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The antidiabetic and Cytotoxic effects of Se NPs synthesized by using Mimosa pudica (M.pudica)
were examined in this study. The study aims to green synthesis of M. pudica-mediated Selenium
Nanoparticles(Se NPs) and elucidate the antidiabetic activity of the synthesized M. pudica-
mediated Se NPs. Selenium exhibits significant antidiabetic properties through its antioxidant, anti-
inflammatory, and insulin-sensitizing effect The study evaluates brine shrimp lethality assay, alpha-
amylase and beta-glucosidase of M. pudica - Se NPs. Both assays verified that M. pudica-mediated
Se NPs effectively inhibited the activity of a-amylase and B-glucosidase in a dose-dependent
manner. The Se NPs showed substantial inhibitory effects, although slightly lower than the standard
antidiabetic drug. low cytotoxic effect on Brine Shrimp Lethality Assay (BSLA), with high survival
rates maintained even at elevated concentrations. The slight decrease in survival rates on the second
day at higher concentrations suggests a dose-dependent response, but overall, the Se NPs were well-
tolerated by the nauplii within the tested concentration range.

Keywords: Antidiabetic activity, Cytotoxicity Assay, Green Synthesis, Mimosa pudica,
Selenium Nanoparticles.

1. Introduction

Diabetes mellitus is a chronic metabolic disorder characterized by high blood glucose levels
resulting from defects in insulin secretion, insulin action, or both. It is a major global health
concern, affecting approximately 463 million adults worldwide (Bashary et al., 2020). The
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complications associated with diabetes, such as cardiovascular disease, kidney disease, and
blindness, can be debilitating and life-threatening. The prevalence of diabetes is expected to
rise to 578 million by 2030, highlighting the need for effective prevention and management
strategies. (El-Badri et al., 2022)

Selenium is an essential micronutrient that plays a vital role in many physiological processes,
including antioxidant defence, and immune function. In recent years, selenium nanoparticles
(Se NPs) have emerged as a promising area of research due to their unique physicochemical
properties and potential therapeutic applications(Jayapriya et al., 2022, Johnson et al., 2024,
Shanmugam et al., 2023, Kathiravana et al., 2023) . In the therapeutic field, it is used in
oxidoreductase activity. (Huang et al., 2023) (Song et al., 2023).Se NPs exhibit high surface
area-to-volume ratios, enhanced reactivity, and increased bioavailability compared to bulk
selenium. They have been shown to possess strong antioxidant and anti-inflammatory
activities, as well as antitumor, antimicrobial, and antiviral properties. (L’Heveder & Nolan,
2013) (Khurana et al., 2023).

Furthermore, Se NPs have been investigated for their potential use in drug delivery systems,
due to their ability to encapsulate and release therapeutic agents in a controlled
manner(Khurana et al., 2019). They have also been studied for their potential application in
food and agriculture(Lovic et al., 2020). Despite their potential benefits, the safety and toxicity
of Se NPs are still under investigation, and the mechanisms of their biological activities are
not fully understood. Nevertheless, the development of Se NPs as a new class of nanomaterials
holds great promise for a wide range of biomedical and industrial applications (Malayan et al.,
2013).

M. pudica, also known as the sensitive plant, has been traditionally used in Ayurvedic
medicine for its medicinal properties(Muhammad et al., 2015) (Othman et al., 2022). Several
studies have reported the antidiabetic activity of M. pudica extracts in animal models and in
vitro studies. The study found that the extract significantly inhibited a-amylase and Beta
glucosidase, which are involved in carbohydrate digestion, indicating its potential as an
antidiabetic agent. (Elechi & Unamba, 2023) (Piacenza et al., 2023)

2. Materials and Methods
2.1 Preparation of M. pudica — Selenium nanoparticles

Weigh 1g of M. pudica and mix it with 100 ml of distilled water. The mixture was boiled and
then filtered to obtain the M. pudica solution. 0.356¢g of sodium selenite was measured and
added to 50 ml of distilled water. Equal amounts of M. pudica solution and sodium selenite
were mixed. After 24-48 hrs the M.pudica — Se NPs were synthesized.
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Figure 1: Mimosa Pudica- mediated Se NPs
2.2 Cytotoxicity Assay :
Brine shrimp Lethality Assay:

29 of iodine-free salt was weighed and dissolved in 200ml of distilled water. 6 well plates were
taken and 10-12 ml of saline water was filled. To that 10 nauplii were slowly added to each
well (5uL,10 pL,20 pL,40 pL,80 pL,100 pL). Then the Se- NPs nanoparticles were added
according to the concentration level. The plates were incubated for 24 hours. After 24 hours,
the plates were observed and noted for the number of live nauplii present and calculated by
using the following formula,

number of dead nauplii/number of dead nauplii + number of live naupliix100
2.3Antidiabetic Activity
In-vitro antidiabetic assay

The in-vitro anti-diabetic assay was performed using two different techniques: The alpha-
amylase inhibitory assay and the Alpha-Glucosidase Enzyme Inhibition assay.

2.3.1 Alpha-amylase inhibitory assay

The inhibition of alpha-amylase was assessed by measuring the quantity of maltose released
throughout the experiment. Various concentrations of M. pudica- Se NPs (10, 20, 30, 40, 50
uL) were mixed with 100 pL of a-amylase solution (1 U/mL) and incubated at room
temperature for 30 minutes. An additional 100 pL of a starch solution with a concentration of
1% weight/volume was added to the combination. The mixture was then kept at room
temperature for 10 minutes. 100 pL of a 96 mM solution of 3,5-dinitro salicylic acid (DNSA
reagent) was added to the mixture to stop the reaction. The solution was then heated in a water
bath for 5 minutes. Control was upheld by substituting an equivalent amount of enzyme extract
with sodium phosphate buffer, which was kept at a pH of 6.9. The measurement of reading
was recorded at a wavelength of 540 nm. Acarbose was used as a positive control.
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The % inhibition was calculated using the formulae-
Where, C= control, T= test sample
2.3.2 B-Glucosidase Inhibitory Assay

In the B-glucosidase enzyme inhibitory assay, Se NPs at concentrations of 10 to 50 pug/mL
were mixed and a starch solution (2% w/v maltose or sucrose) was added in the presence of
0.2 M Tris buffer at pH 8.0. The mixture was incubated at 37 degrees Celsius for 5 minutes.
Subsequently, 1 mL of B-glucosidase enzyme (1 U/mL) was added, and the reaction was
allowed to proceed at room temperature for 40 minutes. The reaction was terminated with the
addition of 2 mL of 6 N HCI. Acarbose served as the positive control. The absorbance was
measured at 540 nm using an ELISA plate reader and the percentage of B-glucosidase
inhibition was determined by the formula:

% of inhibition = C-T/C x 100, where C is the control and T is test sample.

3. Results
3.1 Cytotoxicity Assay

On Day 1, the survival rate of nauplii remained high across all concentrations. At the lowest
concentration of 5 pg/mL, 100% of the nauplii survived. Similarly, at concentrations of 10,
20, and 40 pg/mL, the survival rates were also 100%. Even at the highest concentration of 80
ug/mL, 100% of the nauplii survived. The control group, which did not receive any Se NPs,
also exhibited a 100% survival rate.

On Day 2, a slight reduction in survival rates was observed at higher concentrations. At 5
pg/mL, the survival rate remained at 100%. However, at 10, 20, and 40 pg/mL, the survival
rates decreased slightly to approximately 90%. At 80 pg/mL, the survival rate further
decreased to around 80%. The control group continued to exhibit a 100% survival rate.

Cytotoxic Effect- M. pudica SeNPs
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Figure 2: Cytotoxic effect of M.pudica — Se NPs
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3.2 a-Amylase Inhibitory Assay:

The results of the a-amylase inhibitory assay are presented in Figure 3 A). The M. pudica-
mediated Se NPs exhibited a concentration-dependent increase in a-amylase inhibition. At 10
pg/mkL, the inhibition was approximately 55%, which increased to about 65% at 20 ug/mL,
and further to 70% at 30 pg/mL. At higher concentrations of 40 and 50 pg/mL, the inhibition
rates were around 75% and 80%, respectively. The standard drug showed slightly higher
inhibition at corresponding concentrations, ranging from approximately 60% at 10 ug/mL to
around 85% at 50 pg/mL.

3.3 B-Glucosidase Inhibitory Assay:

The pB-glucosidase inhibitory assay results, shown in Figure 3 B), also indicated a
concentration-dependent inhibition by the M. pudica-mediated Se NPs. The inhibition at 10
pg/mL was approximately 50%, which increased to about 58% at 20 pg/mL, and to 64% at 30
ug/mL. At 40 and 50 pg/mL, the inhibition percentages were approximately 68% and 78%,
respectively. The standard drug demonstrated a similar pattern, with inhibition rates ranging
from around 55% at 10 pg/mL to about 81% at 50 pg/mL

A) a-Amylase assay B)
f-Glucosidase assay
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Figure 3: The antidiabetic activity of M. pudica — A) Alpha-amylase inhibitory assay B) j3-
Glucosidase Inhibitory Assay

4. Discussion

Brine shrimp lethality assay is a simple and easy procedure to test the cytotoxicity (Wu, 2014).
The provided concentration range indicates the effects of a substance on cellular activity,
specifically regarding cytoprotective and cytotoxic activities. Here's an expansion on the
observations. (Figure 2)

Cytoprotective activity at 5 pg/ml to 20 pg/ml concentration: At concentrations ranging from
5 ug/ml to 20 ug/ml, the substance exhibits cytoprotective activity. This means that it has a
beneficial effect on cells by protecting them from damage or promoting their survival under
certain conditions. Cytoprotective activity can manifest in various ways, such as preserving
cellular integrity, enhancing cell viability, or preventing cell death in the face of stressors or
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detrimental factors.

Cytotoxic activity at 40 pg/ml and 80 pg/ml concentration: At higher concentrations of 40
ug/ml and 80 pg/ml, the substance demonstrates cytotoxic activity. Cytotoxicity refers to the
ability of a substance to induce damage or cell death in living cells. In this context, the
substance shows detrimental effects on cells at these concentrations. Cytotoxic activity can
manifest in various forms, including cell death, inhibition of cell proliferation, disruption of
cellular processes, or damage to cell structures.

As the concentration of a drug increases, the percentage of inhibition of the alpha-amylase
enzyme increases as in the fig.3A). Alpha-amylase enzyme is an enzyme which will break
down starch to glucose which the tissue can be absorbed easily (Yin et al., 2014). Hence the
alpha-amylase is inhibited as almost equal to the standard drug acarbose, M.pudica- Se NPs
may be an effective drug as an antidiabetic drug.

The percentage of inhibition of the Beta glucosidase enzyme increases the concentration of a
drug increases as in fig3 B). Inhibition of Beat glucosidase will inhibit the breakdown of
polysaccharides to monosaccharides which results in a reduction of blood glucose levels. (Van
De Laar et al., 2005)

Hence the Beta glucosidase is inhibited as almost equal to the standard drug acarbose, the
selenium nanoparticles mediated M. pudica- Se NPs may be an effective drug as an
antidiabetic drug.

5. Conclusion

In conclusion, the study highlights the potential of Se NPs synthesized using M. pudica leaf
extract as effective anti-diabetic properties. The green synthesis approach offers advantages
such as sustainability, cost-effectiveness, and reduced toxicity. Further studies are necessary
to these promising results into clinical applications, which may ultimately contribute to the
development of novel therapies for managing diabetes mellitus.
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