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Abstract

This investigation was carried out with the intention of expanding our knowledge of ZnO
Pluronic F127 sodium alginate. ZnO Pluronic F127 sodium alginate NPs were subjected to
X-ray diffraction analysis, which confirmed that they possess a wurtzite hexagonal structure.
ZnO nanoparticles have recognisable peaks in their spectra at 446 cm™, and their FTIR
spectra display the sodium alginate functional group as well as the Pluronic F127 overtone
bands. In order to determine the morphologies of ZnO Pluronic F127 sodium alginate, a SEM
examination was performed on the substance. Both the hydrodynamic sizes and the DLS
spectra of ZnO Pluronic F127 chitosan nanoparticles are 181 nanometers. A blue emission
peak can be seen at 478 nm in the PL spectra of ZnO Pluronic F127 sodium alginate NPs.
This peak is caused by oxygen vacancies as well as other defects. The well-diffusion method
was used to reevaluate the effectiveness of ZnO Pluronic F127 sodium alginate NPs and
Amoxicillin against Staphylococcus aureus, Klebsiella pneumoniae, Shigella dysenteriae,
Bacillus, and Proteus valgaris. A well diffusion apparatus was utilised in order to assess the
degree to which nanoparticles were successful in obstructing the development of Candida
albicans. When used to treat a human breast cancer cell line (MDA-MB-237), ZnO Pluronic

F127 sodium alginate NPs displayed an anticancer activity that was comparable to that of the
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control. The findings of this study lend credence to the hypothesis that ZnO nanoparticles that
have been modified with biopolymers such as sodium alginate and copolymer pluronic F127

could find use in the manufacture of medical products.

Keywords: Pluronic F127 Sodium Alginate; ZnO; Breast cancer cell line; Antibacterial and

Antifungal Activity; Anticancer activity;

“Corresponding author: alpiry@gmail.com

Introduction

The method to synthesise ZnO Nano size materials is one of the obstacles to attaining a
standard anticancer therapy. Breast cancer incidence has climbed by over 20% since 2008
estimates, and mortality has increased by 14%, according to the latest global cancer statistics
from the International Agency for research on cancer, WHO. Furthermore, in 120 of 184
countries, breast cancer is the most commonly diagnosed cancer in women. In 2012, it was
responsible for 522,000 deaths among women. Presently, it accounts for over 25% of all
cancer diagnoses in females. Lung cancer accounted for 1.6 million deaths (19.4 percent of
all cancer deaths) according to the data. The early identification, diagnosis, and treatment of
these lethal diseases is an essential need in cancer management today. New, effective, and
cost-efficient methods are needed. Some common tumours may now be better treated using
nano-medicine than in the past. This has led to the widespread usage of nanoparticles as a

therapy for cancer cell lines. Zinc oxide is biocompatible among the many materials[1-6].

The potential of ZnO NPs as chemotherapeutic and antimicrobial agents has led to a surge in
interest in these NPs. ZnO NPs are highly selective for cancer cells, resulting in the
generation of active oxide, hydrogen peroxide (H,O,) and superoxide from their surface,

which may be a source of cytotoxicity in cancer cells[6-8].
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The amphoteric particles that are generally used in the production of zinc oxide (ZnO), an
inorganic semiconductor compound, are almost completely insoluble in water. Because of its
low cost and ability to absorb UV rays between 350 and 380 nm, ZnO is widely utilised in
sunscreens and other skin care products. Nanoscale ZnO particles have also been used for
cellular imaging and medication administration in preclinical studies and clinical trials. For
instance, it has been observed that particles with a hydrodynamic diameter of less than 100
nm achieve the highest rates of in vivo delivery. ZnO nanoparticles have been shown to have
an effect on numerous cancer cells in vitro, perhaps due to the fact that Zn?* stimulates the
generation of reactive oxygen species (ROS). ZnO electrons can be boosted from the valence
band to the conduction band by ultraviolet light, resulting in photocatalytic ROS. reported
that ZnO nanoparticles administered intravenously accumulate in several tissues, particularly
breast tissues, and elicit ROS-related phenomena in healthy mice, while reported that ZnO
protects macrophages from the cytotoxic effects of an anticancer drug. All together, these
findings suggest that ZnO may target small-cell breast cancer cells in a way that is different
from how conventional chemotherapies do so. However, ZnQO's efficacy against breast cancer
has not been tested in live animals. Here, we put ZnO through its paces against human small-

cell breast cancer cells in both culture and orthotopic mice models[9-15].

Therapeutic potential has been demonstrated in sodium alginate polymer and co-polymer
pluronic F-127. Using Sodium Alginate and Pluronic F-127, the physicochemical properties
of metal oxide NPs like ZnO can be modified. Researchers have begun synthesising various
metal nanoparticles for use in pharmaceuticals in response to the rising demand for

nanoparticles that are gentler on the environment.

Green synthesis attracts the attention of scientists since it has a small carbon footprint and is

conducted with non-hazardous solvents (usually plant extracts). Leaves, fruits, rinds, barks,
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seeds, and roots are mined for extracts containing reducing and stabilising agents such

polyphenols, flavonoids, proteins, and sugars.

Senna auriculata Roxb. (Cassia auriculata, Family: Fabaceae or Leguminosae) is used to
cure diabetes mellitus and rheumatism in traditional Indian medicine. This substance is used

in a green synthesis to create Zno Pluronic F-127 Sodium Alginate nanoparticles.

We doped Pluronic F-127 Sodium Alginate nanoparticles (NPs) with ZnO to increase their
anticancer activity and biocompatibility. The NPs were manufactured in a way that didn't
endanger the natural world. Field emission scanning electron microscopy, X-ray diffraction,
ultraviolet-visible spectroscopy, Fourier transform infrared spectroscopy, photoluminescence,
and dynamic light scattering were all used to characterise the prepared samples. To check the

Anti-cancer, anti-Fungal and anti-bacterial properties[15-21].

ZnO-infused PF 127 pluronic Sodium Alginate NPs on human breast cancer (MDA-MB-
231) cells were studied. For this work, we utilised breast cancer cell lines because breast
cancer is the most frequent malignancy in females and the third greatest cause of cancer death

worldwide (after colorectal and lung cancer).

Division of Experiment

The Congregation of Flowers

We collected Senna auriculata at Trichy, not far from the airport (coordinates: 10.7204101°
N, 78.7364588° E), and cleaned it twice in double-distilled water. It took 15 minutes of
boiling 50-60 degree Celsius double-distilled water to extract the full flavour from 10 grams
of finely chopped Flower. The extracted solution was collected in a 250 mL room

temperature Erlenmeyer flask and filtered through Whatman No. 1 filter paper.

634

Eur. Chem. Bull. 2023,12(12), 631-651



Inhibitory Effects of Senna auriculata Flower Extract-Prepared ZnO Pluronic F127 Sodium Alginate
Nanoparticles Against Human Breast Cancer Cell Line (MDA-MB-237)
Section A-Research paper

Ecological Synthesis

The production of ZnO Pluronic F-127 Sodium Alginate NPs was conducted in an
environmentally responsible manner. The ZnO Pluronic F-127 Sodium Alginate NPs were
made by mixing 100 mL of floral extract with 90 mL of 0.1M zinc (Il) nitrate (NO3)2.6H20
After 10 minutes, the metal should have completely dissolved in the extract. Dissolving 500
mg of pluronic F-127 and 500 mg of Sodium Alginate. The concentrate yields a precipitate
with a uniform colour. This solution was heated to 80 degrees Celsius and stirred constantly
for 5 hours. The precipitate was then heated to 120 °C to dry it. This process yielded a nano
powder of ZnO Pluronic F-127 Sodium Alginate. Five hours of annealing at 800 degrees
Celsius were used to rearrange the atoms in the ZnO Pluronic F-127 Sodium Alginate NPs by
increasing their vibration and diffusion inside the lattice. Any residual impurities were also

removed throughout the annealing process[22-25].

Methods of Characterization

Field emission scanning electron microscopy (FESEM), X-ray diffraction (XRD), an
ultraviolet-visible (UV-VIS) spectrometer, a Fourier transform infrared (FTIR) spectrometer,
photoluminescence (PL), and dynamic light scattering (DLS) were used to characterise the

prepared samples.
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Fig 1: Shows the XRD pattern of ZnO Pluronic F-127 chitosan NPs

ZnO Pluronic F-127 Sodium Alginate NPs X-ray diffraction patterns are displayed in Figure
1. The diffraction angle 20 peaks observed at 31.44°, 34.08°, 35.85°, 47.16°, 56.20°, 62.60°,
67.53° and 68.89° which corresponds to the hkl plans (100), (002), (101), (102), (110), (103),
(200), (112), (201), (004) respectively, and those results are perfectly matched with (JCPDS
NP: 36-1451) for wurtzite hexagonal structure . No impurity peaks were seen in ZnO
Pluronic F-127 Sodium Alginate NPs, but there was a slight shift in the lower 20 values

compared to the ZnO NPs (Fig. 1). The Debye-Scherrer relation n was determined by using

is the typical size of a crystal. ZnO Pluronic F-127 Sodium

the crystallite size D = Seos 0

Alginate NPs have an average crystalline size of 22.52 nm[27-30].
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Figure 2: Shows the FTIR spectrum of ZnO Pluronic F-127 Sodium Alginate NPs

Hydroxyl O-H stretching vibrations in ZnO NPs are observed at 3447 cm™. Sodium alginate
has these notable peaks in its spectrum: The -CH(CH2) group caused the asymmetric and
symmetric peaks to appear at 2922 cm™and 2854 cm™, respectively.Plant leaf capping on
ZnO samples is caused by the C=C stretching group at 1638 cm™. The peak Plunoric F-127
molecule has a C=0 symmetric stretching vibration at 1386 cm™, a C-O stretching vibration
at 1271 cm™, and a C=H bending vibration at 826 cm™. ZnO Pluronic F-127 Sodium Alginate
NPs have a Zn-O stretching band at 446 cm™. This FTIR demonstrates the plant, ZnO,

Sodium Alginate, and Plunoric F-127 are all present[30-35].
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Fig3: UV-visible absorption by ZnO Pluronic F-127 Sodium Alginate nanoparticles

ZnO Pluronic F-127 Sodium Alginate nanoparticles’ UV-visible absorption spectrum is
shown in the figure. The ultraviolet ranged in size from 190 to 1100 nanometers. ZnO
Pluronic F-127 Sodium Alginate NPs can be evaluated with the help of a UV-Vis
spectrophotometer because their optical properties are directly related to their size. When the
size of ZnO Pluronic F-127 Sodium Alginate nanoparticles (NPs) is changed, the position of
the absorption band or the surface Plasmon resonance band moves. As the particle size
decreases, the absorption edge is expected to move to a higher energy due to the quantum
confinement effect[36-40]. The results of this new study lend further credence to those of the
earlier studies. ZnO Pluronic F-127 Sodium Alginate nanoparticles have a maximum

absorption at 371 nm.
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Fig 4 (A-B) Shows the Scanning electron microscopy (SEM) Images of ZnO Pluronic

F-127 Sodium Alginate

Scanning electron microscopy (SEM) was used to look at the ZnO Pluronic F127 Sodium
Alginate morphologies. The tetrahedral particles that make up ZnO have a diameter of 10-20
nm, as seen in the low-magnification SEM image in Figure 5 (A). High-magnification SEM
images of ZnO Pluronic F127 Sodium Alginate were analysed to better comprehend its
structural characteristics (Fig.4(B)). Nanoparticles from several nanometers down to one
nanometer in size coat the surface of ZnO Pluronic F127 Sodium Alginate particles. In
addition, some tiny, elongated microspheres could be made out in the gaps between the larger
particles[41-45]. Zno nanoparticle assembly could be influenced by Sodium Alginate and

Pluronic F-127.
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Fig 6 (DLS) dynamic light scattering of Zno Pluronic F-127 Chiosan NPs

Particle shipping dimensions in aqueous solutions were calculated using dynamic light
scattering (DLS). ZnO Pluronic F-127 Sodium Alginate NPs increased in size to 181 nm
(nanoparticle itself, surrounded by water molecules) as measured by DLS. This happened
because the hydrodynamic size of the ZnO Pluronic F-127 Sodium Alginate NPs was
determined by the molecules of the liquid surrounding them. The growth and nucleation rate
of the ZnO NPs were slowed down by the presence of exogenous substances like Pluronic F-

127 and Sodium Alginate, resulting in smaller particle size[46-48].
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Fig 4: photoluminescence spectra of the Zno Pluronic F-127 Sodium Alginate

The photoluminescence spectra of ZnO Pluronic F-127 Sodium Alginate NPs are shown here
,Excited at a wavelength of 325 nm, Each nanoparticle has very similar optical properties
across the board, with peaks in their spectra located very close to one another. By contrasting
the spectra, we can see this. This is evident from the fact that the top spots are relatively equal
to one another. ZnO Pluronic F-127 Sodium Alginate NPs had emission peaks at
366,391,404,428,452, and 478 nm, as measured by spectroscopy. ZnO Pluronic F-127
Sodium Alginate NPs have a violet emission centre at 478 nm because an electron has
jumped from a shallow donor level of natural Zn interstitials to the top level of the valence
band. When an electron leaves a naturally occurring Zn interstitial, this transition takes place.
This change occurs when an electron travels all the way from a lower donor level to the top
level. When the light is analysed, this shift occurs at a wavelength of 404 nm. As the electron

recedes from a naturally occurring Zn interstitial, this change takes place[49-51]. ZnO
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Pluronic F-127 Sodium Alginate NPs have blue emission peaks at 452 and 478 nm,

respectively.
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FIG:7 Antibacterial and Anti-fungal zone of inhibition (A-G) and Graph of
Antibacterial and Antifungal Activity (H) for the prepared Zno Pluronic F-127 Sodium
Alginate

Through the well-diffusion method, various types of S. aureus, K. pneumoniae, S.
dysenteriae, B. cereus, and P. valgaris have been investigated to find out their level of
susceptibility to amoxicillin and Zno Pluronic F-127 Sodium Alginate NPs. Gram-positive
bacterial cultures typically display a higher level of activity when compared to their Gram-
negative counterparts. Gram-positive cultures generate significantly more activity than gram-
negative cultures do due to the fact that the cell walls of gram-positive bacteria are
completely different from those of gram-negative bacteria. Because their cell walls are
composed of multiple layers of peptidoglycan, Gram-positive bacteria are able to withstand a

variety of conditions and are resistant to infection. In the same way that surface proteins can

642

Eur. Chem. Bull. 2023,12(12), 631-651



Inhibitory Effects of Senna auriculata Flower Extract-Prepared ZnO Pluronic F127 Sodium Alginate
Nanoparticles Against Human Breast Cancer Cell Line (MDA-MB-237)
Section A-Research paper

be anchored to the peptidoglycan, polymers such as teichoic and lipoteichoic acids can also
be anchored to the peptidoglycan. Porins, a thin layer of peptidoglycan, and
lipopolysaccharide (also known as LPS) are the three components that make up the outer
membrane of Gram-negative bacteria. This outer membrane also contains the LPS that was
previously mentioned. ZnO has difficulty killing Gram-negative bacteria because these
bacteria have an outer membrane to protect themselves. Because of this, we have reason to
believe that the success of ZnO NP against Gram-negative bacteria can be attributed to this
subset. According to the findings of the XRD analysis, the ZnO Pluronic F-127 Sodium
Alginate sample contained NPs with an average size of 22.52 nanometers. There is a
possibility that nanoparticles become more toxic as their size decreases. This is due to the fact
that a greater quantity of ZnO particles are required to completely cover the surface of the
bacteria, which in turn results in a greater quantity of reactive oxygen species (ROS). The
antibacterial activity of ZnO NPs may be proportional to the particle size[52-60]. This is due
to the fact that smaller NPs are able to penetrate deeper into bacteria than larger ones . This is
because the larger NP has a greater interfacial area than the smaller NP does, which is the

reason for this result.

The well diffusion method is used to investigate whether or not the biologically synthesised
ZnO Pluronic F-127 Sodium Alginate is effective in inhibiting the development of bacteria
and fungi. An overgrowth of Candida albicans may be successfully treated with sodium
alginate that has been produced with ZnO Pluronic F-127. The size of the inhibition zone that
was calculated demonstrates that when compared to ZnO NPs, the doped nanomaterial ZnO
Pluronic F-127 Chitosan is more effective at inhibiting the growth of fungi. It's possible that
the antifungal properties of Senna auriculata can boost the efficiency of naturally occurring

ZnO Pluronic F-127 Sodium Alginate.
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Fig 8: Morphological changes in control (A) and ZnO Pluronic F-127 Sodium Alginate
(B-C) treated Breast cancer (MDA-MB-231) cells for 24 h. (D) Graphical presentation

of Control and treated cells.

ZnO Pluronic F-127 Sodium Alginate's anticancer efficacy was shown in Fig. 8. By
conducting research with the human breast cancer cell line MDA-MB-237. ZnO Pluronic F-
127 Sodium Alginate NPs' ICso value for cytotoxicity was determined to be 10 g/ml after
incubation for 24 hours at concentrations ranging from 0 to 15 g/ml. ZnO Pluronic F-127

Sodium Alginate NPs cytotoxicity 1Cso was calculated to arrive at this value.

The cytotoxicity of Nanomaterials can be affected by their size, solubility, surface defects
(oxygen vacancies), and the production of reactive oxygen species (ROS). This study
concludes that oxygen vacancies (Ov) in ZnO Pluronic F-127 sodium alginate NPs are
responsible for the blue emission peak observed in the PL spectrum. This maximum is
located between the wavelengths of 470 nm. This is due to the high concentration of free
radicals and reactive oxygen species (ROS). High levels of oxidative stress, caused by
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reactive oxygen species (ROS, OH, H,0,, andO,) and their interactions with macromolecules

(DNA, lipids, and proteins), were observed in cancer cells[61-66].

Conclusion

For the purpose of determining the cytotoxicity of ZnO Pluronic F-127 Sodium Alginate NPs,
the present study made use of cancer-causing cells in addition to a wide variety of bacteria,
both gram-negative and gram-positive bacteria included. In order to make the ZnO Pluronic
F-127 Sodium Alginate NPs, leaf extracts from the Senna auriculata plant were put through a
process known as green precipitation. This procedure resulted in the creation of the NPs.
Using X-ray diffraction, the researchers found that ZnO Pluronic F-127 Sodium Alginate NPs
with a wurtzite hexagonal structure have an average size of 17 nm. Using scanning electron
microscopy, researchers were able to determine that ZnO Pluronic F-127 Sodium Alginate
NPs are composed of particles with a tetrahedral shape that range in size from 10 to 20
nanometers. Pluronic F-127 and Sodium Alginate form with ZnO NPs at the same time, as
shown by FTIR spectra; this indicates the formation of powerful higher intermolecular
hydrogen bonds in the material matrix. In accordance with the findings of the PL analysis, the
band emission of the ZnO Pluronic F-127 Sodium Alginate NPs was determined to be caused
by zinc vacancies, oxygen vacuoles, and surface flaws. In the laboratory, it was discovered
that ZnO Pluronic F127 Sodium Alginate NPs were more effective at Killing bacteria than the
antibiotic amoxicillin, which is typically prescribed to patients. The human breast cancer cell
line was resistant to the cytotoxic effects of the compound despite the fact that ZnO Pluronic
F-127 Sodium Alginate NPs were effective against other types of cancer cell lines. ZnO
Pluronic F-127 Sodium Alginate NPs, which was synthesised, was effective against the test
bacteria as well as the cancer cell lines. It was discovered that Sodium Alginate nanoparticles
have powerful antibacterial and anticancer effects. In most cases, the evidence points to the
synthesis as being the factor that caused these effects.
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