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We studied the effect of infrared light with a wavelength of 850 nm and modulated frequency 
of 101 Hz and X-ray radiation on the induction of cross-adaptive and radiation responses in 
the thymus and on the rate of tumor growth in mice in vivo. Preliminary explosure to infrared 
and X-ray radiation was shown to result in recovery in thymus weight after irradiation in 
a dose of 1.5 Gy and also inhibited the growth rate of Ehrlich carcinoma. These data attest 
to common mechanisms of the adaptive response induced by infrared and X-ray radiation 
in mice. Infrared light can be used as an adaptogen to adapt the animals to adverse factors.
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Infrared light and various devices based on the use 
infrared radiation are now widely used for the treat-
ment of inflammatory processes in medical prac-
tice. One of them is Curator Professional device; 
the therapeutic effect of this device is optimized by 
modulation at a frequency of 101 Hz. The impact 
of this radiation has been shown to signifi cantly in-
crease cell viability and regeneration, improve blood 
circulation, and increase SDH activity in the blood 
lymphocytes. We have found that it does not affect 
the level of spontaneous cytogenetic abnormalities 
in mouse bone marrow cells, but reduces their ra-
diosensitivity to irradiation in dose of 1.5 Gy, i.e. 
induces cross-adaptive response (AR) comparable 
in magnitude to the radiation AR induced by X-ray 
irradiation of mice by the standard AR scheme (0.1 
Gy+1.5 Gy) [2].

Here we studied the effect of infrared and X-ray 
radiation on the induction of AR in the thymus and on 
the rate of in vivo tumor growth in mice.

MATERIALS AND METHODS

The study was conducted on 2-month-old male SHK 
mice (n=300) kept under standard conditions in a vi-
varium of the Institute of Theoretical and Experimental 
Biophysics, Russian Academy of Sciences, according to 
the recommendations of the Biomedical Ethics Com-
mission. Light therapy device with a wavelength of 
850 nm and modulated frequency of 101 Hz at a power 
22 mW/cm2 was used as a source of infrared radiation 
(IRR). X-ray irradiation was performed using the RUT 
facility (200 kV voltage and 1 Gy/min dose power). 
The animals of experimental group 1 were irradiated 
with a single adapting dose of IRR for 10 min and after 
24 h with a challenging X-ray dose of 1.5 Gy. Group 
2 animals were irradiated with X-rays in a dose of 0.1 
Gy and after 24 h with challenging dose of 1.5 Gy. 
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Group 3 animals received only the dose of 1.5 Gy; 
group 4 animals were not irradiated and served as a 
natural background. The mice were sacrifi ced by cervi-
cal dislocation 28 h after irradiation with the challeng-
ing dose (at least 5 mice per point), and thymuses were 
isolated. The thymus, similarly to the bone marrow, is 
a hemopoietic organ with actively proliferating tissue. 
The relative weight of the thymus (RWT) was calcu-
lated as thymus-to-body weight ratio by group mean 
values: RWT=weight of thymus/body weight (mg/g).

For evaluation of the effect of infrared and X-ray 
radiation on the size of Ehrlich carcinoma, 4 groups 
were formed (15 mice in each). Group 1 animals were 
exposed to IRR for 10 min over 3 days before tumor 
transplantation. Group 2 mice were exposed to IRR in 
a single dose of 0.1 Gy before tumor transplantation. 
Group 3 mice were daily exposed IRR for 10 min 
over 3 days after tumor transplantation. Group 4 ani-
mals served as the control (transplantation without 
irradiation). To obtain solid tumor, ascitic fl uid con-
taining 2×106 cells in 0.1 ml of sterile isotonic NaCl 
was injected intramuscularly into hind paw. The tumor 
volume was measured with a caliper in three perpen-
dicular directions once a week over 1 month after 
transplantation. Signifi cance of differences between 
the groups was evaluated using Student’s t- est.

RESULTS

After both adapting exposures, RWT in mice after 
subsequent irradiation in a dose of 1.5 Gy returned to 
the level of natural background in contrast to the group 
with a single irradiation in a dose of 1.5 Gy, where a 
sharp decrease in thymus weight was observed ex-
hibited (Fig. 1). Hence, in the thymus, similarly to 
the bone marrow [2], AR of the same magnitude was 
observed after irradiation of both types. RWT after 

irradiation in adaptive doses virtually did not differ 
from that in non-irradiated animals. Thus, we can as-
sume that both IRR and ionizing radiation in a dose of 
0.1 Gy stimulate hemopoiesis. Low doses of radiation 
(0.05-0.1 Gy) also produce a stimulating effect on the 
proliferation of rat thymocytes [7] and the immune 
system and promote cell adaptation [5].

Tumor volume in mice exposed to adaptive irradi-
ation was signifi cantly lower than in the control group 
starting from day 24, i.e. inhibition of tumor growth 
was observed (Fig. 2). Inhibition of proliferation of 
tumor cells preliminary exposed to electromagnetic 
fi elds of different wavelengths was previously reported 
[4]. Similar results were obtained by other authors 
after irradiation of mice with IRR [6,8,9]. Exposure 
to IRR over 3 days after tumor transplantation had 

Fig. 1. RWT in mice preexposed to IRR (a) or X-ray in a dose of 0.1 Gy (b) by the AR scheme. *p<0.05 in comparison with mice exposed 
to the dose of 1.5 Gy alone.

Fig. 2. Growth dynamics of solid ascitic Ehrlich carcinoma in mice 
after adaptive exposures to IRR or X-rays in a dose of 0.1 Gy. 1) 
IRR (3 days)+tumor; 2) 0.1 Gy+tumor; 3) tumor+IRR (3 days);4) 
tumor without irradiation. *p<0.05 in comparison with the control 
group of mice.
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no effect on tumor volume (Fig. 2). In contrast to our 
data, resonant acoustic exposure (10 min daily over 
20 days) modulated in the range of 5-8 Hz had an an-
titumor effect in SHR mice with transplanted Ehrlich 
carcinoma [1]. Laser radiation (661 nm, 0.48 W/cm2) 
produced a similar effect on M-1 sarcoma transplanted 
under the skin [3].

Our experiments showed that exposure to infrared 
and X-ray radiation promoted recovery of the thy-
mus weight to the level of natural background after 
challenging irradiation in a dose of 1.5 Gy, i.e. AR 
was induced. Pre-exposure to these types of radiations 
(but not post-exposure) inhibited tumor growth. The 
obtained data attest to a common mechanism of the 
effect of infrared and X-ray radiation on mice and can 
be recommended for adaptation of animals to adverse 
effects with IRR.
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