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Herein, a bio-inspired synthetic method for Ag NP adorned biofunctionalized magnetic nanocomposite has been
demonstrated. In the procedure, Mentha longifolia flower extract was employed as a template for the green
reduction of immobilized Ag ions to corresponding NPs and subsequent stabilization. The phytochemical modi-
fication also facilitated the Fe3O4 NPs to protect from self-aggregation. The as-synthesized Ag/Fe3O4 nano-
composite material was characterized by SEM, TEM, EDX, elemental mapping, VSM, XRD and ICP-OES methods.
Towards the biological application, the material was first explored in the anti-oxidant study following DPPH assay
and it exhibited a significant radical scavenging capacity. The application of Ag/Fe3O4 nanocomposite was further
progressed in the anticancer study against standard human lung cancer cell lines (A549 and H358). Cytotoxicity
of the material against the cell lines were determined in terms of % cell viability following MTT method and was
found to decrease with increase in the material load.
1. Introduction pressure procedures for NPs crystallizations, use of carcinogenic solvents,
In scientific research and development the concept of nanotechnology
has been a ubiquitous phrase these days. It deals with the study and appli-
cationof nanodimensionalmaterials, usuallywithin the rangeof 100nm[1,
2]. Nanometric size of the particles afford large surface to volume ratio and
large number of surface active atoms that in turn generates several unique
optical, electronic, catalytic and biological properties, being quite different
from their macro and micro-counterparts [3, 4]. Their sizes can be tuned
intodifferent scales andof diverse shapes like spherical, triangular, rod-like,
tubular, star andpolyhedral byvarying thedifferent reaction conditions like
solvent, temperature, pressure, time of reaction, nature of reducing agents
etc. [5, 6]. Based on their shape and site selective properties these featured
NPs have been used in various domains such as biosensors, electrochemical
sensors, wastewater treatment, forensic investigation, hologram printing,
catalysis, and biomedical applications [7, 8, 9, 10, 11, 12].

Despite the presence of several efficient physical, chemical and biolog-
ical procedures for the synthesis of noblemetal NPs,many of them involved
unsafe and harmful chemicals as reducing agents, high energy and high
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expensive reagents and hazardous methods, which overall made the pro-
cedure non-sustainable [13]. Nevertheless, the green and bio-inspired
procedures concerning microorganisms (virus, bacteria, fungi, algae), bio-
molecules (carbohydrates, lipid, proteins, polymers) and plant extracts are
much safer, non-toxic, inexpensive and also the correspondingmaterials are
biodegradable and biocompatible [14, 15, 16, 17, 18, 19, 20, 21, 22]. Now,
among these protocols, the plant based biosynthesis of NPs has been more
advantageous as, i) it is absolutely green and energy efficient involving
water as reaction media at ambient conditions, ii) no chance of microbial
contamination which is mandatory in biological applications, iii) in situ
green reduction of metal ions into NPs facilitated by the phytomolecules of
plant, averting harsh reducing agents, iv) providing additional stabilization
toNPs by biomolecular encapsulation and v) non-aggregated uniform sized
particles [23, 24, 25, 26, 27, 28]. Being inspired, several research articles
havebeenpublishedonplant (leaves,flower, fruit, seed, root,bark, gumetc)
extract mediated biogenic synthesis [29, 30, 31]. Following the trend [32],
weherein demonstrate the architecture and synthesis ofMentha longifolia or
mint flower extract templated sustainable synthesis of Ag NPs impregnated
er 2022
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magnetic Fe3O4 NPs, as a magentically retrievable bio-nanocomposite
material. Mentha is a perennial herb that grows abundantly in the moist
atmosphere. It is rich in phytochemicals like monoterpenes and mono-
terpenoids (menthol, menthone, isomethone, neomethol, piperitone,
α/β-pinene), sesquiterpene (β-caryophyllene),differentkindsof tanninsand
flavonoids [33, 34]. Mostly these are oxygenated compounds and the
electron richorganofunctions facilitate the in situgreen reductionofAg ions.
Since these tiny Ag NPs have high affinity to self-aggregate, we allowed
them to disperse over pre-synthesized Fe3O4 NPs. The as-synthesized
nanocomposite seem also advantageous in terms of easy magnetic isola-
tion from the system [35].

Some recent literatures have revealed the significant cancer diagnosis
and therapeutic potential of bio-engineerednoblemetalNPs likeCu,Auand
AgNPs[36,37]. It's prettywondering tosee the superioruseandapplication
of bio-functionalized NPs over conventional cancer therapy. Some impor-
tant reasons behind that is the toxicity and side effects produced by them
due to non-specific targeting in the body cells, drug-resistance on the body,
quick drug metabolism and clearance from the patient's body, expensive-
ness of the treatment procedure etc [13]. Mechanistically, different bio-
functionalized nanoformulated noble metal composites easily enter the
cancer cells through endocytosis and surpass the blood-brain barrier (BBB)
due to their compatible sizes and environment. They spread all over the
cytoplasm and nucleus by intracellular trafficking, damage the mitochon-
drial function and generates reactive oxygen species (ROS) around their
surface. Subsequently, they enhance the secretion of lactate dehydrogenase
enzyme to deregulate the cell cycle and finally lead to apoptosis. Ag NPs
have been found very efficient in generating ROS in the cell environment
and also exhibit significant antiangiogenicand anti-proliferative properties
[38, 39, 40, 41, 42, 43, 44, 45, 46].

Being encouraged by these, we are prompted to employ the novel Ag/
Fe3O4 nanocomposite material towards inhibiting the growth of human
lung cancer. In addition we also studied its antioxidant potential which is
believed to be related with the anticancer activity (see Scheme 1).

2. Experimental

2.1. Preparation of Mentha longifolia flower extract

1.0 g of dried Mentha longifolia flower were washed thoroughly with
double distilled water and extracted in 50mL DI water by boiling at 60 �C
Scheme 1. Schematic green synthesis of Ag/Fe3O4 nanoco
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for 20 min. It was filtered through Whatman-1 filter paper and the pale
yellow colored filtrate was used as the mentha extract.

2.2. Green synthesis of the Ag/Fe3O4 nanocomposite

Fe3O4 NPs were pre-synthesized following recent literature. 0.5 g of
material was dispersed in deionized water (50 mL) by sonication for 30
min. The precursor of Ag ions, AgNO3, was added to the mixture (0.03 g)
under stirring and continued for 30 min for immobilization of Ag ions
over Fe3O4. Subsequently, Mentha longifolia flower extract was intro-
duced to initiate the green reduction. The mixture was stirred for another
60 min and the Ag/Fe3O4nanocomposite formed was isolated magneti-
cally, washed with deionized water and dried at 60 �C.

2.3. Investigation of antioxidant activity

In the study of antioxidant activity of Ag/Fe3O4 nanocomposite, the
DPPH (1,1-diphenyl-2-picrylhydrazil) radical scavenging assay was fol-
lowed. A methanolic solution of DPPH radical was brought in contact to
the experimental antioxidant material in different concentration when
the radical gets quenched by abstracting protons or free electrons it. This
makes a visible change in color from violet to pale yellow. The antioxi-
dant capacity is determined in terms of % inhibition by spectroscopic
measurement following Eq. (1).

Inhibitionð%Þ¼
�
1�Abssample � Absblank

Abscontrol � Absblank

�
� 100 (1)

Abs sample: absorbance of the reaction mixture, Abs blank: absorbance
of the blank for each sample dilution in DPPH solvent, Abs control:
absorbance of DPPH solution in sample solvent.

2.4. Investigation of cytotoxic activity

The cell lines were initially cultured in 96-well plates at 37 �C in 5%
CO2 atmosphere for 24 h. The growth media (10% FBS) was then dec-
anted off from the plate and were washed twice with PBS. The com-
pounds were then introduced in different concentrations (0.5, 5, 50, 500,
and 1000 μg/mL) in RPMI medium and the system was incubated again
for 3 days. The MTT dye in PBS solution (10 μL, 5 mg/mL) was next
mposite mediated by Mentha longifolia flower extract.



Figure 1. TEM images of (a) Fe3O4/extract NPs and (b) Ag/Fe3O4 nanocomposite.
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added to each well and incubated again for 4 h. In the same way media
was removed and replaced with 100μL DMSO in each well. In order to
assist the formazan crystal solubilization all the plates were gently
swirled. Finally, absorbance of the resulting mixture was measured at
545 nm and% cell toxicity alongwith IC 50 were determined as following
Eq. (2).

Toxicity %¼
�
1�mean OD of sample

mean OD of control

�
� 100 (2)

Viability %¼100� Toxicity%

3. Results and discussion

3.1. Characterization and data analysis of Ag/Fe3O4 nanocomposite

The Ag/Fe3O4nanocompositewas prepared following a stepwise
modification approach. This involves the initial synthesis of Fe3O4 NPs by
co-precipitation method followed by the impregnation of Ag ions over
them. The composite as formed was then biogenically reduced over
Mentha longifolia flower extract to produce the final material.
3

After the synthesis, the nanocomposite material definitely demands
its physical characterizations, which was carried out over SEM, TEM,
EDX, elemental mapping, XRD and VSM analysis. At the outset we
studied the surface texture, particle shape and dimension, and their
relative dispersion. Figure 1 clearly displays the two different kind of
NPs, one for extract modified Fe3O4 (Figure 1a) and another for hybrid
Ag/Fe3O4 nanocomposite (Figure 1b) having grey and black color
respectively. Both the kind are almost globular in shape. Evidently, the
Ag NPs are of larger size (35–40 nm) than Fe3O4 NPs (10–15 nm). It looks
as the two kinds of particles are encapsulated inside a gel like appear-
ance, which is undoubtedly the Mentha longifolia flower extract biomol-
ecular coating. Due to this kind of arrangement the particles are quite
apart from each other and free from aggregation. The SEM image of Ag/
Fe3O4 nanocomposite, as shown in Figure 2, also verifies the spherical
shaped nanocomposite particles. Although, their individual recognition
could not be done from the SEM investigation. It is due to manual sam-
pling the material looks agglomerated.

Next we had the elemental composition study, which was done
through EDX analysis, being equipped with the SEM instrument. Figure 3
clearly demonstrates the corresponding profile of Ag/Fe3O4 nano-
composite with the presence of Fe and Ag as metallic component and C



Figure 2. SEM image of Ag/Fe3O4 nanocomposite.

Figure 3. EDX spectrum of Ag/Fe3O4 nanocomposite.
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and O as non-metals. A major broad signal of Au is observed at 2.1 keV,
which is attributed to the Au vapor deposition over the nano-sample prior
to analysis, and not of the sample component. The non-metals obviously
account for the Mentha longifolia flower extract phytomolecular associa-
tion with the sample matrix. We further validated the EDX results and
concreted the information with elemental mapping study. This offers an
excellent comprehension of atomic dispersion of the constituent elements
over the surface. As Figure 4 depicts, X-ray scanning of a section of the
SEM image generates the signals in the form of dots which represent the
4

corresponding elemental species. Markedly, they are homogenously
distributed over the surface which has a significant impact in showing
superior activity.

The crystallinity and nature of diffraction phases of Ag/Fe3O4 nano-
composite was determined by XRD analysis, which has been shown in
Figure 5. Fe3O4 NPs can be recognized from its nature of diffractions on
(220), (311), (400), (422), (511) and (440) Fe3O4 crystal planes which
appeared on 2θ angles of 31.3, 36.4, 44.2, 54.8, 58.4 and 64.3�. These
angles resemble closely with the standard JCPDS values (File No 19-



Figure 4. SEM image of Ag/Fe3O4 nanocomposite with its elemental mapping.
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0629). In addition, some weak diffraction peaks related to Ag NPs are
observed at 2θ ¼ 41.2�, 45.1�, 62.3� and 77.4�, attributed to fcc silver
(111), (200), (220) and (311) crystal planes. The broad and non-
crystalline region in the 10-15� angles corresponds to the Mentha long-
ifolia flower extract phytochemicals. Calculating the FWHM (Full Width
at Half Maxima) values, Scherrer's formula (D¼ Kλ/βcosθ) has been used
to determine the particle size of the Ag/Fe3O4 nanocomposite, which
appeared to be 48.4�. However, the same for un-doped Fe3O4 was found
as 17.3�. This is fairly close to the dimension predicted from TEM
analysis.

As the material contained Fe3O4 at its core, the study of its magnetic
properties was felt very important and accordingly VSM analysis was
carried out. Exposing the Ag/Fe3O4 nanocomposite to a variable mag-
netic field within the range of -20 kOe to þ20 kOe produces the
5

resultant profile in the form of a magnetic hysteresis curve, being
shown in Figure 6. This justifies the material to be of paramagnetic
nature. The related magnetization saturation (Ms) value obtained as
40.5 emu/g. This value is however much less from the unmodified
pristine Fe3O4 NPs. The doping of non-magnetic Ag NPs as well as
flower extract phytochemicals are responsible for the decrease in
magnetism significant. However, it was sufficiently magnetic to be
retrieved by external magnet.

3.2. Antioxidant activity of Ag/Fe3O4 nanocomposite

The Ag/Fe3O4 nanocomposite material was first subjected to the
study of antioxidant competence. In earlier studies it has been reported
that a material having significant antioxidant capacity, exhibits very



Figure 5. XRD pattern of Ag/Fe3O4 nanocomposite.

Figure 6. VSM analysis of Ag/Fe3O4 nanocomposite.
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good resistance to proliferation of cancer and apoptosis of the malignant
cells. The well known DPPH radical scavenging investigation was carried
out in this regard and the corresponding result is represented in Figure 7.
As it shows, the Ag/Fe3O4 nanomaterial was used in diverse concentra-
tions, i.e., 31.25, 62.5, 125, 250, 500 and 1000 μg/mL to react with the
DPPH methanol solution and the radical quenching potential was
increased gradually with material concentration. Mechanistically, the
material under investigation transfers an electron or hydrogen to the
DPPH free radical and reduces it to a stable molecular species. This
change is manifested by a visible color change from purple to pale yellow.
Spectrophotometric (UV-Vis spectroscopy) measure of this process is
carried out at a wavelength of 517 nm and the antioxidant properties
were finally calculated following Eq. (1). Markedly, the radical
6

scavenging capacity of Ag/Fe3O4 nanomaterial was enhanced with
increasing concentrations and became highest (92%) at 1000 μg/mL
(Figure 7).

3.3. Cytotoxicity studies over Ag/Fe3O4 nanocomposite

On having a significant IC50 value in radical scavenging assay for
antioxidant investigation, we extended the bio-application of the desired
nanocomposite in anticancer study over A549 and H358 human lung
cancer cell lines with in vitro conditions following the standard MTT
assay. The related outcome has been shown in Figures 8 and 9. Inter-
estingly, the % cell viability values over the malignant cell lines reduced
dose-dependently in presence of Ag/Fe3O4 nanocomposite. IC50 values of
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Figure 7. Antioxidant activity of Ag/Fe3O4 nanocomposite.

Figure 8. In vitro toxicity analysis of Ag/Fe3O4 nanocomposite on A549 cell line.

Figure 9. In vitro toxicity analysis of Ag/Fe3O4 nanocomposite on H358 cell line.
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the nanocomposite were observed to be 162.86 μg/mL and 412.23
against the A549 and H358 cell lines respectively. These results evidently
suggest the Ag/Fe3O4 nanocomposite as a novel chemotherapeutic ma-
terial against the lung cancer cell lines.

4. Conclusion

To summarize, an eco-friendly and biogenic method for the nano-
architechtonic synthesis of Ag/Fe3O4 composite has been demonstrated
using Mentha longifolia flower (mint) extract. The electron rich oxygen-
ated phytochemicals acted as a green and natural reducing and as well as
stabilization agent. The layering of these biomolecules over Fe3O4 also
prevent them from agglomeration. The as-synthesized material was
analyzed by a range of analytical techniques. From TEM analysis, the Ag
NPs over the nanocomposite was observed to be almost spherical shaped
and uniformly distributed over the support. The two different kind of
particles in terms of size and color, attributed to Ag and Fe3O4 NPs are
very clear from the image. XRD analysis afforded the material of high
crystallinity. After detailed characterizations, the Ag/Fe3O4 nano-
composite was explored biologically in the investigation of antioxidant
capacity by DPPH radical scavenging assay. After attaining an excellent
potential the material was subjected to cytotoxicity and human anti-lung
cancer studies against A549 and H358 cell lines. The MTT method was
used in determining cytotoxicity in terms of % cell viability or toxicity.
The material exhibited gradual increase in % toxicity with increase in its
dose. The consequent IC50 values were found as 162.86 and 412.23 μg/
mL respectively. Hence, the promising potential as shown by the Ag/
Fe3O4 hybrid material in-vitro studies, definitely would project it as a
prospective nano-chemotherapeutic drug in near future.
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