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In present work the effect of millimeter electromagnetic radiation on the surface charge density of
rat blood erythrocytes has been studied. The experiments were carried out irradiating suspension of
erythrocytes of rat blood by different frequencies. It was shown that in the case of the irradiation by water
non-resonant as well as resonant frequencies the value of studying parameter decreases compared to control
samples. In the case of the irradiation by water resonant frequency the decrease of the value of studying
parameter is more pronounced. In both cases a reliable changes of the surface charge density value of rat
blood erythrocytes take place.

Irradiation — rat blood erythrocytes — surface charge density — water resonant frequency —
water non-resonant frequency

Muunudtwuppygty £ dhhdbnpught bEjunpudwqihuuot funuquypdut wqptgnipmniip wntbnubph
wpul tphppnghnibph dwltpinipught hgph pnmput Jpu: Mumdbwuhpnipmiatbp junwpdt) B
wnbbnubph wpywb Ephppnghunubph jwhinypp Swnwquypkiny wwppbp hwdwinipeiniuutpny: 8nyg k wpdby,
np oph hwdwp ny phignuwbuwhtt b phgnuwbuuwghtt hwdw-junipniitpny fwnwquypwhwpdwt Rhypnud
nunidtwuhpynn yupwdbnph wpdtpp Wugnud £ unnighy tdnpubph hwdbdwwn: Qph hwdwp nkqnuwtuugh
hwdwim pjudp Surwuquypuhwptne nhypnid wyn yupudbnph wpdtph tdugqnidt wygkh Jun Ewupnwhuwjn-
Jus: Gpim phwypnud b whknh ki mbkinud webbnibph wppub tphppnghnubph dwljbpinipughtt thgph
huwnnipjut wpdtph twjwb thnthnfunipniibp:

Kwnwquypuhwpnil — wnhknbkph wppul Ippppnghunbkp — dwlkplhnipughl jhgph prnnyemi i — opp hunlup
phgninubuuyhll hwdwjunieinil — oph hundwp ns nkqniwbuughl hwdwpinipnt i

HccnenoBanock BIMsSHUE MHJUTIMETPOBOTO 3JIEKTPOMArHUTHOTO M3TyYeHHUs HA IIOTHOCTb MOBEPX-
HOCTHOTO 3apsiia KPOBH JPUTPOIMTOB KPHIC. DKCIEPUMEHTHI OCYIIECTBISUIICH OONydEHHEM CYCIICH3UU
SPUTPOLUTOB KPOBH KPBIC Pa3HBIMH YacToTaMu. [Ioka3aHo, 4To B cirydae oOMydeHHUs] HE PE30HAHCHBIMH U
PE30HAHCHBIMU Ul BOJBI YaCTOTAMU 3HAUYEHHME UCCIELYEMOIO IapaMeTpa YMEHBIIAeTCA [0 CPaBHEHUIO C
KOHTpoJeM. B ciayuae oOydenust pe3oHaHCHOMN AT BOABI YaCTOTOH yMEHBIICHHE 3HAYEHHS UCCIELYyEMOTo
napaMeTpa BBIpaKeHO Oojee spko. B o0oux ciydyasx MMEIOT MECTO JOCTOBEpPHBIC M3MCHEHHSI 3HAUCHUS
IUIOTHOCTY ITOBEPXHOCTHOI'O 3apsA/ia SPUTPOLIUTOB KPOBU KpBIC.
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Obunyuenue — 3pumpoyumsl Kposu KpblC — NIOMHOCHb NOGEPXHOCMHO20 3aPsi0d — Pe30HAHCHAS OJisl
600bl YACMOMA — YACMOMA He Pe30HAHCHAs 05l 800bl

Millimeter electromagnetic radiation (MM EMR) composes the background of surrounding
medium and intensively effects on living material [7, 11, 19]. It has been shown that the effect of
MM EMR results in changing of different parameters of the blood: influencing on the plasma surface
tension, the electrokinetic potential of erythrocytes as well as the resistance of erythrocytes etc., [7].
The surface charge created by the equilibrium between cell membrane components and medium
components is an important parameter of erythrocyte membrane [5]. The surface charge is created by
polar heads of phospholipids, glycoproteins (essentially by carboxylic groups of sialic acid and
amino-acidic residues), as well as glycolipids. Due to the compounds the membrane surface is
charged negatively. Sialic glycoproteins consisting of membranes of blood erythrocytes create the
negative surface charge (60%) which provides the repulsion between the cells, excluding an
interaction between them, particularly, aggregation of erythrocytes that has a big biological
importance [1, 6]. Taking into account that sialic glycoproteins play a crucial role in the modulation
of erythrocyte-erythrocyte interaction as well as erythrocyte interactions with other blood corpuscles
and endothelium [13, 18] it may be insisted that the surface charge of erythrocytes plays a leading
role in aggregation and disaggregation of erythrocytes [10]. Decreasing of negative surface charge
density of erythrocytes may result in destabilization of suspension of blood corpuscles [14] and, as a
consequence, in disturbance of blood functions. The goal of the present work is to study the effect of
MM EMR on the surface charge density of membranes of erythrocytes of rat blood.

Materials and methods. White outbred rats with 80-100g mass were used in experiments (Rattus
norvegicus, “vistar”’). Animals were pickled and the blood was gathered into glass, where previously 1-2 ml
5% Na-citrate solution was added. The latter was prepared on the basis of physiological solution. From each
animal the blood with almost 3-3.5 ml volume was taken. Animal blood was centrifuged during 10 min with
1500g acceleration (Electronic Centrifuge Capacity). Erythrocytes were separated from supernatant liquid.
Physiological solution was added to the sediment of erythrocytes. The last was suspended. The obtained
erythrocytes were suspended in the physiological solution for obtaining of a suspension with an optical
density equal to 0.7. The obtained suspension was irradiated at (/=670 nm wavelength. Optic density
measurement was carried out by photoelectrocolorimeter (KFK-2). Non-irradiated suspension of erythrocy-
tes was used as a control sample. In each group — control and experimental 6 rats were used, the experiment
was repeated three-times, and then obtained data were averaged. Animals were in the same-type conditions
and fed by combined food. Suspension of blood erythrocytes was irradiated with the following frequencies:
41.8 GHz, 42.2 GHz, 50.3 GHz and 51.8 GHz during 20 min, 40 min, 60 min, 80 min, 100 min. MM EMR
was produced with Russian-made “Istok” (Model G4-141) generator (Istok, Fryazino, Russia) with working
interval of frequencies 37.5-53.5 GHz. The power flux density on the sample was equal to 64CJWt/cm2.
Electromagnetic field was homogeneous, distance between sample and waveguide was equal to 180 mm.
The choice of these frequencies is conditioned by the fact that 50.3 GHz and 51.8 GHz are water resonant
frequencies and 41.8 GHz and 42.2 GHz frequencies have a biological application [9, 17]. The suspension of
erythrocytes was used to determine surface charge density of erythrocyte membrane. It was judged about the
surface charge density value of erythrocyte membrane by their mobility in electric field. The mobility of
erythrocytes was determined in constant electric field. The surface charge density was calculated by the
following formula [2, 8]:

on
=21 1
7 k+r M

where [ is the surface charge density of erythrocytes (C/m?), @ — electrophoretic mobility of particle, i.e.

relation of erythrocyte linear rate to electric field potential gradient, [1 — disperse medium viscosity,

k — width of double electric layer (A), r — radius of anti-ion. Taking into account that at ionic strength of buffer —
0.15M/1, k is approximately equal to 7.74 A, the radius of anti-ion may be neglected. Further calculations were
carried out by this consideration. The statistic treatment was carried out.
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Results and Discussion. The effect of EMR with 41.8 GHz, 42.2 GHz, 50.3 GHz and 51.8
GHz on the surface charge density of membrane of rat blood erythrocytes was investigated.

The values of surface charge density changes of erythrocyte membrane of blood of irradiated
rats by EMR with 41.8 GHz are presented on figure 1. It is obvious from figure 1 that after each
irradiation the value of [ of erythrocyte membranes decreases compared with control. It should be
mentioned that the degree of the change of surface charge density value differs from each other at
different durations of irradiation: thus at suspension irradiation with 20 min duration the value of [
decreases by 13% compared to control, while at irradiation with 100 min duration — by 38%. The
irradiation of rats by 42.2 GHz induces a bigger response of biological system to external physical
effect (figure 2). In this case a decrease of the value of [ is also observed compared to control and
fluctuations after each irradiation with respective duration are significant: from 37% at 20 min
duration up to 46.5% at 100 min duration.
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Fig. 1. Change of the surface charge density of membranes of erythrocytes at EMI EHF irradiation by 41.8 GHz.
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Fig. 2. Change of the surface charge density of membranes of erythrocytes at EMI EHF irradiation by 42.2 GHz.

It is interesting that at irradiation of rat blood erythrocyte suspension with 50.3 GHz and 51.8
GHz frequencies the same regularity is observed: the value of [] decreases with enhancement of
irradiation duration. In the case of irradiation of suspension of rat blood erythrocytes with 50.3 GHz
frequency induced changes of surface density charge value alter from 44% up to 53% (fig. 3).
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Fig. 3. Change of the surface charge density of membranes of erythrocytes at EMI EHF irradiation by 50.3 GHz.
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In the case of irradiation of rats by 51.8 GHz frequency, the induced changes of the surface
charge density value are in the interval from 53% to 60% (fig. 4).

Therefore generalizing the above obtained data it may be noticed that the effect of EMI EHF
when the suspension of erythrocytes is irradiated, causes a decrease of surface charge density value
of rat blood erythrocytes which may be conditioned by the influence of irradiation on membrane
proteins and plasma. On the other hand it is obvious that in the cases of irradiation with 50.3 GHz
and 51.8 GHz frequencies the decrease of this value if bigger compared to the cases with 41.8 GHz
and 42.2 GHz frequencies. It may be assumed that at the irradiation by 50.3 GHz and 51.8 GHz
frequencies, as a consequence of water structure changes in the plasma, the concentration of protons
increases which may change water buffer properties and a width of double electric layer. In its turn
it changes the membrane physicochemical properties of erythrocytes, particularly, the values of
surface charge density and electrokinetic potential.

7 S 10w
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Fig. 4. Change of the surface charge density of membranes of erythrocytes at EMI EHF irradiation by 51.8 GHz.

The change of structure of membrane proteins may change a density of molecule twisting in
membranes which results in disorders of physicochemical properties of erythrocytes. The change of
protein composition of blood plasma in its turn influences on erythrocyte membrane. It was shown
that the stability of erythrocyte membrane increases with the negative charge decreasing on
membrane external surface [3]. It was revealed that the stability of erythrocyte membrane decreases
with the surface charge increasing on internal side of membrane [4]. It is peculiar for membranes a
pronounced electrostriction: with transmembrane difference enhancement of potentials the
membrane is condensed which results in thinning of hydrophobic zone and increasing of cellular
membrane capacity [16]. The width of double electric layer increases and the electrokinetic
potential enhances. The enhancement of electrokinetic potential is accompanied by cell surface
charge increasing. The increasing of erythrocyte surface charge, conditioned by membrane structure
change, results in enhancement of its permeability, reduction of erythrocyte resistance to hemolysis
agent as well as acceleration of hemolysis. The obtained data indicate that MM EMR effect on
suspension of erythrocytes in common results in changes of the surface charge density of
membranes of blood erythrocytes of rats. The surface charge of erythrocytes is an important
parameter for aggregation and disaggregation of erythrocytes. The aggregation of erythrocytes,
conditioned by [ decreasing, leads to the increase of ESR [10]. In the statement [12] it is informed
about reliable increasing of ESR
at blood irradiation by low intensity MM EMR. It was also shown that the irradiation of blood by 60
GHz frequency with 30 min duration results in ESR increasing more than twice which is considered
to be a consequence of erythrocyte aggregation degree enhancement [15].

Therefore the irradiation of suspension of erythrocytes of rat blood by electromagnetic
waves with extremely high frequencies induces a change of different blood criteria including
erythrocyte properties. In consequence of multiple irradiations of rats by 41.8GHz, 42.2 GHz, 50.3
GHz and 51.8 GHz frequencies the surface charge density of erythrocytes changes. The multiple
irradiations of animals by 41.8 GHz and 42.2 GHz frequencies result in decreasing of erythrocyte

surface charge density compared with control. Changes of the surface charge density value of
erythrocytes induced by suspension
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irradiation with 50.3 GHz and 51.8 GHz frequency which is resonant frequency for water are more
pronounced. Water structure changes in its turn induce alterations of physicochemical properties of
plasma and erythrocyte membrane of irradiated blood suspension. The observed changes are stable
in the suspension and do not subjected to correction of protective regulatory mechanisms realizing
by organism.
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