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Abstract 

In the current study, biogenic selenium nanoparticles (Se
NPs were structurally and morphologically characterized by using analytical techniques such as: X
UV-Vis spectroscopy, Fourier Transform Infrared Spectroscopy (FTIR) and 
Maximum UV absorbance was obtained at 25
Anticancer potential of the Se-NPs was evaluated against lung cancer (A
cytotoxicity against normal fibroblast cells (WI
µg/mL against HepG2 cells and IC50 of 142.5 ± 6.91 
against Wl-38 cells.  In comparison to the 
superoxide dismutase enzyme(SOD) and glutathione (GSH) 
level. The cell apoptosis rates were also assesed
necrosis, late apoptosis, and early apoptosis were all markedly elevated. The caspase
2.2 folds higher than that of the untreated cells. Flow cytometer showed an arrest in G2/M phase in comparison to untreated 
cells after treatment of HepG2 with Se-NP.
hepatocellular carcinoma cells through enhanced antioxidant production, apoptosis, and cell cycle arrest pathways.
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1. Introduction 

There are many uses for the biologically produced 

nanoparticles, such as food preservatives [1], 

quantum dot nanoparticles [2], anticancer and 

antibacterial [3], and also bioremediation of heavy 

metals [4].Selenium is an essential trace element and 

has a variety of biological functions, where it was 

used as supplementation of the diet with 0.2 mg of 

Se-NPs is sufficient to improve ruminal digestibility 

and fermentation [5].The Use of nano-Se medication 
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n the current study, biogenic selenium nanoparticles (Se-NPs) were extracellularly synthesized by Penicillium citrinum

NPs were structurally and morphologically characterized by using analytical techniques such as: X-ray diffraction (XRD), 
Vis spectroscopy, Fourier Transform Infrared Spectroscopy (FTIR) and transmission electron microscopy (TEM). 

Maximum UV absorbance was obtained at 255 nm.  and the TEM showed 15–40 nm-sized homogeneous spherical Se
NPs was evaluated against lung cancer (A-459), hepatocellular carcinoma (H

cytotoxicity against normal fibroblast cells (WI-38). The Se-NPshave a significant cytotoxic effect (IC50

of 142.5 ± 6.91 µg/mLagainst A-549 cells, whereas it has IC50 of 219.75 ± 10.93 
38 cells.  In comparison to the untreated HepG2 cells, the treated cells showed a 1.8 and 1.7

OD) and glutathione (GSH) content, respectively, with a 0.6 fold drop in catalase (CAT) 
assesed using the Annexin V-FITC staining test. In the treated cells, the rates of 

necrosis, late apoptosis, and early apoptosis were all markedly elevated. The caspase-3 enzyme level of the treated cells was 
an that of the untreated cells. Flow cytometer showed an arrest in G2/M phase in comparison to untreated 

. In conclusion, the biogenic Se-NPs exhibited anticancer activity against HepG2 
s through enhanced antioxidant production, apoptosis, and cell cycle arrest pathways.

Selenium Nanoparticles; Hepatocellular carcinoma; antioxidant enzymes; Apoptosis; Penicillium citrinum 

are many uses for the biologically produced 

nanoparticles, such as food preservatives [1], 

quantum dot nanoparticles [2], anticancer and 

antibacterial [3], and also bioremediation of heavy 

Selenium is an essential trace element and 

of biological functions, where it was 

used as supplementation of the diet with 0.2 mg of 

NPs is sufficient to improve ruminal digestibility 

Se medication 

in the therapy of Huntington’s disease has given 

promising results [6].SeNPs possess unique 

semiconducting, photoelectric, and X

properties, and are used in photocells, photocopying, 

photometers, and xerography               

importance in renewable energy devices h

been greatly mentioned [8].Additionally, selenium 

nanoparticles (SeNPs) are environmentally important 

because of their mercury-capturing properties

Many of the problems with conventional 
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ray diffraction (XRD), 

transmission electron microscopy (TEM). 
sized homogeneous spherical Se-NPs. 

459), hepatocellular carcinoma (HepG2), and its 

50) of 100.2 ± 3.28 
of 219.75 ± 10.93 µg/mL 

showed a 1.8 and 1.7-fold increase in 
, respectively, with a 0.6 fold drop in catalase (CAT) 

FITC staining test. In the treated cells, the rates of 
3 enzyme level of the treated cells was 

an that of the untreated cells. Flow cytometer showed an arrest in G2/M phase in comparison to untreated 
NPs exhibited anticancer activity against HepG2 

s through enhanced antioxidant production, apoptosis, and cell cycle arrest pathways. 

in the therapy of Huntington’s disease has given 

SeNPs possess unique 

semiconducting, photoelectric, and X-ray-sensing 

properties, and are used in photocells, photocopying, 

               [7]Their 

importance in renewable energy devices has also 

Additionally, selenium 

nanoparticles (SeNPs) are environmentally important 

capturing properties. [9]. 

Many of the problems with conventional 
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pharmaceutical formulations can be resolved by 

using nanotechnology [10]. When it comes to the 

high specificity, sensitivity, and efficacy of cancer 

treatment and detection, customized nanomaterials 

have come a long way [11]. Additionally, it offers 

concurrent cancer diagnosis and therapy with the use 

of nano-theragnostic particles, which enable early 

identification and targeted cancer cell annihilation 

[12]. The fundamental principle governing 

nanomaterials is that they possess optical, structural, 

or magnetic characteristics absent from molecules or 

bulk substances [13]. 

Numerous epidemiological, preclinical, and clinical 

investigations have shown that selenium (Se), the 

mineral trace element, is vital to both humans and 

animals, plays a significant role in cancer cells and 

functions as a chemotherapeutic and chemo 

preventive agent [13]. Due to its pro- and anti-

oxidative properties, selenium is one of the essential 

minerals for preserving the health of mammalian 

animals. Se-NPs have been shown to exhibit low 

toxicity and high biological activity in medicine 

[14].In the past, Se-NPs have garnered more interest 

because of their low toxicity and antioxidant 

properties [15]. In addition to being more 

biocompatible and having more anticancer activity 

than inorganic or organic selenium compounds, Se-

NPs are also gaining more and more attention as 

agents for cancer prevention or as nano-carriers of 

medications or genes for cancer therapy [16]. Se-

NPs may have anticancer effects through enhancing 

immunity [17], inducing cell-cycle arrest, inducing 

apoptosis via the intrinsic or mitochondrial-

dependent mechanism, or via the extrinsic or death 

receptor pathway [16]. Numerous investigations 

demonstrated that Se-NPs possesses both in vivo and 

in vitro antioxidant properties by activating 

selenoenzymes such thioredoxin reductase (TrxR) 

and glutathione peroxidase (GPx), hence preventing 

oxidative damage to tissues in the body [18]. 

Synthesis of Se-NPs can be achieved by a variety of 

methods including physical, chemical, and biological 

(green synthesis) as the most widely used [19]. 

Biological approaches that use microorganisms to 

produce Se-NPs are sustainable and cost-effective 

since they don't use harsh reaction conditions or 

produce harmful by-products [20]. More significantly, 

the biologically generated Se-NPs frequently showed 

excellent biocompatibility and stability without the 

need for capping or stabilizing chemicals [21]. 

Fungi have been shown to be more productive in 

producing nanoparticles than bacteria because they 

can secrete more proteins and amino acids [22]. It is 

technically possible for filamentous fungi to 

manufacture Se-NPs both extracellularly and 

intracellularly [28].The utilization of fungal 

supernatant facilitates more effective bioprocessing 

and biomass handling when compared to bacteria 

and other unicellular organisms [28]. 

In the present work, toxicity of the biogenic Se-NPs 

produced by Penicillium citrinum against 

hepatocellular carcinoma (HepG2) and lung 

carcinoma (A-459), as well as normal fibroblast cells 

(WI-38), was evaluated to determine their anticancer 

efficacy. Furthermore, cell cycle, apoptosis analysis 

as well as oxidative markers were also evaluated. 

 

2. Materials and Methods 

2.1. Fungal Strain 
The biosynthesis of Se-NPs was carried out using 

Penicillium citrinumATCC 36382.This fungal strain 

was maintained on Peptone Malt Dextrose Medium 

(PMD) (Biolab, Hungary) at 28 ± 2 °C for 3– 5 days. 

2.2. Synthesis of Se-NPs 
Peptone Malt Dextrose (PMD) broth Medium (150 

mL / 250 mL Erlenmeyer flask) was inoculated with 

Penicillium citrinum and shacked at 100 rpm for 7 

days at 25°C. The fungal growth was filteredthrough 

Whatman filter paper no. 1, and the fungal culture 

filtrate (FCF) was then used to reduce 10
5 

ppmselenium oxide (Cambrian Chemicals Co.) with 

aratio of 1: 3and kept at roomtemperature for48hr. 

Concurrently, a negative control of non-inoculated 

broth culturemixed with selenium oxide solution, and 

was kept at the same conditions. After centrifugation 

at 20,000 rpm, the precipitated Se-NPs was twice 

washedwith distilled waterthen driedfor2hr at 80°C. 

Se-NP product was eventually collected and 

subjected for further investigation. 

 

2.3. Characterization of Se-NPs   

UV absorbance of the Se-NPs in the 200–700 nm 

range was measured using a scanning 

spectrophotometer (Shimadzu UV-

spectrophotometer–1800, Japan) to determine its 

Surface Plasmon Resonance (SPR). Fourier 

Transform Infrared (FTIR) spectra was obtained 

using the NicoletTM iS50/R, FTIR, at 400–4000 

cm−1. The potential functional groups responsible for 

the reduction of selenium ions were found using FT-

IR analysis. The biosynthesized nanoparticles' 

morphology and size were investigated using a 

Transmission Electron Microscope (TEM) on a 

JEOL GEM-1010, Japan.  To determine the 

crystalline structure, an X-ray diffraction (XRD) 

pattern was recorded at 80 kV using a nickel filter 

and an X-ray diffractometer (Panalytical X̕ Pert Pro 

Netherlands) using Cu-Ka as the radiation source 

and a scanning speed of 2° min
-1

 in the 2θ from 4° to 

70°. 
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2.4. Evaluation of Se-NPs cytotoxicity using cell 

viability assay  
HepG2 (human hepatocellular carcinoma cells), A-

549 (lung carcinoma cells), and WI-38 (normal 

fibroblasts cells) were obtained from VACSERA 

(Giza, Egypt). The cell lines were kept at 37ºC in a 

humidified 5% CO2 incubator (Thermo Scientific, 

City, USA) in Dulbecco's modified Eagle's medium 

(DMEM) supplemented with 10% fetal bovine serum 

(Gibco, USA), 100 U/ml penicillin, and 100 µg/mL 

streptomycin. 

For cytotoxicity assay [24], in a 96-well plate, 100 

µL of growth media was seeded by 1×10
4
 cells/  

well. Using a multichannel pipette, confluent cell 

monolayers were distributed into 96-well flat-

bottomed micro titre plates (Falcon, NJ, USA) and 

serial two-fold dilutions of the tested compound were 

added. The micro titre plates were incubated for 

24hrat 37ºC in a humidified incubatorcontaining 5% 

CO2.Three wells were used for each concentration 

ofthe tested samples and control cells. Viable cell 

yield was assessed using a colorimetrictechnique 

following incubation of the cells. 

Once the incubation period was up, the media were 

removed and each well was flooded withcrystal 

violet solution (1%) for 30 min. After the stain was 

removed,the plates were rinsed with tap water to get 

rid of any remaining stain. Glacial acetic acid (30 %) 

was added to each well and mixed well,the plates 

were gently shaken on a Microplate Reader 

(TECAN, Inc.) to measure the absorbance at 

wavelength of 490 nm. Background absorbance 

found in wells without additional stain was taken into 

account when adjusting all results. In the absence of 

the investigated substances, treated samples were 

compared with the cell control. Every experiment 

was run in triplicate. To count the number of viable 

cells, the optical density was measured using a 

microplate reader (SunRise, TECAN, Inc., USA), 

and the percentage of viability was computed as 

[(ODt/ODc)]x100 where ODt is the mean optical 

density of wells treated with the tested sample and 

ODc is the mean optical density of untreated cells. 

The survival curve of each tumor cell line was 

obtained by plotting the relationship between 

remaining cells and drug concentration. Using 

graphic plots of the dose response curve for each 

conc., the cytotoxic concentration (CC50), or the 

concentration needed to elicit toxic effects in 50% of 

intact cells, wasdetermined usingGraphpad Prism 

software (San Diego, CA, USA). 

The selectivity index (S.I.) was calculated as the 

average of the IC50 value in the normal cell line (WI-

38) divided by the IC50 value in the cancer cell line 

(A549) and (HepG2) obtained in each independent 

experiment [25]. 

. 

2.5. Quantification of oxidative stress elements 
HepG2 cells were seeded on 24-well tissue culture 

plates by 2.5×10
6
 cells/well. After the formation of a 

complete monolayer cell sheet in each well of the 

plate, the obtained SeNPs were dispensed into the 

24-well tissue culture plate (100.2 μg/mL). Each 

treatment was performed in triplicate. Following 

treatment, the culture medium was aspirated and the 

cells were collected from each well. 

2.5.1Reduced glutathione (GSH) content  

The method ofSiddiqui [26]was used with slight 

modifications in order to measure the intracellular 

GSH level.In brief, to obtain a full protein 

precipitation, 1 mL of the sonicated cell suspension 

was treated with 1 mL of 10% trichloroacetic acid 

(TCA) and cooled in ice for 1 hr. The mixture was 

then centrifuged for 10 min at 3000 rpm and the 

supernatant was mixed with 0.4 M Tris buffer (pH 

8.9) containing 0.02 M ethylene diamine tetra-acetic 

acid (EDTA) and 0.01 M 5, 5'-dithionitrobenzoic 

acid (DTNB). Distilled water was then added to the 

mixture to get 3 mL final.  Mixtures were incubated 

for 10 min at 37°C in a shacked water bath and 

absorbance of the produced yellow color was 

measured at 412 nm Using a microplate reader 

(SunRise, TECAN, Inc., USA. 

2.5.2Catalase (CAT) enzyme activity  
By following the manufacturer's instructions, 

BioDiagonstic kit (Diagnostic and research reagent) 

was used to, the activity of the catalase enzyme 

wasmeasured using the cell lysate of both the treated 

and untreated HepG2 cells after a 24-hr incubation 

period. Every sample was tested three times, and the 

concentrations were determined by plotting the 

standard curve 

2.5.3Superoxide dismutase (SOD) activity  
Using Kakkar's methodology [27], the SOD activity 

was determinedin a 3ml final volume containing 780 

µM nicotinamide adenine dinucleotide (NADH), 

0.052 M sodium pyrophosphate buffer (pH 8.3), 186 

µM phenozine methosulphate (PMS), 300 µM nitro 

blue tetrazolium (NBT), sonicated enzyme 

preparation, and water.The reaction mixture was 

incubated at 37°C for 90 s, then glacial acetic acid 

(1mL)was added to stop the reaction, then strongly 

shacked with 4.0 mL of n-butanol. After 

centrifugation, the butanol layer was separated and 

the color intensity of the chromogen in butanol was 

measured at 560 nm in relation to butanol. A mixture 

that contained cell suspension but no enzyme was 

used as the control. 

2.6Cell apoptosis assay  
Using the Annexin V-FITC test (Becton Dickinson 

BD PharmingenTM, Heidelberg, Germany), cell 

apoptosis was measured in accordance with the 
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manufacturer's procedure. After HepG2 cells were 

cultured to a confluent monolayer, Se-NPs were 

added at the IC50 concentration. Following a 24-hr 

treatment period, the cells were removed and twice 

washed in PBS (20 min each), before being added to 

binding buffer (0.1M Hepes (pH 7.4), 1.4M NaCl, 

and 25 mM CaCl2). Furthermore, HepG2 cells, 

whether they were treated or not, were re-suspended 

in 100 µL of kit binding buffer and 1 µL of FITC-

Annexin V was added. This was done for 40 min at 

4°C. After that, the cells were rinsed out and 

resuspended in 150 µL of binding buffer, to which 1 

µL of 4′,6-diamidino-2-phenylindole (1 µg DAPI 

/mL in PBS, Invitrogen, Life Technologies, 

Darmstadt, Germany) was added. Using BD FACS 

Calibur flow cytometry (BD Biosciences, San Jose, 

CA), the percentage of living, apoptotic, and necrotic 

cells was determined [28]. 

2.7Cell cycle analysis using Flow Cytometry   

        The Cycle TEST TM PLUS DNA Reagent Kit 

(Becton Dickinson Immuno cytometry Systems, San 

Jose, CA) was used to carry out cell cycle analysis in 

order to ascertain the impact of the tested active 

samples on the cell cycle distribution of the HepG2 

cell line. After being collected, the HepG2 cells—

whether treated or not—were twice cleaned with 

cold PBS. 1 X 10
6
 cells/ mL were the final 

concentration of the cell suspension. After overnight 

fixationin 100% ethanol at 4°C, the cells were re-

suspended in 200 µL of 1X propidium iodide (PI), 

placed on ice bath and finally incubated for 20 - 30 

min at 37°C in the dark.The populations of the 

G0/G1, S, and G2/M phases were identified using a 

PI detector and flow cytometry (Beckman Coulter, 

USA), and the results analysis were carried out using 

Cell Quest software (Becton Dickinson Immuno-

cytometry Systems, San Jose, CA). 

2.8Determination of the Caspase-3 using the 

Enzyme-linked immune sorbent assay (ELISA)   

By following the manufacturer's instructions 

(BioSource, CA, USA), an ELISA kit was used to 

measure the activity of Caspase-3 in the treated and 

untreated HepG2 cell lysate after 24-hr incubation 

period. Every sample was tested three times, and the 

concentrations were determined by plotting the 

standard curve.   

2.9Statistical Analysis 

IBM SPSS Statistics 25 was used to analyze all of 

the obtainedexperimental data. The results 

weredisplayed as the average ± Standard Deviation 

(SD). To compare differences between groups, a 

two-tailed Student's t-test was employed. It was 

deemed statistically significant when p < 0.05. 

3. Results and Discussion  

3.1 Preparation and characterization of the 

SeNPs. 

After being incubated at room temperature for 48 hr, 

the P. citrnium fungal culture filtrate (FCF)color 

waschanged to red (Fig. 1 A) when mixed with a 

selenium oxidesolution (105 ppm) in a ratio of 1: 3. 

Thisdeveloped red color was considered asindicator 

that P. citrnium has the capacity to form Se-NPs, 

which are a feature of monocolloidal Se-NPs as 

previously described [29]. The current study also 

supported the findings of Zare et al. [30], who used 

Aspergillus terreusto synthesize Se-NPs 

extracellularly. Fig. 1(B) displayed the produced Se-

NPs' UV–visible spectrum. It showed a broad peak 

ranged from 240 to 265 nm and centered at 255.The 

UV spectra centered between 200 and 300 nm were 

due to the formation and surface plasmonvibration of 

Se-NPs [31]. Accordingly, this peak at 255 nm is 

corresponding to the surface plasmon resonance and 

indicating the formation of Se-NPs. This is 

consistent with the findings of Zare et al. [30], who 

proposed that a peak in the spectrum, corresponding 

to surface plasmon resonance and situated at 245 nm, 

indicated the formation of Se-NPs.This resultswere 

strongly agreed with Gharieb et al. [32], who found 

that the surface plasmon vibrations of Se-NPs was 

confirmed by the maximumUV–visible spectra 

absorption peak at 257 nm.  

 
Figure 1: (A) Reduction to red elemental selenium “Se-NPs” by 

the filtrate of P. citrinum (B) UV–Vis spectrum  
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The FTIR spectrum of the Se-NPs produced from P. 

citrnium fungal culture filtrate (FCF) are displayed 

in Fig. 1 (C). The amide (-N-H) group was found to 

have a broad band at 3443.33 cm
−1 

[33], with the C–

H group indicated by the broad peak at 2090.6 cm
-1

 

and the CO group indicated by the broad peak at 

1637 cm
−1 

[34]. The –CO and –N–H stretch 

vibrations in the protein amide bondsmay be the 

cause of these bands.The peak of the selenium metal 

was measured at 560 cm−1was observed in FT-IR for 

Se-NPs and it refers to successful conjugation 

between the OH group and Se-NPs as Se–O [35]. 

The FTIR spectrum demonstrates how fungus-

secreted proteins and enzymes contribute to the 

formation of Se-NPs. According to Srivastava[36], 

who proposed that extracellular proteins and 

enzymes secreted by fungi are responsible for the 

selenium reduction into Se-NPs and giving them 

their stability. These biomolecules are in charge of 

the reduction and long-term stability of 

biosynthesized Se-NPs Similarly these results agree 

with  [32].In the low wavelength range, there appear 

amide I band at 1636 cm-
1
 (C=O stretch of the ester 

group). 

 
Figure 1: (C) FTIR spectrum of the Se-NPs produced from P. 

citrnium fungal culture filtrate 
 

The crystallinity and crystalline size of the 

mycosynthesized SeNPs were studied by XRD 

analysis (Fig. 1 D).The diffraction peaks at 2θ = 

23.5, 29.8, 41.4, 43.7, 45.4, 51.7, 55.9, 61.6 and 65.1 

correspond to the (100), (101), (110), (102), (111), 

(201), (112), (202) and (210) reflections of pure 

hexagonal Se crystals (P3121). Scherer's formula 

was used to determine the average crystalline size of 

Se-NPs for peak 101. The biosynthesized Se-NPs 

had an average estimated crystalline size of 34.2 nm 

which agree with the results obtained by [32]. 

TEM was used to examine the morphology and 

microstructure of Se-NPs. The TEM images, Fig. 

1(E),showed homogenous spherical Se-NPs, with 

sizes ranging from 15 to 40 nm and this agree with 

the results obtained by Amin et al [37] who stated 

that theTEM images of the myco-synthesized Se-

NPs prepared by the fungal strain F9 biomass filtrate 

have size ranged between 3 nm to 15 nm with an 

average size of 7.3 ± 3.7 nm. 

 

Figure 1: (D) XRD, and (E) TEM micrographs (100 nm scale) of 

the myco-synthesized Se-NPs 

 

3.2 Evaluation of cytotoxicity of Se-NPs using 

viability assay         

The toxicity of SeNPs was measured by the crystal 

violet assay and SeNP induced cell death in both cell 

lines. The result of the cytotoxicity is presented in 

Fig. 2. SeNPs induced cytotoxicity in HepG2 and A-

549 cells in a dose-dependent manner, but more 

toxicity was observed in HepG2 cells than in A-549 

cells (Fig. 2) as evidenced by their respective IC50 

values of 100.2 ± 3.28 µg/mL and 142.5 ± 6.91 

μg/mL. Se-NPs had an IC50 of 219.75±10.93 

µg/mLagainst WI-38 cells. 

Comparing Since selectivity is the most relevant 

parameter to detect anticancer potential in vitro 

[38,39], selectivity indices were used to quantify this 

parameter. 

A molecule with moderate selectivity has a SI value 

greater than 2, whereas one with low selectivity is 

one whose SI value is less than 2 [40]. Se-NPs 

demonstrated a 2.19-fold increase in selectivity for 

HepG2 cells relative to WI-38 cells, indicating a 

moderate level of selectivity for HepG2. However, 

the SI for A-549 was 1.54-fold, showing a low level 

of selectivity.These results could be indicating the 

applicability of the SeNPs against HepG2.Thus, the 

use of Bio-SeNPs as anticancer agent may minimize 

the damage of chemotherapy by selective delivery to 

cancer cells without affecting human cells[41]the 

fabricated selenium nanoparticles are extremely safe 

and can be a promising candidate for safe materials 

for different applications[42]. 
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Figure 2: Cytotoxicity of the myco-synthesized Se-NPs against 
Human lung fibroblast normal cells “WI-38”, Human Hepatic 

Carcinoma “HepG 2” and Lung carcinoma “A-549” cell line 

 

 

 

3.3. Quantification of oxidative stress elements        
         NPs possess special characters (size, surface 

area, shape, solubility, and aggregation status) that 

associate with their capability to produce ROS [43, 

44].ROS has a major role in various cellular 

mechanisms, such as cell cycle, cell proliferation, 

and gene expression, and ultimately the mechanism 

of cell growth was stopped or cell death occurred 

[45]. 

 

In this experiment, the generation of intracellular 

ROS showed itsproduction level increases in the 

HepG2 treated Cells. As shown in Fig. (3), theSOD 

level was considerably elevated in the Se-NPs treated 

HepG2 cells (62.57 nMol/mg), as compared to 34.92 

nMol/mg protein in the untreated cells 

(approximately 1.8 fold). These results are in 

accordance with that obtained by [44], who 

mentioned an increase in the SOD level accompanied 

the oral treatment with SeNPs. Additionally, the 

treated HepG2 cells showed an increase in the GSH 

levels, from 3.02 nMol/mg the control sample to 5.31 

nMol/mg (approximately 1.7 fold). 

  

In addition, the liver's GSH content rose by roughly 

65.24 % as compared to the untreated control. 

However, an unexpected result that catalase activity 

has dropped from 13.2 U/mg to 7.97 U/mg. On the 

contrary, in a study done by Bhattacharjee et 

al.(2019), the control group showed a 33.87 % 

increase in the content of catalase. The 

aforementioned findings imply that Se-NPs have a 

significant impact on changes in the oxidative stress 

response. 

  

 

 

 

Figure 3: Myco-synthesized Se-NPs induced Caspase 3 activity, 

and oxidative stress biomarkers: Catalase, Super oxide dismutase 

“SOD “and Glutathione “GSH” in the HepG2 cell line.  

 

3.4. Se-NPs induced apoptosis, cell cycle arrest at 

G2/M and caspase-3 of HepG2 cells   
One of the most significant mechanisms of 

selenium's anticancer action is thought to be 

apoptosis [45]. The cell apoptosis rates were 

measured using the Annexin V-FITC labelling 

technique in order to quantitatively evaluate the 

apoptosis induced by Se-NPs. 

Nucleus of both necrotic and apoptotic cells can be 

stained by DAPI, a nucleic acid dye, even though it 

cannot pass through the intact cell membranes. Thus, 

to differentiate between early (Annexin V positive 

and DAPI negative) and late apoptosis (Annexin 

V/DAPI double positive), Annexin V and DAPI 

were be used in combination (Fig. 4 A, B, and C). 

Necrosis, late apoptosis, and early apoptosis rates 

were increased from 1.65 % to 14.85 % (9 folds), 

from 0.15 % to 8.27 (55 folds), and from 0.32 % to 

11.61 % (36.3 folds) respectively when treated with 

Se-NPs with 100. 2 µg/ml (IC50). These findings 

corroborated those of [46] who demonstrated that 

colon cancer cells (CT26) treated with nano-

selenium had a higher population of apoptotic cells. 

In particular, the proportion of apoptotic cells 

increased from 8.89 % in the control sample to 13.5 

% in the sample treated for 18 hr and finally to 28.1 

% in the sample treated for 48 hr. Necrotic cell 

population was increased from 14.5 % (control 

sample) to 29.1 % (treated for 18 hr) and finally 40.3 

% treated for 48 hr. These findings demonstrated that 

Se-NPs significantly promoted HepG2 cell death. 

Another study [47] using the CT26 colon cancer cell 

line showed that the percentages of pro-apoptotic and 

necrotic cells increased when the cells were treated 

with Se-NPs. Se-NPs have been shown in a study 

[48] using prostate cancer cell lines to have an 

anticancer effect on cancer cells by inducing 

enhanced apoptosis and cell cycle arrest.  
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In order to provide additional substantiation 

regarding the function of Se-NPs in augmenting 

apoptosis, the caspase-3 activity was evaluated 

subsequent to the exposure to IC50 (100.2 µg/mL) of 

Se-NPs. The results showed that as compared to the 

untreated control cells, the HepG2 cells treated with 

Se-NPs had 2.2 times greater Caspase 3 enzyme 

expression levels (Fig. 3). Similarly, [49]investigated 

how Se-NPs affected prostate LNCaP cancer cells, 

where Se-NPs significantly destroying ARs, which in 

turn caused caspase-mediated death. The level of 

activated caspase-3 in colorectal cell lines (HT26 and 

Caco-2) was assessed using a flow cytometry assay 

following treatment with Se-NPs made from the 

probiotic strain Lactobacillus casei ATCC393 

[47].They demonstrated an induction of the caspase-

3 level after Se-NPs treatment in a time-dependent 

manner. Also treating non-small cell lung cancer 

(NSCLC) cells (A-549 and NCI-H23) with nano-Se 

in combination with radiation, Tian et al. 

study[50]showed an increase in the expression levels 

of cleaved caspase-3 and cleaved caspase-9. A study 

using HepG2 and MCF7 breast cancer cells showed 

that treatment with Se-NPs increased the expression 

of caspase-3 mRNA by approximately 2.1 times 

compared to the control [51].Thus, our findings 

support the earlier research indicating that Se-NPs 

activated the caspase-3 enzyme to cause apoptosis in 

several cancer types. 

            Flow cytometry was used to track how SeNPs 

affected cell cycle arrest. The percentage of cells in 

the G1 phase dropped from 49.16 % to 44.57 %, the 

percentage of cells in the S phase dropped from 

36.71 % to 31.52 %, and the percentage of cells in 

the G2/M phase increased from 14.1 % to 23.91 % 

relative to the control group (Fig. 5). These data 

suggest that chromatin condensation, chromosomal 

central alignment, and G2 checkpoint inactivation 

are disrupted. Consequently, at the G2/M phase, 

nano-Se stopped the cell cycle. These findings 

concur with those of [52], who discovered that Se-

NPs dramatically slowed the development of A-549 

cells by inducing G2/M phase arrest and death. 

 

 

Figure 4: Flow cytometry dot plots of Annexin V-FITC/PI double staining for the detection of HepG2 cells apoptosis(Control)(A)and treated 

with SeNPs (100.2 µg/ml)(B) for the detection of cells apoptosis. (C)Percentage apoptotic cells induced by SeNPs-treated HepG2 cells. 
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Figure 5: Cell Cycle analysis of untreated (A)and treated with SeNPs(B) HepG2 Cells that was done by using flow cytometry. (C)SeNPs 

enhance cell Cycle arrest and appearance G2/M Phase in HepG2 cells treated with Se-NPs at conc.100.2 µg/ml. 

 

4. Conclusion 

In conclusion, this study confirms the potentiality of 

the fungal strains, P. citrinum as a promising fungi 

for green synthesis of SeNPs in a spherical shape 

with a diameter ranging between 15 and 40 nm. 

Additionally, this work displayed anticancer activity 

against HepG2 and A-459 via enhancing apoptosis 

and antioxidant activity in addition to cell cycle 

arresting. Thus, the current study encourages working 

on scaling up the process of SeNP biosynthesis for 

cancer targeted therapy. 
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