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ABSTRACT

BACKGROUND: The study of stress mechanisms is an area of current interest in physiology and medicine. Understand-
ing the role of nitric oxide (NO) in the mechanism of stress-protective action of low-intensity extremely high-frequency
electromagnetic radiation (EHF EMR) requires investigating the main components of the stress response.

AIM: To determine the role of NO in the development of the anti-stress effect of low-intensity EHF EMR.

MATERIALS AND METHODS: 140 male Wistar rats weighing 200-220 g were divided into the following seven groups of
20 animals each: intact animals; AS, animals after a single exposure to acute stress; EHF-AS, animals irradiated with
EHF EMR for 10 days and exposed to acute stress on day 10; L-NAME-EHF-AS, animals who were administered the NOS
inhibitor L-NAME (10 mg/kg, intraperitoneally) for 10 days and irradiated with EHF EMR after 1 hour; HK, animals exposed
to chronic hypokinetic stress for 10 days; EHF-HK, animals exposed to EHF EMR and hypokinetic stress for 10 days;
L-NAME-EHF-HK, animals who were administered the NOS inhibitor L-NAME (10 mg/kg, intraperitoneally) for 10 days,
irradiated with EHF EMR after 1 hour, and exposed to hypokinetic stress after another 1 hour. The levels of middle-
weight molecules (MWM), circulating immune complexes (CIC), and malondialdehyde (MDA) were determined in the
blood serum.

RESULTS: Acute stress increased the level of malondialdehyde, activating lipid peroxidation processes; in the EHF-
AS group, this effect disappeared. NO blockade in the L-NAME-EHF-AS group activated endotoxication processes, the
stress cascade, and physiologically active regulatory peptides (increase in the MWM level at 280 nm), oxidative me-
tabolism of proteins and lipids (increase in the CIC and MDA levels), and inhibited immunogenesis. Hypokinetic stress
suppressed the stress inhibiting system of the body and physiologically active regulatory peptides (decrease in the MWM
level at 280 nm), suppressed immunogenesis, and increased oxidative metabolism of proteins and lipids (increase in the
CIC and MDA levels). The stress-protective effect of EHF EMR was observed in the EHF-HK group. NO blockade in the
L-NAME-EHF-HK group activated endotoxication processes, stress cascade and stress inhibiting systems of the body,
physiologically active regulatory peptides (increase in the MWM level at 254 and 280 nm), oxidative metabolism of pro-
teins and lipids (increase in the CIC and MDA levels), and inhibited immunogenesis.

CONCLUSIONS: NO blockade with L-NAME amplifies the effects of acute and hypokinetic stress under the exposure to
low-intensity EHF EMR. Normal NO levels are necessary for the stress-protective effect of EHF EMR to develop during
acute and hypokinetic stress.

Keywords: malondialdehyde; circulating immune complexes; middle-weight molecules; laboratory rats; low-intensity
extremely high-frequency electromagnetic radiation; acute stress; chronic stress.
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AHHOTALIMA

AktyanbHocTb. WccnesoBaHne MexaHU3MOB CTpecca — aKTyasnbHOe HanpaeneHue B Guanonorun u MeauumHe. [ing noHuMma-
Hus ponn okenaa asota (NO) B MexaHu3Me CTpecc-npoTeKTOPHOr0 AeACTBUS HU3KOMHTEHCUBHOIO 3/1EKTPOMAarHUTHOrO U3y-
YeHus KpaiHe BbICOKOW YacToTbl (AMU KBY) HeobxoauMbl Mccne0BaHNUSt OCHOBHBIX KOMIMOHEHTOB CTPECC-peaKLmm.

Lenb — onpeaenenune ponu NO B peanusaumm aHTUCTPECCOPHOro 3pdeKrTa HU3KOMHTEHCBHOro 3MU KBY.

Martepuanbl u Metopapl. 140 Kpbic-camuoB simHum Wistar maccom 200-220 r paspenunu Ha 7 rpynn no 20 ocobeii:
nHTakTHas; 0C — KMBOTHbIE NOCNe OAHOKpaTHoro Bo3aencTeus octporo crpecca; KBY-0C — kpoic 10 cyt obnyyanu IMU
KBY, a Ha 10-e cytku mopsepramm octpoMy ctpeccy; L-NAME-KBY-0C — 10 gHeit BBOLMIM BHYTPUBPOLUIMHHO MHIUOM-
Top NOS L-NAME (10 mr/kr) u yepe3 1 4 obnyyann 3MU KBY; TK — 10 cyT BO34eiicTBOBaNM XpOHUYECKUM TMMOKUHETH-
yeckum cTpeccoM; KBY-TK — 10 cyt obnysanm MU KBY v Bo3pelicTBoBanm runokuHetyeckuM ctpeccoM; L-NAME-KBY-TK —
10 gHen BBOLMNM BHYTPUOptOWMHHO MHrMBUTOp NOS L-NAME (10 mr/kr), yepe3 1 4 obnyyanm IMW KBY, panee uepes
T 4 — rMNOKMHETMYECKMUM CTPECCOM. B cbIBOPOTKE KpoBM OnpeLensniv ypoBeHb COAEPXKaHUsA MOMEKYN cpeaHeii Macchl (MCM),
LMPKYNIMPYIOLLMX MMMYHHBIX KoMrnekcos (LIWK) u ManoHoBoro auansaernaa (MIA).

Pesynbratbl. OcTpbiti cTpecc noBsbiwan ypoBeHb MIA, aKTMBMPYS NpOLECCHI MEPEKUCHOr0 OKWUCNEHUS JMMUAOB,
y KBY-0OC addekt ncyesan. bnokaga NO B rpynne L-NAME-KBY-0OC akTtuBMpoBana npoLecchl 3HLOTOKCMKALMKM, CTpecc-
peanu3yloLLylo CUCTEMY M (QU3MONOTMUECKM aKTUBHbIE PerynsTopHble nentuabl (noBbiweHne ypoBHS MCM npu 280 Hwm),
OKMCIMTENbHBIM MeTabonnsM benkoB u nunugos (poct UMK u MIOA) u uHrubupoBana uMMyHoreHes. [MNOKMHETUYECKUI
CTPecc yrHeTan CTpecC-/IMMUTMPYIOLLYI0 CUCTEMY OpraHu3Ma M QU3MONOTMYECKM aKTUBHbIE PEryNATOPHbIE MenTUabl (CHU-
eHve MCM npum 280 HM), npouecchl MIMMYHOTEHE3a M NOBbILLaNa OKUCIIUTENbHBIA MeTabonnaM benkos M nMNUAoB (NoBbl-
wenune UMK n MIA). B rpynne KBY-TK Habntogancs ctpecc-npotektopHbii addekt IMU KBY. Mpu 6nokage NO B rpynne
L-NAME-KBY-TK aKTuBMpOBanMcb NpoLecchl 3HLOTOKCUKALMKM, CTPECC-Peanusyiollas U CTPecc-IMMUTUPYIOLLAs CUCTEMBI
opraHuaMa, QU3MoNorMYecKN aKTUBHbIE PerynisaTopHble nenTuibl (nosbileHne MCM npu 254 u 280 HM), OKUCIUTENBHBIN
MeTabonmaM benkos u nunugos (poct LMK n MIA), uHrMbuposancs UMMyHoreHes.

BuiBoabl. brnokaga NO L-NAME ycunuBaeT nocneactBus ocTporo M rUnoKUHETUYECKOTO CTPecCca B YCI0BUAX HU3KOMHTEH-
cueHoro IMU KBY. HopManbHbid ypoBeHb NO HeobxoauM ans peanusaummn ctpecc-npotektopHoro addekra 3MU KBY
MpW OCTPOM U TUMOKUHETUYECKOM CTpecCe.

KnioueBble cnoBa: ManoHOBbIA AWanbAernp; UMPKYIMPYIOLLME WMMYHHbIE KOMMJIEKCHI; MONIeKyNbl CPefHeil Macchbl;
NabopaTopHble KPbiChl; HU3KOMHTEHCUBHOE 3/IEKTPOMAarHUTHOE W3MlyYyeHue KpaiHe BbICOKOWM YacToTbl; OCTpbIi CTpecc;
XPOHUYECKMIA CTpecc.
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BACKGROUND

Our previous studies of microcirculation in rats
showed that preventive 10-fold exposure to low-intensi-
ty electromagnetic radiation of extremely high frequency
(EHF EMR) reduced the severity of hyperemia signs typi-
cal of acute stress for 48 h after the stress factor [1].
Simultaneous exposure of the animals to EHF EMR under
prolonged mobility restriction alleviated vasoconstric-
tion and blood inflow and outflow disorders caused by
stress. In laser Doppler flowmetry, the analysis of the
oscillation rhythm structure established that endotheli-
um-dependent, myogenic endothelium-independent and
neurogenic components of tissue microcirculatory flow
regulation play the key role in the mechanisms of stress-
protective action of low-intensity EHF EMR [1, 2].

Meanwhile, additional studies of stress-response
links, i.e., immune, peroxidation, and inflammation, are
needed for a more complete understanding of the mecha-
nism of stress-protective effect of EHF EMR. Moreover,
the role of nitric oxide (NO) in the mechanisms of anti-
stress action of EHF EMR has not yet been elucidated.

The study aim was to investigate the level of middle
molecules, circulating immune complexes and malondi-
aldehyde in rats under stress of different duration and
EHF EMR action, as well as to determine the role of NO
in the anti-stress effect of low-intensity EHF EMR.

MATERIALS AND METHODS

The experimental part of the study was carried out
at the Department of Human and Animal Physiology and
Biophysics in the Center for Collective Use of Scientific
Equipment “Experimental Physiology and Biophysics” of
Vernadsky Crimean Federal University under Russian
Science Foundation (RSF)'s Grant No. 23-24-00332 Tis-
sue Microhemodynamics: Mechanisms of Anti-Stress
Action of Low-Intensity Millimeter Radiation and Study
Program No. AAAA-A21-121011990099-6 Physiological
Mechanisms of Biological Action of Factors of Different
Nature and Intensity of the Vernadsky Crimean Federal
University.

Study subjects

All applicable international, national and/or institu-
tional principles of animal care and use were followed.
All procedures performed in the studies involving animals
complied with the ethical standards approved by the legal
acts of the Russian Federation, the principles of the Basel
Declaration and the recommendations of the Ethics Com-
mittee on Bioethics of the Vernadsky Crimean Federal
University (Protocol No. 5 of 2022).

The experiment was performed on mature male Wistar
rats weighing 200-220 g (Rappolovo Breeding Nursery).
The rats were quarantined for at least 14 days. The
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animals were kept in vivarium conditions with natural
light at 18—22 °C on corn cob bedding (Zilubag LLC, Rus-
sia), with free access to water and complete pelleted
feed (LBK-120, CJSC Tosnensky Mixed Feed Factory,
Russia).

For the experiment, 140 male rats of the same age
characterized by average motor activity and low emo-
tionality in the open field test (RPC Open Science, Russia),
which constitute the majority in the population, were
selected from 200 animals. Such selection formed ho-
mogeneous groups of animals with close constitutional
features, that reacted unidirectionally to the action of one
or another factor.

After preliminary selection, the animals were divided
into 7 groups of 20 rats each (Table 1): 1) intact (n = 20),
where animals were kept under vivarium conditions;
2) AS (n = 20), where animals were exposed to a single
action of acute stress (AS); 3) EHF-AS (n = 20), where
animals were exposed to EHF EMR for 10 days, followed
by AS (on Day 10); 4) L-NAME-EHF-AS group (n = 20),
where animals were injected daily with the non-selective
NOS inhibitor L-NAME (NG-Nitro-L-arginine Methyl Ester,
Hydrochloride, Sigma, USA) at 10 mg/kg into the abdomi-
nal cavity for 10 days, and then were exposed to EHF
EMR after 1 h; 5) HS group (n = 20), where animals were
exposed to chronic hypokinetic stress (HS) for 10 days;
6) EHF-HS group (n = 20), where animals were sequen-
tially exposed first to EHF EMR and then to HS for 10 days;
7) L-NAME-EHF-HS group (n = 20), where animals were
injected daily with L-NAME at 10 mg/kg into the abdomi-
nal cavity for 10 days, then after 1 h were exposed to EHF
EMR, and after another 1 h to HS.

On Day 10 of the experiment, two hours after the end
of all activities, the animals were decapitated under ether
anesthesia using a guillotine (RPC Open Science, Rus-
sia) and their blood was sampled to determine physi-
ological markers of stress-protective effect: middle mol-
ecules, circulating immune complexes, malondialdehyde.
The blood was collected into vacuum tubes with BD Va-
cutainer serum separating gel (BD Vacutainer SST Il Ad-
vance).

Modeling of acute and chronic stress and their
combinations

To model acute stress, the animals were placed in
a swimming tank; the experiment lasted 1 h. The water
temperature was 21-25 °C.

Special plexiglass cases of a suitable size were used
in the experiment when creating conditions for restricting
the animals’ mobility in order to ensure maximum com-
fort of the rat inside the case and to prevent squeezing
of body parts. When modelling hypokinetic stress, the
animals were kept in these cases for 10 days, 19-20 h
a day. At all other times, feeding and animal care were
carried out.
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Table 1. Experiment design
Tabnuua 1. [In3aitH sKcnepuMeHTa

Experiment day
Group

o2 | s | w | s ] e | 7 | 8 | 9 | w

Intact c c c c c c c c c c

oc - - - - - - - - - AS
EHF-AS EHF  EHF  EWF  EHF  EHF  EWF  EHF  EHF  EHF  EHF-AS
L NAME.EHE.AG  L-NAME- L-NAME- L-NAME- L-NAME- L-NAME- L-NAME- L-NAME- L-NAME- L-NAME- L-NAME-
EHF  EHF  EWF  EWF  EHF  EWF  EHF  EHF  EHF  EHF-AS

HS HS HS HS HS HS HS HS HS HS HS
EHF-HS EHF-HS ~EHF-HS EHF-HS EHF-HS EHF-HS EHF-HS EHF-HS EHF-HS EHF-HS  EHF-HS
U NAME.EHE.HG L-NAME- L-NAME- L-NAME- L-NAME- L-NAME- L-NAME- L-NAME- L-NAME- L-NAME- L-NAME-
HS-EHF  HS-EHF  HS-EHF  HS-EHF HS-EHF  HS-EHF HS-EHF  HS-EHF  HS-EHF  HS-EHF

Note. Here and in Tables 2—4: C, control; AS, acute stress; HS, chronic hypokinetic stress; EHF, extremely high-frequency low-intensity
electromagnetic radiation’s; EHF-AS, a combination of extremely high-frequency low-intensity electromagnetic radiation’s and acute stress
factors and acute stress factors; L-NAME-EHF-AS, a combination effects of nitric oxide blocker L-NAME, extremely high-frequency low-
intensity electromagnetic radiation’s and acute stress factors; EHF-HS, a combination of extremely high-frequency low-intensity electro-
magnetic radiation’s and hypokinetic stress factors; L-NAME-EHF-HS is a combination effects of L-NAME nitric oxide blocker, extremely
high-frequency low-intensity electromagnetic radiation’s and hypokinetic stress.

[lpumeyarue. 3pecb n B Tabn. 2-4: C — KoHTponb; AS — ocTpbin cTpecc; HS — XpOHMYECKUA TUMOKMHETUYECKUIA CTpecc;
EHF — aneKkTpoMarHuTHoe M3nyyeHue KpaiHe BbiCoKoi yacTtoTbl (3MU KBY); EHF-AS — kombuHaumsa daktopos IMU KBY u OC;
L-NAME-EHF-AS — KombuHauus Bo3gencTeus brokatopa okcupa asota L-NAME, 3MW KBY n OC; EHF-HS — koMbuHaums daktopoB
3IMU KBY u TK; L-NAME-EHF-HS — koMbuHaums Bo3pelictBus bnokatopa okcuaa asota L-NAME, 3MU KBY u TK.

Method to determine the serum level of middle
molecules

Middle molecules (MM) is an integral biochemical
marker of endogenous intoxication [3]. This method in-
cludes blood sampling, serum separation from the formed
elements by centrifugation, obtaining a protein-free sam-
ple by adding 0.5 mL of 10% trichloroacetic acid to 1 mL
of serum and centrifugation for 30 min at 3000 rpm.
Then, 4.5 mL of distilled water was added to 0.5 mL
of supernatant and the optical density of the sample was
determined using a spectrophotometer at 254, 275 and
280 nm [4, 5].

Samples were measured vs. control (distilled water)
using a PE5400-UV spectrophotometer (Ekros-Analytika
LLC, Russia). The MM content was determined by the op-
tical density of the sample, and their level indicated the
presence or absence of endogenous intoxication [3].

Method to determine the serum concentration of
circulating immune complexes using polyethylene
glycol test

The serum concentration of high molecular weight
circulating immune complexes (CIC) was determined
using the Grinevich method [6] by precipitation of an-
tigen-antibody complexes from serum for 60 min with
3.75% polyethylene glycol prepared with 0.1 M borate
buffer (pH 8.4), followed by photometric determination
of the optical density of the precipitate. Measurements

DOl https://doiorg/1017816/RCF635404

were performed using a spectrophotometer PE5400-UV
(Ekros-Analytika LLC, Russia), determining the optical
density of samples (prepared with 0.1 M borate buffer
and 3.75% polyethylene glycol) and control (0.1 M borate
buffer) in 10 mm cells at 450 nm. Then the difference of
optical density was calculated; the result was multiplied
by 1000 and the level of CICs in 100 mL of serum was
obtained. The response was expressed in units of optical
density:

E.. = (E,,— E.) x 1000,

cic

where E is the density of high molecular weight circu-
lating immune complexes; E s the optical density of the

sample; E, is the optical density of the control sample.

Method to determine malondialdehyde in serum

Serum MDA was determined according to Uchiyama
and Mihara [7]. The method is based on the reaction be-
tween malondialdehyde and thiobarbituric acid (TBA),
which, at high temperature and acidic pH, proceeds with
the formation of a colored trimethine complex containing
one molecule of MDA and two molecules of TBA [8].

The test tubes were shaken vigorously until a pink-
ish white suspension was formed. The tubes were then
centrifuged at 3000 rpm (1800 g). Immediately after
centrifugation, 3 mL of the supernatant was taken into a
clean tube and the optical density of the sample vs. the
blank was measured at 540 and 590 nm in a 10 mm cell.
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Measurement was performed no later than 1.5 h after
centrifugation.

MDA concentration was calculated using the following
formula:

DSAU - 0590

= 0156

x 16,
where C is the content of TBA products in the sample,
pmol/L; Dy, is the optical density of the sample at 540 nm;
Doy, is the optical density of the sample at 590 nm;
0.156 is the molar extinction coefficient of malondialde-
hyde-TBA complex, L/umol x cm; 16 is the serum dilution
factor.

The measurement result is expressed as optical den-
sity units.

Statistical analysis of the study results

Statistical processing of the results was performed
using Graph Pad Prism 9.5.1. software. Since the dis-
tribution of variables in some experimental groups ac-
cording to the Shapiro-Wilk test differed from normal,
the reliability of differences relative to the intact group
was determined using the nonparametric Dunn’s multiple
comparisons test. Differences were considered signifi-
cant at p < 0.05. Data are plotted as mean and standard
error of the mean (M + SEM).

STUDY RESULTS

Serum level of middle molecules in rats
The literature generally accepts that MMs are stress
markers reflecting the pathological state of protein
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metabolism [9]. MMs can serve as a marker of internal
endointoxication and as secondary toxins, significantly
disrupting the vital activity of all systems and organs.
It is well known that at 280 nm, aromatic non-toxic ami-
no acids as well as phenols, tyrosine, tryptophan, and
phenylalanine are detected among the variety of MMs,
and at 254 nm, amino acid-free products of incomplete
protein degradation with toxic effects can be detected, as
well as adenosine diphosphate and adenosine triphos-
phate, adenine, valine, phenylalanine and derivatives of
a number of amino acids [10, 11].

In pathological processes, plasma systems of limited
proteolysis activate, an increase in the MM level in the
280 nm spectrum is observed and prevails, and on the
contrary, when lipid peroxidation (LPO) and immunogen-
esis increase, there is an increase in MMs at 254 nm [12].
At 275 nm, MMs containing aromatic tyrosine derivatives
are recorded [13].

Based on their diversity, a clear conclusion cannot
be made on MMs about any direction of the processes
in the body, but only the body intoxication degree can be
stated. Thus, some MMs inhibit erythrocyte differentia-
tion, hemoglobin synthesis, DNA synthesis, gluconeogen-
esis, disrupt the mechanisms of membrane transport of
substances, as well as tissue respiration [14].

At 254 nm, only in the L-NAME-EHF-HS group (Table 2)
there was a significant increase in the MM level relative
to the intact group of rats by 36.7% (p = 0.04). This indi-
cates stimulation of LPO and immunogenesis (at 254 nm)
with NO blockade, which was not observed in the absence
of blockade. In the other experimental groups (AS, HS,
EHF-AS, EHF-HS, L-NAME-EHF-HS), no significant changes

Table 2. The levels of middle-weight molecules (in optical density units) in rat blood serum under normal conditions, isolated acute stress,
chronic hypokinetic stress, and various combinations of these factors with extremely high-frequency electromagnetic radiation and the

nitric oxide blocker L-NAME, M + SEM

Ta6nuua 2. CogepaHue MoneKyn cpefHel Macchbl (e. 0. M1.) B CbIBOPOTKE KPOBW KPbIC B YCNOBUSX HOPMbI, M30IMPOBaHHOTO OCTPOro
CTpecca, XPOHUYECKOr0 M1MOKUHETUYECKOr0 CTPECCa, a TakKe PasfMYHbIX KOMBOMHALMIA 3TUX (aKTOPOB C 3IEKTPOMArHUTHBIM U3/y4eHNEM
KpaliHe BbICOKOM YacToTbl M bnokatopoM oKkcuaa asota L-NAME, M + SEM

Group
Wave
length Intact AS EHF-AS L-NAME-EHF-AS HS EHF-HS L-NAME-EHF-HS
(n=20) (n=20) (n=20) (n=20) (n=20) (n=20) (n=20)
0.218 + 0.024 0.224 +0.028, 0.221+0.025, 0.282+0.031, 0.178+0.021, 0.192 +0.020, 0.298 + 0.034,
254 nm ’ 105 00'/ ! 103.0%, 102.0%, 129.4%, 81.7%, 88.1%, 136.7%,
e p=0.98 p=1.00 p=0.07 p=0.84 p=053 p=0.04
0.179 + 0.018 0.185 +0.026, 0.195+0.019, 0.229+0.033, 0.150 +0.026, 0.167 £0.013, 0.210 + 0.026,
275 nm ' 106 0[;/ ' 103.3%, 108.9%, 127.9%, 83.8%, 93.3%, 117.3%,
el p=0.97 p=0.93 p=0.08 p=0.86 p=0.92 p=074
0.174 + 0.020 0.188 £ 0.023, 0.194+0.022, 0.240 +0.027, 0.141+0.016, 0.155+0.018, 0.227 + 0.024,
280 nm ’ 105 00'/ ' 108.1%, 111.5%, 137.9%, 81.0%, 89.1%, 130.5%,
e p=098 p=0.96 p=0.03 p < 0.05 p=0.49 p=0.04

Note. p is the significance of differences compared to the intact group, determined using Dunn’s nonparametric multiple comparison

test.

npUMe'-IGHUE. P —DO00CTOBEPHOCTb pa3nwwu7| Mo CpaBHEHUK C MHTaKTHOM rpynn017|, YCTaHOBJIEHHAA C NMOMOLLbKO HenapaMeTpu4ecKoro

KpUTEPUS MHOXKECTBEHHbIX CpaBHeHWN [laHHa.
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Table 3. The levels of circulating immune complexes (in conventional units) in rat blood serum under normal conditions, isolated acute
stress, chronic hypokinetic stress and various combinations of these factors with extremely high-frequency electromagnetic radiation and
the nitric oxide blocker L-NAME, M + SEM

Ta6bnuua 3. ConepiKaHue LMPKYIMPYIOLLMX MMMYHHbIX KOMIIEKCOB (y. €.) B CbIBOPOTKE KPOBM KPbIC B YCTIOBUSAX HOPMbI, U30/IMPOBaHHOTO
OCTPOr0 CTPecca, XPOHUYECKOr0 MMMOKMHETUYECKOrO CTPECCa, @ TaKe PasiiMyHbIX KOMBUHALMIA 3TUX GaKTOPOB C 3NEKTPOMArHUTHLIM U3-

Ny4eHneM KpainHe BbICOKOM YacToTbl 1 BiokaTopoM okcupa asota L-NAME, M + SEM

Group

Value

Intact (n = 20)

AS (n = 20)

EHF-AS (n = 20)
L-NAME-EHF-AS (n = 20)
HS (n = 20)

EHF-HS (n = 20)
L-NAME-EHF-HS (n = 20)

221.7 £ 25.1, 100.0%
283.6 + 35.8, 127.9%, p = 0.06
247.9 +22.2, 111.8%, p = 0.92
323.0 £ 26.2, 145.7%, p < 0.01
318.6 + 24.1, 143.7%, p < 0.01
261.5+17.2,118.0%, p = 0.82
261.5+17.2, 189.9%, p < 0.001

Note. p is the significance of differences compared to the intact group, determined using Dunn’s nonparametric multiple comparison

test.

[MpumeyaHue. p — [OCTOBEPHOCTb Pa3NMyMiA MO CPABHEHUID C UHTAKTHOW FPYMMOiA, YCTaHOBNEHHAs C MOMOLLbH HeMapaMeTpUYecKoro

KpUTEpPNA MHOXECTBEHHbIX CpaBHEHMVI [aHHa.

were found at this wavelength of MM recording com-
pared to the intact group. At 275 nm, none of the stud-
ied groups (AS, HS, EHF-AS, EHF-HS, L-NAME-EHF-AS,
L-NAME-EHF-HS) significantly differed from the intact
group in the MM level.

At 280 nm, the MM level was decreased by 19.0%
(p <0.05) in the HS group vs. the intact group.
The combination of EHF-HS attenuated this effect to in-
significant values relative to the intact group. Under HS,
the observed decrease in MM may reflect a decrease
in precursor metabolites responsible for the functional
activity of the serotoninergic stress-limiting system
[15, 16].

At the same recording wavelength, when NO block-
er was used in the two groups (L-NAME-EHF-AS and
L-NAME-EHF-HS) there was a significant increase in MM
substances by 37.9% (p = 0.03) and 30.5% (p = 0.04),
respectively, vs. the intact group. This may be both
a manifestation of endotoxicosis (the content of patho-
logical products of protein metabolism with toxic effects
increases) and an increase in the level of regulatory pep-
tides affecting various functions of the body. Increased
serum levels of MMs may be due to impaired protein
breakdown and excretion from the body, or increased
formation in tissues [17]. Therefore, NO is necessary for
MM normalization. In contrast, NO blockade promotes the
accumulation of pathologic protein metabolic products in
the form of MMs.

Thus, it can be concluded that NO is a necessary fac-
tor for reduction of intoxication under the action of low-
intensity EHF EMR, which implements stress-protective
effect in AS and HS by reducing/normalizing the patho-
logical serum level of MMs.
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Serum level of circulating immune complexes in rats

The study of CIC levels showed that no significant
changes in CIC were detected in the AS group compared
to the intact animals. It should be noted, however, that
in combination with AS, CIC levels were lower than in
isolated AS, although these changes were not significant
(Table 3).

In the L-NAME-EHF-AS group (Table 3), a significant
increase of 45.7% (p < 0.01) in CIC levels was observed
in preventive use of NO blocker vs. the intact group. This
indicates significant impairment of immune system func-
tions, particularly antibody formation, in the absence of
NO according to [18]. Thus, the obtained results dem-
onstrated that NO is necessary for the stress-protective
effect of preventive exposure to EHF EMR under AS con-
ditions.

CIC levels were increased in rats in the HS group by
43.7% (p < 0.01; Table 3) compared to the intact animals.
Elevated CIC concentration has been reported to indicate
a low level of antibody generation in response to increas-
ing amounts of antigens [18]. The increase in CICs is an
indicator of excessive intensity of oxidative processes in
the body tissues and a decrease in the immune system
ability to inactivate and eliminate CICs. That is, high CIC
levels reflect an immune dysfunction.

In the EHF-HS group, this effect disappeared, as the
CIC levels here did not significantly differ from the in-
tact group (Table 3). The literature shows no activation
of infectious-inflammatory processes under EHF EMR
correction either [19, 20]. According to the above data,
preventive exposure to EHF EMR attenuated the effect
of HS, reducing the CIC and exerting a stress-protective
effect.
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In contrast, in the L-NAME-EHF-HS group under pre-
ventive NO blockade by L-NAME, there was a marked
increase in CIC levels by 89.9% (p < 0.001) compared to
the intact group, which, in accordance with [18], leads to
the idea of serious disorders of humoral immunity asso-
ciated with a decrease in adequate antibody production
in response to antigens (Table 3).

The data obtained with respect to HS and L-NAME-
EHF-HS groups also indicate a stronger damaging ef-
fect of HS on immune system functions compared to AS.
As in AS, NO is necessary for the stress-protective ef-
fect of preventive exposure to EHF EMR under AS.
NO blockade leads to the disappearance of stress-protec-
tive effect of EHF EMR in relation to the immune system
functions and aggravates the consequences of HS, which
is expressed in a significant increase of serum CICs.

CIC production is known to be an important indicator
of humoral immune response in inflammation [21]. It rep-
resents an important physiological defense mechanism
responsible for elimination, destruction of endo- and ex-
ogenous antigens, toxic products of protein metabolism,
foreign and potentially dangerous viruses and bacteria by
the reticuloendothelial system. Normally, CICs formed on
the basis of antigens, antibodies and complement com-
ponents are destroyed by phagocytes. However, in infec-
tious, inflammatory, allergic processes, their destruction
rate can be disturbed. As a result, their accumulation and
deposition in the perivascular space and renal cortical
layer may further activate the complement system and
inflammatory reactions, aggravating their course.

Thus, NO in the absence of its blockade is necessary
for normal immune response and for the stress-protec-
tive action of low-intensity EHF EMR in its preventive us-
age, one of the mechanisms of which is the reduction of
CIC blood level.
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Serum malondialdehyde levels in rats

The malondialdehyde (MDA) levels increased in the
AS group by 29.5% (p < 0.05; Table 4) compared to the
intact group, whereas in the serum of the EHF-AS group,
this parameter did not significantly differ from the control
group. A high MDA level is known to be an indicator of
intensive oxidative stress in the body and, in particular,
the increase of lipid peroxidation (LPO) products [22, 23].

Thus, AS led to the intensification of oxidative pro-
cesses in the body and to an increase in LPO products,
and in the preventive usage of EHF EMR in the EHF-AS
group, the free-radical oxidation was within physiologi-
cally acceptable limits.

In the L-NAME-EHF-AS group (Table 4), under preven-
tive usage of NO blocker, MDA levels increased 2-fold,
by 101.6% (p < 0.001), compared to the intact group. This
indicates significant disturbances in oxidative metabolism
accompanied by an increase in free radicals according
to [22, 23]. Thus, NO was shown to be necessary for the
stress-protective effect of preventive exposure to EHF
EMR under AS conditions with respect to LPO processes.

MDA levels increased in rats and in the HS group by
86.8% (p < 0.001) compared to the intact animals. In the
EHF-HS group, this effect disappeared, as the MDA con-
centration here did not significantly differ from the intact
group (p = 0.90; Table 4). According to the above data,
preventive exposure to EHF EMR attenuated the effect
of HS, reducing the MDA level and exerting a stress-
protective effect.

In the L-NAME-EHF-HS group, under preventive
blockade of NO by L-NAME, an intense more than 2-fold
increase in MDA concentration was observed by 113.2%
(p < 0.001; Table 4) compared to the intact group, which,
in accordance with [22, 23], indicates a significant in-
crease in LPO, even more pronounced than in AS. Thus,

Table 4. The levels of malondialdehyde (in pmol/L) in rat blood serum under normal conditions, isolated acute stress, chronic hypokinetic
stress, and various combinations of these factors with extremely high-frequency electromagnetic radiation and the nitric oxide blocker

L-NAME, M + SEM

Ta6nuua 4. CoepaHue ManoHoBOro avanbernsia (MKMonb/n) B CbIBOPOTKE KPOBM KPbIC B YCNIOBUSX HOPMbI, U30IMPOBaHHOT0 OCTPOr0
CTPECca, XPOHUYECKOr0 MMMOKMHETUYECKOrO CTPECCa, a TaKKe PasnuyHbIX KOMBUHALMIA 3TUX GaKTOPOB C 3NEKTPOMArHUTHBIM U3/y4eHNeM
KpaWHe BbICOKOW YacToTbl 1 610kaTopoM okcupa asota L-NAME, M + SEM

Group

Value

Intact (n = 20)

AS (n = 20)

EHF-AS (n = 20)
L-NAME-EHF-AS (n = 20)
HS (n = 20)

EHF-HS (n = 20)
L-NAME-EHF-HS (n = 20)

1.29 £ 0.11, 100.0%
1.67 £ 0.10, 129.5%, p < 0.05
1.38 £ 0.12, 107.0%, p = 0.96
2.60 £ 0.24, 201.6%, p < 0.001
2.41+£0.13, 186.8%, p < 0.001
1.44 +0.15, 111.6%, p = 0.90
2.75+0.22, 213.2%, p < 0.001

Note. p is the significance of differences compared to the intact group, determined using Dunn’s nonparametric multiple comparison

test.

ﬂpUMeanue. P — 0OCTOBEPHOCTb pa3nw4m7| Mo CPpaBHEHUO C MHTaKTHOM rpynnoﬁ, YCTaHOBJ1IEHHas C MOMOLLbI HemnapaMeTpuyecKoro

Kputepna MHOXeCTBEHHbIX CpaBHEHVIVI [aHHa.
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NO blockage by L-NAME significantly increases MDA,
indicating the intensification of LPO processes in blood.
Consequently, a normal NO level is necessary for stress-
protective effect of EHF EMR in its preventive usage in
AS and HS. One of the mechanisms of this effect is the
reduction of LPO processes.

CONCLUSIONS

The present study suggests that NO plays an important
role in the stress-protective effect of low-intensity EHF EMR
under AS and HS. Relative to the intact group, AS significant-
ly increased only the MDA level by 29.5% (p < 0.05), which
indicates the intensification of LPO processes. Preventive
EHF-exposure had a stress-protective effect, reducing LPO,
as in animals in the EHF-AS group the MDA concentration
returned to the level typical of the intact animals.

Under the NO blockade, the stress-protective effect
of EHF EMR in AS was not manifested, because in the L-
NAME-EHF-AS group, the MM level at 280 nm increased
by 37.9% (p = 0.03), the serum levels of CIC and MDA
increased by 45.7% (p < 0.01) and 101.6% (p < 0.0071),
respectively, vs. the intact group. This indicates the in-
tensification of endotoxication and components of the
stress-realizing system and physiologically active regu-
latory peptides, inhibition of immunogenesis and increase
in oxidative metabolism of proteins, LPO intensification in
the absence of NO.

HS-stress significantly decreased MM levels at 280 nm
and significantly increased serum CIC and MDA levels
by 43.7% (p < 0.01) and 86.8% (p < 0.001), respective-
ly. This indicates suppression of the components of the
stress-limiting system and physiologically active regula-
tory peptides, inhibition of immunogenesis and increase
of oxidative metabolism of proteins, LPO intensification.
Preventive usage of EHF (EHF-HS group) had a stress-
protective effect in HS, as the MM, CIC and MDA levels
returned to the level of intact animals.

Under NO blockade by L-NAME, the L-NAME-EHF-
HS group had increased MM levels at 254 and 280 nm
by 36.7% (p = 0.04) and 30.5% (p = 0.04), respectively;
CIC and MDA were increased by 89.9% (p < 0.001) and
113.2% (p < 0.001), respectively. All this indicates the in-
tensification of endotoxication and components of stress-
realizing and stress-limiting systems, physiologically ac-
tive regulatory peptides, inhibition of immunogenesis and
increased free-radical oxidation of proteins and lipids in
the absence of NO.
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Thus, NO is a necessary factor of stress-protective ac-
tion of low-intensity EHF EMR in its preventive usage in AS
and HS. Mechanisms of its action are associated with inhibi-
tion of endotoxication, normalization of the level of protein
oxidation products and the content of regulatory peptides,
activation of humoral immunity, reduction of LPO processes.
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