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Abstract 

The paper presents immunity indicators in rats with Walker 256 carcinosarcoma during the 

development of the tumor process and exposure to general hyperthermia. The data obtained 

indicate that the effect of general hyperthermia on the body of experimental animals with Walker 

256 carcinosarcoma is accompanied by multidirectional changes in the parameters of the immune 

system both in the direction of their decrease and increase in various periods after 

hyperthermia. This may be due to the activation of endogenous regulatory systems that determine 

the body's immune reactivity. 

Keywords: Walker 256 carcinosarcoma, humoral and cellular immunity, general 

hyperthermia. 

  Introduction 

The immunological reactivity of organisms with tumor growth remains one of the most 

important scientific problems in modern medicine. The question of why, despite sufficient immune 

reactivity, tumor cells arise and grow, which differ significantly in their morphological and 

functional parameters, capable of not only suppressing but also stimulating the immunological 

properties of the body, is not only a central issue in pathophysiology but also oncology, 

immunology, and genetics. 

It is known that tumor growth is a systemic pathological process that affects the entire body, 

all links of its immunogenetic and neuroendocrine regulation. Therefore, the problem of 

stimulating immunity and studying "body-tumor" interactions is important not only in terms of 

preventing potential tumor growth but also in terms of studying the dynamics of these processes, 

especially in the late stages of the tumor process [Baryshnikov A.Yu., 2003]. The relationship of 

the tumor with the body’s immune system has two aspects: specific, associated mainly with 

cytotoxic lymphocytes, and non-specific, defined as part of the systemic interaction of the tumor 

and the body. 

The traditional areas of medicine concerning the antitumor protective systems of the body 

are their stimulation with pharmacological agents, natural mechanisms, and vital products of 

immunocompetent cells: interferons, lymphokines, targeted lymphocytic cell, and gene therapy. 

The immunomodulatory effects of physical exposure to tumor tissue have not been 

studied. In this sense, the most promising methods are general hyperthermia (GH), which not only 

affects tumor tissue, but also stimulates apoptosis [Baryshnikov A.Yu., Shishkin Yu.V., 2002], 

and systemic and local mechanisms of the immune response [Chen S. C., Evans S. S., 2005]. In 

general, GH remains one of the effective modifiers of traditional antitumor therapy. But the 

clinical use of GH should be preceded by its experimental modeling with the aim of a more 

complete and detailed study of the hematogenesis and pathogenetic aspects of the heating exposure 

to cells, tissues, organs, and the body as a whole. 

 

Material and Methods. 

The object of study. The studies were carried out on 90 male Wistar rats (2.5 months old, 

weight – 220-250 g.) from the vivarium of the Central Research Laboratory of NSMU. For the 



experiment, we used animals kept in vivarium conditions. The care and maintenance of 

experimental animals was standard following the requirements of the orders “Sanitary regulations 

for the establishing, equipment and maintenance of vivariums” dated 06.041973 No. 1045-73, as 

well as No. 1179 of the Ministry of Health of the USSR of 10.10.1983, No. 267 of the Ministry of 

Health of the Russian Federation of 19.06. 2003, “Rules for the handling, keeping, anesthetizing 

and killing of experimental animals”, approved by the Ministry of Health of the USSR (1977) and 

the Ministry of Health of the RSFSR (1977), the principles of the European Convention 

(Strasbourg, 1986) and the Helsinki Declaration of the World Medical Association for the Humane 

Treatment of Animals (1996). Rats were kept in the vivarium of the University at 12 hours of 

illumination, room temperature 20±2 ° C, humidity 50-70%. Animal feeding was carried out 

following the established diet with the use of compound feed for laboratory rats and mice 

"ProKorm" produced by the joint-stock company "BioPro" (factory article R-22; State Standard R 

50258-92) (Russia). 

All experimental studies were carried out in winter and spring at the same time - from 9 to 

13 hours. 

Experimental models. The heating of the animals was carried out in full accordance with 

the "Method of experimental modeling of general hyperthermia in small laboratory animals" 

[Efremov A.V. et al., 2001]. The proposed method for experimental modeling of general 

hyperthermia (OG) involves heating the experimental animals in the tank of a water thermostat 

BWT-U, designed to accurately maintain the set temperature of water in the range from + 25 °C 

to + 100 °C when immersed in hot water to neck level. Water was heated at a set temperature and 

maintained automatically with uniform mixing of its layers, which allows us to consider the 

temperature of the water coolant in the experiment as a constant value. The advantage of modeling 

GH in an aqueous medium over an air one is that it provides a uniform, deep, and rapid heating of 

the animal’s body [Budihna M., 1992]. The temperature regime was selected experimentally and 

amounted to 45 °C. This temperature is optimal when modeling GH since rats tolerate poorly 

higher temperatures and die [Gaiduk B.C., 1992; Shaiymov B.K., 1990].  

The heating time of each animal to a level of rectal temperature of 43.5 ° C was individual, 

depended on neither the initial temperature of the body nor the mass of the animal and was no 

more than 17 minutes. F. Meyer et al. (1992) explained such a rapid increase in body temperature 

when heated in conditions of 90–100% humidity by the complete cessation of the evaporation of 

sweat and, thereby, the absence of effective cooling. The level of GH at which heating was stopped 

we determined by a rectal temperature of 43.5 °C (stage of heatstroke). A higher degree of heating 

resulted in the death of the animals at the time of exposure or in the early stages of the post-heating 

period, because the temperature range that rats can endure is within these limits. When measuring 

the rectal temperature of heated animals, one of the junctions of the differential thermocouple was 

inserted into the rectum to a depth of 3-4 cm, and the second was lowered into melting ice (Dewar 

vessel). The temperature differences between 0 °C and rectal temperature were expressed in 

microvolts on the microvoltmeter. 

The experiment consisted of several stages. 

1st stage. All animals were exposed to GH once. 

2nd stage. The tumor was transplanted into the experimental animals. 

3rd stage. In animals of this group, against the background of a transplanted tumor, a single 

GH exposure was used. 

To simulate the tumor process in the experimental animals, we used the Walker-256 

transplantable carcinosarcoma tumor strain, supported in vivo (Laboratory of Physiological 



Genetics, Research Institute of Cytology and Genetics, Siberian Branch, Russian Academy of 

Sciences, Novosibirsk). A suspension of Walker-256 transplantable carcinosarcoma cells was 

administered to animals in the muscle of the back of the thigh at a dose of 1×106 cells in 0.1 ml of 

isotonic NaCl solution. Animals were killed by decapitation under ether anesthesia on the 1st, 3rd, 

7th, 14th, and 21st days after GH. The control group included seven intact rats of the same breed. 

 

Study Methods. An immunological study was carried out by determining monoclonal 

antibodies (mAbs) to CD3, CD4, CD8, and CD20 antigens in a direct or indirect immune 

fluorescence reaction considering the results on a flow photometer or a luminescent microscope. 

To determine T-lymphocytes, T-helpers, and T-suppressors, we used diagnostic agents, which are 

fixed latex coated with monoclonal antibodies against CD3 (T-lymphocytes), CD4 (T-helpers), 

CD8 (T-suppressors), CD16 (NK cells). Also, we calculated the immunoreactive index as the ratio 

of the percentage of T-helpers and T-suppressors (CD4 / CD8). To determine B-lymphocytes, we 

used erythrocytes coated with antibodies to CD20 antigen-specific for B cells [Yanchenko VV, 

2000]. 

The parameters of humoral immunity (Ig A, M, and G classes) were determined by the 

method of automated kinetic nephelometry on the Immunochemical System instrument using 

monospecific serums against Ig A, M, and G (the principle is based on measuring the rate of 

increase in light scattering intensity due to particles formed by the antigen-antibody 

reaction). Calculation of the absolute value of immunoglobulins was carried out according to 

calibration graphs constructed according to one series of anti-immunoglobulins. We evaluated the 

concentration of circulating immune complexes (CIC) by the method of liquid precipitation of 4% 

PEG-600 [Konstantinova N.A., 1986]. 

The data obtained were processed using methods of variation statistics [Glants S., 1999] by 

calculating the arithmetic mean (M), standard error of the mean (m). Tables present data as M±m. 

We calculated dissimilarities in parameters by the method of difference statistics using a t-test for 

dependent values. Differences were considered statistically significant at p <0.05. 

 

Table 1. The content of CIC in the blood of experimental animals without a tumor and with 

Walker 256 carcinosarcoma after exposure to general hyperthermia (conventional unit) 

Days of observation Hyperthermia 

(M±m) 

Tumor 

(M±m) 

Hyperthermia 

+ tumor (M±m) 

Control 21.8±1.79 

1st day 19.4±1.04 20.98±2.03 22.04±1.88 

3rd day 28.31±1.47 * 25.93±1.96 * 27.89±2.319 * 

7th day 25.8±1.91 * 23.02±2.21 26.56±2.07 * 

14th day 18.01±0.99 17.04±1.97 * 20.22±1.68 

Note: * - marked values differ significantly from those of control group 

  

When analyzing CIC in the blood serum of animals with the experimental tumor, after the 

use of GH, as well as with a combination of tumor growth and GH, the following changes were 

revealed. In animals of the control group, this indicator was 21.8 ± 1.79 conventional units. When 

studying the effect of GH on the CIC content in serum, it was noted that on the 1st day of the post-

heating period, the studied parameter did not differ from the control values. The period from the 

3rd to the 7th day of observation was marked by an increase in the content of CIC in the blood 



serum: on the 3rd day - by 30% (28.31 ± 1.47 units), on the 7th day - by 20 % (25.8 ± 1.91 

units). By the 14th day, this indicator returned to the control values. 

In animals with transplantable Walker 256 carcinosarcoma on the 3rd, there was an increase 

in the content of CIC in the blood serum to 25.93 ± 1.96 units. By the 7th day, this indicator 

decreased to values that do not differ from those in the control group of animals. And by the 14th 

day, the content of CIC in serum decreased to 17.04 ± 1.97 units (-19% relative to the control 

group). 

In the group of animals with Walker 256 carcinosarcoma exposed to GH, there was an 

increase in the content of CIC in the blood serum from the 3rd to the 7th day of observation (27.89 

± 2.319 units and 26.56 ± 2.07 units respectively). After the 7th day of observation, the indicator 

studied did not differ from that in animals of the control group. 

When investigating the level of immunoglobulin M (IgM) in experimental animals with 

experimental tumor growth, after the use of GH and with the combination of a tumor and GH 

(Table 2 ), we found that the serum IgM content in the control group was 0.78±0.062 g/L. 

 

 

Table 2. Dynamics of blood IgM in experimental animals without a tumor and with Walker 256 

carcinosarcoma after exposure to general hyperthermia (g/L) 

Days of observation Hyperthermia 

(M ± m) 

Tumor 

(M ± m) 

Hyperthermia 

+ tumor (M ± m) 

Control 0.78±0.062 

1st day 0.55±0.051 * 0.94±0.082 * 0.58±0.044 * 

3rd day 0.81±0.064 1.11±0.077 * 0.91±0.051 * 

7th day 0.94±0.078 * 0.89±0.084 0.88±0.062 

14th day 1.02±0.087 * 0.64±0.039 * 0.73±0.071 

Note: * - marked values differ significantly from those of control group 

 

The next day after exposure to GH, we observed a decrease in the studied parameter by 

25% in animals without tumor, which amounted to 0.55±0.051 g/L. By the 3rd day of observation, 

the serum IgM content in experimental animals of this group was restored to control values. In the 

period from the 7-14th day after exposure to GH, this parameter exceeded the control values by 

20-23%. 

In the group of animals with Walker 256 transplanted carcinosarcoma, from the 1st to the 

3rd day of observation, an increase in serum IgM content was observed: on the 1st day - 0.94 ± 

0.082 g/L, on the 3rd day - 1, 11±0.077 g/L. On the 7th day, this parameter did not differ from the 

control values. By the 14th day of observation, the IgM content in the blood serum of experimental 

animals decreased by 25% and amounted to 0.64±0.039 g/L. 

In the group of animals with carcinosarcoma exposed to general hyperthermia, on the 1st 

day after the procedure, there was a decrease in the serum IgM content to 0.58±0.044 g/L. On the 

3rd day of observation, this indicator increased by 24% and amounted to 0.91±0.051 g/L. 

From the 7-14th day of observation, the serum IgM content did not differ from the control 

values. 

The content of immunoglobulin G (IgG) in the blood serum of experimental animals of the 

control group was 5.2 ± 0.39 g/L (Table 3). 

 



Table 3. Dynamics of blood IgG in experimental animals without a tumor and with Walker 256 

carcinosarcoma after exposure to general hyperthermia (g/L) 

Days of observation Hyperthermia 

(M ± m) 

A tumor (M ± m) Hyperthermia 

+ tumor (M ± m) 

Control 5.2±0.39 

1st day 3.92±0.26 * 5.44±0.27 4.13±0.32 * 

3rd day 4.41±0.68 7.23±0.63 * 6.48±0.51 * 

7th day 6.75±0.68 * 5.31±0.34 7.04±0.53 * 

14th day 7.12±0.57 * 3.94±0.25 * 4.88±0.39 

Note: * - marked values differ significantly from those of control group 

 

 

 

 

In animals exposed to GH on the 1st day of the post-heating period, there was a decrease in this 

parameter by 20%, which amounted to 3.92 ± 0.26 g/L. By the 3rd day of observation, the content 

of IgG in blood serum in animals of this group was restored to control values. In the period from 

the 7th to the 14th day after the GH exposure, IgG content exceeded the control values by 20-22%. 

In the group of animals with Walker 256 transplanted carcinosarcoma, the period on the 1st 

day of observation did not differ from the control values. On the 3rd day, there was an increase in 

the content of IgG in serum to 7.23 ± 0.63 g/L. By the 7th day, IgG was restored to control 

values. On the 14th day of observation, the content of IgG in the blood serum decreased and 

amounted to 3.94 ± 0.25 g/L. 

In the group of animals with Walker 256 carcinosarcoma exposed to GH, on the 1st day 

after the procedure, there was a decrease in the IgG content in the blood serum of experimental 

animals to 4.13 ± 0.32 g/L. On the 3rd day of observation, IgG content increased by 25% and 

amounted to 6.48 ± 0.51 g/L. On the 7th day of observation, the serum IgG content continued to 

increase and was equal to 7.04 ± 0.53 g/L. By the end of the experiment, the IgG content returned 

to the control values. 

When studying the level of immunoglobulin A ( Ig A) in the blood serum of experimental 

animals with a tumor, after the use of GH and with the combination of tumor and GH, it was 

revealed (Table 4 ) that the content of Ig A in the blood serum of experimental animals the control 

group was 0.49 ± 0.031 g/L. In animals exposed to GH on the 1st day after the procedure, a decrease 

of Ig A by 42% was noted, which amounted to 0.26 ± 0.019 g/L. On other days of observation, the 

content of Ig A in the blood serum of experimental animals did not differ from the control values. 

 

 

 

 

 

 

 

 

 



Table 4. The dynamics of the content of Ig in the blood of experimental animals without tumors and with 

Walker 256 carcinosarcoma after exposure to general hyperthermia (g/L) 

Days of observation Hyperthermia 

(M±m) 

Tumor 

(M±m) 

Hyperthermia 

+ tumor (M±m) 

Control 0.49±0.031 

1st day 0.26±0.019 * 0.51±0.029 0.42±0.029 

3rd day 0.41±0.028 0, 69±0,042 * 0.48±0.034 

7th day 0.52±0.039 0.43±0.023 0.38±0.031 * 

14th day 0.45±0.027 0.32±0.019 * 0.37±0.028 * 

Note: * - marked values differ significantly from those of control group 

 

 

 

 

In the group of animals with Walker 256 transplantable carcinosarcoma, we observed 

a wave-like dynamics of this parameter: an increase in the content of  Ig A in the blood serum on 

the 3rd day (0, 69 ± 0.042 g/L) and a decrease of 30% by the 14th day (0.32 ± 0.019 g/L). 

In the group of animals with Walker 256 carcinosarcoma exposed to GH, there was a 

decrease in the content of Ig A in the blood serum from the 7th day (0.38 ± 0.031 g/L) to the 14th 

day (0.37 ± 0.028 g/L). On other days of observation, the content of Ig A in serum did not differ 

from the control values. 

When analyzing the content of lymphocytes in the blood serum of experimental animals 

with a tumor, after the use of GH and with the combination of a tumor and GH, the following 

changes were revealed (Table 5). In animals of the control group, this indicator was 2.57± 

0.18x109/L. When studying the effect of GH on the lymphocyte count in the blood serum, it was 

noted that on the 1st day after the procedure, lymphocyte number decreased by 28% and amounted 

to 1.88 ± 0.14 x 109/ L. On the 3rd day of the experiment, the lymphocyte count of animals of this 

group did not differ from the control values. The period from the 7th to the 14th day of observation 

was marked by an increase in the lymphocyte count: on the 7th day - by 24% (3.18 ± 0.23x109/L), 

on the 14th day - by 38% (4.39 ± 0.51 x109/L). 

 

 

 

 

Table 5. Dynamics of blood lymphocyte content in experimental animals without a tumor and 

with Walker 256 carcinosarcoma after exposure to general hyperthermia (109/L) 

Study Dates Hyperthermia 

(M ± m) 

Tumor 

(M ± m) 

Hyperthermia 

+ tumor (M ± m) 

Control 2.57±0.18 

1st day 1.88±0.14 * 2.78±0.19 2.05±0.23 * 

3rd day 2.35±0.33 4.98±0.33 * 3.86±0.28 * 

7th day 3.18±0.23 * 3.79±0.24 * 2.76±0.21 

14th day 4.39±0.51 * 1.94±0.17 * 2.01±0.19 * 

Note: * - marked values differ significantly from those of control group 

 



Discussion. 

On the 3rd of observation, in animals with Walker 256 transplantable 

carcinosarcoma, lymphocyte count increased to 4.98 ± 0.33 x109/L. By the 7th day, there was a 

decrease in lymphocyte content to 3.79 ± 0.24 x109/L, but at the same time, it exceeded the control 

values by 50%. And by the 14th day, the lymphocyte count decreased to 1.94 ± 0.17 x109/L (-21% 

compared to the control group). 

In the group of animals with Walker 256 carcinosarcoma exposed to GH, there was a 

decrease in the lymphocyte count to 2.05 ± 0.23 x109/L on the 1st day of the experiment. On the 

3rd day, lymphocyte content increased by 51% and amounted to 3.86 ± 0.28 x109/L. On the 7th day, 

the lymphocyte count did not differ from that in the animals of the control group. And by the end 

of the experiment (day 14), a decrease in the lymphocyte count amounted to 2.01 ± 0.19 x109/L (-

20% compared to the control values). When comparing the studied parameter between groups of 

animals, we found that in animals of the 3rd experimental group, the lymphocyte content was lower 

than in animals of the 2nd group at all periods of observation. 

When analyzing CD3 lymphocyte count in the blood of experimental animals with a tumor, 

after the use of GH and when the tumor and GH were combined, we revealed the following 

changes: (Table 6). 

In animals of the control group, this indicator was 59.9 ± 2.6%. In animals of the first group 

exposed to only GH, on the 1st day of observation, there was a decrease in CD3 lymphocyte 

count in the blood to 48.42 ± 2.01%. On the 7th, an increase in CD3 lymphocyte count in 

experimental animals amounted to 71.28 ± 2.515. On other days of observation, the studied 

parameter in animals of this group did not significantly differ from the control values. 

 

 

 

Table 6. The dynamics of CD3 lymphocyte count in the blood in experimental animals without a 

tumor and with Walker 256 carcinosarcoma after exposure to general hyperthermia (%) 

Days of observation Hyperthermia 

(M ± m) 

Tumor 

(M ± m) 

Hyperthermia 

+ tumor (M ± m) 

Control 59.9± 2.6 

1st day 48.42±2.01 * 60.36±4.72 53.34±3.03 * 

3rd day 63.54±1.98 65.89±3.44 * 63.89±3.51 

7th day 71.28±2.51 * 52.3±4.06 * 57.34±3.33 

14th day 62.41±3.02 46.9±3.25 * 51.63±3.54 * 

Note: * - marked values differ significantly from those of control group 

 

 

 

In the group of animals with Walker 256 transplanted carcinosarcoma, the content of CD3 

blood lymphocytes had the following dynamics: by the 3rd day of observation, the studied 

parameter increased to 65.89 ± 3.44%, and by the end of the experiment it decreased to 46.9 ± 3.25 

% 

In the group of animals with Walker 256 carcinosarcoma exposed to GH, a different 

dynamics was observed in the change in CD4 lymphocyte count: on the 1st day of observation, this 

indicator decreased by 14% (53.34 ± 3.03%), and by 3rd and the 7th day returned to the control 



values. By the 14th day, the content of CD3 blood lymphocytes again decreased and reached 51.63 

± 3.54%. At the same time, differences in the studied parameter in animals of different 

experimental groups were noted. In the group of animals exposed to only GH, the content of CD3 

blood lymphocytes during the period from the 7th to the 14th day of the experiment was higher 

than in animals of other groups. 

The content of CD4 lymphocytes in the blood in experimental animals of the control group 

was 31.7 ± 2.72%. In the group of animals exposed to GH, the following dynamics was observed 

(Table 7): on the 1st day, CD4 lymphocyte count decreased to 26.48 ± 1.41% (-20% relative to the 

control values), on the 3rd day of observation did not differ from the control values. On the 7th day 

of the post-heating period, the maximum values of CD4 lymphocytes were recorded in animals of 

the first group - 38.19 ± 2.34%. By the end of the experiment (day 14), CD4 lymphocyte count in 

the blood of experimental animals decreased to 35.76 ± 2.54%, but this was higher than the control 

values. 

 

 

Table 7. The dynamics of CD4 lymphocyte count in the blood in experimental animals without a 

tumor and with Walker 256 carcinosarcoma after exposure to general hyperthermia (%) 

Days of observation Hyperthermia 

(M ± m) 

Tumor 

(M ± m) 

Hyperthermia 

+ tumor (M ± m) 

Control 31.7±2.72 

1st day 26.48±1.41 * 31.05±2.73 27.45±2.13 

3rd day 29.34±2.07 36.28±2.07 * 34.98±2.43 * 

7th day 38.19±2.34 * 27.37±1.98 * 31.24±2.06 

14th day 35.76±2.54 * 24.7±2.17 * 27.43±1.95 * 

Note: * - marked values differ significantly from those of control group 

 

 

 

In animals with Walker 256 transplanted carcinosarcoma, an increase in CD4 lymphocyte 

count to 36.28 ± 2.07% was observed on the 3rd day. Starting from the 7th day of observation, the 

studied parameter decreased, reaching 27.37 ± 1.98% by the 7th day, and by 24.7 ± 2.17% by the 

14th day. In the group of animals with Walker 256 carcinosarcoma exposed to GH, we observed 

a wavelike dynamics in the change in the CD4 lymphocyte count: on the 3rd day, this indicator 

increased by 16% (34.98 ± 2.43%), and on the 7th day decreased by 17% (27.43 ± 1.95%). On 

other days of observation, no significant differences were recorded. 

When counting CD8 lymphocytes in the blood of experimental animals with experimental 

tumor process, after the use of GH and when the tumor and GH were combined, we found (Table 8) 

that CD8 lymphocyte count of the control group was 18.41 ± 1.44 %.  In animals of the first group 

exposed to only GH, on the 1st day of observation, there was a decrease in CD8 lymphocyte count 

to 15.25 ± 1.32%. On other days of observation, this parameter in animals of this group did not 

significantly differ from the control values. 

In the group of animals with transplantable Walker 256 carcinosarcoma and the group of 

animals with Walker 256 carcinosarcoma exposed to GH, changes in CD8 lymphocyte count did 

not show any significant differences compared to the control values. But at the same time, 

differences in the studied parameter in animals of the 2nd and 3rd experimental groups on the 1st 



and 3rd day of observation were noted. In the group of animals with carcinosarcoma exposed to 

GH, the change in CD8 lymphocyte count was lower than in animals with the only tumor. 

 

 

 

Table 8. The dynamics of CD8 lymphocyte count in the blood in experimental animals without a 

tumor and with Walker 256 carcinosarcoma after exposure to general hyperthermia (%) 

Days of observation Hyperthermia 

(M ± m) 

Tumor 

(M ± m) 

Hyperthermia 

+ tumor (M ± m) 

Control 18.41±1.44 

1st day 15,25±1.32 * 18.78±1.65 16.28±1.32 

3rd day 19.56±1.50 21.02±3.12 17.43±1.25 

7th day 18.79±1.08 19.67±1.81 18.57±1.61 

14th day 17.23±1.12 16.43±1.21 17.59±1.23 

Note: * - marked values differ significantly from those of control group 

  

 

Table 9. The dynamics of CD20 lymphocyte count in the blood in experimental animals without 

a tumor and with Walker 256 carcinosarcoma after exposure to general hyperthermia (%) 

Days of observation Hyperthermia 

(M ± m) 

Tumor 

(M ± m) 

Hyperthermia 

+ tumor (M ± m) 

Control 14.03±1.36 

1st day 11.17±1.05 * 14.87±1.23 12.11±0.91 

3rd day 13.38±1.22 18.17±1.44 * 16.46±1.77 

7th day 17.09±1.77 * 13.41±1.17 14.79±1.57 

14th day 16.74±1.34 * 9.26±0.79 * 11.52±0.88 * 

Note: * - marked values differ significantly from those of control group 

 

 

 

 

In animals of the control group, this indicator was 14.03 ± 1.36%. In the animals of the 

first group exposed to only GH, on the 1st day of observation, there was a decrease in the CD20 

lymphocyte content in the blood to 11.17 ± 1.05%. On the 3rd day of the post-heating period, CD20 

lymphocyte count did not differ from the control values; from the 7th  to the 14th day of 

observation, CD20 lymphocyte content in the blood of this group exceeded the control values and 

amounted to 17.09 ± 1.77% and 16,74 ± 1.34%, respectively. 

In the group of animals with Walker 256 transplanted carcinosarcoma, there was a change 

in CD20 lymphocyte count on the 3rd day of observation, when this indicator increased and 

amounted to 18.17 ± 1.44%. Then CD20 lymphocyte count gradually decreased, and by the 14th 

day, it amounted to 9.26 ± 0.79%. In the group of animals with Walker 

256 carcinosarcoma exposed to GH, a change in the CD20 content of blood lymphocytes was 

observed only on the 14th day of observation and amounted to 11.52 ± 0.88%. 

We calculated that the immunoregulatory index in the animals of the control group was 

1.72 ± 0.17 units (Table. 1 0), and in animals exposed to GH on the 3rd day of the post-heating 



period, a decrease by 15% was noted, which amounted to 1.45 ± 0.09 units. From the 7th to the 

14th day after the exposure to the GH, the immunoregulatory index exceeded the control values by 

15-17%. 

In the group of animals with transplantable carcinosarcoma Walker 256, from the 1st to the 

3rd day of observation, there were no significant differences between the studied parameter and 

control values. And from the 7th to the 14th day, an increase of the immunoregulatory index was 

noted. So on the 7th day of observation, this indicator was 1.39 ± 0.08 units, and on the 14th day - 

1.5 ± 0.11 units. 

 

 

 

Table 10. Dynamics of the immunoregulatory index in experimental animals without a tumor 

and with Walker 256 carcinosarcoma after exposure to general hyperthermia (conventional units) 

Days of observation Hyperthermia 

(M ± m) 

Tumor 

(M ± m) 

Hyperthermia 

+ tumor (M ± m) 

Control 1.72±0.17 

1st day 1.73±0.11 1.65±0.07 1.68±0.08 

3rd day 1.45±0.09 * 1.72±0.15 2.0±0.18 * 

7th day 2.03±0.17 * 1.39±0.08 * 1.68±0.11 

14th day 2.07±0.14 * 1.5±0.11 * 1.55±0.14 

Note: * - marked values differ significantly from those of control group 

 

 

 

 

 

 

 

In the group of animals with Walker 256 carcinosarcoma exposed to GH, only on the 3rd 

day of the post-heating period there was an increase in the immunoregulatory index up to 2.0 ± 

0.18 units. On other days of observation, this indicator did not differ from the control values. 

When analyzing the differences of the immunoregulatory index between the groups, we 

revealed the following features. On the 1st day of observation, the immunoregulatory index in all 

groups of animals did not differ both from the control values and between the groups. On the 3rd 

day of observation, the immunoregulatory index in the 1st group of animals was lower than in other 

experimental groups. The period from the 7th to the 14th day of the experiment was marked by the 

highest values of the immunoregulatory index in the group of animals exposed to only GH. It 

exceeded both control values and indicators in other experimental groups. 

 

Conclusions 

1. With a combination of general hyperthermia and the tumor process in experimental 

animals, a less pronounced suppression of the activity of the humoral component of the immune 

system in the body was noted. 

2. Under the influence of general hyperthermia on experimental animals without a tumor, 

there was a decrease in the number of immunocompetent cells on the 1st day of the post-heating 



period with restoration by the 3rd day. Further, the number of CD3, CD4, CD20 lymphocytes 

continued to increase.  CD8 lymphocyte count remained within the control values. 

3. With a combination of general hyperthermia and the tumor process in experimental 

animals, against the background of a temporary increase in CD3, CD4  (3 days), a decrease in the 

number of immunocompetent cells (CD3, CD4, CD20 ) was noted on the 14th day of the post-

heating period. 
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