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Abstract 
Nanomaterials biogenic approaches of synthesis exceed chemical ways in simplicity, toxicity and generation of homogeneous colloidals.  

Herein, a rare approach for biosynthesis of SeNPs is described where a rapid myogenic method was applied. The endophytic fungus isolate, 
Asperigillus terrus H1 with accession no. PQ550684, that isolated for the first time from Rumex thyrsiflorus was used for the bio-reduction of 

sodium selenite contained in the growth medium to produce selenium nanoparticles. Change in color of the culture medium to orange-red 
signifies the formation of nano-selenium. DLS, TEM and ICP-OES techniques demonstrated the formation of monodispersive amorphous 

selenium nanoparticles with average hydrodynamic size of 55.76 nm with -25.6 particles charge. The synthesized SeNPs were checked for them 

in-vitro cytotoxicity against normal human lung fibroblast cells (MRC-5) and human lung adenocarcinoma cell line (A549) which giving IC50 
of 485.16±13.71 and 196.25± 4.23 µg/ml respectively. Their ability to be applied in biomedical applications was studied in-vivo through labeling 

them with 99mTc and tracing their distribution in normal and tumor-bearing mice. The produced mycogenic SeNPs showed excellent physical 

and biological characteristics that could make them a promising nanoplatform for tumor molecular imaging.  
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1. Introduction 

Nanotechnology is regarded as one of the most important new topics in material science in terms of nanomaterial applications and 

production [1]. Materials at the nanoscale range in size from 1 to 100 nm and have distinct chemical, physical, and properties [2].  

The semi-metallic element selenium (Se) belongs to the chalcogen family. Perior to the discovery that many living things, 

including mammals, depend on it for essential functions, it was believed to be hazardous [3,5]. Naturally, it might be found in 

different oxidation states, which include elemental state (Se)0, inorganic forms like selenite (Na2SeO3) and selenite (Na2SeO4), 

and organic forms like selenomethionine (SeMet) and selenocysteine (SeCyt) [6, 7]. 

Researchers are starting to grasp how crucial selenium is for bio- research, given that it is a required component of various 

antioxidant enzymes, as glutathione peroxidase (GPx) [7]. It is critical in protecting physiological tissues from cellular oxidative 

stress, which causes aging-related diseases and cancers [8, 9].  The fact that selenium is inert, less poisonous, and less 

immunogenic than other common elements such as gold and silver helps to explain its biocompatibility in vivo. Furthermore, as 

Se degrades in vivo, degraded Se might function as anti-proliferative agents against numerous types of tumor cells while still also, 

providing nutrients to other regular cells [9,11]. 

Fungi can produce large amounts of proteins that help increase the productivity of SeNPs [10]. Although extracellular 

mycosynthesis of SeNPs has been reported using many molds such as Aspergillus niger and Penicillium sp.  [11], there aren’t 

enough reports on the mycosynthesis of SeNPs by endophytic fungi, which colonize the internal tissues of plants in a mutualistic 

relationship and are considered a potential source of bioactive compounds [12]. 

Selenium has powerful antimicrobial properties on its own because numerous studies have documented how efficiently it inhibits 

the growth of several bacteria and fungi for example sodium selenite (Na2SeO4), was feasible to completely block the 

development of Alternaria brassicicola and Fusarium sp. [12,13]. Antifungal, antimicrobial, and anti-parasitic properties have 

also been reported for SeNPs [14]. Moreover, SeNPs have antioxidant activity, immunological balance and cancer prevention 

capacities [15,18].   

In addition to consuming less energy and creating uniform nano-sized particles, the biological production of nanomaterials offers 

various advantages over chemical or physical methods [19]. In addition to their redox capabilities, they could develop such 

nanomaterials with decreased metal toxicity since certain mycogenic nanoparticles can operate as nanozymes that simulate 

enzymes like peroxidase [20]. In comparison to bacteria, there are numerous benefits to using fungi in nanoparticle synthesis the 
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procedure is simple to scale up and economically feasible; the resulting nanoparticles are highly efficient, monodispersed, and 

have good morphologies; additionally, fungi-mediated synthesis is ecologically friendly [21].              

Selenium nanoparticles outperform other forms of the element in terms of biocompatibility, antioxidant activity, and in vivo 

absorption, such as selenite (SeO3
-2), Selenate (SeO4

-2), and organo-selenium compounds [22], they may also be readily 

functionalized by conjugation with molecules [23]. 

Every plant has microorganisms living inside its tissues that produce metabolites; these are known as endophytes if their presence 

does not result of harmful effect to the plant [24, 25]  

Endophytes have been isolated from plants in every taxon that has been studied thus far, and they can be found in every habitat 

on the planet. The explanation of endophyte/host plant cross-talk has garnered more attention in recent years due to the potential 

benefits of these connections for humans [26]. 

This study’s primary goal was to isolate endophytic fungi from wild plants that have ability for the myco-synthesis of selenium 

nanoparticles. After complete characterization of the synthesized SeNPs, their readiness for biomedical applications was assessed 

by radiolabelling them with technetium 99m (99mTc) and observing their pharmacokinetics in normal and tumor-bearing mice. 

The results obtained demonstrated promising findings and revealed that the mycogenic SeNPs could be used as a solid tumor 

imagin 

 

2. Experimental  

2.1. Materials and Equipment: 

 Sodium selenite (Na2SeO3, MW: 172.94 g/mol) with purity ≥ 98%, sodium dithionite (Na2S2O4, MW: 174.107 g/mol), potato 

dextrose (PD), and glucose yeast peptone (GYP) media were purchased from Sigma Aldrich Company, St. Louis, Mo., USA. 

Dialysis membrane cutoff of 3500, Whatman No. 1 paper chromatography was purchased from Whatman International Ltd. 

(Maidstone, Kent, UK). A 0.22 μm filter membrane from Millipore, USA). Technetium-99m was obtained as sodium 

pertechnetate in saline elute (Na99mTcO4) from a 99Mo/99mTc generator acquired from the Egyptian Atomic Energy Authority 

(EAEA). All chemicals and organic solvents used were of analytical and HPLC grade, respectively; in addition, all aqueous 

solutions were prepared in bidistilled water. HR-TEM (Ted Pella, CA, USA) to detect the shape and size of particles. Zetasizer 

(Malvern Instruments Ltd., Malvern, UK) for the determination of hydrodynamic diameter distribution, zeta potential, and 

polydispersity index. Inductively coupled plasma (ICP-OES, Perkin Elmer Optima 5300 DV, Massachusetts, U.S.) NaI (Tl) γ-

ray scintillation counter (SPECTECH, ST450 SCA, USA) was used for measuring radioactivity. 

2.2. Methods 

2.2.1. Sampling and endophyte fungal isolation  

A healthy fresh plant samples were collected from Elbehira governorate, Egypt. The samples were numbered, transported in an 

icebox to Ecology Laboratory, and identified by Prof. Dr. Albara Salaheldin, at Al-Azhar University, Faculty of Science (boys 

branch), Cairo, Egypt. 

The plant parts surfaces were sterilized as previously mentiond by Elkhouly etal. (2021) [27]. Briefly, the plant parts were sterilized 

by rinsing with sterile distilled water (SDW), followed by dipping in to 70% ethanol for 1 min, the pieces were again rinsed in 

SDW then immersed in 2% sodium hypochlorite for 1 min followed by rinsing with SDW triply. The sterilized parts were allowed 

to dry in laminar flow, and a healthy leafs were cut into small pieces of 1 to 2 cm2 and placed on potato dextrose agar medium 

(PDA) plate for approximately 5 days to investigate the growth of any endophytic fungi [27, 28]. The grown fungal colonies were 

purified and screened for selenite tolerance and reduction by growth on solid PDA medium containing 2 µg sodium selenite 

(Na2Se2O3) for 7 days. The higher fungal growth with red coloration suggested the higher selenite reducing strains that were 

selected for subsequent experimentations. 

 

2.2.2. Biosynthesis of SeNPs by isolated endophytic fungi: 

  The most potent endophyte isolate was used for mycosynthesis of the Se NPs. About 100 ml of sterile GYP medium containing 

5.2 gm of sodium selenite was prepared and transferred to a sterile 250 ml Erlenmeyer flask.The medium was inoculated with 1 

ml of the fresh inoculum (OD 600) and incubated aerobically at 28 °C in a shaker incubator at 150 rpm. After 7 days in the dark, 

the medium turned orange red color, and then the fungal growth pellets were removed from the culture medium by centrifugation 

at 4000 rpm for 10 min. The supernatant was filtered through a 0.22 μm filter membrane. For the separation of SeNPs, the culture 

supernatant was dialyzed three times against distilled water for 12 hours and stored colloidal in aqueous medium at the refrigerator 

for further characterization. Two positive controls of the fungal culture filtrate (FCF) and un inoculated culture media and a 

negative control of only sodium selenate solution were maintained under the same conditions [29, 30]. 

 

 2.2.3. Genetic identification of endophytic fungus 

Here, 18S rRNA analysis was performed on the endophyte fungus by biosynthesing Nano selenium particles, DNA was extracted 

using Qiagen DNeasy Mini Kit protocol, amplified using two universal primers ITS1 (5′-TCCGTAGGTGAACCTGCG-3′) and 

ITS4 (5′- TCCTCCGCTTATTG ATATGC-3′) and sequenced by Macrogen Companies, Seoul, South Korea. To identify the 

homology and similarity of the obtained sequence, it was aligned with known sequences available at gene bank using BLAST tool 

available online (https://blast.ncbi.nlm.nih.gov/Blast.cgi). The phylogenetic tree was constructed using by MEGA 11 program 

according to Kumar et al. (2016) [31]. The resulting gene sequence was submitted to the NCBI GenBank database and an accession 

number was attained. 
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2.2.4. Characterization of produced SeNPs: 

     The prepared SeNPs were then characterized for their physical properties. Zetasizer DLS was recruited to determine their 

hydrodynamic diameter and zeta potential, while their shape and core sizes were determined by HR-TEM. In order to confirm that 

the formed nanoparticles are SeNPs, ICP-OES is used since SeNPs have no spectrum in UV-Vis regions [32, 33]. 

 

2.2.5. In vitro biological evaluation of SeNPs (cytotoxicity and anticancer activity): 

      Upon characterization, the produced SeNPs were evaluated in vitro using viability assays (MTT assay). The cytotoxicity of SeNPs 

was tested against normal human lung fibroblast cells (MRC-5) and human lung adenocarcinoma cell line (A549) at the Regional 

Centre for Microbiology and Biotechnology, Cairo, Egypt, according to Mosmann (1983) [34] . All cell lines used were provided 

from the American type culture selection (ATCC, Rockville, MD). The cells were grown in RPMI-1640 medium supplemented 

with 50 g/mL gentamycin and 10% activator fetal calf serum that was purchased from Lonza (Belgium). The cells were subcultured 

every two days and incubated in 5% CO2 at 37 °C. 

 

2.2.6. Radiolabelling of SeNPs with 99mTc: 

      For performing a distribution study of the produced SeNPs in vivo, SeNPs were radiolabeled to prepare the tracer. SeNPs were 

radiolabeled with 99mTc directly in presence of dithionite as a reducing agent. Practically, 25 mg of Na2S2O4 was added to a dry 

and clean penicillin vial, and then 100 µl of a fresh elute of Na99mTcO4 (200 MBq) was added. The vial was shaken well till all 

dithionite dissolved, then 1 ml of the colloidal containing SeNPs was added to the mixture. The percent radiochemical yield 

(RCY%) of 99mTc- SeNPs was determined using ascending paper chromatographic technique with acetone as the mobile phase 

and NaI (Tl) γ-ray scintillation counter [35,36]. The procedure was optimized using varying SeNPs and dithionite concentrations 

and pH values to get a maximum yield of 99mTc- SeNPs. [37, 38]. 

 

2.2.7. Purification of 99mTc-SeNPs: 

      Radiochemical purification of 99mTc-SeNPs was achieved by loading the final mixture onto a PD10 column (Sephadex G-25 gel 

filtration) and using 0.05M phosphate buffer (pH 7.4) as the eluent. Fractions of 1.5 ml were collected and counted by a NaI (Tl) 

γ-ray scintillation counter [39, 40]. 

 

2.2.8. In-vitro stability study of 99mTc-SeNPs: 

     To investigate the radiolabeling tolerance in physiological conditions, the stability of 99mTc-SeNPs was estimated in-vitro. 

Difinitely 100 µl from the purified 99mTc-SeNPs portion was incubated with 0.9 ml of normal mice serum for 24 h at 37°C. RCY% 

was determined by the same paper chromatographic method described above at different time intervals [41]. 

 

2.2.9. Evaluation of In-vivo studies of 99mTc-SeNPs 

      All animal experiments total of 30 mice were conducted in accordance with the ethical rules and principles for animal care that 

are proposed by the Research Ethics Committee (REC/NCRRT), EAEA, Egypt. Normal and solid tumor-bearing Swiss albino 

mice of weight 25–35 g were provided from the National Cancer Institute, Egypt. They were allowed to freely access food and 

water at room temperature, 12 hour  light/dark environment [42]. For distribution study on normal mice, they were injected by 
99mTc-SeNPs intravenously (I.V.) with a dose of about 5 MBq/100 µl via the tail vein. Tumor bearing mice were also injected 

intravenously with the same dose as normal ones. Mice were weighted and sacrificed by ether anesthesia at 15, 30, 60, 90 and 120 

minutes post-injection time intervals [43]. Three mice were tested at each time point, their organs, blood, bone,  muscles, and 

tumor tissues–in the case of tumor bearing mice–were removed, weighted, and counted using a NaI (Tl) γ-ray scintillation counter 

[38, 44]. Counted values were processed to calculate the organ’s percentage injected dose per gram of tissue weight (% ID/g), 

using the following formula [37]. 

% ID/g =
𝑐𝑜𝑢𝑛𝑡𝑠 𝑝𝑒𝑟 𝑔𝑟𝑎𝑚 𝑜𝑟𝑔𝑎𝑛

𝑐𝑜𝑢𝑛𝑡𝑠 𝑑𝑜𝑠𝑒 𝑔𝑖𝑣𝑒𝑛
 𝑥 10

Statistics  

The recorded data were reported as the mean of triplicate measurements plus or minus the standard deviation. Significant 

differences were found using the analysis of variance (One-way ANOVA) test, followed by Duncan’s test at P. 

 

3. Results 

3.1.  Sampling and endophyte fungal isolation 

In the current study, two endophyte fungi have been isolated from leaf parts of the plant sample as recorded in table (1). the plant 

sample have been identified by Prof. Dr. Albara Salaheldin  as Rumex thyrsiflorus that   growing in Egypt (El Beheira Governorate), 

Rumex genus (sorrel), belonging to the Polygonaceae family, Several species are used traditionally either as foods (soup or salad) 

or as healing agents [45]. The aerial parts, leaves and roots of the plant are used in traditional medicine. It is the first study to 

isolate endophyte from Rumex thyrsiflorus plant.  
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Table 1: Endophytic isolates from Rumex thyrsiflorus 

Host plant Plant part Endophyte Location of    Plant 

Rumex thyrsiflorus     Leaf 

MPF1   

31°03'46.0"N 30°35'02.0"E 

 

 
MPF2 

3.2. Biosynthesis of Selenium Nanoparticles (SeNPs) by the most potent strain: 

A common technique for testing microbiological isolates for the production of selenium nanoparticles is color change 

observation [46]. The screening revealed that the most potent Myco-SeNPs producer was MPF2, in which the color of samples 

converted from colorless to redish orange. This indicate that, isolate MPF2 has great ability for convertion of sodium selenite to 

Selenium Nanoparticles, a combination of 100 ml of fungal growth at a temperature of 28 °C for a 7-day incubation period and 

150 rpm shaking speed in the dark were the optimum conditions (Fig. 1). To gather the developed SeNPs, a filtration step was 

done by Whatman Paper No. 1. The SeNPs filtrate was dialized using a 3500-cut-off dialysis bag against double distilled H2O 

at room temperature for two days, then the characterization was performed. The obtained SeNPs were still suspended and did 

not aggregate for more than one month, indicating that a stable colloidal was prepared. 

 

Fig. 1. Mycosynthesis of SeNPs by endophytic isolate MPF2 (a) MPF2 isolate pellet homogenized in enrichment GYP medium with Na2SeO3, 

(b) pellets of MPF2 after incubation in darkness for 7 days at temperature of 28 °C and 150 rpm condition, (c) filtrate of MPF2 supplemented 
with SeNPs, (d) the combination of GYP medium and Na2SeO3 showing a yellow color, (e) the orange red color of SeNPs after dialysis.

3.4. Genotypic identification of endophyte fungal isolate 

The sequence of 18S rRNA gene for the isolate MPF2 was obtained, identified and aligned against other identified sequences 

available in the GeneBank database using BLAST tool to identify the similarity score and to calculate the statistical significance 

of the matches (http://www.blast.ncbi.nlm.nih.gov/Blast). The obtained result indicates close similarity of the 18S rRNA gene 

sequence with 73 % homology of the endophyte isolate with Aspergillus terreus. The phylogenetic analysis and tree were 

constructed using the neighbour-joining method (Fig. 2) by MEGA 11 program according to Kumar et al. (2016) [31]. According 

to the analysis of DNA sequence of endophye isolate MPF2 was identified as Aspergillus terreus H1 and deposited in GeneBank 

database with the accession no. PQ550684. 

 

 

 

 

 

 

 

Fig. 2. Constructed phylogenetic tree of Aspergillus terreus H1 

 MF421116.1 Aspergillus terreus EFB59
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3.5. Particulate characterization of produced SeNPs particles: 

About 90% of the particle diameters were within the range of 25–60 nm; with an average diameter of 55.26±4 nm according to the 

DLS diagram that demonstrated a relatively narrow hydrodynamic size distribution (Fig 3a).   The zeta potential of SeNPs was 

negative charged of (−25.6 mV at pH 7) indicating a relatively stable colloidal was obtained. The stability of the produced SeNPs 

was confirmed virtually as they still colloidal in the aqueous medium without any sedimentation for more than one month under 

refrigeration. The stabilization of SeNPs may be attributed to the electrostatic repulsion between SeNPs generated by the highly 

negative surface charge of A.terreus H1 metabolites capping SeNPs [47].  

HR-TEM images showed amorphous particles varying in their core sizes with a mean of 22.53±3 nm (Fig 3b). However, ICP-

OES showed two intense peaks at selenium wavelength window of 196 nm with a concentration of 5.5 mg/ml. (Fig 3c). 
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Fig. 3a DLS pattern of SeNPs produced A.terreus H1. 

 

 

Fig. 3b HR-TEM of SeNPs produced A.terreus H1. 
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Fig. 3c ICP-OES analysis of SeNPs generated by A.terreus H1 

3.6. In vitro evaluation of cytotoxicity and anticancer activity of SeNPs: 

The results reveal that the SeNPs showed significant anti-proliferation activity against lung carcinoma cells (A549) with an 

IC50 value of 196.25± 4.23 µg/ml, and a maximum inhibitory suppression was observed up to 85.44% for SeNPs at a concentration 

of 500 µg/ml, as shown in (Fig. 4a). While the IC50 value of 485.16±13.71 µg/ml for SeNPs against normal human lung fibroblast 

cells and a maximum inhibitory suppression were observed up to 52.09% for SeNPs at a concentration of 500 µg/ml, as shown in 

(Fig. 4b). 

 

 

                       Fig. 4a IC50 of SeNPs anticancer activity against Lung carcinoma cells. 
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Fig. 4b IC50 of SeNPs cytotoxicity against Normal lung fibroblast cell. 

 

3.7. Radiochemical yield and purification of 99mTc-SeNPs: 

         After optimizing SeNPs and dithionite concentrations and pH values, the maximum percent radiochemical yield (RCY%) of 99mTc-

SeNPs determined by ascending paper chromatography has reached to 98.5 ± 0.5 using 2ml SeNPs and 25 mg sodium dithionite 

in pH 7 for 1 min reaction time at room temperature (Figs. 5 a,b,c). Using acetone as the developing solution, only free 

pertechnetate (99mTcO4
-) would migrate to the front of the strip while 99mTc-SeNPs would be remained at the spotting line.  

      By using gel filtration chromatography technique, particles with larger sizes are eluted firstly [48]. (Fig. 5d) shows the 

radiochemical purification of 99mTc-SeNPs using Sephadex G-25 column as a stationary phase and phosphate buffer of pH 7.4 as 

the eluent. At fractions 3-5, a radioactive and orange fraction corresponded to 99mTc-SeNPs was eluted free 99mTcO4
- appeared at 

fractions 9-10. 
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Fig. 5a Radiolabeling yield of 99mTc-SeNPs as a function of sodium 

dithionite amount.  
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Fig. 5b Radiolabeling yield of 99mTc-SeNPs as a function of SeNPs 

amount.  
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Fig. 5c Radiolabeling yield of 99mTc- SeNPs as a function of pH.  
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Fig. 5d Radiochemical purification of 99mTc-SeNPs using 

sephadex G-25 column 

 

3.8. In-vitro stability of 99mTc-SeNPs: 

     The in-vitro stability of 99mTc-SeNPs was assessed in normal mice serum [49, 50]. (Fig. 6) shows that sufficient radiolabeling yield 

of 99mTc-SeNPs of 98% was up to 6 h, while after 12 h of incubation, less than 20% of 99mTc-SeNPs had released 99mTcO4. 
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Fig. 6 In-vitro stability of 99mTc-SeNPs was assessed in normal mice serum at 37 OC. 

 

 

 

3.9. Evaluation of In-vivo studies of 99mTc-SeNPs 

3.9.1. Biodistribution in normal mice: 

Distribution of nanoparticles mainly depends on the particles size and the capping agent [51]. Data presented in (Table 2) showed 

liver with maximum %ID/g of 22.37±4% in at 60 min post-injection (p.i.) with no significant accumulation in spleen, which 

means that due to the low particles sizes of the produced SeNPs, they could escape from reticuloendothelial organs allowing them 

to spend more time with circulation. In kidneys, about 11.84±2 %ID/g of at 60 min p.i., which confirmed that clearance of 99mTc-

SeNPs was via urinary tract [17, 18, 52, 53]. 
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Table 2 Biodistribution of 99mTc-SeNPs in normal mice at different time intervals via Intravenous injection; I.V. (Data 

represented as % ID/g ± SEM, n=3). 

 

 

 

3.9.2. Biodistribution in solid tumor-bearing mice: 
 99mTc-SeNPs was injected I.V. route in tumor bearing mice in order to determine the target non-target ratio (T/NT, % ID/g of 

tumor divided by % ID/g of muscles). (Table 3) shows the maximum T/NT value with 5.65 after 30 min p.i. Higher accumulation 

of  99mTc-SeNPs in tumor tissues than normal muscles could be attributed to passive targeting due to the enhanced permeability 

and retention properties through leaky tumor tissues [53].      

 

Table 3 Percentages of ID/g, for T/NT of 99mTc-SeNPs in solid tumor bearing mice at different time intervals via; I.V. injection (% 

ID/g ± SEM, n=3). 

Body Organs % Dose/gram organ at time intervals post injection (min) 

15 30 60 90 120 

Muscles (NT) 0.52±0.1 0.32±0.1 0.34±0.0 0.29±0.1 0.18±0.0 

Tumor (T) 1.43±0.2 1.81±0.4 1.66±0.3 0.73±0.1 0.51±0.1 

T/NT 2.75 5.65 2.83 2.81 2.52 

 
4. Discussion: 

     Mycogenic nanomaterials can develop extracellularly, intracellularly, on dead biomass, or in biomass-free reactive culture filtrates. 

They are also connected with cell walls and surface materials. Metal can be sorbed onto cell walls and exopolysaccharide (EPS), 

creating nucleation sites for future mineral production. The type of nanomaterials generated can be determined by redox processes 

and the availability of ligands, metabolites, and organic molecules. Secreted amino acids, proteins, and autolysis products can all 

have an impact on the development and size of newly produced nanomaterials. Some ligands, such as phosphate, carbonate, and 

sulfide, may be the outcome of fungal metabolism and mineral dissolution. Metal transfer across the plasma membrane can cause 

intracellular vacuolar compartmentation, sequestration by intracellular acromolecules such as metallothionein and phytochelatins, 

and redox reactions of accumulated metal. Intracellular migration of nanoparticles to the cell membrane or cell wall, or exocytotic 

ejection to the outside, is indicated by [54, 55]. 

     Fungal-mediated synthesis of nanoparticles has various benefits, but there are still unanswered challenges throughout the creation 

process, such as the involvement of fungal metabolites in size and shape regulation, the efficiency of biorecovery or pollutant 

degradation in real applications, as well as the potential for toxicity within the production system. Employing fungi in nanoparticle 

manufacturing has various advantages over employing bacteria. The technique is straightforward to scale up and economically 

  

% Dose/gram organ at time intervals post injection (min) 

 

Body Organs 15 30 60 90 120 

Blood 38.75±7.7 3.3±0.7 4.26±0.9 5.79±1.2 4.28±0.9 

Heart 0.91±0.2 3.84±0.8 2.68±0.5 2.97±0.6 2.47±0.5 

Lungs 8.05±1.6 4.58±0.9 2.34±0.5 3.07±0.6 2.67±0.5 

Liver 2.97±0.6 5.55±1.1 22.37±4.1 8.2±1.6 2.54±0.5 

Spleen 0.0±0.0 1.75±0.4 1.09±0.2 1.37±0.3 1.39±0.3 

Stomach 0.0±0.0 3.34±0.7 3.0±0.6 6.08±1.2 6.76±1.4 

Intestine 0.0±0.0 1.39±0.3 1.3±0.3 1.94±0.4 2.76±0.6 

Kidneys 10.71±2.1 11.56±2.3 11.84±2.5 9.32±1.9 9.33±1.9 

Muscles 0.3±0.1 0.39±0.1 0.31±0.1 0.68±0.1 1.89±0.4 

Bone 0.3±0.1 0.38±0.1 0.2±0.0 0.14±0.0 0.46±0.1 
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practical; the resultant nanoparticles are highly efficient, monodispersed, and have excellent morphologies; and fungi-mediated 

synthesis is environmentally friendly [21].  

The use of endophytic fungi in this respect has emerged as  rare and new approach for green and cost-effective production of 

several nanoparticles, in this study two fungal endophytes isolated from wild plant Rumex thyrsiflorus one of them Aspergillus 

terreus H1 has excellent ability for biotransformation of   sodium selenite (Na2Se2O3) to selenium nanoparticles within 7 days, 

This results similar to Gharieb et al. (2023) isolated two endophytic fungi from two wild plants Catharanthus roseus (periwinkle) 

and Euphorbia milli (crown of thorns), that identified as Penicillium citrinum and Rhizopus arrhizus .these fungal strains exhibited 

tolerance up to 40 Mm NaSeO3 accompanied with red coloration of the medium that suggested selenite reduction and formation 

of selenium nanoparticles SeNPs [30].  

  Various studies indicated that, the biosynthesis of SeNPs via both extracellular and intracellular routes. [29, 56] Initially recognized 

by the formation of an orange red color (Fig. 2), the extracellular production of SeNPs by Aspergillus terreus H1 was confirmed 

as stated by Hussein et al. (2022) [57].  

  Zeta potential of the SeNPs formed, measured by PCS, showed a negative potential of (−25.6 mV) at pH 7. That suggests a stable 

colloidal was prepared. Zeta potential tracked the surface charges that SeNPs acquired; this allowed the colloidal SeNPs to remain 

stable. El-Saadony et al. (2021) reported that the magnitude of the zeta potential predicted prospective colloidal stability. The zeta 

potential of L. paracasei-SeNPs was determined to be 20.1 ± 0.6 Mv [58].   

     Data obtained from DLS showed that particles with an average size of 55.26±4 nm and a polydispersity index (PDI) of 0.465 were 

determined. That confirmed the formation of monodispersive SeNPs. Furthermore, the TEM micrograph results showed 

amorphous particles with a mean core size of 22.53±3 nm for SeNPs, which is consistent with the findings published by [58] [59, 

60].  

      The biological evaluation of SeNPs using in vitro cytotoxicity and anticancer activity assays have stated that the obtained SeNPs 

effectively has anticancer activity against the human lung adenocarcinoma cell line (A549) but are more safe, at the same time, on 

normal cells. These findings are in compliance with others obtained from previous studies using the sane cell line.[61, 62]. 

For in vivo studies, the produced SeNPs were radiolabeled with the most common radioisotope used in radiopharmaceutical studies, 
99mTc. SeNPs were readily and directly labeled, showing a radiochemical yield of 98.5 ± 0.5 in relatively normal conditions. The 

readiness of SeNPs to be radiolabeled with 99mTc may be attributed to their particle surfaces, which are capped with many fungal 

byproducts like polysaccharides, proteins, or peptides that contain functional groups such as -COOH, -OH, -NH2, -PO3H2 and –

SH and so react as chelating agents for 99mTc [63].  

The nanoparticle shape, size and the capping materials are the main factors that affect pharmacokinetics, or biodistribution of 

nanomaterials [64]. Logically, smaller nanosizes facilitate longer blood circulation, as they can avoid reticuloendothelial system 

(RES) organs like liver and spleen, and enable passive targeting via the increased permeability and retention (EPR) effect in leaky 

tumor tissues [65]. When compared to normal cells, and regarding variations in hemostasis between normal body and a tumor 

bearing one, several cancer types exhibit higher concentrations of free radicals and ROS, so demanding elevated amounts of 

antioxidants and ROS-scavenging enzymes in order to prevent their apoptosis [66, 67], An adaptive reaction to intrinsic ROS stress 

may be the cause of this rise which could explain why antioxidant agents like selenium could be potential anticancer 

agents [68]. 

 
Conclusion 

The current study has succeeded in easily isolating endophytic fungus Aspergillus terreus H1 from wild plant in Egypt Rumex 

thyrsiflorus, that used for obtaining biogenic SeNPs with excellent physical and biological characteristics, which could enable 

them to become an effective nanoplatform for molecular imaging of some tumor tissues, like lung cancer, by radiolabelling them 

with a 99-m-technetium radioisotope.  
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