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Effects of Terahertz Radiation at Atmospheric Oxygen
Frequency of 129 GHz on Blood Nitrite Concentrations
under Conditions of Different Types of Stress against
the Background of Administration of Nonselective
Inhibitor of Constitutive NO-Synthases

V. F. Kirichuk and A. A. Tsymbal

Translated from Byulleten’ Eksperimental ’noi Biologii i Meditsiny, Vol. 152, No. 10, pp. 416-419, October, 2011

Original article submitted April 22, 2010

We studied the effect of terahertz radiation at atmospheric oxygen frequency 129 GHz on
blood nitrite concentration in different types of experimental stress against the background
of administration of nonselective inhibitor of constitutive NO-synthases. Normalizing effects
of radiation on blood nitrite dynamics in animals with acute stress was shown after 15-min
exposure and in animals with chronic stress after 30-min exposure. No positive effect of
terahertz radiation was observed on altered blood nitrite concentration in male rats after pre-
liminary administration of nonselective constitutive NO-synthase isoform inhibitor L-NAME.
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Endothelial dysfunction is an initial stage in the patho-
genesis of cardiovascular diseases [5]. Endothelial dys-
function is characterized by reduced production of
vasodilating and antithrombotic agents and associated
with predominant synthesis of vasoconstrictive and
procoagulant factors, which results in increased vas-
cular tone and provokes thrombosis [5].

NO is one of the most important factors synthesi-
zed by the endothelium. It is a unique second mes-
senger in terms of its nature and mechanism of action
in majority of body cells [9]. Endogenous NO is con-
stantly synthesized in organs, tissues, and cells from
amino acid L-arginine in reactions catalyzed by NO-
synthases [10]. NO undergoes oxidation into nitrites
and then into nitrates.

Reduced production of NO by the endothelium
was demonstrated at early stages of cardiovascular
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disease; this manifests by reduced blood concentration
of its stable metabolites, nitrites and nitrates [5].

Available methods for drug correction of the NO
system are often insufficiently effective; they require
thorough laboratory and clinical control during usage
and associated with a wide spectrum of contradictions
and side effects; high costs of this therapy is also wor-
thy of note. Moreover, clinical use of organic nitrates
as NO donors is associated with the development of
resistance and cross-resistance, which can aggravate
endothelial dysfunction and even more reduce NO
production by the endothelium [5].

Thus, improvement of methods for NO synthesis
regulation and the search for alternative therapeutic
and experimental approaches are important problems.

The objective of the study was to investigate the
effects of terahertz waves at frequency of molecu-
lar emission and absorption spectrum of atmospheric
oxygen (129 GHz) on post-stress changes in nitrite
blood concentration and against the background of
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administration of non-selective inhibitor of constitu-
tive NO-synthases.

MATERIALS AND METHODS

Blood samples from outbred white male rats (r=110)
weighing 180-220 g were examined. Immobilization
stress was used for modeling disturbances in NO sys-
tem. Single 3-h fixation in the supine position was used
as the model of acute stress. Daily 3-h immobilization in
the supine position for 5 days was used as the model of
chronic stress. The animals were divided into 11 groups
(10 animals in each). Group 1 (control) comprised intact
rats; groups 2 and 3 (reference groups) consisted of rats
subjected to acute and chronic immobilization; groups
4, 5, and 6 (experimental) included animals exposed to
single irradiation in the beginning of acute immobiliza-
tion for 5, 15, and 30 min, respectively; groups 7, 8,
and 9 (experimental) included rats subjected to daily
irradiation for 5 days for 5, 15, and 30 min, respectively,
in the beginning of each immobilization; groups 10
and 11 included animals exposed to acute stress, single
irradiation (in the beginning of immobilization) with
terahertz waves for 15 and 30 min respectively against
the background of administration of nonselective inhibi-
tor of constitutive NO-synthases L-NAME.

To eliminate season and circadian effects on the
dynamics of blood nitrite concentrations, experiments
were carried out in autumn in first half of the day. All
animal were kept under the same conditions during
the experiment.

Against the background of acute or chronic stress,
the animals were irradiated for 5, 15, or 30 min with
electromagnetic waves at a frequency of atmospheric
oxygen molecular spectrum of emission and absorp-
tion 129 GHz using KVCh-O,-Orbita apparatus (skin
area 3 cm? above the xiphoid process of the sternum).

The radiator was positioned at a distance of 1.5 cm
above the body surface. Power density for 3 cm? skin
area was 100 uW/cm? [4,7].

To examine nitrite concentrations, the blood was
taken into plastic tubes using cardiac puncture im-
mediately after completion of acute or chronic (5 day
long) immobilization.

Serum nitrite concentration was determined using
Griss reagent according to the method described by V.
B. Karpyuk et al. [3].

To elucidate the mechanism of beneficial effects
of terahertz radiation at a frequency of atmospheric
oxygen 129 GHz on altered blood nitrite concentra-
tions after the stress, we used competitive constitutive
NO-synthase inhibitor L-NAME (N_.-Nitro-L-arginine
methyl ester, Sigma). The inhibitor was administered
intramuscularly in a dose of 25 mg/kg 7 h before acute
immobilization.

The experiments were performed in accordance to
the principles of the Declaration of Helsinki (October
2000).

The data were processed statistically using Sta-
tistica 6.0 software. The differences were significant
at p<0.05.

RESULTS

Statistically significant reduction of serum nitrite con-
centration was observed in rats subjected to acute or
chronic immobilization stress (Tables 1, 2). The most
pronounced reduction of serum nitrite concentration
took place under conditions of chronic stress (Table
2). Thus, acute and chronic stress was associated with
disturbances in NO production, which undoubtedly
required correction (Tables 1 and 2).

Terahertz irradiation at a frequency of atmosphe-
ric oxygen 129 GHz for 5 min of the animals under

TABLE 1. Dynamics of Blood Nitrite Concentrations (ug/ml) after Acute Stress against the Background of Exposure to
Terahertz Radiation at Atmospheric Oxygen Frequency 129 GHz in Rats

Irradiation against the background of stress
Intact Animals Stress
5 min 15 min 30 min
0.76 0.21 0.35 0.62 0.82
(0.66; 0.80) (0.20; 0.24) (0.25; 0.45) (0.50; 0.72) (0.61; 0.97)
P,<0.01 P,<0.05; P,<0.05 P,>0.05; P,<0.01 P,>0.05; P,<0.01
P,<0.05 P,<0.05; P,<0.05

Note. Here and in Tables 2, 3: for each case, medians and the lower (25%) and upper (75%) quartiles are presented (within brackets) for
the corresponding number of measurements. P,: in comparison with intact animals; P,: in comparison with animals exposed to immobilization
stress; P,: in comparison with animals exposed to 5 min radiation against the background of the stress; P,: in comparison with animals

exposed to 15 min radiation against the background of the stress.
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conditions of acute stress only partially restored serum
nitrite concentration (Table 1). Daily irradiation for 5
days against the background of chronic immobilization
did not normalized altered serum nitrite concentration
in male rats (Table 2).

Irradiation of acutely stressed animals with tera-
hertz electromagnetic waves at a frequency of atmo-
spheric oxygen 129 GHz for 15 min resulted in com-
plete statistically significant normalization of blood
nitrite concentration (Table 1). Daily 15-min exposure
of stressed animals to terahertz radiation for 5 days
only partially restored blood nitrite concentrations in
male rats (Table 2).

Irradiation of animals against the background of
acute immobilization stress with electromagnetic wa-
ves of the specified frequency for 30 min completely
normalized altered NO production (Table 1). Daily
30-min irradiation of chronically immobilized animals
for 5 days also completely normalized NO production,
which manifested in a lack of statistically significant
differences in serum nitrite concentrations between
intact and irradiated animals (Table 2).

However, variability range of serum nitrite con-
centrations in animals exposed to terahertz irradiation
for 30 min at a frequency of atmospheric oxygen 129
GHz against the background of acute stress was wider
than variability of the parameter in control animals
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(Table 1). In some cases, nitrite concentration sur-
passed the level of intact control (Table 1).

Irradiation of stressed rats with terahertz waves at
a frequency of atmospheric oxygen 129 GHz for 15
and 30 min against the background of preliminary ad-
ministration of nonselective constitutive NO-synthase
inhibitor did not normalize altered serum nitrite con-
centration: nitrite concentrations in animals subjected
to irradiation against the background of preliminary
L-NAME administration significantly differed from
the control (Table 3).

Thus, administration of nonselective constitutive
NO-synthase inhibitor L-NAME to stressed animals
completely blocked the normalizing effect of tera-
hertz irradiation at a frequency of atmospheric oxy-
gen 129 GHz on altered serum nitrite concentrations
(Table 3).

It is known that the effect of terahertz electro-
magnetic irradiation in cells and biological fluids can
be mediated by reactive oxygen species, which con-
tinuously appear as a result of enzymatic reaction due
to changes in hydration of protein molecules and in-
creased activity of NADP-H-oxidase, cyclooxygenase,
xanthine oxidase; as a result, their concentration is
maintained at a stable level [8]. Reactive oxygen spe-
cies in turn can stimulate soluble guanilate cyclase
via calcium ions, which leads to accumulation of cy-

TABLE 2. Dynamics of Blood Nitrite Concentrations (ug/ml) after Chronic Stress against the Background of Exposure to
Terahertz Radiation at Atmospheric Oxygen Frequency 129 GHz in Rats

Irradiation against the background of stress
Intact Animals Stress
5 min 15 min 30 min
0.76 0.19 0.22 0.50 0.69
(0.66; 0.80) (0.18; 0.22) (0.19; 0.24) (0.42; 0.62) (0.58; 0.84)
P,<0.01 P<0.01; P,>0.05 P,<0.05; P,<0.05 P,> 0.05; P,<0.01
P,<0.05 P,<0.01; P,<0.05

TABLE 3. Dynamics of Blood Nitrite Concentrations (ug/ml) in Stressed Animals against the Background of L-NAME

Administration and Irradiation with Terahertz Waves at Frequency of Atmospheric Oxygen

L-NAME administration and irradiation against the back-
ground of acute stress
Intact Animals Stress
15 min 30 min
0.76 0.21 0.11 0.12
(0.66; 0.80) (0.20; 0.24) (0.11; 0.15) (0.1; 0.16)
P,<0.01 P,<0.01; P,<0.05 P,<0.01; P,<0.05
P,>0.05
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clic guanosine monophosphate in vascular endothelial
cells, activation of NO-synthase, and enhanced NO
production [2,6]. It is also indirectly supported by the
lack of positive effects of terahertz radiation on altered
blood nitrite concentration against the background of
L-NAME administration [1].

Thus, 15-min radiation regimen is most effective
for normalization of altered nitrite blood concentration
after acute immobilization, whereas 30-min regimen is
most effective after chronic immobilization. Adminis-
tration of L-NAME to irradiated animals against the
background of acute stress prevented the normalizing
effects of terahertz radiation on blood nitrite concen-
tration, which attests to involvement of constitutive
NO-synthases into the mechanisms of positive effects
of this radiation.

The study is a part of the program of the Russian
Academy of Medical Sciences “Medical Researches
in Povolzhskii region in 2008 and 2010: Experimental
Studies of Radio-Frequency Radiation on Functional
State of Albino Rats (Biological Objects) in Different
Types of Stress” (Approved by General Committee of

Russian Academy of Medical Sciences 23 April 2008,
Protocol No. 7).
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