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INFLUENCE OF CANCER DISEASE ON DIELECTRIC CHARACTERISTICS OF
STRUCTURAL-FUNCTIONAL STATE OF ERYTHROCYTE MEMBRANES

© L. Batyuk

Aim. To define the character of mutagenic influence of cancer disease on the dielectric relaxation frequency of the
water molecules in suspensions and erythrocyte ghosts in diapason of ultrahigh frequencies (UHF).

Methods. The study of dielectric relaxation frequency of the water molecules in solutions of erythrocytes and eryth-
rocyte ghosts was carried out with the method of measurements of an actual (¢') and imaginary (¢") parts of com-
plex dielectric permeability. The value of dielectric constant &' was defined by the measurement of the resonance
frequency (Af) of resonator with pattern relative to an empty resonator and the value ¢" — by the value of damping
of power of UHF field as a result of introduction of dielectric in resonator.

Results. There were received the temperature dependencies of dielectric permeability for suspensions and eryth-
rocyte ghosts in donors and cancer patients. In suspension of donor erythrocytes in temperature area 6—12, 17-40
and 43—46 °C and in suspension of erythrocytes of patients at temperatures 9—18, 23—37 and 43—46 °C, it were ob-
served the deviation of dielectric indicators from the monotonous growth that was attended by the reliable growth
of the dielectric relaxation frequency fd of the water molecules in suspension of patient erythrocytes compared
with the dielectric relaxation frequency fd of the water molecules in suspension of donor erythrocytes. There were
calculated the values of energy of time activation of dielectric relaxation of the water molecules in given systems.

Conclusions. It was detected the growth of the dielectric relaxation frequency of the water molecules in suspension
of erythrocytes of cancer patients in temperature interval 1-46 °C compared to the dielectric relaxation frequency
of the water molecules in suspension of erythrocytes of the healthy donors. It was revealed that in temperature
diapason 6—12 °C, 43—46 °C in suspension of donor erythrocytes and in temperature diapason 9—18 °C, 23-37 °C,
43-46 °C in suspension of erythrocytes of cancer patients take place the changes of the state of water that leads to
loosening of the structure of lipid biolayer of membrane

Keywords: erythrocytes, erythrocyte ghosts, dielectric relaxation frequency, dielectric permeability, hydration,
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Jlocniodceno 3anesxcHicms 3MiHU Yacmomu OleleKmpuuHoi perakcayii MoneKy/ 600U 8 CYCNeH3iax I miHAx epumpo-
yumie 6 inmepeani memnepamyp 1—46 °C ¢ nopmi ma npu onxonozii. Ompumaro, wjo 8 KIimuHax cnocmepieacmo-
¢l 3MIHA CNIBGIOHOWEHHs 8LIbHOI ma 36 's13anoi 600u. Pospaxosana enepeis akmusayii dienekmpuunoi peraxcayii
MONEKY 800U 6 CYCNEH3IAX epumpoyumie OOHOPi6 Ma OHKOJIOSIUHUX X8OPUX

Knrouoei cnosa: epumpoyumu, mini epumpoyumis, yacmoma OieleKmpuiHoi peraxkcayii, OiereKmpuyHa npoHUK-
Hicmb, 2i0pamayis, memnepamypa

1. Introduction blood were studied in detail in radio-frequency diapason

The cancer rate in the world grows slowly but [11-14]. There are no many works that deal with dielectric

steadily [1]. Pathologic changes of physical and metabolic
processes in organism that have mutagenic influence on
organism lead to the changes on the cellular level. Taking
into account the generality of structural organization and
peculiarities of functioning of erythrocytic and other cel-
lular membranes, there was admitted an ability of eryth-
rocyte membrane to reflect the state of cells and to be an
indicator of the measure of its involvement in pathologic
process [2]. It is clearly presented at inflammatory pro-
cesses of the different localization, influence of the toxic
chemical substances, malignant tumor growth [3]. In spite
of the great number of publications devoted to the study of
properties of the red blood cells with the water as a solvent
it stay the one of the most complicated and little-studied
systems [4—7]. According to many authors [8—10], the
changes observing in functional state of erythrocytes in
cancer patients are attended with the change of hydration
of membrane components. Dielectric properties of the

measurements in UHF diapason [15-17].

2. The ground of research

An influence of temperature on the state of com-
ponents of cytoskeleton and cellular membrane is direct
it is not mediated with the changes of such macroscop-
ic parameters of the cell as volume and form [18]. For
this factor can be separated the specific component of
influence that is the change of phase-structural state
of membrane [19-21]. The structural reconstructions
of erythrocyte membranes induced by the temperature
cause the changes of solvent (water) structure [22, 23].
The possibility of the use of UHF-dielectrometry meth-
od for the study of relaxation frequency of substances
particularly the dielectric relaxation frequency of the wa-
ter molecules in erythrocyte membranes is determined
by the fact that the molecules of the bound water and
dissolved substance in centimeter wavelengths diaposon
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are less movable than the molecules of the free water
[24, 25]. In this case almost all water molecules are in
the bound state and enter into composition of hydrated
layers of salts and boimacromolecules of cellular mem-
branes where it function as a shock absorber at abrupt
external changes ensuring the survival of cells [26]. Di-
electric permeability of the erythrocyte membranes is an
important parameter that reflects the structural state of
the water in cells and defines the value of intermolecular
interactions in systems containing water as a solvent [25,
27, 28]. As far as the content and properties of erythro-
cyte membranes change in the specific way at different
diseases the great number of clinical diagnostics meth-
ods are based on analysis of the physical parameters and
additional information is needed for calculation of these
parameters and it can be received only by the different
kind of experiments. An elaboration of methods for an
early diagnostics of pathology based on analysis of di-
electric parameters of the blood erythrocytes allows re-
ceive an additional information about the state of cells
and erythrocyte membranes in conditions of mutagenic
influence of malignant disease [9, 10].

3. Aim of research

The aim of research was the study of dielectric re-
laxation frequency of the water molecules in suspensions
and erythrocytes ghosts of donors and cancer patients in
temperature interval 1-46 °C.

4. Materials and methods

For research there were used suspensions and
erythrocyte ghosts of the blood of 28 healthy donors and
62 patients with breast cancer, lung cancer (1-111 stag-
es by TNM classification) of an average age 47+4 years.
The method of preparation of patterns was described in
details earlier [29]. Examination of dielectric characteris-
tics of suspensions of erythrocytes and its ghosts in tem-
perature area from 1 to 46 °C was carried out on UHF-di-
elecrometer of resonator type on frequency 9,2 Ghz
[30, 31]. Transition from values €' and &” directly mea-
sured in experiment to the value f, —dielectric relaxation
frequency of the water in solution was realized with a help
of Debye equation [30, 31]. The activation energy of di-
pole relaxation AF of the water molecules in studied sys-
tems was get from the ratio [32]:

hN (AF)
T=——exp| —= |,
RT RT

where t — time of dielectric relaxation, h — Planck con-
stant, R — gas constant, N — Avogadro number. The re-
ceived results were processed using methods of variation
statistics.

4. Results of research

The temperature dependence of an actual &' and
imaginary € parts of complex dielectric permeability for
suspensions of erythrocytes and suspension of erythro-
cyte ghosts of donors and cancer patients are presented in
Tables 1-4.
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Table 1
Temperature dependence of an actual ¢’ and imaginary
¢’ parts of complex dielectric permeability for
suspension of erythrocytes of donors and of patients
with breast cancer

Dynamics of indicators
Donors (n=28) Cancer patients (n=31)
T, °C g g g g"

36,1+1,1 | 35,1+£0,7 | 41,2+1,2* | 34,0+0,8

5 41,6+1,2 | 33,6+0,8 44+0,8 32,9+0,9
10 43,2+1,1 | 32,6+0,8 | 46,51,1* | 30,0+1,0*
15 47,8+1,2 | 30,0+1,1 | 50,2+1,1 | 29,9+1,0
20 51,1+1,0 | 27,3+0,7 | 53,3+0,9 | 26,5£1,2
25 53,3+1,3 | 25,3+1,1 | 56,7+1,1* | 24,5+1,1
30 54,3+1,3 | 23,5409 | 57,6+1,0% | 22,4+1,0
35 55,4+1,1 | 21,4+1,0 | 58,4+0,9* | 19,2+1,1
40 56,5+1,2 | 19,840,8 | 58,6+0,8* | 18,6+0,7
46 57,0£1,0 | 18,4+0,4 | 59,9+1,2* | 16,2+1,0*

Note: * —reliability in comparison with control (donors), p<0,05

Table 2
Temperature dependence of an actual &' and imaginary
€' parts of complex dielectric permeability for
suspension of erythrocytes of donors and patients with
lung cancer

Dynamics od indicators
Donors (n=28) Cancer patients (n=31)
T, °C g g"” g g

1 36,1£1,3 | 35,1+1,3 | 41,2+1,1* | 38,8+1,1*
5 41,6€1,2 | 33,6+0,7 | 43,3+1,3 | 37,8+0,8*
10 432+1,1 | 32,6+0,8 | 48,0+1,3* | 35,6+1,0*
15 47,8+1,2 | 30,0+1,1 | 50,4+1,2 | 29,8+1,3
20 51,141,0 | 27,340,7 | 55,9+1,4* | 27,5+1,2
25 53,3+1,3 | 25,3+1,1 | 57,5¢1,3* | 27,0+1,3
30 54,3+1,3 | 23,5+0,9 | 58,4+1,4* | 25,0+0,8*
35 55,4+1,1 | 21,441,0 | 59,3+1,2*% | 22,6+1,0
40 56,5€1,2 | 19,8+0,8 | 59,6+0,8* | 19,6+1,3
46 57,0£1,0 | 18,4+0,4 | 60,7+1,1* | 18,8+1,0

Note: * —reliability in comparison with control (donors), p<0,05

Table 3
Temperature dependence of an actual &' and imaginary
€' parts of complex dielectric permeability for
suspension of erythrocyte ghosts of donors and patients
with breast cancer

Dynamics of indicators
Donors (n=28) Cancer patients (n=31)
T, °C g g"” g g

1 44,8+1,2 | 40,4+0,9 | 40,9+1,1* | 38,7+0,9
5 47,6€1,1 | 39,8+0,9 | 44,3+0,8* | 38,4+0,7
10 52,2+1,1 | 37,840,8 | 48,0+1,2*% | 36,7+1,0
15 57,241,2 | 36,5+1,2 | 54,0+1,3* | 35,7+1,2
20 60,6+1,0 | 31,240,7 | 58,6+0,9 | 34,3+1,1*
25 63,0+£1,3 | 28,0£1,0 | 63,0+1,1 | 31,5+1,1*
30 65,6+£1,2 | 26,3+0,9 | 66,0+1,2 | 28,9+1,0*
35 66,3+1,1 | 24,1+1,0 | 67,3+1,1 | 25,3+0,9
40 66,4£1,1 | 21,1£0,9 | 69,3+0,9*% | 22,3+0,8
46 67,0+1,0 | 19,5£0,9 | 69,6+1,2 | 19,8+1,0

Note: * — reliability of differences in comparison with control
(donors), p<0,05



Menu4Hi HayKu

Scientific Journal «ScienceRise» Ne7/4(12)2015

Table 4
Temperature dependence of an actual ¢’ and imaginary
€'’ parts of dielectric permeability for suspension of
erythrocyte ghosts of donors and patients with lung

cancer
Dynamics of indicators
Donors (n=28) Cancer patients (n=31)
T, °C g g" g g"

44.8+1,2 | 40,4+0,9 | 41,0+1,0* | 37,5+£0,9*

5 47,6£1,1 | 39,840,9 | 44,3+1,1* | 36,4+0,9*
10 52,2+1,1 | 37,840,8 | 54,0+1,3 | 34,9+1,0*
15 57,2+1,2 | 36,5t1,2 | 59,6+1,2 | 33,0+1,1*
20 60,6+1,0 | 31,2+0,7 | 61,8£1,0 | 31,0+1,0
25 63,0+1,3 | 28,0£1,0 | 64,2+1,2 | 29,0+1,0
30 65,6+1,2 | 26,3+0,9 | 66,5t1,1 | 27,0+0,9
35 66,3+1,1 | 24,1£1,0 | 68,7+1,1 | 24,4+1,0
40 66,4+1,1 | 21,1+0,9 | 69,7+0,9* | 21,7+0,8
46 67,0£1,0 | 19,5£0,9 | 70,4+1,3* | 19,5+1,1

Note: * — reliability of differences in comparison with control
(donors), p<0,05

Using the values of indicators of an actual (g") and
imaginary (¢') parts of complex dielectric permeability of
suspension of erythrocytes and suspension of erythrocyte
ghosts of donors and cancer patients, the dielectric relax-
ation frequency (f)) of the water molecules in studied sys-
tems was calculated by the formula: f=f (¢"-¢_)/e", where
f, — and f — dielectric relaxation frequency and microwave
field frequency respectively, € =5,5 (dielectric permeabil-
ity of the studied objects in IR- diapason) [31]. Dielectric
relaxation frequency (f,) of the water molecules is a param-
eter that characterizes the mobility of molecules in UHF
field and so the degree of its interaction with surrounding
solution. Temperature dependencies of the dielectric relax-
ation frequency f, of the water molecules in suspensions
of erythrocytes in sodium chloride and also dependency of
dielectric relaxation frequency f, of the water molecules in
suspensions of erythrocytes ghosts in sodium chloride of
donors and cancer patients received according to the data of
Tables 14 are presented on Fig. 1-4.
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Fig. 1. Temperature dependence of dielectric relaxation
frequency f, of the water molecules in suspension of
erythrocytes: ® — donors, A — patients with breast cancer
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Fig. 2. Temperature dependence of dielectric relaxation
frequency f, of the water molecules in suspension of
erythrocytes: ® — donors, o — patients with lung cancer
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Fig. 3. Temperature dependence of dielectric relaxation
frequency f, of the water molecules in suspension of
erythrocyte ghosts: ® — donors A— patients with breast
cancer

For suspension of donor erythrocytes in tempera-
ture interval 6—12 °C, 1740 °C and 43-46 °C there are
observed breaks attended with an increase of energy of ac-
tivation for 18,4 kJ/mole at 12 °C, decrease for 4,6 kJ/mole
at 37 °C and growth of energy of activation in temperature
interval 43—46 °C for 17,31 kJ/mole. For suspension of
erythrocytes of cancer patients the changes of energy of
activation are observed in temperature diapason 9-18 °C,
43-46 °C (breast cancer) and 23—-37 °C (lung cancer) that is
attended with the change of dielectric relaxation frequen-
cy of H,O molecules. For patients with breast cancer there
is observed an increase of energy of activation in diapason
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9-18 °C for 9,8 kJ/mole and for 14,7 kJ/mole in interval
43-46 °C. For patients with lung cancer the respective in-
dicators decrease for 8,3 kJ/mole at temperature 23-37 °C.
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Fig. 4. Temperature dependence of dielectric relaxation
frequency f, of the water molecules in suspension of
erythrocyte ghosts:

e — donors, o— patients with lung cancer

5. Discussion of results

Cancer disease realizing a significant mutagenic in-
fluence on organism also has an influence on functions of
erythrocyte membranes and it is an additional factor that
indirectly takes part in damage of blood cell membranes
structure of cancer patients. The diagram of temperature
dependence of dielectric relaxation frequency of the water
molecules in suspensions of erythrocytes (Fig. 1, 2) demon-
strates an increase of relaxation frequency f, of the water
molecules in suspensions of erythrocytes of patients with
breast and lung cancer compared with donors. This effect is
observed on the whole studied temperature interval that is
logically connected with changes of physical and chemical
properties of erythrocyte membranes and with dysfunctions
of the blood formation revealed at the presence of tumor
in organism [10, 33, 34]. The specificity of changes can be
caused by LPO activation that causes the damage of lipid
spectrum of erythrocyte membrane especially the decrease
of content of common lipids and phosphatidylcholine (PC)
fraction at an increase of the level of lysophosphatidyl-
choline and phosphatidyl inositol fractions that leads to
dehydration of erythrocytes. An increase of the content of
saturated fatty acids and decrease of the level of unsaturat-
ed ones in PC and phosphatidylethanolamineane fractions
stimulate an increase of microviscosity of the deep and
modification of the external layers of erythrocyte mem-
branes [34]. An appearance of additional hydrogen bonds
can explain the decrease of f, at 6-12 °C in suspension of
donor erythrocytes compared with dielectric relaxation fre-
quency f, of the water molecules in suspension of erythro-
cytes of patients. This process demonstrates the hindered
rotation of the water molecules and decrease of amount of
the bound water that is probably connected with depression
of the blood formation and an increase of concentration of
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the tumor necrosis factor in blood [35-38]. An increase
of the number of abnormal erythrocytes in bloodstream
(echinocytes, stomacytes, sferocytes and the old erythro-
cytes) that ensures the decrease of elasticity and mobility
of the blood cells stimulates an erythrocytes aggregation.
At erythrocytes aggregation in conditions of cancer disease
takes place an overlap of hydration layers of approximate
cells that by-turn influences on decrease of erythrocytes hy-
dration. As far as energy of activation of hydrogen bond is
evaluated in 12,5 kJ/mole [39], every water molecule in the
studied systems forms 1,2 — 1,4 H —bonds with neighboring
molecules. The change of slope of temperature dependence
in temperature interval 9-18 °C can indicate a structural
reconstruction of erythrocyte membrane of cancer patients
and an appearance of cells with low-density internal struc-
ture and cavities, crumpled external membrane. Loosening
of the surface of membrane leads to the rupture of intramo-
lecular hydrogen bonds that is why the proton-donor and
proton-acceptor centers become available for interaction
with surrounding water molecules [40]. The presented re-
sults give the reason to surmise that the change of indicators
of dielectric parameters of suspensions of erythrocytes and
its ghosts is connected with damage of the specific channels
of ions leakage [41, 42], and with general increase of im-
perfection of membranes of cancer patients at deformation
under an influence of temperature. This effect intensifies
at lowering of the temperature of medium that is probably
connected with the local temperature depending transitions
of the lipid components of membranes.

6. Conclusions

1. There was studied an influence of temperature
in broad interval of doses (1+46 °C) on dielectric prop-
erties of erythrocytes of donors and cancer patients. The
received values of an actual €' and imaginary &" parts of
complex dielectric permeability demonstrate the reliabili-
ty of observed changes.

2. There was detected a declination of temperature
dependence from the monotonous type with localization
at interimidiary temperatures 6—12 °C (for erythrocyte
ghosts and erythrocytes of donors and cancer patients)
and 42-44 °C (for erythrocytes of donors and cancer pa-
tients). There was established an initiation of transmem-
brane defects that lower the cell resistance to an influence
of temperature and also overlap of hydration layers of ap-
proximate cells that by-turn has an effect on the decrease
of erythrocytes hydration.

3. There was established the higher probability of
initiation of defects in erythrocyte membranes of cancer
patients in temperature interval 43—46 °C compared with
temperature area 9—18 °C and the lower probability of its
locking compared with temperature area 23—37 °C.
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OIIPEAEJIEHUE KPUTEPUEB IIPOT'HO3NPOBAHUS DOPO®EKTUBHOCTU JIEYUEHUA
XPOHUYECKOI'O IPUOBPETEHHOI'O TOKCOIIVIA3ZMO3A

© O. B. boopoBa

Cmambs nocesujena pewenuio npobnemvl onpeoeieHus Kpumepues npocHo3UpO8anus 3h)@dekmusHocmu ieuerus
OONbHBIX XPOHUULECKUM NPUOOPEMEHHBIM MOKCONAAZMO30M 6 CIAOUU 000Cmpenust 00 U Nocjie KOMIIAEKCHOU mepa-
nuu, 060CHOBAHUIO NOOXOO08 K UCNONb30AHUI0 HAUDOLee dhPeKMUBHO20 pedcuma mepanuul, NO360I0Ue20 UHOU-
BUOYATUZUPOBAMb JleUeHUe, ONPEOeNeHUI0 OCHOBHBIX NOKA3amelel, NO360NAIOUWUX C 8bICOKOU CIMENEHbIO 6ePOsin-
HOCMU PEKOMEHO08AMb PA3IUYHbIE CXeMbl MEPAnull, d MaKice NPOSHOZUPOBAHUIO MePANe8mUIecKozo sdexma
Kaatc0020 U3 6U008 IeYeHUs], 8 3aBUCUMOCIU OM UCXOOHOU NAMO2EHeMU4eckoll 0emepmMuHananyl

Knrouesvie crosa: xponuueckuii npuoopemennwiti moxconaazmos (XIT), npoenocmuueckue koapguyuenmot (11K),
ungpopmamusnocms (I) npusnaxos, aHMunpPOMO30UHAS MEPANUSL, NPOMUEOMOKCONAAIMOSHBIL UMMYHO2N00YIUH

The great number of treatment schemes of toxoplasmosis predetermines the question for clinician how to choose

the most effective therapy regimen.

Aim. Detection of the criteria of prognostication of efficiency of the treatment patients with the chronic acquired
toxoplasmosis (CAT) in an acute phase before and after the complex therapy.
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