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Terahertz electromagnetic irradiation at frequencies corresponding to NO molecular emission 
and absorption spectrum 150.176-150.664 GHz corrects disturbances in peripheral circulation 
typical of acute stress reaction in rats during acute immobilization stress.
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Changes in regional (coronary, cerebral, renal) blood 
fl ow and systemic hemodynamics, including circula-
tory failure, are associated with microcirculation dis-
turbances [15]. In some cases, it provokes complica-
tions of some cardiovascular disease [10].

Microvasculature blood fl ow is regulated by active 
and passive mechanisms [8,12]. Vascualr endothelium 
plays a key role in active regulation of microcirculato-
ry blood fl ow [6,8]. Among numerous vasoactive com-
pounds produced by endothelial cells, NO, a potent 
vasodilator and antiaggregant, plays a specifi c role 
[6,9, 13]. NO molecular emission and absorption spec-
trum lays in terahertz frequency band (THF) [1,14]. 
Electromagnetic radiation of very high and terahertz 
frequencies are used for non-drug physio logical regu-
lation [3].

Here we studied the effects of electromagnetic 
radiation at the frequencies of NO emission and ab-
sorption spectrum 150.176-150.664 GHz on peripheral 
perfusion in albino rats under conditions of acute im-
mobilization stress (AS).

MATERIALS AND METHODS

Experiments were carried out on 45 albino mongrel 
male rats weighing 180-220 g. All animals were kept 
under the same conditions. Animal experiments were 
performed in accordance to Principles of the Declara-
tion of Helsinki. 

The animals were divided into 3 groups, 15 
animals in each: group 1 (control) consisted of in-
tact animals; group 2 (reference) included male rats 
with modeled AS; group 3 (experimental) comprised 
stressed animals exposed to THF irradiation.

Rigid fi xation in the supine position for 3 h was 
used for modeling AS [4,7].

The animals were irradiated using a KVCh-NO 
apparatus developed by Medical-Technical Associa-
tion KVCh (Moscow, Russia) in collaboration with 
NPP-Istok (Fryazino, Russia) and TsNIIIA (Saratov, 
Russia) [2]. Skin surface (3 cm2) above the xiphoid 
process of the sternum was irradiated. The radiator 
was positioned at a distance of 1.5 cm above the skin. 
The radiation power was 0.7 mW and power density 
0.2 mW/cm2 (for skin area of 3 cm2). Radiation dose 
was determined by power density and total time of 
irradiation. Single irradiation of animals in AS state 
was carried out for 30 min.
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Laser Doppler fl owmetry (LDF) was performed 
using laser blood fl ow analyzer LAKK-02 version 2 
(Lazma) and LDF 2.20.0.507WL software. Transducer 
of laser blood fl ow analyzer was fi xed on the dorsal 
surface of the right paw using atraumatic patch.

Analysis of LDF-gram and interpretation of the 
results were carried out according to commonly ac-
cepted methods [8].

Statistical treatment was started with testing of 
hypo thesis on the type of data distribution (Shapiro
Wilks test). Since majority of experimental data did 
not comply with normal distribution law, MannWhit-
ney U test was used for comparisons.

RESULTS

In male rats exposed to AS, perfusion parameters 
were signifi cantly decreased (compared to the con-
trol), which attested to microcirculatory blood fl ow 
impairment (Table 1). Moreover, male rats in AS also 
demonstrated signifi cant decrease in fl ux and coef-
fi cient of variation (Table 1), which refl ects decreased 
modulation of microciculatory blood fl ow and inhibi-
tion of active mechanisms for microcirculation regula-
tion (endothelial secretion and vasomotor mechanisms 
of microcirculation regulation).

The amplitude-frequency analysis of LDF-grams 
demonstrated signifi cantly reduced amplitude of endo-
thelial oscillations in male rats subjected to AS (Table 
1), which suggested reduced basal NO production by 
the endothelium. These animals also demonstrated 
statistically signifi cant decrease in vasomotor oscilla-
tions, which attested to increased peri phe ral resistance. 
We observed no statistically signifi cant chan ges in the 
amplitude of breathing oscillations in male rats in AS, 
but the amplitude of pulse (cardiac) oscillations was 
signifi cantly reduced, which attested to decreased arte-
rial blood infl ux to microvessels.

Thus, peripheral perfusion was disturbed in male 
rats in AS, which manifested in reduced mean perfu-
sion parameter, inhibition of active mechanisms for 
microcirculatory blood fl ow regulation, reduced basal 
and induced vasodilating activity of microvascular 
endothelium (reduced basal NO secretion), rise of pe-
ripheral resistance, and afferent vessel constriction.

In male rats exposed to THF-irradiation at NO 
emission and absorption frequencies 150.176-150.664 
GHz, perfusion index was restored and did not signifi -
cantly differ from the control (Table 1). Statistically 
signifi cant increase in fl ux and coeffi cient of variation 
was observed in group 3 in comparison with group 2. 
In addition, a trend toward an increase in fl ux value 
and, particularly, in coeffi cient of variation was noted 
in animals of this group in comparison with the con-
trol, which indicated more pronounced modulation of 

microvessel blood fl ow and mechanisms of its regula-
tion.

Amplitude-frequency analysis of LDF-grams sho-
wed that THF-irradiation signifi cantly increased the 
amplitude of endothelial and vasomotor oscillations in 
male rats subjected to AS in comparison with group 2 
(Table 1). It refl ects the increase in vasodilating activ-
ity of the endothelium (activation of basal NO produc-
tion) and decrease in peripheral resistance. The am-
plitude of pulse (cardiac) oscillations also increased, 
which attested to increased arterial blood infl ow to 
the microcirculation bed. All parameters of amplitude-
frequency analysis of LDF-grams in this group did not 
signifi cantly differ from the control.

The observed changes were not associated with 
heating effect of electromagnetic radiation, because 
radiation power used in the experiment was low (0.7 
mW and 0.2 mW/cm2 power density for skin area of 
3 cm2). Moreover, it is known that at a radiation power 
of 1-10 mW and lower, the increase in the temperature 
of irradiated living object does not exceed 0.1oC [5]. A 
possible mechanism for realization of the effect of THF-
radiation is resonance interaction with endogenous NO 
system [7] resulting in increased basal NO production. 
Analysis of interactions of resonance and antiresonance 
or near-resonance frequencies with biological objects 
suggests that deviation from resonance frequency re-
sults in rapid reduction of positive biological effect, and 
sometimes negatively affects the organism [11]. Com-
parison of the effi ciency of electromagnetic irradiation 
with NO frequencies 150.176-150.664 GHz and with 
frequencies of 42.2 GHz and 53.5 GHz for correction 
of increased platelet functional activity showed that 
electromagnetic irradiation at frequencies of 42.2 GHz 
and 53.5 GHz produced lower antiaggregant effect [5], 
which was probably associa ted with insuffi cient stimu-
lation of NO production [2].

Thus, electromagnetic irradiation at teraherz fre-
quency band with NO emission and absorption fre-
quencies 150.176-150.664 GHz appears to be an ef-
fective method for correction of microvascular blood 
fl ow and can be used in clinical practice. 
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p
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Z
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p
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p
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Z
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Z
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p
2
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