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Abstract

Introduction. In vivo model for experimental creation of the necessary pathological processes is an important element of
scientific research planning. Numerous series of experiments have demonstrated the relevance of modeling oxidative
stress in laboratory rats by exposure to hyperthermia, magnetic field and noise. The problem of finding the advantages of
each particular prooxidant factor in modeling stress response underlies the current experiment, and its expediency is
induced by the need to generate a robust response of the prooxidant/antioxidant system, with statistically significant
changes of its parameters, at various periods of time. The study aims at conducting a comparative assessment of the effect
of noise, hyperthermia, and magnetic field on the intensity of lipid peroxidation processes in rats.

Materials and Methods. The study was conducted at the Research Laboratory of Amur Medical Academy in 2023-2024.
The experiment involved 120 white rats divided into four equal in number groups. The animals in the first group (intact)
were not subjected to any impacts; the animals in the second group (experimental group 1) were subjected to hyperther-
mia; the animals in the third group (experimental group 2) were exposed to magnetic field; and the animals in the fourth
group (experimental group 3) were exposed to noise. On 7, 14™ and 21%t days of the experiment the rats were decapitated
(10 animals from each group) and their blood was sampled for analysis. Oxidative stress markers were determined using
the standard techniques; the results were analysed using the Mann-Whitney and Kruskal-Wallis tests. The critical signif-
icance level was set to 0.05 for all assessment procedures.

Results. With regard to the influence on the accumulation degree of conjugated dienes, statistically significant advantages
of noise model over the magnetic field model were recorded (p=0.000005 on 14™ and 21% days) and over hyperthermia
model (p=0.002039 on 14™ day; p=0.001837 on 21% day). With regard to malondialdehyde, noise exposure surpassed
hyperthermia by the end of the experiment (p=0.000561). With regard to ceruloplasmin, the advantages of the noise model
over hyperthermia model were established (p=0.0167980 on 7" day; p=0.004813 on 21% day), as well as over the magnetic
field model (p=0.000005 at all control points). In relation to vitamin E, the noise model advantages over the magnetic
field (p=0.000006 on 21% day) were revealed.

Discussion and Conclusions. Significant advantages of the noise-exposure model over the hyperthermia- and magnetic-
field-exposure ones in modeling the oxidative stress were established, along with the respective changes in prooxidant/an-
tioxidant system components. By the end of the first, second, and third weeks of the experiment, the statistically signifi-
cant deviation of oxidative stress markers in laboratory animals occurred under exposure to noise, unlike exposure to
temperature and magnetic field. In future, studies on the acoustic load influence on the adaptive potential of warm-blooded
organisms are planned to probe possible pharmacological medications to negative influence of noise.

Keywords: modeling, oxidative stress, exposure to noise, hyperthermia, magnetic field, lipid peroxidation, antioxidant
status, rats
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AHHOTAIIMA

Beeodenue. DxcriepuMeHTaTIbHAS MOIEIb CO3IAHHUSI HEOOXOAUMBIX MATONOTMICCKHUX TPOIIECCOB B YCIOBHUSIX iN VIVO sIBIIs-
€TCs BKHBIM 3JIEMEHTOM NPH TUIAHUPOBAaHWH HAYYHBIX MCCIIENOBAaHMHA. MHOTOYHCICHHBIMA CEPUSIMU SKCIIEPUMEHTOB
OblIa 1MOKa3aHa COCTOATENILHOCTD MOJIEIMPOBAHNS OKHCIUTEIBHOTO CTpecca BO3ACHCTBHEM THIIEPTEPMHUH, MATHUTHOTO
TOJIA, IIyMa Ha J1a00paTOpHBIX KpbIC. Bompoc o mpenMyIiecTBax MOJAEIMPOBaHUS CTPECC-PEAKIIUN KOHKPETHBIM ITPOOK-
CHIIaHTHBIM (haKTOPOM CTaJ OCHOBAHHEM JUIS IIPOBEICHHUS HACTOSILIETO SKCIEPUMEHTa BBULY HEOOXOIUMOCTH (OPMHU-
POBaHHMS HAIE)KHON OTBETHOM PEakIMy B pa3IMYHbIC BPEMEHHBIC MHTEPBAJIBI CO CTATUCTHYECKH 3HAYMMBIM H3MCHEHHEM
rapaMeTpoB MPOOKCUAAHTHOW/aHTHOKCHIIAHTHOM cucTeMbl. Llens uccnenoBanuss — CpaBHHUTENbHASI OLICHKA BIIUSTHUS
IIymMa, TUIIEPTePMUU M MarHUTHOTO 110JI HA HHTEHCUBHOCTH IIPOLIECCOB JIUIONEPOKCUIANH Y KPBIC.

Mamepuanvt u memoowt. Viccienoanue MpoBeICHO B HAYYHO-UCCIEA0BATEIbCKON TabopaTopuu AMypcKoil Menakaie-
mud B 2023-2024 rr. B 3kcniepuMenTe yuacTBoBaio 120 GenbiX KphIC, KOTOPBIX Pa3/ICiUiIN Ha YEThIPE PABHBIC 10 YHC-
JICHHOCTH TpyINIbl. B mepBoii rpynme (MHTaKTHAs) )KMBOTHBIX HE MOABEPrajy KaKUM-THOO BO3JEHCTBHAM; BO BTOPOU
rpymie (MoAombITHas 1) )KUBOTHBIX MTOJBEPTAIN THIIEPTEPMHUH; B TPEThEH IpyIiie (MOAONBITHAS 2) — BO3AEHCTBHIO Mar-
HUTHOTO TIOJIS; B YETBEPTOH Ipymre (MoxombITHAS 3) — Bo3neiicTButo mryma. Ha 7, 14, 21-# gHu SKCcTIepruMeHTa KPBIC
nexanuTHpoBaiy (110 10 roJoB U3 KakJ0H IpyIIIbl) U MPOM3BOAMIN 3a00p KpoBH I aHanu3a. OnpeneneHne MapKkepoB
OKHCIIUTEIHHOTO CTpecca MPOBOAMIN MO OOIIENIPHUHATHIM METOMKAM, Pe3yIbTaThl aHAIN3UPOBAIN C IPUMEHECHHEM KpH-
TepueB Manna-YurHu n Kpackena-Yommca. Bo Bcex nponeaypax OleHKH KPUTHYECKHH YPOBEHb 3HAYMMOCTH ITPUHH-
Maics paBHeM 0,05.

Pezyromamut uccneoosanus. CTaTUCTUYECKH 3HAYNMBbIEC IPEHMYILECTBA 110 BIMSHUIO HA CTENICHb HAKOIUICHHS TUCHO-
BBIX KOHBIOTATOB 3apPETUCTPUPOBAHBI Y MOJIENIM [ITYMOBOTO BIFSIHUS HaJ MarHUTHBIM mojieM (p=0,000005, 14-it u 21-i
nHN) u runeprepmueit (p=0,002039, 14-it nens; p=0,001837, 21-it nens). UTo KacaeTcs MaJIOHOBOTO JHANBAETHIA, IIIy-
MOBO€ BO3JICHCTBHE MPEB30ILIO TUTIEPTEPMUIO K KOHITY ombiTa (p=0,000561).

O003HaYEHBI MPEUMYIIECTBA ITYMOBOH MOJICITH B OTHOIICHHUH IepyoIia3MuHa Hax runeprepmuei (p=0,0167980, 7-i
neHb; p=004813, 21-i nenp) u MarHUTHEIM TToJieM (p=0,000005 Bo Bce KOHTPOJIBHBIE TOYKH); B OTHOIIICHIH BUTaMuHa E
— Hag MarHATHBIM TTosteM (p=0,000006, 21-it neHsb).

Oébcyscoenue u 3axntouenue. Y CTAHOBIICHBI 3HAUUMBbIE IPEUMYILECTBA MOJIENN ITYMOBOIO BO3ACHCTBHS Hall THIIEPTEP-
MHEH 1 MarHUTHBIM TI0JIEM B TJIaHE MOJICTIMPOBAHMS OKHCIIUTEILHOTO CTPECCa U XapaKTePHBIX M3MEHEHNI KOMIIOHEHTOB
MPOOKCHIAHTHOI/aHTHOKCUAAHTHOW CUCTEMBI. B OTIIMYKME OT TeMIlepaTypHOTrO BO3JEWCTBHS U MarHUTHOM HarpyskH,
0JI BJIMSHUEM LIyMa Y JabOpaTOPHBIX KHMBOTHBIX (POPMHUPYIOTCS CTaTHCTHYECKH 3HAYMMBblE OTKJIOHEHUSI MapKepoB
OKHCIIUTEJILHOTO CTpecca_K KOHILy IEepBOM, BTOPOW U TPEThEW HeAesb IKCIEPUMEHTAIIBHOTO BO3/iecTBuUsA. B nanbHei-
IIeM TMpeIosaraeTcsa U3y4eHre BIUSHNSA aKyCTHYECKONH Harpy3KH Ha aJlallTAllMOHHBIA MOTEHIIHAN TEIUNIOKPOBHOTO Op-
TaHW3Ma C LIeNBI0 anpoOaIiy MOTEHIMAIbHBIX (hapMaKOKOPPEKTOPOB HETATUBHOTO BO3CHCTBHUS IIyMa.

KaroueBrble ciioBa: MoAeJIMpOBaHue, OKHUCJIUTEIbHBIN CTpeCC, IIYMOBOEC BO3H€fICTBPIe, runeprepmus, MarnHuTHOEC I110JIC,
TNIEPEKUCHOC OKUCIICHUEC JIMTTU OB, aHTI/IOKCI/IIlaHTHHﬁ CTaTyC, KPbIChI

Hexnapanus o codonennu npuHuunos EBponeiickoii KOHBEHIUH 0 3a1UTe MO3BOHOYHBIX KMBOTHBIX, HCI0JIb-
3yeMbIX ISl IKCIIEPUMEHTOB U IPYTUX HAYYHBIX IleJieii: aBTOPHI 3asBISIIOT, YTO BCE MPOBEJCHHBIE UCCIEN0BAHUS CO-
OTBETCTBOBAJIM MPHUHIIMITAM KOHBEHIUH U TIPAaBUJIAM HaJUIC)KAIICH J1ab0opaToOpHON IPAKTHKH.

Jas nurupoBanusi. Cumonosa H.B., Casmmra W1.10., Hltap6epr M.A., Jlamun A.I1., Manapo H.M., JIutuHOBa 3.A.
D GEKTUBHOCTD MOIETMPOBAHNS OKUCIUTENILHOTO CTPECCA Y KPhIC BO3JEHCTBHEM IlIyMa B CPABHEHHHU C THIIEPTEPMHUEN
W MarHUTHBIM 1oJieM. Bemepunapnas namonozus. 2025;24(4):64-73. https://doi.org/10.23947/2949-4826-2025-24-4-63-73
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Introduction. When conducting pharmacological and
pathophysiological preclinical studies, a young specialist
often faces the problem of choosing an experimental
model for inducing the processes, which need to be stud-
ied [1-7]. It is possible to induce lipid peroxidation (LPO)
processes in cell membranes with subsequent formation
of the oxidative stress through exposure to hyperthermia,
magnetic field and noise. For many years these models
have been tested and tried at the Department of Pharma-
cology of Amur Medical Academy to work out the dose
and duration of the exposure (daily, course, etc.) [8-10].
Due to the increase of acoustic load intensity on humans
and animals from ever to year [11-16], the studies aimed
at investigating the effects of noise on warm-blooded or-
ganisms are becoming particularly relevant. All of the
above-mentioned factors can trigger the free-radical reac-
tions, however, it’s worth to compare and determine the
efficiency of various models in projecting the specific ox-
idative stress markers and demonstrating the time frame
of prooxidant/antioxidant system parameters respond to
stress factors. In our opinion, reliability in revealing max-
imum possible changes in the “lipid peroxidation/antiox-
idant defence” system parameters and the highest per-
centage of probability of oxidative stress development in-
dicate the advantages of the experimental model and its
usability in preclinical research.

In the frame of the experiment with laboratory rats, the
study aims to conduct a comparative analysis of the effects
of noise, hyperthermia and magnetic field on the intensity
of lipid peroxidation processes in biomembranes.

Materials and Methods. The experiment was conducted
in 2023 — 2024 in the research laboratory of Amur Medical
Academy (Blagoveshchensk) in compliance with the require-
ments for preclinical studies and approved by the local Ethics
Committee (extract from protocol No. 9 of December 7,
2022). For the experiment, 120 white mongrel male rats aged
2 — 3 months weighing 200 — 250 g were used. The rats were
divided into four groups of equal size: in the first group (intact
group) the animals were not exposed to any effects; in the sec-
ond group (experimental group 1) the animals were exposed
to hyperthermia (+40+2 °C 45 min/day daily for 7, 14, 21
days); in the third group (experimental group 2) animals were
exposed to a magnetic field (0.4 millitesla 180 min/day daily
for 7, 14, 21 days); in the fourth group (experimental group 3)
animals were exposed to noise (95-105 dB 60 min/day daily
for 7, 14, 21 days). No lethal cases were recorded during the
experimental exposures.

Rats were decapitated on the 71, 14" and 21% day of
the experiment (10 animals from each group). The animals’
blood was collected into chilled tubes with heparin and
centrifuged at 3000 rpm for 15 min. The resulting blood
serum was stored at —20°C until the time of the study. The
intensity of lipid peroxidation processes was assessed by
examining the content of: conjugated dienes (by the
method of I.D. Stalnaya), malondialdehyde (by colouring

reaction of the thiobarbituric acid test), and the main com-
ponents of the antioxidant system (AOS) — ceruloplasmin
(by the method of V.G. Kolb), vitamin E (by the method of
R.Zh. Kiselevich). In the work, the following equipment
was used: spectrophotometer KFK-2mp (Zagorsk Optical-
Mechanical Plant, Russia), UNICO spectrophotometer
(United Products & Instruments, USA), and photoelectro-
colorimeter Solar PV 1251 C (SOLAR JSC, Belarus).

Statistical processing of the results was performed in
the Microsoft Excel 2016 (Microsoft) and the Statisti-
cav.10.0 software packages (Statsoft Inc., USA). Quantita-
tive indicators were analysed for compliance with normal
distribution using the Shapiro-Wilk test (number of ani-
mals in groups n < 50). Based on the quantitative analysis
and graphical representation of frequency histograms, it
was found that the predominant part of the quantitative data
did not correspond to the normal type of distribution, there-
fore the results were described by calculating the median
(Me), lower and upper quartiles (Q1; Q3). Intergroup com-
parison by the quantitative indicator was performed using
the Mann-Whitney U-test; the statistical significance of in-
tragroup changes of parameters in dynamics was deter-
mined using the Wilcoxon test; to compare values in more
than two samples, taking into account the abnormal distri-
bution of quantitative data, a non-parametric alternative to
univariate (intergroup ) analysis of variance (ANOVA)
was used — the Kruskal-Wallis test. The critical signifi-
cance level was set to 0.05 in all assessment procedures.

Results. It was established that exposure to noise, mag-
netic field and hyperthermia triggers unidirectional non-
specific processes in the organism associated with an in-
crease in the intensity of free radical (peroxide) oxidation
of biomembrane lipids and formation of oxidative stress,
manifested by the accumulation of LPO products in the
blood plasma of experimental rats. Thus, upon the experi-
mental exposures, the concentration of conjugated dienes
(Table 1) has statistically significantly increased relative to
that in intact animals: by the end of the first week of the
experiment by 23% (hyperthermia, p < 0.05), by 39%
(noise, p < 0.05) with the tendency towards an increase of
the parameter, by 13% (magnetic field); by the end of the
second week, the level of the primary peroxidation product
has significantly increased by 27% (hyperthermia), 16%
(magnetic field), 49% (noise, p < 0.05); by the end of the
third week — by 31%, 17%, and 58%, respectively (p <
0.05). On the whole, the experimental exposures can be ar-
ranged in the descending order by their efficiency in induc-
ing the diene conjugation in lipids as follows: noise > hy-
perthermia > magnetic field.

The secondary product of lipid peroxidation —
malondialdehyde (MDA), responded to the exposure to
the studied factors by a statistically significant increase
compared to the intact group at all control time points
(Table 2): on the 7" day of the experiment, MDA in-
creased by 37% (hyperthermia), by 45% (magnetic field),
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by 53% (noise) (p < 0.05); on the 14™ day — by 40%,
49% and 47% respectively (p < 0.05); on the 21t — by
29%, 44% and 61% (p < 0.05). This allows us to arrange
the experimental exposures by the model efficiency as
follows: noise > magnetic field > hyperthermia.

Thus, all the tested experimental exposures are
efficient with regard to increasing the level of oxidative
stress markers. In this context, magnetic field more
significantly fosters the accumulation of the secondary
product of LPO, hyperthermia — the primary one,
whereas, exposure to noise proved to have stable, more
pronounced efficiency in modeling stress, which was

confirmed by the results of the Kruskal-Wallis rank
analysis of variance (Table 3): at all control time points,
statistically significant changes in conjugated dienes and
malondialdehyde were obtained in rats exposed to noise
load, compared to intact animals. At the same time,
statistically significant advantages of the noise exposure
model over the magnetic field model (p = 0.000005, 141"
and 21% day) and over hyperthermia model (p = 0.002039,
14" day; p = 0.001837, 21°t day) with regard to the level of
conjugated dienes were recorded. With regard to MDA,
noise exposure exceeded hyperthermia by the end of the
experiment (p=0.000561).

Table 1

The effect of noise, magnetic field, and high temperatures on the concentration of conjugated dienes in the blood
plasma of experimental and intact rats (nmol/ml, Me [Q1;Qz])

Days of experiment

Groups of animal 7t 14 215t
Intact, 36.0 35.6 36.0
n=230 [35.5; 36.2] [35.0; 35.9] [35.8; 36.2]
High temperatures, 442 * 451 * 47,1 *
n=230 [44.0; 44.6] [44.0; 45.5] [46.9; 47.5]
Magnetic field, 40.6 * 41.4* 42.1*
n=230 [40.2; 41.0] [40.9; 42.0] [41.8; 42.7]
Noise, 49.9 * 53.2* 57.0 */**
n=230 [49.5; 50.3] [53.0; 53.5] [56.6; 57.8]

Note. Here and in Tables 2, 4, 5:

*p < 0.05 compared to intact animals on the same day of the experiment (according to the Mann-Whitney test);
** p < 0.05 compared to animals on the 7™ day of the experiment (according to the Wilcoxon test)

Table 2

The effect of noise, magnetic field, and high temperatures on the concentration of malondialdehyde in the blood plasma
of experimental and intact rats (hmol/ml, Me [Q1;Q3])

] Days of experiment
Groups of animals

7th 14th 215t
Intact, 3.8 4.3 4.1
n=30 [3.7;4.0] [4.2;4.5] [3.9; 4.4]
High temperatures, 52* 6.0 */** 53*
n=230 [5.0; 5.5] [5.9; 6.1] [5.0; 5.5]
Magnetic field, 55* 6.4 *[** 59%*
n=30 [5.3;5.8] [6.2; 6.6] [5.7;6.0]
Noise, 58* 6.3 */** 6.6 */**
n=30 [5.7; 6.0] [6.0; 6.5] [6.4;7.0]
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Table 3

Results of the Kruskal-Wallis rank analysis of variance and two-sided p-values for multiple comparisons of the
concentration of lipid peroxidation products in blood plasma of rats exposed to hyperthermia, magnetic field, and noise

Days Intact Hyperthermia w Noise
of ex- Rank field
peri- Eroups (mean)
ment p (two-sided)
Conjugated dienes
Intact 5.5000 0.156675 1.000000 0.000645
o Hyperthermia 25.500 0.156675 1.000000 1.000000
Magnetic field 15.500 1.000000 1.000000 0.074218
Noise 37.450 0.000645 1.000000 0.074218
Intact 5.5000 0.156675 1.000000 0.000000
L4t Hyperthermia 25.500 0.156675 1.000000 0.002039
Magnetic field 15.500 1.000000 1.000000 0.000005
Noise 55.300 0.000000 0.002039 0.000005
Intact 5.5000 0.156675 1.000000 0.000000
", Hyperthermia 25.500 0.156675 1.000000 0.001837
Magnetic field 15.500 1.000000 1.000000 0.000005
Noise 55.500 0.000000 0.001837 0.000005
Malondialdehyde
Intact 5.5000 1.000000 0.054836 0.000531
ot Hyperthermia 18.350 1.000000 1.000000 0.191444
Magnetic field 28.200 0.054836 1.000000 1.000000
Noise 37.800 0.000531 0.191444 1.000000
Intact 5.5000 0.598197 0.004150 0.016423
L4 Hyperthermia 21.550 0.598197 1.000000 1.000000
Magnetic field 33.900 0.004150 1.000000 1.000000
Noise 31.000 0.016423 1.000000 1.000000
Intact 5.5000 1.000000 0.009442 0.000000
oy Hyperthermia 18.100 1.000000 1.000000 0.000561
Magnetic field 32.200 0.009442 1.000000 0.307174
Noise 50.300 0.000000 0.000561 0.307174

The antioxidant system decreased its activity in re-  end of the first week of experimental exposure (p < 0.05);
sponse to the influence of prooxidant factors, specifically, by 33%, 15% and 42% respectively — by the end of the
the level of ceruloplasmin in the blood plasma of experi-  second week (p < 0.05); by 27%, 16% and 50% by the
mental rats (Table 4) significantly decreased by 31% (hy-  end of the third week (p < 0.05).

perthermia), 16% (magnetic field), 39% (noise) by the
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Against this background, the concentration of vitamin
E (Table 5) became statistically significantly lower upon
exposure to magnetic field only towards the end of the
experiment; to noise — on the 14" day (17%, p < 0.05)
and 21% day (31%, p < 0.05); to hyperthermia — on the
7t day (28%, p < 0.05), 14" day (30%, p < 0.05) and 21%
day (29%, p < 0.05).

Thus, the respond of ceruloplasmin was more pro-
nounced, when oxidative stress was modeled by acoustic
load (noise > hyperthermia > magnetic field), while the

respond of vitamin E was more pronounced in tempera-
ture exposure model (hyperthermia > noise > magnetic
field). This was reflected in the overall results of the rank
analysis of variance (Table 6), which confirmed the ad-
vantages of the noise model over hyperthermia model
(p=0.0167980, 7™ day; p=0.004813, 21° day) and over
magnetic field model (p=0.000005 at all control time
points) with regard to ceruloplasmin; whereas, with re-
gard to vitamin E — advantages over the magnetic field
model (p=0.000006, 21 day).

Table 4

The effect of noise, magnetic field, and high temperatures on the concentration of ceruloplasmin in the blood plasma of

experimental and intact rats (ug/ml, Me [Q1;Q3])

Days of experiment
Groups of animals

7th 14th let
Intact, 25.9 26.0 26.0
n=30 [25.8; 26.2] [25.8; 26.5] [25.6; 26.4]
High temperatures, 18.0 * 17.3~* 19,0 *
n=30 [17.8; 18.2] [16.9; 18.0] [18.8; 19.1]
Magnetic field, 21.8* 22.1* 219*
n=30 [21.5; 22.1] [21.5; 22.4] [21.4; 22.0]
Noise 15.7 * 15.0 * 13.0*
n=30 [15.5; 16.0] [14.6; 15.3] [12.9; 13.4]

experimental and intact rats (ng/ml, Me [Q1;Q3])

Table 5
The effect of noise, magnetic field and high temperatures on the concentration of vitamin E in the blood plasma of

Days of experiment
Groups of animals

7th 14th 213t
Intact, 45.9 45,8 45.8
n=30 [45.5; 46.2] [45.3; 46.2] [45.4; 46.3]
High temperatures, 33.2* 32.2* 329*
n=30 [32.8; 33.9] [31.8; 32.6] [32.8; 33.8]
Magnetic field, 42.1 43.4 411 *
n=30 [42.0; 42.6] [43.1; 43.8] [40.8; 41.3]
Noise 412 * 38.0* 31.6 */**
n=30 [40.8; 41.5] [37.5; 38.2] [31.2; 32.0]
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Table 6

Results of the Kruskal-Wallis rank analysis of variance and two-sided p-values for multiple comparisons of the
concentration of antioxidant system components in blood plasma of rats exposed to hyperthermia, magnetic field and

noise
Days of Rank Intact Hyperthermia Magnetic field Noise
experime Groups — -
nt (mean) p (two-sided)
Ceruloplasmin

Intact 55.500 0.025058 1.000000 0.000000
Tt Hyperthermia 30.950 0.025058 0.937068 | 0.016798
— Magnetic field 45.500 1.000000 0.937068 0.000005

Noise 5.5000 0.000000 0.016798 0.000005

Intact 55.500 0.007813 1.000000 0.000000
14 Hyperthermia 28.400 0.007813 0.428483 | 0.050511
T Magnetic field 45.500 1.000000 0.428483 0.000005

Noise 5.5000 0.000000 0.050511 0.000005

Intact 55.500 0.075708 1.000000 0.000000
o1 Hyperthermia 33.600 0.075708 1.000000 | 0.004813
- Magnetic field 45.500 1.000000 1.000000 0.000005

Noise 5.5000 0.000000 0.004813 0.000005

Vitamin E

Intact 55.500 0.000005 1.000000 | 0.162544
7th Hyperthermia 15.500 0.000005 0.001935 0.150995
_ Magnetic field 45.400 1.000000 0.001935 1.000000

Noise 35.600 0.162544 0.150995 1.000000

Intact 55.500 0.000000 1.000000 | 0.103517
14 Hyperthermia 11.800 0.000000 0.000240 | 0.057122
T Magnetic field 45.500 1.000000 0.000240 1.000000

Noise 34.400 0.103517 0.057122 1.000000

Intact 55.500 0.000379 1.000000 | 0.000000
st Hyperthermia 22.600 0.000379 0.050511 | 0.503283
- Magnetic field 45.500 1.000000 0.050511 0.000006

Noise 6.0000 0.000000 0.503283 0.000006

Discussion and Conclusion. Taking into account a
combination of facts, including changes in the parameters
of the prooxidant/antioxidant system upon the exposure to
various stress factors, significant advantages of oxidative
stress modeling by noise were established, which sur-
passed the hyperthermia and magnetic load models by the
capacity to induce the lipid peroxidation processes. Im-
portantly, at all control time points, the acoustic load model
triggered a cascade of reactions in a warm-blooded organ-
ism leading to the increase of the peroxidation processes

intensity. This phenomenon can be explained by defining
the targets for noise exposure. In the sporadic publications
the effect of sound waves in targeting biological mem-
branes, and in particular cell membrane proteins, has been
described [17]. Exposure to noise alters the conformational
and functional properties of integral and surface proteins,
which first of all affects the cellular permeability and cat-
ion-anion imbalance, with all the attendant consequences
[18]. In this context, the development of membrane enzy-
mopathy should be taken into account, as it couples the
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increase of the intensity of free-radical lipid oxidation (li-
pid peroxidation) processes, which are the key components
of the protein-lipid system of biomembranes. Like a stone
falling from a top of a mountain, the increased intensity of
these reactions triggers a cascade of processes associated
with the excessive load on the endogenous antioxidants.
This is precisely the reason for endogenous antioxidant
system depletion, and the present study has confirmed a
decrease in the activity of its main components.
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