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Cancer is one of the main causes of death in the world. Existing methods have several side
effects and low survival rate. Recent research is going on to invent new methods to improve
the diagnostic results related to cancer patients. The goal of this review paper is to integrate
recent finding related to the modeling of Dielectric   properties of   cancer cell and
classification of different stages of cancer based on capacitance Relaxation, pH of
intercellular and extracellular cell wall, oxidative stress and electrostrictive energy. This will
enable a holistic functional approach with major advantage of setting up unique model of
cancer cell   and evaluation of cancer stages .Finally one case study has been given to
illustrate the benefit of dielectric properties for classification of different stages of cancer.

INTRODUCTION
Cancer also known as a malignant neoplasm is a wide group of
various diseases. It involves unregulated cell growth. In cancer,
cells divide and grow uncontrollably, forming malignant tumors
and invade nearby parts of the body. The cancer may reach to
more distant parts of the body through the bloodstream. Cancer
occurs due to various reasons like direct contact with the
radiations, environmental pollutants, obesity, certain infections
and mutation in the genes within the cell. Fig 1 show the various
external factors responsible for mutation in normal cell which
further causes inactivation of suppressor gene, DNA repairing
gene, signaling pathways leading to cancer. Normal cells are well
organized in their growth, form strong contacts with their
neighbours and stop growing when they repair the area of injury
due to contact inhibition with other cells. Whereas, Cancer cells
can easily detached and become independent from normal tissue
signaling growth control mechanism. In other words cancer cells
become desynchronized from the rest of the body. It is believed
by various researchers that normal cells of the   body use
electricity to regulate and control the transduction of chemical
energy and other life processes [1].Normal cells possess the ability
to communicate information inside themselves and between other
cells with the help of electricity which further leads to regulation
and integration of cellular functions and cell growth. When cancer
arises cancer cells are no longer regulated by the normal control
mechanism.  For proper understanding of the physiological status
of cancer cell it is very much required to understand the
organization of normal cell and the interaction of electromagnetic
energy with the tissue based upon electrical properties of tissue.
Therefore, paper has been divided in to four different sections.
First section will discuss the electrical properties of cancer cell
which is preceded by mathematical modeling of cancer cell. Next

section will discuss the various parameters concomitant with
dielectric property of cancer cell and at last conclusion has been
discussed.

Dielectric Property of Cancer Cell

Dielectric properties are very important for diagnosis and
treatment of various physiological conditions.  Knowledge of
electrical properties can lead to understanding of underlying basic
biological processes either on a macroscopic or microscopic one
and to correlate between them. Information about tissue structure
and composition can be obtained by measuring the dielectric
properties. Dielectric properties of biological tissue are frequency
dependent and can   vary from tissue to tissue.  Their typical
behaviour is characterized by three distinct large dispersion
regions referred to as α, β and γ as shown in fig 2. Where α occurs
at frequency below a few KHz, β occurs from KHz to MHz and γ
too occurs in the microwave frequency region [2]. For better
understanding of dielectric properties of cancer cell knowledge
about the organization of normal cell is required. Cell membranes
are composed of a bilayer of highly mobile lipid molecules that
electrically behaves as an insulator (dielectric). The insulating
property of the cell membrane also restrict the movement of
charged ions and electrons across the membrane except through
specialized membrane spanning protein ion channels respectively
[3-10]. Thus the lipid structure of a cell membrane makes it
relatively impermeable to the passage of charged molecules. As a
result cell membrane [3-10] behaves like a leaky dielectric.
Further, illness or change in the dietary intake affects the
composition of the cell membranes and their associated minerals
alter the cellular capacitance, capacitance relaxation and
electrostrictive energy [11-13]. The outermost electrically
negative zone of cell membrane is composed of negatively
charged sialic acid molecules that cap the tips of glycoprotein and
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glycol lipids that extend outward from the cell membrane like tree
branches. The outermost negative zone is separated from the
positive cell membrane surface by a distance of about 20
micrometers. This outermost calyx zone of steady negativity
makes each cell a negatively charged body. As a result each cell
creates a negatively charged field around itself influencing other
charged body close to it [14].

All healthy living cells have a membrane potential of about -60 to
–100mV. The negative sign of the membrane potential indicates
that the inside surface of the cell membrane is relatively more
negative than the immediate exterior surface of the cell membrane
[15]. whereas, cancer cells exhibit both lower electrical membrane
potentials and lower electrical impedance than normal cells [16-
18].The excessive amount of negative charge on the exterior
surface of the cell responsible for carcinogenic change and genetic
change result from development of cellular electrical
abnormalities [19]. Also the depolarization (fall in membrane
potential) of the cancer cell membrane due to the accumulation of
excess negative surface charges may precede and create the
reduction in intracellular potassium and the rise in the intracellular
sodium ions[1,19]. The cancer cells have significantly more sialic
acid molecules in their cell coat and as a result cancer cells have a
greater surface negativity. It has been found that the cells become
more electronegative in the course of cancerization. Membrane
degeneration occurs in the initial phase of carcinogenesis first in
the external cell membrane and then in the inner mitochondrial
membrane and these degenerative changes in the surface
membrane causes these membranes to become more permeable to
water-soluble substances so that potassium, magnesium and
calcium migrate from the cells and sodium and water accumulate
in the cell interior [1]. Two of the most outstanding electrical
features of cancer cells are that they constantly maintain their
membrane potential at a low value and their intracellular
concentration of sodium is of high magnitude [20-22]. This
sustained elevation of intracellular sodium may act as a mitotic
trigger causing cells to go into cell division (mitosis) [22]. In the
resting phase normal cells maintain a high membrane potential of
around -60 mV to -100 mV, but when cells begin cell division and
DNA synthesis, the membrane potential falls to around –15 mV
[15].

Mathematical modeling of Dielectric property of biological cell

Mathematical modeling of dielectric cells is necessary for better
understanding of cancer cell. Dielectric properties of a material
basically reflect the electric charge movement inside the material
in response to an external electric field. When an external electric
field E is applied to the material current density J is given by the
equation:

Where σs  is the  dc conductivity of the material, ω the angular
frequency of the applied field, εo is the permittivity of Free Space,
ε is the permittivity of material , ε’  is the dielectric constant , ε^''
is the loss factor of  material . As ε is frequency dependent so
equation can be written as

σ is conductivity of the material. From equation number 1 and 2
electrical properties of the material can be represented by
dielectric constant  and conductivity σ.

For biological materials σs   is due to ionic conduction, whereas
εo ωε’’ results from dielectric relaxation.
Similarly for polar materials dielectric relaxation is also a
frequency dependent process and is described by the equation:

Where  value of dielectric  ε depends on the type of material..  The
normal and carcinogenic can be represented  by complex
dielectric material with their relative permittivity

Where, εn and   εc represent relative permittivity for normal and
cancerous cell. This composite dielectric property accounts for
electrostrictive   phenomenon. For which the surface with
negative charge increases during the growth of cancer cell
concomitant with it increases the capacitance [23].Based on this
cancerous cell electrical conductivity and permittivity is found to
be greater than normal cells and tissues [24].

= + = + ( ′ − ′′ ) ( 1)
= ( + ′′ ) + ′ = + ′ (2)= + 0 " (3)

= ∞ + εs − ε∞1 + jωτ (4)

Fig. 1 Generalized Block Diagram for Cancer

Fig.2 Typical frequency dependence of the dielectric constant of
biological tissues

Fig .3 Lock Diagram showing various factors responsible for cancer
and their Effect
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Parameters   concomitant with capacitance relaxation in
detection of cancer

Dielectric properties can be used to know the physiological status
of cancerous and normal cell which will be helpful in detection of
various types of cancer. In concomitant with dielectric property
cancer can be correlated with capacitance Relaxation,
electrostrictive energy, pH and oxidative stress for its detection
and differentiation of different stages of cancer. Based on this
review paper block diagram no. 3  has been prepared which will
be helpful in quick review of various dielectric properties and
other factors responsible for cancer detection and has been
discussed one by one.

Capacitance Relaxation

Capacitors are composed of two conducting sheets separated by a
thin layer of insulating material known as a dielectric. Cells
contain several forms of biological capacitors, which consist of an
insulating material (the membrane) covered on both sides by
collection of charged dissolved minerals, which serve the function
similar to a conducting metal plate.  Capacitors lead to the
phenomenon of Dielectric relaxation due to momentary delay (or
lag) in the dielectric constant of a material. This is usually caused
by the delay in molecular polarization with respect to a changing
electric field in a dielectric medium (e.g. inside capacitors or
between two large conducting surfaces). Dielectric relaxation in
changing electric fields could be considered analogous to
hysteresis in changing magnetic fields. It has been already shown
that dielectric relaxation is a function of frequency, in which the
dielectric constant decreases and the loss tangent increases with
increasing frequency. Figure number 4 shows the capacitance
relaxation curve for cancer cell. Dielectric relaxation results in
charge storage capacity reduction under dynamic random access
memory operating conditions [25]. Any condition, illness or
change in dietary habits alter  the electrical conductivity and
permittivity of biological materials [26].Cancerous cells
demonstrate greater permittivity related to the resistance to  the
formation of an electrical field. As a result Cancer cells resonate
differently from normal cells [1]. Similarly CgA (Chromogranin
A) is one of the most sensitive tumor markers for carcinoid
tumors. T.K Basak has correlated the progressive rise in CgA
levels with different stages of cancer concomitant with the
Capacitance relaxation phenomenon. The initial stage correlation
corresponds to Capacitance relaxation from 0.1pu to 0.5 pu, the
second stage correlation corresponds to Capacitance relaxation
from 0.1pu to 0.7 pu, and the last stage correlation corresponds to
Capacitance relaxation from 0.1pu to 0.9 pu [27]. Similarly it has
been shown that cell conductivity and relaxation frequency can be

used as specific electrical signature  for identification of cancer
cells and differentiation of the pathological  stages of malignant
cells. From the results it can be seen that the healthy cell has a
higher whole cell and cytoplasm conductivity and higher
membrane capacitance than the malignant cells. The relaxation
frequency of the four types of cell related to cancer gradually
increases from 300 kHz up to 1MHz from normal to the late stage
cancer cells [28]. The electrical conductivity and permittivity of
cancerous cells has been found to be greater than those of normal
cells [29]. The cancerous cells demonstrate greater permittivity,
larger surface area for which there is large increase in capacitance
concomitant with the Capacitance Relaxation phenomenon. [14]

pH of intercellular and Extracellular fluid

All cells contain an intracellular fluid whose pH value is known as
the intracellular pH (pHi). The pHi plays an important role in the
function of the cell and its homeostasis maintenance is required
for cells to survive. There are numerous mechanisms that can
cause pHi to change, including metabolic acid production, leakage
of acid across plasma and organelle membranes and membrane
transport processes. The mechanisms that regulate pHi are usually
considered to be plasma membrane transporters of which two
main types exist — those independent of HCO3– and those
requiring HCO3–. The normal extracellular pH is 7.4. When cells
become swollen with water (injured cells and cancerous cells) the
cell geometry changes, which will create different   pH.
According to Keith Brewer, normal and malignant cells undergo
mitosis between a pH range of 6.5 – 7.5 and the mitosis rate slows
as the intracellular pH approaches the extremes of this range
[30].It is to be noted that the pH of the intracellular as well as the
extracellular fluid has specific link with the metastatic phase in
different cancers [31-33]. The Cancer cells live in a lower
extracellular pH(Ecs) as compared with the normal cells. The low
pH(Ecs) observed in cancer cells is attributed to the production of
lactic acid under unaerobic conditions and to the hydrolysis of
ATP in an environment concomitant with the status of the
electrostrictive energy [34, 35]. It is to be noted that the
intracellular and extracellular pH gradients and the relative
intracellular and extracellular concentrations of the respective
electrolyte is given by the expression:

Where CICF represents the concentration of intracellular fluid
and CECF represents the concentration of extracellular fluid. The
value of PKn for a neutral electrolyte at 37 oC is 5.1 [34, 35].
Intracellular acidification causes an increase in intracellular
calcium (Ca2+ ) of epithelial cells [36].Increase in the
concentration of calcium leads to dephosphorylation of the

CICF / C ECF = ( 1 + 10 pHICF – PKn ) / ( 1 + 10 pHECF – PKn ) (7)

Fig.4 Capacitance Relaxation Curve
Fig.5 Capacitance relaxation –metastasis curve versus pH
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epithelial cells. The intracellular proton concentration against time
gradually drops in the epithelial layers during the process of
angiogenesis and metastasis of cancer cells for which acidosis of
the intracellular fluid gradually increases. Fig 5 shows the relation
between pH, capacitance relaxation of cancer cells with respect to
pH. Similarly the table drawn below shows the relation between
intercellular and extracellular pH range and types of cancer.

Electrostrictive Energy

The electrostrictive effect in cancer cells concomitant with
capacitance. relaxation phenomenon arises out of the composite
dielectric property of the cell membrane [12].During this process
of DNA synthesis the composite dielectric property of the cell
membrane has a different values of permittivity and conductivity
for which the there is large variation of elecctrostrictive energy.
[23, 37].The Electrostrictive energy in cancer cells is directly
linked with capacitance relaxation phenomena [19, 23, 38,39].
The difference in electrostatic energy due to difference in values
of the capacitance is a measure of electrostrictive energy. It is
interesting to find that that the electrostrictive energy decreases
exponentially with the progression of metastasis of cancer cells
[12, 40-42]. The electrostrictive process in cancer cell is a
complex one for which the electrostatic surfaces surrounding the
cell changes with the incremental changes in the capacitance
present in the capacitance relaxation curve [11, 43-45]. From
these incremental changes in capacitance, it is also possible to find
out the electrostrictive energy of the cancer cell as shown in the
figure number 6. As the capacitance changes from ΔC1 to ΔC4
the surface area indicating electrostrictive energy decreases which
results in decrease of negative charge on the surface of the cell,
which indicates transformation from carcinogenic state to normal
state.

Oxidative Stress

Oxidative stress is caused by an imbalance between the
production of reactive oxygen and a biological system's ability to
detoxify the reactive intermediates or easily repair the resulting
damage. Oxidative stress can also be defined as an imbalance of
pro-oxidants and antioxidants. Oxidative stress causes DNA
damage with increase in oxidant/antioxidant ratio leading to tumor
progression. Similarly DNA recovery is correlated to decrease in
oxidant/antioxidant ratio [46]. The vast majority of all agents used
to directly kill cancer cells (ionizing radiation, most
chemotherapeutic agents and some targeted therapies) work
through either directly or indirectly generating reactive oxygen
species that block key steps in the cell cycle [47]. Oxidative stress
causes damage of DNA up to pH from 3 to 4.5 and the effect of
antioxidant reduces the oxidative stress beyond pH 4.5. This
particular phenomenon has been correlated with the pH for the

status of oxidant to antioxidant ratio in cancer cell. Similarly,
Oxidant/antioxidant ratio with lower pH can be linked to
metastasis [48]. When electrostrictive energy decreases, ratio of
oxidant/antioxidant increases.

CONCLUSIONS
The aim of this paper has been to present the contributions of
several factors that play a significant role in detection of cancer
cells. In this paper authors have focused on mathematical
dielectric property of the cancer cell. This will allow the perfect
modeling of cancer cell which will be helpful in designing of
accurate cancer detectors and classifiers in the near future. From
this review paper it is indicated that the different types of cancers
corresponds to different interaction with these parameters related
to Capacitance Relaxation phenomena, electrostrictive energy, pH
of the intracellular and extracellular fluid and oxidative stress. It is
clear that from this review paper that all these parameters are
interrelated. As electrostrictive energy increases, pH will increase
and capacitance relaxation will also increase which will further
increase oxidant/antioxidant leading to minimization of oxidative
stresses and metastasis decreases.
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