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Abstract Synthesis of iron oxide nanoparticles has attracted increasing interest due to their impor-

tance in biomedical and technological applications. To investigate the ability of Juglans regia (J.

regia) green husk extract in iron oxide nanoparticles size control, they were synthesized through

co-precipitation method with J. regia extract and without it. For both tests, other experimental con-

ditions were same. According to High-resolution transmission electron microscopy, the mean diam-

eter and standard deviation of iron oxide nanoparticles and J. regia/iron oxide nanoparticles

synthesized using co-precipitation method were 12.60 ± 2.87 and 5.77 ± 1.66 nm respectively.

These results showed that J. regia/iron oxide nanoparticles synthesized using extract have a smaller

size than nanoparticles fabricated by co-precipitation method; moreover, green husk extract plays

the main role as size control. The obtained results of Powder X-ray diffraction (PXRD), High res-

olution transmission electron microscopy (HR-TEM), Field emission scanning electron microscopy

(FESEM), and Energy dispersive X-ray (EDX) are in good agreement with each other and confirm

the high purity of fabricated magnetic nanoparticles using J. regia extract. Vibrating sample mag-

netometer (VSM) revealed that the J. regia/iron oxide nanoparticles due to their proper magnetic
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properties have high saturation magnetization and low coercivity. According to FTIR spectrum, the

J. regia would be coated on the iron oxide nanoparticles surface in a successful manner. The non-

toxic effect of J. regia/iron oxide nanoparticles concentration below 1000 µg/ml was observed in the

studies of in vitro cytotoxicity on normal and cancerous cell lines, respectively. The dose-dependent

toxicity made it a suitable candidate for various medical applications.

� 2018 Production and hosting 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

Current development of nanotechnology has an advantage in
the nanoscience field and it has become popular in the past

twenty years. Nanoparticles are generally defined as particles
with a measurement of 100 nm or less in diameter with the par-
ticular feature that mainly size-dependent (Darezereshki et al.,

2010). Research on nanoparticles has become attractive due to
its superior and unique characteristics as opposed to other
materials that had led to their application in a wide array of

fields (Shameli et al., 2012). Some of these characteristics or
properties include the thermal, catalytic, and optical properties
as well as being an electrical conductor and in use for biolog-
ical applications (Shameli et al., 2010a). The attractive proper-

ties are the result of its high surface energy as well as a high
ratio in the surface to volume with comparatively minute sizes.
The nanoparticles’ synthesis in the polymeric media has shown

promise due to the processing ease, solubility, -less toxicity,
with the potential to control the resulting nanoparticles’
growth (Shameli et al., 2010b).

Nanoparticles are widely used in biomedical applications
such as anticancer, antimicrobial, mosquitocidal (Benelli,
2016a; Benelli et al., 2016; Dinesh et al., 2015), antiplasmodial

(Govindarajan and Benelli, 2017), larvicidal (Vincent et al.,
2017), ovicidal and larvicidal potential for malaria, dengue
and filariasis mosquito Vectors (Govindarajan et al., 2016;
Murugan et al., 2015). They also have potential application

in other fields such as for enhanced photocatalytic perfor-
mance (Zhang et al., 2017), removal (Huang et al., 2017;
Kalantari et al., 2015), anodes for lithium-Ion Batteries (Lou

et al., 2017), and high-performance dye-sensitized solar cells
(Liu et al., 2017). In addition, it synthesized nanoparticles as
inhibitors of green, dengue growth (Benelli, 2016b). Several

nanoparticles can be used for various medical applications
such as iron oxide nanoparticles with suitable surface chem-
istry, immunoassay, tissue repair detoxification of biological

fluids, cell sorting and hyperthermia (Gupta and Gupta,
2005), MRI contrast enhancement (Burtea et al., 2005), cancer
therapy (Pardoe et al., 2003), and targeted drug delivery
(Chourpa et al., 2005). Cancer is one of the major global health

problems and involves uncontrolled cell growth with striking
changes in biochemical and enzymatic parameters
(Kuppusamy et al., 2016). Surgery, chemotherapy, radiation,

immunotherapy, and hormones are the main treatments for
cancer, but chemotherapy is used predominantly. However,
chemotherapy not only kills cancer cells, but also affects nor-

mal cells. All of these treatment methods are expensive and
may have limited efficacy, toxicity or chance for multiple drug
resistance (Istudor, 2004; Tan et al., 2011).

Nanoparticles are a few hundred nanometers smaller than

comparable large biological molecules (enzymes, receptors
and antibodies). These nanoparticles, which are 100–10,000
times smaller in size than human cells, can present unprece-
dented interactions between both the biological molecules

and the cells on the surface and within the cells. Nanoparticle
therapy can be revolutionary in the diagnosis and treatment of
cancer (Seigneuric et al., 2010).

There are various methods for the synthesis of iron oxide
nanoparticles such as sol–gel reactions (Bagheri et al., 2013),
sonochemical (Abdullah et al., 2017; Vijayakumar et al.,
2000), hydrothermal methods (Giri et al., 2005), microemul-

sion process (Vidal-Vidal et al., 2006), flow injection synthesis
(Salazar-Alvarez et al., 2006), radiolysis (Abedini et al., 2014),
microwave methods (Carenza et al., 2014), aerosol pyrolysis

(Tartaj et al., 2004), and laser pyrolysis (Bomatı́-Miguel
et al., 2008). When synthesized by chemical and physical meth-
ods, these nanoparticles lose their reactivity due to aggregation

of air exposure (Kim et al., 2008), magnetism, and dispersibil-
ity (Wu et al., 2008). Chemical synthesis methods involve con-
tamination from toxic chemicals, formation of dangerous by-
products, and chemical precursors (Thakkar et al., 2010).

For this reason, there is growing interest in developing clean,
simple, inexpensive, environmentally friendly methods for the
synthesis of nanoparticles. Bacteria, mushrooms, algae and

plant extracts can be used in modern alternatives for the pro-
duction of metal/metal oxide nanoparticles. Green synthesized
nanoparticles are associated with organic matter from plant

extracts and increase particle stability. Plant-mediated
nanoparticles are cheaper compared to microplasms.

In contrast to the time-consuming chemical and physical

methods which involve complicated procedures, a green
method is much easier and safer to use, and plant-mediated
synthesis of nanoparticles is still a new scheme and the out-
come is yet to be studied. There are a couple of successful stud-

ies in synthesizing iron oxide nanoparticles by using plant
extract. For instance, fruit extract of Artemisia annua
(Basavegowda et al., 2014a), leaf extract of Perilla frutescens

(Basavegowda et al., 2014b), Tridax procumbens
(Basavegowda et al., 2014b) and caricaya papaya (Latha and
Gowri, 2014), peel extract of plantain (Venkateswarlu et al.,

2013), and also extract of seaweed K. alvarezii (Yew et al.,
2016).

Different parts of Juglans regia (J. regia) tree such as ker-

nels, leaves, tree barks and fruit green husks have been utilized
in both pharmaceutical and cosmetic industries (Izadiyan
et al., 2017; Stampar et al., 2006). A study by Carvalho et al.
demonstrated the antioxidant and antimicrobial activities of

walnut’s leaves, seeds, and green husks (Fernández-Agulló
et al., 2013). J. regia green husk is one of the major waste prod-
ucts in the industry of walnut production, and little is known

about its potential use in any biotechnological application.
The findings from Carvalho et al.showed the potential of these

http://creativecommons.org/licenses/by-nc-nd/4.0/
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low-cost natural materials to be developed into phenolic com-
pounds for antimicrobial and antiradical applications
(Carvalho et al., 2010).

In this research, iron oxide nanoparticles were synthesized
with and without the J. regia extract to determination the role
of extract compounds in size controlling. The non–toxic effect

of iron oxide nanoparticles nanoparticles synthesized by J.
regia extract which hereafter named (J. regia/iron oxide
nanoparticles) was evaluated in cytotoxicity study. Based on

the researcher’s knowledge, this is the first attempt to use J.
regia green husk in green synthesis of iron oxide nanoparticles.

2. Materials and method

Iron (III) chloride hexahydrate (FeCl3�6H2O, 97%) and iron
(II) chloride tetrahydrate (FeCl2�4H2O, 99%) were obtained

from Sigma-Aldrich (St Louis, MO, USA). Sodium hydroxide
(NaOH, 99.0%) was obtained from R&M Chemicals. The J.
regia green husk was collected from Sorkh-e-Hesar region of
Tehran, Iran. All reagents used were of analytical grades.

The chemical solutions were prepared in new batches utilizing
distilled water, and stored in the dark to prevent
photochemical-induced reactions. All glass wares utilized in

this study were cleaned with fresh HNO3/HCl (3:1, v/v), fol-
lowed by double distilled water (ddH2O), and dried prior to
use. NIH-3 T3 (mouse embryonic fibroblast cell lines) and

HT-29 (human colorectal adenocarcinoma cell line) as normal
and cancerous cell lines were purchased from Cell Lines Ser-
vice (ATCC, USA). Dulbecco’s Modified Eagle’s Medium
(DMEM) and trypsin were obtained from Gibco (Invitrogen

Corporation, UK). MTT solution was purchased from Sigma.

2.1. Extract preparation

The J. regia green husk were washed and dried in an oven at
40 �C for 48 h. The dried green husk was then ground into a
mill, stored in glass bottles and kept at room temperature until

further analyses. The finely ground J. regia green husk (1 g)
was added to the 100 mL of the boiling water for 30 min.
and then was filtered. The extracts were kept in dark place at

4 �C for future use.

2.2. Synthesis of J. regia/iron oxide nanoparticles

To investigate the ability of J. regia green husk extract in size

control of iron oxide nanoparticles, they prepared via two dif-
ferent methods. At the first, iron oxide nanoparticles were syn-
thesized through co-precipitation method using NaOH. The

molar ratio in solution was adjusted to 1:2 by adding a mea-
sured amount of Fe3+ and Fe2+ in 80 mL of deionized water.
Then 5 mL of iron solution diluted with 5 mL deionized water

and was stirred for 1 h. Then, 2 mL freshly prepared NaOH (2
M) was added to water/Fe3+–Fe2+ suspension under continu-
ous stirring. In the second method, 1 g of J. regia was sus-

pended in 100 mL deionized water. Then 5 mL of iron
solution diluted with 5 mL of J. regia extract and was stirred
for 1hr. Then 2 mL of freshly prepared NaOH (2.0 M) was
added to J. regia/Fe3+–Fe2+ suspension under continuous

stirring. Finally, both suspensions were finally centrifuged,
washed three times with distilled water, and dried by oven
dryer at 60 �C.
2.3. Characterization

The crystal structure of the nanoparticles was analyzed by
powder X-ray diffraction (XRD, Philips, X’pert, Cu Ka), the
data of 2h being typically collected in the range of 10–90�.
The magnetic property was measured on a Lakeshore vibrat-
ing sample magnetometer (VSM) on the dried samples at room
temperature and the sample was measured in powder form.
The morphology, nanostructure, particle size and size distribu-

tion of the iron oxide nanoparticles were studied by high-
resolution transmission electron microscopy (HR-TEM,
JEM-2100F). ImageJ (jre-8u91) software were used to measure

the nanoparticle size and also the SPSS 20 software for drown-
ing size distribution histogram. The elemental analysis of the
J. regia/iron oxide nanoparticles, energy dispersion X-ray

spectroscopy was carried out on a Shimadzu EDX700HS spec-
trometer attached to the FESEM. The FTIR spectrum was uti-
lized to recognize the functional groups existing in the

synthesized compound. FTIR spectra were recorded over the
range of 500–4000 cm�1 used the Series 100 FTIR 1650 spec-
tro photometer (PerkinElmer, W altham, MA, USA). The
amount of extract coating the iron oxide nanoparticles was

determined by thermogravimetric analysis (TGA) using a
TGA Q50 V20 with a 10 �C/min heating rate under a nitrogen
atmosphere (10 mL min�1). The measurement was made from

10 �C up to 800 �C. Zeta potential using the Particulate Sys-
tems Nano-Plus Zeta/Nano Particle Analyser, Japan, was uti-
lized to measurement the charge of the droplet surface of

solution, which may cause effects on the chemical and physical
stability of the J. regia/iron oxide nanoparticles (Rabinovich-
Guilatt et al., 2004).
2.4. Cytotoxicity assay

Cytotoxicity assay measures the killing capacity of test com-
pound against a target cell. One of the common methods to

determine cytotoxicity is by MTT (3-[4,5-dimethylthiazol-2-y
l]-2,5-diphenyltetrazolium bromide) assay. Mouse embryonic
fibroblast cell lines (NIH-3 T3) and human colorectal adeno-

carcinoma cell line (HT-29) as normal and cancerous cell lines
were used in this study. Cultured cells at concentration of 2000
cells/well was prepared and plated (100 µl/well) onto 96-well

plates. The diluted sample extracts were added to each well
with known concentrations; 1, 20, 62.5, 125, 250, 500, and
1000 µg/ml. The cells were then incubated for 72 h at 37 �C
in a 5% CO2 incubator. MTT solution was then added to each

well and incubated for additional 3 h at 37 �C in the 5% CO2

incubator. After solubilization of the purple formazan crystals
using dimethyl sulfoxide (DMSO), the optical density (OD) of

the well was measured using an ELISA reader (Tecan, Sunrise)
at a wavelength of 570 nm. The cytotoxicity was recorded as
the drug concentration causing 50% growth inhibition of the

tumor cells (IC50 value) using the formula given below in the
Eq. (1) and an inhibition graph was plotted. The images of
HT-29 and NIH-3T3 before and after treatment were also

assessed by inverted microscope attached to a camera system
(Nikon, Eclipse, TS100, ElWD 0.3/OD75).

% Cell viability ¼ OD test sample ðmeanÞ
OD control ðmeanÞ � 100 ð1Þ
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3. Results and discussion

The J. regia green husk suspension was pale yellow, which
turned to dark color after the addition of the Fe+3 and

Fe+2 to the J. regia green husk suspension and addition of
NaOH solution as a reducing agent (Fig. 1).
Fig. 1 (a) J. regia extracts, (b) J. regia/iron oxide nanoparticles and (

the reaction mixture using an external magnet.

Fig. 2 Schematic of synthesized J. regia/iron oxide nanopartic
The possible chemical equations for preparing of J. regia/
iron oxide nanoparticles was shown in Eqs. (2) and (3): The
overall reaction may be written as follows (Hribernik et al.,

2012; Shameli, 2013).

J: regiaþH2OðLÞ þ 2Feþ3 þ Feþ2 �!stirring½J: regia=2Feþ3 : 1Feþ2�
ð2Þ
c) separation of synthesized J. regia/iron oxide nanoparticles from

les interactions with activated functional groups of J. regia.
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½J: regia=2Feþ3 : 1Feþ2� þ 8OH�
ðaqÞ

! ½J: regia=iron oxide nanoparticles�ðsÞ þ 4H2OðLÞ ð3Þ
According to Cosmulescu et al. findings, the J. regia has

various types of phenols compounds. The high-performance
liquid chromatography technique utilized in identification of
six phenolic compounds in green husk extract including vanil-
lic acid, myricetin, coumaric acid, syringic acid, juglone, and

ferulic acid (Cosmulescu et al., 2010). All the phenolic com-
pounds in J. regia extract are presented in Fig. 2. According
to this schematic illustration that we suggested, they could

be involved closely in the stabilization of iron oxide nanopar-
ticles where the presence of electrons from oxygen atoms
helped in the absorption of compounds on J. regia/iron oxide

nanoparticles surface.
Fig. 3 the XRD of J. regia (a) and J.
3.1. X-Ray diffraction analysis

The XRD spectrum of J. regia green husk extract represents in
Fig. 3 there is no obvious peaks due to the absence of J. regia/
iron oxide nanoparticles. A broad diffraction peak was repre-

sented in Fig. 3a at 28.42�, which is attributed to J. regia green
husk. The decreasing in intensity or shifting the peak suggested
that the J. regia/iron oxide nanoparticles have interaction with
biomolecules present in the extract. However, Fig. 3b demon-

strates intense peaks at the 2h values of 30.30, 35.68, 43.45,
53.83, 57.42, 62.93, and 74.58 which correspond to the (2 0
0), (3 1 1), (4 0 0), (4 2 2), (5 1 1), (4 4 0), and (5 3 3) crystallo-

graphic planes proving the structure of J. regia/iron oxide
nanoparticles to be cubic structure (Ref. No. 01-075-0449).
The crystallite size of synthesized J. regia/iron oxide nanopar-
regia/iron oxide nanoparticles (b).



Fig. 4 HR-TEM images (a), particle size distribution histogram of iron oxide nanoparticles (b), HR-TEM images (c) and particle size

distribution histogram of J. regia/iron oxide nanoparticles (d).
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ticles can be calculated using the Debye-Scherrer equation
(Raman and Doble, 2014), which reveals a relationship
between X-ray diffraction peak broadening and crystallite size.
The Debye-Scherrer equation is shown in Eq. (4):

d ¼ kk
b cos h

ð4Þ

where d is the average crystallite size of synthesized J. regia/

iron oxide nanoparticles, K is the Scherrer constant with a
value from 0.9 to 1, k is the X-ray wavelength (0.154 nm), b
is the line broadening in radians, and h is the Bragg angle.

Using the equation, the estimated crystallite mean size of syn-
thesized J. regia/iron oxide nanoparticles was 10.30 nm, which
was calculated from the full-width of the J. regia/iron oxide

nanoparticles diffraction peak (Sá et al., 2014) at all 2h. Based
on the X-ray diffraction pattern, the synthesized J. regia/iron
oxide nanoparticles were figured out to be high purity crys-
talline, as no impurity peak was observed.
3.2. Morphological study

Fig. 4 illustrates the HR-TEM images of synthesized J. regia/

iron oxide nanoparticles through co-precipitation method
using NaOH and using J. regia. Fig. 4a demonstrates the
agglomeration of J. regia/iron oxide nanoparticles and also

shows that a majority of the nanoparticles are in cubic shape.
The particle size distribution histogram was designed based on
the counted 150 nanoparticles’. The mean size of the particle is
12.60 nm with 2.87 nm standard deviation. Fig. 4d shows the

mean size of the particle is 5.77 nm with 1.66 nm standard
deviation, moreover the agglomeration is reduced obviously
and particles with smaller size have fabricated. Based on the

Debye-Scherrer equation the crystallite size of the synthesized
J. regia/iron oxide nanoparticles was found to be 1.89 nm from
XRD analysis, which is in an agreement with the result

obtained from the HR-TEM and also the cubic structure of
nanoparticles. By comparison between HR-TEM images, it



Fig. 5 The electron diffraction pattern of J. regia/iron oxide

nanoparticles by using the HR-TEM image.
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can result that the extract had a significant influence on the size

of nanoparticles and played the main role in control size
process.

The electron diffraction pattern of J. regia/iron oxide

nanoparticles by using HR-TEM image was shown in Fig. 5.
The electron diffraction pattern and HR-TEM image confirm
that J. regia/iron oxide nanoparticles have good and regular
crystallinity. The lattice spacing measured on the HR-TEM

image was 0.25 nm. The values of d spacing between the lattice
of Fe particles are in good agreement with those reported in
the literature for iron oxide nanoparticles (3 1 1), which further

supported the metallic state of the supported iron oxide
nanoparticles (Sisodiya et al., 2015).

Fig. 6 depicts the distribution size and identification of the

iron elements using by FESEM image and EDX. FESEM
image supports the HR-TEM results that the J. regia/iron
oxide nanoparticles have small size (Fig. 6a). Each element
has a unique atomic structure, EDX provides information
Fig. 6 FESEM micrographs (a) and EDX spect
about the chemical composition of the compound. EDX is
an interaction between X-rays and the compound being inves-
tigated. Therefore, when this analysis is carried out, the X-rays

that are reflected off the compound give peaks. The amplitude
of the peaks obtained help to identify the elements present in
the compound being studied. The peak amplitude of iron starts

from 0.7 to 7 keV. Fig. 6b confirms the presence of the iron ele-
ments in the compounds using EDX. The results also demon-
strate the high percentage of iron present in the particles. The

EDX spectra revealed the presence of iron peaks in three dif-
ferent areas (0.7, 6.4 and 7.0).

3.3. Zeta potential analysis

The zeta potential analysis was carried out to gather informa-
tion about the surface properties of the nanoparticles. This
equipment is able to reveal the stability of particular systems

in the long-term. A zeta value of about ±30 mV is needed
for a physical suspension stabilized by the repulsion of the elec-
trostatic role. Additionally, when combined electrostatic as

well as sterilc stabilization electrostatic and steric stabilization,
±20 mV is sufficient (S�en and Erboz, 2010). Zeta potential

results have a negative value for J. regia and J. regia/iron oxide
nanoparticles prepared at room temperature. The zeta poten-

tial of J. regia has a �28.68 mV value, whereas the J. regia/
iron oxide nanoparticles values, changed to �26.90 mV
[Fig. 7(a and b)]. Based on the sufficient value for the stability
of the solution, the J. regia/iron oxide nanoparticles showed

sufficient stability. The zeta potential of the J. regia/iron oxide
nanoparticles is slowly reduced, however, not less than the suf-
ficient amount for stable expression, thereby producing stable

J. regia/iron oxide nanoparticles.
Also we studied the pH effect on the synthesis process of

iron oxide nanoparticle. The initial pH of extract was 2 the

NaOH (2M) solution was added drop wised sample and till
pH 10 no iron oxide nanoparticle was observed but in pH
11–14 iron oxide nanoparticles migrate onto magnet.

3.4. Vibrating sample magnetometer

The vibrating sample magnetometer (VSM) was applied to test
the magnetic properties of J. regia/iron oxide nanoparticles.
ra of the J. regia/iron oxide nanoparticles (b).



Fig. 7 Zeta potential results for J. regia (a) and J. regia/iron oxide nanoparticles (b).
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Magnetic characterization of the J. regia/iron oxide nanopar-

ticles (1.0 g) at room temperature is represented in Fig. 8. It
can be seen from the magnetization curves that high saturation
magnetization (Ms) of the J. regia/iron oxide nanoparticles
53.32 emu�g�1 with low coercivity 32.50 Oe were obtained.

According to the magnetization curves, the J. regia/iron oxide
nanoparticles has high saturation magnetization (Ms) it would
be due to more iron oxide nanoparticles trapped in the J. regia

substance. The lag or delay of magnetic materials is commonly
termed as magnetic hysteresis, relates to the magnetization
properties of a material by which it firstly becomes magnetized

and then demagnetized. Hysteresis measurements of J. regia/
iron oxide nanoparticles were performed by an Automatic
Magnetic Hysteresis graph for a magnetic field ranging from

�50 Oe to +50 Oe are shown in Fig. 8b. Using the hysteresis
loop presented in Fig. 8b, the hysteresis parameters viz. coer-
civity (Hc), are estimated 32.50 Oe. Fig. 8c clearly shows the
synthesized J. regia/iron oxide nanoparticles are able to be

rapidly attracted by an external permanent magnet, which
demonstrates that the J. regia/iron oxide nanoparticles have
magnetic properties. After the magnet was removed, the J.

regia/iron oxide nanoparticles were easily dispersed by
shaking.

3.5. Fourier transform infrared spectroscopy study

The FT-IR spectra of J. regia and J. regia/iron oxide nanopar-
ticles are demonstrated in Fig. 9. Based on the FT-IR spectrum
of J. regia (Fig. 9a), the absorption peaks at 3405 cm�1 are

assigned to vibrations of stretching of the groups of AOH
and the 2960–2850 cm�1 region reflects the CAH stretch,
accordingly (Chen et al., 2011). The intense at 1596 cm�1 band

is utilized for C‚C vibrations of stretching (Qin et al., 2011).
The 1400 cm�1 peak is utilized for the C‚C stretch for aro-
matic vibrations (Chen et al., 2011). The 1117 cm�1 peak

reflects the CAO stretch and deformation bands of in the lig-
nin (Sun et al., 2005). The iron oxide nanoparticles presence
in the J. regia’s substrate is proven by the bands of adsorption
at approximately 295–538 cm�1 which reaffirm the stretching

of the FeAO as observed in Fig. 9b (Karaoğlu et al., 2011).



Fig. 8 Vibrating sample magnetometer plots of J. regia/iron oxide nanoparticles coated with J. regia (a), hysteresis loop of J. regia/iron

oxide nanoparticles (b) and (c) separation of synthesizing J. regia/iron oxide nanoparticles.

Fig. 9 FTIR spectra for J. regia (a) and J. regia/iron oxide nanoparticles (b).
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Fig. 10 Weight loss of magnetic particles coated with J. regiaat,

the thermogram of pure iron oxide nanoparticles (a) and J. regia/

iron oxide nanoparticles has been included.
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The bands at 1622 cm�1 reveal reactions between the groups of
hydroxyl on the J. regia/iron oxide nanoparticles surface as

well as the J. regia groups of carboxylate (Zhao et al., 2010).
The peaks of J. regia/iron oxide nanoparticles in comparison
with peaks of J. regia reveals a reduction in the adsorption

peaks’ intensity; which is due to the partial reduction of the
J. regia (Chang et al., 2012). A small shifting occurred in peaks
such as 2920–2914, 1596–1622, 1400–1364 and 1117–1099, and
changes in intensity of all peaks, suggesting the mineral com-

position creation. This outcome shows that the J. regia could
be coated on the iron oxide nanoparticles in a successful
manner.
Fig. 11 MTT assays of (a) normal human fibroblast (3T3) cell line,

(HT-29) cell lines after 72 h of treatment with J. regia/iron oxide nan
3.6. Thermogravimetric analysis

Both TGA curves show a slight loss of weight in the tempera-
ture range of 30–100 �C due to the moisture content in the
sample. As shown in Fig. 10a from 100 to 800 �C transforma-

tion of Fe3O4 to c Fe2O3 and Fe2O3 to a Fe2O3 were hap-
pened. In Fig. 10b the mass profile exhibited a well-defined
decrease over a temperature range of 100–340 �C. This weight
loss was due to desorption and subsequent evaporation of J.

regia. Based on the Fig. 10b from 340 to 800 �C transforma-
tion of Fe3O4 to a Fe2O3 were obtained (Garcı́a-Jimeno and
Estelrich, 2013). According the result the final weight loss of

pure iron oxide nanoparticle and J. regia/iron oxide nanopar-
ticle are 92.85% and 88.03%, respectively, then, 4.82% of
weight loss is due to evaporation of J. regia.

3.7. In vitro cytotoxicity assay

As shown in Fig. 11, the cytotoxicity effects of the synthesized

J. regia/iron oxide nanoparticles were investigated on 3 T3
(Mouse Embryonic fibroblast cell lines) and HT-29 (human
colorectal adenocarcinoma cell line, estrogen receptor nega-
tive) cell lines as normal and cancerous cell lines, respectively.

The cells were treated with the J. regia/iron oxide nanoparti-
cles at various concentrations (1–1000 µg/ml) incubated at
37 �C for 72 h. The prepared J. regia green husk-coated J.

regia/iron oxide nanoparticles also demonstrated no significant
toxicity even in concentrations up to 1000 µg/ml on normal
cell lines in the resazurin reduction assay, meaning that the

J. regia/iron oxide nanoparticles are well tolerated by 3T3 cells
(Fig. 11a). Green husk coated J. regia/iron oxide nanoparticles
had no toxic effect on cancerous (HT-29; 1000 µg/ml) cell lines
in higher concentrations (Fig. 11b). Hence, the IC50 was not

determined for normal and cancerous cell lines. These results
and anticancer activity in (b) (human colorectal adenocarcinoma

oparticles.



Fig. 12 Microscopic images of J. regia/iron oxide nanoparticles on 3T3 (control a1 and treated cell a2) and HT-29 (control b1 and treated

cell b2) respectively.

Cytotoxicity assay of plant-mediated synthesized iron oxide nanoparticles 2021
are demonstrated the possibility of these J. regia/iron oxide

nanoparticles for different biomedical applications. In a previ-
ous study, the bio-functional starch/iron oxide nanoparticles
have non-toxic effects on normal and cancerous cervical cell

lines, making them suitable candidates for various biological
applications (Gholoobi et al., 2017).

Fig. 12(a1 and b1) shows images of cell lines in the absence
of J. regia/iron oxide nanoparticles. As shown, the cells are

neatly connected with each other with a high concentration
of cells in the cell lines. Fig. 12(a2 and b2) represents images
in the presence of J. regia/iron oxide nanoparticles, bilayers

of extract capped nanoparticles interact with membrane pro-
teins and disrupt the signaling process with the result that
some of the cells were dying and also cell concentration is less

than before.
4. Conclusion

The J. regia/iron oxide nanoparticles were synthesized using J.
regia green husk as a control size. According to the HR-TEM
the J. regia/iron oxide nanoparticles were prepared for the first
time in cubic structure and the average size of them was 5.77

± 1.66 nm. The crystallite of the synthesized J. regia/iron
oxide nanoparticles was found from XRD analysis, which is
in an agreement with the result obtained from the HR-TEM

and also has strong magnetic properties were observe form
VSM. The FT-IR results of the nanoparticles were shown that
J. regia was successfully coted in iron oxide nanoparticles
which is confirm by TGA. This method is inexpensive and

environmentally friendly leading to the preparation of very
small iron oxide nanoparticles. Moreover, the J. regia/iron
oxide nanoparticles have non-toxic effects on normal and

cancerous cervical cell lines, making them suitable candidates
for various biological applications. In comparison to iron
oxide, J. regia/iron oxide nanoparticles show higher magnetic

properties and it would be more effective for drug targeting in
further study.
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J.-F., Cohen-Jonathan, S., Soucé, M., Marchais, H., Dubois, P.,

2005. Molecular composition of iron oxide nanoparticles, precur-

sors for magnetic drug targeting, as characterized by confocal

Raman microspectroscopy. Analyst 130, 1395–1403.

Cosmulescu, S.N., Trandafir, I., Achim, G., Mihai, B., Baciu, A.,

Gruia, M., 2010. Phenolics of green husk in mature walnut fruits.

Not. Bot. Horti Agrobot Cluj Napoca 38, 53.
Darezereshki, E., Ranjbar, M., Bakhtiari, F., 2010. One-step synthesis

of maghemite (c-Fe2O3) nano-particles by wet chemical method. J.

Alloy Compd. 502, 257–260.

Dinesh, D., Murugan, K., Madhiyazhagan, P., Panneerselvam, C.,

Kumar, P.M., Nicoletti, M., Jiang, W., Benelli, G., Chandramo-

han, B., Suresh, U., 2015. Mosquitocidal and antibacterial activity

of green-synthesized silver nanoparticles from Aloe vera extracts:

towards an effective tool against the malaria vector Anopheles

stephensi. Parasitol. Res. 114, 1519–1529.
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Tartaj, P., González-Carreño, T., Serna, C.J., 2004. From hollow to

dense spheres: control of dipolar interactions by tailoring the

architecture in colloidal aggregates of superparamagnetic iron

oxide nanocrystals. Adv. Mater. 16, 529–533.

Thakkar, K.N., Mhatre, S.S., Parikh, R.Y., 2010. Biological synthesis

of metallic nanoparticles. Nanomed. Nanotech. Biol. Med. 6, 257–

262.

Venkateswarlu, S., Rao, Y.S., Balaji, T., Prathima, B., Jyothi, N.,

2013. Biogenic synthesis of Fe3O4 magnetic nanoparticles using

plantain peel extract. Mater. Lett. 100, 241–244.
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