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Abstract

In this study, C. spinosa was used to prepare Fe;O, nanoparticles using green synthesis, and an
alcoholic extract of C. spinosa was used to coat them. The resulting Fe;O4 nanocomposite showed
high ICs activity against HTC116 cancer cells. We characterized the prepared Fe;O,-NP powder
for phase size, shape, crystallographic arrangement, chemical composition, and surface charge
using TEM, FESEM, XRD, FTIR, and zeta potential. Zeta potential confirmed NP surface charges
-18.9 mV for Fe;0,4 and -25 mV for Fe;O,4 coated alcoholic extract, whereas XRD confirmed
crystal shapes, and the FTIR study, functional groups at 505, 378, and 555 cm™ showed Fe-O
linkages in Al (alcoholic extract), A2 (Fe;O4, green synthesis), and A3 (alcoholic extract coated
with Fe;0,). C. spinosa exhibited C=C stretching at 1539 and 1558 cm™, while functional groups
Al, A2, and A3 observed C=O stretching at 1626, 1647, and 1743 cm™. The green synthesis had
spherical aggregates with an average size of 24.6+5.7 nm, and the alcoholic extract-coated
synthesis had 27.3+7.5 nm. This was true even though the NPs had a crystal structure. Then, TEM
measured 8.942.26 and 11.2+6.8 nm Fe;04-NP thicknesses. The XRD analysis of the Fe;04-NPs
were 7.72 and 8.9 nm, respectively. The study found that Fe;O4 nanocomposites had the best ICs,
at 32.49 pg/mL and the highest average viability at 20 ug/mL in code C. Following it were code B
at 64.24 4.73% with an ICsy of 52.32 g/mL and code A at 69.25 1.07% with an ICs, of 78.95
g/mL. Code C had the lowest cell viability for HDF at 20 pg/mL, at 75.27+7.90%, with an ICs, of
569.47 pg/mL. Codes B and A came in second and third, with ICses of 488.23 and 243.77 pg/mL,
respectively, which was in line with what the literature said would happen. Following lengthy
procedures, it may be a promising drug in the future.
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Introduction

Medicinal plants have remained potent propensity to induce adverse effects than those

medications for the treatment of several
illnesses in human beings [1]. Consequently,
herbal treatments have gained popularity. As a
result of improved medical technology and
disease resistance; the side effects, failures,
and other issues have reduced [2]. Recent
research has demonstrated that plant
extracts contain effective compounds,
resulting in the use of herbal medicines [3].
Synthetic  antioxidants have a greater

sourced from untamed or cultivated medicinal
plants [4].There are over 700 species of
Capparaceae, which are divided into 40-50
groups. The majority of individuals employed
in the gardening and business sectors are
obscure. The preponderance of clans resides in
the Mediterranean and the United States, 15
species inhabit dry Africa.Their medicinal
properties include those of antioxidants,
bacteria, cancer, diabetes, microbes, and
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viruses. This herb has anti-arthritic and
purifying properties [5,6]. Nanomaterials
exhibit diverse physical and chemical

characteristics because of their size, surface,
interface, and quantum effects. Biology,
medicine, and engineering use metals
nanoparticles [7]. FeNPs destroy pathogens
and clean organic, metal, and nonmetal ion-
contaminated matrices [8]. In addition, AgNPs
inhibit Gram-positive and Gram-negative
bacterial action. FeNPs clean the dirty
medium of organic debris metals, non-metals,
and colours. Inhibit bacterial growth [9].
Biochemicalproductionof =~ nanoparticle is
increasing because of its safety and
environmental friendliness [10].  Using
physical, chemical, and biological processes,
metallic nanoparticles can be produced. These
methods are  energy-intensive, involve
hazardous solvents, and create waste.
Production of metallic NPs must be carried
out using green methods. For years, plants,
algae, fungus, bacteria, and viruses have
produced inexpensive, safe, energy-efficient
metallic NPs [11]. Green synthesis is safer,
cheaper, greener, and more sustainable than
chemical and physical techniques. Biology’s
distinctive,  hygienic, economical, and
effective methods of synthesis are becoming
increasingly  popular. Recently studied
biological systems include plant extracts that
decrease metal ions and create NPs.
Commercial nanostructures must be sized and
shaped [12]. For NP characterisation, FE-
SEM, TEM, and powder X-ray diffraction are
crucial [13].

Leaves, vegetables, and roots contain
phytochemicals that help plants survive and
prevent illness. Plant extracts include primary
and secondary components. Terpenoids,
alkaloids, flavonoids, and phenolics are
secondary to chlorophyll, proteins, and
carbohydrates [14]. The use of NPs improves
chemotherapy. Gene therapy, NP-based
hyperthermia, and tailored pharmaceutical

administration may treat cancer without
adverse effects. Effective gene-protecting
drugs may also work. Nanomedicines, which
are two times smaller than cancer cells, cannot
interact with organelles and proteins.
Nanomaterials may help cancerbecause it is
possible to reduce harm to healthy tissues by
designing nanoparticles that specifically target
cancer cells [15]. Iron oxide is an attractive
metal for NPs because it has several biological
functions and is cheap and plentiful. Thus, it
may compete for NPs. Nanomedicine can
build non-toxic treatments and minimize drug-
resistant bacterial strains by understanding
NPs. With the right knowledge of NPs,
nanomedicine can develop safe treatments and
reduce the number of bacteria resistant to
drugs. By producing and characterizing
Fe304 nanoparticles sustainably, we will be
able to identify the optimal IC50 value for use
against cancer cell lines. To achieve our
objective of creating a nanocomposite by
coating it with an alcoholic extract.

Materials and Methods
Plant Material

The leaves of C. spinosaplants were
gathered in 2022 from the El Baghdadi region
of Anbar, Iraq, specifically during active
growth (May/June). The Centre for Desert
Studies at the University of Anbar categorized
the fauna. Before drying in the shade at
laboratory temperature, the plants were
thoroughly cleaned and dried until they
reached a consistent weight. Subsequently,
they were stored in opaque containers and
sealed until use.

Chemicals and Reagents

Iron (III) nitrate hexahydrate (Fe
(NOs3),. 6H,0), Iron (IIT) chloridehexahydrate
(FeCl;.6H,0), and Iron (II) chloride tetra
hydrate (FeCl,.4H,0), phosphate-buffered
saline (PBS) (Sigma- Aldrich), sodium
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hydroxide (NaOH), absolute ethanol, 60%
ethanol, 3% H,SO4 solution (BDH), 25%
NH4OH (Fluka), dimethyl sulphide(uL),
Dulbecco's  modified  Eagle  medium
(DMEM), and Dimethyl sulfoxide (DMSO)
from Sigma- Aldrich, 5% fetal bovine serum,
3(4.5-dimethyl - thiazole-2-yl) 2,5-diphenyl
tetrazolium bromide (MTT) from Thermo
Fisher Scientific’s.

Preparation of the Extracts from C.spinosa

After collection of the plant, it was
washed with deionized water and allowed to
dry in shade followed by grinding it into
powder. Added 10 g of powder to a beaker
and mixed with 200 mL of deionized water
using a magnetic stirrer. Heated the mixture at
80°C for 30 min to obtain the brown extract,
and then let it cool. Fig. 1 shows the filtered
solution. The plant extract was concentrated in
a glass vial at room temperature [16].
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Figure 1. Schematic diagram of preparation of the plant extract
Alcoholic Extract (EE)

The extraction was carried out in
accordance with the procedure outlined by
Zhou et al., in which 10 g of capers powder
was extracted three times for a total of 2 h
using 100 mL of 60% ethanol concentration.
The process was achieved using a magnetic
stirrer for 2 h each time. The concentrated
extract was concentrated in a rotary
evaporator at 50 °C until the volume reached
20 mL. The filtrate was collected, and the

concentrated extract was transferred onto a
Petri dish and dried in an electric oven at 40
°C for 24 h. Then, place the clean, dry bottles
with the dried powder inside the refrigerator
until needed. [17].

Green synthesis of Fe;04-NPs

This synthesis was conducted with
minor adjustments as previously documented
[16]. In summary, 2.2g of Fe (NOs),. 6H,O
was introduced into 200 mL of deionized
water in a 500mL beaker under magnetic
stirring. Next, 20 mL of the plant extract was
prepared as Figure 1. This volume was added
gradually while stirring continuously at 25 °C
using a burette containing drops, and the
temperature was increased to 80 °C. The pH
of the solution was adjusted by adding 1 M
NaOH, which resulted in the formation of a
brown precipitate, as illustrated in Fig. 2.

Allowed the precipitate to cool to
room temperature and centrifuged at 1,200
rpm for 10 min to remove any residual fibers.
Finally, the solution was filtered through a
filter paper.

FTIR, TEM, SEM
| XRD.ZP

centrifuge 1200 rpm/min

Figure 2. Schematic diagram ofgreen synthesis of Fe;O4-NPsof
Capparis Spinosa

Preparation of Fe;04 Nanocomposite

Employed the co-precipitation
technique, albeit with minor adjustments [18]
to fabricate composites comprising Fe;O4-NPs
coated with C. spinosa extracts (CEs). Initial
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dissolution of 1 g of CEs and 0.5 g of Fe;0s-
NPs in 50 mL of deionized water in a beaker.
An increase in the pH solution to 10 resulted
in their rapid addition to the mélange. After
concurrent addition, 24 h of churning at room
temperature ensued. The resultant compound,

Fe;04-CEs, was gathered through the
utilisation of a magnet after its dispersion
under ultrasonic  conditions. Following

thorough washing with deionized water, the
sample was desiccated at room temperature in
a vacuum desiccator. The synthesis of Fe;O4
with different methods is mentioned with their
code in Table 1.

Table 1. Name of sample used in this study.

Codes Name of sample
Al Alcoholic extract
A2 Fe;0, (green synthesis), of C. spinosa
A3 Fe;0,4- coated alcoholic extract

Evaluation of Anti-cancer Activity

The HCT116 colon and HDF cell lines
were acquired from the Pasteur Institute in
Tehran, Iran. The anticancer effects of the
synthesised composites of Fe;O4-NP CEs
were tested, and the median inhibitory dose
1Cs¢ for two different cancer cell lines was
determined. Each cell suspension was
harvested at a concentration of 5 x 104 cells
per well on a 96-well flat-bottom plate
containing DME} with 5% fetal bovine serum
to measure its cytotoxicity. The Fe;Os—NP-
CE synthesized composite was seeded at 20,
10, 5, 2.5, and 1.25 pg/mL. The plate was then
incubated at 37°C with 5% CO, for 24 h.
After rinsing with a serum-free medium
containing 100 pL of 5 mg/mL of MTT, the
cells were grown for 4-5 h. After incubation,
the cells were washed again with PBS. After
solubilizing the unbound formazan with 100
uL of DMSO, the plates were measured at 570
nm using a Biotek (USA) plate reader. The
formazan dye’s color intensity was directly
related to the number of live cells; hence, the
optimal ICsy was obtained in triplicate [19].

Characterization of Fe;04NPs

Iron oxide nanoparticles, also known as
Fe;04-NPs, have been prepared using various
techniques,one of which is a green synthesis
that uses the leaves of C. spinosa. The surface
charge, shape, and nanosize can be easily
determined wusing various characterization
techniques. The IR-Prestige-21 Shimadzu
FTIR spectrophotometer demonstrated clear
absorption bands on Fe;04-NPs, confirming
their production. FTIR records the IR
absorption spectra at 400-4000 cm™ [20].X-
ray diffraction (XRD) was used to observe the
crystalline structure and crystallinity of the
NPs. Transmission electron microscopy
(TEM) was used to observe the size and shape
of the synthesised NPs at an accelerating
voltage of 200 kV. TEM images of
biosynthesised NPs and field emission
scanning electron microscopy (FESEM) are
imaging techniques used to analyze
morphology and topography. In addition, the
zeta potential (ZP) can be employed to
determine the surface charge of NPs
suspended in a liquid medium. The charged
particle’s surface exhibits an attractive force
that facilitates the formation of a closely
adhered layer of opposite charge, resulting in
the creation of a narrow liquid layer referred
to as the Stern layer [21].

Result and Discussion
FTIR Spectral Analysis

The KBr disc procedure was chosen
for the analysis, as shown in Fig. 3 of the
spectrum of the Fe;O4-NPs synthesis using
green synthesis. These spectra visually
represent the different processes involved in
each synthesis technique. The FTIR spectra of
Fe;04-NPs extract may be used to determine
the distinctive peaks of Fe;O4-NPs[22].The
FTIR spectra of the green synthesized Fe;O4-
NPs are shown in Fig. 3. The peaks in the
FTIR spectrum that emerge in Fig. 3 between
3437, 3421, and 3217 em’, which are linked
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to the phenolic molecule in the plant extract
that is involved in the production of NPs, are
due to the stretching vibration of the hydroxyl
group (O-H) [23].
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Figure 3. FTIR image (Al) alcoholic extract (A2) Fe;O4-NPs
(green synthesis) (A3) Fe;O4-NPs-coated alcoholic extract

The stretching bands of the (C=C) 1539, 1558,
and (C=0) 1626, 1647, and 1743 cm™ in the
(A1, A2, and A3) functional groups,
respectively. The functional groups at 1626,
1647, and 1743 cm” in Fe;04-NPs are
probably attributed to the organic building
blocks employed during synthesis. Fig. 3
shows basic absorption bands for the Fe-O
bonds at 505, 378, and 555 cm™ [24]. These
absorption bands show that the crystal
structure  of the Fe;04-NPs is  well-
characterized. Also, these distinct IR
absorption bands are indicative of the Fe-O
bonds at both the tetrahedral and octahedral
positions, further supporting the pure Fe;Oa-
NPs spinel structure [25]. The spectra of
magnetite NPs synthesised using green
techniques and those coated with C. spinosa
extracts show the formation of four unique
bands at 1361, 1539, and 1558 cm™ for (Al,
A2, and A3), respectively. The asymmetric
and symmetric stretching vibrations of the
carboxyl group (COQO) are responsible for
these bands. The asymmetric and symmetric
stretching vibrations of the CH, groups
included in the coating agents are responsible
for the bands seen at wavenumbers 2924,
2966, and 2989 cm’ [26]. As a result of
esterification between the carboxyl group of
the acid molecule and the hydroxyl groups on
the surface of the magnetite NPs, the four new

bands indicate that the coating agents are
bonded to the magnetite NPs.

Transmission Electron Microscopy

Transmission electron microscopy
(TEM) with an accelerating voltage of 200 kV
was used to determine the shape and size of
the Fe3O4-NPs. The reaction solution was
diluted with deionized water and sonicated for
10 min. The sonicated sample was drop-
coated on carbon-coated copper grids and
vacuum-dried for 30 min, and electron
micrographs were taken. Understanding the
morphology and size distribution of NPs is
crucial for determining their properties and
potential applications in various fields, such as
medicine, electronics, and environmental
science. Fig. 4 (A and B) shows the TEM
image and the size distribution, respectively.
Fig. A, which depicts the manufacture of
Fe;04-NPs fromC. spinosa using green
synthesis, makes it abundantly evident that the
sizes of the Fe304-NPs were virtually
consistent. Nevertheless, there are some
aggregates in various sections of this sample.
Furthermore, all particles were spherical and
cubic. In addition, the particle size distribution
curve of the Fe;04-NPs revealed that the mean
diameter of this NP was approximately 8.9
nm, with a standard deviation of 2.26.
However, when the Fe;O4-NPs were coated
with alcoholic extracts of C. spinosa, we
detected a modest change in shape and size
dispersion. This finding is in excellent
agreement with the earlier FTIR data shown in
Fig. 1. The average size of the Fe;O4-NPs
coated in green synthesis was 11.2 nm, with a
standard deviation of 3.2 in Fig. 4 (B)[27]. It
was  further established using TEM
micrographs and the image-editing software
ImageJ that the particle size increased
following coating with C. spinosa extract [28].
Fe;04 NPs coated with an extract from
spinosa using green synthesis are shown in
Table 2
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Table 2. Size of Fe;04-NPs green synthesis and coated alcoholic extract of C. spinosa.

Type of samples Average St.dv. Minimum Medium Maximum
Fe;04-NPs green synthesis 8.9 nm 2.26 4.10 9.17 14.5
- ic extract
Fe;0y4 c.oated alcoholic e 112 nm 39 63 105 25
of C. spinosa
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Figure 4. TEM images of (A) Fe;04-NPs green synthesis using C. spinosa(B) Fe;04-NPs- coated alcoholic extract of C. spinosa

Field emission scanningelectron microscopy

Fe;04-NPs were examined by FESEM.
A very small amount of the sample was
deposited on a carbon-coated copper matrix to
create a thin film. The excess solution was
removed using blotting paper, and the film on
the FESEM grid was allowed to dry under a
mercury lamp for 5 min. High-resolution
imaging was used to study the structural
characteristics. The FESEM analysis showed
that the manufactured Fe;O4-NPs were almost
spherical and monodispersed in shape. Fe;O4-
NPs have a nearly spherical shape, which is
critical for their magnetic characteristics and
applications because it shows that the
nanoparticles have a homogeneous size and
shape [29].The Fe;O04-NPs that were

artificially produced had an average size of
24.6 nm and 25.04 nm, respectively, as shown
in Fig. 5 (A and B). The manufactured Fe;O4-
NPs were evenly spread out and had a shape
that was almost spherical when examined with
FESEM [30].Nearly all the manufactured
Fe;04-NPs seemed to be perfectly spherical
and were measured to be in the nm range.
Green synthesis of Fe;04-NPs and Fe;O4-NP-
coated with an alcoholic extract of C. spinosa
exhibited an increase in the size of Fes04-NPs,
in agreement with the results obtained using
FTIR and TEM. Overall, the almost spherical
form of Fe;04-NPs is important for their
magnetic characteristics and applications, and
it may be adjusted using several synthesis

techniques, with more interpretation in
Table 3.
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Table 3. Size of Fe;04-NPs green synthesis and coated alcoholic extract of C. spinosa.
Type of samples (FESEM) Average St.dv. Minimum Medium Maximum
Fe304-NPs (green synthesis) 24.6 nm 5.7 9.9 253 41.3
Fe;04-NPscoated alcoholic extract of C. 273 nm 75 115 26.7 505

spinosa
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Figure 5.FESEM image (A) Fe;O04-NPs green synthesis from C. spinosa (B) image Fe;O4-NPs- coated alcoholic extract of C. spinosa

X-ray diffraction (XRD) analysis

XRD is a non-destructive method for
identifying  crystalline  materials  and
characterization of nanoparticle structures
[31].1t is wused for measuring -crystalline
percentages and identifying fine spark
minerals like NPs and nano clays. It has been
used to characterize various metal NPs,
including  hematite, = maghemite,  and
magnetite, using the Scherrer equation for
average crystallite size determination [32].

Where d is the particle size, k is the
Scherrer constant (0.9), is the X-ray
wavelength (0.15406 nm), B is the width of
the XRD peak at half-height, and 0 is the
Bragg diffraction angle. Fig. 6 (A and B)
shows the X-ray diffraction patterns for the
Fe;04-NPs synthesized by green
synthesisfrom C. spinosa [33]. It has been
observed that there exist prominent diffraction
peaks characterized by 26 values of 30.3°,
35.6°, 43.3° 53.9°, 57.3° 62.9°, and 74.5°.
These crystal planes reveal the precise
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arrangement of atoms within the structure of
Fe;04-NPs for these methods.

The (220), (311), (400), (422), (511),
(440), and (533) planes are instrumental in
determining the physical and chemical
properties of NPs[34]. The findings
demonstrate that the magnetite NPs possess a
spinel phase structure, which aligns with the
established standard for magnetite[35],which
demonstrates a correlation between peak
broadening in XRD and particle size.The
average size of the crystallites in the magnetic
Fe3;04-NPs of green synthesis was 7.72 nm.As
a result, in an XRD examination, a peak with a
greater  intensity  indicates a  larger
concentration of the mineral or molecule
under study, as shown in Fig. 6 (A and B).
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Figure 6. XRD analysis results of (A) Fe;O04-NPs green synthesis
from C. spinosa and (B) Fe;O4-NPs coated with alcoholic extract
of C. spinosa.

Zeta Potential (ZP)

The speed at which charged particles
move across the sample solution and
towards the electrode in an electric field
serves as a measure of the double layer’s
electrical potential (ZP). Most ZP readings
are +/- 100 mV. ZP size predicts colloidal
durability. ZP is stable at > +25 or <-25 mV
NPs.The negative ZP of the particles
serves as an illustration of this Fig. 7(a) ZP
shows that the particles or colloids in
Fe;O04 from C. spinosa have an average
electric charge of -17.8 mV. It indicates
thepotential for particle aggregation or
dispersion. A negative ZP suggests that
the particles tend to repel eachother,
thereby promoting stability in the sample.
The peak 1 value of -18.9 mV corresponds
to a specific peak observed in the ZP
distribution graph. This peak represents a
higher frequency or concentration of particles
with a ZP value of approximately -18.9 mV
[36]. The size distribution of the particles of
Fe;04-coated alcoholic extracts of C. spinosa
was examined.

The ZP was in the -25mV range in
Fig. 7(b), indicating that the particles were
stable. Because of the strong repelling
interactions between the particles in the
solution, this suggests that they have a high
degree of stability. The particles are likely to
have a negative charge, which helps avoid
aggregation and  guarantees  uniform
dispersion in the solution. This information
helps us understand the overall charge
characteristics of the particles or colloids in
the sample. The particles probably have a
negative charge, which prevents them from
aggregating and ensures that they are evenly
dispersed throughout the fluid. This is
demonstrated by the fact that the particles
have negative ZP values.
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Figure 7. Zeta Potential analysis results of (A) Fe;O04-NPs green synthesis from C. spinosa and (B) Fe;O4-NPs coated with alcoholic

extract of C. spinosa.

Study of cancer cell line activity to determine
the optimal ICsy concentration, using
nanocomposites extracts

In this investigation, it was shown that
nanocomposite  extracts with an ICs
concentration of 1.25 pg/mL may help to stop
colon cancer cell growth. Cell viability

significantly decreased when the
nanocomposite concentration was increased to
20 pg/mL, demonstrating a dose-dependent
effect. When Fe;O4-NP green synthesis is
used in different composites, such as Fe;Oas-
NPs only, Fe;O4-coated with crude C. spinosa,
and Fe;O4-coated with alcoholic extract from
C. spinosa are given in Table 4.
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Table 4. Samples used for the anticancer activity of Fe;O4-NP
green synthesis in C. spinosa.

Codes Samples

A Iron oxide nanoparticles Fe;04-NPs only

B Fe;04-coated crude of C. spinosa

C Fe;04-coated alcoholic extract of C. spinosa

The IC50 value was affected by human
dermal fibroblast (HDF) cell lines used as
representative healthy cell models.of healthy
cells. By analysing the results, we compared
the effects of nanocomposite extracts on HDF
and HCT116 colon cancer cell lines. The
ICspvalue represents the concentration of the
composite that inhibits 50% of cell viability.
A lower ICsy value indicates that the
composite is more cytotoxic to the cells.Based
on the provided result for the HTC116 cells,
which are a human colon cancer cell line, the
ICspvalues for samples A, B, and C were
78.95, 52.32, and 32.49 ng/mL, respectively
(Fig. 8). This supports the ICsy values in cell
viability studies. Chemicals inhibit cell growth
or viability by 50% at ICso. This inhibitory
effect requires less material with a lower ICs.
Chemicals seem to suppress cancer cells better
[37].

cancer treatment, a lower 1Csy value may be
desirable because it indicates that the
composite is more effective at killing cancer
cells.However, if the goal is to develop a
material for tissue engineering, a higher 1Cs
value may be desirable because it indicates
that the composite is less toxic to cells and
may be more suitable for use in the body. The
viability values for each sample were obtained
at different concentrations of 1.25, 2.5, 5, 10,
and 20 pg/mL of the composite and are
presented as percentages. The highest average
viability values for each sample (A, B, and C)
were also calculated, with HTC 116 having
the highest average viability for A (69.25+
1.07%), B  (64.24+4.73%), and C
(58.70+2.03%) at concentration 20 pg/mL,
respectively as shown in Table 5 [38].

Table 5.Result of HTC-116 anticancer activity in different
concentrations of Fe;O4-NPs.
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Figure 8. The 1Csy of (A) Fe;O4 (B), Fe3O4-coated crude of C.
spinosa and (C) Fe;O4-NPs-coated with an alcoholic extract of C.
spinosa for HCT-116

However, the choice of the best
ICsovalue depends on the intended application
of the composite and the type of cells being
used. For example, if the goal is to develop a

Concentration A B C
(pg/mL)
Control/ 100 0 0 0
1.25 98.56 96.15 94.52
2.5 93.70 84.81 88.08
5 81.16 83.21 77.67
10 70.41 64.34 62.4
20 69.25 64.24 58.7
Value of ICs, 78.95 52.32 32.49
pg/mL

Considering  the results, green

synthesis is achievable. This method
prioritizes eco-friendly NPs like Fe;Os. It may
not be against cancer as well as other methods,
but it might help preserve sustainability.
While less effective against cancer cells,
Fe;04-NPs may promote plant growth and
have antifungal, antibacterial, and magnetic-
hyperthermia uses [39].

The Fe;O04-NPs are enveloped with a
diverse array of phytochemicals derived from
C. spinosa by a method that uses unrefined C.
spinosa. Identifying the specific active
compounds and their distinct mechanisms of
action is difficult, despite the presence of
several bioactive components in crude
extracts[40]. The alcoholic extract of C.
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spinosawas used to increase the concentration
of certain bioactive compounds obtained from
theplant by applying it to Fe;O4 This
methodhas the potential to provide a
morefocused approach compared to unrefined
extracts, thereby improving effectiveness. C.
spinosa is well-known for its wide range of
bioactive compounds, including alkaloids,
flavonoids, steroids, terpenoids, and
tocopherols [41]. On the other hand, HDF
stands for Human Dermal Fibroblasts, which
are normal healthy cells commonly used as
controls in cancer cell experiments. The
average viability A (71.70+0.32%), B
(70.87+2.55%), and C (75.27£7.90%), with
ICs for these samples were (243.77, 488.23,
and 569.47) ng/mL, respectively [38]. Fig. 9
represents the concentration of the composite
required to inhibit the growth of 50% of the
cells.

The wviability values represent the
percentage of cells that remained alive and
healthy after exposure to the composite at
different concentrations, as explained in
Table 6. The ideal viability percentage for
developing a cancer drug depends on the
drug's specific requirements and the intended
application. In some cases, a high viability
percentage may be acceptable if the composite
is intended to slow down the growth of cancer
cells rather than kill them outright. In other
cases, a low viability percentage may be
desirable if the composite is intended to kill
cancer cells more effectively. According to
ISO 10993-5, a percentage of cell viability
above 80% is considered non-cytotoxicity;
within 80%—60% weak; 60%—-40% moderate;
and below 40% strong cytotoxicity,
respectively[42]. Therefore, the ideal ICsy and
viability values depend on the cell line being
tested. For cancer cells such as HTC 116,
lower ICsy values and cell viability values
would be desirable, whereas for normal cells
such as HDF, higher ICsy values and higher
viability values would be desirable.
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Figure 9.The ICsy of (A) Fe;04 (B), Fe;O4-coated crude of C.
spinosa and (C) Fe;O4-NPs-coated with an alcoholic extract of C.
spinosa for HDF

Table 6. Result of HDF anticancer activity in different
concentrations of Fe;O4-NPs.

Concentration

(ng/mL) A B ¢
Control/ 100 0 0 0
1.25 95.8 86.94 95.66
25 82.88 80.33 90.6
5 80.71 7425 82.98
10 75.3 71.85 80.23
20 717 70.87 75.27
:{;lr‘;eL"fIC” 243.77 488.23 569.47
Conclusion

This study reveals that green methods
for synthesizing iron nanoparticles show
stability and potential for use in medication
delivery and environmental cleanup. The use
of an alcoholic extract of C. spinosa as a
covering agent can increase the production of
these nanoparticles, making their production
more sustainable. The shape and structure of
the nanoparticles were characterized using
TEM and FESEM, and zeta potential provided
insights into their surface charges. FTIR and
XRD analyses were used to analyze the
functional groups and bonding of the
nanoparticles. FESEM analysis revealed
spherical and aggregated Fe;O4-NPs, while
XRD analysis suggested pure, crystalline
particles. The study also tested the potential
toxicity of Fe3O4-NPs on HTC 116 cells,
finding that the viability of these cells was
only slightly different after 72 h compared to
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nanocomposites like Fe;Os-coated crude and
coated with an alcoholic extract of C. spinosa.
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