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ABSTRACT

MoO; nanoparticles were biosynthesised using Cardiospermum halicacabum leaf extract. Their structural and morphological
properties were investigated through UV—visible DRS studies, photoluminescence, Fourier Transform Infra-Red spectroscopy,
Energy-Dispersive X-ray analysis, X-Ray Diffraction, X-Ray Photoelectron Spectroscopy and High-Resolution Transmission
Electron Microscopy. O>—Mo°" transition was confirmed by the peak observed at 353nm in UV-Visible spectrum and the band
gap was estimated as 2.48 eV. Mo-O-Mo bond was confirmed by the bands observed at 842 cm™ and 475 cm™ in FTIR
spectroscopy. EDX spectra showed characteristic peaks of oxygen and molybdenum. XPS showed binding energies of 232.4 and
235.6 eV, which correspond to spin-orbit splitting of Mo 3ds,, and Mo 3ds; respectively, which confirmed that Mo is present in
+6 state. The particle size was determined to be 69 nm using XRD analysis. Effective fluorescence sensing of Pb*" was observed
with a detection limit 4.13x10® M. ct-DNA binding constant was calculated as 3.09 (mg/mL)" and 2.32 (mg/mL) using UV-Vis
and fluorescence studies respectively. Cytotoxicity studies using A549 Human Lung cancer cell line showed ICs, value of 249.5

png/mL

INTRODUCTION

Nanomaterials having structural features between bulk materials
and atoms find fascinating applications in diverse fields and their
demand keeps increasing. Their unique optical, physical, and
chemical properties have rooted applications as catalysts,
chemical sensors, optoelectronics, bioimaging agents, and
pharmaceutical products. Their biocompatibility finds utility in
diagnosis, drug delivery and in pharmaceutical formulations [1,2].
In the last few decades, transition metal oxides have attracted
the research community in great deal due to their diversified
applications. Great consideration of nanomaterials has been paid
to the fabrication of various kinds of nanometal oxides like TiO,
Zn0, ZrO2, CuO, MgO, etc., Among these metal oxide, MoO3
nanoparticles are fascinating due to their low-cost, higher
chemical stability, distinct, unique structural, optical, electrical,
and mechanical properties. They are applied successfully in
multiple applications of various fields, such as photocatalysis,
light emitting diodes, therapies, gas sensing, and in many medical
protocols [3].

Nanoparticles (NPs) are synthesized by several methods including
coprecipitation, laser ablation, hydrothermal, sol-gel method,
microwave-assisted  technique, pyrolysis, and thermal
decomposition. Conventional synthetic techniques are not eco-
friendly and are expensive, which draws interest toward green
synthesis. Green synthetic routes address these issues and grab

interest due to their biocompatibility and renewability [4,5].
Green synthetic routes utilize phytochemical constituents such as
phenols, flavonoids, tannins, alkaloids, and quinines as reducing,
stabilizing, and capping agents. Thus, they find desired
applications in medicine, agriculture, and environmental
remediation. They exhibit enhanced reactivity due to organic
capping moieties [1,6].

Metal ion recognition and sensing have become a fast-growing
area of research due to their potential application in chemistry,
biomedicine, and environmental studies. The toxicity and effect
of trace heavy metals on human health and the environment have
attracted considerable attention and concern in recent years.
Lead toxicity leads to dysfunction of the kidney, reproductive
system, and brain while chronic damages are caused to the
Central Nervous System and Peripheral Nervous System. Lead also
inhibits the synthesis of haemoglobin. Pregnant women with low
calcium, iron or zinc levels are prone to the effects of lead
accumulation [7]. In the environment, Pb? in any form cause
harms to crops, soil, water, air, and other edible materials [8].
DNA serves as a memory storage for genetic information and is the
main target molecule for a majority of antiviral and anticancer
treatments. The interaction of drugs with DNA plays a crucial rule
in development of medicinal compounds [9,10]. Recent studies in
the fields of biology, chemistry, and clinical medicine have
focused on the interaction between medicines and DNA. Anti-
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bacterial, anti-tumour and antiviral drugs function effectively by
binding to genomic DNA. Metal complexes owing to their superior
antioxidant activity, cytotoxic activity and DNA binding ability
interact with DNA and pave way for development of anticancer
drugs, sequence-specific cleaving agents, and efficient
chemotherapeutic agents for a variety of diseases. These
interactions also offer pathways towards rational drug design [11].
Various binding methods are used to study the mode of drug-DNA
interactions, such as thermal denaturation studies, KI quenching
studies, foot printing assay, CD spectroscopy, FT-IR spectroscopy,
isothermal titration calorimetry, atomic force microscopy, Cyclic
Voltammetry, Nuclear Magnetic Resonance, molecular docking,
UV-visible spectroscopy and fluorescence spectroscopy [12].

Lung cancer is the second most common disease leading to cancer-
related mortality, taking lives of more people than colorectal,
prostate, and breast cancers put together. Cytotoxicity evaluation
of NPs shows that they can cross biological barriers and assemble
in many organs, exhibiting harmful consequences such oxidative
stress, DNA damage, cell death, and morphological alterations [1].
Cardiospermum halicacabum belongs to the family Sapindaceae
commonly known as balloon vine. C. halicacabum is used as a
green vegetable. The presence of saponins results in foam
formation when agitated with water and hence, it is used as hair
detergent and soap for laundry. Each part of the plant is beneficial
and is used as food and used to treat stiffness of limbs, snake bite,
and rheumatism. In Ayurveda and folk medicine, this plant is used
to treat fever, lumbago, and earache. It is also used as stomachic,
rubefacient, and diuretic. Cardiospermum halicacabum exhibits
antioxidant, anti-viral, anti-ulcer activity, anti-diabetic, anti-
convulsant, antipyretic, anxiolytic, anti-cancer, anti-bacterial,
anti-arthritic, anti-fungal, antiparasitic, anti-diarrheal,
adulticidal, anti-filarial, anti-malarial, anti-inflammatory and
anti-sickling activities. This herb is useful to produce commercial
drugs because of the existence of constituents such as beta-
sitosterol along with D-glucosides, amino acids, oxalic acid,
saponins, quebrachitol, oleic acid, eicosonic acid, erucic acid,
octanoic acid, n-hexadecenoic acid, and triterpenoids.
Cardiospermum halicacabum is used in unique systems of
medication along with Homeopathy, Unani, and Ayurvedic
medicine. The presence of several phytoconstituents such as
flavonoids, tannins, and alkaloids have also been reported in
phytochemical analysis [13].

This work focuses on (i) synthesis of MoOs NPs using
Cardiospermum halicacabum leaf extract, (b) characterization of
the prepared NPs using UV-Visible Diffuse Reflectance
Spectroscopy (UV-Vis DRS), photoluminescence spectroscopy (PL),
Fourier transform infra-red spectroscopy (FT-IR), energy-
dispersive X-ray analysis (EDX), X-ray diffraction (XRD), X-ray
photoelectron  spectroscopy (XPS), and high-resolution
transmission electron microscopy (HRTEM), and (iii) potential
applications of NPs towards fluorescent sensing of Pb%, ct-DNA
binding ability using absorbance and fluorescence spectra, and
cytotoxic behaviour against A 549 (human lung cancer) cells.

2. Experimental Section

2.1. Materials and Methods

Ammonium molybdate tetrahydrate manufactured by Sisco
Research Laboratories Pvt. Ltd. of assay 99.5% was used as the
precursor for the preparation of nanoparticles. Cardiospermum
halicacabum leaves were collected from Kattalankulam, Tamil
Nadu, India. JASCO FP-8300 spectrofluorometer and V-650
spectrophotometer were employed to study the electronic and
optical properties of the nanoparticles. The functional groups
present in Cardiospermum halicacabum leaves extract, which
contribute for the formation and stabilization of MoO3; NPs were
identified by recording FT-IR spectra using SHIMADZU, IRTRACER
100 in the range 400-4000 cm™'. Crystallinity and phase
morphology of green synthesized MoO; NPs were characterized by
powder X-Ray Diffractometer (X’ Pert Pro, PAnalytic). The
elements present in the synthesized MoOsNPs were analysed by
EDAX using Bruker Nano, GmbH, D-12489 at an accelerating
voltage of 30 kV. X-ray photoelectron spectroscopy (Physical
Electronics, PHI Versaprobe Ill) was used to investigate the ionic
valence of Mo and O. HR-TEM analysis using Jeol/JEM 2100 (200kV)
was used to determine the size and shape of the nanoparticles. ct
(calf-thymus) DNA employed for DNA binding studies was

purchased from Bio Gen, Bangalore. Ethidium bromide used for
fluorescence DNA binding studies (assay 95.0%) was purchased
from Sigma-Aldrich. Human lung cancer cell line (A549) procured
from National Centre for Cell Sciences (NCCS), Pune, India, was
used for cytotoxicity studies.

2.2. Preparation of Cardiospermum halicacabum extract

20 g of Cardiospermum halicacabum leaves were mixed with 100
mL of double distilled water and warmed at 50 °C for 30 min. The
extract was cooled and filtered through Whatmann No.1 filter
paper and stored in a refrigerator at 4 °C and was used within a
week for the synthesis process.

2.3. Green Synthesis of MoOs Nanoparticles (MoOs NPs)

20 mL of the prepared Cardiospermum halicacabum extract was
added dropwise to 10 mL of 0.1 M aqueous solution of ammonium
molybdate tetrahydrate and was subjected to magnetic stirring
for 4 h. The resultant brown precipitate (due to adsorption of
Cardiospermum halicacabum extract) was allowed to stand for 24
h and was centrifuged at 4000 rpm for 15 min, washed thoroughly
with double distilled water and ethanol to ensure the elimination
of soluble biocomponents and dried at 90 °C in an air oven. It was
further finely powdered and calcined in a muffle furnace for 6 h
at 600 °C, which resulted in green MoOs3 NPs.

2.4. Fluorescent Sensing of Pb?*

MoOs NPs (10 mg) were dispersed in 10 mL of water and 0.2 mL of
the dispersed NPs solution was mixed with 1.8 mL of 100 pM
aqueous solution of Pb?* to study the fluorescence behaviour. A
series of aqueous solution of metal ions namely, Cd?*, Zn%*, V¥,
Nd*, Fe%, Fe¥, Cu?, Sr¥, La*, Pb%, NiZ*, Co*, Cr**and Hg*ions
were chosen for selectivity studies under identical conditions. As
Pb?* showed maximum enhancement in fluorescence intensity, the
aqueous suspension of MoOs: NPs was further explored towards
fluorescent sensing of Pb?". To establish the prepared MoOs NPs as
fluorescent sensors for Pb?*, the dispersed solution of MoOs; NPs
was treated with 1.8 mL of Pb*of varying concentrations from
0.01 pM to 100 pM, allowed to stand for 2 min to facilitate
interaction and photoluminescence was monitored. The limit of

detection was calculated using Equation (1).

LOD :% --------- Eq.(1)

where “Sb” and “m” denote the standard deviation of blank (n =
10) and the slope of the standard curve, respectively
2.5. DNA binding studies
The interaction between MoOs NPs and calf thymus DNA (ct-DNA)
was examined using in vitro DNA binding studies using UV-Visible
spectroscopy. A stock solution with 6 mg of ct-DNA in 10 mL of 0.1
M Tris-HCLl buffer (pH 7.2) was prepared. 10 mg MoOs NPs were
dispersed in 10 mL of buffer solution and subsequently added to
the DNA solution, varying the concentration of MoOs NPs from
0.005 mg/mL to 0.050 mg/mL while maintaining a constant total
volume of 2 mL. The resultant solution was sonicated for 20 min
at room temperature. Keeping the volume of ct-DNA at 100 pL
constant, the dosage of MoOs NPs was varied, adjusting the total
volume to 2 mL by tris-HCl buffer, UV-Visible spectra were
recorded to monitor the binding efficiency. The binding constant
(K) was evaluated using Benesi-Hildebrand equation [equation (2)]
[14].

1 1 1

(obs—A0)  (Ac—Ag) | K(Ac—Ag)[M0O3 NPs]
where Ac and Ao are the absorbances of DNA in the presence [0.050
mg/mL] and absence of NPs. Ao signifies the change in
absorbance on varying the concentration of MoOs NPs between
0.005 mg/mL and 0.050 mg/mL.

The binding ability was further monitored by fluorescence
measurements. 6 mg of DNA was added to ethidium bromide
solution (6 mg in 0.1 M tris-HCl at pH 7.2) and the fluorescence
was monitored. On addition of MoOs NPs (0.025 mg/mL to 0.450
mg/mL), the fluorescence intensities were measured at an
excitation wavelength of 515 nm [15]. The efficiency of
fluorescence quenching was measured using Stern Volmer
equation (3), where Ksy is the Stern-Volmer constant, [Q]
represents the concentration of MoOs NPs, Fo and F indicate
fluorescence intensities in the absence and presence of
nanoparticles [12].

Fo

;=1+ KSV
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The intrinsic binding constant, Kp indicating the interaction
between MoOs NPs and ct-DNA was evaluated using equation (4).

log FGF_F =log K, + nlog [Q] ------ Eq.(4)
where [Q] represents the concentration of MoOs NPs, which acts
as the quencher, K, and n indicate the binding constant and
number of binding sites in base pairs, respectively.

2.6. Cytotoxicity studies

A549 (human lung cancer) cells seeded onto 96-well plates (20,000
cells per well) were cultured for 24 hours at 37 °C and 5% CO: in
an incubator. A 0.2 ym syringe filter was used to filter out 10
mg/mL of MoO3 NPs NPs in DMEM medium. Using untreated wells
as a control, the wells containing grown cells were further diluted
with DMEM media to reach final concentrations of 25, 50, 100,
150, and 200 pg/mL. The studies were conducted in triplicate, and
average values were noted. The plates were incubated for an
additional 24 h following the addition of MoOs NPs, and the
medium from the wells were discarded after aspiration. After
adding 100 pL of a 0.5 mg/mL MTT solution in phosphate buffer
and incubating for two hours, formazan crystals formed. The
supernatant was removed from each well and 100 pL of DMSO was
added. The absorbance at 570 nm was measured using a
microplate reader. A-549 cells were used as blank with three wells
per plate and the degree of cell viability was evaluated using
equation (5).

Percentage of cell viability =
Eq.(5)

3. Results and Discussion
3.1. Characterization of MoOs NPs

Average absorbance of treated

Average absorbance of control
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UV-Visible spectrum of Cardiospermum halicacabum leaf extract
(Fig.1a) displays Amax at 263 and 330 nm owing to m—m* transitions
in the aromatic rings of flavonoids and phenolic compounds [13].
UV-visible DRS of green synthesized MoOsz NPs is presented in Fig.
1b. The absorption spectrum of MoO3; NPs shows a strong band at
353 nm indicating 0> —Mo® transition of electrons from valence
band to conduction band resulting in electronic excitation [16].
The band gap of MoOs; NPs derived from Cardiospermum
halicacabum was evaluated using Kubelka-Munk equation Equation
(6).
(ahv)? = kE; — hv------- Eq.(6)

where a, k, and Eg represent absorption coefficient, Boltzmann
constant, separation between valence and conduction bands
respectively. Tauc’s plot of (ahv)? as a function of hv is presented
in Fig.1c from which the band gap is estimated by extrapolation
toward the energy axis. The evaluated band gap of 2.48 eV
correlates with the values reported in literature for MoO3 NPs [16].
The fluorescence spectrum of MoOs NPs was recorded by varying
the excitation wavelength from 210 to 350 nm (Fig.2). Maximum
fluorescence intensity was observed at 210 nm, which was
optimised for further studies. Excitation dependent emission is
exhibited owing to surface defect states resulting in generation of
miscellaneous emission sites. Molybdenum oxide exhibits
luminescence peaks due to the radiative decay of self-trapped
excitons. The traps are associated with certain intrinsic defects
such as oxygen vacancies, or even more complex clusters of
oxygen vacancies, which affects the molybdenum ion valence
related to the charge transfer from O vacancies to Mo. The peak
at 466 and 544 nm could be associated with the Mo® d-d band
transition [17].
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Fig. 1. (a) UV-Visible spectra of Cardiospermum halicacabum leaf extract, (b) UV-Vis DRS of MoOs NPs and (c) Tauc’s plot of (ahv)? as a
function of hv
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Fig. 3. FT-IR Spectra of (a) Cardiospermum halicacabum leaf extract and (b) MoO3 NPs

FT-IR studies were performed with Cardiospermum halicacabum
leaf extract and the synthesised MoO: NPs to identify the
functional groups involved in the formation and stabilisation of
NPs [Fig. 3]. The band observed at 3387 cm™ in Cardiospermum
halicacabum leaf extract [Fig. 3a] confirms the -OH group of
phenols. The peak at 1612 cm™ corresponds to carbonyl
stretching. The peak at 1396 cm” due to N-H stretching of
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aromatic amine. C-O stretching corresponding to ether linkages
(flavonoids) is observed at 1064 cm™' [18]. In the FT-IR spectrum of
MoOs NPs [Fig. 3b], the peak corresponding to N-H stretching of
aromatic amine in the plant extract at 1396 cm'is shifted to 1425
cm' due to the interaction of biomolecules with the
nanoparticles. Additionally, the signals located at 842 cm™'and 475
cm™ are associated to Mo-O-Mo stretching [19].
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Using X-Ray Diffraction analysis, the crystallinity and phase
morphology of the synthesised MoO3: NPs were assessed, and the
pattern is shown in Fig. 4. The presence of (020), (110), (040),
(021), (130), (111), (060), (150), (141), (210), (161), (171) and
(081) crystal planes is confirmed by the diffraction peaks emerging
at diffraction angles 12.72, 22.96, 25.68, 27.10, 28.51, 34.31,
39.01, 39.46, 45.48, 47.88, 49.10, 57.93 and 59.44. Diffraction
peaks fit well with that of MoO3 (JCPDS Card No.-05- 0508 [3]. By

(060)

40

(210)
(171)

80

20 (degree)
Fig. 4. X-Ray Diffraction pattern of MoO3 NPs

applying Debye-Scherrer's equation Eq.(7), the crystallite size is
determined to be 69 nm.

d = kA/(BcosH) Eq.(7)

where d, k, A, B and 0 represent crystal size, Scherrer’s constant,
wavelength of X-rays, full width at half maximum and Bragg’s
angle respectively.
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The EDX pattern of MoOs NPs derived from Cardiospermum
halicacabum leaf extract is presented in Fig.5, which confirms the

keV
Fig. 5. Energy-Dispersive X-Ray pattern of MoOs NPs

presence of molybdenum (21.44%) and oxygen (78.56%). This
further confirms the purity of the prepared nanoparticles.
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XPS survey spectrum (Fig. 6a) is utilized to estimate the binding
energies of molybdenum and oxygen. 3d core-level spectrum of
Mo (Fig. 6b) shows peaks corresponding to binding energies of
232.4 and 235.6 eV, which correspond to Mo 3d spin-orbit
splitting, Mo 3ds/2 and Mo 3ds/2. which is associated with the fully
oxidised state of Mo (Mo®) as reported in literature. Figure 6(c)
depicts the O 1s core level XPS spectrum which shows a binding

900000

energy of 530.3 eV, corresponding to lattice oxide (0%) sites. Thus,
it is evident that the MoOs NPs comprises of Mo®* and O sites and
is free from impurities [19].

TEM images of the MoOs3 NPs presented in Fig.7a show the presence
of spherical particles with agglomeration. The particle size
(Fig.7b) is predominantly distributed between 25 to 65 nm, and
the average particle size is 45 nm.
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3.2. Fluorescence sensing of Pb? ions
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Fig. 8. (a) PL Spectra for fluorescence sensing of different and 100 pM. The fluorescence response on varying the

metal ions with MoOs NPs, (b) Bar plot of emission intensity of
MoOs NPs vs different metal ions (c) Fluorescence spectra of
MoO;: NPs with Pb?* in the concentration range 0.01-100 pM,
(d) Linear plot of fluorescence intensity vs [Pb]?* (0.01-0.1uM)
Selectivity studies play a prominent role in determining the metal
ions suitable for study. In order to evaluate the sensitivity of MoO3
NPs towards different metal ions, their fluorescence response
towards various metal ions, viz., Cd%*, Zn?*, V?*, Nd*, Fe?*, Fe¥,
Cu?, Sr¥, La*, Pb?, Ni**, Co%, Cr¥*and Hg?"ions were measured.
Fig.8a,b shows the fluorescence spectra of MoOs NPs upon the
addition of 100 uM various metal ions, among which Pb?* shows
maximum fluorescence enhancement.

For further studies, the concentration of MoO3 NPs was maintained
constant, and the concentration of Pb?* was varied between 0.01
3.3. Binding studies with ct-DNA

concentration of metal ions was monitored and the results are
displayed in Fig.8c. A linear correlation between concentration
and fluorescence intensity is observed with a correlation
coefficient of 0.9870. Limit of detection for fluorescence sensing
of Pb? is calculated with the aid of the calibration curve (Fig.8d)
of fluorescence intensity against concentration of Pb?* jons and
standard deviation of the blank using Eq.1. The limit of detection
is calculated as 4.13x10% M.

Enhancement in fluorescence is observed on addition of Pb?* ions
with MoO3 NPs. This is due to ionic-electrostatic interactions of
organic capping agents present on the surface of MoOs NPs
[20,21].
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UV-Visible and fluorescence spectral techniques were employed
to explore the nature of binding between MoOs NPs and ct-DNA.
UV-Visible spectral studies recorded for ct-DNA (100 pL) with
varying concentrations of nanoparticles are presented in fig.9a.
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Fig. 10. (a) Photoluminescence spectra of EB-DNA with MoO3
NPs [0 to 0.450 mg/mL), (b) Stern-Volmer plot of Fo/F vs. [MoO3
NPs] and (c) Scatchard plot of log [(Fo-F)/F] vs. log [MoO3 NPs]

Competitive binding of MoOs NPs with ct-DNA was studied with
Ethidium Bromide (EB) fluorescence quenching assay. EB is a DNA
binding fluorophore which can measure the extent of binding
between NPs and DNA with different concentrations of MoOs; NPs.
The emission spectra of EB intercalated with ct-DNA with
increasing concentrations of nanoparticles is presented in fig. 10a.

3.4. Cytotoxicity of MoO3 NPs against A-549 cell line

a4
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Fig. 11.

The fluorescence intensity of MoOs; NPs drops due to its
intercalation with ct-DNA, which alters the surface defects [15].
The quenching pattern was further analysed using Stern-Volmer
equation by monitoring fluorescence at 609 nm. The slope of the
plot of Fo/F versus [MoOs; NPs] (Fig.10b) was used to calculate the
Stern-Volmer constant as 2.82 mg/mL (R?=0.9866) based on Eq.
(3), further supporting strong intercalation between MoOs NPs and
DNA [14]. Fig. 10c showing a plot of log(Fo/F)/F vs log [MoO3 NPs]
and Eq. (4) were used to determine the number of binding sites
and binding constant to be 0.97 and 2.32 (mg/mL)™".
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Fig. 12. (a) Percentage cell viability of MoO: NPs with A-549
Cell line as a function of concentration [25 to 200ug/mL] (b)
Linear plot of Cell viability vs. concentration of MoOs NPs

The cytotoxicity potential of MoOs NPs against A-549 human lung
cancer cells was evaluated by varying the concentration of MoO3
NPs (Fig.11a-f) between 25 and 200 pg/mL maintaining an
incubation period of 24 h. An increase in concentration of
nanoparticles contributes to a decrease in cell viability as
exhibited in fig.12a. A plot of percentage of cell viability against
the concentration of MoOs; NPs shows linearity (Fig.12b) which is
used to calculate the half maximal inhibitory concentration (ICso
value) of MoO3 NPs as 249.5 pg/mL.

T T
100 200

50 150
Concentration of MoO, NPs (pg/mL)
CONCLUSION - .

This study proposes green and cost-effective technique for
synthesising molybdenum oxide nanoparticles using
Cardiospermum halicacabum leaf extract. The functional groups
contributing to the formation and stabilisation of nanoparticles
were identified using FT-IR studies. The particle size was
estimated as 69 nm and 45 nm using X-Ray Diffraction studies TEM
analysis respectively. XPS data revealed that the surface of the
nanoparticles is dominant with Mo®* and O? sites and are free from
impurities.

Limit of detection for fluorescent sensing of Pb? was determined
as 4.13x10°® M. Intercalative mode of binding of ct-DNA with MoO;
NPs was evaluated by UV-Visible and Fluorescence Spectra. Cell
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viability studies and ICso value suggested their potential against
A549 cell lines. Thus, the synthesised nanoparticles find
environmental, catalytic and biological applications.
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