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Abstract. The article presents the data of an experimental study on determining the state of
the complement system under the conditions of exposure to low-frequency electromagnetic
radiation (EMR) on the body of rats under the conditions of a subacute experiment. The relevance
of the research is dictated by the fact that low-frequency EMR can change the membrane potential
and disrupt nerve cell conduction. This can primarily affect the functioning of the hypothalamic-
pituitary-adrenal system, which also influences the effectiveness of the immune system functioning.

In the conditions of the natural experiment, male rats were exposed to radiation of 600 V/m
with a frequency of 70 kHz for 4 hours every day for 30 days. The studies of immunological indices
were carried out in the dynamics of the experiment on the 5th, 15th and 30th days.

The study showed that under conditions of 30-day exposure to low-frequency EMR, the
humoral link of immunity was characterized by suppression of the C4 component in the first half of
the study, followed by a compensatory increase in the C4, C5 components. It has been proven that
the general effector reactions of activation of the complement system are able to influence the
functions of lymphocytes and macrophages. Thus, under the conditions of an anthropogenic factor,
a flexible adaptation process takes place in the body of rats, which involves the redistribution of
protein functions for the purpose of "economic™ functioning of the body under the conditions of
stressor action.
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Introduction. Officially introduced in 1995 by the World Health Organization, the term
"global electromagnetic pollution of the environment™ continues to gain relevance today due to the
rapid technogenic development of humanity. Electromagnetic radiation (EMR) belongs to an
exogenous factor with high biological activity and the modern high saturation of the environment
with EMR turns it into a dangerous environmental factor.

In almost all ranges, EMR can have a negative impact on biological systems. The human
immune system is the vanguard of the body's reactions to the influence of any factor, and the
destructive processes that occur as a result of EMR action lead to changes in the immune response
and the development of autoimmune reactions. Low-frequency EMR can change the membrane

potential and disrupt nerve cell conduction, which, first of all, can affect the functioning of the
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hypothalamic-pituitary-adrenal system, and as a result, the effectiveness of the immune response [1,
2]. Changes in the immune system are also an important link in the implementation of systemic
adaptive reactions under the influence of EMR [3, 4, 5].

The scientific interest of the authors of the study in the effect of low frequency EMR (10-100
kHz) on the human immune status is caused by its predominant use in industrial conditions. In
addition, electrical radiation in this range is characteristic of most household electrical appliances,
video monitors, radio waves with amplitude modulation signals (AM waves), etc. On the other
hand, the impact of low frequency EMR on the health of the human population is still not
sufficiently studied. The above determined the relevance of conducting this study of the state of the
immune system under the conditions of exposure to EMR with a frequency of 70 kHz, the intensity
of the electrical component of 600 VV/m.

The aim of the study. To determine the state of the complement system under the conditions
of the influence of low-frequency electromagnetic radiation on the body of rats in the conditions of
a subacute experiment.

Research materials and methods. Taking into account the fact that in natural conditions the
effect of EMR is long-lasting, an experiment was conducted to study the effect of low-frequency
electromagnetic radiation lasting 30 days. Rats were exposed to radiation of 600 V/m with a
frequency of 70 kHz, irradiation was carried out for 4 hours a day, in parallel with the experimental
group there was a control group that was in comfortable conditions. The experimental study was
performed on male rats of the WAG line in compliance with the recognized standards of humane
treatment of animals in accordance with the provisions of the European Convention for the
Protection of Vertebrate Animals (Strasbourg, 18.03.1986) [6], the directive of the Council of the
European Parliament (Directive 2010/63/EU ) [7], the Law of Ukraine "On the Protection of
Animals from Cruelty" (2006) [8].

The study of immunological parameters was carried out in the dynamics of the experiment on
the 5th, 15th and 30th day, after the end of the exposure, 6 rats were taken out and, with help of
sparing decapitation, the collection of biological material (blood serum) was carried out.

Immunological reactions were determined using commercial Kkits for enzyme-linked
immunosorbent assay ELISA Kit from Elabscience (China), based on the content of the
concentrations of components of the complement system in blood serum (Rat: C3, C4, C5).

Statistical analysis of the data was carried out using the "Statistica 10" program using the non-
parametric method of the Mann-Whitney U-test; the mechanisms of biological effects of the
complement system were determined using correlation analysis.

Results and their discussion. General effector reactions of activation of the complement

system are able to influence the functions of lymphocytes and macrophages, which are of
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significant importance in the development of the immune response. C3, C4 and C5 components of
complement are substances that increase vascular permeability [9].

In the conditions of the isolated effect of EMR, the key component C3 of the complement
system did not undergo statistically significant changes, but its concentration was lower than the
control values during the entire experimental period (table 1).

Table 1
Concentration of the components of the complement system in blood serum of rats when exposed to

electromagnetic radiation (70 kHz, 600 VV/m) in dynamics

Control group EMR group
. n=6 n=6
Immunological value
min Me min Me
max (25% — 75%) max (25% — 75%)
The 5th day of experiment
399.00 |591.00 258.20 567.55
C3,ng/ ml
615.30 | (541.40 -613.70) 611.10 (552.60 — 598.20)
18.39 23.07 10.96 11.48*
C4,ng/ml
29.11 (20.33 - 25.81) 24.88 (11.01 - 13.00)
0.10 0.87 0.27 0,38
C5,ng/ml
1.87 (0.58 —1.81) 1.63 (0.31-1.32)
The 15th day of experiment
487.00 | 555.20 208.90 526.70
C3,ng/ ml
601.50 | (513.30 —599.90) 584.40 (507.40 — 572.70)
17.03 21.39 10.99 11.58*
C4,ng/ ml
21.83 | (20.44-21.77) 13.77 (11.25 - 13.68)
0.66 0.76 0.40 1.15
C5,ng/ml
2.20 (0.74-0.79) 2.93 (0.41-1.48)
The 30th day of experiment
147.80 | 560.65 3112.50 535.20
C3,ng/ ml
617.90 | (279.90 —609.50) 643.90 (473.20 — 558.70)
11.11 24.45 20.47 48.19*
C4,ng/ml
29.68 (20.64 — 27.13) 72.80 (29.70 — 66.45)
0.48 1.07 1.16 3.13*
C5,ng/ml
1.76 (0.72 -1.68) 7.72 (1.27 - 6.34)

Note. * — p<0.05 statistically significant difference compared to the control group.
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The C4 component underwent more significant changes. Under the influence of EMR, the
concentration of the C4 component of complement on the 5th day of observation was reduced by
41% (p<0.05) relative to control values and continued to decrease until the middle of the
experiment (15 days) with the same difference between groups (table 1). However, on the 30th day,
there was a sharp rise in the C4 content by 108% (p<0.05) (Fig. 1). A direct correlation between C 3
and C4 (r=0.60) was established on the 30th day.

The concentration of the component of the C5 system of complement, which has chemotoxic
activity, underwent changes only on the 30th day, having increased by 145% (p<0.05) in the blood
serum of rats in the EMR experimental group, compared to the control group (Fig. 1) ( table 1).

On the 5th day of the experiment, a direct correlation between the C4 and C5 indices (r=0.60)
was established in the group with isolated effect of EMR, on the 15th day - a strong correlation
between C3 and C5 (r=-0.94; p<0, 05).

A B
50 /ﬁ 3,5 *
_ 45 7 _ 3 o
, ’
E 40 7’ E 7 2
oY) ’ w25 rd
€ 35 7 < 7
S 30 e 5 2 e
5 ’ 5 i
R —— 7 ———e 515 Ll
[} ——7 1 o
e 20 ¢ x s s 1 ,v‘.’ —b
8 15 z 8 1
o rd o -
SoM=a_ ____W 50,5 ges
5 T T T T T 1 0 T T T T T 1
5 10 15 20 25 30 5 10 15 20 25 30
Day of experiment Day of experiment

Fig. 1. A — the concentration of C4 component of the complement system in the blood serum
of rats kept under standard conditions of 20+£2°C (1) and rats kept for 4 hours under the influence of
EMR with parameters of 70 kHz, 600 VV/m in dynamics; B — the concentration of C5 component of
the complement system in the blood serum of rats kept under standard conditions of 20+2°C (1) and
rats kept for 4 hours under the influence of EMR with parameters of 70 kHz, 600 VV/m in dynamics.
The value of the median of six samples is given; * — a statistically significant difference of p<0.05
was noted in the experimental group compared to the control group.

The absence of a statistically significant difference in the C3 concentration of all experimental
groups can be explained by the fact that the C3 content is about 70% of the total number of all
components of the complement system [10]. Considering this fact, we can assume that such a
concentration of C3 was sufficient to activate the cascade of the complement system in response to

the influence of a stress factor.

50



AkryanpHi npotuiemu npodinaktuunoi Meauiyay Bum. 26 (2023) Actual problems of preventive medicine # 26 (2023)

Revealing an imbalance of the immune response of the complement system in the form of an
initial deficiency of the C4 component was the difference in the biological effects on the impact of
EMR. The cause of C4 deficiency may be its intensive consumption, which is possibly related to the
activation of the complement system according to the classical way and the adsorption of the
component on immune complexes [11], which is indicated by the further strengthening of the
activation of the complement system in the form of aggregation of the later component C5, which
participates in the formation of the membrane attacking complex. An increase in the concentration
of the C5 component indicates a more likely activation of the system [12]. The established
correlations between the components of the complement system confirm the activation mechanism
of the complement system.

Conclusions. Therefore, the humoral link of immunity was characterized by suppression of
the C4 component in the first half of the study, which was compensated by its growth on the 30th
day with a subsequent increase in the synthesis of the C5 component of complement system.

Thus, the evaluation of immunological indices under the influence of low frequency EMR in
the experiment proved that, under the conditions of the action of a stress factor, a flexible adaptation
process takes place in the body of rats, which involves the redistribution of the functions of effector
proteins for the purpose of "economic" functioning of the body under the conditions of the action of
the stressor.
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BIIVIUB HU3bKOYACTOTHOI'O EJIEKTPOMATHITHOI'O BUITPOMIHIOBAHHSA HA
CUCTEMY KOMIUVIEMEHTY (EKCIIEPUMEHTAJIBHE JOCJILI>XEHHS)

3asropoaniii I.B., JlitoBuenko O.JI., Mepkynosa T.B., UexoBcrka .M.,
Cymenko E.B., lllenrep A.A.

Anomayis. Y cmammi nasedeni 0ami eKCnepumMeHmanbHo20 00CIIOHNCEHHS U000 GUHAYUEHHS.
CMaHy cucmemu KOMHWIEMeHmy 3d YMO8 6NIUBY eleKMPOMASHIMHO20 SUNPOMIHIOBAHHS HU3LKOL
yacmomu Ha Op2amizm wWypie 8 ymMoeax nio2ocmpoz2o ekcnepumeHmy. AKmyanbHicmv npoeodeHHs
00CNI0NCEHHSL NPOOUKMOBAHO MUM, WO HUZLKOYACTOMHE eleKMPOMACHIMHe SUNPOMIHIOBAHHS
30amue 3MIHIOBAMU MEeMOPAHHUN NOMEHYIAN I NOPYULYy8amu Hep8oBOKIIMUHHY NPosioHicmy. Lle y
neputy uepzy Moodce 8i0bueamucs Ha QYHKYIOHYBAHHI 2iNOMANAMO-2inoghiz0-HAOHUPHUKOBOT
cucmemu, KOmpa maxKodic GNIUBAE HA THMEHCUBHICb (DYHKYIOHYBAHHS IMYHHOI CUCTeMU.

B ymosax namypnozo excnepumenmy wypu-camyi npomsieom 30 0i0 3a3nasanu 6niugy
sunpominioeants 600 B/m 3 uacmomoro 70 xly, 4 200unu woows. [locniosxicenus iMyHOIOSIYHUX
NOKA3HUKIE NPOBOOUIU 8 OUHAMIYT ekcnepumenmy Ha 5, 15 ma 30 006y.

Hocniosicenuss  nokasano, wo 8 ymosax 30-0enHo20 GNAUBY  HUZLKOUACHOMHOZO
CLeKMPOMACHIMHO20 — BUNPOMIHIOBAHHS —2YMOPANbHA JIAHKA — IMYHIMemy Xapakmepusyeandcs

npucnivenuam komnonenma C4 y nepuwiiti NOI0SUHI OOCHIONHCEHHS 3 NOOANLUUUM KOMNEHCAMOPHUM
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spocmanmam xomnonenmie C4, C5. Jlosedeno, wo 3acanvHi eghekmopHi peakyii axmueayii
cucmemu KOMNIeMeHmy 30amHi 6niusamu Ha QyHKyii rimgpoyumis i maxpoghazis. Takum yunom, 3a
VMO8 Ofi aHmMpOn02eHH020 YUHHUKA 6 OpP2ani3Mi wypie 6i00y8acmvCs SHYYKull adanmayitiHuil
npoyec, wo nepedbavae nepeposnooin GyHKYiu OLIKI6 3 MEmMow «eKOHOMIYHO20» (DYHKYIOHYBAHHSL
opeanizmy 8 ymosax Oii cmpecopa.

Kniwwuosi cnosa: enexmpomacHimne GUNPOMIHIOBAHHA, CUCMEMA KOMNIIMEHMY, IMYHHA

8i0N06I0b, adanmayis, wypu
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