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OCOBEHHOCTU B3BAMMOAENCTBUA MEAU U KOBAJIBTA,
YYACTBYIOLLNX B KPOBETBOPEHUU, N BIIUAHUE

X 4EPULNTA HA PASBBUTUE AHEMUUN
Ruemyparona I'.K.

Hucmumym ummyHonoeuu u eeHomuku 4enoeeka Axademuu Hayk Pecnyoauxu Y36exucman, e. Tawkenm, Pecnyoauka
Yabexucman

Pe3iome. OnHOIT 13 OCHOBHBIX 3a71a4 KPOBETBOPEHMSI SIBJISIETCSI TTOIEP>KaHKE TTOCTOSTHHOTO KOJTMYECTBEH-
HOTO M KaUYeCTBEHHOTO COCTaBa OTIEJbHBIX KOMIIOHEHTOB 1 3BEHbEB CUCTEMBI KPOBU, YTO COOTBETCTBEHHO
00JIE3HM KPOBM MOKXHO paccMaTprBaTh KaK HapyllleHrWe 3aKOHa KJIETOYHOTO paBHOBecus. Pusznonornye-
CKMe MeXaHU3MbI aJaliTUBHOM TTepeCcTPONKM JETCKOTO OpraHn3Ma B 9KOJOTMYECKHM HEOJIaronmpUsITHBIX yC-
JIOBUSIX 3aKOHOMEPHO TMPUBOISAT K CIBUTAM 3JIEMEHTHOTO roMeocTasa. JleduimT omHOro MUKpO3IeMeHTa
MOXET MPUBECTH K AUCOATAHCY NPYTUX MUKPO3JIEMEHTOB.

Llenbio HACTOSIIETO UCCIENOBAHUS SIBJISIETCSI M3YUEHUE POJIU U B3aUMOACHCTBUSI MeIU, KOOaIbTa U Xe-
Jie3a, y9acTBYIOIINX B KDOBETBOPEHU M, a TAKKE PACIIPOCTPAHEHHOCTh aHEMUM CPENIU JIETeH, TIPOKUBAIOIIINX
B pernoHe [Ipuapanbs.

Bcero 6bu10 06cnenoBano 1120 gereit 1 moagpocTKoB. bbUT TpoBeeH KIMHUYECKUI OCMOTP BCEX NIETEN,
¢ orpenesieHrueM (PU3NIECKOTO Pa3BUTHSI: BHITIOJTHEHBI aHTPOTIOMETPUIECKHIE U3MEPEHUST U OOIIETTPUHSITHIE
JabopaTopHble aHaIU3bI. 1151 oTipeie/ieHrsI MUKPOJIEMEHTHOTO cTaTyca MCCIeIOBaHbl BOJIOCHI MpaKTUYe-
CKU 3[IOPOBBIX JIETEIA.

ITo pesynbTaTaM MPOBEACHHBIX UCCIEIOBAHUI BBISIBJICHO, YTO Y 78% neTeil HaGIoaaeTCsT CHUKEHUE Te-
mornoburHa. [Toka3zaTenu aHeMuu y MOAPOCTKOB ObLT JOCTOBEPHO BhIIIE (B 2,5 pas3a), 4eM y AeTeil MTaaiunx
Bo3pacTHbIX rpyni (p < 0,0001).

CpaBHUTEIBbHBIN aHAJIN3 YPOBHS 3PUTPOIIMTOB Y TeMOTIOOMHA TT0 OCHOBHBIM ITOKa3aTeIsiM (DU3UIeCKO-
ro pa3BUTHS TTOKa3ayia, YTO BHICOKUI POCT TTOJIOKUTEILHO KOPPEIUPYET C YPOBHEM 3PUTPOLIMTOB U T€MO-
roouHa.

B pesynbrate aHaanM3a MUKPO3JEMEHTHOTO COCTaBa BOJIOC y neTeil B pernoHe Ilpuapaiibsi, BbISIBICHBI
HamnboJiee 4acTo BCTpedaeMble TUTTOMUKPO3JIeMeHTO3bl. O0111ast 4acTOTa MUKPORJIEMEHTO30B, 00yCIIOBIEHA
B OCHOBHOM JeduniutoM meau B 98,4% ciydaes (63), nepuuntom Kodansra B 92,1% (59), neduLintoM LHMHKA
B 57,8% (37). TakKe poOBeNEHO UCCIEAOBAHNUE HE TOJIBKO COAEPKAHMS DJIEMEHTOB, HO I UX COOTHOILIEHUSI.
Bruisgsiero noseimenHoe cooTHomrenne Fe/Cu u Fe/Cu Bo Bcex Bo3pacTHBIX rpyniax. JucbamaHc MUKPO-
2JIEMEHTOB, a TaKXKe NeUIINT MeIr, KOOaJIbTa, IIMHKA CIIOCOOCTBYIOT Pa3BUTHUIO aHEMUHU Y JETEN.

ITonyyeHHBIE pe3yJIbTaThl ITOKA3aJIM, YTO aHEMUSI, BBISIBIIsIeMasl y JeTell, TPOKUBaOIINX B pernoHe [1pu-
apaJibsi, 00yCJIOBJIeHa He TOJIbKO CHIDKEHUMEM XeJjle3a, HO TakKe CHUXKEHUEM Mellu, KoOasibTra, IIMHKA, Map-
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raHua. AHajau3 BOJIOC Ha MUKPOIJIEMCHTBbI UMECT CBOC 3HAYCHUC B zmcb(bepeHuI/Iaanoﬁ JUAarHoCTUKEC "
JeyeHuu aeteit. Kaxaplii u3 N3YYCHHBIX MUKPOSJICMCHTOB, OKAa3bIBACT HCITOCPCACTBCHHOC BJIMAHHNEC HAa CO-
CTOAHUC pC6CHKa 1 BOGHUKHOBCHHNEC PA3JIMYHbIX 33.60HCB8.HI/H71, B TOM YMCJIe aHEMUM.

Knroueswie crosa: 3abonresanue cucmemol Kpoeu, aHemus, meﬂe3oded)uuumﬁa;1 aHemus, 6emu, MUKPO3/1eMEeHmbl, OCHOBHble
MUKPOHYMPUCHIMbL 2MON033a4

INTERPLAY BETWEEN COPPER AND COBALT IN
HEMATOPOIESIS AND THE IMPACT OF THEIR DEFICIENCY ON
ANEMIA DEVELOPMENT

Jiemuratova G.K.

Institute of Immunology and Human Genomics, Academy of Sciences of the Republic of Uzbekistan, Tashkent, Republic
of Uzbekistan

Abstract. Hematopoiesis is a complex process that requires a specific set of blood components to
function properly. Blood diseases can result from imbalances or deficiencies in these components. The body
has physiological sensors that respond to environmental changes by maintaining elemental homeostasis.
A deficiency in one micronutrient can lead to imbalances in others. The purpose of this study was to investigate
the role and interaction of copper, cobalt, and iron in hematopoiesis and to determine the prevalence of anemia
in children living in the Aral Sea region.

A total of 1120 children and adolescents were examined, and their physical development was measured
using anthropometric measurements and laboratory tests. Hair samples were analyzed to determine the
children’s micronutrient status. The results revealed that 78% of the children had a decrease in hemoglobin,
and anemia was more prevalent in adolescents. A correlation was found between high growth and increased
levels of erythrocytes and hemoglobin. The study also identified the most common hypomicroelementoses
in the Aral Sea region, including copper deficiency in 98.4% of cases, cobalt deficiency in 92.1%, and zinc
deficiency in 57.8%.

The study also analyzed the ratio of trace elements, revealing an increased Fe/Cu and Fe/Cu ratio in all
age groups. Imbalances and deficiencies in copper, cobalt, zinc, and manganese were found to contribute to
the development of anemia in children. Hair analysis for trace elements was shown to be significant in the
differential diagnosis and treatment of children with anemia.

In conclusion, the study highlights the importance of maintaining a proper balance of trace elements in
hematopoiesis. Deficiencies in copper, cobalt, zinc, and manganese can contribute to anemia in children, and
hair analysis can be used to diagnose and treat the condition. Further research is needed to better understand
the role of trace elements in hematopoiesis and their impact on human health.

Keywords: blood system disease, anemia, iron deficiency anemia, children, trace elements, micronutrients of hematopoiesis

Introduction deficiency anemia (IDA) accounting for about 90% of
all cases [5, 12]. In Karakalpakstan, the prevalence of
anemia exceeds 40%, a level that has been identified
as a grave health concern for the entire population,

One of the pivotal goals of hematopoiesis is to
maintain the constant quantitative and qualitative
composition of individual blood components and . .
subsystems, which is predicated on the principle of partlcularl.y children _Of_ all ages and women of
Kinetic regulation, whereby an equal number of cells feproductive age. This issue demands not only a

are produced and undergo cell death per unit time. As medical approach, but also a social one that involves
such, hematologic disorders can be conceptualized as ~ State-level interventions. Living conditions and health

aberrations of cellular homeostasis [6]. outcomes in the Aral Sea region are inextricably

Hematologic diseases are among the most linked to the quantity and quality of available water
prevalent maladies worldwide. Approximately one resources. Research hasrevealed a correlation between
quarter of the global population, including young the hardness (r = 0.40) and mineralization (r = 0.53)
children and women, suffer from anemia, with iron- of drinking water and disease incidence in children. In
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this context, the physiological mechanisms that drive
adaptive responses in children residing in ecologically
adverse conditions inevitably lead to perturbations in
elemental homeostasis [8, 9].

According to the available literature, nutritional
imbalances among the population of the Aral
Sea region may lead to the depletion of essential
micronutrient reserves. In addition, the deficiency of
one micronutrient may result in imbalances of other
micronutrients. Furthermore, the inadequate supply
of vital micronutrients can be attributed not only
to their insufficient presence in food but also to the
antagonistic effects of more toxic micronutrients [7,
8, 9].

Currently, anemia is viewed not only as a
symptom of disease but also as a pathogenetic factor
that exacerbates systemic damage in the organism.
Nonetheless, many etiological and pathogenetic
aspects of deficiency anemia remain unresolved to
date.

The objective of the current study is to investigate
the role and interaction of copper, cobalt, and iron
in hematopoiesis, as well as the prevalence of anemia
among children residing in the Aral Sea region.

Materials and methods

The study enrolled children and adolescents (from
birth to 18 years ofage) who underwent regular medical
check-ups at their schools and resided in the Aral
Sea region. A total of 1120 children were examined,
all of whom were native inhabitants residing in the
epicenter of the environmental crisis — the Republic
of Karakalpakstan — and whose parents provided
written consent for their participation in the study.

All children underwent a clinical examination, with
assessments of their physical development including
anthropometric measurements (height, weight, head
and chest circumference) and standard laboratory
analyses. The criteria for anemia were based on the
reference values of hemoglobin levels proposed by the
World Health Organization.

Hair samples were used for the assessment of the
children’s microelement status through neutron
activation analysis. Hair is a convenient and non-
invasive biological substrate for medical and biological
rescarch and offers several advantages compared
to other biosubstrates. Hair analysis enables the
evaluation of a child’s microelement status, the
determination of the state of individual organs
and systems of the body based on this assessment,
the degree of exposure to environmental factors,
nutrition, and the development of methods to correct
any identified deficiencies [1, 3, 10].

Hair samples from practically healthy children
were examined to determine their micronutrient
status. Of the total number of children examined,
64 aged between 1 and 18 years were selected for the

study. All children were divided into four age groups:
Group I comprised children from birth to 4 years,
Group II comprised children from 4 to 8 years, Group
IIT comprised children from 8 to 15 years, and Group
IV comprised children from 15 to 18 years.

As a result of the multi-element determination of
the composition of children’s hair residing in the Aral
Sea region, more than 20 elements were identified.
This study focuses on the results of the analysis of hair
samples for essential micronutrients, namely iron,
cobalt, copper, and zinc.

The obtained data on the content of micronutrients
in hair samples were compared with reference values
for practically healthy children aged 1 to 18 years [1,
9]. Statistical processing of the obtained data was
performed using Microsoft Excel 2007 and Statistica
6.0 software packages.

Results and discussion

According to the results of the conducted research,
a decrease in hemoglobin was observed in 78% of the
children, with an average of 97.8+£1.6 g/L. Based on
the obtained data, anemia of varying severity was
detected in all age groups of children. Anemia was
detected in 33.4% of children in group 1, 42.7% in
group 2, 62.4% in group 3, and 72.2% in group 4.

The prevalence of anemia among adolescents was
significantly higher (2.5 times) than in younger age
groups of children (p < 0.0001).

According to the results of our study, the mean
value of erythrocyte count in peripheral blood was
3.840.4 x 1012 cells/L. This laboratory parameter
was significantly higher in children of the 1-2 age
groups compared to those of the 3-4 age groups.
Additionally, male children demonstrated higher
levels of erythrocytes and hemoglobin compared to
female children.

Further stratification of erythrocyte and hemo-
globin levels by major indicators of physical
development revealed a positive correlation between
high height and erythrocyte/hemoglobin levels.
Additionally, an increase in body mass and mass-height
index values also showed a positive correlation with
erythrocyte and hemoglobin parameters (Table 1).

However, this trend was observed only among
14-16-year-old children, especially boys. Both boys
and girls under 14 years of age did not significantly
differ in terms of their height and body weight from
the average values for healthy children.

Comparative evaluation of weight and height
indicators in children with anemia and healthy
children showed that the greatest growth and body
weight lag was observed in 14-year-old children.
The height of healthy boys was 158.7+0.7 ¢cm and
girls 157.9%£0.7 cm, while in children with anemia,
these indicators did not exceed 153.5+0.7 and
151.4%0.3 cm, respectively (p < 0.001). In healthy
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TABLE 1. COMPARATIVE ASSESSMENT OF AGE-RELATED DYNAMICS OF GROWTH AND BODY WEIGHT IN HEALTHY
CHILDREN AND THOSE WITH ANEMIA LIVING IN THE ARAL SEA REGION

Height, cm Weight, kg
Age Sex Children with Healthy Children with Healthy

anemia children P anemia children P
14 M 153.5+0.7 158.7+0.7 < 0.001 40.2+0.7 45.1+0.6 < 0.001
F 151.4+0.4 157.9+0.7 < 0.001 40.1£0.4 47.2+0.7 < 0.001
15 M 162.6+0.2 166.1+0.6 < 0.001 46.5+0.2 50.3+0.6 < 0.001
F 155.4+0.5 158.8+0.6 < 0.001 45.5£0.3 48.3+0.6 < 0.001

16 M 165.9+0.6 169.2+0.6 < 0.001 53.4+0.6 56.2+0.7 <0.01

F 156.7+0.4 159.5+0.5 < 0.001 48.5+0.7 51.1+05 <0.01

Note. The anthropometric measurements of healthy children were used as a control in this study. p, significance of differences
between data for healthy children and children with anemia. M, boys; F, girls.

children of the control group, the body weight in boys
averaged 45.1£0.6 kg, and in girls 47.2+0.7 kg, while
in children with anemia, it was respectively 40.21+0.7
and 40.1£0.4 kg (p < 0.001).

According to the results of recent studies, a cor-
relation has been established between the frequency
of verification of a decrease in the level of hemoglobin
and erythrocytes and the environmental conditions of
the region of residence. This may be explained by the
peculiarities of the region’s environment, diet, dietary
traditions of the population, regional features of iron
content in food products, and the absorption of this
element in the body of adolescents.

The analysis of hair microelement composition in
children living in the region of the Aral Sea revealed
the most common hypomicroelementoses. The
overall frequency of microelementoses was mainly
due to a deficit of copper in 98.4% of cases (63),
cobalt deficit in 92.1% (59), and zinc deficit in 57.8%
(37). Only 29.6% of the examined children had iron
deficiency (19), while the rest had iron levels within
the reference values (20-30 pg/g). Table 2 shows the
element content values for different age groups of
children. As seen in the table, the most commonly
encountered hypomicroelementoses are deficits of
essential elements: Cu, Zn, Co, and Fe.

According to some authors [2, 5, 11], not only the
content of elements but also their ratio should be taken

into account. The results of the study showed that the
ratios of elements have their peculiarities. The Fe/Cu
coefficient was calculated for the examined children.
An increased Fe/Cu ratio of more than 3 times was
found in all age groups (Table 3).

It is widely known that many physiological and
metabolic processes occurring in both children and
adults are associated with free radical oxidation of
lipids, proteins, and carbohydrates, in which iron plays
an important role. According to N. A. Gres, a Fe/Cu
ratio exceeding the optimal value of 0.9 indicates an
increase in the amount of free radicals [11].

Moreover, the analysis of the Fe/Co coefficient
also revealed a 2-4-fold increase in this ratio in each
age group. Low values of this coefficient (< 440)
indicate a predisposition of the body to thyroid
dysfunction. N.A. Gres’s data suggests that a decrease
in iron content leads to the predominance of cobalt’s
influence on the metabolism of thyroid hormones,
which can lead to disruptions in iodine exchange and
the development of diffuse goiter.

Let us delve into the role of each element and its
interaction with iron.

One of the essential elements for human health is
copper. It is a constituent of vital enzymes involved in
crucial respiratory and erythropoietic processes [13].
Copper serves as the primary activator of hemoglobin
and participates in iron metabolism, promotes cel-

TABLE 2. CONTENT OF ELEMENTS IN THE HAIR OF CHILDREN LIVING IN THE ARAL SEA REGION IN ACCORDANCE WITH

AGE GROUPS (mcg/g)
Examined children Norm range
Element I
gr.1-3y.o0. Il gr.4-8y. o. i gr.9-14y. o. IV gr. 15-18 y. o. .

n=16 n=14 n=16 n=18 Min Max

Fe 29.04£5.6 20.0£1.9 21.0£1.5 16.0+£3.5 15 30
Co 0.0200+£0.0027 0.0130+£0.0034 0.0220+0.0044 0.0170+£0.0034 0.02 0.11
Cu 6.90+0.97 6.60+£0.89 7.5£1.0 7.241.0 10 15
Zn 83+14 120£73 120.048.1 170+18 150 250
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TABLE 3. RATIO OF ESSENTIAL ELEMENTS IN CHILDREN OF DIFFERENT AGE GROUPS IN THE ARAL SEA REGION

(mcglg)
- . Igr.1-3y.o. llgr.4-8y.o. i gr.9-14y. o. IV gr.15-18 y. o.
Proportion Optimal n=16 n=14 n=16 n=18
Fe/Cu 0.9 3.50+0.65 3.40+0.88 3.90+0.61 3.00£0.63
Fe/lCo 400 12861133 1470+£120 1620+195 1060+205

lular membrane stability, and facilitates iron transport
from tissues to the bone marrow. Copper deficiency
can impair erythro- and granulopoiesis, leading
to the development of hypochromic anemia and
neutropenia. Additionally, copper plays a crucial
role in the functioning of the antioxidant system,
being a component of superoxide dismutase. By
activating cytochrome oxidase, it participates in the
maturation and stimulation of reticulocytes and other
hematopoietic cells [4].

The inadequate supply of copper results in poor
iron absorption, leading to a reduced iron reserve
in the depots and a decline in serum iron levels [11,
13]. Copper deficiency hampers the absorption and
utilization of iron, thereby reducing the lifespan of
erythrocytes. Previous studies have demonstrated
the effectiveness of copper in treating anemia and
investigated the potential mechanisms of copper’s
action on iron metabolism and its absorption in
the intestine. These investigations continue today,
utilizing modern molecular biology and genetics to
further develop our understanding of these questions.
In summary, there are copper-dependent factors in the
hematopoietic system that promote iron absorption
and erythropoiesis.

It is known that cobalt participates in many
processes in the body, contributing to the production
of erythrocytes in the bone marrow and better
absorption of iron. The mass fraction of cobalt is 4.5%
in vitamin B12. By activating hematopoiesis, cobalt
regulates the synthesis of heme from protoporphyrin
and iron, stimulates the production of erythropoietin,
activates bone marrow functions, and accelerates
the maturation of erythrocytes, preventing the
development of anemia. In the liver of animals, more
than 40% of cobalt is bound to protein fractions.
Cobalt can form compounds with the amino acids
histidine and cysteine. In case of cobalt deficiency,
animals may develop anemia and hypokobaltosis.

It has been established that zinc deficiency leads
to the development of zinc-deficient anemia (ZDA).
Zinc affects the absorption of metals in the intestine
and competes with copper. Zinc-dependent anemias
can lead to taste distortion and muscle hypotonia. By
influencing the processes of nucleic acid synthesis,
zinc affects hematopoiesis, participates in the
transport of carbon dioxide to the lungs, and is part

of the enzyme carbonic anhydrase, which is present in
erythrocytes [4].

It has been demonstrated that vitamin C facilitates
the reduction of trivalent iron to divalent iron through
copper-dependent ferrireductase enzymes, which
subsequently enter enterocytes via manganese-
dependent proteins and are transported into the
bloodstream through the ferroportin protein. Iron
plays a vital role in immune function, participating
in the synthesis of immunoglobulins, collagen,
and porphyrins, which can affect the quantity and
functional properties of T lymphocytes. In normal
conditions, approximately 30% of transferrin is
saturated with iron. Iron is also involved in the
functioning of non-specific defense factors, cellular
immunity, and local immunity. Normal iron levels
are necessary for proper phagocytosis and high
natural killer activity. Iron deficiency in children can
result in increased susceptibility to respiratory and
gastrointestinal infections [5]. It has been established
that children treated with iron supplements for
anemia experience a reduced incidence of respiratory
and intestinal infections. Iron maintains normal
proliferation and mitotic activity of T lymphocytes
through the “ribonucleotide-reductase” system. Iron-
containing enzymes regulate the expression of major
histocompatibility complex class Il surface antigens
on T lymphocytes. It has also been found that Fe2*
ions, but not Fe3" ions, exhibit cytotoxic effects. In
iron homeostasis, 9 copper-containing enzymes and
22 manganese-dependent proteins are involved [12].

The conducted study, analysis, and discussion of
the obtained results have shown that anemia detected
in children living in the Aral Sea region is caused not
only by a decrease in iron but also by a decrease in
copper, cobalt, zinc, and manganese. Hair analysis
for trace elements has diagnostic and therapeutic
value in children. Each of the studied trace elements
has a direct impact on the child’s health and the
development of various diseases, including anemia.

Conclusion

Thus, the assessment of age-related physical
development characteristics in children living in the
environmentally disadvantaged region of the Aral Sea
showed that it can be one of the sensitive, simplest,
and most reliable criteria characterizing the state of
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organism development. Environmental factors in of the environment and the role of elemental status in
the region likely led to a delay in the pubertal age of the development of the child’s body.

the children. The slowdown in the pace of physical Imbalances in  micronutrients, as well as
. . . deficiencies in copper, cobalt, and zinc, contribute
development in children is due to the general delay T .
in thei wth and the devel t of mi trient to the development of anemia in children. Therefore,
mn élr gr'o an ] ¢ development o 'mlc‘ronu HeNt - investigating the factors that provoke the development
deficiencies resulting from the negative impact of f anemia and studying possible ways to correct it

unfavorable environmental factors in the region. The is a relevant problem for Karakalpakstan and other
obtained data emphasize the importance ofthe impact countries worldwide.
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