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Abstract The mathematical models describing the effect of gamma irradiation dose on the dielectric dispersion

properties (Dielectric Spread Parameter (o), dielectric decrement (A), and dielectric relaxation time (t ) of Bovine liver tissue

at low and radiofrequency has been developed via dielectric measurements obtained using Gamma Irradiator (GS1000),

impedance meter (Booton 7200) and signal generators (Lodstar SG416013 and Harris G85793). The coefficient of fit

between the irradiation dose and the dielectric spread parameter (a.); dielectric decrement (A); and dielectric relaxation time (t)
were found to be 94.0%, 74.6% and 96.0% at low frequency and; 97.8% , 99.8% and 98.2% at radiofrequency. This

demonstrates that changes in the irradiated Bovine liver tissues is ‘dose dependent’. The models can be used in evaluating the

structural changes in Bovine liver tissue exposed to gamma irradiation dose regime usually encountered in radiology.
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1. Introduction

Mathematical modelling of biological tissues provide
reasonable = mathematical  approximation  of  the
physio-chemical changes occurring in biological systems.
One of the basic reasons for modeling biological systems is
to increase the level of understanding regarding the
cause-effect relationship operative in biological systems
(Gerber, 1982 and Whitehead et al., 1981).

Dielectric properties of biological tissues have been
frequently used to study changes in material composition,
cell structure and water content under certain physical
conditions (Laogun, 1986; Laogun, et al., 1997). Data on the
dielectric properties of mammalian tissues is useful in
understanding the basic biophysical interaction mechanisms
of electromagnetic fields with mammalian tissues (Stuchly et
al., 1982). In-vitro investigations of the effects of
electromagnetic radiation on the structural properties of
mammalian tissues are often designed to simulate actual
effects of radiations on humans especially where in-vivo
measurements on the tissues is not feasible. Hence, the need
for mathematical models. These studies are prompted by the
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pride of place given to the use of ionizing radiations in
diagnostic and therapeutic radiology (Laogun ef al., 2005).

The use of gamma radiation in radiology has greatly
advanced the practice of medicine. However, recent
researches revealed that gamma-rays are capable of causing
serious damage to mammalian tissues (Pethig, 1991;
UNCEAR, 1993; AAMP, 1996; Russel and Bradley, 2007;
Mallidi et al., 2007). The greatest damage induced by
gamma-radiation appears as a consequence of uncontrolled
production of free radicals or complex ions in living
organisms (Jozanov-Stankov, 2003).

Modeling the effects of gamma irradiation on tissues will
lead to generation of dielectric data which may form the
basis for the development and administration of
immune-prophylaxic drugs as a counter measure for acute
radiation exposures. The information will also assist
radiologists in establishing the basis for determination of
threshold dose for induction of radiation illness in
mammalian tissues.

This work seeks to measure the dielectric dispersion
properties of gamma irradiated and non-irradiated
mammalian tissues; to establish the relationship between
gamma irradiation doses and the corresponding changes
induced in the irradiated Bovine liver tissues so as to provide
the tool for prediction of effects of gamma-irradiation on
Bovine liver tissues; and finally to establish threshold dose
for induction of morphological changes in gamma irradiated
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Bovine liver tissues at low and radiofrequencies.

2. Methodology

The liver tissue samples were excised from an adult white
Fulani cow which was duely certified healthy by the
veterinary doctor attached to Gwagwalada central abattoir in
Gwagwalada area council, Abuja, Nigeria. The excised
tissue samples were thoroughly washed with double distilled
water and preserved in laboratory oven maintained at a
temperature of 37+0.5°C for six hours so as to remove water
from its surface. The eight liver tissue samples were
irradiated using the following gamma irradiation doses
1.0Gy, 4.0Gy, 11.0Gy, 20.0Gy, 43.0Gy, 60.0Gy and 85.0Gy
respectively.

The dielectric sample cells used in this research were
constructed and calibrated in line with the method of Laogun
(2005) and Agba et al. (2008). The gamma irradiator
(GS1000) located at the Gamma Irradiation Facility (GIF)
unit of National Nuclear Technology Centre, Abuja was used
for irradiation of the Bovine liver tissue samples at the dose
rate of 0.36kGy/hr. Dielectric measurements were carried
out using Booton 7200 capacitance meter in conjunction
with signal generators (Lodstar, SG416013 and Harris,
G857993). The effective capacitance DC and Dissipation
factor (tan &) of the gamma irradiated and non-irradiated
Bovine liver tissue samples were first measured after which
the dielectric permittivity (g”), the dielectric loss factor (g’”)
and a.c conductivity (c) were obtained using the equations
below:

C =ke (1)
g’ = ¢ tand 2)

Where
€, = permittivity of free space, k = cell constant, C =
effective capacitance, ¢’ = dielectric loss factor, ¢ =

dielectric conductivity, € = dielectric permittivity, and f =
frequency of measurement.

The dielectric decrement of the tissue samples was
obtained from the difference between the dielectric
permittivity values measured at limiting frequency and static
frequency. The dielectric relaxation time (t) and the
dielectric spread parameter (o) were evaluated using the
frequency of the peak values of dielectric loss-factor for each
irradiation dose and the Cole-Cole plots of dielectric loss
factor (¢’”) versus dielectric permittivity (g’) respectively.
All measurements were carried out at the temperature of
28.0+0.5°C in the low and radiofrequency ranges of
0.5kHz-100kHz and 0.5MHz-50MHz respectively. The
dielectric structural parameters were then modeled using
curve fitting procedure.

Histological investigations using optical microscopy
provides information about the structural properties of
mammalian tissues at cellular level. Dielectric measurements
were complemented by histological examination of the
gamma irradiated and non-irradiated bovine tissues so as to

explore the level of electromagnetic radiation induced tissue
damage.

The examination procedure involves preparation of
microscope slides for the irradiated and non-irradiated
Bovine tissue samples. This involves the following steps:
Crossing, Dehydration (Ethanol), Clearing (Xylene),
Infiltration (Molten Parafin wax), Sectioning, Staining,
Mounting and Examination.

The micrographs of the Gamma Irradiated and non
irradiated Bovine tissue samples were obtained with the aid
of Motic Binocular Microscope (1820 Motic SFC-18 series)
and a Digital Cannon Camera.

3. Results and Discussion

Table 1. Dielectric parameters obtained from Dielectric dispersion and
Cole — Cole plots of ¢" against €' for gamma irradiated and non-irradiated
Bovine liver tissue in the frequency range 0.5KHz to 100.0KHz

Dose A

Gy) € €u (ee-e2) T(us) o
0 14275.7 8175.6 6100.1 318.5 0.107
1 13831.3 6336.9 7474.4 318.5 0.148
4 13539.6 4061.8 9477.8 318.5 0.149
11 11711.9 3422.9 8289.0 306.2 0.153
20 10936.9 2506.3 8430.6 306.2 0.239
43 10095.2 2300.7 7794.5 300.4 0.253
60 8956.3 1864.8 7091.5 300.4 0.283
85 8242.4 1584.0 6658.4 294.9 0.212

Table 2. Dielectric parameters obtained from Dielectric dispersion and
Cole - Cole plots of ¢" against €' for gamma irradiated and non-irradiated
Bovine liver in the frequency range 0.5MHz to 50.0MHz

Dose A

Gy) € S (es-€2) T(ps) a
0 1495.2 420.2 1075.0 0.312 0.213
1 1484.1 448.0 1036.1 0.312 0.242
4 1392.4 381.3 1011.1 0.312 0.271
11 1247.9 328.5 919.4 0.300 0.296
20 1134.1 289.6 844.5 0.300 0.224
43 1059.0 234.1 824.9 0.300 0.278
60 984.1 211.8 7723 0.284 0.324
85 850.7 181.0 669.4 0.269 0.306

4. Results and Discussion

The result of the research revealed that the dielectric
permittivitye’, of the non-irradiated bovine liver samples is
larger than those of the irradiated samples at low and high
radiofrequencies. Consequently, reduction in the dielectric
decrement was observed with increase in irradiation doses.
Since the B-permittivity values of tissue at radiofrequencies
depends on the charging and integrity of cell membranes, the
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observed decrease in permittivity €’ may be attributed to
changes in integrity and structures of the components of the
cellular membranes in addition to the reduction in
Maxwell-Wagner interfacial polarization effect (Laogun et
al., 2005; Agba et al., 2008; Pethig, 1999 and Grant et al.,
1978).

The increase in dielectric loss €’’ observed as the
gamma-irradiation dosage increases can be attributed to
more ionizations produced in the irradiated tissues which

would in-turn contribute more polarizable charges or ions
thereby increasing the movement of polarizable charges in
the applied electric field.

The decrease in relaxation time of the liver tissue samples
with increasing gamma-irradiation doses also suggest that
more ions are produced in the irradiated tissues. Hence, the
decrease in time required to charge up the cell membranes of
the irradiated liver tissue samples.
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Figure 7. Non —irradiated Bovine liver tissue Figure 10. Bovine liver tissue irradiated with gamma dose of 11Gy

Figure 8. Bovine liver tissue irradiated with gamma dose of 1Gy Figure 11. Bovine liver tissue irradiated with gamma dose of 20Gy

Figure 9. Bovine liver tissue irradiated with gamma dose of 4Gy Figure 12. Bovine liver tissue irradiated with gamma dose of 43Gy
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Figure 13. Bovine liver tissue irradiated with gamma dose of 60Gy

Figure 14. Bovine liver tissue irradiated with gamma dose of 85Gy

Findings also revealed that the gamma-irradiated tissue
samples have a larger spread spectrum parameter compared
to the non-irradiated Bovine liver samples. The parameter (o)
was found to increase as the ionization produced by
gamma-irradiation thus increases the heterogeneous
distribution of ions in the irradiated liver tissues (Laogun et
al., 2005).

The average coefficient of fit for spread parameter,
relaxation time, and dielectric decrement for the Bovine liver
tissues under investigation at low and radio frequency ranges
were found to be 94.0% in kHz and 97.8% in MHz; 96.0% in
kHz and 98.2% in MHz; and 74.6% in kHz and 99.8% in
MHz respectively. This shows that there exist a strong
relationship between gamma-irradiation dosage and degree
of damage induced in the gamma-irradiated tissues and that
the mathematical models can be effectively used to generate
dielectric data and to predict the level of damage induced in
Bovine liver tissue.

5. Conclusions

The threshold dose for induction of morphological
changes in the irradiated liver tissue was observed at 11Gy.
This work reveals that gamma-irradiation dosage usually
encountered in diagnostic and therapeutic radiology has
measurable effect on mammalian tissues and that the
changes are dose dependent. Finally, the high degree of
coefficient of fits demonstrates that this models are capable
of predicting possible morphological changes in
gamma-irradiated tissues.
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