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Abstract

This study seeks to learn more about SnO,Pluronic F127 Chitosan Sodium. SnO,Pluronic
F127 Chitosan NPs have been shown to have a tetragonal rutile structure by means of both X-
ray diffraction and field-emission scanning electron microscopy. In the FTIR spectra of SnO;
NPs, the Chitosan functional group and the Pluronic F127 overtone bands are visible, while
the characteristic peaks of SnO, NPs are located at 619 cm ™ in the spectra of SnO. The
morphologies of SnO,PluronicF127  Chitosan were analysed using scanning electron
microscopy (SEM). SnO,Pluronic F127 Chitosan NPs have DLS spectra and hydrodynamic
sizes of (169 nm), respectively. Due to oxygen vacancies and other defects, SnO,Pluronic
F127 Chitosan NPs have blue emission peaks in their PL spectra, specifically at 467 nm.
Antibacterial ~ activity  against  Staphylococcus  aureus,  Klebsiellapneumoniae,
Shigelladysenteriae, Pneumocystis jirovecii, Bacillus megaterium, and Proteus valgaris was
reevaluated using the well-diffusion technique using SnO,Pluronic F127 Chitosan NPs and
Amoxicillin. To learn more about how effective nanoparticles are at inhibiting the growth of
Candida albicans, they were tested in a well diffusion apparatus. A human breast cancer cell
line (MDA-MB-237) was treated with SnO, Pluronic F127 Chitosan NPs and exhibited

similar anticancer activity. These findings lend credence to the idea that SnO NPs modified
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with biopolymers Chitosan and Copolymer Pluronic F127 could have useful applications in

healthcare manufacturing settings.

Keywords: Chitosan modified Pluronic F-127; SnO,; Breast cancer cell line; Antibacterial
and Antifungal Activity; Anticancer activity;
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INTRODUCTION

In 2020, there were approximately 19.3 million new cases of cancer worldwide, according to
data from the Global Cancer Observatory (GLOBOCAN). India came in at number three,
behind only China and the United States. In accordance with GLOBOCAN, the number of
cases of cancer in India may rise to 2.08 million by 2040, a 57.5 percent increase from

2020[1-2].

Cancer is a disease characterised by the unchecked proliferation and metastasis of abnormal
cells. Since the human body is composed of trillions of cells, cancer can arise virtually
anywhere. In a healthy human body, cells divide and multiply to produce new cells as they
are needed. Old or damaged cells die, and new ones take their place as the body repairs itself.
When this normally controlled process fails, abnormal or damaged cells proliferate when they
shouldn't. Tumours, or masses of accumulated tissue, can develop from these cells. Cancer
can develop in tumours. It is possible for cancerous tumours to invade neighbouring tissues
and metastasize to other parts of the body. Malignant tumours are another name for cancerous
tumours. Cancers of the blood, such as leukaemias, rarely develop into solid tumours, in
contrast to many other types of cancer. Benign tumours do not metastasize, or spread to other

parts of the body. Benign tumours are less likely to return after removal than malignant ones.
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However, benign tumours can occasionally reach impressive dimensions. Some, like brain

tumours, can cause severe symptoms or even be fatal[3-9].

Unchecked cell proliferation, which is the hallmark of cancer, is caused by mutations in
genes that normally control the cell cycle and division. Essentially, this is how cancer forms.
However, conventional chemotherapeutic drugs come with a host of problems, such as low
bioavailability, rapid renal clearance, erratic dosing, and dangerous side effects. Breast cancer
has become the leading cause of death for women worldwide in recent years. By the year
2030, 13.1 million people will have died from these illnesses, according to the World Health

Organisation.

Worldwide, breast cancer is the most common form of the disease among females of
reproductive age. It's a malignancy wherein the breast cells multiply and grow
uncontrollably. Cancer of the breast is a malignant growth that begins in breast cells and can
spread to neighbouring tissues or even other parts of the body. Breast cancer typically begins
in the cells of the lobules, which are the milk-producing glands, or the ducts, and can spread
from there into the surrounding healthy breast tissue, the underarm lymph nodules, and other
small organs that serve to filter out foreign substances. Lymph nodules provide a back door
for cancer cells to spread to other organs. Over the past 30 years, there has been an uptick in
cases of breast cancer. Somewhere between 10% and 15% of breast cancers begin in the
lobules, while the remaining 50%-75% begin in the ducts. Because of improved detection
methods and treatment options, the mortality rate from breast cancer has decreased in recent
years. Some commonly used herbs have been officially recognised as cancer preventatives by
the Cancer Research Centres. Therefore, the goal of this study is to conduct a simple, low-

cost analysis of doped NPs which will kill the cancer cells and save the life of human[10-15].
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Cancer nanotechnology has the potential to significantly contribute to the prevention,
detection, and treatment of the disease. The ability of specific metal oxide nanoparticles
(NPs) to selectively kill cancer cells while being relatively nontoxic to healthy cells has been
demonstrated in an increasing number of studies. SnO NPs, in particular, had a lot of
potential as a cancer treatment. SnO NPs have demonstrated inherent selective toxicity
against cancer cells while posing minimal effects to the normal cells, likely as a result of their
distinctive physiochemical characteristics. SnO NPs cause cancer cells to self-destruct by
lowering their mitochondrial membrane potential (MMP) and releasing reactive oxygen
species (ROS). It is possible to selectively damage cancer cells while causing relatively little
harm to healthy cells by manipulating intracellular ROS generation. SnO NPs' potential for
generating reactive oxygen species (ROS) is linked to its optical properties. Polymers doping
and the synthesis of SnO-based nanocomposites are two methods that can be used to alter the

optical properties of SNONPs[16-19].

SnO NPs, on the other hand, have been shown to be toxic to a variety of organisms in
research. These include bacteria, microalgae, yeast, protozoa, zebrafish, and mice. That's why
it's crucial to develop SnO NPs with enhanced selectivity and anticancer activity. Chitosan
polymer and Co Polymer Pluronic F-127 have both shown promise as therapeutic agents.
Metal oxide NPs, such as SnO,, can have their physicochemical properties tuned with the

help of chitosan and Pluronic F-127.

Hydrothermal, Sol-gel, Co-Precipitation, solvothermal, gel-combustion, microwave heating,
and polyol methods have all been developed to synthesise SnO, Pluronic F-127 Chitosan NPs
in order to take advantage of their wide range of potential uses. Producing NPs at a lower cost
using any of these methods is extremely challenging and prohibitively expensive. Clearly,
chemists face a formidable challenge in lowering production costs while simultaneously
increasing toxicity towards target cell lines[20-25].
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Scientists have begun synthesising a wide range of metal nanoparticles for use in
pharmaceuticals using environmentally friendly methods to satisfy the growing demand for

nanoparticles that are safe for the environment.

The environmental friendliness and use of non-hazardous solvents (typically plant extracts) in
green synthesis have piqued the interest of many scientists. Plant parts like leaves, fruits,
rinds, barks, seeds, and roots are mined for their extracts, which contain reducing and

stabilising agents like polyphenols, flavonoids, proteins, and sugars[25-31].

Sennaauriculata (L.)Roxb. (Cassia auriculata, Family: Fabaceae or Leguminosae) is a
common traditional and Asian beverage nutritional plant that is widely used in Indian
traditional medicine for the treatment of diabetes mellitus and rheumatism. It is used in green

synthesis of SnO,Pluronic F-127 Chitosan nanoparticles[32-36].

With these considerations in mind, we prepared SnO,-dopedPluronic F-127 chitosan
nanoparticles (NPs) to enhance their anticancer potential and biocompatibility. The NPs were
made using an eco-friendly process. Field emission scanning electron microscopy (FESEM),
X-ray diffraction (XRD), ultraviolet-visible (UV-VIS) spectrometer, Fourier transform
infrared spectroscopy (FTIR), photoluminescence (PL), and dynamic light scattering (DLS)
were used to characterise the prepared samples. Antibacterial, antifungal, and anticancer
Human breast cancer (MDA-MB-231) cells were used to test the properties of SnO,-doped
PF 127 Fluronic Chitosan NPs. In this study, we used breast cancer cell lines because this is
the most frequently diagnosed cancer in women and the third leading cause of cancer death

worldwide (after colorectal and lung cancer).
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Experimental section

Collection of Plant Materials

Sennaauriculata was gathered by us in Trichy, close to the airport (coordinates: 10.7204101°
N, 78.7364588° E), and then washed twice in double-distilled water. For 15 minutes, 10
grammes of finely chopped Flower was boiled in 50-60 degrees Celsius with 100 millilitres
of double-distilled water. After collecting the extraction in a 250 mL Erlenmeyer flask at

room temperature, it was filtered through Whatman No. 1 filter paper.
Green Synthesis

The SnO2 Pluronic F127 chitosan NPs were made using environmentally friendly
techniques. The SnO2 Pluronic F127 chitosan NPs were made by mixing 100 mL of flower
extract with 90 mL of 0.1M tin (I1) nitrate hexahydrate (Sn (NO3)2. After ten minutes, the
metal should be completely dissolved in the extract. 500 mg of chitosanwere dissolved in 50
mL of 1% acetic acid solution and 500 mg of pluronic F-127 both should be added to the
extract. The concentrate yields a uniformly coloured precipitate. This solution was heated to
80:: Celsius and stirred continuously for 5 hours. Drying the precipitate at 120::Celsius
followed. In this way, we were able to obtain SnO,Pluronic F127 chitosan nanopowder. Since
the energy from the heat would improve the vibration and diffusion of lattice atoms for
atomic rearrangement, the SnO,Pluronic F127 chitosan NPs were annealed at 800 °C for 5

hours. The annealing process also assisted in eliminating any lingering contaminants.
Characterization Tecniques

Field emission scanning electron microscopy (FESEM), X-ray diffraction (XRD),

ultraviolet-visible (UV-VIS) spectrometer, Fourier transform infrared spectroscopy (FTIR),
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photoluminescence (PL), and dynamic light scattering (DLS) were all used to characterise the

prepared samples.

.RESULT AND DISCUSSION
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Fig 1: Shows the XRD pattern of SnO,Pluronic F127 chitosan NPs

In order to determine the crystal structure and phase purity of the prepared SnO,Pluronic
F127 chitosan NPs, XRD (X-ray Diffraction) was used for the analysis. Reflecting planes
(110), (101), (200),(211), (220), (002),(310),(112),(301),(202)and (321) have 20 values of
26.30°, 33.60°, 37.67°, 51.52°, 54.49°, 57.58°, 61.62°, 65.66°, 71.06°, and 78.46°, as shown
in Fig. 1 for chitosan (SnO,)[37-39]. An excellent agreement was found between the
positions of the diffraction patterns observed and the tetragonal rutile structure in

SnO,Pluronic F127 chitosan NPs.(JCPDS No. 01-0657). According to the Debye-Scherrer

0941
Bcos @'

formula, the resulting powders have crystallites of size D = K, the diffraction angle, is

equal to the FWHM in radians multiplied by 0.94, where FWHM is the full width at half
maximum height. The largest peaks' d values from the index are used. On average, crystals
were found to be 33 nm in size.

4410

Eur. Chem. Bull. 2023,12(10), 4404-4427



Chitosan modified Pluronic F-127 at SnO2 NPs Prepared via Green Synthesis Using Sennaauriculata
leaf extract and it their Biomedical applications.

Section A-Research paper

SnO,, pluronic F-127 chitosan
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Figure 2: Shows the FTIR spectrum ofSnO; Pluronic F127 NPs
Molecular structure and chemical composition are typically investigated using FTIR (Fourier
Transform Infrared Spectroscopy). In order to determine which chemical bonds and
functional groups are present in SnO2-doped Pluronic F127 chitosan, Fourier transform
infrared spectroscopy (FTIR) is employed. The water molecules absorbed on the Sno2surface
cause a strong and broad O-H stretching bond at 3452cm-1.The peak at 1069 cm-1 are due to
the stretching vibration of C-N and C-O confirming the presence of chitosan. The absorbance
peaks at 1212 cm-1 can be assigned to the stretching vibration of chitosan main chains —C-O-
C- and C-O respectively .The peaks at 1415, 2853 and 2922 cm-1 are corresponds to the
stretching vibration of C-H bond and the peak at 1642 cm-1 corresponds to the stretching

vibration of C=C.The C=H bending vibration of the peakPlunoric F-127 molecules is 838 cm’
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1[40-44]. Spectral peaks at 619 cm™ are ascribed to anti-symmetric vibration of the Sn-O-Sn

bond and symmetric vibration of the Sn-O bond, respectively.

2 EHT = 6,00 kV Sigaal A = SEZ — 200 nm. EHT = 600kV Signal A = SE2 ]
2 i WD = 64mm Mag= 1000KX 1 WD = 54mm Mag= 6000KX

Fig 3
(A-B) Shows the Scanning electron microscopy(SEM) Images of SnO2 Pluronic F127

Chitosan

The morphologies of SnO,PluronicF127 Chitosan were analysed using scanning electron
microscopy (SEM). The low-magnification SEM image in Fig.3 (A) reveals that SnO2 is
made up of particles with a cube-shaped and elliptical structure and a diameter of 29-39 nm.
In order to better comprehend the structural characteristics of SnO,Pluronic F127 Chitosan,
high-magnification SEM images were analysed (Fig.3(B)). SnO,Pluronic F127 Chiosan
particles have nanoparticles on their surface that range in size from several nanometers to one
nanometer[45-47]. In addition, a few microspheres with a minuscule elongated form were
visible through the crevices in other particles. Chiosan and Pluronic F127 could influence the

assembly pattern of SnO, nanoparticles.
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Fig 4 (DLS) dynamic light scattering of Sno,Pluronic F127 Chiosan NPs

The particles in a watery solution were analysed for their dimension shipping using the
technique of dynamic light scattering (DLS). DLS measurements demonstrated a rise in the
dimension of SnoyPluronic F127 Chiosan NPs, which were determined to be 169 nm,
accordingly (nanoparticle itself, surrounded by water molecules). This happened due to the
simple fact that liqguid molecules that are completely covered the Sno2 Pluronic F127
Chitosan NPs, dictating their hydrodynamic size. The growth and nucleation rate of the SnO
NPs were impeded by extraneous foreign substances like Pluronic F127 and Chitosan,

resulting in a smaller particle size[48].

4413

Eur. Chem. Bull. 2023,12(10), 4404-4427



Chitosan modified Pluronic F-127 at SnO2 NPs Prepared via Green Synthesis Using Sennaauriculata
leaf extract and it their Biomedical applications.

Section A-Research paper

SnO, pluronic F-127 chitosan

(e o]

™
8
C
©
o]
e
2 o
f(l’ o

T T T T T T T T
200 400 600 800 1000

Wavelength (nm)

Fig5 UV-visible absorption by SnO,Pluronic F127 Chiosan nanoparticles

The spectrum of UV-visible absorption by SnO,Pluronic F127 Chiosannanoparticles is
depicted in the figure. The range of the UV spectrum was 190-1100 nm. A UV-Vis
spectrophotometer is a useful tool for evaluating the optical properties of SnO,PEG NPs,
which are proportional to the size of the SnO,Pluronic F127 ChiosanNPs. Variation in the
size of SnO,Pluronic F127 ChiosanNPs causes a change in the position of the absorption
band or the surface Plasmon resonance band. The absorption edge is predicted to move to a
higher energy as the particle size decreases due to the quantum confinement effect. This new
study lends further credence to the previous findings. Absorption maxima are observed at 238

and 304 nm for SnO,Pluronic F127 ChiosanNPs[49].
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Fig 6 photoluminescence spectra of the Sno,Pluronic F127 Chitosan

On display in the figure are the photoluminescence spectra of the Sno2 Pluronic F127
Chitosan NPs, which were excited at a wavelength of 325 nm. The optical properties of all of
the nanoparticles demonstrate that the peak locations of their spectra are extremely identical
to one another across the entire spectrum of wavelengths. This is demonstrated by the fact
that the peak positions are very similar. The emission peaks associated with Sno2 Pluronic
F127 Chitosan NPs were observed to be located at (367,397,423 and 467) nm, respectively.
The movement of an electron from a shallow donor level of natural Sn interstitials to the top
level of the valence band is what causes the violet emission centre at 423 nm for the
Sno,Pluronic F127 Chitosan NPs. This transition takes place when an electron moves from a
shallow donor level to the top level. It is at a wavelength of 423 nm that this transition takes

place. This transition takes place as the electron moves farther away from a naturally
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occurring Sn interstitial. The wavelengths of 452 and 483 nm, respectively, are where the

blue emission peaks for Sno,Pluronic F127 Chitosan NPs can be found[50].
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FIG:7Antibacterial and Anti-fungal zone of inhibition (A-G) and Graph of

Antibacterial and Antifungal Activity (H) for the prepared Sno,Pluronic F127 Chitosan

We retested the antibacterial effects of amoxicillin and Sno,Pluronic F127 Chitosan NPs
against various strains of Staphylococcus aureus, Klebsiellapneumoniae, Shigelladysenteriae,
Pneumocystis jirovecii, Bacillus megaterium, and Proteus valgaris using the well-diffusion
method. Gram-positive bacterial culture is more active than gram-negative bacterial culture.
This is due to the fact that the cell wall structure of gram-positive bacteria is completely
different from that of gram-negative bacteria, which is why gram-positive cultures produce
more activity. Gram-positive bacteria are protected from outside threats by their cell walls,
which are made up of multiple layers of a substance called peptidoglycan.Teichoic and
lipoteichoic acids, in addition to surface proteins, are both examples of polymers that can be

fixed by the peptidoglycan. Gram-negative bacteria have an additional outer membrane on
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their cell walls that is composed of porins, a thin peptidoglycan layer, and lipopolysaccharide
(LPS). Because of this, the exterior membrane of Gram-negative bacteria makes it difficult
for the SnO to murder the cell. This is the reason why SnO NP has a better effect on Gram-
positive bacteria than it does on Gram-negative bacteria.According to the findings of the
XRD analysis, the NPs in the sample of Sno,Pluronic F127 Chitosan had an average size of
32 nm. There is a possibility that smaller NP are more toxic than larger NP because more
particles are required to cover the surface of the bacteria and generate more ROS, which are
produced by SnO on the surface of the cells. The fact that smaller NP are able to permeate the
bacterial membrane more easily than larger NP is suggestive of the fact that the antibacterial
action is dependent on the size of the SnO NPs. This is because of the high interfacial area of

the smaller NP[51].

The biologically synthesised Sno,Pluronic F127 Sodium Alginate is put through tests for
both its antibacterial and antifungal properties using the well diffusion method. The candida
overgrowth known as Candida albicans can be treated with Sno,Pluronic
F127Chitosan.According to the diameter of the inhibition zone that was calculated, the doped
nanomaterial Sno,Pluronic F127 Chitosan possesses antifungal activity that is superior to that
of SnO NPs. Sennaauriculata possesses antifungal properties, and these properties have the
potential to enhance the antifungal efficacy of Sno,Pluronic F127 Sodium Alginate that is

manufactured through biological means.
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Fig 8: Morphological changes in control (A) and Sno,Pluronic F127 Chitosan (B-
C)treated Breast cancer (MDA-MB-231) cells for 24 h. (D) Graphical presentation of

Control and treated cells.

The anticancer activity of a sample of Sno,Pluronic F127 Chitosan is displayed in Fig. by
making use of the MDA-MB-237 human breast cancer cell line. The Sno,Pluronic F127
Chitosan NPs were subjected to an incubation period of twenty-four hours at concentrations

ranging from 0 to 15ug/ml, with the latter showing an ICsq value of 7.5 pg/mlfor cytotoxicity.

There are a number of factors that can influence the cytotoxicity of nanomaterials, including
their size, dissolution rate, surface defects (oxygen vacancies), and production of reactive
oxygen species (ROS). The blue emission peak that can be seen in the PL spectrum (this
work) is attributed to oxygen vacancies (Ov) in Sno2 Pluronic F127 Chitosan. This peak can
be found anywhere between 0 and 480 nanometers. This is due to the high levels of reactive
oxygen species (ROS), also known as radicals, that are produced[52-53]. Cancer cells were

exposed to a very high degree of oxidative stress, which occurs as a result of the production
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of reactive oxygen species (ROS; OH, H,O; and O,) and how they interact with macro

molecules (DNA, lipids, and proteins).

Conclusion

In this study, the cytotoxicity of SnosPluronic F127 Chitosan NPs was tested against both
gram-negative and gram-positive bacteria, as well as cancer-induced cells. Sennaauriculata
leaf extracts were used in a green precipitation process to create Sno, Pluronic F127 Chitosan
NPs. XRD analysis verified that Sno,Pluronic F127 Chitosan NPs have a Tetragonal rutile
and an average size of 33nm.SEM image reveals that SnO, is made up of particles with a
cube-shaped and elliptical structure and a diameter of 29-39 nm. FTIR spectra demonstrate
that the formation of Pluronic F127 and Chitosan with SnO NPs coincides with the formation
of strong higher intermolecular hydrogen bonds within the material matrix. Tin vacancies,
oxygen vacuoles, and surface flaws were found to influence the band emission of
Sno,Pluronic F127 Chitosan NPs, as determined by PL analysis. Sno,Pluronic F127 Chitosan
NPs were found to be more effective at killing bacteria in lab tests than the commonly used
antibiotic amoxicillin. Sno,Pluronic F127 Chitosan NPs were unable to Kill the human breast
cancer cell line, as they had done with other cancer cell lines. Overall, the results show that
the synthesised Sno,Pluronic F127 Chitosan NPs have potent antibacterial and anticancer

effects against the bacterial strains and cancer cell lines used in the studies.
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