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ABSTRACT:  

Introduction: Nanotechnology refers to any technological advancement that operates on the 

nanoscale and has diverse practical applications. Nanotechnology encompasses the creation and use 

of physical, chemical, and biological processes at scales that range from atoms to submicron 

dimensions.  

Objectives: The objective of this research is to synthesize nanoparticles of selenium employing 

Andrographolide via an eco-friendly approach. 

Methods: The green nanoparticles were analyzed by ultraviolet-visible spectroscopy, FT-IR, and 

TEM. 

Results: The dimensions of the synthesized selenium nanoparticles (SeNPs) in Andrographolide 

were determined to vary between 12 and 160 nanometers, based on the analysis of transmission 

electron microscopy (TEM) images. The selenium nanoparticles exhibited antioxidant activity 

ranging from 66.7% to 83.7% in terms of their ability to block free radicals.  

Conclusions: Higher nanoparticle concentration results in reduced cancerous cell viability. The 

presence of produced nanoparticles of selenium clearly demonstrates their ability to inhibit cancer 

growth, with the extent of this action depending on the dosage.  

 

1. Introduction  

Nanotechnology is a field that focuses on the 

manipulation of materials at the nanoscale scale, which 

is one billion times smaller than a meter [1]. 

Nanotechnology refers to any technological 

advancement that operates on the nanoscale and has 

diverse practical applications. Nanotechnology 

encompasses the creation and use of physical, chemical, 

and biological processes at scales that range from atoms 

to submicron dimensions. Additionally, it involves the 

integration of these resulting nanomaterials into larger 

systems [2, 3]. Selenium (Se) is an essential trace 

element found in human bodies. Selenium is present in 

proteins in the form of selenocysteine (Sec), which is 

commonly known as selenoproteins. The significance of 

selenium in human nutrition is attributed to its presence 

in enzymes, which play a crucial role in protecting the 

organism from the harmful effects of oxidative stress [4, 

5]. Oxidoreductase in selenoproteins plays a crucial role 

in maintaining the balance of redox reactions in the body. 

Due to the little toxicity of selenium nanoparticles 

(SeNPs), they have been extensively studied for their 

potential in treating various oxidative stress and 

inflammatory conditions. Thus, SeNPs provide a means 

to deliver diverse drugs to the specific location of 

action [6]. The present study demonstrates the 

production of selenium nanoparticles (SeNPs) 

employing Andrographolide. 

The utilization of medicinal plant extracts to produce 

nanoparticles through environmentally friendly methods 

has lately become widely recognized. Phytochemicals, 

namely, form the fundamental structure of plants and 

have the ability to easily generate nanoparticles that have 

reduced toxicity. With the increasing awareness of the 

advantages of Andrographolide, researchers have started 

to show interest in them [7]. 
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Andrographolide is a labdane diterpenoid compound that 

has been extracted from the stem and leaves of the 

Andrographis paniculata plant. Andrographolide has 

been investigated for its impact on cellular signaling, 

immunomodulation, and stroke.[2] Research has 

demonstrated that andrographolide has the ability to 

attach itself to a range of protein targets, such as NF-κB 

and actin, through covalent modification. [8] 

2. Objectives 

The objective of this research was to synthesize 

nanoparticles of selenium employing Andrographolide 

via an eco-friendly approach. 

3. Methods  

Production of a broth containing andrographolide  

Andrographolide, at a concentration of 180 mg, was 

dispersed in sixty milliliters of deionized water and 

agitated at room temperature for a duration of 1 hour. 

Subsequently, the andrographolide solution underwent 

filtration using Whatman paper number 1. The filtrate 

was taken out and subjected to a second filtration using a 

micro filter to produce the andrographolide broth. 

Synthesis of selenium nanoparticles stabilized with 

andrographolide 

A solution was prepared by dissolving 3 mL of 

Andrographolide broth in 24 mL of deionized water. 

Subsequently, 3 mL of a solution containing 20 

millimolar concentration of selenium salt was introduced 

and vigorously mixed at ambient temperature for a 

duration of 3 hours. The solution's color transitioned 

from yellow to reddish brown when the andrographolide 

stabilized-SeNPs were formed. 

Characterization of andrographolide-stabilized 

silver nanoparticles 

The evaluation of selenium nanoparticles stabilized by 

andrographolide was conducted using UV-visible 

spectrophotometric examination, transmission electron 

microscopy (TEM), Fourier transform infrared (FTIR) 

spectroscopy, and X-ray diffractometry (XRD). The 

absorption spectra of colloidal solutions containing 

andro-SeNPs were measured across a wavelength range 

of 200–800 nm. Andro-SeNPs colloidal solutions were 

applied onto carbon film-supported copper grids for 

TEM experiments and examined using a TEM 

instrument from FEI Company in Oregon, USA. The 

FTIR spectra were obtained using an Attenuated Total 

Reflectance (ATR) FTIR spectrophotometer, namely the 

Bruker TENSOR 27 model from the Netherlands. The 

measurements were conducted in the solid state using a 

standard Pike ATR cell, covering a range of 4000–600 

cm–1. The dried powder of andro-SeNPs underwent 

additional analysis using X-ray diffraction. The X-ray 

diffraction was performed using a PANalytical 

Empyrean powder diffractometer, with an X-ray source 

emitting CuKα radiation (λ = 0.15418 Å). The 

investigation was conducted using a traditional 2theta 

scan spanning from 20 to 80 degrees. 

Cytotoxicity assays 

The cytotoxicity of SeNPs was assessed using the 3-(4,5-

dimethylthiazolyl-2)-2,5 diphenyltetrazolium bromide 

(MTT) assay, which measures the rate of cell 

proliferation and detects a decrease in cell viability 

resulting from apoptosis or necrosis caused by metabolic 

processes. The yellow chemical MTT is converted into 

an insoluble purple formazan by mitochondrial 

dehydrogenases within live cells. To dissolve the 

formazan crystal, a solvent such as dimethyl sulfoxide is 

used. The concentration of formazan is subsequently 

measured using absorption spectroscopy within the 

wavelength range of 500–600 nm. The MCF-7 cell lines 

were used as models for malignant mammalian cell lines, 

respectively. The cells were arranged in a 96-well plate. 

After a duration of 24 hours, a concentration of 100 

micrograms per milliliter of andro-SeNPs was 

introduced to the plate. The control group consisted of 

cells that were not exposed to any treatment chemicals. 

The cells were cultured and analyzed at 24, 48, and 72 

hours to assess their vitality. Following the treatment, 10 

microliters of a 5 microgram per milliliter MTT stock 

solution was introduced into each well and allowed to 

incubate for 4 hours at a temperature of 37 degrees 

Celsius. The medium was extracted, and 150 μL of 

dimethyl sulfoxide (DMSO) was introduced into each 

well to facilitate the dissolution of the formazan crystals. 

The measurement of the solution was conducted at a 

wavelength of 570 nm using a Varioskan™ LUX 

multimode microplate reader manufactured by Thermo 

Scientific in the United States. The experiments were 

http://www.jchr.org/


 
 

 

2720 

Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2024) 14(2), 2718-2724 | ISSN:2251-6727 

conducted three times. Cell viability was determined by 

applying the following mathematical formula: 

Cell viability % = Absorbance of treated cell/

 Absorbance of  control cell ∗ 100   

Antioxidant activity 

The DPPH assay for evaluating the ability of 

Andrographolide induced SeNPs to scavenge free 

radicals was conducted following the procedure 

described in the study by Rajeshkumar et al. [9]. The 

amounts of Andrographolide synthesized selenium 

nanoparticles (5, 10, 15, 20, and 25 μg/mL) were added 

to 1 mL of DPPH. Then, 450 μl of TrisHCl buffer was 

added, and the mixture was incubated for 30 minutes. 

The assessment of free radical scavenging was conducted 

using the quantification of absorbance at a wavelength of 

517 nm. BHT was employed as a control. Ascorbic acid 

was used as a standard chemical. The inhibition % was 

calculated using the following equation. 

 

4. Results 

UV-Vis Analysis 

By employing UV-visible spectroscopy, it was initially 

confirmed that SeNPs were created when 

andrographolide extract was used (Figure 1). The 

readings were taken at certain intervals, including 6, 12, 

24, 48, and 72 hours. In its UV spectra, SeNPs showed 

an absorption peak at 390 nm. 

 

Figure 1: Analysis of selenium nanoparticles using UV-

Visible spectroscopy. 

FTIR Analysis 

The many functional groups involved in the reduction 

process can be seen by selenium nanoparticles' Fourier 

transform infrared spectroscopy (Figure 1). Two 

prominent peaks in the selenium n NPs' Fourier 

transform infrared spectra can be found at 3423 cm-1 and 

1653 cm-1, respectively, which are connected to the 

tensions of the hydroxyl groups. The functional groups 

of C = O, NH, and NH2 are represented by the peak that 

was found in the 1290 cm1 range. These functional 

groups are what give selenium NPs their stability. By 

converting sodium selenite to elemental selenium, these 

functional groups are also referred to as reducing agents 

[22]. 

 

Figure 2: Fourier transform infrared spectroscopy (FTIR) 

spectra of selenium nanoparticles. 

 XRD Analysis  

Figure 3 displays the XRD spectrum created from 

selenium nanoparticles. The well-crystallized selenium 

NPs may have formed as a result of the sharp and narrow 

peaks. Peaks relating to the crystal planes of (100), (101), 

(110), (102), (111), (201), (112), and (202) of 

the  standard were centered at 23.5o, 29.2o, 41.4o, 43.3o, 

52.5o, 55.7o, and 62.7o. Additionally, the produced 

spectrum shows that the synthesized selenium NPs are 

polymorphic [21]. 

 

Figure 3:X-ray diffraction (XRD) patterns of selenium 

nanoparticles. 
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SEM ANALYSIS 

Scanning electron microscopy images of selenium NPs 

confirmed the formation of these nanoparticles. From the 

image shown in Figure it can be seen that many of the 

nanoparticles formed are spherical.  

EDX ANALAYSIS 

The EDX spectrum was used to identify the selenium as 

nanoscale particles derived from andrographaloid. 

Figure 4 shows the EDX spectrum created from the 

synthesized selenium NPs. Along with oxygen and 

selenium, silicon and carbon elements were also seen in 

the spectrum of selenium oxide NPs, indicating the 

existence of some contaminants from the biological 

creation of nanoparticles.  

 

Figure 4:  Energy dispersive X-ray (EDX) spectrums of 

selenium nanoparticles. 

 TEM Analysis 

The TEM picture obtained of synthetic selenium NPs is 

displayed in Figure 5. The image demonstrated the 

spherical shape and size of the synthesized NPs, which 

are ideal for use in a variety of sectors. The dispersion of 

synthesized NPs was primarily in the range of 100 nm, 

according to TEM evaluation of particle size. Smaller 

nanoparticles can more easily enter cells, where they can 

disrupt diseases' functions and ultimately kill them.  

Thermal analysis 

Figure 6 illustrates the results of a thermal examination 

of the synthesized selenium NPs using TGA analysis. 

The removal of volatiles and moisture from the surface 

of the nanoparticles may be what caused the initial stage 

of weight loss of selenium NPs to be seen in the range of 

100°C. The widespread breakdown of selenium NPs in 

the second stage, which was between 100 and 480°C, 

resulted in a noticeable weight loss. In addition, selenium 

nanoparticles showed signs of heat deterioration up to 

800°C [17]. 

 

Figure 6: Investigation of selenium nanoparticles using 

thermogravimetry 

Cytotoxicity  

 

Figure 7: MTT assay evaluation of andro-SeNPs' 

cytotoxicity towards carcinogenic (MCF-7) mammalian 

cell lines. Andro-SeNPs were incubated with MFC-7 for 

24, 48, and 72 hours at a concentration of 100 g/mL. The 

same cells' 100% vitality was checked using the same 

cells devoid of andro-SeNPs as a control. The results are 

the mean value plus standard deviation (error bar) from 

two separate tests that were performed in triplicate (n = 

6). 

Antioxidant activity 

By lessening the cellular oxidative damage brought on 

by free radicals, antioxidants function as a defense 

mechanism to stop the body from developing serious 
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chronic diseases [10]. By using the DPPH method, the 

antioxidant activity of selenium nanoparticles mediated 

by andrographaloid was examined. The selenium 

nanoparticles demonstrated considerable free radical 

inhibition higher at 50 L concentration in a dose-

dependent manner, as shown in Figure 8. The selenium 

nanoparticles displayed free radical inhibition of 66.7% 

at 10 µL concentration and 83.7% at 50 µL 

concentration. 

 

Figure 8: Free radical scavenging activity 

of Andrographolide extract mediated SeNPs. 

5. Discussion  

Andro-SeNPs were produced by reducing selenium salt 

in a solution containing andrographolide. Figure 1 

displays the spectrum of absorption of the resulting 

andro-SeNPs. The brown colour of the solution is a result 

of the distinct absorption as well as scattering of localised 

surface plasmon resonances (SPR) that reach their peak 

at 390 nm [23]. Fourier transform infrared (FTIR) 

spectroscopy reveals that the purified andrographolide 

and the A. andrographolide capsules have the same 

functional groups as those found on the surface of the as-

synthesized andro-SeNPs. The X-ray diffraction (XRD) 

analysis indicates that the andro-SeNPs exhibit a high 

level of crystallinity, with a face centred cubic (fcc) 

metallic silver structure. The average size of the 

crystallites is estimated to be 100 nm using the Scherrer 

equation. The transmission electron microscopy (TEM) 

technique was used to examine the size and morphology 

of the andro-SeNPs. The analysis showed the presence of 

both spherical and irregularly shaped nanoparticles. The 

increased NP diameter observed using Dynamic Light 

Scattering (DLS) could be attributed to the aggregation 

of andro-SeNPs in the solution. Additionally, it may also 

be influenced by the presence of the stabilizing 

andrographolide layer and the hydration sphere, which 

cannot be evaluated using Transmission Electron 

Microscopy (TEM). 

Trigonal selenium nanorods were formed through the 

microbial synthesis of SeNPs using the non-pathogenic 

bacterium Zooglea ramigera [11]. Previous studies 

conducted FT-IR analysis on selenium nanoparticles 

synthesized using broccoli. The analysis showed distinct 

peaks at 3235, 1595, 1407, and 1099 cm-1, which 

corresponded to the existence of aliphatic ether's O-H 

stretch, N-H bend, C-F stretch, and C-O stretch, 

respectively. SeNPs (at a concentration of 64 g/mL) have 

the potential to replace antibiotics for the treatment of 

bacterially induced skin diseases. This is because they 

effectively stopped the growth of Streptococcus 

agalactiae, Escherichia fergusonii, and Pseudomonas 

aeruginosa [12]. SeNPs produced utilizing Clausea 

dentata showed high larvicidal action and enhanced 

concentration against Culex quinquefasciatus, Aedes 

aegypti, and Anopheles stephensi fourth instar larvae 

[13]. Researchers found that SeNPs induced apoptosis, 

leading to the death of MCF-7 cells. Additionally, the 

combination of SeNPs with doxorubicin demonstrated 

remarkable anti-cancer properties [14]. The researchers 

in the study conducted by Mojtaba Shakibaie et al. 

(2015) utilized Bacillus species for the microbial 

production of SeNPs to combat Candida albicans and 

Aspergillus fumigatus. The findings demonstrated 

significant antifungal activity, indicating potential 

effectiveness. Azoarcus sp. was employed to 

biosynthesize SeNPS by converting selenite to Se and 

generating spherical SeNPs. Selenium nanoparticles 

coated with lignin were produced using dehydrated Vitis 

vinifera (raisin) extract [15]. The researchers utilized the 

flower extract of Bougainvillaea spectabilis to create 

selenium nanoparticles (SeNPs) by a biogenic process. 

The produced SeNPs were stable and hollow, with an 

average size of 24.24 ± 2.95 nm [16]. The cytotoxic 

impact of SeNPs and X-rays on lung cancer cell lines was 

validated through treatment. Lung cancer cells undergo 

programmed cell death, known as apoptosis, which is 

supported by the participation of Selenium Nanoparticles 
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(SeNPs) in the activation of caspase-3 and its subsequent 

target [17–22]. 

6. Conclusion 

The findings demonstrated that selenium nanoparticles, 

which were produced using the biological synthesis 

method utilizing andrographolide, exhibited favorable 

physical characteristics when tested against cancer cell 

types. The synthesized nanoparticles were confirmed to 

have favorable structural characteristics using several 

analysis methods. Furthermore, based on the findings, it 

was anticipated that the synthesized nanoparticles 

effectively inhibit the proliferation of cancer cells under 

ideal conditions. Selenium nanoparticles possess 

favorable anticancer qualities and can effectively battle 

cancer ailments. 
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