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Abstract: There had been carried out a comparative analysis of terahertz (THz) radiation exposure of 150.176‐150.664 GHz nitrogen oxide
occurrences on stress‐dependent changes in behavioral reactions of white rats under hypokinetic stress condition. It was found that the
radiation fully or partially normalizes behavioral reactions of white male rats under hypokinetic stress condition. The most effective
method is persistent 30‐minute irradiation.
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Introduction
Human and animals are constantly under different stresses –
emotional, algetic, hypokinetic, temperature, etc [1]. In
hypokinesia there are disorders of all organs and organism
systems [2, 3]. It is revealed that hypokinesia in animals is marked
by: a considerable increase of sympathoadrenal system (SAS)
activity, nonspecific resistance and immunoreactivity decrease,
behavioral reactions changes. All of these factors point on stress
reaction development.
Over the last years there a new kind of information‐
wave therapy has appeared – terahertz (THz) therapy. The
terahertz therapy is performed by terahertz waves of molecular
and absorption spectrum occurrence (MASO) of nitrogen oxide – a
universal intermediate in different functions of the organism [4]. It
has antistress effect [5]. One of the new hypodynamia and
hemostasis system drug‐free methods of treatment is also a low‐
intensity irradiance of ultramicrowaves frequency spectrum [6‐9].
The survey results of action of the THz radiation exposure of
150.176‐150.664 GHz nitrogen oxide occurrences and 129.0 GHz
atmospheric oxygen indicate positive energetic exposure of the
given frequencies on blood rheological properties and
thrombocytes functional activity [10, 11], fibrinolytic activity and
clotting [12], blood gas and electrolytes [13], lipid peroxidation
process and blood antioxidant characteristics [14, 15], thyroidea
condition [16], main indices of metabolism [17], corticosterone
concentration in blood [18], blood corpuscle receptor system [19],
endothelium condition [20] and microcirculation [21].
This study aimed the comparative analysis of different time
modes of THz radiation exposure of 150.176‐150.664 GHz nitrogen
oxide occurrences on stress‐dependent changes in behavioral
reactions of white rats under acute stress.
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Methods
To achieve the goal there have been studied behavioral
reactions of 75 white male rats (180‐220 g). Hypokinetic stress has
been used as a model of stress, which was simulated by taking the
animals into individual cages for 3 hours [22].
Five groups of white male rats had been studied. Each of the
st
groups had 15 males: the 1 control group – intact male rats; the
nd
2 group – a comparative group containing of rats under
hypokinetic stress condition; the 3rd, 4th, 5th groups – trial groups in
which rats had been under persistent THz radiation exposure of
150.176‐150.664 GHz nitrogen oxide occurrences during 5, 15 and
30 minutes respectively.
The following tests had been chosen for the research: “Open
field test”, “Elevated plus maze”, “Dark‐light camera”.
The “Open field test” had been lasted for 5 minutes. The
following indices had been used during the research: the number
of crossed squares (horizontal motion activity), standings upright
(vertical motion activity) and the number of examined “holes”
(exploratory activity). Nonspecific behavioral reactions had been
registered separately: the number of defecation boluses, coitus
frequencies and grooming overall length (in seconds) (Table 1).
The following behavioral indices had been used in the
“Elevated plus maze” test: the number of escapes the labyrinth
tubes (exploratory activity), standings upright (vertical motion
activity), looking down from the ends of the locked tubes (“risk
assessment”), and crossing the central part of the labyrinth. The
test had been lasting 5 minutes (Table 2).
The “Dark‐light camera” test lasted 5 minutes. The following
behavioral indices of the animals activity had been used in the
test: looking out from the dark box of the camera to the light one
through the hole in the partition, the walking in to the light box,
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the number of peeking‐out acts and walking in to the light part of
the camera and the length of these activities (in seconds). The
intensity of defecation was the index of the nonspecific behavior –
the number of boluses which had been found after the test in the
dark box (Table 3).
Radiation of the animals was performed by a small‐sized
generator “КVCh‐NO‐Оrbita” {transliteration from Russian}. It was
developed by Moscow scientists in cooperation with Saratov
scientists [23]. The generator worked on MASO of 150.176‐
150.664 GHz nitrogen oxide. 3 cm² skin areas above the
metasternum had been irradiated. Irradiator had been located
1.5 cm above the body of an animal.
The researches had been performed according to Geneva
Convention “International Guiding Principles for Biomedical
Research Involving Animals” (Geneva, 1990). Statistical analysis of
the results had been done with the help of nonparametric analysis
with Mann‐Whitney T‐test detection (Statistica 6.0 soft).
Results
We can see that hypokinetic stress causes the clear stress
reaction development, which becomes evident in behavior
changes: an increasing of anxiety characterizes statistically‐valid
decrease of horizontal and vertical motion activity (p<0.05), and
exploratory activity (p<0.05) comparing with the control group
(Tables 1, 2 and 3). The “Open field test” demonstrates us the
statistically‐valid decrease of the number of crossed squares,
standing upright, examining the “holes”, and the changes of a
nonspecific behavior of the animals: statistically‐valid decrease of
defecations comparing with the check group of the rats. This
means high anxiety level of the animals (Table 1). In the “Elevated
plus maze” test the reduction of the number of the central
platform crossings, walking into the open tubes of the labyrinth,
standing upright and looking down from the ends of the open
tubes (comparing with the check group) demonstrate the
reduction of the motion and exploratory activity of the stressed
animals (Table 2). In the “Dark‐light camera” test there is
statistically‐valid (p<0.05) decrease of walking out and looking out
of the dark part of the camera into the light one (comparing with
the check group) (Table 3). The decrease of defecations is a
nonspecific marker of the stress reaction. So, we can see that the
hypokinetic stress causes evident changes in behavioral reactions
of white rats.
The researching revealed the dissimilar influence of the
different time modes of the persistent irradiation of THz‐band
electromagnetic waves of 150.176‐150.664 GHz nitrogen oxide
occurrence on white male‐rats under stress. So during the 5‐
minute persistent irradiation of the stressed animals, there had
not been fixed any changes in motion and exploratory activity
during the “Open field test”, “Elevated plus maze”, “Dark‐light
camera” (comparing with the stress group). The number of the
crossed squares, standing upright and looking into the “holes” in
the “Open field test” (Table 1); the number of the central platform
crossings, walking into the open tubes of the labyrinth, standing
upright and looking down from the ends of the open tubes in the
“Elevated plus maze” test (Table 2); and the number of walking
out and looking out of the dark part of the camera into the light
one in the hypokinetic stress at the animals from the experimental
group statistically‐valid (p>0.05) does not differ from the animals
under the hypokinetic stress (Table 3). This demonstrates low
efficiency of the given irradiation mode in preventing of the
behavioral reactions disorders at white male‐rats.
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The 15‐minute persistent irradiation of THz‐band
electromagnetic waves of 150.176‐150.664 GHz nitrogen oxide
occurrence on white male‐rats under the hypokinetic stress
influences on behavioral reactions of the animals. So the partial
recovery of the indices of behavioral reactions of the animals takes
place. In the “Open field test” the horizontal motion activity
increases, which is statistically‐valid characterized by the number
of crossed squares, and statistically‐valid (p<0.05) differs from the
check group as well as from the stressed group. This may be
considered as the tendency to the disordered motion activity
recovery (Table 1). In the “Elevated plus maze” test the number of
standings upright had been statistically‐valid (p<0.05) increased
comparing with the stress group and did not differ from the check
group, which displays the efficiency of the 15‐minute persistent
irradiation on the vertical motion activity of the animals (Table 2).
The length of the walking out from the dark box to the light one in
the “Dark‐light camera” test statistically‐valid does not differ from
the check group (Table 3), while the length of the walking out acts
from the dark box to the light one in the stressed group of animals
after the 15‐minute persistent irradiation of THz‐band
electromagnetic waves of 150.176‐150.664 GHz nitrogen oxide
occurrence. This means that the 15‐minute persistent irradiation
of THz‐band electromagnetic waves of 150.176‐150.664 GHz
nitrogen oxide occurrence is effective in relation to some indices
of motion and exploratory activity, which were disordered by the
hypokinetic stress.
The 30‐minute persistent irradiation of THz‐band
electromagnetic waves of 150.176‐150.664 GHz nitrogen oxide
occurrence exerts corrigent influence on the stressed animals
behavior. So it takes place the recovery of the motion and
exploratory activity in animal behavioral reactions in: the “Open
field test”, the “Elevated plus maze” test and the “Dark‐light
camera” test (comparing with the stress group). The indices in the
group of the animals under the stress and the THz‐band
statistically‐valid do not differ from the check group (Tables 1, 2
and 3): the number of the crossed squares, standings upright,
looking into the “holes” in the “Open field test”, the number of the
central platform crossings, entrances into the open tubes of the
labyrinth, looking down from the open tubes and standings upright
in the “Elevated plus maze” test, also the number and the length
of the walking and peeking out from the dark box of the camera to
the light one in the “Dark‐light camera” test. This displays high
efficiency of the given time mode of the irradiation in correcting
the disorders caused by hypokinetic stress at white male‐rats
behavioral reactions.
Conclusion
According to all the results of this study, we can make the
following conclusions: 1) the 5‐minute persistent irradiation of
electromagnetic waves of the given occurrence does not prevent
acute stress changes in horizontal and vertical motion and
exploratory activity at male‐rats; 2) the 15‐minute persistent
irradiation of THz‐band electromagnetic waves of 150.176‐150.664
GHz nitrogen oxide occurrence caused just partial recovery of the
behavioral reactions indices; 3) the 30‐minute persistent
irradiation of THz‐band electromagnetic waves of 150.176‐150.664
GHz nitrogen oxide occurrence is effective and totally prevents
stress disorders of horizontal and vertical motion and exploratory
activity at male‐rats.
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Table 1. Efficiency of the THz‐band on MASO of 150.176‐150.664 GHz nitrogen oxide occurrence on indices in behavioral reactions changed by the
hypokinetic stress at white male‐rats (in the “Open field” method)
Groups
Stress combined with persistent irradiation (n=15)
Check
Hypokinetic stress
Indices
(n=15)
(n=15)
5 minutes
15 minutes
30 minutes
The number of the
crossed squares
Standing upright

38 (29, 49)
16 (13, 20)

The number of
defecations
Grooming (the number
of acts)
Grooming (in seconds)

1 (0, 2)

21 (10, 38)

Looking into the “holes”

7 (4, 10)

3 (2, 4)

17 (13, 20)
p1<0.001
10 (5, 13)
p1<0.001
2 (1, 4)
p1=0.011
0 (0, 1)
p1<0.001
1 (0, 4)
p1<0.001

18 (13, 21)
p1<0.001, p2=0.494
10 (6, 14)
p1<0.001, p2=0.724
2 (1, 4)
p1=0.279, p2=0.604
0 (0, 1)
p1<0.001, p2=0.534
2 (0, 5)
p1<0.001, p2=0.494

23 (19, 28)
p1<0.001, p2=0.007
12 (8, 15)
p1=0.013, p2=0.184
2 (0, 3)
p1=0.158, p2=0.184
1 (0, 1)
p1<0.001, p2=0.085
4 (0, 6)
p1<0.001, p2=0.089

36 (28, 41)
p1=0.709, p2<0.001
16 (14, 20)
p1=0.693, p2<0.001
1 (0, 1)
p1=0.787, p2=0.009
3 (2, 4)
p1=0.709, p2<0.001
20 (10, 28)
p1=0.820, p2<0.001

3 (1, 4)
p1<0.001

3 (2, 4)
p1=0.001, p2=0.678

4 (3, 4)
p1=0.004, p2=0.206

7 (5, 9)
p1=0.507, p2<0.001

p1 – comparing with check group; p2 – comparing with the group of the animals under the hypokinetic stress.
Data presented as median, lower and upper quartiles (Q1, Q3).
Table 2. Efficiency of the THz‐band on MASO of 150.176‐150.664 GHz nitrogen oxide occurrence on indices in behavioral reactions changed by the
hypokinetic stress at white male‐rats (in the “Elevated plus maze” method)
Stress combined with persistent irradiation (n=15)
Groups
Check
Hypokinetic stress
Indices
(n=15)
(n=15)
5 minutes
15 minutes
30 minutes
The number of the
5 (3, 6)
1 (0,2)
1 (1, 2)
3 (1, 4)
4 (3, 5)
central platform
p1<0.001
p1<0.001, p2=0.787
p1=0.004, p2=0.125
p1=0.852, p2<0.001
crossings
1 (0, 1)
2 (1, 3)
3 (2, 4)
Walking in to the open
3 (2, 4)
1 (0, 2)
p1<0.001, p2=0.229
p1<0.001, p2=0.709
p1=0.206, p2<0.001
tubes
p1<0.001
1 (0, 1)
5 (3, 7)
6 (3, 9)
Standing upright
7 (3, 11)
1 (0, 2)
p1<0.001, p2=0.468
p1=1.161, p2=0.001
p1=0.901, p2<0.001
p1<0.001
1 (0, 1)
7 (1, 8)
12 (5, 16)
Looking down out of the
13 (5, 16)
1 (0, 1)
p1<0.001, p2=0.534
p1<0.001, p2=0.820
p1=0.803, p2<0.001
ends of the opened
p1<0.001
tubes
The number of the
0 (0, 1)
1 (1, 2)
1 (0, 1)
1 (0, 1)
0 (0, 1)
defecations
p1<0.001
p1=0.361, p2=0.011
p1=1.000, p2<0.001
p1=0.756, p2<0.001
p1 – comparing with check group; p2 – comparing with the group of the animals under the hypokinetic stress.
Table 3. Efficiency of the THz‐band on MASO of 150.176‐150.664 GHz nitrogen oxide occurrence on indices in behavioral reactions changed by the
hypokinetic stress at white male‐rats (in the “Dark‐light camera” method)
Groups
Check
Hypokinetic stress
Stress combined with persistent irradiation (n=15)
Indices
(n=15)
(n=15)
5 minutes
15 minutes
30 minutes
2 (2, 3)
3 (2, 3)
5 (4, 6)
Looking out of the dark
5 (4,6)
2 (2, 3)
p1<0.001, p2= 0.694
p1<0.001, p2=0.085
p1=0.724, p2<0.001
box
p1<0.001
17 (11, 23)
18 (12, 24)
33 (25, 42)
Looking out of the dark
33 (25, 39)
16 (10, 22)
p1<0.001, p2=0.694
p1=0.001, p2=0.431
p1=0.772, p2<0.001
box (total time in
p1<0.001
seconds)
1 (0, 1)
1 (0, 1)
2 (1, 3)
Walking out of the dark
2 (1, 2)
1 (0, 1)
p1=0.003, p2=0.590
p1=0.020, p2=0.213
p1=0.419, p2<0.001
box
p1<0.001
6 (0, 13)
7 (0, 12)
18 (11, 22)
Walking out of the dark
21(4,40)
6 (0, 13)
p1=0.025, p2=0.803
p1=0.097, p2=0.575
p1=0.395, p2<0.001
box (total time in
p1=0.015
seconds)
1 (1, 2)
1 (0, 2)
0 (0, 1)
The number of
0 (0, 1)
1 (1, 2)
p1=0.012, p2=0.917
p1=0.120, p2=0.290
p1=0.950, p2=0.005
defecation acts
p1=0.011
p1 – comparing with check group; p2 – comparing with the group of the animals under the hypokinetic stress.
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