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catalysis due to their promising properties. Two metals
INTRODUCTION induced the synergistic actions and multifunctional
Cancer is one of the multifactorial diseases which were properties presentin the BNPs. Based on orientation BNPs
caused by a complex mixture of environmental and genetic  were further categorized into four types such as core-shell,
factors and itleading to cause of mortality in worldwide.!! subclusters, intermetallic and alloy.[! There are numerous
Due to the development of more potent and effective ethods are available for the production of BNPs such as
antineoplastic drugs for the treat the cancer is one of the  chemical, physical and biological methods.!®) Among them
persuaded goals.”] The production of phytogenic mediated biological method is a prior need because the naturally
noble metal nanoparticles achieved this. Nobel metal occurring bio-molecules such as the phytochemical
nanoparticles have gained considerable attention due (gnstituent of plant extract and the biomolecules of
to their facile properties and fascinating applications.!! microorganism and alga play a significant role in the
The combinations of two distinctive metal atoms are  production of bimetal nanoparticles. Due to the production
nanoparticles bound together into single nanoparticles.  of stable and sustainable BNPs, plant-mediated method
Bimetallic (BNPs) are favored over monometallic s preferable to the microorganism-mediated method.
nanoparticles counterparts because of their enhanced 7] ¢jitoria ternatea is a perennial herbaceous plant with
optical, electrical, thermal, magnetic and catalytic conspicuous blue or white color which belongs to the
properties and biological attributes.[*! BNPs are eminent Fabaceae family and it is commonly known as a butterfly
in various fields such as biological, pharmacological and  pea 8] . ternatea contains a variety of ethnic medical
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uses and has been shown to a number of pharmacological
applications such as antimicrobial, anticancer, antioxidant,
anticonvulsant, anti-inflammatory, anti-stress, anti-
depressant and analgesics.[®! The C. ternatea plant
extract contains many bioactive compounds.'® Mainly
the flower extract contains anthocyanin delphinidin
which gives the color of C.T also they have phytochemical
constituents such as flavonoids, alkaloids, terpenoids,
tannins, saponins, resins, glycosides and bioactive
compounds are Kaemferol, qucertin, myricetic, tannicacid,
phytosterols.'!l These phytochemical constituents may
act as reducing and capping agent in the production
of nanoparticles. This present research highlights the
facile, rapid, green, sustainable, cost-effective and
environmentally friendly synthesis of Ag-Au BNPs using
C. ternatea aqueous flower extract. The synthesized
nanoparticles were characterized by using spectroscopic
techniques such as UV-visible, FTIR, XRD and SEM-EDX
analysis. Furthermore, Ag-Au BNPs were studied for their
anticancer activity toward human lung cancer cells (A549).

MATERIALS AND METHODS

Materials

C. ternatea flowers were collected from the rural area
of Usilampatti, Madurai district. Silver nitrate (AgNO;),
Tetrachloroauricacid (HAuCl,) was purchased from sigma
Aldrich without any purification. All the solutions and
experiments were done by using double distilled water.

Preparation of C. ternatea Flower Extract

Fresh flowers of C. ternatea are washed several times with
double distilled water, shade dried and powdered. About
2 grams of the powdered flower was located into 100 mL
of beaker containing 50 mL of double distilled water and
mixed well. The extract was filtered through whatmanno 1
Filter paper and the collected filtrate was stored at 4°C
for future use.?!

Green Synthesis of Ag-Au Bimetallic Nanoparticles
The Ag-Au bimetallic nanoparticles were synthesized by
using C. ternatea flower extract. 10 mL of plant extract
was added to 60 mL mixture of 1 mm silver nitrate
and tetrachloroauric acid in the ratio of 1:3 at room
temperature. After adding C.T flower extract change in the
color of the reaction mixture was an initial indication of
the reduction of metal salts to nanoparticles. This reaction
was monitored by using UV-visible spectroscopy analysis.
Thus the synthesized nanoparticles were centrifuged at
12000 rpm for 15 minutes and followed by dispersion. The
process of centrifugation and redispersion was repeated
for thrice and dried overnight in oven at 80°C.3!

Characterization of the Ag-Au Bimetallic
Nanoparticles

The aqueous C. ternatea flower extract-mediated
bimetallic nanoparticles were subjected to characterize
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by using physicochemical techniques such as UV-vis,
FTIR, XRD and SEM-EDX analysis. The UV-vis absorption
spectroscopy were obtained by using Shimadzu UV-2600
with respect to the time at regular intervals from
200 to 800 nm range. This absorption spectrum was
used to confirm the formation of Ag-Au BNPs. The photo-
fabrication of synthesized bimetallic nanoparticles was
identified by using FTIR- 8400s Shimadzu. The synthesized
nanoparticles were exposed to FTIR spectroscopy with
scanning range was 4000-400 cm™. The nanoparticles
crystalline nature, phase and size were identified by X-ray
diffraction (XRD) technique. The data was recorded using
PANalytical EMPYREAN at 45Kv, 40 MA with a scanning
rate of 20/min and over arange of 26, which is 20-80°. The
surface morphology and elemental analysis of synthesized
nanoparticles were examined by using TESCAN VEGA3
SBH model scanning electron microscopy (SEM) and
energy dispersive X-ray (EDX) analysis.[']

Anticancer (MTT) assay

The synthesized CT-Ag-Au BNPs has the potential to
inhibit the growth of A549 human lung cancer cells
were investigated through MTT assay. In this assay, the
yellow-colored water-soluble MTT tetrazolium is reduced
to form an insoluble formazon crystal in the presence
of mitochondrial dehydrogenase enzyme which occurs
only in viable cells. The insoluble formazon crystals were
dissolved in DMSO solvent. The obtained violet-colored
solution was quantified by using a spectrophotometer. For
this assay, the cells were cultured in 96-well micro titre
plate containing 10 to 10* cells per well for 24 hours with
100 pL of complete media. The cell lines were maintained
in CO, incubator at 37°Cand 5% CO,. The cells were treated
with 10, 25, 50, 75 and 100 ug'l concentrations of the
BNPs and CT extract prepared in incomplete media. The
cells were kept under incubation at same conditions of
24 hours. Later 20 pL of MTT solution (5 mg/mL stock
solution prepared in phosphate buffer saline) was added
and kept for 4 hours at 37°C. The cell contents were
discarded without disturbing the formazon crystals
formed by adding 200 pL of DMSO. The color intensity of
the solution is irreversibly proportional to dead cells. The
absorbance was measured at 570 nm and the dead cells’
percentage were calculated using the equation.*]

(%) Inhibition = 100 - (OD of sample/OD of Control) x 100 (1)

RESULTS AND DISCUSSION

Phytochemical Analysis of C. ternatea Flower
Extract

The phytochemical analysis of C. ternatea aqueous flower
extract was done by using standard procedure.!® The C.
ternatea flower extract shows the presence of bioactive
compounds such as alkaloids, flavonoids, terpenoids,
cardiac glycosides, phenols, glycosides, resins, saponins
and tannins.! Table 1 shows the phytochemical screening
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of C.T flower extract. The green synthesis of Ag-Au BNPs
was achieved using C. ternatea aqueous flower extract as
areducing and capping agent.

Synthesis of Ag-Au bimetallic Nanoparticles

The formation of Ag-Au BNPs was observed from the
initial reaction mixture color change to the solution final
color change, indicating the reduction of metal salts to
nanoparticles. This change was observed after adding of
C. ternatea flower extract. The initial conformation of the
synthesis of Ag-Au BNPs was visually confirmed by the
transformation of pale yellow to reddish-brown color.
This color change indicates Ag-Au bimetallic nanoparticles
formation.[*?]

UV-visible spectroscopy analysis

The UV-vis spectroscopy technique is widely used for
confirmed the formation of nanoparticles. After the visual
conformation of color change of the solution, the formation
of nanoparticles was further confirmed by UV-vis
spectroscopy analysis. Fig. 1 shows the UV-vis spectra
of CT flower extract and Ag-Au BNPs. The characteristic
surface plasmon resonance (SPR) band for Ag-Au BNPs
was seen at 541 nm.!*>! The presence of single blue-shifted
peak at 541 nm indicates the formation of homogenous
bimetallic nanoparticles. The intensity of blue shift peaks
were indicates the reduction of Au®* »Au® and Ag'*—>Ag’
thus proves the C.T flower extract can be used as anatural
reducing agent.[!®! The surface plasmon resonance band
(SPR) mainly depends on the structure, size, shape, and
composition of the nanoparticles formed. The pure C.
ternatea flower extract was measured and two peaks were
observed at around 575 and 620 nm. Due to the presence
of delphinidin anthocyanin with the color of purplish blue
which is responsible for peaks at 575 and 620 nm and
color of C.T.17]

FTIR spectroscopy analysis

FTIR spectroscopy analysis was done to identify the
functional groups of biomolecules in the C.T flower
extract. C.T aqueous flower extract contains anthocyanin

Table 1: Phytochemical analysis of Clitoria ternatea flower extract

Phytochemicals Aqueous C.T Flower extract

Alkaloids +
Carbohydrates +
Terpenoids +

Cardiac glycosides -

Tannins +

Glycoside +

Flavonoids +

Saponins -

Resins +

Phenols +
434
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as a major reducing and capping agent component. Fig. 2
represents the FTIR spectra of C.T extract and CT-Ag-Au
BNPs. The distinct clear peaks at 3391, 2924, 1642, 1468
1386, 1058, 1026 and 988 cm™ was observed in CT flower
extract which were shifted in the case synthesized Ag-Au
BNPs.I'7] The absorption peak was observed at 3391 cm?,
corresponding to free O-H stretching band of hydroxyl
groups. The active compounds of C. ternatea flower extract
such as anthocyanin and flavonol, are identified by the peaks
at 2924, 1468 1026 and 988 cm™! were corresponding to
the symmetric and asymmetric stretching vibration of CH,,
aliphatic C-H stretches, aromatic and vibration of -C-CH.
The intensive band at 1235 and 1386 cm™ indicates the
plane bending of the hydroxyl groups of two phenolic
compounds. The absorption peak at 1408 cm™! represents
the carbonyl groups. The peak at 1624 and 1358 cm™
confirm the existence of alcoholic and phenolic functional
groups.['®! After the formation of BNPs some peaks have
reduced the intensity, but these peaks confirmed the
presence of bioactive compounds at 1023, 1234 and
1457 cm™ was still existed. This is the indication of presence
of bioactive compounds on the surface of synthesized
bimetallic nanoparticles.

XRD spectroscopy analysis

The phase purity, crystalline nature and size of C.T
mediated Ag-Au BNPs were analyzed through the XRD
spectroscopy analysis. Fig. 3 shows the diffraction
patterns of CT- Ag-Au BNPs. The spectrum provides the
distinguishable peaks at 38.06, 44.81, 64.71 and 77.87,
which correspond to the planes of (111), (200), (220)
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Fig. 2: FTIR spectra of C.T extract and CT Ag-Au BNPs
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Fig. 3: XRD spectra of C.T- Ag-Au BNPs
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and (311). The diffraction peaks are well matched with
JCPDS file no-04-0783 for (FCC) cubic Ag and JCPDS file
no-04-0784 for (FCC) cubic Au.l*3 % The Ag-Au bimetallic
nanoparticles are not different than Ag and Au mono metal
nanoparticles, which can be explained by thejir similar
phase and crystal lattice structure. The CT mediated
Ag-Au BNPs crystallite size can be estimated using Debye-
Scherrer equation.

D=0.92 / B cosB (2)
Where
D - Particle size,
A - Wavelength of the incident x-ray beam,
© - Bragg'’s diffraction angle,
B - Full width at half maxima (FWHM) of the C.T-Ag-Au
BNPs peak.[’]
This equation shows that the estimated average crystal
i i : {Based on
the XRD patterns, the synthesized C.T-Ag-Au BNPs were
at high purity of crystalline nature as no other impurity
peak was observed.

SEM-EDX analysis

The surface morphology of the CT- Ag-Au BNPs were
investigated using SEM analysis, represented |by Fig. 4.
The CT-mediated Ag-Au BNPs were shown in cubic shape
and seem to be agglomerated.’?”) The energy-dispersive
X-ray spectroscopy analysis showed the elemental analysis
of synthesized Ag-Au BNPs. Fig. 5 shows the EDX spectra
of Ag-Au BNPs. The peak at 2.5 and 3eV suggest the peak
of Ag and Au elements. Additional peaks of C and O were
seen which are present in aqueous solution of (.T. flower
extract.[!3]

Anticancer MTT Assay
To evaluate the anticancer potential of CT mediated
Ag-Au BNPs on the cell viability of cancer cells, they were
treated against human lung cancer (A549) cell lines. The

Fig. 4: SEM micrographs of CT-Ag-Au BNPs
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Fig. 5: Energy dispersive X-ray spectra of{ CT- Ag-Ay BNPs

Int. J. Pharm| Sci. Drug Res., July-August, 2023, Vol 15, Issue 4, 432-436

concentrations of the CT flower and synthesized bimetallic
nanoparticles were as 10, 25, 50, 75 and 100 pg/mL. The
results exhibited a concentration dependent manner.
When increasing the concentration of nanoparticles will
decrease the cell viability of cancer cells. The ICg, values
were calculated by using dose dependent curve. The
results were represented in graphs as the percentage
of cell viability post-treatment compared to negative
control (untreated cells). Table 2 shows the half-minimum
inhibitory concentration (ICs,) of CT extract and Ag-Au
BNPs while Fig. 6 shows the percentage of cell viability
to concentration of CT extract and Ag-Au BNPs. Fig. 7
shows the inverted microscopic cell morphology images
of A549 cell lines treated with 100 pg/mL of CT extract
and Ag-Au BNPs. The IC;, values of CT flower extract
and CT-mediated Ag-Au BNPs were 85.45 *+ 0.05 and
57.35 + 0.05 pg/mL, respectively. At the concentration
of 10 pg/mL the extract shows 75% cell viability and
CT-mediated Ag-Au BNPs showed 70% of cell viability. On
increasing the concentration of CT extractand Ag-Au BNPs
the cell viability was decreased further and reached 25
and 18% at 100 pg/mL. However, the results indicate that
the C.T-Ag-Au BNPs exhibit increased cytotoxic potential
compared to CT flower extract. This was achieved
due to the synergistic action of both Ag and Au metal
nanoparticles.”?!/When the concentration of nanoparticles,
more CT-mediated Ag-Au BNPs enter the cells, which may
arrest the working function of mitochondria and produce
more reactive oxygen species (ROS). This increases in
ROS can damage more cancer cells by damaging the cells
DNA, leading to apoptosis/necrotic or cell death.!??! The
phytogenic mediated Ag-Au BNPs by using CT flower
extract that have shown cytotoxicity effect in the human
lung cancer cells in our study have not been reported yet

to best of our knowledge.

Table 2: IC;, Value of CT flower extract and C.T-Ag-Au BNPs
IC5o (ng/mL) = SD Values
A549 human lung cancer cells
85.45+0.05
57.35+0.05

Tested samples
C.T. flower extract
C.T-Ag-Au BNPs

100

Cell viability %

25 50 75 100

Fig. 6: MTT assay for the CT flower extract and C.T-Ag-Au BNPs treated

with A549 cell lines. Control is without addition of flower extract and

NPs. The asterisk (*) indicates significant difference between the
control and Ag-Au BNPs (100 pg /ml) treated A549cell lines
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Fig. 7: Inverted microscopic cell morphology images of the A549
cancer treated with 100 pg/mL concentration for a) Control b) CT
extract and c) CT- Ag-Au BNPs

CONCLUSION

This study successfully produced the C. ternatea aqueous
flower extract mediated Ag-Au bimetallic nanoparticles
using a simple, facile, and sustainable eco-friendly green
approach. C. ternatea plantis a medicinal herb with natural
bioactive compounds. This phytochemical constituent of
flower extract was act as a reducing and capping agent
of synthesized bimetallic nanoparticles. The formation
photo fabrication, size, shape, crystalline nature and
purity of the synthesized Ag-Au BNPs were analyzed
by using spectroscopic techniques. Additionally, the
bimetallic nanoparticles show their anticancer activity
against human lung cancer (A549) cells. The synthesized
bimetallic nanoparticles effectively reduced cancer cells
viability in their presence in different concentrations.
Thus, the report adds another feature to the medicinal
herb CT flower extract to successfully formulate bimetallic
nanoparticles and other metal/metal oxide nanoparticles
that could be used effectively for their cytotoxicity effect.
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