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Abstract---Background: The problem of the effects of ionizing radiation 

on the human body in the conditions of professional activity has 
attracted increased interest in recent years. This article is devoted to 

the study of the results of the influence of negative environmental 

factors on a living organism in real conditions, which is almost always 
combined. Objective: to evaluate the effect of separate and combined 

exposure to low doses of ionizing gamma radiation and oral intake of 

lead (IV) oxide into the body on the activity of oxidative, antioxidant 
mechanisms and cellular immunity in the experiment.Materials and 

methods: Studies were conducted on 120 white mongrel sexually 

mature rats: 4 groups of equal numbers, males weighing 180-270 g. 
The state of lipid peroxidation and antioxidant protection was 

assessed in the tissues of the thymus and spleen. The state of 

antioxidant protection was assessed by the activity of catalase, 
glutathione reductase and glutathione peroxidase in the same tissues. 

Indicators characterizing the cellular link of immunity were 

determined in all experimental animals. Results and discussion: CD4+ 

content indicators were lower than in the control group by 24.7% 
under irradiation, by 18.9% under lead oxide priming and by 31.4% 

when combined (p=0.021, p=0.043 and p=0.015, respectively). A 
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significant decrease in the number of CD8+ was determined in both 

groups of exposure to ionizing radiation, while in the group of 

combined influence of negative factors there were no differences from 
isolated gamma irradiation (differences with control by 24.3% and 

25.7%, p=0.035; p=0.033). The index of inhibition of leukocyte 

migration during irradiation significantly decreased. The index of 
production of reactive oxygen species by phagocytic cells was 

significantly lower in the group of combined exposure. In terms of IL-1 

content, a significant decrease was determined when experimental 
animals were primed with lead oxide and with combined exposure, the 

differences with the control were 19.4% and 26.1% (p=0.040 and 

p=0.019). Conclusions: Analysis of the state of antioxidant 
mechanisms allowed us to conclude that the factors used in the 

experiment had a significantly lower effect on their activity in thymus 

tissues. Thus, we identified only one parameter for which significant 

differences with the control were registered – the activity of GR in the 
group of combined exposure, which was 39.7% lower (p=0.025). 

 

Keywords---lead oxide, gamma radiation, immunity, oxidant, 
antioxidant, cellular and humoral immunity. 

 

 
Introduction  

 

Research rationale, The influence of negative environmental factors on a living 
organism in real conditions is almost always combined. However, some of the 

negative impacts may reach high and extreme values at a particular time, while 

others may be background and have a gradual effect over a long period. In 

addition, a combination of several extreme factors is quite likely, especially in the 
conditions of natural and anthropogenic disasters [1,3]. 

 

Exposure to ionizing radiation, the level of which has increased as a result of the 
activities of human civilization in specific regions — this is the Semipalatinsk test 

site of the Republic of Kazakhstan, Hiroshima and Nagasaki, Japan, where public 

exposure is one of the main problems of human ecology in the nuclear era [2,4,6]. 
In modern conditions, the local production activity of nuclear power plants 

(Focusimo Japan) [36] creates local foci of additional irradiation, and they usually 

correspond to areas of high content of other pollutants in the air, soils and water 
[5]. 

 

One thing should be noted: the direction of the realization of the toxic effects of 

certain chemical compounds and ionizing radiation, realized through the 
activation of free radical oxidation in the cells and tissues of the animal body [7]. 

One of the targets of this effect may be the immune system, in particular, the 

process of formation and vital activity of lymphocytes [8,11].  
 

The high relevance of this problem necessitates further targeted research in this 

direction. In this direction, the state of the cytokine profile under the separate 
and combined action of radiation and lead oxide is of great interest, since they 

have a close connection with all parts of the immune system. 
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Objective: To evaluate the effect of separate and combined exposure to small 
doses of ionizing gamma radiation and oral intake of lead (IV) oxide into the body 

on the activity of oxidative, antioxidant mechanisms and cellular immunity in the 

experiment. 
 

Materials and methods 

 

Type of study – a randomized controlled prospective study was conducted. All 
procedures on animals are coordinated and approved by the Ethics Committee of 

the State Medical University of Semey, Kazakhstan (Protocol No. 11 of 

27.09.2017) in accordance with the directive of the European Parliament and the 
Council for the Protection of Animals. 

 

The studies were carried out on 120 white mongrel sexually mature rats: males 
weighing 180-270 g.  

 

During the study, they were in a specialized room for keeping animals in the 
vivarium of the Semey State Medical University, which complies with 

international rules and “Rules for conducting preclinical studies, biomedical 

experiments and clinical trials in the Republic of Kazakhstan” approved by Order 

No. 442 of the Minister of Health of the Republic of Kazakhstan dated July 25, 
2007.  

 

Study Design 
 

The animals were divided into four groups of equal numbers, formed by random 

sampling: 
 

Group 1 – intact (hereinafter – control – Gc); 

 
Group 2 – priming with lead oxide (IV) (hereinafter referred to as “GРb”); 

 

Group 3 – exposure to external gamma radiation (hereinafter referred to as “Gγ”); 

 
Group 4 – combined exposure to gamma radiation and lead oxide (“Gγ+Рb”). 

 

From the moment of its isolation, the control group was in conditions completely 
similar to the experimental ones, including moving to the radiation site on a 

radiotherapy device and returning to the vivarium. 

 
In the Pb group, lead (IV) oxide was administered orally for 14 days at 15 mg per1 

kg of body weight. 

 
Irradiation of animals was carried out in the radiology department of the Center 

for Nuclear Medicine and Oncology of Semey, East Kazakhstan region. Animals of 

the "γ" group were exposed to Co60 radiation at the “Teragam” radiotherapy unit. 
Topometric-dosimetric preparation consists in preliminary preparation of 

experimental animals for irradiation on the X-ray simulator “Tagasix” in a special 

cage (a constructed chamber made of organic glass with isolated cells for 

individual animals), followed by irradiation of a given dose directly on the gamma 
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therapeutic apparatus “Teragam” manufactured in the Russian Federation (RIP-

94.5, field 40x40 cm, power doses of 30.3 r /min, single irradiation at a dose of 6 

gy: 700 x-rays, t = 1386 sec.). The size of the field (cell size) corresponds to the 
maximum radiation field of the radiation therapy unit "Tagasix", i.e. 40×40cm 

(single irradiation at a dose of 6 Gy: SSD - 97.2 cm, SAD – 100.0 cm, area 40x40 

cm, t = 218 sec.). The geometric characteristics of the radiation fields of the 
simulator “Tagasix” fully correspond characteristics of the gamma-therapeutic 

device for remote radiation therapy “Teragam”. Instead of the Co60 radiation head, 

it is equipped with a head with an X-ray source. The object is placed on an 
isocentric therapeutic table, which by its design and parameters corresponds to 

the therapeutic table of a gamma irradiator [37]. 

 
A slice of the pattern of irradiated animals after being displayed on the display 

screens is directly entered into the planning system via a computer network 

connection using a digitizer. The calculation of the isodosis was made using the 

Plan W 2000 planning system. Thus, we obtain a topometric-dosimetric map with 
technical parameters and planned radiation doses of experimental animals. 

 

Before irradiation of the animals, a topometric-dosimetric calculation was 
performed, the radiation dose 0.2 G: SSD – 97.2 cm, SAD – 100.0 cm, area 40x40 

cm, t = 11 s. Experimental animals were subjected to general gamma irradiation 

at a dose of 0.2 Gr given as a single dose. During irradiation, the animals were 
kept in a specially designed organic glass chamber with isolated cells for each 

animal [38].  

 
In animals of the “γ+Pb” group, irradiation was carried out according to the above 

scheme on the day of completion of the seed with lead oxide. 

 

Assessment of the Research Results 
 

The slaughter of experimental animals and studies were carried out on the 3rd 

day after irradiation. During the experiment, all traumatic manipulations in 
animals were carried out under ether anesthesia. In the tissues of the thymus 

and spleen, the state of lipid peroxidation (LP) and antioxidant defence (AD) was 

evaluated. For this purpose, the concentration of primary (diene conjugates – DC) 
and secondary products (malonic dialdehyde – MDA) of lipid peroxidation was 

determined. The state of antioxidant protection was assessed by the activity of 

catalase (CAT), glutathione reductase (GR) and glutathione peroxidase (GPO) in 
the same tissues. 

 

In all experimental animals, indicators characterizing the cellular link of 

immunity were determined (the number of leukocytes, total lymphocytes, T-
lymphocytes (CD3+), CD4+ cells with predominantly helper, CD8+ cells with 

predominantly killer and suppressor activity, CD4+/CD8+ ratios, phagocytic cells 

and indicators of their functional activity) [10]. The reaction of inhibition of 
leukocyte migration (RTML) was carried out. An analysis of the cytokine content 

in the blood was carried out. 
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Laboratory tests 
 

Immunological studies were carried out in the Center of the Research Laboratory 

of the NJSC “MUS” in the immunological department and the biochemical 
department in the period 2017-2019. Immunological parameters were studied in 

all experimental animals, the level of cytokines, nonspecific phagocytic resistance 

of the organism, the state of LP and AD in the lymphoid organs of immunogenesis 

with separate and combined action of gamma radiation, lead oxide were 
determined. 

 

• The count of the number of leukocytes was carried out according to a unified 
method in the counting chamber. 0.02 ml of blood was injected into 0.4 ml of 

acetic acid. The counting was carried out in Goryaev's chamber in 100 large 

squares. 
 

• The number of B and T lymphocytes and their subpopulations were determined 

by immunofluorescence staining of cells using antibodies conjugated with FITC. 
Reagents: A vial with unconjugated rat monoclonal antibodies also contains BSA 

(bovine serum albumin) at a concentration of 4 mg/ml, 0.02 M sodium 

phosphate, 0.3 M sodium chloride and 0.1% sodium azide. Monoclonal 

antibodies CD3+, CD4+, CD8+, CD19+ FITC manufactured by CALTAG 
Laboratories (USA) [39]. 

 

The course of determination:  
 

1. Lymphocytes were isolated from heparinized blood by centrifugation on a ficoll-

verografin gradient (density 1.077 g/ml). We determine the number of 
lymphocytes, if necessary, dilute the lymphocytic fraction of PBS to a 

concentration of 2x106 lymphocytes per ml. 

 
2. In a polypropylene centrifuge tube 12x75 mm about 5 ml of a well-mixed 

suspension of lymphocytes. The cells are deposited by centrifugation at 200 g 

for 5 minutes. After removal of the supernatant, 50 µl of PBS and 5 µl of 

monoclonal unconjugated antibodies (produced by CALTAG Laboratories) are 
added to the driest possible sediment, stirred and incubated for 20 minutes at 

4C in the dark. After 2-fold washing, PBS containing 0.2% BSA and 0.1% 

sodium azide was centrifuged at 200 g for 5 min. After the last washing, the 
supernatant was removed, leaving the cell sediment dry, 50 µl of diluted PBS 

polyclonal antibodies to F(ab’)2 mouse immunoglobulin Ig(H+L) conjugated with 

FITC (manufactured by CALTAG Laboratories; No. M35001) were added, mixed 
and incubated for 20 min on ice. Bottles with polyclonal antibodies contain 

700 micrograms of reagent in 1 ml of buffer. To stain 1x106 cells, 1 mcg of 

polyclonal antibodies conjugated with FITC should be used. Twice washed PBS 
cells containing 0.2% BSA and 0.1% sodium azide were resuspended in 100 ml 

of a mixture of PBS: glycerin (1:1); 25 µl of cell suspension was placed on a 

cooled slide under a cover glass. 
 

Microscopy was performed using an immersion fluorescence microscope (x90 

lens) with dimming. The number of antigen-positive cells was determined as the 

percentage of fluorescent cells observed in the negative control preparation. As a 
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negative control, preparations prepared in a similar way were used, except that 

instead of monoclonal antibodies, the cells were treated with Hanks solution.  

 
• The concentration of cytokines in the blood serum: tumor necrosis factor-α 

(TNF-α), interleukin-1 (IL-1), interleukin-2 (IL-2), interleukin-6 (IL-6), interleukin-

10 (IL-10), γ-interferon was determined by quantitative enzyme immunoassay 
using the method on the “Uniplan” device (Russia). After receiving the serum, it 

was quickly frozen and stored at -70˚C. Before the study, serum samples were 

thawed and filtered through disposable nitrocellulose filters with 0.4 nm pores.  
 

To study the concentration of cytokines in 50 ml of the sample, a commercial test 

system was used to determine cytokines in experimental animals (rat IFNγ, rat IL-
6, rat IL-2, rat TNFa), manufactured by Bender MedSystems GmbH (Bender 

MedSystems GmbH, Campus Vienna Biocenter 2, Vienna, Austria, Europe) with 

the assistance of closed-action association “BioHimMak” (Moscow, 

www.biochemmack.ru) . 
 

The course of enzyme immunoassay. Solutions, standard calibration and 

control samples (IFN-γ ELISA curve for the rat), the required number of strips for 
work were prepared. 100 ml of serum dilution solution and 100 ml of standard 

and control samples were added to the wells, and 100 ml of the studied samples 

were added to the rest. Incubated for two hours at a temperature of 37 ° C, at 700 
RPM. After the end of incubation, the strips were washed 3 times with a solution. 

At the same time, at least 300 ml of solution was introduced into each well during 

one washing. The solution from the wells was carefully removed by tapping strips 
on filter paper, avoiding damage to the inner surface of the microcells. A 

conjugate solution was prepared 10 minutes before the end of incubation.  

 

100 µl of conjugate was added to each hole of the strips. The strips were placed in 
a shaker, incubated for 60 minutes at a temperature of 37 ° C, at 700 RPM. A 

solution of TMB was prepared 10 minutes before the end of incubation. At the 

end of incubation, the strips were washed three times and moisture was removed. 
100 ml of TMB solution was added to each well. The strips were placed in a place 

protected from light and left at 18-25 ° C for 30 minutes. The reaction was 

stopped by adding 100 µl of stop reagent to each well and the optical density (OP) 
was measured. The results of the analyses were taken into account 

spectrophotometrically at a wavelength of 450 nm. To determine the 

concentration of cytokines in the samples under study, a calibration curve (graph) 
was constructed in the coordinates: abscissa axis – cytokine concentration 

(pg/ml); ordinate axis – the value of the optical density of the sample. A 

calibration curve was drawn from the obtained points. To determine the cytokine 

concentration in the analyzed samples, the value of the OP of the analyzed sample 
was noted on the ordinate axis. A straight line was drawn to the intersection with 

the calibration curve, a perpendicular was lowered from the obtained intersection 

point to the abscissa axis. The intersection point and is the desired value of the 
cytokine concentration. The control sample is used to verify the accuracy and 

reliability of the results, if the cytokine concentration value calculated according 

to the calibration schedule in the control sample falls within the limits indicated 
on the label, it means that the obtained cytokine concentrations in the samples 

are considered reliable.  
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Standard calibration dilutions and Bender MedSystems (FlowCytomix) software 
were used to calculate the concentration of the studied cytokines. The data are 

presented in pg/ml. 

 
• The reaction of inhibition of leukocyte migration was determined by the method 

of Artemova A.G. [40]. At the same time, heparinized blood was poured into two 

wells of 0.2 ml tablet (control and experiment). 0.05 ml of saline solution was 

added to the control, and 0.05 ml of mitogen was added to the experimental one. 
Capillaries 4-5 cm long and 1 mm in diameter were filled. The opposite end of the 

capillary was carefully sealed over the flame of the burner, placed in a centrifuge 

tube with the sealed end down and centrifuged for 10 minutes at 1000 g. The 
capillaries were incubated for 18 hours at 37 ° C, after which the level of 

leukocyte migration in the capillary was assessed under a microscope using an 

eyepiece micrometer. The migration index (MI) was calculated by the formula (1):  
 

MI = О/К, 

(1) 
where O is the data of the experimental, K - control tube. 

 

• Determination of circulating immune complexes (CIC) was carried out by the 

Grinkevich method [41]. The method is based on selective precipitation of antigen-
antibody complexes in a 3.75% solution of polyethylene glycol, followed by 

photometric determination of the density of the precipitate. To determine the 

CEC, blood taken without anticoagulants was kept for three hours in a 
thermostat at 37 ° C. Then, to separate the serum, the blood was centrifuged at 

room temperature for 30 min (1500 rpm). The optical density of serum samples 

was determined in a borate buffer and in a Polyethylene Glycol-600 reagent on a 
SF-26 spectrophotometer, in 10x10 mm cuvettes, at a wavelength of 450 nm. The 

results were expressed in units of optical density. 

 
• The content of phagocytic polynuclears (neutrophils and pseudo-eosinophils) 

was determined using latex as a phagocytic material. The phagocytic indicator 

was considered to be the percentage of neutrophils that entered phagocytosis 

from the total number of neutrophils [].  
 

Heparinized blood (20-25 units/ml) was poured into centrifuge tubes in a volume 

of 0.2 ml. 0.1 ml of latex was added to the test tube, 0.1 ml of 0.89% NaCl 
solution was added to the control tube. The suspension was stirred by shaking, 

the tubes were closed and kept in a thermostat at 37 ° C for 30 minutes (repeated 

shaking every 10-15 minutes). After the end of incubation, the tubes were cooled 
with running water for 7 minutes. The supernatant was removed, the precipitate 

was resuspended in the liquid residue and smears were prepared (Romanovsky-

Giemse staining, immersion microscopy, 10x90 magnification). For 100 calculated 
neutrophils, the number of phagocytized latex neutrophils was determined, which 

was expressed as a percentage. 

 
• The determination of the mononuclear phagocytic system parameters (NST test) 

was carried out using the Nagoev method (spectrophotometric method) [42]. The 

method allows to determine the total redox activity of phagocytes due to the 

energy and products of metabolic respiratory explosion.  
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0.2 ml of heparinized blood was taken into a test tube, after which 0.1 ml of 

nitrosine tetrazolium reagent (NST) was added. The contents of the test tube, kept 

for 1.5 hours in a thermostat at a temperature of 37C, were centrifuged at 1500 
rpm for 5 minutes. After removing the filler fluid, a smear of sediment was made, 

which was stained with safronin and fixed with a mixture of ether and alcohol 

until completely dry. After holding the smear for 20 minutes, it was washed with 
running water. Cells with colored granules were counted, the HCT test was 

calculated as a percentage of all phagocytes. 

 
Biochemical tests 

 

After decapitation of animals, their organs were crushed, placed in a cooled 
solution (0°C) 0.25 M sucrose. After cooling, the tissues were thoroughly washed 

in a cooled 0.25 M sucrose solution until traces of blood were removed. Then they 

were homogenized in the cold in a Potter glass homogenizer with a Teflon pestle in 

0.25 M sucrose (8 ml per 1 g of tissue). During homogenization of liver tissue, the 
rotation of the pistil is 600 rpm for 25 seconds. Tissue homogenates were filtered 

through a layer of sterile gauze and centrifuged at 3000 rpm for 30 minutes (t=0-

2°C). Test tubes with homogenates were kept in ice throughout the study of 
enzyme activity. In the experiment, a filler fluid was used. 

 
Determination of primary products of lipid peroxidation: Diene conjugates (DC) 
(Gavrilov, Mishkorudnaya) [43]. 
 
DC was previously extracted from blood plasma using isopropylheptan (Z.Placer 
et al., 1982). To 0.2 ml of blood serum, add 4.0 ml of isopropyl heptane, stir on a 

magnetic stirrer for 5 minutes, add 1.0 ml of 0.1M HCl solution, shake for 5 

seconds, then add 2.0     ml of heptane, shake for 15 seconds, then centrifuged 

for 10 minutes (1500 g). 0.5 ml of distilled H2O was added to the control sample 
instead of blood serum. The calculation was performed taking into account the 

molar extinction coefficient equal to 2.2*104 M-1 cm-1 relative units of optical 

density D 233 nm per 1 ml of plasma. Normal DC values in the plasma of a 
healthy person are 2.2–2.6 RU/ml 

 

Determination of secondary products of lipid peroxidation: malondialdehyde [44]. 
 
0.8 ml of H2O (dis) and 1.0 ml of 0.6% thiobarbituric acid solution were added to 

0.2 ml of tissue homogenate. The samples were incubated in a boiling water bath 
for 30 minutes and cooled at room temperature. 1.0 ml of 5% KON and 2.0 ml of 

isopropyl alcohol were added to extract the colored alcohol, the reaction product, 

and centrifuged for 20 min at 8000 rpm. In the supernatant, the optical density 

was determined at λ = 520 nm, on SF-26, against the control, a cuvette of 1 cm. 
For control, H2O (dis) was added to the sample instead of tissue homogenate. 

 

The determination of glutathione reductase (GR) [45] was determined by the level of  
 

NADP.H2 (spectometrically) after 10 min (3). 

 
NADF.H2 + glu-S-S-glu – 2HS-glu+ NADP 

(3) 
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The prepared mixture in test tubes was placed in a thermostat (37C) for 15 
minutes and transferred to the experimental and control cuvette of the 

spectrophotometer, where 0.2 ml of hemolysate was added (1:40) and mixed 

thoroughly. Spectrophotometry was performed for 10 min with an interval of 1 
min (λ=340 nm). The control was distinguished by the absence of NADPH in the 

sample. The unit of measurement is mmol NADP*H2/ml.eritots/min. 

Determination of glutathione peroxidase GPO (477). The activity of GPO is 

determined by the accumulation of oxidized glutathione. The wavelength of SF is 
260 nm. 

 

The incubation mixture was incubated in a thermostat (t= 37C, 15 min). 0.5 ml 
1.8 mmol of H2O2 solution was alternately added to the experimental and control 

samples. After 2 minutes, the reaction was stopped by adding 1 ml of 10% TCU. 

They were centrifuged for 15 minutes at 3000 rpm, after which the optical density 
on the SF of the filler fluid (λ = 260 nm) was determined. The control contained all 

components except H2O2. SF activity of GPO was expressed in mmol of oxidized 

glutathione/ml. 
 
The determination of catalase activity [46] is based on the ability of hydrogen 

peroxide to form a stable colored complex with molybdenum salts. 

 
Catalase is widespread in humans and animals, with the largest amounts of the 

enzyme found in red blood cells, liver and kidneys. Catalase activity is also 

determined in all plants and microorganisms, with the exception of obligate 
anaerobes. The function of the enzyme is to prevent the accumulation of hydrogen 

peroxide formed during the dismutation of the superoxide anion and during the 

aerobic oxidation of reduced flavoproteins. Catalase belongs to the enzymes that 
retain their high activity for the longest time, almost does not require activation 

energy, the reaction rate of this enzyme limits only the rate of diffusion of the 

substrate to the active center. 
 

Statistical analysis 

 

When analyzing the data obtained, a nonparametric method was used – the 
Mann-Whitney difference significance criterion. The evaluation of the relationship 

of qualitative characteristics by the magnitude of inertia and the evaluation of the 

significance of this relationship was carried out by calculating the Spearman 
correlation coefficient. P<0.05 was taken as the boundary criterion of statistical 

significance for refuting the null hypothesis. 

 
Results 

 

We evaluated the indicators of the cellular link of immunity depending on the type 
of exposure to the body (Table 1).  
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Table 1 – Indicators of cellular immunity in the studied groups of 

experimental animals 

 

Indicator 

Group 

Gc Gγ GРb Gγ+Рb 

Q25 Me Q75 Q25 Me Q75 Q25 Me Q75 Q25 Me Q75 

Leucocytes, 
*109/мл 

6.9 7.3 7.8 7.3 8.0 8.5 7.2 8.0 8.6 6.5 7.1 7.8 

Lymphocytes, 

*109/ml 
2.9 3.3 3.6 2.8 3.1 3.5 3.0 3.4 3.9 2.7 3.0 3.3 

% 44.7 38.8 42.1 42.3 

СD3+, *109/ml 2.1 2.5 2.9 1.7 2.0 2.4 1.9 2.2 2.6 1.5 1.9* 2.2 

% 34.1 25.3 27.7 26.6 

CD4+, *109/ml 1.4 1.6 1.8 1.0 1.2* 1.3 1.1 1.3* 1.4 0.8 1.1* 0.2 

% 21.7 15.2 16.0 15.5 

CD8+, *109/ml 0.6 0.8 0.9 0.5 0.6* 0.7 0.6 0.7 0.8 0.4 0.6* 0.7 

% 11.0 7.5 8.7 8.5 

CD4+/CD8+ 2.02 1.98 1.86 1.83 

LMS, RU 18.3 21.5 25.0 14.9 17.4* 20.4 20.2 22.6 25.0 13.1 14.3* 16.4 

Note: * - differences with the control group are significant, a detailed description in the text 

 
The content of leukocytes in the blood of animals of the selected groups did not 

significantly depend on the impact on them. There was a tendency to exceed this 

indicator when exposed to radiation and lead compounds, but not when 

combined. 
 

There were also no differences in the number of lymphocytes, nor was there a 

single trend in relation to this indicator. The absolute and relative content of T-
lymphocytes decreased under the influence of both negative factors, and 

significantly – only with a combination of those (by 23.7%, p=0.03). 

 
These features at the time of completion of the experiment were determined in 

relation to the lymphocytes of both studied differentiation clusters. CD4+ content 

indicators were lower than in the control group by 24.7% under irradiation, by 
18.9% - with lead oxide priming and by 31.4% - with their combination (p=0.021, 

p=0.043 and p=0.015, respectively). A significant decrease in the number of CD8+ 

was determined in both groups of exposure to ionizing radiation, while in the 

group of combined influence of negative factors there were no differences from 
isolated gamma irradiation (differences with control by 24.3% and 25.7%, 

p=0.035; p=0.033). 

 
The index of inhibition of leukocyte migration during irradiation significantly 

decreased. In addition, the additional introduction of lead into the body caused a 

greater severity of changes. The differences with the control were 19.2% and 
33.6%, respectively (p=0.045; p=0.028). 

 

Table 2 presents data on the functional state of the phagocytic link. 
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Table 2 Indicators of phagocytosis in the studied groups of experimental 
animals 

 

Indicator 

Group 

Gc Gγ GРb Gγ+Рb 

Q25 Me Q75 Q25 Me Q75 Q25 Me Q75 Q25 Me Q75 

Phagocytosis, % 36 44 51 39 47 54 40 47 55 35 43 51 

Phagocytic 
number, RU 

3.1 3.7 4.3 2.5 2.7* 3.0 3.0 3.8 4.4 2.2 2.5* 2.8 

NST-spontaneous 
test, RU 

5.9 6.5 7.1 4.7 5.2 5.8 5.2 5.8 6.3 3.0 3.4* 3.7 

Note: * - differences with the control group are significant, a detailed description in the text 

 
The number of phagocytic cells had no significant differences between the 

compared groups.  

 
The indicator of their functional activity – the phagocytic number – had a 

decrease under the action of ionizing radiation. The median value of the indicator 

in the group of irradiated animals was 72.6% of the control level, and in 
combination with Pb seed – 67.8% (p=0.043, p=0.037). 

 

The indicator of the production of reactive oxygen species by phagocytic cells was 
significantly lower than in the control, only in one group – combined exposure. At 

the same time, the differences reached 47.8% (p=0.007). 

 
The content of cytokines in the blood of animals depends on many factors, 

including the functional status of immune cells (both cytokine-producing and 

regulatory. It is quite difficult to assess the essence of the changes associated 

with the regulation of the production of these compounds, but their content in the 
body and the relationship between various cytokines determine the possibility of 

the development of pathological processes and even diseases [12]. 

 
Table 3 presents data characterizing the content of some cytokines in the blood of 

animals of experimental groups. 

 
Table 3. Indicators of cytokine content in the blood of experimental 

animals 

 

Indicator 

Group 

Gc Gγ GРb Gγ+Рb 

Q25 Me Q75 Q25 Me Q75 Q25 Me Q75 Q25 Me Q75 

IL-1, pg/ml 2.2 2.6 2.9 2.1 2.2 2.4 1.8 2.1* 2.3 1.7 1.9* 2.0 

IL-2, pg/ml 3.0 3.5 4.1 3.1 3.7 4.3 2.9 3.3 3.8 2.0 2.6* 3.2 

IL-6, pg/ml 4.1 4.7 5.4 3.7 4.1 4.7 5.0 5.8 6.5 3.9 4.4 5.0 

IL-10, pg/ml 9.7 12.2 14.2 7.3 9.9 11.8 5.9 7.6* 9.4 4.7 5.9* 7.0 

TNFα, pg/ml 5.9 7.1 9.3 5.2 6.0 6.9 8.8 10.4* 12.1 4.6 5.6* 6.4 

Note: * - differences with the control group are significant, a detailed description in the text 
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In terms of IL-1 content, a significant decrease was determined when 

experimental animals were primed with lead oxide and with combined exposure. 

The differences with the control were 19.4% in the first case and 26.1% in the 
second (p=0.040 and p=0.019, respectively). 

 

The concentration of IL-2 showed a decrease in Gγ+Pb. the differences with the 
control reached 25.9% (p=0.037). There were no significant differences in the 

analysis of the IL-6 content in the blood. IL-10 level showed a significant decrease 

in the groups of exposure to lead compounds and combination with irradiation. 
When exposed to lead, there was an increase in the TNFa content relative to Gc, 

but the opposite change for Gγ+Pb was observed (a decrease in the indicator 

relative to the control, p=0.027). 
 

Based on the data of early studies by other authors and our own results, we 

formulated a hypothesis about the relationship of the state of oxidative and 

antioxidant mechanisms in the tissues of the organs of immunogenesis with the 
state of immunocytes. To test it, a study of these parameters was undertaken in 

the presence of toxic, radiation exposure and their combination and a comparison 

of the results obtained with the reactions of various parts of the immune system 
(Table 4). 

 

Table 4 – Features of LP and AD indicators in thymus tissues in 
experimental animals 

 

Indicator 

Group 

Gc Gγ GРb Gγ+Рb 

Q25 Me Q75 Q25 Me Q75 Q25 Me Q75 Q25 Me Q75 

DC, RU/ml 1.39 1.71 1.97 1.56 1.99* 2.35 1.98 2.46* 2.89 4.12 4.80* 5.40 

MDA, nM per 1 

mg OL 
0.03 0.04 0.05 0.04 0.06 0.07 0.04 0.05 0.06 0.07 0.09* 0.11 

GPO, nM/min. 

per 1 mg of 
protein 

1.08 1.40 1.77 1.32 1.76 2.09 1.13 1.59 2.03 0.75 1.22 1.64 

GR, nM/min. per 

1 mg of protein 
0.30 0.35 0.39 0.23 0.28 0.32 0.30 0.37 0.41 0.15 0.21* 0.25 

CAT, ЕА 20.2 26.4 30.7 21.5 28.5 34.9 27.6 31.8 37.0 19.9 25.0 30.7 

Note: * - differences with the control group are significant, a detailed description in the text 

 
The content of primary and secondary lipoperoxidation products when 

determining them in the selected groups of experimental animals had significant 

differences with the control. Thus, the median concentration of DC exceeded the 

corresponding indicator of the control group by 16.5% during irradiation, by 
44.0% - when lead oxide was injected into the body and by 180.9% - with 

combined exposure (p=0.040; p=0.019 and p<0.001), respectively. It is noticeable 

that the combined effect caused a sharp excess of the production of primary 
metabolites of the oxidative process (DC), which have a high reactivity and toxic 

effect. The effect of antioxidant mechanisms was probably the cause of a less 

pronounced increase in the content of MDA in animals subjected to experimental 
exposure. A significant excess over the control indicator was determined only in 
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the group of a combination of oral administration of lead and low-dose irradiation 
(p=0.029). 

 

Analysis of the state of antioxidant mechanisms allowed us to conclude that the 
factors used in the experiment had a significantly lower effect on their activity in 

thymus tissues. Thus, we identified only one parameter for which significant 

differences with the control were recorded – the activity of GR in the group of 

combined exposure, which was 39.7% lower (p=0.025). 
 

Similar indicators of LP and AD were analyzed in fresh samples of spleen tissues 

(Table 5). 
 

Table 5. Features of LP and AD indicators in spleen tissues in experimental 

animals 
 

Indicator 

Group 

Gc Gγ GРb Gγ+Рb 

Q25 Me Q75 Q25 Me Q75 Q25 Me Q75 Q25 Me Q75 

DC, RU/ml 2.08 2.77 3.41 2.46 3.15 3.73 3.08 3.99* 4.82 4.55 5.38* 6.20 

MDA, nM per 1 

mg OL 
0.06 0.08 0.11 0.05 0.07 0.09 0.10 0.14* 0.19 0.17 0.25* 0.34 

GPO, nM/min. 

per 1 mg of 

protein 

1.85 2.12 2.47 3.01 3.46* 3.88 2.59 3.17* 3.72 1.88 2.43 2.81 

GR, nM/min. per 
1 mg of protein 

0.59 0.66 0.73 0.88 1.02 1.17 0.79 0.93 1.20 0.55 0.64* 0.74 

CAT, ЕА 23.4 28.9 35.3 30.7 35.1 39.2 22.8 27.5 32.4 19.9 25.3 31.3 

Note: * - differences with the control group are significant, a detailed description in the text 

 

Conclusions 
 

To achieve this goal, it is necessary to study in an experiment the separate and 

combined effect of gamma radiation at a dose of 0.2 gr and lead oxide on the 

immunological reactivity of the body, the state of nonspecific phagocytic 
resistance, LP and AD in primary and secondary lymphoid organs of 

immunogenesis and cytokine profile. In three series of experiments on white 

mongrel sexually mature rats, the reaction of the T-system of immunity under the 
separate and combined action of stress factors was studied.  

 

With simultaneous effects of damaging factors on the body, it is theoretically 
possible to sum up or potentiate unidirectional lesions. At the same time, the 

weighting factor increases the damage threshold of many systems, which was not 

reached with the isolated action of each of these components. Of great interest are 
the reaction of the altered immunological reactivity of the body to the action of 

lead oxide, the combined effect of a small dose of gamma radiation and lead oxide, 

and the development of a general adaptation syndrome [30].  
 

Experimental studies in two series on white mongrel sexually mature rats allowed 

us to reveal that in the immune system under the influence of gamma radiation 

there are dysregulatory disorders of immunity with an increase in T-suppressors 
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and a decrease in T-helpers, inhibition of cellular response to stimulation of PHA. 

When lead oxide was seeded in the cellular immunity link against the background 

of leukocytosis, the absolute content of CD4+ and CD8+ lymphocytes increased, 
the relative number of CD8+ lymphocytes subpopulation did not undergo 

significant changes, the relative numbers of CD4 lymphocytes subpopulation 

decreased, the immunoregulatory index and the leukocyte migration index in the 
LMS reaction to PHA migration decreased. 

 

The resulting manifestations are apparently related to the pathogenetic features of 
the effects of radiation and the damaging effect of lead oxide on T-lymphocytes, 

causing their death, impaired differentiation and expression of surface receptors, 

blockade of receptors by physiologically active substances, pathological 
metabolites, immune complexes. Another possible mechanism for the 

development of T-lymphopenia may be the redistribution of lymphoid cells 

between blood and organs, that is, a change in the functional activity of the 

lymphoid system and the migration of its cells from the thymus and spleen to the 
bone marrow and back [31], which is apparently due to the damaging effect of 

radiation factor and lead oxide on radiosensitive lymphoid tissues. 

 
Leukocytosis indicates the migration of lymphoid cells and stress redistribution of 

blood against the background of hematopoietic tissues. On the other hand, an 

increase in the number of lymphocytes in peripheral blood may be associated 
with the maximum involvement of these cells in the immune process when 

exposed to the toxic effects of lead oxide and the appearance in peripheral blood 

of a significant proportion of immature lymphoid cells that are not capable of 
rosette formation and full-fledged functions due to the blockade of receptors by 

physiological active substances or pathological metabolites. In addition, the T-

lymphocytes themselves can have a direct damaging effect on tissues (natural 

killers in the early stages of GAS) and, as delayed hypersensitivity develops, they 
can be one of the components of pathogenetic factors of organ lesions and 

autoallergic processes during irradiation and toxic lead oxide damage. At the 

same time, it cannot be excluded that the pathogenic effect of T-lymphocytes also 
has a protective value, contributing to a certain extent to the elimination of 

damaged tissue elements. It was found that the low level of lymphokine-producing 

ability of leukocytes, determined by the decrease in the migration index in LMS 
for PHA migration, reflects the low functional activity of the T-immune system. In 

our studies, in both series, in addition to a decrease in the quantitative indicator, 

the functional activity of the T-system of immunity also changes. A decrease in 
the lymphokine-producing ability of leukocytes is characterized by a decrease in 

the migration index in LMS on PHA migration from 21.5±0.01 to 18.0±0.4 with 

gamma irradiation and to 19.6±0.3 (P<0.05) with lead oxide seed.  

 
With the combined effect of lead oxide on an organism irradiated with a small 

dose of gamma radiation, the total number of leukocytes and lymphocytes in 

peripheral blood normalizes in the T-immune system, the absolute and relative 
number of CD8+ lymphocytes subpopulation increases, and the lymphokine-

producing ability of leukocytes increases. The results of experiments show that 

when lead oxide acts on an organism irradiated with a small dose of gamma 
radiation, the number of T cells with helper activity increases, which increases 

the proliferative activity of T cells, as a result of which their functional activity 
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increases. With the separate action of gamma radiation and lead oxide, there is 
an increase in T cells with suppressor activity, which causes a decrease in the 

functional activity of the cellular link of immunity. Hence, their direct effect on 

the cellular link of immunity follows, and with the combined action of stress 
factors, there is no potentiation, but on the contrary, an antagonism of 

interrelated specific and nonspecific manifestations.  To confirm this phenomenon 

in the T-system of immunity, we investigated the state of LP and AD in the 

thymus under the influence of combined and separate action of gamma radiation 
and lead oxide [32]. 

 

The results of the experiments showed that under the influence of a small dose of 
gamma radiation in the thymus, the activation of LP and the voltage of AD occurs, 

the latter manifests itself in a decrease in the production of GR and an increase in 

the content of catalase 
 

In the thymus, lead oxide reduces the production of GP, GPO and catalase and 

increases the activity of LP. The combined effect of lead oxide and gamma 
radiation in the thymus does not cause the activation of LP.  

 

It is known that the pathogenesis of stress dysfunction is caused by an increase 

in the generation of oxygen radicals and, as a consequence, a violation of the 
normal ratio of pro- and antioxidants in tissues. These processes appear to be the 

most significant in the tissues of lymphoid organs of immunogenesis, which is 

associated with an excess of free oxygen and a deficiency of antioxidant enzymes 
in lymphoid organs [13,15,17]. 

 

The LP process itself develops in the form of chain reactions in the lipid phase of 
membranes and lipoproteins, the initial stages of this complex system of reactions 

occur in the aqueous phase [14,16]. 

 
One of the primary reactions when exposed to ionizing radiation is the 

development of free radical LP processes, the end products of which are toxic 

substances. According to a number of researchers, the resulting radiotoxins, 

acting on the components of the cell membrane, numerous enzymes and the 
genetic apparatus of the cell, contribute to the development of radiation damage, 

and the radiosensitivity of the organism of individual organs is largely determined 

by the initial level of active products of free radical oxidation in the organs, 
depending on the timing of the study and the dose [18,21], since when 

considering the pathogenetic mechanisms of the adaptation syndrome, we traced 

the dynamics of the content of primary and secondary products of lipid 
peroxidation and antioxidant defense enzymes. 

 

The possibility of the development of various pathological processes under the 
action of LP processes is associated with the biological activity of compounds that 

are formed during the reactions and with the role of biomembranes, the 

structural component of which are lipids. [19,20]. LP is one of the factors leading 
to impaired physiological functions under stress [22]. In rats, an increase in the 

processes of free radical oxidation under stress is associated with an increase in 

the reactivity of the neuro-endocrine system and with a high level of oxygen and 

fatty acids in the tissues, as well as with a decrease in the functional activity of 
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the antioxidant system. The stress load leads to the activation of competitive free 

radical oxidation of acids and triglycerides that have not been used for a long time 

in the course of enzymatic oxidation [23]. 
 

In our experiments, in the thymus, with the separate action of a small dose of 

gamma radiation and lead oxide, the activation of LP occurs, in the first case, the 
stress of antioxidant enzymes occurs in the AD system, in the second case, a 

decrease in their activity causes an increase in the contents of primary and 

secondary products of lipid peroxidation.  
 

Despite the decrease in the production of Gr and GPO in the thymus with the 

combined effect of radiation and lead oxide, the formation of excess 
lipoperoxidation products is not observed, apparently, the balance of the oxidant 

and antioxidant systems is not disturbed due to the high compensatory 

concentration and activity of catalase, it is also possible that the combined effect 

of stress factors reduces the reactivity of the neuro-endocrine system with low the 
level of oxygen and fatty acids in the tissues. The data obtained indicate the 

absence of metabolic and morphological disorders in the membranes of thymus 

cells. This, apparently, supports the high functional activity of the T-immune 
system, with the combined effect of lead oxide on the body irradiated with gamma 

rays in a small dose.   

 
Data on the study of the humoral link of immunity in the conditions of exposure 

to ionizing radiation and lead oxide on the body is the subject of discussion. 

Taking into account the complexity of the nature of changes in the humoral link 
of immunity under various types of stress factors, we set the task in an 

experiment to study the reaction of secondary lymphoid organs of immunogenesis 

– the spleen and liver in connection with the nonspecific phagocytic link of 

immunity, cytokine profile, directly involved in the regulation and coordination of 
the humoral link of immunity to assess the functional state of the humoral link of 

immunity, we studied the state of LP and AD in secondary lymphoid organs of 

immunogenesis – in the spleen and liver, responsible for the coordination and 
regulation of the humoral link of immunity.  

 

An integral part of oxidative metabolism is LP, which is one of the pathogenesis 
factors of a number of diseases and is part of the adaptive mechanism of the body 

[23,26,29]. As a result of the activation of LP and the accumulation of free 

radicals, the structural and functional integrity of cell membranes is disrupted, 
lysosomal enzymes are released, which eventually leads to pathological processes 

in the cell and in the body as a whole [24]. The substrate for LP is 

polyunsaturated fatty acids. Diene conjugates, which are the primary products of 

peroxidation, increase the polarity of hydrophobic hydrocarbon tails of fatty acids 
forming the lipid layer of biological membranes. During the physiological course of 

the process, the areas of hydrocarbon membranes whose polarity has increased 

are displaced from the deep layers of the membrane to its surface, thereby 
facilitating the process of self-renewal of the membrane and influencing its 

permeability and ion transport [25]. With an excess of free radical oxygen forms, 

self-accelerating LP leads to the complete destruction of unsaturated fatty acids, 
disruption of the structure and function of proteins, and as a consequence, leads 

to cell death [28]. Any adaptive or pathological process proceeds against the 
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background of the formation of reactive oxygen species (ROS) and the 
intensification of free radical oxidation of biosubstrates. Lipid oxidation, activation 

of LP is one of the factors of violation of physiological functions under stress.  

 
The results of numerous observations have shown that oxidative stress plays an 

important role in the pathogenesis of many disorders, which develops due to an 

imbalance between the oxidant and antioxidant systems.  At the same time, lipid 

peroxidation products – diene conjugates and malondialdehyde, which are 
destabilizers of cell membranes, reach high concentrations in the blood and 

tissues. 

 
The glutathione link of the antioxidant system is the main system of protection 

against lipid peroxidation, eliminating lipid peroxides and hydrogen peroxide, but 

it is known that the low level of activity of catalase, neutralizing hydrogen 
peroxide, against the background of a high content of malondialdehyde enhances 

the toxic effect of lipid peroxidation, as well as the activation of lipoperoxidation in 

tissues is associated with microcirculation disorder, the development of hypoxia 
and impaired functioning of the mitochondrial respiratory chain under stress. 

Mitochondria play a key role in energy metabolism, a source of reactive oxygen 

species, regulates the activity of ion channels, and the initiation of cytoprotective 

mechanisms under stress. Mitochondrial dysfunction leads to pathologies and 
even death, and mitochondrial DNA is less protected from stressful influences 

than nuclear DNA, which stress induces oxidative DNA modifications, 

chromosomal aberrations and death of body cells. 
 

The main metabolite of the superoxide radical dismutase reaction is hydrogen 

peroxide (H2O2), which, as a strong oxidizer, can have a toxic effect on cells. 
Maintaining the normal level of hydrogen peroxide is provided by enzymes that 

catalyze the destruction of hydrogen peroxide molecules is catalase and a group of 

hydrogen enzymes. These are peroxidases, including glutathione peroxidase 
(GPO). Maintenance of a sufficient level of reduced glutathione, oxidized during 

the functioning of glutathione-dependent antiperoxide systems, is provided by 

glutathione reductase (GR). As a result, an increase in the primary and secondary 

products of lipid peroxidation was found, with the intensity of the activity of 
antioxidant enzymes-glutathione peroxidase (GPO) and catalase activity (CAT). 

Catalase reduces the level of ROS through the inactivation of hydrogen peroxide. 

Inactivation of hydrogen peroxide leads to an increase in the activity of 
mitochondrial RNA catalase in vitro.  Thus, an increase in catalase activity is a 

very important point for preventing the formation of reactive oxygen species [33]. 

 
Therefore, it can be assumed that with the combined action of stress factors, the 

depletion of antioxidant resources in the antioxidant system occurs, both in the 

central and peripheral lymphoid organs of immunogenesis. 
 

The existence of an initial rise in the intensity of LP is explained by the radiation 

induction of the mass of active oxidative products, its decrease can be explained 
by the accidental release into the circulation of products with antioxidant and 

antiradical activity (catecholamines and glucocorticoids). 
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The actual experimental material showed that with the separate effects of a small 

dose of gamma radiation and the combined effect of radiation and lead oxide in 

the liver, there was no activation of LP, the change in AD was manifested in a 
decrease in the catalase content. This indicates that with the separate and 

combined action of gamma radiation in a small dose and lead oxide in the liver, 

there is no imbalance between the oxidant / prooxidant systems. Under the 
influence of lead oxide in the liver, there is a decrease in AD and activation of LP.  

The decrease in the production of GR and GPO led to an imbalance of the 

oxidant-prooxidant system with the subsequent development of oxidative stress. 
The development of oxidative stress in the spleen and liver was observed with the 

separate action of lead oxide, with the combined effect of lead oxide on the body 

irradiated with gamma rays in a small dose, the development of oxidative stress 
was observed in the spleen, there was no increase in the content of primary and 

secondary lipoperoxidation products in the liver.  According to the state of LP and 

AD, it can be stated that the liver is more resistant to the separate and combined 

action of lead oxide in comparison with the spleen [34]. 
 

The existence of an initial rise in the intensity of LP is explained by the radiation 

induction of the mass of active oxidative products, while its sharp decrease can be 
explained by the accidental release into the circulation of products with 

antioxidant and antiradical activity (catecholamines and glucocorticoids). Thus, it 

can be assumed that the initial rise in the intensity of LP, due to the appearance 
of a mass of reactive oxygen species, induces an organism's response in the form 

of the release into circulation of humoral products of homeostasis regulation 

systems with antioxidant activity.  
 

In our experiments, serious changes were observed on the part of the nonspecific 

phagocytic link of immunity, with the separate and combined action of lead oxide 

and gamma radiation at a dose of 0.2 Gy. Under the action of a low dose of 
gamma radiation and its combination with lead oxide, a decrease in the 

nonspecific phagocytic activity of the body is due to a decrease in the phagocytic 

activity of neutrophils and leukocytes. 
 

With the separate action of lead oxide, a decrease in the nonspecific phagocytic 

resistance of the organism; mainly due to a decrease in the morphofunctional 
phagocytic activity of neutrophils, the data obtained indicates a decrease in the 

nonspecific phagocytic resistance of the organism both with separate and 

combined action of radiation and lead oxide. It is possible that a decrease in the 
phagocytic activity of leukocytes may, along with a protective effect, have the 

value of feedback mechanisms. It is believed [33] that activated phagocytes cause 

significant suppression of T- and B-lymphocytic mechanisms of immunity.  It is 

obvious that the damaging effect of CIC occurs with a decrease in the activity of 
phagocytic cells, however, this effect is realized directly mainly through the 

activation of complement. Under the influence of lead oxide on an organism 

irradiated with gamma radiation at a dose of 0.2 Gy, it has a suppressive effect on 
the humoral link of the immune system, which, of course, causes the 

development of a secondary immunodeficiency state of radiation and post-stress 

genesis. The results of the analysis show that with the separate action of a small 
dose of gamma radiation, the content of IL-1 increases by 4.2 times, IL-10 by 6.0 

times in comparison with the initial data, the production of IL-2, IL-6, IFN-γ is 
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reduced by 2.9, 2.13 and 4.73 times, respectively. With the separate action of lead 
oxide, the production of IL-1, IL-10 was significantly increased by 2.0, 2.25 times, 

the production of IL-2, IL-6 was reduced by 1.75 and 1.56 times, respectively, no 

significant changes were noted on the part of TNF and IFN-γ.  The following 
changes occurred in the cytokine profile under the combined effect of gamma 

radiation and lead oxide: an increase in the production of IL-1 and IL-10, TNF by 

2.84, 2.5 and 1.81 times, respectively. Reduction of IL-2 production by 1.75 

times, IL-6 by 2.35 and IFN-γ by 2.6 times.  
 

An increase in the functional capacity of T-lymphocytes and lymphocytosis 

indicates in favor of stimulating an immune response and/or an active response 
to radiation. There is evidence in the literature that a stimulating effect on the 

proliferative activity of lymphocytes is found in populations of splenocytes and 

thymocytes /24-28/. As a result of the action of a small dose, quantitative and 
qualitative changes occur in the T-system of immunity, which took place in our 

experiments. 

 
An active response to radiation means the induction of a reaction caused by the 

radiation damage itself or the consequences of these injuries. Although an active 

response to radiation occurs after exposure to high doses of radiation, the active 

response in our experiments can be attributed to the combined effect of radiation 
and lead oxide, causing an intensification of the lymphokine-synthesizing ability 

of leukocytes in the reaction of LMS to PHA migration. Thus, after gamma 

radiation at a dose of 0.2 Gy and the action of lead oxide, the concentration of CIC 
in the blood serum increases, the relative and absolute number of CD19+ 

lymphocytes subpopulation decreases. According to the results obtained, it can 

be judged that the combined effect of radiation and lead oxide causes the 
activation of LP in the spleen, with a decrease in nonspecific phagocytic resistance 

of the body causes depression of the humoral link of immunity [26,35]. 

 
Summarizing the data obtained on the effect of separate and combined effects of 

radiation and lead oxide, the following conclusion should be made: the combined 

effect of stress factors causes quantitative and qualitative changes in the T-

system of immunity; suppression of the humoral link of immunity; reduction of 
nonspecific phagocytic resistance of the body. The revealed disorders in the state 

of the immune system with various separate and combined effects of radiation 

and lead oxide raises the question of indications for their correction with the 
search for effective means of its implementation. 

 

Discussion 
 

Immunological aspects of adaptation under the conditions of a low dose of gamma 

radiation in the cellular immunity link are characterized by dysregulatory 
disorders of immunity with an increase in T-suppressors and a decrease in T-

helpers, inhibition of the cellular response to PHA stimulation, tension of the 

humoral immunity link, activation of LP in the thymus, increased IL-1 and IL-10 
content and a decrease in nonspecific phagocytic resistance of the body.  

 

Under the action of lead oxide in the cellular and humoral links of immunity, 

quantitative and qualitative indicators increase and decrease, in the thymus, liver 
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and spleen, the activation of LP is due to a decrease in antioxidant protection, the 

production of IL-1, IL-10 is increased, the production of IL-2, IL-6 and nonspecific 

phagocytic resistance of the body are reduced. The effect of lead oxide on an 
organism irradiated with gamma radiation at a dose of 0.2 Gy is manifested by 

suppression of the humoral link of the immune system, which, of course, causes 

the development of a secondary immunodeficiency state of radiation and post-
stress genesis. 

 

With the combined action of gamma radiation and lead oxide, there is an increase 
in T-cells with helper activity and qualitative indicators of the T-system of 

immunity. In the cytokine profile, there is a predominance of production towards 

pro-inflammatory cytokines, the phagocytic activity of leukocytes and neutrophils 
decreases    

  

References 

 
1. Avetisov, G.M. Clinical recommendations for the provision of medical 

assistance to victims of exposure to ionizing radiation in emergency 

situations / G.M. Avetisov, G.P. Frolov, M.I. Grachev // Clinical 
recommendations for the provision of medical assistance to victims in 

emergency situations. - Moscow: VCMC “Protection” - 2015. - pp. 119-163. 

2. Avramenko, E.P. Individual biochemical studies as an additional criterion for 
assessing the severity of lead oxide poisoning / E.P. Avramenko, O.M. 

Zoroastrov, M.G. Lotter [et al.] // Problems of expertise in medicine. - 2015. - 

Vol. 15. - no. 1-2 pp. 57-58. 
3.  Antushevich, A.E. The role of immunosuppressive states in the aggravation of 

isolated radiation and combined chemoradiation lesions / A.E. Antushevich, 

A.G. Klimov, A.N. Grebenyuk [et al.] //Bulletin of the Russian Military 

Medical Academy. - 2019. - №. 3. - Pp. 132-136. 
4.  Vasin, M. V. Classification of anti-radiation agents as a reflection of the 

current state and prospects for the development of radiation pharmacology / 

M.V. Vasin // Radiation Biology. Radioecology. - 2013. - Vol. 53, No. 5. - pp. 
459-467. 

5. Kolesnikova L.I., Darenskaya M.A., Grebenkina L.A. et al. // Bull. VSNTS SO 

RAMS. 2013. №4. pp. 131-135. 
6. Inoue N. Stress and atherosclerotic cardiovascular disease // J 

AtherosclerThromb 2014;21:391–401.  

7. Subbotin K.A., Makeeva A.V. Comparative assessment of the adaptive 
capabilities of the organism to a change in free radical equilibrium under the 

influence of psycho-emotional stress and factors of the production 

environment 

8. Moskalev A.I. Genetics and epigenetics of aging and longevity // Proceedings 
of the 3rd International Conference. Russia, Sochi, 06-10.04.2014, pp.5-9. 

 9. Korenev N.M., Kashkalda D.A., Borisko G.A. The state of the system of 

antioxidant activity of blood in adolescents born from fathers-liquidators of 
the consequences of the Chernobyl accident // Inter. scientific-practical 

conference Long-term effects of exposure to ionizing radiation. Abstracts of 

reports, Kiev-2007, pp. 203-204. 
10. Vasin, M.V. The potentiating effect of normobaric hyperoxia on the anti-

radiation properties of indralin registered in hematopoietic tissue / M.V. 



         3044 

Vasin, I.B. Ushakov, L.V. Koroleva [et al.] // Radiation Biology. Radioecology. 
- 2018. - vol. 58, No. 6. - pp. 619-623.  

11. Оhta Y., Chiba S., Tada M. Imai Y, Kitagawa A. Development of oxidative 

stress and cell damage in the liver of  rats with water-immersion restraint 
stress // Redox Rep. 2007. Vol. 12, N 3. P.139-147. 

12. Solin A.V., Lyashev Yu.D. The effect of opioid peptides on the content of POL 

products and the activity of the antioxidant system in the liver of rats 

subjected to immobilization stress. biology and honey. Moscow-2012. Vol. 
153, No. 6. pp. 803-805. 

13. Solin A.V., Lyashev Yu.D. Lipid peroxidation under immobilization stress of 

various duration // I.M. Sechenov Russian Journal of Physiology. 99. No.6. 
2013. pp.751-755. 

14. Ustinova O.A. Features of the metabolic processes of the animal organism in 

the long-term period after acute and fractionated radiation dose: diss... 
PhD:03.00.13.-Almaty.-2007.- p.182 

15. Dubinina E.E. Products of oxygen metabolism in the functional activity of 

cells (life and death, creation and destruction). Physiological and clinical-
chemical aspects. Monograph. St. Petersburg: publishing house “Med. Press”, 

2006. – 397 p. 

16. Terajif R., Shimada T., Aburada M. The molecular mechanisms of 

hepatoprotective effect of gomosin A against oxidative stress and 
inflammatory response in rats with carbon tetrachloride-induced acute liver 

injury // Boil. Pharm. Bull. 2012. 35 (2):P.171-177. 

17. Kesari KK., Kumar S., Behari J. Effects of radiofrequency electromagnetic 
wave exposure from cellular phones on the reproductive pattern in male 

Wistar rats // Appl. Biochem. Biotechnol. 2011, 164, P.546–559. 

18. Fu J., Ma Sh., Li X., An Sh., Li T., Guo K., Lin M., Qu W., Wang Sh., Dong X., 
Han X., Fu T., Huang X., Wang T., He S. Long-term Stress with 

Hyperglucocorticoidemia induced Hepatic Steatosis with VLDL 

Overproduction Is Dependent on both 5-HT2 Receptor and 5-HT Synthesis in 
Liver // International Journal of Biological Sciences 2016; Volume 12, Issue 

2: P.219-234. 

19. Negre-Salvayre., Aude N.,Ayala V., Basaga N., Boada J., Brenke R., Chapple 

S., Cohen G., Feher J., Grune T., Lengyel G., Mann G.E., Pamplona R., Poli 
G., Portero-Otin M., Riachi Y.,  Salvayre R., Sasson S., Serrano J., Shamni 

O., Siems W., Slow R.C., Wiswedel I., Zarkovich K., Zarkovich N. Pathological 

aspects of lipid peroxidation. Free Radic. Res. 2010. 48 (10): 2747- 2753.  
20. Grekhova, A.K. Assessment of the contribution of homological recombination 

to the repair of double-strand DNA breaks in human fibroblasts after 

exposure to X-ray radiation in small and medium doses / A.K. Grekhova, 
M.V. Pustovalova, P.S. Eremin [et al.] // Radiation Biology. Radioecology. - 

2018. - Vol. 58. - No. 6. - pp. 589-596.  

 21. Menshchikova E.B., Lankin V.Z., Zenkov N.K., Bondar I.00 A., Krugovykh 
N.F., Trufakin V.A. Oxidative stress. Pro-oxidants and antioxidants. 

Monograph. - Moscow: “Slovo”, 2006. - 556 p., (pp.193-236). 

22. Legeza, V.I. Combined radiation lesions and their components / V.I. Legeza, 
A.N. Grebenyuk, V.V. Boyarintsev // Medical radiology and radiation safety. - 

2015. - Vol. 60. - No. 5. - pp. 6-7. 

23. Mosse, I. B. Genetic effects of ionizing radiation / I. B. Mosse, P. M. Morozik. - 

Minsk: Belorusskaya navuka, 2018. - 298 p. 



 

 

3045 

24. Kim, E.J. Mechanisms of energy metabolism in skeletal muscle mitochondria 

following radiation exposure / E.J. Kim, M. Lee, D.Y. Kim // Cells. -2019. - 

Vol. 8. - №. 9. - P. 950. 
25. Lama-Sherpa, T.D. An Emerging Regulatory Role for the Tumor 

Microenvironment in the DNA Damage Response to Double-Strand Breaks / 

T.D. Lama-Sherpa, L.A. Shevde // Molecular Cancer Research. - 2020. - T. 
18, №. 2. - P. 185-193. 

26. Kulakova S.N., Karagodina Z.V., Baturina V.A., Kirbaeva N.V., Sharanova 

N.E., Pertsov S.S., Vasiliev A.V. Biochemical features in rats with different 
behavioral activity under emotional stress. Biology and Medicine 2014. Vol. 

158, No. 9. pp. 312-316. 

27. Bezarashvili S.I. Lead content in the body of children living in various hygienic 
and environmental conditions of Tbilisi // Georgian medical news - 2020/ - 

№ 7-8 (304-305). – P. 117-121. 

28. Novikov S.M., Shashina T.A., Dodina N.S., Kislitsin V.A., Skovronskaya S.A., 

Matsyuk A.V., Panchenko S.V., Arakelyan A.A. EXPERIENCE OF PRACTICAL 
RESEARCH ON THE COMPARATIVE ASSESSMENT OF RADIATION AND 

CHEMICAL RISKS TO PUBLIC HEALTH FROM ENVIRONMENTAL 

FACTORS.// Hygiene and sanitation. – 2019.- Volume 98.- No. 12. – pp. 
1425-1431. 

29. Directive 2010/63/EU of the European Parliament and the Council of the 

Office on the protection of animals used for scientific purposes of 22 
September 2010 //Official J. of the Europ. Union. 2010. L276. P. 33-79. 15. 

30. Chaynikov, A.P. The influence of the accuracy of accounting for the division of 

energy by electrons during the ionization of an atom by an electron impact on 
the results of modeling the effects of ionizing radiation on matter / A.P. 

Chaynikov, A.G. Kochur, V. A. Yavna // Collection of scientific papers 

"Modern development of science and technology" (“Science-2017”) Vol. 1 

Technical and natural sciences. Rostov State University of Railway Transport. 
Rostov-n/A 2017. p. 379. 

31. Kochur, A.G. Effect of Admixture of Cascade-Explosive Fe Atoms on the Dose 

Absorbed by Water under Photon Irradiation / A.G. Kochur, A.P. Chaynikov, 
V.A. Yavna // International Conference on Atomic & Nuclear Physics. Theme: 

Cutting edge Advancements in Atomic & Nuclear Physics. - Osaka, Japan. - 

2018. 
32. Suroto H., Aryavan D.M. Effect of Preservation method and gamma irradiation 

Sterilization on TGF -β and bFGF levels in lyophilized amniotic membrane 

(FD-AM) and amnion sponge. Suroto H., Aryavan D.M., Prakoyesva, 
California. Int J Biomater. 2021 April 7; 2021: 6685225. DOI: 10.1155 / 

2021/6685225. Electronic Collection 2021 PMID: 33927767 

33. Ye L.F., Chaudhary K.R., Radiation-induced lipid peroxidation triggers 

ferroptosis and synergistically with inducers of ferroptosis. ACS Chem Biol. 
2020 February 21; 15 (2): 469-484. DOI: 10.1021 / acschembio.9b00939. 

Epub 2020 January 14. PMID: 31899616 

34. Wang K, Zhang W, Zhang X, Hu X, Chang S, Zhang H. Highly Sensitive Gold 
Nanoparticles-DNA Nanosensor for gamma-Radiation Detection. ACS Appl 

Mater Interfaces. 2020 Sep 16;12(37):42403-42409. doi: 

10.1021/acsami.0c12234. Epub 2020 Sep 4.PMID: 32833430 
35. Bhatti P, Struewing JP, Alexander BH, Hauptmann M, Bowen L, Mateus-

Pereira LH, Pineda MA, Simon SL, Weinstock RM, Rosenstein M, Stovall M, 



         3046 

Preston DL, Linet MS, Doody MM, Sigurdson AJ. Polymorphisms in DNA 
repair genes, ionizing radiation exposure and risk of breast cancer in U.S. 

Radiologic technologists // Int J Cancer. - 2008. - V122(l). - P177-82. 

36. Bolshova L.A.,, Accident at the Fukushima-1 Nuclear Power Plant: response 
experience and lessons / Under the general editorship of the corresponding 

member. RAS - Moscow: Nauka, 2013. - 246 p. 

37. Sandybaev M.A., Zhetpisbaev B.A., Bazarbaev N.A., Ilderbaev O.Z., 

Argynbekova A.S., Ermenbai O.T. Method of topometric-dosimetric 
preparation of experimental animals for irradiation. Inventions for innovation 

patent No. 21845.Bulletin No. 11, 16.11.2009, Byul. No. 11. – 4 p 

https://kzpatents.com/4-ip21532-kletka-dlya-oblucheniya-
eksperimentalnyh-zhivotnyh.html  

38. Zhetpisbayev B.A., Ilderbayev O.Z., Bazarbayev N.A., Sandybaev N.N. 

Experimentik zhanuarlardy saulelendiruge arnalgan tor. Onertabyska 
No.21532 innovation patent. Bulletin No. 8, 14.08.2009w. – 4 b. 

https://kzpatents.com/4-ip21532-kletka-dlya-oblucheniya-

eksperimentalnyh-zhivotnyh.html 
39. Garib F. Yu., Gurari N. I., Garib V. F. Method for determining lymphocyte 

subpopulations //Rasmiy akhborotnoma. - 1995. – No. 1. – pp. 90-98. 

40. Artemova A. G. Phenomenon of inhibition of migration of blood leukocytes in 

guinea pigs with delayed hypersensitivity to a foreign tissue agent //Byul. 
experim. biol. and med. – 1973. – Vol. 76. – No. 10. – pp. 67-71. 

41. Grinevich Yu. A., Alferov A. N. Determination of immune complexes in the 

blood of cancer patients // Lab. case. – 1981. – Vol. 8. – pp. 493-496. 
42. Cost E.A., Stenko I.V. Investigation of phagocytosis by clinical and laboratory 

research methods. Moscow, 1998., pp. 78-80. 

43. Nagoev B. S., Shubich M. G. The significance of the nitrosine tetrazolium 
recovery test for studying the functional activity of leukocytes //Laboratory 

business. – 1981. – №. 4. – Pp. 195-198. 

44. Gavrilov V. B., Mishkorudnaya M. I. Spectrophotometric determination of lipid 
hydroperoxides in blood plasma // Laboratory business. – 1983. – №. 3. – Pp. 

33-36. 

45. Kolesova O. E., Markin A. A., Fedorova T. N. Lipid peroxidation and methods 

for determining lipoperoxidation products in biological media //Laboratory 
business. – 1984. – №. 9. – Pp. 540-546. 

46. Korolyuk M. A. et al. Method for determining catalase activity //Laboratory 

business. – 1988. – №. 4. – Pp. 44-47 
47. Suryasa, I. W., Rodríguez-Gámez, M., & Koldoris, T. (2021). Get vaccinated 

when it is your turn and follow the local guidelines. International Journal of 
Health Sciences, 5(3), x-xv. https://doi.org/10.53730/ijhs.v5n3.2938 

 


