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Abstract

Introduction: Asthma is a chronic inflammatory disease of the airways characterized by recurrent respiratory symptoms of dyspnea,
wheezing, chest tightness, and cough.

Aim: This study aims to investigate the concentrations of Cu, Zn, Mg, Mn, Fe, Cr, Ni, and Al in the serum of asthmatic patients.

Materials and methods: An atomic absorption technique was used to determine the levels of trace elements. The study included
sixty asthmatic patients and ninety healthy individuals as control group their ages ranging from 20 to 45 years.

Results: We found a significant increase of the levels of copper, iron, and aluminum by 20%, 54%, and 47% (p<0.01), respectively, in
the asthmatic patients as compared with the controls. On the other hand, in comparison with the controls, the levels of zinc, magnesium,
manganese, and nickel were found to be significantly decreased (p<0.01) by 24%, 16%, 53%, and 81%, respectively, in the asthmatic
patient group. Moreover, chromium level showed non-significant differences (p>0.05) between patients and control group.

Conclusions: The increased level of Cu and Fe may reflect their potential role in the pathogenesis of asthma. Furthermore, the serum
iron levels tend to be increased as a result of the inflammatory process that occurs in asthma. Low levels of Zn, Mg, and Mn may con-
tribute to allergic diseases due to their role in the synthesis of certain antioxidants or to their effect on the immune system.
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INTRODUCTION

Environmental factors mean any nongenetic cause, not just
pollution. Common environmental factors that contribute

Asthma is a chronic disease that affects human airways.
This disease can be characterized by frequent respiratory
symptoms such as dyspnea, wheezing, chest tightness, and
coughing. Asthma has been found to be associated with a
variable limitation of airflow.? Although the initial symp-
toms of asthma sometimes begin later in life, it usually
begins in childhood.® Asthma is a disease that is caused
by a combination of genetic and environmental factors.

to asthma include exposure to air pollution and allergens,
and other potential factors may include medications such
as aspirin and beta blockers.*

Asthma is one of the most common chronic diseases that
cause morbidity and, in some cases, death. In fact, asthma
is now causing a significant burden on health services and
economies around the world.> Although it is known that
developed countries have the highest prevalence of asthma,
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the rate is also increasing in other countries which may be
due to the adoption of western lifestyles.® The World Health
Organization (WHO) has estimated that 15 million of dis-
ability-adjusted life years (DALYs) are lost each year due
to asthma accounting for about 1% of the global disease
burden.”

Trace elements and minerals are chemical elements
present in living tissues in small amounts. Some trace ele-
ments are nutrient minerals essential for the proper growth
and physiology of the human body.? It has been revealed
that trace elements have several important roles in hu-
man body, some of which are essential for enzyme reac-
tions as they attract and facilitate the conversion of sub-
strate molecules into specific end products. Some mineral
ions, such as Fe and Cu, participate in oxidation-reduction
reactions to generate energy at metabolism.® Some of them
have structural roles and are responsible for stabilizing
important biological molecules. Trace elements mainly
act as catalysts in enzyme systems. Moreover, these ele-
ments have a fundamental role in various physiological
processes, and are important for the proper functioning
of the immune system.”!® Deficiency of trace elements
and infectious diseases are frequently concurrently per-
ceived and result in complex interactions. Some elements
make up an important part of the structure of antioxi-
dant enzymes, such as superoxide dismutase (SOD). Cu/
Zn superoxide dismutase system contains Cu and Zn in its
structure. Manganese-SOD contains Mn, and iron-SOD
contains Fe in their structures. These minerals are essen-
tial to SOD activity in reducing the harmful effects of ROS.
The reduction in these trace elements results in lowering
the effects of antioxidant systems and thus to hyperactivity
and inflammation in the respiratory tract.!'!* It has been
found that some trace elements such as Cu, Zn, and Mn,
may play important roles in the genesis of asthma because
they participate in oxidative stress reactions as cofactors of
antioxidant enzymes.'* Excessive production of ROS has
been shown to lead to oxidative stress and play a major role
in initiating and amplifying asthma. The overproduction of
ROS leads to a change in key enzymatic antioxidants such
as superoxide dismutase, and glutathione peroxides result-
ing in an oxidant-antioxidant imbalance in asthma.” It has
been found that increased oxidative stress in asthma can
lead to increased superoxide dismutase inhibition, which
may amplify inflammation and block progressive airflow.!®

Asthma prevalence is found negatively related to man-
ganese and zinc levels.!” It has been reported that the pres-
ence of copper, zinc, and manganese in medicinal plants
plays a vital role in managing and controlling asthma.'®
In fact, zinc supplements can be used as a treatment for
asthma because they may provide better control of asthma
attacks, plus, adjusting the antioxidants in the plasma may
have a beneficial effect on the development of asthma.!®

Recently, atomic absorption spectrometry has become
one of the most common techniques for biochemical
analysis of trace elements. It is used mainly to measure the
concentrations of trace elements in the samples of cancer

patients®®, toxoplasmosis patients?!, schizophrenia pa-
tients?> and major depressive disorder patients.?> Moreo-
ver, some studies examined the relationship between trace
elements levels and the most common trace element-
associated diseases like anemia®* and hypothyroidism.?®
Despite considerable efforts that have been made by a lot of
researchers, there are still delays in the diagnosis and treat-
ment of asthma.

AIM

Therefore, this research has been focused on studying
whether monitoring of concentrations of trace elements is
helpful in predicting the probability exposure to asthma. In
this study, a quantitative analysis of the elements (Cu, Zn,
Mg, Mn, Fe, Cr, Ni, and Al) was performed in the sera of
patients with asthma and define the relationship with their
levels measured in the serum of healthy volunteers, thus to
investigate their potential clinical importance as biomar-
kers of the disease.

MATERIALS AND METHODS

Subjects and specimen collection

The study included 60 asthmatic patients aged 20 to 45
years (43 females and 17 males). Patients were registered
at Consultation Center for Allergy and Asthma in Rusafa,
Baghdad from October 2019 to January 2020. In addition,
the study included 90 healthy individuals as controls their
ages ranging from 20 to 45 years (60 females and 30 males).

The blood samples were taken from all study subjects
(patients and control) using plastic disposable syringes.
Blood samples were placed in a gel tube and left for 30 min-
utes at room temperature. After coagulation, the sera were
separated by centrifuging at 2000 g for 10 minutes. The sera
were stored frozen at about —20°C until analysis.

Methods

An atomic absorption spectroscopy technique was used
to determine the levels of trace elements. It is a sensitive,
accurate technology that can be used to detect only one ele-
ment at a time. Elemental determination is fast and accura-
te once the sample is in the proper shape. It is now clear that
in addition to offering good specificity and sensitivity, AAS
instruments are readily available and easily usable. In this
study, measurements of Cu, Zn, Mg, and Fe were conduc-
ted using Flame Atomic Absorption Spectrophotometer
(FAAS), Model AA646 (Shimadzu Corporation, Kyoto, Ja-
pan). The measurements of Cr, Ni, Mn, and Al were perfor-
med using Flameless Atomic Absorption Spectrophotome-
ter (GFAAS), Model 210VGP (Buck Scientific, USA). The
settings of AAS were performed and single element hollow

798

Folia Medica | 20211 Vol. 63 1 No. 5



cathode lamps were used as line radiation sources which
were operated at currents or energies recommended by the
manufacturer. The optimum working conditions regarding
the wavelength and slit width of the instrument for each
element are listed in Table 1. Serum samples were diluted
with 10-fold deionized distilled water for Cu, Zn, and Fe
measurements. The samples were diluted 50-fold by lant-
hanum chloride heptahydrate for Mg measurement and
the serum samples of Ni, Mn, Cr, and Al were measured
directly by injection into the graphite tube of the GFAAS.
The certified reference material, NIST SRM 909 trace ele-
ments in serum (National Institute of Standards and Tech-
nology (NIST), USA), was used to confirm the accuracy of
the measurements.

Table 1. Optimum working conditions of FAAS for the elements
(Cu, Zn, Mg and Fe) and GFAAS for the elements (Cr, Ni, Mn,
and Al)

Flame Wave Slit Detection
Element Mode length width limits
(nm) (nm)  (pg/dl)
Cu Flame 324.7 0.7 0.003
Zn Flame 213.9 0.7 0.007
Mg Flame 285.2 0.7 0.004
Mn Flameless  279.5 0.2 0.002
Fe Flame 248.3 1.0 0.003
Cr Flameless  357.9 0.7 0.001
Ni Flameless 232 0.2 0.001
Al Flameless 309 0.7 0.001

Statistical analysis

SPSS program, version 22.0, was used to analyze all data col-
lected. The mean values, standard deviation (SD) and range
were calculated for each element included in the study. Sta-
tistical analysis was performed using Independent-Samples
Student #-test for assessment of mean differences between
two groups (patients and control groups). In addition, the
correlations between all study trace elements were deter-
mined using a Pearson correlation analysis. Statistical ana-
lysis was considered significant at p <0.05 and highly signi-
ficant at p <0.01 with 95% confidence interval.

RESULTS

The mean values, standard deviation (SD), range, and pro-
bability (p) values of the elements for the asthmatic patients
were calculated using SPSS program. The findings of this
analysis were then compared with those of the control
group and the collective results are presented in Table 2.
From these results, a 20%, 54%, and 47% significant incre-
ase can be observed in copper levels (patients: 143.21+9.85
pg/dl, controls: 119.84+4.97 pg/dl), iron levels (patients:
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156.32+11.95 ng/dl, controls: 101.76+13.37 pg/dl), and
aluminum levels (patients: 0.166+0.002 ng/mL, controls:
0.113£0.005 ng/mL), respectively, of asthmatic patient
group compared to the control group.

The results showed that although the estimated chromi-
um levels of the asthmatic patient group (0.12+0.05 pg/dl)
were 8% lower than those of the control group (0.13+0.07
pg/dl), these differences were not statistically significant.
Moreover, the results confirmed that the concentrations
of zinc (patients: 77.45+5.15 pg/dl, controls: 101.39+6.67
pg/dl), magnesium (patients: 1.12+0.13 mg/dl, controls:
1.33+0.29 mg/dl), manganese (patients: 0.09+0.05 pg/dl,
controls: 0.19+0.07 pg/dl), and nickel (patients: 0.026+0.01
ug/L, controls: 0.14+0.03 pg/L) were found significantly
decreased by 24%, 16%, 53% and 81%, respectively, in the
asthmatic patient group compared to the control group.

In addition, the relationship between all parameters
included in the present work was studied using Pearson’s
correlation analysis. The collective results are presented in
Table 3, where the values are above the diagonal for con-
trols and below diagonal for patients. Pearson’s correlation
analysis revealed a significant positive correlation between
zinc and nickel levels in the control group. In contrast, the
correlation analysis revealed the presence of a significant
positive correlation between the levels of Zn and Mg in
patients with asthma. The analysis also revealed a signifi-
cant negative correlation between the levels of Mn and Ni,
and between the levels of Ni and Al in patients with asth-
ma. In contrast, no significant correlation was observed
between all the rests of parameters.

DISCUSSION

Asthma is a chronic inflammatory disease that causes
bronchial hyper-responsiveness, and since trace elements
play major roles in inflammation, they may have a direct
and/or indirect effect on the pathogenesis of asthma.’
Asthma has been found to be closely related to high levels
of free radicals, especially reactive oxygen species such as
superoxide and hydrogen peroxide. Recent clinical studies
indicate an important link between sporadic excessive oxi-
dative processes and various inflammatory diseases, espe-
cially asthma.’! The pathophysiology of bronchial asthma
and lung inflammation can result from a lack of activati-
on of antioxidants. SOD activity (an enzyme that diffuses
widely in aerobic cells) is significantly lower in asthmatics
than in healthy people, and accordingly it was suggested
that Cu/Zn SOD and Mn SOD activity is associated with
asthma.?* Recently, after establishing the role of ROS in
causing asthma, most studies have focused on antioxidant
defense systems and trace elements. It has been revea-
led that disturbance in the levels of trace elements has an
important role in the pathogenesis of asthma.>?

The current work clearly highlighted the high levels
of Cu in asthma patients. It has been reported previously
that Cu concentration in the serum of asthma patients was
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Table 2. Serum levels of elements (Cu, Zn, Mg, Mn, Fe, Cr, Ni, and Al) in patients with asthma and control group

Reference
El t S 1 M SD R 1
emen ample ean ange p value values*

Control 119.84 497 99-145

Cu, pg/dl 0.002 60-180
Asthma 143.21 9.85 130-173
Control 101.39 6.67 77-122

Zn, pg/dl 0.001 58-122
Asthma 77.45 5.15 50-98
Control 1.33 0.29 1.12- 1.63

Mg, mg/dl 0.009 1.2-22
Asthma 1.12 0.13 0.85-1.52
Control 0.19 0.07 0.13-0.23

Mn, pg/dl 0.004 0.01-0.15
Asthma 0.09 0.05 0.05-0.18
Control 101.76 13.37 76 - 142

Fe, ug/dl 0.000 82-209
Asthma 156.32 11.95 111 - 193
Control 0.13 0.07 0.1- 0.21

Cr, pg/dl 0.32 0.04-0.48
Asthma 0.12 0.05 0.05- 0.21
Control 0.14 0.08 0.09-0.19

Ni, pg/L 0.000 0.13-2.8
Asthma 0.026 0.009 0.011-0.040
Control 0.113 0.005 0.91-0.126

Al, ng/mL 0.006 0.1-6
Asthma 0.166 0.002 0.98-0.215

* The ranges involved data collected from references 262

Table 3. Correlations between all variables studied in the control group above the diagonal and the patient group below the diagonal

(R value)
Parameter Cu Zn Mg Mn Fe Cr Ni Al
Cu —-0.125 —-0.098 -0.175 -0.124 -0.152 -0.078 -0.156
Zn -0.206 0.113 0.059 -0.014 -0.118 0.314* -0.021
Mg -0.110 0.599** 0.079 —-0.148 0.041 -0.018 -0.103
Mn 0.200 0.050 0.035 0.038 -0.028 -0.017 0.247
Fe 0.030 -0.166 -0.085 0.032 0.129 0.052 0.063
Cr 0.035 0.005 0.000 -0.018 0.195 -0.112 0.122
Ni -0.065 0.088 0.062 —-0.288* 0.175 0.105 0.030
Al -0.083 0.023 -0.138 -0.226 0.128 0.208 0.263*

**: correlation is significant at the 0.01 level (2-tailed).

higher than that in the controls!"**** and these findings are
consistent with the findings of the present work. Copper
has an essential role in the activities of many physiologi-
cal enzymes including cytochrome ¢ peroxidase and super-
oxide dismutase, which are important in the antioxidant
defense systems.*® In fact, although Cu is an essential
element for the human body, high Cu concentrations can
lead to cell damage via increasing the formation of toxic
free radicals.’” Copper is a redox-active transition metal
that can participate in single electron reactions and cata-
lyze formation of free radicals, including the undesirable
hydroxyl radicals.?® So, any increase in its levels will lead to
increase formation of toxic free radicals, which in turn lead
to increase the risk of asthma.

The current results of low Zn levels in asthma patients are
consistent with the results of previous studies!>*-4! which
confirmed a lower zinc level in asthma patients compared
to controls. Zn is an essential nutrient that plays a special
role in the conductive airways and partly contributes to the
structure and function of many biological enzymes. Zinc
is known to exhibit strong antioxidant activity in the lungs
and many parts of the body, and it is often used to evalu-
ate inflammatory diseases.*>*® It has been found that zinc
deficiency can affect the regulation of T-cell lymphocytes
leading to increased inflammation and eosinophilia, and
thus may play a role in the development of allergies.***°
Since zinc levels were significantly lower in patients than in
the control group, we concluded that zinc deficiency may
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reduce antioxidant function and tend to play a role in the
onset of asthma. Previously, an association has been re-
ported between an increased risk of developing asthma and
decreased intake of dietary zinc.?®

Cu-Zn SOD is an antioxidant enzyme that contains
Cu and Zn as primary components. The current study
showed that the copper level was higher while zinc levels
were lower in asthma patients than those in the healthy
control group. It has been suggested that there are two
major changes in the lungs associated with a decrease
of the level of zinc: cell membrane damage and changes
in Cu-Zn SOD structure.*® Moreover, a previous study
indicated that elevated serum copper level associated with
low zinc level could lead to decreased Cu-Zn SOD activ-
ity.% Therefore, it is important to note that this work gives
further evidence and strongly supports the fact that there
are significant correlations between copper and zinc status
and pathogenesis of asthma.

Previous studies suggested that perturbation in the cop-
per/zinc ratio (Cu/Zn ratio) can be used as a useful indica-
tor for patient evaluation rather than using copper or zinc
alone.?* In this study, it was found that the Cu/Zn ratio
increased significantly (p<0.01) in the serum of asthma
patients (1.85) compared to the control group (1.18). In-
deed, there is a strong correlation between oxidative stress
and the Cu/Zn ratio.*® Therefore, it can be suggested that a
deficiency in the Cu/Zn ratio here may be of great value in
diagnosing and predicting asthma, and a good indicator for
evaluating patients’ antioxidant defense system.

The current findings for Mg accompany the results of
previous studies which reported that the serum levels of Mg
were significantly lower in asthmatic patients.**-** Magne-
sium deficiency has been shown to play an important role
in the pathogenesis of asthma?®, as Mg is known to act as
an anti-inflammatory in addition to its role of inhibiting
the effect of calcium on smooth muscle contractions.’®>!
A previous study indicated that serum Mg could have an
effect on lung function in chronic obstructive pulmonary
disease patients.”* In fact, magnesium intake (daily recom-
mended intake) has protective effects against loss of lung
function. It has been found that individuals with asthma-
chronic obstructive pulmonary disease overlap (ACO)
have a significantly lower level of Mg than do healthy peo-
ple. Also, it has been found that individuals with severe
ACO have significantly lower Mg levels than those with
mild to moderate ACO.>* Medically, magnesium sulfate is
used as a bronchodilator mainly to treat people suffering
from severe asthma attacks. It relaxes the bronchial muscles
and can relieve asthma symptoms leading to improved lung
function.>*%

Manganese is an essential element in the human body
and has the ability to act as a cofactor with several cellu-
lar enzymes, such as those that have antioxidant activity.
It is an essential component of the antioxidant manganese
superoxide dismutase (Mn-SOD).>® A previous study in-
dicated a lower level of manganese in childhood asthma
patients compared to the control group®, which is con-
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sistent with the results of the current study. A decrease in
the level of manganese will lead to a decrease in the level
of Mn-SOD which can increase the oxidative stress in the
body and thus, the development of allergic diseases. From
the results of the present work, it appears likely that man-
ganese is independently linked to the risk of developing
asthma. The explanation is that asthma may be related to
an overall less healthy diet and/or a less healthy lifestyle.
The elevated serum iron levels of asthma patients re-
corded in this study were also reported by Ismaheal et al.,*
which is explained by the fact that the mediators, includ-
ing nitrous oxide released during chronic inflammation,
showed an increase in heme oxygenase expression in asth-
matic patients. The reaction of heme oxygenase, with its
products bilirubin, carbon monoxide and free iron prod-
ucts, is interpreted as an antioxidant defense mechanism
due to the release of bilirubin. However, free iron, which
is a catalyst during the production of reactive oxygen spe-
cies, is another product of this reaction and thus may have
some inflammatory effects. In line with a recent study con-
ducted by Ali et al.,* the current study confirmed findings
about the critical role of iron in the pathogenesis and sever-
ity of asthma. The study concluded that in asthma patients,
altered levels of iron in the airways are associated with lung
functions and that a high accumulation of iron in the lungs
may lead to asthma.>®
Although the current study showed a slight decrease in
the Cr level of asthmatic patients compared to the control
group, these results give the impression that there is no
relationship between chromium level and asthma disorder.
In fact, no direct causal relationship has been reported be-
tween Cr inhalation and the development of allergic asth-
ma, even for those working in the chromium industries.>’
Nickel is known to be a carcinogen, as exposure to nickel
can have a variety of negative effects on human health such
as modifications to DNA, lipid peroxidation enhancement,
and reactive oxygen production.®® In fact, according to the
available information, little is known about the relationship
between nickel and asthma. Although nickel allergy was
demonstrated and clearly identified in allergic diseases,
it is surprising that the results here, in this work, showed
a low level of nickel among the group of asthma patients.
Therefore, a comprehensive study is needed to address the
relationship between nickel levels in blood and asthma.
Aluminum usually enters the human body through food.
It is distributed to different tissues in different proportions.
Approximately half of the amount of Al is concentrated in
the bones and a quarter in the lungs, and reaches the brain
through the cerebrospinal fluid.%® Although the function of
Al in the human body is still not well understood, it has
been found that asthma is associated with inhalation of alu-
minum sulfate, aluminum fluoride, potassium aluminum
tetrafluoride and exposure to a complex environment in
potrooms during the production of aluminum electrolytic
in aluminum industries.®! For the current work, it is im-
portant to point out that high levels of aluminum may be
associated with an increased risk of developing asthma.
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CONCLUSIONS

The present work indicated that the elements Cu, Fe and
Al are significantly elevated in serum samples of asthmatic
patients in comparison with controls. The increased level of
these elements may reflect their potential role in the patho-
genesis of asthma. Serum iron levels tend to be increased
because of the inflammatory process that occurs in asth-
ma. The mean values of Zn, Mg, and Mn were lower in the
serum samples of asthmatic patients compared with those
of healthy control subjects. The reduction in these elements
may contribute in the manifestation of the allergic diseases
due to their roles in the synthesis of some antioxidants or
due to their impact on the immune system. Therefore, it
is suggested that a diet rich in magnesium and zinc may
be helpful in preventing or treating asthma. Although the
elements involved in the present work may have a vital role
in the complex disorders that lead to asthma, the exact
mechanism responsible for changes in the levels of these
parameters in asthma is unclear and requires additional
evaluation. Therefore, further studies are warranted to
address this issue.
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Pe3tome

BBe,quVIe: Actma - XpOHNMYECKOE BOCIA/IUTENbHOE 3aboneBaHme JABbIXATC/IbHbIX HyTef/l, XapaKTepusywlineecsa MMOBTOPAIMMUCA
pecnmpaTopHbIMU NPUCTYIIAMN OIBIIIKN, XPUIIOB, CTECHEHMA B TPYAN U KAIIJIA.

Llenb: Sro nccnenosanue HalpaB/IeHO Ha u3y4deHue KouueHtpanuit Cu, Zn, Mg, Mn, Fe, Cr, Ni u Al B cbIBOpoTKe KpOBM MaLlMEHTOB
C aCTMOIA.

Matepuanbl u meToabl: st onpefeneHNs COfep>KaHms MUKPO3IEMEHTOB MCIIONIb30BA/ICS METO aTOMHOI abcopbumn. B uccneno-
BaHIe ObUIN BK/TIOUEHBI IIECThECST MTALMEHTOB C ACTMOII U [IeBSHOCTO 3JJ0POBBIX JIIOfEll B KauecTBe KOHTPO/IbHO TPYIIIIbI B BO3pacTe
ot 20 go 45 ner.

Pe3ynbratbl: Mbl 06Hapy X1/ 3HAYNTENbHYIO PA3HUITY B YPOBHAX M/, XKeye3a 1 amoMyHusA ¢ 20%, 54% u 47% (p<0.01), cooTser-
CTBEHHO, y MALEHTOB C ACTMOJI II0 CPaBHEHMIO CO 3[J0POBLIMM JIIObMY 13 KOHTPO/IbHOIA rpytinbl. C Ipyroit CTOPOHDI, IO CPABHEHMIO
C KOHTPOJIeM, YPOBHU LIVIHKA, MarHus, MapraHija 1 HuKenA ObUIM 3HAUNTETbHO CHVDKEHBI Ha 24%, 16%, 53% 1 81% COOTBETCTBEHHO B
IpyIIe HanueHToB ¢ acTMoii (p<0.01). Kpome Toro, He 6b110 06HApy>KEHO 3HAYNTEIbHBIX PA3/INUMil MEX Y AlMieHTaMI Y KOHTPOJIb-
HOJI TPYIIIIOI 1T0 YpOBHAM Xpoma (p>0.05).

3akntoueHue: Iosbimennsie yposuy Cu u Fe MOryT BRIABUTD UX IIOTEHIIMAILHYIO POIb B IIaTOreHese acTMbl. Kpome Toro, ypoBeHb
KeJe3a B CHIBOPOTKe IMOBBIIIEH B Pe3y/bTaTe BOCIATUTETBHOTO MPOIIeCcca, BbI3BAHHOTO acTMoit. Huskue yposru Zn, Mg u Mn moryT
CIIOCOOCTBOBATH PA3BUTHIO A//IEPIMYECKIX 3a00/IeBaHMIT M3-3a MX PONM B CUHTE3e ONPe/eEHHBIX aHTYOKCUIAHTOB WM UX BIVAHNA
Ha UMMYHHYIO CHCTEMY.

KnwoueBble cnoBa

actMa, Cu, Fe, Ni, MuxpoanemMeHTbI
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