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This paper aims to discover the ways of improving the health of patients suffering from chronic fatigue syndrome, which 

comes up because of mitochondrial dysfunction, by interventions based on the function of mitochondria in producing 

adenosine triphosphate and recycling adenosine diphosphate to replenish the ATP supply in the cell. It is found in the paper 

that the genetic pathology is the key issue of mitochondrial diseases. In this paper was analyzed the complex of medicines 

used to correct mitochondrial dysfunction. 
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Introduction. According to the annual statistics, 

mitochondrial diseases are not common, not widely 

known and are under discussions and investigations. 

This is the reason why this pathology can impede 

the timely diagnostic and correct treatment. There 

are many chronic illnesses not currently classified as 

mitochondrial diseases. Examples of such illnesses 

include bipolar disorder, multiple sclerosis, 

Parkinson’s disease, schizophrenia, depression, 

autism, and chronic fatigue syndrome, which will be 

discussed directly below. 

Objective of the paper is to investigate the 

reasons of chronic fatigue syndrome emergence 

and the ways to reduce its influence on the 

patient’s life. Subject-matter includes chronic 

fatigue syndrome diagnosis, causes, and potential 

treatment methods. Object-matter of the research 

is mitochondria and effects of their pathology. 

The task is to prove the connection between 

mitochondrial dysfunction and appearance of 

chronic fatigue syndrome. Materials used are 

scientific journals, articles from e-resources and 

the materials of the last scientific findings. 

Methods of research are genetic screening and 

blood chemistry («ATP profile» test).   

Discussion. It can be started that mitochondria are 

special organelles that present in all nucleated eukaryotic 

cells and in almost every cell of the human body. They 

are responsible for the production of cellular energy in 

the form of ATP (Adenosine triphosphate).  

According to experts, mitochondrial 

dysfunction can arise because of defects in either 

mitochondrial DNA or nuclear mitochondrial 

genes and can appear in both childhood and 

adulthood without any specific symptoms or with 

symptoms affecting an organ or tissue, or the 

organ systems. The numerous researches have 

revealed the fact that there is no absolute cure for 

the mitochondrial disease for the majority of 

patients with this disease, so the right diagnosis is 

therefore crucial for the further diagnostics and the 

clinical observation of affected patients. 

Moreover, research has established a link between 

mitochondrial dysfunction and numerous 

degenerative disorders. Most autoimmune 

disorders also appear to have a mitochondrial 

basis to them. In addition to this information, 

experts have suggested any illness that has 

symptoms of fatigue or a reduced energy 

component to it could be related to mitochondria.  

We can assume that mitochondrial dysfunction 

has been hypothesized to occur chronic fatigue 

syndrome (CFS) - a disease characterized by 

fatigue, cognitive difficulties, pain, malaise, and 

exercise intolerance. CFS can also be referred to 

as myalgic encephalomyelitis (ME) or systemic 

exertion intolerance disease (SEID). 

The underlying cause of the disease known as 

myalgic encephalomyelitis (ME) or chronic fatigue 

syndrome (CFS) is unknown, but there are at least two 

presumable hypothesis, which can explain this disease. 

One of the proposed theories is the task of this paper.  

A widespread hypothesis (A) is that the 

metabolism of people with CFS is normal, but the 

fatigue and other symptoms are due to psychological 

factors. It is acknowledged that physical fatigue is 

lack of energy, but mental fatigue is considered to be 

a subjective sensation characterized by lack of 

motivation and of  mental alertness, even though the 

brain is a major consumer of resting cellular energy. 

http://context.reverso.net/%D0%BF%D0%B5%D1%80%D0%B5%D0%B2%D0%BE%D0%B4/%D0%B0%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9-%D1%80%D1%83%D1%81%D1%81%D0%BA%D0%B8%D0%B9/are+discussed+directly
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However, if the metabolism is functioning properly, 

the fatigue and related symptoms must be due to 

energy being wasted by the mental and physical 

processes of stress, exhaustion, tension and 

depression. Patients should be able to be helped, 

possibly cured by psychological intervention, e.g. 

cognitive behavioral therapy. 

According to an alternative hypothesis (B), 

which is being in this paper, there is a metabolic 

dysfunction, which results in the lack of energy 

being produced. The main source of energy comes 

from the complete oxidation of glucose to carbon 

dioxide and water. In the cytosol of each cell, 

glucose is broken down in a series of chemical 

reactions called glycolysis into two molecules of 

pyruvate, which enter the energy-producing 

organelles - the mitochondria. Consequently, if the 

mitochondria are broken, the energy wouldn`t be 

produced enough, which can lead to general 

fatigue and can produce other symptoms of CFS.  

It has been found that the two hypotheses are not 

mutually exclusive. Some patients may satisfy both, 

but there is considerable evidence that mitochondrial 

dysfunction is discovered in cells of some CFS 

patients. For example, muscle biopsies studied by 

electron microscopy have shown abnormal 

mitochondrial degeneration [Byrne E, Trounce I, 

Dennett X. (1998)]. This can be attributed to the fact 

that one consequence of mitochondrial dysfunction 

is increased production of free radicals, which cause 

oxidative damage. Such oxidative damage and 

increased activity of antioxidant enzymes have been 

detected in those muscle specimens.  

We could also observe a decrease of intracellular 

pH after moderate exercise and a lower rate of ATP 

synthesis during recovery was measured [Lane 

RJM, Barrett MC, Taylor DJ, Kemp GJ, Lodi R. 

(2010)]. These observations show the difficulties in 

recycling of ADP to ATP in the mitochondria. 

It is worth noting, that hypothesis B is attractive 

to scientists because mitochondrial dysfunction in 

various organs offers possible explanations for many 

of the other symptoms of CFS and ME.  

There is quite significant evidence that the 

symptoms are caused by dysfunctions on the cellular 

level. Abnormalities have been seen in immune cells 

[Kennedy G, Spence V, Underwood C, Belch JJF. 

(2004)], brain cells, the thyroid, skeletal muscle 

cells, and mitochondria. One of genetic research 

identified seven clinical phenotypes.  

According to this we can identify three distinct 

clusters of clinical abnormalities that determine 

CFS [Bell D. S. (2007), p. 21-26]: (a) vascular 

abnormalities (vascular system), (b) pain and high 

sensitivities to temperature, light, noise and smells 

(central nervous system sensitization), and, finally, 

(c) fatigue and total exhaustion (impaired energy 

production). Hypothesis B is that the lack of energy 

in the third cluster originates in the mitochondria of 

separate cells, but mitochondrial dysfunction can 

also produce vascular abnormalities and central 

nervous system sensitization because ATP 

produced in each cell by its mitochondria is the 

major source of energy for all body functions, 

including vascular system, central nervous system, 

muscles and immune system.  

Concerning diagnosing methods, the “ATP 

profile” test is used by scientists [The «ATP profile» 

test [Electronic resource]. This test reveals five 

independent numerical factors from 3 series of 

measurements on blood samples of neutrophils. 

First of the measure is the rate at which ATP is 

recycled in cells. Because production of ATP is 

highly dependent on magnesium status, so the first 

part of the test studies this aspect. 

The second part of the test measures the 

efficiency with which ATP is made from ADP. If 

this is abnormal, this could be a result of 

magnesium deficiency, low levels of Co-enzyme 

Q10 (Ubiquinone) or low levels of vitamin B3.  

The third part is that the protein which 

transports ATP and ADP across mitochondrial 

membranes is impaired and this is also the reason 

of dysfunction. 

As it had been investigated, this blood test 

combines several tests, which together assess 

mitochondrial function and identify where the problem 

areas with energy production are. It is exceptionally 

useful for chronic fatigue syndrome sufferers as it gives 

clear indications for a further treatment. 

Results. Much prominence is given to the 

methods of treatment and improvement the health 

of patients suffering from chronic fatigue 

syndrome (CFS) in the paper. The main medical 

measures are aimed to optimize the processes of 

biological oxidation and tissue respiration and 

correcting the deficit of individual metabolites 

developing because of mitochondrial dysfunctions.  

The research emphasizes the importance of the 

complex of medicines used to correct the effects of 

mitochondrial disorders includes mainly 4 groups 

of drugs: 

 First group is the medicines, applicable to 

activate the transfer of electrons in the respiratory 
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chain: Coenzyme Q10 (Ubiquinone), Kudesan 

and Siccine acid.  

 Second group is the drugs used to the cofactor 

therapy, namely: Nicotinamide (NAA), Riboflavin (B2 

vitamin), Thiamine (B1 vitamin) and Thioctic acid. 

 Third group includes the medicine, which 

correct the broken metabolism of fatty acids. This 

is Levocarnitine or L-karnitine.  

 Fourth group includes medicines aimed at 

preventing oxygen-radical damage of 

mitochondrial membranes. These are ascorbic 

acid (C vitamin) and Tocopherol (E vitamin). 

The research has revealed that above-

mentioned medicines improve the health status of 

CFS patients, because most patients feel 

themselves much better with these interventions. 

Conclusions. Considering the above-mentioned 

facts, we can assume that the connection between 

mitochondrial dysfunction and appearance of 

chronic fatigue syndrome actually exists. 

Furthermore, we found the ways to reduce chronic 

fatigue syndrome influence on the patient’s life 

with the help of special medicines and drugs. 

Speaking about the outlook, the developing an 

effective treatment for mitochondrial disease and 

for CFS particularly, will depend on the integration 

of clinical understanding of disease progression, 

molecular genetic mechanisms, and pathological 

features in mitochondrial disease.  

In can be concluded that further molecular 

genetics and histopathology studies will find more 

effective treatment, which could improve the lives 

of patients with mitochondrial dysfunction.
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