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Abstract In this study, a green protocol for supporting CuO nanoparticles over chitosan-modified

amino-magnetic nanoparticles is described. The physicochemical and morphological properties of

the desired nanocomposite assessed by various techniques like ICP, FT-IR, FE-SEM, EDX,

TEM, XRD and VSM. In the oncological part of the recent study, the Cu(NO3)2, Fe3O4, and

Fe3O4-NH2@CS/CuO nanocomposite cell viability was very low against human gastric cancer cell

lines i.e. MKN45, AGS, and KATO III and human colorectal carcinoma cell lines i.e. HT-29, HCT

116, HCT-8 [HRT-18], and Ramos.2G6.4C10. The IC50 of Fe3O4-NH2@CS/CuO nanocomposite

against MKN45, AGS, KATO III, HT-29, HCT 116, HCT-8 [HRT-18], and Ramos.2G6.4C10 cell

lines were 517, 525, 544, 282, 214, 420, and 477 mg/mL, respectively. Thereby, the best anti-gastro-

duodenal cancers findings of our Fe3O4-NH2@CS/CuO nanocomposite was seen in the HCT 116

cell line case.
� 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

The gastro-duodenal system is one of the main systems of the
body that has been distributed from the mouth to anus and
digest and absorb the nutritional materials in the food. The

major illnesses that affect the usual action of the gastro-
duodenal tract are ulcerative colitis, tapeworms, stomach
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ulcers, listeria infection, celiac disease, gallstones, acid reflux
(GERD), appendicitis, lactose intolerance, inflammatory
bowel disease, and gastro-duodenal cancers. In this regard,

the gastro-duodenal cancers mortality rate is high (Astin
et al., 2011). The risk factors are polyp’s personal history, obe-
sity, smoking, high-fat diet, inherited syndromes, radiation

therapy, diabetes, older age, sedentary lifestyle, gastro-
duodenal cancers family history, and alcohol (Astin et al.,
2011; Juul et al., 2018; Lauby-Secretan et al., 2016;

Cunningham et al., 2010). The gastro-duodenal cancers signs
are weight loss, anemia or rectal bleeding, decrease in stool cal-
iber, vomiting or nausea, worsening constipation, and loss of
appetite (Astin et al., 2011; Juul et al., 2018). Several

chemotherapeutic supplements/drugs including oxaliplatin,
irinotecan, cetuximab, panitumumab, and fluorouracil can be
administrated to treat human gastro-duodenal cancers in the

patients (Shaib et al., 2013). Chemotherapeutic supplements
have severe side effects for the patients, so finding modern for-
mulations with low side effects are the priority of the Food and

Drug Administration. The previous reports have revealed the
metallic nanocomposites have unique anticancer efficacies with
low side effects (Shaib et al., 2013; Raut et al., 2010).

Today, nanoparticles have become very popular due to
their wide applications in biology, medicine and medicine.
Structurally, their size is in the range of 100 nm. In general,
there are various physical and chemical methods ultraviolet

and microwave radiation and laser for the synthesis of metallic
nanoparticles. Chemical methods do not work well due to the
production of toxic chemical compounds and compared to

other methods, environmentally friendly bio-methods are pre-
ferred for the synthesis of metallic nanoparticles, as these
methods are single-step and do not require reducing and stabi-

lizing compounds (Raut et al., 2010). Biological methods are
suitable options for the synthesis of metallic nanoparticles so
that the rate of metallic ion reduction is very high. Biological

methods are low cost and high yield and lead to the production
of nanoparticle crystal structures of different sizes and this
depends on the nature of the plant extract, pH, temperature
and incubation time (Shaib et al., 2013; Raut et al., 2010). A

wide range of medial supplements such as small hydrophilic
and hydrophobic vaccines, drugs, and molecules of biological
nanoparticles may be administered by the metallic nanoparti-

cles. They are widely used in improving the treatment and
diagnosis of diseases. Nanoparticles in the form of nanofibers,
carbon nanotubes, nanoliposomes, nanospheres widely have

been administrated for cell scaffolding and drug carriers.
Applications of nanoparticles in drug delivery include drug
carriers in disorders such as tumor, cardiovascular disease,
Alzheimer’s. The use of these nanocarriers is very effective

for neurological diseases such as Alzheimer’s because these
nanoparticles can cross the blood–brain barrier due to their
size that this barrier has always been a barrier to the passage

of drugs to the affected area in this type of destructive brain
disease (Raut et al., 2010). Due to the metallic nanoparticles
low size, they can also be used in brain cancers. The main

aim in making metallic nanoparticles is to control the surface
properties, particle size, and release of a specific and efficient
drug in a specific place and time for the drug to be as effective

as possible (Shaib et al., 2013). Nanoparticles have many ther-
apeutic applications and have always been used to treat vari-
ous diseases. Their use in the cure of infectious, fungal,
bacterial, viral, cutaneous, cardiovascular diseases and espe-
cially several cancers such as gastro-duodenal cancers has been
amazing (Shaib et al., 2013; Raut et al., 2010; Lotfi and Veisi,
2019).

In this work, we wish to design and preparation of novel
CuO NPs supported chitosan functionalized-magnetite
nanoparticles (Fe3O4-NH2@CS/CuO) for first time. The chi-

tosan modified surface can easily have capped the Cu ions
and stabilized CuO NPs (Scheme 1). Next, we determined
the properties of Fe3O4-NH2@CS/CuO nanocomposite in

the cytotoxicity studies against human gastric cancer cell lines.

2. Experimental

2.1. Preparation of aminopropyl silica-coated Fe3O4 NPs
(Fe3O4-NH2)

Magnetic nanoparticles were prepared via co-precipitation of
Fe (III) and Fe (II) ions with a molar ratio of 2:1 in the
presence of ammonium hydroxide. Generally, a mixture of

FeCl3�6H2O (5.838 g, 0.0216 mol) and FeCl2�4H2O (2.147 g,
0.0108 mol) was dissolved in 100 mL deionized water at
85 �C under N2 atmosphere and intense mechanical stirring

(500 rpm). Afterwards, 10 mL of 25% NH4OH was quickly
injected into the reaction mixture in one section. The addition
of the base to the Fe2+/Fe3+ salt solution resulted in the for-

mation of the black precipitate of MNPs instantly. The reac-
tion continued for another 25 min and the mixture was
cooled to room temperature. The magnetic nanoparticles as

a dark solid were isolated from the solution by magnetic sep-
aration and washed several times by DI water.

1.0 gm Fe3O4 NPs were added in 50 mL toluene and soni-
cated ure for 20 min and stirred for 30 min. Then, 0.1 mL 3-

aminopropyl trimethoxysilane (APTMS) was then injected to
the resulting mixture using a microsyringe and stirred contin-
ued for 1 h prior to the injection of (0.1 mL) and finish the sur-

face modification with aminopropyl group. The obtained
hybrid material (Fe3O4-NH2) was collected with an external
magnet and washed with ethanol and deionized water for three

times and dried at 60 �C.

2.2. Preparation of Fe3O4-NH2@CS/CuO nanocomposite

In a typical process, Fe3O4-NH2 particles (0.5 g) were dis-

persed in 50 mL deionized water. A 30 mL homogeneous mix-
ture of chitosan (0.2 g CS in 50 mL 1% HOAc) was added to
the mixture. The resulted mixture was stirred and subsequently

a glutaraldehyde aqueous solution (5 wt%, 10 mL) was added
and stirred again 60 min at 50 �C. The resulted Fe3O4-
NH2@CS was collected by an external magnet, washed with

ethanol and dried at 60 �C. Finally, 0.5 gm of Fe3O4-
NH2@CS composite was dispersed in 100 mL H2O and soni-
cated for 20 min. Subsequently, an aqueous solution of Cu

(NO3)2 (0.2 mmol in 20 mL H2O) was added to reaction mix-
ture and stirred for 12 h at room temperature. The Fe3O4-
NH2@CS/Cu2+ precursors were then hydrothermally
(100 �C for 12 hrs) reacted using basic solution (NaOH,

0.5 mol/L), in order to grow CuO nanocrystals in the cross-
linked chitosan matrix. The Fe3O4-NH2@CS/CuO nanocom-
posite was collected using an external magnet and washed

with distilled water and dried at ambient temperature. The
Cu load was 0.28 mmol/g which measured by ICP-OES.



Scheme 1 Preparation of Fe3O4-NH2@CS/CuO magnetic nanocomposite.
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2.3. Determination of anti-human gastro-duodenal cancers
potentials of Fe3O4-NH2@CS/CuO nanocomposite by MTT

assay

The MTT assay is a procedure of colorimetric based on reduc-
ing and breaking of yellow tetrazolium crystals by the enzyme
succinate dehydrogenase to form insoluble purple crystals. In
this method, unlike other methods, the steps of washing and

collecting cells, which often cause the loss of a number of cells
and increase the work error, have been eliminated and all test
steps from the beginning of cell culture to reading the results

with a photometer are performed on a microplate, so the
repeatability, accuracy and sensitivity of the test are high
(Shaib et al., 2013; Raut et al., 2010). If the test is performed

on cells attached to the plate, an appropriate number of cells
(about 2000 cells) must first be cultured in each of the wells.
Then we select the control and test wells and add the appropri-

ate amount of mitogen or drug to the test wells and place the
plate in the incubator for the required time so that the desired
substance affects the cells (Raut et al., 2010; Lotfi and Veisi,
2019). At the end of the incubation time, discard the super-

natant and add 200 ll of culture medium containing half an
mg/ml of MTT solution to each well and put it again in a car-
bon dioxide incubator for 2–4 h at 37 �C. During incubation,

MTT is regenerated by one of the enzymes of the mitochon-
drial respiratory cycle i.e., succinate dehydrogenase. The
regeneration and breakage of this ring produce purple-blue

crystals of formazan that are easily detectable under a micro-
scope. At the end, the optical absorption of the resulting solu-
tion can be read at 570 nm and the cells number can be

calculated using a standard curve. For each cell line, there is
a linear relationship between the number of cells and the light
absorption of the final solution. Therefore, to examine each
cell type, a standard curve related to the same cell line must
be drawn and used (Raut et al., 2010; Lotfi and Veisi, 2019;
Lu et al., 2021).

In this experiment, following human normal and gastro-
duodenal cancers cell lines were used to determine the anti-
cancer and cytotoxicity activity of gastro-duodenal over the

Cu(NO3)2, Fe3O4, and Fe3O4-NH2@CS/CuO nanocomposite
using MTT assay:

(A) Human gastric cancer cell lines:

(a) KATO III
(b) AGS

(c) MKN45
(B) Human colorectal carcinoma cell lines:

(a) Ramos.2G6.4C10

(b) HCT-8 [HRT-18]
(c) HCT 116
(d) HT-29
The cells were in RPMI1640 liquid culture medium contain-
ing 2 mM glutamine, 10% inactivated bovine fetal serum

(FBS), solution of streptomycin (100 lg/ml) and penicillin
(100 units per ml) at 37 �C and 5% CO2 and 95% moisture
were cultured and passaged so that the cells reached the
desired number in terms of morphology and number (after

3–4 passages). After separating the cells from the flask surface,
trypsin-EDTA (Gibco BRL, Scotland) counted and evaluated
cell viability, and 3000 cells were cultured in 96-well wells with-

out or with Fe3O4, Cu(NO3)2, and Fe3O4-NH2@CS/CuO
nanocomposite. Morphological changes and general charac-
teristics of the cell were assessed 24 h using an inverted micro-

scope (Motic, AE31 model, China) (Lu et al., 2021).
The effect of cytotoxicity of the Fe3O4, Cu(NO3)2, and

Fe3O4-NH2@CS/CuO nanocomposite was evaluated by
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MTT Methy Thiazol Tetrazolium colorimetric test. MTT
(Sigma-Aldrich, USA) is a tetrazolium salt based on living cell
mitochondrial dehydrogenase succinate enzyme, which con-

verts the yellow solution of MTT to insoluble purple crystals
of formazan that is soluble in dimethyl sulfoxide (Lu et al.,
2021).

The cells began to grow in 75 cm square T-flasks in 15 mL of
medium with 106 cells initial number. After 72 h and covering
the bottom of the flask with cell, the cell layer adhering to the

bottom of the flask was separated enzymatically using
trypsin-Versen and transferred to a sterile test tube was cen-
trifuged at 1200 rpm for 10 min (Germany). Sigma, 3–30 k
model). The cells were then resuspended in a new culture med-

ium with a pasteurizer pipette and 100 ll of cell suspension
without or with Fe3O4, Cu(NO3)2, and Fe3O4-NH2@CS/CuO
nanocomposite was added to each well of the 96-well plate so

that there were 3000 cells in each well. The plates were incu-
bated for 24 h in an incubator (Germany, Memmert) to return
the cells to normal from the stress of trypsinization. Then,

suitable dilutions of the desired Fe3O4, Cu(NO3)2, and
Fe3O4-NH2@CS/CuO nanocomposite were prepared and
100 ll of each dilution was added columnar to the plate wells

and the cells were incubated for 37 h at 37 �C and 5% CO2.
After 72 h of adding the Fe3O4, Cu(NO3)2, and
Fe3O4-NH2@CS/CuO nanocomposite to the cells, 20 ll of
5 mg/ml MTT solution was added to each well. The plates were

incubated for 4 h after the required time, the culture medium
containing MTT was carefully removed and 100 ll of DMSO
was added to each well to dissolve the resulting formazan. After

10 min and shaking the plates using the plate shaker, the light
absorption at 570 nm was read by ELISA Reader (Awareness
Technology Inc, Stat Fax 2100, USA). Cells containing no

Fe3O4, Cu(NO3)2, and Fe3O4-NH2@CS/CuO nanocomposite
were considered as controlled light density and wells without
cells and only RPMI1640 medium with bovine fetal serum were

considered as blank (Lu et al., 2021).

Cell viabilityð%Þ ¼ Sample A:

Control A:
� 100

Finally, linear regression was performed to obtain the IC50

level, which represents the concentration of the extract, which
causes 50% inhibition of cancer cell growth (Lu et al., 2021):

3. Results and discussion

3.1. Analysis of catalytic characterization data

The method of FT-IR spectroscopy is used for detecting
unknown substances, determining the quality or uniformity
of the sample, determining the amount of ingredients in a mix-

ture, identify mixtures of organic and inorganic compounds
provided they are both solid or liquid, thin layer analysis, anal-
ysis of adhesives, coatings and adhesive enhancers or binders,

identification of polymers and polymer mixtures, analysis of
solvents, cleaners and detergents unknown, percentage of
decomposition or non-polymerization of polymers and paints

due to heat, UV or other factors, determination of the degree
of crystallization in polymers, and analysis of resins, composite
materials and metal nanoparticles (Lotfi and Veisi, 2019; Lu
et al., 2021; Rathore et al., 2014).
FT-IR spectra of the Fe3O4, Fe3O4-NH2, CS,
Fe3O4-NH2@CS and Fe3O4-NH2@CS/CuO are shown in
Fig. 1 to confirm the successful synthesis of desired nanocom-

posite. Fig. 1a presents the representative peaks of bare
Fe3O4 NPs, where the sharp bands at 582–637 cm�1 corre-
spond to Fe–O–Fe stretching vibrations. Fig. 1b shows a

broad band at 3000–3500 cm�1 attributing to OH and NH2

stretching vibrations. A strong band at 550–650 cm�1 indicates
the presence of Fe-O bond. The broadband at 1100 cm�1 can

be assigned to Si-O-Si bond stretching vibration. The sp3 C-H
stretching and NH2 bending vibrations appear at around 2800
and 1550 cm�1 respectively, indicating the aminopropyl
attachment with the ferrite surface. FT-IR spectra of chitosan

(Fig. 1c) shows a broad peak at 3429 cm�1 corresponding to
the overlapped stretching vibrations of NH2 and OH groups.
The alcoholic C–O stretching, asymmetric C–O–C (glycosidic)

stretching, C–N stretching and N–H bending peaks are
observed at 1380 cm�1, 1156 cm�1, 1027 cm�1 and
1590 cm�1 respectively. Fig. 1d shows the IR absorptions for

Fe3O4-NH2@CS material. It represents all the individual
peaks from Fe3O4, silica layers, and chitosan indicating suc-
cessful assembling. Only, the corresponding peaks are seen to

be slightly moved to higher or lower regions. An additional
peak is observed at 1635 cm�1, attributed to the imine func-
tionality (C‚NH) formed during intermolecular cross-
linking. Finally, in the analysis of Fe3O4-NH2@CS/CuO

nanocomposite we observed almost the same fashion as
Fig. 1d except for very slight peak shifts of the imine, alcoholic
C–O, C–N stretching vibrations to 1625, 1431, 1046 cm�1 due

to strong complexation of the corresponding functions to the
Cu(II) NPs. The Fe-O bond vibration was also found moved
to 564 cm�1.

Today, FE-SEM is used not only in materials science,
chemistry and physics, but also in many fields such as medical
and biological sciences. The high resolution of FE-SEM makes

it one of the most-powerful and comprehensive tools for exam-
ining and analyzing a wide range of microstructure character-
istics of samples at the nanometer to micrometer scale. Using
the above technique, we can determine how the particles are

placed from each other, their morphology and size (Shaib
et al., 2013; Raut et al., 2010).

The morphological structure of the Fe3O4-NH2@CS/CuO

nanocomposite were studied by FE-SEM and TEM analysis.
The globular shape nanoparticles can be detected from the
FE-SEM image having a mean diameter of ~20–30 nm

(Fig. 2). The surface modification over Fe3O4 NPs by CS poly-
mers can be adjudged from its appearances. There occurs a
homogeneous growth of chitosan over it.

EDX is a method that uses X-ray energy to analyze the

structure and chemical composition of samples on a small
scale. Using the EDX analysis method, qualitative and quanti-
tative analysis can be performed on a wide range of metallur-

gical, biological, mineral and ceramic samples. Using the
obtained information, it is possible to investigate the quantity
and quality of specific phases and areas with homogeneous

chemical composition. In other words, this method can be used
for microanalysis (Shaib et al., 2013; Raut et al., 2010). In
EDX analysis, by measuring the energy of the emitted rays,

we can identify the type of element under study, which is a
method of qualitative analysis. By measuring the intensity of



Fig. 1 FT-IR spectra of a) Fe3O4, b) Fe3O4-NH2, c) CS, d) Fe3O4-NH2@CS and e) Fe3O4-NH2@CS/CuO nanocomposite.

Fig. 2 FESEM image of Fe3O4-NH2@CS/CuO nanocomposite.
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X-rays, the concentration of sample elements can be deter-

mined, making it possible to quantitatively analyze unknown
samples. The higher the observed ipak for the element in the
graph, the higher the concentration of that element in the sam-

ple. Also, as the energy of the electron beam increases and the
atomic weight of the elements decreases, more depth can be
obtained from the sample information (Lotfi and Veisi, 2019;
Lu et al., 2021).
EDX analysis of the Fe3O4-NH2@CS/CuO nanocomposite

exhibits Fe, Si, C, N, O and Cu species (Fig. 3). It confirmed
the successful preparation of the desired nanocomposite. C
and N atoms came from chitosan that coated on the surface

of Fe3O4 nanoparticles.
The data obtained from EDX analysis were further

rationalized through elemental mapping. X-ray scanning of a

section of FESEM image reveals the uniform distribution of
Fe, Si, C, N, O and Cu atoms over the nanocomposite surface
(Fig. 4).

One of the things that play a key role in the study of

nanoparticles is determining their size. Transmission Electron
Microscopy (TEM) is one of the most effective methods in
determining particle size, which can provide us with useful

quantitative and qualitative information. The TEM test is a
method that allows direct imaging of particles up to the size
of an atom, and this advantage of direct imaging must be con-

sidered when working with a microscope. Appropriate qualita-
tive analysis of nanoparticles requires optimization of different
imaging methods, magnification and manual or automatic

analysis methods whose purpose is to optimize the image
sharpness and contrast between the sample particles and the
appropriate number of particles in each image, while minimiz-
ing damage to the sample. At lower image magnifications, it is

possible to study the particle distribution, however, at high
magnifications, a large number of particles are not observed
and only information about the orientation of the plates and

the structure is provided. In addition, at high magnification,
high electron current causes instability and damage to the struc-
ture under study (Shaib et al., 2013; Raut et al., 2010; Lotfi and

Veisi, 2019; Lu et al., 2021). The particle size distribution his-
tograms for Fe3O4, Fe3O4-NH2 and Fe3O4-NH2@CS whose
average size are approximately 15.8, 24.3 and 25.4 nm respec-
tively (Fig. 5). This results confirmed the successful modifica-

tion of materials for final composite.
TEM study of the nanocomposite is presented in Fig. 5.

The thin layer of chitosan bio-polymer surrounding the black



Fig. 3 EDX pattern of Fe3O4-NH2@CS/CuO nanocomposite.

Fig. 4 Elemental mapping of Fe3O4-NH2@CS/CuO nanocomposite, Fe, Si, C, N and Cu respectively.
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colored Fe3O4 NPs can be detectable. The size of the final
nanocomposite particles was in accordance with SEM study

and is around ~20–30 nm. The tiny black dots correspond to
the Fe3O4 NPs. These data demonstrate the proposed architec-
ture of the material. Moreover, Fig. 6 (inset) determines the
particle size distribution histograms for Fe3O4-NH2@CS/

CuO nanocomposite whose average size are approximately
27.6 nm.



Fig. 5 The particle size distribution histograms for (a) Fe3O4, (b) Fe3O4-NH2 and (c) Fe3O4-NH2@CS.

Fig. 6 TEM images of Fe3O4-NH2@CS/CuO nanocomposite and its particle size distribution histogram (inset).

Fig. 7 VSM analysis of Fe3O4-NH2@CS/CuO nanocomposite.
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The saturation magnetization (Ms) value obtained from
magnetic hysteresis loops of Fe3O4-NH2@CS/CuO nanocom-
posite was 25.22 emu/g (Fig. 7). Still, the desired nanocompos-

ite behaves like a superparamagnetic and can be easily isolated
by an external magnet.
3.2. Anti-human gastro-duodenal cancers properties of Cu
(NO3)2, Fe3O4, and Fe3O4-NH2@CS/CuO nanocomposite

Despite many advances in disease control and treatment, can-

cer remains one of the global challenges to human health. The
most common treatment for cancer is chemotherapy. An
important point in the treatment of cancer with chemotherapy

is the acquired resistance of the tumor to drugs, and this has
created major problems for the treatment of cancer (Juul
et al., 2018; Lauby-Secretan et al., 2016; Cunningham et al.,
2010). Because the rate of mutation and genetic instability in

cancer cells is very high and genetic changes occur rapidly in
them, these cells become resistant to drugs. Therefore, further
research on discovering new treatment strategies to overcome

the drug resistance of cancers seems necessary (Shaib et al.,
2013; Raut et al., 2010). Meanwhile, nanotechnology has cre-
ated a promising field in cancer treatment. Recently, the

anti-cancer and anti-angiogenic effects of metallic nanoparti-
cles have been considered and the results have shown that



Fig. 8 The anti-gastric cancer properties of Fe3O4, Cu(NO3)2, and Fe3O4-NH2@CS/CuO nanocomposite against MKN45 (A), AGS

(B), and KATO III (C) cell lines.
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metallic nanoparticles can be considered as a potential anti-
cancer agent (Shaib et al., 2013; Raut et al., 2010; Lotfi and
Veisi, 2019; Lu et al., 2021).

Many parameters such as surface functions nature and tex-
ture and size are important in the anticancer effects of metallic
nanoparticles, of course the efficacy of the size is the main

(Lotfi and Veisi, 2019). Many reports have been indicated
whatever the nanoparticles size is low, their ability in poring
and destroying the cancer cells is more. In detail, it has been

reported the nanoparticles with the size lower than 50 nm have
the best condition for anticancer effects (Lotfi and Veisi, 2019;
Lu et al., 2021). As shown in the TEM images, the size of

nanoparticles is less than 30 nm.
In the current experiment, the cytotoxicity of Cu(NO3)2,

Fe3O4, and Fe3O4-NH2@CS/CuO nanocomposite was
explored by examining its interaction with human gastric can-
cer cell lines i.e. MKN45, AGS, and KATO III and human
colorectal carcinoma cell lines.

The interactions being expressed as cell viability (%) was

seen at several Cu(NO3)2, Fe3O4, and Fe3O4-NH2@CS/CuO
nanocomposite concentrations (0–1000 lg/mL) with the
eight-cell lines which have been indicated in Figs. 8–10.

In all the cases, the % cell viability gets decreased with
raising Cu(NO3)2, Fe3O4, and Fe3O4-NH2@CS/CuO
nanocomposite samples concentrations. The IC50 of

Fe3O4-NH2@CS/CuO nanocomposite against MKN45,
AGS, KATO III, HT-29, HCT 116, HCT-8 [HRT-18],
and Ramos.2G6.4C10 cell lines were 517, 525, 544, 282,

214, 420, and 477 mg/mL, respectively (Tables 1 and 2).
Thereby, the best anti-gastro-duodenal cancers findings of
our Fe3O4-NH2@CS/CuO nanocomposite was observed in
the case of the HCT 116 cell line (Table 2).



Fig. 9 The anti-colorectal carcinoma properties of Fe3O4, Cu(NO3)2, and Fe3O4-NH2@CS/CuO nanocomposite against

Ramos.2G6.4C10 (I), HCT-8 [HRT-18] (II), HCT 116 (III), and HT-29 (IV) cell lines.
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Oxidation from reactive oxygen species can cause cell mem-
brane disintegration, damage to membrane proteins, and
DNA mutation that the result is the onset or exacerbation of

many diseases (Shaib et al., 2013; Raut et al., 2010; Soni and
Krishnamurthy, 2013; Katata-Seru et al., 2018; Sangami and
Manu, 2017). Antioxidants with the property of removing free

radicals play an important role in the prevention or treatment
of oxidation-related diseases or free radicals. Extensive molec-
ular cell research on cancer cells has developed a targeted

approach to the biochemical prevention of cancers that the
goal is to stop or return cells to their pre-cancerous state with-
out any toxic doses through nutrients and drugs. Numerous

studies have been performed on the use of natural compounds
as anti-cancer agents in relation to appropriate antioxidant
activity (Shaib et al., 2013; Raut et al., 2010; Lotfi and Veisi,
2019; Lu et al., 2021; Soni and Krishnamurthy, 2013;
Katata-Seru et al., 2018; Sangami and Manu, 2017;
Beheshtkhoo and Kouhbanani, 2018; Radini et al., 2018).

It seems the high anti-human gastro-duodenal cancers prop-

erties of Fe3O4-NH2@CS/CuO nanocomposite are related to
its antioxidant activities. Our successful efforts to utilize
Fe3O4-NH2@CS/CuO nanocomposite in gastro-duodenal can-

cers studies certainly shed light on future studies in this area.
4. Conclusions

In conclusion, we described the preparation of Fe3O4-
NH2@CS/CuO nanocomposite by coordinating Cu(II) NPs
over chitosan functionalized Fe3O4 nanoparticles. The mate-

rial was characterized by FT-IR spectroscopy, FE-SEM,
TEM XRD, VSM and EDX analysis. In the oncological part



Table 1 The IC50 of Fe3O4, Cu(NO3)2, and Fe3O4-NH2@CS/

CuO nanocomposite in the anti-gastric cancer test.

Fe3O4

(mg/
mL)

Cu(NO3)2
(mg/mL)

Fe3O4-

NH2@CS/CuO

(mg/mL)

IC50 against MKN45 – – 517 ± 0a

IC50 against AGS – – 525 ± 0a

IC50 against KATO III – – 544 ± 0a

IC50 against HUVEC – – –

Table 2 The IC50 of Fe3O4, Cu(NO3)2, and Fe3O4-NH2@CS/

CuO nanocomposite in the anti-colorectal carcinoma test.

Fe3O4

(mg/
mL)

Cu

(NO3)2
(mg/
mL)

Fe3O4-

NH2@CS/

CuO (mg/
mL)

IC50 against Ramos.2G6.4C10 – – 477 ± 0b

IC50 against HCT-8 [HRT-18] – – 420 ± 0b

IC50 against HCT 116 – – 214 ± 0a

IC50 against HT-29 – – 282 ± 0a

IC50 against HUVEC – – –

Fig. 10 The cytotoxicity effects of Fe3O4, Cu(NO3)2, and Fe3O4-

NH2@CS/CuO nanocomposite against Normal (HUVEC) cell

line.

10 Y. Wang et al.
of the present study, the cell viability of Fe3O4, Cu(NO3)2, and
Fe3O4-NH2@CS/CuO nanocomposite was determined against

human gastric cancer cell lines i.e. MKN45, AGS, and KATO
III and human colorectal carcinoma cell lines by MTT assay
for 48 h. It indicated notable cytotoxicity, anti-human gastric
cancer, and anti-human colorectal carcinoma effects of
Fe3O4-NH2@CS/CuO nanocomposite in the in vitro condi-
tion. It looks the resent nanocomposite may be administrated

to cure gastro-duodenal cancers in the near future.
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