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In the present work the effect of resonant electromagnetic irradiation (EMI) and
acetylsalicylic acid (ASA) on value change of the surface tension coefficient of
human blood plasma has been studied. It was shown that both the plasma irradiation
and the ASA insertion into plasma result in changing of the surface tension
coefficient of human blood plasma, as well as affect the surface buffering. These
changes are due to the fact that the mentioned factors invoke conformational
alterations in the structures of plasma proteins, though we assume that ASA
contributes in stabilization of structural changes of proteins.
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Introduction. Natural non-ionizing electromagnetic irradiation (EMI) and
electromagnetic fields (EMF) are an essential component of the environment. Under
their effect the evolution of all living organisms, including human beings, has been
occurring [1]. Observations carried out to date show that biological effects of EMI
depend on parameters of influencing fields. One of the most important parameters is
the irradiation intensity. To estimate the intensity, either the density of the incident
power flux or the intensity of the electric component of the EMF is used. The
intensity value determines the nature of the biological effect, which can be thermal
or non-thermal. The criterion for such division is the temperature of the biological
object induced by EMR. If this temperature increases no more than 0.1 K under this
effect, then the intensity level is considered as non-thermal and EMI, in this case, is
called low-intensive. The next important EMI parameter is its frequency, since non-
thermal bio-effects are of a resonant nature [2]. Electromagnetic EHF-oscillations
are widely used in medical practice and have shown effectiveness in the treatment
of a number of diseases, providing a normalizing (repairing) effect. In EHF-therapy
the following wavelengths are permeable and frequently applicable: 4.9 mm (60.12
GHz), 5.6 mm (53.33 GHz) and 7.1 mm (42.19 GHz). Low-intensive millimeter
irradiation refers to non-ionizing irradiations, i.e., it cannot have a breaking,
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damaging effect on the biological tissues of the organism. Millimeter waves are
strongly absorbed in water and water media. This fact is significant for medical-
biological applications, since at penetration into human skin almost by 0.3-0.5 mm
in depth these waves quench by more, then million times. That is why the effect of
EHF-irradiation is accepted to observe as specific bioinformation function of
electromagnetic waves, bound to energy resonant absorption, triggering auto-
oscillation processes and conformation transformation in biological structures [3, 4].

But nowadays the natural electromagnetic background is added by EMI and
EMF, created by technogenic sources, that is multiply higher, than the natural one
by its intensity. That is why the actuality of the studies of biological effects of non-
ionizing EMI enhances.

At present it is known about multiple studies of EMI effect on both cells and
organisms of animals and humans in general. Nevertheless, the mechanisms of
development of biological effects of non-ionizing irradiation are not hitherto
established [5].

Blood is a liquid connective tissue, the inner medium component of organism
and the changes of blood properties can indicate the alterations in organism, induced
by the effect of various physical and chemical factors. Blood includes shaped elements
and intercellular compound — plasma. Ratio between plasma and shaped elements —
hematocrit, is relatively constant. Human’s plasma volume is almost 55-60%, cell
volume — 40-45% of whole blood volume [6]. Human blood plasma contains more,
than 1000 different protein species, though, for a few of them physiological functions
are known. Their properties and structures are thoroughly heterogeneous, but their
concentration in blood plasma significantly differs. The main proteins of blood
plasma are albumins, different fractions of globulins, fibrinogen, lipoproteins,
glycoproteins and metalloproteins [7]. Ability of solutions to regain the initial value
of the surface tension is called the surface buffering. Proteins in blood plasma and
serum, which adsorb surface-active compounds, play no-little role in constancy of
attaining of the surface tension.

Thus, due to the presence of proteins and calcium ions, the blood plasma and
serum preserve the relative constancy of the surface tension value, sharply changing
only in the case of severe diseases (for example, at jaundice in consequence of
addition of big amount of bile acids into blood circulation) [8]. Acetylsalicylic acid
(ASA) is widely applied for treatment of inflammation processes, rheumatic
diseases, pain syndrome and for prophylactics of thrombosis. Pharmacological
effects of ASA depend on daily dose value. In small doses (from 50 to 325 mg) ASA
possesses anti-aggregate action. In doses 1.5-2 g ASA has analgesic and fever-
lowering action. In high doses (4-6 g) it possesses anti-inflammation effect [9].

In the present work we have studied the effect of resonant electromagnetic
irradiation on value change of surface tension coefficient and on dependence of this
value change on ASA effect time and EMI irradiation duration. Determination of
surface tension of plasma, serum, urine and cerebrospinal fluid is applied as
diagnostic test and has a relevant value for diagnosis of many diseases.

Materials and Methods. We have studied the EMI EHF effect on the value
of surface tension coefficient of irradiated plasma of human blood and the ASA
influence on non-irradiated and irradiated plasma. The value of the surface tension
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coefficient was determined, using du Nuy method [10]. The method is based on the
measurement of the force, necessary for tearing off a solid ring from the liquid
surface layer.

In experiments human blood plasma was used from blood bank. It was studied
the effect of EMI with 50.3 GHz on human blood plasma and the effect of ASA on
non-irradiated (control) and irradiated human blood plasma. The surface tension was
determined after irradiation and immediately after insertion of ASA dose into plasma
after 0, 1, 5, 10, 15, 20, 25, 30, 35, 40 and 45 min.

Plasma irradiation by EMI EHF was carried out during 4 days with daily
duration 60 min. As a source of EMI EHF G4-141 generator was used with frequency
diapason 37.5-53.5 GHz. The irradiation was carried out in far working zone of the
irradiation, with power flux density 0.6 mW/cm?,

Plasma surface tension coefficient was calculated through the coefficient of
water surface tension. First of all, the real strength of tear off from water was
determined: Py,o = P — p, where Py, ¢ is a tear off strength of ring from water, mg;
P is a tear off strength, received in experiment; p is a ring mass with water. The
surface tension coefficient of water was calculated by the formula:

~0.981 Py,

- m-D

where D is platinum ring diameter; o is water surface tension coefficient.
To determine the surface tension coefficient of the studying liquid, the ratio

of ring tear off strength from the given liquid to ring tear off strength from water at
the mentioned temperature was calculated:
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where Qget e 1S ratio of ring tear off strength from plasma (Pp) to ring tear off
strength from water (Py,0). Qqeter. IS CONnected to relative surface tension of the
given liquid by the dependence, which can be expressed by the equation:

Qtrue = (Qdete‘r. "K)—K +1, 3

where Q¢ 1S the relative surface tension of the given liquid. The ratio of the surface
tension of the given liquid to the water surface tension is called a relative surface
tension. Qgeter 1S determined from equation (2); K is empiric constant, determined
for each ring: the tear off strength of the given ring from water and from the other
liquid is determined; by the way, the absolute surface tension of the other liquid
should be found in tables. For this aim ethanol is often used (96%).

aetanol/aHZO -1
)
Petanol/PHZO -1

where d,:4n0;1 IS the surface tension of ethanol, P,;4,; is ring tear off strength from
ethanol. The surface tension coefficient of plasma was calculated by the formula:

K= )]

Op1 = OH,0 * Qtrue %)
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where oy is the surface tension coefficient of plasma, din/cm. All measurements
were carried out at room temperature. The experimental error does not exceed
5-10%.

Results and Discussion. Study of the effect of EMI EHF and ASA on the
surface tension coefficient of plasma was carried out according to the following
scheme: 1 — irradiation effect on plasma surface tension; 2 — ASA effect on this
system. Plasma irradiation by EMI EHF was carried out during 4 days with daily
duration 60 min.

ASA effect was studied during 45 min by the aforementioned scheme after
single-time insertion of ASA, the plasma surface tension, irradiated by EMI with
50.3 GHz, was determined.
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Fig. 1. Dynamics of the surface tension coefficient change of human blood plasma in absence and
presence of ASA, depending on duration of EMI EHF exposure.

It was shown that after 60 min irradiation of plasma by 50.3 GHz, the value of
opl increases by 29%. After 120 min irradiation of plasma by 50.3 GHz the value of
opl increases by 32%, after 180 min — by 28.5% and after 240 min — by 34%.

Analyzing the results, we assume that the change of the surface tension
coefficient depends on EMI EHF effect duration. As it is obvious, the surface tension
of human blood plasma changes after irradiation by 50.3 GHz, which results from
the alteration of hydration layer of proteins, particularly albumin [11].

At addition of ASA with concentration 2 mg/mL into blood plasma, the surface
tension coefficient value changes.

As it is obvious from Fig. 1, the addition of ASA into non-irradiated plasma
results to the following alteration of plasma surface tension, which increases by
13.4%. After plasma irradiation 60 min and ASA addition into plasma, the surface
tension coefficient increases by 4%, after 120 min it decreases by 4.9%, after 180 min
the mentioned value increases by 11% and after 240 min it decreases by 10.1%. From
the aforementioned data one can assume that addition of ASA into non-irradiated
and irradiated plasma results in changing of the surface tension. It should be
mentioned that relevant changes are observed at ASA addition into irradiated plasma
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during 180 min exposure. It means that together the physical and chemical factors
result in changing of the surface tension buffering. At addition of ASA 2 mg/mL
into non-irradiated plasma the value of the surface tension coefficient starts altering

(Fig. 2).
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Fig. 2. Dynamics of the surface tension coefficient change of non-irradiated plasma of human blood
under the action of ASA.

Through a minute after insertion of ASA the surface tension coefficient
increases by 13.4%, and then we observe a change of this factor. Through 20 min
after ASA insertion the plasma is higher, than that of the control by 25.4%, it comes
out on the plateau and further does not increase up to 45 min.

From the obtained data we assume, that under the effect of ASA the surface
buffering of human blood plasma changes.
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Fig. 3. Dynamics of the surface tension coefficient change of human blood plasma under the action
EMI EHF with 50.3 GHz and ASA.

As it is obvious from Fig. 3, the value of this change depends on the EMI EHF
effect duration and ASA influence.

It was shown that after 60 min of the EMI EHF irradiation with frequency
50.3 GHz, the value of oy increases by 28.7%. Through a minute after ASA insertion
the surface tension coefficient increases by 4%, and then we again observe a change
of the surface tension coefficient. Through 20 min after insertion of ASA the surface
tension coefficient of plasma is less, than that of the control by 5.1%, it comes out
on the plateau and then does not change up to 45 min.
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At the plasma irradiation during 240 min with 50.3 GHz, after insertion of
ASA the value of op decreases by 14.1%, but after 5 min of ASA insertion the value
of op comes out on the plateau and further does not change up to 45 min.

Conclusion. Analyzing the results, we conclude that both the plasma
irradiation and the ASA insertion into plasma result in changing of the surface
tension coefficient of human blood plasma, as well as they both affect the surface
buffering. In all appearances, these changes are due to the fact that these factors
invoke conformational alterations in the structures of plasma proteins, though we
assume that ASA contributes in stabilization of structural changes of proteins.
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aUurIaydsudLv 64 dunh,hth UDYE8NRE8NFLL
Uudrenr 4esdyv MLU2Uush UduGMedNrEU8hy
Lurdudonre83dv 40U IN VITRO MUBUULLEMNET

Whnwipmyd htmwgnuygty £ ntignimbuwghtt blajmpudwqihuwjui
twnwquypiwb (EUS) b wgtimhjuwhghihtiwght preyh (WUL) wgnbgnipniap
dupnni wpywd yuquwyh dwybplnpuyhtt upguonipjub gnpdwygh wpdtph
Ypw: 8nyg E mipyty, np b yyuquuyh Gwnwgquyenuip, b QU-h Gpinidnidp
wuquw hwigligmid G dwupnni wpjub yuqiugh dwytiplin pught upguon: -
Ppubt gnpodwiigh thmhnpunipyubp, htsybu twb wannid Go dwjplin pugh
pnubtpuyimipjut Jpu: Wu  hnmhnpunipymibbtpp wyupdwbwynpjuo &b
tpwimy, np Gyqud gnpontdtipp yuquwyh vyhwwynigtph junnigjudpnid
hpwhpnid G0 nbdpnpdughntt thnhnpumgynibtitp, b dkbp Ghpuwnpmd tbp, np
WU (¢ tyquunnid £ uyhmwlnigiitiph Juinnigyuopuwyhtt thmhnpunipyniibiph
Juyniimgdwbp:

M. C. MUKAEJISIH, M. A. IIATUHSH, C. B. TPUT'OPSH, M. A. ITAPCAZIAHSAH

OOOEKT PESOHAHCHOI'O 3JIEKTPOMAI'HUTHOI'O U3JIYUEHUA U
ACIIMPUHA HA TIIOBEPXHOCTHOE HATKEHUE IIJNIA3SMbI KPOBU
YEJIOBEKA B YCJIOBUAX IN VITRO

B paGore mccienoBaHo BIMSHHE PE30OHAHCHOTO AJICKTPOMATHUTHOTO H3IY-
yenus (OMU) n anernncammuoBoit kucnotsl (ACK) Ha 3HaueHue k03 duenTa
HOBEPXHOCTHOTO HATSHKEHUS IJIa3Mbl KpoBH 4esoBeka. [TokazaHo, uTo n obiryuenue
m1a3Mbl, U BHenpeHue B miasMmy ACK mpuBoOmsAT kK M3MEHEHHIO KoddduIimeHTa
MOBEPXHOCTHOTO HATSKEHHUS IJIa3Mbl KPOBH YEJIOBEKa, a TAKXKe BO3JCHCTBYIOT Ha
MOBEPXHOCTHYIO Oy(epHOCTb. OTH H3MEHEHHs OOYyCJIOBJIEHBI TEM, YTO BBHIIIE-
OTMEYCHHBIC (DaKTOPHI BBI3BIBAIOT KOH(OPMAIMOHHBIE M3MEHEHHUS B CTPYKType
0enKoB M1a3Mbl, 01HaKO MbI ipeanonaraeM, uto ACK criocoOcTByeT crabunmnzanuu
9THX CTPYKTYPHBIX H3MEHEHHH.
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