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The role of copper compounds in neurological disorders due to their excessive or
insufficient supply to the brain tissue

Abstract: This literature review covers the topic of nervous system disorders caused by defects in
copper metabolism in brain tissue. The role and participation of this element in many physiological
functions of the central nervous system in normal and pathological conditions are identified and
described. Neurodegenerative disorders in which there is an accumulation of "free" copper in the
brain tissue are considered (Alzheimer’s, Wilson, Menkes). Genetic diseases caused by excessive or
insufficient copper intake in the brain tissue, which manifest as neurological disorders, are described.
Particular attention is paid to the features of copper metabolism in brain tissue with neurological
disorders. This direction is also complemented by a description of pathological changes during the
deposition of copper in the nervous system. The article reveals the mechanisms of toxicological
effects in case of excessive intake of copper in the nervous tissue of experimental animals.

Keywords: copper, brain tissue, central nervous system, excess and deficiency of copper, neu-
rodegenerative disorders, Wilson’s disease.

DOI: https://doi.org/10.32523/2616-7034-2019-127-2-43-52

Copper is a trace element that can be found in every cell of the human body. Copper plays an
important role in the health of the central nervous system, especially brain tissue. The concentration
of copper in the brain is relatively high compared with other organs of mammals, and the distribution
of copper depends on the brain area, subcellular position, age, environmental and genetic factors
[1]. Interest in the study of the effect of copper on the nervous system is not accidental, it is due
to the fact that the subclinical neurobehavioral effects of copper, both from excessive dietary input
and from the environment, are rarely described and not studied systemically. At the same time,
in industrial regions where copper ore processing plants and copper smelting plants operate, an
excessive supply of copper in the body is not uncommon and requires studying [2].

As an essential element, copper is part of more than 30 different body enzymes, including cerulo-
plasmin, cytochrome C-oxidase, superoxide dismutase, necessary for the development of the immune
and central nervous system.

Many enzymatic reactions that are necessary for the normal functioning of the brain and nervous
system are catalyzed by copper enzymes. Thus, dopamine-monooxidase catalyzes the conversion of
the neurotransmitter dopamine to noradrenaline [3]. Monoamine oxidase plays a role in the metab-
olism of the neurotransmitters noradrenaline, adrenaline and dopamine [4, 5]. Copper-dependent
enzymes are involved in the regulation of gene expression, enhancing or inhibiting the transcription
of certain genes [6].

It has been established that a decrease or absence of ceruloplasmin activity disrupts the supply
of sufficient amounts of copper to tissue respiration enzymes, while free copper accumulating in
tissues blocks the SH-groups of many enzymes. The consequence of insufficient use of copper is
its deposition in the tissues of the liver, brain, kidneys, cornea, and other organs. A paradoxical
situation arises: the disruption of biological processes due to an insufficient amount of copper and
the accumulation of copper in tissues with symptoms of intoxication [3].

Copper is involved in many physiological functions of the central nervous system, including mod-
ulating the excitability of neurons, as a result, intoxication with copper compounds can lead to
functional disorders of the nervous system [7]. Since copper is involved in many functions nec-
essary for such fundamental processes as phospholipid synthesis of cell membranes, regulation of
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neurotransmitters, energy synthesis, maturation of the extracellular matrix of neuropeptides, neu-
roendocrine signaling, elimination of free radicals [8, 9], its role in the functioning of the nervous
system is extremely large.

As a rule, copper does not act as an independent element of metabolism, it is always in the
composition of certain active compounds, therefore, excess copper, not bound to protein compounds,
becomes toxic and is able to settle in various organs. Excess copper in the body can result from
its presence in prostheses, pesticides, contacts with copper cookware, in pools with water treatment
with copper sulphate, hemodialysis, use of hormonal contraceptives, overdose of copper-containing
drugs, etc [8]. In addition, the concentration of copper in the blood increases with acute and chronic
inflammatory processes, diseases of the liver, kidneys, alcoholism, myocardial infarction, certain
types of anemia, malignant tumors, after extensive surgical interventions [7].

The need for copper for the normal course of embryogenesis has been proven. It was established
experimentally that perinatal copper deficiency in animals leads not only to long-term neurochemical
changes, but also to behavioral disturbances. With prolonged copper deficiency in the body, nerve
fibers, like heart muscle fibers, die irreversibly [10].

In the case of chronic poisoning with copper and its salts, functional disorders of the nervous
system are possible. In particular, this pathology occurs in swimmers (due to water colouring using
copper sulfate), which is accompanied by functional disorders of the nervous system, ulceration and
perforation of the nasal septum, dry skin and other injuries [11, 12].

It is noted that the accumulation in the brain tissue of "free" copper (not associated with cerulo-
plasmin) is characteristic of such neurodegenerative diseases as Alzheimer’s disease, Wilson’s disease,
Parkinson’s disease, Menkes disease, amyotrophic lateral sclerosis, prion diseases, etc. Although
these diseases are multifactorial, their unifying factor is the accumulation of copper, which is be-
lieved to initiate oxidative stress, disrupting the production of cytochrome C oxidase and SOD 1,
which contributes to the accumulation of proinflammatory cytokines (IL-l?, IL-6, IL-12 and others),
and subsequently, induced mitochondrial apoptosis and nervous degeneration [13-17].

Genetic diseases of excessive copper retention are well described. One of the diseases that is ac-
companied by an increase in the concentration of copper in organs and tissues and well demonstrates
significant neurological complications is Wilson- Konovalov disease. This disease has an autosomal
recessive mode of inheritance and occurs with a frequency of 1: 30000 [7].

The main enzymes that provide copper transport in the body are ATPases ATP7A and ATP7B.
In enterocytes and the choroid plexus of the brain, mRNA belonging to ATP7A was detected. This
enzyme is involved in the process of absorption of copper in the intestine and its penetration into the
brain. The pathogenesis of the Wilson-Konovalov disease is based on the mutation of the ATP7B
gene in chromosome 13, which encodes the synthesis of another Cu-ATPase, or Wilson’s protein.
ATP7B has 6 copper-binding motifs. It transports copper ions from the cell due to the energy
of ATP splitting, and also participates in the formation of functionally active ceruloplasmin from
apoceruloplasmin, which is then released into the blood. The absence of ATP7B disrupts the release
of copper from the brain into the bloodstream, from the blood to the bile, and further from the
body. Normally, this gene is significantly expressed in the liver, kidney and placenta, and weakly
in the brain, heart, muscles and pancreas. Its mutation prevents the removal of copper from the
bile and the formation of ceruloplasmin from apoceroloplasmin, which causes the accumulation of
copper in the liver and a decrease in the concentration of ceruloplasmin in the blood. Although the
excretion of copper in the urine increases in this case, there is a delay of copper in the body during
its normal absorption. As a result of a mutation in the blood, the concentration of plasma proteins,
ceruloplasmins, which are responsible for the transport of copper in the body, sharply decreases.
Neuronal ATP7A is concentrated in the perinuclear region and can be found in neurites in vitro [18]
and in vivo [19].

At the age of 6 years and older, neuromuscular disorders occur: limb tremor, dysarthria (scanning
speech) and dystonia (muscle tone disorder). Later neuropsychiatric complications prevail: changes
in personality and behavior, reduced learning ability [5]. Free, non-ceruloplasmin toxic copper is
deposited in the liver, brain and eye structures, kidneys and other organs. Clinical manifestations
depend on the accumulated amount of free toxic copper in various organs [20-22].
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According to its manifestations, Wilson-Konovalov’s disease can have two leading clinical forms:
mainly liver pathology and mainly nervous system pathology [23].

As shown in some studies [24, 25], the brain is most actively depositing free toxic copper, which
causes varying degrees of severity of pathological changes in its structures. Moreover, all pathological
changes in the brain are divided into angiotoxic and cytotoxic. Atony of small vessels and capillaries
of the brain, stasis, minor hemorrhages and perivascular edema are manifestations of angiotoxic
brain damage during copper intoxication. Such disorders lead to ischemia of the nervous tissue and
its subsequent death. Circulation disorders are found predominantly in areas of the gray matter of
the brain with a developed vascular system, while the content of copper in the cerebrospinal fluid
is increased [26-30]. The accumulation of free toxic copper in the brain, mainly in the subcortical
nodes, leads to dystrophic changes in nerve cells and their death.

Among the mental disorders that develop in 20In patients with cerebral dystrophy, caused by
an excess of copper in the brain tissue, it can be detected by neuroimaging. According to various
studies, structural focal changes occur in the form of bilateral symmetrical areas in the region of the
basal ganglia. Similar foci are found in the thalamus, trunk and cerebellum [31-34].

Dynamic studies of patients with hepatocerebral dystrophy using MRI, performed by S. Sinha et
al, revealed the presence of diffuse atrophy in the cortex and cerebellum [35], which was confirmed
by A. Shanmugiah et al. [36], which MR-spectroscopically revealed a deficiency of dopaminergic
(D2) receptors in the subcortical ganglia. Kaladjian et al. [24, 36, 37] suggest that bipolar mental
disorders are likely due to disorders in the limbic structures of the brain.

According to some reports, the distribution of copper varies in different areas of the brain. In
experimental modeling of Wilson’s disease in rats, it was shown that there is more copper in the
gray matter of the brain than in the white matter [37]. According to Rajan et al. [36], the highest
concentration of copper is found in the rat hypothalamus. High levels of copper were observed in
the medial cranial nucleus, in the central gray matter near the cerebral aqueduct in adult rats [38].

In animals with chronic copper intoxication, histopathological changes in the cerebral cortex
were detected, such as degenerative changes of neurons with pyknotic nuclei and dense eosinophilic
cytoplasm, accompanied by astrogliosis. However, according to some assumptions [35], the observed
impairments of motor behavior and memory were associated with the deposition of copper in the
striatum and hippocampus, which is apparently due to the deterioration of synaptic transmission
[39, 40].

In vitro, it has been shown that synaptosomes can absorb copper, and membrane depolarization
stimulates the release of copper [41]. The most characteristic morphological sign of brain damage
in Wilson-Konovalov disease is a progressive change in the subcortical ganglia, primarily lenticular
nuclei (n. Lenticularis), mainly the putamen, as well as the caudate nucleus, the outer segment of the
globus pallidus, and the dentate nucleus of the cerebellar cortex, which affects the motor function of
the body. Thus, the pathological process is very common [2, 42]. During the pathological-anatomical
study of the brain, macroscopic and microscopic changes in the brain substance were detected,
wrinkling of the brain substance and the formation of cavities were observed. Microscopically,
peculiar changes of glia can be observed, called Alzheimer type I and II glia. Type I is characterized
by a sharp increase in the size of the entire cell and a large nucleus rich in chromatin. Type II is
characterized by an almost complete absence of cytoplasm and a giant nucleus, which is very poor
in chromatin and therefore has the appearance of a "bare" nucleus [42].

Wilson-Konovalov disease, as previously mentioned, is a genetic disease and this ailment is very
rare, and an excess of copper as a whole, according to statistical information, is much less common
than the lack of this element.

Another well-known hereditary disease - Menkes syndrome - a congenital disorder of copper me-
tabolism. The symptom complex is caused by mutations in the ATP7A gene, which encodes the
copper-transporting ATP-ase, alpha polypeptide (ATP7A; MIM * 300011), which is involved in the
absorption of copper from food and the transfer of ions of this metal to other cells [43].

In Menkes syndrome, there is a defect in the absorption of copper, its excessive accumulation in
the kidneys, while the liver and brain suffer from its deficiency. This leads to changes in blood vessels
and deterioration of the brain. Menkes disease is characterized as a recessive disorder with growth
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retardation, brittle hair and focal degeneration of the brain and cerebellum [44]. Neurodegenerative
processes alter the gray matter of brain-damaged twisted cerebral arteries [43].

Decreased supply of copper reduces the activity of copper enzymes (for example, lysine oxidase),
which are necessary for the structuring and functioning of bones, skin, hair, blood vessels and the
nervous system [45].

Menkes syndrome is quite rare, about 1: 50,000 - 1: 200,000 births. Most often it affects men.
Most children born with Menkes syndrome have a life expectancy of 3 to 5 years. By three months,
growth retardation becomes evident, psychomotor retardation and its progressive disorders with the
loss of previously acquired skills, convulsions appear. From now on, degenerative processes in the
central nervous system become dominant in the clinical picture. When conducting angiography in
the brain, internal organs and limbs, elongated, crimped arteries of various sizes with alternating
areas of expansion and contraction are detected [46].

Along with the above, modern research confirms the excess of the copper content in brain tissue
in the case of an acquired neurodegenerative disease, such as Alzheimer’s disease [47], which also
indicates the involvement of copper in the pathogenesis of neuro-damage.

As is known from literary sources, in Alzheimer’s disease, the hippocampal neurons responsible for
memorization are primarily affected. Therefore, memory loss, and especially difficulty remembering
recently learned information, is usually the first sign of illness [47].

In the brain tissue, there is a strict regulation of metals, preventing damage that can potentially be
caused by oxidative damage by the base metals. In fact, oxidative damage found in neurodegenerative
diseases is probably due to higher levels of these metals. The involvement of intracellular transporters
for copper has been shown in animal models of Alzheimer’s disease [48], which increased the likelihood
of higher levels of metals being associated with impaired transporter activity. Consequently, the
potential effects of toxicants that affect the activity of transporters may contribute to the emergence
and progression of neurodegenerative diseases [48].

There is an assumption that copper-induced hydroxyl radical formation contributes to the de-
velopment of Alzheimer’s disease. An excess of copper leads to retention in the brain tissue of
beta-amyloid whites, which later form into amyloid plaques characteristic of Alzheimer’s disease [1].

Beta amyloid proteins are a byproduct of the activity of brain neurons. Under normal conditions,
a purification system is functioning - a protein related to the lipoprotein receptor-related protein
1 (LRP1), which binds amyloid beta-cells and "forwards" them from the cells to the blood vessels
through which toxic proteins leave the brain. With excessive admission to the nervous system,
copper impedes this process [49]. Research has found that copper contributes to the oxidation of
LRP1; in its oxidized form, it does not function and does not purify nerve cells from beta-amyloids.
However, experiments with human endothelial cell culture of the human brain have shown that small
doses of copper reduce the level of LRP1 and its ability to bind and excrete beta amyloid [50].

Different parts of the brain accumulate copper compounds to varying degrees, apparently due to
age, blood flow intensity, damage to the blood-brain barrier, and the activity of copper-transporting
proteins [50].

ith age, copper has been found to accumulate in the cells of the walls of the brain capillaries
(endothelial cells), which provide a protective role for the blood-brain barrier and limit the pene-
tration of harmful substances into the brain. The accumulation of metal in the brain tissue with
age causes a toxic effect, which has been proven in experiments with animals. Thus, in experiments
with mice, which for three months were given water with low copper content (0.13 mg / l) (10 times
less than the MPC of copper ions in water, but 52 times more than usually happens in water which
animals drink), by the end of the experiment, the copper content in the walls of the brain capillaries
increased almost 2.6 times, and the concentration of the protective protein LRP1 was halved. Such
changes usually occur with 25-28-month-old mice, that is, the brains of young animals that received
copper are similar to the brains of venerable mouse elders [51].

There are observations of sheep when insufficient intake of copper during pregnancy caused en-
zootic ataxia in lambs due to degenerative disorders in the form of diffuse symmetric demyelination
of the central nervous system. This disease is also known as the "saddle back" or "sagging back",
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since the main symptom is spinal curvature. The characteristic neurological symptoms of this dis-
ease are spastic paresis of the lower part of the body, severe impairments in motor coordination [47].
Disorders of the central nervous system are also confirmed in experiments on guinea pigs with a lack
of copper in food [52].

In experiments with impaired blood-brain barrier in mice, unobstructed passage of copper into
the brain and its influence on the activity of neurons was observed. In addition, the formation of
beta-amyloid proteins and their complexes was stimulated. In addition, copper has been shown
to cause inflammation of brain tissue, which also contributes to the disruption of the blood-brain
barrier and the accumulation of toxins [53].

In ultrastructural studies on sheep with chronic copper sulfate poisoning, changes in brain tissue
were detected in the form of an increase in the volume of astrocytic nuclei, vacuolization of white
matter. At the same time, astrocytes contained more glycogen, mitochondria and the endoplasmic
reticulum than usual [54]. The authors suggest that the changes found are associated with impaired
metabolic processes in glial transport mechanisms.

The need for copper for the normal course of embryogenesis has been proven. It was established
experimentally that perinatal copper deficiency in animals leads not only to long-term neurochemical
changes, but also to behavioral disturbances. With prolonged copper deficiency in the body, nerve
fibers, like heart muscle fibers, die irreversibly [10].

The introduction of copper sulfate to mice of the SFLP during pregnancy has a damaging effect,
which is determined by the stage of embryonic development. Introduction on the 7th day of preg-
nancy caused resorption of all embryos, with the introduction on the 8th day, anomalies of the neural
tube and the heart were detected, when exposed on the 9th day - weak embryotoxic and teratogenic
effects. A significant number of fetuses examined on the 12th day of gestation had exencephaly [55].

In an experiment using CT scans or MRI, atrophy of brain tissue and cerebellum, decrease in
the density of white matter areas of the brain, presence of subdural hematomas, expansion of the
salvian sulcus, pachygyria are found [55].

A morphological study of the brain reveals areas of gray matter degeneration with neuron loss and
gliosis, especially in the cerebellum. When electron microscopy detects an increase in the number of
mitochondria, a change in their size, electron-dense little bodies inside them. In the white matter -
axonal degeneration [55].

When conducting the experiment with the use of acute induction with heavy metal salts, changes
in the behavior of rats were very pronounced, which shows more significant disturbances in higher
nervous activity. This indicates the onset of a phase of short-term adaptation of higher nervous ac-
tivity to the toxic effects of metal salts during chronic intoxication. The behavioral data of rats with
copper ion poisoning are consistent with the accumulation of metal ions in brain cells and cytomor-
phological studies, where malignant tumors were observed in brain cells, which resulted in changes
in animal behavior, manifested in a decrease in motor and emotional activity. When poisoning
with zinc and iron salts, accumulation of these metals in the brain cells was less, cytomorphological
results showed atypical cells without malignancy, changes in behavioral reactions of rats were less
pronounced [55].

Thus, the foregoing indicates the important role of copper and its compounds both during the
embryonic phase of the central nervous system and during the functioning of the mature brain. At the
same time, both inadequate entry into the brain tissue and its excess can cause serious disturbances
in the morphological structure of various brain regions, and, consequently, in the functioning of the
latter. The above confirms the need for further study of the metabolism of copper in brain tissue.

Список литературы
1 Prohaska J.R. Neurochemical roles of copper as antioxidant or prooxidant. Metals and oxidative Damage in neuro-
logical Disorders. New York: Plenum Press, 1997. Р. 57-75

2 Асанов А.Ю., Соколов А.А., Волгина С.Я. и др. Федеральные клинические рекомендации по диагностике и
лечению болезни Вильсона-Коновалова (гепатолентикулярная дегенерация). - СПб.: Литография. - 2015. - С.
71.

3 Cristovao J.S, Santos R, Gomes C.M Metals and neuronal metal binding proteins implicated in Alzheimer’s disease
// Oxid. Med. Cell. Longev. - 2016. - Р. 1-13.

47



Л.Н. Гумилев атындағы ЕҰУ Хабаршысы - Bulletin of L.N. Gumilyov ENU, 2019, 2(127)

4 Davies K.M, Mercer J.F, Chen N, Double K.L. Copper dyshomoeostasis in Parkinson’s disease: implications for
pathogenesis and indications for novel therapeutics // Clin. Sci. - 2016. - Vol. 130. № 8. - Р. 565-574.

5 Chen P, Miah M.R, Aschner M. Metals and neurodegeneration. - 2016. - F1000Research. Vol. 5. F1000 Faculty
Rev-366.

6 Soetan K, Olaiya C, Oyewole O. The importance of mineral elements for humans, domestic animals and plants-A
review // Afr. J. Food Sci. - 2010. - Vol. 4. № 5. - Р. 200-222.

7 Скальный А.В. Микроэлементозы человека (диагностика и лечение): практ. руководство для врачей и студ.
мед. вузов. - М., 1997. - С. 8-38.

8 Elizabeth M. Ward., Carl L. Keen, Harry J. McArdle. A review: The impact of Copper on Human Health //
International Copper Association, Ltd. New York, 2003.

9 Turnlund J. Copper. In: Shils ME, Olson JA, Shike M, Ross AC, eds. Modern Nutrition in Health and Disease //
Baltimore, MD: Williams Wilkins. - 1999. - P. 241-252.

10 Prohaska J. R., Hoffman R. G. Auditory startle response is diminished in rats after recovery from perinatal copper
deficiency // J. Nutr. - 1996. - Vol. 126. № 3. - P. 618-627.

11 Курляндский Б.А., Филов В.А. Общая токсикология. - М.: Медицина, 2002. - 608 с.
12 Лудевик Р., Лос К. Острые отравления. - М.: Медицина, 1983. - 560 с.
13 Rossi L., Arcicello M., Capo C., Rottilio G. Copper imbalance and oxidative stress in neurodegeneration // Ital J
Biochem. - 2006. - № 55. - P. 212-221.

14 Waggoner DJ, Bartinikas TB, Gitlin JD, Neurobiol The role of copper in neurodegenerative disease. - 1999. - Vol.
4. № 6. - P.221-230.

15 Антонович Е.А., Подрушняк А.Е., Шуцкая Т.А. Токсичность меди и ее соединений // Совр. проблемы
токсикол. - 1999. - № 3. - С. 4-13.

16 Шлопов В.Г. Профессиональные заболевания. Лекция курса патологической анатомии профессора. - 2002.
17 Gu Y., Jing Y. Isolation of human neuronal cells resistant to toxicity by the prion protein peptide 106-126 //
Aizheimers Dis. - 2001. - Vol 2. № 3. - Р. 169-180.

18 Schlief M.L., Craig A.M., Gitlin J.D. NMDA receptor activation mediates copper homeostasis in hippocampal
neurons // J. Neurosci. - 2005. - Vol. 25. - Р. 239-246.

19 Niciu M.J., Ma X.M., El Meskini R., Ronnett G.V., Mains R.E., Eipper B.A. Developmental changes in the
expression of ATP7A during a critical period in postnatal neurodevelopment // Neuroscience. - 2006. - Vol. 139. -
P. 947-964.

20 Сухарева Г.В. Гепатолентикулярная дегенерация // Избранные главы клинической гастроэнтерологии. - М.,
2005. - С. 199-209.

21 Forbes G.R., His J.R., Cox D.W. Role of the copper-binding dormain in the copper transport function of ATP7B,
the P-type ATPase defective in Wilson disease // J. Biol. Chem. - 1999. - Vol. 277. № 31 - P. 274.

22 Kreyman В., Seige M., Schweigart U. et al. Albumin di-alysis: effective removal of copper in patient with fulminant
Wilson disease and successful bridging to liver transplantation: a new pos-sibility for the elimination of protein -
bound toxins // J. Hepatol. - 1999. -Vol.31. № 6.

23 Гильденских Р.С. и др. Тяжелые металлы в окружающей среде и их влияние на организм // Гигиена и
санитария. - 1992. - № 5, 6. - С. 6-9.

24 Prohaska J.R., Hoffman R.G. Auditory startle response is diminished in rats after recovery from perinatal copper
deficiency. // J. Nutr. - 2002. - Vol.126. № 3. - P. 618-627.

25 Rajan K.S, Colburn R.W, Davis J.M. Distribution of metal ions in the subcellular fractions of several rat brain
areas. // Life Sci. - 1976. - № 18. - Р. 423-431.

26 Звершхановський Ф.А., Галан А.I., Проць О.Б. Хвороба Вiльсона - Коновалова. Клiнiчне спостереження //
Медицина транспорту Украини. -2006. - Vol. 17. № 1. - С. 84-87.

27 Мироненко Т.В., Добрин Б.Ю., Рыкова Ю.А., Мироненко М.О., Белая И.Е., Шупер С.В.
Соматоневрологические синдромы. Клиника. Диагностика. Лечение. - Луганск, 2010, ЛГМУ. - С.160-168.

28 Рибак Н.В., Кузик Ю.I., Панок А.В. Гепатолентикулярна дегенерацiя (хвороба Коновалова - Вiльсона):
клiнiко-патоморфологiчний аналiз. Iнститут клiнiчно патологi Львiвського нацiонального медичного
унiверситету iменi Данила Галицького // МЛ. - 2011- T.79. № 3. - C. 123-126.

29 Шток В.Н. Экстрапирамидные расстройства: Руководство по диагностике и лечению. - М.: МЕДпресс-
информ, 2002. - C. 56-73.

30 Щербiнiна М.Б., Дмитренко Л.П. Болезнь Вильсона - Коновалова: своевременная диагностика означает
жизнь // Здоров’я Украини. - 2009. - T.1. № 21. - С. 40-41.

31 Труфанов Е.А., Пеннер В.А., Мищенко М.В., Ломова И.В. Клинический случай болезни Коновалова -
Вильсона: трудности диагностики // Укра?нський медичний альманах. - 2012. - Т. 15. № 5. - С. 460-462.

32 Залялова З.А., Богданов Э.И. Клинико-МРТ анализ различных вариантов болезни Коновалова - Вильсона
// Неврол. вестн. - 2002. - Т. XXXIV. - № 1-2. - С. 5-10.

33 Agudo J., Valdos M., Acosta V. et al. Clinical presentation, diagnosis and long-term outcome of 29 patients with
Wilson’s disease // Rev. Esp. Enferm. Dig. - 2008. - Vol. 100. № 8. - P. 456-461.

34 Kozic D., Svetel M., Petrovic В., Dragasevic N., Semnic R., Kostic V.S. MR imaging of the brain in patients with
hepatic form of Wilson’s disease // Eur. J. Neurol. -2003 . - Vol. 10. № 5. - P. 587-592.

48



35 Guilizzoni P. The role of heavy metals and toxic materials in the physiological ecology of submersed macrophytes
// Aquatic Botany. - 1991. - Vol. 40. № 3. - Р. 87-109.

36 Грушко Я.М. Ядовитые металлы и их неорганические соединения в промышленных сточных водах. - М.:
Медицина, 1972. - 176 с.

37 Prohaska J.R. Functions of trace elements in brain metabolism. // Physiol Rev. - 1987. - Vol. 67. № 2. - P. 858-901.
38 Jackson B., Harper S., Smith L., Flinn J. Elemental mapping and quantitative analysis of Cu, Zn, and Fe in rat
brain sections by laser ablation ICP-MS. // Anal. Bioanal. Chem. - 2006. - Vol. 384. № 4. - P. 951-957.

39 Gaetke L.M., Chow L.M. Copper toxicity, oxidative stress and antioxidant nutrients // Toxicology. - 2003. - Vol.
12. № 2. - P. 147-163.

40 Dobrowolska J., Dehnhardt M., Matusch A., Zoriy M., Palomero-Gallagher N., Koscielniak P., Zilles K., Becker
J.S. Quantitative imaging of zinc, copper and lead in three distinct regions of the human brain by laser ablation
inductively coupled plasma mass spectrometry. // Talanta. - 2008. Vol. 74. № 4. - P. 717-723.

41 Kardos J., Kovacs I., Hajos F., Kalman M., Simonyi M. Nerve endings from rat brain tissue release copper upon
depolarization. A possible role in regulating neuronal excitability. // Neurosci. Lett. - 1989 - Vol. 103. №5. - P.
139-144

42 Trocello J.M. Wilson France: a national database for Wilson’s disease // Orphanet J. Rare Dis. - 2010. - 5 (Suppl.
1). - P. 21.

43 Barnes N., Tsivkovskii R., Tsivkovskaia N., Lutsenko S. The copper-transporting ATPases, menkes and wilson
disease proteins, have distinct roles in adult and developing cerebellum // J Biol Chem. - 2005. - Vol. 280. № 10. -
Р. 9640-9645.

44 Menkes J.H., Alter M., Steigleder G.K., Weakley D.R., Sung J.H. A sex-linked recessive disorder with retardation
of growth, peculiar hair, and focal cerebral and cerebellar degeneration // Pediatrics. - 1962. - Vol. 29. № 5. - P.
764-779.

45 Voskoboinik I., Camakaris J., Menkes copper-translocating P-type ATPase (ATP7A): biochemical and cell biology
properties, and role in Menkes disease. // J Bioenerg Biomembr. - 2002. - Vol. 34. № 5. - Р. 363-371.

46 Kim B. E., Smith K., Meagher C. K., Petris M. J. A conditional mutation affecting localization of the Menkes
disease copper ATPase. Suppression by copper supplementation. // J Biol Chem. - 2002. - Vol. 46. № 1. - P.
44079-44084.

47 Cai L., Li X.K., Song Y., Cherian M.G. Essentiality, toxicology and chelation therapy of zinc and copper // Curr
Med Cherm. - 2005. - P. 2753-2763.

48 Bressler J.P., Olivi L., Cheong J.H., Kim Y., Maerten A., Bannon D. Metal transporters in Intestine and brain :
their involvement in metal-associated neurotoxicities.- 2007. - Vol. 26. № 3. - Р. 221-229.

49 Fodale V., Quattrone D., Trecroci C., Caminiti V., Santamaria L.B. Alzheimer’s disease and anaesthesia: impli-
cations for the central cholinergic system // British Journal of Anaesthesia. - 2006. - Vol.97. № 4. - P.445-452.

50 James L.F., Lazar V.A., Binns W. Effects of sublethal doses of certain minerals on pregnant ewes and fetal
development // Am. J. Vet. Res. - 1966. -Vol. 27. - P. 132-135.

51 Culotta V.C., Gitlin J.D. Disorders of copper transport. // Metabolic and Molecular Bases of Inherited Disease.
- NY: McGraw-Hill. 2001. - Vol. 2. - P. 3105-3126.

52 Cuajungco M.P., Faget K.Y. Zinc takes the center stage: its paradoxical role in Alzheimer’s disease // Brain Res
Brain Res Rev. - 2003. Vol. 41. № 1. - P. 44-56.

53 Howell J.M., Blakemore W.F., Gopinath C., Hall G.A., Parker J.H. Chronic copper poisoning and changes in the
central nervous system of sheep // Acta Neuropathologica. - 1974. - Vol. 29. - P. 9-24.

54 O’Shea K.S., Kaufman M.H. Influence of copper on the early post-implantation mouse embrio // Arch Develop.
Biol. - 1979. - №4. - P. 297-308.

55 Хантурина Г.Р., Вчерашняя О.А. Токсическое действие некоторых тяжелых металлов в организме человека
и животных // "Новые научные достижения-2011": междун. научно-практ. конфер. - София, 2011. - С. 39-41.

A.E. Конкабаева, Ш.А. Муханова, Г.М. Тыкежанова, Ш. М. Нугуманова

Карагандинский государственный университет им. Е.А. Букетова, Караганда, Казахстан

Роль соединений меди в неврологических нарушениях при избыточном или недостаточном поступлении
в мозговую ткань

Аннотация: В данном литературном обзоре затрагивается тема расстройств нервной системы, вызванных
нарушением метаболизма меди в мозговой ткани. Выделяются и описываются роль и участие элемента во многих
физиологических функциях центральной нервной системы в норме и при патологических состояниях. Рассматриваются
нейродегенеративные нарушения, при которых отмечается накопление в мозговой ткани "свободной" меди (болезни
Альцгеймера, Вильсона, Менкеса). Описаны генетические заболевания, вызванные избыточным или недостаточным
поступлением меди в мозговую ткань, которые проявляются выраженными неврологическими нарушениями. Особое
внимание уделено особенностям метаболизма меди в мозговой ткани при неврологических нарушениях. Данное
направление дополняется также описанием патоморфологических изменений при депонировании меди в нервной системе.
В статье раскрываются механизмы токсикологического воздействия при избыточном поступлении меди в нервную ткань
экспериментальных животных.
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A.E. Конкабаева, Ш.А. Муханова, Г.М. Тыкежанова, Ш.М. Нугуманова

Е.А. Бөкетов атындағы Қарағанды Мемлекеттiк Университетi, Қарағанды, Қазақстан

Мыс қосылыстарының ми үлпасына артық немесе жеткiлiксiз түскен кездегi неврологиялық
бүзылулардағы рөлi

Аңдатпа Бұл әдеби шолуда ми ұлпасындағы мыс метаболизмiнiң бұзылуынан туындаған жүйке жүйесiнiң
бұзылыстары тақырыбы қозғалады. Қалыпты және патологиялық жағдайларда орталық жүйке жүйесiнiң көптеген
физиологиялық функцияларында элементтiң рөлi мен қатысуы ерекшеленедi және сипатталады. Нейродегенеративтi
бұзылулар қарастырылады, онда ми ұлпасындағы "бос" мыстың (Альцгеймер, Вильсон, Менкес аурулары)
жиналуы байқалады. Мыстың ми ўлпасына артық немесе жеткiлiксiз түсуiнен туындаған генетикалық аурулар
сипатталған. Неврологиялық бұзылулар кезiнде ми ұлпасындағы мыстың метаболизмiнiң артықшылықтарына
ерекше көңiл бөлiнген. Бұл бағыт мысты нерв жүйесiнде депонирлеу кезiнде патоморфологиялық өзгерiстердiң
сипаттамасымен толықтырылады. Мақалада тәжiрибиелiк жануарлардың жүйке ұлпасына мыстың артық түсуi кезiндегi
токсикологиялық әсер ету механизмдерi ашылады.

Түйiн сөздер: мыс, ми ұлпасы, орталық нерв жүйесi, мыстың артықшылығы мен жетiспеушiлiгi, нейродегенеративтi
бүзылыстар, Вильсон ауруы.
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