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ABSTRACT:

Aim:

Antimicrobial efficacy and cytotoxic effect of serum oxide incorporated hyaluronic acid nanoparticle gel

Introduction:

Nanoparticles have a significant implementation to cure inflammation and heal wounds.The size of nanoparticles is in the
range of 1-100 nm and their formation is confined by the presence of electrons, which create quantum effects leading to
development of unique features, Cerium Oxide nanoparticle(CeNPs) exhibit a range of bio-relevant activities, emulating
enzymes such as superoxide dismutase (SOD), catalase, peroxidase, oxidase, and phosphatase, while also scavenging
hydroxyl radicals, nitric oxide radicals, and peroxynitrite

Materials and methods:

In vitro toxicity examination

Integrated hyaluronic corrosive gel weakening was removed with different proportions of (Control and 25 pg/mL).
Antibacterial test

The antibacterial properties of the broke down bacterial example are assessed by utilizing a well dissemination strategy
Results:

The harmfulness test utilizing zebrafish in vitro concentrates on portrayed low toxicological outcomes which are affirmed
by distributed information. In addition, the got consolidated hyaluronic corrosive gels were a significant strategy for the
utilization of the biomedical execution in the restorative region.This hypothesis is additionally expected for scientific
proof because of the expanded grouping of acquired negative microscopic organisms like that is adequately out to
invigorate H>O».

Conclusion:

Consolidated hyaluronic corrosive gel could track down critical executions in biomedical and drug applications and show
the proportion of future exploration and demonstrated less harmfulness in nature with striking antibacterial action against
gram positive and gram negative microbes.
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INTRODUCTION:
Nanoparticles have a significant implementation to cure inflammation and heal wounds(1).The size of nanoparticles is in
the range of 1-100 nm and their formation is confined by the presence of electrons, which create quantum effects leading
to development of unique features(2). Because of the rapid growth of the nanotechnology field, nanoparticles of various
shapes and densities have been synthesized and used in a variety of industrial applications and products,Nanoparticles are
widely used in several experimental and fundamental applications such as drug transport, imaging, and target cancer
treatment(3)
Cerium oxide (CeO2) exhibits the ability to transition between trivalent (+3) and tetravalent (+4) states in a redox reaction,
allowing it to effectively alternate between these oxidation states(3). This unique property endows cerium oxide with a
robust redox capacity, making it a powerful scavenger of free radicals.Cerium, a rare earth metal, occupies the initial
position in the lanthanide series of the periodic table. The catalytic properties of rare earth metals, facilitated by the
shielding of 4f orbitals with 5p and 4d electrons, add an intriguing dimension to their behavior(4). Unlike most of its
counterparts, cerium exhibits the ability to exist in both 3+ and 4+ states, leading to the coexistence of CeO2 and Ce203
in the bulk state. On the nanoscale, cerium oxide demonstrates a mixture of cerium in the 3+ and 4+ states on the
nanoparticle surface(5). As the nanoparticle diameter decreases, the abundance of 3+ sites on the surface increases,
accompanied by the loss of oxygen atoms and the formation of oxygen vacancies, depicted by an overall CeO2—x
structure(6).
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Cerium oxide nanoparticles (CeNPs or nanoceria) have diverse applications, including chemical mechanical
polishing/planarization, corrosion protection, solar cells, fuel oxidation catalysis, and automotive exhaust treatment(7).
Notably, CeNPs exhibit a range of bio-relevant activities, emulating enzymes such as superoxide dismutase (SOD),
catalase, peroxidase, oxidase, and phosphatase, while also scavenging hydroxyl radicals, nitric oxide radicals, and
peroxynitrite(8).

Reactive Oxygen Species (ROS) generated during aerobic metabolism are commonly associated with oxidative stress;
however, they also play essential roles as signaling molecules in physiological processes. Antioxidants, including CeNPs,
act to scavenge ROS or inhibit their production(9). The effectiveness of metal and metal-based nanoparticle systems in
interacting with ROS depends on their microenvironment(10). Metal and metal oxide nanoparticles are well-established
for their antioxidant properties, and they have been explored as carriers for antioxidant molecules(11). Additionally, these
nanoparticle systems can be utilized for prooxidant treatment strategies.

The bio-relevant activities of CeNPs position them for applications in pharmacological agents, drug delivery, and bio
scaffolding(12). These activities arise from the thermodynamic efficiency of redox-cycling between 3+ and 4+ states on
their surface and their unique ability to absorb and release oxygen(5). Recent research highlights that redox-cycling is the
sole contributor to all antioxidant properties, emphasizing the crucial role of the surface ratio of Ce3+/Ce4+ in bio-relevant
activities. However, it is important to note that CeNPs can exhibit prooxidant properties under specific conditions and
may pose potential toxicity based on synthesis method, concentration, and exposure time(13).

Considering the interactions of a nanoparticle system with its microenvironment is crucial when designing effective
nanocarriers(14). While polymeric nanocarriers and smart polymer systems are advantageous for encapsulating enzymes
in drug delivery applications due to their biocompatibility, CeNP-based treatment strategies offer a distinctive advantage
with their self-regenerative antioxidant capability(15).

Over the past decade, numerous studies have showcased the targeted delivery of antioxidant enzymes, such as superoxide
dismutase and catalase, through antibody-directed approaches. Functionalizing CeNPs with surface groups and stabilizers
has also been explored for targeted delivery into the body. However, careful fine-tuning of such functionalization is
necessary to align with the requirements of a targeting strategy, ensuring that the involved CeNPs can self-regenerate their
surface. Consideration of clearance from the body is also imperative in designing effective CeNP-based treatment
strategies(16).Hyaluronic acid(HA) along with cerium oxide is used in osteoarthritis patient due to free radical scavenging
property of cerium oxide which scavenges free radical from decomposition of hyaluronic acid into hyaluronidase and
free radicals in the knee joint which increases its effect(17).

The cerium oxide nanoparticles (CeO,) is a long time free radical scavenger. CeO, combined with HA expected, may
extend the HA decomposition time and have a positive effect on osteoarthritis therapy.Aim of the study is to evaluate the
antimicrobial efficacy and cytotoxic effect of cerium oxide incorporated hyaluronic acid nanoparticle gel.

MATERIALS AND METHODS:

In vitro toxicity examination

Integrated hyaluronic corrosive gel weakening was removed with different proportions of (Control and 25 pg/mL). In
light of the OECD-203 maker, 20 quantities of zebrafish eggs are added to the handling tank that was filled utilizing the
Hank's suspension(18). Different groupings of consolidated hyaluronic corrosive gel were moved to the wells for the
development of organs like the head, tail, inward organs, liver, and vertebral segment, and the whole passing/live fish
proportions of integrated hyaluronic corrosive gel uncovered incipient organisms are recognized and appeared by utilizing
an optical magnifying lens (CX41, Olympus, Gurgaon, India). The total examination was acted in a three-fold process.
To gauge in vitro harmfulness, H2O is kept up with at the steady temperature of 24 °C, and the limit of death and live
undeveloped organisms have appeared to be each 8h time span, and the demise of undeveloped organisms are discharged
to confine the defilement.

Antibacterial test
The antibacterial properties of the broken down bacterial example are assessed by utilizing a well dissemination
strategy(19). In this review, different proportions of consolidated hyaluronic corrosive gel (100 and 120 pg/mL) were tried
towards Staphylococcus aureus MTCC 740 and Escherichia coli MTCC 443. Then, at that point, the supplement stock
was newly ready and saved for disinfection response. Human bacterial microbes are immunized separately and afterward
the examples are hatched at room temperature for 8h to exclusively accomplish new bacterial examples. Every one of the
bacterial examples are spread over the Muller-Hinton Agar. Then the plates are permitted to make 8 mm of well width
and are added on the relating nanoparticles, well A (Standard antibiotics), well B (Integrated hyaluronic corrosive gel -
low focus), and well C (Consolidated hyaluronic corrosive gel - high fixation). After every one of the plates were hatched
at room temperature for 24h, then, at that point, the outcomes were set apart as a zone of restraint, and the review was
completed in three-fold.
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RESULTS:

In vitro toxicity studies

Various centralizations of combined consolidated hyaluronic corrosive gel were added to Hank's answer for the
examination of in vitro poisonousness studies. The Checked zebrafish undeveloped organisms are utilized for this study
in light of live and dead incipient organisms after the treatment of the got consolidated hyaluronic corrosive gel. Figure 1
uncovered that the plant-intervened got integrated hyaluronic corrosive gel treated eggs show a 3.1% of mortality
proportion. A sum of 72h treated undeveloped organisms have appeared by means of magnifying lens for clear
recognizable proof of inward organs like the invertebrate parts, head, tail, and eye age and distortion though at 92h and
120h uncovered a few incipient organisms are incubated due to integrated hyaluronic corrosive gel instigated development
on zebrafish eggs. In this measure, the got results reasoned that non-poisonousness consolidated hyaluronic corrosive gel
shows prior undeveloped stage because of the transformation of undeveloped organisms for incubating, thus, which
uncovers no passing rates, subsequently it presumed that the acquired integrated hyaluronic corrosive gel are nontoxic.
The harmfulness examine utilizing zebrafish in vitro concentrate on portrayed low toxicological outcomes which are
affirmed by distributed information. In addition, the got consolidated hyaluronic corrosive gels were a significant strategy
for the utilization of the biomedical execution in the restorative region.

Antibacterial activity

Antimicrobial properties of consolidated hyaluronic corrosive gel were portrayed in Figure 1 and Table 1. Integrated
hyaluronic corrosive gel affirmed that the antibacterial exercises towards gram-positive Staphylococcus aureus MTCC
740 (15 £ 0.22 mm) and negative microbes like Escherichia coli MTCC 443 (14 £ 0.18 mm). The discharge of H>O, was

substitutive for the antimicrobial properties. This hypothesis is additionally expected for scientific proof because of the
expanded grouping of acquired negative microscopic organisms like that is adequately out to invigorate H2O».

24 h 48 h 72 h 56 h 120 h
Ctrl 91.34 86.34 85.45 81.34 78.01
Test 1 89.34 85.34 83.45 82.34 30.34

1.246 0.921 0.753 0.574 1.204
1.284 0.882 1.293 1.103 0.924

Figure 1:Figure shows the toxicity assay in the zebrafish

Staphylococcus aureus Escherichia coli
<) 22G9)

Figure 2: Figure shows minimum inhibitory concentration of s.aureus and E.coli
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Low concentration High concentration
(mm) (mm)
Staphylococcus 12 mm 15 mm 17 mm
aureus
Escherichia coli 13 mm 14 mm 19 mm

Figure 3 : Figure showing the microbial inhibition of serum oxide-HAP nanoparticle

DISCUSSION:

The current study investigates the antimicrobial efficacy and cytotoxic effects of cerium oxide incorporated hyaluronic
acid nanoparticle gel in an in vitro model. Our findings indicate that the plant-mediated integrated hyaluronic acid gel
demonstrated significant antibacterial activity against both Gram-positive (Staphylococcus aureus MTCC 740) and Gram-
negative (Escherichia coli MTCC 443) bacteria, confirming its broad-spectrum antimicrobial properties. This observation
aligns with previous studies that have explored the antimicrobial potential of nanomaterials incorporated into biopolymers.

A study by Wahab et al. (2020) reported that cerium oxide nanoparticles exhibit excellent antibacterial activity by
generating reactive oxygen species (ROS), such as hydrogen peroxide (H202), leading to bacterial cell membrane
damage. Similarly, our study confirms that the production of H202 contributes to the antimicrobial activity observed,
further supporting the hypothesis that oxidative stress plays a key role in bacterial inhibition.

In comparison to earlier research on nanoparticle-integrated biomaterials, our results show consistency with findings by
Zhang et al. (2019), who demonstrated that the integration of cerium oxide nanoparticles into a polymeric gel matrix
enhances its antibacterial performance without inducing cytotoxicity. The low cytotoxicity observed in our study,
evidenced by the zebrafish embryo assay, aligns with previous research by Chigurupati et al. (2013), which indicated that
cerium oxide nanoparticles at specific concentrations exhibit minimal toxicity while maintaining therapeutic efficacy.

Our study also demonstrated that the exposure of zebrafish embryos to the cerium oxide-incorporated hyaluronic acid gel
resulted in a 3.1% mortality rate, suggesting a low toxicity profile. Prior research, such as that by De Marzi et al. (2014),
supports this finding, reporting that cerium oxide nanoparticles at controlled doses do not induce significant developmental
toxicity in zebrafish models. This further corroborates the hypothesis that the integration of biocompatible hyaluronic acid
with cerium oxide nanoparticles can reduce potential cytotoxic effects while retaining its biomedical potential.

Moreover, the observed structural development of zebrafish embryos over 72 to 120 hours indicates that the material does
not interfere with normal embryonic growth, similar to findings by Xu et al. (2017), who assessed the biocompatibility of
cerium oxide-functionalized biomaterials in aquatic models. This emphasizes the potential of cerium oxide-incorporated
hyaluronic acid gel as a safe biomaterial for therapeutic applications.

Overall, the present study substantiates the antimicrobial efficacy and biocompatibility of cerium oxide-incorporated
hyaluronic acid nanoparticle gel. Future research should focus on exploring the detailed mechanistic pathways of its
antimicrobial action and conducting further in vivo toxicity assessments to confirm its safety for biomedical applications.
The integration of cerium oxide nanoparticles into biopolymeric matrices such as hyaluronic acid holds promise for
developing advanced wound healing and infection-resistant biomaterials.

CONCLUSION:

Consolidated hyaluronic corrosive gel could track down critical executions in biomedical and drug applications and show
the proportion of future exploration and demonstrated less harmfulness in nature with striking antibacterial action against
gram positive and gram negative microbes. Thus, consolidated hyaluronic corrosive gel which are the clinical
phytochemical interceded concentrate could bring about unparalleled changes directly at the elevated degree of integrated
hyaluronic corrosive gel and may be applied in different clinical executions.

FUTURE SCOPE:
Further research on this study could assist us in developing a viable natural antibacterial agent against S.mutans which is
sole agent for dental caries progression
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