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Abstract: A feasible alternative to classic chemical synthesis,
the phyto-mediated production of silver nanoparticles
(AgNPs) utilizing aqueous flower petal extract of Cassia
alata as a reducing agent is reported for the first time.
Characterization of synthesized AgNPs was carried out
using various techniques viz., ultraviolet-visible spectro-
scopy (UV-Vis), X-ray powder diffraction (XRD), high-reso-
lution transmission electron microscope (HRTEM), Fourier
transform infrared spectroscopy (FTIR), and scanning
electron microscopy (SEM) with energy dispersive X-ray
analysis (EDX). The results of the FTIR research conducted
in this study show different bond stretches with varying
durations, which can be seen at various faraway points.
AgNPs are mainly spherical and vary in size from

20 to 100 nm, according to TEM images. The highest
X-ray energy surge, at 3 keV, is visible in the EDX
spectrum. The XRD pattern showed that four diffrac-
tion peaks could be assigned to the 111, 200, 220, and
311 planes of the face-centered cubic crystalline silver,
respectively, at 32.05, 46.27, 55.25, and 57.39°. Optimization
of production parameters including pH, metal ion con-
centration, and substrate concentrations were studied.
In addition, the bioactivity was evaluated against
Trichophyton rubrum, Aspergillus fumigatus, Candida
albicans, Epidermophyton floccosum, and Mucor sp. using the
agar diffusion method. Furthermore, their antioxidant prop-
ertieswereassessedusing2,2-diphenyl-1-picryl-hydrazyl-hydrate
assay and ferric ion reducing antioxidant power tests.MTT assay
was performed using human fibroblast cell line (L929) to deter-
mine the cell viability and cytotoxicity through increased meta-
bolism of the tetrazolium salt.

Keywords: Cassia alata flower, phyto compound, silver,
biomedical, applications

1 Introduction

Multidrug resistance (MDR) has become an increasingly
severe threat to humans on a worldwide scale. According
to MDR, an organism is not susceptible to at least one
substance from three or more antimicrobial groups [1].
Due to their distinct biological, molecular, and physical
characteristics, silver nanoparticles (AgNPs) have become
more popular among different biosynthesized metal nano-
particles (NPs) over the past 20 years [2]. Despite the fact
that silver is toxic at higher concentrations, numerous
studies have shown that AgNO3 has greater chemical sta-
bility, catalytic activity, biocompatibility, and inherent
curative potential at lower concentrations [3]. It has been
suggested that silver nanoparticles may have antibacterial
and carcinogenic properties [4]. In fact, one of the silver
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nanoparticles’most notable benefits over mass metals and
their salts is the controlled and gradual discharge of silver
from the particles [5]. The new-age bio-nanoformulations’
guiding principle is the integration of conventional medi-
cine and nanotechnology. Physical techniques – the two
most significant physical methods are laser ablation and
evaporation-condensation. Atmospheric pressure physical
synthesis of AgNPs has some drawbacks. For instance, the
tube furnace takes up a lot of room, uses a lot of energy
while raising the temperature around the source material,
and takes a long time to reach thermal stability. Addition-
ally, a normal tube furnace needs to be preheated for
several minutes and uses more than a few kilowatts of elec-
tricity to achieve a stable working temperature [6,7]. Che-
mical reduction, the most popular technique for creating
NPs, uses an organic solvent like ethylene glycol [8], ascor-
bate [9], sodium borohydride [10], and hydrazine [11].
Since chemical reduction produces poor yields, it necessi-
tates complicated purification processes and consumes
a lot of energy; hence, there was a genuine need for the
creation of cleaner and safer methods. This led to the
development of green synthesis, in which plant extracts
are used to reduce silver to silver nanoparticles.

Numerous plant and medicinal products have report-
edly been used in the green method of synthesizing NPs,
which has been reported to have low or no toxicity [12].
Plant samples contain a variety of secondary metabolites
that serve as reducing or capping agents during the pro-
duction of NPs [13]. Several studies have been reported
on the pharmaceutical and biological potential of green
synthesized silver nanoparticles such as antibacterial
and biofilm inhibitory activities [14], antifungal [15], anti-
parasitic, antioxidant, anticoagulant [16], and antiviral
[17]. Further, anticancer activity of biosynthesized AgNPs
was assessed against various cancers such as lung [18],
colorectal [19], leukemia [20], hepatic [21], etc. Cassia
alata, also known as candle bush, wild senna, ringworm
senna, among others, is an annual tropical plant with
leathery, complex leaves that belongs to the Caesalpinia-
ceae family. The leaves are laxative and have potent anti-
bacterial and antifungal qualities [22]. The leaves treat
dermatophyte infections like “tide afoot,” also known
as “athlete foot,” superficial mycoses, and chronic fungal
illnesses like “pityriasis versicolor.” C. alata is an effec-
tive treatment for ringworm as well as a number of other
skin conditions, including eczema and chronic skin pro-
blems [23]. The main fungi that cause skin infections are
dermatophytes, particularly the Trichophyton and Micro-
sporum types. There are numerous fungi that can induce
surfacemycoses, including T. rubrum, T. mentagrophytes var.
interdigitale, and M. canis. Other species, like T. soudanense

(Africa), T. schoenleinii (Eurasia and Africa), T. violaceum
(Asia, Africa, and Europe), and T. concentricum, are limited
by geographic area (Pacific Islands, India, and far East) [24].
In the current study, silver nitrate (AgNO3) was reduced to
AgNPs using Cassia alata flower extract. The synthesized
NPs were then characterized using a variety of techniques,
including X-ray diffraction (XRD), transmission electron
microscopy (TEM), energy-dispersive X-ray spectroscopy
(EDX), and Fourier transform infrared spectroscopy
(FT-IR) and their bioactivity effect on fungal skin pathogens
were estimated. Additionally, antioxidant and anticancer
potential were analyzed using human fibroblast cell line
L929 through MTT assay. The novelty of this study lies in
the fact that minimal NP sizes and the simplified synthetic
method of AgNPs were attained using a rich phytochemical
from the flower of a traditional medicinal plant C. alata.
Additionally, an eco-friendly method using aqueous
extracts for the production of AgNPs has been developed.

2 Materials and methods

2.1 Collection and preparation of samples

The C. alata plant flower was freshly collected from
Enathur village (latitude 12.84°N and longitude 79.73°E)
in Kanchipuram, Tamil Nadu, India. The C. alata flower
petals were cut into small pieces using sterile scissors and
the surface of the flower was washed with sterile distilled
water. About 50 g flower was soaked in 100mL of distilled
water and boiled in a heating mantle for 30min at 100°C
using a 500mL beaker. Then, the extract was cooled, fil-
tered with a muslin cloth and then with Whatman No. 1
filter paper. The extract was stored at 4°C for further use.

2.2 Phytochemical analysis of C. alata
flower extract

One milliliter of extract, 2 mL of distilled water, and a few
drops of 10% aqueous Fecl3 were added to the mixture.
The appearance of a brown color denotes the presence of
flavonoids, whereas the appearance of a blue or green
color denotes the presence of phenols. After mixing
together 5 mL of extract, 2 mL of chloroform, and 3mL
of strong sulfuric acid, a color that was described as red-
dish-brown at the interface indicated the presence of ter-
penoids. After dissolving 1 mL of the extract in 1 mL of
glacial acetic acid, the mixture was allowed to cool, and
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then 2–3 drops of ferric chloride were added. 2 mL of
concentrated H2SO4 was added. At the point where two layers
meet, the presence of glycosides can be identified by the for-
mation of a ring that is reddish-brown in color. Following the
addition of 2mL of hydrochloric acid to 1mL of extract, the
resulting liquid was heated in a water bath for 15min, after
which it was allowed to cool before being filtered. After
treating the filtrate with a 10% solution of potassium hydro-
xide, the aqueous layer turned a pinkish-red color, which is
evidence that anthraquinones are present. The filtrate was
combined with chloroform. After adding 1mL of strong sul-
furic acid to 1mLof extract, a red tintwas produced,which is a
telltale sign that quinones are present. Every active phyto-
chemical analysis was carried out using the method followed
by Jayasree et al. [25].

2.3 Biosynthesis of AgNPs

For the biogenesis of AgNPs, a solution of AgNO3 with a
concentration of 0.1 mM was utilized. After thoroughly
combining the ingredients at room temperature, 1 mL of
aqueous floral extract was added to 9mL of a solution
containing 0.1mM of AgNO3. There was a noticeable shift
in the brown color. Measurements in UV-visible (UV-Vis)
spectroscopywere taken on a regular basis in order to keep
an eye on how the silver ions in the solution were being
bio-reduced (300–800 nm). The creation of a solution with
a color that was somewhere between reddish-brown and
brown color showed the morphology of the AgNPs [26].

2.4 Optimization of green synthesis of
AgNPs

2.4.1 Different pH

1.0 mL of C. alata flower aqueous extract and 9.0 mL of
0.1 mM AgNO3 were added and maintained at different
pH (3, 4, 5, 6, 7, 8, 9, and 10) at room temperature and
observed for brown color changes. The absorbance of the
resulting solutions was measured between 300 and 800 nm
using a UV-Vis spectrophotometer [27].

2.4.2 Different concentrations of AgNO3

To 1.0 mL of C. alata flower aqueous extract, 9.0 mL of
AgNO3 (pH 9.0) was added at different concentrations

such as 100, 200, 300, 400, and 500mM and incubated at
ambient temperature. The absorbance of the resulting solu-
tions was measured by the UV-Vis spectrophotometer [27].

2.4.3 Different concentrations of substrate (flower
extract)

Different volumes of C. alata flower aqueous extract such
as 0.5, 1, 1.5, 2, and 2.5 mL were taken and made up to
10mL containing 0.1 mM AgNO3 (pH 9.0) for the synth-
esis of AgNPs at ambient temperature. The absorbance of
the resulting solutions was measured by the UV-Vis spec-
trophotometer [27].

2.5 Synthesis of AgNPs

Synthesis of AgNPs was achieved by using conditions
with pH, substrate, and AgNO3 concentrations that were
all optimized. Following the completion of the mass pro-
duction, the solution containing the AgNPS was sub-
jected to multiple rounds of centrifugation at a speed of
12,000 rpm for a period of 30min. The characterization
study was performed on the pellet after it had been dried
in an oven with hot air.

2.6 Characterization of synthesized AgNPs

The synthesized bio-reduced AgNPs were characterized
by utilizing a UV-Vis spectrophotometer, and the results
were based on an analysis of the concentrations of pH,
substrate, and AgNO3. After placing the sample in a
quartz cuvette, measurements of optical density (OD) at
wavelengths ranging from 300 to 800 nm were performed,
and the findings were recorded [25]. Using Fourier Trans-
form Infrared (FTIR) spectroscopy, the biomolecules that
were found to be present in the AgNPs that were made
using the flower extract of C. alata were determined.
The FTIR was captured over a spectrum that extended
from 500 to 4,000 cm−1. The different modes of vibration
that were found in the AgNPs were catalogued and cate-
gorized so that a specific functional group could be
determined [26].

We used a JEOL JEM-2011 transmission electron micro-
scopy (TEM) with an accelerating voltage of 200 kV to
determine the size, shape, and particle size distributions
of the particles. In order to prepare samples for TEM
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examination, a drop of the solution was placed on a
carbon-coated copper grid, and then the grid was allowed
to dry in the air. For the examination of energy dispersal,
EDX spectrum was analyzed to determine the elemental
composition of the synthesized AgNPs [28]. Analysis of
X-ray diffraction patterns (XRD) also revealed the crystal-
line character of the green AgNPs that were generated by
the C. alata flower extract. An XRD examination was per-
formed, which resulted in the determination of the AgNPs’
crystalline nature, as well as their size and phase identifi-
cation. The instrument was set to operate at a voltage of
40 kV and a current of 30mA, and it used CuK1 radiation
in –2 configurations. The crystallite domain size was deter-
mined by taking the width of the XRD peaks and applying
the formula developed by Scherrer, which is D = Kλ/βcosθ.
In this equation, D represents the average crystallite
domain size perpendicular to the reflecting planes, K is
the Scherrer constant, λ is wave length of the X-ray
beam used (1.54,184 Å), β is the Full width at half max-
imum (FWHM) of the peak and θ is the Bragg angle [29].

2.7 Biomedical applications

2.7.1 Antifungal activity

To cultivate the pathogenic fungus, including Trichophyton
rubrum, Aspergillus fumigatus, Candida albicans, Epidermophyton
floccosum, and Mucor sp., the Sabuoraud dextrose agar
(SDA) plates were prepared according to the manufac-
turer’s specification and then cooled. Using a sterile well
puncher with a 5mm diameter hole borer, holes were
drilled into the culture media plate. Two of the wells had
crude extract (25 and 50 μL) added to them, and the other
two wells had AgNPs (25 and 50 μL) added. The positive
controls, each consisting of 5 μL of nystatin, were carried
out in triplicate. After allowing the plates to diffuse for 1 h,
theywere incubated for either 24 h (for C. albicans) or 120 h
(T. rubrum, A. fumigatus, E. floccosum, and Mucor sp.).
Finally, the plates were examined for zones of inhibition,
and readings were taken in millimeters [30–32].

2.7.2 Determination of minimum fungicidal
concentration (MFC)

To determine the MFCs, 1 mL of standardized inoculum
spores of 1 × 107 CFU‧mL−1 was mixed with Sabouraud
dextrose broth and subsequently added the different con-
centrations of flower extract from 10–100 μg‧mL−1. Then,

all the broths were incubated in aseptic conditions for
24–48 h. After 48 h, 0.1 mL of inoculums was withdrawn
from each broth concentration and inoculated on SDA to
examine MFC. Plates were incubated for 72 h. MFC was
the lowest drug concentration that showed less than
three colonies or no visible growth on the plates and is
considered an inhibition activity of 99% or 100%, respec-
tively [33,34].

2.8 Antioxidant activity

2.8.1 2,2-Diphenyl-1-picryl-hydrazyl-hydrate (DPPH)
free radical scavenging assay

The free radical scavenging competence was performed
using DPPH assay with some modification [35]. Just before
the experiment, 0.1 M of DPPH and various concentrations
of AgNPs (20–100 g‧mL−1), and aqueous flower extract
(20–100 g‧mL−1) were prepared by dissolving in methanol.
Each concentration of 1 mL was mixed separately with
1mL of DPPH and the mixture was incubated for 30min
in a dark place. From each reaction mixture, 200 µL was
transferred to a 96-well microtiter plate and by using the
UV-Vis spectrophotometer, the absorbance was measured
at 517 nm. AgNPs and flower petal aqueous extract were
used in this triplicate test. The negative and positive
controls were DPPH and ascorbic acid, respectively.
Methanol was used as a blank for the experiment at
the same time. The activity of radical scavenging was
computed as follows:

( )

( )

( )
=

−

×

Free radical scavenging activity %
Control Abs Test sample Abs

Control Abs
100

(1)

2.8.2 Ferric ion reducing antioxidant power (FRAP) free
radical scavenging assay

The FRAP activity of the synthesized AgNPs and aqueous
extract at various concentrations was investigated using
the method followed by Lal et al. [35] with minor
changes. In short, 1 mL of various concentrations of
AgNPs (20–100 g‧mL−1) and aqueous flower extract
(20–100 g‧mL−1) were mixed individually in separate test
tubes with 1mL of 0.2M sodium phosphate buffer, then
1mL of 1% potassium ferricyanide was added and incu-
bated for 20min at 50°C water bath. Then, from the reac-
tion mixture, 1 mL of each sample was pipetted out and
mixed with 1mL of dH2O. After that, to each test tube,
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0.2mL of ferric chloride (0.1% in dH2O) was added. 200 µL
of final solution were collected from each concentration
and placed into a 96-well microtiter plate. A multi-leader
was used to measure the absorbance at 700 nm. The
results were duplicated and recorded in triplicate for the
aqueous flower extract. The blank was made the same
way, but instead of dH2O, 1% K3[Fe(CN)6] was used. The
positive control was ascorbic acid (20–100 g‧mL−1). Each
sample’s antioxidant capacity was estimated using the
linear ferrous sulphate calibration curve.

2.9 MTT assay using human fibroblast cell
line L929

The MTT assay is a standard colorimetric non-radioactive
assay that measures cytotoxicity and the number of live cells
by observing the increase in themetabolism of the tetrazolium
salt. Human fibroblast cell line (L929) was used to detect the
cytotoxic effect of the biosynthesized AgNPs. After seeding
fibroblast cells at a density of 1 × 105 cells‧mL−1 onto 96-well
plates, the plates were placed in an incubator for 24 h.
Following this, the cells were exposed to various concen-
trations, ranging from 25 to 1,200 µg‧mL−1. After that, the
cells were kept at 37°C for 24 h while being exposed to 5%
carbon dioxide. Following incubation, 0.5 mg‧mL−1 of MTT
was applied to the cells that had been incubated. After the
end of incubation time, the cells were left to culture for a
further 4 h. After that, 100 µL of DMSO was added to each
well, and the contents were well combined and at the
wavelength of 570 nm, absorbance was determined using
a multimode reader.

2.10 Statistical analysis

All the assays were carried out in triplicate on each occa-
sion. The data were presented as the mean value ± stan-
dard deviation (SD) from three separate trials.

3 Results and discussion

The use of nanotechnology in medicine seems to be a
hopeful and successful strategy. Due to their distinct phy-
sicochemical characteristics, biogenic silver, and gold
NPs in particular have garnered considerable interest
for their anti-leukemic action. In fact, these

nanostructures have shown promise in anti-leukemic
uses, either as new therapeutic agents or as transporters
to improve drug bioavailability and tailored distribution to
a particular organ [20]. Flavonoids, phenols, cardiac glyco-
sides, terpenoids, glycosides, and quinones (Table 1) were
observed in the aqueous flower extraction of C. alata. It has
been stated that C. alata is abundant in a wide variety of
phytochemical elements, which are the active ingredients in
the immune-enhancing activity. A comparable finding had
been reported in the same plant, C. alata, which included
anthraquinones that had been present in the current inves-
tigation [28].

3.1 Biosynthesis of AgNPs

As a result of the surface plasmon resonance phenom-
enon, the reduction of AgNO3 into AgNPs that occurs
during plant extraction process is followed by a progres-
sive increase in color development starting from a clear
reddish-brown (Figure 1d). The floral extracts that did not
include any AgNO3 did not exhibit any change in color.

3.2 Effect of different pH

At several pH levels, ranging from 3 to 10, brown color
variations were observed (Figure 2a). Using a UV-Vis
spectrophotometer, the absorbance of the resultant solu-
tions was determined to be anywhere between 300 and
800 nm (Figure 2a). The pH 9.0 revealed a high level of
synthesis, and the exceptional stability of the AgNPs led
to their selection for future investigations. A similar
observation was made by earlier studies, which reported
that there was a slow rate of formation and aggregation of
AgNPs at acidic pH [36,37]. On the other hand, it was
observed that at basic pH, there was a possibility of Ag+

precipitating as AgNO3. Similar observations were made
by other studies, which reported similar findings [33].

Table 1: Phytochemical analysis of Cassia alata flower extract

S. no. Test Results

1 Flavonoids +
2 Phenols +
3 Cardiac glycosides +
4 Terpenoids +
5 Glycosides +
6 Anthraquinones +
7 Quinones +
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Figure 1: (a) Collection of C. alata flower; (b) flower petals; (c) aqueous flower petal extract; and (d ) extract (i), reaction mixture (silver ion +
extract) (ii), and silver ion alone (iii).

Figure 2: (a) Synthesis of AgNPs in different pH conditions and the inset image shows the reaction mixture. (b) Synthesis of AgNPs in
different concentrations of silver ions and the inset image shows the reaction mixture. (c) Synthesis of AgNPs in different flower petal
extract concentrations ions and the inset image shows the reaction mixture.
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3.3 Examination of the impact of AgNO3

concentrations

The brown color changes were observed (Figure 2b) in
various concentrations of AgNO3 from 100 to 500mM.
The absorbance of the resulting solutions was measured
by the UV-Vis spectrophotometer (Figure 2b). Among
them, 0.1 mM showed a high synthesis of AgNPs, and
good stability was selected for further studies. These
results agreed with the earlier investigations made by
researchers [38,39], who reported that 1.0 mM silver ion
concentration was the best for synthesizing AgNPs using
C. alata plant flower extract.

3.4 Examination of flower extract
concentrations

The brown color has been seen (Figure 2c) in varying
concentrations of the substrate, ranging from 0.5 to 2.5mL.
Using a UV-Vis spectrophotometer, the absorbance of the
resultant solutions was determined (Figure 2c). In parti-
cular, the addition of 0.1mM solution to 2mL of floral
extract resulted in the maximum amount of biosynthesis
of NPs. As a result, this particular combination was
selected for further experiments. The elevations showed
a consistent expansion all the way up to 450 nm, and
this was provoked by slowly adding 1.5–2.5mL of the solu-
tion. However, 1.0mL of leaf extracts exhibited great sta-
bility in comparison to the other concentrations according
to Timothy et al. [40] who revealed that several quantities
of Tansy fruit were used to synthesize AgNPs and AuNPs.
These concentrations included 0.5, 1.0, 1.8, 2.8, 3.8, and
4.8mL, and it was determined that 1.0mL was the optimal
concentration for the creation of NPs.

3.5 Characterization of synthesized AgNPs

3.5.1 FTIR

FTIR analysis was carried out in order to determine which
functional group of the biomolecule should be used to
synthesize the AgNPs (Figure 3a). The findings of the
FTIR analysis performed in this study reveal various
lengths of bond stretches, which may be seen at various
distant peaks. The H–OH stretching of phenols was corre-
sponding to the band that could be seen at 3,465 cm−1 in
the spectrum. The C]O stretching that occurs in aldehydes
and ketones can be identified by the adsorption of the
band at 1,635 cm−1. The N]O bending of nitro groups is

corresponding to the peak at 1,678 cm−1 in frequency. The
C–O stretching of esters is reflected in the band that was
found at a frequency of 1,008 cm−1. The C–H stretching of
alkenes is shown by the peaks that can be seen at 845 cm−1.

3.5.2 TEM

The TEM was used to characterize the morphology and
particle size of AgNPs. The TEM pictures of the AgNPs
that were manufactured with the flower extract of C. alata
indicated that they are primarily spherical and range in size
from 20 to 100 nm (Figure 3c). According to the findings of
Aissa et al., Murugan and Parimelazhagan [41,42], copper
nanoparticles (CuNPs) with size ranging from 3.5 nm to
11 nm and the AgNPs had a spherical shape and measured
between 17 and 29 nm. Additionally, researchers contrasted
and examined the anticancer potential of gold nanoparti-
cles (GNPs) on HeLa cell lines. The proteins, phenols, fla-
vonoids, and aflatoxins found in Tulsi leaf preparations aid
in reduction and stabilization, producing fluorescent GNPs
that are quite stable, uniform, and tiny in size. Studies using
MTT, reactive oxygen species (ROS), and mitochondrial
membrane depolarization demonstrated that the synthe-
sized GNPs efficiently and dose-dependently suppressed
the proliferation and development of cell types [43].

3.5.3 EDX

The EDX spectrum reveals, as seen in Figure 3b, peaks
that correspond to the individual elements that make up
the actual composition of the sample. The existence of
silver is confirmed by the fact that the elemental profile of
the produced NPs has the largest X-ray energy peak at
3 keV, which is caused by silver. The elemental profile of
the synthesized NPs is very similar to the elemental pro-
file of silver, and the largest X-ray energy peak at 3 keV
due to silver indicates the existence of silver.

3.5.4 XRD analysis

The crystalline nature of the green AgNPs that were gen-
erated by C. alata flower extract was also verified by XRD
patterns analysis. The XRD pattern acquired for the AgNPs
were produced by employing the aqueous floral extract of
C. alata. The XRD examination was able to establish the
AgNPs’ crystalline nature as well as their size and phase
identification. It demonstrated strong and distinct peaks
at the following angles: 2θ = 38.05°, 45.6°, 47.27°, 66.2°,
68.9°, and 77.41° (Figure 3d). The XRD pattern revealed
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that four diffraction peaks, 32.05, 46.27, 55.25, and 57.39°,
could be indexed to the 111, 200, 220, and 311 planes of the
face-centered cubic (FCC) crystalline silver, respectively
[44]. By finding the complete width at half maximum of
the Bragg’s reflection corresponding to the (111) crystalline
structure of AgNPs, the Debye–Schreyer equation was uti-
lized to compute the average size of AgNPs. This was done
by calculating the size of the AgNPs. The results obtained
from the XRD experiment are in agreement with those that
were previously published for the FCC lattice of silver [45].

3.6 Antifungal activity of flower extract and
synthesized AgNPs

3.6.1 Well diffusion method

The antifungal effect of flower extract and AgNPs at dif-
ferent concentrations (50 and 100 µg) were quantitatively
assessed based on the zone of inhibition (Tables 2 and 3).
The maximum area of inhibition was observed in
AgNPs, which exhibited an excellent effect on T. rubrum

(28 ± 0.89mm), followed by E. floccosum, (27 ± 0.62 mm),
A. fumigatus (24 ± 0.43 mm), C. albicans (22 ± 0.67 mm),
and Mucor sp. (22 ± 0.48mm) (Figure 4) and the zone of
inhibition of flower extract against E. floccosum
(21 ± 1.23mm) followed by Mucor sp. (21 ± 1.87mm),
E. floccosum (21 ± 1.54mm), C. albicans (19 ± 1.42mm),
and A. fumigatus (18 ± 1.45mm) (Figure 4). A comparison
was made between the zone of inhibition and the conven-
tional antifungal drug nystatin.

Figure 3: (a) FTIR spectra analysis of AgNPs. (b) HR-TEM image of AgNPs. (c) EDX of AgNPs. (d) XRD analysis.

Table 2: Antifungal activity of C. alata flower extract

Zone of inhibition (mm)

S. no. Fungal
pathogens

Concentration of flower
extract

Positive
control
(nystatin)

50 µL 100 µL

1 A. fumigates 14 ± 1.56 18 ± 1.45 14 ± 0.23
2 C. albicans 14 ± 1.32 19 ± 1.42 22 ± 0.25
3 Mucor sp. 15 ± 2.12 21 ± 1.87 22 ± 0.23
4 T. rubrum 15 ± 2.32 21 ± 1.23 19 ± 0.24
5 E. floccosum 16 ± 1.98 21 ± 1.54 13 ± 0.25
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3.6.2 MFC

The MFC of flower extract was revealed by the mean
diameter of the zone of inhibitions against dermato-
phytes. MFC values were recorded at 20.0, 25.0, and
30.0 µL‧mL−1 against T. rubrum (20 ± 0.67 mm), E. floc-
cosum (27 ± 0.62 mm), A. fumigatus (24 ± 0.43 mm),
C. albicans (22 ± 0.67mm), and Mucor sp. (22 ± 0.48mm),
respectively.

3.7 Antioxidant activity of flower extract and
synthesized AgNPs

Antioxidants are chemicals that scavenge free radicals
and shield people from degenerative illnesses including

Table 3: Antifungal activity of AgNPs

Zone of inhibition (mm)

S. no. Fungal
pathogens

Concentration of AgNPs Positive
control

(nystatin)50 µL 100 µL

1 A. fumigates 19 ± 0.98 24 ± 0.43 14 ± 0.23
2 C. albicans 18 ± 0.24 22 ± 0.67 22 ± 0.25
3 Mucor sp. 20 ± 0.35 22 ± 0.48 22 ± 0.23
4 T. rubrum 23 ± 1.23 28 ± 0.89 19 ± 0.24
5 E. floccosum 22 ± 0.43 27 ± 0.62 13 ± 0.25

Figure 4: Antifungal activity of AgNPs and C. alata flower extract.

Figure 5: DPPH and FRAP free radical scavenging activity of
synthesized AgNPs.
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Figure 6: (a and b) MTT assay using human fibroblast cell line L929.
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cancer, Parkinson’s, Alzheimer’s, and atherosclerosis that
are brought on by oxidative stress (overproduction of the
free radicals) [35]. The phenolic chemicals found in med-
icinal plants, such as phenolic acids and flavonoids,
donate their hydrogen atom and are in charge of scaven-
ging free radicals (ROS) [46]. Through DPPH and FRAP
experiments, the results of the current study demon-
strated the antioxidant capacity of AgNPs at varied
doses (10–100 g‧mL−1) (Figure 5). The outcome showed
that the percentage inhibition rose when the concentra-
tion of AgNPs, flower aqueous extract, and ascorbic acid
increased from 20 to 100 g‧mL−1 (Figure 5). In the DPPH
assay, the higher antioxidant activity was observed at
higher concentrations of AgNPs and ascorbic acid as
44.80 and 70.80 µg‧mL−1, respectively, whereas for FRAP
assays, the values were 46.30 µM‧mL−1 FeSO4 equivalents,
110.22 µM‧mL−1 FeSO4 equivalents, and 6.34 µM‧mL−1 FeSO4

equivalents, respectively. Ascorbic acid displayed the
lowest antioxidant activity in the DPPH and FRAP experi-
ments, followed by AgNPs. The increased antioxidant
capacity may be a result of the higher polyphenolic con-
tent of the flower extract that capped on AgNPs [47].
AgNPs demonstrated a wide range of antioxidant activity
in all of these investigations by successfully suppressing
the reactive oxygen species [48].

3.8 Cell line

The synthesized AgNPs’ cytotoxicity was examined by in
vitromethod using L929 cell line. Different concentrations
of AgNPs (25–1,200 µg‧mL−1) were treated with cell line for
24 h and compared with the control DMEM. MTT and other
chemicals changed into yellow color depending on the
metabolic activities inside the cell because of the enzyme
cellular oxidoreductase [49]. Although the results of this
systematic review demonstrated that biogenic AuNPs have
a significant anticancer potential against cervical cancer
cells, many difficulties and ambiguities need to be clarified
in subsequent research, including the location of these
NPs in the body, their acute and chronic toxicity towards
other normal tissues, their genotoxicity, immunogenicity,
and other issues [50]. The viability of the cells and the IC50
value of 50 µg‧mL−1 were reduced sharply. Based on the
cell line result, the low concentration of AgNPs showed a
98% cell viability compared to other concentrations. Mor-
phology changes were observed in high density due to the
enhanced cytotoxic effect (Figure 6a and b).

4 Conclusion

Biomedical repair of skin illness utilizing nano-produced
AgNPs offers frequent and economic yield-increasing
technological applications. Antimicrobial materials con-
tain natural and inorganic components. Metal NPs have
been extensively investigated due to their unique physi-
cochemical properties and large specific surface area.
AgNPs from plant extracts have antimicrobial properties.
In our study, C. alata aqueous flower extract was utilized
to produce AgNPs, demonstrating the flower’s efficiency
as a natural, low-cost silver bio-reduction agent. UV-Vis,
FTIR, SEM, EDX, and XRD characterizations were carried
out. Using aqueous C. alata, we produced 20 nm spherical
AgNPs. Flower extract produced small, crystalline AgNPs.
They established their biomedical value by fighting skin
infections. The study shows 98% cell line viability. AgNPs
are used in the biomedical and pharmaceutical industries
to make antifungal skin ointments and cytotoxic drugs.
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