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It has been proven that electromagnetic fields (EMF) of various intensities have various effects on living

;_'I:afl_rluk organisms — from a therapeutic effect to the appearance of various functional disorders. The purpose of this study
) was to investigate the pattern of long-term continuous exposure of poultry with extremely low frequency variable
goruky@ukr.net pulsed electromagnetic field (ELF-PEMF) of weak intensity on indicators of lipid metabolism in chickens.
150—day-old Tetra X breed chickens were irradiated with ELF-PEMF at a frequency of 8 Hz for about 30 minutes

Podillia State University, for 174 days. The irradiation regime of experimental groups 1 and 2 was continuous, and in groups 3 and 4 it was
12, Shevchenko Str., alternated with weekly breaks. In 1 experimental group, poultry was fed according to the basic diet with a protein

Kamianets-Podilskyi, 32316, content increased by 10-15 %, and in 2 — with a protein content reduced by 10-15 %. In the control group
Ukraine of non-irradiated poultry, the protein content in the diet corresponded to generally accepted norms. The results of
the experiment proved that the irradiation regimes of ELF-PEMF selected by us have an effect on lipid metabolism
in the body of Tetra X breed chickens. On the 112th day of the experiment, regardless of the used regimes of
irradiation of chickens with ELF-PEMF and the protein level in the diet, in the blood serum of the experimental
groups, compared to the control, an increase in the level of free triacylglycerols by 1.56-2.76 times was found;
cholesterol level — by 1.04-1.39 times; of high-density lipoproteins (HDL) — by 1.24—1.84 times and the reduction
of atherogenic index — by 1.41-1.73 times, which is predicted to have a positive effect on their health and productive
qualities. Meanwhile, during longer exposure of chickens to ELF-PEMF, the level of triacylglycerols in the blood
serum of experimental groups of chickens did not differ significantly from the indicators of non-irradiated poultry
(control group). In general, by selecting different modes of irradiation with ELF-PEMF with different supply of
protein in the rations, it is possible to influence the indicators of lipid metabolism of Tetra X breed chickens.
Keywords: extremely low frequency variable pulsed electromagnetic field, blood serum, lipid profile, Tetra X
breed chickens.

Jlimignuii npogiinb cCMPOBATKHM KPOBIi Kypeil B yMOBaX TPUBAJIOr0 BILIUBY 3MiHHOTI'O
iMIIYJILCHOT0 €JIEKTPOMATHITHOTO 1OJISI HATHU3bKOI YaCTOTH

C. b. Ilpocsnwii | FO. B. T'oprok

3aKmaj BUIIOT OCBITH Joseneno, mo enexrpomartitHi nons (EMII) pi3HOi iHTEHCHBHOCTI MalOTh Pi3HOMAHITHMH BIUIMB Ha JKUBI

«TTontinbChKMit AepkaBHHi OpraHi3Mu — BiJ JIKYBaJbHOrO €(EeKTy IO MOSBH Pi3HOMAHITHHX (DYHKLIOHAJIBHHUX MOPYIIEeHb. Pi3HOBEKTOPHUI
yHiBepcuter», BrutuB EMII Ha opraHi3m 3ae:uTh 30KpeMa BiJ TPHBAJIOCTi IXHBOTO BIUIUBY, YaCTOTH, IHTEHCHBHOCTI Ta IHIIHX
M. Kam’sierip-Tloainbchkui, (akTopiB. MeToro wiel poboTH OYII0 TOCHIAUTH TPUBAIIMIA Oe3MEpEpBHUI BIUTHB HAA3BUYAHO HU3bKOYACTOTHOTO
Yipaita 3MIHHOTO IMITyJIbCHOTO €JIEKTPOMArHiTHOTO I0JIs C1a0KO0i IHTEHCHMBHOCTI HA TIOKAa3HHKH JIiIIAHOTO OOMiHY Y Kypeil.

Kypeii xpocy Terpa X 150-go60Boro Biky ompomintoBanu 3IEMIT HHY na wactoti 8 I'm mono6u no 30 xBunun
ynpoaosxk 174-x nHiB. Pexxum onpominenns 1 1 2 gochigHoi rpyn Oy OesmepepBHHM, a y 3 i 4 — yepryBaBcs 3
TIDKHEBMMH IiepepBamu. B 1 jociifHili rpymi nTaxiB rogyBajid 3riHO 3 OCHOBHUM PAaLliOHOM 3 IiJBHILEHHM Ha
10—15 % BMicToM mpoteiHy, a y 2 — 3 moHmwkeHuM Ha 10—15 % BMmicToM mpoteiny. B koHTponbHiH rpymi
HEONPOMIHEHHX NTaxXiB B pAIiOHI BMICT NPOTEiHY BIiIINOBiAaB 3araJbHONPHUUHATAM HOpMaM. Pe3ynbTaTi
TIPOBE/ICHOTO EKCHIEPHMEHTY CBi4aTh, 0 00paHi pexxumu onpominerHs 3IEMIT HHY matots BrmmB Ha mimigHui
oOMiH B opraHi3mi kypeir kpocy Terpa X. Ha 112-ty moOy nocnmimy He3ane)XHO BiJi BHKOPHCTAHHX
pexumiB onpomineHHs Kypeit 3IEMIT HHY i piBHsA npoTeiHy B palioHi B CHPOBATIi KPOBi JOCIIIHHX TPyl
TOPIBHSHO 3 KOHTPOJEM BHSBICHO 3POCTAHHA PiBHA BUIPHUX TpHAUWIrIineponis B 1,56-2,76 pasu; piBHS
xonecrepoiy — 1,04—1,39 pasu; ninonporeini Bucokoi ryctuau (JIIIBT') — 1,24-1,84 pa3u 1 3MEHIIEHHS iHICKCY
ateporeHHocTi — B 1,41—1,73 pasu, 1110 IPOrHO30BaHO BIUIMBA€E MMO3UTHBHO HA iX 3710pOB’S 1 MPOAYKTUBHI SIKOCTI.
Jlo Toro x y pa3i 6inbmm TpuBaioro onpomineHHs kypei 3IEMIT HHY piseHb Tprammirinineposis y CHpoBaTIli KpoBi
JIOCHIZIHUX TPYIN Kypeil iCTOTHO He BiIpi3HABCS BiJ MOKAa3HUKIB HEONPOMIHEHMX NTaXiB (KOHTPOJBHOI TPYIN).
Takox Ha 174-ty noOy onpominenns 3IEMIT HHY piBenb xonecteposly B CHpOBATLi KPOBI JOCIIIHUX Kypel
3aJIMIIABCS BUCOKHM i IIEPEBHIIYBaB KOHTPOIIb 3aJI€KHO Bix rpymu B 1,04—1,27 pasu. IIpoTe migBuIIeHHs IbOro
MOKa3HUKa BiZI0Y/IOCh HepeBaXHO uepe3 Jsinonporeinu Hu3bkoi ryctunu (JIIHI) i ninonpoteinn ayxe HU3bKOT
ryctuan (JITIJTHD), i BigmoBigHO 1O POCTy iHAEKCY aTE€POreHHOCTI, OTXKE, A0 MOPYIIEHHS JiMiJAHOrO OOMIHY
B OpramisMmi JociigHmx Kypei. 3arajoM muisxom minbopy pisHux pexumis ompominenns 3IEMIT HHY
32 YMOBHM pi3HOi 3a0e3MedeHOCTi palioHIB MPOTETHOM MOXKHA BIUIMBATH HA IOKA3HUKH JIIIJHOTO OOMIHY
Kkypeit kpocy Terpa X.

Koro4oBi ciioBa: 3MiHHE iMITyJIbCHE €IEKTPOMArHIiTHE MOJIE HAHU3BKOI YaCTOTH, CHPOBAaTKa KPOBI, JIITiTHII
npodinb, Kypu kpocy Terpa X.
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3MIHHOTO iIMITyJIbCHOTO €JIeKTPOMArHiTHOTO IOJIS HATHU3bKOI YacToTH. Scientific Progress & Innovations. 2024. Ne 27 (1). C. 188-192.
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Introduction

It is known that electromagnetic fields (EMF) are a
carrier of information in the biosphere [1, 2]. It has been
proven that EMF of extremely low frequency (ELF) range
is used as a time sensor of biological rhythms, as a carrier
of prognostic information about the approach of
earthquakes and weather changes [3, 4].

Along with this, there is a fairly large number of works
that testify to the therapeutic and protective effect of
the magnetic field (MF) [5, 6]. Conversely, external
EMFs can modulate an individual’s electromagnetic
signals, leading to disturbances in electromagnetic
homeostasis [7, 8]. It is believed that the basis of the
occurrence of various types of pathologies is a violation
of the resonance of electromagnetic frequencies of the
body’s cells [7, 9, 10]. In this regard, the idea of using an
artificial MP, which corresponds to the Earth’s
geomagnetic field in terms of its physical characteristics,
to combat the negative consequences of anthropogenic
electromagnetic pollution is of particular interest [11].
The further development of this direction of scientific

Table 1
Experimental scheme

research is connected with the application and selection of
EMF of different exposure and intensity and the study of
their influence on the physiological processes of the body
[12]. Therefore, works on the study of the biological
effect of EMF are increasingly relevant.

The purpose of the study

The purpose of this study was to investigate the
pattern of long-term continuous exposure of poultry with
extremely low frequency variable pulsed electromagnetic
field (ELF-PEMF) of weak intensity on indicators of lipid
metabolism in chickens.

Materials and methods

In order to determine the main regularities of
long-term continuous exposure of poultry with extremely
low frequency variable pulsed electromagnetic field
(ELF-PEMF) of weak intensity on indicators of lipid
metabolism of chickens, an experimental scheme was
developed (Table 1).

Grou Number Irradiation Scheme of feeding
P of livestock mode chickens
. Irradiation of chickens with ELF-PEMF for Feedlng accord} ng to the basic ration (BR) with
1 — experimental 15 . . increased protein content of 10-15 %, compared
30 minutes, approximately for 174 days to control
2 — experimental 15 Irradiation of chickens with ELF-PEMF for Feeding according to the BR with reduced protein
P 30 minutes, approximately for 174 days content of 10—15 %, compared to control
Irradiation of chickens with ELF-PEMF for Feeding according to the basic ration (BR) with
3 — experimental 15 30 minutes, approximately with weekly breaks for increased protein content of 10-15 %, compared
174 days to control
Irradiation of chickens with ELF-PEMF for . . . .
4 — experimental 15 30 minutes, approximately with weekly breaks for Lo D DL il T i

174 days

content of 10—15 %, compared to control

For the experiment were taken 150-day-old chickens
of the Tetra X breed, which were kept in cage batteries.
Poultry was irradiated with ELF-PEMF at a frequency
of 8 Hz.

In the blood serum of chickens of experimental
and control groups, the main indicators of lipid
metabolism were determined by the spectrophotometric
method using a BioSystem A-15 biochemical analyzer
(Bio-Systems SA, Spain) using standard reagents
of this company.

Statistical processing of the obtained results
was carried out by analysis of variance. Data are presented
as x+SD (mean + standard deviation). The reliability
of the obtained data was assessed by the F-criterion
with a confidence level of P<0.05, P<0.01, P<0.001
(taking into account the Bonferroni correction).

Results and discussion

It was found that the indicators of lipid metabolism
in the blood serum of chickens that were not exposed
to irradiation with ELF-PEMF did not change
significantly during the experiment (6 months) and
generally corresponded to physiological norms.

Meanwhile, irradiation of Tetra X breed chickens
with an electromagnetic field for 112 days contributed to
a significant increase in the content of triacylglycerols
in the blood serum of the 1%, 2", 3™ and 4" experimental
groups,  respectively, by  140.00 %  (P<0.01),
56.00 (P<0.01), 176.00 (P<0.001) and 116.00% (P<0.01)
compared to a similar indicator in the control (Table 2).

In this regard, we can say that the increase in the
content of triacylglycerols in the blood serum of chickens
after 112 days of irradiation with ELF-PEMF, regardless
of the level of protein feeding, has a positive effect on
the energy supply of the chickens’ body, and, accordingly,
on the level of their productive qualities.

Analyzing the cholesterol content in the blood
of experimental chickens after 112 days of irradiation
with ELF-PEMEF, it is necessary to note its significant
increase in the 1% and 3" experimental groups
by 30.52 % (P<0.001) and in the 4" group by 39.38 %
(P<0.001), respectively, in comparison with chickens
that were not exposed to electromagnetic radiation.
Also, compared to the control, the tendency to
increase this indicator was observed in the 2™
experimental group, but the difference was statistically
improbable.
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Table 2

Dynamics of lipid metabolism in blood serum of experimental chickens after 112 days of irradiation, x+SD

Group of animals

Indicator

Control 1 — experimental 2 — experimental 3 — experimental 4 — experimental
Triacylglycerols, mmol/l 0.25+0.16 0.60+0.52%** 0.39+0.24%** 0.69+0.06*** 0.54+0.8%**
Cholesterol, mmol/l 2.26+0.16 2.94+0.25%** 2.4+0.11 2.94+0.05*** 3.15+0.31***
HDL, mmol/1 0.95+0.01 1.53+0.06%** 1.18+0.08* 1.62+0.09%*** 1.75+0.09%***
LDL, mmol/l 0.51+0.14 0.54+0.05 0.47+0.07 0.60+0.04* 0.57+0.05
VLDL, mmol/l 0.80+0.12 0.8+0.12 0.69+0.12 0.72+0.12 0.83+0.12
Atherogenic index 1.38 0.93** 0.98** 0.81#** 0.80%**

Note: * — P<0.05, ** — P<0.01, *** — P<0.001 compared to control.

The conducted analysis shows that the content of total
cholesterol in the blood plasma of Tetra X breed chickens
did not depend on age, but was dependent on long-term
exposure to ELF-PEMF at different levels of protein
feeding. It is known that the level of total cholesterol
reflects the state of general lipid homeostasis [13, 14].
In this regard, its increase in the blood serum of
experimental chickens indicates the effect of ELF-PEMF
on lipid metabolism.

Free and bound cholesterol in the form of transport
forms is contained in chylomicrons, very low-density
lipoproteins (VLDL, pre-B-lipoproteins), low-density
lipoproteins  (LDL,  B-lipoproteins),  high-density
lipoproteins (HDL, o-lipoproteins), and is mainly
associated with 3-LDL, which are considered to be the
transport form of cholesterol [15, 16, 17].

In this aspect, to find out the effect of irradiation with
ELF-PEMF on lipid metabolism, it was interesting to
analyze the distribution of cholesterol fractions in
the blood serum of chickens.

The results showed that after 112 days of irradiation
under different ELF-PEMF regimes with increased
or decreased protein content by 10-15% in all
experimental groups of chickens compared to non-
irradiated poultry that received only the basic diet, there
was a statistically significant increase in HDL within the
range of 24.21-84.21 %, but the level of LDL and VLDL
did not undergo significant fluctuations and did not go
beyond the limits of statistical error. Thus, the increase in
the level of cholesterol in the blood serum of experimental
chickens was mainly due to HDL. This fraction of
lipoproteins is one of the main lipoprotein fractions, their
main function is the delivery of cholesterol molecules
from cells to the liver and other tissues. HDL is synthe-
sized in the liver and intestinal wall, actively removes

Table 3

cholesterol from the cells by esterification, which
facilitates its entry into the liver and its removal
as bile into the intestines [18]. In addition, HDL
is a transport form of phospholipids in the blood,
which prevent the deposition of cholesterol on the walls
of blood vessels [15, 19].

In addition to the transfer of excess cholesterol from
peripheral cells to the liver, high-density lipoproteins have
other properties, in particular: anti-apoptotic, antioxidant,
anti-thrombotic, anti-inflammatory [20, 21].

Considering the abovementioned, we can talk about
the positive effect of ELF-PEMF exposure for 112 days.
Moreover, the maximum effect was achieved under the
regime of irradiation of chickens for about 30 minutes,
after a week for 6 months with increased or decreased by
10—15 % protein level in the diet.

Also, after 112 days of the experiment, regardless of
the selected modes of ELF-PEMF irradiation and the
level of protein feeding, the value of atherogenicity
index was lower in all experimental groups in the range of
28.99-42.03 % compared to the control group. At the
same time, the degree of probability, depending on
the experimental group, ranged from P<0.01 to P<0.001,
which indicates a significant effect of ELF-PEMF on the
lipid metabolism of Tetra-X breed chickens.

After 174 days of irradiation, the content of
triacylglycerols in the blood serum of experimental
chickens of the 1* group was probably lower by 29.03 %
at P<0.01 compared to chickens of the control
group (Table3). At the same time, this indicator
was higher by 9.68 % in chickens of the 2" experimental
group, however, compared to non-irradiated
chickens, it did not acquire a statistically significant
difference.

Dynamics of lipid metabolism in blood serum of experimental chickens after 174 days of irradiation, x+SD

Group of animals

Indicator

Control 1 — experimental 2 — experimental 3 — experimental 4 — experimental
Triacylglycerols, mmol/l 0.31+0.13 0.2240.03** 0.34+0.02 0.28+0.03 0.32+0.03
Cholesterol, mmol/l 2.26+0.06 2.35+0.07 2.59+0.19* 286+0.02%* 2.73+0.03**
High-density lipoproteins, mmol/l 0.90+0.04 0.85+0.04** 0.72+0.02%** 1.01+0.07 0.94+0.05
Low-density lipoproteins, mmol/l 0.54+0.05 0.67+0.02* 0.81+0.06*** 0.76+0.04*** 0.80+0.03***
Very low-density lipoproteins, mmol/l 0.82+0.02 0.83+0.02 1.06+0.03** 1.094+0.02** 0.99+0.01**
Atherogenic index 1.51 1.76* 2.60%** 1.83*%* 1.90%*

Note: * —p <0.05, ** —p <0.01, *** —p <0.001 compared to control.

According to reports [22, 23], the level of triglycerides
is one of the parameters important for lipid homeostasis,
which shows the concentration of one of the main
energy-saving substrates in the body. They are a form

of deposition and transport of substances (free fatty
acids), the breakdown of which releases a large amount
of energy, and a structural component of cell
membranes [19, 24].
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In this regard, it can be said that the decrease in their
level in the blood serum of chickens after 174 days
of irradiation with ELF-PEMF with an increased level of
protein feeding has a negative effect on the energy supply
of the chickens’ body, and, accordingly, on the level of
their productive qualities.

The level of total cholesterol in the blood serum of the
1% experimental group of chickens did not acquire a
statistically significant value, but it was significantly
higher in the 2" group by 14.60% (P<0.05) in
comparison with the similar indicator of the control group.

The content of high-density lipoproteins (HDL) in
blood serum was lower in the 1% experimental group by
5.56 % and had no statistically significant difference
compared to the control group of poultry. Meanwhile,
this indicator in the 2" experimental group, compared
to the control, decreased to probable values
by 20.00 % at P<0.05.

Also, the obtained results indicate a statistically
significant increase in the blood serum of chickens of the
It and 2™ experimental groups in the content of
low-density lipoproteins (LDL) and very low-density
lipoproteins (VLDL), respectively, by 24.07 % (P<0.05)
and 1.22 %; 50.00 and (P<0.001) and 29.27 % (P<0.01)
compared to the control group of non-irradiated chickens.

The obtained data prove that the level of LDL and
VLDL in the blood serum of experimental chickens
significantly increases during long-term exposure with
ELF-PEMF. It was this fact that led to a significant
increase in the value of the atherogenicity index in the 1%
experimental group by 16.56 % (P<0.05), and in the 2"
by 72.19 (P<0.001) compared to the control group of
chickens that was not exposed to irradiation.

Therefore, longer exposure with ELF-PEMF leads to
an increased level of cholesterol, LDL and VLDL in the
blood serum of chickens of the experimental groups,
regardless of the level of protein feeding. At the same
time, the difference between the control and experimental
groups was statistically significant in the absolute
majority of cases.

LDL are formed in the liver and blood from VLDL
and are the main transport form of cholesterol, the content
of which in the structure of these particles is the highest
(reaches 58 %), therefore they and their predecessor —
VLDL - received the name of atherogenic lipoproteins
and their increased content indicates a violation of lipid
metabolism in organism [24, 25, 26].

Therefore, it can be stated that long-term exposure of
chickens with ELF-PEMF causes disruption of their lipid
metabolism and redistribution of lipoprotein fractions of
the chickens’ blood in the direction of an increase in LDL,
VLDL and atherogenicity index.

Conclusions

Under the conditions of long-term exposure with
ELF-PEMF, with different rations provided with protein,
significant changes in lipid metabolism were revealed,
which was manifested by a change in the level of its main
indicators in the blood serum of Tetra X breed chickens.
According to the results of 112 days exposure with
ELF-PEMF for 30 minutes, regardless of the exposure
regimes used and the level of protein in the diet,

a significant increase in the level of free triacylglycerols
in the blood serum was found, which was predicted to
activate energy metabolism and, accordingly, improve the
productivity of chickens. A longer 6-month daily
exposure with ELF-PEMF for 30 minutes, with or without
weekly breaks, did not significantly affect the level of
triacylglycerols in the blood serum of experimental
chickens, and with a 10—15 % increase in the amount of
protein in the diet even led to decrease of this indicator.
Long-term exposure with ELF-PEMF for 30 minutes for
112 days, with or without weekly breaks, regardless of the
deficiency or excess of proteins in the diet, caused an
increase in the blood serum of chickens, mainly due to
HDL, and, accordingly, a decrease in the atherogenic
index, which in particular, indicates the activation of the
process of delivering cholesterol molecules from cells to
the liver and other tissues, the active removal of
cholesterol from cells by esterification, and the prevention
of cholesterol deposition on vessel walls. Increasing the
duration of ELF-PEMF irradiation up to 174 days under
the regimes mentioned above, on the contrary, led to an
increase in the blood serum cholesterol level mainly due
to the so-called “harmful” lipoprotein fractions of LDL
and VLDL and, accordingly, to an increase in the
atherogenicity index, hence to a negative influence
on lipid metabolism of experimental chickens.
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