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Abstract - This paper discusses the
characteristics of the dielectric proper-
ties: permittivity (€), conductivity (o)
and dielectric loss (€ ") of a porcine tis-
sute. The main objective is to measure
and idenlify the dielectric properties
of a porcine lung tissue and porcine
cardinc muscle tissue in the frequency
range of 20Hz — 20MHz. The sample
of the lung tissue (0.88 nmm2) was ex-
tracted from a pig fetus and the car-
diac muscle tissue (2.10 mm2) from
an adult pig. The previously preser-
ved and vacuum sealed organs were
stored at 15°C. Afterward, the sample
tissues were placed in individual bags
and stored in a portable cooler until
the electrical paramelers were mea-
sured. The dielectric properties were
caleulated and measured by the Impe-
dance Analyzer E4990A and the Die-
lectric Material Test Fixture model
16451B. Both tissues properties were
analyzed. The results agreed with the
literature.

INTRODUCTION

The electrical properties of bio-
logical tissues have been of inter-
est for over a century. The appli-
cation field for complex electrical
impedance spectrometry is still
today an area of active research.
This properties determine the
pathways of current flow through
the body and, thus, are very im-

portant in the analysis of a wide
range of biomedical applications
and medicine such as the diagno-
sis of cancerous tissues. On a more
fundamental level, knowledge
of these electrical properties can
lead to an understanding of the
underlying basic biological pro-
cesses. To analyze the response of
a tissue to electric stimulation, we
need data on the specific conduc-
tivities and relative permittivity of
the tissues or organs. A microsco-
pic description of the response is
complicated by the variety of cell
shapes and their distribution insi-
de the tissue as well as the diffe-
rent properties of the extracellular
media. Therefore, a macroscopic
approach is most often used to
characterize field distributions
in biological systems. Moreover,
even on a macroscopic level, the
electrical properties are complica-
ted. They can depend on the tissue
orientation relative to the applied
field, the frequency of the applied
field, or they can be time and spa-
ce dependent [1-2].

1.1 Electrical properties
of biological tissues

Electrical impedance is the op-
position that a biological tissue
presents to the passage of a cu-
rrent through it [3]. The characteri-
zation of healthy and pathological
tissues, based on their electrical
properties in a given frequency
spectrum, is called Electrical Im-
pedance Spectroscopy (EIE) and
this is possible since the cells have
attributes that make them equiva-
lent to an electrical circuit that has
elements such as resistance, capa-
citors and inductors that oppose
the passage of alternating current,

where the cell membrane acts as a
capacitor in its extracellular part as
a resistance in its intracellular por-
tion together with the ionic chan-
nels [4]. Biological tissues have
properties of electrical conducti-
vity (o) and permittivity (&); being
tensor properties of the tissues.
The conductivity and permeabili-
ty of biological tissues are found as
a function of frequency. These fre-
quencies may vary as a collection
of membranes that separate intra-
cellular and extracellular spaces
[5]. The electric properties of tis-
sues are therefore themselves a di-
rect consequence of the composi-
tion and structure of those tissues.
In biological tissues, the electric
current influences the component
parts that have a net electric char-
ge and / or a dipolar electric mo-
ment. The carries of charges are
mainly ions and the most impor-
tant source of dipolar moments
lies in the polar molecules of tis-
sue water, and in the protein and
lipid structures that make up the
membranes or cell interfaces. The
movement of these charges indu-
ces a conduction phenomenon in
the material, and the polarization
of the various dipoles results in a
dielectric relaxation phenomenon
[6], as shown in figure 1.
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Figure 1 - Conductivity and permittivity in
function of the frequency.
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1.2 Porcine Tissues

In medical research, animal
models are widely used to de-
velop new technologies and cure
various diseases. Although dif-
ferent animals are used for differ-
ent studies, porcine tissue gives
similar biological responses to
humans, and medical applications
evaluated within porcne tissues
can provide a better understand-
ing of the interaction with human
tissues. The goal of this study is
to identify dielectric properties of
porcine tissues [7].

2. Materials and Methods

To carry out the study of di-
electric spectroscopy applied to
biological tissues, 2 samples of
porcine tissues were obtained; one
of these samples belonged to adult
pig tissue with 4 days after death
and the other tissue sample be-
longed to the pig fetus, preserved
in formalin with unknown dead
days. In Table 1, we can see the
thickness and area of the porcine
tissue samples.

Tissue Type Area Thickness
Fetal piglung  0.88 mm? 0.3 mm
Adult pig
2
myocardium 2.10mm 0.3 mm

Table 1 - Conductivity and permittivity in
function of the frequency.

(&) (B)
Figure 2 - (A) Porcine lung tissue of a fetus

(B) Adult porcine myocardium tissue.

The cardiac muscle belonging
to adult pig and the lung belong-
ing to a pig fetus, for preserva-
tion, were cleaned and placed in
individual containers with saline
solution (0.9% NaCl in H20 and
pH = 6.10), vacuum sealed and
stored in a refrigerator whose
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temperature was approximately
15 °C. Subsequently, on the day
of the conductivity, permittivity
and dielectric loss measurements,
the tissue samples were cut and
placed, in small individual bags,
and transferred in a portable ice
cooler until the electrical param-
eters were measured. A dissection
kit was used, which was sterilized
with 70% alcohol, to obtain a sym-
metrical cut in the tissues.

The conductivity, permittiv-
ity and dielectric loss parameters
were measured with E4990A
Impedance Analyzer in conjunc-
tion with 16451B Dielectric Test
Fixture. This equipment works at
a frequency range of 20 Hz to 20
MHz; allowing to study how the
chemical properties of porcine tis-
sues interact with voltages and
currents. In this way we were able
to monitor and measure the di-
electric properties of the tissues.
Before using this equipment, it
was verified if its calibration was
in force. The acquisition of tissue
data was performed automatically
using software called E4990A ma-
terial measurement software ®. In
order to perform the data analysis
and generate the graphics, the Mi-
crosoft Excel program was used.
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Figure 3 - Diagram of the measurement sys-
tem used.

The Impedance Analyzer used
the following equations to calcu-
late the conductivity (eq. 1), per-
mittivity (eq. 2) and loss factor
(eq.3),

o=22 (Eg. 1)
e=g'—je (Eq.2)
e " = Ktand (Eq. 3)

Where,

From equation 1: ¢ represent con-
ductivity, k is capacitance in the
air, €y is permittivity of free space,
G is conductance. From equation
2: £ is the relative complex permit-
tivity, &’ is the real part (dielectric
constant) which denotes the elec-
tric energy storage capacity and ”
is the imaginary part. From equa-
tion 3: & " is the loss factor and K is
the dielectric constant.

3. Results
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Figure 4 - Conductivity of lung tissue of pig
Fetus
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Figure 5 - Permittivity of lung tissue of pig fetus
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Figure 6 - Dielectric Loss Factor of lung tis-
sue of pig fetus
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Figure 7 - Conductivity of myocardium tis-
sue of adult pig
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Figufe 8 - Permittivity of myocardium tissue
of an adult pig

4500401
A00508 |
i
C-1 I
gl
ERL-T
éuu-ol Lo
¥ 2o0te1
F 1satent |
k7 i
2 yeonear E
50000 |

vocteg
109 08 008 +T1000+OIL 004 101 OFE+TR OO +053. 002342 0041071 DOER
Frequency (K2l

Figure 9 - Dielectric Loss Factor of myocar-
divm tissue of an adult pig

4, Discussion

The software used with the equip-
ment, the E4990A impedance ana-
lyzer, integrates the equations of
the electrical parameters of the tis-
sues to be able to calculate the con-
ductivity, the permittivity and the
dielectric loss factor of the tissues.
With this data, these parameters
could be plotted in frequency fu-
sion. The frequencies used to eval-
uate these parameters were 20 to
20MHz. In the graphs of conduc-
tivity and permittivity of the fetal
tissue of the pig, the alpha, beta
and gamma dispersion factors can
be clearly observed. The conduc-
tivity of the lung tissue (Figure 4)
of the pig fetus shows a higher el-

evation in the beta dispersion fac-
tor, compared to the ideal values
in a healthy tissue (Figure 1). Like-
wise, the permittivity of the lung
tissue (Figure 5) of the porcine
fetus shows a decrease in eleva-
tion in the beta dispersion factor
compared to the ideal values in a
healthy tissue (Figure 1). There-
fore, the factor of dielectric loss
in the tissues (Figure 6) presents
what could be a dependency be-
havior of an anisotropic structure;
since it has a peak in the frequen-
cies 102 to 106. It can be deduced
that the electrical properties of the
fetal tissue samples have a behav-
ior referred to one that could have
suffered some blow or anomaly.
Tissues that present an abnormal-
ity tend to have changes in the
content of cellular water and elec-
trolytes in the properties of the cell
membrane, causing changes in the
electrical properties of the tissues
studied. In order to determine the
condition of the tissue, a histo-
logical study of the tissue must be
performed. On the other hand, the
conductivity of the myocardium
tissue (Figure 7) of the adult pig
shows a normal behavior in the
beta dispersion factor, compared
to the ideal values in a healthy
tissue (Figure 1). Confrarily, the
permittivity of the myocardium
tissue (Figure 8) of the adult pig
shows a fast decrease in eleva-
tion in the beta dispersion factor

compared to the ideal values in a
healthy tissue (Figure 1). Never-
theless, the factor of dielectric loss
in the tissues (Figure 9) presents
what could be perceived a normal
behavior.

5. Conclusion

In this study, the dielectric proper-
ties of pig tissue were measured
between 20Hz to 20MHz. The re-
sults obtained were compared in
the literature and show expected
behaviors. In the graphs of con-
ductivity, permittivity and loss
factor the dispersion factors were
clearly observed. The dielectric
properties can be used to predict
abnormal pathologies tissues, con-
sidering that this properties can
change with the conditions of life
as well as with the state of health
of the animal investigated.
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