he accomplished the separation of 
mitochondria and the determination of CoQ10 status in nu-
merous heart and muscle biopsies. This biomedical research 
was then extended to the antioxidant properties of CoQ10.

As Chairman of the International Coenzyme Q10 
Association the author has promoted cooperation in this 
field of research with several medical groups worldwide, 
thus contributing to a rapid broadening of the biochemical 
and clinical knowledge of the molecule known as Coenzyme 
Q10 and of its most active form, Ubiquinol.

•••
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INTRODUCTION 

Introduction

The aim of this book is to introduce some of the basic 
biochemical facts and medical implications of Coenzyme 
Q, with particular emphasis on its reduced form, 
Ubiquinol.

The discovery of the CoQ10 molecule came about as 
a result of an intensive program of research developed 
by Prof. D. E. Green, at the University of Wisconsin, to 
find out how mitochondria work. This occurred in 1957. 
It soon became evident that Coenzyme Q was essential 
to mitochondrial ATP formation,i.e.,to the most effi-
cient mechanism which leads to the release of chemical 
energy housed in our nutrients. Several years later Prof. 
P. Mitchell was awarded the Nobel Prize, for his studies 
centered on the vital role of Coenzyme Q in oxidative 
phosphorylation. In order to understand the main role 
of Coenzyme Q, it is necessary to illustrate the cellular 
context in which Coenzyme Q is located. Therefore the 
mechanisms by which mitochondria harness the energy 
originally enclosed in biological fuels will be outlined in 
the initial chapters of this book.

The foresight of Prof. Karl Folkers, who in 1958 re-iso-
lated Coenzyme Q10, the human Coenzyme Q, from hu-
man heart and elucidated its structure, led him to predict 
the clinical importance of CoQ10. At the same time, Prof. 
Yuichi Yamamura, a pioneer of CoQ10 research in cardio-
logy, developed the first clinical trial of CoQ10 in patients 
with cardiovascular disease.

Those intuitions opened a new, variegated biomedical 
research field, and its knowledge base deepened along 
with the expanded understanding of the basic bioche-
mistry of Coenzyme Q.
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It soon became evident that some of the in vitro and in 
vivo properties of Coenzyme Q were the result of its antioxi-
dant action, which are mainly related to the reduced form of 
Coenzyme Q10, Ubiquinol. Today we have a broader picture 
of Coenzyme Q10 properties, suggesting that some of CoQ10 
effects might be related also to its capabilities of modulating 
other mitochondrial functions and inducing gene expression.

During recent years, interest in oxidative stress and its 
implications in biology and medicine have grown unceasin-
gly. Free radicals have been recognized as involved in many 
pathophysiological processes and in different diseases. Thus, 
the antioxidant role of CoQ10 deserves attention.

After discussing the classical bioenergetic role of Coenzyme 
Q, I will attempt to illustrate the immense field where the 
struggle between oxidative damage and antioxidant defense 
takes place. The general principles will be described. Then I 
will focus on some pathophysiological processes related to 
free radical damage, in which experimental evidence stron-
gly suggests a defensive, antioxidant role for Coenzyme Q.

I would like to conclude with the words of a late friend, Dr. 
Per Langsjoen, who left us a precious heredity represented 
by his valuable achievements in clinical research and by the 
humble enthusiasm of his approach to these new horizons: 
“I would prefer to speak of the clinical promise of CoQ10 
used as a crucial factor in cellular bioenergetics and in free 
radical quenching. I would also speak from the ‘clinical 
trenches’, which is my natural habitat.”

From that point of view the overwhelming reality is not 
how much we know, but how little we know about many 
serious clinical problems (despite grandly assigning pre-
cise names to these conditions). Studies in this field, which 
embrace far more than just CoQ10, represent a totally new 
dimension to man’s understanding of the mysteries of health 
and poor health, which may well rank as the major advance 
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since the discovery of bacteria. In cardiology alone one can 
foresee a time when disease of the heart and circulation may 
lose its ranking as the number one cause of death. In medi-
cine generally the rapid advance of knowledge is so broad in 
its implication that the entire field, in time, may profitably be 
re-evaluated on the basis of these new principles. “

Fig. 1 – Dr. Frederick Crane

A yellow compound was initially isolated in 1957 from 
beef heart mitochondria in the laboratories of the Enzyme 
Institute at the University of Wisconsin, directed by Dr. D. 
Green. The four postdoctors who accomplished this isola-
tion or discovery were F.L. Crane, Y Hatefi, R.L. Lester and 
C. Widmer1.

Dr. Karl Folkers received from Dr. Crane a few milligrams 
of the crystalline substance, which he took to the research 
laboratories of Merck, in Rahway, New Jersey. Together with 
his associates at Merck, Folkers re-isolated and determined 
the structure of that compound.
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Fig. 2 – Structures of Ubiquinone and Ubiquinol.

The compound was named Coenzyme Q10 (CoQ10), since 
it had a coenzymatic activity in the enzyme systems of mi-
tochondria. In general, coenzymes are substances that are 
necessary for the activity of an enzyme. CoQ10 would soon 
be recognized as an essential coenzyme in the bioenerge-
tics of respiration. From a chemical point of view it is a lipid. 
The letter Q is derived from its quinone group; the figure 
10 defines the number of isoprenoid units in its side chain.

Dr. R.A. Morton, who also isolated and studied the 
compound, during the same years named it ubiquinone 
because of its widespread, ubiquitous presence diffusion 
in living organisms2. The ending or suffix “one” indicated 
the molecule’s oxidized state. The reduced form was called 
ubiquinol.

Coenzyme Q10 is the coenzyme of man and many mam-
mals; other animal species have a Coenzyme Q with a 
shorter side chain having less than 10 isoprenoid units. 
Therefore, generally speaking, we will say Coenzyme Q, or 
ubiquinone. The term Coenzyme Q10, or CoQ10 will be used 
when dealing with the human Coenzyme Q, which is also 
available as a dietary supplement.
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In the recent years Kaneka was able to produce Ubiquinol, 
the reduced form, and to make it available as a food supple-
ment by developing a special procedure which stabilizes it in 
the reduced form.

•
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ENERGY TRANSFORMATIONS  IN LIVING ORGANISMS 

Energy transformations  
in living organisms

Coenzyme Q was discovered in the inner membrane of 
mitochondria, the subcellular organelle where, through 
the intervention of oxygen, the chemical energy of cer-
tain organic molecules working as energy substrate is 
transformed into adenosine triphosphate (ATP). ATP is the 
form of chemical energy usable by our cells.

Mitochondrial membranes can be compared to compli-
cated energy plants in which molecules are transformed 
into other molecules and, in the process, release some of 
their energy. We are in a continuous process of biological 
energy conversion. Thermodynamics, the study of energy 
conversion, deals with the reasons why certain reactions 
can happen spontaneously. Spontaneous events imply a 
net increase of disorder in the universe. Heat is energy in 
its most disordered form, a random movement of mole-
cules. The flame of a stove increases the motion of the 
water molecules contained in a pan over the flame. When 
a cell releases heat, it increases the intensity of the move-
ment of surrounding molecules. The burning of a wood 
or of an oil well leads to a huge, meaningless dissipation 
of heat, but the burning of gasoline makes cars run and 
airplanes fly, as well. Only under certain conditions, and 
only in part, can heat be transformed into work. This 
represents harnessing part of the energy produced in the 
biochemical world.

In biological systems part of the energy involved in 
complicated transformations is “transduced” into forms 
of energy other than heat. This energy transduction is 
associated, at the mitochondrial level, with a sophistica-
ted series of enzymes and enzyme complexes: these are 
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essentially proteins which speed up the chemical reac-
tions which make energy available in the living organism.

The fundamental aspect of this machinery is that reac-
tions apparently destined to produce disorder, are cou-
pled to other reactions that produce order, complexity 
and life. Energy is neither created nor destroyed: the 
release of heat and production of order require the intake 
of energy for life to continue. Regarding the source of this 
energy, for plants it is the sun’s electromagnetic radiation. 
For animals, it is the chemical energy contained in the 
covalent bonds of the organic molecules that constitute 
their nourishment. In the very heart of both complex 
mechanisms there is the quinone structured molecule; 
plastoquinone in plants and Coenzyme Q in animals.

Chemical fuels and energy
Energy for all our body needs derives from our biolo-

gical fuels: sugars, fats and, to a lesser extent proteins. 
Animal cells universally can make a certain amount of 
ATP through a process that relies on a controlled partial 
demolition of glucose that does not require oxygen. This 
is anaerobic glycolysis. In this process only a small fraction 
of the total free energy potentially available from oxida-
tion of the sugar is released. A much more consistent 
amount of energy is made available in mitochondria, by 
a process which consumes oxygen. Oxygen is a powerful 
oxidizing agent and considerable amounts of energy are 
released during oxidations. Combustion of wood, gaso-
line or other fuels are examples of strong oxidations.

To take away electrons means to oxidize. Thus, an ele-
ment or a molecule which acquires electrons by taking 
electrons from another molecule is an oxidizing agent; 
the one that releases electrons is a reducing agent. We 
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are describing “redox reactions”. Combustions are high 
energy oxidations performed by strong oxidants (highly 
electronegative atoms) which occur with a remarkable 
emission of light and heat. In the biological world, oxygen 
is the predominant oxidant and combustion reactions 
occur in an extremely controlled fashion without visible 
flames.

Another important feature of biological oxidation is 
that it takes place through a complex mechanism invol-
ving a molecule which conserves a considerable amount 
of the energy released by combustion. This molecule, 
which can convert energy into different kinds of work, is 
adenosine triphosphate (ATP).

Mitochondria can be considered to be the power plants 
of the cell. Energy is harnessed through the reactions 
taking place in the highly organized sequential steps of 
oxidative phosphorylation located in the inner mito-
chondrial membrane, which folds in cristae, a continuous 
zigzag pattern within an outer membrane. Oxidative 
phosphorylation is the process in which the major part 
of metabolic energy is released and transformed into a 
form of energy which can be universally used for many 
different cellular needs: the energy of ATP.

Oxidative phosphorylation the 
mitochondrion: our main energy plant

The mitochondrial electron transport chain (or respirato-
ry chain) could be compared to a rushing mountain creek, 
where electrons flow downhill towards oxygen. In the stee-
pest parts of the slope enough energy is made available to 
feed a turbine. These are sophisticated engines which pro-
duce ATP, the molecular currency that powers biological mo-
vement – from eyeblink to strenuous exercise.
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Fig. 3 – Outer and inner mitochondrial membrane

In the respiratory chain, hydrogen atoms are transported 
as such up to a certain point, then they are broken down 
into protons and electrons. The electrons pass through a 
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series of electron carriers along the chain until they reach 
oxygen which, by acquiring 2 electrons, becomes negati-
vely charged (O=). At last protons neutralize these negative 
charges and H2O is formed. The many proteins involved in 
the enzyme-catalyzed transport of protons and electrons to 
oxygen are organized in membrane bound respiratory com-
plexes and Coenzyme Q plays an essential role in three of 
these complexes. It accepts protons and electrons from the 
upstream components, so becoming reduced (Ubiquinol) 
and then hands them on to the downstream components, 
returning to the oxidized form (Ubiquinone).

There are two mobile components that diffuse rapidly 
along the plane of the membrane: coenzyme Q10 and cyto-
chrome c. Electron transfer is mediated by random collisions 
between diffusing donors and acceptors along the enzyme 
complexes.

The oxidation of the reduced coenzymes liberates energy, 
which is utilized to feed a proton pump mechanism that 
concentrates H+ in the intermembrane space.

One of the major molecular mechanisms basic to the pro-
ton flow involves Coenzyme Q, namely CoQ10 in humans, 
which, being mobile in the hydrocarbon environment of the 
mitochondrial inner membrane, becomes protonated (ubi-
quinol, the proton-rich form) at one side of the membrane 
and deprotonated (ubiquinone) on the other side, leading 
to a build up of protons in the intermembrane space1. This 
translocation of protons generates a membrane potential 
(∆V, also traditionally indicated as ∆Ψ) which determines a 
proton-motive force. Fig. 4 depicts ATP synthetase as being 
like a turbine, driven by the proton back flow and converting 
one form of energy into another.
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Fig. 4 – Mitochondrial energy production is like a turbine driven 
by a proton flow

Location and function of Coenzyme Q  
in the respiratory chain

Coenzyme Q10 is a molecule which carries hydrogen (or 
electrons + protons, i.e., e- + H+) by circulating either in the 
oxidized form as ubiquinone or in the unoxidized, proton-
rich form as ubiquinol. As such, ubiquinol is a donating [e- 

+ H+] center whereas ubiquinone is an accepting [e- + H+] 
center in catalytic proteins of the respiratory chain in the 
mitochondrial cristae membrane. Although Coenzyme Q10 is 
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a moderately large molecule, it is highly mobile in the hydro-
carbon rich environment of the phospholipid bilayer, in which 
different respiratory chain catalytic centers are situated2. 

Moreover, concentration of total Coenzyme Q10 is criti-
cal for the velocity of the respiratory chain, and so is the 
Ubiquinol/Q10 ratio3.

This last concept helps us to understand the rationale that 
links together the classical bioenergetic proton-motive func-
tion of CoQ10 and its antioxidant role. On the one hand, any 
condition of increased oxidative stress leading to enhanced 
involvement of Coenzyme Q10 as an antioxidant might 
somehow decrease the critical availability of Coenzyme Q10 
itself for oxidative phosphorylation. On the other hand, it 
also helps to understand a possible mechanism of action of 
exogenous supplied CoQ10 which, by overcoming a deficien-
cy, could reestablish a higher energy flow and an enhanced 
energy transduction. 

•
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Endogenous and nutritional 
sources of Coenzyme Q10

Coenzyme Q10 is widely diffused in nature, thus it is pre-
sent in many vegetal and animal tissues which are part of 
our normal diet. Coenzyme Q10 is also actively synthesized 
by our cells. This is the reason it is not a vitamin according 
to the classical definition. So, our tissue levels of CoQ10 
depend both on an endogenous biosynthesis and on an 
exogenous supply. Metabolic demand and the turnover 
rate of CoQ10 should also be taken into consideration when 
trying to establish a “nutritional status” of CoQ10.

Nutritional intake
The content in CoQ9 and CoQ10 of different types of 

food was evaluated in a paper by Kamei et al. CoQ9 is 
usually present in cereals, while CoQ10 is found in a variety 
of sources including meat, milk, fruit and vegetables, to 
name a few.. Dietary sources of CoQ10 offer both the ubi-
quinol and ubiquinone forms1. For instance, both forms 
of CoQ10 are found in soybeans (greater than 6 µg/g) with 
the ubiquinol in greater concentration than ubiquinone. 
CoQ10 is also present in walnuts, almonds, in oils and fruits 
rich in oil and in green vegetables; spinach is particularly 
rich in CoQ10. Some kinds of fish also have comparati-
vely high amounts of CoQ10. On a weight basis, sardines 
have more than twice as much CoQ10 as beef; 1.6 kg of 
sardines contain 100 mg of CoQ10. Milk and cheese have 
a lower content of Coenzyme Q10. It is difficult to assess 
the relative importance of endogenous biosynthesis and 
exogenous intake; the latter plays a significant role as well. 
Data from Kishi et al. showed that in patients under total 
parenteral nutrition (TPN), plasma levels of CoQ10 undergo 
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a remarkable reduction (50%) in just one week. This fin-
ding might be related to non-consumption of CoQ10 and/
or its precursors present in the diet or to stressors that 
resulted in the patient requiring TPN. In our lab we often 
found plasma levels of CoQ10 close to or even lower than 
0.1 μg/ml in traumatized patients. It is difficult to evaluate 
to what extent those data were related to total parenteral 
nutrition or to the serious clinical conditions of shocked 
patients. 0.1 μg/mI represents a very low value inasmuch 
as normal plasma levels are around 0.79±0.2 μg/mI.

Biosynthesis of CoQ10

Fig. 5 – Schematic representation of the biosynthetic pathway 
leading to Cholesterol, Dolichol and Coenzyme Q



23 

ENDOGEN OUS AND NUTRITIONAL SOURCES OF COENZYME Q10 

CoQ10 is synthesized by our body and the biosynthetic 
pathway is common up to a certain point to cholesterol 
biosynthesis. In fact, cholesterol and Coenzyme Q are end-
products of this important biosynthetic pathway which is 
under the control of a key-enzyme, hydroxy-methylgIutaryl 
coenzyme A reductase (HMGCoA reductase). So, choleste-
rol and CoQ10 share, up to a certain point, their biosynthe-
tic pathway. 

CoQ10 and inhibitors of HMG-CoA 
reductase (statins)

HMG-CoA reductase inhibitors, known as statins, represent 
a potent therapy in the anti-cholesterol strategy. Cholesterol 
lowering therapy plays an essential, well recognised role in the 
secondary prophylaxis of coronary heart disease, as shown for 
instance by the Scandinavian Simvastatin Survival Study [4S]2. 
As CoQ10 and cholesterol share the same biosynthetic pathway, 
it is reasonable to hypothesize that statin therapy may also lead 
to decreased levels of CoQ10. In 1993 we reported the results of 
the first double blind study showing that both simvastatin and 
pravastatin produce a decrease in CoQ10 plasma levels similar 
to that of cholesterol3. Other studies confirmed those data4. On 
the whole, statins are powerful, effective drugs, usually safe, 
with an apparently low frequency of side effects but which 
in some cases have been found to be very serious. In August 
2001, a clear relationship between the use of cerivastatin and 
rabdomiolysis (destruction of muscle cells) with consequent 
death of some patients was established. Side effects of statins 
include muscle weakness, pain, and elevated plasma levels of 
CK and/or transaminases and these symptoms could, at least 
in part, be related to a certain degree of CoQ10 deficiency. 
We can reasonably hypothesize that, in some conditions in 
which other CoQ10-impoverishing causes exist, treatment with 
HMGCoA reductase inhibitors may seriously impair levels of 
CoQ10 in plasma, and possibly in tissues.
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Fig. 6 – Age related decrease of Ubiquinol

A physiological decline in CoQ10 occurs with age5,6 and this 
might make the elderly more susceptible to statin-induced 
CoQ10 depletion. Folkers et al. reported in a limited number 
of patients who had been on CoQ10 therapy for congestive 
heart failure a sudden deterioration of their cardiac function 
when statins were added to the therapy. This worsening 
was overcome by increasing their daily dosage of CoQ10. 
Besides the plasma CoQ10 lowering effects, animal studies 
have also demonstrated tissue depletion in the course of 
statin treatment. A decrease in tissue coenzyme Q10 during 
statin therapy may have adverse effects on cellular ATP pro-
duction, as has been proven in dogs and guinea pigs. There 
are only a few studies on the effect of statin treatment, 
in humans on muscle CoQ10 concentrations. In an early 
study by Laaksonen et al. decreases in serum ubiquinone 
concentrations in the course of simvastatin treatment did 
not result in CoQ10 reduced levels in muscle tissue7. Those 
patients took 20 mg simvastatin per day for 4 weeks. In a 
more recent publication the same group reported the results 
of a study designed to assess the effect of high dose statin 
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treatment on cholesterol and ubiquinone metabolism and 
mitochondrial function in human skeletal muscle. Muscle 
ubiquinone concentration was indeed reduced significantly 
in the simvastatin group and in the muscle of several pa-
tients there was a remarkable deterioration of mitochondrial 
functions8.

CoQ10/Ubiquinol supplementation and 
statin-induced myopathy

On the basis of these observations, it seems logical to 
hypothesize that supplementation with CoQ10 might be an 
appropriate therapeutic tool to prevent and/or counteract 
adverse effects of statin treatment.

So far we only have few studies suggesting rapid impro-
vement in statin induced myalgia and fatigue with supple-
mental CoQ10.

In an article by Caso et al. published in the American 
Journal of Cardiology12, thirty-two patients treated with 
statins under current Adult Treatment Panel III/National 
Cholesterol Education Program guidelines and reporting 
myopathic symptoms were enrolled in a double-blind study. 
Patients had been taking different statins, but a common 
feature was that they all developed myopathic symptoms 
defined as presence of muscle pain alone or accompanied 
by other symptoms, such as muscle weakness and fatigue. 
Patients were randomized and eighteen of them fell into 
the CoQ10 group and received 100 mg of CoQ10/day for 
one month while the others were treated with 400 IU of 
vitamin E/day for 30 days. The effect of supplementation 
with CoQ10 on muscle pain was investigated before and 
after the intervention using the Brief Pain Inventory ques-
tionnaire, a widely used tool to assess pain and interfe-
rence of pain with everyday life. Pain severity decreased 
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by 40% and pain interference with daily life activities by 
38%, both figures being highly significant. No changes 
in pain severity or pain interference with daily activities 
was observed in the group treated with vitamin E. Results 
strengthen the hypothesis of a possible etiologic role of 
CoQ10 depletion in the pathogenesis of myopathic symp-
toms in statin-treated patients. The authors also conclude 
that CoQ10 supplementation may offer an alternative to 
stopping treatment with these drugs.

Zlatohlavek et al. also conducted a study, although not 
placebo-controlled, on the effect of Ubiquinol on minimi-
zing muscular side effects in a group of patients treated 
with different statins and different doses16. In this group 
of 28 patients affected by statin myopathy Ubiquinol was 
given for 6 months, at a dose of 60mg/day. Plasma levels 
of CoQ10 increased by almost 200%, own to the good 
bioavailability of Ubiquinol, pain decreased on average by 
54% and muscle weakness by 44%.

Sometimes, in the course of statin treatment, cardiac 
problems can arise.

Silver and colleagues documented systematic impair-
ment of diastolic ventricular function in stable outpatients 
being started on atorvastatin therapy for hyperlipidemia. 
The authors postulate that sensitive diastolic markers may 
represent early biomarkers for impairment of left ventricu-
lar function and found reversal of these abnormalities in 
the patients after supplemental CoQ10 at 300 mg per day 
was added to their atorvastatin therapy9.

Langsjoen reported a study on a group of 50 patients 
who had been on statin drug therapy for an average of 28 
months and showed one or more statin-related adverse 
effect9. All patients were supplemented with coenzyme 
Q10 and followed for an average of 22.4 months. There 
was a remarkable improvement in the decrease in fatigue, 
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myalgia, dyspnea, memory loss and peripheral neuropathy. 
No evidence was found of any adverse consequences upon 
statin drug discontinuation. With 84% patients having 
been followed for more than a year, no cases of myocar-
dial infarction or stroke occurred. This study has a serious 
limitation inasmuch as two simultaneous interventions 
were made, i.e. statin discontinuation and supplementa-
tion with CoQ10.

The correct way to address this issue could be to set up 
a study with a sufficient number of patients treated with 
statins where the ones showing side effects would be ran-
domized and treated with placebo or CoQ10. Even better, a 
large group of patients could start with statins and CoQ10; 
the effects of statins and the occurrence of side effects 
would be monitored. Although statin therapy has been 
shown to have benefits, the long-term response in ische-
mic heart disease may have been blunted due to the CoQ10 
depleting effect.

The whole issue was reviewed by Marcoff and Thompson. 
They conclude that there is insufficient evidence to prove 
the etiologic role of CoQ10 deficiency in statin-associated 
myopathy and that large, well-designed clinical trials are 
required to address this issue13.

Recently, a qualified research group of Hartford Hospital 
CT, also led by Prof. Thompson, further inquired the me-
chanisms of statin-induced myalgia14. About 800 patients 
undergoing statin therapy (half of them with myalgia and 
half without) were genotyped to evaluate 31 candidate 
genes from the literature for their association with statin-
induced common myalgia. Among the tested genes the 
strongest association between genetic variant and myalgia 
was found for COQ2, a gene encoding a key enzyme in the 
biosynthesis of CoQ10. From a practical point of view, this 
means that not all patients are equally sensitive to statin 
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side effects. We might better understand which patients 
undergo a CoQ10 deficiency during statin treatment and 
which patients may benefit from CoQ10 treatment.

In the cardiology section we will refer to the recent re-
sults obtained by treating with Ubiquinol patients presen-
ting statin-related side effects.
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Plasma levels of Coenzyme Q10

Coenzyme Q10 is also present in human blood, where 
it is transported by plasma lipoproteins, mainly LDL. 
Coenzyme Q10 blood levels have definite metabolic and 
diagnostic implications.

CoQ10 is present in each blood component, as it has 
been deeply investigated1. White blood cells and platelets 
possess CoQ10, which is not surprising since they have 
mitochondria. Its presence has a metabolic significance 
within the bioenergetics of these cells. One of the early 
observations correlated with the presence of CoQ10 also 
in red blood cells was that it likely plays a protective role 
as an antioxidant. Supplementing human red blood cells 
with exogenous CoQ10 enables these cells to become 
more resistant to thermal autoxidation and their ATPase 
activity is better preserved. Plasma CoQ10 is routinely as-
sayed in some laboratories, both in basal conditions and 
after oral supplementation with CoQ10, in order to verify 
the attainment of therapeutic level and to establish dose–
response relationships.

Plasma CoQ10 levels do not necessarily correlate with 
tissue CoQ10 and the CoQ10 status of the body2. Plasma 
concentrations of CoQ10 are relevant for two reasons. 
They probably reflect the metabolic demand of tissues 
and play an intrinsic antioxidant role protecting LDL cho-
lesterol from oxidative modifications. The oxidation of 
LDL modifies the inert cholesterol into an atherogenic 
role, thereby promoting the fatty plaques in the arteries. 
(This role will be more extensively discussed in another 
chapter of this book.) Low plasma levels of CoQ10 are a 
constant finding in hyperthyroidism. In fact, in thyroid 
disease, also when pharmacologically induced, plasma 
CoQ10 levels unequivocally reflect the clinical status of the 
patient. Through experiments conducted on guinea pigs, 
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it was verified that hyperthyroidism and physical exercise 
are two conditions which stimulate tissue biosynthesis of 
CoQ10, probably within a more general increase in meta-
bolic demand, also leading to an accelerated uptake of 
CoQ10 by tissues. CoQ10 is mainly associated with plasma, 
rather than with cellular components of blood. Almost 
60% of CoQ10 appears to be associated with LDL, 26% 
with HDL and 14% with other lipoproteins1. As virtually 
all CoQ10 transported in the blood is bound to choles-
terols I believe that CoQ10 content should be expressed 
both as an absolute concentration (μg/ml or μM) and as a 
CoQ10/Chol ratio (nmolesCoQ10/ mmolesChol).

CoQ10 is mainly transported by LDL, where about 95% of 
it is in the reduced form,i.e.,Ubiquinol.These“normalized” 
values might better reflect the CoQ10 status of plasma 
and be useful to highlight some differences. In fact hyper-
cholesterolemic patients, having higher levels of LDL, also 
generally have higher levels of CoQ10. Therefore,an appa-
rently normal level of CoQ10 might really be low, if those 
patients had elevated LDL4,5,6,7.

Plasma coenzyme Q10 level as 
independent predictor of mortality in 
chronic heart failure

A few years ago the group of Dr. Florkowski, in Christchurch 
New Zealand, published a study in which plasma CoQ10 le-
vels were correlated with mortality in a group of patients 
with symptomatic Chronic heart Failure (CHF)8. Patients 
were followed-up for a median of 2.69 (range 0.12 to 5.75) 
years; monitoring was performed at least every 3 months. 
Lower CoQ10 and CoQ10 to lipid ratios were predictors of 
poorer survival. Mutivariate analysis allowing for effects of 
standard predictors of survival, including age at admission, 
gender, previous myocardial infarction, renal function and 
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NT-proBNP (an indicator of heart failure), showed that CoQ10 
was an independent predictor of survival. The ratio of CoQ10 
to total cholesterol was also a significant predictor of survi-
val. The strength of association between (low) CoQ10 and 
mortality was greater than that observed for NT-proBNP, a 
recognized marker of heart failure. According to the au-
thors, it is therefore plausible that CoQ10 deficiency might be 
an important pathogenic mechanism associated with worse 
outcomes in CHF, and this lends further support for control-
led intervention studies of CoQ10 supplementation.
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Free radicals, oxidative damage 
and antioxidant defense

Electrons occupy regions of space named orbitals. Each 
orbital can contains one or two electrons: an unpaired elec-
tron is one that is alone in one orbital. A free radical is 
usually defined as any species, capable of independent 
existence, containing one or more unpaired electrons. 
The presence of one or more unpaired electrons is conven-
tionally indicated by a dot, which therefore designates the 
radical character, e.g. R• (R dot or R radical). A radical can 
give an electron to another molecule or might take one elec-
tron from it thus transferring its radical character. Also when 
a radical adds on to a non-radical, a new radical is formed.

The feature that is becoming clear is that a radical gene-
rates another radical, leading to a chain reaction. A spe-
cial case of propagation of the radical chain, which is of 
particular relevance in vivo, is the one that happens through 
the so called hydrogen abstraction. The hydrogen atom is 
made of a single proton and a single electron. Thus, a radical 
that removes a hydrogen atom from a molecule leaves an 
unpaired electron on the atom to which the hydrogen was 
originally linked.

• Electron withdrawal

I would like to remind readers that to take away an electron 
means to oxidize, and a molecule that looses one electron is 
therefore oxidized. This can happen by means of radiation or 
through oxidation by another radical:

• Electron donation

To give one electron means to reduce.
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Formation of free radicals in the biologic environment 
leads us to consider the deep involvement of oxygen in 
radical reaction and oxidative damage. In cellular systems, 
the most efficient mechanisms of energy extraction from 
biological fuels are based on the combustion of sugars and 
fats by means of the highly oxidative power of molecular 
oxygen. These processes are carefully controlled and rely 
on the sophisticated system of the mitochondrial respira-
tory chain.

In the mitochondrial production of ATP, oxygen itself is 
reduced in such a way that two electrons (and two protons) 
are accepted by each oxygen atom leading to the formation 
of a water molecule: it is therefore named the tetravalent 
reduction of oxygen, since four electrons are taken up by 
molecular oxygen. A small percentage of electrons leak 
away from the mainstream respiratory chain and lead to  
the “monoelectronic, univalent molecular oxygen” reaction, 
which generates superoxide anion (O2

·-).

From this radical species other, more reactive, radicals 
are generated. Free radicals are not always bad: in fact, 
numerous adaptative mechanisms in the cells rely on a 
complex signalling network triggered by radicals. In some 
cases free radicals produced by particular cell lines constitute 
the basis for an efficient defensive system against bacteria, 
such as the bactericidal mechanisms of neutrophils, a type 
of white blood cells. We should also keep in mind that these 
bullets not only kill the bug but they might also damage 
the surrounding tissues. There is a subtle balance, in our 
body, between the level of free radicals and the magnitude 
of the antioxidant defense: an imbalance toward the for-
mer is called oxidative stress. A high level of free radicals 
might depend on an accelerated production by the body, 
on exposure to high levels of free radicals deriving from the 
environment, or a dietary regimen without adequate intake 
of antioxidants without adequate intake of antioxidants.
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Lipid peroxidation and membrane damage
As I mentioned above, a radical strives to complete its 

half-filled- electronic orbital with electrons taken away from 
high electron density structures with which it might collide.
When this happens in a biological membrane a new radical 
is formed, which propagates and amplifies the radical reac-
tion within the membrane. When sufficiently high oxygen 
tension is present, a peroxyI radical is formed: these are 
some features of the so called lipid peroxidation. We 
should imagine a dynamic situation in which propagation of 
the radical chain reaction is continuously opposed by the lipid 
soluble membrane antioxidants Coenzyme Q and vitamin 
E. Hydroperoxides are removed by enzymatic systems, such 
as glutathione peroxidase. Antioxidant mechanisms will be 
discussed in the following pages.

Lipid peroxidation of cell membranes leads to a loss of cell 
membrane fluidity, cell membrane and tissue permeability 
changes, and general derangement of the lipid-protein inte-
raction. All these alterations cause harmful repercussions on 
membrane-associated enzymes, ion channels, transport pro-
teins and receptors.

Free radicals also attack proteins and nucleic acids. We 
will only mention this fact, but in the following pages 
we will highlight the protective effect of Coenzyme Q10, 
in particular of Ubiquinol, on DNA oxidation.

•
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Anti-oxidant refreshment 
biochemistry for medical professional

Antioxidant mechanisms
Our organisms are protected against radical-induced oxi-

dative damage by various antioxidant defense strategies 
which are committed to counteract the oxidative attack in 
its early moments, i.e., formation of the priming radicals as 
well as during the initiation and chain propagation process. 
Furthermore, part of the antioxidant defense is the ability to 
remove damaged structures and repair them. Finally, adapta-
tion can also be included among the antioxidant mechanisms1.

Preventive mechanisms
When an appropriate concentration of metals is available, 

the presence of fatty acids or of phospholipid hydroperoxides 
can lead to the generation of the highly reactive hydroxyl radi-
cal, which would initiate the chain reaction. A first antioxidant 
defense line relies on mechanisms which reduce H2O2 and other 
peroxides and sequester metal ions responsible for their decom-
position. Peroxidases are enzymes which catalyze the reduction 
of hydroperoxides using different substrates as reducing agents. 
Two well known peroxidases are catalase, which reduces H2O2 
by using another molecule of H2O2 as a reducing agent and glu-
tathione peroxidase, which uses two molecules of glutathione 
as hydrogen donors.

As mentioned above, since transition metals are necessary for 
the formation of the hydroxyl radical, an effective sequestration 
of metals, mainly iron, represents a valid antioxidant mechanism 
within the category of preventive mechanism.

Carotenoids, such as beta-carotene and lycopene also 
constitute an important antioxidant primary defense line in the 
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lipid environment: by scavenging singlet oxygen they prevent 
the formation of lipid peroxides. The superoxide anion (O2

·-), 
although not particularly reactive, is in some cases responsible 
for direct attack on target molecules. More relevance is given 
to its contribution to iron-mediated oxidative stress. O2

·- can re-
duce Fe+++ to Fe++, the “dangerous iron,” and can also release 
it from ferritin where it is stored. Superoxide dismutase (SOD) 
can be classified as a member of the preventive antioxidants 
as it removes O2

·-.

Dismutation is a reaction where the same species acts as a 
oxidizing and reducing agents. In case of the superoxide anion, 
one molecule is reduced to H2O2 by the other one which is 
oxidized to O2. The whole reaction also needs two protons:

2O2
·- + 2H+ Æ H2O2 +O2

In eukaryotic cells, two intracellular superoxide dismu-
tases exist: Cu, ZnSOD, the major intracellular SOD and the 
MnSOD, located primarily in the mitochondrial matrix. In 
1982, a third SOD was discovered by Marklund and cowor-
kers and termed extracellular superoxide dismutase (ecSOD) 
as it is the predominant SOD in the extracellular fluids2,3. The 
loss or the decreased levels or the dysfunction of one of the 
three SODs has been associated with free radical mediated 
diseases. This concept will be further illustrated in the chap-
ter on CoQ10 and ecSOD.

Chain breaking mechanisms
The second line of defense against oxidative insult relies on 

molecules which react with free radicals and somehow neu-
tralize their radical character by transforming them into non 
radicals. They are usually defined as “radical scavengers”. This 
action interrupts the chain propagation reaction. SOD is some-
times classified as radical scavenger for it abolishes, through 
dismutation, the radical character of superoxide anion. Most 
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radical scavengers have relatively low molecular weight; some 
of them are hydrophilic and some lipophilic, and this endows 
the different cellular environments with appropriated antioxi-
dant defense. Among the hydrosoluble ones we will mention 
albumin, ascorbic acid, uric acid, bilirubin and the thiols.

Among the lipophilic ones Vitamin E and Ubiquinol are 
the most studied. The real antioxidant efficiency of all these 
molecules is related to their concentration, their intrinsic reac-
tivity and their mobility within the microenvironment in which 
they are located. All these factors contribute to their capabi-
lity of intercepting and nullifying radicals. They generally act 
as hydrogen donors with respect to radicals. In other words, 
radicals can very easily act as hydrogen abstractors when they 
collide with a radical scavenger, which now itself becomes a 
radical. The radical form of the scavenger is generally a more 
stable radical when compared with the free radical from which 
it was generated, so the chain propagation is interrupted. More 
importantly, it can be reconverted to its reduced, antioxidant 
form, by appropriate reducing agents, as it will be described for 
vitamin E. When considering lipid peroxidation, a classic chain-
breaking mechanism is the one performed by tocopherols, espe-
cially alpha-tocopherol (vitamin E), which donates the hydrogen 
of its phenolic group to the peroxyl radical, thus reducing it to 
hydroperoxide. When this happens the active form of Vitamin 
E is consumed, and the so called Tocopheryl radical formed in 
the process. The latter can be reconverted to the active form 
of vitamin E by Ubiquinol. Therefore Ubiquinol acts as chain 
breaking antioxidant and also regenerates Vitamin E to its 
active form. The Ubiquinol_Vitamin E combination represents 
a powerful antioxidant duet in the lipid environment.

Repair mechanisms
The third defensive line is comprised of mechanisms which 

remove the molecules damaged by the oxidative attack and 
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replace the compromised structures with new ones. Within 
the membrane’s lipid-rich environment, for example, specific 
phospholipases exist which remove oxidized fatty acids from 
phospholipids. In this reparative system, hydroperoxides 
become more susceptible to peroxidases, and lysophos-
pholipids (a phospholipid from which a fatty acid has been 
detached) are reacylated. Oxidatively damaged proteins are 
recognized and degraded by proteases. Important DNA re-
pairing mechanisms also exist and are briefly mentioned in 
the chapter dealing with Oxidative Damage on DNA.

Adaptation mechanisms
Free radicals formed in the cellular environment and reac-

tive oxygen species also work as a signal capable of inducing 
the synthesis and the transport of the appropriate antioxi-
dant to its site of action. Physical training, for instance, is 
a stimulus which induces the synthesis of catalase, other 
peroxidases and Coenzyme Q. The membranes of trained 
animals can better withstand peroxidative insult.
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Antioxidant properties of 
Coenzyme Q10

Besides the well recognized, vital role of Coenzyme Q in 
energy transduction and oxidative phosphorylation, there is 
considerable evidence that Coenzyme Q functions as a lipid 
soluble antioxidant in biological membranes. This evidence 
has been produced by numerous experimental models, both 
in vivo and in vitro1-13.

Ubiquinol acts by slowing down the chain propagation 
reaction according to the general mechanism of hydrogen 
donation to the radicals, as discussed when we mentioned 
the chain breaking lipid soluble antioxidants.

The other well known mechanism by which ubiquinol 
exerts its antioxidant properties is the one first explored 
by Packer, Kagan et al. These authors demonstrated that 
Ubiquinol, the reduced Coenzyme Q, regenerates alpha 
-tocopherol, the active form of vitamin E, by reducing the 
tocopheryl radical11.

Ernster stressed the fact that Coenzyme Q is the only lipid 
soluble antioxidant that animal cells can biosynthesize ‘de 
novo” and for which appropriate enzymatic mechanisms 
exist to regenerate the reduced form10. Several years ago 
our group demonstrated that Ubiquinol exerts its antioxi-
dant properties also by inactivating ferrymyoglobin, a spe-
cies capable of triggering the oxidative attack at muscular 
and cardiac level12.

A field which typically illustrates the importance of the 
antioxidant properties of Ubiquinol is represented by plasma 
lipoproteins. This issue will be explored on page 51.

•
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Oxidative damage to DNA

DNA is constantly exposed to endogenously generated 
reactive oxygen species (ROS) which produce oxidative 
modifications1. Exogenous chemical and physical agents 
also attack the DNA molecule, leading to other routes 
of possible oxidative damage. Our cells also possess 
efficient DNA repair systems, but if these are not suf-
ficient mutations can occur, a crucial step in carcinoge-
nesis. The repair defence is supposed to be sufficient 
in a “normal” environment in which ROS are efficiently 
counteracted by antioxidants, both enzymatic and non-
enzymatic ones. When the exposure to oxidizing agents 
is excessive or antioxidant defenses are insufficient, the 
overwhelming insult can result in increased levels of 
unrepaired DNA.

Assessing the extent of DNA oxidation

Fig. 7 – Comet image at the microscope



 48

 UBIQUINOL 

HPLC methods are often used to quantify products 
of DNA oxidation. Another approach is single cell gel 
electrophoresis (SCGE) also known as the comet assay. 
During electrophoresis in the same alkali condition, DNA 
fragments induced by DNA-damaging agents migrate to 
the anode side of the chamber, revealing, after appro-
priate staining, the characteristic comet image in which 
the tail represents damaged DNA streaming away from 
the head made of more intact DNA.

Comet data can be collected either by visual scoring or 
by using computer automated image analysis.

Coenzyme Q10 and DNA damage 
The antioxidant role of CoQ10 was mainly investigated 

in the lipid environment, with special attention given 
to its capability of counteracting lipid peroxidation, but 
it is also able to prevent protein and DNA oxidation. In 
our initial studies regarding this topic we demonstrated 
that CoQ10 protects DNA from oxidation caused by H2O2 
in an in-vitro model utilizing isolated human peripheral 
lymphocytes (cells were preincubated with liposomes 
loaded with ubiquinone or ubiquinol)2. Subsequent stu-
dies revealed that human lymphocytes from volunteers 
supplemented in vivo with CoQ10 were also protected 
against oxidative DNA damage and protection was pro-
portional to the concentration of CoQ10 in plasma and 
cells3. In the same study it was also highlighted that the 
activity of DNA repairing enzymes was positively affected 
by CoQ10 supplementation.

More recently our group conducted a study in order to 
verify whether oral CoQ10 administration could provide 
a means to reduce DNA oxidative damage in pediatric 
patients affected by Down syndrome4,5.
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Characteristic hallmarks of this pathology are men-
tal retardation, Alzheimer-like dementia and premature 
ageing. Oxidative stress is known to play a major role in 
this syndrome both due to genetic and epigenetic factors, 
suggesting that oxidative imbalance contributes to the 
clinical manifestation of DS. In particular, the implications 
of oxidative DNA damage in Down syndrome have been 
linked with neurodegeneration associated with the syn-
drome. The effects of oxidative stress in Down syndrome 
are documented in very early stages even from embryonic 
life.

Peripheral blood lymphocytes from DS patients did 
show a significantly increased DNA damage quantified 
by means of the comet assay. In the study performed in 
our lab, 30 patients affected by Down syndrome, were 
enrolled and randomly assigned to the intervention group 
(16 patients) or to the placebo one (14 patients). The 
main endpoints of the study were variations of the comet 
indexes of DNA damage (tail length, tail intensity and tail 
moment). Patients were supplemented with 4 mg/kg/ day 
of CoQ10 or an equivalent amount of placebo constituted 
by identical softgel capsules containing the phospholipid 
vehicle of CoQ10.

Basal plasma CoQ10 levels were similar in DS patients 
and healthy children, but a significantly lower CoQ10 
level was observed in lymphocytes and platelets from 
DS. When the patient was considered as a unit of obser-
vation, no significant differences in DNA damage were 
found between patients treated with CoQ10 or placebo. 
Considering the cell as an observation unit, the analysis 
of the data did show a significantly protective effect of 
CoQ10 treatment in relation to tail length and tail migra-
tion, whereas tail intensity and tail moment were not af-
fected. A statistical approach taking into consideration all 
cells from patients related with CoQ10 versus all cells from 
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patients who received the placebo showed a significant 
effect of CoQ10 in minimizing DNA damage. These obser-
vations could indicate that CoQ10 treatment, in our expe-
rimental conditions, was not able to revert DNA damage 
in heavily compromised cells, however it was able to 
minimise DNA damage in the main population of lightly 
damaged cells probably delaying the transition to a more 
advanced stage of DNA damage. In fact, CoQ10 treatment 
was effective in decreasing by 12-16% the percentage of 
cells showing low levels of DNA damage, making them 
fall into the category of undamaged cells. This could indi-
cate a potential application in preventive therapies aimed 
at delaying DNA damage and the progression of such 
damage in several pathological conditions.
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Plasma lipoproteins, oxidative 
damage and atherosclerosis

Structure and function of plasma lipoproteins
Fats are by definition insoluble in water, yet a lipid inter-

change exists between different organs for many metabo-
lic reasons. This interchange, of course, occurs through the 
blood stream, so that special ways of transport are utilized by 
our organism. The way lipid-soluble substances (for example 
CoQ10) are transported in the water environment of the 
blood is through lipoproteins. Different classes of lipopro-
teins can be classified and separated on the basis of different 
relative amounts of lipids and proteins. Lipids are lighter than 
proteins, so density decreases with increasing percentages 
of lipids. LDL (low density lipoproteins) and VLDL (very low 
density lipoproteins) have relatively higher content of lipid 
material as compared with HDL (high density lipoproteins). 
LDL, which will be taken into consideration in these pages as 
the principal atherogenic.

Fig 8 – Schematic representation of low density lipoprotein (LDL) 
structure. LDL have a spheroidal shape, with a radius of 25-30 nm. 
The outer layer is made of phospholipids and free cholesterol, while 
triglycerides and cholesterol esters are in the inner part. Apoproteins 
stay on the surface, even though they penetrate to a certain extent 
towards the inner part.
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Lipoproteins, are schematically illustrated in Fig. 8. The LDL 
particle has a spheroidal structure ,where the external part 
is very compatible with water, and their inner part is lipo-
philic, i.e. it well accommodates cholesterol and other fats.
In fact the surface layer is made of phospholipids, which are 
amphypathic, i.e., have a chemical structure made of a head 
which can interact with the aqueous environment of plasma, 
and a tail which has a high affinity for lipids.

Lipoprotein oxidation  
and protection by Ubiquinol

Since their isolation was made possible, it soon became 
evident that lipoproteins, especially LDL, are easily oxidized 
and that LDL oxidation products are cytotoxic1,2. LDL are of-
ten rich in polyunsaturated fatty acids, such as linoleic and 
arachidonic acid, which can be easily peroxidized. Dietary 
supplementation with oleic acid, which is monounsaturated 
significantly lowers peroxidizability of LDL3.

LDL contain well defined amounts of antioxidants and 
their oxidative modification is the result of a delicate balance 
between oxidative attack and efficacy of the antioxidant 
mechanisms. It was commonly assumed, until some years 
ago, that ascorbic acid and alpha-tocopherol were the first 
antioxidants to intervene and to be consumed while exer-
ting their antioxidant action, followed by lycopene and by 
carotene. In the early 1990s Professor Roland Stocker and 
his group discovered that Ubiquinol is the most reactive 
antioxidant in LDL and is also capable of regenerating 
the active form of vitamin E4. Furthermore it was soon 
evident that oral supplementation with CoQ10, even for a 
few days, makes LDL more resistant to oxidation. In the 
following years different researchers, including our group, 
confirmed those data). This phenomenon is depicted in Fig. 
9. Safeguarding LDL represents one of the protective effects 
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of Ubiquinol on our arteries. High levels of LDL, as well as 
smoking and hypertension, are primary risk factors among 
those contributing to cardiovascular disease.

Fig. 9 – Ubiquinol makes LDL more resistant to oxidation

Experimental evidence has been produced indicating that 
oxidatively modified LDL become atherogenic2. It was 
found that endothelial cells are involved in the oxidative at-
tack against LDL as described above. Oxidative attack on LDL 
deeply affects the protein moiety as well. As a consequence of 
these changes, LDL are no longer “recognized” by the normal 
receptors and are taken up more readily by the scavenger re-
ceptors of macrophages. A schematic representation of these 
events is depicted in Fig. 10. LDL leave the blood stream, pene-
trate the endothelial cell lining and reach the subendothelial 
space, where they undergo oxidative attack by the endothelial 
cells. Oxidatively modified LDL are capable of triggering fur-
ther events, including platelet activation, and exert a chemo-
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tactic attraction on circulating monocytes, which migrate to 
the subendothelial space where they become macrophages. 
These cells are able to take up more rapidly oxidatively mo-
dified LDL and this uptake involves a special receptor, called 
the “scavenger receptor”. These events lead to an accumula-
tion of lipids, mainly cholesterol and cholesterol esters, in the 
macrophages, which are going to become lipid-laden foam 
celIs. Foam cells may be considered the essence of the athe-
romatous lesions.

Dr. Kontush confirmed that vulnerability of LDL is directly 
correlated with their content in polyunsaturated fatty acids 
and clearly demonstrated that, on the other hand, it is in-
versely correlated with the content in Ubiquinol5. Our group 
showed that most of Ubiquinol present in blood is transpor-
ted by LDL. In fact high plasma levels of Ubiquinol mean high 
level of Ubiquinol in LDL and extensive work has been carried 
out by our group, showing that there is a strong correlation, 
in LDL, between Ubiquinol content and resistance to oxidative 
attack.

Showing that Ubiquinol protects LDL from oxidation stron-
gly suggests that its presence is relevant in counteracting 
atherosclerosis, but it is not a direct proof of its antiatheroge-
nic effect. In fact this proof effect was obtained in two animal 
models.

A true antiatherosclerotic effect of CoQ10 was shown by 
Stocker et al. in the apo lipoprotein E-knockout mice (ApoE-
/-)6. 0.5% CoQ10 alone significantly decreased atherosclerosis 
at the aortic root and arch, but not the descending thoracic 
aorta, whereas vitamin E (0.2%) alone was anti- atherogenic 
in the aortic root only.

R.B. Singh also reported the results of a similar study 
conducted in a model of an experimental atherosclerosis in 
the rabbit7.
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The treatment with coenzyme Q led to significantly smaller 
artery plaque sizes. Aortic plaque frequency, aortic plaque 
ulceration, coronary plaque ulceration, aortic plaque throm-
bosis, coronary plaque thrombosis or haemorrhage were 
significantly lower in the CoQ group than in the placebo 
group, indicating that CoQ10 treatment can improve the 
quality of the atherosclerotic plaque.

 Fig. 10 – Formation of the foam cells
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Relevance of the CoQ10 reductive status
The use of very sensitive electrochemical detectors allows to 

quantify the percentage of CoQ10 in the oxidized and in the 
reduced form and plasma is a very suitable material with which 
to measure this ratio. The redox status is usually expressed as 
ubiquinol/total CoQ10 (%) or ubiquinone/ total CoQ10. In freshly 
drawn blood CoQ10 is almost fully reduced, i.e. almost 95% of 
the coenzyme is Ubiquinol. Decreased ubiquinone/ total CoQ10 
ratio is a sensitive marker of an improved antioxidant status. 
Quite a few years ago we showed that spontaneous oxidation 
of ubiquinol in plasma and in isolated LDL was considerably 
slower in CoQ10 enriched plasma or LDL. In other words a higher 
content of CoQ10 also protected ubiquinol from oxidation8. 
In the same paper we also showed a very strong correlation 
between LDL ubiquinol content and resistance of LDL to lipid 
peroxidation. Also in those years an inverse correlation was 
found between ubiquinol content and hydroperoxide levels 
both in seminal plasma and in seminal fluid9. Using multiple 
regression analysis we found a strong correlation among sperm 
count, motility and ubiquinol-10 content. An inverse correlation 
between ubiquinol/ ubiquinone ratio and the percentage of 
sperm cells with abnormal morphology was also found. More 
recently, these concepts have been validated in vivo. One of 
our recent studies has shown that supplementation with olive 
oil enriched with CoQ10 leads to a lower ox/total CoQ10 ratio, a 
marker of an improved redox status10. The same phenomenon 
in rather high doses was described a few years ago in a study 
by Miles et al. where ubiquinol was administered to children 
affected by trysomy-21.

Relevance of Ubiquinol  
concentration in plasma

It is known that Indians or South Asians living in different 
countries are particularly susceptible to coronary heart di-
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sease. Hughes et al.11 determined the antioxidant status 
including CoQ10 and various lipid parameters in a random 
sample of Indians and Chinese from the general population 
of Singapore. Although no significant differences were found 
in plasma concentrations of total cholesterol, triglycerides 
and LDL cholesterol between the two ethnic groups, both 
Ubiquinol and total CoQ10 concentrations in plasma were 
significantly lower in Indian males than in Chinese males; the 
ratios of ubiquinol and total CoQ10 to triglycerides, total cho-
lesterol and LDL were also lower in the Indian subgroup. There 
were no significant differences in other antioxidant levels. One 
might reasonably conclude that the consistently lower values 
of Ubiquinol in Indian males may contribute to the higher sus-
ceptibility of this ethnic group to coronary heart disease.

•
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Ubiquinol as a food 
supplement

As widely discussed in the previous chapters CoQ10 is a 
generic term which refers to both its oxidized and reduced 
form: the latter can also be called ubiquinol-10 (CoQ10H2) 
or just Ubiquinol.

In the mitochondrial respiratory chain CoQ10 is conti-
nuously reduced and then reoxidized by appropriated 
enzymes. Also in extracellular systems, such as blood 
plasma and seminal fluid plasma CoQ10 is present in the 
two forms. Therefore also in the extramitochondrial envi-
ronment there are several enzymatic systems capable of 
regenerating ubiquinol from ubiquinone, the extra-mito-
chondrial CoQ10 reductases. Speaking about antioxidant 
effect, ubiquinol is the active form of CoQ10. This potent 
lipid soluble antioxidant is endogenously synthesized and 
is also, in small quantities, introduced with food. The most 
common form of CoQ10 as a supplement is the oxidized 
one; in recent years ubiquinol has become available, 
thanks to Kaneka technology1,2,3. Our body is capable of 
reducing ubiquinone to ubiquinol but, as we will further 
discuss, administering ubiquinol is more effective in some 
situations. When discussing superiority of Ubiquinol we 
must keep in mind the concepts of reducing capacity and 
of bioavailability.

CoQ10 must first be converted to Ubiquinol in order 
to be absorbed. This can be achieved through the 
action of specific enzymes, called “Reductases” This 
somehow constitutes a burden for our body, as every 
reduction needs the oxidation of some other mole-
cules. Furthermore, there is evidence, at least in some 
animal models, that reducing capacity decreases with 
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age. In fact it has been demonstrated that Ubiquinol 
is better absorbed, compared to CoQ10.

CoQ10-reducing capacity  
decreases with age

DT- diaphorase (NQO1), is a well- known enzyme, 
important for detoxification of several compounds with 
benzene rings. It is also one of the main extramitochon-
drial enzymatic systems capable of reducing CoQ10 to ubi-
quinol. The reducing equivalents for this reaction come 
from NADPH+H+. NQO1 specific activity significantly de-
creases with age in mouse liver and in rat liver. Activity of 
thioredoxin reductase also showed a marked decrease in 
kidneys of aged rats. On the other hand also the levels of 
NADPH, an essential electron donor for NQO1 enzyme, 
were found to significantly decline with age5-9.

Improved bioavailability of ubiquinol
There is experimental evidence that bioavailability of 

ubiquinol-10, when given orally, is superior to the corres-
ponding bioavailability of oxidized CoQ10. Several factors 
in the formulation affect bioavailability of CoQ10, there-
fore we can make a comparison if, for a certain formula-
tion, the carrier is the same and the only change is that 
CoQ10 is in the oxidized or the reduced state. This obser-
vation can be made, for example, if we compare Kaneka 
CoQ10, in the oxidized form, as described in the paper 
by Ikematsu et al. with Kaneka ubiquinol as described by 
Hosoe et al.2. We can see that plasma levels achieved 
with ubiquinol are close to the corresponding levels 
after a dose nearly three times as big of ubiquinone.
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Fig. 11 – Bio-availability of UBIQUINOL versus CoQ10

A similar conclusion can be drawn speaking about other 
formulations as well. Our research group gained direct evi-
dence of this concept having conducted several studies 
with the oxidized, classical formulation, of CoQ10 and with 
the corresponding formulation containing Ubiquinol. For 
instance the average level reached with 300 mg/day of 
oxidized CoQ10 in a group of patients affected by ischemic 
heart disease was 3.2 µg/ ml, and 4 µg when the patients 
also underwent a program of physical exercise. The same 
formulation and the same dosage generated levels around 
4μg/ml in a group of healthy volunteers. When this group 
was treated with 300 mg of the corresponding Ubiquinol 
formulation, an average level close to 6μg/ml was reached4. 
As we will refer below, a group of cardiac patients who 
had previously been treated with ubiquinone was given 
the same doses of ubiquinol and higher plasma levels were 
seen, together with a better clinical outcome.
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Coenzyme Q10 and Ubiquinol in 
cardiovascular disease

CoQ10 was discovered in the heart, and the heart muscle 
has indeed a very high concentration in this essential factor. 
Our studies in the early 1970s, while I was working with Dr 
Folkers in Austin, were conducted on more than one hun-
dred heart biopsies obtained during surgery: there was a 
certain degree of CoQ10 deficiency in the cardiac muscle of 
patients in heart failure and the deficiency was more severe 
in the sickest and most compromised patients1. Those results 
were confirmed later, when the HPLC technique became 
available. CoQ10 deficiency was not the cause of the disease, 
but we can reasonably hypothesize that it did contribute to 
the progressive worsening typical of this condition, where 
the heart is really energy starving. Based on these findings 
an approach of complementary treatment of Chronic Heart 
Failure (CHF) with CoQ10 was started. In the following years 
a mild, yet significant effect of CoQ10 on high blood pressure 
was seen. Regarding this last issue we could only speculate 
that the antioxidant properties of CoQ10 might be involved. 
In the recent years we gained a broader picture of the mul-
tifaceted effect of CoQ10 and Ubiquinol in cardiovascular di-
sease: these effects are likely based on its well known role in 
mitochondrial bioenergetics, on antioxidant protection and 
on counteracting endothelial dysfunction. These concepts 
will be explored in the following pages.

Congestive Heart Failure
Congestive heart failure (CHF) is one of the main indica-

tions for the use of CoQ10 as adjuvant therapy.

CHF is a condition in which the pumping capacity of the 
heart is seriously compromised. In CHF the myocardial cells 
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lack the contractility that is necessary to effectively pump 
blood to the various parts of the body. In the preceding 
pages the essential role of CoQ10 in cellular bioenergetics 
was highlighted, and optimizing the CoQ10 status of the car-
diac cells has been shown to improve their functional capa-
city. Although it is beyond the aim of this book to critically 
analyze all of the papers dealing with CoQ10 and CHF, I will 
mention some of the studies which help to clarify at which 
extent CoQ10 can influence this condition.

The early studies with CoQ10 in cardiology were conducted 
by Dr Karl Folkers. Also, an original pioneer in this field was 
Dr Per Langsjoen, a cardiologist in Texas.

The many years of experience of Langsjoen and Folkers are 
summarized in a paper published in 1990 in the American 
Journal of Cardiology2. The authors started a study in 1981 
with a pilot trial, double blind with crossover, on a group 
of 19 patients affected by dilated cardiomyopathy, NYHA 
class III and IV. In that study CoQ10 administration led to an 
increase of CoQ10 blood levels with simultaneous improve-
ment of myocardial function and clinical conditions. In the 
following 42 months, 126 patients affected by the same 
disease were enrolled and followed-up for 5 years. 75% 
of these patients were more than 50 years old with an age 
distribution comparable between the two genders. Most of 
the patients were in NYHA class III and IV and stabilized by 
conventional therapy. The patients started a treatment with 
100 mg of CoQ10 per day. Mean blood CoQ10 levels at start 
were 0,85 μg/ml, i.e., significantly lower than the correspon-
ding levels in a group of 54 normal control subjects, showing 
an average of 1.07 μg/ml. These values rose after CoQ10 
therapy to approximately 2 mg/ml, which were maintained. 
Mean ejection fraction (EF) was 41% at the beginning of the 
trial, and rose highly significantly to 59% stable values after 
6 months. A detailed analysis of single patients showed that 
71% of the patients achieved significant improvement of EF 
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after 3 months of therapy and 16% within 6 months. On the 
whole there was a significant EF improvement in 87% of the 
patients. A total number of 106 patients improved by one or 
two NYHA classes, with some degree of correlation with the 
improvement in EF.

A contribution on the effect of CoQ10 in the treatment of 
cardiac failure was presented by Hoffman-Bang, Swedberg 
et al., who set up a double blind, crossover study on 79 pa-
tients, 60 of whom in NYHA class III3. Analysis of data regar-
ding the quality of life revealed a significant improvement 
of sensory perception and physical performance. Significant 
differences were also recorded concerning the EF measured 
with an induced increase of preload, i.e. with the legs up, 
and the maximum workload measured by an ergometric 
test.

Among the numerous Italian studies, we should mention 
a multicenter, double blind trial coordinated by Trimarco 
and Condorelli4. 33 clinical centers took part in the study, 
enrolling 641 patients; 319 were assigned to the CoQ10 
treated group (100-150mg/day) and 322 to the placebo 
treated, control group. A total of 16 and 21 patients died, 
respectively, in 12 months, but the difference was not signi-
ficant. However, the percentile incidence of acute pulmo-
nary edema was significantly lower in the CoQ10 treated 
group, compared with the control group. The episodes of 
cardiac asthma were also significantly less frequent in the 
CoQ10 treated group; finally, arrhythmias were significantly 
more frequent in the control group. A very interesting result 
was that the percentage of patients requiring one or 
more hospital admissions during the study was close to 
40% for the control group, compared with 20% for the 
CoQ10 treated group (P<0,01). Variation of NYHA class 
was also evaluated. In the CoQ10 treated group, there was 
a significant reduction of the NYHA class, which indicates a 
functional improvement. This reduction was already signifi-
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cant after 3 months of CoQ10 therapy, and was constant up 
to 12 months. There was no NYHA class reduction in the 
patients of the placebo group. Finally, physicians participa-
ting in the study and the patients themselves were asked to 
express an overall clinical pronouncement on the effects of 
the treatment, using a 1 to 3 score.

The mean score expressed by the patients as well by the 
physicians throughout the course of the study was unchan-
ged for the placebo control group, whereas progressively 
increased in the CoQ10 treated group.

It is reasonable to inquire whether an increased radical 
production is present in heart failure. The heart is under the 
control of the autonomous nervous system and the failing 
heart undergoes a series of reactive mechanisms which also 
imply a higher release of catecholamines: this often leads to 
a worsening of the failure itself. For instance, the increased 
incidence of arrhythmia in patients affected by heart failure 
might reasonably be related, at least in part, to an increased 
stimulation by catecholamine.

In the presence of an excess of catecholamines, one of the 
two possible catabolic pathways of catecholamines would 
be enhanced, i.e. oxidation of catecholamines to adreno-
chrome and adrenolutin. This catabolic pathway involves the 
intervention of superoxide anion and therefore of other reac-
tive oxygen species. Experimental evidence in different fields 
also points out that there is an increased consumption of 
Coenzyme Q in situations characterized by increased levels 
of oxidative insult. Therapeutic use of CoQ10 in congestive 
heart failure, besides the rationale mentioned at the begin-
ning of this chapter, might also be related to the possible 
beneficial effects of antioxidants in this clinical syndrome, 
quite possibly the ubiquinol antioxidant form.

In a double-blind controlled study conducted in Israel pa-
tients in NYHA class IV treatment with conventional therapy 
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plus CoQ10 led to significant improvement in dyspnea, NYHA 
class, nocturia and fatigue5. The most significant result was 
observed in the “six minute walking test”. In fact, patients 
treated with CoQ10 increased their distance from 269 to 382 
meters, while in the placebo group there was a negative 
variation, from 254 to 177 meters.

A paper recently published in the International Journal of 
Cardiology highlights the findings of a 5-year prospective 
study, led by Dr. Urban Alehagen, conducted among elderly 
Swedish citizens treated with selenium and coenzyme Q10

6.

Selenium is an essential nutrient involved in different vital 
processes of the body, such as antioxidant defense, oxida-
tive metabolism and immune response. A close connection 
is known between the selenium content of soil, selenium 
dietary intake and health. The best- exemplified situation is 
Keshan disease, an endemic cardiomyopathy found in sele-
nium deficient areas of inland China. Besides this particular 
situation, there are concerns on whether the daily intake of 
selenium is sufficient in many Western European countries. 
Salonen et al. observed a 2.9-fold increased risk of cardio-
vascular death in patients with low selenium levels7. On the 
other hand the involvement of coenzyme Q10 in cardiology 
has been known for many years, starting from the initial 
observations of low CoQ10 myocardial levels and correla-
ting with the extent of myocardial dysfunction. More recent 
findings indicate lower levels of coenzyme Q10 in plasma of 
heart patients with lower survival, compared to the corres-
ponding levels in patients who survived longer as discussed 
in the previous pages8. Therefore a background on the rele-
vance of both CoQ10 and selenium in the management of 
heart disease already existed.

The Alehagen paper highlights some biochemical facts 
which might strengthen the relationship between 
CoQ10 and selenium. One which is closely related to the 
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main topic of this booklet is that selenium is essential 
for the function of thioredoxin reductase, an enzyme 
among those which, in our body, reduce ubiquinone 
to ubiquinol, the active form of CoQ10 endowed with 
antioxidant properties.

In the study by Alehagen and his group, 443 people from 
a rural town in South East Sweden, aged 70-88 years, were 
divided into 2 groups: 221 of them took the active treatment 
and 222 received the placebo. Active treatment consisted 
of CoQ10, 200 mg/day,and 200 micrograms/day of organic 
selenium yeast tablets. Participants underwent a clinical 
examination, ECG and echocardiography; blood was with-
drawn for the analysis of BNP, a recognized marker of car-
diac muscle deterioration.

The follow-up lasted for about 5 years and 36 participants 
in the placebo group suffered all-cause mortality compa-
red with 28 participants in the active treatment group: the 
difference though was not statistically significant. Instead, 
cardiovascular mortality resulted significantly higher in the 
placebo group (28/222, 12.6%) compared to the active 
treatment group (13/221, 5.9%). This was evident when 
performing a univariate analysis and also when taking into 
account, in a multivariate regression analysis, other variables 
which alone led to increased mortality, such as male gender, 
age, NYHA class III, smoking, diabetes, etc. According to the 
multivariate regression analysis, treatment with CoQ10 and 
selenium determined an HR (hazard ratio) of 0.46 (P=0.02). 
From a practical point of view CoQ10 plus selenium more 
than halved the mortality hazard. A significant difference 
in NT-proBNP plasma concentration levels between the two 
groups was noted at 24 months, and this was further pro-
nounced at 48 months: the lower levels of proBNP in the 
active treatment group underline a better status of myocar-
dial tissue. Cardiac systolic function assessed by echocardio-
graphy also showed a significantly better score in the active 



71 

COENZYME Q10 AND UBIQUIN OL IN CARDIOVASCULAR DISEASE 

supplementation group compared to the placebo one. This 
study, although conducted in a limited number of partici-
pants, and belonging to a rather narrow age range, shows 
a remarkably reduced risk of cardiovascular mortality, upon 
long-term treatment with CoQ10 and selenium versus place-
bo and this was accompanied by a better cardiac functiona-
lity and improved markers of cardiac muscle improvement.

These encouraging results strongly support further sup-
plementation studies on larger populations, with different 
age groups, especially in conditions where a selenium and/or 
CoQ10 deficiency may be present. In the last 20 years several 
metanalyses on CoQ10 impact in CHF were conducted; the 
last one, by Fotino et al., was published in 20139. This review 
included controlled studies that reported EF and NYHA class 
as primary outcome. Supplementation with CoQ10 resulted 
in a pooled mean net change of 3.67% (95% CI: 1.60%, 
5.74%) in the EF and -0.30 (95% CI: -0.66, 0.06) in the 
NYHA functional class. These changes were significant in 
some subclasses of studies.

Q-Symbio
In this double blind, placebo-controlled study, a group of re-

searchers, coordinated by Prf. Svend Aage Mortensen, inves-
tigated the effects of CoQ10 on patients symptoms, functional 
capacity and biomarker status (NT-proBNP) and the long-term 
outcome by monitoring morbidity and mortality. This paper 
has just been accepted for publication in the Journal of the 
American College of Cardiology, Heart Failure12.

Patients affected by Heart Failure (H.F.), in New York Heart 
Association (NYHA) Class III or IV, who were receiving current 
pharmacologic therapy were randomly assigned in parallel 
groups to CoQ10 100 mg three times daily or to placebo. 
The primary long-term endpoint was the time to first 
MACE (major adverse cardiovascular event) including 
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unplanned hospitalization due to worsening of HF, car-
diovascular death, urgent cardiac transplantation and 
mechanical support, using a time to first event analysis.

A total of 420 patients – CoQ10 (N=202), placebo (N=218)–
were enrolled with a follow-up time of 2 years. After 3 months 
there was a trend with a reduced level of NT-proBNP in the 
CoQ10 group. After 2 years there was a significant improve-
ment of the NYHA Class in the CoQ10 group. The primary 
endpoint was reached by 29 patients in the CoQ10 group, as 
compared with 55 patients in the placebo group (14 percent 
vs. 25 percent). CoQ10 treated patients had significantly lower 
cardiovascular mortality and lower occurrence of hospitaliza-
tions for HF. All cause mortality was also lower in the CoQ10 
group, 18 patients vs. 36 patients in the placebo-group (9 
percent vs. 17 percent). There were fewer adverse events in 
the CoQ10 group compared to the placebo group.

The authors conclude that: “Q-SYMBIO is the first double-
blind trial in chronic HF addressing whether CoQ10 sup-
plementation might improve survival. The CoQ10 treated 
patients had reduced hospital admission rates for worsening 
HF and lower cardiovascular death both of which may re-
flect a significant improvement in cardiac function. CoQ10 
treatment was safe with a reduced all cause mortality rate. 
Therefore CoQ10 should be considered as a part of the main-
tenance therapy of patients with chronic HF”.

A few years ago the reduced form of coenzyme 
Q10, ubiquinol, became available and several studies 
showed a superior effect compared to ubiquinone, also 
in cardiology practice.

Ubiquinol in clinical practice
Dr. Peter Langsjoen has gained extensive experience in 

treating patients affected by congestive heart failure with 
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CoQ10. In the past few years he also started using ubiquinol. 
According to Dr. Langsjoen, patients with congestive heart 
failure often fail to achieve therapeutic plasma CoQ10 levels 
even with high doses of ubiquinone and clinical improve-
ment is limited. He postulated that the intestinal edema in 
these critically ill patients may impair CoQ10 absorption. He 
initially described seven of these patients in whom plasma le-
vels of CoQ10 and the clinical outcome significantly improved 
when the patients switched from ubiquinone to ubiquinol, 
at about the same doses. The authors hypothesized that the 
mechanism of CoQ10 intestinal absorption is also compro-
mised, because of the very serious edema and, for some still 
unknown reason, ubiquinol is nonetheless better absorbed. 
As we mentioned in the previous chapter, it has been de-
monstrated that, at least in healthy people, ubiquinol has 
better bioavailability compared to ubiquinone. Later on an 
additional 23 patients with heart failure, already on maximal 
medical therapy and on ubiquinone, were switched to ubi-
quinol. Plasma CoQ10 levels on an average 384 mg/day of 
ubiquinone were 2.9 μg/ml. When the authors replaced ubi-
quinone with ubiquinol (average 334 mg/day) plasma CoQ10 
levels rose to 5.3 µg/ ml. This improved CoQ10 level was asso-
ciated with improvement in both systolic and diastolic myo-
cardial function, along with improved NYHA classification10. 
By 2009 the authors were convinced of the superior absorp-
tion of ubiquinol in patients with cardiovascular disease and 
treated approximately another 300 patients.

Dr. Langsjoen also prospectively analyzed patients presen-
ting to his cardiology clinic with signs and symptoms of heart 
failure that had appeared about six years after statin drug 
therapy and in whom no other cause of heart failure could 
be identified11. In particular he referred about 83 patients 
with isolated diastolic dysfunction (present in 88% of the 
patients) and combined systolic and diastolic dysfunction (in 
the other 12%). All patients discontinued their statin therapy 
and began supplementation with ubiquinol at an average of 
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260 mg/day. Plasma levels of CoQ10 rose to an average of 
4.6μg/ml. According to Dr Langsjoen Statin cardiomyo-
pathy (SCM) is a common cause of heart failure.With 
combined statin discontinuation and Ubiquinol supple-
mentation SCM was reversible to normal in 33 out of 
67patients (49%), improved in 18 patients (26%) and 
unchanged or worse in 14 patients (21%).1

•••

According to the New York Heart Association (NYHA) classification, 
there are four classes of patients in heart failure.
Class I - No limitation: Ordinary physical activity does not cause undue 
fatigue, dyspnea, or palpitation.
Class II - Slight limitation of physical activity: Such patients are com-
fortable at rest. Ordinary physical activity results in fatigue, palpitation, 
dyspnea, or angina.
Class III - Marked limitation of physical activity: Although patients are 
comfortable at rest, less than ordinary activity will lead to symptoms.
Class IV - Inability to carry out any physical activity without discomfort: 
Symptoms of congestive failure are present even at rest. With any phy-
sical activity, increased discomfort is experienced.
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Ubiquinol and Endothelial 
function

During the last two decades much research has addressed 
endothelial dysfunction. The endothelium is the inner lining 
of our arteries. This fundamental component of our blood 
vessels acts by releasing several vasoactive factors that are 
responsible for relaxation and contraction of arteries, inhi-
bition of platelet aggregation (clot prevention) and smooth 
cell proliferation (also a cause of atheroma), and finally for 
exerting anti-inflammatory properties. Among the vasore-
laxing factors, one of the most studied is nitric oxide (NO·). 
Endothelial dysfunction reflects an imbalance between 
release of vasodilator and vasoconstrictor endothelial-de-
rived factors. A decrease in the availability of NO· involves 
either a decrease in its production by endothelial cells or in 
increased elimination of NO· itself. It is known that oxidative 
stress is one of the causes of NO· inactivation and superoxide 
anion is a molecular species responsible for it. Intercellular 
matrix, the material that holds endothelial cells together, is 
also endowed with defensive tools against NO· oxidation. 
These are mainly represented by extracellular superoxide 
dismutase (ecSOD), an enzyme which eliminates superoxide 
anion. Investigating this complex molecular scenario involves 
sophisticated biochemical methods which are not routinely 
performable. Endothelial function can be measured indi-
rectly by assessing the vasodilatory response of peripheral 
arteries to stimuli that increase NO· release. One of the tech-
niques consists in measuring flow-mediated dilation (FMD). 
Using a blood pressure cuff applied on the upper arm, blood 
flow is stopped for a few minutes: upon release of the cuff 
the sheer stress produced by resumed blood flow stimulates 
NO· production by endothelial cells. Upon NO· release there 
is an increase in the artery diameter which can be measured 
by an echograph.
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Fig. 12 – Measurement of endothelial function

A decrease below the expected arterial dilation indicates 
endothelial dysfunction, which is predictive of adverse cli-
nical events. CoQ10 positively affects FMD, mitigating 
endothelial dysfunction. The first observation was made 
by Gerald Watts and his group13, who documented positive 
effect of CoQ10 in ameliorating FMD, and therefore endo-
thelial dysfunction, in a group of Type II diabetes mellitus 
patients. In the same years intensive work started in Ancona, 
in cooperation with Dr. Belardinelli, focused on the effect of 
CoQ10 and physical exercise in patients affected by coronary 
heart disease. This cooperation led to the publication of two 
papers, both in the European Heart Journal14,15. In the first 
one we studied the effect of physical exercise alone, CoQ10 
with and without physical exercise, and placebo. It was 
already known that physical exercise improves endothelial 
dysfunction in patients affected by ischemic heart disease: 
CoQ10 supplementation was effective to the same extent 
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and the combination of CoQ10 + exercise was even more 
impressive. In the second paper we confirmed the positive 
effect of CoQ10 in improving FMD in patients suffering from 
ischemic heart disease and we also discovered that CoQ10 
increases the amount of extracellular SOD. This effect was 
particularly evident in patients with more altered FMD.

Endothelial function is also influenced by the inflam-
matory status of these cells, and ubiquinol affects 
these processes as well. During ageing, the endothelium 
undergoes specific modifications characterized by enhanced 
inflammatory response and compromised NO·-producing 
activity. Very recently, we were able to study these processes 
at molecular level using an in vitro model of vascular ageing, 
i.e. a culture of endothelial cells grown in vitro until they 
reach senescence. This enabled us to evaluate the effect 
of ubiquinol in modulating inflammatory response as-
sociated with senescence16. This was carried out in basal 
conditions and in the presence of an acute pro-inflammatory 
stimulus, i.e. the exposure to bacterial lipopolysaccharide 
(LPS). In senescent endothelial cells the enhanced release of 
inflammatory markers is known to be activated by modu-
lation of specific intracellular signalling processes regulated 
by small non coding RNA defined microRNA (miR). Exposure 
to ubiquinol of young cells challenged with LPS was able 
to silence inflammatory-associated signalling, effectively cur-
bing cell release of interleukin-6, the main proinflammatory 
factor responsible for SASP (Senescence associated secretory 
phenotype). In older cells intracellular signalling was also 
quenched although this did not translate in a significant de-
crease of IL-6 release. This data is probably associated with 
an overly high inflammatory background in older cells.

Both resistance of LDL to peroxidation and endothe-
lial function are positively influenced by plasma ubiqui-
nol concentration which is affected to a great extent 
by exogenous CoQ10. It has long been known that after 
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a single or prolonged administration of CoQ10 small 
increases can be found in heart, muscle and other or-
gans while remarkably high amounts of CoQ10 can be 
found in liver and plasma and high ubiquinol concen-
trations in plasma certainly protect the arteries. In this 
sense, ubiquinol is available as a pre-activated, antioxi-
dant form ready to deploy its benefits without need of 
conversion from ubiquinone.

•

References
1. Littarru G.P., Ho L., Folkers K. Deficiency of Coenzyme Q10 in human 

heart disease. Part I and II Internat. J. Vit. Nutr. Res. 42 (2): 291; 42 (3): 
413, 1972

2. Langsjoen H., Langsjoen P.H., Folkers K. Long¬ term efficacy and safety 
of Coenzyme Q10 therapy for idiopathic dilated cardiomyopathy. Am. J. 
Cardiol. 65: 521 523,1990

3. Hofman Bang C., Relmqvist N., Swedberg K., A¬strom M.: Coenzyme 
Q10 as an adjunctive in treatment of congestive heart failure. J. Am. Coll. 
Cardiol. 19: (Suppl. A) 774 776, 1992.

4. Morisco C., Trimarco B., Condorelli M. Effect of Coenzyme Q10 therapy 
in patients with congestive heart failure: a long term multicenter rando-
mized study. Clin. Investig. 71: s134 s136, 1993.

5. Berman M, Erman A, Ben-Gal T, Dvir D, Georghiou GP, Stamler A, Vered 
Y, Vidne BA, Aravot D.Coenzyme Q10 in patients with end-stage heart 
failure awaiting cardiac transplantation: a randomized, placebo-control-
led study. Clin Cardiol. 2004 May;27(5):295-9.

6. Alehagen U, Johansson P, Bjornstedt M, Rosen A, Dahlstrom U. 
Cardiovascular mortality and N-terminal-proBNP reduced after combi-
ned selenium and coenzyme Q10 supplementation: a 5-year prospec-
tive randomized double-blind placebo-controlled trial among elderly 
Swedish citizens. Int J Cardiol. 2013 Sep 1;167(5):1860-6

7. J.T. Salonen, G. Alfthan, J.K. Huttunen, J. Pikkarainen, P. Puska 
Association between cardiovascular death and myocardial infarction 
and serum selenium in a matched-pair longitudinal study Lancet, 2 
(8291) (1982), pp. 175–179



79 

UBIQUIN OL AND ENDOTHELIAL FUNCTION 

8. Molyneux S., Florkowski C., George P., Pilbrow A., Frampton C., Lever 
M., Richards A.: Coenzyme Q10. An independent predictor of mortality 
in chronic heart failure. J. Am. Coll. Cardiol. 52: 1435-1441, 2008.

9. Fotino AD, Thompson-Paul AM, Bazzano LA. Effect of coenzyme Q10 
supplementation on heart failure: a meta-analysis. Am J Clin Nutr. 2013 
Feb;97(2):268-75.

10. Langsjoen PH, Langsjoen AM. Supplemental ubiquinol in patients with 
advanced congestive heart failure. Biofactors. 2008;32(1-4):119-28.

11. Langsjoen PH, Langsjoen AM, Tillman EL, Langsjoen LA. HMG-COA 
reductase inhibitor-induced diastolic heart failure: statin cardiomyopa-
thy. Abstract book of International CoQ10 conference Seville, Nov 8-11, 
2012, page34.

12. Mortensen S.A.et Al., The Effect Of Coenzyme Q10 On Morbidity And 
Mortality In Chronic Heart Failure: Results from Q-SYMBIO: a rando-
mized double-blind trial. JACC Heart Failure 2014, in press 

13. Watts GF, Playford DA, Croft KD, Ward NC, Mori TA, Burke V. Coenzyme 
Q(10) improves endothelial dysfunction of the brachial artery in Type II 
diabetes mellitus. Diabetologia. 2002 Mar;45(3):420-6.

14. Belardinelli R, Mucaj A, Lacalaprice F, Solenghi M, Seddaiu G, Principi 
F,Tiano L, Littarru GP. Coenzyme Q10 and exercise training in chronic 
heart failure. Eur Heart J. 2006 Nov;27(22):2675-81.

15. Tiano L, Belardinelli R, Carnevali P, Principi F, Seddaiu G, Littarru GP. 
Effect of coenzyme Q10 administration on endothelial function and 
extracellular superoxide dismutase in patients with ischaemic heart di-
sease: a double-blind, randomized controlled study. Eur Heart J. 2007 
Sep;28(18):2249-55. 1;167(5):1860-6.

16. Olivieri Anti-inflammatory effect of ubiquinol-10 on young and senes-
cent endothelial cells via miR-146a modulation. Olivieri F, Lazzarini 
R, Babini L, Prattichizzo F, Rippo MR, Tiano L, Di Nuzzo S, Graciotti 
L, Festa R, Brugè F, Orlando P, Silvestri S, Capri M, Palma L, Magnani 
M, Franceschi C, Littarru GP, Procopio AD. Free Radic Biol Med. 2013 
Oct;63:410-20. doi: 10.1016/j.freeradbiomed.2013.05.033. Epub 2013 
May 30.

•••



 80



81 

PHYSICAL EXERCISE, FREE RADICALS AND COQ10/UBIQUIN OL 

Physical exercise, free radicals 
and CoQ10/Ubiquinol

It has been calculated that about 3% of the oxygen consu-
med by our organism is not completely reduced to water, 
undergoing instead, the monoelectronic reduction, which 
generates superoxide anion and other reactive oxygen spe-
cies able to initiate radical reactions and insult. This quota 
becomes remarkably high when there is an increase in the 
overall oxygen uptake, such as in the course of physical exer-
cise, especially in endurance sports. High intensity aerobic 
exercise involves extremely elevated oxygen consumption, 
which, as in the case of leg muscles, can reach levels one 
hundred times higher compared to the resting levels. The 
increased radical production associated with physical effort 
is also due to hyperthermia typical of high intensity exercise1. 
In fact, it has been demonstrated that temperature increase 
stimulates the uncoupling of oxidative phosphorylation. 
Instead of flowing all the way along the respiratory chain 
to make H20 and ATP, electrons leak through a «short cut» 
toward oxygen to make superoxide anion.

Numerous experimental studies conducted with laboratory 
animals as well as on man have demonstrated an enhanced 
production of free radicals in strenuous as well as in not-so-
strenuous exercise2-4. Remarkable increases in the concentration 
of pentane, a final product of lipid peroxidation in expired air, 
were measured in men during heavy exercise. It was also pos-
sible to monitor an increase of plasma malondialdehyde (ano-
ther product of lipid peroxidation) following physical exercise. 
In a group of ultramarathon endurance athletes, the increase 
of malondialdehyde correlated with the release into the blood 
stream of lactic dehydrogenase and creatine kinase, induced by 
physical exercise3. These studies have not always yielded consistent 
results. It is reasonable to figure out that the level of strain and 
the extent of training of tested subjects exerts its influence in 
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these kinds of experiments. lf we consider, for instance, lipid 
peroxidation, it will depend on the extent of oxidative insult 
and the endowment in antioxidants of the muscle fiber or of 
other tissues. This last point is very important since it brings us 
to consider the effect of acute physical exercise and of training 
on the mechanisms of antioxidant defense, either enzymatic or 
non-enzymatic mechanisms.

Several studies showed an increase of “defensive enzymes” 
i.e.,superoxide dismutase, catalase, glutathione peroxidase in 
different models of acute and chronic exercise. In one of these 
studies, conducted on athletes on whom muscle biopsies were 
performed, it was possible to demonstrate an increase of supe-
roxide dismutase and of catalase correlated with the values of 
maximal oxygen uptake (V02 max) of the inquired athletes.

It is well known that training is a powerful stimulus for the 
biosynthesis of myofibrillar elements as well as of the machinery 
that generates the ATP necessary to sustain the exercise. It also 
constitutes a stimulus capable of inducing the biosynthesis of 
antioxidant systems. In fact, muscles involved in a program of 
endurance training have a better capability of oxidizing both 
pyruvate and fatty acids, the fuels which provide the energy for 
exercise itself. These enhanced oxidative properties stem from 
an increased number of capillary vessels, increased content of 
myoglobin, the final oxygen carrier, and, above all, increased 
volume of single mitochondria and more numerous mitochondria, 
the organelles where the final harvesting of energy takes place. 
This change toward a type of muscle with more evident oxidative 
character is also confirmed in humans, where it is possible to find, 
upon endurance training, an increase of type I oxidative fibers

It has also been proven that the abundance in Coenzyme Q 
correlates with the endowment in type I oxidative fibers, the 
fibers which get most of their energy from the aerobic mitochon-
drial machinery. This increase in Coenzyme Q may reasonably be 
interpreted not only as part of the more general increase in mito-
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chondria and mitochondrial components induced by endurance 
training, but also as a potentiation of the cellular environment in 
molecules capable of counteracting the oxidative insult typical 
of enhanced aerobic activity. Robert Beyer highlighted, many 
years ago, that the content of Coenzyme Q in the mitochondrial 
membrane of normal sedentary 25 month old animals is 30% 
lower compared to the Coenzyme Q content in 3 month old 
animals. Aging is associated with a tissue decrease in Coenzyme 
Q and training is capable of minimizing this effect. A regimen 
of endurance training was capable to increase the Coenzyme 
Q concentration of heart submitochondrial particles from such 
elderly animals by 41% when compared to sedentary elderly 
animals. It is worthwhile to mention some details of the Beyer 
paper6. The extent of lipid peroxidation in the membranes prepared 
from these 3 groups (young, old, old but trained) shows small 
differences, but they possess different antioxidant potentialities. 
The addition of succinate, which reduces endogenous Coenzyme 
Q, through the succinate dehydrogenase Coenzyme Q reductase, 
results in significant inhibition of lipid peroxidation in each case, 
but is also in direct proportion to the endogenous Coenzyme 
Q content of the submitochondrial particles, being greatest in 
submitochondrial particles from 25 month old trained and 3 
month old sedentary animals. When tested in vitro the three 
mitochondrial populations showed the same peroxidation level, 
but upon addition of succinate, which converts ubiquinone to 
ubiquinol, the mitochondria containing more ubiquinone became 
more protected. These data highlight that training counteracts 
the ubiquinone decrease produced by age, but the conversion 
to Ubiquinol is necessary in order to gain a better antioxidant 
protection. It is clear that training stimulates the synthesis of 
ubiquinone in order to meet the increased metabolic demand 
and the need for extra protection against oxidative insult. Under 
these conditions, a disproportion might occur between the availa-
bility of enzymatic and apoenzymatic components, i.e., although 
Coenzyme Q is absolutely increased, there might be a relative 
deficiency with regard to the increase of the other mitochondrial 
components and of lipid peroxidation.
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To further inquire into this concept, it is useful to know whe-
ther the administration of CoQ10 is capable of attenuating some 
biohumoral phenomenon known to be related with the extent 
of oxidative damage. In an experiment conducted by Shimomura 
et al.7, a group of trained animals, part of which were on CoQ10 
treatment, were exercised for 30 min on treadmill, in a down-
hill position. CoQ10 treated animals had higher level of CoQ10 
in their muscles, and the early rise in creatine kinase and lactic 
dehydrogenase plasma levels, due to the exercise, was evident 
at a remarkably significant lower extent, in the treated animals. 
This is a sign of less muscular damage.

Similar observations were also made in an experiment conduc-
ted on athletes. Bargossi et al. administered CoQ10 to a group of 
marathon runners and tested these athletes by a cycloergometer 
submaximal exercise8. The elevation of plasma levels of enzymes 
(a sign of muscle suffering) was lower after CoQ10 treatment com-
pared to the baseline control. Already several years ago, research 
on the effects of CoQ10 in physical exercise was focused on two 
issues: protection from exercise-related damage and improvement 
of physical performance.On the basis of the concepts expressed 
in the pages dealing with energy conservation and mitochondrial 
Coenzyme Q content, several studies were conducted on the 
bioenergetic role of CoQ10 in sports medicine. In one of the early 
reports we were able to show that administration of CoQ10 to a 
group of young cyclists significantly increased the VO2max. This 
effect was later confirmed on athletes practicing less aerobic 
specialties, like volleyball or basketball9.

Since those early observations, numerous studies have been 
conducted on the effects of CoQ10 on physical exercise capacity 
and on fatigue. Some studies have highlighted a positive effect 
while others did not. A study from Cooke et al.10 showed that 
following a single administration of CoQ10, plasma levels signi-
ficantly correlated with muscle CoQ10 levels, maximal oxygen 
consumption and treadmill time to exhaustion. A trend for in-
creased time to exhaustion was observed following two weeks 
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of CoQ10 supplementation. In another trial, by Mizuno et al. 
(2008)11 oral administration of CoQ10 improved subjective fatigue 
sensation and physical performance. Kon conducted a double 
blind study12 where a group of kendo athletes supplemented 
with CoQ10 showed lower levels of CK, myoglobin (markers of 
muscular damage) and lipid peroxides (markers of oxidative stress) 
compared to the corresponding values in the placebo group. 
Also in 2008 Tauler et al. showed that supplementation with a 
combination of antioxidants including CoQ10 was able to prevent 
plasma oxidative damage induced by soccer14. A study by Zheng 
et al. examined the acute effects of CoQ10 and placebo on auto-
nomic nervous activity and energy metabolism at rest and during 
exercise: fat oxidation significantly increased during exercise in the 
CoQ10 group; results suggested that CoQ10 increases autonomic 
nervous activity during low intensity exercise15. In a double blind 
pilot study patients with post-polio syndrome were treated with 
200 mg of CoQ10/day. Muscle strength, muscle endurance and 
quality of life increased statistically significantly in all 14 patients 
but there was no significant difference between the CoQ10 and 
placebo groups (Skough et al. 2008)16.

Studies conducted with CoQ10 in the field of physical perfor-
mance have shown results which are not univocal; in fact some-
times they were inconclusive. A critical analysis of the possible 
reasons for such disparity of results must take into consideration 
several issues.

The first observation concerns dosage. Coenzyme Q10 in general 
is poorly absorbed and even for the best formulations we could 
calculate an intestinal absorption not greater than 4%. Having 
tested different formulations and different dosages we learned 
that the amount absorbed (in terms of % of the administered 
dose) is better for low dosages; moreover, it is important to 
ingest CoQ10 together with a meal. Then, of course, the quality 
of the formulation is important: with a few exceptions we found 
that oily formulations, such as soft-gels, are better absorbed 
than dry formulations. This is not surprising: being CoQ10 a fat 
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it is better absorbed together with fats. In some cases there 
could be some factors which inhibit dissolution of the tablet and 
absorption of the coenzyme . Studies with Coenzyme Q10 in the 
field of physical exercise and sport medicine aim at measuring 
performance, but also mitigation of the muscle and more general 
damage associated with high intensity training. Many CoQ10 
users commonly refer to be able to perform a certain amount 
of work, at a certain training load, in a more natural, less painful 
way. This is not only a matter of sensations, and perhaps the 
physiological difference may be biochemically measurable. In a 
recent study by Diaz–Castro et al.22 it was demonstrated that 
CoQ10 supplementation before strenuous exercise decreases 
the oxidative stress and modulates the inflammatory signaling, 
reducing the subsequent muscle damage. Scientific evidence 
on the effects of CoQ10 in sport medicine is also based on the 
concept of dose and of length of treatment. Appropriateness of 
dose, quality of the formulation, length of treatment all result 
in a certain plasma level, which could be related with a specific 
biological effect. In fact some biochemical, physiological or clinical 
effects imply attaining a specific plasma level. Several years ago 
we were able to demonstrate that improvement of endothelial 
function, in patients with ischemic heart disease, occurred with 
remarkably higher frequency when Coenzyme Q10 intake led to 
a plasma level of 2.5 μg/ml.

As I mentioned in the previous chapter Ubiquinol has a better 
bioavailability compared to oxidized coenzyme Q10 and this fea-
ture prompted its use in two well designed studies in exercise 
performance. In the study by Bloomer et al.20 seventeen physically 
active subjects, regularly participating in aerobic and/or anaerobic 
exercise training, took one single capsule, for breakfast, contai-
ning 300 mg of Ubiquinol, per day, for 30 days, or a capsule 
of placebo. The same subjects, after a 21-day washout period 
switched to the “other treatment”, in a double-blind crossover 
model. Fifteen subjects completed the study. Treatment with 
ubiquinol did not significantly improve physical performance, 
except in some selected individuals. Looking at the data there 
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was a very significant correlation between increase in Ubiquinol 
plasma levels and improvement in cycle sprint total work. In fact 
all 6 subjects in whom there was at least a 200 % change in 
Ubiquinol plasma level underwent an improvement, while none of 
the subjects below this threshold did increase their performance. 
Though the amount of ubiquinol administered (300 mg) to the 
participants is a considerable amount, it was consumed in a 
single dose at breakfast. For some of them this single dose was 
sufficient to reach a plasma level accompanied by a physiological 
response. The good correlation between % of plasma ubiquinol 
change and cycle total work make us predict that a significant 
response would have indeed been attained if plasma levels of 
Ubiquinol had been a little higher.

Alf, Schmidt and Siebrecht published in 2013 the results of 
a study where they treated with Ubiquinol, or with placebo, 
a group of 100 subjects, recruited among the young German 
athletes training regularly prior to the London Olympic Games21. 
All athletes received 5 capsules every day, each one containing 
either lactose, with an oily carrier, or 60 mg of Ubiquinol, and 
treatment lasted 6 weeks. Physical performance was measured, 
in the different phases of the study, as maximum power out-
put, in terms of Watt/kg of body weight. Both groups increased 
their physical performance: in the placebo group the increase 
in those 6 weeks was 8.5%, while in the Ubiquinol group the 
improvement was 11% and this difference was significant. In 
conclusion, the positive effect of training was significantly more 
evident in the athletes who took Ubiquinol. The authors of this 
paper highlight that, besides the better performance, Ubiquinol 
was also beneficial for the health of those athletes.

•
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CoQ10/Ubiquinol 
 and male infertility

A growing body of evidence indicates that damage inflic-
ted on spermatozoa by reactive oxygen species (ROS) plays 
a key pathogenetic role, implicating oxidative stress as a 
mediator of sperm dysfunction in the etiology of male infer-
tility1. Spermatozoa have a high content of polyunsatured 
fatty acids (PUFA) within the plasma membrane and a low 
concentration of cytoplasmic scavenging enzymes, thus 
being readily susceptible to peroxidation in the presence 
of elevated levels of ROS in the seminal fluid. Peroxidative 
membrane damage leads to a modification of permeability 
with an increased inflow of sodium and calcium and ATP 
depletion. Consequent activation of Ca-dependent enzymes 
(proteases, phospholipases) results in a cascade of protein 
and lipid damage, including also enzyme inactivation and 
structural DNA alteration and eventually cell death. The 
source of reactive oxygen species is related to both sper-
matozoa and the infiltrating leucocytes in semen. We must 
highlight that ROS also play an important physiological role 
for sperm functionality, for instance, a certain level of su-
peroxide anion is necessary for the capacitation of sperm 
cells, the process which allows sperm cells to penetrate the 
egg membrane. As with other systems and organs, a certain 
amount of ROS and other radicals has a physiological effect, 
while an excess creates damage. Spermatozoa and seminal 
plasma are endowed with a rather low level of antioxidant 
enzymes, but they also possess chain-breaking antioxidants 
capable of counteracting oxidant radicals by hampering the 
propagation of free radical chain reactions.

Both the bioenergetic and the antioxidant roles of CoQ10 
suggested a possible involvement in male fertility. On one 
hand, it is known that a large amount of mitochondria are 
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present in spermatozoa, in which motility requires a high 
energy expenditure. On the other hand, as shown in the 
previous paragraphs, the protection of membranes from oxi-
dative stress could play a role in preserving sperm integrity. 
Moreover, the biosynthetic machinery for CoQ is present at 
remarkably high levels in rat testis.

The first determination of endogenous CoQ10 levels in se-
minal fluid was performed by our group showing that CoQ10 
was assayable in total seminal fluid and in seminal plasma2,5. 
Its levels showed a good correlation with sperm count and 
motility, except in the population of varicocele patients in 
whom the correlation with sperm motility was completely 
lacking. Varicocele is an abnormal enlargement of testicular 
vessels, often associated with impaired fertility. Moreover, in 
the varicocele patients a significantly higher proportion of 
total CoQ10 was present in seminal plasma when compared 
with normal subjects or other infertile patients without vari-
cocele (the ratio plasma/seminal fluid Q10 was 69 ± 7.1% vs 
41. 2 ±. 5.6%,). These data were also confirmed in a larger 
series of patients.

After surgical repair of the varicocele, a partial correction 
of the anormality in the seminal plasma-sperm cell distribu-
tion of CoQ10 was demonstrated4,6. All these referred studies 
consider total CoQ10 levels, irrespective of its redox status. 
The first report on the assay of reduced and oxidized forms 
of ubiquinone was performed by our group7. We showed a 
significant correlation between the reduced form (ubiquinol) 
and sperm count in seminal plasma, an inverse correlation 
between ubiquinol and hydroperoxide levels both in semi-
nal plasma and seminal fluid, a strong correlation – using 
multiple regression analysis–between sperm count, moti-
lity and ubiquinol content in seminal fluid, and, finally, an 
inverse correlation between ubiquinol/ubiquinone ratio and 
the percentage of abnormal forms. These results indicate an 
important role of Ubiquinol in inhibiting hydroperoxide for-
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mation. We also found a lower ubiquinol/ubiquinone ratio in 
sperm cells from idiopathic asthenozoospermic (IDA, an ab-
normal motility of sperm cells, of unknown origin) patients 
and in seminal plasma from IDA and varicocele-associated 
asthenozoospermic (VARA) patients compared to controls8.

The important conclusion was that the concentration of 
Ubiquinol and ubiquinol/ubiquinone ratio may be an index of 
oxidative stress in seminal fluid and a decrease of Ubiquinol 
can constitute a risk factor for semen quality. Sperm cells 
characterized by low motility and abnormal morphology, 
equipped with low CoQ10 content, could be less capable in 
counteracting oxidative stress, which could lead to a reduced 
ubiquinol/ubiquinone ratio.

Studies on exogenous CoQ10 
administration

The effect of CoQ10 on sperm motility in vitro had been 
previously reported by Lewin & Lavon9. A significant increase 
in motility had been observed in sperm obtained from asthe-
nozoospermic men which had been incubated with exoge-
nous CoQ10, whereas no significant variation was reported 
in the motility of sperm cells from normal subjects. The same 
study also reported the effect of exogenous CoQ10 in vivo 
in a group of patients with low fertilization rates after in 
vitro fertilization with intracytoplasmatic sperm injection for 
male factor infertility. No significant changes were reported 
in most sperm parameters, but a significant improvement 
was noticed in fertilization rates after a treatment with 60 
mg/day for a mean of 103 days.

In an attempt to elucidate a potential therapeutic role, 
we administered CoQ10 to a group of idiopathic astheno-
zoospermic infertile patients. Twenty-two patients (mean 
age: 31 years, range: 25-39 years) affected by idiopathic 
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asthenozoospermia were enrolled in the study10. The pa-
tients were selected at the Andrology Unit of the Division 
of Endocrinology, Umberto I Hospital, University of Ancona 
(Italy). All subjects presented a clinical history of primary 
infertility of at least 3 years. No female related factor was 
apparently involved in sterility. Eligible patients had sperm 
count > 20 x 106/ml, sperm motility (forward11 motility, class 
a and b, according to WHO 1999 criteria) < 50 % at two dis-
tinct sperm analyses and normal sperm morphology > 30%.

The enrolled patients were administered CoQ10 200 mg/
day, divided into two doses, for six months. Semen analy-
sis, including computer-assisted sperm analysis and motility 
(C.A.S.A.), CoQ10 and phosphatidylcholine assays, were per-
formed at baseline and after six months of therapy. A semen 
analysis was further performed after six months from inter-
ruption of therapy (wash-out).

The results showed, for the first time, an increase of CoQ10 
levels in seminal plasma after treatment. As for blood plas-
ma the increase upon treatment with 200 mg/day of CoQ10 
was capable of triplicating the basal values. A significant 
increase of CoQ10 content was also detected in sperm cells. 
Treatment with CoQ10 also resulted in an increased content 
of phospholipids (namely phosphatydilcholine) both in semi-
nal plasma and sperm cells. These phospholipids are essen-
tial components of the lipoproteins that transport CoQ10 in 
the seminal fluid.A possible explanation for this finding is 
that increased CoQ10 levels also need an appropriate high 
concentration of a lipid carrier.

As far as semen features are concerned, a significant dif-
ference was found in forward (class a+b) motility of sperm 
cells after six months of CoQ10 dietary implementation (from 
9.13+/-2.50 to 16.34+/-3.43%, p<0.05). The improvement 
of motility was also confirmed by means of computer-as-
sisted determination of kinetic parameters. A significant 
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increase of VCL and VSL was found after treatment. No si-
gnificant differences were found in sperm cell concentration 
and morphology.

Interestingly, although a direct correlation was not found, 
a positive dependence (using the Cramer’s index of asso-
ciation) was evident among the relative variations, baseline 
and after treatment, of seminal plasma or intracellular CoQ10 
content and of C.A.S.A. (VCL and VSL) kinetic parameters .

Sperm forward motility was significant reduced after six 
months of wash-out (from 16.34+/-3.43 to 9.50+/-2.28 
%, p<0.001), while no significant differences were found 
in sperm cells concentration and morphology. The wives of 
three out of twenty-two patients (13,6 %) achieved sponta-
neous pregnancy within three months from the discontinua-
tion of therapy (2.4 % pregnancy rate per cycle).

The data of our study show a significant improvement of 
kinetic features of sperm cells after six months of adminis-
tration of CoQ10, both on the basis of manual and computer-
assisted evaluation. Furthermore, these results constitute the 
first demonstration that exogenous administration of CoQ10 
increases its levels in seminal plasma and in spermatozoa.

Several years later we were able to confirm these obser-
vations in a double blind, placebo controlled study15, where 
we also used a dose of 200mg/day.The exogenous adminis-
tration of coenzyme Q10 increased the level of the same and 
ubiquinol in semen and was effective in improving sperm 
kinetic features in patients affected by idiopathic astheno-
zoospermia.Patients with a lower baseline value of motility 
and lower levels of coenzyme Q10 had a statistically signifi-
cant higher probability to be responders to the treatment.

In conclusion, the administration of CoQ10 may play a posi-
tive role in treatment of asthenozoospermia, probably rela-
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ted both to its function in mitochondrial respiratory chain 
and to its antioxidant properties.

The issue was also addressed by Prof Safarinejad, in 
Teheran12. A placebo-controlled, randomized clinical trial 
was used to assess the effects of Q10 on three semen para-
meters – sperm density, sperm motility, and sperm morpho-
logy. Study participants (212 infertile men with idiopathic 
oligoasthenoteratozoospermia (OAT)) were treated for 26 
weeks, followed by a 30-week washout period. The trial 
showed that 300 mg/day coenzyme Q10 significantly impro-
ved all three semen parameters, whereas they remained 
unchanged in the placebo group.

It would appear, however, that study outcomes based only 
on improvement in semen values cannot cover the issue in 
its entirety. It is likely that a more accurate outcome measure 
would be the pregnancy rate, since that is the ultimate goal 
of infertility treatment. Yet while using the pregnancy rate as 
the principal goal of therapy end points, it is imperative to 
take into account the spontaneous pregnancy rate in infer-
tile couples on no treatment. In light of these observations, 
another prospective open label study analyzed the impact 
of Q10 therapy on spontaneous pregnancy rates in couples 
with idiopathic male factor infertility. This study, also by Prof. 
Safarinejad13, achieved a pregnancy rate of 34.1 per cent. 
The dose of CoQ10 was 300 mg twice a day, and the length 
of treatment 12 months. Compared to the crude 12-month 
cumulative spontaneous pregnancy rate of 6.4 per cent on 
the waiting list for male subfertility patients, this is a remar-
kable increase and might not have been achieved if these 
patients had been left untreated. The study even showed 
a trend towards higher pregnancy rates when the Q10 ad-
ministration time was extended beyond the initial 6-month 
period.
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The same author further extended his observations by em-
ploying Ubiquinol14.

In a double-blind, placebo controlled, randomized study, a 
total of 228 men with unexplained infertility were randomly 
assigned into one of two groups. The first group received 
200 mg Ubiquinol for 26 weeks, while the second group 
received a similar regimen of placebo. A 12-week off-treat-
ment period followed for both groups. The Ubiquinol sup-
plementation resulted in 81.6 per cent, 31.7 per cent and 24 
per cent improvements in sperm density, sperm motility and 
sperm morphology respectively.

Compared with the previous study, Ubiquinol was more 
effective than Q10 in improving sperm count and motility. 
Sperm density increased more than 2.5-fold with Ubiquinol 
compared to conventional Q10.
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Conclusions

In this booklet I tried to depict the location of Coenzyme 
Q10, its bioenergetic role and antioxidant properties: both 
crucial cellular roles,the bioenergetic and the defensive one, 
are actually covered by the same substance. Moreover, we 
learned that it is also implicated in the field of gene expres-
sion. From what I exposed in the preceding pages it should 
be clear that Ubiquinol is the form endowed with antioxidant 
potential. The metabolic machinery is capable of reducing 
CoQ10 in our body, but making the already reduced form 
available constitutes an advantage, especially in conditions, 
such as aging, when the reducing potential is hampered. A 
remarkable number of medical benefits, in different fields, 
has been reported with Coenzyme Q10 and it is quite clear 
that Ubiquinol has the potential to provide even more bene-
fits. Speaking of the effects of Coenzyme Q10 , the extent 
of clinical improvement also depends from the dose and 
it correlates with the plasma levels reached with a certain 
dose. The superior bioavailability of Ubiquinol has led many 
physicians to witness more remarkable progress in their pa-
tients. On the other hand, with our in vitro systems, when 
we incubate our cell lines with Ubiquinol, cellular uptake and 
biochemical effects are undoubtedly more pronounced than 
when traditional Coenzyme Q10 is used. Moreover, the age-
related unavoidable decline of vital functions is something 
that really involves mitochondrial and extramitochondrial 
Coenzyme Q10. Ubiquinol is a natural product, located in 
the heart of our metabolism: gaining a better intellectual 
comprehension of this molecule will stimulate research and 
extend its biomedical applications.

•••
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