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Abstract 
The mechanisms of anti-tumor action of low intensity factors of 

activation therapy remain little investigated. The aim of the pres-

ent paper is to study the changes in the immune system organs, 

the state of blood leukocytes and tumor area under effective ac-

tivation therapy in tumor-bearing animals using EMR microwave 

range. The research is relevant due to the immune processes 

influence on cardiovascular system performance. 

Materials and methods
In experiments on 77 albino outbred male rats with inoculated 

sarcoma-45 and Pliss lymphosarcoma tumors low intensity EMR 

of microwave and EHF ranges with bioeffective frequencies has 

been used as an activation therapy factor. The structural-func-

tional changes in the immune system organs, some indices of 

blood leukocyte activity, composition of immune cells  infiltrating  

tumors when inhibiting their growth and regression have been 

studied. Besides, the signs of intercellular interactions with par-

ticipation of leukocytes in the tumor area have been considered. 

Results 
The pronounced anti-tumor effects in the studied EMRs are re-

lated to their anti-stressor action and, as a rule, accompanied 

by an increase in lymphoproliferative activity and intercellular 

interactions in thymus and spleen.  Under the effect of micro-

wave resonance radiation (1 GHz) noted are changes in blood 

lymphocytes activity, which precede the tumor regression 

beginning, as well as numerous contacts between malignant 

cells and leukocytes in regressing tumors.  Peculiarities of large 

tumors regression and changes in thymus and state of blood 

lymphocytes, NK cells, monocytes and neutrophils influenced 

by modulated EHF EMR are described. 

Conclusions
Immune mechanisms of anti-tumor effects in the studied EMR 

microwave ranges as activation therapy factors may be related 

to the following basic processes: increase in tumor cell differen-

tiation under the effect of the immune cell factors, development 

of the antigen presentation processes and effective destruction 

of tumor cells by apoptosis induction, cytotoxic action of natural 

killer cells, macrophages and other immune system cells and their 

factors.
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Introduction
Malignant process causes the multilevel system 

changes in the organism. The intensity of these chang
es depends on the stage of development and localiza
tion of a tumor. At the same time the earliest disorders 
occur in the neuroendocrine and immune systems 
later on influencing the performance of other organs 
and systems. A close relation between the cardiovas
cular and neuroendocrine systems is wellknown. 
In recent years the immune processes’ influence on 
the cardiovascular system performance and pathol
ogy development becomes also evident [1, 2]. Thus, 
the type of changes in different parts of the immune 
system under malignant processes and antitumor ac
tions may be very important for dynamics of state of 
cardiovascular and other systems in the tumorbear
ing organism.

It has been demonstrated before that the activation 
electromagnetotherapy contributes to improvement 
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in the regulatory system state and effective mobiliza
tion of antitumor resistance mechanisms [3–5]. At 
the same time the irreversible malignant cell injury, 
often observed in the experiment, may above all be 
caused by the immune system factors. It denotes the 
necessity of investigation of the immune processes, 
which assist the antitumor effects of the activation 
electromagnetotherapy.

The aim of the present paper is to study the chang
es in the immune system organs, the state of blood 
leukocytes and tumor area under effective activation 
therapy in tumorbearing animals using microwave 
electromagnetic radiation (EMR). 

Materials and methods
Examination has been carried out in 77 albino out

bred male rats weighing 180300g with inoculated 
sarcoma 45 (23), Pliss lymphosarcoma (47) as well as 
in animals without tumors (7). The used tumors dif
fered in histological structure, development rate and 
invasion depth. The EMR of centimeter and milli
meter (extremely high frequency, EHF) ranges have 
been applied. The experiments have been conducted 
in accordance with international ethical standards. 
The electromagnetotherapy course duration is 3.5–4 
weeks. The actions have been carried out in accor
dance with the activation therapy principles [3–5].

In the experiments in 23 rats with inoculated sarco
ma45 applied has been resonance radiation (RR), low 
intensity (less than 50  µW/cm2) EMR of centimeter 
range, the frequency (1 GHz) of which coincides with 
the frequency of watercontaining media selfradia
tion, generated by the EMR of millimeter range [6]. 
“Aquaton” device has been used for that. A head and 
tumor area have been sequentially exposed (double 
exposure) for 3–10 min. 

Low intensity (not more than 10 mW/cm2) modulat
ed by EHF EMR with 42.2 GHz frequency served as 
an additional factor. For modulation the 7.8  Hz fre
quency signal of Schumann resonance spectrum or the 
sequence of signals with pairwise multiple bioeffective 
frequencies of 1.7, 3.4, 7.8 and 15.6 Hz have been used 
[7]. The occipital region of head (hypothalamus projec
tion area) has been influenced with changes during 15–
30 min. depending on blood leukogram and animal’s 
behaviour in the chamber. For that purpose the “Yav 1” 
device for EHF therapy with an additional ferrite iso
lator and the modulator developed in Rostov Research 
Institute of Radio Communication on the basis of the 

special form signal generator G6–37 have been used. 
The electromagnetotherapy course started with mini
mal exposure 3 days before tumor inoculation. 

During the research studies the change in tumor size 
has been defined by calculating the volume accord
ing to Schreck formula for ellipsoids. The animals 
state has been evaluated according to dynamics in 
type and tension of general nonspecific adaptation 
reactions (AR) of the organism, which is determined 
using the hematologic indicators, namely blood leu
kogram parameters, calculated for 200 cells [3, 8]. 
During the stages of the experiment in the peripheral 
blood lymphocytes activity of basic enzymes dehydro
genases, namely, succinate dehydrogenase (SDH) and 
alphaglycerophosphate dehydrogenase (αGPDH), 
which participate in significant energetic processes of 
cell metabolism [9], has been studied. The functional 
activity of natural killers (NКcells) has been evaluat
ed using the cytotoxic test [10]. Herewith the lympho
cytes isolated in a ficollverografin density gradient (ρ 
1,077–1,078) of rats blood have been used as effectors, 
and the cell culture of human erythromyeloleukosis 
K562, obtained by Research Institute of Clinical Im
munology RAMS (Moscow), has been used as target. 
Besides, evaluated have been the indicators charac
terizing activity of the phagocytic part of the immune 
system, namely, the phagocytic activity (PA  – per
centage of phagocytic cells), the phagocytic number 
(PN  – average quantity of test objects absorbed per 
one phagocyte) and the intensity of oxygen dependent 
reactions of “respiratory explosion” which is evaluated 
in rats blood neutrophils and monocytes with the help 
of spontaneous and stimulated (by zymosan or latex) 
test of nitro blue tetrazolium reduction to diphor
mazan (NBT test) with calculation of NBT stim./NBT 
spont. coefficient [11]. We would like to emphasize 
that the above indicators have been used with the aim 
of indirect, approximate evaluation of the blood neu
trophils and monocytes functional state. 

At the end of the experiments the animals were over
narcotized with ether; organs and blood were inves
tigated. During morphologic and morphometric in
vestigation of the immune system organs and tumor 
tissue the method of Brache staining modified by R.A. 
Simakova to identify nucleoproteins as well as the he
matoxylineosin staining have been used. At the same 
time in thymus determined have been the indicators 
reflecting the lymphoproliferative processes activity, 
i.e. lobule size, width of cortical and medullary sub
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stances, as well as the stromalparenchymatous coef
ficient. The prevalence of contacts between tissue ba
sophils and thymocytes has been evaluated. In spleen 
defined have been the relative size of germinal centers 
and relative number of complexes (associates) of mac
rophages and lymphocytes. 

The antitumor efficiency of activation electromag
netotherapy has been evaluated with the help of the 
following indicators: percentage of tumor growth in
hibition, relative number of regression cases, intensi
ty of regression, intensity of degenerativedystrophic 
and necrotic changes in tumor cells, qualitative and 
quantitative composition of immune cells infiltrating 
the tumor. In the studies with resonance radiation 
(RR) the electron microscopic investigation of tumor 
tissue has been carried out with the help of the elec
tron microscope Philips EM208. 

For statistical processing of the obtained results the 
Student’s t criterion and Wilcoxon–Mann–Whitney 
criterion have been applied.

Results and discussions
The examined microwave range EMR had an evident 

antitumor effect on a number of animals, accompa
nied by rather significant change in central and pe
ripheral parts of the immune system.

Multilevel immunotropic effects in case of 
resonance radiation exposure on rats with 
sarcoma45

Thus, the RR exposure proved to be effective for 
77 % of animals. Besides, complete or practically com
plete (85–95  %) regression of sarcoma45 has been 
observed in a third of animals. The remaining 6 rats 
showed in equal shares a partial regression of tumor 
(two times) or 40 % inhibition of its growth. It is nec
essary to note that an antitumor effect of the given 
factor has been related to its antistressor action, i.e. 
development of antistressor AR of calm and elevated 
activation without evident signs of tension during the 
last stages of the experiment, when the АR of stress 

А В С

Fig. 1. Changes in thymus under the influence of resonance radiation (RR). A. Growth in sarcoma-45 in the reference group: 

hypoplasia of lymphoid tissue with significant disorder in lobules structure and expansion of interlobular connective tissue 

segments, signs of hemostasis. АR of stress. B. Partial regression of sarcoma-45 influenced by RR: increase in lymphocellular 

density and expansion of cortical substance area in lobules. С. Complete regression of sarcoma-45 under the influence of 

RR: abundance of tissue basophils in interlobular connective tissue, their contacts with thymocytes. АR of elevated activation. 

Brache. Magn. Х400.

А В С

Fig. 2. Changes in spleen under the effect of resonance radiation (RR). A. Growth in sarcoma-45 in the reference group: significant 

contraction or complete absence of germinal centers in follicles. АR of stress. Brache. Magn. х 400. B. Regressions in sarcoma-45 

under the effect of RR: multiple large and middle sized follicles with wide germinal centers and large lymphoid muffs. АR of 

increased activation. Brache. Magn. Х 280. С. Regressions in sarcoma-45 under the influence of RR: activated macrophages and 

rosette-like macrophage-lymphocytic complexes in red pulp. Brache. Magn. х 630.
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prevailed in the reference group of animals (70–80 % 
cases). 

It should be noted that we have already considered 
the problem of greater efficiency of RR with double 
localization in comparison with the influence of this 
factor in case of its localization only on the head or 
tumor area as well as the problem of firstly detected 
possibility for low intensity EMRs to lead to an in
crease in a degree of differentiation of tumor cells, 
thus reducing their life cycle demonstrated exactly for 
RR [12, 13].

In the present research we are interested, first of all, 
in the changes occurring in the immune system of the 
tumorbearing rats and accompanying the antitumor 
effect of RR. The results, obtained during studying 
micro pictures of thymus and spleen under the RR ef
fective influence, corresponded to the information in 
literature concerning changes in the immune system 
organs in case of tumor regressions under the effect 
of activation therapy with ultralow frequency EMRs 
[3, 4, 12]. As opposed to hypoplasia and degenerative 
disorders, typical for thymus and spleen under tumor 
stress (Fig.1А and 2А), in the cases of effective influ
ence of resonance EMR in these organs high lymph
oproliferative activity (Fig.  1В and 2В) and evident 

signs of intercellular interaction activation with par
ticipation of tissue basophils in thymus (Fig. 1С) and 
macrophages in red pulp of spleen (Fig. 2С) have been 
observed.

Changes in the immune system of the animals with 
the most evident effect of RR, i.e. the tumor regres
sion, have been also observed in blood lymphocytes 
(Fig.  3). When examining the activity in basic en
zymedehydrogenases of SDH and αGPDH tricar
boxylic acid cycle in mitochondria of these cells 10 
days after starting the exposure, increase in SDH ac
tivity has been detected. The SDH activity increased 
by 1.4 times (p < 0.05, Fig. 3А) as compared with the 
data of the reference group. It has shown the activa
tion of metabolic processes in blood lymphocytes un
der the effect of RR during the stages preceding tu
mor regression. After finishing the exposure sessions 
in animals with regressing tumors marked has been 
almost a 1.5 time increase in ratio between SDH and 
αGPDH activity indicators as compared with rats in 
the reference group (р < 0,05, Fig. 3В).

Thus, the antitumor effect of RR is evidently relat
ed to the changes in central (thymus) and peripheral 
(spleen, blood) parts of the immune system. An effec
tive influence of RR on central and peripheral parts of 
neuroendocrine and immune systems ended in mo
bilization of effector antitumor mechanisms and di
rectly in the area of malignant process localization. In 
vessels, located close to tumor cells, the lymphocytes 

Fig. 3. Activity in enzyme-dehydrogenases of peripheral blood 

lymphocytes in animals in case of regression of sarcoma-45 

under the resonance radiation (RR) effect. A. Increase in the 

SDH activity 10 days after starting the RR exposure. B. Rise in 

ratio between SDH and α-GPDH activity indicators in the end of 

the exposure course.

А) B)

Fig. 4. Increase in infiltration of sarcoma-45 deep layers by 

the immune system cells in case of inhibition of tumor growth 

under the resonance radiation effect. Quantity of lymphocytes 

and plasmocytes in 103 tumor cells
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migrating through the tissue have been frequently ob
served. As a result of morphometric study of sarco
ma45 tissue with inhibition of growth demonstrated 
has been a significant (2.9 times, р < 0,05) increase in 
a number of lymphocytes and plasmocytes, infiltrat
ing deep layers of tumor (Fig. 4).

In cases of effective RR exposure the immune cells 
infiltrating the tumor have been observed in the cap
sule, directly under it in the area of mature connective 
tissue, аnd in the form of lymphoplasmacytic barrier 
in the area of young connective tissue (width 145–
165  µm) of the tumor boundary. At the same time 
immune cell infiltration under partial regression has 
been more intensive than under inhibition. The qual
itative composition of cells also increased. In addition 

to lymphocytes and plasmocytes (Fig. 5А) the tissue 
basophils and numerous macrophages have also been 
observed (Fig. 5В).

In our opinion, the noted rise in a number of lym
phoid and macrophage elements, as well as other im
mune system cells in the tumor area, is a result of the 
intercellular interactions activation with the participa
tion of leukocytes and tumor cells under the influence 
of RR, which has led to malignant cells elimination by 
means of their direct destruction and increase in the 
degree of their differentiation, the signs of which have 
been described by us earlier [12, 13].

Thus, when investigating the tumor tissue under 
electron microscope numerous contacts between the 
activated lymphocytes cytoplasmic outgrowths and 

Fig. 6. Partial regression in sarcoma-45 under the effect of RR. Contacts between the tumor and immune system cells. A. Area of 

contact between the tumor and activated lymphocyte cell. The lymphocyte’s cytoplasm in the contact area is rich in polysomes, 

Golgi complex and secretory granules are evident, the lymphocyte outer membrane forms numerous cytoplasmic outgrowths. 

An intercellular space in the contact area is filled with osmiophilic content. Magn. х20000. B. Simultaneous contact between the 

monocyte with tumor cell and the lymphocyte. The monocyte’s plasma membrane on extended segments contacts with the 

tumor cell membrane, forming numerous cytoplasmic outgrowths. The lymphocyte contacts with the monocyte, forming large 

cytoplasmic outgrowth. Magn. х 14,000.

А) В)

А) В)

Fig.5. The infiltration by immune cells of the regressing under the effect of resonance radiation sarcoma-45. A. Partial 50% 

regression: abundant plasmocyte infiltration of connective tissue border. Brache. Magn. Х 400. B.  Pronounced regression (more 

than 80%): abundant infiltration of connective tissue by activated macrophages and tissue basophils. Painted Brache. Magn. х 630.
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the tumor cells surface (Fig. 6А) are observed. Besides, 
in some cases several lymphocytes contacted with one 
sarcoma45 cell. Moreover, frequently observed are 
simultaneous contacts of the immune system cells 
with each other (lymphocytelymphocyte, lympho
cytemacrophage) and with the tumor cells. Thus, 
in the electrondiffraction pattern herein (Fig.  6B) 
we see the monocyte contacting simultaneously with 
several tumor cells and forming a cytoplasmic bridge 
with the lymphocyte. 

The detected at the electron microscopic examina
tion numerous intercellular contacts allow assuming 
the presence of the factors in immune cells which lead 
to the differentiation degree increase and, as a conse
quence, to decrease of the tumor cell life cycle. It cor
responds to modern literature data which proves the 
leading role of lymphocytes (especially, Tlympho
cytes) in the regulation of cellular growth and differ
entiation of not only immune but any somatic cells in 
the organism [14]. Quite probable are the other effec
tor mechanisms of tumor cells elimination under the 
influence of RR, which are related to different variants 
of cytotoxicity in lymphocytes, macrophages and oth
er immune system cells, as well as to production of 
cytokines by these cells and any other active factors 
directly or indirectly damaging the tumor cells [15].

Changes in the immune system and dynam
ics of regression of Pliss lymphosarcoma of 
different size under the effect of modulated  
EHF EMR

Another investigated acting factor, namely, the mod
ulated  EHF EMR, turned out less effective compared 
with the RR in rats with formed sarcoma45 of 0.7–
1.0 cm3 volume, than the RR [7]. Noted has been an 
unstable 43  % inhibition of tumor growth (p<0,05) 
during the 2nd week of exposures as well as 1.2–1.3 
times increase in number and area of segments of de
generatively changed sarcoma45 cells after finishing 
the exposures (р<0,05) as compared with the indices 
in the reference group of animals. Such an effect cor
relates to the improvement in the AR type and the 
lymphoproliferative process activation in the immune 
system organs. However, the  EHF EMR effect in the 
studied mode of application turned out to be insuffi
cient for mobilization of the effector antitumor im
mune mechanisms and tumor cells destruction. 

It has been a success to obtain a significantly more 
evident effect of modulated  EHF EMR on the mech

Fig.7. Change in development of Pliss lymphosarcoma under 

the effect of EHF EMR. А. tumors in the reference group: large 

tumor invaded into skin and infiltrated the below lying tissues 

(“impacted” tumor). В. Partial regression of the tumor with a size 

of more than 10 cm3: the tumor starts separating from the below 

lying tissues, no invasion into skin is observed. С. A complete 

regression of the tumor: in the place of the tumor remains only a 

trace of tumor’s invasion into skin before its regression.

А)

B)

C)
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anism of antitumor resistance with a part of male 
rats with inoculated Pliss lymphosarcoma in case of 
starting the exposure 3 days before the tumor inocula
tion. As it has already been mentioned, two modes of 
low frequency modulation, namely monofrequency 
modulation by signal 7.8 Hz (group 1, n = 18) and po
lyfrequency modulation with the use of a sequence of 
signals of paired multiple frequencies of 1.7–3.4–7.8– 
15.6 Hz (group 2, n = 18) have been used in the exper
iment. Besides, conventionally used dilution (to 20 %) 
has been 10 times increased (to 2 %) in order to pro
long the period of detectable involvement of the tu
mor to obtain more accurate evaluation of the acting 
factors influnce. It is known that Pliss lymphosarcoma 
is characterized by rapid growth and active infiltration 
of the neighbouring tissues, as well as by practical ab
sence of cases of spontaneous regression even in very 
small tumors (not exceeding 0.03 cm3 in volume, the 
socalled “pea”). We supposed that the low frequency 
modulation of the highfrequency signal could slow 
down the tumor formation and invasion processes that 
would lead to an increase in animals’ life expectancy. 
However, the result of this experiment turned out to 
be different and was related to not known earlier de
layed reactions of the tumorbearing organism on the 
modulated  EHF EMR, which manifested themselves 
in complete or partial regression of the tumor. 

The majority of animals in two main groups under 
exposure during the first five days after detectable in

Fig.8. Indicators of thymus state under different intensity of the EHF EMR effects 

Legend: s/gr – subgroup, WT– the thymus weighting factor, SPC– stromal-parenchymatous coefficient.

Note: deviation from the reference indicator – ●; in subgroup B – ; in animals without tumor – ○, р < 0,05–0,01

volvement of the tumor had the same rate of the tumor 
growth as the reference group. Some cases in group 2 
( EHF EMR with polyfrequency modulation) were 
an exception. In that group noted was presence of the 
smallest tumors not exceeding 1.3 cm3 volume where
as with all other animals the lymphosarcoma volume 
was not less than 2.4 cm3. More evident effect of the  
EHF EMR with polyfrequency modulation manifest
ed itself on day 6 after inoculation, when 3 animals 
(17 %) had regression of the tumors with size up to 2 
cm3. Since then, the  EHF EMR effect has been not
ed in other animals: on the eighth day 4 males (22 %) 
from group 2 showed partial (40–50 %) regression of 
11.3–13.5 cm3 tumors, 6 animals (33 %) from group 
1 where the  EHF EMR with monofrequency mod
ulation (7.8 Hz) had been used showed complete or 
80  % (and more) evident regression of 4.9–6.1  cm3 
tumors. Thus, a partial, evident or complete regres
sion of tumors has been observed in approximately 
one third (6–7 of 18) male rats in each group where 
the EMR has been applied. At the same time, a par
tial, evident and complete regression of large tumors 
(4.9–13.5 cm3) occurred quite rapidly (4–7 days), and 
no signs of intoxication were noted. In other animals 
in main groups the tumor growth rate did not differ 
from the malignant process development in male rats 
in the reference group. 

Visually different peculiarities of changes in tumors 
in case of their complete and partial regression under 
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the effect of  EHF EMR are demonstrated in Fig.  7. 
For cases of partial regression of Pliss lymphosarco
ma with a size of more than 10 cm (group 2) typical 
was formation of “botryoidal” structure of regress
ing tumor, as well as formation of a capsule, which 
clearly marks the boundary between the tumor and 
the neighbouring tissue. Thus, mobility of formation 
and absence of its invasion into skin was provided 
(Fig. 7В). In cases of complete regression of Pliss lym
phosarcoma some kind of tumor “drying” occurred, 
at the same time a little invasion to the skin in a form 
of local injure (wound) in microvessels of skin outer 
layers has been observed (Fig. 7C).

As in case with the RR application, the antitumor 
effect of the modulated  EHF EMR manifested itself 

only against the background of antistressor action of 
these factors. 2 weeks after the detectable appearance 
of the tumor in all the reference group tumorbear
ing rats the AR stress has been noted, whereas in the 
main groups the antistressor AR have been observed 
in more than a half of the cases. 

Since then, the animals in main groups 1 and 2 
have been divided into 3 subgroups, namely А, B, 
and Сsubgroups depending on the  EHF EMR effect 
intensity with different mode of modulation. 6 male 
rats with complete tumor regression have been in
cluded in subgroup А – 3 animals from group 1 and 
3 animals from group 2. Subgroup B consisted of 7 
animals, of which 3 female rats with evident tumor 
regression were from group 1 and 4 male rats with 

Table 1. Correlation between some indicators of lymphocytes functional activity and total number of leucocytes in blood under 

different intensity of anti-tumor EHF EMR effect

Indicator Subgroup  А (n=6) Subgroup  B (n=7) Control (n=7)

Lymphocytes

SDH 9,7±0,6 ● 13,6±1,0 12,1±0,8

α-GPDH 11,0±0,2 ● 12,1±0,7 ● 15,5±1,3

SDH/α-GPDH 0,93±0,01 1,13±0,03 0,79±0,14 Т

L (mm3) 14775±2661 Т 7750±1143 10375±475 Т

Legend: SDH, α-GPDH and SDH/α-GPDH respectively, activity of  SDH and α-GPDH enzymes and their relation; L – leucocyte 
content in blood

Note: deviation from the reference indicator – ●, in subgroup В – , p < 0,05. Т – p<0.1

Table 2. Some indicators of blood leucocytes activity in  rats with Pliss lymphosarcoma  in case of different intensity of the EHF EMR 

anti-tumor effect

Indicator Subgroup А (n=6) Subgroup B (n=7) Control (n=7)

N
eu

tro
ph

ils NBT

spont. 28,0±1,4 ● 21,5±3,1 20,1±1,1

stim. 33,4±0,7 30,0±0,6 28±3,2

AI 1,1±0,0 1,4±0,1 1,3±0,1

phago -
cytosis

PA 38,0±4,3 ● 19,0±0,7 20,3±1,4

PN 2,3±0,1 1,5±0,1 ● 2,2±0,1 

M
on

oc
yt

es NBT

spont. 29,4±8,9 11,5±0,3 ● 19,9±1,0 

stim. 33,2±7,8 16,4±1,1 ● 22,5±0,3 

AI 1,1±0,1 1,4±0,0 ● 1,1±0,1 

phago -
cytosis

PA 28,1±1,2 ● 11,2±0,8 13,0±2,1

PN 3,9±0,2 ● 2,2±0,3 2,3±0,1

Legend: Spont., stim., AI are spontaneous, stimulated and activity index in NBT-test, respectively; PA is a phagocytic activity; 
PN is a phagocytic number;

Note: deviation from the reference indicator – ●; in subgroup В – ,  р < 0,05–0,01
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partial lymphosarcoma regression with a size of more 
than 10 cm3 were from group 2. Subgroup С included 
6 rats from group 1 and group 2. Those rats had no 
reduction in tumor size compared with the reference 
values. They were more active than the animals in the 
reference group having developed during the last 1.5 
weeks of the experiment not only the AR stress, but 
also tensed antistressor ARs as well as absence of ev
ident hypoplasia in thymus (Fig. 8). 

In our opinion, rats with an evident  EHF EMR ef
fect, included into subgroup А and B, differed in de
gree of mobilization, type and phases of the immune 
antitumor processes development. In subgroup А the 
realization of antitumor effect modulated by  EHF 
EMR, evidently, has been carried out to the full ex
tent compared with subgroup B. Thus, rats in this sub
group differed from rats in subgroup B in significantly 
higher (2–4 times) activity of lymphoproliferative pro
cess in thymus (Fig. 8). Animals from subgroup B had 
an evident atrophy of some thymus lobules, whereas 
in other lobules the hypoplasia in the organ lymphoid 
parenchyma has been significantly less evident as 
compared with the reference group. At the same time 
the weighting factor of thymus has been significantly 
reduced in comparison with the rats in subgroups А 
and С (Fig. 8). The presence of evident contacts be
tween tissue basophils and thymocytes (not less than 
3–4 in majority of visual fields with magnification 
400) has been observed in all the animals in subgroup 
А, whereas in subgroup B in some cases under partial 
tumor regression such contacts were single.

Differences between the animals in subgroup А and 
B were also noted when studying blood leukocytes 
functional activity (Table 1 and 2). The lowest activity 
of enzymedehydrogenases in lymphocytes (Table 1) 
and the highest phagocytic activity of neutrophils and 

monocytes (Table 2) have been noted in male rats in 
subgroup А. In Subgroup B the values of neutrophils 
phagocytic activity indicators have been the lowest, 
the decrease in monocytes phagocytic activity and 
leukocyte content in peripheral blood as compared 
with subgroup А (Table 1 and 2) have been observed. 
At the same time in both subgroups of animals with 
effective EMR action the indicator of the αGPDH 
enzyme activity has been reduced by 22–29 % in com
parison with the values in the reference group (Table 
1).

In our opinion, the data on differences in the consid
ered indicators in subgroup А and B animals, demon
strated in Table 1 and 2 and in Fig.8, may denote the 
phase changes in the blood thymocytes and leuko
cytes state, which accompany the antitumor effect of 
the modulated  EHF EMR.

It is known that the accidental involution of thymus 
may be caused by not only lymphoproliferative pro
cesses inhibition but also tEMRorary migration of ac
tivated thymocytes from thymus due to the immune 
processes stimulation [16]. We can assume that on 
certain stages of the  EHF EMR antitumor effect real
ization the migration of thymocytes occurred in tissue 
owing to their necessity to carry out systemic and/or 
local reactions.

Such an activation of the lymphocytes regulatory 
functions in tissues could evidently be the reason for 
decrease in weighting coefficient and thymus cortical 
substance width, reduction of total blood leukocytes 
content in animals of subgroup B, as well as a decrease 
in the αGPDH enzyme activity in lymphocytes of 
the male rats in both considered subgroups, which is 
known for its close relation to realization of the regu
latory functions [17]. After the tissue processes with 
participation of lymphocytes finished, there probably 

Fig.9. Possible immune mechanisms of anti-tumor effects of activation therapy with the use of microwave range EMR
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occurred the restoration of thymocytes pool, thymus 
mass, and leukocytes level in blood (subgroup А). 
Herewith the restoration of the blood lymphocytes 
functional state could last longer than replacement of 
the lymphocytes pool in blood and thymus, that re
sulted in the lowest SDH activity in lymphocytes of 
the subgroup А animals, which experienced the com
plete realization of the considered potential.

A relatively high phagocytic activity of monocytes 
and neutrophils in blood of the subgroup А animals 
(Table 2) could be a reflection of mobilization of oth
er, not lymphocytic, parts of the effector antitumor 
mechanisms influenced by  EHF EMR. Probably, the 
activation of monocytes and neutrophils in subgroup A 
was close to its maximum, that could be proved by rel
atively low values of their activity indices in NBTtest. 

Large size of most of regressing tumors, synchro
nism, delay in approach and dynamics of regression, 
as well as absence of intoxication signs in animals 
suggested activation of tumorspecific immunity with 
the help of modulated  EHF EMR and elimination 
of tumor cells by apoptosis. This result correspond
ed to the most successful variants of immunotherapy 
of different malignant tumors [18]. At the same time 
complete regression of relatively small tumors (up to 
1.7 cm3) under the effect of  EHF EMR with polyfre
quency modulation was, on the contrary, caused by 
the processes not related to the tumor antigen presen
tation. Thus, the results of test on cytotoxic activity of 
natural killer blood cells with the use of К562 tumor 
cells culture indicated the highest value of the given 
indice exactly in these cases (cytotoxic index 5.8–6.0 
when maximum value of the given indicator in other 
examined animals 4.6, p < 0,05).

Probably, just due to the fact that the exposure with 
the modulated  EHF EMR started before the Pliss lym
phosarcoma inoculation, in the organism of at least 
some of the animals it was possible to activate the 
mechanisms inhibiting the development processes of 
tumor avoidance from immune recognition and cyto
toxic factor effect.

Conclusions
The obtained results allow speaking about evident 

changes in different segments of the immune system, 
accompanying or anticipating the antitumor effects 
of microwave range EMR, used as factors of the acti
vation therapy. Besides, the effect of the studied low 
intensity EMR could cause the immunological pro

cesses development in 3 main directions related to the 
following: 

• increase in differentiation of malignant cells lead
ing to partial restoration of their structuralfunctional 
properties typical for normal cells, and a sharp de
crease in their life cycle,

• development of the antigen presentation process
es and further effective destruction of tumor cells by 
apoptosis induction, 

• cytotoxic action of natural killer cells, macrophages, 
other immune system cells and their factors (Fig. 9).

Thus, the antitumor influence of the microwave 
range EMR as an activation therapy factor may prob
ably be caused by different immune mechanisms. The 
obtained results allow defining the direction of fur
ther improvement of the activation therapy methods 
and development of effective antitumor exposures. 
The fact that the activation of antitumor resistance 
mechanisms is provided by the studied EMR an
tistressor effect allows speaking about the absence of 
restrictions when using EMR for patients with cardio
vascular pathology.
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