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Introduction. Scientists from Horbachevsky Ternopil National Medical University, Ternopil, and various countries, including state laboratories, have thoroughly 
studied the biological significance of copper and zinc ions in the body for many years. Nevertheless, the value of the shortage or excess of these metals and their 
compounds in the body remains mostly underestimated for health. 
Purpose of work: to study the pathogenesis of traumatic disease occurring due to an imbalance of copper and zinc in the body.
Methods. Bibliosemantic and analytical methods were used. A literature search was conducted for the following queries as zinc, copper, heavy metals, negative 
impact. The investigation was performed with PubMed, Scopus, Web of Science, and Google Scholar for various articles. All publications have been analyzed 
and included in this review. The importance of these metals’ lack or excess and their compounds in the body remains mostly underestimated. Features of the 
pathogenesis of many diseases occurring due to imbalance of copper and zinc in the body have also been unexplored. The traumatic disorder was no exception, as 
this was not considered in experimental and clinical medicine.
Conclusion. From the analysis of the available scientific literature, no messages were found about the features of the course of traumatic disease in conditions of 
excessive intake of copper and zinc ions in the body. We can only assume that a violation of the functional ability of the liver, lungs, brain and other organs that 
occurs against the background of heavy metal ion damage creates an unfavorable background for the occurrence of a serious injury.
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Эффекты влияния меди и цинка на живые организмы  
(обзор литературы)
ТНМУ Тернопольский национальный медицинский университет им. И.Я. Горбачевского МОЗ Украины, 46000, Тернополь, 
Украина

Введение. Несмотря на то что биологическое значение ионов меди и цинка в организме основательно изучается в течение многих лет учёными 
разных стран, в том числе в государственных лабораториях, значение нехватки или избытка указанных металлов и их соединений в организме для 
здоровья в значительной степени остаётся недооцененным.
Цель работы – изучить патогенез травматической болезни, возникающей на фоне дисбаланса меди и цинка в организме.
В работе использованы библиосемантические и аналитические методы. Был проведён поиск литературы по следующим запросам: «цинк, медь, 
тяжёлые металлы, негативное влияние». Поиск проведён по базам данных PubMed, Scopus, Web of Science и Google Scholar для различных статей. 
Все публикации были проанализированы и включены в этот обзор.
Важность недостатка или избытка этих металлов и их соединений в организме остаётся в значительной степени недооценённой. Особенности 
патогенеза многих заболеваний, возникающих на фоне дисбаланса меди и цинка в организме, также не изучены. Травматическое заболевание не было 
исключением, так как это не учитывалось в экспериментальной и клинической медицине.
Заключение. Из анализа доступной научной литературе не найдено сообщений об особенностях течения травматической болезни в условиях из-
быточного поступления ионов меди и цинка в организм. Можно только предположить, что нарушение функциональной способности печени, лёгких, 
мозга и других органов, которое возникает на фоне поражения ионами тяжёлых металлов, создаёт неблагоприятный фон для протекания тяжёлой 
травмы.
Ключевые слова: цинк; медь; тяжёлые металлы; негативное влияние; обзор
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tendon and ligament diseases, scoliosis, and skeletal imbalance. 
Copper is also a necessary element for energy production in cells, 
namely in the final stages of the Krebs cycle. Also important is the 
involvement of copper in the immune response.

The main symptoms of copper imbalance in the human body 
are frequent headaches, fatigue, insomnia, depression, skin rashes, 
and impaired ability to intellectual work. Therefore, in case of 
copper shortage or imbalance, it is necessary to correct this trace 
element.

In a detailed study of the effects of trace elements on the body, 
it is necessary to take into account some features that were ob-
served in the experimental studies. So, in effect largely depends on 
particle size [6-8, 9] including research scientists of Izrael Borkow 
G., Zatcoff R.C., Gabbay J.(2009) have shown that small doses of 
copper nanoparticles can have a positive impact [10, 11], which 
can be used in diabetes prevention and treatment of skin complica-
tions. Patients with this ailment often suffer from skin pathology, 
especially on the feet. The combination of peripheral vascular dis-
ease and neuropathy attenuates the resistance of such patients to 
infection, so even small cuts and wounds often lead to chronic pu-
rulent, fungal skin lesions and severely treatable ulcers. Copper in 
this case has a positive effect, because it has powerful antibacterial 
[12-14, 15] and antifungal properties, which is confirmed by many 
studies of other scientists on various types of microorganisms and 
fungi. In the works of G. Borkow [10, 11] proved that copper ions 
that are released from the medical socks or other medical facili-
ties where drugs with nanoparticles coated copper, act locally. This 
improves the skin condition of patients suffering from diabetes by 
inducing angiogenesis, expression and stabilization of proteins in 
addition to their biocidal effect, as well as reducing the risk of fun-
gal and bacterial infection of the diabetic foot. This trend in the use 
of trace elements has received the approval of other scholars who 
have made suggestions for practical applications [16].

However, many researchers are attracting the attention of the 
toxic properties of heavy metals, given the seriousness effects on 
living organisms of fresh and salt water bodies [17, 18], land ani-
mals, in particular mammals [3, 4, 5], of paramount importance 
for their use has soil contamination with metals and their com-
pounds. Great importance is given to the processes of accumula-
tion of metals, in particular, the toxic effect of the accumulation 
of copper and zinc compounds in the isthmus organ of different 
species and different tissues of an individual organism. Scientists 
Shakibaie M.R., Harati A. (2004) have found that metals are able 
to accumulate not only within cells but also on the surface of cell 
membranes. Chinese scientists Cao B., Zheng Y., Xi T. (2012) in-
vestigated copper cytotoxicity at high concentrations in mouse fi-
broblasts in vitro [19]. Zhang J., Song W., and other scientists have 
conducted a similar study to investigate the effect of ZnO on the 
alveolar macrophages of mice [20]. Many studies have noted the 
dependence of the cytotoxic effect of metal ions, in particular cop-
per and zinc, on their concentration, their effect on human fibro-
blast cell culture [21], and their toxic effect on the genetic mate-
rial of human lung epithelial cells [22]. Other scientific teams have 
also evaluated the toxicity and changes in the expression of genes 
caused by metal nanoparticles, and concluded the role of genes in 
maintaining the homeostasis of trace elements compounds in liv-
ing organism, in particular copper, as an example of this regulation 
of these processes in the intestinal [22, 23].

In the last decade, much attention has been paid to the study of 
the interaction of metals [24]. Mixtures of copper, zinc and other 
metals have been proven to have greater toxicity than high concen-
trations of single metals. On the simplest living organisms, by the 
example of Tetrahymena thermophila, flow cytometry is used to 
evaluate the cytotoxicity and generation of reactive oxygen species 
of single and double mixtures of cadmium, zinc and copper, which 
partially reveals the mechanisms of toxic action of heavy metals 
and their mixtures.

It is important to study the characteristics of nanocrystals 
of copper oxide, zinc and other metals: synthesis, physical, 
chemical and electrochemical features [25, 26, 27, 29], char-
acteristics of their ability to bioluminescence and influence on 
this phenomenon [23], antibacterial [12, 15, 28, 29, 30, 31],  

Introduction
Recently, studies that focus on studying the effects of heavy 

metals and xenobiotics on the body and, in particular, various pro-
cesses in the body, which play an important role in critical periods 
of the development of pathology, such as lipid peroxidation and 
AO protection [1, 2], the state of the immune system, especially 
changes in nonspecific reactivity.

The toxicity of copper, zinc and other metals has attracted the 
attention of many scientific teams; in particular, scientists at the 
Laboratory of Environmental Toxicology, Tallinn, Estonia, have 
studied the toxic effects of these metals depending on their size 
and structure on mammals and on individual cultures cells [3]. 
As a result of these studies, it was found that the ingress of heavy 
metals into the environment can pose a threat to living organisms 
and the degree of this threat depends on the type of organism. So, 
results were obtained that testify to the high sensitivity of algae, 
crustaceans, fish, bacteria, yeast, nematodes, protozoa, and also 
mammalian cell cultures. As a rule, crustaceans, algae and fish 
turned out to be the most sensitive to the negative effects of silver, 
copper and zinc, while bacteria showed high resistance to these 
effects. Unfortunately, the corresponding indices of the average 
inhibitory concentrations for mammalian cell cultures turned out 
to be 8–10 times lower, which proved significantly higher sensitiv-
ity and vulnerability of organisms of the highest degree of organi-
zation, like mammals [3]. However, studies on mammals, the re-
sults of which are closer to those in humans, are very few. [3, 4, 5].

Purpose of work: to study the pathogenesis of traumatic disease 
occurring on the background of an imbalance of copper and zinc 
in the body.

Bibliosemantic and analytical methods were used in the study. 
A literature search was conducted for the following queries: «zinc, 
copper, heavy metals, negative impact». The search was conducted 
on the databases PubMed, Scopus, Web of Science and Google 
Scholar for various articles. All publications have been analyzed 
and included in this review.

The role of heavy metals for humans and other biological spe-
cies of living organisms is ambiguous: on the one hand, these are 
substances that are necessary for the life of the organism, on the 
other - in high concentrations they can be the cause, or the start-
ing or aggravating factor of many diseases. Therefore, in scientific 
circles, increasing attention is paid to the violation of the balance 
of copper and zinc, rather than simply reducing or increasing the 
concentration of these ions in the body [26-27], as well as various 
mechanisms for regulating the concentration of these substances 
in the body [3].

Copper and zinc are among the 13 most common pollutants. 
Studies of Hsieh C.Y., Tsai M.H. (2004) [57] revealed the toxic-
ity of 13 metals of the most dangerous pollutants, including As, 
Se, Cd, Cr (III and VI), Cu, Pb, Sb, Ag, Tl, Zn, Be, Hg and It 
is not. The risk of toxic exposure to metals can lie not only in the 
increased intake of their food compounds, where they come in 
contact with river, marine organisms, and through soil contamina-
tion, which causes a high content of these substances in agricul-
tural products. Even drinking water in some areas contains these 
compounds at high concentrations, despite the fact that elevated 
concentrations of copper and zinc in water alter its organoleptic, 
chemical and biological properties. Thus, at concentrations greater 
than 5,0mg/l, copper gives tap water a tangy unpleasant binder. At 
concentrations greater than 1.0 mg / l, the laundry is painted over, 
corrosion of aluminum and zinc vessels is observed. In this case, 
opalescence may appear in the water and boiling films may form.

It should also be noted that copper and zinc are some of the es-
sential trace elements that are vital to the body. In particular, it has 
been proven that copper is an important element in maintaining 
physical and mental health. Copper is necessary for the metabo-
lism of calcium in the bones, as well as for the adequate function-
ing of connective tissue elements such as tendons, ligaments, skin, 
hair, nails, arteries, veins, etc. Therefore, copper imbalances can 
contribute to the development of osteoporosis, bone spurs, hair 
and nail diseases. Other symptoms associated with dysfunction of 
connective tissue in copper imbalance are cardiovascular disease, 
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organs, causing, on the one hand, symptoms of intoxication with 
this metal, and on the other, signs of deficiency of this trace ele-
ment. That is, a possible condition when simultaneously exhibit 
symptoms of toxicity and deficiency of trace elements. In fact, this 
condition is called “biounavailability”. However, some authors 
believe that the most common symptoms of copper toxicity and 
“bioavailability” are common.

Each trace element has its specific “target organs” in which 
these trace elements accumulate at excessive concentration. 
Most often, the places where copper and zinc accumulate are 
the liver, brain [4, 43], as well as the lungs, reproductive organs 
[44, 45, 46]. These organs are often damaged in various types 
of traumas [1-4, 12, 13], and they also play a key role in the 
traumatic disease course.

Copper is known to have a significant effect on the central ner-
vous system. This is especially noticeable when there is an imbal-
ance in the body of a given metal. For this reason, copper has been 
called the “emotional mineral”. This is of great importance and 
should be taken into account for traumatic injuries and especially 
for severe trauma. The stimulating effect of copper on diencepha-
lon has also been found, so toxic effects, or “biounavailability” 
of copper in traumatic disease, can negatively affect the course 
of traumatic disease and its complications, in particula pain and 
traumatic shock [1].

Interesting was the fact that with excess copper in the body, 
people show a tendency to violence, possible manifestations of ag-
gressive behavior, signs of blurred consciousness, insomnia, ner-
vousness, irritability, and these are known to be significant factors 
that can cause increased injuries by creating injuries, aggressive 
behavior, and can also lead to inappropriate behavior in the early 
post-traumatic period, which is especially dangerous in the erectile 
phase of traumatic shock.

Another pathogenetic link of copper biounavailability to the 
course and prognosis of traumatic disease is anemia, which is quite 
common, since copper is required to change iron from trivalent to 
divalent and in the opposite direction, which is necessary for the 
inclusion of iron in hemoglobin. In this case, prescribing iron for 
anemia due to copper imbalance, it is impossible to get a positive 
result, and only the deterioration of the patient’s general condition 
is achieved, since this leads to the development of liver hemosid-
erosis, which is known to be the body where not only mine and 
zinc accumulate, but also iron and other trace elements [7].

Copper is also important for aerobic metabolism, which is 
imbalance contributes to the development of infections, which is 
especially dangerous in traumas. In addition, copper and zinc are 
required for a proper immune response. Increased copper concen-
tration or “biounavailability” is often combined with “biounavail-
ability” of zinc in tissues, as shown by studies by G. De Boeck, W. 
Meeus, and other scientists (2004) [18]. It is important to know 
that normal concentrations of these metals in the blood can be 
observed, leading to some diagnostic difficulties. Therefore, many 
clinics offer additional take on hair analysis.

Copper ions are necessary for the electron transport system, 
which is very important for energy production in the cell. Chinese 
scientists have conducted studies on the effect of zinc oxide on mi-
tochondria [47]. These features of the effects of copper and zinc 
compounds should be remembered in the treatment of traumatic 
disease, in which disorders in the energy organelles of cells - mi-
tochondria, are also observed. Thus, when copper is inaccessible 
to the body’s cells in sufficient quantity, aerobic metabolism is im-
paired, while anaerobic metabolism, on the contrary, is activated. 
That is why when the copper imbalance is often activated by fungal 
infection in the body. On the other hand, this property of copper 
has found its application in agriculture: for example, copper sulfate 
is often sprayed on fields to combat fungal damage to crops, lead-
ing to significant soil contamination. Antifungal activity has also 
been found in zinc compounds [25, 32, 33]. Copper is also used in 
swimming pools and hot tubs to prevent the propagation of yeast 
fungi and anaerobic bacteria. This was a significant cause of pollu-
tion [2], soil, water, copper and zinc compounds.

Given the significant role played by heavy metals in pollution of 
natural reservoirs, in recent years, scientists have paid considerable 

ntifungal action [32, 33]. Researchers of the National Institute 
of Chemical Physics and Biophysics of Estonia Heinlaan M. 
and Ivask A. (2008) studied the characteristics of the effects of 
ZnO, CuO on living organisms Daphnia magna and Thamno-
cephalus platyurus, depending on the particle size. These fea-
tures have been noted by other researchers [33]. The results of 
such studies indicate that it is necessary to use very carefully 
and carefully the use of trace elements, even for therapeutic 
purposes, since they have the capacity to accumulate in the in-
ternal organs, as well as due to their membranotropic and cyto-
toxic action. To this end, scientists Hernández-Sierra J.F., Ruiz 
F. (Mexico, 2008) compared the bactericidal and bacteriostatic 
effect of silver, zinc and gold nanoparticles on S. Mutans, while 
it was possible to establish higher antimicrobial activity of sil-
ver at lower concentrations than gold or gold zinc, which will 
achieve a pronounced clinical effect in the treatment of caries 
with reduced toxicity. Such work proves the importance of re-
search in this area to prevent the toxic manifestations of heavy 
metals when used for therapeutic purposes.

It is extremely important in the pathogenesis of many disorders 
that copper should remain in equilibrium with zinc [35, 36, 37]. 
This means that, at times, the toxic effects of one of the metals [38] 
may show symptoms of the lack of another [39, 40]. With copper 
imbalance, there is a greater tendency for all infections, in particu-
lar fungal infections, which are very common today. This is espe-
cially relevant for injuries of all kinds and, especially, for combined 
severe trauma, since traumatic illness is very often complicated by 
infections. Copper imbalances can also lead to impaired endocrine 
function (hyperthyroidism, premenstrual syndrome, ovarian cysts, 
infertility, miscarriages), since copper is closely linked to estrogen 
metabolism and is required for fertile women’s function and preg-
nancy support.

One of the mechanisms of pathogenetic influence of copper 
ions is their ability to stimulate the production of neurotransmit-
ters: adrenaline, norepinephrine and dopamine. Copper is also 
required for the metabolism of monoamine oxidase, an enzyme 
related to serotonin production. As a result, copper is actively in-
volved in all spheres of influence of the central nervous system, 
which is of particular importance in such pathogenetic manifesta-
tions of traumatic disease, as the development of traumatic shock, 
syndrome of multiple organ failure [1].

It is interesting to note the fact that people have a variety of 
symptoms of copper balance disturbances in the body not only 
when copper deficiency or excess, when the toxic properties of this 
metal, but with the imbalance of copper and other trace elements. 
This leads, according to many scientists, the state of violations of 
bioavailability of copper or other trace elements. Recently, this 
condition has attracted the attention of scientists in many coun-
tries and is called “biounavailability” [37, 39, 40].

Copper is found in products such as meat, eggs, poultry, 
nuts, seeds and cereals. Some patterns have been identified in the 
needs of this trace element, depending on age. It is believed that 
children need much more copper than other age groups. This is 
mainly due to the peculiarities of metabolism in childhood. It is 
believed that at a rapid rate of oxidation processes, more cop-
per is required in the body, while during the slow flow of these 
processes copper may be in excess. In this case, the body is more 
prone to copper imbalance.

What is biounavailability of copper, zinc and other trace ele-
ments? In fact, “biounavailability” translates as “bioavailability”? 
In this situation, copper, zinc or other trace elements are often 
present in excess in the body, but they cannot be used for the bio-
logical needs of the body. One reason is that minerals such as zinc 
copper and others must be bound by certain carrier proteins in the 
body and only then can wines be actively transported and used for 
the vital needs of the body [4, 2, 42]. Therefore, the bioavailability 
of copper, zinc and other trace elements is extremely important, 
although it remains to be fully understood.

Bioavailability is often observed due to a deficiency of copper-
binding proteins, ceruloplasmin, or metallothioneins [42]. With-
out sufficient protein, unbound metal ions can circulate freely in 
the body, where they can accumulate in the liver, brain and other 
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tive and gram-negative bacteria [15], as well as on the anti-fungal 
properties. [32, 33].

Studying the mechanisms of the toxic effect of zinc oxide, 
Chinese scientists Li Y., Liang J., Tao Z. (2012) concluded that 
this toxicity is manifested in relation to mitochondria [47]. Zinc 
oxide (ZnO) nanoparticles are increasingly being used in various 
industries. It was found that ZnO nanoparticles cause toxic effects 
at the level of the individual organism, tissues, cells and DNA, and 
the potential effect of ZnO nanoparticles at the subcellular level 
is investigated more deeply. The toxicity of ZnO nanoparticles in 
isolated rat liver mitochondria was investigated [47]. Found that 
the effect of ZnO nanoparticles on mitochondria is manifested by 
a decrease in the membrane potential of mitochondria, swelling of 
the investigated cell microstructures, depression of tissue respira-
tion, and inhibition of the inner permeability of the membrane for 
hydrogen and potassium ions, changes in ultrasound. These re-
sults showed that ZnO nanoparticles can increase the permeabil-
ity of the inner membrane and adversely affect respiratory chain 
enzymes, leading to energy deficiency, oxidative stress and even 
apoptosis. Other Chinese researchers [45] have investigated the 
toxic effects of ZnO nano- and microparticles on human epithelial 
lung cells.

Many phenomena of zinc intoxication are based on the com-
petitive ratio of zinc to a number of other metals. One of the most 
important of these metals is calcium. In this case, the level of calci-
um in the blood, bones decreases, and the absorption of phospho-
rus by the body is impaired. As a result of these changes, osteopo-
rosis develops, which is a significant etiologic risk factor for injury. 
As a confirmation of this, it is a well-known fact that in Japan, in 
1981, an outbreak of severe musculoskeletal disease was reported 
in a population fed on rice grown on irrigation fields using running 
water heavily contaminated with zinc and cadmium sulfides. Also 
prohibited for drinking is water stored in galvanized dishes, since 
zinc ions accumulated in such water have a negative effect on the 
gastrointestinal tract.

Zinc toxicity is also explained by its high catalytic activity. It 
should not be forgotten that zinc in high concentrations is a muta-
gen and an oncogene.

Despite certain features of the influence of copper and zinc 
ions, scientists have been able to identify some common features of 
their action on the body. Heavy metals can interact with the pro-
teins of the body and form metal compounds with them. Metal 
ions are involved in the most important biochemical processes. 
They stimulate, normalize the metabolism in the body, have a pos-
itive effect on growth and reproduction, on the immunobiological 
activity of the body and life expectancy; participate in redox pro-
cesses; stabilize and activate enzymes, forming their active centers. 
Metal ions create a potential difference near the surface of the cell 
membranes, thereby ensuring the flow of life processes in the cell.

When establishing the negative effect of heavy metals on the 
body, it should be borne in mind that the toxicity of the substance 
depends on its state (water-insoluble compounds are practically 
not transformed in the body). Under natural conditions, a rela-
tively harmless substance can be converted into a highly toxic com-
pound. Also a toxic substance is capable of gradual accumulation 
in the food chain, resulting in its concentration in the higher links 
of this chain may be a thousand times greater than the concen-
tration of the substance in the environment as a whole (biological 
accumulation factor).

From the point of view of predicting the relative toxicity of 
metal ions, studies using ionic characteristics, in particular biolu-
minescent analysis, are very valuable.

Increasing reports have been reported of the high toxicity of 
zinc and copper nanoparticles [48-52]. With the emergence of a 
new direction of treatment for certain diseases with nanoparticles, 
or when using dosage forms adsorbed on nanoparticles, which 
in this case are used as transport forms of active substances, the 
risk of damage to various structures of the body as metals by the 
manifestation of their toxicity, and damage, due to the nanostruc-
tural features of the substance. It is known that nanoparticles have 
slightly different physicochemical properties and sometimes have a 
more aggressive effect.

attention to the search for sensitive bioindication methods and the 
assessment of their toxicity to various aquatic organisms. Most of 
the works are devoted to the study of the influence of pollutants on 
morphological parameters, mortality, reflex-behavioral reactions 
of organisms. A new area of research was the study of the response 
to the effect of pollutants at the molecular level with the determi-
nation of metallothionein (MT) content [41, 42]. Metallothioneins 
are specific, cysteine-rich stress proteins that can bind excess heavy 
metals in the body and perform regulatory function. Determina-
tion of metallothionein content in aquatic animal tissues is used 
for bioindication of water pollution. Scientists are interested in 
the study of certain biological species of animals that can serve as 
indicators of environmental pollution, and in particular of rivers. 
Thus, O.B. Stolyar, G.I. Falfushinskaya etc. (2003) conducted ex-
periments on adults with narrow-cancerous cancer and pond frog. 
In these studies, the interaction of cancer apothionein (Astacus 
leptodactylus L.) and frog (Rana esculenta L.) with heavy metal 
ions along the UV spectra of reconstructed metallothioneins was 
found. For Pb-MT and Fe-MT of both species, characteristic ab-
sorption bands with a maximum of 240 and 235–250 nm, respec-
tively, were detected. The spectra of Cu-MT, Zn-MT, and Cd-MT 
of cancers and frogs have species-specific features. In the action 
of a mixture of Cd2 + and Pb2 + ions on T cancer, lead ions are 
dominant in determining the spectral properties. Determination of 
the composition of metals in MT by their UV spectra can be used 
in bioindication of water pollution. It is known that the ability of 
MT to bind copper and zinc changes to ontogeny. The variability 
of the MT response of different species to these metals may also 
depend on the α-, b-cluster organization of the MT structure. It 
is known that crustaceans are characterized by the b-cluster struc-
ture of MT, which is copper-binding [42]. This is consistent with 
the spectrum features of MT cancer.

By P.M. Linnik, the concentration of copper, zinc and lead 
in natural reservoirs is, respectively, 10-120, 40-160 and 6.2-64 
mcg/l. Therefore, MT of freshwater animals, regardless of spe-
cies, can be considered as promising biomarkers of lead, iron, and 
a mixture of ions containing lead ions. And for the bioindication of 
Cu2 +, Zn2 + and Cd2 + it is necessary to take into account the spe-
cies characteristics of animals. Correlation analysis of the differen-
tial spectra of MT is a convenient form of comparing the binding 
characteristics of metals with these proteins. Some difficulties with 
the study of the pathogenic effects of accumulation in the body of 
copper and zinc ions are due to the fact that the species specific 
characteristics of animals in terms of the ability to form MT and 
accumulate these ions in the body are of great importance.

When studying the pathogenetic features of trauma against 
the background of copper and zinc intoxication, it should be not-
ed that copper is a necessary trace element for the formation of 
connective tissue elements, in particular collagen. This is of great 
importance for tissue regeneration processes after traumatic dam-
age. It is noticed that at deficiency of copper in an organism ath-
erosclerosis and other cardiovascular diseases develop. Whereas 
excess or bioavailability of copper often causes connective tissue 
problems, preventing the formation of disulfide bonds in the con-
nective tissue elements. Copper also affects the vitamin balance. 
Copper and vitamin C are known to be direct antagonists. This is 
one of the reasons that people suffering from the symptoms of cop-
per intoxication feel better by taking in a lot of vitamin C. Oxida-
tion processes are activated at high copper ions, while the vitamin 
C content in the body decreases. This leads to an increase in the 
daily requirement of vitamin C of at least about 500 mg per day, 
which is significantly higher than the minimum daily requirement 
of this vitamin (about 60 mg). Thus, excess copper can lead to a 
deficiency of vitamin C in the body and the appearance of many 
symptoms of a deficiency of this vitamin. In the case of injuries, 
this is particularly relevant given the significant risk of bleeding.

There is another relationship between copper and zinc: zinc 
deficiency leads to an increased ability of copper to accumulate. 
Therefore, when the soil is low in zinc, there is an increased risk of 
copper toxicity in living organisms.

Z. Emami-Karvani and P. Chehrazi (2011) have shown the 
antibacterial activity of zinc oxide nanoparticles on gram-posi-
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hemoglobin and LPO was determined in vitro. It was found that 
the concentration of ions of each of the metals, which is close to 
its natural content, causes in the blood of the carp compensatory 
changes in the state of antioxidant factors. At higher concentrations 
of metal ions, the individual features of the action of each of them 
are observed. The ability to activate prooxidant processes decreases 
among the metals studied in the copper> zinc> lead> manganese 
series. The action of copper and zinc ions is characterized by a de-
crease in the erythrocyte SOD activity and an increase in the plas-
ma ceruloplasmin content. Changes in the state of heme proteins 
are most pronounced in the action of manganese and lead ions. 
The effect of a mixture of metal ions on the complex of features is 
most similar to the action of lead ions. For copper and zinc, an es-
sential feature of the development of toxic processes is an increase 
in the plasma content of ceruloplasmin, the acute phase protein.

Although the biological importance of copper and zinc ions in 
the body has been extensively studied for many years by scientists 
from different countries, including, in government laboratories, 
the importance of the lack or excess of these metals and their com-
pounds in the body remains largely underestimated. Features of 
pathogenesis of many diseases occurring against the background 
of the imbalance of copper and zinc in the body have also been 
unexplored. Traumatic disease was no exception, as this was not 
considered in experimental and clinical medicine.

Conclusion
From the analysis of the available scientific literature, no mes-

sages were found about the features of the course of traumatic dis-
ease in conditions of excessive intake of copper and zinc ions in 
the body. We can only assume that a violation of the functional 
ability of the liver, lungs, brain and other organs that occurs against 
the background of heavy metal ion damage creates an unfavorable 
background for the occurrence of a serious injury.

Kawahara M., Sadakane Y. (2013) investigated possible ways 
to protect against the toxic effects of metals, which proved that 
D-histidine and L-histidine protect neurons from the toxic effects 
of zinc [53]. Protein plays a major role in the disposal of heavy 
metals, since the structure of proteins is characterized by the pres-
ence of several centers of communication. This makes it possible to 
neutralize a large number of metals entering the body.

Some organisms are able to accumulate metals on the cell sur-
face, as demonstrated in the paper on the accumulation of met-
als in a Pseudomonas aeruginosa, which occurs in the form of 
nanoparticles. Song W., Zhang J. and other scientists (2010) have 
also demonstrated the role of dissolved zinc ions and reactive oxy-
gen species in the cytotoxicity of ZnO nanoparticles [54]. The in-
tracellular distribution of zinc and the significance of the features 
of this distribution for the manifestations of toxicity of this metal 
were studied in more detail [55].

Attention is paid to the study of the cytotoxicity of individual 
chemicals using human cells. Such studies can predict which target 
organs are typical for which substances. To determine the possibil-
ity of predicting liver and kidney damage, target organs, which are 
most often affected by certain manifestations of toxicity, evaluated 
the viability of liver cells and kidneys in vitro. The toxic effects of 
zinc compounds on neuronal cells have been investigated [56].

A deeper study of the pathogenesis of copper and zinc toxic-
ity has been largely contributed by domestic scientists. Thus, in the 
works of Stolyar O.B. and other scientists the results of the study 
of the effect of heavy metal ions on the state of antioxidant sys-
tems of erythrocytes and blood plasma of carp and hepatopan-
creas of narrow cancers depending on the concentration of ions 
in water are presented. The effectiveness of antioxidant protection 
scientists evaluated the activity of erythrocyte and plasma super-
oxide dismutase, blood and plasma catalase, content of ceruloplas-
min and reduced glutathione, hemoglobin derivatives, formation 
of lipid peroxidation products. The direct effect of metal ions on 
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