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DIELECTRIC SPECTROSCOPY OF GLUCOSE
TURNOVER IN CANCEROUS TISSUE MODEL
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Abstract: The article focuses on dielectric spectroscopy, sugament and calculation of dielectric propertiels mrmal and
carcinoma tissue phantoms. Special attention isl paithe investigation of dielectric properties a#rcinoma tissue model with
different water and glucose content. The paper dsvitself to investigation of dielectric qualitie$ pure glucose, glucose in
solutions as well as in phantoms of biological tesudlirecting the attention at its manifestationtanours cells investigation by
means of microwaves. Experimental results from thesas are given and their evaluation is presented.
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I NTRODUCTION vivo it is difficult to selectively target glucoséilization

i ) in malignant cells without harming normal cells.
The pathological differences between normal and | terms of dielectric properties, one would expect

cancerous ceII.s &}ffECt their composition and Mol  cancerous tissue to have higher relative perntitiaind

and shape their dielectric spectrum. conductivity at microwave frequencies compared to
_ Microwave techniques for biomedical applicationsnormal tissue. Morphological in cancerous tissuenges

aimed at cancer treatment or diagnosis, eithemaging  affect the dielectric properties in the frequenagge ofy

or spectroscopy, are promising. Their use relies ORispersion.

knowledge of the dielectric properties of tissues, T4 yse of the electrical characteristics of tissae

especially on a detectable difference between maiig ngerstand, image, or treat cancerous tissue refiche

and normal tissues. _ availability of good representative data across the
The microwave dielectric method has been one of thgjg|ectric spectrum of normal and cancerous tissue.
most reliable techniques for investigation of tlymaimic Any changes in tissue physiology produce changes in

structure of macromolecules and dielectric relaxati the tissue electrical properties [2]. This prineipias been
measurements have been applied to various biologicseq to identify or monitor the presence of various

tissues [1-2]. This and other similar informatiovspired  jjnesses, such as cancer, or conditions such d fhaid

us to pay attention to observation of some materialgpift, biood flow, cardiac output, and musculartdyshy.
behavior in biological tissues, particularly in caoma

tissues. Because the cancerous cells function @loiaer 1
their glucose turnover is very high and tumors have
higher water content than the corresponding normal Large differences exist in dielectric properties of
tissue. Many cancer cells consume glucose avidly anbiological materials. These differences are deteenhj to
produce lactic acid rather than catabolizing glece® a large extent, by the fluid content of materiabr F
the TCA cycle (citric acid cycle), which is key for example, blood and brain conduct electric current
generating ATP (adenosine triphosphate) in nonhigpox relatively well. Lungs, skin, fat and bone are tigkly
normal cells [3]. Cancer cells display high leva&f poor conductors. Liver, spleen, and muscle are
glucose uptake and lactate production. The shifiatd  intermediate in their conductivities.

amount of glucose increasing and lactate produdtion The dielectric properties of biological tissues are
cancer cells, even in the presence of adequateeoxys highly dispersive due to the cellular and molecular
termed the Warburg effect or aerobic glycolysisacBi relaxation, generated by different parts of theugs at
hypoglycaemia has been shown to be tumouricidal fodifferent frequencies. In the microwave region the
cancers that display the Warburg effect, varioleses dominant relaxation is the dipolar relaxation @&efrwater

to block glucose utilization have been investigatat in  molecules. Therefore, the dielectric properties tioé
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tissues in microwave region are highly correlatedhte  frequency end of the arc approximates to a strdight
water content. At the frequencies in microwave argi Anything other than a perfect semi-circle is noketa as
(~10° Hz) the rotations of the polar molecules in theevidence of co-operative effects within the digiedike
water begin to lag behind the electric field ostitins. biological tissues.

For biological tissues and polymers, the dielectric Both Debye (1) and Cole-Cole (3) models are
dispersion can consist of several components adsdci examples of physically realizable system. The cempl
with small side chain movements and the wholepermittivity of a physically realizable system fols the
macromolecular movement. Kramers — Kronig relations [4].

Therefore biological materials like markedly  Due to the complexity and composition of hormal and
heterogeneous material do not exhibit single timeancerous tissues, [4] extended Cole-Cole model is
constant relaxation behaviour which correspondsh witcommonly used as physic-based compact represargatio

single relaxation Debye-type response [1] of wideband frequency dependent dielectric propsrti
E,—E Ag
E=g,+—, 1 £zt ) — (4)
1+ jor . Zn“l+(jwrn)1 o

where Ag, =&,—&,, and &, is relative permittivity
) 1 ) appertaining to one relaxation process, In this eheg,
corresponds to a relaxation frequenfy=——, which . .
o2nT Ae, 1 are variable parameters chosen to fit the
is the half way between its low and high frequencyexperimental data. We set tle, which is an empirical
values, the limiting values of permittivity,, and £, are ~Parameter that accounts for the observed broad
known as static and optical relative permittivity,d'smbu“on of relaxation time constants in tisste 0.6

. . 1-2].
respectively andv is angular frequency. [ . . L
In concentrated systems, as well as biologicali¢iss Equation (4) is used in wide frequency band between

o : s : 10 Hz - 100 GHz by individually choosing the
the electrical interaction between the relaxingcsgsewill : )
o o parameters for different tissues.
usually lead to a distribution of relaxation t|mp(r) and

with the help of this distribution, the followinglation is 2 EXPERIMENTAL RESULTS
used

. . . 1
where the time constant (relaxation tmeéE

We have investigated the very glucose and on the
r other hand its behaviour in the tissue. Althoughepu
£=% +(£S “w ).[ 1+jor EA © glucose is not present in living organism we coeisid
0 0 for useful to have separate value of its relative
is the static ionic conductivity of the medium perm_ittivity for its sucpessive conce_ntration iril_,ﬂ;'m)n
and tissues as well as influence on microwave &igna

Microwave technique provides a great range of
measuring methods [4] for the complex permittivity
determination from gases via liquids, up to solid
materials according to the dielectric in question.

The measurement usually exploits an approximate
knowledge of complex permittivity or some methods
assuring its unambiguous determination is chosen (e
some of waveguide methods). In spite of that a
considerable unhomogenity of investigated dielectri
aterials, in our case biological tissues phant@mnd
so owing to a polysemy of results obtained from
measurement (e.g. periodicity of functions used in
computations) causes some uncertainty in deterimimat
of the complex permittivity of the final product.

where g,

by a constant field influencing very low frequersie

To enable a more wide-band model of the
heterogeneous tissue properties the time constanbe
divided in several regions to match different type
relaxation. Due to the complexity and compositidn o
biological tissues is such that each dispersioioremay
be broadened by multiple contributions to it. The
broadening of dispersion could be empirically acted
for by introducing a distribution parameter, thusing
an alternative to the Debye equation, (2). Gaussiafe-
Cole, Fuoss-Kirkwood, and Davidson-Cole are some o |
the distribution function introduced in [2]. The sto
useful distribution was first introduced by ColedaBole
[2], which leads to

_ £~ €., For complex permittivity of normal and cancerous
= +———— (3) tissue phantom with various glucose content
1+(JM) measurements we have chosen the waveguide Hippel's

where a represents the distribution parameter which is &"€thod. This method has proved successful for the

measure of broadening of dispersion and ionicmeasured pha_ntoms_ and it bghaves to th(_a most &ecura

conductivity is for microwave frequencies in (3paged. methods for dielectric properties of biological evéls
Frequently experimental results yield a circulac, ar measurement. . .

rather than a semicircle, with its centre belowahecissa The measurements were carried out in frequency of

in graphical interpretation of imaginary part ofiqolex two microwave bands —from 4.5 GHz to 16 GHz [5]eTh

permittivity £” against real part of complex permittivity experimental set-up for both bands is in Fig. 1.

g'. There is a variety of other shapes obtained in
practice, such as the skewed arc in which the high



frequencies region) and the obtained values of mani
positions in dielectric sample in waveguide aretphbin

Ay CD Fig. 2
KPS FM | |__o SA Ce
o From graph, Fig. 2 it is easy to gd&d and from (6)
to calculates. For the measured Plexiglas sample the
. relative permittivitye = 2.6.
A tissue
sample In the same way we have measured the pure glucose
H 7 CcD and glucose in solution dielectric properties.
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Fig.1: Experimental set-up for complex dielectric
constant measurement. K — klystron, KPS — klystro
power supply, FM — frequency meter, SA — selectiv — : — — : i
amplifier, IM — impedance match, FI — ferrite istulg 0 0 20 3 4 5 60 70 80 90 100
VA - variable attenuator, MT — magic T, SWD — slbtt d (mm]
section, W — waveguide, SC — short circuit, A —paeia
CD - crystal detector

Fig.2: Dependence of standing wave ratio (SWRhen
sample depth for Plexiglas

A new approach to this problem [6] with the
theoretical reason and its verification on the malevith
a known permittivity and also measurement resuitthe
material used in technical practice.

The whole procedure lies in the fact that through t

The samples of pure glucose and of healthy and
cancerous tissue phantoms (physiological solutién o
glucose) were putted in a rectangular waveguidexfor
band. The samples of glucose were made from sakd d
. : . ure glucose and the measuring frequency was 8200
method is upa_mb@uo_usly determined real part o Hz at all measurements. The waveguide was fillpd u
complex permittivity £, (in some cases loss facttgd, with close fitting pure glucose sample. By sucoessi

too) and on the basis of knownit is possible to proceed shortening the sample and permanent measuring the
to the choice to some of known methods enabling 19 psolute value of minima

obtaintgo. standing wave ratio (SWR mlian iZ?n m;T;T;SE mSaX. e
Our method uses a rectangular waveguide filled with 9 ( ) by g 5]

the measured sample and our approach provides a

technique how to obtain the wavelength in the _ |Emin|

. . : . SWR=— @)

investigated samplely, . After taking all circumstances |Emax

relating to electromagnetic waves in waveguides
propagation we can obtain for the wavelendfj in the  of pure glucose was measured under condition ofiéive

waveguide filled with the dielectric sample [7] method mentioned above which allows determining of
investigated sample dielectric constant unambiguous
Ao value, Fig. 3.
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where A, is the wavelength in free space and is 00457

critical wavelength in waveguide. Ad, and A, are 0035 1
known and our approach gives the way how to obtain 0,025
Agd» € CaN be unambiguously calculated from the formula 0015 i ' i i i i
[7] ' 8 18 28 38 48 58 68 78
d [mm]
2 2 Fig.3: Dependence of SWR on the length
= Ao + Ao (6) of pure glucose sample
/]gd /]c '

As it is possible to establish the wavelength i th
which follows from (5). First we have verified this \(/j\{a\llegtqlde fl"?d tWIth I;heb san|1plle tfrngthe .grap/]he th
method on the material with the known relative™'®'®® r|c.cons ant could be calculated. Knowitg, A
permittivity (Plexiglas — £=22+ 34for microwave and having readAy =28 mm from the graph the



dielectric constant of glucose was from (6) caltada The knowledge of biological tissues dielectric
(e = 237). properties has been one of the keys to increasirg o
After having obtained reliable values of dielectric Understanding of their structure and function il
constant of glucose we could proceed to the next sf and pathological state. The_ obtained results fore pu
our intention that is to find out the dielectricnstant of ~9lucose and water solution of glucose relative
water solution with glucose. permittivity value give a reliable way out for the
For this purpose we have used the same previodgvestlganorj of glucose turnover in healthy and
waveguide method as for the dependence SWR on tf&NCerous tissue.
sample length of glucose.
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The knowledge of dielectric properties on the one

hand of the very glucose and on the other hand its
influence on the dielectric constant of solutiorigeg a
good jumping-off point for investigatiorg in solution
compound from more phases as it is in blood tods Th
knowledge can help to make action of microwaves on
tumour cells more effective.



