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(57) ABSTRACT

A method for tumor suppression is disclosed. The method
includes preparing a chip by forming a layer of electrically
conductive nanostructures on a substrate, placing the chip
adjacent to a cancerous tumor, positively charging the layer
of electrically conductive nanostructures by applying a
positive electrostatic voltage on the chip, and reducing size
of the cancerous tumor by electrostatically stimulating can-
cer cells of the cancerous tumor responsive to accumulating
positive charges on the layer of electrically conductive
nanostructures.
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INDUCING INTERNAL APOPTOSIS IN
MALIGNANT TUMORS BY POSITIVE
ELECTROSTATIC CHARGES

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of priority from
pending U.S. Provisional Patent Application Ser. No.
62/528,456 filed on Jul. 4, 2017, and entitled “FIGHTING
CANCER WITH THE POWER OF ELECTROSTATIC
CHARGES AS NON-IONIZING RADIATION”, which is
incorporated herein by reference in its entirety.

SPONSORSHIP STATEMENT

[0002] This application has been sponsored by Iran Patent
Office, which does not have any rights in this application.

TECHNICAL FIELD

[0003] The present disclosure generally relates to cancer
therapy, and particularly, to a device and method for destruc-
tion of metastatic tumors without any side effects using a
positively electrical charged chip.

BACKGROUND

[0004] Radiotherapy is one of the most desirable treat-
ments of cancer because it induces a strong suppression to
tumor growth and inhibits disease progression. The main
disadvantage of radiotherapy, which is related to the risk of
post radiation side effects, might be damage that occurs to
organelles that are very close to the treated area. Even
advanced guided radiotherapy methods such as intensity
modulated radiotherapy (IMRT) and volumetric modulated
arc therapy (VMAT) induce post radiation colitis and, car-
diac ischemia when applied in treating prostate and breast
cancers, respectively.

[0005] Hence, there is a need fire a device, system and
method for cancer therapy, especially for treating malignant
cancer without any post treated infections or side effects on
normal (healthy) cells within a cancer-involving tissue.
Additionally, there is a need for a method that is capable of
selective tumor destruction without any effects on healthy
regions. Therefore, applying non-ionizing radiation may be
an appropriate alternative method for tumor destruction
without any side effects on healthy areas. As low energy of
such radiations suppresses their application, there is a need
for any effective mechanism other than having high energy
photons for probable use of low energy stimulations in
cancer treatment.

SUMMARY

[0006] This summary is intended to provide an overview
of the subject matter of the present disclosure, and is not
intended to identify essential elements or key elements of
the subject matter, nor is it intended to be used to determine
the scope of the claimed implementations. The proper scope
of the present disclosure may be ascertained from the claims
set forth below in view of the detailed description below and
the drawings.

[0007] In one, general aspect, the present disclosure
describes an exemplary method for tumor suppression. The
method may include preparing a chip by forming a layer of
electrically conductive nanostructures on a substrate, plac-
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ing the chip adjacent to a cancerous tumor, positively
charging the layer of electrically conductive nanostructures
by applying a positive electrostatic voltage on the chip, and
reducing size of the cancerous tumor by electrostatically
stimulating cancer cells of the cancerous tumor responsive
to accumulating positive charges on the layer of electrically
conductive nanostructures.

[0008] In an exemplary implementation, placing the chip
adjacent to the cancerous tumor may include placing the
chip in a position located at a distance less than about 10 cm
from the cancerous tumor. In one implementation, placing
the chip adjacent to the cancerous tumor may include
forming an electrically conductive patch by attaching the
chip onto an adhesive substrate, attaching the electrically
conductive patch onto skin of a patient at a location adjacent
to the cancerous tumor, and filling the interfacial area
between the electrically conductive patch and the skin of the
patient with a biocompatible electrical insulator layer.

[0009] In an exemplary implementation, the chip may
include a layer of silicon (Si), a layer of silicon dioxide
(Si0,) grown on the layer of silicon, a catalyst layer
deposited on the layer of SiO,, and an array of electrically
conductive nanostructures grown on the catalyst layer. In
one implementation, preparing the chip by forming the layer
of electrically conductive nanostructures on the substrate
may include growing a layer of SiO, on a silicon wafer,
depositing a catalyst layer on the layer of SiO,, and forming
the layer of electrically conductive nanostructures on the
catalyst layer.

[0010] In an exemplary embodiment, the layer of electri-
cally conductive nanostructures may include at least one of
carbon nanotubes (CNTs), vertically aligned multi-walled
carbon nanotube (VAMWCNTs), graphene, zinc dioxide
(Zn0O), Silicon nanowires (SiINWs), Silicon nanograss, TiO,
nanotubes, TiO, nanowires, and combinations thereof.

[0011] In an exemplary implementation, positively charg-
ing the layer of electrically conductive nanostructures by
applying the positive electrostatic voltage on the chip may
include connecting the chip to a direct current (DC) power
generator or a vanograph generator and applying a positive
DC voltage between about 10 V and about 70 V on the chip.
In one implementation, positively charging the layer of
electrically conductive nanostructures by applying the posi-
tive electrostatic voltage on the chip, and reducing size of
the cancerous tumor by electrostatically stimulating cancer
cells of the cancerous tumor responsive to accumulating
positive charges on the layer of electrically conductive
nanostructures may be carried out in less than one week.

[0012] In an exemplary implementation, electrostatically
stimulating cancer cells of the cancerous tumor may include
an internal apoptosis of the cancer cells in the cancerous
tumor induced by positive charges accumulated on the layer
of electrically conductive nanostructures. In an exemplary
embodiment, reducing size of the cancerous tumor may
include a decrease in the size of the cancerous tumor by at
least more than about 30%. In another embodiment, reduc-
ing size of the cancerous tumor may include elimination of
the cancerous tumor.

[0013] In an exemplary implementation, electrostatically
stimulating cancer cells of the cancerous tumor may include
no stimulation of healthy (normal) cells due to a low
negative charge of healthy (normal) cells. Moreover, elec-
trostatically stimulating cancer cells of the cancerous tumor
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may include no stimulation of healthy (normal) cells placed
either within the cancerous tumor or nearby areas of the
cancerous tumor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The drawing figures depict one or more implemen-
tations in accord with the present teachings, by way of
example only, not by way of limitation. In the figures, like
reference numerals refer to the same or similar elements.
[0015] FIG. 1 illustrates an exemplary implementation of
a method for tumor suppression, consistent with one or more
exemplary embodiments of the present disclosure.

[0016] FIG. 2A illustrates a schematic view of an imple-
mentation of exemplary chip, consistent with one or more
exemplary embodiments of the present disclosure.

[0017] FIG. 2B illustrates an exemplary process for form-
ing the layer of exemplary electrically conductive nanostruc-
tures on exemplary substrate, consistent with one or more
exemplary embodiments of the present disclosure.

[0018] FIG. 3 illustrates a schematic implementation of
connecting an exemplary chip, that may be fixed on a part
of skin of a patient’s body, to a DC power generator,
consistent with one or more exemplary embodiments of the
present disclosure.

[0019] FIG. 4 illustrates a field emission scanning electron
microscopy (FESEM) image of the VAMWCNTs array on a
portion of air exemplary fabricated chip, consistent with one
or more exemplary embodiments of the present disclosure.
[0020] FIG. 5A illustrates current versus voltage (I-V)
diagram for exemplary CNTs array of exemplary fabricated
chip, consistent with one or more exemplary embodiments
of the present disclosure.

[0021] FIG. 5B illustrates a resistance versus voltage
(R-V) spectrum for exemplary CNTs array of exemplary
fabricated chip, consistent with one or more exemplary
embodiments of the present disclosure.

[0022] FIG. 5C illustrates resistance dots versus bias volt-
age for exemplary CNTs array of exemplary fabricated chip,
consistent with one or more exemplary embodiments of the
present disclosure.

[0023] FIG. 6 illustrates cell cycle analysis of stimulated
MCF7, MCF10, and MDAMB468 cell lines at different
amounts of electrostatic field in comparison with non-
stimulated control group for all three cell lines, consistent
with one or more exemplary embodiments of the present
disclosure.

[0024] FIG. 7 illustrates Nitrite ion (NO, ") analysis results
for stimulated MCF7, MCF10, and MDAMB468 cell lines,
consistent with one or more exemplary embodiments of the
present disclosure.

[0025] FIG. 8 illustrates MTT assay results for stimulated
MCF7, MCF10, and MDAMB468 cell lines, consistent with
one or more exemplary embodiments of the present disclo-
sure.

[0026] FIG. 9A illustrates confocal microscopy images of
MCF10 cell lines in control (top side) and positively stimu-
lated by +6 V for about 24 hours (bottom side), consistent
with one or more exemplary embodiments of the present
disclosure.

[0027] FIG. 9B illustrates confocal microscopy images of
MCF7 cell lines in control (top side) and positively stimu-
lated by +6 V for about 24 hours (bottom side), consistent
with one or more exemplary embodiments of the present
disclosure.
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[0028] FIG. 9C illustrates confocal microscopy images of
MDA-MB-468 cell lines in control (top side) and positively
stimulated by +6 V for about 24 hours (bottom side),
consistent with one or more exemplary embodiments of the
present disclosure.

[0029] FIG. 10A illustrates sonography images of tumors
of control and exposed mice to positively charged patches
with 12 V intensity after a 1* day, s 10? day, and a 25? day,
consistent with one or more exemplary embodiments of the
present disclosure.

[0030] FIG. 10B illustrates sonography images of tumors
of control mice and exposed mice to positively charged
patches with 32 V intensity after a 1* day, a 10? day, and a
25" day, consistent with one or more exemplary embodi-
ments of the present disclosure.

[0031] FIG. 11A illustrates H&E images for control (top
side images) and exposed tumors to +32 V electrostatic
stimulation (bottom side images), consistent with one or
more exemplary embodiments of the present disclosure.
[0032] FIG. 11B illustrates H&E images for control (top
side images) and exposed tumors to +12 V electrostatic
stimulation (bottom side images), consistent with one or
more exemplary embodiments of the present disclosure.
[0033] FIG. 11C illustrates IHC resulted images for con-
trol (top side images) and exposed tumors to +32 V elec-
trostatic stimulation (bottom side images), consistent with
one or more exemplary embodiments of the present disclo-
sure.

[0034] FIG. 11D illustrates ITHC resulted images for con-
trol (top side images) and exposed tumors to +12 V elec-
trostatic stimulation (bottom side images), consistent with
one or more exemplary embodiments of the present disclo-
sure.

[0035] FIG. 12A illustrates H&E images of cytopathologi-
cal analysis for an exposed region to +32 V electrostatic
stimulation in comparison with a corresponding control
region of a muscle in normal body tissues, consistent with
one or more exemplary embodiments of the present disclo-
sure.

[0036] FIG. 12B illustrates H&E images of cytopathologi-
cal analysis for an exposed region to +32 V electrostatic
stimulation in comparison with a corresponding control
region of skin in normal body tissues, consistent with one or
more exemplary embodiments of the present disclosure.
[0037] FIG. 13 illustrates RT-PCR results for 21 malignant
mice categorized in three groups of control, treated by +12
V, and treated by +32 V, consistent with one or more
exemplary embodiments of the present disclosure.

[0038] FIG. 14 illustrates sonography images of twin
shaped tumor half of which was exposed to positive elec-
trostatic stimulation (+32 V) at start of exposure (top side
image) and after 20 days of exposure (bottom side image),
consistent with one or more exemplary embodiments of the
present disclosure.

[0039] FIG. 15A illustrates H&E images taken from both
treated and non-treated regions (top side) of twin tumor, the
half non-exposed (middle side), and the half exposed (bot-
tom side), consistent with one or more exemplary embodi-
ments of the present disclosure.

[0040] FIG. 15B illustrates P53 based IHC images taken
from both treated and non-treated regions (top side) of twin
tumor, the half non-exposed (middle side), and the half
exposed (bottom side), consistent with one or more exem-
plary embodiments of the present disclosure.
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[0041] FIG. 15C illustrates Ki67 based IHC images taken
from the half non-exposed (top side), and the half exposed
(bottom side), consistent with one or more exemplary
embodiments of the present disclosure.

[0042] FIG. 16A illustrates sonography images of the
thrilled tumor in X, Z direction (left side) and in Y direction
(right side) 3 days after injection, consistent with one or
more exemplary embodiments of the present disclosure.
[0043] FIG. 16B illustrates sonography image of the com-
pletely degraded tumor, consistent with one or more exem-
plary embodiments of the present disclosure.

[0044] FIG. 16C illustrates sonography image of the cured
tumor location 50 days after electrostatic therapy, consistent
with one or more exemplary embodiments of the present
disclosure.

[0045] FIG. 17 illustrates H&E image taken from the
biopsied sample of the individual mice treated under similar
condition in 3’7 day of treatment, consistent with one or
more exemplary embodiments of the present disclosure.
[0046] FIG. 18 illustrates X-Ray radiography image from
the lung and bone structures of the mice treated by electro-
static therapy with complete destruction of the tumor 100
days after electrostatic treatment, consistent with one or
more exemplary embodiments of the present disclosure.

DETAILED DESCRIPTION

[0047] In the following detailed description, numerous
specific details are set forth by way of examples in order to
provide a thorough understanding of the relevant teachings.
However, it should be apparent that the present teachings
may be practiced without such details. In other instances,
well known methods, procedures, components, and/or cir-
cuitry have been described at a relatively high-level, without
detail, in order to avoid unnecessarily obscuring aspects of
the present teachings. The following detailed description is
presented to enable a person skilled in the art to make and
use the methods and devices disclosed in exemplary
embodiments of the present disclosure. For purposes of
explanation, specific nomenclature is set forth to provide a
thorough understanding of the present disclosure. However,
it will be apparent to one skilled in the art that these specific
details are not required to practice the disclosed exemplary
embodiments. Descriptions of specific exemplary embodi-
ments are provided only as representative examples. Various
modifications to the exemplary implementations will be
readily apparent to one skilled in the art, and the general
principles defined herein may be applied to other implemen-
tations and applications without departing from the scope of
the present disclosure. The present disclosure is not intended
to be limited to the implementations shown, but is to be
accorded the widest possible scope consistent with the
principles and features disclosed herein.

[0048] Ionizing radiation plays a proven role in destruc-
tion of malignancies. Known doses of such radiation can
play a critical role in cell death and mitotic arrest. However,
therapeutic exposure can lead to damage and irreversible
side effects for non-malignant surrounding tissues. There-
fore, counteracting this process by a more safe and effective
radiation is crucial. lonizing radiation can damage cells in
two different ways: directly by interacting with critical
cellular targets or indirectly by generating free radicals.
[0049] Cancer cells respond to external chemical,
mechanical or electrical stimulations differently from nor-
mal cells due to their non-regulated pathways in response to
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such external stimulations in comparison with normal cells’
behavior. In exemplary embodiments of the present disclo-
sure, it is shown that positive electrostatic charges (as a
non-ionizing agent) causes cancerous/malignant tumor
growth inhibition through tendency of cancerous/malignant
cells to attract to positive charges or positively charged areas
because of their negatively charged membrane and non-
regulated proliferation pathways. This induces negative
effects on the adhesion of malignant cells to the scaffold of
the extracellular matrix in tissue followed by internal apop-
tosis in malignant cells.

[0050] Losing the attachment of malignant cells to the
substrate or extracellular matrix (ECM) under the induction
of positive electrostatic charges is the utilized mechanism in
exemplary embodiments to electrostatically induce selective
tumor killing. Regulated signaling pathways activated in
normal cells do not permit them to be detached from the
ECM in the response to non-programmed external electro-
static stimulation, as the internal apoptotic pathways are
investigated for both normal and malignant cells.

[0051] Herein, an exemplary therapeutic procedure based
on positive electrostatic charges named as electrostatic
therapy (ET), as non-ionizing agent in cancer therapy is
disclosed. The comparative attraction of normal and malig-
nant cells (as electrically charged biological systems) to a
float source of positive electrostatic charges produced and
accumulated on an array of nanostructures may be illustrated
by cells’ vital pathways as well as cytoskeletal assemblies in
post stimulated states. Attraction of malignant cells to the
highly dense source of positive charges would diminish their
adhesion to the substrate and activate internal apoptotic
pathways through their degraded attachment to extra cellular
matrix. In exemplary embodiments, unlike malignant cells,
no functional response of normal cells to positive electro-
static stimulations, applied near a tissue, would be observed
due to following regulative cellular proliferative pathways.
This may be effective in selective treatment of malignant
region without any side effects on normal tissues in cancer-
ous patients. Simple handling by attachment of a charged
patch without any hospitalization enables all day treatment
without any thermal production or side effects to normal
regions, making this exemplary method an improvement
over all other radiative therapeutic methods.

[0052] It is worth noting that the exemplary method is
completely different from tumor treating stimulations (TTF)
in mechanism, because no destructive effect is observed on
exposed malignant cells to positive electrostatic charges
utilizing the exemplary method, meanwhile in TTF, a total
alternative stimulation (150-200 kHz) independent from the
negative or positive polarity is applied on cancer cells and
their mitotic activity in metaphase gets disrupted. Moreover,
the therapeutic period for complete elimination of a malig-
nant tumor with an exemplary size of about 400 mm?> in ET,
utilizing exemplary methods, is less than one week but
treatment by TTF has been designed in a long-time manner
to prevent non-desired thermal production and skin irradia-
tion. While no electromagnetic energy or flux would be
transferred to the body or exposed tissue in ET, at least a
temperature increment to about 41° C. has been reported
beneath the electrodes of TTF.

[0053] Furthermore, potential clinical applications of ET
may not require compliance of dose dependent treatment or
avoiding from exposing the normal region as much as
possible. In addition, this exemplary method may be locally
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applied to unrespectable tumors via interventional proce-
dures, to stop micrometastases in confined spaces (for
example, peritoneal seeds) or to treat tumor resection mar-
gins at the end of a tumor surgery.

[0054] FIG. 1 shows an exemplary implementation of
method 100 for tumor suppression, consistent with one or
more exemplary embodiments of the present disclosure.
Exemplary method 100 may include preparing a chip by
forming a layer of electrically conductive nanostructures on
a substrate (step 102), placing the chip adjacent to a can-
cerous tumor (step 104), positively charging the layer of
electrically conductive nanostructures by applying a positive
electrostatic voltage on the chip (step 106), and reducing
size of the cancerous tumor by electrostatically stimulating
cancer cells of the cancerous tumor responsive to accumu-
lating positive charges on the layer of electrically conductive
nanostructures (step 108).

[0055] Step 102 may include preparing the chip. FIG. 2A
shows a schematic view of an implementation of exemplary
chip 200, consistent with one or more exemplary embodi-
ments of the present disclosure. Exemplary chip 200 may
include a layer of electrically conductive nanostructures, for
example, a layer (or an array) of electrically conductive
nanotubes 202 that may be formed on exemplary substrate
204 that may include a silicon wafer 206.

[0056] In an exemplary implementation, exemplary chip
200 may include exemplary substrate layer 204 that may
include a three-layer structure, including a layer of silicon
(81) 206, a layer of silicon dioxide (Si0O,) 208 grown on the
layer of silicon, and a catalyst layer 210 deposited on the
layer of SiO, 208. Exemplary chip 200 may further include
an array of electrically conductive nanostructures, for
example, the layer of electrically conductive nanotubes 202
grown on the catalyst layer 210. In an exemplary embodi-
ment, the array of electrically conductive nanotubes 202
may include an array of carbon nanotubes (CNTs) grown on
exemplary catalyst layer 210 that may include a layer of
Nickel (Ni).

[0057] In an exemplary implementation, preparing exem-
plary chip 200 by forming the layer of the electrically
conductive nanostructures, for example, the layer of elec-
trically conductive nanotubes 202 on exemplary substrate
204 may include an exemplary process 220. FIG. 2B shows
exemplary process 220 for forming the layer of exemplary
electrically conductive nanostructures 202 on exemplary
substrate 204, consistent with one or more exemplary
embodiments of the present disclosure. Forming the layer of
exemplary electrically conductive nanostructures 202 on
exemplary substrate 204 (process 220) may include growing
an exemplary layer of SiO, 208 on exemplary silicon wafer
206 (step 222), depositing exemplary catalyst layer on the
layer of SiO, 208 (step 224), and forming the layer of
exemplary electrically conductive nanostructures 202 on
exemplary catalyst layer 210 (step 226). In an exemplary
embodiment, forming the layer of exemplary electrically
conductive nanostructures 202 on exemplary catalyst layer
210 may include growing a plurality of exemplary electri-
cally conductive nanostructures 202 or an array of exem-
plary electrically conductive nanostructures 202 on exem-
plary catalyst layer 210.

[0058] In an exemplary embodiment, the layer of the
electrically conductive nanostructures may include a layer of
at least one of carbon nanotubes (CNTs), vertically aligned
multi-walled carbon nanotube (VAMWCNTs), graphene,
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zinc dioxide (ZnO), Silicon nanowires (SiNWs), Silicon
nanograss, TiO, nanotubes, TiO, nanowires, metallic layers,
nanostructured metallic layers, and combinations thereof.
[0059] In an exemplary embodiment, layer of electrically
conductive nanotubes 202 may include an array of CNTs, for
example, an array of VAMWCNTs. VAMWCNT structures
many be approved to be perfect charge accumulators, so an
array of CNTs may be applied on exemplary chip 200 to
produce a strong and dense electrostatic source on exem-
plary chip 200 via a direct current (DC) power generator, for
example, using a battery.

[0060] Step 104 may include placing exemplary chip 200
adjacent to a cancerous tumor. In an exemplary implemen-
tation, placing exemplary chip 200 adjacent to the cancerous
tumor may include placing exemplary chip 200 in a position
located at a distance less than about 10 cm from the
cancerous tumor. For example, exemplary chip 200 may be
located on top of a part of a patient’s skin, which may be
dose to the cancerous tumor which may be on the skin or
inside the patient’s body. In another example, exemplary
chip 200 may be mounted on a bracelet or belt that may be
placed or located around an area of the patient’s body close
to the location of the cancerous tumor.

[0061] In an exemplary embodiment, the cancerous tumor
may include a tumor caused by a cancer, which may include
a plurality of cancer cells. In an exemplary embodiment, the
cancerous tumor may include a malignant metastatic tumor
including a plurality of malignant cells, which may be a type
of cancer cells. The cancerous tumor may include a tumor
caused by breast cancer, skin cancer, bladder cancer, eye
cancer, prostate cancer, etc. The cancerous tumor may be
located at a location near a part of skin.

[0062] In an exemplary implementation, exemplary chip
200 may be adhered onto an external part of the skin near the
location of the cancerous tumor. For example, exemplary
chip 200 may be embedded within a patch that may be
adhered onto the patient’s skin while an electrical insulator
layer may be placed between the patch and the patient’s skin
in order to prevent current flow between the patch and the
body.

[0063] In an exemplary implementation, placing the chip
adjacent to the cancerous tumor (step 104) may include
forming an electrically conductive patch by attaching exem-
plary chip 200 onto an adhesive substrate, attaching the
electrically conductive patch onto skin of a patient at a
location adjacent, nearby or corresponding to the location of
the cancerous tumor, and filling the interfacial area between
the electrically conductive patch and the skin of the patient
with a biocompatible electrical insulator layer. In an exem-
plary embodiment, the biocompatible electrical insulator
layer may include Polydimethylsiloxane (PDMS).

[0064] In an exemplary implementation, electrically con-
ductive patch including exemplary chip 200 may be covered
by a biocompatible electrical insulator layer from the nano-
structures side and may be located on top of a part of skin
associated, corresponding, nearby or adjacent to the tumor
region. The electrically conductive patch may be fixed on
the skin by an anti-allergic tape.

[0065] Step 106 may include positively charging the layer
of electrically conductive nanostructures by applying a
positive electrostatic voltage on exemplary chip 200. Apply-
ing a positive electrostatic voltage on exemplary chip 200
may lead to accumulating positive charges on the layer of
electrically conductive nanostructures. In an exemplary
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embodiment, positively charging the layer of electrically
conductive nanostructures may include applying a positive
electrostatic voltage on exemplary chip 200; thereby, result-
ing in accumulating positive charges on tips of exemplary
electrically conductive nanotubes 202, for example, an
exemplary array of CNTs.

[0066] In an exemplary implementation, positively charg-
ing the layer of electrically conductive nanostructures by
applying the positive electrostatic voltage on exemplary chip
200 may include connecting exemplary chip 200 to a DC
power generator or a vanograph generator, and applying a
positive DC voltage between about 10 V and about 70 V on
the chip.

[0067] FIG. 3 shows a schematic implementation of con-
necting an exemplary chip 200, that may be fixed on a part
of skin of a patient’s body, for example, a mouse, to a DC
power generator 302 (or a vanograph generator), consistent
with one or more exemplary embodiments of the present
disclosure. A positive DC voltage of less than about 100 V
may be applied onto exemplary chip 200 leading a dense
amount of positive charges to be accumulated on the layer
of electrically conductive nanostructures.

[0068] Step 108 may include reducing size of the cancer-
ous tumor by electrostatically stimulating cancer cells of the
cancerous tumor responsive to accumulating positive
charges on the layer of electrically conductive nanostruc-
tures. The layer of electrically conductive nanostructures
which may be placed adjacent to the cancerous tumor in step
104 and positively charged in step 106 may induce an
electrostatic stimulation on the cancer cells which may have
a strong negative charge. So, the electrostatically stimulating
cancer cells of the cancerous tumor may include an internal
apoptosis of the cancer cells in the cancerous tumor that may
be induced by positive charges accumulated on the layer of
electrically conductive nanostructures.

[0069] In an exemplary implementation, reducing size of
the cancerous tumor may include a reduction in the size of
the cancerous tumor by at least more than about 30%. In one
example, reducing size of the cancerous tumor may include
complete destruction and elimination of the cancerous
tumor.

[0070] In an exemplary implementation, electrostatically
stimulating cancer cells of the cancerous tumor may include
internal apoptosis of the cancer cells in the cancerous tumor.
The internal apoptosis of the cancer cells may be induced by
positive charges accumulated on the layer of electrically
conductive nanostructures due to a negative charge of the
cancer cells. In an exemplary embodiment, electrostatically
stimulating cancer cells of the cancerous tumor may include
no stimulation of healthy (normal) cells due to a low
negative charge of healthy (normal) cells. Moreover, elec-
trostatically stimulating cancer cells of the cancerous tumor
may include no stimulation of healthy (normal) cells placed
either within the cancerous tumor or nearby areas of the
cancerous tumor in a patient’s body.

[0071] In an exemplary implementation, positively charg-
ing the layer of electrically conductive nanostructures by
applying the positive electrostatic voltage on the chip (step
106), and reducing size of the cancerous tumor by electro-
statically stimulating of cancer cells of the cancerous tumor
responsive to accumulating positive charges on the layer of
electrically conductive nanostructures (step 108) may be
done in few days, for example, less than one week.
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EXAMPLE 1

Fabrication of Vertically Aligned Multi-Walled
Carbon Nanotube (VAMWCNT) Arrays as
Therapeutic Patch

[0072] In this example, exemplary therapeutic chips simi-
lar to exemplary chip 200 were fabricated. First, silicon
wafer substrates were cleaned through standard RCA#1
method (NH,OH:H,O,:H,O solution and volume ratio of
1:1:5 respectively). Then, a thin layer of SiO, with a
thickness of about 200 nm was grown by wet oxidation
furnace on the surface of the Silicon wafer. Afterwards, a
layer of Nickel (Ni) with a thickness of about 9 nm was
deposited on SiO, using an E-beam evaporation system.
Using a direct current plasma enhanced chemical vapor
deposition (DC-PECVD) system, the Ni-coated samples
were annealed at about 650° C. in a dynamic H, environ-
ment with a flow rate of about 35 standard cubic centimeters
per minute (SCCM) for about 15 minutes. Thermally treated
Ni layer was hydrogenated by plasma with a power density
of about 5.5 Wem™ for about 5 minutes to obtain Ni
nano-grains. The CNTs were grown on the Ni seeds in the
same chamber containing a mixture of H, and C,H, gases
with flow rates of about 35 SCCM of H, and about 5 SCCM
of C,H, at a temperature of 650° C. and a pressure of about
0.28 kPa for about 15 minutes.

[0073] CNT Effective Charged Surface Calculations
[0074] FIG. 4 shows a field emission scanning electron
microscopy (FESEM) image of the VAMWCNTs array on a
portion of an exemplary fabricated chip, consistent with one
or more exemplary embodiments of the present disclosure.
The CNTs were multi-walled carbon nanotubes with high
purity. The comparative effective charged surface in chips
with and without CNTs was calculated to enlighten the role
of the nanotubes to enlarge the amount of electrostatic
charge. Analysis of the interactive surface enhancement by
VAMWCNT array showed that the presence of CNTs
increased the effective surface in each about 1 um? to about
24.6 um?.

[0075] Electrostatic Chargeability of VAMWCNT Arrays:
[0076] FIGS. 5A-5C show TV characterization of exem-
plary CNTs array at a width of sensor electrodes, consistent
with one or more exemplary embodiments of the present
disclosure. I-V plots (measured by Kithely 2361) extracted
horn the VAMWCNT arrays at the width of a CNT (70 um),
indicated the great conductivity of the nanotube arrays. FIG.
5A shows current versus voltage (I-V) diagram for exem-
plary CNTs array of exemplary fabricated chip, consistent
with one or more exemplary embodiments of the present
disclosure. A linear ohmic behavior may be observed for the
CNTs array. FIG. 5B shows a resistance versus voltage
(R-V) spectrum for exemplary CNTs array of exemplary
fabricated chip, consistent with one or more exemplary
embodiments of the present disclosure. The R-V spectrum
shows an approximately constant value near 4Q in accor-
dance with the I-V variations shown in FIG. 5A. FIG. 5C
shows resistance dots versus bias voltage for exemplary
CNTs array of exemplary fabricated chip, consistent with
one or more exemplary embodiments of the present disclo-
sure. The average resistance is about 3.68Q. Linear current-
voltage plot was observed for nanotube arrays (FIGS. 5A
and 5B). The plots indicated that the resistance along the
surface covered by nanotubes is around 3.6€2 (FIGS. 5B and
50).
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[0077] Investigating the Life Time of Charge Carries in
CNT Structures:

[0078] The life time of electron in CNT covered SiO,
surface was compared with bare SiO, layer. The results
showed nearly three times greater life time as a result of the
chargeable structures of nanotubes on the SiO, surface
covered by CNTs in comparison with the bare SiO, layer.
[0079] The above electrical characteristics of CNTs may
facilitate an achievement to induce perfect destruction on
malignant cells due to the presence of further concentration
of accumulated electrostatic charges.

EXAMPLE 2

Effects of Electrostatic Stimulation Produced by
Positive Charges on Normal, Primary Cancerous,
and Metastatic Cells (in vitro)

[0080] In this example, the effect of electrostatic stimula-
tion produced by positive charges on normal, primary can-
cerous, and metastatic cells through exemplary method 100
by using exemplary chip 200 including an array of CNTs
covered onto the substrate of exemplary chip 200 was
investigated.

[0081] Three types of cell lines, including normal cell line
(MCF-10A non-cancerous breast epithelial cell line), pri-
mary cancerous cell line (MCF-7 human breast cancer cell
line), and metastatic cell line (MDA-MB-468 human breast
cancer cell line) were obtained and cultured. The MDA-
MB-468 and MCF-7 cells were cultured in Dulbecco’s
Modified Eagle Medium (DMEM) supplemented with about
10% Fetal Bovine Serum (FBS), about 1% antibiotic/an-
timitotic solution and about 0.2% NaHCO;. The MCF-10A
cell line was cultured DMEM/F12 supplemented with about
10% horse serum, about 1% antibiotic/antimitotic solution,
about 0.2% NaHCO;, insulin (about 5 pg/ml), EGF (about
10 ng/ml) and Hydrocortisone (about 1 pg/ml). All cells
were cultured in a humidified incubator at about 37° C.
containing about 5% CO,.

[0082] Flow Cytometry Analysis:

[0083] First, the influence of continuous electrostatic
stimulation (for about 24 hours) on the cell cycle was
analyzed by flow cytometry. FIG. 6 shows cell cycle analysis
of stimulated MCF7, MCF10, and MDAMB468 cell lines at
different amounts of electrostatic field in comparison with
non-stimulated control group for all three cell lines, consis-
tent with one or more exemplary embodiments of the present
disclosure. Shown results for MDAMB468 line include
curve 602 for non-stimulated MDAMB468 cell line, curve
604 for stimulated MDAMB468 cell line with +6 V, curve
606 for stimulated MDAMB468 cell line with +3 V, curve
608 for stimulated MDAMB468 cell line with +1 V, and
curve 610 for stimulated MDAMBA468 cell line with -6 V.
Results for MCF7 cell line include curve 612 for non-
stimulated MCF7 cell line, curve 614 for stimulated MCF7
cell line with +6 V, curve 616 for stimulated MCF7 cell line
with +3 V, curve 618 for stimulated MCF7 cell line with +1
V, and curve 620 for stimulated MCF7 cell line with -6 V.
Results for MCF10 cell line include curve 622 for non-
stimulated MCF10 cell line, curve 624 for stimulated
MCF10 cell line with +6 V, curve 626 for stimulated MCF10
cell line with +3 V, curve 628 for stimulated MCF10 cell line
with +1 V, and curve 630 for stimulated MCF10 cell line
with -6 V. In addition, flowcytometric cell cycle analysis
presented in FIG. 6 are summarized in TABLE 1.
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[0084] Observable on data represented in FIG. 6 and
TABLE 1, a great increase has been selectively seen on the
apoptotic rates of metastatic cells compared to more normal
ones. The results reveal no destructive effects of neither
positive nor negative electrostatic stimulations on non-
cancerous breast cell line (MCF10) (curves 624, 626, 628,
and 630). Moreover, no temperature increment in the cell
media was observed in stimulated cell lines. The rate of
apoptotic cells (sub-G1 phase) was not significant in non-
malignant cancerous breast cell lines (MCF7) exposed to
positive electrostatic charges (curves 614, 616, and 618),
while no changes were recorded in these cells stimulated by
negative electrostatic charges (curve 620). However, it was
observed that the apoptotic rate of metastatic cancer cells
(MDA-MB-468) sharply increased (about 60%) after being
exposed to positive charges with the potential of +6 V (curve
604). Slight but meaningful increase (about 25%) in apop-
tosis was measured by stimulating voltage of +3 V (curve
646). Electrostatic stimulation by negative charges did not
induce any apoptotic effects on the metastatic cells (curve
610).

TABLE 1

Summary of the floweytometric cell cycle analysis.

Control +6V 43V +1V -6V
MDA-
MB-468
SubG1%  1.6+£04 622£35 38=x3 4:02 12:02
G1% 742£25 35524  48x2 52£35 723:32
S % 15615 404x12 17x3 304 19.6:2.8
G2% 89x1.4 004001 1x02 1225 69:14
MCF7
SubG1%  57=12  54:12 718 3:x06 71x24
G1% 482x3.1 42134 49:x2 44£25 42632
S % 418+ 1.7 45923 40xl15 48x21 43.1:24
G2% 4211 66813 4:£08 6x08 7.6xl5
MCF10A
SubG1%  32:1.6 415:£14 15:02 2x05 15:03
G1% 83926 5529 87 x4 881x35 75.1:47
S % 123£17 367:42 10x15  9x335 4107
G2% 07+01 34:08 4x1  25:35 94=xl5
[0085] Nitrite (NO,™) Detection:
[0086] Additionally, the effect of electrostatic stimulation

on NO, production in normal and cancer cells was investi-
gated. For assessment of the amount of NO,~ production, the
Griess assay sulfanilamide and NED) was employed under
acidic conditions to record the accumulated nitrite (NO,7),
which is a stable breakdown product of NO. During the
assay, medium aliquots were mixed with equal volumes of
the Griess reagent, and incubated at root temperature for
about 15 minutes. To analyze the azo dye production, a
spectrophotometer with absorbance set at 490 nm was used.
Sodium nitrite was used as a standard.

[0087] FIG. 7 shows Nitrite ion (NO,") analysis results for
stimulated MCF7, MCF10, and MDAMBA468 cell lines,
consistent with one or more exemplary embodiments of the
present disclosure. An increase in NO,~ levels in cellular
media can be a signal of increase on apoptotic levels. As
observed in FIG. 7, greater NO,~ levels has been seen
mostly on metastatic cells. It may be observed that in the
presence of —6 V (high negative stimulation) and +1 V (low
positive stimulation), the fold change in NO,™ production
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was not significant compared to the control group in all cell
lines. However, in the presence of +6 V (high positive
stimulation), the production of NO,~ significantly increased
in MDA-MB-468 cells (1.8+0.3 fold compared to the con-
trol, 1.68+0.2 fold compared to -6V, and 1.73+0.25 fold
compared to +1 V). The +6 V and +3 V stimulations had no
considerable effects on NO,~ production in MCF-7 and
MCF-10A cell lines.

[0088] Cell Vitality Assay:

[0089] Moreover, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide (MTT) assay was employed to
declare the effect of electrostatic stimulation on cell growth
in both breast non-malignant and malignant cells. The
MCF-10A non-cancerous breast epithelial cell line, MCF-7
human breast cancer cell line, and MDA-MB-468 human
breast cancer cell line were seeded in 12-well plates at a
density of about 10° cell/well in a final volume of about 500
ul. Cells were stimulated with different amounts of electro-
static field of 0 V (control cell lines), +6 V, -6 V, +1 V, and
+3 V. After about 72 hours incubation, about 50 pul of the
MTT solution (about 5 mg/ml) was added to each well. The
cells were incubated at about 37° C. for about 3 hours. Then
the medium was removed, and the insoluble formazan
crystals were dissolved in about 500 ul of Dimethyl sulfox-
ide (DMO). The absorbance was measured at 570 nm by
Microplate Reader. The results were expressed as the per-
centage of cell growth relative to the control.

[0090] FIG. 8 shows MTT assay results for stimulated
MCF7, MCF10, and MDAMB468 cell lines, consistent with
one or more exemplary embodiments of the present disclo-
sure. It may be observed that MTT as a widespread viability
assessment method has exhibited significant decrease on
viability of stimulated metastatic cells, while for the other
two groups of cells, such destructive effect was not
observed.

[0091] Referring to FIG. 8, +3 V and +6 V stimulations
significantly decreased cell growth in MDA-MB-468 cells
with respect to control sample. In +6 V group, MDA-MB-
468 cell growth decreased about 68%z=3 compared to the
control group, about 70%=2 compared to —6 V group, about
63%=2 compared to +1 V group, and about 30%z+4 com-
pared to +3 V group. It also may be observed that the +6 V
stimulation had no meaningful effect on the growth of
MCF-7 and MCF-10A cell lines.

[0092] Annexin/PI Analysis:

[0093] The rate of apoptosis in the post exposed cell lines
were quantified via Annexin/PI assay. A meaningful shift of
population into right of the obtained Annexin/PI analysis
diagrams were observed in the stimulated metastatic cells,
which has not occurred for the other stimulated groups of
cells. This shift would be a signal of increase in early
apoptotic rates meaning that a great destructive effect selec-
tively on metastatic cells has been achieved.

[0094] Results of the Annexin/PI assay for control and
positively stimulated cell lines are summarized in TABLE 2.
The percent of cells at the different procedures of early and
late apoptosis is exhibited. The overall increment of apop-
totic levels on metastatic cells selectively, is observable with
more reliance on early apoptosis increment. The results
revealed negligible apoptotic induction of positive electro-
static charges on MCF10A (about 3% increase in apoptosis:
2% early and 1% late apoptosis) and MCF-7 (about 5%
increase in apoptosis: 2.5% early and 2.5% late apoptosis)
cells, while a strong apoptosis induction on metastatic
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MDA-MB-468 cells (about 47% increase in apoptosis: 29%
early and 18% late apoptosis) was observed.

TABLE 2

Annexin/Pi analysis results done for control
and positively stimulated samples.

Control +6V
MDA-MB-468
Viable cells % 86 = 2 52=7
Early Apoptosis % 4=1 29 =1
Late Apoptosis % 9x2 18 +3
Necrosis % 1+04 1+03
MCFE7
Viable cells % 97 =1 87 £2
Early Apoptosis % 1+04 25£05
Late Apoptosis % 1+0.2 25£03
Necrosis % 1+04 8+03
MCF10A
Viable cells % 98 =2 96 =1
Early Apoptosis % 0.5+0.1 2+03
Late Apoptosis % 0.5+0.2 1+04
Necrosis % 1£03 102
[0095] Western Blot Assay:
[0096] To clarify the mechanism of selective cell-death

induction is malignant cells by positive electrostatic stimu-
lation, the expression changes a the apoptotic proteins (Bax,
caspase3, caspase9, and anti-apoptotic ones (Bcl2)) in the
post stimulated cells were assayed by western blot. The
densities of Bax/Bcl2, Pro-caspase3 and Pro-caspase9
expressions were measured, and the ratio to f-actin was
calculated. The results are summarized in TABLE 3.

[0097] Referring to TABLE 3, it may be observed that
under ’6 V electrostatic stimulation, the MDA-MB-468 cells
induced a significant increase (about 2.4 fold) of Bax/Bcl2
ratio compared to MCF7 cell line. Moreover, it was found
that the expression of the pro-caspase9 protein in post
stimulated MDA-MB468 cells was decreased about 1.4 fold
compared to MCF7 cells. Although, the post stimulation
dependent expression of pro-caspase3 showed a significant
increase in the MDA-MB-468 cells, and no expression
change was observed in post stimulated MCF7 cells.
Expression results on apoptotic proteins delineated that
positive electrostatic stimulation resulted in the augmenta-
tion of the Bax/Bcl2 ratio and significant decrease of papa-
caspase3 and 9 in the MDA-MB-468 cells which all indi-
cated the occurrence of internal apoptosis in post stimulated
malignant breast cells. On the other hand, it seems that the
early apoptosis had begun in the MCF-7 cells, due to the
increase of Bax/Bcl2 ratio and decrease of pro-caspase9, but
it hadn’t induce complete apoptosis as no expressing
changes in the level of pro-caspase3 proteins was occurred.

TABLE 3

Annexin/Pi analysis results done for control and
positively stimulated samples.

Control +6V

MCF-7

Bax/Bcl-2 Ratio
(Arbitrary Unit)

0 £ 0.002 0.21 £ 0.2%*
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TABLE 3-continued

Annexin/Pi analysis results done for control and
positively stimulated samples.

Control +6V
Pro-caspase3/p-actin 1.01 = 0.03 0.98 + 0.03
(Arbitrary Unit)
Pro-caspase9/p-actin 0.8 + 0.03 0.21 = 0.06***
(Arbitrary Unit)
MDA-MB-468
Bax/Bcl-2 Ratio 0 + 0.001 0.51 £ 0.02%**
(Arbitrary Unit)
Pro-caspase3/p-actin 1.4 £0.05 0.96 = 0.02%**
(Arbitrary Unit)
Pro-caspase9/p-actin 0.92 = 0.04 0.14 = 0.02%**

(A.rbitrary Unit)

[0098] Confocal Imaging:

[0099] Furthermore, actin assembly in the normal and
malignant cells which had been exposed to positive electro-
static charges (+6 V) was investigated. FIGS. 9A-9C show
confocal microscopy images of MCF10, MCF7, and MDA-
MB-468 cell lines in control (top side) and positively
stimulated by +6 V for about 24 hours (bottom side),
consistent with one or more exemplary embodiments of the
present disclosure. A significant change of course in direc-
tion of tension in Actin filaments is observable in exposed
metastatic cells compared to their control.

[0100] Referring to FIGS. 9A-9C, confocal images taken
from the cells before and after the stimulation showed that
the post exposed MCF10 cells (image 904 of FIG. 9A) and
MCF-7 cells (image 908 of FIG. 9B) exhibited no noticeable
changes in their actin modeling and distribution in compari-
son with their control group of images 902 (FIG. 9A), and
906 (FIG. 9B), respectively. Hence, their adhesion and
accordingly proliferation on the substrate were maintained.
In contrast, malignant cells MDA-MB-468 exhibited remod-
eled actins with an extreme tendency to retract the cell
(image 912 of FIG. 9C) through the source of positive
electrostatic charges against cell proliferation on the sub-
strate compared with the control non-stimulated cell line
(image 910 of FIG. 9C). The assembly of actin-filopodia
through the CNT-covered chip induced detachment from the
surface, activation of internal apoptotic pathways and cell
death in malignant cells.

EXAMPLE 3

In-vivo Inhibition of Mammary Tumor Growth

[0101] In this example, the effect of electrostatic stimula-
tion produced by positive charges on normal, primary can-
cerous, and metastatic cells through exemplary method 100
by using exemplary chip 200 including an array of CNTs
covered onto the substrate of exemplary chip 200 was
investigated.

[0102] To determine if external application of positive
electrostatic stimulation would suppress tumor growth in-
vivo, 2.3x10° 4T1-derived cancer cells were implanted into
the back of female BALB/C mice, and the mice were
maintained in individual groups with similar size of formed
tumors. Exemplary chip 200 including CNT covered silicon
substrates was externally attached as an exemplary electri-
cally conductive patch on top of mice’s skin over the
location of tumors by biological tapes (anti allergic surgical
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tape). The interface between the patch and the skin was filled
by a thin layer of Polydimethylsiloxane (PDMS) as biocom-
patible electrical insulator layer to prevent current flow
between the patch and the body of the mice. The patches
were biased to +12 V and +32 V DC positive electrical
potentials (chosen as low and high voltages applied to the
selected groups of individual mice) generated by a DC
electrical power generator. Under body of the mice was
connected to ground potential. The positive charges accu-
mulated on the CNTs, approximately at/close to their inter-
face with skin, applied attractive electrostatic stimulation to
the tumor. Significantly suppressed tumor growth was found
in mice who were connected to positively charged patches
on their tumor region compared with non-charged controls
as could be observed in their sonography images.

[0103] FIG. 10A shows sonography images of tumors of
control mice (images 1002, 1004, and 1006) and exposed
mice to positively charged patches with 12 V intensity
(images 1008, 1010, and 1012) after a 1% day (images 1002
and 1008), a 10” day (images 1004 and 1010), and a 25% day
(images 1906 and 1912), consistent with one or more
exemplary embodiments of the present disclosure. FIG. 10B
shows sonography images of the tumors of control mice
(images 1014, 1016, and 1018) and exposed mice to posi-
tively charged patches with 32 V intensity (images 1020,
1022, and 1024) after a day (images 1014 and 1020), a 10”
day (images 1016 and 1022), and a 25 day (images 1018
and 1024), consistent with one or more exemplary embodi-
ments of the present disclosure.

[0104] Referring to FIGS. 10A and 10B, significant tumor
growth inhibition in size is observable for exposed mice
compared to control ones. Higher levels of inhibition have
been observed for more intense exposures. The tumor sizes
were about 48.2% smaller at 25” day of exposing to charged
CNT Patch (+12 V) (image 1012) in comparison to the
control samples (image 1006) (p=0.038) meanwhile they
had similar size before start of electrostatic therapy (ET).
Tumor growth inhibition observed after 25 days of ET was
about 79.5% among mice connected to the patches stimu-
lated by about three times higher (+32 V voltage (image
1024) in comparison to the control samples (image 1018)
(P=0.017).

[0105] Additional mice were connected to non-charged
VACNT (electrically neutral CNTs) array for a longer dura-
tion of time (35 days). Results showed no effect of charged-
free CNTs on tumor growth inhibition similar to control
samples (P>0.05). Moreover, no tumor suppression was
observed in mice connected to negatively charged VACNT
patch (=32 V DC), similar to the results observed for breast
cell lines in EXAMPLE 2 hereinabove. All obtained results
are summarized in TABLE 4.

TABLE 4

Tumor size measurements in exposed and control mice.

Tumor size Tumor size 10% Tumor size
before treat days of treat 257 days of

Mice ID.  Treating procedure (mm?) (mm?) treat (mm?)
T8 Control for T9 45 76 129
T9 -32 V (continues) 51 80 134
T10 Control for T11-T17 53 82 138
T11 +12 (continues) 48 55 69
T12 +32(continues) 42 40 31
T13 +12 (10 hr per day) 47 60 88
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TABLE 4-continued

Tumor size measurements in exposed and control mice.

Tumor size Tumor size 10% Tumor size
before treat  days of treat 257 days of

Mice ID.  Treating procedure (mm?) (mm?) treat (mm?)
T14 +32(10 br per day) 52 68 74
T15 +12(5 hr per day) 44 65 20
T16 +32 (5 hr per day) 40 63 77
T17 -32 (5 hr per day) 51 80 122
[0106] To further clarify the impact of charges density

accumulated on CNTs in tumor growth suppression, tumor
growth inhibition effects of non-CNT grown conductive
silicon patch covered only by a Ni catalyst layer and
stimulated by positive potential (+12 V) was compared with
conductive silicon patch coated by a CNT layer. Tumor
growth inhibition factor of the Ni patch was about 55% less
than that of CNT-coated patch after 25 days. This was in
direct correlation with further orders of accumulated charges
on CNT surface with respect to Ni surface under similar
electrostatic stimulation.

[0107] To ensure from the effect of electrostatic stimula-
tion, charge free patches including Ni-covered Si Wafer
(CNT-free) and CNT-grown Si wafer were applied on mice
to compare the effect of charge free patches. TABLE 5
represents the effect of non-charged patches, which didn’t
induce any destruction on the tumor.

TABLE 5

Monitoring the tumor size in the mice received Ni and CNT

patches non-connected to stimulating voltage (charge free

Tumor surface size
25% Day of

Tumor surface
Mice size in 1°° Day of

No. Status monitoring (¢m?)  monitoring (cm?)
T20 CONTROL 0.74 x 0.56 1.81 x 1.11
T21 connected to Ni Wafer 0.63 x 0.44 1.15 x 1.17
(CNT-free) without
voltage
T22 CONTROL 0.91 x 0.66 1.85 x 1.91
T23 connected to CNT 0.83 x 0.4 143 x 1.32
without Voltage
T24 connected to Ni Wafer 0.61 x 0.47 1.36 x 1.13
(CNT-free) without
voltage
T25 CONTROL 0.47 x 0.51 1.13 x 1.38
T26 connected to CNT 0.82 x 0.31 1.14 x 1.23
without Voltage
[0108] Cytopathological and  Immunohistochemical
Analyses:
[0109] To deeply evaluate any probable induction of posi-

tive electrostatic charges on malignant and normal tissues of
the mice, hematoxylin & eosin (H&E) and immunohisto-
chemistry (IHC) assays were conducted on exposed and
non-exposed regions of cancerous and normal tissues of the
mice.

[0110] FIG. 11A shows H&E images for control (top side
images 1102 and 1104) and exposed tumors to +32 V
electrostatic stimulation (bottom side images 1106 and
1108), consistent with one or more exemplary embodiments
of the present disclosure. FIG. 11B shows H&E images for
control (top side images 1110 and 1112) and exposed tumors
to +12 V electrostatic stimulation (bottom side images 1114
and 1116), consistent with one or more exemplary embodi-
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ments of the present disclosure. Apoptotic cells due to
treatment by electrostatic stimulation could be distinguished
due to their pykontic nuclei. Tumor destruction may be
sharply observed in the in the regions exposed by +12 V and
+32 V. In tumors treated by +12 V and +32 V for 25 days,
the malignant cells were destructed and apoptotic cells could
be observed in all-over the stained tissue. Moreover, some
highly condensed nuclei, so-called pyknotic nuclei, are
regarded as apoptotic cells in which the voltage dependent
electrostatic stimulation activated the internal apoptotic
pathways. Degraded cytoplasmic regions are so sharper in
malignant tissues exposed by higher voltage (+32 V) of
electrostatic exposure. As the tissue matrix was maintained
in treated regions of the tumors, any probability about
necrosis was excluded. On the other hand, non-treated tumor
tissues could be distinguished by their hyper chromatic and
irregular nucleus as well as increased nucleus/cytoplasm
(N/C) ratio. Hence, the characteristic H&E staining pattern
of nuclei gave indications of apoptosis in tumors treated by
positive electrostatic charges.

[0111] To confirm suppressed proliferation and apoptotic
induction in treated tumor cells, assays P53 as apoptotic
immunomarker and KI67 as proliferative immunomarker
were done using [HC. FIG. 11C shows THC resulted images
for control (top side images 1118 and 1120) and exposed
tumors to +32 V electrostatic stimulation (bottom side
images 1122 and 1124), consistent with one or more exem-
plary embodiments of the present disclosure. Left side
images include P53 apoptotic immunomarker assay results
(images 1118 and 1122) and right side images include K167
proliferative immunomarker assay results (images 1120 and
1124). In addition, FIG. 11D shows IHC resulted images tar
control (top side images 1126 and 1128) and exposed tumors
to +12 V electrostatic stimulation (bottom side images 1130
and 1132), consistent with one or more exemplary embodi-
ments of the present disclosure. Left images include P53
apoptotic immunomarker assay results (images 1126 and
1130) and right side images include KI67 proliferative
immunomarker assay results (images 1128 and 1132). IHC
staining of control and treated regions revealed the overex-
pression of P53 and Ki67 in treated and control regions,
respectively. Post stimulated tumoral regions, greatly
expressed the P53 meanwhile KI67 was just sharply
expressed among non-exposed tumoral regions.

[0112] FIG. 12A shows H&E images of cytopathological
analysis for an exposed region 1202 of the muscle to +32 V
electrostatic stimulation in comparison with a corresponding
control region 1204 of the muscle in normal body tissues,
consistent with one or more exemplary embodiments of the
present disclosure. Moreover, FIG. 12B shows H&E images
of cytopathological analysis tor an exposed region 1206 of
the skin to +32 V electrostatic stimulation in comparison
with a corresponding control region 1208 of the skin in
normal body tissues, consistent with one or more exemplary
embodiments of the present disclosure. It may be observed
that no trace of apoptosis or necrosis were observed in
exposed regions by positive electrostatic induction. Cells
maintained at their natural morphology and assemblies.
Neither destruction nor any pathological signs were
observed in H&E of skin and muscle tissues in all of the
treated mice. This revealed the safety of electrostatic stimu-
lation for normal cells without any induction on their
morphology, natural proliferation and vitality pathways
same as had been observed in MCF-10 cell lines in






