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Abstract In that work, we have described the synthesis of novel Cu NPs decorated polyethylene

glycol (PEG2000) coated magnetic nanoparticles (Fe3O4/PEG2000/Cu NPs) in an eco-friendly path-

way applying Green Tea extract as reducing/stabilizing agent. The morphological and physicochem-

ical features of the prepared nanocomposite were determined using several advanced techniques like

ICP-OES, FE-SEM, EDX, atomic mapping, TEM, VSM, and XRD studies. In the antioxidant test,

the IC50 of Fe3O4/PEG2000/Cu nanocomposite and BHT against DPPH free radicals were 198 and

85 mg/mL, respectively. In the cellular and molecular part of the recent study, the treated cells with

Fe3O4/PEG2000/Cu nanocomposite were assessed by MTT assay for 48 h about the cytotoxicity and

anti-human gastric cancer properties on normal (HUVEC) and gastric cancer cell lines i.e. NCI-

N87 and MKN45. The IC50 of Fe3O4/PEG2000/Cu nanocomposite were 316 and 131 mg/mL against

NCI-N87 and MKN45 cell lines, respectively. The viability of malignant gastric cell line reduced

dose-dependently in the presence of Fe3O4/PEG2000/Cu nanocomposite. It seems that the anti-

human gastric cancer effect of recent nanoparticles is due to their antioxidant effects.
� 2021 Published by Elsevier B.V. on behalf of King Saud University. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

One of the simplest nanostructures that is widely used in indus-
try today is metallic nanoparticles. Metallic nanoparticles can

bind non-destructively to single-stranded DNA, which are
important in medical diagnostics. Nanoparticles also can pass
through the vessel and position the target organ in the body,

which is used in biomedicine, imaging and therapy
(Arunachalam et al., 2003; You et al., 2012; Mao et al.,
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2016; LaVan et al., 2003). Biomedical applications of nanopar-
ticles include drug carriers, tracking or labeling materials, car-
riers for gene therapy, hyperthermia, and materials for

magnetic resonance imaging. To use nanoparticles to deliver
a drug molecule or DNA or a gene in gene therapy, chemical
changes at the nanoparticle surface are always required for

specific interactions with the desired biomolecule. Nanoparti-
cles are used for imaging for medical purposes or in vitro
and in vivo chemical processes. Metallic nanoparticles have

received a lot of attention due to their properties such as anti-
fungal, photocatalytic and UV absorbing properties (Shi et al.,
2011; Langer, 1990; Staroverov et al., 2009). Due to the
antibacterial properties of these metal oxide nanoparticles,

they can be used in the food industry and active food packag-
ing. Also, metallic nanoparticles are potentially used in hyper-
thermia, magnetic resonance imaging (MRI), diagnosis and

treatment of tumors or cancer, biomarkers, biodegradation,
biotechnology and the removal of important organic, inor-
ganic and radioactive contaminants due to their high biocom-

patibility (Shi et al., 2011; Langer, 1990; Staroverov et al.,
2009; Bastus et al., 2009). Metallic nanoparticles have many
applications in various fields such as fuel cells (hydrogen,

methanol), glucose detection, drug delivery, toxicology, and
biological interactions (Staroverov et al., 2009; Bastus et al.,
2009). Metallic nanoparticles as a strong antioxidant resource
are much less toxic than metals and also these nanoparticles

have high power in scavenging free radicals (FR), so, it can
be used as a natural antioxidant. Studies show that these
nanoparticles detoxify hydroperoxidases and lipohydroperoxi-

dases at the cytoplasmic and mitochondrial matrix levels.
Metallic nanoparticles such as copper, silver and titanium have
very high antimicrobial properties that can be used in various

industrial and biomedical sectors (Langer, 1990; Staroverov
et al., 2009; Bastus et al., 2009; Bao et al., 2013). Nanoparticles
can also be used as coatings on molecules to bind or interact

with biological targets, to ensure the presence of these
nanoparticles in the target part of the body, carriers are used
to accurately deliver these nanoparticles, in which peptides
have been introduced as one of the best carriers (Shi et al.,

2011; Langer, 1990; Staroverov et al., 2009; Bastus et al.,
2009). The as-developed materials have a wide spectrum of
implications such as degradation of dyes and environmental

contaminants, removal of heavy and toxic metals, develop-
ment of bio-engineering protocols, drug delivery, optometry,
sensing, catalysis and biomedical science (Celardo et al., 2011).

The last decade has seen the promising emergence of
nanoparticles in cancer treatment systems such as drug
delivery and recombinant proteins with anti-tumor properties.
Special features of the microenvironment around the tumor
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allow nanoscale systems to accumulate at the tumor site (De
Jong and Borm, 2008; Borm et al., 2006; Stapleton and
Nurkiewicz, 2014; Patra et al., 2018). Therefore, some

nanoparticles with adjuvant properties, when they carry pep-
tides or proteins, can increase the activity of cells in the retic-
uloendocardial system and activate macrophages and dendritic

cells (Borm et al., 2006; Stapleton and Nurkiewicz, 2014; Patra
et al., 2018; Itani and Al Faraj, 2019). Activated macrophages
and dendritic cells swallow and process the complex, and

immune responses are formed more efficiently. These nanopar-
ticles can increase the response of the immune system to the
target antigen, as well as to direct and direct this system to cre-
ate a specific type of response (Trojer et al., 2013; Liu et al.,

2014). By using these nanoparticles as antigen carriers, the
amount of recombinant protein used as well as antigen toxicity
is reduced and the destructive effects of proteases on protein

antigen are reduced (Celardo et al., 2011; De Jong and
Borm, 2008; Borm et al., 2006; Stapleton and Nurkiewicz,
2014). This strategy enhances the efficiency of the target pro-

tein in inducing immune responses against the tumor, which
is important in advancing functional goals such as protein
and effective drug delivery (Itani and Al Faraj, 2019; Trojer

et al., 2013; Liu et al., 2014).
The unique coalescence of Cu NPs and Fe3O4 has found

a broad range of utility in biological targeting, biological
separation and high-density magnetic recording. So, we

wish to report the synthesis, characterizations and applica-
tions of novel Cu NPs decorated PEG2000 modified-
magnetite nanocomposite (Fe3O4/PEG2000/Cu NPs) medi-

ated by Green Tea extract as a reducing agent. The poly-
ethylene glycol affords additional stability to the MNPs
from unwanted oxidation and corrosion. Also, the modified

surface can easily have capped the copper ions and stabi-
lized the in situ reduced copper nanoparticles (Scheme 1).
Also, the properties of Fe3O4/PEG2000/Cu NPs against com-

mon gastric cancer cell lines i.e. NCI-N87 and MKN45
were evaluated.

2. Experimental

2.1. Preparation of Green Tea extract

0.2 gm of the dried Green Tea leaves were dispersed over 50 ml
Milli-Q water and stirred vigorously at 80 �C for 20 min. Sub-
sequently, the mixture was filtered over Whatman No. 1 paper

to remove the undissolved plant residues. The colored filtrate
was further centrifuged at 4000 rpm for 5 min and the clear
supernatant layer was decanted off for further use.
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2.2. Synthesis of the Fe3O4/PEG2000/Cu nanocomposite

Fe3O4 NPs were prepared through the typical co-precipitation
method as published earlier (Arunachalam et al., 2003). For
preparing Fe3O4/PEG2000 nanocomposite, initially 0.5 g of

the Fe3O4 NPs were uniformly dispersed in 100 ml water by
sonication for 30 min and then a solution PEG2000 (0.2 g in
20 ml water) was added into it. The mixture was stirred for
2 h under ambient conditions for the possible surface modifica-

tions of Fe3O4 NPs. The as-synthesized Fe3O4/PEG2000

nanocomposite was retrieved magnetically and washed thor-
oughly with deionized water and re-dispersed in 50 ml water

for the next step. Then, 0.1 g Cu(OAc)2�2H2O was dissolved
in water and added to the above mixture and stirred for
60 min. Next, 20 ml aqueous Green Tea extract is added and

stirred at 80 �C for 5 h. Next, the prepared Fe3O4/PEG2000/
Cu nanocomposite was isolated by magnetic decantation,
rinsed with DI-H2O and treated in a vacuum at 40 �C. Finally,
ICP-AES analysis was performed to assess the Cu content, as
being 0.14 mmol/g.

2.3. Antioxidant activities of Fe3O4/PEG2000/Cu nanocomposite

This experiment was performed with few changes in the
method of Lu et al (Lu et al., 2021). 0.5 ml of 0.1 mM DPPH
solution prepared in 95% ethanol was mixed with 100 ll of
Fe3O4/PEG2000/Cu nanocomposite. The resulting solution
was kept in the dark at 38 �C for 31 min. The absorbance of
the samples was then read at 518 nm. To compare the activity

of Fe3O4/PEG2000/Cu nanocomposite; standard BHT com-
pound was used as a standard antioxidant.

To determine the amount of IC50 (IC50 is defined as the
concentration required to inhibit 50% of the antioxidant activ-

ity) for Fe3O4/PEG2000/Cu nanocomposite, experiments were
performed at eleven different concentrations of the desired
nanoparticle solution and BHT. Each experiment was per-

formed in three shifts and the mean values were calculated.
Percentage of radicalization activity was calculated through
the following equation (Lu et al., 2021):

Inhibition %ð Þ ¼ Sample A:

Control A:
� 100

In this regard, the blank adsorption indicates the adsorp-
tion of the control solution, which contains 0.5 ml of DMPH

solution and 100 ll of 95% ethanol instead of Fe3O4/PEG2000/
Cu nanocomposite solution and adsorption of the reaction
indicates the adsorption of the solution content of the

Fe3O4/PEG2000/Cu nanocomposite sample (Lu et al., 2021).

2.4. Anti-human gastric cancer properties of Fe3O4/PEG2000/Cu
nanocomposite

NCI-N87 and MKN45 cells were used to evaluate the anti-
cancer effect of Fe3O4/PEG2000/Cu nanocomposite on cell
culture.

Because nanoparticles is not soluble directly in 1640-RPMI
medium and also the solvent of dimethyl sulfoxide nanoparti-
cles (DMSO) itself has cytotoxic effects, to eliminate the effect

of this substance on treated cells, its amount in the final solu-
tion is considered less than 1%. Dimethyl sulfoxide is not toxic
to concentrations less than 1% and the concentration of this
solvent is important in this regard. For this purpose, 1000 mg
of nanoparticle was dissolved in 100 ll of dimethyl sulfoxide
solvent after weighing. Then 1 ml of culture medium was

added for better dissolution and finally the volume of solution
was increased to 24 ml using culture medium: Then, successive
dilutions of this stock were used in the proportions of 1–

1000 lg/ml. Eleven concentrations were used for the cell lines
(Lu et al., 2021).

In this study, 100 ml of culture medium containing 104 cells

per plate 96 were placed. After 24 h, incubation of concentra-
tions of 1–1000 micrograms per milliliter of nanoparticles was
added to the cells, and incubated for 24, 48, and 72 h, respec-
tively. After these times, 20 ll of MTT plate with a concentra-

tion of 5 mg/ml was added to each cell and incubated in the
dark for another 4 h. After some time, the MTT medium
was carefully removed, and 200 ml of acidified isopropanol

were added to each plate to remove the purple formanes. After
15 min of incubation at room temperature, the light absorp-
tion of each well was read using an ELISA at 570 nm against

a reference wavelength of 690 nm. The findings were reported
as cell survival and IC50 (concentration that inhibits cell
growth up to 50%) based on the concentration curve (lg/ml)

(Lu et al., 2021).
It should be noted that the effect of each concentration of

the nanoparticles on cell lines was investigated in five indepen-
dent experiments. According to the values of light absorption

obtained by the ELISA reader, the percentage of growth inhi-
bition related to each concentration was calculated using the
following formula:

Cell viability ð%Þ ¼ Sample A:

Control A:
� 100

Finally, linear regression was done to gain IC50, which
indicates the nanoparticles concentration, which causes 50%

cancer cell growth inhibition. Using the curve, the line equa-
tion for cancer cells was obtained, respectively, then by replac-
ing 50% inhibition in the equation, the IC50 value for cancer

cells was obtained (Lu et al., 2021).

2.5. Statistical analysis

SPSS statistical software version 22 was used for data analysis
and the findings were determined as the mean standard devia-
tion of 5 replications. Data were analyzed using one-way anal-
ysis of variance and Duncan post hoc test and the significance

level in the test was considered 0.05.

3. Results and discussion

Cancer is a genetic disease that includes 277 types of diseases.
There are also more than 100,000 types of chemicals in our
environment, of which only 35,000 have been analyzed and

about 300 of them produce cancer. The remaining 65,000
chemicals in nature have not yet been tested. Cancer occurs
due to uncontrolled cell division, which is the result of environ-

mental factors and genetic disorders (Gao et al., 2015;
Mohammed et al., 2016; Li and Gu, 2014; Yang et al., 2011;
Xinli, 2012; Allen, 2002; Byrne et al., 2008). The four key genes

involved in cancer cell conduction include DNA repair genes,
tumor suppressor genes, oncogenes, and programmed death
genes (Xinli, 2012; Allen, 2002; Byrne et al., 2008; Torchilin,



Fig. 1 FE-SEM images of (a) Fe3O4 and (b) Fe3O4/PEG2000/Cu nanocomposite.

Fig. 2 EDX spectrum of the Fe3O4/PEG2000/Cu nanocomposite.
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2007; Pranali, 2013). If a genetic mutation is produced in a cell,
normal cells go out of their way and are affected by new com-

mands that progress to cancer cells. In addition to chemicals,
sunlight, shortwave, viruses and bacteria also have a special
role in causing cancer (Byrne et al., 2008; Torchilin, 2007;
Pranali, 2013; Zhang et al., 2014; Matsumura et al., Cancer

2004). Cancers have existed since the beginning of mankind.
In recent decades, advances in computer molecular medicine
have been able to not only study the causes and mechanisms

of this deadly disease but also to perform better in its early
diagnosis and treatment (Xinli, 2012; Allen, 2002; Byrne
et al., 2008). More than 50% of cancers are currently being

treated, especially if diagnosed early. Cancer can be treated
in several ways: surgery, chemotherapy, radiation therapy,
immunotherapy, gene therapy, or a combination of these.

Due to the relative inefficiency and very severe side effects of
chemotherapy drugs, researchers and scientists have sought a
new formulation of various compounds, especially metallic
nanoparticles (Matsumura et al., Cancer 2004,; Nie et al.,

2007; Gao et al., 2002; Davis et al., 2008).
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In the recent study, post-synthetic modification pathway
was followed to prepare Fe3O4/PEG2000/Cu nanocomposite
(Scheme 1). First the magnetic Fe3O4 nanoparticles were

coated by polyethylene glycol and next, the phytochemicals
derived from the Green Tea extract acted as mild and benign
reductant for the anchored Cu (II) ions Fe3O4/PEG2000

Matrix. The Fe3O4/PEG2000/Cu nanocomposite was physico-
chemically characterized through FESEM, TEM, EDX, ele-
mental mapping, VSM, XRD and ICP-AES analysis.

The detailed morphological structure, shape and size of the
Fe3O4 and Fe3O4/PEG2000/Cu nanocomposite was ascertained
by SEM and TEM studies. The globular shape nanoparticles
can be observed from SEM image having a mean diameter

of the nanometer (Fig. 1). In addition, a continuous PEG
biopolymer layer is seen on the Fe3O4 surface indicating the
surface modification (Fig. 1b). There occurs a homogeneous

growth of PEG over it. The agglomeration of nanocomposite
particles can be understood due to manual sample preparation.
The particles are almost homo-morphic and are sized between

20 and 40 nm.
Fig. 3 FE-SEM image of Fe3O4/PEG2000/Cu
EDX analysis of the Fe3O4/PEG2000/Cu nanocomposite
was executed to have sheer knowledge of constituent elements
and it displays the occurrence of C, O, Fe and Cu elements

(Fig. 2). The inset of the EDX profile clearly says that Cu con-
tent is 7.1%. This is probably due to excess deposition of Cu
precursor. The non-metals justify the organochemical attach-

ment and a successful surface modification of the Fe3O4 NP.
The data obtained from EDX analysis were further rational-
ized through elemental mapping. X-ray scanning of a section

of FESEM image reveals the uniform distribution of Fe, O,
C and Cu atoms over the nanocomposite surface (Fig. 3).

The inherent structural features are demonstrated via TEM
study of the nanocomposite. The Fe3O4/PEG2000 and Fe3O4/

PEG2000/Cu nanocomposite TEM analysis (Fig. 4) displayed
the decoration of the Cu NPs with spherical morphology
and dark spots on the magnetic PEG surface. The tiny black

dots correspond to the Cu NPs, being of �20–30 nm in size.
The PEG polymer conjugate favors Cu NPs by electrostastic
force of attraction and thereby gets stabilized. These data

clearly demonstrate the proposed architecture of the material.
nanocomposite with its elemental mapping.



Fig. 4 TEM images of (a) Fe3O4/PEG2000 and (b) Fe3O4/PEG2000/Cu nanocomposite.
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The presence of Cu and Fe3O4 was verified with XRD anal-

ysis. Fig. 5 exhibits the crystalline phases of Fe3O4/PEG2000/
Cu nanocomposite being determined over XRD. The said pro-
file demonstrates the typical peaks of cubic spinel Fe3O4 NPs.

The characteristic peaks observed at 2h = 30.1, 35.4, 43.3,
53.6, 57.2 and 62.8 closely resembles to ferrite NPs that are
corroborated to the (220), (311), (400), (422), (511) and
(440) diffraction planes (JCPDS No. 19-0629). This suggests

that the inner core structure remained undisturbed even after
modification with PEG and copper. The extra peaks appeared
at 2h = 43.1, 49.6 and 75.4 can be allocated to the (111),

(200) and (220) planes of Cu fcc crystalline phases.
The saturation magnetization (Ms) value obtained from

magnetic hysteresis loops of Fe3O4/PEG2000/Cu nanocompos-

ite was 27.8 emu/g (Fig. 6).
Oxidative stress is caused by an imbalance between the pro-

duction of free radicals and metabolic reactions, which leads to
damage to lipids, proteins and nucleic acids. These damages

may be due to low levels of antioxidants or an excessive
increase in the production of free radicals in the body
(Namvar et al., 2014; Sankar et al., 2014; Katata-Seru et al.,

2018). In humans, oxidative stress is associated with chronic
diseases such as diabetes and cancer. Therefore, the production
of synthetic and natural antioxidants is necessary to prevent

oxidative stress and its destructive effects. Antioxidants effec-
tively and in various ways reduce the harmful effects of free
radicals in the biological and food systems and cause detoxifi-
cation (Sankar et al., 2014; Katata-Seru et al., 2018; Sangami

and Manu, 2017). In this regard, green nanoparticles can be
used (using plant substrates to prepare nanomaterials that
are environmentally friendly and do not contain any harmful

chemicals) that show antioxidant properties. At present, the
use of non-toxic substances in synthesizing nanoparticles to
prevent biological hazards, especially in medical and pharma-

ceutical applications is considered (Namvar et al., 2014;
Sankar et al., 2014; Katata-Seru et al., 2018; Sangami and
Manu, 2017; Beheshtkhoo et al., 2018; Radini et al., 2018).
Many researchers have focused on bioactive substances

derived from plants or other sources such as bacteria, fungi
and yeast for synthesizing nanoparticles. The green synthesis



Fig. 5 X-ray diffraction study of Fe3O4/PEG2000/Cu nanocomposite.

Table 1 The IC50 of Fe3O4/PEG2000/Cu nanocomposite and

BHT in the antioxidant test.

Fe3O4/PEG2000/Cu nanocomposite BHT

IC50 (mg/mL) 198 ± 0b 85 ± 0a
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method is thought to increase the biocompatibility and perfor-
mance of metal nanoparticles for biological applications due to
removing harmful chemicals (Davis et al., 2008; Namvar et al.,

2014; Sankar et al., 2014; Katata-Seru et al., 2018). During the
bioproduction stages of nanoparticles, their extracellular pro-
duction using plants or their extracts is more beneficial and

their production can be adjusted in a controlled way based
on size, distribution and shape for different purposes (Davis
et al., 2008; Namvar et al., 2014; Sankar et al., 2014; Katata-

Seru et al., 2018; Sangami and Manu, 2017; Beheshtkhoo
et al., 2018).

In the recent study, the scavenging capacity of Fe3O4/
PEG2000/Cu nanocomposite and BHT at different concentra-

tions expressed as percentage inhibition has been indicated in
Tables 1 and Fig. 7. In the antioxidant test, the IC50 of
Fe3O4/PEG2000/Cu nanocomposite and BHT against DPPH

free radicals were 198 and 85 mg/mL, respectively (Tables 1).
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Fig. 6 Hysteresis loops of Fe3O4/PEG2000/Cu nanocomposite.
The numbers indicate the percent of free radical (DPPH)
inhibition at the concentrations of 0–1000 lg/mL of Fe3O4/
PEG2000/Cu nanocomposite (I) and BHT (II).

In recent decades, the power of nanotechnology has been
used in countless fields, including biomedical sciences.
Nanoparticles are solid colloidal particles with dimensions

of 1 to 100 nm (Cardoso et al., 2018; Khanna et al.,
2018; Xie et al., 2018). Due to their comparable dimensions
to cells, viruses, proteins, and genes, they can interact with

basic biological processes. In recent years, much attention
has been paid to synthesizing different types of nanoparticles
as nanomedical materials. Among them, magnetic nanoparti-

cles made of iron, cobalt or nickel oxides have special prop-
erties such as high surface-to-volume ratio and high
magnetic properties, allowing for potential manipulation by
an external magnetic field (Wei et al., 2008; Pascal et al.,

1999; Bomatı́-Miguel et al., 2008). In particular, magnetic
nanoparticles produced with ferromagnetic material, iron
oxide nanoparticles (IONPs), made of magnetite (Fe3O4)

and magnitude (Fe03-) have wide applications in medicine
such as targeted drug delivery, hyperthermia, photography
and biosensors (Xie et al., 2018; Wei et al., 2008; Pascal

et al., 1999; Bomatı́-Miguel et al., 2008). In recent decades,
much research has been done on synthesizing iron oxide
nanoparticles and many reports have described efficient syn-
thesis approaches for the production of controlled, stable,

biocompatible, and integrated iron oxide nanoparticles
(Khanna et al., 2018; Xie et al., 2018; Wei et al., 2008;



Fig. 7 The antioxidant properties of Fe3O4/PEG2000/Cu nanocomposite (I) and BHT (II) against DPPH.
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Pascal et al., 1999). The most common methods such as co-

precipitation, hydrothermal synthesis, microemulsion, sono-
chemical synthesis can lead to the high-quality synthesis of
iron oxide nanoparticles. In addition, these nanoparticles

can be prepared by other methods such as electrochemical
synthesis, laser pyrolysis technique, synthesis with microor-
ganisms or bacteria (especially magneto-tactical bacteria

and iron-reducing bacteria) (Wei et al., 2008; Pascal et al.,
1999; Bomatı́-Miguel et al., 2008; Bharde et al., 2008; Roh
et al., 2006; Faraji et al., 2010). Low toxicity and high bio-
compatibility of magnetite nanoparticles have led to the

expansion of magnetite nanoparticles in targeted drug deliv-
ery. Using an external magnetic field, the nanoparticles can
be directed to the target tissue and release the drug at the

target site (Bharde et al., 2008; Roh et al., 2006; Faraji
et al., 2010; Mou et al., 2015; Renard, 2009). Targeted drug
delivery reduces the side effects of the drug to surrounding

healthy tissues and also reduces the dose of drug required.
To increase the biocompatibility of magnetite nanoparticles
for use in the field of drug delivery, magnetite nanoparticles

are modified by organic or inorganic coatings (Bharde et al.,
2008; Roh et al., 2006; Faraji et al., 2010; Mou et al., 2015).
Coating magnetite nanoparticles with the right combination
can control the loading, delivery and release of the drug. In

addition, suitable coatings can reduce the toxicity of
nanoparticles and increase their biocompatibility (Pascal
et al., 1999; Bomatı́-Miguel et al., 2008; Bharde et al.,

2008). Many cancer drugs are loaded onto magnetic drug
carriers through various interactions. Coating magnetite
nanoparticles with polymers is an ideal method of drug
delivery; because in addition to reducing carrier toxicity, it

also prevents magnetite nanoparticles from clotting
(Renard, 2009; Schroeder et al., 2012; Gobbo et al., 2015).

Another application of magnetite nanoparticles is the use of

thermotherapy. Due to the high sensitivity of cancer cells to
temperatures above 42�, it disrupts the natural enzymatic pro-
cesses that keep cells alive, and ultimately leads to the death of

cancer cells (Schroeder et al., 2012; Gobbo et al., 2015; Will
et al., 2006). In this method, non-ionizing electromagnetic
waves increase the temperature in the tumor tissue. Because
cancer cells are more sensitive to temperature rise than healthy

cells, selective destruction of cancer cells occurs (Mou et al.,
2015; Renard, 2009; Schroeder et al., 2012; Gobbo et al.,
2015; Will et al., 2006). Treatment of the metastatic disease

depends on diagnostic tools that can pinpoint the exact loca-
tion of the metastatic cancer cells. Imaging technology cur-
rently in use is inaccurate in finding cancer cells hidden in

other organs (Schroeder et al., 2012; Gobbo et al., 2015; Will
et al., 2006; Harada et al., 2007). Therefore, magnetic iron
oxide nanoparticles can be used for cell imaging. Magnetic

iron nanoparticles as an imaging agent are a powerful tool
for detecting metastases (Will et al., 2006; Harada et al.,
2007). Iron oxide nanoparticles can be modified with specific
molecules or antigens present on the surface of the metastatic

cancer cells and enable the detection of target cells using MRI.
The detection of lymph node metastases using iron oxide
nanoparticles has been investigated in recent years, which

shows promising results (Schroeder et al., 2012; Gobbo
et al., 2015; Will et al., 2006; Harada et al., 2007).



Fig. 8 The anti-human gastric cancer properties (Cell viability (%)) of Fe3O4/PEG2000/Cu nanocomposite (Concentrations of 0–

1000 mg/mL) against human gastric cancer (NCI-N87 (I) and MKN45 (II)) and normal (HUVEC: III) cell lines.
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In this investigation, the treated cells with different concen-
trations of the present Fe3O4/PEG2000/Cu nanocomposite were
assessed by MTT assay for 48 h about the cytotoxicity proper-

ties on normal (HUVEC) and gastric malignancy cell lines i.e.
NCI-N87 and MKN45 (Fig. 8).

The viability of malignant gastric cell line reduced dose-

dependently in the presence of Fe3O4/PEG2000/Cu nanocom-
posite. The IC50 of Fe3O4/PEG2000/Cu nanocomposite were
316 and 131 mg/mL against NCI-N87 and MKN45 cell lines,

respectively (Table 2).
The absorbance rate was evaluated at 570 nm, which repre-

sented viability on normal cell line (HUVEC) even up to
1000 lg/mL for Fe3O4/PEG2000/Cu nanocomposite (Table 2

and Fig. 8).
Table 2 The IC50 of Fe3O4/PEG2000/Cu nanocomposite in

the anti-human gastric cancer test.

NCI-N87 MKN45 HUVEC

IC50 (mg/mL) 316 ± 0b 131 ± 0a –
The numbers indicate the percent of cell viability at the con-
centrations of 0–1000 lg/mL of Fe3O4/PEG2000/Cu nanocom-
posite against several human gastric cancer cell lines.

4. Conclusion

This study demonstrates an effective, simple, green and cost-

effective method for preparing Fe3O4/PEG2000/Cu nanocom-
posite applying Green Tea extract as a green reductant and
using PEG as stabilizer agent of the Cu NPs. The particles

were characterized by FE-SEM, EDS, TEM, XRD, ICP and
VSM techniques.

The viability of malignant gastric cell line reduced dose-

dependently in the presence of Fe3O4/PEG2000/Cu nanocom-
posite. The IC50 of Fe3O4/PEG2000/Cu nanocomposite were
316 and 131 mg/mL against NCI-N87 and MKN45 cell lines,

respectively. The Fe3O4/PEG2000/Cu nanocomposite showed
the best antioxidant activities against DPPH. The IC50 of
Fe3O4/PEG2000/Cu nanocomposite and BHT against DPPH
free radicals were 198 and 85 mg/mL, respectively. After clini-

cal study, Fe3O4/PEG2000/Cu nanocomposite can be utilized as
an efficient drug in the treatment of gastric cancer in humans.
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