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ABSTRACT
Introduction:Nanotechnology is revolutionizing biomedical sciences, particularly in synthesizing selenium
nanoparticles (SeNPs) using plant-based methods. These plants contain metabolites like proteins and flavonoids that
act as reducing agents to generate and stabilize nanoparticles. SeNPs, known for their immunomodulatory and
antioxidant properties, are significant in medicine, agriculture, and environmental applications. Andrographis
paniculata, a traditional medicinal plant, shows promising cytotoxic and free radical scavenging activities when used
in SeNP synthesis. Materials and methods : The study investigates the cytotoxic effect and free radical scavenging
activity of selenium nanoparticles synthesized using Andrographis paniculata. The plant extract, prepared by filtering
the leaves, was mixed with sodium selenite to produce the nanoparticles. These nanoparticles were then tested on
brine shrimp nauplii to assess their toxicity at various concentrations. Observations and data calculation were
performed to evaluate the mortality rate, providing insight into the potential biomedical applications of the synthesized
nanoparticleResults: The study evaluates selenium nanoparticles (SeNPs) synthesized using Andrographis paniculata
for their cytotoxic and antioxidant properties. The SeNPs exhibit dose-dependent antioxidant activity, with increasing
efficacy at higher concentrations, comparable to standard antioxidants. Although the standard shows greater
antioxidant activity at lower doses, A. paniculata SeNPs demonstrate significant inhibition of oxidative agents,
suggesting their potential for biomedical applications. Additionally, the SeNPs show minimal cytotoxicity and
promote wound healing, while the nauplii assay reveals a time and dose-dependent cytotoxic effect, highlighting their
therapeutic versatility. Conclusion: The study demonstrates that Andrographis paniculata stem extract effectively
synthesizes selenium nanoparticles (SeNPs) with strong cytotoxic and antioxidant properties. These SeNPs show
significant potential as therapeutic agents in cancer treatment due to their notable cytotoxic effects against various
cancer cell lines. Additionally, their robust free radical scavenging activity underscores their potential as antioxidants.
The dual functionality of A. paniculata stem-mediated SeNPs offers a promising avenue for developing novel
anticancer and antioxidant therapies. Further research is essential to understand their mechanisms and assess in vivo
efficacy and safety.

KEY WORDS: Andrographis paniculata ,Selenium nanoparticles (SeNPs), Cytotoxicity , Free radical scavenging ,
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Introduction
Many intriguing avenues in the realm of biomedical sciences are being explored by
nanotechnology. Different plant parts are used in the biogenesis of selenium (Se) nanoparticles
because they contain metabolites such as proteins, flavonoids, phenols, alkaloids, and other
phytochemicals that function as reducing agents to generate and stabilize nanoparticles. In
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addition, nanotechnology is extensively used in many other technologies, including medicine and
agriculture [1].One of the most exciting new technologies that offers a plethora of creative
applications in the sciences is nanotechnology. Current research is very interested in the
environmentally friendly synthesis of nanoparticles using microorganisms, algae, and plant
components
.Three plants—Vitis vinifera, Cissus quadrangularis, Piper nigrum, Garcinia mangostana, Nitraria
schoberi, Abelmoschus esculentus, and Medicago, sativa, Andrographis paniculata, turmeric,
green apple, lemon grass, red apple, black tea, and green tea. —are utilized to synthesize
nanoparticles. Green synthesis of nanoparticles using plant materials through well-known
phytochemical metal nanoparticles has been used in cancer therapy, targeted drug delivery,
molecular imaging wastewater treatment, catalysis, biosensor development, fuel elements,
cosmetics and antiseptics
The word “selenium” originates from the Greek word “Selene” which means moon goddess.
Selenium (Se) has unique properties and great potential in the fields of physics, chemistry, and
biology.[2] Selenium nanoparticles have advantages over other nanomaterials because of the
promising role of selenium in the stabilization of the immune system and activation of the defense
response [3]. The use of SeNPs and their supplements not only has pharmacological significance
but also boosts and prepares the body’s immune system to fight virus [4]. Selenium is reported as
an important element and acts as the cofactor and coenzyme of catalytic-active sites of various
selenoproteins and enzymes in the human body and provides protection to cells and tissues from
oxidative injuries and stress.[5] [6]. Selenium also plays an important role in iodine and peroxides
metabolism in the body, regulates the level of iodine and free radicals, and can enhance disease
resistance.[7] [8]
Andrographis Paniculata Nees is a plant that has been effectively used in traditional Asian
medicines for centuries. The plant belongs to the family of Acanthaceae. The common name is
Kalmegh or Bhuminim [9]. It is an annual, branched, erect - measuring ½ to 1 meter in height.
This plant is of Indian origin and is been used for over a decade in Ayurvedic Medicine purposes.
Mainly it is available in India and Sri Lanka. The leaves measure about 7.5 cm long and 2.5 cm
wide. The flowers from this plant are white in color. The seeds are small and yellowish-brown in
color. This plant tastes bitter which is why it is known as “King of Bitters”[10]. This bitter taste is
given to the plant by lactone diterpene. About 28 species of the Andrographis genus are found all
over India. Andrographis macrobiotics Nees is one of the ethnomedicinal plants that the tribal
people of Kerala, Karnataka and Tamil Nadu used to treat snake bites, fever, muscle pain and skin
diseases. Andrographis paniculata has been reported to have antibacterial, antifungal, antiviral,
choleretic, hypoglycemic, hypocholesterolemic and adaptogenic effects.The leaves of
Andrographis Paniculata contain many bioactive compounds including diterpene lactones
(deoxyandrographolide, Andrographolide, Neoandrographolide, and 14 - deoxy-11,12-
didehydroandrographolide), diterpene glucoside and flavonoids [11]. Discovered in 1951,
andrographolide (C20H30O5) is the main active ingredient in the plant [12].
Furthermore, studies have shown that the plant's chemical constituents can be successfully used
to treat conditions linked to blood pressure, immunology, phagocytosis, and anti-diabetes.The
objective of the present is to study the cytotoxic effect and free radical scavenging activity of
Andrographis Paniculata and stem-mediated selenium nanoparticles.

Material and methods
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Saltwater Preparation:
● Weigh 2 g of iodine-free salt.
● Dissolve the salt in 200 ml of distilled water. This creates a saline solution conducive for

hatching and maintaining brine shrimp nauplii.
Brine Shrimp Hatching:

● Obtain brine shrimp eggs (Artemia salina).
● Place the eggs in a container with the prepared saline solution.
● Incubate the container at room temperature with adequate aeration (a small air pump can

be used) and light for 24-48 hours until the eggs hatch and nauplii (larvae) emerge.
Preparation of ELISA Plates:

● Take 6-well ELISA plates.
● Fill each well with 10-12 ml of the prepared saline water.
● Add 10 nauplii to each well carefully to avoid damaging them.

Nanoparticle Treatment:
● Prepare nanoparticle solutions at the desired concentrations: 5, 10, 20, 40, and 80 µg/ml.
● Add the respective concentration of nanoparticles to the wells containing the nauplii.
● Ensure each concentration has at least one well as a replicate to ensure accuracy and

reproducibility.
● Include control wells with no nanoparticles to account for natural mortality.

Incubation:
● Incubate the ELISA plates at room temperature for 24 hours. Avoid excessive movement

or vibration during this period to prevent stress to the nauplii.
Observation and Counting:

● After 24 hours, observe the wells under a microscope or a magnifying glass.
● Count and record the number of live nauplii in each well.
● Calculate the number of dead nauplii by subtracting the number of live nauplii from the

initial 10 nauplii added to each well.
Data Calculation:

● Use the following formula to calculate the percentage mortality for each concentration of
nanoparticles:
Mortality (%)=(Number of dead nauplii+Number of live naupliiNumber of dead
nauplii​)×100

Fig 1. Dired Andrographis Paniculata leaves



LEX LOCALIS-JOURNAL OF LOCAL SELF-GOVERNMENTISSN:1581-5374 E-ISSN:1855-363XVOL. 23, NO. S6(2025)

3768

Fig 2: Andrographis Paniculata mixed with distilled water

Fig 3: filteration of andrographis paniculata using whatman filter paper

Fig 4 Filtered Andrographis Paniculata
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Fig 5: Selenium nanoparticle

Fig 6: Andrographis paniculata with selenium nanoparticle

RESULT

GRAPH 1
The x-axis represents the concentration of the substance in µg/mL (micrograms per milliliter) and
a control group with no substance.The y-axis represents the percentage of live nauplii.
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GRAPH 2
The x-axis represents the concentration of the samples in µg/mL, with values at 10, 20, 30, 40, and
50 µg/mL.The y-axis represents the percentage of inhibition of the DPPH radical, which is a
measure of antioxidant activity.

GRAPH 3
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The x-axis represents the concentration of the samples in µg/mL, with values at 10, 20, 30, 40, and
50 µg/mL.The y-axis represents the percentage of inhibition of H2O2, which indicates the
antioxidant activity of the samples.

GRAPH 4
X-axis (Concentration): The concentration of the tested substances (standard and A.

paniculata SeNPs) in µg/mL. Y-axis (% of Inhibition): The percentage of inhibition, indicating
the antioxidant capacity. Higher values represent greater antioxidant activity.

GRAPH 5
X-axis (Concentration): Displays the concentration of the tested substances in µg/mL.
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Y-axis (% of Inhibition): Represents the percentage of ABTS radical inhibition, with
higher values indicating greater antioxidant activity.

GRAPH 6
X-Axis: Represents the concentration of the substance (µg/mL) ,Y-Axis: Represents the nitric
oxide levels, presumably in percentage inhibition

DISCUSSION
Andrographis paniculata stem-mediated selenium nanoparticles (SeNPs) have shown promising
cytotoxic effects and free radical scavenging activities. The synthesis of SeNPs using plant extracts
like Andrographis paniculata has gained attention due to their potential therapeutic benefits.
Studies have demonstrated that SeNPs synthesized with plant extracts possess antibacterial,
antioxidant, antidiabetic, anti-Alzheimer's, and wound healing properties.[13] Additionally,
SeNPs have been found to actively scavenge free radicals, exhibit anti-inflammatory activities,
and reduce the risk of cancer.[14]The cytotoxic effects of SeNPs on various cell lines, including
fibroblast cells, have been investigated, showing accelerated wound healing without
cytotoxicity[15]. Overall, Andrographis paniculata stem-mediated SeNPs hold great potential for
biomedical applications due to their diverse therapeutic properties and minimal cytotoxicity [16].
The material exerts a cytotoxic effect on nauplii that is time-dependent; by Day 2, the proportion
of viable nauplii is reduced more at higher concentrations.The control group exhibits the baseline
survival rate in the absence of substance exposure, indicating that the nauplii sustain high viability
naturally for the two days in the absence of the cytotoxic agent. The standard exhibits higher
antioxidant activity than A. paniculata SeNPs at all tested concentrations, but A. paniculata SeNPs
still show significant inhibition, indicating their potential as antioxidants. Both the standard and



LEX LOCALIS-JOURNAL OF LOCAL SELF-GOVERNMENTISSN:1581-5374 E-ISSN:1855-363XVOL. 23, NO. S6(2025)

3773

A. paniculata SeNPs exhibit dose-dependent antioxidant activity, as indicated by increasing
inhibition of the DPPH radical with higher concentrations. Higher doses of both the standard and
A. paniculata SeNPs show increased inhibition of H2O2, indicating dose-dependent antioxidant
action.The standard exhibits higher antioxidant activity than A. paniculata SeNPs at lower doses.
A. paniculata SeNPs, on the other hand, show comparable or slightly stronger antioxidant activity
at higher concentrations, indicating that their efficacy as antioxidants rises with concentration.
The FRAP assay results indicate that the selenium nanoparticles synthesized using Andrographis
paniculata exhibit strong antioxidant properties, comparable to the standard antioxidant, especially
at higher concentrations. This suggests that A. paniculata-mediated SeNPs could be a potent
antioxidant, potentially useful in biomedical applications where oxidative stress mitigation is
required. The ABTS assay results indicate that selenium nanoparticles synthesized using
Andrographis paniculata exhibit strong antioxidant properties, comparable to the standard
antioxidant, especially at higher concentrations. The graph indicates that *A. paniculata* extract
has an effect on nitric oxide levels that is very similar to that of the standard substance across all
tested concentrations. This suggests that *A. paniculata* could potentially serve as an effective
alternative to the standard substance in modulating nitric oxide levels. The consistency in the data,
as indicated by the small error bars, supports the reliability of these findings.
The investigation of selenium nanoparticles (SeNPs) generated from Andrographis paniculata
stems and their cytotoxic effects and free radical scavenging activity reveals tremendous
biomedical potential, especially in cancer treatment and antioxidant applications.
Andrographis paniculata is known for its bioactive components, particularly andrographolide,
which has shown promise in a variety of pharmacological applications. The combination of SeNPs
and A. paniculata improves its cytotoxic effects on cancer cells. In one study, the cytotoxicity of
SeNPs produced from A. paniculata stems was tested on human liver (HepG2) and embryonic
kidney (HEK 293) cells using the MTT assay. The results demonstrated that these nanoparticles
exhibited considerable cytotoxicity toward HepG2 cells, implying potential utility in liver cancer
treatment while preserving low toxicity against non-cancerous cells[17] [18]. Furthermore, triple-
negative breast cancer cells demonstrated increased antiproliferative effects when SeNPs and
andrographolide were combined. The therapy reduced the growth of cancer cells without having
a substantial effect on normal fibroblast cells. It did this by inducing apoptosis, changing
mitochondrial potential, and causing cell cycle arrest in the S phase.​[19]. This suggests a targeted
cytotoxic effect, making these nanoparticles a promising candidate for cancer therapy. Due to its
high diterpenoid content, A. paniculata has a well-documented antioxidant capability. The free
radical scavenging activity is significantly increased when paired with SeNPs. SeNPs made using
A. paniculata shown strong DPPH and ABTS radical scavenging properties, on par with the well-
known antioxidant ascorbic acid.​[20]. This activity is crucial as it helps in mitigating oxidative
stress, which is linked to various chronic diseases, including cancer and cardiovascular diseases.

CONCLUSION
In conclusion, the study demonstrated that Andrographis paniculata stem extract can be effectively
used to synthesize selenium nanoparticles (SeNPs) with potent cytotoxic and free radical
scavenging activities. The biosynthesized SeNPs exhibited significant cytotoxic effects against
various cancer cell lines, suggesting their potential as a therapeutic agent in cancer treatment.
Additionally, the SeNPs showed remarkable antioxidant properties, as evidenced by their ability
to scavenge free radicals. These findings highlight the dual functionality of Andrographis
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paniculata stem mediated SeNPs, offering a promising approach for the development of novel
anticancer and antioxidant therapies. Further research is needed to elucidate the exact mechanisms
of action and to evaluate the in vivo efficacy and safety of these nanoparticles.
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