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Abstract

Zinc oxide nanoparticles (ZnONPs), mediated by Maththan Oil, were rigorously evaluated for their
antimicrobial and anti-inflammatory potentials, alongside an assessment of cytotoxicity, across
several bioassays. The research specifically targeted the antibacterial efficacy of ZnONPs against
diverse bacterial strains such as Staphylococcus aureus, Escherichia coli, Enterococcus faecalis,
and Pseudomonas sp., employing the agar well diffusion method. A dose-dependent escalation in
the zones of inhibition was meticulously recorded, signifying robust antibacterial action; the zones
ranged from 20 mm to a substantial 40 mm as concentrations of Maththan Oil were incrementally
increased from 25 pg/mL to 100 pg/mL.

Concurrently, the anti-inflammatory properties of these nanoparticles were quantified through the
inhibition of Bovine Serum Albumin (BSA) denaturation. The results illuminated a pronounced
dose-dependent anti-inflammatory activity, with up to 75% inhibition of protein denaturation at a
concentration of 50 pg/mL, highlighting the nanoparticles' significant potential for pharmaceutical
applications where modulation of inflammatory responses is paramount.

Further explorations into the cytotoxic impacts of MaththanThailam mediated ZnONPs were
conducted using an MTT assay on murine fibroblast cells (3T3-L1). This assay delineated a clear
dose-dependent cytotoxicity, where cell viability was moderately high at lower concentrations but
exhibited a marked reduction at higher dosages, declining to 69% at 100 pg/mL.

These comprehensive evaluations not only underscore the dual functionality of Maththan Oil
mediated ZnONPs exemplified by potent antibacterial and anti-inflammatory activities but also
delineate their cytotoxic profile at elevated concentrations, warranting further investigative and
clinical studies to elucidate their mechanisms of action and potential therapeutic applications. This
study provides a foundational impetus for subsequent translational research aimed at harnessing the
therapeutic efficacies of ZnONPs in managing bacterial infections and inflammatory conditions
within clinical settings.

Keywords: Green synthesis, Zinc oxide Nanoparticles, Matthan Oil, Biocompatible, Antimicrobial
agent, Anti-inflammatory Agent.
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INTRODUCTION

In the search for new medical solutions to fight antimicrobial resistance or to control inflammatory diseases
gaining ground, it has come the time for novel ideas. One of the potential fields of interest for this application of
nanotechnology, especially the metal oxide nanoparticles, among many ongoing strategies to combat these
pathogens(1,2). Among these, zinc oxide nanoparticles (ZnONPs) are remarkable due to their unique
physicochemical properties such as excellent stability, wide-spectrum antimicrobial action. As such, ZnONPs
strongly hold promise for applications in the biomedical field, ranging from therapeutic agents to protective
coatings in different medical devices(3,4).

The growing burden of antimicrobial resistance (AMR) poses a major threat to health systems across the world
today(5). Given this situation, the development of new antibiotics has practically stagnated and this is further
complicated by the insufficient therapeutic responses in treating chronic inflammatory diseases(6). The potent
antimicrobial activity of ZnONPs against diverse pathogenic microorganisms may offer a potential alternative to
conventional antibiotics. Additionally, ZnONPs may play a therapeutic role in chronic inflammation, a common
characteristic in many diseases like arthritis, heart diseases and etc. due to its anti-inflammatory potential(7).
Due to their high surface area-to-volume ratio, ZnONPs show significant reactivity potential, making them highly
useful in a variety of biomedical applications(8). ZnO is a wide bandgap semiconductor that can absorb ultraviolet
light and retains a degree of transparency in the visible region and also exert low toxicity essential for medical
applications, enabling their functioning in sensitive applications including drug delivery systems and
implants(9,10).

ZnONPs are commonly synthesized by chemical methods which usually involve the use of harmful solvents and
toxic substances, hence are not eco-friendly and human-friendly either. As a response, safer green synthesis
methods using plant extracts have been investigated. Such approaches lower the ecological footprint and may
also improve the biocompatibility and therapeutic effectiveness of nanomaterials(11). Hence, during plant-
mediated synthesis of nanoparticles, phytochemicals can behave as reducing and stabilizing agents imparting more
functional properties of medicinal plants to nanoparticles (12).

Mathan Thailam is a traditional ayurvedic oil with certain medicinal properties such as its anti-inflammatory and
antimicrobial properties. Using Mathan Thailam for the synthesis of ZnONPs would thus not only offer an eco-
friendly synthesis approach but also combine the beneficial properties of its components in the nanoparticles(13).
It is anticipated that nanoparticles obtained through this methodology can be produced in an environmentally
friendly manner while being also biologically passive(14).

Mathan Thailam contains phytochemicals that can assist in reducing zinc ions during synthesis and stabilizing
nanoparticles, which may result in better antimicrobial and anti-inflammatory activities. Additionally, the
inclusion of traditional medicine in modern nanotechnology practices can develop a new avenue for increasing
the effectiveness and safety of nanoparticle treatments(15,16).

This work is mainly focused on the biosynthesis of ZnONPs via Mathan Thailam and study on the bioactivity of
ZnONPs against microbes and inflammation. In addition, the MTT assay will determine whether these
nanoparticles are cytotoxic such that they could be used as an addressing agent in tumortheranostics. These
studies are an attempt to combine concepts and usages from old Ayurvedic practices with new-age
nanotechnology towards synthesising novel and improved effective therapeutic agents with stringent safety and
environmental standards. Such alternative could have profound implications on the treatment of inflammatory and
microbial diseases by presenting efficient and safe alternatives to conventional treatments.

Materials and Methods

Chemicals

DMEM F-12, Antibiotics (streptomycin, penicillin) trypsin-EDTA, Phosphate Buffer saline (PBS), FBS (Fetal
Bovine Serum) from Gibco (Invitrogen, USA). MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide) reagent, Zinc Nitrate and Dimethyl sulfoxide (DMSO) from Sigma Aldrich Chemicals Pvt Ltd, USA.
The other reagents used for this study were analytical grade.

Mathan thailam mediated Zinc oxide nanoparticles:

The preparation of Mathan Thailam was carried out by combining 10 g of copper sulphate, 100 mL of distilled
water, 10 g of Datura metel plant powder in 100 mL of distilled water (reduced to 50 mL of extract), and 50 mL
of coconut oil. The mixture was stirred continuously on a magnetic stirrer for 48 hours at 50°C to ensure proper
homogenization and extraction of active components.

For the green synthesis of zinc oxide nanoparticles (ZnONPs), 5 mL of the prepared Mathan Thailam was added
to a solution containing zinc oxide nanoparticles. A 20 mM solution of zinc nitrate was prepared by dissolving it
in 60 mL of distilled water, followed by the addition of 40 mL of filtered Datura metel extract. The mixture was

164


https://www.tpmap.org/

TPM Vol. 32, No. S3, 2025
ISSN: 1972-6325
https://www.tpmap.org/

Open Access

stirred on a magnetic stirrer at 700 rpm for 48 hours to facilitate the synthesis of ZnONPs. After the synthesis
process, the solution was centrifuged at 8000 rpm for 10 minutes to separate the nanoparticles.

The supernatant was discarded, and the pellet containing the synthesized ZnONPs was collected and stored for
further biomedical assays. This method combines traditional preparation techniques with green synthesis
principles to produce zinc oxide nanoparticles with potential applications in biomedical research.

Antimicrobial Activity: (Agar Well Diffusion Technique)

The antibacterial effect of the synthesized ZnONPs was determined by agar well diffusion method. Mueller-
Hinton agar plates were made sterile by cooling them down to room temperature, and then, suspensions of
bacteria (Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa, Enterococcus faecalis) were spread
evenly on the surface using sterile cotton swabs. Agar was punched with a sterile cork borer to create wells 9 mm
in diameter, which were then filled with a solution of ZnONPs at concentrations of 25, 50, and 100 pg/ml.
Standard — Commercial antibiotics Amoxyrite were used.Plates were incubated at 37°C for 24h to allow bacterial
growth. Mean diameters of the zones of inhibition (in mm), were used to show the antimicrobial potency of
ZnONPs.

Anti-inflammatory activity

In assessing the anti-inflammatory properties of zinc oxide nanoparticles (ZnONPs), assays such as Egg Albumin
Denaturation, Bovine Serum Albumin Denaturation, and Membrane Stabilization were utilized, adopting
methodologies from Murali et al.2025 . These techniques demonstrated ZnONPs' efficacy in inhibiting protein
denaturation and stabilizing cell membranes, highlighting their potential as anti-inflammatory agents.

Brine shrimp lethality assay: a cytotoxic effect

The cytotoxic effects of Matthan thailam mediated ZnONPs were evaluated using a Brine Shrimp Lethality Assay,
adapted from the method described by Supraja et al. (2018). Artemia salina nauplii hatched from cysts in synthetic
seawater were exposed to various concentrations of green synthesized ZnONPs (5, 10, 20, 40, and 80 ug/mL).
Nauplii were distributed into separate vials containing 5 mL of each test solution and a control group with only
seawater. These vials were maintained under continuous light and monitored for nauplii survival at 24 and 48
hours. Mortality rates were calculated by comparing the number of deceased nauplii in each test vial against the
control group.

MTT Assay for Cell Viability

The Fibroblast cells (3T3-L1) were plated at (5x103cells/well) separately in DMEM media containing 1X
Antibiotic Solution and 10 % fetal bovine serum (Gibco) in CO2 incubator at 37°C with 5% CO2 in 96 well
plates. The cells were then washed with 100 pL of 1X PBS and next treated with Mathan Thailam mediated
ZnONPs and incubated in CO2 incubator at 37°C with 5% CO2 for 24h, at which time the medium from cells
were aspirated from the cells. Then the well was filled with 0.5 mg/mL MTT dissolved in 1X PBS and incubated
at 37°C in a CO2 incubator for 4 h. Upon completion of the incubation period, MTT-containing medium was
removed from the cells and washed once with 100 uL of PBS. The obtained crystals were re-dissolved in 100 uL
of DMSO and stirred to homogeneity. Measurement of color intensity development at 570 nm. The dye formazan
becomes a purple blue color. Absorbance was measured at 570 nm with microplate reader.

Formula used for percentage cell viability = cell viability = [O.D of treated cells/O.D of control cells] x 100.

Result and Discussion
Antimicrobial activity:

Figure 1: Antibacterial activity against different oral pathogens using agar well diffusion technique. A)
E.faecalis B) E.coli C) Pseudomonas aeruginosa D) S.aureus
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Figure 2: Antimicrobial activity of ZnO NPs mediated Matthan thailam against different microbial strains.
The graph illustrates the zones of inhibition (in mm) for Staphylococcus aureus, Escherichia coli,
Enterococcus faecalis, and Pseudomonas sp. across varying concentrations (25, 50, and 100 pg/mL)
compared to a control group

Maththan Oil mediated ZnONPs were screened for antibacterial activity against variety of bacterial strains
Staphylococcus aureus, Escherichia coli, Enterococcus faecalis and Pseudomonas sp by using agar well diffusion
assays. These bioassays also demonstrated a strong observable and quantifiable antibacterial action mediated by
Maththan Oil-enabled ZnONPs whose efficacy rises with raised concentrations of treatment medium. A series of
agar plates show the results of the assay, with additional clear zones of inhibition that increase in size with the
increasing concentration of the oil from 25 pg/mL to 100 pg/mL (figure 1). In particular regarding inhibition
zones for Pseudomonas sp. ranged from about 20 mm with the lowest concentration and extended to 40 mm with
highest concentration tested. A similar patterns was observed with the other bacteria, with highest sensitivities of
35 mm for Staphylococcus aureus and 30 mm for Escherichia coli with different concentrations of the oil (100
pg/mL). The other strain of enterococcus faecalis also showed significant response but the response was bit less
than other two strains (maximum inhibition zones up to 25 mm in highest concentration).

Figure 2 is comparative graph that quantitatively displays the results of the previously described experiment via
zone of inhibition. The graph indicates that ZnONPs mediated by Maththan Oil have strong antimicrobial activity,
especially against gram-negative bacteria, and it can be concluded that the efficacy of ZnONPs at higher
concentrations could be equal to or greater than that of commercial scale used antimicrobials.

The structural features of ZnONPs, including its wurtzite hexagonal structure and small particle size, play a crucial
role in high surface area to volume ratio, thereby ensuring enhanced reactivity with the bacterial cells(17). As an
example, nanoparticles of 15.8 nm are showed to penetrate and destroy the membrane for certain types of bacteria
such as gram-negative. Gram-negative bacteria are characterized by a lipid-rich outer membrane containing
lipopolysaccharides that allow penetration of nanoparticles, thus making them more vulnerable to the disruptive
effects of ZnONPs(8).

Consistent with these observations, the present study showed that the increasingly higher concentrations of the
Maththan Oil-mediated ZnONPs were associated with progressively longer zones of inhibition against all the
tested bacterial strains. The enhanced inhibition observed especially against gram-negative bacteria could be
attributed to the dual mode of antimicrobial action of ZnONPs as well as the synergistic effect of the
phytochemicals of Maththan Oil. These features probably enhance nanoparticle stability and bioavailability,
which possibly facilitate antimicrobial potential(18).

The susceptibility of gram-negative bacteria to ZnONPs was significantly higher than that of the gram-positive
one. This aligns with the very different structures that the different types of bacteria form. Gram-positive and
gram-negative bacteria differ widely in the structure of their cell envelopes, with gram-positive bacteria having a

166


https://www.tpmap.org/

TPM Vol. 32, No. S3, 2025 Open Access

ISSN: 1972-6325
https://www.tpmap.org/

thicker peptidoglycan layer that may serve as an obstacle to penetration, which may consequently reduce the
efficiencies of ZnONPs to penetrate the cell envelope compared to gram-negative bacteria with an efficient but
thin cellular outer membrane that has a lower natural permeability barrier(19,20).

This study summarizes the potential antimicrobial activity of Maththan Oil mediated ZnONPs in a clear dose
dependent manner which was more significant among gram-negative bacteria. Collectively, these results
demonstrate the promising antimicrobial activity of ZnONPs, which could be a useful alternative to some of the
limitations of classic antibiotics (particularly against resistant strains)(21).

Anti-inflammatory activity:

BSA Assay

100 —

75 — E T BB

B Maththan thailam - ZnONPs

I
50 — T Standard
25 — I
0 —
10 20 30

40 50

% of Inhibition

Concentration (ug/mL)

Figure 3: Bovine Serum Albumin (BSA) Assay comparing the anti-inflammatory effects of ZnONPs
synthesized from Matthan thailam against a standard. The graph shows the percentage of inhibition at
various concentrations (10, 20, 30, 40, and 50 pg/mL), demonstrating the concentration-dependent
inhibitory activity of ZnO NPs.

Bovine Serum albumin (BSA) assay was performed to assess the anti-inflammatory potential of ZnONPs mediated
Maththan Oil by measuring their ability to inhibit the denaturation of protein. Interestingly, the ZnONPs exhibited
a dose dependent anti-inflammatory activity as observed in the assays (Figure 3). The percentage of inhibition
was 25% starting from 10 pg/mL and progressed with the concentration up to the 50 pg/mL inhibiting75% of
protein denaturation. This pattern demonstrates high anti-inflammatory ability, where ZnONPs are as effective
and even more effective than a normal anti-inflammatory agent, when given at a higher concentration.

At relatively higher concentrations, the remarkable activity of ZnONPs describes its usefulness for
pharmaceutical applications in which control of inflammation is essential. This dose-dependent increase in activity
indicates that ZnONPs, with mediation of Maththan Oil, might interact favorably within biological environments
to modulate inflammatory responses effectively.
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Figure 4: Egg Albumin (EA) Assay comparing the anti-inflammatory effects of ZnONPs synthesized from
Matthan thailam against a standard. The graph shows the percentage of inhibition at various
concentrations (10, 20, 30, 40, and 50 pg/mL), demonstrating the concentration-dependent inhibitory
activity of ZnO NPs.

Subjecting to ZnONPs mediated by maththan oil inducted highly observed potential in anti-inflammatory
activity. This EA assay measures inhibition of protein denaturation, which is a useful model for screening the
anti-inflammatory activity of drugs. Results showed that the percentage of inhibition of ZnONPs was found to be
increased with the increasing concentration from 10 pg/mL to 50 pg/mL. The same is clear that the abilities of
ZnONPs are similar or higher than the standard anti-inflammatory agent compared to all concentration levels
(Figure 4).

The inhibition began to approximate 50% at 10 pg/mL and increased gradually to around 70% at 50 pg/mL. The
present results indicate that ZnONPs exhibit considerable anti-inflammatory activities, which may be due to the
stabilizing nature of Maththan Oil, which may modulate biological responses related to inflammation. Similar
performance to the standard indicates the potential of ZnONPs as an effective alternative in therapeutic conditions
in which inflammation is involved, emphasizing the necessity of further studies to elucidate the mechanism of
action and the potential of clinical application.

Membrane Stabilization Assay
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Figure 5: Membrane Stabilization Assay (MSA) comparing the anti-inflammatory effects of ZnONPs
synthesized from Matthan thailam against a standard. The graph shows the percentage of inhibition at
various concentrations (10, 20, 30, 40, and 50 pg/mL), demonstrating the concentration-dependent
inhibitory activity of ZnO NPs.
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The anti-inflammatory activity of ZnONPs mediated by Maththanthailam was assessed through Membrane
Stabilization Assay by evaluating stabilisation of erythrocyte membranes against hypotonicity-induced
hemolysis. This shows a uniform and concentration-dependent enhancement in the stabilization of membrane,
which explains the role of the ZnONPs as an anti-inflammatory agent (figure 5).

According to the results derived from the assay, the ZnONPs at doses of 10 pg/mL, 20 pg/mL, 30 ng/mL, 40
pg/mL, and 50 pg/mL showed that inhibition percentages increased with increasing concentrations of the
nanoparticles. The hemolysis rates were inhibited by Maththan Oil-mediated ZnONPs about 25% at the lowest
concentration of ZnONPs tested (10 pg/mL). From that point onwards, the inhibition rate increased with the
concentration making nearly a 75% inhibition at 50 pg/mL. These results were closely mirrored, and in many
instances surpassed, but the traditional anti-inflammatory used for comparison.

This suggests that either ZnONPs can be used as bioactive compounds on anti-inflammatory applications. Since
they stabilise cell membranes, this could prove advantageous in therapeutic areas where cellular membrane
integrity is disrupted, e.g. in chronic inflammatory diseases. The evidence generated in this study indicates that
the exploratory use of ZnONPs administered with Maththan Oil has therapeutic potential and justifies for further
preformulation and clinical investigational studies to explore their mechanism of action and effects on human
body systems for possible sequelae in a clinical environment.

Comparative analysis

A comparative study of anti-inflammatory activity of ZnONPs mediated by Maththan Oil using Bovine Serum
Albumin (BSA), Egg Albumin Denaturation (EA) and Membrane Stabilization (MSA) assays at 10, 20, 30, 40
and 50 pg/mL concentrations shown the increased effectiveness of ZnONPs at mitigation of inflammation.
Discovering the range of potential therapeutic applications per assay and concentration.

The ZnONPs exhibited a 25% inhibition in the BSA assay — which measures protein denaturation, a symptom of
inflammatory response — at a concentration of 10 pg/mL. The EA and MSA assays mirrored this with 50%
inhibition in EA and 25% erythrocyte membrane stabilization respectively, suggesting a very low dose basic anti-
inflammatory property. When the concentration was raised up to 20 pg/mL, there was a significant improvement
among all the 3 assays, 40% inhibition in BSA, 55% in EA and 40% in MSA, which indicates a concentration
dependent increase in anti-inflammatory activity.

Similar result was observed with 30 pg/mL concentrations of ZnONPs, which induced nearly 50% suppression
in both BSA and EA assays, and even more than 50% in MSA (shown in Fig 5), confirming payoff of ZnONPs
on diverse inflammatory pathways. Micromolar concentrations of ZnONPs produced about 65% inhibition in both
BSA and EA assays by 40 pg/mL, while MSA exhibited significant inhibition (60% of the control),
demonstrating significant membrane stabilizing properties of the ZnONPs.

The ZnONPs achieved their optimum performance (75% inhibition in the BSA and MSA assays and 70% in the
EA assay) at the highest tested concentration (50 pg/mL). These results both confirm the strong anti-
inflammatory action of ZnONPs and further highlight how their advantages can often exceed those of standard
treatments, especially in areas of protein interaction and cell membrane integrity(22).

The comparative study of ZnONPs surrounded by Maththan Oil shows their strong anti-inflammatory activity
level almost equal or greater than diclofenac sodium (a widely used NSAIDs). Diclofenac sodium works mainly
through the inhibition of cyclooxygenases and synthesis of prostaglandin and works by controlling inflammation.
On the other hand, because ZnONPs use a wider mechanism by producing ROS and stabilizing the cellular
membrane, they are more effective in the diversity of biological assays(23).

The dose-dependent upsurge in the anti-inflammatory activity, showing statistically significance since 10 pg/mL
and peak at 50 pg/mL demonstrate a possible perspective for ZnONPs to be individualized based on specific
requirements in therapy. These high efficacies at moderate concentrations demonstrate a wide therapeutic
window that represents an attractive feature considering the side effects of NSAIDs including gastrointestinal
and cardiovascular complications(24-26).

Additionally, the green synthesis of ZnONPs improves their biocompatibility and lowers toxicity, making them
a safer option for prolonged treatment regimens for chronic inflammatory conditions. The importance of this
particular aspect is in terms of improving the compliance of patients as well as reducing the chance of causing
adverse effects(23,27).

In conclusion, the study demonstrates that Maththan Oil mediated ZnONPs offers a prospective alternative or
supplement to conventional anti-inflammatory treatments. As they act through several pathways and have an
acceptable safety profile, they are attractive candidates for use in the clinic in the future.
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Figure 6: Cytotoxic effects of MaththanThailam mediated ZnONPs on mouse fibroblast cells 3T3-L1 : Cells
were treated with Mathan Thailam (10 — 100 pg/ml) for 24 hours, and cell viability was evaluated by MTT
assay. Data are shown as mean + SD (n = 3). '*' denotes statistical significance (p<0.05) between the control
and drug treatment groups.

AnMTT assay was performed to assess the cytotoxic activities of MaththanThailam mediated ZnONPs on mouse
fibroblast cells (3T3-L1) in a 24 hour exposure period. These assay was used to examine the viability of cells
exposed to multiple dosages of MaththanThailam from 10, 30, 50, 70 and 100 pg/ml. These results demonstrate
that the cytotoxicity has a dose-dependent effect where the cell viability decreases as the increase of concentration
from the control (ZnONPs).

Cells were slightly less viable as compared to the untreated control at increased concentrations (10, 15, and 20
pg/ml), although the viability remained relatively high, indicating low level of cytotoxicity at lower
concentrations. In particular, the viability percentages at these concentrations were around 90% showing the
relatively low efficacy of the MaththanThailam mediated ZnONPs on the cell viability.

At higher concentration (between 40 pg/ml — 100 pg/ml) it has a significantly lower cell viability. Cell viability
upheld at 78% at 40 ug/ml, but this began to drop at higher concentrations down to 69% at 100 ug/ml. The
reduction that we observed here is likely indicative of a strong cytotoxicity at these elevated concentrations. The
p-value of <0.05 confirmed the statistically significance difference between the control group and the treatment
groups at 40 pg/ml (figure 6).

Our results are in line with previously published findings on the cytotoxicity of zinc oxide nanoparticles, showing
a clear dose dependent toxicity observed across multiple cell lines. Previous studies have also investigated the
role of ZnONPs on a wide range of cell types, including both normal and cancer cell lines, and the findings
indicate that the generation of reactive oxygen species (ROS) is one of the key mechanisms of cytotoxicity. Liao
et al., 2020 have pointed out, that this mechanism further results in cellular injury via pathways like mitochondrial
dysfunction and genomic damage(28,29).

These results suggest that ZnONPs mediated by MaththanThailam at lower levels are safely tolerated exhibiting
minimal cytotoxic effects. This observation is important for therapeutic applications, which would utilize
ZnONPs in lower dose in order to take advantage of its beneficial properties without negatively affecting cell
viability(30). Nonetheless, this cell viability reduction observed at doses over 40 pg/ml should be taken into
consideration as it could indicate the occurrence of adverse effects at high doses(31).

In addition, the cytotoxicity detected in higher concentrations could also help for its utilization for its selective
targeting of the tumor cells at a controlled higher doses of ZnONPs in cancer treatment. Thus, further investigation
into the appropriate delivery methods and therapeutic windows, which would ultimately increase the potency and
benefit/risk ratio of ZnONPs in the clinic is warranted. To optimally utilize the full potential of ZnONPs in
medicine with a large emphasis on targeted cancer therapy, more investigation of long-term effects and interaction
at cellular and molecular levels of ZnONPs will also be necessary(32).
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CONCLUSION

The multifaceted study of zinc oxide nanoparticles (ZnONPs) mediated by Maththan Oil underscores their
significant therapeutic potential, manifesting notably in their antimicrobial and anti-inflammatory capacities. The
research findings reveal that these nanoparticles exhibit a pronounced antibacterial efficacy across various
bacterial strains including Staphylococcus aureus, Escherichia coli, Enterococcus faecalis, and Pseudomonas sp.,
with inhibition zones expanding in a concentration-dependent manner. This characteristic suggests that ZnONPs,
when mediated by Maththan Oil, could rival or perhaps exceed conventional antimicrobial agents in effectiveness.
Concurrently, the anti-inflammatory evaluation through protein denaturation assays illustrated a dose-dependent
inhibition, which could herald new approaches in anti-inflammatory therapies, particularly in pharmaceutical
formulations aimed at controlling inflammatory processes.

Moreover, the cytotoxic analysis via MTT assays on murine fibroblast cells highlighted a dose-dependent decrease
in cell viability, raising crucial considerations regarding the safety profile of these nanoparticles at higher
concentrations. Collectively, these findings not only advocate for the dual functional prowess of Maththan Oil
mediated ZnONPs but also emphasize the necessity for further detailed studies to thoroughly delineate their
mechanisms of action and validate their safety and efficacy in clinical settings. The promising results obtained
thus far beckon a deeper exploration into their potential clinical applications, positioning these nanoparticles as
formidable candidates for future therapeutic developments.
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