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The temperature dependence of the complex dielectric permittivity and the frequency of water molecules dielectnc
relaxation in the erythrocyte suspension and ervthrocyte membranes of donors and oncological patients within the
temperature range of 2-50 °C has been studied by the microwave dielectric method. The values of water molecules
dielectric relaxation activation energy in these svstems were calculated. It is supposed that the observed features of the
dielectric parameters dependence on temperature accompanied by the change of activation energy are related to the
dehydration of ervthrocyte membranes of oncological patients.

KEY WORDS: ervthrocyte, ervthrocyte membranes, microwave dielectric method, dielectric permittivity, frequency
of water molecules dielectnic relaxation, activation energy.

At present numerous studies show that the basic symptoms of tumor growth in a human body at an early
stage of the disease can be revealed by test results showing change of biochemical. structural and functional
features of blood | 1-4]. The quantitative and qualitative variations of the erythrocyte membrane composition are
often found in malignant neoplasm [5, 6]. they can in their turn cause changes in membranes organization and. as
a consequence, changes in physical and physicochemical properties of membranes and entire cells [1. 3].

Since an ervthrocyte is a fluid hvdrophilic svstem, 65 % of its mass being water |7]. structural
reorganizations of membranes entail the change of free - bound water correlation and are accompanied by the
change of the dielectric parameters of the cells, These changes are registered by the microwave dielectric method
within the frequency range of water molecules dispersion and make it possible to usc the measurements of
dielectric permittivity of the biological objects as a physical criterion for the estimation of structural disturbances
caused by various factors [8-11].

In this work the temperature dependence of the complex dielectric permittivity of erythrocyte suspension and
ervthrocyte membranes of healthy donors and oncological patients within the temperature range of 2-45 °C have
been studied by the microwave dielectric method.

MATERIALS AND METHODS

The erythrocyte suspension and eryvthrocyte membranes were obtained from the blood of healthy donors
and oncological patients. The blood was taken by a puncture of a vein during the diagnostic period before any
medical treatment. The studied group was composed of the patients with breast cancer (II stage) and lung cancer
(IT stage). The blood of healthy donors was taken as a control. The erythrocytes were trice centrifuged (3000g,
10 minutes) in an isotonic Na - phosphate buffer (pH 7.4). after which the cell suspension was prepared in the
same buffer in the proportion of 1:2.

White ervthrocyte membranes (i.e. those with a very low hemoglobin content) were obtained by the method
described in [12]. The erythrocytes washed several times in the isotonic solution of chionide sodium (pH 7.4 was
achieved by adding the Na — phosphate buffer), were subjected to hemolysis for 7 minutes at 0 °C in the
hypotonic 5 mM Na — phosphate buffer containing ImM EDTA, the ervthrocytes - buffer relation being 1:40.
The ervthrocyte membranes were washed 3-4 times in hypotonic buffer by means of centrifugation at 15000g for
15 minutes. The centrifugate of the erythrocyte membranes was used for dielectric parameters measurements,

The real ¢' and imaginary " parts of the complex dielectric permittivity e* = ¢' - {e” of the erythrocytes
suspension and ervthrocyte membranes were measured by the microwave dielectric method at a frequency of
9.2 GHz [13] within the temperature range of 2-50 °C. The values of €' and " were determined by using the
calibration curves [14]. The corrections based on measurements of conductivity contribution were made for
inorganic ions presence. The conductivity o was measured at a frequency of 1 kHz [8].

On the basis of obtained values of &' and €” the frequency of water molecules dielectric relaxation f; in the
ervthrocytes suspension and erythrocyte membranes was calculated by using equation: f; = f (&' - £.)/e” (1).
where f; - and f - are the frequency of water molecules dielectric relaxation and the frequency of microwave
field, correspondingly, and £, = 5.5 - is the dielectric constant of water over the infrared frequency range [8.15].
The frequency of water molecules dielectric relaxation f, is a parameter which characterizes the mobility of
water molecules in microwave field and. consequently. the degree of their interaction with surrounding
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molecules. The temperature dependence of f satisfying the equation f;= A-¢®*' (A - temperature independent
coefficient. R - absolute gas constant) makes it possible to determine the values of water molecules dielectric
relaxation activation energy AE (or activation enthalpy) of studied systems bv means of calculating the slope ratio in
coordinates In(fs) - 1/T [16].

RESULTS AND POINTS FOR DISCUSSION

The temperature dependence of the dielectric parameters &' and &" of ervthrocyte suspension and
erythrocyte membranes obtained from the donors’ blood and the blood of oncological patients is shown in Fig, |
and Fig 2 The temperature dependence of frequency of water molecules dielectric relaxation f; in studied
systems are shown in Fig. 3 and Fig. 4. The data on water molecules dielectric relaxation activation energy AE
are given in tables 1 and 2.

The temperature dependences of €' and €” of the erythrocyvte suspension and erythrocyte membranes have a
number of particular features. The step changes of €' are observed in the erythrocyte membranes (Fig. 2) and
suspension of ervthrocytes in NaCl (Fig. 1) at temperatures 6-12 °C. The temperature dependence of dielectric
losses " for all samples 1s sigmoid (Fig. 1 and Fig. 2).
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Fig 1. Plot of €' and &" against temperature for Fig. 2. Plot of €' and &" against temperature for
erythrocyte suspension: @ — control donors; & — erythrocyte membranes: ® — control donors; A
breast cancer patients; 0 — lung cancer patients. ~ breast cancer patients; o — lung cancer

The dielectric permittivity €' of the erythrocyte suspension of oncological patients exceeds the control
values of the dielectric permittivity &' within the entire temperature range. It should be noted that the diclectric
permittivity & of the ervthrocytes at temperature above 10 °C in case of lung cancer is much higher than ¢’ of the
ervthrocvies in case of breast cancer (Fig. 1). The plot of the temperature dependence of f; demonstrates the rise
in the frequency of the water molecules dielectric relaxation in the suspension of ervthrocytes of oncological
patients in comparnison with control donors within the whole temperature range (Fig. 3). The decrease of f; at 6-
12 °C in donors’ ervthrocyte suspension in comparison with fj of oncological patients can be explained by the
appearance of additional hydrogen bonds which must mean that water molecules rotation slow done (Fig. 3)
accompanyied by the change of the dielectric relaxation activation energy. In case of the donors’ erythrocyte
suspension, the increase in the activation energy by 18.8 kJ/mole at 12 °C and its decrease at 17 °C by 15.2
kJ/mole are observed (table 1). In the oncological patients’ ervthrocyte suspension the change of the activation
energy is observed at temperatures 9-18 °C (breast cancer) and 23-36 °C (lung cancer).

In the ervthrocyte membranes lung cancer patients the value of €' approaches the one of control patients
while in the ervthrocyte membranes of the patients with breast cancer the decrease of €' at temperatures 2 - 25 °C
is observed (Fig 2). The process is accompanied by a decrease in the frequency of the water molecules
dielectric relaxation within the whole temperature range (Fig. 4). Such changes may be evidence of the increase
in the amount of bound water in the erythrocyvte membranes, possibly as a result of the membrane loosening in
case of cancer disease, At the further temperature growth the increase in €' in oncological patients’ erythrocyte
membranes in comparison with that of healthy donors is observed. There is a decrease in the activation energy
(table 2) by 10,4 kJ/mole for control patients at the temperature range 6-8 °C, and also by 1.4 kJ/mole for the
suspension of the ervthrocyte membranes of the patients with breast cancer and bv 4.2 kJ/mole for the
suspension of the erythrocyte membranes of the patients with lung cancer.
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Fig. 3. Plot of the frequency of water molecules
dielectric relaxation f; against temperature for
ervthrocytes suspension: ® — control donors. A -
breast cancer patients, o — lung cancer patients.
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Fig. 2. Plot of the frequency of water molecules
dielectric relaxation f; against temperature for
ervthrocyte membranes: ® — control donors. A -
breast cancer patients. 0 — lung cancer patients.

Table 1
Activation energies of water molecules dielectric relaxation in erythrocyte suspension
Erythrocyte suspension Erythrocyte suspension Ervthrocyte suspension
(control donors) (breast cancer patients) (lung cancer patients)
T RE AE, kJ/mole T.2C AE, kJ/mole T2 AE. kJ/mole
2-6 19.8+0.8 3-9 14, 7+0.6 2-23 21.954+0.5
6-12 12,6+0,8 9-18 24.2+0.8 23-36 13,3940.5
12-17 31,4206 18-32 19.320.6 36-42 18.294+0.6
17-42 16.2+0.6 32-42 13.7+0,6
Table 2
Activation energies of water molecules dielectric relaxation in ervthrocyte membranes
Erythrocyte membranes Erythrocyte membranes Erythrocyte membranes
(control donors) (breast cancer patients) (lung cancer patients)
eC AE. kJ/mole T °C AE. kJ/mole T, °C AE. kJ/mole
2-6 21,1405 2-8 19,3205 2-5 22.0+£0,5
6-8 11,3+0,6 8-15 17.9+0.5 5-8 17.8+0,5
8-25 24.0+0.5 15-42 21,506 8-15 21.9+0.6
25-36 13.5%£0.5 15-32 15.9+0.6
36-42 31,020.6 32-41 22.240.6
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The change of the inverse temperature function of Infy; within 6-12 °C range. characteristic of suspension
containing ervthrocytes or their membranes. can mean structural reorganization of the eryvthrocyte membranes

The increased value of €' of oncological patients’ erythrocytes is obviously caused by a decrease in the
amount of bound water in the systems. i.c. by the dehydration of the erythrocyte membranes. With the increase
in amount of free water in erythrocytes, the change of its structure takes place. which becomes more similar to
the structure of bulk water with its characteristic hydrogen bonds. Probably. one of the reasons for such
differences is the physicochemical properties of native circulating erythrocytes of the patients with breast cancer
and lung cancer In particular. the changes in a lipid composition of their membranes can cause such
differences [2-4].

CONCLUSIONS

The increase of the frequency of water molecules dielectric relaxation in the ervthrocvtes suspension of
oncological patients has been revealed.

It has been shown that the structural transitions of ervthrocyte membranes at 12 °C are accompanied by the
change in the proportion of free and bound water in ervthrocytes.

It has been found that in the oncological patients’ erythrocyte suspension the change of the activation
energy 1s observed at temperatures 9 °C (breast cancer) and 23 °C (lung cancer).

So. companison of the dielectric permittivity and frequency of water molecules dielectric relaxation in
ervthrocyie suspension with that in erythrocyte membranes make its possible to receive the information about
state of water molecules in ervthrocyte membranes.
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Merogom CBY-mimeKTpoMeTpHM  HMCCIE€OBAHBl  3aBUCHMOCTH  AMIEKTPHYECKOH IIPOHMIIAEMOCTH M HAcTOTHI
JIIEKTPHHECKOH peTakcaldi MOIEKYTT BOJBI B CYCIIEH3MH SPHTPOLIMTOB M SPHTPOLMTAPHEIX MeMOpaHaX OHKOIOTHYECKHX
GONBHBIX OT TeMmepaTypsl B ofiacTy 2-45 °C. BeMHCIeHk 3HaUYeHWs SHEepPIMH aKTHBALMH JMIeKTPHYECKOH peraKcalliH
MOTEKYT BOMBI B JaHHBIX cHcTeMax. [Ipemmnonaraercs, yro HaGmonaeMble 0COGEHHOCTH 3aBHCHMOCTEH JTHDIEKTPHUSCKHX
NapaMeTpoB OT TEMIEPATYPEL, COMPOBOXKIAIOIIMECS M3MEHEHHEM SHEPI MM aKTUBALMY, CBA34HEI ¢ Jeruaparaiper MeMOpaH
IPUTPOLIHTOB OHKOTOTHYECKHX GOTBHBIX.

K/IYOYEBBIE CJIOBA: SpuTpOIMTH, “puTpolMTapHele MemOpanbl, CBY-maanexrpoMeTpus, MOIeKTpHYecKas
IIPOHMIIAEMOCTD, HACTOTA AMIMEKTPUUECKON PETaKCAIMH, YHEPI M aKTUBAI MM,



