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The largest number of mitochondrias contains enerhotrophy organs - brain, heart, liver, skeletal muscle, kidney, endocrine and respiratory systems, so first of all, suffer these organs and systems together or alternately. Mitochondrial disease is genetically heterogeneous and clinically polymorphic. Early onset results in a heavier flow, given that the early manifestation of mitochondrial disease coincides with the abnormal accumulation of mutant DNA and proceeds progressively quickly.
Depending on which organ affected, patients may present complaints of violations of motor control, muscle weakness and muscle pain, as localized and diffuse, gastrointestinal disturbances (vomiting, diarrhea with signs of exocrine pancreatic insufficiency) and swallowing difficulties, voice hoarseness, linked with weakness vocal ligaments, growth retardation, heart disease in a large spread of mitral valve prolapse to the different versions of cardiomyopathies, the formation of diabetes, liver disease, which contain hepatomegaly or different versions of idiopathic autoimmune hepatitis In these patients, may cause seizures or epi-equivalents, followed by the formation of epilepsy, problems with hearing (sensorineural deafness or hearing), visual (often changes associated with the optic nerve, including retinitis pigmentosa), respiratory disorders (worth Memory 'mind that the primary manifestation of distress - respiratory syndrome, which can lead to sudden death of a child or adult is repeated episodes of apnea in children, snoring and periodic cyanosis nasolabial triangle under emotional stress), lactic acidosis, which untreated can lead to acidotic coma common developmental disorders and susceptibility to frequent respiratory diseases (different types of immune disorders).
The most common symptoms include the following mitohondriopaty syptomo - complex:

• myopathy, polymyositis;

• ophthalmopathy;

• encephalopathy;

• hepatomegaly;

• cardiomegaly;

• epilepsy;

• diabetes.
Most patients suffering from mitochondrial diseases impose the following complaints:

• muscle weakness, fatigue, syndrome "lifeless baby" syndrome, chronic fatigue, exercise intolerance;

• headaches, episodes of loss of consciousness and convulsive seizures, loss of previously acquired skills, dementia;

• acidotic vomiting, coma;

• skeleton disorders (dwarfism);

• blurred vision, blindness, ophthalmoplegia;

• hearing impairment;

• cardialgia, myalgia.

An examination of these patients exhibit the following changes:

• elevated levels of lactate dehydrogenase;

• elevated levels of alkaline phosphatase;

• elevated kreatinfosfokinazy;

• hypoglycemia;

• hematuria;

• increasing ESR;

• rhabdomyolysis (identifying the phenomenon of "ragged" red fibers RRF by light microscopy of muscle biopsies);

• lactic acidosis.

Classification of mitochondrial diseases by type of mutations in mtDNA (classification Wallace, 1992):

	Type of mutations
	Diseases

	1. misens mutations


	- Neyrooftalmopatia of Leber (LHON);

- Retinitis pigmentosa

	2. Mutations in the genes of  t-RNA
	- Syndrome MERF (myoclonus-epilepsy syndrome, "ragged red fibers";

- Syndrome MELAS (mitochondrial entsefalomiopatia, lactic acidosis, insult-like episodes)

	3. deletions or duplications of parts mtDNA

	- external ophthalmopathy;

- Cairns-Sayre syndrome (KSS syndrome);

- Pearson syndrome (refractory anemia sydero-Blast cells with vacuolization tive brain and exocrine pancreatic dysfunction);

- Asymmetric ptosis;

- Bilateral ptosis with oftalmoparez and weakness of the muscles of the lower extremities;

- Dilatational cardiomyopathy;

- NARP - syndrome (neuropathy, ataxia and retinitis pigmentosa)

	4. mutations that reduce the number of copies of mtDNA
	- lethal infantile respiratory failure;

- Syndrome of lactic acidosis.

	5. mutations in nuclear DNA
	- Fumaric acydemiya;

- Glutaric acydemiya;

- Lack of acyl-CoA dehydrogenase fatty acids with long respiratory chain;

- Lack of 3-hydroksiatsyl-CoA dehydrogenase fatty acids with long respiratory chain;

- Lack of 3-hydroksiatsyl-CoA dehydrogenase fatty acids with an average respiratory chain;

- Lack of 3-hydroksiatsyl-CoA dehydrogenase fatty acids with short respiratory chain;

- Subacute necrotizing entsefalomiopatia of Leigh;

- Progressive sclerosing poliodystrofia of Alpers;

- Tryhopolidystrofia of Menkes.


The overall aim - to be able to recognize common signs of mitochondrial genetic diseases, diagnostic criteria for individual nosological forms with different types of inheritance.

The aim of education:

1. recognize the clinical manifestations of these mitochondrial diseases: MELAS, MERRF, MNGIE, Kearns-Sayre, Leigh and others;

2. determine the need for additional examination of the patient, including biochemical, instrumental and molecular-genetic, based on common features of mitochondrial diseases.
The aims of the initial level of knowledge and skills:
1. determine the general issues of etiology, pathogenesis, genetics of mitochondrial diseases, their classification;

2. identify individual nosological forms of mitochondrial disease on the basis of somato-genetic examination, clinical and genealogical and syndromologic analysis;

3. Data Interpretation basic laboratory and special methods of examination (biochemical, instrumental, molecular genetic) mitochondrial diseases;

4. determine the methods of prevention and treatment (pathogenetic and symptomatic) studied mitochondrial disease.

To determine whether the output level of your knowledge and skills required, perform the following tasks. The correctness problem solving check, comparing with the standard.

Tasks for self and self-correction baseline skills.

Task 1.

What are the most frequent symptoms characteristic of mitochondrial disease?

A. Scoliosis, kyphosis, aortic aneurysm, dislocation hrustaliku, arachnodactyly.

B. Glucose intolerance, cataracts, stool disorders, mental retardation.

C. Progressive myopathy, cardiomyopathy, impaired vision.

Task 2. 

The child is vomiting, deterioration of the background of infectious diseases, the smell of acetone mouth during seizures, progressive muscle weakness. In phenotype delay stature, cranial-facial dyzmorfia. Examination: diffuse parenchymal changes in the liver, cholestasis, cholangitis, metabolic changes in the kidney, partial atrophy of the optic nerve hypoplasia of the cerebral cortex, convulsions, and in biochemical assays: increasing the level of total cholesterol, lower blood glucose, total protein, increase of AST, ALT, decreased levels of glutamine, tyrosine, enhancing threonine levels, generalized hipoaminoatsyduriya. In molecular diagnostics Found 8860G polymorphism in the gene for tRNA lizin. Your diagnosis? 
A. partially nuclear mitohondriopatia 

B. phenylketonuria 

C. Consequences of acute infection

Task 3.

The woman has the syndrome MELAS. It was found the corresponding mutation. Husband is healthy. What is the prognosis of the future health of the child in this family?

A. All children will be healthy.

B. 50% healthy, 50% of carriers

C. All children inherit the maternal mutation.
Basic theoretical question of topic:
Introduction. General characteristics of mitochondrial disease. Share in the structure of mitochondrial disease morbidity and mortality. Incidence and prevalence in different populations. Etiology and pathogenesis. Differences of manifestation of mitochondrial mutations and nuclear genome at different levels (clinical, biochemical, molecular). Pre- and postnatal realization of abnormal genes.

Classification of mitochondrial diseases. Mutations in the nuclear (partial mitochondrial) genes, mutations in mitochondrial genes, secondary mitohondropatia. Analysis of specific nosological forms. 

Syndrome MELAS. Genetics, characteristic mutations, clinical, clinical diagnostics, molecular genetic methods for diagnosis of diseases tactics. Prevention of complications. 

Syndrome MERRF. Genetics, characteristic mutations, clinical, clinical diagnostics, molecular genetic methods for diagnosis of diseases tactics. Prevention of complications. 

MNGI syndrome. Genetics, characteristic mutations, clinical, clinical diagnostics, molecular genetic methods for diagnosis of diseases tactics. Prevention of complications. 

Leigh syndrome. Genetics, characteristic mutations, clinical, clinical diagnostics, molecular genetic methods for diagnosis of diseases tactics. Prevention of complications. 

Kearns–Sayre syndrome. Genetics, characteristic mutations, clinical, clinical diagnostics, molecular genetic methods for diagnosis of diseases tactics. Prevention of complications. 
Demonstration and analysis of patients with mitochondrial disorders. 

Principles of diagnosis: clinical research syndromologic analysis, special techniques - biochemical, ultrasonic, electrophysiological, molecular, genetic and others.
The organizational structure of the lesson:
1. Introduction. 
                                                                              5 min. 

2. Etiology and pathogenesis of mitochondrial diseases 


                                                    10 min. 

3. Classification of mitochondrial pathology
                                    5 min

4. Analysis of specific nosological forms 
                                    45 min.
 

5. Demonstration and analysis of patients with mitochondrial pathology 



                                                                15 min. 

6. Study monitoring and correction of knowledge 
  10 min.

                                               
7. Conclusion 




                      5 min. 

Brief guidelines to work in practice

At the beginning of classes will be held test control source of knowledge. Then - the students' individual work with patients. Under the guidance of the teacher will be held clinical analysis of genetic maps of patients with mitochondrial disorders. At the end of session - final test.

Process Map of classes

	№ 
	Level
	Time, minute
	Textbooks
	Place of employment

	1
	Determination of baseline 
	15
	Objectives 


	Training Room


	2
	Thematic analysis of the material of patients with mitochondrial disorders 
	60
	Genetic maps 

catalogs, photographs of patients, algorithms 


	Training Room

	3
	Summarizing 
	15
	Objective
	Training Room



Graphology structure of theme: "General characteristics of mitochondrial disease. The clinic, diagnosis, treatment "
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Solve multiple tasks models using graphological structure of topic

Task 1. 

Proband D. has complaints of pain in the thoracic spine, fatigue, uncertainty and unsteadiness of gait, pain in the abdomen, frequent colds. From the first pregnancy, first birth at term, normal height and weigh. Detected hip dysplasia, subluxation left joint asymmetry hips, valgus deformity of the lower extremities, flat feet, left lumbar scoliosis and II century. In the survey results: increased lactate; hiperaminoatsydemiya, with a primary increase in alanine, glycine, PA. Hiperaminoatsyduriya, reducing P oxyprolyn increase in urine by ultrasound: perivascular infiltration in the liver, DZHVP, additional particle spleen venous plethora of parenchymal organs. In kidney metabolic changes, mitral valve prolapse first degree, additional chord in the lumen of the left ventricle. MRI brain (atrophic process fronto-parietal lobes, difficulty liquor circulation), changes in the EEG (sharp waves), EMG (reduced H-responses of the lower limbs) against the primary lesion of connective tissue. Phenotype: reduced muscle tone, ptosis age, signs of connective tissue dysplasia, ataxia. Molecular Diagnostics - mtDNA polymorphisms. Your diagnosis? 

A. Metabolic diseases of connective tissue 

B. Polyneuropathy 

C. Homocystinuria

D. Mitohondropatia
Task 2 

A child complaining of a sharp deterioration in gait, speech, motor disinhibition, emotional instability, moodiness, muscle weakness. Delayed rate of psychomotor development observed from 8 months, the condition worsened after suffering SARS. 

From the second pregnancy with the threat of interruption. Delivery at term, normal height and weight. In phenotype: hyperpigmentation in the elbows, knees, Hryniv, dry skin, allergic rash, muscle hypotony, gipomimia, contracture ankle joints SD, paretic gait with severe trunk ataxia. Examination: NMRI - nehrubo extensive body of lateral ventricles, ultrasound - diffuse, reactive changes of the liver parenchyma; pankreatopatia. In molecular diagnostics - polymorphisms of mitochondrial DNA. Your diagnosis? 

A. mitochondrial disease. 

B. STD 

C. Neurofibromatosis
Task 3. 

Child 10 years, complaining hiperexcitation, emotional lability, headaches, enuresis, severe sweating, pain in legs, fatigue, rapid fatigue when walking, frequent bleeding, high blood pressure. In the history of complications neonatal period - hypoxic CNS, conjugation jaundice. In phenotype asymmetry facial muscles, a tendency to diffuse muscular hypotonia, hyperextension in the knee joints, "alary shoulder." Examination: increased lactate on ultrasound - hepatomegaly on NMRI - areas of demyelination. In molecular genetic study of mitochondrial DNA polymorphism. Your diagnosis? 

A. Syndrome of Ehlers-Danlos from secondary mitohondropaty. 

B. Syndrome MELAS. 

C. PKU
Аddition 1
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Аddition 2
Mitochondria: Energy Conversion
A mitochondrion is a semiautonomous, self-reproducing organelle in the cytoplasm of eukaryotic cells. It contains multiple copies of circular mitochondrial DNA (mtDNA) of 16569 base pairs in man. The number of mitochondria per cell and their shape differ in different cell types and can change. An average eukaryotic cell contains 103-104 copies of mitchondria. Mitochondria in animal cells and chloroplasts in plant cells are the sites of essential energy-delivering processes, chloroplasts also being the sites of photosynthesis. Human mtDNA encodes 13 proteins of the respiratory chain.

Each mitochondrion is surrounded by two highly specialized membranes, the outer and inner membranes. The inner membrane is folded into numerous cristae and encloses the matrix space. The essential energy-generating process in mitochondria is oxidative phosphorylation (OXPHOS).

The essential energy-generating process in mitochondria is oxidative phosphorylation (OXPHOS). Relatively simple energy carriers such as NADH and FADH2 (nicotinamide adenine dinucleotide in the reduced form and flavin adenine dinucleotide in the reduced form) are produced from the degradation of carbohydrates, fats, and other foodstuffs by oxidation. The important energy carrier adenosine triphosphate (ATP) is formed by oxidative phosphorylation of adenosine diphosphate (ADP) through a series of biochemical reactions in the inner membrane of mitochondria (respiratory chain). Another important function is intracellular oxygen transfer.
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Oxidative phosphorylation in mitochondria
Adenosine triphosphate (ATP) plays a central role in the conversion of energy in biological systems. It is formed from NADH (nicotinamide adenine dinucleotide) and adenosine diphosphate (ADP) by oxidative phosphorylation (OXPHOS). ATP is a nucleotide consisting of adenine, a ribose, and a triphosphate unit. It is energy-rich because the triphosphate unit contains two phospho-anhydride bonds. Energy (free energy) is released when ATP is hydrolyzed to form ADP. The energy contained in ATP and bound to phosphate is released, for example, during muscle contraction.
Electron transfer in the inner mitochondrial membrane
The genomes of mitochondria and chloroplasts contain genes for the formation of the different components of the respiratory chain and oxidative phosphorylation. Three enzyme complexes regulate electron transfer: the NADH-dehydrogenase complex, and the cytochrome oxidase complex. Intermediaries are quinone derivatives such as ubiquinone and cytochrome c. Electron transport leads to the formation of protons (H+). These lead to the conversion of ADP and Pi (inorganic phosphate) into ATP (oxidative phosphorylation). ATP represents a phosphate-bound reservoir of energy, which serves as an energy supplier for all biological systems. This is the reason why genetic defects in mitochondria become manifest primarily as diseases with reduced muscle strength and other degenerative signs.
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The Mitochondrial Genome of Man
The mitochondrial genome in mammals is small and compact. It contains no introns, and in some regions the genes overlap, so that practically every base pair is part of a coding gene. The mitochondrial genomes of humans and mice have been sequenced and contain extensive homologies. Each consists of about 16.5 kb, i.e., they are considerably smaller than a yeast mitochondrial or a chloroplast genome. In germ cells, mitochondria are almost exclusively present in oocytes, whereas spermatozoa contain few. Thus, they are inherited from the mother, through an oocyte (maternal inheritance).
Mitochondrial genes in man
The human mitochondrial genome, sequenced in 1981 by Andersen et al., has 16 569 base pairs. Each mitochondrion contains 2-10 DNA molecules. A heavy (H) and a light (L) single strand can be differentiated by a density gradient. Human mtDNA contains 13 protein- coding regions for four metabolic processes: (i) for NADH dehydrogenase; (ii) for the cytochrome c oxidase complex (subunits 1, 2, and 3); (iii) for cytochrome b\ and (iv) for subunits 6 and 8 of the ATPase complex. Unlike that of yeast, mammalian mitochondrial DNA contains seven subunits for NADH dehydrogenase (ND1, ND2, ND3, ND4L, ND4, ND5, and ND6). Of the mitochondrial coding capacity, 60% is taken up by the seven subunits of NADH reductase (ND).

Most genes are found on the H strand. The L strand codes for a protein (ND subunit 6) and 8 tRNAs. From the H strand, two RNAs are transcribed, a short one for the rRNAs and a long one for mRNA and 14 tRNAs. A single transcript is made from the L strand. A 7 S RNA is transcribed in a counterclockwise manner close to the origin of replication (ORI), located between 11 and 12 o’clock on the circular structure.
Cooperation between mitochondrial and nuclear genome
Many mitochondrial proteins are aggregates of gene products of nuclear and mitochondrial genes. These gene products are transported into the mitochondria after nuclear transcription and cytoplasmic translation. In the mitochondria, they form functional proteins from subunits of mitochondrial and nuclear gene products. This explains why a number of mitochondrial genetic disorders show Mendelian inheritance, while purely mitochondrially determined disorders show exclusively maternal inheritance.

                   Evolutionary relationship of mitochondrial genomes
Mitochondria probably evolved from independent organisms that were integrated into cells. Similarities in structure and function between DNA in mitochondria, nuclear DNA, and DNA in chloroplasts suggest evolutionary relationships, in particular from chloroplasts to mitochondria, and from both to nuclear DNA of eukaryotic organisms.

Mitochondrial disorders
Mutations within mitochondrial DNA appear to be 5 or 10 times more common than mutations in nuclear DNA, and the accumulation of mitochondrial mutations with time has been suggested as playing a role in ageing. As the main function of mitochondria is the synthesis of ATP by oxidative phosphorylation, disorders of mitochondrial function are most likely to affect tissues such as the brain, skeletal muscle, cardiac muscle and eye, which contain abundant mitochondria and rely on aerobic oxidation and ATP production. Mutations in mitochondrial DNA have been identified in a number of diseases, notably Leber hereditary optic neuropathy (LHON), myoclonic epilepsy with ragged red fibres (MERRF), mitochondrial myopathy with encephalopathy, lactic acidosis, and stroke-like episodes (MELAS), and progressive external ophthalmoplegia including Kaerns-Sayre syndrome.
Disorders due to mitochondrial mutations often appear to be sporadic. When they are inherited, however, they demonstrate maternal transmission. This is because only the egg contributes cytoplasm and mitochondria to the zygote. All offspring of a carrier mother may carry the mutation, all offspring of a carrier father will be normal. The pedigree pattern in mitochondrial inheritance may be difficult to recognise, however, because some carrier individuals remain asymptomatic. In Leber hereditary optic neuropathy, which causes sudden and irreversible blindness, for example, half the sons of a carrier mother are affected, but only 1 in 5 of the daughters become symptomatic. Nevertheless, all daughters transmit the mutation to their offspring. The descendants of affected fathers are unaffected.
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Because multiple copies of mitochondrial DNA are present in the cell, mitochondrial mutations are often heteroplasmic - that is, a single cell will contain a mixture of mutant and wild- type mitochondrial DNA. With successive cell divisions some cells will remain heteroplasmic but others may drift towards homoplasmy for the mutant or wild-type DNA. Large deletions, which make the remaining mitochondrial DNA appreciably shorter, may have a selective advantage in terms of replication efficiency, so that the mutant genome accumulates preferentially. The severity of disease caused by mitochondrial mutations probably depends on the relative proportions of wild-type and mutant DNA present, but is very difficult to predict in a given subject.
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Mitochondrial disorders in a strict sense are disorders of enzymes or enzyme complexes directly involved in the generation of chemical energy by oxidative phosphorylation. These include pyruvate dehydrogenase (PDH) complex, the tricarboxylic acid cycle, the respiratory chain and ATP synthase. There is considerable overlap between individual disorders with regard to clinical features, pathophysiology and genetics as some proteins are shared by several enzyme complexes and accumulating metabolites may have an inhibitory effect on other enzymes.

Disorders that affect the cellular supply of ATP disturb numerous functions especially in organs with a high energy requirement such as brain, skeletal muscle, heart, kidney or retina. Patients show various combinations of neuromuscular and other symptoms involving different, independent organ systems, sometimes explained by tissue-specific expression of a particular genetic defect. The disease course is variable but often rapidly progressive. There is some overlap with cerebral organic acidurias.

Respiratory chain defects can present at any age. Intra-uterine development may be severely affected, resulting in severe dystrophy and (cerebral) malformations at birth. Young children frequently suffer from encephalomyopathic disease whilst myopathies predominate in the adult. Specific syndromes with typical clinical features have been characterised but are not strictly separated, as the pattern of organs involved may change and the molecular basis is heterogeneous and overlapping. Symptoms are often progressive, but can be relatively static for long periods of time. Inheritance may be recessive, dominant, X-iinked or maternal with variable expression or penetrance. Respiratory chain defects in children are often due to mutations in nuclear genes for subunits or assembly factors (described for all complexes) which usually present within the first five years of life. Defects of mitochondrial DNA (mtDNA), inherited in variable distribution from the mother, are more frequently associated with specific clinical syndromes and usually present at a later age; in children they are found in around 5-10% of cases.
Clinical features
The clinical evaluation of a suspected mitochondrial disorder should entail a full assessment of muscle function including creatine kinase and possibly muscle ultrasound and EMG;  a full neurological examination including EEG (see below for results of neuroradiological studies); as well as a detailed assessment of the function of other organ systems. Abnormal findings may be subsumed as muscle disease, CNS disease or multi-system disease and rated as follows.
 SHAPE 



Аddition 3
When Altman was first described mitochondria (MTC), he imaged it as bacteria-parasite that lives in a cage. It took 104 years after his discovery during which it was found that mitochondria have breathing organs and respiratory ATP synthesis. In most cells mitochondria carry additional functions: synthesizing lipids, aminoacids, pyrimidines and other metabolites. They remind chemical plants which produce a wide range of substances and have numerous functions, they can’t leave the cell. Some mitochondrial proteins are encoded by nuclear genes synthesized in the extramitochondrial cytoplasm.

Mitochondria - a large complex of cell organelles with two membranes: the outer, which separates organelles from the cytoplasm and contains some enzymes of citric acid cycle, and internal, which creates expulsion crypts. They have their own DNA, RNA and ribosomes which synthetize a part of its proteins, reproduce by dividing, they need the proteins which are encoded by genes of the nuclear chromosomes.

Mitochondria, primarily are energy generators of organism that supply cell intracellular energy in the form of ATP, oxidize fatty acid, degrade pyruvate (glycolysis) and acetyl-CoA in the tricarboxylic acid cycle. There are some oxidative processes of phosphorylation in mitochondria and regeneration in the respiratory chain. For participation in the energy metabolism, mitochondria are provided by more than 50 enzymes and enzymatic complexes, consisting of 40 different proteins.

Thus, pyruvate is dehydrated and carboxylized into acetyl-CoA under the influence of piruvatdehydrohenase complex (PDH). This multienzymatic complex consists of components El (decarboxylase, α and β proteins, E2 (acetyltransferase), E3 (lipoamiddehydrogenase) and protein X and requires cofactors of tiaminpirophosphatе, α-lipic acid, LDD, NAD and CoA. The structure of these acids and proteins (for example, E3) is identical in all ketoacidic dehydrogenases (including α-ketoacidic dehydrogenase with branched side chain). Acetyl-CoA is completely oxydized in the tricarboxylic acid cycle and it generates NADH + FT (dehydration of isocytrate, 2-ketoglutarate and malate) and one for FADHz with the help of dehydrogenase (SDG). Separated during reactions of dehydration hydrogen is used for oxidative phosphorylation and synthesis in respiratory chain. With NADH + H + hydrogen through complex 1moves to enzyme Q (ubiquinone), while the hydrogen generated with the help of succcinate oxidation, acyl-CoA or cytosolic glycerol P, is catalized by FAD-containing enzymatic complexes SDG (complex 2).

ETF / ETFQO or glycerol-P dehydrogenase is moved on CoQ. The next way of metabolism is associated with the complexes 3 and 4 and cytochrome C.

Oxidation-regeneration reactions in complexes 1, 3, 4 generates a gradient of concentration of protons through the inner mitochondrial membrane and leads to an action of ATP synthase (complex 5). NADH +H +produces complex 3 and FADN2 - molecules of ATP.

Thus, if a defect occurs in the mitochondrial system, energy metabolism is suffered in general and organs that contain the largest number of mitochondria (liver, brain, heart, eyes).

In recent years, open pathological mtDNA mutations in each type of mitochondrial genes underlying mitochondrial diseases.

The problem of diversity of the human genome attracted the attention of scientists increasingly. These studies are aimed at addressing fundamental scientific problems that are associated with the origin of man, and to identify genetic differences associated with sensitivity or resistance to various human diseases and the influence of environment.

In 1981 in the Laboratory of Molecular Biology of  the Medical Research Center ¬ Cambridge research group of  F.Syenhera learnt the nucleotide structure of DNA of mitochondria (mtDNA).

According to one hypothesis, mitochondria have emerged as a symbiote proto-eukaryotic cells more than two million years ago and transferred most of their genes the cell nucleus.

The number and shape of mitochondria vary depending on the function of cells. In the crypt MTX embedded protein components of the respiratory chain - enzymes involved in converting the energy of chemical bonds oxidated nutrients into energy molecule adenosine triphosphate (ATP). In matrix MTX than DNA and are actually fish ¬ catfish. Mitochondrial ribosome consists of large and small subunits, each of which contains one rRNA that is encoded by mitochondrial genes. However, they encoded only a small (5%) of the proteins that make up the cell organelles, most of which are structural and functional components of MTX, is encoded in the nuclear genome.

The apparatus of protein synthesis in mitochondria has mixed origin. Most of its protein components transported into organelles from the surrounding cytoplasm. In mitochondria there is no transfer of nucleic acids through membrane organelles in one, and in the other direction. Therefore, all the RNAs which are a part of the apparatus of protein synthesis, produced the most organelles. Some subunit enzymes of respiratory chain MTX composed of different polypeptides, some of which are encoded by nuclear, and some - mitochondrial genome. MTX - is the result of joint efforts of the two genomes.

Genome MTH reveals significant variability for a set of genes, their order and expression. Human mtDNA is extremely compact organized. It is a small circular double-stranded molecule that consists of 16,569 base pairs (bp). It has no introns, some genes overlap (the last base of one gene is the first foundation followed by a gene), almost every pair of bases belonging to any gene except D-loop - areas responsible for initiation of DNA replication. Mitochondrial genome has 13 sites that could potentially encode proteins. These include those encoding the cyto-chrome b, cytochrome oxidase subunit three and one of the subunits of ATP. Each human cell contains 100 MTX and 1000 copies of mtDNA.

MTX replicates, transcribe and transporting their DNA semi-autonomous nuclear, although, of course, nuclear and mitochondrial function interrelated. Most of the genes expressed in the same direction, tRNA genes are located between the genes that encode RNA or protein.

Complementary chains mtDNA significantly differ in buoyant density gradient in alkaline CsCl, as have varying composition purine ("heavy") and pyrimidine ("light") nucleotides. They are called H-and L-chains. DNA replication in human odnona MTX-pravlena and asynchronous, due to the different localization points of the replication of complementary DNA strands. Originally initiated replication H-chain and L-chain synthesis - synthesis after 67% of the H-chain. This is because the replication area L-chain is only available in the single-stranded state, and it takes place only at double helix in the synthesis of H-chain initiation of replication which occurs in area D-loop, which is the only section of mtDNA is not encoded and contains hypervariable regions HVS I and HVS II.

Endosymbiotic origin, localization in the cytoplasm and the high number of copies of MTX determine the uniqueness of the mitochondrial genome, whose characteristics are as follows:

1. Mother nature of inheritance of mtDNA. It is passed from mother to all her offspring and her daughters all of its generation. The children do not transmit their mtDNA, because the proportion of parental mtDNA is small and can transmit ¬ to challenge no more than one molecule of 25 thousand maternal mtDNA. These molecules can not be detected by existing methods.

2. Lack of combinative variability - mtDNA belongs to only one of the parents, so no recombination events, and the nucleotide sequence changes from generation to generation as a result of sequential accumulation of mutations.

3. MtDNA has no introns, so there is a high probability that a random mutation will amaze region of DNA that is encoded. Lack of effective DNA reparation system that increases the frequency of mutations of mtDNA compared with nuclear. Therefore, mtDNA has a special place among highly polymorphic informative genetic systems.

4. In one cell can coexist simultaneously normal and mutant mtDNA - the phenomenon is called heteroplasmia. If a mutation occurs in one of the mtDNA molecules, then formed intracellular mix them ¬ mutant and normal molecules. When dividing cells heteroplazmic proceeded random distribution of mtDNA between daughter cells, resulting in the ratio of mutant and normal mtDNA can change the direction of mutant or normal mtDNA (homoplazmia). This process is called replicative segregation that occurs during replication of somatic cells or proliferation of female germ cells, which leads to a change in the proportions of mutant mtDNA.

Heteroplasmia - the only mechanism of diversity of mitochondrial genomes. Molecular basis of support of  heteroplazm remains unclear. Heteroplazmic mutation C-»T at position 16169 bp. control region of mtDNA was found in the royal family of Nicholas II Romanov and his brother George.

The above properties make mtDNA an invaluable tool in a twinkle ¬ for genetic archeology.

One modern genetic approach to the study of ethnogenesis based on molecular genetic mtDNA. Studies of mtDNA variation being conducted over the past two decades, significantly supplemented understanding of human evolution, the origin and differentiation of various ethnic groups, the molecular basis of some hereditary diseases and aging, as well as playing a central role in evolutionary genetics man.

It is believed that the cyclical climate changes that have occurred at intervals of tens of thousands of years, played a significant role in the evolution and distribution of all species, including humans. During periods of colder slowly growing mass continental glaciers in climatic zones were broken during a half  of a day, declining sea level and reinforced arid tropical zones. This was followed relatively quickly melting ice, rising sea levels and warm interglacial period. All this led to a change in habitat location and number of fauna around the globe. In periods of warming was increasing the number and diversity of living forms, settling on liveable areas - from Africa to Asia and Europe through the Suez isthmus and in Europe in the territory liberated from under the glacier.

First evidence of ethnic differentiation, for example correlation of slow mtDNA racial affiliation and ethnogeographical origin individuals were obtained from study mtDNA polymorphisms in the population of Africa, Asia, Europe and America.

Using comparative phylogenetic analysis Ya.Sapp and his group (1987) were able to establish the sequence and time of occurrence of the mutations and reduce all types of mtDNA of modern humans to a single hypothetical ancestor and thus confirm the idea of ​​the origin of mtDNA types in Africa about 150 - 200 thousand years ago, as most of their diversity and divergence occurred exactly in African populations. This hypothesis is called "genetic or African Eve." In the world of female migration from Africa during colonization of new lands in mitochondrial mutations occurred lines as they were received and spread in certain populations, leading to continental specificity.

The combination of the most informative methods for the analysis of mtDNA polymorphisms, such as the analysis of the nucleotide sequence of the control region of mtDNA (sequencing) in combination with analysis of restriction fragment length polymorphism (RFLP analysis) region, which is encoded allowed Lilo to get more information about the variation in mtDNA various rights groups and become a standard basis for the classification of certain individual haplotypes in mtDNA haplogroup and for genetic constructs. The study of mtDNA variation within individual GAP led to the definition of their model ages probable place of origin and routes of spread of human settlement in the world.

To study the genetic structure of populations was developed several approaches that are based on the experiment of gene frequencies of populations that have been studied. If the gene frequencies of two populations are the same, their genetic ¬ a distance equal to zero. Conversely, if they are different, the genetic distance between them is great. Thus, if two populations in genetic distances are close to each other, the great probability that they had a total population prahihurna, M. Nei et al. showed on the basis of genetic distances for many genetic loci between the three major human races that department Negroids occurred about 110 thousand years ago, and division Mongoloids and Caucasians - about 40-50 thousand years ago. Was nominated concept whereby Caucasoids, northern Mongoloid and Amerindian (Native ancestors) originate from a single ancestral population that lived in Asia in the Paleolithic era.

Found that most haplogroups - continent-specific. 70 of 100% of analyzed mitochondrial lines Negro population of sub-Saharan Africa belong to irupy L mtDNA characterized key mutation at position 3592. In Asia - 55% mitochondrial lines of East Asia and Siberia are represented by haplogroup M, which is characterized by a mutation in pozytsiyah10394 and 10,397 bp. It is divided into subhaplogroup C, D, G and E, which, in turn, combine about 50% of mtDNA lines of Asia. Much of mtDNA Asia represented haplogroups A, B, F. Very rare, with a frequency of less than 2%, haplogroup M and its derivatives can be found in European populations. In general, between European and Asian populations are observed intense mixing haplogroups, and the share of haplogroups, overlapping accounts for less than 5%. Exception is com ¬ contact zone in Central Asia, where there are also caucasian and asian haplogroups mtDNA. In the analyzed mtDNA-lines of the indigenous population of America are only four haplogroups: A, B, C, D - witness the Asian component. These data may confirm the hypothesis on the origin of America's population on the genetic basis of the peoples of Siberia. Revealed haplogroup X indicates the presence of Caucasoid component.

MV Richards et al. (1998) conducted a phylogenetic study sequence ¬ HVS sequences and mtDNA control region and found five major haplogroups among Europeans, different transitions in certain positions of nucleotide bases: H ^, T, I, U.

V. Macaulay et al. (2000) in matching motifs in nucleotide sequences I and HVS data haplotyping using RFLP analysis was a characteristic of mtDNA haplogroups in Eastern Europe:

Haplogroup H is characterized by restriction sites -7025 Alul and identified transitions guanine to adenine at position 00073.

Haplogroup V - restriction site-4577NlaIII and -14766 Msel and mutation at position 16298 of the control region.

For haplogroup U characteristic restriction site +12308 Hinfl.

For K - restriction site NEIA -905, +10394 Ddel, identified mutations in positions 16 224 and 16 311 control region.

Haplogroup L is characterized by restriction site OsieI 10394, -13704 VvYuI and mutations in positions 16069 and 16126.

Haplogroup T - 15606 AIyI restriction sites and mutations in positions 16126 and 16294.

Haplogroup I - 10032 AIyI restriction sites and mutations in positions 16129, 16223 and 16391.

Haplogroup XV - restriction sites -8994 NaeSh and mutations in positions 16223 and 16292.

For haplogroup X characteristic restriction site 14,465 Assi and mutations in positions 16 223, 16 278.

The nature of variation of mtDNA, which is found in the population can give others information not only about the origin of this population, but its demographic story. Based on the characteristics of mtDNA polymorphism can be judged on how its population changed, or have been in the history of demographic expansion, or, conversely, the sharp decrease in the number.

The aim of the first phase of the study was to determine the nature of haplotypes Ukrainian population.
Materials and methods. Together with colleagues from Estonian biocentre we conducted a study of 240 samples of mitochondrial DNA from all Ukrainian regions by sequencing hypervariable segments that are not encoded, followed by RFLP analysis of regions that are encoded. Investigation performed at the Department of Medical Genetics, Kharkiv State Medical University Kharkiv interregional center clinical genetics and prenatal diagnosis and Estonian biocentre.

Collection of samples was carried out using questionnaires, criteria which meet two basic requirements - individuals were not relatives in two generations were Ukrainian maternal and paternal lines. Samples were collected in special tubes  containing preservative EDTA, mtDNA was isolated using the reagent.  
Standards and techniques that have been modified:

1. Took 1 ml of blood and mixed with 6 ml of lizysbufer.

2. Placed in ice for thirty minutes, and then centrifuged for about 10 min.

3. Supernatant was poured, added another 6 ml of lizysbufer to precipitate and centrifuged for 10 min.

4. Again, the supernatant was poured, the precipitate was added 700 ml 2o1-reacting Ghent and left overnight.

5. The next day the contents of test tubes was added 280 ml of isopropanol and centrifuged 20 min.

6. Supernatant were collected and added to 200 ml of reagent. Centrifuged for 10 min.

7. Again the supernatant were collected and the content added 1 ml of alcohol 96 °. Centrifuged 10 min.

8. Supernatant were collected and washed with 1 ml of alcohol 70 °. Centrifuged for 10 min.

9. Again the supernatant were taken and placed the tube in a thermostat at 37 ° C overnight.

10. The next day the tubes was added 0.5 ml of distilled water, stirred and transferred DNA.

Further amplification was performed mtDNA obtained from primers to hypervariable segments HVS I and HVS II, given that they are in the main plot, uncoded, called the control region (CR) - the most variable mtDNA area, most of the changes in which is caused by point mutations, substitutions isolated bases (transitions).

To amplify prepared mixture of the following composition:

10 x buffer: 100 mM Tris-HCl,

pH 8,3, 500 mM KC1 -2.5 ml

25 mM MgCl2 -2,5 ml

10 mM dNTP: of 2 mM dATP,

dCTP, dGTP, dTTP - 0,25 ml

10 rmoi / ml Primer

forward - 0,5 ml

10 rmoi / ml Primer

reverse - 0,5 ml

Taq. - Polymerase - 0.15 ml

Water for Injection - 17 ml

In the cooked mixture added investigated DNA amount of 2 ml. Tubes placed in the machine for amplification programmed for a specific operation:

Denaturation  94 ° - 2 min.

94 ° -15 sec.

Annealing of

primers 58 ° -20 s

Synthesis of DNA 12 ° - 60 p.

72 ° - 3 min.

Total number of cycles - 36.

After the amplification proceeded to the next stage - electrophoresis (separation obtained after amplification of DNA fragments). This technique consists in preparing 2% agarose gel. What used:

- 10 x buffer Tris-borate-EDTA (TBE): 0.9 m Main Tris, 0.9 M boric kyslotu1, 20 mM EDTA;

- Agarose (electrophoresis);

- Bromistic bromide staining for 10 mg / ml in sterile distilled water.

1. Preparing IOhTBE in volume, which is enough to fill elektroforesis cameras and for making gel.

2. Weighing certain amount of agarose, mixed it with TBE buffer

and melted by heating in a microwave oven.

3. The mixture was cooled to about 50 ° and added bromistic bromide. 

4. The mixture was poured into a cuvette gel.

5. Leave the cell with the gel to thirty minutes to cool. Then gently comb was removed and placed in a cuvette elektroforez camera.

6. Brought samples studied DNA and marker DNA in the wells of the gel and the camera was connected to a power supply.

7. For 20-30 minutes they got out the gel and put it on transilyuminator for viewing in UV light.

The next phase of work included the determining the nucleotide sequence of the hypervariable segment of mtDNA HVS I region that is not coded, length 377 nucleotides (positions 16024 - 16400 for the nomenclature of Anderson et al.) And HVS II.

Amplified mtDNA samples purified from primers and nucleotides that remained after amplification. We used exotic-and nuclease (0.1 ml) and SAP (0,9 ml).

After cooking the mixture was added 25 ml amplified DNA and placed in test tubes in amplifikator of the application: 35 ° - 20 min, 80 ° - 15 min.

After the reaction was purged from the samples was performed reaction to add primers dydezoxinukleotid that participated in sequencing. Prepared following mixture:

Primer (4-5 rshoyi / ml) - 1 microliter.

Product DNA - 5 ml.

Mixture ddNTP - 1 microliter.

Buffer 2.5 x - 1 microliter.

Samples had in amplifikator for the reaction:

95 ° - 20 s, 50 ° - 15 s, 60 ° - 1 min.

34 cycles for primer Forward, 32 - Primer for Reverse.

After reactions received samples prepared for

* Sequencing by the following procedure:

8. In purified DNA sample was added dextran dye in the ratio ¬ target country: sodium acetate (EDTA) / dextran in the amount of 2 ml.

9. Then in the samples was added 30 ml of alcohol 96 °. Thoroughly mixed and placed in the freezer for thirty minutes.

10. After time samples fetched from the freezer and put centrifuged for 15 min at 13 thousand revolutions.

11. Supernatant were taken waterjet pump, and the residue was added 200 ml of alcohol 70 ° and put centrifuged for 5 min at 13 thousand revolutions.

12. Supernatant were taken and repeated the procedure described in Section 4.

13. After selecting supernatant samples placed in a thermal bath to dry for 10 minutes.

14. After time samples fetched from the thermostat and added 2.5 ml of red stop.

15. Cooked samples were placed in sekvenator.

After sequencing performed a comparative analysis of the results ¬ evaluation of results in mutations.

Later performed RFLP analysis of mtDNA region to establish haplogroups.

After restrictive amplification using primer mayors on certain haplogroups samples were mixed with restriction enzymes: Alul, Assi, NLaUI, BstOI, Hinf I, Hinf III, Nhel, NAEI, Hae III, Msel, Rsal and after watching agarose gel transiluminator determinated a presence of a haplogroup.

Results of the first phase of the study. After sequencing all samples revealed 215 mtDNA mutations, mostly transitions (A-«-G or C-» T), of which 10 transversion (A-*-C, A-> T, G-+ C, G-> - T) were determined by specific haplogroups.

As a result of RFLP analysis found samples belonging to the Ukrainian mtDNA haplogroups following: N, V, T, J, U, I, K, W, X, A, C, D, Nib, N9.

According to the literature, haplogroup H shows the highest frequency distribution in western and northern Europe (40-50%), medium - in the southern and south-western part of the continent, North Africa, Eastern Europe, Turkey (20-40%) and low - the Middle East, India and Central Siberia (less than 20%). The place of its origin is the Middle East.

Haplogroup V reaches its greatest frequency in Southwest Europe (Basques, Catalans), with a frequency of 40% found in the Saami (Scandinavian), found in North Africa (8-11%), but absent in populations of South-Eastern Europe and Middle East. There was this haplogroup 10-15 thousand years ago. Two reasons for this group are characterized by substitutions at positions 16298 and 16298-16135th are common to the European continent.

Haplogroup U is the oldest and  according to experts, its evolutionary age is 50 thousand years. It includes several subclasters U1-U8. This group is a cluster K.

J haplogroup T and its roots are in the Middle East. A haplogroup and mostly prevalent in North-Western Europe.

Thus, it was found that the population of Ukrainian part of the sub-cluster, which is similar to the populations of Serbs, Germans, Moldavians, Hungarians, Croats and Czechs. This subclaster combines populations of Central and Eastern Europe - Caucasians, whose ancestors came from Asia as before - with the deep regions of Asia (ancestors of Hungarians Huns) migrated to Asian and South-Russian steppes into Europe.
Results clustering mtDNA Ukrainian population showed that most types of mtDNA haplogroups belongs to typical European population. However, the observed impurity Asian elements. Thus, the study of variability of mtDNA from 5 regions of Ukraine demonstrated a high level of diversity of mitochondrial gene pool, the correlation between the types of mtDNA and ethnogeographical origin individuals.

The aim of the second phase of the study was to explore approaches to diagnosis, prevention and treatment of mitohondropathy in Ukraine. This stage was performed at the Department of Medical Genetics Kharkov State Medical University, Kharkiv Interregional Center of Clinical Genetics and Prenatal Diagnostics, Medical University of Odessa.

The material of the study were families with suspected congenital and hereditary abnormalities, which were registered in Kharkiv interregional center clinical genetics and prenatal diagnosis in 2000-2002, sample of 7267 families with suspected metabolic disease, including selected 72 (10.5%) with suspected mitohondropathy. After lots of researches mitohondropathy diagnosis was established by us in 33 patients (0.45%).
Methods. We considered the presence of families of developmental delay and growth consanguinity then sibs with factors such as encephalopathy, sepsis, apnea, presence of progressive neurological diseases, disorders of the reproductive function, malnutrition, maternal vegetarian diet during pregnancy. Since the launch mitohondropathy mechanisms of metabolic decompensation were associated with high use of drugs, fat, carbohydrates that are rapidly absorbed, we considered the presence of these "marker" signs. We gave the meaning of urinary smell and the patient's body, the color of urine, which carry a significant informative content. In determining the amount of informative biochemical examinations were included in the algorithm routine laboratory tests, which can also be signs mitohondropathy. Yes, reticulocytosis we thought, according to data informative defects glycolysis. Elevated levels of creatine kinase was inherited mitohondropathy, defects fatty acid oxidation and glycolysis. Changing levels of uric acid bears a great informative value, so we considered it as a sign of increasing violations deposition of reserve substances in glycogen deficiency disorders of fatty acids mitohondropathy. Reduced levels of uric acid testified purine metabolic or deficiency of molybdenum cofactors. Reducing copper was, moreover,

* Mann Menkes disease, ceruloplasmin - Wilson's disease, Menkes. Hypothyroidism and hypoparathyroidism in conjunction with other signs were faded ¬ mitohondropathy croup. Particular importance of providing search acute metabolic diseases in the neonatal period in the so-called "asymptomatic interval" when the kids already on the second day of life developed muscular hypotonia, there were problems with feeding, vomiting, lethargy, abnormal breathing, cerebral paroxysms. In such cases, standard laboratory tests are usually normal or show infection. The paper used classical genetic techniques (somatic and genetic, family, cytogenetic, biochemical) and modern technology (molecular genetic research, studying the level of amino acids and enzymes). Notable among research took determination of lactate and pyruvate as major metabolites of carbohydrate metabolism.

By diagnostic scheme were: syndromologic analysis, clinical and genealogical analysis, history of life and disease, fundus examination, ultra sound  study (ultrasound) of internal organs; electroencephalography (EEG), rheoencephalography (REG) echoencephalography (Echo EG) , computer and nuclear magnetic resonance imaging (CT and NMRI) and electromiography, based electroneuromiography (EMG and ENMH) biochemical methods - determination of lactate, pyruvate in biological fluids, creatinephosphokinase, alkaline phosphatase, alanine in blood; electron microscopy;

It is known that lactic acid is present in the blood as lactate, a product of carbohydrate metabolism and localized predominantly in muscle and erythrocytes. Normal metabolism of  lactate proceeded in the liver. When physical activity levels of lactate and pyruvate can significantly increase. For example, lactate from the medium nor mal concentration - 0.9 mM / L of 12 mM / l. Normal ratio of lactate and pyruvate is about 6 or 7:1.

When hypoxia blocked aerobic oxidation of pyruvate in the cycle oxaloacetat tricarbonic acids (CTC) followed oxides ¬ glycolytic pyruvate to lactate into consideration, which leads to acidosis (lactic acidosis).

Pyruvic acid (AML) - the second central metabolite of carbohydrate metabolism. It is formed during the decay of glycogen and glucose in tissues, the oxidation of lactic acid (MK), and also due to conversion of some amino acids. When oxidative decarboxylized AML occurs acetyl-CoA that enters the Krebs cycle.

AHC - one of the major substrates glyconeogenesis that participates in the biosynthesis of the M-acetylneuraminic acid, glucose, glycogen, affect the course of metabolic processes in the central nervous system.

MK - the end product of glycolysis and glycogenolysis, formed in organizm due to recovery AHC under anaerobic conditions: the blood is over ¬ goes to the liver, where again can be converted into glucose or glycogen. Much of it is formed in the muscle. Also part of the blood is absorbed MK cardiac muscle that utilizes it as energy material.

The paper used the most sensitive and specific enzymatic methods for determining the PMC and MC.

Elevated lactate - the main marker of mitohondropathy. Blocking respiratory chain due to the lack of oxygen causes an increasing KABN, which reduces the activity of pyruvate dehydrogenase (CAPs) and other enzymatic metabolism, including the Krebs cycle. Marked high levels of pyruvate, lactate, alanine, ketone bodies, 3-hydroxybutyrate, increase acetate ratio of the high YAON. However, lactate levels (including nominating ¬ SBR-lactate) in some cases may be normal, including the defeat of mtDNA. Unlike respiratory chain defects, failure does not affect CAPs complete oxidation of fatty acids. Lactate and pyruvate increased (ratio of lactate and pyruvate is normal), but they can be normal with hunger. Hotel MK levels measured repeatedly during the day after provoking hunger, before and after meals, etc. Determine the level of amino acids in plasma and urine (alanine, threonine) and only in the urine of suspected Fanconi syndrome. An oral glucose load only at normal levels of lactate.

Content AML increases in hypoxic conditions, which caused severe cardiovascular, pulmonary, cardiorespiratory failure in malignant tumors, acute hepatitis and other diseases ¬ operation and meetings liver toxicosis, insulin dependent diabetes, diabetic ketoacidosis, respiratory alkalosis (in children), uremia, hepatotserebralic dystrophy, an overactive pituitary-adrenal and sympathoadrenal systems, as well as after administration of camphor, strychnine, adrenalin and at high physical loads (to 0.57 mmol / l), tetany, convulsions (epilepsy ').

To increase peak resulting lack of vitamin B. Toxic effects of acetylsalicylic acid poisoning. Content AHC in cerebrospinal fluid rises sharply in traumatic CNS diseases, inflammatory processes - meningitis, brain abscess, blood decreases slightly under the influence of anesthesia. All factors that cause the increase in concentration of PMCs usually lead to rising MC.

Hotel MK in blood increases during hypoxic conditions (due to inadequate oxygen delivery to the tissues), including those caused by developed major bleeding, severe anemia, acute congestion of heart failure, circulatory collapse and the cardiovascular system accompanied by cyanosis (lactic acidosis), with extracorporal circulation, inflammatory lesion tissues (especially many MC accumulates in inflammatory fluid), acute hepatitis, liver cirrhosis, renal deficiency,  ARRANGEMENTS, malignant neoplasms, diabetes (approximately 50 % of patients), mild uremia, infections (especially pyelonephritis), acute septic endocarditis, polio, severe vascular disease, leukemia, intensive and prolonged muscular exertion, epilepsy,  convulsive states, hyperventilation, pregnancy (in the third trimester).

While most of these states (lactic acidosis) increases the ratio of lactate AML, often it is 10:1.

Thus, the main cause of the accumulation in the blood of AML and MK is a violation of their subsequent enzymatic conversion into ordinary decomposition products due to various reasons: hypoxia, severe defeat, deficiency of thiamine in the body and so on. To assess the function of internal organs  conducted blood tests (clinical analysis, glucose, electrolytes) investigated levels of lipase, amylase. Conducted ultrasound of internal organs, electrocardiogram (ECG), echocardiography (echocardiography) fundoskopia. To assess the functions of the brain - EEG, CT, NMRI. To investigate the destruction of muscles used ENMH and EMG. Ophthalmic, neurological, endocrinological status. 

Results of the second phase of the study and discussion. Analysis of the data and comparison of international experience have allowed to find out what mitohondropathy - heterogeneous group of hereditary diseases characterized by disorders in the mitochondria (violation structures, functions), which leads to organopatia of  those bodies in which they are maximally. Mitohondropathies have their particular type of inheritance - maternal (cytoplasmic) is due to the fact that mitochondria are present in the female gametes and absent in sperm. Localized mitochondrial mutations in mtDNA loci which are completely sequenced. Installed additional loci in the nuclear DNA. Biochemical mitohondropathy - a violation of enzymes or enzyme complexes directly involved in the production of chemical energy by oxidative phosphorylation (piruvatdehydrogenase complex respiratory chain and ATP synthase).

In terms of clinical features, pathophysiology and genetics between individual disorders is significant overlap. For example, some proteins separated by different enzyme systems, and the accumulated metabolites: may inhibit other enzymes.

Pathology of mitochondria related to severe disabling diseases.

Mitochondrial disease (MTHZ) are classified by the type of mutations. The more accumulated mutations in mtDNA, the harder the disease.

The paper was used classification of mitohondropathies, which was prepared in 1992 Wallace:

1. Misens-mutant: Leber’s neuroophtalmopathy; retinitis pigmentosa.

2. Mutations in the genes tRNA: syndrome MERRF and MELAS.

3. Deletions or duplications of mtDNA areas: external ophthalmopathy; syndrome Kearns-Sayre, Pearson syndrome, asymmetric ptosis, bilateral ptosis, combined with ophtalmoparesis and weakness of the muscles of the lower extremities, dilated cardiomyopathy; NARP-syndrome

4. Mutations that reduce the number of copies of mtDNA: lethal infantile respiratory failure, lactic acidosis syndrome.

5. Mutations in nuclear DNA fumaric and glutaric acidemia; deficiency of acyl-CoA dehydrogenase fatty acids with long carbon chain, deficiency 3 hydroxyacyl-CoA dehydrogenase fatty acids with long hydrocarbonic chain, deficiency of acyl-CoA dehydrogenase fatty acids with average and short carbon chains, subacute  Leia’s encephalomyelopathy, progressive sclerosing poliodystrophia Al breasts; Menkes’ tryhopolidystrophia.

Clinical features found mitochondrial disease. Genetic defects of the respiratory chain and obtained as a result of ATP-deficiency violate many numerous cellular functions, especially in high-organs such as the retina, heart and kidneys. Often suffer muscle function due to poor supply of ATP and creatine phosphate.

In affected individuals revealed a different combination of neuromuscular and other symptoms that get involved, independent of  bodies ¬ possible to explain the tissue-specific expression of certain genetic defect. The disease varied, but the disease had Progressive course. Defects in respiratory chain manifested in any age. Intrauterine development was severely disrupted, resulting in severe fetal malnutrition and brain defects. In small children encephalomyopathy often occurred; in adults - myopathy. The type of  inheritance was recessive, dominant, X-linked (with nuclear DNA lesions) or parent with variable expression or penetrance. Isolated cases of failure CAPs did not cause cardiomyopathy. The main symptoms are developmental delay, muscular hypotonia, epilepsy, ataxia, sleep apnea and progressive encephalopathy.

The most common clinical signs (orhanopathy) of  respiratory chain were:

CNS: brain damage, pre-and perinatal encephalopathy as degenerative processes in the brain - gliosis, malnutrition, convulsions - myoclonus, epi-equivalents resistant to therapy epilepsy, polyneuro party, abnormal reflexes, decreased sensation, lethargy, coma, delay ¬ ka psychomotor development, dementia, ataxia, dystonia, "metabolic stroke", reducing the size of the sella turcica.

Eyes: ptosis, amblyopia, ophthalmoplegia, retinitis pigmentosa, optic atrophy, nystagmus, and cataracts.

Heart: cardiomyopathy (hypertrophic) arrhythmia, disorders leading to a system of the heart.

Liver: progressive hepatic failure (especially in infants), moderate hepatomegaly, the heterogeneity of the liver parenchyma.

Spleen: splenomegaly, splenic parenchyma heterogeneity.

Kidneys: tubulopathy (Fanconi syndrome), nephritis, renal failure, pyeloectasia, hydrocalicosis.

Gastrointestinal: recurrent vomiting, diarrhea, villous atrophy, disorders of exocrine pancreatic function.

Endocrine system: short stature, diabetes.

Bone marrow: pancytopenia, macrocytic anemia.

Skin: premature aging, lack of development of subcutaneous fat.

Skeleton: abnormalities.

It was also marked by a progressive type of disease, lactate acidosis and specific phenotype: short stature, thin hair, blue sclera, high palate.

Misens-mutant mitochondropathy.

Leber syndrome (hereditary optic nerve atrophy, neuroophtalmopathy) was found in one patient. It was firstly described in 1971 by Theodore Weber. During the period from 1988 to 1996 found more than 10 mtDNA point mutations that lead to changes in amino acid composition of polypeptides complex 1 respiratory chain.

Classically syndrome had a "bombshell."

The disease manifests itself in the age of 6-62 years (usually 11-30 years); develops sudden or subacute decreased vision in one eye and after 7-8 weeks and the second or both eyes together (without prodrome period). Most sufferers of central departments, are central scotoma. Reduced visual acuity develops rapidly, but blindness is rare. It is noted retinal microangiopathy. The main complaints of patients: blurred vision in bright sunlight and a better vision for the sunset, but the dark eyes lowered. Optic nerve damage combined with various nevrolohich Noah symptoms: peripheral polyneuropathy, tremor, ataxia, spas matic paresis, mental retardation. Headache episodes. Can be ostheo-articular changes: kyphosis, kyphoscoliosis, Arachne-dactylia, spondyloepiphysic dysplasia.

Progressive course of the disease, however, possible remission after 1 - 2 years after onset or recovery of visual acuity. The most favorable prognosis observed in early (before 20 years) onset syndrome Leber.

Criteria for diagnosis: maternal inheritance; debut diseases occur predominantly in 11-30 years; acute Subacute or decreased vision in one or both eyes; possible retinal microangiopathy (the study of the fundus is expanding and telangiectasia retinal vessels, swelling of neuronal layer of the retina and disc nerve); progressive course with possible remission or reduction of visual acuity, patient identification in one of the three primary pathogenic mutations (at positions 11778 and 14484 mtDNA).

Differential diagnosis spends with diseases that accompanied by decreased visual acuity: retrobulbar neuritis, optic arachnoencephalitis, craniopharynchima, leucodystrophias.

No pain, especially during eye movement - highly specific feature of this syndrome, unlike retrobulbar neuritis.

Mutations in the genes tRNA could set in four patients.

MEYISHR syndrome (myoclonus-epilepsy, "ragged red fibers") first described N. Rykyaha eiai. in 1980. Syndrome MEINIR mutations in tRNA at positions 8344 and 8356 of mtDNA. The disease is inherited from the field of intramorphism, which may be due to different ratios between mutant and normal mtDNA in different oocytes.

Age of the patient at onset varies from 3 to 65 years. Early-clinical signs are fatigue during exercise, pain in the calf muscles, loss of memory, attention. The most typical symptom is progressive myoclonus epilepsy, which includes myoclonus (sudden, rapid, short-term muscle contraction, caused by involvement in the pathological process CNS), ataxia, and dementia. Also, patients have generalized tonic-clonic seizures, sensorineural deafness, optic atrophy, mild signs of myopathy, sensory disturbances (vibration sensitivity disorder and muscular-articular sense) and other neurological symptoms (lack of tendon reflexes). Perhaps, the development of lipomatosis. Course of the disease progressing.

Criteria for diagnosis: maternal inheritance; debut at age 3 - 65 years, CNS - myoclonus, ataxia, dementia, combined with SENSORINEURAL deafness, optic atrophy, a violation of deep sensitivity, lactic acidosis, a moderate increase in protein in the cerebrospinal fluid; complexes 1st, 3rd, 4th respiratory chain; EEG - General spike-wave complexes; EMG - primary muscular type of lesion, CT - brain atrophy, leucoencephalopathy sometimes calcification of the basal ganglia; "ragged red fibers" in biopsies of skeletal muscles, progressive course.

Differential diagnosis is made with other progressive myoclonic epilepsy (dentorubropalidoluis atrophy, disease Gothe, galactosyalidosis type II myoclonus syndrome with renal failure, etc.), Disease of accumulation (eg Krabbe disease) syndrome Aykardi and others.

Treatment primarily aimed at correcting violations of energy metabolism, reduces lactic acidosis and prevents injuries membranes mitochondrial free radicals. The efficiency of riboflavin, nicotinamide, cytochrome c and coenzyme So, L-carnitine, vitamin C.

Great importance is also anticonvulsant therapy. Drugs are primarily valproate to thirty mg / kg / day, while their inefficiency - clonazepam.

Personal observation:

1. A child, 1.5 years, which at the age of 8 months was diagnosed with hypertrophic cardiomyopathy, mainly affecting the left ventricular endocardium. In the proband phenotype attracted increasing attention in the area of ​​venous Figure forehead and temples, persistence of large fontanel, thin hair, lack of development of subcutaneous fat, blue sclera, high palate. The noted moderate psychomotor retardation. In the lineage of similar diseases have been identified.

ECG: electric alternacia, hypertrophy of the left atrium, left ventricle, with its systolic overload and subendocardial ischemia, disturbance of metabolism in the myocardium.

Echocardiography: an increase in all chambers of the heart, thickening of the endocardium of left ventricular hypertrophy and its.

4 When ultrasound of internal organs revealed, heterogeneous echogenicity of  liver is detected in neurosonography.

In biochemical surveys increased lactate-pyruvate, alanine, proline, glycine can be found.

Based on these data expressed suspicion MESHIR syndrome with subsequent examination of biopsy muscle. Parents refused to biopsy. Begun treatment coenzyme 0, riboflavin, L-carnitine, endo-TELON, vitamin C, which led to the improvement of the child. The child is on clinical observation.

2. A child, 13, was sent with a diagnosis of  Ehlers-Danlos syndrome. Hypothyroidism.

Complaints of frequent infections, increased weakness, exercise intolerance, fatigue.

In phenotype attracted the attention of underdevelopment subcutaneous fat layer, expressed as dry skin, small nevi on the skin, the triangular shape of the face, horizontally elongated ears, rooted lobe, slight hypertelorism, blue sclera, microstomia, double number of teeth, caries, periodontal disease, high palate, brittle nails, they hypoplasia, midline hypertrichosis on the back, funnel chest, slight hypermobility of small joints, kyphoscoliotic deformity of the spine, mitral valve prolapse.

In neurological status: eye slit 0> 8, nystagmus in extreme abduction eyeballs, asymmetry nasolabial folds, decreased muscle tone, tendon reflexes were high, 0 = 8. Symptoms of Naryn, Shtryumpelya, two sides. Coordinative test performs satisfactorily. Thus, the status has been a bilateral pyramidal insufficiency.

The examination identified persistent herpes, cytomegalovirus (raising and § 0, and £ A reduction and § M), reduced component of complement, chronic pharyngitis, curvature of the nasal septum, eustachitis; cardiopathy, on radiographs - hyperostosis of the frontal sinuses, osteoporosis epiphyses small wrist bones, urinary hydroxyproline - 62 (at a rate of 11-44), diffuse changes in the EEG, epi-zone activity, CT - CSF-hypertensive syndrome REG - unstable type 0> B; ultrasound organs of abdominal cavity - diffuse changes liver dyskinesia (DZHVP) of the hypotonic type pankreatopa-tiya; dysmetabolic changes perivascular infiltration area of ​​dysplasia in the right kidney, moderate hydrocalicosis left, in the blood - blood glucose 6.45 mmol / L, elevated parathyroid hormone, reduced TOR T4, in urine - low levels of phosphorus, increased chondroitin sulfate; urinolysis - traces of ketoacids, a negative test for Ca, minor traces of proline, amino thin layer chromatography (TLC AK) and carbohydrates urine - raising alanine, proline, ornithine, glycine increase twofold; TLC AK carbohydrates and blood - phenylalanine (PA), tyrosine, tryptophan - 5-6 mg% increase valine, alanine, serine, proline, glycine, reducing urea - 1,5 (1,8-6,4), increased creatine kinase - 499.6 (38-174) Riso-IA § urine - glutamic acid 523 (321), threonine 364.375 (252), proline 185.5 (176), leucine 18.55 (23).

Said observation was considered by us as a syndrome MEYAYAR based on phenotypic changes and the results of biomedical research. Designed therapy positively influenced the course of the disease, while the previous was ineffective.

3. Baby M t, 4 months, was aimed at the Centre trained geneticists diagnosed with "mitochondrial disease (MEKER syndrome), clonic seizures?

Mother noted seizures, underweight child from birth, no effect of treatment.

In phenotype attracted the attention of insufficient body weight, mainly on the forehead, crown, insufficient development of sub-cutaneous fat layer, muscle hypotonia, diastase recti, the prevalence cranium over face, brachycephalia, protruding forehead, neck, low-set ears, open up the nostrils, short thorax, hypertelorism nipples, low location of the umbilicus, sandal cracks on the feet.

When examined the child revealed a diffuse increase of echogenicity of the brain in neurosonography, increased echogenicity of renal ultrasound, and in cerebrospinal fluid-normogram.

Based on these data diagnosis "MELKR syndrome" was confirmed  weighted. Adjusted to anticonvulsant therapy, which led to a decrease in the frequency and strength. Complex therapy was designed according to the scheme developed by us.

4. A child, 5 years, was sent with the following diagnosis: effects of perinatal CNS, epi-syndrome, systemic connective tissue dysplasia.

Mother observed that from birth the child different from other their skin, blond hair, a local defect in the skin on the neck, mild jaundice. Seizures appeared in the first six months of life after mild cold.

In phenotype: gooseflesh, telangiectasia cheeks and interscapular area, light skin with a yellowish tint, hyperflexible skin, local skin defect and alopecia, blonde hair, muscular hypotonia, brachycephalia, protruding forehead, broad face, twisted low-disposed horizontally elongated ears, rooted lobe, in rhythmically expressed Mongoloid eye shape, blue sclera, hypoplasia of the wings of the nose, full lips, open mouth, protruding incisors, teeth rare, high palate, well placed teats, sacral sinus hyper-stability of joints, conical distal phalanx of one's fingers upper extremities, flat foot, broad first toes, entering 3rd finger for the 4th.

In neurological status: when viewed child irritated, asymmetry of the facial muscles, eyes slit 0> B, the omission of the right corner of his mouth. It is noted diffuse severe hypotension, tendon reflexes average force, 0 = 8, positive Babinski signs, Pussepa. The abdominal reflexes were not called. In Romberg can not stand - ataxia.

Survey data: Ultrasound - diffuse changes in the liver, moderate hepato-mehaliya, bend gallbladder, kidney perivascular infiltration, signs dysmetabolitic nephropathy, additional spleen; urinolysis - urine turbid, with sediment, a positive test for ketoacids dramatically positive test for indican; TLC AK blood - FA, tyrosine, tryptophan - 5-6 mg% increase in proline, glycine, hemoglobin - 97 g / l; caryotype - the norm; NMRI - leucoencephalopathy, a slight extension of subarachnoid spaces, signs of adhesive processes, Riso-IA § blood - reduced the number of histidine, threonine, tyrosine, valine, isoleucine, leucine, phenylalanine, tryptophan, lysine, echocardiography - protomezosystolical mitral valve prolapse and art.

The data showed an inherited disorder in children that you induced mutation in mtDNA, as evidenced and clinical signs, and the results electrophysiological studies, biochemical changes that confirm organomegaly specificity that is inherent mitohondropathies. And even mild jaundice confirmed mitochondrial nature of pathology, as indicative of the lack of a PC.

In Soviet literature, we found no observation of this syndrome and its description.

Syndrome MELAS (mitochondrial encephalopathy, lactic acidosis, insult-like episodes) we found in 4 patients. It was first isolated in independent nosological form SG Pavlakis et al. in 1984. The pathogenesis - mtDNA point mutations (at positions 3243, 3271 bp.), and there is a correlation between the degree of mutation and the nature of the disease. It is assumed that for the manifestation of the disease is necessary accumulation of a certain amount of mutant mtDNA (56-95%), while in the same family are rare 2 children with classic option dis ¬ do. The first symptoms appear, usually in 6-10 years (option 2 to 40 years). By the manifestation of disease 90-100% of patients develop normally. Frequent initial clinical symptoms are seizures, recurrent headaches, vomiting, and anorexia. One of the important symptoms of mitochondrial disease is an intolerance of exercises (sharp deterioration in health, appearance muscle weakness, myalgia). Insultopodibni episodes are attacks of headache, dizziness, development of focal neurological symptoms, coma. The reason for such "metabolic stroke" is an acute lack of energy substrates in cells, and the high sensitivity of cerebral vessels to toxic effects. Precipitating factors are fever, intercurrent infection.

Cramps - also one of the leading manifest symptoms syndrome MELAS, but they are very variable - focal paroxysms, generalized seizures, myoclonus. Such seizures are resistant to anticonvulsive therapy.

From illness to develop dementia. Possible failure of endocrine (diabetes, hypoparathyroidism) and cardiovascular system (AV-block). Also marked by low growth, visual disturbances, optic atrophy, fever, cerebellar syndrome, syndrome Wolff-Parkinson-White, cardiac conduction, progressive external ophthalmoplegia; diabetes.

MELAS syndrome noted additional lesions 1, 4, 1 and 4, 3 and 4, * 1, and 4 - 1,2,3,4 th respiratory chain complexes. The disease progressing. In early onset disease course more malignant.

Criteria for diagnosis: maternal inheritance, age of manifestation - up to 40 years;  headache with nausea and vomiting, stroke ¬ like episodes, seizures, blood - lactic acidosis, urine - raising organic acids, basal ganglia calcification on CT; "ragged red fibers" in biopsies of skeletal muscles, progressive course.

MELAS syndrome must be differentiated from other mitochondrial - these diseases Leia syndrome (subacute necrotizing encephalopathy), organic acidemia, homocysteinuria, Fabry syndrome, congenital heart disease, vascular anomalies.

Therapy should be directed at correcting the biochemical defect (coenzyme Q10 by 80-300 mg daily, riboflavin - 100 mg / day, nicotinamide

- Up to 1 g per day, sodium dychloracetat - 25-100 mg / kg, vitamin C | - 25 mg per day of vitamin E - 300-500 mg per day idebenon - 90-180 mg per day 4.0 ml intramuscularly). Conducting this therapy reduces symptoms of nervous and endocrine systems and normalizes somatic status.

Personal observation:

1. Baby D-k, 16 years with the syndrome of MELAS. The patient was sent with a diagnosis of  peroxisomal disease with encephalopathy, tubulopathy, hepatotoxicity, myopathy, neuropathy peripheral localization.
On With years was marked loss of coordination, falling while walking. There was about cerebral palsy. In 14 years there have been complaints of pain in the heart, convulsive movements of the limbs and mouth.

In phenotype: moderate hyperflexibilty of skin nevi single, broad face, protruding forehead, smaller ears, rooted lobe, hypertelorism, broad nose, open up the nostrils, crooked membrane nose, broad nasal root, abnormal growth of teeth jaw, brittle nails, scoliosis, contractures of large joints, congenital cardiopathy, feet deformity, dysplasia of the left hip.

In neurological status: exophthalmos, weakened act convergence does not prove eyeballs to the side, isolated reaction, asymmetry nasolabial folds. Muscle tone was reduced. Tendon reflexes were diminished, clearly gives symptom Shtryumpelya case, reducing power in the left leg. In status occurs scattered diffuse symptoms.

Were conducted additional tests: karyotype - the norm; ultrasound - signs DZHVP, gastro moderate splenomegaly, venous plethora of internal organs, signs dysmetabolitic nephropathy, dysplastic changes in the kidneys; roentgen LL1KT - chronic gastro, gastric polyp, TLC - phenylalanine, tyrosine, tryptophan - A 2-mg%, elevated levels of valine, glutamine, proline, histidine, coprogram - dysbiosis, increased blood amylase, ALT, ACT, p-lipoproteins, bilirubin, low phosphorus, ultrasound of the heart - left ventricular hypertrophy, relative narrowing of the mouth aorta, aortic asymmetry, and lower amplitude ^ open mitral valve, severe hypokinesia, optometrist - a spasm of accommodation, ENT - chronic adenotonzylitis.

In this case, were found clinical and biochemical signs of myoclonus epilepsy and paroxysmal insultopodibnyh. The therapy process stabilized.

2. Baby K-oh, 7 years old, was referred with a diagnosis of connective tissue dysplasia, undifferentiated facomatosis, immunodeficiency state.

Complaints: fatigue, weakness, headache, epi-syndrome.

In phenotype attracted the attention of pale, loose skin, age spots on the back, blonde hair, excess subcutaneous fat, obesity, brachycephalia, triangular face shape, protruding, deformed ears epikant, hypertelorism, blue sclera, astigmatism, hyperopia, short nose, short filter , enlarged lower jaw, tooth decay, high palate, short neck, well placed nipples, scoliosis.

The child was examined: Ultrasound organs of abdominal cavity - diffuse changes in the liver, gall bladder deformity, signs DZHVP, pankreatopathy, signs of salt diathesis, hydrocalicosis kidney; TLC AK blood - increased proline, glycine,

aspartic acid TLC urine - galactose, maltose, urinolysis - positive test for indican, a negative test for Ca, test for proline dramatically positive.

Based on these data suspect Syndrome MELAS, so samples of blood and hair were aimed at clarifying the molecular diagnosis of the Center of Molecular Diagnostics (PA). Assigned treatment resulted in improvement of the child.

Delstsiyi CHN duplication plots mtDNA

Kearns Sayre syndrome, was first described in 1958 under the name of "retinitis pigmentosa, progressive external ophthalmoplegia, complete heart block." MtDNA deletion was detected using molecular genetic Studies only in 1989, we diagnosed this syndrome in 3 patients. Like all mitochondrial diseases has nemendelevskyy nature of inheritance, the high frequency of sporadic cases. This is due to two points:

1) major reorganization of mtDNA occur after fertilization

and are found mainly in somatic cells, but not in the germ cells;

2) oocytes containing deletions of mtDNA in most cases unable to embryo development.

Incidence is independent of gender, age of manifestation - 4-18 years.

The clinical picture is characterized by a triad of signs:

1) onset before the age of 20 years;

2) progressive external ophthalmoplegia;

3) retinitis pigmentosa;

4) atrioventricular heart block, cerebellar syndrome;

5) increased protein in the cerebrospinal fluid (more than 1 g / l).

Ptosis is usually symmetrical and bilateral, movement of the eyeballs sharply limited. Often reduced visual acuity, the fundus is pigment granulation. Chance of diplopia.

Myopathic syndrome is defined by a few years after the onset of ptosis. Face masklike, hypomimic, voice timbre changes, fatigue during prolonged language!

During physical stress can develop myalgia, Crump, myo-tone, intentional tremor. There have been episodes of coma due to metabolic disorders. Endocrine disorders variable (possible low height, gynecomastia, hypogonadism, diabetes, hiperaldostero-nism, hypoparathyroidism, growth hormone deficiency). Can be marked to show the kifoscoliosis, craniosynostosis, metaphyseal dysplasia; kidney damage in type renal tubular acidosis or syndrome de Toni-Debre-Fanconi. There are two options Syndrome - full or ¬ full. Full version includes chronic progressive external ophthalmoplegia, retinitis pigmentosa and atrioventricular block. ¬ not complete, in turn, is divided into two options. The first includes the chronic progressive external ophthalmoplegia, myopathy down type. The second is characterized only by isolated chronic progressing external ophthalmoplegia, rare, has a late de ¬ bloc. Course of the disease progressing.

Criteria for diagnosis: the debut of the disease at the age of 4-18 years; cerebellar syndrome with intentional tremor, decreased intelligence, progressive external ophthalmoplegia, retinitis pigmentosa, sometimes diplopia, AV heart block, a protein in the cerebrospinal fluid of greater than 1 g / l; EEG - unspecified changes; ENMH - primary muscular type of violation, CT - atrophy of the cerebral cortex, leucoencephalopathy, basal ganglia calcifications, blood - increased alanine, decreased total carnitine, folic acid, lactate, "ragged red fibers" in biopsies muscle tissue.

Differential diagnosis must be made with other forms of  progressing miopathies (okulofarynhodystalnoyu myopathy, it supranuklear-lateral paralysis terms with scoliosis, etc..), As well as dis ¬ ing, accompanied by ptosis (myasthenia gravis, diabetic poly-neuropathy syndrome, Toloza-Hunt , oftalmoplehichna migraine).

Treatment: hypocarbohydrate diet ubihinon to 120 mg per day (2mh/kh) for a period of 3-6 months; thiamine to 900 mg a day L-carnitine - 100 mg / kg per day; Folic Acid - 1 mg per day; Vitamin C - 2-4 grams per day; riboflavin - 50-60 mg per day, vitamin E up to 300-500 mg per day. In the case of complete AV block is recommended artificial pacemaker.

Personal observation:

1. A child, 10, was sent to HMTSKH and PD diagnosed with "recurrent neuroparalitic keratitis in both eyes, ataxia.

With 3 years marked photophobia, with 5 - bilateral ptosis, surgical treatment is not given effect. In 6 years - later neuroparalitic keratitis, retardation in growth, weakness in the limbs, staggering gait.

In phenotype: short stature, underdeveloped subcutaneous fat layer, areas of mosaic depigmentation and hyperpigmentation of the skin of the upper extremities, submikrotsefaliya, sloping forehead, flat occiput, dyzmorfichni ears, ptosis of both age, flattened nose, lack upper incisors, a high palate, angular deformity, asymmetry of the chest, kyphoscoliosis of the thoracic spine, hirsutism, joint hypermobility, valgus deformity of the tibia.

In neurological status: bilateral ptosis, external ophthalmoplegia, photophobia, asymmetry nasolabial folds, decreased muscle strength and tone, reflexes oral automatism, reduced tendon reflexes, positive Babinski signs, Pussepa, Oppenheim, sagging outstretched hands and feet during walking ataxia in Romberg, decreased pain sensitivity in the distal arms and legs. Child inhibited, closed.

When ENMH was determined to reduce the speed of the nerves, reducing the amplitude of M-response. Conducted biochemical studies revealed the generalized aminoaciduria, galactosuria with normal figures chromatography amino acid and carbohydrate levels. The ECG - block right bundle branch block, pronounced disturbance of repolarization infarction.

After the syndromological analysis was diagnosed - Kerns-Sayre syndrome. Appointed in accordance with the scheme of treatment resulted in improvement status.

2. A child-in, 12 years old, diagnosed at the direction "tapetoformal abiotrophy retina, delayed sexual development, growth."

Complaints: decreased vision, headache, delayed growth, sex ¬ local development.

In phenotype attracts insufficient body weight, reduced stature, muscular hypotonia, high palate, long neck, scoliosis, developmental delay.

In neurological status: diffuse neurological symptoms.

The child was examined: TLC urine - glucose, blood TLC - level of glycine, aspartic acid urinolysis - a positive test for ketoacids, slight traces of indican, a negative test Sulkovych, chlorides 19.5 (normal 3-15 g / l).

Has differential diagnosis between organic aciduria of multicomponent lesion metabolism of carbohydrates, amino acids, minerals but progressive reduction of the flow against diffuse changes in the CNS, skeletal disorders, muscular hypotonia and growth retardation gave us to believe that the child has Kearns Sayre syndrome,. A molecular genetic study. Designed symptomatic and pathogenetic therapy led to improvement of the child.

Pearson syndrome is diagnosed by us in one case as a result of phenotypic transformation syndrome Kearns-Sayre. It was first described in 1979, p. H.A. Pearson et al. called "refractory sideroblastic anemia with vacuolization of bone marrow cells and exocrine dysfunction gastric cancer '.' The syndrome is caused by deletion of mtDNA. Possible phenotypical transformation Pearson syndrome in Kerns Sayre syndrome due to tissue specific mitochondrial heteroplasmy.

Criteria for diagnosis: the debut of the disease at birth or in the first mission these life hypoplastic anemia violation exocrine function, in some cases - encephalomyopathy, ataxia, dementia, progressive external ophthalmoplegia.

Treatment: correction of severe skeletal dysfunction of the brain regulate polar transfusion 1 time in 6 weeks. The solution of vitamin C, ATP.

Syndromes of multiple mtDNA deletions. First multiple deletions were found in patients with autosomal dominant progressive external disorders, progressing weakness of the limbs, bilateral cataracta, premature death. There are many areas of deletions of mitochondrial genome, thus attracted large fragments of mtDNA.

Multiple deletions of mtDNA are inherited as Mendelian type, however, they were found and in families without evidence of autosomal dominant inheritance. Given the tendency to increase with age, multiple deletions can not be excluded that they may be secondary in relation to the aging process. The syndrome usually manifests in the 30 - 40 years, but its development is possible in childhood. 

Among the cardinal symptoms of the disease, most authors distinguish eye (ptosis, progressing, external ophthalmoplegia, ophtalmoparesis) and muscular symptoms (muscle weakness, fatigue, malnutrition). Myoglobinuria, alcohol intolerance, multiple fibroids, affective disorders, and others. In the blood is determined by increasing lactate, the ratio between lactate-pyruvate, increased activity of CPK.

The flow progressive, variable in furnace families. In late onset (third decade of life) of patients dying at the age of 40-50 years. The main cause of death are respiratory disorders.

Criteria for diagnosis: blefaroptosis, external ophthalmoplegia, muscle weak bone, central nervous system - neuron-sensory deafness, optic atrophy, progressive course of the disease, blood - increased lactate change ratio ¬ target country lactate-pyruvate, increased activity of CPK; RRF phenomenon in skeletal muscle biopsies, EMG - sensitive (neurotic) type lesions, decreased activity of respiratory chain enzymes in muscle biopsies.

Deletion of mitochondrial DNA was first described by ST Moraes in 1991, the disease is inherited autosomal recessively. The underlying defect in nuclear DNA, which controls the replication of mtDNA. In inherited forms of this syndrome are described and acquired (eg when using the drug zidovudine in the treatment of HIV infection). There are 3 forms: Fatal Infant-back hepatopathy, congenital myopathies and infantile myopathy.

Criteria for diagnosis:

The first form: hepatic failure, muscle hypotonia, form - muscular hypotonia, cardiomyopathy, seizures, syndrome de Toni-Debre-Fanconi; blood - lactic acidosis, decreased activity of respiratory chain enzymes, in biopsies - " ragged red fibers "; death of 1-year life;

The second form: beginning in the first 2 years of life, muscle hypotonia, atrophy of the proximal extremities, loss of tendon reflexes, respiratory disorders, blood - increased CPK, in biopsies - "ragged red fibers"; death of 3-year life.

Treatment: drugs for correcting energy failure and lactic acidosis.

NARP-syndrome (neuropathy, ataxia, retinitis pigmentosa) us in one case. First described l.J. Holt et ai. in 1990. Diseases caused by mtDNA mutation dotted. Abnormal mtDNA leads to disruption of ATPase activity, there is a defect in oxidative phosphorylation and reducing the accumulation of ATP cell. Type inheritance - parent. The cause of the syndrome is pointed mtDNA mutation at position 8993 of mtDNA. Possible existence of a family Syndrome and NARP syndrome Leia.

Criteria for diagnosis: variable onset manifestation; neurogenic muscular weakness, neuropathy, ataxia, retinitis pigmentosa, seizures, psychomotor retardation (dementia); elasticity "red ragged" electronic microscopy.

Differential diagnosis must be made with hereditary diseases, which communicate with atactic syndrome and retinitis pigmentos.

Treatment has not worked.

Mutations in the nuclear DNA

Glutaric acidemia found us in two patients, who were directed with Rett syndrome after the test in many hospitals.

Type inheritance - X-linked recessive and autosomal recessive. The disease is caused by deficiency of multiple mitochondrial Fl-protein CoA dehydrogenase (first form - hlutaryl-CoA dehydrogenase, a defect in the metabolism of lysine and tryptophan, decreased carnitine second form is called multiple failure ayyl-CoA dehydrogenase fatty acids). Forms: lethal, neonatal with congenital anomalies (X-linked A type II), without neonatal congenital anomalies (II B type), infantile (II B type), children's and late (light form glutaric acidemia II B type - metylmalonic acidemia).

Criteria for diagnosis:

The first form: respiratory distress syndrome, macrocephaly, front-temporal atrophy, acute encephalopatic crisis (especially those aged 6 - 18 months); destruction striatum; dystonic diskenetic violation; muscular hypotony, vomiting, hepatosplenomegaly, unusual urine odor , anemia, biochemical: urine - raising glutaric acid, 3-OH-glutaric acid  increase, decrease carnitine (sometimes the results can be normal) Differential diagnosis - Other mitochondropathies.

The second form:

Second type: suffer mostly guys, respiratory distress syndrome, muscular hypotonia, lethargy, coma, vomiting, hepatosplenomegaly, smell urine anemia traumatic facial dysmorphias that resemble Zellweger syndrome, in urine - organic acids, CT - degeneration of the brain, gastrointestinal abnormalities, polycystic kidney disease, congenital heart defects, early manifestation; severe course; early death; 

26 type: early manifestation; severe course; early death; 2c type: psychomotor retardation; Reyyepodibnyy syndrome, cardiomyopathy, beginning at 1 year of life, treatment - carbohydrates (75% of total intake), lower protein (1.5 g / kg / day), lipids (Zagreb / ​​kg / day ) bikarbo ¬ Nata, riboflavin (300 mg per day), carnitine (100-300 mg / kg per day). During metabolic crises, the introduction of glucose with insulin and methylene blue at a dose of 2 mg / kg.

The third form:

36 Type: vomiting, nausea, jaundice, hepatomegaly, muscle weakness, hypotension, urinary - organic acids.

CT - atrophy of the white substance of the brain.

Treatment: hipovuhlevodna diet, riboflavin, L-carnitine.

Actually observations: Child B and 9 months from diagnosis in the direction of perinatal hypoxic-ischemic CNS lesions. 

Have noted the increase of nervous excitability, encephalic crisis, autism, vocalize, trembling chins, infrequent urination, muscle weakness, unusual smell of urine.

In phenotype attracts insufficient body weight, muscle hypotonia, brahitsefaliya, protruding forehead, broad face, low-set ears reduced, moderate mikroftalm, strabismus, curved back. Nose, long filter, high palate, short neck. wide positioned ¬ mixing nipples, mental retardation, psychomotor retardation.

The child became ill at the age of 3 months after a massive antibiotic therapy, after which there was an unusual smell of sweat, delay in psychomotor development.

The child was examined: triglycerides 2.24 (rule 1.13), urea 11, 48 (norm 6,8); TULIX blood - FA, tyrosine, tryptophan - 5-6 mg% increase in valine, alanine, urynolizys: test for protein - slight traces of keto acids, indican, a test for calcium negative (norm - positive), CT - CSF-hypertensive syndrome gracefully corpus callosum, swelling in projections kolonosovyh sinuses.

Based on the nature of the disease, the presence entsefalopatychnyh crises, progressive development, high levels of tryptophan was sensi ¬ tion glutaric atsyduriyi diagnosis of type 1 and assigned appropriate diet therapy and pathogenetic drugs, carnitine, glycine, coenzyme Q. Week have noticed that the child calmed down, became a contact, take more fluid.

Fumaric atsydemiya first described by Zinn et al. in 1968 Locus - lq42.

Criteria for diagnosis: Inheritance - autosomal recessive, manifestation to 5-7 months, poor weight gain, repeated vomiting, irritability, tonic-clonic seizures, dystonia, microcephaly, autism,  fumarase defect, in urine - high concentration fumaric acid in the blood - increased lactate, pyruvate, lactate-pyruvate ratio. EEG - "spike and wave" CT - cortical atrophy, ventricular enlargement system agenesis calloused body, possible brain cysts, with "electronic microscopy -"ragged red fibers".

Treatment is not designed, recommended frequent feeding patients. The use tsytomaku, carnitine, ubiquinone, vitamin V B2, B6, A, C and E.

Unfavorable prognosis, death occurs from intercurrent infectious diseases ¬ tion.

Deficiency of complex 1 (NADH: CoQ-peflyKTa3a) suspected us in one case. The complex includes a 25 polypeptides (18 encoded pDNK, 7 - mtDNA). First described B. Senior, R.L. Jungas in 1974 inherited autosomal dominant. Chance of X-linked recessive inheritance.

Criteria for diagnosis:

1 - and option - neonatal generalized muscular hypotonia, psychomotor retardation, cardiovascular failure, death in the first months of life;

2 - and option - early childhood regression of neuropsychological development, progressive encephalopathy (loss of memory, emotional lability); judicial ¬ we resistant to anticonvulsants, ataxia, sensorineural deafness;

ophthalmoplegia, retinitis pigmentosa, the combination myoclonus with spastic tetraparesis and mental retardation;

3 - and option - a syndrome associated with MELAS.

Progressive course. Weather in adverse neonatal onset.

Deficiency of complex 2 (succinate-Co <2-reductase) first described by JE Riggs in 1984 autosomal dominant mode of inheritance.

Criteria for diagnosis encephalomyelopathy; Crump, myoglobinuria, short stature, dementia, myoclonus, akonitazy deficiency, succinate dehydrogenase.

Progressive course.

Deficiency of complex 3 (CoQ-cytochrome c oxidoreductase) first described by AJ Spiro in 1984 The complex contains 11 subunits, one of which is encoded by mtDNA. Perhaps both Mendelian and maternal inheritance, generalized multi-tag violation syndromes. Additionally amazed complexes 1 and 2. There are 3 options debut: neonatal, early childhood and adult.

Chosen us as a family if the father, daughter and daughter-grandchildren (intsestnyy marriage).

Criteria for diagnosis:

1 - and type: generalized muscle hypotonia, lactic acidosis.

2 - and type: myopathy, ataxia, sensory neuropathy, sensorineural deafness, decreased visual acuity, retinitis pigmentosa, low growth, diabetes proximal tubulopatiyi.

3 - and type: violation of sensuality; Crump, myopathy, muscular atrophy, encephalopatia; cardiomiopatia.

Progressive course. In our case, each of the patients developed signs of regression 3 years after onset.

Deficiency of respiratory chain complex 4. Complex 4 (cytochrome c oxidase) catalyzes the conversion reduced equivalents from cytochrome c to molecular oxygen molecule ¬. Cytochrome C contains 13 subunits, three of which code ¬ yutsya mtDNA. Type inheritance - autosomal recessive. There are two forms: myopathic and multiple-system. Myopathic, in turn, are divided into fatal ¬ tion and benign types with the debut of the 1-year life. Multiple-course options are as individual grave encephalopatia or associated with other syndromes. Fatal option: debut in the neonatal period, respiratory disorders, diffuse muscle hypotonia, decreased tendon reflekssiv; congenital lactic acidosis. In some patients with myopathy combines of renal function (Fanconi syndrome) or cardiomyopathy. Patients die before 1 year of life. Benign infantile mitohondrial failure includes tryhopoliodystrofiyu and mitochondrial encephalomyelopathy disease (Leia and Alhiersa).

Subacute Necrotizing encephalopatia Leia diagnosed by us in three patients. First described by D. Leigh in 1951. This disease first and second years of life (rarely manifests to 7 years). Type inheritance - autosomal recessive, X-linked recessive, mitochondrial.

Criteria for diagnosis: demonstration of the second week to 7 years, CNS - ataxia, psychomotor retardation or regression, muscular hypotonia or spasticity, optic atrophy, retinitis pigmentosa, ophthalmo-plehiya, eye, respiratory distress syndrome, retinitis pigmentosa; lactic acidosis, acute exhaustion after custom ¬ these infections NMRI - symmetrical lesions of the basal ganglia and spontaneus degeneration of the midbrain, basal ganglia, a genetic defect - mtDNA mutation 8993T> C or T> G (NARP-mutation), mutation SURF1 (not enough complex 4). Late nuclear genes (especially lack of complex]).

Treatment: vitamin, L-carnitine, coenzyme Qi0. Possible last one ketogenic diet.

Indeed observation: child-K at 4 years, diagnosed at referral  Lenny - psychomotor retardation.

Complaints: mental retardation, weakness, bouts of sleep apnea.

In phenotype: telangiectasia, muscular hypotonia, microcephaly, deformed ears antymonholoyidnyy eyed, long filter, malocclusion, wide nipple location, expressed hyper-stability of joints, BBC.

In neurological status: psychomotor retardation of organic background.

The child was examined: Ultrasound organs of abdominal cavity - diffuse changes in liver metabolism symbolic changes and inflammation in the kidneys, LDH 1045.6 (rule 450), ACT 44,1 (rule 36), ALT 40.1 (rule 29); TULIX blood - increasing glycine; TLC urine - FA, tyrosine, tryptophan - traces, increased proline; urynolizys - traces of keto acids, a positive test for indican, a slight increase in chloride, traces of proline; karyotype - the norm.

Based on the nature of the disease, further examination was denied syndrome Leia. Assigned therapy led to improvement of the child.

Progressive sclerosing poliodystrofia Alpers us diagnosed in two patients. First described B.J. Alpers in 1931 Auhosomno-recessive inheritance.

Criteria for diagnosis:

Twtoea form of 'partial or generalized tonic-clonic seizures, myoclonus, psychomotor retardation, disorders of neurological status, hepatomegaly, lethargy, loss of vision, hearing.

Acute neonatal form: prenatal manifestation, microcephaly, psychomotor retardation, deformity of the chest, decreased joint mobility; mikrohnatiya, neonatal seizures, swallowing disorders ¬ tion; late form seen in 17-18 years; EEG - slow-wave activity, polispayky CT - atrophy of the cerebral cortex, spongy degeneration of the gray substance of the brain, the blood - increased lactate piruizatu, hiperbiliru-binemiya, hyperammonemia, decreased albumin, prothrombin.

Treatment has not worked. The use of carnitine, thiamine, ubiquinone.

Tryhopolidystrofiya us Menkes diagnosed in two patients. Described first J.H. Menkes in 1962, X-linked recessive inheritance. Locus Xql3.3. In women, the disease occurs only in conjunction with chromosomal abnormality (translocation or Turner's syndrome). Pathogenesis is due to defective metabolism and transport of copper.

Criteria for diagnosis:

Classical form: demonstration of the first weeks of life, a bad prybav ¬ ka in weight, psychomotor retardation, malnutrition, hypothermia, generalized seizures, myoclonus, unusual hair ("pili torti") and the type of skin "cutis Iaha", "cherub face" (hipomimichne, low nose), optic atrophy, retinal possible mikrokisty, death comes from sepsis or subdural hemorrhage.

Atypical form: late manifestation, effortless flow, EEG - hipsarytmiya CT - brain atrophy, suffering only guys; levels - low copper.

Treatment: drugs copper, ascorbic acid, tocopherol acetate, D-penicillamine.

Differential diagnosis should be made with all-neurodegenerative their diseases.

Deficiency of complex 5. The complex contains 12-14 subunits 6 and 8 encoded mtDNA. The disease described D.L. Scchotland et al. in 1976 and J.B. Clark et al. in 1983, p. The cause of the disease is pointed mtDNA mutation.

Criteria for diagnosis: psychomotor retardation, retinitis pigmentosa, dementia, seizures, ataxia, myopathy.

Progressive course. Unfavorable prognosis.

Deficiency of coenzyme Q. First described S. Ogasahara et al. in 1989, p. The enzyme has an antioxidant function. Type inheritance unspecified.

Criteria for diagnosis: metabolic crisis, myopathy, ophthalmoplegia, and dully, decreased vision, insultopodibni episodes, ataxia, myoclonus, epilepsy, Fanconi syndrome, endocrine disorders, lactic acidosis, progressive course, reducing the activity of respiratory chain enzymes.

Differential diagnosis should be carried out with progressive neuromuscular disease with seizures, metabolic disorders, peroksysomnymy disease, progressive disease of the nervous system, accompanied by ataxia.

Treatment: Vitamin C, K, riboflavin, coenzyme C, sodium succinate.

Diseases associated with metabolism disorder breast and pyruvic acids

Deficiency pyruvatkarboksylazy suspected us of three children. It was first described F.A. Hommes in 1968 Type inheritance - autosomal recessive.

Criteria for diagnosis: debut at neonatal age, symptom "flabby child"; seizures that are resistant to therapy, blood - increased ketone bodies, hyperammonemia, hiperlizynemiya; reduced activity piru-vatkarboksylazy in skeletal muscle.

Dyferenpiynyy diagnosis should be done with the diseases that are placed in a complex "flabby baby" and seizures.

Actually observations: Child and Mr. 1 year are diagnosed in the direction of psychomotor retardation. '1

Mother drew attention to mental retardation, muscle weakness ¬ bone in the child.

In phenotype attracts muscular hypotonia, protruding forehead, broad face, reduced, low-set ears, Mongoloid eye shape, vhnuta nose, lowered corners of the mouth, high palate psychomotor retardation.

In neurological status: head with a protruding forehead, hyperopia, strabismus, reflexes D = S, the average zhyvosti. Pathological signs there. Delayed psychomotor development.

Survey data: CT - signs of perinatal hypoxia, internal hydrocephalus, vnutrishnolunochkova hypertension, Ca 2.19 (normal 2.25); urynolizys - positive test for ketoacids, a negative test for Ca, test for proline - traces.

Based on these data was diagnosed - pyruvatcarboxylase deficit. Molecular examination performed. Once called therapy, which was aimed at improving energy metabolism, the child's condition has stabilized.

Pyruvate dehydrogenase deficiency. First described VN Robinson et al. in 1987, The defect mapped to the 3rd chromosome, the X chromosome (Hr22.1). Type of disease - autosomal recessive and X-linked.

Criteria for diagnosis:

First formahneonatalna: low body weight, facial dismorphias, fetal alcohol syndrome is front anus, short fingers, muscular hypotonia, apnea, stridor, frequent seizures resistant to therapy in blood - acidosis elevated lactate, pyruvate, decreased activity of CAPs, CT - dyzheneziyi brain. Malignant. Death comes to 8 months of life (due to respiratory failure).

The second form, infantile: cranio-facial dismorphias 2 course options:

Acute: vomiting, malnutrition, myopathy, paresis; coordinative violations

of neck ; seizures resistant to therapy.

Subacute: psychomotor retardation, decreased visual acuity, paresis, nystagmus, respiratory disorders, blood - increased lactate, pi ¬ layered, reduced activity PDG; EEG - slow waves, spike-wave CT - brain atrophy.

Death to 3 years. 3rd formahdobroyakisna: ataxia, muscular dystonia with choreoathetosis, myopathy, psychomotor retardation, microcephaly, muscular atrophy, limiting the movement of the eyeballs, blood - lakhat-acidosis, pyruvate, reduced activity of CAPs.

Indeed observation: child-W o, 1 p 9 months, diagnosed at referral ¬ Lenny "congenital anomaly of the central nervous system" - no callous body, transparent membrane, pipe psychomotor retardation, seizures 1-2 times a day (tonic hands and head) 1-2 min. Before the attack of vomiting. Seizures from 7 months.

In phenotype attracted the attention of insufficient weight, stunting, thin hair, lack of subcutaneous fat, muscle hypotonia, increased low-set ears, strabismus, high palate, long neck, rough psychomotor retardation.

In neurological status: a view does not register, responds to yarke light - sound. Saves Rectifier tonic labyrinthine reflexes. Ocular soup ¬ tench 0> 8, horizontal nystagmus, smoothed right nasolabial folds, muscle hypertonicity limbs, tendon reflexes quickened, active puhy limited. Self is not sitting. In status has been delayed psychomotor development on organic background.

Survey data: consultation Optometrist - optic atrophy, congenital horizontal nystagmus; urynolizys - traces of keto acids, a negative test for Ca.

Based on these data (elevated ketoacids in Nanni combine with other features) was diagnosed - lack piruvatde-hidrohenazy. Assigned therapy.

Defect dygydrolypoiltransacetylasy. First described by Robinson et al. in 1990 Type inheritance - autosomal recessive.

Criteria for diagnosis: epikant, microcephaly, optic atrophy, myopatio, then spastic tetraparesis; blood - increased lactate piruva th, alanine, ammonium, organic atsyduriya, decreased enzyme activity.

Indeed observation: A child, 2 years 3 months, with diagnosis - cerebral palsy, left-side hemiparesis.

In phenotype attracted attention epikant, microcephaly, myopia, high palate.

B ancestry was noted reduced vision, anemia.

In neurological status - Broken diffuse symptoms.

The child was examined: TI11H urine - FA, tyrosine, tryptophan - traces a significant increase in alanine, serine, proline, ornithine, arginine, lysine, histidine, fructose - traces, glucose (+ +); TLC blood - FA, tyrosine, tryptophan - traces, traces of valine, increased proline, glycine, aspartic acid, ornithine, arginine, lysine, histidine, total cholesterol - 2.5 (2,9-5,18).

Found neurological signs with a specific character aminoaciduria enabled suspect deficiency of dyhydropolypoiltransacetylase appropriate treatment, which affected the nature of metabolic changes and impact on improving physical and neurological condition.

Deficiency of dyhydropolypoiltransacetylase. It was first described in 1981 Type inheritance - autosomal recessive. Locus

Criteria for diagnosis: respiratory stridor, decreased visual acuity, optic atrophy, muscular hypotonia, psychomotor retardation, blood - increased lactate, pyruvate, alanine, alpha-keto-glutarate; deficiency of the enzyme in all organs.

Treatment: thiamine (IOmh / kg / day), carnitine (100 mg / kg / day), dyhloratsetat (12,5-50 mg / kg / day), a diet high in fat and low in carbohydrates.

Succinate dehydrogenase deficiency. First described LS Byepiyehb thand ai. in 1983 gene mapped at 1 R35-36.1.

Criteria for diagnosis: encephalomiopatia; hypertrophic cardiomyopathy.

Progressive course.

Deficiency of a-ketoglutaratdehydrogenase. First described Robinson etc. in 1981 Type inheritance - autosomal recessive.

Criteria for diagnosis: lactic acidosis, swallowing difficulties, disorders of their functions, extrapyramidal and pyramidal insufficiency (spastic tetra paresis), mental retardation, seizures, myoclonus often in the blood - high lactate, pyruvate, metabolic acidosis, and -ketoglutarate, CT - cysts basal ganglia, thalamus.

Unfavorable prognosis. Possible death of 1-year life.

Differential diagnosis must be made with the diseases that are dysmetabolic disorder syndrome "flabby child."

Violation of fat oxidation (defects of nuclear DNA). Mitochondrial oxidation of fatty acids (FA) - one of the main energy sources of the body. Prolonged fasting it zabezpechus to 80% of total energy needs. Brain (as opposed to muscle) can not completely oxidize LCD and enjoys their catabolism in the liver. Man is not able to synthesize glucose from the LCD, so for this we need catabolism of muscle protein.

YC long chain (C16-C20) are found in adipose tissue as triglycerides. If necessary, they stand lipases and using tyokinase activated to CoA esters. Complete oxidation is possible only in the mitochondria, and because through their inner membrane are only short and medium-LCD, they are transported across the mitochondrial membrane via carnitine cycle. With carnitinepalmytoyltransferase 1 (KPT1) Shuttle acyl-CoA inserted in acylcarnitine  by translocase actively transported across the membrane and through KPT2 on matrix membrane transportation in acyl-CoA. Thanks carnitine range except hepatocytes, carnitine is transported to the cells (and absorbed in the kidneys). In subsequent cycles of beta-oxidation spiral shortens acyl-CoA two carbon atoms (one molecule of acyl-CoA). Each turn of the helix is ​​catalyzed by several long-chain enzymes: FAD-regardless dehydrogenase (VLCAD, MGAD or SCAD) and NAD +-enzyme complex independent hydratases, dehydrogenase (LCHAD, MCHAD, SCHAD) and ketotiolase. LCD is a long-chain acyl-oxidase to CoA, LCD with an odd chain - to propionyl-CoA, which go to the Krebs cycle. Hydrogen, which constitute dehydrogenase arrives in the respiratory chain or through flavoproteins (ETF) and ETR-coenzyme-()-oxidoreductase (ETFQO) on coenzyme Q or via NADH + H for complex 1. Acetoacetyl-CoA is substrate volume for hepatic synthesis of ketone bodies acetoacetate, 3-hydroxybutyrate and acetone used extrahepatic tissues (muscles, brain) as an energy source, especially when insulin deficiency or starvation.

Genetic defects oxidation LCD usually appear in early childhood, often under the threat of life, hipoketonemic coma at catabolic conditions (long fasting, surgery, infection). When hyperamoniemia. may manifest symptoms of liver failure. Defects of oxidation, especially LCD with a long chain, can affect the skeletal muscles, causing myopathy, pain, acute myolisis during physical loading, as well as acute or chronic cardiomyopathy. Renal excretion of  acylcarnitines results in secondary carnitine deficiency. All defects LCD inherited in an autosomal recessive type. In the pathogenesis of these defects is involved excavation insufficient energy during starvation, lack mitochondria, independent CoA due to accumulation of intermediates, accumulation of toxic long-chain acylcarnitines, especially defects LCD oxidation of long chain.

In the study (as in symptomatic hypoglycemia) is:

- Reduction of glucose, ketone bodies, increased liver enzymes, MNZ, lactate, creatine kinase, myoglobin;

- Free fatty acid (FFA) and ketone body (plasma and serum), the ratio of FFA: ketones> 2;

- Carnitine state (in plasma): reduction in total carnitine content (may be elevated in acute crisis), increase coacylcarnitine ratio and total carnitine content, with  ARRANGEMENTS carnitine-palmitoyiltransferase, increased total carnitine content, acylcarnitine reduced;

- Acylcarnitines (Guthrie test): specific metabolites quick establishing diagnosis;

- Organic acids in urine specific decarboxyl acids that occur in microsomal oxidation LCD;

- Differentiation LCD (in plasma): specific metabolites;

- Enzymological study: fibroblasts, lymphocytes;

- Histology: often fatty degeneration, lipid myopathy;

- Possible test oil pressure or fasting (only in case of acute cardiotoxicity).

In therapy in emergency conditions used:

- Intravenous glucose (7-S mg / kg / min), if necessary

- Insuline - blood sugar - 5.5 mmol / l (IOOmh / dl). Excess glucose can induce lactic acidosis;

- Carnitine and 100 mg / kg / day (no fix for violations of the oxidation of long-chain LCD or carnitine cycle, because long-chain acylcarnitines cardiotoxic);

- Do not enter lipids intravenously, not to use medium-chain triglycerides (MCT), only in case of violation of oxidation of long-chain liquid-crystal;

- Eliminate hunger strike over 8-12 hours, frequent meals, free of fats and rich with carbohydrates, early treatment of gastroenteritis.

If confirmed violations carnitine cycle and long-LCD - urgent dialysis, exchange transfusion, the introduction of medium-to

chain triglycerides; defects ETE, failure SCAD - riboflavin 100 mg / day.

Primary failure carnitine range (primary carnitine deficiency). First described by I.Tein et al. in 1990. Type inheritance - autosomal recessive. The underlying intra cellular deficiency of carnitine in muscles and reduce it due to lack of renal reabsorption.

Criteria for diagnosis: cardiomyopathy, muscle hypotonia, drowsiness, lethargy, episodes of hypoglycemia, liver failure, blood plasma - reduced threefold carnitine (<5-10% of normal) in the urine - increased free carnitine, organic acids, no dycarboxyls.

Treatment: Carnitine 100 mg / kg / day (up to 200) under control of carnitine in serum fat restricted diet.

Differential diagnosis must be made with various organic acidurias, congenital structural myopathy (not crimson, miotubulyarnoyu).

Lack of carnitinepalmytoiltransferase was firstly described W.G. Engel et al. In 1970 Gene localized to lpter-ql2. Type - autosomal recessive.

Criteria for diagnosis: early manifestation, may develop neketone-nomic hypoglycemic coma, hepatomegaly, renal tubular acidosis, plasma - twice reduced the total content of carnitine atsylkarnityniv <20% in the urine - organic acids, lack dykarboksyliv, reducing enzyme in fibroblasts and liver cells.

Progressive course. Unfavorable prognosis.

Differential diagnosis must be made with other mitohondrial-their diseases, organic atsyduriyamy.

Lack of carnitinetranslocase. First described by Stanley in 1992, inherited in an autosomal recessive type.

Criteria for diagnosis: bradycardia, apnea, seizures, hepatomegaly, created limb weakness, myopathy, lethargy, coma, severe cardiomyopathy; blood plasma - three times the total content decreased carnitine, acylcarnitines - 80-100%, hyperammonemia, in urine - organic acids, dycarboxyl, decreased activity of the enzyme.

Unfavorable prognosis. Progressive course. Death occurs within the first months of life.

Differential diagnosis must be made with other mitochondria-party and congenital myopathy.

Lack of carnitinpalmitoiltransferasy 2.

First described H.L. Schölte et al. in 1979 Type inheritance - autosomal recessive, and ill boys.

Criteria for diagnosis: cardiomyopathy, liver disease, with a moderate form ¬ E (age> 15 years) - Episodes muscular hypotonia, myoglobinuria, acute muscle necrosis, eg after fever, blood plasma - reducing the total carnitine content, atsylkarnitynu 40 - 80% in urine - organic acids, lack dykarboksyliv, decreased enzyme activity in skeletal muscle.

Differential diagnosis must be made with myalgia, myopathy, inflammatory, endocrine and metabolic disorders.

Deficiency of acyl-CoA dehydrogenase fatty acids with long hydrocarbone chain (VLCAD). First described Haie et al. in 1985 Type inheritance - autosomal recessive. Flavin enzyme deficiency, secondary carnitine deficiency. Mutant gene is localized on the long arm of the 2nd hrrmosomy in locus 2q34-q35.

In the inner mitochondrial membrane enzyme catalyzes the oxidation of long-chain VLCAD acyl-CoA, the enzyme LCAD, who was believed to have had this feature directly catalyzes the oxidation of branched acyl-CoA.

Criteria for diagnosis: vomiting, nausea, muscle hypotonia, seizures, coma, respiratory distress syndrome, Reye-like syndrome, cardiomyopathy, myalgia, hepatomegaly, microcephaly, psychomotor retardation, organic aciduria (C12-C14 decarboxyl acylcarnitines) in plasma - Fatty acid elevated C14 :1-metabolites etc. mioglobinuria.

Treatment: L-carnitine and 100 mg / day, restricted diet of fatty acids.

Deficiency of 3-hidroksiatsyl-CoA dehydrogenase fatty acids with long carbone chain (LCHAD) we suspected in three patients. First described in 1989, p. R. Wanders et al. Type inheritance

- Autosomal recessive. There are two forms.

In the inner membrane of mitochondria, this enzyme is a component of Mito-hondrialnoho tryfunktsiynoho protein (MTP), which catalyzes three reactions after the initial dehydrogenation acyl-CoA in the cycle of beta-oxidation. Meth ¬ also no genetic defects associated with the functions of inputs of other enzymes.

Criteria for diagnosis:

Severe form: demonstration on 3-7th month of life, acute onset, vomiting, diarrhea, Reye-like syndrome, respiratory distress syndrome, muscle weakness, hypotonia, impaired consciousness, tonic-clonic judicial, cardio-renal failure; psychomotor retardation, peripheral neuropathy, polyneuropathy, retinitis pigmentosa; fetopathy, hypertrophic cardiomyopathy, have affected the fetus may suffer acute fatty degeneration of pregnancy or HELLP syndrome during late pregnancy, death comes from heart or kidney failure.

Mild form: nausea, muscle weakness, bouts of hypoglycemia, lactic acidosis, CT - atrophy of the cerebral cortex; aciduria (C6-S140N-dicarboxylic acid, S-dycarboxyl acid acylcarnitines; blood plasma - fatty acids: C16- C10 SI8: 1, C18: 20H-metabolites), increased lactate levels (3-OH-palmitoyl inhibits CAPs) mutational analysis - a common mutation E510Q; conducting test load fenilpropionovoyu acid, acts ¬ and rich in triglycerides; L -carnitine (50-100 mg / day). The marked influence for good prednisolone. Severe hypoglycaemic attacks suppresses glucose.

Indeed observation: child-and D, 5 years, which was directed with cerebral palsy, atonic-static form, epi-syndrome, delayed psycho motor development.

In phenotype attracts pale skin, brittle hair, paratrophy, macrocephaly, protruding forehead, triangle face shape, deformed ears, epikant, strabismus, hipoteloryzm eyes, blue sclera, short nose, short filter anomalies dentynogenesis, high palate, short neck, broad chest, psychomotor retardation, hyperactivity, reducing growth.

In neurological status: psychomotor retardation of organic background.

-The child was examined: TLC urine - FA. tyrochyne. Tryptophan - 1 mg%, a significant increase in valine, glutamic acid, alanine, serine, proline, glycine, aspartic acid, traces of glutamine, fructose, glucose, galactose, maltose, lactose, TLC blood - FA, tyrosine, triptych ¬ fan - 4 -5 mg% increase in valine, proline, glycine, aspartic acid urynolizys - positive keto acids, traces of indicans, a negative test for Ca, traces of proline; karyotype - the norm; LDH - 596.05 (normal 225 - 450), total protein - 62.45 (normal 66-87) Ultrasound - bilateral pyelectasia, the inflammatory process in the kidneys, liver parenchyma diffuse changes, signs DZHVP, pankreatopathy, increased pneumatosis kishechnyka.

Based on the complaints, the nature of the disease, high prolinemia combined with hyperglycinecysteinemia, elevated lactate dehydrogenase, diffusive change in the liver, pankreatopatiyeyu was diagnosed - LCHAD, proof which will performed by mass spectrometry.

Deficiency of acyl-CoA dehydrogenase fatty acids of medium carbone chain (MCAD). First described by N. Gregersen et al. in 1976 p. as cysteinuria. Deficiency of this enzyme is the most common time ¬ fatty acid oxidation target country in Central Europe. Its frequency is 1:6000. Type of  inheritance - autosomal recessive. Flavine deficiency. The gene mapped to the short arm of chromosome 1, locus - IrZI and 1r22.1. Possible start after triggering factors: infections, surgery.

Criteria for diagnosis: acute manifestation in age from 4 months to 3 years, sometimes later, vomiting, diarrhea, generalized tonic-clonic seizures, Reye-like syndrome, rapidly progressive metabolic crisis (after 08.12 - 16 hours fasting in normal disease, after surgery, etc.), drowsiness, lethargy, nausea, vomiting (often with normal levels of sugar in the blood), coma for 1-2 hours, convulsions, cardiac arrest, the absence of a primary lesion of muscle, sometimes asymptomatic, hypoglycemia; aciduria (C6-C10 dycarboxyl acid, acylcarnitine) in plasma - C8 (mutational analysis - a common mutation in the gene K329E MCAD; phenylpropionic loading test.

Treatment: diet, L-carnitine to YuOmh / kg. Exclude fasting carbohydrate diet (60%), frequent, small breast, the additional administration of glucose, limiting fat to 20%.

Prediction: The first crisis is fatal in 25% of cases, often with residual neurological disorders.

Deficiency of acyl-CoA dehydrogenase fatty acids with short carbone chain. First described by Turnbull D. et al. in 1984. Characteristic autosomal-recessive inheritance. Flavin enzyme deficiency ('C4-C6). The gene is localized on chromosome 12. Described two forms: generalized and muscular.

Criteria for diagnosis:

Generalized form: early manifestation; muscular dystonia, cramps, vomiting, psychomotor retardation; miotonia; rash.

Muscular form: myopathy, reduced immunity, metabolic acidosis, lack hipoketonemichnoyi hypoglycemia, acylcarnitines, fatty acid in the blood - C4, C5-metabolites.

Treatment: L-carnitine and 100 mg / kg, glycine and 100 mg / kg, riboflavin and 25 mg / kg.

In addition to the above clinical forms we met other monogenic syndromes with secondary mitochondropathy: total lipodystrophic syndrome, Marfan syndrome, Ehlers-Danlosa of manifestation at different ages, shapes and undifferential mitohondropathies. Comparison of various clinical and laboratory signs led us to the conclusion that mitohondropathy is characterized as non-specific and specific manifestations. To determine the criteria that would allow to include mitochondropathy differential diagnostic search along with other inherited metabolic disorders, we analyzed 23 cases of mitochondropathy in patients aged 1-16 years.

Were evaluated by the following characteristics: gender (male was assigned a value of 1, Female - 0), the presence of defects (no - 0, congenital heart defects - 1, malformations of the nervous system, such as hypoplasia and aplasia building kalozum, hypoplasia of the cerebellum - 2) pathology of view (no - 0, strabismus, amblyopia, retinal degeneration, optic atrophy, nystagmus - 1), the state of muscle tone (normal - 0, low - 1, increased

- 2), the presence of the court (no - 0, cramps - I), psychomotor retardation (no - 0, the presence of - 1), muscle hypotonia (no - 0, the presence of - 1), the level of alanine in the blood (normal - 0, high - 1); glycine levels in the blood (normal - 0, high - 1), the level of proline in the blood (normal - 0, high - 1); ketone creation at 12 h after fasting (normal - 0, decreased -1) .

To reveal hidden links between clinical and laboratory parameters in patients with mitohondropathy was used factor analysis using the principal components derived from the rotation of factor loadings for proper interpretation of results (see table).

Signs Factors

1 2 3 4

Sex

Malformations

Pathology of eye 0.74

Muscle tone

Seizures 0.78

Psychomotor development.

Enabled believe that the criteria expressed by the probability nosh; can be recognized as highly informative and at their desk in patients with suspected diagnosis should be considered MTHZ the presence of some of these signs. MTHZ confirm the diagnosis using modern methods - tandem mass spectrometry (TMS) - has become our subsequent search conducted clinical and genetic study these families allowed to select a group of high genetic risk MTHZ that requires molecular genetic analysis.

Therapy of  mitochondropathy.

We have developed approaches to therapy MTHZ based global dos y / wealth and class. Determined if clinical condition does not improve with different approaches during the year should change the tactics, only control patients. Should avoid drugs that depress the respiratory chain - barbiturates, tetracyclines, hloramfenikod.

- Adequate use of fluids and electrolytes;

- Avoiding long fasting and bahatovuhlevodnoyi food;

- Ketohenna diet (60% energy - fat) + succinic acid (especially when failure CAPs defects in complex 1);

- Avoidance of prolonged heavy physical exertion;

- Timely and effective treatment of fever;

- Effective treatment of epilepsy;

- With sedative effect to overcome the acute crisis with intubation or ventilation;

- Coenzyme Q10 twice daily with 4-5 mg / kg / day (for example,

MELAS, KSS,);

- Riboflavin 4 times a day for 3-20 mg / kg / day (eg, failure of complex 1);

- Vitamin K3 (menadione), 1 or 0.4 mg / kg per day filokvinona (K |) with 50-60 mg / kg vitamin C defects complex 1;

- Sodium succinate to 6 grams per day - with CAPs failure and defects of complex 1;

- Thiamine by 25-100 mg / kg per day - with the failure of CAPs;

- Alpha-lipoic acid on 5-50 mg per day - with insufficient CAPs;

- Tocopherol (vitamin E) at 100-300-1000 mg per day;

- Creatine by 4.10 g per day (stop taking every 4th month), such as mitochondrial myopathy;

- Corticosteroids does not apply;

- Acute lactic acidosis and suspected mitohondropatiyu:

- Coenzyme Qio + riboflavin (in infants 100 mg daily) + Vitamin C + carnitine;

- Biotin 20 mg per day;

- Add K! or K3;

- Suspected thiamine deficiency PDG + add apfa-lipoic acid.

These data prompted us to develop recommendations regarding of busi ¬ ing infants with nonspecific changes in the form of muscular hypo ¬ perience, breathing abnormalities, cerebral paroxysms, lethargy syndrome (lifeless child).

When intoxication is associated with hyperammonemia without ketonuria in conjunction with violations of liver function (coagulation), temperature instability, hyperpnea should think about ornithine cycle defects or oxidation of fatty acids.

Intoxication associated with ketoacidosis, increasing ammonia combined

3 dehydration, hypothermia, hypotension trunk tremor, should be excluded, especially organic aciduria.

Intoxication without acidosis, ketonuria and gradual deterioration can think about illness "maple syrup."

For lack of energy due to lactic acidosis with dystrophy, muscular hypotonia, hyperpnea possible defects of the respiratory chain.

When encephalopathy with seizures, myoclonic seizures, absence of free intervals, normal results of laboratory tests should think of neurotransmitter defects.

When storage disease I combined with splenomegalia, coarse facial features, lack of acute metabolic crisis can assume the presence of lysosomal disorders.

When hypoglycemia in combination with hepatomegaly, lactic acidosis can think of defective gluconeogenesis or glycogen storage disease, type I (III).

In renal failure, hepatomegaly, in combination with hypoglycemia, elevated lactate may suggest defects in fatty acid oxidation, mitohondriopathy, galaktozemia or tyrosiemia, type I, fructose intolerance, Wilson disease, deficiency of a-1-antitrypsin, etc.

Acute metabolic diseases in children consider appropriate to act in accordance with the following scheme:

Study:

Urine:

• color, smell;

• BIYih tests: ketonuriya (abnormal in infants), alkaline pH (> 5 - "renal tubular acidosis OE);

• Special tests: sulfite-test, which reduces substance for determining the content of iron dichloride, HZHRN test;

• electrolytes (№, K);

• organic acids, and other special studies.

Blood:

• hemogram (anemia, pancytopenia, hranulopeniya, thrombocytopenia);

• ^ Clinical biochemistry: Electrolytes (adrenogenital syndrome), meaning tsuk ¬ ing in the blood test of liver function, uric acid, calcium phosphate;

• gas content in blood acid-base status (anion difference);

• ammonium lactate (if elevated: pyruvate, ketones - perchloric acid extraction);

• amino acids (plasma);

• acyl carnitine (Guthrie card) carnitine condition.

Other indicators:

• electrocardiogram, echocardiogram, electroencephalogram, cranial ultrasound diagnosis

• freezing of urine, plasma, cerebrospinal fluid, which are taken in the acute phase.

Using lessons learned diagnose mitochondrial disease

among children and adults with unspecified diagnosis and progressive course of the disease, allowed not only to establish a violation of the energetic  exchange, but it also effectively adjust positively affect life expectancy, prevent sudden death syndrome and reduces disability through individual correction.

Conclusions

1. Study haplotypes the human population has important theoretical significance, since the results can be applied in different fields of science: genetics and medicine, anthropology and archeology, history, ethnography and forensics. In this regard, a detailed study of the genetic structure of any population is an important contribution to the sum of knowledge about the genetic diversity of humanity.

2. Study characteristics of mtDNA haplotypes revealed that the Ukrainian population included subklaster that integrates population of Central and Eastern Europe. However, there is an admixture of Asian component.

3. Studies of mtDNA variability of 5 regions of Ukraine demonstrated high diversity of mitochondrial genome, the correlation between the types of mtDNA and ethnographic origin individuals.

4. The authors found that mitohondropathy high specific weight in a healthy population (1.6%), and among patients with multiple simultaneous damage to the nervous, skeletal, respiratory, cardiovascular system disorders of energy metabolism occurs in 45%.

5. Using correlation analysis developed by leading diagnostic features, which were used as criteria of probability MTHZ.

6. Strong ties found in the pathology of view combined with elevated plasma alanine (0.74), cramps in conjunction with normal levels of glycine (0,78-0,85), muscular hypotonia in combination with low ketone creation after 12-hour fast (0.71 - 0, 86), delayed psychomotor development (0.92).

7. If all these criteria MTHZ high probability, if only some of them MTHZ should be included in the differential-traditional diagnostic search of other hereditary diseases.

8. Experience suggests that early diagnosis MTHZ can be solved by using screening programs that are most timely measures to prevent sudden death and disability in children.

9. Spectrum MTHZ found in Ukraine unites syndrome MELAS, MERRF, Kearns-Sayre, mitohondropathy associated with mutation of nuclear DNA and coincides with the previously described in the world, matched confirms the need to diagnose serious diseases doctors to develop pathogenetic and symptomatic therapy and adequate rehabilitation.

Criteria for diagnosis:

Severe form: demonstration on 3-7th month of life, acute onset, vomiting, diarrhea, Reyyepodibnyy syndrome, respiratory distress syndrome, muscle weakness, hypotonia, impaired consciousness, tonic-clonic judicial, cardio-renal failure; psychomotor retardation, peripheral neuropathy, polyneuropathy, retinitis pigmentosa; fetopathy, hypertrophic cardiomyopathy, have affected the fetus may suffer acute fatty degeneration of pregnancy or HELLP syndrome during late pregnancy, death comes from heart or kidney failure.

Mild form: nausea, muscle weakness, bouts of hypoglycemia, lactic acidosis, CT - atrophy of the cerebral cortex; aciduria (C6-S140N-dicarboxylic acid, S-shu-dycarboxyl acid, acylcarnitines; blood plasma - fatty acids: C16- C10 SI8: 1, C18: 20H-metabolites), increased Lakta that (3-OH-palmitoyl inhibits CAPs) mutational analysis - a common mutation E510Q; conducting test load phenylpropionic acid, acts and rich in triglycerides; L -carnitine (50-100 mg / day). The marked influence for good prednisolone. Severe hypoglycaemic attacks suppresses glucose.

Indeed observation: child-and D, 5 years, which was directed with cerebral palsy, atonic-static form, epi-syndrome, the psycho ¬ delayed motor development.

In phenotype attracts pale skin, brittle hair, paratrofiya, macrocephaly, protruding forehead, triangle face shape, deformed ears epikant, strabismus, hipoteloryzm eyes, blue sclera, short nose, short filter anomalies dentynohenezu, high palate, short neck, broad chest, psychomotor retardation, hyperactivity, reducing growth.

In neurological status: psychomotor retardation of organic background.

-The child was examined: TLC urine - FA. tyrochyn. Tryptophan - 1 mg%, a significant increase in valine, glutamic acid, alanine, serine, proline, glycine, aspartic acid, traces of glutamine, fructose, glucose, galactose, maltose, lactose, TLC blood - FA, tyrosine, triptych ¬ fan - 4 -5 mg% increase in valine, proline, glycine, aspartic acid urynolizys - positive keto acids, traces of indican, a negative test for Ca, traces of proline; karyotype - the norm; LDH - 596.05 (normal 225 - 450), total protein - 62.45 (normal 66-87) Ultrasound - bilateral pielectasia, the inflammatory process in the kidneys, liver parenchyma diffuse changes, signs DZHVP, pankreatopathy, increased stomach pneumatosis.

Based on the complaints, the nature of the disease, high prolinemia combined with hyperglycinemia, elevated lactate dehydrogenase, diffusive change in the liver, pankreatopathy was diagnosed - LCHAD, etymological proof which will performed by mass spectrometry.

Deficiency of acyl-CoA dehydrogenase fatty acids of medium carbone chain (MCAD). First described by N. Gregersen et al. in 1976 p. as cysteinuria. Deficiency of this enzyme is the most common time ¬ fatty acid oxidation target country in Central Europe. Its frequency is 1:6000. Type of inheritance - autosomal recessive. Flavine enzymatic deficiency. The gene mapped to the short arm of chromosome 1, locus - IrZI and 1r22.1. Possible start after triggering factors: infections, surgery.

Criteria for diagnosis: acute manifestation in age from 4 months to 3 years, sometimes later, vomiting, diarrhea, generalized tonic-clonic seizures, Reye-like syndrome, rapidly progressive metabolic crisis (after 08.12 - 16 hours fasting in normal disease, after surgery, etc.), drowsiness, lethargy, nausea, vomiting (often with normal levels of sugar in the blood), coma for 1-2 hours, convulsions, cardiac arrest, the absence of a primary lesion of muscle, sometimes asymptomatic, hypoglycemia; aciduria (C6-C10 decarboxyl acid, acylcarnitine) in plasma - C8 mutational analysis - a common mutation in the gene K329E MCAD; phenylpropionic loading test.

Treatment: diet, L-carnitine. Exclude fasting carbohydrate diet (60%), frequent, small breast, the additional administration of glucose, limiting fat to 20%.

Prediction: The first crisis is fatal in 25% of cases, often residual neurological disorders.

Deficiency of acyl-CoA dehydrogenase fatty acids with short carbonic chain. First described Turnbull D. et al. in 1984 Characteristic autosome-recessive inheritance. Flavin enzyme deficiency ('C4-C6). The gene is localized on chromosome 12. Described two forms: the generalized and muscular.

Criteria for diagnosis:

Generalized form: early manifestation; muscular dystonia, cramps, vommiting, psychomotor retardation; myotonia; rash.

Muscular form: myopathy, reduced immunity, metabolic acidosis, lack hipoketonemichnoyi hypoglycemia, I urine - etylmzlonova acid butyrylhlitsyn, atsylkarnityny, fatty acid in the blood - C4, C5-metabolites.

Treatment: L-carnitine and 100 mg / kg, glycine and 100 mg / kg, riboflavin and 25 mg / kg.

In addition to the above clinical forms we met other monogenic syndromes with secondary mitohondropathy: total lipodystrophy syndrome, Marfan syndrome, Ehlers-Danlos of manifestation at different ages, shapes and non-differential mitochondropathies.

Comparison of various clinical and laboratory signs led us to the conclusion that mitohondropathy is characterized as non-specific and specific manifestations. To determine the criteria that would allow to include mitohondropathy differential diagnostic search along with other inherited metabolic disorders, we analyzed 23 cases mihohondropathy in patients aged 1-16 years.

Were evaluated by the following characteristics: gender (male was assigned a value of 1, Female - 0), the presence of defects (no - 0, congenital heart defects - 1, malformations of the nervous system, such as hypoplasia and aplasia building kalozum, hypoplasia of the cerebellum - 2) pathology of view (no - 0, strabismus, amblyopia, retinal degeneration, optic atrophy, nystagmus - 1), the state of muscle tone (normal - 0, low - 1, increased

- 2), the presence of the court (no - 0, cramps - I), psychomotor retardation (no - 0, the presence of - 1), muscle hypotonia (no - 0, the presence of - 1), the level of alanine in the blood (normal - 0, high - 1); glycine levels in the blood (normal - 0, high - 1), the level of proline in the blood (normal - 0, high - 1); ketone formation at 12 h after fasting (normal - 0, decreased -1). To reveal hidden links between clinical and laboratory parameters in patients with mitohondropathies was used factor analysis using the principal components derived from the rotation of factor loadings for proper interpretation of results (see table).

Signs Factors

1. Sex

2. Malformations

3. Pathology of eye 0.74

4. Muscle tone Seizures 0.78

A high probability of presence of  mitohondropathy:

1. High levels of alanine in plasma.

2. Cramps against normal levels of glycine in plasma.

3. A weakness.

4. Psychomotor development. In patients with suspected diagnosis should be considered MTHZ. The presence of some of these signs diagnosis MTHZ be incorpo-t & and differential diagnostic search. Application of this system mitochondropathies among patients with congenital hereditary pathology in sharp age allowed to increase the number of cases of suspected MTX 5 to 10 times. MTHZ confirm the diagnosis using modern methods - tandem mass spectrometry (TMS) - has become our subsequent search. Conducted clinical and genetic study of these families allowed to select a group of high genetic risk MTHZ that requires molecular genetic analysis.

Therapy in mitohondropathy
We have developed approaches to therapy MTHZ based global dos y / wealth and class. Determined if clinical condition does not improve with different approaches during the year should change: CNU tactics may leave only control patients. It is necessary to avoid drugs that depress the respiratory chain, barbiturates, tetracyclines, hloramfenikod.

Treatment:

. L-carnitine four doses over 50-100-200 mg / kg per day under control; sodium (possible peritoneal dialysis), with separate ability insufficiency - sodium acetate;

- In critical conditions - the introduction of methylene blue in a single dose

2 mg / kg;

- Adequate use of fluids and electrolytes;

- Avoiding long fasting and carbohydrated food;

- Ketogenic diet (60% energy - fat) + succinic acid (especially when failure CAPs defects in complex 1);

- Avoidance of prolonged heavy physical exertion;

- Timely and effective treatment of fever;

- Effective treatment of epilepsy;

- With sedative effect to overcome the acute crisis with intubation or ventilation;

- Coenzyme Q10 twice daily with 4-5 mg / kg / day (for example, MELAS, KSS,);

- Riboflavin 4 times a day for 3-20 mg / kg / day (e.g, failure of complex 1);

- Vitamin K3 (menadione), 1 or 0.4 mg / kg per day filokvinon (K |) with 50-60 mg / kg vitamin C defects complex 1;

- Sodium succinate to 6 grams per day - with CAPs failure and defects of complex 1;

- Thiamine by 25-100 mg / kg per day - with the failure of CAPs;

- Alpha-lipoic acid on 5-50 mg per day - with insufficient CAPs;

- Tocopherol (vitamin E) at 100-300-1000 mg per day;

- Creatine by 4.10 g per day (stop taking every 4th month), such as mitochondrial myopathy;

- Corticosteroids do not apply;

- Acute lactic acidosis and suspected mitohondropathy:

- Coenzyme Qio + riboflavin (in infants 100 mg daily) + Vitamin C + carnitine;

- Biotin 20 mg per day;

- Add K! or K3;

- Suspected thiamine deficiency PDG + add apfa-lipoic acid.

These data prompted us to develop recommendations regarding of  infants with nonspecific changes in the form of muscular hypoxia, breathing abnormalities, cerebral paroxysms, lethargy syndrome (lifeless child).

When intoxication is associated with hyperammonemia without ketonuria in conjunction with violations of liver function (coagulation), temperature instability, hyperpnea should think about ornitine cycle defects or oxidation of fatty acids.

Intoxication associated with ketoacidosis, increasing ammonia combined 3 dehydration, hypothermia, hypotension trunk tremor, should be excluded, especially organic aciduria.

Intoxication without acidosis, ketonuria and gradual deterioration can think about illness "maple syrup."

For lack of energy due to lactic acidosis with dystrophy, muscular hypotonia, hyperpnea possible defects of the respiratory chain.

When encephalopathy with seizures, myoclonic seizures, absence of free intervals, normal results of laboratory tests should think of neurotransmitter defects, failure or sulphitoxydaze peroxysomnic violation.

When storage disease I combined with splenomegaly, coarse facial features, lack of acute metabolic crisis can assume the presence of lysosomal disorders.

When hypoglycemia in combination with hepatomegaly, lactic acidosis can think of defective gluconeogenesis or glycogen storage disease, type I (III).

In renal failure, hepatomegaly, in combination with hypoglycemia, elevated lactate may suggest defects in fatty acid oxidation, mitochondriopathy, galactosemia or tyrosinemia, type I, fructose intolerance, Wilson disease, deficiency of a-1-antitrypsin, etc.

Acute metabolic diseases in children consider appropriate to act in accordance with the following scheme:

Study:

Urine:

• color, smell;

• BIYih tests: ketonuria (abnormal in infants), alkaline pH (> 5 - "renal tubular acidosis OE);

• Special tests: sulfite-test, which reduces substance for determining the content of iron dichloride, HZHRN test;

• electrolytes (№, K);

• organic acids, and other special studies.

Blood:

• hemogram (anemia, pancytopenia, hranulopeniya, thrombocytopenia);

• Clinical biochemistry: Electrolytes (adrenogenital syndrome), meaning in the blood test of liver function, uric acid, calcium phosphate;

• gas content in blood acid-base status (anion difference);

• ammonium lactate (if elevated: pyruvate, ketones - perchloric acid extraction);

• amino acids (plasma);

• acyl carnitine (Guthrie card) carnitine condition.

Other indicators:

• electrocardiogram, echocardiogram, electroencephalogram, cranial ultrasound diagnosis

• freezing of urine, plasma, cerebrospinal fluid, which are taken in the acute phase.

Using lessons learned diagnose mitochondrial disease among children and adults with unspecified diagnosis and progressive course of the disease, allowed not only to establish a violation of the energetic exchange, but it also effectively adjust positively affect life expectancy, prevent sudden death syndrome and reduces ¬ wool disability through individual correction.

Conclusions

1. Study of haplotypes the human population has important theoretical significance, since the results can be applied in different fields of science: genetics and medicine, anthropology and archeology, history, ethnography and forensics. In this regard, a detailed study of the genetic structure of any population is an important contribution to the sum of knowledge about the genetic diversity of humanity.

2. Study characteristics of mtDNA haplotypes revealed that the Ukrainian population included subklaster that integrates population of Central and Eastern Europe. However, there is an admixture of Asian component.

3. Studies of mtDNA variability of 5 regions of Ukraine showed a high diversity of mitochondrial genome, the correlation between the types of mtDNA and ethnographic origin of individuals.

4. The authors found that mitohondropathies had a high specific weight in a healthy population (1.6%), and among patients with multiple simultaneous damage to the nervous, skeletal, respiratory, cardiovascular system disorders of energy metabolism occurs in 45%.

5. Using correlation analysis developed by leading diagnostic features, which were used as criteria of probability MTHZ.

6. Strong ties found in the pathology of view combined with elevated plasma alanine (0.74), cramps in conjunction with normal levels of glycine (0,78-0,85), muscular hypotonia in combination with low ketone creation after 12-hour fast (0.71 -0, 86), delayed psychomotor development (0.92).

7. If all these criteria MTHZ high probability, if only some of them MTHZ should be included in the differential-traditional diagnostic search of other hereditary diseases.

8. Experience suggests that early diagnosis MTHZ can be solved by using screening programs that are most timely measures to prevent sudden death and disability in children.

9. Spectrum MTHZ found in Ukraine unites syndrome MELAS, MERRF, Kearns-Sayre, mitohondropathy associated with mutation of nuclear DNA and coincides with the previously described in the world, matched confirms the need to diagnose serious diseases doctors to develop pathogenetic and symptomatic therapy and adequate rehabilitation.

Аddition 4

1.What is the main way of mitochondrial disease transmission?

A. along male line

B. along female line

#C. from the sick mother to all her children

2. At which inheritance type generally men are sick?

А. Autosomal-dominant

В. Autosomal-recessive

#С. Recessive, coupled with Х-chromosome 

D. Dominant, coupled with Х-chromosome

Е. Mitochondrial

3. The parents of sick child are healthy, but the analogous diseases occur in patient’s sibs (irrespective of their sex). It is the most characteristic for the following inheritance type:

А. Autosomal-dominant

#В. Autosomal-recessive

С. Recessive, coupled with Х-chromosome 

D. Dominant, coupled with Х-chromosome

Е. Mitochondrial

4. Unlike the nuclear DNA, mtDNA are characterized with following features:

#A. relatively small sizes and small set of genes; non-coding sites are actually absent;

B. located in cell nucleus
C. genes in mitochondria have introns

E. genes in mitochondria have non-coding sites

5. At which inheritance type disease transmited from the sick mother to all her children

А. Autosomal-dominant

В. Autosomal-recessive

С. Recessive, coupled with Х-chromosome 

D. Dominant, coupled with Х-chromosome

#Е. Mitochondrial

6. What is the mtDNA location

#A. mitochondria

B. cell nucleus

C. lysosomes

D. cell reticulum

7. Diagnostic fetures of Sub-acute necrotizing Leu’s encephalomyelopathy

#A. Respiratory distortions, ataxy, psychomotoric development lag, optic nerves atrophy. Life duration to 5 years.

B. Acute loss of sight on second-third life decade

C. Myoclonus Epilepsy with cerebellar ataxia, dementia, myopathy, sensorineural poor hearing, lag of physical development. In muscular biopsy material -  Ragged-Red Fibers sphenomenon (myofibrils with altered edges)

D. Ophthalmoplegia, retina segmental degeneration, ataxy, atrioventricular cardiac block, endocrine disorders

C. Pancytopenia

8. Diagnostic fetures of Optic nerves atrophy as per Leber’s type

A. Respiratory distortions, ataxy, psychomotoric development lag, optic nerves atrophy. Life duration to 5 years.

#B. Acute loss of sight on second-third life decade

C. Myoclonus Epilepsy with cerebellar ataxia, dementia, myopathy, sensorineural poor hearing, lag of physical development. In muscular biopsy material -  Ragged-Red Fibers sphenomenon (myofibrils with altered edges)

D. Ophthalmoplegia, retina segmental degeneration, ataxy, atrioventricular cardiac block, endocrine disorders

C. Pancytopenia

9. Diagnostic fetures of MERRF syndrome (Myoclonus Epilepsy with Ragged-Red Fibers)

A. Respiratory distortions, ataxy, psychomotoric development lag, optic nerves atrophy. Life duration to 5 years.

B. Acute loss of sight on second-third life decade

#C. Myoclonus Epilepsy with cerebellar ataxia, dementia, myopathy, sensorineural poor hearing, lag of physical development. In muscular biopsy material -  Ragged-Red Fibers sphenomenon (myofibrils with altered edges)

D. Ophthalmoplegia, retina segmental degeneration, ataxy, atrioventricular cardiac block, endocrine disorders

C. Pancytopenia

10. Diagnostic fetures of Kerns-Seir syndrome

A. Respiratory distortions, ataxy, psychomotoric development lag, optic nerves atrophy. Life duration to 5 years.

B. Acute loss of sight on second-third life decade

C. Myoclonus Epilepsy with cerebellar ataxia, dementia, myopathy, sensorineural poor hearing, lag of physical development. In muscular biopsy material -  Ragged-Red Fibers sphenomenon (myofibrils with altered edges)

#D. Ophthalmoplegia, retina segmental degeneration, ataxy, atrioventricular cardiac block, endocrine disorders

C. Pancytopenia

11. Diagnostic fetures of Pirson’s syndrome

A. Respiratory distortions, ataxy, psychomotoric development lag, optic nerves atrophy. Life duration to 5 years.

B. Acute loss of sight on second-third life decade

C. Myoclonus Epilepsy with cerebellar ataxia, dementia, myopathy, sensorineural poor hearing, lag of physical development. In muscular biopsy material -  Ragged-Red Fibers sphenomenon (myofibrils with altered edges)

D. Ophthalmoplegia, retina segmental degeneration, ataxy, atrioventricular cardiac block, endocrine disorders

#C. Pancytopenia

12. Clinical pattern of mіtochondrial diseases depends on
#A.tissue power demand

B. tissue color

C. tissue density

D. tissue size
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CLINICAL SCHEME OF THE PATIENT


with mitochondrial dysfunction





Registry





                         Nurse:





- Registration of the passport of the genetic map, description of complaints;


- Completion of pedigree;


- Measurement of height, weight, body temperature, blood pressure.





Examination 





             Appointment:





- Medical history;


- Life history;


- Examination of the proband and family members;


- Clinical and genealogical analysis;


- Somatic-genetic study








Basic examination:


Biochemical:


- Determining the level of LDH, CPK, glucose;


- Determination of lactate;











Examination by following specialists:





- Surgeon;


- Ophthalmologist;


- Orthopedist;


- Neurologist;


- Oncologist;


- Cardiac surgeon;


- Therapist;


- Endocrinologist





Additional examination


(by indications):


-determination of infection;


- TLC of carbohydrates in daily urine;


- Urinolizis;


- Hydroxyproline;


- Blood electrolytes


- Gas chromatography and mass spectrometry
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