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Abstract 
By the method of atomic emission spectrometry with inductively coupled 
plasma, the content of macro and microelements in the blood plasma of 35 
practically healthy people living in the Northern region of Azerbaijan and in 
the Nizhny Novgorod region of the Russian Federation was studied as well as 
of 23 patients with pulmonary tuberculosis with different phases of the dis-
ease. The elemental homeostasis of the blood plasma did not significantly dif-
fer depending on the region of residence, except for the potassium level (by 
1.3 times greater for Russians) and strontium (by 10 times higher among the 
inhabitants of the Northern region of Azerbaijan). In patients with focal pul-
monary tuberculosis, there were no significant differences in the content of 
elements in the blood plasma. With pulmonary tuberculosis, accompanied by 
decomposition processes, the content of calcium, copper, zinc and iron in 
blood plasma significantly increases in comparison with healthy people. 
Analysis of the level of these macro- and microelements can be used to deter-
mine the transition of the early form of pulmonary tuberculosis to infiltrative 
and/or cavernous forms, in which the patient becomes epidemiologically 
dangerous to others. 
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1. Introduction 

Radiation imaging techniques, bacterioscopy, cultural and genetic differential 
methods are used to diagnose pulmonary tuberculosis [1], but often all of the 
above does not allow us to identify this pathology in the early stages. An impor-
tant clinical significance in the treatment of pulmonary tuberculosis is the evalu-
ation of the effectiveness of the therapy. It is important to keep track of the tran-
sition of the early form of pulmonary tuberculosis to infiltrative and/or cavern-
ous forms of pulmonary tuberculosis, in which the patient becomes potentially 
epidemiologically dangerous to others, effectively becoming an active tuberculo-
sis focus. It is known that the level of micro- and macronutrients in blood plas-
ma varies significantly with various diseases [2]. However, the available litera-
ture data on the violation of elemental homeostasis of blood plasma in pulmo-
nary tuberculosis are quite contradictory [3] [4]. In addition, since the average 
values of the content of micro- and macronutrients in practically healthy people 
living in different regions may differ, it is necessary to rely on the values of the 
norm for a particular area of residence. 

In connection with the foregoing, the purpose of this study was a comparative 
analysis of the level of macro and microelements of blood plasma of practically 
healthy people living in Azerbaijan and Russia, and an assessment of the viola-
tions of the mineral homeostasis of blood plasma in various forms of pulmonary 
tuberculosis.  

2. Material and Methods 

Investigation was carried out in April 2016. Blood plasma was studied in 35 
practically healthy people living in the Northern rural region of Azerbaijan (Guba 
district) (15 people aged 33 - 60) and living in the Nizhny Novgorod region of the 
Russian Federation (20 people 29 - 58 years), comparable in gender and age. Blood 
samples were also analyzed for 23 patients who had not previously undergone 
anti-tuberculosis treatment: 16 men (16 - 57 years) and 7 women (34 - 56 years) 
living in Guba district of Azerbaijan. 60% of patients were characterized by a 
far-reaching tuberculosis process in the phase of decay: infiltrative and cavern-
ous forms. 40% of patients had one- or two-sided focal pulmonary tuberculosis. 

Analysis of the level of macro- and microelements was carried out using 
atomic-emission spectrometry with inductively coupled plasma on an iSAP6300Duo 
spectrometer (Thermo Scientific, the USA). Statistical processing of the results 
was carried out using the BIOSTAT software package. When assessing the array 
of data on the biochemical parameters of patients using the Shapiro-Wilk test, 
the normality of the distribution was not confirmed, and that is why the 
non-parametric statistics methods were used to assess the significance of differ-
ences with the control group: Mann-Whitney and Kolmogorov-Smirnov tests. 

3. Results and Discussion 

When comparing the data on the elemental homeostasis of the blood plasma of 
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practically healthy people living in Azerbaijan and the Russian Federation, a sta-
tistically significant difference in the level of potassium (almost by 1.3 times 
greater among Russians) and strontium (by 10 times higher among residents of 
the northern region of Azerbaijan) (Table 1). On the other investigated para-
meters, there were no reliable differences. 

In patients with pulmonary tuberculosis, the levels of calcium, copper, iron 
and zinc in the blood significantly increased (Table 1). 

Different forms of tuberculosis differ in their biochemical and physiological 
characteristics, and that is why a comparative analysis of the level of micro- and 
macronutrients in the blood plasma of patients with initial and infiltrative, ca-
vernous forms was carried out. It was shown that with pulmonary tuberculosis 
accompanied by decomposition processes, the content of calcium, copper, zinc 
and iron in blood plasma significantly increases in comparison with healthy 
people, while in patients with focal pulmonary tuberculosis such a difference was 
not found (Figures 1(a)-(d)). 

There are known humoral compounds promoting the development of hyper-
calcemia: prostaglandins, transforming growth factors, a number of cytokines  

 
Table 1. The content of macro- and microelements in blood plasma (M ± m) of practi-
cally healthy people from Azerbaijan and Russia and patients with pulmonary tuberculo-
sis (Azerbaijan). 

  
Actually healthy  
people, Russia 

Actually healthy  
people, Azerbaijan 

Patients with pulmonary  
tuberculosis, Azerbaijan 

Macroelements 

Na, mkg/ml 3400.50 ± 58.00 2800.00 ± 100.00 2860.00 ± 40.00 

K, mkg/ml 1232.70 ± 42.15 940.34 ± 34.64▲ 572.00 ± 120.80 

Ca, mkg/ml 79.50 ± 2.13 89.67 ± 3.18 93.40 ± 1.86* 

Mg, mkg/ml 16.5 ± 0.98 24.33 ± 1.85 22.80 ± 0.37 

Microelements 

Al, mkg/ml <0.2 <0.2 <0.2 

Ba, mkg/ml <0.04 <0.04 <0.04 

Co, mkg/ml <0.06 <0.06 <0.06 

Cr, mkg/ml <0.04 <0.04 <0.04 

Cu, mkg/ml 0.95 ± 0.09 0.87 ± 0.06 1.23 ± 0.93* 

Fe, mkg/ml 1.21 ± 0.08 1.05 ± 0.05 1.46 ± 0.11* 

Li, mkg/ml <0.04 <0.04 <0.04 

Ni, mkg/ml <0.1 <0.1 <0.1 

Se, mkg/ml <0.7 <0.7 <0.7 

Sr, mkg/ml 0.06 ± 0.006 0.62 ± 0.16▲ 0.88 ± 0.31 

V, mkg/ml <0.1 <0.1 <0.1 

Zn, mkg/ml 0.56 ± 0.01 0.69 ± 0.07 1.60 ± 0.57* 

Mo, mkg/ml <0.07 <0.07 <0.07 

▲: differences with indicators of practically healthy people living in Russia are reliable (p < 0.05); *: differ-
ences with the parameters of the control group (practically healthy people living in Azerbaijan) are reliable 
(p < 0.05). 
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*: differences with the values of the control group are significant (p < 0.05) 

Figure 1. The level of calcium, copper, zinc, iron (M ± m) in the blood plasma of patients 
with various forms of pulmonary tuberculosis. The control group is practically healthy 
people who also live in the northern region of Azerbaijan. 

 
(IL-1, IL-4, IL-6, TNF-alpha and TNF-β), which function due to activation of 
osteoclasts [5]. In the analysis of 23,500 proteins of human proteome, it was 
found that the functions of 2145 proteins depend to some extent on the level of 
calcium in the body (for example, the levels of protein expression change), and 
625 of the 2145 proteins directly bind the Ca2+ ion as a cofactor. In addition, cal-
cium ions take a significant part in the processes of intercellular adhesion and 
formation of the structure of connective tissue, regulation of cellular apoptosis 
and inflammation [6]. Calcium can probably play a regulating role in the de-
struction of lung tissue, as it participates in the activation of Ca2+ dependent 
proteases and phospholipases, as well as its pro-oxidative effect of calcium [7]. 

According to modern ideas [4], an increase in the concentration of copper in 
pulmonary tuberculosis is compensatory, which is associated with its antimi-
crobial effect [8]. Copper is also needed for the synthesis of various connective 
tissue derivatives (since it participates in the copper-dependent enzyme lysylox-
idase, which catalyzes the conversion of collagen amino groups of lysyl residues 
to aldehyde groups that stabilize collagen fibrils), possibly explaining the activa-
tion of sclerotic processes in lung tissue in pulmonary tuberculosis. Copper is a 
part of ceruloplasmin, which is one of the active enzymes of antioxidant protec-
tion, an endogenous modulator of inflammatory processes. In addition, copper 
(as well as Zn2+) is part of the subunits of superoxide dismutase, which inhibits 
free radical processes in cells [7] [9] [10] [11] [12]. 

Iron is important not only for providing the body with oxygen (hemoglobin, 
myoglobin), but also for the functioning of the respiratory chain and the synthe-
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sis of ATP (cytochromes a, b, c), toxic detoxification processes (cytochrome 
P450), but also plays a role in immune reactions. Thus, iron is necessary for the 
activation of neutrophils and the realization of their functions, being a compo-
nent of peroxygen-generating and nitroxide-generating enzymes, as well as an 
integral component of myeloperoxidase [13] [14] [15]. Iron is involved in the 
regulation of cytokine production, the synthesis of protein by lymphocytes [9]. 
All groups of protozoa, fungi, bacteria (other than non-pathogenic lactobacilli 
and Borrelia burgdorferi) need iron for their vital functions [16]. The binding of 
iron by transferrin and ferritin causes a decrease in bacterial growth [17]. An in-
crease in the concentration of iron in the destructive forms of pulmonary tuber-
culosis is probably compensatory in nature, promoting the inactivation of toxic 
peroxide compounds, since iron is a constituent of catalase and peroxidase. 

Zinc is involved in the processes of DNA synthesis and repair, tissue regene-
ration, immunogenesis, endocrine system functioning, etc. It is a competitive 
antagonist of calcium and magnesium, promoting endonuclease activity and 
prevents apoptosis [10]. Zinc is included with the composition of carbonic an-
hydrase, which catalyzes the hydration of carbon dioxide. The enzyme is neces-
sary to maintain acid-alkaline homeostasis, respiration, calcification, bone re-
sorption. Carbonic anhydrase with glycosylphosphatidylinositol is attached to 
the membrane of the pulmonary capillaries. There is evidence of the ability of 
Zn2+ to induce expression in lymphocytes of immunophilin proteins that protect 
cells from toxic effects and serve as immunogens for T-lymphocytes [11]. The 
role of zinc in potentiating cellular and humoral immunity directed against bac-
teria, viruses and tumor cells is shown. Zinc stimulates intrathymic development 
of T-lymphocytes, differentiation of B-lymphocytes into immunoglobulin-secreting 
cells through Zn2+-dependent finger-proteins [12], maturation of CD4 and CD8 
lymphocytes in culture, expression of molecules of the main histocompatibility 
complex on macrophages. It regulates antigenigenesis, increases the activity of 
phagocytosis [18], stimulates the release of interleukin-2 and gamma-interferon. 
An increase in the concentration of zinc in the blood plasma for pulmonary tu-
berculosis can be explained by the inclusion of protective mechanisms that pre-
vent free radical damage to cells, since zinc, as well as copper, is part of 
Zn-Cu-superoxide dismutase. Zinc activates the release of tumor necrosis factor, 
which has a cytotoxic, cytostatic effect and the ability to activate necrosis [19]. 

The results obtained do not contradict the available literature data [4] [20], 
but in existing studies the level of macro- and microelements in the blood is 
compared with that of chronic obstructive pulmonary disease. A comparative 
analysis of elemental homeostasis of blood plasma with open and closed forms 
of pulmonary tuberculosis has not been performed previously. This study just 
started and presented to the Russian Patent Agency. 

4. Conclusion 

The revealed changes in the blood content of such elements as calcium, copper, 
iron, zinc cannot be used as an additional diagnostic sign for early detection of 
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pulmonary tuberculosis, since at the early stage of this disease, no significant 
changes in their level in the blood are observed. The elemental homeostasis of 
the blood plasma did not significantly differ depending on the region of resi-
dence, except for the level of potassium (1.3 times greater for Russians) and 
strontium (10 times higher among the inhabitants of the northern region of 
Azerbaijan). However, the analysis of the level of the above macro- and micro-
elements can be applied to determine the transition of the early form of pulmo-
nary tuberculosis to infiltrative and/or cavernous forms of pulmonary tubercu-
losis, in which the disintegration of lung tissue occurs and the patient becomes 
epidemiologically dangerous to others. 
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