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Abstract

Green synthesis is an effective method for the synthesis of nanoparticles (NPs), so the objective of
this project was to synthesis FeNPs using the crude extract from Rhazya stricta, a green synthesis
approach. After the synthesis different microscopic as well spectroscopic techniques, including
XRD, UV/VIS, SEM and EDX were used to confirm the synthesis as well as size and shape of the
synthesized FeNPs. The resulting product was found to be 48.32 nm at 2 mM concentration. The
synthesized nanoparticles were then tested for their cytotoxicity using Brine shrimps lethality test as
in-vitro and human hepatocellular carcinoma cancer lines huH-1 as in-vivo. The brine shrimps
lethality (BSL) assays showed concentration-dependent mortality where maximum (43.3%)
mortality was observed at 100 pg. mL™* and minimum mortality (6.7%) at 5 pg. mL* after 48 hrs.
The ICsp of the FeNPs against brine shrimps was observed as 137.4 uM while the standard Etopside
was 33.4 UM after 48 hrs. During the in-vivo cytotoxicity test against huH-1 has confined the non-
toxicity behavior of the synthesized FeNPs, where at a maximum concentration (500ug /ml) the
FeNPs revealed 52.5% cell viability with 654.8 uM 1Cso values. It is clear from the result that the
biosynthesized FeNPs using R. stricta possess less cytotoxic and are effectively safe. The in vivo
cytotoxicity against huH-1 hepatoma cancer cell line also confined the non-toxicity of synthesized
FeNPs where at a maximum concentration (500ug /ml) the FeNPs revealed 52.5% cell viability
with 654.8 UM 1Csp values. It is concluded that bio-mediated FeNPs were effective against cancer
cell lines. Therefore, it is suggested that the bio-mediated NPs are safe and eco-friendly with no
toxicity and could have overwhelming applications in health sciences.

Keywords: Plant-mediated nanoparticles, Rhazya stricta, Anticancer activity, brine shrimp
lethality, Hepatocellular carcinoma

I. Introduction

Nanotechnology is primarily concerned with synthesizing, manipulating, and applying materials
with dimensions ranging from less than a micron to distinct atoms. Through the development of
NPs with a specific form, composition, size and other significant qualities, the scope of their uses in
food, agriculture, textiles, medicine, cosmetics, and the environment has been assessed [1]. Metal
nanoparticles such as Aluminum (Al), Titanium (Ti), Zinc (Zn), Palladium (Pd), Lead (Pb),
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Cadmium (Cd), iron (Fe), Copper (Cu), Cobalt (Co), silver (Ag) and gold (Au) have increased
much consideration in the current years because to their distinctive significance [2].
Nanotechnology is a multidisciplinary field with many applications in mechanics, electronics,
catalysis, optics, magnetics, energy research, and biomedicine. Nanotechnology research and
development spans many scientific disciplines, including material sciences, chemistry, physics, and
biotechnology [3]. It is concerned with bi-functional macromolecules that can be used as tools to
construct nano-objects as well as bio-fabrication of nano-objects. Later, microorganism
compromises many benefits like wide-ranging physiological and genetic diversity for
nanostructures synthesis and a key instrument for nanoscience [4]. The distinctive features of NPs
such as improved solubility and multi-functionality, surface ability and high-volume surface ratio
open novel potentials for biomedicine [5]. The electronic, electrical and optical properties of NPs
are size reliant and numerous novel approaches for the size-controlled synthesis of AgNPs are being
established [6].

The unique property of NPs is their size to the surface ratio making them more appropriate for
application in catalysis, optoelectronics, pharmaceuticals, biological tagging and photonics [7].
Nanoparticles can be created via physical, chemical, biological, and hybrid approaches. However,
chemical and physical techniques are also thriving and are considered to have pioneered the
development of monodispersed nanoparticles. Besides nanotechnology, these methods are
potentially hazardous, toxic and costly, energy requirement, high pressure and complex separation
procedure. These approaches result in the presence of toxic chemicals adsorbed on the surface of
nanoparticles, which may have a negative impact on biomedical techniques [8].

Nanotechnology has transformed various research fields and contributing a diverse group of
applications in agriculture and biomedicine. Metallic nanoparticles, particularly iron oxide
nanoparticles (FeNPs), have attained significant attention due to its small size with unique
properties. However, traditional synthesis of NPs often involves hazardous chemicals and complex
procedures, raising concerns regarding toxicity and environmental impact. In this perspective, the
use of plant-mediated synthesis presents a novel and environmentally friendly approach. Evaluating
the anticancer activity of plant-mediated synthesized FeNPs using Rhazya stricta show a novel
contribution to the biomedical field, addressing the gap in research regarding eco-friendly
nanoparticle synthesis and their application for cancer treatment. We hypothesized that plant-
mediated FeNPs could reveal promising anticancer properties. Therefore, the present study was
carried out to investigate the anticancer activity of R. stricta aqueous extract and R. stricta-meidated
FeNPs and to explore its potential as a viable alternative in cancer therapy.

Il. Materials and methods

2.1. Plant collection and extraction

Ariel parts of Rhazya stricta were collected from with the permission of local forest officer from
district Karak, Khyber Pakhtunkhwa- Pakistan located at 33°7'12N 71°5'41E. The collection of
plants was carried out in accordance with international guidelines to maintain the integrity of
sample [9]. The plant sample in clean paper bag was transferred to laboratory within 48 hours, a
specimen was deposited in herbarium at the University of Agriculture Peshawar Pakistan under
voucher no MIK-6/22-021. The plant samples were cleaned with distilled water, dried at room
temperature and grinded in an electric grinder. The extract was prepared by mixing 5 g of finely
powdered material with 50 mL of deionized water. The mixture was heated to 60 °C under
continuous stirring for 30 minutes. After cooling to room temperature, the resulting solution was
filtered through Whatman filter paper No.1. The solution was subsequently centrifuged at 6000 rpm
for 15 minutes at room temperature. The supernatant was carefully collected and stored in a freezer
at 4 °C and used within 3-4 days (34).
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2.2. Synthesis of Iron nanoparticle

Iron nanoparticles were synthesized by mixing 1 mM FeCls.6H20 aqueous solution with 10 mL R.
stricta aqueous leaf extract at room temperature. The color of the solution was changed which is an
indicative of oxidation/reduction reaction. The cell filtrates (50 mL) was mixed with different
concentrations of FeCl3.6H20 (1 mM, 2 mM, and 3 mM) at constant temperature (40°C). The
mixture was centrifuged twice at 10000 rpm for 10 minutes. The flasks were placed on magnetic
stirrer for 30 minutes. Variation in color after centrifugation and drying was observed and
measured. To ensure the absence of trace aqueous extracts, Fe nanoparticles was re-dispersed in
double distilled water and was allowed to dry in powder [10].

2.3. Sample Characterization:

The synthesized Fe;O3z NPs were exposed to various characterization methods to identify their
specific properties. For optical properties, biosynthesized Fe nanoparticles was assessed using UV-
Vis spectra (Optima SP3000+, Japan) within the wavelength ranging from 200 to 800 nm with a 1
nm band gap. Baseline correction of the spectrophotometer was carried out by using a blank
reference and absorption spectra of all the samples were recorded. The UV-spectrum for all of the
reactions were recorded at different concentration of FeClz.H>0O. SEM was used to determine the
size and shape of Fe,O3 NPs. Using a Quanta Inspect F scan electron microscopy (SEM) operating
at 25 kV in a vacuum. The prepared nanomaterial was mounted on aluminum subs having 25
diameters by using conductive sticky pads. The nanoparticle is coated with a fine layer of gold
using a coating machine. To assess the shape and size of the synthesized nanoparticle, the sample
was coated on SEM grid and examined under various magnifications. EDX (Energy dispersive X-
ray) was used for the elemental composition of nanomaterial [11].

X-ray (XRD) diffraction technique was used to determine the crystal structure and grain size of
biosynthesized Fe nanoparticles. The biosynthesized Fe nanoparticle using R. stricta (plant) were
subjected to Powder X-ray diffraction PXRD (MODEL). The structural, elemental composition and
particle size of the Fe203 NPs were characterized by using XRD. The XRD data was plotted using
the origin software [12].

3.1. Bioassays of synthesized Iron nano particles

3.1.1. Brine-Shrimp Cytotoxicity

The cytotoxicity assay used brine shrimp larvae (Artemia salina) to determine the in vitro
cytotoxicity potential of IONPs. Artemia salina eggs were incubated for 24-48 hours at 30 °C in 1 L
of sterile sea saltwater in a glass jar with constant aeration. After the larvae hatched, active free
floating nauplii were collected under light conditions and used for further investigation. Under light
conditions, each nauplii was exposed to varying concentrations of iron NPs. The proportion of dead
shrimps in each well was assessed after 48 hours of incubation, and the median lethal dose (1C50)
was computed using GraphPad software. [13]

The toxicity of biosynthesized iron nanoparticles was assessed using three doses (5, 25, 50, 75, and
100 g.mL?Y) (Figure 1). The test samples were transferred to seawater with varying dose
concentrations: 5, 25, 50, 75, and 1000 pg mL[14]. Thirty (30) shrimps were introduced to each
vial and preserved for 48 hours; the remaining shrimps were counted.

Shrimps in sample
Mortality % = 100 - x 100
Total shrimps

After the percent calculation, the inhibitory concentration dose (ICso) was computed with the help
of Prism graph pad software with 95% confidence intervals.

Vol.31 No.4 (2024): JPTCP (111-124) Page | 113


https://jptcp.com/index.php/jptcp/issue/view/79

Evaluation Of Anticancer Activity Of Plant Mediated Iron Oxide Nanoparticles Using Rhazya Stricta

A S
S

e

Figure 1. Cytotoxic effect of the biosynthesize FeN PéTJsg Rhazya stricta at 1 mM tested
against brine shrimps (Cytotoxic test).

3.1.2 Cytotoxicity Assay:

Cytotoxic effects of the newly biosynthesized synthesized iron oxide nanoparticles from Rhazya
stricta and the same plant extract on huH-1 cells were determined using a crystal violet staining
assay. Before the day of stimulation, 15000 cells per well were covered in 96- well plate. The next
day cells were stimulated with serial dilution of nanoparticles and extract (500, 250, 100, 50, and10
pg/ml). Then let the cells grow at 37 °C for 24 hrs. Media was removed after the accomplishment of
stimulation time and cells were washed with PBS. For the crystal violet assay, 0.5 % crystal violet
solution (50l per well) was added to stain the attached cells for 15 min at room temperature. To
eliminate the remaining dye, the cells were gently rinsed and left for drying overnight. 50 pL of
methanol per well was added and left on a bench rocker with a rate of 20 vibrations each minute
and; incubate the plate with its cover for 20 minutes at room temperature. Using a plate reader,
absorbance data was calculated at 550 nm (OD 550). A graph of viable cells against compounds
concentration has been developed from the mean absorbance values by calculating the percentage
growth of compounds treated cells against control cells [15].

3.2. Condition optimization for the induced biosynthesis of iron nanoparticles (FeNPs)
Condition optimization is an important factor that significantly influences the size distribution, type
of biosynthesized iron nanoparticle and their stability. In the current research, the different
condition was optimized for the induced biosynthesis of iron nanoparticles (FeENPs) by using an
aqueous crude extract from Rhazya Stricta (Plant) as biological reducing agents. The Hexa-hydrated
iron chloride (FeCls.6H20) in different concentrations was used as a precursor for the synthesis of
FeNPs at 40 °C. The aim of conducting experiments on different concentrations of FeCl3.6H>O was
to activate the reduction of iron from its Fe™ in FeCls.6H20 to its free metallic form Fe*2. The
reduction of iron was initially observed using ultraviolet-visible (UV-Vis) spectroscopy [16].

IV. Results & Discussion

4.1 UV/Vis spectrophotometric analysis of FeNPs:

Iron nanoparticles (FeNPs) synthesis was confirmed by the characteristic change of Rhazya stricta
extract and adding dropwise aqueous FeCls into plant extract. The mixture color changed from
yellowish-dark brown (Figure. 2). Color change indicates reduced Fe *2 into zero-valent iron form.
The reduced Fe ions in aqueous solutions were observed by measuring UV-Vis spectra. The
absorption spectra of green synthesized FeNPs were done at 200-450 nm wavelengths. Absorption
peaks for FeNPs were observed at 200-250 nm ranges. The excitation of surface Plasmon, which is
a coherent delocalized electron within any two material vibrations in FeNPs, has been testified
previously [17]. The absorption peak around 236 nm (Figure 3) revealed that 2 mM concentration
resulted in maximum nanoparticle synthesis. In size morphology and dissolution kinetics, the
concentration of a medium plays an important role (Liu et al. 2001). In our research, the solution
was adjusted at concentration 2 mM in 1:1 ratio of FeClz and Rhazya stricta extract (Figure 3).
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Figure 2. Photographs of pale yellow (plant extract), brown (FeCls), and dark brown (plant
extract+FeCls).

4.2 Effect of Precursor Salt Concentration on FeNPs Synthesis

Different concentrations (1, 2 and 3 mM) of precursor salt (FeClz.6H.0) to synthesize FeNPs under
the same extract concentration from Rhazya stricta. The reaction mixture was allowed to complete
for 30 minutes at 40 °C. After 30 minutes, the UV-Vis absorption spectra were recorded for all
three samples, which showed a promising change in the absorption value, indicating the effect of
different concentrations in the reduction of iron from its Fe*3in FeCls.6H,0 to its free metallic form
Fe*? as FeNPs. The surface plasmon absorption was observed at different values of the
concentration. From the concentration of 1 mM of the precursor salt (FeClz.6H,0), the synthesized
FeNPs gave a clear absorption peak at 242 nm, increased concentration of the precursor salt
(FeCl3.6H20) an elevated absorption peak at 236 nm for 2 mM and 259 nm for 3 mM (Figure 3).
Thus, it showed that concentration directly correlates with the absorption of UV-Vis light. Akhbari
et al. (2019) [18] reported iron nanoparticle at wavelength of 216 and 284 nm. Ghosh et al., (2022)
and Sandupatla et al., (2021) [19, 20] reported at 240 nm and 308nm peak of UV-Vis respectively.

200 250 300 350 400 450

3 mM Abs

2 mM Abs

1 mM Abs

200 250 300 350 400 450
Wavelength (nm)

Figure 3 : UV-Visible spectra of biogenic Fe203 nanoparticlesat concentration 1,2 and 3mM
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4.3. Scan Electronic Microscope (SEM)

4.3.1 Effect of concentration of R. stricta on iron oxide nanoparticle size

The bio-synthesized FeNPs from different concentrations (1, 2 and 3 mM) at a constant temperature
of 40 °C were subjected to a scanning electron microscope (SEM) to confirm their actual particle
size, as shown in Figure 4. The SEM reveals the morphological features of biosynthesized FeNPs
under the influence of the crude extract from R. stricta were conducted to test the role of molar ratio
in forming iron oxide nanoparticles. From Figure 4 (b), it is quite clear that synthesized NPs at
concentration 2 mM were spherical and symmetrical in shape, an aggregated molecule with an
average size of 40nm and 50 nm. The aggregation and spherical shape are the indication of its
magnetic features. The characterization results confirm the formation and presence of iron
nanoparticles and biomolecules, which could help in capping the nanoparticles.

While at concentrations 1 mM and 3 mM, the particle size was considerably higher than 100 nm
and was not the optimum condition for the synthesis of iron nanoparticles shown in Figure 4 (a) &
(c). The SEM analysis reveals that R. stricta mediated iron nanoparticles at 1 mM were amorphous
with a diameter greater than 100 nm.

-
SEMHV‘SOI(V i WD: 5.40 mm
View field: 4.66 ym | Det: In-Beam SE

SEMHV:5.0kV | wi
View field: 29.1 um | Det: In-Beam SE
SEM MAG: 4.76 kx | Date(m/dly): 09/13/18 |

Figure 4. SEM micrographs of biosynthesized Iron nanopartlcles synthesized using aqueous
extracts of R. stricta at different concentrations 1 (a), 2(b), and 3 mM (c)

The biosynthesized iron nanoparticles EDX spectra from crude extracts of R. stricta give a clear
indication regarding the elements of FeNPs. Figure 5 indicates a strong signal of iron atoms,
confirming that FeNPs contain pure iron. Due to phytochemicals present in plant extracts of R.
stricta, the elements of oxygen and carbon are contaminated around the peaks and these elements
are the evidence of the organic substance attached to FeNPs. Chauhan and Upandhyay investigated
Lawsonia inermis (Henna plant) mediated iron sulfate salt to FeNPs [21]. Various parameters such
as salt concentration, temperature and pH were monitored and optimized for biosynthesis of iron
nanoparticles. A concentration 0.02 molar of iron sulfate, pH 11 and a sample heated at 60 °C
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temperature was found to be optimum for nanoparticle formation. Another experiment successfully
prepared iron oxide nanoparticle using Artemisia leaves extract as a reducing agent. A cubical
shape with an average range of 19-24 nm was obtained from SEM [22].. In this study, the
concentration of salt and plant extract was 1:1. The results revealed a dependence on the particle
size of FeNP and synthesis conditions.
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Figure 5. EDX of biosynthesized Iron nanoparticles synthesized using aqueous extracts of R.
stricta at different concentrations 1 mM (a), 2 mM (b), and 3 mM (c).

4.4 XRD Diffraction of biosynthesized FeNPs using R. stricta at different concentration

The primary technique for determining the the crystalline structure and size of nanoparticles is X-
ray diffraction (XRD), which was used to the biosynthesized iron nanoparticles (FeNPs) at different
concentrations (1, 2, and 3 mM). The effective synthesis of FeNPs using R. stricta extract has been
confirmed by the XRD patterns. Notably, as shown in Figure 6, the XRD analysis identified five
unique distinctive peaks that aligned with the standard pattern.

The face-centered cubic (FCC) structure of the FeNPs obtained at 1 mM was shown in Figure 6(a),
where five peaks were found at 20 values of 30.20°, 35.62°, 43.29°, 57.3°, and 62.88°,
corresponding to the (220), (311), (400), (511), and (440) planes of iron oxide. Based on the
Scherrer equation, the average crystalline size was found to be 133.09 nm (Table 1).

Parallel to this, Figure 6(b) illustrates how FeNPs synthesised at 2 mM showed five peaks at 26
values of 30.20°, 35.62°, 43.29°, 57.3°, and 62.88°, which correspond to the (220), (311), (400),
(511), and (440) planes of iron oxide. Using the Scherrer equation, the average crystalline size was
determined to be 48.32 nm (Table 1). FeNPs synthesized at 3 mM also exhibited five peaks at 20
values of 30.20°, 35.62°, 43.29°, 57.3°, and 62.88°, corresponding to the (220), (311), (400), (511),
and (440) planes of iron oxide, as depicted in Figure 18 (c). The average crystalline size was
determined to be 177.06 nm using the Scherrer equation (Table 1). The XRD analysis from Figure 6
indicated that the sharpness of peaks differed among the concentrations, suggesting variations in
nanoparticle sizes. Furthermore, the diffraction peaks of each concentration closely matched those
of pure iron oxide, affirming the successful synthesis of FeNPs.
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Figure 6. X-ray diffraction patterns for (a) pure iron oxide and for biosynthesized FeNPs
fabricated from the reaction mixture of FeCls.6H20 salt solution and Rhazya stricta prepared
at different concentrations 1mM (a), 2mM (b) and 3 mM (c) respectively.

The size and morphology of nanoparticles could change by changing the concentration of metal
precursor in a solution. The study conducted by Dubeya (2010) [35] on metal ion concentration for
nanoparticle synthesis. The increasing trend of nanoparticles was observed by changing the metal
ion concentration from 0.1 to 5 mM. Similar research was also conducted by Ahmad et al., (2016)
on the concentration of gold NPs synthesis [35]. As the concentration of gold Au (I11) from 1 mM
to 5 mM increases, the production of gold nanoparticles increases.

Table 1. Particle size calculation at different concentrations of Rhazya stricta through X-pert high

score.
EZH?R/(I:)entratlon Peak (hKI) Peak position(20) | FWHM Average Particle size(nm)
1 (220) 30.2 0.1
2 (311) 35.62 0.409
1 3 (400) 43.29 0.201 133.09
4 (511) 57.3 0.05
5 440 62.88 0.03
1 (220) 30.2 0.509
2 (311) 35.62 0.509
2 3 (400) 43.29 0.102 48.32
4 (511) 57.3 0.401
5 440 62.88 0.101
1 (220) 30.2 0.03
2 (311) 35.62 0.05
3 3 (400) 43.29 0.03 177.06
4 (511) 57.3 0.309
5 440 62.88 0.101
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4.5 1Csovalues calculation

Rhazya stricta and biosynthesized iron nanoparticles in different concentrations 1Cso or 1C2o values
were calculated using a Hill function through nonlinear regression analysis. The ICso values were
transformed into log values for the assay comparisons using Linear Regression analysis.

4.6 Brine shrimps lethality (BSL)

The biosynthesized iron nanoparticles prepared from Rhazya stricta at 1 mM concentration with an
average size 50 nm were screened against Artemia salina (brine-shrimp eggs) to measure the
mortality/lethality. Brine shrimps (Artemia salina) are unicellular organisms that could be used as a
standard to screen the cytotoxic effect of iron nanoparticles. The present study aims to evaluate the
cytotoxic effect of FeNPs against brine shrimps. Different concentrations (5, 25, 50, 75 and 100 pg.
mL1) of the prepared biosynthesized iron nanoparticles were performed in triplicates and compared
with the control and standard drug Etoposide. The mortality in percent was calculated after 48 hrs.
The maximum mortality (43.3%) at 100 pg. mL™* and minimum mortality (6.7%) at 5 pug. mL™* was
observed after 48 hrs. While in standard etoposide at 100 pg. mL? concentration, the highest
mortality rate (90%) was observed after 48 hrs (Table 5). Moreover, biosynthesized FeNPs size
(48nm) has highest mortality of brine shrimp as compared to FeNPs size (77nm). ICso of the FeNPs
against brine shrimps were observed as (137.4 puM) after 48hrs by using Prism graph pad package.
While, the ICso of the standard positive drug, Etopside is 33.4 uM. From ICso of Etopside it is clear
that biosynthesized FeNPs using Rhazya stricta possesses less cytotoxic and is effectively safe
(Figure 6).

Table 5. Percent morality of biosynthesized FeENPS using R. stricta against brine shrimp after
48hrs.

Dose (ug/ml) No of Shrimps No of survivors % Mortality
5 30 28.0+0.61 ab 6.7+£0.96 h
25 30 25.0+0.58 cd 16.1+1.47 g
50 30 21.0+0.58 ¢ 30.040.62 de
E [ 30 19.0+0.55 36.7+0.96 C
& ® 100 30 27.0+0.58 ab 43.3¢1.30 b
z 5 30 28.3+0.67 a 7.242.42 h
w 25 30 26.3+0.33 bc 13.3+0.96 g
2 50 30 23.7+0.88 d 22.8+1.47 f
S E [ 30 21.7+0.33 e 29.4£1.47 e
o K 100 30 20.0+0.58 ef 33.940.56 cd
Standard (Etopside) 30 3.0+0.58 g 90.7+2.33 a
LSD (p<0.05) - 1.71 4.23
50+
40-
=
'TE 30+
S
= 20
=
10+
O T T T T "
0.0 0.5 1.0 1.5 2.0 2.5

Log Dose (pg.mL'l)

Figure 6. ICso value calculation of iron nanoparticles using Prism graph pad software.
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FeNPs were successfully synthesized using a green approach from Rhazya stricta (plant) in the
present study, which showed less cytotoxic effects used in different concentrations. Hence these
iron nanoparticles prepared from Rhazya stricta are effective and safe when used at optimal
concentrations. The future scope of the study would focus on determining the various applications
of biosynthesized iron nanoparticles synthesized can be utilized in agriculture and medical fields.

Nanoparticle synthesis via physical and chemical methods results in good nanoparticles with
defined size and shape, but the overall process is costly and produces toxic by-product substances
that contribute to environmental problems. Therefore, nanoparticle synthesized by such approaches
nullifies the scope in an area like medicine, health and drug delivery [24]. This has led to the
growing interest of researchers in the “Greener Approach,” which results in the production of
environmentally friendly NPs and prevents the release of toxic compounds into the atmosphere
during or after the process [25].

The nanoparticle is an emerging technology used in commercially available products and still the
risk factor of nano-substances is not known. For this purpose, the toxicity of nanomaterial
determination is necessary. Many scientists have focused on brine shrimp (Artemia salina) lethality
test in drug discovery to the toxic effect of various nanomaterials [26]. Similarly, 1zadiyan et al.
[27] synthesized IONPs from Juglans regia. The synthesized NPs have a non-toxic effect on normal
and cancerous cervical cell lines. The FeNPs did not show any cytotoxicity to the brine shrimp. The
eco-friendly synthesis of FeNPs from dried ginger has proved convenient and inexpensive and can
be safely used in a wide range of medical and dental fields [28].

4.7 Cytotoxicity Assay on human cancer cell lines

Human cancer cell lines huH-1 were exposed to biologically synthesized iron oxide
nanoparticles via Rhazya stricta plant at concentrations of 500, 250, 100, 50 and 10 ng for 24 h and
cytotoxicity was determined using MTT assays. All the tests are carried out in triplicate. Untreated
cells were used as a positive control. We calculated the percentages viability of huH-1 cell lines by
treating them with different concentrations (0-100) of produced iron nanoparticles via biological
method from Rhazya stricta and then made a comparison between the percentages of cell viabilities
biogenic iron nanoparticles and aqueous plant extract (R. stricta).

With increasing concentration of biologically synthesized nanoparticles, the viability decreases, and
the same is the case with plant extract R. stricta and cytotoxicity was observed in a dose-dependent
fashion. However, the cytotoxicity of biologically synthesized iron oxide nanoparticles is more than
the cytotoxicity of using only plant extract.

Moreover, the biogenic FeNPs size (48 nm) exhibited a maximum cell death rate, resulting in
minimum % viability than biogenic FeNPs size (77 nm) and plant extract. This indicates that a
smaller NPs size has a greater surface area and the highest efficacy against huH-1 cancer cell lines
and consequently has the highest cell death rate and lowest cell viability. Moreover, large-size NPs
(77 nm) has a lower surface area, which is less efficient against huH-1 cancer cell lines.

Nonetheless, at lower concentrations of biologically synthesized NPs and plant extract has the
lowest cell death rate. The biosynthesized FeNPs and aqueous extract of R. stricta showed potent
cytotoxicity against hepatoma human (huH-1) cancer cell lines in a dose-
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Figure 7. Percent (%) viability of biogenic synthesized iron nanoparticle and R. stricta on liver
cancer cell lines (huH-1 cell lines at different concentrations.

dependent manner. Apparently, the percent viability decreased by increasing the concentration of
both FeNPs and aqueous plant extract (Figure 7). However, at a maximum concentration (500ug
/ml), the iron nanoparticle revealed 52.5% cell viability as compared to the extract of R. stricta, in
which 65% cells were viable at 500 pg /ml concentration. At a minimum concentration 50 pg/ml,
the biosynthesized iron nanoparticle displayed 91.2% of the cell were viable, while at the same
concentration, the aqueous extract of R. stricta revealed 95.7% cell viability.

In the cytotoxicity activity of iron nanoparticles and R. stricta extract against hepatoma cancer

cell lines, the ICsp value was also determined by using prism graph pad 4.5 software. The 1Csg value
for R. stricta and biosynthesized iron nanoparticles was 654.8 uM and 116.7 UM, respectively. The
lower value of 1C50 for FeNPs indicates that biologically synthesized FeNPs have a more potent
cytotoxic effect on human cancer cell lines than an aqueous plant extract.
Our results demonstrate that R. stricta aqueous extract and iron nanoparticles reasonably affect
hepatic carcinoma cells. It has been reported that crude extracts of R. stricta induce apoptosis in
human cancer cell lines [29]. Iron nanoparticles being in nanometers, can easily penetrate the
cytoplasm and nuclear membrane and damage the DNA, which may produce ROS. These high ROS
can break hydrogen bonds in DNA molecules, decreasing cell proliferation [30]. Nanoparticles are
considered viable options in the treatment of cancer. Shosha et al. [31] characterized iron
nanoparticles by various techniques. The iron nanoparticle was evaluated to inspect their cytotoxic
effect against K562 (human leukemia), THLE2 (human normal epithelial liver), SNU-182 and
(human hepatocellular carcinoma) and revealed cytotoxic effects against these. Another study
conducted by Yang et al. [32] on amine-modified iron nanoparticles and reported 25 % reduction in
human dermal fibroblast at 224 ug/mL concentration. In a similar study, Namvar et al. [33]
biosynthesized FeNPs from seaweed (Sargassum muticum) aqueous extract and assessed their I1Cso
value against Hep G2, MCF-7, HeLa and Jurkat cell lines were 23.83pg/mL, 18.75ug/mL
12.5pug/mL and 6.4pug/mL respectively 72 hours after treatment.

V. Conclusion

The domains of biotechnology, nanotechnology, and medicine all make extensive use of IONPs.
Researchers have been focusing on developing fast and economical processes for synthesizing
IONPs in recent years. R. stricta agueous extract was used to produce IONPs in this study, which
used green synthesis. Brine shrimps’ lethality (BSL) assays show maximum mortality (43.3%) at
100 pg. mL* after 48 Hrs as compared to plant extract. Cytotoxicity assay shows that increasing the
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concentration of biological FeNPs decreases the viability of huH-1 cancer cell line. Moreover,
biogenic FeNPs and R. stricta extract has IC50 values 654.8 UM and 116.7 uM, respectively. This
study will be useful for future scientists interested in exploring the fields of nanobiotechnology and
nanomedicine, since it will provide a foundation for researchers studying nanocarrier systems and
drug delivery metabolisms. Therefore, it is suggested that the bio-mediated NPs are safe, eco-
friendly with no toxicity and could have overwhelming applications in agriculture and biomedical
sciences.
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