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Abstract

Over the years, the continuously increasing incidence rates of cancer and infectious diseases are open threats to the
sustainable survival of animals and humans. In the last two decades, the demands of nanomaterials as modern
therapeutic agents have increased. In this study, green fabrication of Ag doped Y203 nanoparticles using aqueous extract
of Clerodendrum infortunatum as bio-reductant and assesses its potential as anticancer agent. The obtained pure Y203
and Ag doped Y203 were characterized by various analytical techniques including XRD, EDS, XPS, UV-visible and PL. The
Ag doped Y203 nanoparticles was endured defect emissions that are more intense than those of pure samples, according
to the obtained PL spectra. In addition to these fascinating findings, the samples deactivate against a AGS (Human gastric
adenocarcinoma) cell line through an MTT trial, which highlighted the superiority of the doped when compared to the
native nanoparticles. As a consequence, the Ag doped Y203 nanoparticles could potentially be an effective alternative for

anticancer materials, particularly in biomedical applications.
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In recent years, with the development of
nanotechnology, the use of various metal nanoparticles has
become widespread specifically in the treatment of cancer.
Gastric cancer is the fourth most common malignant tumor in
the world and the incidence rate is higher in the developing
countries compared to the developed countries [1]. Gastric
cancer patients are usually diagnosed at the late stages.
Combinational chemotherapy, radiotherapy, and surgery are
used to treat patients with different stages of gastric cancer;
however, the 5-year survival rate is low [2-3]. Further research
is needed and appropriate research tools are required to develop
novel therapeutic approaches. Many antibiotics with short half-
lives must be administered often in traditional formulations in
order to sustain anticancer action. Moreover, Yttrium oxide
(Y203), a widespread rare earth metal, is significant for future
use due to its thermal stability and chemical and mechanical
reliability. Yttrium oxide is used in biomedical images,
materials science, synthesis of inorganic compounds, optics,
electricity, biology applications [4-8], and photodynamic
therapy. Furthermore, the properties of Yttrium oxide can be
modified by doping the transition metals such as Er, Eu, La, Yb
and Ag to tune the properties of the nanomaterials [8-13]. Amid
these transition metals, the doping of Ag is more important
because this enhances the optical properties of Yttrium oxide
nanomaterials [14]. Silver belongs to transition metal group
with high thermal and electrical conductivity. The utilization of
silver in medical and therapeutics is very old; however, basic

antimicrobial behaviour is discovered later. In recent years
silver NPs have achieved much attention in medical filed due to
its various applications such as antimicrobial and anticancer
[14]. In this respect, Y203 nanoparticles of different sizes and
morphologies were developed through various methods, such
as sonochemical, solvothermal, hydrothermal, electrochemical,
sol-gel, and thermal decomposition [6-8]. However, most of
these approaches include costly and toxic chemicals as
stabilizing or capping agents; their environmental applications
are limited. Interestingly, a promising method to overcome
these limitations was developed that involves the utilization of
plant extracts. In this present era, the biosynthesis of
nanoparticles has been proposed as a cost-effective and
environmentally friendly alternative to chemical and physical
methods. Plant-mediated synthesis of nanoparticles is a green
chemistry approach that connects nanotechnology with plants
[15]. However, the green synthesize technique of nanostructure
provides an eco-friendly solution for agricultural biomedical,
and polluted environment remediation [16]. The synthesize
technique of nanostructure and the any part of plant (peels,
leaves, flowers, roots, seeds and stems) material contain
secondary metabolites [17]. The secondary metabolites present
in the extract of the leaf act as stabilizing and reducing agents
to change metal ions into metal oxide nanoparticles. Kumar et
al. [18] reported the phyto-mediated preparation of zinc oxide
nanoparticles from Clerodendrum infortunatum L. leaf extract
and find out the enhanced antibacterial potential. In fact, to
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date, no report of doping of elements within Y,O3 using
Clerodendrum infortunatum L. leaf extract has been made, to
the best of our knowledge. In this paper we report, undoped
Y>03 and Ag doped Y03 nanoparticles were prepared by green
method using Clerodendrum infortunatum leaf extract and the
obtained product were characterized with the support of XRD,
TEM, EDS, XPS, UV—Visible and PL. The anticancer activity
of nanoparticles was investigated using MTT assays.

MATERIALS AND METHODS

The chemical reagents used in this work were yttrium
nitrate, silver nitrate (AgNO3) which are attained from SRL
Chemicals with 99% of purity and the entire reagents utilized
were of analytical grade and used without further purification.
All aqueous solutions were prepared using double distilled
water.

Preparation of leaf extract

Clerodendrum infortunatum leaves were collected and
cleaned with tap water followed by double distilled water
repeatedly and dried. 30 g of leaves were mixed with 150 mL
of double distilled water and boiled at 80 °C. During the
process, a yellow-coloured solution was formed. Then the
prepared extract was allowed to cool at room temperature and
finally, it was filtered using Whatman filter paper and stored in
a refrigerator for further purpose.

Synthesis of pure Y>O3 nanoparticles

5 g of yttrium nitrate was dissolved in 50 ml of double-
distilled water. Then 10 ml of leaf extract is added to the
solution with constant stirring, and sodium hydroxide was
added to the above solution to adjust the pH to 9. The solution
was kept on the magnetic stirrer for 2 hours. The precipitate was
formed. The solution was undisturbed for 24 hours to settle the
precipitate. The obtained precipitate is filtered and washed
using double-distilled water and ethanol simultaneously and
dried and muffled at 500 °C at 2hours for further
characterizations.

Synthesis of silver doped Y>O3nanoparticles

5g of yttrium nitrate and 0.5 g of AgNO; were dissolved
with 50 ml of double-distilled water. Then 10 ml of leaf extract
is added to the solution with constant stirring and sodium
hydroxide was added to the above solution to adjust the pH to
9. The solution was kept on the magnetic stirrer for 2 hours. The
precipitate was formed. The solution was undisturbed for 24
hours to settle the precipitate. The obtained precipitate is
filtered and washed using double distilled water and ethanol
simultaneously and dried and muffled at 500 °C at 2 hours for
further characterizations.

Characterization section

The crystal structure, determination of phases and
average crystallite size of synthesized samples were
investigated by XRD (PANalytical X'Pert Pro, A= 1.5406 A, 40
kV and 30 mA) with Cu-K, radiation. The transmission electron
microscope (TEM, JEOL-JEM-2100F with an accelerating
voltage of 200 kV) was used to create the nanoparticles
micrographs. The X-ray Photoelectron Spectroscopic (XPS)
measurement was undertaken by employing Photoelectron
spectrometer (PHI 5000 Versa Probe 111) equipped with a high
performance 0-5 keV Ar ™" ion gun and optional 10 and 20 kV
Ceo ion guns for the analysis of Y 3d, O 1s and Ag 3d peaks. To
assess the samples The UV — Visible spectrum of synthesized
samples were carried out UV absorbance Spectrophotometer

(Perkin Elmer LAMBDA - 35) was employed at room
temperature. Using a Cary Eclipse Photoluminescence
Spectrophotometer at room temperature, the PL spectra of the
samples were collected.

Anticancer activity

AGS (Human gastric adenocarcinoma) cell line was
procured from NCCS, Pune, India. The cells were maintained
in DMEM/F12 medium supplemented with 10 % FBS along
with the 1% antibiotic-antimycotic solution in the atmosphere
of 5% CO,, 18-20% Oy at 37°C temperature in the CO»
incubator and sub-cultured after 2 days. Passage number of
AGS cells was 37 used for the current study. Seed 200 pl cell
suspension in a 96-well plate at the required cell density (10,000
cells per well) and allow the cells to grow for about 24 hours.
Add appropriate concentrations of the given test compounds
which was diluted in complete media. Incubate the plate for
24hrs at 37 °C in a 5 % CO; atmosphere. After the incubation
period, takeout the plates from incubator, and remove spent
media and add MTT reagent to a final concentration of
0.5mg/ml of total volume. Wrap the plate with aluminium foil
to avoid exposure to light. Return the plates to the incubator and
incubate for 3 hours. Incubation time varies for different cell
lines. Within one experiment, incubation time should be kept
constant while making comparisons. Remove the MTT reagent
and then add 100 pl of solubilisation solution (DMSO). Gentle
stirring in a gyratory shaker will enhance dissolution.
Occasionally, pipetting up and down may be required to
completely dissolve the MTT formazan crystals especially in
dense cultures. Read the absorbance on a spectrophotometer or
an ELISA reader at 570 nm wavelength. The following formula
was put into effect to record the percentage of cell viability.
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Fig 1 XRD spectra of pure Y,03 and Ag doped Y,03 nanoparticles

RESULTS AND DISCUSSION

XRD analysis

The X-ray diffraction pattern of nanoparticles (Fig 1)
showed sharp reflections with respect to face cantered cubic
(FCC) peaks obtained from XRD analysis were indicative of
smaller size of nanoparticles. The assigned 28 values for pure
Y03 with respect to (400), (440) and (622) planes were 33.12°,
48.42° and 57.64° respectively and for Ag with respectto (111),
(200) and (220) planes were 38.31°, 44.34° and 64.47°
respectively. The XRD patterns for Y>03; and Ag doped Y»03
were in good agreement with the data available in JCPDS file
no. 65-3178 and JCDPS file no 04-0783 respectively [19]. By
examining the peak width as a function of diffracting angle 260,
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Williamson-Hall (W-H)) method of deconvoluting size and
strain broadening could produce the following mathematical
expression [20]:

BcosB == (4sinf) + (%J‘} _____________

where A (1.5406 A) is the x-ray wavelength, ¢ is the average
microstrain, 6 is the Bragg diffraction angle, k is the shape

factor (0.94), and 3 is the full width at half-maximum in radians.
For the synthesized nanoparticles, a plot is created with 4 sin
0 along the x-axis and [ cos 0 along the y-axis. (Fig 2) displays
the lattice strain for pure Y.O3 and Ag doped Y203
nanoparticles that have been determined from the slope of the
W-H plot. According to the W-H method's findings, the pure
Y>03 and Ag doped Y05 crystallite sizes are around 25.14 nm
and 16.21 nm, respectively.
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Fig 2 W-H plot for pure Y,03 and Ag doped Y,03 nanoparticles

The values of particle size, strain and dislocation density
have been calculated and tabulated in (Table 1). From the table,
the obtained values of dislocation density (3) are for Ag doped
Y205 (.81 x 10 nm?) which are greater than that of pure Y>0;
(1.58 x 103 nm™). A decrease in crystallite size (as determined
by the W-H method) inevitably results in an increase in

dislocation density, which implies that the stacking fault may
decline as a function of dislocation density [21]. Additionally,
Ag doped Y>0; (7.11 x 10*) have lower estimated strains (&)
than the pure Y»0j3 (8.32 x 10%). From the calculated crystallite
size, dislocation density (8) is used to identify the amount of
crystal defects in the synthesized sample [22].

Table 1 XRD parameters of pure Y>0; and Ag doped Y»0j3 nanoparticles

Williamsons Hall method

Sample Average crystallite size Strain Dislocation density
D (nm) gx 10* 8§ X 107 nm?
Pure Y,0; 25.14 8.32 1.58
Ag doped Y,0; 16.21 7.11 3.81
cps/eV cps/eV.
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Fig 3 EDS spectra of (a) pure Y203 and (b) Ag doped Y03 nanoparticles
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Fig 3 (a-b) TEM image, (c-d) HRTEM image and SAED (e-f) of pure Y,03 and Ag doped Y,03 nanoparticles

TEM and EDS analyses

As synthesized nano-powders were analyzed by
Transmission Electron Microscopy (TEM) and presented in
(Fig 3a-b). The pure Y,03 and Ag doped Y,O3 nanoparticles
appeared to be irregular and spherical shape. An average length
and width of the Ag doped Y»Os nanoparticles are determined
to be 57.11 nm and 45.03 nm respectively. Higher
magnification analysis (HRTEM) showed a lattice planar
spacing of 0.182 nm for pure Y>0; and 0.181 nm for Ag doped
Y>03 nanoparticles, which was in agreement with literature
value for the (440) plane (Fig 3c-d) of 0.178 nm [23]. (Fig 3e-
f) shows the SAED pattern of Y,03 and Ag doped Y»03
nanoparticles having diffraction rings with discrete diffraction
spots, good agreement with the observed XRD results, which
prove the face cantered cubic structure of Y>O3 nanoparticles.

(Fig 3) shows the EDS spectrum of pure Y,O; and Ag doped
Y,03 nanoparticles. From the EDS spectrum of pure Y,Os3 (Fig
4a), the composition of yttrium (Y) and oxygen (O) peaks
approves the purity of pure Y,O3 nanoparticles. From the (Fig
3b), the existence of silver (Ag) peak in Ag doped Co304
nanoparticles.

XPS spectra

X-ray photoelectron spectroscopy (XPS) measurements
are carried out to analyze the surface element states and
contents of pure Y>O3 and Ag doped Y03 nanoparticles. The
full survey spectrum of Ag doped Y»Os3 nanoparticles displays
characteristics of C 1s, O 1s, Y 3d and Ag 3d (Fig 4), indicating
the presence of these four elements, which is consistent with the
EDS mapping results. Charge correction has been applied to all
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the observed data of all elements with respect to Cls, which
appears typically at282.88 eV. The primary cause of Cls
appearance during atmospheric exposure is adventitious carbon
[24]. The XPS profiles of Co 2p are displayed for the
quantitative analysis of surface elements in (Fig 5a), the
prominent Y 3ds, and Y 3ds,, peaks are located at 156.31 and
159.67 eV, respectively. The XPS spectrum of Y,Os3 is highly
consistent with those obtained in previous studies [25]. The
agreement in both composition and binding energy proves the
existence of Y»0;. Moreover, the O 1s spectrum is
deconvoluted into three peaks (Fig 5b). The peak at the higher
binding energy 532.02 eV is due to the oxygen vacancies on the
surface of Ag doped Y»0s. The relatively low binding energy at
529.58 eV is attributed to lattice oxygen, which particularly
demonstrates the existence of YO. The O~ and O% ions in the
oxygen-deficient zone are brought on by the oxygen vacancies
that are responsible for the higher binding energy species of O,
which are cantered at 530.57 eV. The variation in peak intensity
could be attributed to changes in the number and concentration
of oxygen vacancies [26]. In the XPS spectrum of Ag 3d
(Fig 5¢), two peaks of Ag 3ds, (368.18 e¢V) and Ag 3di»
(374.26 V) were correspond to metallic silver (Ag®) and silver
ions Ag", respectively, which agrees well with previous reports
[27]. The XPS results also confirmed the successful synthesis
of pure Y03 and Ag doped Y.Os nanoparticles already
demonstrated by EDX and XRD measurements.
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Fig 4 X-ray photoemission survey spectra of pure Y,03; and Ag
doped Y,03 nanoparticles
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Fig 5 XPS spectrum of (a) Y 3d (b) O 1s and (c) Ag 3d

UV-visible spectra

The UV-visible absorption spectra of the pure Y03 and
Ag doped Y»0; nanoparticles as displayed in (Fig 6). The
optical properties of nanostructures strongly depend on the
absorbance of the material related to the transition of charges
from the valence band to the conduction band [28]. The spectra
show broad absorption, which is due to the creation of surface
related defects in the nanoparicles [29]. Ali ef al. [30] reported
that the sharp absorption edge 1is characteristic of a
homogeneous structure. The spectra show the absorption edge
value of Ag doped Y»03; nanoparticles was shifted to higher
wavelength compared to Y»Oj3 nanoparticles, which confirmed
the successful incorporation of Ag in Y,O; lattice. From the
absorbance spectra, the Ag doped Y»Oj3 nanoparticles do absorb
strongly in the UV and visible portions. The pure Y,O3 does not
absorb strongly in the visible region, where, the transmittance
increases to around 100% or less.
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Fig 6 UV-visible absorbance spectra of pure Y,03 and Ag doped
Y,03 nanoparticles
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Fig 7 PL spectra of pure Y,03 and Ag doped Y,03 nanoparticles

PL spectra

The photoluminescence (PL) spectra of pure Y»03; and
Ag doped Y:03; nanoparticles are measured at room
temperature as shown in (Fig 7). The UV region (below 400
nm) accounts for the near band edge (NBE) emission while the
deep level (DL) emissions are attributed for the visible region
(above 400 nm) such that both the regions are accommodated
well within the UV—visible luminescence bands [31]. Addition
of dopant (Ag) the emission intensity compared to pure Y203
nanoparticles, which may happen due to the defects like single
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ionized oxygen vacancy [32]. Increase the electron—hole
recombination in valence band, increases the emission intensity
of Ag doped Y03 nanoparticles. All the samples exhibit a
broad UV emission band from 300 to 400 nm and three
emission peaks in the visible regions. The strong UV emission
band is divided into two peaks around 360 nm and 376 nm,
which are attributed to the near band edge emission (NBE) free
excitons in the conduction band [31]. Meantime, the violet
emission at 405.11 nm is ascribed due to the existence of
interstitial yttrium. The radiative recombination between the
shallow donor (Y;) and deep acceptor (V,) levels would yield
the observed violet emission around 409 nm [33]. The blue
emission peak at 437 nm and 490 nm for both samples
attributed to the defect-related emission or surface impurities
(such as intrinsic defects, oxygen vacancies and surface state,
and interstitial metal ions in the oxide) present in the cobalt
oxide crystal occurred during growth [24].
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Fig 8 Percent cell viability values of AGS cells treated by different
concentrations/ doses of pure Y,03and Ag doped Y,03
nanoparticles after the incubation period of 24hrs by MTT assay

Anticancer activity

The viability of AGS (Human gastric adenocarcinoma)
cell lines were studied to evaluate the anticancer potency of the
green synthesized pure Y>0;3 and Ag doped Y»Oj3 nanoparticles
using different concentration/dose of nanostructures (i.e. 6.25—
100 pg/ml) by MTT assay. (Fig 8) depicts the relative percent
viability of the cancerous AGS cells. It has been observed that
AGS cells viability is greatly inhibited by the prepared
nanoparticles. Application of 100 pg/ml of the synthesized
nanoparticle was resulted in better inhibition of AGS cells
relative to the untreated cells. It was found that when the
concentration of pure Y03 was increased from 6.25 pug /ml to
100 pg /ml, the cell viability progressively dropped from
85.11% to 7.23%, respectively. Nevertheless, it was possible to
obtain that the cell viability gradually decreased from 84.09%
to 4.92%, respectively, for an increase in Ag doped Y,03
nanoparticles concentration from 6.25 pg/ml to 100 pg/ml.
Hence, these cell viability results suggest that Ag doped Y»03
nanoparticles possess higher anticancer activity as compared to
pure Y03 nanoparticles. Cytotoxicity of the Y»Os is generally

linked with several factors such as particle size, ROS generation
and release of metal ions [34]. Researchers have reported that
Y03 nanoparticles have the potential to genotoxic effects,
generate oxidative stress, cell death, DNA damage, cell death,
and inflammatory responses [35]. Results showed that Ag
doped Y»0; nanoparticles induced intracellular ROS generation
in a dose dependent manner. The results of Ag doped Y»0;
nanoparticles were showed that concentration/dose dependent
study had reduced the cell viability of AGS cell lines. The Ag
doped Y-0s3 nanoparticles disturb the cell well and damages the
cancer cell function. The efficacy of cobalt ions containing
compounds on cancer cells has been ascribed to the ability of
the ions to penetrate the cells where they produce reactive
oxygen species (ROS) which are able to induce apoptosis in
cancer cells [36]. Silver induces apoptosis in malignant cells by
elevating the concentration of free radicals within them [37].
This shows that Ag doped Y,Oj3 nanoparticles can be a potential
candidate with improved efficacy against cancerous cells. The
role of the enhanced absorbance of metal-oxide nanoparticles
in ROS mediated toxicity reported by Akhtar et al. [38]. The
red shift of the absorption edge of Ag doped Y»03 nanoparticles
acting critical role in ROS mediated cytotoxicity. Moreover, we
also perceived the superior cytotoxic influence of
Clerodendrum infortunatum leaf extract meditated Ag doped
nanoparticles than the pure ones and realized the impact of
doped silver ion raising the rate of induced cytotoxicity.

The suggested MTT test for human AGS cells from pure
Y>,03 and Ag doped Y»0;3 nanoparticles are displayed in (Fig
9). As can be seen in the figure, the samples inhibited the
growth of AGS cells using MTT staining, and as the
concentrations/dose of 6.25 pg/ml, 12.5 pg/ml, 25 pg/ml, 50
pg/ml and 100 pg/ml were increased, the cell survival rates
decreased in tandem. This image reveals a considerable amount
of cell death after the prepared samples were treated [39]. For
biomedical purposes, especially in vivo applications, toxicity is
a critical factor to consider when evaluating their potential.
Green synthesis nanoparticles for imaging and drug delivery are
often purposely coated with bioconjugates such as DNA,
proteins, and monoclonal anti small bodies to target specific
cells. As these nanoparticles are intentionally engineered to
interact with cells, it is important to ensure that these
enhancements are not causing any ad verse effects. More
significant is whether either naked or coated nanoparticles will
undergo biodegradation in the cellular environment and what
cellular responses degraded nanoparticles induce [40].
According to the MTT results, Ag doped Y»Oj3; nanoparticles
had a greater probability than pure Y,0s3 as a contributor to cell
death. Therefore, the synthesis of Ag doped Y.0O3 mediated
through  Clerodendrum  infortunatum  leaf  extract
demonstrates that these Ag doped could have chemotherapeutic
effects which can be pioneered for the making of drugs.

CONCLUSION

In the present investigation, we report a simple, safe,
environment friendly and economical biological technique for
synthesizing Ag-doped Y03 nanoparticles with Clerodendrum
infortunatum leaf extraction. The synthesized nanoparticles
were characterized by various techniques, including XRD,
TEM, XPS, UV-visible and PL. Our findings on anticancer
activity demonstrated that Ag-doped Y»0O3 nanoparticles induce
cytotoxicity in AGS (Human gastric adenocarcinoma) cell
lines, which is mediated by generation of ROS and oxidative
stress. Therefore, it is envisaged that these Ag-doped Y»0;
nanoparticles may be exploited in drug delivery and
pharmaceutical industry.
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Fig 9 Cell numbers and viability evaluated using MTT staining after 24 h seeding
(6.25 pg/ml, 12.5 pg/ml, 25 pg/ml, 50 pg/ml and 100 pg/ml)
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