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Abstract

Nanoparticle production can be done easily, safely and without using any harmful chemicals. Due to the multiple biomedical
applications of iron oxide nanoparticles, the current study uses plant extracts of Anastatica hierochuntica (A. hierochuntica)
for the environmental friendly production of iron oxide nanoparticles (IONPs). UV—visible spectroscopy, Fourier transform
infrared (FT-IR) spectroscopy, X-ray diffraction (XRD), energy-dispersive X-ray analysis (EDAX) and scanning electron
microscopy (SEM) were the methods utilized to investigate the formation of the iron oxide nanoparticles. In UV-visible
analysis, absorption peaks of plant extracts of A. hierochuntica and biosynthesized IONPs were observed at 310 nm and
390 nm respectively. Functional groups such as alkenes, phosphate, carboxylic acid and hydroxyl groups were observed by
the FT-IR study. The produced IONPs crystallinity was further confirmed by the XRD examination, and their average size
was found to be 52 nm. SEM analysis revealed most of the formed nanoparticles were in spherical shape with 30-70-nm
size. The presence of iron, oxygen, carbon and other elements was further confirmed in the EDAX spectrum. Five different
bacteria Staphylococcus aureus, Pseudomonas aeruginosa, Enterococcus faecalis, Bacillus subtilis and Escherichia coli
were tested for the biosynthesized IONP antibacterial efficacy. With an inhibitory zone measuring 28.32 + 1.5 in diameter,
the generated IONPs exhibited considerable antibacterial activity against the Gram-positive bacteria Bacillus subtilis. The
percentage antioxidant activity of biosynthesized IONPs rises with an increasing concentration, and the highest activity of
36.79% was observed at the concentration of 100 pg/mL. In addition, the in vitro cytotoxicity studies against human breast
cancer cell line MCF-7 showed that the cell viability of biosynthesized IONPs was hazardous to the MCF-7 cell line, with
concentrations ranging between 7.8 and 1000 pg/mL, displaying the strongest and lowest anti-cancer activity, with IC50
value of 52.17%. The haemolytic activity of biosynthesized IONPs demonstrates that the rate of lysis steadily increased with
increasing concentrations. At a high concentration of 1000 pug/mL, 24% of lysis and at a lower concentration of 31.25 pg/
mL, 2.2% lysis was observed. The iron oxide nanoparticles produced by this biogenic method will therefore have more varied
uses in the biomedical industry with further clinical evaluation.

Keywords Anastatica hierochuntica - Green synthesis - Iron-oxide nanoparticle - Antibacterial activity - DPPH antioxidant
activity
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confinement effects, more atoms are found on the surface
changes depending on a number of factors [2]. Vapour dep-
osition, mechanical methods and chemical synthesis pro-
cesses such as sol-gel, co-precipitation, hydrothermal, sol-
vothermal and pyrolysis are examples of physical synthesis
procedures for metal and metal oxide nanoparticles [3-5].

Researchers are exploring ecological friendly synthetic
methodologies for nanoparticle manufacturing in order to
get over the limits of physical and chemical procedures. An
alternative to nanoparticle synthesis is green synthesis. This
process avoids manufacturing toxic by-products and is effi-
cient, sustainable and environmentally beneficial [6]. Metal
nanoparticles are created using environmental friendly pro-
cesses from biological components such as plant extracts,
bacteria, fungi and algae. Plant extracts are frequently uti-
lized to make metal oxide nanoparticles because it is a quick,
affordable and straightforward process. Biological nanopar-
ticles are another name for the nanoparticles created utiliz-
ing the green technique [1]. Modern nanostructures that are
compatible with improvements in already created materials
can be produced by a number of plants. Phytochemicals or
secondary metabolites are abundant in plant biodiversity,
especially in leaves. These include compounds phenols,
flavonoids, terpenoids, amides, aldehydes and ketones [7].
These secondary metabolites convert the metal precursors
into metal nanoparticles. The synthesis of environmental
friendly metal nanoparticles is influenced by reaction vari-
ables such as solvent and precursor concentrations, reac-
tion time, temperature, pressure and pH [8]. Therefore, it
is essential to create environmentally secure nanoparticle
synthesis methods. Compared to chemical and physical
approaches, green synthesis offers a number of advantages:
it is non-toxic, pollution-free, ecological friendly, inexpen-
sive and more sustainable. This technology uses the raw
material plant as both a capping and a reducing agent, which
eliminates the need for dangerous chemicals. Consequently,
biological nanoparticle synthesis using plant extracts is more
bio-compatible than chemical synthesis [9]. Iron oxide is one
of the most often used forms of iron in a variety of applica-
tions. It can be used as a photocatalyst in the photolysis of
phenolic compounds, a CO sensor and other gas detector, an
anode in batteries and in the pharmaceutical industry, among
many other things [10, 11].

Anastatica hierochuntica (A. hierochuntica), often known
as the Rose of Jericho, is the only known species in the
Anastatica genus and a well-known medicinal plant in the
Brassicaceae family [10]. Plants are developed from seeds
during the brief wet season, rarely higher than 15 cm, its tiny
white blossoms. The stem bends inward into a dense hard-
wood ball with a diameter of 4 to 10 cm after the wet season,
when the plant dries up. Because they are tough, seeds can
hibernate for long periods of time. Tea prepared from this
is used to treat all of these ailments including typhoid fever,

@ Springer

salmonella typhoid, dysentery, diabetes, headaches and heart
disease. The therapeutic benefits of this plant are due to its
phytochemical components [12]. This category also includes
alcoholic and aqueous extracts of carbohydrates, phenols,
flavonoids, tannins, saponins and alkaloids of the same
composition in addition to n-hexane extracts that include
phenols, terpenoids and sterols. It has several physiological
effects on the human body [13, 14]. Antioxidant, antibacte-
rial, antifungal, hypolipidaemic and hypoglycaemic activi-
ties are induced by the extracts of A. hierochuntica [15-17].
In the present study, iron oxide nanoparticles were made
using extracts of A. hierochuntica plant, and its antibacte-
rial, antioxidant, cytotoxic and haemolytic properties were
examined.

2 Materials and methods

Ferric chloride (98%), ferrous sulphate heptahydrate (98%),
ethanol, NaOH and bacterial growth media were purchased
from Sigma-Aldrich. The Anastatica hierochuntica (Rose of
Jericho) plant was obtained from Raw Herbs India Pvt. Ltd.

2.1 Extraction of aqueous plant of A. hierochuntica

The selected therapeutic plant A. hierochuntica was dried
at shade and chopped into pieces. A mortar and pestle were
used to pulverize the chopped herb into fine powder. The
aqueous extract of the herb was prepared as per previously
described method by Mohammd et al. [18] with slight
changes. Accordingly, 10 g of herbal powder thoroughly
mixed with 100 mL of distilled water and the mix was
incubated for 30 min at 80 °C at atmospheric pressure. The
incubated mix was then filtered using Whatman grade no. 1
filter paper to collect the filtered-out fluid (extract), and this
extract was concentrated using a rotary evaporator at normal
temperature and pressure. The prepared aqueous A. hiero-
chuntica plant extract was then stored at —20 °C for further
studies. This extraction process is repeatable by strictly fol-
lowing the same parameters and procedures. Additionally,
UV-Visible spectroscopic analysis was performed for the
sample diluted to 1:10 ratio with distilled water to verify the
active ingredients present in the extract of A. hierochuntica.

2.2 Fabrication of iron-oxide nanoparticle using A.
hierochuntica

Iron oxide nanoparticles from A. hierochuntica were syn-
thesized in an aqueous solution of 20-mL (0.1 M) ferrous
sulphate heptahydrate (FeSO,-7H,0) and 20-mL (0.1 M)
ferric chloride solution (FeCl;) to 30 mL of plant extract at
room temperature. The standard NaOH solution (0.1 N) was
used to maintain the pH of the synthesized reaction mixture
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at 9. The reaction mixture changes to dark brown from yel-
low after 3 h of nonstop stirring. The nanoparticles were
separated by centrifuging the reaction mixture at 10,000 rpm
for approximately 10 min [9]. Isolated nanoparticles were
collected in an airtight container for additional preservation.

2.3 Characterization of iron oxide nanoparticles
2.3.1 Ultraviolet-visible spectroscopy

The characteristics of aqueous plant extract and bioderived
iron oxide nanoparticles were determined by UV—Visible
spectroscopic analysis. The analysis was done by using
JascoV-630, and the sample was scanned between 200 and
800 nm at a scanning speed of 300 nm/min [9]. The colour
formation of plant extract and iron oxide nanoparticles by
the activation of surface plasmon resonance was examined.
Using a Milli-Q water purification system, distilled and
deionized (DI) water was used to prepare the blanks.

2.3.2 FT-IR analysis

The functional groups in biomolecules that are present in
biosynthesized IONPs were observed in Fourier transform
infrared (FT-IR) spectroscopy [19]. The biosynthesized
IONPs were scanned in the 400-4000 cm™! range on a Perki-
nElmer FTIR spectrometer.

2.3.3 XRD analysis

An X-ray diffraction (XRD) analysis has been used to meas-
ure the size of the formed iron oxide nanoparticles (IONPs).
XRD measurements was performed using a Shimadzu 7000
power X-ray diffractometer in scan mode with continuous
scans ranging from 20° to 80° and monochromatic Cu-Ka
radiation (k= 1.5406) at room temperature [20]. The size of
the IONPs was calculated from the highest peak.

2.3.4 SEM and EDAX

Morphology and size of the formed nanoparticles were ana-
lysed using scanning electron microscope (SEM) (Model
Jeol 6390LA/ OXFORD XMX N). In addition, metal ele-
mental components (iron) were detected by energy disper-
sive X-ray (EDAX) spectrometer [9].

2.4 Antibacterial activity

Nanoparticles, which have been thoroughly studied for
their antibacterial properties, may be a feasible choice for
the production of pharmaceuticals, used in therapeutic
applications. Antibacterial activity against disease
causing microorganisms such as Staphylococcus aureus,

Pseudomonas aeruginosa, Enterococcus, Bacillus subtilis
and Escherichia coli was done using the agar disc diffusion
method. Ciprofloxacin antibiotic discs were utilized as
positive control. The temperature of stock cultures was kept
constant at 4 °C on nutrient agar slants. Active experimental
cultures were prepared using the transferring one loop of
culture from stock cultures to broth tubes and incubating at
37 °C for 24 h [21]. In Muller Hinton Agar (MHA) medium,
the antibacterial properties of the sample were studied using
the disc diffusion technique. A Petri dish was filled with
MHA medium (10-15 mL). After the medium had set for
10-15 min, the inoculum was applied to the surface using a
sterile swab dipped in the bacterial solution. Using forceps,
the disc was inserted into the MHA plate together with 20
uL of biosynthesized IONPs (concentrations of 1000 pg/
mL, 750 pg/mL, and 500 pg/mL). Plates were incubated at
a temperature of 37 °C for 24 h. The diameter of the zone
of inhibition was then used to examine the antibacterial
activity.

2.5 Antioxidant activity

A free radical scavenging test called the diphenyl-1-
picrylhydrazyl (DPPH) assay was carried out on the
biosynthesized IONPs to ascertain its antioxidant capacity
[22, 23]. Freshly prepared DPPH solution (0.004%w/v) was
added in each test tube containing biosynthesized IONPs at
the concentration of 20 ug/mL, 40 pg/mL, 60 ug/mL, 80 pg/
mL and 100 pg/mL. Ninety-five per cent methanol was used
as blank. After the samples had been incubated in the dark
for roughly 30 min, the samples’ absorbance was measured
at 517 nm. The following formula was used to calculate the
free radical scavenging percentage:

(Absorbance of blank) — (Absorbance of test) y

100
(Absorbance of blank)

% Antioxidant activity =

2.6 Cytotoxic activity

The MCF 7 cell line, which is used to study breast cancer,
was cultured in DMEM with 10% foetal bovine serum,
100 pg/mL penicillin and 100 pg/mL streptomycin in a
humidified environment with 50 pg/mL CO, at 37 °C.
It was multiplied by seeding cells in 24-well plates
and incubating them under 37 °C, 5% CO, conditions.
Different sample concentrations (7.8 pg/mL, 15.6 pg/
mL, 31.2 pg/mL, 62.5 pg/mL, 125 pg/mL, 250 pg/mL,
500 pg/mL, 1000 pg/mL) were added once the cells had
reached confluence, and the mixture was then incubated
for 24 h [24]. Samples were taken out of the wells and
rinsed with DMEM without serum after incubation. One
hundred microliters per millilitre per well for 4 h was spent
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incubating with 0.5% 3-(4,5-dimethyl-2-thiazolyl)-2,5-
diphenyl-tetrazolium bromide (MTT). All wells received
1 mL of DMSO after incubation. DMSO was used as a blank
in a UV spectrophotometer to assess absorbance at 570 nm.
The concentration necessary for 50% inhibition (IC50) was
plotted after measurements were made. The % cell viability
was calculated using the following formula:

% Cell viability = Absorbance of treated cells % 100

Absorbance of control cells

2.7 Haemolytic activity

The compatibility of biosynthesized IONPs was carried out
using haemolytic assay with freshly separated red blood
cells. The RBCs are separated from the blood by centrifu-
gation method at 14,000 rpm for 5 min. The suspension of
RBCs was prepared in phosphate buffer solution (PBS) at
pH 7.4 by adding 200 uL of RBC to 6 mL PBS. The biosyn-
thesized IONP concentration 100 pg/mL was mixed with
erythrocyte suspension and incubated at 25 °C for 4 h. The
test samples were then centrifuged at 10,000 rpm for 10 min.
The supernatant was collected, and absorbance was recorded
at 545 nm [25]. Triton X 100 (2%) served as positive and
DMSO as negative controls. The haemolysis percentage was
calculated using the formula below:

Sample OD — Negative control

Hemolysis (%) = x 100

"~ Positive Control — Negative control

3 Results and discussions
3.1 Ultraviolet-visible spectroscopy

The IONPs synthesized from aqueous extract of A. hiero-
chuntica were indicated by the colour change from yellow
to brown. The plant extract and iron oxide nanoparticle for-
mation is confirmed with the presence of distinctive peaks
at 310 nm and 390 nm respectively, because synthesized
nanoparticles are said to be distinguished by the excitation
of surface plasmon resonance as shown in Fig. 1. Similar
research for UV—Visible analysis has been reported with the
green synthesis of iron oxide particles by Kirdat et al. [3].

3.2 FT-IR

Figure 2 depicts the Fourier transform infrared spec-
troscopy (FT-IR) spectra of the biosynthesized IONPs
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Fig. 1 UV-visible spectrum of IONPs and extracts of A. hierochuntica

using A. hierochuntica. The transmittance peak for
the biosynthesized IONPs is observed at 682.79 cm™!,
1016.88 cm™', 3201.58 cm™' and 3848.32 cm™'. The
stretching at 682.79 cm™! reveals the existence of alkenes.
The phosphate ion was present as shown by the stretching
at 1016.88 cm™' [26]. The peaks at 3201.58 cm™! cor-
respond to O—H bond stretching vibration of alcohol and
phenol group while 3848.32 cm™! represents hydroxyl
group. The peaks shifting indicate bio-reduction and sta-
bilization by the phytochemicals included in the IONPs
that were produced by biological synthesis. The FT-IR
analysis thus revealed the locations where interactions of
extract molecules with iron metal ions [27].

3.3 XRD

To ascertain the crystallinity and surface morphology of
the produced IONPs, X-ray diffraction (XRD) examina-
tions were carried out at 2 theta angles ranging from 20°
to 80°. The XRD data in Fig. 3 reveals the (220), (311),
(400), (401), (422) and (214) crystal planes at 31.69°,
35.68°, 43.40°, 45.50°, 56.45° and 62.83° respectively.
This specifies the presence of synthesized iron oxide bio-
nanoparticles. Based on the strong and prominent peaks,
the Fe,O; nanoparticles produced by the reduction pro-
cedure using extract from A. hierochuntica were unques-
tionably crystalline. These XRD findings for iron oxide
nanoparticles are roughly the same as those made by other
researchers [28, 29]. The Debye—Scherrer equation was
applied to XRD analyses to measure the size of the pro-
duced biosynthesized iron oxide nanoparticles. The aver-
age crystallite size as calculated using the Debye—Scherrer
equation (Dygp= (K A/f cos 8)) was found to be 52 nm.
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Fig. 3 XRD analysis of biosynthesized IONPs using A. hierochuntica

3.4 SEM

The SEM images of the biosynthesized IONPs at different
magnifications are represented in Fig. 4a—c. SEM images
exposed that IONPs were synthesized successfully. The
mean particle size of the synthesized IONPs was determined
to be in the range of 30-70 nm by the Image J software pro-
gram. As seen from Fig. 4a—c, most of the formed nanopar-
ticles were spherical and few were in cubic morphologies.
Similar to the present study, Jagathesan and Rajiv reported
that Eichhornia crassipes leaf extract-mediated IONPs
were spherical in shape confirmed by SEM analysis [30].
Figure 5 depicts the EDAX image of biosynthesized iron

2000 1500 1000 500 400

oxide nanoparticles. The elemental composition of IONPs
is analysed using EDAX, and it was found to be 44.16% of
iron, 19.16% of oxygen and 19.87% of sodium and presence
of other elements. A similar spectrum has been shown by
Velsankar K et al. [31].

3.5 Antibacterial activity

The agar disc diffusion method was used to screen bio-
synthesized IONPs and positive control ciprofloxacin for
antibacterial activity against Staphylococcus aureus, Pseu-
domonas aeruginosa, Enterococcus faecalis, Bacillus subti-
lis and Escherichia coli. This study demonstrated that when
the concentration of the produced IONPs increases, their
antibacterial activity also increases similar to the study by
Biswas et al. [21]. Table 1 depicts the antibacterial activity
of biosynthesized IONPs, and Fig. 6 illustrates the inhibi-
tory ability of the IONPs against the test organism after
24 h of incubation. The produced bionanoparticles have
a 28.32+ 1.5 mm diameter inhibitory zone and exhibited
strong antibacterial activity at 1000 pg/mL concentration
against Bacillus subtilis. It was clear from the mean zone of
inhibition, IONPs at concentrations of 1000 pg/mL, 750 ug/
mL, and 500 pg/mL inhibited Bacillus subtilis more effec-
tively than Staphylococcus aureus, Pseudomonas aerugi-
nosa, Enterococcus faecalis and Escherichia coli. The anti-
bacterial mechanism against bacillus and also other bacterial
species may be due to number of different processes. The
primary proposed mechanism is the reactive oxygen species
(ROS) generate oxidative stress [32]. Hydrogen peroxide
Singlet oxygen, superoxide radicals and hydroxyl radicals
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Fig.4 SEM images of IONPs at different magnifications (a—c)

Fig.5 EDAX image of biosyn-
thesized iron oxide nanopar-
ticles

Table 1 Antibacterial activity

) . ; Organisms Zone of Inhibition (mm)
of biosynthesized IONPs using
A. hierochuntica IONPs concentrations (ug/ mL) Ciprofloxacin (1 mg/mL)
1000 750 500

S. aureus 8.43+2.0 721+15 7.03+£0.5 3423+1.8
P. aeruginosa 8.32+1.5 8.16+1.0 8.24+0.5 9.41+1.0
E. faecalis 15.10+1.5 825+1.0 7.36+£0.5 32.14+1.5
B. subtilis 28.32+1.5 14.1+0.5 9.49+1.0 4733+13
E. coli 822+1.0 7.41+15 7.32+0.5 7.24+09
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Fig.6 Antibacterial activity,
zone of inhibition (ZOI) caused
by biosynthesized IONPs using
A. hierochuntica against five
pathogenic bacteria a Staphylo-
coccus aureus, b Pseudomonas
aeruginosa, ¢ Enterococcus
faecalis, d Bacillus subtilis, e
Escherichia coli

are examples of ROS that can harm bacteria’s DNA and pro-
teins chemically [33]. Secondary physical harm caused by
electrostatic interactions between nanoparticles and bacterial
cell membranes or cell membrane proteins can result in the
death of the bacteria [34]. Other research has shown that
small size and high surface area to volume ratio allow the
iron oxide nanoparticle to interact with the membrane of the
bacteria. The biosynthesized IONPS using A. hierochuntica
showed higher activity against E. coli which is reflected in
the mean zone values of 8.22 + 1.0 mm at maximum con-
centration. The recorded activity is higher than that of the
standard ciprofloxacin (7.24 +0.9 mm). This bactericidal

Fig.7 DPPH free radical scav-

enging activity of biosynthe-

sized IONPs using A. hiero-

chuntica. Values are presented 40
as mean+SD (n=3)

N W
v O

20

DPPH activity (%)
w o &

o

20

effect could be due to the smaller size of IONPs. According
to Arokiyaraj et al. [32], the killing of E. coli by zero-valent
iron nanoparticles may be caused by the diffusion of the tiny
particles (sized between 10 and 80 nm) into the membranes
of E. coli, which produces oxidative stress and ruptures the
cell membrane.

3.6 Antioxidant activity

According to the DPPH free radical assay, the produced
biosynthesized IONPs have a higher antioxidant potential
which shows their capacity to capture free radicals. The

Anti-Oxidant Activity

40 60 80 100

Concentration (ug/ml)

@ Springer



19012

Biomass Conversion and Biorefinery (2024) 14:19005-19015

effect of different concentrations of biosynthesized IONPs
on DPPH scavenging activity is shown in Fig. 7. The DPPH
activity of biosynthesized IONPs was found to increase in
a dose-dependent manner, with 100 ug/mL producing the
highest maximum activity inhibition of 36.79% and 20 pg/
mL producing the lowest minimum activity inhibition of
13.33%. The DPPH radical test clearly demonstrates that
biosynthesized iron oxide nanoparticles have a better anti-
oxidant capacity and are capable of donating a free radical
to eliminate the old electron that is responsible for the free
radical reactivity. Similar to the study of Abdullah et al. [23],
it was found in the current investigation that when IONP
concentration increases, so does their antioxidant activity.

Fig.8 Cytotoxic effect of
biosynthesized IONPs using A.
hierochuntica on MCF 7 cell
line. a Normal MCF 7 cell line,
b 1000 ug/mL, ¢ 7.8 pg/mL

€)

Similar research on the improved antioxidant capabilities
of biosynthesized Ag-NPs and CuNPs from plant sources
such as Aegle marmelos [35] and Withania somnifera [22]
has been reported.

3.7 Cytotoxic activity

MTT colorimetric assay was performed to assess the cyto-
toxic activity of the green synthesized iron oxide nanopar-
ticles using A. hierochuntica. The untreated cells served
as a control (100% viability). The present finding exposed
that the nanoparticles significantly inhibited the growth of
MCEF-7 cells in a dose/concentration-dependent manner. The

Fig.9 Effect of biosynthesized
IONPs on cell viability in dose-
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Fig. 10 Haemolytic activities of
biosynthesized IONPs using A.
hierochuntica

30

25

Hemolysis (%)

(O3]

cytotoxicity of biosynthesized IONPs against the MCF-7
cell line was proven in our work using the MTT assay, with
the highest and lowest anti-cancerous activities at concentra-
tions 1000 pg/mL and 7.8 ug/mL as shown in Fig. 8a, b, c.
The inhibitory concentration IC5, was found to be 7.8 pg/mL
with the inhibition of 52.17% for 24-h treatment as shown
in Fig. 9. It is clearly evident from the obtained results that
at a very low concentration of 7.8 pg/mL, the cell survival
was reduced to nearly half (52.17%), and as the concen-
tration increases, the cell viability decreases appreciably.
Nagajyothi et al. [24] reported that the cytotoxic ability of
iron oxide nanoparticles with clear concentration-dependent
cell growth inhibition on MCF-7 breast cancer cells. Abou-
elella et al. [36] reported extracts of A. hierochuntica, regis-
tered excellent cytotoxic activities against HeLa cell lines.
In a different investigation, Erdogan et al. reported that red
cabbage peel extract-mediated IONPs reduced the viability
of MCF-7 cells to roughly 72.5% at concentrations of 1,
10, 100 and 1000 pg/mL [37]. The present work reported
toxicity of biosynthesized IONPs against MCF-7 cells is
remarkably high at low concentration similar to these pre-
vious findings.

3.8 Haemolytic activity

To study the toxicity of biosynthesized IONPs on erythro-
cytes, haemolytic activity is performed at concentrations of
biosynthesized IONPs ranging between 1000 and 31.25 pg/
mL according to Hassan et al. [25]. The results indicated
that at high concentration of IONPs (1000 pg/mL), highest
haemolysis was observed at 24%, while at low concentration
of IONPs (31.25 pg/mL), lowest haemolysis was observed at
2.2% as shown in Fig. 10. According to “American Society
for Testing and Materials Designation” materials with <2%

20

15

10 I
1000 500 250 125

Heamolytic Activity

62.5 31.25
Conentration (pug/mL)

is non-haemolytic [38]. Therefore, our results indicate a non-
haemolytic behaviour at low concentrations of 31.25 ug/mL,
and this can be categorized as non-haemolytic concentration
and biocompatible to that of RBC.

4 Conclusion

In the present study, iron oxide nanoparticle was success-
fully created biologically using the extract from A. hiero-
chuntica. The generated bionanoparticles were examined
using XRD, FT-IR and UV-visible spectroscopy techniques.
It exhibits a recognizable absorption peak in the UV—visible
spectrum at 390 nm, and FT-IR analysis identifies a number
of functional groups. The average size of nanoparticles as
determined by XRD analysis is 52 nm, and this measurement
again supported the crystalline character of the produced
IONPs. SEM images showed that the average size of iron
oxide nanoparticles was 30-70 nm. The effectiveness of the
produced biosynthesized IONPs, inhibiting bacterial growth,
was also examined with the different pathogenic bacteria.
Antibacterial assay showed that the biosynthesized iron
oxide nanoparticles have good activity against B. subtilis
and E. coli. The antioxidant activity increases with increas-
ing concentration of biosynthesized IONPs by DPPH assay.
The biosynthesized IONPs exhibited cytotoxic activity
against MCF-7 breast cancer cell lines. Hence, the findings
of present study are anticipated to provide new avenues in
the biomedical applications for the clinical development of
novel therapeutic agent against infectious diseases.
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