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Abstract

Cancer is a malignant neoplastic disease that proliferates
throughout the whole body rapidly causing the body to deteriorate
and eventually kills the human because of its fatality. Remarkably
large number of types of cancers have been discovered by to-day
which are named according fo their causes and the site of fumour.
Cancer spreads quickly across the body. The 1.5 million lives lost per
year represent 25% of the estimated 6 million premature cancer
deaths that will occur by 2025, and the é million figure is itself based
on population projections of current numbers and aging. Various
therapies have been invented in order to reduce the proliferation
pace. Use of nanoparticles such as Au, Ag, Zn nanoparticles in the
freatment of cancer into various renowned therapies have been
elucidated in the review article. Along with these, the review article has
detailed description about two specific therapies namely, Magnetic
Hyperthermia and Magnetic Chemotherapy.

Introduction

The following review article has been complied in order to
delineate the fatal disease ‘cancer’ and also enlighten the readers about
the effect of nanoparticles in treatment of this disease. Origin of cancer
has always fascinated mankind. When there is an uncontrollable cell
growth in the human body, tumours grow rapidly which is identified
as cancer because these cells deteriorate that specific site in the body.
The maneuvering of tumours inside the body is called metastasization
[1-4]. This malignant effect has been characterized by various high
level medical researches and clinical trials. Cancer cells spread
enormously in the body throughout all the blood vessels. Traditional
treatments are surgery, chemotherapy, radiation therapy, hormonal
therapy, targeted therapy, biological therapy. Among these treatment
techniques, surgery can include the use of microelectromechanical
devices or nanoelectromechanical devices [2]. One of the few
therapies is chemotherapy which is probably not recommendable
because it has unbearable side effects on the human body though it
has been the only cure since the near past [3-5]. Discussing about the
targeted therapy, we can focus on its advantage that it has a notable
control over hair loss caused by chemotherapy; this technique can
be applied to cancers such as breast cancer, multiple myeloma,
lymphoma, prostate cancer, and melanoma [6,7]. Other therapies viz.
radiation therapy, hormonal therapy, photodynamic therapy have
been invented over time with betterments and reduced limitations
[8,9].

Nanoparticles for Cancer Treatment

The conventional cancer treatment has some limitations to cure
cancer which can be resolved by using nanoparticles of ZnO, silver,
gold, graphene, CNT, etc. for cancer treatments as discussed below.
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(i) ZnO nanoparticles

ZnO nanoparticles are very effective and can be used to destroy
the three types of cancer cells: (i) human hepatocellular carcinoma
HepG2, (ii) human lung adenocarcinoma A459, (iii) human
bronchial epithelial BEAS-2B. ZnO nanoparticles show various
effects on mammalian cell feasibility through termination of all
three types of cancer cells while characterizing on normal rate cells
such as astrocytes and hepatocytes. The toxicity appliance of ZnO
nanoparticles was examined using human liver cancer HepG2
cells. The poisonous effects of ZnO nanoparticles are due to the
immovability of compounds [10].

The nontoxicity of ZnO nanoparticles is the main aspect to use
it as an antibacterial material. The toxic effect of ZnO nanoparticles
on T-cells and neuroblastoma cells is at a concentration of 5 mm
and 1.2 mm, respectively. Nontoxicity, which is indicated by the
normal osteoblast function, is improved by ZnO nanoparticles. The
anticancer property of ZnO nanoparticles in a medical field is an
underdeveloped research area [10].

Synthesis of ZnO nanoparticles: The nanoparticles of ZnO
can be synthesis by many processes such as Ball milling or Sol-gel
method. The ZnO nanoparticles were synthesized from Zinc Acetate
Dihydrate and Oxalic Acid were mixed. They were later ground
in mortar and pestle for 60 min at room temperature. The molar
concentration ratio of the reactants Zinc Acetate Dihydrate to Oxalic
Acid taken was 1:1.5. The chemical reaction between the compounds
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Table 1: Summary of nanoparticles with approximate size and physical
properties for cancer treatment.

. . Size Physical Appll.c_atlon in
Type of nanoparticle . . specific organ
(approximately) properties cancer

Breast cancer,

Toxicity, anti- A
Zn0O nanoparticle 50-57 nm bacterial Lung cancer, Liver
cancer
Au nanoparticles 90-130 nm Anti-angiogenic |Breast cancer
CNT Toxicit Cervical cancer,
200-550 nm Y Bladder cancer,
Ovarian cancer
Graphene Near-Infrared Brain Cancer,
P ) 200-250 nm (NIR) optical Ovarian Cancer,
nanoparticle X - .
absorption ability |Skin cancer
) Antibiotic
Ag nanoparticles 300-700 nm property, Anti- P.rostate cancer,
. Liver cancer
bacterial

ZnO: Zinc Oxide; Au: Gold; Ag: Silver;

activated by grinding the mixture, Zinc Oxalate is obtained as an
intermediate product. The intermediate product was then annealed
at 4500 °C in a furnace for removing CO, CO, and moisture from the
compound. The thermal decomposition of Zinc Oxalate at 4500 "C
resulted in obtaining Zinc Oxide nanoparticles.

ZnO nanoparticles were with a size between 15 to 20 nm
and spherical; they were successfully synthesized by ball milling
method. The study shows the potential anticancer activity of ZnO
nanoparticles on the cancer cell. The synthesis process for large
scale production of ZnO was economically feasible, biocompatible
and cost-effective. The results show the use of the oxide-based
nanoparticles as chemotherapeutic agents which would have a wide
range of applications in the treatment of cancerous cells. The variation
in toxicity of ZnO nanoparticles can be obtained by varying the size of
bulk ZnO nanoparticles [11].

(ii) Gold nanoparticles

Gold nanoparticles are biocompatible material for the medical
purpose. Nanoparticles mostly in size of 1-100 nm, can be injected
into the vein for targeted drug treatment. According to types of cells,
selective gold nanoparticles will be attached to desired antibodies.
This type of treatment uses less medication with no side effects. This
form of cancer cells help to absorb substantially higher concentration
of nanoparticles than surrounding tissues [12,13].

(iii) Carbon-based nanomaterials

a) Graphene: A particular form of carbon such as graphite is used
to prevent cancer. The disadvantage of chemotherapy or radiation is
that it can’t restrict damage of healthy cell. The reproducing cells,
tumours, and drug resistance are occurring due to cancer stem cells
(CSCs) after every treatment [14].

When CSCs are converted into a tumour-sphere or in a new
tumour cell, they have stress resistance, rapidly dividable and
immortal. The oxidized carbon such as graphene oxide (GO) is
soluble in many solvents. Graphene oxide is experienced in many
types of cancers such as breast cancer, pancreatic cancer, lung cancer,

brain cancer, ovarian cancer, prostate cancer and skin cancer [14].
Graphene oxide forces conversion of non-cancer stem cells from
active cancer stem cells and also prevents future tumours from the
roots.

The nanographene sheet coated with polyethylene glycol (PEG)
canbe fabricated inalaboratoryand can be used in medical application,
especially in the cancer treatment. Graphene has lots of applications in
many areas such as electronics, biomedical, nanotechnology, etc. The
utilization of strong near-infrared (NIR) optical absorption ability of
Nano Graphene Sheet (NGS) for the photothermal therapy of cancer
can be used for high tumour destruction [15]. Furthermore, we do
not get the mark of poisonous effect for NGS-PEG injected mice
according to the observations on its body. This additional advantage
of NGS with a biocompatible coating is due to the 2-D nanometers

Table 2: Summary of gold nanoparticles with different conjugation used in
cancer treatment.

Concentration
(time/size)/
route of

Conjugation

with Gold In vitro/in Cancer

Major outcome

nanoparticle administration vivo type
0_0'.8 g/ml (14 Human Dose-dependent
. nm in L S
Citrate . in vitro dermal reduction in
size) (2,4 or 6 ) . .
fibroblasts | Cell proliferation
days)
0.17, 0.85 and
4.26 mg/kg body
Poly Ethylene Yve|ght (13 nm L . No mgmﬂf;ant .
in size) (30 min  |in vivo Liver changes in the liver
Glycol(PEG) N
after injection at lower doses
for 7 days)
Intravenous
No morphological
0.8-50 g/mL changes could
7S shell (3,5,7,10,30 and in vivo Brain be detected after
60 nm) (24 h) 24 h suggesting
Cytocompatibility of
the NP tested
Non-toxic even
Chitosan 300-5000 g/mL. in vitro Lung at highest
(4 h) .
Concentrations

Above tabular form of data gives the clear idea about the way specific
nanoparticles react with antibodies or the certain cancerous cells. In vitro
processes take place outside the living body while in vivo processes are carried
out inside the living being. Concentrations of certain nanoparticles required to
cure specific cancer are also mentioned in the table.

Table 3: Summary of Hyperthermia effect with different temperature stages.

Temperature Cytotoxic effect Vascular effect Thermosensitization

38 °Co41C Minimal growth Improved tumour Inc!'ement in drug
arrest blood flow delivery

41°C-43°C Linear growth Improved tumour Increlrr.lefnt in radiation
arrest blood flow sensitivity

. Exponential Reduced tumour | Increment in radiation

>43°C i

growth blood flow sensitivity

Above table has been precisely observed and concluded in order to get a clear
idea about the various stages occurring in the Hyperthermia therapy. As defined
earlier, Magnetic hyperthermia is the therapy that deals with varying temperature
near the tumour because of alternating magnetic field. When the magnetic field is
alternated continuously, the magnetic nanoparticles that have agglomerated near
the tumour vibrate i.e. flip orientation; this leads to a heating effect at the certain
site which gives an increment in the amount of heat that eventually destroys the
tumour without leaving behind any defective cells.
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Figure 1: Chemical structure of nanographine sheet-PEG.

Figure 2: Precursor and detection of cancer tissue by SWNT.

which have an excellent potential in cancer therapy [16].

Fabrication of nanographene sheet-PEG starts with a basic
component of this process that is graphite oxide. Hsin-Ying Wu et
al. had synthesized PEG using hydrochloric acid and the N-hydroxy
ULF succinimide sodium salt, 2-(N-Morpholino) Ethane Sulfonic
Acid Hydrate (MES) buffer solution was taken as a base. Then 0.2
ml aliquots of this prepared solution were mixed with GO-COOH
and this precursor was kept at the certain temperature for an hour in
the dark, resulting in a formation of amide bonds between activated
carboxyl groups [17]. Then activated GO-COOH were divided and
washed with MES buffer. This process is repeated by dissolving in
MES buffer and then mixed with PEG-NH, and kept at the specific
temperature for 120 min. PEG-graphite oxide was divided from

solution and centrifuged to remove both MES buffer [17].

Peroxidase-conjugated antimouse IgM, IgGl, IgG2a, or IgE was
added and incubated for 60 min. The plates were washed again and
the bound peroxidase conjugate was detected by the addition of the
tetramethylbenzidine substrate solution. Microplate reader shows
optical density value of 450 nm using a microplate reader. We can
get structures as shown in Figure 1 after the compilation of synthesis
process [17].

b) Carbon nanotube: Carbon nanotube (CNT) is a one kind of
carbon form which is created with the graphene sheet. CNTs have
applications in almost all the engineering branches that make new
generation materials and devices such as nano dots, nanofiber,
and nano needle, etc. Single-walled carbon nanotubes (SWNT) are
chemically functionalized with the use of biocompatibility by tumour
targeting process, which accumulates in mice and exhibits its cancer
therapy process and also decreases excretion and toxicity of tumour
cell. A multi-walled carbon nanotube (MWNT) is array, based
embedded in ultra-sensitive DNA detector. Thus, carbon nanotube
based drug delivery system is used for high treatment efficiency with
the minimal side effect. The treatment is schematically shown in
Figure 2 [18].

c) CNTs in drug delivery: The main use of the CNTs is as a
drug delivery agent. Chemotherapeutic drugs have some limitations
because of its noxious side effects. Thus, there grows a need to develop
a drug which targets the cell with a wide therapeutic effect. CNT have
shown the promising result in the delivery of the drug at targeted
area. There have been many experiments performed in vitro and in
vivo using functionalized CNTs loaded with chemotherapeutic drugs.
Hence, the CNTs are used as the drug delivery is an intravenous
injection. One of the problems with injecting drugs is the risk
of blocking of blood vessels because of the large size of the drug
particles which are likely to damage the tissues. This limitation can be
overcome by using the CNTs as carriers for delivering drugs into the
body via intravenous injection. Drugs which are to be delivered can
either be attached to the surface of the CNTs. This attachment of drug
is done via functional groups or drug can be loaded inside the CNTs.
Binding of the drug to the outer surface of the CNTs can be done
through covalent or non-covalent bonding such as hydrophobic, n-n
interaction, electrostatic interactions or Van Der Walls forces [19].

Figure 3: (a) Detection of tumour in the body and injection of magnetic
nanoparticles (b) schematic diagram of drug delivery at the specific site and
applying external magnetic field that eventually creates heat which destroys
tumour cells.
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(iv) Silver nanoparticles

Silver (Ag) nanoparticles are emerging as promising agents for
cancer treatment. Silver nanoparticles are very efficient than the other
nanomaterials because the toxicity of silver nanomaterial is used
for killing cancer cells. It is very noxious for Dalton’s Lymphoma
Ascites (DLA) cell. S. Grandiflora (L.) is the natural source which
is used to synthesize Ag nanoparticles. The plant has been widely
used in conventional medicines as well as in advanced medicines
for the treatment of diseases viz. tumour and liver disorders [19]. S.
Grandiflora (L.) leaf extract was made by mixing 20 g of leaf powder
in 200 ml distilled water. Then the solution was kept in boiling water
bath for 10 min. The extract was filtered through Whattman filter
paper and then it was stored at 4 °C. Ag nanoparticles were prepared
by mixing 10 ml plant extract in 90 ml of 1 mM AgNO, and kept
at specific temperature. After addition of the leaf extract, reduction
of silver ions was obtained after 24 h of incubation at 37 °C. Silver
nanoparticles had been observed due to the formation of yellowish-
brown colour. Synthesis of Ag nanoparticles was confirmed by UV-
visible spectroscopy in the range between 300-700 nm.

Ag nanoparticles were injected into a nearby region of the
cancerous cell through injection. Ag nanoparticles react with
the cancer cell and deactivate them. The cancer risks get reduced
effectively after injecting silver nanoparticles for 4 to 5 times. The
process is slow but it can treat the cancerous cells from the body [19].

Magnetic Nanoparticles for Cancer
a) Magnetic hyperthermia

Under the influence of alternating current (AC) magnetic field,
the nanoparticles produce heat by Neel and Brownian relaxation.
Basically, the hyperthermia term is clinically understood as getting
of temperature increment in the human body as compared to normal
also in general, it is used in cancer treatment for annihilation of
tumour [20]. When the magnetic nanoparticle is caught at desired
region of the human body, specifically at tumours it can be said that
hyperthermia is spontaneously acquired. The main advantage is that
it particularly increases the temperature of Nanoparticle-containing
tissues. The following Figure 3 gives an understanding about the
magnetic hyperthermia [21,22].

In 1956, Gilchrist who had demonstrated a paper, ‘Selective
inductive heating of lymph nodes’, in which he suggested that the
particles used in the process whose size was preferable between 20
to 100 nm diameter and also added that we can get 14 °C temperature
rise in the time span of only 3 min. In this experiment, various types
of nanoparticles can be used but Gilchrist recommended to use the
Maghemite particles (Fe,O,). To avoid the reproduction of cancer,
hyperthermia generally cooperates with second treatment usability
that is supposed to be chemotherapy or irradiation [22,23].

The use of magnetic hyperthermia is recently derived from a
cancer treatment but it needs to use improved magnetic materials
to enhance the chances of succeeding a therapy. Also, the patient’s
blood circulation flow has to be taken into consideration that includes
controlled temperature rise. Some materials like superparamagnetic
materials can be used because of their properties. They have
enormous potential that they would have their domains aligned in the

same direction in the presence of external magnetic field while in the
absence of magnetic field, their domains act as individual particles,
which remain inert. To implement those nanoparticles in the cancer
treatment, the clinical testing was reported with proof by Jordan’s
magnetic field therapy system [22].

The magnetic hyperthermia is very much dependable on the
cancer type because the relative flow of blood at a particular region of
the human body can vary. Various cancerous cells can have a different
kind of parameters and also have a particular range of magnetic field
sensitivity for its destruction and due to these reasons, the cure of
cancer is very expensive and very difficult [22,24].

b) Magnetic chemotherapy

The magnetic drug can be used in the treatment if the tumour
is connected to the arterial system from where the blood is supplied
to the tumour. Thus, anticancer drug targeted in the tumour directly
with fewer side effects, and the magnetic drug delivery system is less
toxic than other treatments [25].

When the magnetic particle reaches its targeted area then it
starts to release the drug from the magnetic particle near region of
the cancerous cell. This process of releasing drug from the magnetic
particle occurs due to the change in pH, concentration difference
between the particle and blood/tissue. Wider and Senyei were the
first to give the concept of the drug-carrying magnetic nanoparticle.
The scientist had encapsulated chemotherapeutic drug doxorubicin
in the albumin coated magnetite particle whose size is around 1 to
2 micrometer. Wider and Senyei had targeted the distinct area in
the rat tail and then delivered the drug using magnetic particle, the
result whose 200 times better than the traditional method of the drug
delivering [25].

The magnetic albumin microsphere which is used as the drug
carrier was never tested in the humans because the magnetophoretic
mobility was too low for the internal organ of the body. To overcome
this limitation the iron-carbon particle is developed by the FeRx. They
had prepared the irregularly shaped carbon-coated iron particle in 1
to 5 micrometer and which has a high magnetic susceptibility. This
carbon-coated iron particle is loaded with doxorubicin and result was
highly promising in the treatment of liver cancer [25].

From the result of the doxorubicin, many other drugs are tested
with other matrix materials. For example, the poly alkyl cyanoacrylate
nanoparticles whose size around 200 nm are filled with dactinomycin,
ferrocarbon nanoparticle whose size is around 100 nm diameter is
loaded with the carminomycine, solid lipid nanoparticle whose size is
around 460 nm to 550 nm in diameter is filled with the methotrexate.
These all drug had shown the positive result after manipulating the
magnetic drug particle to its targeted area and release the drug in
proper concentration on the tumour cells [25].

Then the scientist had tried the intravenous injection of magnetic
particle directly to the targeted region. The result was more promising
then the manipulation by the magnetic field. The result shows that
the 50% of the magnetic drug remained near the target region in the
manipulating process by a magnetic field. The magnetic drug was not
able to reach at targeted region due to lower magnetic susceptibility
and size. Thus, intravenous injection of the magnetic particle into the
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blood is more promising then manipulating by the magnetic field.
¢) Fe,O, nanoparticle as drug carrier

In the magnetic nanoparticle generally iron is used due to its
magnetic property. Therefore, the two types of iron compounds
are used such as magnetite (Fe,O,) and maghemite (a-Fe,O,).
These compounds are superparamagnetic in nature so that the iron
compound can easily manipulate through a magnetic field and they
also show the biocompatibility property due to which they are used
as a drug carrier.

Massart aqueous precipitation method is used to prepare water-
dispersible iron oxide magnetic nanoparticle. During this process, the
size of the magnetic nanoparticle can be changed from 4 to 30 nm
range. The shape of the particle which is obtained in the process is
generally ellipsoidal [25].

There are many methods used for the synthesis of the iron oxide-
based nanoparticle. Further, many modifications can be done in the
structure of magnetite and maghemite by adding nickel and cobalt
atom during the synthesis process [25-29].

Conclusion and Potential Directions

The above reviews on cancer treatment have been elaborated in
order to reduce the deadly impact of the fatal disease named cancer on
the world. With the help of the therapies discussed in the article, one
can accurately demolish this disease painlessly from the human body
restoring the healthy body. Highly efficient nanoparticles have been
of great help to scientists and doctors as drug carriers to overcome
cancer by targeted drug delivery.
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