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This work reports the synthesis of molybdenum nanoparticles (Mo NPs) through green routes using horse gram seed extracts and characterized

against HeLa cell lines and photocatalytic degradation of methyl orange (MO) and methyl violet (MV) dyes were also evaluated. The anti-

malignant properties of Schiff base ligands [2-fluorobenzaldehyde semicarbazone (L;H) and 2-fluorobenzaldehyde thiosemicarbazone

conversion into nano form as both ligands, L;H and L,H approve their binding property based on molecular docking studies.
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|
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|
| (L,H) with molybdenum metal precursor [dioxobis(2,4-pentanedionato)molybdenum] were also explored and their Mo complexes after
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INTRODUCTION

Nanotechnology has emerged as a powerful tool in many
fields of science and engineering due to its focus on altering
and enhancing materials on a nanoscale scale [1]. Itis a fascina-
ting domain to alter the materials in size, shape, morphology
and dimensions, creating nanoparticles almost equal to the Bohr
radius [2]. Green technology, which includes the employment
of microorganisms like bacteria, fungi, yeast and plant material
extract as a safe and eco-friendly tool for synthesizing nano-
particles, has taken the lead over physical and chemical methods
[3,4]. Therefore, biogenic preparation of metal nanoparticles
is extremely popular nowadays. Owing of existence of phyto-
chemicals like flavonoids, terpenoids and quinines phenols,
alkaloids and tannins plant-mediated synthesis has become a
powerful unconventional instrument for synthesizing nano-
particles [5,6]. The phytonutrients are playing significant role
in governing particle size via prompting and topographical
reactions and performing role of capping agents [7].

Molybdenum has gained much attention owing to its wide-
range applications [8,9]. Since molybdenum exist in various
oxidation states and having low toxicity than other d-block
elements thus, molybdenum nanoparticles are made to absorb,

to cure many deficiency disorders. The deficiency may some-
times disrupt enzyme activity in nitrogen metabolism [10,11].

Molybdenum oxide derivatives due to their distinctive
electrochemical and diverse topography is one of the captiva-
ting transition metal oxides [12]. Molybdenum oxide a verified
chemical for various uses, primarily for Li-ion battery [13].
Still, a few reports have also used them to decontaminate water
[14]. Even though several reports are available which are
explaining the amazing photocatalytic activity of molybdenum
trioxide (MoOs) [15], though, few studies are there to examine
the photocatalytic activity of MoO, [16]. Surface active ingre-
dients are important tools to carve the morphological structure
of nanoparticles, which in turn alters the property of material
[17]. A little research support is there to describe the geo-
morphological controlled preparation of molybdenum oxide
[18].

Of late, MoOs nanostructures display photocatalytic prop-
erties under UV-visible light. With the nanoparticles of MoO;
under visible light, several applications have been explored and
examined, such as photosensitive deterioration of methylene
violet dye [19,20] and methylene orange dye [21], gas sensing
properties [22], supercapacitor [23], oxidation of methanol
[24], epoxidation [25], light/optical properties [26], lithium
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storing capabilities [27]. The reduction property of MoOs in
presence of light interconnects with the particles’ chemical
properties, shape and size. Several synthetic approaches have
revealed two different phases (h- and a-phases) of MoOs; [28].
Nanorod’s morphologies were explained and exhibited the h-
phase though another phase (a) resembles nanowires and plates
[29,30]. In literature, many traditional electrode materials have
been applied to eradicate harmful pollutants for sensor
applications of Fe,0;, C0,03, CuO, TiO, and molybdenum
oxide, which are a few significant examples [31].

This research work summarizes our investigation in green
synthesis, characterization and employment of new synthesized
nanoparticles which were synthesized via ligands viz. 2-fluoro-
benzaldehyde semicarbazone (L,H) and 2-fluorobenzaldehyde
thiosemicarbazone (L,H) with molybdenum metal precursor
[dioxobis(2,4-pentanedionato)molybdenum]. Owing to the
distinctiveness in structure and diversity in application range,
the ligands were chosen wisely for anti-malignant activity. Here
we tried to explore the anti-malignant properties of the ligands
and their Mo metal complexes after conversion into nano form.
Since ligands L|H and L,H approve their binding property
based on theoretical study i.e. molecular docking, thus all the
nanoparticles were tested against HeLa cell line in in vitro.

EXPERIMENTAL

The starting materials procured through Sigma-Aldrich
Company, were utilized as such without purification, while the
solvents were dehydrated, dried and distilled by standard methods.
Ligands [2-{ 1-(2-fluorophenyl)methylene } ]hydrazinecarbox-
amide (L;H) and [2-{ I-(2-fluorophenyl) methylene } ] hydrazine-
carbothioamide (L,H) were synthesized by [2-{1-(2-fluoro-
phenyl)methylene } | with semicarbazide and thiosemicarbazide,
dissolved in ethyl alcohol in 1:1 ratio (Scheme-I). The contents
were refluxed for 5-6 h. The solid mass was filtered, washed
with ethanol, recrystallized and dired over fused CaCl, under
a vacuum.

F H X

X F H |
|
C C= C
No + “zN\N/C\m2—> N\T/ wn,
I} b

X =0 (L{H) or S (L,H)

Scheme-I

Molybdenum complexes were synthesized by the addition
of aqueous ethyl alcohol solution of [MoO,(acac),] dioxobis-
(2,4-pentanedionato)molybdenum to a hot solution of L;H and
L,H in 1:2 molar ratio with empirical formula MoC,sHuNsO4F,
and MoC,sH1sN6O,S,F,, respectively. The obtained solid products
were washed with hot distilled water followed by aqueous ethnol
and finally recrystallized. TLC technique was employed to test
the purity of reaction products (Scheme-II).

Seed extract preparation: Horse gram seeds with brown
coats were purchased from the local supermarket, washed them
with water, sterilized them with 0.1% HgCl, to remove dirt and
other impurities, soaked them in distilled water for 12 h at4 °C,

M\
where, N Sand N O represent the donor system of ligand moiety
Scheme-II: Mo(VI) complexes with ligands L;H and L,H

allowed them to germinate for 48 h at 30 °C, humidified frequ-
ently by using deionized water by for about 11-12 h. A thick
paste was made by grinding dry sprouted seeds with tris buffer
and phosphate buffer solutions (pH 8). The resulting mixture
was filtered through double layer of filter paper and the filtrate
was allowed centrifuge at 12000 rpm for 6-8 min below 4 °C
and collect the supernatant liquid, collected extract solution
analyses for gas chromatography-mass spectrum.

Synthesis of Mo nanoparticles by plant extract: Horse
gram seed extracts, a substantial volume of solution, were added
to a crucible containing a definite volume of metal salt solution
(1:4) and then heated at 60-70 °C by continuous stirring for
about 1 h; colour change was observed. The change of colour
from yellow to brown indicates the conversion of metal ions
into molybdenum nanoparticles (Mo NP), then the NPs was
collected via centrifugation and drying [32].

The synthesized nanoparticles were analyzed by electronic
(visible) and infrared spectroscopy. Size and crystallinity were
identified by X-ray diffraction studies, further size was calcu-
lated by Debye-Scherrer equation. Further, the nanoparticles
were examined by SEM to get an idea about their size, shape
and surface morphology. These nanoparticles were further
characterized for their cytotoxic activity through molecular
docking and in in vitro studies.

GC-MS data: The extract was analyzed using Averin
Biotech, Hyderabad (India) with CMMFT-RUSA-2.0 GCMS
spectrometer. Using standard protocols of GC-MS, the bio-
chemicals such as protein, amino acid, antioxidants, alkaloids,
phenolic phytochemicals and several biologically important
molecules were identified.

Photocatalytic activity: Methyl orange and methyl violet
dyes were selected to estimate the light sensitized catalytic
property of newly synthesized nanoparticles and evaluated with
standard literature method [33]. A 1 ppm solution of methyl
orange and methyl violet dyes was prepared in distilled water.
On the other hand, different concentrations of all nanoparticles
(10, 15, 20 ppm) were prepared and added to the conical flasks
of both dyes. All the solutions were exposed to white light at
200 rpm for around 3-4 h. After every 20 min, 5 mL from flask
was collected and the concentrations of dyes were analyzed
by UV-visible spectrophotometer. For this experiment, the Ay
value for methyl orange and methyl violet dyes were 470 and
610 nm, respectively. The degradation of dyes was analyzed
by using following formula:

AO_AxlOO

Degradation (%) =

0
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Anticancer activity: Cancer cell lines were procured from
NCCS, Pune, India and contained in DMEM, augmented with
10% FBS (fetal bovine serum) and penicillin/streptomycin
(0.5/mL) at 35-36 °C in CO»/air (5:95%). The cancer cell lines
were placed in 96-well plates at 5.0 x 10° cells per well in 100
UL medium and kept overnight at 32-40 °C for incubation to
evaluate the MTT assay [34]. To explore the cell viability, the
experiment was performed in triplicate with six concentrations
of test compounds (5-100 pg/mL). After every 24 h of incu-
bation, the treatment was taken out and fresh media was added.
Further, to each well new media with MTT solution was added
and the old test sample was discarded. The plates were kept in
incubator around 35-37 °C at least for 3-4 h. The measurement
of absorbance of crystals soluble in DMSO was analyzed at
wavelength 560 nm.

Control — Treatment

Inhibition (%) =100
Control

RESULTS AND DISCUSSION

GC-MS studies: The GC/MS spectrum of Macrotyloma
uniflorum seed extract (Fig. 1) showed 20 to 25 peaks which
specifies the presence of several key phytochemical comp-
ounds. The name of chemical compounds, molecular weight
and retention times are reported in Table-1. Several other phyto-
chemicals were identified through GC/MS profile of horse gram
seed extract, were approximately comparable to the reported
literature [35].
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Fig. 1. GC-MS chromatogram of Macrotyloma uniflorum extract

TABLE-1
GC-MS DATA OF PHYTOCHEMICALS
IN THE Macrotyloma uniflourum
Ret?ntlon Compound m.f. m.w.
time
10.640 Hexadecane C,¢Hay 226
14.11 Hexadecane, 2,6,10,14-tetramethyl CyH,, 282
15.274 heptadecane, 2,6,10,15-tetramethyl C, Hy, 296
18.283 Dibutyl phthalate C,(H,,0, 278
16.066  Eicosane CH,, 282
17.718 Tritetracontane Cy,Hy 478
15.97 Octadecanoic acid, C,sH;0, 284
14.457 Heptadecane C,H;¢ 240
14.965 Octadecane, 5-methyl- CoHy 268
15.750 3,5-Dimethylthiophenol, C,,H;¢SSi 210

Electronic studies: The synthesized molybdenum nano-
particles were exposed to UV-visible light to study the elect-
ronic spectroscopy. The absorption bands (Am.) for both metal
nanoparticles observed around 250-300 nm, which falls under
the UV-C region [36] (Fig. 2). This region is called the short-
wave ultraviolet region, which ranges from 200-280 nm. This
ability due to unique phenomenon SPR (surface plasmon
resonance) [37]. Study shows that molybdenum nanoparticles,
after absorbing UV-Vis rays, exhibit nanosensors property and
photocatalytic activity.

FTIR studies: The IR spectrum of ligands (L;H and L,H)
show peaks around 3340 cm™ for -NH sz, 1593 cm™ for C=N,
1691 cm™ for -C=0, 873 cm™' for —C=S and twin peaks ranges
from 3471-3281 cm™ for -NH, groups (Fig. 3). The FTIR of
MNPs show the functional groups and bonds present in the
compounds (ML, and ML,). In Fig. 4, the peaks were observed
at466, 1153, 1388, 1748, 2355 and 2924 cm™'. The band around
466 cm™ is broad and significant peak below 1100 cm™ [38].
The peaks at 466, 520 and 607 cm™ are expected to be the
Mo-O, Mo-N and Mo-S stretching, respectively.

XRD studies: The X-ray diffraction spectra of MoNPs
prepared by reducing Mo metal complexes with horse gram
seed extract were analyzed. The diffraction peaks were observed
at 20 values 82.45° 19.48° and 8.85° for Mo NPs prepared
from ML, complex. Likewise, five different peaks were also
observed at 20 values 27.30°, 24.14°, 23.20°, 14.61°, 11.35°
of XRD patterns of Mo NPs prepared from ML, complex
(Fig. 5).

Debye-Scherrer’s equation was used to determine the
average crystallite size of the green synthesized Mo NPs.

_ KA
Bcos®

where K = constant, A = wavelength of X-rays and f = FWHM.

SEM studies: The SEM images display the spherical shape
of the synthesized Mo NPs using a green method and found to
be the range of 19-20 nm as determined from X-ray diffraction
(XRD) data. The images (Fig. 6) also indicate the uneven and
asymmetrical arrangement of green nanoparticles.

Photocatalytic studies: The analysis of the photocatalytic
activity revealed a gradual reduction in the concentration of
both methyl orange (MO) and methyl violet (MV) dyes due
to the influence of nanoparticles. The results are influenced
by the period of time and concentration of nanoparticles. The
Mo NPs exhibited higher efficacy at 15 ppm synthesized from
the ML, complex demonstrating superior performance comp-
ared to the other synthesized nanoparticles. The nanoparticles
synthesized from ML, complex achieved degradation percen-
tages of 82% for MO and 75% for MV after being exposed to
UV light for 2 h. Whereas Mo NPs synthesized from ML,
complex exhibited degradation efficiency of 73% for MO dye
and 70% for MV dye. A bar diagram (Fig. 7) summarizes the
photocatalytic activity of all nanoparticles prepared from horse
gram seed extract. The photocatalytic activity is believed to
be driven by reactive oxygen species (ROS) like superoxide
anion (O,"), hydroxyl radical ("OH) and H,0O, as indicated in
previous studies [39].
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Fig. 7. Bar graphs showing photocatalytic activity of all NPs with (a) methyl orange and (b) methyl violet dyes

Molecular docking studies: Molecular docking study
were performed using LibDock to study analyze the selected
complex binding approach and affinity with modeled RAT
nitric oxide synthase of brain protein. Based on the LibDock
score and extremely interrelating amino acid residues, the finest
ligand conformation was selected. Rutin exhibits the highest
LibDock score of 119.72 Kcal/mol and binding affinity among
the 10 conformations generated for each complex. The inter-
action analysis of H-bonding affinity with nitro-L-arginine
methyl ester shows 90.235 Kcal/mol. Apart from rutin and
other compounds, hesperidin also shows good binding affinity
to LibDock score count 112.331 Kcal/mol (Table-2). In this
work, we have analyzed compounds based on selected target
proteins for their anti-malignant activity through molecular

docking study [40]. The binding interaction of complexes L;H
and L,H with the target protein was confirmed using docking
results, indicating significant interactions and implying their
inhibitory effect (Fig. 8). This study suggests that compounds
L,H and L,H could potentially inhibit RAT nitric oxide synthase
in brain proteins related to growth and may serve as a therapeutic
drug.

Anticancer activity: Evaluation of cell viability for green
synthesized Mo NPs was performed using MTT assay against
HeLa cancer cell lines. The cell viability of the cancer cell
depends on the dosage of the compounds. The results were
compared with the standard cisplatin; the ICs, value of cisplatin
against the HeLa cell line was found to be 3.58 pig/mL. Among
the four complexes, ML, complex exhibits the most significant

TABLE-2
DOCKING SCORES OF THE COMPOUNDS WITH MODELED RAT NITRIC OXIDE SYNTHASE OF BRAIN PROTEIN
St o ke ek . ¢ QOCker Interacting amino acids Interacting atoms H-Distance
molecule energy interaction energy
Ligand 1 DG12, DT10, Asn722, Thr718, TGpl 1, A: ARG364: HH22 -
LH 25 S Asp533, Arg364, DA113, Dcl12 Il O3 LBy
. A: THR718: HGI - Ligand2: F7  2.307000
nga’}‘f 2 48512 58.769 PO DLIO Asn7az Thi7 18 TOPTL - igand2: H20 - A: ASPS33: 0D2 2468000
Ls P233, ATgI0%, ° Ligand2: H19 - A: ASP533: OD2  2.222000
a [ a b .
(@) L (b) NewA 3
.". N
T,
"\ ban - y ol
o
st /N
0 , X
O 0
A aal DA,
e < '< R Y, p
\ < ~ 1
~= = |
P\ -~

Fig. 8. H-bond interactions of (a) L;H and (b) L,H. H-bond represented by green dotted lines and letters showing the amino acids involved in

the bonding and compounds are shown by the boll model
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toxicity to HeLa cells at 76.02 pum/mL. On the other hand, the
molecular docking experiments have shown that the L,H ligand
is more active than the L;H ligand. The comparative results of
all four complexes with cisplatin suggests that all the complexes
have shown moderate cytotoxicity and the percentage growth
inhibition of the HeLa cell line increases as the concentration
of the test compound increases.

Conclusion

In this study, biogenic molybdenum nanoparticles (Mo
NPs) were synthesized using horse gram seed extract and the
phytochemical nutrients using GC-MS technique were
analyzed. The green synthesized nanoparticles were evaluated
for their antioxidant capabilities where the ML, complex had
the lowest ICsy value, indicating strong antioxidant activity.
The photocatalytic experiment of methyl orange and methyl
violet shows that degradation process depends on time and
concentrations of Mo NPs. Amongst all nanoparticles, ML,
based Mo NPs has shown highest photocatalytic efficiency.
Furthermore, the MO NPs were also screened in vitro against
HeLa cell line and the results were found to have moderate
cytotoxicity.
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