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Abstract

Azadirachta indica mediated selenium nanoparticles (A. indica (Se NPs))
have garnered interest due to their potential anti-inflammatory and
antioxidant properties. This study aimed to evaluate the anti-inflammatory
and antioxidant activities of A. indica (Se NPs) and their cytotoxic effects
using various assays. A. indica (Se NPs) were synthesized and
characterized. The anti-inflammatory activity was assessed using BSA,

Atticle History EA, and Membrane Stabilization assays, while antioxidant activity was
¥§i§?€§fz'?k’fa§§§§f evaluated using DPPH, H202, and FRAP assays. The cytotoxic effect was
Accepted: 29 May 2024 determined using a brine shrimp lethality assay. A. indica (Se NPs)
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exhibited dose-dependent anti-inflammatory effects in all assays, with
comparable efficacy to diclofenac sodium. The antioxidant potential of A.
indica (Se NPs) was demonstrated through scavenging of free radicals and
protection against oxidative stress. The cytotoxicity study revealed a dose-
dependent decrease in survival rates of brine shrimp nauplii with
increasing concentrations of SeNPs. The findings suggest that A. indica
(Se NPs) possess significant anti-inflammatory and antioxidant activities,
making them potential candidates for therapeutic applications. The dose-
dependent response observed in the assays indicates the importance of
concentration in eliciting biological effects. The cytotoxicity results
highlight the need for further investigation into the safety profile of
SeNPs. In conclusion, A. indica mediated selenium nanoparticles exhibit
promising anti-inflammatory and antioxidant properties, with a dose-
dependent response observed in their biological activities. Further research
is warranted to elucidate the mechanisms of action and potential clinical
applications of A. indica (Se NPs) while ensuring their safety for
therapeutic use.
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Introduction

Nanotechnology represents a transformative field that harnesses the unique properties of
materials at the nanoscale (1-100 nanometers) for innovative applications across diverse
sectors. In particular, selenium nanoparticles (SeNPs) have emerged as promising
nanomaterials due to their distinctive characteristics and potential uses in various industries,

including medicine, environmental science, and electronics.

Selenium, an essential trace element, exhibits intriguing properties at the nanoscale, distinct
from its bulk form. Selenium nanoparticles possess exceptional antioxidant activity, making
them valuable for combating oxidative stress-related diseases. Moreover, their demonstrated
cytotoxic effects against cancer cells suggest potential applications in targeted cancer
therapies. Additionally, SeNPs show antimicrobial properties, highlighting their potential in

addressing antibiotic-resistant infections.

Green-synthesized selenium nanoparticles (SeNPs) signify a notable stride in
nanotechnology, offering eco-friendly, cost-effective, and safe approaches to nanoparticle
fabrication. These nanoparticles are produced using plant extracts, which not only serve as
reducing agents but also aid in stabilizing the nanoparticles. This synthesis process yields
SeNPs with diverse shapes and sizes, influenced by the specific plant parts utilized, including
leaf extracts, fruits, seeds, fruit peels, and roots. Green synthesis stands out for its efficacy in
removing heavy metals from polluted solutions and soils, showcasing promise for

environmental remediation.

Azadirachta indica, commonly known as neem, is a versatile and highly valued tree native to
the Indian subcontinent and widely cultivated across tropical and subtropical regions
worldwide. Renowned for its medicinal, agricultural, and environmental applications,
Azadirachta indica has been integral to traditional and modern practices owing to its diverse

beneficial properties.

The neem tree is recognized for its rich array of bioactive compounds, including limonoids,
triterpenoids, flavonoids, and azadirachtin, which contribute to its potent antimicrobial,
insecticidal, and therapeutic attributes. In traditional medicine, various parts of the neem tree
such as leaves, bark, seeds, and oil—are used to treat a range of ailments, including skin

disorders, fevers, infections, and gastrointestinal issues.
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Beyond its medicinal uses, Azadirachta indica plays a crucial role in agriculture as a natural
pesticide and soil conditioner. Neem-based formulations are effective in pest management,
promoting soil fertility, and enhancing crop productivity while minimizing environmental

impact compared to synthetic chemicals.

In recent years, neem has gained prominence in scientific research and industrial applications,
particularly in the development of eco-friendly products such as biopesticides, herbal
cosmetics, and pharmaceuticals. Additionally, the utilization of neem extracts in green
synthesis processes for nanoparticle production underscores its potential in nanotechnology
for creating sustainable and biocompatible materials.

In this study, selenium nanoparticles were synthesized utilizing Azadirachta indica (neem)
leaves extract and subsequently evaluated for their in vitro anti-inflammatory and antioxidant
activities using various assays. Additionally, the biocompatibility of these selenium
nanoparticles was assessed using a brine shrimp lethality assay.

Materials and methods

Preparation of Azadirachta indica extract:

In this study, Azadirachta indica extract is used as a reducing and capping agent to synthesize
selenium nanoparticles. To prepare the extract, 1g of Azadirachta indica was measured and
added to 100 mL distilled water. Then it was boiled using heating mantle at 60-70 °C for 20
minutes. The boiled extract was then filtered using Whatmann No:1 filter paper. The filtered
extract was kept for selenium nanoparticle synthesis.

Green synthesis of selenium nanoparticles

20mM sodium selenite was measured and added to conical flask containing 60mL distilled
water. To that, 40mL filtered Azadirachta indica extract was added. The reaction mixture was
kept on a magnetic stirrer for about 700 rpm for 48h. The synthesized selenium nanoparticle
solution was centrifuged at 8000 rpm for 10 minutes to separate pellet out of supernatant. The
collected pellet was stored in an airtight Eppendorff tube for further characterization and
biomedical activities.

Antioxidant activity:

DPPH assay

The in vitro DPPH (1,1-diphenyl-2-picrylhydrazyl) assay is commonly employed to assess

the antioxidant properties of various compounds, including plant extracts. This method relies
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on the compound's capacity to neutralize this free radicals, stable dark-coloured crystalline
compounds. The reduction of DPPH radicals into DPPH-H, a colourless or light-yellow
compound, serves as an indicator of the antioxidant's ability to neutralize free radicals,
evaluating its free radical scavenging activity (RSA).

To create the stock solution, 24 milligrams of DPPH were dissolved in 100 mL of methanol,
resulting in a filtrated mixture with an absorbance of approximately 0.973 at 517 nm.
Different concentrations of Azadirachta indica mediated selenium nanoparticles (10pg/mL-
50 pg/mL) were then combined with 3 mL of this DPPH solution, and the mixture was
incubated in complete darkness for 30 minutes. Subsequently, absorbance was measured at
517 nm, and the percentage of antioxidant activity was calculated using the formula:

% of antioxidant activity = [(Ac—As) + Ac] x 100,

where Ac represents the control reaction absorbance, and As is the testing specimen
absorbance.

H202 assay

In the in vitro hydrogen peroxide radical scavenging assay using Azadirachta indica mediated
selenium nanoparticles as the test substance, the following steps were followed. Hydrogen
peroxide (H202) was prepared as a stock solution at a concentration of 3% (w/v). Horse
radish peroxidase (HRP) was used as the peroxidase enzyme, with a stock solution prepared
at a concentration of 1 mg/mL in phosphate buffer (pH 7.4). The substrate solution,
containing 4-aminoantipyrine (4-APA) that changes color upon reduction, and phosphate
buffer (pH 7.4) as the buffer solution were also prepared. Control solutions without the test
substance were included for comparison.

For the test solution, Azadirachta indica mediated selenium nanoparticles was dissolved in an
appropriate solvent (Distilled water) to achieve the desired concentration (10ug/mL- 50
png/mL). The assay mixture, comprising hydrogen peroxide, HRP, substrate solution, and the
test solution, was prepared in a 96-well plate. The uniform final volume in each well was
ensured. The assay mixture was then incubated at 37°C for 30 minutes to facilitate the
reduction of hydrogen peroxide by the enzyme and the scavenging of hydrogen peroxide.
After incubation, the absorbance of each well was measured at 504 nm using a
spectrophotometer, corresponding to the color change of the substrate solution. Data analysis
involved comparing the absorbance values of the test solution wells with the control wells.

The percentage of inhibition of the color change was calculated using the formula
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[Percentage of Inhibition = (Absorbance of Control - Absorbance of Test Solution) /
Absorbance of Control) x 100].

The percentage of inhibition obtained serves as an indicator of the scavenging efficiency. A
higher percentage suggests superior antioxidant activity, signifying the ability of the test
substance to effectively neutralize or reduce the activity of hydrogen peroxide.

FRAP assay

The Ferric Reducing Antioxidant Power (FRAP) assay is a widely utilized technique for
assessing the total antioxidant capacity of biological specimens. In this method, a FRAP
reagent is prepared by combining 300 mM acetate buffer (pH 3.6), 10 mM TPTZ (2,4,6-
tris(2-pyridyl)-s-triazine) solution in 40 mM HCI, and 20 mM FeCI3.6H20 solution in a
10:1:1 ratio.

To conduct the FRAP assay, varying concentrations (10pg/mL- 50 pg/mL) of Azadirachta
indica mediated selenium nanoparticles and standards are dispensed into a 96-well plate in
triplicate, approximately 20 puL each. Subsequently, 200 uL of the prepared FRAP reagent is
added to each well, and the plate is incubated at 37°C for 30 minutes. The absorbance at 593
nm is then measured for each well using a microplate reader.

The FRAP value for each sample or standard is determined by comparing the absorbance to a
standard curve generated using known concentrations of a standard antioxidant, such as
trolox. The FRAP assay assesses the capacity of antioxidants in the samples to convert Fe3+
to Fe2+ within the FRAP reagent, resulting in a color change directly proportional to the
antioxidant capacity of the sample. This method offers a quantitative measure of the
antioxidant activity present in biological specimens, making it a valuable tool for evaluating
the overall antioxidant potential of green synthesized nanoparticles, nanocomposites and

other substances.

Anti-inflammatory activity:
Anti-inflammatory activity
The green synthesized selenium nanoparticles was comparatively tested for its anti-
inflammatory activity using three assays such as Bovine serum albumin denaturation assay,

Egg albumin denaturation assay, Membrane stabilization assay

Bovine serum albumin denaturation assay
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A solution containing 0.45 mL of bovine serum albumin was prepared by mixing it with 0.05
mL of green synthesized selenium nanoparticles which were present in various
concentrations ranging from 10 to 50 pg/mL. Subsequently, the pH of the solution was
adjusted to 6.3. The mixture was then incubated at room temperature for a duration of 10
minutes. Following this, it was subjected to a 30-minute incubation period in a water bath at
55°C. For comparison purposes, diclofenac sodium was utilized as the standard group, while
dimethyl sulphoxide served as the control. Finally, the samples were analyzed
spectrophotometrically at a wavelength of 660 nm.

Percentage of protein denaturation was determined utilizing following equation,

% inhibition= Absorbance of control- Absorbance of samplex100

Absorbance of control

Egg Albumin denaturation assay

For the egg albumin denaturation assay, a reaction mixture was prepared by mixing 0.2 mL
of fresh egg albumin with 2.8 mL of phosphate buffer. To this mixture, Azadirachta indica
mediated selenium nanoparticles were added in varying concentrations, ranging from 10 to
50 pg/mL. The pH of the solution was then adjusted to 6.3. The mixture was subsequently
incubated at room temperature for a period of 10 minutes. Following this, it was subjected to
a 30-minute incubation period in a water bath at 55°C. For comparison, diclofenac sodium
was employed as the standard group, whereas dimethyl sulphoxide was utilized as the
control. Finally, the samples were analyzed spectrophotometrically at a wavelength of 660
nm.

Percentage of protein denaturation was determined utilizing following equation,

% inhibition= Absorbance of control- Absorbance of samplex100

Absorbance of control
Membrane stabilization assay
The in vitro membrane stabilization assay evaluated the membrane-stabilizing properties of
the compounds. This assay assessed the potential of the Azadirachta indica mediated
selenium nanoparticles (10-50 pg/mL) to prevent the disruption of cell membranes and the
subsequent release of intracellular contents. The assay utilized tris-HCI buffer, human red
blood cells (RBCs), phosphate-buffered saline (PBS), centrifuge tubes, and a UV-visible

spectrophotometer.

Preparation of RBC Suspension:
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Fresh human blood was collected in a sterile tube with anticoagulants. After centrifuging the
blood at 1000 g for 10 minutes at room temperature, the RBCs were separated. The RBCs
were washed three times with PBS and resuspended in tris-HCI buffer to create a 10% (v/v)

RBC suspension.

Assay Procedure:

1 mL of the RBC suspension was placed into each centrifuge tube, followed by the addition
of different concentrations of Azadirachta indica mediated selenium nanoparticles. The tubes
were gently mixed and incubated at 37°C for 30 minutes. After centrifuging the tubes at 1000
rpm for 10 minutes at room temperature, the absorbance of the supernatant was measured at
540 nm using a UV-visible spectrophotometer. The percentage inhibition of hemolysis was
calculated as follows:

% inhibition = (OD control - OD sample) / OD control x 100

Here, OD control is the absorbance of the RBC suspension without the test compound(s), and
OD sample is the absorbance of the RBC suspension with the test compound.

Cytotoxic effect:

Brine shrimp lethality assay

A quantity of 2 grams of iodine-free salt was measured and dissolved within 200 mL of
distilled water. Following this, 6 well ELISA plates were utilized, and each well was filled
with approximately 10 to 12 mL of saline water. Subsequently, 10 nauplii were introduced
gradually into every individual well, each containing varying concentrations (5ug, 10ug,
20pg, 40pg, 80pg) of the green synthesized SeNPs. The plates were then placed under
incubation for a duration of 24 hours. Once the 24-hour incubation period had elapsed, the
ELISA plates were examined and the count of live nauplii was recorded. The calculation was
performed using the subsequent formula:

number of dead nauplii / [number of dead nauplii + number of live nauplii] x 100.

Result
Anti-inflammatory activity

BSA assay
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BSA assay- Azadirachta indica (SeNPs)
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Figure 1: Anti-inflammatory activity of Azadirachta indica mediated selenium

nanoparticles using BSA assay

The anti-inflammatory activity of Azadirachta indica mediated selenium nanoparticles (A.
indica (Se NPs)) was assessed using the Bovine Serum Albumin (BSA) assay and compared

with diclofenac sodium as a standard reference drug.

At a BSA concentration of 10 pg/mL, A. indica (Se NPs) demonstrated a 43% inhibition of
inflammation, whereas diclofenac sodium exhibited a slightly higher inhibition of 47%. As
the BSA concentration increased to 20 pg/mL and 30 pg/mL, both A. indica (Se NPs) and
diclofenac sodium showed a dose-dependent increase in anti-inflammatory activity, with A.
indica (Se NPs) exhibiting 57% and 68% inhibition, respectively, and diclofenac sodium
showing 60% and 72% inhibition at the corresponding concentrations.

Further escalation of the BSA concentration to 40 pg/mL and 50 pg/mL resulted in enhanced
anti-inflammatory effects for both A. indica (Se NPs) and diclofenac sodium. At 40 pug/mL
BSA, A. indica (Se NPs) achieved 74% inhibition, whereas diclofenac sodium reached 78%
inhibition. Similarly, at the highest BSA concentration tested (50 pg/mL), A. indica (Se NPs)
exhibited 77% inhibition, and diclofenac sodium displayed 84% inhibition, indicating a
notable increase in the anti-inflammatory activity for both compounds.
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These findings demonstrate a dose-dependent response of A. indica (Se NPs) and diclofenac
sodium in inhibiting inflammation, with diclofenac sodium consistently exhibiting slightly

greater potency across all tested concentrations of BSA.

EA assay

EA assay- Azadirachta indica (SeNPs)
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Figure 2: Anti-inflammatory activity of Azadirachta indica mediated selenium

nanoparticles using EA assay

The anti-inflammatory activity of Azadirachta indica mediated selenium nanoparticles (A.
indica (Se NPs)) was investigated using an Egg Albumin (EA) denaturation assay and
compared with a standard compound (diclofenac sodium) across various concentrations of
EA.

The results demonstrate the percentage inhibition of egg albumin denaturation by A. indica
Se NPs and the standard compound across increasing concentrations of EA. As the EA
concentration increased from 10 pug/mL to 50 pg/mL, both A. indica Se NPs and the standard

compound exhibited dose-dependent anti-inflammatory effects.

At the lowest EA concentration (10 pg/mL), A. indica (Se NPs) showed 53% inhibition of
protein denaturation, while the standard compound demonstrated 55% inhibition. This trend

continued with increasing EA concentrations, where A. indica (Se NPs) consistently
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displayed substantial inhibition of protein denaturation, reaching 76% at 50 pg/mL EA.
Similarly, the standard compound showed increased inhibition, reaching 81% at the highest

EA concentration tested.
Overall, the data suggest that Azadirachta indica mediated selenium nanoparticles possess

notable anti-inflammatory activity as evidenced by their ability to inhibit egg albumin

denaturation.

Membrane stabilization assay

Membrane stabilization assay- Azadirachta indica (SeNPs)

100

90
B A indica (Se

80 NPs)

70 B Standard
60

50

40

30

20

10 10 20 30 40 50

Concentration (pg/mL)

% of inhibition

Figure 3: Anti-inflammatory activity of Azadirachta indica mediated selenium

nanoparticles using Membrane stabilization assay

The anti-inflammatory activity of Azadirachta indica mediated selenium nanoparticles (A.
indica (Se NPs)) was evaluated using a Membrane Stabilization Assay (MSA) and compared

with diclofenac sodium as a standard compound across various concentrations.

At the lowest concentration (10 pg/mL), A. indica (Se NPs) exhibited 55% inhibition of
membrane stabilization, while diclofenac sodium showed 58% inhibition. As the
concentration of the assay component increased up to 50 pg/mL, both A. indica (Se NPs) and

diclofenac sodium displayed dose-dependent increases in anti-inflammatory activity, with A.
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indica (Se NPs) achieving 85% inhibition and diclofenac sodium reaching 89% inhibition at

the highest concentration tested.

These results highlight the significant anti-inflammatory activity of A. indica mediated
selenium nanoparticles, with efficacy comparable to diclofenac sodium, a widely used anti-
inflammatory drug. The dose-dependent response observed suggests the potential therapeutic
utility of A. indica (Se NPs) in inflammation-related conditions, supporting further

investigation into their mechanisms of action and safety profile for clinical applications.

Antioxidant activity:

DPPH assay- Azadirachta indica (SeNPs)
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Figure 4: Antioxidant activity of Azadirachta indica mediated selenium nanoparticles
using DPPH assay

The antioxidant activity of Azadirachta indica mediated selenium nanoparticles (A. indica (Se
NPs)) was assessed using the DPPH (2,2-diphenyl-1-picrylhydrazyl) assay and compared
with a standard compound (Ascorbic acid) across different concentrations.

Figure 4 presents the percentage inhibition of DPPH radical by Azadirachta indica mediated
selenium nanoparticles (A. indica (Se NPs)) and the standard compound across increasing

concentrations of DPPH.

At a DPPH concentration of 10 pg/mL, A. indica (Se NPs) exhibited 63.79% inhibition of the
DPPH radical, while the standard compound demonstrated 66.25% inhibition. As the



Page 8188 of 8195
Nirmala Palayathan / Afr.J.Bio.Sc. 6(5) (2024). 8177-8195

concentration of DPPH increased up to 50 pg/mL, both A. indica (Se NPs) and the standard
compound showed dose-dependent increases in antioxidant activity. A. indica (Se NPs)
achieved 90.44% inhibition at 50 pg/mL DPPH, whereas the standard compound reached
93.15% inhibition.

These results demonstrate the antioxidant potential of Azadirachta indica mediated selenium
nanoparticles, with efficacy comparable to the standard compound (not specified) across the
tested concentrations. The dose-dependent response suggests the ability of A. indica (Se NPs)
to scavenge free radicals and inhibit oxidative stress, supporting its potential application as a

natural antioxidant agent.

H202 assay

H202 assay- Azadirachta indica (SeNPs)
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Figure 5: Antioxidant activity of Azadirachta indica mediated selenium nanoparticles

using H202 assay

The antioxidant activity of Azadirachta indica mediated selenium nanoparticles (A. indica (Se
NPs)) was evaluated using the H202 assay and compared with ascorbic acid as the standard

compound across different concentrations of hydrogen peroxide (H202).

Figure 5 presents the percentage inhibition of hydrogen peroxide (H202) by Azadirachta
indica mediated selenium nanoparticles (A. indica (Se NPs)) and ascorbic acid across

increasing concentrations of H202.
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At an H202 concentration of 10 pg/mL, A. indica (Se NPs) exhibited 49.6% inhibition of
H202, while ascorbic acid demonstrated 51.1% inhibition. As the concentration of H202
increased up to 50 pg/mL, both A. indica (Se NPs) and ascorbic acid showed dose-dependent
increases in antioxidant activity. A. indica (Se NPs) achieved 85.2% inhibition at 50 pg/mL

H202, whereas ascorbic acid reached 89.9% inhibition.

These results indicate the antioxidant potential of Azadirachta indica mediated selenium
nanoparticles, with efficacy comparable to ascorbic acid across the tested concentrations of
hydrogen peroxide. The dose-dependent response suggests the ability of A. indica (Se NPs)
to scavenge hydrogen peroxide radicals and protect against oxidative stress, supporting its

potential application as a natural antioxidant agent.

FRAP assay

FRAP assay- Azadirachta indica (SeNPs)
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Figure 6: Antioxidant activity of Azadirachta indica mediated selenium nanoparticles

using FRAP assay

The antioxidant activity of Azadirachta indica mediated selenium nanoparticles (A. indica (Se
NPs)) was evaluated using the FRAP (Ferric Reducing Antioxidant Power) assay and

compared with ascorbic acid as the standard compound across different concentrations.

Figure 6 presents the percentage inhibition of oxidative stress by Azadirachta indica mediated
selenium nanoparticles (A. indica (Se NPs)) and ascorbic acid across increasing

concentrations in the FRAP assay.
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At a concentration of 10 pg/mL, A. indica (Se NPs) exhibited 30.42% inhibition of oxidative
stress, while ascorbic acid showed 27.21% inhibition. As the concentration increased up to 50
pag/mL equivalents, both A. indica (Se NPs) and ascorbic acid displayed varying degrees of
inhibition, with A. indica (Se NPs) showing decreased inhibition compared to ascorbic acid at

higher concentrations.

These results demonstrate the antioxidant potential of Azadirachta indica mediated selenium
nanoparticles (A. indica (Se NPs)), although the efficacy in inhibiting oxidative stress appears
to be lower compared to ascorbic acid across the tested concentrations in the FRAP assay.
The varying degrees of inhibition observed highlight the importance of dose-dependency in
antioxidant activity and suggest the potential application of A. indica (Se NPs) as a natural

antioxidant agent, albeit with different efficacy compared to the standard compound.

Cytotoxic effect

Cytotoxic effect- A. indica (SeNPs)
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Figure 7: Cytotoxic effect of green synthesized SeNPs using Brine shrimp lethality assay

The cytotoxic effect of green-synthesized selenium nanoparticles (SeNPs) was evaluated

using a brine shrimp lethality assay over a two-day period.

On the first day of exposure, all concentrations of SeNPs (5 pg/mL, 10 pg/mL, 20 pg/mL, 40

pg/mL, 80 pg/mL) showed 100% survival of the brine shrimp nauplii, similar to the control
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group (saline water only). This suggests that SeNPs at these concentrations did not cause
immediate mortality or adverse effects on the nauplii within the initial 24-hour period.

By the second day, a dose-dependent cytotoxic effect of SeNPs was observed. At 20 pug/mL
SeNPs, the survival rate of the nauplii decreased to 90%. At 40 pg/mL and 80 pg/mL SeNPs,

the survival rate further decreased to 80%.

These results indicate that higher concentrations of green-synthesized SeNPs have a
significant impact on the survival of brine shrimp nauplii over a 48-hour period compared to
lower concentrations and the control group. The decrease in survival rates observed with
increasing concentrations of SeNPs suggests a potential dose-dependent cytotoxicity of
SeNPs towards brine shrimp nauplii.

Discussion:

The results presented in this study demonstrate the anti-inflammatory and antioxidant
properties and cytotoxic effect of Azadirachta indica mediated selenium nanoparticles (A.
indica (Se NPs)), as evaluated through a series of in vitro assays. These findings suggest the
potential therapeutic applications of A. indica (Se NPs) in inflammatory disorders and

oxidative stress-related conditions.

The anti-inflammatory effects of A. indica (Se NPs) were assessed using three different
assays: Bovine Serum Albumin (BSA) assay, Egg Albumin (EA) denaturation assay, and
Membrane Stabilization Assay (MSA). The results indicate that A. indica (Se NPs) exhibit
dose-dependent inhibition of inflammatory processes, as evidenced by their ability to reduce

protein denaturation and stabilize cellular membranes.

The mechanisms underlying the anti-inflammatory activity of A. indica (Se NPs) could
involve inhibition of key mediators of inflammation, such as prostaglandins and cytokines, or
modulation of oxidative stress pathways. The observed effects are comparable to diclofenac
sodium, a commonly used non-steroidal anti-inflammatory drug (NSAID), suggesting that A.

indica (Se NPs) may act through similar pathways to mitigate inflammation.

The significant anti-inflammatory activity of A. indica (Se NPs) highlights their potential as a
natural alternative or adjunct to conventional anti-inflammatory therapies. The ability to
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inhibit multiple inflammatory pathways, as demonstrated in different assays, underscores the
broad-spectrum nature of A. indica (Se NPs) in combating inflammation-associated disorders.

A. indica (Se NPs) exhibited potent antioxidant activity in the DPPH, H202, and FRAP
assays, indicating their capacity to scavenge free radicals and mitigate oxidative stress. The
DPPH assay measures the ability of antioxidants to neutralize stable radicals, while the H202

and FRAP assays assess the reduction of hydrogen peroxide and the ferric ion, respectively.

The antioxidant efficacy of A. indica (Se NPs) compares favorably with ascorbic acid, a well-
known antioxidant, across different concentrations. This suggests that A. indica (Se NPs)
may act as an effective natural antioxidant agent capable of protecting cells from oxidative

damage .

Oxidative stress is implicated in the pathogenesis of various diseases, including
cardiovascular disorders, neurodegenerative diseases, and cancer. The antioxidant properties
of A. indica (Se NPs) hold promise for mitigating oxidative stress-related damage and

supporting overall health and wellness.

The cytotoxic effects observed in the brine shrimp lethality assay highlight the importance of
dosage optimization and safety assessments for A. indica (Se NPs). While lower
concentrations showed no immediate toxicity, higher concentrations resulted in reduced

survival rates of brine shrimp nauplii?’-32,

These findings underscore the need for further studies to delineate the therapeutic window of
A. indica (Se NPs) and establish safe and effective dosing regimens for clinical applications.
Understanding the mechanisms underlying cytotoxicity is crucial for ensuring the safety

profile of A. indica (Se NPs) as a potential therapeutic agent.

Limitations and Future Directions

Further investigations are needed to elucidate the precise mechanisms by which A. indica
mediated selenium nanoparticles exert their anti-inflammatory and antioxidant effects. This
includes identifying specific molecular targets and signaling pathways involved in mediating

the observed activities.
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Preclinical studies, such as animal models of inflammation and oxidative stress, are essential
to validate the efficacy and safety of A. indica (Se NPs) in vivo. Subsequently, clinical trials
can assess the translational potential of A. indica (Se NPs) as a novel therapeutic intervention
for inflammatory and oxidative stress-related disorders in humans.

Optimization of nanoparticle formulations, such as encapsulation or surface modification of
A. indica (Se NPs), may enhance their bioavailability, stability, and therapeutic efficacy.
Formulation strategies should be tailored to maximize the delivery and targeting of A. indica
(Se NPs) to specific tissues or organs affected by inflammation or oxidative stress.

Conclusion

The study investigated the potential therapeutic properties of Azadirachta indica mediated
selenium nanoparticles (A. indica (Se NPs)). A. indica (Se NPs) demonstrated significant
anti-inflammatory and antioxidant activities across multiple in vitro assays, including Bovine
Serum Albumin (BSA) assay, Egg Albumin (EA) denaturation assay, Membrane
Stabilization Assay (MSA), DPPH assay, H202 assay, and FRAP assay.

The anti-inflammatory effects of A. indica (Se NPs) were comparable to diclofenac sodium, a
standard anti-inflammatory drug, indicating their potential as a natural alternative for
inflammation management. Moreover, the potent antioxidant properties of A. indica (Se NPs)
suggest their ability to scavenge free radicals and protect against oxidative stress-related
damage. However, cytotoxic effects observed in the brine shrimp lethality assay highlight the
importance of dose optimization and safety assessments for A. indica (Se NPs) in future
studies. Mechanistic investigations are warranted to elucidate the underlying pathways
involved in mediating the observed pharmacological effects. Overall, the findings support the
therapeutic potential of A. indica mediated selenium nanoparticles as novel candidates for
inflammation and oxidative stress-related disorders, paving the way for further preclinical

and clinical studies to validate their efficacy and safety in diverse disease contexts.

References:

Deepasree, Venugopal S. Therapeutic potential of selenium nanoparticles. Front
Nanotechnol.2022;4. doi:10.3389/fnan0.2022.1042338

Bisht N, Phalswal P, Khanna PK. Selenium nanoparticles: a review on synthesis and
biomedical applications. Mater Adv. 2022;3(3):1415-1431. doi:10.1039/d1ma00639h

Vahdati M, Tohidi Moghadam T. Synthesis and characterization of selenium nanoparticles-
lysozyme nanohybrid system with synergistic antibacterial properties. Sci Rep.2020;10(1):1-
10. doi:10.1038/s41598-019-57333-7



10.

11.

12.

13.

14.

Page 8194 of 8195
Nirmala Palayathan / Afr.J.Bio.Sc. 6(5) (2024). 8177-8195
Yuan Q, Bomma M, Hill H, Xiao Z. Expression of Rhizobium tropici phytochelatin synthase

in Escherichia coli resulted in increased bacterial selenium nanoparticle synthesis. J Nanopart
Res. 2020;22(12). doi:10.1007/s11051-020-05095-z

Filipovi¢ N, Usjak D, Milenkovi¢ MT, et al. Comparative study of the antimicrobial activity
of selenium nanoparticles with different surface chemistry and structure. Front Bioeng
Biotechnol. 2021;8. doi:10.3389/fbioe.2020.624621

Huang X, Chen X, Chen Q, Yu Q, Sun D, Liu J. Investigation of functional selenium
nanoparticles as potent antimicrobial agents against superbugs. Acta Biomater. 2016;30:397-
407. doi:10.1016/j.actbio.2015.10.041

Sans-Serramitjana E, Obreque M, Mufioz F, et al. Antimicrobial activity of selenium
nanoparticles (SeNPs) against potentially pathogenic oral microorganisms: A scoping review.
Pharmaceutics. 2023;15(9). doi:10.3390/pharmaceutics15092253

Fuloria S, Subramaniyan V, Karupiah S, Kumari U, Sathasivam K, Meenakshi DU, Wu YS,
Guad RM, Udupa K, Fuloria NK. A comprehensive review on source, types, effects,
nanotechnology, detection, and therapeutic management of reactive carbonyl species
associated with various chronic diseases. Antioxidants. 2020;9(11):1075.

Toka AN, Ngatsi PZ, Dida SLL. Phytochemical analysis and antifungal activity of
Azadirachta indica and Balanites aegyptiaca seed extracts against Fusarium oxysporum isolate
on tomatoes. Journal of Global Innovations in Agricultural Sciences. Published online
September 30, 2023:293-304. d0i:10.22194/jgias/23.1159

Hawsah MA, Abdel-Gaber R, Al-Quraishy S, Aljawdah HMA, Maodaa SN, Al-Shaebi E.
Green synthesis of selenium nanoparticles using Azadirachta indica leaves extract: evaluation
of anthelmintic and biocompatibility potential. Food Sci Technol. 2023;43.
d0i:10.5327/fst.13223

Alzohairy MA. Therapeutics role ofAzadirachta indica(neem) and their active constituents in
diseases prevention and treatment. Evid Based Complement Alternat Med. 2016;2016:1-11.
d0i:10.1155/2016/7382506

Alharbi HM, Algahtani T, Alamri AH, Kumarasamy V, Subramaniyan V, Babu KS.
Nanotechnological synergy of mangiferin and curcumin in modulating PI3K/Akt/mTOR
pathway: a novel front in ovarian cancer precision therapeutics. Frontiers in pharmacology.
2024;14:12762009.

Vikneshan M, Saravanakumar R, Mangaiyarkarasi R, et al. Algal biomass as a source for
novel oral nano-antimicrobial agent. Saudi J Biol Sci. 2020;27(12):3753-3758.
d0i:10.1016/j.sjbs.2020.08.022

Shehab NF, Hasan NH, Ismail HK. Investigating the effect of selenium nanoparticles on
mineral trioxide aggregates as a promising novel dental material. J Int Soc Prev Community
Dent. 2024;14(1):16-27. doi:10.4103/jispcd.jispcd_148 23



15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Page 8195 of 8195
Nirmala Palayathan / Afr.J.Bio.Sc. 6(5) (2024). 8177-8195
Bhat AA, Gupta G, Afzal M, Thapa R, Ali H, Algahtani SM, Kazmi |, Alzarea Sl, Saleem S,

Subramaniyan V. Polyphenol-Loaded Nano-carriers for Breast Cancer Therapy: A
Comprehensive Review. BioNanoScience. 2024:1-9.

Hamman N, Ramburrun P, Dube A. Selenium Nanoparticle Activity against S. mutans
Biofilms as a Potential Treatment Alternative for Periodontitis. Pharmaceutics. 2024;16(4).
Malviya R, Raj S, Fuloria S, Subramaniyan V, Sathasivam K, Kumari U, Unnikrishnan
Meenakshi D, Porwal O, Hari Kumar D, Singh A, Chakravarthi S, Kumar Fuloria N.
Evaluation of Antitumor Efficacy of Chitosan-Tamarind Gum Polysaccharide Polyelectrolyte
Complex Stabilized Nanoparticles of Simvastatin. Int J Nanomedicine. 2021;16:2533-2553.
Kamaraj C, Naveenkumar S, Prem P, Ragavendran C, Subramaniyan V, Al-Ghanim KA,
Malafaia G, Nicoletti M, Govindarajan M. Green Synthesis: An Eco-Friendly Route for the
Synthesis of Silver and Palladium Nanoparticles Using Laureliopsis Philippiana and Their
Toxicity in Mosquitoes and Zebrafish Larvae. Available at SSRN 4481291

Kumar A, Prasad KS. Role of nano-selenium in health and environment. J Biotechnol.
2021;325:152-163. d0i:10.1016/j.jbiotec.2020.11.004

Davarani Asl F, Mousazadeh M, Azimzadeh M, Ghaani MR. Mesoporous selenium
nanoparticles for therapeutic goals: a review. J Nanopart Res. 2022;24(10).
d0i:10.1007/s11051-022-05572-7

Gholap AD, Gupta J, Kamandar P, Bhowmik DD, Rojekar S, Faiyazuddin M, Hatvate NT,
Mohanto S, Ahmed MG, Subramaniyan V, Kumarasamy V. Harnessing nanovaccines for
effective immunization— a special concern on COVID-19: facts, fidelity, and future
prospective. ACS biomaterials science & engineering. 2023;10(1):271-97.

Rehman A, John P, Bhatti A. Biogenic selenium nanoparticles: Potential solution to oxidative
stress mediated inflammation in rheumatoid arthritis and associated complications.
Nanomaterials (Basel). 2021;11(8):2005. doi:10.3390/nan011082005

Bhat AA, Thapa R, Goyal A, Subramaniyan V, Kumar D, Gupta S, Singh SK, Dua K, Gupta
G. Curcumin-based nanoformulations as an emerging therapeutic strategy for inflammatory
lung diseases. Future Medicinal Chemistry. 2023;15(7):583-6.

Malviya R, Fuloria S, Verma S, Subramaniyan V, Sathasivam KV, Kumarasamy V, Kumar
DH, Vellasamy S, Meenakshi DU, Yadav S, Sharma A. Commercial utilities and future
perspective of nanomedicines. PeerJ. 2021;9:e12392.

Singh S, Hema, Sharma N, Sachdeva M, Behl T, Zahoor I, Fuloria NK, Sekar M, Fuloria S,
Subramaniyan V, Alsubayiel AM. Focusing the pivotal role of nanotechnology in Huntington’s
disease: an insight into the recent advancements. Environmental Science and Pollution
Research. 2022;29(49):73809-27.

De Rubis G, Paudel KR, Allam VS, Malyla V, Subramaniyan V, Singh SK, Panth N, Gupta G,
Hansbro PM, Chellappan DK, Dua K. Involvement of osteopontin, EpCAM, estrogen
receptor-alpha, and carbonic anhydrase 1X protein in managing lung cancer via Berberine-
loaded liquid crystalline nanoparticles. Pathology-Research and Practice. 2024;253:154971.



217.

28.

29.

30.

31.

32.

Page 8196 of 8195
Nirmala Palayathan / Afr.J.Bio.Sc. 6(5) (2024). 8177-8195
Subramaniyan V, Chakravarthi S, Jegasothy R, Seng WY, Fuloria NK, Fuloria S, Hazarika I,

Das A. Alcohol-associated liver disease: A review on its pathophysiology, diagnosis and drug
therapy. Toxicology reports. 2021;8:376-85.

Puri A, Mohite P, Maitra S, Subramaniyan V, Kumarasamy V, Uti DE, Sayed AA, El-
Demerdash FM, Algahtani M, EI-Kott AF, Shati AA. From nature to nanotechnology: The
interplay of traditional medicine, green chemistry, and biogenic metallic phytonanoparticles in
modern healthcare innovation and sustainability. Biomedicine & Pharmacotherapy.
2024;170:116083.

Bhat AA, Thapa R, Goyal A, Subramaniyan V, Kumar D, Gupta S, Singh SK, Dua K, Gupta
G. Curcumin-based nanoformulations as an emerging therapeutic strategy for inflammatory
lung diseases. Future Med Chem. 2023;15(7):583-586.

Santhoshkumar T, Govindarajan RK, Kamaraj C, Alharbi NS, Manimaran K, Yanto DH,
Subramaniyan V, Baek KH. Biological synthesis of nickel nanoparticles using extracellular
metabolites of Bacillus Sphaericus: Characterization and vector-borne disease control
applications. South African Journal of Botany. 2023;162:481-94.

Bhat AA, Afzal O, Afzal M, Gupta G, Thapa R, Ali H, Hassan Almalki W, Kazmi |, Alzarea
Sl, Saleem S, Samuel VP, Gubbiyappa SK, Subramaniyan V. MALAT1: A key regulator in
lung cancer pathogenesis and therapeutic targeting. Pathol Res Pract. 2024; 253:154991.
Mukerjee N, Maitra S, Ghosh A, Sengupta T, Alexiou A, Subramaniyan V, Anand K.
Synergizing Proteolysis-Targeting Chimeras and Nanoscale Exosome-Based Delivery
Mechanisms for HIV and Antiviral Therapeutics. ACS Applied Nano Materials. 2024.



