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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
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 VV/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 kits 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 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 V/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.

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).
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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 V/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.

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 BUITIPOMIHIOBAHHSA HA
CUCTEMY KOMIUVIEMEHTY (EKCIHEPUMEHTAJIBHE JOCJIIAKEHHS)
3aeeopooniii I.B., Jlimoguenxo O.J1., Mepkynosa T.B., Yexoscvra I.M.,

Cywenxo E.B., Illenzep A.A.

Xapxkiscokuil HayioHanbHUl MeOuuHull yHisepcumem M. Xapkis, Ykpaina

AHoOTaNig. Y CTaTTi HaBelEH! JaHi eKCIEePUMEHTAIbHOTO JOCHIHKEHHS I10J0 BU3HAYEHHS
CTaHy CHCTEMH KOMIUIEMEHTY 3a YMOB BIUIMBY €JEKTPOMAarHiTHOTO BHUIPOMIHIOBaHHS HHU3BKOI
YacTOTH Ha OpraHi3M IIypiB B yMOBax MIJrOCTPOrO E€KCHEPUMEHTY. AKTYaJbHICTh MPOBEACHHS
JOCIIJIKEHHSI IPOJIUKTOBAHO THM, 110 HU3bKOYACTOTHE €JIEKTPOMAarHiTHE BUIIPOMIHIOBAHHS 3/1aTHE
3MIHIOBaTH MeMOpaHHUHM MOTEHIIaa 1 MOpYIIyBaTH HEPBOBOKIITHHHY MpoBiaHICTh. Lle y mepury
yepry Moxke BiiOuBatucs Ha (yHKI[IOHYBaHHI T110TaraMo-Tino¢i30-HaHUPHUKOBOI CUCTEMH, KOTpa
TaKOX BIUIMBA€ HA IHTEHCUBHICTh ()YHKI[IOHYBAaHHS IMyHHOT CUCTEMHU.

B ymoBax HaTypHOTO €KCIEepHUMEHTY Inypu-camui mnpotsrom 30 mi0 3a3HaBanM BIUIMBY
BunpominioBanHa 600 B/m 3 wactororo 70 xI'u, 4 rogunu monaHs. JlOCHiPKEHHS! IMyHOJIOTIYHUX
MMOKa3HUKIB MIPOBOIWIM B IMHAMIII eKcriepuMeHTy Ha S5, 15 ta 30 qo0y.

HocmipkeHHs  moka3zajo, 1o B ymoBax 30-A€HHOTO BIUIMBY HH3bKOYACTOTHOTO
€JIGKTPOMArHITHOTO  BUIPOMIHIOBaHHA TIyMOpaJibHa JIaHKAa IMYHITETy XapakTepu3yBaiacs

NpUTHIYEHHSIM KoMmroHeHTa C4 y mepiuiid NOJ0BUHI TOCTIIKEHHS 3 MOJAIBIINM KOMIIEHCATOPHUM
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3poctanHsiM kommnoHeHTiB C4, C5. JloBeaeHo, mo 3aranbHi €(heKTOpHI peakilii akTHBAIlli CUCTeMH
KOMILUIEMEHTY 3/1aTHI BITMBATH Ha (PyHKIIT niMpouuTiB i makpodariB. Takum unHOM, 32 YMOB Iii
AQHTPOIIOTEHHOT'0 YWHHHKA B OpPraHi3Mi LIypiB BiOYBa€Thcs THYYKHH aJanTallifHUN mpouec, 110
nepeabdavae mepepo3noain GyHKIINA OLIKIB 3 METOK «EKOHOMIYHOT0» (DYHKITIOHYBaHHS OpraHi3My B
yMOBax Aii cTpecopa.

Kniouosi cnoea: enexmpomacuimmne SUNPOMIHIOBAHHA, CUCMEMA KOMNIAIMEHmMY, IMYHHA
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