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ABSTRACT

Objective: The objective of the present study is the synthesis of iron oxide nanoparticles using Annona muricata aqueous leaf extract,
characterization of the synthesized nanoparticles and evaluation of the antibacterial, photocatalytic activity and cytotoxicity.

Methods: The iron oxide nanoparticle was synthesized using Annona muricata aqueous leaf extract and the crystal structure of the iron oxide
nanoparticle was determined by UV-Visible spectroscopy, Transmission Electron Microscopy (TEM), Scanning Electron Microscopy (SEM), X-ray
Diffraction (XRD) and Fourier Transform Infrared Spectroscopy (FTIR). The in vitro cytotoxicity of iron oxide nanoparticles was evaluated using
Dalton’s lymphoma ascites cells and the antibacterial assay was conducted using agar well diffusion method.

Results: The UV-Visible spectrum of iron oxide nanoparticle showed a maximum absorption peak at 265 nm. This is the XRD pattern of iron oxide
nanoparticles exhibited a distinct peak at 26.029 (28), accounting for crystal plane (211). SEM images revealed that the synthesized iron oxide
nanoparticles were aggregated as irregular sphere shapes with rough surfaces. TEM image reveals the size of the synthesized iron oxide
nanoparticles are spherical in shape with an average size of 20 nm. Green synthesized iron oxide nanoparticles using Annona muricata leaf extract
effectively degraded methylene blue dye.

Conclusion: This study showed that the synthesized iron oxide nanoparticles using Annona muricata aqueous leaf extract exhibited pronounced
antibacterial, anticancer and photocatatytic activity and can be used in the textile industry for the purification of water contaminated with
carcinogenic textile dyes. It can also be used as an external antiseptic in the prevention and treatment of bacterial infections.
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INTRODUCTION

The biological synthesis of the nanoparticle is a challenging idea which is
well known as green synthesis. Biosynthesis of nanoparticles could be a
substitute to traditional chemical methods for the production of metallic
nanomaterials in a clean, non-toxic and ecologically sound manner.
Green synthesis of nanoparticles is cost-effective, easily available, eco-
friendly, non-toxic, large scale production can be done easily and acts as
reducing and capping agent when compared to the chemical method [1].
Plant-mediated biological synthesis of nanoparticles has gained
importance only in recent years [2] and plant extracts reduce the metal
ions in a shorter time as compared to microbes [3]. The synthesized
nanoparticles can be used for the purification of water contaminated
with carcinogenic textile dyes due to its photocatalytic activity.

The need for the purification of the wastewater is of great concern to
today’s world and the water gets polluted by various ways. The
water containing organic pollutants such as dyes coming out from
textile industries affects the biological cycle, mainly photosynthesis
in aquatic plants and also makes unfit for human use and also for the
marine animals. Many studies have shown that dyes such as
methylene blue and crystal violet are carcinogenic and mutagenic
[4]. Thus, environmental contamination by these toxic chemicals has
emerged as a serious global problem. In this study, we have studied
the photodegradation of the methylene blue by iron oxide
nanoparticle synthesized using Annona muricata leaf extract.

Annona muricata leaves extract was chosen for this study because of
many pharmacological effects including anti-cancer, anti-
inflammatory, anti-diabetic and antioxidant activities it possess [5-
71. The phytochemical screening of Annona muricata confirmed the
presence of flavonoids, terpenoids, reducing sugar, anthraquinone,
tannins and cardiac glycosides. Phytoconstituents in the leaves of A.
muricata L. contain an alkaloidal principle named 6-
Hydroxyundulatine and other alkaloids [8, 9].

Green synthesized nanoparticles are cheap and economical and green
synthesis is an eco-friendly method for the production of well-
characterized metallic nanoparticles using plants. In this work, the
iron nanoparticles were synthesized by reduction of ferric chloride
solution with Annona muricata aqueous leaf extract, which acts as a
reducing agent. Size, shape, functional groups and morphology of
synthesized nanoparticle were determined with Fourier Transform
Infrared spectroscopy (FTIR), UV-Vis spectrometry, Scanning electron
microscopry (SEM), Transmission electron microscopy (TEM). The
anti-antimicrobial efficacy of the synthesized nanoparticle was
investigated via the agar well diffusion method. The UV-Visible
spectrum of synthesized iron nanoparticle revealed absorbance at 265
nm, which confirmed the formation of iron oxide nanoparticles.

From the FTIR spectroscopic analysis of the different functional
groups present in the Annona muricata leaf extract was identified. It
showed the ability of this plant to act as reducing agents and
stabilizers of an iron nanoparticle. The FTIR analysis of iron
nanoparticles showed bands corresponding to O-H, C=C, C=0, C-H,
and Fe-O bond such as y-Fe203 bonds.

The present study is a subject of great interest and in the present study
the synthesis and characterization of iron oxide nanoparticle from
Annona muricata leaves were reported for the first time. The iron oxide
nanoparticles synthesized using Annona muricata leaf extract showed
significant catalytic activity in the photo degradation of methylene blue
and hence it can be used as a promising candidate for the purification of
waste water contaminated with dyes from textile industries.

MATERIALS AND METHODS
Plant material

Fresh leaves of Annona muricata were collected from Munumuri
village of Thrissur district, Kerala during December 2017 and
authenticated by Dr. Sheeja Tharakan, Department of Botany, Vimala
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College, Thrissur and the voucher specimen no VMA-SGB-005 was
kept in the herbarium of the department for future reference.

Chemical reagent

Ferrous chloride, ferric chloride, sodium hydroxide,, Mueller Hinton
agar, DMSO, methylene blue, ciprofloxacin, potassium bromide.

Preparation of Annona muricata aqueous leaf extract

Fresh leaves of Annona muricata were thoroughly washed with tap
water and then by distilled water to remove all the dust and
unwanted visible particle. Then leaves dried in room temperature
and cut into small pieces. About 50g of these leaves were weighed
and transferred into a 250 ml beaker containing 150 ml distilled
water and boiled for 20 min. The extract was then filtered using
Whatmann No.41 filter paper to remove particulate matter and to
get a clear solution. The solution was then concentrated, which was
then refrigerated (4 °C) for further study.

Preparation of iron oxide nanoparticles

Fifty ml of 0.1M FeClz and 100 ml of 0.1M FeCls were mixed in a
conical flask. It was heated to 80 °C and stirred using a magnetic stir
for about 10 min. (fig. 1). Then 50 ml of plant extract was added to
the mixture and stirred for another 5 min at 80 °C; then, the yellow-
colored solution gets changed to black color (fig. 2).

Fig. 1: Mixture of FeClz and FeCls

Fig. 2: Mixture of FeCl: and FeCl; and plant extract

Then 20 ml of 0.1M NaOH solution was added with a rate of 3 ml per
min. It was again stirred for 5 min and the solution was cooled and
the froth was removed. It was decanted and the plant residue was
removed. The decanted solution was the centrifuged and residue
obtained was washed several times using distilled water. The
nanoparticles obtained are dried at 40 °C under vaccum to obtain
the Iron oxide nanoparticles [10] and characterized by UV-Visible,
FTIR spectroscopy, SEM, TEM and XRD analyses. The evaluation of in
vitro cytotoxicity and antibacterial activity was also conducted.
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Antibacterial assay

For in vitro screening, Gram-positive Staphylococcus aureus and Gram-
negative Escherichia coli bacteria were selected and the antibacterial
activity of iron oxide nanoparticle was studied using the agar well
diffusion method. Ciprofloxacin was used as the reference standard.
DMSO was used as a negative control. The iron oxide nanoparticles
synthesized using Annona muricata leaf extract was prepared in 10
mg/ml concentration and 10, 20 and 40 ul was tested against Gram-
positive Staphylococcus aureus (MTCC 2825) and Gram-negative
Escherichia coli (MTCC 40) cultures. The microorganisms used for this
antibacterial activity evaluation where obtained from Microbial Type
Cultute Collection and gene bank (IMTECH, Chandigrah, India).

In vitro cytotoxicity

The iron nanoparticles prepared from Annona muricata leaf extract
were studied for the short term in vitro cytotoxicity using Dalton’s
lymphoma ascites cells by Trypan Blue exclusion method. Viable cell
suspension (1x10¢ cells in 0.1 ml) was added to tubes containing
various concentrations of the iron oxide nanoparticles and the
volume was made upto 1 ml using phosphate-buffered saline.
Control tube contained only cell suspension and the assay mixture
was incubated for 3 h at 37 °C and the cell suspension was mixed
with 0.1 ml of 1% Trypan Blue and loaded on a hemocytometer.
Dead cells were stained blue by Trypan Blue, while live cells did not
take up the dye and the number of stained and unstained cells was
counted separately [11].

Characterization of the nanoparticles

The crystal structures of the Iron nanoparticles was determined by
X-Ray diffraction analysis using X-Ray Diffraction Unit (XRD) Pan
Alytical, X-Pert pro, Netherlands operating at 40kV with 2 sec time
interval at room temperature. The morphology of the prepared
nanoparticles was determined by Scanning Electron Microscopy
(JEOL Model/JSM-6390LV). The sample was analysed by
Tranmission Electron Microscopy (TEM) to determine the size and
morphology of the particles. TEM analysis was done using a
JEOL/JSM-2100F. The prepared nanoparticles were subjected to
FTIR spectroscopic measurements to identify the possible
biomolecules present in the plant extract responsible for the
reduction and capping of the nanoparticles. FTIR spectrum was
recorded using FTIR spectrometer (Model RXI, Make Perkin Elemer)
in the range of 4000-400 cm! using KBr pellet method. The surface
Plasmon resonances of synthesized nano particles were studied by
UV-Visible double beam spectrometer (Varian, Cary 5000) in the
range of 175-800 nm.

RESULTS AND DISCUSSION

Characterization of iron oxide nanoparticles from aqueous leaf
extract of Annona muricata
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Fig. 3: UV-visible spectrum of (a)-A. Muricata leaf extract,(b)-

iron nanoparticles

UV-Visible analysis is one of the most important characterization
methods to study nanoparticles. The surface plasmon resonances
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(SPR) of iron oxide nanoparticles synthesized from the aqueous leaf
extract of Annona muricata have been studied by UV-Visible double
beam spectrometer. The absorption of visible radiations due to the
excitation of SPR, imparts various colours to nanoparticles. As the
nanoparticles size changes, colour of the solution also changes. So
UV-Vis absorption spectrum is quite sensitive to the formation of
nanoparticles and both the nanoparticles and leaf extract were
subjected to UV-Visible study (fig. 3).
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In the UV-Visible spectrum the leaf extract showed an absorption
maximum (A max) peak around 245 nm and iron oxide nanoparticle
shows a absorption maximum (A max) peak around 265 nm indicating
the formation of iron oxide nanoparticle. The characteristic
absorption peak occurs at wavelength in the range of 200 to 300 nm
indicated the formation of iron oxide nanoparticles [12]. FTIR
analysis was performed in the order to determine the functional
group and their role of synthesis of iron nanoparticle.
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Fig. 4(a): FTIR spectrum of Annona muricata leaf extract

Annona muricata leaf extract showed peaks at 2924.75 cm'!, 2857.85 cn
11620.50 cm, 1393.85 cm'?, 1266.92 cm?, 1175.21 cm?, 1074.19 cm?
and 578.30 cm? in the FTIR spectra were due to the-CH2-and-CO
groups present in the Annona muricata leaf extract. A broad peak at

3421.98 cm was observed, which may be assigned to-OH, hydroxyl
groups present in Annona muricata extracts (fig. 4a). The presence of
phenolic compounds in Annona muricata extracts is responsible for the
formation and stabilization of synthesized iron oxide nanoparticles [13].
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Fig. 4(b): FTIR spectrum of Annona muricata iron oxide nanoparticle

The FTIR spectrum of iron oxide nanoparticles shows bands at 3410.47
cm? and 1624.02 cmcorresponding to O-H stretching and bending
bands. The frequencies at low wavenumbers 614.14 cm! come from
vibrations of Fe-0 bonds of iron oxide. The band at 614.14 cm! refers to
Fe-O stretches of maghemite (y-Fez03) [14]. From this result it has been
concluded that the soluble biomolecule group present in the Annona
muricata leaves extract acted as capping agents preventing the
aggregation of iron oxide nanoparticle in the solution (fig. 4b).

The crystallinity of the iron nanoparticle was examined by XRD (fig.
5) and the distinct peak was found at 26.029 (26), accounting for
crystal plane (211). The graph was compared and found to be equal
to the card JCPDS no. 39-1346 of maghemite (y-Fe203). The average
crystal size was found to be 37.04 nm by Scherrer equation. The
crystal system is cubic in nature. Lattice parameter for the iron oxide
nanoparticle equal to 8.3787 is close to standard lattice parameter
of y-Fe203 [15].
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Fig. 5: XRD pattern of y-Fez0;3 synthesized from Annona muricata leaf extract

Scanning electron microscope (SEM) was employed to analyze the
morphology of iron oxide nanoparticle (fig. 6). SEM was taken with
accelerating voltage of 20kV and the image was observed at 5000X
magnification. SEM images revealed that the synthesized iron oxide
nanoparticles were aggregated as irregular sphere shapes with
rough surfaces. The morphology of the nanoparticles mostly
appeared to be a porous and spongy [16].

TEM images revealed that the iron oxide nanoparticles were
spherical in shape. The image shows agglomerates of small grains
and some dispersed nanoparticles, confirming the results obtained
by SEM. The iron oxide nanoparticle was analyzed by TEM to
determine the size and morphology of the particle. The TEM image
supports the crystalline structure of iron oxide nanoparticles and
the lighter regions are mainly on the surface of the particle and
darker region concentrated at the center of the particle. TEM image
shows the size distribution and shape of nanoparticles based on the
transmittance of electron beam through an ultra-thin specimen. It is
clear from the TEM image that the size of nanoparticle is almost
uniform and all particles are in spherical in shape and the average
size of particle is found to be 20 nm [17].

SEM and TEM images of synthesized iron oxide nanoparticle from
Annona muricata leaf extract is shown in fig. 6 and 7.

In vitro cytotoxicity of iron oxide nanoparticles

The iron oxide nanoparticle in various concentrations was applied to
tumor-bearing mice and the percentage of cytotoxicity was
calculated (table 1).

13 47 SEI

20kV X5,000 5um 0000

Fig. 7: TEM image

Table 1: Percentage cell death due to Annona muricata leaf extract and iron oxide nanoparticle

Percentage of cell death (%)

Concentration (pg)

200 100 50 20 10
1. A. muricata leaf extract 23.42+0.22 18.91+0.12 15.62%0.16 7.14+0.24 5.10%0.14
2. Iron oxide nanoparticles 83.56+0.20 78.43%0.16 74.50+0.18 58.86+0.12 37.2+0.10

(n=3, mean#*SD)

From the cytotoxicity analysis, it was found that the iron oxide
nanoparticle synthesized using Annona muricata leaf extract
exhibited more ability to destroy tumorous cells than the Annona
muricata leaf extract. The percentage of cytotoxicity increases when
drug concentration increases and vice versa. At 100pg, the iron
oxide nanoparticles synthesized using Annona muricata leaf extract
have 83.56% cell death of Daltons Lymphoma Ascites cells. It was
found that the iron nanoparticle can induce a cytotoxic effect on DLA

cells in a dose-dependent manner, inhibiting tumor progression and
thereby effective controlling disease progression without toxicity to
normal cells [18]. Iron oxide nanoparticles can serve as anti-tumor
agents by decreasing progressive development of tumor cells.

Antibacterial activity of iron oxide nanoparticles

Antibacterial activity of the synthesized iron oxide nanoparticle was
studied against Staphylococcus aureus and Escherichia coli using agar
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well diffusion method. Wells of standard size were cut and the
extracts were added to each well. The petri dishes were incubated
for 24 h at 37 °C and the diameter of zone inhibition is the measure

Int ] Pharm Pharm Sci, Vol 12, Issue 10, 46-51

of antibacterial activity [19]. The treatments were repeated thrice,
and the mean was taken. The results of zone inhibition in mm are
reported in table 2.

Table 2: Inhibition zones formed by iron oxide nanoparticles synthesized using Annona muricata aqueous leaf extract

Microorganisms Diameter of inhibition zones (mm)
Iron oxide nanoparticles (ug) Ciprofloxacin (ng)
10 20 40 10
1. Staphylococcus aureus - - 12+0.20 20+0.18
2. Escherichia coli 12+0.16 14+0.22 18+0.12 20+0.14
(n=3, mean#SD)
The result showed that iron oxide nanoparticles at a concentration The reaction suspension was well mixed by stirring for 30 min to
of 40pg exhibited significant activity against Staphylococcus aureus make the equilibrium of the working solution. The dispersion was
and Escherichia coli and was quite comparable to the standard then put under the sunlight and 10 ml of the solution was
antibiotic Ciprofloxacin (10ug) screened under similar conditions. withdrawn at 30 min time interval to evaluate the photocatalytic
The mechanism of the bactericidal activity of iron oxide degradation of the dye. The solution was centrifuged for 1 min and
nanoparticles are due to the attachment of the iron oxide filtered to remove the iron oxide catalyst particles before measuring
nanoparticles to the cell wall. Iron oxide nanoparticles disturb the the absorbance. That was characterized by UV-Visible spectroscopy
permeability of the membrane by penetrating to the cell membrane [21].
and causing intracellular ATP leakage and cell death [20]. . . .
Photocatalytic degradation of methylene blue occurs in the presence
Photocatalytic degradation of methylene blue of iron oxide nanoparticle of Annona muricata leaf extract, which act
. . . . . . as catalyst and decrease the absorption peak of methylene blue (665
Photo catalytic activity of the s.yntl.lesmed iron oxide nanopartlc.le nm). With the increase in reaction time, the intensity of the peak
was evaluateq by the dec.olorlzatlon of .methyl'ene blue dye in gradually decreases and after 4 hour of the reaction the peak at 665
aqueous solution. The experiment was carried out in the presence of nm nearly vanishes and it indicates that the total methylene blue
visible light irradiation without any cataly.st. .10 mg of methylene present in the solution has been degraded (fig. 8).
blue dye was added to 1000 ml of double-distilled water used as a
stock solution and 10 mg of iron oxide nanoparticles was added to Discolorization of the dye increased as contact time also increases and
100ml of methylene blue dye solution. A control was also the UV spectrum has shown a continuous decrease in absorption. This
maintained without the addition of iron oxide nanoparticles. indicates that methylene blue can be removed by iron oxide
nanoparticles synthesized using Annona muricata extracts.
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Fig. 8: The absorption spectra of an aqueous solution of methylene blue treated with 10 mg of synthesized iron oxide nanoparticles using
A. muricata at different time intervals

CONCLUSION

In the present study, iron oxide nanoparticles were synthesized
using Annona muricata leaf extract and are characterized by FTIR,
XRD, UV-Visible SEM and TEM techniques. The secondary
metabolites such as phenols, flavonoids, tannins, steroids, coumarin,
saponins and terpenoids present in the leaf extract played a dual
role of both reducing the metal salt and stabilizing the resultant
nanoparticles. Synthesized nanoparticles are quite stable without
any chemicals as capping and stabilizing agent because of
biomolecules present in the extract act as capping agent.

The in vitro cytotoxicity analysis showed that the ability of the
synthesized iron oxide nanoparticle to destroy the tumor cell is
greater than the Annona muricata leaf extract. The green
synthesized iron oxide nanoparticles showed good antibacterial
activity against the tested pathogens. The present study highlights

the potential application of iron oxide nanoparticles in biomedical
industries.

The synthesized iron oxide nanoparticles also exhibited pronounced
photocatalytic activity in the degradation of methylene blue. The
textile industries produce effluents with high levels of toxic and
recalcitrant compounds, such as dyes, which generate disastrous
effects on the environment and the human being. The synthesized
iron nanoparticles are very effective in the purification of water
contaminated with textile dyes and can be efficiently placed as a
great tool to promote sustainable development to the present and to
the future.
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