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Abstract

Cancer is the second foremost cause of death worldwide, and despite modern medicine development, it is needed to develop
new plant-based drugs. The current study is mainly focused on the estimation of anticancerous activity of silver nanoparticles
(AgNPs) fabricated by a simple and eco-friendly green approach by using leaf extract of the medicinal plant Blumea lacera
(B. lacera). The prepared AgNPs were characterized by using different analytical tools. UV—visible spectra were recorded,
which exhibited a sharp surface plasmonic resonance (SPR) band at 430 nm and confirmed the formation of AgNPs. The
spherical morphology of synthesized AgNPs was determined with the help of field emission scanning electron microscopy
(FE-SEM) and transmission electron microscopy (TEM), and the average particle size was calculated using TEM and found
to be 12.52 nm. The Fourier transformed infrared (FT-IR) spectrum of AgNPs showed characteristic bands of functional
groups present in the biomolecules adsorb onto AgNPs, acting as a stabilizing agent. The crystallite nature of AgNPs formed
was confirmed by the powder X-ray diffraction (PXRD) technique. The anticancerous activity of synthesized AgNPs was
investigated against adherent human lung carcinoma cell A549. The minimal inhibition concentration (ICs, or MIC) value
was found to be ~20 pg/mL for human lung carcinoma cell A549, and the result so obtained suggests that synthesized AgNPs
via B. lacera possess a good ability to be used as an eco-friendly anticancerous agent. Moreover, the synthesized AgNPs
possess good antioxidant activity compared to B. lacera plant leaves. The minimal inhibition concentration (ICs) of ~ 6 pg/
mL for synthesized AgNPs was found.
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Abbreviations
AgNPs  Silver nanoparticles
NPs Nanoparticles

B.lacera Blumea lacera

Fig. Figure

FT-IR Fourier transformed infrared

UV-Vis  Ultraviolet—visible

FE-SEM Field emission scanning electron microscopy
DLS Dynamic light scattering

EDX Energy-dispersive X-ray spectroscopy

TEM Transmission electron microscopy

PXRD Powder X-ray diffraction

Eq. Equation

MTT 3-(4,5-Dimethylthiazol-2-yl)-2,5- diphe-
nyltetrazolium bromide tetrazolium salt

DPPH 2,2-Diphenylpicryl-1-hydrazyl

SPR Surface plasmon resonance

Introduction

Over the last few decades, researchers have focused more on
the green synthesis of plant-based metal nanoparticles (NPs)
involving bio-organic frameworks as reducing and stabiliz-
ing agents (AlNadhari et al. 2020) since nature is the largest
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chemical laboratory with so many chemicals and plants are
the richest source of organic and inorganic molecules gener-
ally called biomolecules. These biomolecules are isolated
from plants and effectively used in the treatment of various
diseases (Sharma et al. 2015). Green synthesis is a class of
eco-friendly, cost-effective, and biocompatible approaches.
It has many advantages over conventional methods (Sreele-
kha et al. 2021). Therefore, the present study attempts to
provide a sustainable approach by involving the medicinal
plant Blumea lacera (B. lacera). It exhibited excellent anti-
microbial, cytotoxic, and antioxidant properties. The main
chemical components present in B. lacera are campesterol,
triterpenoid, and prenylated phenol glycoside, respectively.
However, a few other biomolecules such as flavonoids and
monoterpene glycosides are also found in them. The essen-
tial oil of B. lacera includes B-caryophyllene, thymol, hyd-
roquinone, dimethyl ether, caryophyllene oxide, humulene,
E-B-farnesene, and coniferal alcohol derivative (Mendhulkar
et al. 2016; Ahmed et al. 2014).

Genus B. lacera is a wild plant found in Asia’s tropical
and sub-tropical zones, especially the Indian Subcontinent
and Southeast Asia. B. lacera belongs to the family Aster-
aceae, and this family is one of the largest dicot families. It
has a strong odor of terpentien, and its leaves are elliptical
oblong or obovate shape. This plant is used in folk medicine



Chemical Papers (2023) 77:3603-3617

3605

to treat cough, bronchitis, dysentery, and wound healing. In
Ayurveda, it is described as an anthelmintic, thermogenic,
anti-inflammatory, liver tonic, expectorant, ophthalmic,
digestive, antipyretic, and memory enhancer. Conclusively,
B. lacera is biomolecules-rich plant and it can act as a reduc-
ing as well as a stabilizing agent for the synthesis of NPs.
Nanoparticles with a wide class of nanotechnology con-
tain particulate substances with at least one dimension less
than 100 nm (Yaseen et al. 2022). NPs possess unique physi-
ochemical properties such as electrical (Htwe et al. 2022),
thermal (Braga et al. 2018), and optical (Mamdouh et al.
2022; Badéan et al. 2020) properties due to higher surface-
to-volume ratio, changes in specific characteristics such as
size, shape, and morphology of particles, high diffusion
rate, feasibility at lower temperatures, etc. (Gangwar et al.
2022). Also, it has been reported by many researchers that
the noble metal-based NPs have a wide range of applications
in biomedicals (Wu et al. 2012), food industry (Lugani et al.
2021), environmental remediation (Kumar et al 2022a, b),
biosensing (Shen et al. 2013), cosmetics (Pulit-Prociak et al.
2019), pharmaceuticals (Hussein et al. 2021), nanomedi-
cines (Yaseen et al. 2022), etc., After performing extensive
literature survey, silver nanoparticles (AgNPs) were found to
have potential applications in almost wide areas of research
such as biomedical, catalysis, food industries, environmen-
tal remediation, biosensing, water purification, and so on.
Nonetheless, AgNPs are also known to possess excellent
antimicrobial and antioxidant properties (Gangwar et al.
2022). Since nanobiotechnology is a rapidly growing field
and played an essential role in the biomedical field for dis-
ease diagnosis, treatment, and curation (Shahcheraghi et al
2022). In the present scenario, cancer has become a serious
issue. However, several therapeutic modes, i.e., chemical and
physical therapies, are well known to overcome this prob-
lem. Since the drug dose and high irradiation of the source
during therapy may cause bad effects on the normal cells,
conventional methods of cancer treatment such as surgery,
radiotherapy, and chemotherapy have several limitations
related to drug toxicity, lack of specificity, unpredictable
drug side effects, and drug resistance problems (Ratan et al.
2020). To overlay these problems, metal-based NPs are more
popular among researchers and also, capable of enhancing
the efficiency of cancer therapy (Gangwar et al. 2022). In
this investigation, an attempt has been made to evaluate
cytotoxic activity against the lung cancer cell (cell lines
A549) of synthesized AgNPs using B. lacera leaf extract for
the very first time. The antioxidant activity of B. lacera leaf
extract was reported (Ahmed et al. 2014), but the antioxidant
activity of AgNPs synthesized by using B. lacer using DPPH
(2,2-diphenylpicryl-1-hydrazyl) is still not known.
Therefore, the main aim of the present study is to provide
a method for the synthesis of AgNPs using B. lacera leaf
extract. The synthesized AgNPs were characterized with the

help of different analytical techniques such as UV-visible
spectroscopy (UV-Vis), dynamic light scattering (DLS),
Fourier transformed Infrared (FT-IR) spectroscopy, field
emission scanning electron microscopy (FE-SEM), trans-
mission electron microscopy (TEM), energy-dispersive
X-ray spectroscopy (EDX), and powder X-ray diffraction
(PXRD). Lastly, the evaluation of the antioxidant activity
and cytotoxicity of the AgNPs was performed to employ
them as potential material for biomedical applications. It
also provides a comparative study of antioxidant activities
between the medicinal plant B. lacera leaf extract and syn-
thesized AgNPs. Consequently, it is observed that AgNPs
show more antioxidant activity as compared to leaf extract of
B. lacera. Until now, the cytotoxic activity of AgNPs using
B. lacera at pH 9.0 against adherent human lung carcinoma
cells (A459) is unknown. The comparison of biosynthesized
AgNPs anticancerous activity against human lung carcinoma
cell A549 and DPPH antioxidant antioxidant activity is pro-
vided in Table 1.

Experimental
Materials

All reagents and chemicals used in the present investigation
were of analytical grades. Silver nitrate (AgNO;, 99.90%) (E
Merck Ltd., Mumbai, India) and sodium hydroxide (NaOH,
99%) (S D fines chemicals Ltd., Mumbai, India) were used
as received. For anticancerous activity, Dulbecco’s modified
Eagle medium (DMEM), trypan blue, 0.25% trypsin—-EDTA
solution, fetal bovine serum (FBS), antibiotic—antimycotic
(Ab/Am) solution, 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide tetrazolium salt (MTT), and
phosphate buffered saline (PBS) were used. For antioxidant
activity, (2,2-diphenylpicryl-1-hydrazyl) (DPPH) was used
as received.

Methods
Preparation of B. Lacera leaf extract

The plant was authenticated (herbarium number 330351) by
Plant Diversity Systematics and Herbarium Division, CSIR-
National Botanical Research Institute, Lucknow-226001,
Uttar Pradesh, India. The leaf of the medicinal plant B. lac-
era was first rinsed with tap water and then doubled-distilled
water to remove all dust particles. The leaves were chopped
to approximately 3-4 mm and used as starting biomass.
The fresh materials (25 g) biomass was boiled with double-
distilled water (250 mL) at 40 °C in a beaker and reduced
the volume to its half. The mixture was cooled and filtered
successively through Whatman filter paper no. 42. Finally,
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Table 1 Comparison of biosynthesized AgNPs anticancerous activity against human lung carcinoma cell A549 and DPPH antioxidant activity

Plants Part used Size (nm)/morphology Anticancerous activity (IC5,)  (DPPH) Antioxidant References

values for human lung carci-  activity (ICs,) values

noma cell A549 (in vitro)
Cymodocea serrulata Leaf 5-25/spherical 100 pg/mL - Paaniappan et al. (2015)
Origanum vulgare Leaf 63—-85/Spherical 100 pg/mL - Sankar et al. (2013)
Syzygium samarangense Leaf —/Spherical 87.37 pg/mL - Thampi et al. (2015)
Rosa damascena Petal 84/ Spherical 80 pg/mL - Venkatesan et al. (2014)
Momordica charantia Fruit 1-40/Spherical 51.93 pg/mL - Jha et al. (2018)
Allium sativum Root 15-35/Spherical 22 ug/mL - Padmini et al. (2022)
Atrocarpus altilis Leaf 10—40/ spherical - 51.17 pg/mL Ravichandran et al. (2016)
Hypericum perforatum  Leaf 20-50/spherical - 35.88 pg/mL Alahmad et al. (2021)
Green tea Leaf 5-30/spherical 17 pg/mL 7.74 pg/mL Selvan et al. (2018)
Garlic leaf extract Leaf 5-30/spherical 13 pg/mL 6.89 pg/mL Selvan et al. (2018)
Turmeric powder Root 5-30/spherical 11 pg/mL 6.03 pg/mL Selvan et al. (2018)
B. lacera Leaf 10-30/spherical 20 pg/mL 6 ug/mL This work

the leaf extract was stored at 4 °C for further use in the
synthesis of AgNPs and other experimental studies (Ameen
et al. 2019; Garibo et al. 2020).

Biosynthesis of AgNPs

Silver nanoparticle synthesis was carried out as described
by Jadhav et al. (2018, 2016). Briefly, the preparation
of AgNPs was achieved under optimized conditions, by
mixing 3 mL of B. lacera plant leaf extract and 7 mL
11073 M AgNO; at pH=09.0, followed by 3-h continu-
ous stirring at a speed of 620 rounds per minute at room
temperature. The color change from light brown to dark

Blumea lacera plant

AgNPs

brown indicated the formation of the AgNPs (Fig. 1), at
430 nm surface plasmon resonance (SPR) band. Further,
the prepared AgNPs were purified by subjecting it to high-
speed refrigerated centrifugation (Eppendorf 5810 R) at
13,000 rpm maintained 4 °C for 30 min. The AgNPs were
obtained after the decantation of the supernatant liquid.
The prepared AgNPs were washed several times with
double-distilled water and finally with 0.01% acetic acid
(0.01 mL acetic acid present in 100 mL of double-distilled
water) to eliminate the contamination from the residue of
AgNPs. Finally, AgNPs were lyophilized with the help of
CT 60e (HETO) and stored in an airtight ampule at 4 °C
for further use.

Leafextract

Alkaloids
Flavonoids

Terpenoids

Fig.1 Schematic representation for the synthesis of silver nanoparticles by using the medicinal plant Blumea lacera leaf extract
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Instrumentation

The pH of the samples was measured with an automated
digital pH meter (upH meter 361 Systronic, India). The for-
mation AgNPs were initially screened by UV-visible dou-
ble-beam spectrophotometer (A Lab UV next-generation)
to record absorption spectra. For the confirmation of the
functional groups involved in the synthesis of AgNPs, FT-IR
(Thermoscientific Nicole 6700) was used. A rotating anode
X-ray diffractometer apparatus (Rigaku, Smart lab 9 kW,
rotating anode X-ray diffractometer) was used to confirm
the crystallographic structure of the AgNPs using Cu-K_
X-ray of wavelength 1.540A° in the range of 26 equal to
30° to 80° was used to the phase structure. For visualiza-
tion the morphology and to record the EDX profile of the
synthesized AgNPs was observed on FE-SEM (JEOL JSM
7610f). For morphology, images are also captured on a trans-
mission electron microscope (TEM, Talos machine operat-
ing at 200 kV). For hydrodynamic size and zeta potential,
dynamic light scattering (DLS, Zetasizer Nano of Malvern
Instruments, Worcestershire, UK) was used.

Anticancer activity

Cell viability A549 cells (ATCC, Rockville, Manasotas,
VA, USA) were grown in DMEM supplemented with 2 mM
L-glutamine and 10% v/v fetal bovine serum (FBS) and
placed in a CO, incubator at 37°C in a humidified envi-
ronment with 5% CO, (Yadav et al. 2021). After the cells
reached 80% confluency, PBS was used to wash the cells,
followed by trypsinization with the trypsin—-EDTA solution
and the addition of the culture media. For the next studies,
the cells were exposed after being seeded in a culture plate
for 24 h.

MTT assay The anticancer activity of AgNPs was tested on
the A549 cells (Singh et al. 2020). AgNPs were dissolved in
PBS and further diluted as per requirement. Cell viability
of control and treated cells was assessed by 3-(4,5- dimeth-

ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide dye (MTT;
Himedia, USA) reduction assay as described by Mosmann
(1983). The cells were seeded at the density of 1x 10* cells/
well in 96-well plate; after the incubation period, cells were
treated with different concentrations (5 to 35 pg/mL) of
AgNPs and grown in CO, incubator for 24 h. After the treat-
ment period, 10 pL of MTT (0.5 mg/mL) was added to each
well and incubated at 37 °C for 4 h. Thereafter, medium was
removed and added 100 pL of DMSO and then incubated for
15 min at room temperature. The plate was read at 540 nm,
and percent cell viability was calculated and statistically
analyzed using GraphPad Prism (Gangwar et al. 2023).

Antioxidant activity

To evaluate antioxidant activity, DPPH assay has been used.
All test solutions and stock solution (DPPH; 0.254 mM)
were prepared in ethyl alcohol. To each test solution of B.
lacera leaf extract or AgNPs of concentrations 2, 4, 6, 8,
and10 pg/mL, stock solution of DPPH (1.5 mL) was added.
Test solutions were incubated for an hour at room tempera-
ture and subject to record the absorption spectra at 516 nm.
Similarly, the absorption spectra of the test solutions were
recorded after incubation of 24, 48, and 72 h.

Results and discussion
Phytochemical analysis of B. lacera leaf extract

Medicinal plant leaf extracts of B. lacera contain different
types of phytochemicals with huge therapeutic values. As
compared with a synthetic drug, the green synthesized drug
is considered safe and natural. For analysis of phytoconstitu-
ents, various chemical tests were performed with five dif-
ferent extracts [water extract (WE), methanol extract (ME),
acetone extract (AE), chloroform extract (CE) and petroleum
ether extract (PEE)] of B. lacera and given in Table 2.

Table 2 List of phytochemicals

S. No Phytochemical Test performed WE ME AE CE PEE
of B. lacera leaf extract
1 Phenol/ Tannins Ferric Chloride test + + + - +
2 Steroids Ring test - + + - +
3 Carbohydrates Molish test - + - - -
4 Protein Biuret test + + + - +
5 Flavonoids Ethyl acetate test + + + + -
6 Saponins Foam test - + - + -
7 Glycosides Legal test - - - - -
8 Terpenoids Salkowski test + + - - -
9 Alkaloids Mayer test - + + - +

+indicates =Presence, — indicates = Absence

@ Springer



3608

Chemical Papers (2023) 77:3603-3617

Characterization of AgNPs

Green-synthesized silver nanoparticles by using B. lacera
plant extract were characterized by using UV-Vis spectro-
photometer, TEM, and DLS analysis in colloidal form and
FT-IR, PXRD, FE-SEM, EDX analysis in powder form of
AgNPs, respectively.

UV-visible analysis and optical bandgap evaluation

The surface plasmon resonance (SPR) band of the NPs are
strongly affected by their morphology and size. Therefore,
UV-visible spectrophotometry became an essential tool
for the initial confirmation of AgNPs formation (Aziz et al
2017). The absorption spectra of B. lacera leaves extract
contain one 325 nm (Fig. 2a). The formation of AgNPs
indicated a change in color from light brown to dark brown
which intensified with time. This change in the color of the
solution was confirmed by UV-visible spectrophotometer,
giving a strong SPR band at 430 nm, (Fig. 2b), which was
also confirmed by a researcher (Khalir et al. 2020). The
intensity of the peak increases with time (overlay spectra of
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Fig.2 a UV-visible spectra of leaf extract B. lacera in aqueous

medium b UV-visible spectra of synthesized silver nanoparticles by
using leaf extract of B. lacera, ¢ Change in the value of absorption
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reaction mixture) is also represented in (Fig. 2¢). The band
at 430 nm intensifies with time indicating that the synthesis
of AgNPs has narrow particle size distribution. Moreover,
the optical properties of synthesized AgNPs were observed
with the help of absorption spectra recorded in the range
of 325-800 nm. The optical band gap was calculated using
Tauc relationship (o = (%) (hv-Eg)") (Gangwar et al. 2022)
where o is the absorbance coefficient, k is a constant, hv is
the photon energy, h is the Plank’s constant, Eg is the band
gap, and n is the number that describes the electronic transi-
tions between valance band and conduction band. The value
of absorbance coefficient (o) is calculated with the help of
absorbance and thickness of the cuvette (t) using the formula
a=2.303A/t, and the optical band gap can be obtained by
plotting a graph between (ah v)? (in (eV cm™!)?) and energy
(hvin eV). The linear portion of the curve obtained at higher
energy on extrapolation toward the energy axis where a=0
gives the optical band gaps of synthesized AgNPs (Fig. 2d).
The optical band gap (Eg) of AgNPs determined with the
help of the plot is 2.10 eV. This result is in good agreement
with the result obtained by Mistry et al. (2020).
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FT-IR analysis

FT-IR spectra of synthesized AgNPs were recorded from
wavenumber 3725-350 cm™! (Fig. 3). FT-IR analysis pro-
vides evidence that the phytochemicals such as alkaloids,
flavonoids, triterpenoids, amino acids, proteins, polyphenols,
etc., worked as both capping and stabilizing agent. FT-IR
band centered at 3483 cm™' is due to —~OH, —-NH stretch-
ing vibration. Two weak bands were obtained at 2911 and
2327 cm™! corresponding to C—H stretching frequency of
the aliphatic methylene group and the overtone of the C—-H

100
v
E
£ 80
'
L)
-
g 60 PIL - 937 180 1083 876
& 1387
g 40 1636 1535
[: 3483 ab
e~ 20
] v ] v 1 v 1 v 1 v 1 v L]
3500 3000 2500 2000 1500 1000 500
1

Wavenumber «¢m™)

Fig.3 FT-IR spectrum of synthesized silver nanoparticles by using
B. lacera leaf extract. This FT-IR spectrum shows different functional
groups of phytochemicals which are attached to the surface of silver
nanoparticles as a capping agent

800

@)

111)

Intensity (a.u.)
N

30 40 50 60 70 80
20 (in degree)

20

bending of the aromatic fragment, respectively. A band
at 1820 and 1636 cm™! is due to C=O0 stretching vibra-
tion of carbonyl compounds. A band at 1535 cm™! was
observed because of the stretching of the sp? hybridized
carbon—carbon double bond of the aromatic fragment. A
band at 1387 cm™! corresponding to the -C—O group was
observed. A band at 1083 cm™! was observed due to the
C-H group of rings stretching or in-plane bending. There are
three bands at the lower region below 1000 cm™! observed
due to silver metal’s inter-atomic absorption vibration
(Gangwar et al. 2022; Sytu et al. 2018). Therefore, from the
FT-IR analysis, it may be concluded that, AgNPs present in
an aqueous medium is stabilized in colloidal form by these
different functional groups attached to the phytochemicals.
Hence, these functional groups work as reducing as well as
stabilizing agents (Kumar et al. 2022a, b).

PXRD analysis

To confirm the presence of crystalline silver in the synthe-
sized AgNPs by B. lacera leaf extract, powder X-ray diffrac-
tion (PXRD) was obtained (Fig. 4a). The PXRD pattern of
the synthesized AgNPs shows several peaks, in which five
peaks more prominently located at 38.16°, 44.28°, 64.54°,
77.46°, and 81.58° 20 values are analogous to the (1 1 1),
(200),(220), (31 1)and (2 2 2) hkl planes, respectively
(Anandalakshmi et al. 2016) with best similarities with Joint
Committee on Powder Diffraction standards (JCPDY) file
no. 04-0783 (Gangwar et al. 2021). PXRD confirms that
the reduction of silver ions and the resulting nanoparticles
correspond to the face-centered cubic structure (FCC) of
silver nanoparticles (Karthik et al. 2015; Mishra et al. 2021;
Shalini et al 2022). The peak corresponding plane (111) at
38.16° is the most intense than other peaks, suggesting that
the AgNPs are fine and small. The large peak indicates that

)
0.04-
D
2 (.02 . .
Q - ]
ﬂ -
0.00-
0.02-
1.5 2.0 2.5
4 s1nO

Fig.4 a X- ray diffraction (XRD) pattern for silver nanoparticles synthesized by B. lacera leaf extract and b Williamson -Hall plot for synthe-

sized silver nanoparticles
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the crystal-sized particles are in the nanoscale (Gangwar
et al. 2021).

In addition, some peaks that are obvious (marked as *)
in the PXRD at 27.86°, 32.28°, 46.26°, 54.84° and 57.50°
could be attributed to metabolite capping the AgNPs (Lab-
ulo et al. 2022; Anandalakshmi et al. 2016). The average
crystalline size of AgNPs was found to be 10.96 nm, which
was estimated using the Debye—Scherrer’s equation, Eq. (1)
(Gangwar et al. 2021). Equations 2—5 were used to evaluate
different theoretical parameters related to the crystal.

D =094/p cosé (D
2dsin@ =ni (2)
dhkl = a/Vh? + k2 + I2 3)
pcos@ =kA/D + 4¢esin 0 4)
s = 1/D? 5)

Here, in the above equations the different abbreviation
used are given as under. D is the crystallite size, A is the
wavelength of X-ray radiation (A =1.540 A%, p is the full
width at half maxima (FWHM) of the respective peak, 0 is
the diffraction angle, d is the interplanar spacing between
two successive planes in a family (h k 1) and it is commonly
indicated as d, “a” is the lattice parameter, ‘k’ is Scherrer
constant, € is the strain, and d is dislocation density. The
theoretical parameters obtained with the help of PXRD data
are provided in Table 3. The value of d-spacing can be cal-
culated using Bragg’s law represented in Eq. (2). The lattice
parameter “a” can be calculated by Eq. (3), and the mean
value of the lattice parameter of AgNPs is 4.076 A°.

The broadness in the diffraction peak is due to the very
small crystallite size and strain in the synthesized nanopar-
ticles. For calculating the accurate crystallite size of AgNPs,
the Williamson—Hall (W-H) plot, between § cos0 on the
y-axis and 4 sinB on the x-axis, was represented as shown in
(Fig. 4b) using Eq. (4), and this plot gives a straight line with
slope €, which gives strain, and intercept is equal to kA/D.

The value of strain from the W—H plot was calculated at
6.246x 107*, and the average crystallite size was 9.122 nm.
The value of slope (¢) is negative which shows that AgNPs
are compressive in nature [22]. The crystallite size of AgNPs
is small, has more dislocation density, and hence harder
material. The value of dislocation density from Eq. (5) is
found to be 12.017 x 10" m~2. The crystalline index (CI or
Icry) of synthesized nanoparticles is calculated by taking
the ratio of average particle size obtained by TEM analysis
to the average crystalline size obtained by PXRD analysis,
and it is found to be 1.37, which shows the monocrystalline
nature of AgNPs.

FE-SEM analysis

Preliminary surface morphological and nanostructural
studies of synthesized AgNPs were done by using FE-SEM
analyses. FE-SEM images at 100 nm, a and b with differ-
ent magnification (X 30,000) and (x 50,000), taken respec-
tively (Fig. 5). Before analysis, a carbon-coated copper grid
was prepared and then AgNPs were coated with conduct-
ing material Pd—Pt alloy: substrate is represented in images,
which indicate the sample has diversity in the surface mor-
phology. For low-magnification images show, the non-spher-
ical and quasi-spherical surface morphology of synthesized
AgNPs, with little agglomeration in the solid phase.

TEM analysis

To know more clearly about the morphology and particle
size of synthesized AgNPs, TEM analysis was performed.
TEM images were captured at two different scales 100 nm
and 50 nm (Fig. 6a, b). From the images, it can be observed
that most of the AgNPs have spherical morphology which
matches well with the FE-SEM result. It is quite clear
from the TEM images that the prepared nanoparticles are
polydispersive in nature which matches well with the PDI
0.759 estimated using the DLS technique. A histogram was
drawn after measuring the diameter of nanoparticles from
the TEM image to calculate their average diameter and
given in (Fig. 6¢), and Gaussian distribution plot was also
obtained by measuring AgNPs by TEM image at 100 nm

Table 3 List of theoretical

: 20 (degree) (hkl) FWHM (B) Crystalline size Spacing (d) (nm) Lattice

parameters obtained from XRD (radian) (D) (nm) parameter (a)
Data (A%

38.16 (11D 0.0148 9913 0.236 4.08

44.28 (200) 0.0159 9.429 0.204 4.08

64.54 (220) 0.0145 11.333 0.144 4.07

77.46 31D 0.0267 6.659 0.123 4.07

81.58 (222) 0.0104 17.49 0.118 4.08
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Fig.6 TEM images of AgNPs at two different scales a 100 nm and b 50 nm ¢ Histogram analysis and d Gaussian distribution plot obtained by
measurement AgNPs by TEM image at 100 nm. The average diameter of synthesized silver nanoparticles was found to be 12.52 nm
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and provided in (Fig. 6d). However, the average diameter of
AgNPs is 12.52 nm having the standard error of 0.42 units
which is close to the W—H plot result (Shalini et al 2022;
Zhu et al. 2022).

EDX analysis

EDX analysis was performed to get the exact elemental
composition of each element present in the sample. It also
determines the homogeneity and to confirm the formation of
AgNPs from silver ions. In the EDX profile, a signal nearly
at 3.00 keV was obtained which shows formation of silver
nanoparticles. Along with these, two more peaks nearly at
0.50 keV were also observed for carbon and oxygen repre-
sented in (Fig. 7a). The percentage weight composition for
each element is also represented in the form of 3D clustered
cone and shown in (Fig. 7b). (Calderén-Jiménez et al. 2022;
Xu et al. 2020).

DLS analysis

Dynamic light scattering (DLS) is a crucial technique used
for the analysis of the hydrodynamic size and zeta potential
(ZP) or electrokinetic potential of the AgNPs colloids. The
green synthesis of AgNPs involves a metal core and capping
of biomolecules on the surface of the metal core to stabilize
it (Guilger-Casagrande et al. 2021). The size distribution
of AgNPs colloid is represented in (Fig. 8a). The hydrody-
namic size observed for AgNPs colloid is 94.50 nm hav-
ing a polydispersity index (PDI) of 0.759 which shows the
polydisperse nature of the synthesized silver nanoparticles.
This polydispersity nature was also confirmed by the TEM
images and Gaussian distribution plot. The zeta potential is
an important parameter that gives an idea about the stability
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Fig.8 DLS analysis of AgNPs a Size distribution plot. The hydrody-
namic size observed for synthesized silver nanoparticles is 94.50 nm
and b Zeta potential distribution plot

of AgNPs by evaluation of surface charge shown in (Fig. 8b)
(Khatoon et al. 2017). The zeta potential of synthesized
AgNPs was observed at -10.5 mV which represents negative
charge distribution over the AgNPs colloids. The stability of
AgNPs colloids increases with an increased negative charge
over the synthesized nanoparticles (Jagwani et al. 2020).
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Fig.7 a EDX profile of synthesized silver nanoparticles. The strong peak at 3.00 keV confirms the presence of silver and b 3D Clustered cone
chart represent % weight composition of elements detected in EDX profile of silver nanoparticles
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Anticancerous activity

Anticancer activity of AgNPs was assessed in terms of the
percent cell viability at various concentrations. It was found
that AgNPs had an ICs value of ~20 pg/mL. Compared to
5 pg/mL, 35 pg/mL was shown to have a much higher tox-
icity level. Compared to the control group, the treated cells
had significantly lower survivability. Therefore, from this,
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Fig.9 Percent cell viability of A549 Cells treated with different con-
centrations of synthesized silver nanoparticles by using B. lacera leaf
extract

it can be predicted that the functional groups present in bio-
molecules involving the bio-organic framework of AgNPs
are responsible for higher uptake via cell line A549 as com-
pared to those stabilized by several stabilizers. A plot for
% cell viability versus concentration is shown in (Fig. 9)
(Mosmann 1983), and (Fig. 10) shows the morphology of
A549 cells was altered after 24 h in cells containing vari-
ous concentration of synthesized AgNPs. The percentage
cell viability was calculated by using the formula, Eq. (6)
(Gangwar et al. 2022; Kumar et al. 2022a, b).

1 —(T
%Cell viability = [(control absorbance)—(Test absorbance)] % 100

(control absorbance)
6)

Comparative study of antioxidant properties of B. lacera
plant leaf extract and synthesized AgNPs

The DPPH shows absorption at 516 nm, as the free radicals
of DPPH interact with a reducing agent leaf extract of B.
lacera or with AgNPs, the absorbance intensity at 516 nm
decreases, and the color of DPPH changes from purple to
yellowish or colorless. The reaction of DPPH with AgNPs
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Fig. 10 Showing the morphology of A549 cells was altered after 24 h
in cells containing various concentrations of synthesized silver nano-
particles by using B. lacera leaf extract. Exposed cells appeared more

spherical in these areas and showed fewer cell—cell interactions than
untreated cells in comparison to the control
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Scheme 1 Mechanism of DPPH NO,
scavenging (A-H represents
antioxidant) O,N N
S/,
DPPH (Oxidized) purple
(a) N
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Fig. 11 Comparative antioxidant activity of B. lacera plant leaf
extract and synthesized AgNPs at 72 h a Line graph and b Bar dia-
gram

or leaf extract is shown in Scheme 1. This change in color or
absorbance intensity depends upon the concentration of the
reducing agent (Adewale et al. 2020; Sreelekha et al. 2021;
Labulo et al. 2022).

NO,
O,N NH +A
\ + A-H * \N
NOZ N NOZ f

DPPH-H (reduced) yellow

The percent DPPH scavenging effect was calculated by
using the following equation, Eq. (7).

Absorption of control — Absorption of test
Absorption of control

x 100
0

The scavenging activity of both increases linearly with
the increased concentration of leaf extract (or AgNPs) as
shown in (Fig. 11a). The DPPH scavenging activity of B.
lacera plant and synthesized AgNPs is shown in (Fig. 11b).
It is clear from the graph that the AgNPs has more slope
than B. lacera, which suggests that the AgNPs have more
antioxidant properties than B. lacera. It is because more
phenolic contents are attached to the surface of synthesized
silver nanoparticles as a capping agent (Abdel-Aziz et al.
2013). It was observed that AgNPs had an ICs, of ~6 pg/mL
which is more than B. lacera. The scavenging activity for the
concentration of 10 pg/mL at 72 h was done both for green-
synthesized AgNPs and for B. lacera leaf extract, and it was
elucidated that the scavenging activity of AgNPs (67.56%)
was far better than the plant extract (42.36%), and the calcu-
lated data are shown in Table 4. The results clearly suggest
that the AgNPs have superior antioxidant activity compared
to B. lacer (BalaKumaran et al. 2022). Conclusively, the
combinatorial antioxidant activity is more effective than B.
lacera plant leaf extract alone.

%Inhibition =

Table 4 Comparative study of Time of Incu-

% Radical scavenging

Percentage radical scavenging bation (hours)

of each set of B. lacera plant 2 pg/mL 4 pg/mL 6 pg/mL 8 pg/mL 10 pg/mL

leaf extract and AgNPs,

Absorption of control=0.857 Plant AgNPs Plant AgNPs Plant AgNPs Plant AgNPs Plant AgNPs
1 05.01 09.10 0548 1190 06.76 17.85 0746 18.67 08.86 24.15
24 1995 33.60 22.87 37.10 24.85 4037 2683 4095 29.87 4399
48 2672 33.13 3232 39.08 3372 46.79 3570 52.85 36.17 58.92
72 3477 33.13  40.02 3943  40.72 50.64 4131 5415 4236 67.56
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Conclusion

In the present article, nano-sized AgNPs are successfully
synthesized by a simple, eco-friendly, cost-effective, and
rapid green synthesis method by using the medicinal plant B.
lacera, and characterized by different analytical techniques.
The investigation embodied in this reports cytotoxic activ-
ity against adherent human lung carcinoma cell A549 using
MTT assay, and the observed ICs, or MIC value was ~20 pg/
mL. Hence, it may be used as an anticarcinogenic agent.
Moreover, from a comparative study of antioxidant prop-
erties between medicinal plant B. lacera leaf extract and
AgNPs, it is observed that AgNPs have superior antioxidant
activity compared to the B. lacer plant, and the ICs, value
of % radical scavenging activity for AgNPs was found to
be ~6 pg/mL.
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