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There are factors that adversely affect the health of workers at the modernized enterprises of the metallurgical, chemi-
cal, mining industries of the Ukraine. The electromagnetic field is one of the possible harmful factors. The purpose of this
study was to determine the effects of the electromagnetic field of high voltage and low frequency on the genitals of male
rats, namely, to determine the number of degenerative forms of spermatozoa forming as a result of mitotic and meiotic dis-
orders at the stage of late spermatids. Male rats in the amount of 50 were exposed to a 750 kV electromagnetic field with
a frequency of 50 Hz and a power of 10 kV/m at the "Dniprovsk” electrical substation in the city of Dnipro. The chambers
with animals were located at a distance of 75 m from the surface of the earth. The control group was consisted of 10 rats.
Animals were extracted on the 14th, 30th, 45th, 90th, 120th day after the end of the experiment. Histological prepara-
tions were made from the blocks, the morphological evaluation of the results of which was carried out on a LEICA CME
microscope. Special attention was paid to the evaluation of germ cell polymorphism, since the degeneration of sperm
cells is directly related to their modification, which is the result of aberrations of cell differentiation. The percentage of
normal and degenerative forms of spermatozoa was calculated per 100 cells. Pathological processes are developed in
the testicles of rats in the process of spermatogenesis under the influence of high-voltage EMF of low frequency, that led
to the modification and degeneration of spermatozoa due to impaired mitotic and meiotic divisions. Reproductive func-
tion in experimental animals declaines. This effect correlates with the “horizontal transfer” of genes, which explains a
valid theory in modern evolutionary biology. In the course of the study, it was proved that with an increase in the time of
irradiation by the electromagnetic field the number of degenerative cells increased from 20 to 83 %, which was confirmed
by statistical confidence. Degenerative forms of spermatozoa looked like cells with double centrioles and double flagella,
which is explained by an increase in the DNA content in the heads of germ cells and an imbalance in the apparatus of
pressure at the level of chromosomes. The action of the electromagnetic field of high voltage and low frequency in the
testicles of rats led to edema of the interstitial tissue due to impaired blood circulation of the organ. Interstitial edema
entailed a decrease in the average diameter of the testicular tubules from 0.241 + 0.063 to 0.232 £ 0.081 mm and a
decrease in the total area of spermatogenic tissue, which was also statistically confirmed. The obtained results a negative
effect of the indicate electromagnetic field on the morphology of the genital organs of male rats in general and on the
process of spermatogenesis in particular.
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Hlapanona Ouiena. Hac.ni)ncn BIL/IUBY eﬂeKTpOMal"HiTHOFO moJisi Ha Mmpouec CrepmMaTroreHeiy B

s€yKax mypiB

@akmopu, Wo cymmeeo GnaUSaAmMs Ha 300P06 st POOIMHUKIE MOOCPHI308AHUX NIONPUEMCME MEMAYPSIUHOL, XiMiy-
HOI, 2ipnuu0000yenoi eanyseu Yrpainu, npedcmasneni 6 daniti pooomi. Enekmpomacnimue noie € 00HUM i3 MAKUX WKIO-
ausux ¢pakmopis. Memoro 0anoeo 00cuiodxceHHs: 0Y10 8UHAYEHHS Ol eleKMPOMASHIMHO20 N0 8UCOKOI HANPYeU HU3b-
Koi uacmomu Ha cmamesi opeanu wypie-camyis i, 6i0N0GIOHO, KiIbKOCMI 0e2eHepamusHux ¢opm cnepmamo30iois, ujo
Gdopmytomovcs 8 pe3yiomami MiMOMUYHUX i MEUOMUYHUX NOpyuens Ha cmaodii nisuix cnepmamud. Lypu-camyi 6 xino-
rkocmi 50 ocobun Oynu onpomineni erekmpomazHimuum noiem Hanpyeoro 750 kBm, yacmomoio 50 I'y i nomyscricmio
10 kB/m na erekmponiocmanyii «/[ninpoecekay 6 m. [uinpi. Knimunu 3 meapunamu Oyiu po3mauio8ani Ha 6i0CMAaHi
75 m 610 nosepxui 3emai. Konmponona epyna ckaana 10 meapun. Teapunu Oynu eusedeni 3 excnepumenmy na 14-mitl,
30-mit, 45-miu, 90-mit, 120-miit 006i. I'icmonozciuni npenapamu Oyiu 6u2omogieni 3 O10Ki8, MOpPOIO2IuHe NOSACHEHHS
pesynomamis axkux eukorHano Ha mikpockoni “LEICA CME”. Ocobnugy ysacy npudiieHo OYiHIO8aHHIO NOAIMOpQizmy
cmamesux KIimuH, momy uwo 0e2eHepayis cmamesux KIimun 3anexcaia 6i0 ix moouixayii ma 6iodysanacs 6 pesyio-
mami Kiimunnol ougepenyiayii. Biocomok Hopmanvhux i deceHepamusHux opm cnepmamosoidie niopaxoeysascs Ha
100 kaimun. Ilamonoeiuni npoyecu po3eusaniucs 6 A€UKax wypie y npoyeci cnepmamoeernesy nio enaueom EMII eucoroi
Hanpyau HU3bKOI yacmomu, wo npuzeeno 00 moougikayii ma oezenepayii cnepmamo30idie 6HACIIOOK OUCKOOPOUHOBA-
HUX MIMOMUYHUX | MellomuyHux OineHv. Penpooykmusena pynkyis 6 ekcnepumenmanbHux meapur 6yia nopyuiena. Lee
eghexmonm Kopenayii' 3 «20pU30HMAIbHUM NEPEHOCOM» 2€HI8, WO NOACHIOEMbCS OII0UOI0 MEOPIEI0 8 CYUACHIL eBONIOYIIIHIN
bionoeii. Y npoyeci 0ocniosicenns 008edero, ujo npu 30i1bueHHi mepmity OnPOMIHEHHs el1eKmpPOMasHIMHUM NOJeM Kilb-
Kicmb decenepamusHux KiimuH 30invwunacy 6io 20 0o 83 %, wo 6yno niomeeposiceno cmamucmuyno. /lecenepamusHi
@opmu cnepmamo30i0ie 8UIAOANU CXOHCUMU HA KIIMUHU 3 NOOGIUHUMU YEeHMPIOAAMU Ma NOOGIUHUMU OHCSYMUKAMU, U0
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nosicnosanocs 30invuennam evicmy JJHK y coniskax cmamegux kiimuH i OucOAIancom 6 anapami mucky Ha PiGHI Xpo-
mocom. []isi enekmpomasHimuoeo nojis 8UCOKOI HANpYeu HU3LKOI 4acmomu 8 A€YKax ujypie npuszeenda 00 HabpsKy iHmep-
CMUYIanbHOI MKAHUHU BHACAIOOK OUCKOOPOUHOBAHOT YUPKYIAYii Kpoei 6 opeaHi. InmepcmuyianbHuii HAOPAK NPU36ie 00
3MeHWeHH cepedHbo2o diamempa cim anux kanaavyie 6io 0,241+0,063 0o 0,232+0,081 mm i 00 3menuients 3a2aibHoi
NAOWUHU CNEPMATNO2EHHOT MKAHUNY, WO MAaKoxc 0Y10 niomeepoxceno cmamucmuuno. Ooepocani pe3ynvmamu noxka-
3anu He2amusHUull eghekm enekmpoMazHimHo20 NOsA HA MOPQON02io CIMamesux Op2anis wjypie-camyie 3azani ma Ha

npoyec cnepmanioceHesy 30Kpemda.

Knrwouosi cnosa: cnepmamozenes, cnepmamo3oio, elekmpomazuimue none, noiighopmizm, wyp.

Introduction. The impact of harmful factors in
the external environment on the human body remains
a relevant issue today. Electromagnetic fields are one
such factor, and their harmful effects can be experi-
enced by people in domestic and industrial settings.

The electromagnetic field affects workers in
industries such as mining, metallurgy, and chemistry,
affecting both the overall organism and specific
systems and organs [1, p. 346-348; 2, p. 33-34].

The most vulnerable systems in humans are the
cardiovascular, genitourinary, and sensory organs.
Previous experimental studies [3, p. 160-161;
6, p. 110-112] have revealed a range of factors indi-
cating disruptions in reproductive function in humans
and experimental animals. Animals exposed to elec-
tromagnetic fields (EMFs) experienced mutations,
embryonic suppression, reduced offspring viability,
and even complete cessation of reproductive function
in sexually mature animals [4, p. 67-68; 5, p. 10—12].

The aim of our study was to determine the changes
occurring in the testes of rats exposed to high-voltage
low-frequency electromagnetic fields, with a focus on
determining the ratio of pathological forms of germ
cells and identifying possible causes of degenerative
forms of spermatozoa.

Materials and methods. Fifty male rats were
exposed to an electromagnetic field with a voltage of
750 kV, a frequency of 50 Hz, and an EMF inten-
sity of 10 kV/m at the "Dniprovsk" electric substa-
tion in Dnipro city. The animal chambers were placed
under power transmission lines located 75 m from
the ground surface. The control group consisted of
10 rats kept in the basement of the vivarium, which
had reinforced concrete floor slabs. The animals were
removed from the experiment on the 14th, 30th, 45th,
90th, and 120th days after the experiment ended.
Histological preparations were made from the wax
blocks.

Morphological evaluation of the results was
performed using a "LEICA CME" microscope at a
maximum magnification of x400. The study involved
counting normal and pathological forms of sperma-
tozoa, measuring the large diameter of convoluted
seminiferous tubules, and statistically analyzing the
data. Degenerative changes were assessed based

on the counting of normal and atypical cells at the
late spermatid stage. Special attention was given to
evaluating the polymorphism of germ cells, as sper-
matozoa degeneration is directly related to their
polymorphism, which is a result of cell differentia-
tion aberrations. The percentage ratio of atypical and
unchanged spermatozoa was calculated per 100 cells.

Discussion. The study revealed that in the semi-
niferous tubules of the testes in the control group of
rats, the normal spermatogenic process occurred with
varying degrees of differentiation of germ cells in dif-
ferent areas of the tubules. During the experiment,
alongside normally formed spermatozoa, pathologi-
cal forms were found in the seminiferous tubules.
Degenerative changes in spermatozoa were charac-
terized by deformation of the heads, such as dou-
bling, appearance of spermatozoa with duplication or
absence of flagella.

On the 14th day of EMF exposure, insite of the
seminiferous tubules, epithelial cells at all stages
of the spermatogenic cycle were observed, along
with the appearance of diploid forms of spermato-
zoa with two or three flagella. 80 % of germ cells
were formed through normal spermatogenesis and
did not exhibit morphological anomalies, while
20 % of cells showed centriole duplication in the
heads of spermatozoa. The average value of the large
diameter of convoluted seminiferous tubules was
0.24140.063 mm (p < 0.05).

On the 30th day of EMF exposure, a significant
amount of seminal fluid was observed insite of the
seminiferous tubules, with degenerative spermato-
zoa accounting for 56 % and normal spermatozoa for
44 %. Among the pathological forms of germ cells,
cells with duplicated centrioles and two flagella were
observed. The large diameter of convoluted seminif-
erous tubules reached a value of 0.245+0.062 mm
(p <£0.05).

On the 45th day of EMF exposure, in the seminal
fluid of rat testes, spermatogenic epithelial cells at all
stages of development were observed. At this stage
of the experiment, the percentage of atypical forms of
spermatozoa increased to 64 %, with cells with two
flagella being the most prevalent, while the percent-
age of normally formed cells decreased to 36 %. The
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large diameter of convoluted seminiferous tubules The increase in size and deformation of spermato-
was measured at 0.231+0.037 mm (p > 0.05). zoa heads indicate an increase in DNA content in the
On the 90th day of the experiment, the number  heads of diploid spermatozoa, indicating abnormali-
of pathological forms of spermatozoa continued to  ties in conjugation during meiosis and disturbances
increase. They accounted for 78 % in relation to the  during the second stage of division in the maturation
number of fully formed germ cells (22 %), with the = of germ cells.
mean value of the large diameter of seminiferous Results. Under the influence of high-voltage low-
tubules at 0.2334£0.061 mm (p < 0.05). frequency EMF, pathological processes occurred in
At the end of the experiment, in the seminal fluid  the testes of rats during spermatogenesis, leading
of the rats exposed to EMF for 120 days, the pro- to degeneration and polymorphism of spermatozoa,
portion of germ cells with genetically unformed sets ~ which are consequences of mitotic and meiotic divi-
of chromosomes continued to increase, reaching 83  sions disruptions, resulting in decreased reproductive
% compared to normally formed cells (27 %), with  function in the experimental animals. This effect cor-
the mean value of the large diameter of convoluted  relates with the "horizontal gene transfer," which is a
seminiferous tubules measured at 0.232+0.081 mm  well-grounded theory in modern evolutionary biol-
(p <0.05). ogy. With the increase in duration of the experiment,
The observed morphological changes indicate  the number of degenerative spermatozoa in the testes
that under the influence of EMF, the interaction of  of animals increased from 20 % to 83 %, which can
centrioles, which normally separate from each other  be explained by disruptions in mitotic and meiotic
during cell division and act synergistically during  divisions during spermatogenesis. The diameter of
the formation of spermatozoa flagella, is disrupted. =~ seminiferous tubules in the rat testes decreased from
In cases of atypical development, duplication of  0.241£0.063 to 0.232+0.081 mm, which was also a
the proximal part of the flagella occurs, resulting in ~ result of the negative effect of the electromagnetic
the formation of two and more flagella. Alongside  field.
pathological changes in centrioles, the most likely In the future, it may be possible to determine the
cause of the appearance of abnormal spermatozoa is  amount of unchanged and degenerative forms of
an imbalance in the pressure apparatus at the chro-  spermatozoa after administering immunomodulatory
mosomal level. drugs to the animals exposing EMFs.
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