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PROSPECTS OF THE APPLICATION OF COENZYME Q10 FOR CORRECTION OF MITOCHONDRIAL DYSFUNCTION 
 

Disorders of oxidative phosphorylation processes in mitochondria are associated with many diseases of the nervous and muscular system, 
endocrine organs, as well as the heart, kidneys, eyes, which have a severe clinical course and cause disability. Long-term mitochondrial 
dysfunction leads to insufficient energy supply of cells, disruption of many other important metabolic processes, the further development of cell 
damage, up to cell death. Coenzyme Q10 is able to affect these processes. Coenzyme Q is necessary for the normal functioning of living organisms 
and, above all, for the functioning of tissues with a high level of energy metabolism. 
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Mitochondria are tiny organelles of eukaryotic organisms that produce energy for all biochemical processes. According to the most popular 
version, mitochondria were once independent units of life, purple photosynthetic bacteria, but in the process of evolution were absorbed by 
ancient microorganisms, archaea, and began to produce energy for them. Each cell can contain more than a thousand mitochondria, for 
example, heart muscle cells have up to 5000 mitochondria. Molecular motors, ATP synthases, built into the inner membrane of the 
mitochondria, under the influence of proton flow rotate and synthesize the main source of energy – adenosine triphosphate (ATP). It is 
estimated that the body of an adult synthesizes and consumes about 40 kg of ATP per day. Mitochondria, unlike other organelles, have their 
own 2-10 copies of deoxyribonucleic acid (DNA), mitochondrial DNA (mtDNA). 
Mitochondria are the main intracellular source of reactive oxygen species (ROS). The corresponding intracellular balance between ROS 
production and its suppression can be changed due to the intervention of many factors that are beyond the cell control capabilities 
(exogenous chemical agents, radiation, viral and bacterial infection), and can be programmed by the cell itself (apoptosis and aging), leading 
to a phenomenon having a common name "oxidative stress". It is believed that mitochondrial nonspecific permeability induction is the cause 
of redevelopment of the redox potential in the cell and is often used as a model of oxidative stress in vitro [1].  
Mitochondria are cellular organelles that perform important functions: supply of cells with energy in the form of ATP, generation and 
regulation of reactive oxygen species, regulation of calcium ions in the cytoplasm, initiation of apoptosis. 
Disorders of these organelles play a leading role in the origin and clinical manifestations of mitochondrial diseases caused by mutations of 
mitochondrial or nuclear DNA genes encoding energy metabolism. At the same time, it was found that mitochondrial dysfunction and 
accumulation of mitochondrial mutations in tissues make a significant contribution to the aging process, as well as to the pathogenesis of a 
number of diseases characterized by neurodegeneration, in particular, Alzheimer's disease. Mutations lead to increased generation of free 
radicals, reduced levels of ATP and energy deficiency of cells. 
Currently, the term "oxidative stress" is used to refer to a wide group of various interrelated phenomena, including increased production of 
reactive oxygen species and oxidative damage to the molecular components of the cell. The relationship between these phenomena are not 
fully elucidated, but probably plays an important role in the oxidative damage of mitochondria, autocatalytically leading to increased 
generation of ROS. The mechanisms of ROS formation by mitochondria under oxidative stress are still unclear. Numerous data obtained in 
experiments with isolated mitochondria and submitochondrial particles indicate that the main superoxide-forming components of the 
respiratory chain are NADH: ubiquinonoxide reductase (complex I) and ubiquinone-cytochrome C reductase (complex III). However, it is not 
clear which component of complex I serves as a single-electron donor for oxygen recovery. Moreover, in physiological conditions, a high level 
of NADH is maintained in the cells, which may interfere with the formation of superoxide complex. Probably for this reason, experiments on 
cell cultures give conflicting results on the role of complex I in the generation of ROS. Inhibition of complex I activity in cell culture can lead to 
both an increase and a decrease in ROS levels depending on the cell type and the stimulus causing oxidative stress. Such ambiguity indicates 
the complexity of the mechanisms of ROS generation by mitochondria under physiological conditions. The reaction of cells to oxidative stress 
includes a number of protective mechanisms. First of all, there is activation and additional expression of numerous antioxidant systems, 
some of which are aimed at protecting mitochondria. 
Damaged mitochondria pose a significant danger to cells as both sources of ROS and consumers of NAD(P)H and ATP, so there are 
mechanisms for the destruction of such organelles. Finally, in the case of exhaustion of all the possibilities of protection, the cell can run a 
program of death (apoptosis), to avoid the spread of stress in the surrounding tissue. So, earlier it was hypothesized that hydrogen peroxide, 
formed in the process of cell death, can serve as a signal that causes the death of neighboring cells [29]. This signal transmission can be one of 
the mechanisms to protect the body from infection by pathogens. For example, with a localized viral infection, a zone of dead cells may occur 
around the zone of virus reproduction, preventing the spread of infection throughout the body. In addition, apoptosis signal transmission 
plays an important role in tumor therapy. Induction of apoptosis in the tumor under the action of cytotoxic chemotherapy or radiation can 
affect only part of the cells, and the death of the rest can occur under the action of hydrogen peroxide. In this case, tumor cells protected from 
apoptosis caused by cytotoxic drugs (for example, as a result of mutations in signal pathways dependent on p53 proteins) may be destroyed, 
while apoptosis induced by H2O2 does not require signal transmission by this way. The main mechanism of cell death in this case is probably 
associated with oxidative damage of mitochondria under the action of external H2С >2, which stimulates the production of "secondary" ROS 
by mitochondria and thus causes cell apoptosis. 
Research in this area is of great interest due to the fact that oxidative stress, accompanied by damage to the mitochondria, is observed in 
many serious pathologies, which are an urgent problem for health care, in particular with heart attacks, strokes, neurodegenerative diseases. 
Elucidation of the role of mitochondrial bioenergetic functions disturbance in the induction of oxidative stress, as well as study of the 
mechanisms of cell protection from increased ROS production by mitochondria will allow to fight these diseases more effectively [2]. 
Human mitochondrial DNA is a double-stranded ring molecule containing 16,600 base pairs. It encodes 22 molecules of mRNA, 2 rRNA and 
13 polypeptides of the respiratory chain enzymes. Thus, human mitochondria, like other eukaryotic organisms, have their own genetic 
system, which involves mtDNA, mitochondrial ribosomes, tRNA and proteins, providing the processes of transcription, translation and 
replication of mtDNA [3, 4]. The processes of oxidative phosphorylation in mitochondria provide the formation of the main energy substrate 
of all metabolic processes (ATP), because mutations of structural genes mtDNA, often lead to various violations of energy metabolism in cells. 
These disorders are the basis of pathological conditions called human mitochondrial diseases [5, 6].  In addition, mtDNA is transmitted 
exclusively with the cytoplasm of the egg, since sperm do not contain mitochondria. Because mitochondrial genes and mitochondrial diseases 
are inherited only through the maternal line. The first information about mitochondrial diseases appeared in 1962, when a young woman 
was determined to have a hypermetabolic state with structurally abnormal mitochondria and a violation of the respiratory chain organelles – 
symptoms, known today as Lufta disease. Further molecular mechanisms of mitochondrial diseases were studied using polymerase chain 
reaction, Southern DNA hybridization and other molecular genetic methods [7, 8, 9]. And to date, more than 200 mitochondrial diseases are 
known, which are based on violations of the oxidative phosphorylation system. There are two main groups of mutations occurring in mtDNA: 
1) mutations associated with the deletions of more or less significant fragments of the molecule (approx.: progressive external 
ophthalmoplegia, Pearson's syndrome, manifested by dysfunction of the bone marrow, pancreas and other pathological conditions); 2) point 



mutations-in this case there is a mitochondrial polymorphism, when in each cell there is both normal and mutant mtDNA. With subsequent 
replication of mtDNA and cell divisions formed variants of cells, accumulating normal and mutant molecules in different ratios. This or that 
polymorphism can be inherited by all children from the mother [10,11]. Examples include Leber optical neuropathy associated with 
progressive optic nerve atrophy leading to blindness before the age of 20, melas syndrome manifested in encephalopathy (headaches, 
convulsions, impaired mental development), and other diseases. Attention is drawn to the fact that the effect of mutations in mtDNA on the 
function of a tissue depends on the level of its consumption of ATP. Since the most energy-dependent are the Central nervous system and the 
muscular system, clinically such mutations are manifested most often in the form of various neuropathies and myopathies, affects the heart, 
kidneys, eyes, endocrine organs. In most cases, these diseases are characterized by a large variability of existing symptoms [12, 13, 14].   
There is also reason to believe that as the accumulation of mutations of mtDNA in the somatic cells of the individual in them is a progressive 
process of imbalance of oxidative phosphorylation, which is one of the main causes of aging. In the elderly, mutations of mtDNA are detected 
with a frequency of 50%. It is interesting to note that mutations can occur not only in the mitochondrial genome, but also in the nuclear one. 
However, mutations in mtDNA accumulate 10-20 times faster than in nuclear DNA. This is due to the fact that mtDNA is not protected by 
histone proteins, and the ancient, inherited from bacterial ancestors, the mechanisms of repair of its damage are imperfect. The spectrum of 
mitochondrial diseases is extensive, disorders of energy metabolism in cells are the basis of the following syndromes: Alzheimer's disease; 
Parkinson's disease; gastrointestinal reflux; insulin-independent diabetes mellitus; lethal pediatric mitochondrial myopathy; maternal 
inherited Leia syndrome; mitochondrial myopathy; dementia and chorea syndrome; myoclonic epilexy syndrome; · diabetes mellitus and 
hearing loss; myopathy and diabetes syndrome; Multisystem mitochondrial disorder syndrome; sudden infant death syndrome;lactic 
acidosis and stroke-like episodes; progressive myoclonic epilepsy syndrome; family bilateral necrosis of striated bodies; ataxia, myoclonia 
and hearing loss syndrome. 
Especially a large number of hereditary human pathology, including mitochondrial diseases, is observed in the practice of pediatricians [16]. 
It is known that at least a third of all children with disabilities in the symptom complex of their diseases have signs of polysystem disorders of 
cellular energy. The presence of mitochondrial disorders in such pathologies in children was revealed: connective tissue diseases (Marfan 
and Ehlers-Danlos syndromes), tuberous sclerosis, a number of non-endocrine syndromes accompanied by growth retardation 
(osteochondrodysplasia, silver-Russell syndrome, etc.), the influence of mitochondrial insufficiency on the course of a number of cardiac, 
surgical and other diseases, including diabetes mellitus. 
As a result, long-term mitochondrial dysfunction leads to insufficient energy supply to cells, disruption of many other important metabolic 
processes, further development of cell damage, up to cell death [17]. The drugs that can affect these processes, to improve the energy cells 
are coenzyme Q10 (ubiquinone), L-carnitine, b vitamins, etc. Ubiquinone is a substance of endogenous nature, a mandatory component of the 
membranes of mitochondria, lysosomes, Golgi apparatus, plasma membrane [18]. It was first isolated in 1957 from the bull's heart by a 
group of American researchers led by Frederick crane. A year later, Professor faulker's team, supported by the pharmaceutical company 
Merck, Sharp and Dohme, identified the chemical structure and function of the newly discovered substance. Professor faulker devoted his 
entire life to the study of Coenzyme Q 10.  For 40 years, his group has studied the properties of Coenzyme Q10 with the aim of determining 
the possibility of the use of Coenzyme Q10 in medicine. The first successful experience of the drug in CHF was noted in 1967. Since then, 
every year the number of sections of medicine in which the use of Coenzyme Q 10 showed favorable clinical effects increases [19]. 
Coenzyme Q10 in mitochondria is involved in the synthesis of ATP as an electron carrier, which matches the processes of electronic transport 
and oxidative phosphorylation. Coenzyme Q10 is a necessary link for the transfer of electrons from complexes I and II to the complex III of 
the respiratory chain. With its lack (difficulty in electron transfer through the respiratory chain), complexes I and III become the main 
generators of superoxide anion-radicals of oxygen [20-22]. Coenzyme Q10 takes part not only in the energy metabolism of the cell, but also 
occupies a Central place in its antioxidant defense.  The development of many diseases is accompanied by oxidative tissue damage due to the 
generation of active forms of oxygen in them. During intensely flowing redox processes in cells form endogenous free radicals such as 
superoxide, nitric oxide, hydrogen peroxide, lipid radicals and other reactive oxygen species damage the cell membrane and collagen fibers, 
capable of destroying the free amino acids (cysteine, lysine) [23]. To prevent the harmful effects of reactive oxygen species, cells of the body 
use antioxidant systems, low molecular weight and specialized antioxidant enzymes-superoxide dismutase, catalase, glutathione peroxidase, 
glutathione (Tripeptide). However, with the development of processes leading to the activation of oxidative metabolism, the reserve of 
antioxidant factors is not enough, so it is necessary to receive such substances as vitamins E and C, provitamin A, plant polyphenols 
(flavonoids) and quinones of animal origin (vitamin K, coenzyme Q10), from the outside, with food. A feature of coenzyme Q10 is the ability 
to regenerate, that is, to restore its oxidized form with the help of enzyme systems of the body and antioxidants of non-enzymatic nature 
(ascorbate, tocopherol), which returns its antioxidant activity. Coenzyme Q10 is produced in the human body constantly, since birth, but 
after 30 years of its reproduction is steadily declining, and by 70-80 years reaches the same level as in infancy. In addition, the need for 
coenzyme Q10 increases with active physical and mental stress, as well as diseases [24], leading to the development of energy-deficient 
conditions. These conditions are very different and include a number of diseases. 
The main causes which may lead to deficiency of CoQ10 in humans: reduced biosynthesis, and increased consumption by the body. The main 
source of coenzyme is biosynthesis, it requires correct work of at least 12 genes, and mutation in them can lead to deficiency. Also, Q10 
deficiency can develop due to other genetic defects, in particular due to mutation of mitochondrial DNA, genes ETFDH, APTX, FXN, and BRAF. 
Table 1. Coenzyme Q content in various products 
 
  



Тable 1 - In developed countries, the daily intake of Q10 with food is estimated by separate studies in 3-6 mg, mostly from meat  

 
 
 

 
Figure 1 - A simplified scheme of the biosynthesis of ubiquinone in the body 

 
In humans, coenzyme Q10 is synthesized in all cells. Synthesis is carried out from mevalonic acid, and products of tyrosine and phenylalanine 
metabolism with the participation of vitamins B2, B3, B6, B12, C, folic and Pantothenic acids, as well as a number of trace elements. It is a 
complex, multistage process regulated by several enzyme systems [25]. With a deficiency of vitamins and minerals, violations of the 
regulatory enzyme systems and even outside of any pathology endogenous biosynthesis Q10 does not meet the needs of the body. 
As one of the links of the respiratory chain, ubiquinone transfers electrons from NADPH-dehydrogenase complex (complex I) and succinate 
dehydrogenase complex (II) to complex III, and thus participates in the synthesis of macroergic molecules – ATP. Q10 is absolutely necessary 
and indispensable for oxygen-dependent energy formation. In the absence of Q10, this process is interrupted. 
Tens of clinical trials involving thousands of patients with various forms of cardiovascular disease have been conducted. Most patients took 
coenzyme Q as part of complex therapy immediately after diagnosis. In some patients, the improvement was striking: the heart regained 
normal size and contractile function. In the more advanced forms of the disease there was no complete recovery, but there was a clear 
improvement. 
In addition, the need for coenzyme Q10 increases with active physical and mental stress, as well as with diseases [26], leading to the 
development of energy-deficient conditions. These conditions are very different and include a number of diseases. 
The initial pathogenetic link of these diseases is a mutation in the mitochondrial genome. The primary mitochondrial diseases currently 
include the group of encephalomyopathies: MERRF syndrome (myoclonusepilepsia, "torn red fibers"), MELAS syndrome (mitochondrial 
encephalopathy, lactate acidosis, stroke-like episodes), Kearns–seyr syndrome (pigment retinitis, external ophthalmoplegia, heart blockade, 
ptosis, cerebellar syndrome), Pearson's syndrome (bone marrow damage, pancreatic and hepatic dysfunction), Leber's disease and a number 
of OTHER, not always clearly defined, conditions. These diseases have a number of similar signs with systemic mitochondrial insufficiency 
(muscle weakness, ptosis, ophthalmoplegia, mental retardation and biochemical changes such as increased levels of pyruvate and lactate in 
the blood) [27]. Hereditary mitochondrial defects associated with nuclear genome damage have been less studied. At present, relatively few 
of them are known (various forms of infant myopathies, Alpers', Leia's, Bart's, Menkes' diseases, carnitine insufficiency syndromes, some 
enzymes of the Krebs cycle and mitochondrial respiratory chain) [28]. Complex energotropic therapy of these diseases, including coenzyme 
Q10, cytochrome C, L-carnitine and some others, allows to achieve a significant clinical effect. The result of treatment is an increase in body 
weight, a decrease in the severity of cardiovascular disorders, a decrease in the frequency of vomiting, seizures, a decrease in the severity of 
manifestations of encephalopathy and myopathy, a decrease in fatigue depending on the scope of manifestations of the pathological process. 



Treatment of mitochondrial diseases is carried out in two main directions. The first is to increase the efficiency of energy metabolism in 
tissues. To do this, drugs are introduced whose components provide tissue respiration and oxidative phosphorylation (thiamine, Riboflavin, 
nicotinamide, coenzyme Q10, vitamin C, cytochrome, etc.). The second direction of therapy is prevention of mitochondrial membrane damage 
by free radicals with the help of antioxidants (vitamins E and C) and membrane protectors. In conclusion, it should be emphasized that the 
discovery in recent years of the role of mitochondria in drug sensitivity, their key role in aging, apoptosis and neurodegenerative disorders 
has led to the creation of mitochondrial medicine. 
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МИТОХОНДРИЯЛЫҚ ДИСФУНКЦИЯЛАРДЫ ТҮЗЕТУДЕ КОФЕРМЕНТ Q10 ҚОЛДАНУ МУМКІНДІКТЕРІ 

 
Түйін: Митохондриялардағы тотыға фосфорлануының бұзылуы жүйке, бұлшықет жүйелері және эндокриндік органдардың, 
сондай-ақ жүрек, бүйрек, көз ауруларының көптеген ауыр клиникалық жағдайына және мүгедектікке әкеледі. Митохондрияның 
созылмалы дисфункциясы жасушалардың энергиямен қамтамасыз етуде жетіспеушілігіне, көптеген басқа маңызды 
метаболикалық процестердің бұзылуына, жасушалық зақымданудың одан әрі дамуына, сондай-ақ жасушалардың өліміне әкеледі. 
Бұл процестердің түзелуіне  кофермент Q10 әсер ете алады. Кофермент Q тірі организмдердің қалыпты түрде, ең алдымен 
тіндердегі энергия алмасуының жоғары деңгейде жұмыс істеуі үшін қажет. 
Түйінді сөздер: митохондрия, митохондриялық аурулар, кофермент Q10, ATP, тотығу стресі. 
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ПЕРСПЕКТИВЫ ПРИМЕНЕНИЯ КОЭНЗИМА Q10 ДЛЯ КОРРЕКЦИИ  МИТОХОНДРИАЛЬНОЙ ДИСФУНКЦИИ  

 
Резюме: Нарушения процессов окислительного фосфорилирования в митохондриях связаны со многими заболеваниями нервной 
и мышечной системы, эндокринных органов, а также сердца, почек, глаз, которые имеют тяжелое клиническое течение и 
вызывают инвалидизацию. Длительное нарушение функции митохондрий приводит к недостаточности энергообеспечения 
клеток, нарушению многих других важных обменных процессов, дальнейшему развитию клеточного повреждения, вплоть до 
гибели клетки. Способным повлиять на эти процессы,  относятся коэнзим Q10. Коэнзим Q необходим для нормальной 
жизнедеятельности живых организмов и, прежде всего, для функционирования тканей с высоким уровнем энергетического 
обмена. 
Ключевые слова: митохондрия, митохондриальные заболеваний, коэнзим Q10, АТФ, окислительный стресс 
 


